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FOREWORD
 

The papers printed in these Proceedings of the International Workshop on Earthen Buildings in Seismic Areas represent

the contributions of participants at 
the conference as well as

other authors. Not all 
of the papers are original and have been
presented, at least inpart, 
at other forums. However, they were
 
submitted for this publican-ion, and we felt itof value to
includr 
them because they provided relevant background to the
 
conference theme.
 

Assigning the papers to one ol the five tonics turned out
to be somewhat difficult because of the overlap 
inthe categor
ies. We have attempted to use our best judgement in these deci
sions
 

Finally, in the interests of cost and time, it was 
not pos
sible to reset the type nor 
to do morE than a superficial job of
 
editing the papers.
 

Gerald W. May
 
University of New Mexico
 

Frederick C. Cuny
 
Intertect
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EARTHQUAKE RESISTANT COtISTRUCTION or EARTHEN HOUSING 

Arya,A.S., Professor of Earthquake Engineering, University of
 
Roorkee, Roorkee, U.P. India 

I 

Doen, T. Consulting Engineer, Jakarta, Indonesia
 

ABSTRACT
 

Earthen buildings are t:aditionally constructed since prehistoric
times in all parts of the world. Yet there 12 practically no stand
ardisatAon attemted so far. As usually constructed, they are weak
and most vulnerable to complete collapse as observed during earth
quakes in th. past. An attempt h3s been made here to identify themain defects and structural weaknesses in such constructions. Then
suggestions are given to i-prove thLir behaviour under normal 
conditions and to increase their resistance to earthquakes. It is

recognised that no test results are yet available to dvaluate such

recommendations. The need to carryout properly planned investiga
tions is therefore enhasised. 

The recommendations for earthquake resistant construction of adobebuildings as made by IAEE Comittee are reproduced In an appendix 
to the paper for ready reference. 



Earthen huts, conizting of walli built 1n c117' nud and roofs made of 
thatch cr ti.l> or cI -7. ..I th !,I, ie , -Ir vu :,)Ie-, nd buon,:, na-Ie ,I.en 
constructcd since prehi'toric .inL, in all .artti Dr tne eart.h. In 5pite of 
unpreced.:nced tecnzologicai iuv'r,ctc malu in . wrlJ, larqe proportions of
Fopulaticn!, r'.artcularl-/ i-i tht_-rral ar- na of ,:velopnq colrattles, still 
continue to li.'e ini such earthen hut:. :Iany of these areas lie in noderate to 
severe seismic zones and th,, earth,:n hoieet; pore, a ver, severe earthquak- hIzard 
to the livcb of the occupants ind to wnatever little belonJngs they hae. ,': 
their veryJ nature, tliese houzem are aLso seriou..ly threit'red by the action of 
water whether through beatirng of rain -r t.hrouon inund!.aion. Earthen walls 
softened by moisture penetration are left with little strenqth and even light 
ground shaking would be suft:cient to cause -iu.r collapse in a heap of earth. 

Another aspect of thle -arthen houses is their very small initial cost .nput, 
since the conistruction are ui3ually done by the villagers therielves with the 
help of a jillae mason, the clay mud being obtained fr:m nearby water cons or
 
fields, and w-.-d and roof cojerinq that are usially the only m1aterials to be
 
purchased. Therefore, any mrthods which should be sug'ested for improving their 
earthquake resistance capability must satisfy three rcquirements - firstly, the 
material to be used must be as rheaply avallAble as U-sed in caking the hut: 
secondly, the total additional cost mu!;t be a small proportion of the cost of the 
hut, and thiirdly, the technique should be such as can easily b- adopted by the 
village mason."I and that most of the work caa be done by unsupervised labor. 

This raper outlines the main weaknesses of earthen hou-,t4 leading to their
 
collapse during earthqnakes and presents simple and cheap techniques to reinfor
ce them so as to make them reasonable stable.
 

BFIAVIOUR OF ADOr!E BUILDINGS DURInG PAST mRHQUYXS 

The performance of adobe, brick or stone buildings as ol:erved during the 
earthquakes in India, Afghanistan, Iran, Chile, Italy, Tur'.ey and elsewhere clear
ly shows that all unreinforced construction tn clay mud otortar with any building 
units are extremely weak againt lateral loads. Even at moderate seismic inten
sities MOi VII to VrTI, a large percentage of adobe buildings, even to the extent 
of 30% are completely collapsed and another 20 to 40% become dangerously damaged 
which must be destroyed and rebuilt. The results presented in Table 1(7) and 
F.qure 1 (6) based on studies on Chilean earthquakes are representative and indi
cative of the real situation about the earthquake vulnerabulity of the earthen 
buildings in relation to other non-engineered buildings. The main defects and 
structural weakness responsible for this poor eartnrcjka behaviour are listed 
below.
 

MAIfl STRUCTURAL WEAIESS
 

1) Material Strength
 

There are no standards yet availat-le for the compressive, tenzile or bear
ing strength of earthen walls. It can. of course, be imagined that all theae 
strength values would be very small. Also, since used in a non-standard fashion 
according to local traditions, t.ie material strength will be widely v-riable. 
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Tho .,trxsl ou , L.,. ,. s , ac, In ury w, .-a h,,. ar.,.i in arii clar tlz :unv.
 
but rinati.,rl; ';ort in . vt or ra.ny and nl: ,.' 
 , az. Due to toe ;OW 
strength val j,-,, on], -;-ill 1;1,!e conStructunS, both in t..?r ,; of -:3,n '19 w1l1 as 

2) Shrink.'. 'rw

1he en'.th uied to build walls is nece,.ar.ly cla-,c1 so t hat i enough 
coheCo 3 n tc k-.,!. th., v.ir wut;:; 1,yr:; to;,itner. A2 ociat(-] with the coa.. :;ion i.. 
high nrhin.:.] ;', n dr'/:7..,'J ,h fr,,s:tly re;u1 in vortical crack. rtzcul.t
ly t. e o:.,ro irn'j c'orn-!r.r; m ].rytlun:;) of on,; and c , walls. .,, ;Th 'truc
tural cfackL; rte.miin -uu. in t,,e 'all:; althouhn tney ),'teCe,onr-y' t;u o'cr 
both -'acf-s and an!re a urce at. muCti: in their, lateral as well a.; inplane
strength. 

3) Planninq and Con,;triictior1 rDofct-i 

There are a nun'hoer of plinnln; inf co.ntruction d'fe s that can occur in 
earthen buildinqs such as the follo..ng and mtut be guarded against I 

a) 	 two ator#.y c,:)'tr'ucrica :-; undeta:-able due to Low strength of 
material-: 

b) 	 too high and too distant spacing cf cross walls will post, stability
priblem in: walls;
 

c) 	 too large openings ciune too much weakening of walls; 

d) 	 openings too close to corners of walls or :oo clcio to each other
 
give 	rise to weak piers; 

e) 	 lack of prcper foun(dation and firm plint I %.iy catsen sprnading of 
wall at base when softene'l duo to water: 

f) 	 too small bearing of "oor and window lin-cl; may lead to c:*,hinr 
of jamba; 

9) 	 lack of prop r Ixnd etween wails at riq11. avngles to each other may
reasult in complete collapse of the buildn; dur.ng ground ,hakinq; 

h) lack of propor bond hetween adobe units w.ere such units are used 
with clay rwortari 

i) poor quality of adcbo inital 

} roof rafter.s directly placed on adobe wall create high itrauu 
concentrition;
 

k) 	 accesnibility to water, wetting the wall near its bass or rain 
water 3oaking into the walls from top, will cause large rnduction 
in compressive id bearing strongths. 
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In order to .achicv,. rec;i~stanc to ccir~i oi !gi'rthen buildings, ntw Cone
tnuctions Zhou2.d L'C I111:,1 zi con:;truciu~ in a Ininar that the defects point&od
out abovc art) n,.o :*~ -1.1,1 ce- huilt into tho.n fo: Oa-
quake resi ;.ico a!. lncl,-:ca~to, 11:tlow:
 

,I) Th. ratl',cn"o~tr~Ixy1ro!tr~ctt to single, store.-,. Where a
pitched roof 1:, adopticd, tnt. itt.*c ,paco only ma.y !;t. used for light. 3tr~t.)r
purpo~t.s.
 

b) h'~ w 11i~. I~ i tc kiIcxif 12 . .4 t L: 1 
. t ai 11 a ±.,Iat 35 :-n anId


its heiqht not~cr tl..in t t:t:.t
t::et:& tieIih MAiY z. 

C) The 1erith of "Wal2.2L ~-, C:~cut . . . ; .-o;:; than 

single ro.tm ter ur-.ont,; ar cc-r ;ni1-'.1a!or te t -c art. tv ,_mllv no , 11w,

3,5 mr a'nd ma~v jo e2vvf topt) 'o ' n :t -*uh 
 ~ither 

be built oii t.1 ou'tuild 'f : ao. !"O r" 


v buttre-... 
1~ icrt ,aizti tcn in be'-,e --my be
 

wicd ej %"(YwY, f in iu~:
 

d) Tlc win(!-,w at,,! W 1: s,",011gc.~o1A Let of 12:iwi-th and
 
as cr.-ntr.ai _y placeY1 r; po~n.:z Al. '.Ir.;er w.dtlh.i reduco 
 the wall2. tren:qtli alrpre
clably an(! tbo lliti~l ln id-s a1.o beScrr*, hiqh. D,-3rri and windri 
 atof.about 0,9
 
to 1,0 m i idth 'should nor-r.iI17y~t~o
 

e) Tho linte1li over vjr.:p~r, whict ,;-oily con-:14t of .'0oden prJ.zor
half-navdn aw1r h:ve*not:ld 1~ ,'c; teairl no~~;.zmud-wallni t") n~ therl
 
fromh c_--un)irnf. A be.arI .. I _ngt~ C-qu.l to aIlouL *11, to SO C-_ nhould h" vj~o
 

f) To avoid tecwhrgor :iplittln'; af wa11g u.nder the- corx#entr.itod 
1oad~i of roof bo':.ri* or raifter.-, thoir 10.11 nhauld Le '1.Itr butod on the wA! 1
eiU.ror throutih tw.o cour.io~s a! burnt Urlh- r t2.rouv;h na~wn tirbrn v-e ai w-11 
plates. 

q) Suitabln j-rec.autlon1 rhcuh'l( 1;et tak-n for n.-tntiin.,tiq the walls in 
dry state, -.U U.t the-. i,'trnth () the wall 1 ;'ot 1cal.. 

h) I -. Ichitivin'; Lox-likn itcqraI -c.1crn af Ion,; and crosan walls to
gether, the i r rcLa.coCnvctlur. ,3 nnnenti.,tl. 1Uar thina purpona the follow~ing
schemes are iup7c~ired 

(1.) Wooe~'on dcwnl:. ::vu ho .1nmartot at nll coriner:3 andl junction of
wall -:, ';1nto all walln mointinq at tho junctioi by a Miimum of 
ab~out thet wall *111.kneiti. 'uch darit~ -,1 he* everl #'i)0plad CM 
alonq t1ce hCITht AnO ruay conzint or half --.iwri 1polaa or bAirbcos 
(Fiqure, 3.) 

Uit A roll1ar beam %hould b* pIAaeld tgoinq rountj over 4ll the walls 
which miay conuint of tlr-bor of sufficient width w'!ii diiaohAl braces 
at a11 cornon or wo lu:%bqrn going ro,.nd in -,4rxl',l a4iI wnll Inter-
Cofnnctod it thn junetlina. (::on ri'. "t. of Appandix) 

4 
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W)7en the dcwels are provided as in (i) above, the collar beam :--y e pro
vided at top of ad -:-llzmay s'rve n: wall plate as well. If dcw¢el ire not
used, the collar beam :<holid Le used at lintel level serving also as it,. els 
over the openings and the wall plite used separately at the top of walls. 

For economy half-split bamboos may be used instead of wcod poles 
or
 
sleepers. But it must be emphasized that nince cla; walls c.7 be 
 infest !d

with white ants, that wooden element embr.dded in t 4em must be suitably zreated
 
against termites. As an alternative to wooden dowels, expa-.ded metal or welded
 
wire fabric could be used where cost and avail.ohility woul permit.
 

i) As a poorer alternative to the use c.f wooden members for reinforcing
the walls, outside earther buttresses may be ured to strengthen the corners and
 
junctions of walls as shown in Figure 4.
 

i% The earthen construction will becc-..., r ,c stronger if the dowels and
 
buttresses could Lme 
used togethe.- where in the dowels pass through the buttresses
 
as well as shown in Figure 4(b).
 

k) Another way to strengthen the wall against ca. unquakes is to use tap
ering wall thickness with about 60 cm at bottom and 35 cui 
 at top.
 

1) In view of t/ie limited wall strengths, the roof should be kept as

light as possible. The thatched roofs are initially light but become heavywhen soaked with water. Earth-covered roofs are naturally very heavy. Any kind 
of sheeted or tiled roofs would be preferrable. 

DETAILED RECOMMEN uATIONS 
Detailed recommendations for construction of adobe houses are contained in
 

'Manual para la construction de Viviendas 
 con Adobe' prepared by Commision de 
Reconstruccion y Rehabilitacion do la Zone Afectada ( CRYRZA ) and proyects

7',perimenta1 da Vivienda ( PREVI ) ( Ministerio do Vivienda-Uaciones Unidas ) (5) 
which resulted from the observations, analysis and conclusions of National and
Foreign Experts on the Seismic Effects in Peru on May 31, 1970, and the expe
rience in adobe building put into practice successfully in other countries.

Taking the.e and other information ('2,3 ) into account, Committee II of Inter
national Association for Earthquake Engineering ( I,*EE ) on Basic Concepts of

Seismic Codes Non-Engineered Construction has prepared a chapter on "Buildings

in Clay Mud or Adobe" as part of the total recommendations (4). This chapter is
 
reproduced here in an Appendix to this paper for ready reference.
 

NEEDED STUDIES 

Research investigations are needed to determine the earthen wa'.l strengths,
shrinkage properties and water soaking characteristics etc. whicA: should also be
 
related to the basic soil properties. Appropriate and economical admixtures are
 
to be found which would improve the characteristics in a desired manner. 
The

simple recommencLtions a3 presented in this papar are yet to be investigated by
actual tests so an to determine their real value for eartaquake resistance.
Then only the real factors of safety of earthen buildings under severe eartiquake
conditions could be known. 
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Until actual test re tlts become available, it is expected that the simple 
and very economical methods of cinstruction and strengthening of the earthen
 
houses suggested in this pacer siould co a long way in achieving safety against 
collapse of such houses in .1.odorate earthquake intensities. These are strongly 
recommended for general adoption. 
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TABLE 1
 

Comparative Study of Damage in Different Constructions ( 7,1 )
 

No. 
No. 

Type of 
Construction 

TotalNumber 

of 
Dwellings 

Repairabledearae 

It 

Dangerous,must be 

dismantled 

Destroyed Total ofDamaged 

ones 

Order ofwita, uns.ct 

to Dangerous 
DXs t roye d 

1. Reinforced Brickwork 1781 8,3 1,4 0,8 10,5 2nd 

2. Reinforced Concrete 

Blockwork 

5 20,0 0,0 0,0 20,0 1st 

3. Un reinforced Brickwork 1149 37,6 33,6 11,6 82,8 6th 

4. Unreinforced Concrete 
Blockwork 

6 16,7 33,3 16,7 66,7 7th 

5. Combined reinforced 

and unreinforced 

brickwork 

1334 37,7 20,8 3,5 52,0 5t h 

6. Wood Frame with 

Masonry 

147 53,0 19,7 3,5 76,2 4th 

7. Wood Fraine 1516 24,8 8,0 1,9 34,7 3 rd 

8. Adobe 187 17,0 52,5 23,0 92,5 8 th 

Total dwellings 
considered 

6125 
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CHAPTER 5 

BUILDINGS IN ORCLA. "MUD ;ZCBE 

5.1 	INTRODUCTION 

There are many areas in where thethe 	World either small buildings areconstructed in orclay mud; unburnt sundried bricks are laid in mud mortarwhat is called as Adobe construction. Due to negligible tensile and shear
strength and heavy weight such buildings are quite unsuitable in seismic
zones A, B and C. Yet 	economic condition of the people may oblige them to
continue to build their houses and cattle sheds in this way. 
Therefore,
although the safety considerations in earthquake zones will demand prohibitation of such constructions, practical necessity of providing at least a
shelter accomodation to the people will justify their continuation in
future. 
 With this view suggestions are given here to incorporate at least
 
some earthquake resistance in such buildings.


Recognising that methods of forming, drying, stacking and transfortingth. 	 adobe are peculiar to local conditions, recommendations are made herein those respects only which will have general application.
 

5.2 	CAUSES OF FAILURE OF ADOBE BUILDINGS 

The 	main causes of failure of adobe buildings in earthquake are briefly
illustrated in Fig. 5.1.
 

5.3 	DESIRABLE CONSTRUCTION FEATURES 

5.3.1 Quality of Adobe
 

The 	earth used in mud houses and adobe (sundried bricks or blocks)
should be of good quality as follows: 

a) 
A mid paste made with small quantity of water so 
that the mud does not
sticc to hands should be capable of being rolled in the form of a thin
thread butL'-qn 5 and 15 cm lone without cracking. If it cracks below5 cm, clay is tw be added; if it does not crack below 15 cm, sand is to
 
be added.
 

b) 	Sufficient quanti ty of fibrous materials (straw, cane baggasse, horse
hair, ctc) shouid be added to the clay before making adobes. 

c) 	After 4 weeks of sundrying the adobe it should be strong enough tosupport in bending the weight of a man (Fig. 5.2). If it breaks, more

clay and fibrous material is to be added. 
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DEFICIENT BEDCING (BEAI;ING MORE THAN ONE 

LENGTH ) OF LINTELS, STOREY BUILDINGS LACK OF HORIZONTALSREINFORCEMENT 
DOOR ANro WINDCMS 
OPEHINGS THAT ARE 
TO0 LARGE
 

POOR ADOBE QUALITYCOSOPNIGSTOOPENNGS OO COSEW17HOUT STRAW AND 
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AND TOO LONG 700 LIMITED 

LACK OF FOUNDATION VERTICAL JOINT
 
AND PLINTH WITHOUT MORTAR
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ONTINUOUS VERTICAL 
JOINTS
 

FIG. 5.1 - GRAPHIC SUMMARY OF CAUSES OF 
FAILURE 

POOR GOOD
 

FIG. 5. 2 - TESTING STRENGTH OF ADOBE 
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5.3.2 Foundations
 

a) 	The strip foundation for the walls should have its width at least 1 1/2
times the thickness of wall and its de.th a minimwum of 40 cm belcw 
ground level. 

b) 	The foundation should preferably be made in lean cement concrete with
 
plums (cement:sand:gravel:stones as 1:4:6:10). Lime could be used in
 
place of cement in the ratio lime:sand:gravel as 1:4:8.
 

5.3.3 Plinth M1isonry
 

The wall above foundation up to plinth level should preferably be cons
tructed from stone or burnt bricks laid in lime mortar 1:3 or clay mud.
 
The 	height of plinth should be above 
the flood water line or a minimum of
30 cm above ground level. It will be preferable to use a water proofing
layer (see 5.4.3b) at the plinth level before starting the construction of
 
superstructure wall. 
If adobe itself is used, the outside face of plinth

should be protected against damage by water by suitable facia or plaster.

A water drain should be made slightly away from the wall to save it from
 
seepage.
 

5.3.4 Construction of Walls.
 

The usual good principles of bonds in masonry should be adopted for 
construction of adobe walls, that is, 

a) all courses should be laid level. 

b) the 	vertical joints should be broken between two consecutive courses by

overlap of adohes. 

c) 	 the clay mud should be the same. as used in making the adobe. 

d) 	 the right angle joints between walls should be made such that t-he walls 
are properly joined together and a through vertical joint is avoided. 

e) 	 the walls should be covered with water repellent plaster on the outside 
by mixing bitumen cut-back in mud-mortar (See 5.4.3). 

5.3.5 Dimensions of Walls
 

a) 	 The length ol a wall, between two consecutive walls at right angles to 
it, should not be greater than 10 times the wall thickness. 

b) 	 When a longer wall is requir,.d, the walls should be strenthered by in
termediate vertical buttresses.
 

C) 	 The height of the wall should not be greater than 8 times its thickness. 

d) The thickness of load bearing walls may be lkept one, 1 1/2, 2 or more 
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units of the adobe length depending on the desired length and height of
 

wall. :n the case of clay mud walls, taering icnoss
 
will be seismically better (Fig. 5.3).
 

e) 	The height of the adobe building should be restricted to onc storey
 
plus attic only.
 

5.3.6 Openings in Walls
 

a) The width of an opening should not be greater than 1.20 m.
 

b) The distance between an outside sorner and the opening should be not
 

less than 1,2 m. 

c) The sum of the widths of openings in a wall should not exceed one-third 

of the total wall lengu:h. 

d) The bearing length (embedment) of lintels on each side of an opening 

shotld not be less than 0 cm. 

5.4 	 SEISMIC STRENGTHENING ELATURES 

5.4.1 Collar Beam or Lintel Band 

A horizontal continuous reinforcing and binding tie should be placed
 

coinciding with lintels of door and window openings in all walls. Proper 

connection of ties placed at right angles at the corners and junctions of
 

walls should be ensured. These could be in the following forms: 

a) 	Unifinished rough cut lumber in single pieces provided with diagonal
 

members for bracing at corners (Fig. 5.4a). 

b) 	 Unifinished rough cut lumbers two pieces in parallel with halved joints 

at corners and junctions of walls (Fig. 5.4b). The lumbers may be half 

round. 

c) 	 Sawn lumber 5 x 10 cm in section placed in parallel as in b) above 
(Fig. 5.4b).
 

The 	whole assembly is to be covered with the clay mud and minimum two but 

maximum four cou~4es of adobe laid over it before placing the roof.
 

5.4.2 Buttresses
 

corner and
Contruction of buttresses by projecting walls beyond the 


T-junctions will help to retain the integral action of walls and facilitate
 

the 	connection of collar beams with each other (Fig. 5.5). 

5.4.3 Roof 

a) The roof should preferably be oi! light material, like sheeting of any 

type. 
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b) 	 If thatch is used for roof covering, it . better be made water 
proof and fire resistant by applying mud plaster mixed with bitumen 
cut-back on both surfaces of the thatch+. 

C) 	 The rcof beams or rafters should preferably be rested on longitudinal

wooder elements for disr4uutng the load on adobe (Fig. 5.6,.

P-eferably two top courses of burnt bricks 
may be laid instead of adobe
 
for resting the longitudinal wooden elements.
 

d) 	The roof beams or rafters should be located to avoid their position

above door or w;.ndow lintels. Otherwise, the lintel should be reinfor
ced by an additional lumber (Fig. 5.7.).
 

5.5 	SUMMARY
 

The desirable features for earthquake resistance of adobe houses are 
briefly illustrated in Fig. 5.8. 

+ Cut-back is prepared by mixing bitumen 80/100 grade, Kerosene oil and
pa.raffin wax in the ratio 100:20:1. For 1.8 kg cut-back, 1.5 kg bitu
men is melted with 15 grams of wax and this mixture is poured 4n a con
tainer having 300 millimetre Kerosene oil with constant stirring till 
all ingredients are mixed. 
This mixture can now be mixed 	 3with 0.03 m of mud mortar to make it 
both water repellent as were as fire protection of thatch. 
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FIG. 5.3- CLAY MUD WALL 
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FIG. 5.4-COLLAR BAND IN WALLS AT UNTEL LEVEL 

16
 



•----BUTTR ESS 
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BEHAVIOUR OBSERVED IN EARTHEN BUILDINGS DURING FOUR DESTRUCTIVE
 

EARTHQUAKES IN LATIN AMERICAN COUNTRIES
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ABSTRACT
 
In 	 this paper, a revi.sion is made of the behaviour noted 

by the authors in earthen buildings during four devastating Latin 
American earthquakes. They are: in San Juan, Argentina on 15th 
January 1944 and 23rd November 1977; in Lima, Per5 on 3rd october 
1974 and Cuateala, Central America on 4th februarry i'76. 

Finally, some hints are given as to the improvement of 
the earthen buildings in zones of high spismic rink.
 

COMPORTAMIENTO OBSERVADO EN VIVIENDAS CONSTRUIDAS CON ADOBES
 
DUPANTE CUATRO TRREMOTOS DESTRUCTIVOS OCURRIDOS EN LATINOMERICA 

RESUMEN 
Fn ence informe, !,e ,fectua unn :evinJ 6 n del comporta

riento obnorvido por Iori fmtoroti on Ia vivindatn ]e adobes en 
cuetro terromotnfn do. truc tA von latinoIn ricnnon que ,]on: ',an
Juan, Arpon-1 ri' , 1) lo -'nro ,e I'1 . * 7' de nov lebrnlro +- 1977,
Lima, Peru5, ''], ('ulr, ', , ,1 y q , , C.A. 4 1v fs'brero 
de 1976. 

Finnimv t. ,,n n'nci or.n ,i guniri rc omsndaclonesl uira Al
mneoramiento de inn vi ,i-ndra5 conntruf(!ai con adob,, en zonas de 
clovndo ronso nfnmico. 
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I- Introduction
 

Construction of adobe in Latin America is a tradition
 
since spaniard colonization.
 

Because of the easiness of building and low cost, its
 
diffusion was and still is very broad in human settlements all
 
over the area, as well as in -he most important cities.
 

For people of low means it shows advantageous characte
ristics for its building by themselves.
 

As a matter of fact, the row material can be obtained 
from the Pround for nothing and with only the work of the person 
concerned adohes can be made and a house be built. Besides, in 
case of destruction by earthquakes it is possible to recover 
mor t of the miterials thus facilitating the reconstruction. 

It i.- evid.ent that econcmic and social reasons will com
pel to continue using adobe, piinc~pally in rural areas. However, 
adobe-mnad houses bi ilt in the traditional way offer little re
sistc .c to earthquaces of ia degree superior to VII of Mercalli's 
intensity aie iand they have been the cause of the major amount 
of fatal victims oc can ion.!d by the earthquakes that affected 
Latin America. 

Th? solution to this problem cannot be unbound from the 
socio-economical conditions of each country in particular. Con
sequently, many are the eff)rts perfomed in order to Improve the 
seismic reaistinm behaviour of adobe-made buildings; however 
this improvement must not Lessen the value of its economic ad
vantaes nan the possnibilities of self-conotruction. 

'ohe mad bui1dinPs on which repuiations have been 
appli-d for their bett vr seismic resistinp behaviour and that 
have been :submittod to intensities of VIII and IX degrees of 
Mercalli's scale, have demostrated that it is posnsible to build 
economic houses made of adobe with and adequate resistance to 
enrthquake .i 

According to all th, previously exposed, the need of 
prescribing regulation:3 for the construction of adobe buildings, 
not with the aim of promoting them but to be applied in those 
cases that for 2ocio-economical reasons their construction cannot 
be avoided, should be recognized. 

2. The Earthquake of a)nuarv 15th, 1944 - ,an Junn- Argentina. 

Generai:
 

On Saturday 15th f January 194,1, at R hours 50 min 
local meantime - an earthquake with an epicenter located near the 
place known an La La Jn, Department of Albardon, located 30 km 
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north of San Juan city, occurred. The magnitude of this seismic
 
movement was estimated to be 7.8 in Richter's 
scale and its

maximum intensity reached 
IX , in Modified Mercalli's scale ,
destroying nearly the whole city and 
 causing from 8,000 to
 
10,000 dead. (Ref. I).
 

On those days, the 
 city of San Juan had about 110,000

inhabitants with a densely populated 
area covering approximately

135 city blocks. In its outskirts, four city districts 
were de
veloping with a gradually decreasing building density, namely ;

Concepcion in the north, Desamparados in the west, Trinidad in
 
the south, and Santa Lucia in the 
east.
 

On the date of occurrence of this earthquake there were
 
no regulations that prescribed seismic resisting 
provisions for
buildings, though the city had been 
badly affected by another
 
earthquake of greater magnitude 
than the commented one on October
 
27th, 1894.
 

Characteristics of buildings
 

When the earthquake occurred 
there were three kinds of
 
buildings in the city, namely:
 

1- Reinforced concrete buildings 
with brick masonry, without
 
seismic resisting 
provisions but well constructed, amounting

about 2 of the city buildings. 14ost of them resisted 
the
 
shake and were lately consolidated according to regulations

prescribed by the National 
Council for San Juan Reconstruc
tion, a national 
agency organized after the earthquake.
 

2- Prick masonry buildings, most of t'icm imperfect because of
the defective mortars employed (amounting aproximately the
 
8 of the 
 city buildings). Many of these constructions
 
collapsed 
and the remaining onos were demolished.
 

3- Adobe buildinps (approximately the 90" of buildings). 

Their behaviour is discussed in this paper. 

Characteristics of adobe buildinps 

The edification in the urban area of the city of 'an 
Juan was distinpuis hed by a predominantly 900% of adobe buildings
characterized by being badly founded and having heavy roofs. in
the outskirts, most of the buinldins were made of adobe ani there 
were even old houses built of "cast mud", called "tapia" in the 
1 oca I aniuai , that were made by compact i n;w mud in mold , thus 
resul.np walls with horizontal and vertica I joints corresnonding 
to each cast of mud. 

The odobes used for buildinp houses were made by mixing
argillaceous loam, water and short straw and ins ing ti,'e mix to 
rent for severnl days. 
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Then, the adobes being from 45 to 52 cm long, 22 to 25 cm 
long and 12 cm thick were casted and dried in the air. A dried 
adobe weighed about 20 kg and was laid on mud and sometimes on 
lime mortar prepared with greasy lime and fine grained sand. 

The outer walls were made with adobes laid as a header
 
(approximately 45 cm wide) and the inner ones by laying the ado
bes a3. stretchers (about 22 cm wide).
 

Nevertheless, it was frequent to find thicker walls made
 
by building two walls with the adobes laid as a header separated
 
20 or 30 cm , this space being then filled with mud thus rea
ching a thickness of about 120 cm in order to thermically insu
late the rooms.
 

In other occasions 120 cm wide walls were built massively
 
in order to get some more strength, as it usually happened with
 
churches.
 

In the inner walls of the houses it was frequently ob
served a lack of bond, the walls intersectine merely by ;ontact 
and the corresponding joint being hidden by plastoring anI paint.
 

The foundations were of little depth and of bid quality
 
since most of them were constructed using boulders -emented with
 
mud, rarely line concrete.
 

Their width usually was that of the *4all. Since these
 
foundations ended at around level, moisture easily attacked the
 
adobe wails disjoining the zone close to the ground and so redu
cing the cross section.
 

Sometimes the same phenomenon could be observed in foun
dations where the mud or mortar that cemented the boulders broke 
into bits. 

The plasterin, of inner walls was made with mud mixed 
with water, 1AIdinp a major amolint of wheat straw than that em
ployed when casting 9dobes in order to reduce tLe cracks cau:!d 
by shrinkage when the arfiLiaceous mud dried; they were then 
whitewashed and finally painted. Neither the outer walls nor the 
walls dividing estates wet,, usually plastered.
 

In better fini.hed houses, especially on their facades, 
plastering were madea f lime and sand. 

Adobe houv-es had only one storey. Their rooms were not 
less than 4,00 F.. hiqh, , 4,5 m fi in some cases evenusually and 
up to 5.00 hirn. Fxcepciona Ily, heights up to 6.0O m. -oijid he 
observed . "-noto 1). So high room.; and the exaperitrtd ihickess 
of the roofl were for the purpose of obtai-ina thermic insula
tion. The roofs were typical because of their cunstruction and 
great wpight. Poplar logs were rested on the upper part of the 

22
 



walls, without anchoring, separated about 
60 cm apart which in
 
many distances did not rest on the whole thickness of the wall.
The resulting system of beams was 
 then covered with canes

resting side by side 
and fastened with "tientos" , that is,narrow 
strips of wet leather which once become
dry shorter and
 
squeeze the knots.
 

In better perfomed constructions the canes were 
fastened

with thin wire. On the so formed hurdle one or two beds of mudcontaining abundant 
cut straw, in a proportion even greater than
that employed in the plasterings, were placed. Since these beds
 
were replaced as time passed, the of mud frethickness the

quently reached 40 cm and in certain a
cases thickness of up to
6 0 cm has been measured. 

This kind of roof was the preferred one by the inhabi
tant- of the city of San Juan because of the continental characteristics of its climate and besides because it a goodgave

thermic protection against the heat if its long summer and thecold of 'ts short but crude winter. Most of the houses were notgiven any treatment in their inner part being visible the logsas well as the nurdle. In better finished constructions theywere covered by a ceiling made of Linen cloth or hardboard. In some public buildings, shops and confectioneries ceiling of

stamping metal wereclates observed. 

In the center of the city the outlook of adobe construc
tions was improved by building a breast work over the roof whichusually was more than 
one meter high. These walls were adorned

with cornices which spite having shortii of a projection caused
eccentric loads. The ,7reatest eccentric load was generated by
the bracketi that aunpported the aerial wires of electricalthe 
system of t'e city and were embebed in the facarles. 

Observed damai.es.
 

The ..ot affected area was the city district of Concep
ci6n since it had the oldest and worst construction and by beingthe closest to the epicenter. (Photo 2). Houses collapsed aswell as walls separating estates made of cast mud. The stability
against the earthquake of .uch walls proved to be limited since,
though built of great thickness, there were no cohesion among the 
blocks resulting from each cait of mud. (Photo 3). 

QO' of the adobe biildings ljcpted in this city district
collapsed. This result was caused by the weakening of wall basesgenera-ed by the wearingy action of water, the lack of bondbetween int~restinp wallf2, the extremely high rooms and, mostly
by the (,×xeesive weight of roofs. 

7he ex aer nted thickness of the wall i, sometimes asthick as 1,20 m or more, was of no help to the stability of 
buildings. (Photo 4). 
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Downtown and in the remaining three city districts of
 

DesamparadosTrinidad and Santa Lucia, the degree of destruction
 
observed in Concepci6n was not reached though many were the
 
houses that collapsed because of the causes previously detailed.
 

In those adobe buildings that remained standing, it was 
observed, namely.
 

- A generalized collapse of breastworks and cornices due to the 
eccentric loads of the latter and those of the brackets sup

porting the electrical wires (Photos 5 and 6).
 

- Falling of roofs towards the interi,,r of rooms because of the 
opening of walls and insufficient support of the logs resting 
on them (Photo 7).
 

- The prominent getting out of plumb of the facades.
 

- A generalized cracking of walls and damages in the upper cor
ners of the openings, both caused by insufficient support of 
the logs by dintels. 

- Falling of concrete dintel though the adobe wall remained 
standing. 

- A negative influence of pipes embeded in the walls (pluvial 
drainage, ventilation of drains, etc.) that in some instances 
caused partial collapses or intensified the damages. 

- Falling of plasterings due to lack of adherence.
 

-. of partitions because lack bond showing
Fallin, of' of thus 

that they joined simply by contact. (Photos P and 9).
 

- Loosening of ceilings in most of the houses. Linen cloth or 
hardboard ceilings did not caused victims. 

On the other hand, in public buildings and confectioner's shops 
many were the dead and wounded caused by the loosening of 
rigid ceilings made of stamping metal plates. 

- Changes made in houses, such as opening or closing of doors or 
windows, enlarging of rooms, etc, affected their stability 
manifestly and increased the magnitude of damages. In those 
cases where changes or eniargements had been performed uising 
bricks, because of the lack of bond between both materials and 
their different behaviour, major damages resulted. 

- Adobe masonry laid on lime-sand mortar co hopse hecause -§ the 
lack (.f adherence of the mortar with the adobes. 

This kini o' buildings, that remained standing, were demolinhed 
in the lays that followed the earthquake, the determination 
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based on safety reasons and the need of making ready the
 
reconstruction, instituting 
 the Council for San Juan
 
Reconstruction.
 

Conclusions
 

The earthquake of 15 January, 1944, 
 destroyed nearly
 
c mpletrly the ;apital city of the 
Pr-vince of San Juan and its 
surroundings and cau-ed approximately 8,000 fatal victims. The 
characteristic of disaster it reached was due to not only che 
violence of the mov:... nt but also 
to the extremely bad construc
tion, mostly made of mu.. This situation was somehow an amplified
reprint of that noted after the 1894 earthquake already mentioned
 
In that instance, what the earthquake pointed out was not taken 
into account, perh -s because in those days it was a small city.
It is important to remarkc that the soil of San Juan is of good
quality and it can bear much bipgpr buildinps th n the destroyed 
ones.
 

This is an imp(.: ant antecedent to affirm that the 
disaster was the consequence of the very worst quality of its 
construction, principally that one made )f adobe.
 

3. The Earthquake of november 23rd, 1977 
- caucete-San Juan

krgentina.
 

General:
 

In the morntng of 23 ,ove ibei 1977, at 6 ho. 28 min. lo
cal time, an earthquake of magni r-de 7.3 in Richter's scale 
occurred which epicenter was loctated a. about 100 km. east of the
city of San Juin. It was disinguis,,ed by the large area affected 
reachinp intensities of IX in Bermej-, from V:II to 
IX in Cauce
te, from VII to VITI in the city of San Ju n and from VI to VII
in the city cf Mendoza. The ci-,r cloes t to the epicenter is
Caucete, locatd 30 km. east of 2i.n Juan and br;4 ng the center of 
a large rural area dedicated to the cultivatioa of vines and 
manufacture of wines (Ref. 2). 

In the city of Caucete nnd surroundinp districts, 75 
dead resulted, a very small number if the large area affected 'nd
 
the population involved are eonsidered.
 

This can he unders tood Lecai it the earthquake roached 
its great de tructiv: power more thain 20 sconds after its
begirin, and, onides, because of the da 'e and tii e of occurrence 
since it happ ?ned 0n. hour befor, the I linin,, of educattonnl, 
industrial and commercial "ctivities, u % at dayli ht, so that 
the rural popu Oation had alreny lft thi r houses. 

The collapse of many adobe h os,-e, was rp npoonible for 
most of the fatal victims and tnough (danaget were also important 
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in industrial and school buildings there were no dead in them
 
because activities had not begun, as it was already mentioned.
 

Analysis of damages
 

In the city of Caucete, center of the agricultural area
 
affected, the seismic intensity reached IX degrees in Mercalli's
 
Scale.
 

It is important to mention that in a large area,
 
covering more than 1,000 km 2 , the phenomenon of liquefaction of
 
fine-grained sands occurred and it caused a remarkable amplifica
tion of ground motion.
 

Such liquefaction arose some more severe effects on the 
constructions also accurring sinking, getting out of plumb and 
settling in buildings that in many instances made them useless. 

The behaviour of constructions was th following:
 

a) Buildings with seismic-resistinp provisions, maae of rein
forced concrete with oroinary brick, concrete block or hollow
 
ceramic brick masonry. They resulted, in general, with minor 
damages. However, due to the combined effect of liquefaction 
of slimy soil together with constructive defects or inadequate 
structural design, severil buildings collapsed or suffered 
severe anmai-es, amonp whioh some school buildings can be men
tion d . 

b) 	 Construction of old adobes built in the trdJ tisnal way. They 
were !estroyec or severely damaged and were the cause of 
nearly -ili the f atal victims (Photos 10, 11, 12, 13 and 14) 

c) 	 Adobe const ructions built according to regulations prescribed 
by the Ex-Council for 'an Juan Reconstruction, in 1948, that 
as it was previously mentioned was the goverment department in 
charge of the reconstruction of the oity of .3an Juan destroyed 
by the lq444 earthquake. The buildings of this kind located in 
Caucete suffered minor damages such as the falling of inner 
plasterings (Photos 15 and 16). Those ones located in the 
surroundin7n of 'an Juan city, where there was no liquefaction 
of soils and the intensity reached VIII degrees in Mercalli's 
Scale, iuffered no damages. 

Conclusions
 

Caucete earthquake has rendered possible a comparison 
of tbe behaviour of the different types of adobe buildings when 
shaken by fsoismc movements of grea intensity, from VIII to IX 
degrees in Mprcalli's -)cale, with the following result: 

On the one hand, total collapse of adobe constructions 
bulIt in thi traditional way, without seismic-resistin provi
s ions, and on the other, with no damages or with economically 
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repairable damages those constructions built 
acc )rding to seismic

resisting provisions in spite of soil 1:quefnction.
 

4. Lima (Per5) Earthquake of 3 October, 1974
 

General:
 

On October 3rd, 1974, 9 hs min local
at 21 - time- a vio
lent earthquake afiected 
the city of Lima and its sorroundings.

The epicenter was located by N.E.I.S. of the United States at

12.3 south latitude and 77.8' west longitude, 5O km south-west
 
of Lima with a focus 13 km deep. The estimated magnitude, accor-


N.F.I.S. varies irom to the
ding to , 6.6 7.6 , former based onthe volumetric waves (!B) and the latter 
on the superficial wa
ves. This earthquake caused 78 dead, more than two wonthousand 

ded, about 5.500 damaged buildings (Ref. 3) and affected a popu
lation of about 
four million inhabitants.
 

The most affected places were the following towns: Chin
cha, Chorrillos, Barranco, Imperial, 
Canete and La Molina, having

also been considerably damaged La Planicie, Pisco, 
Callao, Ica,

Rimac, San Miguel and Barrios Altos. The most affected area co
vers approximately 
60,000 km2, in which intensities as high as

VIII degrees in Modified Mercalli 's scale were observed, as

stated in the Bulletin of the Ceophysical Institute of Per5
 
issued on 18 October, 1974.
 

Damages in buildinps
 

The edification in the 
city of Lima combines different ty
nes of constructions: from houses adobe, of
old of some them
built durinp the colonial period, to modern buildings, several
 
storeys high, with reinforced concrete structure and brick mason
ry walls.
 

The following types 
of constructions are distinguished:
 

a) Single storey houses of adobe.
 

b) Single and two made of
storey houses anobe rnd "quincha".
 

c) Single storey houses of brick rasonry without 
reinforcement.
 

d) Single and two storey buildings of brick masonry with little
 
reinforcement. 

e ) Ta I build n;, with ad eq ua te reinforced !oncrete structure 
and brick masonry fillin;. 

Ono store. high ho uses of adobe are numerous in the humble
city districts of Lima, Bitrrancos, Chorriilon, fluaurs, Ifuacho and
Chanc:,y. The adobe used measures approximately 10 x 20 x 40 cm
and when laid as a header, walls 40 cm thick and from 3 to 4 m
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high result. It was observed that such adobes are frequently
 
moulded without straw and so they easily broke into pieces.
 

The roofs are even and formed with rafters or logs on
 
which canes or boards are laid, covering them with one are more
 
mud beds. Dintels are usually made of wood, occasionally of rein
forced concrete. No one of the adobe houses had any kind of lin
king. As it nappened in other earthquakes, many houses of this
 
kind were damaged on October 3rd so causing most of the victims
 
(Photos 17, 18, 19 and 20). Most of such houses have been
 
affected by previous earthquaks and have later been repaired
 
taking intc account no kind of seismic resisting provision.
 

Those houses made of adobe and "quincha" usually have
 
their outer walls built with adobes laid as a header (40 cm.
 

thick) and they are from 3 to 4 meters high. The "quincha"
 
walls are formed with poles, diagonals and pine beams all linked
 
among them by means of horizontal rafters. Then, vertical canes
 
are placed which are plastered with mud on both sides. The roofs
 
are also even and built in a similar way that those ones of adobe
 
houses. This type of construction is abundant in El Callao as
 
well as in the old districts of Lima.
 

In general, the houses made of "quincha" and those of ado
be and "quincha" were less damaged than the adobe ones (Photos 
21 and 22). 

Conclusions
 

Peruvian seismic-resisting regulations contain an appendix
 
related to adobe constructions. Analyzing the observed damages it
 
becomes clear that, if such regulations had been applied, those
 
had been nrevented.
 

5.Guatemala Earthquake of February 4th, 1976
 

General
 

On 4 february, 1976, at 10 hs. 02 min. 33 sec. GMT (O3hs
 
02 min. 33 sec. local meantime) a violent earthquake affected the
 
central area of the Republic of Guatemala causing about 25,000
 
dead, 77,000 wounded and copious damages to the physical and
 
social structure. (Ref. 4).
 

The Republic of Guatemala has an area of about 108,389 
km 2 and aproximately 5 million inhabitants. Its capital city, of 
about I million inhabitants, in located at Valle de in Ermita 
some 1,500 m. ibove 3ea level, the place being crossed by dells 
and surrounded by mountains haviig a few active volcanoes. 

There are several types of construction in Guatemala, 
from the typical and humble single storey buildings of adobe, the 
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two and three storey buildings of adobe, 
the two and three storey
buildings of bricks and blocks 
with little reinforced concrete
 
structure, to 
the four to nine storey buildings, all of them of
the framed sort 
 with slabs enclosing the beams, and even,

buildings of advanced 
construction with 
frames and reinforced
 
concrete seismic resisting walls, these latter 
ones amounting
 
more than two dozen.
 

The scil in Guatemala City, 
up to 10 to 15 meters deep,

is formed by a clay bed that gradually turns into slimy sand.

der such superficial bed, 

Un
and up to 100 meters deep, volcanic
 

sand is found.
 

The bearing capacity value 
used for foundation calcula
tions varies between 
1 to 2 kg/cm2. A preliminary evaluation ofdamages wos carried on by 
the General Secreta.'iat 
of the National
Council for 
Economic Planning. As 
far as it concerns to material
 
damages, 
the sector mostly affected by this earthquake was the
housing one. Practically one million 
inhabitants, one 
sixth the
 
country population,lost 
their houses, 
since about 258.000 houses
 
were damaged.
 

The main epicentcr of 4 February 
earthquake has been

found, by the 
United States Geological Survey, 
to be located near

Los Amates, in Izabal, in the 
west area of the Republic of Guate
mala, with an estimated magnitude of 
7.5 Richter.
 

Observed damages
 

Speaking of old constructions of adobe, 
those located,

in the outskirts of the capital 
city as well as 
the ones in
country areas, it 
 'das observed that the 
 "adobe" employed had
been kneaded in such a 
way that it frequently contained pine

fibres. 
The soii used fre- making muid contained little argilla
ceous components, thus resulting 
loose "adobes" that easily broke into pieces. Joints among the adobes 
were winder than they
usually are in 
other Latin American countries , thus producing an
inadequate linking among 
the elements. Besides, there is the

rainy season, begining in May and lasting 4 to 
5 months, so that
the permanent moi3ture ha.3 worn 
out the foundations and the
walls, the 
latter usually not plastered, leaving them in inferio
rity of conditions.
 

Nearly all of these houses with adobe walls 
and tile

roofs, especially in the rural area, 
were destroyed and so caused
most of the victims between the dead and wounded. (Photos 23, 24

and 
25). In some of these houses with severe damages in their
walls, i, was detected that they 
had not collapsed if they had
had an hurizontal wooden frame on the upper end of the walls onwhich the rafters rested. Such woolen frame has evidently worked 
as an upper linking element of the walls causing them to perform 
as a whole and so preventing them from falling. (Photo 26).
 

29
 



Conclusions
 

The observed damages are basically due to the complete
 
lack of seismic resisting provisions for constructions of mud ,
 
the very worst quality of the adobe employed and the inadequate
 
way of building the houses, all these becoming worse because of
 
weather effect.
 

6. Final conclusions
 

Humble constructions mado of adobe that caused so many
 
victims in case of occurrence of a destructive earthquake, are
 
widely spread in Latin America and correspond to the present so
cio-economic conditions. They are a consequence of the cultural
 
and technological development of the countries as weli 's of the
 
raw materiali] available in each region, so that it necc.es
 
impossible tcr try to eradicate them definitely, but as a tran
sition period, they can be improved in order to make then less
 
dangerous.
 

Anaivzinq the behaviour observed in adobe houses during
the four destructive earthquakes considered, it is deduced that 
when such houses have been constructed with faulty materials and 
according to traditional constructive ways, they have always 
collapsed because of the lack of seismic resistance. 

In snite of this, for socio-econom ic reasons, still it
 
will be necessary to build and rebuild adobe houses in Latin
 
American countries (Ref. 5). 

Becaise of this fact, it becomes necessary to face such 
a reality and, consequently, to dictate directions for the 
building of Pdobe houses in order to make them seismic-resisting 
enough as to support destructive earthquakes. 

This s not an easy task since people to whom such
 
houses are iissigned usually are of less means and generally
 
obstinate to change their traditional building techniques.
 

For this last reason, such rules shall be directed to a
 
series of simple improvements both in their design as well as in
 
their construction which, without lessening their advantages of
 
self-construction shall give them encugh seismic-resisting safe
ty.
 

As it was previously stated, construction of adobe 
houses 43 imnosed by the socio-economic conditions of each 
country. In Argentina, strong efforts are made to eradicate them 
from urban stes located in its seismic area. On the other hand, 
in rural areas an improvement of their seismic-resisting beha
viour is attempted, especially in those cases where people, for 
the time being, have no other means than their )wn effort for 
their self-building. 

30
 



7 - Analysis and structural design of adobe houses
 

From the analysis of 
damages observed in constructions
 
of adobe caused by the four destructive earthquakes ander con
sideration, the conclusion that, under certain conditions 
adobe

houses can perfom a "satisfactory" behaviour in case of occurring 
severe earthquakes, is arrived to. 

By "s tisfac-ory" behaviour it is understood when the 
adobe house is capable of: 

- Resisting minor earthquakes without being damaged. 

- Resisting moderate earthquakes with slight structural and none
structural damages. 

OOResisting strong carthquak, s without coliepsing causingitnC 

victims. 

Failure of adore houses my be attributed mainly to their 
little strergth to tensile stresses and to the very littIe 
adherence between mortar and adobe. 

Failure mechanism,, are presented in Figure 1.
 

Consequently, those mechanical characteristics necessary 
to be known are: 

- Tensior: strength. 

- Bending itrength.
 

- Shearing" utrength.
 

Though failures due to azial compression have not been
 
detected, the knowLedge of their behaviour under 
such stresses
 
gives a good idea of tht quality of their walls. 

Figure 2 shows graphically the tests necessary to carry 
on to obtain the mechanisal characteristics already mentioned. 
However, when s1ch tests cannot be performef.d , the fol lowing 
stress values, somewhat con:'ervative, can b.: adonte': 

- Contact compression, 2.20 kg/cn 2 

- Axial compression iii walls, , kg/cm2 

- Horizontal shear in walls, 0.10 kg-/cm2 

These allowinp stres3s ialues have been obtained using a 
safety factor of five. 

In short, those investiationn and tests carried on by
several researchers (mainly in Per ) pr,!esntiy 'll owd the struc
tural analysis of adobe houss by rational mehotln baed on the 
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materials resistance. Nevertheles3, the good seismic-resisting be
haviour of such houses is obtained when a series of previvions 
directed to the architectural le.-Lgn a2, w31l a:, to the building 
technique and the manufacture of alobes :s ippli d. 

Tn the following par.gr,:t 0 or-.,, o' sich rrovisions ire 
detail- : 

a) Provisions for the architecturni de.iig n: 

- Eymmetrica± plants with bairincei d iat-bution cf walls, 
shail be obtained. 

- The height of the walis haiil he limit'o (se, being "e" the 
thickness of th, wall). 

- The maximum ieni-tr of th, waiin 3haii b ±initid 110 e). 

- The openir,'i for ,]oor:; ani winlows ,3hall ie sm ll (not wi
der than .?' m). 

- The onenini,:- for ',onr:!; on- windrows :Lalil he located not £e. s 
than 1,20 m far from h, corn,r.i or, on the cintriry at ni1 

length of the w i I 

- Adequate use of r ii i wo rtn ti njrove th ot'. tt of 
walls. Th,?e can ,b-, loc:te,] in t he, oute r ir *ri *,. n: of 
walls (minimir rroj> tnii, ir.n h 0?111111 'o wo iI tKh ;" 'n 
in the certer of a o w IL or, co Ali r- wi. in r.nin p 
for a !,hor or v indow ()reantwork I Itotal in,,th, 

- Light roof,, :refe '-ra h1 o7 io c e) 'r,- c, n s u I 
tn ickn s::,i 7 m and mo -3n uour-,rroof :n ! tIiI 1on. 

b) Buildine T! ,ii: 

Walls: - .,4 n m n iim wi h, he#narin p waiI or n t. 
isolate w'i i wItho t hreontdork, for t' i: s,abi

i ty , iN, . orh I ,d',n. 

- They crn rnfo I' r od with stab1e mi tri vl in 
,ogremen t. w th the wil nra t o rtn I , for in.i tnc.. , la

ne or we I,- I 1 1o n , work. 

Foundations " n,1 v'rfoiduitio ns: 

- Mini mum ',;nth, , 

- Minimum wi n, Q. tr , or that ra*tuIin; 4ccordin to be irxnf 
capacity of :h; :) Ii. 

- Minimum overf undation, r,20 m. 
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They will be made of:
 

- Cyclopean concrete with a minimum 
cement content of 160 kg/m3
 
adding 30 of boulders.
 

- Brick, concrete blocks or natural stone masonry on 1: 1/4 : 4 
(cement-lime-sand) mortar and accordingly bond.
 

U-per enchaininp beam:
 

- Each wall, in 
its upper end, will have an enchainment for,,ied by

two iogs C.10 m. in duameter or two rafters 
0.10 x 0. 10 m
 
cross aection, linked 
to each other every 70 cm 
by 2 x 5 cmwooden braces. At intersections an:] wall angles they will be
 
half-thicknenn joined using five nails 4 x 120 mm size 
 in 
each joint. 

- An enchainment made of reinforced concrete having a width 
equal

to that of the wall and being 15 cm hiph, with 4 
 10 mm steel

rods and 6 mm br'ces 
every 20 cm; shall be preferred. Fig. ..
 

- The roof structure hall be conveniently linked to this upper 
enchaining beam. Fig. 4. 

Dintels:
 

When dintels of openings for doors 
ai.d windows and the enchaining

beams ar made of reinforced concrete and they art less than 15
 
cm apart, it is convrnient to unify them. FiR. 5.
 

P1 as te r i n :
 

Wailn :hall be plastered with mud 
mortar containing abundant
 
striw cr e-ent-lime-sand mortar (1/4 
: I: 5). 

Floors : 

They ,culd be mnde either ol nmoothed cement, calcareous floor
 
tiles, or -,v,!rbnked 
 br-icks. In all instances, once finished,the
 
floor level :iholl 
be 10 cm below the overfoundation. 

Pipirxn : 

It is no ndvisable to er.bed any kind of piping in adobe walls.
 
If r,;c enfitary, tho embedment s1nil be n'pe rfi cal.
 

Roof projec~,ionnT protectin;, ,xternnl walls: 

It i. , dvib , the une vf roof proejp-tions 0.50 m. deep ill or
der to proTct t110 ,-xt,!rna] wal r frc,, rain wearing. 

3tabilizod Adohe: 

With renpct "o thin. the tslts cdirried on in Peru are worth men
tionine. The idobes ntnbii zed with RC-2,)0 asphalt remarkably im
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prove their behaviour under moisture, their strenth and external 
appearance, 
to such extent, that it is not necessary to plaster
them and can be just painted. 

Horizontai and vertical reinforcementa made of canes:
 

- Horizonta 
 and vertica! reinforcements made of canos remarkably
imprrve ;he stahility of wails. Vertical reinforcements need the 
use )f a sneciaj kind of adobe to contain them. These vertical
reinforcements 
shall be conveniently 
anchored ir the reinforced
 
conrete foundation and upper beam.
 

Adob dimensions:
 

a) Traditijnal adobe 10) x 20 x 42 cm.
 

} ) Square ridobe 3P x 7P x 9 cm and 
 halves 38 x 18 x 8 cm ; these 
ones being, safer under seismic action.
 

Surroundin pavement:
 

An external 7avement with a minimum 0.60 m. width made ofsmoothed concrete, shall 
cover all ,he perimetral length.
 

Sahara-ion hri2 ween adobe houses:
 

- Every ad 
 } o , e :3h, i bee jocated not ,ns than 2 M. apart
from tvny ,,.,,is tir , huiidin , the latter being made of ado
be or not. 

- Every adcbe henna shali r, separated IM , at the least, from e '3ta11 i (.d1 n i, wal1 s. 

PI±i ,vii i r ij n i i, es of roofs shall be made of pir "s with outerspililway or, on .he contrary, by free downfall through pipes orgrooies: pro ,': n,, a, iea ,t, 0,6) m from thp outer walls.
 

Manufac ture of adobe:
 

a) Seectior, of soj. 

Clean soiir, fre of pravel 
or grains coarser than 5mm. These
sois .OalL con.ent clay or loam, thi, content amounting from20 to ' . of "h.e total weii ht and hatin;, a p "istIc t,7 index 
between , inI '). 

b Pst f'orr . c. n Pha soi 

A cy: inder , ,ln r nnroxlmately 2 cm in diameter sihalI be 
conformed with mud kn.,'dd with little water and te lenqth 
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it can reach without breaking shall be noted. If such length
amounts to 5 to 
 15 cm , the soil shall be regarded as
 
competent 
for adobe manufacture. 

c) Preparation of mud 

The selected soil, previously ground into small lumbs, shall
be kneadcd adding water and enough fibres, for instance d-'ystraw. Then, the mixture shall be allowed to digest for
less than three days before casting the adobes, being 

not 
kneaded 

once a day.
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DINTEL - SOLUTIONS
 

WHEN THE SEPARATION BETWEEN WOODWORK AND UPPER ENCHAINING BEAM
IS NOT GREATER THAN 15 CM , A DINTEL SHALL BE BUILt', UNIFYING 
IT WITH THE V. 

Wallwidth 

Suspended dintel beam 
 10 

wir cl th i" [ :VDC .. 2i:-.:0.-17-c-mrnax. 

wire cloth 

WHEN THE SEPARATION BETWEEN WOODWORK AND UPPER ENCHAINING WALL 
IS GREATER THAN 
15 CM THE WOODWORK SHALL BE 'ROTRACTED BY MEANS
 
OF A STATIONARY WOOD OR GLASS PANE.
 

Upper enchnining beam
 

. : = 

wire cloth 

wire cloth . ... 

FIGURE 5 
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UPPER ENCHAINING BEAM 

IN THE UPPER END OF WALLS, AN HORIZONTAL CONTINUOS REINFORCEMENTSHALL BE PLACED, THE SO CALLED UPPER ENCHAINING BEAM WHICH , ASPOSSIBLE, SHALL COINCIDE WITH DOOR AND WINDOW DINTELS. 

THE WHOLE SET SHALL BE SOLIDLY LINKED 
IN THE CORNERS TO AVOID
 
UNFASTENING. 

I 00 

0 10 

FIGURE 3 
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LOG ANCHORING
 

twister,~0
 

FIGURE 
 4
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MECHANISM OF FAILURE 

FLEXURAL FAILURE OF WALLS WITHOUT UPPER 
ENCHAINMENT
 

TENSILE FAILURE IN WALL INTERSECTION 

SHEAFING FAILURE 
 FIGURE .1
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TEST FOR DETERMINING ALLOWABLE STRES SES 

(The mean value of not less than three specimens, shall be 
considered)
 

a) Axial Compression Test
 

rot 

UP 

........ root
 

I "m. 5 

-~ -4 (Y c6 con~acto - f xlS 
40 cm. d3cm. 

b) Bonding Test (cohesion)
 

,Ph
 

Zcm.
 
(without mortar __ 1___ K____.
 

and clean) 
 -, Larl J 
Pv
{ c) Shear Test 

Ph FP,( o ,(a-2)xa 

FIGURE 2
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LIST OF PHOTOGRAPHS
 

PHOTO N" I - Adobe house that collapsed during San Juan earth
quake of 15-1-1944. 

PHOTO N" 2 - Collapse of adobe houses, San Juan, 15-1-1944. 

PHOTO N" 3 - Cast mud wall (Tapia), San Juan, 15-1-1944. 

PHOTO N" 4 - Collapse of an adobe wall. 1,20 m 
15-1-1944 (Concepci6n Church). 

thick, San Juan, 

PHOTO N" 5 - Adobe walls collapse and falling of breatsworks 
and cornices, San Juan. 15-1-1944. 

PHOTO N" 6 - Collapse and getting out of plumb of adobe walls, 
and falling of breastworks and cornices, San Juan 
15-1-1944. 

PHOTO N' 7 - Falling of roofs 
15-1-1944. 

to the inside of rooms, San Juan, 

PHOTO N" 8 - Collapse of partitions due to lack of bond, loose
ning of ceilings and falling of cornices,San Juan 
15-1-1944. 

PHOTO N' 9 - Adobe walls collapse 
San Juan, 15-1-1944. 

and falling of cornices, 

PHOTO N'10 - Collapse of old 
23- Xl-1977. 

adobe houses, Caucete, San Juan, 

PHOTO UT*11 - Collapse of old 
23-XI-1977. 

adobe houses, Caucete, San Juan, 

PHOTO N'12 - Collapse of old 
23-XI-1977. 

adobe houses, Caucete, San Juan, 

PHOTO N*13 - Collapse of old 
23-XI-1977. 

adobe houses, Caucete, San Juan, 

PHOTO ?'14 - Collapse of old 
23-XI-1977. 

adobe houses, Caucete, San Juan, 

PHOTO N'15 - Undamaged adobe house built according 
tions, San Juan, 23-XI-1977. 

to regula-

PHOTO N'16 - Undamaped adohb 
tionn, San Juan, 

house built 
21-XT-1)77. 

accordinp to regula-

PHOTO f117 - Coltapaf? of adobe wrills, Lima, Per5, 3-X-1974. 

PHOTO r1"18 - Collapse of adobe walls, Lima, Pern, 3-X-1974. 

PHOTO VI19 - Collapse of adobe walls, Lima, Peru, 3-X-1974. 
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PHOTO N'20 - Collapse of adobe walls, Lima, Per5, 3-X-1974. 

PHOTO N'21 - House made od adobe and quincha, Lima, Per5, 
3-X-1974. 

PHOTO N'22 - Partial collapse of a two storey house made of 
adobe and quiriha, Lima, Per5, 3-X-1974. 

PHOTO N'23 - Collapse of adobe houses, Guatemala, 4-11-1976. 

PHOTO N'24 - Collapse of adobe houses, Guatemala, 4-11-1976. 

PHOTO Vr25 - Collapse of adobe houses, Guatemala, 4-11-1976. 

PHOTO N*26 - Partial damages in adobe houses with upper wooden 
enchainment (collar), Guatemala, 4-11-1976. 
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EARTHQUAKES IN LATIN AMERICAN COUNTRIES
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ABSTRACT
 
In this paper, a revision is made of the behaviour noted
 

by the authors in earthen buildings during four devastating Latin
 
American earthquakes. They are: in San Jan, Argentina on 15th
 
January 1944 and 23rd November 1977; in Lima, Peru on 3rd october
 
1974 and Guatemala, Central America on 4th february 1976.
 

Finally, some hints are given as to the improvement of
 

the earthen buildings in zones of high seismic risk. 

COMPORTAMIENTO OBSERVADO EN VIVIENDAS CONSTRUIDAS CON ADOBES
 
DURANTE CUATRO TERREMOTOS DESTRUCTIVOS OCURRIDOS EN LATINOMERICA
 

RESUMEN
 
En esto informe, no electra unn revisi6n del compurta

miento observado por los autores on ins viviendns de adobes en 
cuatro terremotos detructivon lntinofimericanon que son: San 
Juan, Argentina, 15 do onero do 1044 y 2 5 (2e noviombre do, 1977, 
Lima, Peru, 3 do octubro do 1974 ', (Tuatomnla, C.A. I do febrero 
de 1976. 

Finalmento no mencionan a1gunans recomendaciones pnra el 
mejoramiento de In viviendas construifdag con adoben en zonin de 
olevado riesgo somico. 

57 



I.Introducci6n
 

La construcci6n de adobe en Latinoam6rica es una tradi

ci6n que se remonta a la 6poca de la colonizaci6n espanola. 

Por la facilidad de su realizaci6n y por sus bajos cos

tos su difusi6n fue y es a~n muy amplia en los asentamientos
 
humanos de In regi6n, incluyendo timbi~n sus mas importantes ciu

dades. Presenta para los sectores ue bajos recursos caracteri3ti

cas ventajosas para la autoconstrucci6n. En efecto, el material
 
necesario se obtiene gratultamente Oel suelo y con el solo empleo 
de la mano de obra del interesado ve pueden fabricar los adobes 
y realizar su construccci6n. Adomes in el caso de su destrucci6n, 
por terremoto3, es posible recuperar gran parte de los materiales
 

6
facilitando In reconstrucci n.
 

Es evidente que motivos econ5mico3 y oocialeo obligar~n 

a continuar usando el idobe, principalnente en zonas ruralen. Sin 

embargo, lans viviendas de adobe construidas en ia formi tvadicio
nal ofrecen poca resi3tencia a los te remotos de grado superior 
al VII de la escala de iitensidad Merc, tli y han sido ij cauna de 

In mayor cantidad de v'ctima3 fataleg que han ocasionado Ion te
rremotos que afectaron a Latinoamrica.
 

La soluci6n a ete problema no puede denligarge de las 
condiciones socio-econ5-iica- de cada pals en particulbr. Conse

cuentemente, son muchoi los esfuerzon rerlizadon para mejorar el 
comportamiento sinmo-r-vstente de Ians c(nstrucciones de adobe, 
mejoramiento que, sin embargo, no dehe denvirtiar sis ventajas 

econ6micas y lan noibilidade3 de la auto- onstrucci6r. 

Constriccioneso d- adobe en que sr han ap.-.cado normns 
para su mejor comportarniento sisno-resistente y que han nido so

netidan a intennidaden je grado VIII y IX do in er!cala de Merca-
Illi, durante PI terremoto de Caucete, 'an Juan (Argentina) del 23 
de noviembre de 1077, hai montrado que on p~sible contruir vi
viendan econ~micas y de acobe con a-iecvadn r-31stencia a Ion ,sin-

De acuerdo con lo expuesto se debe r,.conocvr in necesi

dad de dictar normas pare In ejecuci6n do Ins conrtruccionei de 
adobe, no con eI objeto de promoverlne iino pari so- aplicadas en 
los casos en que, por razoneon socio-qcon6micas, son ineludible su 
construcci6n. 

2. Terrpmoto dcl 15 de enero de 1944 - (7nn Juan - Argentina 

Generalidadein: 

El din sAbndo 15 do onero do 1944, a Inc 20 hu. 

50 min. horn local, so produjo un terremoto cuyo optcentro so 
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ubic6 en las proximidades del lugar denominado 
La Laja, Departa
mento de Albard6n, 3C kil6metros a" Norte de la ciudad de San
Juan. La magnitud de este movimiento s.s-nico fue estimada en 7.8
de la escala do Richter y su intensidad mxima en IX en in escalado Mercalli Modificada, destruyendo cLni completamente a la ciu
dad de San Juan y ocacionando de 8.000 9 1C.fO? muertos.(Ref.1).
 

La ciudad de San Juan contab a ean fecha con unos1 10.000 habitanteii y tenla un casco urbaro aensariente poblado de 
una extensi6n de '35 manzanns. 
En Pu perIferia se cesarrollaban
 
cuatro barrios cuya densi,fad de Pdificaci6n decrocla paulatina
mente: al Norte Concepclu. , al Peste Desamparadov, al Sur Trini
dad y ai Est- Sana Lucia. 

A In f'ocha de erte terremoto no habla reglnmento al "uno 
quo estabiecier-i previsiones 3ismo-resistentes parn In edifica
ci6n de in ciudad, a pest:r do haber sido severamente afectada el27 de octubre de 19(,T par un terremoto de mayor magnitud qu: el 
que se comenta. 

Caracteristicft. de las con.itrac. iones
 

Exiot!n' en In ciudiuI al momento del sismo, tres tipos 
de construccioneo:
 

I -Construccionej 'e hormig6n armado con mamposteria dt: ladrillo,
sin previaioneOO 1i3mo-ro':34:tentes, pero do buena ?jecaci6n
constituirrin nprcximadainernte 

que 
el 2 % de in edificac161 de Iaci1dad. Suhiatier o n Pr ,- mayor parte y fueron i teric,rmente

consolidadao conforme a norman que al efecto dict6 eI Consejo
de Poron:ntrucoi6n ,!e .San Juan, Ente nacional organizaGo con 
posterioridnd al terremoto. 

2 -Construcciones de Indrillo, on su mayor parte aefectuonas por
el emplo de mezelis deficiontes (aproximadamente el 8,3, de In 
edificaoi6n de In ciidad). 'luchas do estas conotrucciones se
derrunha ron y' 1,n quo qu.odaron en pie fueron demolida.. 

3 -Construocriones de ;rdobo (arproximadamente o l 90'( d, in edifica
ci6n do !a -udad). El comportamlento do es tan construcciones 
se comenta on PI pr ::nent tr -Ianjo. 

Caractermsticas de las construcciofon do adobe 

La edifionin I,I canoe irbano de In ciudad do San Juan 
so carrictori.-nha por el prodominio en ,in oO10 de con:truccionen de
adobe cuyan princlpale cnrirtot,!r tican or'in Io,! malon rlmienton 
y peadon tochon. En lon barrios nuburblanon cani tod a In od ificaci6n era do adobe y hinta :ni oncontrahin anti oii vivindf:l con 
tru ,] tis 0oni "onjonadnan ,o barro", 11amarni "dr, tapin" on -I Ion
,un e local, qt no ej)coutaban ap nonnndo hnrro dontrr) I,) moldes
 por lo quo son pnreden quodahan atrave', tdn;i per juntas horiron
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tales y verticales correspondientes a cada colaia do barro. 

Los adobes enpl,,adon en la construcci6n de las viviendns se 

fabrinah an amag and e Imo arcilloso, agua y paja corto y dejando 
estacionar Ia mezc:a durante varios H{as. Despuis Le moldealan 
con dinensiones qua os(ilaban entre 45 a 52 cm. de largo, ?2 a 25 
cm. do ancho y 12 am de espesor y se Rejaban secar 0U aire. n 
adobe 5eco posna a reledor do 20 kilos y se asentaba ,eneral

tmente s))re barro 7 1 races sobre mor ero dr cal prenarado con 
cal prasa y arena fina.
 

Los muros exteraores se ejecutaban con adobes nolocados 
de ti z3n (45 cm de ancho aproximadamente) y los Puros irteriores 
colocindolos de soga (22 -m de ancho aproximnaamente). Sin embar

go Pra frecuente enccnt-ar muros de mayores enpesoren que 3ie eje
cutaban levantando dos mu-os 3e adobe do tiz6n, no uaras 20 o 
70 srm, espacio qua luep) we rellenaha con barro obtenijitone un 
esosor totnl del orden de 120 cm. pa a airlar tOr,i, m,,rte los 
ambiente . En otraj ocaa i ) : r, uros le 120 cm. le eopem'or 9e 
constru~an macizos con In intenci~n do ohtener man s(llide, tal 
lo quo ocurrio frpcuentemcnto en iglenias. 

n los mnron i ntorioren d Ln.u viviendan "o on nrvaba con fre

cuencia falta de trnbaz6n, irtercotinlope an mLr an ptr simple
 
contacto y ocilt ndosa In corrn oonaie,,te jq, a e' y
-o revzooe 

la pintur2. 

Los cimientos eran e pocq profuntitat y !, mali ca i
dad, nun en in ,o to ca:,on cor truyr-n co.mnyorin as canto 
rodado uni !oo con barro, rura,'e to c)n normi ri, in ccl. Su nncho, 
con frecuercia, no excedin a del rmura. Toma entcn ciri;nto ter
minaban a nivl del suelo, In hMedad aticaba f! 'ilnente irra mu
roe de 'itobo, linqregndo Ii zani pr6xi a . 'u" lo con In consi
guienwe nerlido le seccion. 
Igual fen6neno no obervaba a v,,s r, 0An cimient n, drsnnuin
done l barro a el mortero qua WnI 1on2 cinton ra'its il w 

m i e n t o. 
El revaque de 1n paramo wno in *, nr rnali nanha con 

barro amanado con awun , al quo ", irepah pja dP tripn onf can

tidad mayor quo Ia que n "mpleb' para hncer Ini ddole, mata 
atenuar Ian gri *,tas de contrnicc n luo apa oran on ".I hArro ar

cilloso nl nocarne; pontqriarmnt, iran b nquna'ton con gu to 

cal y pintado. Ton frecuincin no in rvocr.bn A! Ion pnrmeorton 
exterioren n ton muro divisorios ?ntra propioddeon. 

En viv in dns rPjor termla ,anl, opepian"'a, n on I nn 
fachadas , Ion revoqiev Pean do cal y ,,rna. 

I.Ln :v an vilohao, e1rP , 'n 

ra deI an a l tacigonn 2i ,rq m ,nor . n,'0, ,,,,rn mi o t,, 4, -( 
Ion t in" i , p1qn t . Laa ni t'

2 

y on no anioa as hi in a 5 1 0m . :A ('anon i a nn I v" a" n' ryn hntt*:pr n*A 
n I tu ran le hanta 6 , 00 F)ito 1) In oran I t Ua, n Io,"n 1 -,n y - I 
on peerr ,qxrgorado do Ion ticho nobed :, al prop6n iIo ,i obtonor 
aislnni6n t6rmica. Los techon oran carc orltl oan per iu cons

60
 

http:rvocr.bn


trucci6n y por 
su gran peso. En la parte superior de los muros se
 
asentaban, 
sin anclir, rollizos de giamo distanciados unos de
 
otros 60 cm que, en mucho casos, no apoyaban en todo el espesor
del mure. El onvirado as formado ge cubria con canas colocadas
 
una ni lade do ntra que so ataban con "tientos", que son tiras de 
cuero mojidas, quo al secarse se acortan y aprietan las ataduras.
En const ruccionem major eecutadam las canas me ataban con alam
bre doliado. Sobre .I "canizo" aq! formado, se colocaba una o dos 
capas de barro con abunzante paja recortada, en proporci6n afn mayor qua la quo se u:,aba para los revoques. ComO estaC capa 3 se
reponiai durante el transcurso del tiempo, el espesor del barroalcanzabn frecuentemente to cm. y en algn techo se ha medido 
hasta 60 cm. d'- espt oar. 

.sto tips d t-cho era el preferido par los habitantes 
de ia clud-id do 'nn Juan, por mu clim doe caracteristicas conti
nentaos y ,r0 buenPh protecci6n termica para ei calor de suslar7os3 verq, on y -I 'r,.o de inviernos breves pero rigurosos. En
la mayor parto de ±a., viviendan, no sufrian trntamiento aiguno en 
su parte interior, juedando a In vista los rollizos y el "canizo" 
quo apoyba nobre (1los. En construcciones mejor terminiadas 
ocultaba a i vista 

se 
por un cielorrnso do lienzo o de cart6n pren

sado. So obsq rvaron on locales pfllicos, norociom y confiterfas 
cielorrnno,: d, rhapn de metal stamnpado. 

En 4, centra de in ciudad de San Juan se mejoraba el as
pects do in ,dificncl6n o adobe levantando por encima del techo un parapets quo Peneralmonte sobrenasaba el metro de altura. Es
ton muro:3 fso adorniban con cornisam que, aunque fuesen de poco
vuelo, ocaslionabnn cnrp.s oxccntricnm. La mayor carga exc 6 ntrica 
era rrodijcida par ian mnsul:i que sostenlan los cables a6reos de
in conduccion eloctrica de la ciudad y que soe empotraban en los
 
frenton ,!, ion edificioo.
 

Dni;on o h. -rv rdaon

T,a zona man afectada 'rue ei barrio 
de Concepci6n por

tenor I i-,.ficac [rn antigua dem ns y peor calidad y sor la parte

de in clulad mito Ir6ximna 
al epicontro (Foto 2). Se derrumbaron 
comp I,'tannt,, in vivienda s y lon muros divisorios conatruidoo 
con "cnjonndan 
d- barro". La entabili ad nl sismo do estos inuro
 
rn ul t6 m'f an
a , puor. aunque in construnai do espesor considerable
 
no oxintfn ohesir5nr ,ntr!o ios bloques formados por cada " cajona
dn do harsr " (Fetot ). 

Lan! construcconon dr adobe quo se ubicaban on oste ba
rrio, quo, comn no dii,,o oran Ian mum antipuas de in ci dad , le de
rruimbnaron -n un "O40. nfliuy6 sobre onte rosultado, ol dobilitam onto prod'icido Inii bann do ion muros par in acci6n erosive 
'I I ua, i "I I tn df tranz6n on ion onc uentros, In gran aItura
d o Ioraiovn y par sobre todo oI poo oxconivo do loa techos.Lon oenpooron oxnorndos do Ion muron quo a voco alcnnzaban han
ta 1 ,20 m. y a6n mAn, no ayudaron a mantonor la ontabilidad do 
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los edificios (Foro 4).
 

En el casco urbano de la ciudad y en los tres restantes 
barrios circundantes de Desamparados, Trinidad y Santa Lucia , no
 
se alcanz6 el grado de destrucci6n observado en Concepci6n,
 
aunque eran nurierosas las viviendas derrumbadas por las causas 
anteriormente explicadas.
 

En los edificios de adobe que quedaron en pie se obser
v6:
 

- Caida general de los parapetos y cornisas producida por la car
ga exc~ntr-.,ia de 4stas y de las mnsulas que sostenian los ca
bles de la conducci6n el 6 ctrica (Fotos 5 y 6). 

- Caida de los techcs hacia el interior de las habitaciones a 
causa de la apertura de los muros y del insuficiente apoyo de 
lo3 rollizos sobre 6stos (Foto 7).
 

- Notable deoplome de los mnuros de las fachadas 

- Agrietamiento general de muros y da;.os en las esquinas supe
riores ie las nberturas, ambas a cau-a del escaso apoyo de los 
rollizos en los dinteles. 

- Caida de los dinteles de hormig6n aunque el muro de adobe que
dara on pie. 

- Influencla negativa de los conduct~s empotrados en los muros 
(desague nluvial, ventilaci6n de clracas, etc.), que en ocasio
nes produjeron derrumbes parciales ) intensificaron los danos.
 

- Revoques desoreiididos por falta de adherencia. 

- Derrumbe5 de muros interiores por falta de trabaz6n dejando al 
de!3cubierto la uni6n d- los muros por simple contacto (Fotos 8 
y 9). 

- Cielorrasos desprendidos en casi todas las viviendas. Los cie
lrrasos de lienzo y de cart6n prengado no ocasionnron vfctimas
 
al desprenderse. Por el contrario, en los locales pblicov, es
pecialmente confiterias, donde se desprendieron cielorraaos ri
gidos de metal estampado se prodijeron muertos y contusos por 
esta causa.
 

- Las modificaciones introducidas en lao viviendao, apertura o 
cierre de puertas 6 ventanas, anipliaciones, etc. afectaron no
toriamente la estabilidad numen'nando la magnitud de los danos. 
Estoa resultaron mayores cuandi las modificaciones o amplia
ciones se ejecutaron con ladri'lo, debido a la falta do uni6n 
entre ambos materiales y a su c~mportamiqnto diferente. 

- La mamposteria do adobe asontrda sobre mezcla de cal y arena 
fina, colaps6 a causa de su falta de adherencia a ion adobee. 
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Estos edificios que quedaron en pie, con los danos an
teriormente descriptos, fueron demolidos en los posteriores
dfas 

al terremoto fundindose esta decisi6n 
en razones de seguridad y

en preparar la reconstrucci6n, a cuyo objeto, se cre6 el Consejo

de Reconstrucci6n de San Juan.
 

Conclusiones:
 

El terremoto del 15 de enero de 1944 destruy6 casi to
talmente la ciudad capital de la Provinia de San Juan y alrede
dores, con cerca de 8.000 vfctimas fatales. El cargcter de desas
tre que adquiri6 se debi6 no solo 
a la violencia del movimiento
sino tambi6n a la p 6 sima calidad de su edificaci6n que on su ma
yor parte eran de barro. Esta situaci6n fue una reedici6n amplia
da de lo que se 
 apreci6 luego del terremoto ya mencionado de
 
1894. 2n esa oportunidad 3un nsenanzas no so tuvieron en cuenta,
tal vez poroue en esa techa la ciudad era pequens. Es importante
mencionar que el suelo do la ciudad de San Juan es de buena cali
dad y puede sustentar edificios mucho mayores que los destruldos.
 
Este es un antecedente importante para afirmar que el desastre

fue la consecuencia ue la p 6 sima calidad de u edificaci6n, es
pecialmente la ejecutada con adobes.
 

3.Terremoto del 23 de noviembre de 1977 - Caucete - San Juan
 

Aren t i na 

Generalidades:
 

En la manana del 23 de noviembre de 1977, a lao 6hs.

28 min. hora local, se produjo un terremoto de magnitud 7,3 en la

escala do Richter, ruyo epicentro fue ubicado a unos 100 km. 
al 
este do is ciudad do San Juan. So caracteriz6 por i extonsa zona
 
que abarc6, alcanzando intensidades IX en Bermejo, VIII a IX en

Cauceto, VII a VrII on In ciudad do San Juan y VI a VII en la
 
ciudad do Mendoza. La poblimi6n importante mis pr 6 xima al epi
centro es la ciudnd KO Cauceto,, distante unos 30 km. al este de 
la ciudad de San Juan y centro :> una ertensa zona rural dedicada 
al cultivo de Ia vid , eiaboraci6n do vinos (Ref.2). 

En is ciudad de caucete y localidades sledanas se produ-
Jeron 75 muertos, cantida'i roducida si so considera ia tenon 
zona anfctada y is po ,laci in involucrads. 

Esto so explics, porque el torromoto nlcsno su gran po
poder dostructivo a rags 1P 20 nsogundos d iniciado ndemf~s, por
la focha y horn do su ocurroncla, ys quo sucedi6 unn horn antos
de In iniciaci6n do Is actividados educativsn, industrinlon y
comercinloe, poro con complota 
luz del dfa, par io quo is pobl
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ci6n rural ya habla abandonado sus viviendas.
 

El derrumbe de muchas viviendas de adobe produjo la ma
yor parte de las victimas fatales y aunque los danos fueron im
portantes tambi~n en establecimientos industriales y en escuelas, 
no ocurrienron vlctimas en ellos por estar ain sin iniciarse las 
actividades, segn se mencion6. 

Analisis de los danos
 

En la ciudad de Caucete, el centro de la zona agricola
 
afectada, la intensidad sismica alcanz6 al grado IX de la Escala
 
de Mercalli.
 

Es importante mencionar que en una amplia zona que abar
c6 ms de 1000 km2 ocurri6 el fen6meno de licuaci6n de arenas fi
nas, io que produjo una notable amplificaci6n del movimiento del
 
del suelo durante el sismo. Esta licuaci6n origin6 efectos sismi
cos mas severos en la3 construcciones, ocurriendo ademAs hundi
mientos, inclinaciones y asentamientos de edificios, que en mu
chos casos loS inutilizaron.
 

El comportamiento de las construcciones fie el iiguien
te: 

a) Construcciones con previsiones sismo-resistentes, de hor
inig6n armado con mamposter{a de ladrillos comunes, blo
ques de '.ornig6n 6 bloques cer~micos huecos. Estas cons
trucciones resultaron en general, con lanos menores. Sin 
embargo por el efecto combinado Qe la !icuaci6n del suelo 
limoso, con los defectos constructivon c el diseno estruc
tural inadecuado, varias construcciones ufrieron colapsos 
o danoa severos, entre las que se destacan algunas escue
las.
 

b) Construcciones le viejos adobe,,, construid-.s a In manera 
tradicional. Resultnron destruiias o severamente danadas y 
fueron In causa de casi todts las victinas fatales (Fotos 
10, 11, 12, 13 Y 14). 

c) Construcciones de adobe eJecutadas seg 5 n recomendaciones 
dictadas por el Ex-Consejo do Reconstrucci6n de San Juan, 
en el ano 1948, quo segn ya 3. mencion6 fue el organismo 
que tuvo a su cirpo In reconstrueci6n de la ciudad de San 
Juan descrufdn por el terremoto do 1944. Lnr, construc
ciones de est , tipo ubicadas en Caucete, sufrieron Ianos 
menores coniistentes en cndas do revoques Interiores (Fo
tos ,5 y 16). Las ubicadas en zonan aldnn a In ciudad 
de San Jruan, on donde no hubo licuaci6n de suelon y In in
tonaidad alcanno P1 grado VIII do In Escala (s Mercalli, 
no aufrioron danos. 
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.Conclusiones
 

El terremoto de Caucete ha permitido comparar el
 
comportamiento de las distintas 
construcciones de adobe, al ser

sometidas a terremotos de gran intensidad, grado VIII a IX de la
 
Eocala de Mercalli, con el siguiente resultado:
 

Por una parte, colapso total de las construcciones
 
de adobe ejecutadas segn la 
tradici6n, sin previsiones sismo-re
sistentes y por la otra, sin danos 
o con danos econ6micamente re
parables, 
las ejecutadas conforme a las recomendaciones sismo-re
sistentes, a5n con el agravante de 
ia licuaci6n del suelo.
 

4. Terremoto de Lima 
(Peru) del 3 de octubre de 1974
 

Generalidades
 

El dia 3 de octubre de 1974, a las 9 horas 21 minu
tos horn local, un violento terremoto afect6 a la ciudad 
de Lima
 
y sus alrededores. El epicentro 
del sismo fue ubicado por el

N.E.I.S. de 
Estados Unidos en los 12.3' latitud Sur y 77.8" ion
gitud Oes3te, a unos 80 km. en direcci6n Sud-Oeste de Lima, con
 
una profundidad de foco de 13 km. estimaci6n de laLa magnitud do
acuerdo al N.E.I.S. varia entre 6.6 y 7.6, la primera seg~n las
ondas volum6tricas (MB) y in segunda seg~n las ondas superficia
les. Este terremoto caus6 78 muertos y el nmero de heridos supe
r6 los dos millares, siendo alrededor de 
5.500 el nfmero de cons
trucciones danadas (Ref.3) 
y casi cuatro miliones de habitantes
 
la poblaci6n involucrada.
 

Los lugares mss afectados fueron las poblaciones de

Chincha, Chorrilos, Barranco, Imperial, Caieto y La Molina, ha
bi~ndose tambi6n danos
producido considerables en La Planicie,

Pisco, Callno, Ica, Rimac, 
San Miguel y los Barrios Altos. El 9. 
rea m~s afectada cubre una extensi6n de aproximadamente 60.000 
km2 , dentro de in cuni se observaron intensidades quo alcanznron 
el valor de VIII de in Escala Mercalli Modificada, segdn 1o deta
lla el Boletln dpl Instituto Geofisico del Per5 de fecha 18 de 
octubre de 1974. 

Da~of on las construcciones
 

La edificaci6n de la ciudad de Lima comprende una 
gama bastante extensa de tipoa do construcciones ; dede antiguas

casas do adobe datan desde 6 poca
quo algunas la colonial (Lima

antigun), hasta modernos edificios de 
varios pisos con estructura
 
do hormig6n armado y muror do mampoterfa do ladrillos.
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Se distinguen los siguientes tipos de construcciones
 

a) Viviendas de adobe de un piso. 
b) Construcciones de adobe y quincha de uno y dos pisos. 
c) Viviendas de un piso de mamposteria de ladrillos sin 

reforzar. 
d) Construcciones de uno y dos pisos de mamposteria de la

drillo con algdn refuerzo. 
e) Edificios altos con estructura apropiada de hormig6n ar

mado y relleno de mamposteria de ladrillos. 

Las viviendas de adobe de un piso abundan en lo,
 
barrios de menores recursos de Lima y en Parrancos, Chorrillos,
 
Huaura, Huucho y Chancay. El adobe utilizado tiene dimensiones d(
 
10 x 20 x 40 cm. aproximadamente y, colocado de cabEza,forma mu
ros de 40 cm. de expesor que alcanza una altura de '5 a 4 metros. 
Se observ6 que frecuentemente estos adobes no tenian agrewados de 
fibras de paja, por cuya raz6n so deshacen con facilidad. Los te
chos son planos y estan formados por tirantes o rollizos de ma
dera sobre los que so colocan canas o tablas recubiertas por una 
o mrs capas dp barro. Los dinteles son co-nunmente de madera y 
ocasionalmente de hormig6n ar-nado. Ninguna de las viviendas de a
dobe poseia algn tipo de encadenado. Como on otros terremotos, 
fueron numerosas las construcciones de este tipo que resultaron 
danadas el 3 de octubre y en ellas so produjeron la mayor canti
dal de victimas (Fotos 17, 18, 19 y 20). Muchas de ellas habian 
s do afectadas ror trremotos anteriores y luego reparadas sin 
haberse incluido ning~n tipo de provisi6n sismo-resistente. 

Las viviendas de adobe y quincha de dos pisos 
tienon, frecuentemente, los muros exterioren del primer piso 
construidos con adobes y colocados de caboza (40 cm. de espesor), 
con una a 1tura quo oscila entre 3 y 4 metros. Los murcs de 
quincha estAn formadosn por postes, diagonale.3 y vigas de pino, 
todos arriostrados entre s por listones horizontales. Despu6s 
se colocan canas verticales las que son revestidas con barro por 
ambos lados. Los techos son tambi~n planas y onstriidos or. forma 
similar a las viviendas de adobe. Este tipo do edificaci6n abunda 
en El Callao y en los barrios viojov de Lima. Er. general, las 
viviendas de quincha y las do adobe y quincha, resultaron con 
menores danos quo las de adobe (Fotos 21 y 22). 

Conclusione-


Lao normas sismo-resistentes peruanas incluyen un
 
apendice dedicado a las construcciones do adobe. Analizando lon 
danos observadon se concluye quo de haberse aplicado las normas, 
eatos hubieran sido ovitado. 



5. Terremoto de Guatemala del 4 de 
febrero de 1976
 

Generalidades
 

El dia 4 de febrero de 
1976 t las 10 horas 02 minu
tos, 33 segundos GMT (07 horas, 02 minutos, 37 segundos hora lo
cal) un violento terremoto afect6 a la 
zcna central de Ia Rep6
blica de Guatemala, 
dejando como saldo alrededor de 25.000 muor
tos, 77.000 heridos y cuantiosas p6rdida3 en la infraestructura
 
fisica y social (Ref.4).
 

LP Rep6blica de Guatemala 
tiene una superficie de
2
108.889 
km y alrededor de 5.000.000 de habitantes. Su Capital,
de aproximadamente un mill6n de habitantes ubica
se en el Valle
de la Ermitd a 1500 metros de altura sobre el nivel del mar, el 
que esti cortado por canadones y rodendo de montanas entre las 
que se incluyen unos pocos volcanes activos.
 

Las construcciones 
de la ciudad de Guatemala son do

diversos tipos, esde 
las tpicas y modestas construccione's de

adobe de un solo piso, pasando por ]as de dos y 
tres pisos de
 
ladrillos y bloques con minimauna estructura de hormig6n armado 
y los edificioi de cuatro a nueve pis,)s, todos del tipo aportica
do con looas casetonadas 
que llevan incluldas las vigas, hasta
 
llegar a los edificios de construcci6n avanzada con p6 rticon y

tabiques de hormig6n armado, 
de los cuales hay mAs de dos doce
nas.-

El suelo de 
la ciudad de Guatemala hasta los 10 y
15 metros de profundidad estA formaeo par una capa de arcilla que
 
pasa gradualente a arena limosa. 
D,;bajo do esta capa superficial
 
y hasta los 
100 metros so encuentra arena volcAnica. 2La presi6n

de c~lculo de las fundaciones oscila entre 1 y 2 kg/cm
 

En lo quo respecta r. las construcciones do la zonarural 6stas eran de divesos tipos, predominando las de adobe sin
 
ninguna clase de 
estructura antislsmica.
 

La evaluaci6n preli-ninar do los danes estuvo a car
go de la Secretaria General 
del Consejo flacional de Planificaci6n
 
Econ6mica. En lo quo respecta 
n los danos materiales, la mayor

incidencia de esto terremoto fu3 sobre 0l sector vivienda. Casi 
un mill6n do habitantes, la secta Zarte de la poblaci6n, qued6sin techo, ya oue resultaron con danos alrodedor de 258.000 vi
viendas.
 

El opicentro pri-icipnl del sismo del 4 do febroro 
ha sido localizado 
par la United States Geological Survey (USGS)

do E.U.A. corca do Los Amates, en Izibal, en oriento
el do la Re
publica do Guatemala, estimanlo 
su magnitud en 7,5 de la Escala
 
Richter. 
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Danos observados
 

Refirigndonos a las construcciones antiguas de ado
be, tanto las ubicadas en los tilrededores de la ciudad capital
 
como en los pueblos del interi)r se obse:v6 que El adobe utili
zado estaba amasado frecuentemente con fibras de pino en su in
terior.El suelo utilizado pars amasar el barro ,iostriba en ge
neral pocos componentes arcillosos, por lo que el adobe resul
taba desgranable y de f~cil rctura. Las juntas .itre adobes eran
 
de mayor espesor que las quo comunmente se hacer en otros palses
 
do Am6rica, resultando en la riayoria de los csrs una traba ina
decuada de los elementos. Debi agregarso tambi6a ir temporada de
 
lluvia que se inicia on el mcs de mayo y quo alnrca de 4 a 5 me
sos corridos, habiendo la permanente humedad, d.teriorado los ci
mientos y los muros no revo ados on su mayor i, ,Iromionando sus 
espesores y dejando en infer.oridad do condicine 71log muros. 

Todas estas v.viendas con muros do ado'e y cubier
tas de teja, en especial en zona rural, resul ;aron en su casi to
talidad ]estruldae y fuero', las quo ocasiont ror, el mayor n6mero 
de victinas entre muertos y neridos (FotoB 2',2 y 25).En algunas 
de estas vivienda 3 con dans importantpo on -ou muros, se observ6 
que no se produjo el colapno cuando existii un marco horizontal 
de madern on la )arto superior del muro sobre -.o9 qua se apoyaban 
los larguoros del techo. Es evidente que er te marco do madera ha 
actuado como olemento de encadenamionto s porior de los muros, 

haciendo quo ellos trabajqsen en conjunto f impidiendo su colapso 
(Foto 26 ). 

Conclusiones
 

Los danos observados correiponden a la ausencia de
 
previsiones sismo-resin tentes pars const'ucciones de barro, a la
 
mala calidad del adobe y a la incorrecta ojecuci5n do las vivien
das,todo agravado por ,ifecto del clima.
 

6. Conclusiones finiles
 

Las moeestao construccirnos do adobe, quo provocan
 
elevado ni'moro do vfctiman on caso o ocurrencia do terremotos
 
destructivos, estin nmplitmento difundidas on Ame'ricn Latina y
 
responden n condicioien nocio-econ6mi an imporantes. 3on unh .on
secuencia del deonrrollo cultural y tocnol6gico dn los pueblos y
 
do los mnatorialon dinponibles en cadp regi6n, por lo quo on Impo
siblo quereL' errndicnrlan en forms definitive, sin embargo, os
 
posible, coro otapa de trnnaci6n, otorgarle mojorans pars dismi
nuir su ioligroiidad.
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De la revisi6n del comportimiento observado en las 
viviendas de adobe en los cuatro terremotos destructivos consi
derados, se deduce que cuando han side 3jecutadas con materiales 
deficientes y siguiendo formas constru-tivas tradicionales, han 
colapsado a causa de la falta de resistencia al sismo.
 

Sin embargo, par razone scio-econ6micas, en los 
palses latinoamericanos sern necesairio todavia construir y 
reconstruir viviendas de adobe. (Ref. p"). 

Par ello, en necesario aceptar esta realI'ad y con
secuentemtnte reglamentar la constrcc.6n de viviendas de adobe, 
a los fines de dotarlas de la capacidad resistente necesaria para 
sobrevivir a los terremotos destructives.
 

Esta tarea no resul ta fAcil considerando que los 
destinatarios de estas viviendas ,on io sectores de poblaci6n de 
menores recursos econ6micos, genr ralmente reacios a innovaciones 
en sus procedimientos constructi- s tradicionales.
 

Par eut3 motiva les reglamentacioneo deben referir
se a una nerie de mejoramientos aimples, tanto en el dineno de la 
vivienda coma en 3u ejecuci6n, que, sin desvirtuar lai ventajas 
de la autoconstrucci6n, le dar suficiente seguridad sismo-resis
tent e. 

Coma so ha expresalo anteriorme nte, In corintrucci6n 
de viviendas de adobe est5 impuesta par lis cond icioneg socio
econ6micas do cadsn pa Tn. Er la Repblics Arpentina 3 p trata de 
erradicar las viviendas do 
 ao en zonas u rbanan de u grea
 
sismica. En cambio, en zones ruraleos se trata de mejorar su com
portarnienta nisn-rogiaton',e, enpecialmente en aquellos casos de
 
pobladores ruralon que no cienen par el momento otro recurso para 
levantar su vi-,ienda, quo ou propio esfuerzo practicando Ia auto
construccian. 

7.AnglisiS y disono e-itructural de las viviendans do adobe
 

Del anllisis de lo. danes observados en ans 
construccionet3 do adobo, provocados par los cuntro terremotos con
siderados, so concluye quo baJo ciertan condiciones lans viviendas 
do adobe pueden ofrocor un comportamiento "oatisfactorio" ante 
sismos soveros. 

Sp ontiende par comportamionto "satisfactorio" 
cuando la vivienda de adobe sea capaz d : 

- Renistir nifsmosi me oren sin dano. 
- Re'1stir ai"moa, moderados con danos 

estructuralo y no estructura len loves. 
- Roslstir ,jismon intnnon sin colapsos y sin 

ocsinonar vfctimans.
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Las fallas de las viviendas de adobe pueden
 
atribuirse, fundamentalmente, a su poca resistencia a los esfuer
zos de tracci6n y a su reducida adherencia entre mortero y adobe.
 

Los mecaniomos de falla so ilustran en la Fi
gura 1. Consecupntemente Ias caracteristicas mec~nicas que in
teresa conocer son:
 

- Resistencia a tracci6n.
 
- Resistencia a flexi6n.
 
- Resistencia al corte.
 
- Resistencia a la compresi6n.
 

A pesar de que no 'e han observado Callas por
 
compresi6n axial, su conocimiento d6 tambi~n una buena medida de
 
la calidad de los muros.
 

La Figura 2 ilustra esquemgticamente los ensa
yos a realizar para obtener las caracteristicas mecanicas senala
das. Sin embargo a falta de estos ensayos se pueden adoptar los 
siguientes valores, mAs bien connervativos: 

- Compresi6n de contacto, 2,20 kg,/cm 2
 

- Compresi6n axial en muros, 1,8 kg/cm 2
 

- Corte horizontal on muros, 0,10 kg/cm 2 

Valores admlsibles obtenidos con la aplicaci6n do un coeficiente
 
de seguridad igual a cinco.
 

En n3ntesi3, Ion estudion y ennayos realizados 
por numeroonn investigadores (e33pecialmente en Per5) permiten, 
actualmente, o IriIlljis ostructura± de Ias viviendas de adobe 
por mr todos racionales basados en la reoistencia de materiales. 
Sin embargo el buon comportamiento ninmo-reaintente de e-atas vi
viondarn ne obtiene por ln aplicaci6n de una norie do recomenda
clonef, tanto on ol diseno arquitect6nico como on el proceoo cons
tructivo y en In elaboraci6n do ton adoben. 

A continuacion so detallan algunas recomonda
ciones: 

a) Recomendaciones para ol dineo arguitect6nico:
 

- Se debe procurar plantas sim6tricas con distribuci6n balan
ceada de muroo.
 

- Limitnciln do altura de loo muros (8 o, siendo "o" el espe
sor del muro). 

- Limitnci6n do In longitid mAxima do lon muron (10 o). 

- Abortura d puertan y "ontanan, poquonas (no mayor de 1,20m.) 

- Los vano, do purtn.i v vontnnan alojnldo;i por lo menon 1,20 
m. do inn osqulnan 6 Di lo contrario on ol. contro del muro. 
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- Uso adecuado de contrafuertes para mejorar la estabilidad de 
los muros. Estos pueden ubicarse en los encuentros exterio
res de los muros (longitud saliente mfnima igual 1a espesor

del muro) , en el centro de 
un muro lctrgo o en coincidencia
 
de un vano de puerta o ventana (longitud total del contra
fuerte, 3 e).
 

- Techos livianos, generalmente de rollizos de madera, con ca
na, barro (espesor e - 7 cm.) y aiclaci6n hidr6fuga. 

b) Detalles constructivos:
 

Muros: 
- Ancho m~nimo 0,40 m., sea o no portante. 
- Nio se permiten muros aislados, sin contrafuertes para su es

t abilidd. 

- Podr~n reforzarse con materiales estables y que sean compa
tibles con el naterial del muro, por ejemplo 
canas 5 mallas 
metalicas soldaias. 

Cimientos y sobrecimientos:
 
- Profundidad mini a, 0,40 m. 
- Ancho minimo 0,40 m. , 6 el que resulte en funci6n de la 

tensi6n ndmisiblo del terreno de fundaci6n.
 
- Sobreciminento mnimo 0,20 m. 

Se construir~n de :
 
- Hormig6n cicl6oeo, con un minnimo do 160 kg. de cemerto/m 3 y 

un 7On de piedra bola. 
- Albanilerli de lndrillo, bloques do hormig6n o piedra natu

ril anentados con to tero 1:1/4:4 (cemento-cal-arena) y con
venientemente trabados. 

Visa superior do irriotrmionto: 
- Todos ion muros 'in rnu coronimniorto l vtrnn encndenado formado 

por don roll-zon do 0,10 m., 6 dos tiranten d- 1,10 x 0,10 m. 
vinculados9 ;nda 7r cm. aodlantq tirrintillon e 2 x 5 cm. do 
aecci6n. Er loq cruces.i y encuf!ntros df muro, -if-, empnlmar n a 
medin mader, y oon cincc : lniom 4 x 120 -im. on cada uni6n. 

- Es preferible ).Incadonn io superior de hormi;p6n armado de 
ancho igual al del muro y 1 5 cm. do al turn, con 4 barrans del 10 
y estribon de f, c/20 cm. Fig. 3. 

- La es tructura del techo :je vincularA ndocundamonte a !a viga
suporior le encandenido. Fij. 4. 

Dinte]oi : 
Cuando Io I In tele de nbc rt'rn:i do puertat y vontanan y las

vigas do encader.ndo ,ion dIs! hormigr6n armado y en t6n neparadon me
non do 15 cm., )n conveniento iu unlficaci6n, Fig. 5. 
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Revenues :
 
Los muroo sergn revestidos con revoques de mortero de barro 

con abundante paja 6 mortero de cenento-cil-arena (1/4:1:5). 

Pisos :
 
Podr~n ser de cemento alisado, mosai s calcfreos 6 ladrillo 

recocido. En todos los casos el nivel ,e piso terminado sirg 
10 cm. por debajo del sobrecimiento.
 

Instalaciones:
 
No conviene embutir ningin tipo de instalaci6n en muros de
 

adobe, en caso necesario serb solo muy superficial.
 

Alero3 de protecci6n de nuros externos:
 
Se recomienda el use de aleros de 0,50 m. en nures exterio

res, obtenidos come prolongaci6n de los techos, con el prop6sito
 
de protegCerlos del agun de iluvia.
 

Adobe estabilizado: 
Las experiencias realizada3 en Per al respecto son dignas 

de especial mencion. Los adobes estabilizados con asfalto RC-250 
mejorrin notablemente 3u comportamiento redpecto de la humedad, 
resistencia y aspecto exterior a tal punto que puede quedar vis
to sin revoques y pintarse directamerte. 

Refuerzos horizontali-s y vorticales do ctinas: 
Lo-s refuerzos verticale y horizontales con canas mejoran

notablmoento In eptabilidad de los muros. Los refuerzoo vortica
les requioren el use le un adobe especial que permita el loJan
miento !e lichos refuerzos. Estos refuerzos verticaled se anclan 
convenientorivnte cn el , imient y en in vipa superior de hormip6n 
a rmand o • 

Dimensioneo del ndobe:
 
a) Adobe tradicional 10 x 20 x 42 cm.
 
b) Adobe ouarado 38 x ,F x 8 cm. y medio adobe 38 x 18 x d cm.,
 

brind hnyor spruridid ante el efecto of.gnico. 

Veredrt ppermetral: 
- En todo ol penir'*tro ]p in vivi,)nda se deborg ejocutar una ve

reda oxterlor. iQ horimig6n alisodo y do un ancho unimo do 
0,60 M. 

Separaci6n entrp viviondan( do adobe: 
- Toda vivionda de adobe dobo repanrnrse do cunlquier otra cons

trucci6n "ristent-, 3e l e ndobh. o no, un mntmo do 2 m. 

- Todai viviendn do adobe dobe spnrnrn, cone mfnimo Inm. do Ion 
limlteg de. in propiedal. 

Denaguon pluvinlen: 
- Lon doanguen pluvianIon do Lon tnchon no dobornn hacer con canon 

do baJada extorior o on ou defecto par cadn libro par media 
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de canos o canaletas que sobresalgan como mfnimo 0,60 m. del
 
paramento exterior. 

Fabricaci6n del adobe:
 
a) Selecci6n de In tierra:
 

Tierras limpia3, sin gravas, ripios 
o g, .oe mayores 10 5 mm.

Deben ser tlerra.q que contengan arcilla y limo, pudiendo ser 
la 	proporci6n de nrcilla entre el 20 y 50 % del 
total y cuyo

Indice de plant~cidad est6 comprendido entre 9 y 10.
 

b) 	Prueba para seleccionar DI tierra
 
Se procede i formar un cilindro de aproximadamente 2 cm. de 
di~metro de barro amasado con poca agua y se observa el largo
que puede alcanzar sin romperse. Si este largo esta compren
dido entre 5 y 15 cm., la tierra 3e considera apta para In fa
br4.cmci6n de adobes. 

c) 	Preparaci6n dJl barro:
 
Previa trituraci6n de la 
 tierra 3eleccionada 3e amasa agre
gando ag'ia y guficiente. fibras como pot ejemplo, de paja 5e
ca. La mezcla se estacionarg no menos de tres dias antes del
 
moldeo do los 
adobes, d~ndole un amasado diario. 
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MECANISMO DE FALLA
 

FALLA POR FLEXION DE MUROS SIN EIICADINADO SUPERIOR
 

FALLA POR TRACCION uJ ENCUENTRO DE MUROS
 

TI~IIJIrth 


I I I I r •r
I I I I : i l -I
 
I . ] T i l l I : T . 11111111 IIIT1 

S I;T 1 I1 I / 

I TII I2"I 

FALLA POR CORTE FICURA I
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ENSAYOS PARA DETERMINAR ESFUERZOS ADMISIBLES
 

(Se tomari el promedio de no menor de tres especTmenes)
 

a) Ensayo de compresi6n axial
 

G -oP~rot a ' 

G cdM. 

0 c6 contactc G x 12 
40cm. adm. a3dm. 

b) Ensayo de adherecia (cohesion)
 

PP 

j c) Enuayo de corte 

"--)€-' h L,+(a 2x -2o)X a 

P,,
 

FIGURA 2
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VIGA ENCADENADO SUPERIOR
 

EN LA PARTE SUPERIOR DE LOS MITROS, SE DEBE COLOCAR UN REFUERZO HORIZONTAL
 
CONTINUO: LA VIGA DE ENCADENADO SUPERIOR QUE EN LO POSIBLE DEBE COINCIDtR
 

CON LOS DINTELES DE PUERTAS Y VENTANAS.
 

TODO El. CONJUNTO DEBE IR FIR!9 4ENTE UNIDO EN LAS ESQUINAS PARA EVITAR 
QUE SE ABRA.
 

' I 

FIGURA 3 
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ANCLAJE ROLLIZOS
 

TCRCZ'DOR 

i it ,iiEPO 
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DINTEL - SOLUCIONES
 

CUANDO LA SEPARACION ENTRE CARPINTERIA Y VIGA DE ENCADENADO SUPERIOR ES
 

COMO MAXIMO 15 CM , SE REALIZA UN DINTEL UNIFICADO CON LA VE.
 

ANC14O

t MUAO . . 4410
 

? VIGA DIJTEL COLOADA 

15'cm.mdx. 

tala mosqu;ter., 

CUANDO LA SEPA.RACION ENTRE CARPINTERIA Y VIGA DE ENCADENADO SUPERIOR ES 

MAYOR DE 15 CM , SE PROLONGA LA CARPINTERIA EN UN PANO FIJO DE MADERA 0 

DE VIDRIO. 
telo e 

VIOA ENCAFtJAOO 

vc I I I i i ,
 

i o '.r 'iii 

) 

FIGURA
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FOTO V 8 - Colapuo muros interiores 
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cornisas,San 

des-
Juan 

FOTO N" 9 - Colnpso muros de adobe y calda de cornisas, San Juan 
15-1-1944. 
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fan Juan, 23-XI-1977. 
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San Juan, ?5-ZI-1977. 
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FOTO It 14 - Colnpno do it1gua:, vvIvndnn de a')be, Cauceto, 
San Juan, 2?-XI-1977. 

FOTO V 15 - Vivienda Jo adobe sin dnnon -onntruizdn confo.me a 
norna, , ", n Ju .n 23-XI-1977. 

VOTO N' 16 - VivSinda I"o adobe rin drno conntr*Udn conforme a 
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FOTO N"' 17 - Co In pit r, mur o I1- . h'. , Lima, P rcj , 3-X-1974. 

FOTO N" 18 - Colapso euronde dobe, Limq, Por(f. 3-7-1974. 
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FOTO N" 19- Colapso muros de adobe, 
Lima, PerC, 3-X-1974.
 

FOTO N' 20 - Colapso muross de adobe, Lima, Peru, 3-X-1974.
 

FOTO N 21 - Vivienda de adobe y quincha, Lima, Per5, 3-X-1974.
 

FOTO 1I" 22 - CoIl. so parcial vivienda de adote y quincha, de dos 
pisos, Lima, Pern, 3-X-1974. 

FOTO N" 23 - Colapso viviendas de adobe, Guate:nala, 4-11-76. 

FOTO N 24 - Colapso viviendas do adobe, Guntomla, 4-1I-76.
 

POTO N" 25 - Colapso viviendan do adobe, Cuatemqa, 4-11-76.
 

FOT' :1 26 - Danc. parcinle en viviendn:3 do adobe con encadenado
 
sup-'rior do madera (coliarln), Guaterala, 4-11-76.
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EARTHEN BUILDINGS AND EARTHQUAKES
 

John A. Blume
 
URS/John A. Blume & Associates, Engineers
 

ABSTRACT
 

The generally poor performance of earthen buildings in earthquakes 
Is
addressed but the position is taken that much of this damage could be
prevented while still 
using, 
to a large extent, local materials and
construction practices. 
 Some simple requirements would be essential
but they cannot be 
too drastic or increase the cost significantly.

They do have to bring to bear reasonable compliance with certain laws
of nature and of earthquake engineering. Models or prototype structures could be used for educat~onal purposes. 
 The major contributors
to damage and collapse are listed 
as well as the major ways to prevent

collapse. The challenge is great 
-- the reward is hundreds of thou
sands of 
lives in future decades.
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Introduction
 

It gives me pleasure and encouragement to see the attendance at this important
 
workshop and your interest in the subject. For many decades I have deplored the
 
great loss of life in earthquakes, and I have noted that the non-engineered,

natural-material residential and light commercial buildings have caused the great
est loss of life on a world-wide basis. Much of this can be prevented while still
 
using natural materials! We have to examine and determine how this 
can be achieved
 
without requiring some native farmer to engage an architect and an 
engineer and use
 
a computer to build a structural steel or reinforced concrete frame. You know, and
 
I know, that they simply can't afford that nor will they be able to in the future.
 

I have heard many engineers and others say the use of adobe, earth, rubble, even
 
unreinforced burned masonry should not be permitted in seismic areas. Few,of
 
these author'ies have visited the 
remote regions of countries throughout ti.c
 
world where :,ielters or housing have to be of absolute minimum cost, have to 
be
 
"do-it-yourbelf" construction, and have to utilize 
to the maximum extent possible

readily-available, na.ural materials including earth used various ways. Moreover,
 
many of these 3uthorities don't realize that any material with predictable prop
erties can be made earthquake resistant.
 

It is my opinion as an engineer who has designed all 
types and sizes of structures
 
in all types of materials including adobe urick, burned brick, and Arabian faroush,
 
that the earthquake resistance of earthen buildings can be greatly increased with
 
more attention to, and education about, proper materials properly used. Some new
 
techniqtes may be needed as vwell as caitoons and models 
to demonstrate these tech
niques to untrained people. 
 There may also have to be some simple standards and
 
reasonable enforcement of those standards, but it can be done.
 

Local conditions such as 
climate, availible materials, skills, traditions, poverty,
 
etc., vary greatly not 
only from country to country but within a country. These
 
will have to be allowed for in the improvement procedure I envision. typical and
 
simple designs could be developed for each major area. Models could be aisplayed
 
in each area where construction is imminent. 
 To the extent possible, traditional
 
local procedures should be retained 
-- to expect radical changes to be successful
 
would be folly in most places.
 

In addition to native residential construction I should note that some very fine
 
homes and many large public and private structures have been built of adobe brick
 
in earthquake regions of the United States and elsewhere. Earthen materials are
 
by no means the exclusive property of the peasant in remote regions. Adobe has
 
charm, warmth and insulation value to many people.
 

Types of Earthen Buildings
 

There are many types of earthen buildings which types I expect will be sorted out
 
during this workshop. They vary not only in che materials used and In the combi
nations of materials used, but in the sophistication, if any, of design and 
con
struction. I suppose one could call a cave the most n-tural 
and oldest type of
 
earthen building although caves are usually more rock than earth. This introduces
 
the mati:er of definition, or of particle size applicable to this workshop. 
 Build-

Ings are made of rubble rock, of boulders, of chiseled rock, even of gravel.

shall presume unless correcced that our definition of "earthen" pertains to clays,
 
silts, and some relatively small amount of sand; basically we are dealing with
 
clay and silt somehow cast in place or molded into bricks which are dried in the
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sun --
adobe bricks, often with straw and sometimes with waterproofing emulsions
added to 
the wet mix. The masonry of which we are concerned has 
not been burned
 or fired in a kiln nor 
has it been made of concrete hollow blocks 
or bricks.
 

There are a great many ways 
in which earth as we 
have defined it has been used 
in
building. The names of the construction tyies vary from place 
to place. Earth
has been placed or rammed 
into wall forms; it has been plastered onto wood or
rubble; 
it has been precast into sun-dried bricks and 
laid with various types of
mortars 
(often simply mud); it has ocen mixed with cornstalks, wood, slats, logs,
bamboo or branches in various ways; 
it has been used as the bearing material or
simply as 
a filler material against the weather. 
Roof construction has included
heavy earth fill or insulation and 
it has often consisted of 
beams or overhead
arches of wood or old corrugated sheet metal with or without earth cover. 
 Sometimes wood branches are 
used as reinforcement and 
-- in relatively few cases
steel bars, wires, or mesh have been used as 
reinforcement. 
The earthquake recordhas been very bad where earthquake engineering has not been a consideration; :fhas been good in the 
few cases where good earthquake-resistant design has
employed. 
The general practice has been, unfortunately, after 
been
 

a damaging earthquake to rebuild in the 
same place with the same procedures, possibly with a trend
toward less adobe and 
more wood if available and if the climate permits.
 

Properties of Adobe
 

Like concrete, concrete 
block, and burned brick masonry, adobe masonry 
is relatively weak 
in tension and in shear and strong in compression. Concrete and
brick or 
block masonry under building c'xde requirements are 
reinforced 
so as to
compensate for their weakness in tension and shear. 
 Adobe can be also, and has
 
been, in a few cases.
 

Tests made by the USA Niationai Bureau of Standards and also for 
the University of
Washington Engireerino Experiment Station show that adobe brick has unique resistance to impact, or oaeat capacity to absorb enetm 
 An example of this is the
capacity to 
stop 11-1 rifle bullets 
fired at a 50-y (146 meters) range with only
3 to 4 in. (7.6 to 
10.2 cm) penetration without frigmentation or spalling 
as for
other materials. It is important that 
this valuable property 
-- ductility and
energy absorption capacity 
-- be effectively utilized in building construction
 
for seismic areas.
 

The Uniform Building Codes have been allowing 30 psi 
in compression for unburned
clay masonry with Type M or 
S mortar and 8 pii for M mortar arid 4 'si for S mortar in shear or tension in flexure respectively. These values can be 
increased
by one-third under seismic conditions. 
 Tests made years ago of stabilized adobe
bricks laid in waterproofed 1:2-1/2 cement-sand mortar supervised by the writer
 gave considerably greater values. 
 These tests also showed that lime or fire clay

in the mortir weakened the bond.
 

Adobe that 
is not treated or plastered is subject erosion by rain and
to 
 ice formation. 
 Unless any erosion is repaired the wall 
is weakened for earthquake
 
resi stance.
 

Earth ramned into wall spaces 
is subject to much shrinkage in place and this leads
to cracks and weaknesses. 
 Even the sun-dried bricks have small 
cracks but these
are not generally harmful. 
 Straw particles help 
to minimize the cracking.
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The earth mix Itself must be proper for walls or to make adobe units. Too much
 
sand or too large particles can be detrimental. Sieve analysis and/or expert
 
selection of materials Is essential.
 

Contributors to Damage and Collapse
 

Earthquake weakness is caused by many Factors, some of which are listed here, not
 
necessarily in any order of importance:
 

1. Poor foundation conditions -- subject to liquefaction,
 
rupture, settlement, sliding, flooding, or rockfalls from
 
adjacent hills.
 

2. 	Heavy roof materials including tile, earth, etc.
 

3. 	Lack of bond between bricks and mortar or mud.
 

4. 	Sloped roof beams or arches (without cross ties) that thrust
 
horizontally against the walls.
 

5. 	Walls too thin.
 

6. 	Walls with too many and/or too large openings.
 

7. 	No continuous bond beam at the top of the walls.
 

8. 	Exterior walls that are long without connecting interior
 
cross walls; i.e., rooms that are too large.
 

9. 	No horizontal diaphragm or bracing at the level of the top
 
of walls or in the roof plane.
 

10. 	 'nadequate ties of roof construction to bond beam and of
 
bond beam to walls.
 

11. 	 Asymmetry of walls and of wall openings.
 

12. 	 Unrepaired erosion or damage.
 

13. 	 When used with wood framing, shrinkage or other gaps, and/or
 
inadequate ties.
 

14. 	 Lack of reinforcement where needed.
 

15. 	 Inadequate foundations; too ciose to grade; not deep enough.
 

16. 	 Poor selection and mixing of materials for adobe bricks.
 

17. 	 Adobe bricks inadequately reinforced with straw or Inade
quately cured In the sun.
 

18. 	 Adobe bricks laid without header courses.
 

Contributors to Reduced Risk
 

The elimination of all the above contributors to damage and collapse Is a giant
 
step toward a reasonable level of risk. To further reduce the risk 
there are also
 
the following procedures not all of which would apply In all cases:
 

1. 	Analysis by relative rigidity of the building and its wall
 
piers by structural engineers familiar with seismic design.
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2. Site selection or Investigatioi by geologists, soils engi

neers, seismologists.
 

3. Dynamic analyjs of structures.
 

4. A reinforced concrete bond beam, weIl anchored.
 

5. A con(crete or wood post and frame system. 

6. Reinforced walls. 

7. Cement-sand mortars; avoid lime and fire clay with water
proofed bricks and avoid mud mortar with all bricks.
 

8. Waterprcof the adobe and the mortar. 
9. Properly select and control 
the quality of the earthen
 

material, and control the manufacture and curing of the
 
bri :k,. 

10. 	 Provide inspecticn during construction; check masonry bond
 
by tests.
 

11. 	 Do not -hop or chase out too much masonry for pipes, con
duits, boxes, etc.
 

12. Design the roof system so that it is proper, of minimum 
weight, exerts no lateral force on any wall, 
is well tied
 
to the bond beam, and acts 
as a 	rigid diaphragm.
 

13. 	 Study earthquake-resistant code provisions; check the local
 
code.
 

14. 	 Provide for torsiona: motion.
 

In general, a small residential building tends to be rigid. 
 It should therf.fore

be made rigid, be well 
tied together at all connections of walls, roof and elements, it should be very strong, and 
as tough and ductile as possible. Adobe by
its nature should be 
thick-walled, and thus 
provide thermal and noise insulation
 
as 
well 	as strength. Reinforcement may not 
prevent all cracking in an earthquake
but it tends to 
hold 	things together and prevent disaster even though some crack
ing occurs. 
 There are many ways of reinforcing.
 

Static Analysis 

The calculation of stresses in walls from assumed static lateral forces is a

straightforward procedure. 
 The top of the walls must be connected with a rigid
horizontal member or bracing 
-- a rigid roof diaphragm well connected to a continuous bond beam is preferred. If this 
is not done, the structure lacks one of its 
most 	essential elements and is of doubtful 
seismic value. Assuming a rigid diaphragm and symmetry of walls and wall 
openings, 
the wall piers in the direction

of the assumed force will be loaded 
in proportion to 
their relative rigidities.

If there is no symmetry, the building will 
respond in torsion as 
well as translation and the forces and stresses will be increased over those forthe symmetrical

layout. This too can be 
calculated.
 

Relative rigidity 
is a 	basic concept in structural engineering but is often 
overlooked by designers unfamiliar with seismic design. 
 The stiffer the wall element
relative to all other parallel wall elements, the more 	 force it will attempt to resist. If it cracks In the attempt. the forces on 
the next cycle will be increased
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and greatest for the next stiffest element. The stiffness, R, is the reciprocal
 
of the deflection A:
 

1AR _ (1) 

A Am + Av2 (2) 

where 

Am - deflection due to moment 

AV = deflection due to shear 

R = rigidity 

If the wall piers can be considered as "fixed" top and bottom (i.e., there Is no 
rotation), then 

Ph3 

m 12EmI 

and
 

1.2Ph
v EA (4) 

where 

P - horizontal force applied to pier, lb 

h - height of pier, in. 

I - moment of inertia - td3/12, In.' 

A - area of pier - td, in.2 

E - modulus of elasticity, psi 

E , modulus of shear a 0.4Em, psi
 

d - depth of wall parallel to force, In.
 

t- wall thickness, in.
 

Em and t are linear in the equations; thus :onvenlent values may be assumed to 
simplify and combine the equations. Let Ell - 1,000,000 psi. Then there Is 
obtained 

A P h)+ (l(5 
A -l6(t) d(~ d
 

If the piers cannot be considered fixed at their tops, and are relatively free to
 

rotate at one end, thei,
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A a P ' +3 /4hX]
 
- 0t+ d 3() 
 (6) 

The condition expressed by Equation 5 is much more preferable for earthen buildings

than Equation 6. Sometimes the situation falls between these 
two extremes.
 

Note that for the same h/d ratio, there will be the 'ame A and R. Thus, a 2 ft x2 ft square pier wi II be loaded as much as a 6 ft x 6 ft square pier and yet have
but a fraction of the resistance to withstand that loadinl.
 

Table I shows the application of the above principles to a single wall with 5,000 lbassumed lateral force. From the P values, the nlit shear can be obtained by dividingby 0.67 td for each pier and the flexural teln, on, F, can be obtained by dividing the 
moment, M1, by the section modulus, S, wnicti iK siply td'/6. Note that Mi Ph/2. 

TABLE I
 

Distribution of Lateral 
Force to Piers of a Wall
 

,j- P ,.-~r~ ,e ~ 

*,' A, boip P I r; 

1' 4M 4 13 2 

3 .740 24 3711' 6 '40 r 

4 41 4M !5 '!M 1910 41 MCC 
5 419 1'4 2 71 ~ { rOi 

Not -

a. Iarh Ielr I 446"It., t hav, fNOi retral,I - A.'r I. *r,, i Fvti id' fy '41.". aV
taion 1'r-, Me. tj it, 1'r.~rr~k I Vw J!,b. Wail I#tuttri at oith ndt! at, *Slirt t It, 94 .". r i &- a *r*'. 1w' t... hillAdditInal j.,r... I,, I,. la n Pr,,, in .h. I dweig,,@ a Phoap 1, . Pr .a! s !IIIt )i"ad1 *?! ,,I r rfItrbil . '0 1h.i I't .l --.d. V11,,t that the 1i P 1 111"q fgi , lI [i.F '" .1 .

" 
'he 

I' 
6ar'- a. r.rValu. h tI'.t '14' 4 't- ',,. eaim. 4 eIt'!. th* .. I, N It.. , I-. .0 Jf& &-l 1. that Imr ,P* N" 4 d.I

tP th. rwlati. t, lr 6',.0. Waill caume.! t. I.. ,t -t.tar, t thit1 1hr...sh,! , h.wfer., Ph. .4u. ,4f i.'T' hl t t
Int tip. f.'tpj.PJ'atilto fo r dth ,Iph. e or ' V ' 

Assume t - 16" for the entire wall. Then ror 
Pier No. 2, the shear, v, Is 

v 1.5P (1.5)(1910) 
td Ti6-T(2"T 7.46 p i 

But for Pier No. 4, 

v- (-5)(1910) . 3.73 psi 
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Pier No. 4 would pass UBC code requirements of 4 x 1-1/3 or 5.33 psi but Pier
 

No. 2 would not.
 

Consider now the fleurdl tension on 2 and 4.
 

t d S HIS-fM 
Pier No. (in.) (in.) (in. ) (in./lb) (psi
 

2 16 24 1,136 '2,900 14.9
 
4 16 48 6,144 45,800 7.5
 

There should be reinforcr-ment at th- j.-b%,, take the c..c., flexural tension. 
Such bar% should run from th. Rund,1tji n, into the t, ,, 

The calcu'.tions for ,a ,.hole bui Idinq ;rn luv ill ,r , aoI-, t!or-,lnal con
%ideratio .. They irr readi ly' ,nne. b,, hand, Mih,, .b I ',, t.orri.d out with ap
plicable orces. for %prcial ,tru .',%..ad f.i , ,i i, I i'diri7 . 

The lateral Inertia fo cr in wd h %A.'. "jl Vih p - y t ig n
 

inoknificant I .,.i buildivary from in hal, -r I "I ! _,i , . S(me of 
the variable aIr.... ,.tr t binar. r '+qiV:wd,., it-, ,..,i,re 'airr vr the %truto cture, 
t% depth i!" the ea.rth, 'he %"i . ,rdit n ault t' %k !. ,uAna !h %irrrht and dy

namic pr up, rti,., ,of the Lui Idin,. .l".r i" t, !hr ,' ,rnirr th. h..in in not 
much diffe.renHt *,r .A rnow O le1 anid , firn . il .i, -.,' .%.!, .i,. ., MPr .lluviur 

%,hfoul. d %Irnn I i we,
h~e 'el 
, r' " %u a.J fL'i

t 
%urviv.al i.. i,-"+.. q;,,l + ma
I , ,M .I iqn, .te

r '1 %,The forcr''. ,r.', :ri r-.'. I I.A Lode% .la ne'.di/ f ,.t ;li . '+ ''+-rreul force% 

could he - c. -, r,. H.-.ever, thr rr. -,i riil vlue%.,li'.tn .I,. .- lreater.e be 'jrh 
Coei forcry a%. min.'ey' Force%~ *ir the'',errr .ppika.ble, NOW~il. be 'OrpIdrr.-i 
•tructure *hould nut niy b but a'n tuqh and ductile at. p* bIr, and , IIh' tronq 

tied tJ, rt .rl, evrr hrrte. 

Som, fiqure0. are %howrn . hich wo,re prepared by the writer durinj the initial phe~ 
of World W/r II when the rocellr'rnt mhilitar prope'rt t of t.ibl| adobe were9( ed 
found by tent. Al thouiqh the te.tini v,,trb at. dine' e.rly in the ,no 'li ct, thr 
skevtCht %ho. r .err ear'.e' *iuri later, die' to -a tpifi t Wrt% The qpt imij.t,- no ritf 
type )If-"trt.H for Knri'1 to .ltbotf briv ~ 4%~ fnnd an. ".,el1 % "!hte'r prpr'e tl o.f 
the %ta.bili:rd .d~1"N hr , It 1% !elirwrd the 'lifrf , .il 'h,,uqfh ,"Id, .r %fill 
applii .iblr to *titl 1 :'I (Maite t'Ih'i''.i-.t tj .W .iri - r . . t .* ;,;d rt.rn 
tialily all fr°.pen.t' I", !ho rufrrn; %f'.1 r+of-t!hr .art, if a1n !hir:+ ha%, h. nr d It 

inurr; i" frrin Jt *it ai r rr..Ire, 1 qioujr toion adi litr'il 1 1 r,r%, thju% w Ir%', %howti 
.1.,n e ii.bltlu 'i'L *lhrshould not be ,rt'. rr .a%i

1 to .il cndition% . al.l,.owable 

stratie, haive "t t ,ohattird.
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Conclusion
 

Earthen bui'dings can be built 
to perform well in earthquakes but not by the
more-or-less random control processes extent 
in many countries. Any material
with predictable properties and predictable or controlled workmanship can bemade to pezform satisfactoril,. This all indicates a meqsure of design andof quality assurance, as well as more attention to known basic principles,

that is not 
now existing throughout the world. 
 The risk can be evaluated
and the s;tructure, or at least 
a prototype or sample structure, can readily

be analyzed. 
 This can be done at a practical "down to earth" level with

local condiltions, materials, and traditions in mind but still introducing

basic elm,nts and procedures. 
 Cartoons, models and/or prototypes can be
used for educational purposes. The objectives are well worth striving for
and are within the purview of this workshop. Hundreds of thousards of lives
 
could be saved in 
future decades.
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THE EXTENT OF THE PROBLEM OF EARTHEN BUILDINGS
 

IN GREECE 

Panayotis Gr. Carydis
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ABSTRACT
 

The present paper deals with "Earthen Buildings" that have a load 
carrying sysrem of clay with various admixt-ures. The same term. 
may also include -truc-ures with an initial wooden 2.sadcarrying 
system fii,d in with :lay. h-l :Uy U; used either in the form 
of cast in place mat(riU. or in the for of raw brickn. 

Earthen buildings in ;r ,cehave been: cornstructed ince the pro
toneolitnic reiod, aind the'y h<ive ouperior-,en-:cnrider,!'than 
the baked br',Ick wall construction, iccordinv, to rhe ue. 
If we t. ma,.ntiine(d and waterproofed, tho earthen buidin1z Thow 

a very .,ood e, tbquake ro' istance. There are ca.-,esn that this ty
pe of buildings have suffred ,evoral strong ,!artnquakes during 
their life, which in most cases reaches .00 years up to now, 
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In trod u c t ion
 

Terminology
 

in the present paper the term "Earthen Buillings" means the s-ructures the mair 

load carrvi;,g ;ystem ,r which is constructed cut of :laywith viwious-3"mixtures. 

Th- -ame y nclude ..r',ris witn an initial wooden Icad :arr-yingnarmilso 

system filled !n with, clay. 

Extent of the Problem in Greece
 

:.-. ar~ce,.~i~ ople i us. eax'tnen .u..In and .n 
scme #. icu pr7oW...' 'y itrise afte- dar,ag, of "2wsm ".iof .t.'uc.urens 

due an r. g last earthquakers ia rn re n'.rc ;e of.t1.-

There ir, 'r .: : .ort "h. nsoinmic _cr.stnicticn Luidlng., inh"'nin
 
re!. n" ,nstr'uv'ry for n1sonr it-onn ind -rick nd r ±nt-rci 

Eartheon :.u1i::' nor" ;v :. - cnstr ;f*, d in ]roeic In t.o ' ] y.ear-] I.% 

main stri-c- '' .:- -itv- ir' .ost 2 1 uly *yvi t.":ctur~ iw{!l not*;2 U, 

be 'cnst .ict . y ' ,accorlingicc'- lo the r-nr i'*.tof .r'(tif. 

,iond t . n r , *'f,,*. pr ' . r. 4 tW:,- Of th,,,'1[.a) o

ar.hon brn.o1nto6
 



Historical Background
 

About the Protoneolithic age (6500- 6000 b.C.) the inhabitants of Greece left 
the caves 
and 3ot ed in plains or on the shores of lakes, rivers and smooth 
bays. They wanted to have more permanent homes near the places of their work 
(pastures and fields), theyfarming and created the first communities in the 

plains of Thessaly, Ar olls and Thrace. 

Using techniqueL similar to those used for thie ofhi:itting baskets '.he early 
builders could create large spaces, of a rather circular form, for their houses 
using branche.i of trees driven into the ground. The branches were then smnared 
with mud on the outside. Later, clay (grayish or red) was used instead of mud and 
the houses were smeared with clay on the outside and even later on the inside as 

well.
 

Next, they used trunks or piles if wood for the skeleton of the houses and raw 
bricks to fill in the gaps between the wood. The piece of the wood that was dri
ven into the ground wa. 
smeared with clay in order to protect it from humidity.
 

and other effects, Choremis (1981).
 

FIG. 1 
 FIG. 2
 
The early bu lder3 crated large and
Later, wooden f:'ames 

round spar-s, using branches and 
 raw bricks were used,

a cover out of mud. Zchafold (1330). 
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Ruins of this kind of structures have been found in Sesklon-Thessaly-and in New
 
Nicomedea. The houses had a rather rectangular shape with round edges, with par

titions inside.
 

Varicus admixtures were used in the clay. according to the availability of lo
cal materials, the existing practice related to the construction of other similar 
objects (earthen casks etc), and the prevailing climatic and topographic condi
tions. These materialn were: asbestos, sand, mica, and-what was very popular
-the ground straw. In the island of Syros 
asbestos was used,although this mi
neral was not found in the island itself.
 

Bull's excrements or hair of animals were used, as an admixture to the mass of
 
the clay, against high temperatures and as waterproof materials.
 

In some cases,instead of clay 
 light (porous) and waterproofing materialwas used
 
(Asia Minor, Spain Greece). This light material.was very useful for the upper
 

parts :f Icmes.
 

The clay with the other admixtures was used as a material that was cast in place,
 
as 
a mortar and for the cnstruction of raw bricks.
 

The latter case 
is the most popular. Greeks, Babylonians, Egyptians, and Romans
 
extensively uscd the raw bricks out of clay and ground straw. They did not yet 
know the baked Lricks, but when the latter ones were discovered and used by the
 
3abylonians and ?ersians, the Greeks and Romans 
 believed the raw bricks to be bet
ter 
 than the baked bricks and natural stones, because the raw brick walls 
 were
 
better in absorbing the impacts of the sieging rams, 
 ere 

slowly deteriorating during sieges.
 

and thus they -. more
 

The effect of the water i. ruinous. It is reported, Orlandos (1955) that in
some
 
cases, the ruinous effect of the water was used as 
a weapon by the b~siegers.The
 
walls of the oity of 
ionos and those of Mantinea were destroyed by the water of
 
the nearby flowing rivers which were on purpose deviated by thn besiegers.
 

The Babylonians used asphalt as gluing material between the raw bricks 
 in the
 
construction of waLls. Fl ;ewhere, smaller pieces of crushed stones 
 or baked
 
bricks for wedging the raw bricks among each other were used.
 

Many ncienr writ
wrs 
 like Plato, Xenophon, Iferodotus, Aristophanes, Thucydides,
 
Strabo and /itruiius, referred to the way of preparation of the admixtures of the 
clay,the way of holding in order to form raw bricks, is well as the way of drying, 
transportaticn, ind zo,;t of :he raw bricks. The bricks were made by specialized
 
technicians and workshops. 
 A kind of trade mark like a seal was usual among Ba
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bylonian raw brick makers, by which the date and place of construction was stated.
 

This was by law imposed cn the Roman raw brick makers who should also indicate
 

the name of the maker.
 

The shape of the bricks was in general that of an orthogonal parallelepipedon
 
except in 
some rare cases were the base was a trapezoid (like in Delphi),
 

Orlandos (1955).
 

The height of the bricks was 
 relatively small, compared to the other dimensions. 
The height rarely was more than 10 cm , while the other two dimensions were more
 
than 30 and 40cm. The dimensions were, more or less, standard. The base had di
mensions multiple of the "foot" in ancient Greece (=0.308m) 
The height was
 
a multiple of the "finger" ( 
 1.92 cm), Smith and Tsivanopoulos (1890).Dimensions
 
that were measured in ruins were 0.308min the walls of the city of Athens;0.45m
 
in the walls of the sanctuary of Elefsis; 0.38m in the walls of the city of -A
pollonia; 0.39m 
in the walls of the houses in Olynthus, Orlandos (1955).
 

Half bricks were used in order to braid the bricks for better constructLn of the 
walls. It is interesting to notice here that the smaller dimension was less than
 
the half of the other dimension in order to leave space for mortar.
 

The dimensions of the base of the bricks depended on 
the particular use. For pri
vate houses, -forexample, smaller dimensions were used, while for public works
 
the larger dimensions were preferred, Smith and Tzivanopoulos (1890).
 

Interesting ruins in Greece are among others, Choremis (1981): The westgate of
 
Eretria since 600 b.C. A part of the wall still remains, because tne fire that 
turned the construction into rui , baked in the same time this part and made it 
more durable; The palace of Nestor in Pylos, huilt about 125o b.C., was 
 timbe
red. Its height was at least 2 stories. Thick plaster out of clay was placed
 
on both sides of the timbered walls. The palace in the island of Santorini,that
 
was destroyed from the eruption of the volcano at 1500 b.C., 
was timbered and
 
plastered with zlay and pumice.
 

A part of the walls of the zity of Sela in South italy was found intact, Chore

mis (1981), because it was buried in the surrounding sand and clay and the 
 wa

ter could not destroy it.
 

119 



Present Condition of Earthen Buildings in Greece
 

The various governmental programs for rehabilitation of refugees (1920-1930) and
 
of population striken by the war (1940-1949), although they were very big (about
 
200000 dwellings) and provided for a variety of relatively cheap building types,
 
did not include the construction of buildings with earthen raw bricks,except in
 
one or two settlements, where the earthen raw bricks were used as a filling 
ma
terial to the wooden load carrying system, Papaioannou (1975). This, in spite
 
of the traditional reasons that might impose the construction of earthen buil
dings, was due to the relative difficulties for mass production of this type 
of
 

buildings and to the high cost of their maintenance.
 

in the city of Kiation, noth Peloponnesus, a settlement of 100 one storied units
 
has been constructed in 1930 within the frame of the habitation program for 
re
fugees. The load carrying system of each unit is
a wooden frame with diagonal
 

beams. The gaps are filled with earthen raw bricks, Fig. 3.
 

bea 1 T 


FIG. 3 

Elevatio~n of a wooden frame for houses. The gaps are
 
filled with earthen raw bricks. The base is out of
 
stone masonr.-I
 

All the well maintained buildings out of wood frame and earthen raw bricks 
in 

Kiaton withstood the various earthquakes quite weli, Fig. 4. If we assume a ra-
ther strong shock -avery 20 +25 years -nat ILappens in this; region, thiG type of 
buildings has been tested by the earthquakes two to three :4imes quite success
fully. 
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FIG. 4
 
Well maintained earthen buildings stand the test
 
of time and of ea-thquakes very well.
 

Most if the buildings of this type, constructed in Kiaton, have been renovated
 
and xtended by adding more rooms inthe horizontal and vertical direction 
 using
 
other materials, like stone or baked bricks and reinforced concrete. It has been 
observed that stone masonry structures and this type of structures of equal
 
heigiht a(i the s ame movement during the recent series of eart uakes of Februa
ry 24 and , 1,31. The same movement of adjoined buildings means same dynamic 
characteri:tica~fr~o two -ype ofs tructures. Many of this type of buildings 
have been demoiisi in order to build modern houses, propably, because the 
wooden frame and roof rotted. 

in earthquake areas wood was used up to the late fifties as a strengthening element 
to the load carrying system, regardless of the material from which the latter 
was ,nade. The wood "s placed in the corners, in the sills of th windows,in the 
lintel:;, in aI int mod late height if required, and under the roof. There are 
vertical, s(ori.-ontal and :-sracdc( wooden beams. In mo;t cass thy 1o not. form 
any kind of frame. 

7-some sas,.s, :-Ik. is;land o:"n ts, 
 fkas massive, woodn :orn,!!'- woe ,used( to 
tr.nthen the corners of thei buildlng;. Thee; curnsr-,, each one of which was 

carved in one piee of root - usually of olive tj'e, - were forming the end of 
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the corner of the building, Fig. 5.
 

FT G. 5
 
Massive one-piece carved wooden corner
 
(island of Lefkas).
 

Some cities and villages in Greece have many one or two storied earthen buildings,
 
with a load carrying system out of earthen raw bricks. Thise buildings are 80-100
 
years old. There are wooden beams as strengthening elements and for the distrubu

tion of loads, Fig, 6.
 

i wooden roof 

wooden beam supporting the roof 

-wooden lintel 
--- raw brick wall 

wooden beam supporting
a=: €-the wooden floor 

wooden llntols over the 
door and windows 

--raw bric). wall 

1,Om stone masonry 

FIG. 6 

Typicai two storied earthen building 

The "modern" raw bricks have dimensions 40'*20:'120 cm, and they out of clayey soil 
with ground straw.The pieces of straw have a length of .- 4cm. Some times the 
clayey soil has small stones, fragments of tiles and sand.The same material is used 
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as mortar between the bricks.
 

In rare cases 
the mortar of the vertical joints between bricks is missing.
 
The thickness of the walls depends on the loads carried by them. Typical thick
ness 
for a bearing wall of a two storied building is 60-70cm.The internal par
titions of the buildings 
are of a light timber construction (bagdhadi). 

The percentage of earthen buildings in the various cities and villages in Gree
ce constantiv decreases. Table 2, for example, shows the results of 
relavant
 
statistics for the city of Kiaton from 1920 up to this year.
 

TABLE I
 

Year Earthen raw 
 Stone Wood.fr./raw R/C with baked

brick masonr, masonry brick fill. 
 brick fill. Total

Num.uu. 9I Num. Number 

1920 500 100.0 -  .... 
 500
 
1928 650 92.9 50 
 7.1 -  - 700 
1940 1000 75.7 200 15.2 80 6.1 40 
 3.0 1320
 
1971 1300 56.6 
 470 20.4 30 1.3 
 500 21.7 2300
 
1981 1300 52.9 60 
 2.4 20 0.8 1080 43.9 2460
 

,hesestatistics may be conideied a: 
a typical example for other Greek cities
 
that had also many earthen buildings -n the past.
 

During "he r2cent 2arthquakes 70"1 of the earthen buildings wits raw brick ma
sonry in The 
 city of Kiaton were seriously damaged and have been condemned.
 
This is a utriutd to: bad maintenance, due to 
which 'he water or the high hu
midit, letericrated the walls; damage of the roof; the rotten "ioodenbeams that 
were initially used for strengthening; lack of or bad foundation; no, or inade
quate repair of jam-iges due to previous earthquakes. 'Iumnrous buildings almost 
80 years ol 'belong to the latter case. Some addition-l reasons for serous da
mages were the creation of big openings in the walls-resulting from a -han;!of
 
use mainli in the :nter of the o-d city- is well as the addition of more
 

.osed s]pace with The csnstuction 'f reinforced 
 ;Increteand which,labs beams 
are supported ; -",, raw brick walls. Exauple of This type of mi:<ed constru
-ion 
 is -.e plan in Fig. 7, which, hcwever, remained intact during the recent 
earthquakes.
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MW brickwall 
bagdhadi 
rawbrickwall 

-W0 

..,_ 

V 

I. LOL_ 

FRONTENTRANCE 

St, oiii~o 
( 

FIG. 7 
One storied Earthen building since 1'JO,with new facadA :;,i partially 

new roof out of P/C, in Aghios :oannim Rentis/Athens. 

FIG. 8
 
,Two s toried .drthr: L P1 n tL',. ,'*r:,: t ' . f ' " o. mn the front of tneI~l: 

first storey,a R/I' con';truction r,,pl~ics th,'.,x×:ti ng,,wiIf: h.,m~ with balcony on 
slende r coluns. Tthe Lu ild ingwvez; ,.iou:;lyd7gd;,! hy th,, recenit earthquakes. 

124
 



Other examples of renovations, additions etc, to this type of j",w.dingsare shown
 

in Fig. 8 through 11.
 

*0% . .,i , 

FIG. 9 
Two storied earthen building in the center of the city of Kia
ton. Details of the construction of the roof and of the light
partitions. Alterations in the front of the first storey. 

PIG. 10 
wO tor',.i , r? ,, 'u ' i '. . , t ". :it'i of Kia

ton. 
th, 

B in 

front w 1.1 
Umfl-;n < 

- th, :'rAi 
. 

,r,, 
' 'K ,' 

'orf 
, ::A')] . t ;)art of 

op'n1'nn! for the 
windowr;. 
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FIG. 11 

An one 
storey old earthen building has been renovated with
 
the addition of R/C columns 
 I R/C beams, and of a second
 
storev, out of R/C load ca'ryiig system and baked brick
 
walls for partitions.
 

FIG. 12 
A modern consirictlon out of I- ,:in'baked Lrick walls is
added to an o I two storied e arthen building. 
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In Fig. 12 through 14 other damages of two storied earthen buildings are shown
 
after the recent earthquakes in the city 
 of Kiaton. These buildings have suffe
red several strong earthquakes. Most of ther, have not been repaired during the
 

last 50 years.
 

FIG. 13 
Old earthen building near the 
sea shore. The separation
 
of the mortar is typical.
 

FIG. 14 

A two 
has 

7torvi ,I 
it 

irt ,i '1uil1v',,I 
.1-:v;t.3 :;trong 

7,/ar ol 
',irthquakes, 

"."hi!, 'building 
whil it was nct 

repaire(d after, the' ,(-condl one. 
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The rain water, the ground water or 
the humidity are destructive for the raw
 
bricks. For this reason a waterproofing mortar is 
one of the best means toma

ke the earthen buildings more durable.
 

The wooden beams which are put for strengthening the walls of earthen buildings 
-are vulnerable to microorganisms, worms and insects.
 

FIG. 15 

Humidity -nd water is comin;g from the body )f the,round 
foundat. on. 7',, uncovered raw brick:; loose th.ir ztL'ength.
T11- wooden b'ams of the lintel and roof a,,ve, been moth
-eaten. 

It is intere'sting to notice here that many earthen buildings collapsed slowly. 
The remaining parts did' not move one *n relation to the other,which means that 
during the coiIat, , of te; n th,,illre wa:; no sock or iny ",?L 3ccelera
tion of the ar,:,_ular parts. ome observers 7ay that the buildings at slowly 

on *t!ih! ,rrund. 
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-15

*A-

FIG. 16 
Coll,, d two- or ,arth,, n building 

B i. b 1 1 aogrc 

1) Chorermis, A. and A.C ,or',%,"i  1,):rsonal communication. 

A., -,Orando, TL., Xrv:(I95): k:.rct ' Qcture. Part A, Thi Structu
ral Materials by Anci>rit '..... " , 

3) Papaioannou, . , (I 7';):"" Jrc', 'overnmental"1 qr#,'.o, Activities", 
edited by * , c _ l L i , ,, 

4) 3ch. fold, 'K, (133C ): ','r'p 1 , Yiini 1>chicht&" 

5) Srith, W. and S.Tsivdnopou1or,, (169): "Dictionary of the Greek and Roman 
antiquitbi.;", ,Iit,'d by F.Kofnioti.;, p.1072. 
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ABSTRACT
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BACKGROUND
 

Purpose of the Project
 

The purpose of this project is to develop a new analytical tool for ex
amining earthen buildings and other structures which cannot be adequately

instrumented. It is possible to instrument a number of huildirgs where cer
tain 	properties of the materials used are known. However, for many types of
 
structures, total instrumentation is not feasible, especially for those made
 
of earthen materials (e.g., adobe and rammed earth buildings), ani certain
 
low quality masonry structures.*
 

Current earthquake engineering knowledge is based upon:
 

(1) 	Observation of damage to buildings
 

(2) 	Testing of scale models
 

(3) Calculation of component performance strength based upon known pro
perties of the materials.
 

Much of this data is based on "before and after" comparisons, and there
 
are few practical methods by which the actual deformation and collapse of
 
buildings can be seen during an actual seismic event. Thus, a major gap exists
 
in research methodology.
 

APPROACH
 

Photcqrammetric engineering is the science of obtaining reliable informa
tion about physical objectives and the environment through the process of re
cording, measu-ing and interpreting photographic images and patterns. 
 Close
 
range photograTlnetry is the application of principles of precision measure
ment to map (or measure) objects that are difficult to study in other ways.
Data is derived from measurements and information obiained from photographs
with optical analog instruments and/or analytic computations. Current appli
cations include: observations of large-scale structures such an astronomic 
radio reflectors and bridge. subject to environmental deformation; recording
of measureable deformations in engineering models; and monitoring the manu
facturing of other precision instruments. 

Close range Photogrammetry has many potential application, in earthquake
engineering. Essentially, it is an analytical tool. Close range photogram
metry offers an analytical method for examining the response of non-instru
mentable structures subjected co seismic loads. 

(1) 	 Close range permits observations of both full-scale buildings and 
model ';tructuren .,ithout (irect contact 

been amted as 60W, of 
made structur caannot he adequa tel y it)', trumented and observed 
durinq earthqum kes. This rep.resents adiz( bible portion of the
buildinigs of concern 

*It has ms.t. that much as the world'o man

in natural nazardo reduction. F'rthermore, 
the cost of fully instrumenting a large buildin can be enor
mous and, in poo' quality bulldings, such iristrumentation is 
subject to damage in the co 1larie of the building. 
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(2) Close range can expand capabilities for observing structures and
opens a new and wide range of structures to investigation.
 

An advantage of this project is tfhat the proposed methodology makes
practical use of existing technology. By doing so, a new tool 
can be added
 
to the earthquake engineering field at minimal cost.
 

Methodology
 

This project proposes to develop a new technique for analysis of structures under seismic loading, by linking close range photogrammetric equip
ment directly to seismographic recording devices. 
 The photogrammetric equipment will be placed in arrays surrounding the structure to be examined and
linked directly to the recorders. When a seismic event occurs, a series of

precision photographs will be triggered and, at the 
same time, localized
ground motion will be recorded. The resulting data will record, in real time,
the deformations of the building at specific loadings. 
 This will enable re
searchers to conduct a precision analysis of the performance of buildings and

specific components at various points in time during the seismic event.
 

RESEARCH ACTIVITIES
 

Major Elements of the Research Plan
 

Three activities will be initiated concurrently when the project begins.
First, the photogrammetric array and mount will be designed. 
The mount will
be built so that ground movement will not affect the position of the 
camera

during a seismic event. 
 Itwili be highly portable and able to be assembled
 
rapidly on site.
 

Once the array has been built, the photogrammetric equipment will be
linked to seismographic recording equipment via 
a triggering device activated
by the seismograph. The equipment will then be ready for field use.
 

At the present time, 
it isproposed that the equipment be tested on site
during a full-scale dynamic test. The University of New Mexico currently conducts periodic full-scale tests using explosive arrays to create ground motion similar to earthquake-induced grounu motion. 
 Ifsuch a test is conducted
during the period of this project, the equipment will be placed on site to
 
test this concept. If such a test is not conducted, the project will establish the photograninetric methodriogy and the seismographic linkage independently, although a direct correlati n will not be possible without an event where

ground motion and structural mction both take place. 
A mount and frame will
be tested under simulated grou'id motion conditions to establish the workability
of the dampening system used for the mount. 
 The actual selection cf an alter
native test facility will nade it has beenbe after determined that a fullscal,; test i, not possible. Research facilities utilizing shaker tablhs canalso provide an opportunity for testing the photogramnmetric methodology. 

Detailed Description of Photo rammetric Methodology 

The building'j, deformnation in poE ss will be recorded by a pair ofcalibrated photogrirrietric cameras. Thi; ima(gery will then be developed andan analysis, will he performed to determine the three-dimensional coordinates(X-Y-Z) of specific during,points before, and after deformation. These 
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Seismograph 

Camera Station Battery 

Figure 1 

Basic Array 
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No. 2 Station
 

No. 1 Station
 

Figure 2
 

Comprehensive Array
 

134
 



precise coordinates will be used to compute the resultant vectors of defor
mation and will define the three-dimensional movement history of the seismic
 
event.
 

The test site will consist of an example building constructed over a disposal emplacement of unexploded ordinance. 
At some distance (20-40 meters) 
a
suspension system will be constructed 
to support a pair of photogrammetric

Cameras. Photographs will 
be exposed by both cameras before detonation to pro
vide a priori control; photographs will 
be exposed during detonation to monitor diormation in progress (at three-second intervals, the cyclic rate of

the cameras); and photographs will 
be exposed after the conclusion of the ini
tial 
seismic shock and aftershocks to provide a posteriori control.
 

The suspension system will 
consist of a series of cables connected to
poles in a line parallel 
to the front face of the building. Platforms for
each of the two cameras will be suspended by wires attached 
to springs to

minimize gross swaying and vibrations. Cameras with automatic winders will
be synchronized with stroboscopic lights 
to freeze action, and will be triggered by a seismograph. Detonation of the explosives will 
have to take place

after dark to allow the stroboscopic lights to provide all illumination with
out experiencing image 
smear due to other light.
 

The major concern of the orientation of the cameras during the event is
to maintain the building within the field of view. 
 This will be achieved by
the suspension system. The differential movement of the cameras with respect

to 
the building and to each other is immaterial because of the analysis tech
nique.
 

There are basically two methods of performing an analysis by photogrammetry. The traditional method is to reconstruct the perspective bundles of
light rays by analog equipment by replacing the light rays of conjugate im
agery with mechanical rods. This presents difficulties for the proposed application because virtually everything in the field of view will 
be in motion
and no stable reference points can be used to adjust and orient the instru
ment. 
 The maximum accuracy attairable by the analog method is about 1/10,000th

of the maximum dimension of the building face being imaged.
 

The other method of photogrammetric analysis is to reconstruct the perspective bundles of light rays by differential analytical geometry. Analytical photogrammetry is not constrained by variations in the orientation of 
cameras with respect to the building or 
to fach other, because the computations include a provision to resect the perspective centers of the 
cameras
based on conjugate imagery wherever it may appear in the photographs. After 
the initial estimate of the resection is performed, the computations intersect conjugate imagery to redetermine object space coordinates (the building),and the process iterates. When the differential change in the orientation 
of the cameras and the computed coordinates of the cameras aiid the buildingconverge to some pre-,pecified criterion, a final intersection of the objectspace coordinates i; performed and the results are output by the software.
The mathematical model is based on rigorous least-squares, and the capabilityis present to include an error propagation analysis of the geometric dilutionof precision for' an .-. uracy determina tion of each and every coordinate com
puted in three-dimensional space. Under ideal conditions, analytical photogrammetry has a tta i ned accuracies better than 1/100,000th The maxinum dimension of the object being measured. This tes-t is,riot likely to provide ideal
conditions, but the accuracy attained is expected to be a substantial im
provement over the anallog potential. 
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The analytical approach has the abili.y to successfully perform the pro
ject, and can provide the insight for the best equipment to utilize in a sub
sequent phase of the research. The methodology employed will be commensurate
 
with the standard photogrammetric state-of-the-art, and will be feasible for
 
utilization by other researchers that have access to a photogrammetrist. The
 
physical facility for such a test is available at Sandia Research Laboratory,
 
New Mexico, and the seismograph will be off-the-shelf equipment obtained from
 
several commercial a-d academic sources.
 

The photogrammetric equipment, the cameras, are available from a number
 
of commercial sources. Aerometric Engineering Inc. cin provide the cameras
 
and techiicians for the photography.
 

In this project, only one face of a building will be studied. The ac
curacies attained will serve as a basis for determining necessary configura
tions of camera arrays for more extensive applications involving more than
 
one 	face at a time.
 

Current technology in structural analysis involves finite-element tech
niques that define structures in a three-dimensional coordinate system. The
 
photogrammetric approach to deformation monitoring and measurement presents
 
data in o form completely compatible with the finite element approach to struc
tural analysis. As the level of sophistication in finite-element techniques

increases to include statistical analyses of the accuracies of the input data,
 
the accuracy determinations of analytical photogrammetry solutions will be
 
available for integration in the forrm of variance-covariance matrices solvable
 
for eigenvector/eigenvalue parameters to define ellipsoids of error for X-Y-Z.
 
coordinate determinations and resultant space vectors of displacement due to
 
deformation.
 

IMPLICATIONS FOR FUTURE RESEARCH
 

There are five significant aspects of this project:
 

(1) 	Buildings and other structures, which are not now instrumentable, 
can be evaluated; 

(2) 	Full-scale buiidirgs cdn be examined and evaluated without actual 
contact; 

(3) 	The actual deformation and rovement of the buildings can be recorded
 
and linked directly to localized seismographic data during both real
 
and simulated seismic events;
 

no to failure of a r, 

structure;
 

(4) 	There i-s risk the e, uiprrent due to articular 

(5) 	The method prorjoerie u 1; existing off-the-nel)e f witiupment cur
rentl/ a v, 1,1 e ,' ird i des, i d ue ir other 1 .rirrigr 1] disci
p line,. %Ic fu I dev' Iropmrn t of thr coricewt.t v i d J 1 n f -
cant rew tool for freseer"hecsat r'l ati'e lYow ,'.. 

Successf'il developmert of thi te(.hnique will provide f, that cantool 
be used for ex,,,am rii g huildiriog, under reil e,rttmguake coridition',. As earth
quake prediction become' , re,lity, photorjr;irntnetr ic jrrays can be placed on 
site 	prior to onset of i se',mic event to record the performance of structures 
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under actual loading conditions. Thus the project not only will provide a

precision tool useful 
for current research activities, but also, perhaps
more importantly, itwill provide an important tool for use when earthquake

prediction techniques become more precise.
 

Substantial opportunities exist for linkages to existing earthquake research once the procedures have been developed and verified. 
There are a num
ber of ongoing research programs funded by the National Science Foundation as
well as by independent non-governmental foundations, research institutes, and
private and state-supported universities that could benefit from these tech
niques.
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Preface
 

This paper is based on the experience of the Turkish National Committee
 
on Earthquake Engineering (TNCEE) in research and implementations of 
earthquake resistant design practice of adobe structures in Turkey. The
 
TNCEE comprises seventeen working groups of which two 
are called "rural
 
structures" and "masonry structures" . Both of these groups perform
studies related to adobe structures involving different aspects of the
 
problem.
 

The TNCEE is an organization having a wide base of membership including 
ministries, universities, government research institutions and private
engineering firms. The ultimate aim of the studies performed by the 
working groups is the incorporation of their findings and experience 
into the earthquake resistant design code of Turkey. For adobe struc
tures this is generally not sufficient and substantial public education 
programs are required for an effective implementation effort. Signifi
cant steps have been taken in 
this direction also, including preparation
 
of explanatory posters, regional seminars, etc.
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I. Introduction
 

In order to present a meaningful discussion on 
the subject of earthquake

resistant behavior of adobe 
structures, a clear definition of 
an adobe
 
structure 
is warranted. This is necessary for clarification of the
 
context to be herewith employed.
 

In this paper "adobe structure" will refer to a structure in which the 
load bearing elements are constructed using adobe as material. In this
 
sense, adobe structures are included in the general category of masonry
 
structures. In contrast, 
wood frame structures where adobe is used 
as
 
infill material will not be considered as adobe structure. Different
 
use of adobe, i.e. 
both as load bearing and infill material, are common
 
and Figure I shows the are.u, in Turkey where adobe is used most widely.
Typical examples of the load bearing adobe structure and wood frame 
structure in which adobe has been used as 
infill material may be seen in
 
Figures 2 and 3, respectively. As may be observed from these figures,

the two structural schemes are essentially distinct and for this reason
all aspects of structural behavior, including seismic, have profound
differences. Structurally, the adobe bearing wall type buildings behave
 
as miqonry, not very different from stone or brick construction. On the

other hand, the wood frame structure with adobe infill walls behaves as 
a "frar:ie structure" regardless of the infill material. 

This paper comprises various aspects of seismic behavior of adobe 
structures. Section covers adobe2 the buildings in Turkey, in general.
Section 3 includes a discussion on siting problems of adobe structures. 
Construction practices and 
different structural components making up the

design of adobe buildings are presented in Section 4. In this section 
some of the common design errors encountered in existing adobe construc
tion practice are alSo indicated. Experience from post-earthquake ob
servations resulting in classification of damage of adobe structures is 
given in Section 5. Inspection and assessment of the state of existing
structures are indi scussed Section 6, whereas Section 7 presents the
results and conclusions of laboratory and field testing of adobe struc
tures. Synthesis of the preceding siections are presented in Section 8
where recomlmendations for repair and s;trengthening aspects are dis
cufssd. In ,'ection 9 future research needs are I nd Ica ted. 

Turkish Standards and Code,; on Adobe and Adobe Construction is covered 
in this works'fhop by Yorulmaz (1981) and will not be repeated in this 
paper. 

2. Adobe Buildins in Turkey 

Earth is one of the oldest building aterials known to man and will be 
with us for a long time to come. In Turkish archeological excavations 
mud-brick Is encountered in ,trata from Neolithic to the 6th Century.
The timber reinforcement of the adobe wall,, has been employed in earth
quake prone areas at the tine of the Npo-Ittite ;tate, dating back many
rmllenntums and i s ,;till mployed tolay In an essentially unchanged 
format (';aumann, 1975). 
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In Turkey the most common application of earth as a building material is
 
in the form of unburned clay bricks used in 
adobe masonry construction.
 
In very limited areas walls are built by molding oZ the clayey earth
 
mortar in 0.8 to 
I meter thick continuous horizontal courses and ramming

successively. Other applications include 
the use of adobe blocks as
 
infill 
material in wood frame structures (see Figures 2 and 3).
 

Structures in rural areas 
built with local materials and tradition
 
without any engineering services 
are classified as "rural structures".
 
Approximately 55 percent of the total 
building inventory in Turkey can
 
be classified as rural structures amounting to about 4,900,000 units in
 
1980 estimates (DPT, 1979). As indicated in Figure 4, 75 percent of 
the
 
rural structures are load bearing masonry out 
of which 32 percent com
prise the adobe masonry. Thus, in Turkey, there are 
about 1,170,000
 
adobe buildings housing close to 6,000,000 people. 
 The distribution
 
of adobe structures in the 
seismic regions of Turkey are indicated in
 
Table 1.
 

TABLE 1
 

Distribution of Adobe Buildings in Seismic Areas of Turkey
 
(After TNCEE, 1978)
 

SEISMIC REGION 
 NUMBER OF PERCENTAGE OF
 
ADOBE BUILDINGS ADOBE BUILDINGS
 

1. (Io > IX MSK) 300,000 25
 

2. (Io - VIII MSK) 170,000 15 

3. (1o - VII MSK) 350,000 30 

4. (o - VI MSK) 30,000 20
 

(1
5. o < V MSK) 120,000 10
 

3. Siting
 

Siting of adobe structures is a subject which 
is part of the general

problem of siting with respect 
to 
seismic hazard. It is also important
 
to note that seismic hazard is only 
one factor which may influence
 
siting considerations of adobe or other 
 type of structures.
 

There are two major factors in siting considerations in terms ot seismic 
risk. The first one may be represented by seismic zoning or contour 
maps Indicating areas of equal intensity (or acceleration) for a given 
average return period or probability of exceedance Ii a !ipeclfted dura
tion of time. These are categorized as tnacrozonlng maps and they Indi
cate zoning of a region or the whole of ,i country based on the level of
expected vibratory ground motion. This regional zonl ig (macrozoning) is 
used in determination of seismic design values for different type of 
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structures. 
 Figures 5 and 6 present two examples. The first (Figure 5)

is 
the official seismic zoning map of Turkey for building structures as

published by the Ministry 
of Reconstruction 
and Resettlement 
in 1972.

It is based on a compilation of felt 
intensity maps including historical

earthquakes. As may be seen from this figure, Turkey is divided into
five different zones, each correspording to a different "design level"
for building structures. For engineered building structures such an
reinforced concrete, different zoning implies a different lateral seis
mic coefficient, to 
be used in design. For other types (non-engineered)

of building structures 
including adobe, aseismic design is controlled by

constructional requirements 
such as maximum number of stories, minimum
 
wall thickness, etc.
 

The philosophy of design of adobe structures will be discussed infurther detail in Section 3. Figure 6 (taken from Yarar et al., 1980)
gives iso-acceleration contours for a 500 year average return period. 

On the scale of these two maps, siting of adobe structures is not 
controlled by seismicity considerations. 
 Use of adobe as a construction

material generally results from lack or 
diffticulty of other alternatives
 
such as wood or good quality stone and 
assoctatcd workmanship. For this reason seismic macrozoning is not a factor in siting considerations of 
adobe structures.
 

On a local scale, however, siting considerations result from secondary

effects 
of seismic hazards and not vibratury ground motion. These may

be listed as follows:
 

a Surface Faultii~g
 

* Landslide 
* Rockfall 
* Liquefaction 
* Fire 

Localities of these hazards can be predicted quite accurately before occurrence of an earthquake and these should be considered as criteria
for microzoning. In this sense, siting problems avsociated with adobe
 
stru'tures are no different 
 from those of others. 

The issue of -,urface faulting is the most controversial amongst the
secondary effects of seismic hazards listed above. One of the reasons
for this results from observations of cases In which new surface fault
ing occurred from earthquakes. One recent example of this was bserved
during the Qaldiran 1976 earthquake (MS - 7.2) in eastern Turkey (Gilkan
et al., 1978) where surf;ace faulting whdch had not been mapped priorto the earthqunake cnused the destruction of many adobe ';tructur",,
(Figure 7). However, another controversial point regarding this issue
is the dlstance to surface rupture Inside which de;tructlon I. Imminent.
Again during the (jaldran 1976 earthquake several adobe houses remained
intact il though they were or ly about ten meters away from surfacf. 
rupture (Figure 8). 

143
 



Soil failurns may cause extensive damage to all types of structures and 
recently this was observed to be the case In the Irpinia 1980 earthquake
(GUrpinar et al., 1981). Especially in the towns of Calitri and 
Senerchia, landslides caused widespread damage (Figure 9) resulting in 
numerous casualties. 

Fire is also an important secondary hazard associated with earthquakes.
There are numerous documented cases where the fire caused by a toppled 
stove or a ruptured power line resulted in destruction of villages or 
sometimes rarts of cities such as happened In the 1906 San Francisco 
earthquake. In 1970, fire also destroyed a part of the town of Gediz 
after a large earthquake (MS - 7.1). The old town of Gediz possessed a 
peculiar topography and for this reason most of the streets were narrow 
making rescue access very difficult. Coupled with the fact that most of 
the buildings were wood frame structures, the fire In Gediz became an 
uncontrollable menace. 

After the earthquake and the ensuing fire, Gediz was relocated and the 
new town developed about 8 kilometers south of the old town and on the 
plains. The old town, however, was not evacuated and by 1976 its popu
lation had grown back to the pre-earthquake ntnber of 6,000. A study 
was performed to decide whether or not the old town of Gediz was suit
able for hab tation as far as seismic hazard was concerned (GCUrplnatr, 
1978). This ntudy concluded that the expected 1 :el of vibratory ground
motion at the old and new sites are the sare (and in fact there are 
large cities in Turkey with higher seismic risk) and therefore this 
cannot be used as a siting criterion. The old town was mlcrozoned such 
that the unstable slopes were left as green areas and restrictions on 
spacing between buildings. and street dimensions were specifled for fire 
protection. 

Admittedly, fire nay not he as big a menace to adobe structures as those
 
of wood frime type but ,till the basic principle remains that it is a
 
criterion for microzoning.
 

In summary, siting for adobe structures reduces to the problem of urban 
and/or rural planning for general hazards, especialy soil failures. 

4. Adobe Bullding Construction 

The construction of a conventional Turkish adobe (kerpic) house involves 
the following produntion steps. The quantitatLiv' details of these stepa
and the relevant 9tindards have been covered by Yorulmaz (1981). 

4.1 Preparation of Adobe HricP and Mortar 

4.1.1 Raw Adobe Materlal 

Adobe blocks are maI(e oft clayey earth. This earth can either be 
obtained from the to"idation excavation material or from suitable pits
(kerpicl1k) In the vicinity of the village. Based on years of expe
rience, these pit are believed to provide :ompetent material for adobe 
block production ( Figure 10). 
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4.1.2 Preparation of the Mlortar
 

The raw adobe material is placed in a pit of average dimenWon4 2x2x2xl 
meter and m xed wIth appropr Lite uaount., of water and :;Lriw. The aL'outt 
of these additivesI i;ugain baind on the exppriunce And vary from plate 
to place. Ai tur ni::inn; throughly the ,,wortar is covered with ,a layer of 
earth and ,lli wvd io re,u or one day (Flguru 1(). 

4.1. 3 Mold 1u, 

After chuckiig for ;irc.per couniturwicv the mixture in hand-placed and 
pressed In wooden imoldn. The common dinenion of the blocks are (253 0 )x( - 4 0)(1lxl?) centimeter; for the -mother" (ana) and (1 5-20)x(3040)x(112) centimeters, for the "cub' (kuh;u,) units (Fipgurv 11). 

4.1.4 Drv :ivg 

The molded un I La arc p aced on tothe ground In -n,'Iayer and allowed 
dry In open Ai r wi th frluent turning to expo.e all I de;. The drying
period ma vary h0.twen 5 to 15 dayn dep'end ina on tLe locality and 
material ( ';,ure i' ). 

4.2 Pu.tu :onntruction 

Most traditional du, i,inen ire single ritory structures with a mud
.mortar ;to. a ,r.! ndait ion and a heavy enarth roof supported by
Un nawe d l1<n. 

Adobe wall utndA'1 Conon',t of ..U to 1. met.rs deep and 0.5 to 1.5 
meters thck 'qt"", ,nrnri , Inull buIlt. A IK with thu smme "ud Aortar
 
used Lor .d0,, 4I a'k, ( I ,;'r. :2).
 

Adobe w01,. r ' hi . t inr n4 ti. qm cla:yey earth ixLtir, AN nortar In 
coursed Ah ,r b,,n with ..5 ro ?.U1 ,,,nt:,t,,r. thick JoiLnt,.. WalI.
 
th.ckr ,,i p; ir, ( I1 1i) ,Pin l.nv 
,rr , ,%itn ', gll "motiv'r" u n14, (2)

60 to 70 'ntL ,.t.r,, in , ", ,.r" W, "rub ,,itt , And (3) 80 t, 100
 
centimpt, r., 
 iu A f , tih In, de and out 'edn. fn...." ''pa' ,a ,yard
flilln; Ill, 1 i t Itirr iht. hi ghi)'it,1 rr.,]7 oxc.*.d 1.0 "t r, 
(Figr, ' t . 

7spee Ii I In o, nl, rem' i'. Fh.'1 
usem. of wo.otlenr t (,'ij 1~v' -ol.1morn.

Ti"- h.;rimi .r, '' i 11 'i undelran nm p1 Ac ',t Ant ahove' th p w I n ,own ,ind urd.r the 
roof. I.n :irA it 'ry I'' ,w;,, rI tt , 'incr hl i 'Ais r h An 'rernn Turkey,
tihere' ir' 'nim' i, I oh,-, s' riu't i.i iv,' I Iino tI '- l'is t o ' 11). 

Tm (i()6 i)'r-'iplr if Ih,, il Ado ).' ibeto! ad h" ! Ih 't I lar'' f!lt ,'artli roof'; 
are it W 'I I I.,,oI. T rio If nl 'i 'll ;mport,,,l iii ' I iHi,r hearin , or''is .,'4e't 
peeled r ''' ink'. it .in>%it 'Q '' . ' c,,nt t'r , In ' i ,'t,, , 'lpith at 
Int'rv'.'l '; vir' n q ! r i 0 '1 V ' r K':. r',i. I,,-. c;,::' r- .i on th,,
t 10- PA Of'.l~ hei 'ip) "t .i 'willn'. 1 he !i.rl1n q'li.i , i e , .; I' AJ i h hvim%1 <il 

tie' '.a l , 'nu ',rue , 1 I " 1be: 1, ri r a ' n r -e'i r .. I top 'ift h ";lo';!w fl'ir)I I " vr't", 'ud onij )o~lr"! ,at i h i . ,J , , -,'iit , ril 
ti ck ,r .i la-ji o 1,hi n )rarhtl esl.,,,1 ttalw %at i',-.. ;d l e,( 

[ ,,tl ') .1) f!,i,,I 

. A' :l ) o !Qj 
a~:.i'tlprthickn" W i coait of, l ay eai.i;rth tolltq"&l i Il tq 4 v"1Jmvn!La..r'; 

t hick Imp', rnpaibl' I claiy m, rr I ayi Coi'mt ilt L roof Inl at.I i,, 'i.i l non Oi 
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After the removal of the first snow a new layer of finer material is 
added to the roof and the whole roof is passed over by a cylindrical 
heavy stone (log) thereby thickening the earth roof layer over the 
years to the unsafe limits, weighing up to 1.0 ton per square meter 
(Figure 14). The earthen terrace of the roof may have a surrounding 
stone cornice. In areas wiere timber is easily available and/or with 
post-earthquake experience the use of tiled or galvanized sheet metal 
covered timber roofs have become quite common. Plastering is usually
applied to both faces of the wall 8 to 12 months after construction. A 
finer clayey earth mortar with more straw content is used. The final 
thin skin may either be clay or white wash (Figure 15). 

Compared to the existing Turkish design specifications of adobe struc
tures (Yorulmaz, 1981) the most common errors and deviations encountered 
in practice are as follows:
 

* 	 Limited capacity and insufficient bearing 
area of roof beams on the walls. 

* 	 Increased thickness of the earth layer on the 
roof. 

I Improperly tied walls at the corners. 
* 	 Non-existence or insufficiency of the hori

zontal tie-beams.
 
* 	 Too many openins in the walls. 

poorP masonry practices.
 
PToor water insulation.
 
Door quality adobe blocks.
 

In the near future, adobe construction will tend to continue as a craft
 
rather than develop into an 
 engineering practice that can accommodate 
rational deign procedures. The relevant earthquake resistant design
codes shoild attempt to synthentze the time proven practical construc
t ion procedures and sound engi neering Judgement into an appiluable adobe 
construction guideline instead of prescribing the assessment anO distri
bution of lateral seismic forces on adobe structures. Satisfactory
performance of adobe s t ructures have u'ually been wit nessed when they 
were designed and constructed properly (Figure 1(). 

5. Earthquake Performance of the Adobe BuildIng s 

Adobe, being an inherently rig id and nrittLIe material, does not exhibit 
a wide spectrum of :node s and degrees of fallpre. The official damage
classificatlon guideline; of the Ministry of Reconstruction and 
Resettlement identily three classes of damage for adobe structures: 

* 	 Light damage: thin plater cracks, falling 
of plaster bits. 

• 	 Medimn damage: wide;spread cracking of walls 
with reduced load carrying calacity. 

* 	 lieavy damage dind collapq,: gaps In walls, 
failure of ti'p beams, collapse of roof and/or 
walls. 
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Damage statistics of rural structures pertaining 
to earthquakes since

1966 are indicated in Table 2. The data is obtained from the officialdamage assessment 
 reports of the Ministry of Reconstruction and
Resettlement. Only intensity areas of VII MSK and larger have been 
considered. 

TABLE 2
 

Earthquake Damage Statistics of Rural Structures
 

August 19, 1966 Varto Earthquake (MS - 6.9, I o - IX MSK) 

T.S. 	 T.P. C.P. 
 M.D.P. L.D.P.
 

Stone Masonry 85 
 75 20 
 5
 

Adobe Masonry 10 
 50 40 10
 

Other 
 5 70 25 	 5
 

July 22, 1967 Adapazari Earthquake (MS - 7.2, 10 = IX MSK) 

T.S. 
 T.P. C.P. 
 M.D.P. L.D.P.
 

Wooden Frame 
 85 55 30 15
 

Adobe Masonry 	 5 65 20 15
 

Other 
 10 20 25 
 55
 

March 28, 1970 Cediz Earthquake (MS - 7.3, - IX MSK)Io 


T.S. 
 T.P. C.P. 
 M.D.P. L.D.P.
 

Wooden 	Frame
 
(iimI.q) 
 40 80 18 	 2 

Wooden Frame
 
( Bagdad 1) 	 50 10 40 
 50 

Adobe Masonry 
 5 30 50 20
 

Other 
 5 40 35 25
 

May 12, 1971 Burdur Earthquake (MS , 6.2, 10 a VIII MSK)
 

T.S. 
 T.P. 
 C.P. M.D.P. L.P.D.
 

Stone Miiotnry 40 55 30 15 

Adobe Mawonry 50 35 35 30
 

Other 5 40 40 20 
147 



TABLE 2
 
(Continued)
 

Earthquake Damage Statistics of Rural Structures
 

May 22, 1971 Bing'6l Earthquake (MS 6.9, 10 = VIII MSK)
 

T.S. T.P. 
 C.P. M.D.P. L.D.P.
 

Stone Masonry 80 75 
 20 5
 

Adobe Masonry 15 40 50 10
 

Other 5 
 40 45 15
 

September 6, 1975 Lice Earthquake (MS 6.9, I o = VIII MSK) 

T.S. T.P. C.P. 
 M.D.P. L.D.P.
 

Stone Masonry 85 65 30 5
 

Adobe Masonry 10 50 40 10 

Other 5 - 60 40 

November 24, 1976 aldiran Earthquake (MS - 7.2, W IX MSK)Io 


T.S. 
 T.P. C.P. M.D.P. L.D.P.
 

Stone Masonry 75 75 15 10
 

Adobe Masonry 20 60 30 10
 

Other 5 25 25 50 

Legend: T.S.: Type of Structure
 
- P.: Percentage of the Type in Meizoseismal Area 
C.P.: Percentage of Heavily Damaged or Collapsed Structures 
M.D.P.: Percentage of Medium Damaged Structures 
L.D.P.: Percentage of Lightly Damage Structures 

These tables Indicate that for site intensities of VIII MSK or greater 
about 45 percent of tile adobe 3tructues collapse or experience heavy
damage, 37 percent experience medium damage and 18 percent experience 
light or no damage. The respective figures for stone masonry structures 
a rr, 70, 22 and 8 percent. Although the number of adobe structures 
Involved In the;e !arthqtiakvs are quite limited and of them havesome 
ti,nber roofs one can !iay, in general, that the earthquake performance of 
tie adobe !;trtictures exceed that of tile !"tone ma sonry striicture 5 (ERI, 
1978; Ariopltu et al., 1977). It should be noted that a considerable 
percentage of stone masonry rural structures Include rubble stones with 
mud mortar. 
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The catualty statistics also endorse this 
finding. Unpublished studies
 
of the Earthquake Research Institute of 
the Ministry of Reconstruction
 
and Resettlement indicate that, on the average, 11 lives are lost per
100 collapsed and/or heavily damaged adobe structures with flat earth
 
roofs. The respective figure for stone masonry with mud mortar and flat
 
earth roof is 26.
 

The official danage statistics have also been compiled by the Earthquake

Research Institute to indicate 
the damage of different rural structure
 
classes in the meizoseismal area for 
different earthquake magnitudes.

Two classes of rural structures are considered. The "Type A" rural
 
structures encompass 
the adobe and mud-mortar 
stone masonry structures
 
with 
heavy earth roofs and no tie-beams, whereas the "Type B" rural
 
structures include 
stone masonry structures with lime or cement 
mortar
 
and adobe structures both of 
them with thin earth or tiled timber roofs.
 
Results are provided in Table 3.
 

The data indicated pertain to the structural damage statistics within
 
approximately a 20-kilometer radius of 
 the epicenter.
 

TABLE 3
 

Damage Statistics 
in the Epicentral Area of Earthquakes
 

MS STRUCTURAL PERCENTAGE OF 
 PERCENTAGE OF PERCENTAGE OF
 
CLASSIFICATION 
 COLLAPSED STRUCTURES STRUCTURES
 

STRUCTURES BEYOND REPAIR 
 MEDIUM OR
 
LIGHT DAMAGE
 

A 80 20 

6.9 
 B 50 30 
 20
 

6.8 A 
 50 30 
 20
 

6.3 B 
 20 30 
 50
 

6.2 A 
 20 30 40 

5.7 B 
 5 15 80
 

5.6 A 
 10 20 70
 

4.9 B  10 90 

4 A 
 5 10 85
 

4.8 B  5 95 

As may be seen from Table 3, the earthquake performance of adobe 
structures are mainly controlled by the weight of the roof and the 
presence of well constructed tie-beams. 
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Apart from the poor adobe masonry qualities, in general, the factors
 
affecting the earthquake performance of adobe structures can be listed 
as follows:
 

* 	Limited bearing area of tile roof beams
 
subjected to heavy roof loads creating
 
bearing and shear failure of adobe walls
 
underneath (Figure 17).
 

* 	Insufficient connection of roof beams to the
 
adobe walls. The roof cannot act as a rigid
 
diaphragm and allows differential movement 
among walls leading to the collapse of the
 
roof and/or walls. Out of plane walls behave
 
like cantilever beams (Figure 17).
 

* 	Excessive wall cpenings leaving insufficient
 
wall areas to resist lateral shear, leading
 
to shear (diagonal tension) failures
 
(Figure 18).
 

* 	Lack or improper construction of tie-beams
 
and/or poor masonry practice of the corner
 
connections of the walls causing separation 
of 	walls at the corners (Figures 19).
 

* 	Lack of structural symmetry either in plan or
 
in the amount of openings.
 

* 	Deficient bedding of lintels above windows.
 

* 	Openings too close to the corners.
 

* 	Walls too high or too long between supports.
 

6. Inspection and Aoqessment of Existing Rural Structures
 

An ambitious project taken up by the Ministry of Rural Affairs and
 
Cooperatives and the Ministry of Reconstruction and Resettlement with
 
the guidance of the Turkish National Committee for Earthquake
 
Engineering calls for a detailed assessment of the structural status 
of rural buildings within the primary seismic hazard regions of Turkey 
for the purposes of strengthening and/or rebuilding to increase their 
seismic performance. 

A four-page questionnaire form was prepared and distributed to the local 
offices of the Ministry of Rural Affairs and Cooperatives. Tile porson
nel of these offices, aLrendy trained on the proper utilization of these 
forms, were instructed to visit the previously identified rural centers 
to fill out these forms. These forms supported with picture! of the 
typical rural structures will establish the basIs of decIs ion making on 
,trengthening or demolishing and rebuilding. The type of strngthening 
is to be decided after the site visits of qualified engineers. 

A 	 sample ques- 4onnaire is presented in Appendix A. 

150 



7. Testing
 

Experimentation is probably the most powerful 
research tool for the
study of 
the seismic behavior of adobe structures. This is due to the
 
difficulty of developing analytical 
models for masonry structures in
 
general.
 

Experimental research 
for masonry structures has recently developed in

California, particularly at the Earthquake Engineering Research Center
shaking table of the University of California, Berkeley (Gilkan et al.,
1979). These tests were conducted to assess the reinforcement require
ments for single story masonry houses through experiments on shaking
table with simulated earthquakes. Although the buildings are quite
different in many respects (concrete block or clay brick masonry units,
timber roof structure, 16-foot square four-walled test houses) , thefollowing response characteristics of the unreinforced wall units are 
quite indicative:
 

(1) No cracking was observed in any unreinforced wall for tests with 
peak accelerations less than 0.2 g..

(2) Unreinforced out-of-plane walls continued to perform satisiactorily
after cracking (but with excessive displacements) during tests with 
accelerations greater than 0.4 g.

(3) Two types of cracking were observed in the unreinforced in-planewalls: horizontal cracks in panels without openings and a diagonal
crack extending downward from the window corner in the wall units 
with openings. 

It should be noted that the important first finding is also supported by
the results of the shaking table tests of modcl adobe structures (Meli

et al., 1980) which road:s: "Model 1, inreinforced, o;ipported, without

major damage, 50 percent 
 of the actual Intensity of the EI-Centro 
record". 

Experiments directed towards system Identiftication mnethods have also
 
contributed to research of dynamic 
 behavior masonry t ructres. Mengi
et al. (1981) have performed testing ot brick masonry walls on the

shaking table for purposes of Identifying dynamic parameters related to

the system. Some discussion on the prelininary resul ts of this 
 effort 
will be premented In Section 9. 

Field tesit i g can also be utilized as a tool for yst,,m Identif[cation.

Field tests Invol'ving impact response mea ,iurements , amblent 
 vibration
meanlurement s and forced harmonic vibration qttid l.e have been performed
in Turkey on many rural adiobe structures; (Erdlk and Tabban, 1978; Ohta,
1980). Thp,;e experiments Involve only vory sinall q;train level o and can 
give Information only for the el astic behavior. Timne hi ttory rt'ord Ings
and the i comrnp;I ni ., power ipectra I plen ft fir; alre prov'ided In Figure 20 
per t in fins to ''on 'Vntlonal 1 rl adobe ti rurtri. In ge ne'r;l , Cihe 
frerluoncy of fro vibratlon of these ittruttr',; vary hietye*.i 4 to 10
"ertz, ,f ,p, f in'. on tr plan Imi'n,,,ron . tho )f 'aIand numb,.r l , w./ithI
relat Ive vf;ronq, ,f aMping value; of ' t.o ;t',r ,not . it. Is thus :1oar
that the ' i'lim fore,:,;' ac ting on those' ';ru, r wh 11''r ' f perfectly
correlated 
 and be, In fant, pro)port I on;lI to 1h mnax imnm g round 
acc l erat ion. 
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8. Repair and Strengthening
 

In 	order to identify the problems related to repair and strengthening of
 
adobe structures, their dynamic behavior and damage patterns during 
earthquakes should be carefully assessed. Furthermore, decision has to 
be 	 made for the allowable degree of damage for a given expected inten
sity of shaking. In Turkey, almost all adobe structures are used as 
dwellings in rural areas. Therefore their economic value can reasonably 
be 	 represented by their construction cost. In other words, there are no 
secondary effects of adobe structure failures ;uch as associated with 
dams, factories, power plants, etc. For this reason the prime function 
of 	 the adobe structure is to protect the life of the inhabitant. The 
object of repair and/or strengthening of adobe structures is then to 
prevent the collapse of the heavy roof which is the most frequent cause 
of 	 entrapment and loss of life. This nay, in fact, be the first phase 
of 	 strengthening and future improvements could include incorporation of 
other structural elements in design to increase the energy absorption 
capacity of adobe buildings . This would again involve public education 
programs to inform the builders about better utilization of other con
struction materials such as wood. 

In the most sinplified sense, adobe structures nay be classified as box 
type structures where the primary lateral resistance against earthquakes 
Is provided through the membrane action of the walls and the roof. 
Thus: (1) the out-of-plane walls should be able to resist their own 
inertia forces through flexural action as vertical beams, (2) the in
plane walls; should be able to resist the lateral inertia forces deve
loped at the entire roof and that from the rop half of the out-of-plane
walls through shear action as deep cantilever beams and (3) the roof 
structure must have sufficlent strength and integrity to transmit the 
lateral lnrt!a forces appropriately. 

Although theme condition; can be easoily Implemented during the construc
tion phai;p the ;ame does not hold true for strengthening of in already 
built one. The total cost of strengthening may even exceed that of a 
newly coastrunted house, thus making it economically infeasible except 
for the r.otoraLion work ;f historIc monuments. 

A rational approach for strengthening ,nder adverse economic conditions 
should address to: 

0 	decreasing of the roof inertia load by 
decreasing its mass. 

* 	Increasing the integrity of thu roof-wall 
connectlons through realization of a well 
constructed tie-bea. (Figure 21). 

* 	Avoidlg the hrittle and Immediate collopuie 
of the roof and thus entrapment through Ut
lization of external column!; to support the 
roof (Figure 22). 
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In summary, for the Turkish case, all activities should be directed to
the betterment of the roof structure avoidanceand of its premature and
brittle collapse during earthquakes for all rural structures within the
primary seismic hazard regions. Once the lives are savea, the rest is 
the resettlement and reconstruction activities for which specifically
earmarked funds are officially available. The Turkish efforst on thisissue are now in the assessment phase outlined Sectionas in 6. 

For the new rural constructions a simple handbook Is being prepared.
The wall posters (Figures 23 and 24) are also of help for the site
selection and construction of variou rural structure types. 

9. Future Research Needs 

The imporance of field and laboratory testing, as well as post-earth
quake field observations have been emphasized as research tools for theassessment of seismic performance of adobe structures. In this section 
the direction of analvtical studies will be briefly discussed. 

Although there I s considerable re search in the area of mathematical
modeling of the earthquake response of steel and reinforced concrete 
frames it is also true that not enough research i, directed towards
developing dynamic formodels masonry wall like structures. However,
it should be realized that developing such a model is very important
because it can provide valuable guidance In the design of earthquake
resistant masonry dwellings. 

A research project a imed at establishing a dynamic uathematical model
for masonry wall like structures, has recently started aith the coopera
tion between the Unlversi ty of California (UC), '!rkeley, U.S.A. and
the Middle ".a;t Te:chnicail University (QETU), Ankara, Turkey. Experi
:aent: on :an;)nry wall'; were performed us ing the 'haking table of tile
Earthquake Enfneering Research Cente. , IC, Berkeley. As a linear 
aathemat ical model, a model based on the theory of mixtures was chosen.
This model differentiates the two phases of masonry, namely, brick and 
mortar pha;q,, and taken, into account the interaction between them. The
model parameter; are found by an optimization technique in such a way
that ,Inl 'oquLate riatch be twe' n modl 1 and expe r inen tal responses are 
obtai ned. It found thein that proposed two-phase model Ini capablbe of
predictLing t he earthquake responne of masonry walls accurately in the 
linear range. It in further found that the 
model which provl't vs a good fit, for 

two
experimental 

phase model 
response 

Is the only 
function over 

a frequency Interval on which the major portion of this function is 
located. 

Mod I fyi ng the model to Include debnd Ing (between the mortar and brick 
phanes) and non-linear effects are under Investigation. The results of

these Invet !gat lens, both In linear and non-linear ranges, will be 
reported In detail hortly. 
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APPENDIX A 

QUESTIONNAIRE FOR THE ASSESSMENT OF RURAL 
DWELLINGS IN HIGH SEISMIC ZONES OF TURKEY 

(Prepared by the TNCEE for the Ministry of 
Rural Affair and Cooperatives) 
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ABSTRACT
 
Classification of different low-cot construction sy

stems used in Grece i.; ittermpted.
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Co' endation.;, ,.,I!;ily lvi 1 l,. ,o ruril r~ol ,t n , 

stresvd. 

185 PBL'WIJ" A&
 



Introduction
 

Greece is one of 
the most seismically active countries in the
 
world. Mean return period for M-6,0 and M 7,0 earthquakes is esti 
-

mated to be 0,4 and 
3,0 vears respectively (4). During this centu 
-
ry, Greece experienced at laea:;t ,I :;hocks stronger than 7,4R, while 
there is historical evidence of r,-patetiwe
yextreme ly de.;tructive
 
earthquake action in 
the past. No part of Krac. can he considered 
as having a low se i sici ty. Dur ing the: last f,)ur year.;, three destruc
tive seQences of :;ock:; took place: 
(a) In 1978, in Northern Gre.ce , near Thssa Iloni k i(, iv i) , innashocks 

with :nagn tud ,; 5 8R (f5.2..78) ,( 5P (,.20 L.7-) and S. W ()7.5.78), 
(b) in 1930,in CeAntralI s, n'.i. V,)1o.;o) (Magn s:; , Un, n shock; 

with magnitudes, 5 ,4R,,d-Q), Tand .P (07 "A
 
(c) In 1981,in Central ,r,,c",n r Athe!,n (A]k.o;, d.:; ) ,5mra in shocks 

with magnitj o,..O (n2.'. I. 1) , SB(8. .). 1 , 6. P(03. 4 .81), 
5 8P(Oj. . 5 1 ) i,! - ;P(0. .1) , 

causinq ex *ni.v. ,amAq, :inall ty, of ;tructures5 ,hoth in big ci
ties and small ,ettlem':,ntn. (f!icially qtiTAntsd total cost of re
pairs ha; ton of th, ,rder ,' I1.; h l i.,n 
 ,i loIIar . 

Urban v",om 
 AndI, nnstrun,'yii'
, 
 n hasl' in cont £ 
nuous sinc,. 300OBC in 
Kr ,e'." , no ,''n*-$ ' 'r -ty f onvi ro' n 

tal r,,;ourc,,; .and ,counz*triint.i,L,,/ i ,.:in, . '],, r Id!t. oln. and
I . 

by similar
, nr idit o J
d1 ien; i,'Lu|) "n (Anaiail.,I"iqo i aII, 
Aul ,ari ,Tork,'7) . A ]A,r', n:l.,. ,A i'i ! !, -n, "c,,,trucI i n '7 ;t , .
 
,a,'! s?. pzo.wz i",t.nn ;' t
in:, :j,,;yv~1 Ann n.wn'cent 'rain;. nuin.; Iinn' *n't, .
 
at 1 1 1nh ! d mn ,ii v&I ; ,"ni 'In ,.uivio: w t Ilenint n, n:.i smo n 
villages andi i bil' cit!N;. in Itart ,A ',l' ; f!i, ,.resnt e, 01 the.
 
populatin it' 11 1 iv'; 
 in no,-onoin ee-e* d,.?I jdt.hietS-,, I,'.it [erd[rc 
taqo of whilch can L. 
class i ! l,.! A- ,',arlh-.n .,, i:tiin ,.
 

AupiN0n; I t ! 11 Ws,,: '!Vea n's'd.r of *.4'' I cqnN!; riicd non

onorq g!~vr~c'd r.run% h: , :T;'<wi t n , -o w- n! n!i w v, "ar hquk!d n'~ wl Aa'rei 

ract'r; i I 
 an -tq :-- n I a 1d-o w" s,- ." "N n" n ''sina I I y Moot)a 
that thvir, -n' *. r.il v.lua 1', AI N-,, low. a"tr hi',.'; thi don!. in.-,;mnny of 
tham,m t hl h , chl ',, , I o ,til;arol .
 

In ,pIL r' of thoro Utlu,v-,thr. In a lack of rdltil"l,, data (on 
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cerning the number and distribution over the country of the existing 
non-engineered structures,as well 
as on their seismic behavior.
 
There is also a lack of simple Codes,recomuendations and aids for
 
effective methods of construction,repair and strengthening for this
 

type of structures.
 

Traditional Construction Systems
 

A continuous 5000 y,'ar con;tructli, tradition,influenced by 
a variety of environmental rosourcn:; and constraints,by frequent 
earthquake actions And by similIar t.rAuition, of ne ig;hboring coun 
tries,produced a wid(, rang, of tradit:ional1 construction systems and 

forms. 

The predominant traditional systqm; that ar, :;till pr 'sent in 
dwellings in qrec,. Are qlassified in fi'1.1, accordinq to their ma -
terial3 and to thein ;tructural u:q.. Di stincj'.l1on r ad,. ,ma"mongver
ticalhcrio'nv1 And ran 5y n:; is w-11VAs omanq ;y,= wi~sth OLMr 
face and linea.r ,.1P,, . . he fn' ro : :;masmstnc-:s u m,-
teria2y >, v''ral I ;tr:tural ,Ledjvior during eatX thik,,:., 5o, roof 
systems are cla,:;:ified *cwordir./ 'o tuWir man:; 

In tab!" I th- extent : a("a:t.h: ' .,; =1 stru

tures in which the d fff,:rent :;y ,.t,,r1 mw or-e'r.; ,.ntK. Pt 'valU -

ling construction mat,.rial:; for dw,.w] 1i:,irq in, h,r : i i' ;turiro- 
reis aro 3tone~ in '1oiun 7 1lnuw; *mreaq and WA AndAU;Ii'Le (and qom'
times brIk In piii:,';. 'AsoJ ' a:.1ItY 1' rt,.r '..i!." . '.n y l tc,1 

tain are:s in q;r,',co. A lArq,; , mb,'r ,W iiii nWdtnd 1 1 vi 1 lalaqvwiB.I 
1(ettl4 ,.nt:; are almo: t e'ntirely Lui It . y tradi tioa cons truction 
sys terns. 

In table 2,cost-bnfIt parirtri ar,. given for the, di ff -. 
ront traditional contructIown isy st,,mn;. ;nm i L,hav io tz can: , .*ia 
turn dopondi on the coml knav.;on of its mn. '. , ..':s, h .str,.;, a(1 
duct l ity . E.ach 57/.teom h", : av'antl.1 n Iriw-Lic':An, 1 ',"!g the 

e;at iolut ion for ce'rtin ai-j Ynow!"Al'e~ "! 'hi' :'n: z o 
thodt for the d11 -,ron, :,y';t:n I'-' ,i.e,. ',i r', 1',.nIqn' w;, ,a pro
blem ror initial e,, . 1,r-'';! h', , o; tof,h-e,esy .,Vew .'parr ,aInd 

''XamlIl,,';
In 511.24/, 1yrica of appI,11:lt ,"lr and diall s of 
tradition 1n riO W rn"Uq tI n tyv;, MIren. lecl,nt. ;rrhlteur:iI 
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and structural results have been obtained using "poor" materials , 

but with the wisdom of a long tradition. Earthquake throat is always 

a consideration. Earthen structures are extwns;ivnly ust.ed in the is

lands and in the plains of the mainland. Earth is also used in ti

ber-framed structures,in areas where good quality ti:MFer is availa

ble. 

Present Urban Develorment PAicy and Practice
 

Today- urban deve lopient policy and prctice in Greece have 

teen strongly influenced by: (t) COIiitlCti(n tradition, (W)frequent 

long periods of war ui:yn( *ji century (1112-13 ,1017-1922 

1940-194q) , )f bi t ruct * i 1n ,.tween(p) e riod:; ildinj cons( in xv o:; in in 

and after war I'riod; and (d)biq populAtv ion :nov,:,nt" (Kr,.'k-'I'jrk 

population ,,xclanj, in 1q22,r,,fu. ,,, P7v:.,nt:; dur 1 nq th.- poriod of 

1940-1949). 

Riqht after 1922 And during the priod of 1944-1 9 ]r9,b4 refu

gee settmwnts were ha:;t]y r.ct.d in and irounirv hiq (Otip!;,,LlOhst 

exclusivelIy with nor.-enqi neer,'' s;trttlreu. Dunri q th' wr p'riod of 

1940-1919,man'. of the ,.:<.:i ino huil12i nq:; wer, c,-)pl,.t, y de ;troyed 

due to war Amt ons;. Pinal ly,the bid u.-::and fo;r hnu~iu 1f,i e; m 1as W 

effort for t:txon,cr':'d aIcio, darirqjinduwtri.l,:L a1 ,iutrict L ,.:nm 

the last 30 year:;, both in bi,; it, :n '.n,,,u,. 

At prose:;,nt c'r;nutrucric t i ; fii 1y t only on owned 

land,ucu rliq !i t;w. If n , ti te i : ," (r I:::t, ind"r the A;upervi 

aianr t)o 1 a 1,,1:;',tivi ,nq ,"r A1.', t. ii ckur' 

, ln W l I. ,t:d 

aI 'i lt,., Po ;truT of' 

mury -r)-; u ; i Y k ru t I ni ('it 1", ( F 'n t no 'r. J . i"n. p'I) i! o!Yr-'.!l 

lll At yqt.!' u
5,000) ,thi" ¢v€nl ilinuoun h" i '.;l [I, ,i 1 ,( li l'' l, L , ildt ngt.;
 

ar" ir",ct'P in-/ '4 t.hO!. a ,f I ,(C ,whi iLa 't o-I yn JOit) n aiqe.( 

pul.tl{on 1,';' W inlluidu.t, , , I :; lrtri ,; have' ti" im Inde, ,n
du:nt 7 ,y ,,<v! A A ,or h ar( d'1-d(. !1/" lri,"num of -W' f.! ll' n1,1M ; hjl,.l dt,,,' "

,
,erv,,, l '- ir, ,, o ii p ,.A:,1 r' x :; -n:uj i xl Io Au1 i-.ifln" ,., il 

of the n i'a ro i1 h d";i tI ,,e* . 

in nt -' WI It,' ofi loa l p in", ,rq' n liube'r 0 law-cont 

non-,,rou; ,- .,r.! rqa' un.,'. ;i er;-, o,'/,,V ' ,ay: t,; I n th' lurroundlrir;rem 

I 1," q :qt ;, 'rr!of bli ,- ; !I':,, ,,1en,.''- W ) in i',t e ruraliconmul mt '; 

in ,w,.- I 1nn fqAld 0 '1i '' I ,I I " an 4)lr(o) i iu 1 1 - ;II, Co)illtlfl Ie ,a = 
t,Ianry ,''(li; iil(' irri'f; Q ( I' ,4,.i4.1' 'Le( ,, ;, i ,). 



Present Construction Policy and Practice
 
Predominant low-cost construction sYstems 
in use today are
classified in fig.8,according 
to their material,structural 
usu and
frequency. A comparison between the 
data of fig.1 and table 1 onone
hand and the data of fiq.8 on the other,reveals that:
 

(it)Concrete,reinforced 
concrete,cement blocks,steel and perforated
steel 
truss elements,are introduced as 
new materials, unreinforced and reinforced concrete being the most predominant.

(b) The use 
of brick has increased
 
(c) Stone,adobe and timber do continue to be used,although to a les

ser extent.
 
(d) Traditional timber frame systems (bagdadi,tsatmas) and stoneva

ult systems have practically disappeared.
 
New structures have to 
conform to 
the General Building Code
(29), 
 to the Loading Code 
for Structural Works 
(30) ,and to 
the Seismic Code for Buildings (31). No structural system except reinforced concrete is covered by 


a National Code. Recommendations for theEQ Safety of i-story Rural DwellingS (20) and Recommeidatiors forConstruction of Aseismic Dwellings (25) give some guic.e-lines for
low-rise rock and brick masonry construction in seismic areas.Residential buildings in cities are constructed w:ith R.C.wal 1,

frame ,or dual systems.
 

Ruial dwellings 
 are usually constructed with a mixed structural system,conis;tincj of load bearing brick walls + a few reinforced concrete, colu(mns 
+ reinforced concrete slabs and roofs.financial Due toproblersthe strkicture j.; erected in several stages, usual..
ly with th hOuse;owne-rf; 
 personal work and supervision. As expected,the end result is a struct-ur,- of very low quality. Secondary ruralstructuro!; tables ;arehoie,, etc) in most cases do not cover anysafety Provi:; ions,c; ce least cost and effort is mainly soughtduri.g tb-j i.r at cons triuction. Surveys of the type and quality of constructiofn j i, :;ma )I villages in Greece show that more thansting u-r 3/4 of exictur,.; are eithe r non-enrjineerIor of the mixed (brick masonry ' WC coUMOns) cont:; ruction . Nynaon-engi neer,! structuresare iu;jl Ily bui. t with stone, brick, or concrete block masonry with a
light roof,or with adobe masonry and 
timber + tiles rooi 
 (fig.9).
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Dwellings in squatter settlemerts follow the same general trend
 
of construction,but since they are usually built in areas 
of poor
 
soil conditions and in 
a bia hurry (usually during night-time),they
 
end to a still less efficient result. Materials mostly in 
use are
 
reinforced concrete,and brick or 
cement block masonry (fig.10).
 

Construction tradition has been overwhelmed by the explosion
 
of construction needs during the last 30 years. New people entered
 
the construction business as technicians,wJthout having enough time
 
or opportunity to acquire the required knowledge and skill. Exten 
-

sive use of reinforced concrete,which se2med as an 
easy to handle
 
material,destroyed further the existing tradition. In 
this way,the
 
long good construction tradition tends to disappcar,without being
 
replaced by an 
equally well known technique. Inflation, increased the
 
demand for cheaper construction and the earthquake threat was for
gotten. Finally,the mean quality of construction for low-cost struc
tures seems 
to be lower than it was a few years ago with the tradi 
tional construction systems and materials. We have more and better 
materials,but we lost construction traditionand structural reeling. 

Engineering Remarks from Recent Earthquakes in 
 Greece
 

A lot of material concerning seismic behavior of traditional
 
or contemporary low-cost construction systems comes 
into light du 
ring each strong earthquake in Greece. Unfortunately,to the wrter's
 
knowledge,no rational effort has been made until 
now for selection
 
and evaluation of this data,mainly,due to lack of financial suport.
 
Existing data concerning seismic behavior of low-cost construction
 
systems in Greece is scattered in 
a numloer of papers covering mainly
 
seismic behavior of modern reinforced concrete structures.
 

Mean level of damaqe during the earthquakes of Volvi,Magnis 
sia and Alkyonides is estimated to 
be rather high,compared with the
 
observed intensities in the affected 
areas. This can be easily rea
lised if one examines,not so 
much the overall damage statistics,but
 
the damage of well constructed simple structures with traditional
 

conitruction systems.
 

Well constructed and maintained old non-engineered structures
 
with low-cost traditional construction systems survived the earth 
-
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quakes with minor to moderate damage (figs 11,12,13). It is worth
 
noting that many of these 
structures had already experienced at least
 
one more s.vere earthquake in 
their lifes. This good behavior was
 
specially prominent in the cases of lightly roofed adobe masonry
 
structures and of hollow or adobe filled timber framed structures
 

(bagdadi and tsatmas).
 

Poorly constructed and/or maintained old non-engineered struc
tures with low-cost traditional construction systems,naturally,ex 
perienced severe damage during recent earthquakes (fig.14).
 

Seismic behavior of 
"modern" RC or mixed system "seisric-resi
stant" rural dwellings with the usual causes of overstress or un 
derstrength(structure to structure 
interaction,bad morphology,bad
 
reinforcement cetailing) 
,as not better 
than that of bad old non 

engineered structures (figs.15,16,17) . 

It seems that,for normal quality of construction,the percen -
tage of severely damacgxlstructures is higher for modern "low-cost" 
RC or mixed system rural dwellings,than for non-engineered dwellings 
with traditioni construction systems,although the cost of the lat
ter is much less. This surprising at first conclusion canly explained 

by the following reasoning: 
(a) Good seismic resistance of RC structures can only be obtained 

through good design and construction,requiriig higher knowledge 
and skills than old systems. 

(b) RC gives the feeling of more freedom for overall form selection. 
This is of course true,provided that appropriate countermeasu 
-

res will be taken during design and construction of RC structu
res with a bad morphology,which seldoin is the case. 

(c) Rural RC dwell.ings with bad morphology are not as simple struc
tures to analyze and de-ign as is usualy thought. This is espe
cially true in cases of mixed construction syst:ems ccmprising 
of brick masonry bearing walls + PC solumns - RC slabs,whose 
seismic behavior is to a large 1extent unpredictable. 

(d) Heavy reinforce2 concrete slabs induce far more seismic strains 
to vertical str!:ctura1 elements,than light old roofs and timber 
floors induce to their non-one ineered structures. 

It is concluded that,usually despised non-engineered structu
res with traditional construction systems can he as good forseismic. 
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protection as modern "low-cost" RC or mixed system rural structures.
 
Since structures with traditional construction systems are much less
 
expensive and can usually be self constructed, some thought has 
to
 
be given to their re-use. Among the old traditional systems, adobe
 
masonry offers the 
least cost and requires the least skill.
 

Lack of simple Codes, recommendations and guide-lines for re
pair and /or strengthening of moderately damaged non-engineered ru
ral structures with traditional construction systems,has been ob 
-

served during recent earthquakes in Greece,as well as 
a lack of know
lc.dge of young engineers for relevant appropriate techniques of re
pair and/or strengthening.
 

Mass RC construction in cases of destructive damage of old
 
settlements,in many cases 
led to a destruction of tne environment
 
(fig.18).
 

Conclusions
 

There is 
a large number of structures with different low-cost
 
traditional construction svstems 
in Greece. Most of them have pas
sed successfully the tests of time and of more than one 
stronq e
arthquake shock. 
Rational classification of these structures,sur 
-

vey of their distribution and careful study of their seismic beha
vior,will possibly lead to conclusions valuable not only for Gree
ce.
 

Seismic behavior and architectural possibilities of adobem
 
sonry,together with its low cost and ease of construction,make ado
be masonry a very suitable construction system for low-rise,low 
-

cost rural structures.
 

Simple and practical guide-lines for traditional systems

construction, maintenance, 
repair and/or strengthening and 
 cost
benefit comparisons between existing low-cost and 
traditional sy 
-

stems,both easily available to rural population are needed. In this 
respect,adobe masonry should be examined first,so that its use for
low-rise, low-cost rural structures will be promoted. Knowledge of 
the behavior and guide-lines for maintenance,repair and/or streng
thenir of the rest tzaditional systems found in Greece,will pro 
mote preservatioi of buildings,monuments and settlements of cultu
ral value.
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TRADITIONAL CONSTRUCTION SYSTEMS
 

0.1 	Semi

underground
 

0.2 Grotto
 

Vertical 

Horizontal 


Roof
 

1. Walls 
 2.Frames 
 3.Bulk 
 4.Linear 5.Heavy
1.1 Stone masonry 2.1 	 6 Medirm 7.!_ght
Timber 
 3.1 Stone vaults 4.1Timber 5 .1Stonevaults 6.lTinber+ 7.Timber+1.2 	Brick masonry frame 
 3.2 Brick vaults 5.2 Brick vaults ti1e. cane1.3 	Adobe masonry 
 2.2 	Tree branches 3.3 Timber+soil 
 5-3Tinber+ soil1.4 	Mixed masonry 
 frame 

5.4 Timber + 

a. With 	 stone platesmortar 
 cL. Hollow-

H. Without mortar 
 plastered
 

(Bagdadi)
 
I. Timber 
 B. Infilled
 

reinforced 
 (Tsatmas)
 
II. 	Not reinforced
 

FIG.1 Classification of Traditional Construction Systems in Greece According to Material and
 
Structural Use
 



TABLE 1
 
Use of Traditional Construction Systems in Greece
 

I Type of Structures
 

System 
 Use AreasMonuments 
- Traditional i Squatter Rural Rural
Churches settlements settlements (dwellings)(secndar.
 

0. 1I Semi-underground j I 
0.2 Grotto 
 mI-i
 I __MI______

I
I.i iStonei kiB i MI i I 4 _ +4 
1.2 Brick 4 p 4+i1.3 'Adobe 
 P 

1.4 Iixed 

+ 
I + MP +Cmortar 
 + MP 
 + + + + 

I 
 Timber reinf. 4 j MP + _
 
12.1 Timber 
 + MP 

+2.2 Tree branches 
+ 

c'Hollow - MP- MP
 
Infilled 
 i_ +1 

_ MP _ Ii __ + _ + _ _ _ _ _ _ _ 

3.1 Stone vaults
f3.2 ;Brick vaults i + MII+_ + + 

3.3 Timber + soil I 
 + 

4 !Timber 4
 
5.1 ;Stone vaults 
 '+ 
 MI 


15.2 Brick vaults 
- + 

!5.3 'Timber + soil j 
+ PI

I
5.4 ITimber + stone! +M +
 

6.1 Timber + tiles 
 P 

17.1 jTimber + cane + 

_ _ __-_ P. ..._ _ P _ . _ _t __ 4 + 

Use: 

____ __ 

+ Extensive 
__ 

Areas: I Islands
 
+ Medium M Mountains
 
- Small 
 P Flains
 



TABLE 2
Characteristics of Traditional Construction Systems in Greece
 

System 

0.1 j Sen.i-tuderc ond 
0.2 Grotto 

ste+Cost Water 
prcofing 

VL VL 
VL 

Thermal 
insulation 

G 

Stiffness 
Strength 
ductilityKss Material 

! Vertical Horizontal availabili 
loads aloads 

Kxodedgeo 
c 
method 

Stonerick 
1 .1Adobe 
I 4Mixed 

with mortar 

,61 w/o rortar 
!Timber reinf. 

II !Not reinf. 
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I 141 

FIG.4 Traditional Construction Systcms. Adobe masonrics in small 

vilIlages aroundI Xainthi . Northern Gr' ecc 
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Constructions of secondary importance near Thessaloniki
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Adobe dwoI2ings and constructions of secondary iportance near Xanthi 

FIG.9 Recent non-engincercd structures in rural areas. 
Northern Greece 
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Ilissos 7ettIement in Athens (9) 
 Dwellings in Ilissos settlement(9)
 

. . .. ,
,,I . i . "....'. , .. , . . 4 


Dwelling in squatter settlement Dwelling in squatter settlement(9)
 

FIG.lO Recent non-engineered dwellings in big cities (Squatter
 
Settlements). Bad aesthetic an-I structural results
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FIG.11 	Well constructed stone masonries w/o mortar,and traditional

chimney in the epicentral area 
of the 	Volvi 06.20.78 EQ.
Many of them experienced no damage at all
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Well constructed adobes experienced no damage at all
 

AI 

Poorly constructed adobos experienced moderate damage
 

FIG.12 Adobes in the epicental 
area of the Volvi 06.20.78 EQ
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FIG.13 Adobe infilled timber framed dwelling in epicentral area
of the Volvi 06.20.78 EQ. Many of them experienced only

moderate damage
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FIG.14 Traditional Construction Systems (Tsatma,Stone Masonry) of
 
poor construction and/or maintenance experienced severe
 
damage 	during recent EQs
 

FIG.15 	Modest brick masonry stru-

cture with light R.C. roof 

experienced no damage,whi-

le surrounding structures 

with mixed construction 

systems collapsed during 

the Alkyonides 03.4.81 EQ 
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FIG.16"Modern" rural dwellings
 
collapsed,while well
 
constructed "poor" stru
ctures with traditional
 
construction sytems sur
vived with moderate da
mage during the Alkyoni
des 02.24.81 EQ
 

http:02.24.81


o44 

FIG.17 "Modern" rural dwellings with mixed (masonry + R.C.)construction systems experienced severe damage,while modest structures with traditional construction systems survived with
moderate damage during the Volvi 06.20.78 EQ
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FIG.18 	 Complete loss of the human scale and of tie aesthetic ef
fect during reconstruction of vernacular settlements after 
E~s 
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PLANNED TESTING PROGRAM ON THE ROORKEE SHOCK TABLE 

W. 0. Keightley
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Bozen in, Montana 59717
 

ABSTRACT
 
A brief description is given of the shock table at Roorkee, India,
which is 
capable of destroying 20-ton structures by imparting horizontalfoundation shocks of up to 2g. A year',; program of testinq earth or low
grade asonry structures on thi; table i; planned. This paper lists anumber of altrnativeo; concerning how to teit and what to test, fromwhich the te:;tinq program will finally L-!dftermined. It- : requestedthat readers transmit to the author their r commendations about thematters listed or other matters relating to the project. 
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Introduction
 

The author is planninq 
to work for one 7ear at the University of Poorkee,
Roorkee, U.P. , India, testinq sjtructures of earth 
or of brick laid in mud mortar,
on the railway wagon shock tw!;t facility there. Thl!, facility, iilu:;trat,,d inFigure.; 1,2, and 3, consi .ts of a table Um x im, mount ,d on , rai 1 ay carriagewhich if; Pul;sd by m act througjh, o p.ri r; s, troon other wagon!; which roll downinc 11 noe;. An examj) 10 of accc' bration ul sei ; ;howi iniP l(;uru- 4, anI f×xamp l sof dain, iqf to to;t ttrs., astruar, iiown in F'i qure:; 5 th1ro1q 0. Th, aciity r scapable of :.npart inq rouqh half-s iie una xia 1 acceleration pluA1- of 0.15 s;ec.duration, up to 2g amviplitudoo to th bas of 20- ton te.st structur s. The pulsesare widely separated in t ,mn, t:hiir-fore ro:;orianc, 
of the test structures cannot bedevel ed. Table 1 show!; i rf'cord of t:ablre and buildi nq perforn-incO experienced
in the firist use of the tacility, in 1I77, (1) 

VI17. 1.
The railway waqon 
;v,)ck t' -;t- f;lc.lit 7 at the !'n i v1,rI t, of Poorkee, 
F howinrj half rt,,c,on room,e, triictur,,q on t:he table. 

Fo)r bes;t ruse' tim", soirs nd w'ulurment , rehachrswhat th, othrs l]d I.(- aw-arr' ofar, (I(Jii, 01)(1|,o t, v')r', r .h'r)uld t-f,'1r':or Iit,, "forrt-i. 
Tlii:i I1.1per is f.o Iti!ormr r , tk t It ~aw. s 1 Z(-i0141i'; i to t.fvi r
advics. .1,; lo) '2 rainlll : s' rhet Alll t..hg;. 1 x r' j 1"7 l hitt -tio 1. ei hvr, .1, t5,. ',I, p,7 Iri'; 4- !.''r,' i b7 willjI t1),o ';it. :tirilait.-, 


cstS for f-Wi'. art i,.11 ; ri;a~, a ~'. -sii% tfune 1i' for 'otin(; pro';rar''. ' W1'.'cis*,jai.
with and ht- , ' 

! I ill,,. iaflm1'tb '1 ''tep,, by 'he- ho ;t, ?he, ,.Iairtm,,nt .r l.ar'|';ujlk,, |Lqin, ,,,r iw, at ths 
Tin ave'r.: ,',I,,orkee. 
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Accelerations of the Shock Table
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FIG. 5
 
Failure of unreinforced brick structure laid in mud mortar.
 

FIG.6
 

Failure of unreinforced bricy stru-:ture, 1:6 cement mortar.
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FIG. 7
Brick structure with mud mortar, bond beam, reinforced corners.
 

' T -

FIG. 8

Bricl, structure with cement: mortar, bond beam, re-inforce]d corner,;. 
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TA.LE I 

Accelerations of the Table and Damaqe to Structures
 

Direc- Dead Load Maximum Horizontal Acceleration 
tion Wagon initial impact rebound 

Shock From Position s. side n. side s. side n. side 

1 E 14.5 negligible
 
2 E 15.5 0.22 g 0.20 0.14 0.10
 
3 E 15.5 0.40 0.34 0.30 0.29
 
4 W 15.5 0.51 -- 0.47 0.36 
5 W 15.5 0.57 0.47 0.46 0.37
 

Transverse walls of PM cracked 

6 E 17 1.05 0.78 0.96 --

Base crack all around PC, shear wall cracks in PM, RM 

7 E 17 0.83 0.84 0.71 0.84
 

Transverse walls of PC bending, foundation cracks in RM 

8 W 17 Power failure
 

PM demolished, small cracks in RC 

9 W 17 1.24 1.18 1.16 1.01 

All walls of PC have wide cracks 

10 W 17 - 0.22 vert 

PC demolished, large foundation cracks in RM 

11 W 17 -- 0.19 vert -

12 W 17 
 -- 0.32 vert 0.97 -
13 W 17 1.26 0.36 vert 1.06 0.55 vert 
14 E 18 
 1.30 1.27 1.30 1.46
 

RM demolished 

15 E 19 1.85 0.49 vert 1.40 0.31 vert
 
16 E 19 1.84 0.30 vert 1.52 0.30 vert
 
17 E 19 1.78 0.21 vert 1.45 0.18 vert
 
18 E 18 1.60 1.56 1.36 1.47
 
19 E 
 19 1.95 1.83 1.68 1.63
 

RC demolished.
 

Mortars:P:4:plaii mud, PC:plain cement, RM:reinf. mud, C:reinf. cement 
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Decisions To Be Made About The Testing
 

I.It is not presently possible with any testing facility to duplicate the triaxial base input accelerations to a structure caused by an earthquake. 
 Furthermor0 all earthquakes are different, and the motions of future ones are
unknown. 
The question of what should be the character of the input accelerations in a test facility will always be with us. 
 The facility at Roorkee can
provide only simple pulses, 
so the choices are limited, but the question must
still be answered. 
How should the amplitude of the acceleration pulses be
varied in the sequence of application? 
Should ampliLude3 be uniform, be
steadily increased, or be held constant for seve:al pulses and then be increased stepwise? 
 In Figure 9 are shown examples of these possibilities.
 

FIG. 9
Three possibilities for pulsing the structures.
 

2. 
How should damage be evaluated as a test progresses? Is there a way of realistically quantifying damage by measuring cumulative length of cracks, volume of cracks, permanent roof deflection, the ratio of roof acceleration/
base acceleration, or some other condition or benavior?
 
3. What should be the size of the test structures? In the first tesL,four structures roughly 2.0 m square 

in 1977, 
were mounted on the table simultaneouslyas shown in Figure 10. Such an arrangement

tested would rermit 24 structuresin one 7ear, whereas only to besix could be tested if one structurethe table. filledDo half scale models when tested at doubled acceleration behavethe same as 
full scale models? 
Although the ine-rtial stresses in the half
scale models would equal those in the full scale models, the gravitational
stresses in half scale models would be only half as 
large. Should the test
 

223
 



structures be oriented with the axes of the table, or at 450, 
so that walls
experi'ence both inplane and out-of-plane forces?
 

I acceleration
 

FIG. 10
 
Possible arrangements of structures on the table.
 

4. How much instrumentation should be employed? 
Surely, base accelerations will
be measured. 
 Is it worthwhile to measure roof accelerations, strains, or
story deformations in order to attempt to describe structural behavior, or 
is
it sufficient to simply assess damage after each pulse? 
Large amounts of instrumentation can be costly and time consuming, sometimes distracting the
researcher from making more significant observations.
 

5. If one 
type of structure is tested several times, there will undoubtedly be a
certain amount of scatter in the results, (2). How many repetitions of a particular test should be made in view of the fact that probably only six tests can be conducted in one year? 
 If four structures are on 
the table each time,
should one of them always be a "standard" structure, built the same each 
time? 

6. What should be the layout of the openings in the walls of the test structures?In the first set of tests a door opening was put in a shear wall alignedp-arallel to th3 direction of the shocks, and a window was put in the centerof each of the other walls, each opening occupying approximately 20% of thewall width. Should amount and position of wall openings be made variables? 

7. What structural features should be tested? Since testing oppxortunities arelimited, only the most important features can be considered. Below are listed features about which decisions will need to be made:
 

(a) Solid reinforced concrete roof flab, or wood beam,; (parallel to pulsesor perperidicular) overlaid with ' ma ler cross; pi ces ind a layer ofclay, or a ;lopini roof of wood pole ; or trusses covered with cliy tile 
or corruqat,d : sh:steel? 

(b) Corners reinforced by buttres!es (counterfnort s) built int,,ra/ with thewalls, and walls reinforced with pilafster,; (local thickeninq) at midlength, or corners reinforced with wood columns fixed in the foundation,embedded in walls, attachedthe and to the roof or the bond beam, or 
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corners made of brick laid in cement mortar with steel reinforcing bars
attached to the bond beam or to 
the roof, or unreinforced corners?
 
(c) 	Walls reinforced with vertical canes around which is poured a cement


of some kind to bond the 
cane 	with the wall, perhaps a mixture of sand
and 	clay slurry, the cane being wire tied to or 
embedded in the bond
 
beam?
 

(d) 	Walls containing horizontal reinforcement in the form of barbed wire
stretched between corner posts, if any, or 
small canes or other wood
 
placed between courses?
 

(e) 	Walls reinforced with a skin, inside and out, consisting of wire mesh
 or jute cloth stretched over 
the wall surface and then coated with
cement mortar or 
liquid sulphur, the skins being tied together by wires

through the thickness of the wall, (3)?
 

(f) 	Walls reinforced with woven matting made of split cane, 
set vertically
 
between the wythes?
 

(g) 	Bond beams placed at the top of the openings, or bond beams at the top

of the walls, or 
bond beams at both places?
 

(h) 	Bond beams made of wood, or of reinforced concrete, or of reinforced
 
masonry?
 

(i) 	Wood knee braces between walls and roof beams?
 

(j) 	A diagonally braced wood frame which supports the roof, infilled with
earth betwecn the bracing, or 
earth walls which support the roof?
 

(k) 	Walls made of fired brick laid in mud mortar, or walls of air dried
mud brick? 
The 	use of fired bricks in mud mortar, common in India,
would speed the work and reduce the cost because the fired bricks couldbe cleaned of mortar and be reused. 
A large supply of half scale fired
 
bricks is on 
hand 	at Roorkee.
 

Concluding Remarks
 

It is 
seen 	that the many structural variations and reinforcements mentioned,
and 	those not mentioned, will require a great number of decisions 
to be made.
Should the testing work proceed slowly and methodically, examining the variables
thoroughly, one 	 by one, with the hope that additional years of funding will beforthcoming for 	 this type of work, ,ither in Roorkee or els;ewhere, (funding forthis 	p:-oposed work is not ,yetlefinit ) , or ;hould the work progres;; by leaps,testing a wide variet 7 of the variables less thoromjhly? l,'rhaIs; the an;werthis 	question will be apparent after 
to 

a few test res;ults; have been obtained. The
author would appreciate the recornnendation3; of 	 he readers. 
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a =-iall :iho(k. &wriorni, t"'irof-). tocnd to 
 ulid in br-'Ck ratller thean
 
adopt any -otlriodsof :Itr o.izrth(Un ,tilI~mn 
 f3a '61V the 
3*udlon land to I~rv tho rei.-iritanco of truch conntruction (lid not
 

have to,( necenna-rt -Ifcontve.
 

411 !illy re11.; c:: ,1;i 01 . ,:- cu;4verfo ' ziImic Zo;nfejo ,heu fi :ual
 
form of co:ct iir:ubb:iilo ;tt#thr;nraly
l rtoory 
Withulut xny ar ror It Lient nmil ar 'L1111 !71r-r dWell rn.'n .ire ;lnohit badly duringi oarthq,i;ke. :foweor -.nr, ;;'ulat! n on, nIity 1-n hilIly 
tractn inr nlot ln 1d{ni.- in lantho totial lon;: 111" !:1, unmll 

'ho ;:re-etaer*xnn',te'tnncuec.tu of 7mc(h 
baii~in;-n~, :ur~. 0 :; ':r corzomi cal ly fo., niblh e ~ ~(!;Of in,;,rov~n~r
 

therm for nrce.
 

iRoorkvne, foo,-kot, ji* ,inli.A 

2 ?rrofenzor, Lrtn,;i;:;kr ;Uini. )unntni-trnit-y of ioorkoov
iloorkae, j'*Ini 
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d:.'.,'uJ2r~ty: 1VZ~O'1ntizt bui].cinj!3ro nade of 
earthy brick and randcn rubb'le Wse uffcr d becau.-o of thei= poor
 
ton~ila r c~a c here 
 aerrOus, exx.nlMj of cnThecollapse 
of aucii bbu<;i at1;kJof 1,V, aull 1975 ini ;iii-..achol iraxtesh,
1963 anl 19W in anrvai rawr 15j3!3 and 19o) in 'Uttar Pradech.
 
.%t thue ;uio tine hre.r ;70 excel lf-t 
t.x I-IpCU of n-.a'i*eto
 
Other ainila"r 
 orio :.;U 


~oz~nibta~i:: b rrCk blilin, b-ailt -n 


~'.ihic _,_t~re::ear'arei for Ln vn 

.:r.or th~tn a 

dange in1 theo aroa. - i: ,a~u,, ,Iou~'umc'i- dn ~ rzrtj 

p InI-It , ,r -r42 and oKJ 'id'. Iin ij, rfect,-I onI f ali.1ial
 
depo3jlt 0 ha :-.oort 
 rodokLt J flr.dbfore reach in; it.
 
T;Iklnl aoe:io~ ,.': ba,.ij,
n a a at-_dy '4a: iunqeorta:(r to examine
 
=Oan'J to ino:o"-(-1q !he1:=rdc beiiavLoux c.T t 
 tradit~onal bui.ldings
 
built by cc_,=ron ;-eopl.o. 2 cau etal 
 of the -ckaxe briefly described 
thure. 

Since the nei~imic behaviouir of .i Lulldi.-4; io clo:udy aoociated
 
with the pzo:'orti.: of m..rUvi-. 
 ternjilo Jitrenrsrthp i, e ~ngth,nar 
and d~nu4 i.rce tcataitic imil d:Tnr=zic t(!fjta woe carried out 
on ma i tr.i1. w..ai :ai!(n th: Iucfi n i rattcur !iff!Lult ainco
 
oarth-n ' Ui*.renLth 
 i: too malto ~.r tany -Pliable .oaaiurr-rzentuz. 

trmo ,e#*c=:1Uctodbrilk' rk(-Z in maid -irtarz- *wt;cnnrnacnted 
moro ini:-;-n jurn~ice ,*(,r load applicati~m and :-ich 'botti-or control an 

WO~nachp':'or cr-aj.,lic, torit roniulta cm bric wallni ,uiot brirquotton 
in 1:6 cer-rit :;xnd and 1:12 cenemnt mu-.d morf.;rni (.1hich cano rniito ciceeo 
to mud mor~ar) onil ;rlckwcrk in mtud :rortar aro i't'p'nlmow( 

~ni ~ Of criticall 
1:6 Cn.*.'.L1(! 35 5 2 t r. 6
1:11 Co.,--nt ;and 4 t0i 

4d4.5 25 5 to 10 
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Itis I'uxther' realized that in Praucti ce the2re would be lot oi'a 
vizriaticn in, -:he 5-trenrth of- earther '.,aJ~L hio ehno
 
ccnatruction aire 'nan-standardle 
 Also ao poinlt~d cut earlier, there
would be ,raj lo-, vjx4,t-cn xi ,,illuj ar± wet, nati -,y etorr.
 

'cr 
 thio -12sn the otremn, th of -1uch mriteriaij c'.lorn couldj not be
 
relied ua-on to reoi-t earthnua':e forces, anI it is nececsu7r to
 
impurove the utluctiural :yjit(.n WithcU6 
 hni, the basic mtiasor
 
fo= of consn.ric-iorn.
 

'he tradjiticnal p-ra.ctice of buiJli 4 c,; i~ walls ionsizst of 
mixinij earth ih :2c I.'*~~aii to zovile ocne Cohosi-r 
atwen.-7-h r zx.;tra-w (Thuit 1 -.o 2 lbo ::er C;,-:jO fLot of .ah)to 

inrvuteni~3tL~hth h. :trwOf ccir;o, neefla to lb- :,e.t wet 
for a '-.w days toizr'ewcr:abji-j. -,tc.ee t dficul;. to 

ac~jin~rqur~iat~v~val-ueui to one icr:v.-r otren;Th 'by -hoe
 
'aLctr~u, i-nco woxi--an:ihip a-nd ':uality of :oazterial-j makes cormi

doraible dffer'-nce. . notor stol': to i. rrvse -.he itnuof 
 ohin 
£ozn sf co~r~ nii to i f.n~on ;rfc y coatn,,; it with 

bi~ium~d nlaoiter. 7nhio troat-7smt cuts tihe %-aintonance cost also. 

Atro-n.; h of eazthen wi-d2.j can be L.,rcvn c by fmbeddinj -4n it
 
split bxanihm Mf 
 an :ohowrn in 2, duly di-:,red in bitimn to ;'rotect 
it frov. rottim'-I'. -id "I 'a1 o ;"ncmical iay ofi' trorithen-Ir miucm wa113 
a~a.,not cclla:;If... 'oIn avaulabl', 
horizontal tzbrrtannr.rJ at l4itol levol 

1'rehanot tnrframe± or only 
w4ith vortical ie:he~t 

cforo coUli bo! imed to strang hen the wall:, an, nho'u.n in "41-"- 3. Lt io 
UGfltimni cnxd.d that at J~unctions of woalJl, tibsr dowul~j may Ll~io 
be proridt'd at -rarioin lfvoln anI c~. Ln :I,; for tyn;the walka 
togother. 

.iirh wn.llo. noeer.ar-Ily have! o hmav'l a roof anj l.13. -t)luonolo 
wilth the!.: weigi;t jp.re!;d an tho waln uvel. An ftir tan potriiblo 
openinr,a :ion.( not be) cloce to the 'unct~lonn of the wal12. 
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7-n buildirv,,o, Matie Of brick Or rabble marorry, .e first
 
StaP to stren,-thpt ti.~i oUzE' P-4:11r lime cem,'nt
or rortaz
 
anc. 
 oecccond sitaje cc1,ijt ,3 of .rovi - rex'reta (? 

Suitable olace3s. Ilhe- charwua 01' !.ortar Ptcone 4crf"qien tb.O ovorall 
co-ft of const-=iction by about 5 to Ti, and -,;rovU4.ion of no.-nina.J. 
reinforcemrent at corners anid in lintel bandl a.o jiovn in Fig. 5 Tzy 
a, d another 2 to 4Z Tie fu,-azose inczea-,? 'he reoi-tano of

brick corlotruction 
 to about t.izee tiros~ the 3tren.--h 'Then buitL 

mud mo rwithout any rcL"~i'rerrf~:on4. jtaiL uch =eccmninndao 
tionn axe now available in Ij:41326-19765 (:-ndian Jtn~dCode
 
of Practice 
for :Zaxtiiuake Roo.4stant Zesi,-i and Conatr'action of 

':,le abovo zecon~em'dationa are baned mainly on 611-e experience
 
and otizdicoi mado at iioorken; 
 .:ncia. IAZE monograp includes
 
thia w4ork i det4ail.
 

1. - 4rohna J. and Ciianira b,"Stronqthendiv of*'rick Zuildinra
Agamiazt IThrtnouako Forcou", ~rc.Third World Conftoreice on 
Earthqiinke r ,a'w. 1965.ol Zealx-u-d, 

2. riohnxi j. -uid Llhandra J. , "Sr!j~hnn of Lljr-ck !!uilclingnin Soiomic 'onoii",:-c ."ouzth World Gonf-erencu on ~i-rhuk 
fleriniChilo, 1126?. 

3.- JmD*/,"pn. ~c of Jc ionyin
D-Ifer,,n t .rtr", ioi, nvr: vof1oi:.1oork.vo, 

'1X4. Anihotri * 9 "treniwth of St'-oJOryniz-~ ha v1a
Agniflt Earthquakc .- ")rccfl", . heI.zi ULI.Ivroli y of 'oorcco,
Roorkao, 19,62. 

5. 13: 4326-1976, " ofo Practico fo)r 1L-.yt;x-e 'i oj l.uitn Dtmiw
and ,cn:it,ct"(. of 1iidn~"idan*tL~ar0~t
 
'low De(lhi, 1977.
 

itoport of Cam..ge~ nea~r~A-iooclation for -"rthrftuaka 
,hinrerin.f 1960o. 
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FIG. 3-	 BRICK HOUSE WITH VERTICAL MEMBERS AT 
CORNERS AND HORIZONTAL RUNNERS AT LINTEL 
LEVEL IN TIMBER 
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(b) 
FIG. 4 STRENGTHEtJING OF EARTHEN WALLS(a) Diagonal atDowels Corners(b) Horizontal Punner in the Wall 
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FIG. S-REINFORCED BRICK HOUSE WITH LINTEL BANOANO VERTICAL STEEL AT CORNERS 
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THE .7OjKOi' EA.i-.'h "i' "U U
IN'THE O'O:,. '1P. PAST AI'Ji P. S ;T 

David S. Luther
 
Foundation for Coinuity Develop:aent

('uadacion para el Desarrolio Cowiutario) 

AT:S'ACTI With a brief in-roduciior the history of earthenbuildings in t.ie -om. iep. is described, with its uses and problems, both structural and socio-eco
nomic. 
1he main Lex, deals with the woric o.: tie Founda
tion in adobe and rariied earth strucures. Les -cribed is the soil 
stabilization zechaique, imnovative formwork, design, roof structure, preservation methods, etc. 
and finally the future of
earth construction in the Dor. iep. 
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The iom. z-ep., in actuality, does no L have a broad history of
eartnenl structures. -he oriiial i nhabitants were the Arawak (or.'aino) Indians w}ho were rarely mnown to live in earth houses ba
sically because the island was so lush in ve7, ',ation. "-hey had no Aeed to use earth as a ou~lin,7 material since there was always wood availauJie. :he island also had a nih de!,ree of rainaLl wnich , according to the opaniards, discouraged Tiemn from
 
using 
earth since the rain tended to damage it,. ,'ne arawaKs,
general, built their dwellings of wood and palm leaves. 

in 

2rJA - .A, 

Around the middle To the end of the qixteenth century the
iricians had all but disappeared creating chus a vacuum ii Lneiauor force. he :rench soon oeTan to i.;,nort Airican slaves Tofill tnat saorta e and at the same Time importingiineir culture
.,ica stillR Pers'ss to caie. At the same tine, chuugn much slowerat first ;nen accelerating rapidly in The last cer.cury anid sill .,,ore in ,..e, tao cjui,:'y was ueinv, delors d creaTinF thlus whole r- -"on- of dry not ci.,ae. it was thrbu.n necessity then, Ghazcertain -'eonlo, :iot navinii ne wood tnat was oaue very co...on,
.uci'eeu co ,=aruh as a buildin- maeril. :his c nan~e was acceiera
ted oy zne act That earth was a tradiuional Duilu 'ng ,Laupriali0
 

.Ite oCi!,iel jiriuaiis. _he tucchi-que 
 unat irrew out of ti*s rlecUssi
by LO use uar ul is cali-ed " teja-nai" and is now used in all ol 
bie Southiein arid :'e.'ions , :iep.1o tao o,:. and in ai'8;osi all o'
 

Aiaiti.
 

f.iie fle, od oZ consT,,ucuion is si.,i lar to "waddle-and-daub"
and "YJa,'que" of %rirai Ax;,rrica. ,'e co:Lstructior crocass )e
.. ins w-'n sV anuin pos-cs, arnrox. one meter on center, tat become the sTructure's coluiins. _hese are conneiced ,,. Lhe top by
a wooi ,ie -,;am. oetween Ule noscs a panel 
 of a weave of sTrins
oi sn sizeji wood talnost the size of twi fs) is siaced and uO tiLs a et .- , is anciied. -rei- c'i. o.ia 'ov sei-ctinI 'he soilhas : oGoro wi 'o ,n11e coLor of it uitar, with in ,e'UD toari(,e wea
ulirj-,f. " orl e'XUfnira uon we iave found i La iP a Wli. Uiit wiuh,F' bLWlfje !,, -,o 2'); clay, . us u eiiouihI o laiUu Lu ad*ir uo Li e we

ave. _iiro are i,) 3LaLiii.'ers used o: aj/ ,,o t 11o ionand Uriosrvauuecn~iuiuea :ao xla .,WL'ay *Iia ule,,ance is nila, anU UL(e i,- sTpan short.
Th rOirilauifln, ULAaz i* ,epre!ent, is wor.,.,Ll, tjl ways UO i.prove

LAiz.S sys oin for 1 rutLfe coistruction and on ways Lo reauil. uate
 

ine ,,wier earl.y -xaJm e oi ear ii cons ,ruc ;ion in ne JOln.,ep. 
'e 41 AI I 1'j 0 Lo ujie Spanish Qo lo ija! -ra. Jur. nif bii . nor Lou 

ilourl ; >.IfL" ,i . ,u toTofe crie 0:1(I 0 ;1ne ' uno n Covltur'y -
W aIs ' ".y . ,)(Ily il j.'];i0 0.hU, 

L 

.r]uM: ')I j L u 01' a ,,tie--
ULO Ai. 1, ';I( _,'4 uf' W) u'lO,, A0 u.11IU 

Lo,. , oc(cup 
ULJti 11 " I, 0 i. ,JE)alP /iwL oy W j "8,,U( bO 

o A. uLi, ! .A)j.I. .* '] , 

liavonn;t. ;wu Iiie couii,.ry ', l '; lUr'Pl. ;n 

b,.IgU WOII 0 coil '] 


2 . ,UlLn, ,, ,, ,'''o 
in 0± ,i u/,in(, u .1 ,] i iLlL.()i ,I. u.. e ;ililt Wuudl 

ClUi r 1.1 C'oDJ.,qu( i .c,c1,,iOl cIX 
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liowe.- ver, 'ULe -La(cU, 6-1 a U lt,) uructuw.es niave 6 6oud aimnus :Lv-e
.cell~c W1ULSida~i rre~cu urcle ritJ earui'qiiaes iiasoeLAL 16 iLt:iruly as teni yea!*s a~o, uo 1.0)Pcess Wie c±cas

_jeause ui~"*'~a 
 ac.. oi ' La.,iaL,-LGy witih ear uzi coni ui'uu

±VInuLouu h U ijj ',iS nias 60rie m:UCII1 u~ lein 6,"ay tnre Pu-i UC &)n!,!in ii Ltvoc olf ua&cli s .uctuies. 

ber Lo 

i basically is a co..:osize of clay, ruuule, 


Gunn i.ven zius .iieu...od oi ci iO~Lucuion ..s "tania"an 
li~ie and . ric~~s loosely compacteu in~uo a wall 0±L appA'oximauiely one me,,ev Uue

.Iuell~uiy ieiCz ,aive -t:~ 6e Ieraj. a uer"in us 6,DAlCihL.&UiL
7±Lo- .uL-ns uz3Lfl, ' uie 2.:4iVA -Hk. to rnale earth uloc~cs, and mny o.juhfeiji nave I'ale he uo sever'al rea,3ons. ne of the -_-- oas of wnici .1 will t alzk miore of later is Gne cultural Gauoo associated wiuai ea- j s ur~cuLres. A.onr ICUS cO . o W.ul i.UL'r'caii±o jal Liiof 02-L 11uvall.C~ evlasa ead Jai± uo -o 11K wtl ovor iuOO u.ahs..,cst of, uie ouli.~ a: 1hl~lJl.ywr01. wo-udaue 

w/.~i :012 0 Z.L*IC Srie2Lc, anh' these 
 were re±evutie :suructures 
tCiialt SU i j1'Pu wie !'k(s-. As a rfesull of i-u, .ufael I'ujiJL o, wao ca:)o to no"Wn r meu year 'Jt fre Wic hiurricaine ('2)a lli- ce!,iairiedciiiere, 

or ir'e2 easirisuilied the ih'ea inte o:±~ all JfIeucal
thiat cp-iqn-u 8lu Coir'c Loc.,: were trio only 
y
 

UU±L i a,,orials Lha
COUld resist rlii 1 iiuis arid ciieveiurf! The only maatrLa.LS wortii 
 Louli4±ni si _n*.us erronreus c,)nceD rias *)een cne most di. icul t o sta
(.:1O'C>' C>) t4ia8t we nave iia,.,,' over-)vie. * .e Cfmr epu IsL :3o inL~ra

J..t' uiia, _..)r e avecaie o£w.cr LO navJ'e a 1100'?_ OiL CuiIVC A
.:.: a sau sy;iujA, a -ipasLre -)1I his p~u,;iJoii I-, suk;ire uj. Ln other
Wo ei-rssnnmu 
 i.c1Dors.~ ry tco convince tite av rra, re of'l..urtn(-(.- 01 
"ma-,.-orIls. :i1,1s soG 

7ri !3C~:311 U~iriv, al urnate Gu-(ns cruc uiono
'up-n easy, Dut; trio eCronic 21 Luatlor: is. 20i -chltatprCQ-I~ -ill,~oi' cu.,ien-t Wentl LIT) the las , time a raised. 

rA7r r n:f~,~yw. I±,I a couniT) Lile 2. An..,oralis hiasuee:,n trn o)7. Thorou.-ji uralJiiU :st thiat wriat Lapreied iii some ca2."5 Wie 20 triG ear n WL wt~re no(.a Iaol ~tuw r Le 4511L
LIV1..iC tiiu aLi 112)? .AIJ fl cr(a7(ate, a r3srion.9 creul

1i/,Styi allu Tner - aclor afua insu t ear c L on'ru ln: uefl-Wie very cor.ur ):' zne encthi w;L 1i in alo all C'as(!: [rim ee rCIt 
tle 7) ) 1' '10"i2t rO(is:j7 ri C', Or) l e I(5110,_10 9., ia e Lj tr * 

t~l~ r ~ni~rin L Cf) 1'0 1.t) 

J~'LA Lij:; ,L.. A2'? rio,' Si . . JI.O,- r3 A~'A~ 1. 

(no iiU' 0~ar' 0nrTo"1.1,1 Ju- o*'.2 v 4 L: iS'JI 1 
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1 
sults as o yeu. ihe o ier QL'-anization wor-i,:g wit,wi.VA-Ltie 
now is a .troup of catILolic priesTs in Dan Jose &e ucoa ineaced by 
a :eru Uui,,.i. hey are cons uruutiii ietri,,e, . . uL-ns,siieLs,

e'uc. ,.vioL ur'essed eal"i b±oc,.. -ne Lucceps o- t,-,±r pirokram 
LA.uC uOtt to Us.,e 'ecdptivity 01-tne ponulation o I :)a,. u, Ltj k

coa, ,.iuwri trau luoiialiy uo oe vu:Lj p-'ress.ve, anu To Ule uyl a
: mino- .,auLer .hui.L.. As uiiL-: s rAc uures are s.iali aiu ou .Ii,,L ±m
oToz'an.e Uc,,ir i'o, ai:l has no-c yet reail.y 'een put to tne test. it 
,vill oniy ,euafter they begin constructing larger buildings aiid li
vin 7 s?,ces Liiau the full imipact of wnat 
',n..'he success of their pro7ram,
will oe n..asured more in terms of 

they are d
and reaily of any 
social accepnance 

oin7 will be :no
otiier progran, 
thian technical 

qua iJty. 

A JuJ -1 

Adobe oloc.-c consiruccion has also been tried very little and
when it has tsie results have oeen disastrous. un one well Known o
casion a au.Y3iru7 nro:.rait, was tried -ina re_7ion ulose to ,aiti and 
rich in ti ,ber. hnis re:ion is in Lhe north where "'teja mani" is nou 
c,), o, -he was that it was rejecLed because tne houses reon. result 
sen:) : -aiziani iouses, in that they were uoth miaCe of earzh, arid the 
average uonirnican rejects anytning ,iaitian as oeing pri: iive and 
anti-nrou.ressive. Also the region, being rich in timuer, had .io de
,anc 1o,* j-;ij _ rucures simply because wood was so readily avaiia
ble. Perhaps if the project hau been located in a deforested region 
une r,,uults would nave jeen more positive. 

jeverai universities also !hiave e:(-frimeited with auioce blocK 
CuASUr,C' on ju; never nave ne results oeenu i-,i±emented in the 
Liel. ;uis stuation is very iamniiiar in te om. .ep. 'ou %uchhas .een (one un(ier lauoratery conujitions and too iittle (i- any
coing) nas been ;one in the :leid. Presently, aIOO3 bLOCK OLruc-
Tion is not bein use(i by any mnw or 7roup or orgarnization, - my
:inowte,,ge, excent the .ouna'ion :or .,o'Tmunity jevelopmeriz, which 
l represent.
 

a.PB, sA.IJ,, Oh 2Ut .:~U 'Yti" /gi.LoPL5;,"-' 

i*he ,ori o:' the o,)undazion is concentrated pri.iiarily in the
wte:3rern "art )f :,,n country close to haiti in two areas, oie of 
WniuO I.s; L ,.i aasi , aran to too bouth central and the other
is Lo Ghe north in LoIma (le aurera. :'he w:nole frontier is an extre
iely denrrsse: and 1 r.ely irrnored reion. At each of toe two lo
cations we selecTedwo are OuilJin,- schooLs ror organic farming and
anroniate zechno lorty (;e ,tro .i,Agricuk ura or-a-ica y e',-noloria
 

I t oAu'.AnOn).ArroPni a nnra o'nuniiad-

one nr Lncina f)ui ,in1,,-; at t)o- ,h - oi 'r_)ein, WI) -7.of, 
r-vi'-ie, 1'' W N L1 1 ctcu,-, urTior on; r,.a: s)ut inl Qrror 

Do!.'gi; I, ., 1 ,r inroa, :; ao, 21iot , r ,iinor ,,T;rucr uro,-,a r, ,i inr
tiocJ. AT ....T our onlY iunlent[,ii in u:;nr Ytwo
 

i' er.,;t.... .erns o' earuf (e.On!,,ruetion was to nn1ich our Own Ox
perionr, and also to ,',x,1,r! trie - o 1.o -11; toan t two types of 
consitruct;on, , s it ,lurnoei out ureQ xpocience eorveu as a :X,,Ji3 Ior 
comrtnr on '2edos ,ra [n/ ooth te arr 
and,oi 1,'aCL :iy.11U!T1. 
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on this-ased study we eci6ed triet any future ex ,nsion work ofiLp center wouli employ aiose or pressed eartn blocK instead oframmed earth, 01 which we have more exserience. -*he reason iorthis is thiat it resembies much more the siethod of construction ofconcrete blocK which is .Le most common andu used everywhere ill Ie,or. ,,eP. fe iiave found that ra,&,ied earuh is too difierent from thesystems Useu }ere and t,,ere:ure it ta~es n.ore ti.,ie to train perso :riel. it also is easier to convince the people of the value of earthbloce canstruction than it is of rammed earth. As of yet there isonly one exterition srojectr, that )f a school La . doin >ran,
,"flat an inter.'] to buiit with eari... bioc.. 

,:h, centcr at Las .,atas is in a semi-arid rerion. The oeoole' 8rpceotion here nas been very 7ositive ecause t Le system of construc,ion of "te.ja-rnani", that was cpscribed earlier, is common arid woodis ,)eco iin- difficult ooIbo-ain, inthe year we have bui1Ki,- * he 
center we nave 1cetected no coural nrooiems that ini the accen6an:ce o unese earlh s U'UCTUes, ra arfithe"ile or nrossed ear

-he cf,,. Ler in £'Ui12 de "abrera is a dul.'ferent situation. As itis in a l untainous re,-iun rich with wood thie people there nave i otyet accenteu eartri construction with te sarme zeal as il thlte 3outh. .ve t:outrn tnLhe cu-tinu of trees for woou i. against the law in theDor. .ieo., the inhabiants o? that area do it constantly nid use it uo .iuild treir houses. -,e exrected this; and though there prouablywill no, b- iuch extension buildinyi in the next six .,,oiths, the go-
verr nt is z very strict with Oe anti-deores-uaiori laws.7}1is w,-iill rgroups - fa-Le individuals, or orpaiiizations in thau , rea o aiterna t namarials. cannoUle :ss;L'ailn ,,., o, J, en-, an,, c i r are .ity, will uurn Lo ear
un structures.t 

RA. :D -ARTf 

h ain,,ui,in~s of o~h schools, six in each scliool or twelve ii, ai L, re beinrr built of rammed narTh. in neither case dii weencount,,-r prob loms in 'ind inu, su 'ficient ciay zhouuh both sources
 were found un-er the ton soil. ,e selected clayey .3oils mainly because we found That was easier 'to add sand to clayey soils than it
wau clay to sandy .eoils. neProrortions used were parts 3
p clay,7arts :sand, and I part limre. One of the basic ideas behind this
pr'oN'ec ws Lila, to design and build ev,!ryt,,inv, so that i t would
have a hirh det'ree of replicability in tUe field 
 by the farmers.
innediately this us cementma(ie discard as a stabilizer Decause ofits cost, which at the f'ron tier is about 5.,) a b ln. s oad weu;ed li me w in.chi:; very co,'ion in al o st a]11 regfions of the country. in Las ,.;a ;;ts tner,, is a lot o-' li.,es:.one, no w, jimply cooed a... t.chni.que talu,'ht t;o us by tle ,;ha]i,,anLo
o wa reu Lon. in %ni., t';tr rion w, lzad an a ,uadIant upnly of li:ne
rid ;i very re? so;nao,ie sricef-,. oind that al!,.houch the 33:11
 prosor ion was The ;'uid small virniaiLoris ]id ,lo cos±.,ralyal.ter tn e qua[]. ,y o. tin cULL tsre ion. 

ia 1. a; wt,, rilways,, c;ire iul to coiitro]. was to adri tne correctaout of 'water to the mix io if it were, Loo dry it would not 
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compact well arid too wet a :-ix created a mud. in the prenaration
of the mix we took great care to screen tie clay, eliminauing any
balls of clay or !,ravel, them add tihe 
lite and wet iC lightly. We
found tat by let in! sit forit awhile the lie broke down the

clay and ti ireby mixed 
 with it uecer. A t.er a day or so we addedtile required amound of sand, mixed it arain and then a.ain adied

waLer. At this state it was 
 ready for cornpac-Aori. 

A good rule of thumb we established -Lo help thie workers deter-Aine thie amount of mix they sihould co!;rpact at one time is :hat itsniould be about ile height of a iist wiLen thley twpied it into theorm. ihe hei--Jit of a fist is about 4 incies whiich whien coipacted
reduces to 2- incies. he idea was to relaLe as mauy of Lhe rulesof tliumb to elements they were familiar with such 
as a fist or as
in another case we told the workers to raise the tamper to leastknee heirht beiore dropning it. in this 

at 
case the rule of thumb was
related to 
tfhe knee which is something easily identifiable to them. 

',e foand T;La Whe vest type of tamper w-s one bailt of iron tube (6 ft. hi.-h and wi h and ou tside ,]iaieter of 2 in.) so!ieLed atius base to an iron pia.e -iri. t.iick a-rd 4 in. square. ihe _'in. .iaueter tube is onois;iun ior long periods of 5i~ie. if the weiiht ofthe ta:iiper did not reachi 2uibs. we would fill uie hiaidle with WeL
cement until it reaAied Lh,. desired w(eiW. . 

At no Li.,ie did we use any electric pow,:red equipwen1 such asair Lauiipers or auuorzauic ixiri .iactirius even though our work would:ave Ieen easier jecause th}e in'.enloii Li. ail cases was ari is toeriaiLe even we po)res; far-qer to renpicaTe -.'at we were .1oint. 

Uur fo,1;1a-;ions were Of cement and stunp, :72_lr in oOri co:ters 
tne asun.Cannce o_ :i, stone found on site.,he soft terrain nece-

Isi ',1 stron-- founuazion out in one nx'nerimental ,(ouse -i, t
nrior to :ne schools .he rammed earth was set d±reatly on a ease ofso Lid coral requirin7 thus no foundation. in et:ect mie sorous coral
rock ic'e -. eas foundation jor the nouse. 

.ur ','n~ows a.nd doors '.er9 wo l i)rlce(i first a,ivini7 7 ,rr1n, ± C
:rame or l"x×l" .voIHi Vo- the J.amos ani sill and a ?"-W" for tf
lintel. ui':e T),!
tnis ',ritnt frame was a eriporary aiim reusableirame oi heavier wood 'o nrevent the coliapsing of tne l"xl0" 's.isis oracing, as esseniai as we discovereu quicikly tnaz the raryiming created zre:'lenjous pressure that on .;any occasion damaged
not only tne winuow and oor frames uu; aiso tiu forms. .he pressure also threw the window and door trames out of plum). 

hne f'or'ns we usi-ed to -)uildihe stmruic , ,wre 0,a hf our die
si-l 'thi"r.I;e re ieanr'inea Uy t;:fl 01 cons ';ruc U an IQ%- nted 
,o dleOPori t I.',. ram Waewoi ia 00' to no wl, :rom cornerto corner, i-; one T;iae toer,,ny crea-inu one wio! -eonoii
tmiic section mucn s rirarmr ti,n if' tn wal wr rr' rrr'or d sovera 1in o-r'ts.,f;is icis was nor toim QUO orviomis exnoijnceir wtire we foundtnat Tne oniy joint ,rootems we nrd worn e r;i caI onerl anui if tneIorris were siorT. *io t;he wail would haye severl vert heal jirlt 
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otw,.vfn te 72_M-ed 
sections tius increasinrv the weakness of Tne
wail. So we 'iesiqned a form wor. 
system that was com.nosed of sec-iions that would lit to-.<Tr Lo create a;ny .en ;nh we whLed. in
ot'er wors we qesi.eI a io.Ou ar :orm sysiue" capaue o. crCttinLgany size soace. Vihis.'ori can oe put toether :o Oau it ,o ,cts*Two corners of just anout an.y 02iancc fromone anouher. At tnesame or buLnirn: into smalier
Time ii can qu~Divie the oial wail 


saces or rooms o 
any (esired iinension oy si,:np inroucinj acorner for i a t he deireQ loca ion. Yrom tis corner form, in the 
shane of a "-", an interior wail, also of ramed earth, cou.ld be
gn. 

."acn ull moiuie is wicns. (or three ieet) ion, uy 90cms.
high arn thoy pro 
sat 25cms. apart (or Ij inc:les")wMich is thet'ic:.fne. oj 
 }e wail. A half mo(nuie them is 'S'c:os. (or 1i3 incnos)
Ion(. 5y ?0cm. nivh. .his arenes a module of Is inches and therearn :Prw 7niv!-jno not ca.-ooie of 
 :si6 

SlcAi a sm'!, ma,,uie.
 

sa teing by mu"tiins of
 

..',r, *xr :evnrai advanva- es to GtS/nipm of Syn,'oam ) herTrial] thr :ncG. mat onn can camnp a w. o-. w,a .Line o. ;:ysn i; uat it "o sa~o t iime.when one wail, from cotr:-r to corner, 
is fiii..ed one oi .ne Yilied cor, er :orms can be reioveu ani locareu at
Gu'O corrlPr o: a new wall 
ana o..e res o-
 e -or:ns can iii in the
SacO ...WOn tlp two corners, one fi!,od ann one empty, thus crea,>i7 a coa , 
uus sysumn of 'Orms., it is ,i. inuiu
wi'ii uO Co wronlo
'3uch aIss;;.em uQca~u., it is versauie, ann all .he !orms at ach ,, OnC ±0 A±o0 u±ier in"Oer. 
 ai] tle ij ivi., a. ;"IO'Js are easy to
UnaiQ )ecausn they ate r"lvitivP L smal
.' 
 na !i h t so what one can 
7nPtR7n hevidua o: iiowallono i:nine u.; 

f- M UH section along tne same sie ofconnec.nPi uy ,ta& nooKn. he 
the wail are

sections on ,i:.-,:ro.t sioes of tre',ill nrP nNAI r.-e.her ai the top by an easiy r.ovaoe metal:OOk ,.n ' .Qv,-:n :mov, Ipnt in ei±;ner direc uion, and at thie bottomby a ipra rnuitha u no ids tu.n :rm; tfoge Lher w.,uiW the use of a nutThat screw on 0n "n .a thn :o,,.i. ;'he s;,e; ions -n ,nQ side of the
at,
Wa. r in u: a 2;Lraimwt 1. ye,' iuirle o.rs. 

ay .a2 10 !QfAOh,nn wll,
o) ,,, rinqs around 0 uxiin Wihtis acnieveciWie u ,.ru.i. .nwo:zuerir tLiaL each
:orm : * ii :1. i lrr1en sunir cL ing a ' in. overlap eatc timie a:orm i.-pLacr16 over a previously Wuil.L tin, The uoai hoieL'It of thewall wien Mi,,sheuo in amno 0jco
i..Z In each of T...e Lhr,151Irinwire are ir -, l0y.;"rn o ' Two ,uirand s eacu o 'l ar ~j aILlre tnuI tyinQ ,hlorizjn ' -W1, YiewholIe u.ilGHiP ,- niher. 

.{0u:;l 

Sno finnl rin, ij ,± nr,6 r.t2rfnq barejoo se, a loot!Own Wit h on, , .l,.ni i ih±: i l .au .ne ton. Zn iurnjw o' i',int'] ;.0i' :"' 1ru i s .,', Worn iou upe mi.i:2 wr-,Ly ) uile rmm d eargiw.. . An n,er' ua rs .w tu i nn t r. :ioiU016( We UP )nal iOwfl Otu nisoshlOu j )d :), irno watanc i l / Coio . ,, W"w i , ,.o w n 1u., 
0 or ri

-rs .J. U. i' nose <"curuly wfl aijo. 
1n chftor inll lt:j i ulaj Wa 5A to±0]. ,L nave nIin" roof) jiecau.o 
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oknowit is "te easiusi .YP'y~ ) oof &j ould. AL)urfl all Lyie juil',2i~rre nre Iiuil&1. 11 louK iou wro -&Ai(d hac the roois in Lo-Aa 6n ;a.rera shotuP h'e <alil roils, iecause i was QI.Ii.culb for usUO -O j'~otd o the0"- i7e; no6 en .n weu LnePK wr covor Larne'' sraces
"in i~K. inr rpnle roof1 one can use trusse2s uto b e duoy soiier sizes 
o: 
''/0 a::o 11SO' eWa:: a.i"noni,-n. " a shad r)',! ome waLL "ASt LO be 

:thin 1:Vnr oP .nr,tihn OWi. our caen:, oe'CalUse OZ~ We? requiLred sio
'IP 
 Ot LA~ rji hn wall wa'j~ ovp/1rj 1, AeL hii5, too hLc .2:( &"Pro-

I orP Lon UESTRaIN.? inl Lowar & ~O rnra 
 wlo a.imr usingi a1 qaul roof NO~ja r.P eaLJ?.!: r'ortn a . cer ~n i.UOVU uy Ouule tru3s ; iaienn eUi 


downL~ Y~ uearn ' ie iiave raC"Y oyin- 11±f'wo7 t~e woA uie 
 beam ao~i"9 earLiN MILL*If te-in'i 'this SJIY I'fSpeC i iCally 20'e'.O 
 WOO00
 

.he ro: Ks' l. is naaan of nival-e;vnrnu s..eets tOnor we cons uruct
on1 sii no~ nriLfcirl Ps ve!ry skl fr fhtw? 01to the of :;unu)s-Qccrt
jui iat oar 'nnso 1,11 : ;ier in. 2 alS, a rr '.j ly avail an.e rnw to .crial
ill i"- o0.. A-,. -n d(1~ OOnN i Oii 4,i r:LLoo: is r")bpo.. t/ne of the .rnns t riumr o our cons ,1'2 i on nr"):n n6'caun toL can "e made

0..!; o J .uP 'Tc r ', is LL"exnert2vI', 02'?2 Inor : LS, a~so islocal 

su. cl i --nL 
 7 ron onfl wih)a~ hILS~;uwpln-inj riale n: on trw. 

ovq 7'-',n~a I- rn ' eou:wMAMSL'i, LO tale i"60 ';~ re-WCOW with

irn to -in :Lisi am.w'eaZinern-r)'v," o:Oz e ou~li-h2(5. unp 
is that
 

we' newi~ Ai. we.:vo2ul': no) uoVQ 
 ir w4a i As no .oral K or because)
1.woua2 A rne *'C.j cv y unQC'e'7Qittn a"! we also r'nV LUO it We appie 
a ujsai o. wya ."-r flr'o'inq AI '400u Ave on hav2e an nP~fe'iq tf' ji~ish
.J olor to L- V. :.Lron' we LriK Lrma ;i. te rni nir& ail WAL li
"4 1 .0t1i .1 wl r~.Li .'u~y nsa ')orU. bU. ""A v '1ti wan not P iva"In to 

Pc.uK *zo
o .. 7oure '*io nouh nTrc ."e en r win' AW * M~~ere
o":'w 0r "iS';Iu±i~l A- also Snlch in: uvin4 .? say rqm~ U' -anTa2jn 

our rncon ' .> ~on jor wi 'psum' r-' 

An 02r' , L~iA 'cWP n 0 i. L 12-hn ±"Lq1 I in 01W i., "a. w W,, G.jsoil '±6 u . jr " jomy u1p," w'' in' heed .04 Y' nou: i. ivior of n o;ur
.3C c-2wpaur-':oo in!' .20 ala orq n2)115ti a.V~/f sh .;r %"e sr5, n(J . 

:7v e " m n1 w sot2')~ A- at'2LtIA2t~ Nr .. j ."~a .'//itc"t wIIQ . )jaI.iSt
i~~o '1 'o to".a A I )~ ,1"inrr; w.a 4 i~ o, "i 2 41.y . 0'] L.. .. 

j n! no:;s~~~~LLf o '4'?rt,io''r- i t in: ou~r ScL,., nq'w.'vor', we? u~jt; 

r)* lS . f1 LS 00]7 e' ar, r o 12 1l/' )'1 :i 
Thfl~2 v LrtOO'1. ~ '! W Lin '~t ,'5' I Xon LWr- -i 17 20 :th',r/. 

n '< n. r Pinav- ')!or' ',')'we21 tof use~ n2r nn. no,'o cPNOV Iry 
!"i / n.Q'1'~ "'L. ,. %''QOU f/r )"A %n ; 7 : KIc 2 q r- 7 )' wK toou 

242
 



'ddseveral water tests *uo the iiiish anti found tnaL themix traT oest resisted Tne iorce o a hose was t;,at one that in
clu,,ed at least one part in ten of cement. 

'ihe desi!Tn of the huiL*ih,.:s was such cuia they not only adhered t, the activi-ties taej wvere to enc-[oe but also to a series
of recommendabions that would 
,ake them earthquake proof. I'either
of these centers is in a hurricane prone zone 
 so we only concentrated on ma:cing the buildin-s eartnquake proof. ,;e respected such criteria as .ma..inr the oash?2 atanes rectangular or square, locaiing,rindoow on opposite walls just as doors were locatcd on opositewails, ma,,in- the roof a complete interral structure not li-ely
tne oreac into nieces ai collapse, loca n.r columis along tile
.ai is at certain jincerva is, 
 using, barded waire keepiri. Lhe windows and ,cots smaiil and at a certain rlistance 'rom tite corner, taLrinir vroile wqit sec ;ionz at a time, building interior wlls natxielk arace cooouter lor-i osarin walas, etc. _n.ise caraceristics
That we iave o -served give us enoumi coniidence to u aule to rep £icaTe triis stysiem in any extension )rojec o.0 tohe cenTers. 

An easily understanuaule teciiique of wor,.ing drawings developed out of tne 
use of modular rormrworzc. ov rawing The wail showin l numner size of
- he and ihe forms the wiall will take, the workerneed only count them, lay nis forms ouL. accordingly, iraKe sure they
are pic a:ri start ra:vniint- proces;. An attached drawing will
e' :?r riescri re tis. :-;r r-ain 
we wer .r,,inc to simify aL, asrecs of the tot0al construccion process 
so Lhat any ouusi,.er, eUucn.ed or not, couLd unhihcstand and follow it.
 

;,i uL ' i.2 O' LA J?: iu. 

un . y o year tihe -'ounjation be;ran ine uu Aial stagesof tie coxu' truction o' a com-iu,i ty in La ;ienaga loc, ted on the southwest coast o ,ue Jom. . ' is project was resvilrned oy te ,anrionalifl5;ousif.-n.- L.t.te (-I' czonal de la .iviernda-: i/I/) a gover,,ieni insi;i Lu ion but wili be i:npiemen ted oy Tile vounua ,ion wnich is apD-Lva te onuiuy. _NiLs project Is to c ra i.'odel in t',vo ;;ays. Firstr-r,,ets the first time tiat the National housinr Institute 
na, provide(d the design of a project and thten sig,ned an agrerementwith the privat.e s-ector for its implementation . rhis, afreeme, 1 t is a'flue[Ior :tj tore pro c'tso Jetween tue nmulic nd Dri;v ;ec or.

.)rPc.T is tne :i.rst i AAa 
 .1rr[Ps, rind alreadyole ha11e1ecedoi i.',e ioca ion of' a scoronducen 
 h of thom renre.,r-itinlr two very differont sets01 cori ,ions tWat ... u; in L,jis country. Ln Cu,,a p i.. ai )82 P ro. c r,V'/rr'yvU I '1,;;uLe o tiurric een withr'':iil v'It>', I._; -avi',.ine i..lr t:cm ify,.;U LcOll 9 ll' ,fj1) 0 .er 21 ;p i s 'LI .:-cu!..JIA, ,. C. [ a i',' z,, Il 

T--,, ;lniC':.,' .in 0t!1C 0,.).''L , lo*11)c;)rnt in "tn111r,11rod.n.iiO .iO r 'L2 1, '0jn reL( 'Ic ' , 1: ,rr on(j rr) 
ai[ 'i,', oar .:'1 I r ' con', ";i:mIU of , i;IIro~ri.tonf, :1. 2: viuult0w ,r ,)ro

/Oo)i U'u VOIt'i;t,,[OiisCU" [LiC:L Od)¢tW1 I[ 'r, 9 O ome, [1O(2 D [In '' * 4iC :Ji:.n1, I ,,,I)'7 ,:scan 'O)D L. nf, t . .a,11n(,ne I iUt O)rr),j',,t, Ic;In, ens 0usimilar C:juit, Li ) IOM* 41,w corV'11 ity l II111 tw 
 nOW1., ) , a'ili l 111:3o0
ple ity ,Cei'-5u1'Ic'j~ t Ln food, :,,aj ,,) ,,., . , r,;crrea ion, ii , 
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eIwcao:Con, and in .uurces of wor- 1 wU. onu" RPa" yra for' cnetre~e i"Can~~a Wnich will ):*o~uce ioMR"~S2, a o0*.U.2f gr)L ni AIflLV,A ai 
AuA 4 pP:.,, a nc.: a;in a! j1c, a ~..~~2<rinQ, ain or,, ja-

sirfLICane~ r'e ac 
 . . K)U:: a, ;.Iu 2ai~~l. L "ak In mrui, ... < 
flesss. A.LI Ge..( 2.r cu q W':1U'7.'JL A4 ) -- ea,,%.~IH ,- j0 ,n U
winu a Ma~~ Wn ev'Orq qujvs 

*j:0i.. na jo1413 PQC) a Wn'L~lurK in WO curn! *:vuloionxn of~ 
t2 o.in.%usolo. p U l SLN.Iari W AUU ,)LKj.IUUaj 'uLI

O .e puOLL mc PAi~ J!C ur.o u va a 

-noe .,om. aj no . 'beofl snr(u 0.! w.e ecoZLo Ac anu ejo. . 

2!16 Wt- a -ixi .t rj3 in aLi i,on ,o help fi&'O i waierp it
SACUZA . 

As~ evpn~wai as Anc euoo"i 
 ')ij 

o7 *war h a.i 5A AL :, '-ia NoL . tr-n ". n" 

CXC uc cq uz'n A" .~ avalla'ii.2y 

!M iW. e 

K ne !.ono p -i>.:aus o.h ier A.:oia~i r~i. oll nyI i ci'ea ue 
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A 1:1 "':T V~ -7 y a r o n 
,o .ttq. anu .ipLU. ,,ot.ee now 2a3 

. 
-he e L. :is w'!1: 

alvay iro:!i t weave. 

in Las n- - de 'i -in. . C, '.1 :. o r, :ia 
earthi anl -,.ie roo- is ')I-"4 
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A c!)rner form use, i:i booe,centers. 4,ozice the hoo,.3s 
on the too of Ztle fora
holding it together. 

A modular straight f'orn 
tiat put toeeher in se
vies coii,:ects uwo corners. 
6ne can see whe iron jars 
at tie bottom tihat are re
moved when the i orm nas 
been ramped full.
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View of a wnoie wail tarinPe irn trar-e layers
&nis '.vpal nas not yet been iinisaed or viaztrrroozed, Qn o~o, *ne rei ars tna. :ix ine woodtie ueam to he earth wall can be seen. 

A view of an interior adobe 
wall shot throutih a winuow.
ihis wall does not yet nave 
a finish on it. 
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41 A cornpr form from aoove wth the
barued wire reinirjing ready 
-co 0e a,red. ..o-ice now tiley 
are laid il two direciions. 

T. ", 

.1i.7 " ,'",, , ' . ."..' , . 

A view i'ro!)i above o1 -the 
door frame at tco neld to tle
earth wail wifl javoe( :-Ire th'atSnailed' o .ne wood ofthe frame. 
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Sho'vs the joint between two
iodular :orms witi ttie metal 
tube keepin, them in line. -he 
door frame occupies exacLly one 
form as is tite case wi~t a win-
AoW 1raie. .ouice b.Le .zracing
0f Gie .,oor fra;!fie. 

An inteorior view of' zIe WOod Sloruc uure cna:I 
.-Unnor .j tI;if rQ9L). 
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This paper was 
also presented at the 7th World Conference on Earthquake
Engineering, September 8-13, 1980, Istanbul, Turkey and printed in the
Proceedings of that conference, Vol. 
4, p. 465-472.
 

STRENGTHENING OF ADOBE HOUSES FOR SEISMIC ACTIONS 

Roberto Meli, Oscar Hern9ndez and Marciano Padilla, 

SUMMARY
 

In order co 
evaluate the efficiency of three strengthening methods for ado
be houses, five 1:2.5 scale models were tested in a shaking table under the
effect of the accelerograns of 
three major actual earthquakes. Mechanical
properties of adobe masonry and structural behavior of adobe walls were also
studied. The three strengthening methods evaluated were: 
a reinforced concrete
bond beam at 
the top of the walls; a welded mesh nailed to both faces of thewalls and covered by a mortar rendering; and steel rods tied to 
both faces of
the walls in their upper part. 
 The main objective of the reinforcement was to
avoid separation of the walls in the 
corners 
and their subsequent overturning.
Test results indicated that 
the seismic intensity that can be withstood
without major damage is increased at 
least twice by any of the strengthening
methods studied; 
the most efficient being the welded mesh reinforcement.
 

INTRODUCTION
 

In developing countries the main cause of 
loss of human lives and of
e:onomical damage following strong earthq,,kes is :he collapse of small housesbuilt of unreinforced masonry, mainly with adobes or stones bonded mud
mortar. One of the most dramatic examples is found in the 
with 


Guatemala earthquake(1976), when due to the collapse of about 250,000 adobe houses more than 25,000people died, this number representing about 98Z of the total life toll.
 
Very little attention has been paid to the problem of increasing the safety
of this type of construction and very few research programs have dealt with thesubject. Perhaps 
one reason 
is the difficulty to transfer technological results
to a medium where practically no 
technical personel is involved. 
 Nevertheless,
the magnitude of the problem demands both a number of efficient, practicaleconomical solutions and the actions of proper agencies in 

and
 
the field.
 

In the particular problem of adobe houses 
it is considered that,
in Mexico, the cost at least
involved in building new adobe houses with proper safetyagainst earthquakes in at present higher than that of building brick or block
masonry houses. Actually very few adobe houses are being built at present.The main problem is the lack of safety of many hundred thousands of unsafebe houses that exist adoin the seismic regions of 
the country. Conuidering this'ituation a research program has 
been undertaken at the 
Institute of Engineering
of the National 
University of Mexico with the aim of evaluating different
strengthening systems 
for single story low cost 
houses. nie e=phasii in placed
on adobe houses but most 
reulIts 
are valid for unreinforced mn-onry in
Detailed reports general.
on the researcth program can be 
found in the 
intnrnal publicatir

of the Institute (ref I and 2).
 

MODE" OF FAILURE VID 'TRDGT11EIG rY5T12iU
 
.he weakness of adobe construction can only 
in part be ascribed 
to the poor


Institute of Engineering, lat. Univ. of Mexico
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quality of the material (unburnc earth brick) and to its degradation when
 
subjected to the effect of the rain or to moisture changes. At least as 
important is the improper structural layout with low wall density, great he:Snt 
and great unsupported length of the walls; the large mass if tne roof and the 
low restriction that the roof provides to the displacement of the walls no-.ally
to their plane contribute also to poor behavior. The aiorcmentioned situation 
gives rise to the modes of failure illustrated in fig I. The vibration of the 
longer walls normally to their plane induces bending moments that are maximum 
at their lateral ends and that produce vertical cracks that propagate dowrncards,

in such a way that the upper part of the wall 
starts vibrating as a cantilever;
 
overturning moments in the base of the cracked length become 
critical as the
 
crack length increases and finally the wall falls generally outwards producing

the collapse of the roof. 6Jhen the laterally unsupported length of the walls
 
is small, the inplane stiffness of the roof restricts the bending of the walls,
 
or the shear strength of the wall is weakened by great window or 
door openings,

the shear becomes critical and failure 
occurs by diagonal cracking (fig 1). Other
 
failure.s are due to the collapse of 
the roof wnen ics strength or its connections
 
have been deteriorated by wheathering or 
to local uroblms as punching of the
 
walls by a roof beam.
 

Being the flexural failure mode largely the most common, strengthening

procedures have been focused mainly to 
achieve a proper connection between walls, 
to increase their strength and stiffness normally to their planes and to improve
the connection bet-ween roof and wall and the in plane stiffness of the roof. 

Perhaps the most widely proposed method of strengthening is the placement

of a bond beam in the upper perimeter of the wall. The bonding element 
can be
 
a wood truss as proposed in Chile, ref 3, or more cconly a concrete beam.

With the last solution it is difficult to achieve proper bonding between adobe 
and concrete. Due to its large volume changes by shrinkage and moisture movements,
adobe tends to separate from concrete and to loose the tightening effect of the 
beaum. To overcome the problem a ribbed beam with a spur in the corner has been
 
recently proposed and used in Mexico to strengthen adobe houses da.aged by earth
 
quakes (fig 2).
 

A much simpler procedure is the placement of horizontal steel ties, as in
fig 3, which can be sligthly postensioned in order to preco=mpress tne wall. The 
procedure has been used to strengthen ald stone masonry buildings damaged after 
Skopje and Friuli earthquakes (ref 4); its main advantage is that the roof does 
not need to be removed. 

To achieve a mire radical improvement of seismic behavior, vertical 
reinforcement is also needed. The concrete bond beam solution becan improved

placing colu=s at the corners and at the ends of main openings, thus giving
flexural strength in the plane of the wall and, more important, forming with the 
beam a concrete frame that provides confinement to the adobe walls, thus giving
rise to a much more ductile behavior. The system is very efficient but rather 
complicated and expensive because the large wall thickness calls for very robust 
members; specials provisions must 
be adopted in order to en~ure continuity

between concrete columns and adobe walls. Systems with ties rods 
can be easily

improved with vertical ties if there are 
stiff beans or footings at the
 
foundation where the ties can be anchored; 
a system of this kind has been tested 
by Benedetti, ref 5. 

A more conprehensive strengthening system has been prcposed, ref 6, for 
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damaged adobe houses in Mexico. 
It consists in covering both faces of the 
walls
with a welded wire mesh on wich a thick mortar renderng is placed.
section is A composite
formed which has good flexural and shear strength; additional bars in
the perimeter of 
the openings and 
in the upper end of
strength. Essential to 
the walls give additional
the good behavior of the system is
mesh in the the continuity of thecorners and the fastening of both meshes through steel tiesthe wall cnat crossand avoid local buckling and separation of the mesh (fig 4). 

The thre- systems have been desig-ned and used in the 
field but 
an evaluacion
of their effectiveness was 
lacking.
 

•EC.A;ICAL PROPERTIES OF ADOBE MASCRY
 
To Study the properties that have more 
influence in seismic behavior of
buildings, saples of adobes made in 
several regions of Mexico were collected.
Their compressive and tensile strength was 
deter-mi-ed and, as
range was expected, a widefound. The mean strength was
3 kg/=n2 for the tension test 

10 kg/cm2 for the ccm-pression test and
with 30: coefficient of variacion
The aforementioned im both cases.strengths correspond to dry and under:erioratedadobes were moisced adobes. 'hento a 10: water content compressive strengch was 
reduced to
3 kg/cm& and tensile strength 
to less than 1 kg/c-2 .
 

With adobes fabricated in 
the lab to have the
tensile strength as the 
same average compressive andsa-ples, small walls were builtof adobe masonry to study the propertiesvi-h different =ottars. Results tend to showof a wall that the propertieswith =u4 mortar are similar to those of the adobe and thatbehaves essenciaily as the walla monolithic element. Average proper.ies for the laborero
fabricated adobe asonry walls were a shear strength by dia3onal ccmpression of
1.3 kg/-Z, modulus of elasticity of 2,50 kg/cm2 and shear modulus of 700Modulus of elasticit7 and kg/=Z.shear strength were increased whenused in the joint, cement mortar waswhereas strength and stiffness were reduced when lie mortars
 were used.
 

:'o full scale walls w-irh mud -ortars were also tested under al:ernatinglateral loads; with vertical ties at the ends of the wall the
was avoided and flexural failurea shear failure was obta-i;ed for an average1.1 kg/crz. As shown shear stress ofin fig 5, after the first diagonal crackingof the wail the capacit7to withstand alternating lateral load was reduced practically to zero.
 

DMMIC TEST ON A SHAK2NG TA3LZ
 
The study of the 
d -naic behavior of adobe, or unreinforcedtures, does not lend itself :o simple -ansor- structests,applying loads to the 

=ainl7 because of the difficulty ofstructures without producing local failures dueof the material. to weaknessThe shaking table of the laborator of struct.uralthen Institute of 7 dynamics..neei... of*as used to test =nde!s of idobe houses.ref 7, of The table,2.4 x 4.5 = in p an, can receive models wtizhting up to 15can reproduce toz andground -otions in the long direction of :he;rztotype house trble :nly. Awas chosen with the d..nen2ins shown in figin :ne rural arias of ., hich arec=oaMexico and Central Azerica, -he -ain a.!farences zthe weight of t.ne .e4ngroof. 
 :n ;1o humid or %,L'd Cz:ate"."usses are used (total roof weignt 
:one roof 'es -n woodof about 50 kg/=-) -nereas In =ore levere

:1=4ares earth rcofs 
over closely spaced .codto '00 kg/=:). -easire -:c-on(roofTabe 5e l'-n.-i:acioms :equired .- i~nts upt.at onl/ a :ar: -.- eof structure 
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be tested or that reduced scale models be used.
 

The second solution was favored and a geometric scale of 1:2.5 was chosen.
Dimensional requirements for dynamic tests 
can be ccmplied with if the weight
of the materials is multiplied by the geometric scale factor or if their moduius
and strength against any possible mode of failure is divided by the same 
factor.
Any of the alternatives is difficult to accomplish for 
the type of structure

zonsidered. If none of these prop-rties is modified, thn dynamic behavior ofthe prototype can 
be reproduced by properly modifying the time and accelerationscales of 
the input, but the static stresses 
in the model due to the own weightof the structure are equal to those in the prototype divided by the scale factor.
It was considered important to reproduce exactly the material and the joints, soadobe bricks were built in the lab with the same _echnique and materials as inthe field. Different types of earth and straw contents were 
tried until the mean
compressive and tensile strengt.s of the adobe sampled in the field were obtained.To obtain static stresses closir re those required, additional weights
distributed in the walls 

were 
so ar tr increase the density of the material. by a factorequal to the square root of toe scale factor (/2.5). Thus, stresses in the modeldue to its own weight were 63Z of those required. It -was considered that thi.5
difference would not affect significantly the doninant mode of failure due tohorizontal bending of the walls and that results would be slightly conservative 

regarding overturnuning and shear failures. 

The records of three important earthquakes with high spectral amplitudes forlow periods were selected, considering that this type of movement would be morecritical for the adobe houses. 
 The El Centro (1940) Managua (1972) and Oaxaca
(1973) records were selected and had to be corrected according with dimensionalanalysis requirements; low frequency moveents had also to be filtered in order
to limiit the maximum ground displacementto 
that allowed by the actuator ofshaking table (2.5 cm). The spectra of the original records 
the 

and those calculatedfrom the ovement of the shaking table are compared in fig 5 for the three earthquakes. It can be seen that, except for vert low periods in the El Centro andOaxaca earthquakes, spectra of the recorded motions fitted acceptably well those 
of the original records.
 

The models reproduced the typical house shown in fig 6; scaled down rooftrusses ind tiles were placed only in the 'irst test; in other tests equivalent
masses were 
placed on steel channels simply supported on the walls, giving rise
to a situation slightly less favorable than that in reality, 
as the beams imposed
practically no restriction to the movement of the walls. Models were placed
the table in onsuch a way that the ovement of the latter was normal to the longestside of the house thus favoring bending failure of longest walls. 

Five models were tested; three of them were built independently, two withoutreinforcement and Qne with a concrete bond bean; the two reain-ng models wereobtained by strengthening the two ireinforced models after they ware tested 
very near to total collapse.
 

In the firitt:,rem 
-ode!3 dif±arrnt table movements were applied and the typeof roof was 
also cranged. After recogni..i.ng that with the Oaxaca record more
-severe a:7-Les c, ild be )btained, in -he remaining tests only this record wasapplied "ncrvasing ,_ ntensit) int/l -.ach~ing the collapse or the -aximumcapacity of :he .ctuator. :n order to 
;Dta-n a measure of the aount of !a=age
suffered by -.he model-, after ,-ach level of ie.smic motion a free vibration testwas performed measu:ing the 
perod and Jamping of tne =ovement in the !furwalls. 
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Six accelerometers were placed in different positions as shown in fig 6. 

RESULTS OF SHAKDIG TABLE TESTS 

A first objective of tests was 
to 
check the validity of using finite element
dynamic linear elastic analyses for adobe houses. 
 The Lundamental period and the
modal shape obtained in the models before being submitted to high amplitues of
ground motions 
were very similar to the calculated one.
that finite element These results demostrateanalyses can be used to study the effectvariables in the of a wide range ofdynamic behavior, wherefrom simple rules for the design canderived, as made in ref 2. 
be 

The amount of darmage suffered by thi models can 
be related with their loss
of stiffness and consequently their increase in fundamental period, andthe increase in damping due with 
to friction in the cracks.
and damping The variation of periodwith the intensity of motion, shown in fig 8, allows to detectdrastic change that acorresponds to majcr damage. 
 To ebtablish a basis for the
comparison 
of the results of the different models 
it was considered as major
damage that corresponding to 
an increase of 
50: in period.
 

The behavior of the five models tested can1, unreinforced, supported without major da-mage 
be su---arized a3 follow3. Model 

the El 
0 of the actual intensity ofCentro record. At about that intensity vertical cracks in the cornersseparated the walls; 
the 
 ength of the cracks increased in the following tests
and for 90Z of 
the intensity, the model was severily distressed;
collapse did not the total
 

push of 
occur, although the walls could be overturned witha slight
one hand. 
 It is believed that the elimination of low frequency motions
from the original record canceled the large displacement that the structu:e
would have suffered under the actual record; 
this prevented collapse.
 

Model 2, reinforced with a concrete bond beam, withstood without apparent
damage 90: of the El Centro record and showed 
imiportant distress caused by major
vertical cracking below the 
concrete spur in the 
corners
intensity of for 3.6 tines the
the Oaxaca earthquake. 

filling tajor cracks with mud and 

After testing, model I was reinforced by
by placing the wirein both faces as previously described. 

:)ash and cement rendering
The house was 
as model 3. 

tested again and identified
Starting at intensities approximately
the mortar began 

equal to the actual record,to separate from the adobe, to
Nevertheless .-rack and to fall down.the wire mesh nailed to the wall maintained the continuity ofstructure, wich could withstood without collapse 
the
 

the maxi, = intensity that 
 couldbe applied by the actuator, 4.6 times 
the Oaxaca record. Models 2 and 3 were
subjected withouth major dar-age to the full intensity of El Centro and Managua
records.
 

Model 4 wag alzo unreinforced and was subjected to theorder to Oaxaca record inestablish a basis of comparison for the strength of 
the different
models and to obtain a d -aagedstructure to be strengthened by a different
method. 
 The =ode of failure was similar to

failed 1.35 

that of model I and it was consideredat times the intensity theof actu-l record.horizontal ties '.len reinforced withit withstood :vice the. intensity supported by the unreinforcedmodel. Failure was due 
to severe vertical cracks in the corners andhorizontal flexural cracks 
to 

in :he long walls.
 

It is considered that the itensicies withstood by t.e
quantitatively extrapolated =odels cannot be
:c rocotypes due to limitations o. the =esC3. only 
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horizontal motion in one direction 
was appliez, low frequency notion was eliminated
 
and vertical stresses were not respecte . Never:neless tne effic-en:, of
 
difierents strengthening metnods can oe comparez. It is concludec t'at tn2, three
 
methods enhance Significant.' cnestreng:h of :ne structure and tne
=nac eficlencv
 
of the concrete beam and 
steel ties methods 
is limited by the lack of vertical 
reinforcement, the beneficial effect of 
which is evident in the model reinforced
 
with wire mesh.
 

CONclUSIO!:S 

The problem of strengtnening existing adobe houses has to be faced with 
solutions that give rise to proper safety against earthquakes and that can be
 
executed with simple techniques and at low cost. 
 Use of wire mesh reinforcement
 
is considered a very efficient method, 
as it not only enhances the seismic safety
but also protects adobe fro=.weathering. Nevertheless it requires a higher amount 
of steel than the other methods and for the proper placement of the mesh the roof 
needs to be removed at least by parts. Frcm the point of view of cost and easiness
 
of construction the reinforcement with .teel ties is 
the =ost convenient one; to
 
achieve a higher safety, additional vertical 
ties are needed Ln the corners and
 
at the ends of the openings. Anchoring of vertical 
ties at a foundation bea. or
 
footing is needed. The efficiency of the concrete bond beam 
can also be
 
singnificantly increased if it is tied to the foundation by vertical reinforcement. 

The three strengthening methods 
cover only the more essential aspects of the
 
reinforcement. Several additional details have to 
be considered rr obtain proper

safety: in plane 3tiffening of the roof to form a diaphragm; tying together of
 
roof 
and walls, and placing of reinforcement around openings. Very good 
results
 
can be obtained also by modifiving the house layout, as well as 
by reducing the
 
weight of roof and the height and unsupported length of the walls.
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MITIGATING ROOF COLLAPSE INADOBE DWELLINGS
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ABSTRACT
 

The main cause of earthquake deaths in adobe dwellings ts"he collanse
of roofs. To nitigate collapse while staying within the constraints
dlctateo b, regional cultural and clir.-tic factors, a plan is proposed
for rural hou'inq in desert regions of Irin. Th,, ;lfn provides for
villager, to build their own housing, ijinq local con'otruction mate
rials and traditior'l technique,. 
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Introduction
 

Earthquakes continue to be the most fearsome predator of human life in aspiring
countries. 
 In Iran alone, duri-ig the past fifteen years over fifty thousand
people have lost their lives, while 
he total loss throughout the world is
immeasurable. 
Most of these casualties are caused by the collapse of the heavy
roofs of adobe dwellings, which are the common types of housing in the rural
 
areas of most aspiring countries.
 

The evolution of adobe dwellings and their continuing dominance over other types
of housing in rural 
areas stems from the fact that they depend exclusively on
low-cost indigenous materials and skills, and they can easily be adapted to local

climatic conditions.
 

The introduction of better quality construction material 
into rural areas, be
sides being costly, has not resolved the problem of roof collapse. In fact,
field observation shows that in many instances 
[1], due to the lack of skilled
 manpower and proper supervision in the construction of buildings and due to
the larger spans used, such buildings have collaFsed during earthquakes and
have caused n.,any more casualties than traditionrl buildings would have.
 

Experience has also shown that construction of housing units in rural 
areas by
government contractors has not materially contributed to 
the resolution of the
problem and has actually introduced hitherto uncommon 3ocial 
and economic problems. 
 The utilization of prefabricated housing is expensive and requires a
relatively extensive infra-structure. 
 Besides, since prefabricated housing

generally does not conform to the traditional way of life in rural areas, it
is usually not popular with people. 
 So it may be concluded that due to traditional, cultural, economical and technological constraints, the use of adobe
dv3llings will 
probably continue for many more decades. This is a basic reason
for contin'.jing interest in the search for feasible and implementable solutlons

for improving the seismic resistance of future adobe dwellings.
 

Considering the undependable material properties of adobe, the erratic seismic
bi)havior of the adobe structures, and the aforementioned constraints, design
of earthquake resistant adobe dwellings is 
a very complex problem. Recommendations such as 
the introduction of various kinds of reinforcements in walls and
their intersections and around the openings are nut easily Implementable due
to cost and the quality of the workmanship available in rural 
areas [2].
 

One variable that still can be manipulated is the form of the dwellings. 
 Recommendations such as conical and dome shaped dwellinqs with nontraditional plans
have not been popular. 
 After the 1978 Tabass earthquake In Iran, which killed
 
over twenty-three thousand people, the author spent 
some time studying the plans
and forms of the dwellings 
In the city of Tabass and its nearby villages and
towns 
in the Kavir desert region. Based on this 
 tudy, a plan for rural housing
with tvo different types of roofs is proposed. 
 One type of roof is the traditional barrel 
vault and the other type is made of wooden joists with mud covered
straw mats. 
 In the following sections the mechanism of adobe roof collapse,

the basis of design of adobe dwellings to mitigate roof collapse, the available

construction materials in rural areas, and the proposed plan 
are discussed.
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Mechanism of Roof Collapse
 

Inmost cases the roofs of adobe dwellings are made of barrel vaults supported by
bearing walls. 
 The arches' lateral thrust is resisted by the transverse strength
of the supporting walls. 
 During shaking, the static lateral thrust is augmented
by dynamic forces, the supporting walls move, and the roof collapses. Anotherfailure mode is for the walls to fail 
first, but this is less 
common with this
type of roof. In cases where the roofs are made of wooden joists resting onbearing walls and topped with mud-covered straw mats, the most common 
failure
mode is the coliapse of the roof due to insufficient bearing length. 
Another
failure mode for this type of roof is the brittle failure of the adobe bearing
walls, but this is not 
as common.
 

Design of Adobe Dwellings to Mitigate Roof Collapse
 

The design of adobr dwellings to mitigate roof collapse should meet constraints

and embody principles which will be enumerated here.
 

A. Constraints
 

1. The plan of the adobe dwelling, besides satisfying the needs of its inhabitants and conforming to the local cultural and traditional way of life, shouldalso be compatible with the geographical and climatic conditions of the region.
 
2. The adobe dwelling should have enough seismic resistance for its roof not to
collapse during earthquakes with local intensities of the order of VII to VIII

(MM scale).
 

3. The plan should be simple enough for villagers to build their own dwellings

using indigenous materials and skills.
 

4. The construction cost of the dwelling should not e much higher than that ofthe dwellings currently built in these rural 
areas, dnd the total cost should bewithin the financial ;neans of the rural population. 
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B. , ,es of Earthquake Resistant Design for Adobe Dwellings 

1. To minimize extraneous loads, the plan of the adobe dwelling should be as

symmetric as possible. 
 Mass and stiffness should be uniformly and symmetrically

distributed. 
This will contribute toward a more uniform stress distribution
 
during earthquake and consequently a higher earthquake resistance.
 

2. The height of the walls should be kept to a minimur
 

3. Since sharp corners are more vulnerable to damage, the corners should be as 
open as possible. 

4. The openings, i.e. doors and windows, 
 should be loca-,ed as far from the
 corners as possible. They should be symmetrically located, and their width
 
should be as small as possible.
 

5. The roofs of adjacent dwelling units should be at the same height.
 

Available Construction Materials
 

The construction materials indigenous to most rural 
areas are:
 
1. adobe brick
 
2. river sand and stones
 
3. wooden joists*

4. bamboo, reeds and grasses, palm leaves
 
5. straw
 
6. clay and clayey soil
 
7. gypsum
 
8. lime
 
The proposed pldn is based on the use of the above indigenous construction
 
materials.
 

Field observation shows that the amount of damage in dwellings built of stone
with r-ortar is more than that suffered by dwellings built of adobe brick with
adobe mortar. This is because th,'re is better adhesion of adobe mortar to adobe
 
brick than there is of adobe morLzr to stone.
 

There have been recommendations for the addition of stabilizers such as lime or
 
gypsum to 
both adobe brick and adobe mortar in order to improve their strength
 

*wood is not as available and is costly.
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properties. 
 Also, the addition of hemp and straw has been recommended [3,4].
Implementing these recommendations is not easy, however, because in forming adobe
brick and adobe mortar the basic tools used are 
the bare hands, and these stabilizers introduce problems such as workability of the materials and skin abrasions.
 

In general, therefore, in order to consider all 
the 	enumerated constraints, the
ideal 
plan for adobe dwellings must give rise to minimum dynamic loads while
 
simultaneously bestowing a higher resistance to the structure.
 

The Proposed Plan
 

In general, 
circular plans, due to their absolute symmetry, bestow more earthquake

resistance to structures than other plans which have sharp corners. 
 However, they
do not conform to the traditional way of life in rural areas and have not beenpopular. Based on the following considerations, an octagonal plan (Fig. Al to A3)

is proposed:

1. 	The proposed plan is 
more symmetric than rectangular plans, and its center of
 

mass 
and 	center of rigidity almost coincide.
 
2. 
The 	total length of the external walls of the proposed plan is about 10 per

cent less than the total length of the external walls of a square plan of
equal enclosed area. The difference is even 
more than ten percent if a com
parison is made between the proposed plan and a rectangular plan of equal
enclosed area. This reduction in the total 
length of the external walls,

besides contributing to the reduction of construction costs, also 
reduces the
area exposed to the generally severe climatic changes of lesert regions.3. 	Compared to rectangular plans the length of the walts, especially bearing

walls, is shorter. Field observations have srown that long adobe walls with
out 	 lateral supports do not offer much resistaice to ground motions.4. 	Compared to rectangular plans the corners 
are more open. Experience shows
that dwellings with sharp corners are more susceptible to damage during

earthquake.


5. 	Rectangular plans 
have shear walls only in two directions, while the proposed

plan has bearing shear walls symmetrically situated in four directions.
6. 	If the roofs are to be the traditional cylindrical arches, these arches maybe oriented (Fig. A4) such that their horizontal thrusts at the top of bearing

walls would cancel Pach other.
 

7. 	If the roofs are to be made of wooden joists, the proposed plan provides four
will supports for each joist (Fig. A5). This increase in the number of supports is an important factor in mitigating roof collapse. The earthquake
worthiness of this 
type of roof (with four supports for each joist) is expect

8. 	
ed to be better than that of the adobe arches discussed in 6 above.
Visits to cities neighboring Tabass after the 1978 Tabass earthqudke showed
that most of the dwellings are comprised of a small yard surrounded by
several rooms opening to 
it. Due to desert climatic conditions, these rooms

generally have no windows, and there is only a transom over the entrance
door to let in some light. All these factors are considered in the proposed

plan. Further, in conformity to rural traditions, the toilet is located
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such that the access to it is through an open space which is 
not in direct
 
sight.


9. The marking out of the proposed plan on the ground is very simple. 
 It can
easily be accomplished by the 
use of only two templates (Fig. Al).
 
Many buildings, including old mosques, shrines and mausoleums [5,6], which have
survived earthquakes of local intensities of the order of VII to VIII (MM scale)
without roof collapse have plans which are basically similar to the one proposed
here. The survival 
of these buildings during past earthquakes offers true experimental evidence that the proposed plan should mitigate roof collapse.
 

Clusters of Adobe Dwellings
 

In general, separate units are preferable to adjacent units, because no lateral
impacts due to out of phase motion of adjacent units are introduced. Also, the
falling parts of one unit do not cause damage to other units. 
 But to reduce the
exposed surfaces in order to combat the effects of severe and quick climatic
changes which are 
peculiar to desert areas, traditionally dwelling units 
are
built adjacent to each other. 
 To reduce the damaging effects of out of phase
motion and falling parts, adjacent units should be designed to have similar stiffnesses and mass distributions and to have all 
roofs at the same level.
 

For the purpose of rural 
housing, two types of clusters are proposed. The units
in one 
group have external yards to accomodate farm animals (Fig. A6). The units
in the other group have no external yards and are more suited to 
rural towns
 
(Fig. A7).
 

Construction Details
 

Since one of the provisions of the proposal is that the villagers be able to
build their own dwellings using the local 
resources, i.e. materials, workmanship

and traditional techniques, construction details such as the water proofing of
roofs and collection and disposition of rain water are 
left to be carried out
with customary slopes and in the traditional manner.
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Remarks
 

Of course, one way to prevent collapse in any structure is to have a well designed
and erected skeleton. If
resources are available for construction of this type
of housing in rural areas, then there is no need to limit the plans of the dwellings to what is proposed here. 
 In any case, public buildings such as schools,
pumping and communication stations should be designed and constructed with appropriate design, construction materials and supervision.
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Fig. AS Schematic View of Wooden Roof 
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DEVELOPMENT AND UTILIZATION OF A 

"POURED ADOBE" BUI, )ING SYSTEM FOR SEISMIC AREAS 

Lynn S. Nelson
 
THE HABITAT CENTER 

162 Christen Dr.
 
Pacheco CA 94553
 

U1.S .A.
 

ABSTRACT 	 This paper describes the development, testing and use of a "poured
 
adobe" building system made from on-site earth as a low-cost,
 
energy-efficient building material for seismic areas. The method 
has been approved by Califor,-.a building officials, and has been 
used in the construction of a passive solar poured adobe home in 
Pacheco, California (eastern San Francisco Bay Area), which is in 
the Uniform Building Code Seismic Zone classification #4. The 
U.S. Department of Energy has awarded the Habitat Center a grant

for further refinement of the method, as well as for seismic
related testing of sevrral 
types of block and poured adobe building
 
systems. 
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The context for the development of the poured adobe building system described
 
below differs from the one that predominated at the Workshop. While the concept,

if not many of -he specific components, of the system could be used in developing

countries, Hat.bLat's poured adobe system was developed as a response to the 
building technologies and the materials, labor and energy costs characteristic of
 
industrialized countries, particularly the areas of high seismic activity in the
 
Western U.S. In these areas, 
the issue is not how to build with earthen materials 
more safely, as might be the case n developing countries, but how to resurrect 
the use of earthen materie'ls in a culture that has ceased to build with them at 
all for the last 100 years because it has not been "2conomical" to do so. Now,
 
however, the economics of industrialized countries are shifting as well, and,

particularly because of rising energy costs, 
are making it an appropriate time to
 
reconsider the use of adobe.
 

Adobe as an energy-efficient building material
 

Adobe is an energy-efficient building material in several ways. 
First, it is
 
energy-efficient in manufacture, since it is simply sun-dried rather than fired
 
as is red brick, or produced in high-temperature processes such as cement; in
 
his book Natural Solar Architecture, architect David Wright savs "It takes over

300 times more comnmercial onergy to produce a concrete block equal in volume to a
 
sun-dried adobe block." (1) Adobe is also energy-efficient because it can be mined
 
right on the building -ite, eliminating the energy and cost expended in the trans
port of building materials to the site.
 

Thirdly, ind perhaps most importantly, adobe can be used to reduce- energy costs for 
building heatinq and cooling throughout the lifetime of the structure if it is used
in conjunction wit~h enerqy con:ervation, passive 'solar heating and natural cooling
principles in building des'gn, llTe effective use of adobe for the "sun- tempering"
of building.s has a long and 4ell-eostiblithed record throuqhout the world. Tle %.ork
of architect D[tvid Wri(jtht finally ,,stablished the formal integration of passive solar 
heating and na tural coolinq design principle!; with the use of adobe for therimal 
mass. "Pass x e solar adobe:;" are now built toutinely throughout tht- %merican 
Southw:;t. Thi, energy savinqs on building heating and cooling 
can be !;iqnficant ii y ,dobis, ju;t in hot regionspS'sv olar and not the clear, 
of New ,1eico; the pas;;vo ;olar poor ,l adobe home bu iit by Habit:at in Pacheco CA 
ha riot Ui ,d any soplrent;tl h''ating or cooling enrl-gy i;nce- the buil ding shell 
wa; comp ,:ted, and ha, con;lst.ently mrilintained a '57-7701 tem1' .,rature ranqe winter 

and nummer. 

Tht's adobe ha, "1an1y ,nergyiclen':y bntit:s. It i:; a]';o very lowa :o';t raw 
rniteria '. hi !;hlu be' ,goo.d new' tu the U.S., wh 'r ,e latino nerqy, huiuldinq
and f i ma nc i. :o!;t,'; hay (:rveati.d a tre.menidou,; buildinq ;,lump riny part.,; of thein 
country, particulirly In the Wfste-n l.. So arln't. r)re adobes built?why being
The problem I!; with the Iabor-intvellS;i, nakto of ,dobe con ,.tructilon, antd the co'to 
of that labor. 
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Adobe and labor-intensity
 

Even for standard wood-frame construction, labor costs represent a very signi
ficant part of the total 
(currently 54% labor to 
46% materials cost in the San

Francisco Bay Area) (2). 
 However, for block adobe construction in the same area,
the 
labor costs rise dramatically, pushing the overall costs of an adobe building

from 10-30% higher than that of a conventional wood-frame building (3).

result, there are no adobe developments and very few custom adobe homes 

As a
 
eing


built outside of the Southwest.
 

For owner-builder situations, 
the cost of labor is not a factor, but the amount of

time is. Few owner-builders have the amount of time required to invest in 
the

required labor, particularly if it involves making their own adobe bricks. 
 The

result has been few owner-built adobes outside of the Southwest.
 

Thus there is a need to capture the benefits of adobe -- energy-efficiency andlow materials cost -- while escaping the high labor costs and/or time conmitments
for contractors and owner-builders. It was in response to this need that the
 
poured adobe building system described below was developed.
 

Basic poured adobe system concept
 

Habitat's basic concept was 
to create a poured. adcbe building system that would:
 

" provide the neoessary structural rlntqerity in a hih seismic area

" provide for r,,id construction to significantly decrease the labor

time and cost!; involved for both production builder-; an( owner-builders 
" meet "buildability" reiuirerwnt!; for both production buildern and owner

builder,, (low cost and availability of :r,-iterialt & equipment for a range
of pro3ect !;i,ei)


" create effective buildinq thern.a i ma i i for [;is. i olar heating and 
natural cool ln, 

The ba:si: ',t : 1 oi)ft ,ur.ipt. wa to !Xf''t di;lblw lay,,r of we Pld, will- mesIh
 
or !i1imlair rin utlcizoln tabric 
h,lttw whi li the idohv woult b,, ;p)Jr ,d. rhi s

fabri( would h,. ,.ch,,:ed ii t h,. 
 e f')r.cr-etounliat 1 l ,Irij .11,;o In the Lond beam.
 
Vhus,, in ca-e :)I ''vr'' <riml ire of the- ad(eb. 
 unlder ,Xt rem' I atf-ra loadint),thef IdoL, would '.t.111 i)vhe .idwithin the fnce, ot r,,Inftorrln m"h. 

CXiz- ur ,1i,mipliri wa'i tool.;,. a loald-bir rnq y'tvri n whiic?, the- two paratlle l 
)l .h w,.ild h$. v''rti:,lly c: lriected. llowev,r , Loth 1,c:i itru -t.ural 

en(1,111*0''. u1r1, liii 1111(l .10 at., I r! toP(:1r If Ici jlotale:,' 1 'lovv w ch .1 lod
bea a; ';i fr .3~a ' ~a l reai In thelII; eni of .c .1 .il Yoi I '."t daita.. lnn;t0nd'i r n , ; Jrii''ri g h~rridt ook*% ar.( f li! !. l*ip llIva* i roj with the ..t ict ura 

charac:ter.t :,; .Wf ., ! . Pa th.r t h.vil, y all work rn) untd' l wd,
fOtltl .the' turd ig nec *{,t'ory for "ucth e-rtitntIi, we-!''ci(e to ;o)eed with ,i non
lO,'!-h".ear ti)oIrd i.dbe ap Iplicat-ion to work cir !ho mix, deliv,'r, , al ! orming 
anpec t. i of jpolireIv~,e 'syl t-1ens TI:. ovolIntion of the or! , d-harI' %nuterndouiq ,ril (o'!)onent arv aeec r bvd below. We exp(vct to kono the e soi.. from thoaoiamic-relaited ntructura 1 trintinq jpirformod unlor our U..;. Departmeont of I:nerqy
grant to obtain hisilin] pormitts for future lc.d-barinq applicatlonn (nn finnl 
soction of papr). 
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Poured Adobe Test Walls
 

To develop the specific poured adobe building system from the concept, we built
 
a series of test walls on the site in Pacheco, California, where the passive solar
 
poured adobe residence was to be constructed later. Although there were no pre
viously successful full-scale adobe examples that we could use as a guide, the
 
general advice we received from people in the field was (1) to use a stiff mix,
 
(2) to use plywood or other solid wood forms, (3) not to try to pump the adobe
 
into the forms -- that it wouldn't wrk, and (4) not to try to pour an entire
 
wall height -- to use slip forms instead. As so often happens when theory meets
 
practice, we found that none of these techniques worked and that in fact their
 
opposites were the solution. We found that a stiff mix would 
not settle properly,
 
and required so much tamping that the process began to resemble rammed earth.
 
We found that using solid wood forms prevented the adobe from drying, caaising
 
slumping, and that drying occurred unevenly, producing severe cracking. We
 
converted instead to forms made of expanded metal (cormonly called "diamond lath")
 
that would allow the water to evaporate quickly and evenly, and switched from
 
a front loader (which requires too much space for maneuverability in an urban/
 
suburban setting) to a st:andard concrete grout pump with a four-inch hose
 
as the delivery system. We also poured test walls to a 6' height and found that
 
the expanded metal forms could contain the wet adobe and withstand its weight.
 
We found that the increase in wetness of the mix required for pumping did not
 
result in significant cracking during the drying proce;ss. (The major determinant
 
of cracking that w. found was the s;ize of the sand particles added to the clayey
 
soil; the coarser the sand particle:;, the les the cracking.) We were also able
 
to create a standardized modular forming system (described in more detail below)
 
that could utilize all other elements of suanoard :oncrete forming such as snap
 
ties, snap brackets, walers, etc.
 

Construction of the pass;iv,. solar poured adobe residence 

Based on what we learned from the poutod ,adcbetes!.t walls, wo moved on to the
 
construction of an 1 (0 s q. ft. ;olaroassiveadobe home in Pacheco CA. The house
 
design, which ha; r,eo iv'd award; in Lu th t Ie Californi.a and the U.S. [R!partment of
 
fhousing Orban1rv,, D,'.'i'lo| ,i',,nt prs ;olar de;lgn cors[itt ioni, is a non-load
bearing; ,urv, ad,be. ijplic,tiolnl !or biliding p)ormlt rea;son'; (,I:ptreviols~ly di.:
cukvfetl) . A o.luth 'lv .:)n ot th' hfi,' (which h.a . L ~if,clo-.s d in for t.h lastt year
 
but s.tet ri, iv', Ts fin,al ',x:',rior pla.t r) sbo,'n rIlthe drawinll It,
 
IIg. 1. A p fun view ti4 t ht, (,ormiriq and r*irnlorctit Iri( ,y,-t, l r.;: 1,rw n It ,Ig. .,,
 
and a lan vi' w (A t!be ifn rh,',I loiu? - (t 1dobevwall I-, ;h,'wij Il 1 . .b1). '(lh, overall
 
p Ourald ,at.oLi'' sys/t, I'o , n ;, tIn' ':om,;trl nAf~ld '4 L Oul:',' bean i :'sC in'i 25 T,.' can| su[m

':~l Lsn.,e i. d ,sig'd ,enf. .i 1uJios)-,ll' nn t ur' i , w th t bex d.rifo' ,ilob, ;drving 

,i wr lao.' , I p to 1 I'i ,, ',' ,'1, .ni ,'xt.'ne about ,t' ,(own iu11oI() ', and'lntn
 
w4tnIll-!#i,' 1 i,"s it i te. 'h,' " (l'.are t'. ino t' .I cageI.,, le,, .ini
-'ba 1,v1''

innari,,,e!' . inm,', into,( TB'' iol'' ,lin irmdtln' ule s{]I,formlng oal% issou'. l.-gnnp*
 

wel l '1- lwi ' 'll- ,,roi s l ti ' t til -Aid b ',li' n 'it ho''r of polo!.,i a .4! r'h u' 'I att l %1!' thl' 
[to mu rini ain .d "I cni: " ltit o wh ici t he mi' )or ity oif h, IIhi' b, ia.b Ito be iouIt' I. TIho rmor;h 
is.1n-i 1-i to i po l"o, .ini, ix(ennls '1" dow Into th'' fonlinuit. o, formswork. "I'h concrolte 

found.iit Iirn £~ tI rn iool- r .ijh theIth wv1de) WI t rWo , ih t-hi' f ounitni tionInto tormj, 

rtlent i q b nitlIal anchot i nn of t hii m',nh In the rvin forced foundation. For tho 

porirot wnlla, thl, 2" 'ityrofonm irittol.1tIon In then wirod to tho out i io layur of 
w-.ldel wI r'• uvitih fabr ic. 
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Once the foundation is set, the forms for the poured adobe are set in place. The
 
forms are constructed of galvanized expanded 
 metal or "diamond lath" which is nailed 
onto 2x4 frames to make standardized form modules of 4 x8' and 2'xB' . The forms are 
attached using standard snap ties, snap brackets, walers, stiffeners, etc., as in con
crete construction. 
Note that since the formis are set even with the outside edge of 
the foundation, there is a 2" qap between the form,; and the rx; ts. 

The actual process of excavatin, mixing and pouring the adobe is r:echai zed. AmediLum-sized backhoe is used to excavate the on-sit earth (which r.,y be soaked if
 
t12 soll is too clayey to break 
 up lunps). A backhoe or front-loader i,; then used
 
to dump the e;xcavated earth in to a qa:sol ine-powere, plaster mixer, ald the stabi
lizer and straw are idded. in ]arqer-scle applictions, the adobe can be- hatch
mixed in a pug mill or even a concrete truck with a 
 -111 other 

ml xilg atta chn! n t to Make iluro the waterproofing 's adequit,-ly i ,,',(4 .
 

I-U ox or type? of paddle 
H) 'Ile mixed 

adobe i.;then dumped into the hopper of a concrete pimpe r and pul;.,d iito the walls. 
The pumped adobc flows ea: ily throuqh the weied(d wire ro.-sh fabric and the 2" ;pace on 
e.ther sile out toward the ,xpanded metoal form,", !;o that both the pre;,ur,'-treat:ed

pole!; ard the welded wire rse.lh are comp]etely cover _d 
by the aU!be. .u)r s inql1,very 1fitt1e o the4 wet ado0e ooe. thrCagh thile ,:arded me tal forlwor)k 'h: inch 
or so of adole that does, rjet through a the bot1tom Is smp"Iy crpy.d off with a trowel 
and put alck i1t10 th forms; 

The forim,, are_, the!n left in pltce for 2-3 '-.k shef ore r,,novs in;, t) '-rabi'- the adobe
 
to hold Its sha' without si cc >xn; when th-
 r-,; IreI relove. e u;e or ,xpalnded
metal for tb,1- forrruork i; tca1 i.s b-n; ,ble to r-coave Th#e form.; withil iuch a
 
short tiI; it ,ll1 w,, ,il,. i, , to d 
 a.'(, '', Ila(jr'e ij(:e, o;rl-ksl;. 

Consitruiction att 'h ' Pahlo.'co It td..cthatn I(, ,t#' (orl, t t., r irn' .th l(.ade r
for m.xnri , l - fi'llt)'Ii; the'imIx ,1 t he p pe , Araidit o ild rf s,n( ,ol 11 ho.e
 
can excavate,,' ,mx aol 1>urI), I t!f-l-wie h:q (,1v'r 
 d. ,walls tool an 11100sq. ft. 'zc- , (h .,h lnt'ror ! ex:,ti seo ) wi'thin' ' isys'. 

bince rit all1 1 - .h wor' hvs ,lu xom;il, '"! cm the r's1da,', 'Xact cost ia-jur,-s
 

caInt-fnot !- oil vi's Li401, ;;-a aal t a' 
 t 3U21 cheaIAe
 
thant na I
'i Leeoa ;; tsn. I '' '%et#'sa1 i*Ate'1.'; 
coma.-ov a:, ' ,sa' .W'' m , ' i, 'ha 'rots:. IL'!"i (w i h i:Al',cost.' s fan') t . '>.*., I ,am;' am H',+!ts , as.a 1 ma malrla 

,',sca ' , 1.,' ' a ar'lassqm.]I a) tha' ' rlJ'tir,' 
tO *a l.at," .I ' 1,s.aa1;{(:t,. ! ls us; ' ". 'a','[ 'l ,| '1 ;sI 4' -a --.|. ';mal1" ra'.sq,, ',i' 5t''e .5.!a+ 

sy tm-, ws'h wlI L,' lh., t,',t''a . (. of I na'r-'l +,d ,ri as r' of our If. I,,'part m,,at 

(Irant wonr . 

A pateant )1l t., a o r, nt ,.s,.I pur,,,i idoL,' forrr ina, st,it m h.iti b-apnt p l1itd for
 
by 1ynn J,' tho Habitat t'rte r.
ll!,ion or 

Lj..,.Dept. of :n-rly T-rntlnoe rm 

11abitat hma r-tc-artl-j r#.,:,il v d a jr.,in flt h a.:;. [ilmtrtnt of Ln.rqy Appro-
Priato ltio.rly Te'chnai Ol ly |,roqrs, '',1lln IX, for .jrt h,,r ronfl nr.mentr or thti pourod
adolm btiltln ,at-,thfolfa;a anal fto)a -trisiac itill talt. irqt taroaqram ffa, 1-011 block And 
pour *l at f lu ltlI '"mya. Th- l-ia1 1,s of t a . t,.,tirn! pra-irnlm i r, ii nt ll b"lInt 

h,- ,v,-ral a-atnalIutI',, piaaah Ain e, %uusssimr I asna'1 fol IIwon 

",Ii 



In order to determine structural behavior characteristics of reinforced poured
adobe walls, several t/,pes of strength tests appear to be desirable. One of the
 
purposes of the tests is to determine the influence of different variables on the
strength of the walls. Another is to determine the correlation of simple labora
tory tests s;uch as compression, modulu , of rupturt 
 and diagona 1 tens ion with strength 
beh-vlor under combi.ned stress; conrditlons. 

A COmp re herl1V e te;trg j rogrA m would rtequIre, ra Jor comm, tr#mn t!. of t ira, d expense.
Within the cozi;tra ints of a lirnited hwg:t, . hiv- decd(,d to focus ou at tention 
initially ujpon the combin ed shear and comprt' ,,:ion ieha(vior iI xoured adobe walls.
 
This tesitlng program will determine the inf~l.
sence of ,Iduh,' mix, comprssi,yestrengthi,
 
moduluis ot rupIture-I, diga1 ten!,ion 
 (tAgnad1'crtreo onrifr~:s
2xoad-carrying ca-pability. "imple lab te0sts, iclsidsi' ,on, nml)ii ,of rupture
ad , agori. tension dill b.. -rformed! on Sp.c r'ns mnd, from S(ver I (I tf ero-rnt adobe 
Mixes to dt m inii* it o ner Itif fues thes srngth rm'te 

)rvra-ll cobrpnd sht,-.r and cw.,r;sion test will1 ttier he4 per rmd on wll,l.te to
 
,d' i an ue,:rs: anding oif the r,,ati~onshl) h twe:n 
Shr .tio-n th aind ;r1,-e.ive
 
f; t r . T '!'e te'.t ! wIll 1 iso 
 i ndlcite- thtt l u'inf, 't of ri nIt Iorcemerrit onisehtir
strerrAoth. sIle strength:ar:, ;Iron tst. w:il 1 1,1! erhe1 :ide w'(-l .t.t t tt d and
 
t~hese ,tren'nth pralme:ters%corr,.L'it,,,1 w!ith tb#.' se.r 
 str'nuth Leh,,vi(r 

It i ,nt.<il)1 At,d h7 .i late:I ' ':i rlrajg p1 w; II afd.!,", ,.h subj0ct of com'ira aed
bhe:din';g .if smp.esr';n hehavior In ord'!r t, fet(:ne outt-?c-rl.ne loadJ-carrying 
caI ab I t2, o tor,.d adob, -als. 

We i vi ,0 Ii ,eiss oninreq. rI;nq our proposed testinq program, and will nlkr the results 
va i 1abL 1c'(1 Lhoth thef Habitat Center and the U. . 1-epart.rwnt of E e r{; ' upon 
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ALDO NURSA 
'z 1OOASA S.P.Ae. 

,3 I.J' his raper discusses the lessons learnt from the rlost
recent Italian eartnquake in Ofstove.e-br 23rd 19oO and establishes a co; ;arison with
actions taken after the previous aajor earthquake in
the south (e~lice, Januar 14-15th 196w). Toe perfor.z.ne of buildings of traditional construction 
those evento is discussed with a Coaarison of t 

in 
e


tei.avior of different buildLr4 types knd construction 
teohniques. ,he desoription of dALUaIeS to settlements
is the starting point to review the strategies adop
ted# assessing pros and cone of involving the local 
co.;onent in self-help 'teeohiues
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Litroduction
 

11..e scz.e of -his Ancver is iliited to clie ex:+erience of earth-
CtoeS i . cuthern. !zaly (thus eclutding P+riuli) &s The '4ost 
recent disaster in U upaniaBasilicata (second in xzqnitue on
ly to -n(se of .essina in 19O cnd of Avezzano inl 15) has re 
ne';4ed debace on the slow reconstruction of Belice (196o) and 
in general on Ve inefficiency of public intervention in the 
i;n-ovrish and exploited bouth (which ao..Grhat relates to 

c rthZern Italy as the "third world" to industrial nations). 
In ±.ct it is assumed here that te esocio-economic context in 
4hich an earthquake occurs hs a bij influence both on the
 
se1s.:ic ;erffulance of buildings (and tnus the extent of deza
es, which is reLter the lower the income) and on the choice 

of reconstruction strategies; therefore it 
see-s relevant to
 
co0,are the latest earthquae to the previous one in Belioe
 
(u:4iok 
have both affected a marginal econoay .ihere agriculture
 
income is supplemented by recei;ts frog emigration and 
velfa
re,., while imiting the evaluation of the Oriuii case (an Goo
ooy :hich was entering the nainstreaA of industrial develop
zent zust when the disaster occurred) to those ;olicy lessons
 
le.rav at the national level which have been set as a referen
ce for a course of action aime at bringing 6outhern Italy clo 
ser to the ;forth.
 

Belice
 

* e *e.ruuakethat struck Zelice (an inner hilly urea in is
tern icily) on January 14-15th 1960'killed some 35% people
i lf: p;proximaely iSLW hoelese in 'cne 15 cotuunes zost 
senously dAoaged, The answer of the cruthoritiev han ;roved 
very oeutrlszd and "bureauor"icIO: the disuer vioxasa have 
1.en eit*.4r cacoura6ed to e44.rat from the region (providing
UhoA with paosports and one-way tioceig) or turned into -assi
ve recipients of an assistance which came from above complete
l.y by-passing the local.alministrationa. Prefabricated units 
(tz a cost uoen of 4&(iLA/ end all produced outside ioily) w.
we ;rovide4 as "te ory housing" for the noneless with big
-ro-Ues# o! i ustrial develo-.ent, huge publi viorics and ful

a:eusziae ernanent housir. 
 .he cd-noc reconstruction law 
no .o.l g.-rovt4 in 1,66 r.&e since shown -1 its irtcomingus 
- it overruled regional cuthorities -rmnting -Wet ;ower to C 

s;ocial insaectoraze for the earthoue areael
 
it set totally unrealistic goals for the ec'onomio develor,-
Gent of the region trying to lure ,ational corporatimnq to 

invest in that are now known as "oathedrals ic, t)h doeert"; 
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it a tunds to a y 136 c. Iunes is-ead of

concentrair± resourcEs in te .5 :ors nit vi!Iz es; 

i t-u - ~e ole .~Li~~~6in~~-r';-~
tionj- . LsiituTO (--',-ichiw~ obl2.±,,c to a4,ot.nt c.hod 

.na-

of'.rive.,e -:rofesioanas) inotead -1han local %uthoritiee which 
w aouldAT lerast 
 ve Ieco,e accountable to their communities
and could have trzined their ,:er.Pnent technical staff; 

- it e,a.asized large-scale public works end infrastructure at.he ex;ense of siaall-scale residential develoment .nd faci

.he result of %his unfortun.mte law heas been r.11 i .m.inble 
Ix" in The ke.ichVlcmnin and building process, h-o cre'.zted 

de-
a",:lfvre -ente.lity" wonC the local iihabitants na .:L;.de them 

so frustrated to ;rovoke a national ec .al, when in .C'76,-. e. d 7oars laterp he public opinion realized th te gre-Aibricazed units (for which 6U "illion 4 had beea snea bet
woen first :osta and continuous .:ainternoe) were still hous
ine as 4any as 4uOGW people end that only it5W eraanent
diwellinec I.A been cozpletod by the btato (located in the 4id
4!e of *f3-y ne"o towns removed from historical settlements endsurrounded by oversize highways) for w'ohic, estited costs andtiaes of com.letion hzd L:ept inflating by 4 or even 5 tize.
 
?i-=l1 in 4ay 1976 (just before 
 the Yriul± earthqum:o) a neiv . 173 cl.neda the pioure raaicraly, liiAtine the .lloca
tion of :ublic funds to the original 15 coauneo And Zrating..,,.lo " . .. .. .+no c "+h
"uzonof: . to subsidiz+e Iv .e "+uld er-- irt ownrc7o od-r 
conally ave their houses rebuilt; iceos then it =ust be Ad.:±tted hat residential reconstruction has prooeeded at a much

'Aelthier pact and is now (11 :rears later) it least half-waey

throuih,com:potion.
 

.hill@ the rcoonstruction experienoe in Yriuli has been 
 *uoh
 
-ore suooesstfu 
 teAn in 2elioe, as the local authorities have

been involved from the start ond all pror =ms 
are nov'due to
be oomp2.! %ed in 5 =ore yeoars (1 
After the 43saster), tno mos
 
recent ear;h u.e has 4t -whe regions of " Lta and bajilioj 
a ,;i,4Ah .uc :ides 1c;rem es -that ttr. whole nationl iolio, 

aid to n boor%eeomnthe, South n-t ! uosticnad tCn the£%4WA ;u% to n crucial es%as to ia to.ftoitnoy in oordinat
in Aotions s.M its ,iillinpess to h*vOlve ;os,,re southernto
local authoriies (which are considered tie ,,,6at in the
f ountry). 
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*
.;, o of k-ve.berinrd I-66 j,jc 1./Csillc t, .n 

"e ± only for sheer e:-insion, havirn=. of• ina!territory, $nojuljnq t,.e * cd 5. otf.e n.1O .16l n. ra f
 
is v t"e thi±rd l.rcsot ± the counry. 

e"ore iscussing the o.lioy options which are ourren.tly cons±.ered for .ernent reconstruction and develor;enz, it is worth
desoribing the physical d.,.ages caused by the eartheuake (Which,hs Ihilled nearly 1,0LG -eo.le ;,zd ioft O t least 15UPO{ holeloss), liaiving our observ.tions to the area of the "e1picentre"

(40tot( heotares w;ith a porulazion of i4t ( w-Gorle in 71 comS=os o in tho m p in figure n* I). thlis rea is the only one w;hich can be studied as a holo~eneous entizy, whereas 
c1 
 the outlying areas are very oxtensive and diverse (includinc ..4ples which is a case on its own), have been affcutd .tlifferen;4 0-erees but have in oowu.aon the fact thGt the er-th-ue has tst been zA final detector of *ro~rescive 8tatG 
of deterioration. 

.f the 71 c..unes in th.e area of the eI-icntre, 10 can be called "destroyed" (with more than 5 ;,of their building stock da
:mr,.ed beyond repair) and in several cases have to be relocated
to z safer place, 16 can be termed "seriously dwaaged" and
other 37 "slightly danaged" (with less than 30; 

the 
of the building


Stock affeoted). Zhis assesament, resulting from a 
VreliLinary

!7.ady of v reearch centre of the Univeroity of "-ples in Por-i 
ci whicA has not yet been officially endorse4, takes Into account not only the effects ol the 19b0 sarthpucke but sees them.
co.vounded w:ith the damages c1used by the two previous earth
quces of 153j (1,0 deaths) and 1962 (50,t 
 houses damaged),
otlthough with different epioentres, proving %,at this area is a
)lmce of "oontinuous h..-ard". 
#4urstudy area (lying in the 3 provinces of %vellino, 
 Salerno

ud lotenza) is quite 4our.tinous tnd among the most 
 mmr;inal

rnd poorest of Italy, but nonetheless its urban utruoture isdeily rooted as it dates back to the medieval times and there
is no question about the cultural and historioal identity of
all its settlements (in spite of a tenporary loss of -opulation
due to the heavy emigratio of the last 31 years). 

j.erformanoe of ru tures
 

Jo curvw* carried out by the University of .les in the 
 ,rom
of tie tpioatre has considered over 6,,o builiings in I oo .unees 69 . of Cie houuing stook is built in asonry, 20,. in 00 create nd 1;. is in "mixed" oontructioin (ty-ioally witkl walls 
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±~d.t;r t n~or tU;:C. r Va.b,coaicreto t'e of ibc
 
~ L~dVo truee j.! tlio oluer srucurL aa ea.r" s CQ:;CbneCt .- re tOan vt,. o*it"1 . lcr onsi 

IV.,.. -+ 1 -... t~ . ; t tlS.G ro , . (.+DicL l:.ias li.±ted ndtwbr of c-szieo) 
as they ttlone to emirents %,ho nvest their i±.o-ea
i3 611 eatute in t6eir hoe-tovino for fuzure security. 
4asdr.mes are concerned, the viorst CooleeGrs kzve har,noed az te two extre:.es of the aio a;ectru.: 
 in gtructureg Auilt 
 Wfore 1945 (which ia ex.lained yiny otheir
L.e jnd :oor ;:intenance) aad another 4,, in houses built after - aich rGvot04s tite irresacnoible use of -odern teohnicueo
 

e by o~eculative loc. builders), ' h -ttorn eo' o alt.y. very uneven on tre territory (f;hicr 
czn be only eploi.n64 by a zhorouCh aeo;r4ysical and g6olorical survey) shows-re.;or v"!norabilty in hilly vill-es 1eaze.,.y built 
L 

(where
1:nz 
 elid6fb have been added by the treora) vereus ,ore 
 recent
 
ieie1;ant in the nlains und rural isol 
ted rouses.
 
d,,he 
 ,orot rages can be found in town quarters -rde ot all'tajonry u..all struotures or of neu cnorete i.ultistory a.arzttentsouses, vohoreas one-story recent sin&l-.2*"Iily hwes (whether
in n&asonry# concrete or mixed cons r'uction) built iireotly byor on behalf of their owners 
have proved the most resistwitt
ti8 is ou'erecially true of farms, in vkich case on).r*I, outo;. oiua~le of ltt4t nbed 4=or repairs, This ev~de.,c, con:i..o 'that old aie and poor conatruction (both relazed *ith low ....
o..e) 
 re the Main c-uses of collapv..
 
'ro~:the technical roint of the
view, bad performnce of cnacrete buildings is chiefly due 'to the wrong pocitionini c~nd theina3ufficint quantity of reinfo#'oing iron bars ts wiell at to.e:or eua3ity a.d cohesion of the cement are ate itself,
z.r. he low resistance of buildings of iixed oona'truotion is
due to the tact that their iieriiewtral walls are :=ade of
atones only as an outside layer but are 

real
 
filled on the inside
Y;ith all sorts of incoherent -,Aterial which ormoles wita tiL: sand allows the water to infiltrate. In casethis the, oc wor;ying oracks can be observed near the corners of twcllo and
zie 4u~ozions be eon w*ta!ls and aoit s 

at
 
(heav.,roofing Qtten':i'l concre-otetusseg and wit'i tile oovorine boing•.,; oaaualtxies). ;he oause ot 

1ho beat a**s~aic o r-or.ano, is shown by u,4.11 one- or t ;o--tu

t;:..
-. a,.e, +enorally ;i+tl 
 ti..ber tr,',soeo under c roof of ClAb -i,
lhioh ha'ie +Aehorter-:,ricd oscillation: tlhey 
-ro _orc co;on in rural ireao than in towna, where they have Gither been 

289
 

http:extre:.es


i.ir odern technioucs 
Sr 1.4ve been joint by .d~iiono in othler 'nic. .a1erial8have 

Acconetr'.ction ioliciee
 

os.;ril 9V, he most ho-oeful event for the reconstruction 
of t 4,0 V.,rt lic of c :4abee. e zones Gpi/B.silic .n con
zidere The ap. ointient of Giuseppe Z,.berletti as s:ecia.l :ov
ernent co~issfoner for the e,.erSency +.hLse, P. ..cn who has ac
-.,.ired unicue firs -hand ex$jerience worhing in the eaue ceaa
city in x'riuli :nd who is a strong advocate of devolution of 
cowers to local authorities, his efficiency in coordinating aid 
.ter4 . fir -:eec of undeniable c,,aos end unlree.arednese, is 

.,roved by the co..plezion in the first four ;months of wvell ocuin 
*:ed cvr-s of caravans and containers (with Just a few tents) as 
close as -ossible to d.aaged sites. After tsds first -c..ergency 
:hase he seems now determined to limit the provision of second
 
-rnase housing (i.e. somel,000 rather expensive prefabric,?ted u
 
nits with an expected life of 10 years) by next September only
 
to the worst hit 34 co;munes, where the extent of needed recons
 
Iruction is so great -that it will take no less than 10 years to
 
--lan a new settlement and rebuild it following all the adequate
 
retulations.
 

-o ee.to on roconstruction policies, esecially in the I: ht 
of zhe ;revious ouite oposite ex:eriences of Belice and Priuli 
i now O; its peal: (w-hile an ad-hoc law is being discussed in 
iarlia..ent) between those who favor centralization cla.ming 
Tha; local authorities in the South cannot be trueted znd those 
wno advocate devolution. So far the most interesting event ±roa 
r.e I;oin; of viow of "decentralizauion" has been the direct in
volvrent for the first time of the -o-t efficient local autho
rities from .iortnern and 'entral Italy (regions as well as com
uunes) which have each "adopted" a town and have set an example
 
of cooperation at the local level wlich can beco.e promising if
 
it continues ';hroughout reconstruction as a transfer of tech
nical know-how and administrative experience.
 

1hether the lesson frou Belice has been learnt - i.e. that Cn 
excess of government involvement hinders instead of helping the 
- r. anert. recovery - ,ill be witnessed in the very area of the 
er'iontre, which has been hit at a timie of great social weak
noes (with tae lowee percentae of men in working age due to e 
..;iraiion and a further iriaediate loss after the earthouako of 
a quarer of its population) 'ut which has now a c ance to at
tract back its labor force and start investing locally.
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.es~des th& 36ner'l *olicie which are. in , there .tr
"'' !ocz. initZ.ives .;icsil ,.cre they to be generalized,

could beco .e u~elul ct,lee for other si.., itiono:.
- t -r6ior.of~ cc crkLtilia 1h Ouci. ZOCQ.CVY 4,1 8~~ 

o::eri. ives in IPriuli, io coordinate public v.id p.rivato inter
veation and naximize the use of local labor and resources;
 

- the first experience of leiti.mate self-help in Wuccino 
with
 
fast tiber-frmae reconstruction of 100 houses and the 
 start 
of training proermaas of the locals in this techni'ue; 

- the special eprnasis .iven in Sant'A.ngelo de' Lotabardi to the 
.reservation of the local hiotorical heritae and the crea
tion of v. wor.,shop for restoration vtnd trtining )f students;
 

- AVt involvement by f1acL.lty and studt-ats of Italian and Zrit
i:,t Universities in the reconstruction of Salvitelle to 
 turn 
i; into a case study of users' participation in the process. 

Oonclusions
 

2he last Italian earthquake, which has sii-ply been sketched
 
here given tac coimiplexity of its issues (historical, social and
 
eco.oi-ic tar beyond the sneer proble.,i of h ouZinC1 
 hs a chance 
to cecoie a vital labor tory of different a1plrohches to a .4ore 
.=-Ticioatory and effective reconstruction, and even set a use
.u_ a;.. for o:o:e develoginr. nations. 
Italy is at a crucial turning point in her history, as a grow
inG .ercentage of her resources will have to be devoted to pro
;6c-ion against natural hazards. 0his is announced in tie jusl
coi,;'ieTed survey by the National Research Jouncil (.:mown as the 
"1eodynt.lico project" started just before tne Friuli earthqua
ko): it has published a complete risk m.ap of the country 
which

shows tnat 35, of the Italian population of 57 million lives in 
earthbuake prone areas and that as much as 40, of the country's

housing stock can be in danger.
 
IV is presently estiLated that at least ,;billion 4 would be
needed To reinforce Ito.ly's buildings according tj antiL-seiSmc 
ro-.tions. Juch an enormous effort of revenmtion (which io al
read . he national buildin. inductry to
tur.-in-
 rehabilitation
 

-a to uae of labor-intenu vo ie-thod :
1,,e ,aore will entail the
need to arinarn' eneration of 'lanners, c(ersgnirs c.nd buil.d 
CrZ 11ho re. expected to weric in closer contact with ,o:unitioZm how, . 6reater underoTanding ol, local tradit ons n of ti.e-honore.a tIcdoiues. 
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ABSTRACT
 

This paper presents a discussion on the construction and per
formance of two adobe structures in Southern California. First, a
 
discussion on the San Fernando Mission, the largest adobe structure
 
in California, is presented relative to its adobe construction details
 
and its performance and rehabilitation during and after the 1971 San
 
Fernando Earthquake. Second, an adobe home located near Oceanside,
 
California isdiscussed regarding its method of construction and
 
performance under weathering and earthquakes since its construction 
in 1964. 
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General History and Description
 

On September 8, 1797, the Mission of San Fernando Rey de Espana (the

Mission San Fernando) was founded by Padre Fermin Lasuen, founder of eight

other California missions. This was the 17th of the 21 missions to be
 
founded by the Spanish priests along the coast of California, The mission was
 
located in the oaken valley so named by the Spaniards in 1769, but known to
 
local Indians as Achois Comihabit. The mission grounds are approximately
 
25 miles north of downtown Los Angeles which is presently known as the San
 
Fernando Valley.
 

The first chapel was completed in 1799. The third chapel was completed

in 1806 and was damaged extensively by the 1812 earthquake. The 1971 San
 
Fernando Earthquake damaged the adobe walls to the extent that a decision was
 
made to demolish the damaged chapel and reconstruct an exact replica.
 

The Mission San Fernando from its beginning flourished and grew. The
 
various buildings were made from adobe and tile decarated by artwork of both
 
Spanish and Indian cultures. As the missian grew, :t became known for its
 
leather, cloth and iron goods. In the early 19th Century, it hecame a trading
 
center for what is now the San Fernando Valley. The mission continued to
 
prosper until the 1830's when the missions were secularized. By the time of
 
the Civil War, this and many otner California missions were no longer used
 
and its buildings deteriorated.
 

The mission grounds consisted of numerous buildings as shown in Fig. 1.
 
The present chapel is the mission's fourth chapel which is an exact replica

of the third chapel. The chapel is 166 ft. long and 35 ft. wide with tapered

w3lls over five ft. thick (at some locations over 8 ft. thick) at the base
 
ar.d tapering to over three ft. at the top. The wall taper gives the irpression

that the walls are leaning inward. Due to the severe winds from the Mojave

Desert, no windows were placed on the north-facing wall of the building.
 

Much of the chapel's current interior artwork is original. Of all the
 
wall murals, most are original although in some damaged areas the murals were
 
repainted. The statue over the alter of St. Ferdinand III, the Spanish king
 
for whom the mission was named, and the painting of St. Francis of Assisi are
 
both original artworks from the 19th Century chapel. Also located throughout

the chapel are Frerich lithographs and some modern statues.
 

Southwest of thL chapel is located the Convento Building which took 13
 
years to construct. The one-story adobe building is 243 ft. long and 60 ft.
 
wide, making it suitable for long strings of living quarters. The building

has 21 Roman arches along the exterior walkway and Moorish arches on the
 
windows and doors. The walls were constructed of 4 ft. thick adobe bricks
 
decorated with Indian wall decorations.
 

The Convento Buildirg houses many different rooms. The largest of the
 
rooms is the Sala or Reception Room. It's ceiling, unlike the chapel ceiling

where beams rest on corbels, rests on square beams and fasten to the walls
 
directly. Rawhide thongs were used to fasten members together since iron
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Mission Sani Fenrnanjo LEGEND 

Califrorn ia (1) MUSEUM
(2) MAYORDOMO'S HOUSE 
(3) CONVENTO 
(4) WEST GARDEN 
(5) FOURTH MISSION CHAPEL 

7 WORKSHOPS 

't ! o, ,<) (8) FOUNTAIN & EAST GARDEN 

h VNrRA.NCG 

FIG. 1
 

San Fernando Mission Grounds
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shortages existed around the mission. 
 Indian murals depicting the Indian
 
point of view decorate the Reception Room.
 

The Convento also contains dining rooms, mission offices, a wine cellar
 
where wine was made, a library, a governors' room for prominent visitors,

the bishop's room, a kitchen, a smokehouse, and the Valley's first hotel
known as the "hospice". Inaddition, many of the rooms are presently being

used to house a museum which has many of the mission carvings, paintings and
 
old vestments.
 

Located adjacent to the Convento is the Mayordomo's house. It housed
 
the foreman of the mission ranch which was 121,542 acres and had over 21,000

head of livestock at one point. The house, built in 1801, 
is a three-room
 
building. By 1900 itwas in ruins and was finally restored in 1949. The
 
house is presently decorated to depict the look of an overseer's home.
 

The remaining buildings all of adobe construction on the mission grounds
 
were used for various functions required to operate the mission in the early

part of the 19th Century. As a self-sustaining mission, workshops for such

trades as carpentry, saddlery, pottery, weaving and blacksmithing were vital 
to the survival of the mission. All shops were of one-story construction
with numerous rooms and doors. A colonnade, or patio, in front of the work
shops was supported by large plastered rectangular columns made from adobe
 
brick. This part of the mission deteriorated rapidly after the 1850's and

by the early 1900's, it became a pile of rubble. The adobe bricks varied
in size since restoration occurred over a period of 150 years. The adobe
bricks were manufactured primarily with soil, water and minimal amounts of 
straw. Asphalt stabilizers were not used until after 1930 in the construction 
of the adobe bricks.
 

The mission grounds also consist of a large cemetery, central courtyard
of exotic gardens dr d a large fountain. The remetery contains the remains 
of more than 2,500 Indians and early settlers. The gardens were and still 
are planted with rare trees, beautiful flowers, cacti and fruit bearing trees.
 
The main fountain is located at the center of the courtyard as illustrated
 
in Fig. 1. The courtyard, once the center of the mission's everyday work
life, is now planted witn grass, trees and shrubs.
 

Th2 mission is located at the northern end of the San Fernando Valley
about 10 miles from the Pacific Ocean. The climatic conditions are typical
of the temperate and pleasant weather conditions for which Los Angeles is
recognized. The temperatures since the founding of the mission have probably
varied from a low of about 40'F (luring the winter month evenings to over 110F

during the hot summer days. Since 1900 the annual rainfall for the Los
Angeles Basin varied from a low of about 2 inches to a high of more than 30 
inches with an average of about 10 inches. Prevailing winds are from the

West (the Pacific Ocean) and the East (Mojave Desert). The combination of
neglect, wind, and rain over the period of nearly 180 years resulted in 
virtual disintegration of the adobe construction. 

In relationship to seismic activity, the San Fernando Mission is located
in UBC Seismic Risk Zone 4. Fig. 2 provides the location of the mission in
relation to the epicenter of the 1971 San Fernando Earthquake. Within a 0.5 
mile radius of the mission two concrete structures were severely damaged. 
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The four-story St. Mary's Hospital was damaged to the extent that repair was
 
not feasible and, as a result, it was demolished in 1973. The eight-story
 
Indian Hills Medical Center suffered extensive damage, but repair in the form
 
of epoxy injection was feasible.
 

Restoration Prior to 1971 San Fernando Earthquake
 

San Fernando Mission was secularized in 1834 and for the next 28 years
 
it would be used as a stage station. In 1862, President Lincoln restored by
 
order the mission and the grounds to the Catholic Church. Thereafter, the
 
mission was used for various religious and educational purposes. Through
 
neglect and deterioration, most mission buildings became a pile of rubble
 
by the end of tile 19th Century. Restoration was attempted at least on four
 
different occasions; 1879, 1912, 1926 and 1930. Due to the lack of funds and
 
possibly a lack of restoration technology, all four of these restoration
 
attempts were unsuccessful. After World War II, William Randolph Hearst
 
established the Mission Restoration Fund and endowed it with sufficient funds
 
to restore the miss5ion and its grounds to the beauty and authenticity of the 
early 1800's when the mission flourished ard prospered. The nature of this 
restoration involved piacement of concrete bond beams, reconstruction of the 
workshop area using new adobe bricks and replastering both the interior and 
exterior wall surfaces of the chapel and other buildings.
 

Damage of Mission Buildings Due to 1971 San Fernando Earthquake
 

The chapel suffered the most severe damage of all the mission buildings, 
primarily due to large open areas not cornon to other buildings where many 
interior walls provided resistance to the seismic loads. The most severe 
seismic damage to th chapel occurred at the choir loft and near the base of 
the exterior walls. Despite such damage, the .drhe chapel survived the 
earthquare vwithout collapse. 

Figure 3 shows the damage suffered by the adobe walls due to load trans
fer from the wooden beams of the choir loft. These wooden beams were 
apparently embedded into the adobe walls to a depth of only about 18 inches. 
As a result, at least one course of adobe brick peeled away from the adobe 
wall and collapsed as shown more vividly in Fig. 4.. This portion of the 
church suffered the most severe damage. 

The east wall represents the front of the chapel. Fiq. 5 provides a 
general interior view of the east wall, the altar and portions of the north 
and south walls. Extensive damage to the interior plaster included both 
cracking and spalling. At least one course of adube brick peeled from the 
north wall in several regions near the pulpit. Other portions of the interior 
surfaces of the adobe walls were damaged primarily in the form of cracking 
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FIG. 3
 

Damage Due to Inadequate Embeddment of Beams of Choir Loft
 

FIG. 4
 

Adobe Brick Collapse at Choir Loft
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and peeling plaster with surprisingly small damage to the adobe brick itself.
 

The damage to the exterior of the chapel was similar to that of the
interior. Extensive cracking ard peeling of the plaster was visible on many
walls. 
 The most severe damaqe occurred at the base of the walls where on(
or more courses of adobe brick peeled off. 
 The Spanish style tile roof
 
ne-ither collapsed nor suffered major damage.
 

The riiaininig adobe buildings at the mission were not severely damagedby the 1971 San Fernando Earthquake. Damage to stone lintels as shown inFigure 6 and cracking and minor peeling of the plaster on both interior and
exterior wall surfaces was 
comiTon to many of the adobe structures. The mrnnor
damage experienced by one and two-story buildings was 
probably due to the
lateral stiffness provided by the numerous 
interior and exterior adobe shear
 
wa1ls.
 

Repair and Rehabilitation After The Earthquake
 

The damage suffered by the chapel's adobe walls was 
limited as described
earlier. 
However, the Los Angeles Building Department ordered the chapel
building vacated or, the basis that the unreinforced adobe construction was ahazard to public safety. After approximately one year of engineering studies,
it was concluded that repair and/or strengthening of the chapel 's adobe walls 
was not economically or structurally feasible. 
 The chapel's dimensions and
aesthetic features were totally documented and the chapel was dermolishedincluding the foundation. In 1973, construction was started on a new chapel
which would be an exact replica of the demolished chapel but with greater
sesimic resistance. The new structure of the chapel consisted of a steel

frame with interior 
ind exterior surfaced plaster to duplicate the original

chapel. 
 All details of the earlier chapel, even tile sag in the reof, weremeticulously reconstructed for the sake of maintaining the originality of
the new chapel. The new chapel 
interior is shown in Fig. 7 including the

altar and the elaborate paintings on the walls. 

The other structures on the mission grounds were not severely damagedby the 1971 Earthquake as discussed earlier. Damaged or cracked plaster wasrepaired. Two transvrse adobe walls in the Convento Building were replaced
with new reinforced concrete block walls and bond beams were added to increase
 
the seismic resistance.
 

Conclusion
 

Through extensive efforts by many people involved with the San Fernando
Mission and the generous financial aid provided by William Randolph Hearst,
the San Fernando Mission today stands as 
a living monument to the Spanish
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FIG. 5
 

Earthquake Damage on East Wall of Chapel
 

FIG. 6
 

Damge to Stone I.itels
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priests and American Indians who originally built it. The architecture and
 
the beauty of the mission have been preserved for future generations through
 
duplication of even the smallest details of the original mission.
 

FIG. ?
 

View of East Wall After Rehabilitation
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DESIGN, CONSTRUCTION AND PERFORMANCE OF A MODERN ADOBE HOME IN
 

IN SOUTHERN CALIFORNIA
 

Introduction
 

In 1964, M r. Walter J.:way hein construction of an adobe home near
 
Fal brook, California. Due to h1,% love qf 9 ,xi c,n-India culture, he
 
decided to construct the dnv -teri1% ,end horinship
he", utli11:i;, ,d.Bi; 


the r no'iLi Tli. vr'l'
COfInCni to In~l u 1"*ir ci ty dJriry M ;ort of the 20th 
Century, The h", wj.. (m;,1etP d dft !r i:.;r, ,1 l-1 T' v r% of con
struction now in t'e Wtt';t to d l(Citv both twi,' ' T.r!01e. of (on-

Structlron ir (,'t-i of t'' ''",lv 4111n'%, "r. H W Y4i't1,d a. the
l mu'.'1(O 

ConstrutI orpu-in. '"- vv' -r v r, the irdlin
H" poyvd t iy e rof -"'A.'fr tribe 
with whIL" hi , 1.i l iir +Inc1 " . ,'a li v'd' Ir to tIrJ,, ,+, o n00many
occasion%. The,. ,hir hr l d theT ,.l ' trltj, con'.trwtlen detai1', of this
 
adobe home And iito pe-ourt , dvr Sotuthern Ca Ii tornia. - typ, C1 irl C
 
conditions and earthqikes.
 

Designof the Adobe H)me
 

The home in located inan uNincorporated arem of Southern California, 
hence the den qn and con.truction orocpdurr% were ap proved by the Bui ldlng 
Department of 0onie;o ,cordI 1979 QPC ',D.oty. to the *o'.'ic RIsk map 

,
of the ted , thi r,,lon , in ,l b n'I, 4. 

homne W, . ' , ' r , 'r t !he ,'b 4 n .oi e .ir' ti , . ',., pmol 


I .Uit '. i% loc 4ore. inre the 
fl
 

Of the rr'o* i[Virvntf lIlnvo ,ed q 1 ; a % i';, .,t of i 0 1' ,:,ol' . Qr the 
roof ti,,o I'. l ivire,, The. . I V 41. hi'h, . ii hi' ' wall% ,er- 'e d o" '. f theirt 
Over-whvl'V inf th in ,,.', ', riof ?rr' to , hiP: -0, hnqlio Ini 3 . P 'I ,itl,d 
70 mile', dirt. l . ruth o' the ,';pir ''ot,'r , , 'oeIo;,o 'i rI f hiud 
and ,ppros Iij q r:me, of *u.nI io,' I,+.. "m th,. ',fj the to of V ip,n'AMFn.ri 

Fault A. '.ho n 'i ;11. i wQ i %i ', .I ',m' I> ! h, 'o.f n li ino laet, hie+xtpn°.ivp. w i"',(ire hw Jrq' in!r d nued.lu, m* 'he, Ki W m tneo
li v ,.r !v+; ' +;i .n 


Earthqtui,, ri.%ulti in 'wo in1 w'.rinu' j '''on1!," t ';Ird',lotm , l vi to%pl+l ('j A + n+tv, i! i de hf-v ',re !"} n+ +,mn",+q R +w P+*' 4,p Qn%! tljwv +v w r the+ 

vq.u'jij v ' 'i w l'?i'fitcur rent riW e 'l ', , ifl . ' B i 91'. lIhd l i n'. " ruttitiri I)FI(II ' '. ++0tJ!ij t;i " ''8tjI i+ '. iro.ltBd t~urr"''d+ eeit,r1 I]' '.,I h.e1m V,,} 
%t~l ll:,.d withP ,m+ulw.i m+r.'.i%;hil t ,if& ,.or pr+r..' i ,no %ova.~rr %tr,,'.%o% mu+,t 
emC' (Pd3031) a', Il .' , rvt'-,p',t IVoeI, (1'1rm po ';IQr 
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Thirty-six year earthquake record shows the epicenters of all even1t,

of magnitude 5 or greater recorded in Southern California and in tht
 
northern part of Baja California from 1931 through 1969. The epicenter

is the point on the earths surface above the initial break. Dots show 
earthquakes between 5 and 5.9 inmagnitude. Open circles indicate carti 
quakes of m,,gnitude 6 or greater. The hypocenter, the point of th. inil
break in the earth's crust, Is oftcn many miles below the surface it 
thrust-type earthquakes, a type frequently observed in this region. In
the 36-year period Southern California and adjacnt regions experictic-ed 
more than 7,300 earthquakes with a magnitude of . or more. Earthquakes 
are about 10 times more frequent In this are: than they are in the 
world as a whole. 
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The home consists of two bedrooms, 1-1/2 baths, large family room and
 
a spacious kitchen and dining room. 
 The L-shaped home has floor dimensions
 
of 70 ft. by 25 ft. The total floor area is about 1,800 sq. ft., including
 
a two-car garage. Due to~the thick adobe walls, insulated roof, and
 
relatively low window glass area, the energy consumption for heating and
 
cooling are minimum. The temperatures outside the home vary from a low of
 
about 30'F during winter nights to over 100°F in the summer. However, with
out the benefits of air conditioning or heating, the home inside tempera'ure

varies between 60'F to 75°F throughout the year.
 

Preparation of Adobe Brick
 

The soil surrounding the adobe home has a distinctive reddish clay
 
appearance. 
 For aesthetic purposes and in keeping with the Mexican-Indian
 
customs most adobe bricks were manufactured with on-site soil and on-the
iob site. The bricks were manufactured inwooden molds to a finish size of
approximately 4" x 12" x 18". Tie mixture used for the adobe bricks was
 
ea follows: 15 shovels of soil, one quart of asphalt stabilizer, a minimal
 
amount of straw and sufficient amount of water to produce a mix which would
 
yield about a comparable 3-inch concrete slump. lhe soil used to make the
 
adobe bricks was graded with large sieves. The final soil mix consisted of
 
about 30% passing the number 200 sieve and nearly 100% passing the number 4
 
sieve. The soil, water, stabilizer and some organic straw were mixed with
 
a typical 1/2 cement sack mixer. Some small lumps of soil can be seen in
 
the finished brick due to lack of mixing. The final adobe bricks were dried
 
in the sun for a period of about two months. Sample bricks were sent to
 
testina laboratories for compression strength, shear strength, water content
 
and stabilizer content. The test results were approved by the San Diego

County Building Department.
 

Foundation and Wall Construction
 

The foundation for this adobe home consists of concrete with minimal
 
amount of reinforcement. All existing floors consist of unreinforced con
crete pads about 4 inches thick poured after the foundation had been placed

but before the walls were constructed. The exact cross-sectional dimensions
 
for the foundation are unknown with the exception of the depth of 15 inches
 
to 18 inches.
 

All walls were constructed with adobe brick dircussed earlier resulting
in 18-inch wall thicknesses. Oval pilasters at the house corners were 
about 24-inches thick. The mortar consisted of the si. e adobe mix used for 
the fabrication of the brick. Each adobe brick layet ,.;is completed before 
the next layer was begun in order to permit each mrtar joint to gain

sufficient strength to avoid settlement. The mortar joint thickness varies
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from a minimum 3/8-inches to about 5/8-inches in order to compensate for
 
irregular dimensions of the adobe brick.
 

The interior of the walls was plastered with about a 1/2-inch to 3/4-inch
 
thick gypsum plaster base coat followed by a 1/8-inch thick interior finish
 
gypsum coat. The resulting interior wall surfaces were smooth and were
 
painted periodically vith common water based paints. Peeling of paint has 
not been observed. However, as a result of moisture accumulation near 
windows and doors, blistering and effervescence appear to be a continuous
 
problem.
 

The exterior of most walls was neither plastered nor treated with
 
admixtures or surface coatings. However, as a result of weathering, the
 
exterior walls have been painted about every l0 years with the adobe type
 
coating mix.
 

Due to lack of tooling or precise workmanship, the Mexican-Indian adobe
 
homes built near Mexico City were constructed with slightly crooked walls.
 
Such wall crookedness was duplicated by Mr. Jakway in his adobe home shown
 
in Fig. 9. The slight curvature in the walls provides an aesthetically

appealing view without providing a sense of insecurity. All door and window
 
frames were cut from hewed logs and set flush into the walls. The windows
 
were constructed from iron bars and glass set into a soft lead sodder.
 
Thus, the windows cannot be opened.
 

Roof Construction
 

The roof has a pitch of approximately 1/2-in. per foot and sloping in
 
one direction only. The beams, girders and slats were hewed from local
 
spruce pine trees using a small hand ax as was common practice of the
 
Indians. The roof tile consists of a local fired clay product. The roof
 
tile is attached to the 2-in. by 2-in. wooden slats by a tongue and groove
 
type of construction. The slats rest on beams aid were placed diagonally
 
as shown in Fig. It). Small clearances and embedment into the adobe walls
 
prevent movement of the slats.
 

The beams and the girders are embedded into walls. Nails were sparsely

used in the roof construction primarily for the purpose of beam and girder

alignment during the construction. All beams and girders were erected with
 
pully systems and manpower. The slats, beams, and girders were cut to
 
length utilizing a cutting tool similar to a saw that was common to Mexican-

Indians during the early years of the 20th Century. The beam spans range

from 5 ft. to over 8 ft. with cross-sectional dimensions of 4 in. by 8 in.
 
The girders span lengths of up to 22 ft. with varying cross-sections.
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FIG. 9 

Crooked Wall and Spiral Wood Column
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FIG. 10
 

Roof Beam Construction
 

FIG. 11
 

Seismic Damage to Pilaster
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Performance Under Weathering
 

The climatic conditions near and at tne adobe home are typical of the
mountainous coastal regions of Southern California. 
 The annual rainfall

varies from less than 10 inches to over 30 inches in 1980. Freezing

temperatures do occur during winter nights, however, snow accumulations
have beer very minor during the past several decades. The home is located
 
on a hill at the end of a narrow valley which acts 
as a funnel for the
Southwesterly winds. As a consequence, the wind speeds vary from gentle

breezes to speeds exceeding about 60 mph at least once or twice Der year.

The weathering of the adobe bricks after 16 years of the above-described

climatic conditions appears to be minimal. The edges and corners of nearly
all the adobe bricks have been blunted on the outside wall surfaces. The

adobe brick surfaces may have lost about 1/4-inch in thickness and loose
 
straw is visible on 
some bricks. The mortar joints have deteriorated in
localized regions where moisture accumulation is higher. Re-striking the
 
joints has been performed on several occasions using adobe mix similar
to that used for the adobe brick. As discussed in an earlier section dealing

with the preparation of the adobe brick, the presence of localized lumps of
clay and rain probably produced the spherical voids present in some adobe
bricks especially in regions of high moisture accumulation.
 

An interesting phenomenon of adobe construction is its vulnerability

to attack by animals. 
 Boring wasps have on several occasions built their
 
nests 
in the adobe walls by boring deep holes about 3/8 in.diameter into
the adobe brick. It appears that asphalt stabilizers do not deter such

behavior by wasps or other animals that scratch or dij into the adobe.
 

Performance During Earthquakes
 

Since 1964, the cities and towns adjacent to the San Andreas Fault

extending from Los Angeles to Imperial Valley (see Fig. 8) have been subjected to more than two dozen earthquakes with magnitudes about 4.5 on the
Richter scale. Except for the 1971 
San Fernando Earthquake, most of the
remaining earthquakes along the southern San Andreas and San Jacinto faults

occurred in the Imperial Valley near the cities of El 
Centro, Brawley and
Calexico' These cities are approximately 50 miles south of this adobe home
and suffered considerable damage during past earthquakes. Seismic activity
such as shaking, was physically observed at the adobe home numerousonoccasions. The extent of damage due to seismic activity has been minor tothe adobe home. 
 Crackinq at the junction of the pilasters and the adobe
walls has been attributed to the seismic activity as ill i'strated in Fig. 11,
Settlement and lack of a mechanical connection may beenalso have partially
responsible for such cracking. 
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The embedment of the roof beams and girders into the adobe walls has
 
been sufficient to result in diaphram action during seismic activity. 
This
 
is evident by the presence of minor cracking in the adobe bricks and mortar
 
joints at and near the location of beam or girder embedments.
 

Special Ornamental Features
 

Most doors, both interior and exterior, were hand-carved utilizing

aesthetic features conon to the Mexican-Indians. The door hinges were
 
made from malleable iron rods and shaped according to the colonial Spanish

and Indian traditions as illustrated in Fig. 12. The hardware on all doors
 
was handmade.
 

The centerpiece inmany Mexican-Indian and colonial Spanish homes was
 
one or more spiral-shaped columns illustrated in Fig. 9. The columns were
 
generally carved by hand from native wood and located in the kitchen and/or

dining room area. 
 Mr. Jakway carved the column from spruce pine utilizing

several carving knives and a small hatchet.
 

FIG. 12 

Typical Handmade Door, and Hinges 
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A REVE OF THE SEIS4IC BEHAVIOR
 
OF EARTHEN HOSEG IN NICARAGUA
 

DR. CELfA U. PEfVLLBA 
RESEARCH DIVISICN 

MINISTRY OF HOUSING AND HUMAN SI US 
MANAGA, NICARAGUA 

ABSTRACT : Earthen construction is typical in the rural areas of Nicaragua. Two 
types are identified: The Taquezal and the Adobe which seem pranmissing for low cost massive housing. Ikbwever, their vulnerability
earthquakYs and other envixonmental risk had limited their use. 

to 

The paper describes efforts to make earthen cnnstruction safer,
appropriate for energy conservation and suitable for using alternate 
formn of energy. 
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Introduction 

Earthen construction is typical of low cost rural housing in Nicara
gua. There are two types: Taquezal widely used in the Central and Northern 
part and along the Pacific Coast; and adobe used in the Northen and Central re
gions. Both types are vulnerable to earthquakes and other environmental risks 
and had suffered serious damages and even collapse under seismic loads. 

Until recently, nobody se(ms concerned with their safety and the only
regulation which appiars in the Building Code prohibited their use. fbwever, 
this type of housing is widespread in the rural and semiurbans areas where 
people have identified thenselves with than. 

An analysis of the ecacnic situation of construction materials and 
the construction patterns shows, tfateat -en houses will be difficult to erradi
cate from the 7onstruction habits of t _ Nicaraguan rural people. This, and 
the fact that eithen houses are suitab]e for energy saving, have good thermi
cal and accoustical insulation properties, makes them a very attractive low cost 
housing solution, if properly protected against seisnic events. 

This paper will review the typical earthen construction in Nicaragua, 
the progress made to make than safer since the 1972 earthquakes and the experi
mental work being done to take advantages of their design for energy saving and 
as receptors of alternate forms of energy. 

A brief review of the existing taquezal and adobe construction follows. 

Taquezal Construction
 

Earthen construction is the Nicaraguan answer to low cost rural 
housing. Their construction patterns although very diversified have changed 
very little, in spite of earthquakes, volcanic eruptions and other events. 

N!icaragja, the largest country in Central America, hos an extension 
of 130.000 Km.2 and about 2.6 millions inhabitants. It is bounded by the Atlan
tic and Pacific Ocean at the East and West respectively and by the Republics of 
londuras and Costa Rica at the North and South respectively. Most of its in
habitants are Spaniard and Indian descents and were precisely the Spaniards who 
introduced earthen construction to the country. 

Fig. 1 and Table I show the distribution of Farthen housing in Nicara
gua. The major concentration exists in the Northen part, but the construction 
along the Pacific Caast, a high ,cismic risk zone, is al,o considerable. Fram 
the earthen houses listed in Table 1, it is seen that tacquezal is nrmst xpular 
than adobe construction, in the urban and rural areas. 
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The taquezal construction is characterized by a systen of eart-en walls, 
shaped by a wood fram and sometimes reinforced by riil stnnes,pieces of clay 
tiles, straw and wmxl. It has no resistence to shiAr hlds and vibrations. 

As an illustration and to describe the taLue-al :x:;,_, a tyjpical house 
located in Northen Nicaragua is sho n in Fig. 2. 

The site where the house is located i!; flat, hWt high anl (ry; it re
ceives 600 cm. of rain annully. 

The houi-2 aplxirs to lhave lxen xlilt in one sLige altl-)ugh, it is 
possible that the vxi IxxdrcmI; aind the store rccux nwiy have been iWilt a; an ad
dition after the rest of tie house was fini!;hdt aixI occupihbx for a t.mT:1. 

The transfer load imidc~vni!;m is pro'.'ided Lry , m-i t~r~ cnposod 
of Won pousts aril xx ti.c-xpans. 'Ile Vw)xI [ts, four (l -_-ichevve side,-. are 
h~ried 1-n the crouid up to abuot a yard and tiPAl to the crown7 Ixuiin at tile top. 
The framing is appropriated to tran.sfers vertical loads, fairly will; however, 
it has no abilit,* to tak(e lateral loads, as is the case of tie eairthen walls of 
the taquezal systn. 

Walls and Fcunations 

Fourndtions; are a vital part of earthen construction. Thoe corres
ponding to the house considered,Dre obtained by filling ditches connecting the 
columns y/ rock:; (Fig. 3c) . Although this i; not a usual practice in earthen 
houses, rocfk fou-iati.ns are <agcx ](.10 co;t tC)ting ;olution a; they abs;orb 
surface wate2rs;, tht's protecting tik , rthn wall:; inyt L;a -ityueeen coaxj 
llap;e. Ie ccn.;trction of a 1r1;r cc:rynt (coriret, l sn on to- ,, Uti,, s a1se 
will strenthn( i the wail. Othor irlsrovt:.] : lut ion:; knY'" a:; ":nillifa ldas' co-n
sist in extetl ng the bam fournation up to 2 - 3 ft. 1oqht:. 

The fTq in :+ at:ure of a1 t-,i e'al wa11 i:; ,1ori mbl]e face I ,i r,'! k 
mold design tto b ii ,bln i:e n Th, ,nimw. i:; in:. L.t:xi" by blrng 

in the grourd ,ad(iit:iornilIole; 2 - it. iir.irt ind tyinq ,r n, ili rnq tsri zontaln 
"lath" stick; or wttle to Ixtat :; ide:; (Al ttie, 

The w :t I can L4_- :;t1ike;, ,,1dxx), cair' ;.,i .it odth, :r:;. -,t-icks of 
1" x 2" of sawn lt:nr ,r aro i corlmM-, tylw, u:t. 

'1The rmu- fi.llir; is; oht:Al no td/ mix im.g a ',ev r)il with wate.r ary] 
adding stoiie; or pi .oi:s f- . ,',, t iilsrl :;iio: ir: :; :; r ,iw ( r : '.4 l ii:.':;. Ilhe 
practice of mixinq ,trw, :mill Lam'h, dry c)rn 1,,i,:; , :;l ilir ,1.t(,,rials 
is harmful a:; it .1timini<:;hd tho r-(1rC f;1';i;, ' ;t:ivcth f.i' the Ar'l, ,' rfh:,'n mix. 
Furtherrm)r, the ,irg(n ic ni t:r I r- t n i r ld' ': '(r P l 19 11C10,; ount,( xn m 
loosing voltrn. and !urm~1ci.lii c:r,i:k:..irtv. r 

A lx-t:t,,r ,.rtill mix ;h:,,1n';,iKAlrI be one ,, LIit 'd, lo1 I the$, ,ip'

propriate f; L-bi1iI :,(r wi t h tJ1, Ixs-, I ;) 11,I ,, -!t. t, r mini i rarr i ] l t :;tres 
ses. It follows th-it, this typi. o1 conl:;truiction will Ix! attractive Ain the 
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appropriate soil and stabilizer are location, orin nearby. Otherwise, transportatio cost could be a decisive factor. Climate, humidity and soillocalconditions are important factors to be considered.
 

After the filling has dried, 
 the wall is finished with a nid plasteraryl painted with a mixture of sond carbide ard ;atr. Other paints used arelimewater solutions. A camon problfme in earthen houses is the spalling offcanof the finish. This be corrected with a soil-cemnent mix using a percentageof cement higher than that used in the walls. 

'oofing 

The rocf frankv ork, was constructed by assembling rafters and tiebeams to the will framewrk Fig. 
on 

3(b and d). The 2" x 4" rafters about 2 feetcenter, are laid with the slope of the roof arl the I" x 2. purlins, onwhich clay "teja" tiles are laid, arc nailed acLrnss the rafters, at 6" spacing. 

tractive and 
Hard 

oconcmical. 
made teja tilcs 

hfo 
are 

as 
a t 

heavy 
12" long, they provide a roofing at

cver, a roof co-ver it "-reases the danger during earthquakes, specially if they are not ficl proXerly. 

The conventional way to iaid teja ti Is is in row., overlaping oneanother like the scales of a fish. 'Iie row at the top is fixed to theridge by a mortar. Figs. (3a, 
last 

b) sirhw two typical roo)f-details used in Nicaragua. Fig. 3 (a) iiidicates a load b aring ridge, while Fig. (3b) shows a non-loadbearing ridqe rafter, whIere the resulting thrust will recxiire a tie beam. 

'1.L floor of tUiis house is picked earth. Ncw improved floor solutionshave been worn'ed out and will Ib presented later.
 

The urixin areas use more r 
phisticatcd taquezal construction, fillingthe double .xr frTe with a mixi of soil, vxnter, cmraent and lime an] addinglarge stones, pioces of clay tiles anl the lile as filling. It was the populartype of constnrction in M-anaqua, before 1931 1972tie anel earthquakes. 

Be)th ea-rth(quakes dcT-rstrate] tle (angerous b>ihavior of this construction. :st of the taroueza-l coibui]in, apsed htrying lxnusnris of rxipleunder the nUle)h. 'ML. fai lure was mainly caused by a weak and a rotten woodframiewrk or a hIdly deteriorated by termites. IBu:sinq in nirnaua went frcmtaquezal to reinforcod concrete, ,xcd, reinforced or confindx] risonry. Secondary cities and tnil l tu(f.,; have conventional taquezal houses of one and twostories. Ibwerr, this type:, of construction could be inprovcx by increasingthe strength prope-rtie, of ,irtf-n mixthe aryi by/ ts!.tablishin methods of designand :onstnrctLion for seismic saf'it'!.
 

A se(,rious objection 
 to the t.i piezal !;ystnn is; 'Ji heavy weight of thewalls, which generates high ei;mic torces. As a result, the walls will deformbeyond the p[2mnissible limit loosing it:; capacility of resistence. 
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--- TEJA RIDGE AND ROOFING TEJA RIDGE AND ROOFING 

IX2 PURLINS 6" TO 8" 
\-2X4 RAFTERS NOTCHED OVER 

RIDGE BEAM AND LAPPED SIDE 
NAILED-

IX2PURLINS 
2X4 RAFTERS BUTTED 
-To RIDGE RArTER AND 

TOE NAILED 

ia) 
"TO' 

, 
SQUARE RIDGE BEAM ,' 

'(b) 
. /2X RIGRAFTER 

FIG.3 (ab) ROOF DETALLS FOUND 
IN EARTHEN HOUSES
 

As a first solution approach, one may considered the possibility of
 
having the taqueza-.wall works as a shear wall. This requires an integrated
 

ial, which is not the case under the actual methods of construction.
 

However, by designing a filling with different sizes of stones to
 
minimize voids and to keep contact which each other, a network stress trans
mission can be created, establishing a good force resistant systm.
 

A filling of the residual voids witl soil caent mix would set the 
basic supporting system. To integrate the framewrk to this system, such that 
the hybrid structure behave mononilitically, the wod studs, of the frameword 
can be coated w.ith a glue-cement mix, that will give a good bond with the fill
ing. The coating will also protect the wood against termites, fire and humidity. 

Another alterantive would consist indesigning the franwrk to re
sist the lateral forces. In general, taquezal fraruoork have behaved satisfac
torily under seimic loads. Failures have occurred when the base of the columns
 
have rotten or deteriorated by termites or other insects. The be-Lavior of the 
frames will improve considerably if a treated column base, is fixed to a con
crete foundation. 

Another objection to traditional taquezal construction, has beon the 
use of hivy %;ight roofs, since they (jenerate lateral forces that can not be 
transmnttd to the franw-ork due to theo lack of adequate connection. By design
ing good conrections betwcn the roof system anld the franmeork an integral beina
vior of the structure can be achieved.
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Adobe Housing
 

To review existing adobe construction, consider the house shown in
 
Fig. 6 (a,b). The supporting frame is a 9 wood posts of 6 sq. inc. sections
 
tied at the botton by a 6" x 4" concrete grade beam built directly over the
 
ground. This beam is reinforced with two strands of barbed wire stretched
 
between the columns.
 

A better foundation is found in 
some adobe houses, where trenches
 
connecting the columns have been dug and filled with large 
river rocks. The
 
grade beam is then pour on top of this base.
 

As before, the wood posts are embedded up to 1 yd. in the ground. To
 
canplete the wall framing, the columns are fixed to a wood beam at the top. 
The
 
roof frame is then build, placing the teja tiles, sometimes before the construc
tion of the walls.
 

The adobe walls are built us'ng adobe bricks of about 3" x 5" x 10"
 
giving a wall thickness of 5 inches. The bricks are laid within the wood frames
 
with thick mortar joints of about 1 inch until the height of doors and windows
 
is reaches. A second concrete beam reinforced by barbed wire to withstand stress
 
concentrations is placed at the height of doors and windows. 
The wall is can
pleted withthe last row placed under the tie beam. 
If any gap is left, it is
 
filled out with a mortar.
 

Other details of the house are similar to the previously described.
 
A combination of taquezal and adobe walls is also used in the rural areas of
 
Nicaragua.
 

The taquezal and adobe housing shown, are inadequate to resist lateral
 
loads such as those from earthquakes or winds being taquezal the most critical.
 

In order to improve the performance of earthen construction during a

seismic event, work isbeing carried out on various aspects of earthen materials
 
and their technology for construction.
 

Materials: Adobe
 

This material, generally understood as a mix of soil and water subjec
ted to a natural process of drying, has been inuse for several centuries around

the world. Although the behavior of adobe is campex, terhnical specifications 
can be established for its rational use inconstruction. Adobe in Nicaragua is 
characterized for its row material disponibility, low cost, easy fabrication and 
construction, good thermical and accoustical properties and a resistance to tcr
mites and fire. It sounds like an ideal material, 1on ver, it has serious dis
advantages such as poor behavior under weathering conditions, low copressive

strength and noticeable cracking due to high soil contraction.
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FIG. 4. (ab) 	 ADOBE MASONRY HOUSE AND 
FRAMING SYSTEM. 

3b2 
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The conventional process of making adobe, consists in selecting the
 
appropriate soil, mix it with water and let the mix sits for a day. The mix
 
is then poured into wood molds, where it will dry in the natural environment
 
for about three weeks. However, the 24 hours sitting of the mix is not neces
sary as it have been proven elsewhere that during this time, no organic deccm
position can take place.
 

In some places, straw, grass and others are added to the mix, but 
this is not a good practice as it diminished the resistant properties of adobe.
 
Furthermore, the inclution of organic materials will increase the tendency of 
adobe to crack.
 

A first study, intended to optimize the stabilization of adobe in 
Nicaragua, was carried out by using clayey soils and stabilizers wiich can be 
found or produced locally, such as Portland Cament, Puzzolarz, Lime aid others. 
The results can be described briefly as following: 

a) The ccmbination of Limec & Puzzolana as a stabilizer is a good 
economical solution for the appropriate soil, if puzzolana natu
ral deposits are nearby. Otherwise, the costs my be prohibited 
since the cost of obtaining the required fine puzzolana, must 
be included. Natural puzzolanas of volcanic origin are found in 
Nicaragua in the form of pumice. 

The workable time for adobe stabilized with lim2 and puzzolana 
may be extended up to 2 1/2 hours. 

b) 	 For the samples of soils studied and considering several factors, 
such as weathering perfornince, cost, impermeability and mechani
cal properties, it was concluded that a 5% of cerent as stabilizer 
and the cobination of 15% lime and 15% of puzzolata were the 
optimum for such soils. 

c) 	 Weatnering test were carried in stabilized and non-stabilized 
soils. A cube of 2" x 2" x 2" of non-stabilizd !-oil lasted only 
4 minutes in static water, wbile one stabilized wLth 5%of carent 
may be desinteqratff] in 3 years. 

d) 	 For the s/oils considerc-d the cmpqresive r7+-xenqth of stabilized 
adobe using lime and pizzolamn sox-t higher values. 

e) 	 Tests for vmeasring the tensile strength wre a],so performd on 
stabilized and non-stabilizod adobe samples of 2" x 2' x 2". 
The tests indicated res!,ults about 8% of the correspernding can
pressive strength. 

The above 'ork was nvinly oriented toward the chcmical properties of 
the stabilization proc:es;. 

As a first study in Nicaragua is invaluiable, Lut due to the severe 
limitations at that time, the results obtained should I- ( xamined very carefully. 

323
 



Further work is needed along these lines. Since extensive work on
 
the stabilization of soils, has been done elsewhere, it was decided to use
 
soils stabilization to Nicaraguan soils.
 

Adobe Stabilized with Ccment
 

To further the previous work and to enhance the practical applica
tions for construction, a program for stabilized adobe with cemnt, oriented
 
toward housing was carried thoroughly.
 

The objective of the program is to technify the use of adobe, its
 
physical-neclanical properties, the methodis of fabrication and construction 
for low cost housing, safe and adequate for the different regions of the coun
try.
 

The program start-i with the study of the physical properties of 
soils in the vecinity of prospective hcusing projects. Samples from the Delart
ments of Mmnaguna, Rivas, Nueva Seqovia, Lon, Chontales and others were obtained, 
keepilg in mind that the best soils for tlh stabilization of adoLx bricks with 
cement, are those with a 75% of saindy material ard a 10 - 15% of clay. Table 
2 lists the physical properties of the soils. 

Bricks can hxe fabricatax] i.-y hand or by rachine. 'Ilie first: type2 is 
the traditional one, using , xxlen ntrxlls. Tle fabrication by nmchine implies 
the use of the CINVA-PPM. 

A!; one of the objectives of the roqrm, io 
ry construction, a ;cries of static test,; to detenine the mechanical proper
ties of sn-vll ass-b]azes w s carri d out. 

C.nressiv, Stren;th 'Tests for Adobe Bricks 

The size of bricks -onsiderod is 30 x 15 x 10 cms., with the following 
properties; fine texture, "ight of 5.5 Fils., compressive strength of 60 Kg/cn2, 
and 31% of absoT)rption in 24 hxurs. 

The ultimite Cr sivee... strength wis obtained by testing t]ve units 
after 28 days of fabrication aiy] hive than umunitted to a process of 7 days of 
curing. 

Se.- ra l mix pro[j)rtion:; of ,oil--cfnY:nt varjmq fr(in 8 1],17:1 w _re 
tried. Ib:vv ,.r, th, rati(n 10:1, w:; t:he opt inn with r'Ja r] co:;t ,,] strnc
tural behavior. 

The re:;u1lt: s,4w tht't the: 1rop,,rti:w; ()f ir'ck!; fabricatedpmcharic. I 
by m-chlne, are hihher tin those rmde by harxi. 
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TAbLLl' 2.- I['Y~h.AI. 'l~i' 4,FkS-'11DIU) SOJIS 

No. 
| Ill J HkTT( 

tI i:.;E t) VII: I C.1r" P 
,j, i L 

JW ILII,'I
l unI-I.l~'I, 

L 

1. 
I. 

tort.-
LI j 

U.S.C.S.I" II.R.B. 

1-1.0 47 4u 7 -M.L. A-5 

2 1.5 37 34 S.M. A-2-4 

- Ri.. 1 -- - -- - 1300 Jb.2 O. H. A-7-5 

2 .. ... 1284 -'8 O.L. A-b 

- N.P. . 1.P. N.P. t70 19.2 S.M. A-2-4 

t (yello] 1 - 27 15 12 - s.c. A-2-6 
-(,d} 2 -28 13 15 G.C. A-2-6 

1, ,--110 
- -S.C. A-2-4 

1. h 45 14 31 O.1. A-7-5 



Test prisms bond T nsion Bond test 
for Cm test Diagnal tension 

Shear 

Moduius of rupture 

FIG.6 LABORATORY SPECIMENS IN MECHANICAL 
PROPERTIES TESTING 

The averaae ccrressive strengtii for hand made bricks was 29 Kg/an2.
while the machine made %as 60 Kg/n2. 

Tables 3 and 4 sxw 
the results of the capressive strength tests in
hand and machine made adobe bricks stabilized with cement.
 

Flexure Tests
 

As it can be seen in Fig. 6, the arrangement used for the flexure
tests, would give bending stresses normal to the joint. The maximnt span
length considered %,s18" and the soil-cament mortar joint used a 10:1 mixproportion. The average bending stress, was found to be of 2.95 Kg/cm2. 

Bondinci Tests 

Tlhe tent,; to develop the maxzmum ondhna stresses were designed, considering the texture arKI thickness of the units, the flc?4inq and mix proportion of the .-nrtair-vJn the abs;ortion of the as ;rblag(. tests were carried on machline nu-de adoLx! brickr ad ttle as;blac(es; us'dx can be seen in Fig.6 
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TABLE 3.- BRICKS COMPRESSION STREMT 

Hand made 

SOIL CETT GEOMETRY CUPRESSION 

PROPORTION IN CMS. STRES NOTATIONS 
Kg/an 

8:1 8.0 Soil fron Rivas (A-6) 

8:1 _ , 23.01 Soil frcm Rivas (A-7-5) 

10:1 15.06 Soil from Rivas (A-6) 

14:1 3.75 Soil from Rivas (A-6) 

17:1 1. 30.7 Soil from Rivas (A-2-4) 

10:1 i0:i T 30.41 Soil frcn Ocotal (A-2-6) 

17:1 20.42 Soil fram Ocotal (A-2-6) 

10:1 51,% 32.88 Soil fran 'DItogalpa 
(A-2-6) 

12:1 28.8 Totcgalpa 

12:1 28.6 San JLon del Rfo Coco 
(A-2-4) 

Qo 

12:1 27 .3 san Juan del Rfo Coco 
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MBLE 4.- BRICKS CCMPRESSION STRENGHT 

Machine manufactured 

SOIL:CE4ENT 
PROPORTION 

GBOE R 
IN CMS. 

CnMPRESSI., 
STRGH' 

Kg/an 
NOTATIONS 

10:1 55.46 Soil from Dolores, 
Rivas (A-2-4) 

12:1 56.84 Soil from Dolores, 

Rivas (A-2-4) 

10:1 17.67 Soil :-ran Chinandega, 

Paredones (A-7-5) 

13:1 

10:1 i,0 

61.19 

76.7 

Soil from Jos6 Isalas 
CGmez (A-2-4) 

Soil from San Pedro 
de Lvago, Chontales 
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(a) PRISMS COMPRESSION STREIlGTH 

ADOBE BRICK f PROPORTION f f 'm 
STABILIZED 2 OF RTAR 2 2' eWITH Cg= Kg/cn gg/__2 /an__Kg/m 


Jose I.G6inez 61 1:10 16 19.26 0.31 
" 1 " 61 1:10 16 25.4 0.41 

"_ " 61 1:10 16 23.3 0.38
 

(b) SHEAR BONDING TESTS 

SOIL CE4ENT BRICK IFT RTAR fb STRESS 
Kq/cm2 Kq/c 2 

Jos4 I. Grnez 8:1 16 1.47 
to "10:1 16 2.06
 

(c) TENSI(N FONDTNG 

SOIL CEMENT BRICK MORTAR fb STRESS
 
2
2/cm
.K/an2 


Jose I. Gtxnez 8:1 16 3.31 

Sn. Pedro de
L/oago ( , ntzlu ) i0 i16 1.011
 

(d) DIAODNAL I'U",TCtN S{AR
 

SOIL C1iqu4Ir BRICK D1;VTAR h/i f'mn VC 
2c 2
 

Kg/an 2 vj/Pm 

Jo56 I. G rrtz 1:10 1.0 19.26 2.69 0.61 

1:10 0.67 19.26 2.97 0.67
 

TABLE 5
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A sumnary of the results of the experimental program, follows:
 

a) 	The average compressive stress of machine and man made adobe 
bricks stabilized with ceent were respectively 60 Kg/cm2. an] 
20 Kg/c2. 

b) 	The average f'm found, using a mortar joint of 10:1 proportion 
and machine made bricks was 22.65 Kq/cn12. 

c) 	The average shear bond t-esses found, without considering con
fined normal stresses waus 2 Kg/an2, while the average tension 
boyK stress obtained was 1.5 Kj/cn2. 

d) 	The diagonal tension mode of failure vwas verifid, by cracks 
crossing the brick and mortar s!rniltanieously. The average dia
gonal tension sheaar stress was found to be 2,8 Kg/cn2. 

e) 	 The average LkWrYing stress normal to the joint was 2.95 Kg/cm2. 

To ccrnplauant thAe above experimental study, dinamic tests should be 
performed.
 

Adobe Construction for Cooling Passive Solar Systan
 

An experurwrital work .s undctrway using ado e construction for cooling 
passive solar svstc m:, in tropic,:il1 arezs. 

A 2.3 rt. :< 3.5 mt. irrxel w's Luilt, using p.xured in )ace Gruwnnt 
stabilize] adolx bricks of 7.2" z 11" x 32". 'TIhe :;trictural :vst arxi rcAxfing 
details ar( :;lJ',n in Fig. 7. 

Wind valves ".re l]oaliz(A at tlhe hotton ard tr)p of the wa11s facing 
wilnd current!;. The ccird)ination of earthen nuteril tIheiil Iin:;ulabtin prolx.r
ties, convenction -uIrentes inside the im)el aInd thel' invertl rrnof :;y:;t(_n force 
the inside tcMn%_lrture to bex1r! thin outside. / 

Theu 	 result:. ;'';:; rrrni1 '5j0n f!or: (Y) lig low cost tibusing. 

Sei, 	nic Zoning for PvkL-. ing 

To 1wrr)Ve ffi (t -Idobe construiction against sei~nic events, athe e ef 
stwly was carriedt out to fCir the mrris:nn dimension values to be ucd in adobe 
housing according to the sei.qnic zones ost-blisha by, the Nicaraguan Wuilding 
Code. The results; appear in the forn of rcm1Tnded values, rhown in Fig. 8. 
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ABSTRACT
 
Adobe and mud structures, used widely for housing in earthquake
 

prone areas throughout the world, will fail, even in the presence
 
of good design and workmanship, if they are built on poor sites.
 
Structural and seisiic factors, topographic factors, and lithologic
 
factors are all important in selecting geologically safe construction
 
sites away from fault zones, cliffs, unstable slopes, or areas with
 
deep alluvial or man-made fills.
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Introduction
 

Adobe or mud structures are widely used for low cost housing and public

buildings in regions where wood or other building materials are not available
 
because of either high cost or scarcity. Throughout many of these regions,
 
e.g. ilong the western margin of the Western Hemisphere or in the Middle East,
 
e.r thquakes are a frequent occurrence. The use of mud as a building material
 
in seismically active (i.e. earthquake prone) areas has resulted in hundreds
 
of thousands of human deaths and billions of dollars in property losses in
 
recent years as reflected by the following single report from the Earthquake

Information 	Bulletin-typical of many each year.
 

"Southern Peru experienced a destructive earthquake on February

16 (1979). The magnitude 6.7 earthquake was located about 100

km northwest of Arequipa, where at least 14 persons were reported
killed, many were injured, and damage to adobe-type homes was
 
extensive" (1).


Many of these deaths and some of the property losses are preventable, even if
 
adobe 
 (one of the weakest building materials in terms of earthquake resistance) 
is used as a building material (2). 

Preventable deaths resulting from earthquakes occur every year somewhere
 
in the world. 
On the average, 10,000 people lose their lives in earthquakes

annjally (3). In some years, for example in 1976, the number of fatalities
 
totals hundreds of thousands. Ultimately, prevention of such deaths will be
 
possible when we develop an earthquake prediction capability and implement

worldwide earthquake warning systems. Implementation of such systems will
 
take 	years. In the interim, the number of earthquake related deaths can be
 
significantly reduced through appropriate design and construction of structures
 
on relatively safe sites.
 

Property losses can also be reduced. Between 1926 and 1950, UNESCO
 
estimated an average annual property loss of $400,000,000 (US) (3). These
 
annual losses are increasing with increasing development. Single earthquakes
 
now may cause similar amounts of property loss. For example, the 1960 Chilean
 
earthquakes cost $300,000,000 (U.S.) in housing along (4), the 1964 Alaskan
 
earthquake resulted in $310,000,000 (U.S.) worth of property damage (3), 
and
 
the preliminary estimates of damage in the 1976 Guatemalan earthquake totaled
 
$1,100,000,000 (U.S.) (5).
 

Many countries in seismically active reg'ons have initiated programs to

reduce losses of life and property. One early step in such programs is to
 
develop seismic risk maps, maps showing areas of relatively high and iow risk
 
with respect to potential earthquake damage (6,7,8). In addition, dctailed 
maps may be prepared for areas of special concern (e.g. major cities or 
seaports) (9). These maps provide 
a base for the detailed geological and
 
engineering studies necessary for thorough site selection analyses. 

The value of seismic and earthquake engineering studies, especially in 
less developed countries (LDC's), was underscored by Flores (4). Earthquakes 
can create damage worth the equivalent of the ndtional budget of an LOC. Flores
indicates that regulation of construction in Chile prior to the 1(60 earthquakes
resulted in a 25'i ($100,000,000 U.S.) decrease in damage relative to pre
regulation projections. Had all housus conformed to applicable standards, 
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losses would have been reduced by 75% or $300,000,000 U.S.
 

Damage to the spirit of the people can also be prevented through reduction
 
of losses in property and life. A loss of morale can critically influence

development efforts, reconstruction and economic growth of a country and should
 
not be ignored. In this paper, I delineate criteria for selecting safe build
ing sites in seismically active areas, as one facet of an approach to reducing

property damage, loss of life, and resultant loss of morale. Safe siting is
 
particularly important where adobe is used in building, because adobe fails
 
readily under the influence of ground shaking and other effects of earthquakes.
 

Both pre- and post-earthquake siting projects are feasible. However, the
inertia to change limits the impact of pre-seismic siting, as such projects

usually influence only new structures. Post-earthquaku projects, as part of

disaster relief programs, may have wide impact, as the population is open to
 
change and is in need of reconstructed buildings. Ineither case, site
 
selection is critical to development of earthquake resistant buildings.
 

Damage Produced By Earthquakes
 

The wide range of geological effects of earthquakes have been reviewed by

many authors (3,10, 11, 12). Among the most important effects are ground

rupture, landslide, earth lurch, liquifaction and settling of ioil, and flooding.
 

Ground ruptures result from several 
causes. First, surface faulting may

produce a series of discontinuous cracks (13). The surface may be offset along

such cracks 
in both vertical and horizontal directions. Such offsets may range

from a few centimeters to several meters. Ground rupture also occurs 
in cases

of lurching and landsliding. Some of the most spectacular cracks developed bythe 1976 Guatemalan earthquake were developed at the heads of landslides, where

cracks more than a meter across and several meters deep, with vertical offsets

of several meters, created a greatly disrupted terrain.
 

Landslides develop where slopes are oversteepened, either for natural orartificial reasons. Where streams undercut slopes, especially where minor
faults and joints are present in the bedrock, the landslide potential is
significant. Ro-d construction, home and building construction, and other
human activities may also result in undercut slopes. Both natural and human
activities led to landslides in the 1970 Peruvian earthquake and the 1976 
Guatemalan earthquake (11, 13). 

Weak soils and alluvial deposi s especially those saturated with water 
as a result of heavy rains or a shallow water table, may give way to produce
landslides on steeper slopes or they may liquify in flat-lying areas. In
addition, loose materials may be consolidated by shaking during an earthquake
and settle. 
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Floods may develop both upstream and downstream from landslide dammed
 
rivers and streams. The upstream floods are local and result from the lake
 
which forms behind the dam. The downstream floods may be catastrophic and
 
widespread, if a weak, landslide dam collapses releasing the water trapped in
 
the lake. In addition, debris added to streams by landslides can lead to
 
increased sedimentation and related problems during flooding.
 

Damage to human constrLctions as a result of shaking and the various 
geological effects ranges in extent from widespread in major earthquake 
(magnitude >7) to local in smaller earthquake (magnitude 3.5-5). Damage
 
may affect large and small structures of modern or ancient desig-, and may 
range from simple cracks to total collapse. Figure 1 shows typical failure 
lines in an abode structure. Both adobe and modern steel-reinforced buildings
will suffer damage, if weaknesses in design, workmanship, materials, or siting 
exist.
 

AI
 

FIG. 1 

Sketch of earthquake-damaged adobe house showing typical failure
 
including diagonal cracks fallen tiles, and partially collapsed
 
roof (after Raymond et al. in ref. 2).
 

Site Selection Factors
 

Factors important in selecting safe construction sites, whether they be 
sites for single houses or sites for entire town,, may be categorized into 
three groups - structural and seismic factor, , topographic factors, and 
lithologic factors. In long ranrie programs of :-on,'truction or reconstruction, 
all factors from eacth group should be evaluated by a team of geologi st. and 
engineers. Where this is not possible, paraprofessionals, trained by a 
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knowledgeable instructor, may use a set of detailed guidelines to select sites 

which are devoid of obvious flaws (14). 

Structural and Seismic Factors 

The seismicity of an area, both recent and historical, is of critical
 
importance in site selection. Studies of recent earthquakes can provide

evidence for evaluation of: (a)the location of active faults; (b)the maximum
 
ground acceleration (shaking) expected in a given area; (c)the type of damage

(Mercalli intensities) expected on different foundation materials and for
 
different structures for earthquakes of varying magnitude; and jd) the short 
term frequency of damaging earthquakes. These recent data can then be combined 
with historical data to provide a historical record of damaging earthqual s
and, with geological data, an estimate of the desiqn earthquake, the earthquake
which would qive the most severe shaking at a i-iven site XY). 

Seismicity should not be estimated solely on the basis of historical
 
earthquake activity, however (15, 16). Topographic, lithologic, and structural
 
data can reveal pre-historic (Holocene and Quaternary) activity on faults.
 
The data expand the seismic record for an area and allow a more thorough

analysis of seismic risk, as virtually all large earthquakes (Magnitude>6.0)
 
occur on faults recognizable through fie ld studies (16). Thus, active faults 
may be recognized on the basis of geological, as we11 as geophysical evidence. 

In the United tates, the Nduclar Regulatory Commission has defined"capable faults." These are faults Lhought to be "capable of causing movement 
at or near the ground surface or generaing high vibratory ground motion" (17).
The recognition of a capable fault depends on seismic and geological evidence, 
as capable faults are defined as those faul's with recurrent movement history
in the past 500,000 years and,'or tectonic - t vity within the past 35,000 years
(17). Because historical records extend for on i a few hundred or thousand 
years, geological qtudios, based on field wolk, ciearly contribute to thorough
seismic risk analyses and site selection. 

Geological field studies reveal a multitud, of important features. For 
seismic risk studies, evaluation of length of fault rupture is important in 
estimating Richter magnitude (3, 18). Offset stream channels, faulted alluvial 
and other Quaternary deposits, fault scarps, and sag ponds provide evidence of 
recent and potentially active or capable faults and shoul' be included in the 
seismic risk analysis. 

In ternn of eiteselection, data indicative of an active or capable fault 
are irportant in evaluating the geological structure of an area. Such evidence 
should hbe sunnarized on a greologic map, which, like the se i'mic risk map,
providons a hasin for detailed site selection studies. The geologic map should 
also include data on the age of rock units offset by faults and careful plots
of all landslides. 
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Using the seismic risk and geologic maps as a basis, the geologist and
 
engineer can evaluate the area in which a site is to be selected. Structural
 
features that should be evaluated in the local study include faults and joints.
 
Recognition (and mapping) of the exact location of active or capable faults in
 
the area, location of older faults and their related features, and evaluation
 
of joint systems are all aspects of a thorough analysis. Active or capable
 
faults and the associated zones of crushed rock must be avoided as building
 
sites, as rupture may occur anywhere within the fault zone, destroying structures
 
built on the line of fracture (e.g. 12). In addition, the crushed rock
 
materials along the zone provide poor foundations. Dead or inactive faults
 
should also be avoided, as these fault zones also contain weak founddtion
 
materials. Furthur, some faults, such as the San Indreas fault of California,
 
have a long history of movement (19) and others W 2 presumably been reactivated 
during later tectonic events (e.g. 20).
 

Criteria useful for the recognition of faults have been summarized by
 
many authors, including Billings (21). Structural features of note include:
 

(a) offset rock layers;
 
(b) truncated rock layers;
 
(c) slickensides; and 
(d) zones of gouge, breccia, mylonite, or "horses".
 

Zones containing such features must be rejected as building sites (Figure 2).
 

I / 

/ 

- / - - -', 

FIG. 2
 

Sketch showing dangerous building sites along a fault zone (F).
 

Joints are fra ctures dlong which no significant movement has occurred. 
However, highly jointed bedrock does not provide a strong foundation for a 
structure,. In addition, where joints are arranqed so as to weaken slope 
materials, they may lead to lands lides. Consequently, it is important to 
examine potential sites for flaws imnparted by jointed rock. 
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Topographic Factors
 

The topography-the relief, contour, and slope of the land-can provide
 
many clues to the relative safety of a site. Topographic factors relate to
 
site safety in two ways. First, many topographic features reflect underlying

faults. Second, certain sites are unsuitable for construction in seismically

active areas because of the topographic considerations alone.
 

Underlying faults are expressed in the topography by a variety of features.

These include offset stream valleys and ridges, trun'ated ridges (spurs), fault
 
scarps and fault-line scarps (localized steep linear slopes), linear series of
 
springs, linear groups of marshes or ponds (sag ponds), visible 
zones of surface
 
cracking or offset of man-made objects (e.g. roads or canals), and topographic

lineaments such as unusually straight stream or river valleys. 
 Prospective

sites should be examined for such features and sites along the line of any group

of such features should be avoided.
 

Inaddition to the topographic factors listed above, i.e. those that
 
reflect underlying faults (or joints), sites in certain topographic situations
 
should be avoided for reasons of their own. The Guatemala earthquake of 1976
 
produced thousands of landslides, many of which resulted in loss of life and
 
property. In Peru, the potential hazard posed by landslides iswell known,

in part as a result of the Huascaran debris avalanche that buried Yungay (11).

Therefore, sites immediately above, within, or below presently developed

landslides should be avoided. In addition, sites should be avoided where the
 
landslide potential is great as a result of structural factors (e.g. extensive
 
faulting or jointing), stratigraphic factors (e.g. jointed resistant rock
 
masses overlying weak rock masses that are tilted towards a valley), and 
topographic factors (e.g. oversteepened slopes).
 

Relief and slope are critical factors to evaluate in relation to the
potential for earthquake generated landslides at a site. In Guatemala, many
lives were lost where structures were erected djacent to cliffs, very steep
slopes, or large gullies (barrancas). For example, at Estancia de la Virgen 
near San Martfn, reportedly eleven families were carried with their homes into 
the Rio Pixcayd when the cliff adjacent to the river collapsed during the 
earthquake. In Guatemala City, residential areas adjacent to barrancas
suffered more intensive damage than surrounding areas, probably as a result of 
amplified ground motion. Here, some individuals lost their lives as a result 
of landsliding. As a general rule, construction adjacent to cliffs or
barrancas or on or near slopes steeper than 350 (757, grade) should be avoided 
(Figure 3). 

Sites on high and especially narrow ridges should also be avoided. High
and narrow ridges are known to !xperience ground shaking amplified up to three 
or rore times that of adjacent valleys; (22,?3,24), which results in greater
damage. In addition, narrow ridges are subject to landslides on both sides, 
a condition developed during the 1976 Guatemalan earthquake in Las Venturas 
(San artfn), along the San Martfn-Chimaltenango road, and along the El Tablon-
Las Flores road. 

341
 



ii N
 

FIG. 3 

Sketch showing unsafe building site (X)along cliff face.
 

Valley bottoms may also be hazardous. The hazard at such sites is only
 
indirectly related to the topography. Landslides from above provide one type
 
of hazard, especially in narrow, steep walled valleys. The second type of
 
hazard is related to the lithology of the rock or soil in the valley bottom.
 
It iswell known that poorly consolidated materials lead to increased earthquake
 
damage (12,25,26). Ground shaking on alluvial materials, as reflected by

accelerations, may be increased up to 4.3 times,versus accelerations on adjacent 
bedrock (27). Thus lithologic factors must be evaluated at such sites.
 

Valley bottoms may also be subject to flooding. For example, the 1976
 
Guatemalan earthquake produced landslides that dammed at least four major rivers.
 
The 1970 earthquake produced a similar phenomenon in Peru (11). Landslide dams
 
produced flooding upstream and, if they subsequently collapse, flooding also
 
occurs downstream. Although accounting for the flood factor isdifficult
 
because of the many potential sites for landsliding along major rivers and 
streams, where nearby slides or areas of potential sliding occur, they should 
be taken into account during the site selection process.
 

Lithologic Factors 

The importance of the lithology of the foundation material at building
 
sites is very important. Solid bedrock provides the best foundation for
 
structures. That damage increases with decreasing strength and cohesion of 
foundation materials has been revealed by numerous post-earthquake studies 
(281-31). There!fore, a thorough site selection study should include a civil 
engineer's or soil scientist's study of the soils, and/or a geologist's 
evaluation of the bedrock, depending on local conditions. 
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Hard crystalline rock types provide much firmer foundations than poorly

consolidated sediments or pyroclastic rocks. Many of the landslides in
 
Guatemala occurred inweak pyroclastic materials which crumbled on shaking.

Glaciofluvial and other similar deposits of the Rio Santa Valley of Peru are
 
subject to similar failure (11). Granitic rocks, gneiss, metasandstones and
 
similar rocks are preferred as foundation materials to sedimentary rocks. In
 
general, poorly consolidated, weak, wet, organic-rich Foils or alluvial
 
deposits should be avoided.
 

Where sites must be selected in alluvial materials, thin, well compacted

dry soils with silty layers provide better foundations than the wet, poorly

consolidated soils. Thixotropic clays and highly saturated sands, even at
 
considerable depth below a building site, will make the site unstable and
 
subject to settling or sliding. Turnagain Heights, Alaska, where a whole
 
section of houses slid towards the sea, was constructed in an area with under
lying thixotropic clay (10).
 

Conclusion
 

Safe building sites will allow well constructed adobe structures to survive
 
earthquakes without total collapse. A thorough investigation of proposed
 
alternative building sites should be used to eliminate sites from consideration
 
that occur along fault zones, on highly jointed and/or steep slopes, along

cliffs or roadcuts, in areas of previous or potential landslidino, along narrow
 
ridges, in areas of extensive natural and man-made fill, and along narrow valleys
 
near large cliffs or landslide prone slopes. Ifadobe stru-.tures are constructed
 
using proper design, good workmanship, and good materials on safe bedrock sites
 
lacking these flaws, loss of life and property will be minimized.
 

Site analysis is best carried out by trained engineering geologists.

However, in LDC's there is often a shortage of trained personnel. Under such
 
circumstances, locals trained as paraprofessionals (using graphics and simple

rules) may make site evaluations for adobe structures that will eliminate the
 
worst sites from consideration.
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ABSTRACT 
Wlile much effort has been spent on analysis of individual structures, 
building :lass seismic damage estimators for earthen buildings in 
seismic zones, of value in disaster planning, code-writing, city 
planning, national hazards policy formulations etc., have been little 
investigated. First, details of the typical construction in Japan
incorporating, earthen elements are presented, with emphasis on those 
providing lateral resistance. Next, based largely on data from Sendal
 
City, Japan in the 12 June 1978 Miyagiken -oki earthquake (M,-7.4), 
estimators of seismic damage for low-rise buildings in urban' Jaoan 
have been determined, based on damage to over 60,000 buildings. 
Damage ratios for onzor n.' .,nage and collapse and for cost of damage 
are found to correlate best with response spectra at 0.75 s. Using 
published test data and average bilding properties, a seismic damage
model explains the 
low-rise building behaviour and permits examination
 
of the effect of structural changes on the estimated damage.
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Introduction
 

Although Japan is usually associated with earthquakes, its association
 
with building construction is usually that of wood rather than that of earthen
 
buildings. This is due to the well-known superb joinery of the typical
 
Japanese house, as well as the abundant forests and prominent part wood plays
 
in the architectural aesthetics of Japan. Closer examination however, reveals
 
that earthen construction is actually a significant part of the typical
 
Japanese house, and vis-a-vis earthquakes, provides a considerable portion of
 
the lateral resistance. Thus, a review of typical Japanese residential
 
construction is appropriate in any discussion of earthen buildings in seismic
 
zones. The purpose of this paper is to briefly present an overview of Japanese
 
urban regions and seismicity, to outline typical resid2ntial construction and
 
then to present some research results of the author quantifying such construct
ion's seismic resistance.
 

Within the overall seismic risk problem, one of the less researched
 
topics has been that of regional damage estimation, although the aggregated 
damage that a region sustains in ani earthquake is probably society's greatest 
concern, vis-a-vis earthquakes. One of the reasons for this lack of activity 
has been the lack of damage estimators (also termed damageability performance, 
or vulnerability functions) for the various classes and sizes of structures in 
today's urban regions. Even though extensive research has been devoted to the 
response of specific individual structures, little effort has been devoted to 
the average response o' these classes of structures. While Lhe value of the 
study of the response of individual structures goes without saying, the value 
of building-class seismic damage estimators in such fields as land-use and 
city planning, microzonation, building code evolution, natural hazards insur
ance, disaster planning, etc. is also very great, when faced with the problem
 
of estimatLin the damage to tends of thousands of low-rise and hundreds or 
thousands of mid- and high-rise buildings. To adequately serve these fields'
 
needs, damage estimation functions should nt only be descriptors or pre
dictors of damage given ground motion but should also relate the response or
 
damage tothe structural system in sufficient (and yet not too much) detail
 
such that the effects of modifications to the structural system are readily 
apparent, thus permitting the application of cost-benefit analysis or other 
decision-making methodologies.
 

Such damageability functions are especially mandated in situations like 
Japan, with one of the highest degrees of urbanization in the world. In urban 
regions, such as Tokyo-Yokohama, Osaka. Nagoya, Hiroshima, etc., low-rise 
buildings, especially of wooden construction, constitute the great majority. 
In Osaka (the second largst city in Japan), of 408,000 buildings 80.4 percent 
are wood, 90 percent one or two storey and only 0.124 percent are 10 storeys 
or higher. 

The primary reason for the high degree of urbaiization of modern Japan is 
Lhe fact that mountainous areas constitute about 96 percent of 142,706 square 
miles, thus forcing her approximately 112,000,0()0 people onto recent (in 
geologic terms) alluvial plains, such as the great Kanto plain of Tokyo. 
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Coupled with economic, transportation and other constraints, the result is
 
that much of Japan's population is housed on deep, recent, alluvial deposits
 
in an area of high seismicity. This seismicity is among the world's highest
 
for a densely populated country, and is basically due to tile subduction of the
 
Pacific plate under the Asian plate along offshore Japan to the east, complic
ated by the convergence of the Philipp~ne plate near Tokyo. The result is 
great, deep offshore and large, shallow inland earthquakes with relatively 
high frequency of occurrence. An idea of the hazard can be gained in Fig. 1, 
which estimates motions for Japan for 75 years. 

Thus, we find in Japan a high degree of urbanization on deep alluvial 
fans in an area of high seismicity, so that we have a high expectation of
 
strong ground motion of long duration and long period.
 

Typical Residential Construction
 

The structure of the typical wooden low-rise in Japan has changed very 
little in this century (see Engel (2) for a detailed description). Fig. 2 
shows a typical view of a nearly completed house in which the main elements 
are clearly discernible. These are heavy tile roofs (unlike many other localit 
ies, in Japan the tiles are seated in a bed of about 7 cm of mud, which adds 
enormously to the weight of the roof) supported on a vertical post and lintel 
constructions; which carries the roof and second floor to the foundation. The 
foundation in the past consisted of stone or concrete seats and usually now 
are low perimeter concrete walls. Due to this feature, these structures are 
especially sensitive to ground movement. The vertical posts, being of wood 
joined into the sill or roof beams, provide virtually no lateral resistance 
due to the inability of the connections to develop any moment capacity. Thus, 
the lateral reSistance is due solely to the walls and, if existing, bracing. 
Traditionally and until very recently, bracing was not typical, although 
now being increasingly mandated by code. In Fig. 2(a) some diagonal bracing 
can be seen, while the side wall, more clearly shown in Fig. 2(b), has no 
diagonal bracing and relies for lateral resistance solely on the mud infilled 
wall between vertical posts. 
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Fig. 1 Seismic map for the Expected Value of the Maximum
 
Ground Motion to occur in 75 years (after Goto and
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The construction of these walls is of some interest. rhe first step is usually
 

the assembling on the ground of the pre-fabricated main posts and lintels, and
 

tilting these up into place. By this method, the main posts and heavy roof timbers,
 
Fig. 3, can usually be entirely erected in a day, with temporary bracing. This is
 
followed by the installation of bamboo lath first on a coarse grid (labeled mawatashi
 
-dake in Fig. 5) and then on a finer grid (komai-dake) tied to the coarser grid. 
Fig. 4 shows a close up of this, prior to applications of the mud, while Fig. 5 is
 
a schematic, with Japanese terms, etc.
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Fig. 3 Hipped-roof construction (after Engel 2)).
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Fig. 2(a). 	Nearly-completed
 
typical Japanese
.... I 	 house -front view
 

Fig. 2(b). - side view 

Fig. 4 Close-up of bamboo lath, 31howing tying of 
various element,; and setting into tile eaves 
beam. 
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Fig. 6 	 Framed-up house with 1:iLth t;talled, prior 
to application of mud. Note roof tiles in 
foreground.
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The result is shown in Fig. 6, which is a framed-up house, with temporary 
anld some permanent bracing, prior to the application of the mud to the installed 
bamboo lath (note the heavy roof tiles in the foreground). Application of the mud,
which is a common clay-sand mixture with chopped straw mixed in, is by simple 
troweling to the bamboo lath, Fig. 7, one side at a time. 
 Note in Fig. 7 that lath
 
and mud are used over doorways so that a weak frame action can be accomplished 
(this shall later be referred to as a "pierced wall"). Fig. 8 shows the reverse 

Fig. 7 Application of the mud to the bamboo lath.
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Fig. 8 Mud applied to one side of bamboo lath.
 

side, after troweling on one side. The final result is as shown in Fig. 2. This
 
type of wall is termed, in Japanese, shin-kabe. There is another, somewhat less 
common type, termed okabe, Fig. 9, which employs a larger wooden lath over which a
 
chicken wire-like mesh is placed and then a thin coat of 
stucco applied.
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Fig. 9 Okabe type wall, prior to application of stucco.
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Seismic Damage Characteristics
 

In what follows, it is useful to first define several terms:
 

Definitions
 

The term Damage Ratio for Buildings Damaged, DRBDMG, is defined:
 

Number of Buildings reporting Damage BDMG 
DRBDMG = Total Number of Buildings = NB 

Here BDMG is number of buildings reported damaged and NB is total number of
 
buildings, for a given area. Damage is, in the above, loosely defired and includes
 
structural or non-structural, large or small, corresponding to the number of
 
buildings claimed damaged. The term Damage Ratio for Buildings Destroyed, DRBDST,
 
is similarly defined:
 

Number of Buildings Destroyed BDST
 
DRBDsT Total Number of Buildings NB
 

where Destroyed means collapse during, or razing after, the earthquake.
 
Lastly, the damage Cost Factor, DCF, is defined:
 

Damage Repair Cost of the Building
 
DCF Replacement Value of Building
 

While there exist problems regarding how small the damage can be and yet 
be included in DRBDMG, or how long after the earthquake razed buildings should 
be included DRBDST (or even which earthquake, in the case of aftershocks), or how 

accurately Damage Repair Cost is reported for DCF (and under what incentives, 
for eAample the degree of disaster relief aid), these definitions are sufficient
 
for many aspects of damage estimation, and will be used herein as defined above.
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The Miyagiken-Oki Earthquake Of 12 June 1978
 

Much of the following analysis is based on data from the Miyagiken-oki
 
earthquake of June 12, 1978 which occurred at 17:14 local time, with an
 

' 
epicentre at 142'10' East, 38009 North, focal depth of 40 km. and magnitude
 
= 7.4 (USGS M = 7.5)7. The earthquake and its damage have been well 

(3,4
reported ( ,4) and only certain aspects will be mentioned here. Figure 10 is a
 
regional view showing Sendai City and its relation to the epicentre, aftershock
 
area and regional geology. Sendai City sustained a majority of the building 
damage in the earthquake (e.g. 55 per cent of the destroyed buildings, 61 per 
cent of damaged buildings), most of which was concentrated in the softer 
alluvial portions of the city. Sendal is typical of most Japanese urban regions 
in that it is located partly on a soft alluvial plain adjacent to the sea, 
partly on an intermediate zone of firm uplifted older alluvium (in Japan termed 
diluvium), this zone continuing to hills or mountains. The distance from the 
epicentre to the centre of Sendai is approximately 110 km which, given the 
earthquake's magnitude, resulted in surprisingly large accelerations, peak 
ground accelerations being on the order of 0.25 g. Since, fo the purpose of 
this study, response spectral accelerations, velocities and displacements are 
required for various locations and soils in Sendal, and few records were 
available, use of Trifunac's 5 per cent damped response spectral attenuation 

fnto(5)
 
function was made, which was modified with satisfactory results, see Figure 

(11). This modification has been previously reported ( 6 ) and will not be dealt 

with in detail here, but basically consisted of using a 'virtual epicentre'
 
shifted towards Sendai from the epicentre of record (see Figure 10), in the 
attenuation function, instead of the epicentre of record.
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Fig 10 Regional view of Sendai, showing geology and after
shock area for period June 12 - Aug. 31, 1978. 
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Statistical Analysis of Low-rise Building damage in Sendai
 

This section, the statistical analysis, summarizes previous findings ( 6 ) 

and is included for the sake cf completeness. Figure 12 is a mr? of Sendai 
showing DRBDMG and DRBDST by political subdivision experienced in th! 

Miyagiken-oki earthquake (the poliLical subdivisions were of sufficiently 
small size to be adequately categorized by a single soil type -- hard, 
intermediate or soft). The data in Figure 12 were regressed against the 5 per
cent damped spectral accelerations generaLed by the modified attenuation 
functions, described above. After examing various types of equations (linear, 
log-log,etc.) and different spectral acceleration periods, a correlation of 
log-log form for spectral accelerations 0.75 s was found to be best. These 
correlations are (number of observations is 17): 

1 .744 

DRBDMG ' 1.813(SA0.75) , r - 0.75, s - 0.00345 (1) 

0.020145(SAo.75)
DRBDST 0 , r - 0.69,s - 0.0001 (2) 

where SA0. 7 5 is the response spectral acceleration at 0.75 s (in g), r is 

~F2 Heavily DIlmdged Arehgr
 

DRBOS
 

w~ere004 

JuneDsrom 12, 1978 %nrthqunk. 
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the correlation coefficient and is the conditional standard deviation.
 

Relation (1) was modified 
to include data from other Japanese earthquakes (7 )
 

which resulted in
 
1.324 

=
DRBDMG = 1.208(SA0.75) 1 r = 0.69, s 0.00325 (3) 

Damage costs were reported it, Sendai (8 ) from which the following relation
 
was determined:
 

Y = 0.5+0.434BDST+0.O053BDMG, r - 0.998 (4)
 

where Y is 1978 Japanese Yen (x 108). From the above relations, assuming 

an average value per building of 107 Yen, the damage factor
cost was
 

determined (6):
 

DCF = 0.0756(SA0.75)1.7 (5) 

the variance of which can be approximated by
 

VDCF = 0.000115+ 170 
(NB)2 (6) 

The above relations permit damage estimates for low-rise buildings in 
Japanese regions be when is of response
to made, use made various spectral
 
acceleration
al (6 ) attenuation regressions, which was illustrated in Scawthorn et 

6 wee, h . However, they do not in themselves explain the damage or permit any 
estimation or the effects of changes in the buildings' structures on the 
damage (for example, what would be the effect of an increase in the required 
bracing ratio?). For this, a physical model is necessary. 

Seismic Damage Model For Low-rise Buildings
 

Lateral resistance in the average low-rise Japanese building was
 
discussed above and seen to derive from three elements: (1) solid walls of 
either !ihinkabe (older, bamboo lattice-mud) and/or okabe (newer, similar
 
to stucco on lath), (2) pierced walJ' of the same materials and (3) walls of 
the above materials with diagonal wood bracing. Items (M)-(2) are usually 
considered non-,itructural, while (3), if existing, is considered structural. 

( 9 ) Takeyama et al conducted static and dynamic tstf] of elements representative 
of items ()-(3) from which force deflection cur es the form: 
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Fig. 13 	 Schematic representation of iterative technique used in
 

determining natural period and displacement considering
 

non-linear behaviour of low-rise building elements
 

was used here because it had previously been found to be the best correlative 

with damage, in the above statistical analysis. The reason for this can now be 

seen since, on average: 

T - 335 - 0.55128 (10)0.3 and T2 


(where T and T are the fundamental periods of one-or two-storey buildings,
 

iterative technique and the equivalent linear
respectively, delermined by the 


Table II
 

I-iavv Roof Light Roof
 

Building 	 f f 

I storey 15.6 1.56 10.6 '.68
 

2 storey 26.7 1.28 24.2 1.32
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P = aAb A 4 1 cm (7a) 

P - c + dlogA, A 1 cm (7b) 

may be determined, where P is the horizontal load acting at the top of a one
storey wall panel (kg/cm), is the deflection of the top of the panel (cm) and
 
a - d are constants, Table 1. Building storey equivalent linear stiffness per
 
unit building horizontal projected area, Kj, may then be expressed:
 

K. I Z RP
j Aji RijPi (8) 

Table 1 Force-deflection characteristics for low-rise buildings
 
P = aAb , A <1cm
 
P = c + dlogA, A 1cm
 

A<Icm A >1cm
 

Type Specimen a b c d (nm/m ) 

Wall:
 
SB-6 37.1 0.70 36.9 136.0 0.134
Shinkabe 


0.035
Okabe OC-6 88.6 0.35 95.2 97.9 

0.334
Pierced Wall SA-6 9.8 0.73 1.5 53.1 


Wall with OD-6 135.4 0.88 143.6 663.9 0.086
 

bracing
 

where j indicates first or second storey, i - items (1)-(3) and Rij is the ratio
 

of wall length in metres per square metre of floor area. Using equation (8) 
':dal frequency, modal shapes, response to spectral acceleration, etc. were 
obtained using a step-wise linear iterative techniiue in which the Kj are based 

on a value of the storey displacement j, which Ii then determined from the 

spectral acceleration and K and thence used as the next input value in the
 

iteration, see Figure 13. Natural periods calculated using this method were
 

compared with published test results (10, Ii) Figure 14 with good agreement.
 

Using average Ru determined from standard building plans (12) shown in Table
 

I, as typical of present-day low-rise buildings, and response spectral shapes
 
typical of Sendai in the Miyagiken-oki earthquake (described above), responses
 
of average low-rise buildings were determined:
 

e(SA 0.75
) f  
A - (9) 

where e and f are given in Table II, and indicates deflections of the cave line
 

with respect to the ground of either one- or two-storey buildings). SA 0 75
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= 

stiffness, equation (8)) and Sendai experienced average SA0.75 0.45 g, which
 

implies average eave-line building displacements of about 9 cm (2 storey) and 3
 

cm (I storey) and periods of 1.0 s (2 storey) and 0.5 s (1 storey). Since the
 

numbers of one- and two-storey buildings in Sendai were about equal, 0.75 is 

nicely bracketed explaining its better correlation when compared with spectral
 

acceleration periods of 0.32 s, 0.55 s etc. This is not to imply that 0.75 

is exactly the best correlative but that response spectral accelerations around
 

0.75 s provide better correlations with damage than much smaller or larger
 

periods, for Japanese low-rise buildings. Equation (10) also expresses an
 

oft-noted fact, that the period of low-rise Japanese buildings depends on
 

displacement, (11) which can be seen in Figure 14. By definition, the DR
 

is that portion of the building population exceeding some damage threshold. 
Since the above damage model has been for an average building and equation (3)
 

is the mean damage relation, we can say (assuming normal distribution for A
 

1)-

[

DR BD G - 1.208SA
1 .324 _ 

BD 0.75 s
 

where is the cumulative distribution function of the normal distribution, 

ADMG is the eave-line displacement at which damage reports commence and A is 

the displacement as determined by equation (9). The method of least squares was
 

used to determine ADMG and sA, resulting in
 

1.0 
- (12)
- 1 6.9DRBDC 


The damage threshold determined herein is 6.9 cm which is somewhat larger than
 

Takeyama's (9) observation of cracking at about 4 cm. This difference is not
 

great, however, when it is considered that Takeyama's observation was for the
 

beginning of cracking and was based on static tests whereas this study's 6.9 cm
 

is based on the observed damage claims of Sendal in an actual earthquake. It
 

should also be noted that these values are for deflections at the top of a 3 m
 

wall. Similarly, a destruction threshold can be determined:
 

(13)
66.0-
DRBDsT - 1.0 -0 

Lastly, due to floors and roof sustaining damage only at comparatively large 

deflections, a damage cost function of the form 

22 + 0.5 A2 
DCF - 0.5( A1 (14 )\ 60 

(where A1 is the storey deflection of the first floor andA2 that of the second 

storey) gives good agreement with the previously determined statistical rela

tion, equation (5), in the range of observed accelerations. 
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Use of the Low-Rise Building Damage Model
 

As an example, suppose it is proposed to double the amount of bracing 
presently used, in the first floor only. Using the model, the resulting 
increase of stiffness is calculated to only be about 1/3 (since doubling the 
bracing only doubles item (3), whereas the 'non-structural' elements, especially 
the walls, still contribution significantly). Scaling the Miyagiken-oki 
response spectra, calculations show that at moderate accelerations the number of 
damaged (i.e. DRBDMG) buildings would be cut almost in half, while at higher 

accelerations the decrease in DRBDMG would be very small or negligible. The
 
damage cost and number of buildings destroyed, however, at all acceleration
 
levels would be cut by about 1/3.
 

Closure
 

The purpose of this paper has been to briefly present an overview of the
 
situation in Japan regarding the typical construction incorporating earthen 
elements vis-a-vis earthquakes. After detailing the method of construction 
using earthen elements, the results of some researches were presented. Basic
ally, these were the development of a building-class damage estimation, which 
would permit prediction of and scenirio-review for damage in urban Japan, as 
well as providing weight into the physical behaviour of these buildings. Damage 
was dealt with in the form of average damage ratios, applicable to individual 
or groups of buildings, relating this damage to damage thresholds in terin!; of 
displacement. The correlation of low-rise building damage with response spec
tral acceleration in the stati!tical analysis section of this paper is, due to 
the use of average properties and iatural periods for the entire low-rise 
building inventory, equally correlation with spectral velocity and displacement. 
Thus, the spectral dlisplacement corresponding to the mean damage threjhold (for 
DR BDMG ) can be found directly from equation (1), its value being 6.67 cm, corres

ponding to natural periods for one- and two-storey buildings (by equation 
(10)) of 0.62 and 0.94 Li, respectively. Tho use of average pro ertle, and 
damage ratios for low-rise buildings i, justifiled, we think, by the anticipated 
applicatiol! to urban r', tons where tensv or hundreds of thousands of such 
buildings are aggregated. The data derives from the earthqupake ill one region, 
with the exception of the incorporation of other datnaget ratio data (0 r DRI). ) 
in the low-rise building siectioi, and the re u ltsi mut, be uled with i m'. cau Yon 
due to this limitation. The linalysl-is alIso relles on siyhathejiz :d response.' 
spectra (basled on the 'virtual epicentre' moditication of Trifunac 's attenuation 
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regression) although this does not appear to be too serious drawback, based
 
on the match obtained with the existing records. The technique of regressing
 
damage against various structural or ground parameters has been extensively
 
used herein. The lowest correlation coefficient determined was 0.69 for
 
17 observations. While this coefficients could be much higher, it satisfies
 
at the I per cent confidence level the hypothesis that there exists dependence
 
between tile correlated variables.
 

The applicability of the results to regions outside of Japan is unclear.
 
While the architecture of the Japanese house is unique, tile basic techniques
 
and perhaps some of the results could find application in parts of China,
 
India, Central America, etc, where mud-on-wood-lattice walls are used.
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THE VULNERABILITY TO EARTHQUAKES OF LOW-STRENGTH MASONRY STRUCTURES 

R.J.S. Spence. 
Lecturer, Department of Architecture
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ABSTRACT 	The paper reviews the work of a newly-formed multidisciplinary
 
grou to connider ways of reducing the vulnerability,of buildings
 
of triaditional construction in seismic area.-. 'Ilie problems of 
assessing, vulnerability are discussed, and the prelminary results 
of recent ieli ;:tudies in Northern Pakistan and Couthern Italy are 
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In the great siesmic belt which stretches from the Mediterranean
 
across Turkey and Iran to the Himalayan mountains, the vast
 
majority of people live tod7y in buildinj7a of moderate or high

vulnerability to c irthqu~akon. Traditional building types have 
developod from thire primar constraints:
 

(1) Aril or semi arid climLtx::, in which the difference between
 
day and night tcrirtaret ic; :onsiderabla, so that massive roofs
 
aid walls are needed to croate comfortaLle indoor conditions.
 

(2) A Levre short. :, and oftun complete absence of timber, or
 
indeed any other ]din; matrial capable of carrying tension.
 

(3)Economic deprivtion and ,omctimnes extreme poverty, which dictate 
that only local :.t rials aund ':self-build' methods can be used. 

Throu,,:a. this aroa, d.el]! in -s con=sOis;- of massive but weakly
 
bonded m:sonry w. is of "iot 
 or random r'i,,;I stonework, and
 
supporti :r ay a, or til ., roofs, 
 are the rule. And since the
 
struct'.r of scch 1In:in:.a arc inherently ,nable to resist more
 
than a v,ry imat,,1 aonuunt if shaking force ( and indeed in many
 
cares w',] byV-:., 2 tin.dari of indu:;trialized countries be
 
considerc ::tati,: ly ,nsrniurd 
',en uader their normal Cmavitational
 
loading), tae ocan':annce of an ,:arthqAhe is liable to cause a 
major

disaster in which 
 m'ny tho:an'l ofoiidangs are destroyed and
 
large nanher:s of people areh
kilied by or trapped under fallinr
 
masonry. Z/vn "/inn,-nt c]onr:',i
h,' tVo irreol:aceab!e nature of these
 
lossus' , cast of t,, r,1in 
' 5nIe n oso f to cor ora c ilsrupt ion
caused y such ,vma: :nrakc it .cns::ary C'or all adnain:s'rativ,. and
 
financing ,Cnnci,:; involved to consider :hO.et~,r there are not ways

in which tOnse vw :-nrabia c.:,nitie2 could not by provided with
 
protection aalnrt ,artQakw,
in a mora:aer analoqocs to thoe used
 
for othor natural hazards, s;uch as f]nod or erosion protection
 
measure:. 

Althouqk this "s an old proll, it in on,- which surps'i:singly little
 
pro a /e- :Lise :acent yprs,:paticularay ii,:n compared
Lyntnn 
with th,, ,,n"dmrn, ad'vnceK ;n.cn. :..n in thyve .. mauie engineering 
theory o ,:: .o',-r,.::i:t , ,.. One of the reasons for this 
lack of ,roovr,::: n.:: b,'n t,, ' r;ay "P'b.ato' en wtat nnCiner have
deemed ta'' manim m 'i tquate.ta: 'tNisNOof ,artrLquak,. protection, and 
what the r':cipp.rt' of that ;.rot.ction nav, ben ONi]. to afford, or
 

ws iaiat Wan . t:: 1",, or i. "ynwn i,> the incrasat n ,aconomac 
marrinnP..ation 
 ttail
:'.1 ti er:L v'r.'ywaer" in too' -,,''r "and theon 
draM nl:'I, M-., ivim. a :ty of ",: ia -cna] bulliLn. mat r .: ,apparsla: to 
be cro'at.a cqn:%ita,:of inrntninCn *1UhI'Uil aty fur tvvine 
popu 1at a on:. 

It wan a,'lirnst ') i;: Lackrou'd th,'.t a Oh ti- asclpi .".ry ;orking
group wa:. rctl rm eq . *, ',0 look for now ippro.iacne s to 
this problem. icqLiislng tht tecnnlcal measures wouIl he no more
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likely than before to provide adequate solutions without an understanding
of the wider social and economic context, the membership of the group
includAd specialists in social sciences (anthropologists and geographers) 
as well as .. and architects, and maintains strong links withi.... 

seismo2 ciss and 7nologists. 

One of the underlyinj convictions of the grot is that ancient societies 
have been more aware o: the earthquake risk than is generally recognised,
and that many of the traditional building techniques used in seismic 
zonesin different parts of the world (notably those of China, Japan and 
South lhst Asia) have pyoved themselves over time to be very well adapted 
to earthmat:kes. lie ,roup therefore believe that one hitherto little 
explored w.y of makinq more progress in des gn of low-cost buildings to
 
resist .ar.ihu, .... to study and learn from these techniques, to find
 
ways in which they could be modified to irrrove their performance or
 
adapted f:r use elyawhre in the world. Th1i problem is discussed in
 
more detail elsewhere (1).
 

A second conviction of the gTroup is that there is still a severe dearth
 
of experimental work on the perforance of 
small buildinms, particularly
data which is based on field observation. Progress in understanding the 
behaviour of small buildins in earthquakes and hence earthquake resisting 
design can only be made if the response of buildir: ,s to known :,round 
movementz can be observed. his can be done in a broad way by the ohwr
vation of the perfurmance of build'ngs: in earthquakes, but the most use
ful ob'e:-t:onswi hse made where the local ground movements have been
 
measured by strong motion instruments, of which there are still v'er few
 
in the are-, Leinj ditcuored. A second approach is the modelling of
 
stru.ctur. f:or -tentin: in the 
 laboratory. Although further cons:iderable 
modelli.; I ::'':cult i:n present thems elve;es (which hive been dism:cuss ed
 
elacwh,:r, (2)), the -rcr: intanA2n' to work 
 towards !':rilonn field2 study
with ....... ::tuiy 
 'i.. ::t. - rUctural form. Laboratory models
 
couldAnnto us to 
 tudy the.y. fee I'i n:ss of various possible design
modific.t n.: in ,arthqu',ke resistance; successfully tested modifications 
could th:n become the basis for ie i ui-ides for local builders in modi
fyi: :ni :,u111: no' imtreng'nl:.set st areas.in sc 

A third ,cnv'.tion i: that neither laboratocry nor field studies should be 
undpr n ton f'rom the que:;tion of develop1nq approprlate pro
granMs f."r the i7i -.entatien of" the resiulti; of these ;tins;;t ' ' 
economi c in! '1::t sit''ri p.;: ms of imp2,,montation of modifIcition 
program:i,.: haw, in h pi, t :n.aliated reseair ch work to surh in extant 
that it in; now l:::vd vital :t %I1 sitages t.o consider those problems
in devi;i no techn:,n Li nve:est, :atl on ro'rr-.r::,:: 

" he ini':t 'ot.: ' : rthe Nr".. ion 9f th, win ian invi tation 

from the Vn. 0annyt ie rtin1 K& LM rm 
Pro ..... L ... ... l't t'" tnhthe'.t': ' 'mci 'Q North 
FAkis'a 
,r-Yn'-' in L O 'y lh'-; Kr.:trIMmlsm' ~;Ms rygion 
presonr,, :A in . L, a" ;:1''li'v C );r n5 ., .1 ' 1 "!m 5'oesH"Q2 a 

and h A,is r, ," wri-tm y ' '/ tI aT; .. ; iK , 'W15., cnbi i
tion:; of stone and t mor, :omo of which ive been reported as b"=, 
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resistant to earthquakes. The working group spent 2 months studying

vernacular building types and the earthcuake risk (as well as other 
hazards) between June and September 190.
 

A second field atudy was carried out in March 1)81 by the 1 PToup

in C°ampaniaf Southern 
 taly, on the effects 'of the Nove:m.ber 1')00

earthquake :n that rej-on. Aia.n the effects of the earthquake on 
vernacular build1nC types waq: one of the main intere: t ! Qheengin
ecring aspect:: of both of thece studies were 
 financed by the Kcience
 
Research Counc:l, 
 and both will be described in jreater det<.l in
 
papers to be published in due a
course. 1Ui1present paper presents

brief interim eview of the main objectives and activities and some
 
preliminary conclusions of each of these 
studies. 

Field studv.' in Fakictan 

The principal TJecbive of this study was to examine traditional or
vernacular builu:n types, and to inoestiiate what relationship there
 
was between the ex:stina 
fcrms of buildinrs and settlement:s and the
vulnerability of these settlements to earthquakes ana natural hazards;

at the same tinn it was intended to look 
 at local awarene.s of these 
hazards, and the extent to which the people thezelv..would be willing

to modify their traditioral houseform.: to rake 
 them less vulnerable. 

Two settlements in the region were choLen for detailed :tudy. One of

these settlements, rattan in Kohistan on the .ndu., had been very

reriously ama;;ed in the ea-hquake of Dec 28, 1974, and the report cf

the ~4,JCO mission (3)had 
 stated that some of the buildin7s had been

lailt usinnr tridit: onal techniruies 
 which marde them le'a ulneraole.
second settlent chosen, harculti :n the Yanirn valley, had not itself

A 

experienced a recent earthquLake, out wr.s in an area of known' i..... 
activity; lu-llinjc: :n th:s area were >', lt accordlnr to tb Kh=tral:
tradinton, which .nthroy,olcqr-cal writer: :4) 'now :;un'g'e:: t'o :rncludeid
earthqua:ke-r::: n feature:. M'e more: :etlmnts: were v:sted for
shorter perlsi:;, ',arhrabad on the ::!opn of the "nus val:,y at an
altitude of......ore inacc:;srbly and us:in building t'ohniqu,:
different f:'r:c either of the other two settlements; "n' 'urn:sh in
the THunza Va I ,y. in neither of th o se two places is there a recent
history of se:mic act ivity. Fig. 1 hows the location of ,ach of 
these aettl,.r:ento. 

In each the:;e 1uen,' sdetof se.ttleme t i :d os e.... t ... n.; ,ndi measurements 
were rvde o:' the settlemen:t :'orr; and their location in relation to
pon:;ibl e rock fLW /:: "nd :' codi:,,, an ,)f the form of' c-n,st muton of 
typic(al inr,d:viual buildinj-. 

'he hour n:-" : b", dnrin::r:., : iM:::i:. ,'2::,.hr: r; x',xm.ple
the ty;,:,": "" .. :: ,' . ....t i: • h ;n :n ::,::. in ". .h 

2tndr lv~n ih[y K w' =ln:';; r,, :1;'Y a"I K;' ' :c:.i , rro;:r.'edv a!: ', ., J: W 0' : ;%i: Ti :n-;b, .. . .z' N:",: "%h,- :: i : : =P, 

spaC y 2 ,: 1 WY !n t r'l'h q L:' t :o'r n';n:;:s, A.: , o;j W! 
pPrmary s''am: w;hich in turn 'arry in- roar. An in;:r ;ti!"It or of
these colum-nr:: t:: thw - . lhat r ;: or;hor::or;tia cGL:-)1-ate-n. n t:-6,r 
and the pri.iry ean:; rest on thm ;ithout any '.. of 'connection ot.ar 
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than that p:'ovied by Crction. Ein:ti n on the primary arebeams a 
series of r:"ler trans:verse bWi?' .:ap:nni; laterally to the side. 
walls, and 
lco, ovr:'the centre 'lCe, a Pyramm 1 satItructure of 
diagonally p licd hvi: "'hih i-: the only oveni m t, the ;-ace, 
a sioke-hol. Th"1 rf riic tirie i:: covercd with a layur of mud 
between 3C0 and CnC::i thirk. 

Very -i,:!1r Ytr'uctur,-.; are fun! in the Iitr tl '/aI 'y, :lfurther 
west, ": rajhical.. and nhnlc ' ly rf :Lt'. to th, YW:in 'Vally, 
and have L.,n e::cri. iy I,:. u Valk ...... ly (4) who write
 
"the O t'is nChin tv-::; C1.LQ *t cunnin" i A wool4 "in st n; 
particularly r-:; t'nt Kc crrthcut,h-AM. nd GO twhen there 
is an earth ;' A.'n u t:",: .,rnin to ih,--tun (WI r-ung figl. 2)
and clin, to t a:: th, .af,:t pl ace :n the hou:." 

However, it. w one of th tr-n-y f:'r:d't concl ur:on:: of this 
study that, in th, Yt:::n 'V ll..!,y , . ly , the,: ::'.',rv l:ttle 
awarni:p : of the ri::k of ,'arthru : . :n r'!: tn to the other 
hazards : o 'i y th, j;,o l1,of wh"e '.'s1 ' ,:: (of ,c,! , rock 
falls or 'T: in'. n, " ::of ,.rc:c,n) A h : i r v,, "re., th,
unstable nn- ipiy chn qna lalor:: - - , ... i 
perceiv:d i n in- r :;;it,v:' -77te in of t" ocurrn:'. , duinir 
the last ,0 y,.vr:s of tw'o u'arthquik,.;: :lrr.. ., rnc., M-:.-n. to , ein rearhy vallay:. i ther . .. Vi :'nir of theitt . . ,,,:::: 
need for o r ni fo ir'nhakr-rrma:: nv "tn:,WcrA .il.:;eformf:.1i 
Such . ' ,---l,:; , , an.rth':;- hou '' 't . :; pre:;;tr :; ' 

cu.... th n rh ....r nil 
t in :nc i, 'i a[ in tll pro,'bab
ility the r,ult of th, irrt.:,ton it Y'e" ,rlir t:rn, of house 
forms d. "rm-ulturth W physic rouiin of he 
Chitnil v ll ,. A f'irthr rtudy of th, , ''' 'O .. 
that re,,n w,o have bKen valuibl,, but un f"r ta .h current 
Af-tlani::n i-i 2m an honi.-r . ituati.. 7i t' " . 
In the ,a:i:n: in.'; a On tor. ;s" J .'" Or th, . ... r builrinr. 

2 '" .I. , ,. . ..
type ' ':; ... .. 
:.' 

n j tp:t 'tS::h : th nt t ),,,:: . ..... ct,-..r . Woula 
in prat'> ; vo to by cr11 not snAruced 
from th 5-'11 tudI ; in': orn- or My ohyntiv'. n 2.'. ;t'c w
obtain a n'cinntly :r- le 

to 
:' tiurtl T rv'."'t;tnr to E:Wr' th71 

to be =0,1,.!i: C'"r ::ui;.,,unt :s,.,r,' ,c 'W y: ii, r , ;'r:"ental
analy .......
iI :n "0w".t>..nt t t , . 1-. .i, :.:. r:u
descriptt"n,.: n:,;: - ; -'; "f'hu:m i ,A it 1P : ' : levL to 

Calectod 1.: 1 is M- Vy:.''f1 vnn I ' W10 h.............. 
vibrator, tt I .', "W," uI . : ' ..' 'r "" thI ' .r T' "n:. h w':: 

Of Vlsr t.: 

byV ... .th..,:. 
,. ' ' 

it On 
t " 

:. 

' 

, 

*i 

!. 
pi 

-
i1r l ' 

Q * i .1dW 
of vibrl(I t n . ,,,n i",f A 

il;not N'w; it:; r- -n: . -" %: ' 


type . , . ;."""" ), 

only v':' -A ; ,, n " , ;.,"! tV" : . : %1! LtI ,uph it 
may :ve " inta',' t' n ui' t ' " -.not: in% ; r. r 'q eratVr
breakdown in ,irthquak- , ' 'C;vrK,,,tK . o n, :"',on:, u th' 

a
 

"' t 
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structure in major shaking once irreversible structural changes

have occurred. 
 It is also subject to the severe practical limita
tion that houeioldcrs are inclined to be reluctant to offer their
 
houses for such testing, which at best is an inconvenience, but also
 
require,: conf:idece 
in the ability of the snpineer2 to ensure that

it proven as non-ie:t:-uctivye sithey claim it to be. in the 
 event it 
was possibv to find unuurh time and develop enoueh confidence to 
test only two houses and a 
 unber of walls, all in iBrculti Village. 

The results of these tests are 
interestinC and will be 
described in

detail in i forthcomin- paper (7). 
 Very clear resonance peaks for
 
the builings, were identifiable at frequencie: in the ranCe 0.10 to
0.15 secs for vibrat:on in the lonCitudinal plane of the primary roof
 
structare; and it wa' 
 also oK:ervabie that even at small ampl itudes 
there is a clear separation between the motion of 
the co]umn-r:upported

roof and The !cni:tuciiral wallc. he e b:;erv..tionn uu: ..ted the
possibility of the 
mode!linC of the structure as a simple column-beam
 
system, n which the colu.imnc are not connected either at their 
head orbase, but are true to 'rock' under lateral earthquake load:in; and a
 
study of this :ystem is in progress.
 

Fleld ctuiy in Italy 

The genera] objctive of this 
O~udy was to examine damage in a number
of the settlem.ents affected by tin earthquake of November 23 1980, The 
curvey was planned to take plcr during; :arch 1§8l at a tim'- when

inediate rel.,f ne.r' wier.? 1arly 
 met, but before substantial demo
lition and reLu:i.in. 'hbeen carried cut.
 

As in F ik:at-n, wisz proa::,d to 
::tuy veriacutar buildin 7 techniques,

(both tr: ati.: ::J :nd ... mo,rcn) Lut 'Aso, in thi:: cane, to ar:css
the perfor:e,,: in th,' ,':'th:tk,. of di :'rnt LuilK.ng types in areas 
affected by 4-rnun: "rm:ot:: of d:ffer',nt levels. 

More than thu t, wa:s nl:, ntnd,. to obtnun scme assess nt of the 
relat:v, nirn'. cinr, o: 
ia ind corL tion of thy structure, of orien
tation, ef ' ' on:.n:i'. ind to;,rriph;y on telre,: of draio,: : "lo o: thy' 
caused to h .'..:; i.ni .o' jKL:;(Ao tA ''in :,,to othr ctur,m 

toer' rvA r, 't'"mLnt:r ;. 

Some i'K' '' thin w' ' ;:" ',i by th' irt, 'nry m- q re- .l- d ' c ;;: ' 
,
carried out L' c, nb ' V":"' ' "" pnt*"'h n.... V ,' :" "''"v '51; 1 nily ',';or''- nif::% tr -- n" i!' Anf VAVOF n~qtnork 

which w'r '.,: . n%.. h . wt" ni- i ' a .' ine 

Crg L't7'" 

in or':er tn .;' iny P: N frmm,t" veir:':a/oNi of p;r.in nwi to;.or'alh ical 
cr'ndi ticnn. 
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However, investigation showed that none of the instruments was located 
in the epicentral region (!.'SK intensity X, fig. 4 ) cnd only one was 
in t..e region of :.K intensity IX. :!oreover, the instruments were
 
placed in electrical substations, and they were in most cases removed
 
from the old town centre!- to places on the outskirts of the towns,
where there were ':'wer, more recently constructed building:;, ar I where 
damage was rather light. 

The damage ;urv.ys actually carried out therefore consisted of 
(a) Locali e:d suvey:; of all builU> ng within approximntely 

250m of the stron- motion inatments, at six stitions 
located near the opicentral re!-ion (Aul e tta, ijrienza 
Bagnoli, Irpi no, Bi:;accia, (Calitri and Eturno) 
ore -.. in two
. , -:m
(b) c...n. . urjey: town:;; Cavitelle, 

approx. 40km frcT the epicentre, and.- ::gne d '..'VIII 
by the C?:f :surivy, and Lioni, v:ery clo::; to the opicentre 
and a:;:: i !n'd > X by the C iTf. both ::urveys!n o' these 
a substant:al r pres:ntative :a-mp!, of the buildin/r: in 
the towrn wa :oicyed , thor-e be!in c nsufficnt time *or 
a complete ::urey.
 

The das.a1, fi caton eu was 7-point u;ingci: U 1y1t, uc 
crackwidth; as.. n in.icaitor, hed on that devise:d by the "u ilding 
Research Iut-:.bl-:hmen: for cl ::::if:c.ti, n of d:i-,, due to foundation 
settlement :n thi, 'J.K. "het icm !shown in 1ab i: 1. -'or each 
build:-Yn, ::u*:h: I tne i::'rs;Ltion recorded a1:;o n(Aui-d Lita on its 
nituatijon and mat rls-ortr -rinttl¢e-t ,n' of" cr, :;t:r Onn, age
and con~itlor., L51i:::,.zi.:: of ,t:: ::ce-b lit ar;i 161l1ty to 
with;t'and af'triho'k.; adt n the c:;. of mas:onry bu' li:n-/; a sketch
 
of the patte-rn of rc"tr:l.
 

Table 1. I.mre cla,,sification scheme. 

Damage level Interpretation
 

0 No &amge 

Light, ,;u:,rficial non utructural
 

2Sma cracks< >rm. width 
3 Crekini :. ax. width< lOm. 

4 Cracking> 104-. 

5 Part1al coulapui 

6 Total collapo
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Altogether 416 buildings 
were surveyed in the 8 surveys. More thanthree quarters of all buildingn surveyed foll 
into one or other of
 
two categories. By far the largent number (58.5% of all buildings
surveyed) were 2 or 3 otorey buildings of random rubble masonry
construction, with either timber or steel joivt floors, and with
 
tiled roofn cupported on timberjoi:ts. 

In 	1858, following the great ' opolitan earthquake of the previous
year, Robert Killt wa; ent by the Roya 2ociety to investigate.
His account (10) beoins: with a des:cription of the building methods 
of 	the reg1on Tart of which i:s quoted below:
 

"'The gonriul :;tylo of con:truction of w:il.2:, oven in first
 
clas; buildic,: , con::ists 
 of a coar::e, short-bodded, ill
laid rubble masonry with greot thlicknes:: of mortar joints,
 
very 
 thick wall::, wi thout any attention to thorouh bonding

whatever... "h,:floor:s 
 a e formed of joi::t; of fir timber..
 
from 6 to ) i:hc:. in diamo..ter, placed about 3 fA.t apart.

The .nd; at.: an':,ortod 0.2ora inhn into the wall:; but are

neithyr bLd.,, on nor conne;cted by any Luni taW2;-, none of

which are ovr 
 q' in t,, wlls2... he roofin;, "tln'
 
ucua'lly corw::;t, of rourd 
 !'r tiber. The fr:aminr' 12 of the
01n.P;,-:t AIUr:±c', 	 fr. it coz;::a :t:: cormonl:, o pr:incpal rafters 
at 3 to 5 f't ,airt conr:,:, t,:d b a rule collar brace, of 
round ":r also tal,;-yld or bolted to the raiters. 7he feet
 
of the ri:ter: ::a,etiar-e: 
 ',:t on a wall Ipla te of 2quared or

half round tarL.r, but often Led direrctly on top of the wall".
 

The form of con::t.rct.on which win de::cribed by hllet i ::till verylargely i'val :.. ;: h .ro ' '. 'yi th.ur-i with :moe .odificationa:
(1) mriny n: h. , ,'iA 'W. .... , withat ::trn,-.n. n of the 

ruppnos't. .. :'.,u:,-,W-:1tWnipi 	 ; ai *iard ,or evon fourth 

(2) th" tinn:,: ' Kr :,:.', :M h.. , n " ny r:n . .. n ''rmove d 
aind] 1 :'a,; Ly'=v t-r. V! nij:';z ;'to Ly Kt,"! j oivrtsanai ',r.t ;.. : , i n; bu: ,t,:or ,.rr,'ct,'i ,-. hLr to the 
ill1~ Kanil I nl.;~ *ly vq r, '19 flor nnl :1tc. 

There iva a , nA t'tKin 'a' tu'' <'I a (:inait.. Wej. roner al y w'akenqed
anl airu%!v 4,s. :r-iAti cyin L-n r':a.nK,' ins t:.; A L:ia:ng i.seve ry K.. : ,.n" ,. ' La t ,, ,- ,,;,n w,. ,, , ,,by,. ',t in 35158. 

The nv ' , ,r. '. o" n;,' , o .ui] 1.ra. :r Atn of . . r,~'rt ,a: ti..tion. 
thin ,', u ' " : . - . . :is ! 	 i I 

t Ion;, ..	 '.r : n; to 1w' : . ' 4lnf 11 , 	 W aIre,' ' 	 . , , ' 	 : :u ' I.:,'. '1' ' / ' .' W !o '. 
rkir.: of r* t: i, t: '%- or f <-..*
thin t '9 o t 1, 4V ',: t' no, a. In! : I * a a.L n
1o 	p o'/ai A.! ,' .y w ,y ' xurri :tr,' njtn o: 1,' ."'',h, i, c .' rof 'naunn "o 
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the floor structure. It is not designed for any seismic forces.
 

The remaining 245 of buildings were a mixture of masonry buildings
mostly of more 
recent construction, and some 
including r.c. floor
 
or roof 21abs. 

Histor;ram of dac.i;,-, for the rnndom masonryrubble buildings inLioni and Silvitelle are :hou:n in fig. 5. A s triking feature ofthese hi::to-rams i:" the very con:iderable -iread of daiare, even
within one *uidi i,type. 'ihi: means that many factors other
location and Luil di typ to 

than 
ne d be conri:idered in e:plaining

damage Ovalse. It may be ,:; Xal let claimed in his 1857 report, that
the oripn it:Lcn of a 'oioonry Lui ling to the main direction of theshock af..tE its ;WI'orM:Uc. It curtain alsois that not only
subsoi1 cn.. tion: hut aLo toyo-ra hy have a strong affect on the
degree of :h:'kin ';,xperlenc.. 'Mere :aru remarkable examples in
several to'n:: of a CoFlet; in th,i:na, iattern of damagy asubcoil cniitiaor.;haria from har d ru to soft rock or alluvium. 
In "alvit'le, how:v.,r, a :i::i , variation in damaige, could notbe clearly ittri'atd to -in ora 'inn sub:oi1 condition:s buildingtypes; Lut connid,,.xibl Var.aon (by a factor of 5) was: observed 
in the pt n r,. d n,; of 5 n:,' ui ter raeor'diC: of the came minor
 
after hAd- :i11 within an of m each this
.ni "0 or other:
eugge;td ih:i: Wfth, po 11ity a A'tro:, topographical effect ondamage d:;itrLutioN, ;hich ;:mi further' inIeti ton1. 

For ruLb] inn::anr'" ,ildi ana.:: th. ovo:1 of indarra"e trm= ofpercent., of aia:. d uQ. K , -.: ,',In ., 2 or above) for all the
ourvey::i 'hnwn ariin::, in'ni:: ty a]vP i-nedth" v as,::: to that town
in the CH :urv:,, ( ) 
 in '%-: h, corA tion btw,n a::ssigned
intens:it- , . - :A a 'ly f1 ,.::.. , .ind dam.r, Ievels are on

the wh,, ... ,r G in wu l h-.,':>";t-d rr th:: clu ': 
 of :asonry
at the YK ; n:.ty i:. : (11) 

Furth r: tVL, !','.,, , V.A '.'- :0,r the t 11lIan ::uve/, 1inludingcompa: ,..:.. ,; h , I. t,o; in:;t rlr2t record:;, are in procerr J :-i a: rikd out, n will be reported in due course. 

Conclut - n: 

Tentatv,a n lusion:: for the lIkirtan and Ital ian fi ld atudien 
arc : 

1. In both italy "n;d Inkirt:tn, Lidini:: of' random : tone !rasonryWitiit nie,i.;int :;tructural frame" are h:ihly vulnerabl, 

2. In both arei:: low ncom and lack of awar-nean or th.
earthquake r±::k ara naovorn ontacl,,i to any major or rapid 
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reduction in vulnerability; even buildings built of more 
modern materials have been chown to be very vulnerable, 
because of poor construction techniques and a lack of 
understanding of the basic principlec of anti-ceiemic
 
construction.
 

3. 	 In Pakiotan, there i: some evidence that an independent
 
timber root" support :yotem reduceu vulnerability, but the
 
effectiveneim of this not yet clear.
 

4. 	 It i poscible to obtain information on the dynamic charact
eristics of buiidinjz of traditional construction under small 
vibration:s uzing a uimple portable vibrator and accelerator, 
but ouch test:: can be difficult to orranie in the field. 

5. 	 The uzefulnec:: of da:age ::urvey:: to obtain information on
 
vulnerability of traditional con::truction is'limited by
 
inadequate knowledq,: of"ground novement. intensity 1evel i 
a very crule mea::ure, and in2 uk)ject to considerable error. 
Stronj ration I:Lm;t nt record:: (: morea potentially 

valuable, but even in italy, which ha:: one 
of the most
 
exten::wvve 
networks, th, den:ity and po::itlaninn of oVasions 
is inadequate. a,3 a b::slz for urv:'ur-:ey,:.
 

6. 	The methcdoloay of' damrrage surv-J y need:s to be further 

refined to that they can be ured for : 

(a) 	 Stulie: of a wide variety of traditional building types 

(b) 	 Studies of th ef.fect of rrodification: in traditional 
technolo v,::: 

(C) 	asce.,2 r,ent in quant1tative t,,r- f .2v ditribution, 
so thAt vul.oerbwil: of ":imilAr lu:.ng; tyvp,:: can bA 
pred c te'd 

(d) 	 identific iin o.f ,.h, ma o.it r .0 r ~ t i 

ground, !qt , l ,r'. ,"" ",fnt:rn d:n-,u: 	 i Ir:m 
(e) 	con::t ructq
. thar.nt ci andt labo.-ttory r:,; of typical 

buil d n:: 

(f) 	co'rpar: i',t,,'.:':..h rn; : t ::: n.. .. to,nt r,-cord:: 
id vt W 'i'r r:'.':t:,y 'I" z'. '- ': . h bowot 
corr,.o t , t- ,i!,A:via,. 

7. 	 Thor" .; ,-:" ' i vvl:, in Kr r:. 2),, tde 	 Q;ui vs with a multi

di po1j'' ~ t-. ,r~iL rtb' r [ h r 0 1 bn- r rt t M trl:, 

thn 	MJio V: A -,,.i.n"!, -QU:,r.,n. A"t thor,, ;a: /ai:, -ah it) 

learn about A- n'.'';:-ni.l aiw'; ':r: rf"touch 4n int,-ri'.2C1:p nary 
group in in" A"11. 
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dos pisos teniendo in cuonta la iooificaci6n sismica, el tipo Je s.-pdo, y el 

tipo da material. Finalmente so propone reconendaciones para al diseflo y 

construcci6n de la3 vivendas ecori6cnim 6!~ nJobc 
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INTRODJCC!ON
 

En el Peru la rnayorra Je viviendas rurales y de algunos centros urbanos son de adobe, 
siendo muchas de ellas de do,; pisos. Dada la modesto capacidad econ6mica de la m 
yorTa Je nuc,4ra poblaci6n, es evidente, que se seguir6 construycndo con materiales de 
bajo costo, como es cl adobe; adem6s en rfiuchos lugares es el bnlco material de cons 

trucci6n disponible. 

Esta rea!idaJ plantea un rato a la Ingrierra Civil, to que hace imperativo el aporte 
de el esfuerzo y dedicaci6n de sus miembros para mejorar mediante invesfgaciones y es 

comportorniento tipo de vivicndamtudios el de este frente a solictaciones srsmicas seve 
ra. En la Unrw'rsidad Nacional do Ingenierra, conscientes de esta realidad, en el amo 
1970 se inici6 in "Prograna de Investigaci6n de Construcciones d0 Adobe , con el aus 
picio del Ministerio do Vivbenda y Construcci6n. Posteriormente en 1972 baio los aus 
picios del milo Winisterio y con la paiticipaci6n de la Agoncia Internacional para el 
Desarrollo (A .I .D ), en la Univ'rsidnd Nacional de Ingenierra se real izaron estudios, en 
los q.e se utiliz6 bloques de suelo estabilizaJo con asfalto (CO&E). Los objetivcs do 
estos estudios fueron el desarrollo de una tecnologi'a pare la Fabricaci6n de blo q uIs, el 
desarrollo de procedimientos Je construcci6n, la dcterm;nacj6n de una serie de cajacterrs 
trcas del material iu,- permitieran el diseao racional dela construcci6n para fosistir ado
 
cuadamente los movirmientos si's-micos. 
 Estos objetivos se ban alcanzado pr6cticamonte en 
su totalidad par i constr,,cciones do un piso. 

La experiencia J-! !os sismos recientes muestran (ut! baio ciertass condiciones las construc 
clones de adobe pueden ofrecer un comportamiento at'sfactorio ante sismo; sevoros; es 
tas condliciones sn otpotsan per media de factores, tales come 1a sismicidad regional, 

las caracteri'sticm, del / el tipo dcloca!es sulo construcct6n. 

En este trcbaio se pre.enta in ctudio para el an6lisis de viviendas econ6micas de ado 
be y bloque estabilizaolo do do, pisos. El estudID Se concreta on el desarrallo do na 
metodologria 3n e dispno para carga de qrav-da / orooro fu/r s srsmicoss actuando en 
al piano ,Jl nur / i iares n.!rpena -t. Adem6s se -osttudirj ,ste tipo de viviendas 
teniendo on cu,)nsidrm-i6n In ",ismi,AdcJ regjionril y -I tipo de suIo. 

Finalmente e !st6 planteando r corn-ndan,;iow, para continuar invmstigaciones acerca do 
ioz construcciones de adobe Je dos pisos. 
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ESFUEZO ADMISIBLE POR COMPRESION N MUROS
 

'n el disei'o de muros para cargas verticaleses necesario determinar un esfuerzo permi 

sible de compresi6n que considere en forma ;mp.Tcita la influencia de los otros factores 

actuantes. Matem6ticanente el esfuerzo admisible de compresi6n puade expresarse 

f m - r 9/c /e ' f'
 

m rc e 1 m
 

donde : 

F esfuerzo admisible 
m 
P esfuerzo de rotura nominal 

m 

r' ' e' 	 coeficientes de reducci6n par variabilidod de la resis 

tencia real, variabilidad de las cargas, y par la ex 

centricidad y la esbeltez, respectivamente. 

A continuaci6 n se hace una evaluaci6n de estos coeficientes, principalmente par simi 

litud con los valores correspondientes en estructuras de concreto. 

1. VariabilidaJ de la Resistencia Real (V') 

El coeficiente r depende principalmente de la diferencia entre el tamaio del 

especimen y el protatipo (0'rt), y de la variabilidad de la resistencia de material 

4 rn) 

P/r m"Ort V/rn 

El factor 'rt para el caso de columnas estribadas y muros de concreto se conside 

ra igual a 0.7; en muros de adobe la relaci6n de tamc.)o enle el prototipo y el 

modelo a probeta de ensayo es pr6cticamente la misma, par Io tanto se adoptar6 
9't=0.7 

rt 

El factor 9 'rn para el cao de columna; 3e concieto se considera igual a 0.85; en 

muros de adobe la iariabilidad de la resistencia del material es menor lue en el 

caso de concreto, par Io tanto se adoptar6 conservadoramente 9' = 0.9 en consrn

trucciones de dos pisos 
=Finalmente, 9'r 0.7 x 0.9 = 0.63 
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2. Varlabilldad de las Cargas 

En construcciones de viviendas econ6mlcas de adobe trpicas, la relaci6n entre la 

cargo viva y la muerta genera!mente es menor que 0.15. Para esta relaci6n el 
factor de mayoraci6n ponderando para obtener la cargo de rotura es 

1.4 	CM 1 1.7 (0.15 CM) 
CM 4 0.15 CM - 1.41 

El coeficiente ' ser, 0.70 c 

3. Excentricidad Je la Resultante 

En base al estudio realizado dc cxcentricidades reales en una vivienda tipica de 

adobe de dos pisos, ver anexo 1, so asumir6 que la resultante do las cargas en 
el muro a:tuc en el v6rtice del rn6cleo central. Para esta condi.i6n el esfuerzo 
nm6xmo es igual al doble del esfuerzo nominal, de lo que resulta. 

p' = 0.5 

4. Esbeltez 

2 )2
Para un ebmento en compresi6n el6stica la carga critica, es P = 2 E I/(kl) 

cr 

donde
 

kl longitud do columna biarticulada equivalente
 

E = m6dulo de elasticidad, quo puede expresarse como
 

E : c F'm fm = esfuerzo do compresi6n en rotura) 

I momenta de inercia por metro lineal do muro
 

t = espesor del muro
 

12 (depreciando la infl Jencia del m6dulo do Poisson) 
El esfuerzo cri'tico, f : P 0.822 'm / k )d 

txi t 

Considerando una T'ansicl6n gradual de esta expresi6n, hasta eI v,!b '.mite F'm; 

1-ue puede lograise pasando una par6bola do 3je vertical con vertice er(k) k 0 
y fm -- f.r,m y que adem6s pasa par el punto Fm= 0.5 0' f' Para oste valor 
obtenemos kil 1.282 \ 

t79
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Pasan.Jo la par6bola par Astos dos puntos obtenemo: FinaIlm.-nte 

Para cl/t > 1.282 ja . .Fm 0.908 2 
9' -f' kl/t ~ hacienda fm=F)tm o,((De Ec.1, c )d 

m 
Para kl/t c 1.232 a-: fm 0.551 kl )2 (Ec. Par6bola) 

9'fFt 
m
 

Estas ecuaciones expresadas gr6ficamente puedei v :3e en la figura 1.
 

5. Valores Re.;mendables para k. 

El coeficiente k del muro depende de lar restricciones en sus extremos para cada

nivel, que so expreso por : . (EI/h)col. 

Z (EI/L)vigas 

Para la determinaci6n do los valores do T , se han supuesto una construcci6n tr 
pica de adobe do dos plantas con altura de piso 2.65 m., espesor de muros 0.40 

in; para los techos so ha supuesto viguetas dea.Jra do 2" y 8" espaciadas entre 

si 0.50 m. Asr se encontr6 para el piso superior, de arriba hacia abajo 'r =1.8, 

3.6 y para al piso inferior, do arriba a abajo' = 3.6, 1.0. Con estos valores 

y teniendo en cuenta que la construcci6n experimenta desplazamiento lateral se er 
=contr6 : k = 1 .75 para ol segundo nivel, y k 1.6 para el primer piso. 

Para Fines pr6cticos de disefio es recomendable considerar k = 1.5 ra el primer 

nivel, y k = 1 .75 parael segundo, nivel. 

6. Resumen 

De Io anteriormente desarrollado, se asume que el esfuerzo permisible par compre 

si6n en muros do adobe, para viviendas econnicas de dos pisos, esta dado par 

f = r 9c Oee' F' = (0.63) (0.70) (0.5) 01 f'
 
m rce1 m 1 m
 

f 0.22 " 'm 
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MUROS CON C.A ,GAS IO,IZONT,6,LES EN SU PLANO . - ESTUDIO 

DEL ESFUERZO CO.TANTE 

Cua-do se considera Fuerzas srsmicas en la direcci6n del muro, el esfuerzo m6s Impor 

taite es el de carte paralelo a las hiladas. En la leterminaci6n de la fuerza de carte 

que toman los muros consideraman dos casos extremos 

1. Caso de Techo Rrgido 

A I considerar techo rrgido, Ia fuerza srsmica se reparte entre los muros de acuer 

do a sus rigideces laterales. 

Las rigideces so calculan con [a teoria cl6stica para muros, ignorando la rwoac'n 
de la base. So advierte sin embargo, quela rotaci6n de la base tone una influen 

cia impo'tante, si so trata do suclos compresibles. 

Para el c6lculo de la fuerza srsmica y su punto do aplicaci6n se considera quo la 

fuerza es proporcional a lo moa y quc el techo es infinitamente rigido. 

1.1 Rigideces de to- Muros 

La rrgidez de coda clemento de un muro especffico se determinar6 con 

las expresiones (1) 

k. k.
I _ S+ (F6rmula General (a) 

k.=k = 1 tll 

si - E para (I. 4tp) (b) (1) 

k. - 0.25 (l/h)3 Et; pare II hi () 

En la deducci6n do Ia- ecuaciones (1) ,eha considerado un factor do for 

ma do 1.2 / un m6dulo de cla:ticidad por carte (G) igual a 0.4E. Para 
el c6tculo de las riqideces so ha considerado una deformada do voladizo. 

Las expresiones (ib)y (ic) representan las rigideces por cose y flexi6n

respectivamente. Los intervalos indicados han sido obtanidos considerando 

una diferencia dol "valor real" por defecto menor do diez por ciento. Pa 
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ra fines pr6ctico3 esta simplificaci6n se considera suficlente. 

2. 	 Rigidez Equivalente para Muros en Parcalelo 

k 	 n k. 
1=1
 

3. 	 Rlgidez Equivolente para Muros en Serie 

ke = 	 1
 
n 
 (1/k.) 
i=1 

4. 	 Caoso de Techo Flexible 

La Fuerza cortante quo toma coda muro depend Onicamente de la masa situada 

dentro do su 6rea do influencia. 

MUROS DE ,ZAiGAS PERPENDICULA1 ES A SU PLANO 

U,', mur sometdo a cargas sisrncas perpendiculares a su piano se comporta como una 

losa. 

En el 	 disc-) para este tipo de solicitacioncs ns recomenndable sequir el procedimi.nlo de 

sarrollado en la Universidod Nac-ional do inunieria, re erencia (3) 

ESTUDIO D MIVIENDAS DE ADOBE DE 2 PISOS PARA D!VE;tSS
 

COND.CIONES DE SISMIC!DAD ' DF NPO 37 :'U'.O
 

1. 	 Coeficlentes Simico: 

Usando 'D resultado; Jel a,6ndice 2 en la deterrninaci6n do la- fuerzas srsmicas 

se ha obtenido los cooficientes srsmicos para las 3 tre zonas srsmicas y I-, tres 
tipos do suo!o quo cspecifica !l rcglam.nto peruano do I2iio si~no-.-,cistente, Ioi 

cuales so muestran en la tobla 
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TABLA I 

VALORE5 DE COEFIC!ENTES SiSMICOS 

Zona srsmica 2
 
Tipo :12 Suclo ---


Tipo 1 0.267 0.187 0.08) 

I0ipo 2 0 .320 0.224 0.g96 

Tipo 3 0.374 0.262 '.112 

2. Esfijer.os Admisible Je corte usadoz on el Estudio 

En este estudio e han considerado tres tipos do construcci6n : Adobe com6n con 

mortero de )arro, blo-.je estabilizaJo con mortero do come ito-arena en la propo! 

ci6n do I n 3, y bloquoe,:b o mcitero de suelo-asfalto. Con los valo 

res do la , /pJh.,,ii y del cneficente de Fricci6n, f, indicalo; ;e han cal 

culado los valores del esfuerzo admnsible do ccre (V ad) en la cabeza y pie do los 

muros del primer y senundo nv,. Los valores. so encuentran on la tabla 2 y ob 

tenidos con la siguiente expresi6n Vad - 0.45 ( - fT ) 

TAt3LA 2 

ESiUE.RZOS ADMISIBLES DE CO.,TE US4DOS '-.N EL
 
ESrUD',O
 

Material Mortero V,(2nivel)- V 0 N iveII.... c ad 
Adobe cornn Barr,, * 0.15 1.09 0.13 (0.29) 0.31 (0.52) ***I 

Bloque estabi ce7nto7" 
lizado. arena 

1:8 9.3,5 1.97 3.21 (0.38) 0.4) (0.60) 

flto D5_. 0.90 0.16 (0.29) 0.32 (0.4?) 

Data obtonido Je la referoncia (4) 
Data obtenido do la referencia '2) 

• * Los valores entre par6ntesls correspondon al pie del muro. 
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3. Esfuerzos cortantes actuantes (V) 

Pare el moielo considerndo en el op6ndice 2 se han obtenido los valo:es do los 

esfuerzos de corte actuantes que se muestran on la tabla 3 

TALA 3 

VALO.' ES DE ESFUE:',ZOS CO,i"ANTES ACTUANTES 

(V ) en kq/cm2, en Primer y Segundoa 

nivel 

gna srsmca 1 2 3 

Tipo de suelo -_____ 

Tipo 1 0.39 (9.20)* 0.27 (0.14)" 0.12 (0.05)* 

Tipo 2 0.47 (0.24) 0.33 (0.17) 0.14 (0.070) 

Tipo 3 0.55 (0.28) 0.38 (0.19) 0.16 (0.080) 

* Los valores entre par6ntesis cortesponden al 2 *niv,3l. 

4. Discusi6n do Ios Resultados 

La discusi6n final do los resultodos se resume on las tablas 4,5 y 6. Paro el es 

tudio se ho considerado una variabilidad do los esfuerzos actuantes de 201/ para 

estructura: , aicadas en suelos tipo 1 y 2 / Ie 50% para la ubicodas en suelo 'i 

po 3. 
TAt3LA 4
 

ADOBE COMUN
 

zona srsca 

Tipo do Suolo 1 2 3 

Tipo 1 SI SI SI 

Tipo 2 NO So Si 

Tipo : NO NO Si 
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TABLA 3 

BLOVC- iS'rAdILZA.io CON, MORTE!RO D.E 

CEMENTO bENA kl: 8) 

1--Zona sismica ZOrA 1 ZONA 2 ZONA 3 
Tipo do Suelo-..., ______________ _ _ _ 

Tipo I Si Si SI 

Tipo 2 NO S;SI 

_Tipo _3 NOSI Si 

TAMLA 6 

BLOQUE ESrABILIZ.ADO '&)-*WXrRO SUELO-

A rALTO 

Zon .sM'c Z CNA ZONA 2 ZON A-03 
Tipo do l~ 

Tipo 1 SI sI 51 

Tipo 2 f No SI SI 

Tipo 3 NO NO SI 
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ANEXO I
 

ESTUDIO DE EXCENTIC!OA.)S REALES EN /IVIENDAS 
 DE ADOBE 
DE DOS PISOS
 

Se considerar6 guetas do madera 
 'e 2" x 3" espaciadas a 50 cm. 

CARACTERISTICAS MECANICAS 
(PORn METRO ,), CONrSRUCC!O N )
 

Mur=s F'm 15 kg/cm ;n :200k/m 6
E 20000 kq/cm
-: ~533,309 cm i m 0S m5 E I /h 4.03 x 10 kgxcm.
 
Techo Et 150,000 kg/crn (MA D',,)


46 

6030 cm ; EL!/I 2.3 x 106 kjxcm. 

CARGAS 
Techo la. Planta Techo 2a. Planta 

Peso propio 30 30
 
AcabaJos 70 
 120 (Teja) 
Sobrecargas 200 100 

300 kg/m 250 kg,/m 2 

MUROS 

20plso P = 250x 2 .20=550 kg (Extremo superior) 

I°piso P = 300x2 .20+-2.65x0.4x1600=550 2906 kg.
 

(Extremo uperior) 

VERIFICACION XE SFUEXZOS 1-7N MUROS 
Para .l primer nival so ha estimaJo un memento en los muros do 170 kg.-m 

P P 2906 kq.
 

e M 0.06m.
 
e/t 0.146 < L 

< " Conforme 

2906 (1 640.146) 1r3:0F kg/cm2 
- '" .09f 

Es probable qu, cl muer no c agricto 
Sl so considera conexione: rigldi, en cl segundo nivul, entre murocl y a! techo, al -no 
mento en cl muro seria Je 233 kg-n ; pero como n la pr6ctica las conexiones do apo 
yo no son rrgida-, a-surniremos un momento cl igual a la mitadi delen muro obtonido 
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.45 

.-.- ___-

1.75' 

- -

12.45 

.40 40 4 
4010 

t,'7 7 717 

4.004. 00 tn-. 

KLEVACION TIPICA CE VIVIENDA MCONOPWICA. 
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M 

P 

a 

= 

= 

= 

235 x 0.5 = 

550 kg. 

0.21 m. 

117 kg.-m 

e/t 0.53 1 
6 

550 x -

100 x 40 
(1 F 6 x 0.53)= 0 57 

03 

kg/cm2 

Es probable quo el muro s.c orrieto. 

Es necesario quo el muro tenga en su care externa un e!cmnto 

tracciones (refuerzo de caa, adobe con poia, refu,!rzo ,iaiulico 

.Iu,,- pueda 

u otro, ) 

absorber los 

CRITERIO DE D.JAENS.OtJ/,,A,ENgTC 

M UR 0 

PAiA EL ESPESO;€ DEL 

Gonerarizanclo 

P = 

paia un muro 

2.50(1P y 

do espesor, t, y lu_ Jo 

11.1) 300(T x 1.1) 

techo, 

2.65 

1, so tiene 

t x 1600 

P 

M 

M 

302.5 

0.43 

10.73 

1 
wl 

12 
1 

4240 

0.43 x 300 

2 

Pora : 

a 

2t _ 

1 

3.9713 It-

10.73 
("02 5 1 

20.0152 12 0 

1 _ 

02t)0t 

t 0.092 1 

Para fines pr(ictico, se o umrir6, t 0.1 (1) 

Adem6s, ec ,ecomendable toaor para ol esposor del 

tu. a do )iso. 

rviuro t , h 
6 

, donde h s la al 
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ESTUDIS DE .'E:(101 ) DE VWBACIO1 ')E VIVIENDAS ECONoMKcAS 

DE ADO&E DE COS MS. DEr[RM'ANACION DE LAS FUERZAS 

sistMACA S 

En eite estudio v- la considerado uri rndeku cootiurdo, par un ombicrnto de. pianto cuo 

dra.Ja do 4m. x 4 in.; do, pisos Ju 2.65 mn. 6,: wtura; muro do 0.45 do a Dr~or ,y 

tocho.- d". fna~j4 . 

So ho orcm 1) Joodefoss din&micos extremos, el primero con~ mas corncen'tradas enl 

lo-, niv',.c(!- tecko, y el segundo carn rnojus u'jfotm,.n:mct Jistriburda a I0 alto do 

la cdifcaci6n. 

MODELO DE MAASASCrCVFA ; 

k I 	 E + 0 1 
--- - ) 2 - () (2 Tlv/cm') (45 cm.)_(400 cm.)2 

k 90.6 Ton./cm 

4 ks 257.2 Ton./cm. 
T~ (h/I) I 

W, 31.3 T:a. 

S17.7 Toti 

Reoloviendo lo tecuac16n do frocvjencio 

-k w m 0, to tiona 
w 24.55 rat) T, 0.26 to.. 0. 30 tog. 

W 64.35 rall',e.;. T2 0.10 -0 

MOC 0 DI'AA% U 18O: kM CM EN I E 	 D;STRIBUIDA 

m 	 .2f 

q Pwpof un;id 0 .1 A,, ilttfl 

c< Fictat de fofrmo -- 1.2 

o 0.4E 

Contidaromdo 	 Jnfoetnacl6-i pof coto y#rtoex6n to tbono 
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2 4
 
T= s b =-g + L _

2AG 8 EI 

Asumiendo la primera forma de modo correspondiente a la deformaci6n est6tica , se fie 

ne 

k =qh = 2AG Eti
 

6 s "L.h 1.5 h
 

kb =gh 8EI
 
Sb h3
 

Reemplazando valores, se obtiene 

k 90.6 Tonr/cm ; k = 51 .6Ton/cm,
s b 

de estor valores, resulta k 32.9 Ton/cm 

Li frecuencia circular w , ser6 : 

wk32.9 x 980 30.2 rad./seg. 

m ,35.4 

y el perrodo Fundamental ser6 de T 0.21 seg.< 0.3 seg. 

Puede observarse que para viviendas trpicas de dos pisos, en ambos modelos el perrodo 

Fundamental es del miuno orde'i de mcijnitud y menor de 0.3 seg. 

En consecuoncia para viv'enda; tipicns de adobe de dos pisos, se justifica usar un coa 

ficiente sismi,:o e&stico, C, de 0.4 'ue corre.poide a estructuras cuyos perrodos de 

vibraci6n son meno, o igunles a 0.3 :egundos. 

DETERMINACION DE LAS FUERZAS SISMICAS 

Considerando para .I md .!o presentado ; 

Z = 1.0 ; U -: 1.0 ; S 1.0 ;C - 0.4 ; RD : .5, y aplicando el Reglamonto Pe 

ruano dc D..,io Sismo-Reilente : 

H 0.267 P 0.267 (52.99) 

- 14.15 Ton.
 

F2 7.07 Ton.
 

F 7.08 Ton.
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W2 
7, F W2 -17.7 Tr. 

Ve 7.07 Tn. 

h 

wl q h Fri / 
W1-3a.3 Tn.
VI, 14. Tn. 

h 

MO 

FIG. 3 
ELO DE MASAS 
CONCENTRADAS 

PrIG. 4 
MODELO DE MASA 

UNIFORME 

FIG. 5 
PUERZAS SISMICAS 
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RECOMEND (C!ONES
 

1 * 	 Realizar investigacione3 en muros a escala natural para determinar en forim- 10") 

precisa los esfuerzos admkibles de compresi6n p.'omdlio y sus desviacioties. E3 

tas investigaconi-s ndran ademas, por finalidad encontrar : 

El factor / do waii bilidad de resistencia del prototipo al mo.lelo ( esr 

pec;ie(31). Estas experiencias se realizan en muros a e,,calo naijral, +,ra 

tando de simular las condiciones reales do apoyo, confinam;Dnt,, cargas,
 

etc.
 

El factor 'e de vav;:ibilidad por excentricidad Jel prototipo al modelo.
 

Estas experiencias tendran por finalidad encontrar este factor repra3o-ita
 

tivo del grado de restricci6n de los techos en sis borde: y la influencia
 

de la excentricidad de las cargas en el agrietamiento.
 

- El factor 9'1 de variabiliJad ;):r esbellez. Se deber6n programor una 

serie de oxperiencias con la finalidad do determinar es. factor. 

2. 	 Efectuar experiencias con la finalidad de determinar en Forma m6s precisa los 

esfuerzos cortantes admibles promedio y sus desviaciones en los muros do 

viendas de adobe de dc; pisos. 

3. 	 Realizar construcciones trpi:cs de i'i;,. de dos piso , en diferentes regiones 

sismica: .J. , ) 7_ y ubicadas sobre diferentes tipos de sue!o. Estas experiencias 

tendran, por finalidad fundamental conocer m6s la influencia de n."os facto,'es 

en la respuesto si'smica de estas construcciones. 
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"INVESTIGACIONES EN ADOBE" 

Por: 	 Ing. Julio Vargas N. (') 
Ing. Gianfranco Ottazzi P. (*) 

RESUMEN 
El trabajo consta de dos partes. En la primera se presenta 
recomendaciones para construcciones de adobe en base a en 
sayos a escala natural. 

En la segunda se presenta los resultados y conclusiones de 
ensayos de pilas a compresi6n axial y muretes a compresi6n 
diagonal y 	a corte. 

"RESEARCH ON ADOBE" 

ABSTRACT 

The work is divided in two parts. The first presents the re 
commendations for the adobe constructions based on natural 
scale tests. 

The second part presents the results and conclusions of 
tests of short collumns with axial compression and of walls 
with diagonal compression and with shear. 

(*) 	 Director dc Investigaciones del Departamento de Ingenieria 
Pontificia Universidad Cat6lica del Perui. 

Profesor del I)epartamento de Ing,,nicrfa 
Area de LEstructuras de la P(intificia Ijniversidad Cat6lica 
del Per(i. 
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"Investigaciones en Adobe" 
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Programa de elementos a escala natural para viviendas rurales. 

1. Introducci6n 
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Programa de clementos de inamposterfa. 

1. Ensayos de comprcsi6n axial 

2. Ensayos de compresi6n diagonal 

3. Ensayos de corte directo 
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INTRODUC CION 

La primera etapa de este programa experimental, consisti6 elen 
ensayo de 8 den16dulos vivienda de 4 x 4 m (h = 2.40 m) sobre mesa re
batible, 16 inuros verticales a corte de 2.40 x largo variable (general
mente 4. 0 in), 10 muros verticales a flexi6n (2.4- x 4. 0 n), muros
3 ho
rizontales a flexi6n, 5 rnuros verticales a volteo, 23 pilas a compresi6n de 
8 adobes, 10 muretes a compresi6n diagonal y ensayosotros en bloques o 
unidades (compresi6n, tracci6n, flexi6n). Los resultados de estos ensayos 
han sido publicados en abril. de 1978 bajo el tftulo "Investigaci6n sabre vi
vienda rural", cono informe final al Minitsterio de Vivienda y Construc
ci6n, quien financi6 parte de los ensayos. Paralhlamente se public6 un
 
resurnen de dicho inform,:, bajo cl tftulo ''Vivienda Rural en Adobe" (pu

blicaci6n DI-78-01). 

En esta prirnera etapa s)e definieron algvunas hb:rramientai b/sicas
 
para el diseio de vivienclas de adobe (par:netro-, el~sticos) asf como se
 
definieron algunas tfcnicas de anlisiS 
 para Liuros verticale:; bajo cargas 

horizontales en iu plano y perpendicular a 61. 

Sin cni bari,-o, se hacfa evidente la iw-csirlad do lograi un segundo 
paso, cual ,s lia ductilizaci6n de las viviendas a trav(s de un adecuado re
fuerzo (:-on lnateriales ruralc :. E ite (-!j uno de loaobjetivos fundamentales 

de la scuida etapa. Adicionalmente, a tra;v,, de los nismos ensayos, 
se ajustarfa rsultado slo. anterior es a la luz de una mayor informaci6n. 

Este es otro objettvo importantoe d,(I prorama. 

Para olbt,.nfr di(:ha ductilizaci6n, !w,lunit6 los refuerzos a materiales 
rurales. Se defini6 cono "rnateriale,3 rlirales', a aquellos que dentro de 
la realidad pruana, s, con: i,.u. ,.r' el lu;ar o Ilea,,an ha.;ta los uigare.9 
regis rniot i del (1,1Imi)o,ello.; !,(,m Ia inadera, la cazia, (!I alamnbre y los 
clavos (1a liintaci6n s redu.i l ri at,! rial tranlportable a caballo o en 

burro, si ,., pi, no es del luga r). 
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2. Definici6n del Programa 

El programa de ensayos consisti6 en 18 muros de 2.40 x 4.00 m 

ensayados a corte, 5 niuros de las mismas dimensiones ensayados a 

flexi6n y 4 m6dulos de 2.40 x 4.0 x 4.0 rm. con muros de .20 m. de 

espesor. Las t6cnicas utilizadas son las mismas que las de la pri

mera etapa y han sido descritas con detalle en las publicaciones men

cionadas. 

De los mnuros ensayados a corte, 10 fueron confeccionados sin 

refuerzo, aunque con variaciones que permiten conmpleneitar la in

formaci6n de la prirnera etapa. As[, se ensay6 dos muros en apa

rejo de soga (Ma y S2) adicionalrnente a los cuales, se hicieron las
 

siguientes variaciories:
 

- I muro ea aparejo de cabeza (e = .40) (Si)
 

- 2 muros en aparejo entrecruzado (e = .40) (SAAI y SAA2)
 

- 4 muros en aparejo de soga con sobrecargas de 165, 860,
 

975 y 1750 Kg/m (NISI, S-, S3 y S6).
 

I muro en aparejo de s ga ensayado con deforrnaci6n lineal
 

impuesta. (S5)
 

Todot; estos ,,nsayo; fueron evaluado s y surnados a la anterior
 

informaci6n, para ajuatar la expresi6n empfrica que relaciona el es

fuerzo cortante m.'ximo que resiste un muro de esas diinensiones, 

en relaci6n a esfuerzo unitario de compresi6n que actfie simultinea

mente. 

Sois de los restantes muroj ensayados a corte, tuvieron refuerzo 

de carla. Dosj de ello1 con s61o r,:fuerzo horizontal cada don hiladas 

(RCI y C2 ), ott con cala horizontal cada cuatro hilada. s 11:in 'I lItneasi 

de refuvrzo (ia',,,nal, a*iarrado al anterior On los onlriintros (S(;O), 

otro tenft r(.lr;.() horiz;-ontal (h. ( orij cado, .1 hilada!; y ;yadi( iorl.;Jlnento. 

refuerzo vortical de :;la, entrati 4,xtfriores amiarrada]i a las hori

zontal ! (a -I I 1 -1) y fi riahnente don id6n ticof tenfan una malla do re
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fuerzo de cafla al interior del muro (horizontal y vertical) (MREI y 

MRE2). 

En general se comprueba qie estas disposiciones de rcfuerzo 
de cala, distribuyen en mayor drea el esquema de fisuraci6n, lo que 
implica una redistribuci6n correlativa durante su proceso de forma
ci6n, concediendo la posibilidad de aceptar mayores deformaciones 

con algo mros de capacidad resistente. (Ductilidad). 

Sin embargo, si se tiene en cuenta que en un ensayo de corte 
(carga lateral concentrada), se solicita cada secci6n horizontal a 
una misma fuerza cortante independientezr.ente de altura, la colosu 

caci6n de s6lo refuerzo horiz.ontal no influye demasiado en el control 

de las deformaciones posteriores a la fisuraci6n. La colocaci6n de 
refuerzo horizonLal .i conv2niente para controlar (A desplome de los 
muros transversale.; pero no mejora por si sola las caracterrsticas 

de ductilidad al menos significativarnentc. 

Por lo anterior, se plane6 los ensayos con otras disposiciones 

de refu( rzo adicional a] horizontal. 

Las capas de refierzo di;,,onal dieron resultados aceptables, 
pero el proce(]imiento constructivo es demasiado complejo como para 
justiiicari.. Por otro lado, el refuerzo vertical exterior, .61o tra
baja a estados de deformaci6n onuy avanzados y cntonces el control 

de la fisuraci n re!,ulta tardfo. 

A,31 I,- ll..g 6 a la malla interior, que di6 resultados satisfactorios 
pues aunque complica en alglo eI procedimiento constructivo, lo com

pensa con cre cf,-! al brind ar Iu,.na ductilidad al conjunto. 

, 9 
Finatiyrente ,it i-wiay6 oro zf roi con v;Lnos central(,es de I rn') 

con refuerzo ],e nadera e!n la pa rte. superior ,1el alf(i;ar y en ]a 
parte superior d,l rlisno (RM I y RM2). Se pretbnIdra controlar de 

alguna manera las fis ra, que !ie inician en las esquinari del vano. 
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Los ensayos de flexi6n tuvieron como misi6n ayudar a compren

der cualitativamente el comportamiento de los muros refcrzados, so

metidos a cargas perpendiculares a su plano. 

Los dos primeros tenfan dos soleras de madera a la altura del 

alf6izar y en el tope superior (RM3 y RM5). Se pretendfa observar 

la adherencia entre madera y adobe bajo diferentes niveles de compre

si6n de confinamiento, cuando actlan cargas que flexionan al muro. 

Los tres restantes correspondfan a tres de los tipos de refuerzo 

de cafia que se utilizaron en los ensayos de corte: 

- Cafia horizontal cada (s hiladas (a. 111. 111)
 

- Cafta horizontal cada cuatro hiladas m~s refuerzo vertical
 

(a. 111. 11)
 

Caiia horizontal cada cuatro hdladas mis refuerzo diagonal
 

(SF5) 

Adicionalmente, se ensay6 cuatro m6dulos con las siguientes 

caracterfsticas principales: 

- Refuerzo de caria horizontal cada dos hiladas, con los encuen

tros cocidos. (m6dulo # 22). 

- Refuerzo de catia horizontzI cada seis hiladas, con cuartones 

verticales de madera a los extremos de los muros longitudi

nales. (m6dulo ii 23). 

- Refuerzo de cafia horizontal cada tres hiladas, mis cuatro 

lfneas de refuerzo de caila diagonal. (m6dulo # 24). 

- Refuerzo de cafla horizontal cada cuatro hiladas y vertical 

embutido cada 25 cm. , amarradas entre sf y rellenos de barro 

en los vacfos del aparejo utilizado. (m6dulo #24). Ver figura 2. 
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3. Observaciones sobre los ensayos 

Ya mencionamos anteriormente que como conclusi6n de la primera 

etapa. se present6 una expresi6n para evaluar el esfuerzo unitario 

cortante de fisuraci6n e), funci6n esfuerzo( cn del unitario de 

compresi6n ( T) que actfde simultineamente. 

Asf, la expresi6n original obtenida con alrededor de 25 ensa

yos. 

= .09 + .55 " (Kg/cm 2 ) quedarfa ajustada a 
= . I + .55 (Kg/cm 2 ) expresi6n algo ms simple 

para su uso en diseflo o comprobaci6n. 

Para efectos de comparaci6n posterior con muros mejor re

forzados, conviene anotar clue el orden de magnitud de las defor
maciones de fisuraci6n, a la altura de la mitad del muro (parte 
superior del 'muro efectivo") es de 3 mm, variai .o desde 1 mm. 

hasta 5 mm. 

En la definici6n de la nueva expresi6n se han considerado tam
bi6n una serie de .ensayos de muro3 reforzados, cuando existfa la 
seguridad de que (I refuerzo no variarfa la carga de fisuraci6n (por 
lo general, el refuerzo s6lo trabaja posteriormunte a la fisuraci6n 
y su misi6n primordial es controlarla). De mancra que es posible 
afirmar que ,-st6 basada en rns de 50 ensayos n,; muroij a escala 

natural, la mayorfa de los mantuvo unacuiales relaci6n de alto a 
largo de 0.6. No fie encontr6 mayor influencia en el tariailo de los 
adobes, ni en eI aparejo de colocaci6n ni en (i espesor del niuro. 

Edades de .tcc.idiu de 1 a 3 Une:es tampo:o sjon influyent,..S en c!ste 

tipo decns ayo. En g.nral la altura (I(- la car a y lo., di, po sitivos 
df ens ayo han iido invariableti. lxi.,;t, biwena corr,-laci6n etrre los 
resultadoq de ,-.,to,; cnsayos y los (if 1(); rn6dulos , a pe ar( de la va

riaci6n de solicitaci6n que pasamo.s a .x<plicar: 
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En el caso de la carga superior concentrada, el corte en cualquier 
secci6n es constante e igual a la carga. En el caso de mesa reba
tible, la cargit es constante (si la masa tambi6n lo es) y el corte 
en cualquier secci6n va en aumento conforme disminuye la distancia 
al suelo. Este filtimo caso es mis parecido al real pues suponiendo 

una forma lineal de vibrar, las fuerzas de inercia variarfan lineal
mente (a masa constante) creciendo con la altura y el corte acumu

lado serfa una ley parab6lica. (Ver figura 1). 

P P/-I w 2P/II 

H 

x x 

/~~ ~~ X//1/1Ik/ I 
V P V P -wx 2V= P- x w

(a) (b) 2 -1 

Figura No 1 

Respecto al tipo y material de refuerzo para conceder ductilidad 
a las construcciones de adobe, cabe mencionar lo siguiente: 

- El refuerzo con pieza.i de madra no es; rnuy econ6mico, tanto 
por el co,to de la niima, corno por (I dc!l nec e ;ario amarre de 
alambre para lograr su participaci6n como un clemento integrado al 
adobe. No habi('ndofe ,zncontrado otra manera eficiente de integrarlo, 
debe limitars ;u inclusi6n a Io.3 el,'mentos indispeniables, tales 

como dinteles; y c:ad,.na jup,!rior. 

- La u tili..aci6 de,, la caifia tipo carrizo como refuerzo, es muy 

convenient, ,ioinpr que :e aise~u.w ie (:ocido en los encuentros, se 
proporcione la cantidad (t! refuerzo nece5ario segfln la intensidad 
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7. 

esperada de la solicitaci6n y se disponga de manera de formar malJas 
cocidas que puedan controlar efectivaniente las fisuras propias del 
esfuerzo cortante (caira horizontal y vertical en Ai interior del muro). 
Mientras pie 1a caria horizontal pu, (t, ir en Ia; junta s, la: ca na v,.r
tical hay que ubicarla ' en pacios libre s (tejad(1o cxprofe sam,.nt, con 
un aparejo especial entrelantdo en bane a bloquvc; ('n .','lK y cabcza 
alternadaniente (ver fi,. 2). 17. fl. 

hiladas pares 
40 cm. 

hiladas impares \ 40 cm. 

17. -5 n. 

Los espacios achurados son rellenados con barro luego de colocar 
en ellos la caria vertical. Las d'mensiones del bloque son 8 x 17. 5 x 
40 cms. 

Fig. 2 

- El alambre colocado para unir la cadena superior con el cimien
to corrido y (.on cierta tensi6n, tiene min dohlilc ,,fecto favorable para
 
el comporzaminto d,' Ins 
 mnuros: Incjora a rp:jiNtn, ia al :,ort, ali
 
incrermentar 1 ,.sfu,.r., unitri) de crii 
 pre,;i6n y ''fm ,it. ,ul tilidad. 

Debf. pr,::.t;Lr;,.( ,.:,I; .,i , uiid.1!() .11 l)r1)h l 11.4, i el , ntrul p,'r 4,(iic:o fie
 
la tenni6n, y.a "t, l,)br .lili11Jr,,' ti,.nl.n a ,lluj; ir n: y tarn bi( 
 n al e
 
la oxida,:iv 
 n ,d,. ,lamn bre. E'sto' inconvenient,..s non i'rion, para in
 

arnbivnte rural.
 

417 



8. 

La ductilidad que coflsigfe e!tosse con refuertu.,s s6lo ha s16o 

coniprobada bajo pruebd 5 estliticas con carps ilollo, "fric as y po-I. 
tanto, (lebe con iidora r!io pi. lot, rr ltdwOI sion pri-iminar, ,at 

no reai..tr,v~ vfl *'I,i ( fC(i i illii. 

las *it u . (*.,I~ua*~t1 iwI. i!iv 11 -(.v.),-p ,,z-,ci6n 

flCs smfli.inte', por() -I ;rir1vtro sin ,, .*1 -#vgndo Con rell ut'r.' (jC 

cazda vcrticlil interior y hioriz~ontal cadat - hilm~ams. 

4. Conclaii oflr 

- E~iposiible rlimetsionar las construcciones ruralca de adobe~ 

en batbe it le i linvaijnviti rnencionadofs considerando un comporta 

rniento v(1I.-tico y ;tpropiad~oli Iotefici(-nt' s de seguridad (reterencia a 

1,2, 3 y 4;). 

-Adicionatlinfi~,iv. v-s indis-pent-abit. cunc.-derles una apropiada 

ductilidadl on ba~v refuvr..o d1 tiatf-rialf-i ruralets. , abi(-nlose ob
tenido ha:itat -I mrnotLnto LImcno t'OP. -~tof tatia tipo tarri.-.o, 

dip t 41aIICt tj r , .() ( I-hI r itt tvot.ac g., d* 'lm ~ t~ 

ecazla flaturil! 'opiA X t.1( i~l dititti11C 4. para poder -'viluAr 

log cor'ficio.nti.lI (14 at'gur-ifad par- el. dinvilo (Ref. 5 y 6). 
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":t I .A 1 

I. ENSAYO DE MUROS A CORTE 

Clave .nsayo Deformaci6n Dimensiones 'qefuerzo Observaciones Fecha Foto N' 

SC6 ,ar 2i s hasta 12 nu-n .20 x 2.4 x 4.0 Cafia diag. y Redistribuci6n de es- 10.78
 
151?0 K- m~s
P 1 horiz. cada fuerzos hasta 

P> 3200 K 4 hiladas all de muro efectiho 

SI C ar,,.. 08.77 
P = 3(,00 K , , 5.13 tn- .40x 2.4 x 4.0 

$2 "S-3.24 mm .20 x 2.4 x 4.0 08.77 

$3 C ara -3.9 mm .20xZ.4x4.0 s/c -- , 975 Kg/m. 08.77 3.. .. . . .i_-_ 3500 _K- alam br e
 

4 Cara -2.3 mni . 2 0 x 2.4 x 4.0 s/c  860 Kg/m. 08.77 4 
P 350.0 probetas
 

S5
S Carga 13 mm .20 x 2.4 x 4.0 Deformaci6n uni- 09.77 
P =4100 Kg orme 

S6 Carga -5.6 mm .20 x 2.4 x 4.0 s/c -- 1750 Kg/rn. 09.77 
P.. u0.. Kg alambre
 

CA aCar '-3 mni--------------------- --------- .20 x 2.4 x 4. 00777P = 1900 K 
7.7 

SAAI Carg'a -5. 5 mm .40 x 2.4 x 4.0 Amarre americano 10.77 
P = 3200 Kg 

SAA2 Cara -1 mm .40 x 2.4 x4.0 10.77
P 3200 Kg107 

=-320g-------------------------------------------------------------------------------------

RMI Carga 14.5 mm .20 x 2.4 x 4.0 Madera Vano 1.0 m no inter- 09.77
 
. . ..- P = 16 50 K g 
 v iene en la rotura 1 0 

RM2 Carga -2.0 mm . 2 0x2.4x4.0 Madera Vano 1.0 n carga 09.77 
P 1200 KQ arriba 1/2 ventana 

.......................... 
 _ ---------------------------



------------------------------------------------------------------------------------------------------------------

Clave Ensayo I)eformaci6n Dimensiones Refuerzo Observaciones Fecha Foto N' 

RCI hasta 9.2 mm . 20 x 2.4 x 4.0 Caia horiz. Redistribuci6n de 11.77 12 
c/ 2 hiladas fisuas 

RC2 Carga 6 basta 5 mmK, .20 x 2.4 x 4.0 Cafia horiz. Reclistribuci6n223 de 11.77 ----------- - 4 ' 1
c/ 2 ailadas fisuras 1313 

a. I11. 1 Carga !.1.5mm5 .20 x 2.4t x 4.0 Cafia entera No trabaj6 bien 03.78P = 1720 Kg vert. y hori- cafia vertical
 
zontal c// 4
 

MS Carga 1.3n .20 x 2 .4
..... P =3000 Kg x 4.0 s/c = 16 5 Kg/m 07.77 
14 

pRE2z 2400 Kg Shasta 3 0 mm .40 x 2.4 x 4.0 Cafia vert. Gran ductilidad 04.79
P t180 Kg interior y 

horiz. cada 
4 hiladas 

£_NOTA: Pf Carga de fisuraci6n 

P = Carga diltima 



--------------------------------------------------------------------------------------------------------------------

----------- ----------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

TA BLA 2 

II. ENSAYO DE MUROS A FLEXION 

Clave 	 Ensayo Deformaci6n Diniensiones Rcfuerzo Observaciones Fecha Foto N' 

ca rga
 
RM3 1370 Kg .20 x2.4 x4.0 2 cadenas 09.77 15
 

drC inadera 

VI 	 ca rga ---- .20 x 2.4 x 4.0 ---- nortero yeso-barro 08.78 16
 
705 Kg 1:4
 

FM2 	 carga ---- .20 x2.4 x4.0 ---- mortero cemento- 09.77 17 
8t5 Kg 	 arena 1:3
 

S F 	 cr a ---- Caia c/4 hil. ---- 18
 
8t5 Kg .20 x2.4 x4.0 + diagonal
 

a. 11.11 	 ca r'a ---- .20 x2.4 x4.0 Caria c/4 hil. ---- 04.78 19 
X. . . . . .0 K 4 	 + vertical 

a. 	 IL.111 car.a ---- .20 x2.4 x4.0 Caiia c/2 hil. ---- 07.78
 
13,0 Kg
 

RM 5 	 750 Kg ---- .20 x2.4 x4.0 2 cadenas a 10.77 20 

I y 2.10 



----------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

1 A 11 LA 3 

III. LNSAYO DE MODULOS 

Clave Ensayo Deformaci6n iimiicnsiones Refuerzo Observaciones Fecha Foto N' 

N-I6culu 22 -3. .,28.52 mm .20 x 2.4 x 4 x4 Cafia c/' 2 hi- Resistencia 03.78 21 
C.ef. =V .4 ladas cocidas q' c/4 hiladas 

16dculo 23 430 .20 x 2.4 x 4 x 4 Carla c/ 6 hil. Se separa el marco 04.78 
Coef. - .5 cadena sup. + 22 

postes de na 

(lera 

M6dulo 24 23 resbala .20 x 2.4 x 4 x - Caira c/ 3 hil. Fisuras prematuras 10.73 
hasta 20' Impacto pared cadena sup. en cafia diagonal
27'30' frontal, paredes cafia diagonal Accidente Impacto 23 
2 t, 301 dorsales 

M6dulo 25 No se rompi6 .40 x 2.4 x 4 x 4 Cafia horiz. Gran performance 03.79
hasta 37' y vert. entre 

adobes ai-na- 24
 
rre anieric. 
cafias 
amal radas 

4: Angulo de inclinaci6n de la mesa rebatible en el instante de la falla. 

Coef. Coeficiente srsrnico equivalente 



Parte II 

PROGRAMA DE ELEMENTOS DE MAMPOSTERIA 

1 Ensayos de Cor-presi6n axial 

El objetivo de esta serie de ensayos es conocer el ccmportamiento 

de los muretes de adobe (pilas) bajo solicitaciones de compresi6n 

pura. 

Se estudi6 la influencia de diversas variables en la resistencia a 

compresi6n de las pilas, las principales fueron: 

- Esbeltez de las pilas (Relaci6n entre la altura de la pila y 

la menor dimensi6n). 

- Calidad del mortcro. Se estudi6 la influencia de diversos 

tipos de mortero en la resistencia a compresi6n.
 

- Espesor de las juntas.
 

- Tiempo de s(,cado.
 

En la figura .1 ,se muestra el esquema de los dispositivos empleados 

!n este ensayo. N6tese que se colocaron 6 flexfirnetros para regis

trar las dcformacio;e,( d(!I especfmen durante (A ensayo. 

A continuaci6n !3e presenta el resun-en con los principales valores 

obtenidos en todos los ensayos de corxnprcsi6n axial. 
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(2)
 

(5) 

3 .3) 

( 4) 

(6) 

(7) (7) (7) 

1. ) Goto hidrd utica operado monuaomente.
 

2.) R6tul.
 

3.) FLeximetros superiores,
 

4.) Ptancha de acero para repartir ta cargo. 

5.) Adobe nivetado conmortero de cemento. 

6,) Marco de medic;o'n. 

7. ) FLeximetros lateroles (4en total). 

B ) Base de madera para el tronsporte. 

FIG - .	 ESQUEMA DE LOS ENSAYOS DE 

COMPRESION AXIAL 
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--------------------------------------------------------------------------------------------------------------------------

RESUMEN ENSAYOS DE COMPRESION AXIAL 

Serie MNrtero Esbeltez Edad (1) (2) (3) N0(4) (5) (6) deP mXx ,%Iax S C. V. EL Es Especi'enes 

3 Barro 1:1 1 Ines 9,.!3 11.77 0.69 6 ---- 210 8 
(2 adobes) aprox. 

1 1:1. 5 1 Incs t ,20 S.53 0.41 5 ---- 220 10
 
(3 acobes) lprox.
 

H iffir r:2 1 :nts t,297 7.87 0.87 11 595 
 320 10
4 ,iWob's aprox.
 

G Barrd 1:3 
 1 rcs 6,425 8.03 0.52 6 690 450 9 
i, 3,bcs) adorox.
 

C Ba rro 1:4 1 res b.398 8.00 0.57 
 7 1,000 755 12 
(S d ',s) aIrox.
 

K Barro 
 I t,I-5 es 180 7.73 0.36 5 1,300 680 10( i0.±does) aorox. 

m'!R~r i~k"4 !.4 i t s dt4, 5 10.81 0.6 6 1,720 ---- 9 
c SO bis) anrox.
 

2 cesc, 12,355 15.44 0.94 
 6 4,565 10 

':c 1 2 

ACY Ar : 1:4 S mneses 11,540 14.80 0.64 4 4,720 1,175 6 
C 2 (o adobCs) S=830I 

C. V.=18% 
ACC A -cr:u 1:4 I10neses 14,140 17.68 0.11 0.6 5,450 ---- 6

Cu::t. 2 (S adLbcs) S=250 
Ga I 


C. V.= 5% 

CP3 Brru : lirneses 9,620 12.03 0.73 6 3,740 ---- 7
( adobs) S=260 

C.V.= 7% 
CiT Barr3 1:4 7 meses 9,760 12.20 0.84 7 1,950 840 23 

(S adobs) 1l=e S215 

C. V.= 110 



10.
 

(1) 	 Carga mdxima promedio (Kg.) 

(2) 	 Esfuerzo iltimo promedio calculado con el Area bruta (20 x 40) 

(Kg/cm 2 ). 

(3) 	 Desviaci6n Est6ndar calculada para 	 los esfuerzos m iximos. 

(4) 	 Coeficiente de variaci6n en % calculado para los esfuerzos mlxi-

MaOs. 

(5) 	 M6dulo de elasticidad calculado para los flexfmetros laterales 

(Kg/cm 2 ). 

(6) 	 M6dulo de elasticidad calculado para los flexfrnetros superiores
 

(Kg/cm2).
 

OBSERVACIONES 

La inclusi6n en el mortero de materiales tales coma el cemento, 

la cal, o el yeso, mejoran notablemente la resistencia en compresi6n y 

el m6dulo rie elasticidad (mayor rig!idez) de las pilas. 

La esbeltez io- las pila.: no rue una variable influyente tal coma se 

pensaba iniciahninte. La r, sistencia do- la.s pilas :se -iantieno prictica

mente constante on un ranvo 1)'Itant,.- aiplio de esbeltec,.s (desde 1:1. 5 

hasta 1: 5). Des, ,.1 po nto de vi;ta d,- una no rializac i6n de los ens ayos, 

la esbeltez 1:4 (pilas de 8 idob,:.i) -. adcicuada, ya que los ,spvcfvnenes 

son manjable:1 (transportc ) y es potiblo colocar fl,'xfnetros laterales. 

AdemS el nnioro de juntas t!.; adccuado para representar el comporta

miento (it! lni mLuro; i)ajo #:;t tipo de srolicitaci6n. 

El tiom po !f- :jc;irio par,,c: :;,-r 'ia va riabl,, importante, ya que 

en los en,;/ly ; f.ecti-adoi; !irv; qu. la r.,i- itncii en cor presi6n 

y el m6dulo (if- ,'lAticidad lllinint;trn con -I ticrnpo. Sin -mbargo, no se 

cuent. con ';ufici ntes vnsayos para ol-st;.blecer clararnente la influencia 

de este parfurctro. 
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11.
 

El uso de juntas gruesas produce especfmenes muy diffciles de mane

jar (transporte) y reduce la resistencia de las pilas. 

Es conveniente calcular el m6dulo de clasticidad en base a los re

gistros de los flexfmetros laterales, ya que existen diferencias importan

tes con respecto a las lecturas de los flexfrnetros superiores. Estos re

gistran todos los acornodos de la pila dando como resultado m6dulos de 

elasticidad mrs bajos. 

El mecanismo de falla en estos especmenes bajo este tipo de solici

tacidn es bastante complejo y diffcil de precisar. Gen,-oralmente debido a las 

deficienias de las pilas, al equipo de ensayo y a la heterogeneidad del 

adobe, se presentan fen6menos de flexo-compresi6n que complican el es

quema de falla. En general se ha podido observar un esquema de fisuras 

verticales tanto en el adobe como en el mortero que preceden a la falla. 

.Ademis como el material es fr6V4K "ifalla es violenta y hay fen6mer.os 

de aplastamiento en el adobe y inortero. (Ver fotoraffa >' 25). 

Para evaluar la resistencia on compresi6n d los bloques de adobe, 

se hicieron cnsayos sobre 20 prismas (8 x 8 x 9 cm. ) cortados de un adobe 

y nivelados con capping de yeso. El esfuerzo de compresi6n miximo pro

medio fue de 15 Kg/cm 2 con un coeficiente de variaci6n del 14%. 
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12.
 

2. Ensayos de Compresi6n Diagonal: 

Las cargas laterales provenientes de la acci6n de un sismo sobre una 

estructura, inducen esfuerzos de tracci6n diagonal que pueden causar 

la falla del muro. Este tipo de falla se reconoce porque la grieta 

diagonal que se produce atraviesa el muro con una trayectoria aproxi

madamente recta. De all la necesidad de estudiar el comportamiento 

do los muros de adobe bajo este tipo de solicitaciones. Un tipo de 

ensayo sencillo y f~cil de ejecutar es el de compresi6n diagonal sobre 

un murete cuadrado (60 x 60 x 20 cm), al que se aplican las cargas 

en las esquinas a trav6s de unos 6ngulos que distribuyen las concen

traciones de esfuerzos en una zona pequefia. La deducci6n te6rica 

de las f6rmulas se encuentra en la Ref. (7) y (8). 

En una primera etapa los muretes se construyeron horizontales con 

el objeto de ensayarlos in situ evit.ndose asr el manipuleo (ver foto 

26). Para minimizar la fricci6n entre la probeta y el suelo, se 

asentaron sobre bolsas vacias de cemento. Sobre el murete se fi

jaron bases de medici6n para un elongtmetro que servfan para ob

tener deformacions en las diagonales. 

Posteriormente y c, io parte de otro programa de investigaciones, 

so ejecutaron nuevos ensayos de este tipo con mejores dispositivos 

(ver foto 27), tanto para aplicaci6n de carga como para medici6n do 

deformaciones. 

A continuaci6n so presentan los resultados de las dos series de en

sayos:
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Especfmen m6ximo G 
(Kg/cm 2 ) (Kg/cm 2 ) 

D-I 0.30 670 

D-2 0.30 194 

D-3A 0.33 250 

D-3B 0.24 158 

D-4 0.27 170 

D-5 0.27 907 

D-6 0.27 110 

D-7 e 27 906 

D-8 0.27 171 

D-9 0.241 2,6 

CDPM-1 0.32 500 

CDP.A-2 0.26 340 

CDPM-3 0.27 403 

CDPM-4 0. 19 ---

CDPM-5 0. 17 518 

CDPM-, 0. 13 467 

CDPM-7 0.25 358 

Pro nedio 0. 26 398 
C.V.= 7.6% C.V.= 61.4% 

"4 = Carga m~ixima 
Area de la diagonal 

T G 

G M6dulo d, Riridez al esfuerzo cortante 

= Df,.formraci6n unitaria en la diagonal comprimida 
-=t = Deformaci6n unitaria en diagonalla traccionada. 
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OBSERVACIONES 

En general los resultados obtenicdas para la primera serie de ensa

yos, en lo referente a deformaciones no son muy confiables, debido al sis

tema de mediciones que se utiliz6. De allf la alta dispersi6n obtenida, 

sin embargo en la segunda serie donde se rnejor6 el sitenma de mediciones, 

se puede observar que la dispersi6n es bastante menor. 

Hay que anotar que la falla siempre fue por las juntas (escalonada), 

de allf el valor bajo que sc obtiene para la resistencia, comparado con 

similares ensayos realizados en Mexico (5). 
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3. Ensayos de Corte* Dir ecto: 

Este tipo do ctniayo c t-i propuesto u etl Reglarninto Nacional de 
Const ri kion -sf 8 . 3), Y r(11 bavise* 1a ra ve-ta blecer el esfucnro 

adfrn.,;bI,- dc r1i j ru. t~jj "urt' U('rZ.itif(!~tn~ Srsimicas. La 

Vr u ,f T R~ii:itcncjia A1 4ortt! (Kg,/cn-12 

G- CLornpr. si~tn 'xnit'irna nurrzial Ai picino de, corte 

u = Cohicii6n 

f = CO-fi it-iit. d,- ficci6n aparnentc, 

Donde lon~ pa r~itrjui y f -iq- deteriinrsrAn a partir de enBAyos de 
corte (lir..cto. A .ilta dec informaci~in secf~aausari el mi

guiente f~rs adn-iaiiblv: 

V 0.415 Vr * 05-1 0. 03 C (A) 

A contintiaci6r. re-jurnnum los principaled valorem obtenidom do lox 
en.aayoii de corte riir.,cto: 

Serie .Ie~pf rilr cJ-(Kq/crn2) Vr (Prom-edio) 

EC 80.00 0. 13 Or (" V. 15. 9 
E-15 0.0 0. 393 C . V. . 7S 
E-25 .10.40 0. 5 

E-30 40. 50 0. t,40 C'. ,, 

E-40 0.0 0 2 .2' 
E -28 50.28 0.401 C,' V . . 7S 

O13SEfl VACIONI'S 

(r.ngrcsI~n 11nral1), ei.ando corno rroultnfo In nhmviirntr. r-xprntn: 

V r 13 , 1. 09 T (KIz/ctx) ( 11) 

V * 0.45 Vr " 0.-0 59 4 0.')9T C 
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16. 

Ensa;os similares hechos por otro investigador (9) sobre un total de 

doce especfmenes dieron como resultado: 

V r 0. 15 4 1.09 (Kg/cm ) (D) 

Compar ndo las expresiones (A) y (C) se observa que no existe nin 

gunE concordancia en el valor de f, lo cual hace ponsar que la expresi6n 

(A) tiene alin error (podrfa ser en (A punto decimal).
 

Actualmente., e est'1n procosando 
ls resultados obtenidos de un to

tal de 70 espcfl:ene , ensayados en corte directo, con cargas de confi

namiento que varfan entre 0.2 y 2.0 Kg/cm 2 y con espesores de junta 

variables. 
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DISESO SISZ1ICO DE CONSTRUCCIONWS DE ADOBE Y BLONUE ESTABILIZADO - Primera
Parte: Propuesta de Normas de Disefo de Construcciones de Adobe y Bloque
 
Estabilizado.
 

Par: Ricardo Yamashiro K*, Alejandro Sanchez y Roberto M**0* Morales 

RESUMEN 

En base a los mecanismos de falla de las construcciones de adobe***
observados en sismos reales y en el Laboratorio, se identifica los esfuer
 zos criticos. La resistencia de la albafilerla y del refuerzo de caaa,se determina mediante pruebas apropiadas y se escablecen sus esfuerzos ad
misibles. Finalmente, con la informaci6n disponible se propone pa
normas 

ra el diseno de las construcciones de adobe.
 

SEISMIC DESIGN OF ADOBE AND STABILIZED BLOCK CONSTRUCTION - First Part:Proposed Code for Designing Adobe and Stabilized Block Construction. 

By: Ricardo Yamashiro K*, Alejandro Sanchez 0* y Roherto Morales M**: 

SUMMARY 

On the basis of observed failure mechanism of adobe*** construction,

during actual earthquakes and in the laboratory, critical stresses are
identified. Masonry and cane strength are determined through appropiatetests, and their allowable design stresses are established. Finally, adesign code for adobe construction is proposed on the basis of available
 
-information. 

* Profesor Principal, Dpto. de Estructuras y Construccion, Universidad 
Nacional de ingenierla, Lima, Peri.


** Profesor Asociado, Dpto. de F--srctur2s 7 Construccion, Universidad
 
Nacional de ingenieria, Lima, Pcr 
.*** En esce trabajo ue incluir5 al bloque estabilizado en el t-'rmino "ado
 
be". 
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L N T R 0 D UC C I 0 N 

La gran actividad. sismica de nuestro territorio ha cobrado siempra 

sus mayores victias en las construcciones de adobe- Seg'n Kuroiwa, Deza 

y Jaen (1)* en el terremoco del 31 de M1ayo de 1970 "...Mas del 90 pot 

ciento de los edificios daiados eran de adobe y su colapso caus6 mgs de 

40,000 muertes". Pot otro lado, sin embargo, al3unas construcciones de a 

dobe resistieron sorprendentemente, los embates del simmo. E...En Coish 

co, a 40 kil6mecros del epicentro y sobre terreno rocoso, el daiio fug mi-

MM y muchaa de las construcciones de adobe sobrevivieron y estin habita 

des". 

Debe aceptarse, entonces, que existen ciertas condiciones bajo las 

cuale. este tipe de cnstrucciao puede ofrecer un comportraianto "satis

factorio' -anto oismos s;reron. 

La que constimaye un cosportamiento "satisfactorio" ante sismos, es

t.1 adecuadamimta reum.ida en un= de 11.a filosofias en ooga en la ingenie

ra aur.iaBs.ica. Segi Fintel (2), Ion objetivos izmplicitos en la mayo

ria de las norman de disefio antisismico son que la estructura sea capaz 

de:
 

1. resistir sis-mos menores sin dafios, 

2. resistir sismos moderados con algunos daflos estructurales leves y
 
con dafos uo estructurales moderadoa,
 

3. resisrir sismos carastr6ficos sin colapsar.
 

Pot colapso se entiende (2) "... aquel estado que no permice que los ocu

pantes salgan dei edificio debido a !a falia de la estructura prioaria".
 

* Li numeraci6n ancre par6ncesis corresponde a las referencias. 
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En el presence trabajo se traca de sintetizar la informaci6n disponi
 

ble sobre ccnstrucciones de adobe en forma de normas de dise~o que permi

tan proyeccar con esce material, satisfaciendo los objetivos expuestos, 

en la mejor forma posible.
 

Se estudih, primeramente, el comportamienco A3smico de las construc

clones de adobe con 4nfasis principal en la detecci6n de los mecanimos 

de falla, o que permiri6 identificar los tipos de esfuerzos que era nece
 

sario esudiar principalmene. 
Se estudiW lueo, experiment4mente, algu
 

nas de las propievades mecinicas de la albafilerla de adobe -especialmen

te su resiscencia- bajo diferences solicitaciones. A concinuacin, 
en ba
 

-se 
a estos esrudios se estableci5 los esfuerzos admisibles par el dise

io. Finalmenre, usando informaci~n de diversas fuentes y cAlculos adicio 

aales que se publicarkn en un futuro cercano se prepar5 una propuesta de
 

normas para el disedo de estas Conscrucciones.
 

COMPORTAMI-rO SISMICO DE CONSTRUCCIOUES DE ADOBE 

Las fallas en las construcciones de adobe pueden atribuirse, princi

palmente, a su. poca resistencia en tracci~n y reducida adherencia entre 

el adobe y eA =ortero.* Los ipos principales de falla, que a menudo se
 

presentan combinados, 3on Los siguiences:
 

1. Falla nor traccicnqn Los ancuentros de muros. En la figura 1 se
 

ilustra esce 
tipo de falla, que se debe principalmente a esfuerzos de
 

tracci6n directa que 3c produce 
an 
ano de los muros, al dar arriostre la

teral a ocros maros del encuencro. Esca Aituacijn se agrava cuando a es-


Esras caractaristicag mejoran notabl 
 ente en :onstrucciones de bloque

estabilizado (4) 
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t& efecto se superponen los esfuerzos de flexi5n. 

2. Falla por flexion. En .a figura 2, se ilustra algunas de las va

riances de esta f.lla se debetipo de que a los esfuerzos de traccion par 

Ilexicn a. actuar el muro com una losa, apoyada en su base y en los ele

mentos verticales qua lo arriostran. La ocurrir seccionesfalla puede en 


horizontales, verticales u oblicuas.
 

3 falta por corte. En la figura 3, se ilustra este tipo de fa~la, 

qua se produce cuanda t-abaja cmo corte.el muro muro de Se debe, prin

cipalmente, a los esfuerzos tangenciales en las juntas horizontales. 

En un trabajo experimentaj. muy ingenioso, Covazao 7 Blondet en(5) 


contraron tipos de falla 
similares. 

PROPIZDADES IMCAN1CAS DE ALBARILERIA DE ADOBE 

T BLOQUE ESTABILIZADO 

Del estudio de los mecanismos de falla do las construcciones de ado

be se determino'quo las caracterlaeicas mencinicaa que mis intaresa cono

cer son: 

i. Ia resistencia en tracci'n, 

2. La. resistencia an flexi6n, 

3. la resiitencia al corte.
 

Adems, a pesar do quo 
no se ha observado fallas par compresi6n, interesa 

conocer la resi.nancia do la lba6ileria en compresi6n, par ser esta una 

conveniente medida de la calidad erructural del material, siendo ade=4s,
 

mis facil do determinar quo las ctras resistencias indicadas. 

La resistencia do la albafliler-a do adobe se dotermin6 mediance es
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Peelmenes a escala auraj. 7 tambi-en mediante especimenes norma.]Azados. 

ESPEMOME~S A ESCALA NIATMIL. 

Resistencia en tracci45n.- En un estudio experimental., Vera (6) en-
Contra, Como era de e perar, una bajl3.=a rasistencia en tracci&-n, de la 
albafiiierl 
 do adobe, apenas 0.036 K/mcoma se nuestra on la ifigura 4. 
Para su aPl-icaci~n al. disefio de muro3 reorzados,, se ensav6 tambi~n algu~ 
nos encuen:'ros de =urcs reforzados con cafa. Se encontr5 un, dram~tica au 
mento en La resistncia del encuenro, hasta de 14.7 vocos Ia resistoci 
del especimen sia reforzar.
 

Resistancia en 
 e~t-4n.- Horomi (7) esrudi6, experzmentalmente, la 
resisencia en fflexi6a on un piana horizontal de la albaiiioar%' do adobe 
Con y sin roiuerzo (Fig. 5). 
 Nuevamence, la resia;:tenc.1 del 
muro 2in re
forzar resuit5 muy pequofia, mianr-s que 
con refuerzo 3ao 
lleg6 hasta 
una
 
resistencia 39 vecea mayor cuando 3C us6 mortero do barro 
con cemento, 
RS
 
ro 
 961o 4 veces mayor cuando so uao =ortero do barro 3imple.
 

Resistenciai 
encrt.- Mincholi (8), 
Guailo (9) 7 Merino (10), es
ttdiaron _-cperimentalmnte, la c-~sencjia do muros do corto do albaale. 
rf-a de adobe con/sin refuerzo (Fig. 6). La renistenci-i del 
nuro sin ra
forzar (espocLmon 'T* 1) doftiia 0.123 '!g/cm2 y !a .jin aUta r ,isencia ob
tenida 
 fuo! 0.268 Kg/cm , r~nniet al. eopecirnnm 
 6 fraoo

ambos- borden vorticalen 7 t.mbir~n horizoncai1.nenct

0 cada cre-i iad.7n. F-a 
digno do notar juo q ncirmuin rrefuerzo, con junc-a:; dit'.- ronrro cL'mnro, 
rezsiat.1 0.2116 irg/cm !:i docir, m~lj l~aque m.vmi doI: ur~rfra 
doa 7 casi tanto coma el =i3 resiacente. Debe dostacarse, sin embargo, 
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que la capacidad de deformacion de los muros reforzados fui significati

vamente mayor que la de los muros sin refuerzo. 

ESPECD ES NO&MALIZADoS.
 

Generalidades. Los 
 eL ayos de modelos a escala normal.(6)(7)(8) per

miten determinar la resistencia a los diversos tipos de esfuerzos con
 

cierto grado de confiabilidad. 
 ?or otro Lado, sin embargo, son extremada 

Mente morosos, requieren personal reLacivamene especializado 7 son, so

bre todo, mu7 costosos. Estos inconvenientes se pueden subsanar usando
 

espec~nenes y procedimientos de ensayo disefiados de 
odo de simplificar,
 

lo mls posible, el trabajo, con tin sacrificio aceptable en 
la confiabili

dad de 1os £ndices do resistaencia que as! so determinen. 

A continuacion se presenca los resulcados do ensayos de albanilerfa
I 

d. bloque estabilizado usando los espec~menes do prueba propuestos por Me
 

7iy Reyes(1l). Estos especimenenq, quo- son f5ciles de construir y ensa

yar, permizen abrener £ndices'de resistencia d la. manposterfa 
en compre

2.6n, 
corte y traccl n diagonal. Correlaciorundo estos rdices con los
 

resulcados do tnsayos do =uros 
a escala natural, ';ri posible en el futu

ro -cuando 
s disponga do un volumen 3,uficiente do informaci6n- deteri

aar con mayor exactitud las propiedades mecinicas necesarias para el dise 

1o.
 

Especimen para el 
insavo do comoresi~n axial. Proporciona un 'ndi

ce de Li resiscencia do un muro a 1. acci6n do cargai verticales. 

El tipo do -qpecinen 2tilizado ;! -nuo:Sra on !I figura 7 (a). Con-

Siste !n una pila dI bloquon inidon, por rortk!ro. La roiaci6n alc.ura-!sp, 

sor da ias pilas fui- aproximadamonce igual a 2. Con -!I fin de asegurar u 
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na aplicaci6n uniformpe de esfuerzos de procur6 que las caras extreeas de 
la pila fueran lisas, planas y paralelas. Esto se logrG puliendo la cara 
inferior y enrazando la cara superior can una capa de yeso de aproximada

mente 3 =. de espesor. Los ensayo 
 se efectuaron en un marco metalico,
 

aplicando Ja carga mediante un gato hidr~ulico de 30,000 ibs. par incre
mento de 2000 Ib,. Para cada incremento de secarga midiG La deformaci6n 

axial medianta un deform6mero do dial. 
 Los ensayoo se efectuaron a los 

35 dias de fabricadas laa pilas. 

EsDecimenes nara e! ensayo de corte directo. Proporcionan un indice 

de la resisrencia da muros a cargas horizontales en su plano, cuando fa

llan en la junta de mortero quo une los bloques. Se Crata de una falla . 

debida b~sizamenne a esfuerzos tangenciales. 

El tipo do especimen utilizado se muescra en La figura 7 (b). Con

sisre en una pila de tres bloqueg. E1 intermedio est! cortado vertical

mente par la aitad. 
 EsruS medias bloques est.n ligeramence separados, 

con %u junta vertical sin mortlero. 

Al aplicar cargas en los medios bloques intermedios, se produce una 

falla par 2sfuerzou tangenciales en cualquiera de las dos mitades. Los
 
ensayos so 
ofectuan aplicando adem~a 
carga5 de -onii-namiento en Ics 
 blo

ques extremoa, simulando do esta elmanera ,-tado de enfuerzos en un pun
to do un muro de albadiiler,a-. Lsa cargas du confinamitnto aplicadas fue 

ron do L,2 y . K:/cm. Los ensa7os,3 ;c efectuaron a los 3i dias de fabri

cadas las pilas. 

.rTec ,ene! -mra'!I ensavod! j.omr)roQi3ri J4ianal. ?-oporcionan un 

Indice de la resiatencia de un mnuro a cargas horizoncales Qn su 
piano,
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tanto para el caso en que la fa~la se deba a esfuerzos tangenciales en 

las juntas coma para eL caso en que esta se deba a esfuerzos de traccicn 

inclinada en loa bloques. 

= E1 cipa de especimen utilizado se muestra en la figura 7 (c). Con
sists en una pila de tree bloques. E1 intermedio este formado por dos me 
dios bloques. Las pruebas se efectuaron n una mquina Universal Tinius 

Olsen, do tai forma que la carga se aplicaba segan la direcci6n de una de 
las diagonales a travCs de ang ars colocados en dos arista 
 opuescas y
 

asentados sobre una capa delgad. .d yeso. Los ensayoa so efectuaron a
 

los 35 dlas 
de fabricados los espec=renes. 

Resultadou do ls ensayos de compresi'n axial. 
 En el cuadro N* 1 so 
presenta un resum.n do los resultados de estos ensayos. Puede observarse 

lo siguiente: 

1. Lan resiscencias en cemjresi'n f' , fueron iiuales en los espe

c-menes con mortero 1:10:1% 7 S - 2Z. Con estos morteros l re

sistencia result5 25Z mayor que para loo especfmenes sin estabili 

zar- (adobe). 

2. La deformuci~n correspondiente al esfuerzo miximo fu6 rambian ma

yor en lon espec~menes con suelo estabilizado. 

3. E1 m6dulo de elasricidad zug tambi~n mayor en los especfmenes con 

suelo ezlabilizado. 
 El mayor valor se obtuvo con el mortero
 

'Resul:ados de los ensavog de corte directo. En la figura 8 se obser
 

va que Io 
resultadoa de ,:stoa onsayos responden sscinfacoriamence a 
la
 

expresi6n de Coulomb 

+ I 
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donde: v - esfuerzo tangencial de falla, Kg/cm . 

U resisCencia por adherencia, Kg/cm2 

f c¢oeficiente de fricci6n. 

a - esfuerzo de confinamiento, Kg/cm 2 

En estos mismos grificos y tambign en el cuadro N" 2 se dan los valores 

de u y de f para cada tipo de mortero, que fue la variable principal.
 

Puede notarse lo 3iguiente: 

1. Los especimenes con suelo escabilizado exhiben una resistencia
 

por adherencia, p, significativamence superior a los especfmenes
 

de adobe (sin estabilizar). 
 En orden descendente de la resisten

cia por adherencia se tiene la siguiente c!asificaci4n de los 
es

pecfmenes ensayados:
 

a. Con mortero 1:2:3:1/2 u - 1.8 - 1.98 Kg/cm2 

b. Con mortero 1:10:1 
 ,1-- 1.3 - 1.4 

c. Con =ortero S - 2Z 
 u = .75 - 0.90 " 

d. Con mortero siMple 
 i - 0.55 

2. Los especimenes con suelo estabilizado tienen un coeficience de
 

friccion, f, superior a los espec~nenes sin escabilizar, aunque
 

La diferencia 
en este caso ao 
 is tan marcada ccmo para !a adheren
 

cia. En orden dencendence Te 
los valores del coeficience de fric
 

cla6n, se 1iene !a siguitrit ! clasificac'6n de los tspec-hnenes: 

a. Con mor:ero 1:2:3:1/2 
 f = 0.98 - 1.06 

b. Con mor:ero S -. - 0.78 - 0.PO
 

c. Con mortero ,
-:0.60 - 0.63
 

d. Con nor-erD iLmple - 9.38 
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3. No se observa una diferencia siatemirica, ni signiEicativa, ent-re 

los result.ados para espec~menes fabricados con bloques grandes 

chicos.. 

Resultados de los ensayos de compresi n diagonal. En el Cuadro N:3, 
se. prasenta un resumen del an.lisis de los resultadas de los ensayos de 
compresion diagonal. Los esfuerzos de corte experimentales y los "te3ri-

Cos" fueron decerminados siguiendo los lineamienos del trabajo de Mli y 

Reyes. Se observa Io siguiente: 

1. E1 esfuerzo de corte de rotura es significativamente mayor para 

los espec~menes de suelo estabilizado, habiendo resultado una re

sistencia rucho mayor en los espec=menes con mortero 1:10:1% qua 

en los espec5menes con mortero.S - 2%.
 

Z. La aplicacicn de las expresiones para las resistencias "te6ricas"
 

par. falias por traccin diagonal y par corte, indican que los es 

pec5menes debieron faLlar par corte, la que concuerda con Io ob

servado. 

3. Sin. embargo, las resisrencias "te 6 ricas" calcuadans con la expre

ain(3) resultan excesivamenre altas en ccmparaci6n con los valo

res experimentaleg. 

Concluniones. 
 De Ion resultados obtenidos se 
puede extraer las si

guientes conclusione: 

a. En general, la entabiliacion mejora las caractersAticas mecini

cas del suelo. 
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b. La expresi v - ii + fa relaciona satisfactoriamente las dife

rentes variables.* 

c. Pueden usarse espec.menes con bloques pequeiios (26.5 x 26.5) para
 

obtener las propiedades mecanicas de la mamposteria de bloques
 

mas grandes. 

d. La expresi60.f h/ para las pruebas de compresi'n 

diameral no es aplicable para los espec=menes ensayados.** 

PROPIZDADES MECAIICAS DE LA CAR1A 

La cafla se ccmporta elasticamente casi hasta la rotura. Echaz (12) 

determin6, experimentalmente, un valor medio del m6dulo de elasticidad de
 

1.52 x 105 Kg/c= 2 con un coeficiene de variacion de 6.2%, y un valor me

dio de la resiscencia de L350 ,Kg/2 con un coeficiente de variaci6n de
 

'7.7 %. 

Con la huiaedad se :,ncont;6 una disminuci6n de la resistencia del or

den de 25 por ciento. En oros experimentos, que estin siendo evaluados, 

se ha enconcrado una disminuci6n nayor. 

* Debe natarse, ;in embargo, que para vlores pequefios del esfuerzo de
Confinm-miento, los grlficos que 3e muestran en el trabajo de Meli y Ro7es indican que esta expresi6n puede dar errores importances.* Aparencemente, debido a que los esfuerzos de confinamienco eran peque
ios. 
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PROPUMTA DE NORM{AS DE DISESO ESflTRUIIL pARA 

CONSTRUCCIONES DE -AXOBE 7 BLCQUE ESTABrLIZAJJO. 

I. 	 REQUISITOS GFSERALS..
 

Esa.qj norma forman 
 pp--te de las, Normas deDisefio Antistsrnjco y regi 
.ran en casio de discrepancia.. 

Las cofntru~cciones~ de adobe 7 bloque escabiliadu, 3er5n di~~exiadas
 
par 	tin m~todo raiona., basado en Los principiou de la mecinica 7 !a re-

Sistencia. de materialesi. 

Las 	dimnenn-iones y requisitos quo so 
e'J-*puIlan un 
Los pirrafos si
gpientes, rtienen dnicninent2 el caricter de~ mn-dzos y no 	 exien de nancra 
alguna del.estudio y c~ilculoa carrenpondientes que 	 5erin !os que deben tic
 
finir Laai diniensjoncej y requisita a. iunarie en 	 doel. disefio, ac-uerdo can 
l~a funcio'u real de ioa elementos 7 de la ccnsrucci46n.'
 

n~taai conntrucones so 
11ziUrar~n a uri 3611o piso, con una altura rag
x.ma de trea m2ecroa entre 
 pizOs 7 ciclo trh30.
 

No se conntruiri 
con 	 eace mnaterial1 en jue1.os biandoa, ni en suelos 

cuya capacidad de 3erv7icio sea inferior a 2 K3/cm2. 

2. 	 DE7INICIONES. 

Alturn ibrnde uro. Es~ la discancia vertical encre oalemeneos de a
 

rriostrie.
 

Mbroar-ric.1t !o. Es un muro cuya escab-ltidad lateral eat! contiida 
a alementoi de *arrios'tre. 

Excrczo 141jrr !4i innirr). Es borde-. -Iro-iaI. no arrioncrado. 

Vigascolili:. Son 	.rigas do cadera, dei concrato o IUOlU d~tabili-vado, 
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couvmnientemenice reforzadas para dar 	arrioatramieno a los uroa do Jo. 
cuales "e.rr part =te-gratd- rambie'n 3a les l~laima viga 3olera. 

3. 	 ESTRUCTURA.
 

El conjunto LJt-rurtural 
 do la. cotnscrucciones do adobe y,bloque esaa 
bilizalo esitar~i cccpunc de: 

a. Cimencicz.5n. 

b. Miraa. 

c. 	 tmna, de rriostre. 

d. Ttecho.
 

4. 	CL -rn c:u;. 

La c--'zqtac4i5n para Jos muros podri ser 	de concreto, albaiicrrA a 
suelo e-nci b i ,da La -zmntacio'n debe tran~mitir 13 carga d- los =urns
 
&I] terenct, de~ .ic-,rdo a itu eafuer:o permi~ibl.. 

S. 	 MUlROS. 

a. La: -uroa je1rln f,i- bloque :-.cia Z! esp-aor mf,'-o do escom 	mu

ron, 	 ier.! 'a w/r '!e 141i jigu-ncen~ dimennaiones: 

1/8 	 do, I- fiir.1: !1rt4--Melncnoli e.rriontra v'trticaltu. 
b. L~a io u oA*x:.-4-mu ~~ Ir nm :Uro ;cl -.c--cnco vorti 

Cal 	 do .iip'~z on~ri'crixcedter. Ie 0 	 .4 vecen La .lt-urs 

La !2ccciAn 4t ';n 	=uro curr ipandtantt 4 tin lido 	*'rcrical no .i

rr~arrdo ', in -ina 	 (in pun'rta ) ionunf4 iorl con3idar3d& coo 
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Q- Los muros se disefargn por el me-odo de esfuerzos permisibles. 
d- No se Considerara ainguna resistencia a la tracci6ii de la albaff

lerfa, en decaso tracci-n directa o tracci6n por flcizOn. 
e. Las cargas de trabajo de la albafilerla y del refuerzo estaran de 

acuerdo con io establecido en el ap~ndice "A". 
f. Como refuerzo podr5 utilizarse cualquier material de propiedades
 

razonablemente estables y qua sea compatible con el. material del 

muro. 

g. El refu-rzo de los muros podr5 estar constituido por caas huecas 
(carrizo) en tiras, toamdose las precauciones nccearias para e
vitar Jos efectos perjudiciales de los cambios volumicricos de la
 
cana con la variaci~n de su concenido de humedad. 

h. Los anclajes 7 empalmes del refuerzo desarrolar~n el ftegro de 
-La reointencia a'-la tracci6zi del m2..mo. 

i. El mortero qua rodee at refuer=o sera de suelo estabilizado. 

6. MU Erro- DE ARRIOSTRZ. 

Los pilares sin reforzar no consideraran como elementosse 
de arrios

Cre.
 

Salvo que el muro se 
refuerce adecuadamence, deberi esar arriosra
uc
por elemencos verticales, como muros y/o columnas de arriostre y por e 
lementoa horilontaies, tales como tin tacho rfgido o vias collar. 

a. Loa alementon do arriostre dieiariw coma apoyos del muro a
rriontrado connidera coma lona, nujeto a fuerza.; ,or4zontales. 

perpendi ular~sa i. :;u, d m n o , . 14!ccion y armadura sergn 

definidas por mntodo, racionalei do c .lculo. 
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b. La longitud de un muro de arriostre no 
sera menor qua tres cuar 
tos do su altura, a menos que se coloque refuerzo vertical adecua
 

daente anclado a la cimentacian. 

c. Un mur 
se considerara arriostrado:
 

I- Cuando exista suficiente adherencia o anclaje entre los muros 
y sus elementos de arriostre que g-rantice una adecuada trans

ferencia de esfuerzos.
 

2. Cuando los elementos de arriostre tengan una adecuada resisten
 

cia 7 estabilidad para trnnsmitir las fuerzas actuantes a ale

mentos estructurales adyacentes al. suelo.
 

3. Cwando, emple~ndose los techos para su estabilidad lateral, se 
tomen precauciones para que las fuerzas laterales que actan 

en estos techos sean transferidos adecuadamente al suelo.
 

7. TECHO.
 

a. Cuando el techo deba cdumplir la funci6n de transmitir fuerzas ho

rizontales, se construira de modo que tenga adecuada rigidez, per 
mita un comportamienco integral con los muros y asegure la crans

misi6n de las cargas de gravedad v/o horizoncales.
 

b. Cuando el techo no 
contribuya a la distribucien de fuerzas hori

zontales, las vigas collar se disefiaran para cumplir con esta fun
 

Cisn. 
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kP E.N D'r'CE "A" 

ESFUERZaS P nSIBLES EN CONSTRUCCION. DE ADOBE Y 

BLOQUE ESrnABILIZADO 

Paa la determixaci~n de los esfuerzos permisibleu se tomar5 el pro
- medio de no menos de tres.especlenes.
 

Eaf-ierzo permisible de 
uro en comnresi a axial. ', tomar-a igual a1/5 de la resistencia en compresi6n de pilas de bioques unidos par morte
ro.. Las pilis tendran una relaci~n altura a espesor igual a 2. Para es 
fuerzos de contacto puede incrementarse el esfuerzo en 25 par ciento.
 

Esfuirzo permisible del muroen corte ara accioness3smicaso de
viento. Se tcmar- igual 
a 1/5 de lI resiscencia par adherencia en prue

"bas de corte direeco. 

Esfuerzo permisible deli caaentracci~n. 
El asfuerzo de tracci6n

permisible de la cara se tom.arg igual a 1/4 de su 
resistencia en traccion.
 

Esfuerzos perminiblessin ensayos. 
 A falta de mejor informaci6n 
se
 
usarin los siguientes esfuerzos permisibles:
 

Compresi~n do 
conracto 2.0 Kg/cm2 

Compresion axia 
 en muro 1.6 

Corte horizontal en muro 0.07
 

Tracci6n cn cafia 
 250
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C0MENTARIOS A LA PROPUESTA DE NOROIAS DE DISESO ESTRUCTURAL 

PARA CONSTRUCCIONES DE ADOBE Y BLOQUE ESTABILIZADO 

I. REQUISITOS GEN-RALES.. 

La alba~ierla de adobe, por su baja resistencia, requiere del mayor 

cuidado, lanto en su dise~o coma en su construccin. Por esto, su diseio 

debe basarse en los principio& de la mecinica y la resistencia de materia 

les. to se descarta, sin embargo, que a partir de estudios de cierto ri

gor se Ilegue, en el futuro, a reglas pr~cticas que simplifiquen el dise

o de este tipo de construcciones. 

La limitaci6n a un piso y a tres metros de altura en necesaria por 

el comportamiento extremadamente pobre de las construcciones que estin 

fuera de estos limites.
 

No debe construirse con adobe en suelos blandos, ni en suelos cuya
 

capacidad de servicio sea inferior a 2 Kg/cm2 . Con esta limitaci~n so 

trata de evitar los efectos desfavorables de la amplifcaci6n shmica y 

do las asentamientos desiguales, caracteristicos en estos suelos. 

-1. MUROS. 

a. y b. Estos requisitos se han determinado considerando la teoria 

de losas con apoyo simple en 4 y 3 bordes, respeccivamence, no ad 

miciendo cracc.ones perpendiculares a las hiladas para un coefi

ciente sismico de 0.20.
 

E. El material que se ,itilice como refuerzo debe tener adecuada re

siscencia an tracciOn 7 adheririe a la albaiilcria para un compor 

tamiento estructural integral. Otas propiedades, adems, no de
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ben deteriorarse significaivamenEa con el tieMPo ni por la ac
c.i de agentes externos (humedad, calor, etc.). 

i. Los beneficios de usar mortero estabilizado alrededor del refuer
zo son muy grandes y stL costo adicional es. paquefio. 

-6. ELEMMOS DE ARRIOsRE. 
El-arriostramiento del borde superior del muro es fundamental y no 

debe omitirse. 

a.. Para el cal..uIo del refuerzo, cualquiera que sea el material, pue 
de usarse una adapcatio~n del m~codo de esfuerzos admisibles 
para
 
el disefo de elementos d. concre:o armado. 

b. Mediante el refuerzo se consigue movilizar el peso de la cimenta
cign. para conseguir la estabiliead necrsaria. 

A P Z %D I C E "A" 

ESFUERZOS PERMISIBLES EN CONSTRUCCIONES DE ADOBE Y 

BLOQUE ESTABTIZADO 

Esfuerzo nermisible enctnresign xtial. Con el factor de reducci6n 
de 1/5 se p'etende tomar en 
cuenta la variabilidad de las caracterlsticas
 
de los macerialc 
 y de las cargas y las pequeas atintricidades.
 

Esfierzo ermisible de crto. 
 El esfuerzo de carte nominal se 
coma
 
igual.a la fuerza cortante dividida par el 1rea de la secci~n horizontal
 
del muro. 
 Con cl coeficiente de reducci6n 1/5 3e precende considerar 
el
 
mayor esfuerzo actuante debido i la distributcion no uniforme de Los es
fuerzos en un muro real y el incremento usual del esfuerzo admisible en 
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un tercio cuando se considera acci&n sismica, reservndose un factor de 

seguridad neto de aproximadamente 3 contra la fall.A. 

Esfuerzo admisible para la caria. 
 La prueba se realiza con muestras
 

de cafla fresca secada al aire. 
El factor de reducci6n de 1/4 se aplica
 

al esfuerzo de rotura, con la intencin de tomar en cuenta la p.rdida de
 

resistencia de la cafia por su 
envejecimienco y por los cambios en su con

tenido de humedad.
 

Esfuerzos oer=_'isibles sin ensavos. Teniendo en cuenca las 
normas pa
 

ra la determinacion de esfuerzos permisibles con ensayos, los valores es

pecificados para lou, esfuerzos admisibles sin ensayo implican Ics siguien
 

disponible, 
se escima que estos valores
 

tes resultados de ensayos hipotcicos: 

reistencia in ccmpresi6n de albafilerla 3.0 Kg/cm 2 

resistencia a-1 corte de albafiilerla 0.35 

resistencia a la cracc:.6n de la caia loo " 

De acuerdo a la infcrnaci6n 

son suficientemente conservadores.
 

R E C 0 N 0 C t M I E I'T 0 S 

La informacion experimental utilizada en este trabajo se ha obtenido 

de proyectos de investigaci6n realizados en la Univ'trsidad Nacional de In
 

genieria, patrocinadou por al linisterio de Vivienda.
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Cuadro N" I. RESULTADOS DE LOS ENSAYOS DE CCMPRESION AXIAL. 

Tipo do Mrtero 1 10 - 1% S - 2% Simple 
.. sistecia, V, 12.8 Kg/cm2 lZ.8 Kg/c 2 10.3 Kg/cm2 

Deformacin6 Uaitaria - 3en 1 12.3 x 10 13.5x 10- 3 9.7 x-10 - 3 

dul.o de E-Ltsicidad 1788 Kg/cm2 2140 Kg/cm2 1600 Kg/cm2 

Los valorez indicados representan el promedio de 3 a 5 especimenes. 

Cuadro No 2. VALORES DE LA ADhEREUNCL, u, Y COEFICIErrS DE FRICCION, f,DE ACUERDO A LOS REZSULTADOS DE LOS E1SAYOS DE CORTE DERECTO0 

Mortero 1:L0:1: S - 2% Simple 1:2:3: 1/2 
- Bloque Chicc Grande Chico Grande Chico Grande Chico Grande
Adher encia/nc2. up, 1.40 1.30 
 .90 .75 
 .55 -- ' 1.80 1.98 

Coeficiente defricci&n, f. 
 .60 .63. .78 .80 .58  1.06 .98
 

NOTAS.
 
1. Los valores de u y f corresponden a la ecuacin de falla 

v - LL+f adonde: v esfuerzo tangencial do falla 
a enfuerzo de confinamientoZ.. Los valores do la tabla se.obtuvieron ajustando l~neas rectas a
lon puntos experimentales y sin considerar los valores para confi


aamiento nulo.
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Cuadro N" 3. ANALISIS DE LOS RESULTADOS DE LOS ENSAYOS DE CONPRESION 
DIAGONAL.
 

Tipo de u 
2 f Esfuerzo de corte de rocuraMor er l c~ f m 
Mortero- Kg/cm 2 K9/2 Experimen Falla por Falla par(1l -- raccio'n Falla (3)

t~al (1) diagonal (2) car:e (3) 

1:10:1 Z2
 
Bloque Chico 1.40 .60 12.8 .01 3.56 2.44
 
1:10:15
 
Bo. Grande 
 1.30 .63 12.8* 1.15 3.56 
 2.65
 

S - 2% .90 .78 12.8 .45 
 3.56 2.40
 

Simple 
 .55 .53 10.3 .30 
 3.19 
 .92
 

* Se ha roaado el mismo valor" que para los bloques chicos.
 
Del trabajo de Meli y Reyes:
 
(1) v - 7/zr. 
(2) v.. _
 

c 1 - 0,9 f h/Z .
 

En esos ensayos h/Z - I 
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MATERMALES UTILIZADCS
 

Suelo. Se utiljZ6 =ater;.il ext.'aido dj. ter'-enos 
 de la Universidad 

Naciornal de Ingenierea, dcsignido c-i estudio cormo 4-2. Sus caract-


Granuloer 4.: 
 ?ei~ie~cde 36oljdos: 2.65
 

arima .2Z 
 Um-iro: lfquidio 

. 25.5 

limo 50 Z LUmitc ?.13:i-co 17.5
 

arcilIla 8 Z 
 Um-itv de conrazcci6n 
 15
 

IndiC.e de~ pl.i.cidad&
 

Cemerxco 7asa.tO. 
Se~u36 c(=nto -iOraa ASr- T±-;o 1 7 asfalto If

quido RC-2. 

B~o~r~nThfanric.aron L-on a.uoio ,i- :on 1.5 adj do dim'on.1,fi1:, 


iiones .'6.5 x 65 7.5 y 6 3~6.5 x.5 

a. 1:10:!): (pnr 'oi). ; ,art.t!:a1 crn:1> Itj (IQ sutlo y 1: del 

b. S-2Z (por jucl -- 2- -;uh~I on 
 ewon v'io 'Ic.if:1 

do arena1.w; y 1/2 :.i1('n !.- iitattr, por '.Iaro let (,nnco. 

114 1" 4 
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DISERO SISHICO DE CONSTRUCCIONES DE ADOBE Y BLOQUE ESTABILIZADO*
 

SEGUNDA PARTE : UN PROCEDIHIENTO DE DISERO DE CONSTRUCCIONES DE ADOBE
 

POR : ROBERTO MORALES M.**ALEJANDRO SANCHEZ 0.***Y RICARDO YAMASHIRO***
 

RE-, UMEN 

Se plantea un procadimiento racional de disefio de estructu

ras da muros de corte y se plica a una construcci6n de adobe para 

din caso8.techo rfgidn y techo flexible, utilizando los esfuerzos ad
 

misibles detcrminados segn las normas propuestas en la primera parte
 

de eate eatudio.
 

SEISMIC DESIG:; OF ADOBE AND STABILIZED BLOSK CONSTRUCTION*
 

SECOND PART: A DESIGN PROCEDURE FOR AD( E CONSTRUCTION4
 

PoE ' ROBERTO MORALES Ms* ALEJANDRO SANCHEZ 0.*** AND RICARDO YAMASHIRC***
 

sUi'!^RY 

A rational procedure for designing shear wall structures is 

proposed and applied to an adobe construction for two cases: rigid 

and flexible roof. utilizing allovable stresses deternined according 

to the code proposed in the first p.;rt of this study. 

En ente 
"ad Q5 c" 

tranLajo nc incluir.1 al blorue estabilizado en el t6rmino 

** Profe~or A';ocindo, bpto. de r.tricttiras y Canstrucci6n, Universi
dad :acionaL de Tngcnivrfa, .ira-Per6. 

* Proferior Principiil, Dpto. de E,.tructurar v Construcci6n, Univerni 
dad N:ncional de Inc:niierfia, lir'.-lr(. 
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INTaODUCCION
 

Teniendo en cuenta que en loo pafsC5 del Area Andina. un 

porcentaje alto de ous construcciones son de adobe, y cncontrain

dose dichos pafsca en una zona altave.ntc sffmica ac precisa dc 

procedimientos de nnliin y diseFio *antifsm'ricos para construc -

ciones de este tipo. 

En cote traba-jo, quec s In !£c--unda parte del e,;tudio ,se 

plentea un procedimicnto racional de dli,;cno de estrIuctuIras dc mu 

ros de corte y se aplica a una cofl:-.trucrcP')h de ado',e ;ara do,; ca 

sos: tec!,io rlrgido y techof>xi1 utlili .',io lo,; e-sfizcrzos, ad

nisibles deterrnlnados seg6n Ian nor-..is prcopuestan tcn In prirnern 

parte dc e'ite estudio. 
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A.- ANALISIS
 

Ao1 CASO DE TECHO RIGIDO
 

Al 	considerar techo rfgido, la fuerza sfsmica se repartirl
 
entre los muron 
de acuerdo a aus rigideces.
 
Las rigidecense ban calculado 
con la teorfa elstica para
 
muroa de corte, ignorando la rotaci6n de 
la base. Se advier
 
te sin embargo, que In rotaci6n de in base tiene en general
 
unit influencia impcrtante, 
nobre todo, si se trata de sue -


Ion comprenibles.
 

Para el cflculo de la fuerza sfsmica y su 
punto de aplica 
ci6n se conaidera qua le fuerza es proporcional a la masa y
 
que el techo es infinitarnente rfgido.
 

A.1.1 Rigideces de .furom 

La 	rigidez de 
cndn elemento dentro de un vuro espacftico a. 
determinar6 con In expresi6n (1), ver Fig. 1 

Ki 	 0 1 hi E ti l
 
S 3 hi
 

Debe notar.je que Ia ecuaci6n 	 en
(1) torma cuenta 6nicanente 
las defornacioners por fuerz.a cortante, por ner entan defor

m c , i nn tsn i g n if i ca t i va .. 

En 	 in drducci6n de la ez;re' (1) lie hn~n to.alo tin coefi 
ciente de !orra. de 1.2 y un -:Odulo dv. elaiticidad por corte 

(C) iJ:unl a 0.41'. 
re a:iU tr i , lo'I di '.p1 a "i,, t U r,'lat iv .,i tn cn dn n v a I 
son fvuale' (..r l . 2) . 1 c'',n'id.rnn In Iau Ociacjonen do 
equi 1 rrri v i t1' rt no, , !d r'!' ionv-. dternin-irs 

61 	 cor a t.' ,lflr t rad.-I 1 ,.. p r rt . 

Pare, dvterrv n,ar 1.1a iy i,!v: !v c ;i' a rtl-o ti unlrrIr dea
pl a :: a lr to to t . , 'vti i coro n n( i di I -.uro, a 1al juma da 
Ion denpl a:ar-,.ntoe' ,arc:al r-1 .orre-n,,ondfenten. 
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A.1.2 Centro de Piigidecef.
 

Se considerar5 que In fucrza corrante en cada direc

ci6n principal de in edificaci6n es tomnada unicamente por 

los muros parnlelos a dicia direcci6n. 

A.I.3 Centro de :!asa 

Se considerarg que la i itad del peso de todos los mu 

ros y el peso total del techo estgn aplicados en la parte 

sdperior de la edificaci6n. 

A.l.4 Fuerza Cortante Sfsmica
 

La fuerza cortante 6fsmica se puede determinar usan

do un m6todo esttico de fuerzas equivalentes o un m6todo
 

dingmico cuale!,quiera.
 

A. 1.5 Cortante que tora cada ':uro 

Para encontrar el cortante que toma cada muro se con
 

siderar6 :
 

a) Cortanrte directo debido a la fuerza nf-,mica
 

b) Cortante delbido al efecto dv tor';i6n
 

c) Cortante debido a la tor,-6ri arcid,.ital.
 

El not, ento de tor.i 4 rn accidental re tomarg coro : 

11 Bv" 0.05 

Conde H : Fuerza cortinte 

BY : dnen'ii6n de la rdlficaci6n purpendicular a 1: dl 

recci6n ,de 'a fus.rza cortante I'. 

Tx 
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A.2 
 CASO DE TECHO FLEXIBLE
 

A.2.1 1:lculo del Cortante que tome cada Huro.-
 El cortante que
 
toma cada muro es 
proporcional 
a su grea de influencia.
 

A.3 FUERZAS CORTANTES DE DISE.1O
 

En general el dise6o ae 
considerarg para la condi
ci6n respectiva de 
techo rfgido o techo flexible. En el
 
cqao de duda 
acerca de la rigidez del techo, de ls 
 dos' 
condicioneo expuentan ne toma 
para cada muro el valor de
 
cortante 
mn desfavorable.
 

B.- DISERO
 

S61o se ratari 
del disefio estructural de los 
mu 
roe, las otras parte de la construcci6n deberin disefiarse 
siguiendo Ian normas unuales 
que los rigen.
 

B.1 Disefiodo 
Ion Muron
 

Los cnfuerzos permisibles tanto del adobe ccmo 
do
 
la caf.a ne determinaran de acuerdo 
a Ian norman propuestas 
en la primern parte dc ete trabajo. En dcO: qu lo en
fuerzon adminlblen 
ne determirarKn 
medinnre ensayos do La
boratorio 
o n fnlta dA LSton 6;e unar~n los enfuerzon qua
 
Ospecifiqurn la6 
norman.
 

Se con iderar~n Inn niguienten partes ,:
 
a) Como uro de corte :
 

Se vevificnri el 
efuerzo cortante en sun slementoo, y 
at diseiarA por flexi6n y se determfnrS al refuerzo a
dicional 
do Ion vnnano.
 

b) Flcxi6n como luia 
(ruerzn rinrica perpendicular al muro) 
z
 
Se determinar 
 laIarandura en uno 
o don diraccionse 
do 
acuardo al ntlwcro do 
borden Arriontradon.
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c) Transferencia do esfuerzos a los 
diferentes elementos 
:
 
Disefio del refuerzo para tomar la tracci6n que 
se trans
 
fHere a un muro o solera de 
otro muro 6 solera transver
 

sal.
 

d) Disefio de la viga collar (Solera).- La solera se puede
 
considerar como una viga contfnua apoyada en loo m.ros
 
o soleras transve, sales, sometida a una 
carga horizon 

al distribufda igual a la reacci6n del muro correspon
diente. Se tomarg en cuenta 
la fuerza de tracci6n indi

cada en el ac.Ipite (c).
 

C.- EJEMPLO DE APLICACION*
 

En el ejemplo se ilustra el c~lculo de las 
rigide 

coo de los muros, luego del centro de mass. 

El peso total conr. iderar!o ,i ,ual a la miitad del peso 
de los muron m59 eI pe.no del tec!o .ne supone ap Iicado en 

la parte superior d 10:; mc roq . 

Conoci1 1 1aIn . de acci6n de la 
fuerza re:;ultnnte :,e p,,,4do cnlcular el morrnto de torgi6n. 
A continuaci6n !je disitrhbuye In fuerza cortante entre los
 
elementon de acuordo a ',u;j rigideces y se tia-e li correc 
c16n por tor,-i6n, re',lt tando los vnloreq que !,e muest :an a 

cOntinuaci6n
 

Corte 
Cort v orreccin Correcci~n por Co r al 

fi rec to o r To i i 6nr To r i 6n , ri d. TTn .
 
10-1 
 1.29 -0.11 + 0.10 1.;9
 

13-2 o. 91 
 9. 00 0. 00 0.9 1
 

16-5 0.9? ().10 + 0.. .1 


1-5 
 1 77 f',IP + r),(9 1 .116 

10-16 1 .3 0. 
 + 0 .(, 1.55 

* rn rlI e r 0n*fi'n lca pre n, Ir. ,set.itA 'e11 c r.IuIn.1 
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Considerando 61 caso do techo" flexible, so obtiene
 

Huro Cortante (Ton.)
 

10-1 0.69
 

13-2 1.56
 

16-5 0.87
 

1-5 1.56
 

10-16 1.56
 

FUERZA CORTANTE DE DISEfqO.- En ente ejemplo ne supone quo 

existe duda repecto a ti rigidez del techo, por lo qua 

se conniderarA el ma'nor de lon cortauten obtenidon de las 

condicionen de techo rfgido y techo flexible. 

Cortnnte Cortante Cortante do 
Huro (Techo fgido) (Techo Flexible) Dincio (Ton.) 

10-1 1 .39 0.69 1 .39 

13-2 0.91 1 .56 1 .56 

16-5 1.11 0.87 1 .11
 

1-5 1.86 1.56 1.86
 

10-16 1.55 1.56 1.56
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ESFUERZOS ADMISIBLES.- En este caso son los siguientes*:
 

2
Esfuerzo de Compresi6n : f " 2.56 Kg/cm
 

Esfuerzo Cortante Permisible V - 0.18 Kg/cm 2 

2
Esfuerzo de tracci6n permiei;ble de li caria : fS - 300 Kg/cm 

En el ejemplo se ha di.;c~iado el muro 10-16. (Ver Fig. 5) 

Los esfuerzof admisibles de las !:orma; adoptadas corresponden a 

enfuerzos promedios ob onidos dividiendo el. corte actuante en 

cre cl ,rea de la secciln reii,;tente del clemento. El maximo es 

fuerzo en el ruro 10-16 s 0.109 i'/cm 2 corro:pondient o al cle 
rinto (4). !>-tc e-fuerzo e,; muy inferior aX .dmiiihle iue e: de
 

0.8 Kg/cm 2 . 

El momento flector en cada elemento ,;e calcul6 s;uponiendo
 

su puoto d, inflexi6n en la mintad de la altura. Por ejmplo pa

ra el elerento (3)
 

SVh 410 x 90 
2 ... 2 . 18,450 Kg-cm. 

A 451) - 0.50 cmAn fs jd --70 -.7 141 

Est& Irea de refuerzo 'e coloca cerca de cada horde del clemento. 

En cI d inefio e,.1 ruro curno lo'.a ,;e ha tomado, en el ejem 

plo, Una pc :ci; n c'cn,.vajora nl a',i a;nrp1o.v0 en lot;r 

extremo ,. c itn 'r !ar o Ii cant ila! (d(, r,. f, rv e. -, d rIda gu .l 

a 1.3P cm 2 p, r ,.tr,) d- lo:-v.itud, ieo c,-o i]' ,rtrac i n equivile 

,!, ,( 

Aa c a "_.n c r v, (c, ; ,:,.' -, i I ,i a.r (!a,' .
 

& urna caia d,'v dic- f,.r 1/4" , ( ) .1 , .1 76 c-. (2 ,'.o 2,ueq) . E -

In I 4 o 1 , ! : . - o I c I a v 'n co a r Fr A
ra eI ruro 1 -n. 'n.r r v. 'or.x-,, t ., i t e -.aJo c ! re n V 0viA ,aA 

* 7-- , . r O, j,. c(r)ri..r.;,Tn "I c, r q ,' rrcr ,r n , j r , c1.1 %v 

de nII ,' I#-r fA 4r L oq iir i.t il I I :.,l 
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6.86 

lera una carga correspondiente 
a la mitad de la carga del muro. 
Se ha hecho un "ar.glisis exacto" de acuerdo a la teorfa eliati
ca de vigao contfnuaa, aunque oe conaidera que nerfa nuficiente
 
con un 
c.lculo aproxirado. En el cane de ia viga collar del mu
ro 1-5. el momenr negativo en de 272 Kg-m y Ion vnomentot, posi
tivos de 67 Kg-m y 190 Kg-m. Disefando para lo3 mriximoi momen 
too reaultan 2una irea de cafin de 4.34 cm . Connidt-rando una vi
ga solera formada por Ins 4 hiladaq fup&erioren dcl muro debe co 
locarse 6 cnann de 1 .45 2cm cadn uno, 3 en cada cara. 

La r.acci6n int' rior de in viga collar 1-5 en tomada par 
la vfga nolern del muro 13-2. 1'!ita reacci6n es de 776 Kg. y re
quiere de 2un Area de cali.a do 1.30 c, Ln cada cara. Sin emLargo, 
como eqta sol er requiere en el cerntro del tramo un ,Irea de 

cm 2 ne usar. enta 6 ltimva cantidad. 

485
 



B I 	B L 1OGRAF I A
 

1. 	 YAMASHIRO, Picardo, SANCIIEZ, Alejandro, MORALES, Poberto 

Disefio Sfsmico de Conntruc.ones Je Adobe v Blociue Esta

bilizado - t'rir:ern Fnrtc :Frout-Ita dte orna. de Visefo 

de Cons',rucciont: de -c:le [ 1_qp v Ft i iIi '-ado 

2. 	 .REGLA.'!E.-NT DE ISi A,7 I SI S'I C 

.eoglarnento Nac:i,(i I de Conjtrucciones, LIMA, 1970. 

3. 	 FATAHL, G;e or c.
 

Comunicaci6n personal, 1973.
 

4. 	 BENJA!I.N, J. R. 

Staticallv lndrter-inate Structures
 

t!C Grairr.ll 1%U - , York , 1959.
 

5. 	 C' M1&IZO T2CNICA DF, fLrOt'E LSTADLI7ADn WNIE). 

Infore rinal, X:initerio de ','fvlenda. LP!A, 1974. 

486
 



I 

A(i) A hI _ :Jti 

CORTE AA 
v;Ih~ 1 Ii
 

Eti 3 hi 
ELEMEN TO (i) 

FIGURA (1 

__. RIGIDEZ DE UN ELEMENTO 
A'.M At 

' (2) ,(3) 

(4) 

FIGURA(2) 
/kAl #A2"At4
 

RIOIDEZ DE UN 14JRO CON ABERTURA 

487 



3.00 2.00 .8 0 

1'tM " I IT.. 
H 80 

,0 . 

8 9 

10 11 12 13s11 1.50 

300 1.B0 

cenlro de masi G(376,204)a) PLANTA centro derigidez K12.88,2.27) 
Esc 175 

f50!Io 
2 C5 9 

1010300 : ......... 160 9 0 ,..._
 

b)LEVACIOtJ m0 C)ELEVACION 
FI 3SL1Ec 
 75
 

Fig9 3 CASA UE LOS EJEMPLOS ILUSTRATIVOS 

488 

http:K12.88,2.27


_ ___ _ f 
_ _ _ _ _ _ _ _ _ _ _ , V 1041 ' - - - - ---

_ 

-. 
_ _ _ _ _ _ _ _ __ _ 

* . . . . .-71 - - - -II) IIoo I 
I 

V3.,oo Is I I (() 
00I c___________LBO_ 

Fig 4 RIGIDEZ OE MURO 1-5 Fig. 5 RIGIDEZ DE MURO 10-16 

V A- 'A'I azai
 
Vo' , _ _ _ 
 _ _ _ _ 

-4

: 1,,, 2 / I ).0 

9(2
F- D-E 0-1 

,i 7 1I DE M 1 3 2 

Fig. 8 R!GICEZ I4R 10-1 Fig 7 RIGIDEZ DE MURO 13-2 



MURO 

7RANg YE RSALIES 

II 

35 cm lp 5O 

(51 

(DO 

I 

0 0O 
0 

3.00 

I1 , 
SOso 

I0 

3 50 

10 

Fig 8 DISENIO DE MURO 10-1B 

Icmon d 

_d_ , ' ? 

,0 S1 

so 

, 

hh 
h12 

L 

: - { Ri 

'0 

~ 

30 O 

s 

Fig,g REFUERZO DE VANO Fig 10 DETERMINACICN 

490 

DE ARMAOURA VERTICAL 



1.00 

, ?65 _3.60 

a) CAR3A SISHICA ACTUANTE 

0 
1.00 .j _
 

elCARGA SISMICA ACTUANTE u<Io
 

,
I | oI 

76a 

-~ __36 '. 

b) DETALLE DE ARMADURA 
 VERTICAL .b) DEIALLE DE ARMADURA HORIZONTAL 

Fig 11. ARAADURA VERTICAL Fig.12 ARMADURA HORIZONTAL 

. . -. up 

0
 )CAPGA SISM!CA ACTUANTE 

Ac. 6 8cm' 
lEn coda carol 

.12 12 Solea 13-2 

6 CAgAS DE I 4,cm c/u 
Longifud de oncloje.35 

Recubt moento a 01 

Fig, 1.. VERIFICACION EN TRACCION 

0. VIGA SOLERA 13-2 
b) DE TALLE DE APMADURA 

Fig. 13 VIGA SOLERA 
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Fig 15 APAREJO EN ENCUENTRO DE MUROS 
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', 'i~~ VICA MOERAS i 


' ~ r~' E RC A A 

I RIEFUERZO DE CARAI 
 HRI ZON TAL 

Fig le DETALLE DE INTERSECCiON DE MLJROS DE .386 mt. 
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DETALLE TIP ICO DE VIGA SOLERA
 
Bloques de seccion cuadrodo)
 

I. -? " K-

APAREJO 
(Bloques 

EN ENCUENTIRC DE MUROS 
de seccion cucdrcda) 

Fig 17 
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ANEXO 

RJEXPLO NUHERICO
 

En este ejemplo se hard el anglisis y disefio do la construc
 
ci6n de 
adobe mostrada en la Fig. 1. En lI determinaci6n de las
 
fuerzas afsmicas de diseqo se ha adoptado un coeficiente afsmico
 
do 0.16 para el anglisis del conjunto. y de 0.20 para el anglisis
 

do los elementos.
 

1.- ANALISIS
 

1.1 	 CASO DE TECHO RIGIDO 

1.1.1 	 DETERMINACION DE RIGIDECES DE MUROS 

MURO 1-5 (VER FIG. 4) 

1, 6 80 	 1 1.00)Et - 3.002 Et K - TZ - 73 7 3 3 ( . )Et * O.37Et 

500 	 1 ( 80-K2 n 11 5 0 )Et 1.85 Et K " 1 - )Et - 2.27Et2 	 9 4 3 1 .00 

Ecuaciones de equilibrio y de cornlatibilidad
 

V I V 	 (1) VI -"1
 

V2 + V3 = V (2) '4 0 / 
V4 " V (3) V2 + V3 = V (2')
 

62 '63 (4) /A2 - 3 (4')
 

V2 V 3 	 K2 . 1.85 V3 m 5Vu3 51, (5)
n (4'): K2 3 0.3	 3 
3 	 7 2 

De las 	ecuacioneu (2') y (5) : V2 ' 0.833 V
 

3 a 0.167 V 
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VI aV
 

V2 - 0.833 V Cortante qua toman loe *lementoo 

0.167 V del Huro 1-5.
V3 


V4 V
 

Rigides del Huro i "1 1 +,62 +4 

v . + _v_ + vL/

K K K2 K4
 

v in1T3 + 0. 833V + vA1 .2 2 . 4 

S 1.222 . . K1 5 - 0.818 Et 

K Et 

Muro 10-16 : (Ver Fig. 5).
 

1 .80 )Eti-2.386Et V - 0.419 
K - 3 El: 1 K Et 

1 1.10 A -v- =2.457 v
 
K2 a ( 1 )Et - 0.407 Et V2 

2 K2 = 

K3 -
1I ( 

1.50
-§U )Et - 0.555 Et 43 

!3 
" K3 1 

V.8023 

K ( 0 )Et - 0.456 Et 4 " - 2.193 . 

4-- TE 17 74 ' V 
R4 

= 

K5 - 1 1 90(-( )Et - 0.633 Et A5 " 
V5 - " 1.580 .= 

V5 

5 
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gcs. do Compatibilidad 	 AA 2 ' A 3 (1)
 

A5 + 3 "A 4 (2)
 

Ecs. do Equilibrio : 	V2 + V3 - V5 (3) 

v2 + v3 + v4 "v (4) 

Resolviendo 

De .c (1) 2.457 V2 - 1.802 V3 V2 - 0.733 V3 

En Ec (4) 1.733 V3 0 V5 V3 - 0.577 V5 

En Ec (2) 1.580 V5 + 1.040 V5 - 2.193 V4 

' 1.195 V5V4 

En Ec (4) .733 (.577)V 5 + .577 V5 + 1.195 V - V 

= .456 V
v5 


V4 a .544 V 

V3 - .263 V 

V2 - .193 V 

VV
 
VI 


- 1.612 
- .419 V + 1.193 

k10-16-= 0.620 Et
 

Huro 10-1 : (Vor Fig. 	6)
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= 1 4.00 0555 EtEl ("Z.4u' 

kloK-0.555Et
 

M ro 13-2 : (Ver rig. 7) 

1 4.00 V .7 V 
)Et-1.333 Et K- L 

K 1.60 k2 %_2 
K2 " ( T-- )E - .281 Et 2 - 3.559 Lt 

K .0)Et- .281 Et - 3.5 V3 
1.60 1 3 355 t 

Ec. de Compatibilidad -£3 (1)3
 

Ec. de Equilibrio : + v3 -V (2)
V2 


En (1) V2 - V3 

En (2) : V2 - V3 - 0.5 V 

/A mL I +/ 2 = (.75 + 1.78h,) V. = 2.53n V/Et 

k13 -2 .395 rt
 

Huro 16-5 

k1625 " k1 - .395 Ert 
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1.1.2 Ubicaci~n del centro de masa con respecto al sistema xy
 

(Ver Fig. 1)
 

CENTRO DE HASA DE ELFYO2NTOS Vt.RTICALES Pe6os Coordenadaa Xomentos Eatac. 

(r) x y Px Py
 

1-5 0.5(6.80 x 2.65 x .36 x 1.6)* 5.20 3.40 4.00 17.70 20.80 

3-4 -0.5(.80 x .90 x .36 x 1.6) -0.21 5.40 4.00 - 1.14 - .84 

10-16 0.5(6.80 x 2.65 x .35 x 1.6) 5.20 3.40 0.00 17.70 0 

11-12 -0.5(.P0 x .90 x .36 x 1.6) - .21 1.50 0.00 - .31 0 

14-15 -0.5(.80 x 1.90 x .36 x 1.6) - .4, 3.80 0.00 - 1.67 0 

10-1 0.5(,.LO x 2.40 x .36 x 1.6) 2.73 0.0) 2.00 0 5.56 

13-2 0.5(4.00 x 2.90 x .36 x 1.6) 3-.35 3.00 2.00 10.05 6.70 

8-6 -0.(.C x 1.90 x .36 x 1.6) - .44 3.00 2.00. - 1.32 - .88 

16-5 0.5(4.00 x 2.40 x .36 x 1.6) 2.18 f,.80 2.00 19.00 5.56 

9-7 -0.5(.80 x 1.90 x .36 x 1.6) - .44 6.80 2.,0 -3.00 - .88 

Techo 0.070 x 6.80 x 4.00 * 1.90 3.40 2.00 6.47 3.80 

19.47 63.49 39.82 

Px 63.49
 
x m - - 3.26 m.
 

P 19.47 

S Py 39.82
 
y = P 19.47 2.04 m.
 

* Para Ion muro, el peso espec~fico es de 1.6 Ton/0 3 

* Para el techo el peso por unidad de superficic es 0.070 T/m2 
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1.1.3 	 Determinaci6n del centro do rigidez con respecto al sis
tema- xy (Vet Fig	 _1). 

Huro k x y kx ky 
Coordenadas del centro do 

10-1 .555 0 - 0 - rigidez K 

O 13-2 .395 - 3.00 - 1.19 - XK - 3.88 2._ _ Kx - 2.88 
uK K 1 .345u
 

.6-5395 6.80 - 2.69 

1. 	 5 3KYv - - 3.27 - 2.27 
3 K345 K 1.438 

1-5 	 .818 - 4.00 - 3.27 

4 . . K( . 2 .27)
 
u 10-16 .620 - 0 
 - 0 

1 .438 	 3.27 

1.1.4 	 Fucrza Sfsmicn.-

H - c W - 0.16 x 19.47 Ton - 3.12 Ton. 

1.1.5 	 Caiculo del cortninte que toma cada muro 

Momento d(itorii6n 

1 t x - 1 ey - 3.12 Ton (0.23 m) - 0.72 ton.-m 

Ht:y - II ex - 3.12 Ton (0.38 m) - 1.19 ton.-m
 

Moriento-, do; tnr-.i(n nr'c1i entllt1
 

x 0.05 I Ily . :x 3.12 x 4 - 0.62 ton.-i 

Mt - 0.05 11 11x - 0.05 x 3.12 x 6.80 - 1.06 ton.-m 
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d7Furos 11 dd k kd ; fkr Hakd kd2 " td kd H VI (Ton) 

10-1 1.29 -2.88 -1.60 4.61 -U.11 + C. 10 1.31) 

13-2 0.91 .0.12 0.05 0.01 0.00 0.0 0.91 

16-5 0.92 3.92 1.55 6.08 0.10 - 0.0) 1.11 

1-5 1.77 -1.73 -1.t,2 2.46 -0. 10 + 0.09 1.86 

10-16 1. 5 2.73 1.69 4.61 n.1 + 0.09 1.55 

17.77
 

La distancia "d" ic mide con rerpecto wl cfntro de rigide:.
 

1.2 CASO DL TECHO rlFXIBLE 

1.2.1 Cilculo del Cortinte que to-na cnda . 'uro. 

Huro Area de Influencln M2 Vi (Ton.) 

10-1 4 x 1.5 6.0 .69
 

13-2 3.40 x 4 13.60 1.56 

16-5 1.90 x 4 7.60 0.87 

2"27.20 3.12 Conforme 

1-5 6.80 x 2 13.60 1.56 

10-16 6.80 x 2 13.60 1.56 

3.12 Conforme 
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1.3 FIDIMzAS CODTANTN3 DR DISZXO 

In general el dinefio s. conaiderari pars la condici6u res
pecti-a de techo rfgidu o techo flexible. En *I caso de duda a
 
cerca de Ia rigidez del techo de las doe 
condicloneg expuestas 
so
 
toua par& cads ouro al valor do cortante ma deafavorable. En es

to ajemplo so aigue el fltiuo criterio. 

mto {TecheCo ttntZe Co &aMte Co,tg9.do) tant(Techo Ftcxibtej de PL..Rco iron) 

10-i 1.39 0.69 1.39
 

13-2 0.91 1.56 
 1.56
 

16-5 l.11 
 0.87 
 1.11
 

1-5 1.86 1.56 1.86'
 

10-16 1.55 
 1.56 
 1.56
 

2 DISEO
 

2.1 
 Reoultado do los Ensayon Experimentales.- Para tte eJetaplar
 
so roemplnaran los renultadou experimentale. obtenidom parn 

loo especfmcnei con mortero 5-2 Z. (Suelo + 27 de su en
peso asfalto) 

Resdttencin, a la Compr" ;16n Axial: f' - 12.8 Kg/cL 2 

Deformaci6n Ulnitaria por CorupreiJ6n Axial: 13.5 x 163 

M6duIo de Elan tfcId d: E- 2140 I:,/cm2 

Eufuerzo de AdherencfA: u _ 0.90 Kg/cN 2 
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Coeficiento de fricci6n z f - 0.7 
1 

Resistencia a la tracci6n do ls cafia: f' - 1200 Kg/cm 2 

2.2 	 Eafuerzoo Adidnibleu.- Segdn lAa norman propuestas Gn la
 

primera parte de ecte trabajo, ae toriargn:
 

1 12 .82
a).-	 Esfuerzo de Conpreni6n: f f I - 2.56 g/cm2 

b).-	 Eaftrerzo Cortante Perninible: v u 09 0.18 Kg/cm 2
 
5 5 

c).- Enfuerzo de Tracci6n permistble do la Carsa: f _ f, _ 1200 = 

a 4 0 4 

0 300 	Kg/cm 
2
 

2.3 	 Dinefio do los Huros
 

2.3.1 	Verificaci6n del esfuerzo cortante en cada elemento do los
 

murou (l.uro 10-16) (Ver Fig. 8)
 

(Eafuerzo cortAnte per~IAible - 0.1 Krg/cm 2)
 

Vi (To n1.) Ar a (cM 2 ) V (Y /cm2 ) nbervei 
-~ i .cone 

VI - V = 1.56 680 x 36 - 24,410 0.06 Conforms
 

V2 - .193 V - .30 110 x 30 - 3960 0.07 Idvm.
 

V3 .263 V - .41 150 x 36 - 54 0 0.08 1deM.
 

V - .544 V - .85 260 x 36 - 9360 0.09 Idea.
4
 

V5 , .456 V .71 31.0 x 36 - 12,240 0.06 Idea.
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2.3.2 Floxi6n en el plano del muro : Refuerzo do lon vanos 

Vh
 
al cortante en : H -


El momento flector 	debido 

2 

Elertento 3 	 -g,2 410 (90 cri) 18,4'0 Yg-cmH a 	 
2 

(Ver Figs.: 8 y P) As - H w 184 50 

f.y)- - "Ti Fx '.87 x 141 
B 

2 
As - 0.50 cr2 do cans 

Eloento 2 1 	 300 x 9n - 13,500 Kig-cm.
2 

(Ver Fig. 8) As a 13,500 - 0.51 cO 2 

300 (.87) (101) 

Ussr A - 0.51 cr do cniA coiocAda en lo t,ordes 

do ventana y puerta. So Jtrl una 1c.ipitud mfnina do 

anclaje de 35 cm, coro o indica en el eiquena rea

pe 't ivo . 

2.3.3 Doter-,inAci6i do la nrm4dura vertical. (Huro 10-13)
 

(Vor FIg. 10) 

GrCa afamica normal V - 0.20 W1- 0.20 (1.6 T/3 x 0.36) 

Tim2 
V - 0.116 


v1 * .116 x 3.00 * 0.)48 T/u.
 

- .116 x 2.20 - 0.255 Tim.v2 


n .
 Por Equilibrio i 	 Pi -.423 T
0
 

R2 0'.416 Ton.
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Momento m~ximo : M x 0.261 ton. (para x - 1.29 u.) 

El Lrea de cafla serg
 

A - m~x 26,100 c 2357 

a fajd 30O (.8/) 28
 

3.57 07
 

considerando espaciamiento de 0.76 m 0.76
: As 


A 1.23 cm2 (en cada cara)
 

Para simplificar los c£lculos se puede tomar una franja tfpica
 

vertical de un metro de ancho, considcrndola como viga simple
 

mente apoyada en Is cimentaci6n y en la viga solera, como se
 

muestra en seguida
 

Muro 15-16 (Ver Fig. 11)
 

Fuerza ssmica : 0.20 W
 

W - Peso de furo 1 1.00 x 2.65 x 36 x 1.6 - W * 1.53 Ton. 

H - 0.20 x 1.53 - 0.306 Ton.
 

M - WI - .06 x 2.65 - 0.101 ton. 

El tree de cain erg
 

A 10,100
A__ _ __ __- 1.38 cm2 I/ .c 

* 300 (.87) 28
 

Considerando enncianmiento de 0.76 t
 

2
Ac .a - 0.76 x 1.38 - 1.05 cm (En cada cara) 
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2.3.4 	 Determinaci6n de la Armadura Horizontal . (Ver Fig. 11)
 

Se ilustra a continuaci6n el disefio del refuerzo cuando es horizontal.
 
Para simplificar los cglculos se puede tomar una franja
 

tfpica horizontal de un metro de altura, consider~ndola
 

coma vigp simplemente apoyada en los muros transversa 

lee. El procedimi'.nto se muestra en seguida t 

Fuerza 	Sfsmica - 0.20 W
 

H - 0.20 	x 1,00 x 3.80 x .36 x 1.6 - 0.44 Ton. 

.44 
M 	 .44 x 3.80 - 0.209 ton.-m
 
max 	 8
 

El grea de cafa sere
 

As 20,900 	 - 2.86 cm2/m
300 (.87) 28 

Colocando el refuerzo de cafia cada 4 hiladas se tiene :
 

cm
A.- - 0.40 x 2.86 - 1.14 2 

cana
 

2.3.5 	 Dise~io de Is Viga Collar : Y'uro 1-5 - iuro 10-16 

(Ver Fig, 13) 
2 

Peso Techo : 70 Kg/m2 x 2.00 	 - 140 Kg/m. 

1/2 Peso 	 Ifuro : 1,600 Kg x .36 m x 1.00 x 2.65 - 763 Kg/m. 

W - 903 	 Kg/m. 

W - 0.20 	W - 181 Kg/rn. 

K21  " 0.333 0,558
 

K23 - 0.263 0.!42 
0.596 1.000
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MIsost H 81 x 181 x 32 - 203 Kg-m. 

= 1 x 181 x 3.80 2. 326 Kg-m

Isost. 8
 

Los nomentos positivos en la mitad de los tramos seran
 

+ M 1-2 - 203 - 272 67 Kg-m.
 

2
 

+ M2 -5 - 190 Kg-m. 

Considerando el momento mnximo
 

2.7,200 2 
A " 2 4.34 cm 

s 300 (.87) (24) 

Considerando como viga solera las 4 tItimas hiladas del muro
 

se tiene :
 

4~. - 1.45 cm2 (En cada hilada v en cala cara) 
s 3
 

Disefio de la Viga Collar, (Solera), 13-2
 

Peso Tacho : 70 x 6.80 238 Kg/m.
 
2
 

2.90 
1/2 Peso Muro : 1600 x .36 x 1.00 x m - 835 " 

2 1073 Kg/m. 

H - 0.20 W - 0.20 (1073) - 215 Kg/m. 

WL2 42 
H 215 x - 430 Kg-m
max 8 8
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A..43 ,000
AS = 300 (.87) 24 6.86 e2 

Considerando como viga solera las Gleimas 5 h.ladas del muro
 
se tendr:
 

As 6.86 2.4.6 cm2 (En cad& hilada y en 
cad& car&)

4 

2.3.6 Yerificaci6n de 
la tracci6n en 
una solera por efecto de
 
las fuerzas 
sfsmicas actuantesen las 
soleras tranuversa

les.
 

Para la solera 1-5 del acapite 2.3.5 encontramor la reac.
 
ci6n maxima (Apoyo 2)
 

RMi x = 776 Kg.
 

area de cafia en
Y el la slera transversal 13-2 debida a
 
esta tracci6n es
 

As 776 - 2.59 cm2 < 2(6.86 cm2) OK.
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.4Ye, Yac.,xian 1 iu, zezhr.2 

1 	 Encineer''ice 7irettr, Cffice of 
-arthq u e'-. 2 sictan ce , State 2ani ta! 
Construction Ccm-izsion, 4 jin.r, China 

2 7n.ineer, Institute of -uiluinr 
arthuahe Ln.-ineerinr, Chinese Acadezy 

of Building ?esearch, 3eijing, China 

AB STPACT 
Earthen hcusin:, is the uiain kind of consrtruction for 
residential and uublic buildings in rural area of the 
south, the southv;est and the north,est China. in this 
paper, the dama.-'e to earthen buiidinzs and lessons 
from reccrt China's stron. earticuakes, the as*-i2:r.ic 

eart-.en 	 .a,;(-ell as v'r1.7s "he te-tin;c 
scale earthen hos;in,- are descriied. it shovs that the 
earthen builcint-s can be ueu in seisic re;-ion 
Drovided the buildinrs are consistant ,wih t ' recuire
menrs of a3s.i..c desion code. 
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t.o...oco t .... :j. j., i".swe , h e r. . . 
..- e:<tercr 'a-c still stood. 
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5. 	 . C . . c .~c.... 1 ' .... • .... 01 o2:". O iv ly 
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" 
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ot..3 t ho. Cl.ob2..2 2L...... .- - dou -. i --. ~ cin .:,"L-i ec cz:h -2....2 ('_T~u 

'.e 

*;. t' t 

--,a r t ... _'..3.e . o:fr- e c .r..c _ . ...........
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-. e - no -ier ILouse, a '- ' cay CU.e-e , re *.'OAr c- " " 

t... . .n . ... . C-e 

a "::ole ci coa , c ze o: the f' -c at t uir ., -

f: . .:e tfec th - ,- - -

A.. r.~...a fe::ci a C ht b., , c c-t i -.:- iac.i
 
1iila e of Xia ji 
 c..... s z: t e,-en ,,..th ',..rjCo rein or

......-, . c u.,- : :n, '.... ' c .- e . 

V. Th . !,are:"uo " an rcc ; ,v.n, a a bCfdf::cir -',;a of
 
>cC t ,C . ., an 
 0..:r ;, had "cee, )la---.:ec both sides
 
by .:ud ,.','ith <t~'-,, a ( i:'ne d by ... 
-z,':.c Le vturu anroc:th s'ie- 1Cc:; ;-ick hadr-'bs of -.- s ooci. ..... .. o. Ph i : "r a t l,. L 2.1e.iL , l til! 

.od aft:' eartcua -e e:ce rc there occurred horizontal bent cracks 
at o,er oart :' the "all.
 

77 e' a-oy,.v . ':-a :. - s, J fo lovs t a t
 

. .. easures are co,,..rended to be taCen to ::rover:t
 
collase o "on-1oaci-,eari 
 adobe 'valls i -- zones: 

Stt..er r. team. tied to the col ..... s woden
 
ccnnectinr- rcs.
 

- tilizin- nurlins at the eaves level to hold the ton of the 
adobe 'all. 

.... in t ,a.l" 1 th varied, cross section, up;er thin and 

-- An. ris c. buttresses t: auobe ':al!. 

514 



--z! e l-:in w:".!! surfaces b, mu, o. 

-- ' ..- " 	 -" als sch as 

t -e 	 titC , t : :,.' 

reCrasec- ce .sion of a;erturer.ates (...-. an, v.irdoo. 

2. The adobe .'Il infilieci a:thina ;i::.ner irame can incrt;ase
 
the lateral eart.C-Ie resistant canac'ty of tie 
fraIe and orevent 

collanse o. tzie ' -e. 

. The adcb- "..ail- can -e used in eartruace-:-rone areas provided 

.. ecezssar;! -s.:;ic .. easu res are t..ken 

SI7"qLT ST~TY 3VTI>3i~S 

?or the sinIle stor-yarthen ho sin, the .'a!is gcner lly - the 
ra:nmed eerthen the jai:aIIc o- aais ,;ith adobes. The thictnesz 
of the walls is Cc to 5Oc.:, and t e hei:t o: ea ves iC aout 

:,i. The -u r i:'. a:' ,,ir-ctLy ;orte the ien) or. r '" ll. The
 
rCa: .,'r :0 ',v._ / :mu'u, &i - or s-hJ'.. his c a:,:u1±on,
.. 

7-	 : r, :.1 n :- C 1 y "J 

The 	 rece..t n -3 cZSt:"CtV, ,rt;cuako h-d shno.n that ?he per
rmace o ... I. housin" 'r'.ichc hr e ca sr.e
a: ea r:-. osu.s.J.n 	 ,, - . . Jcla l l y rc 

by t he" ,2eLm-a sin COde t, . s:.: . r..:ed as ' in-o'.'," the 

eart u ae. 

-In the area .v!here seismic intensity is 'II, the Ii.rrnt damn;,e 
--as found. Tie s~nall cracl:. ,'r-e ta:.er olac" on t r nsintrsecjo 
oA' t1 ca ar.d t h co....nnfo,,srm ooaftostre onT. -he 
bu IJIr. c are-. r r,. ... . til c l, ed 

... e r. a , e -, ... t~ 

-... i .. .i .. .... , .)L . ' .
: 2P, "'.'3G 

.,:de- ,:" 5.'2 Z.. ,!':i e: :r. ao. *",a: 1 _s '.e.e titg4 to a.,tsice. 

.. o:.e ',ils %,;erecr'c or col'ln sed. 
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- -  

- TA the rea .. s-eizjc in.tey.sity is IX, 'ost of the ear
h. ..... 
 ,.. e2 or ccll ce . 

Te survi.'e: ,2r t:;cn uilm,,, oll c~n b, Lour', ir the area 
,3&' Ic te:.sity i :'ade ",!. to I'.. -he inollc"ir.; cea 

..Theg ;%-- ,ft -" 


1 . The. ho'use o' OW otel was ouilt as a ci, -le storey uildin,
wirt h lor(.doboc.- (heE UOr-l 
 sup2Orreby rub
ble o .it t to .t lc'- - _he,c ""2c' tr "2o-nd. 

'irhto; t 
 -o- , t 0:lsCc 
t .e ').' 0 'U I I -I .
 0 f eac- bay 

k.. 
 u- uJn ( 7 ,,% .. e I c> h1 

t t, ' 

f a-!: :e C,' '' 0[ i ~j nt ,.,,,:: :: t':. t .' ert.,.cu b,' tn.2t theo 

wa' " ' L -.21 O ,','1V. .2t i2'C4; t~r r'oy ":OP0 -o.;
 
.-hcs brsicc i-, 
 _, 
 r . .....fr(D :el;v' -e I"e- -


s ti'i .- ull-, :'r §O trU2L,:2 o1rL2.o rI_ LOI a ly col
lansec, andnoocohoth.e <1ul1i-2t;:.', 1 . i tL..bcr trtusses,~~~~~~~~~~~~~ '.,,ls'vs.v'r-..ldru z.,'!u..n L..... fntnoL 


o:-se lcco-r . n2, A : £c-tin2 .,; -' .. ~: '.hicr: .as 
.... . .. ... AU "" ,2'2: o-se .,:, 

.L..,O'fa. ,'1OU0a 

r. u2" y 
a:t r the
 

ear It C!: c 
 tt .13e'o .: .L: cC'r-n 22 027 2 C "t..o 12,Ct the
 
house ,,t 
 cU ..OU;; L-d 
 >i: IICUS, , the orti;i:n walls 

a am rad .- t , .id1: : C' r 

3. A factory ul >jn,: ws c r.tructed "ith rdt load-c--
c r,, t,, arthen
 

roo f t'i .... ,.......
 1.s.n ;:.
"ca y, 2 .. . .. , ,. j . r 

c 
22: [,:., ,,,, t O " 2:2 
 ] ,,
U "O-0 


.a *at.~ o _ 2':' 

ter d 
V'/1 ULS, 1 tr ,v. it "ui ",nv ,u'" c t.; 'lt-u dentcot 

',odoo c:!r.t 1 t he en ilevor o" eves"- a :,le3cI 
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" ~~~ ".. _.Z. :y C" - 
-. 1:".' .. . 2;,,0 .. ar.& - 2 " e,. , 2 ,; '..± - p kX . . . ... ,_.

. . .: . .. .a,' - " ' - " -

Oc::,"r. : c" 2nCC . r.-CIr L. cL, .. 

: I I.coIcc.,c.,: zu" .; - .. .. ,t . . c .r....u.-.,r CcI,,c -:,c, Jlev nc s m,, 

''"2Th Z," '; or.. ic,"s c&.e c; to e u -n r 

-
" 2. i.):. tr.,"1 rorof t ru -e_- b , ck c lu:..n "he 
un : 1Z:•.,a i . ..c i t O f t i"" C vfler ) . a s type 

v.y and 2" as tc:r . nly t.'o lcaW cccni~',.. 's :'in- the 
euI - 0oz- U p40 "a . ,"h Z o" , -- n Z.. ....... 

c z;~~"" " -'sczo a n hp~e t ut o c o.:..,un .Z .- urcte "' t ._ . .. 'i .. .,' A : - 4*,;e *_:'. . O * .. ea ,," - :- . ._.
 

'-
:':': . h .. . ... , .(. *IVOS3 .' " Oi" t""" 2: .efl , . ..

r,. aria -, 7 .oea t.e CsO 'e ,*-Stter o :m_- c r -n .. ..


S,-:r t.e:: oY¢ si:: e>~' , ',., ho. ntali, .:i. r-
i)LX,~~_.,, 
 ^.L 

. 
_.t - . :.e aI I o f r %. 

o -2- e -;),ct t n at 0 .'a ed o0c s Ov e r tile coo r. o c zu.le .'J,' 

te,: in t ....- ,a n c u f" fo r,- ,u : e . , 

nr '19s *,* o t 
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--- A t -3.-
' 

C ca..t, V L

;co cuI-. fte osrcin 

There -,-.ere few: two-a crY bull.::-;c --i Th oac-bectria *rther 11 
i:.tr.~17C o~enr~thqu,-. * ffectc-u aren., cnma~os to fcur 

u,;. f _7. -i.2a e:f C ~ y -.at h. .:,1 n I I c 

be,. irn~ l~ ar.( at t :.'~i vr1 u. x~~t .i.O;,Q t~ 

Thi~~s ailI 



' :. ..,r 'e ta a. > - .t' ". .......
 

J;' a ~ C< z.P~.:c, : "~ A.& "i "-, . z'i i s e-aa ;,'a.... '-ti o: :.o: ~ 
eor ;';Iv c "u -" roc:' ":"" c't,-- . • . . :c " c vez :t " 


r.::i' .,'2 art- ... z c f
3 71' 3- rU )u ¢ th 

e. u Cr. a .C.. ac. t.~::ua.te J.J~ r 0......... 2it r :n r;> t I. e
 

1c. c- k :r- -.al ar. s, iJi - cC o 

as >".., ;u ,:£ '.or ...' , cti'~.J r r c_ tf.. tU->.e u c '2:c Tnc. 'V:.0c =ow .al: 
Oo:ri t: ,d 1r.8. 'h- v e.. o-. 1, c . 

,'IT l;O..'O;e_ ac a ja-ur of.luated t ,.' O a .'±: , ," 

_a,a: :c 1 -, theivo :'h C w. ::c e :cu - t e 

u;r.,esrco . D172u~~. Lo~; '. '? ._v.cvIGO2Z4-Te u n ,- - Ta- e o C"-' C l.-Ult -~~~Coun,, ;',1S. C o , ' r Or' C cc.r.''a (,. .z... r .....r"o.. rac 

o r' " c, c . r " .c ' cnt.' 

'vi"Cb~ ~ (F ' " ll, bca "Ji '-in ]h 3:'a 
-. ;iC~ jc~......... . 'e.:l~crac.:C ze-ici;: a ±ntc:tto :o'ila" ,ucdi, ".r"i th.eS 

.!'wh iz: aa a 10.:, x 7-:, tIhe thic;ncc- c" c 'vaI- c LCm. 
Tlnh fa)u n , .:, ,ocoi . s m;" d ru,;iI11, c. . tor 

br-c c r. : . e 2.ri. , 1 cd ac"r .u c o ts- t';re "" ,'or 

_.1 *.'e . ua (3'. , 

4 t u rt ;" o t ' l ' 

C Z: 71C 222LO , . c a ora,7 t2 cn:ut~ 3 C7;,.a: 

r..to ni., .. ...... un" 

st a ln. c a~ in. ev o *v cl axnd uAdInath thoci'lo bt . 

51 9 



-S":' '2S ":': '' a O:- !.;+';' .i "" - , c ::c.e -

Li e ., c " - =, --. a; .e IS 

- ,..... n. -'0-_... 7... . L U 2:-__S . z'.:' i:e 

',roc ~ C ':/. s±?i.:i:n . ._r . 1 .:......-: ... : er_-- t-ic c: "': fc;' to -e-

El ...- .... . 0?~C'*- O r.'r~~1" . :i 
q 

" - '0 I :- c 

ratizo c. f .. : o z'et.. ic. :cr !iy i: t2e _a,, . of 1:1 tc 1. , 

1to , rc 
C 

:7,2: s, t e- t .,7"" -:.Zc2,e -an,' t 
Z 

a es: i 

1.: c-.; stren:th of ie-rtinc-esitto
 
i n-: or. a :-'-,,D ,c. _c: .. --..
nzr.... . or 

eart... . :. . . a ce..t.i. e e::ent. -art h 

. , - - . .,_ .. 1 

3. The --... ...... ., . -t-r;:r(... n.-fI.: , asesi:o ,lh its- t . 
.a2e . h o !l-ar . ... - 'tsesk '._ tilan or;
 

day o". i_- t : s e Z ' t " . - .S I 


e ZCC , I 

4. The co:,ro-sive stz t-ct:: of r_ iicrae-incr ses .ithw its 
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* ...- . .... , (s' l___..e- . 't ... : 3,, "- r.cL? 

'
.
-"'* ' - . .... "'-.i - -: C % . :. = = " { ' t , i- . = "
 

.. . .. . ..,C ';," .

Shcr S s, Jo.:, 

-.o~te. 
e i L.t z 0ro con e.t cey:,n,: "i ch, it z '. aecr': S :Us.-..= &-hn O;...:; -e :t v:I.u.:e cL *2C--- '/CS 

...... s ss -1 I:3 o1r 1:L en&re is e cf 
snc c ' ay a.7 1: n ei2rt s .ace -. . -: cla ... ... ti

ties. 

2. The shear stre:h increases .tWth the alstic inde,-. !or 

ex r.._ , or t,,.e I "-e rt-, , th vclu-,e :- t io of 1:4, the shear 
str~' s 1.:- ar d i.6k/c.A, te nl:s~ic_ _.de:. is 7.9 

-a. sct e. c i,i .-

. r.... ,:c-ses '1 tcC' t.e af-e bu t the .re rna
 
-ractir;nvaries sli hnly.
 

. ... r en.sity ime-earth, higher the shear.e.' t:- of L*:e 

s trengrth. 

:endinc Stren t' 

1 . The be.-din- strer..th of the lime-earth is about one i:rd of 
t.,.= co.rezzie te.... For thae lime-eartn ze of clay, it 
s littl .i> ''AT ' oD r.i.t::r . :r e "" 

G_., ' t:. o-.0- li n_, r; - _- ra-ises ','I.th in

crease 0" tc. ace. -he rate o. incr.ease is the san,e..t that 

of the c:.res ive strer.,th. 
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' 
c " -. c a _-y 

- ''
 e 1 C~ ct~C. c 's C a", , ::.,r s . 

a. e r L as c a:, 4 no r3 soin_. 

-iEL.- 72:::; C F F7L% -:rAmT -'T E>: HCUC 

In - 1)7C, institute of Z0ine-'.n= eca-imcs (1:") of 
C'.hinese ,'-ca .::J-, o cienc cc ;,,,c em:.7, osiv e rs

c'a. e ui1u!-.ti " e:r:e _.. nt o fuL sc al ecrt:'c.- o n 
C o.. "I, Yurnaz r.'vince. I-.9 shov.*s the nlan an- t e 

se~~c rc , ...' - of ;e zesti:,, hO'se 

: he tested h3":sC h-d t .'.vo roo..s, the adobe ;,val Sere laid with 
_ccal te 1c:i!o;e (the aeobes -.vere laid ve~cetA c, 1 ) for one ro:.i, 

and .,..4 .... u tech.nicu (t:.e -adobes -.'.'ere laid horizontally) 

for ar.other-. Vertical joirts in the .-all :.ere filled vrith mud 
ortar. - 1-yer of strnmw- ".'.'as i.racea in t' vales every tw,'o 

Cc0rs Z. 

'-he .ted rocme nac ruo.le found:-tions ',ith 60c belo.v' Eroun. 
surface an:d a :nuc roof to si.::ulte the tiles. The wa;lls .vere 

plastered ,it- nud and white-lime. fhe house hac un.damental 
"at,ral eriocs o' 0.1 - 0.2 sec in different ci-ctionS as 
aczually :Csur:Q. 

The un.erround... uti-holo ex.olosion at a deepth of 5-7n ".,as
used as tn& vibrtion sc ' ei. e hey conducted the_O ces i. +"= test. 'h , o-u t a 4h 

test hrC- te'iC .tn t",al fi-ii -n exolosives -, ... , -Q 

arLnao:: . .y : caC ..... .r. lziS o o;r;-s .l. (, 32tL1CeS o"" -r t '' r ". ::-' 

:.r ,,'t:. -,hus7 *zes s.. n, noe e::-n csion, n,as zte, 

duced ma:_iu:;:. ,rounc;velocity wias na•., of 7.6c..,/sec, and the 

house ,,as intact. 
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Second .-- ho . e -::as in : - c .e. e::- -ted o 
I. cc'e; ' . 

* .-- ot.-- 7 .t..- -. - . ",. - 4. c " caz ; !-C,,C .S" C ' 

.. ;c--:... o. ". ... i.. . i. . .-i . "."." 
I. - .. :a : - I, .. - . . .... 

"': o ci t +2 f..-... . l c:c oofS:/ . a,, C h.r 

~i~ eXloiv( fili... heidue.. :ruI'..... .. e!oci
...v w-'es.. tc:. :icu.jec-.u laoert of the .alo- . croofsi'=se, the 
her t.v culd ' s t.... - n l: . . .. ,n0: . r.,. 

c Ity c-- ' resistance an teanroved tecicue for 
1ayid is better t.an he l cal one. 

.it _-s.ul e :soted iiatt..C e .otio, excito-d e"lvsione-, 
:ssrnifica.rtlv diff ret'.:-h.a; of natl or.cuae 

and it ca:,n be C: ract-_-rizEc a---or content C~f' irqu ency 
waves , rl.,2 c.ca:! 0of tNe ao e"- K o s,.tue, ooff 

A~ccrrdjo.aditcn to the of Chi-eoe rreTo..s recent 'ecructive earthquakesr. : .e rie _:.-. a.::r f'clte: to >."t..-c= : a uen:/ 
the;'laves,damageCro:on 7 eartheny o.' %,'uildin7s7- v.'olai a A c "a.I L,- feasures 

can be surmarized a,- follo eoing: 

z to dea-- .... aSpi,-I"n., constructive 

Subsoil 

1 . .'/here the suboil is soft o.- the subsoil in the 'earir layer 
tassocini fcw. ", a soft aern-aro, i stt :r ibu tio c c s,--. c ti.7 

re..y ur ymn l , t I.,et,.,a_. on -u Ior t-t'. l t e 
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l 

place, anc can be led to cracks or ccliacse o - the ,.,ails (FIG.1O). 
Th ., . oraer :o t: . n.-vc..:U venI.f. e m nave 

:,o.- . .e clecio: ar. cf, --".x ,t; to site 	 and .-rar.-e.ent 
the ,'a-ls. 

2. Ovring to the ravages of rain ana ,on, the LKic'..ess of the 
footi:-	 f a .all nay be oraduaIl. ,ereaeU, and the v:all is
 

.. c
vuineral to ei earthcu:e Th.r ore 	 -, the•. c,.lTj 7 s re d '-_. 	 -,.d 
-a, 	 -y :un ,, sT. a,', ana tne houseI . tn 	 shnoulA 

be s'rr,. n,.,- ze-:a..-_ CC t2 Cann., 

In 	 --.bliuek- are very dni:!a . ... e.5. In earthouactoe, are-very an :orcu x'.he they are ...adc
 
of adobe. For i onr.ving the aseis:,ic capacity of a i,
..... 	 .. .. -a! , the 

.o.lo%,,xsin can be used: 

- Elon-atin- nurlcno suonorted by a sable .o.,ard outside in 
certain lon!-ti, i.e. using outstandinr eaves (FIG.11) 

Puttin,- be&rin,-ea.s underneat: the nurlino. The beams are 
tied .,th rod ,ind arohord .. rh bolts. (71G.12). 
-Sotti:t 	 I'ai!ties in a ble Ia! (!,. 1T). 

n 74. In. 	 earthen ouild .ih bri. ,. cor..ers: and inter

"sectiofs al! (SiG.ii), during earrnuuake, the brick colu::n 
can be se~r-itcd v,'izh attached earthen -,,all, and lea it to 
colla7nne. ,':re, ... o-ructuiol sobition is not r cended. 

5. For -;arthtn.' ih in 	 surface, bricks"'nil oric, exterior 	 the 

areu .. n *,]..I- to fall, and 1 to collnause of thc',v-all in the 
eart'.', ,uak. '214 i -, r.. the ',!all with 
bric:k n. .... ,r 	 " t 

d .- . V.. .. - c' t,:>, ";,-t.-:ali:'r.:>s v'., :2:ctn. lamn] in 

_ntorsect;.n:.z, .na Inf?2.& 2;2s, , - ... "oansed - to 
1i t f ta..... .. t i_,,In sectL s ,'' _l ":bco rils, 

stra:.v, ;oouen bat.ns ard chaste t,s -nould be) laced for 
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' (FIG. 15). The ooden r..a ..
 
71 _t 

_eer '
_. th ,"a _ r - _ :.e 
7~7 v't _L '-i,- g..G
cje si' 1, .... 

o.r r.'0c n s tra ~c stren nOz an arc' o r --n qartho 'll 

-Inserti-' -5 lo- into t:'.no ca,:nt trar-v-r lo -b.... r. 
-t the c i 1rn.T level, the t'.o 'be 1 b ic t.,.ether.
 

-7h =. Io can be used a-= sunort 'c;eaAs fo -r1,e ce1 . nc t
 

(FT, .V). 

T earten 1s, ere , .I. i r'1sn..;eu mu, 
...... t n. : Der o c r. 9i Xin -tai eartcuoi-e.
 

This i d of ,al have oamvan.t7ie in prevent the ravar-e of rr n
 
and fl od.
 

10. It is a .-ood solutiOn to hold the tor of the .wl b' )urlins 
at the eaves level. 

11. A wall, which is very long and has no tr-ansverse '.'alJ.s connected 
......... .. . hc ," fo - ic reasco e 


, ilast e m, eut .....,-,2.. .ios :2.,-"Ce ,acoec ,t t e '...... .r an re
 

12. For 2 h:u:e, in ,i_, the mro is the one :,ith two cides and 
the..... .. , nurrnrted 'cv earthen ,able •Ir,'lils, the 
Upper 'Cun K.' r i ac,," ::a y cr-li se ,'..:;z:am an earthrquoke. 
In suc, ,me , :ong buttrennn laid )n iontituoin.l .all tO 
triongular mart of ],vblec's rec,:1-.ne!,, ,d (1<G.r;1) 

13. The c-intilever for eaves of a carthen house may be displaced 
ind led to cracks or colian-sc of the -,all. Zlongatin ra,fter 

nzc-ead o: t,,, zn.r-1.ver to ma,-e "ave nn c. a -ert ..._ . 
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Pu r±i n 

.-i r..c crac*.... '"occur on th e ,, l erne theZai.. 
to st -z zro c-nce.1t, o in the arhc e i the 'urIin z21acc.d 
_-r-ct,, o . th, tc o:" tn .. ( I.2C 0 )..2.c.: .c.s can e avoCC 

yncerti.. a :ea-m• . ud cr the r rl n (I'.rc). 

15. 7f tner. s r.c mutuai connection, bet',;er o'rlir.s au no cor.cCtion 
bet...een t:e? -a:l aria ourlins, purlinsco.-e could be dra,', ou: from 

h -,,1 con-ocuently, the ,,.'all .- collaus and the roof ,'ouldiou_ j 
ners'ore, nurlinsa v~'.... the should be connected anton them

selves an 'ce co,.nected '-t the -.'all (FIG.21). 

Roc f 

16. An ear .....huse iavinr a heavy :.ud roof is liable to collaose 
in the earthcu.e -_nce the increasec lateral force fro2 the hevv 
roco. c:oh heovy mud 
roof, v,,hose t ic .nsc :2 v a ttainec to ITO cr,
is usuail I.r,.o in '.,:ater-proof repairin. by adr;il: -ore 2Uu to 
the roof f:o: year to y'or- hee-ore, the old :nud sioulb e taIken 
off in r-,irin-. 

17. The best coof for an 1rticuae-nrone area is the one 'vith four 
.nc .e.. s. at:c-suse oibutes ",'eigt ecttr and e'-i: es
....

the neccezssitv to use oarble .l7 7c r'.22). 

Aseimic desimn renuire:rent:. :or buiin:1- '.':ith lie-earther. load
bearin3 ,vails are occifieu in ;actionr 7, Chapter h Aseismic con
structive r uire'2ntn, of thc Aein;smic Desi..;n Code for industrial 
3nd Ciil biI n-, (TJ 11-78) . ?he fail text of thois sectior: -s 

Socticn 7 3-u±.dnrs,'i th Lize-Earth Load eari.- .,a-.1 

Arti->0 1
 

-or buidine- .witih lime-earth load bearing walls, the settlements 
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of ',als-shculc be .s ever, as ,,sile. ral>, trnnsverse .:ails 
shll b .a..l' ir each 'Cy an c bric ol:..s "or oeCr. corriors 

: Ue ; l. .. - .c.... e eleva
tico irni., n::c the _u..:e: c -tories ..:ust 
be the i aa:'eu.fl-, 

te: The i:.e--arth .,al. 'e-nerall:y indicates the ra.::med earth 
(mixed with li2e) '&1 ± and the .'all laid ",:ti' li~e-earth adobes. 

Article 2 

2he _ee. intensity is 7, the height of the buildkin- shall not 
greatcr thaIL_. The lime-earth load wall o,: 
fo di..n intensities of 8 and 9. 

beari ;;:" is recom::.ended 

Article Q 7 

Differeont materials for masonry Ialls should not be used for a
 
b u i A4 )Oin.,:-,]
 

The ccmnressive utrencth of lime-eacth w:,'alls shall not be less than 
15 k/cm2 . The d.ry unit veiht should not be less than 1.6 ton/ 3
 

The adobes o.ould be laid 'ith ie :ortar. 

Ar-_icI-_ ")i. 

The !.:yer's o' interior and the exterior valls shall be ran.r.ed 
a!t~~~~e: and aucdes -of:."alls sh,-l 'Ce lai U vi t, rac::i r. 
At cuoins of exterior waills and intersectio:s of exterior and 
intericr " reinforcin:' ,,t,-ls, su z o o ri3, .,-'ooden 

...t.C...... t, s sioudlO cc p)laced at ,very Ocm spacing 
alon- the. , -h ','ith both ends uxtcndin!: into the ,'all not less 
than 1m. 
The miniac...thc,.esC of the .,'a is 25cm. 

AricY•:<:
 

A zterner buttress soiuld Ce bui!l on the ton surface of inner 
itud.:,7 ,:alia...on 
 on 'Cotnh o o the eextrior ar.6 interior gables. 

The purlins should be .up.orteG by 
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-> ri'. s sshali e .acec o on1c Juc..- -::t ror a,±. -.d 
_
al tr.:_ver s a"-. at e. 	 :oor. 1>' Qen:hs of rin bca:s are:
 

rc.. c..
cc.. 
-


-oe 
 :orce .- o 


For -..'coden ,"n' sea::;
 

n f. a tc. -y rinbbca..i -- courses 

A cK::O "! -r,-,-:---

The authors e:-ress aoreciatiorn to Prof. Zharb, cl o for his
 
assist-nce, and also tc ::rs. Z.u, ..... n
 

1. £-, "SeisMic intensity 	 ndu ite Effecr, of Tnn,:!.
hai Earthcuake", Pesearch. Renorts on -arthnuarke Trnaineerin- of IEM, 
Vo/10. (190). 

2. 7E, "7inslction s ,restinC Pesearch ,'Work for Buildings sith 
Load-Bea n- Earthei-" 0'alls in? on;7hai County", ? rc.'e-7 	 ...
.	 .....Po Trts o-n 

Er.hcu-i:e -n-in'ern:n0).a: *-.. ;oi.ii, (ec 

L. Aseis- i - Code 'o 	 ndustria! and Civi BuiI1-,'s(TJ 11-78), 
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FOREWORD
 

The rural structures pose a serious seismic risk problem in the
seismic belts of the earth. It 
is 	unfortunate that 
this risk is
increasing, rather than decreasing at most places 
on 	account of
increasing population, poverty of the people, scarcity of wood, cementand steel, lack of understanding of earthquake resistance featuresetc. The magnitude of seismic risk to 
fact 	

life could be imagined by thethat number of dwelling units and other related small scaleconstructions ma' double itself in the next 20-25 years due to theexplosion of populcition particularly in the developing countries.
There is 	 thus a great urgency tnat the know how of inexpensive earthquate resistance measures in such constructions should be propogatedquickly and by simple illustrations, so 
find 	

that these techniques couldapplication at least in the new constructions.(l) 

The state-of-the-ait panel on the Earthquake Resistant RuralStructures of 	 the 7th World Conference on Earthquake Engineeringmainly aimed at collecting views and practiceswhere most of the 	
of selected countriesearthquake damage is suffered by 	 the rural structures.Following panel r., abers have bcen appointed theby Organizing Committee

and contributted to 	 the panel 

1. 	 Professor A.S. Arya
University ot Roorkee, Dept, of Earthquake Engineering
Roorkee 2 4 7 667, India 

2. 	 Professor 1). Benedetti
 
Technicil Univer ity of Milan

P.zza L. Da Vinci, 32-20133, Milano, Italy
 

3. Professor Serguy Bubnov
 
University of Ljubljan;
 
Erjavceva 15, Ljubljana, Yugoslavia
 

4. Professor 0. H rnandez
 
National Autonomou:; University 
of Mexico
 
Institutc of Engineering
 
Ciudad Universitaria, 'exico 20, D.F. Mexico
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5. Professor J. V. Neumann
 
Pontifica Universidad Catolica del Peru
 
Pontifica, Peru
 

6. Professor Yang Yu-Cheng
 
Chinese Academy of Sciences
 
Institute of Engineering Mechanics
 
Harbin, Peoples Republic of China
 

Each of the 
panel member conveyed their experience and ideas
about the general practice and theoretical or experimental studies

that they have carried out in their coriesponding countries about the
earthquake behaviour of rural structures. In the following state-of
the-art report all the above contributions have been classified and 
generalized by the panel secretary.
 

All of 
the panel members except Professor Yang Yu-Chang have
 
attended to 
the conference individually.
 

INTRODUCT ION 

Most of 
the loss of life in the past earthquakes has occurred

due to the collapse of structures in rural 
areas constructed in
traditional materials 
like stone, brick, adobe and wood which are

engineered to be earthquake resistant. 

not
 
These "rural structures" mayalso be called "non-engineered structures" where the term non-engineered

may only be :aguely defined as a structure whose analysis for lateral
earthquake forces would defy reasonable mathema' ical :;olution:; and thedesign will be based mostly on a set of specificattion; derived fromobserved behavior of such buildings during pa!;t earthquakes and trainedengineerin,, judgent Such strtctures wil1l inltide load bearing masonrywall buildin)'s (brick, stout' or .adobe), stud wall brick-no,,ged construc
tions in o, and composite, CoitsL i-ictioriS l:;irii; combination:; of loadbearing walls and ipiers in milasonry, reinforced concrete, steel or woodenposts and like. Reinforccd concrot( or steel frame buildings, tall
buildings using various 
ty i oi. 1;t.ctra ,yst:ism, major industrial
buildings etc. are excli ded from con';ideration.(1) 

CLASS IF ICATIO4 Oi," RURAL IOU J';.S 

There are various; type,, ,f rtir;l. houise:; exi sting in differentcountries. Common bu i iding, materi ,1:; useod are adobe, stone, brick,
concrete block which :ir4, all he,ivy in weight and with low tensile andshearing resistance. Antlher cat,-gory of matril:; i; woo.d or bamboowhich are higJhly flxihl .. ';t ()I the, uile, th,';4 ntt'rialI; are usedindividually or in combination. Son . , itii onere tie and !;titel reinforcements are a ;o t d. Accordin, to their .;t r1ctj ra.i ,ystems, the 
rural houses can be class;ified as follow!; 
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a) Adobe, stone, concrete block or brick masonry.
 
b) Wood block, timber or 
bamboo framed.
 

The masonry houses of item (a) usually have a heavy flat earth
type of roof, concrete block or 
brick masonry houses sometimes have a
reinforced corcreto 
roof slab with tile 
or similar roof covering. Wood
block or timber framed houses have a very rough timber tru;std roof.The masonry houi:;e:; built in rural areas are normally unreinIoreed,
but may have lateral wooden laths at certain pilac,. 
limber framed
houses u'alliy have tiller walls of 
adobe, s.tone bric k or some othermaterial . oy.e of the timber framed houses mav be plastered diretlly
or they may cle 
 wood plated. The di';trioution of the type of the
construction used 
in various regions of each country depend; mairlyvupon the a'.'ailability of the construction imtsril:, ecouomy and 
:ocialtrend and traditional technology o)f 
th<.t r,:i, . For e::x.ampl. il,
 
Yugoslavia, the m jority of the rural ho,,,s
in the 1,arger part of the arm built oi brick since
countrv tLhe r is uliy of good qual1ity whiccould be wel 1 itred and burnt, 'h.'rca in t ind s;litheast Iurkeyston,, nasonry ;and adobe masonry construct ion:; 
are in roLjority because
of their low cost, availability of 
the materials and good insulation
 
provided.
 

CHiARACTERI ST IC DAMAGES 

Different types of rural 
houss have 
;if fered different degrees
of damage in 
the past earth,;uak,,. 
[he main factors contributing to
the damage of the masonry hou; es, have been their heavy weight, brittlebehaviour ot tie masonry with low t nnil, and Shearini' ,trongth, lackof adequate utructmural 
conne tion,, 
 poor quality o1 coIntructi,n anddeterioratio ol1i ;tren;,th by t ime. Thest,,y f lman,;'. attei anearthquike ,,n 
c ,,rly identify th , .ndwe;,k ,tron, p' nt the
design, the :ats ,1i and con:;truction r niquo,.
 

ADOBE A-JNRY 

Dam , bptt,.rni o ad , e hown,", r an, Iif olows, : ull Iapirt ofthe lnpitadi:Al wall nan ',.Ml I;

cracks; out;ar, ii li rrd,tion ,I the wilI. l).m:i* ie cau,,d by ti,_
i lufficie t 


from t,. tr ,'.,-rs. occ:urrence. of vertical 

t. ,' iun ,: the " i, . 1I, .h ,]' .it the co r ,r whenpulled ,,parL I,.v., ti, wi l,, ta ain, 1 iv Mh.y l , I in:li s,Outward di. L" :t, tiri ,, , ,,, Oil f , uhrizontal ;,',h o the
roof whi:: I ip; .ni..,'. c Avs. Qi: 
 ,,m H b,:,, or
purlin ' ; ;prr ,! 'wi r j w -'il 1 1 , Lp "i t , it . i I I llI i], o I.lieground du , 
 :-z,..,,iv,. d i',;,l. 
 :,.,nt all, rv hi, ! th,, v i t r,',quit of
 
the colI p', 2i t ;, raw .
 

us l , Iy i:ii,.r, 'a,; with ;n:h a 'ol Ii Ul)'i', thedebri; tond lAc4 0 W .Air instd.. ,umetin'.,, the wall n rv ,cr thesh at
placun re'rthe 
prlins are.,upport,:d and inclined or diagion;l cracking
,m>' a]yo ocur. 
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Adobe houses are known to as
be the worst far as 
their behavior
under earthquakes 
are concerned and 
even somin countries abondened
its use but yet 
it finds application in most 
part of
Countries, South and Central America, and 
the Middle East
 

sound even in China. If built on
foundation with a rational structural layout, good workmanship
and aintenance, this 
type of building will not 
collapse even under
an earthquake of 
intensity V11 
or less 
than VIII (Figs,. 1 and 2). 

STONE M SoNRY 
Usually mud mortar 
is used to 
combine the stones. 
If the stoneused is not 
quarried but collected from fields or 
river beds theybe covered with moos will
and dirt and will 
have a round shape. The bond
provided by mud n)rtar i; very poor since a; time psse; tir mud betweenthe stone drieus , ;hrinuk s and all:; out, thus no remain s be.tweenthe stonsL,. During an earthquak,. 

bond 
also n" ;h,.aring ntrenth is lefteXcepLt dry fri't ill SetS en r011,:;. 

Usudily the thick 
wall is mad 
 out oIftwa verctic al pI .e. , oneinside.* u ine; iO . It ntn . t, bind these two layers Are nut provided,the integrity in lo; h ,tw,,n the e.Lvr:;l 
 ini indr in outer layers

are split into two (Firs, and ,),
 

Collaps a: o ,,arinr willI, , bme due. to w ilur,, ",Iconnrti lns;between wall 
And wa]ill, wal1 Id rat And walls and ltatitation. 
r,a l i t ' ,ri t , i,'ther, r,'a , t ce , f , k 

fhuslack of ;t ructu 
 s
 

Similar to .d ,. m:,a o r,. ho ne, 
 O calllnp:,. h Ih.
roof Ilat tarth
is the cu,:, 
 roof)I lot; "I l . M , o,nidw'. yr',also been heI nq ' heavy,ir ,paclv, c i',ct,.d I" I. wllsn. Fhit, ;iilra : t, ''aPk stonewalls is o lowed y. , ,r . 1 inr down ,,Itt ,.v , (ii ) ani 6). 

st ra or, n.iditK maa , " r ij,t I ,,I.In thi the o . the,,in K nw! v. td o,a al I ., on "n Inp MeI'oid il, toy in plaiceon the "t~w iid. ftK i V'' inq . thiIf iH" tthe rolf , it l Iv, ~ - ~dla , o.I t r i :"r ,op ,.'in i I,,,.. ;e 

both ha'vi: ,kw, ,!:,, hn amp I r , : lo t"!.th to''1. l lin, ::ov'.be partlydue to) q;tok. h-'inq. hw',lviot 
 rhd.nl ."d] 
hi," ,And r'alt ly, Wi' to, Inv' non)htlono ,ellow l a,, | '*I'" ol l n , 't[ ,1, "*,o I ' , =::;pa d to -' ,An rl,! ., , ! ),. -I.,II n .Stone manl,,:ry. O ni,vi 
w ith muda~ "or,t, r ,and,I .t ,'.rth type, ,of roofs; art!
completely d,"ti evd it int,.n'.iti rn o f VII-VIII in i ivi lv gd athi d am 
intensii'; V-NI.
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BRICK OR CONCRETE BLOCK ItASONRY
 
Analysis of varicu. danage Plttrns shows that damage characteristics of "rigid" and "non-rigid" brick houses are different. For"rigid" brick house!- , in which transverse interior walls are closelyspaced and the lateral rigidity of the floor slab system is highenough, the follo.ing three da:d.,c_ cateories may be identified 

a) Shear failure du to, di aona1 ten;ion : 
Th s kiund o: failure is frejqunt . First diagonal cracks occur
on the wall.s, sliding discol 
 'iton, crushing of bricks, fall ofdebris and at last collapse of the walls follows. Tie collapsed wallsusually fall around the building area and the floor slabs fall on topof each other (usualll y reinforced concrete slabs are used for morethan outu story ri,,.;.- ). Sor:e buildi gs totally collapse, whereas
 some of them hi'' a col lapred upper story only.
 

b) iri'ori tal shetir failure : 
Cracking "! horizontal joint;, especially near the connection ofthe walls with t he floor or roof slab isfollowed by horizontal sliding

and dislocation of the will 

c ) ('/'Frt'. rna'l failuire
 

Thi', typo of failure is often caused by the 
weak connectionsbetween -:'terior I ungitudina] wall: and interior transverse walls.Exterior w,,ll, OlLun pl part from the interior walls. In some extremecases ex terior ':wl 'a incline or 'ven overturn due to loss or ;tability.Someti.,,, e t,.rir wall is ir t col lapse then the interior t ransversewalls,, :",l ,'.,td by the rool or fI.or ;labs allin', on top or the,As for t ,, brick W ,,,a, W, dr- iW,ri k , r ',' nouw,,,with '.',' :], r "r rol 01,111 ( ='di,,ll,' '1',ud: 11M - .iy. ) ;i with
relati.,,lv I :, N ciny,"I tiN' inte!rior vailr, thun; th, litralrigidity : Q . f .r .I b .y't,.r poor.i:, i l In thin 'ase tihe d .ia.e
is ar.n, ,'ri h h i:-plit, b,.:ndij lailure,
., thv ,),:ir,,nct' ohori.,nr.t i ril 2,,n the t,uin id, f th wll and partial crushingon the u.mpr, ;iin i .. In a,i:, x':.:tmre case; the walls incline and 
cause tht ,ou,, to ovt'rt irh. 

TIMBER-FRAM!E PH, ')D BLOCi<
 
Earthiq'k, r'.,i'tanp "I the 
 tiber-framud or wood block housesare compar.ti ,.l ,,,,,I n; t ho other typ, ,of th, rural h"us.discu ;:,d n" !ir. In tit ti'"hr-fram:t.d, filler wall] d type, thefailure ' ,'n,.,1 h, in, at t ,, :ill at,' ri.l ia id' th,, ti ' ,r :ramemtem br, anid :,..t r ai ,u, i4i.'. , li''h . t ,I i" I t t he

frant' Tmt Hit'n "ni -AI th't : l p =11~ ,- Ai , ri~ul v ddn iv .de;gre,. , '. ,,-hn. " Fie: dinn rn 1 .p,.I '. 'v iili ::.i' r i il , (.i4nAI,., brick ,ru b b i, Ii,'. ,'1 ,- ) , t np ' , r k m. nn, ip Wi ' h,' t n4 -, r , - , 
ais a 1h,w-hle, dwlor- it iwn ": ! e :rn' dir 4 in -irthqud,
than th iq gt A lhe wa,ll , tim t h,n ai'l i',in u l ,ld p.,rt :rn th ir lme 
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or pushed down by the frame, If 
the frame is rigid enough with small

deformation and 
if at the same time the walls are strong enough to

confine the deformation of the frame and to 
resist the inertia

forces induced by its own weight, 
then the house does not suffer
 
serious damage.
 

The following damages can be observed 

a) Cracks occur at the corners or at 
the wall-column connections,

tiles may slide on the roof (slight damage).
 

b) Longitudinal and transverse walls 
are seriously damaged, top
of the gable wall and the eave wall partially collapse (moderate 
damage) 

c) A large portion of the wall collapses, tenons full apart
from the timber frame, frame is inclined (seriously damaged). 

d) Roof falls down, tipper part of the wood frame fractures or
 
overt urn,;, friime wail
and co 1 IapSeS (coIl apsed). 

Much difference in the damage to the timber framed houses can

be found due to difference in the structure of the 
 frame, filler wall 
materials, workmanship and the age of the house, 

In a moderate earthquake (intensity VII-VI I) damage to the
filler 
 walls occur, in an earthqu;ke of intensity IX, serious damage

takes place the infill walls collapse but in few the
only a of housetotal collapse of the structure as a whole takes place, 'ost of the
collapsed houses are houses with a simple frame (very few dia.onal
bracings) or with a flat roof or with a timber truss poorly connected 
to the columns, or a timber frame with di:cayed mem 1 ers. (I g. 8) 

In case of wood-block or timber framed but i ood-plated or
plastered house the probl em i; only with the decay of wood by time,
poor connect ions and inadequate Lracing elements, 
 since they don' t 
contain any filler wall.
 

FACTORS AFFECTI N; THE DAMGE 

The structural action and the damage mechanisms of the ruralhouses discussed in the. previois section bring out the critical and 
generalized as follow!, : 

a) Defect,; in tie irictur/i l co()t i,,irat ion 
The ),ometr 7 , oI t.he hm i, plin i!; iwIl inin a;; elevation has a signif icant et,, et (,n .hI, di 'tri bit in I thevsei mic forces.

Unsynunetrical hiorr;es d.elop iddit ion;,l he.aring forces due to twisting
and warpin;,g. Faillire comnonl y occnrs; at corners; of openings at weakly
built corner,; of the walls. 
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b) Weakness in the 
soil of the foundation : 
Sometimes an inadequate foundation causes failure of 
a sound and
 

strong superstructure. in many earthquakes, liquifaction of soil, 
occurance
 
of sand pockets or settlement of soil lead to catastrophic failures
 
of the buildings.
 

Very shallow foundations, deteriorate because of weathering,
particularly when exposed to freezing and thawing in the regions of 
cold climate. Deterioration may also be 
caused by frequent flooding

of foundations in tropical regions. 

c) Weakness in walls : 
Adobe, stone concrete block or brick masonry (unreinforced) are
 

highly susceptible to damage because of their 
 low tensile and shear
resisting capacity, Due to door and window openings even further stress

concentrations and reduction in strength occurs. A very critical 
 sourceof weakness is the weak bonding n-terial (usually mud mortar) between
 
the masonry units.
 

Lack of structural integrity is the greatest source of weakness
and may be responsible for severe damage or collapse. Failure of
 
connections between 
wall and wall, wall and roof and walls and
 
foundation may cause 
 col lapse of bearing walls. 

d) Poor connect ion of rootf : 
If the elements used in the roof or floors are not properly

interconnected toetmhr and if the large seismic forces are not properly
transferred to Lih supporting wal ls or frames through sjitable connection
between them, to roof and floors may be damaged severely or collapsed 
completely.
 

e) P r :oni,trction qiuality 

In ma:n:y in ;tm,, the failure of rural houses in earthquakes have
been attribtt,,d to, por q alit, of construction like weak materials,
 
poor workmanshi p, v.;. indeqafte skill 
 in bonding units and improper

and inadequate connet:ion.
 

EARTH' 1UAFE: RENK ESI)D;IGON IIOUSES;I AND CONSTRUCTION OF RURAL 

The tdtv :'.th, performance of the rural house.; in the past
earthquake clearyiv points out the structural action, damage mechanism 
and modes of ,Ilr ind lead t tL following principle s1 ge'eral as to
improve th, d , , iand cunitru t in t.hniqu,, for earthquaike r siLtanc 

"it'' he ;a) rhi Kounld K I d carplii x'. K i i nlip s nloiild 4:Chosent tti. w lie 'a . Itio . 0o ll1! no he hOlii l oi llOloos nanIl~ln Y , tra l iquilAi('K ,,n AMl!t ,'W tl,",:,:ni P" A bilitv 
.r' 

dulrini;, '111 
earthqu:.l,) a "n '.nq;i i',. .lI'/ . 'l t i nii"I :onls;truction site';is .';or, i,,ibl. K ti' rural ar-a t l i in 'rhin ,r,,, such at advantag'e 

should he ,til i ed. 
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b) Planning of 
the house should be done carefully. The house
 
or its various parts should be kept symmetrical about both axes. A
 
rectangular plan should be preferred without any projection. Blocks of
 
different character should be separated from each other to 
keep
 
symmetry and rectangularity.
 

c) An integral action of all the resisting elements should be
 
provided by suitably connecting all the elements together, so that
 
no seperation will take place during an earthquake.
 

d) Since adobe, brick, concrete block and stone are weak in
 
tension and brittle in compression, their strength and ductility

should be increased by providing some reinforcement at least a- the
 
critical sections in the form of steel bars or 
timber elements.
 

e) To increas, the lateral resistance, diagonal bracing elements
 
or walls to act as 
shear walls should be provided along both axes of
 
the house.
 

f) The quality of construction 
should be improved and emphasized.
 

In the light of the above general principles, the following simple

suggestions can be made to improve the earthquake resistance of the
 
particular type of houset
 

ADOBE MASONRY HOUSES 

a) To increase the ductility and strength of adobe, research
 
work is continuing in various countries. Experiments show that 0.5%
 
of dried grass added to mud of adobe (by weight) increases the strength

by 30-1007 . Also addition of a certain amount of cement or lime
 
improves the strenngth of adobe.
 

b) To incra';e the integral action of the inte-rior and exterior 
walls, reed ;t raw, hamboo or w'ood shouldplanks be placed at the corners 
and junction,; of wal .;.A more reliablie masure is to use steul bars 
or load wires ,;hich are anchored on a wood plate on the ,;al to tie 
the wails opposite to each other to avoid collapse. Such a measure is
 
frequently i!;ed to repair t., ,iinaed bu i ld i ng;' aft,-r an earthqupake
 
(Fig. I-).
 

c) Cont i nolu.; ti :b,,r I int, l! :;hou Id be provided to preveent the 
top and bottom of the window opening!;. 

d) The we iigt of th, heavy e;irth roof should be retuce,,d and its 
connection with the supporting walls,; b, done, carefull 7 .should Enough
projection of the root beams or purlins (at least 50 cm) should be 
provided on top of the exterior walls. 
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e) Separately enclosed 
rooms should be preferred to a long
barrack type, 
since small boxes are seismically stronger than a
large single box. Therefore enough transverse walls should be provided

in the layout of the house.
 

f) Simple shock absorbiag measures 
can be adopted (such as
reed straw layer of about 
a
 

5 cm. thick placed on the wall 
at a certain
height of 
the wall may reduce the earthquake damage). (13)
 

STONE MASONRY HOUSES
 

Earthquake resistance of 
stone masonry houses may be 
improved

by : 

a) Increasing the 
shear strength of the stone walls. A better
 mortar than mud should be used for that 
purpose.
 

b) Quarry stone with corners should be preferred to rounded

field or 
river bed stones.
 

c) In order to prevent splitting of the stone wall into two, the
bond stones 
(or through stones) should be placed where needed.
 

d) The idems b, c, d and 
e for adobe houses are applicable here
 
as well.
 

BRICK :ASONRY HOU 7c
 
Since brick or concrete block houses have olso been widely used
in the urban areas, their de sign and rules 
for construction have been
included into 
the Earthquake Fesi stant Design Codes of most of the
countires (Stch as Yugoslavia, Peru, Turkey, China etc.). 
Their
behavior in bett r than adobe o '.stone houses due to better qualityand ge " tr oft 
 the material. The earthquiake resi.stant rules stated
for adob and stone ihous.n; ire a!I so val id for 
brick or :oucrete blockhouses 
in i !ition or together with the code SpecificatL n;.
 

TIMBER FRAMED WISH 
a) Intes;ritv and stiffness of the timber frame should he 'mproved.
Enough bracing romners 
should be p.ovidpi. inside 
the timher frames. 

b) Col umns ,l tLh, timber frame should be located near the inside
 
face of the wall.
 

c) Steel plat es and re'inforrement should he used to tie the
infi l wal' 
 t~o ti, timber trame to provide integral action of the wall

with the trange.
 

d) Li ,ht weight 
infill materials should he preferred,
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e) Decay of structural wood members should be avoided. Columns

should be placed on stone footings and should 
not be hurried in soil.

Beam-column connections shot,ld 
not be hidden in;ide the walls.
 

REPAIR, RE ST)PM'ION ANI) STRE;NGTHE NI NG (OF EXISTINGsI N , nILRAI. MUSES 

In the rupair, retoration aind streingthening of exi sting rural
 
houses the followin;g .tagu,; 
should he distingui:shed
 

a) Beore in eartihquake 

A survey sho:ld he carriud out or th,. exist in;' rural houses

which arm located 
in the neis:mic zones to determine he strengthening 
required. 

b) Just Iter , damra.gin; '.rthqaYP
 
Damaged but standi ng ld 


by temporary supports and ,,rsry,, 

us, -h,K,, i::'diat ely he strengthened 

s-pair:; to prevent their collapse

during after shocks. ,y the name pr'caut ion, luest damage d hOuSes
 
should be brouiht back into ur. 
it s-c-nary. 

c) Lon; t-, re-pair Afterti an drthqu, 

Cost and i ,a.ibility ,tru:i,.-, hi lt be cirrivd out to decide
 
on the demolishinii o;r rpai r1i8 
 A , d. LsI se.' 

Archite-ctural rpair ,iiK%. i, briin5 s bck the ,rchitectural 
shape of he Quno, o'that ,tI,un &; ,, th, house is resumed quickly. 

The :maia pu'po 
 ofi "- r.ti ni K, t" arr : ! rtrurtur:,l

repairs oi tii, load carry'in I', nt%,. It may' r,-quir, 
 rm'v,'al oi
 
some o the id sI t ,'::,i-'t t .iit Is ori,inal ,trcnvt: is more
 
or less rvtor i.
 

If an ,xi ti nq h , i.h , oir ii l tri t ,ra l i n.iiqIn,:i,.., (&.4.
material :-a, 
 h,. d :,i-d by time, ,ltcAtiq, : iht is., h .,.ncarri 
d t , r '.'itil4 i, l,,,.q ,"r gi n;,w ,prlttto de.troy

the 5yu:n .tvh. ilty , 1 I h . Asfin t.r, ;, i . ,arthqu.
if it i, ,it ,', h' 
 ".rthq
due to icl-"i , i !' 

t, ,il.,, iit 'wih 'An i Ps, rWi.tlant one 
,r i t, i r .:,i.,. l v :main it.'N, related 

to sei,mi nti, h iiiu, ,r, A, 

Hv v llt .- r ' , ! h ald B w ihopI4 c id Iilit r "nn . Rout 
Men~~~~~~ ~ ~ -A','~ dKbsai whrKr?4 'Ii t~hy1h db honhvrepla1v e Jv -rrr i i F-I, i i r a %he% k heat i my . ' fr -. Po I rA q-, rampnr

shiould 
bI hi t, - hy, iiv .iit.V hr i, , n s-r4 init hi v'ert ical 

beam, ('it -wrti %) Wi l h, i:pr:, ' ri lir' rouft I& thru,.t oin walli 
should h, el ii s, (iMit 9). 
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b) Substitution or btrengthefling of slabs: 
A rigid :utah inserted into existing- walls plays an important


role in the rtesi st ini ,,echanism of the house keeping 
 the walls
 
tog e thetr.
 

slans flth utrttd i.- occ cortprott.. I now~,vnore conc.
slab can yirsvrtA 0[)- nv~m ropti- ey:. T t- x stiluig %.oodcl,sl abs cani be --t IiI, nvd by I1 . i it! a It cnIo cvd -Aoncret thi nslab onthe old oriL' or nal 1ing plai' -l pt-rptvnd i cI .,rl y to thc, cyl -,tin ,' oties.

(Figs. 10,11) .11. iiab! 'ILIIAt.( bc Itoptrly on~u to thle
walls by sptvcxil ("t-fi1 iuy, (F . 12, 13 . 

C) Addinz liw -.%I k or i.trcngt licniin.' Ltu -Xi tt i lg WIII1S 
If thlt, .e i illy, 1uou-tv i -inot hym=.x~t ri al , it :.an be' ma.dc


symnmetrit al by adding, nwwr votk
Iat prupcr or1'.cu long bajrracktype lioust~t t r.mn ,vr wail 1i thotld t* it,,lid to p. in bttter box

action 
 and mort, i~ di i th t rin:,vvrtnt di rt-c t o. lit such
mod ifjcat jip cat.. ih.HIld I.v paid' t u 
 tu IcIrn.cc t io du1.t .1i I :i of t I-e 
new wal11 i wi th th. old ontul 

Lxt iultw w-a11% (dir uk V irv cral kt'd or mincr1ickv~ call lIt
strulnp'rh*nldc by ,ro ~ .noo .abI.! itxtur thl!Criu!. 

holes, by -it~u~t, i-I rc w otill 


Mzn 'petial 
the two ,Aillijti~ of t hi wall sv

connie t ingiv t I-%:% hrou"ri thull m*d appiviltl c ocn: . C 
 fln op
of thl~ moit- (r Ily pr. '.t rct.* i g (p floc'two uc 1 rlodn
sides ot thu. _11 I lini --tr't Ii Chun 1) 

onVo 
'r h: hlkul thu -li r ritrengt noft te VI~ II. % :lI, a'..' at'lt Clic ' nultiv:1,t Win01't thu N~11W3 Ifna 

are impr('v- (I I:(i ~ ' 

mt-sh and :i ro-otic rt.tL,t li th ,vvr intai :_i t it thIe ior'i of v rt icai!
spI fint ht w, ,ri ocin thr *it,litr i;nt .41I ltiv e over npandrol i.'.l 1a
 
at % t l b~l v 111r-bil ,t piit~oa AIIY 
 ( VeXt hodI C4 I-J'Ll i lit tlinI I: "%II 

bandagesm rethod") ( Ii )g. I It)
 

OUTL .;O.'or 110. ('TRH1I1WI0;'LAlPCll '") ON THEi Sf1 Wr 

Ho Lottt the rv Seaicli wor let- rr! liojorm arr di reect.1d tow4rdashear strengtht of m.4noitr pit*r-, and paticl- (utone. hAllow bricle
Adobe). Some rtatic t (cyclic) or hikn tab)tV tru t-r' .ave boonrcarrik-d ouit -!;.ill)i a %iv vtt..d.l of * a '(~hu "r btl( houmv;&. or
bui 1W ig.1ri-ni 

t o 011n 'r~ ee , letu ieT * . I *t~p 1xil %.l 4 flJscalo ptiol Iuoo ut ~ -,;1r I t .111.1't i - mll~rAnd 1wt omt~' he i'41vI pInv v,tI ' ieu tct: I rnIti r1 1 ! fj 01,1 iw d X
8inch hii -n ;X 1Vt im l otil. * mcre., sIJOC , t~li t'I
ld ho)I It.ti M4oja! 
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variables were; 
amount and distribution of reinforcement, rate of
load application, vertical bearing stress 
and effect of partial

grouting. The main conclusion of this paper was 
that much more

research is required on the 
shear strength of masonry piers. It was
also concluded that 
sufficient amount of horizontal 
bar reinforcement
 
provides ductile behavior to 
the piers which mainly fail in shear,

partial grouting produces an elasto-plastic force-deflection relation
ship prior to 
failure in shear mode and finally inclusion of 1/8 inch
plates in the 
toes of the piers produces desirable ductile behavior
 
before failing in flexural mode.
 

Sheppard, Terjelj 
and Turnsek (3) studiea the flexural resintance

of masonry walls 
to combined horizontal and vertical loads. 
The tests
 
were specifically designed so that true 
flexural failures would occur.

The results of the 
tests were generalized to provide a method for the
calculation of the 
 fle::ural resistance of unreinforced masonry walls,

and a basis tor the treatment of reinforced walls.
 

Benedetti and Casella (4) Tests were carrieu out 
on brick masonry
panels to evaluate the shear strength. The tests were carried out by

means of an experimental set-up which simulated the actual boundary

conditions 
as close as possible, Post-cracking, behavior of 
the panels,

comparison of the ncminal 
tensile strepgth derived. by different criteria,
possibility of the use of these values 
to define local strength values
 
were the topics studied.
 

Steinmann, Anicic aad Zamolo (5) carried out 
test:, on wall

specimens (approximately 1.0 m x 1,0 m) with or without reinforcement

in the horizontai 
mortar joints, made by hollow brick blocks. The

specimens were nubjucted to diagonal 
tension and al:o to cyclic and

continuing mosntonic load until failure. High strength mortar provided

high static ;trn:th hut brittle failure,
 

TnurnsekT rj eli, 
Sheppard and Tomazevic (6) carried out 
tests
 on ston:-masonry walls, reproduce:' in the laboratory di ILerL ot from their
natural nvironment, The walls were built of two outer layers
uncoursed stores , the midd le of the wall 

of 
being filled with rubble,
 

poorly bound together withi 
 lime mortar.
 

The walls tested were repaired by the injection of cement grout

into them and than retested. The test result,; showed that the basic

strength of stone-:nasonry walls as 
they cxist in ordinary houses is very low. However if the wall:; are rLpaired by cement grouting than 
the shearing re,;i :;rance increased tremendously.
 

Vargas (7) studied the behavior of adobe piers. ie carried outtwo series of tests. In the first serie; (overturning tests) it was

possible to apply yield-line theory. The second 
series of tests
demonstrated validity of 
the method also for the walls which 
are

subjected to forces acting on plane normal 
to the wall.
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b) Tests on small scale model houses and structural elements
 
(Static and Shaking Table Tests) 
:
 

Vargas (8) carried out 
a research program to determine models

of structural behavior practical rules and design procedures could be
developed. Compression tests on adobe, splitting tests, 
flexure tests,
axial compression tests 
on adobe piles with mortar joints, diagonal

compression tests, shear 
tests on walls, flexure tests on walls,

overturning tests 
on walls and module 
 tests were carried out.
 

N ,,li ernandez and Padilla 
(9) Tests were carried out on a
shaking table in order to 
evaluate the efficiency of three strengthening

methods, 
which are : a reinforced concrete 
bond beam at the top of
the walls, a welded mesh nailed to both faces of the walls and

covered by mortar rendering, steel rods tied 
to both faces of the
walls in their upper part. 
 :chanical properties of adobe and

structural behavior of 
adobe walls were also studied.
 

The test results showed 
that the siuesmic intensity that can be
withstood without major damage in increased 
:t least twice by any of
the strengthening methods studi,d, 
the most efficient being the welded
mesh reinforcenont. The emphas is is focused on adobe house.s but most

results are stated to be 
valid tor unreinforcd masonry in general.
 

Beneduetti and Castellani 
(10) carried out 
tests on stone masonry
buildings of 
scale 1/2, which int ended to represent typical rural

house without a rigid 
slab and without particular connections of

orthogonal walls. The origira l and 
the r.apaired structures were

loaded statica 
ly simulating earthquake effects. The load system
represented one 
;tory plus roof above 
the model under test. Vertical
loads were kept 
constant vhile horizontal loads repeated. The
repairin; techcniqu proved to be effiNt in 
restoring even increased
 
the ori,,inal 
 trength of the structures.
 

Jaiharn,',, K ,zharinov and linvov (11) applied static and dynamic

horiz.ontal Iccad:; to 
a two-,tory fragment of a building with brick
walls, At the first stage of the test; dynamic characteristics ofthe buildi:gc and c:rackin, and ultimate strength of th. building

were tW:diod . At the second stage, damaged brick masonry was

strengthened by 2. D cm 
thick reiniorc,'d mortar 1ayers and testedunder both qtatic and dynamic loads. The test results ;howd that
complete gain 
of initial s;trength and stiffne ss strength(ned by this
 
procedure was po.ssibli .
 

G~ilkan,,.:'i', Clooh and Hendrickson (121 studied the seismicbehavior c f a 7imp 1 ma sonr-7 eho r"o 'rb j-ect,d to s i m latsd ,eart:hquake
motions on a ;haki"g taibl e. 1h, hos,;e was con,Lricted such that 
similar mac;oir v cm i a'ont t 
 p] lacpd 5ot h pa craliel ancdto the tabl, ::cti n, Ilho t'it r ,clt transIcoverseidtiitAec, th.at the, 'v rall response i%:of ct,, in a um,:plx manner bv 
the orientation of tile
timber truss, Aimity r the, inc-planpm walln .Ant cracks deveouped inthe walls . A nominal amount of reintorc 'mert prevenuted the formation 
of cracks which could lead to failure.
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Arva, Qamaruddin and Chandra (13) proposed a new system of
 
brick buildings for improved behavior during earthquakes. In this
 
system it is claimed that a clear joint between the superstructure
 
and foundation masonry at 
plinth level would increase the earthquake
 
resistance. Reinforced concrete bond beams are 
introduced just above
 
and below the joint for integral action of respective components.
 
Tests carried on shaking table on 
half size specimens and analytical
 
seismic response calculations proved the reduction of effective
 
acceleration acting on the superstructure masonry as compared with
 
conventional buildings. Collapse is avoided and cracking damage is
 
also seen to be much reduced. 

Arya (14) carried out model studies of masonry buildings as 
related earthquake resistant design requirements. The items included 
were the strength tests on brick mortar composite, strength of shear 
walls with openings, lateral strength of small scale single room 
structures reinforced with steel bars in various ways, later a strength 
and :ree vibration tests on three storied single room buildings o
 
one-third tull-size, and shaking table tests to ultimate failure 
of
 
half-size :ingle room specimens reinforced in various ways. The last
 
test were carried out on a specially made shock-type platform on an
 
old railway wagon chassis. The test programs mQntioned clearly brought
 
out the critical sections uf the walls requiring reinforcement in
 
such buildings. With a little extra it seemed pos:'ible to
cost 	 p-event 
widening of cracks and also to prevent collapse.
 

Alvabian (15) carried out a series of 
full-scale pseudostatic
 
and dynamic tests of wood and steel deck diagrams. In addition a
 
series of dynamic tests were performed on unroinforced masonry walls
 
to 	study their behavior when subjected to out-of-plane excitation. 

REFERENCES 

.	 Arya, A.S. et al. "Guide Lines for Earthquake Resistant Non-

Engineered Construction", IAEE Committee 11 Report, April 1980.
 

2. 	 Mayes, R.L., Omota, Y,, Clough, R.N., "Cyclic Shear Tests on 
Masonry Piers", VI-WCEE, e Delhi, 1977, India. 

3. 	Sheppared, P., Trcelj, S., Turusek, V., "The Flexural Resistance 
of Masonry Oll; to Corbined loriontil on Vertical. Loads", 6 EAEE, 
Dubrovnik, Y'osl'vi.t, Kpt, 1971. 

4. 	 Benedutti, D., Cais lla, n , "'Shear St:,nth of lasonry Piers', 
7WCEE, V.6, pp. 167, ,pt. d-l , r..nhul , Turk v. 

5. 	 Steinman, V., nicic , ID., . ,lu,, n., "'' t, on the Wall; Made by
Hollow Brick Plucks Rvinfsrnd in tHori',ntal Mortar Joints Designed
for Seis:mic Z.ones' , 6EAEE, Dubrovnik, 7',goslivia, Sept. 1978. 

549
 



6. Turnsek, V., Tercelj, S., Sheppard, P., Tomazevic, M., "The Seismic
 
Resi3tance of Stone Masonry Walls and Buildings", 6 EAEE, Dubrovnik,
 
Yugoslavia, Sept. 1978.
 

7. Vargas, N.J., "Adobe Rural Dwelling", XIX South American Journal of
 
Structural Engineering, Santiago, Chile, April 1978.
, 

8. Vargas, N.J., "Analysis of Adobe Vertical Walls", International
 
Symposium on Guatemala Earthquake of Feb. 4, 1976 and Reconstruction
 
Process, Guatemala, May 1978.
 

9. Meli, R., Hernandez, 0., Padilla, M., "Strengtnening of Adobe
 
Houses for Seismic Actions", 7WCEE, Proceedings, V.4, pp, 465,
 
Sept. 8-13, 1980, Istanbul, Turkey.
 

10. 	Benedetti, D., Castellani, A., "Experimental Determination of the
 
Seismic Resistance of Repaired Masonry Structures", 7WCEE, 
Proceedngs, V.6, pp. 159, Sept, 8-13, 1980, Istanbul, Turkey.
 

11. 	 Jabarov, M., Kozharinov, S.V., Lunyov, A.A., "Strengthening of 
Damaged Masonry by Reinforced Mortar Layers", 7WCEE, Proceedings, 
V. 4, pp. 73, Sept. 8-13, 1980, Istanbul, Turkey.
 

12. 	 GUlkan, P., Mayes, R.L., Clough, R.W., hendrickson, R., "An 
Investigation on the Seismic Behavior of Single-Story Masonry 
Houses", 6 EAEF, Dubrovnik, Yugoslavia, Sept. 1978. 

13. 	 Arya, A.S., Qamaruddin, M., Chandra, B., "A New System of Brick 
Buildings for Improved Behavior During Earthquakes", 7WCEE,
 
Proceedings, V.4, 225, 8-13, 1980, Istanbul,
pp. Sept. 	 Tarkey. 

14. 	 Arya, AS., "Model Studies of Masonry Buildings as Related to 
Earthquake Resi'stant De;i gn Requirements", Research Conference on 
Earthquake Engineering, June 30, July 3, 1980, Skopje, Yugoslavia. 

15. 	 Agbabian, M.S,, "Strength Evaluation and Seismic Hazard itifation 
of Existing Unreinforc.d Masonry Buildings" , Re,-,arrh Conference on 
Earthquake Engineering, J:ne 30, July 3, 1980, Skopje, Yuvoslavia. 

550
 



PANEL DISCUSSIONS
 

The following panel members were 
present during the panel

discussions : Prof. 
Arya, Prof. Bubnov, Prof. Benedetti, Prof.
 
Hernandez and Prof. 
Neumann. Following are 
the general comments made

by each panel member in summary in addition to their contributions 
to the general state-of-the art "eport : 

Prof. Arya : Rural buildings account for the 95% of the loss of lifeduring earthquakes. From the classification of the rural buildings
it can be observed that all the good building materials are absent,
besides construction quality is;inferior, the buildings themselves 
are generally heavy in weight and the connections between the various 
elements are poor. 

From the engineering point of view, since most of the rural
buildings are one storied and generally very rigid, plastic no

crack design is almost impossible. Also there is lack 
 of cornunica
tion between the engineers and the actual builders. The solution
for the improvement of the seismic resistance of rural buildings
should therefore be simple, along the traditional line and economical. 

Prof. Bubnov : In Yugoslavia most of the rural houses are one or
 
two story 
brick masonry structures. This type of construction may
 
as well be found in the urban 
areas;. Three types of seismicity should
be considered : small, medium and strong. Measures should be taken

according to these types. In general 
 to increa:;e the earthquake
resistance of rural buildings the quality of the mortar should be
improved, light roof covers should be used (many building s col lnpsed

due to that), tie-bands should be provided at various levels (could

be reinforced concrete or steel), The corners are 
 very sensitive,
they must be reinforced and well cons;tructed. In YugosIlavia reinforced 
concrete columns are placed at the corners; tney do not carry vertical
loads, they only provide pood connection. Al.so for good ea.rthquake
resistance, the layout of the structure should he simple and a good
foundation should be provided. A strong foundation is nec e sary not

only for the earthquake loads 
 but for carrying vertical loads as well. 

In order to solve the problem, the following two aspects should 
be considered : 

a - Econemical aspects : This is the most difficult part of the 
problem since funds are limited. 

b - Educational as)ects : People should be educated. They must 
be taught what to do and how to do. 

Somp erthquake reiistant nol, it ,, are not very ,.Xpn'sive as;
compared to the usiual constructi:on. Additional reinforc en t provided
for earthquake rsintanc, dlos nut, exceed 1 of the- total co;t. Tie 
bands are very eftfuctive, yet they are not ezpensive. Tihus huilder:s 
should be educated about all these eftlectiv,, measures. 

551 



Prof. Benedetti 
: Repair and Strengthening of Existing Stone Masonry

Structure3 : (Demonstration Through Slides)
 
Some remarks : lost of the 
rural buildings in central Europe, especiallyin Italy arc alreadv exist in :tructures. New ones are rather rare.
 
Stone buildi ma; ) be 2 or
Separation of the faces ot 

3 :;tory high. Major damages, may be due totwo stune walls, poor connection ot slabswith walls and structural ::odi ication; (:,uch a,; providing a new
 
opening or adding a new wal I utc.).
 

Due to eco)no::ilic reason; it 
 is not possible to make thest
structures completely :;ei.s:mic resistant, but neverthele; theirresistance c.ln be improved through certa; in repair procedures and they 
can be used aga in. 

Prof. Hlernand z:: an!Repair Strngtheninq Adobe House::;; (Demonstration

throug. slide;)
 
Some re:arks : MAny strengtbening ::ethod:; hive 
 hen proposed but
 
very fe : have been tested under actual condiLion;.
 

Model tustq of rurdl 
adobe houses have been calrr-ied onut inMexico 
to see the effect of diifrent i:nd:ko :;t rnq,,thvningprocedur:; (9) Mo:; t e i-cctiv, ;trengLthli g proc edh re is found to
 
be the ue i wire :,sh.
 

Prof. N'rann : Tu:;t, carried out at tie (huiversidad Catolica del

Peru (7, 6). (Demontratin through ;lides)
 

After Or!l presentaLt ion of e"ch paneI un:sbr , Prof. Arva madean announcvr-nt to 1 :ior:; aibo;tt the new Moiiograpn; on Riral St ructuroswhich wa:; prpa red by Coi::;::,ttu H I I L (1). 

At r hciu:, nLtinurd vi Lhthiat, i:;.;,:n the ndian: ,. Mu inlyquestion, r;i:kl by t h oditnc, pint.d out the ir;ortAnce of educationand the 
prob 1m ,of lacuk of c,ra:ni c.tion h,.tw ,u ning neers and buildersand al:;o bhe' .n ovevrn.jI.t , it itls and t,. builder:;.
 

Prof. ArVs 
 id !;o:io c:;:liont ! about the im prov : oit co:mm niUllciation; he :;ung,.;t,., to prepa, e i IlIst rat We b,,o klt'; (UNESCO ispreparing, a ,i,,,t 
 i 20-2 pag,., to illistrite how ind what i:;tobe done) and evn :odel hone 1"or d::on,trt i i.
 

Prof. iHihnov coSMnOrd On th lovei 
of the problm : Theproblem is not 
)f Univrit7 level 
is 

bit it i:;lower level. Supervisionimportant anil 
di ff'rent economic possi hi lit ie.; of each country
should be taken into considleration. 
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FIG. 2 	 A WELL - BUILT ADOBE HOAJSE 

(Erzincan , Uzumlu town . Feb. 1978, Turkey) 
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En 1975 so inici6 on 
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In zone' do Cusco y Puno un importanto Pro
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rostnurar monumontos arqueo16gico y coloniales.ontro do un Pimturismo cultirtis 
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La nerci& - ronliza luago in proteg-r la ';uof(ricic o hmz.ycr valor con vol:~urn.i dIc 
payi-2 dc arroz y tala fi;:d, rotiraPdo :qilmr pqr hiltra lon ado'ts dc. la r-nrte ird'erior 
y, 1"~ilc 2>"1 iIo Ca 10.oicnlz"t.u ai 1,, .2c'rmo iicada aetoriorr-n~o. Al efec
tuar mn~ :;rm''ii::oto v: £7.c. e sorrm:Dr (d":0r'-:2caq an !1 7 Jcrmo d!1 rn'-ro utiliza:n 
do -':12 -:at' il1 'ulicl (2 i::ul-a 

Ln W. G'ri do r-izt ur:aci 11"viai a cl yy Cusco in kin -"Phnio amr'1 te los 

sist= yr~prc-Ami-:ta c allon - Inc: 10"ar t er iormn. A Za pr'atmdo, em:n s;in 

lasor' cnrLo; in;uV' jUMAHI. ant'liia.;o 11 'atwr>ld"id dtZaccikt decWorms 6T -bsro 

L intr w 7h i'* rt.L do lo 'qu cc2:ideram;cE %oluciows amiale;se mate
AM&z! in2 I>A do!c~CoP-' io a-So 2-mrdo, tdf:~ an 169 M;ors resto; de 
10G.; -"'c ;rT-1A:tmn"t-' cnntrufdn intr" 1119 y 'A~O. Lan i'inia do rpla7-n-an 

ti :ro2ta",ii u-A40 7"tmr 1e Nm~~ o:~' urn; do adro!, c-lyos cpescres 
vai2a: e.Ar- *.70 a 7.2 *.vtruq Li iuri do lc mrew "r an- 1 -troa qcIrn un las-A 

El muru ;adynamrto Ai exo:trir do lnlrio u0'tonk{ co.tri~fs-r ntermed ios que ayu 

Mo rriomtrl~'u y no- rec'itn' ,r' n-t h id pJ-~ri rvoistir Ion Twfuerzos 

e-! 77,rO 2::to1riei1 .. ,- n.i:"O , >,rlm~ y 'tz'. do laq aiwo ri- :'xnt", qw 

"ra~ la rwtuir;-: i 4-3 -'.'ro .n- iif: icron -nrtno y ;e QW0t 6 laryamente, 1lo1-unde
3 consilnmrr i v r "Hot'rnat iva ort An A i:corporar cqtrn -nro'; do crtlumnwsi 
y' una QW.---,rn - (7a:-n r-.j tr l.c' vannc y ia arilt ) to co~cr'ato *rm do, r-rotri 

(d'r ior-'; mpp'r i: 1 I lnvi1d% i~wak an di/-r';C Iqjerm%, pir,- rmfw~zar 0 AM1L

con couns iy;7e y Il"v-q le- (:oncrto armi.do, haLfern Ado milm rcAnddbob'ido 

al comportanion:to 'Iiforent- do io2 mtrit'ri-;, p~rr Io quo %,-roquiri6 al cona';ltor -

Entructural do 'J&iCO, Dont cr 2 ikx o Ymihi Kamii-ot (41) qua tavirrn cin cmna 

a) -ixc I,. amww .no in ci~ icn .1. q 1l :-Uinvc-.- ar:Irt*rw.o trolij- "'ad st't 

b) lue. Lit1 qtwtra'b In 2~ct artmldo awth 'icamme"t' 'ir an AJ' jue el mrIo awl 
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6F-Ira evitcar !oz ast.'!cto-, da f;avorallez U lel ui a dcl ado';e Cc,.l al cozncr'-to, :e to

't~w .';cc ~i1.~ vciai: l : d.1 ~ tic,,.2 li~a foria r!!ctan~ilcr haicia las
cara:-, decl i'r c:;..,na :::L lo. co.zt.,jos. :z iahccil;~~q 1c~r 
tc .arma.do sujn'tr- lai r1;,':; d - ,o -jf sin j'~T y -i ,..dtc~ ew:;tra:i&n de CS-
fucrzoc. 

La m;p~i:ci qiue l jolpt 'i co:ncr'!to armado conitrai Li -structura del- ,tra 

adclI sce -rodlucr! nor c::istir "~:eli'jcra-. :ema~, r~: t-ii::i::. Los Jfecton 
del irn-C>ito a" e2ido r-ucido':j'A !J.i~li mt Al~ co0;qt: uct ivo-. qu-' cg>.ranno ldnt(:c. 

ftr !ca j,- fur :'.OrilO.t 'l x; 11ii'. 'r~ ~1-cs ~ 

tro:s (1{* :,C-ii<', C't' .'.'r;riinca r.!T.'-zt 1r11!ito 

enc -xr. L ~' iW t' '- -. c:- .i rc:'oa 1.*i, colimr 
.1115: ::i(n'-10 1 '' ! trf'l r.-o" 'a'''prt ld~ ' v:r e ~ 
^4a t G-LI s'l ,It~rI 

Vai analii 2 (!-0 miiu (i -. rior 1'1 i-,r!rir'- df- U;>'Cuc-O Li o r 0
ri'ji- vn j dr6 ~' " t ttcc colps !P ~ ~ l't '.,u03 ;i,2 E 

7.(c r . I 2 *'' . ii Li f:i1l, -'rla por 'r: ':-O dc Pr

r _n ''0 i C ) 
6 

itr diit:2d-' /: 7!r C!" 7i'''l;'10,23 

1:.C tr-It'i 1-'1,..i, 2c,'a':"'; O rutct3 civil :U-uf!u'.l dil SirTIO ,VII 
r'.!stiur il> p r - -r ,it i: :c(,70 .''- I-1 .C c1-l !ipot !c-rio (],! I rrac 

y t~cc2rrc~~ i-I 1itrru-iu"a iz cint idad cul rc_ I v' prrctlc'; y r),o.rte

int(arnior -;r_ 10', tYo, yr .:, 1'.:lo. 

Jpydi 'r ' C 0ir IliI)'I 

Lo,, se~v~:uaiicrorn con do-, vinas 'r! concreto arrado ' un ccrrf-n p(!rpex2(i:uklr 
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monte, a lo largo do l part* alta de la pared. Zgsas aos vigas tienon par objoto dar 
peso a L part* superior del rmaro qua so nocasiviaba asegurar, facilitando l suJoci6n 
al diAfragm y al otro sura paralolo, 

La 	secci6n do esas vigas soleras so diseP!6 do manera tal quo pormite mayor adher ncia.
 

al urado obe y mayor superficie de contactO lateral. Las vigas ostan apoyadas .o 
bre loo muros de manra quo no pueden dAlar los adobes en caso do un sismo, aislAndo 
las do los dsmos mediante una ligera superficia de yeso. 

3) 	Hospital do los Betlemitas do la Almudna. 
En este conjunto del siglo XVIII se han aplicado diversas soluciones especiales para 
restaura' los auros do adote qua ostaban bastanto afectadoso Las mis destacadas han 
side las referidas a L& calzadura y enderezamiento do un tramo del mur o correspon
diento al segundo nivel del primer clAustro. Se trataba de un segmento do sure con
 
pintura mural qua formaba parto de un tramo 13y deteriorado y quo habIa prrdido su
ploo original.
 

Despus do proteger la pintura mural so anderez6 el fragmento de muro usando palan
cas y tracci6n mecnica y luego de situarlo en posici6n definitiva, so procedi6 a 
trabar y compltar el fragmento on menci6an con adobes nuevos, quo se fueron colocan
 
do hasta restituir I& altura original.
 

Otra saoluci6n qua interesa destacar astl referida a la cruJfa do fachada del monu
mento, qua requoria mayor estabilidad ante posibles esfturzos lateralos, toniaendo 
on cuenta quo las habitaciones del segundo nivel eran May largas. La intervenci6n 
consistiO en colocar llaves en forma do 'T" con dos vigas paralelas y cruzadas al ni
 
vol del pino del segundo nivel, a fin de arriostrar los nmuros perimtricos con los
perpoe4iculares a ollos. 3e agreg6 tambidn un nuavo entrepiso con vigas do madora 
asorrada, par encirm del antiguo do madera rolliza quo so deJ6 an el lugar, porque
constitula un elomento do valor par toner las vigas moldeadas con barro para dar la 
apariencia do un artesonado. * 

A nivol do 1A parto suporior do los muros perimitricos se coloc6 una doble viga de
madera do sais pulgadas de secci6n, formando un collar en toda LA crujfa. Esa doblO 
vila constituida par plazas traslApadas aseguradas con abrazaderas do hierro y cu
gas vrticales do nadera, qua so introducan an l aro, recibe al peso do las hiladas 
do adobe quo vionen encim y de los tochos do par y nudillo, con lo qua so logra una 
traba estructural quo no permite quo los muras tengan tondencia a inclinarso.
 

4) 	Iglesia de Canincunca.
 
Zn 	esta iglasia rural corcana a Cusco, los curas perinitricos do adobe tienen un es
pesor do 1.1O metros y una altura media de 6 metros, con una longitud do 21 metros,
sin arriaosteanionto lateral. Una do esoo muros precantAba una irlinacin acia al 
e:,terior, posiblamente bastAnto antiUa, porque existUn contrafr.rtes para contra-
rrostar los ampujos y ancima do ollos so agreO6 un sacva sure pr.ralelo con 14 misMa 
finalidad. 
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FOtocrafla i 	 ecl~ Larra so'.r- riuro d~auoLshuiclericon eni el. sitio de 
Garaqay, la fi~jira c~ta rolicrcriucla cc--i cclor~s 1a:nco, amarillo, rojo 
y roc .o 

Fotc~a~a .- '~~ijw t!cI j .!1uitcaci6n ruara r-ioic l la cost"- denomnidco Ptr-,-u
chucc. Los ~:~o dc 1-1,11i;-_ lo ; Iuross de ta,)ia fuerori "reconstruldos"1 

rx ctcad%.z pcasada!,. 

Fotorn;ffa .3.- Ca a -arCIi11,ct~'- -iua(Ai 6rcc Tia&,ua.iaco - tiuari (e;itre 500 a 
~ ,oo~ ,ccz-7trulcla con zcoi ti. a'I2~~!;I"3rito 


r oto -raf- 1: 4- (]c;: eL'1 
 - vr~11' ,.zL~rin~, .v Ctor "h- ' loci:Ca contrui 
OCC. lciC~ -! (t i. c tru'Io) (-, f rr.;'a ccrrccta) 

?ct~rSi~ ~- *;'-y Te.- 10 d(cl Dio'- 7':r:cocl,.zi n Pqc1ld ccrca deC 'usco, rxaroc d, 

votograff-a 6.- jCzisOcu-r:ndo LIci27fueiolusz 
cilaos. o;sico: 

.-i Lil-i y cLctodcl 	 den~z COloni-alez v,!
i:tudc adolbef, ladr,'llo cquirzha.
 

Foto'17raia 7.- C.-zciz 16o,, 
 c:<,r' p~opuir ,2.1 la zona d-- 1jjucgm c.ni la cc-,ta

nto-irafa r.. .. ~ '~c!'2n.rirlo e- 'l. :iucola nri-ra --rtoraf a 

%' 9 y 

?otograffas .0-., y 5-B.- C-~j ClK;a t T,' ~nr jvrlro dc rutc~rr 
CU':quC-i ( ,cl -,Ir -,./IT, ctra2 2 r ; ii>I co:d c1'
ernti-lad i.rr .clt iA~e ~i;~~~~i u c-not6o1.1i 

-. siol .- inr . i 17 :' -, r rr-t ur-ir lo-; 'iro':.- .'., ?Adc,7 

Votograffa-. ir. y ~ A.~r rip 	~.l.~C1XjCj,-~~ 

*t ua ru-iI::c,!liAro. 	 V) l tniti§rlicr. to d'a2. cota 'u: 

za.r ios murn7, "r I~ci-, t. 	 vc Li jici 'r!!t-FU (ICula int'cr
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?ctora~.n~12-'- y 12-ID.- Casa del .Almirante 7rancisco .. lcretc ' ldona(70 co truida a 
fines del sicrTlo :,VI con adobcs sol-re rmuros de 6poca irnca. '7ui af-.ct:
nor cl terrcvloto dO '95C y~ nor Las cquivccas .interve-:cione.s -'osteriorcs
:IP-ta f-u rtstatzrada entr 95aI~9 

vistas
Li'.- ' zr~ la fachacla al in-icia dc !as otbr,-i y despue's dc Su 
Co';Clusz10"n. 

Fotografias 132-A y 1,-3. Iglesia de San Jero'nimo, cerza de Cusco, construdda (!n el 'l 
tinmc tcrc-io del 3iglo .'Oil con adoles. La restauraci611 conclu'j6 ci '!9CO. 

rPotogr-a2-as 14Ay 14-2,- Casa del 11a-rquoz de V7-Allcumirnbroso en Cusco en la -puc destaca 
la portada de transici&n inca-Cclonial. Er. la rprimtra fotografla cc areL 
cia la casa en 1974 i2 o de scr des-vastac n por ur. i.-cndio. Za la Si- 
juiente Ectografia el -stado actu-l de la cas-a en proceso de restauraci6n. 
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STABILIZED SOIL-CEMENT IN LOW COST CONSTRUCTION & ITS PESEARCH NEEDS 

ALFRED BUSH - RESEARCH CONSULTANT 

CONSTRUCTION SYST[ .S, ()EVELOPIPENT 
455C Albany Post Road
 
Croton-on-Hudson, N.Y. 

10520
 

ABSTRACT:
 

Scientifically stabilizing soll with cementitious materials 
establis he, t permanence for buil idlrnq. Pelnforcinq it with 
bamboo or .ri 11 - ti. l -trnri , ,ind ' rt, r ,)rovi(!(,, it w th 
structural r-,,i tric t') c.,-ci1-,1 ic hrrri ri i ir irtfjuL e 
condition-,. Trif in itrt %r opl,' to Ind huil(d 

1lintel-, u'iinq rvinforcrd,( -rttj ,.tiih !)1i-:~nli:,od loci. 
and rar',,j '-,, t-:r Ia 1-, t Iiro Jh .1", 1#;, /,, t' ;i I, - - )1,I fill I' q,
result- in a -iin -r,1ubl irGlndu'.try for r'iniru.' co t ,tructures 
developm;ent. !" I ntere t, throuh r(,,(. arch, tw'stinq and 
demonstration is to prove out thesr, theses. 
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Significance of the Problem
 

Housing has been built of soil in the form of adobe for centuries, These
structures, thouqh coated with stuccos of various kinds, have required
extensive maintenance, and wash out due to heavy rainfall in those climates
where this weather persists. Where earthquake conditions prevail, collapse
and crumblinq of the structures has killed innumerable occupants. Thus the
 
study of this problem.
 

The stabilization of soils such as soil-cement hs been studied inhigh
technology countries and utilized to some extent (over 70,000 miles of highways in the U.S.) as sub-bases, secondiry road slabs, shoulder for secondary
runwas, etc. 
 Witn the low cost of materials and the high cost of labor in
the past, more and more, sophisticated uses of mechanization 
has taken place,and the more ldbor intensive, or what were originally low cost systems werediscarded. 
 Large 3nd extensive subsidies have been provided by the U.S. for
the development of the cement and steel 
industries in highway construction to
bolster the overwhelmingly extended use of the automobile. 

In developing cointries on th: other hand, research has continued through thedevelopment of simple block making machines and the technology for laborinter.sive utiliz.,tion. tlethods for m,rrying concrete and soil-cerement havebeen experimented with, as in Isra, 1, (1), but never simplified sufficiently tothe village level type of operation to be able to house the lowest incomefamilies. The least skilled population wds helped on a one-to-one basis duringemergencies, but not trained to utilize! the skills developed for jobs, 
on a
 
more permanent basis.
 

One great need is the provision of housing which will stand up over the years
with practically no maintenance, yet at the same timr ?fithstaind the ravages of
the climate. 
By combining reinfor-ing, soil-cement construction and an easyto- build roof cover system, such as one of ferro-cer,xent or other, I believe 
this can be accoriplished. 

A second great need is the promotion of jobs and div rse appropriate industry

at the village level in the rural 
areas. 
 This will foster the stabilization
and upgrading of the local population by creating mutual industries which can
service their own communities, as well as the surrounding larger cities and
 
towns.
 

Innovative Approach
 

The innovate approach herein suggested is for the pretesting a simple
construction system in the laboratory to predetermine the ability of such 
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a low cost structure to survive rugged field conditions. In the lab, facilities
 
are available to sufficiently simulate those conditions, but at the same time
apply advanced techniques under controlled environment. This may not sound

unusual in applying advanced techniques in developed countries, but in the

application of basic technology for rural 
or less developed area or nation
 
usage, it is rare 
that such linkage is established.
 

Since the author has published an article 
uiilow cost housing (2) which has

circulated freely in many developing countries, 
so many responses have come
in from around the world for information and assistance, that one could find
 
a ready application for a field demonstration. 
 It would be more practical for
such a demonstration of self-help techniques to be tried in a rural 
U.S.

community first, perhaps one such as 
the author previously participated in
planning with a Georgia sharecropper, Appalachia or rural 
Puerto Rico community.
Feedback, and the resultant inrovements could be more immediate, and trainingtechniques could be realistically worked out. 
 Thus technology transfer wouldbe greatly facilitated, and enhance the utilization of the benefits of the
 
research.
 

The concept of producing a mobile mini-plant incorporating a cluster of smallblock making machines, is the key to maximizing the efficiency of this elem
entary tool. 
 It entails a low investment in equipment, yet establishes quality
control of the ccmplete manufacturing process through the training of one manto become skilled in the operation of the mixing. 
 This feeds the soil-cement
 
at optimum proportions to all machines, and at the same time, through hissupervision, assures 
control of the procedures in curing all block produced.
This system was conceived as part of a presentation prepared for the U.N.

Habitat Exposition held in Vancouver in 1976, discussed later in the section
 on 'Systems from Tools', which indicates the potential varieties of appropriateindustiries which could derive from the Cinva-Ram block making machine. Thus

demonstrating the potential 
 for creating new jobs appropriate to stabilizing
the rural regions of any country.
 

Research Objectives
 

The de:ired research program would be hoped to demonstrate the following:
 

That soil can be used ar a construction material for footings, foundations,sub-floors, walks, ster 7 ind other construction purposes as well as for walls

and flonrs of houses and other buildings. 

That reinforcer.wnt applied to soil-cenmnt as well as concrete ard soil-cement
combined, can -esult in structurally sound, low cost and easy to construct
parts of the building systems. 

That optimum soil-cement mixes fed into a small hand operated block making
nrchine can, with a minimum of 7 days curing, demonstrate quality control andthe capicity of the block to carry loads equivalent to concrete block, and 
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equal-to or better water absorption characteristics than concrete block.
 

That ferro-cement panels for roofs, designed to meet required loads, can be
 
properly fabricated, cured and assembled and anchored through simple

techniques as part of the system.
 

That sub-assemblies of soil-cement, reinforcing steel, concrete and ferro
cement panels can be easily combined to make a completely structurally sound
 
building to carry hurricane and earthquake intensity loads.
 

Stabilizing The Soil 

To increase the stability of soils, they have been mixed with many types of
 
bonding agents, varying from bituminous emulsions, salt solutions, organic

liquids to lime and Portland cement. The results have been as varied as the
 
type of mix. The most common materials used have been lime and Portland
 
cement. 
Results with lime have been most erratic, since its manufacture in
 
less developed countries has lacked any standards for production. The kilns
 
for processing it have been set up near the local outcropping and whatever
 
the purity of excavated material, whether containing 10% or 50% sand, is
 
processed in the same manner, in hand fired kilns, with no quality control
 
over the process. As a result, no assurance can be given that the batches
 
will have any consistency.
 

In contrast, Portland cement (which has twice the strength of lime for the 
same mix) is the one of few quality controlled materials manufactured in 
most countries where lima, bearing materials are native. Since the investment
 
in manufacturing plant and process are high, and the techniques to produce
 
are imported, the product generally meets basic international standards. 
Thus the mixes made with it usually are able to meet some commonly accepted
 
norms.
 

Most research has been based on determining the optimum soil and using that 
for the mix, and if such is not available, then creating it by combining the 
necessary ingredients. Since all soils consist of varying size particals,

ranging in different p~oportions of gravel, sand, silt, clay and colloids,

and differing mineral characteristics, those soils with the best character
istics, have been chosen for use in large high investment public projects,

where advanced technology standards are usually emulated.
 

In using the material for lowi cost housing, however, since the value of the 
material and the potential for using it at all is usually in its availability
and close proximity to its end use, it is possible, by varying the ciment 
content to obtain good results. The type of soil on hand must be considered, 
so that the proper %of cement to be added may be determined. In making block 
or ramming the soil in situ, it is possible to use any soil by first 
determining its characteristics. 
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Standard procedures usually require laboratory analysis, but up in the back
hills none of this technology is available. 
So the author has invented a
simple system that anyone able to read and count or note time on a 
watch may
use to determine the proper proportions to use. The technique will be
 
described shortly.
 

Variation in Mixes 

The percent of cement required in
a mix depends on tne fineness of the
particles in the soil. Since a clay of exceedingly fine particles 6 0.005
 mm has a much larger effective surface than a coarser particle such as 
sand,
itwill take more cement mixed with a clayey soil to cover and bond all
particles than a sandy soil, 
for that is the function of the cement- which
 creates the stability and resultant strength, wear resistance and water
resistance to the soil-cement. Thus 
a good sandy loam may require only
5%cement for an optimum mix, and the quantity may range all the way

15% cement mix for a lateritic clay soil. 

to a
 

Percent By Weight Vs Volume
 

M~lost high technology producers use the cement measured by weight for accurate
determinations, but, since the objective here is 
to use simple skills and still
establish an effective use ofcjality control, and volume mixes have been
determined, and are available from the laboratory research, the author has
used the percent by volume mixes. 
 This permits great simplification in not
having to work with oven dry weights, but calling for mixes by referen-es to

the relative shovel fulls of cement to soil.
 

Optimum Density 

Each soil and soil-cement mix has a density which varies with the percent of
moisture in
or added to the mix, and it 'z the mixing density which provides

the best properties of the combination. This varies with each soil type as
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well as each soil-cement mix, and would require a laboratory test to determine
it, except that an exceedingly simple crush test so 
closely matches the res11ltc,
that even children can and have performed it and produced excellent results.
In this test it is not necessary to determine how much moisture must be in thesoil to start with, or how much must be added. It is only required to lightly
sprinkle enough moisture on 
the batch and mix it in to an even color through
out, grab a handful and squeeze it into a solid lump in the palm of the hand.
The mix is too wet if it wets the hand. It must be just dry enough that when

crushed with the thumb into the palm, it breaks into just 
 two pieces.

That is optimum moisture content for the mix. 
 It is too dry if it crumbles.
 

Manufacturing The Block
 

Once the soil has been tested for optimum mix with the desired stabilizer,
and sufficient material for its intended use has been determined, batches maybe mixed for manufacturing the block. 
 These may be most readily made in a

portable block machine of loi cost such as 
the Cinva-Ram (see Fig. 1). It

weighs about 150 lbs. and has been manufactured in South America for use in
many parts of the world for over 20 years. Two men can readily learn to operate
it in a matter of minutes, and can produce 50-80 block in 
an hour. Operation
of the press follows (Fig.2). Immediately after each block is made and ejected
by the machine, it isplaced on 
a plank so that when several have been aligned

on 
the plank, it may be moved into a shady spot or under cover, where it iscovered for at 
least one week, keeping it constantly wet for curing. This will
 assure a solid block of adequate strenQth Lnd weather resistance. Soil cement
is thus treated like concrete which the longer it is kept vet the more 
strength
it gains. It is not to be treated like adobe and baked dry in the sun.
 

Similar techninues are used in casting soil-cement in situ. In this process

the same mix is placed in the form or into a cut in the ground in the case of
a qrade beam, foundation, walk, sub-floor or steps. The material is applied
in several layers, compacting each layer thoroughly with a weighted tamper.
Moisture might have to be lightly sprinkled between layers to prevent prematuredrying out. 
 The layers should be covered with wet burlap, straw or other
material and kept continously wet thereafter, as for the block.
 

Varieties ofMachines & Types of Inserts
 

Several forms of block machine have been on the mark, t, but non more portable
than the Cinva-Ram. MIodifications and copies have been made of it, including
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the Ceta-Ram. Since the Cinva-Ram consists of a rigid steel box with a yoke

applying leverage from a long handle compressing the soil mix by way of a

bottom stiffened plate raised towards a locked-on cover, it provides for the
 
use of various inserts which can be either attached to the plate or inserted.
 
These can be used to produce block to acconmodate reinforcing, floor tile,

grille block, lintel block, etc. (see Fig.3, 4, & 5)
 

The Ceta-Ram on the other hand has pipe fixed through the interior of the mold
which provide for holes in the block to accommodate reinforcing. Because of

this permanent insert, variations in the types of block cannot be provided for,
 
so the flexibility in design application is limited.
 

The author has recently been working on a new modification of the machine to
 
be operable by one man. One design was developed using this idea at Dartmouth
 
College, but needs further study.
 

Reinforcing Techniques
 

In order to enable soil-cement block to become resistant to cataclismic
 
hurricane and earthquake loads it must be reinforced using steel rod or
 
bamboo. This can be accomplished by the use of the Ceta-Pam or an insert in
 
the Cinva-Pam which provides for holes in the block (see Block Features Fig. 3).
Then using a cement grout or concrete mortar tamped into the hole around an
inserted rod, the reinforcing is enabled to transfer wind or shear loads better
than a plain wall, and tie walls and all together. (See Fig. 4) 

In the case of the lintel block, tie bearz and lintels, they r,ay be prefabricated 
as sub-assemblies or cast in place at the top of the wall to form continuity

from wall section to section, or compIletely around the bui Iding. (See Fig. 5) 

In the case of the use of soil-cement as footings or grade beamrs, it is
anticipated that a light steel cage be suspended in the form and vertical 
rods be tied to it for the wall connections. The soil-cement is then tamped
firmly around (as described above) the blocks with holesand reinforcing
anchored properly. Thus a monolithic structure is made which can withstand 
heavy loads and shock.
 

Simplified Block Usage 

The building features developed by the author we'e created to eliminate skills 
in laying block walls. Lengths of wall are called for by the number of block, 
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and are limited so each person can build his own section of wall without trying
 
to match or keep up with his neighbors work. To eliminate skills in locating
 
courses, leveling and alignment, guide posts or frames for windows and doors
 
located and leveled in place, are guides, with pins or nails at course heights

marked with guide string moved from pin to pin. These posts are previously

placed by the one skilled man on the site - the carpenter with his helper. Thus 
self-help techniques are facilitated and costs for construction can be saved by

the sweat equity supplied by the residents-to-be, who also participate in the
 
manufacture of the block. These features were demonstrated by the author in
 
1960 at the World Housing & Planning Congress held that year inPuerto Rico.
 

Assembled Buildings With Varied Roofs
 

The houses demonstrated in Puerto Rico were of two types; a 2 bedroom unit of
 
665 sq. ft. and a minimum 2 room shelter of 215 sq. ft. (see Fig.6M7&Fig. 8 ). 
Two 2 bedroom units, referred to as House #2 and House #3were shown, having

identical floor plans, but incorporating 2 different roofs. House #2 roof was
 
formed with reinforced precast beams with projecting top steel. Specially cast
 
concrete blocks spanned between and rested on notches in the beams, making a
 
flush ceiling left exposed. This could have been plastered or painted. Over
 
the top of the beams and block, concrete was poured, locking up the top steel
 
and the block monolithically. After curing, a white vinyl paint applied on top,

made for a highly reflective watertight finish.
 

House #3on the other hand shows a small channel beam running the full length of 
the house over the longitudinal walls. This was anchored to reinforcing rod 
coming up through the walIs in the manner shown on cig. 5 and described 
previously. Across the top of these channels was attached a deep draw white 
enamelized aluminum roof, drilled and fastened with self tapping screws as
 
recommended. These roof panels wer2 long enough to spdn completely across the
 
outside walls including generous overhangs. Despite the tropical sun, the
 
under surface was merely warm to the touch after several hours of exposure to
 
the sun. This wias due to the fact that the underside, at the ends of the house, 
were left open as shown, and all corrugated fillers were omitted. (see interior
 
view Fig. 7 ) 

Finished floors were made of soil-cement tile cast with an insert in the 
Cinva-Ram machine. These were laid over a tapped in place soil-cement beds,
 
and joints were grout poured.
 

Extruded aluminun jalousies were fastened directly into the block through their 
frames. The top sections were of the glass type turned on end to act as baffles 
and draw in the breeze. (see Fig. 7) 

Simple surface wiring, connectors and sockets fastened into the block, completed
the houses, along with basic sinks, toilet and shower stall. 

These building units, based on Puerto Rico 1960 prices and a production of 200
 
houses, was estimated to cost $1,400 per unit, including all labor and materials
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as well as equipment. Self-help input was not included, so savings could
 

ensue. 
 U.S. 1973 costs based on minimum wage was calculated at $3,800.
 

The Shelter
 

The Shelter Unit #1, (Fig. 8) made with the same block for walls and floor,

included a butterfly white enameled minimum cost aluminum roof, fastened down
 to an aluminum angle frame with self tapping screws as 
in the other House #3.
Since this unit was to satisfy the capabilities of a minimum income family in
 
the most impoverished countries to pay, itwas 
to cost no more than $100-$200.
Thus the use of split bamboo grilles under the roof instead of windows. Two

galvanized steel tanks were built into the back wall 
to collect water from the
roof for use in
a precast low cost sink and toilet. A septic tank was to be

built out of the soil-cement block. (see Fig. 8A below)
 

The roof was of the lightest gage low cost aluminum, corrugated and textured,
white enamolized to 
last for many years, and not need replacement every 5
 
years as is the galvanized iron roofing uced in many parts of the world. 

Other types of roofs are locally available in many countries and now may be
considered as effective and low cost as 
the roofs described above. Asbestos
 
cement roofings of the deep draw type are now available. These were considered

for a morc recent proposal for the government of Indonesia, for the largerhousing units. They might be most economic, since they, as did the deep drawaluminum, span across the whole house without additional framing support. 

FIG. 8A 
Shelter Water Tanks
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Another type roof which has been proposed, and is further suggested herein,
requiring further design, research and testing, is
a small modular Hypar
thin shell roof structure of 2 types of units (Fig.9A) as shown. These mightbe made of ferro-cement by unskilled self-help labor, similar in type to the
units that the author designed for his own residence. They were Shotcreted 
using a dry gun process. 

FIG. 9
 
Bush House Hypar Roofs
 

'Systems From Tools' - A Concept for Appropriate Technology
 
Devel opment 

Many years use of the Cinva-Ram rachine suggested that a system of manufacture
and creation of jobs was feasible through its local application to housing andcommunity development. 
Each step in the process of adapting inserts and
extending its use revealed the implication of another mini-industry which could
feed into the end product of construction (see Fig.10).
 

Startino with the inserts, a small woodworkino craft shop could manf:facture theparts to 
no with each machine. The machines themselves could be sold to
communities or small cooperative groups who could be trained to move out to asite and produce block for an individual need, or the machine could be leased
by an entrepreneur who could include a short training program with the 
leasing
charges to 
teach proper and efficient operation of the machines.
 

Another group might organize to use special block 
to manufacture sub-assemblies
such as lintels and beams which they could sell 
to individual do-it-yourselfers

or to contractors to 
use in construction.
 

A mini-nnufacturing mobile center, organized by its workers themselves,including a demountable shelter for curing block, along with a cluster of 4
machines, a mixer, plank and covers, water tank and cement, could move to abuilding site for a cluster of houses for a more efficient production of blockand parts. Twelve to sixteen men with this equipment could produce up
5,0(O block toin one week; enough for buildinn one complete ? bedroom house.The soil would be taken from inTiediately beneath the top ornanic layer fromeach surroundino buildinq site and moved to the center of production. Thenthe cured block would be moved back out to each site once the i)roper numberof each type had be2n completed. Upon finishing the block for all housesthein the cluster, the eouipment and demountable shed would be moved to thenext cluster site and 
so on.
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Sketch of Shelter - Proposed Study7 
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Having studied the economics of low cost planning for low income cooperative
cormunities around the U.S., 
the author has conceived the hex unit cluster

site plan indicated at the lower right hand corner of the Fig.10).
provides minimum road and utility runs as well 

This
 
as an equitable distribution


of land for each family, with the central site, temporarily used for
manufacture of the block, 
to become a recreation play area for the children
and youth livina in the immediate cluster. 
This suggests another industry
the planning organization which can develop sites in the local 
or nearby
communities. 
 They would to acquire some of their more advanced skills and
trainina through the secondary or college level institutions of the country.
By training students with tho:se potential developments in mind, there will
be continuity in their development, so they can go right out to participatein their own community growth in a more orderly manner than beinrc thrown
into the market place looking for jobs for which they might 
 not 5e trained. 

Two other concepts are included in this system ;one the Kit of Parts concept,the other the Expandable House Design concept. The Kit of Parts would be
sold to a do-it-yourselfer or self-helper who would acquire all 
the pieces,equipment and training necessary to 
build himself the minimum unit shelter.
He would have the use of a Cinva-Pam and necessary inserts for a period of
time; so many bags of cement, depending on the soil analysis; reinfocinqrod, anchors, framing for the roof and roof panels as required for the
particular area, 
tanks for water storage, fittings, pipe and fixtures for
sink and toilet connections and a minimum set of parts for surface wiringand electric outlets where electricitv is available.
 

Absolute minimnm kits could provide for roofing, framinq parts, reinforcingrod and cement along with the Cinva-Ram machine for making a partial shelter;sufficient for making block walls holdto uo the roof. The remaining wallsmight be installed using temporary materials assuch slit bamboo mats. Asub-floor of soil-cement might serve until additional income was available
to purchase mre cement anc a further use 
 of the machine. Then floor tileand additional will1 block might he made and tied thein with existing perm
anent structure. 

An option for sorrone with a little more incore might ba the purchose of twoor rore kits. TYpse could be combi ned and tied together wi th extrnded roof
panels to mike l.rqer units (see Fig.11). 

The other concept is cnncerned with the expansion of a house frnm a minimum core of sonme 415 ,q. ft. fnrming a complete living core - a basic house,. Bythe addition of 2 orr tip to 4 bedrooms, this Muse becomes up to 930 sq. ft.
in size. (see Fig. 1J) 

Tlus . gret rann(I in size and type of housing becomns available for nec ti nqvaried icome needs, all buildable with local soil, and providing thepotential for satisfying the additional need for jobs and development in
 areas even where seismic problems exist. 
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Cost comparisons determined by the author on 4" 
vs 6" soil-cement block
walls indicated a savings of some 35%, since it only takes 2/3rds 
as many

block to cover the same wall 
area as the 6" wall. So since 4" thick walls
 
are adequate for load carrying capacity for low cost houses, great additional

savings could be entailed in the thinner walls. 
 This would be especially

valuable at the poverty end of the scale, where permanent materials are

looked on 
only as a dream, and housing is usually thrown together and

maintained with any second hand materials available. Therefore, I would

like to see comparative strength tests 
run on the block in the two

directions. 
 Ideas for mold inserts for use of reinforcing in the 4" wall
 
have been studied.
 

Tests on the lintels have never 
been performed, so variations on the use of

soil-cement vs 
concrete mortar for reinforcing embeddment could well be
tested, as could even be embeddments with sar d-sulphur. Therefore, a program

for testing these would be of value.
 

Inaddition, it would he necessary to determine bond strengths and pullout
resistance of reinforcing bars in these various materials and soil-cement
mWxes. 
 To determine the best anchoring techniques, perhaps different types

of anchor ends night he tested and experimented with, considering the skills
 
required to ,W}ke and assemble them, and the need 
to keep costs down.
 

For a permanent roof, a program for design, fabrication and testing of Hypar

units should he orqanized, to determine the most economic amount of steel 
to
 use for the most effective roof slope. Joining techniques have to be worked
 
out and evaluated, dnd tests run to determine the best joint mithod to 
use
 
for the small test structure to follow.
 

Lastly there is a need to determine the abilitv to make and develop a simplereinforced qradp beim of soil-cermnt to resist the serious effects ofearthcuake loading, ,wihen comkined with the rrnolithically tied together walls,
tiebears and rcof ;1iils. This is recoruinended as an alternative to stone or 
ruhV>ly structures or concrete block huildinn. 

Finally, :here isa need to aqsemhle a comvosite uf all thete above parts

into i ',"ll ,tructure to test for earthquake loadings. It was this program

that I had no-ed to carry to fruition through MISF funding. Itwas estimated
that the r-searcm and test pronram woul1 d run for some 12-16 months; that
dynamic loads thouqh desirable to test with, might he simulated with certain
static loading , ,l1 inall a very exciting program to serve a very great
need on an all too shrinking planet. 
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LA PROBLEMATICA DE LA CONSERVACION DE EDIFICIOS HISTORICOS DE MAMPOSTERIA
 

TECNICAS CONSTRUCTIVAS Y CODIGOS UTILIZADOS EN ANTIGUA GUATEMALA
 

MARCO TULIO ORDOIEZ CASTELLANOS
 

CONSEJO NACIONAL PARA LA PROTECCION DE LA ANTIGUA GUATEMALA
 

ABSTRACT
 
This paper points out the problems involved in the preservation of
 

the Monumental Site of La Antigua Guatemala, which is located on a
 

high seismic area. 
 It also analizes the traditional materials and 

construction methods, 
the current damages caused by earthquakes in 

masonary historic building and the restauration technics that are 

being used by de National Council for the Preservation of La Antigua 

Guatema Ia. 

ABSTRACT
 
El presente documento plantea los problemas que conlleva la 
conserva

ci6n del Conjunto Monumental de Antigua Guatemala, situada en 
un area 

de al ta siS I I ad. S! aralizan los materiales y t~cnicas con,,tructi

,
vas t radic i na le',, Ia f f recuunten aa'; por terrefm),';A' , Cau,,adas lo,, 

tos en edif icios histl(rlco, (fe raipostria,y los )rocedimiento,, de res 

tauraci6n que s estin llevando a cabo por parte del Consejo Nacional 

para la Protecci6n de la Antigua Guatemala. 
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I. Antigua Guatemala: su importancia hist6rica, arquitect6nica Y artrstica
 

Antigua Guatemala, fundada en 1543 en el Valle de Panchoy, fue conocida
 

inicialmente come Santiago de los Caballeros de Guatemala. Fue la segunda capi

tal de Centro America durante doscientos treinta arios. En 1773, en el apogeo de
 

su desarrollo, 
 la ciudad de Antigua Guatemala fue destrutda por un terremoto de
 

gran magnitud. A ratz de esto, y por orden del Rey de Espaia, ]a ciudad fue 
eva
 

cuada y se traslad6 a otro valle, ubicado a 46 Km., en donde se 
fund6 la Nueva -


Guatemala. Desde entonces se le conoce a la vieja ciudad como La Antigua Guate
(1)
 

ma la.
 

El hecho de que la ciudad fuera abandonada ayud6 i que, a pesar del tiem
 

po transcurrido desde su abandono, esta conservara su fisonom~a original 
con ca

lies empedradas, amplias plazas y majestuosos edificios entre conventos, 
iglesias
 

y palacios. Muchos de el los 
se enCuentrar en ruinas a causa de peri6dicos movi

mientos srsmicos. Su valor hist6rico, cultural y artistico radica en que mantie
 

ne ciertas caracteristhcas muy especiales ya que es un ejemplo de una ciudad del
 

siglo XVI con su trazo urbano Jipicamente renacentista; su arquitectura, predomi 

nante!'ente barroca, es un ejerrplo de los siglos XVII, XVIII y XIX que constituye
 

el testimonio de un 
pasado que parece haberse detenido en el transcurso del tiem
 

po. 

S61o en el 5rea del casco hi,trico de la ciudad existen m-s de 50 monu 

mentos de primer orden entre ijlesias, convento., y palacios. Su riqueza en Io 

referente a arquit.ectura domlstica, asi' com) en Cuanto a pintura e irnaginet'a es 

;ncalculable, Io que la hace ,incentro rult Ir,ehist6rico de ru,,ucha importancia.
 

En 1965 Antijua fue dec Iarada por Ii A' ar,)lea Gcner,.l (le I nstiuto Pa

namericano de Geojrati'i .! Hl,,tor ii, Cijdad Monijr,wnto A ri, a yy desde 1979 for 

ma parte del lis tado .ePatr monio Mundia. I Je UIE-CO. 

En 1969 e I Con rres;o de la Repulblica de Giotemala emiti6 una Ley Protec
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tora de Antigua, creando a su vez al Consejo Nacional 
para la Protecci6n de la
 

Antigua Guatemala (CNPAG), como untidad t~cnica encargada de velar por el 
resca
 

te y conservaci6n de 
la ciudad como centro hist6rico y artrstico, declar6ndola 

£rea de conservaci6n. Desde entonces un equipo, profesional y t6cnico, se dedi

ca oficialmente a la delicada y enorme 
tarea de salvar Antigua para ]a posteridad.
 

2. Ant iqua: _suproblem~tic:! como Centro de Conservaci6n
 

en un 6rea altamente srsmica
 

La conservaci6n de la ciudad implica tareas bastante complejas, entre 

las que, por su importancia, podemos mencionar: mantener el estilo arquitect6ni
 

co original de Ia ciudad, evitar su destrucci6n por )a acci6n devastadora del 
 ..
 

11
hombre en nor.bre del progreso'', asr cormo busca, f~rnulas efectivi' para hacer a
 

los edificios hist6ricos mrs resistentes a los terrernotos. Esta!, son algunas de
 

las preocupaciones del CNPAG.
 

La actividad sismica constituy6, desde la fundaci6n de Antigua, un desa
 

fio para los constructores. Por diferentes cronicas de la epoc.a se sabe qtje a
 

ciudad ha sufrido, desde el aro 1500 hasta nuestros dias, aproxirradafmente 4O s 

rros de m6s de 5.2 grados en la escala dc,-Richter, -liendo 7 de ,ilos de r;,aqnitud 

7.5 a 8.5 grados 
(2 

, !o que equvaic aprnir:,adaente a na inens idad, en la esca

la de Mercalli Modi ficada, de- X y XI grados. 

Guate'alia, por su ,bica i n (j;orjrtifica, ha sido at ctada por el continuo 

movimienco ce !as placas te,:a', de America, del Caribe V cel Coco, que ha do 

do por resultado ]a formac 6n c caderas vol,:Inicas y Je varios s st,,-mas de fa-

!las qeol6qg cas cue at ra'u,!an 211 a Pr cen re ,stas talas Se activan 

liberando ,!nercja , 1 MW di Ur; cen j ,riv'miro ', rcos As' m rrio, pero en 

menor propor:i 6n, la actividad 'nolci, ,I b',tnte ;rccuente en Ia zona, ha sido 

otro factor sismico de car6cter ons iderablI. Terblores de escasa najn itud ocu
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rren con cierta frecuencia. En Guatemala, su ntmero sobrepasa a los dos mil a

nualmente, y en cierta forma pueden afectar Ia durabilidad de los edificios his

t6ricos.
 

A finales del siglo XVII y durante el siglo XVIII tienen lugar varios 

terremotos de aran magnitud en ]a regi6n, siendo los (n5s destructores los de San 

Miguel en 1717, San Casimiro en 1751 y Santa Marta en 1773, quo oblijaron final

mente al traslado de Ia ciudad de Ant.igua hao e cI Valle de Ia Er, It, dcnde se 

fund6 la Nueva Guatemala. Ya en el[presente s14lo, la An t ,jua 3e ha visto afec

tada por nuevcs -isno. de eran i rens Idad. En 9117 yor, ./-7C, t lenen I gar dos 

ter remotos , de ap rx i mada f.n te 8 rjrados R i chter , que t. ru yeron nuevarente Ia 

Ciudad. Este t imo ha Ido Liro de Is lirj, in nso reqi strados , con una libera 

(3)
ci6n de enerjra 32 vece', i-'ayor que el terreni lto de Friul I talia, en 1977. 

Debido a cue e! Intert",, por Ia t:owr;ervac i6n de Ant iqa es relat ivanente 

reciente (El CNPAG y Ia Ley Protectora t onen .ini carTente 10 aclos de haber s ido 

creados y 6 de es tar tunc onando) lOS -4tudo' de -s taurar,oIr y -onul idac i6n se 

han ;do desarrol 'ando paulat narT-ente, teniendo que adac;tars.- a ia real dad del 

medio y a ias posI b I dades te.cn ca, / f nar,ci,!ras con qie se cuenta. En los l 

timos 140 acs, se han realizado di ferentes tpos de intervenc;,.nes en los rnonu-

mentos, mucnas d eli las poco afor unadas . Estas van desde el ust, de tdcnicas 

conStructivas / raLeriales ' dorno- hasta Iis de tipo trid'c onal. 

Con ocasi6n del terrerroto do 1976 se pudo hacer wna !valuaci6n de las 

mismas, hat ir-ndose descartado varios sistemas y puestos a prueba otros. 

Son vario- lo', fac tores Juc influyen y deben torarse en cuenta en la 

conservacirn do .dificios hist6rico-, ,n ireas . Is mi -as. Al con,,derar e~te tipo 

de edificaciones, debe verse el f(er!Ioveno , Igo drii r o o!n ttrmnnos es.tAaolo 

tcos nvolucrado,, Ia un, Ya quo e esta i hora do in i ceo ,c dade' , ac(,,erc-
(3)

nes, empujes laterales,, masast, as como at row, t aclore, qu! verenr.. rk, ad Ian 

te. Do Ia capacided que tenga el edificio do absorver esa cantidad de onfrrra Ii 
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berada, que se traduce en disflntas fuerzas, depender~n los dar~os que el mismro s-U 

fra. En es to t iene que ve r mucho e I es tado de I tedfic io. La escaIa do Me rcalIlIi 

Modif !coda, basada en datot; 	 bas tan tc sujjet vos, I e d ini hachI -portanc i a.3cuestio 

nes Como C I cdn tenIi iento ke I 	ed i f i L1, 1a CaI idad OC a !,ano de ob ra y v teri Ale t 

usados , asr corno I a ca' IIdad de reparac io'e que ,e !e hayan realI i zado an tor i rrten 

te al edifcio. Po r Io t anto 	es nece~arIo am! tar Iloi nT'eria Ie y tdcn icas cons 

tructivas t radi c iona le .;t~ i a.o- en cII u)ar 

An t i(;,-a se ha co. e r tico en lo- , it imo~ aoo en un igarntesco Iljborato

rio. a esca Ia nat,,rjl donde so- rr.eban c:cnstan terin to nuevos -terlial es y tdcni

cas, con el afAn de conservar un !eiJado cultural para las genericiones f.turas de 

la hurnanid..d 

3. 	 Mseprlelos tradiclonales ut;lizados on Iq construCcl6n
 

y eobema fAs frcuenta%
 

El ,66i1%.s do los -ater;1p. qwo han sido wtiizados traiionalm.nto 

on Attiua en la contrucci6n, e% meceiario p~r4 evaluar I()-procedirniontos quo 

pueclon a4'udar a preservar Iooxisente y evitar ftitwroi d~tcj% or, 14% nd~i4Ct.o.-

IC S. 

Poder'io% ffwln ionar como lo% f4t t i IIZados tin 14 4vc4 cIon I o 10%5'. 

guiontes: 

a. Vedra r~stlcA y labroda. 	 Uisdo en ,,iros, naq.,jtt4 y b44 4o0,la
 

I,. L.I(Iri I Io (lei va'~ 	 UB e'n Arr .~4 tiIC-t-o, 1" #1id '1, f 0 '(ta 

c, lt rr* r~ ,4. i'fJ!. 4rt ~ , .1'J~~f' 	 IqltI mant0E~% 

ti.Ado bn a1(cn eie v -ni dd o 4 ntv -i~ ~ 



e. Tapiales, o secciones de muros, que se hacran formando un encofrado de madera
 

que luego se rellenaba con lodo de talpetate, separ5ndose los diferentes relle
 

nos por rafas o soleras do ladrillo de barro cocido.
 

f. Bahareque. Se le larn6 asi a una estructura do ca6as, amarradas con cintas 
-

de cuero, que luego so rellenaba con lodo o adobe de canto. Se utiliz6 para
 

hacer tabiques divisorios especialmente en segundos niveles.
 

g. Ba!doza do barro cocido. 
 Fue utilizada para terrazas espmfolas, b6vedas, ar

cos, dinteles de puertas y ventanas. Tambi~n so utiliz6 como piso.
 

h. Madera, utliizada principalk'ente en pilastras, dintelc, :rtesonados y terra

zas espaolas. TambiJn fue utl Izada como estrjctura de tabiques de adobe.
 

i. Teja de barro cocido, utilizada para cubiertas.
 

La mayor parte de construcclones on Antigua fueron de mamposterla, aun
 

que en los muros Sc encuentran qenrahre(nte diversos materiales rrezclados: p i'!
 

dra y ladr! Ilo pegadots con r-rrtero d,! cal, bloques de tap ial 6 adobe, formando
 

masas muy heterog6neas resistertes a .acormpre-i6n, no as " 
a Ia ten s i n.
 

Con el transcurso de los ar'os, Ios muro han 
 do perdiendo con-5tencia. 

Est so ha aI proceso deo eter or de Io) r)rtros que, con5e debdo pr incipa1rent-

el tiempo, t;enden a Dorder sus cualidades aglutinantes, dando por resultado el 

desprendirniento de los di tintos componentes. Estu Proceso se acelora cuando es 

t5n sujetos a la erosi6n del agua y el aire, as' corTO ]a destrucci6n causada por
 

hongos, vegetales e incluso ;nsectos, coun sucede frecuenterrente on los muras de
 

adobe y tapial.
 

En la escal) de Mercalli Modificada se menciona tambi6n la calidad de
 

los morteros 
coO un factor quo debe tomarse en cuenta al evaluar un edificio 

hist6rico. Posibleientc este se- ms importante ir.cluso que ]a calidad de la ma 

no de obra jti I zada, pue corno ya se mencion(5, i travs de los ahos pierde -;us 

capacidade! aglurinantes, creando zonas on Io que fu6 report.adbi iloes los muro:,, 


do como una do las principales razones del colapso de muchos edificios hist6ricos
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(3)
 
durante el terrenoto de Montenegro (Yugoeslavia) en 1979 . La reposici6n de los 

morteros y las inyecciones con material expansivo son soluciones adecuadas en 
mu
 

chos casos.
 

En Io que respecta a cubiertas y entrepisos de mamposterra la situaci6n 

es ]a misma. Aquf influyen tambi~n la humedad y el agrietimiento causado por te 

rremotos anteriores o por sismos de poca intensidad. Las reparaciones hechas en 

6pocas pasadas, por lo general de mala cali~ad, crean zonas d~biles que f6cilmen
 

te vuelven a fallar 
a la hora de Ln nuevo terremrto.
 

El problema en las cubiertas con estructura de madera, lo constituyen 

la humedad y los insectos, especialr,2nte ]a polilla que ]a ataca f~cilmente. 

Por los materiales utilizad,s, los siscemas constructivos est~n basa

dos la gravedad. Las
en distintas cargas, transmson itidas por sucesivas compre 

siones hasta llegar al suelo, donde son absorvidas. Est~ticamente no existe pro 

blema, pero como ya se indic6, Ia situaci6n varia cuando se transmiten al edifi

cio, a tra,'s de los cimientos, aceleraciones y empujes verticales y horizonta-

les causados pcr las ondas sl'smicas.
 

La arquitectura anti quera 

Se ha mencionado c6mo )a actividad srsmica ha determinado desde sus ini
 

cios las caracterr sticas arquitect6nicas de la AnLigua Guatemala. Analisaremos
 

ahora los tipos ccnstrictivos m~s representativos del lugar. 

Por patrones de diseno, uso de nateriales y sistemas constructivos uti 

lizados, dividiremos la arquitectura antiguea en dos grupos: 

4.1 Arqui tectjra Jor(',t ia 

4.2 Arquitectura civKl / religiosa 

4.1 Arguitectura donestica (casas de habitaci6n) 

Las casas de habitaci6n desarrol laron un esti lo trpico, no s6lo on 
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cuanto a la distribuci6n de los ambientes, sino tambidn en cuanto a materiales y
 

t~cnicas utilizadas en su construcci6n. Basados en el concepto de un patio cen..
 

tral, alrededor del cual se desarro l]an corredores que comunican con las habita-

ciones, este patr6n se mantiene sin mayores variantes durante la dpoca colonial.
 

Es interesante el cambio que sufren las alturas de los muros, asr comro los e-.spe 

sores de los mismos, por las experiencias sismicas que se tuvieron con el trans

curos de los ahos. 

Se ha dividido ]a arquitectura domstica en tres perfodos que reflejan 

los cambios mrs significativos ocurridos en las edificaciones, desde ]a 6poca co 

lonial, hasta nuestros dras. 

a. Construcci-nes del siglo XVII y principios del XVIII
 

Las casas son de un s6lo nivel y tienen una altura de 5 6 mrs metros,
 

siendo las paredes de un espesor aproximado de 0.60 m. Los techos son de made

ra cubierta con teja de varro y es trpico el alero hacia el frente. Los mate-

riales usados en los muros sun la piedra y el ladrillo pegados con mortero de 

cal. E! adobe y el bahareque fue utilizado s6lo en construcciones de un estrato 

social y eccr;(5r Ico bajo, no asr en las ccpas medias y altas. 

b. Construcciones del s ;K o XVIII tardio y nrincioios del XIX
 

Conforre se adquiere consciencia de la actividad srsmica del valle, 

las alturas de las casas tienden a reducirse y los espesores de muros aumentan. 

Un detalle trpico de esta etapa e, que el alero empieza a sustituirse por una 

moldura corrida, en donde rerfaa el techo de teja. Los materiales ras usados en 

los muros siiuen siendo el ladrillu / 1a iedra pegados con flortero, asi corro el 

adobe en construcciones de baja categ3orra social. La tradici6n de [a casa de un
 

nivc; se mant;ene.
 

c. Construcciones d si
silr XIX y XX
 

El descubrimiento del concreto armado y las influencias arquitcct6nicas
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neocls cas 
europeas, hacen desaparecer visualmente los techos inclinados, recu

biertos con tej?, al ponerse de moda un pretil que 
remata las fachadas en su par
 

te alta. Se abandona casi 
por completo el uso de la piedra en la construcci6n -

de muros, sustituy~ndose por el ladrillo y el concreto lo que reduce su espesor. 

Por econom'a, el adobe y el bahareque empiezan a cobrar importancia en las cons-, 

trucciones de niveles sociales medios e ircluso altos. En muchos casos los grue 

sos muros se recortan, dejando s6o en la parte baja el espesor original, cons

truy~ndose el resto de bahareque, mucho r5s delgado y I igero, por lo que el muro 

da la impresi6n de tener pequeos contrafuertes. 

En las cubiertas se empieza a susLituir la teja por lmina de zinc y, 

ya entrado el siglo XX, se ponen en boga las losas de concreto armado, que cam,'' 

bian radicalrente los patrones de diseho origirales.
 

Los materiales y tcnicas constructivas modernas, uti lizados en este 

perfodo, ofrecen soluciones estructurales adecuadas, pero por Io general van en 

detrimento del estilo arquitect6nico de la ciudad, inici6ndose adem3s la construc 

ci6n de casas de 2 6 m.5s niveles. El concreto armado es utilizado en muros, lo

sas e incluso en la hechura de arcos, b6vedas de cah6n y c~pulas. 

El terremoto de 1976 determin6 en gran parte el uso que posteriormente 

se ha hecho de los materiales tradicionales de construcci6n. 
 Miles de casas de 

adobe y otros mater;ales tradi:ionales, t.cnicarrente mi5l con trurdas, se destruye 

ron durante el misro. Esto hizo que se les considerar, 7aterialeq no seluras pa 

ra construir. Desde entonces nu uso se ha reducido enorrement, . En su lugar, 

el block de DOWrez Y el ladri tlo con refuerzos de concreto armado, ha cobrado -

gran auge, Io que ne traduce en un tipo de on, trucci On rr5 neguro, pero mas cos 

toso. En ei caso de Antigua, dyber! utilizarse de una manera que no afecte el 

estila arquitect~nico de la ciudad. 

4.2 Arquitectura civil y veligiosa
 

La arquitectura civil 
y rel igiosn que comprende palacios, colegios ma
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yores, iglesia., conventos y nonasterios, tambi~n fue determinada par 
los terre

motos. "Al menos 
en dos sent idos marcaron su arquitectura. Par un lado, como
 

ha sido seraalado casi un(nimemente, los arquitectos 
fueron buscando soluciones 

que hicieran a las construcciones m6s resistentes a los terremotos: 
 tuvieron po
 

ca altura, las uros se hicieron cada vez mPs gruesos, las torres cada vez m~s
 

bajas. En general, la sensaci6n que dan los 
volimenes arquitect6nicos es de pe

sadez. Par otro lado, es raro 
el edificio que constituye una unidad cronol6gi..
 

ca y arquitect6nica. Los constantes terremotos obligaron 
a reconstruir v reha..

cer, pero algunas veces se aprovechaban partes 
quo habran resistido; el lo hace -. 

(4)

casi imposible o muy difi ci determinar Ia exacta cronologra do Ia arquitectura.11
 

5esstipo de edif icaciones es caracterrstico eI uso de b6vedas, en techos y en

trepisos, y de cdpulas de 
muy variado tipo.,
 

En cuanto a los materiales, la mamposterra fu 
 el m6s utilizado. Los
 

muros de piedra, ladrillo y nortero, eran generalnente revestidos de repello y es
 

tuco. En algunos casos, las fachadas de iglesias y palacios 
fueron recubiertas
 

de piedra labrada.
 

En el levantado de muros se hizo frecuentemente uSo del tapial. Este
 

so hacra formando un encofrado de madera que lueqo 
era rel lenado con odo de tal
 

petate. 
 Una vez seco, la madera era retirada. 
 So formaban bloques de aproxima-.
 

damente 0.30 
 y1.80 y por Wi total del espesor del mura, quu on variable. En a--

tros casos Ion bloque; tienon varin, rretrre; de larjo siendo nu altura no mayor 

de un metro. Antes do hacer un bloque de tapial sobre atto, se colocaban varias 

hi ladas de WadrIa, a manera do refue r;zo, formando una especie de eowera. Como 

se comprendera, este tipao do Ievantado do muron era rp i do y econ6mico, max ire 

si se toma en cuen La I as enorne'v masag que con to ran Ion mus E'te pruced im en 

to Fue muy ut lizado on muros a bardas ,rnundante', En alunos canos alcarzan 

hasta 5 mts. de altura, hechoq totalrente du bloque5 de tapial, Cono e5 de supo. 

nerse, este tipo de murnOs sufriK muchus dano con Ins' terromatos,
 

Al iqual que oucediM con la arquite:rura dom&stica, los espesores dc 
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muros en la mayor parte de edificaciones Cue aumentando, conforme se tenian las
 

constantes y desastrosas experienciis sismicas. Este tipo de edificaciones, lie
 

gan a tener muros de Tai , de 2.00 7et r-o, de espesor, Io que da or i en a voldmenes 

muy interesantes. A , pa d,, P' '.rJefr l grandes y ;,asivos contratuertes, de 

muy variadas furnas, util zados pare. reforzar los ruros y hacerlos ri resisten 

tes a lo5 terremotos. Er vuchos ca;sos esta soluci(5n result6 adecuada, no asr en 

otros er '.-,nde los contrat-uertes tuncion3ron coo arietes, da arndo a I edif;co.
 

Tanto en Ia arquitectura civil como en ]a reli osa, encontraros edifi 

caciones de dos niveles. Tal es el caso de los palacios de robier-o y la mayo.. 

rra de conventos. El tipo de construcci6n es el tradicional sierdo l0ns entrepi 

Sos y en muchos casos tambi~n los techos, b6vedas rebajadas hechas de baldoza de 

barro y mortero de cal, habi~ndose utilizado tambi6n piedra p6mez para reducir 

su peso.
 

Por lo general las fachadas de las iglesias, por su forma y dimensio-

nes, son enorrres masas que, a ]a hora de un sismo, trabajan independientemente 

del resto del ediftcio. Al tener distinta frecuencia de oscilaci6n se separan,
 

golpeando V provocando darfos al resto del misro. Este fen6rmeno se ha produci

do en edificios como el Palacin del Ayuntamiento y el Palacio de los Capitanes
 

Generales, en donde las arquer ras de las fachadas, se separaron del conjunto, a-

bri~ndose grietas a lo laro de 1; b6vedas que las unian. 

En la mayor parte de los conventos con arquerras en el segundo nivel, 

cuyas b6vedas habran sido destruidas por anteriores sismos, sufrieron durante el 

terremoto de 1976 ur colapso total ya que habran perdido lo, elernentos que las 

conectaban con el resto del edificio. 

Un elemento caracterirstico de la arquitectura antiquea ,,on las chimene 

as. Se encuentran tanto en edi t cios civi les y rel i osos , as;' cono en casas 

do labotacrn. Este lerrwento, generalmrewnte de torma octoqonal, sirve de cubierta 

del 5rea de cocinado y funciona como una campana quo ayuda a evacuar el humo do 
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la habitaci6n. En su parte alta estS rematado por una linternilla que tiene ori
 

ficios por donde sale el humo. Su forma tan dinimica y estable, Io ha hecho un
 

elemento muy resistente a los terremotos, conserv(indose muchas de ellas en buen 

estado. 

Existen otros factor.!s quC afectan el comportamiento srsmico de los e

dificios hist6ricos. Entre estos cstinr su nasa, SO rigidez, su perrodo de vibra 

ci6n, su capacidad de ibsorver ener-ia, su resonancia, su estabilidad, su aerie

(3)

tria estr .ctrai, ia ,-ontinlUidjd de s, rasa estr.,ctural y so res stercia. Es 

tos factores depe nden e, gran parte de la condici6n eicneral de la cstrL.ctura, 

del mantenimiento que se le ha dado al edificia y como ya se indic6 antes, de Ia 

calidad de las reparaciones que se la hayan hecho en el pasado. 

5. Comportamiento estructural de los edificios hist6ricos
 

Los muros y construcciones en ruinas nos proporcionan lecturas de los
 

distintos esf,,erzos a que se vieron sometidas las estructuras a la hora de un te 

rrerroto. El :omp-ortamiento de los distintos edificios var~a ertre otras cosas, 

por el material que lo constituye, su forma y proporciones / el tipo de suelo en 

que se localiza el edificio. 

No estS por demns recordar quo las edificaciones en Antigua fueron di

se~adas para una zona altariente srsmica pero con rrateriales no aptos para sopor

tar adecuadarrN-nte ' fo!rzos de tensi6n o flexi6n. En el e-,tado actL~al de wuchos 

edificios en r,jinas, !.I desp lone de b6vedas, arcadas '/ de( , I(!rTentos Conectores, 

qua hat-ian ed': i iica na un;Jad, ha dado por resultado qua fruchros elmentOS 

hayan quedado aislados dr!l res to, lo quo los hace ron0' res sten ' , a Io5 rrovi

mientos rsricos. 

Se ha corrprobado nue la direcci6n de las andas srsmicas tlenen distin
 

tos efectos detructivo,, ,egun la posici6n del ediflcio. 
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La rigidez del mismo y el 
tipo de suelo sobre el cual se haya edifica

do, van a influir tambi6n en su conportamiento estructural. Los edificios hist6 

ricos de mamposter-a son generalmente rryidos par lo que ]a uni6n de sus elemen.. 

tos es mny importante. 

La frecuencia predoriinante de las ondas snsmicas y ]a frecuencia natu

ral del edificio y del teirero 5obre el que Cstj situado son cuestiones que de-

ben ser analisadas. El edificio podr5 vibrar en una cierta frecuencia de acuer

do a su rigidez y f~rrna y si ocurre ina resonancia dinimica, los dar.s pueden 

ser mns graves. Genera lnen te ;e contsider que los ed ifcios ri jidos estan nias 

(3)seguros si se encuentran situados en terrenos suaves de cierta orotundidad. Tam 

bi~n se ha ubservado que un edificio de mar-poteria puede resistir algunos temblo 

res de gran intensidad, pero que )as vibraciones de larga duraci6n los afectan 

mas. 

En el caso de Antigua nos encontramos con un terreno de aluvi6n farina

do por sucesivas inundaciones en el valle. Su cumposici6n es arenisca y de pie

dras de mediano tamaifo. Su nivel fri~tico pijede oscilar entre 4 y 6 metros de 

profundidad, par lo que existe cierto peligro de licuefacci6n durante un terremo 

to. Feilden recomienda un espectro si'smico para los sitios con edificios hist6

ricos ya que puede ayudar a predecir ,ejor el comportamiento de los edificios de 

pendiendo 	 de la conformaci6n del sue~o. 

Analisaremos seguidamente algunas de las fallas y problemas que se pre 

sentan ms frecuentemente en este tipe de edificaciones y en sus 
clementos 	compo
 

nentes. 

a. Fal las 	 en ruros 

Par Io general encontramos dos fallas trpicas en muros ocasionadas par 

esfuerzos di? carte. Una es la falla a 450 en un sent;do o formando una x. Es-

tas aparecen qeneralmente en las partes mis d6biles del muro donde existen vanos 

de puorta5 y ventanas. Son causadas par las tensione5 y compresiones producidas,
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en el edificio, por las ondas srsiicas.
 

En vanos de ventanas y puertas encontramos los cortes a /450 por lo gene
 

ral en los vdrtices superiores y es comin encontrar el dintel o 
la clave carda,

fuera de su lugar. 

En las esquinas, el empuje de los dos muros que las forman, frecuente

mente ocasiona 
 ° .
fallas de corte a !50 
Esto hace separarse a la esquina, como un 

bloque, 
haca la parte exterior del edifico, causando un corrimiento de arriba a 

abajo y de dentro hacia afuera. 

Otra fal a ,y corn es el corte horizontal a Io largo de los muros. -

Por Io general este corte aparece ci.la parte baja del muro, debido a ,u oscila

ci6n y grovoca n-uchas veces su Ial'a por volteo. Se ha podido comprobar, que en 

muchos casos este tipo de faila esta relacionado con ia forma en que los muros 

eran construidos. El muro, hecho de oiedra , rmto, tero, era nivelado cada cierta
 

altura con hiladas de ladrillo, Sobre las cuales se continuaba luego el levanta

do ae piedra. Es en las -reas de ladrillo, de 
por si un mater al mls frgi I, 

donde aparece con frecuencia este tipo de qrieta, ya due es al IT donde oierde su
 

cOrtinuidad el muro.
 

En esauinas y uniones entre muras, se presentan corrientemente fallas 

verticales, ocasionadas por la fal ta de anclaics adecuados entre una y otra. 

Cuando son son'etidas a la i cci6n de un sismo, las paredes tienden a trabajar ca 

da cual en forma dIferente y si no existe una I iga adecuada, tienden a separar

se verticaln-ente en su punto de Ln i6n. 

De esa misma manera encontranos que muchasfachadas, principalmente en 

igleslas, trabajan indeperndienteTlente del resto del cuerpo del edificio. Por lo 

general, Ia tendencia es a separirse y jol ear el edif cio Corro en ari#te, oca-

5ionando graves dar~s al mismo, teniendo 
la fachada m,,cha tendencia a fallar por
 

vol tea.
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b. Fallas 	en columnas y arguerTas 

En las edificaciones en ruinas existentes en Antigua, es muy corriente
 

encontrar 	 columnas y arquerras que han quedado aisladas, debido al colapso de ar 

cos, b6vedas o techos que servran de elmentos conectores con el resto del edifi

cio. Al desaparccer estos elementos, 
no s61o ]a estructura pierde continuidad 

sino que 	 las columnas ya , soportan las cargas de corupresi6n que dichos elemen

tos les transmitan y para las que fueron diseizadas. Al verse afectadas por un
 

sismo y vibrar, estas columnas tienden a fallar por corte horizontal y consecuen 

temente por volteo. Hay que tomar en cuita las aceleraciones que se producen 

en elementos tan rrasivas y esbeltos. 

c. FaIlas 	en arcos Lb6vedas
 

En arcos 	y b6vedas encontramos fallas muy similares. Si consideramos
 

que Ia b6veda de cari6n es una sucesi6n de arcos, esto lo explica claramente. Por 

lo qeneral 	las grietas aparecen 450 en los arranques, provocando en los arcos 

la carda de la clave y en las b6vedas frecuentemente el colapso de las mismas. 

Otra falla u/ comrn en b6vedas, es una grieta que surge al centro de la misma y 

que lueoo 	 la recorre longitudinaimente, provocando muchas veces su derrumbe. Es 

tas fallas )urnen gjeneralmente como consecuencia del osci lamiento y separaci6n 

de las paredes que las soportan. 

d. 	 Fallas en c(irulas} chimw neas j torres de campanarios, 

Las c6pulaS y las chimeneas, son elementos muy dinimicos que soportan 

bastante bion los ,sfuerzos de flexi( n y tors i1n a que son soretidos a Ia hora de 

un ter remoto. S;n ,r:bar](j), fI1 hecho le es tar ,n!ocdo ,n la parte mfis lta de 

las edificaciones hace que s,,frin , ,acel er ,',s fuertes quetcs el sismo oca 

siona en cl odificio, por lo q(Is, .w r-n il,iinw, dar' s. 

En las cnpulas encur tr,rmos tallas rue las circa lan horizontalm-nte en 

la parte superior del arranque asr coma otras perpendiculares al mismo. Muchas 
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veces el movimiento las desplaza varios centrmetros de su base, lo que en algunos
 

casos provoca el colapso.
 

En cuanto a las chimeneas, par Io general de base octagonal, los tipos
 

de fallas m~s frecuentes son la vertical 6 a 450. La vertical generalmente apa

rece en los v~rtices de uni6n de los distintos pianos que conforman la campana 

de ]a chimenea. Muchas veces su colapso se debe a la destrucci6n de los elemen

tos, arcos o paredes que las soportan. Es muy corriente encontrar las linterni

las, que rematan tanto chimeneas coma c6pulas, falladas horizontalmente en su -

base y rotadas sabre su propio eje.
 

Los carrpanarios de las iglesias, a pesar de no haber desarrollado ma-

yor altura en la Antigua, sufrieron fmuchos daros par su ubicaci6n en la porte al 

ta de los edificios. Por lo general, su perTodo de oscilaci6n es diferente a] 

resto del edificiD. Esto hizo que la mayorra de campanarios se destruyeran o re
 

sultaran seriamente daiados al ser afectados par un terremoto.
 

6. C6digos de construcci6n utilizados en Antiqua
 

La mayorra de c6digos de construcci6n se han desarrollado para edifica
 

clones que incluyen materiales y sistemas constructivos capaces de absorver los
 

empujes lattrales, ocas ionados par los sismos. El consfnso de Jot, expertas es 

que dichos c6dicos no se ad ,ptan a los edificios hist6ricos, par Susl caracteris

ticas especiales, q;e 'iahemos analisado. Ahora bien, el hecho :( que los edifi 

cios hist6riKos rio piljdan 11,enar o, rt'm tos le Ionos :Kdi o, of , -t itI za 

dos en la ac!.jal dad no ,s razon .rrte pori Or Jenar C), 1 ',.anrecer o no 

ser ti izadlos. Cor-o a, ho .vI ,,;-I tr' , v'rr tos:-tore 1,r,t e,tdiados 

m,6s a fondo, pueden (Jar respukwtas a -uchos de os probl Iemas que se tienen actual 

mente en la conservacicn de los edificios hist6ricos.
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7. Procedimientos de restauraci6n usados por el CNPAG
 

Los mdtodos de restauraci6n utilizados en la Antigua, han variado en
 

los ditimos aos, principalmente por las experiencias tenidas durante el terre

moto de 1976. Esto origin6 que algunos procedimientos se descartaran y en su 

lugar se utilizaran otros en busca de nuevas soluciones a los problemas que se
 

presentaron.
 

Nos hemos referido ampliamente a los factores que intervienen en los 

daros quo los terremotos ocasionan a este tipo de edificios y a las fallas mas 
-

comunes que aparecen luego do un sismo de cierta intensidad. Ahora nos referire 

mos breverente a los criterios y mtodos do restauraci6n que el CNPAG est5 utili 

zando en la Antigua.
 

Basados on que los materiales tradicionales no soportan adecuadamente
 

los esfuerzos laterales producidos por los sismos, so le est dando prioridad al 

refuerzo de los edificios, principalmento en el sentido horizontal. 

Se ut lizin ranil los de concroto reforzado y cables de acero en forna 

de tensores para arnarrar on Ii parte superior las di-stintos elerenLos del edifi.

cio. Estos anil los son luego unidos a la cimentaci6n par rredio do elementos ver 

ticales. Con esto se logra quo el edificio 5e comporte como una unidad durante 

un sismo. 

Como se comprender5, este tipo do intervenci6n es muy costosa, por lo 

que tomar5 muchos arios reforzar ]a total idad do edificios existentes en La Anti

gua. Actualtrwnte est, por terrrin ro;e tin trabajo de este tipo in a ;glesia do 

La Merced y so ,stj inirciardo uno Similar on o l Palacio del AyuntamTnionto. 

En cuanto i 1w.I' urrw,, h(,d'rv J , '/ er),IV, ul rto , t': upo;t,.ra, el 

criterio do restahirac6n) ha (itouti lizar I1w', i, tua, y r;o rialf s tr,-dicionao

les con ciertas variante,. Enitro ,#!tar t, la itI Kzac i n de morteros con (:c-

mento. En casos de grictas, se elirmina ol niateri, suelto. Lueqo Os te se repo
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ne y se hacen inyecciones a presi6n de morteros con material expansivo, general

mente hecho de l imadura de metal. De la misma rianera los arcos y b6vedas que son 

intervenidos, -e construyen co o se hacia originalfrence. Allunas b6vcdab han si.

do reforzadas con una delada tundlc i6n de oncreto armado en Ia part(! de arriba, 

para aurnxc tar su re -i5tencla. Las uniones entru ler'ntos j,1 cowr3 Ik e squinas, 

tamb;6n sue!en reforzarse, ya que se ha comprobado quo son puntos 7rrticos duran

te los terrerotos. 

Feilden recomienda que !a resistencia del concreto nrmado utilizado en 

estos casos sea s5im;lar a la de la mamposteria, por lo que deben utilizarse agre

3 )gados mas suaves y proporciones r-s pobres. 

Esto est-i basado nr cil'tipie, experlencias, en donde fueron utilizados 

como refuerzo, ele-entos ,;cho 76s res; tentes que el resto de la construcci6n. 

En muchos casos, estos oerrentos fueron causantes de graves daros en el edificio, 

Pues su comportamiento estructural fue muy diferente al del resto de la edifica

ci6r.. Tal es el caso de las corbatas o grapas de concretu, cuyo uso en la repa

raci6n de grietas fue descontinuado. 

En el caso de muros, columnas y arquerras que han quedado ai:l.adas del 

resto del edif~cio y que tienen por o tanto mucha tendencia a osc far y faliar 

por volteo, se p;ensa usar una nueva rrodalidad, hasta ahora no uti I;zada en la 

Antigua. La soluci6n consest< en estatilizar los eor-entos con Cables de acero 

verticales que van s-Jjeto' :n la parte de arr ba a una plancha d acero y ancla

dos al stelo con ,na fundici6n d, concreto. Estos cables absorverian ios esfuer 

zos de flexi6n quje provocara '-] sisro. Otra soluc:6n a este problema es rehacer 

las oientos n r r o pero on muchas casos darra lugar a la recons.

trucci6n ca,,i totail del editicio, lo que ademris r costoao va contra :os crite

rios de restauraci6n do la Carta do 'enec e. 

Mencionaremos por lltirno y no por eso menos irportante, la necesidad 

de investigar la cimentaci6n de los edificios. En muchos casos su daterloro pro
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voca asentarnientos que pueden Waar gravernente el edificio. Desgraciadamrente ecs 

te tipo de trabajo tarmbi~n es muy cotos~o, por la quo no ha sido pobible Itevar

lo a cabo en la Arit~gua hasta la fechij. 
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ABSTRACT 
This document presents a brief description of the reasons and objectives for whichAdobe is investigated in Peru, the principal programs realized, the institutes 
that have participated in the research. It indicates the benefits obtained and the 
tasks of technological research carried out. 

Finally, it includes the perspectives of the research and general comments about 
the developed heretofore. 

RESUMEN 
Se presenta una breve descripcidn de las razones y objetivos por las que se inves
tiga el Adobe en el Peru, los principales programas realizados, seflala las institu 
ciones quo han participado on el proceso do investigacion, los logros obtenidos y
las tareas dc difusi6,, tecnol6gica efectuadas. 

Finalmente incluye las perspectivas do investigaci6n y comentarios globales so 
bre lo realizado hasta la fecha. 
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Introducci6n 

La investigacion sabre el Adobe en el Peru estuvo y est6 motivada fundamentalmente par la 
constatacion objetiva de que un 60% de las viviendas construidas en el pal's, utilizan la tierra 
coma material de construcci6n. Una fracci6n muy importante del porcentaje sefialado est6 
constiturdo por el adobe, raz n par la cual el Ministerio de Vivienda y Construcci6n, a par 
tir del aino 1972, inici6 investigaciones sistem6ticas sobre dicho material. 

Los materiales de constucci6n que denominamos convencionales, es decir el ladrillo de arci-
Ila cocida combinado con estructuras de concreto armado es usado aproximadamente par u 
13% do las viviendas edifIcadas en of Peru'. Aunque los conocih..mtos tecnol6gicos sobre 
esa modalidad de construcci6n est6n muy difundidos entre los tecnicos peruanos, Ioreducido 
de su usa se explica par el costo elevado de la tecnologia convencional y Ioreducido de los 
ingresos de la mayorr'a de [a poblaci6n peruana, muy en particular la asentada en los medios 
rurales. 

Las construcciones con tierra en el Per5 son edificadas generalmente mediante el sistema que 
denominamos Autoconstrucci6n y responde adecuadamente a las condiciones econ6micas de 
un elevado porcentaje do la poblaci6n y tambi6n a sus patrones culturales, adema's do consti
tuir construcciones cuyas ca'acter,"sticas se adaptcn bien a los medios ecol 6 gicos en las caales 
son utilizadas. 

Las cnstruccionos con adobe en al Peru datri 1e 6pocos muy antiguas, incluse pre-incaicas 
existiendo hasta chora vestigios arqueol6gicos entre los que cahen seialar particularmente las 
Ruincs do Chcn Chan, Paramonga y Pachcrcamac. Con la Ilegada do los espafioles al pars 
continuaron con la edificaci6n do adobe introduciendo las caracten'sticas propias de la awltu
ra occidental existiendo sobre ello tarnbi n muestras arquitect6nicas qua han soportado los ri
gores del tiempo y los movimientos srsmicos sin dafos apreciables. 

Par ello consideramos quo el adobe es un material do construcci 6 n quo ha sido usado eficaz 
mente en el Per6, contin6a usandose y lo ser6 en el futuro durante muches aies, Iocual justi 
fica plonamente todos los esfuerzos do investigaciones quo so hogan para mejorar Ia tecnologra 
do se omaterial. 

Par Iotanto el objetivo fundamental do la Investigaci6n del Adobe on al Pen' es recuperar on 
Ioposiblo los conocimientos quo sobre la tocnologi'a del adobe existen coma acervo cultural
de sus pobladores, sumando a 6 1lo los conocimientos tecnol6gicos nodemos para ccntar con 
una Tcnologra Mejorada del Adobe quo dote a la mksma do adecuadas ccndiciones do habita 
bilidad y seguridod, sobre todo ante las solicitaciones srsmicas, tan frecuentes en el pals. 

Eli 3 constituir6 una contribuci6n para !a b6:squeda do soluciones a la problemtica habitacio
nal del Peru. 
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La Investigaci6n del Adobe 

La investigaci6n sabre el adobe se inicid en Marzo de 1972 con el Programa COBE -Construc
ci6n con Adobe Estabilizado- . En este Proyecto participaron inicialmente el Ministerio de
Vivienda y ConstTucci6n, el Banco de laVivienda del Peru', y la Universidad Nacional de In
genieria, on el financiamiento y asesoramiento de la Agencia para el Desarrollo lnternacio
nal (AID). 

Posteriormente en el aflo 1973 los profesores de la Pontificia Universidad Cat'iica del Per'
( PUCP ), Ing. 

-
Miguel Corazao e Ing. Marcial Blondet, obtuvieron el Premio SAYHUITE, que

anualmente otorga el Banco Central Hipotecario del Peru, al meier trabajo tecnol6gico reali
zodo ert el afso. El trabajo de los profesores de la Universidad Cat6lica consisti6 en propues
tas para reforzor las viviendas construildas con adobe, empleando diversos t ipos de refuerzos
tales como maderas, calias, alambres y otros. El indicado trabajo permiti iniciar una Fecun
dc relacin entre l Ministerio do Vivienda y la Pontificia Universidod Catlica del Penr, 
ra el on6lisis tecnol6gico de las construcciones con adobe com6n. 

pa 

Programa COBE 

El Programa COBE, desde su inicio, abord6 el problema de la estabilizaciorn de suelos median 
te el empleo del Asfulto RC-250 y emulsiones asfdlticas, habiendo partido de informacion tec
nol6gica procedente de los Estados Unidos en particular de la proceJonto del International -

Institute of Housing Technology do la Universidad del Estado de California. Esta informaci6n
 
tecnica fue adaptada mediante diversos ensayos dc investigaci'n a las condiciones y modos 
 -de producci6n del adobe quo se utilizan normalme ' en al Peru. Ello oblig5 a una profundi
.:aci'n en el conocimiento de los modos do produzci'n locale quo permitieron a la largo, dc
terminar los mejores procedimientos para la claboraci6n cel adobe coin 
 unidad do albanile 
ria y los requisitos para estabilizarlo con asfalto. 

El Programa COBE incidi6 igualmento en aspectos vinculodos a la utilizacin del adobe esta
bilizado en la albaiiilerra abrcando los aspectos do reforzamiento do 'sta, principalmente 
ante las solicitaciones sl'smicas. ElIlo condujo a una serie do conclusiones do car6cter cons 
trwctivo y estructural quo constituyen una mjora notable a la forma do empleo do la alboali
lerr'a do adobe. 

Cabe destacar aqur la muy importante participaci6n que tuvo al Ing. Ricardo Yamashiro, des
tacado Proferor del Departamento do Estructuras do la Universidad Nacional do Ingeniera ,
prematuramente fallecido, quien estableci6 las bases para un an6lisis racional do las estruc
turas do adobe, habiendo dejado valiosos documentos, colaborodores y alumnos suyos quo 
continuan au labor. 
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Otro rubro importante en este proceso de investigaci6n ha sildo el estudio de sistemasde techa 
do que se adapten a la construccidn con adobe, campo en el cual tambien se han obtenido -
avances importantes. Adem6s el Programa COBE abarc6 estudios vinculados a las cimentacio 
nes =rs adecuadas a utilizarse seg6n el tipo de terreno, diversas consideraciones relativas 
la productividad y costos, consideraciones de tipo orquitect6nico y otros aspecios t6 cnicos -
compl ementarios. 

Finalmente el Programa COBE abarc6 aspectos relacionados a la divulgaci6n de la tea-ologia
obtenida, habie'ndose logrado importantes avcnces metodol6gicos, para Io que se cont6 on 
el valioso apoyo de la Empresa INTERTEC de los Estados Unidos y de la Carnegie Mellon Uni 
versity y el Centro de Producci6n Audiovisual para la Capacitaci6n ( CEPAC ). 

lnvesticacion del Adobe Com6n 

Apartir del trabajo anteriormente reseiiado de la Pontificia Universidad Cat61ica del Peru' 
la Oficina de Investigaci6n y Normalizaci6n ( OIN ) del Ministerio de Vivienda y Construc 
ci6n inaement6 su opoyo a los trabajos de la Universidad Cat6lca vinculados a [a investiga
ci6n sobre el adobe comrn, trasladando la informaci6in ya obtenida en el Programa COBE quc
podia ser oplicada al adobe com6n, y proporcion6ndole apoyo econ6mico. 

Sc propici6 la cjecuci6n de Thsis de Grado realizadas por c9esados do la mencionada Univer 
sidad las que constituyeron importantes frabajos de investigaci6n que contribuyeron a arrpliar,
fundamcntalmcnte, los conocimientos relativos al comportamiento estructural do las edifica -
ciones con adobe com6n. 

La Universidad Cat6lica hizo una inportante publicoaci6n sabre sus avances denominada " In
vestigaci6n sobre Vivienda Rural ", que aunoda a las Tesis do Grado mencicnadas y posterio
res publicaciones efectuadas por el Departamento do Ingenier'a de la Universidad Cat61ica -
constituyen importantes fuentes do consulta para el dikeilo y construcci6n con el adobe comun. 

Relaciones Interinstitucionales 

La investigaci6n teanol6gica quo el Ministerio de Vivienda promueve o ejeouta, so realiza a 
trovs de Ia Oficina de Investigacicn y Normalizaci6n. Sin embargo, la OIN no asume ex
clusivamente la tarea do investigaci6n, sino quo por el contrario, procur Ia participaci6n, 
de la manera m6s intena posible, do otros organismos interc'.dos en cza termatica, a fin do 
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incrementar el n6mero de investigadores, coordinar esfuerzos y evitar duplicidades. 

Por ello nos parece importcnte sefialar quo Ia OIN, en lo que a investigaci6n del adnbe se 
refiere, ha compartido sus esfuerzos con diversas entidades nacionales tales como la Univer
sidad Nacional de Ingenierra, la Pcntifici2 Universidad Cat6lica del Peru, hIstitutoel Goo-
Fsico del Per6, la Universidad Nacional Pedro Ruiz Gallo de Lambayeque, el Banco do la 
Vivienda del Per6, el Colegio do Ingenieros del Per6, el Instituto de Investigaci6n Tecnola6
gica Industrial y dc Normas T6cnicas ( ITINTEC ) y el Instituto de Investigacion y Acci6n Pa 
ra la Vivienda ( INIAVI ). 

Entre los organismas internacionales, hemos recibido la colaboraci6n y compartido infbrma -
ci 6n con entilades coma la Agencia para el Desarrollo Internoacional ( AID ), INTERTEC, -
Carnegie Mellon University, el Comit6 de Acci6n para la Vivionda Econ6mica de Inter&s So 
cial del Sistema Econ6mico Latinoamericono ( CAVEIS del SELA ), Naciones Unidasy
Centro de Investigaci6n y Aplicaci6n - Tierra (CRATERRE). 

Logros Obtenidos 

Consideramos que el logro Fundamental obtenido par los esfuerzos realizados par la Oficina
 
de Investigaci6n y Normalizacion y las entidades anteriormente mencionodas 
es ccntar con
 
Io quo denominamos Tecnologi'a Mejorada del Adobe, 
 termino con el cual queremos abarcar
 
la combinaci6n y compatibilizaci6n de los conocimic.tos obtenidos tonto por el Programa 
 -

COBE como por las investigaciones realizadas en el cdobe corn&l y diversos apcrtes recibi 
dos de otras fuentes. 

Dado quo una descripci6n dotallada do los logros obtenidos podr'a resul tar demasiado exten
so y quc la informaci6n tcnica quo los mismos implican, so encuentra en diversas publicacio 
nes, cuya relccion bibliogr6fica presentaros com Anexo N' 1, informaremos :slo do manera 
general, los logras quo consideramos m6s importantes 

El Adobe Como Unidad do Ambamilen'a 

En estos nomentos tenems la informaci6n suficiente coma para preparar correctamento tanto 
adobes estabilizados como adobes comuns, contando con los procedimientos necesarios para
la fabricaci6n do los mismos, particndo dc-de la salccci6n de cntcras, anflisis +1 los sue
los, tipos do gaveras a ,or empleadas, tendales, procedimientos de secado, y almocenaje 
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hosta los m4todos de ensayo para verificar las condicicnes mec&licas de los bloques. 

Procedimientos de Construcci6n 

Contamos igualmente con ellconocimiento t~cnico suficiente para construir albflilera do a
dobe do modo quo la misma cuente con los refuerzoi estructurales diseiiados para coda caso 
particular y con el empleo de los morteros mas adecados. 

-

Metodologira do An6lsis Estructural 

Posiblemente es de los logros mas importantes ccntar con una metodologjra do disefio estructu
ral para el adobe, lo que permite dimensionar adecuadamento la albaniler'a, teiendo en 
 -
cuenta las exigencicm sismo-resistentes. Con anterioridad a las investi5"::!ones realizados so
bre el adobe las edificaciones ccn esto material se dimensionaban unicaaoente de acuerdo a
las tradiciwus cxistetcns, lo que en 3pocas recientes produjo cuores graves que se manifesta 
ron con claridad, :.obretodo, en el sismo del aflo 1970 ocurrido en el Deportamcn to de ,-cash. 

Diseno ArMuitect6nico 

So dispon" tambiti do una seria do recomendac ones t6cnicas do car6cter arquitect6nico, 
muy vinculadas a las necosidades do tipo cstructural, que deben ser observadas para un correc 
to disefio do viviundas do adobe. Los reccncndocicnes aoruitecc6niccn, refierm princpalso 
mento a las dimensicnes do puertas y ventanas as como a la ubicaci6n do los vanos, encuen 
tros do rmuis y otros. 
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Normas Tecnicos 

Los avances tecnicos hasta ahora obtenidos han permitido elaborar normas tcnicas, oficial
mente oprobadas, para cl adobe estabilizado, yen el Reglamento Nacional deConstrucciunes existe un Caprtulo dedicado expresomente a las Construcciones con Adobe, lo cuai repre 
senta un importante paso para tzlbuen uso de esta tecnologra y el aprovechamiento de los co 
nocimientos generados. 

Tesis de Grado 

Consideramos un logro igualmente muy importnnte, haber conseguido [a realizacicn de 20
Tesis de Grudo par alumos do diveras universidades :obre temm vinculados a la Tecnologra
del Adobe, Iocual permito relacionar mudio a la Univeridad y a profesionales i6venes con 
la tecnologia del adobe, azegurando dc alguna mancra, quo so continuen investigocicnes posteriores y quo los ccnocimientos actuales formen parte del Syllabus universitario ( Anexo 
No 2). 

Dlifusi&n do la Tecnobloiqa del Adobe 

Una etapa do trabajo considerada do primera importancia ha sido la difusion do los conoci 
mientos obtenidos a los diversos sctores interesodos, es decir, profesionales y academicos 
t6onicos c!pccializados y uuarios. 

Considcrams quo la difusi6n de tomologila debe ser la elapa final do todo Proyecto do Invcstigaci6n, fpuesto que .i Ins conocimicntos no se diseninan los efuerzos relizados en investi
gocion pJ cn do:-nr con facilidad okoletas i Ias inveriones y !7fuerzosNo ar-p.irfan 

Mellon University y del 

,us 
objetivos. 

En evo :tapa do divulcpcion, que imptlca tcmbin tora dc ccpucitacic 
con el c'oorto muy ,-,Iio-o do la AID, del INTLKT1C, doIla Carneoie 

, hronos contodo -

CEPAC, con cuya contribuci6n a ha podido producir dmvr-cA materiales do divulgaci6n b6
sicamento come material escrito y come material audiovi:al. 
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En la actualidad contamos con la Cartilla " El Adobe Estcbilizado ", el Folleto " Mejores
Viviendas de Adobe, el Folleto Teco Liviano de Carla y Barro, el Manual Tcnico " Adobe 
Diseflo y Construccicn " asi como con material gr6 flco de diverso tipo. 

Se ha producido una peircula en 16 mm. denominada " El Adobe " y un Curso, Audiovisual 
denominado " Mejores Construcciones de Adobe ". Este 6ltimo de notable aceptaci6n que 
nos ha permitido dictor cursos en diversas locolidcdes de la Costa y la Sierra del Peru. 

-

El material arnteriormente indicado es empleado generalmcrte para dar instruccion a grupos, 
sean 6stas comunidades, cooperativas o sociedades agr,'colas de inter&s social, que muestran 
deseo do aplicar la tecnologra del adobe mejorado en sus viviendas. 

Para nivclcs do profesionales se han dictado Cursillos y Charlas en diversas localidades del 
pals, y so ha Ilevado tambicn esta informaci&n a F6rums de car 6cter intemacional. 

Una Gltima mcnera do difundir los conocimientos, y quo consideramos do singular importan -
cia es 	la de efectuar construccines do tipo experimental, tcrea que hemos realizado, aun 
limitadamente, pero que permanentemente tratamos de impulsar como una forma de glabali -
zar los conocimientos existentes sobre la Tecnologla al Adobe ( Ver Anexo N' 3). 

Perspectivas 

Consideran-os quoen Iorelativo al desarrollo do la Tecnologr'a del Adobe, y on general a
las construccicnes con tierra habro' quo hacer todavi'a muchos trabajos do irvestigaci6n. En
tre tales estudios selarcrmos a continuaci6n los siguientes : 

* 	 Variantes para la estabilizaci'n del adobe mediante el emplco de cal, cemento, com
presi6n mec6nica, y otius fortnas. 

* 	 Profundizaci6n do los estudios .obrc mortcros adecuados para la alixililen'a del adobe,
principalmnte mediante el uo do lo cal cyas caracter",ticas do odhc-ividad n am
pliamente conocidas. 

.	 B6squeda do nuevas altemativas. para el refucrzo de la alLatlilcrl'a do adcbe. 

" Prufundizaci6n do los cnocimrentos sobro ol comportomi Into cstructural do la albafile 
rra do adobx, obr todo ,n cac a fntudios do tipo diriurnico. 

* 	 Estudio paru la Rcproci~n de Viviendao /,ti(;uo de Mok,!, onolliondo los rcequori -
mientos de refucrn:o que puecin ,er friccario- "cbrw ewvertos :,mic. 

* 	 Estudio do los con-,ttccir nes do adobe en dos pksos, ctiya utili7oci6n cst6 sumamento 
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difundida, sabre todo en la Sierra Peruana.
 

Estudio de la albafiilerra construda con el Sistema de Tapial o 
 Adob6n, tambi~i m 
difundida en varios localidades do [a Sierra y Cabecera de Selva. 

" Estudio de los muros realizados con el empleo de la Quincha, material este 6 1ltimo com 
puesto por paneles do madera o caiia recubiertos con barro. 

" Incremento do los medios disponibles para [a divulgaci6n de la Tecnologra relativa a Ia 
construcci6n con tierra en general. 

" 	 Realizaci6n do proyectos piloto con la finalidad de difundir el Uso del Adobe en Ia 
construcci6n de viviendas. 

" 	 Incremento do los Uormas T6.cnicas rc!otivas al Adobe asr"como la revision permanente
de las recomendaciones estipuladas on el Reglamento Nacional do Construcciones. 

" Vincular la edificaci6n con Adobe con el empleo de las Fuentes No Converxionales de
Energra, principalmente la Solar, E61ica y Biogas. 

Comentarios 

Consideramos quo la investigacion sabre el Adobe realizada on cl Per ha gnerado un mayorinter6s do los profesioncles on el ccnocimic nto do las tecnicas para el buen empleo do dichomatericl, el aIal constituye, estimamos, un cpreciable aporte a la problemn6tic do !aviviendo on 'IP,-,-,puesto quo exist,.n ya lcs ccndicicncs mrnimas necearias para supcrar los 12
fectos constructivos derivadcs del ernpiri.mo.
 

Creemos tcmbi6n quP [a Investigaci Ui del Adobe ha pcT-mitido cntor con cl.mentos t6cnicos quo posibilitarn lmejorarniento de los condiciones de habitabilidad dc las ccontrucciones 
con adobe asi' coma u !,-25uridod. 

Do otro lao la rc.aliz~ci n do la, inve tinaciones sabre MoioW ha mostrado la necesidad de
meiorar los procedini,'ntos adminitrativos pora el desarrollo do Projrcmcs do Investigoci6n 
cuya din6rmica os".n.,ldlment difcrente a prrc;ramcs do otro tipo. 

Ha sida tambi,n una muy hrnpcrtcnt(o /valio-c -xp(eri ncia la vinculaci~n inter'nstitucional -Iograda ni di-rrollar !I prnqrarTr d Inveti ciP I df'! liao. , , 1u10 permitido com
portir 	i- '. o {,o! ; ~-do ':- t, tic(0 r,- t'rn / proyo ctar la, ;nqu ,;tudos guio
rodaos 	a orsc, mpo d J: ,cimicnto de la tecnologi' Io 'uehu perrnitido impuisor (" get
ral la inv,'tirpciu'n ,n riud~os apectos de la vivienda / la construccion. 

Lima, 14 do Aril do 1981. 
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668
 



Folleto " Construcci6n en Adobe
 
Minis terio de Vivienda, 1970
 

Manual para la Construcci6n de Viviendas con Adobe
 
Banco Interamericano do Desarrollo, 1970
 

Propiedodes Meccnicas do la Mamposter'a
 
Meli P., Roberto; Reyes G. Alejandro, Mexico 1971
 

Resistencia do Vigas de Suelo-Cemento Reforzodas con Carrizo
 
Corcuera, Ch, Lima, 1972
 

Estudio do Vigas de Suelo-Cemento Reforzadas con Cafla de Guayaquil y de Modelos 
de Muros de Adobe Sometidos a Cargos Perpendiculares a su Plco. 
Moromi Nckala Isabel, Limo, 1972 

Quincha coma Material de Construccion
 
Kuroiwa Julio, Lima, 1972
 

Investigaci6n sore Construcciones de Adobe, Porte 3. Estudio sabre Loses deSuelo-
Cemento, -eforzodas ccn Corrizo y Encuentro de Muros de Adobe
 
Vera Gutierrez, Rodalfo, Limo, 1972
 

Investigaci6n sobre Construcciones de Adobe, Porte 1. Caracterl'sticas del Suelo
 
Cemento y do la Cali Gucycquil,
 
Eciaz Peralta Julio, Lima, 1972
 

Investigation c4i the Peruvian Earthquake of May 31, 1970
 
Kuroiwa J-lio, Dezu Ernesto, Jaen Hugo. Lima, 1973
 

Comunicaci6n Personal
 
Fatahl G2orge, 1973
 

Recomendaciones t6 ciicas pare la Reparaci6n de Edificaciones de Adobe y Quincha 
dciodas par Movimientos Si'smicos 
Minilterio de Vicienda, 1974 

Estudio do Muros do Adobe Sometidos a Cargos Horizontales - Porte 5 
Merino Rosas, Francisco A., Lima, 1974 

Estudio do Mjros do Adobe Scmetidos a Cargos Horizontales - Porte 5 
Guanilo Garcra)kracio A., Lima, 1974 

Estudio do M-Jros de Adobe Sometido- a Cargos Horizontales - Porte 5 
Mincola Haro, Cirlos E., 1974 

Estudio Expe;imental del Comportamiento Etructural do las Construcciones do Adobe 

669 



Frente a Solicitaciones Srsmicas.
 
Corazao San Roramn, Miguel; Blondet Saavedra, Mi'cial, Lima, 1974
 

Informe Final COBE ( Ira. Fase )
 
Ministerio do Vivienda, Lima, 1974
 

Polrticas de Tieas Urbanas y Medidas de Control del Uso de la Tierra
 
Naciones Unidas, 1974
 

Metodos de Construcci'n con Adobe
 
AID, 1974
 

Charlas en la UNI
 
Mathiossen, Ralph
 

An6lisis Critico del Capitulo IV, Tiltulo V, del Reglamento Nacional de Construcciones 
Seguridod Contra el Efecto Destructivo de los Sismos. 
Husid Roal 
Vargas Neumann Julio, Lna, 1975 

Folleto " Mejores Viviendcas do Adobe - ra. Edicion. OIN 1975 

Folleto " Construyendo con Adobe 
INIAVI, 1976 

Seporata " Reglamento Nacional de Construcciones : Construcclones de Adobe y Ado
be Estabilizado " de las Normas de Diseflo Sismo Resistentes. OIN 1977. 

Construccionos con Adobe. 
Reglamento Nocicnal do Construcciones. Ministerio de Vivionda. 1977 

Publicaci6n " Reglamnnto Naciconal do Construcciones ": Norma de Disefo Sismo Re-
sistento". OIN 1977 

COBE . infcrme Final OIN, 1977 

Documento " COBE : Diseilo Sismo-Reistente. Construccioncs do Adobe . 
OIN, 1977. 

Folleto " Mcjores Vivicndas do Adobe " - 2da. Edicin. OIN, 1978 

Cartilla Gr6fica " El Adobe Etcbilizadc ". OIN, 1978. 

Separata " Reglamento Nocional do Construcciones : Construccionos de Adobe y Ado
be Estabilizado. 

Sepurata " COBE : Diseflo y Construccion con Adobe Estabilizado ". OIN, 1978 
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A exo No 2 

Teis do Grado 

- Selecc=n de Suelos 
Miguel Arias Martinez 

- Estabilizaci'6n con Afalto - Suelo do Lima 
Jesus Velarde Donego 

- Cimentaci6n 
Edgar Sanabria Gomorra 

- Estabilizacio6n 

Glerisis Arias Ormeno 

- Morteros 
Orlando Malmaceda Sorgoflo 

- Estructuras do Modem 
Walter F. Iglsias Gronda 

- Coberturas 
Adri6n Cineros V. 

- Estudio do Pisos 
J.M. Capucay S. 

- Normas Teaicos 
|iucy Gaviria Pastor 

- Ajbailerra Reforzacla 
A. Paredes 

- Investiqaci6n do los Aspoctos do Elaboracion y Aplicaci6n do Bloques 
en ol Proyecto Cayaltr ( 2 Tomas ) 
Podro Jacinto Bemilla Carlos 

A,61;iis do Co-.t(s y PrruF.jt,~tos en Ia Elabomc,6n, Ccnstruccion y Aolicaci6n do los
Bloques E::abiluzados ccn Afalto en Vivimndas do Tipo Econ6mico i ta Cooperativa 
Cayairn. 
Luis Enriquo Santitebun Lino 
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Anexo No 3, 

Con~rucciones Experimentales 

- Construccio'i de 1 Vivienda Experimental en Tupac Amaru -Caflete
 

- Construccion de 1 Viviencda Experimental an la Planta Piloto de la QIN
 

- Construccio'n do 1 Ala y SS.11H. on ci Centro do Educacidn Inicial de la Urbaniza
cion Miccla iBctidas. 

- Construcci6n do 2 Ailcr,, SS.HiH. y Vivienda Guardicni'a en el Centro do Educacio'n 
B6sica mi Ac-omayo ( Hu6nuco ) 

- Construcci~n dc I Vivicndo en Hu6nuco ( 2 cmbics) con f'nes diddicticos.
 

- Construcci6n do la Scoundo AMo 
 ( Aila N~' 3s)>y SS. HH. del Centro do Educocion 
Inicial N' 327 do la Urbonizocio'n Micacla 2ostica. 

- Construcci6n del Locol Comunal, Posta Scniturio, Centro do Educccio'n 136sica y
Viviendc paro Prcfc~orc-, on lo Locclidlad " El Papayo ", Piuiv. 

- Con~trucciu'n do I Aila - Cerro Granide - Ayaviri ( Puno) 

- Construcci&n do 1 Aila - Huoura 

- Construcci&) Posto MWdica -Palpa ( Huaral) 

- Construcci~i I /viic Lo Candelario ( Huoral) 

- ConsruPcci('i wJcryi do Papas ( Huoncoyo 

- 100 Cc=a en CGXC II 

- 20 Coscm rn VNc pcia 

- 1 Cczso en Hucaz 
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REINFORCED POURED ADOBE AND ITS APPLICABILITY
 

TO EARTHQUAKE RESISTANT CONSTRUCTION
 

Frederick A. Webster
 
Jack R. Benjamin and Associates, Inc.
 

Palo Alto, California
 

ABSTRACT
 
Results of rational analyses of reinforced poured adobe walls indicate
that the structural concepts of this construction method are valid and

satisfy the intent of the Uniform Building Code, ever in high-seismiczones. Wall-forming techniques and shrinkage craki g represent majorobstacles to the practical application of poured adobe. However,several solutions, including the use of plasticizers, bamboo rather thansteel reinforcing, and fiber reinforcing, show promise for cvercoming
these obstacles in the future. 
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Introduction
 

Mell, et al. stated in a recent paper (1) that:
 

"In developing countries the main cause of 
loss of human lives
 
and of economical damage following strong earthquakes is the
 
collapse of small houses built of unreinforced masonry, mainly
 
with adobe or 
stones bonded with mud and mortar."
 

In the United States this has not been the case, primarily because of the
 
wide-spread adoption of the Uniform Building Code 
(2) which imposes very

restrictive requirements on the use of adobe masonry as a structural material.
 
However, because of the ever-increasing economic pressure and scarcity of
 
conventional materials such as ,ood and 
concrete, building materials such as
 
adobe, which are readily abundant, are being re-evaluated. 1any local county and
 
city governments that originally adopted the UBC code 
as their own have since
 
amended their requirements so that the restrictions on adobe construction have
 
been liberalized. uch is not the cdse in California, where the seismic
 
requirements are the most stringent in the United States. 

However, adobe being as anundant and versatile as it is, it behooves us to
devise new methods of incorporating it into structures without sacrificing
seismic safety. One method of adobe construction which shows promise in the area 
of seismic rsistance is the use of reinforced poured adobe walls in residential 
construction. The primary difference between poured adobe and adobe block 
construction is tWe use of the wet nix directly rather than molding the blocks
and tVen n: ortiring then together in a wall. Reinforcement in the form of welded 
ste! iw r.: fa rc or bimboo may be incor'porited in i manner similar to theconcrete (s;eer, inf orcomw:nt in poured ,constructiun Figure 1). 

This paper presents a description of the reinforced poured adobe process and
its applicabity to ;eismic resistant construction. A rational structural basis 
for using reinforced poured adobe is presented along with a discussion of some or 
the problems related to its application and possible solutions to those problems. 
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Background
 

Little, if any, technical information on the earthquake resistance of 
reinforced poured adobe is found in the literature. Most information which is 
widely available concerns traditional adobe block construction (1,3, 4, and 5) 
and isaimed at the less developed countries. For example, Razani (3 and 4) has 
developed seismic design criteria in Iran for low-rise, low-cost housing with 
brittle behavior. These criteria include minimum raquired design lateral loads 
and base-sheur coefficients for ensuring against daTrage and collapse. In 
addition, Razani proposes that roof collapse, which he states is the main cause 
of death during earth quakes, can be prev ente:d by means if a braced skeletonu 
;ysten ait in tne unru inforceo building. 

A,)rgas-NBuumann (5) present, minimum requirements for material strengths to 
be used in reinforced block adobe construction in Peru. The use of cane and wire 
as reinforcing is suggested, with vertical reinforcing being placed in concrete 
mortar betwen doub le adobe a s.. Tihis type of sandwich construction with steel 
reintorcilg hars is typical of the adobe c:onstruction in California. 

Mo:li, t a l. (1), in consi d ring w isting adobe structures, present the 
reslts ot dynaiic shake table tests on three ,eparat,, methids of strengthening 
adobe block constructed houses af ter th, y have been constructed without 
reinforcement. The three methods consiLored are:
 

0 Concrete Acnd beam n'ith cOrnu.r spurs 

0 Tie rods it the top% of ,alls U; bald the top of the walls together
 

0 Wire mus.h ai to ,mwrvndr mg 

In each of tnes, m,:tnidus tHe 'tr"ngth trVienrs to the plane of tne wall wasincrea,.d by iarym n dr ,. Huvar, because the wire mesh with cement 

rendering prov imd-rtaicr l isa% h.o1krrizontal reinforce.nnt, the increase was 
most drimikt(r fKr this mthod. Tn ir. meh is Alo advant ageous, nirice it does 
not ryeq ir. r,,= 1 4of tw r of fur r ,trf itt ng. 

0 0c5 )f .hv,', rk1 it0 m r .r f , 0-,'.esL'', rnstruct iond0.e5%,% 1h i cuicrn( im 
in seis ic zonre',, thP V i r thy M n't'rial, rd tie! mr d of1r'nI brittle Sh uI of 
re nforcv'm: tt to pro i duct ility in.d ,trnJ th. A"S,,n conce,rn', arc v iid for 
poured ,drb,. H ,nv,,r, ,In(:c to is ; r t5" " n t aid, r.'coqrI:,,d at the 
present, it ipp":rirs nl'n-. rr! t: tir',t present i rat ionl nr,:'r t for its 
acceptance, foliwed ,n the tKture by experimental research and verification. 
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A Rational Basis for Using

Reinforced Poured Adobe
 

The Uniform Building Code does not 
prescribe standards for reinforced poured
adobe as a method of construction. However, Section 105 of the Code states:
 

"Provisions of this code are not intended to prevent the use of any
material or mthod of construction not specifically prescribed by
this code, provided any alternate has been approved and its use 
authorized by thc. bui lding official. 

"The building official may appravc any such alternate,
provided he find% hnat the proposed design is sati fs,,tory and
 
complies with the provisions of this code and that the material,

method or work offered in, for the purpose! initndd , at least
 
equivalent to that 
prescribed in th is code in nuitibility,
strength, ,ffectivenens, fire ranlstance, djrability, mtety and 
sanitat ion.'' 

Thus, in li'! Iot :mpirical ovidencv, a rational ntructrnl analy;is is believed 
to provide the hA ilii nq official it.h suffici ent evd ence to substantiate the

suitabi lity, %tr',noti, ,I:ctivepmn', and vafety of ryinforc d poured 
 Ydobe 
ronstru:t, ion. 

For , r':einforced po'ured adobe will to satify thn, provi+ions of the Code asa load Wear-inrg structural lniont, it miu st withstmind the r,.cri be, lator il and 
vertical load%. Th nis ,an' that, in addition to ros istinj in-pln, .h'nr forces 
anu ov rturning nj ,nt , i wall us. withstand, oit-,f-plr, forces .n] :rom'o ts(see Figury 2). It is, in fact, the',: out-ot-pl f1,,rce on thi a ll, caued byinertia ':c:.:V. if the all nd roof nhich appear to to .riticil. 

Asumai rig that inr-plin, forces and moments cirl ho rn':t',t.d by i cum irtiorof adobe co:pro'!ssive strength and steel tons ile and shar stren th, ';Ot iOq2312(g) of te Code precr ibes lateral forces ncrmal to the wall to be: 

Fp 2 pp
 

where Z dLpends on the earthquake zone, I is the occupancy importance factor, Cp
Isa force t ,.:tor dependent on the type of structura1 elerment, and W) is theweight uf thy wall. ior a ',ingl"-story building with Myt rr bear ialls
eight feet tw llo 1,1 rin,, thic: irid nd in &%'i1Wo cmin ,,'n'" 4, th,, 1iteral load
Fp is 44 l,./ t'. 

The im !r ,K nt. d or,'o' .o 
deperni not only ;n ti, Jnsuijpm 'lrt, ,nqth of The a I, hot ill on 

l in n o; '.n. nA ir kiu,' ' th i '.a I 1aid 
th' Y . 

con1dition%, , nsm'> nolhr th. i r it''I l r't o,
support,,.rA M '< ', ;''. rr' If I ''1 or ,imiiipl /
, . h,.,tlp ,LhtopI on";,1%, 1ra, Ir %I-ly:}! ,UPP4 0 '. 

A i I i t rio f th' ruo I ii ni a 1 1 n , 'xpor ti n i all i I n 

thi' do%''; in roIy Sipo'~ i do,' i , or Sr in............iiri 1I&ml', n de 5eirtfqtrpl '%,. 1or o, +p;r I , I I.h,' itQ 1 :niaplh , o I !; hr :qn;i i onS, , IIic v
usually tA" K i'' in it l,, , ; t ro dr'.,_ior if ltri i lr', th, lorp !' A" mall Imust i,, nwri ' oin. rd in uppor t Itre ,.dl ' rind Sr 0. *,r',,, lit,. lti , rti load'.due to the roof, as *.ll a% the' waIll 1401, 'mu'.t b c rrid hi th,"will, rather
than trn.o', trrin i the loadt i th ' ',h ,ar waIlI', 5 , pt al. (1) Icu th 
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dynamic behavior of this type of construction in unreinforced adobe structures,
 
stating that:
 

"The vibration of the longer walls normally to their- plane induces
 
bending inouents that are maximum at their laterl 1 rinds and that 
producI, vert IiI cricks that propagate downward', in such 0 41iy that 
the upper- partt tHet Ati rt asuf ,ll tarts i g I cantilover;
 
overturnrij :{.2rt5 
 in7th,, bIA 0 thiu cracked lerlgth Le-C:I # 
critical t ,.,cr n1.a1,jth increas,; i in lly the rall (I II 
genera 1 yv . t t ',;,-oduc, tI ,W, ICi 1 t n : 11 . 1 1, .)f." 

If th, I I , rI, I .1 , , I I I Itt p1,Vi' tII . dI the top, the
maximum unit .r ', .t ,t , ;, nd ;. i,, r It *,no or ottufm of
the wall len , ' ' atr h,i rt i i t w, ,ir it Ii, .'-,rt ; f thl,w ill 

the top, '., ' 
 n en '' 1, . , ' it t ', : *r I , 

support,,. 
 t"t iil 1, 1 111 1 ) .' nd~jqfV
tnotmf nt 1,. in t ,o i i , " p r I oI :, I -t I 

rnmoment t I -i'l r.1. t u i1 7, ,' i 

Unit h'17 , on , ,,1 - , ; t ...... tr ction
 
limitjtion,, , titi I7,,, J.: 
 Jr ,I' lljII'It I., iAt t d, 4 IdI'.
Shea, f1. ,'.ml ,) r h n' , 2 , re , , 1 t. h/ ! , , 1. or a 16

1;.,
inch tn ick ,I Il,t, 1 1 , 1' ",A, ,, , itt,at th.se 
upper Crn,it;. thp i, I i.n t 1, i', 1ril ,hej7; for diff,,r rnt 
edge fiI ity nI t)onI . 

As,u intji. I ,:dgv_ i iA ity ' ,n_in F ig r- 2b, 1-6 inch th ic k wilIwith a
U8C 1,1teril i I tl fI)'I: of 1, Iby/ft 2, ind I roof lo-1, on the iaII of210 lbs/i. producing i '1.C latrIl inert I load of 39 lbs/ft, the (miximum unitt
bending moent it the 5ase of the wa i s 998 1b-ft/ft. The steel area required 
to re sist t.i I b),nd iig orv.fnt Is based on the form u 

A, M/f jd
 

Assuming f, 20,000 psi and d • 14 inches, 
the required tension steel area for
this moment Is 0.046.1 square inches per foot. This required ste1l area can be 
met by using 121 ,jiiueo, .ire welded mesh with 2-inch spdcing. 

v,-f If toi,-I r, inforc ing I-.capable of withrt indinfj the hndi u, ',bte,;.;.the UBC ll , 1, ,Ind ben~dtng ia: ,Orpren. ofn IdohI it,(e Iir,trI-.*,n thef 
quits! r00tr 1:t v.. 1i Inn te,4 ofA IiCKnpv,0 it bottcm tr,..,I lI . ,equml to tho,roof load phi. the . ;tit )f the ,fllI, or 1,3110 Ib/ft. A'.,n . 1hit the 
work IrI() pr,i)v1 on', t9f th,. 'I'k',for mant ry Contrl. I,l ar ,.' I i( for 
p2ouroo ide fe ino if the :trintli Il;o 1'. th,,(o o1 fluwalb ~ be.d Inhg Coxipf.s ye stress, ,lcuor1.|lh rif thOe e 1% IGO I,,2I Utm) bl,. 1,-ili anid Sect io(n.,}3(d)
Of "he i~or' H, 65,.r3 psi, .hIl, tthe ,llwabl;,,1' iiI {:,nrVe.s.l e ;tr,..' I' 

OA$sumin9 i minitum compressive itrength implies that 4 quality control program 

for mixinj ttw v'obc! 1S followed, and ample ,pec1men are periodically tested
 
for stro-nqth.
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1.33 x 0.1 f 'R,where R is a reduction factor based on the unsupported height to
 
thickness raTio. For this example, the allowable compressive stress is
 
38.8 psi. The UBC required combined stress interaction equation is:
 

fa + fb 

a b 

where f = 2M/bd 2jk and f. = P/A For this example, the interaction of axial 
and bending compressive stresses is0.91, which indicates that a 16-inch thick 
wall is adequate for combined out-of-plane bending and vertical axial force. 

The maximum shear stress Ait the top corner of the 16-inch thick wall is 6.0
psi, whereas the allowable out-of-plane shear stress on the wall from Table 24-H 

=of the Code is 1.33 v 1/2 x 1.1 x A 12.8 psi. 
These computations are not intended to be exhaustive, but are meant only to

1llustr it, the potntial use of reinftorced adobe poured in high seismic zones. 
The following to sections disc.ss the unique problems associated with using
reinfurcd po,0r,, idobe and some possible solutions. Since so few poured adobe 
structures are known to exist, not all 7 iblems related to this technology can be
foreseen it the present time, and solutions even to known problems are in need of 
research and evaluation. 
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Forming Poured Adobe Walls
 

Although there may be others, this author knows of three examples of poured

adobe structures (6, 7, 8) in the United States, only one of which (7)has
 
included welded wire fabric reinforcing. The key to this method of building

according to Belshaw (6) is a simple light-weight form that is placed where
 
needed on the walls, filled with adobe, and then movcd to another location as
 
soon as the adobe has begun to "set up." Where speed in curing is necessary,
 
Belshaw recoinends that soil cement be used.
 

Forms for poured adobe are lighter than those necessary for rammcd earth.
 
The form designed by Belshaw for unreinforced walls isshoan in Figure 4. The
 
form in a box joined at the back with continuous hinges. The hinges allow the
 
sides to be spread apart when the form isremoved.
 

Deoending on the water content of the adobe, humidity of the air, wind, and
 
size of the block, the form can be removed anywhere within four to twenty-four

hours, although full curing takes weeks or months. However, it is strong enough
 
to withstand the next step or even support another block on top.
 

A simple sequence of constructing the walls isshown inFigure 5. Adobe is
 
poured and tamped. According to 3elshaw, the adobe will have set up sufficiently
 
to 
resist slumping when water does not ooze out when a firm imprint of a finger
ismade. The next step involves erecting simple plate forms which span between
 
the already formud ado be blocks and fill ing with wet adobe as shown in 
Figure 6. Shrinkage in this furming process isreported by Belshaw to be 
negl igible.
 

Thy process itfmari uficturinr the adobe .and pour irg ,uqjq,,ted by OEMhar 
requires th, use oft a backhoe tU mix and carry the forns, although the adobe may 
be mixed inia cim,nt mixer and carried ii 4hee lbarrows up rampn to the forms. 

A modificatiuan to the i s c f orm d "' is O n Figre 7.i"goa_! 72,1sh... 1 
This modified d s yr illows for the inclusion of reinforcing awgldvd airp fabric 
to be imbeddd in thy adobe, and also includes the use ot exlpanided ,tnal 10lath 
rather than aood is the basic siding of the form,. Thu use of metal lath rather 
than plywoodj or hoard% enhanc s a more rapid .nd init n 's Up" tyire, S ince 
more surface ara oflnet adohe iKexposed to air. It the ii"t of the form is 
large, wire t i:s lay be meded between the innrer" arid out.r 1ath iof th, form t) 
ensure that the form oe., not hUlo#udue to the' hydutotic pr-%%'" o',)tf the,, t 
adobe. 

', .afill Ioll 
13 fNo!t) .i 4 +t idul), it inn, tW,'-.. A odul r ifor' iivi 'ytW' a,, !,v lIond i'ire 

,'° II tnorib'' I i, .,,t pi 

In r w r , ' ,Amp Nilri /) u',,l farm, to plr.,: heiht (up t:) 

,xp -i ,' lath i4' . ri 'J it of', ii I ir:i.,ur'ir.hl iM',inq I 
coricr+'ty p.w'pr, r',,i a ,,ttrL" ' i', K O M in nithirut r',, a than qllera I In.,inab I, 
to r,Sist sirirly_ r ic in,, Ml.'wujh hr i nkage 

.m 

,rriackilof Ae M Y did not 
appear to be a prqbln for I '.orn, 
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FIG. 4 

Basic Forn ng Block (6) 
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Shrinkage Cracking
 

Shrinkage cracking appears to be another of the major problems to overcome
 
in the application of poured adobe. This problem is amplified when steel
 
reinforcing isembedded inthe wet mix, since the adobe, when it drys, will tend
 
to shrink away from the fixed position of the steel reinforcing. The following

ideas are offered as potential mitigating schemes.
 

Superplasticizers
 

Schultz (11) has suggested the ure of superplasticizers inadobe. Chemical
 
additives to adobe, such as some of the lignin sulfonates, show potential as
 
dispersants, binders, and emulsifiers. In the application to poured adobe the
 
potential isgreatest for reducing the required water content while maintaining

the fluidity necessary to pour, thereby reducing shrinkage, shrinkage cracking,
 
and drying time.
 

Fiber Reinforcing
 

The relatively high cost of man-made fibers as a reinforcing material has
 
produced an interest in natural fibers as possible substitutes in construction.
 
This is particularly true indeveloping nations where either the cost of
 
reinforcement for seismic considerations represents a major portion of the total
 
cost, or these man-made products are simply not available. A recent paper (12)
in the American Concrete Journal describes the use of natural agave fibers, which 
exist in reaqonably large quantities in many countries of the world, as possible
reinforcement for Portland cement-based matrixes. 

The logical extension of this technology to the issue at hand is the 
incorporation of natural fibers in the adobe mix as u reinforcement, providing
ductility in a material normally charaterized by brittle behavior. 

he experimental program conducted by Castro and Naaman (12) included tests 
on iqdividual fibers to aetermine strength, modulus of elasticity, and other 
physical properties, as well as flexural tests on fibur rrinforced mortar 
specimens, to determine the influence of the volume fraction of the fibers. In a 
random sample of these agave fibers, the tensile strength ranged from about 40 to
 
70 x 103 psi, while the modulus of elasticity rdnged trom about 1.0 to 1.7 x 106 
psi at 1.56 percent strain. These values compare quite favorably with man-made 
fibers.
 

Flexura l tests were performed on mortar matrix specimens 12 inches long, 3
inches wide, and 1/2 :nch thick. Fibers were cut to lengths of between 2 and 3 
inches and mixed into the mortar in different volumne fractions. Figure 8 shows 
average load-deflection curves of beam specimens reinforc-d with Maguey fibers 
for different 0olume fractions. It was generally observed that first cracking in
flexure is not significantly influenced by the volume fraction of fibers. 
However, for a volume fraction greater than about 7 percent the load increases
beyond first crack, providing the desired ductile behavior. Equivalent flexural 
stresses in the composite matrix with a 10 percent fiber volume fraction were
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three times higher than the 
flexural strength of plain mortar specimens. It was
 
also observed that with high fiber volume fractions the increased load capacity,

after the first crack, was accompanied by multiple cracking in the specimens,

showing a favorable dist'ibution of stresses at ultimate load.
 

In the United States, man-made fibers such is polypropylene and polyester

are readily available and relatively inexpensive, and, therefore, show promise in 
the poured adobe process. These fibers have ultimate strengths of between 50 an,

80 x 103 psi and were primarily developed for use in the concrete industry to
 
provide resistance to shrinkage cracking and 
to increase impact strength.
 

The addition of fibers to the adobe mix, in many respects, is analogous to

the traditional addition of straw to help prevent cracking. However, the

strength of the agave fibers and man-made fibers appear to be much greater than
 
straw and can further provide resistance to brittle failure during earthquakes. 

Bamboo Reinforcing_
 

As a substitute for steel wire reinforcing, the use of bamboo shows 
potential for mitigating the shrinkage cracking of adobe associated with steel 
reinforcing. It was pointed out by Fang, et al. (13) that bamboo contains a
 
large percentage of high strength fibers with ultimate strengths up to 25 x 103 
psi.
 

The swelling and shrinking property of bamboo, which makes it undesirable 
for concrete cunstruction, may in fact make it desirable for use in poured adobe 
construction. When dry bamboo absorbs water, swelling occurs. If the swelling 
pressure is large enough, it pushes the wet mix aside. At the end of the curing
period for concrete the bamboo loses its water arid shrinks at a greater rate than 
the concrete, leaving voids between the bamboo and concrete. 

On the other hand, if wet bamboo is placed in poured adobe walls, both the
adobe and the bamboo will shrink drring the drying period for adobe. If the 
adobe mnix is properly controlled, the shrinkage rates of the adobe and bamboo 
will be compatible, leaving no voids between adobe and bamboo. 
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Conclusions and Recomnendations
 

The main conclusior of this paper is that the technique of using reinforced
 
poured adobe as a structural load-bearing material can meet the intent of the UBC
 
provisions for residential buildings in high seismic zones. The desired
 
ductility and strength can be provided with the inclusion of welded steel wire
 
fabric or other types of reinforcement in the walls. In lieu of experimental
 
strength data, the existing technology for" reinforced masonry appears to be
 
adaptable to reinforced poured adob_. 

Several areas of research needs are implied in this paper, the most pressing 
of which is the need for information on the static and dynamic behavior of poured 
adobe walls and ctructures subjected to vertical and lateral loads. Wall
 
strengths must ,e tested beth in-plane and out-of-plane. Many types of strength 
tests routinely performed on diiferent masonry units will Aso prove to be 
appropriate for poured adobe. Shake table tests, similar to those performed by 
Meli, et al. (1) on unreinforced block adobe structures should be performed on 
scale reinforced poured adobe structures. 

Finally, it is recommended that serious consideration be given to 
constructing and instrumenting one or more half-scale, half-strength poured adobe 
structures in an area of high seismicity, such as the Imperial Valley of 
California, where the occurrence rate of r;oderate-magnitude earthquakes ishioh 
enough to actually collect field data on the seismic behavior of these structures 
within a relatively short period of time. 
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FOREWORD
 

The papers printed in these Proceedings of the Interna
,tional Workshop on Earthen Buildiniq iIn e iqic Areas represent

the contrihut ions of participants at the conference as well as 
other author, Not all of the pap),r' are original and have been 
presented, it 1P.t in part, At other forum. However. , they were 
Submitted for th , public ation, and we felt it ot valie to 
include them bycqie they provided reltvirit backg round to the 
conference the e. 

Ass iqn 1nr the papers to one of the five topics turned out 
to be somewhat difficult because of the ovrrlap in the categor
ies. We have attemnpted to use our best judgement in these deci
sions
 

Finally, in the interests of cost and time, itwas not pos
sible to reset the type nor to do more than a superficial job of 
editing the papers. 

Gerald W. May

University of New Mexico
 

Frederick C. Cuny
 
Intertect
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'APTHQUAKE:
 
HISTORICAL CENTRES AND STO!N7 BUILDINGS 

IN SOUTH ITALY
 

Vincenzo Andriello
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Luigi Petrucci
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Facolta di Architettura, "rstituto di Urbanistica.
 

ABSTRACT 
- Objects of the research. 
- Historical Town .,:ormhoiogy: Compact Towns 

Territorial Towns. 
- Agregation of Typoloirical Units: 

Row Apreuation 

br.ou:, spacesA (-yreu' 4<io collective
Urban !ook. 

- Type of Housingr.
 
- Building Features.
 
- Conseiuences of the -Et-,hiuake:
 

D-vmpes to the Urban ,ornhology 
irtrna,-r2 to tk, .uillJ .. 

- Problems of Conserv-ition: 
U ' .
Conrnr'vu. ion of' , *or-ho o, 

Intervent'ttrion of ?er,; r. 



Objects of the Research 

After the recent e-arthiuake of November I980 in Southern
 
Italy, the problem arises of how to deal with the traditional
 
housing of a wide area including the regions of Campania and Basi
licata.
 

The -tratifion.l builiin.rs of the small towns in these re-ions 
hove enourIL recurrent characteristics, so that the stuly of a 
samrie i.e- can give sufficient informtions ror the whole lue
stion.
 

We therefo.,e refer to a researcol in , district of Ir. inia (r; 
gion of Carrmpania) that; we be:-n before the eartou' -... sti!] .n 

process. (") 

It is oizr onini on that .0'a'i eaused oy -an e' 'thm'.kr_ . to 
-he srustz c,. of' -i human s-sttlement 9.e of t.vo If -r-rt tynen: 
the fi:,st refer,, to the sta-tic-l structurrs of buildin:r2 t-e 
.3econ'i, on ai ,,.e. sae, refeis to the modi'icatio.-s of the to':n-
sc'.Ta e 0/.n To t e., truct inr o" fn-i.,' .rtc s , to the ,u s. er.1;_ ! i 
eriar.:n; 0" tn,,sti'ers , etc. 

p: 1;. 4 r *;'<;::e ' y -r ~oh e,,,.; v 'v to rprai:- 'inK :tehn',:i 1

o, '.. '." .... ot on y t. tie fi r' t ,,-, r ()P .. en , bUt l.-o 4o
' t}he seccn ., es.ec: o!!y v,'hr n i,2 rox'ol;olo;,: of ii.e his orica! 

-i. ty ullar toric'i etno nicerties .r of _ . ... ": ra 

So.. - .'i.'o ,o.O - of 

1i-, 
...... s. to s 2t 

t .,e tsait;.;., l, s -tt er:v :t o: :'. w, ] bui . . .. ... . 
,anie] t..", i th" *en. ca , . .,t..'o t of o

tur~-rA onetYtes of, iinn1prerent'.tor,. 

(0) The stl:rV we '.re rr'p i : to h" , h n,mr! ,rr.r-o rnc~r t of 

ouh i ', te FOPZ rer :. o Foi-m',,"i- ore , 1 n'. ,.e-
ZO+'aOrtc. It Io ,, t',,c a' ',' U: o' l;V 'r .ie 
.) 'rc-,, ' u i ii 

< ti ur' 1.r'rh " 

' ,i":.hou i ) in '!,I oAt, n'- I

i rui by hF o o,' 

. . .... , ..- , .-. ~' ,r .... * +" ~ 4.2
.. no C~ ~ 

http:builiin.rs


Historial Town ,Toroholo y
 

Every settlement, in the -re-t we re rdescribin, although of 
small dimensions, has the characteristics of a small town: i.c. a 
comnle:c rnd hierarchically organized morpholopry and q system of 
collective ulaccs and monuments. 

'We c-n subd ividie them in two kind of sett]ement, we will call 
,he "comnact tovins" and the "ter'itorial to',.ns". 

HONTFLLA CA--Oo 1: 8oC~oSA.~ 

FIG. I 
a) Comr'ct ov.n b) 7eritorial Town 

Comnn,-,C 7 o~.r 


Jpj; i o-infi!nt noition ove- tho 2u'rnuir con;,ry, in 
"a~uy :a s~2 '~ D'LC'~2or :3ur1 'G:~ a. ;, ~ c~rrr 

..... -'. ti: .. . ,:(r, ,~,,-17)-h: , r)"-,'i" 0 


.)Ul: '. 10 " . ., . or , n ,'ial. thP- ',w
 

V o . hon o * ' "' ,CT ' , ' . 't" '!'~lOut
 

S.. .t of Y..M.of tI 

,Ir , i c'nc :: of houi r1 , f;21'ir.- 4 

3
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These towns have different chrnuctpri.stics v".'ich iinenA on 
the distance monorit t'-7, settlements, i.e. on the v'-riitions of the 
rg.tio be tween built ',e Ins nd coun!Iry. (?i,-.Th) 

... .ovett:. .. cnu.et junction 
the incie.Ut n-iclei by t}e new buiiin-. 

Te hoi~r~ic." ouion.. . hu t:e of 

"Ihe moymhooC~i syter of co'::,nnc- -m te',itorinl to,mns is 
still of - ev.vi 'Te, wn Ile bu 11iJ inre o tti y built uxi n 

t-: cr.ntu:i, i o. 'ifte. rue vi-eit eir';hiute.kes h's.er - at the 
end of 7 century. 

A:-.'Treption of Tyvol.o,'ce.2 Units 

The urlrn. ti.f'e o, h o_ c to'.', : 1o o7-i qor7.nized in a 
,ste. of block, -t !,o: r f rwi i,-nt ,, it h,'; cor ],', for:::s of !,:re 

cition uf rr irjmur:: ur i';s. 

//
 

a);oCW AGCPR.E, IAT~cNI 

_
7 .....


vjj 

T 

http:incie.Ut


Row Aqvregntionn 

Post frP-uently, th houuen -re r'nno simmretricriily in lines 
eicusively dintermino'i by~ the 2tr'et:. (?i4.3a) 

A:-remioro nmound Co~lective Winears 

In otner capes~3, how~ps are ii: : mte'!'uourA lid-en! Mteets: 
tne str#oet th1 is tv'qnr;forum? into a rou.te~ Vf Kotibut ion. 

Theren0'1re t ion:: r ound colicliv 'JO332c' r .? ener3a ly thje 
rne tatof homonno 2 lp,1 1 vnice of Wm town vnd 1;i7.Tej And. 

court, bent oy noc t iiinen1 nvriorw trnetV. hc r- rtror~ in this 
OTwic s3 Qrh atn %Yc> i.ol-t. 

Urb' n B~locks 

Urban blaocks o~re to be faoun" onlyi in to'm whore foun ~t ion, 
gene rn yin tne W~1 ile A,.-os, w%2 p l'tnr 0. t~hun UP mm: ur 
chrce a: %qv hinstorica ce:.trQ 12 i0Y-'i 1 by the connection of 
houses nl31 h i n~nA >OT tillY'IL plce no ath &A.r~ 

.2om-timp MAE0~ unbu pi 'en *.. thaem.1P8 )1 hoveo it tin 

4 ** - a)cotCRT 

- - BE6r INARRovi !malI I,) 1 

I -C) 

FIG t
 

. 5I 



Type of Housinr
 

Poor resdaential buildings, gener.ily row houses, iare sin--le
 
family dwellings. 

i'inimunm t'y 
frtckide) by F-iO, 

o-o 1 7i-ctl unit 
in,," consists 

his smill si'ze: 
o!' two floors. 

it is 4-5 metres (on 

Tho fin.; t one (pomulmry named "sotta-no") is used for tools or 
woolen otoz'qre , [sometln.:3 -j t ble. 

I 5
 
V'ir.-ation of' mnin-mum:e'o . unit 

The st'tirs -. mn)o:t'±nt e '.,-.en. :n ,.he conrtr.Ctaon (-rtiiue n 


desir n) of the fronl frac',,,e, to v.1'!en they 'iro !'1' Their
e . . 
v.tvlis 
 tic Vrl-t ions form a faitr] !yfir, VO.:v'f,1 prorcu 

n',r'.t* t , ':'~r* u Vmcevr-',i; in tih!' , O v. c ,,- 0., a a il >t :c 
cor. I it I c i , t r' (:O': ' 2/ ti.t; r 0' f) '' 

,14 c n of 0o ", :oi' n O?v"ii n-o 'r:,-"' m, tv; 
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"loggia", that acts as "atrium" (entrance) of the house. 

Other variations aim the log, ia 's theme, hiling the stairs 
behind a wing-wall. 

CASA A SJ.OCCO A 
A V'ot..TIJI.AR XILPIKA 

-~f SCAJ& 
i:zoo 

FIG. 6
 
mypj c'a. hour ,
 

The int'.V'ior or 'ni-'ttion of th house Ic very :imlie: the 
front door oper. into t:.,; k~tchem, wfierr *r the firen]ice ir:l the 
over., that 1., , e A: o .I'.,; .i :, th, onl; cc-.t.-i -uous room 
is a bedroom. 

'i.... ': fl.i 'te . ..... ..: , ovrmI "ire imuov'ible, 1'urn: Iu..e : t-he 
,f.rst or, ,'wj; r:o ' a.'. +; ,,jrr!r',1 y cow; i.t: o"' a ow tone

stepr i.t,jm , ,imv,,,.; ovon 1', /-a,,',. y, ,, t ni" 01t1 l 
the Louce ar, , ,i . '. a;,t: r, fo , e :c c..: to t-.e fi i ,'e. 

. e etrt '. t:'i'tr.Ce. : " :; ",v o '" . e':',o.:t. 0 .e 
to tie ijoU j £1,o00, room . 

A vri-itiot. of minimurr: unit tie.: in some 

7 



centres that are on steep sloop. We call this tyoe of house
 

"slant-hou.e"I, it uses natural ground: condition to obtain a floor
 

below the street level. The houses in the lowest level have some
 
rooms excavated in the rock.
 

Building Feature.,
 

The houses are built with suprortini- walls. The walls are 
m-ide by two facings cf ir-'e:ular 1 icks of limestone, in which 
ori7ontal rows of little ,tonen oi bricks constitute period ical
levellings -it, isoutrnrp Of' aJout T e. "Ihe - t ,nI 

between the two f'icin,,s is fi]lue ;:irh mort',r an] little stones. 
The rll is about cm.60 thick. 

The corneis ave some times bult vwith Lai -e stone blocks, but 
there i.--n't roe,- toothing between te %v'alls. 

The n is on ;e. f '...p ,r. ,rch W'vtne 3, butlt wit-, squ'ired 
blocks of white !inestone. hr. onenin- of th.... .oors and 
of the winrows htve i woo:, n ',eon tne 

hk. floors " bu il t '"ith woo, en, he lit jils tanr.crn of about 
cm . 90 v ich are niace'l T--, ...1 to t;iee . 

ihe 	s, :le-soof is bu!it "i-th ,voo-!en ri-1 e-bonm (CO cliei 
c) 1- r: 4..o ... ormed! by ther t imanurs 

1 te . w, > . 7he- o tK r :-1er re:;t On ,f.r, !, 1.-e bc-r.m anr on the 
on r ,,.:>;1,' eve t;,7- tfl]re ,re a ,ndi ain:i bent 

a 	 -

FIG. 5 
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here is another kind KA roof conatruction, that is generally
used in the houses w:th stairs-logria. This kind of -oof gqve good
results during the earthquake becausc it hn't pushin, ef ect. 
This roof is constructed with main bems t t ire parqipi io the 
ridge beem, and therefore par'liel to the fawvie. A thick set of 
wooden joist::, over which the bent tiles are, rest on main beems. 

Consequences of the Firthquqke
 

Damares to thn 1,orhojov of the Cntre,"-

If we refor now to the destruction, an! relting first to the 
wiler scale of the urb-ti ,re , w, m y observe that a lifferent 
intensity of dept:yuction i2 to be founr in the different tynes ofsettirment ,.: s,,v, 1e.,c:.u o. 

". v:en ;y ic. n h"e a r .; sUr ivil-i in three 

I),,o" ':;s: uct ion not on ly of 7he ho'l lin':". ,,V of 
•Q!. n .... o' 1h, , t r,'tt n %n, -',en of the ma,,or fecturep of 

2) 'er~t'ucti ,: m:nnly co:.cn',,te', in 1Wo2 e-te, :ve 'r:ts of the 
town .itro.. i. A-"7.... 7..P o ot . "nd rite:, hein: 'nitere]; 
in t'.c wtr>n, :n":ee t:; Iayot "within prsc n.rts3, or mvy not 
hn'vr, rem-in,., i 'u'* 

• ; 

3)~ ~ Pm,'"''-uiatt' 'toO 

R on.: ..o:' 0,1 h-v- to'o ' n , a:: fVr '; 1490r
f..a t ur n: 'L ' co nc'o rn-", pr o l. 9 A tO n cn qr:r Jir ,a of n th s 

to removr ., . . . r 'iyh h-veQ-, Ot ,u,"k , 'n imnortrt 
rifl ueC on 01of Ot: :'''" ;1 ,t :: . . e Pi(s of 

i nn.a; ' K.0 to to t'k.: i'ntOUrIt *or1-':"a no much :'s thoSe 
of the r,,'ri- n !t i.f'. 

Ant V, CIL , :.;: , to I " C"',I 1 'citiorf of .- tct;-
Me t, .'w -,vo ,:, j",, ' tn.',t thr arc.on! ?7rin, t• .r.o i to ,in, 

nui', Vc vnr nY ce mor
by:~' Wfrnito maLn ~ 
i ...................................
 c' r., 1. .o :'"v ;'.,'r h'0 e, tesrvowr., 

The mon t ::, iou c,:;e o:' ir':'tr'ct - on h v, A ,r ,ea h,. ren.'i 

1:. t,. . CO:' tt rn r n s,': r;, r:e, y in 4hr '"rca: of u tpep slore. 

Dqn'-; p to t' , ' 1..lr.. 

Ap'-r.- 'o" ,. t -ot' co la"es, ",'e intend to Mrntton only the 
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slighter types of damnges, causel by the 'action of the e'urthiu'tke, 
which ire easily vep'tn le. 

Some collapses h ve happened at te top o thr outer wno 
(sometimes the oute' facing), owing to the rresencn of 'A pu3hing 
roof. 

The 1 ef icncious co nioettion betwoen or ...ocrvn',] wal.'l ., '.iti, 
the ,:iltion of the push of roofo, hitp: frneuently e tU2 ci crncka by 
detachment of transverkial w'nls (]oc'iin' i in cor.rs nirA inter
sections ), %n sonetimesi the n'nrttil! co ipe or, in x-trere cases 
the total coiips'e o " those tr:,nflvers; 'il w!". 

The C tion of e'qrthiu'nk, i o. t ye H . to a b' ti'i, of 
corl3erv'ntion : somoe in . 'were 
already wekene': by the oulve i"'I tio of teo. at... un! e re 

bu1] s' 'L lyo cr. , 	tIivl5 wero 

were also floo:''ini r'uGo -::: t 	Lt i . 

We h%'vo - -'i:y 2 ,t ,)Godt the al'irn t-n,-n of l pej relate' 
l into te features of nui system, we wont now ,treso come other 

clariete,-i t ico. 

Fir:t of all, the nresence of row houses h n two tiical
 
effects: 

I) latprv- wniowi.thout onenings, thnrqfor- more recltnt;., 
2) the coI!-,npes ..e confine] ..ithin The lim t of the :i,, 

In t'., ,:CCOn:! i'1ce, th, t.Tne of 	houe Mvtn e rti:rj- oir , 
or ' . V .'it:h Stairs pia",.LIel to t, Oi",'t'nn , ,,2 to be rno~e 
ress.tant, betue the roof bee,.s are nnrv iel to the .'ctle (not 

--
pu2a2. roof), and for the buttres effect thnt the otiiro hnve on 
tr~e fncn~e. 

Pro1 er , of .onrv.tio! 

Conservtior of V", U: ' 7 orlOe V 

" 'he my'nhol,n o Ofy hi .torie! con treo of Iz'nini formo:3 " 
hert, e of" u'irticu]it:' h:::'rnin '] inr:'et, no every effort Nil: be 
Ml'1O to nr':" V" t*,.'.)r- C0 'a '., tThn ; t n O"'" "' Dq O OrCoCnae 

t eyr n n~Cu ' :o O.O - - ~ p f 

t1in in , 1- ,Morn.P; in 	 Mo•- t 'M ;" 

U: ,vn -'t n "' y . '''" tO CO 	 f ' . rc:'t A ylir -n! 

r 	 e of inCint urni':UO,taP 'w"'r::. :. "f:u- tho ca " riv rA?'r'
 

10
 



ain! airoun'i t~v sin(Jle elpmentc of 11e : t'-cui" or of urh-n tispue 
th'vt ape~ "survived"; 
2 ) th' !:,~ : r2r,'i o " . i, -,o.- f-e 'rivn nr to In; trAp 
Urb'r uMorpho 1a-ry h hel n'2 Cl n 0: C r-Ia ~i tP 1 it po 1e to 
h'Wiliitt Ar~j' -ico:3o: Mintr tis: ur; tnn npw int-rvont~1,j o of 
re'lrY :vn't SO0: Aes pntQ:1 ,plV:lcr "L too not 

MO~tvOf Y th- r W5-C PtV)U , W A M. Q " OLhnW- W 

j) 't Prvhlp( 1:;s !.ii p to r-Ku ili - 0oF 2.nri o rs 

TO intp~vnti c rprtorp nrl i 'ke he t or theof:~ronn"ir m:ust 
.iup oort1:..- nncu'r;t'y must alrpr:nen r';e wills , '50 fioorp 
thle roo0fs qni tno f.:ounlitionc, the Pono2rction 5otwoo'n o Qtow-on-a1 
w'it1.s. 

structure2 ) rmny be 5et tr obtainp by V r. 4-ii~-n orn two 
fvpep~, of e 2petrie-WrP dr1 me tra1ic netsi, rwitn u nIV;e, rove:.1 
wlith crprn:;-! it:nnip or with concroto wi~ i n:"vL to.2aro). 
Thiso tncniinp1 e-naly .v~ in iv- r<QV r-pust, huis~21 nn 


imnosrp inn. .rno. c'ton of n :'2-p:::an tnaC wiin .t 0 a 
3tyiiotic V 115"tIOr. to *1. triict %:v ne 

Hoiotn acrectior.s r: ,oint opt2e o:'rn, : l w%:A 
'ire ro-Avri by trne inspr't Vn of iron hnr qn, ionorpte Ajr~jtorns 
inl bor' i ho0102 

f"n l o
in r it o o t; -el !Iu r n rfq
9
 

Ap nioin0"... on;:u1 tononw--- ot:0:'2: q72. a

iron tinrbei:.,:: ,. ' 1.7 "" b7 iron "2'itn";, :n n.:2tifror 

wi % con'r n '" 
 t .. rp!2. 4 

'%'('', hut in~ Onr': w:ivjc~ -. rpbe, ol in l ( rVl, r.."ti' ). 

11
 



NON-CONVENTIONAL METHODS OF FINANCING HOUSING
 
FOR LOW INCOME URBAN HOUSEHOLDS IN PERU
 

tlahlon A. Barash
 

PesidenT Tecnnician, Peru
 
Cooperativu Houslng Foundaticn
 

ABSTRACT
 

Two methods qr,jencrioed: I) IModificaticn of ccnventional methods 
in an stabit ished institutlon - tho hc,'ro, Improveront loen program of 
the savinqs in,,d lr.-n t 2) E--sabl lsh!mr.t of ,inew mo*.; d In 1 
now in",i ,uifn - T . v,Truc ir, Ya~eri,;Iji r k. Ttih : ,jscriptlons 
are so.t itn * ,, ,cn ,.:,of how tiin "itt',cd , , 1 ll,i*,,It cns 
of convnticrril !inancinq. Tno sarno proc(:urt. could Lo appl ied to 
financing 3oGLe dwellings. 

International Invitational WorI(rop on Earthen
 

Buildings In W-ilc~Aron-F
 

Albuqu r uo, ; 'wkI
 

1ay 24 AN 

PBEVZ" ASPE BLANK 



Out Iine
 

Preface
 

I. 	Introduction
 

A. 	Statement of the Problem
 

B. 	Limitations of Conventional Financing
 
Table I. Conventional Financing of Housing, Lima, Peru (3/81)
 

Table 2. 	LiritdTions of Conventional Financing of Housing as 
Fel,2ted to Lcw Income Households 

I I. Home 	 mprcvemrent Lan Prc(ram: !,!EV/I 

A. 	Furpose 
S. 	 Part icipatin , Instituric r~s 

C. 	Program Ltjsign and Implementation as Related to Conventional
 
Li milar as 

I. 	Income
 
2. a ifn 
3. 	Emp Io'/ment
 
4. 	Col lateral
 
5. 	Construction License
 
6. 	Purpcse of Loans
 
7. 	Loan Size
 
8. 	Interest
 
9. 	McnThly Fayrnent 

FIgure I. 	 Ccmparlson of Monthly Payments wIth Various Loan 
Terms 

Table 3. IlIlustr3,Ive ;eiation of Monthly Loan Payment to 
Housf~ho ia Income 

10. Processing
 

0. 	Other Aspects of Deslin ani Implementation 
I. 	Promotion 

2. 	Ccnstr.ct ion
 

3. 	 Program Status 
III. In-kind Lcann: Constructicn Vaterials Bank
 

A. 	Objective and Eackground
 

B. 	Program C.sin anc Implementation as Pelated to Conventional
 
Limitat lon ,
 

I .	 Inccrn.
2. 	Sav ln,; 
3. 	Em p I o rent 
4. 	Col lateral
 
5. rj.,ion License 
6. 	Purpo,. ot Lcirs 

7 Loan :z 

9 %!onth1/ 	 P/~ 

I d:.i r (IC, 1 

14 

http:Ccnstr.ct


Outline (Continued)
 

C. Other 	Aspects of Design and Implementation
 

I. Promotion
 
2. Construction
 
3. Program Status 

IV. Conclusions
 

Annex A. 	Description of the AID Housing Guaranty Program
 

Annex B. 	Home Improvement (MEV ) Loan Program (BVP/S&L SYSTEM) 
General ParameTers for Individual Sub-loans 

Annex C. 	Construction M.aterials Eank-lnformavion for Borrowers
 

References
 

15
 



Preface
 

In Peru, adobe construction is used primarily by low Income famlIles to
 
construct simple and inexpensive shelter. In the rural setting both the prep

aration of the adobes and the actual cunstruction using additional local mate
rials is done by self-help labor provided by family members and/or neighbors of
 

the community. This is done to minimize the cost of shelter. In urban areas,
 
however, the preparation of the adobes is often contracted or- the adobes are
 

purchased ready made from a local producer. Sometimes the construction labor
 

is contracted as well. Thus, in the urban setting adobe shelter is a potential
 
client for medium arid long term financing. In order to adequately serve low
 

income households such financing must be non-conventional in that it must
 
consider the constraints and needs specific to these households.
 

Currently in Peru, there are two non-conventional financing programs for low
income housing. Although To date these pro irams have financed only dwell ing
 
units using standard (i.e., non-adobe) materials and employing standard 

construc' ion method- , they are presented to this workshop sInce these methods 
could also be applied to !he construction of adobe housing for low-income 
households.*
 

It should e noted that throughout this paper the term "hcusehold" 

is generally uscd instead of "fami y". A "fami ly" - either nuclear 
Zr fjxt fndod - (:2nsi-ts of inivilual; bioloccal / ry l2ted. In con

r a "'o r,' P'' , yr -,'r r2' i od0, indi u a Insi _ of ,2 Of i livi ng 
uncer t ' ,e r(, , Ii'r r,Ia,', or n(). T is Ijcer i,;a b.roader term 
wriicr ,or' uriljl rt c m r..- Itivriai . lw. rurre'o1 livinv 3 on 
Inccme :rc'ps in -or'. 
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I. Introdution 

A. Statement 	of the Problem
 

In Peru, as in most of Latin America, urbanization has been on a large
 
scale and rapid in process. Urban population growth averaced 5.9% per annum
 
from 1961 to 1972 as compared to only .7% p.a. for rural population and 2.9%
 
p.a. for the total population(l). Of Peru's total population of 17.8 million
 
in 1980, 12 million or 67.4% is urban (over 2,000 people). Population in urban
 
areas is projected to double by the year 2000, when it will represent 78.5% of
 
total population(2).
 

The main factor causina this urban explosion has been the rural to urban migra
tion which involves a movement primarily from the highlands to the more devel
oped coastal areas, an increasing concentration in larger cities, and the
 
overwhelming primacy of the capital city, Lima. Allthough more than half of
 
Peru's total urban pc,,ulation is found in Lima, medium sized cities are now
 
growing at a faster rate.
 

The shelter institutions have been unaole to provide the resources for this
 
population influx and growth. As a result, there has been an increase in inner
 
city slums (tugur.os) and the invasion of uninhabited land on the outskirts of
 
the cities. The effects of the current economlic recession and "galloping"
 
inflation (approximately 60% in 1980)(3) have been felt most severely by the
 
population of these areas, which includes the poorest groups on the income scale. 
The bottom 50' of income earners received only 11.4' of total in~omes in Decem
ber 1978-one of the most unequal income distributions in the world(4). As a 
result, these households cannot afford any conventional housing in the formal 
sector due to the high interest rates (currently 58.5% for loans over one 
year) and high construction costs (which presently increase faster than the 
general inflation rate).
 

In the squater settlements or "pueblos jcvenes" (young tcwn4 ) families 
attemot to solve tneir shelter problems outside 1he conven icnal scheme 
throuch a sc . process of incremental upgrading. Initially, she invaders put 
up reed-mas (eser3) huts, which tney gradual ly transform over ,!long period
of time to rnore; p.-r-mnent sho I1-er. In fact, buy i 52 ocn-s ruot i on mater ia I s 
Ii ttI by I i I 	oe wren -he hou.oho Id has b t of extra inome sirv.;s as a 

,
much ,;e er hea . i ns t inf t ion th n mkin. sak, irqs de;csi( t vi ya I ue of
which is ,rcded ! inflion. Iint,-ni,onr~u.1 17uu.e 1 terii,r irrea-ea e iic in the
h
 

3en 	 ,cost or cons5, 	j,.,ion mart,,rial a lrea-dy t i e e ire rr,;u i rroc tl accumLJ l ate 
Is eins., -ione "xa- 'Ly -ever Ienouc mater i a o *t. an am t i I ron, for ma,j, 

years since i 'l r,.a I ircome buys srouressivel/ fewer matri?.s. 

E. Limitation- , tf nv,;ricnaI Firiancinc 

As indiciteafr., i. the current ,coinr. tu&tic*i,, ccnventicnal finarcing of 
housin<j is L /onds li td ,-orO.2ic capacity of househclds withfl incomes below 
the mea in ( It te!d ii s,.r'7,)r1th a, of 3/81 for Lima). As can be 
notec in iH l I, 1 t, monthly incore r4,quired (1588) for financin- merely a 

Ho~sina ininK or Peru eitiraTe for 3/81.
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minimal habitable structure (50m2 ) is nearly twice the median income.
 

In order to be successful non-conventional financing of low income housing
 
must address not only economic constraints/needs, but also legal and
 
procedural issues caused by the particular status and customs of the low
 
income groups.
 

The divergence between criteria/terms of conventional financing and the
 
constraints/needs of low Income households are shown in Table 2. Particular
 
aspects of the problem are shown in the left column and contrasted with the
 
respective viewpoints of low income households tn the right column.
 

TABLE I 

CCIVENJTICAL 1114M'CNG CF .V 
LIA, PE.U (3/31) (US$) 

C; 

wz~lta~le ltr~c'ure 

C:S' .Sr Cost er 

I 

ko'jst SIZI 
Tc* e :$/Cos 

II 

- C" 
t h : 

= 

~I____ 

Are 
' 
n 
t
I 

plvs S *' ' ed 
: O 

Ar.,a 
t l 

M~i~'t2 IsI,1"eI.73 290 7115 7,7 44 

r~'~3 ~ 13571'; "'r8 !2 899,145 457 1,4 

nvetl l~lrlftenClrj 7er-j {3te1}: 

" .') !r'rv! ' - ", co- I sson) 
To- 10 

) Jo ci.nlay-eit 
4) V'crVl'y -ay-Int c!n,,)t ew.ied 4C% of monthly InM9C 

11_1L, u*-ed to lend for A' year terms, in whicn case the monthly payments 
would be scmewhart lower. Holever, currently the few mortgage loans 
t~at are fade are rarely Ion-or t-ian 10 years since a- 20 years the 
re al value of recovered funds I s mu(h loiwer. 
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TABLE 2
 

LIMITATICNS OF CCNVeNTICNAL FINANCING OF HOUSING* AS RELATED TO LOW
 
INCOME HOUSEHOLDS (PERU) (r7)
 

A. 	High Eligibility Criteria 
 A. 	Constraints Inherent to Low 
Income 
_ Households 

1. 	Income - an "adequate" Income 
 1. 	Income below the med.lan**
 
at a specified minimum - usually

hiaher than the median**
 

j
2. Saving - regular saving at a 2. intermittent sa-ing at a
 
specified minimum rate and/or aI 
 very low rate and often not
 
a certain milmimum percentage of deposited
 
loan amount
 

3. 	Employment - regular 3. Intermittent omployment
 

4. 	Collateral 
- in form of mort- 4. Lack of land title in many cases
 
gage guarant 
 prevents mortcaae - guarantae 

5. 	Construction license - required 5. Lack of land title prevents
 
obtention of construc-ion
 
license
 

B. 	Restrictive Loan Terms 
 B. 	Needs of Low Income Households 

6. Purpose of loans - for ccmploted 6. Loans for gradual improvement
dwellinas 
 of 	dwellina 

7. Loan size - minimum amount is 7. Small loans
 
Iaraes
 

8. Interest - )t market rate 	 helow rnto8. 	Interest at41- marke t 
TargeTed exclusIvuly- to these4_h_ s hor1 

9. 	Monhly paymn, - equivalent to 9. Allcatlons of lower n-rcentago
40" of mcr'th I' Inome,(2 - 0' ) on u';-rc d Incsrri 

10. Processing . ... I ,cated terms 10. 1, ISi re I.sr f! r7, t raid ccndltons; !encq-hly prose- aind rapid procc,,ssirq of 7inpli-i
dur:. for , I ic:)tion Drr;cesslnq fion 

*As found at savings and loan n"rcciarlons and other Institution-, which financo 
hous ing.
 

'"Tho income groups below the median are dofined by USAID as the target group 
for Housing Guaranty financing. This is the grouo that receives only 11.4% 
of the income In 	Peru. Also see Section II.C.I.
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This paper describes two financing programs currently operating In Peru which
 
attempt to address and reduce this divergence so as to make financing more
 
accessible to low Income urban households.
 

II. Home Improvement Loan Program: MEVI
 

A. Purpose
 

The purpose of this program (%lejoramiento de Vivienda - MEVI) Is to assist low 
income urban households finance improvements on their existing structures by 
making home irprovement loans available, the amount of which is determined by 
their capacity to pay. This thereby reduces the time required to receive the 
benef its of such improvemnts. As noted above, Improvements in pueblos jovenes 
are normally rde throuh an ircr.emenal bui ding prccess by the Investment of 
savings in building maTerlals (rather than saving dr3pCslt2S, but that process 
is sloi and difficult due to the rapid rise in construction costi. This pro
-ram Provides cridit to households wrilch could probably not obtain it otherwise 
and al lows th.e materiaIs for a specific irprovi-ment or rrCrovernenrs to be 
purchased al11 , once, ereby avoiding future cost Increases. 

This program is ba-sicall 7 an experiment to determine if the Ican recipients 
nave he capacit-y to amor-iize relative y sma loans with an in, .rest rate 
below The usin n rmnother objective is to 
determie, if tese loains will actual ly ir;rove tne I lving conaitions in accord 
wiTh the need; ,nd d,-;ires of the borrowers. Apparently these objectIves are 
being ret c:n¢ rE- e using wnk of Peru (.+nco ce la Vivienda del Peru - BVP) 
is plannin'; TO expand the pro~ram. 

.aian.. ,
E. Fartlcl instit..., ons
 

The .;VP w.as:,V ,,cric tne, U.S. Agency for International Development (AID) 
To berrYw ', r ur',',r lh,' HusIng Guaranty Prcgram (see descrIption 
in Anr.nn . Ci nhK I mi I .. designated home1.5 ion as fr improvement 
Ic,ns tI ,' .. ,f , rr,,hus,-loULP lends th.erdr funds to the six partici
pat inq svir!';'.i r d , s;cc' i on - ( .sJ in " r (Ixt parts of th.! country, 
w oh In I ur: r, . , IIr vi" 

The lol i,..nr , crK ' " >+.-, ' :r" "T icn , ems inrela" ic...."r + '2+' I ir'iI+ t i r i c' :;.rnvr2 irH,, fi, r,r'c. r'', I'd f;,d ,n -,:blo 2 ard 

h+cw th I rs !-I* 'r ' .I im -'. i." It .i I ., 1
reruiredr. .r rr' ....in ;oI ic'/ r,:~,s ..... b "[1

l .r a r~ivn ir; "Q'+,5 an thc £ VPi% i C :, c se+;l " i -in tticmb 5V"..P 
in n acrn,, of the curren t 

CcncmIc ji r), 

ult, i i i ri -ind r at re of trese m:.,!cts ire .. r'w r r er tabl ihqd 
Ay anr/or tor sub-loansInn, nne ) ard others are spec ilAID U/P f, the b -(C 

tO each ' L in accordance I th he i r own po I ici es , bul wlfthin broacthe 


,rhq interest ratqo for this ,pr cr'n, is currently 27.5 ;point belcw thtj
 
roriv'ntlonal interest ra*t.
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AID/BVP project parameters.
 

I. Income
 

In an effort to assure that these !oans reach the poorest households, AID has
 
required that borrowers must have "family incomes" below the median for the
 
respective urban zone (based on a congressional mandate) and that they must live
 
in pueblos jovenes or similar areas. That is, a maximum, rather than a minimum
 
income level has been establi shed by AID and in turn by the 6VP. This has 
caused a problem in sorre areas where households with median incomes or below 
had little, it any, debt capacity. In this sense, then, there is a minimum 
income since the amount of disposlable income must be equal to or greater than 
the monthly payment. This problem was alleviated scme,,what by increasing the 
maximum loan ter-i from - to 7 years. Also, the estimaed median income is 
adjusted upwar evern Tnree months by a rise in the consumer price index. 
However, this ccnflict of the "floor pusning against the ceiling" is always a 
potential probl,:m. This is discussed further in Section I.C.9. 

2. Say in, 

In none of n, participating 2 s is regular saving or percentage of the loan 
ar.unt on d- , a requirement to obtain a .1EVI loan. However, in virtually
all participatin,_- SLs it is required that the borrower has opened a savings 
account i t I Mall ceos: i t . As cer ticned, currently sayinqs, which pay a 
necative rat} ( .. - t, - . ,,are. not as desirabl ,2 n inves tmen t as the 
purcha-., of i n rnt ria I.. ,,,ver, is hoed That -,m:-, once inflation
 
ra te and s i2- po3i rae rar, cru in line hat Ths f borrowers wi l
 
become accu , t r,: , ,rr - ig. At tn is ti me, r,)-m ri nq regular

forced sayi , [.roc.: o The can amount as a cond it ion for loans would 
to .-a ssIrv I incorre borrowers, al tnough scrre may 3 ma 'rrready 
volunra ry d'p, : t c, r icrt periods. 

On...... ,,ox'1te I/ 40, of low Incorre arners have unstible 
or isn,nmi t ,t incomes (.., sreet vendors) (7). Of to19 oI labor force 
47.9', were r,,; r t acr ' (pesumbly inte:rmi ttent in'ma e) ( ). Thus 
none of , .L .' re 4u..I I i rcome - for -fV I bcrrowers,; only that the 
inco, he e, it. / lc,',r :-, in tn cas, of -elf-em lcyrrent, that the 
Arr,Aer "i,;r .,' , , '., : ,r-, , as " et y e,, of ccc's 1. ion an his/her 

average 'r,..;n ,1l :c:'. 

• Col I ' 

('I ice many I,-elo': Jovine,, residents in certain areas (such as Lima) have nor 
receive1 -lies to their lots, a mortgage guarantee is not a feasible requiro
mont. Consequently, for #ho MEI Program the S&Ls have tried to develop a set 

45 'Iflation r'aTo 1980.
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of acceptable alternative guarantees such as:
 

a. Employer's guarantee
 
b. Commercial establishment guarantee
 
c. Guarantee of solvent third person
 
d. 	Time Deposits for maximum of one year (at which time
 

they would be replaced with another guarantee)
 
e. 
Salary deduction backed by up to 50o of the employee's
 

indemnification fund.
 

In approximately 44% of the home improvement loans made to date, the partici
pating S&Ls have accepted such non-rcrtgage guarantees as collateral.
 

Naturally, where the entitlement process is more advanced, the S&Ls prefer to
 
have 	a mortgage guarantee when the corrower has title ho his lot. 

Some 	 S&Ls have al.7o accepted a global guarantee from housing ccoperatives. This 
means that the totai terrain of the cooperative is used to guarantee the loans
 
of borrower memDers. Naturally, all cooperative members, both borrowers and
 
non-borrowers, would have to approve this procedure in a general assembly to
 
avoid potential future conflicts. This approach has the advantace that when a
 
borrower beccm.-s del inquent, other borrowers/mrmbers presumably would apply
 
social pressure on him/her to pay so as to protect their own terrain against
 
possible foreclosure.
 

Another S&L has used employer or ccmmerical guarantees as transitory until 
land title is acquired, at which time the conversion is made to a mortgage 
-uara ee 

E',en thugoh it does not serve as a guarantee, some S L5 have required, in 
addition to the regular guarantee, that the borrower present documentation to 
prove ne or she has a right to occupy the lot to assure that he or she will not 
be forced ofth*, lot/relocahd after the investment has been made in the 
construclicn.
 

5. Con-; r, c o
in L icn
 

Ac....rjinq I:i on ruct on Inslicenses (building peri ts), al I construc
tion, incl- r;; i'rIrcv,',nt zuch v finish;r,g 4ork, refquires a construction 
I ice.s , vhi(sh Iny r, ! municipal Unfortunately, one1!,i 'O- t :22I- ,.vernment. 
of the rie jir,-,*,n ; ,-vjin tni'; i, that the,, sslisen.o appl icants,.. 
title to hi- I d ri un! rI:-iA .2crii nf or rny ,snjl, j,/'tl!J resident5. 

h'/
Al so 	re'ji r , ; ,n : ,,ni'r'.';;rstf.*sior- I',, '2:r,n.r , n ..::t ive ;r.opss 

tiOn 	for ' -, >u',hoI:', 1" .,: ccn, ,,.prr,}so , S,i i tu ,. Inme- ,on, 	 rid 

Consoquen*i /, f .r - F.rori. sorr, 2&Ln lv, r ,.':r cr, thi unre-al istic 
(as rel ate, to ' , , ovenuns Iaw aorc not ru r const:ruction Iicense 
of loan ,pI l ,. 4r,,trs, have rercui red mre ! that ih,- l,-n ipp icant snow 

roof o n, ir ,;ii . In,,, pr,-(, Jn-ng for trw,-I i :ense vrlen tn,, ar I' c n, 
poss,0,s 1sc,liri "I 

;r.-."*ftuIn trre c.'}i r, .j, i one. o-rit.iv,.O, ht,,ro 2el, nouse'tl. en:. igri n a,elt as 
"tie im[- v.rv,,r d,,.-r!t~ .ire Wy, i.>.:II y tr;'..':~ f:r :,ev.-ra t 'mernr; it r 
ee 
 po :ib,H .* K ; ,rK ' s;in ;I2 :Ioul 'srr-ruc_ ior licusr'', Creb seJt of plans,

In rn9 
t~ Q,? o n s~r~a a~ror'n':, n . ;:.:e ,i~tie~are ad,.quate 

to Obtna i ,,.,. Ii ,r', 



6. 	Puroose of Loans
 

Conventional loans are generally made only for completed units. However, MEVI
 
resources are oriented exclusively towards gradually improving the existing

unit. The program provides only partial solutions to the shelter needs of low
 
income households, but it is in accord with the already existing incremental
 
building approach described above. The possible uses for loans have been
 
classified in eight categories of improvements. These are listed with the
 
percentage of total improvements in each category.
 

Percentage
 

of total home
 
improvements
 
as of 3/31/81.
 

a. 	Installations - placement of electric, water and
 
sewage systems in the home. 12.4
 

b. 	Domestic connections - to the public service electric,
 
water Lnd sewage systems. 10.2
 

c. 	Finishing - includes interior carpentry, plastering,
 
flcors, etc. 
 34.8
 

d. 	Sanitary fixtures - such as placer-nt or chiange of
 
toilet, wash basin, shower, etc. 7.4
 

e. 	Renovations - partial or com Iete chanqe of aeteriorated 
elements without a design mcdification in the structure. 1.9 

f. 	Conditioning - improvements That imply a structural design
 
mod ification without expand ing the roofed area. 2.1
 

g. 	Expansion - of the structure to produce one,or more 
additional rooms for bedrooms, bathrooms, kitchen, etc. 9.1 

h. 	ComDletion of structure - improvements such as
 
columns, waalI s, beams, and rofs which complete the
 
structure, including exterior carpentry. 	 22.1 

100.0 
Most of the irrv'!ri; have been for finishing work and for rcofs to complete 

The 	structure. 

7. 	 Lc- n ,in 

Low inccm., cu:,,I Jo not have tre dbt capacity to amortize loans for 
ccmpl eted ir, :-_. Consequently the program is designed to providere Iat i ve Iy .ij I cIrI for "partial solutions". 

olifferrent- improvements made is greater than The total 
nimber o loans since sore borrowers made more than one type of Improvement 
with the same loan. 
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The maximum loan amount established by AID and the BVP is the equivalent of
 
$2,500. The minimum loan size was established by each S&L depending on what
 
was administratively feasible to process. In actual practice, the smallest
 
loans made have been $300-$500 (depending on the exchange rate). However,
 
very few loans have been made in this rafige. Originally nearly all the S&Ls
 
established maximum loan amounts less than the permitted maximum in an effort
 
to make loans to the largest number of households possible with the limited
 
funds available. However, this has become extremely difficult. During the year
 
and a half of program implementation an increasing number of loans have been
 
made closer to the maximum amount simply because the rise in material costs
 
has meant that smaller loan amounts do not permit improvements that are
 
beneficial and adequate. Currently (-4/30/81), the average loan amount is
 
approximately $1,900.
 

8. InTerest
 

Even thouch the maximum interest rate wiich S&Ls are permitted to charge the 
borrowers for !.IEVI loans is 31% including 2% commission (some S&Ls are
 
charging less), this is still 27.5 points below the rate (58.5%) for conven
tional mortgage Icoans. In addition, with an inflation rate of 600, the borrower
 
is actually paying a negative interest rate of 29%, wnich means that each
 
monthly loan payment costs him successively 2.42% less in real terms. Neverthe
less, within -he context of economic recession and inflation such interest
 
rates mean That this program cannot reach the "poorest of the poor" urban
 
households. It can reach only those with incomes closer to the median (maximum
 
qualifying income) which ir periodically adjusted upward to accord with The
 
rise in the consumer price index.
 

From the standpoint of the l.-r (.-ne S&L) a negative interest rate means a
 
decapitalizaticn of the funds repFiu by the borrowers, Consequently, the
 
interest rate on this program should not be lowered, If anything it should be
 
raised. If The rate were to be lowered this program would be even less com
mercially viaulo and would have to be subsidized further by the qcvernment.*
 

UrforturaT" ly, due to the current interest rates, the demand for conventional 
financirg'of housinq has virtually disappeared, whicti has meant that SLs 
must lent prir.aril. for short term comnmcrcial purposes (not the purpose for 
which they oere created) to maintain their existence durinq thU current crisis. 

-he ME.EVprccram iS an ate'npT to al iow the, . - c r t t Irr ,'w fi nancinc of,r, ,o 
hcusinc, ;u- for small home imprcverrent Loan -it les thanr Th, r .e interest 
rate. Finds are provided to the, EVP at ccmeric U.S. r2 o;, nich are consid
erably lower than curr,.nt cl Peruvian rarte for both sa vin r; and Icans. 
The rat' ( 17') wnich to' end; tPo ,the S i-Ls 11.5 te 7 point; thanis Ir;s 
what They mu; r pa,,' for t (nO.5 to ;, ,) , w r Tn, ir ma in 
source of furd;. 

Te ovenen of 0 eru p rrti,t I/ i SL di;z tio -,ror;rm by }'dsumi nq the
devaluation crsts c,, rpayin thr AlL . l,;ar n dcl lers at the current 

eAchanrie rate (rather than at the rLte ori ino Ii received), 
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9. Monthly Payment
 

As mentioned, in some cases the loan terms were lengthened so as to provide
 
lower monthly payments to borrowers. However, since loan amounts have increased
 
in order to provide the same improvement, borrowers have nad to accept a higher"
 
payment or a lesser improvement.* Thus the benefits of increasing the loan term
 

have eroded. Also, there is a sharply diminisfiing benefit by increasing the
 
loan term beyond 5 years as can be seen in Figure I.
 

Most of the S&Ls in the MEVI Program have al lowed the monthly payment to be a 
maximum of 40Q of household income (I mit established by The BVP for conventional 
loans). This limit should probably be much less (20 - 251) for low income house
holds. The higher this maximum, the lower the qualifying incomi.e, but itappears 
thaT those qi rh lower incomes have less percenTaCe of income avai lable to 
amortize a loan for housing. If %s.e assume for the sake of illustration (see 
Table 3) That as a household's income deceases, their disposable income as 
a percentage also decreases, we can see tattheorelically, only Those with
 
the higher incomes (required when the ratio of pa/menT to income is lower) can 
afford to make the payments without creat~ng ad~ficit. Such a deficit means 
reducing other living expenses (e.g., food, health) or becoming delinquent. 

In any case, it seems obvious that applying an arbitrary percentage to income
 
to determine what a famil'/ can afford has certain inherent dangers, particu
larly at loner income levels. For example, if a household is assigned a monthly 
payment equivalent to 1,, of their income, but the',/ ,an only in fact afford 
151, the loan is really creating rather tian alleviating hardships. Therefore, 
it seems like a case specific analysis of income lss averate monthly expenses 
should be done TO more closely determine The inaividual disposable inccme. 

One way some i nsti "ttion: 1h-ve recently, tr id to reduce rnth!'/ loan paymenTs 
initially is to establ isn a s'sTem of gradual I'/increaising (:ericcic increments) 
payments To orrespond to the expected increase in household inccme. This 
s, stem Da ic-l I y de]fers -,ayrnent of part of pr inci . I .along ei :n Tte in rere)sT 
that corresponds TO this part to the middle or end of ne Ican Ter.. Dbviously, 
This has cer i r r i ss in That household ircc're y, not i nrease s ,,pected. 
This system or -,Oraduo..ed payments has not yet been applI ied to The ,E'/ I Program. 

an examle, one year ago a loan of $l1.500 may have provided a roof to 
cover ICNm"'. how to roof The same area ma ,sst S2,t00 (O( inflation).
 
Assuming the loan term ,ere t- same, This wculd mer - ; h]er -cnthly payrent 
(e.g., 103 per mnthr for ear at 1 inTsTead o f 1,) . If the loan Term 
Acre incre-ased t-" 5'ter, tre foltn/ pyr;en, ftr , larer Isan qoul d 

be ' 7 . If ;, orro-,or' inc,'nr hat on, up,:oiw' to cov,!r :hi ; hi ,her
payment, nt /she ( o stiIl reef -th'rwi tn,: trcould sumI, arIa. ara be 

roofed wCu II v. c S 1 :1 : rrrn Iy1 a'm",r' I a be equal
 
to or less T an his Jinnosaule income .
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Nevertheloss, to date of the 456 loans 
(4/81) made in The >YEVI projram there have 
only been one or two del inquencies in repayments. This 4cra," ot del lnquency 
may be due tN careful analysis of debt capacity or it may to Tthat some borrowers 
have additional unroor ,d irCCe which allows maequan disposableinccme for 
making loan pjmr nt"
 

10. Proce.'i 

An ob ,'ctiv, .: the participating S&Ls is the rapic processing and apprUvdl of 
loan appliTi, rn to minimize the irpact of material price increases. In
 
addition, ill .'n' pro .rn Orpe and concise program descriptions to assist
 
appl i ic:n'ir.r nin , the requiremri.nts and tur-s of Thu loans and to
r 
crve .j - '. i ... - - ,icn r'quir d frm th' Ico n appli ca.t, has 
Cen r:uc-, ! mi iy ". 

Since tr' ,'- iK r. lat iNOj snol I and in nearl 44 of Tne cases The 
Icons ir, ,W ' , ,Drt,-" . uirane ( ih. must te inscribed in the public 
r,:islr - '.ow pc.,ss at ,w) and often a ccnt,truCr on iceno Is rot 
r, .jir" , it '.. L,Won pos ,1 o , iminate several stopL: from the normal
 

pr-cce's.ing. Aln, cno LL has established 
 levels ot approval
 
-thor it,,,o ta only the 1Arq'est loans must jo to the Credi Cc,mitte for
 

. of by tr', General M'anager. 1
-rr , Lcans 0a'' Wsir Le approved 
othur 'Ls, T .i Crdit Corui m frequently (once a week), so that alI 
qual i f d appl icaT cn, can be approvoia aT 110lS Iuvel without dolay. 

0. Other Awnsect of DU'i:n 0 Irolemenation 

I. Pron'otlcn
 

For program impIcmentation all out !to of the participating S&Ls havo eithor 
hirej or assigned personnel full Tine to Vt progra-l. An impcrtat aopect of 
promotion/tcrrcA"r orientaticn has Sein Th" perscnl contacT between Y,,EVl 
program personnal and ,n, I:an ampli cn, oth in in, offiCe ,tr in tro' field. 
In some Ws.L" ire cvisis !to ip; i ars in ! r hcns in 
order to ,si ,i ,. to fil Iarn ibplicmrn iI prepare
,-l icat 
the pr poud ,r*..:Ct buw , on Wish 'te It a-own! i . I . an 10'' 

t Wur.Trlni prcvin. tin sorvi,:, n cvr d-atlcnregional o .e" or tnib;uin; 

airn the OI.
 

tru ,.'w urii, i I". 'Tm , . i :. !tt,, in r mnan, r 'r " " r, werr', r.ll y 

rportant T prcqr.im o ., n M;+e( llei , rr .ri: !: . v:,.;, ,, Lj, ;,; Wr.T Lii 

w,;r o i w u r s . i~Th s l o f ';.. Wf ,1 ; t ; r r ' r o " - w,, i.
o ii rNl & ji n %" i n r - p." i n n. 
 . t P y a'-v in.O,
 

mr- - , r r -iemC i..ily av--," ,q n !.ii -fi , *! rI - U 

run nivo arq 1W
WWI n ,y *I n 111nu
l'~ro.'r. T~, .Wrcpoled prorim in 'ny !n w/nn;:i~ivn K.nor~~ 

rqx on ai los) iI inv'a i °' , ;' vr4 !"''I j : nin *q ir:to "it n ,ro 

into cznn-qrjiQN, in 4!111Inman~inj taken W%.rc~u~. ;jr 'rvr 'qr'n; 
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Wcrking with communities and comnunity leaders is more efficient and mcre posi-

Tive than strictly advertising in local media and waiting for applicants to come
 
to the S&L office. This "outreach" approach shows residents of these areas that
 
the S&L really wishes to help them - an imige contrary Tc that generally held
 
of S&Ls by low income nouseholds. It also means that several applicants can
 
be visited in their houses in a snorter period as opposed to dealing with
 
applicants widely disoersed.
 

2. Construction
 

During the construction phase iT is also obviously more efficient to visit
 

s.veral procts in tne same area fcr inspections'technical assistance. One
 
S&L nas u-ed an architecture sTudent not cnly for these constructicn ohase
 
inspections, but also for promotion as wel; witn very psitive results.
 
In addition, his sTudent sTatuS means 1hat his salary is much lower than a
 

,rofnr,
which al'ows The S&L To provide this
 

service to borrower: at n- extra cost.
 

The fol lIing kl,n ot labor have been emlcyed In tne Imolementa'tlon of the
 
home Improvement project::
 

a. Contracte - th ..e contracrforeman is in cnarrne of the 
contrac t I n of labor as we I I as -he purcia: or mater I s 
for which, , provide: rcc-irt to the crr>.er. 

b. Sel-, - borrcw'r mn 1he nembers of n/her fami I / provide 
the labor. Lorrcwer ,: T .rI:hi:, w Icuan proceeds. 

C. Mutual-te - borr, r" rd neibors rrqvLe te labor. 
Borrowr-r, in trf.5, assn hi: neihb:rn cn Th ir rrojects. 
Borrower buis,' riK. 

d. Self-hoelt, I2b,:r :nrt1r2, - Llrarr ccntra: cabor which 
he direct. himself. ?,rrcwtr bjy':i, r I. 

e. - crr;rrjctrr' oMixe :r .r 2r T Lorrr,,.,r ,anu hii:,/ ,r :r,- Iy 
,-"..-b.'rr .ns,' lr,:v r r-.-7 C 7 r I c 

Although therere cm u ' ,c. , di-i., msressions'eis-ic:, uhr 
from t I kirr-2. ,o brrrier T-a a i eaLr;t ro rw 7r 
preff r T C .1 lar-," c,,ces - t r'e', .. e me 
and/rr trr ior . . r7, -rer i a-r 

rr s prObeW k crryirr.... .... ,' e,,i,1~ihf :cr- u ., i ll labor .e,.., mm.,erle 's,
 

mxing ceP,_,, ,O. . 

3 . rrrn ty!u5 

A,.ot April tne six parTicIpating $&Ls had apprIvd a ,oTal of 415
 

,
icarn repr-,entinr an alproxinM.te dollar value of $85,/0 or 5 of the total
 
LI.5 mill ion assionrjd to the program. The average car. siize was $1,89b. 
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IlI. In-Kind Loans: Construction Materials Bank
 

A. Objective and Backgroind
 

The Construction Materials Bank (CMB) was created by law in September 1980.
 
Its objective is to contribute to the solution of the housing deficit in Peru
 
by providing loans in the form of construction materia!: for the construction,
 
expansion and/or improvement of basic core housing and the respective complemen
tary services by means of self-hjlp, mutual help or other labor systems,
 

In the sTrict sense, the CMB is not a bank in that it is not controlled by the
 
normal banking regulatory agency. Also, it does not receive savings from the
 
public. Its current resources ($3.7 million) consist of a capital transfer from
 
the Government of Peru and a loan from the Housing Bank of Peru (BVP). A
 
US$5 mill ion loan has been projected using AID/HG funds channeled through the 
BVP and the S&L system in which the CMB will contribute technical processing 
of loan applications (i.e., these funds will rot form part of the CMB resources). 

The C.iB s efforts are oriented towards the residents of marginal settlements 
those who live in a pueblo jovel, low income development, housing cooperative, 
or housing association.* To date, 'he CMB has made loans only in Lima, but 
it will soon be developing regional offices in other cities.
 

The basic concept of the C4B is to make loans in the form of building materials
 
instead of in cash. The list of materials which can be loaned is limited since
 
the objective is to construct only a basic dwell ing with minimum services to 
kvep total costs low rnd within the debt capacity of low income individuals. 

Tne purpose of making the loans in specified materials is to assure that: 

I) the loan prcceeds ar not diverted to other uses by the borrower. 
2) the borrower receives the best quality materials. 
3) the borrower roe es The materials at the lowest market price 

,/a, i lab e. 

In adaition, low ircc'n :,rrswer- -:r, noT aco :oimr. -o dee Ilinq with conventional 
banks. Trio,y i:s ia i ly sirio Ictl! -o .na ,r iaIl suppl i,:r with f',r-ir s-vings tr 
purcnase ma < : r :radul ,': d nr' of th,-ir dwi I in . 

the o t 
sa , or" bo ;.r -Ic,': ( _ :>', .' , r .... tn,. f.ctor i - bricks and 

.... nt). Ktt'ur he crrowe r 'o r rocI', tn, ,-reria at tnse prrices. 
mi rd i h IrIri . i ct rl,wi tr i i ' t ;u; i rs o i proi m 

Du.e tj volurn. .. ,-ria l ur:- ,' ret able to wnole

tj,, > row.r..a• mat,,ri Ji ...- .e. curr_,~ n m2. -,t p)ric=, av,-.il.aol '. The 
f rnce r, r n,:n, a,: r-i (abcu t ,j of h wholes: l_, price) se.rves 

as i ncome i - ,. ' t o help c Jir f,-ratinq and f in ncial coSTs 2S wrll as some 
,cvrese t i n 1, ,f i * , pitlI due i rifIa rin. Th.- lutter is 
a 5 er iou: pr ,r. ,iroe Yh,' [ I,. ndI.s at onl'y o'v, , C.'[3. 3ns nct, C.3 

T-e Iaerr tre :re for. adva-nced stages of d, vol op~rent of what or1g1nally 
.- ither a I Invac Ion cr a relocatlcn of Irvadors. 
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stockpiling materials for speculative purposes. 
 The prices are guaranteed by

suppliers and factories for only about 10 days. After that period both the CMB
 
and the borrowers are subject to price increases.
 

B. Program Design and Implementation as Related to Conventional Limitations
 

Again, the description of the program and the aspects/problems of implementa
tion will be related to how this program deals with the limitations of con
ventional 
financing presented in Table 2. This will a!so provide a means of
 
comparison with the home impi ement loan prcgram (MEVI) of the BVP and S&Ls. 
A descriction of the program for borrowers, hichlighting the main points, is
 
proviaed in Annex C.
 

One major distinction between the two programs 
is that the 'AEVI Program is one
 
line of credit of various That each participating S&L has and it has modified
 
a conventional structure and procedures already in place to try to reach low
 
income households. 
On the other hand, the CMB is a new institution created
 
exclusively to address the housing needs of low 
income households, which gives

it a certain advantage over the 'EI Program. 

I. Inccme
 

The CMB has also established a general maximum qualifying income. Rather than
 
establisning The median income as a maximum, the CMB has set a multiple (5 times)

of the official minimum wage (established by the gcvernmeilt) as the maximum in
come (currently the equivalent of $372). 
 This is automaticalIy adjusted by

increases in tue minimum wage. This maximum will 3utoma-ically be adjusted 
for each 
region since The minimum wage varies from region to region. I- should

be pointed out that this maximum is individual (aippl icant) income only rather 
than "family inccme" as in the %IEVI Program. Conceivably, -hen, there could ce 
additicnal hcunenold income which eculd riot be consicerea in nual ifyinr The 
applicant, b .j hicih would assist him in making his paym t.nT. 

Zn bne OTrer nen, :h, ,CF also has ,a minimum income requiremenT wdich is deTer
ar3
m c Dy -in 3 J!,. r mount of t-e monthl'/ payrret. This is discussed 

fjr-ther in . ,Tiin-. III .E,. 

Zince ,_ ,K. ': ,ces ) T accept savings deposits from the utl ic, regular saving 

i s r.Ot. a r-,I iremert of t. Ircan. However, a down pa/ment of i. s is
required (nenend in- on the guarantee and Icoan sie) which would incirectly re
quire tre bcrrrwcr To save T: accumulate this amount. 

As in "V-I 1 r r*mn, :orrower rmn' reru i red 5'u yr tne C>2 to nave regular 
erFnr IIyr- It i rr:,, i r1 t j [ ;t,:, re'arted1 is 
Ti:n or, in n , ) , I -,p ;/rer, , ;,, ;rr : ;rr,.' ,,n a worn 

y he." rrm dccumenta-. 
s+at'r-'err t *, ',r, , ib:r ' 'r~ d ' [;- ~ ,'2C.CJat i';r , t r "' t, . :.r".c:tm e, 

r, ir1 r 1v . I
3[hnr n.'ir.: /' ,, '£ , borr.,,r ;,', r;.':u l-

" 

r . 'f . t ,rie 
i 

rrrue ,
nerand Jr'.,f - ... ':s, n rt r' cr, "-'~r, 'xI - p .- ,~ m e ' sm riticnec 

.... , t" Ir)'.t , )t I ''m''"(. :r,,r . , /1 r ,rrI i ' ' '.-' ,rm'/,r are 
5'? I f -,:'-, 1 ,i'. 
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4. 	Collateral
 

A mortgage guarantee is not required due to the fact many residents of marginal
 
settlements do not have land title and that the cession of such to the CMB would
 
necessitaij an inscription of the title in the public register, frequently a
 
very ti'i consuming process.
 

There are three types of guarantees which the Construction Materials Bank will
 
accept:
 

a. 	Guarantee of individual payments or of the full amount
 
of the loan by a commerical establishment or the borrower's
 
employer.
 

b. 	Salary deduction backed by retention of up to 50' of employee's
 
indemnification funas.
 

c. 	Guarantee of individual payments by a third person.
 

Since the last does not require tnat the guarantor provide proof of solvency,
 
it is real ly no guarantee at all. Consequently, loans with this type of
 
guarantee are limited to 20J of the Total value ot the C,13's loan portfolio.
 
Also, for these third party loans a 20% down-payment is required (and the
 
maximum loan is less); 5% and 10% down-payments are required respectively for 
loans with the first ana second types of guarantee-P.(efer to Annex C.) 

As in the YEVI program, the applicant must also preient documentation to prove 
he has a right to occupy the lot (e., , title or adjudication certificate)
 
to prevent the possioility of his/her eing relocated or otherwise iorced off 
the 	lot.
 

5. 	 Ccs.rucTicn License 

Since the C15 ,., created specifically to assist households in low income 
areas, it has Ven K xonerated from requiring a 7onstruction l iconse of borrowers 
inoraer to ivoid the problems mentioned in Section IK.C.5 (requirement of land 
title and p ,:). ,cvorThul.ss, borrowers sometimes have their own simple plans 
of the dwe llirn ir/r of the project proposed, but these are not a requirement 
for cbTainin, :nn Icon. 

6. 	 P r:Do-. M Loins 

Ccmoarod tr ;"n VEV ;rogram, the CPB preVidri scmewhat greater flexibil ity in 
regard to lain r >; i,. In addition to o'vidin' 7aterials for improvement, 

r,>i ;t ing ri bw toexpansIn or k structure, :r IKan m i o usud 
initiate c.:nir9r ioon rn Io1. (.i Annex a for ,.ft, I,,: v crin1tion.) In 
tflcorv tKa 4 r;rnm .:n,,r.-,, , ', ln ':r , who already"./I r rovid / in,'iivilwlq 
have somethinq -cn.irucd, W ho,,:r., in prici ii, lnr,: n'v L f1 ew 
excaption3 K.,., lans mnd to m i.to con'Ani: en". 

On the c r n nd, tn':, iK .jinr, : iY I, +h r ' l it gnat it only 
provide-s Ic . in o' r-io Arnicn munt on p Sy 1Me ocrronor frcm 
specifiKd n r i: "l ;.. 1r nd/ r v;cifi , .r i un.n (in !no = Q of bricks, 
cement ,ju ,i,,i, .1 r i ). Thy norr..r e..a t Pave Me m icn of shoo
ing 	 for O n .,. : ;ri ,, hi n lf in . 7%WI, ',, I. for nim. In(i'. itQA, 
addition, nn L:r.on . .. , :;rswvin, hi - own 7ran, rT's , n to pick up th# 
-aterinl: aJndi trus provi'e. Us own labor. 
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Transportation may be no problem if the borrower has a friend or relative who 
can provide such at little or no cost. However, if he must contract the trans
portation this can be a significant additional cost. For example, transporting 
3,000 bricks frcm the factory To a locat ion in metropolitan Lim3 may cost as 
much as $50. The lack of funds to pay for Transportation may be the reason 
why some borrowers are not picking up their materials in a timely fashion. 

The CB policy is that borrowers can contribute to lowering ine cost of their 
own dwell ing by the use of self-help or mutual nelp construction. Therefore, 
loans are not provid,, for cony:tract ion Ilcr. VoPever, it :,ears '.ha,1 in many 
cases (as was the experience with the MEVI Program) the borrwer-, co not have 
either the time and/or tre technical ski I to build a dwell ing unit themselves.* 
This means the lacor mUST be contracted - a sionificant, additional cost for 
the borrower. For example, raIher thari Norki n, on tne construct icn ,r,,mse lvs 
in 	 their limited free time (assumin re, lar epocmena), tne borrw - re r 
TO 	 contract the lacr so the improverent and/or unit Is ccmpI ced -or- rapidly. 

,In 	 the cas of not possess i ng adequate SK i 1 I , Te orroWer rrust f i nd s m] I I 
contractor and obtain additio1al fune:I ossibly a lon frcm ar o,.ir c. ecur at
 
a higher inijres: rate) - both rf nricirn may 1 ro j i nf I y
 del the -, in 

An 	 unfcrtur ate situa tion occurs Ahf,n tnr crrcs er hjs r) ,ssumo th,-se Jditicnal 
costs wir-out havino adequate disTos(it., r:c,_' mc do so. In This case he may 
nave to scor-i f i c . end i tures on scrr., e !I i s mo as f cJ. Ii such" 

a case the lcan oi rt rathir:r t,na 

Unfortunately, ly lete 	 /rrn c- ptatisioalinformation is avai lable on these
 
ques-rr,-,. f v.,,r, e1c e ed v isi 4,s have revaled 
That these prcblems do 
e.xist in -cr-e cI- s,, . Ti, C,YB should sericusly consider including transportation 
and laL or coitt in future Icans. 

Loa 

Althouc'h Tt' 1-' ha.. etabl isheu a minium loan amount of $250, (which is 
ccnsrsi / l oIr .- an the minimum for ccnvenrional financing - ",5G0 To 

, ,no .:rr<n ..... . a e Icun size is l CI. The reason for This is that 
currently /iery little (e.q., a singl, t,-rnal Accden dcor costs
.75). 

The l c an size, .. erired by 'he typ, of ]uaran One (as ind icated in Annex C) 
with tie maximum lan *.-cunt ' l, ; bced L'y a c.mrercial or 'emploer 
juaranTee and requring the ral lest ;percentage of down -ay-,ont. 

6. lnierest
 

Tie interest cnarce (1W ) for the CI loans is 4".5 .oints below thn current 
normal rate for mcrc-.iq3, loans. This subsidized rite was established to 
assure ,that eloans reach the lowest incom.e hcusholds posnibl.,. '.or e l I 
beJ. discussec ,.,ut .nontnl y p-'try ent and ,he relation to ir;c. ,me in the nex, 
sect io1. 

" 	 3t G7 , hive receive, maTerials.rrower: .a, c, ,/3J/ ), t.4 or 
36.3'1 have electod ;i use contractel lacor rather tr,an st-net. 
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On the 	other hand, tne decapitalization of resources due to inflation and
 
a greater negative interest rate is potentially much more serious here than in 
MEVI Fortunately, the unused funds have been invesTed in savings which earn 
from 50.5% To 5A o')ver, as ti,., funds are drawn down and lent cut for 
two and a ya 1 value rapicly erode: (at a rate of approxi,ears at Teir 
maTely 23' :er year). Tnis means that in woc ye, : (i T .,-cr-rent inflation 
rate, continue:) th !vlueof me funds original ly l(nT o- T wi 1 be 5C> less 
in real te.r : ,tn n .hat , ,a at thu i m, of ci .Jr:.r . This r( ,n: that 
1he .overnment of -ru vil1 have to r'p eni h ,hecapitl of tof (,D for it 
to continue irc. Cbviously ;ihat is neueded in short order is an 
increase in Te int,,r'-:T ra TOa more positive rae of return. 

9. ,'cnth . -


The mcnthly.., 'cn 1 loans cannot exceed n. of ie borrower's income. 
Tin s i r r1,7,T C m3n in 1h- '.1EVI Prc'r.rn, )ult it iK still 
arbitrary, - .:in, J Plceciflc anat'/sis of debt cawccity would be a 
crea or ,.ur fulL'r, >1 int;er/. '/. earotiher cbvious 
but nOTnoe , r yta , rcn I '.v'':r- K within 

borr', .. r- ',H . t ir''l/' i t~i, ,.,htt ,-can a for-J. This 

If in r r i r r.,,riI be :Jcre for loansmae-~ ' W-: ..... ill yji~s 'i, ,, ' InrT±ened to 

remar~~~ I r rr rne'. tI 

s Coera~nCt ,.... .. v .. r. rr 

of .... :.,mnr:: ' :i In " ,-...iII have 
lc,,er nitial pmn .i 1 Ka': to ' 

*Se,:ard n; ,...nques/, i is per;a . to'; snon r*, an a r, i shncee/the 
r -.v ,r' f;;,:t cans n . n Thout on: o. In any case, toof 	 fIr L I m-n.t a 

,e l...rir l u e s ,r, sc,,:e L nave even pai! in,orrowiers 

13. 2rce:
 

loan ap:l ic3t v 
r3Pidly The processing tie the ,ne pa :pc cn0 s 

....T 1 UrS ,B r-n, 	 -s haze eern prccosse 
p a; prox iroly 

t ,os and off Ihe steps;see sissr; follain g prin ial 

.,n i- preseni'	 n7he apl i ; 	 iti r. u fited erdj i , 

* ai or ; 

5,r mha, ,+;ner l!pr' t,,-r rrr / 

b or ;r-, >,',sli r~rlr f :ti' of r1 ,o -cc 

a0m..-.. ier, 	 fo , r-.)nrer t-, 

it Iosm,, 	 ,r ;rof o 4.-t 
,ar l,. anr4 ts lot , lot, t,, , tr i : rd.i,:itn,;sclc_ rv t, 
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2. 	The legal advisor prepares an opinion on:
 
a. 	Location of lot
 
b. 	Guarantee
 
c. 	 Cocument whicn accrecits right to occupy lot. 

3. 	An inspcotor visits tne lot To verify:
 
a. 	 lTs (.x i -,-,nc 

ccaticn puteblo joven orb. 	 1+1- It in other qualified area 
c. 	 tatus; and cornli ici of perr, nenrl ccnitructicn, if any. 

4. 	The Technic:jI D pdrtrr a sor4 rDrf;ares t 	 , 
5. 	The General r:cr 

a. 	Pres, nt; the arpl iC:tion fo , Credit C.-rmi,,tee with 
reccr-.:-ernd o ,r-1;;provcan, 

b. 	 irfsrmation fr;m t. i ciqustsoreori1an?, 
C. 	 Fej I i i,,n for r . It prc rr- requirements. 

6. The Cre- ( , t . r ,. , rv, tt, ap ication 
7. The T,,c hn ic I C pp,;r r 	 o! !,riais iith7..:n i r-a the 

borrower ,r t tl ,. -ur of t, cm. 
8. 	The L*J l.r , p r r r ard vir f es the 

qua ra n t:; 

9. 	 Thu Ad I tr 1' v .i r r promissory notes and 
the M3T70!r a I (I i'V.-r/ r. r

10. 	 The ri,/'l, ,r ,Lorrc.r tr . 

II. The Lorroo.,r " ti , no' r-.rt.t and rceives the material 
del ivory c rr 

12. 	 The bcrr::wr-o,:. tn tr u:pI ier and/or warehouse within I0 days 
to pick ui ̂ i mt:eri l , 

C. 	Other Aspects of Cesicn and mDloeentalion
 

I. 	Promotion
 

Initially, the Construction ',.ateria3s Lank was puhllcized primarily through
 
newspaper articles, which -ave it extensive (if sometimes erroneous) coverage.
 
At f irst the ,eand created was substantial , but then i began to Jrcp off.
 
Tni .jllcwea t,, .I3time to new proceduros
r eitatl ish the pol icies and and 
mak'e ad ut'n t .noiay 

,
rlav i n- now ,istaD i ,ed te,0, the C.b han entered Iito a , ra of,- ,-n more 
...,3s," ire prc7vot icn/ u licity in a cnth tul .w ;in .nd r'wtaperix ri, radio, 

campaign. Thi i ie 1nnin- to show ri-su t- In ircreased app' icaticn. 

Arctr.or at,roc r 	 could also ono, ,t itrtc ticn which : onit ly an di 
n V'E' TT 'or,r.. throuch r na f) i d C mrnun i .;rcu* , ,, r u snin; CC ra
i vn r, n ) ,, :kn. c "':tJ iIt.ro-hu.i rcan i -at in ,t cr t hrcu',ri C n e 
'I I C u I(I Lo iV F) irnI if f r -, . rnai aft r work ncurs. 7h , 4culd a I lw t n 
r,rcrv,?ion to t I ordrf to ofC p f7rit: " ',5 rf t]hc r". ; I c !Dul 

io anw, r(!d ttr ;;.ct to "'.n rnd r ts r ,;or; ,d f!.,r t-,iit ,t inq 
'
intint o 	 -' 1. wiiuL ri't.Q nv, ine I*, rr, ' ine 1 r n.Iu.	 aio . . i Fcr -.a iC, ,t 

I,ty t r . rl' ao f r cor, r . . 

:u'.;i'P',, i, ri t v' n ld .O ar., ld ,4 i 'ie rt~ 10 orr.s r ) v I ,. t i. 
i "i;tOea f .,rd I in c lot of ti re) t r v i rr o, n , I o!r .ed Iotoi. 	 1 
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2. Construction
 

As mentioned, due to the fact borrowers receive only materials, they are strongly
 
encouraged to bui ld Their hcmes themselves by sel f-help or mutual help. Even
 
though there appear to Le a significant number who contract the labcr, all
 
borrowers recefvf? a cort,-Iin arunt of -echnical orientation. During The
 

tnevisit wi-, tr,,& :PD ,nqner TO prepar,. I i- of reeded shelter materials, 
borrowers ari Y.,n a bcok let cn 1o constructwitn During iheiow bricks. 

pericdic inspcticn-L of inIivialual proJoct , "he i:5cm'ir-es- -ves
the 
borrower iformjI cu1 , ion ,bo t Trl czriTr-uCr loncan '.oi"proved. 
Unfortunai.-ly, t r- ofof.n no one srin o.,)i:rn ih ~ : is ic n. are made, 
sinoe ey ,:cr, 'ri n wOrr' r Jrs n 'r- b r-s.'r is -it hisr,' , -: ormal inq .
 
i,Cu ci ,,r . * on sit ' n i .i cr *;n Ior .;tremelI!
",'or, r'r' r- n, '-l 


.:ef u i rv r. 1 ir r - r . . v :';r rr (r" - ,' n
 
;)ro-*'. c,. , :)r , ",ich i; rot ml' ,i",',;faI, .JU a ,',rns
I .... 7 .r,," tiiheal _!,, ,- , js t nh e. it wouldH .ical
. F r . .;.r i,,' 4.,. : : ,,;la'/;, ,v.e t,,,n- ",erscnnelI 

(prefr.:W i) in r :. , r,')I basi jring ,e construc) v nr-; or, on r 

ir-On pnud ,, :1 i "ir ' ,: r1 :uljr v s y,/ r1ir o-'
. 

I-20 

s/rudents i- ay 'i-r y:erfiumcost. 

To Ia,e t '.:- fn cr r .i n j L ,n r y C; ,f'jI . 15 engineering 

t u w4r ris.'sm could be made
 
moreo ef f ic ir , I:oev.:r, or , h i . c. w,. i ., area
:r r,. i ,:.., s al ler and
 
soul v i - i si,-r. I :re-t:v i ri area . A: im 1 ied .above, often
rr,,-o_-d :ngh 

e ,-me erL n ;. i cI r. s-p rtai ri ,xciee ds the i- me spend on i nspect ions.'i2 

3. PrcorTrtn t.
 

As of 5/1n2/eI, ise number t loan applications received was I,25 . Of these, 
)17 oere cppr;vea for an approximale totaI amount of SI929,000 and On average 
loan amount of 11,313. Of the approvej loans, 548 borrowers had received the
 
4isbursemen," of treir material clel ivery orlers.
 

IV. Conclusions
 

This paper has described two programs of non-conventlcnal financing in Peru
 
snicn are attempting to help low income houenold- solve tneir housing problems 
in tre mlst of an economic crisis - hig;n inflation ard recession. It has leer 
demonstrated tlia- conviint iona fInanc i r-. of ous ing s-basicalI, ron-fr-j "'raI 
in soldn . uation. 

t-hat ....... are botn sirni lar and
 
4 


An ai-e ma'ce to .uow t prcttr:y-s 
Il,ment,-ary . A Iijre-Al /I. Ican qi I ,I-i-errp to driw on tne eaerco

Lo,,, pr<,ra-mn urd cord i-t, T.: 'L: i-he r To situ atee -. and (4 fzr I° ncr-con ,;n c;: 'i,r ot iOnrn I r" 

" 4..0a * of . ri

Ir aOI s ar tha ,o,tr. inciplrj:, ,1onuid.rat- an
 

It . : h *I ,:, scfro, ',rt d r.t 

;,r:ulris :r.:, od be useful ir tr',,,ro. I~i¢ d, :,. ; ;.rQ ;rm 1 I uir'ce 
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Annex A
 

Description of the
 

AID Housina Guaranty Program (9)
 

The Housing Guaranty Program was developed as part of the US. Foreign

Assistance program in the early 1960s to respond to the enormous and rapidly
 
mounting worldwide shortage of adequate shelter. This program is AID's
 
principal instrument for helping developing nations address their shelter
 
problems. Since its beginning, more than $1.4 billion in Housing Guaranty
 
loans have been authorized for 150 projects in 39 nations and to three
 
regional institutions.
 

This is a unique AID activity in which funds from the U.S. private sector
 
provide long Term financing for low income shelter and urban upgrading
 
programs in dewelcping countries.
 

The United States Government underwrites tnese Transactions through the 
provision of a full faith and credit guaranty That will compensate U.S.
 
lenders for los... ,aximum interes rates to lenders are established 
by AID and reflect the current cost of rcney in the U.S. mortgage market. 

AID charges a fee for its cuaranty to cover onerating expenses and to pro
vide a reserve against claim losses. As a result Tre prOgram is virtually
 
self-suffic ient.
 

In its early y.ears thht rrojram fcused on introducing noew ji !ding Tech
nologies and rorn manacemenT practices to de;velopinr countries. !n the 
mid 196Cs the focu,,s to .nifed and :rengthening housin.: financecing 

institutions, parTicilarly tne savinus and loan inrstitutions in Latin
 
Amer ica.
 

Ano th r ra or cha ,; i n ha.s i s rrerp i n ' ih en , - Au r' ouIlted i s tie Ilte r ,tr~ta',y, a ,rat, , 'd, IaTh l., t,. ':,' , SYi 
chan es I 7 In , r uin n i ,rart,/ r.:so.rc:' :o Lu used almost 

exclusivel ,6 t i ,n e sne I tr for lower inco'r, I i . Siroe I 14,, all 
Hcus in; a.,ral / pro , cts aut,,ori 12(: by A ID rav, ,r :,:s i : for tis 

ncom, -rJ,.,. 

In acoord r;.;, a t.,5 i s 'mr,Zd ,.., ', :r I e. , ';r t. l] 0.. ; sh- er,:r', !oi., 
ivere initiat,2:, ir'l; ,'.'q sl.m .i;. run ' S.;,.. ;*r r t,,; u',lr- , m rl the 

r.'or I' I ,'/ ,. ,Ir- i ;, I. t -r , by the 

)opt , , ii uy , v i ' It r - ": -ir i i n 
ro n,I IIC ; :V. vrn ti i , I, mru I i It f r ,, r- o '' r ri'I r-F)4xpa1nsirl, [,'i:ilI/, t-'-iI .,'',: us;, 11 ir(.r', ',law tt "' 'diir leve l in 

a ,Jev,' I ) i S,: -,our;'r 7 a Il Lu ,sI-t t:, ,amr ,-,, I;.nr n rr r 2c'r th,, 
I h -4 ,, c;, ' -,r' 1r Inn(,Ii 1I , t 4ouron, ,reI it i'..a itt iirit*his 

; ir.anicial :;;orI, t, tnjt tt' '.f fiC. st N;cusin,: ,:,VilOI)3 i V. programs. 
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In 1978, with the increasing recognition that shelter development and
 
community development are interdependent, the authorizing legl:lation was
 
amended to allow the financing of community facilities and services with
 
Housing Guaranty loans. Such facilities could include, for example,
 
schools, health clinics and community centers, job skill training centers,
 
employment offices, markets, small industry centers, and post offices.
 

Less developed countries (LDCs) may request a Housing Guaranty project.
 
Upon receiving a request, the Office of Housing, the USAID Mission or Embassy,

and the requesting country jointly participate in project identification and
 
begin the process leading to project authorization and implementation.
 

In the development stage of the project, tne host country is encouraged to
 
take a broader look at its shelter problems, particularly those of financinc
 
and low income households, and to develop new long range shelter policies
 
based on sound cost recovery strategies. Important principles of the
 
Housing Guaranty Program are: (1) maximizing a country's resource invest
ment 
in shelter and (2) continuously recovering and re-allocating that
 
investment to ensure a more equitable distribution of limited shelter
 
resources.
 

In the past fiscal year, from Cctober I, 1979 to September 30, 1980, AID 
continued to focus its resources on the problems of lower income families. 

The Housing Guaranty Program finances The fol lowing kinds of shelter solu
tions for fami is wi tn below med ian incomes:
 

--	 Slum and squatter settlement upgrading, including provision of 
potable water, sewage disposal systems, electricity, roads, and
 
drainage to be complemented by home improvement loans to slum
 
dwellers.
 

--	 Sites and services, including preparation of vacant land for produc-
Tive shelter use thrcugh lot livision and instal lation of water lines, 
sewage disposal s',,STms, rad:s, and drainaoe. This will be followed 
oy self nli p hcmo crnstruTs on by low income bu, rs of 'he lots. 
This t'cp of -por'r rra- 'nry, rprsqri t- in iiny ms arnd bu i I u i no 
material; lc f-,r f builers In1, , h.; L i'i r s r-, e con-tractors. 

services 
with th.:- :, ; ;r , - ir ,rit Ir/ ,:I I ( ypically 
inc Iudinrv: i rs : ir T11l Imu? ui-purpose iving area) on 

--	 Core hu r-;, rvol i', >jl I / .ar ! a;,proacn 

n L 
, ,each loT, ;f! ;r,': *, '_ . > rovJr Jr , Ap r by the cwner. Euild

ing r- , rt.ri I -r:r 'i ; r" , . 

Low tto rf ,.3 ur, I ts for sa I or" rental. 

Communi ty fci I i ies -ind srices (scchool s, heal th clinics, markets, job
SKill training c-rtrr, 00.) in support of shelter projects are also 
financed by trne cus-ing Guaranty Prooram. 

37
 



Each project is designed to assist the participating institutions to define
 
and clarify national housing policies, and to strengthen their capacity to
 
plan, finance, Implement, and service housing projects for the poor.
 

Twelve new Housing Guaranty loans totalling $174.5 million were authorized
 
for guaranty by AID this year. U.S. lenders signed E45.6 million in long
 
term loan agreements, with each loan guaranteed by the U.S. Government.
 
For each loan, there is also a host country guaranty of repayment to the
 
U.S. Government should the borrower default.
 

Additionally, the Office of Housing provided technical assistance and
 
services in a broad range of shelter-related areas to many developing
 
nations.
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Annex B 

HOME IMPROVEMENT (MEVI) LOAN PROGRAM (BVP/S&L SYSTEM)
 

GENERAL PARAMETERS FOR INDIVIDUAL SUB-LOANS* 

I. 	Objective
 

The objective of the ;AEVI Program is to make supervised individual
 
loans within the debt capacity of low income families for improvement
 
of their existing shelters.
 

2. 	Requirements of Eorrowers
 

A. 	Maximum famil/ income - median family income for the 
 respective
 
urban zone."
 

''
B. 	Must reside in "pueblos jovenes ** or similar areas.
 

3. 	Purpose of Lcans
 

The 	loans can be made for the following types of improvements:

A. 	Installations - placement of electric, dater and
 

sewage systems in the home.
 
B. 	Domestic connections - to tne public service electric,
 

water and 3ewd-e systerns. 
C. 	Finisning - includes interior carpentry, plastering,
 

floors, etc.
 
D. 	 Sanitary fixtwrrs - -uch o placement or chance of
 

toilet, wash basin, :hewer, ,ro.
 
E. 	Renovation,- - partial or complere cnane of deteriorated 

elements cesn modification Inheajiloft 	 in structure. 
F. 	 Ccndition no - rnprove,]n-: that imply a structural design

rrrd ificat :n qii oul expand rjr,. roofed area 
G. 	 Expansion - 'f the To produce onent,uror moread~ i i,';r. rcf~for :ed room;, La 7.0room:, kitchen, etc. 
H. 	 Comretor-,f:<;jre - irn:'/;ryemr nrs sueCO a': columnS,
wal I : a:::,' , ,,v. roof: i : r,oo" r)lI 7e ~,; 5 tr 't ure,
 

inclh. r, ,.~.: nrcr ::r , ci*. 

4. 	 Basic T , :_ 

. .a;,'- : ..- . . i l nt of -2,5COE5. 	 Max i',r-c' K ' [ i - I '7i,rs 
C. 	 Ma/im......." . a/mnic:- 144
,r , rcni , 

S'- b V ,; */ /.: ,,re :/. Thse are broad paramre:,ers wltnin 
arim , , ,r r , , na: Jevelnore its cn mcre cetaiIedr: 


r , i 	 r,r r --,'';i '-''' ":p;r"ce': ure:. 

'- r, r ir3 f2 d -u rterl / in acr, i"n te 
r04/ ,:'eIt,-a r r .. 
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Annex B
 
Page Two
 

D. 	Maximum monthly payment - 40% of monthly family income
 
E. 	Maximum costs of loan to borrower*
 

29Q interest
 
2% commission
 

31% total annual cost
 

2.5'V 	commission for prccessing loan application;
 
paid once.
 

R. 	Down payment - none
 
G. 	Guarantee - mortgage on the property, employer's guarantee,
 

or other guarantee acceptable to the S&L.
 
H. 	Insurance - borrower life insurance to cover the outstanding
 

balance.
 

* Some S&Ls have charged less. 

40
 



Annex C
 

COIJSTRUCTIC.tI !.ATERIALS nRANK 

INrCRMAT ICN 	 I)10FS 

I.Object Ive 

Tha3 	objecivo of the Constr'jcticn "jmerials Ba~nk (C.'1B) is to assist 
in the solution of tthe housing problo.- thrcurh the building and Imrprove-
Iment of The Easii Core Hcuse, 1,y tni, of -support an seorvice for the 
provisicn of ccnstrucicn marer,'LI. 

In Tie 'irst pri-me tnte C',D i; c r itn 'e tcirl., m.Kin,; Icir- t3
 
owners of IOtS OCc3ted in:
 

a. 	Pueblos 2ovenes. havir. kIno TlIoI~ cr ar urt.ani:ec. 
b. 	Cccpor~tlves, flcuslnr AfsociarionS .jnd Low incc~f-. Deveooments 

whichi hivo in Approal RPe.:oluticn of proi lr-iiary st;.;Cls for 
urtani:3*'icn rjc. 

2. 	Recuirements of Eicrrceer-s 

a. 	Maximumn (individualI) ircormo: S375 per mnth 
b. 	Possess a lut in: Pueblo JoveflD LCw lnCcono Oevolcpmnt HcuisIng 

Cooperativwe, FHcusirv A,,ocintion or In a Zora qual1110d by,
the 	C:Vp. 

c. 	Maxi-mur mfce: 75 jo,,ar'.
 

3. 	 Documents I~iO 

a. 
b. 

c. 

Lcan appl icT icn :fn *h.) ! fcrmn, si,,nod 
Pay STuD 'or ierenvint worker cr nacrn 
so I f-erp etl~4perir' 
Property1 Eoc ,vn,: !rn CA ?hI OII";it 

- Prov idio'.I ti !vi iic I~ 'c-

y ppIlic~nt. 
' 

,.; T!" 

F io i ' 

Conr ~ifn -4,; r ro (, 0K. c 

of vi 

nr-;ti ior 

r'rieor 

r 

4~i*f4 
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Annex C
 
Page Two
 

4. 	Purpose of Loans
 

a. 	The CMB will make loans for: 
- Construction of a basic core house (50m2 of roofed area) 
- Completion of construction already begun (up to 70m2 of roofed 

area). 
- Expand a basic core house aIready constructed (up to 70mr- of 
roofeo area). 

- Improve an e. lstIng structure ty providing the following 
materials: wincows, .oors, sanitary fi1AIjres and materials 
for the installation of water, sewage and electricity. 

Basic Terms of 	CMB Loans
 

Types Maximum Maximum M.,aximum Maximum Interest Down GuaranTee
 
of Loan Amortiza- Number Monthly Rate Pay-

Credit Amount tion of Payment ment
 

Period Monthly
 
APayments
 

A S1,500 	 .53 30 3 -a 15 IQ uarantee 
months (3 mo. individ- of indIvid

grace ual ual paymts.
 
period) income 
 or of -otal
 

loan by 
commerc i a I 
firm or______Iamployae r 

B $1,500 33 
mTn Ths 

30 
(3 o. 

A3O%of 
individ-

1..5% 10% Salary 
Deduction 

grace ual 

C $1, lb 
_ _ _ 

rnn,is 

er i od) 

(2 7,0. 

inco m, 
01 

inIdivi6-
16011i- nrird 

son 
per-

D $S70 A, B 

grce-
Prcderiod) 
A, B 

ual 
incomer 
A, B A, B A, a 

gua rant ee 

AddiTional 
or C or C or C or C or C loan for 

1hose who 
hjve pa i d 

of f type 
A, B or C 
If-,jn 

Note: The minimum loan amount is $250. 
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CLUSTER LAYOUTS:
 
A BASIS FOR THE DESIGN OF (EARTHEN) STRUCTURES IN
 

URBAN DWELLING ENVIRONMENTS
 

Mark H. Butler
 
Architect, Housing Consultant
 

Istanbul, Turkey
 

ABSTRACT: The paper is focus, i on the task of physical planning in
 
the context of dceloping countries, the low income ma
jority and rapieiy urbanizing areas. Specific aspects
 
of the problem of land use and the provision of infra
structures are explored. The design of buildings must
 
have a basis in the urban plan. A cluster design which
 
groups individually owned lots around a shared 
common
 
court is proposed as answering many of the problems.

Cost, social, cultural and administrative advantages are
 
outlined for the clusters. A model development is pre
sented illustrating various densities in a flexible
 
development.
 

45PlLw 'AL~
 



CONTEXT: 
LOW INCOME PEOPLE, DEVELOPING COUNTRIES, RAPID URBANIZATION
 

The paper is focused on the 
task of physical planning in the
 
context of developing countries, the low income majority and rapidly
 
urbanizing areas. The planner must be able to 
address the complex
 
problems of rapid urbanization where the direct implications of the
 
growth of poverty are not only that more and more dwellings, land
 
and services are needed, but also, which is 
more critical, that these
 
dwellings, land and services should be provided to 
a growing popu
lation that has less and less capacity to pay for them.
 

Although the paper does not directly discuss building design
 
or use of materials in dwelling construction, it provides a planning
 
framework for the consideration of construction systems or building
 
types to be used in conjunction with the use of adobe structures in
 
seismic regions.
 

Urbanization L.:occurring in developing countries at a rate 
far beyond that which the limited resources and abilities of cities 
can cope. Thesr, new populations, consisting primarily of unskilled,
uneducated, and extremely poor people migrating from rural areas in 
search of employment, are in the midst of a fierce struggle for shel
ter and security. This struggle is creating an urban crisis all 
over the World. Until the cities are able to respond to the needs 
of thses new populations, spontaneous urbanization (scuatter settle
ments) and general discontent will continue to intensify the strug
gle. Pesources are limited, urban K,.nd is scarce, 
 and the burden
 
on the public sector (goverrtnent) i:s becorming more unmanageable.
 

The urban immigrant in search of shelter has the two ba.ic 

tions of locating in a decaying (slum) area uf the central city or

op

squatting in illegal settlements on the perifery of the city. Gov
ernmental response to this.;ituation has normally been the adoption

of an attit:de o1 benign neglect towards slums, squatter and other
illegal s,;t -1 er'.nts. 

Pror:n; Ior the legalization and rehabilitation of many
existing :mm tt' r setCe:nents have been undertaken with only margin
al success. Imoroem, t of infrastricture ntwork; is, costiy be
cause of njeff Icent i;a'outs and only .isttd money is; 1va]able 

;oV*:'rr;r;sentz:i 1 orograuns have in some instances, been- in 1 a ted
 
for the rlor;,ti o of tuin 1I imon ui, irt, r H Ilt oin:; r r)m i,1
uable land/Ioca ti 0mm;. Vnlrtun.t,] :no:;t. of tW., r rm':;, ,v riglimited r );olr:; , nd I,e:in'; or" inted to ther t~t.: ; x no:,,, i ng r'm 

c:fi.c , an titie:; of convrn ,r- ponl,rfri cat, dw'l I iri ,ini C.; 
usual y i n the fo-,' of ;,,di to hi qlm r i:;l,umm I;t-riettirt:; or (;,!t rninvnt: 
land, have been i1na1!ro'Irift:e and , t_ , :;,ia, tCiS:' l,'. n-t been 
able to reach down to th(' low j scori': n, 30: i V 

t IIt is;_ I ,; Hi the a t thrmi V I I,; " t l in:;irig" re t: , d/fjrK o 
complete dwellin:; t:o aI fow P ir1 i, ' ; ;, or tCr) jroidf,, only il. Ic 
utilitie,; and .e'vice"; (iifr,:;trumct.,,) to a much larrger ,;seCto)n Of 
the po ulti on. If the ], ttJr i:; Ioir;, IrI, ff o theLken, jor r t of 



government should te shifted from the provision of shelter to the
 
provision of utilities and services. Regardless of the many other
 
considerations, the latter course has the following in its favor:
 
the construction of a shelter can be done within the limited re
sources of individuals because inexpensive materials can be utilized,
 
no special skills are necessary and simple tools only are required, 
self-help or artisans or small contractors can be employed, and the 
shelter can always be reduced to a bare minimum. 

While the construction of a shelter is a relatively simple 
operation, the provision of utilities to a community is not because 
it demands more than individual effort. It demands a collective ef
fort both from the community and from the government in planning and 
mobilizing political, economic and technical resources. In short, 
the choice is clear; construction of utilitie, will always be a gov
ernment task, but housing may be left to individuals. 

PIHYSICAL PLANNIN( INJD ICATORS 

The tisk of the physical planner is compley; urban land is 
scarce, money is limited, and the timc factor is very short. If the 
governments cannot provide planning guidelines for future growth
quickly, the immigrants by necessity of she]ter will continue to de
velop squatter areas without benefit of formal planning. This nec
essarily means that (luring the rehabilitation process when infra
structure is incorporated into these areas it becomes unnecessarily 
expensive for both the user and the public sector. In many cases it 
even precludes the availability of certain services to the areas. 
The lack of planning for the future growth and needs of a community
only increa :; es the, burden of both the jove1nmnt and the user. 

The public sector will substantiaI ly minimize its capital in
vestment and cc ntinuing maintenance/operation cost; and at the same 
time imp.roy, upon the potential amenity of (eveloping urban areas by 
initially provid(inq an efficient framework within which urbhanization 
can occur. T'h, criteria used Cor tLh -'valuation ot .flic iency of 
physical 1a.ou are: 

LAND TILI,2A'2 IA , U)I "TP[PIUTFONProort- in:; public, privat e and- ol 
circulotion ,i' :; within the la'youi. T!hi:; dotermine:; ma intenance, 
resp)on:;ili!i tly, u,.r control, and] furctional fficiency. P.q. A high 
porcent,,t u! ircul Iat ion m'pans; hi ;hi'r co:;t pv,person a:nd( therefore
indicdt,:q an,, in ',f ici,,tit l,0,OUtL. 

Lot coil: : Woch:; n 
the in ra:;a :uclur rii'ork. ,.'. (',,rLin lyou ts result in compli
cited i sfr"Miualu ir 'weK: r';ui rinIq exzcessive lvngths of net
works and] t ,er", or' liijh,', cot ,'r j)(i;on. 

LAY(IMT - K qiurati:n , M lull circul,:L ion. Thi:; deter:nines 

D IP2 TY - u , ol'1, ,,rson:; in! ']w,. Iin'i per hectare. This1 units 
,etersmi ;i,:; tth, i mit it-' "Ir:ultin,'. ",.q. Low dlensity 'o ,an' a hgiher 
cos0 t of .'', , I l !Wt'r: ;r . 

SIS::; ::it-
tical la:;i l i H17 I;m all'! A,,erminmant:; de
SI1'E ANAL - ,.thri bul s tM,it define, th,' ,conomic and prac

i of ,iol, nt :;i '2,t that 
fine the co ; trint of phys,'';ica pIlnmii.n';. 
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Use of the above criteria in the evaluation of urban dwelling environ
ments will demonstrate that the design of buildings must have a basis
 
in the urban plan.
 

In the discussion of physical planning in the context of
 
developing countries, the low income majority and rapidly urbaniz
ing areas, we are by definition, addressing ourselves to situations
 
where population densities tend to he relatively high. HIich don
sities in general are viewed as being negative, but determining what
 
specifically is inappropriately high is difficult. The lower the
 
density, the larger is the land area required for a given popula
tion, which results in higher cost per person in land and infra
structure. At the opposite extreme, very high dent-i ties not only 
may put an excassive load on the infrastructures and services, but 
more serious, it could create negative and destirucLive social con
ditions. It is possible to determine a range of density limits
 
compatible wi th adequate services and infr:;Lructure. But very
 
little can be done to determine similar indices to anticipate or 
forcast social and behavioral implications of population densities
 
in a given physical environment. 

However, there are many positive factors to higher densities:
 
lower costs per person for land and the provision of infrastructures 
and services; advantages o bettLer job opportunities, more viable 
transportation s;ystems, higher access to social and commercial 
ser
vices in a high dens ity area and potentia1 social advantages for
 
less alier:ation, lone linesqr.
 

Proper land utilization is extreme]y im!ortant in higoh density 
area:s. The key to pros'. r ae'uat- land utilizaition i: a coherent 
relationship among use:;r, r,'sponsiii ] i ty and physical controls. 
This ,:ohronc,. nhim.]ld unequivocally be reflected by th:e physical
des qri or plain. [roper, ,i(dequact control; of the land should de

,fine tho, (: lr of :a ,r itor'- facilitaL,, its spo:ci:ic function, 
al low/,nct ' th- t';ers :;tim responsit inu, to thei r 1 ity terms 
of maintnn.s-' And operti,,. qlpct of these ".pe:tq; 1: very 
common in th, ':.il ';m o puic aotising everywhere. IL Le es theW 
form of land w"Ktc, p>,rLicl]Iurly in dave ]opm"m nL:; whe e walk-up 
apartments st;Las in open soc , of undeini nab le s . T 'e ,o t 
common cons!'jot;i '',; arie [ i of tL ' n ironite n I , d,'; t. r tict ion, 
vandal_its;m, tn ls. tk-,,acri pi', ;oor ma:i lara townMteraze, every
,w. r. In ]o1 sOvuJ..] ion 'ieri;i tie.; of Irolnd! '"),'';.' 'r lec
talre the , o o: .i"' ,'p-r(on if; '<not:L a,1ore;l .:onIi land! lotr'p 0 

n~,i r-,,i imptp ; oi , ;tercon: ] j .:.}tilt '.. 'd ntLi . mtt i oe'o 2(1 
hb ctir" or tori, i:; fha. qn:; in An y' . I; l- nt with l I owo" r,, 
low incom jltt i.t "n thW0mm rt()iomi of land j'"! 11")i hv shrunk 
so much that cr:mf o "'.in'evit, ,l,( if the rejt .r shy;ii,! con
dilt ont, ir-, nost wr-.lt,'d. 

1 ''i. i l '.';tion nIn:;l ,md lnd 
uti]i zmi rmLi m v,'*nt I ;!:; r' uizq'di br ,i urt)l I Ii ,n;'r ,nt 

Ph!,. 'ox"I-: of 1,,'. ,And,0aLi1', W 
'fr'a'' nMji 

must J),,h ,,v,,, ' ,+ I tht' (,si n of tLhei i ,,,i'. ;, M atdi e,arlier , 
the prim" funLt:Lion of the public s;uc or must hii' to provide A'n 
efficient .ram:work wiLhin which urbaniz, tion can occur. 
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The scope of this paper being limited to the presentation of
 
the general principals that must be considered in the physical
 
planning process, the topic of site analysis will not be discussed.
 

The layout incorportes the two major functions of land
 
utilization and circulation and related infrastructures. The lay
out should strive to minimize public costs in land, construction,
 
maintenance and operation of 
streets and related services and to
 
increase community initiative, responsibility and participation in
 
the uti lization of land. it is imparative that initial and con
tinuing costs as well as control responsibilities to be born
 
by the public sector be minimized.
 

In most c, :.sothe public sector hi s on y1 very Limited funds 
available for construction of infrastructures and where control
 
of land/circulation is thy res[ponsibility of the public sector
 
these area, will aglain in most cas:;es in reality be without any

control by tlie !act that there is jus t not enough money available
 
to the public :;,ct:or to provide this service.
 

An initial cirsculation network must be provided that allows
 
for the pos;sibility of both incremental as well as 
instant develop
ment of In:rastrictar,:; and provides maximum amenity to the user. 

In land bdundii::ion, land utilization must be very specific
ally defined by, u::,. As: 

PU1BLIC ::,A- , ar,a for circulation of pedestrians and vehicles. 
It includ,:r. .ro-t-, pedestrian lanes, open spaces. 

:;:r[]'.-pv] >" -[iThearea of community utilization. It includes 
open spac' :1;, p; in, fie0lrds, schoola, etc. 

EiI-PIT,'.' TOI) - The area of shared utilization held in con
dominiqm:: hy7 ." rroup). 

PPIVAT Tv;v - 'Yh .:roa of r,; idp ti aT, con',,cia,], or small in
dustries uut i iation. IU inc:l ,d,'slo ts and dwell ings. 

A comparin;on o, typical , :. : t o fiat..ion: will dmonstrate 
the irnortanc,, of propr ladd t i ] istiei and that: in the context 
of the low in(:rg;,. mi orif, ,:'4 ,,.,n dw'i l',:; in ,v",o] in'q countries 
that the dnoin , inPildii r br;'' A WPi in th "rban plan.
The followinq "xa:'r.1 or- All loco!- i n Isn inbul , ' rkey 

0 smai j'/, lyp;'Al Qf juP] c h()(iny~ prn1Pctn:; Il r UhP World, 
achiqv'" bid; ''';;ty 7q tyuaiw-uritiro nj n~nn un; on~ A''nveryt:,;,mall p -rc,-nr.rp, of H o,. ], ,i, in ,,rvi '.,.-"" " I , tot,h,-l l nd] aroa. 
This; o!, i,, ,t i; ,If-!,l,,i*:ink~t :n tLh,. jor,i nz o! inr "Kz:tructu~rys: 
but '., lubl;.I , iv: ,,: K-01*;", A,',, :n !W..i Frot,,-m "f malin7 


t;},, urban ri--,!: p:. O iv.,w rq ,,r ,dr,,,. '711, lay!or w-,'& -mi.',-./p,:nl., 

In contrast to tLh wz;m;in i,. pll ipuic ho:;ing project, the
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OSMANIYE - Public, Low Income, Block Apartments 

DENSITY - 333 persons/hectare 
PRIVATE AREA 9% of total land area 
DWELLING AREA - 45m 2 average 
HEIGHT OF DWELLINGS - 5 stories 

:i i
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GULTEPE - Public/Popular, Low/Moderately Low Income, Row Apartments
 
and Squatter Houses
 

DENSITY - 440 persons/hectare 
PRIVATE AREA - 62% of total land area 
DWELLING APEA - 55m 2 average 
HEIGHT OF DWELLINGS - predominately 3 to 4 stories 

K". Misr 

* :ii 
iy-

- . r--l, i -

IAA 

S.7.. 
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ZEYTINBURNU - Popular, Low/Moderately Low INcome, Squatter Houses
 
and Walk-up Apartments
 

DENSITY - 420 persons/hectare
 
PRIVATE AREA - 73% of total land area
 
DWELLING AREA - 60m 2 average
 
HEIGHT OF DWELLINGS predominately 1 to 2 stories
 

A
 

* 
'** N7 

.. ..- -,. 

ring Lt
 

, F*o"o * 

• 0 0
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Gultepe community demonstrates an example where the public sector

parcelled land, in this case into 62.5m 2 
parcels of land, for 
con
struction of one 
story dwellings to be built by self-help and/or

use of artisans. 
The layout provides a large percentages of pri
vate land, in Gultepe 62% 
of the total land area, but the provision

of infrastructure networks is excessively expensive in a gridiron
pattern. Expensive utility lines 
are required in all of the streets.
Service connections, one per lot, 
are impossible to concentrate to
 
save costs. The small individually owned lots restrict future de
velopment. The row housing concept is valid where lot sizes 
are

restricted in that the user will with time tend to incorporate any
open space between detached dwellings into the dwelling itself.

In the case here the lots are not deep enough to allow for suf
ficient open private/semi-private space adjacent 
 to row apartments.
The public sector investment being limited to the provision of
basic infrastructure networks benfits many users. 
 The user de
pending on his personal financial situation is able to build in
crementally therefore the system reaches down 
to a lower sector of
 
the population. Conventional construction 
techniques are appro
priate here. The Gultepe community even though planned by the

public sector does not provide sufficient land for community

facilities commensurate with high density level of its 
 population. 

In a typical squatter settlement such as Zeytinburnu, land is
essentially distributed among the private lot owners allowing a more manageable distribution of population as well as removing land
from the responsibility/maintenaiice of the government. Social fac
tors rather then physical forces determine layout. The squatters

create their own "cluster" groupings ard blocks. The 
 blocks are
large enouqh to allow lots of varied sizes and configurations to 
occur independently of the circulation network. A combination of 
row, semi-detached and detached one story dwellings predominate.Provision of infrastructure networks is ex-,pens ive do to excessive
lengths of circulation. Some savings are possible where one ser
vice connection can serve a whole c luster rather t-han just one 
 lot. 

[{U *[(; PoT, II;:: 

Much effort has been e:,rt.d in tr'ing to deal with the pro
blem of housing. Most 
 of t h ry<,ll; hv, been marginal at best.
Unfortunalte] we are learning yr;tp itmistakes. 

',he Io s I'jn"', 1 u "ni'imronmn t:s in developing
countri,,:; m'.ust i, ,bl, !a :l- '; Il',' work with the following 
realiti es:


1) ,W. rp'mnl hi ;I A!,man : or sh-" W r.'tl
 
2) Very r,,:Lriati.... p uhitl i< rqqouraq:.
 
3) Low ,imii vr'y Iw i in'm' pop ulatiion :;, ctors.
 
4) ili i ulai I on nsiWS;:.
 

ri K-
5) 1eU : ii i IIy !- W a r" Anve I pmen t 

Hihi 2'.,,:; 1' i's ::'um tf I', _11<ro(,r i., . It in more appropriate to
achieve tlh:, :v i s: through ,w,, 1 nKgK: ! i, to four stories
imum with a u 

max
lIai
'I< ini ion "tI rid t isiz ion aind control. ThYhigh dens ityQ pl I i 'ir Av i , o;t. I :7,ri.w] -v'/,.I O ent:; . Th, curr:nt

code; rr iiir,, unrisonai l y ,r-,, lot ; whii I Liv- o cost I'vy f fec:t, 
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many urban areas are forced to unnecessarily extend beyond existing
 
transportation, water, sewer and electrical networks. The develop
ments force costly expansion to the relatively sparsely populated
 
areas. The lower the density, the greater is the amount of land
 
needed for a given population and the greater the cost per person 
fo- land, utilities, and services. 

In developing countries, the provision of utilities and ser
vices and the control of land subdivision are the most important
 
tasks of the hard pressed government. Efficient and economical
 
provision of infrastructure is imperative. The design of the
 
urban layout should provide flexibility in land uses. Blocks 
must permit the accommodation of different land uses; residential/ 
commercial, light industries. There should be flexibility in 
residential densities and housing options ranging from the provision 
of lots, progressive development units, core houses to row ard
 
grouped walk-up apartments of low, medium and high densities.
 

Individual lots should be large enough to provide adequate 
space for the dwelling unit plus open private area. Thesr, lots 
should, by definition, always be rectangular in shape wi th front
age being the short di.mension. Thi.s will max imize economies in 
the provi sion of all infrastructure networks. The row house concept 
should be encouraged. Small lots (100-200m 2 ) of rectangular shape 
offer a frontage normally ranging 5m to 9m. Even if codes re-
CUire setbacks from abutting property, the lot area is restricted 
to the point where with time and in normal circumstance code en
forcement being impractical, these areas will eventually be in
corporated into existinc or new construction. 

CLUSTERS.' 

The concept of clusterinq lot--; around a shared court, an old 
system usid ,uccessfully in di: ferent rxn rts of the W'-orld for con
t r e2s tI w I t: i tt lIa r(e fc(I I 11i 1I.. n tat ion, has proven suc
c,-s)s fu a - , ,n:; of copin, w i t mny of the prof,.1 i:, in :ihe de
s igr o , i ,:: ; ,env1 : m: [ L e' :; ddt,f:;' n , } r ,? 

thi( :;[),.in1 n ,',ii ]s:m,n :; t:1i. t I, :;,li'y:.l , ,ninI ,mn; : t~~~ 1,nIt 

,lr L. , I ] in ,rft :;. :; : e d i ,e 

', i Jr~r:,in ininf 

own rer;h i :; ,-ll ti 0110 o:. if i'l , I Vt uv,,r:11I: I! 1r11/u:;)r; 
ha!i; , l ;m.c,!1 1;1,! t: I I I'j,t t1I 

lot would 
iinncti:i~l l LitLr, ::d I' ,ir,, h, ii: UfA. Another 
ptfV-:: ,- 0i 1 ' rn',-ncP have 

th,. ,I,, ,:,)r in ;l0ni~ 


o f-~hS I *- - ' 

i N -IIj 1/V UP7 I 
IIIR-- IA L 1-C)II' [.. 

hL i 

- T-
nbh ...., 'r., TYPICAL CLUSTEP LAYOUJT 



COSTS - The use of the cluster layout can reduce infrastructure -osts 
by as much as one half in comparison to standard gridiiron layouts.
If only a minimum level of infrastructure is to he provided initially 
to a settlemeuit area the cluster layout, needing L-ss actual network 
lengths of infrastructure, will provide the same le2vel of service 
for less cost. In incremental developrmrent the cI. us ter 1layout tends
 
to be much more efficient and adaptabLe to futur, -veIopmo nt The
 
cluster layout minimizes th amount of lnd resu ree for p-blic cir
culation therefore it reducs, the countinu:s, ma int anco'ceration
 
cost that must be born by the governmenr t. 

SOCIAL - The c]luster layout deL ine2 :ma 1 br comun ity group:; by cre
ation of nei-ghorhoo: which encourige res;onsibi ity, sense of 
belonging, collectiv,- fffort in tie us' and coitrol of the clus:ter 
as a whole 

ADMINISTPATIV:1l1low:;- Tho alu tr:r 2 impl.ified functions in title 
allocation, tax collecting, ut Ii ty mter reading and' hillinrj, central1iVed r'liu:;e collectioan ,etc. 

FLEXIBiLITY - ." " ,:5/ot ,llows various lot( i,. fl (wel'The, c:ter /dr 

ing typos to be uso d without !',nr 1ty of , ,ird infri St '.fita:r, cost-
Future land! u,, can sore ta:; i 1., be caco':rol tdl in the a] u;ter lay
out. A:; o#.te,- occir'; is Ir:,astition:;, c"ane' or aor::rcial 
use: 'al'ich res ireI rger :rop'rt_,< '1, Lecause the1e, i ifficult of 

-00 PEPSONS/HECTARE 
I.l2m/person
V r,ge number of floors: 2.4 

-'lingtype:: walk-up, row 

rg raur-,I r of floors: 1.8 
A,,', L.',' row
A"';,; ,: : walIk-up, 


ir:I,, ofk, a )r f 1oor s 1.2 

;7, iraq typ-: row, site & serv. 

,LtJSTEP MODEL ILLUSTPATING VARIOUS DE..,ITIES 
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COMPARISON OF GRIDIRON AND CLUSTER LAYOUTS
 

1,ot alr'a i00m2 _ 1 L. ] ~PIrivate ara521 

*0'"t 4253 

:iwvWH~ I ~ICLUSTER LAYOUT 
(lot r1,oHiFarea 

* >(Zt~(i~., :onurunity 

t ii 21% 

Fromn . h- :. :itarwdpQin t (which main Ir, trnn Iatod i nto 
coztzij) , L12'r, i:; ati 02v iou,-; advdrt.1 to thro (:It.(trr 1liyouL.: 
pri vatoI'' 1 d i :. '.0 , l uhb J( I.i) i Q2 l erol tot'a I I ot 
and uTi iL f*YI ( .1 ) ci crrifl .1 .ijon i,, *44. I 

vrri' n : t'hVIt 111(ml t~r ~i f! .1 


1)()
 

"Iltc.n lo npi. .. ~ Z ftO 



On a larger neighborhood/community scale, the cluster layout
 

minimizes through traffic in residential areas. It focuses bus
 
routes and defines and identifies more clearly streets with shopping
 
potential as well as defining/identifying neighborhood cenzers. 

Through variations in lot sizes and dwelling types, density 
variation can be achieved. Land utilization types are clearly 
defined and public land is minimized, leading to a better realiza
tion of responsibility, better maintenance and operation, and to 
a reduction of the economic burden on the public sector. 

The cluster concept offers a more humanized hierarchy in the 
users daily life becaus..e the situation i.,; physically created for a 
nerson to live in a more, hab ita i.e environment in that he has the 
opl.ortunit:y to participate in the cre.ition ind continual. function 
of his own (e,-.vironment to a much greater degree (h i environment 

expanded to c'ncompass- the c luster as. a whole) than in more con
ventional planning concepts whero the u controllale environ
ment starts at his front door. 

CO CLJ TOII3 

In urban dwelling environrr, nt:s the -:reation of new or modi
fied systemr; for the cons-truction of (earthen) buildings must be 
based on an understanding of the impqiortance of an efficient urban 
plan. Clustier:; are a phyn;ica. p]anni.r,j device with obvious advan
tag e; to c'r prob.l-ns; in d!v.vloning of limitedinj A-n countri,.s 

r on:, r e..r' .ce. In infrastructure 
th,: r'-tr (cn r"oi, , layout mtlinimizes publici,(ci.nt that 

s,' tor ,or.. aini 1r :t ition, : nt enance, and opt ration of ser
vire>. 1! '.i iC:ro '' ; I-rnnity t o tahe u er. In land 
sub , , ,l-. 1 ,' If- ociai. g roupings: and pro

hou..., .... , ,a ; , ,allow':;,w.l ing, an! o..; t.ha .ar e s l 

r,! 4 '* it 1 in t 1 1ir us, to ab,x; o < : '., iti,', . ) , 'lt ],'a Iii
sorblh ,rew,); o: : mily needs and to minirize initial investment 
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KEYNOfE PAPER SUBJECT AREA 4: PROGRAM TMPLEMENTATION 

'THE PROOF OF THE PUDDNG...' 

Tan Davis*
 

Director, Disasters and Settlements Unit
 
Department of Architecture, Oxford Polytechnic, Oxford UK
 

ABSTRACT
 
A 200 year old successful case study introduces a review of research
 
work and aseismic adobe housing projects. Problems are identified
 
including the Lap between 'Thinkers and Doers', arid cover the social/
economic dimension!; of improvement projects. Finally, nine priority 
themes are suff,-ested which are concerned with bridging aaps between 
technoloLry and social factors, privilege and poverty and the research 
and field context. 

In writing this paper the author has made use of material that is to he 
included in a different format in a research project beini undertaken for the 
Office of the 1n1ited Nation,; I)Pi sas te"rl ] i of Co-ordinat:or (UNDRO) o Shel ter 
and Hon.;in, fo] lin' I)i,;a ;t(.r,. The author t};ir)I( UNDERO for a, ree in to the 
early use;(of tlhi; naterialp ;t/aid thi, pub] icatii d!oe. ri,.ot imply t;rt UNI)RO, or 
any other hody, hare th( v itw', that hav be' tl ,,,1 .0 it) thi,, col fh 1--ren1c 
paper. 
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Inventors, innovators and reformers are by nature an optimistic breed.
 
They have to be, since their memories or filing cabinets are loaded with
 
brilliant solutions that remain dormant, a part of the vast residue of' un
applied knowledge. A good idea is one thing, but its application is another
 
matter altogether. The gap between the tw¢o is so commonplace that most
 
languages have sayings that enshrine the difference between theory and practice.
 
There are for example a couple of English sayings that use the analogy of
 
food - 'The proof of the pudding is in the eating'. Another describes the
 
gap that exists between two processes of a sing.e activity - 'There's many a
 
slip betwixt (or between) cup and lip'.
 

Therefore the organisers of this workshop have been veryvise to place 
a major emphasis with a substantial allocation of time dexo ed to the problems
of implementation (Subject Area 4) as well as the all important social, 
economic and cultural aspects (Subject Area 1). If this workshop achieves
 
nothing else (which is hardly likely) it will have established a new model
 
for future consideration of aseismic design principles with this priority
 
concern to bridge the divide between theory and practice - a division that we
 
might well describe as a man-made 2fault-system'.
 

It is my task to briefly examine the gulf between the thinkers and the
 
doers, as well as 
to review some of the work currently in progress, to suggest
 
an approach to the problems that are presented and identify, or possibly
 
reinforce (to use a particularly appropriate metaphor) the themes to be 
con
sidered in this workshop. 

As an introduction to these topics I want to pay tribute to an unsung
 
hero of aseismic design. A Portuguese military a:chitect, Manuel da Maia,
 
advised the Marques de Pombal on the reconstruction of Lisbon after the 1755
 
earthquake. Da Maia may well be the first man to systematically analyse the
 
changes needed in urban planning or building construction to resist earth
quakes. lie was also fortunate to see his reforms implemented in the rebuilt
 
Lisbon.
 

These innovations have been identified in a recent excellent study by

Stephen Tobriner (1), Da Maia, and his co.l]eagues started off in a predict
able aniner with advice to Pombal that Lisbon be relocated. The neg,,ative
 
response was; equally predictable, and so they then suggested that all streets
 
be widened in a newly desi gned c[ty on the slame site. The landowners said
 
Inol and therefore a compromise had to be reached. It was decided to redesign

the worst affected area of the city centre rIcown as the'a ixa whilst keeping
 
the exi'Stin, plan for the remainder of the city. FRI, I.-


The architect-s made two pJ opis, :f - for" the de s i -n of" neW lyui.d ings in the 

city centre, neit:her of which was imnderne nted for reasons of' e xpediency. The 
first was to limit all buildinti; to tWo stories, and thilt;econd was, to ensure 
that road widt1:.s were the! same in a; the heig,,ht of* ad.Jace fit.tuilding.smens ion 
to ensure there were ;afe e;cape routes. 'rher tw'int,; to the buildingbps the 
architects propo;ed that their des; ign be mod ifled accord in, to a;e ismic 
principles. They uel'oe:sted a radically new construction sy;t Crl ic h ul
st ituted a t irbe r framework, a form of carlt called a 15,ioLa fori pre
earthilqua(e ra :onry ;ys tern. Thii provided v;iriotlr form!; of' bracint, to re,;ist 
sis;mic ground mot ion, consii:sti ng of a luoii.r of ';t if fe.n in, at eachI corner, as 
well as cros; braci, within the framework. Intera] with this- internal 
frame the enpineers incorporated the external masonry cladding which wa.s; 
carefully mortared at its joint!; and attacl'ed to the internal timler cae.V(, 2 
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A further mitigation device was the decision to incorporate masonry
fire breaks as divisions between buildings. This was to prevent any recurr
ence of the fires that accompanied the 1755 earthquake. FTC 3. 

No major earthquake has occurred in Lisbon since their disaster to test 
the overall effectiveness of the system, but the absence of any major fire 
is a tribute to the fire break system. Da MaiAls form of construction was 
adopted as the normal way of building in Lisbon and persisted right up to the 
1920s. There are a few pertinent lessons we can draw from this case study
which are relevant to my theme. Firstly, the process of implerrenting aseismic 
design measures is by definition one of compromise; some battles may be won 
but others will be lost given the nature of vested interests and other 
priorities. Da Maia was sufficiently astute in political skills to recotmise 
this reality in the way he presented his set of proposals. 

Secondly, the modification proposal to improve the seismic res istance of 
traditional build ings was very subleo The existinc form of masonry building 
was preserved despite a totally different constructional system. Had the 
architects sugges ted a Inaturall express ion of the timber cave (on the lines 
of an English half-timbered house) it would probably have been doomed to the 
dead storace drawer of an 18th century fil ing cabinet. 

Thirdly, the impl ementation of the proposals was backed up by political 
power of Pombal, Without his absolute centralised authority it is doubtful if 
the reforms would have been carried out. 

To sum:ari se the .essOnS from a casve study :1centuries ago, we can see 
that the reas ons why the mod ifications occurred were due to four factors: 
The fear of another earthquake (the city experienced no less than 500 after
shocks and 30 major tremors in the year after the earthquake); "he centralised 
power of Pombal1; the -,kills of the architects, and the subtietv of their 
proposals,* And the entire process was one of comprom: is, the city was not
 
moved, it totally redesin, and ,x archi:.ccture wa; not
wan not: cd tihe i:;tin. 

chan !:d in appearance,
 

Of cotri;, there i; a ma.Jor question mark abet th. social implications of 
redesin inc rhe ntreet layout for the central area o! the city, who "a intod and 
who lost in rho process;. The ,:1lender ovidvnce ;ur,,'o:t; that tihe rili inc 
property cwninclaiae , of Li,,bon came out rea.,onaly we i] an if arryore
suffered it winlrt: th. T:ilY; a di]lemma is pao , Are major planninc, reforLS 
on a';e i:;rnic, or amv , rnhrt" 'round; ever' achieved w i thaou: t he ma'= Mi'advaitr ,d 
g.roups sufe''ering:' rho adverse coni;elrlnc,"? In ef ffect ha errd:; .u:;r: ify alean:;? 
Put anot hor way, i s the cntralat'inaion of pcwer a pre,'q isit.e r'oi maJor1 
plann inge chanie';, idn if no what l ikel ihood is w it ii 1 i ertalth.r,, democrat ic 
societie:s of nm"Ch polici,,!e, hno ev' r' b'eneficial in Tho ]ern" trm, hir', 
impl emervt? 

Thi, cane 4':, idy Lini in i rrtIv'rrc ! it ri rr:;i y of rioor on i, ince .ert a '. ma 
iinred iernt of :maI if icat I on pr'oa'rammor', a we now coae to know .thrm. The two 

most h'a, ic e l ,.mont' were Otie I inhaen of' know ,d.,,, abIouit ,e i'nic fact or, Wi th a 
sound u:Merde andin of b i ilin con'truc t ion, and ecrondlly the abii ity to 
implemen t the, m';rh'/ ''o n t;O I'el rice ttrr o n'ik%', or pin1 aiatiho'r way pol itical 
derte 'mi nat io. 

The imp linrrtat ioar o" proc!ramme,; to mod i fy hunbm e adobe bm il d inc'; In 
seismic area'. insa far cry from the proud avnida; of Lis bon, but as I hope to
 
show later there are Important points of similarity. 

63 



REVIEW OF WORK IN PROGRESS
 

1. Research Work
 

Keeping the theme of 'thinkers and doers', I want to review both some
 
current research as well as certain implementation programmes. Then in
 
specific instances the gap between the two has been happily bridged where
 
research has lead to an implementation programme or has followed it as a form
 
of evaluation. 

One danger I can see in attemptings this; task is to confine my attention 
to projects; that are strictly concerned with adobe in earthquake areas. This 
blinkered approach -ill ignor housing mod ification programmnes concerned with 
other hazards such as desivn ing aga inst flooding,or hig.h winds. The dilemma 
is of course that in expanding into this sector thi:; paper will be too long 
and lose its focus. Therefore, I want to identify s;ome of the key literature 
under the fol IM in g references; for those anxions to pursue this study: (2,3,.4) 
lowever, f am aware of the broad conclusions from some of the:s non adobe, non 
earthquake progra ',.,,S have taken the;, account r my fidins;.and inut:o in broad 

An additional aspect of this problem is that with knowl edge teing so 
compartmentalised, it is apparent that important lessons on attempts to chanae 
tradit ional patterns have a far longcer history in certa in disc ipl ines than in 
the one under consideration. For example the field of nutrition has; 
an extens ive literature on attempts to improve the traditional diet of people 
suffering some form of nutritional deficiency. I understand that the broad 
results from t:hese studies are madly negative with st;ronti evidence of' failure 
of various attempt s to int roduce these changres. It is also apparent that this 
failure has occurred in both Third World countriei as well as in industrial ised 
societies. Nti rous examples could be cited f'orm developing, countries, for 
example in the Ph 11 IpItres the local fatail ie- -round their rice 'io f inel y that 
the rie iitl\ wer- destroyed, These contained Thiamin which in an e 'ential 
vitamin source, w it hout peopi became vul nerabl he ibwh iclh h , e to fata 1 ,eae 
of Bieri-beri. f'b'r''fore in art attempt to rc ti 'y irho de Ficirncy, nutr'ition;
ists attemptnei it vain to ,upplemetnt Thiamin in pro-mixel 'rain,. In 
Britain a wel] locur,,i,nted exarpl e wa:, an it mpt itvlwih ',toolati 0 ' childrenr 

to increac toir milk mtptiott. liepitv iitii er;s advertirn, progre'ssi cot= ito 
whatsoever wi mad'. So any I wnnon from nt r it i en i , muntis tbe that rapid 
results a r, iareiI.elv to occur, depitA th lo,,ic that l ive may be saved by 
a chane of Lin 

I will ,tart vith a revivw of som, of tihe re;earch which in particularly 
relevant to te ,ubject area of iripilt'mettta t ion. trivsect.tion o' thi:s work is 
in tht' ate cory of I i irng proirainme, for lildvl',; conicerue withl the 
developrment- of 1aibot~r inrtetis iv trad it ional way, or huild i i' i ir,local 
materialn ,. Work in thi, ar,, na;hen era?.ic indlI ltrvely ncoordintred, aM 
has of" cot'", breen conlco firrcv of 'itinually hand icapped ly the ofImodevr'iatio u 
of ctilturen, whli're pr,,'.nre. from bothI withliiin and without ; enr. lyhive consi 
undervalued loca traditiotc, inc ldit,, h ildin, ,"&ill:,. of th maltn arca . 
of work ian il itt iit y reo 'D,"velol mtm.'l %b who inbeen; ni b Wet 'lmop werkv'd 
the Middl," rant frot uip the rail tlie of l'1,t. ( 1 ) They10,7, to of Slhah I are 
Iow workill' intAn,,ola. iihi%, team compri'['es thr, r' chilv':,: Allan (aint; 
Farroih Al.,har aini John elorton. Thin routp lrwtve brtontlomIttel to the 
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development of local skills and tihe improvement of traditional ways of 
building, and we will await with interest the results of their work in the 
very different context of Angola. 

Immediate Technology Development Group (ITI)G) have also taken some 
initiatives in this area with their studies of the Management and Oranisation 
of Small Building Contractors. These studies; have largely confined themselves 
to administrat:ion rather than providing oruidance on trainin, programmes. ( 6) 

The World Bank have also examined the trainMin issue and they commissioned 
a research project on the training of local contrac tors for labour intensive 
road buildin,. This was undertaken for them by a Britisrh firm of Civil 
Engineers, Scott Wilson Kirkpatrick and Partners. ( 7 ) 

In terms of re s earlh related to eartlrquakee'rei rvi:; arit hiOrsin c, one 
project Iha:; been under con<siderat ion for s ome years in Turkey. The Council 
of Europe made a ,rant to the Turk ish Government for a housin, mod ificati m 
programme in noismic areas. Thin was handled by t;he Turkisih Ministry of 
Village AfIa irs. N'ro aspect of this project wa ai educat ion prorramme with 
wall chart:, bein, produced for ue in villae communi ty haill , teashops, etc. 
A further aspect was to build pilot 'modif ied house,' in vario-n vulnerable 
locations to teA, them in tho event; of Iuturre earI't}hiiake:,. Holwever, I have 
not heard of recernt pror,,ns of t,hin project, aind to my I in ii: d kLi .'ledro 

the pi]ot: project ia, yet to be atteppted. 

Pollcwin- a period of field study in lurl.y I wa, alqzoaclh'd by one of the 
advisers to thin project and he hid everali proposalis which were bein, 
considered for ioun in,, odifi icatrion. One of these wan to nuhbtitute a light 
metal roof for thn very hreivy oairlhen roof of tihe troi it ionai Turk ish unre in
forced ma enry or a oleo lotnv. [i our comintne o tiin proposal we made the 
point t hat ,ich a proposl wliil :; be in, very ] ov ical on , isnic !,troruids would 
have very 'ri.nificant ciiltural i]d econmriic consequencen for fari il ien concerned. 
We po iint ed out t iattre fl t roof of the trad it ionl I Tirk i ,i house fInll il led a 
very wide rainr' of uses whniclh iicliud'! a protected area irniicce:,<; ille to 
an imrmil ; i nl epirii area for wormi n io'litn ini u ,uner; a"ll area wi ichl wan ised for 
dryini, fruit inld corn. In additinr tie i ari] eralit roof a veryirthen was 
logical type of t riCtiire for famil i,, l ivin,, it. ill', ii erice level:, in that it 
virtually eel, it n hin,, if . ilvr wi, ava iliale locally, aind the way in which 
the roofs wer. coitrsiwcl .ee ied every port of a trve inci rdin,, lhe briiicies 
and brushwoed pr i or t pnli t iii. on Ire hiivv mi roof. I men ti er tt.ion , ehtail 
because it ,oe:sl li0 arty chni'e to maL t I1' roof ae inmic lid to ,l ar. with 
the concept of A 'Il roof r they' thlin ,tiLt intitltit for .iiiot he,' wlich would 
have so ::,oriv ., ,' r' . " iil crr'. l'rrc.'.. 

A f rtl r pr o; iii whict I a.ir icip;in cd, w.a. ih. Hol"onin nilprn't 'cn, 
Natural I Ha: rn I'rjino 1 A tIe Roval d o,,'ri phic i ,Noci' v'.. Iri la it orra] 
K;rakoram Prolci ol lo-0, A uniiqui' thlalrs e i'otic of t lin, project was it.s 
multi-I i i i , iii.irv a:ro e emp'1i' illn elilit irive t i-.ilor fIrs-i a varii ty of 
profev,';eior': Artfr o dIo,.0 '; Fniinvieriniq,; I anniii ,; Archilccliir., ie olo.y, 
Geo xr Jtv ll d rb. ofo . ( -) 

[In. ol ,.o i i. iof Ih l opo.a I wa , I o , .1 rii ire I ho vi I ier, i I iI y of 
T1r,,,a', toin " I',iof in-irt',siftl meii , bho l,'rii li iinirol to dvtermine 

what lormn. o l i ,i i iati h.i, wciiri .inI whet h r t iiI "i Idiiin.t colil Id . 
mod if ed to vi' vi. hl. r ink" t a loI' ift 'Iot d I ll, AIop ii. Foiur ci ' ,ludiii ; 
werei nde rtaken eorrnpriin, y of diver , rommi"rniit i their tcil':er .rl% , i,.l. ierlt and 
hotis in, pat rrni,. an well a, the r il',. iry fic. fter I iv. types of' iiatiural 
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hazard, and the local awareness of such risks. One of these case studies was
 
of Pattan, an area that had been badly damaged in an earthquake in 1975.
 
Prior to our departure the team examined the methodology of the only comparable
 
project we could find. This was the Housing Improvement Program ne undertaken 
by INTERTECT and Carne,,ie"-Mellon University in Peru from 1977-79. This was a 
very inportanr piece of research which was also a pilot project which I will
 
describe later. ( 9 ) We took the list of nine topics used by INTERTEC,'
 
in Peru (see column I -f'chart, FIG -1 ) and added two items which related 
to 'local awareness of risks' and 'conflicting priorities' (see column 2 of
 
chart). One of the many conclusions from the project was that even our 
adapted approach of column 2 needed further chang;e to include a detailed 
analysis of the local values and prior itiles (see column 3 of chart, FIG 4). 

The overall findin s of the expedition will be, pre:;ented to the 
in London in Y tember lost. lHowever, aInternational Karakoram Conference 


simple chart was developed which conveys some of .re find ingsi; of the group 

(see Appendix I). In addition, Dr Robin Spence, an engc ineer from the
 

University of Cambridne, has presented a paper to this work:;hop on the
 

vulnerabii ity of local hous ing in the Karakorams to earthquakes. (10)
 

One of the tajor lessons from this project was the real i sation of the
 

very diverse context: in which modification couil.d be considered. There
 

are two broad categories:
 

Exist in, Ruildinn - Hy this I a, referring to the mod if ication of
 
existin, builld inn; a:; ;apre-d isaster mitigcation measure.
 

New fluildincs - Here T am referrinr to two contexts which both require
 
new con;truction, tut which are totally different in r;ature, as F will
 
explain. The first cateory of new luildinr is the building of new
 
structure; within :;eisrmic zonens. Therefore, the modification i';sue is the
 
improvement of uildin' skills or techniques. Th 'eccond cate cory is that of
 
post-eart hquaki:e recon;struet:ction. Thi:. reawt;e:; to recons5truction work which
 
I take to include the repair of buildinr
 

St id iv of od it iCiti lon") tlt' pr ,'eirr t: ime, lhayv, ta i lIo to recor sie
 

th subtle ,ift erenc , in toir,,;o lilier'in contextn. Fhi i hardly 'rrprinin,
 
since t:he nbjiect is 41il1 in itM or.ative year', 'he ma in in=',re is tlat.
 
lesson; lIea ri'ed in erie :;oii ir:iona (i.e * rteorrstrcri ion) are not n e ,,v,,rily
 
transierab]v to a pro-v*rthquake context or evn to nroruial vw luilin, work.
 
The foll chart ,xair nr:; thne d iflerenrt a Vt.ic, w itlh an attempt
in,: hracter 
to identify the corst:raijt; ard opportunities in the dif lerent cate:,or iIG.0I ) 
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2. Implementation Programs 

One of my reasons for attending this workshop is to find out about work 
in progress. Therefore, I find it impossible to fulfil this part of my assign
ment since I only know of a handful of modification programmes that have been 
implemented, and I am certain there must be others that have eluded my 
literature search. I am hopeful that much additional work has been attempted 
that resolves 3ome of' the dilemnmas in the projects where I have some knowledge, 
and am looking forward to hearing of them from workshop delegates. 

The first example I want to quote will bQ familiar to many delegates 
since it is probably the most comprehensive modification project to have been 
undertaken. My own part in this was minimal but it was interesting to have 
participated in some of the very early discussions that were held in 
Guatemala just a week after the 1976 earthquake when the project was being 
conceived. The project emerged from a combination of events and skills. The 
events were that OXFAM, a British development a!ency, had for some years been 
supporting World Neighbors in their work in rural areas. This had consisted 
of a variety of development projects, working for about ten years in close 
contact with local farmers through afgricultural co-operatives. It was out of 
this context that the housing programme emerged. The skills were those of 
Fred Cuny of PNTERTECT who was hiAed by OXFAM to advise the:w on their 
reconstruction proi!ramune. The Field Director of OXFAM was Regie Norton, who 
had considerable previou; experience of disasters, particularly in Nicaragua 
following the 1972 earthquake. The Project Director of World Neighbors was 
Mary MacKay who was another vital link in this project. Essentially the 
project differed from the programs of the other agencies in that it did not 
attempt to build lots of houses. Cuny and Norton saw little point in 
duplicating what people could well undertake themselves; they saw the role of 
an external agency as being strictly a support activity. Norton has recently 
described their prioritie; in the;e early stage,; of the project: 

"In d isaste;s, as much a:; in other situat ions,; an agency should 
be concerned with the developme nt of :;elf--re]liance and tie fulf l
ment of' hutruin potential amongt recipient:, and any programme should be 
cons int,'nt wi this aim. It is essentiatl, therefore, tht from the 
beg innin', the people ;hold partic ipate fully in the deeis on-making 
proc e:';. They tis t h;ve thc ma jor :;ay in the sort of proj ct that 
is pursue I. The abil ity of t, di saqster victims' to cope with their 
problem; mu',t t reipected, and they mu:;t not be treated 1 ike 
children incapahle of doing anything for thimse Iwy. * " (II) 

,The agencie s recorrnii;ed the well developed buildi, A1 l l is of Indian 
house builder:s in the (u;te'malan ii,hildiand:;and that. it was thierefore pointless 
to build lary' qurant it i:, of houses. What they (a, atn expa;triate ;g:ency) 
could (o wa; io prov ideh key aterial at price'n which peopl could afford, 
and secondly, prov ide experti:e to a,'I:t.;t Famil iies in lu ildin :;afe houses. 
This wa:; to 'ive advie ot both the :aft, nit in' of b il in,'' and way% of 
makinv, adoh. hto t''. ',;v;i to ;a s'l, earthqua;,ki ,. The (i\I'AM/Wor]d 
Nei ,hbor: p oi,.'t con'si:,ted of luildin, modlI honr';e' which incorpgr'ated 
, 'rucoC I I . icooiaI I ! ii iq:ie; iin vii iou:; t.Mri1, and v illages, lhe:;4: houses 
w're then useld for ,x tn'rr:.io" propramn where !a:n.',e . were held to tra in 
people to luild 'atef houw'.. (I; h,) 
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The long term effects of t;hi; major innovation are :st:ill unhnown; ho far 

it has been succ ,'; ful in t'uffiil in itN major objectiye which wa; of modif)
ing people'.; tradit ional way: of con:;truct;ion hi:; st:ill ro he ,;tabh] i e;hd,but 
initial :tlt:s are cricour'a.nli,. Oniie of the rece'nrt: evalu.t,ion:; of the project 

has shown Mt: so; m uilhl 'sare un:;in, the :n:; t:l ana part: ol thte ir salec 
promotion, and tlait dcp ite thc dlpirtlr of tli a,'alLcy the techn ique:; 
persist. It:in ali;o ipparen: ttintt ;mainy I'imil, i', ,tro on] y i'ow r'cbllildinc 
their home,, f iv ycar: ate' e,,rtrhlli l. '] tor ther tO Their cx nnation 
delay is thai. they have bee'in si!k ly Ftuvin, he roof ini nvtq ant dcvcloping:. 


their ag.r icul ture.
 

The succ':;:; of thi; pr'ojet ,pjvar. to :;t e fram lil'- ] 1 ii', 

(a) 	the tact, that the ,urvivur; had a trNt rc d ian:,ihip with the
 
vari,,ua; local *-opvrautivem with whom OXIAl"t/World
) Nci,,htors were 
work iny ( tcliin,, fromn tic ir prc---ar"hqikv involvv,'r:int with these 
connun it:it : ; 

(b) 	the mat.ifirioin of the triaditional houne wan a • i,,tifiant: change, 
but ir auvi ::ptv.d to ratain an much an poa:,ibl c of .e locaI building 

tradition , in e'fect it "ol! ud'a the n'ood ,'\omphl of ti Lisbon 
terraceq de;cri ,,id in introtductary cane It 5 in verymy 	 i't'lliy. 


iiipoip 	 't itt " inc ma'iriv prc'.'' ioun p,'.t -. i i v Il' l i l, i' 'n 

ha.ve 	,ittr.i)t sio ' li a,' iii'", a rent.t 'ad ,'r l .il','. i', .i ifa 

exto rna l irth, r i ',ti:spT , 1 C-rr'.r, ; ' 

'i 

'xpl' v,'ieo , ip 	 IGI 

(c) 	the pro a rn, arn illh, o a pi iaI i .,' n 'h;,'- I I ta oa.' iou:, visutl 
aid of pat I con I I ulcI ian a I t I A ,'"; 

t,., iron 
which rat,.d a i: , ,.r:..,.ncv ,.i'r prt,.,I ion in the 

(d) 	the pror, ,',,,A:;,1! I o .1 ,'r i,,pl ,,rru ,. rootf .he ing 
'1 ;'ry ', i' * ' l 

mwd iat o period, 1'o11 w i , c. rt 1l ,.in, I )ler) 011.I 	 .ua it Wenlt to 

fouznI 	 t ual:t in' . , a'n','. ,'r:2Iril'Ilt tl 

The expvr jan- i. l '.'n Aviv 'i t Iy b WAMI\~, withA Knva , cyo 

Two'u .ini a, r ' iiV.' . V *j'' u,",iAt'1i h y" att,'r ho. Pauittr 1 1 '., , what. 

OXFI .,/orld i.N, -.h , d, lh n tn r ,- i, p, o I, i (Iz) li I i 4,t'd n ink. 

]hou~ imrio..' v 	 t ho q, i t up , ninhiti. incil' anovl' ron pipro,,yni~ ;rv,.a, cn. oIthot.o w n - 1 a nF -An 1 aPi anvp : r aviv,', ntll 	 I w ill .r ,o 

j' "'a 	 .'r i lii an iti'd l a ' ..dy1. 	 R cei'co|,tru'ct ti !ii *'' ,. 1"I , ,': .NO i 

of 120 villa-," , , td 1-.1' ,l th,', p , lat ion n ,t i lt ha:::''K ai t-I 
2 yea r, 0 nut h", if Ytv'r i'lwia r l ' 1. Wet.' anti Iiiul avW I or ai 

fUt tire ponf -ti' t,' tri1su in' ii .ou':," it '!t', l 4,'! ,'1,na ;-) vear 

per iod. 

t 	 u ly2. 	 The a vv'uy Iid,, , lI ,',,,nti'' t a t )h "uc e"'' of ti ', ., ,'.l Ion 
i I I, t ite 

%0m(1 p',*"' u'1I t ,do I s . 
prorr;.ur:,e c'uld not ' o i:n .' ur.'! in nul ,r't,of hour' A" cd'"p 

3,. In area- whcr', temporary hau',', Iiad ,,an W ilt, there had beei minimal 
lnter'',t In in j, ll ' per aun'nt hou %.%' 
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4. 	 They found that the Guatemalan builder, chat they had trained had little 
inclination to motivate people to build safe houses. Therefore, l"Io-r
ship training was vital. 

5. 	 The use of timber framn:,s in tht houses required adal'tional carpentry
 
skills (the old houses principally required masonry skills).
 

6. 	 More research is needed on educational aids to convey ideas to a rural
 
population. (FTG /)
 

7. 	 More research is needed on unresolved technical issues (wood rot, 
termite attack).
 

8. 	 The programme required the presence of a permanent architect or engineer 
to provide technical assistance. 

9. 	 The OXFA/World Neighbors programme was concerned with adobe. However,
 
many families had rising expectations during the recontruction period
 
with an appetite for concrete block buildings.
 

Five years after this programmne w's conceived we can stand back with the 
luxury of hindsight and reflect on an u, doubted achievement, but also to raise 
four issues. Mary MacKay hints at on" if these when she referred to the 
'rising aspirations' of the local population. The question is whether the 
leaders of this project were right to place their committment and resources 
into the use of tradItional materials. The reasons for thit; emphasLi related to 
the logic of cost and cultural factors, but the ri;ing aspirations may have 
indicated the need for a pa'rallel progranme to teaci sa'f t,: chn i(n11C 5 
concrete block construction. Whether, in effectl there wa! more than a hint
 
of Social det erminism by the ag'ency in the decis ion to coenentrate on adobe.
 
(Advice wan also Piven for waill int, made of ha iareqa f i'1 of watrtic and
 
daub construct ion.)
 

The other ques tion r.1at;e, to the cons:truction techn iqu tlhut was adopted. 
Whether there is any future in the clon.e mix of adobe Hlock, sL i'udiately 
wiithin a imtfr fram,. Th ol-vioU, problem'; ire that of rot and t:ermaite 
attack. 

Thirdly, it will 1w u5s'tlt] ill utut ire :1) wh,!ther theeva]uar.lon', nut find 
modif ied ro. been fully Accoptid, Once for sim ilariit i', tohi . hi ,all1 the 
ex 1stim hion''." here rvraii very radical chaint'ro The ',e are th' l.ack of roof 
insulation with tie (I.roof Ar in lieu of bravi.r clay t.il,''. It will to very 
inter :,t int' t,o find out. whether ,oval fa ilie have the rs'iti . ii1found rion 
roof hei 'ht , a erion'. prohl em in I i" of the "mok, proble; whr there s 
internal cooklin,,, .nd what sibQt;t itut p1,.: v. ar'e n on tt'sd to dry off th'iEr 

corn 	 int] ie" of hatir' in fro:m bem,. 

in"ln lly, h,' .,]w rec o: ti r u t io" i', very int r','',ti n itic,' it. ' ''.t 5 
a very Ii priority for hotn ins ar.tiil? ,her" l'd. ise ot no II'. ,tlterrnt ively, 
t hin di' Io 'ore e, ,,it l Ion afont th, line w rIle of cor'.fliut ion, ,ndt is 
51 ow rvco11ntst in u a racrsr 1 i al~ t, A other rvonro"%ut. Eon not ti g 
thIi ystem? 

i trol A!Shortly ,aft,'r Rt.. rni ,. ilr & ts i ,,' ,n laro.', ,::ia.,, .ilul.ilf (cf I v'ame
involvd with (X.rnt,'oi,-l'hllon Itver',itty i a ,ompt hsi ve prog'ram for 
hloul inp modiIfcat Io n erI'rhln s w.s for i psroj'ct irpainI by, tie 
Peruvlani (. lvil Ibelnc- with fundn,v support frtt ImA I). Thin project In very 
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Haa sus adobes de una 
cuarta de ancho. 

2. U,.e poca rna para peqar Iui IadriIlo , blocks a adJubcs. 

3. Par adobe, ponrjai alirnip espr'jado atifantaro de poste apaste, 

erp~r'ocon la priiera Irilada Vdep uis catla ties hll'ada . 

Ilaga el mujrnete 

y afitera (.oi mritla, 

- rcfuerdo oi potrrrs 

1013,it' ( Corno Ifaice r till., ;~ S r ~ 
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important because it examined the overall risks to houses and settlements from 
various natural hazards and it sought to implement a pilot program to modify
the most vulnerable houses, and in certain extreme instances relocate settle
ments. During the project Fred Cuny (who was a consultant to the project team 
from the Advanced Building Structures Program of Carnegie Mellon University,
lead by Professor Volker Hartkopf) documented a work method or 'Scenario for 
a Housing Improvement Program' (14). This was largely based on the way the 
Peruvian project was structured. A further study has been produced which 
describes the findings of the project (15). 

This project explored the implementation of a very interesting modification 
system where a bamboo frame was inserted into holes cast in the centre of adobe 
blocks called a 'Modern Adobe System' FIG 8. 

I.0 

FIG 8. 	 The adobe blocks with the central hole cast to enable the frame to be 
inserted. Tie second draw in g Indicate., the at:taclimnt of t04. ca.Ile 
to a horizotttal 'rin' b.am'. 

T i.. pr ojv'c ill t'-TrirII'r Itrt IpI. t (i f j) O ilt lorg'loIHI'O wol-k he Ili
 
unfldvrtdhvti ii il i', -.plwn'r flr Ir:tl.y 
 )'iir'.. It i., .1 i o apparen1tr t liat, t}e 
exp,,r14ctic. l.a, t 
mainly a. a rv-,nlt of I;i 't"eut I arrir.;. 

.. ihid i, kath I ,.r 1nid 1,.x b_% honot:.em e t ild? ed w Idely, 
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DEFINING AN APPROACH TO CURRENT PROBLIS
 

1. The Gap between Thinkers and Doers
 

In his seminal work on lc-cost housing for the developing world, Charles
 
Abrams wrote seventeen years ago:
 

"In most places, housing does not get even the attention of a public

works engineer, much less an architect. If, somehow, some houses do go
 
up, they are most often neither flood- nor earthquake-proof; soil erosion 
undermines their foundations..." (16) 

Abrams proceeded to catalogue a lonf, list of defects which presurably would have 
been rectified if a profess ion;al was involved. With hind;ifht, it iqs apparent
that this mifht not he the case; ho,'ever the essential argtument iN still largely 
relevant.
 

In 1975 during the conference to mark the loth Anniversary of the establish
ment of the Iarthquake Engin'ering Res earch Institute in Skopje, Profess or N N 
Ambra seys from Imperial College, London, looked round tihe conference room and 
asked for all the small builders and craft'smen amongst those of us in his 
audience to indicate their presence. The negrative response prompted hi; observa
tion that tint il they .ttenled such mnect ,ingthen we would i,see il.te progress, 
since much of what wan being said in such confervnces concerned with en,.ine.ring 
seisimolovy wa., a ma tter of preachinq; to tihe converted, in 1976,A year !;,ter

Amhranseys con cluded hi:; chairman's 
 rI''" ;s, at a .;yrNm, iat on tIe Guatemalan
 
earthquake, with the cryptic :,tatermet: |Today'" "Act 
 of God" will probably be
 
re'arded a; tomrorrwgi' act of cr inal noel i 'snce,I ThLe two satemrn;ts are of'
 
course 1inked. In any ma a.ore;irthquta ,.pe uilin,', coil.ape which have been
 
bul.t in total or pirti jal iq''norance of a'nei miic construelCion, whether it beo
 
hani c ',rli tnral de,'i 'n or ,eneral ,esi n principi .,or bLlainced d ,it;n, 
 and
 
slIlt. lvin ji' retrn'sd from a,visit to tt* Ia earthluaL '
in,. . . it (Unpant s ite in 
Souther'n Itl y, there. i; afunt evidence of the fatilure of uildier, to under
stasil a j'i mir , .i., (17). A urt her reminder of thin, real ity :ame with tire 
October IU-0 !A ,..m arth .lk. (1;). 

.e'ith'.r otIbe' two ii',',,r, I:, ,,pleififialy rel'vant to our work shop 
since oiole w , iot the r:ain luildinisit,leri al itt either corltet. lut, what i 
il'liy pert ie,'it i I)i,' Oct t hat ,i,",pit msure'xpi'r lens, Iron xmsr;( 'arthr'Ou" 
quake., .ni ....-rrs I knwl !or i ,t im, p,1'jri ,nith, ,.tit m'ti,esr 'd i'.trism ' th' c plv" d 
pr act7 ire,,are,nt W inn,l~uur:lim .n o vd t o th1o-v wh~o need'{ thlin info{i m,.tiionl. 

All t , ' i '',".ss'e olsvism', l t what I'.rtot %.o e'ar 1, '. ,.sw .it ,,tr. 
cin . r-wsil' ? o Iridve Kii'. ydwrt iil' 'ip letwf ''"i kin'. li's' and i, . .ppl Iii?bon. 

. i widte .'/iry W('is'I would " on't a W ile rtt .1 rat l' sy i,.nts' w it h rol'defhied for all th," v.,rlo"., part .r'ipa ,,n) ih,'l~ldi v,1pr)l,....io),l.; p~llit.


offlhe la ; lilIhlr.. ind! htt ,w.t-upart, . n f'ar a- art hii,.cK.' al', teni 'rti',si 

v'rnatul ar t raust itIon', sf Hoevller'. I.v -tF i II# er r,' 1urot! f .! t'I iI tFI',, I 
Pie idHt, A e inc.nrv' ,r ly commititesrathr Id O p a It,h i'a t ,Ui', a.irr e '; 

to the devetlopient of v'rnacular li lidn, tradt it ' , tlel th' a ldlnt. of this 
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concern is whether they will be sufficiently committed to assist this process,

in what is likely to be an unremunerative, supportive role. Such a task
 
requires that the creativity of an architect is focussed right down to resolv
ing small scale details. Few architects have become famous from this type of
 
work.
 

Similarly, there is the same gap or conflict within the engineering
 
profession. In the same manner as architects and planners, they have con
centrated their resources and energy on high investment buildings, and adobe
 
and all forms of 'cheap, construction remain as 'cinderella' areas of concern.
 
In his 1978 address to the Oxford Conference on Pisasters and the Small
 
Dwelling, Professor Reza Razani from Iran referred to only 501 of the
 
engineering seismology literature being devoted to buildings consisting of
 
adobe or unreinforced masonry construction. Yet he had calculated tnat 6o
 
of all deaths from earthquakes in Iran had been caused by the collapse of such
 
structures (19). 

However, the very existance of this workshop is proof of the growing
 
interest in this problem and this is in itself very encouraging. What is
 
needed as a vital next step is for the subject of improving humble adobe
 
structures to get into the curriculum of our various post-graduate schools of
 
architecture and civil engineering. Such is the a.l. pervasive influence of
 
patterns within the US or industrialised Europe on the Third World (particu
larly in r2spenne to the influence:; exerted on students from these countries
 
studying in western countries'i), that; a chanf,'e of' outlook here could have rapid

and far rvachin, consequences on att itudes in developing countries.
 

Al do Nor;a han pre ;ented a paper to this wol kslhop where he c omnents oil the
 
enormous problem in Italy of seismic risk and the urpent measures needed to
 
tackle the problem. lie observes that 35Z,of the Ita lian population are at risk
 
from cartnquakei; (57 million people) and that any attempt to prevent future 
disa sters is con(;erned with no less than .10,, of the country' ; entire hous ing 
stock. Norsa conments that thi;s ,ravo situattion: 

'will entail t:he need to train a nuw reneration of plainne'rs, de'sig7ner; 
and bui]der', who are expected to work in cil;esr contact w ith 
commu i ie, armndhM a i'di'nt oi' 1ocal and,re.iter and o tra i it ions 
of ' irsi-honouer d tvchnir iq";. ' (20) 

S) th fir,t appr.,toh to thin; problemI:ti.t f' .an emsphani en tron thisuinin 

ne'rw gener'at iotn of di";i -lo s * lhnt perhaps eVen more important thart this 
priority in tv need to forrvu on f themedical proll'';!ion"; benst idva,, 
that of' le cris; t ion of a. new fr-,.d I le 1,..refoot archi , or .neinvr. Th is- ,ito 
occllpation hardly ,.'.i.t aIt th rmmntuy lut it in prol,1fly the only r'v]a]y 
e f .ct iv,. w.y to fri', ' e twoen a lntlvcd, . irmplem'rit at:aion.pa lp. .,ppropr jar;' arid 
Tlhe (l., it ivs that ach min or" women will need are very doianil in.. I would 
nv'rieethat they iwed tour aiica A il, and Lh' I irt iK probably to .'",t., 
ImportLanl: to N,"able to relate to local peop]l,, cvrit ainly to po..,.. ],e',t,,,'r hip
skills anid to sp.eak he name lancri; .van local lbild vr'i; to ev n'% I iv" t , 
local uildin, i'adit nd' corl.Ilruic 1io"t pract ie'.,; to have a worl i rio kni tr a
,aid 

,'d'1u o f factor. '.ic ul,"sin I I unm
viI.mic and "'I . pricipl .e; ani nally Io r

:italnd ;I,' fal in which I ley areIcln pol it ial conII" wonki] t. Each fIre!'ool. 
irch treit inIt ntevr'',tI.ii! his broal dlevem opmy'vnral ctmtv'x.r 'o that ho is 
s"w .,tl Io the"r s w)tii've.r po'.'.ilp wit lho ,ned to promloli. ]l-r'l ,.inc 


,.
e:tablislhi a dependent relationship wi th tho',;' le hvIp,. 
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Numerous problems exist on the possibility of this new occupation being 
formed. For example such questions as who will train them, how will they be 
paid, and what is their relationship to public officials? Could they be a 
method whereby aseismic codes are enforced? 

Finally, will the engineering and architectural professions actively 
support the creation of barefoot designers? Or will they follow the example of 
many within the medical profession who regarded this innovation as i basic 
threat to their professional role and vigorously opposed it. ThLs occurred 
despite the abundant evidence that they were too few for the task before them 
and that they were often overqualified for treating the vast majority of 
ailments. This is a pair of charactvristi: also applicable to this sphere. 

2. The Relevance of Aseismic Btuilding Codes 

The fact that vast damage occurred in both Italy and El Asnam despite the
 
existance in both contexts of aseismic building codes is a further reminder
 
(if one was needed) that any implementation strategy, whilst including relevant 
codes backed up by laws, will not place reliance on them sinc,, their enforce
ment is so very rarely effect ive, or pos. ihy evtn te,il for poorer 
countries. Tf authoriti e s in e,rthqua!ke prone count.ri had heeded Abram' s 
warning on this isue a more real itic att itide mii ht have dteveloped: 

are course 
areas subjlct to earthquaWe:... The tIendVLy in aL mlvin of' 
countries is to copy the cm:ple).x cod,; of [iland, GvrrAi:niy or the 
United States, as well as their zorii' ant pl ann int IlawN, though 
they are irrelevant and thoe h the talvnt; to ilorue, lccstrue, 
and a;iapt; trhe r:miy e crtwp tl ,ini.-i 

"lBui ldinq W enlcs o i 'l.' ,.il, pkrticularly in convsted 

,el y ( 21) 

Since th is topic ha% an nu ire n'. vI ariea dv t, to it, there in,no 
need for me to ltp!l icat, the work of uther ., I mcrrly Wiln to oserve three 
points. "i"t ly, thewt Into v i.e relivan! code, So tfieandiole and other 
humble iWiillin' %yenien, "n, .inid t iin i, a, miliin 'he , 'a, tievt hive e':cli 
refusal of ii-li a tier AR,i. in r it ,', invxpvr i.nK rap, di l an ii, ion t,W 
recov'"Ie the iVtanice oe t heir vat .tuirir ' .,titr oi. ,, co y, flo 

1nl11 i" athir it ie' t o"%v ir iiiat in in Wy n' f enilrin, i hit inn ,are 
Followe, part iuiilrl y rv .in,' t rii p , in -.t!e lWty oon thit ii,,' a''rran ,''n t ild
in are i rompi iu rltary ,a t iv it)' It tr,-lc vnil oirvP'lueiit . Flinia ly fo;r all vOu neirmeid 

P i of not, panaC1'. , rt her Iust one of't;o recor'r the itt iOt a.l cde. They ire a 
many ',t.rater' len to reduce rl'r. 
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3. Classifying the Seismic Resistance of Structures 

Scientific analysis requires an orderly structured approach to problem 
solving. This innediately poses a great problem relative to smrill dwellings, 
since it is difficult and often impossible to find regular patterns. For 
example, in the studies that were made in the Karakorams in Pakistan, our 
group spent much time in trying to establish what was a 'typical house'. he 
found a p.reat variety of shapes, diverse siting conditions, mixtures of 
buildig materials., ar:] cont:inual varieties of condition, some being well 
maintained, others badly neidlected. thie cla'ssiificat ion cat:e 'ory adone, 
'unreinforced ma.soIry, could cons is t of unbonded cut s tone s, bonded cut stones, 
unbonded riveris'] Momld stones, dry stone wall in,, morz:ared wall ing, etc. 

fn, a ";iniar manner, when the focus i'i shifted to natural hazardq again 
the variety in treat: relative to potentia l impact from a siile hazard, let 
alone compos ite elccts . These variable! do not make analysis of hazard 
resi.stance imposs ible but they certainly Indicate the need fo. a much better 
sampling met hod than hai been adopted In the past. 

4. Ris ing Expectat ions 

I have already referred to this topic In considering the Cwitemalan case 
study. Mary MacKay referred to the ckiqln aspiration. away from adobe towards 
concrete, block houses., What ,tanc,. nhould assisting groups tWike on this isnue 
One po,,trion I' o advocate .a' mra]| iH br.nt iifl philosophy by advis in , a 
policy oi ,r.o i ion.l m.i ri, ,,.nd 'kills .t .all ro,! Aratinr this there 
has brees the i;ar,y I in,o f .%o "> y rvI If .,ei i.:,- Th,' rtr itI o l 

,i ., ' now ' fork .nd o,,vm, ls fromanswr faildi '. • ' a ."' r ,n"irm iniN,'w 

comp noI'nt? f r' ';o1t ii l'. oia..t . 

Iher' .are. 7,.ny diff ,rultitv hv.r,, whc(' I t ,,on .'vl r'v (22).have :.w 
My concern i that! I i4''o !the, roe1 f a4.,"i.t I.' 'roi . i%' l:.irily one f' 
resiponl', !to l a.lly VtPUe',.,'A i,,',,1', a%' opp o W, , !to .a .ot iall" ,tv,rmin~i.,! 
rest44)n'4 G 14.41! V 4w.? Z 4~ In , A even 4 1 n' I n,j I thA4 nr ,4 F or~ rm,'O If 0%.t4 i! r
htteritd . ho I,. ' '14 ! I,,.: . i.t' W14'' 4j4't
* ,f L~ri! 144l~e. ',' 'ihli,, ,'IIi j'
Jlnte rv,,t% ,o1 the, fa ili,", In *111en,1ion, Nat~rall y h)i%, lta '.,".!ta'wb~lv quent ion 

or 1fl)41if ivrio" W14 a*.4kin' forZ it, 1W ' ,fto. %0"1 0'10'up totall 1y.~4wh 

,,''rno:nic Ievel va luv ," '.4,,, 
5 dow,-. n to e '.1 why they 

remotr from' th. or Ii i' i, 14'w 4,ty in ;Iu,",t ion? The 
M'I,'' boil%, lt t t ,' ld qtw Ion%,'Ii of4 j' i' hlpin, w1om, are 

do411' it, with wh.lt pr..'. po'..i ion.,, f .'Io'n,' .4,1 4',orily and to h tI .wiho t hwy 
accocr.ible for their art loris? 
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5. Social Priorities and implications
 

In the earlier discussion about the modification of the heavy Turkish flat 
roof to a lightweight pitched version, I raised the issiue of the social cost 
of reducing earthquake risks. Patl Oliver has dwelt on this topic in his paper 
submitted to this worlhop. (21) It would appear that officials and professionals 
who have bee n a;soci at ed with mod if icat ion pro z'rams have often t-ayed d Vn tile 
social impact of their proposals. Thesie nay not be an radical as the Turkish 
roof issue, but a idance throuch a uide] inc booklet anch as Como lacer una 
Casa Serura (Hcw to b'uild a Wafe house) (2.1) indicate, -a wide raii!'e o 
social/cultural irpl ication . They incl de a chance, of wallin, sy;ten 
(::e,':in, the adobv but inertin, them into a timhber fr;a:;, a totally new 
type of roof cover in e, a different ' b;lc.ance d ,hapte of house fron many 
"rrerular plan-forms, redM ceil in. he i 'ht, different nace,. between buildings, 
etc. In tsettin, Out thin l int I am not Koht inq Ithe need to include any item; 
me-ely to observe that their cnnui!tiv effect in to propoe,a -,cry different 
form of houseIfrom the one that fail ed to n.urvive, an cart hquakce. FIG 1 A FIG 9 

The is';ue here in for all individual., involved in .;ui-h projct; to be
 
aware of what they are doin' and not to m inimineis th- !,scial ispact of4 7.-ajor 

changes w it:h potential ne,,ative cnr,.quvcnce.. Th.:' ,ccIi to ,avery :O, 
reconstruction prce,,, or rejection of the ,rpo-,.lIlyl}h i,,oe ne ,. 

(Ni the su j e t A -,ciaLl prieritev',, tIe .xp.ric ,e.,oi the tarakor., 
project indicated iven ,cal 1 ,ral pve.rtv t hat attenptthat the of anyi:" to 
modify ex i in,' hone con.vIruct ion or sit w"i,,,not vAA etherin' =ivon 
prioritiv. local There more in' n nuchcof lamil ie. wrv far pre.' everyday ds 
an better health l.ac iit ie.' an .,'ric Itural ne-el-,. hir project t:hre'ore 
' sut t hat in' iWuvent, ir'at i ion ri-k ion ai,, into account titi, of rvl n:'.t 

total necn oi a ' -ivn e mn itv, .ind! net dr,'npPq, that mcloification iB. 
de, irabl,. (ril., i, indicated on the chart on FIG ) S'2) 

6. Otbjct iNy,, 

haveThrou ,hout the.,e I Is',s"TOpn qict lenlin, haic pre .,ippo I.IonN hlhat 
are freqnenily ; de, often wit hnt ,'a l',lnc that they ,''i1t. W~nally, I want 
to ralF e the line-A ion o what ih' ,aK', ire o I in,, 7!,dlif ica ion. 111:'' , i1'. 
is ue to cla rifyv in*whe! her it 1V to pritve~ti ivv osr p1q v .iv ,isoi IIy 
thIe Frmner in th' aim .ini tim loe' I.,. j v~rv an'i'' invv~it~eI Anialtpe iL ii'. 

hrovle's,in ; ne ;vt ,ini',! 1v" in '. tx'1no i II"iIl- i1ih' izvioni "n hie 'i 
anol0 le %?' ate" 'o, i ,I -;- .Io III t i ..In%. antn ,orl vi l ' v he j!e,i: ai' W.i'.l 
corp', of t lhe cIt-a, Me'l -1 1e v be':.eYza VP zeana. ; 0 I1 Pc V- 1? wiill".In': 

they are .i' l,.lt il ii t n"! ie I 'iw"hiLock*, w 'h t eiettu y toltn'y o l'r Io 
run out. 'i li lu!e, 
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THEMES TO DF, APIRESSED 

Emerging from these problem areas, 
I want to identify nine priority 
themes that this workshop subject area ny choose to address. These are
 
obviously a personal 
choice that suffer from my cursary experience of
 
improvement project!;, a; well as personal prejudices and 'hobby horses'.
 
Htowever, depitcttuch 1 imitat ions, I hope that they will assist in framing
 
our d nIs"',,,ion',.
 

Theme No I 

Io to re.conc i,e he technical ri toer iai with soc i;dl/pol itical d imens ions? 

The tfol ], il i'lt tOlme; e.r;c, teclh ical (or technoj oical) issues as

well a.n ,ociaLl, p'hi c;ophical, . en ethicAl direns;ionN. Thin. underlines the

width of t, 4ub.j,ect aind h' pro'ii-ri 
 I wint to i':,ate i, the JUiiirtj

empha'nis of QI.,. tiofu' who woi in thi'n "i'ld. Much pai'.t ,tudy of thi;
 
iubjt'ct L, 'fredt fremi ti i-sI t: ,li'ni "soc ii] cl tire rp, aind hope
fully th ViLp r't. that ,a ' wo i will ni- ":-rriar, i'Is ,' ,rtlu'v " hetwevinin o 

diff,'rent i' t t t I .,I iilr,-,t) .ivrn or which are
ItW ,i-cipl int'', een? ially
 
facets of Q m: pro! W4 i cv io
UP~: noL l Ki~ -o that it lar'] r->r i
 
rr'etatteient 'U it to.vow rL in- in " .,'thnicail pl:'r, ittd to 'nki-
reo.' the 
wider "oci., ',i 'v ,4oI i : t'a'ut ii,. IL-n v nc'e'n",.ly tho, .'withiocial
 
concern i t ,r" p !)w , tl
, O 'whichI i.'--..men rl.J t, to vr,'in'e'rin,' 

Undou!-Ali;] , thin, there;' W on" I % ' v K K iru,W o }v .1'?; 


academic c i 


tl: , ul. l 11 iCIe of 

,,*'!,n with 'h, intrin .'"W v.'h' vlric w i " a i ! i , ,'r of'teln 
hlehly nrec iJ in-e ntii Iv of WArt occurh?' w ih narrowt~ parat"'tOr which
 
me'rely r. loct thr i., , .t ' yon i .i't, , Aicipl in, ri,': totality
d-vm than the 


ac. .tof w l t v vur., at the I iel l1.vol. 

rlu'n, N;o .!
 

Wiat c;a !,.done to hr i ev- the vat eil ,,etw,,en the pol lcy and reparch levelof concern anA We,Fil - l',,v.W 


JLJv i;lt' lent ifle, t ho i:r lerce- 'ov ia] -, nowi on t o even ,reateri'al we move an 

gap (or peth.ap- iil would ie a more accurate ,fe- cript lon). 
 Fhi%in- the 
fGm] lar 'poverty tar:'lr' r t "*aparat e' r, -hosewith n,,l,-Iv,.',pt','r and 
inluence fro, the poor, who I" our n.'lv l ive in at.l- h.i}',n. 

The p'ap relaton to all .r'o'.p'%' . , -., A i' a n- i i -' i t ir reaon r or the Milsj anelritnti that t- I." , iWli ' .'. t0 " 1 'T' 'Vw' her''c'fi r . 

A11a 4lyt- ,,I,|,, ,, n !,j fI, -. vu, " r , t} 1 .! ,Lj v,-tI% hr n .,. . .L 1,l 10l
 

;tltd > ' I-." I t to ru " 'utn h ! ,i W % 1" t hh ll . ii i I, - 1 ' ti,-,J-: 1",. 
of Med~ial UP Wruv i In P"fl I it P-1 It y 1(61 I- Yh'a I %> writ Ii y ~ar" her 

http:e'n",.ly


factor which has contributed to the barrier - the issue of 'Professionalism'
 
and the alienation it can bring to disadvantaged ,roups, rather than the
 
service that they may well expect from such groups:
 

'Professional standards arc of coure important in some areas. But
 
they must be viewed with robust sct icim when expertise claims 
jurisdiction, as it were, over the viay people run their own lives. 
Again, ordinary people are the best: experts on thvrmslek,s.. 
Lower income people are mostt effec:ively d is'ranchised by the 
successful es tabl ishment of experx't monopolies,' 

The issue of profess ional,, re ta ini g the ir pLt,,cr and aut:hority is 
paralleled by the contral i:at ion of control and f in;nco by publ ic authority 
as well as the cvntral i sation of tchnolory within the etra] hlied building 
industry. Jolin F.C Turner ha; writ ten abou t the conetlnquence s of the ,,rtvth of 
'ever-larger pyrarnid structure:
 

'Cly the rich rinority can be ,uppli,.A in thee centrally 
admin istered ways un in' central iz inq techint Ioe ic,; and I lln Only 
at the expen,. of an impovurilhied mjt ority,' (27) 

From the outr'e it: is iprtorait to recout ise tlatt the' will hc no s ingle 
panacea to reolve t hiw, , ratther A wile ,trat ey includint, nw r:aurcr
 
and attitude. The vVol ition of pti'wr anl finance to the locail level insone
 
prerequi'irt,, another is the devollit ion of exper ise,, A new yten is needed
 
where the hi.',,.,,t 1eve I, of techn ical kn ,'lel,.,' need to reach -om>ne very humble 
levels. Thin ' '',"ni%, hat n', :ow.t poairive way for-ard will I,. in lie 
direction of de.''l op in, ( lronivli t r, i:i in', and r,'ourirc',.allocation') th' 
creattion of i1li"n'w r'.I' of .-ar,'?oo .rclin ct' or" e' iiver. l'rap, they 
will ecor" nhhie vr ,i ' ''ap-" i I and appropr |ite. expert iseIr'' where relevant 
i ache it' t r.,t alone"; ide vii I.ae bliilder', and craft ,men. Thi' I'. Iads on to 
my next the:-,, Wat of tiaininy. 

Thvrw No'o 

Ifkw to ! a( i I ,, t " i in, t o occur for Ia i itil er-., and craft;.1en? 

Ati, lir i t ,, a,'', i,, ;,r' v,"'. ini. I% ar' ntr""Il v "'r,'uct or i'ritat d' 
w ith a,.- r o,- ,"',!;," i ,c" a,rtan,.i ll, t,.,. r !r',": TW O.i,-I, lw ,, 

n in I n!it . i i ! t I'' 1, li, ioftiiih%gianivaIi n' hii P iv,',"r ti, tlw, l v ! i}, A'.o M vA i ir'torvpv ni l ,n 'or hea ti l n ! h o ;tl hIi'..r in . I'hoc},-T'v VI ' , AlN Pl t!llon 

pro ,. " ,i il , i .o o-l'' ,,, ' :ar i n !. ' t m Ar.i in , 1nl-. 1l 
I %vol'. A- I ,','.,!r ,,.?v jie'h.4i,.i i,? ii l-' -o , i el i -n,m 1t,hw ' . 

M, 
rIjor (ntn i r %r'w hihtie'' v,, i t ' ,;'vini,'nital I1"i W e.' tK..nd ; niri' . 

CvO r i 1 1 ,.i . I .a I1it,!A all iv','i, i tfo .a 'i naI1I-,- -I. ill ',-.t I M'It to 
.'{'l 
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What is needed, is for this workshop to come out unequivocally in favour
 
of training as one of it; primary recommendations for risk reduction with
 
some positive steps having been taken 
as to who can f'inance, orpanise and
equip the 'teachers of the teachers'. Allied to these questions there are the
questions of what type of trainingz aids must be developed and by whom. Major
steps forward were made in Gua temaul a with the t:rain ing. aids d, vIloped by
OXFAM/World Neivlibors. The' e principle were t.hen modifive via INTC Rr.cTr's 
involvement for use in Andihra Pradv h, India (21), Wef cre hin,, furlther
adapted for use in Cilctta and Northrn mndia my Jv Sn hIis rotea rue
 
in UNNAYAN (29) for hou in, prorar,, to resit cvclonev. and hi,,h winds. 

All of these a id , for holuiin, facin: 1iveivrev, hazdrd, need to le further
 
studied to evtab islh howii far they were IT ct iv, aid what 
 '," imre 
neces'sarv fir the ir o ftotr: ive un , ( i.,., or th i r 'n, w it h i, iinor>, w ith
 
expert: is; ,upport: and with t ra in n,' pr,'"::,.
 

In conv; id r iii' Ir, in in' pro'ra,m aid reach inq & K f.I,r adhl e tnrurtures,
 
we nevvertheI!on n ed to reco,'rri';v ihat wv n.t VowiohiW, i a 'ibl fa movement
 
towards 'mode,rni:v boriri, 'hy'In,'. lnyi:,hin nreirt n% my ,urth theme. 

Theme No 1 

Given the- broil ,' ithin ,'n,o rI lire, t o t rald i' i ,)ra l t'ii dinrmethods (,uch a!
 
adobe con I'ttr 'I ion r,7 o til within anid w ithuijt the o i ir i'n 
 in quest ion,

what: atrit iude 'I'r"'JA ,1itherit i,' adopt to thi, derartld 
 '1or A ohance, of iuitli ,

'trail it ion 

*I'q1i, ' ,"n'% cn,,,i,r hav". 'e'n oibserv,. in Ceti rt AWe r' i.a, the Car ibbeaui
 
the Middle It . A t InrI a to rj.r their tradt o n !, 
iri.i l tuildin ,.., a with ,nrny
other tiwdit ill'. in ,.;,tr" of 'n .,' ia-on., ha? hive eo, ivv.l d lv thei r d ia.
 
A's I hav. ,ir iotrl under the 'pro iv
' 4 ,,:t ion ! tli', paper', U i' pr,''nt., 

i Ol" r Aa w i tih t ' r,' ? di', -

A 1on ire;11 :1 ll '1- Wr 'd j wV1 1 V 1 . thi rea!. yU as- A, " Io or 1a . 

rise] or hs i ! On Ii. Its I ', of 121a 11 fIVlon IC ' no V n thaIn I V lf'l a v 

have IiF h oiIl "w z M '":< J , IT ' II I 1,i " 10t wit hli '!rve ovn i.,in t, it.,' :.i i,t I,. ."- v i, .vluv, ,"W v,... ! , ui 1t i a ,l uncvain .,~ ''. 

wih.i , W' t 
concrete )I 4ori tvo r , ar %.. t ' o o l '1 -a, ! , o it h' r ,Arv cti '(:, e 

At a I' r w 'rom.tin nv' tltl in ''Qi ti 'ni iii lI 'm .iw elI', 
o', t a n % %? i' ,;' 

a le, 11' o' *, to "ici.' r,lrie r ' inn' .i ralr.,t in'. foi i' trl i','m olv rn',iilt 
n'itli"i.' 7 i , '1t2' f r:wil" ' F pI ' rra i of all w oQh , t w i .ll; I.' 

.r tlOh ',l I'It )t.IIl l' 1 'l.i i ralt ,8 I''t'liit~ .2i1,' 1I l' iS Iel rgbi i 

Wintl aire UP, ,,wyluta"iin,, tclvn i l -. %"v,. that are, =ril O''tved, rlatilive y.o
t Iii ttTl i'v * 2-l il Il, 'i- o li 1 " '. ' , lili ,if .iIIt 0 '. 't1111i IIt it , 

Ii 1t ," .,' ill il i , . l ,'ftli i vi '' I tiom ! l d rolle w ,, 
o I i i t. he- ni ,l Aitl! icl Ii" iiv t , 1, -.! gthi lw - l i anld 

rrent)ojr('e, Ito loit Ide, lWI'',, tiel, l,.*-, iI,' w,,"i Wi will hOw" hyviluli y Itdf'niIfy
thl i'p IlItjlt% 1 2. " . .1 le. ,,1 io'fQ I ,i % hai, ' io iv'i',ir ti a"l~ijI'.,ilprtl; iili a 
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specific pyactical questions. Going even further, field personnel need to
 
advise on such matters a; who they believe are the most effective bodies to make
 
these studies, a well an nu'r,,etint, the 'ormat for the advice that they need.
 
For example, a houin, 'extc'e; ionii s t duo'i not have acc s to academic journals
 
which are often t he "inal rent iz,' place of important f in in'; with potent il
 
' ield appl icat ion. 

toour , 

nece;sary for the i: c ritatio oelr new .idvanvie', in *v'ei:ic ,olO , ick-hnioley,
 
and research ,roup:, need to di ei, w iih f ield per anne1 apprpriate ways to
 
test their ideas. 

Then relatii he 'c e ',rch f iii q t mii"elr::e ,,lit e .' iK',a] o 

.... iaor ;,,,eal'4ecia1! i-,uv iq unreolvet ant it has accounted for
 
the va;st nui ;,.i ,: c. h',,h, an caualit i,'. in the Middl eaLt and Central Asia 

the heavy, flia oar then ro, lni; i my ,ixh theme.
 

Thiemei No I, 

What mea.Ir., (.an 1,4' d(evi ','W which are ,ciallv and economically v ible to deal
 
w ithI. the nl'i o'd itv ii,. hby I I at roo ; k., adobe houses In
ihvy 

Cent ,ral ,' ia and t U a.t 7
Mhiddl,I 

t hIV referrel h l I e a! ih.li.lv to probleem ofmodifyin' I]o r, 

eartheni ro. In i> rep rt en Q- Ir.W. car!iqt,., . i, !.rove,
 
Taha,,-,-doI 'Itiin in W l I' i,,m P vetr . ! ,.t..o
K 7-, uem', nt r :at.A i iy urvvy
 
(;0). Ih e ri! i ?he :t,'' ,e lo!a whore o-1" , a : ' eomv. were :.te from
 
adobe, with flat or 0eo! ,ar'ihen o ". el, i I, ,,ri . ot r,.W:
roo or ion 

'Ifi'th rat i, ! eaith to i ini , ,,'; h. - " 'io,W' ' . ':., 1it ional 
.tahe, hl' "*, e th Je'o ion, with thP' i" wi>W . il I .: Wav'.y 'arthon 
roof %, offer- I i t ' ,.''v.%'t n,. , 'oh , .'..' 

lie then Wen ont to ' e that t he hei , rce ne, 1ve Ie t oawithn.tand
 
I ifture ,ir'.. 'IO op Wi' I , i in ire
i' lor:,. ... ! I or t lieo ,i.z ! to ;
 

domed vaiul t *v.t).* with Arched w.mll- . rim in' tin,'e , l,n Y&he ,r, unit, rather
 

th.in prinin' rt- n'ir pert iny, walI ..
 

I hop- 'hA t h- w ,, 'm{ -will iIWrit it '' the I Y, At id :,,i". o Central A',Ii 
atndI th'e M1idl ,"i W t wi'hI , ,'i" v ",' , I i: At'' e w W o! ! j l 'r for pa. iinn , 
Pt POI ', *'1.I ri i'i .i '.m I ' I i in . I u l in c t"he h .',vv vl le root 
prl,l' :, l I .,iA I 6 1 ,'o AI , I ,! I n ,' al'Y""it " 

, ,. cet ih o", ' i
"! - o) , I KI", to to1conutruvlC icn knin W!,, ,..]. will] ivW 'o -a it, l 01tcVA 1 

'M.1111ie I i'Z 'I.pe' a I~ 'ftoeu'eir -m~A'haveni.n or ret.' TWA y *stnjirrvid 
for the po',i .arth-- ntll. e, , ole r , eo", Iilt it '. e' l Ilhely to, o ur for 
, it itl vul ,'ra l, hi vi'" in"Iran t iat e yet ao exp i''n'ce .on eart hq1uake. 
For th,.-,, !a'' 1i,.-c the pil r, in !.1,-ca1 whi h 1' my 'evel'nh 1hiw'. 

Theme 'No 

t'.'ion I," m t P1 .ii' or ,X 1',t in,, hu1 ld ,I slO~v'nI the A If I i i,,l ill " , n,' I u . 
,--v A iate f'o lamil u it 1st h,'VI?W ,, m r .Are 1- ,2 '=,- lh livig ni'dL l 1 ~ 17 

I ha.Ve already to,,uchne d on UhKii l'i" In my rvlv or {roirlem. ainoc lated 
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with objectives. The workshop may share my view that the modification of the 
existing housing of poor families is rarely a viable proposition due to 
economic and social constraiits (see FIG 5). When this is the case, what are 
the alternative ways to protect the occupants of such home:;? The only
proposals that I have seen considered are that of the safe protected core 
which is built inside a house, particularly s a place for sleeping. If this 
existed the traditional main victims of earthquakes, small children, the 
elderly and sick may secure some protection. Another issue is whether advice 
can be given directly to the house occupants on simple and cheap measures that 
they can themscles adopt to make their houses safe. 

If this type '.f cheap and grass roots solution i-; rejected, then what are 
the alternatives ',a an acceptance(given the scale of the existing housing stock)
that casualitie3 will continue to occur in vast numbers. If the preservation
of life is the mjor aim of this workshop then this theme has a strong claim 
for priority attention. 

The final pair of themes come right back to the 
implementation, what are the most effective policies, 

issue of 
and how 

project 
can we clarify 

their 'ends and means'. 

Theme No 8
 

On the basis of past programmes of housing modii ication, is this workshop able 
to advise eovernment: and voluntary agencies on effective implementation 
policies? 

Durinp the course of this workshop, various reports will be given on 
housing improvement progrrams. There is I believe a nee,[ to determine on the 
basis of our current knowledge which of these have hee,, successful, and which 
have failed to meet their objectives. I hope that the workshop will identify
tile characteristics3 that have made up successful projects, whenever common 
denominators can be found. But in so doing it is also important that 'success' 
is defined, what mak1es it so, and what is a failure, and in who.e terms? 

Not only are we still unsure about how to modify adobe houses, these quite
fundarontmal questions are still being debated. 

Theme No 9 

A consideration of the social and political presuppositions of modification 
pro~mams. This theme will se-k to define some prerequisites for successful 
improvement. pol icies 

I have referred in tile discussion on problems that there is much confusion 
about 'ends' and 'means'. This theme requires an inventory of searcning
questions to be identified about objectives, patterns of authority and the 
development of accountable relationships between assisting groups and vulnerable 
famili es. 

Frances Moore Lappe, Joseph Collins and David Kinley of the Institute for 
Food and )evelopment Policy in San Francisco have written an important study
in 1990 'AHi as Obstacle'. The book primarily concerns food aid, but is never
theless relevint to our themie in many of their argument:s. They li.;t a set of' 

'Ten questionls to a.-k about a Development Project' (,11). These que.stions are 
all pertinent to any analysis of project objectives, but. due to limitations of 
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space I would like to reinforce just four of their questions. 

'Whose project is is? Ts it the donor agency's or does it 
originate with the people involved? 

Does the project define the problem to be tackled as a 
technical or physical deficiency that can bc overcome with the 
right technique or skill or does it address the underlying social, 
economic and political constraints that stand in the way of solving 
the physical or technical problem? 

Do new skills and information remain only with the leaders? 
Or does the project involve an ongoing educational process for all 
the participants? 

Does th- project reinforce dependence on outside sources for 
material and skills or loes it call forth local. ingenuity, local 
labour and local materials, and cal be maintained by local skills?' 

Such questions are hardly new, the Iitzrature on development has persist
ently drawn attention to these iatcers. But there remains yet another !-ap
between knowled-e of what will or will not work in terms of an effective project
and the application of these principles. Unhc reason for the failure is pure
ignorance, but at a deeper level it is currently not in the a.gencies interest to 
take note of these issues (unless it is a particularly altruistic body with 
minimal rcgard for its cnn need;). A project that is developed by (or with)
the people to be ultimately housed will always take lon)er to instigate, it
will become more open-ended and less tidy in any normal] budceting accounting 
system. It also may not deliver tan!7ible objects very quickly that can be 
easily reproduced in agency magazines. 

Tn the absence of any method of accountability between the agency and the 
recipients of their aid it is a great rarity for the questions quoted above 
to be taken note of'. For example the final question on this list concerns 
evaluation:
 

Is the evaluation a one-way process by which the donor judges
the recipient's performance? Or is is a two-way dialonue in which 
the recipient also eva.uates the donor and they togrether evaluate 
the project?' 

To conclude this theme, can this workshop suLgest any mechanism to improve
the relationships between assisting , roups recipients so that aand climate 
exists where the above process can take place? 
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CONCLUS ION
 

These nine themes are a demanding agenda, and each delegate will doubtless

have his own list of key topics which will expand the list into hundreds of

themes. 
The themes we have been considering are so fundamental and farreaching that 
itwould be naive to expect solutions to emerge from this meeting.

This could take a full decade of solid work given the earlyr stage of ourknowledge. ficever, rapid progress can whenbe made collective minds areconcentrated, and our aim in the consideration of this subject area should be
to establish dominant issues, rank them in order of importance, and explore
their implications for the different levels of audience, ranging from agency
field staff, active professionals, academics undertaking 
research and 
governmental policy makers. 

But at the very centre of the issue of implementation there is another
audience for our discussions. Rather like the missing, sma1 builders that didn't
hear Professor Ambraseys, they are also missing from this meeting. The 'proofof the pudding is in the eating', and the ultimte test of our work is whether we produce ideas Which are relevant, appropriate, understandable and acceptable
to the srmll builders of Turkey, Iran, Peru and Guatemala. I hope that it will
be accepted that this ,,roup are the main target of our collective concern. 

A final note of warning. Whenever we recognise the 'early instarekncwledae'-, the next paragraph of the report normally starts 
our 

to develop aresearch ag-enda (often d irected to the same group that def ined the gaps in aself-servin:g posture). assumption answersThe that to vital questions are aprerequi;ite for action must be resisted. Tn his excellent study of Urban
Planaina in Hich and Poor Countries, IHugh Stretton faces this 
 issue: 

'There is; P pervasive dilemma which recurs in research, in planning
and in politics. How much can you afford to know before you act?
flow much time can you afford to spend making sure that you will all 
act to!!,ether? Io far can people share power without destroyin2
the power they share?l 

Stretton then comes ro the issue of knowl-ed-e being required before action: 

'The less you know before you act the riskier the action is likely tobe. lut the more you insist on kntvin, the longer it may be before you act at al1, and the staler a lot of the information may be before 
you acr on 
it.. It is;never possible to know about the conditions
and likely consequences of action... Mo;t information has costs, so
the more ,rou spend on knowinL,, the les. you may have left, to spend on 
doin,. ' (,) 

Clearly the need in the sector we are d is;cu:Ssin, in ti ; conference is whatOtto Koenigsher!,er has described as action where- Ii!'t' wlarii,,' dec isions aremade and implemented on the hasi; of' available evidence. Thi:; policy requires'feed-back' mechanism, from continual evaluation and monitoring, of success orfailure to enable projects to adapt in a respons;ive manner to emer, in ,,evidence.Tn effect, a need for research work and project implementation to proceed inparallel each informing the other, but of therecourse is the proviso thatthe gap Is closed between the two sector,; to enah'it tli is to 1happen. 
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I 
This paper began with a 250 year old case study of improved construction. 

quoted this example since it is a source of encouragement to all those in 
this workshop with a concern to see things happen on the ground, not just
within the pages of conference proceedings. As we have seen there are some 
massive obstacles preventing the effective implemcntation of aseismic 
modification programs. However, whenever a situation is fortunate enough to 
combine official 'will', local concern and involvement, appropriate skills 
and finaacial resources (all of which appeared to come together in Lisbon), 
we can be confident that good projects can occur, and at our next meeting we 
can review their effectiveness. 
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ABSTRACT 
The extent of the use of adobe as a building material in the 
United States is examined in this paper. Since almost all of 
adobe use is limited to the Southwest, some estimates of its 
extent are made for the states of New Mexico, Arizona, Texas and 
California. It isestimated that 
there are over 17,000 adobe

residences now in use in the United States, with over 1,500 new 
ones being built each year.
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Introduction
 

With increased interest in adobe as a construction material in the

southwestern United States, where there is
a relatively high potential

for seismic activity, the need arises to assess 
the extent of adobe use.
This requires an estimate of the number of adobe structures as well as

the current state and future trends of the adobe construction business.
While there is insufficient information to provide definitive answers to
those questions, this report attempts to estimate the extent of use of
sun-dried brick in the United States, both 
 today and during the last cen
tury. 

A survey of literature reveals a paucity of statistical information
 
about production of adobe bricks, housing starts or 
total number of adobe
 
structures. Although numerous details of housing types and facilities
 
are included in the national census figures, the U. S. Bureau of Censusdoes not classify buildings by wall type. Generally, even county or citybuilding departments do not keep records of houses by construction type.Moreover, it is generally accepted that many adobe residences are con
structed by individuals in rural areas. Thus, it is almost impossible to
find comprehensive numerical data in published form. 

For Lhis reason, figures used in this report should be viewed as
estimates rather than as hard figures. The statistics are derived from
scant bits of information in the literature plus opinions of builders and
producers, and includes extrapolation of this information. The figures
should be regarded as a starting point for future research.
 

The report focuses on four southwestern states: New Mexico, Arizona,Texas and California. Althouqh isolated of adobeuse is widespread, andrarrrned earth was used firly extensively incolonial times, its primary 
use is in the semi-arid Southwest, where climatic conditions and soiltypes are suited to idobe. Moreover, all four states have been influenced
by Spanish colonization. Scarcity of wood not only discouraged construc
tion with lumber, but also presented a problem in fueling kilns for firingbrick. 
 From various sources, it is estimated that 97 pepcent of existingadobe buildings in the United States lies in these four contiguous south
western states.
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A Short History of Adobe in North America
 

By the time the Spanish colonized the New World, sun-dried mud brick
 
construction in the Americas could clain antiquity: 
 Peruvian ruins

dating to as early as 3000 B. C. revealed mastery of an earthen block
 
construction inwhich bamboo molds were used to 
form the Andean mud and 
straw mixture, and the arid Mexican plateau invaded by Cortez in 1519 had
 
seen tho use of earthen bricks in the pyramids at Teotihuacan as well as
 
in conmon hoosirg.
 

In the last half of the 18th century, as Spanish settlers moved into 
northern Mexicoa and into what isnow the United State s, they encountered
 
civilizations using two 
types of non-nrick earthen construction: puddle

and Pise ' (rammed earth). Although thirteenth-century ruins along Nav
ajo Creek innorthern Arizona were made of brick'; that were hand-formed
 
in place in the wall, the indigenous people of the southwest United States
 
were 
largely ignorant if sun-dried brick formation and construction.
 
Under the influence of the Spanish, these North Aeverican Indians quickly

adopted both the rethod and the Spanish term for the brick--adobe. By

the nineteenth century, when Enqlish-speakinq colonists moved into the
 
southwestern desert reqgion, adobe wa synonymous with hou';ing.
 

Mexican influence in the region dimini shed steadily following Santa
 
Ana's ephemeral victory at the Alamo in 1836. 
 The U. S. victory in the 
Mexican War (1846) and the 1853 Gadsden Purchase spelled the end of 
Spanish dominance inrthe reg ion. The U. S. Army occupation of New
Mexico in 1846 brought a movernent to "Americanize" the Mexican villages
in the territory. Rumor; and nuggets of California qold (1849) precipi
tated a deluqe of "grineo" qettlers to the previously Spanish-speaking 
west coast.
 

Thi% new influx of aqqresnive settlern brought not only facesnew 

and new architecture, but alo new means of 
transport ing previously 
scarce bui lding ma terial,.'. the pa ' inq of the railroad throuqh the South
west in the 1,80' provided the mean , to haul the fa vorite construction 
material; of the newcovm rs,--roeP, brick, and lumber. Bri ck kil ns and saw
milln snprang up. And an the frame hn sue flouri' hpO , the tim',-prrven adobe
 
fell int(o di',repute. [Jur ingi(the following 
 rntury adobe conowtruction in
the U. S. wa, prac ticed mainly by a few rura l peopl.' in t.hbe Srouth'we',t, 
most with bp)1nih ,urnnmr' , who dr b!hrink'%ir the ir brl yrd% and huil t
 
their ovn adobe home';. A few cormmerc i 1 producer' %o(ld to wel 1thy

patron% enchanted with "territorial
a tyle" adoLe hari enda ,,. Only the
 
very poor and the artistic types were reputed to he huiling'with ,adobe.
 

Today, adobe is receivini renewed, alIthough limite(i, interest. The 
increasing cost and growing s(,orcity of energy have forced 
)uilders to
 
take a hard look at traditional energy-intensive construction materials.
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The adobe, which features cheap and indigenous ingredients ard a solar
 
drying process, is becoming a viable alternative to wood and cement block.

While the steady-state thermal resistivity of adobe is not as great as
 
some high-technology aterials, aficionados have always recognized its
 
value in storing dnd stabilizing temperatures, the "thermal mass" effect.
 
Earthen colors of adobe and its 
stuccoed exterior make it aestheticdlly

pleasing with a desert backdrop as well a; in an urban setting.
 

For these reasons, adobe production isseeing a modest rebound. For 
instance, Han; Sumpf, California's largest adobe producer, sold 280,000
units in 1958. From 1970 Lo 1980, however, Simpf'n sales hive increased
 
to around 1,125,000 nun-dried bricks per year. A long -ti me Alb'querque

architect, ',Whor, and adobe builder, P. G. McHenry, states that, while 
fifteen yearn, ago only three or 
four builders inAlbuquerque constructed
 
adobe houses, today, ovcr twenty adobe builders ply their trade. This
 
same pattern is evident in Santta 
Fe, Tucron, and other cossunitie's
 
throughout the Southwe,t. Adobe, thai, is regainin popularity as a

building material in the United States. Time will tell whether itwill
 
again see wide-spread use in forming the portals and partitions of Amer
ica's homes.
 

Methodology
 

A count of the total number of dwellings ineach state is provided 
once every ten years by the U. S. Bureau of the Census, but the census 
does not clasify houses according to wall type. Th, basic methodology
used in this report wa, to estirate what pprrnt of those dwel Irnig' 1isted 
by the cennus repriv"eted Adohe houns. Th i perv.ntae , Then multi
plied by the cemsus f iqures, to ()btain the runtr ojf adobr '= P'.. 

1
Havin g P'tobli shed from the cIrp',%'u the Hi'.Hi Aob( l atof ,iq'1 
the beg inlninq )f var;h decade from 18T0 t) a" mti ofrPOj, mitlon the nium
ber of Wdoe d;de li ing, built pi'r year (.0 ldhe ohined. V' n yamp e,
consider the 'tQati,tirc', for Tx,', for the de,]'o Lbt eri 18t ,med 1( 0.

The number of adohe 0w, ling, in 185r K (. mIVU]at'd a 0,1'45 . the 1860)

statistics on Table iV of t.fhi', report %how j5,?() Adoblh,L9, 

Subtractrel I rii jr ,,( yi'lds in ir r a%'' of ,O adu' KwP1 li 

, 
ri';. 

0
 

Dividing thi'. fm'pjre by ten year irndc 
t, ,Ij lvlximir it , 65 Yli,-,
houses per year were built dorurig the d''cad',.,inrar, thi', proc.dure.
ignore,, the demol ition of i e2%,',Adobe drurig h,, t,'n-ye, r period, the 
actual figure for hou ,eo construc ted ,hnuld be ,liqIhtIy hirlher'. Of 
course, any variations within the 10 years c(oud riot be determined. 
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Of primary importance was the estimation of the percentage of adobe
 
homes included in the total number of dwellings. As previously stated,

statistical information on 
adobe structures is practically non-existent.
 
The information leading to estimates of percentageo fall,; into three

main catejories: 1) historical events and 
figure; pertaining to Spanish 
influence in the region of intr'est, 2) production statistics from adobe

makers, and 3) 
opinions of Luilders, producers, aind adobe ufflS. Addi
tional information wa; found in Sanborn Fire Insurance raps. The assump
tion was also made that the percentaiqes d(id not vary greatly or unpre
dictably from decade to decide. Using tie cennuqsjsifi;ure, es tirmAten of 
percentaqe" of adobe hoes, and inf orniation on the rumber of adobe homes 
built per year rO l1utn are cal cu lated and )r'.,ntpd in TbWs I to V. In 
most casen., cootinuou% data are not avai lable, and trend'; are i',tira ted 
and total numbers accumulated. Basic assumptions for each state are dis
cussed below.
 

New Mexico
 

New Mexico is the acknowledged "adobe capitol" of the United States. 
Edward Smith, qeologist for the Eiqht Northern Inrian Pueblos Council 
states, "It is apparent that loaeding ra, 

user of adobe brick, 


New M"Wico in the .nuf,;cturer and
 
in the H. 5. with a to t ,13 1i OdoLb.'. pro

duced by 17 activ' adobe ;iler', thi. jlr (1940). A ',, .nti irl to
i 

reports r (''ivwdby " offinp, hi'. tial pr(idu;t n ,t ! ii,', ink'.'Aold 
by
the eind tn . ,of .. op- or 1dilinill 1/, 'nit h<i ,'S! if,'' n. '' t a'. ryi
 
sun-drind., 1bri nk ' t1" r,9'/'tit 'I 'H. it ,'.in I In 
o i Ii 1 9' M *itv. 
Al uqli r'% ( ';t ,, I ' p ( ' hiot t ",'i' ,' t I;r 1 4-,a tol on I'/!"1ard<a]dob~e%, are"! f;l 4I 7 ,," por i' va1r in % ," !"P.iv.n. W,''.w n1in ,t c. n,!t ' ,! yo,. ....l I ft,
 

of 3(9)(J ,k()r') , i lin ., i'i t;ro' i ton% in I1 ', , or: 1 ! o,,% I 
bility i l i t) l(fiw :at' l a, 1'1
) , 'at*it 4estl hatpd, !unpi Iln W a', W .,' n)t , i KV'jf 

, 
, 

di !i 
" 

i V , t t)li~ u 5l 1 , ,!lsk' A Kri V .ju~lt'! foolt. 

house r %( m, Jri', Ovu ,i inli iit;:' ,, ,',. _'nd of 0%! 'l,
4,533,05() l in w,'' ! 1 01 i til',Frl Itli I ilt'W,.d to offi e(1" 

buildino)'., wa ll% , Ord U14a V ninii- ' I U ',i", ) hV, f 1oIwlu W rjuIa-OW1 

tion r"';ult ini on ,; iF 
 ' it uif the total ll:' r of aujit, lahu e', 
built in 1 ii A;w ',, : 

-
4 1 idbto) .0iX) 530 hous e,
l '' f .6l,~Jlt ,it, ,t/ye ,a 


The New W1 i;o Lii',ni',', Currenrit itronom Sc P''port of Dejfcem'ber 1900 
lists 1305 Ildlin piu'iln 1'2ut1 of 1980 In the City ofi' througth Oc tober 
Albuquerque. Usliig extripolation to include the month% of Novenber ,and 
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December, and considering residential starts only, itcan be assumed thataround 1,400 house permits were Issued inAlbuquerque in1980. The population ratio of Albuquerque to the total state population is 1:3.8 (from

the 1980 census). 
If the number of housing starts per capita statewide
isconsidered to be about the same as InAlbuquerque, then the State of
New Mexico saw approximately 5,320 housing starts during 1980. 
Dividing
the number of adobe homes (530) by the number of total housing starts
(5320) yields 10 percent adobe construction for the year statewide.
 

Albuquerque city building inspector Ed Ordonez estimates that 100
permits for adobe homes were issued per year in Albuquerque during the

last 10 years. For Albuquerque, then, this estimt* yields 7.1 percent

adobe homes for 1980. 
Of interest here isthe indication that adobe is
utilized more extensively in rural areas than inthe urban, as the state
 
use was 10%, but Albuquerque's use of adobe was found to be only 7%.

isnot an unreasonable conclusion, since the state Is largely rural. 

This
 

This unexpectedly high percentage of adobe use isnot typical of
 
ears previous to 1980. The number of housing starts in HeNw 
 Mexico in

979,for Instance, was more than double that of 1980. 
Using the same
estimate of adobe starts (00/year), results Inan average of only 3 per

cent adobe construction, which probably ismore typical of the 1970-80
decade. This report postulates the following explanation for the discrep
ancy: while the housing industry ingeneral fluctuates greatly from year
to-year, the adobe business remains fairly constant. For instance, production figures from the Hans Sumpf Company of California for the last ten
 
years reveal a mean adobe production of 1,177,677 adobes with a 
standard
deviation of only 166,000 bricks. 
Sales varied slightly more, but were,

ingeneral, steady over the ten year period. 
From an economics viewpoint,
the backyard producer who builds his own home out of adobe and makes a fewthousand additional bricks to sell Ismore apt to engage inthese 4ctivi
ties during a slow economic period, thus damping out fluccuations. Iftheabove postulate holds true, then the short-term percentage of adobe homes

built per year ismore a function of the overall housing market than of
 any change inthe use of adobe, which varies onl) gradually. Ifconven
tional housing construction Isdown (such as in1980), then the percent
age of houses built of adobe appears high. Ifconventional construction
 
Isbooming, then the adobe percentage is less.
 

Less information was available from the previous 130 years. 
A USDA
publication, Farmers' Bulletin 01720, Issued InJanuary of 1934 states,
"Eighty percent of all structures inLas Cruces, Hew Mexico are adobe."
reading of the 1919 Sanborn Fire map of Albuquerque reveals 776 adobedwellings and 175 other adobe structures. The 1920 census lists 3,L80

dwellings in Albuquerque. However, the Sanborn map illustrated only about
90% of the city. This report estimates that the total number of adobe 
houses was closer to 900. 

Historical Implications on Hew Mexico adobe use have been mentioned
 
earlier in this report. Weighing these considerations, Itwas concluded
that in1850, 97% of the dwvllings inwhat is now New Mexico were made ofadobe. Subsequent intrusion by white settlers coincides with the demise 
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of adobe in the state.
 

Arizona
 

Second in importance in the use of adobe is the state of Arizona. A
 
comparison of th- 1850 data from both Arizona and New Mexico shows iden
tical percentages of total dwellings which were adobe--97%. However,

significant differences between the population growths in the two states
 
led to consequential differences in the use of adobe. The 1870 census
 
shows only 9,658 inhabitants in Arizona. (This figure may ignore the
 
Indian populace.) By 1890 the population had swelled to 88,243. During

the previous decade, the railroad had arrived inArizona. The Crowth in
 
population consisted mairly of an influ" of U. S. settlers bringing their
 
distinctive architecture and building mat,;rials. The use of adobe dwin
dled much faster inArizona than in New Mexico, where the larger indige
nous population (inNew Mexico) preserved the traditional ways much longer.
 

Tucson architect/engineer and adobe expert E. D. Ilerreras states that
 
in Tucson, approximately 1,000 adobe homes were occupied in 1980. The 1980
 
census lists Tucson with 138,211 total dwellings. This calculates to 0.7
 
percent adobe homes. The percentage is undoubtedly higher in rural areas
 
where Spanish influence isstronger, but lower in the great population
 
center of Phoenix. In 1970, half the population of the state lived in
 
Phoenix, and few of the new houses built to accommodate this populace
 
were built of adobe.
 

Texas
 

No statistics concerning adobe structures were obtained for analysis

in this report. Instead, a comparison was made between Texas and its
 
western neighbors, New Mexico and Arizona, in a historical context. The
 
1850 census lists 27,988 dwellings housing "white and free colored" resi
dents. A population count of 212,59? inhabi tnts was also cited. It can
 
be inferred that a sizahl, anglo populace ived in the area at that time
 
and that many lived innon-adobe awelligs. Thus, the percentage of adobe
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houses in 1850 was estimated to be 70%, rather than the 97% in New Mexico
 
and Arizona. After the turn of the century, Texas 
saw an average gain of
 
population of over one million each ten years. 
 Table IV reflects this
 
growth and its effect on the number of adobe homes. The number of adobe
 
homes actually decreased from 120,725 in 1890 to 30,635 in 1970.
 

California
 

Historical implications again directly affected the estimated per
centage of adobe homes in 1850 in this state. 
While Mexican influence
 
had earlier been strong in the southern half of the state, by 1850 it
was
 
fast decaying. Non-Spanish settlers were well-established by this time
 
in the central and northern parts of California. A wetter climate and
 
bountiful timber led to the use of wood as a piimary building material 
in
 
the north. The California Gold Rush in 1849 brought a deluge of non-

Spanish prospectors and settlers. 
 Between 1850 and 1860 the population
 
of the state quadrupled.
 

Production figures were obtained from the Hans Sumpf Company, Cali
fo;-nia's largest adobe producer. For the years 1970 through 1980, Sumpf

has sold an average of 1,250,000 sun-dried bricks per year. Of these
 
bricks, approximately two-fifths are used for structural purposes. 
 Using

the same analysis as was used with production figures from the State of
 
New Mexico and considering backyard production and Mexican adobe imports,

California had the 'roduction capacity of 150 to 200 adobe homes per year

during tL last decade. This represented 0.09 percent of the houses
 
built in the state.
 

All Other States
 

The U. S. Department of Agriculture's Farmers' Bulletin #1720, issued
 
in January of 1934 includes a map picturing the geographical use of
 
earthen wall construction in the U. S. Besides the four states specified

in this report, the map included the southeast quarter of Oregon, the
 
southern one-eighth of Utah, the southern tip of Nevada and an enclave in
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the center of that state, scattered areas in southern Idaho, and the
 
western third of Kansas. The map encompassed not only adobe but sod
 
houses and any other type of earthern wall construction. This report

accounted for adobe use in these states by estimating that all but 3 per
cent of the adobe use in the United States is found in the four states of
 
New Mexico, Arizona, Texas, and California.
 

Finally, Table VI shows a summary of estimates of total adobe dwell
ings in the United States, plus the number of adobe houses being built
 
each year.
 

Conclusions
 

An estimated 176,000 adobe homes stand in the United States today,

sheltering half a million Americans. Ninety-seven percent of these dwell
ings a-e found in the states of New Mexico, Arizona, Texas, and California,

with the other three percent scattered among the states of Oregon, Idaho,
 
Utah, Nevada, and Colorado. 1560 new ad)be homes are being built each
 
year. The State of New Mexico is the largest producer and user of adobes,

and contains within its borders a third of the adobe dwellings in the
 
United States. Ten percent of the homes built in 1980 in New Mexico were
 
made of adobe (although 3 percent is a more reasonable longer term aver
age). The percentages in Arizona, Texas, and California were 1%, 0.1%,
 
and 0.09%, respectively.
 

The use of adobe has decreased steadily since the end of Spanish dom
ination in what is now the southwest United States. Although the total
 
number of adobe dwellings has increased in the last twenty years from
 
154,000 units in 1960 to 176,000 units in 1980, the percentage of adobe
 
homes over the total number of homes has continually decreased. Only in
 
the State of New Mexico has the percentage of adobe homes being built per
 
year increased. By 1970, the percentage of adobe homes being built com
pared to conventional houses had dropped to two percent per year in New
 
Mexico. In the following ten-year period, however, the percentage

increased slightly to three percent.
 

Itwould be improper to view these figures as anything more precise

than a first estimate. The difficulty in p-oviding this sort of data lies
 
in the fact that the statistics are cumulative. Assumptions are generally

made on the conservative side, but much more analysis would need to be
 
done, including a careful census, before more confidence couil be assigned.
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The fact does emerge that substantial numbers of homes in the United
 
States are being built of adobe. The trends, certainly in New Mexico and
 
Arizona, are toward steady or even increasing absolute numbers each year,

although the percentages vary. Solar thermal applications, now being
 
researched or experimented with by individuals, promises to make the use
 
of adobe with passive solar heating more and more popular. The prognosis

for the use of adobe is positive.
 

Thus, it is important to note that the areas of greatest use of
 
adobe also are areas of seismic risk. A significant portion of the states
 
o1 California, Arizona, and New Mexico lies in zones designated is seismic
 
r sks by the U. S. Department of Agriculture's Farmers' Home Adrinistra
tion and by the Uniform Building Code. Seismic zones 2, 3, anr 4 are con
sidered unsafe without specially engineered construction. While Texas
 
contains only zero and one zones, New Mexico's large population concentra
tions lie in a #2 zone. Half of Arizona is rated #2, and southern Cali
fornia is divided between zones #3 and #4. In this light, the increase
 
in total number of adobe houses and in the number of people housed within
 
gains immediate significance. From visual inspection of th2 FAHA map,
 
one would estimate that at least 50% of the adobe homes in the United
 
States lie within zones nf seismic risk. This represents a quarter of a
 
million citizens housed in buildings which are vulnerable to seismic
 
activity.
 

It is of paramount importance, then, that considerition be given to
 
retro-fitting those dwellings already constructed to protect the inhabi
tants, and to devise technology for future construction of safe adobe
 
homes. Since many adobe home owners and builders ar! among the less
 
wealthy portion of the nation, these retro-fitting and new construction
 
techniques must be economical in cost and practical in nature. Such
 
technology would be of use not only in the United States but to the half
 
of the world's population housed in adobe structures.
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ALBUQUE QUE
 

Number of Percentage ofNumber of adobe dwellings homes built
Total number Adobe 0 adobe 
 built per year 
 per year which
 
PO _ultjon 2oof total
of dwellfnqs.... dellinas I durina decade were adobe
ill/1/!/11!! i7777l/!T// 
 -71890 3,785 82 01 56 4 60 / 
 7 0 1t
 

190 6,238 7,435 1 45 650 L.........20... 30
191o - l,1, . ,020 050 30
I 3737 950o i !-, 27
 

151157 27 
 - 100o ,,220,

73F 25,J70 5,10 1 8 
 7005
 

194 35,449 I 8,147 14 I1115S

' " " -70 
 3
 

1950O 96,915 .5562 I 6 I 1 860

190 7,1~g 
 0 2 3 18LL1O
 
19701 315.774I 98538 3 I 110 
 3
 

19801 323,837 132,267 2
3 50103
 

TABLE 1. Albuquerque Statistics 

,Extrapolation fr= 
state ratio of houses :o population.

;I919 Sanborn .mao estimate. 
Blanks denote net reduction 
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- -______NEW MEXICO 

Number of Percentage of 
Number of adobe dwellings homes builtTotal number Adobe "v adobe built per year per year whichPopulation 1of dwellings of. totaI dw111nqs dur n decad e I were adobe 

1850 61,546 13,5 
 97 , 13,050
 

1860 93,516 21 0 0 0Z 95 19 ,95r90 9. 

1870 91,7 . 21052 . 94 19800 .
 

18801 19,565 26311 89 623040 70
 

1890 160,282 34,671 85 29,500 600 72 

1900 195,310 1 4903 80 3S,900 120a 
 is
 
1910 327,301 1 75,882 71 1 900 
 1 ..
0..8
 

1920 360,350 1. 78.024 
 63 j 49,000 

19301 123,317 1 92,530 50 46,3O f  ' 

1 W 10 53 5,00 - 719401 531 ,318 lS4,642 34 -48,900 I 

19501 i1_,187 199,706 ,25 51,100 
-I5.? 1 02, I4 

1960 291,97iT 19 20
 
-51.073 


19701 1,019.060 325,752 , 16 53,500 
 170 2 

i9029 68I 503,675 I 2 I 59,000 .2
 

TABLE IT. .4.M. statistics 

"Population" ind 4Total dwellings" figures without subscrhots ire t.ken frim tile U. S.
Bureau of Cansus
 

"ellings occupied by "-nite and free colored' populace - U. S. Bureau,:stimated f".m 1870 census. 
of Census. 

31anks denote net reauc:ions. 
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ARIZONA
 

Number of Percentage of 
Number of adobe dwellings I homes builtTotal number iAdobe adobe built per year i per year whichlovulation of dwellinas ;of total dwellnqs durina decade were adobe 

1850 No census 7 / 1 777 

1860 No census 97 

9765880 2,227 

880~ 40 9033 78 0 4_0 77 

1890. 88,2,3 13,338 
 69 3.200
 
1900! 122,931 28,763 4 1400 0 


1910 204,Y4 5,386 220.4000 
1

19201 33. T6Z I 73,673 35 25,100 
570 20 

1930)
M___ 435,573 98,633 29 28,500 

2__50_1__0 

250 

14] L 499,261 j 
__ _____ 

147,079 2121 07900 240 

19 0 7,9.587 240,750 34,700 370 4 
~520 

1960 1,302,1.1 . 415,834 A00t00 3 

1970_ 1,770,900 584,171 7 43300 340 2 

10/ 2,717 866 1,110 360 / 4 4,860,.30 1 

TA8LE 111.
 

iRailroad arrived inArizona in 1880's bringing 
 nglos and new building matarials.
 
ucson ar hitect/engineer, E. 0. Herreras said Tucson has aooroximatev 1,000

adobe homes in 1980. 1980 census figures list 138,211 dwellings 'n Tucson.
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TEXAS
 

Number of Percentage of
Number of adobe dwellings homes built
!Total number Adobe adobe built per year
Z per year whic
P laton of dwellings of total doe II1ng during decade were adobe 

35 212,592 27,9g8k 
 7 19600 
1860 604,215 92065, 60 3 ~3,560
55200 5
 6
 

- 1,i560 
 31

1870 818,579 804,420141,685 50 70,800 
 0
 3 0

'18 S,49,749. 287,562 40II n. 
 ... 

1890 . 2 ,375,527 402,422 30 .....
707
 
1900I3,48,710 575,734 20 0
 
91O0 3,396,542 
 779 177 10i 
 0 

:1920 40 3 894 
 66966300
 
11301 5i82 715 1,287,876 I7 3
 

;1940 1,146,82 _26,384, 302.5

1g50, 7,711,194 i2,39,338 

I L 6,600 II il I l 5 0 

!196029,579,677 I 3,1530127 . 
i2 2179 t . Lj2 9 . 02 0.a l 73 30 ,500________________________________________ 

198014 22S,83- 5,534,490 
 0.6 3 25 . 1
 

TABLE IV.
 

z"White and fr-. colored" populace according to Census Bureau
3U. S.victory in Mexican War in 1946 brought large Influx of Anglos.
.Census data not availajble. 
 1850 and 1870 dweellings per capita used for extrapolation.
Alamo battle in 1836. 
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CALIFORNIA
 

INumber 
 of Percentage of
INubr of adobe dwellings homcs builtToatal number Adobe % Iadobe built Per yearPplt io of dwellings lof total deins per year which
durng d,,cade were adobe 

1g90 4T _92,5971j 23 742l 50 ii90
 
0 3
379,994 95,0 "860i 28039
42 39,900 
 300
 

11870 60,247 125,307 1 34 2 00 
 30 
 I 
'80864,59e. 161,0-16 26 
 41,900
 

IRO1,21338 11235 925 18 1112,Sao 6 
..S 1,4A5,053 313 217 i 14 i 43,900 1 4 - / 2 

1101 2,377,1549 .513,4M1 I 4 1 Too . Qf 
'1q0 77.861 4 3 0,46,61 


'9305,677,251 /1 
 2,1131 , I29,100 
' S 
 1 23 

,980 2_,5L p62 / 9,23,290 0.3 I 28,700 

iABLE V.
 

,Census 'inc=qmt. according to U. S.Cnsus 
 ,ur.au.
"Ahlte and free c.or..... oulace icco.ing to Census 3ureau..E.trpolation fr,:m 1850 and 1870 dwellngs per caoita.
Gold r"jsh in1849. 
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1980 ESTIMATED ADOBE STATISrIcs 

Total number 
of 

adobe dwellings 

Percentage of 
homes built In 1980 
whictrwere adobe 

Number of adobe 
homes built in 1980 

New Mexico 58,930 3 530 

Arizona 48,600 1 525 

Texas 33,205 0.1 260 

Califaoria 28,690 0.3 200 

All Other Statos 6,500 50 

Total 175,925 1565 

TABLE VI. 1980 Estimated Adobe Statistics 
L 

,0regon, Idaho, Utah, Nevada, Colorado. 
See calculation fr the "New Mexico" section of this report. 
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EARTHEN BUILDINGS IN SEISMIC AREAS 

Thoughts on the Occasion of the Albuquerque Workshop
 

May 24-28, 1981
 

Otto 11.Koenigsberger
 

THE LOW INVESTMENT/HIGH MAINTENANCE (LI/HM) SYSTEM 

The problems of earthen buildings are as much social and economical as they 

are technical. 

2 	 The use of earth as a building material was invented by peasants and 

perfected for the needs of peasant societies. 

3 	 It forms an integral part of rural economies and is designed to fit the life style 
of peasant communities. 

4 	 Its main characteristics are minimal initial investments o cash and maximal 

subsequent investment of labour and time in maintenance. 

5 	 In traditional peasant societies, every farmer isalso a house builder. He 
learns the necessary skills in chi ihood while helping friends and relatives to 
builb their houses. His task: as an adult former leaves him time to apply 
these skills to the maintenance of his own hou;e. Agricultural work is heavy, but 

not evenly distributed throughout the year. MAny peaant societies have definite 

periods each year when everybody is busy ho'jse-building or house-rer'airing. 

6 	 Rural communities are usually small. Home.teads,, hamlets, and villages are 

scattered and sufficiently separated fron each other to permit the gathering of 
suitable material for earth building and home repairs without c:,using ecological 
damage 	and often even without the need to ill in borrov pits. 
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7 	 In traditional pesant societies an.d peasant economies, earth building in its
 

various forms is still the best solution of the shelter problem. It forms part of
 

a functioning social, economic and technical system that could not be improved
 

by changing one of its elements alone.
 

8 	 As it is, it is also part of a social language through which rural communities
 

express their aspirations and identities. As Paul Oliver's studies of vernacular
 

architecture in Asian, African and Latin American ;ettrements have shown, 
 this 

language can be of gre-'t sculptoral beauty. 

THE HIGH INVESTMENT/LOW MAINTENANCE (HI/LM) SYSTEM 

9 	 None of the advantages of c-rthen buildings exist in to//ns and cities. Bulk 
materials for construction are no' freo as earth is in the neighbourhood ol villages. 

You cannot make a borrow pit in your own - usually small and always valuable 
building plot and leave it to nature to fill it in gradually over the years. Earth 

has to be brought in from far outside the city. Loading, unloading and transport 

have to be paid for. Far from being free, earth can beccc-ne an expensive commodity. 

10 	 City jobs go on throughout the year. The urban '.orker, the trader or service 

employee cannot count on slack perioJs which he could use to be an amateur 

house builder or repairer. Building in the city isa job for specialists who want to 

be paid for their s"rvices. Despite various forms of self-help, urban hoi!.e building 

forms part of the urban mon. tary economy. Most investors prefer to mi.imise 

maintenance co-ts through the use of more expcnsive but durable /,al I rat.'ralS. 

11 	 The tendency for urban 'iouse builders and buyers to prefer th High Invstment/ 

Low Maintenance Sytem is reinforced by the attitude of hwuning finance institu

tions. Mortyg.ge banks, building societ cs or savins andi Iouri aociations do not 

accept an earthen vall house a collatral for a loan. Public health insrcto's 

dislike it and the building regulations and by-laws of man/ cities prohibit it. 
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12 To sum up, the earth building sy.tem that fits rural living so perfectly, does not 

suit urban condition; and is therefore rare, even in small towns. There are 
however a few exceptions. They are worth mentioning because they illustrate 

rather than refute the foregoing observctions: 

The fint is the city of CUTTACK, the former capital of the State of Orlssa, in India. 
"Cuttack" means army camp. The city grew o' of a temporary military settlement and,

presumably, was not intended for permanent occupations. All walls were made of earth
 
that was dug out of large pits, one by the ;ide of each house. These pit%filled with
 
stagnant water and became breeding places for the vectors o0malaria ond elephantiasis, a 
cheap solution, but so unhealthy that, in ihe end, the Government of Ori-.a decided that 
Cuttack was unfit to remain tha State :apital and built a new city at ncr-rb! 2huhineshwar. 

The second example is a happier story. It is tlhit oF KAMO in N orthern Nt geria. Kano 
too is entirely built in earth ;ind a classical example of the beauty that can be a-:hieved
with this material. The city appears to hove be-en built almsct in .o-i 3o. A p~cverful

central authority saw to it ;hat all borrov pit, were dug ori 
 the peirirmeter of the tightly

built-up are. and combined 
t-forn a deep moat outside the fortificaticns. In the vicinity
of the city jalks, this mo'it was wideneJ to ronl large stepped cisterns whih zo'lect the 
scarce rainwater of th2 city',,surrounJlng_. The Kano houses are buIlt of ,:-arth. They are 
rendered with a mixture of clay, hors, manure, tle po.vd,!reJ pod of the locust beon tree 
and the residje from indigo dyeing which produccs an attr ictive purple-grey colour' 
They have been well maintained for mo-e than a hu;ndred ye.ar-,, prisumably in ftie context 
of the Emir of Kano's strict feudal rule. 

*For details :ee Daldy, A.F., Temporary Buildings in Northern Nigeria, Public Works
 
Department Nig;2ria, Technic-il Paper No. - Lagos-10,- I945 .
 

THE PENUMBRIAL ZONE 

13 Every fast growing Third World city is surrounded by a penumrbrial zo-ie that i$ 
neither town nor villa t,-.It conists par 4/ of villarye- that hive !:een mvu'.fed by 

the fast growing cities (e. . the Korpo.)-iq; of Jokarta) anJ p-, rt1/ by the hut- and 

shanties of nev,'cconers h jv, fc'und no rocm w,,ithio IIh: :it/. Thi:ir h .. .hoId 

economies amid -ty- of livinrj ;re often mixfd. One rnteLr )rthe amily "may 

h, hold urixincycle daily into the :i ,v where an A), while "tht-5 c flinue with 

their accustomed rural o:cupations such us dairy or chicken fatmnj ind "nnrket 
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gardening. Until the density of such settlements has re,:ihed jrban levels, 

earth building ;s often feasible ond forms an importunt stao of thoi 'instalment 

buil ling" system, which is the most frtq jent method for a newco.7,vr to build 

up his family ho-n'* 

14 	 As the inhabitans bezorne more ond more urbanised they have les%and less time
 

for the maintenance of their e:rthen hou-.cs. It should be poisible therefore
 

to interest Iem in iietho:, of makl (.irrjhen walls mor.: durable through
 

stabilization or :1i-,utt:rpr e The penuxrbtial ,:ro.ndcnJ:ring. zzc - a big 

city could therefcre b:1ccXTe aJuiiablh ground for the trcnsfer and ,velopment 

of n :w technol jic . 

"in:- Kcnt bu i , 	 he"The term c! ' coined by late Charles Abrcris for the ubiquitovs 
methodj o m m '. h, Lui Ling which tcr ts with one or two re.yns and odds to them 
Cs th1e o'ner- fortun. Tr've.fir-t inoalnent has fr-tuentl) carthen walls .hichi Th 

era ls.r Ir .J-	 T t
later rep!.ced by m oare 

EARTHEN BUILDIN'GS IN SEISMIC AREAS 

15 	 It follow-. fr,/.,n the fc-r,:rioin.; fhr r resistance of earthe-i buildin,-s 

isa rurl c r r .n h.- Et.,rro'p. rj f (11 :n multibwry d L id ng- of dry 

stone in ,-.- 11h r2 ;r ,, in "o, c:tm. -i ,e .. w, tfr-, .f -m,:f 1 and( 2 f 
other arid r :.; -, ,t :rr! 0rx;.h; lfl/ t)' ffr'rq l 'hi 1telif,!/ n t be zoiled 
"earthen I:,;h ,,"i .' c, t- ,Hr J :,Fr:'2r sturjt.1 

16 	 It srife, ,:nli:,em, hjt r,,: r a e -}i ;, a] ','il led durinj eor h oI'es by the 

debris 	oi collo:-ee'J e--'I~ ",-qlk, 1, ,7f6c-,jlnf Jf ,,i ort e~veiu-lki n:) morn, than 

or eight feet h;:1 --.---- ; y in ,illar ho ,;An . t t",I. ,-roail tlat many 

are injure i cr Ild 1)y '.,, coll pse of the ro,(s and :elling. 1h t nri- tt-r fd 

by tu.h .,aills. 
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17 	 It is the construction of roofs and ceilings that needs urgent attention in seismic 

areas, not the material or the walls. Two lines of approach seem promising: -

The one is the construction oF independently supported roofs that will stay in position 

when the walls colla3se. The British Karakoram Expedition has studied example; 

of such so!utions in the Patton Valley oV North-Western Pakistan. These could 

well form the starting point for u pro iramme oc reseirch into constructions of this kind 

for different climates and different lo:ally available materials. The other is the 

production of rigid light weigY roofs that stay in position even if the supporting walls 

are partly distrayed or cause little harm if they slide to the gro'jnd. This second 

approach might have to jo beyond the investig:tion of conventional methods and 

include new light weight conpoijnds and ways and means of mak'ng them universally 

and cheoply availcblV. 

18 	 Rurai communities ha,,c no difficulty in re-building or repairing earth walls that 

hav2! been damaged by eartthtuakes. Attempts to strengthen such walls through 

stabilization would tend to ;low down or delay the rebuilding. Moreover, such 

attempts mioIht well increas,_ rather than decreose the danger to life and limb of 

the inhabitants. Ordinary oirth,.,,-lk tend to curnble on impoct. Stabilized 

walls may br(-k up in !arger pincc; that could do greater dornag(,. 

19 	 Wh.3t een-. ne eded at this stage isthercfoe a major effort to find and davelop a 

ch,,mp liqhtweight roof for seismic areas that isaccessible, or can be made 

occesibh, even to the poorest of the poor or e!se d-2;ign additional roof supports 

that can be built into existing houses. 

London, May 1981 	 Otto H. Koenigsberger 
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SOCIAL AND ECONOMIC CONSTRAINTS TO MODIFICATION 
AND OBSTACLES TO TECHNOLOGY TRANSFER FOR MAKING 
MUD HOUSES RESIST1ANT TO SEISMIC FORCES.
 

By 

G.C, MATHUR, 
DIRECTOR, 
NATIONAL BUILDINGS ORGANISATION, 
(MINISTRY OF WORKS AND HOUSING),

& 
U.N. REGIONAL HOUSING CENTRE, ESCAP, 
NEW DELII-110001.
 

ABSTRACT: 

Great significance is attached to improvement of mud
 
houses in developing countries particularly in areas which
 
are subjected to earthquakes. In India over 72 per cent of
 
the dwellings employ mud as principal building material and
 
two-third of the country lies 
in seismic zone of moderate
 
to severe intensity. Construction techniques for imparting
 
greater earthquake resistance to mud houses and buildings

have been briefly described, Social 
 and economic constraints
 
to improvements of mud houses and obstacles to 
transfer of
 
technology have been indicated. Appropriate technology
 
being propagated by N.B.O. is briefly described.
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SOCIAL AND ECONOMIC CONSTRAINTS TO MODIFICATION AND
 
OBSTACLES TO TECHNOLOGY TRANSFER FOR MAKING MUD 
HOUSES RESISTANT TO SEISMIC FORCES.
 

An abode to live in ought to fulfill the basic requirements of
living particularly that of structural safety and protection from
natural disasters like earthquakes. 
As such the proverbial 'mud-hut'

which abounds in developing countries symbolising simple way of life.
needs to be upgraded by application of science and technology to 
serve
the modern requirements of living as well as to 
resist earthquake

forces to the extent possible.
 

MASSIVE POPULATION AFFECTED
 

It has been estimated that in India, as 
per 1971 Census there
 was a total housing stock of 93.0 million dwelling units in the rural
 
areas. 
 Out of this 72.2 per cent of the dwelling units i.e.,
million, employ mud as 

67.1
 
the principal building material, parLicularly
for walling in one form or the other 
 Taking an average of 5 6 persons


per dwelling unit, the total population in India living in mud houses
amount to 376 million. 
It is evident that to meet the modern requirements of living, the mud houses needs to 
be upgraded with a view to
improving its performance, particularly from the point of view of
 
durability and resistance to earthquakes.
 

Considering the fact that a large majority of population in
India, as in other developing countries, lives in mud houses. there

is great need to undertake intensive research and development work to
evolve appropriate technology for improving mud houses including itsearthquake resistance. 
However, uptill now not much attention has
been given to 
this problem and mud houses continue to be vulnerable to
various hazards, including destructive effects of earthquakes thereby

endangering the lives of millions of people.
 

The gravity of the problem is not realised until a major earthquake is st:uck, when people think seriously about this problem and
lament. 
 Great importance should, therefore, be attached 
to creating

social awareness of the problem and for taking preventive measures 
to
avoid loss of life and property. 
 In this work great significance is
to be given tc improvement of the technolog;y of mud houseq in order 
that they resist earthquake forces adequately.
 

It is equally important to draw up a program.xe of preparednessto meet the eventualities so that soon after the earthquake is struck,re-construction programme could be undertaken with utmost urgency
speed. In fact the reconstruction programmes 

and 
provide an opportunityto take advantage of improved technology of construction of mud houses
and buildings 
to resist earthquake forces adequately. It is often
 seen that rich opportunities are not fully utilized as due to exigenciesof situation, reconstruction programmes cannot he delayed and traditionaltechniques, that are deficient in many respects from earthquake resistantpoint of view, are per force adopted. Such a situation should be avoided 

by advance planning.
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MUD HOUSE TYPES
 

Several types and modes of construction tiive been adopted in
different parts of India for building low cost houses and buildings

using mud as a principal building material. 
Several local variations
 
are noticeable in the construction techniques depending upon the
 type of dwelling including the size of 
rooms and openings, the

characteristics of soil, the geographical requirements such as 
extent

of erosion from rainfall, subsceptability to 
flooding, vulnerability
 
to cyclones and earthquakes. etc
 

Basically, the use of soil Is made for construction of walls

which are either non-load bearing or load bearing. Cften the founda
tions, plinth and superstructures are made of the local soil. The

roofing may also consist of mud construction or other types of tradi
tional roofing such as use of grass, thatch. palmyrah leaves, clay

roofing tiles. etc.
 

SEISMIC RESISTANCE 

In India almost two-thirds of the country lies in seismic zone
of moderate to severe intensity. 
 In the past, several catastrophic

earthquakes have struck causing large scale damage and destruction to
houses and loss of many lives. 
 The human habitations both in urban
and rural areas, are becoming very dense and congested due to fast
rate of increase in population, which is of the order of 2.5 per cent
 per annum. 
It is, therefore, becoming increasingly important to 
ensure
that in the event of earthquake damage and destruction to houses should

be minimised to the extent possible. Obviously the mud houses which are
in existence in large numbers, particularly in the earthquake zones,

need to be strengthened to resist earthquake forces adequately and in
the construction of new houses using mud, due attention should be given

to improve its resistance to earthquake forces.
 

DESIGN AND CONSTRUCTION OFMJDWALLS 

In olden days some 
traditional types of construction technologies

had been developed by adoption of which earthquake resistance houses
using soil as a building material could be made more resistant to
 
earthquake forces.
 

For example, in the State of Jarmnu & Kashnir in India, whichlies in earthquake zone V (severe intensitv) in the construction of mudhouses the traditional method of 'Dhaji Diwari' technique Is adoptedto minlmise the destruction during earthquakes. The method of
construction :omprises of making in-built timber frame constructionwith diagonal braces in the body of the mud wall.,s, which imparts ',renter 
rigidity to the structure. 

In Assam, which also lies in earthquake Zone V (se-vire Interiftv)the systen of '1kra ' walling I ! adopted, which resi sts earthrltiako forcesadmirably. This structure itI light cOrnpr I ing of tim ber frame conA riction with in-fill panels of reed or split bamboos having mud pla';ter on 
either side.
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In other areas in earthquake Zone IV (moderate intensity),

twigs and branches of trees are incorporated in the mud wall by
 
way of reinforcement to offer greater resistance to earthquake.
 

Instead of using lumps of mud for construction of walls.
 
use of sundried bricks is made for masonry work or rammed earth
 
construction is adopted which provides better performance in the
 
event of earthquake.
 

In addition to tue above, some traditional design and
 
construction practices pertaining to 
height thickness and length
of walls, distribution ,ofroof load 
on walls, placement of openings

for doors and windows Liwalls, etc. are 
in vogue which are based
 
on considerations for imparting greater resistance to 
earthquake
 
forces.
 

In olden days use of 
sun dried briJ's was also made for

construction of domes and vauits, taking advantage of arch action

for resisting horizontal forces which are 
a major cause of destruc
tion during earthquakes.
 

It is necessary to scientifically analyse these construction

practices in 
terms of their behaviour during earthquakes to identify
and also evolve rational design and construction practicer that are
 
economical for wider adoption.
 

ROOF STRUCTURE AND COMERING, MATERIAL 

The structural behaviour of the roof over-the-head, including

the covering material and the supporting structures for the roof

have great ;ignificance in the design and construction of earthquake

resistant houses and buildings.
 

Thatch roof is most coumaonly adopted in India and light structure for supporting roof structure 
tranrfers the roof load to

mud walls in a manner that in the 

the
 
event of earthquake least damageand destruction is caused to the mud walls and by preventing their
collapse, injury to the Inhahitants is avoided 
 to the extent possible. 

Light roof coverings of shingle or wood Vneer!; having lightstructure of timber for supporting the roof ar(- con!-tructed in areas
 
prone to earthquake of noderate to severe inten!; Ity.
 

Sloping, roofH are made of clay tile covering; or stone slates are more vlnerable to earthquake ' )rcet; a, tie ti le,; anid .1ates are 
easily d islodged.
 

The use of roof ing s;heets .;uch a!; galvani;ed Iron !he:etfi andasbestos heet, over proper supportL I-n ;tructurv offer better re.s is -
tance to earthquake forces as sheetsthe are light and in the event of
earthquake they may be dinlodged but they do not fal1l!.n immed'atcly. 
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However, flat roof construction using mud as a roofing material

is also adopted in earthquake regions. 
The roof is generally
constructed with timber rafters spaced at 
short intervals on which
wood flats are placed to cover the gap. over which a layer of mud is
spread to form the roof covering. 
Tnis type of roofing also offers
better performance during earthquakes as 
it prevents the collapse

of the entire roof and only portions of it are damaged.
 

RESEARCI ON MUD HOUSES 

Mud houses are built by people themselves through self-help.
Mud or soil that 
is locally available is the principal material for
construction particularly for walling. 
 Thatch, jungle wood and bamboo
are often procured by the people from nearby forests at very little
costs. 
As such low cost mud houses can be said 
to be in a way "no
cost" houses. However, such houses require frequent repairs as mud
walls are damaged due to heavy rains and thatch is required to bereplaced due to decay and 
is vulnerable to 
fire. As a result of
research and development work undertaken in 
India, simple and
inexpensive techniques for protecting mud walls and extending the
service life of thatch and minimising fire hazard are being widely
propagated 
 by National Buildings Organisation, New Delhi, India which
is also functioning 
 as United Nations Regional Housing Centre for ESCAP. 

SOCIAL AND ECONOMIC CONSTRAINTS TOM1ODIFICATION 

In any large scale programme of improvument of houses particularlyto improve their earthquake resistance of mud husesi, which are existingor are being put up in large nurmbers it i; important to identify socialand economic constraints which come in the way of modifications evolved
as a result of research and development of 
 science and technology.Figure 1 presents important social and economic constraints. The social 
constraints3 include: 

(a) L,tck of Awareness5: A vast majority of population. particularlyin the low income group!;, i obliviou.; of the potentiali hazards to bousesand buildings in the event of earthquake!;. It Ij neces,ary to bring hometo them the Implications of earthquake di;astern and thf! d1fficulties;and costs involved in undertakins 1large s3calle re-ccnstruction work.Information about part ca:se histories) of incidence of earthbqua ke damagescan be an ev(, opener in creating in iniwarene!,;; for effecting;improv(-,wmti 
 to their e: 1sting hou;e, ind for buildin, more earthquake
 
resistant hou005.. 

(b) Artitrilinal Chatn.t. li ma.,; o I p ,jI at Ion , 1arge', vtradition hound .'.nd otfr. res;1I-t;nct- to chiariv, dut, to ,''vr linhibltL fog t c irs. Thro,, I111 ';,1fi1 1t) Ion )) I fto-mat Ioon, , per ;onalcontact,; and :moLt ;: :(:tion attitud inal (Ltgsi hIve to ho broughtabout ,,o that toe p'opie bncom rw;inilvfv to icut. ion', r,quiredto make huildin ,,;and o sleio',; : or, re',s ai[ ce, e.rtoq k frc,. 

(c) Illitiracv: 1.arge, popul.it- In it d."v .loptni' countr les1 Innot literate. As, such thv are ,unable to ipprieclate s;o-retific and 
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technological developments and the advantages accuring thereof.
 
Their backwardness can be substantially eliminated through a
programme of literacy. Emphasis would have to be laid on non
formal methods of education and greater importance would have t

be given to audio-visual media in imparting education and preseiting information regarding prevention of damage and destruction
 
to earthen houses and buildingi most commonly built by them.
 

(d) Lack of Motivation; 
 Unless the people particularly in
the low income groups, see for themselves benefits accuring from
proposed modifications to the existing houses or in 
the construction

of new houses to improve their performance in the event of earthquake

they do not come forward to adopt improvements. It is 
 therefore
 
necessary to motivate them so that 
they themselves are willing to
adopt improvements and this calls for a programme of motivation
 
through several means,
 

(e) Lack of Community Action: It is often seen that individuals may not come forward to accept modifications to safety of houses in
the event of earthquake. However, community action 
can be taken
advantage of to bring about des ired 
improvements. 
For this the local
community organisations would have to be activised and the local

leadership appropriately oriented. 
 This will greatly promote the
programme of housing improvement through mutual help and cooperation. 

The important economic constraints to modlfcation include: 

i) Acute oovertv: In most developing countries a vast majority
of the population lives below povery line and thei'" consumption level
is belov subsistence level. They have per force to stay in improvised
shelters made practically at no 
cost using locally available materials.
Poverty is the predominant inhibiting factor which makes them averse 
to any modifications to improve their houses.
 

ii) Poor occupational base: There are several factors whichcontribute to poverty and Important among them is the poor occupational
base on account of which the poor have no option to increase theirlevel of income; without which it is difficult to undertake any
effective programme for Improvement 
 of cxisting houses to withstand 
earthquake forces. 

IlI) L.ack of Credit Worthine! s As poor people and those inthe low income groups have hardly any as;ets or very low assetsthe form of land and ho', os, they are not in a position to borrow
ia 

any money from credit insttitutlons like Bank; Cooperatives etc. forimproving the earthquake re,!;:tance of their housve;. Enlemt t'hey are
able to procure ;ome finances at low ntereost rat ,,' thfey will ") t
be able to adopt appropriate modification!,, 

iv) Non-availability ofMateriali: Often Improved constructiontechniques involve ofune specific types of materials, products and 
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techniques. Non-availibility of such resources as well as appropriate

skills prevents adoption of modifications. Even though these may be

available obviously, some extra cost may be involved in their adoption

which the poor people are not in a position to afford.
 

Although research and development work to some extent has
 
been undertaken to tackle technological problems of improving the

resistance of mud houses to earthquakes, not much research and
 
investigations have been undertaken. 
To eliminate or reduce the
impact of the social ard economic constraints to modifications as
 
mentioned above, there is great need to undertake studies in order
 
to investigate and establish the relevance of technology in terms
 
of social and economic change.
 

OBSTACLES TO TRANSFER OF TECHNOLOGY
 

The vast majority of population who live in mud houses are

tradition bound. 
 They have been adopting age old techniques for
 
building their houses using the local soil, 
 In order to improve the
durability and performance of mud houses, particularly their resis
tance to seismic forces, some 
innovative techniques of design and

construction of houses have been evolved 
 which have been briefly

mentioned above. 
The work involved in transfer of technology is
 
faced with many obstacles arising mainly out of 
-


Ca) the extensive area 
to be covered as human settlements
 
are scattered far and wide and many villages are 
in
 
remote areas;
 

(b) the villages to be reached are colossal in number as 
in
 
India where there are more than 7,000,000 villages;
 

(c) a wide variety of climatic and topographical conditions
 
are to be encountered which have reachingfar Impact on 
the type of houses and materials used for constrvction; 

(d) lack of awareness and non-availability of required 
technical know-how and skills as 
regards improvement of
 
seismic resistance of mud houses;
 

(e) absence of financial and institutional support to 
promote improvements in mud houses etc. 

To surmount the obstacles a comprehensive programme fort-ansfer of technology therefore needs to be evolved to bring about
improvements in mud houses, The ingredients of the programme and
their interaction are illustrated in Figure 2 and briefly described
 
hereunder.
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i) Providing Incentives: Motivate the rural people in
 
improving their mud houses for which greater awareness regarding

the draw backs of dilapidated mud houses and structural defi
ciencies of such constructions and possible damage to 
these in
 
the event of heavy rainfall, earthquakes etc. should be brought
 
to their notice.
 

ii) Provision of Financial Assistance: Financial assistance
 
to the villagers for improving their houses could be in the form
 
of subsidy or loan on easy terms. Instead of this required

building materials could also be supplied 
to them if possible free
 
of cost or at low cost.
 

iii) Technical Guidance: Technical guidance in adopting

improved mud construction techniques by dissemination of informa
tion, demonstrations, exhibitions etc.
 

iv) Demonstration Projects: Demonstration rural housing

projects should be taken up to create an 
impact of improved mud
 
construction techniques so that 
the villagers can appreciate the
 
proposed improvements.
 

v) On-the-job Training: On-the-job training should be 
imparted to unskilled and skilled villagers in the techniques of
 
improved mud construction.
 

vi0 Organising Communication: A proper system of communi
cation e. een 
research and development organisations and the

villag.a conrmunity should be established to bring to them the 
potencialities of new construction techniques for 
improving mud
 
houses.
 

vii) Institu,:ional Support: Institutional arrangements
should be made to organise, support and propagate improvements in
mud construction and for channelising necessary financial and 
technical assistance.
 

viii) Undertakin- Research and Development: Research and
 
development work should be undertaken 
 In tackling local problems

that are involved in effecting improvements; in mud construction
 
in different regions.
 

APPROPRIATE TFCHNOL.rY OF I!PROVED .11'1D HOI' E: 

The National Buildings Organisation New De)vlhif which isalso U.N. Regional Housing Centre of ESCAP has !.volved a typical
design of an improved low cos;t mud house as shown in Figure 3
and which provides a plinth area of 20 sq.m. having; one room, a 
separate kitchen and a platforn. A built-in latrine and a 
bathing place i,; also provided. The house i, intended for the 
landless rural famile:; whose number 1:; es!;ttmated to be 17.6 
million in India. Each of thene families; are being allotted 
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100 sq. yd. plot of land free of cost for putting up a modest house
 
largely through self-help making improved use of local materials
 
like mud.
 

The walls of the house are to be constructed with sun-dried
 
bricks produced from the local soil which improves its structural
 
performance including earthquake resistance. Also waterproof mud
 
plaster is to be applied on the walls to protect the mud walls.
 
It is prepared by mixing upto 5 per cent bitumen emulsion with
 
ordinary mud plaster with straw and cow dung. To prepare bitumen
 
emulsion 80 per cent of 80/100 grade bitumen is mixed with 20 per
 
cent keroscene oil and creosote oil and heated upto 1000 C. One
 
per cent wax is also mixed with kerosene oil.
 

The roof is made of thatch over supporting bamboo or timber
 
structure. For reducing fire hazard the top and bottoms surface
 
of the thatch are plastered with bitumen stabilised mud and a
 
solution of bitumen is prepared by adding one per cent of hot melted
 
bitumen into 2 per 
cent of kerosene oil and stirred. One coat of
 
this emulsion is applied by brush on the top surface of the well
dried and plastered thatch. The treatment is allowed to dry for
 
three to 
four hours and then the second coat of this emulsion is
 
applied.
 

Other methods for imparting greater earthquake resistance to
 
mud houses have also been suggested. These include bamboo reinforced
 
mud construction, use of stabilised soil blocks for construction of
 
walls, construction of walls with bamboo frame and mud-in-fill
 
panels etc.
 

DnONSTRATION HOUSING PROJECTS:
 

Several measures have been adopted for transfer of technology
 
particularly in the rural areas by the National Buildings Organisation
 
and its Nine Regional Rural Housing Wings which are engaged in promot
ing improvement in design and construction of rural houses. Clusters
 
of 20 demonstration low cost houses have been put up so far in 36
 
villages in different regions in the country having varying climatic
 
conditions with a view to motivating the rural people In adopting
 
appropriate technology largely for building more durable and earth.
quake resistant low cost houses based on improved use of local materials 
such as mud, bamboo, timber, thatch, etc. and self-help building methods. 

The basic principles of design and construction of earthquake 
resistant houses and buildin,-s have been widely propagated through a 
movie film 'When the Earth TLcrnbles' and 'For You a Cheap House' the 
production of which was sponsored by N.B.O. A number of T.V. and 
radio programmes, desmonstration and exhibitions have been put up to 
widely propagate appropriate techniques of construction of mud houses 
which may offer greater resistance to seismic forces. 
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THE CULTURAL CONTEXT OF THE USE OF ADOBE AND OTHER
 
EARTHEN BUILDINGS
 

Kamil Khan Mumtaz
 
BKM Associates, Lahore, Pakistan..
 

ABSTRACT 

The general context is established in terms of the characteristics of earth and thedeterminants of tht choice of materials and forms for earth buildings. 

Examples of traditional uses illustrate appropriate forms and techniques, evolved
in relatively static cultures.
 

Finally, the introduction 
 of new forms and techniques is discussed in relation totheir acceptability in a changing cultural context. 
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INTRODUCTION 

The context in which adobe and other forms of sun-dried earth is traditionally used in buildings, ispresented in this paper with particular reference to two countries - Ghana in West Africa and Pakistan in the South Asian Sub-continent. 

The general context is established in terms of the physical characteristics of earth and the social,economic and material factors which influence the choice of this material and the forms in whichit is used for building. These are illustrated by examples of traditional uses, mainly in a rural context, in Ghana and Pakistan. A few examples from both countries, of the introduction of newforms and techniques, are included to raise some of the issues related to the context of culturalchange. But 'he questions of 'acceptability' are not analysed here in any detail as they belong moreto the discussion on problems of programme implementation and future directions in the use of
adobe in building. 

GENERAL CONTEXT 

The chief advantage of earth as a 
usually costs nothing more 

building material is its low cost. Indeed wherever it is available itthan the labour required for its preparation and placement. A secondadvantage iE the low level of skill & technology required for its use in construction. Earth construction often ,Lquires no more tools than a spade and a bucket. Similarly the cost of repair and maintenance of earth structures is nominal and does not usually require the employment of specialistskills. However, it permeability to water makes it an impermanent material in wet climates. Furthermore, its permeability to pests and its structural weakness impose certain limitations upon its 
use in building. 

As will be evident from these characteristics, the choice of earth as a building material will normallybe determined essentially by its availability and considerations of costs, compared with other alternatives, and of available technology and skills. After air and water, earth is of course the most abundant of mateials. and wherever it is available at site it is practically free. But in many situations,for instance along sandy coastal and rocky or wooded mountainous areas, or indeed in built-up urban centres, it may be either not available or way be available at distancesome from the site. Insuch situations timber or other available vegetation (bamboo grasses, reeds, palm fronds etc.) 
 or
stone, or even throw-away industrial products like packing material, (plywood, plastics, boards &
sheets) and abondoned 
 or unused existing buildings, may provide a more attractive source of build
ing material. 

In any case where it is available, it will normally be used for building if cost represents an importaitconstraint, or where consideratioas of cost out-weigh the disadvantages of water and pest penetra
tion and impermenance. 

An important determinant in 
especially in situations where 

the choice of earth is also the level of skills and available technology,
cost constraints are critical. Labour, skills and technology which thebuilder himself does not possess have to be p,,id for in cash or kind. In subsistance economies, or insocieties where labour and goods are exchange by barter, traditional

be acquired skills and labour can usuallywithout any cash outlay. But industrial products or skills on the other hand often become inaccessablc not only for lack of effective communications and distribution or marketing but
also because they must be bought with cash. 
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Another factor determining the choice of earth is time. That is, the expected or desired life of a 
building. The life of earth buildings, especially under wet conditions, is relatively short. However 
not every building needs to be designed for a long life. Conditions of high mobility (as in the case 
of semi-nomads, rural & urban migrant labour), or insecure proprietorship of land often require a 
temporary structure which can be put up with little or no money and can thus be abondoned if 
necessary without much loss of invested capital. Alternatively buildings which could be convenien
tly modified in time - added to or changed - also have a distinct advantage in many circumstances. 

In dry climates of course earth structures are known to have lives of a hundred years or more. Un
der these circumstances even buildings normally associated with long lives such as forts, mosques,
palaces etc., may be made of earth. Besides, the thermal properties of earth (high thermal capacity) 
can be a valuable assets in extreme climates, particularly in hot-dry desert climates, where it is of
ten useu in massively proportioned structures which provide evenly comfortable interior environ
ments in climates with high diurnal ranges of temperature. In warm-humid climates however with 
low diurnal ranges, structures with l3w thermal capacity are more desirable. In these climates 
lighter materials such as bamboo, reeds, etc., or composites such as earth plaster on timber lath 
& frames, are preferred over massive ea, th. 

The forms of earth buildings are natura!ly determined to a large extent by physical factors such as 
the properties of available materials, and the requirements of each climate. But equally decisive is 
the level of social evolution or development and social structure. This last determines both the 
availability of resources (monetary, technical and intellectual) available to a community and the 
functional types of buildings required by it. Mode, of production, social and property relationships, 
political structure and ideology are strong cultural factors which make up the context for earth 
buildings. 

A thoroughly industrialized society, employing capitalist modes of production in industry and 
agriculture generates both the surplus value and the need for an expanding consumer market. This 
environment is not compatible with a subsistance economy and with social ac:ivities which place 
no demand on the products of its industries. 

Such societies can not only afford better than simple mud houses, they ,an not afford 'no-cost' 
buildings. Besides, even on purely technical grounds, traditional earth technology can seldom pro
vide the performance required of most functional categories of buildings in an industrialize society. 

Adobe or earth, as it is traditionally used in buildings, has little relevance in this context of tho
roughily industrialized consumer societies, except as the playthings of rich accentrics or as a poten
tial area of expansion of the consumer market. 

Self-help, no-cost building, with freely available material, and technique,,, re uluirine no imported 
skills, are indeed only relevant in the context of under-development or uneven development. It is 
normally only situations of unifo -m distribution of poverty or of unequal distribution of wealth 
which provide the cultural contexts for earth buildings. Even within such ',jtuation,, in drier cli
mates earth becomes more univerally used by all ectiors of a comnmunity and as a primary mate
rial for all types of uses, and in all climate, it is more frequently used in a nral rather thall an urban 
context. 

In a rural context the anntal cycle of activities related to iwriculturt nclude,, period, of relative in
employment in which labour can be utilized for the consiiction or repair of buildiric,. Thi, coup
led with a near sub,,istance economy in which cash is scarce, lree availability of earth mitl often in
secure or temporary tenure in many rural societies make,, lor condlitions in which the ise of ealth 
for buildinis becomes more Yeneral. 
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In the market economy of urban societies, however, any period of unemployment is catastrophic
and must be utilised in search of employment. In addition, urbanisation, by its ver) nature, usually
closes up the sources of freely available soil, except at the fringes of urban development. Neverthe
less, inspite of the unfavourable context, earth buildings in urban areas are not uncommon, parti
cularly in very dry climates or as a reflection of extreme poverty and insecurity. 

The examples which follow show the variety of forms and techniques evolved for building in two 
countries: Ghana and Pakistan. These examples show that where the determinants remain constant 
for long periods or change very slowly, appropriate forms and techniques are evolved within the 
context of an indiginous culture. When the determinants are modified, by the introduction of new 
resources, materials, skills, techniques, or design concepts and cultural values etc., the indiginous
builder and craftsman often responds in ways which are different from those of a 'professional 
designer'. 
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GHANA FIG. 1 
Mission School, Navrongo 

Under favourable conditions of 
dry climate, availability of mate-
rials, and constant maintenance, 
and with appropriate design, 
earth buildings can serve a 
variety of us:s including multi
storied structures with reason-

OVA 

ably long lives. The Mission 
School in Novrongo (Fig.l) in 
the Upper Region of Ghana is 
a good example of intelligent 
design in sun-dried earth brick. 
This double storied structure, 
with massive walls and arched 

' .. 

openings, has survived several 
decades in the dry Savana cli-
mate aided by regular mainte-

FIG. 2 
Mosque, Ghana 

nance 

Traditional earth buildings in
clude a variety of architecto
nic devices which are em ploy
ed to reflect social igni ficance 
and function. Extra height and 
minerates ,ealy reco.'njsable 
forms in tiie land,;cape or town-

scape, which help identify an imi-
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tical accommodation for each FIG. 3 
of his four wives. Chiefs Compound, Ghana 

In another case, the Yiwasi 
Chief's Compound, the traditio
nal round house form provides . -
an intricate but elegant complex 
of living quarters, grain stores 
and courtyards (Fig.4). The 
basic unit of this cellular struc
ture is the bin-shaped round 
house with mud-pise walls and a 
conical thatch roof. Two or three 
such cells make up a typical . 
family compound. In the exten
de strLcture of a chiefs house- . 
hold a number of family units 
are combined into a series of FIG...: 
distinct courtyards. Access to FIG. ,i 
each courtyard is by climbing Chiefs Cmon -i7as 
with the help of a ladder, aver -. . -
the screen walls. 

The pottery-smooth red finish is 
achieved with a traditional for
mula for Mud plaster which 
includes juices froin the Boabab 
tree. 

Door openitis with low head
room are ,hiaped like larvae key 
holes to admit a Jligh!v crouch
ed adult. Old .iantunlle hains 
provide converiien t col ha- to 
thatched rc) .t-r -r I. \I 

FIG. 5 
Massive hli ii wall,. a erci" or Chiefs Compound, Yiwasi 
coursed ihud pv,,x cmrl iaction. 
buttreses, mleiud pla'ter with 
linger-pattrned decorAm ( Fig. 
6) reflect q, jtrf)jm at(! tradlitional 
building tcchniutuc. ,'.'-Ived with
in a spccitic .ultur,il context 
where earth tI,he principal 
building nla;i i] R. 

In a weiter (molrtu i'amltI% 

used .is I WL0iiit.1try ImAteial3 
wdith ti er io)Vdii+ thn, pri. 

Mary struclt't -li.t aooltare 
replaced by pitcied roots, the 
load of the rool 'tnjctjr( is 
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carried by timber posts and the FIG. 6
 
screen walls can be made lighter Mud Walls, Bole
 
by techniques such as mud nlas
ter on a timber lath(Fig.7).
 

In an area of 'slash-and-bum' 
subsistance agriculture the grain
 
store plays a central role in the 1k
 

family house. 
 k 

The design of these elements is 
determined by their location 
within the building. They may be 
attached to the building for con
venient filling from the roof 
(Fig.8); or constructed as free
standing structures(Fiv.9). In 
each case protection froml damp FIG.7 
and vermin remains the princi- Fetish Priests House,Carpenter 
pal design constraint. 

In a typical Dacati or Lohi house , 
the grain store is placed on a
 
timber raft which isolates tie "
 

earthen bin from rising danIp.
 
A large flat roof provides both
 
protection from rain and a
 
platform for access to the top
 

for fillini, . 

In other areas the grain store
 
may be :onstrujted 'is a free
stand in tructurc LonsistlnF ofi
n 
timber tre.,tlc on which is placed 4. ". 
the earthen bin in i hrtic, con-.. 
ical thatched ,tocarried on a FIG. 8 
nng of timbeor psr, Grain Store, Dagat, & Lobi Houses 

As much isthe !fnn ()1indivi
dual huildinv',, the :ultural con
text determine', he torro of an 
entire vtllilve. (',)n lt rt m , of .,m! 

security ;ni,' lead N,a etleiment 
pattern in ',hlch li wIhole 
villae b-cMit", .1jlwk colllpaLt 
stru ctu re indl~ lu hlc irc u1.ltjo)rj 

is at rot) lcve:l, wvith ,.t(-%% by 
ladder, 1sn olifivw d.()ill," 

of each hoii.,,:-I i,I 10) 

Flifrthernio '.Rit ro()l jt, ;,oic
rally an iiportant u',ble pace' 
in a warm llllimnte 
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As can be expected such a settle- FIG. 9
 
ment pattern is accompanied by Grain Store, Wagawaga
 
appropriate design details for
 
elements such as steps, handrails,
 
and surface water disposal.(Fig.
 
I I) The courtyards in these vii
lages have an ingenious soakpit in
 
the centre, filled with potsherds
 
and finished with a neat outlet
 
at floor level made from the neck
 
of a broken earthen pot.
 

Permeability to water is perhaps
 
the single most common cause
 
of erosion and damage to earth
 
structures.
 

Periodic maintenance thus be
conies an important aspect in the FIG. 10
 
culture of societies in which Roofs, Seripe
 
earth building is traditional. A , .
 
variety of protective mud plaste- .
 
ring techniques are employed, 

and often this is applied by '
 
women.(Fig.12) 


The seasonal maintenance can
become a social event with the AP 

pooling together of skills and 
labour, frequentely resulting in 
highly decorative results. 

Mural decoration may take the 
form of indented patterns made 
by linger in wet pla',er or of 
areas of coloured plaster.( Fig. 13) FIG II 

Roofs Access and Rainwater Spout, Bole 
The indentetc ini'er-pattern is 
believed to tnprove remsita nce to 
erosion by rainwater i it flows V 
down the [ace of the wall. But 'tee 
they are proha bly ued as much 
for their decorative eect ar, for 
other functional re s. I o 

Thle pattern%,, ,yinboks, m-oti:s 
and design sbcheme, of mual 
decoration ,pecilic to each cul
ture must he seen in the context 
of the ideoloey, synmhol,,m and 
value system, specfic to that 
culture. 
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FIG. 12
 
Mud Plastering Sakpa
 

Photo not available
 

FIG. 13
 
Wall, Chief's House, Seripe
 

Photo not available
 

FIG. 14
 
Mural Patterns, Tongo 

Photo not available
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FIG.15
 
Courtyard, Teselima 

FIG. 16 
Mural Patterns, Paga 

FIG. 17 
Mural Zuarungu 
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FIG.18
 
Mural Reliefs 

FIG. 19
 
Plastered Wall, Sakpa 

FIG. 20
 
Play Picture, Kamen Kwesi
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Fetishes, human and animal FIG. 20a 
.igures, gestures, abstract geo- Play Picture, Kamen Kwesi
 
metric motifs, and colour etc.,
 
make up a complex communi
cation system or vocabulary of
 
symbols. These are an import
ant element in the design of
 
woven and printed textiles, gold
weights and murals.
 

A fuller interpretation or analysis
 
of how such values, concepts,
 
symbols etc., are acquired and
 
become part of a collective
 
memory, through rituals and
 
even children's games(Fig.20),
 
and the process of assimilation
 
of new ideas and inages(Fig.2 I)
 
etc., would he a subject deserving FIG.21
 

of tte tio . lPairinng, Sanianak uB t 0'MCC 111ne-Wallof attention. But of' mere ime- Wl mi pSu ni 

diate relevance to this workshop
 
is the cultural context for buil
dings and the evolution of appro
 
priate structural and constructio-"
 
nal fonns and teclnique. amd 4 0 
 t
 

the impact of' technolovical Juin
ge and desimn innovat ion, intro-;
 
duced into the cont'xt of cul
tures which are iien to tho,,e of
 
the technol))ost, and lhs' "
gner. 

Building traditionr, evolved over , .41 
long penod, (Itni, in reLitively -. -

static cultural c01rtru t,,, -1tolvv anl 

architecturall dwio whlch is o- . 

sely ,ntevrt,, inl in harmnony FIG, 22 
with it% e llt nlrnt nuf: .i,.2 1. Village 

All too oftren, however, th lop

ment :ind chlan,!'e r,,c ir.mnnjred 
by dr-ainatic iphtvi,&, ini-vhlich 

is uprootcd 111i rcpl;alc' by Uni
fam iliar patt er , (d itl ihn ,,()I 

r wliving () I hit +i !- ' 23) 
and prtoi'mi mit, miiilv- ".....,...Projects 

ing tecltl ',: IiIll dt ',rln

tile resault, i n dct.'lir 'v'l tl 
beyolnd Ot HuIit,1)11()tj1 P i'4) 

Well irint uril e tu i'in t )
duce desirn. )r tt'Chilllut. to 

http:games(Fig.20


improve the potential of tra- FIG. 23 
ditional materiali, or to re-intro- V.R.A. :Resettlement, Akosombo 
duce traditional forms of buil
ding with local materiali, have 
often becn rc ectCed by while 
improbable int ion-, borrowed 
fromnt~ii / du i~~dci 
turets hAsv been icupteCd by 
societies in tran'.t1tiri. llowce.r, 
these and ol her probleio, )lpro
grammne iapl?21.ltatIoi ,nd of 
acceprabili : !I no dobtt bv 

discussed y otlie r i thI,work
shop. 

ilt;~ 2'. 

Now 
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PAKISTAN FIG. 25
 

Mud Brick Building Site, Dingarh 

Longer durability in the hot dry 
desert climates makes earth the 
preferred material for all types 
of buildings ranging from simple 
peasent houses to forts and 
palaces. 

0 

For the ordinary rural dwelling 
the techniques are simple, and 
traditional house building is an 
activity in which the entire 
family and their neighbours can 
join in(Fig.25). Ocassionally a 
mason or craftsman from the 
town may bring in new concepts 
which can quickly become the 
symbols of "modernity" and 
higher status. 

Y 

________.... 

0 

Ad 

, 

FIG. 26 
be Houses, Phulira 

, , 

ZI 

Familiar building techniques and 
the plasticity of the material 
results in forms which can be 
organically moulded to the chan
ging rythm and cycle of rurallife.¢ Fig.26"[ 

7, 
4-

Inspite of the existance of a well 
developed tradition of adobe 
building or the ruined fort of 
Phulra. in the desert of Cholis 
tan is used is a readicy quarry for__ 
burnt brick tiles, or timber 
beams and doors etc. 

. 

Traditional forms and stnctural 
systems are evolved in confor
mity with the nature of the 
materials and the dictates of the 
climate. 

Chanan Pir, named after the saint 
whose annual feast is celebrated 
by a festival stretching to seven 
consecutive thursdays, is one of 
the few pennanent settlements 
in the Cholistan desert. 
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The domestic architecture of the 
more permanent structures indi
cates a long tradition of adobe 
building. 

FIG. 27 
House, Chanan Pir 

Sun-dried bricks have long been 
used in arid climates for such 
monumental structures as forts. 
In the desert tract of Bahawal
pur a chain of over two dozen 
forts, mostly of the 18th cen
tury, formed a 300 mile or line 
of defence. 

*W.PW" 

Most of these forts are situated 
along the ancient bed of the 
Hakra river. These are all built 
of burnt bricks enclosing a mud 
or mud-brick core. However, 
some, situated deeper in the de
sert are entirely of sun-dried 
bricks. 

t. 

Erosion by water, from flash 
floods, rain or rising damp, 
remains the most serious cause 
of damage to earth structures 
even when protected by a 
veneer of burnt brick. 

Damage by flash floods is of 
course limited to the base. As 
the water washes out the mud
mortar the bricks come loose and 
fall away. Rainwater penetrating 
from the top creates a myriad 
crevices as it seeps through the 
mud-brick core. When the bond 
between the venecer and core is 
dissolved whole sections of walls 
have been known to slide down 

' 

FIG. 28 
Mud Fort, Nawankot 

to the base. 

Added to the ravishes of natureis the immeasurable damtage .':Y.*..ct' 

caused by the hand of man him
self. Thus some of the most im
pressive example , of military ar
chitecture in Pakistan are today 
rapidly crumbling and decaying 
due to inadequate maintenance 
and repair. -k-..-"' --

." 
-.. 

- . 
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FIG. 29Fort, Mirgarh 

FIG. 30o 

Fort, Derawar 
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The largest and still most impo- FIG. 31 
sing of the Forts of Cholistan is Fort, Derawar 
Derawar. Once the stronghold 
of the Nawabs of Bahawalpur, 
its rolling battlements rise out of 
the desert like giant waves, or a 
mountain range. 

The numerous palaces and pavil
lions inside were levelled by the 
Nawab himself to make room for 
parade grounds in preparation 
for the expected Japanese thrust 
in World War II. That was when 
the Nawab was a Nawab. Today 
his State, his privellages, his army 
are gone. And with them the 
camp-followers. The once popu
lous city outside the walls of 
Derawar lies deserted. Soon the 24 
fort too will sink back into its 
native earth. 

While earth building for the j 
poor, in both the rural and urban 
context, survives as a contiauing aJ, 
tradition, examples of earth FIG. 32 
building in the service of the Lake Pavillion, Derawar 
state and the wealthier classes 
are becoming increasingly rare. 

Amongst the few that remain are 
some of the buildings still in the 
custody of the family of the 
Nawabs of Bahawalpur. The lake 
Pavillion in Derawar (Fig.32) 
must be amongst the last of the 
royal structures built in the 
traditional style. It combines a 
simple exterior or structure of 
wood, burnt brick and adobe 
with a lavishly decorated inte
rior. 

As social and property relations 
changed, the rich became the 
first to discard traditional buil
ding practices in favour of mo
dern techniques and materials. 
Many an exquisite palace or 
pavillion, which used mud as a 
primary or secondary material, 

147 



today lies neglected and threa- FIG. 33 
tened with extint;tion. Ladies Pavillion, Dera Nawab Sahib 

The Ladies Pavillion in the old 
garden at Dera Nawab Sahib 
(Fig.33) is perhaps one of the 
most elegant specimens of this 
genre of architecture. This three 
storied pavillion has a timber 
framed structure with burnt 
brick and adobe infill walls, 
finished in fair-faced decorative 
brickwork or a fine mud plaster 
with frescoe decorations.(Fig.34) 

The upper floors are provided 
with airy balconies overlooking 
the garden and the central hall. 
But the ladies of the harem were 
well protected from public view 
behind timber jalousies. 

Among the traces of other royal 
residences that do still remain 
like ghosts and skeletons of once 
impressive edifices, is the Royal 
Tower at Phulra. The remains of 
this lofty seven storied tower 
testify to the degree of refine
ment and sophistication that was 
achieved in the details of the in
terior mud plaster, and finebrick
work laid in mud mortar. 

Each of these forts show evi
dence of some inud brick resi- FIG. 34 
dential quarters within them. Ladies Pavillion, Dera Nawab Sahib 
But most appear to have been of 
a more utilitarian nature and ......... /
were presumably not faced with 
fired bricks. , 

Earthen 
context 

buildings
(Fig.36) 

in 
are 

an urban 
not un- ._'A _" . ;T 

common, particularly in very dry . + 
climates. But it is in the rural 
context that earth building us- . .. 
ually comes into its own, reflec
ting in the diverity of its forms 
the variety of social, economic 
and physical condition, peculiar 
to each environment. 
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The Baluchistan plateau is ext-
FIG. 35 

Royal Tower, Phulra Fort 
remely dry. Not surprisingly 
large sectors even of the major 
cities of this province are of 
adobe construction. The high 
windowless external walls of ] ' I 
massive earth, the flat roofs 
and chimneys a" bear witness 
to the extreme climate and 
social values of this highland -7 
culture. 

A very different forn of earthen 
buildings are the "cave" dwel
lings carved out of tile cumpact 
loess soil on the Pothowar 
plateau (Fig.37) and in the 
North West Frontier Province. FIG. 36 
While being a picturesque re- Mastung, Baluchistan 
minder of human ingenuity 
and adaptability, these dwellings 
are often also indicators of 
extreme poverty. They are nor
mally used by the poorest fa
milies in the Campbelpur District 
of the Punjab or by: outlaws and 
fugitives in the tribal area (it 

the North West Frontier Province 
-

44 

Strong clan affiliations. jealously " 
guarded privacy and blood feud, 
in tribal ocietics produce their 
own unique irchiitccture of clan . -, 

compounids With lp to 20 ftllli
lies within their hi!,h walk, and FIG. 37 
all 'tile acrunient,, of tribal 
warfare - wa tch-tower*,. 'iooting 

Cave Dwellinys, Jallo 

galleries and lop-holc,.(Fig,.38, 

39). 'ach Iouch hd within the% 1, te 
fortified conpoiuid hit, it,, own - . -- - . 
courtyard with rooril ind lean
to ve'rarda , mo ditl , nIt. lltl n- .... , :, xra4 . 

cl'.des a 1)ithroon ind kitchen, J 

The clan ct q)l)iid,, of tle" 
Khyber Aic arcAre oii' t lierm ost ',trikinv +)lt l,.t~ oft, 

' 

mud plise the will, have i , 
coplines hut ciach th)o)r and, 
root i+ rnarL.l hv a projecting 
cornice or niol,,int' in one 
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comer of the compound, usua-
lly flanking the entrance, a tower 
rises one or two stories above the 

FIG. 38 
an Compounds, Dera Adam Khel 

roof. 

The parapets are sometimes 
castellated, adding to the forti-
fled appearance. The walls and 
tower slope inwards, tapering 
towards the top. 

.. 
-

. . .
. -

.. 

1-6 

,- , . 

-

Ow--.- ...- -_, 

In other neighbouring valleys, 
where stone is readily available 4. - " '- -

it becomes the preferred primary 
structural material, sometimes 
bonded with mud morter.(Fig. 
40). 

. , . 

Dara Adam Khel is a unique 
example of an entire valley 
which has preserved a local style 
of architecture with amazing 
purity. 

FIG. 39 
Clan Compound, Bara 

Less forbidding in appearance 
and more intimate in scale, 
the wanner texture of unhewn 
stone in these villgres is further 
softened by the bushy but neat 
copings which top each wall 
and parapet and mark each 
floor and roof... 

: -. 
',, 

. 
. 

' 
.- . 

, , . 
.r 

" 
, 

" 

. 
, 

Topolh.y tromJly influences 
building h,)rIs ()n a sloping site 
tile lower rook provide terraces 
for the hou,,, .bove.( Fig.4 I 

-

FIG. 40 
Village Tandival, Ilashkhel 

Used much like the courtyards in 
tile pl,1111, it I's riot unusuajIl "It , . " - .. ... : .. + " 

harvest time, to , a par of 
diminuitie hill oxen thre,Inp 
corn in endlce; circle, on t 
sturdy terrace,,, 

t. 
,lee 

To the nlort h-ci',t liF. l'c',h wa r, 
in the catch rient o iftt 
Swat, Indhu, ind Jheltinu river,,. . , 'T - - . 

*a, . 
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FIG. 41
 
Village Near Madyan, Swat 

House MIear Kalam r 

j,2 
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FIG. 43
Mosque, Kalam 

4: 

FIG. 43a
Mosque, Kalam 

... 52 



the slopes are covered with 

dense pine forests. Timber na
turally forms an essential part of 
the building traditions of these 
valleys. 

Decorative timber carving artis
try in the handling of structural 
elements and attention to sophis
ticated compositions and care,'ul 
proportioning of every detail, 
such refinements are usually 
reserved for the exquisite mos
ques of this region.(Fig.43) 

The domestic architecture is 
much simpler and more func
tional. The external walls are 
usually thick, rough masonary, 
often reinforced by crudely 
hewn timber sections, or given 
a coat of mud plaster. The roofs 
are invariably flat and made up 
of a heavy layer of compacted 
earth on timber boards and 
joists. 

The ancient technique )f brick 
domes is known but reserved for 
mosques or tombs, and seldom 
used for ordinary dwellints.
(Fi s.44,45). 

Even fairly isolated communities 
are not immu1nl11fe to new ideas. 
Deep inside the Cholistan deiert 
the traditional Gopa, round 
house plan with conical thatched 
roof, is giving way to the rec-
tangular plan torin :nported 
from the adjacent 'developed' 
areas of the P'njab. A ,Inilar 
process of tran. O) n ition can he 
seen ill tile I),t ,onst lction 
(Fig.46): fron c,)wcal thatch to 
double pitched tha;tch Alnd to flat 
roofs em ployin! ,awn timher or 
steel beams imported iron the 
town.(Figs.A7,4,8 . Tli,e tnn,,-

FIG. 44
 
Mosque, Dingarh
 

FIG. 45 
Tomb, Baluchistan 

I -W 

-

. 

FIG. 46 
Dingarh, Cholistan 

, , 
I -
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formations take place "sponta- FIG. 47 
neously" through the agency of Gopa House, Nawankot 
travelling master craftsmen vp, ,,!7 
(mistrees). 

The population of the desert 
region of Bahawalpur is nomadic 
moving with their herds of ca
mels, sheep, goats and cows, 
from one water hole, "Toba", 
to the next. When these dry up 
they move to the semi-perma
nent settlements around the 
wells, or in extreme drought 
to the permanent settlements at 
the edge of the desert. 

At the "tobas" living is in the 
open, requiring no permanent 

FIG. 4h 
Gopa Houses, Nawankot 

structures. 

Occasionally a mba, and more 
often some weils have a "Gopa" 
shelter or two. The traditional 
gopa has a low circular mud wall 
with a gap for the entrance, and 
a domical thatched roof. The 
group of gopas at Nawankot, . ........ 

include a "siamese twin" gopa 
roof on a rectangular room, 
representing~ a stape of' evolution 
towards thc flat roofed rectan
gular form. 

The grad ual assimlilation anid FIG. 49 
adoption of new ideas and tech- Abu Dhabi Quarters, Bhai Khan Wala Toba 
niques by indiginous builders and 
craftsmen is one of the ways in 
which traditional forms of rural 
architecture are being transfor
medi. Another pliellornenon is 
the introduction of designs, buil
ding method,; and matcrialswhich 
are developed "at a distance'' 
Figs.49,SO,5 I ). One of the most M 
bizarre illustration of this pheno
menon are the huildi igs c n,
tructed by the Sheikh of Abt- . 
Dhabi in the desert near Rahin- - "..• " 
yarkhan. The, e itjde neat rows -- " 
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of brick and concrete barracks FIG. 50 
with the inevitable "modem" Mosque, Bhai Khan Wala Toba 
mosque, located at staging points 
along the hunting routes. 

What will be the impact of 
wholesale transplants of 'modem' " 
architecture in the cultural con- " . . 
text of under-development re
mains to be seen. Will traditional Apo; 
societies "buy" improved me
thods of mud buildi:.g or will - . , 
they be sooner "sold" on the 
symbols of modernity represen
ted by reinforced concrete and 
steel. Are "we" any more justi
fied in insisting on the glories , , -. 

of mud in the context of poverty FIG. 51 
than "they" are in aspiring to Abu Dhabi Palace, Rahimyar Khan 
the trappings and frills associated 
with a context of wealth. 
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SOCIAL AND 	CULTURAL ASPECTS OF AN EARTHQUAKE
 
RESISTANT ADUUE flUUING PHRUGRA.I 

DAVID UAKLEY
 

VICE PRESIDENT PADCU INC WASHINGTON DC 

ABSTRACT: 	 Failure to consider social and cultural aspects of 
reconstruction hous.ing can create uuatacles to the introduction 
of earthquake resistt.* adobe. The interveave of' three themes 
is explored: that of iuilt Cauric, that of .ctivit urw 
environment and thiat ol' society ,fld cultur,. Crhjnjs in the 
forms of dwellin s may be more thin .e cu ,uit e,, can Atsor 
after disaster. Prgowjr and de(snlri prep6reurineLs .,aekeu 
acceptance 	easier for helpers and the helped. 
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A URIENTATIG
 

This paper focuOUG on the .Soc±li u.'d re 
Identiul nee~d, cf erthqu~ke
Victims over the long~ term. T05"ie~ll structure~ the phjuicil des~ign ofearthquaike reuintzint =10~ N-n Lu th~e uume cotqrve ju thu "Rerm':iath of'

the diater itoulf
 

A diuaLmtr in an 1nrUtt f.UL) IN 
 MYl* KUV .4 pattn orfu h.a tatt thjt.t 
dWifnes a lucaL ILo a cu::un Itl =nd it.. Uv.ll in~'. HU-vc r , wJ LC Mtructiun ail i nVVtov l cuutL iln VlCAMIS of U~:-~n W2 in pitew .EBut Cu~itIrUit: 1% al"U IPPit"a tO 
LAO 4MU f L, AL ,I: WLtu
 

If cotnut 
 is tu Le at lervu, theni thunuI .4u anint in ILr Wt1Q.t Iof
prugr&,L~ need an "-re us of "at hasL:nt itutW 1.' a LL. . habi tat.The dLeuigi att2.tud in.prelc::'Dly MhA if 'j4q~n mxtm r.ather that)
deuigninqj fur' 

B3 IUSuES~ 1%, ALAVEi NECM.I14:10LP, i 

1. IflIn Cflueut H.iaLAJU £!uildin f irri. 

It i use~ful to relate aevin criteria to three thLemea, iall of which
 
contribute to ;uildirnj 
tari: 

Ut~b~~ty 'tr 
 We~r of the uarth4u4 .(f q J 

In CO7.Ufi,,, .uv. ~w: and M IMP, .vatur waiain Cc~okin 
and liquint. 

(C) Socipt. h vuw* KLI U1UQ, InCAI qt atf-t I. S t t he 
var~qcz izI 
 il LIMr 6CIa
c, Waitr anld U .:nIty life. 

Thorv.iuj j te r LI t ,-'tuan.~,:L arepn :.uc :Miui fojrtheme Lhenes~. fu in arn ~rimunj * twunJc fum an'd asI tIl'Tnt ,..tItfrnbocono axpre:;6i.r ut a nuur.I u.;ity anj a -. fule 4~a, ut Wei. Wec builingprocOIum a.nd 11.6 jLtU all ovar. in al nt "1r,rI pa:n I.f Mu~ paturf. 

2. Clf1Iau int? ati lw tHbtt
 

Thc' to r~oin 
 :ii if Civil2 r '1ev annot Lu euithuukv r ou a unt =00projac' Prpr1 6 AIa l ivIa%.t :. rh. imtroduc(2? iof QVchmniu into any
poart of a. Ioriq-hlo~ mrt i r4ima .:n atliunv thmup~uut thu pwhu4@. ThOsO
,'fIl be naperrirhLr~d , 'Lit ,.VU~jr 4U Li"!' :In't tIirt", hu,.pv, '"juucJ' or 



A disaster disturbs a long-held pattern. 
 The possibility of a new
site to live on with new neighbors is 
a further disturbance. 
 New materials
that leau 
to new forms is a further disturbance. New crnceptual knowledge
that makas disaster-avoiding layouts possible and disaster resistant
structures possible, offer further disturbances to long-held building
practices. 
 Unless all this change is strongly held in a comprehensible
program and victims are led into its accepLance, chaos is 
seen to 	replace
their former patterns. 
Program 	planners need to work with community leaders
in order to ensure the permanent solutions are relevant in every sense.
 

To lead 	change, ii.has 
to be understood. 
 We have 	some understanding
of change yet not enough. 
Change can exhibit 
a number of characteristic

forms  all demand a specific response:
 

(a) 
 Sudden (i.e. the earthquake disaster).
 

(b) 	 Fits and starts (i.e. floods, hurricans, boom and clump

economics, onset of monsoon rains).
 

(c) 	 Evolution(of institutions, forms, ideas, techniques).
 

(d) 	 Diffusion of ideas, techniques, etc., leading to charges

of perception with reference 
 to the long-established pattern

(i.e. perception that hazards can be mitigated).
 

(e) 	 Spread of urban life; can be seen 	as a special case of (d) 

CM) 	 Orig. ial ideas. 

A reconstruction housing project is likely to encompass many of thesekinds of change. 
 Unless people affected by disaster participate in the
project 	formulation and are 
kept informed of administrative progress,
particularly in the early stage!;, 
reactions are 
likely to group around the
hostile end of tne spectrum and be expressive of resistance, and reluctant
acceptance; rather than be welcoming and accepting.
 

C. FORMATIVE ISSUES IN EARTHQUAKE RESISTANT ADOBEHOUSE DESIGN
 

I. Buildini Iauric 

a, 	 ho LucaLi LuildJ 'rucess 

The building priocx:s :s .1uncj the r- ny processes that are formativeto housing and :J.hlt.r. ,h recurizable elements are always founduarne 
whatever the di t rx-rit furi ttiey 'ike in 	 di fferent contextj. 

Initiatiun - s,omnuune sttsi in -,tutiun the rtionu ul nri.-uting
the need. 
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* A design is a selected or a design specially commissioned.
 

* Preparation is made for construction  funds are organised,
 
orders are placed, specifications are prepared.
 

* The construction sequence is organized. 

* The building work is executed.
 

A little to one side of this process but integral to its success are
the building material manufacturers and suppliers. 
 These may be family

or friends: or commercial.
 

The patterning that the building process takes is dependent upon the
character of the developmental environment and the post-disaster situation.
Characteristic differences can generally be recognised between practises
in central urban areas, in middle income residential suburbs, in urbanizing
rural regions, in squatter and freestyle housing settlements and in :ural
 
regions.
 

This underlines the importnnce in earthquake adobe project preparation

of seeing post-disaster housing as:
 

The meeting 
point of numerous processes.

-building as an activity.
 
-administrative.
 
-financial, etc.
 

* As a built product
 
-having an economic life
 
-having a need for maintenance
 
-adaptable to change and expansion
 

* As a tangible realization of a house image. 
-of what is long known
 
-of the newness tht is 
now aspired to i.e. resistant to
 

earthquakes
 
As the modifier of human experience.
 
-a base for ramily life
 
-in the "wrong,' place
 
-just what is wanted and in the right place.
 

Even after the earthquake, when the emphasis on meeting fundamental
human needs seems so 
obviously dominant. 
 A house that is provided on sites
far from employment, containing socially unacceptable materials and which
fails to meet in plan some cultural requirement, may well be rejected.
 

b. Material Use
 

Building m'iterials including adobe in most developing countries havebeen developed for use in everyday ondition;. Unly in a few countries have
earthquakes teen bath w'Jespruad and frequent enough (e.g. Turkey and Peru)to influence material selectiun and manner of use. 
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c. Structural Stability
 

This in most countries has been determined in relation to everyday use
aesuming dead loads of materials and live loads of people, furniture and
weather factors such as rain, snow and sustained wing. It is essential in
disaster prone areas that an understanding develop of the forces that lead
to disasters, the reasons building fail and how economically they can be
redesigned. 
 This understanding is required of administrators, professionals
and of 	the community at large. 
 In each case this understanding will take a
distinctive form in terms of detail and emphasis.
 

d. 	 Permancy
 

Permancy can be related to the no.,al condition or to the withstanding
the typical earthquake. Permancy of rural and middle income urban housing
in most L.D.C.'s has usually been related to the normal everyday condition.
This had led to a pattern of building forms and structural systems in many
countries that are ill-suited to resist d+ "aster forces. 
 Changing these
forms without social consultation may be perceived as 
an act 	of aggression.
 

e. 	 Degree of Earthquake Risk
 

The adobe project preparation team will need to determine the nature
of the disaster risk run 
in the selected development site and the extent
to which material use, stiuctural system, the notion of permancy and construction techniques can be changed (and afforded) 
to achieve a new specification 	of performance in face of earthquake, cyclone and flood. 
 Appraisal

of such risks is a task for technical expertise.
 

f. 	 Conceptualized Knowledge of How Buildings May
 
Be Made Resistant
 

This knowledge is still evolving worldwide. 
 It is yet to be fully
effective in relation to low income family housing that is owner-organized
and which uses 
traditional forms of adoue construction.
 

Disaster resistant knowledge has evolved:
 

From analogy, based on an examination of what types of adobe
 
dwellings fail and why. 

* From the application of structural design theory originally
developed Lo obtain resistance to disaster forces in indust
rialized countries where the materials used and construction

relate to different technical standards, construction and
 
supervisory capabilities.
 

Joining these forms of knuwledge to thaLt of the customary buildingprocesset, o, the disaster-hit community had its difficulties. fhe local
processe; hve evolved under different circumstances and are often heldintuitively by L.Aiftsmen, in a sequential, mythical way. This way ofknowing is severely disturbed by the attempt to intrude knowledge that isdifferent in kind. Recognition of this difficulty is important to thesuccessful construction management of contractor-i .Itelements of a site 
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development project. It is highly significant to the success of the owner

managed stage of house completion of extension.
 

g. Continuity and Change in Construction Practices
 

A theme in adobe project preparation and design will be the focus upon

providing initially what disaster victim households could not provide, or
 
very readily provide, for themselves. In relation to dwellings, this usually
 
means land, water supply, sanitation and the technical supervision of a
 
earthquake-resistant, structurally-sound core or 
shell. Information-spreading

and educational programs for key craftsmen and owners will be required as a
 
component of any self-help program for the completion of adobe core houses
 
if they are not to be structurally weakened by additions made later.
 

h. Completion and Extension Through Time
 

Because of the complexity, administrative and technical costa of trying

to manage and inspect the self-help completion of core houses, it is probably

beat not attempted. Alternative routes of achieving the same end should be
 
explored. 
 These will include consideration of the establishment of a techni
cal advice center on the development site, linked to a materials distribut
ion point if possible; the 
use of roving building completion demonstrators;
 
the use of models of completed houses (sometimes a failure tn the past

because of lack of local social/cultural knowledge by their lesigners); and
 
use of training programs.
 

i. Innovations
 

The desire by project programmers to achieve rapid occupancy by victims
 
has led in the past to consideration of innovative technical solutions.
 
Experience shows that innovation in project administration, layout and phasing

of occupancy of the site can contribute more to early settlement than attempts

to innovate in construction. 
 On the technical side, the introduction of
 
earthquake resistant knowledge into traditional and conventional building
 
processes is innovation enough.
 

2. Environment and Activity
 

a 	 Climate
 

Climate is of interest ot the adobe house designer at four levels:
 

* 	 Regional - the annual pattern plus the hazard region of rains 
and floods plus the expentancy of recurrent cyclonic uturms. 

* 	 Local - the intetaction of physical setting, land forms and 
settlement with climate. 

The climate cloue to the ground buildings (i.e. induced breezes,
 
shading through trees).
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Climate within buildings - influence of roof and wall thickness, 
position of openings, etc. on human comfort conditions.
 

The more the designer can exploit knowledge of the first two to modify
the third so the more one can finally reduce the design effort and costs.
 

b. 	 Place
 

Place of site location is of interest to the adobe house designer at four
 
levels also:
 

* Regional - located on a gentle slope, in a flood plain, at the
 
foot of mountains, near the sea. Every location will say some
thing about safety relative to other regions in the face of
 
rains, floods and earthquakes and land slides.
 

Local - the density, spatial and visual pattern that existing
 
buildings make will influence people's expectations of what new
 
building work should be like.
 

* 	 Ground conditions, faults soil bearing capacity, site drainage 
will influence use of the site. 

The layout and building placed on the site will change it from
 
what it was before either positively extending its previous

qualities of undermining them (i.e. either more or 
less pleasant

to be on, more less safe from the 
 point of view of the earth
quake hazard, than previously).
 

The more the designer can exploit knowledge of the first three, in

order to act sensitively in the fourth, the more effective and more econ
omical 	the result.
 

c. 	 Activity
 

Residential activity, together with the activities that is supports and
 
support it, is of interest to the housing designer at four levels:
 

* 	 Beyond the neighbourhood of development site (i.e. work, market
ing, cultural sites, transport).
 

Within 	the neighbourhood of development site 
(i.e. work, market
ing, transport, water sanitation.)
 

* 	 Between households in localized areas. groupings of lots and
 
buildings, use of local communal open space. 

* Within households of lots, clustering of buildings on lot, use 
of outdoor space, methods of cooking, place for s;leepiny, journeys
for and storage of water, sanitation and culture.
 

Site development planning poses the incorporation of these factors into a total design in the context of climate and environment. While these are all 
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prime factors, local political, legal and administrative mores and standards
 

will have a secondary but still significant influence on design decisions.
 

3. Social and Cultural
 

Activities can be seen and even measured, but the social and cultural
 
environment, taken as a whole provides the designer with an atmosphere more
 
difficult to appraise than that of the physical atmosphere. The reasons
 
why people behave the way they do, react to disaster the way they do will be
 
deep in the corporate mind of a people. This shared attitude, which is likely
 
to underpin many personal arid family variants, will also mold a people's view
 
of change.
 

From the interaction of long-made appraisal of region, available
 

materials, social patterns and beliefs have sorung such manifestations as:
 

* The grouping or clustering of rooms around a yard to form a home 

* Single isolated dwellings widely spread. 

* Row houses alongside narrow paths up mountainsides. 

These patterns also reflect long held systems of land tenure and tenancy.
 
Appraisal of such formative influences leads one to expect that house forms
 
and dispositions are signs and symbols as well as artifacts. Appreciation

of this assists in understanding the reluctance of disaster victims to accept
 
new forms unless they were moving towards their acceptance prior to disaster;
 
as is sometimes the case with rural people newly settled in peri-uroan areas.
 

D. REGIONAL CHARACTERISTICS
 

Regional "building character is recognizable. It stems from building 
processes, settlement patterns and social and cultural mores interacting 
in a similar way throughout one large living space. It will change in parts 
of a region or throughout a region as change is embraced in any of the 
region's formative forces. 

Traditional buildings and layouts of certain regions exhibit rf'cognizable 
forms which offer clues to satisfactory solutions for day-to--day living.
They may mislead as to their relevance to disaster situations, however. 
Where the period of re:urrence of earthquakes il long, then its threat may 
not be seen as ucnething to build agains.. it may even be categorized 
as "the will of the gods". Regional traditional design may lherefore riot 
be suited to disaster resistance without changes in disposition of dwellings 
one to another or in structuial design and architectural detailing. 
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E SOURCES OF INFORMATION: 
 LOCAL HOUSING PRACTICES
 

The normal habitat and settlement patterns of most of the people

is not a much studied subject in any country. The designer's need is
not for prime sources but for secondary and for distilled knowledge.

Most countries have one or two academics or professionals who have

privately assembled data, drawings and sketches of traditional buildings

and/or methods of sLrengthening them or developing a new design approach

in the face of newly perceived regional needs. 
 Such rare individuals
 
can be tracked down through telephone calls to University Department

of Architecture, Social Studieu, 
Ceography and to national professional

institutes of architects or engineers.
 

Government executive departments in rural development may offer

useful contants or leads to the 
nrune of a particular field officer with
 
an understanding beyond the confines 
of his daily job. Government
 
departments of housing and urban development ought to be able to offer

leads, although the education of their administrative officers and

technical staff overseas 
(or under the influence of overseas programs)

has frequently cut such people off from the local formative roots of
 
the building process.
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AB3jTRACT 
When cultural mapping is related 
to the distribution
 
patterns of seismic ri.;k, 
t'oilr; ind earth building, 
corresponde:nces are reveijled which haivo imortant L aring 
on hou.;in,-, or hou:.;ini- mc ificition Aroreprnc.m;.Acceptability
of inrov-jtions bIj'z fCl it y tofdbe t !r:;tadin;of the 
cultural corlt,'xt:;, the :;or1': of cornMunicstion failure, the 
necessity for u.,;er ;jrticipatiorn in desigrn -jrnd construction 
and the procesL;se of culture changu. 
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In 
February this year I was staying in a favoured part of Berkeley on 
the
well-timbered slopes above the University. .,hile there I took the opport
unity to question a number of my acouaintances, architects, professors

and retired professionals as to their attitudes to the risk of a major

earthquake recurring in the 
area. Jokey responses, even a curious kind of

glee at residing close to, or virtually on the fault lines greeted every

enquiry. It was pointed out to me 
with a wry irony that most Berkeley

schools had been sited on 
flat ground which masked dangerous faults. An

expatriate Englishman, long resident in California, shrugged his should
ers and said "If your number's on it...", using the fatalistic phrase

employed during the war 
by Londoners threatened by the silent menace of
 
the V2's.
 

Not an unfamiliar attitude to those living in Califooiia no doubt. dut I
could not help but wonder how these sophisticated, highly intelligent, byThird ..orld standards fabulously wealthy arcnitects and educationalists 
with whom I shared so much culturally, could so readily screen the scale
of the danger from their conscious thoughts. After the bitter cold of
-isconsin which I nad just left, and living in the lush, sun-soaked environment of the ay area I found myself rapidly slipping into the same
 
frame of mind; if I'd ;tayed longer I would have soon joined 
 them in
 
their Jisrerard of the earti,-u'ake risk.
 

ihat there is some anxiety in ,jalifornio is not in question, but the fact
that it ha.; taken suo long fur any s;erious -action to be taken is indicat
ive of tne many Iorces; at wor- in chpingattitudes and policies. In
:3erreley tn :re 'ire ,;soie eleven thousand brick ouil dinj, which conL;titute 
a serious nazard; to reinforce them or to replice them: '.aculd cot; the i'ay

a -ililon dollars; in Lo. ,',el.s the numOur i£0 ;o,,e ninle thou.;,r,d,
tile IibUre# currently quoted for making, th:em :;,re i., in the ry on C
 
tnrev n utJrttr.; of a- billion - .,tiu;mrine rut:, to r,'nuc,! the d,g. of'
 
collal:ing 0niljri ,cc. onl'ink to a .'elsmoio'i: it tie unLiv!r,ity uo
 
.vrkcley 
 tuere i, a igh probability Withiin the niext 'I'COJe of" a major

earthqu,,ce of 1JdL pron)ortions, 
 but the Survey ,,oio,-,caln ,.:,srington

diua r ,e - noti in 1i fty years, the Chie( .eismolo,- t , e:,. (1) ,O

time :i,:,,::, 
 tulougih tue fJct thaIt rebuilJlrlju all . ein r' t mi ,,Lht create 
jobj for- >h n,, countr:jctor:; rid e~i1.. nel r:, :ent. l y provl: UICythe
cllncnl, irg umeot :o ttlem to g-o .Wh0: d. 

In the .y area t : ultu-.l colntext ,t::, ,xc.ntiunal cut:, l[, d
ire hi,.-;, out i , crl, , tt orle•..ua t t 1 ( rt " (.1 tnfe ricile-;t r, jlol:, if the world.o Ci r,' (Jun trieS ;ure,W, ear ,a , it~ r 1:,m .r,' a,.. r,.,t ,,nd 

u ,o :'ab u il d i n :, .; n 1ul l e: 2 ].,h ,en eo' e n e at nly , 1 t , ia t i,,, c ri t. ] J:,t L i. i 

forn ia ):,,c, tnh- ,,'ei1ty of tth i.li',e hz.,,d , , t.Jh,.ri: rny ,roir id

f ur that n cri 
tn r,;, witl i eri. t v,;;les , :ri i na I 

,::,, C ' ,. :o;, ]I Otin.", i l ea.rth ho .,.,, o;rc.ito,:, ri1- :,i, Inimo o 'r#!:, to , r t t t tire ri :'' . rc' ttO OtlSo', .1tiuo .lit.11 1i tI. ii rt
 
, nlt a, -,,.. ,i c,; t
bou l 11i, 4,lth C it , ,' o',

t 
t5:- tC j:,O 'hil ' i tt i , thu i ,jt,;,c'' h , ]. _-ol , :,' t o lll". , t t ,' . ,, , ,' " h : 

proolvrn t5* t i:,: ii i: n f : 2,1' C ;,te'A:.:, 10 I,'' 1 :, , t ': :i C. I ii 2 1 
to I:, ,:' l ., :,,, .,; ,. t S o ;i lu ', a:, I .a if"t1y al i h r:.1,], ( : . /Y rnot
m,[tke .i '.;t ,n J y' ii, :1:, tx , I tj! n I ,' 0::x:. ,, ;o y' :x I :,tilt/; ty jp1:, t a '"ri':~ i .trt':: ,I ' , 

..luCh cul turr ., : i) 1 ': u,,p'1 ,to .it mnly ],.Veil,; .1 i'l:in/l: t,,c lini n;e Kuid,'

line rMI,,kt (i, draswn l for, ll buil III "tril e 11.Ithen aJtruuctu'rv:,, n)(:0uch 
4 
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general guide-lines can be drafted that 
can apply to all cultures. The
inter-play of hierarchies, beliefs, kinship patternj, economy, customs
and mores is extremely complex and special 
to each culture, so that the
dangers of oversimplification are 
considerable. Yet 
some meaJsure of
generalisation can 
be made with regard to the distribution of certain
traits which may assist in the understanding of the cultural implications of building. %ny discussion of the cultural context of earthen
building in regions of high seismic risk must obviously demand 
that the
regions of seismic risk, 
the distribution of soils suitable for adobe or
earthen building, and 
the pattern of such building are identified.
 

Jeismic regions of the land 
mass (which are 
the only ones to have seriOus cultural implications), are normally identified in terms of earth
 
structure and fault lines. But a simplified map which considers their
location in delimiting lines of longtitude and latitude enables cultural
factors in those areas to be discussed on a comparative basis, FIGl. 

• swathe drawn ,jcross the northern hemisphere etween latitude 20 ;1 and
40 N encomp3sjes a large proportion of the affected regions. However,the highest concentrations of earthquake activity in Central and JouthAmerica occur in the Equatorial belt 0 - 2001 and earthquake regions ofthe .hillipines, Malaysia and, -elane;ia fall within the 00 - 20c,; belt.
Longtitudinal extensions of these ,;w-the.; between '0' and O., andbetween ciQ% and 12ODE together conta.iin a sub;tantia]. prorortion ofremaining; areas at risk. ,.xtensionls in the northern ,mis here 

the 
conpletea confi,iuration w ;ich, for the purros :s of thsi: p-iper I will refer to a5the uake .Ieit: to di atinvn is h them from any more ,;cientific;ily defined3 ei :;mic 'n:, 

At imlortifit kteo-physical fajctor relstfd to ,eartheni Luildin- i;, of
cour ,#, he ni.ture of the ,;oil,:;, 'IG ". 1hla r jrid
HI tic ferr;fl itic redeart' i-., i rrorir.: tue mios:;t fouitaulemas- tlinr.ir They occur ,xtens
ively t:,:'ugh .AuO-arrrn .fric, , being the pr (, ,(oi u. te tyne; in mosttreVion:, s-t,::,tof the k'lft V;Illey - bat tfe:;e Jr.( 1fiot .t,:.imic areras. TheyuDl:s occutr in Joutih ,.m'ica, t;jii rin in are:, of less seismic act-Ivity, .,o;d outh-,.1-tin . - ,i.C I ff:ctii,: i.o1'(,( 1 .zoIic ofi 0 1,ortL'#'ov,., rIca , 1uro),f, rId 1:? ,:ia.;;) o ide use ful buiIc i ,: i Lert i,,)] thou ;h
tfei r t Iity prou1c ,,; t rnun r which is. 
 ":t,'O!, v, y. a (:d in the.;ereiun., .uake' reh i l ti larely comprIsd Of nof' ;tarI iUolit whichill tie vllex' ,re :,uitaole for builaiing but which ;ar,. freriuc.ntly combined witL ,t~oie or rock ; anid ;a wii(;e brid of' esrt .s ,iIs ., readingsJcro.:;; .,orth o:';asdH the L.di .':,t .',ertic ,oils in "rid re:vions,ire ,fteon I:,'a for olIi n .,arid , ro. f,:rtile when w titer for irrigs tioni.s, in sal i en t :;rrqly. .,'ut .re :,.andy a rd 1,':;.. .,a t, le oti,,r:; foroth 

Construction rodi A r , ricul tur,!. 

-h n r, , l.] " ,:O a:-1-,red wl l: ,oth-: ,riv ronmental f;)2tor:; sluch ;I, climatic re'ion:; 'rid Vv ,t * ori - ,i nrmber of corr,.,r ond,:ici:, ',)' b ,,
Fl..; . :.,rrt.h , TI'l, 'lo! I.,th re! I ot ;Ind ;arid wit tieo orst
r'owt h ,; J,',,.'t r,.J'' n:, . r',' .,~ o;) 
 fo tli d i *i ., . of loiw r r , a :rorJr'er,,'r;1I . .o" , iit. ri ; TI Li' >r, Lh.... t d .tt it,, r,1 , alnd
ii 0 1ri t i, . .
 , 'a : e : ,oird t .fflt. e . * i t ,' it. ,, h ,tal, t etrop-
ICi] * ri It , r t, ;.l I ttoK' y a - air r;( hw , .rs', at r ,.:,. n . t r. I -,I -e C i I 
mnu chi ol t I ad,, if ur1) ti-c , II a V:n t 1a ( ri ~o.r.11at Its . . IiAaritt)).;ys I. G.'rI',: ), tu d toL4 1 
Thi t h,'!1., t o f. X f)ia n one oI 

" I o:f!I y ?' (1i itrni hil I on of ret t no : : soI is. 
the "1)1r,:prai e-f1; n' t o!. tht i: i , tribution 
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thought" (4).
 

The sheer diversity of peoples and the complex of cultures 
even within a

single "nation" has led 
many anthropologists 
to attempt larger classifications 
or groupings that may assist in identifying comparable cultural

characteristics or traits. (ne 
such trait is language. Though population

shifts have occurred in 
relatively recert historical times, broad ling
uistic groupinrs can be identified, FIG 5. ianguage and culture 
are not
 
one and the same, as the widespread use of ;panish, French or Lnplishamong indigenous peoples in various parts of the world indicajtes; never
theless, the current uses of language g;ive some important cluet, tocultural identification. Sio we find that the Lini-uistic map overliaid onthe 'uake Jelt.; reve:als a widespread distribution cf rabic ind .;erber-
Arabic spe,_kingu peoples in ttc centrnl b:and which abutt'; the iranian

cluster that incliides Armenian, 
 1urdish,Pushtu aind 1daluch. indo-Aryan

speaking peoples,, .outhern :,:onoloids, alaysianu form
and :frelanemian
other major linguistic groupsG in ,ia. In the imerica.;, .Jpani ;51;.re
dominate.; in much of the .uaKe 3elts whe:e, jong indigenous peop e:;,Indian di)le .'onr' 
 t hem, 1iyan and .. uechua are ;till hpokn.,bile

indicating ai.ix ture; and exten.sive cultural excthanifes thes;e li,;uistic
clusters ,still reve:al Cultural groups that ire broadly iientifiablelargely ho ro .en o'.iO and 

In se ,!cti.,.- :,.: er.. resented in either :<ngiiah or .,nish the ciitural
bia ; of tioe- r:ir.t conf':rnce 
is imm iiati ]y :',OvO.,,"d. ,,1, Ir:ce at ttle
 
Lin.-uistic 
MI ,:,Ows t,;t ,ribic, Iro- orc riene sreniri
ech hajve

ve-Ud 
 CI-J' ;,:, ta, 1- r, f1-Jnca: for ,rIlch ~~r*~i _ m-;) be.n,1 ,,In5,)Oken inr ,-:;t of . coumt.'K, hy tb. . t.i ,,.lt, hut thi:; 
is ea,

tnan ., . : ory i.i ri . t :c,,a to tr; im l,.' int t. jufli or i r I: IOrL 

prou : t Vl 
 I 
 I r Y t. or
0!duc~tion(tn [I. u :U t i .1 t h tod -J 
rf inr.: r2 t, t:., .. r,..,.,I',rm 

N ta;J tUI., :0 ,, r,,t 1u ;0uNId onlyo c U taLIi : ' , (r - : ,+,m,.woou ld :, i t ,
 
'cultural (4.1 .r i ] :,'"
 

r .,r, t, t 1, 1,,troi i; ,. i 7 ' 1fJ, o r I- . MIti W, d c1 'e
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ion between the 
western hemisphere and the 
east is evident, the latter
being further suudivided 
by different forms of native subsistence farming.
 

A score of cultural traits could 
be mapped at this generalised level to
give a clearer profile of the cultural complexes that may be 
found within

the Quake belts. Political institutions, types of trade, forms of social

organization, class structures, land tenure, 
technologies, ceremonials
 
and so on could be mapped, their relationships giving a fuller understand
ing of the complexes of culture traits which may be 
found in a region.

From such a profile deductions could be 
m.de on their bearing upon
attitudes to dis:ster and disaster relief, 
houini- modifications, new

forms of houing, the acquisition 
 of ,killN etc. Thoug;h this; is, in myview, an es.iential undertaking, spice and time doesrnot permit further

examples now. L;jn anytning be gleaned from the two or three which we
 
have seen?
 

Perhaps this c,,Jn be bes.t viewed from the poition of i, ,orth Anericanarchitect or engineer, a 3' eismic treaj iuiluin , .xp,.rt, w'ho his proposals
for ca n,e in housing eirthen buildin,,; rie t hod . L .inl'uistiCA11y,this
,;ABE will find himef u nablfe to :,ihare v(erb j1lcow.:unix Jticn with ttuepeople nos;t alffected; but only with the t. -duc,d ,Ard the town-brd. Ifour is Snanish :emin; yfIswill hilv,: tn: ,1vsnthv o0 d irect
communicat loll th1IrCLl-h the Cou ielt, of ',XMf ,t : ricIJ. btit even here tle
 
limitations 
 of lai u;,'e ccmpreh(,ns;on tth u- t.h 'lier',t,ndirniy of
abstract id,.-:, ,rid nulo,-ical nov.-tl /,1, ; re:.,.'nt t'ec1 1 In,'wx'tic
 
proolem: .
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ised or ceremonial calendars which reinforce the social 
structure and
the cycle of the working year.
 

Jymbols which underline their belief system and 
express family and
community ties to 
the value systems of the culture are important.
Frequently these are a'roci-ted with the lands workt.d by their forefathers and with their buildings, which play 8sil-nificant part; in therites of passage through birth, marriage, de-i th and burial. In generalpeasant society is 
traditional, conservative, morlintic, unquestioning
and uncommitted to change and innovation. Trhough pe-'uijant communities arelinked to the market networks they are freur ently sutjpicious of externalauthority or member.,; of alien societiets. For the .AIT' "rrivin with anendorzreent of his intention:; from a central authority, armed with oroposals for new methods of build ink;, the res,;itingr of noose.;, or prono.;,lsfor new and ";afer "de;.gns'", the outlook i; not ro nis:,±i;.
 

2uch observationb ans theate- I an ,ili too well iw ire, 
 ire d;ing:erouul;ysteri.-otyipical. They .re i:enelalis;ations. wt,icl ,ive no in cation of thevariable.; thaft <,re to be! found in tlie rultiplicity of cultures !:-bracedby tne:e )Oroas,,e in,. and .;u :r:1 y ;hsi i ye:,:;* Iulturji mJpin&: iGcorcerfnsd with the coU:abi.tlltZ of ttrit:; t theInacro-:cle; Itsevidec
l iC:t y a. ist ini bii ' tIr n3 ;,wayr.,,: :t,., cfrt;Jin kind:s; of'cultural at~itudi:s .,ni u,.,,,2.ouz FY'tttrns, but only :,a,i Pr, rTrationfor t lie n, ;atiount,.r:; t ,, ;icro-,: ,Ie. ou it 1'o-oo]I o.N i,ts h,,ve theirGv,.e .er;ts o er th,: tra ts to b, dlf-,ritifi offl u r'. I .!eIma rpini-, :;ucsl a:i th'It f ,'rt.yn s,' .fl.uroc, for ,.i:; 
 :.t :ri.rr- iic
0
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similar, general conclusions may be drawn of some 
validity for application in other cultures. Nevertheless, hum:in reuponses are ajl;o shaped
by culture, and little attention ippeorus to haive been naid to the role

of cultural morer; in conditioning responiien to ;tren ;ituations. 

In a )priviou5c(,n'crence paper I endeavoured to differentiJte between
the Relief culture; with it.,n frarile ,jtructure, it& ,;)parent cjuthority
and comm.,nd of :,,ill I, resurc,::s .and money, and the Victim culture (12).
The Victim culture is -at ita mo;t vulnera blfc, i:s to.;ub,ject disorient
atian nd demUr1)1ij.,tion by i t; fJilure to cop e t nroligh it:; exi:ting
5ocial mch,jni: ms; lLth the r-,-2:jnitude of ai di ;;.,ter nd is' furced to be 
dependent on a temporary but .,uthoritrian ur,2.ni:ation "hico ha ,I

clearly dolili d )urno-;Oe to ,Jai tu th,.e Victi 
,. , ricuVieryo' from 
dinji.ter 0, manif:st cultur,l fActur, tA : uver; the licY; o(Iari-'.,ity

that rclir:, have,V, anOted i'2.dC:,iait, 0 --a/ a ,r , ,11i a,, t, , C).ns ,'aiy
Li i:l 

be 
 fol Iw(1 b)i r n1t7I nt ,t.I t IohI1ux., v, o 11 ci alas, ;W an, ti ra tty

to "aid arid relief" 
 . i ti cr (11). "lltur i r,::, ona. iOrve ben 
ouh ervod in the, rjection (of , wrtai. fo.,:, o-1 f reI 1 0, o, no
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safer, againut ieitmic di:jturbance can be iieen aJj e:.Jentiully a part ofthe process o f culture change. 3ut any nch irinovationj are representat
iVe of induced change rather than of indi;enou5 chanf:e from within the
culture. oioujing innovationts which are not the result oi evolution,
individual discovery or invenuion within a culture, mnay be ueen , re
pre:ientatvc Cf the io,,,t conmmn form oi innov,.tion, reiiultinri from
diffu3ion. 11owever, .tt;t erhjs in diffi:'ion J, plaiced on borrowin
rather thjn on toe acceptince of an ,.xtcrnall', '.o:,,-I, or propoz;#-d
innovation. Au iroeber pointed out, "item.; of cultu;'e tt tr,: i;rol:,ted,
not much woven into ,a pttern, an _ thcretoe ru.lativ,.ly neutral in toeir
functLionin;t, an yet of an Indubiti ble Tq o:ticai V0lue(, are leai)t
li'.ely to ncounter rc:i. tLance:; to t;,ir I 
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innovations in communication and exposure to 
new technologies and

values. T'he introduction of* any element may have, almoit certainly
will have, a chain reaction whicri may be in-trumertil, in bringing

about profound culture change. And 
it coy ,j:.;o inhibit the initiative
Of the culturv to :itti-nt tz iett a rieLly p,:rceived risk in ita own
 
way.
 

In a carefully ocur.,!:t(ni :,t.lUdy u'4 th, _Jandi,,rj "i'i,-h-/,id" hou:;i.t&F

progr;: m.e at .-,in,rFdd'0: Itzi r;a, t,:ia; a Itu8I, 11owirk the 19'6 ,tithquake
Chri; M. ouwri: rc.:orded both th: sdvant,,tji(, Ind th'. didv ; , of
the nrogriym wnich If ft th. v,-o "aa
Hle :Urpri.J,";by tUi. - ri .w! of
CariadiaJl a ld 
;Ii they wer,. lv th , -111thu,141 .11n. . 'o t-Lrn i jdrzstiortj 1.; flU h ,t or y,' c.:,u ,,'-. 1t r. ., 1,'.V. ,oer, :>r,. h I'd,d "' he
 
wri te r c:o rc l,,d -.; ti;,jt 
 it ;: 1 , -.. , ,] :h , i .,.:: ::; r y
 
the u.:., . thC'
U I,$ ,
, 
 h1l r..d 
p)romot t rt n ,. ,' ! , .. . ' i" , , .,I, L, , V -

Merit uy .t :''.o' t1 

befor., ' : :,,: . r: ,, . ,! :: ' * *,.:', 1 , c( . *, , t ,::, (17). 
WohO "1 : I,.n"[,u :, -: , 1..' JI ; *t r' e]U t, t:hiv,r :et 

t Wu0 I t I It I r . o . Vof -1(!" Ih tetici-olav'
 upon the- !teu;:1''eJ ri , 

It i ;5 crt .: ; ta: .,' ;',4U: .! , 'e it >.,y to "': t "th y 

are culto:>,livu 1 ,Il 1 , "i . .* ,:' t,. ililty r"I'y !'Jel ;vIz;any tn; ng::

but it :,vy b,,:

neccaadry ',. ,ouril in,n,,.,:'f,.t:,¢Va, n t,.
l: tt',I. '. ' . ' ,,;at;U. a ,,''.I rc, v.'d a,:i (IA'.:' ':;''; , b'j it: ,OrUllacco . 

SOw c t;,t .tti.It,,:,to r,,,- , u I ,tv 

nlisUi 5:)['I,, !. tr! 


tte re',. '. n,.rt,:.; :.r-okr
 
L" ,U'*tC e heGw,'vA ' u: fl t :1 Uce:, the bFbl'tof def*Iect: n .,*r teij,t,'" t.:. ,t, r' !clt'1 te.'*" :on f' _utet.
 

to n1, i:,t Iznrov in, th,
1rety wi! 
 con I.t i,,'; 0! :,;i rf'',.va t10. Hrd

a,' .rid wi nc-n 
 2 :. 

a, n£ [.1 ,I t,'era : v t UI , -''. it t ; ''r I.oI , 


' awy, ".: :or'';tic :;o .e withOUt ,ncoU r
tion t,t :um: url ty

Lt'e , Vr.o t a 1.. I t ,f., Iit,',d1i r o1.n V I t''"X isat.H,r 11dtv S u the 

rI r%n or, t,' bac. o : tte' o'r ,,I,, 'x ,d':,nt,.
I ;t :. In'l ,.
 
t) a I/'e:,1 tI ,tt,'r ;u:te,,j I:YIt ron I-, at,, ! It) . 0PIW on., tie or) 

j r uu1,,'y tQ Isr t rt the -':,(I . el', .':'J:,8, t Lot oS t r-'. I n ,
3 6on i, krIe.: , ,',''.trlua Ij rI''t..;y.hrt1{, , vte It'hv.l:'-
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ty 1 Iqr'.11Ira uA.,!t-;,,iC it,,-hrlh ,',':,trU:tt vQde:, 
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Vol Ve I 1i-e . 1L, I A "': ' tt:, , ,, t t1t-I, 'I,.11 1 111,. rId t Y, t ,.;::
:"1v.'(.v 
 s,1 rar, m - ! 014 t I,rv i'." (1;.' I s t rl It ,"oh)' erfr, , , r r.,., -e,:.t.
anit bulI JIi:l t1 , , !,. 1o;r-1 *,A hth 1y ,,le,"rt , '.',r "a tra( It
lunal . irc " a , :0 ( ,i :-e ou I rt the . erc-.r ,t1on,i r -i it . s the 
c.tII turu e, "I.,,xt rI.:4.' t t,1 
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perception of risk. If building solutions or 
new construction techniques
are proposed it is not sLatisfactory to expect the endangered society to 
provide 
the labour force for the building of a hou.;e type not of their
 
own devis;ing. The parti-ipation of the membert; of a community muot be

actively c+ncour;aged at all stages; not 
 only in the buildii; but in thedecision-rakinj7 related to site disposition, form, internal liyout, roof 
system, construction and the development of new ;killI5 a well. Gnly

througa thi; kind of',.jarticip,Ition, ,hich demands 
 the end of ,-chitects'
schemes for universilly :ipplie.d "dit;sater nousin,.", can the accommodation
 
of cultural i',ue:s imort.nt to tiie neople concerned by achieved ond some 
chance of : ucce(,;, in tne 1an;' trrm be attained. 

.,i of 
'nilich d-, idls':; :ur-e:, Of' 10or,-term cou:t:itmert, pa)tio nce, ;now
ledge .,nd n} c!nder'ot.no, i f'rent vajlue :; .it,:: 
 and prioritie-';s wglich
ire by rio e:i, .1 ja I:by ill .::oo ha,,,; a erest n1 snulter 1nr l:.:mic 

,,lV, +
-rj s. v ';rc s n,d i411 lI ner s,.s to advie , to ,rci'rot ,r;i
 
p~articip:,t:.in, 
 )ut 'ti' to defi,.e or dict.1te t-'I ulitn "olutIonj,
not l',,,t of ti., ','- l,. , c orinlLt , .ni';' rOe',t,,:, to co'. uniction. 

{,.,5cd :,,':,'t j . O: + ,t !I ns* ,rVo-iI t 'J .tIu :'t Ior:, cl '.I,, I,'~~tiia t may'occur ':a .; ',. 11)u:,1 s,

oxtn oe V r', 


. rou, . :t -)y' ;. (*li* 1 
0 I Cc. oo TI: ti 0. h tma 
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more open to 
innovation and have already experienced bspects of

cultural change. To some extent 
the degree of change may be illusory;

the "folk-urban continuum" of which Redfield wrote 
(24) has many and
 
varied levels in different cultures. Linkages with rural communities,
 
strong emotional and social ties, the persistence of' traditional
 
customs and observances, and the evidence of 
rural mores within the
 
urban environment have been detailed 
by many anthropologi.-ts and in
 
numerous countries (5). The acquisition of contemporary gadgets and
 
transistor radios is 
not by any means a sign of total cultural trans
formation.
 

.,hile the security of the traditional framework has been in pt)rt dis
engaged, the urban dweller in an earthquake-prone ihird korld city may

still uc employing largely traditional method:; of uuifting. MappinE the
 
degree of urbanisation in the Quake pielts r;,i.e:; the problem of how much
 
adobe uuilding there 
 is in the citic.;s F16 6'. .;:lucting four Iranian
 
cities, i eza iPa zani re-:orts ' over 14,%
that only. little! of' Teheran's 
building::; weru of idobe :,nd wood, while over 707 of tho.;e in ILfahan
 
were of t e,;, trials (26). Cleairly, much "xore ncd'; to be known
 
about thi:, wid t. 0of'roce;:,e,ckne!U where hy idone: Luillirira are
 
being repiced.
 
In ,. VJ1 : of," Al.In h~l' ia~~'krid ~ ,,1n,~JzJtth or , xt t. vi ,.e but,'(rrd ' , w,:, ;,., :;. ft,,dobe, but
 
as (ieoffrv,. i ayn ,'; .,hown, th. ,dlov, e iu:,:, ' fI, re-or ced by
l 

concre;teY h#cockk 
 en,. ;itt rn:. of ho,.Ie Iarm', , inh ',:v ined re:; onsie 
to the- "r, uc t ion of I.,lamic uin
 
mGre meed
am... t,,! rd ction of a,,nl I, :i ;.f. still the,. a L'rion ; n'i ,ub

,Se'.ue:n t :',. I ,, :.uro 

11 e - atile,, , i ':r:, a buildi ri which "::,iy 


- rL:''ra in .es~ 'inn ,,wri'cn 1*xt:o,',lJ therm to rfe%4 
w juh t to ,-,ulito rn t:,,-ir
 

return" (,'')
 

It al;, ;an ,'tmt t, r,' , ,e tI.t urbh n livin, in th,, .hirc ..orld rean:; a
 
tot,.I car."; 
 t::,i:t ta. at :*',l , rl: y. In lovitlIon:, til-it A'. [iot aerl to 
slave its: .,T.,' t 'Ire. I to Le ( ,;'ri rti ";Ito 0 ',h, wtlil, the 

A ick 'J' .'. In L I* r''in , y,- r who. v :li,.. I. , ' trVlj t i I 

ta .. , Y : 

aI. r I t i 0 . ' t~ 1t : *'' 'e I o m "Io .I*: I V 

L Id 1 1 ' ', ' 7I 1. : t:.e ,',' , " '''''' , ' a" h r ": i 1a e 
rul tUz'' sf tt', ', ... 1'':. ' ' ., .'a 1':Ii : 1I y L't e 

v r'IIt. .I. a.ev-rt/ ', ., t.'' i,.t,.ti;2. , ':"ah it, 
t 

tte* Ia n 1,i,;i!t ,h 1i t; (I innuva

t on t :. rr ,.,t I :r, t1. t it.. t 0' i1 n th- I.-,lI , i's , , . who -are,'d ... 
Concprn,.d wtl. .wi ".'t,, .a 1'r,,,y'JvI:je to iit"';! tte' : .' tifor;t I'n to 
ur,ir ii t I r " criat 1 W'. v .I ,: I 1I It a1:er. ~'* ~: eimr the 
f|r 'ar., o V V ' I (I t . ' . ;:,t I Or, t,f t lit' C',':.".tlt ty i t ,e L ii (,I, 

, itIO',:l.,: '-i: , ' ' ' .. '2, ': t. ' 1'," al r': :'e',. ,.,' ,a t.4*, . ] iu itnri ',ri7". 


,l' " '.. 1bi€ t ",t ' tI ,. t, ff 
,u;) I..%IDI I t , r Wthw t ,-I ,."j , , ,, , trl i ,r bck to thq
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cf, ot,,! population
 

Urtjni5--,ticn in -,uike belts
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FUNDACION SERVICIO DE VI VIENDA POPULAR 
SERVIVIENDA 
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Sur Am~rico 

I
 

OBJETIVO 

SERVIVIENDA, es una Fundaci6n sin 6nimo dc lucro, cuyo objetivo fundamental es 
desarrollar programas integrales de vivienda al servicio de lIs closes populares. Es
te objetivo debe entenderse, no solarente como el simple hecho de proporcionar u
na vivienda, sino ofrecer la poibilidad do disfrutar del conjunto de acondiciona
mientos culturales y econ6mico- quo le permitan al hombre y a su fami lia desarro-
Ilarse plenamente en comunidad. Por to tanto, propugnamo; por un desarrollo inre 

gral quo comprende : 

- ei derecho do autodeterminar el tipo do sociedad quo queremos, partiendo de los
 
valores nacionales y do las realidades hist6ricas y actuales del pals.
 

- un cambio do las actuales etructuras econ6micas, sociales y politicas. 

- una equitativa distribuci6n do los bienes materiales y culturales. 

- una participacihri activa y consciente do todos en la soluci6n de los problemas
 
nacionales.
 

- un fortalecimiento do lossistemas comunitarios. 

II 

RAZON DE SER 

La marginalidad urbana, una do cuyas monitfestaciones n 6 s clamorosas es la carencia 
do vivienda adecuada para todas las farnilias, cs el fruto do la incapacidad do la 
sociedad de proveer oportunidades do produccion e ingresos, o empleo productivocon 
una remuncraci 6 n justa pura todas las familias, do una inadecuada tecniologa y sis

temas do financiaci6n quc no est6 al alcancr" de to mayoria. 
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Los planes nacionales do vivienda, tradicionalmente, consisten en la financiaci6n de 
viviendas completas y terminadas quo el Estodo construye directomente o que han si
do construidas por urbanizadores privados con el visto bueno del Estado; tombi6n hay 
otros casos en los quo el Gobierno descarga porte do su obligaci6n, creando y aus
piciando, bancos do ahorro y pr~stamo, cuya 6nica funci6n es la captaci 6 n dc aho
rro y el otorqamiento do pr stamos destinados exclusivamente para la construcci6n. 
Estas politicas, sin embargo, no lan sido una respuesta para las familias do menos
 
recursos.
 

Cuando el Gobierno ha emprendido directarnente la construcci 6 n do vivienda con des 
tino a las familias do (asos recursos econ6,,icos, ha demcstrado su incapacidad en 
promover verdaderas soluciones a precios razonables. Las razones pueden ser las si
guientes : 

- Las instituciones gubernamentales encargadas do adelantar la construcci6n lion si
do bastante ineficientes en el planeamiento, eiecuci6n y control do las obras, lo 
que hu Ilevado inicvitablemente a un costo demosiado alto par unidad, quo est6 
par fuera de las capacidades de pogo de la mayoria do las familias de menores 
ingresos.
 

- El encar2cimiento continua do los materiales do construcci 6 n y el preco especu
lativo do los terrenos urbanos, han lilevado a qe cadj vez se enherguen viviendas 
m6s reducidas y de peor calidad. 

- Los dk i~adores no han sabido interpretar las verdaderas necesidades y dcscos quo 
en cuanto .,vienda tienen las familias ingresos, como" de menos tenierdo conse
cuencia el ofrecimiento de "soluciones" do vivienda, para las cuales estas fami-
Has no est 6n preparadus o interesadas. 

Cuando s,-ha encomendado al sector privado la construcci6n masiva do vivienda, la 
oferta s,- hacio (, costa, Porte lacanalizu vivionda de lto debido, por una a creencia 
equivocada do quo la 'artura do deudores con buenos recursos econ6 micos es mns so
no quo la correspondiente a deudores do escr'sos recursos econormicos, y por la otra, 

a quo los precios especulativos quo se0pueden obtener por la vivienda suntuaria pro
ducen jugosas utilidades para los constructoros. En estos casos la demanda por vivien 
do de ba oj costo qued', insatisfecha, obligando a las farnilias m6s necesitadas do vi

vienda, a buscar )os;bilidadus ( tugurios, inquilimobs) quo no se :omlxjdecefi con la 
dignidad hurnana. 

El problera do In viviendn es el resultado do una injusticin estructurol . Su orinr'n so 
encuentra on la dequi'ibrada distribuci6n de los bienes materiales y en el inhumano 
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ejercicio del poder, tonto al interior de los par'ses pobres coma en los relaciones de
 
estos con las naciones ricas.
 

Dicho problema dc la vivienda se agrava principalmente par el crecimiento de la po
blaci6n, las caftstrofes, las migraciones internas y externas y el constante deterioro 
de los ingresos familiares. 

SERVIVIENDA enfoca su labor hacia el 25% de Io poblaci6n columbiana que se en
cuentra confinada en los tu,]urios y en los inquilinatos hocinados. Esta poblaci6n a
cupa el 60% del 6rea del pals. 

Dicho 25,:), tiene inqresos per-c6pito inferiores al alario minirno estipulado por la 
Ley. E un ejibcito cercano a Iaol 7 millones de seres fani1icos que van cercando 
las grandes ciudades con cinturones de rniseria, rnientras rumion en sus entraflas el o
diao y la desesperanza. Son vi'ctimas inocentes de una sociedad enferma de injusticia 
cr6nica. 

Injusticias que si no reciben audaces e inmedictas soluciones par In acci~n de insti
tuciones 
pblicas y privadas, se convertir6 en tragedia de proporciones incalculables. 
Y como el proceso de urbanizaci6n es incontenible, urge desarrohar politicas do pla
neaci6n urbana y regional, que lrnien la esp.culaci6n con Io tierra, incrementen 
los capitales destinados a construcci6n de vivienda popular y opoyen solucioncs auda
ces y masivas con fecnolji'a apropiada al desarrollo del arils. 

Poli'tica con soluciones intecjrahI:s, porcue tener vivi cnda no es ,olarnente poeer un 
techo fi'sico, ino tambi~n aquellos elerm-nlos educativos, laboroles, culturales y eco
n6micos que conduzca alolesariollo y c(l bi2nestnr social. Tanto en bogot6, coma 
on el resto del Territorio colombiano, los desequulibrios socio-econ6micosse manifies
tan en la crudeza de los sijuint,, datos 

Hay un dJficCt ctual de 840.000.00 unidodes de vivicnda, (I cual w .espera quc 
para el ario 1985, alcance a cifra de 900.000. 

Coda dia murren de hambre 350 ni on .'n C' lwibia. Dow, de (da trf-% nklos colorn
bianus eston desnutridos .ufron enfermvdadw, e d(r "os La ercera p×rte dely de , 
pueblo no tiene osistencia me.dica y cunndo (d pobe consiiu trobaj :amernte quc Io 
atienda un n{rdico, n- hi,,ne d(lin r.'J Suficilietr para comiif r In r,,dicina. 

Existc un total dh 6 millones 800 ril aralfabftas,. Ln efcocto, en la poblaci6n ma
yor do 5 atos hay 2 millones 600 mil personos sin e:ducacin, viviendo on las ciuda
des, y 4 millones 200 mil en (d compo. 
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Do los 28 milloncs do colomybionos, so colcula que un mill6n 200 mil est~n desem
pleados, y un rnill6n 800 mil reciben un ingreso de subsistencia a tra~vZs de empleos 
d; sfrazadlos. 

REFERENCIA HISTORICA 

SERVIVIENDA inici6 sus forea, a finales dc 1973, despu~s dc estudios te6 ricos sobre 
el problema habitacicnal on Colombia. Recibi6 el apoyo do SELAVIP INTERNACIO-
NAL - Servicio t tirtoarnoricono y Asi~tico de Vivienda Popular. 

En obri I do 1976, ,c ccmt ittuyo fen hundnc ion indcpendiente, con el oporte do la 
Cornparim du Jo-I6s. 

Fuer on te H r mc nfcl()s di Kr nhI atr aioes , boa t0in estud io cu idadoso de d urab iiidod, 
disiribucison (b.-~WI 15 fiefi)dJos de en', -1M 1) loje, custos y/ pr(Jfrencios do los usuarios. 
So pens6 ,-n lo rrwdero pero nto tuvo mucho ocogida . Luego se pas alI material do 
ciscana , con La,,( en cwarilI I de caf ! y' asrrin de pino cofl un a jlutinonto especial. 
So obandov ) #,es tcrna por .u pora durab Iliad. 

Posteriornlrfc .(, UitilIizCarorn lomirxvs de wbt-sto-c~rwnto, con Luenos)- resuitodos par su 
f6 cii tran' pa y/ en at madaj lirw Sc a mef dinoa detv a)pide7 la Ls tu ,e iecr~ntisntuo 

1976 pcir 1w. olt0%o-.w d(isf! lo0e aterioles. Pot 6ultima, s.ct, tny I gs ca-,cs con
 
moldu lw, (It :a ncr' to . Lste mlate rio I rote cc inn>'or durab ii dod, 1,os ii id des de ens.anchoc 
mejor cttriy resistenc to a I()% movirnivnta' telur iC 

El (2ifary)lssmo di-I c-orni,.( .ociol deC io, Ipe150fl05, CjL-e lohoran Cr3 ia Instttcion, ha 
ileCho qIuo Inl tIt-~d5 trrtijcii 8 S.;ecianjl#% dkiitrikotdw, en oi Tc rriloiio Ha
cjrnal , orteid irl( (3 f(j5 lridc dev vionfrl d,- In35diiver-,05rqt, tonto en el 
campor- Cor-o en iI' Jdld. M,s, dA( 6 rylicos 11(3( .ido eni( coninstuladscr3 Pois, 
un picrrildio de 36 rm fwtartas !Leneficid 

Se ho( preS.flo (35''art(]inoin lo. dv o vanseruf (Lajs AnI illoas), en Tofqo (Africa), en 
Ecuador / en( V(2tio ,~~t centroamericancs. En Guatemala so instolaron 50 vivien
dos a ruiz del fIcireimn. 
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IV
 

TECNOLOGIA 

Basados en las experiencias logradas en diversos par'ses latinoamericanos par el Ser
vicio Latinoamericono y Asiatco dc Vivienda Popular - SELAVIP, SERVIVIENDA ha 
diseiiado y experimentado diorentes modelos, como intento de soluci6n al problema 
de la vivienda r-mpulor, teniendo en cuenta quo cualquier soluci6n debe contemplar 
los siguientes principios : 

- D,' e acomodarse al nivel de ingreso de las clases populares 

- Debe ser evc'utivo y flexible para aue se adapte a la naturaleza flexible y evo
lutiva do la familia.
 

- Debe ajustarse al nivel cultural do los usuarios y par medio do un sistema progre
sivo evolucionar rapidamente hacia una viviendo conformada quo so acomode a las
 
necesidades y capacidades.
 

- Debe ,cr integrol, o sea, quo debe contemplar soluciones tambi(n en el campo edu
cacional, ocupacional, social y cultural.
 

SERVIVIEJDA, utililaido mcteriales nacionules ha desarrollado una tecnologqa muy 
simple do prefahricucion, con miros a socializarla enrerjndosela a las clases popu
lares organizadas en comunidades. cho tecnologja consiste ,n muro- en plazas dc 
concreto no reforzodu, cc,:i , ,pesor de 32 rm. El rn6dulo bi6sico mide 97 x 97. 
Parales rnt51 1icos o de rnodeja pxra I uniCrn de las plaq'jetas, puertas en l6mino rnet6lica 
con estructura de rna6vera, ventanas en ferroconcreto, o m,'dera, con hiojs do abrir 
on metal y cubierth en asbesto-c.mento, o zinc o teia do barro, sequn preferencias do 
los usuarios. 

Los bases o pi-ks ,srre(dizodu. el usuario, se in fic cions fpu.dc.n pot o.'pe tocnicas, 

o pueden ,er conlruidos por nuestros propios operurirs. Y rxiai I rmuda, el usuario 
debe colaborar con dos personas, como auxiliowes de nuestro equipo (ifarradokos. 
del cuidudo qu. se tenja con los divf.r'os materiales de la caso, haciendo uso correcto 
do ella, depende (l quo so pueda desarmar cuando sea necesurio, y transportarla a a
tro lu r. 

El peso piomedlio do una caso es de 6 foneladas y se transrx.rta f6cilmente, sin impor
tar las dislancias rurales y urbanas. Dicho transport( so realiza en camione , propios 
de SERVIVIENDA o on voho'culos particulares, seq36n las posibilidades do la familia. 
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Una casa dc 35 MTs2 se arma en solo 6 horas, sin utilizar maquinaria especial y 
comienza a sor habitable. El sistama conjuga con solidez y durabilid-d de la vi
viendo, ropio: y eficacia en la producci6n, adaptabilidad dr la vivienda a climas 
frios y calientes, a las irregularidades del terreno y a las necesidades do las fami
lias y comunidades. Involucru a las familias y a las comunidades en el plan.amien 
to, en la construcci n y en el ensamblajc do las viviendas, potencializando as' el 
fen6meno popular de la auloconstrucci~n progresiva. La producci6n de vivienda pre 
fabricada perrnit una organizaci 6 n de tipo empresarial con su consiguientc raciorol" 
zaci6n en el empIco de los recursos. 

En la octualidad se est6 perfeccionando un nuevo rnodoIo de casa de dos pisos, de 
gran resistoncia a los lemblores de tierra y de f6cil armada, el cual, sin lugar a du
das, revolucionar6 el mercado de la vivienda popular, y sera un aporto de SERVI-
VIENDA pare Ia economia de las tierrus urbanas. Es modelo ya ha sido suficiente 
mente prcbado al estar en usa en las oficinas de SERVIVIEt JDA de Bogot6. 

La dotaci'n de servicios y la decoraci6n es un proceo que se de*a a la ini ciativa y 
cr;terios est ticcs do los usuarios. En la mano de obra familiar hay un potencial dc 
trabajo que se tioaduce en ahorro, en imOir.aci6n creativa de acuerdo con una serie 
do valorws cultijrale y en una mistica que unm a los mirnbros de lafamilia cuando 
coda uno dr elios hace "u aporte al mejorarniento de la vvienda. Es dedicar su 
tiernpo a lu" tareas productivas que redundan en un mayor bienestar del hogar. 

Las paredos tunto exteriortos coma interiores, puden ser Fxfletadas, aplicrsoles mar
molina, ,richarxirlas en madeoa o en aalejo1as o sirnplernrnto piniarlas ol gus to. Los 
pisos pu(d,2r .,,r de comen to, de m ideur, de baldos(s o de. tic-fu pi aU( . Con (.I 
fin de apr ,echar el ospxcio in terior do Iw inbitaciones, - stigfire el usa de coma 

rotes pram los niros. El cielorraso luce meu/ bien en madera y consor va la tempera
tura de la ca,.o 

A los futuro, usuar os , s 1los otiendo pe rsoralrniente vn la, oficinras (I, SERVIVIENDA 
y se les d6 Ia infolmoci6n noww ria ofroci ndolu(! tds los afucilidodos ri Ia a' quisi 
ci6n de su casa. 'Jo se incluye el lote o trrfno para aquellas casas que son adqui 
ridas fuora de Iris url(ani.,acioneS propias de SE!1IVIENDA. S, l-s explhca detenda 
mronte los caractermiticas arquitectni icas de la ca3sa y se les complace con nuevos di
seoas cuando descan modificaciones l6gicua con baseen los modelos estandares que los 
ofrecefiom o 

Coda modelo tiene sus variaciones para tierra caliente a para tierra fria. El nuimero 
del modelo so refiere al 6rea construida en metros cuadrados. AsI par ejemplo 
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El modelo 15, quince metros cuadrodos; es el m6s pequefio. Cuentu con una alcobo, 
salita-comedor y sitio para la cocina. Es el m6s economico para fomilias de dos a 
cuatro personas. 

6El modelo 35, es el m s solicilado y ofrece mejores espacios pora familias numerosas. 
Consta do tres alcobas y sitios para el bateo, la sala-comedor y la cocina. 

V 

FINANCIACION 

Los problemas de las farrilias do escasos recursos eccn6mjcos, van m6s all 6 do encon 
trar una vivienda que cumpla con los minimos requerimientos fsicos y sociales y que 
al mismo tiempo satisfaga sus necesidade y descos particulares. Deben enfrentar tam 
bien el problerna de la financiaci6n que no solamente es escasa sino quo tiene esquc 
mas quo no ,.o compadecen cor sus ingreso- monetorios. 

SERVIVIENDA consciente de los grandes esfuvrzos econorn ca quo bacon las familias 
para conejuir su lote, tenia quo cunformar un sserna de financiaci~n pa×ra la corn
pro do la vivienda quo estuviora al alcance do %us posibilidades. Con el apoyo e
con6mico de dive sas inst tuciones intornaciorx-iles, se constituyeron fondos rolutorics 
do cr6dito, que Ic imprimicron inicialmente una ifln6frica operacional a la institu
ci 6 n. Pos-riorimente se obluvo con li Cnia Social de Ahoito un cupo de cr6dito 
para la coriformaci6n de un fondo rotatorio. EI monto inicial del cupo rue do 
SI'000.000.00 y en la actualidad ascihnde a $40'000.000.00. Con Un capital seri 
Ila cogre'p rnndieni. (I rl I(0',' di *alor de Ia clejroa y In .aInantla I)or porto0 de 
SERVIVIE, NDA, so ho podido conformar un fondo muIltiplicador, quo ha pei itido a
torgar cro'.ditos par mas de $60'000.000.00. Este mecanismo e% sin lugar a dudas, u
no de los (.xilos do la lnst i tuc in. La carteoa es supremarerinle 'ana, pues, su moro 
sidad es de apo.nws clI 1.1)"o doI total do! la cur to 

Para famil ins d escaos rocurvos t con rnicos, la, vivienda, "e venden al costo y a 
cr~dito. Pana po t'ar.as pudhin los Io vt-ndor a prcio come.rcial y al contudo. Esto 
excedente pormilei subsidiar a la- familiw rrau po .. L,3 cuooa inicial o conviene 
con la familio y Is cuolus mensaleI(! fijan de cornin acurdo, de tril manona quo 
no superen Ia car to parte do I inqiso familiar y quo sean iguales o inferiotes a Ia 
suma quo la farnilia pxagcba par arriendo. 
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VI 

OTRAS CONSTRUCCIONES 

SERVIVIENDA, adem~s do responder a las necesidades do vivienda de las gentes m's 

pobres do la pobloci6n colombiana, tanto del campo coma do la ciudad, tambi~n 

construye a precios bajos : residencias para familias do mayores recursos econ6micos, 
puestos do salud, oficinas, restaurantes, galpones, aulas escolares, etc. 

VII 

URBANIZACIONES COMUNITARIAS 

Al considerar la v;vienda como una necesidad bUsica de la familia, como un elemen

to promocion-I en si rnsmas y como un medio d, forrnaci6n %ocio-econamica y pol'ti

ca do Pc cominidades, en busca de camrbios .ocioles w:tructurales, SERVIVIENDA a

rientc su etfur o ,r hacia planes d(: urbanlzaci6n. 

La prmear talx~ de dichos, planes url:ansticos consiste en la divulqa ci 3n del progra

ma, la se hecc in, orqanizacin y farmacion de las familias participantes. Con ellas 

so estud i la realidod social. Se disculen lo aospectos relativos a la conwecuci 6 n do 

la lierra, a Ia finanriaciom, a los t rnife, ,'al:s, a la planeacirn de los frabajos y 

a la orjornilrc i;n de la comunidod. Se potne wpcial cuidado E!n In fornaci6n do 

lIderes y ,? ,nfutiza la plcartici xicion democratica en las tomua de ci iones. 

En la 	 se,> ndai a se proc,'de directornentt a l(o cr j tucci('n, ixr uyudu mutua, ba

dir,,cc"'n il oja la , t1'c.nico. e ad'ic! n los e,,rreno-, se inr kiahn Is evvicius do 

infroestruci ur , ,i contr yen y ,(! nrirblan la- ,iivii,ndw_. Durnte todo ,.te proce

so contirmun 1w, reunione s corunitarima par t;iar conciencia de I problernatica so

cial y pror resolver lo; prolhmT que ,,- vn presenfundo. 

La tr!r i IItim t rnzo I. n y apropiaci de viviendascf y et(aI corni, con aprobuc 	 n In' 

tarrimbin miapar Sorter), -I rl(joi~ilioiit( dt- lawaea comunitorias, rsor a rua y el 

fortaklecimiento de, ls org'Jnizacionw. crlopcratliva. qrue incrrnntei Ia vaticrxcion 

politico, para exigir sus derechos y determinar libr.mente su futuro de comunidad. 
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v II I 

CON CLUS ION ES 

Nuestrti occi6n nos ho comprobado: 

- Que oxisten sistcmos aiternativos de construccij'n que satksfacen lo noicesidad ben
sica de vivienda y' quc est6n al alcanco de las familios de bojos ingresos. 

- Quo sc pueden cncontrar fue.ntes nuevos de rocur-sos y nucvos mocanismos do cra,
dito. 

- Quc los closcs popularci cumplen sus compromisos crediticios. 

Quo la viviondo con Otrudo conjuntornerite con la cornunidad, al mismo tiompo 
quo salitface una riccsidad b~sica de Iu aFamilia, es un poderoso instrumento do 
organizac ion comunituria paro un combio ,oc io]. 

Estomos convenicidos de que (fi problemci de lu vivienida es solucionable, si con decisi6n 
y con irila'inaci~n creadrra .e tomon las rnifdl'Ijc, opiopious. 

dc1 nO 

monte con In) conorucc i~n de viviendau Son rie.os ombilm0 profundos enI lus per 

sonas, en los, cornu nidade-, y on Ins, nsf ifuc iones 

La conipi p j(lad det In] piobi ernlia mcaQ IPfuooiwrospaii5", flo ci rli6e* cu -

La fc en (d homnbre y en el poder do ICacornutlidajd orqjanizada, es la base de ttr es 
tructuracion nueva y' jusfa de la sociedad. 

mvt. 
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ANEXO 

PROCESO DE PRODUCCION -SERVIVIENDA 

Los vivendos prefabricada,; de SERVIVIENDA, constan b6sicamento do 4 tipos do ma
tcriales: 

I1. Concreto 
2. Metal 
3. Madera 
4. Asbesto-Cemento 

Estos a .u v(!., conformon las paredes, ventonos, uniones entre m6dulos, puertas, Co
rreas y cubiverio. 

A. iIitrf); r rdli .;I d or r(:Ao Y', p.r EICCiO~ C (* tl I O...~ h~ia cuya unfsI
urv: (If!dodI (!- n~~P InqIJE! [mi n ii r . Z .9'7 x .97 x . 3? y rv-,i-tcnc ia 

de 3.000 fl.('1. (233 ';cn, rlU)Vrriilw isrc dl9,dv[
rncdod nuturuil T y rf-J-if.nciu u aIn I'li,(" d(, 70 -q. [xito fin eJuvrzo mo, 

ximo de 96 /c'-

Se furnden ,oi,(,. f jt "jl'pil ( JI ;Jirr U~mat qt.fi i' iI)/ ~ i 
rrrvi1 (rliw(2' ~ l1 conl i f(rlf-10TI(-w) '.r 1. y,' f1rljrI frolufic-j )?l.fm J Co
mro foirink~to dw(. po'rfilv i.~fl cw(, r) L doI~1 ,t8/)(.l J c~egL 
irltf-rc(uin Uj [-ff;1 t ( , .9E* r in., 1YIT(2 fmumwmjr 1("" d .Y */ yi~reollo. pin 

do iquec.t l ,r)c io It, ,,nfloI ivijI 1(iiI#- We divlI'-JA1rl(tIim Er crrtt. at!e 

forrITfr ;I(it-ddeC Ia ilid 1i'.i((2. Pjio( d~ll (I:e mm;Ii'(:ru vo(11n. 

hi ic o dc~ 1/ 4" liv,cui, le. hin ornir (wilt )I e e',* [I t(iI;rE E /21jrd 

Io' forrrnilftr; / fI;'efdajd (o if j~ ij w in ; ,(J~o.rv.I n T(2Ihrviltftl, , r'*.c1t 

I En l w V ) Irm6-1 ru' 'I,.II 1 rI. I) t r rrr -r'd ll qw. IIrrrrrr 2) im, 
terld(Ida. 01&n IErJ12 .t~t2 u 111/' ~ ff ilt3 Ilit v r I 11c, 
to ull rlloxffti' Wd 20 Em) oijdui wrimir d, fuiL U rI'i ;>ifu ur total3 to0 pluo i-I.. 

U. oltto h-rltite ) UtvitiutivO d1(l nuf o ,r liivrzl' rtli (uw. t"lo., o 
Irici (onIlrii lvrm:uiull / rrpiuttfI.El le ,i 

I r umne an (;,il .(JI(Jd um W plimto ejunm , -1II~ '..). 1-1 fuonin d'- , to,1(2 , l 

s fipl-ivru nitm lon faludirIl 

Pao Ior ' t(1bilidirIO f kiE -.v oiI~(t jt 'ioI) omrnnufl u,,ri lIo-. 1)oides~' ((~lci 

supcr ;orc-. de lo-, rritiro-, fabricuda Icirrb; enii t 'iou vcri zodo.;!nU'd4ja 
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2. 

C. 	 Los denos clenientos como puertos, ventoaos, correos y cubierto utiiiz-3n siste
 
mos trodicionales de fabricac;6n, por to cuol no nos detendremos a analizar-:
 
los.
 

D. 	 Para armK~u lu ei wwo ri el constro'taor dc cwao, fu tuto de,v pic-po~ro r Ieir cno, 

yendo una Lcl-.e de horrui9Ccii do- 2.f§0 P.S.I. (194 l,T' rrc2 ) y olre v*I Ia sein 
tabo Ia crvxi( en 6 iioico (35 mbt)2 e.mblindo li d(fcrertes rn~duiol can Iis pao 
roles rnetfoicu, citi~juu que to,, tpucr t / ventunut . LaI CUbiCftU til C1 SOSI 

tomo tradicional de condrucci~n. 

DESARROLLO1. DE PRODUCTOS 

SERVIV IENDA t.vnfui turT ," )I:'if I(-n ti De~xwr owvnto de Invo-%fi;ac iones y dcsarro! to
 
do produclot intrc.,ucir td-i'cctocwu qtw' !ecj'I o.o, trinfneniendo a
c majo
ranao 10 1- lida , J vo 'lid I~t 


En esto 6ie 	 tvo-.v~jc p~Injifl'Fill.te -n~ f. (cfr. ennto y' Iejas 

/A .	 C E11,Irt*I T 1. toIt f I i ce n; :n Cosi';C to'r I'I* -,. tvicK(ipr I a( dtc 

t 1'.c'.. tcw. 	 I-ie' cf,ft:- ,I- c(.cu r'ifpc fl~ ' I' e ll~t il "))0r1 ; c() dl. b~o o. (dwi'J . 

!vi 1w " ) It' ', 1",t) I Q Ic If ;00~i que1( I~I I. Ir (fcrclc ul Iidu (d 

P ort ict l ,td ITc' Io ; IV' .il fj tr) f ci (It. i% f it,# ) 1c 1II rlc(]cI Of 1- I d cT;(iin'c . 

MUty 0 1 fcc. 	 I c cI i 1, 'c I I4 't ,I ir.), / fic) it (;'hccf( 11111c;:,rc %Jfll'( ;'"c iio e.C ~;(]I 
Zatlo iwtcc 	 1>:c-j;Iir( d,. f f -, tdlmlcditnto Ic'] *.iIi) c"'i'iudw y )fbcdcl 'implio 

B. 	 Lou-.jc~ cifir2ccccc~ice i ~ cerciento, orci'j r~n( / Ufl2 fiblo qije 

- :11iJ l-n rccjet- roi l gpuinlc. ,,- 1: c I,1 Ii a t 1td 1 ti 'frfttd( liqiu' o) icifl 

quor'.ti Ic c, c it ?cIfcJldd " Iry liI4 * i i *d)31 It- "l)(4 e Ji' I '; hc /o 

Cionfcii vvniconco ("I- fc'Jclfto po~t iotii) cii 1I)MgIly~')t, f0td ) 110aicii ttci*)- .fIIIl iu y/ r 
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3. 

La base de la casa representa un alto costo para el usuario y en ocasiones debe 

esperar un largo tiempo para poder instalar su vivienda. 

unas 

viguetas prefabricadas do aproximadamente 1 m. do longitud en los cuales en

sambla la plaqueto y puede instalarse en un terreno simplemente afirmado. 

En respuesta, el Departamento de Desarrollo de Productos, est6 elaborando 

Para aligerar el peso de las plaquetas ( una unidad peso 70 Kg.) estamos pro 

bando una mezcla do hormig6n con aserrin o viruta de madera mineralizada. 

Casa do 2 plantas: 

Debido a Ic escusez y el alto costo de la tieria urbanizoble, vemos la nec.si

dad de responder a ete probleria, con una vivienda de 2 plantas para aumen

tar el 6eo constiur'do en lotes muy pequer~os. 

Utilzamos 3 sistenioa du cntre-pios : 

- El primero consta de viguetas en rnadera y list6n machihembrado soportado 

en una estuctura independiente do los rnuros do la vivienda. 

- El sequndo tumbinn en vi juetas de rmlodcumr I y list6n machiliembrado pero so
maportado directounnt: cn los muro, do plaquetas; nrronta economi'a do 

terial y epucto, cofl w0Opecto (al (interio' p io en amoos existe (I problema 
,

ac6stico y un etf- ,i-tema _st1n constmi da 1w, oficinas de SERVIVIENDA en 

Bogotn , dlnd (,ied,e 2 a,.fIuncionnn huce 

piu una- El tercer si.,rnn s kje de honniqon fujdido en formaleta do 16

mino doblnude Cold roll-d r.nl;L, 18, snwfwendi~c de los muros del primer 

or lfji ; fortrno I, In si rvepiso, lo" w' p I x u(j9r est i ctutw In( Ita rniri coma 

a imodurn (!- eirte I,,() y (I# lotow, IiJ pi itri7nl an .
1 

2 piso
Los par(lf, retot; r,'. v.;n dd , I s ,wdo l t(i l,( cubi; trti del o. a 

a
difeencia do It,,;i',tefirs ofltfiIrofeS 0,ni los cuJle-s el nul "e inteinurnipe 

la alturo del entic-piso. 
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ABSTRACT: 	 This paper grows out of several studies of persons who
 
received new houses after Hurricane Fifi in Honduras
 
(1974). We evaluate such issues as housing site,
 
materials, available services, etc., from the vantage
 
point of the housing recipient. We found that in
 
these Projects the recipients were very satisfied, but
 
that several contextual factors and potential problems
 
are often overlooked in such undertakings.
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Introduction
 

In constructing permanent post-disaster housing one must pay
 
particular attention to the geography, building materials, and
 
disaster risk, but one must not overlook social and cultural
 
factors. As many of us know, the 'best laid plans' after disasters
 
and even without disasters have failed because they did not take
 
into account the reconstruction plans and processes from the vantage
 
point of the users or recipients. Although user input does not
 
assure success, it diminishes the possibility of costly and unneces
sary decisions. This is particularly true in The third world.
 

This paper summarizes the study of nearly four hundred houses built
 
for the victims of Hurricane Fifi (1974) on the north coast of
 
Honduras. The data is the result of interviews with the occupants
 
of these houses in 1976, 1977, and 1978. The first interviews (1976)
 
were conducted in order to collect base data; the second (1977) to
 
determine occupant satisfaction with the various facets of the
 
housing projects; and the third to probe housing improvement and
 
continued occupancy. The housing projects were sponsored by a
 
North American voluntary agency which received soTne financial and
 
material assistance from other agencies. Although the sponsoring
 
agency had participated in building houses for victims of the
 
Managua earthquake (1972), the Honduran work lacked systematic feed
back from that experience.
 

The houses were built on three different sites not previously
 
occupied by houses. The recipients had previously occupied houses
 
on hillsides vulnerable to landslides or on the floodplane near
 
rivers. These locations are indicative of these people's low socio
economic status and their vulnerability. Most of the recipients
 
lived in temporary quarters (makeshift houses, in public buildings,
 
or with friends or relatives) while the houses were being built and
 
approximately ninety percent assisted in the actual construction for
 
which they received food. Thus, the lives of these people were
 
dramatically interrupted for some months by the disaster, until the
 
houses were completed.
 

In order to emphasize the importance and breadth of social, cultural,
 
and economic conditions we begin with a brief description of Hondu
ras, the Sula Valley, and the people who received the houses.
 
Although this might appear impertinent, we are convinced the total
 
context of reconstruction needs to be known. Some of the data we
 
have collected is not applicable to other situations, but the
 
questions and issues are important. The people served by these
 
housing Projects share many characteristics with other peoples
 
throughout the third world whose vulnerability to disasters "..
 

from year to year. These are not tribal people who still adhere
 
to the traditions of their precursors and to whom western ideas and
 
technology are foreign. They are, as are hundreds of millions of
 
others in the world, peasants and semi-peasants who are pushed or
 
drawn to the regional urban centers in hopes of a better life.
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The National Context
 

Honduras, commonly referred to as one of the Central American
 
'Banana Republics,'is poor and certainly one of the world's less
 
developed nations. Its population of 3,500,000 is increasing at
 
an annual rate of 3.5% which means that it doubles approximately
 
every twcnty years. The total fertility rate is 6.9 per woman.
 
It is one of 'he two or three poorest countries in Latin America,
 
approximately comparable to Guatemala, but not as poor as Haiti.
 
Its literacy rate is 57%, life expectancy is fifty-four years and
 
nearly 47% of its population is under fifteen years of age.
 

Two-thirds of its active working population is in the primary
 
industries (farming, fishing, and forestry) and 20% live in cities
 
of twenty thousand or more. Honduras is one of the forty-three
 
"food-priority countries" so identified by the United Nations due
 
to its especially low income, inadequate diet and large projected
 
cereal-grain deficits.(l) Approximately one in five ihouseholds
 
have piped water, one in six electric, one in five toilets and
 
slightly fewer have electric lighting. The average number ef
 
persons per household is 5.7. Commercial agriculture has increased
 
its hold on much of the best land in the country at the expense of
 
land available to the peasantry. During the eailier part of this
 
century bananas were the major crop, but cattle and cotton have
 
emerged more recently.(2)
 

The Regional Context
 

Much of the north coast of Honduras was devastated by Hurricane 
Fifi, but our study is concentrated in the rich Sula Vallpy in the 
north west sector of the country. The early part of thiL .entury 
saw an economic boom in the area and more recently an important 
industrial expansion. This development is refiected in the growth 
of San Pedro Sula, the capital of the Department of Cortez. "The 
population has increased from roughly 20,000 persons in 1950 to 
about 120,000 in 1970. Almost overnight San Pedro has become 
Honduras' leading manufacturing center, and the rising skyline of 
its central business district is indicative of its increasirg 
importance as a seat of commerce. . .San Pedro Sula's growth has 
made it the largest non-capital city in Central America and it can 
now claim importance as a regional. center for that geographical 
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"*
 area. 


As the above indicates, the economic environment of the Sula
 
Valley is promising. The permanent housing we have studied and
 
are reporting on herein is in the context of an expanding labor
 
market for the populace. Not surprisingly, the authors have
 
found that living in an economically depressed area after a
 
natural disaster is very difficult for victims and non-victims.(3)
 
Researchers found a similar situation after the Managua earth
quake.(4) Thus, in the Sula Valley, unlike the usual post-disaster
 
situation in less developed countries, the economy for those we
 
studied held some promise.
 

Housing Recipients
 

The persons receiving the housing at the three sites were undoubt
edly typical of the mass of peasants and semi-peasants living in
 
the general area of San Pedro Sula. Of those employed, 53.1% were
 
in agriculture (essentially subsistence,) 34.2 were unskilled
 
workers, 9.8% were either employed as skilled or commercial workers,
 
and 2.97. were unemployed. They have been a relatively mobile
 
population with 36.4% living at their previous home three years or
 
less, 32.4% living there from four to six years, 15.1% residing
 
there from seven to ten years and the remaining 16.1% living there
 
more than ten years. This mobility is undoubtedly related to
 
reported mobility to the city of San Pedro Sula in recent years and
 
documented by Croner. He states that, "Internal migration, particu
larly during the past two decades, has generated phenomenal rates
 
of population growth for the city of San Pedro Sula. The fact that
 
the city has grown nearly sixfold in twenty-one years, and that
 
79.9% of all heads of household are nationals born outside of the
 
city, illustrates the profound and sudden impact of population move
ment upon the urban environment."** H1ipies on to say that, "With
 
increasing industrialization in and around the city, internal
 
population movement to San Pedro Sula could attain unprecedented
 
proportions through the next three decades."*** Although very few
 

*William Kenneth Crowley, San Pedro Sula, Honduras: The Order and
 
Disorder of the Pubescent Period in Central America's Most Rapidly
 
Growing City, A Dissertation at the University of Oregon, 1972, pl.
 

**Charles Marc Croner, Spatial Characteristics of Internal Migra
tion to San Pedio Sula, Honduras, A Dissertation at Michigan
 
State University, 1972, p. 137.
 

***Ibid.
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of the housing recipients lived in San Pedro Sula, they are
 
undoubtedly part of the ongoing populations' movement to the
 
general area. As Croner indicates, migration to large urban centers
 
is often a stair step process for the migrants rather than a direct
 
move to the big city.
 

The average years of formal education by the heads of household
 
was 2.2 years. Approximately 10% of the houses were headed by
 
women and the average household size was 5.3 persons. Household
 
sizes were distributed as follows: 1-2 persons, 7.5%; 3-4 persons,
 
26.2%; 5-6 persons, 35.7%; 7-8, 25.2%; nine or more persons, 5.3%.
 
Those under fifteen years of age account for 51.6% of the total
 
population. Future residents were given the opportunity to parti
cipate in the construction of the houses and a full 91.2% did so.
 
In addition, they were able to receive food for work and 89.5%
 
of the total interviewed said they did.
 

As previously mentioned, these people are not recent migrants
 
from a tribal past, but are oriented to the rapidly emerging urban
industrial sector. To measure their exposure to and integration
 
in the national life we asked them three questions. First, we asked
 
how many had voted in a public election and 57.5% said they had.
 
Second, we asked how many could name all five of the Central
 
American republics and 63.1% were able. Finally, we asked how many
 
knew the name of the President of Honduras and 80.2% were able to
 
name him. Thus, we were convinced of their national awareness and
 
orientation.
 

Although it appears trite and unnecessary to ask how many of the
 
post-disaster housing recipients were victims, it is an important
 
consideration in light of the housing deficit that existed before
 
the disaster as well as afterwards. In a statement on the housing
 
situation prior to the disaster and in reference to new construc
tion, "In Honduras a five-year plan called for 9,500 houses to be
 
built in the public sector between 1965 and 1969, although popula
tion increase alone required 64,000 new houses in this period, and
 
the housing dtef'cit of 1965 was estimated 263,000."* We found that 
82.8% of the persons living in the houses in 1976 had had their 
houses destroyed by the storm. We also asked how many of the 
occupants were owners of the houses they were inhabiting and 89.8% 
indicated that they were. The remaining occupants were either 
caring for houses for friends or relatives, had recently purchased 
the houses, or were revting them. (5) 

The housing in which the recipients lived prior to the disaster 
was primarily traditional. Tradition'il houses- or 'champas' are 
constructed by the owners and utilize indigenous materials such as 
thatch, bamboo, and mud ploister. Modern homes are constructed of 
either cement block or sawn lumber. Of those interviewed in the 

*"To Shelter Humanity" Summary Report of A Symposium on World 
Housing Needs and Environment, The American University, Washington,
 
D.C., 1975, p. 34. 
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new housing 78.7% had lived in the traditional housing. Toe
 
flooring of their previous houses was primarily dirt (75.8%' and
 
only 20.9% had electricity. A total of 27.3% had running water
 
(not necessarily inside their houses) and 6.2% had baths. As will
 
be seen, moving into the post-disaster housing was a step up for
 
most of these people.
 

Project Descriptions
 

Following are descriptions of the three projects discussed in this
 
paper: San Jos', Flores de Oriente, and Santa Rita. They can be
 
located on the maps provided.
 

San Jos'e contains 121 houses and is located on the primary highway
 
between San Pedro Sutl and the north coast near the city of Choloma.
 
It has an excellent location with reference to the existing trans
portation net. Proximity to the highway permits easy access for the
 
interior street system. The portion of the project near the
 
highway is quite flat but considerable slope exists at the extremi
ties of the site. Serious erosion has already affected the streets
 
within the project. Houses are constructed of either concrete
 
block or concrete panels which were poured on the ground and lifted
 
into place and subsequently bolted together. The latter construc
tion was found to be problematic, and abandoned. Houses contain
 
approximately twenty-five square meters of space. Lots (approxi
mately twenty by twenty-five meters) are large enough to provide
 
space for gardens. Water and sanitary facilities are provided
 
externally. The provision for a piped extern-il water supply to each
 
yard alleviates some of the potential health hazards posed by pit
 
latrines.
 

The household heads have the lowest mean age (33.2) and have the
 
second lowest mean formal educational level (1.9 years). The 
large majority of the resident.s formerly lived in "champos" (83%)
and only one in three had hard floors. In their pre-disaster houses 
they had fewer basic services than other project residents (only 
2% had electricity, 4% had baths, and 107 lived in houses with 
water). Thus, compared to the other projects, residents of San Jose 
come from poor baclhgrounds, but have received very good houses in a 
well sited location. 

Flores de Oriente contains 127 house,- and is approximately two 
kilometers off the old San Pedro-El Progreso highway on an unim
proved road. While this distance might rt appear excessive, from 
a relative distance point-of-view it is perceived as being poorly
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sited by the residents. The site is completely flat, occupying
 
land formerly used for banana cultivation. It is often flooded
 
during the rainy season and was inundated by two to three meters
 
of water during Fifi. All houses were constructed of wood with
 
earthen floors and contain approximately twenty-four square meters
 
of interior space. The project provides ample space around the
 
houses for garden plots, plus considerable farm land is available
 
to the residents. Water was provided by eight wells and sanitary
 
facilities were provided externally. Poor drainage characteristics,
 
high water table, and the use of pit latrines pose a potentially
 
serious health problem. This project was established to house
 
persons from the general area as no village existed here prior to
 
Fifi.
 

Our survey found that Flores had the highest percentage of single
 
household heads and that more were engaged in agriculture (40%)
 
thai any of the other projects. It also had the lowest educational
 
levl per household head which is undoubtedly related to the large
 
percentage in agriculture. More than 80% of the residents formerly
 
lived in houses lacking hard floors and classified as champas. Over
 
90% lacked electricicy and bathing facilities and 37% had water.
 
Thus, the families were poorly housed prior to Fifi and have received
 
comparatively small, minimal housing at the poorest site.
 

Santa Rita contains ninety-two houses and is the most remote project
 
from the regional urban center, San Pedro Sula. It is located on
 
a poorly maintained gravel road which provides regular bus trans
portation to El Progreso during all but the worst part of the rainy
 
season. The project is adjacent to the town of Santa Rita which
 
provides most urlan functions (excluding water). The site J:
 
relatively level and the lots are adequate for garden plots. The
 
most serious physical problem is the low water table. It is
 
impossible for the residents to reach water by hand-dug wells. The
 
availability of a regular market located at the edge of the project
 
alleviates most of the transportation needs. All houses are of
 
concrete block with concrete floors and contain approximately forty
 
square meters of floor space. Sanitation facilities are provided
 
externally, but no water is provided. Some of the pit latrines
 
have proven inadequate due to poor construction; approximately one
fourth have been rendered useless due to collapsing of the pits'
 
walls. This is the only project where a community center was built
 
as part of the project.
 

This project has the highest rate of unemployment (19.4%) and
 
contains the lowest percentage of female household heads. Compared
 
to the other projects resident characteristics were very average.
 
Prior to Fifi, residents lived primarily in champas with dirt floors.
 
They also came from houses that rarely contained water, electricity,
 
and baths.
 

Thus, residentr came from rather poor housing and have received good
 
housing with mixed advantages (adjacent to city services and market,
 
good housing, but lacking an adequate water supply).
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User Response To New Housing
 

In June, 1977, two years after the houses were completed, we
 
interviewed a random sample of approximately forty percent in the
 
three housing sites. The net completion rate in each project was
 
in excess of 75%. Since more than two years had lapsed since the
 
completion of the Projects the newness of the houses had faded
 
and residents were well established in the routines of living.
 
Responses to the new housing was elicited at three levels in order
 
to evoke the most representative and valid responses. First,
 
residents were asked two open-ended questions related to what they
 
like most and least about living in their new residences. Second,
 
they were asked to compare their present situation with their
 
previous housing in terms of the ease of adjustrent, the house
 
itself, its location and neighborhood. Finally, they were asked
 
23 specific questions about various facets of their new residence
 
and locations. Responses to these questions were either "Satis
factory," "Acceptable," or "Unsatisfactory."(6)
 

For both of the open-ended questions respondents were instructed
 
to give what they considered the single most important response.
 
Table I contains the responses to, "What do you like most about
 
living in this Project. "Everything," reflects the wording of the
 
respondents while "Quality of life" includes such statements as
 
tranquility, security, and atmosphere. The more specific responses
 
such as "Houses," "Water," and "Location" undoubtedly reflect
 
significant improvements over their previous housing situations a
 
very small percentage in Flores and Santa Rita found "Nothing" to
 
like in their projects.
 

1 

TABLE 

No. 

What Do You Like Most 
About Living In This Project? 

Every- Quality Water House 
thing Of Life 
(%A) ("D) (K%) 

Loca-
tion 
M%%) 

Nothing 

(, 

San Jos' 

Flores 

Santa Rita 

(50) 

(41) 

(34) 

4.0 

9.8 

11.8 

32.0 

51.2 

26.5 

10.0 

2.4 

2.3 

28.0 

26.8 

41.2 

26.0 

4 9 

14.7 

None 

4.9 

5.9 

Total (125) 8.0 36.8 4.8 31.2 16.0 3.2 
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Table 2 reports what the residents like least about their Project
 
and these negative answers are undoubtedly more revealing for
 
evaluative purposes. A number of categories in the Table stand
 
out. First, the large number of persons in San Jose that have no
 
complaints whatsoever. Second, the large percentage of persons in
 
Flores and Santa Rita that indicate "water" as the central problem.
 
In San Josh, 31.0% found that inadequate "Lights" were problematic.
 
In each Project there were a very few who found "House Construc
tion" to be that which they liked least.
 

2 

TABLE
 

What Do You Like Least
 
About Living In This Project?
 

No Corn- Loca- House
 
plaint Lights Water tion Streets Const.
Not. (%J) (7.) M7. M M
 

San Jos (45) 51.0 31.0 None 8.9 4.4 4.4 

Flores (35) 11.4 11.4 54.3 None 14.3 8.6 

Santa Rita (37) 11.1 11.1 75.0 None 2.8 2.8 

Total (117) 25.5 18.8 39.3 3.4 6.8 5.1
 

The four comparative questions are approximately mid-way between
 
the previous open-ended questions and the specific questions that
 
follow in terms of generality and focus. The first question askn, 
"Have you found settling and adaptation to the mode of life in this 
Project better, equal or worse than in previous places of re sidence?" 
Table 3 ccit ains re:;pon;es and it i.; clear that for mo:;t res idents 
adaptation has been better or at l eant equal an compa red to previous 
times. Only in Santa Rita (18.97.) have more than 10Z of the 
residents found such adjustments more difficult. 
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3 

TABLE 

Adaption To The Way Of Life In
 
Present Residence As Compared To Previou3 Ones
 

No. 
Better 
() 

Equal
(7.) 

I.orse 
(% 

San Jose (50) 72.0 18.0 10.0 

Flores (42) 78.6 14.2 7.1 

Santa q'ta (37) 62.2 18.9 18.9 

Total (129) 71.3 17.1 11.6 

Table 4 contains responser to the question, "Is this house better
 
than the one you previously lived in?" Generally, the response

i; very positive. Only in Flores de Oriente was the dissatis
faction level near ten percent. 

4 
TABLE
 

Is This Houae Better Than
 
The One You Pre:iouly Lived In?
 

1Ct Ler Equal Worse 
No. (!. 

San Jose (5C) 98.0 2.0 None 

Floren (42) 85.7 4.8 9.5 

Santa Rita (36) 91.7 5.6 2.8 

Total (128) 92.2 3.9 3.9
 

The quality of present and pa.t houne location its compared in 
Table 5. .atinfactlon in thin cane i,. more widerpread than in the 
two previoun quer.tIonns. Alotoh It, in c1ear that Flore' de Oriento 

I'll 



and Santa Rita are remote by any measure, their location is better
 
than where the residents previously lived.
 

5
 
TABLE
 

Is This Location Better Than
 
Where You Previously Lived?
 

Better Equal Worse
-No. () () ()
 

San Josl (50) 98.0 2.0 None
 

Flores (42) 88.1 4.8 7.1
 

Santa Rita (37) 91.9 5.4 2.7
 

Total (129) 93.0 3.9 3.1
 

Neighborhoods of previous and present house locations are compared
 
in 	Table 6. Satisfaction is again very high, only 4.8% in Flores
 
de 	Oriente find it worse.
 

6
 
TABLE
 

Is 	This Neighborhood Better Than 
Where You Previously Lived? 

e t-ter Equal Worse 
__ __ __ No. _%_ 

San Jon% (50) 98.0 2.0 None
 
Flores (142) 83.3 11.9 4.8
 

Santa Rita (37) 86.5 13.5 None
 

Total (129) 89.9 8.5 1.6
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On these comparative questions the new residences are clearly
 
perceived as better than their pre-disaster housing situation.
 
This is strong evidence that these people have improved their
 
standard of housing, a situation one cannot generally expect in
 
housing third world people after disasters.
 

In order to focus on the more specific facets of satisfaction
 
among residents questions were asked concerning the following
 
topics: (1) institutional services, (2) work, (3) housing,
 
(4) housing facilities, (5) site characteristics, and (6) social
 
environment. Responses to these questions were either "Satis
factory," "Acceptable," "Unsatisfactory," or "Do not know."
 
"Satisfactory" and "Acceptable" have been combined and treated as
 
positive responses. This was done due to the small number of
 
respondents answering "acceptable." "Do not know" responses
 
were omitted from our analysis. The Tables contain the percentage
 
of persons responding "Satisfactory" and "Acceptable."
 

In order to provide a frame of reference for the responses and to
 
maintain consisten.y of terminology we established four cate
gories of an'wers ranging from positive to negative. These
 
categories ara: (1) "positive" when 85 to 100% respond
 
affirmatively, (2) "moderately positive" for 70 to 84% affirmative
 
a-swers, (3) 50 to 69% positive responses are labelled "moderately
 
negative", and fewer than 50% positive answers are defined as

"negative".
 

Institutional services include the availability and adequacy of
 
churches, schools, markets and public transportation. The response
 
concerning availability of church was negative at Flores. San Jo
se' s positive response probably relates to the existence of churches
 
within the project proper while. Santa Rita's location next to an
 
existing village makes church facilities readily available. All
 
projects were positive in their response concerning the question of
 
school.
 

Neat'ness to market was not problematic for residents of Santa Rita
 
since a new market has recently beer built at the edge of the
 
Project. The situation is quite different for Flores and San Jose. 
Transportation does not pose a problem for residents of San Jose 
and Santa Rita, but is very negative for those in Flores. This is 
due to the Projects poor siting, at some distance from the main 
road. 

Table 8 contain; responses to two facets of work. Both categories 
indicate some problems in all three Projects. The percentage of 
persons indicating t.;at there is sufficient work ranges from 61.9% 
to 76.07. With reference to nearness to work the range is from 
46.07, to 65.97. The problem. of adequate work are endemic in much 
of the third world and following disasters the :;ituation is exacer
bated. Seventeen month,; after the earthquake in Managua a survey 
indicated that, "Forty-six percent felt that their job situation 
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was worse than it had been before the quake."*
 

7 
TABLE 

Institutional Services 

Church 
No. (%) 

School 
No. (%) 

Market 
No. (%) 

Transportation
No. M% 

San Jos"e 

Flores 

Santa Rita 

(50) 

(42) 

(37) 

96.0 

40.5 

89.2 

(50) 100 

(42) 100 

(36) 100 

(50) 26.0 

(42) 2.4 

(37) 100 

(50) 

(42) 

(37) 

94.0 

31.0 

89.2 

Total (129) 76.0 (128) 100 (129) 39.5 (129) 72.1 

8 

TABLE 

Work 

Sufficient Nearness 
Work
No. M% 

To Work 
No. M% 

San Jose (50) 76.0 (50) 46.0 

Flores (42) 61.9 (41) 65.9 

Santa Rita (37) 66.7 (37) 51.4 

Total (129) 69.0 (128) 53.9 

Table 9 contains responses to house materials (walls, floors, and
 
roof) and interior space. With the exception of flooring in Flores
 

*Patricia B. Trainer, Robert Bolin and Reyes Ramos, "Reestablishing
 
Homes and Jobs: Families" in J. Eugene Haas, et. al., Reconstruc
tion Following Disasters, The MIT Press, Cambridge, 1977, p. 198.
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de Oriente the assessments are very positive (all above 90%).
 
The new houses included walls of sawn lumber (Flores), cement
 
block and reinforced concrete walls (in Santa Rita and San Jose),
 
corregated tin roofs on all houses, and cement floors in Santa Rita
 
and San Jose. The negative response in Flores is due to the earthen
 
floors. Interior space, which ranged from twenty-five (San Jos'e
 
and Flores) to forty square meters in Santa Rita, was also suffi
cient for these people. There were no partitions provided in any
 
of the houses.
 

9 
TABLE 

Housing 

House Floor Roof Interior 
Material
No. (%) 

Material
No. % 

Material
No. (%) 

Space
No. (%) 

San Jose (50) 98.0 (50) 98.0 (50) 98.0 (50) 96.0
 

Flores (42) 90.5 (42) 31.0 (42) 92.9 (42) 95.2
 

Santa Rita (37) 97.2 (37) 91.9 (37) 94.6 (37) 100
 

Total (129) 95.4 (129) 74.4 (129) 95.4 (129) 96.9
 

What we call "Housing Facilities" is contained in Table 10.
 
"Fresh air" or ventilation was provided through the doors, windows,
 
and approximately two inches of space between the roof and the
 
walls. Generally, this amount of ventilation was adequate. This
 
was true also of toilets which were provided outside of the house
 
itself. This was true even when many of them were beginning to
 
sink or fall down when this survey was done. Provisions for
 
"Baths" were simply not satisfactory. There was not specific pro
vision for such in any of the Projects, but the response was not
 
so negative in San Jose where piped water was available in the yards
 
and bathing was made possible, at least for some of the family
 
members. Interestingly enough there was no "Cookin, space" provided
 
at any of the sights, but the response was not overwhelmingly
 
negative. The reason for this is that cooking is almost always
 
done under a separate roof and usually constructed of traditional
 
materials. In cities this situation is different, but in these
 
Projects on the urban fringe and with people from traditional back
grounds it was, essentially, adequate.
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10 
TABLE 

Housing Facilities 

Fresh Air Toilets Bath 
No. (%) No. (%) No. (7) 

Cooking 
Space 

No. (%) 

San Josl (49) 85.7 (50) 98.0 (49) 38.0 (49) 86.0 

Flores (42) 83.3 (42) 92.9 (42) 4.8 (42) 71.4 

Santa Rita (37) 100 (37) 81.1 (37) 0.0 (36) 61.1 

Total (128) 89.1 (129) 91.5 (128) 16.4 (127) 74.0 

"Site Characteristics" refers to "Garden Space," "Space between
 
houses," and "General cleanliness." The availability of space
 
on both counts is satisfactory. We felt they might want space for
 
gardens, but that was not true. They use their yards for fruit
 
trees and sometimes for pigs and chickens, but the available space
 
was adequate as the responses indicate. Land is not actually
 
scarce in this part of Honduras, but it is expensive due to commer
cial agriculture. Cleanliness was only a problem with some
 
residents in Santa Rita.
 

11
 
TABLE
 

Site Characteristics
 

Garden Space Between General
 
Space Houses Cleanliness


No. M% No. M% No. M%
 

San Jose (50) 92.0 (49) 95.9 (50) 98.0
 

Flores (42) 85.7 (42) 92.9 (42) 95.2
 

Santa Rita (37) 94.6 (37) 100 (37) 83.8
 

Total (129) 90.7 (128) 96.1 (129) 93.0
 

Items under "Social environment" cover a variety of items we
 
thought might identify areas of difficulty. Certainly, residents
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are happy with the "Class of people" who live there (100%) and
 
with neighborly interaction (99.2%). "Outsider's impression" of
 
the Projects is very high (98.4%) and "Personal security" is not
 
problematic for more than a very few (93.8%). They are certainly
 
located sufficiently near to friends (96.1%), but many could be
 
nearer to their relatives. These responses correspond directly to
 
how far the residents are presently located from their previous
 
domeciles. This is not something that is easy or even possible
 
to control under these circumstances.
 

12
 
TABLE
 

Social environment
 

Class of Neighbor Outsider's Persothal Nearness Nearness/ 
People Interaction Impression Security of Friends Relatives 
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) 

S.J. (50) 100 (50) 100 (50) 100 (50) 96.0 (50) 98.0 (50) 80.0
 

Flo. (41) 100 (42) 97.6 (41) 97.6 (42) 95.1 (42) 92.9 (42) 69.1 

S.R. (37) 100 (37) 100 (37) 97.3 (36) 91.7 (37) 97.3 (37) 62.2 

Tot. (128) 100 (129) 99.2 (128) 98.4 (128) 93.8 (129) 96.1 (129) 71.3 

The twenty-three questions referring to specific facets of
 
permanent post-disaster housing reconstruction are generally very
 
positive. Of the four categories of resident responses that we
 
constructed 68.1", (47) were "Positive," 8.7% (6) were "Moderately

Positive," 10.2% (7) were "Moderately Negative," and 13.0% (9) were 
"Negative. "(Table 13) The problem 'ireas that were identified are: 
siting and the availability of service; to the Project:;; work, 
which is al;o related to location; the exclusion of cert-ain housing
amenities; and a few s;ite specific compiaints. Siting or location 
problems include the availability markets, trans;portaLion , church,
 
and to a certain degree resident' ; relatives. Work, a:. ide from
 
being to some degree locational, i; associated with development in
 
general. The exclusioa of bathing facilities, floor; at Clore:;,
 
and to a ies;:;er degree cooking facilities and adequate toilets
 
created varying degree,, of difficulty for the occupants. Some minor 
site specific issues were cleanliness and insufficient ventilation 
at Flores.
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13
 

TABLE
 

Summary Of Responses By Projects
 

San Jose 


Church P 

School P 

Market N 

Transportation P 


Sufficient work MP 

Near work N 


House material P 

Floor P 

Roof P 

Interior space P 


Fresh air P 

Toilet P 

Bath N 

Cooking space P 


Garden space P 

Between houses P 

Cleanliness P 

Class of people P 

Interaction P 

Outsider/Impression P 

Security P 

Near-friends P 

Near relatives MP 


P = Positive.
 
MP = Moderately positive.
 
MN = Moderately negative.
 
N = Negative.
 

Santa 
Flores Rita 

N P 
P P 
N P 
N P 

MN MN 
MN MN 

P P 
N P 
P P 
P P 

MP P 
P MP 
N N 
MP MN 

P P 
P P 
P MP 
P P 
P P 
P P 
P P 
P P 
MN MN 
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Implications For Post-Disaster Planning
 

This paper has assumed that satisfactory housing, in general or
 
after disasters, demands more than appropriately constructed
 
buildings. It also assumes that an essential ingredient in
 
planning such satisfactory housing is continuous input from thvse
 
most familiar with the recipients needs and interests - the
 
recipients themselves. This input should not begin with a post
disaster survey of how satisfied they are with what they have
 
received, but continuously from conception through construction
 
and completion. Hastily constructed housing without user parti
cipation may become temporary and/or residents may feel little
 
commitment. (7)
 

After looking at nearly four hundred houses built in the Sula
 
Valley for victims of Hurricane Fifi, in light of the interviews
 
and other information we have gathered, we feel there are a
 
number of things that can be said about planning post-disaster
 
housing. Some suggestions, it must be :ientioned, did not emerge
 
in the interviews. Post-disaster interviews like the above and
 
user input prior to construction are essential as we say, but
 
othrr forms and sources of information are also important and not
 
available from the recipients.
 

First, it is imperative that a thorough knowledge of the economic
 
and developmental trends of the nation and region be known. (And/
 
or a knowledge of the national development plans if they exist and
 
are being consistently and reasonably implemented.) The three
 
Projects we studied were successful in large part because they
 
were in an economically healthy region. In a more recent study of
 
victims of the same hurricane, but in a region of the country
 
that was experiencing economic decl.ine, recipients and non
recipients of aid were generally not better off than before the
 
storm.(8) This is not to say these people should not be assisted,
 
but the priorities and approach would be different. Less resources
 
might be spent on housing materials and more on work generating
 
activities. It is very possible that corregated tin and nails plus
 
tools and cement would be provided and that other available
 
resources be spent on developing a cooperative work place and/or
 
enterprise. The cost of the structural houses at San Jose'was
 
$658, in Flores de Oriente $322, and in Santa Rita $759 and in a
 
post facto evaluation of the effort by the architect-engineer, 
indicated that they spent more money per building in San Jose and 
Santa Rita than was necessary. 

Such national and regional information must come from national or 
international experts who are thoroughly knowledgable about said 
countries. It is often difficult information to attain and
 
equally problematic to determine who can provide it objectively and
 
within a reasonable amount of time.
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Second, it is necessary that informat:.on about the immediate
 
area be known. Be sure, of course, tiat the site is not vulner
able to future disasters. Nearly halt of t',.se built in the
 
three Projects we studied are vulnerable to Lature flooding.(9)
 
Also, (as an example) be certain that the land you intend to
 
build on has clear title and that it actually/belongs to the
 
sponsoring agency. The residents at San Jose and Santa Rita
 
apparently own their houses, but as of 1978 the issue of land
 
ownership had not yet been settled. We feel confident that it
 
was being settled equitably in San Jose, but we are not certain
 
in the case of Santa Rita. The land upon which Flores de Oriente
 
was built belongs to the National Agrarian Institute and the
 
residents cannot own the property. The arrangement, however,
 
seems to be satisfactory as the residents are told they can live
 
there as long as they wish, but if they move, the houses will be
 
assigned to other families (in 1978 we found that some had
 
already sold their houses to other families and left.)
 

Another related issue is how committed will the local government
 
be to incorporating the Project into the local service net and
 
infrastructure? Within a year after our survey the government
 
authorities in the region of Santa Rita had provided water to each
 
household and solved the major problem of that Project. They also
 
improved the local roads which was very beneficial. In a locale
 
experiencing economic decline this type of assistance cannot be
 
expected. (It must be mentioned that in this case it was not
 
expected either. The sponsoring agency had simply failed in its
 
efforts to provide adequate water to this Project.)
 

The information necessary for this type of local knowledge is
 
difficult to gather. Local persons with long term experience will
 
need to be utilized unless the information is available from a
 
reliable, local, regional, or national planning office. We have
 
serious doubts about the latter possibility. This constitutes a
 
particularly difficult problem to solve and takes more time than
 
the average agency or agency representative wants to spend. But,
 
as we are arguing, it is essential for a satisfactory post-disas
ter housing plan. The post-disaster period is a particularly
 
difficult time to gather reliable information and to make reasonable
 
business transactions. Prices for goods and the problems of fraud
 
undoubtedly increase and outsiders are particularly vulnerable to
 
these A.isks.
 

Finally, as we have been arguing, input at the level of recipients 
is an essential ingredient. They must be actively involved in 
planning, construction, and they should be expected to pay for some 
of the expenses incurred. In our study we found that, generally 
speaking, the housig materials, location, space(10), etc., were 
not problematic for the users. They fit their cultural and s;ocial 
experience in terms of being acceptable, familiar and useable. 
Their houses are sufficiently repair intensive, alterable, safe, 
andI appropriate. We know of a case in the Dominican Republic 
whcre, after the hurricanes of 1979, post-disaster housing was 
constructed with plastic roofs. This was unacceptable in the 
short run bicause it did not provide sufficietiL protection from 
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the sun's rays and was unacceptable in the long run because it
 
was not durable. We have asked over six hundred persons on the
 
north coast of Honduras what they think about corrigated tin
 
roofs and all but two like it and those two had previously lived
 
in much more expensive houses. Part of the preference is due to
 
the unavailability of traditional materials after storms, the
 
fact that they must be replaced every two years, that they house
 
insects and snakes, and that they present a fire hazard: A few
 
good reasons for peasants preferring the material.
 

Recipients must also be expected to pay a reasonable amount of
 
the costs incurred in such undertakings. Payments must not
 
constitute a financial hardship for the recipients, however.
 
Payments, also, may need to be spaced in relation to the recip
ients' income fluctuations. Those who depend on income from
 
agriculture will be able to pay most during the harvest season.
 
Turning over the responsibility for payment collection to a
 
local agency may be a wise decision or it may not.
 

In closing we would like to quote from a report to the President
 
o' Guatemala .wo years after an earthquake devasted that country.
 
It was written by representatives of a Committee of volunteer
 
agencies and lists the five most important mistakes that had been
 
made in their assistance effort.
 

• . . too much aid was given away; too many of the houses
 
constructed were merely of an emergency type; some organi
zations used large ".uibers of foreign volunteers; too much
 
was done under presue and without proper consultation,
 
so that the victins became mere spectators of the work
 
carried out rather than participants; a lot of reconstruc
tion work was undertaken without first consulting the
 
Government's Reconstruction Committee.*
 

*Reggie Norton, "Disasters and Settlements," Disasters 4/3,
 

1980, p. 339.
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This paper reports on the results of a three-year longitudinal study of the
 
1976 Guatemalan earthquake. Specifically it examines what has happened to housing
 
in twenty-six sample communities and urban neighborhoods between the pre-earthquake
 
period and 1980. The focus is specifically on earthen buildings as compared to other
 
types of housing.
 

The data upon which this rcZLarch is based were obtained from personal inter
views with a random sample of household heads in three separate interviews con
ducted approximately one year apart. The first interview was conducted in 1)78;
 
the second in 1979; and the third in 1980. Data on pre-earthquake housing were
 
obtained during the first interview which took place two years after the earthquake.
 
Retrospective questions were used to determine pre-earthqoake housing chara teristics
 
and to obtain data on what damage was caused by the earthquake to various housing
 
features. The characteristics of subsequent housing structures were obtained by
 
a combination of interview questions and on-site inspection by interviewers. It
 
is useful to think of this study as furnishing data on five time periods, as shown
 
in the following table.
 

1. T1 Pre-earthquake (F'h . 3, 1976) 

2. T2 Earthquake (1)amag. on Feb. 4, 1976)
 

3. T3 Post-earthquake 1)78 

4. T4 Post-earthqake 1979 

5. T5 Po;t-,arthquake 1980
 

Data on T1 , To, and T were obtained in the first interview and data on and
T4 
T5 were obtained in separate interview; conducted a year and two years later. A 
final note which may prove useful is the fact that the second interview at T4 was 
conduct'1 with only a 15 percent sample of the households interviewed on the first 
interview. 

The -ample for thi's study was drawn to meet several criteria. First, some 
sample units (either commuoitien; or urban neighborhoods ) were selected to represent 
units wi ich were within the area heavilv affected by the earthquake and others wete 
selected to rprchiit malthing oni , ount';idhe the affected area. These two group, ot 
communi l,,:;, for con'.,,nin , are called ain ripn ta]I Exp t.oTp(those heavily affected 
by thetile tt ltal-e) .out i onlv ytv. totally; .;'rnnp (thAo,;n ligl ;if,'t((led. or "in
a i 2ct f'd VhV the, t..rthl11. 1,.). 

n it., O 'td t ,) ,:oq:vl 
t,,! t" rvp, itin primarily IndiLan or pri mar ily 

K- tl warp ol oL rc tr ;int. icu i t i-s of varioll, size aid 
politi l And .i, nI ' ::':,iu that ar, 

[adi no in i ptip tin. t"ho; t ii' pa ti i onn !t;tide G;tli 'maI a (.'it,' wa5 I" helect (oinmimi

nitJ tto ri itid tii r/ip and ianp)ri;itr ,loi ,im l i1 , Tttmu ic ipo. a 1dia which were' Itnd And 
l 1 t I ,r (iAl px: is?t i Lo veLad i i(). 1 -,l; C':-1 a A ip . I ,ere .i'* tin ) her i', seri 
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In each sample unit maps were drawn and a random sample of households inter
viewed. These same households were interviewed on successive interviews in a panel 
style design. All interviews were conducted at the housing site by a team of eight 
well-trained female Guatemalan interviewers. Where necessary, interpreters were 
used to translate between Spanish and an Indian dialect. It is important to remember 
in interpreting the findings that all data are based primarily on interviewee re
sponses and not on engineering or architectural data collected by experts. 

Change in Housing Types
 

In order to simplify the analysis of data revealing changes in housing styles, 
a housing typology based on wall-roof combinations was derived from the data. This 
typology is used in Table 1 to show changes in hiousing between the pre and post earth
quake periods for the experimental group, control group and the city.
 

The first thing to note is the fact that the experimental group (earthquake 
impacted cocmtunities) contained 83 percent adobe walled houses in the pre-earthquake 
period as conpared to around 40 percent in the control group. In the experimental 
group most adobe wal led houses had tile roofs, while in contrast, most had lamina 
(corrugated galvanized ,steel) roof; in the control group. This seems to indicate 
that a trend toward.; abandoning adobe as a building material and tile as roofing 
may have be cii - ore tdvi(nc ,d in th( .o,trol ;roup than in the experimental group 
before the eartliyake. 

The second fact to note, in Tabl e I i; that by 1980 only about 11 percent of 
the buildin;.,,> in tie e xperi, n1t111roup had ]dobewall s. Of theese, only about 
s even perclnt ld tile roof,;. Tbi<s represent'; a difference, o f 72 percent in tile 
number of adobe h~on;;nt; unit; in a four ycar period. In comparIson, the control 
group had d rn pp d to 29 percient -dobe wallt.,d buildin!', from a pre-earthquake 40 
percent. Tb'th 1,a r'e r dcroa.;;e in the experimental group of cour.;;e roflect the 
desitruction ol :idohe building; in the carthqulike and their rrpl:acement b non-adobe 
structure.;. In the coitrnm] 'roiip I ittl i!',wi'; suiffeor(d in compari:,on and a 
prop(ortionit lv lir;'ir number of adobe struictl<r ; howev.,Ver, it is;iViV. evident 
that control rup oember<; ;e, il!;o abandon itw, "idol , ; :i wall naterial at a 
relativi ,v i-,lpidi rite. c.rnensurote with tilL' reduction in adobte v; a wall material 
i. tiIo ahalnI r.I' nt of t I(, for io()i ii;; and tIi - h;!;t ittut in of I almino for it. 

'l(I, chllt:, *; ill li l,,illl t'l r( thi- con ;; ieql e; f both individuil docls ions 
and I;-l-r;e - I I, II' Ic '' to 'ir "r) it ,ioc pro ran;; in pirt i cu, I r feat ired o2i ther 
woodei ; t r olltlit c , ct', ,!!; onOItbritot ' o 'oul ri hloek, or of hiIf l)c1tk-h.ilf woo(len 
Wo Is. 'lt i,o . '/ pre' ' r :4;; rt rIt 1 tetL d in lhinlgi-'; ohi-r;, d iii thi' etxperimncntalI 
grouip whir' wolii I It!,t, ', it r,,,ifd o-)ot (1.75 to 23. 17 pj rce-nt; lock l frot 
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What this table does show is that 206 out of the 320 people studied in the city
 
formerly lived in adobe structures, or about 64 percent of them.
 

Damage to Various House Types
 

In order to determine the amount of damage suffered by each household, the
 
household head was asked to rate the damage to various house features on the
 
following scale.
 

Damage Score Damage Category
 

0 None
 

1 Slight (requiring only minor repairs)
 

2 Heavy (requiring extensive repairs)
 

3 Destroyed (needing complete rebuilding)
 

Table 2 shows damage scores for the average damage to the walls of a house by
 
each house type. A score of 3.00 would mean the walls were destroyed; a score of
 
2.00 that they were heavily damaged, etc. With respect to adobe houses with tile 
roofs the figure shown in the table is 2.38. In other words, for the 410 such 
houses, the average damage to tile walls was between "heavy" and "destroyed." The 
table also shows the average wall x roof damage. The figure 2.29 means that when 
damage to wall and to roof are averaged for the 410 adobe houses with tile roofs, 
the result shows that they suffered between "heavy damage" and "destroyed." Similar 
figures are presented for the control group and for each house type. These figures
 
indicate that the control group suffered only slight damage on an average, while
 
the experimental group suffered from very heavy to slight damage, depending on
 
house type.
 

Adobe structure,; stand out as those suffering the greatest damage, while wood,
block and thatcl stand out as suffering only slight damage. Another thing that 

is apparent i; that hajareque structures (cross-woven sticks attached to posts and 
filled with earth) fared considerably better than plain adobe. Another point which 
is surpri,.in, is the. apparent fact that adobe buildings with lamina roofs fared 
slightly worse than those with tile roofing. This difference is significant for 
damage to walls, but not for damage to the roof. In other vords, there is a signifi
cant difference in the amount of damage suffered by adobe walls when they have 
lamjna or tile roofs, with the lami-ni roof being, associated with greiter damage. 
This may he due to the use of heavier timber!; to support the roof, of hou.',es us 1ng 
tile for roofin,. 

In Table 3 earthen and non-earthen structure!; are compared with re!pect to 
damage. Earthen l dstructures, inc u houses with walls con;tructed of (1) adobe, 
(2) bajareque, (3) tapil, or (4) half adobe and half 1ight weight upper wall material. 
Non-earthen hoti;es; con.;i;t of all ot.her.;. For the entire sample, Including the 
control ;aid( experiment a . groups, 1.;well a; tihe city, eirthein structi irs .suffered 
much heavier d aage (2.12) than non--earthen one ; (0.04). 'Ie diff irtuc 1 I:; highly 
sign if Icant !;t;, Ist aIlcII y. F'zrthritiori,, thil; d, fti-ronce, hol ds; jp in all!;IampI e 
groups. .von inl the control group, where the dama,,, w!; charact erist ic;,l li ght,7 
earthIen hui li Ig; !uI fIered(; goi ff icantI vImore dama e 

It should he noted that almos;t all of the e.-arthen .ih lldin,,; in this; s;ample 
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http:surpri,.in


were constructed of adobe. As a consequence these figures are heavily influenced
 
by this type of structure.
 

Housing Features Combined with Earthen Structures
 

During the first interview data were collected concerning certain structural
 
features of houses. Among the fuatures studied were the following: (1) foundations,
 

(2) columns or corner posts, (3) vegas or beams, (4) solera or roof plate and (5)
 
cross bracing in the walls. Respondents were asked if their house contained such
 
a feature and what material was used in constructing it. Tables 4 through 8 show
 
the information obtained for pre and post-earthquake earthen structures.
 

First, with respect to foundations, most earthen structures either had no
 
foundation, or one made of adobe or packed mud before the earthquake (55.61%). About
 
seventeen percent had foundations of loose stones. Only about 20 percen had more
 
stable foundations. Two years after the earthquake the proportion of earthen
 
buildings with no foundations or with one of adobe or packed mud, had decreased to
 
52.40 percent and two year3 later to 45.61 percent. More structures show up as 
having stone, rock or cement foundations in 1978 and in 1980. There appears 
therefore to have been a slight improvement in the stability of foundations used 
in adobe buildings since the earthquake. 

The use of columns or corner posts as shown in Table 5 has considerably in
creased. Before the earthquake over 75 percent of all earthen structures lacked 
corner posts. By 1978 only 35 percent were without them. This may be due to the 
greater survivability of adobe structures with such a feature rather than to the 
introduction of this practice in the post earthquake period. The greatest increases 
in the use of a given material for use in corner posts occurred with respect to 
rough logs or crude lumber, however. Since they are subject to rot and termite 
damage, the benefit may be only temporary. There is little support for the idea 
that stronger, more durable materials are being employed for this purpose. 

Almost all.Ihouses made of adobe or other earthen materials us{ed vegas or 
beams at the top of the walls running from front to rear. As shown In Table 6, 
almost all of these were made of rough logs or crude lumber before the earthquake. 
Since then, the proportion using more substantial materials has increased slightly, 
but not significantly. 

Similarlv, almost all eartln houses (91Z) employed some type of plate or 
solera at the top of the wall; to ;upport the roof. host were made of some form 
of sawed or milled lumber or of untreated logs. The proportion using each material 
has changed little ince the earthquake, :although it :Ipear; that more are using 
crude logs instead of :illed lumber. (See Table 7) 

Finally, :ro:;!; brascing' of aniy ;ort in;very rare in eartheni rue toroqo in 
Guatemala. Before the earthquake 94 prcnt lacked thin, feature. Since the earth
quate proportionate y, fewer earthen hln ;es employ any form of ru);; bhrac lu. The 
change, however, is finor. (;ii TIal H) 

The ahov di sc s,, oin ,,.la ; to h I ' ]-iri l I ci-pt ! r a qr .:it_ r use ofthat 
crude sorner pou , there ha, noti esm mul h changs in t.i rmst ora t t o i"re,; ofn i l 
earthen hoo'u;np in Citm la ;i s's the 1 97 6 earthqujoake . In IarWye pa t., this may he 
due to the F;i:t t:hat in the ixpe.rimenta l group earthen Lu ildlng. have sdram i :ally
decreased. holeseekinug greater iarthquav pro ts.t LIon are i;,lsinr it by abandon ing 

adobe n; a building matwerIal, rather than by improving adobe =t Mostrutures;. of 
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the earthen structures remaining after the earthquake that are shown in the qbove
 

tables are located in the control group area which lies outside the area experiencing
 
the destructive effects of the earthquake. Here little information concerning earth
quake resistance and earthen structures may have penetrated. A later section of
 
this paper will examine the information people received concerning aseismic con

struction.
 

Damage to Earcnen Structures Having Various Features
 

It is possible, given the data discussed above,to examine what respondents
 
reported in terms of damage to earthen structures with various types of structural
 
features. For example, what do the data sho' concerning what happened to earthen
 

buildings without foundations or with foundations ri.ade of less stable materials such 
as adobe, packed mud or loose stones as compared to those with foundations of con
crete, reinforced concrete, or rock and cement? Table 9 shows the results of this 

comparison.
 

As can be seen, our data show no difference in the amount of damul i;e suffered 
by earthen buildings with different types of foundations. This is probably due to 

the fact that few of them contained columns or corner posts to attach them to their 

found 'it i on;. 

A s imilar procedure can be followed with re;pect to how the presence or absence 
of support columns or corner posts affected the damage sutf fered by earthen buildings. 
Table 10 shows; damage figure; for earthen st ructure:; in thle experimental group that 
used an,' kind of corner post or support coluin alaInv;t thos!e that ,mployed none at 

all. hi ; table how; that earthen buildings, with corner po;t:i !utffered siign ificantly 
les ; ifaae than thos;e without them. Thi:; i; true of wall;i and roof damage conidered 
s;eparately or together. Neverthe] e,;!, building,; with corner po;t:s of the t'/pe used 

by the people- in tills ;urvey (crude logs:! or rough liumber) -.till s-uffered rather 
he.lv' daa I it co(mv; wirv Ilt;,' to 'heavy ufarig" toOlge !. ctle ai opposed 
" iI ht dana'!e" I) "ilont' .I 
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respondents in such a way that they would tend to misreport damage to houses with
 
a given structural feature. We are left with the conclusion that soleras, as
 
employed in Guatemala, produced greater damage than would occur without them.
 

Information Received and Actions Taken Concerning
 
Aseismic Construction in Housing
 

During the first interview respondents were asked two questions designed to
 
determine their perceptions of aseismic housing construction. First, they were
 
asked what they had heard about how to make house!; safer in in earthquake. Later 
they were asked if they had done anything to improve the ea:thquake safety of their 
homes and what it was that they (lid. Table 12 gives a tabulation of answers to these 
questions.
 

First, it i:;important to note that respondents volunteered these responses.
 
They were not arked, for example, if they had heard that steel reinforcement in
 
walls was a good thing. Instead, they had to ,;upply the answer without prompti-g
 
from the interviewer. Tie question asking what tiey had done to improve the s.ety
 
of their home: ,wasa;ked in a similar fashion.
 

ite most si,,nificant bits of information in Table 12 are that almost 73 percent 
of all. res;pondf nt; !;aid they had h:iard nothinv concerning th,2 improvement of earth

quake roe!;i.,ti;oice in iou.;i ng and ;l most tlie o;ame percentage ;ai I they had lone 
nothing: to improve the a eel ;micitv of their home:S. When the control and experi
L,:ental group); irt,conpared, the d;taL !;how that only ;i ,,ht llore peopl e in the 
experimental group (h,.eavily impactfd commo itulet;) heard advice on thli,; ;ubject than 
in the control group. 11',,peri:mental ;roup ai)oltt 29/; control group about 257) 
The city ;a:nplc Jiow!; t!.L' allet proportion of peep0le ci aiming to haNve heard 
somethilg (24>), . 'Ti:,i!;probably the rerailt of the fact that the ;amplf here 
cons;i;t'; of peoplt who were compl, telv rebou:ecIi by -,gency prog,,ram!; or by the f ounding 

of a ;ot-Iu tt4r,; :; tt I r,'n . y weire, peoph,, withoiut lan(d, i,,otl. rntr;, from tHit
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When those who received information on improvement in the earthquake
 
resistance of their housing were asked where they obtained their information,
 
the data shown in Table 13 were obtained. This table shows that the most frequent
 
response was that they already knew what was safer before the earthquake (14.95%).
 
After that the major source of information was from the informal network of neighbors
 
and relatives (12.02%). Talks given by agencies reached only 6.72 percent and agency
 
publications only 1.83 percent. In the experimental group proportionately more
 
people (9.08%) obtained information from agency talks or from agency pamphlets
 
(2.99%) than in the control group or city. Likewise, more obtained information
 
from the informal network (13.06%). Interestingly enough, radio and television were
 
the major sources of information in the control group (11..21%) after "previous
 
knowledge," but radio and television were reported by only 3.11 percent in the
 
experimental group and 3.44 percent in the city as their sources of information.
 
Thi; probably reflects the fact that control group members obtained almost all of 
their information about the earthquake's effects indirectly through the mass media
 
since they were not first-hand witnesses to the event. On the other hand, experi
mental group members and members of the city sample were in the midst of the destruc
tion and knew first-hand what was going on. Th.y may not have listened to radio and
 
television repors as frequently for this reason. 

At any rate, thi; table seems to :how that, to be effective, an nifornation 
program concerning hou;ing improvemrent in a digsaster occurring in a co untry like 
Guatema la ;hould be conducted on a face-ti-flc basis wi thin the disaster areai 
itself, uinuggtet informl network as : prirmary means of spreading information. The 
mass media 'm to be of dublious Valutl for this putpo.e. Television in particular 
i:sineffective since it requtres a powe..r source which is apt to be destroyed and 
the s et its;elf meiv i ea;ily da:':igod. Furthermore, Il poor areas there are likely 
to he nl,:' co begin itith.tw televiq;1. .valil;blc 

Furthrr, t is apparent that in Guatemala an educational program aimed at 
dis;seminating iniormation on an;i';mic hou;lng features, especially as they relate 
to earthen hcildin;'; , is n,, ed if the future earthquake vulnerability is to be 
reduce{d. "1)1 n'qt5 he a compIIol .1 by a gov ernimental program designed to assist 
citizen; to chtni n t.he, ,itriiI.; uoissary to tollow the prictie,; prescribed by 

the rduc i,,nc l2por ci. 

The sitlll n1 in ,"'f :.ory Acute o.th1di ' t. high impact Area of the 1476 
earthqaT keiithin w it lith it. In [11'th ' id htian' ini houst ins i i'eD i A1e1 ' g have( occurred 

' I: 'In the ,ir. i,. ;,fr hI, in'., hut i" t-, ,rroludi;, uni p, ted areas, housing 
rvrwlinn lr;..lv it 'v'd r, ',,llr- 1 #75. A futn re e'rthlquab in tth'se ir'siA. ri 

in high l,.y , pr h I lolo nd nin,;l K hl~np ca ,"; nd u, ., ,n:A wpillc r t ", itil.v l ; he less"1,11/6 c 

,,;irin r thegilI ;, A h,, n v ( ":'.,,'., ,,d, ,.I.,ri o,l l)0, ,1 it .;el' t i . t,. lill- a ,,i ,r7li () .rl ... i l , litr, n1 )]A (AIo,, 1. Iq t It, 1 A ,a, :l ani,, ,e. t the- lol J ,tls'' ] 

TI 1i'i. r, 141,II ih, ? ka t :0 i 1* i . Ai I,*', e'Il in , I '. i , h 

o,ifr t uAI c -l n r.ii' I" 'i h , , 1 i-w I" II,i ! It I i I I?h t I I , I I ,' IIi Ii II ''11 4 11 !1 1 I I t 
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outside of a few communities where the programs were highly concentrated. What
ever program is chosen must match the spread of technical information with methods
 
to make the financial and material resources necessary to carrying them out available
 
on a widespread basis.
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Tibte 3 
IaaE t.o.trthcn and Non Earthen BuIldins In the 1xpee iazita n rouf!a.e;.a and ( . 
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TABLE 4
 

Foundations of Earthen Buildings
 

Pre Earthquake Post Earthquake Post Earthquake
 
House House House
 

Foundation Types 1976 1978 1980
 

None 141 12.27 123 29.57 76 24.76
 
Adobe 461 40.12 88 21.15 61 19.87
 
Packed Mud 37 3.22 7 1.68 3 0.98
 
Loose Stones 197 17.14 79 18.99 73 23.78
 
Rock or Cement 222 19.32 94 22.60 76 24.76
 
Concrete - No 5 0.44 3 0.72 2 0.65
 
Reinforcement
 

Reinforced Concrete 6 0.52 3 0.72 3 0.98
 
Other 6 0.52 5 1.20 2 0.65
 
No Information 74 6.44 14 3.36 11 3.58
 

TOTAL 1149 100.00 416 100.00 307 100.00
 

TABLE 5
 

Columns or Corner Posts in Earthen Structures Before and After the Earthquake
 

Pre Earthquake Post Earthquake Post Earthquake 
Types House T1 House T3 House T5 

Columns or 1976 1978 1980 
Corner Posts # %____% # % 

None 865 75.28 147 35.34 114 37.13 
Rough Log; 154 1.3.40 162 38.94 i10 35.83 
Ireate(d Logs 0 0.00 1 0.24 2 0.65 
Crude. L.umber 98 8.53 83 19.52 61 19.87 
"r(,t:ed Lumlwr 0 0.00 3 0.72 3 0.98 
1111r,, i a fo rcid 5 0.44, 2 0.48 2 0.65 
Conc rete 

Re in f orc od 12 1.04 14 3.36 11 3.58 
Con c re te 

No Ifnformation 15 1.30 4 0.96 4 1.30 

TOTAL 1149 100.00 416 100.00 307 100.00 
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TABLE 6
 

Beams or Vegas in Earthen Structures Before and After the Earthquake
 

Pre Earthquake Post Earthquake Post Earthquake

Types House T, 
 House T3 House T5
Beams or 
 1976 
 1978 
 1980


Ve as 
 # % i % 1 % 

None 1 0.09 
 1 0.24 
 0 0.00
 
Rough Logs 390 33.94 157 
 37.74 111 36.16

Treated Logs 5 0.43 
 5 1.20 
 4 1.30

Crude Lumber 740 64.40 250 
 60.10 188 
 61.24

Treated Lumber 
 8 0.70 3 
 0.72 2 
 0.65

Metal 
 0 0.00 0 0.00 1 
 0.33
 
No Information 5 
 0.43 
 0 0.00 
 1 0.33
 

TOTAL 1149 
 100.00 
 416 100.00 
 307 100.00
 

TABLE 7
 

Solera in Earthen Buildings
 

Pre Earthquake, Post Earthquake Post EarthquakeHlous;e 11ouse H~ouse 
Types of 1976 
 1978 
 1980
 
Solera # _ _ I! _1% ,% 

None 99 8.62 38 9.13 22 7.17 
Milled Lumber 746 64.91 252 60.58 
 188 61.24

Cucretc 3 0.26 0 0.00 0 0.00R,' int orced 13 1.13 8 1.92 4 1.10 
(>n:c re tv 

Mf, t.a1 0 0.00 0 0.00 0 0.00
rit r.at.d .o 269 23.41 118 28.3- 92 29.97

A0 Int,!rvJition 19 1.65 0 0.00 1 .33 

1IOTAI. 1149 100.00 416 100.00 
 307 100.00
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TABLE 8 

Cross Bracing in Earthern Structuret' Before and After the Earthquake 

Pre E.rthquake Pont Earthquake Post Earthqttuke
110111;v ' T }llt~ T3 Hlouse T5 

Type of I976 1978 1980 

Cross Bracing # --- Z Z 

None 1083 94.25 404 97.35 294 96.08 

Wire 25 2.18 4 0.96 4 1.31 

Wood 34 2.96 5 1.20 5 1.63 

Iron or Steel 2 0.17 1 0.24 1 0.33 

Other 2 0.17 0 0.00 0 0.00
 

No Information 3 0.26 2 0.48 2 0.65
 

TOTAL 1149 100.00 416 100.00 306 100.00
 

TABLE 9
 

Differences Between Earthen Structurea with Stable and Lesos
 

Stable Foundations in .gunt of Dm~age Reported 

Foundation Type Average.all and Average W:nll AvvraR Root 

, onM, Aobe , Pc2.2k 2.39 2.18 
MuLl or Firtrh, I.Oos' 
I"t on I. 

Vouck 2, Cri.it, (',on- 2.23 2.35 2.11 
c"rv.tot, Roe1inforced 

Cone re to 

t .5635 .4103 .6193 

(if 737 137 737 

I'robabiltty .5732 .6M17 .5359 
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TABLE 10
 

Differences in Damage to Earthen Structures with and without Corner
 

Posts or Support Columns
 

Corner Posts Average Wall-Roof 
Damage 

Without 2.33 

With 1.97 

t 3.3101 

df 146 

Probability .0012 

TABLE 11 

Average Wall 
Damage 

2.44 

Average Roof 
Damage 

2.23 

2.11 1.82 

3.0092 3.2712 

143 152 

.0013 .0013 

Average Damage to Earthen Structures With Various Types of Solera
 

Type of Solera 


None, Untreated Logs 

or Crude Lumber
 

Milled Lumber, Concrete, 

Reinforced Concrete or
 
Metal
 

df 


Probability 


Average Wall- Average Wall Average Roof 
Roof Damage Damage Damage 

2.10 2.18 1.99 

2.39 2.50 2.28 

-4.0002 -4.0858 -3.4626 

564 535 589 

.0001 .0001 .0005 
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TAtBLE 12 

Advice Ileard and Actions Taken Concernfil lu-prov.mnt In Farthquake Resistance In Ihluising 

__-('ntrol Iruijj Exerlaeit at C.rop ___ oat~iala CIty__ Total 

I atard _ %__ w'l0tI ... 1ik..eZ WhatI Ieard= What Tl i,-S. . .. . What Heard- i ... WhatI MnileZ WhatI tle'rd% WhatI Done: 

Nothing 2,0 74. 71 2?74 /8.74 568 70.65 537 6,. 79 243 75.94 270 84.17 1071 72.76 1081 13.44 

Stionger Foundation 10 2.87 12 3.45 26 3.23 38 4.73 12 3.75 0 0.00 48 3.26 50 3.40 
Non-Tile Root 8 2.31 5 1.44 26 3.23 18 2.24 4 1.25 2 0.62 38 2.58 25 1.70 

Wood Eraciu 1 2.01 19 5.46 22 2.74 71 8.83 4 1.25 22 6.88 33 2.24 112 7.61 

C- crete-Col,Lmns 29 8.33 2'. 6.90 81 10.08 74 9.20 17 5.31 1 0.31 127 8.62 99 6.73 

leck or Brick Walls 24 6.90 4 2.59 50 6.22 20 2.49 22 6.88 0 0.00 96 6.52 29 1.97 

Wa-lAd,,teWalls 19 5.46 5 1.44 48 5.97 40 4.98 21 6.56 8 2.50 88 5.98 53 3.60 

Ielnforce, Ad-be Walls 2 0.58 2 0.58 27 3.36 8 1.00 0 0 0 0.00 29 1.97 10 0.68 

Sa-to LH.,ue Site. 0 0.00 0 0.00 3 U.37 3 0.37 1 0.31 1 0.31 4 0.27 4 0.27 

Ln 1.1ight t',jtr Wills 2 .58 3 0.86 1q 2.36 19 2.36 8 2.50 0 0.00 29 1.97 22 1.50 

r.Sp-ce 
11,useq 

Between J 0.00 0 0.00 0 0.0 1 0.12 0 0.00 0 0.00 0 0.00 1 11.07 

Bial.,nco'd Door Place- 0 0.00 O 0.00 3 0.37 0 0.00 0 0.00 0 0.00 3 0.20 0 0.00 

ors Open Out 0 0.00 0 0.00 0 0.00 0 0.00 1 0.31 0 0.00 1 0.07 0 0.00 

S'aller fi.ur 0 0.00 0 0.00 0 0.00 0 0.0) 0 0.00 0 0.00 0 0.00 u 0.00 

Lower WalIa 3 0.86 1 0.29 7 0.87 8 1.00 0 0.00 0 0.00 10 0.68 9 0.61 

Other 24 6.90 10 2.87 33 4.10 24 2.98 17 5.31 18 5.62 74 5.03 52 3.53 

rTRCF.rA(E BASE 348 1OO.3 348 100.00 804 100.00 8o4 100.00 320 100.00 320 100.00 1472 100.00 1472 100.00 



TABLE 13
 

Sources of Information Concerning Housing
 

Safety or Earthquake Resistance 

Experimental Guatemala 
Source of Information Control Group Group City Total 

None Heard 260 74.71 568 70.65 243 75.94 1071 72.76 

Neighbor or Relative 34 9.77 105 13.06 38 11.88 177 12.02 

Talks Given by Agency 7 2.01 73 9.08 19 5.94 99 6.72 

Radio-Television 39 11.21 25 3.11 11 3.44 75 5.10 

Newspapers 6 1.7L 2 0.25 3 0.94 11 0.74 

Agency Pamphlets 0 0.00 24 2.99 3 0.94 27 1.83 

Previous Knowledge 45 12.93 135 16.79 40 12.50 20 14.95 

Other 1 0.29 0 0.00 3 0.94 4 0.27 

Percentage Base 348 100.00 804 100.00 320 100.00 1472 ]00D0 
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DISASTER PREPAREDNESS, LDC VOLUNTEER DEVELOPMENT 
PRJGRAM MANAGEMENT AND TECHNOLOGY TRANSFER 

IN EARTHQUAKE ZONES 

Stephen 0. Bender
 

Program of Regional Development
 
Organization of American States*
 

ABSTRACT 	Volunteer development programs in LDC often deal with technology transfer; 
the management of these programs following a major earthquake so that 
they can disseminate techniques of earthquake resistant construction re
quires astute programming in the various post earthquake phases, identifi
cation of an appropiate technology and transfer media, and accomodation
 
of existing disaster preparedness plans as exercised by the host countrj
 
and volunteer institution.
 

* 	 The views expressed in this paper are these of the author and do not necessarily 

reflect those held by the Organization of American States. 
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1. Introduction
 

In many of the earthquake prone areas of Lesser Developed Countries (LDC), build
ing construction with earthen materials is prevalent; many of these areas are
 
also the site of volunteer development programs. When a major earthquake affects
 
one of these areas such as the case of Peru, Nicaragua and Guatemala during the
 
decade of the 70's, these volunteer programs are often requested to assist in
 
building reconstruction programs. This paper will focus on three general aspects
 
of such participation - disaster preparedness, program management and technolo
gy transfer. Discussion of aspects of teaching development volunteers not direct
 
ly involved in building construction programs will also be included.
 

No exhaustive and up to date survey or inventory is available which throughly doc
 
uments the proceedures and capacities of the multitude of volunteer programs pres
 
ently operating in earthquake prone areas but past seismic ocurrences such as
 
those mentioned help to define for future reference the breadth and depth of re
sources these programs represent. To this end, the experience of the U S Peace
 
Corps in earthquake prone areas will serve as a basic point of reference.* While
 
generalizations can be made concerning the participation of volunteer programs
 
based on the Peace Corps experience, invariably circumstances specific to the
 
country, the occurrence of an earthquake, and the happenings that follow a disas
ter of this nature indicate that even for the same institution, each situation is
 
unique.
 

2. Volunteer Program Disaster Preparedness
 

A disaster preparedness proceedure which includes provision for an institution's
 
participation in post earthquake activities in an affected area is often evolved
 
during a long period of time, spurred on by involvement in such disasters and the
 
problems and opportunities that such occurrences bring with them. Be it formal
ized to the level of a writtn plan promulgated throughout the institution or
 
otherwise considered in its operations, these are a few characteristics which 
premise the disaster preparedness process:
 

a. The first responsibility of the institution is to account for the safety 
and well being of its members and to plan and execute the proceedures ne 
cessary to that end. This activity include, personnel ,;tatus reporting, 
establishment of the necessary communication network, evacuation and per 
sonal document requirements and contingency plan;, disater information
reporting and dealing with news media and information inquirie; by third 
parties, and personal preparedness. Above and beyond those proceedures 
directly related to the qafety and well being of the institution's per
sonnel, a disaster preparedness plan may include applicable ,;kill identi 
fication, disaster causation, prediction and hazard location as;essment, 
and precautionary measure analysis particularly for th -e volunteers in 
arena of nignificant seismic activity. Neither a disas;ter preparedness 
plan nor volunteer training program.; in general deal with techniques of 

* Material prepared by the author for the Peace Corps Staff Countr/ I)iaster Pre
paredness Manual has been included in the preparation of this paper. 
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earthen building design and construction at any level beyond a basic
 
orientation as to analysis of the structural integrity of prospective
 
housing to be inhabited by the volunteer and the provision of written ma
 
terial concerning the basics of earthquake resistant construction.
 

b. The participation of an institution with an on-going assistance program
 
in an affected country in post earthquake activities is normally at the
 
discretion of the host country government. Once a request for such par

ticipation has been formulated it is usually the responsibility of the
 
institution's international (or regional) staff to assess the situation
 
and respond to the request. This situation reflects the protocol re
quirements under which the program operates in the host country through
 
the auspices of the in,;titution's own national government and the inter
nal decision making structure of the institution.
 

c. On going volunteer development programs in LDC offer a wide range of
 
technical assistance projects, usually organized on a sectoral and, as a
 
function thereof, geographical basis. Although the evolution of such
 
programs during the decades of the 1960's and 1970's has spawned more
 
highly technical and management by objective projects than in earlier
 
years, there are few such programs that specifically deal with construc
tion of earthen buildings in earthquake prone areas. On the other hand,
 
knowledge of the basic concepts of earthen build og design and construc
tion may be possessed by volunteers working in programs related to basic 
infrastructure development (roads and water resources for example) and
 
in equipment and services installation projects (schools, hospitals, 
agricultural industries, etc.). The institution sponsoring such programs
 
may have the ability to quickly identify personnel both inside and out
side its own organization on a national, regional or worldwide basis who
 
have knowledge of earthen building design and construction techniques
 
and, perhaps, previous post earthquake experience. In general, however,
 
most volunteer technical assistance programs, unless specialized in this 
area, are faced in the immediate post earthqtake period with the task of
 
resource indentification and operations formulation. ,ost volunteers
 
are not usually involved in design and construction activities, particular 
ly those related to housing construction at one significant scale. Nor 
are the volunteers often in a position to shape, influence or change gen
erally held practices in earthen building construction unles;, interven
ing circums tances such as an earthquake modify or amplify the subject 
area of the volunteers' program. 

Disaster preparedne!;s for volunteer developmert prog ram!;, then, does; not te cessa
rily ensure or include preparation of the volunteer; in techniques; of earthquake 
resistant construction. Moreover, it is;probable that few Volunteers; are in;truct 
ed in those techniques as part o' their progr;im or project training unlessi their 
activities in the host country !;pecifically include the de;ign and coti;truction 
aspect.; of carthen buildings. The volunteer institution is not likely to divert 
training and operation!; re; ou r(:v,; to thi,; end above and beyond those elements5 
needed for the volunteer,' per;onal ;afety and we-ll being or in the ab.,ence of a 
formnal request from the lio!;t country gove ronent for a;,s ;ance in thi; area. 

At this point a note Jhtould be madt, concerningli, the di;a;ter propaofrdnw;,; of the 
LDC. A.; in the ca;e of the volunteer in;titution, the counrtry'"; approach to 
disaster preparednes,;s, ha; no doubt evol,,ed over an extended po'riod of time and 
is marked by major or minor ;eismic occurren:e; which hav !;pawned further elabo 
ration and modification to a formal plan. Blehind the plan are exi;ting code!, t. 

gulations, program and projects which affect earthen building cons truction in 
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earthquake prone areas. The intent of these maybe'to disoourage (if not prohibit) 
the construction of earthen buildings or to ensure the technical competence of
 
their design and construction. While earthen buildings as a housing solution is
 
the most general application of this material, public sector regulation and parti
cipation in the construction sector is most often observed in other areas - insti
tutional, commercial and industreal buildings - where earthen buildings are scruti
 
nized, impractical or prohiLited. A major earthquake may be seized upon, then, a
an opportunity to instigate a prepared plan to control or regulate the use of
 
earthen buildings in these non-residential applications as well as in housing.
 

But their use in rural areas and among the urban poor is particularly difficult to
 
subjugate to control and regulation. Most earthen buildings in these areas are
 
owner-designed, owner-contracted or owner-built. This generally means that the 
ensucing design and construction processes are not intervened upon by established 
public safety or design professionals. Nor are tile structures financed (or insur
ed) through convention'il means. Again the non-residential use of earthen build
ings in these geographical and economic areas is more easily influenced by general 
public construction policies and post earthquake programs and projects. Housing, 
however, a; the most numerous and critical use of earthen buildiags in these two 
areas is a far more di.ficult segment of cons;truction to foster technical compe
tency. 

Another aspect of LDC disaster preparedness is the relationship between the over
all development plan for the country with its corre.pcnding regional programs and 
the probable impact (f a major earthquake. Such regional programs often contain 
a set of integrated projects covering the production and physical infrastructure 
sector!, and volunteer programs may contribute to the execution of the integrated 
projects. The occurrence of an earthquake, however, may necessgitate substantial 
modtfication of the regional program. T1is is due to the possibility that the 
geographical area affected by tile earthquake ma;y not coincide with the defined 
boundorles of the development region. 

()ther elemerlt'.'hich could thwart a clo;e correlation between the exi,;ting plan
ning proce,;!, rid the impact of a mailor earthqruako .ir, the ,;ub;t tut ion of the nor
ml] nat i(nla or re,ional plannin, authority Ior s;ome orm of owr,,clc', direction, 
the dilt ri(ution of :entralized plannxng fmcti ons, into !;eparate (and autonomous) 
sectoralactions;, and the destruct in of or damnage to the prime re!;ourcesi uponl 
Which the dvelorment plan wa!; based. The degree to which a notional d.r;aster pre 
parednes;s; plan incorporate; the no rmal deve lopment proc.!;e; predicate,; the altoer
at on.s which on oing prolect ;, including, thoie of volunteer dev-lopment inst itu
tions, "It lace both in their objecti'en as well a; in their operational charac
ter.;tic*i. F!inite natlonal re.s,,ources; may have to be shifted t:o newly e;t.ablished
priority areas, thus limiting the !;upport to below anticipat,,d level. to many ex

isting programs and projects. 

3. Program Management 

Once all personnel in tile earthquake arva are arcounted for and a formal reluet 
has been made and approved for participation of volunter in po;t earthquake ac
tivities , the institution ''i ! begin to amplit'/ the indentification proven!; of r,!
"nource available, and ol hle hasi of need program the artivitien of.,)u c . v~l, .h })l.,if, ()[ I1{t,€(O ;I/Yii i', ,' [ , pf~ ,l.'l'l h~t /l{t l ~te 



of its personnel. Volunteer participation can be broken down into three distinct
 
phases, one following another with a varying degree of overlap between one and an
other phase.
 

1. Emergency Relief Phase
 

The type of activities most often requested for volunteer participation are:
 

a. Distribution of relief supplies, (food, medicine, provisional shelter ma
terials, etc.) and giving comfort to disaster victims.
 

b. Administration of relief supply distribution programs.
 

c. Damage assessment, identification of assistance needs, z id assignment of
 
relief resources.
 

d. Provision of scarce skills needed in relief operations (medical,construc
tion, and communications personnel).
 

Distribution of relief supplies and administration of corresponding programs are
 
set up in individual comnmunities. These are activities in which volunteers at
 
their project sites most quickly become involved following stabilization of their
 
personal situation, reporting of their status and initial life-saving and debris
 
clearing actions. Local entities, public and private in naturc, organize these
 
activities and most generally depend on national or internatioaal agencies for 
supplies. Volunteers program themselves into a variety of ta'.sks and are urged to 
cooperate with local officials. 

A., zompreliensive assessment of damage is undertaken and needed resources are iden 
tified, including scarce skills, volunteers may be asked to survey damaged areas
 
and channel immediately available resources to needed locations. At this time
 
volunteers may begin to make note of the characteristics of unaffected, damaged 
and destroyed earthen buildings, including siting, Structural design, construction 
technique,; ,employed and types of failures incurred. 

The emergency relief period may last from one to four weeks depending; on the type 
and scale oI' the disaster. Volunteers in the af fected area will be making day to 
day decis,;ion; during that period concerning the kind arnd extent of their involve
me-nt and will cornunicate as often as pos.sible with the institution',; staff as to 
their present and anticipated activities and the need for asi.';i!;tance. 

Activities; which include deci;ions pertining to the distribution of relief sup
pli.es s;hould be monitored clo;ely. Ins titution taff and volnteers; may be asked 
to make s;uch decis;ion;. I,.;pon:;ib iity for !;uch dccis iu; ,;honld be accepted with 
care, and in;titotion per;onne.l ;hould ;trive to implement proceedure:; which place 
deci;ions a; to dis;tribution of !;upplies; with ho!;t country national,; (individuals or 
organi;zat ion,;) or duly de;iignat,ed int.rnational relief aienci e. 

Use ol voluntocr,, broug.ht in from other countrie!; i!; extremely limited during the 
initial ,m,,r;,ncy re'lief poriod and may be limited to qualified medical people. 

,Other !.carc ';'ill area,; are of limited u;e during thi; time due to the need for 
equipment and tr.'inport alion in order to mount effective programs;. 

2. lehabilit.atiion ha,;e 

Following em' rency relief efforts, which will be accomplished to varying degrees 
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in 	different locations, rehabilitation activities will be initiated. These activi
ties will be concentrated in the areas of infrastructure, community facilities com
munications, and housing. The rehabilitation phase typically occurs one to four
 
months following the initial crisis and many of its activities will be funded into
 
the reconstruction phase.
 

Specific activities which will be carried out include some or all the following
 

projects:
 

a. 	Housing
 

1. 	Provision of temporary family shelters,
 
2. 	Distribution of building materials, and
 
3. 	Provision of shelter for orphans and child day-care centers.
 

b. 	Infrastructure
 

1. Opening of roads anr.repair or replacement of bridges,
 
2. 	Opening of rail lines and stations,
 

3. 	Restoration of -le.trical power,
 
4. 	Repair or potable water systems, and
 
5. 	Repair of sewerage systems, including tratment plants.
 

c. 	Community Facilities
 

The repair or proviion of temporary structures for:
 

1. 	Hospitals and clinics,
 
2. 	Government administration and service facilities,
 
3. 	Educational facilities,
 
4. 	Markets, and
 
5. 	Transportation terminals.
 

d. 	Communication;
 

1. 	Restoration of telephone service,
 
2. 	Restoration of telegraph service,
 
3. 	Restoration of postal service, and
 
4. 	Re:itoration of radio and television broadcasts.
 

At 	this time, the institution"s staff takes the lead in programming tolunteers into
 

these activitie's. Abbreviated yet comprehensive programming proccelures are sought 
which will ensure- appropriate u:;e of volunteer:s, particularly in tLse instances 
where per.sonnel from outside the affected country are to he brought in for rehabili 
tation programs. The following programming issue!, would be discussed with request
ing agencies and formal agreements reached between the in,;titutioa and the partici
pating agency before volunteersi ao ass igned to progr',r.;. Particular emphasis 
should be placed on i tems a, 1), f, aud hi. 

a. 	 Program ,tructur' with identi; icatioi of the volunteer's immediate super
visor; 

b. 	 Job de;cription outlining tasks and responsibilities; 

c. 	 Needed sikill i and ;kill levels; 
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d. Personal equipment and supply needs;
 

e. Food and lodging accommodations;
 

f. Transportation and use of vehicles;
 

g. Travel requirements;
 

h. Reimbursement for travel and supplies; and
 

i. Per diem expenses.
 

Most requests for volunteer support will be generated from international disaster
 
relief, technical assistance and development agencies who will be working idepen
dently or in close coordination with a particular host country entity at the local,
 
regional or national level. These agencies have gained valuable experience through
 
dealing with past disasters and most likely will be carrying out previously develop
 
ed programs. The requests may include jobs for administration personnel to hire,
 
fire and manage host country national staff as well as make critical decisions on
 
the disbursement of building materials and supplies at the local level. The degree 
to which they will promote or allow host country nationals to participate in deci
sion making in the areas of program management and distribution of goods varies 
greatly.
 

Rehabilitation assitance is competitive among international agencies as well as na
tional entities, as evidenced in media reports on specific program policies and
 
operations following past major disasters. This situation is oftea intensified by 
assignment of specific geogr.phical areas or communities to assistance agencies by 
de host country government, which obviates the competitive atmosphere. It must be 
remembered that most international agencies depend on donations and grants to sup
port their relief programs and they must ensuLe the success of their activities to 
encourage furnding. The institution will examine with particular care the role the 
volunteer is to carry out, discuss programming issues with the volunteer and apply 
existing programming criteria to ensure that the institution's goals are met, es
pecially in the area of host country institution building and support. Volunteers 
should be placed with the understanding that changes in site or job description 
must have prior concurrence of the institution. 

3. Reconstruction Phase 

This pha,.oe usually lasts from one to five years and many of its programs are exten
sions or modifications of rehabilitation programs. Peconstruction programs are 
specifically des3igned to address; any readjustment in post-di,;aster priorities as 
envisioned by the naLional government. 

Assessment of participation in reconstruction should Legin during the rehabilita
tion pha'se and follow e stablished programmin g procedures. B'oth national agencies 
and the in;titution will re!vi,;e and reset their priorities to include recon;truc
tion assi;tance. For the institution this may mean the cancellation of planned 
program,;, the mounting of ;pecializ:ed program!; to meet. ;pec ific recon,;trution 
need; and/or an em:4pha! is in progranani;ig ;pecial placement volunteers with unusual 
sk il 1s:. 

Care must be taken in assessing reconstruction need,; in order that proposed pro
grams will have adequate ho;t country personnel and resources. Agency budgets and 
responsibilities can be inflated in the !;hort term through infui;on of post
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disaster loan and grant funds, only to be cut back, depending on the level of con
tinued international reconstruction support and host country budget constraints
 
and priorities, and national availability of resources.
 

Monitoring the development of the host country governmental reconstruction struc
ture and its policies is essential. One of three general models is usually develop
 
ed in dealing with reconstruction.
 

a. A new nationl agency and/or ministry is created to cnry out reconstruc
tion with policy and execution responsibility.
 

b. An existing national agency and/or ministry is charged with creating a na
tional reconstruction policy and designating all reconstruction activities
 
to take place. This entity may also execute reconstruction programs in
 
any or all sectors.
 

c. A decentralized reconstruction policy is adopted with existing agencies
 
and ministries carrying out reconstruction programs in -heir respective
 
sectors. These entities may or may not create policy, depending on the
 
existence or absence of a coordinating, policy making group.
 

In consultation with national government officials, the institution will undoubtedly
 
want to revise program projections. This may take the form of new or expanded pro
grams to include such skills as carpenters, and other construction trades, archi
tects, engineers, physical and occupational therapists, demographers, cartographers,
 
agronomists, environmental scientists, and r.il conservationists for the following
 
types of projects:
 

a. Housing construction,
 

b. Public building,
 

c. Irrigation systems,
 

d. Road systems,
 

e. Potable water and sewerage systems,
 

f. Rural electrification,
 

g. Public health, and
 

h. Food production.
 

Technical assistance in earthen biulding design and construction may be a formal,
 
specific part of a reconstruction program for items a. and b. above, or it may be
 
included as supplemental material for these and the other types of projects mention 
ed according to their use of earthen buildings. It is rare that a special techni-.
 
cal ansistance program in this area is requested in the absence of a major earth
quake. Such a request may be for a few highly qualified profes, jonals to partici
pate in the preparation ot building codes, ztoning regulations, rural or low income 
hous ing development programs , or di,,;as,5ter preparedne.ss plans. Otherwise prog ram
ming technical asnrstance in earthen buildings faces the issues and variables men
tioned earlier. 
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4. Technology Transfer
 

The panorama of volunteer participation in the transfer of earthen building tech
nology through development programs in LDC is multifaceted and conditioned to the
 
uniqueness of each country and each post earthquake situation. Aspects of that
 
panorama to be considered include the following:
 

a. 	Development programs for LDC earthquake prone areas do not normally demand
 
that participating volunteers ha:e prior knowledge nor mandatory training 
in earthquake resistant construction of earthen buildings. Elementary 
acquaintance with this technology may be presented to facilitate the choos 
ing of structurally sound housing for the individual volunteer. 

b. Technical assistance programs could include earthen building technology if 
design and construction issues related to specific building use types, geo 
graphical areas or income classes so deemed necessary, but such technolog; 
generally receives high priority only following a major earthquake, in the 
formulation of disaster preparedness plans, or more commonly, in the prepa 
ration of technical segments of codes, regulations, and conttruction-relat 
ed programs and projects. 

c. 	 Apart from the few instances where volunteer participation is centered on 
earthen building technology dissemination or where design and/or construc
tion specialists must deil with the issue as part of a building develop
ment program, volunteers do not normally deal with the subject neither in 
its technical nor in its economic and social term-;. 

d. 	 Following a major earthquake, volunteers in the affected area quickly pro
gram themselves into disaster relief, the first of the post earthquake 
phases. The succeeding phase of rehabilitation draws quickly on volunteer 
skill or specialty area,; at hand and the :econqtruction phase will consider 
earthen building technology as a possible project component according to
 
program objectives and priorities. 

Volunteers teaching and employing techniques of earthquake resistant construction of 
earthen buildings if; quite feasible as part of reconstruction program!; or as part 
non-earthquake ins;tigated development activities. On a ;hort term basiq following 
a major earthquake it is probable that volunteers will neither have the knowledge 
nor will relief activities place a high priority on thi; particular area of technol 
ogy trans;fer. .olunteers them;elve s may be victim,; of the di;a';te r and !;hare ';nti 

ment!; and doubts ;imilar to their hont country neighboursi concerning oarthen b'11ild
ings, tlheir de ;ign and cons,;truction. In any event, it i; during the rfeabilitation 
phase that the need for knowled,e of earthquake res!;i;tant const ruction become'; 
quite apparent and volunte-er participation in the di';!;;eninatic a ,f ;uch technology 
become!; a -pcial issue. 

The context in which thi,; participation may take place is; ,hapod by I variety of 
forces;. The need for technology transtfer in the are-a in question i', relative to 
the absence! or lack o. utilization of a preintly available appropriate technology. 
It is; not !iupri.,ing to l iad within a relatively ,,nall geographic"al aroa ai l!cted 
by an earthquake (within, s;ay, a 10 kilouif!ter raditvs or 1(!,i;) widely varying degree' 
of damage to earthen bui1(irigs. LUpon examinAt ion it is p robahb I that t.Ie rnost im
portant variable in explaining the abs.ence or pre;rnce oi extens;ive structural 
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damage to the buildings, is the proper design and construction of the buildings
 
according to known earthquake resistant techniques as evident in the construction 
of some earthen build~ngs. Further investigation may identify a construction 
craftsman or family of craftsmen who erected each set of buildings grouped by de
gree of damage.
 

It occurs also that ear'hquake resistant techniques may have been known and prac
ticed in past generations but for economic reasons (us!ually cost) or technical ap
praisals (no need for the technology because of belief that there is a low probabi 
lity of a !;eismic occurrence, or the need fir the application ot old con!;truction, 
ways are antiquated and they are no longer necessary nor expcdient) they are dis
carded, not accepted or not pa;.sed oi to succeeding generati'm :. Local un;super
vised reconstruction activities in areas a itected by all earthquake often .Alow a 
resurgence of seiismic resis;tzant contruction techniques; which ".:ere 1()!;L or tor,ot
ten as exenpi -ied by contemuporary et.irthen ;tructure!; built in thi 2u '20 ir; preced 
ing the earthquake. 

Other forces which J;hape the dch-u:ind !or in aippropri.,tc irtly,,a:e uesi stant con
struction technology include siocial a;spect!; which border on th e i:mtcnderable: tr.di 
tion, superstition, ava ilabilit'1 of ;uitable bu; ilding; ::t,, :l:,' , con nio c w;ts 
versu:s i oc:i;i .line f its a, percei.'ed b'y tht ori! t.min ifi th- u,'Ir, the sac jiil ro-
lations hip 1et'eer quI t i ed craltts,.ti :in , 1l 1 i e. iving; n,,d I t heir ;ervices, 
etc. 

These forc, ; when vie-ed in their ,ntireity t,'nd to del itme .I Iit:1iat ion -,he:,. the 
demand for a .,prroprilate technology for earthen buildn, cnrt ru.1( . d the 
tran!;fer o ,ut- i a technology turn:; to an malI s ,; of s it ,1. 1('Cit (u, huil1ing 
de:, i n and coi; t ruc t ion tchniques,, a o r 1 .at1 on an d .cnn', c I,; ib IIi ty;oc 21 
on a buildinc building basi;. A; iuch ilt is a start~ng;: eist I or t!e ornla
tion ot a technical astiil!;talce prog;ran faced with tle ;ao' :cnstraint; and problems 
as asi.1;tance prowra. at the gra;; rcot,; level in etlitr -ri, o e',i,l ,int. 

t ries. tII to 
a ,s!;it nce, mel ig r I-;att , t}e p!;- , h l '/ ,1 e',,,rev I I a.i, 1,-,-d.. , ?t ,. , !eno Iogy 

Other d I!7Ta.ind :. , ( ,e , r, ,;,erv, order ,n rance,nt1nt o pr ,'iin ,, I. n ical 

inl a r ron. :;or' COpt -1e 1 too i '-'al'untr r devo', s:.,St ljo, r-Iii, o. z I
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Another tor, Lu y; !or in e licient , in i;Ir pr ,t, 
t!.e ';I (,ct ()I ad'q uat,e1 on t.ile, g 

vhi,.ih ill,',in,,t:n tech
nology i: : o u, efoxarple inl y nu. I rtl:t,, 1 u I: i n 
particularl; 1 it :,i ictur, vhich has ,urvivd in earl hrjoa'' '..[thsut l.. 
oa life, to it': . r. - d.'hJ1.4),I:with , ' ;trurit.ur.il Itil re . Anf, )I ir'. , : 

ein, rpI,. nut ,t iii sii ,'1[1 exar ,11,,''. ,:x , ' be it .i~iut ';ui,',e'qa.,;t h, 11 l:,t ru' 

May copy 1,10 t.:lhrilagy utli., part icularly, i: doin. ,, .i.,:,.. K' ' 
lity oi ,-i blildin ; wrn t , tbuild ugn.i tori il.', t hli ( .1 ,,. ,. .11 ,. i ni, 
1abo r. 

tvhnu o. fruT,' r by 1 Itti on i , I t ao'1I ng, )- ',,ht:, ' 'It "'14 o : p 0' , p.1 
cu la rl'i lit, ill#- re,, i . ): .t,itf i Xmphal v.[.., f a l , l v " l ' [ ,;l t ,, . . , 

4(-;li a ''oirg ~ i.~J . pr'1 p 4I Is ,ot i hI v I ii,'.. t~1 1h'v u 1 

p ro ib It d Iron living in1 li ii rig. 441 .' rg in ,. TI l.m' '": 12. III1111rh4-d(ii of 
by th, t.|ilkirl* o .11n ivar~t f n 1411lii ig) , p!j4 .( ll() I. r 1' t or ,'! 'I. ,.' lipi I'. 
exprndi t o af r( ,,( ur o-, - .1o. nato'' - 0 I %tlori''41 ollant I',' 111't ;Iilit (In 11111 

perhaj, i )1 other iittrnali 1 ,lil1 .mral natlanllf I ig'' " i''. 't * 
° I . I .inin I I, 1,-;It I(oil 
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with the basic concepts of earthqake resistant building design and construction
 
techniques is not difficult in itself. Such knowledge can be assimilated rapidly
 
by the volunteer.
 

The difficulty to overcome in the rehabilitation p,,n, i; to program s:uch an acti
ity in advance , r'ak, availabl the re:sources, idecnti th- part, ivipant,; , develop 
the trainin, progiam and execute. All thi :=.uot be, dOne duriang an ,ri.t7ly dif
ficult period when volunters , Lhvjir stifi and.p k: 1ld in nceoaryr';n; it'n 

technology :,'uit ,xh iuLt .: h: h degree ol 4,xibility, utilize their time in the
 
most e ,ainner pu' ;ible .and r,-,pund to th, a rigidly tlf-imliicient a'.nd,1,Itn 

posed, that l:ilr ,t:ort, provid, the grvet ,t':,i';t ,inc, pohn' bl, Under tuch
 

circu::tanr ,,, vui:t,e.r gn,.rallv c1'hoo to y; on;prov.n %.P Il. that he
W or
 
she pon..... torn : V.P ...... nw lrd:Iatvd to
:nrd a ':,tort ,i0,emi
pate th~e tv,,lmhl ,... , -ich, the :.'to~rology, .i1hW.,: who ,::dci::.and Q th,,ap, wh,>; 

baseddirrct t' 'win, .an hou d A ...i :tctvd to .do while thonv , can. organize 
and 0t2:u: :' e' ta,,c. ; ,l I 'e :.p." r .r It'z a .' " , ;vr ,:p 'a . I 

most di, iult Jurwn :to o A. oi '* ," , rfd to ..,., ''-v ' M, n, d, A .'olunteer 
from pero:r, : : , .d, .. O he ;rOw ;, , l ,% to!: he: 1,,c ! :rrep;rd
less 1 t.th e' n i, ;r :n r l.. .. b..eb 4 t,,,.i, m> 

come a victim Wi v *!'vi'r.ath. ;Wu, ,' urik. Urveloat: o! aarh , tie 

nati1 ml deK nt"!',:, proj., i 1 Al::t'::t !a ;r...dw wlw"Eirr or trainer
 

,
to learn 0,,: '-;i, v A'.v ' m lr :,: r,, , . .
1K.':,.r thr, n i., it i,. 

Voluntern,Aira ,:.a:.1'v linvvK 1 Lv LnGi y trau:l:. >. :or 'v]i h rh, y.," develop
, : , u't 

the skl ln: nod t," .8:,%"r r) reint and: ~ip - n ::A% ;KV nqt Itten
 

worP at LK,,: ,.. :,...,, , .a, P 13%A ! n. maked .,. l , .m ty.ag, 
appl icat P.! :r- ,.h:, i:".No , ont-atn ;,t, ";y ,:r i 

tenc pr , : to ,; :. !.., '-. . ';:t :.. a :j,. ..- ic v , , i 

ter to r 4 : ; .t. . % ,.'.. ,:.o, nI., , . .. ..' ,,. . , nt: a 

!a -- - n" L n '"v .f '! r jn ", ~ l: AV Vr ;r w ;- tn a ,t n 

acceptant- wWi' vyp:,=": hu..i.:&L , , w ). .,rvwvver Q %,* n I"Th4to:,- * 

exped :Iti. n p '' : r t oI t,.r,,,*.e . ,, .! . ,ro i . i :t::,!., :. . '< ta ,,rti 

None'F til,"v r ' , , d.... ..- z Ab, ,''II" ,1 "da, at , tA , , a Nir 

new sk;'.i" "d K : P ! v K n. ! r " K . i K :o ; t " " n Q
 

quake or a, p.,rt : a :,e ,We ; r t pr :.r ! ,e an ; :!n in , i 'h,,qa' re
uAtiiat cnnI~truet;5n ! Kn v tn W "4. Ltelb l .'M r !v ,." ru !Alcc" 

many pot n! a 1 'Il ::"; ,: ;r':' ti yt . vhi n r' ,k tv,i l iil"."- p ' w -! ' I 

' up rvi :t !no ! , : :;.er'w.en, n:01 At: .e>n :;pri el 1i'. icr , 

KA l'''eCL au pK %.. :n ;V aA v :'M Vt w' f , le. 4%V " V- Nut ou nC e v In 

dent: nri ret in ;r yi t" w'.............ibi ! ; V- an qK' turn ! V W. , Al1 :;.ul at:ot
 

wi! h i= , j , L r im 1- a!I ( e t '! - n 'ro up wh':o in TurnIi ''t r"! a re';t 
deal of ' ,, . /. : I,[I I(! ; nti t he r n 1:ty. 

P'r . *n t I , r k vi Cl'. t ( Ih I ru n' ,'l,:' v% t i]'.A ' coupled With' 4' l'.t !:,'t 11 %P 
aNoiot~enc :" a: ie. -! eendinK in::: unq~t ruutiun ,'r.'r. Neve tnn th. trade: qual ity 
matri* .e..l ano:p pp o'I !r w n:; yl ee nI rot L v" trs't lnIr % l.ut .c,,,. uari t' 
dIrect ! tor ,".;,;i.t i , k"! I; I ;t hi. At 1 lnt ih n ' W e I oioup

rI ; enu :1! -. v , , inV " iieir, he N t .e', '" , ,i , j" t jruI pe, ;r vnr't 1 e ra rr' "i 
role' inrte ;w~rity an'd %lab; ' anV bui ldig. 

In the end, the ton '-n lfor ,adv:in "tUt" WI the art of enrtlein building,g th, 
Connitru:ti en ,r. rrpre'irnted by idrt 'i g ".,'ii dingernr or te octcurrence of an 
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earthquake and the reconstruction period that follows is a relatively new phenomenon
 
as seen from the perspective of the long history of the building material itself.
 
If the opportunity is seized, the history yet to be written might read a bit dif
ferently than previously envisioned.
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ABSTRACT 

Review of world shelter requirements. Efforts to develop 
improved adobe blocks through invention and utilization of 
CINVA-RAM soil cement portable blockmaker by different 
agencies in many countries over past 25 years. Properly 
stabilized soil blocks seen as one answer to avoiding many 
construction defects in adobe houses in earthquace areas, 
though other design and construction aspects also moot 
important. Review of recent international experience with 
development and promotion of anfadobe technology in Peru, 
Sudan, etc. Positions of international agencies, UNEP-
UNESF-UNCHS, and forthcoming international events focussing 
on human settlements technology. Importance of institution
alizing and supporting network of environment building 
centres. Po sible model is Consultative Group on Inter
national Agricultural Research. Standing International 
Advisory Committee on Built Environment is needed. 
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RESEARH AND PR(V TICIAL REUIFMKMTS 
FOR EARTH BUILINGS Iff ]EVELOPING CO3NTIES 

Improved methods for using earth as a basic building material
 
for shelter and other structures are finally receiving increasing
 
acceptance in many developing countries, and we can expect accele
rated production of earthen buildings in the years ahead both for
 
formal and no-.-Zormal (squatter) construction. That makes the subject
 
of this workshop especially timely, as there are no inherent reasons
 

-why "earthen buildings" ahoule be less sa than other forms of cons
truotion in saiomio areas, provided that their characteristics are 
und6rstood and simple design principles are incorporated to improve 
their structural integrity during earthquake movements. 

Probably the majority of buildings in Ale world today are built 
with mud and earth as their major components. This situation is not 
likely to change for some time considering the d vnamios of population 
growth and its effect on human settlements. The world population 
reached 4400 million in 1980, an increase of about 20% over the 1970 
figure. About 75% lived in less developed regions with 30% in urban 
areas. The urbanization phenomenon is such that while in 1950 the 
proportion of world population living in towns and cities was 29% by 
the year 2000 it will be over 50%4 This transformation involves 
enormous numbers of people: between 1970 and 1980 the urban areas of 
less developed regions absorbed about 320 million; between 1980 and 
2000 the increase uill be mor:o than 1000 million. In 1950 there w 
only one developing country city (Greater Buenos Aires) with a 
population of over four million, by 1980 there were 23 such cities 
compared to only 15 in the more developed regions and by the year 
2000 there will be about 60 compared to 20, with 18 of them expected 
to have more than 10 million inhabitants. At the same time, in con
nection with raising levels of health and productivity,thore will be 
new emphasis on upgrading -the quality of rural housing and settlements 
upon which so much of the world'a food and resource expansion depends, 
with 50% of the total world' s population still expected to be rural in 
character by the year 2000.
 

So the problems of providing shelter, buildings, infrastructure 
and services are immense. Moreover, the financial and energy cons
traints appear overwholming especially for the many developing 
oountries with per capita incomes of loss than USI 300 per year whose 
growth prospeotn look gloomy. In these ciroumutances, more and more 
governments will have to adopt now housing policios, modify their 
building codes and regulations, reduce their imports of building 
materials, ostablimi more appropriate financial and credit institutions, 
allocate land "titL .crvicoe to their low income populations and give 
them "freedom to build" in progrossive improvement modes, a far ory 
from typical contractor-type construction. Theo effortn will involve 
fundamental professional reorientation linked with now nntional and 
international training, technical assistance, information, demonstra
tion and development efforts for up-grading of the nelf-help and 
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cooperative construction that many families will be engaged in. The
 
most common "building block" is likely to be mud and earth.
 

Fortunately, this whole area may offer some unique opportunities 
for promoting oloser linkages between developed and developing 
countries. Who can forget the stimulating efforts of those depression 
era publications of the US Department of Agriculture and others on 
earthen buildings with adobe, rammed earh and other technologies. The 
traditional adobe construction of the Wet has been greatly enhanced 
by the commercialized production of stabilized blocks, asfadobe and 
others for a period of almost 50 years, if we take as an examplo the
 
Hens Sumpf operation in Fresno. Those products are used in the finest
 
residences and even commercial structures, giving high respectability
 
to earthen buildings. The new vogue of adobe construction has now 
spread widely for home building in a number of states, aided and abetted 
by such unique, innovative and practical publications as the Adobe News 
and training and demonstration efforts accompanied by growing acceptance 
in building codes. Even the Architectural Record, a McGraw-Hill Now 
York publioation, gave considerable space to the remarkable demonstration 
by 81 year old Hassan Fathy from Egypt of building a mosque right here 
in New Mexico using traditional mud architectural technology. I might
add that the US Housing and Home Finance Agency had issued in 1957 a 
publication on "Mud Brick Roofs" featuring Hassan Fathy' s work, so we 
cannot say that the government has not boon aware and supportive of some 
of these developments, particularly for use in developing cou,'tries. 

My own cortinuing promotional commitment and involvement uith 
earthen buildirgs began in 1956 through my role then as Director of 
CINVA, the Inor-Amer.cnn Housing Centre in Bogotd, Colombia, a project 
of the Pan American Union. There a development team was concerned with 
improving the use of earth as a building material for the poor. This
 
resulted in the invention of the CINVA-RAM machine, a hand-operated
 
stabilized earth block maker whioh was originally doignod to fit
 
within the criteria of a $50 cost limitation and easy portability on 
muleback or other transport through roadloss territory. The machine, 
whose direct development cost and prototype manitfacture was less than 
18,000, has now built hundrodr. of thousands of low-cost dwellings and 
schools around the world, and is manufacturod locally in many countries, 
from Ghana to Indonesia. I brought the first one myself to Wanhingtca 
in early 1957, where we demonstrated tt in the gardens of the Pan 
American Union, and received subscquwit world-wide publicity in Time 
magazine and elsewhere. Though it in by no means a universal answer 
to production of shelter, the CTNVA-MRA! has aertod an symbol for self
help and mutual construction and community organization efforts in 
many places. 

The distinguished Chilean engineer Olo devoted himself to 
designing the machine, Raul Ramirez, wac himself a high technology 
exnert on rnti-seiamic design of tall buildings in Santiago. At 
CINVA, we were soon to contract out with the University of Chile for 
a major report on Earthual:o Proof Design of Low-Cost Dwellings, 
publichod in 1959. Thin work was further elaborated upon in two UI 
publicationn, one issued in 1975, on Io,,-Coat Construction Rarritant 
to Earthqakes and Hurricanes, and anoter in 1977, on RoptAr of Bil
ings Damnaged by arthqunacc. 

The paco-sotting work carried out by CINVA, the first regional 

housing centre, from 1951 to 1977, when it was discontinued by the 
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Organization of American States t had considerable influence throughout 
Latin America through its extension services, demonstration activities, 
publications, and produced a body of professionals and technicians 
many of whom continue today in the housing institutions of their res
pective countries. The first structures built in 1957 with the CINVA-RAM 
stabilized soil blocks still stand - a 50 square meter tile roofed "Casa 
Campesina" costing $300 on the grounds of the National Universityl a large
parabolic single brick width arch, the primary schools at Tabie and Semoio, 
and others. So I have personal knowledge and evidcnce that tho material 
is durable. 

CARE was one of the first international organizations to use the
 
CINVA-RAM Portable Building Block Press and placed an experimental order
 
in early 1958. In the same year, the machines ere first put to work in
 
a building improvcment piojeot throughout rural villages in Mexico.
 
CARE's next project uLng Cinva-Rams was to build 64 houses for North
 
Korean refugees nettled in an "assimilation" village on the Han River,
 
north of Seoul in South ';'rea.
 

After that year, CARE began utilizing Cinva Rams in many of its 
community development projects to build homes, schools, clinics, school 
kitohens, community and health centers, latrines, rehabilitation centers, 
shelters for animals, warehounoes, students' dormitories, teacherst 
quarters, post offices, churches bnd other public buildings. For example, 
in 1967 in Sri Lanka, CARE cooperated with the government, various 
community organizations and an American Catholic priest in a comunity 
development program to build low-cost housing for low-income farm families. 
With land donated by the government, labour supplied by the villagers und 
the use of the CARE-provided Cinva-Rams, CARE was able to construct 200
 
housing units to benefit approximately 1,050 people. In addition, a 
"bank" of Cinva-Rams was established in the village for use - on a loan 
basis - in other development projects. As another example, CARE's provi
sion of Cinva Rams to the Vietnamese Government a Department of Land
 
Development assisted in providing resettlement homes for thousands of 
displaced families and also encouraged them to additionally construct
 
temples, public markets, meeting halls and schools.
 

CARE has also provided Cinva-Rams to use in large-scale construction 
projects such as the SCIDE (Servicio Cooperative Interamoricano do 
Educacion ) Project in Honduras. This organization, part of the Alliance 
for Progress, undertook to construct schools in 77 villages throughout the 
country. At the same time, teacher-tralning facilities were being 
improved so that it would be possible to staff the new schools with quali
fied teachers. CARE's provision of the Cinva-Rczn made it possible to 
complete the project through the use of thinner, lighter and loss-expensive 
materials and provided educational opportunities for thousands of rural 
Honduran children. 

Perhaps one of the largest CARE programs in which Cinva-Ram- were 
utilized was in Bangladesh (formerly East Pakistan) and began 1968. 
CARE initiated a housing program to assist victims of a tornado when 
the program developod into a long-range housing rehabilitation project
 
under a partnership agreement with the government with partial support 
from USAID. A total of 3,500 homes wore constructed in the Chittagong 
District under this program and a second agreement was signed for 
expansion of the housing construction. CARE had constructed 800 ho'i~eo 
when the program was interrupted by the 1971 Civil War. Impress(., by thn 
success of the fVrot two CARE projects and convinced of the need for 
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introducing low-cost permanent houcing to the nation as a whole, the 
new Government of Bangladesh requested CARE to build houses throughout
 
the country on the sites of villages destroyed during the independence 
struggle. In 1972, under a tripartite agreement between the government,
 
CARE and USAID, CARE undertook the extensive 62-Village Housing Recons
truction Program in each of the 62 sub-divisions of Bangladesh. Although

this project was carried out under extremely difficult conditions prevail
ing in post-war Bangladesh, CARE constructed a total of 8,600 houses in
 
a period of about one year. This was the largest project of its type
 
ever undertaken by CARE. In addition, CARE entered into another agree
ment to construct houses in Bangladesh; this time involving a proposed
 
15,000 houses in the Delta Coast region - one of the hardest hit during 
the 1970 Bangladesh cyclone catastrophe. The program wan intended to be
 
an expansion of the original housing program with the former government
 
but due to change in priorities from rehabilitation to development,
 
targets for this project were re-defined. By the program' s completion
 
in November 1974, CARE had constructed a total of 7,500 houses in the
 
Delta area and had entered into an amended agreement for constriction of
 
godownas (storage facilities) and schools.
 

As in all such CARE projects, construction is done on a oalf-help

bavs, mainly by the people themselves, in cooperation with the local
 
governments. Since the machine is designed for do-it-yourself construction,
 
usually the only coat is the cement. The main ingredient, earth, is
 
plentiful in even the poorest countries. The process is further simplified
 
for unskilled peasants because no power source is needed. All it takes
 
is a willingness to dig and sift the soil, mix it, hand-operate the machine,
 
stack the blocks and then join them with a mortar of similar mix. Though
 
sandy soil is best, almost any dirt free of vegetable matter will serve. 
Other stabilizers, such as lime which may be more available in some areas, 
can be ujd. Since the blocks are larger than conventional bricks 
(4"x 6"x 12"), this means more rapid construction since fewer blocks 
must be produced for each structure. Two men working together - one to 
operate the machine and the other to feed the mixture into the mold and 
remove the pressed block - can produce up to 600 blocks a day, depending 
upon their experience. With more workers, production is increased. In 
the town of Fuqueno, Columbia, for example, workerc produced 130 blocks 
per hour per machine on two Cinva-Rams provided by CARE. To construct a 
health center, they made 8,000 blocks and a typical two-room rural house 
required 2,500 blocks. In addition, the machine - which is made of steel 
weighs only 128 lbs. packed. This makes it light enough to be transported 
easily.
 

The most recent large scale low cost houning program using the 
Cinva-Ram was in Pakistan where in the latter pn:a' f -970's over 4500 
houses have been built in three different p-, tn. These houses are 
both rural and urban and the projects provided for training in rammed 
earth block-making techniques and low coot housing methods. Block-making 
teas were trained which in turn worked with and trained the villagers.
 

According to tests by laboratories in various countries including 
the U.S. bureau of Standards the blocks are comparable to, or oven bettor 
than conventional cement or ainder blocko in strength and endurance 
under varioun climatic conditions. Under the machine' design, the pull
down lever moves a piston that produces a compression force of 40,000 
pounds. The machine turns out either solid blocks or blocks with a 
rectangular indention, which are mnde by iuiing a wooden form which can be 
placed inside the metal mold box. The indentation helps nave on materials. 

263
 



As of 1978, CARE had put some 3250 Cinva-Rams into service in 
thirty countries throughout Latin America, Africa, Asia and the Middle
 
East. One reason for not arriving at a total is that many of the
 
machines were left on loan with responsible local groups for independent

projects after original CARE programs were completed. In Nigeria, for
 
example, CARE launched an extensive reconstruction program after the
 
Nigerian Civil War to include the repair of an undetermined number of
 
public buildings such as health centers and schools. The Cinva-Rams
 
were used to rebuild the walls of the structures and then many were left
 
on loan for further rehabilitative and developmont projects since that
 
time.
 

UNICEF, VITA, and the Peace Corps are among the other organizations
 
which have made extensive use of the machine. Countries which have 
received CARE Cinva-Ram machines for development projects include, 
Afghanistan, Bangladesh, Belize (British Honduran), Chile, Columbia, Costa 
Rica, Ecuador, Cabon, Greooe, Guatemala, Haiti, Honduras, India, Indonesia, 
Kenya, Korea, Liberia, Malaysia, Mexico, Nicaragua, Nigeria, Pakistan,
 
Panama, the Philippines, Poland, Sierra Leone, Sri Lanka (Ceylon), Turkey,
 
Uganda and Vietnam.
 

In some of those countries, and others, such as Tanzania, and
 
Ghana, production of the machine has boon undertaken either by public
 
or private sector interests, and ometimes the machines have been
 
modified. In view nf the heavy pressures generated, it is vitally
 
important that fill quality control be maintained, together with main
tenanoe and the availability of key replacement parts. In Kenya, for
 
example, a somewhat heavier CflVA-RAM in current'y being produced and
 
sold at a cost of UE$200.
 

Although it is now 25 years since the Cinva.-qi imw invented, it 
is evident that there in still a large need and demand for a machine of 
thin type, which ideally should be accompanied by more regularized tech
nical assistance and training. Also the Cinva-Ram should ideally be 
part of a building system which could involve a Mobile Field Manufacturing
Centre and Kits of Parts for whole single =mll shelter modulo suitable 
for cooperative oluntor construction. An example of an early domonstra
tion of such an on-tho- round system was built for the World Housing and 
Planning Congress of 1960, hold at San Juan, Puerto Rico. Throe dwelling
units were erected from Cinva-Ram blocks manufactured on site by unskilled 
labour. Two wore of expandable design but varind in the une of roof apan
materiala. The third unit ima built from a kit of parts, including a 
unique bItterfly corrugated aluminum roof which caught the almost daily 
rainfall and drained it into two stool tanks built into the maximum
 
utilization. Screen fillers of split banboo were applied to moving part.
Basio minimum surface wirod lighting, hung fold-down table and chelvos 
formed the remainder of the kit, along with framing clips, reinforcing 
rod, cement for the blocks and a Cinva-Ram machine. 
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Main Construction Defects in Adobe Houses 

Considerable attention has been given to the shortcomings of 
typical adobe structures during earthquakes. The United Nations 
publication, Repair of Buildings Damaged by Earthquakes, .1/has the 
following to say on the matter: 

When adobo structures are inspected after an earthquake, failures 
are very often found which u-e due to a total lack of verification in 
the process of design, construction and utilization of this material, 
magnifying the errors due to ignorance tht are typical of the system 
of unguided construction usually encountered. 

The moat common defects are the following: 

(1) there is no foundation, or it is not deep enough, 
or it is very poorly made; 

(2) no consideration has been given to the important 
function of a foundation as proteoctio of the wall 
against ground moisture (capillarity); 

(3) poor overlapping of the adobe brickj; 

(4) there in nothing to anchor 
adobe clay at loant); 

tho utructuro (tie-beam of 

(5) the distance between columno, wail intersections or 
other locul-boaring mumbers iii too groar; 

(6) the area of the openings in tho walls (doorm and 
windoio) in exceossvo; 

(7) the openings are too far away from wall intersections 
or Junctions; 

(8) 	 there are not enough crooe-walls to resist the 
horizontal forces of earthquakes; 

(9) 	the roof is too heavy; 

(10) 	 the roof supports are inadequate; 

(11) 	 the eaves are not largo enough to protect the walls 
from rain; 

(12) 	 elxannt, of the pediment or gable are poorly joined to 
the rent of the ntrtoturo; 

(13) 	 the height from floor to coiling is too great or the 
structure in more than one ntoroy high; 

(14) 	 tho lintels are insufficiently ombeddod in the walls. 

SUnited ilationn, Repair of lBuilding Dam d b Earthquako,. 

Now York, 1977. ST/IA/60. Sales No. E.77.IVU.
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The following may be said with regard to adobe bricks as material: 

(1) use of inappropriate soil, poor 
material and/or excessive wator 

proportions of stabilizing 
in fabrication; 

(2) improper dimensioning, 
excessive thickness. 

especially adobe bricks of 

The 	 following are the main construction faults: 

(1) 	 use of very fresh adobe bricks; 

(2) 	 absence of filling in the vertical joints; 

(3) 	 poor workmanship in laying the bricks, which is 
reflected in the poor geometrical quality of the 
walls (bricks out of line or out of plumb); 

(4) 	 building during the rainy oanon without adequate 
protection; 

(5) 	 very rapid elevation of the wall causing oettling 
in the lower courses. 

Lastly, there is widospread over-burdoning of adobo struotures by 
occupants (materials leaned against the walls), lack of maintenance of 
the necessary outside protective elementa, subsequent changes in the 
struoture, and addition of now construction with greater rigidity than 
the original building. 

The initial inspection of adobe structures must boar in mind all 
the above-listed aspects. 

The above findings are corroborated by the United Nations publication, 
Low-Coat Construction Resistant to FarthqHunko and Hurricanes 1/ which 
contains the following listing of main construction faults affecting the 
stability of adobe houno: 

(1) 	 poor adobo-cmaking techniques; 

(2) 	 uso of insufficiently dried adobe; 

(3) 	 incomplete covering in the horizontal layer between 
adobe blocks; 

(4) 	 incomplete fill of the vertical Joints between adobe 
blocks; 

(5) 	 poor goomotrical qiulity of the walls (undulations and 
nagging;); 

(6) 	 poor interlocking at tho wall intorsootions; 

_/ 	 United lation., Iow-Coot Construction Rasintant to Earthquakes 
and llurricanes. Raw York, 19"15. ST/iL A/23. Sales No. E.75.IV.7 
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(7) lack of adjustment in the wall arrangement and introduction
 
of adobe pieces to correot the arrangement;
 

(8) walls built too rapidly (the maximum vertical rate should
 
be 1 met7:,' per day);
 

(9) plastering without taking the necessary precautions to
 
ensure adhension of the coating to the wall;
 

(10) 	 failure during construction of the uall to insert the 
wooden plugs for fastening frames, partitions and 
ornaments; 

(11) -the courses must b3 laid along the ,holecontour of 
the walls, avoiding construction by complete or isolated
 
panels, in order to prevent posible differcntial settle
ment 	 cause by the loada or by different degrees of dryness; 

(12) 	 lack of continuity in the timber tio-bama because of 
careleau execution of the joints at the corners and 
intersections (splicing, use of double-headed nails) and/or 
the splicing of the longitudinal parts; 

(13) 	 poor execution of the wall covor-ings designed to protect 
the adobe blocks. 

In the Depaxrtment of Commerce Publication, Design, Siting and 
Construction of Low-Cost Houning and Connmunit- Buildings to Better 
Withstand Earthquakou azad Windstorm, ,] anunbor of. recommendations 
are given regarding structural con'igurations that result in improved 
behaviour under soisoic loads. These are as follows: 

(i) Low-cost houfning construction should be liited to one 
or at most two-story units. This practico pormits maximum 
exploitation of locally available constructton rxterialo 
and increases the feasibility of producing bettor seismic
rosistant ntrcit-us. 

(2) 	no weight of roofs and floors nhould bo kept to a 

(3) 	 Me ihmps of the building, the arrangemn-nt of walls, 
parti.tionn aund oponingn should be madc in a balanced 
matter to obtain am uniform a stress distribution in the 
building tu poruible. 

(4) ffoawy olewontii ihould riot b(, attachcd to non-atructural 
wal Is. 

(5) 	The ,ize and ,pacing of openingn 1iould be governed by 
requiremonts of rmnimtum width of piarts' f±x.King adjacent 
opningn, maximum perm.itirible lengih of lintelti spanning 
across the top of oIw:nings, and uniformity of overall 
layout. 

Ui-3 Dopcrtznont of 
and Construction 

Comuoroo, Duilding :cionoo 2ories 48, Denign, rit!i
of Low-otst 11ouninir eud Com. ity Baildingn to 

hettnr Wi uthstal 'r-Arthiqunk-o-n and Windoitornm . Wrilhiniton, D.C. Jlu. 1974. 
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(6) Exterior wails foring a rectangular enclosure may 'he 
prevented from separating at the top corners by providing 
a continuous collar or ring beam having auffioient 
tensile strength to resist forces acting on the upper
peripheral junctions of the walls. 

(7) Structural damage resulting from hammering of unattached 
adjacent walls may be avoided by providing connections 
between those walls for integral action against earth
quakes, or by providing tuffioient space between adjacent 
buildings to avoid impact,
 

An for Foundational it is recognized that low-cost single story

housing will have only superficial foundations, but the following
 
requirements ahould be met to achieve more earthqunke reoietiant
 
construotion:
 

(1) The bane of the foundation should be below superficial
 
or "top soil" level, and below the major vegetal root
 
level. In locations subject to freezing, as in Turkey
 
and Iran, the bottom of the foundation should be below
 
the freezing level of the groung.
 

(2) Continuous iall footing should extend under the entire
 
length of the wall and sufficient vertical dowel
 
reinforcement should be provided between wall and footing
 
to develop continuity and capacity for intergral action.
 
This practice should minimize differential settlenents
 
and local damage to the walls and should permit a more
 
uniform distribution if bearing pressures in the soil.
 

(3) For single story construction the width of the continuous
 
footing should preferably be more than one and one-half
 
times the thickness of the wall or 35 em., whichever is 
larger. Depth should not be less than 45 cm. 

(4) Foundation materials of grave], mixed with soil stabilized
 
with asphalt or road oil may be uned unless better mater
ials are available at comparable cost. Stabilization of
 
the foundatio) material providas protection against moisture
 
and other detcriorating agentuo
 

(5) Split cane, bamboo or wire mesh may be used for vertical
 
reinforoemoy. to provide continuity between walls and
 
footirge. 

As for Walls, Frames and Shill,, the report gives considerable 
attention to L-proving tke o.Luedc resistance of walls constructed 
out of stabilized adobe block by using locally available reinforcing
materials, for example, uidrng split cane for reinforcement with oil 
stabilizW, block may provide an increase of over 100% in rosistance 
to static lateral force. Adobe walls may be further otrengthuned by
the use of cane or wJro- neuh reinforcement to inhitbit brittle shattering
and rupturo of walln and to control cracking. An effective rothod of 
improving the strength of walln is to provide a ring boam at their top, 
to tie the top of the %%iia Togeihor ard to prevent tennile cracking
from developing at the upper corners. A ring bewn should be roinforced 
with materials of high tensile strength such as bamboo, wire or stool 
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rods. Openings require special attention - especially their location 
and size and the need for effective reinforcement around them.
 

As for roofs, it is evident that the seismic performance of 
buildings will be improved if their weight is reduced. This can be 
achieved without loss of strength by substituting lighter-weight 
materials for roof covering in line of heavy traditional materials 
such as mud or tile. Reduction of weight can also be achieved by 
using shorter spans which require the ur f load-bearing interior 
partitions. This will also increase tht .ateral resistance of the 
system. The reduction of weight is greater than the reduction of the 
span, often by significant amounts. 

It is clear 'hat the improvement of the structural performance. 
of earthon buildings during earthquakes depends on several key factors. 
But undeniably most important is the quality of the adobe block itself, 
and here every effort should be made to improve it. I have described 
the CINVA-RAN as one example of a low-cost machine for producing high 
quality soil-cement or lime stabilized blocks under compression. The 
basic techniques are not far different from traditional adobe block 
making and adequate experience is available after 25 years of the use 
of this technology in many countries. Its use should continue to be 
encouraged and promoted through much more widespread and consistent 
technical assistance, training and demonstration projects. 

Another basic method is the production of adobe materials by the 
addition of asphalt emulsion, bunker oil or other petroleum derivatives. 
This produces aaphalt-stabilied adobe brick of high durability and water 
repellent qualities. With good workmanship stabilized adobe bricks with 
high compressive strengths can be obtained. Mortars uned with adobe units 
are mixtures of soil and cement, with asphalt added to give it the desired 
stability. 

In my vioei, the production of this type of asfadobe brick has major 
potential, epicially in the developing countries, and should help consi
derably in improving the structural quality of buildings in earthquake 
zones. With the present "oilglut" in the world todaycondition of 
supply and pricing of the additives required are likely to remain competi
tive in the years ahead compared to other materials. Getting far greater 
general acceptance and utilization of the relatively simple asfadobe 
tochnolopZ will, howavor, require new and continuing efforts at both 
national and international levels. Let me briefly review a few of the 
efforts to date in this direction.
 

First, we can say that several factors have been responsible for 
reviving asfadlobe technology. It is a technique of earth stabilization 
by processing with asphalt additives, its use historically recorded in 
the time of Assyria an4 Chaldea. It gives the soil greater durability 
without the need for firing it, greater stress-and-prenuuro-rosistance 
whilot reducing the need for maintenance, rendering it insect-proof and 
waterproof. 

One of the moot unique and important properties of aufadobe is that 
due in part to its internal dryness, it is not generally an acceptable 
hoot for mot biological pests (including rats), many bacteria and insects. 
It is therefore an extremely ciuitary building material for both, domestic 
construction and otortgo for agricultural and other produce. Again, because 
of its internal drynes, it has excellent thermal qualities, its heat 
conductivity being les than that of poured conoreta, concrete blocks or
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fired brick. With proper consideration of roofs, floors, doors, windows, 
and other sources of heat lose or gain, asfadobe homes have very desirable
 
heat 	transfer charaoteristics. Generally, afadobe walls maintain heat 
equilibrium by functioning as heat storage and heat dissipation units and
 
make an excellent medium for the design of "solar" houses. An acceptable
 
mortar using asfadobe can also be used for dwelling construction.
 

Asfadobe meets the following criteria tc 'i used in promotion and 
implementation of a low coot self-help houuing _ )gramme:
 

(1) the basic material, the component soil, in familiar and
 
economically accessible to th. inhabitants since it is 
found in their region; 

(2) 	 it in also acceptable and usable as a modern building
material, particularly in light of current ecological 
concerns and the economic re-assosment brought about by 
the energy orisis; it requires only sun for curing, a 
minimal amount af structural elements, if any and may
 
also 	be used for foundations, floori, walls and roofs; 

(3) the material is labour-intensive and can provide employment 
for unskilled people; the process of manufacture is simple, 
coat-efficient, requires minimal amount of equLipment readily 
learned, therefore trained mnpower could teach it to other
 
unskilled workers in proposed areas of application; 

(4) 	 it provides adequate structural strength and conditi ons for 
comfort, health and sanitation; 

(5) 	 with the revival of traditional technologies of building 
in improved earth there in no disadvantageous "transfer of 
technology" in the use cf this building materiel; the 
stabilizers required are readily available in many countries. 
Emulsions to suit individual soils, can usually be processed 
and produced at reasonable cost and adequate quantities can 
be made available for shipment in container or bulk form.
 
The fact that mar.y oountrion will be carrying on road building
 
programu using sfalt and earth iitabilizors is another factor
 
adding to the rationality of application to biLilding conntruction.
 

In 1965, while serving as chief of houuing at the United Hationo 
headquartern in New York, I wan approacched by Mr. Yonan Ualek, a re'tired 
inventor of Irarian extraction, who had become convinced that buiid/nib
with asphalt irtabilized earth repretented the wave of tho future for 
housing and helter ncedu in developing countriou,. Mr. Halok rocilled 
his youth in a mud built houtis in Iran, iipoke of the conturicn old 
structures built with maphaltod earth, and wan thorou.ily fivniliar with 
the asfadobo co=ncrcial brick production in Frenno. Following our 
conversation, Mr. Malok'n promotional zeal led hin to internnt Frcno 
State College, now the California State Univeruity, Fre-sno, to oestablish 
in 1966 en International Institute of Housing Tecimotology on, of ,.'hoso 
prime purposen is to condu t roiearuh ind rfivolopmenit on noil ntabilb 
zation for construction purpoiie, particulalrly to increan the rrfiiitluit 
qualitie of brickii m.avid from itoil without i;r-atly increasing their 
materials cost. 7he Inrtituto drew upon the, collao)ration of th,, ILInn 
Swmpf Company, and or;.anizationii nuch iv, the Chvror A:;phailt Comp:y. 
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Though its funding and staff have remained modout aad minimal, the 
Institute has made some notable contributions to duvolopmento in the 
field, ouch an its woll-illustrated publication on The Manufacture of 
Asphalt Emunlsion Stabilized Soil Bricka. The Instituto Ias rUo conducted 
a number of training courses for developing country participants, and 
engaged in several pilot and demonstration projects on behalf of inter
national organizations. 

One ouch project wan carried out in irul following the ctioautroun 
quake of May 1970 i-hich or ud of thedeotroyed :nvert-ly oot adobo
 
buildings of a lar-o section of the country, with & considerable loco of
 
human life and matezial rouotoos. A project for the establishment of
 
a special Adobe Improvement Prorxa was finnced by the US AID. It 
included thu dovelopmont of -tvo pilot houuing projects, following testing 
and reoearch sctivities, the region tin coastal -nd the hii#lds of the 
earthquake zone. Th1irty-one houu of aufarbboblrickz wore built in floponap 
Peru. Thoeno projectii incluaod tho production of utabilizod adobe bricks, 
the construction of prototype dwelling unitn cnd the training of families 
in the now construction thchiquos. 'Ilia report on the project indicattod 
that bloch stabilizatien with rapid cu/ing roavl oil had produced highly 
satisfacto, , resultu with the proportion of auphalt used varying between 
one and two percent. In order t., improve thu building titructurc, varioun 
building techniques and deiiijn wore alvo tented. .iow blocks wor square 
instead of ruct~anialar and thc ",e1a wer roinforced With cne rodn fitted 
vertically into holes in the bl,,cka in much the v.e way an steel bars are 
uned in conventioml constraction and with much the iune effect. A two
room expandible (uperimonta.1 houne built at teio Univorsity hul a lloping 
cane roof covered with stabilized soil, ldich offered a Aigh degree of 
therric iniulation. Perhaps thn r.oot i)ortint feature of th, r.xdol house 
was its capacity to rearonahly vithivtnd the action of raithqn.J:o forces, 
through a car7eful proco.-s of structrsl ,eiii,-N aid the ule of inproved 
construi tion ' Icliiquoti. 

The II/9 ia been involved in other training and duonstration 
projects in other countrion of' Ltin Amnrica, including Guatenala, 
Honduran, Couta Rica vux1 El Salvador. 7he Sulon, howuver proved to be 
a breakthrou;h point for ilfadobo production dcmcnatration. '110 'u'lane.o 
Iiiniutry of Construntion tnd Public Works hul becomo, intcrestod Jn the 
introduction of aui;ivobo technolo ,' in DeceLmer l1r15, and ouxlt Ln 
experimental anfdUlobe hou1is. Art the result of a govcrnnt requerit to 
it, the United !ations Habitat anl 1rur:n e(,ttle:;tntn Fiindintion, with 
Ihich I wan then ararociaited ti Actij, Jires br of .tanctia and Tnohnical 
Serviceii, apprcr:ed in Jun 1,I'l7 a ecntraot with Wil T,:1.nolo.cj 
International of Prurno) Ccalifornia, to provide tunvicntca1 rut:intce to 
transfer the iu faduobe tec Lflo K for e"oduction 11r:,-:Thfretsr t'I o 
to SUdU1 l. u:1,ii' in :w'q,,n t, to $ (A),(XX) thIan.eilntraUne tot.l for 
Sudn project. A four :ui t,.;L1 old;f Ccted I01 pC CI I:mettC 
a traininir cour- to i Pr',mo opoclfical ly (Cr th.1i. lpu-potn., A c ,plotv 
operational , jaip::;ont wyst,,.tbh t)i' cpa'bi ity of produf lJm I12 ni lion 
bricks In on, ya,, r wa:.m ,en , ;n, d, fatri atel, ten tt ' ad thi. ppL(I to the 
Sudn. Initial produ(.tion wai it Ilined for It "00 hoxure te:: o:I: trati on 
projeot. An ,VIL1untiin r,iv on ilin JuertarnJaL. 'y 1I*o' repXrt(1 that, 
a]. thouFgh thrO h: been CG t ityndel n;yf1 ;a;nl riif 'il. iitiol the Khnirtomui 
anfiulobn planut wa ful. ]ly otpratiosl' prrun inn a !.oxi pianltt: of Ibrick 
from irol1 s tabillI.4 , byIlnri zor oil. VI,I ll-Arnde Ir;: on thih 
firiit sixteen hou:en of the .'!00 boom, pilt ;,roj-cA. It wa:; clear al,-o 
that aifadobe bricks iuil mortar ati marh u'r, pr-cunini. a hili qiunlity 
product at '10,' lower conti than other nvailabl, buili nri mattorial. 'Iia 
United Nations Isvelolim(nt l'rrr.'au:ie him also .uported raanmifldobo 
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research and development project in the Sudoneoac city of Jubi, in
 
association vith the University there.
 

Currently, the UN Centre for Human Settlements is considering 
the aae of anfadobe construction as one element in a 26 house demons
tration project being undertaken in the large World Bank financed Dandora 
project. 

So, these are indications of growing international interest in 
earthbuildiug technologies, which, aB stated earlier, can have major 
importance in improving the performance characteristics of adobe 
buldingo in oarthquak' areas. There is _ largo role for the private 
aector to play in the uturo to accoloratc utilization of stabilized 
earth blocks. At loabt three private organizations have boon established 
ti date for work in this field: Anfadobe Technology International (ATI) 
of Fresno, California; Asfadobe and Terra Systems Ltd., Nairobi, Kenya 
and Auphajor Corp., Tehran, Iran. The latter wan established specifically 
for large-scale production cf auphalt stabilized bricks and had been 
stimulated in part by Mr. Yonan Malok'a demontrations and construction 
of a model house in 1975. 

The International Inotituto of Environment and Development of 
London has recently prepared a publication for wide circulation on 
Building with Mud, which reviews both national and international expe
rience in thin ield. Thin is likely to ntimulato further requests 
from both public and private sector interests for technical assistance, 
guidance and training. 

Both the UN Conference on the Human Environment hold in Stockholm 
in 1972 and the U Confer-nce on Human Settlements hold in Vancouver "a 
1976 gave considerable atiention to the development of building materials 
that are readily availalle locally. The tUN Environment Prograne (INE) 
in 1975 hold an Advioory Group Meeting which drafted general guidelines 
for human settlements technology. Thin wan followed up in February 1976 
by an Lxport Group Hooting on Huaan Sottl1conto Technolojgy for the regions 
of Africa and West Asia. For irmmediate action it was recommended that: 

UMEP uhould iiponnor a major effort to extend the application and 
improve the performance and cceptability of .ouenon mud uj a building 
material. This effort will consist of two main nections: 

(a) 	The evolution of a rationalizod and nimplified vault and 
dome technologj, to be carried out by a development tomn 
in three otagen: 

(i) 	 Anuoeiment of exiatig materials, and review of local 
workshops and craftmnen; 

(ii) 	 In the lig)it of resources found to be available, design 
a nodifiod dome or vault conatructing technology; 

(iii) 	 TrannfeA the technology to a tielected country on a 
pilot acale. At leat 10 ntructuren nhould be built 
in different locationn. 

(b) 	 Improving the performanoce of mud-basod building technologiea, 
also to be carried out in three .tagen: 

(i) 	 Compilation And anosimnent of information on reqire
montn and ronourcen; 
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(ii) 	 Erperimentation to improve existing technologies and, 
in some instances, evolution of entirely new methods 
to improve performance;
 

(iii) 	Dissemination of the suoosful romults by means of 
pilot demonstration projees. 

The five principal existing techniques for improving the durability,
 
appearance, load-bearing capability and cleanliness of mud are:
 

Burnt 	brickmaking; 

Coating with cement composi+es; 

Soil cement; 

Asfadobe; 

Protective detailing.
 

In the 	course of the study other methods may also come to the fore. 

UNLP 	should also sponsor a pilot demonstration project to establish
 
the potential of auphalt adobe briok-making in several African countries. 
The programme would involve an initial feanibility study to determine the 
availability of suitable materials, followed by a second nta-ro in which 
bricks 	will be produced on a pilot coalo and hounes constructed with the 
bricks. The projoct nhould be large enough to make a oignificant 
impression and promote widespread adaptation or imitation.
 

Unfortunately, relatively little ham been accompliahed to date to 
carry 	out the above recommendationo. The UI Centre for Human Settlemento 
(Habitat) wan establinhed in Nairobi in 1978, but to date haa not done 

much in the way of research and development activities, thougih it does 
maintain an active tecluical cooperation programe for work in developing 
countrei. The UN Lavironment Prooraarno, baood in Nairobi since 1973, han 
reduced znubritantially its nupport for hirian settlements projecta. Tho UZ 
Habitat and 1unmin "Sottl,rentit Foundation no longer existn it an independent 
agency, having been abt;orbod by the Centre for uw.vn ettlneets. 

In one country after another, howevr, we do see evidence of conni
derable attention to both research and demontration far ther application of 
appropriate tclinolo;.r to the riheltor-building procon, with conniderablo 
Omphanin on earth constru-tion. The two countrio wich havo entablinhed 
inistries of }hman Uettlo-mit, Mexico and the Philippinen, have leu.'oritip 

t.lou in thio field. A particularly good exrmmplo in the publication, 
Indigenoun Materialij for Low-Co,,t 11ouninw, publishbd by the National 
Scionco Develolxnent Bloanrd of the I'hilippinon in 1y)O j. This providen 
clear how-to-lo-it text and illuntrationn and further ri)forcnco sources. 

An metioned earlier, the work carried out in Peru in cooporation 
between the Minintry of Housing and Conntruction, the 1houtting Instituto 
(INIAVI) and the College of Eniineors, han boon notable. The Central 

j/ National Science Developtnont Board, Indigenoun Materials for Low-

Cost Houning. P 0 Box 3596, Manila. May 11". 
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Building Research Institute (CBRI) in Roorkee, India, has carried out 
much praotioal research and work on the use of stabilized soil and m1 
for many aspoots of the building process, as has the UN Regional Hounxng
Centre in Bandung, Indonesia and the Bvilding Researoh Unit in Tanzania t
and the Housing Development and Research Unit in Kenya. In fact, there 
are literally dozens of institutions that have been doing good work in 
thin field, though coordinated approaches and substantial financial 
support have usually been lacking. 

While I served for only a brief period as head of human settlement. 
for = , wo did make an effort to establish a networking concept which 
would promote inoreased interchange and concentrated building research 
between building oontroo and institutes within each region. This wan to 
include such general areas for action an Ecodoiign; Infrastructure; 
Services; Building and Energy. It wan aluo to give special attentiou to 
ecologically-oriented principles such an: Maximum use of renewable
 
resources; Utilization of industrial, agricultural and household waste
 
material in construction; use of non-contaminating energy from wind and 
sun for lighting, cooking and h3ating purposes; recycling and minimum
 
use of fresh water for household purposes; and waute reduction through
 
modular design, rationalizatior und standardization of building materials
 
and components.
 

The general objectives wore:
 

(1) To develop interdisciplinary research capacity leading 
to a better uou of human and material resources and 
establish permanent functional relations between research 
and other organizations in charge of implementing human 
settlement projects in every country. 

(2) To arrive at ecologically sound solutions to human settle
ment problens with emphasis on the lowest income groups of 
the population throu; i comunity participation, labour 
intensive methoda, genoration of nmall ocale industries 
and development of improved techmologiou biused on locally 
available ronour es. 

(3) 	 To train end retrain p-rnonnel to tule'uately ntajl human 
settlement progrwamei. 

(4) 	 To open rogional and intorrmgional channeln of' com; iulication 
(Jchango, aditptation and jmnoration of now infctnation and 
cooperation w onr all countrieu. 

(5) 	 To provide a foram for global ditcuniion of probleuu r.,lated 
to huumn nottlementri technolokgy. 

Only 	 in Latin Amrica, in X(c ico, under the aitpicon of Ol' the 
Regional Economic Comaxintorx ml the Gov(rnmont, was a spocial roeional 
office establinhed to deal with objectivon of the abovo type, and it in 
good to rtport that coniderable progren, hii, been mane with the not
working concept among concerned institutions in that regaon. 

ovoral forthcoming qvents may provide opportunities for further 
promotion, demonttration, information nrch= ", and d-n'sunnion reoiuding 
earthbui.lding techniquon. Thoa are the U11 (onference on New and lenewtAole 
Sourcen of Kergy, to be hield in Nirobi from 10 to 21 August thin year. 
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The non-governmental Environment Liaison Centre is organizing a series 
of meetings and exhibits in connection with this Conference, which will 
include techniques for earth construction. Another NGO, Technology for 
the People, based in Geneva, is currently organizing a Second Annual 
International Trade Fair, to be held in Mexico City, from 6 to 13 
November 1981. The UN Centre for Human Settlements has proposed a 
Global Conference on Human Settlements Technology to be hold in 1982 
or 1983. The UN General Assembly this year will also consider a pro
position to designate 1983 or 1984 as the Year of the Homeless, which 
would focus on the massive refugee and resettlement problems the world 
faces, including squatters and the housing and shelter needs of the
 
low-income populations. 

So, the agenda for the future in this field is full and still 
growing, but the need for more concentrated support for institution 
building and development is clear. We must lock at achievements in 
other sectors, and hero one of the most successful models may be the
 
Consultative Group on International Agricultural Research (CGIAR) 
organized in 1971 jointly by the World Bank, the UN Development Programme 
and the Food and Agricultural Organization. To Group is an informal 
association whose members are countries, public and private foundations, 
and international and regional developmenr.t institutions. In Calendar 
1980, the donor members made grants amounting to about 3120 million 
to support a network of 13 spocialized intornaticnal research institutions 
whose work is concentrated on those food crops and livestock moot 
important in the diets of people living in developing countries. Similar 
concentration on building research, including earthquake resistant cons
truction, will undoubtedly also produce very major results and high coat 
benefit ratios. 

Many international financial institutions such as the World Bank 
and Regional Banks, the European Development Fund, the International 
Fund for Agricultural Development, etc., recently have been devoting 
more of their reourcos for lending in rural mrea,, particularly for 
integrated rural development projects and prograenon, and increasingly 
some funding in available for related shelter requirementsj, especially 
if so directly linked to production. Just au there has been a vogue 
for provision of "nites and services" for the poor in urban areas, 
often sparked by inte -raional lending, nimilar compelling reaxnons 
may well prevail for the extension of credit to enable substatntial 
improvement of rural habitat and nottloments, perhaps also with a "sites 
and services" approach. 

Ihin will offer new opportunity for upgrading the traditional type 
of construction with adobe and hoavy til or mud roofs which are o 
diuantor-prone. But without a more adoqluto inrftitutional titructure at 
international, roional iuid local lovols, the ),uiic concerns will remain 
of how to jot the information about tho impro.ed conitruntion technolo
gie into the h n nd of the users, the poople themrelven. This will 
require woll-org.viized training and demonttration efforts, now 
dovelopment-orient el curricula in the univervitie,, and in the mrchito
ctural and n'gineering achooli, and the production of "barofoot" buildersn, 
teachorn, and nattlc-nt managers on a lar:o ocale. Certainly to achiovo 
thee objectiven and othern, at loast 1e to 1' international-rgional 
interconnected environment building cnntres ithould be ontablinhed or 
donignated ud vupported by a combination of international, public and 
private noctor funding. 
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This sort of development will undoubted-y require the establishment
 
of a Standing International Advisory Committee on the Built Environment, 
under appropriate auspices, perhaps under similar concepts as have 
guided the Consultative Group on International Agricultural Research. 
This would, at last, represent a solid and continuing commitment for the 
cause of improved habitat and human settlements for the peoples of the 
world, and the phrase "Building for Peace" will take on new meaning. 
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Premise
 

To successfully bring about the technical improvement deemed necessary,
 
ie.to improve the safety of housing through changes in either planning,
 
design, construction or material use, means to successilly and lastingly
 
intervene in housing developnent processes. Often technical programs
 
are too narrowly focused for profoundly impa:ting these devi lopmental 
processes. 

Informal housing processes (self-help, owner built or inodigenous 
housing) provide the overwhelming a:ount of shelter in third world cnuntries. 
Whe, trying to improve housing built through infor:al protMs sel, it is 
especidlly important to realize that the ownerq/builders have trong 
reasons for what, when and how they build. I:rprov(T{nt'; will only be 
accepte4J by if, within tural , oc 1a1 ,these OwneLr/buil ders their (u.tl economic 
and material LonteAL, th,' improvinvnt' ma,':e senf'. TheI henret it'I ..ear1I 

_r__ st___t__ oh th~e cot.t_n_ I i.'?Of t*hef c(1,.,it pOpi'1,t 1011 'IrTut.t Outl--------t i Ii~y........ ,VC ntjjltn -Ul 


The Ippr disCU , (,.(:t% of the Carn,; -,,l Ion Ulioir%,1t (C J)/ 
INTERTECT 1I) ,nd Oicin de InveYt if;a ion y No Mi i:cion (0IN) Project 
in Peru .atith iII,utr t. the need to ur-, nd the d.velolwi rt process, 
to identity the costs and bon.fits of th, proposed nter'vevt ion And to 
achieve on ,dIwrneq., of ahi t kind of chinq. on th' sac ial, poli tical, 
economic, wv1ter ii atd tiihnic al levels, hivp to it. ur in order to make 
propose interventions .uccessful, that i% t' positively affect present day 
practices as they occur in the informal sector. 
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Project Background
 

Building on the experience inpost-disaster assistance of INTERTECT
 
and a joint Carnegie-Mellon (CMU/INTERTECT (1) Feasibility Study of An
 

-
Approach and Prototype for Ultra Low Cost Shelter (I nre -itu-ief 
tions inian7ld(iii fund-d by thei.',';._Aency F67 Develoltnent (AID), CMUI 
I received a contract (2) frcwi AIN inl 1976 to explo(, v typical disaster 
situationn; in v,'ri(ruLr ,flviroinlent pec ifically, the contrJ'1 t '1iled 
for the ir, ',tiqationl o! h'(o in1 ind W, ttltr ,,td%, in ,Pirthq ake -;rOnfe 
areas and drou ht .1lt!, nd 111 e':, t iorn , r ur;i :akenA()i;ni oi the 


andfl(JdT.h %.tudy
in the teimil - a qi,'h .ird ard Ii:7ad ,'bvironient. 

In ex, niniiq 7 ! h of p;r+ dti'. ir t rqerg y Qt 1r unlits hit 
could easii ba !..Jr. t ir o more F''r;'anent typ houn 1'liq,CMU/I 
identified f %,.'upport t 1 'ivit i,: 


1. la t ,ri,l', f+." + r :h 

Varied : no fPp1r uc(BloC wall%,, ircludii,;1in(; fa br ication 
with 1vari(,' ,B% oft lo ne. , ferLt;<t r ent ard( ri' 
rarrmd-elnr +lQ'.',, ai eoil'. 1 .!'n exni of, - rrn',j 

irpro v 1ri i q1' ii (an !runi'ion, ,lJ(h a's thevn. i prove
mlenlt wt f:", o i illinq' oft ',ta ilizv+r%, in
+W,;) on!++ the+tJor 


eartheon Do * W -porta nt upiurtu(:tion adfi13Crt Ivh+r ;ti' )i .... 
activity, 

.r 

2. 1nforr t lon- 'Ah r Inq 

Once the project wan undewiy, it wa, real i:.d that 
ex1stin'j 2 f ryati<" win fr ;'.f'nt,. A n unid,"n ;vable at 
any central ,urce. There, 'rp, a k dnr2!lI:ed Info ination 
base and a .,'. t,' for cl ii ly.n hu. irn'-r-'l ~ d Infor-i.A 
Il ti(ton for e d1', - a *. to,Bv 1n 'i', ,l roe)qronihid be 
devlupd. Ar tt, ,o I nid, 'ori-r'at" oats with 
Spec I +f f',or' ' Ii +',,no '. v,,lup da where In-I t .. t a 
sufl f I |eI Itt 01r ' lot '. I'II. 

Ain m,,rI3. Informa t r 

A rojor ,-pha'. o the r, a,r wi'. a rev ielw of Ilorma t ion. ,
Differe.nt ""Mji for fpi~r= 6 h.n'u'in+ %,kill% ,.rp+ Inr++ti

gdt(J ii ' e ;t10,,-< 1 .li y '1 hlv I1I in raW ZIr Il ,Pert rK e 
ONInA - a rivi,, of !t o n i N()oil." Q) a i "orli 

n iI" h I.fit!' ihljt'x 'r I Wl 14 ) , Ki. %,v e I rn A 1II=a r e 
in (Qtutgai, ( ), :o a v in!1" I irai',,Wi;n. Ivt Hu'- I 
ic.ra' a t'o), the AlIt a !a Pi- n , run t. on I r in! a.., le .. 

Infor at ton (."ntir (A,1lTI(,) (1). thp lalv. t ton Army In Andhr4 
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Pradesh, India (8); and the Government of Turkey
 
(following the earthquake in Lice and Gediz). (9)
 
In addition, information on technology transfer,
 
materials, and training aids was obtained from sources
 
such as the Peace Corps and the Non-Fornal Education 
Iifonnation Center of Michigan State University. 

4. Methodolories
 

The develop~nent of working methodologies, used to
 
provide housing and shel ter in various post-disaster 
situations, was a fourth activity. This work encom
passed the stra teqliy and approaches nornallyrev iew of ,: 
used by relief aencies in helter provision, evaluating
their ef ectivenes,., and correlatinq the experiences 
of each orcjaniation. ParallIel rse., rch ti nq conducted 
by the Pnit ed Ntinns [iaste.r RA>1iWI Off ice (10) re
gardinq the provii'.i on W tnerq ewcy %nel ter ind post
diSaster huu,,in (a portion ot 6,hich w-, undertaken by 
ItNTERRTiI(), Andi th' .ark o? PAil d Ch, ortte ThomIpson 
(11) uW r'.r :eihWi n;;hip trci the ,rrinization 
Of Am''er V AI,+ A' fo,gri. t. i V.,1%%oinri . Inl t+,, 


additior n, , o .. ,ill ,i 't I I ". (. . Air Force 
Acadr.ry) (1?) O'udy n r nirj the mirthqt v re-
Conntru. l proqJrx , ini i ,, Tunrl'y, ', ni fl nval
uable 'ourn, i I pro, im, m,. i ri'.ttht',. INTERTECT'S 
other" Operitibr l .v'iti% 10 ,i',nt.nr situtions in 
HondurA', I,nbiran, fv(,rIl IEi, and In a pro+,idJed further 
intor t.i(too l ,r+ tt -1j i'tt0 on!0% ,I'I ( hSen which were 
incuJrpo Vr 1 intt htin' fina1 w]icrk. 

5. Field ',,'(ik
 

In many ,5[ie,: t teh U,t ir,(intlt ic t ivity carried out 
under the conlran, ar he fi.d wor, Tis fiel d work, 
provid--i wtjnr y ,Iii,,i; dIns? n. type% andlwninr!tt
environruent,, hA+. i ;m i n jein+a r q ,ln ioip+it, rani*v:+ ui ,*w li 
prog ram% -, rini !n v% r. rc , o in'Osr I1 r ufv, - 

gram. By .4/1, . i. w ' I v'1 4iic ''' r ir', ,Am 
conc1 1d1.[Ii, it wnic ! i ri ' 't'o, %hi p q Js t's.
 

i i % '.r
uriphaol', i w; ft , ;"',+'; , . ; h+,' , I it i,+; P.. 

di'r :1 iqit it , Kj .r. on! t in n a n 
of p'" IN! W i.',ItJ !t,' in A Ir III ;,I q!W, ;! 
wa i ' : rd t% ' , ' x , , it 
sinct: q 'Ir!,iteir r- vpl,;.i+ S , . , ' i !r i - h.iril,+i ,S 

h: r i' n : r 

de*,ijn(d to '.,! .tp i 1 I ,, ., v. i,. in ; :Tj' . ti ,
situation%,. Huv ipr,.i, !hi, I t,,!, , o,,, hi.% W l! 
tribution cotulld hpr r'adJl Kjp dvl~''] p++i, f ++ ++l l
 

appru[ache%,l Wll+ otvl~r%.l 'rinlitr+, n:j i intl' ni <+jill
 

offer nl'w oippo tunsltii'. for "otp ! uti, Avi', inpro.
 
disster %,ituation', and In the loni eturn, wwaid facilitate 
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a greater housing change.
 

In late 1976 and early 1977, a number of potential study 
areas, where these ideas could be tested, were investi
gated. After visiting a number of potential areas, Peru 
was chosen as the study site for the project. In response 
to the 1970 earthquake in Huaraz, a number of new building 
techniques had been developed and the Goverrvent of Peru 
wanted to incorporate these into a dcynonstration project. 
The goverrnent hoped to integrate these new construction 
methods with existing building technology for use in 
earthquake-prone regions of the country. A technical 
cooperation agrea.nt (13) was developed between Carnegie
Mellon/ItT[RT[CT and the Goverranent of Peru to jointly
 
develop this program. 
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CMU/I/OIN Project In Peru
 

Summary
 

In 1977, Cmu/I initiated a study that developed into a two-year

project with the Ministry of Housing and Construction in Peru. The
 
purpose ofthe study was to work with the Housing Ministry indevelop
ing approaches ano technical materials to promote hou;ing changes in
 
high risk, vulnerable areas of Peru and to develop strategies and
 
materials for immediate post-disdster response in providing housing in 
rural, mountainous areas. C!MU/I worked with the Houni ng Miti stry to 
develop a cowplete package of trainiq aids for use in both prp- and 
post -disa n t er program', coxc erne' with improvir g tra ditional adobe 
housin g. Iln the (ours e of the projec t, iumlerous tv-.hnici I report, 
were produced on program appr'oiches and 'triteP iee for iitervent ion, 
as well as reports prov idir.; compr'hen, ive' I rior,:t t ion ab;out trad i 
tional houqin,) ard potent'al i.provempnt ftor reduc 1ng it. vuln'rdtility. 
(14)
 

In acdditi on to the devt Iopien t of tra IN= i % anrd t-~ ho P al
 
reports, two tests of the trdin;iq aidi Inn. t~a
tui huildirj projectS
 
In rural aras with high • W nic ri ' a',,r- to Le. .. rdo. ted.
 

In 1911, a n irandu: of irreeFn',i. i, ',iqnetd te'! "e'o the 
Ministry oft Hf;:s in;, ( inist'rio (o' Vivin'ida j ' r =LrCiolo ) of Peru,
CMIU aryl I+ ET UT. Thtp r vsir*tch off ie )f ihp n i st ry (Of 0r.liii de 
InvestiqjrCion yhNor Ii'acion, (ujQ , mid n,'o nourdiit ing mAjor re
searcon and dyn,'trrt eon of toi ; in',ol i'i 'i, tati nl En crierIng
Univr,,itt, and the Catho ClicU ,.11.rit I" iw. , Pru. The, activities 
were ,ulppor', by the AID is',ion in A, (1!5) 

COIL -_ Lonitrurs ion K',t idoCon iloequj 1hil 


Stat)i 1i1,-14 d horixnrt, ,l a'r r,",'tart adobe Lon truction was 
e'pth, i o en oe rd r eduet e tUp vulto Imp A ll 1 I)vie ii wt, (iin an 

nerability of hI %.IL;in ,,,rth, me :.re'a . The aspih.,lt ,t.abil-
Ized ,doLbp,, "hir ni " i r ,'W,,' c? iih', a hoad o iq,Irallj ,en 
devel o v 'd h 1fJti+''i '5'e w i, ' , " 0 1 i u '' '"a 0"'j. of'd W i ant"P, .A w art ird . I+! K v'Iif++, (114 i 

By ii t]l r , il.i%.00 % h i (+Iwt W in Pei" " ith d, inl ,( 

n,,, 
as well a, r,'I' , In h , ,rin' WIr ofo will ,s'.'; hl ,.',arnd W llld

t, 

the! lo 0 11";..! "1.10 IVII 1,',.] . OL, hbi( , wat.r t'htllity, 

lfIn le}cjn i ,'. Pnul'. ii; e''- e',ti,. ion+ pelO - uI r;,th.l rpr'Ov 6(j 
tefpthod%, v,'re, e.c .'g)Im ltetn' a to prand ' ri 'revpnt";i% ready l in a ij ram 
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for dissenination about stabilized adobe construction throughout the
 
country.
 

OIN/CMU/INTERTECT in their contract with AID were to help in the
 
dissemination of COBE building practices, with the aim to lastingly
 
introduce thene practices into the fornn l and informal buil ing sectors.
 

However, when Ct:U/I begJan 'wrkthe price of ,<hil izter agent, whi le
 
still affordable in variou, area%, . rapidly riqinq. It therefore
 
appeard(thit o)n the price of the .:,turil would prohibit it, use in
 
any but a tet,.i l t ,aar, . A; a ra.: , StUi4r i ,.,i nirq various
 
alternitivi", to UIi,Ot ih ,ll rir , whic.h i', M,,veltihe ,A;hnlt.. 21 ui' 
oped In tUh e .iif .2 1 AI'; i r , [JOPAr't- A Qt, ,. C01( iU'
 

-
too, ; ,
acrylit.. (N.) w e!-ri.' ,avver,it" i r'i 1 i',t I'" nit rn
 
courdttgin, . hmt.itu', ()i U P,, w;on. W roi.t % oftlp, ol,,ry!ti W:: ud Mh, iAW S
 

Wrw;.t' ir lwK, 
of injlq(B:tinu,0 a:t i'Ial u '., t: int In eflort to develtopii2 an urdersatindi eny of 
how to inpruve t ,he;w'rfor: i (- of i rd1if'pruu bu ldinj techniques. (18) 

in gener l, the team v.pArJ, the . tv' rcoCro niilsarce 

Re';pond ing to prev lou%, experi1lence and contract requ i ronents, the
 
CMUII/OIN te,; itt Ilpt. d to introduce technical Improv ernent s in adobe
 
construction in Ltth the Iorm.al nl inforil sectors o the Peruvian
 
building indu<try througth threa. _,in:
 

1.) Appropriately' ,ite's for pilot tests.-t2,i 
pr ro ; ail 

2.) econna 1in:,, of indigenous bilding practices, 
material uaqp, and iprovrient potential. 

3.) Dieveol ,nentof training aids.
 

1.) Site Selc-tion for Pilot Test Proiram.
 

Given the dual foc.o on pred ,,er oa plaining ,ind post dWaster 
8sslstance th ia', in) cpntri tio oI the out' ,t on ,Pl c t1 q hilh rink 
si s11Ic aria I or l 'i,', f tfh," lot jroj i-t,. Inpot ntial v ; ,ddit:"n 
to rt'vitwInoibjiliv I data %wlh ,',?Pv,,'r, j Ii fhe " .''' aid ,ir;? 0) in
dividual Pii,tOwiUw . %L, ( In i ' y P,a , . ulll ", 2 

4WValanch",) Wi 10 o?', hi.tori, ie wi ; ior ?i n 1w hi WV Ai1 
appre4.tat ion 'i v v por %P;,o it o t ht I ,.ohii nita, it oq inmi th k 
riok, A e ' ifh rMi, ,v ,i wi., t h'n dvlfi ne< , 'hW 0im '"' ?it'ly and:d nj 
ubjo t Ioll high i'A 

Wlthli %uc.t4hig h ri.k a the fol n local nnai Isa';niies il q f-r'r.o 
was, to be ornduntle 
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*Structural analysis including housing types, history
 
of vulnerability, material quality and type, joiring
 
techni ues and quality of building corponents, traditional
 
building configurations and layout.
 

*Site analysis including rElationship of houses to general
 

environment: climatic suitability (cannot any longer be
 
taken for granted partic,:Tarily in areas of increased
 
population mobility).
 

*Geological suitability (i.e. is the site on an ancient,
 

but potentially active avalanche, or the potential target
 
of rock fall?)
 

*Housing De-and Analysis; indicators are degree and pace
 

o urbanization, strength of local economy, grcentage of
 
young populati0on in household forming age, migration
 
patterns, potential loss of housing in disasters.
 

*Sociolocical Profile Analysis including identification
 

of copiig mechanisms (i.e. social mecha-isms of individual
 
or comunicy response to disasters or hrnnal life situa
tions, description of social structure, identification of
 
receptivity to innovation and the socia' obstacles po
tential new ideas might be faced with as w-e1las the
 
identification of a potential tareiicroup for the housing 
program. (The target group shou-Td-conta--in key decision
makers in indigenous housing processes such as carpenters,
 
masons, etc.
 

Finally, it was recognized, it was of outmost importance to 
select G coummunity with a high contitment towards participation in 
the construction and demonstration program. 

2.) 	 Reconnaissance of Indigenous Building Practices, Material Usage
 
and Imlprovenment Potential.
 

Before recommendations for changes in either housing design, 
construction o ma terial usage can be made, with the intention to 
lastingly improve housiny, a full understanding of present housing 
proesses must be achieved. Key questions are who are the par
ticipants? \builders, owners, renters, community officials, etc.) 
What building ,kill., are ava ilable? Which materials arr used? Which 
are the preferred materials for construction? Is there a preferred 
building season? Is housing financing available? 1, heusing built 
on a mutual aid basis? What shortcomings exist in present practices? 
How are these shortcomings perceived by the affected people - if at 
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all? Is there a potential to combine existing building tech
niques in innovative ways to achieve higher performances un
der earthquake loading?
 

3.) Development of Training Aids
 

Training aids were developed in response to the requirements
 

of two potential user groups:
 

a) instructors and connunity leaders; and
 

b) builders (carpenters, masons as well as self-help builders.)
 

Both sets of training aids were based on an understandiig of
 
the normal building process. Inorder to guage the effectiveness
 
of different visual aids, brief field tests were conducted to see
 
whether potential users understand the message to be communicated.
 

In developing the aids much emphasis was placed on evoking

within the user, an identification with the new ideas. The re
presentations of people, places, tools and materials were to 
be
 
culturally familiar in both appearance and method of representation,

this was to encourage the viewer/reader to comprehend the project
within his own cultural mil ieu rather than suggesting a foreign 
setting.
 

The teaching aids were available indraft form at the start up
of construction of the field tests. Through discussion and ob
servation the aids were refined and finalized during and after the 
period of construction inorder that all recommendations which came 
from the field experience could be incorporated. 

During construction a series of video tapes were taken in order
 
to document the construction process of the model house for future
 
demonstratinn projects.
 

Field Test - Acomayo
 

For reasons other than the project objectives (demonstration,

dissemination, tfechnical improvement); OMJ selected the Department
of Huanuco and the town of Acomayo as the site for a demonstration 
project. 

Acomayo isa small rural town o. about 1,000 total inhabitants, 
45 minutes by car from Huanuco, Department of Huanaco, on the new 
road to Tingo Maria. 

Almost all buildinrs in Acomayo are constructed to tapial. A 
few buildings along toe road are constructed of Quincha and almost 
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none are made of adobe. (rammed earth, see plate)
 

Most people work in agriculture. A handfull of small stores
 
exist. A few dozen people appear to work as drivers of collective
 
taxis and trucks. Acomayo appears to have lost population as there
 
are vacant houses.
 

Acomayo also functions as a school center for approximately
 
300 children. Part of the existing school buiiding was rendered
 
useless through a flood caused by an overflowing aquaduct which
 
eroded a part of the foundation and 4 out of 10 classrooms had to 
be abandoned.
 

Acomayo is located in a zone of low earthquake risk. The
 
people of Acomayo do not perceive earthquakes as a threat.
 

Demonstration Project: 

Again, for reasons other than project objectives, it was decided 
for 	the team that the project was to build additional classroom
 
space for the community. 

The model house which was also contemplated, since there was
 
no apparent need for housing, was to serve as another community
 
facility.
 

Considering these basic site coiditions and the demionstration 
project's focus it became clear that the site and the demonstration
 
project (school additions and model house) were in-dppropriate for
 
the overall project's intentions for the following reasons:
 

1) The department of H,-anuco was not subject to ,'equent, 
violent earthquakes. People, therefore, did not per
ceive earthquakes to be a mijor risk factor. Cor
sequently, any proposed al1.er,;tions of existing con
struction techniques for" reasons of earthquake safety
would likely be viewed as unne(:essary, 

2) 	Acomayo did not appear to need new hous n.
 

3) 	Present building techniques in Acomayo favored tapial
 
construct ion. 

4) 	Additions to a school building (lid net constitute an 
adequa te vchic Ie o--the demonstra t ion oif hous i ng 
improvements. 

In sunnary, it was felt thdt rNo spread ffent of the improved
adobe construct ion techniques cou ldhe expec ted because earthquakes
posed no serious probici, little if any new hou,,ing would be con
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structed, and adobe was not a major building material inAcomayo.
 

While there existed a need for additional classroom space, the
 
process by which the community was invited to participate in the 
demonstration project turned out to be counter pr-oductive. The 
community was not sufficiently required to collaborate in the plan
ning, financing, and construction of the school. All inall, seven
 
classrooms, a new toilet facility, and an eating area were to be 
constructed. Almost two years after the beginning of the project, 
the two aulas (classrooms) (Phase I) are not complete. While 
they are being used, both miss plastering of inside and outside, 
concrete floors, and windows. 

There is no indication that the remfainder of the project will 
be constructed. The attitude in the Alcaldes office is that the
 
community is poor and the government promised seven classrooms. The
 
model house was completed and served as a useful test for the teach
ing aids, but since it did not respond to a fundamental need in 
Acomayo, it's effcct on construction after its completion has been
 
negI igeabl e. 
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Results, Lessons and Recommendations 

From a community development point of view the fieldtests were
 
a 	failure, generating expectations in the community which cannot 
be 	met by the government, given present resources. The projects were 
not embedded in a community participation and development process
 
because there existed no appreciable need for construction improve
ments to reduce earthquake risk, no appreciable need for new housing,
and because the major building material was tapial (rammed earth,
 
plate) and not adobe. Improvement suggestions on the basis of
 
adobe must have appeared esoteric at best.
 

In retrospect itappears that 3ven though additional classroom
 
space was being produced, itwould have been better not to have a
 
project inAcomayo at all, instead of encouraging selfhelp, the
 
project might have created greater dependency. Clearly a oeed to 
build must originate within the community itself. It should not be
"stimulated" from the outside. 

In the case where such a need exists it is no less imperative
 
that:
 

* 	 the need te improve present practices must be able to be 
recognized by the community; 

* 	 the mate:ial usage is compatible with the proposed material 
usage of the demonstration project (do not demonstrate 
improved adobe practices in a piace which builds with tapial);
 

* 	 the costs of the improvements clearly do not exceed the 
benefits in the eyes of the people to be assisted; and 

* 	 that the costs of the improved material do not begin to 
approach the costs of the material just above in the 
materials hierarchy. (Example Peru: inmost areas of the 
country the following perceived values exist: steel/glass, 
concrete, concrete,block, brick, adobe, tapial, wood, quincha,
 
(plate) in decenw4 ingl order of perceived value and status).
 
Therefore if the cost of improved adobe begins to approach
 
the cost of brick, people would prefer to build with brick
 
instead of adobe.
 

While team members were aware of this fact, the project selvction 
process did not allow for sufficient interdction between technical 
project personnel and political decision makers. 
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Technical Lesson With Political Dimension:
 

Besides the more obvious political dimensions of a large scale
 
technical improvement program in housing, such as socio economic
 
status of target population, resources to be devoted to project, de
gree of local participation and determination, etc., great care 
should be devoted to determine precisely where and how in the housing

development process the intervention to improve that process should
 
be carried out.
 

In the general case of housing construction in Peru, what are
 
the social dynamics of building materials and assemblies; including
 
status, affordability, etc.? What role does earthen construction
 
play in this context? What are future trends affecting earth as
 
building material? Where does adobe fit inall this? In the case
 
that adobe emerges as a highly prominent building material with a
 
certain future, in order to increase it's safety where should the
 
intervention be placed? Inmaterial improvements, joining techniques,
 
or building design recommendations? If in all of the above, what 
are the most important factors? How many changes can one technical
 
program advocate with a good chance for social acceptability, rea
sonable cost, etc? 

The Importance of the Development Process
 

To successfully bring about (to lastingly introduce) the 
technical improvement deemed necessary (generally from the point

of view of the outside technician) - ie. in the case of housing in 
seismic areas to improve the safety of housing through either 
alterations in planning, design, material usage, construction prac
tices or use-means to successfully and lastingly intervene in what 
is always (from the point of view of the users) an extremely well 
worked out and efficient housing development process. 

Informal housing processes (self-help, owner-built, or
 
indigenous housing) provide the majority of shelter in 3rd world 
situations. When trying to improve housing built in the informal 
sector, it is especially important to realize that owners/builders 
have very good reasons for what and how they build. 

Improvements will only be accepted as necessary and desirable,
by these owner/builders if, within their own cultural, social, 
economic, and material context, the improvements make sense. The 
benefits must clearly outweigh the costs in the eyes o)f-th-e people 
affected.
 

Technical programs often fail to profoundly impact informal 
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housing development processes because:
 

they are too narrowly focused on technical concerns;
 

they reflect more the view and needs of the donor
 
organizations than the view of the people to be
 
assisted;
 

giving other pressing needs - food, employment, etc., 
safer housing by necessity may have to assume a lower 
pricrity in the eyes of the user than isassumed to be 
acceptable by donors and/or technicians; 

they try to change too many things (materials, structures, 
components, joints, etc.) at one time.
 

As a general rule, housing programs shoulo try to take the
 
point of view of the ultimate users. Wheo this point of view is
 
taken, solutions can be attadpted which satisfy technical require
ments of governmental and donor organizations and which IQve a 
chance of 'ser accepta~ice. The following might verve as ,an
illustration of this point. In many locations in Peru, population
migration and scarcity of land have led to high population densities. 
Consequently owner built houses tend to be two and morp stories high
and because of the high cost of street frontage tend to be nirrow 
and deep. In the case of earthen construction this leads most of
 
the time to houses which are unsafe in earthquakes. Instead of 
advocating housing "solutions" which are one story high and square
in plan, which, given earthquake considerdtions only, would be 
desirable, users should be presented with methods that accept that 
houses are two or more stories high, long and narrow. Then, other 
technical solutions to the problen of safety offei thcnselves to 
the technician, such as the layering of constructlion techniques 
for example adobe cr tapial construction for the first floor and 
quincha above, and the "reaking up" of one long and narrow structure 
into two square parts through the introduction of crush zones. 

At the end the C.MU/ 1/01N project in Peru poged more questions
than answers. Despite the obvious shortcomings of the field test, 
useful training aids were developed and fir bette- insiqhts into 
the development pro.ess were obtained than wepr ,vaili l, before. 
Observing the lesons discussed h2re in future proje(ts,and creating 
strong bi-nat ional multi-d iA, i pl inary t eams in close touc.h with 
appropriate target populations, should provide the setting for further 
work in pre-disaster assistance.
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Discussion Of Plates
 

The following plates were arranged to illustrate some of the
 
points made in this paper. There are seven plates. Plates 1 - 4
 
relate to recommendations made inThe Report Indigenous Building
 
Techniques of Peru and their Potential to better withstand Earth
quakes. Plates 5 - 7 are sampling of the visual teaching aids.
 

Tapial Constructior
 

Plat Wae - gives impressions of this technique practiced in 
pre-Inca ..ltures on the coast cf Peru (example Puruchucu, close to 
Lima and prevelant in present day Peru in the Alti Plano and mountain
ous areas. 

Plate Two - the rural house pictured represents a comnon example 
of present day construction. The example here is located on the 
outskirts of Cusco. The house is two stories high, made of adobe. 
The long walls are weakened through unevenl, spaced window and door 
openings. Fortunately the roof isrelatively light weight. The
 
19th century house in Lima, exhibits an interesting potentia1 to 
better withstand eartnquakos in that it's second floor is made of 
quincha, thereby rejucing the weight of the second floor and having
 
the potential to absorb quake induccd move~ents through deformations
 
in the flexible structure. 

The model house located in Acomayo and constructed in the 
field test described in the paper demonstrates how to build a single 
story adobe building using moan! of the techniques i llu'btrated in the 
teaching aids, examples of which are given inPlates 5 - 1. 

On a country wide hain 'I1ngle,tory d1emon5,tration projacts do 
not appear to impact present day construction methods bcause most 
rural and certainly urban count'.,truction isat least two 'tories high. 

Pl,1ate Thr - a of the rp.nrmo bations' i do illu, tnation none of 
made in the repo rt ria1 i 1n0tinamed abLove,. co nomh 05,,,I vntdgPo0u 
under aurtrnquak , loai(1irojnarn presented with the idpa to prmonte 
adaptation, of ind igeroui .chniqiui' while 'ncoohrag irng %P'lf-nelp 
construction, instead of importing f'ioreirtnr, n(lostly tWchto)logies, 

Plate F:ou r - shnws the use of noweof thei' 0a1pt.'d tehni u.es in 
a two story structore. This struct ure would be composed of square 
3bout 6 x 6 n building segments. The first floor could he of either 
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adobe or tapial, the second floor of quincha; produced in methods 
as shown. The lighter second floor would create lesser forces acting 
on it under earthquakes, and the flexible structure would tend to 
absorb forces through flexure. 

Plates 5 - 7 are examples of the graphic teachi-cg aid entitled 
"How to Build a House of Modern Adobe." The booklet contains 23 
drawings in toto, 9 of which are reporduced here. The accompanying 
text is in a didactic question and answer form. The illustrations are 
by the artist A. Andia of OIN, Lima Peiu. 
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 ,. - Compacting Soil 

" " " " V 

Fastening Form-Work
 

-iCompleted 

._, (Hluamcayo, Peru)
 

lip. wi Taplal Walls 
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l ow.: Rural 2 story, oblong house withuneven distribution of openings 

,i '.$ , ..•,,'L 

19th Century hou,,e in L ima, Peru Model h(uu , in Ac(.ornyo, De-pt. of1. floor adobe flualrm(o, Pioru 
2. floor quinchd 

298
 



Trtissmaiking
 

/
 

~ Making a roof of "quatro aguas"
gables)
I(no
~rfF1[ 

Roof coviring
, (jIJ 
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Laying adobes
 

Making a pilaster
 

Installing the collar beam
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" . Making a level site
 

/ / Delineating the foundation 

K>:... F ,- 1 Placing reinforcement 
and laying 

.1 foundation. 
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PERU R U _ 
r------------ I----------------------I-----------------

228
 
iSuperiumosition of Structure 3ia 
lrGeneral 

A!
I-13 

In order to achieve symetry for earthquake 11 
'Iproved designa modular concept as an 
: organizationl basis for layout and structural w a 

design can be applied.
 
:The square or rectangular shaped floorplan vii 
 0 

be generated from a grid of a single modulnr L Le Cbove MOOUton
 

length and a single modular width. (p 1a)
 

MODULARITY 
--------------------------------------- ------------------------ I 
For Tapial walls the dimensions of the slipform,

which produces the tapial layers will be based I 

on this grid. Accordingly, the vertical reinforce-:
 ment members of the wall will follow this system. 

Sinilarly the lizes of the adobe brick will be io- ' b lated to the modular dimensions. (p ,b) V 

In the case of a superimpositicn of either an " adote or tapial structure and a quincha - baharequs 

structure, the vertical "moors of reinforcement
 
aid construction can ther, be simply attached to I
 
each other. (p rib)
 

~L-----------L ------------ -------- L -------------------------------------------I II 

efe" wAMN EAR'THOA(E CKAPT_TITTLE T~ 
aw, *TAJNTBLAfLDW 

N
 

_ 4- F PERUN _I___I_ I__ 

iy, 
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Proposed Stating of Construction Methods 
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-----------------------------------------------------------

evCANOWMCUN ARO-OE 4APTEl TrLE TOPIrI---I-----------------------

PERU-  _ _ _ _ 

,Fintshina QuIncha - Bahareque Wall@
 

:Traditionally, the branches used for Infill also
 
can serve as a support for tho plaster.
 

F ----------------------------------
jAnother potential @up.. rt structure is shovn on " 
the picture lib,whe. 'canes' are inserted in a 4

,wooden fr(a . 

The 'criss-cross' etraw-mats are very effective 
b lightveight valls. b 

ErE CPPTA O 

H 
 II 

?,77, 'FtPli-hinx QuIncha/5ahaxegie Wa;ll -------
1ed I!proveaent 

the production of grass-rope nets of appropriate
 
" 'density and strength could serve tvo purposes.
 

t, 1I,.In the villages a ne arket for manufacturing
 
lot much grass-rope nets could create employment
a .a
 J.'a;2.
The application of the rope net as shoen In 
picture IU. lb structurally woujld enhance 

'structural stability. An advantage Is light
" % '/ .:weight. 

-" 
 Ifl infill material such as paFer, grass, mud,:branches, etcetera could serve as 
thermal insula

b
 

Indigenous and Proposed Material Combination
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EARTHQUAKES IN TURKEY: RECONSTRUCTION PROBLEMS,
 
DA1AGE PREDICTION, AND RECOVERY FORECASTING FOR EARTHEN STRUCTURES
 

William A. Mitchell
 
Office of Instruction for Geography
 

United States Air Force Academy, CO 80840
 

William J. Weida
 
Department of Economics and Management
 

United States Air Force Academy, CO 80840
 

ABSTRACT
 
Field research after the Gediz, Lice, and Caldiran-Muradiya earthquakes
 
in Turkey has revealed various problems dealing with the post-disaster
 
restoration and reconstruction. Based on lessons learned from Turkish
 
earthquakes, suggestions to improve reconstruction are offered. Further,
 
research from Turkish disasters has led to the construction of two
 
modeis. One predicts the number of houses destroyed based on earthquake
 
magnitude and discriminates between housing types. The second model
 
predicts recovery progress at any given time after the quake has
 
occurred.
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Since about four out of ten people in the world live in the over 30 countries
 
which are located in active seismic zones, earthquakes provide a continual
 
catastrophic threat.1 The threat is very real for the Republic of Turkey.2
 

Turkey is one of the approximately 30 countries that has historically experienced
 
earthquakes, and it is located on one of the earth's two major seismic belts.
 
Earthquakcs in that country are very common occurrences.
 

This research was undertaken to identify problems in rural reconstruction
 
following earthquake disasters in Turkey and to provide a model for authorities
 
in predicting recovery times following disasters. 3 The model would link time to
 
the way resources are expended in the reconstruction effort, and thus act as a
 
guide for the insertion of appropriate amounts of money and material into the
 
affected area through the reconstruction period. Such a model could be used to
 
deal with any earthquake occurrence since it is based on a generalized data
 
scheme which presents all data in a percentage format. The model can also
 
perform a "rationality check" on the reasonableness of initial recovery estimates
 
very early in the reconstruction phase.
 

The Earthquake Threat in Turkey
 

Earthquakes, one of the worst natural hazards, can cause catastrophic disasters.
 

1For an understanding of the problem, see the Summary in Earthquake
 
Engineering Research, A Report to the National Science Foundation (Washington,
 
D.C.: National. Academy of Sciences, 1979), particularly pages 1-7 and 19-20, 
Also, Thomas C. ! ichols, Jr., "Global Sui.nary of' Human R.,sponse to Natural 
Hazards: Earthqakes," in Natural Hazards, Local,_National . Global , edited by 
Gilbert White (New York: Oxford University P'ress, 1974), pp. 274-284, and 
Tapan Aukerjee, Lconomic Ana lvsi; of :Natural liazard's: A Prel imina rv Study of 
Adjustment; to Ea rthquiake; and e ir Lo!,t, . Natural iLizard Re;,!,arch W'orking 
Paper No. 17, Ins titute of Bchavioral Scienc,, Univ Boulder,ieriity of Glorado, 
Colorado, 1971.. 

2 William A. Mitclill, "Rico i;truction After l)i!;,;te!r: 'i1le ; i Etarthquake 
of 1970," Xer}:rahical Retvi -V,Vol., f6, No. 3, .lu-y 1976, pp. 291-:<98. 

311.- .authorn; expr(-;,s their ,ipprrci.itiol t. i. ,1 ,oi (;, ,,w, LXi,,citive 
Director, Turkl:;h ,offinistry(nco;truet in rI.d .a ,tlti aurt ; Mr. (kta;, lrgun;ay, 
Head of the! Turki,;h Larthiuike 16 ,iarri t n ir t.aato; 1'1uo;r() 1Ito hiiItoil 
Head of the ,oographical T:n;t:ltutu,, Ujivor,;ity of lf;traib,:l, for ,as;;i ;t I , on th,.e 
research, and to the Fr;nk .1. Seior Re'.irch Libor;itory, USAA, and De!an of tie 
Faculty for partial fundig of t he projict, 
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They hav4 the potential to release concentrated energy on the order of nuclear
 
weapons.
 

When an earthquake strikes, there are many independent variables that may
 
influence the severity of the disaster. The actual impact of the natural
 
event, or damage to humans, depends on physical characteristics of the event,
 
and socioeconomic adaptations by the threatened community. The affected area
 
can be very vast; in fact, a high magnitude earthquake can inflict widespread
 
damage and casualties over a 50,000 square mile area.5
 

Severe and major earthquakes in densely populated areas can have catastrophic 
consCIuences. Why? In general, b(!cause the hazard damages ano destroys rman

6

made structures.
 

Earthquakes occur because the earth's crust is dynamic, not stLtic, and is not a 
single rigid shell but floats as ten major and minor plates on a body of hot 
plastic rock. When movement along tnese plates occurs suddenly, the result is 
an earthouake. Because of location on or near thee plates, or faults, some 
countries are particulairly vulnerable to earthqua,.e disasters./ The Republic of
 
Turkey is one such country. 

Turkey was cho!-;un af, the study area for several reasons. The most obvious is that 
frequently both severe and major ea-thquakec, occur th,!re. lle country is crossed 
by the Alpide seisi~o-tectonic belt, in which seventeen percent of the world's 
earthquakes occur. Jestructive earthquakes have occurred th,:re since the 
earliest days of recorded history. In very recent years. .,any lurks have been 
killed in earthquake di.;asters (Table 1). For exz.mple, 2,394 were killed in 
1966 (Varto), 116 in 1967 (Adapazari and Puluriur), 1,143 in 1970 (Gediz and 

8
Burdur), 870 in 1971 (Bingol), 2,385 in 1975 (Lice), and 3,700 in 1976 (Muradiye).


4 A classified study evaluating the similarities of damages caused by carth
quakes and nucleir disasters has been completed using data from the People's 
Rei.ublic of China and the USSR. Timothy 11. Miner, William A. Mitchell, and 
William .i.W1ida, AnLalynsf anid Modolling ..it.ral ; to T Imp I Ic,It:iony5 for 
Recovery fro, Niic ealr 1),;ast:er. (U), Uilted Staes; Air Force Academy Technical 
Report 79-3, DFITC(H, USAFA, Colorado 80840 , report clas; if ! ( So ret , Feb ruary 

1979.
 

51Harold C. Co2l'riane, "ati ra li:,;irc, '1tr i hut.ind'Tht ir 1)1? , Lf foct---A 
Reso;arcli A;:;';ont , IJulvfr; ity of C(olorado Z;IAE75003, 1975, 2.IOI),,CZlpli p. 

6Wei;becker und oth.r; de,;cribi viry'..u11i 'whaLt earthqu;k.:; do. See Leo W. 
Weisb-cker and Fartiq Pro]ir ii crtih . Iuoll(-1 w. for theolhers;, hqlia , !l ini, 
Future: A A;'; ;it of rthqu;ik, for theofahnoloEcal Prodictfon, prepared 
National. Sri t(c Foundatlion, Stanford Pi.;,arch In';t i lute., enlo Park, Cal iforni a, 
Final Report, .alnuiary 1977, p. 7. 

7 ,;.1 Robirlt- Jlaopi , 1'.a1rthI 1 uako Counltry (M!' I P.11k ,IClif . Line1f Book,; 

1976), pp. 20-21. 

8Provid''d to it heli by ti i tartLh(It;1k, 1,,';oia r i lN'; tI lute, *1In',try of 

Recon;tructlon ;and ';ott lonelt, Governmenlt Turkey. itical-II of l) ircr mrkings 
for Turkish placef ns' are otnitt(d In tlIul paper. 
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TABLE 1 

Major Earthquakes in Turkey (1925-1976)
 

Date Location 
 Intensity Itagnitude Houses
D L t 
 Destroyed
 

7 Auz 1925 Afvon-Dinar 
 IX 
 5.9 
 330 2,500
31 !!:ir 192S Iz:nir Torbali 
 IX 
 7.0 
 170 2,600
16 "-1: 1929 Sivas-Susehrl 
 VIII 
 6.1 
 64 1.357
19 Jul 1933 Denizli-Civril 
 VIII 
 5.7 
 20 200
1 Jin 1935 Er IX 
 6.7 
 5 600
19 Apr 1938 Kirsciir IX 
 6.6 
 155 2,500
 
,n 193)7 Iz r-Dikili 
 IX 
 7.1 
 150 1,500
26 D C 1939 Erzincan 
 X-XI
20 -

7.9 40,00019,0 Kaycri-Develi 6.7 
140,000VIII 
 40 500
10 S. p 194'1 Van-Baf-ale VIII 
 5.9 
 192 600
15 Nr., -42 Bigadic-Sindirgi VIII 6.1 16 750
20 D c 1942 Niksar-Erbaa IX 
 7.0 3,000 32,000
20 u;, 193 AJapazari-llendek 6.6IX 285 1,000
-- i43 Tcs-a-Ladik 7.2
7,1 

IX-X 5,000 40,000Bou-cerede IX-X 7.2 2,831 50,000
 
25 1 4 Gediz-Usak VIII 6.2 20 
 3,500
 

9-Edremit .---
 IX

:i r 19 5 Adina-Ceyhan VIII 

7.0 30 5,500
6.0 13 
 370
2!aien:han-llgin VIII 5.6 
 12 400
31 1. Varto-Hiniz Vill 
 5.7 650 
 3,000
'3 5ul 1 9 Karaburun-Izmir IX 7.0 
 7 86517 Au 1 49 K.Irliova IX 7.0 450 
 3,500
13 \'. 11"51 <ursunlu 6.9
IX 50 3,3543 Jan i952 llsankale VIII 5.8 
 94 1,570
18 .YQeice-Gonen IX 
 7.4 
 265 1,750
S"*-" 195, Kursunlu VIII 
 6.4 
 22 430
!' Ju 1 ,55 Scke-Avdin LX 
 7.0 
 23 470
20 F 5!5 Eskisehir 

1957 
Vill 1 1,44025 i9t Fethiye 

6.4 
IX 7.0 
 67 3,100
26 My 1957 Bolu-Abant IX 7.1 66 5,200
25 .- r 1959 Koycegiz 
 VIII 
 5.7 
 3 630
18 Sep 1963 Cinarcik 
 VIII 
 6.3 
 1 230
 



TABLE 1
 

Major Earthquakes in Turkey (1925-1976)
 

Date Location Intcasity Magnitude Deaths Houses 
1 0 Destroyed 

14 Jun 1964 Malatya VII 6.0 
 8 678
 
6 Oct 1964 1Lnyas IX 7.0 
 30 5,523


13 Jun 1965 Dcnizli-Honaz 
 VIII 5.7 14 
 468

7 Mar 1966 Varto VII! 5.6 14 1,100


19 Aug 1966 Varto 
 IX 6.9 2,394 20,007

22 Jul 1967 Adapazari 
 IX 7.2 89 5,569

26 Jul 1967 Pulumur 
 VIII 6.2 
 97 1,282

3 Scp 1958 Alasra-Bartin VIII 
 6.5 29 
 2,072


23 Mar 1969 Alasehir 
 VIII 
 6.9 41 3,700

28 Mjr 1970 Gediz 
 IX 7.3 1,086 9,452
12 May 1970 Burdur VIII 5.9 57 
 1,487

22 May 1971 Bingol 
 VIII 6.2 870 5,356

6 Sep 1975 Lice 
 VIII 6.9 
 2,385 8,165


24 Nov 1976 Caldiran-Muradiye IX 
 7.1 3,840 9,232
 

Source: Earthquake Research Institute, Republic of Turkey, Ankara, June 1977.
 



There is every reason to believe that Turkey will continue to experie,-ce ear-h
quakes! Hence, it is an excellent laboratory in which to model recovery.
 

Presently, adr;ntment to earthquakes is primarily in the form of distributing

losses through emergency relief, since the hazard cannot be reducadand modifica
tion of vulnerability is not now practical. An ideal adjustment would be to have 
the people live only in safe areas. Turkey, however, is a country about the size 
of Texas, with a population of over 45 million people, of which over ninety percent
is seismitically active (Figure 1). Consequently, there is insufficient space 
even if it were economically and culturally feasible to relocate the population.9
 

Dwellings in Turkey 

There were approximately 6.5 million housing units in Turkey in 1970.10  
Three
 
million, nine thousand dwellings were located in rural setLLIements with poDula
tions under 10,000. There were in 1970 about 65,000 villagcs containing approxi
mately 61% of the population. 

About 2.6 mill!on dwellings were located in town, and cities with more than 
10,000 inhabitants. These also included shanty town dwellings. 

In te rms of earthquake-resistent housing, there i:s a severe shortage in Turkey.
The Turkish delegates to the "Intergovernmental Conference on the A sessment and 
'itigtotl on of Earthquake Risk" held in Pari:; in 1976 revealed that 30' of the 
rural (welling ; require immediate structural repair and ;trengthening wh[le 17% 

1 1 are in it condition beyond repair (Figure 2). 

Rur'il dwellin g in Turi-,y are aibout 50/ .;tone (andbrick ma,'our';, about one-thi.rd 
adobe, and approxima tely 13% timber frame, structure--. About 1l17 are ;, mixed or 
hybrid types (Fitfgres 3 and 4). Village- ou:;e; ire mo:;tly o,-;tory unit; (58'?)
The remainder are two story. The average hou!; e has le.;; than 100 ;qu;r e meters; of 

9An attempt to e:;tirnate casa;llt i e,,i:; lif 
earthquake occurs in Turkey wa!; made by Uillfian 

nd da Iii mli n t-'; ;i te.,r ;InI 
A. Ni tliil, Ri c11rd ,'ohli ewi cz, 

and John F. Kolar-;, "Predictin, (Lisij iti ; ;and; )11i:: ,; C(X ;,d by E:lrtliqui.ke,; in 
Turkey: A Pre]I mini ry Rport," IThitd 5"Le Air I(rcef Acad(my h(:Ti c I Not 
78-2, DFEt'CI, UAI'A, Colorado ,0840, 1Lireli 1978. 

l! II, in, d.i I I t L Lu fr m) CoInLry : nIo r h oI 'lrk1y, , UNL;C() , An k;i ra, 1976,
and frormlth. Iiin l;t ry (if Retomlructlon and Reisett Ji(ent , Government of Turkey, 
Ankara, lune 1977 ind 1978. 

coliCtry :Innpj_riph of 'rurkey, p. 27. 
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FIG. 2 

An example of a house beyond repair. 
This dwelling if-of hybrid consitruction 

on a precarious !ite In old Gediz (1978). 
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;riG. :3 

Fieldntone/tdobe wall-bearing congtruction in westorn Turkey. 
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FIG. 4 

RaprauontatliV 2-laval w.ooden fr4iiO atructurv inwaqtorn Turkey.

Lnfillad with ndob, 4nd *tona covereid with mod/otraw virtar.
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12
 
floor space. 2Houses in villages were populated at an average of 5.97 per unit
in 1965, with an average of 2.2 rooms per dwelling.
 

Villagers in Turkey usually construct their own home!;. Materials include mud and
 
straw adobe bricks, mud for mortar and plaster, rocks for filling, roof tiles,
 
and in some cases high-quality concrete blocks or kiln-fired bricks. Some
 
wealthy villagers may have houses of masonry laid in cement. 1 3 

Based on our obsei:-itions in the Gediz, Lice, and Caldiran areas. we can draw 
several conclusions. First, the fieldstone or mud-;Jobe wall-bearing construction 
is not able to withstand even moder:itc earthquakes (Figures 5 through 10). 
Second, the wooden post timber-frame conitruction is al:;o vulnerable to moderate 
and greater shocks. Sawn timber withstands stress better. And finally, brick 
buildings without con:rete columns are also very vulnerable. 1 4 

Problens in Reconstructing Villag,2 Dwellings 

Decisions made ha:;tily following a disaster can themselves be disasterous. Many 
difficult issues; face tile survivors. Should they try to patch up ticir damaged 
homes? Should they iove out of the settlement? Who would hlp t'. m? Would 
future disaster:; occur? How could they leave the place where: thir ance:stors 
had lived and (died? How would they obtain employment in a new place? All of 
these que;tii; iar(, ver real and ::ust be dealt with by eCXterni1 and internal 
organi;'a Li on,;. 

The Gedi :, 1.ic , and Caldiran diasters; provided ex:inplcf; of why re;,arch is 
absolut,.ly c;sutal if the effet!.t:; o eartilqual,.es ol vf.ctin:; ire to be minimized. 
The goverll1:!L-Is t hiail ly ubuilt tIOUI'sand'; 1hoI.se son il r Lith dials,;tor. Aof ll 
short List' l.ater, villaer hegan e:xpre.sin di;sati:;faction with the Iouse. 
Lomplaint in Gd!iz ore not unlifke thiot, i, Lic, and other areas. 

2Cotintry oio' nip nfiurkey, p. 28. 

13 ftch,1l, "R,,-r; trucLtI on AfLter Disaster," pp. 304-305, 309. 

14, i i ; i . s oc1;( lltIudd by .hoseph Penzien and Robert I). Hanson, The Gediz,-

Turkey I. _ tjN (h, ,po-rt to the, N l Iion.jl !w iiw . lound; tion for the 
CommiteL onl Lirthipr , I1.1-L, tion, i.aLI.onal Acodc::iy n, Sc ei rc:;, Wa:;hIn gtoil, 
D.C., 1970), pp. 79-8(. 
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FIG. 5
 

Stone masonry home after the Muradiye earthquake.
 

r 'r 

Stone hou,;e In Caldir-iri, :i! I t L !)ick ,ol (I e roof ,
N.o ]/thr l to r t t ,ItI r;lci ,l;.
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FIG. 7
 

An adobe masonry home in Muradiye, eastern Turkey.
 

V Y 

FIG. 8
 

An adobe house after th2! Caldiran earthquake
 

in eastern Turkey.
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FIG. 9 

Concrete block outhouse near Caldiran.
 

VI
 

FIG. 10
 

Adobe house in Muradiye, 
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The basic problem was exteri1J control and input at the expense of the victim.
 
For example, as we have reportea before,1 5 many villagers would move into the
 
new houses, stay for a short time, then return to the old site and rebuild their
 
damaged homes. Consequently, several years later the new houses were in many
 
instances uninhabited, were deteriorating, and were not being paid for. Why?
 
Generally because of disagreements in regard to location, quality of construction,
 
size of the houses, glass windows, and lack of water (Figure 11).
 

General Location
 

The general location for new homes was largely based on the availability of
 
geologically stable sites. However, the specific site and the physical
 
arrangement of new houses was determined by the planners. Had several patterns
 
of possible formations been offered to the villagers, they could have partic
ipated in the layout and would have been more satisfied.
 

Quality of Construction
 

Quality of construction and materials is a serious problem. Hundreds of new 
houses in villages have large structural cracks, fallen plaster and broken tile 
roofing In most damaged villages, large chunks of plaster have fallen from 
fronts, sides and backs of many new houses. Since construction materials are 
expensive and .,carce, a more adequate quality control of materials for new
 
houses would be beneficial. 

1 5Mitchell, "Rconstruction After Disaster," and William A. Mitchell, 

"Partial Recovery and Reconstruction After Disaster: The Lice Case," Mass 
Emergencies, Vol. 2, 1977, pp. 233-245. 
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FIG. 11
 

A new, single-unit dwelling built in 1976
 

after the Gediz earthquake.
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Size of the Shelter
 

Most villagers complain about the small size of the houses. Traditionally, many

kept animals on the first level and lived on the second. The new village houses
 
are one level--thus, no place for the animals.
 

Glass Windows
 

Many glass windows had been replaced by boards. The planners suggested that
 
children were breaking the glass windows and that glass was too expensive to 
replace. lie villagers agreed with this, but they expres-.od a desire for windows 
much higher or closer to the ceiling than the new houses provided. Traditional 
houses in Kutahya province have windows high on the wall, close to the ceiling. 

No Water 

A final complaint concerned water, or the lack of water. In many damaged

villages, the new houses have plumbing installed with kitchen sinks and an 
indoor toilet. Yet, none of the new village houses had water inside. hu 
water for dome;tic tv;ie had to be carried to each new hou,;e from the old village. 
lhe indoor toilet and kitchen s;ink could not be used because a cesspool sewage 
sys ten had not been built.L 

Policy Implications
 

The Turkish government makesi sincere offorti to alleviate quickly the hardslips 
exper ie nced by thousands, of Turkisli viilagers when t11is;aiter; occur. However, it 
15i quite ohvlotv; tha.t many villigers. :irv not happy ithl the- tiew liotoe;-;. 
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Restoration of the devastated area is an enormous and expensive task. Time
 
limitations, economics, and other parameters establish constraints which strongly
 
influence restoration. Considering these constraints, and considering the 
experience of there disasters, we suggest that future restoration efforts
 
consider plans for construction of "family units." These "units" would include: 
(1) a house modified to eliminate complaints previously mentioned; (2) an animal 
shelter detached from the house; and (3) a water source closer to the house than
 
in the original traditional home. Tlis "family unit" approach would cost more,
 
so probably fewer houses could be built. However, a ,;maller number of inhabited
 
houses is more beneficial than a larger number of uninhabited ones. Fund; 
expended for houses which may never be occupied could be more wisely distributed 
for repairs of damaged houses. 1hiis approach requires That adequate measures be 
taken to insure that wells are drilled while the new "family units" are being 
constructed. Building the houses and waiting for extra appro,,riations for a 
central water supply has proved to be unfeasible. 

Close coordination and understanding between the government planners and the 
villagers could alleviate most of the mutual dissatis factions. Specifically, 
modification of the hous.e plans could solve the window problem. And finally, 
since Lhere seems not to be a need or desire by the villagers for t ic equal and 
wide spacing between new houses, perhaps a clustering or circular arrangement 
is feasible. 

A Model for Disaster Recovery
 

A recovery effort after a disaster is essentially a model of human endeavor in a
 
new or developing field. Every element of activity from initial planning to the 
eventual completion of a project i.; pree;,mt, and the pro4ject i,; alwavs a totally 
new and differnt indertaki rg. No two di,.;,ter; ;ir. a11 e, ,ivwo if they occur In 
t1162 ame n.Tercvr oOtifort :msjt: thirel or-, ;ilw.iy'; breaik mwrnund, 
1h nildle II )rI t, l , .1151 iHpo I ' , ;( 1]) t. Iil 

T~l :; ) [./I, lI{ , ,;' t ; :, ]] ]'ll11( 1 ill th '.: ,oco ll !:ic7 'Ind, u wll r.i!' . w;111"' t1itill 'N( 

prIlHiiiL ; Ir, ill''trl ,, :)r)I() t.v )';n' Ir ,! (:l';trTI,:t_',I , .r;rI' ; .Ire ievI'lr);)(,, aild, 

id,'ir.. I,, , ,p ,, tI L1,4 b io lo,'J c l . , , d i I I, r,.t 

Or';'.illi Li'1 [),4 11 o tim) 1)w applio-d to h -,rowth of n4.-, ii ,ir,tti ; 1n ti l 111 te.d 
t.t,,; Th, , ; it(, ii 'il,Aio ,.d that I)oth c.] andiiologindh t r i.i rowtli could be: 

!lofly,, 'i I I 5-ShiLpclurvc (.i "grrth" c rw.) ,-ihiioh r,.;hnbh that Ill Fi ju,. rt! 

16Haynond IPearl, Studie in human BIologyL (Baltimore, "D: Williams and 
Wilkins Company, 1924), Chiaptor 24. 
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FIG. 12
 

A Growth Curve 

However, problems in forecasting growth rates from the S-shaped curve prohibited 
its acceptance as a useful tool for predicting future actions in a developing 
industry. In 1977, Weida showed that the S-shaped curve not only described all 
research and development activity in the Air Force, but that it could also be a 
useful forecasting tool if the data used in constructing the curve was plotted in 
a manner which allowed normalization of both axis of the graph. 17 

Using the S-Shaped Curve
 

Since earthquake recoveries do exhibit all of the characteristics of developing 
industries, it Is; logical to assume that they, too, will. proceed in a manner 
which is characterized by an S-f;haped growth curve. However, to relate recoveries 
in differ(int i aroa, a :.iethod mut;t be (devi.!s ed wliich will allow data containing 
dissi nil ar recov,ry ffort; and titme per1.od .; to be coa red. One r;olutton to 
this prob h-,' I:; to normai ize ,1 ll. recovery data in the, fol lowIng matuiner: 

(1) Li t il1i, per od of Lime at iiIci the earthquake occurred be zero, and 
the thme, at wlii ih recovery is corplete be 10 -OZ. 'hen a1.1 other time for uhich 
data are known in a recovery effort may be plotted a.; occurring at X% of the 
recovery ti::e. 

1 7William J. Weida, A General Technique for R&D Cost Forecasting, United 
State; Air Force Academy Technical Report 77-12, September 1977. 
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(2) In a similar manner, let complete recovery (in terms of either
 
restoring the old structures or building new ones) be 100%. Then all levels of
 
intermediate recovery can be defined as being Y% of the recovery effort.
 
Obviously, this method assumes that activity and time data are both structured
 
as cumulative percentages and plotted as shown in Figure 13.
 

Cumulative 
Percent of 
Recovery 

100 

75 

50 

25 25 

0 25 50 75 100 

Cumulative Period 
of Time 

FIG. 13 

Growth Curve Based on Normalized Data 

This method of handling earthquake dat has tile advantag,, of allowing one to 
compare all earthquake recovery efforts on the same set of nxis. It also allows 
one to use many different recovery effort; a, additional oLservations from which 
data may be gathered to construct a general curie de;cribing earthquake recovery. 

When the recovery data for the 1,906 San Franci:sco, 1963 Skopje, 1964 Alaska, and 
1972 Xan;i ,ai earthq iake; were investigated, it:wa; no ;urprisw to find that no 
sjnlle recovet y efiort had been suffici ently monitored to provide 'enouh daLa to 

1construct the e2ntire- S-;haped curve proposed in the above pargaiphs. However, 
among, ill of the recovery efforts , nrough point; dli.d exist in hou:;ing data to 
allow a ;iiigl, gene!ral cur-ve to be con;tructed. 1lii curve, and the specific 
recovery effort:; ,41ich accounted for each data poi nL, are ;hown il Figure 14. 
Figure 14 was; con!;tructed in the following manner. 

(a) A I ev'1 at which complete recovery was attaind ww; d(termined for 
every recovery ,ffort. This, was then des ignatud ai t e 100% of recovery point 
for that earthquake. 

1lFr , ;xa ,Lrtyn .1, Bowden,:-epl see "Reconstruction Following Catas.trophe: 

The Lais;,z-F;cIre Rebul-lding of Downtown San Franci';co Afte r Hie Farthquake aid 
Fire (,t1906," Pro ,edin;,A,!;ocfat on of Amercan Go')ograpiers; (1970): 22-26; 
ln ;, " Vol je Rebbuilt," Archit :cturil1 De,;i ' (c'J, m,,r 1975) : 660-66 ;
an DaIv 
howard Kunrcutlhr ;il(] Eli ,;rvndr;, Fiori,, T'hi A i._!mi .La thr.oal:: A (.e S~u'y 01 
the Lcomic:I ic:'; of DI'..tr (Wash,inigton, D.C. In;| 1 ut.. Ifr o ;s;iI),,e,.e; rvI 

'
Februar 1966; ;and I:in Dlavt:;, "D's:;;iteur hoti.iinI'. A C S..Iludy of Maiigi 
Archite.ctiral De; ijrct (January 1975): 42-47 
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(b) The time interval required to achieve 100% recovery was noted, and this
 
became the 100% of time point for the same earthquake.
 

(c) Steps (a) and (b) were performed for each recovery effort. Then the
 
available data for each earthquake recovery was converted to a percentage of total
 
recovery and total time.
 

In this manner, tile points shown in Figure 14 were derived and plotted. For this
 
plot to be a useful tool in forecasting future recovery efforts, two items must
 
be kept in mind.
 

(1) First, the data which are depicted in Fijire 14 are the result of
 
subjective estimates; about the earthquake recovery. These subjective estimates 
were necessitated by a lack of data concerning tile day-to-day functioning of a
 
recovery operation. A lack of data is a common problem in areas where little
 
research has been performed since data generally follows increasing research
 
emphasis, and is structured to serve tile needs of the researcher. It is therefore 
suggested that the curve depicted in Fig re 14 serve as a straw man against which 
one or more entire recovery operation-, miy be compared at some future date. At 
the present time, this curve provides as accurate an estimate of the manner in 
which recovery is likely ?to proceed as can be gained from current data sources. 

(2) Using the type of S-curve s;hown in Figure 14 to forecast recovery from 
a new earthquake will first require an estimate of the amount of time which will 
be required to complete the recovery effort. We believe it is reasonable to 
expect that such es;timates will be available and, due to the vagaries of the 
economy, they are likely to be much more accurate than estimates of the amount 
of money and aterial neces;sary to complete the reconstruction. 

Throughout the course of this research, it ha; become increasingly clear that the 
amount of time required to attain a level of complete recove ry is dependent both 
on the .;everity of the earthquake and on the tt.chnological level of the community 
involved in the recovery effort. The scverity of an eartilquake and Its resultant 
destruction are fairly -iimply deterni ned by tih. normal mreastirement and analys;i 
method. availabl,-. lfow-Ver, de1,tr in ition of the eff 'ct of Lhe technological 
level i; much nore difficult to Prai. rei;ult.s indicate that a hiigherriiminary 
level of te-chnolog',y in tile affe-cted community will tend ',o Incre.;e recovery time, 
but thi, ,rea i,;one inl which much additional (lata nt'i t: be gathered. 

The estimate of t:im, to co1 pltelOOZ of recovery is then us.ed to dim,2nsion the 
time axis of the gene.or lI recovery curve (Figure 14). When that i.;done, fore
casting from the curve r:,ay begin. 

Using the S-Curve to Forecast Recovery
 

To assist In using the S-shaped curve in Figure 1/4;s a forecasting tool, 
regression analysis wa, performed to derive the equations for the two halves of 
the curve. To do thi ;, the curve wa; broken at the I rif I ect ton poInt as shown 
in Figure 15.26 
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Breaking the Curve for Computer Analysis
 

The lower and upper parts of the curve were then fitted using a quadratic
 
equation of the form:
 

2
 
Y =a + b I ' + b 2X
 

•1 2i
 

By separating the S-!;haped curve in thiO; minrier, we were not core;tralned to the 
very limited nurber of S-!;haped curve-; for which ;l equation f!i ;iv~alable to 
fit the entire curve at one time. 'ile inflcctfon point which 'uA tied to 
separate the two part!; of the S- ;iped r:urve wv; d(termined by t-. otngthat time 
period with th,, larire,;t incrm.,(ental chImIe In recovery whi ch, .,; fo]llow d by two 
succeeding timn, pJr!od:; of decr,;in; recovery .ictlvfty. qL.itl(u' tor tile two 
part!; of the cure lie then (hIrlv'd II.III, I rigre ]i t.cchilf'l e hie);u ()!I 
Genera Iii zed1 a;it- ,quar-; i' III .',' iv rooltill, O,(w iii ili(.orporiLt'.; 
correct for thl' autocrr'iation c:iu;iid by th t1 i-dpeio lint .ituro o) the 

19model. 

'he t'wo equlitiolv: for the. cutrve,; -,'hich compril; th !,-!;,]ijil d growth curve in 
Figure 14 are: 

(1) For the lower part: 

-.649322 + .595883X1 + .0128385X1
2 

YLower 


1 9 Te specific rational for thi,, entire procedure may be found in WoLd'D 

A General Technique for 1.D (;o.tt Foreca, t in,. 
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(2) For the upper part:
 

Y lppor A -30.4028 + 2.49767X - 0118556X12 

At thin point, ono !0-',ui( not,, that tlikt inflection point which nqerved asi the 
division betwteen tH e upper a..o lm,(!r curv,.i lm;i ;I coni derable degrec of meaning 
in earthqu.ike rL :Kvery a;nalyil..i. T!'II ; point: I j, by h fiift on, the point at 
which rccovtry effort :;top!; t crra..I ng iII :--ignitude And bcgirir de,:rerubig until 
the recovery 1:; r.0 ,fforticeQ:I;t . fie . :I: oi. tof ,fipof:lt :'Ir.t 
repre ; t a cmviciu*v dt'c ;ilm oii ti. p.1t of t he iIajivfd(I:lr r,.to'iilble for 
:.-i aig ng,, the recov r'o,,. fort that thl, pr!,i, , , .2 : o l niirg,Iin x. , 
!ier'.'ice , ,1lid getl l '.,'l-bi:- ,t the ;, hai, .l ;.,t. th polint, a11'. c At 
returm o iior,*i I.11: ao!he' 1.2 tteeri it L.htic 
ha ; l terrcd th,,. tt 'r :l! .yh; to 1i:: 4-i"..-t:, it , rr t 2hth. 
infi .-ctioll polint V ioeth cu,. o! L!teo1a 4,j I1 vIi:tedir: 
or attack can b(e'1,in to - hift , I r., - he L,. 1>.it.,prohlk:. 0! rcrrovrry. '1li.,! 
concept li;vi. tr:y -ndot , fmplicatlei., III forca:.'itlug whiei th .iil ected irea : ay once 
again -;tart to become a viabl econo:m I:, i- futUtrig. or political body. 

Foracotln RcovaE/ with the S-Curve 

Forecanting tihe 1 ll1 r.ctvry effort follow.n-m in ',arthqu.ke viii prbbly

hegin Itrediat,.ly fol 'ig the tricideznt. At Otil- point, no daitta, vth *ihO 
po!iiibl, o!:c,'ptthe of thvituda o: 1..,at,.r, .wi1l b- av. .rblo. Unde r 
t!tu .io c I r 'i , , : " :., o, ,I r -', ! r Iv I r . !, 'u),-. r o,] te%,-'o -ji In 11 a r".,i.-r,e c 
(II :;.v; ';. . - .1 r .I ;)I -n' lint 1 !1.1 d.3ta.l .. 1!I 1.),)I . 41i-a Can 

rab I i I .2 the--. t20 -. i o . Lr~ lv c 

lo , .1., ,,, .i*. .iI ,%t.i iwc,' v.avi 1. 1bl,C oil l III .' y 4f. ,r , th,"! 
ori gim al ,.'t. lt't)t ,. thnornltre LI ; . ! :1 ran, ,'.1: sv Illy . ;inlon ) e' virl I I etdI 
thi! ,d.t th . aII e.':, r 1od, a-nt', t o .xlMrtiit ,of r-rc ,tv "-1lort reanuirod, 
will be.co cloirer a-ir,'cmI*ItruCt to ;rof4re;rw., thie l1lowing -Situltion will 
o(:cur. 
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Checking Estimates from Early Data
 

Assume you are involved in the early stages of a recovery effort. X time and
 
Y resources have been used. X, which is known, can be related to Y (which is
 
also known) through the general reconstruction curve to check the figure which 
was estimated to be 100% of time to recovery. 

This type of early check can be u;ed to deternine the validity of the general 
curve in each ;peciiIc recoveryj effort. If the curve proves to be generally 
valid, the following methodsi can be used to derive specific recovery forecasts. 

thod (1): Using the general equation for the lower part of the curve 

yLowe= -. 649322 + .95883 + 012B3H5X 

which wan previou;y dcrived, sub;titute for LhWe puetcLago of time figures 
which represent the timv, inc runnt,. (week.ly, monthly, eLr'.) in which one wants 
to forecast the rec(overy . This; w.1 I allow So Callcu.flon ol the percent of 
recovery at thv;, point;. This, may be done up to the inflection point, after 
which the equatlon for tii upper lpart Af tlhe curi-

Y r - -30.4028 + 2.49 7X - .0118556X 

should be u;,d in the :, m manor. Tlis m:nthm! "f Wrc;tLng will suffice in 

Most caq;e-. 

ethI-I ho ( )_: tt.' -t of I I, have1 I Ic' number ila l po in ti been 
recorded (at V,;at 7), a.0 I1 th!;e point; qn to he lv Inog rom tihe general 
curve, use the actual data to calculate a ne, I o'vr il"rV, uiw;ng regres:iIon 



analysis. Retain the same inflection point previously used in terms of the time
 
involved and calculate a new Y (% of recovery) for this inflection point. This
 
new Y value will now become the first Y value in the original equation for the
 
upper part of the S-curve in the following manner:
 

(1) The original equation for the upper part of the S-curve was
 

= - .0118556X1 2
Y2 -30.4028 + 2.49767X1 


(2) Let the Y value at the inflection point which is calculated from the
 
new lower equation be YIP
 

=
(3) Then lot YIP = Y2 a2,new + 2.49767X - .0118556X 2 

where K, is the time at the inflection point.
 

(4) Then solve for the unknowm a2 new
 

where a2 w = 2.49767X1 - .0118556X 2 + Y
2,new1 IP
 

(5) Now the revised equation for the upper part of the S-shaped curve is
 

Y2 = a2nw + 2.49767X - .0118556X 2 

This equa:tion can be used to forecast 
the level of the recovery effort during the
 
second part of the recovery.
 

Obviously, as more and more data points become known, the new lower curve will
 
be better and better defined. As this stream of actual data moves 
past the
 
inflection point, 
ti8 upper part of the curve can also be directly derived from
 
those observations.
 

Policy Implication from the Recovery Model
 

The major implication to be gain, d from the S-shaped curje lies, in the lower or 
early part of the curve. Note t tat the slope of tii part of the curve implies
that recovery from a dI;a!;ter m'st s;tart siow~l ;o(J build In ever-increasing
!;teps. " I i infort11;it(,lyi not th(, 'way that rcv,-ry aid is; ;uii.- ied. It is ' ll, 
fir iI,' ( iomrfl iILLoo ; :;hr; V , of ; i '. i i (Iiiate y to LiHor, ;i; I[It:; rus;Id I te of 
the ,if.; ,;tcr (nJw t, ,i) I It to,L ' other 'uwrji-. cyth ,n rl i e supp] 1w ; I at 
its low'';L) j1d th,(i to ;.', th di fer L t.,,n il1 1 tilLt 1 u;ppIl ed il tihefor aid 

20,.i )e ,pcific t chii lquw; ue;d it thse Lypw'. oif forecasting may be found
in We(:da , 'A '1_'ciii for R&DI) (o;t lF',r:, Iu.;. 
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later period when the impacted area is best able to absorb reconstruction help.
 
The need for a central agency which will administer aid in the proper doses is
 
clearly indicated.
 

In addition, infusions of cash and loans for reconstruction (not emergency relief)
 
should be timed to coincide with the steepest part of the recovery curve, peaking
 
when the effort peaks at the inflection point of the curve. Money applied too
 
early will be wasted on an effort which is not ready to absorb it, and money
 
which is applied too late will only be able to "gild a lily" which is almost
 
completed.
 

As the Turk-sh example demonstrates, reconstruction efforts often meet with very
 
mixed degrees of success. This lack of success can be traced to two major areas
 
of concern: lack of cultural awareness and improperly phasing the recovery work.
 
Although our recovery model can add nothing to the cultural question, it does 
indicate the manner in which the recovery efforts should be phased to assure that 
work is accomplished as quickly and as inexpensively as possible. 

The obvious answer to the entire recovery problem is to establish a team of 
knowledgeable experts which could act as a central point of contact for re-overy
 
operations. Modelers, who would help phase the questions, could be provided to
 
the stricken country from a central pool of available talent. Team members who
 
were experts in the specific cultural aspects of the impacted area could be
 
provided from a similar pool, or from the country itself.
 

To do this, several steps must be accomplished. First, the model we have 
suggested must be further validated as recent earthquake data become available. 
Second, a central location for the storage and manipulation of earthquake data 
should be established. This location could also serve as the point of contact 
for recovery modelling experts from government, industry, and academic sources. 
Third, specific cultural identities of earthquake-prone areas should be 
established, and specialists in the backgrounds and values of these area,-, 
should be identified. And fourth, a general agreement between potential team 
members and potential customers (earthquak.-pione countries) should be established. 
This agreement !should include guidelines for call-up procedures.-;, reporting 
protocol, and expected team activities in potential earthquake areas. 

In this -manner, a concerted, worldwide effort may be brought to bear on any 
recovery proce!;,;. And tht affected country will be better able to s;ay that 
tile recovery process! will be well planned, as economical as possible, and 
accomplished in a manner which accounts for the cultural differences which 
will be inherent in each of the impacted areas. 
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PROBLEMS IN PROGRAMME IMPLEMENTATION
 

Babar Mumtaz
 
Development Planning Unit, University College London
 

ABSTRACT
 
The paper looks at the implementation of programmes
 
or projects of technically improved housing and argues
 
that the problems in programme implementation increase
 
in direct proportion to the "distance" between the
 
programme's designers and its implementors. The
 
distance measuring the gap not just in physical terms
 
but also in political, technical, financial and
 
socio-cultural terms.
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Every country, every city in the world has its "housing problem",
 
usually expressed as a shortage of housing units, or of inade
quate housing units. The solution to most of this kind of housing
 
problem is easy enough to devise on the drawing board. This is
 
particularly true of the technical aspects of housing construc
tion. After all, in engineering terms the calculations required
 
are of the most basic kind and even a large project, or programme,
 
is made up of an assembly of single units. Similarly, the onsite
 
operations can be controlled by straightforward management tech
niques such as PERT & PPBS, critical paths and the like. Yet the
 
track record of programme implementation remains poor if not
 
abysmal. The actual number of housing units built are far below
 
the numbers required, and even below the numbers programmed.

Why should this be? 

To some extent this is because of the nature of housing. To 
quote Yona Friedman, "Housing is everybody's concern ...." and
 
thus subject to kinds of enquiry as other projects such as high
ways and damns are not. At the same time, housing projects are
 
also subject to all the other problems that beset other
 
programmes during implementation.
 

In order to examine some of thes e problems, let us asstune we 
have a technically competenat design for a housing project that is 
intended to improve upon the existing house types with better, 
cheaper, safer and more durable units. Despite this, the chances 
are high that either no programme implementation will take place, 
or if it does, it will be Car short of the original programme. 
The problems tha t are lik'-,; t,9 be encountered are categkorised 
in this paper for ease of 'eference into political, socio
cultural, technical, financial and are looked at in turn. 
However, Uefore We 0doso, it is importmr to indontlfy the 
primary actors concerTio d with prograrme design and implementation. 
1) The Client; that is the person or institution commissioning 
the designer; in hou:sin, programms, increasingl the client is 
a public ' u thori ty ci ryin, out it.des, igna ted furct.ion rather 
than one :.,':;on _]_y involveod or Co lce"ned with the ,'se of the 
eventl; ,L-11e -prduc . 2) D,: a,,; that is Li, p.rsron or 
team of :;,n- oom:n:sin:, t orduve , ds.i gn sot10n in 
respon ;,, o , iv,J I )hIf- . and 1 (IL] eI,' 1 I)1"prr); 1',  i I s 
archit:ct:;, , 'iner':; 1" valr'ioe : :i i:;; Lion, "Iconoistard 

i i) T, LXlr ., t,sor iOo jt, :, T}10 
-

th i:; pr:;on ,)r' i:5 itutions 
who wiill , I',1 , '1tf, 0. r igt th, O, (j,] L 1 "i) rT)
grame lh' > :' '4 ,L the :;_ i at.i n: a I i I vienc]I 
Wi ]t rtI :; I V1 ' i, ; )T i , ti,' ,ri , . I :r i IIr: s w 
othi I vt :,.ual (Jy '!'f ' :n t,:) l 'u:; I; 'if *r ;1-,l .or] [1Lu: t 17+ 1<,' 

binw]d, ";; for jri:;t~ ic t ; i 1. '1 tie e'ciulton' aid L, lis' n el:;f

]IrOW as: t(); thb' dt lI ,_fe'+:nt R'J/n~ ; 01 ' r em'tl''i:." l rr na!'~lie 
imp]Io e a[lifL t; i()l 

Pol iti (, The va riosl po I t i(j 1I) rot) I in:ii; tU eso,t progrtmm e 
implIrem o-niti;0 on ctn )e -suimmed up by thi wo:' "M01.1 VI ti on'l', or the 
lack of The, des inr ilak do,: c Iionit, wintit;, shO "Why th.e1 to 
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build these houses?" or better still "Does the client want to
 
build these houses?". In practice most designers are so keen to
 
et on with the job of solving the technical problems involved
 
quite apart from the benefits of being commissioned) that they do
 

not want to question the fundamentals - or if they do, are content
 
with the public/humanitarian reasons put forward by the client as
 
part of the brief. No doubt the publicly stated reasons play a
 
part in the motivations of the client, but often there are deeper,
 
overriding private reasons and expectations that the client has in
 
commissioning a designer. Thus, though "affordable shelter" might
 
figure large in the brief, few clients are happy at the prospect
 
of unveiling a project of one-roomed mud-houses or of improved
 
sewerage or anything else which might be construed as a "lowering
 
of standards" below the dreams of modernitj that he has been
 
selling as a politician.
 

On the other hand, the client may well agree to commission the
 
designer for a project if that enables him to achieve other ends.
 
For example, aid or loan packages might come with preconditions
 
that some or all of the funds be spent on housing the poorest of
 
th, poor. In which case, once the programme has been designed,
 
approved, und the loan secured, its implementation is allowed to 
lapse or its costs allowed to drift upwards so that the houses 
can only be afforded by better off sections of the community. 
This is, for example, the fate of most site and services type 
projects. Similarly, when most finance ministers push ministers 
of housin to agree to accopt loons from other countries, it is 
not because of their interest in housing, but because of the 
softer tr:us at which the foreign exchange thus becomes 
available to the Treasury . 

Then there are the more straightforward political motivations of 
using hou:;inn Projects A; a 'payoff' for electoral support, and 
conversel.y of l k of motivation to implement a predecessor's
proj ect for which no kudos'will accrue to the current 
incumbenL 

Likewise , nn "int:rin uovrrnment" is unlik;Ily to fivour projects 
,.r twrn mt.riy th'inwhich h}nvn n ,nr" their own period in 

office, '.nd :wh pro js:ov;f; nre likely to be :h,!v . 

Since thm A 0 t: OO publi cly, a<1':.,'U; ,jectlvs :, > 
Wainer w 1:K nirwor- A .m is Iy t > c; , solution 

that is 0 nq c . 5- .m, m t.'I , n"0 .it in, wil not be 
Pursu"!' vi;0' s;.y. Th. nrv " nY Wn- piknh*:. in':'K thatsuch2 
they :on K-' ' Y;y n , : 'h'./:h:lj , ,,'NUhe 
po itico: 0* ' n banZ ,t t LY none 
t}hrounEh firz':t }W'rA' nl,;:,: V inn,,,,r ": 5 l"la riQ w~ i th',. 

it is Kn-n ;' ;n loa :k or v,7 !'' 'azN'- t n~ V' the 
er r: r r:m-, n in vw ; , n " r ,,ii 'im',,, 

So W -Vj; lt-u:r. 'T'll,, ',: :r'-:mI W likelyt : ai: :,," n : rr.n, to 
crop us ,r:',e," M, c t,.,>,'/ Liv,: Wih d c': p htab: Iftit*; tup, '.,. Lt'y. 
the 'J iv.n I:s not n a. table .i. syc jo-cin Itar'u3 t.r:n:; , it is 
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not likely to be implemented with enthusiasm.
 

We have already mentioned thc role modernity plays in political

terms. It is even more important for the users of the project.

A design might well wish to replicate the prevalent forms of
 
indigenous housing in his solutions by invoking the form of the
 
traditional African round houses or the conical thatch roof in
 
an effort to make the new designs acceptable - whereas the
 
reality may be that for those presently living in these
 
traditional houses, the forms are not romantic but symbols of
 
their backwardness and lack of development. The users may well
 
yearn for the sterile concrete box that passes for "modern".
 

House plans that orient doorways, beds and toilets to culturally

unacceptable directions might well be scurned, regardless of
 
their technical advantages. Similarly, concern for privacy might

well outweigh considerations of cost. Fear of "ill-winds" or of
 
insects and reptiles or of burglars might well lead to blocking
 
up of the permanent ventilation vital for comfort.
 

Whereas in the design of a new or unfamiliar structure like a
 
grain silo ur a school, people might overcome their own
 
reservations anid accept technocratic answers because they may

have no yardstick against which to judge, housing is a
 
different matter. Housing is everyone's concern.
 

For better or for worse, the houses they have been living in
 
are known to them and are an intimate part of their lives.
 
The introduction of a new design is, ipsofacto, suspect. It is
 
not that people are corservative and traditionalist, but
 
rather like Michael Lipton's farmers, they are "risk-minimisers".
 
Especially if th3y are poor, a house represents too big an
 
investment to be experimented with - particularly at the say
 
so of some outsider. The rich can afford to be fashionable,
 
the poor -nust stick with the tested and the tried. 

If the (osirrner is not familiar w ith the soc io--cultural 
enviror:Jo1 1 it i likely thlat the proj oct will.. meet with 
object ins nd agarin, any Lmplementa tiori be less thanI Wil. 

enthlusle:st is. The least ihat can be expected 1s that the house
 
design. will b, altercd by sub-divisions and additions. Door 
frames will be' removed tnd widene(i if, as in Anguri Bagh in 
Lahore, people cainnot Push their motor--scoo ters through, or if 
as in Koranvi in KArrch I , the C]ead can't be ce rri, d out on 
their l tS. orsb, of ,ours,, the fi,, wi,! emp tyi A, ho-1s 
and ab-ndon,!, ; was the ease for years w th th, flats at 
Iqb,til Town, ,hor,, and I'onstruict.on 11s2 r'the lot,()ufrthe ,rn will 
be ston,,. . are in, , desi ,ner ,,erking a; a,dJsta;nce., from 
the usir I t id 1' 11 e ,'! to e(nsue t hf]' 'ic tab ty of 
his hes ; an. a.1 si ry 's, fi ghtV'oehIp, hut the('y can "'one 
mainly witi ihos ;oest,.ens:;''ay the:, Ipw:-crlrthasn that 
thu urhi. , asJl , end in any mo)st : ,y:, ar' doh,ase before 
the has -t,;inrany ,nect o)f what 1wie i."foinp t roluce 
Ver7 few sury ;ir1 of the narket rsa ,e,/u. typer ro,s t.,er(_iJ
which test accept:]bI]iy or sati:fjctiori wi P gidv, des.gn, 
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Obvi, .:ly all other things being equal the greater the
 
familiarity of the designer with the socio-cultural environ
ment, the fewer the problems when it comes to implementation.
 

Technical: The problems in this category arise largely
 
because of a lack of familiarity. Working in a particular
 
context, designers tend to use conventions in their technical
 
drawings and instructions, to the extent that like users of
 
jargon, they do not even realise that they are doing so until
 
someone misunderstands their instructions while implementing
 
their design. Take the case of the designer of a four-storey
 
building for which he wanted to have a facade of -erforated
 
cement blocks. Since he was not sure of the particular patterns
 
available, he left the facade blank with an asterisk drawn in one
 
corner. In the note below he pointed out that the actual screen
 
block will be decided later. Imagine his surprise when he made
 
a visit to the site and found the front wall made of solid blocks
 
with an asterisk neatly sculpted to scale, in one corner. Care
less or incompetent reading of technical drawings and specifi
cation has often led to misplacement of reinforcement bars, often
 
of wrong sizes. The classic example must be of the inexperienced
 
contractor who shuttered up a roof, poured in the concrete and
 
then proceded to stick in two-foot lengths of reinforcement at
 
regular intervals so that they stuck out like the starter bars
 
he had seen or other sites - with no steel in the Jlab at all.
 
That these kinds of practices do not lead to more disastrous
 
results is largely due to the belt and braces recommendations of
 
archaic building codes but a designer unfamiliar with execution
 
practice in many countries could end up with problems if he
 
produced a finely calculated structure in order to cut materials
 
and costs.
 

Given the chronic shortage of water in Karachi, recommending
 
normal water borne sewerage systems is a risky business and
 
fraught with problems at the best of times. Furthermore, the
 
designers of Karachi's metroville scheme had been alerted to
 
the local sanitary practices and had designed and sized the 
sewerage systems accordingly to allow for bits of stones,
 
bricks, tiles and clay pots as well as the usual toilet paper. 
Nevertheless, by connecting pairs of back to back toilets to the 
mains sewer using a single waste pipe, which makes good economic 
sense, they introduced a built-in problem source. The cost 
savings were nothing comnpared to the subsequent, squabbles and 
disputes that arose each time. someone blocked up, not only his, 
but also his neirboiurs; pipes. 

That a iittle technical expertise (.n be worse than none was 
demonstra ted in South [nd ia where the indienous stovs which 
filled the s1rnri wlndowl.,s s rooms with smoke, were rep laced by a 
new smokess ye rs. on at the rcommendation of v i.siti n! experts.
Within -. ye;ar th thatched. roofs started collapsinfr as the vermin 
that inf'este.d the;m were no long'er beinfg kept at bay by the fumes 
from the st.oves. In anoi.her context, much of the hard work of
designern's spent on rduc ng costs. s: ne-ated by contractors who 

price work on t.e bar.-.., of prevLow:; experi,,nc,- - for eampl.e the 
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designer might very carefully worked out the sizes of precast
 
members to avoid using lifting tackle, but the contractor will
 
probably not appreciate this from the drawings and specifications
 
and so not reduce his quotation and the hoped-for savings are not
 
passed on to the client. Similarly, savings that one would
 
normally expect by leaving block or brickwork unplastered, or
 
concrete 'as struck' are lost because of the poor quality of
 
workmanship means that the contractor will plaster over the
 
work in sand cement and finish it off so as to appear unplas
tered.
 

Often the reintroduction of previously common place technology
 
proves difficult. That is the case with barrel vaults or lime
 
mortar in Lahore. Though these were traditional indigenous
 
techniques and materials their usage has virtually disappeared
 
and current practice has meant that contraztors charge more for
 
working with these "new" methods, thus making them no cheaper
 
than the more acceptable and ubiquitous concrete slab and sand
cement mortar. So, here too we see that designs that would
 
appear to be technically sound can be problematic in practice
 
and the designer who is unfamiliar with the contex, could
 
inadvertantly increase rather than reduce or solve problems.
 

Financial: These problems arise basically due to the fact
 
that the costs of building are higher than the ability of users
 
to pay for them. There are two causes for this: either because
 
not all the costs have been calculated or because special cir
cumstances were created which distorted the incomes of the users
 
upwards or the costs of construction downwards. The most
 
common example of the first condition is in projects which
 
provide some part of a house and expect the user to complete it
 
later on. More often than not, the repayment for the initial
 
allotment exhausts the users capacity to pay for housing. The
 
further additions are then beyond their capability to implement.
 
This is particularly so if the additions have to be built to pre
determined designs or standards which are invariably higher 
than the minimum and so more exper ive. The possibility of 
augmenting. incomes by taking in lodgers or using the building 
for work or comercial or other non-i esidential use Ls usually 
inadmissable under the terms of most allotments. 

Housing programmes are often subsidised by th,.e government or the
funding agency which means that ilt is un ikely that the pro

gramme can be sl f-sus ta inirg and wi 1.come to ain end as soon as 
the slubsidy is ;ai %drawn. Secondly, the fact (0i the subsidy 
means that resources are being transfrred at b, low ther 
market nrice an( thre will be great t, eohan.e-ressur, the 
house for I ts sanrct valie rrdoer to ca ).i 1as on ts 

], and hjs lping,current vaic , so the: sus):;idy the eff',ct )f not 
the groups for wtiici, i t was intend , but ,he hotter off ones. 
The ! r'e r thie ,tihsidy eIemeri , the I025 tie heJ'lI it; are ] i kely 
to rema n'] 4 .th I ,Iro-) f 'r' ii h t. , inf.t 0(I(1J., o 

Averyi conron pro--Irine for :uipiernri t,]. heu r.i ar( other 
programmos i s the Pilot projit a ppro;ach ri the or'y it makes 
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sense to initiate construction by building one or a few units
 
which can be used to test th, appropriateness of the design as
 
well as user reaction before embarking on full-scale
 
implementation.
 

In practice there is the problem that as a "test-case", the
 
pilot project is treated with extra care of the sort that will
 
not be available for the rest of the programme. Much attention
 
is focussed on the Pilot project, both by the people working on
 
the project as well as the general public and the media. Tech
nical supervision and manpower is tc hand, as are materials,
 
authorities to proceed and a very high level of motivation. It
 
is in everyones interest to ensure the success of the Pilot
 
project. Once that is completed, the implementation of the rest
 
of project is handed over to more "normal" processes which
 
are subject to delays and deterioration in quality as the level
 
of technical supervision drops, supply of materials slows down
 
and so on. Often, of course, the Pilot project is seen as an
 
end in itself, and little or no thought is given to the imple
mentation of the rest of the programme.
 

A lot of the problems in implementation arise from the con
ceptual separation between designing and implementation. Often
 
the design is altered for the convenience of the designer,
 
rather than with a view to its execution. For example, the
 
grid-iron layout owes as much if not more to the T-square than
 
to any considerations of servicing let alone the physical
 
features of the site. Most designers feel that once the
 
design documentation is completed they have completed their
 
job and some one else should be responsible for its execution.
 
Implementation would improve if designers took as much care of
 

the details of implementation of design and identified who was
 

to do what at each stage qnd ensured that each executor was in
 
fact available and capable of implementing his particular
 
task.
 

Particularly for large projects the administrative and
 
Often the
organisational capacity is usually less than ideal. 


procedures that exist or the experience to date has been in the
 

implementation of small schemes and the mere enlargement of
 
these is not sufficient since the difference is not mere'.y
 
quantitative but qualitative.
 

Conclusion: It is evident thpt the problems that arisc 
cannotduring implementation a re such that they be a sily fore

seen, since they emerge out of the peculiarities of each 
a programme that can be im21ementedsituation. To produce 

without many problems would require an intimate knowledge of 

the political, socio-cultural, technical rid financial environ
ment of the executors. For this, it is not enough -to bo from 
the same environment as that where the programme i.s to be 

implemented but rather to know it. 

To the extent that the designer is familiar with the environ
ment of the executor, he will be able to forsee and forestall 
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problems in implementation, but the larger the gap between the
 
designer's envircnment and that of the executors, the more and
 
more likely it is that problems will occur during implementation.
 

A lot of what has just been said might be thought to apply only
 
to a situation where the designer is a "foreign consultant" and
 
not to professionals working in their own country. In fact the
 
contention is that the ability to foresee potential problems is
 
lessened whenever the "distance" between designer and imple
menter is increased. This distance is not merely one of
 
physical distance as there is when a designer sits in the
 
United States and produces a programme for imlmentation in 
Pakistan or indeed if the designer sits in an air-conditioned
 
office in the capital and designs projects for implementation
in the country-side. The "distance" that creates problems in 
implementation is also one that can be used to measure the gap
in socio-cultural, technical or political terms between 
designers and implementors.
 

The same processes that transfon us into professionals tend to 
alienate us from our environment and our country-men. In order 
to become "good modern designers" we study the work of the big 
prima donnas: the Corbusirs and the Mies Van der Rohes. We 
undertake design projects at school that have walk- in cup
boards if we've seen an American maaine, or a bilet if we've 
seen one from Euroa. Our drawings are done us ina modul1ar 
co-ordination and have finely calculated toleronce lv . 
In the end, neither client nor contractor understonds the 
drawings and specifications which we produce in copy-book
 
imitation of RIBA and AIA recommendations. We expect con
tractors and workmen to understand our technical drawings yet 
do not think of produc ing design drawins in a way that can be 
understood by the oxecutor. 

indeed Lf we were to des i go for alien clients we would per
force enuire in Ln their KNfe stybe s, yt. when we d,:;in for 
users frY v om ,we have ten ' i"nrated by our tecrhnical, 
prof . i in : ,ducatiorn, w" proced an if ther'- was nf) 
differqnrn: , d'.Qant-. t:he. and the- no ni us ,,nor,: tlm 
implermnrz::,. 'l},en, when this ;"Ns: t pr)b.i. ,m. , ";,: say the 
cien t2/usr::',o rio ; opprcwi te qod ,desijn or Lmat the con
tractors no innducated and th, buld1r indoi:; t 7 i., under
develond. 

Tr r'turn to ', r riinNa u,s:ti'n th,- i *r!, ,nn; :,"n recod 
in no poor hon ~ most ofI tli' Q rar, n=-. fram n r 

ments con';i'Ior,b!y re:m(vo. and a n . 1p- Tm'fr1nm the:m;,ma ,,f 
implemntors. 'ThQ p0aio I'a :o?.:'/:itr ' f .n, A'>:irn5 is fa " 
diff, rent from that of1 th, ;m ]',ann , i':;. M!,u a y 
cultuir'al ant :zt, if not 0- n' urn C.ho : r, ow a AnC,,ie n. ' te 
other thar thlat orf Lho b Jid r', s:;is h,. > -'1 an kind of 
technology that eich is userl to ;and as ino.,l rno crai, cla ttionS 
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and commitmerts of" finance - an in any c;,::, t, 2!rn."r doer 
not usually nee hims elf Nn2 p rt of tAv i28),,t t onI p'oces:2, 

but is removed fIrom it. Thn furthor' r(mov-, in, !K(: 

greater the p)Poblnmn. 

Thus, one can irgue LIhM, UP, p i , i pz Ii;.,:n,,, 

.


tation incr',, . e inZ,di nct r,;1:ti,.s:1,i, w,: '' tween 
programmn (1; r=',,:!' i lp1-:r ,ntur. i1h" t:.r:. :do;uring 
the gap not ,ju:st in .hyn. c'l tU.l';but a:so i ;p itical, 
technical, finnncial a/nd sncio-cultur&l tei7:;. 
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EARTHEN BUILDINGS IN SEISMIC AREAS OF TURKEY 

Alkut Aytun 
Building Research Institute 

The Scientific and Technical Research Council of Turkey 
Bilir Sok. 17, Kavaklidere, Ankara, Turkey 

ABSTRACT 

Architectural and structural properties of traditional adobe buildings in seismic
 
areas 
of Turkey are described, emphasizing the wide application. 

Charasteristic examples of earthquake damcge are given with explanatio-is, and 
ways of improvement are recommended. 

Attempts for training local builders, related Turkish Code provisions , and the 
extremely limited extent of utilization of stabilized adobe are briefly discussed. 

Finally, areas where research is needed are identified. 
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EARTHEN BUILDINGS IN SEISMIC AREAS OF TURKEY 

I. Introduction 

I.i. The Earthquake Danger in Turkey 

Turkey is located on one of the most active seismic belts of the world, the Al 

pide Belt, from the tectonics point, and Anatolia represents an area where three diffe 

rent plates come together. Statistically a major earthquake occurs every 1.5 years, 
causing considerable loss of life and property. The annual average loss of life is approxi
mately 1,000 . Considering the present population of 44 millions, this corresponds to 
an annual death ratio -due to earthquakes- of 2.5 per million. This figure comes 
mainly from rural areas. 

In APPENDIX 2 , a map of earthquake danger zones of Turkey is given (2), 
where I st degree zone indicates the highest risk zone. No-danger zone is designated 
by the blank field. The three intermediate zones represent gradually decreasing seismic 
risks. The highest risk zone is inhabited by 1/5 of the population, whereas the car 
responding area is 1/7 of the land. 

1.2. Rural Dwellings in Turkey 

It is estimated that the existing rural dwellings in Turkey amount to approximate
ly 4 millions. Of this number, about 28 % is adobe construction (48 % is stone or 
brick masonry, 13 % is timber frame, II % is miscellaneous), (3). 

Adobe construction is popular where soil is suitable for adobe making and where 
other alternatives are either difficult to realize or much more expensive. In APPEN -
DIX 3, the areas where adobe buildings dominate, are roughly shown (3). One may 
wish to check the areas of adobe domination against pertinent earthquake danger, and 
such a map is given in APPENDIX 4 . 

2. Architectural Propertics of Adobe Buildings in Turkey 

Almost all of the rural buildings are of traditional construction, so the adobe 
buildings. They are mostly one toried structures whereas occasionally two storied 
buildings exist (FIGS. 10 and II). Although adobe is a building material characte 
ristic to rural areas (FIGS. I and 2), one can -ee adobe buildings in cities too, that 
may be classified as urban (FIGS. 6 and 7), however, structurally they are not much 
different. The distinguishing features of urban types ure larger window openings, longer 
eaves and the land plot arrangement. Most of the rural buildings don't have eaves 
and the wall thickness gradually decrease alongj the building height. It means thicker 
plaster is provided both in the roof and in the lower parts of the walls. FIGS. 3, 4 
and 5 repreert a transition from rural types to those of urban. 

In villages, the people are much more involved in agriculture and animal bree 
ding (FIG. 3), the organization and utilization of the interior space is also somewhat 
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different, e.g. earthen cooking pits in the ground, locally called "tandir" are popu
lar. Parallcl to the way of living, the individual buildings are quite separated. In the
cities there are jobs other than agriculture, and one may see row housing (FIGS. 6 and 
7). Inu,'tion is sufficient, both in hot and cold regions. 

3. Structural Properties of Adobe Buildings in Turkey 

3.1. General Description 

A typical adobe building in Turkey has a stone masonry foundation wall, with ce
ment-lime mortar, reaching about 0.75 m above the ground level (FIG. 5). The un 
derground portion is slightly deeper. This masonry wall provides resistance to the buil 
ding against rain and surface waters, and forms a steady base for the upper adobe por
tion.
 

The rest of the wall, to the level of the roof, is formed by laying adobe blocks,
leaving appropriate door and/or window openings, ins,.rting timber bond beams at va 
rious levels. These levels are those at masonry wall top, window bottom, window top
and the wall top. Wherever smaller doors or windows are to be formed, lintel beams 
are placed on the top of the openings, with enough supporting length on both sides to 
carry the wall portion and roof above. It is possible to observe various extents of rea 
lization of the bond beams, at the mentioned levels. There even exist cases where no 
bond beams are cared for, but only the lintels. Of course they constitute the worst
 
group, prom the point of resistance to seismic effects (FIG. 17).
 

Finally the building is covered by c roof. Although examples of double-slope
light roof exist (FIG. 13), the most popular type is the flat earth roof. Its load bea 
ring system is consisted of horizontal roof beams, which are actually timber logs,

placed on the top of walls , with a certain sparing (FIG. 14). The spaces between 
logs are covered with slender branches, shrub and mat, in order to support the thick
 
layer of earth.
 

Both the roof and the walls require maintenance, as they deteriorate due to the 
atmospheric effects, such as rain. The frequency of maintenance depends on the type
of soil and the sev-rity of the climatic zone. However one year is typical, for most 
of the adobe buildings in Turkey. Due to repairs, the plaster layer may get thicker 
than the original. 

3.2. Foundations 

The foundation wall in buildings with or without a basement, constitutes the ba 
sis for the upper structure. The conditions for the foundations are given in Paragraph
11.2- of tie TurkishCode (see APPENDIX I). The depth should be below the frost 
level, but in no cuse sha!lower than 0.80 m . A reinforced concrete strip footing is 
desirable for the wall -especially in zones of higher earthquake danger and in case 
of soft soil,- . However, tI'e realization of reinforced concrete elements in rural a 
reas may prove to be extremey difficult. 
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FIG. I 

Part of a village (Ozalp, Eastern Turkey) , where adobe is the main building material. In the foreground (left) a stack 

"CO of adobe blocks is seen. Right behind the adobes, a small hill of straw exists. Even the garden walls are constructed with 

earth (center) Note that some of the buildings have eaves, while others have not. 
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FIG. 2 

A view to the entrcnce of a village of adobe buildings. In fact, the lower photo is the right-side continuation of the upper 

photo. 



FIG. 3 

An individual adobe building. Note the stacks of dung and straw, two essential mate 

rials, used for heating and for animal breeding, respectively. The latter is also used 
in producing adobe blocks, while the former is more desirable as a fertilizer. 
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FIG. 4 

A view of a village . In the foreground, over the set, a row of fresh adobes are seen, 
laid for drying under the sun. 

it I 

FIG. 5
 

Adobe buildings in a small town. In fact the three photos above represent a transition 
from rural types to those of urban. 
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FIG. 6 

A row of urban adobe buildings (Van, Eastern Turkey) . Note the lack of eaves. 

b---


FIG. 7 

A row of urban adobe buildings (Van, Eastern Turkey) . Note the eaves. 
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3.3. Stability of and the Openings in the Walls 

The main members to resist vertical and/or lateral loads, in traditional adobe 
buildings, are the bearing walls. The bearing walls are either solid or contain openings 
(FIG. 4), as required by architecture. It is obvious, in the latter case the strength of 
the wall is weakened to some extent. However, if some limitatiois are imposed, still 
some resistance is offered by the solid portions - "piers" - between the openings, and 
it may be sufficient against earthquake effects. The "pier" tops are connected by the 
wall portions over the openings and also by the bond beams (if any) along the window 
tops and along the wall top. 

The lateral earthquake force is finally transferred to the wall top, either in-plane 
or perpendicular to the plane. The resistance of the wall to perpendicular lateral forces 
is very small, since it behaves as a free cantilever. The bending moment and tensile 
stresses at the bottom, can easily form a horizontal crock on the pushing side, which may 
further develop into a separation, ending ir. 'ilting or overturning of the upper portion. 
As the earthquake force is of reversing cnarcter, the crack may occur on both sides in 
alternation, with corresponding crumbling on the opposite side under the temporal com 
pression effects. Due to the slenderness or height of the wall, the cracking surface may 
take place at higher levels. The height of the wall should be limited and it should be 
intersected by strong perpendicular walls with limited spacing (e.g. 4.50 m), and the 
wall tops should be securely 7onnected to the ceiling diaphragm, so the forces perpen
dicular to the wall plane can be transferred without doing much harm. The Code brings 
provisions about this (see APPENDIX I, Paragraph 11.3.3.1-). FIGS. II and 12 show that 
the lack of such connections may lead to the collapse of the wall. 

The "piers" may react either in shear or in bending, depending on the height-to
width ratio. If this ratio is higher than 2, bending may dominate, subject to the ex 
tent of vertical load. Otherwise shear dominates. The vertical load helps to force the 
bending conditions toward shear conditions, and if the compressive strength of the blocks 
is sufficiently high , this is cn improvement. However, in most cases the adobes don't 
possess high compressive strength. Consequently the height-to-width ratio should be kept 
under 2, and the excessive vertical loads should not be given to the "piers" 

A sort of load distribution is provided as a result of common deflection of the 
"pier" tops, to the extent at which connecting elements fulfill their function. Howe er, 
the differences should not be too abrupt. The Turkish Code (see APPENDIX I, Paraariph 
11.3.3.2- ) limits the size of window and door openings and specifies minimum lengths 
of solid wall portions between openings and between an openig and the corner. These 
provisions aim at assuring shear resistance domination and pooling the strength of cle 
ments that are not abruptly different. 

3.4. Plan Arrangement 

As a general principle for providing earthquake resistance, the plan must be simple 
(preferably a riectangle) and the bearing walls both in longitudinal and transversal direc
tions must be arranr!ed symmetrically about the two principal axes (APPENDIX I, Para 
graph I1.1-). The symmetry, mentioned above, should cover also the openings in the 
walls. Partial basements should be avoided. Otherwise, torsional effects of unpredictable 
extent may be confronted. 
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3.5. Bond Beams 

Timber beams are employed traditionally. The most popular kind of timber is pop
lar, as it is easily grown in Anatolia. The Turkish Code allows the employement of 
either timber or reinforced concrete bond beams on foundation or basement walls, requ 
iring asphalt treatment in the former (APPENDIX I, Paragraph 11.5.1-). They should be 
constructed in the manner shown in FIG. 8 and in Paragraph 11.5- of APPENDIX I . 
The bond beams have a number of functions and if provided sufficiently, increase the 

earthquake resistance of an adobe building considerably, as follows : 

(a) As described in 3.3. , they act as a load distribution means, relieving the 
stresses from the weaker members, and increasing the share of more rigid (generally
 
stronger) ones.
 

(b) In general, diagonal cracks are formed in the walls, as a result of high shear 
stresses, and X-shape is then assumed due to stress reversals. The bond beams prevent 
the propagation of these cracks to the other portions of the wall. In a way, they act 
as "suppressors" by limiting the damaged area. This may lead the creation of seconda
ry failure zones at other locations. However, this is usually desirable as a kind of dis
tribution is performcd. 

(c) The adobe wall is equipped with a tensile strength in the direction of the bond 
beams, provided that they have enough continuity. The tensile forces are turned into 
shear forces within the wall. So, occurence of vertical tension cracks are suppressed. 
This also improves the vertical load bearing capacity, in the same way as stirrups do 
in reinforced corcrete columns. 

(d) The odobe wall is equipped with a shear strength, perpendicular to the direction 
of bond beams. The wall can, then, tolerate differential settlements or ground ruptures 
with vertical movement, probable occurences in seismic areas. 

The merits of timber bond beams, as mentioned in (c) and (d) above, are 
seen in FIG. 9 . 

(e) The lateral connections between the two members of the bond beams, prevent 
the adobe wall from splitting into vertical layers (FIG. 8), as observed in some thick 
walls. The wall thus Functions in its full thickness. 

() The bond beams, with their bending riqidity, perpendicular to the wall plane, 
increase the bending resistance of the wall, about a vertical axis. This allows the cons
truction of walls with as long a ,pan as 4.50 m , even with openings. 

(g) The bond beams, connected together in the corner of two (or three or four) 
joining walls, provide the rnonolythicity of the load bearing system (FIG. 8) , preven
ting separation under seismic actions. 

FIGS. II, 2 and 13 show the cases where this furction lacks. 

Simmari zirg, tie bond heams incorporate ductility to the adobe wall, substan
tially increasing 't, earthquake resistant qualities. 
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FIG. 8 

Timber bond beams, to be provided at certain levels of the adobe wall. The bond 
beams have 
buildings. 

numero,,s functions in increasing the earthquake resistance of adobe 
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FIG. 10 

Two storied adobe building with timber floor and ceiling. Timber bond beams are seen 
in the rear wall (right) , provided at two levels in the upper story, however of inade
quate continuity. No lintel exists over the entrance door. Adobe blocks from the col 
lapsed walls are seen in the foreground (right) 

FIG. II 

Another two storied odobe Luildibq. V/ill (Jiclri,:-,eJroi~ndfloor i I I/2 times<f thp 
that of the upper floor. Th,.upper flor i -,vrd by n timb r roof (2d tiles. ire 

places are se',en in both tstoriv. , imvdlcotinri thoft thw r(.ri,-J , itprir,for living. Tim ire 
ber floor ind ceiling ( e aIble to provid,! :.rfficierit d;iphrr,'g n Offct. ro,,.eve , the 
front walls neither had enouqh conrclion to the ,,I, rlr to t11,- d phragms.
Cracks are observed in th, non-berirng %vll,over Owe fir,pl;, orrhes. 



FIG. 12 

Separation of an adobe wall, from the 
adjoining perpendicular wall. Looking 
from inside. The timber stud, in the 
corfier, supporting ihe main beam (thut 
in turn supports the cciling bearms), 
worked well for the wall facing the 
reader. However, the connection to " 
other wall was poor. The ceiling beams 
too, didn't help the adjoining wall. 

The rectangular light spot on the left 
is a window opening. 

FIG. 13 

The section of an adobe building, as ;a 
vealed by Ala;eh;r (Weotfrn Turk,:y, 
1969) earth iu~ . Th, fhici.ne55 of the 
woll 1%rJ I I', 2 , (bV lIncqth A, de 

,uat, fio(ti ,r( ,r -t i '., f ~v by 
the ce Iirj), .',Ier, . h;rjuIwrJr tiryber 
bon :r . V 'mployed. ,r.-,vr, ;nltii - ' l), 

cioe!if (Crinf-Clti it crrr nd ceiling 

c uw.-d the pirtial rofap.,, of the front 

N'Jot, the IicL- of propevr hI/nd brr i in 
Ili. v IJ. Altlinrjih the roof did not 
c uO,, ony d(riaoqe in lift cr ,,, the i1rrf
gulorily of the i: n-,, crnd the axes are 
rn te d. 
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3.6. The Roof
 

Heavy, flat earth roofs have caused most of the loss of life in adobe buildings, 
as they can easily weaken and destroy the load bearing walls, and fall down, 
(FIG. 16). It consists of logs, placed on top of walls with a certain spacing -typi 
cally 0.35 m from center to center - (FIG. 14). The spaces in between, are 
spanned with branches, then with shrub and foliage, in order to form a base to hold 
the thick earth layer. In regions where cane grows, dried and flattened canes are 
used to make a basket-like fabric or mat, to substitute the foliage. The observed 
thickness of the earth layer varies between 0.15 m and 0.50 m . This provides 
sufficient thermal insulation. 

The roof alsu functions as a platform for such family activities as drying fruits 
or vegetables, for certain housework, for preparing food for the winter, even for 
sleeping at night during the hot season. A slope of 2.5 % is sufficient for draining 
the rain water in most cases, still not adversly affecting the above functions. 

Addition of straw -as in adobe block making- to the thick earth layer, supp
resses shrinkage cracks, improves the water and thermal insulation properties. Lime al 
so improves waterproofing. The houseowner generally keeps a roller stone in order to 
to compress the new material, after the repairs of the top plaster. Such a repair is 
normally required -very year. 

In I st and 2 nd earthquake danger zones, the flat earth roof is prohibited. 
The thickness of the cirth layer is limited to 0.15 m in the remaining zones (APPEN-
DIX I, Paragrnph 11.6- ). In FIG. 14 various w..2ys of constructing an earth roof are 
shown. The building in FIG. 3 has the roof type shown in FIG. 14 (a), and the 
building in FIG. 5 corresponds to FIG. 14 (b) 

(a) In the type shown in FIG. 14 (a) the roof beams directly rest on top of a
dobe .vail. The supporting length is approximately half the thickness of the wall. There 
are no eaves. As the rain washes the wall plasters, frequent repairs are needed. 

In case of an earthquake, the ends of the roof beams may undergo large re
lative displacements with the supporting wall. As the earthquake force is of reversing 
nature and the bearing length is small, this may result in either pulling off the beams 
or local compression failures in the bearing portion of the adobe wall. In both cases, 
the heavy roof constitutes a great danger for the inhabitants (FIG. 16). 

(b) In the type in FIG. 14 (b), the longer roof beams allow the formation of 
the eaves, and reduce the probability of pulling off. However the danger of wall 
failure, as initiated by the local compression failures under the beams, still remain. 

(c) In FIG. 14 (c) collar beams ore seen, along the wall top, functioning as 
a load distributor. The heavy load of the roof beams are no more concentrated on the 
adobe blocks, but is row distributed tnor,' even ly. Moreover the collar beam possesses 
all the merits of thv bond beams, w, mernlioned in 3.5. above. 

Most at the eorthqual<,ke force cornes frorn the roof, due to its large area and 
huge mass. The load ,iould bear this lateral force, in addition to the previously exis
ting vertical foices. As mentioned before (3.3. above) the wall resists the in-plane 
arol forces in shear mode. For materials of high compressive strength, corpression 
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FIG. 14 

Various ways of constructing an earth roof. The above four pictures represent gradually 
better solutions, from the top to the bottom. 
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has an imprnving effect on the shear resistance capacity. But the majority of the a 
dobes used in Turkey, are of low compressive strength. Consequently, the combining
of cc..'"r-ession and shear could cause local failures, especially between wall openings. 
So, FIG. 14 (c) is not the best solution. 

(d) In FIG. 14 (d) a larger main beam supports the roof beams, the latter 
still rest on the collar beams of the wall. The main beam, in turn, is supported by
vertical studs. The heavy load of the roof is now relieved from the walls, and also 
a second line of defense is obtained. 

The cases (a), (b), (c) and (d) in FIG. 14 , represent gradually
better solutions, respectively. Another improvement in (c) and (d) is the employ
ment of flat timber boards, nailed on each roof beam. These connections provide the 
integrity of the roof, thus improving the earthquake resistance of i.-whole building, 
as it functions as a rigid diaphragm. Otherwise, the diaphragm effect is only partly
obtained through the transversal slender branches and the earth layer. This effect works 
only in case of low intensity earthquakes. The employment of nailed timber strips,
considerably raises the extent of intensity of the earthquake, under .ich the ,,, buil 
ding can still hold itself. The same material as mat and/or foliage should be used 
between the timber strips and the earth layer, both for thermal insulation and preser 
vation purposes. 

In FIG. 15 a roof is seen from inside, in the type shown in FIG. 14 (d).
The stud is built in the wall. As its lateral rigidity is provided by the wall, cracks 
and a permanent lateral deformation are seen due to earthquake excitation. However,
the limitation of the openings, sufficient solid well portions, and the bond beams, 
in addition to the stud and the main beam system, described above, all contributed 
to the survival of the building. 

3.7. Floors, Ceilings 

In case of double-slope light roofs (FIGS. 10 and 13), and in case of two storied 
buildings (FIGS. 10 and II), a ceiling cupable of resisting in-plane forces and de 
formations is essential. They should be securely connected to the v-lls, on which they 
rest. FIGS. II and 13 show the lack of these connections, although such ceiling diaph
ragms exist. 

3.8. Chimneys and Appendages 

Chimneys and appendages are generally the most sensitive portions of adobe buil
dings. Even in earthquakes of low intensity, they break off easily. Appendages are 
not common in adobe buildings in Turkey. The Turkish Code has provisions on chimneys 
(APPENDIX I, Paragraphs 4.1.2- and 4.1.3- ). 

Wherever possible, the chimney must be an independent structure, resting on its 
own foundation (FIG. II ), instead of tr-n,-nitting its weight to the roof. Pipes of suf
ficient diameter should be preferred, because of their strength and lightness. 
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FIG. 15
 

Interior of a single storied, stone masonry 
building, in which the main beams, that 
carry the ce, .ng beams, are supported by 
vertical stubs. As the studs are built in 
the wall, they are not visible to the rea- -, 

der. This relieved the wall from the ver
tical loads of the heavy roof, however, er,
 
lateral (to left) deformation of the main
 
beam caused some diagonal cracks.
 

Note that limiting the openings, the solid
 
wall portio provided between the ope 

ning and th- corner, and the horizontal
 
bond beams (not seen in the photo) all
 
contributed to the survival of the building
 
at this major earthquake (Kiti, Eastern
 
Turkey, 1968).
 

One may extend the same to adobe buil 

dings too.
 

FIG. 16 

A collapsed stone-adobe mixed 
building, after caldiran (Eas
tern Turkey, 1976) earthquake. 
The heavy earth roof, carried 
by thick and round wooden .
beams, now rests on the wall e 
material, which has turned 
into a heap of soil and stone , 
after the rains, following The . .' 
earthquake. 
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FIG. 17 

Interior of an adobe building, during construction (6zalp, Eastern Turkey) . The win
dow and door openings have timber lintels on the top, and sills in the bottom. How 
ever, no continuous timber bond beams exist in the walls, at proper levels. Also note
the lack of collar beams, along the supports of the ceiling beams ; the latter rest 
on the adobe walls, directly. The solid wall portions between openings , are not ade 
quate. Finally : this is not a good example for an earthquake resistant adobe building. 
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4. The Need for Training the Local Builders 

Although the existing Earthquake Code of Turkey (I) has a section on adobe 
buildings (APPENDIX I), still in rural areas various problems exist in implementation
(4) . FIG. 17 shows the interior of an adobe building in a major earthquake zone. The 
deficiencies are described under the figure. Considering this reality, education of the 
local builders should be given due consideration. The Ministry of Reconstruction and 
Resettlement has conducted local courses for builders, and also prepared and distributed 
colored posters, carrying practical, illustrated instructions. 

5. Conclusion and Areas where Research is Needed 

Adobe is a heavy, weak and brittle building material..The heavy roof makes it 
more vulnerable. As understood, the elastic and rigid behavior can be expected only 
in earthquakes of low intensity. In earthquakes of moderate or higher intensity, cracks 
will inevitably occur, impairing the monolythical behavior of the building. Still, con
siderable improvements in strength and ductility can be achieved through the provision 
of the mentioned measures. The recommendations made in the previous sections, are al
so applicable in repair work of adobe buildings. 

The aaobe buildings should not be expected to be as resistive as reinforced concre
te buildings, however, by using the good quality adobe blocks, they :an exhibit better 
earthquake performance than rubble stone - mud mortar, and even bet er than some 
brick masonry buildings. 

Although there are works to improve and stabilize the adobe blocks in Turkey, 
no extensive implementation has ever been involved. 

(a) Benefits of adobe stabilization should be investigated for Turkey. As adobe 
buildings constitute 28 % of the rural houses in Turkey (1.2. above), the introduc 
tion of stabilization will have imporving effects. However, problems of education and 
acceptability should be considered. 

(b) The utilization of stabilized adobe blocks -if possible- in basement oi foun
dation walls, should be investigated. The problems of conforming with traditional a 
dobe and repairability should also be considered. 

(c) The utilization of stabilized mixtures for plastering should be investigated. This 
should olso cover the bonding to the traditional adobe . For acception, the continu
ous availability of the stabilizing agents is important. 

(d) Better and simpler details of connection of adobe walls to timber bond beams 
should be investigated, as presently suggested details (FIG. 8) offer some difficulties 
in laying the first row of adobes, immediately on the bond becam. 

(c)Possibility of construction of buildings of mote than 2 stories should be inves
tigated, by improving the compressive strength. Considering the energy required in 
brick making, and the low quality of bricks in general, adobe blocks may prove to 
be a better alternative. 
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APPENDIX I 

REGULATION FOR BUILDINGS TO BE CONSTRUCTED IN DISASTER AREAS 

PART :1
 

GENERAL PROVISIONS
 

Section I - Scope of the Regulation
 

1.1 - This Regulation, promulgated in accordance with Paragraph 3 of Act 
7269 -as revised by Act 1051- , applies to all buildings, governmental or private, 
in disaster areas as determined and declared in accordance with Paragraph 2 of the a
bove mentioned Act. The technical conditions regarding the construction of new buil 
dings or structural modification, or expansion, or major repairs of the existing ones 
shall conform to the provisions set forth in this Regulation. 

1.2 - The miterials and workmanship of buildings to be constructed in disaster 
areas, shall conform to the applicable Turkish Standards and to the "General Techni 

cal Specifications" of the Ministry of Public Works. 

Section 2 - Sites on which building construction is prohibited 

2.1 - No new buildings or dwellings shall be constructed, nor shall existing 
ones be repaired, on a -site determined and declared as prohibited for construction, in 
accordance with Paragraph 14 of Act 7269 -as revised by Act 1051- . Furthermore, 
no buildings or dwellings shall be constructed on artificial fills ",ith a past of less 
than 30 years, unless sufficient soil compaction is provided. 

2.2 - No new buildings or dwelling- shall be constructed, nor shall the exis
ting ones be repaired on site- affected by at least one of such hazards as avalanche, 
rockfall or landslide, and furthermore determined and declared as a disaster area 
through a decree, depending on Paragroph 2 of Act 7269 -as reviwd by Act 1051 

PART :11 

PROTECTION FROM FLOOD AND FIRE DISASTERS 

Section 3 - Protection from flood disaster 

3.1 - At a site determined and declared as flood disaster area through a 
decree, in accordance with Paragraph 14 of Act 7269 -as revisd by Act 1051
new buildings may be constructed or existing buildings may be repaired, provided that 
the site is riot proh:ited for construction, and furthermore the provisions set forth in 
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the following Subsections (3.1.1 ), (3.1.2 ), (3.1.3 ), (3.1.4 ) and (3.1.5 ) are
 
complied with.
 

3.1.1 - In those portions of buildings that may come into direct contact with 
water, no natural or artificial building material unable to withstand the effects of wa
ter shall be used (e.g. adobe, timber, tuff, gypsum, or wall with mud mortar etc.) 

3.1.2 - Those p. rtions of buildings extending from the foundations up to at 
least 0.30 m above the water level -determined as highest possible- , shall be 
built of stone masonry with a mortar of 250 kg/m 3 cement content, or of cyclops 
concrete with a 150 kg/m 3 cement and 1/3 coarse aggregate content, or of other 
materiul with higher durability. 

3.1.3 - Necessary precautions shall be taken wheic the possibility exists that 
the foundation soil be flooded. 

3.1.4 - Those building portions subject to structural modification, or expan 
sion, or major repair work shall be so treated in such a way as to increase the
 
flood durability of the whole building.
 

3.1.5 - No storage, or laundry, or shelter spaces shall be built so as to be 
left under the water level, determined as highest possible. 

Section 4 - Protection from fire disaster 

4.1 - At a site determined as fire disaster area, in accordance with Paragraph 
14 of Act 7269 -as revised by Act 1051- , the following precautions shall be taken 
as a minimum, in buildings to be constructed or repaired, until the relevant Turkish 
Standard comes into effect. 

4.1.1 - Timber or other inflammable materials shall not be employed in the
 
exterior walls of buildings arrarged in rows.
 

4.1.2 - The thickness of thc exterior wall of the chimney, resting on the roof 
slab, 0hall be at least one brick length (19 cm as to iie relevant Turkish Standard) 
In working halls and in centrally heated buildings, the thickness shall be no :ess than 

I 1/2 brick length (29 cm as to the relevant Turkish Standara) . The chimney shall in 
no case come into contact with any timber elements, furthermore a clear space of at 
least 5 cins shall be provided betwcen the chimney and any timber elements. Exte 
rior surfaces of chimney shall be plastered and the joints bettween bricks or blocks 
shall properly be filled with nvrtar, using forms of planed limber or Jheet metal. One 
of the non -flammable rnaterils such us ccmmon brick, concrete block or similar 
shall be employed in construction of chimnneys . 

4.1.3 - Ilh( chimn:ey top ioll be at least 0.75 m above the level at which
 
it intereec ts the roof coywv.ng.
 

4.1.4 - Beams and columns susceptible to fire dariage in multistory steel 
frame structures, shall be proterted by a covering of suitable non. 4 lammable material. 
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Preventive and protective measures shall be taken where accumulation of inflammable 
materials or vapors is possible. 

4.1.5 - Timber frame buildings shall not be built in rows. The faces of an 
individual timber building shall be at a clear distance of 5.00 m from the nearest 
boundary of the relevant land plot. 

4.1.6 - In case where buildings adjoin, a fire shield shall be provided in 
between, along the common boundary, starting from the roof slab level and reaching to 
a height 0.60 m above the roof surface, the top line being parallel to the line of 
maximum slope of the roof. The shield shall be a wall of masonry or another similar 
non-flammable material, with a thickness of at least one brick length (19 cm as to 
the relevant Turkish Standard) , and be plastered on both sides. 

4.1.7 - Those building portions subject tc. modification, or major repair work, 
or renovation, shall be so treated in such a way as to increase the fire resistance of 
the whole building. 

PART :111 

PROTECTION FROM EARTHQUAKE DISASTER 

Section 5 - Applicability 

5.1 - The provisions applicable to engineering structures such as dams, bridges 
etc., and to those types of buildings not presently covered by this Regulation, -from 
the point of their tructural conditions and design principles- shall be determined by 
the relevant Ministries that are presently involved in the management of such construc
tion work. 

5.2 - The earthquake danger zones referred to herein, are those indicated in 
the "Map of Earthquake Danger Zones in Turkey", prepared by the Ministry of Re 
construction and Resettlement, and put into effect by the decree 7/5551, dated De 
cember 2?, 1972 , depending on Paragraph 2 of Act 7269 -as revised by Act 1051

......................
 
..................
 

......................
 

.ection II - Adobe buildings 

11.1 - Scope arid general provisions 

Buildings wilh found(itions and, if any, basement walls of stone masonry, and 
with bearing walls mad,! of (Jdobe, either of individual blocks or cast-in-situ , shall 
hereaftet b#o referred to as adobe buildings. 

Adobe buildings may be constructed only in one story configuration, provided 
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that the construction rules in specifications relevunt to masonry buildings are adhered to,
unless the contrary is prescribed in this Regulation. The story height shall not exceed 
2.70 m , nor shall the height of the basement, if any, exceed 2.40 m . 

The plan layout of adobe buildings should preferably be a rectangle, and the 
bearing walls both in longitudinal and transversal directions shall be arranged symmetri
cally about the two principal axes. Any deviations from symmetry shall be kept within 
negligible limits. Partial basements should preferably avoided.be 

11.2 - Foundations 

11.2.1 - The foundation walls, in all earthquake zones, shall be made of

rubble stone 
 masonry, utilizing caeen, mortar, or cement reinforced lime mortar -in 
the quality corresponding to a volumetric ratio that cement:lime:sand = I :2 : 9 - .
The thickness shail be at leat 0.50 m and the wall shall rise to a height at least 
0.50 m above the round level. 

11.2.2 - The foundations shall be constructed at a depth below the frost le 
vel, but in no case shall they be shallower than 0.80 rn . 

11.2.3 - In buildings with a basement, the thickness of the foundation walls 
shall be 0.60 m , v ith a corresponding thickness of 0.50 m for the basement walls. 
These walls shall be made of rubble stone masonry, utlizing cement reinforced lime
 
mortar -in the quality corresponding 
 to a volumetric ratio that cement:lime:sand = 
I : 2 : 9 in the first degree earthquake danger zone, and in the quality corres 
ponding to a volumetric ratio that limc:sand = I in second, third or
: 3 fourth
 

degree earthquake danger zones.
 

11.3 - Bearing walls 

11.3.1 - The materials 

The production of adobe bl,,cLs shall be performed in accordance with the 
provisions in the specifications relevunt to masonry buildings. 

The rubble stonc- rn:jsonry walls shall be constructed utilizing cement reinfor 
cad lime mortar -uality dvscril, d above-- , whereas the adobe wall. shall be cons 
tructed utilizing the scrne ture itproducing adobe ami used the bl:,ck, , mortar. Mois
ture insulation shall be prov t ,iet tiw joint belen the stone rm isory and the adobe 
wall. 

11.3.2 - 'Wjall thic:-r-ess, 

11.3.2.I - Hw tli'ckne,, of rubble masonry walls the basement, ifof any, 
shall be no less lhan 0.50 m . 

11.3.2.2 - Lxterior find interior bIe(rinlJ adohr, wal!' sha!l have a thirkness of 
at least I 1,12 and I aido)be length, respec ylively. The main rind complementary adobe 
block dimensions shall 0.30 0.25 m X 0.15 m 0.30be m X and m X 0.15 m X 
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0.15 m , respectively. 

11.3.3 - Stability and openings in walls 

11.3.3.1 - Stability 

a) The stability of the bearing walls against lateral loads, shall be provided
by the adjoining perpendicular walls. The thickness of such a wall shall be no less
 
than an adobe block length.
 

b) The free span of the bearing wall, measured between the axes of the
 
stabilizing walls, shall not exceed 4.50 m .
 

c) Utmost care shall be exercised in the construction of chimneys. In casethe material of the chimney is different from adobe, a construction joint shall be provi
ded, and the chimney shall be constructed in such a way so as not to disrupt the con 
tinuity of the bearing walls. 

11.3.3.2 -Openings in the bearing wulls 

a) A solid wall portion of at least I.00 m length shall be provided, bet 
ween the door or window opening and the corner of an exterior bearing wall. 

b) The distance of the side of an op~ning in the bearing wall to the nearest 
intersection with the perpendicular wall, shall be at least 0.50 m . 

c) Door openings in the walls shall be no larger than 2.10 m X 1.00 m

No more than one door opening shall be provided in any portion of the bearing wall,

between two adjoining perpendicular walls.
 

d) Window openings in the bearing walls shall be no larger than 1.4n" m X 
0.90 M . 

e) A solid wall Fxrtion of at least 0.60 m length shall be provided bet 
ween two consecutive door and/or window openings. In case where this is not possible,
two 0.10 m X 0.10 m timber studs shall b,. | rovided at each side of the opening 
- a total of four studs - , furtherrnoie they shal! be connected to the lintel at the 
window top and to the bond beom right below the window. 

11.4 - Floors 

Floors shall be made to rest on and be connected securely to the bond beams 
between the foundation or basement walls, if any, and the adobe walls. 

11.5 - Bond bearris and lintels 

11.5.1 - Reinforced concrete or timber bond beams shall be provided on foun 
dation or basement walls, if any, of 0.15 m height and with a width not less than 
the wall thickness. In case the bond beam is made of reinforced concrete, the cement 
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content shall be no less than 250 kg/m 3 and the beam shall have a longitudinal
reinforcement of 4 bars of 10 mm diameter. They shall be laterally tied by stirrups
of 6 mm diameter, spaced at 0.25 m . 

In case where the bond beam is made of timber, it shot' consist of two
0.10 m X 0.10 m asphalt treated longitudinal members, connect to each other late 
rally by nailing 0.05 m X 0.10 m pieces, at every 0.50 m . The space in 
between, shall be filled with crushed stones. 

11.5.2 - In adobe walls limber bond beams, similar to those in 11.5.1 
shall be provided right below and above windows, along the walls, and also on the 
wall tops, on which ceiling beams or roof trusses rest. 

11.5.3 - In regions where cane grows, the bond beams -except those of base 
beams, the roof beams and except door and/or window lintels- may be made of
 
canes, spaced 0.05 m apart and tied together at every 0.50 m by thin wires.
 

11.6 - Roofs 

11.6.1 - Roofs of adobe buildings shall have eaves of at least 0.50 m , be 
yond the external walls. Due care shall be exercised to make the roof a light one. Ne
cessary precautions shall be taken in the construction of bearing adobe walls, so that 
the bearing characteristics are not impaired by external -atmospheric- actions. 

11.6.2 - No flat earth roofs shall be constructed in the first or second
 
earthquake danger zones. The thickness of the earth layer shall not exceed 0.15 m in
 
third or fourth degree earthquake danger zones. 

Section 12 - Repair and renovation 

12.1 - The repair work of structures damaged by earthquakes shall be conducted 
through the proper design work performed adhering to the inprovisions prescribed this 
Regulation, and further approved by the related building authorities, in order to provide 
sufficient strength against future earthquakes. 

12.2 - Those buildings and portions thereof, in earthqtuake danger zones, sub -
ject to modifcation, expansion, or renovation, shall be so treated in such a way as 
to incorporce resistance throughsufficient earthquake proper design work performed
adhering to 'he provisions prescribed in this Regulation, and further approved by the re
lated building authorities. 

.........................
 
ee........................
 
0o* .................... . ... 
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APPENDIX 2 

MAP OF EARTHQUAK(E DANGER ZONES IN TURKEY 
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APPENDIX 3 

MAP OF TURKEY, SHOWING THE AREAS WHERE ADOBE BUILDINGS DOMINATE 
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APPENDIX 4 

tAAP OF TURKEY, SHOWING THE AREAS WHERE DOMINATING ADOBE BUILDINGS 

ARE UNDER MAJOR EARTHQUAKE DANGER 
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CURRENT ARIZONA PRACTICE 
and 

OBSERVATIONS OF THE WESTMORLAND EARTHQUAKE 

Robert E. Barnes
 
Archi tect
 

Code Committee Chairman, Arizona Adobe Association
 

ABSTRACT 	 Overview report of adobe practices and codes in Arizona. Observations 
and practices of Robert E. Barnes, Architect and Adobe Builder. Photos 
and observations of The Westmorland Earthquake of April 28, 1981. 
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Current Arizona Practice 

A renaissance of Earth Construction has been occuring in Arizona over the last 
five years. Stimulated by the need for energy efficiency, high thermal mass 
structures utilizing earth techniques of adobe and rammed earth 
are being built by

numerous contractors, and owner-builders throughout central and southern Arizona. 

Practically all structures now being built are single family residences, most
 
limited to one story, and most are sponsored by owner-builders or adobe oriented
 
small custom builders. No earth structures have been constructed by the large

mass builders, who supply 90% of the housing units within the state, or by gover
ment in public housing projects. Only a church built of rammed earth in Saint
David, Arizona has been built for institutional or commercial purposes. 

This limited start for earth structures has been stimulated by the nontradi
tional craft oriented builders and has been widely publicized. Public response to
the renaissance has been very high with the founding of several adobe associations. 

While current construction volumn is low due to the high interest rates on home
 
mortgages, subcontractors qho are currently short of work are becoming more 
interested in adobe. 

Few architects, and fewer engineers, have expressed interest in ado'e, and the 
state of earth bui lding appears to be non industrial, local, and traditional. Few,
iV any, structures are designed for seismic forces and local codes have been stim

,
ul ated by political presur , of adobe' historic rather than itc, technical nature. 

Most bui lJer, * (epucially the ,i.oler-huilder, have tried to avoid involverixent 
of structural analysis profession, in their projects !,eyond sinple tabled evalua
tions of roof structures. 

Codes
 

Local Jurisdictions inArizona are responsible for preparation and adoption of
building code, and most have adopted the UnIforn Rulldinq Code a, their ha,,ic cooe.
Several counties have no codes -it all and there i-, stronq polit cal preisure to 
avoid th:,. ral citi. vid r:ountie" withill Artbona ha)ve adoipted lo(,cl ,adobe
code' to b, ir.uo. In r.(.iJurict.oion with the, 1J. [,. (,., but whi i a v t)ro J.tant.ive 
than the U. i". C. ri'f(. erI (,-, to adDh,.. Mo'.t of tho local codf, endmen V arI'2 
derived fro'mn thi2 New M,.xIo Code and ill vary irn detail. !Morny do riot. require 
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seismic analysis for residential structures despite the U.B.C. designation of
 
Zone 2 for most of Arizona.*
 

All 	of the local anuendments are specific codes rather than performance 
largely due to the nonengineering orientation of the adobe builders.
 

Most local codes do not require the minimum percentage of steel (UBC Section
 
2418j3) required for masonry structures in seismic Zone 2 with Maricopa County
 
being the exception.
 

Construction techniques as required by the local codes are based upon the
 
accepted standards for well built adobe structures but have not been innovative
 
or liberal in allowing design professionals latitude in solving the seismic
 
solution.
 

Code bodies, although cooperative in allowing adobe, have been resistant to
 
allowing adobe out of the home construction market.
 

As previously mentioned Maricopa County has required steel reinforcing as
 
specified in UBC Section 2418j3 for adobe construction with the apparent intent
 
to provide ductility for seismic loading. This structural concept of heavy gage
 
steel reinforcing for earth structures is in my opinion without sound engineer
ing 	logic. Earth structures have few similar properties to concrete and fired
 
brick structural systems. The shock absorbing properties and non brittle pro
perties of earth construction have not been reflected in current codes. Techni
ques appropriate to concrete masonry such as heavy gage grouted steel reinforc
ing 	and anchor bolts are in sharp contrast to earth's lower allowable stresses
 
and 	hi qher Ih(, , -,bsor) ing qual itie . 

It seems that new conceptual thinking is required ror earth construction. 
Simply applying structural methods from other building materials can be misleading 
and structurally inadequate. 

F. H. A.
 

F. H. A., H U 0, and federal agencies have been mixed in their support for 
earth construction. While funding an adobe training yard for the Tucson Barrio 
Association they have offered no assistance in draftinq F. H. A. property standards
 
for adobe construction which would provide mortgage loan guarantees. F. H. A. loan
 

1. 	International Conference of Building Officials, Uniform Buildinq Code
 

International Conference of Building Officials, Whittier, alflt rnia 1979)
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guarantees now are are used by 75% of the Tucson Homebuilders and it is obvious

that without such programs earth construction has and will be restricted.
 

F. H. A.'s major concern seems to be seismic design of adobe structures and

unless the science of such engineering is improved earth building on a large

scale will be limited. 

The Department of Housing and Urban Development through the Federal Housing
Administration has on repeated occasion stated that the adobe industry has not 
presented sufficient technical data to support guarantees for loans, somehow

forgetting the substantial role the federal government had in the 1940's and
 
1950's testing and encouraging adobe and ramned earth use.
 

The National Bureau of Stand,,rds sponsored testing of Earthen Structures in

1941 and published its findings in a report "Structural, Heat-Transter, and
Water Permeability Properties of Five Earthwall Construction."* In this study

structural properties of wall specimens under compressive, transverse, concen
trated, impact, and racking loads wer:. performed.
 

InMarch, 1955 the U. S. Department of Housing and Urban Development published

an 
article "Earth for Homes."* In this publication they state "in tie opinion of
 
some authorities well bonded earth will withstand seismic loads of moderate

intensity if properly incorporated into a building of low, conpact, and regular

plan. In this case well bonded bearing walls should have a slenderness ratio not
 
greater than eight. The 	 foundations should be monolithic and a substantial con
tinuous reinforced concrete bcnd beam should be placed on 
top 	of the wall bonded
to all wall plates. Lightwegfti ceilings and roof should be used, with the trusses 
or rafters and joists tied torether and so placed on the plate as to avoid eccentric
wall loadiol. Ceilling and roofs, should be anchor,.d to both side and end walls and
constructed to serve as diaphragms to resist distortion." 

Earth construction without a technically supported and 	 strong federal lobbying
effort will not be able to win over the Federal Agencies.
 

Current Work by Robert E. Barnes !,Associates, Inc. 

Our work In earthen structures has Involved dsiqn and construction of five
Stabi lzed adobe homes in Tucson and design of three others not yet cor'structei 

2. 	 H,,:rert L. .hItte 'o-e . et al, Structural. Ihfat-Tran-,'fr .,nd W.ater Prrra
bil ty Pronnrtiwe o Flw, -,Atruct ,JatT)nF7,)rP iof ,t't-,i["arthi-Tn ion, 

3. 	 U.';. D artrrnt of Houiinq and 11rloan 'vfloprnt, Iirth for H4sv''., Wah
 
ton, D.C.,
 



plus a prototype solar adobe rental unit which would be built in multiple groups. 

Several structural techniques have emerged from this work. Our homes have 
been constructed of 14" thick stabilized Adobe Masonry Units (10" x 14" x 3 ") 
laid with full head and bed joints of stabilized adobe mortar. Nine gage by
twelve inch wide "Durowall" ladder or truss type joint reinforcing has been 
placed 16" o.c. norizontally throughout the structures and at every course, five 
courses thick, at the bond beam. We have used no concrete bond beam but refer 
to this connection as the "zone of reinforcing." All walls are supported by

continuous concrete footing and stem walls. 

Several methods of roof attachrtent have beer designed, two have been construct
ed. Our first two homes were constructed in accordance with local code requirements

utilizing 1/2" x 20" anchor bolts. This method of attaching the roof to the wall 
proved too costly and in retrospect structurally insufficient due to the concen
tration of forces at the bolts. 

Our nevt three home- utilized roof joists set into the wall, each joist
anchored by i "Sirpson Mud Sill Anchor".* This device shown in FIG. I transfers 
forces irom the j i,t s to the wall. 

FIG. 1 

MUD SILL ,..,.D
1"4 -4~ MA11J 

Th NWi~ibo, ANCHORS 
Tito NEW I¢w-llbor. high-value method to secure" 
mud slil to monolithic slab* or foundation will,. 
Noro t OL(ANNG m~uo/ 

5PACING: I nd -nhv;r , th rv; Li m'rr th an 1Q" 7 
lf.l0 , j' 1h, * . ( Ih)M} " l b" 

,,IsA o{t i'*,t .-, f, 1,.n l i x
*"11 f+ I , r.! r' l ,I¢'', LI(; .. ir .,l 2.4 ,t1, 5,3J Ij 

fDft ' 
Iilpl 'itI*b , f f irI+.1 el I' U eU' 

eP.1otuo i m,1Il vih " 
* 4' 

14 . ir i ~ k o t u t r l [,'l m .ln+ ~ l~,, ,rl'( (M +n , " u t'l(r
C+a rl ti 11,¢t aa', lot]ai.,r r ,it{Tto 1+ r,10:r-Ti ,,i) )

',i ),I"I ......f .-I .fw( I 
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Current designs utilize "Low Stress" detailing rethods. Transverse loads
 
transferred to and from a lightweight wood or plywood roof diaphram are
 
continuously transferred to the wall system utilizing expanded metal lath laid
 
into the wall and attached to the diaphran. No anchors are needed on the
 
joists. No bolts are used (FIG. 2).
 

FIG. 2
 

Lc M o A l L.,,-4-7 L, ~c. 

--- k_- v,-T- L. A
 
----1 IKt'A6FL -t4R 2;tlT"I.7 r


CONAL T',k T& 'A, 'T, D 
17- U~ EF~VJAL, 


;II:~~,
--- e 1-,AL'UE' ".It ''& 

We feel this system to be economical jiJ the most structurally sensible
 
method of transferring loads between the will and roof system.
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Observations of the Westmorland Earthquake 
By: Robert E. Barnes
 

Photography by: "Bill" Whita
 
Processing by: David Burkhalter
 

Sunday, April 26, 1981, at 5:00 a.m. PDT the Town of Westmorland, California
 
was struck by an earthquake measuring 5.6 on the Ricter Scale. During the pre
vious several days over 40 quakes reasuring above 3.0 had shaken the city. 

On Monday morning, the 27th, The Arizona Uaily Star publiPhfd the news of 
major damage to the town and especially the adobe structures,. "Anything with 
adobe in it is in trouble, and jiy bui ldings that are damaged are being condemn
ed" according to tori Rogriguez, Mayor of C'trurland. 

Bi 11 'hit an 1, curiou% ihoiL t.h,: tflortA, of ,.arthquake on adobe, left 
1 :UO0 .ondy ,,t intentionTucson at a.-In. and drov 1o ' trorland with the of record

ing and ~rh:p).,:nalyzing thf off,2ct ot the qu..e. 

Upon .,rrlvirg at 4:0ly p. noticed severly damagedpp roi mat 4:(0 w two 
structur,., fl (.no the mair rt. U1n4 structure was of frame construction (FIG. I) 
and the other .v , abandoned ,Adob: (FIG.?). 

FIG. I 

" -!, 



FIG. 2
 

Conversatlon, with ri' )r.- wi I .t,r thej. p , (4 .,).rt,1 r told u.t Idobe tho 
structure i,(j tw,' r d itc for x' vo.ralI ,o S ard( wa. In strurturally poor
condItion ?cf1 r,: th, , 

1;rv r.([ft, i ,, lhj (1. ,) '.uw th,. will/roof corinln Ctic(n, no bond beam or
anchor- ,,r,. .d .wir'i II ,.'tr .I'. '.?tio,,, .i(pron of rt and deterioratiotn. The 

I.miufhwall Ivrxrd Iit.ly, o tho , 1i1fa I lurv w.1, .%everl>y tjnd r cut from r iong 
dr ). Thr ,1, ru in I(-,ItI() of ,,f ti Lit a n 
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FIG. 3
 

f
 

The Wa)) lh t i , , I * .},; , I ,t ',t' ,,,'. by thalr ly 
, , .'.vi.t rI I .1 - :Jl' r

constructed fr.vxv , I-, o, 

[ vcra 1 Qt~vr ', ru~ttur ' , bth r,(}n',,rh ,id idobe, weret I rAI~t;, !.truttlon 

dl-aoed in the qu , 
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FIG. 4
 

Two i('cb,,, 't ut r-, th lt Idr~r ,iL m~(I ,cl ( 2 n t ., ,r.h(I', , ,V'Z'oder
ately d',Hw (PFI.,4). D iy%: w Contifned to the front of both of thwe 
.t ructuru.,, to .qoll 'ctionl; poorly brace-d adjacent to "torefront ope;nings of 
la~irge d i'rerl I;3. 
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FIG. 5
 

;7
 

The Laundri,-;;dt damage (FIG. 5) wa-. confired to tht! late~ral movement of an 
unbracod wall adjacent and untied to th, front wall. 

013 



FIG. 6
 

Diaae to the parapft wall above the %torefront ciening of the warehouse(FIG.6) aippeirr. to liiv tween concentrated In the -Mafl cros, sectional area atthe conlnection ofr thi, front and vyde wall. N40 twon beamn was evidont on thfs
structure. 
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FIG. 7
 

44 

Ext niv ed eareto the Third Street reidence (FIG. 7) was concentrated atthe ground level (FIG.2). Carefull examination revealed extremely ,iet adobewithin the wall t the point of failure. 

FIG. S
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This residence, without foundation, showed signs of poor drainage and ex
tensive irrigation. 

Failure occurred due to the thorough softening of the adobe at the ground
line. Minor cracks occurred in other parts of the structure when its base 
failed, but the upper structure remained intact when collapse occurred.
 

This structure has been retrofitted with wood bond beams and tension cables
 
after the 1940 Imperial Valley Quake according to its former owner. An identi
cal structure adjacent to it failed completely and was removed after that quake. 

An example of properly designed and maintained adobe structure capable of 
withstanding severe seismic movement is the Westmorland Town Hall (FIG.9, 10, 11).

This structure built by the W. P. A. is constructed of unstabalized adobe with 
approximately two foot thick walls. A bond beam at the lintels aid roof, high
foundation wall and carefull construction methods have produced a structure that 
has had no signs of structural failure since itwas constructed in the mid 1930's.
 

FIG. 9
 

4., ,k.,,, 

386
 



FIG. 10
 

IAI
 

FIG.
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During our tour of the town we saw several other adobe structures that were 
undamaged, clearly not all adobe structures were in trouble as stated by the
 
Mayor.
 

Conclusions
 

Well built and maintained structures can survive seismic activity whether 
they arc built of adobe or conventional materials. 

Structures poorly constructed of any material may fail during earthquakes. 

Poorly maintained structures are destined to failure. 

388
 



RECOMENDACIONES PARA LAS CONSTRUCCIONES DE ADOBE
 

EN REGIONES SISMiCAS
 

LUIS CRISOSTO A.
 
Profesor-Investigador de Ingenieria Civil
 

Escuela de Ingenieria
 
Universidad Cat6lica de Chile.
 

ABSTRACT
 
The extended use of adobe in Chilean rural house building is
 

primarily a consecuence of its low cost. The availability of the
 

components of adobe and the weight of four centuries of continued
 

use also contribute, to keep this type of construction as a part
 

of life in Chilean ccuntryside. 

Though the use of adobe in highly seismic areas should not be 

particularly encuraged, guidelines for safety improvements in this 

typ. of buildings, within reasonable costs, can be made, for use 

where cthcr alternatives are not viable. 

RESUKEN 
El adobe como material para edificar viviendas rurales se basa 

en poderosas razones de car5eter econ6mico; en las facilidades para 

la obtenci6n de la materia prima y en la persistencia de una tradi

ci6n de sipiloq; en su empleo, ya que este tipo de con,;trucci6n est5 

incorporado a la vida y al ambiente campesino de Chile. 

Si bien no es recomendable para tn uso in.discriminado en regio 

nes sismicas, es posible dar Recomendaciones que lo hagan razonable 

mente seguno "entro de la economia que le es propia.
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RECOMENDACIONES PARA LAS CONSTRUCCIONES DE ADOBE
 

EN REGIONES SISMICAS
 

Presentaci6n del Trabajo
 

El adobe es un material de construcci6n cuyo us_ estS a~n vigente en la
 
zona central de Chile, para dar soluci6n a la vivienda econ6mica rural.
 

Desde el Terremoto de 1939 que afect6 a la zona sur-central de Chile, en
 
que el 80% de la con;trucci6n afectada era de adobe, existe la preocupaci6n del
 
autor, respecto del comportamieto sismico do las con.trucciones hechas con es
te material.
 

El hecho de vivir en aquella ipoca, en la zona afectada, y haher s;ufrido 
muy de cerca lot efectos del terremoto ful en~imulo suficiente para investigar 
en el terreno mismo y durante la reconstruccirn, log vicio, y 1o, acicrtos con!]
 
tructivos con este material.
 

La ob servacion de la s; con'utruccionesi da iada. yaquellau que re pohondie:ron e
 
ficazmentc A; si:;mo, permiti6 primera instanc dtoctar junto d
en a onco prac
 
ticas inadecuadas que era preci:;o modificar hWtcando otras dispol icione; con;
tructivas quoe, a la luz de la raz6n parecieran,mr'n aconlej alle .
 

Reconutruccione,; e jecutada,; Mti 1izando eta noeval dispo;ic ionvi consi
tructivas y bajo la vigilancia profesoional (aqu! desttaco el entun;iasImo del Ar
quitecto don Carlos de la M;;i;a por vtta inve'itigacidn), han permitido comprobar 
durante la ocurre cia de po.s;toriore ; tv rremoto on l a mi ivia zona, 1a s v n ta j an 
de las modificacioneo constructiv. y dc di:eho, introducida. 

Est a mi',ri mnetodologl qv ha 4geu ido empeihodo a tr;avris dv 1o:n 40,a11o, trand 
curridos y . ,,il tldo; h1 1)ido todo un doprilt 0.,,table,,,r cuerpo rvcomendn 
ciones constructiVa, y do WIieio quo permitan con;eguir una segurldaId razonahble 
en Las con;trlc(cio: nes4 410 adolbe. 

El Material. 

Este material, dadal n;; ca ractoi lilca (oedurabilidad, requiere ante na
6da de inl;I conI eccu n pro]ia y de una proLtcci6n po;ter ior hnItatv exigent-. 

Los agente atmo:wiirc 0: Vi nit0, I luvia, etc., Io alfect an 4(1 ni ha faLu I idad. 

Se retluier tllhi ; 1; 1( primp a yiiuna eu j i ('(:bcit e4 1;I Atvira ' i, I,:, mn (o (d 

bra a fin de me jorar N1 4Iur,abilidl. 

pEl proyecato 'N4L4 aw.egrar "na btojna prot.4(An wn rti ; Iv .lza 
ci6n externa, 1n rI4 mnVoluv .lUI b on V1 4%111(4{1'l ' l, ,.l;PKI'MI du a irZ("r n e t ' ron1. 

ci6n y unai oiei,i al';alao 14411 iIon A. V(U,.1w' ,gv' l 4r'. 

dv .41, , i J"I1 hec h) (till' 4,1 4 fimta 4'vgl1'a ".,4 ald d ,' ,A 444(t0414 r--

li ,,, 1f 
mienton1, y ! r dl,' di (qI44 "4( .4 ('(' 1, lil ,l jl ( l1 

slultO mi.4' o I111'1101% Nvin il,4 I reTnte a Q1 ,ia4 d 1 ,hi ,I .44",14(411.11 4'lfl)Ili./,| 

di.o i4 i(',, 411.4144) I'll II I,"114- 1 1 ('1' 
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Es preciso evitar La degradacio'n que puede sufri- el. material, bajo la ac 
cio'n externa. 

Se ha podido observar que,en muchos calsosiola falla producida se debi.6 ala 

presencia de material d~bilitado par efecto de Ia iluvia, en Las zonas mris cri
ticas dc loti murosi sopartantes. 

El Discj~o Estructural. 

La estabilidad de Ia.- construcciones de adobe se basa muy principalmente 
en lIa acci6n de contrafuertes; que ejercen los muros, unos sobre otrosten direc

ciones perpendiculares entre iii. La perperdicularidad de los muros entro si, 

constitilye una recomendaciin que eii conveniente respc'tar s1.empre. 

Para que ceita acizent elia.bilizadora du 10:3 contraf ucrtes se ejerza ef icaz 

inente es~ priuciso qu. !;e cumplan, una serie de condicioni. La pract ica, a travLs 

de Ia observaci6n del comportainiento de las construccione'; de adobe en si!.rnos 

realeii, pertnite estdhleccr las cofldiciofles rili importantc.S qie es preciso respe 

tar. 

- La d istanc ja cnt re conl raftuer Ic:; o uro!; tranivcrsiaics , no debe :wr gran

de. rn la coit rucc i6n de Isa viviendai econoi ca csto se cuinp I f~lci Iren

te ya quc. 1a.i: pairtic ones inter jores de' una vivienda no vun a di:;Ianc jas 

mayores deC 3 6 3.5 m. 

- El eiipcso r (it 1us mu r 0s debe i r dc( a cue rd o con 1li d i it ncia in t: noros 

t ransve-r .a 1cs. Observ~ic 1one: s rca iizadas en ChleIcPCrr iten re comenda r 

L/e < 10. 
L -distancia enLrv Coi) .rafuetc:;s 
V a e5Pcs1.Or (el,1. .r( de ad(oie. 

- Para quc .'l contrafuierte cuplaIi !-. objetiv'o v!, prec iso que posica ona ion
un mgitu(I aiccodai. Lit obliga , en ol di sc~o, det un;I vivivinda , a f ijar 

n imo par a I a di-; t-stncia cn t re el, cr uct- de rno to: y elI vano dec una pie rIa 0 

ventaila. Li exper lcnc ia clilena te:.ieijar on 1.20 ra cit adi ;t;anc i.1 mi. 

n i na. 

- La indt4-torriA1); ilad (Il- cruc nt rv :;urO,;, Lii m' ran iviport .incial en el, coin 

portarlnt) il inic ) do t,;t o!. 

v 1trcLai; di:'.eivione. de o!; Adh1be.i y !;us prot)orc jones, I ienii 10 LI 

enf Ciitv .IlI .Piai buena ni(01 et, (A. croci' se ('00siv1t cu 4144,dcibc cobo 

cados de e de (lilt I .uperf ic ic det t rai~ipo, vi i (, 0vil'a, l orna 

rre!;pondla a4 mod o a dol (c-;~ n&Xr ii:4)) , (j140 1, u1VI,., 'oirrei14(4Iil. -I espe 

sor dvI mror( 
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de la uni6n en su parte inferior. En cambio, la parte superior, sin elp.e
 
so de los muros que se cruzan, hacen que lI uni6n no quede igualmente in
deformable.
 

En esta zona es preciso recurrir a la acci6n de una cadena superior, que
 
sea lo suficientemente indeformable en el plano horizontal para que contri
 
buya a la indefornlabilidad a la uni6n entre muros.
 

La experiencia chilena aconseja utilizar una cadena superior constitufda
 
por elementos de madera, paralelos, a una distancia igual al espesor del
 
muro,trabados entre si, formando una celosia. Enta disposici6n permite
 
dar al conjunto la suficiente rigidez horizontal,que contribuya a la inde
 
formabilidad supcrior de la uni6n entre muros.
 

Resulta aconsejable dar peso a la cadena de madera. Ademi.s del peso de la 
techumbre se ha utilizado la colocaci6n de unas dos o tres hiladas; de ado 
be sobre la cadena. Esta pr5ctica, sin embargo ha mottrado muy mial resul 
tado de acuerdo a nuestras observaciones. 

En cambio, el -.-n "o.bre la cadena, obtenido, mediante am;rrastde alambre 
grueso galvanizadopr6ximas a las esquina,;,que incorpore ei pe!;o de dos o 
tres hiladas por debajo de la cadena,ha tenido tin comportamnento bastante 
sati 'a,torio. 

Una !xpcr enci,- realizada co cadena de hormig6n armado tuvo mial resulta
do, por dauos roducidos en la interfase,hajo la accirn de pequefiol Lem
blores. 

Tambiin debe ser condici~n del diserio e:;tructural,el conseguir reducir la 
acci6n del aisno. 

En este sentido, la limitaci6n de la altura de la vivienda, el usio de una 
techumbre liviana y evitar la colocaci6n de todo elemento pesado to nece
sario, const.-tuyen recomendaciones que es conveniente re:;petar. 

Con.trucci6n. 

Ningum d(- Ix; di.spo.iicijones recomerl(ida(( para el proylecto rsultar.5 efi
cr.z si no v; ; ic,..pa. d; dnte uin ]c(ecti6n , roli ja, tanto vn litconfiecriln del a
dobe,como en Ia cowitrucc i11 mu ;rna. 

La ej4!cuci ;n en perlodo de but.n ticrpo (diCa,| de sol, poca humedad ambien
be) y la protrcc iotn del material ,Ictmll;ido en obh', o de li obr;i mi.-ma,frente a 
lluvia.; imprevistas, !ion pjreeuc lionc; qoe c!, preclio tenor en cuenta i organi
zar 1a factia. 

La colocacitmn Ive',;Iconl o ';oq'.et':; (iv mader, pa a anl(r r wosini{r(o!t;i pier 
tas y ventara'n. :w levin.i noi;medida que . lois tmro;, y ,;if coIocacl(aIn post,rior 

II e! ',tfI'U(.'t s!,db., Elal 1.i eji-cm(' i ! tO.,;, ill (jetl] le ("') I (I)ie io dcs:,t ldir. 
debilitanionto del muro (pie r're:si-vt, I l it rodtCl Io po;Ltv itri do v!;tos ta1 
Cf s, V!; cn'u!s de Iis;tirom , y iloi;amiento di- lo!; iairCoi, pied i%[v(Li onIi Ias, o
nfl; mf; cri L ;ii (ie la ConiL r11CCion1. 

En g ener;al to);r pr f,ora imil los,;t ir r ;ia i 1.4P ic 1 l dt' 105 rmtro, StIt cutI 

sai de deb I l it i ieito qt' P r i1,o ivIt I r ( ) poi llt. I.'I, h"r Iis., y4pi It'1 rt1 c.1tIli

ltac i onv.; ic:tout. ida!. no ((or ro!istt dvI .ii na Ion til '( 1(rtl df. ,(o('o . :;f:pr' .e i 

ponrible vtnetot mar Colt [ olt ;taIt etiliI ' Mlll ll pie,i st o. eIllwno !, -isin, 

Ilots no atoLenten a l; e"al"{i(: de I1 rcout it c tt'. 

:in Ilment i m (trcf i . dv]ii t errvfrt ttiiitditl do Ia COIIwthm'l trl + vivi.ndn , 

titiiye till di'tlJ ]I, to "ttll tll'lI ) p(1' i, hiay '1i1 ( ' l tiar 
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Modificaciones y Reparaciones.
 

n general la construcci6n de adobe una vez terminada, no acepta modifica
 

ciones.
 

Traslados de puertas o ventanas, eliminaci6n o desplazamientos de muros,
 

deben ser evitados, o ms bien, prohibidos.
 

Sin embargo es posible proceder a ejecutar algunas reparaciones cuando se 

han producido desordenes estructurales: Fisuras o agrietamientos junto a loava 

nos o en los encuentros de muros. 

Evitando todo cambio en la concepci6n estructural de la construcci6n, se 

han practicado algunas reparaciones, en Chile, con bastante xito. 

Las reparacione:n inclulda, en el documento, "Recomendaciones para las Cons 

trucciones de Adobe en Regiones Sismicas", corresponde a aquellas que se han prac 
ticado e Chile y cuya eficacia se ha probado en sismoa posteriores de igual o 

mayor intensidad que aquellos que provocaron la falla. 
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APPROPRIATE BUILDING CODES AND SPECIFICATIONS
 
FOR ADOBE CONSTRUCTION
 

Paul G. McHernry, Jr.
 
McHenry and Co.
 
Albuquerque, NM
 

An examination of the existing regulations governing
 
adobe construction, including the logic, shortcomings,
 
and suggestions for appropriate change. A pragmatic
 
approach is provided for the determination of parameters
 
in the selection of materials, manufacturing techniques,
 
significant testing, structural and physical require
ments. These parameters recognize and are applied to
 
meet practical economic, cultural, and social needs.
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The formulation of building codes ia 
a perplexing task.
Perhaps Hammurabi (ca 1700 B.C.) 
had the right idea when he wrote

the first building code. 
 It was very simple and direct. If a

building collapsed and killed the owner, the builder was 
killed.
if the collapse caused the death oL Lhe owner's son, 
the builder's
 
son was likewise killed. 
With the limits imposec by our legal

system, we cannot have such a simple solution.
 

Our task here is to determine what is currently required by

law, what i3 important, and to offer acceptable practical limitsfor control. Building codes are formulated octensibly for public
safety and the maintainance of minimum construction quality standards. Often, hcwever, specific details seem due to 
a number of

other influences. Of primary importanlce is safety. Secondly

perhaps the elusi;e term "quality". Other obvious innut factors

should include climate, local conditions, time te'te lccal trad
ition, and other less clear considerationo for soc~al and econ
omic conditions which might prevail for 
the area the code is to
 govern. WThen we attempt to formulate a national bu d,- code,
for wide geographic&l use, it must necessarily 
 icno.-e man' Ofthese influences. The authors of building frec j docodes untlv 	 nothave first hand information on the rractical use locallyo 	 srec
ialized materials adobe, little of local condt'_ns, andlogically mus: rely 	on standard. for more convent_,onal materials.

Adobe does not neatly f:it .th-..... atter.,. The tcn-__p .nolcqy -,- adobe
 
construction Is a zrim e:a le 
 where secondary_ factorJ assume
 
prime -m=crtance.
 

Man has been-using adobe -- at ,t 	 :sfor least-
currentlv used by a 	 large perc entage of t,, tota : ula z lin Crthe world today. Areas .oreconi'nated _yts use l-,. mcre otn
the u.dr.;..ed countries 
 o. the world where use is-ss ovital ecooml ror t.nc. 'ery tte .. o.i aval.o- _1 for adobeadae a a n- .ater: n lno - -1.... fo as 7,4d l nd l cc_calreasons r-a- these zhorc. ... g az... uner:: adab , 

For adcbe to ache-ve I- max:mum e:",-t.'vr ':;,, tne , ' 
soUr C e Mu ec to the l-n t. 	 ;o . the "obu" ..
 
ing of br,.ks and -ortar -ust be - - 41
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recu'red for zt' z, t tnn c, >m,:.; "On <os;t tn .. r Ir 

Con aq1:eCcnn:'-.e:- !; d 
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ulatcrv offi:ialr, a. oA.; _ 



Building codes make use of technical engineering tests and
 
can eetermine the requirements for beam strength, column size,

shear value for bolts, etc., where consistency and aualitv con

trol 2-tandards have been e::tablinhed. 'When we attempt to super
i-pose this technology on most adobe constructLon, it runs into 
serious difficulty. The soil source for bric'cs and mortar will 
vary considerably in material Make-up and proportions. Tests on 
samples from building5 of great aq,2 ( see Table A) show such a 
wide range of material procortlions that it casts doubt on the 
necessitv o ma::r.- any te:;ts at all. Ric*.4r Clough, in his 
examinatio:. of material :Taalitios 'or adobe ccncludes. that 
"Mechanical analvss o: a soil In-,- an ... a 1ible itnx to the 

' solil's behavlor In an earth 'a '_ :wln" o c ... .. a sats
fa t Ca_% -f-m (4facto:', bric:.: can- be m.ade frum o.:ol:J ,-cc',: r ' a ::! rancpj _n 

tc:.t..re and Iavn.. a cla: conten,t 23-1.
Cochnst:o ~ ssz ~-cene -,n the
t~- ~ : an,, 

":c. ... C.light o tl a, cre 1.. nn71....d aleI .ocal 
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2404.2407 UNIFORM BUILOING C001 

Where the assumedf , exceeds 2600 pounds per square inch. field ter
in accordance with Section 2404 (c) 2 shall be required. 

Unbumod Clay Masonry 
Sec. 2405. (a) Gentral. Mason-y of stabilized unburned clay units sha 

not be used in any building more than one story in height. The unsup.
ported height of every wall of unburned clay units shall be not more thain 
ten times the thickness of such walls. Bearing walls shall in no case be les
than 16 inches. All rooting walls which support masonry of unburned clay
units shall etend to an elevation not less than 6 inches above the adjacent 
gound at all points. 

(b) Uniit. At the time of laying, all units shall be clean and damp at the
surfacc .nd ihall have been %iahilizec with emulsified aisphali in ac. 
cordancewitlh U.B.C. Standard No. 2414. 

(c) Layinst. All joints shall be solidly fil'ed with Type M or S mortar. 
Bond shall be provided as specified for masonry of hollow uniti in Section 
2411. 

(d) S r",tir i.All rnasonrv of unburned clay units shall he -o constructed 
that the unit st::ses 20 not exceed :he set for,:, in Tabie ,"o.24-B Bolt
 
values shall not exceed those set forth in Table No. 24-C. 
Gypsum Masonry 

Sec. 2404'.(a) General. G:',u ma-onry :sthat form of construction 
made witn gypsum bioxx or tile in vnicn ic units are laid and set in 3yp
sum mo-tar. Gypsum masonry shall not be used in any bearing wall or
where exposed directly to the welther or where subject to frequent or con
t6nuout writ ini, 

(hi %"tferiali. Gyplum masonry shall be gypsum block or tile laid up in 
. ;,Psltnior tomrioicd of one part 4yp'.um and not more ithan ihreeri-r 


:"rts ,.'nd hv wcieht.
 
) -,.ttr.m shall be so
All typsum masonry constructed that the unit
 

ttreit,, 
 do not exceed those set forth in Table No. 24-3 when computed on 
the gross cross-sec:nonal area. 

ld) B1n¢n. The bond in gypsum masonry slh!ll conform to the re
qutrerenits for bond in masonry of hollow units specmfied in Section 2411. 
(e)",elhodof Lavin. All units in gypsum masonry %hall be placed in

sie construction with cells horizontal. T centire bearing surface of every
unit shall be covered with mortar spread in an even layer, aid all joints 
%hallbe filled with mortar. 
Relnforcnd Gypsum ConrntG 
q-.2.07 fa) Generil. Reinforced gypmmm concrete and precast ren

'('fLt(t '" n . lfuf',-r4hjll m It)[1.( o. 2.t- 12.I 1 Standard 
'emnfnrc-~l ctv-,rn conrete thall develop the minimum ltirmate Com

-, , ,'r~.', ,n*,ojnds n'or 'ouare inch set forth in ribie No. 4-D 
c..",. t ve-ghi. with tests made on cylinders 1 inches in 

FIGURE 1,. Uri±form 3uildirg Code, 1979 Ed.
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A Cross Index Matrix is appended to this paper (Appendix B)
which makes comzarisons between various code provisions and auth
orities. For the puirpose of simplification and clarification oflanguage, individual provisions have been simplified to key words 
and phrases that identify the intent of the specific provisions.

The areas of specific regulation are briken down into six main
 
headings, and varying requirements within each main heading are 
broken down into sub heads, and summarized in the Matrix. 

A. Structures
 
B. Specifications For Untreated Bricks
 
C. Specifications For Treated Bricks
 
D. Foundations
 
E. Mortar 
F. Plaster and Protective Coatings
 

Each of the six categories will be dealt with individually,
 
indicating current provisions, areas of greatest importance, and
 
points for discussion. in our determination of the value for each
 
provision, it will be necessary to recognize the basic limitations 
imposed by the materials and technolog-y, and to strive for ade
.uate minimums. Tlie key word is "adecuate" rather than "best." 
The use of adobe may well be an economic necessity, and if we bur
den its usa with =rovisions that might seem desireable for ho-ri
 

e e .. -&_aas
azz!icazis:n-,., a-... a= ouz p'-z G.e. an'; ._' a-:-".... 
.a ,e no ccdes, c- do no: enforce :hem, so our puzzose :.re may be 

_ b..;.. idelines' thanon : "g .. rather ;eaulations. 

A. Str'ctures 

.ui2.ding i-eiTht is limited by most codes to a ma::i-mu, of on3 
or t-c stories. This .-ould seem an arbitrarv provision, reflect
ing -er:.a~s a susz=icicn f: the sound:,ess o eartn materia s. 

.ui.dIs 4 t.e %lidd-_i Easz of 5C-20 ft. in height are co.-mon. 

Wall ioht-Tchness Ratios are s-ec f ed in zone codes. 
Most restrict the unsupmorted nIeighr= of a wall to a .-,a;:.m.um o: 
ten times tic.hness. measurements arc avail-able forhe No 
M!iddle East struct-urcs, but lower walls for "-:-4-r structures 
are subszan:-, aI'" 

qa: Lenth .;it>-c_ Cross 5u--no-_ l5 an ... o..... consder
ation, -:ar-cularlv wn.-n :rihccns:erecd'"-/--i.ess wall 
rat.-.o o. esm Cc., : . .ca-ton or t.-ese are rn-::can-t. 

_____________t to brick slze, " .l :i-- , and 
ch:er -ac:crs azce. .- re ik- ;: walls are commcn, ".:-re srics 
ar.o. r mcr e :..m . a-,21, o idin= ood 
mazonr'y :ractlce .cul-. : z tlerhwalls. 

'1-c" .'n >') z "iied a o- 4" (lcm,... (r', ", "s ~ec as m.inim-. 

_
-rwiz:ng,-

Eas a-- .. . .. . ... ize zoil. - - e a, 
i on- cc.s,_ " -. seems to be th :-ancarz :n the 

-~ea, 
s-dn,:. as- r z - - .w1( '- e=:zcnu (one hal-f bri4)9 
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Tie Beams are a basic part of good masonry practice. Codes
 
vary in requirements for adobe walls, but most allow either wood
 or concrete, functioning doubly as a plate to support roof and
 
floor structures, and as a "collar beam" to prever.t wall separ
ation at the corners. Another consideration not dealt with by

most codes is the attachment of the tie beam to the ton of the 
wall. Some determination of uplift wind forces acting on the
 
roof structure and seismic forces needs be made. 
 Some authorities 
accept the weight of the roof structure, tie beam, and parapet
wall above the tie beam as sufficient anchorage. 

Attachment of Roof Structures must be considered, possibly
 
in conjunction with the tie beam.
 

Lintels are a necessary part of any masonry ,all, and often
 
the flat-arch effect is ignored in determining lintel strength
 
requirements.
 

Attachment of Abutting Frame W';alls rec-uirements vary from 
"adecuate" attachment to deta led directions sOec izvIng bolt size 
and spacing.
 

Piers and Col,,-s of adobe brick are generall> reauired to 
have minimum dimensions, refecting multiple brick construction. 

Para'cet or .ire Walls are common in some arch tn .c-ral
styles
and not In o:ers. If these are of masonry, they can act signif
icantly to add weight anchorace for roof structurec. 

Earthuake Rez-aations are not ceneral.- deklneated s-eci
-callfor adobe conszruc::on, but in general structural rec-uire-

Ments, will vary Hazard Zone d_4esi-na on..-
The State of Calif :rnia, for e::a'ple (Zone 4) enforces reinforce
ment re ents, "hle The State of -4ew *l4exico (Zone 1-2) makes 
no re,-uiro-ent..
 

3. Sz.ecif .atd
4 iations fcr Untr Bricks
 

bric ,rL1 

ve raacr eler..en:3: Gra.el, Ccarse Sand, 


7The sc 1 used for both " and morta-r e made up of 
..ne Sand, 3 .It, and 

Cia, T-"se -i-- be comnared :o concrete wth te Gravel and 
Coarse Sand recr oerti-n t-he aqqr e-ate , F_,re 3ad and S"it 
:-nreson sant, an. t.;.e Clay reet.n zn, Comer A major 

r.-c e nd and 7 C.. e, ado:e concrtZceSthat "wore c'nc-eco r, :a rt a- " "m Ia..c- roe
1-..a ,,I. c-C . Z_ en t ac ee:ca rC :7, aO . t.'_ .:u 
aoci'_ :2 a', their z ec .:oh-''-C% .. t ."z. :::a.:-'r ',u'-,1b- ..: C;r:,r:,,u 

C.e 7; . - C>0'r . I. , _ _. 0 : . .cl, ; -

th. r-§S::zc- m.LT.1~t t<m '? ;:Lto to a:.,u a' 
' .I- ..- . , . *ji" ,T O . . t; ,-"' .. < 1 C 

. . .,.. - ' -'. .... ,2..... .. -~:n <-;2 £ .% '. . c2re ,3~3( 



ing to control the particle size will add greatly to the cost of
 
the bricks, and reduce the economic effectiveness of this material.
 
A balance between auantities and proportions of gravel, sand and
 
clay obviously must be considered, and tolerable limits, however
 
wide, must be determined.
 

Clay Types are not generally noted in codes, and might seem
 
to be a matter for concern, because some types are highly expan
sive when moistened, as in the case o= Montmorillinite, or rela-.
 
tively inert as in Kaolinite clays. Determination of clay types,

by X-Ray diffraction, is a coztly procedure, and may not be nec
ess:rv. .he testing of a number of samples 	from obviously succ
e-sful adobe buildings of considerable age was done by the
 
National Par- Service Soils Laboratory in Tucson, AZ. Table "A" 
±ndicates the wide range limits found.
 

Brick Size will vary with locality, local custom, and the 
materials available to the builder, and are 	seldom specified in 
codes. A common size for the mid Rio Grande valley is l0"x4"x14"
 
(25 x 10 x 35 cm). Any size might :e possible, determined by the 
curing time (thickness) and handling weight 	for efficient con
struction. Older bricks tended to be somewhat larger and current
 
sizes in the fiddle East and :iorth Africa aru some.ihat smaller. 

Compressive and T-sil :r4-.. ----- 

codes. Of major imnortanc-_ wculd be the compressive s-renZth to
 
suprort loads imposed by the wall and roof structu'r-e w h--Zs. 
Tensile strengh (modulus of rupture) would 	 renresent toughness
 

.
of the bric.s rec-uired for handling and stac in. Yost codes 3
 
recuire a compreszive strength of 300 nsi, but historic exancles 3
 
have been tested as low as 109.5 msi. Simple calculations w!l 
show that in most .nstances, actua. com-ressi--v'loadings are less 
than 10 nsi. It miaht anmear that compressivye s-crh reauire
merts are excessive. Reorisentat-7e testing of New ex-c adobe
 
briclks is given in Table B.
 

C rinC Time rec-uirements w±l vary .with climatic cond-.Zions. 
Some codes adcze_ss this with minimu.m time re-uirementz or cure
ing, bt bricks that are not cured cannot be and-led or stacked, 
so this crovision may not be re-- ired. 

7ater ~i":n s"o- 2rljm addressed bcoereouirements, 
but can be sWnihcan- ater " a h la= content (:_n so
ut4cn) may re-cr'stalize during drying, caus-Z structural 
damage to the bricks. 

C. S-c1fiatin. for Treatod
 

In addit on to the tes ng cut!i ned for .n reated brks,au/aliflcationza-1 -,or for- -'"desi at -,c nf "rat '_-	f"-," *--,:.-' s3 incld de- -- t..e dsignation.. " .. ...... C i 

t:_..anmc ztur a c rtior. and r,-:,antce zc eroson. 
Al i t-cu7-h* oe codes do not sec'z'y to: 

"
 -mcst successu. In terms o :r= ict-ali , and cost considerat: s 
would seem to so, asphailt emulsics. Theamo"nt of sabclizer 
rau_,r-e to meez :tea ed" standards -iil vary ";Th :the basc 
so" r-':a! "-es, c .. ...e test s tan.dar.s ns s-.,:-3 



TABLE A-I.
 

Soil Material Composition

Adobes-Mortar-Mud Plaster
 
Average Percent of Total Sample
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TABLE A-2.
 

Soil Material Comnosition
 
Adobes -Mortar -L'ud Plaster
 
High/Low percent of Total Sample
 

T 0 I --' I .. . . _ 1--
"-- 7 e 3 Io 1-7_ 
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11 41. Z. -1 , It 
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TABLE A-3. 

Soil Material Composjtion
 
Adobes-Mortar-Mud Plaster
 
Types of Clay Found 
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2. Smail ?zcunt 
1. Trace 
0. Looked .or, none found
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AN111 IItiLINS '* 

HLi4 HCXIL, EdrtI 
Al,ijv-lj, NLWf MC:.ICO 

, l o EI nLv, 	 p rises , Inc. 

,*,e t' cohicz 

i otO-til Id fanlt

lk;LIluS 
SJ,, Jl..11 	 t'iblo, N.14. 

Ilt: AJLl t 	 PitC1 
Al.!...LrJJ, II:Ww
Mexico 


11,,_ AJ. I e 	 F ,-. 
i! j;1 I '* N ~ fex co 

SItj f, CtNO HexIco 

AILu1 i.crgut 

N-e i 


Luri a L5 , icw Hexico 


1az re. hcw Hexilco 

Rio Abajo AJube Works 


Belcl,. hew Mexico 


Slli lY OF P'IIYSIAI PI1 OU'11Y ILS15 O4 lIE IARf.[ SCAIE ADOiJE PRODUCERS" 

1Y Ii AIW)[ SIUL AVERAGI ADOBE CM4Ii'_SSIVE HODUIIUS OF WATER ABSORPTION CONIENTW~i(Mr I LOS. (eenb wht(Percent.SW~t PIIPURE~psI11 1. (ft Inches) WLGIIII IS.SH If,1cnlIilli 

I r.id lt Ij I I xIx 14 30 4[l 
 66 11.6 0.9
Scil-StallIlzed INx404 30 "
 
Stabilized I0,4xlO 32.4 09
499 	 1.3 0.5
 

scmi,-stabi I I zed
 

Stili I i.'vd i(Ix4x14 30
 

StI,|-Stabi lized I0x4x14 30,3 	 99
317 	 4.3 0.9
Stabtllzud 10x4x14 31.6 382 71 5.0. 1.0
 

Stabilized lOx4x14 33.8 578 157 2.2 	 0.6
 

Seri-Stabilized 1Ox3)x]4 13 	 82
322 	 2.1 1.1 

Traditional l0x3'jx14 30 438 46 N/A 	 /A
 

Scml-Stabllized 1Ox4x14 32 	 96
456 .	 "/A 1.0 

IradlI tIoal Ox33/4x14 30 320 42 
 N/A 	 NIA
 

Traditional lOx4xl4 30 311 55 
 N/A 	 N/A 
scln-Stabilized l0x4xIt 30
 
Stabilized 10x4x14 27 4116 101 0.76
1.6 

'- Spectflcatloj,ejLuirUjVctst for U.B.C. and New Mexico State Adobe Code: 

C_(Auies~sive Sr.,etlh: average of 5 bricks- 300 p.s.i. minimum1 out of 5 bricks- 250 p.s.l. minimum 
Modulus of r,,pture: average of 5 bricks- 50 p.s.i. winimum 
7-Dayitter Alsorption: 2.5% maxlum by weight.
0'lstu-e Cootc,_: 4.fit ,iaxiM;ur by weight 

''Note: Test Results are (ro. lmited sa-ptlrg of adobe bricks from each adobe yard and 
way niot be representative of the total annual production averages. The N.H.Idube code 
reuondIs testiina of saq)les se!ected at random from each 25,000 bricks produced. 



D. Foundations
 

Basement and Foundation Walls are generally prohibited by

code. M4oisture inl ratoninto mud brick walls robs 
 them o'
 
their compressive strength when unsupported on the s_ des, and can
 
cause collapse. Below grade wails should be impmervious to moist
ure.
 

Foundation Wall Heirht and Thickness generally 
are required

to be the same thickness as the wall supported, and are to ex
tend 6" - 8" above exterior finished grade, Capillary action,
 

-
rain splash, and salt re-crysta ization cause extensive damage at
 
the base or adobe walls.
 

Footinas for adobe walls are usually given the 
sane design

considerations as any other type of wall construction. iFst-toric
 
structures would seem to have inconsi.-tent patterns, often using

adobe bricl-s or stone. Cu.rent codes recuir _ steel 
reinforced
 
concrete, consistent with conventional building details, but tak
ing note c: pcssible increased weight of the wall. It may be sig
nificant that early foundations of stone were less rigid, and
 
could more readily absorb movements in the wall and supporting

ground without extens:ve wall damage.
 

E. ,..attar.5
 

SMortar is mo;t commonly made from the same soil sources
 
used for bricks, and subject to the same criteria, with one excep
t.on. .-.e 
 mu i x-vmust ze free of all *bu the smallest stones. 
The oresence oz sone.. in the mcrtar -,x w2ll :revent the ever
 
t.eddin,: of t'he b-Ick s as laid. Stones 
 of 1/1" or larger must 1e 
emolec screCn n , or remcve the atsas morta-od laid up.if	'- ' " ' is are2 uscd, -,- J 5sau desir b e !:--at the 

mort" azi we!l. Untreaed mud, z of righ rocc ed as 

,...
on:, :1 adhere' t:-m .,d b sur:-ace:;, 7a.:-ng a ca

enoui.; ma3. , r.. conver'- oa- b ... and morta.. .nrod .em- o:
' adh"e5 'On 5r.. .....0_' o ,str..ar:.cc ...r ,.... " - zedt su-fiices, perh~a~s
 
:rom an o ..... of te oLe: C(2
 

3 urfa-ez ". :eoe: ye a mortar bed sould be cr-. - -re-e of 
tn"az -- .... v' 1 ea, an n e zul'-,nd ,c --ar" :'"' ..... ..
7 7: V1 of, .. 	 .. .. t, 1 '0....... :crcx ..... c :~e t~c . .. on~....L..'c .... 
not; e
 

::I Z a oizb. CcM or7r;1C*-C, "I'o: 	 t:' .tC32~' 

,-n , -.,5 ": ',-...... ... ,: .... -. .-. ,co"an-:- C7 -r:.Ir "a;e c;0 	 as*~nt-,: :: a'fr.e!e ... . " : K; : ..e '* ,"a hcua / . o,. r :e r 
t o>. .-or %[ :n "::u a'':~ suu.i:. ]O;~:: ' ,n-" 	 4*. ud m rtr 

c,.; cc. ... .. . ...-,., ,-' 	 0 .. .,] ..
 

,[O i..n t-',
t :; . ..;- .... ti',:2", "n c: e c:ode,5 hret rmn.." adobe', wal 
t..-at are -r, T .t,,r.,- - " to bf .' - , .. .-
Wall : to, -e'! :5 -:o,Ion o " .. c . .. - o. t-a I-..':e 



coat. Joints in walls to be unnlastered need to be carefully 
filled and smoothed, with solid head joints. All codes specifyf 
i: mentioned, t.at bedding joints shall be full slush (solid) 
joints. 

F. Plastering
 

7x-osed Adobe Wa1als , even though unprotected, are resistant 

to rainfall. It has been measured 4 at approximately 1" per 20
 
years, in areas where rainfall is 10" to 20" per years. Exposed
 
brick walls or mud plaster are viable as an economic alternative,
 
where little possibility for flooding exist.
 

Cement Stucco is recuired by most codes. It is normally a-p
lied over galvanized stucco netting, attched to th, wall at spe

cific intervals. The cement stucco provides a waterproof coating
 
that limits- erosion of the mud surface. It also has the negative
 
ef::ect of concealing any moisture and erosion of the .;all -rom
 
leaking roofs and scuppers which allow wiater seepage into the wall
 
-nderneath the stucco. If these leaks go undetected, damage can
 

occur to the wall that can lead to structural collapse without
 
warning. In flood prone locations, cement stucco and interior
 
cement or gypsum plaster is a desirable treatment. Severe flood
ing and standing water will immediately destroy most unrotected
 
adobe.a. 1, while .iaterroo: _Iasteer will save the structure. 

%lud Plaster 4s a traditional treatment -hat fuctions well
 
except in areas prone to floodina mentioned above. It is not
 
allowed y most codes, which insist on cement stucco, or sta il
'zed "ric:s and mortar.
 

S aiI z aster is not mentioned in existing codes, but 
may offer a viab!e exterior wall finish. Problems with exis_ ng 

~ 
applications Scmet,-es occur in terms of lack of adhesion between 
subsecaent layers 
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Appendix A-i
 

WitifS"all mean hotel wi deearohii~o-ei 
Sec. 420. "To 
Sec. Is the abbreviatiorn fnrSection a- referred to In this code. 

TELEPHONES 
Sam 1713. Where publlc tlephones are provided, at least one shall be installed

3o thar the handsct, dial and coin recziver are within 48 Inches ot the floor. 
Unobstructed accass within 1Z Inchioa of the tulephone shall be provided. Such 
siccass snail be not lea3 than 30 inches In wvidth. 

AMENDMENT6: CHAPTER 24. MASONRY 

UNBURIED CLAY MASONRY 
Sec. 2405. (a) GcnsraL Masonry at uncurnca clay units shall not be used In 

any oulidlng more than (2) 3tcries in hoignt. The hei;ht of every aterally unsup.
ported wall of unourned c:ay units snail t:L; not mora than 10 times tio thikness 
of such walls. E.(tzrlor walls, which aro laterally suppcr dowitm those supports
located no more than 24 reet apart. aro ajla;vw a minimum tlinds3 at 10 lncflvs 
for sinCle stcry ard a mm',-ri tnick.nss ,1o14 inci'i for !Ile ottcm story at a 
two sto/;,,tith t .coreCI: al~ujI a minimum thcknes. of 10 lncno' fiucric 
Waing wuls a.ta airninimum tnkiuiosa ot 8 incrios. 

(b)Ccmpreisive Stranjth. The unitz, snail have an average ccm-
Plresive strength of 200pounrc pot 3quara inch when tested in accordance with
AST M -87. Cona ample out ot five may nave a ccmpre~s.ve strengm of not iess 
than 2M0 pounds per oquare incv. 

(c) Module of 1lupturv. The unit smail avgra5e 50 pounds per square 
Inch to modulu5 af rupture vinen t3st6 acoorcing to the tollowing procedure: 

PROCEDURES:
 
(1 	A cured unit snail bo laid over (cylindrical) suppori3 two inchf.3 (2'1 in 

diameter, located two Inches (21 from each end, and extending across 
the full width at trio und. 

(2 	 A cylinder tro incmes (21 in diat.eter snail bo laid midway between 
and parallel to the supports. 

(3) 	Lo'd snail be 3zp.ied to the ciiinceir at t" rato of 500 pounds oar minute 
until rapture Occurs. 

(4)The modulus of rupture is equal to 3WL 2 

213a 

W = Load ot rupturoq 
L Div antnco r,:;;een uppsdt1
B = Wictri ot Cricc 
d u Thicxness of bricx 

uscd shall c:ntain riot 
more than 45 ercent -.I -:torial passing a No. 2:0-macsn sieve. Te soil snail 
contain sulficient cliy to c-'I ,rify .-Cether 3nd shall .'lcccntain more 

(d) !:ot. The .o!.: 	 6ss than 25 D4rcent and not 

pariicil-
than 0.2 -t.:cznt ol Nater.-icc;o ialta.

Most clayey loams. exceot inci witln a nttt clay content, are suitaClo, bul t is 
not prac:lcaof to ma;xe a s,c ;eon on tinbasis of soil analysis only. Soil nh.ving 
a hlnt c-ily c:it.,nt 3nrsni< or ccac Ozcy owirin dr!,n,, and -any ols o nothave sutficzert inmzlnv. material to ;rcvjnt crurmntn;. ter af ttl5,N'e6 nods
 
should be used aione fcr trcc, cUt a erY 1,cd CLildinq material zan octaneaJ 
f 	lying tni two sc's !obyu ' mter in prct;or ,i'ns tral Ysil ovafcomfq ire i.ie'iraoie.

qualities of iach The tj&t Yay to doitearrmn tn.t itriess or a loll ,%to mill asmple trick and ;1low it to rure in trin open. .rctoctod from moisture. it mnould 
dry without serious warping or cracxing. 

18 
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Appendix A-2
 

(e)Clases ofAabe 
ADOBE TYPES: (1) Treated Adobes. The term "treated'" is defined to mean 

adobes made ot soil to which certain acmixtures are added In the manufacturing 
process In order to limit tho adobs'3 water absorption In order for It to comply
witlh paragrapht (h)below. Exterior walls constructed of treated adobe require no 
additional protection. Stuc-.o is not required. Irv order for th, wall to so comply, 
the mortar must be of "i7yps 5 of adobe soil treated with an additive to ma,-3 
the mortar comply with the same water absorptln requirement In pa.rgrap*l (hf)
below. 

(2) Untreated Adobes. Untread.!d adobes are zdol~es whlch do not meet tho 
water absorption specificatlons of paragr inh (h) telow. This chall f"old even If 
somewatcr a orotici crotection agent naz been added. Tho dotermlnatlion as tG 
\v=tetnOrus. diduba is trtited at untreated Is tu test fr compillanco v:it, p-ar-rr,
(h)below. Exnericr walls o untreated aact3 .io allowed but must comply wi-Mr 
paragraphs (o) re-uirlng Pcrtland cement plaster applied to ti out::a3. U!3 of 
untreated adoas Is prohitited within 4 Inches a.ovo tho finished floor gr-ad.
Treated adobst; may to used for the first 4 Inches abovo finished floor jgrada.
Mortar must te Type 5 (or masonry mortar) or aCob, soil (eihor treated or 
untreated. 

(f) Sampling. Eich of the tests prescribed In this Section shall be 
applied to fle? sample units selected at random from cecn 25,000 tricks a tor used. 

(g)Moisture Content. The moisture content of the unit snail be not 
more than four percent oy weight. 

(h) AbsorptIon. Adried four-incn (41 cube cut from a sample unit 
shall at3sortl not more than two and one-nail percent moisture by waIght when 
placed upon a constantly water saturated porous surface for seven (#)days. 

(0) ShrinkageCracks. No units shall contain more than three 
shrlnkage cracks, and no shrinkage crack snall exceed throe inches (3-1 In length
orone-eig1ttl inch (/")Inwidth. 

Use. No adot, shall to laid Inthe wall for at least three (3)weeks 
after making, dependent on weather conditlons. 

(k) Foundations. Adobes shall not be used for fouhdation or base
ment walls. All adcbe walls, except as noted undcr Group MfBuildings, snail 
have continuous concrete tooting at reast eight incnes i3" thick and not less 
than two inches (2'1 wider on each side than the foundation wall. aoove. All 
foundation walls which suppcrt adobe unitsanail extend to an elevation not le:-s 
than six lachez il") atovu :" finsn grado...

Foundation wall3 snail no at !east a. thnic as. the exterior wall as specifled In 
Section 2405 (1). Where stem wail Insulation ia used, a variance is a1lowed for the 
stem wail width to be two inches (2-) smellet than the width of ta adone wall 
it supporti. 

(I) F trfor Walls. All walls of adobe (treated or untreated) snail 
not have thicknesses less than that allowed In paragrape (a) acovio. Morlar 
snail be In accordance with pararrac (el) and (e2 abcve depanding on the class 
of adobe being used. All adobo orick snall be laid uo witth lull slun ibed) jointrs.

and shall te bonded (overfac eJ) not 'oass Inan A Incras. Wails of treate-
adobe whicrt do not raqi ire a protc-1-ii outer coating mUt 315O CO laid ua witi 
lull head (end) joints3. All exterior adotbe ai3 rnail o topced wvith a continuous 
bqlt course or tIle tem (except patio ,aIl :es3 than 6" hign abr'o temj. At the 
timeot laying. all units !nail be clean and damo at tlenurfaco. 

(m)Concrete Tie Beam. 3hall ie minimum .iZr, lIx incres (8"1 by 
width of wall uo to a ten inch (10") witm. Fora',aIl thiCXer than ten inches. a ten 
Incrl (10) lie beam will suffice. All concrete tit team3 ihall Do re.inforced with 
stminimum of two No.4 reinforcing ro<s nacl floor and ceilin, plate line. 

19 
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Appendix A-3
 

(n)Wood Llntels or Ti Sems Shall be minimum size six inches
 
(M"by wall widtn up to a ten Inch (10'1 wdth. For walls thlcker than tan inches,
a ti beam of ten Inc) 110") thickness shall suffIce. 'the wooen tie Cearn shallbecvaulapped, soliceJ at,rle:st six inches (6'" at all joints. All JointS shall have
awaIt baerlrg of at least twelve inches (1a"). Wood tie beams may be solid in the
Six Inch (8") dlr.:n:ion of may Ct lCss tMan 
one inch (1"). Wood jolr is, vigas or 
beams shall bo ,';-d to the wood ti' bo:-m with tare na,;s or larc;a scraw3. Alllintels, wood or concrc:o, Inexciss ot nine feat (9') small nave specific approval of

the tuIldin official.
 

(o)F::.- '. All untr-ai.!-d adcte shall have all exterior "walr
 
PfbZd-ci'rrthautscWj w.i) P(rtl.nc C"nreni plaider. minimumn ticxnes3 
%'
provle--/ cucn c:z:n' , ;,aI-nt to Pofrtid oa ouitt."'_* :,".:"::.-:m:: :::::i: I.::

nt ;La,-.r in mr.::'h',Uz: ct z:rc.,Gn ou, 'a .x r. Midr'I
 
wire nLsni mlntmurr;i y, 1rT(l''i in; snail o 3ecurely attacnea
 
to tA cxt::,. ::j Y.vl ::-
 n fi:rcr staples wcm minimum penetraticn
ol-cn3 and o','alr lfc.ei (V"liT S V r..',fasto1rf3 %P-1l Mave a maximum
j;:::rgof s3i.ten [l'c"es JIG-) from e,"cr cttr. All ein 
 wcC'o-urfuos inaC.,O waill *flal M' treate wvviri en acprovoa wood triore~el"'O-ii,tO
 

Cotmn3 Cu wall s-ctlon ct :a:i !',an 23" x tQ". A minimurm t.,-tive inc.? (2", IlSec:::-.' will Ie ermitleo : , ccinins prcv , -d a Contincus hintl of
Conct,&i or Ii'7..ae( Co irutailed spannin ZoM o en'in3 aqrj wail 'action. 

EXCEPTION: 

(p)F75i3id'Rcof&s.!crsaic rofs may ta czn,nctec ot *00ethe sizes and !:ans :o : ] in a:=crcanco vitn Cia:ter 2 . 
(c) Flcc: Area. Allowa~t n flOor area Iti:al nct Xceo,(fTt

underOcucn r, 'rtIli.n.....A,, l to .inc-,ve t,'10 ,yrej j3I. ... 
given in Tale No. 5-C,Typa Vconstruction, C.,zumn NJ. 

(r) Wcod Parliltcnj. Pariticns of wcc: siill .( ccnttruc:ed as
spocfled In Chapter 25, oocd pnrtihncns snall t n3ileo !o natin; .iccXi iaid ;pIn the adobe wall cr ocitcd tnrou;n tmh3 a rce wail rr nerrit ",f:ro parftt:,rn
with '/a'bclts ' 24" on center wimn lar ,,wainser3 or iate . 

(s) Stop w'orl. Tha) 2uitdinj Official 5nail na'vo nro oow-ir to st00work whenever accs nave not been tnOrcu;,ly cured .and sralal ; pior ao,

rovaJfto hie uo of any hardeneirs, taiizer orsother %ocaledpVe,.ervatne&. 
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ANALYSIS A ID COMPA1RqT-ZOU CF BUILDIG CODES 

FOR UNBURN2ED CLAY .... (A"O BE) 

CODE MAT-. 

In order to make a mrore useful comparison, the building
 

codes governing adobe construction have 2een :;yncpsized 

to managable nhraren c-- short descritti4o n. t ate, 

County and ccn.-..u . at ci .... in a .. atrix 

code, so that cc ar:n:. ma' "-¢rr t. ; 1v :ade 

*As t.c 5tr.ctr - o-o, -* " Lu ; -cd,,n are cc ... ex 

and . ... ornat:, the matrix code is broken 

down into s:x Vcrts: 

A. Zrr 'lr, : 

B. Th.c... ca:n for. bricks, general 

D. Four*:cn... V.r ,tur. az 

F. Plas:tering of adobe structures 

Certain portions of each cde are s4.m1ar, ind perhaps 3omo 

sub-categcr'-c : mht e unntccesary, but an efort- was nadn 

"to :ra k eL, . . itiotm-ndn- ,- ' h, . e ..e <, t - . 

matrlx c d:d ' ' zf : n , n 

refer to r ccdc a or.- a -4 .-1taren - a

tatl-or, +tt i" su:;jes ed " . .. ' - c r .'c n ~ ' 

o.
"ICudi- ccrit or -.-. l Ztite, C.:, 

carofu'l~ly . " c Q ' - .I 

1n
e.a.]_ed += +~c . "' C . + +: :d '+'+, . 



CODE MATRIX DEFINITIONS 	 Appendix B-2.
 

A. STRUCTURES
 

A. 1. .. not to be used for more than 2 stories.
 

1.a....not to be used more than one story.
 

2. 	 ...wall height not more than 10 times wall thickness
 
(laterally unsupported)
 

2.a....wall height or lencth not more than 10 times wall thick.
 

3. 	 ...exterior walls not more than 24 ft long

(without cross wall)
 

3.a....when supported at ceiling line by joists or rafters.
 
(wall length of 24 ft. is allowed)
 

4. ...minimum wall thickness 10 in. for single or upper story.
 

4.a....minimum exterior wall thickness not less than 10 in.
 

4.b...,.bearinq wall not less than 16 
in. thick.
 

5. ...minimum wall thickness 14 in.(lower wall of 2 story)
 

6. ...minimum wall thickness- in. for intericr bearing walls.
 

7. ...not used
 

a. ...not used 

9. ...brick bonding not less than 4 in.
 

9.a....brick bonding provided per Sec. 2104.7 or 2104.8
 

9.b ....brick bonding as specified for hollow units
 
(Sec. 2411 = 4")
 

9.c....brick bonding to be 'running bond", 50,'. lap. 

10. 	 ...tie beams required for all xtecr walls more
 
than 6 ft. high.
 

10.a .... Bond beams provide support and anchorace for roof
 
structure. if of adobe, use continuuo rows of
 
joint re-inforcement between "recuired" number 
of courses to resist uplift forces.
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Appendix B-3
A. STRUCTURES (cont.) 


A. 10.b ....all adobe walls to contain continuous tie beam
 
at point of bearing.
 

11. 	 ...tie beam of concrete 6 in. x wall thickness(to 10 in.)
 
with 2 each #4 rebar at plate line.
 

12. 	 ...tie beam of wood 6 in x wall thickness (to 10 in.)
 
solid or spliced, 1 in. laminations, minimum
 
over-lap 6 in.
 

12.a....protect all wood tie beams with preservative.
 

12.b....joists, vigas or beams spike or screw to tie beam.
 

13. ...lintel wall bearing not less than 12 in.
 

13.a....all lintels of wood or concrete over 9 ft. long
 
require specific approval.
 

13.b. .. lintels to be of reinforced concrete, masonry or steel,
 
an adobe overhang of not more than 2 in. each side
 
is permitted.
 

13.c....all lintels to be designed in accordance with city code.
 

14. 	 ... wood partitions to be attached to adobe walls with 
nailing blocks laid up with the wall, or through 
bolts, 1/2" D., 24 in. o.c. with large washers or plates 

14.a ....ledgers and partitions bolt through wall with plate 
washers 1/9 in. x 4 in. x 4 in., Table 24-C for 
shear values. 

14.b....Interior stud partitions to be adequately secured.
 

14.c....Bolt values not to exceed Table 24-C
 

15. 	 ...inspector has power to stop wort: i bricks not cured
 
and shall have power to approv! stabilizers or
 
so called preservatives.
 

16. ...not used
 

17. ...units must be stabilized with emulsified asphalt
 

18. 	 ...adobe not to be used for piers or columns in
 
bearing capacity le3s than 24 in.
 

18.a....no isolatd sern or columns lss -_han 23 in. x 10 in. 
or a mrin i:um of 12 _n. is promitted lE!intel cve
is continuous. 

19. ...all adobe paranezt .alls shall be waterzroofed.
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Appendix B-4
 
A. STRUCTURES
 

A. 20. ...masonry wall shall comply with empirical requirements 
designed in conformance with approved requirements
 
of Sec. 2106.
 

A. 	 21. ...top wall plates and anchor bolts designed to resist 
uplift forces, minimum I/2"D-x 20" imbedment, 
with 1/8" x 4" x 6" plates in adobe, 2"D washers 
on wood plates. 

A. 22. ...fireplaces and chimneys of adobe shall be lined
 
with firebrick not less than 4" thick.
 

A. 23. ...Floors and roofs of wood permitted, sizes and
 
spans in accordance with Chap. 25
 

A. 	24. ...allowaable floor area not to exceed ocuna ' ;t 11, 
adobe allcwed same area in Table 5-C, Type IV, Col.., 

A. 25. ... Do not lay more than 10 courses per day
with mud mortar.
 

A. 26. ...Zvery structure designed to resist seismic stresses
 
(UBC Section 2312. (Earthcrjak.e Regulations)
 

B. SPECIFICATIONS FOR BRICKS
 

B. 1. ...compressive strength average 300 PSI (ASTM C-67)
 

B. l.a....unit stresses not to exceed Table 24-B (30 PSI)
 

B. 2. ...one sample of 5 may have minimum 250 PSI 

B. 2.a....one sample of 5 may have minimum 200 PSI
 

B. Z.b....five samples per 25,o00
 

B. 2.c....five simmles per 5,000
 

50 PSI (3WL/2Bd 2 
-. 3. ... Modulus of rupture averaqe 

B. 	4. ...soil not less than 25' or more than 45' -ass 
through a #200 men sci'eeri. 

B, 4.a....soil to pa: thrcugh a 1/4" zcreeen (1000'J) 
free frcm delet.:icus matter. 
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B. SPECIFTCATIOITS FOR BRICKS (cont.)
 

B. 5- ...soil to have sufficient clay to bind
 

B. 5.a...suitable mixture of soil, clay and stabilizing agent 

B. 6. ...soil to contain not more than .20% water soluble,-salts.
 

B. 6.a....soil to contain not more than .10% water soluble salts
 

B. 	7. ...most clayey loams suitable, not practical to make
 
soil tests only.
 

B. 8. ...high clay or unsufficient clay soils may be mixed.
 

B. 	 9. ...make test bricks, to dry without serious warping 
or cracking. 

B. 10. ...moisture content maximum 4% by weight
 

B. 11. ... not more than 3 shrinkage cracks 1/2" x 3" 

B. 12. ...Minimum curing time 3 weeks
 

B. 12.a....sun baked 1 week, stack 2 weeks before use, or longer
 

B. 13. ...use potable water
 

B. 14 ...protect from moisture 

B. 15. ... all uits clean and daip for laying 

C. SPECIFICATIOMTS FOR TREATED BRICKS
 

C. 1. ... certain adzmixtures to limit water absorption
 

C. 	2 ... certain admixtu:res or emulsified asphalt -o limit 
water absorttionr o comply ,,ih Sec 2405.(c) 

C.-3. 	 ...emulsified ashalt mixed to provide reauited 
resistance to moisture. 

C. 4. ... a dried 4" cube, cut from brick, shall not absorb 
more than 2-1/2 moisture 1. weight when placed 
on a conztantly water-saturazed porous zurface 
for 7 days. 

C. 4.a....if 	sample a-bsorbs more -an 2-12j°% arc to be
 

clasified ", .... i i ed" 

C. 5. ... soil must be -.- ''at -- wl:h stab:.1zing mat=:.al 
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Appendix B-6 
FOR ADOBE STRUCTURESFOUMNDATICITS 

1. ...adobes not to be used for foundations or basement 

wallsexcept Group M buildings (garages, outbuildings,etc
 

l.a....adobes not to be used for foundation or basement walls.
 

2. 	 ...continuous concrete footing 8 in. thick x wall thickness
 
plus 2 in. on each side.
 

Z.a....continuous 	footing, width and depth governed by
 
allowable soil bearing pressures and concrete strength.
 

3. ...foundation wall to extend 6 in. above finish grade. 

3.a....foundation wall to ex-tend 8 in. above adjacent ground. 

4. ...foundation wall to be as thick as wall above, except
 
may be reduced by 2 in. for perimiter insulation.
 

4.a...foundation wall to 
be as thick as wall above.
 

5. . "treated" adobes to be used fOr 4 in. above fiish floor. 

5.a .... 	 no "raw" adobes used within 4 in. of finish floor. 

MORTARS FCR ADC BRICKS
 

1. 	 ...for treated bricks, type S or treated mortar,
 
with full slush bedding and head joints.
 

l.a....treated exterior walls without plaster are to
 
have full head joints. 

2. 	 V..for untreated bricks use ty':e S or untreated mortar 
with full slush bedding ]oints. 

3. ...	 all joints solid w-.t!h orta. 

4. 	 ... mud mortar to se t-e same as units, type M or S 
and acheive bond. 

5. ...	 mortar -:- 0 or adobe soil mortar, treated or untreated, 

mortar6. 	 m.. tv=e 'N or zeated adobe sei mortar 

7. ...	 mortar in accordance w tn adobe Tvme. 

8. ...	 all ;o.nt. w.: - ..... c:- i 

9. ...	 fill all -oins:z zoli*-- tye.a S oz ! mc 
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Aczendix B-7
 

F. PLASTER! 1G FOR ADOBE STRUCTURES
 

F. 	 1. ...untreated brick exterior walls must be protected
 

with Portland Cement plaster
 

F. 2. ...add to the above...3/4" thick...
 

F. 	 3. ...other treatment allowed if equivalent to Portland
 
cement plaster
 

F. 	 4. .. stucco net recuired 20 -a. x I" fastened 16" o.c. 
with 1-1/2" penetraticn 0: fasteners 

P. 5. ... if wall 14" thick, mud plaster allowed 

F. 6. ...use stucco net or. ..ood surfaces to be plastered
 

F. 7. .. treat exnposed wood i.nder stucco net with preservative 

F. 8. ... patio/yard walls do not require cement stucco 

F. 	 9. ... untreated adobe extericr wall =cr-itted w-:.c..t 
plaster if: Cornice cap d_-aai~ to roo: 

Canales lone enouch to *.ce water o== wa__ 
il.....rc r concrete "with 

lip to prevent dr-: on walls. 

F. 	 10. ... treated bricks for exterior walls with Tvze S or 
treated mortar do not require plaster =rotecticn. 

447
 



COI)L flATIX Appendix B3-0 

UNE~ MC-FX'C-O ("VtC) (\lIZOW1k wuc) -TEEXAS (-) CALjFDl!ZNIA(uK) 

'SCODF-P-
__4, 

ik 'CO[1L Ll[3cz 
1~~iA~4..jL, iL 

Ql~JIFe- 10---C 
Map' 

CODF EL ft5 
-0~ 

CODE 
ttuec-*7 

afP).4MELF 
(M-00) 

ik 

(i 

A 

-- M 

-. 

I 

_ _l 

~~~~~C_ '{rA_
_ _ __ : _ _ __ _ _ _ __1D. 

zo_ 

_ 

-

_ _ _ _ 

_ _ _ 

4- 1'L'~ 
p 

____ '-,c- ~ 1 117 117 1 __ __ _ - tj 

,A.J..',I - ~ Q~i .. ___ __ ____ ___ 

hLU~ 

6-;l.

- t-*) 0A-t 

0-
__ __ 

- ___-

4 

_ __ _- 11~~. 
- ) j. t;. __ 

0_ _ _ _ _It_ _ __ _ _ _ _ _ _ _ 



CODE fNATI~lX Appendix B3-9 

At' 
LjIA 

l 

LY 

L__ t_ A._ 

NEW MxvAco ()tiov 

ci r ()6iALcF LLI< 4T-Y oit 

CCDLIA%0UI . 1 111VjlV 

_____M5 ____ 

iiii,:t~ 

__ 

__~~~~I _ 

~)-AA~,4t~L,,, A,.~, 

cik2LJ1I ciryA~or-QIl

____-____ 

411 

o~oo)MOP.) 

_ _ _ 

+ 
-It 

_ _ 

~ 

_ 

TEXA5') 
"O I- i CI IFo 

CD t~ ____ 

C&L1FOUIAjJ~wo 
05TV-TP. CITY CC 

CODE_ _ 

II C 

- 11) 1&,, 

- _ 

4 

__t_ 

______ -_-. ?)1. 
~, 

fI2-

7-__ 

__~~~ _ _ - - - ~ - t__ 16__ _ _ _ 



E:-) NOTES
 

1. 	CLOUGH, RICHARD H. "A Qualitative Comnarison of Rammed
 
Earth and Sun Dried Brick"
 
UNM Publications in Engineering #4
 
UNM Press, Albuquerque, NM 1950
 

2. SCHWALEN, HAROLD C. 	 "Effect of Soil Texture Umon the 
Physical Characteristics of Adobe Brick"
 
Universitv of Arizona Agricultural


Experiment Station Technical Bulle
tin 758 1935, mace 205.
 

3. 	LONG, J. D. "Adobe Construction"
 
University of California, Agricultural
 

Z:periment Station uleti'n -472
 
1946
 

4. K1(BLZR, GEORGE 	 "The ReJi' A-ci 
cure of New

Mexi cco 
Coyright 1940, Taylor N!useu.m, Colorado 

Spring, CO. Schcol of Aerican 
Research. 

UIM Press, A.H1 4th Print
ing 1972 

450
 



ADOBE, ITS PERMITTED USES
 
AND
 

RESEARCH NEEDS 

John F. Meehan, Research Director/Principal Structural Engineer
 
Structural Safety Section, Office of the State Architect
 

State of California
 

ABSTRACT 	Abstract:The uses of adobe or unburned clay units as 
allowed by several California building codes are 
described. Suv,,,estions are made for research needs 
for the acceptance of adobe are also provided. 

451
 



As suggested by the committee for this workshop, this author was
 
requested to present his views on the following three issues:
 

1. California Use of Adobe
 
2. Codes and Specifications
 
3. Research Needs and Gaps
 

In order to place these viewpoints in proper perspective, it should
 
be pointed out that this author has, for many years, been enforcing 
the California statutes concerning public school buildings and hos
pital construction for seismic safety. To explain this a bit further 
a brief description of our process will be described. 

The Education Code Section 391,10 through 39156, (1) requires that 
public school bt iildin,,s be designed and construction " ... for the 
protection of life and property." l,:hereas the Health and Safety
Code Section 15000 through 15023 (2) requires that hospitals " 

must be completely functional to provide all necessary' services to 
the public following, a disaster ... This clearlv points (ut the 
hiher level of performance or damage control required by che legis
la tio tor hospitals. Both occupanies require the design to be 
prepared byv architects or structural engineers . In the case of hos
pitals it repl irsC. the strictrra l de. ,ign by a structural engineer, 
In both ca..c ; eolo,ic inves-ti ,tions are reqtired and the drawing.s 
and spec i ic t ions are reviewed by the tructural Safetv Section in 
te Office c, the State Architect for conformance with the adopted 
ree,1i it ions. Continuous construction i'l:;pection is required and the 
architect, en ,i neer , inspector and contractor must provide reports 
verifvin, under oath, that the constrlction conforms to the approved 
construct in documents. F:alse reports on chinols carry a felony 
penalty and hospitatls carry a misdemeanor penalty,. 

Ca 1i forn ia l;e of, Adobe 

The use of unbI relld cliav priodtucts i,; not permitted for structural 
use in hospi tal1 and plbl i c "c ,ool coll t rlell ion. Hlowever, it has 
been used occi:; innall. oil school:; as- \'ciier 1ot' architectural reasons. 
Thi is; not to sov 11a :Idobe_ will I w:'; be ulnaccepted mor struct
iral p tl )clO~C- !i (1ii1f1 ia ,School -Illd l1101i t,11 cfnl-truct-ion. It 
h~asq alwa b,,.. th,. it itilde of- the ttrlct rtral ':t t\" Sect ion that 
if it C:II)( -. 1,(20mr I r tv ,1 1,. _ i no ;iFl" dIli(i 1 r ha t a new
1)ro d 11 c t .: I l I '), i i,'- TI (. ,:I v) ' ! '(.uIl o tFtIF "111 1 1) (" IFo I'I'l l 1 c ( ;' t h a t 

0o -, I t' i IC. vl' 111l t :; C I Ih It I LI II'' pl odu c I ,a I 1 1c , t a I I tfFe 
ad tpt pI(-rfI v!1 l1.' criteria, bI n2I p1) d ICt Coi! 1 ld ,. l accCTta

1heu21 o ad o t i ; cep taL 1c i1 o(ther- iI (I lI I Iil . hb 1 I 
If I tl 1, ,(1 c ibc l belo'; however, it crrentl\ is ii i ted to one

story dl 1 in,, o ill .;ome locat io '-;i I Tna y b ; CCcl)t :1 l i o0 e 
i 52 
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Codes and Specifications
 

Title 24, California Administrative Code (CAG)
 

This is the code used for hospital and public school construction
 
and as indicated above, these codes do not permit the use of adobe.
 
However, other codes do permit the use of adobe or unburned clay
 
units which is the term used in the codes. fhe reason the Structural 
Safety Section has found that this material is not acceptable for 
California public schools and hospitals is because of its low strengths 
and poor performance during earthquakos. Part of the problem also 
relates to the variability of iLs physical properties. One of the 
keys to the acceptance of material is its dependability of properties. 
Materials having, a wide range of properties must be classified or 
grouped into defined limits. In order to accompl ish this, the controls 
such as those developed in the Standards of the American Society for 
Testing, and Materials and the controls Cor Job testing and inspections 
must be clearly established. These strongly relate to the construc
tion technologies and the practice or ability of the trades. 

This can be summed up into the statement that "Allcwable code values 
will result wi th dependable performance".\ general policy in the 
Structural Safetv Section is:
 

"Let the industry teil us what they will produce and provide 
us with its phvsical properti,es and we will establish where 
they can use it."
 

Tentative Provisions for the Ilevelolpmant of Se i sm ic Pegulations 
For ,ui.dings IATC 3-06 __,) 

These provisions will permit the use of unburned clLi units under 
certain provisions They ire: 

1 . It CanllSu t t&usedlhr,llllt any occupancy Of A one
 
Atory lhuIl1,in' located in the most inac tive qeismic
 
gcoqraphical arcas, that i's, SCi:s ic Pertormance 

CataoC r'.\ arv with Index 1.in : i ei smi :itv of 
These a ire d.-efined in ATI -OL 

2. 	 It Cant he us ed inI liny oCCIpanC of a one tlor, build
inl on Inl roir - t nec;tin ral VII "I)C,>d. in n:;ir th a 

hit ;m ' s mi: CIA:;c:tiivit y, '-. i1;mic Per,f IOmanCC (atagOr'y 
H in areas Uith " 'i.micitvQ d.-x OF 2. 

Inl all thlcr arlc:in A111d .r, i c:, p.r'furnatgnc,' cmI.'Iijk u , unhu~lrlned clay
 

)t i' 11utnits irenoI ;.i , 

r 1:t11 lui )pdi, hC allow-
Able cr nil l0 Ki: 4 i1N1Ain Il, It 011 ,, i11le 
Where it , ,rl tiY,, t ' q!I,l 	 in re t 

nht ntr h: 00 ,r "reI l t Va 

is a Iqj iar, inpc Ki n k providd And I p:i .], , no i n,'a in 

or lc :.th .ll ,1 O il! .1 i' a no!1 " I In ndA ,) thrs in n t, thi 0 
ntru~ctu ri:l .i 'nifi n,.n,,c- t i . th,' l., J.1m.I n,,! p'., ',ct 1h .
 

'1 ha 	 2 . 1." "ill ,;' lAV 1 
ilt 

t11Foa te ll1iloll ,,I],,' ; I .a 1 1 2 I I, n'. .1 l1,C,; t 
lcv: nt 6, W n,' ] ,vp Ilh, rn A:'~i ,ll lq, Bo'; valltc.'
h" Ntd m vIr"IId t A pI, 

are't ain ivn.
!, 


Ten:t5, I' . ' u and nl~ll"Y Nrlr{ 	 . .\]"n coeel q" muil!t
rioe il 211] a rpqu~i r" 	 het
 

tMe,n from thel, inik;hcd wa ll ind qhA ll he t.( t.cd Ito not l c qs;: than
 

1(1(1 	 I3 ill 
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1979 Uniform Building Code
 

The physical properties, allowable stresses and bolt values in the 
1979 Uniform Building Code (79 UBC) are basically the same as those 
given in ATC-3. The limitation to the use of unburned clay units to 
only one story building is also contained in the 79 IJBC. 

1() (1B)79 
structures located in Woes 2, 3 and 4 must be rein forced so as to 
qualify as reinforced masonry. As such, generally accepted forms of 
reinforced masonry of unburned clay units are not ;va ilab!e to the 
design profession. Ther-fore unhiurred clay units may he used in 
bearing, or non-hbearin g walls of one s to rV h)ildin,,,s in :one 1 

Section .. () UIBC requires that all masonry elements within 

City and (ount\' of Sanr Franci sco Iu ildin: Code 

The (:itv and County of SaniFranci sco Bu ildtin' Code does not permit 
the use of unburned clay units within its isi iction. That is, 
Section 24015 of the -9 NlC ht bcen deleted from its enforcement 
provision and Section 2312(J) 2) (B) in> ma inttined. 

Los A\nnulucs M1un ici na 1 Code 

The Los Anqu ies 4hunici pal Code commonly known as the Los Angeles 
Ci, y Buildin, (ode hin ithe same l im itation as the 1979 HiBC; however, 
t iey the e u in :;itnoill I p :mit one tofti rncd clav unit, one \'lbuild
inis . lhi: i4,, the,,'" 1 tle of 79
ill not enforce provisions IIC,
 
Section 2312(.)12) ( B) fonr one ,it) v hstordi sin,. However,
ild des iguners
 
in the Lw; .\nqcl, area hive tned very little of thin material.
 

Llunit V 0 OnAn',clc: dIu CHOIof Blil 


The (:0int:-' o: Los .\n clp; Ru ildin, .nuorces the provisions of 79 IJBC, 
5cctini 25 1 M (,2)j, t (wrind ore unruiiforced masonry construction 
wil 1 not 1w ppr'i it ted in the Countv of ILos An,,eles 

(2i tV 01I -aC I i ut 0 

The (:ity of O; i ento wili accept the use of adobe only for one 
storv dwH I i'. It will not accept it in commercial construction. 

Cit of Kin iC7, 

nan not
The (it, - Ieigeo will accept adobe construction. 

Co unt v of OIn li CI, 

Thtle Couniitv of Sani Diego will accept the use of adobe onl1y for one 
story dtell ing s. They will not accept it in commercial construction. 

Research Need .;And a 

There is a considerable amount of inflormation needed to 1ust:ifv the
 

use of unburned clav ti t :;in b illing:; lIo ;itwIl ini o'ismic areas, 

15,1
 



F:or instance, tUi aut hor is not aw,'are of any ;hear w',ll or bearing 
wall test:; on speciren,: ftbricated from unburned clay brick. 

TIe sts sho l1J hn pi roruno to detecrmne C*:i i li And ; hearim 
va 1lues; onl 0d ini:1v u rnilkI Yj lohv , onl :ou ri ri d~i~ And %A fI: of n 

el d. a lil olf' Itpr o ct n " , 'A i , t: i AM w tl ' .Q . 

' mli in li l: )inilt 

p1 i';tcied ion'to the wrfacce of thn wall1 Sol1 h ciplorki. Meii inlui
e eiC01 rch reinfIo rcin ho t valu)n o.'uld;. o e r:'ilned. 

ile inlIl ellnce o f re'"ll l;otlh ihl kon '1 l o1r 

of oni the l1 ,t he 
Th1e detail of suCh reinfi'orced plaster COllect ion to the i ol:iida tion 
lusVt be addressed. The crushing strenrgth of adobe 00under concentrated 
load:s from bending members such as beans and headers should be deter
i i ned. 
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PRELIMINARY ABSTRACT
 

Title of Paper: Adobe Testing. Basis for a Seismic Resistant Code.
 

Author's Name: JULIO VARGAS NEUMANN
 

Author's Institution or Organization: Pontificia Universidad Cat6lica
 
del Peru'
 

Address: Av. Bolivar s/n, Fundo Pando - Pueblo Libre
 
Lima - Peru'
 

Abstract: 	 A brief outline of test, studies and conclusions on adobe
 
constructions are given, based on the work carried out at
 
the Catholic University of Peru between 1973 and 1980.
 

These results were used as a basis for the enclosed modified
 
propose for the Peruvian Seismic Resistant Code.
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ADOBE CONSTRUCTIONS. BASIS FOR A SEISMIC RESISTANT CODE
 

J. Vargas Neumann (*)
 

S U M M A R Y
 

Basis for a Seismic Resistant Code are presented, using data ob
tained from tests performed at the Pontificia Universidad Cat6lica del
 
Perd Laboratory.
 

Tests have been carried out over a period of six years, allowing
 
us to draw some general conclusions regarding types of materials to
 
be used, different ways of placing the reinforcement elements and stress
 
distribution for a wide variety of relatively simple adobe structures.
 

This information is presented in the form of general guidelines to
 
be used for design and construction purposes.
 

BACKGROUND
 

Many countries have been looking into the convenience of stand
arizing adobe constructions. Peru, a country located within a seismic
 
region, has opted for the inclusion of a chapter regarding that kind
 
of constructions as part of its seismic resistant code.
 

In April 1977, a National Building Code (1) was approved, which
 
took into account this fact. Nevertheless, no results from the research
 
work carried out before that date (2) and after (3, 4, 5, 6) have
 
been yet incorporated into it.
 

SCORE
 

Results reported in this paper can be used for design and cons
truction purposes of adobe and "tapial"(**) walls, as well as being
 
a reference for brick, artificial or natural stone and soil-cement
 
masonry using mud mortar.
 

Adobe construction:; with and without reinforcement are considered, 
the rural or urban nature of theif building be(ing deteimined by the type 
of material used a:; reinforcement element;. When dealing with urban 
buildings, enriched mortars will be considered a!; one of the possible 
reinforcement material:;. 

* Director de 1ne;tiaciones. de PontificiaDe partamento Ingenierfa. 

Universidad Cat6l i,,a 1el Per6. 

*Local term applied to wall; made cut of compacted mud. 
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MAT E R I ALS
 

1. Units
 

a) Types of Units
 

No size restrictions are imposed upon units employed in structural
 
elements of masonry, but it is advisable to use 1:1:3 to 1:4:8
 
parallelepipeds for both the adobe and tapial. Units should be
 
well compacted and used only after a one-month drying period.
 

As for the mixture composition employed for the preparation of
 
the units, the following is recommended:
 

- The basic components will be water, clay, silt and sand. Particles
 
below 0.002 mm will be considered clays, those between 0.002 and
 
0.02 mm silt and the ones between 0.2 and mm, sand. A small per
centage (up to 5% in weight) of gravel can also be allowed in the
 
mixture.
 

- Clay content must be between 1) and 20% in order to assure
 
plasticity and prevent fissures during the drying stage.
 

- Silt and clay content should be similar, but the total content
 
of both must be kept below 30%; the rest being sand with or
 
without additional components such as straw, fine gravel, dung
 
or others.
 

- The inclus;ion of straw is recommended, as long as it does not
 
exceed 1% in weight.
 

- The use of agglomerates is also advisable. A 1:4 gypsum or
 
cement/mud ratio can be used to increase the quality of the units.
 

- It is also advisable to incorporate bituminous emulsions to the 
mixture (stabilized adobe) in order to preserv.. the cons
truction from humidity and ercsion. Normally, 1..5 - 2.0% (on 
a dry weight basis) of RC-250 asphal'. (7) 

b) Compressive Strenqth 

The compres;sive strength will be determined by testing shaped cubes, 
the size of which will be ,_'qual to the shortest dimension of the 
adobe unit. 

For design ,urpo!;e:;, the corrpr_ !iive strength (R ) is chosen in 
such a way that 80% of the ;pecimens tested exceed R . A safety 
factor of 2.5 is then applied to that value, so: 

R* = 0.4 R 
0 0 
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When tests are carried out using prismatic specimens:
 

R 	 = RXv' 

where: 	 X = slenderness (largest/smallest dimension)
 

1 < 
 A < 6
 

R = compressive strength for A = 1.
0 

The 	size effect for cubical specimens can be considered to be
 
negligible.
 

If 	no experimental data is available, values indicated in Table
 
N1 can 	be used (*). 

2. 	Mortars
 

Mortars can be classified into two groups:
 

- Type 	I (Sand and agglomerates based)
 

- Type 	II (Soil with or without agglomerates)
 

a) Type 	I. Mortar
 

- Its compressive strength (ASTM C109) should not be lower than
 
25 Kg/cm 2 .
 

- For cement + sand mortars, the volumetric ratio should be
 
within 1:3 and 1:12.
 

-
 For cement + lime or gypsum + sand mortars, the volumetric
 
ratio between aqjlomerates and inert constituents should be
 
between 1:2.5 and 1:8.
 

- The amount of water to be used is the minimum allowing full 
joints within thf ma;onry. 

NOTE: 	 The mortar "jiality i,; a!;.;ociatod to its bond with the 
unit ;. The u e of thf compri,;f ive strength a!- an 
indicator ha.; ben adopted for practical reasons only (8)-

The 	 above mentioned limit!; have been established in 
relation 	with the bond becatse of the behavior observed 
during the tes;t,; performed. 

* Data obtained from tests performed on ordinary adobe at the Pontificia 
Universidad Cat61ica del iPer6 Laboratory. 
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b) Type TI. Mortar
 

- This type of mortar is to be used only in rural dwellings or
 
temporary buildings.
 

- Mortars with compressive strength lower than 25 Kg/cm 2 will
 
be considered in this category.
 

- The mortar composition must meet the same requirements as the
 
adobe units.
 

- The water quantity must be the minimum required to obtain a
 
workable mixture.
 

Masonry joints are to be considered the critical zones, consequently,
 
utmost care should be taken with them.
 

3. Reinforce ment 

Due to the adobe constructions fragility, use of reinforcement is
 
recomm-rded to ensure ductility, monolithism and eventually, re
sistance.
 

The use 	of the following matorial:; is suggstod: 

a) Rural Construction (ortar TI/re II) 

Cane 	 Arundo Phranit2; type, in plain stripes every certain 
number of rows (from 2 to 4) , tied at their ends and 
placed in every wall. Joints at the to) and bottom 
levels of e:ach sj.an will be reinforced, trying to keep 
these level; at a uniform h,jight. 

Additionally, it i:; i ~ossibl, to includ( vertical cames, 

tied to 	 the hori-zontal reinforce-mnent, place:d in a central 
plane betw,,ijn the adobe2 unit!; a nd f;iorrounded by mortar, 

greatly 	 incra:;inq t:be (IhctiIity of the cons;truction. 
The cane (nmIl1oyed ;houil1d ht, ;ubjlctecd to :,on,, pr :user
vation tr-itrn tr b r, L i r; u;e-d af, rf.infor,:nment. 

Wood 	 Place:d and collar beam:; abov 1 walls.ill%I'arl, linte-l ; the4 
In both ca:;, , th:; reinforce:me:nt will bhe. tied with wire 
to the wall oundation:;. The linte;l can b, ti:4d to the 

collar be,,fm. 

Wire 	 Placed ve-rtically or in a St. Andrefw cro;ss arrangement, 
fixing the- aoll-ir beam or lintels to the foundations 
qivinq ductiltiy to the ;tructure. It is recommended 
to strss th,! wire when placing it. 

461 



b) Urban construction (Mortar Type I)
 

Steel 	 Reinforcing steel bars, forming vertical or horizontal
 
elements of reinforced concrete, avoiding contact with
 
mortars containing gypsum.
 

Steel meuh embedded in mortar plaster and joining collar
 
beams with foundations can also be used. 

Agglomerates
 
Cement, gypsum or other agglomerates forming enriched
 
mortars.
 

4. Masonry
 

a) Thickness of joints
 

The thicknes: of the joints will be 20 mm for mortars type II, and
 
15 mm for mortars type 1, with 50% allowance for both.
 

b) Compres!;!3iv-_, ,3trenqth 

The masonry compresslve ;trenqth (R*) can be determined ex
m 0perimentally; alte:rnatively, referernc values qiven in Table N 2 

can be u-e. 

- Pile 	tests, u;inq rnite:rial,; to b, mpoyed the bs iiiing1 	 in 

If possibi'', 	 1)oulf"or:mvd th,, orpiles, be L numler bricks 
required t,) r-,btain a,1lnrnis!. soeffic'!,lt of 4. Howvur, 
4 uni~t jls'i .id rc i.P' ie isr' tha,-t for 
adobe, t 1W , :il1 ' ar ituss', w;i-l t; s,:s, r of 
3oint; :L. ii iii(uni,,f. ' 1 .e prPi 1'-'/y 	 1-_ (,if 
the '. t,.' I .1] s,'u t,.i'.t,; ', ul ,:ur i .;lir1''rs'''should 

dryin 	 e: rts:otr2tP:,; s~i .i es 
one mostn, tt:he ':tr.s;th tie l n,: : ' ,si; tr, tt,
dryin';i' ro-'u, (' Hr. ,rirrs t ,' i: :,t /. ,, 

The n r nal itr:nr;tfi (} *) WIll P s :,urd,. ' o, ,- I40"L of the 
value exceid,:i by )C) o'f t:., s :, t,'st.. (' C 4 P )

in m 

The minimum nu:-be,,r or iii' to I,' ti'sted will be 6, and under 
no circumstance a value of P . R* should be con;idered.

11 0 
If no apobe pile tit; are available, the reference values of 
Table NJ 2 can be u.ied. 
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c) Shear Strength
 

The masonry shear strength (Cm) can be determined experimentally,
 
or the reference values given in Table NO 2 can be employed.
 

- Shear test with materials to be used in construction.
 

Specimens will be small walls having a length/height ratio 
of about 1.7, loaded laterally at 2/3 of its height, with or
 
without simultaneous compres-sion load. Length by height 

2
product of spccimon should be around 1 m . Drying period for 
the test pieces should be around one month. 

The nominal sh(!,tr ;trongth (C,[ ) :;houl (1 ha con,;ide red to be 40% 
of the specim en :trangt h () t ht lattir beinq the value 
exceeded by 90t o!. tha:.;pcim~n;; to-.; td. (C* " 0.4 Cm) . 

The minimum num:lber of pie ce,:; to he te:;te will b! 12, using 
three diffe rent l yv,1:; of :; imu1tane..ou . compref! ; ive load (4 
specime!:/oad le1val) . 

The shear ;tr,.ngth (Crm, will a way:; be ciliculated as a lineal 
function of the acting compress Iva :;tr,:s, 

C = a 4 b c/f 
-m 4 1 f 

Experimental res;ults have: s;hown that this; value should be 
multiplied by a !;cala factor (in order to take into account 
full scale wall;) ,i - 2. Cm w111 be calculated multiplying 
a and b by thi; v.,:,, of ,t. 

Only 7(,,,f. t ; rrjit-,itional force:; will be con:;ide red when 
calculat: i; lu- toh, ,'wntual action of theIf) ;irsltara:ou:; 
inertiaI ore: I.>CBIt, d t0 y':rtical accalerat-ion:; pre-:;!nt 
during an tr,,ak,. A.]ditionally, only half. of the! wall 
weigh t wi ll1' con:.h- ,.red to (1 tarmlne the. ave raq, height of the 
criticil ,ection. 

- If no :;ht-ar te!t!; are performe!d, re.ference values shown in 
Table N1 2 .-an be u!;od for desiqn purposes. 

d) Tonsile Strength 

For design piurjo:;es, tensile strength across the joints will be 
consider(,d to bi n,:gligible. 

0) Modulus of 1l.stlcity 

The modulus of ela!sticity of the masonry can be determined ex
perimentally, but if thin in not possible, tle following values 

Can bes 
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Mortar Type I : E = 5000 Kg/cm2 or 1000 R~l
 

2
Mortar Type II: E = 1700 Kg/cm or 680 R*
 
m
 

The modulus of elasticity increase with the drying period of
 
the test piece.
 

For short loading periods a 50% increase in the value of E is
 
reconn,.nded.
 

f) Modulus of Rigidity
 

A value of G = 0., E is suggested.
 

5. Design and Construction ouidelines
 

Stresses on different elements can be determined using elastic analysis,
 
considering that no tensile stresses are present across the masonry
 
joints.
 

Due to tho complex dis;tribution of stresses within the assemblage of 
walls with or without span:;, the possibility of a detailed elastic 
analysisi .izcardud fir practical reasons. On the other hand, the 
elastic ,hu,-ior of material is only accomplished at a very low level of 
stres;:. p lurodcinj ,"arly and unpredictable redistributions of stresses 
in the, :xt-rctlr. ,,mnt joints as well as around the s;pans. 

6. Structural y m 

Adobe 1 o r5hriIeh compact, with a hilh density of walls sharing 
the Sulport o: th roof weight; rooms should tend to be square shaped, 
with v:er'y :ill ;;ian; centered in the middle of the walls . The 
architctur: qiarstriLutLon must Wa in accordance with this scheme. 

7. Forco.,- str :1. itior 

Usually, d Q, can, i:; used for the roof of theqe Luildings and 
the possibh l:'V obtAining rilid diolhrigmq with those materials 
can be a Vii::: i1, .nidx[ ,n,';iv, task. In ordr to overcome this
 
difficulty An! 7r.Arnt,, n ic:'ribl ehiyvor of h nttucture
as a wL c w,.', A, to -,: ni ic,'., will. , ;1 nd ,lon<g
 

the 'hirn' i W: k- .tu.': "(I~1.:. 
 siu qli.s 1hp -ai stresses 
and tt!o nin" 1w, 1n! Ain th" mio.LxI~ n"[ atl r-4i -i nL. 
forc,; by :
 

The di.tri , ;,, ,i , ,.' 
Kr , will L, rd. iu -ro1n5 to titi" 
zones 0! lofi I , ,,'c,a, u1 a';i' si inil wA I , ron, 'i'.r nq it masn 

, vn n',
plus the uOticI. .iAU 1 i of ,-h Lrntnvr' w, : and roof 
ma se.;. If r~ id r,,K arc IlrnI , .if'.mi fra,. will b din
tributed av ,r:rfin 
 to the rlt lv, .!x :!".%; ' tW di !fvrrnt walls. 
In all c,,a -,,, r,, sq should t mad .4.% liqht a, ln nibl,.. 
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The effects of the gravitational loads will be distributed by areas
 
of influence on each wall, according to the structural scheme of the
 
roof.
 

8. Dynamic Analysis
 

An adequdte djrox:I,'iok level is considered to be obtained if a 
quasi-static analysis is carried out, using the recommendations
 
given by the National Building Code.
 

For the purpose of using the spectrum, the fundamental period (T), 
can be calculated considering the building as an assemblage of two
 
subsystems: one formed by the transverse walls (which is dominant) 
and the other formed by the longitudinr.l walls, !;o that: 

T (' 2 1- 12) 1/2 

Te and T. periods for the- longitudinal and transverse walls can be 

obtained using the !;tatic defl, ction metthod. 

The rapid l, rd:t.icn of th, mate r la l wi 11 provide f lxihility to 
the syst(m, t:hu, !,:~i ,ig tihe vil, of th! inertial forces ini
tially a52'12±d. 

The duct ili ty, duct Sn fctor (P i) given by the National bIuilding 
Code w Lk.0 2. deending the of1 . %1 or p on type reinforcement 
used (hor.-zenta I cane, .;;tee l wire or cane mesh re spectively) 

9. Design of Loniti.-,inal Walls 

The strengt-h CA will be, usewd over the criticil cro.is ;ection of 
each wall (s.ubtracting th,' ';;, , if that i; thit. case) . Part of 
the trin ,v, w,ill, cio, ,A, tion can b, 1included (only if they are 
present. it- 1,Lh *nd ), this, ,xtra area being equal to 25# of the 
length (A the, :() t'.,t wall or ! v tlne:; th, thickni:,:; ,J the 

longitudlnal wall ,iii: til 1i , by tm' i r respective thickne ss (whichever 
is small,.r, . 

10. Transverse, '.-#'all D;eign 

The m, thcd of yield line:! 1s; recommended, based on the permanent 
action of t (g raviLational) flexure re;i ;tant moment through the 
wall crack:; or us ing the ex,,re:;.;ion's obtained by that method, modi
fied by empirical evidnce. 

The study of these wall-; d.ffine:; the ;pacing of the bracing walls, 
the length of which must not be ,lhorter than: 

10 W chl
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where: 	 l0 - bracing wall length
 

c = seismic coeffi-ient employed
 

h = wall height 

1 = length of the main wall 

The thickness o) the bracing wall will be the same or .arger than
 
the main wall
 

For pro-dimensioning purposes, the! maximum distance between bracings
 
can be considered to be:
 

d = 2.5 b
 

1. 	Foundations
 

To minimize the seismic effects, the adobe constructions should
 
only be founded on solid soils. (a admissible .> 3 Kg/cm 2).
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NOTATION 

Y Safety factor for admissible stresses. 

RO Nominal value of. the compressive str th for cubical test 
pieces (value exceeded by the 80% ot The specimens tested). 

R = Value of reduced compressive strength ( y = 2.5), to be used 
in design for admissible stresses. 

R = Value of compressive strength for slender test pieces. 

= Slenderness coefficient of test pieces (largest/shortest 
dimension ? 1). 

Value of reduced compressive strength for masonry, to be used 
in design for admissible stresses. 

Rm Value of compressive Etrength for masonry piles with 1:4 
slenderness, (minimum 4 adobes) exceeded by 90% of the specimens 
tested. 

T = Value of reduced tensile strength by flexure for the units 
,(y= 2.5). 

T* Value of reduced tensile strength (Brazilian test) in cylind
rical specimens of 15 x 30 cm (y = 2.5). 

Cm Value of shear strength for the masonry w. i, exceeded by 90% 
of the 5pec imnen!, tef, ted. 

C* 
m 

Value of !;hear itrenth 
admissible stres;e. 

for the masonry, to be used in design for 

Cm Compressiv. s;tres;s. i ctinq on the ma!;onry (0m < Rm) (Kg/cm2 ) 

E Modulus; of EI!a;ticity (l'q/cm2 

G M Modulus of Riqidity (Kg/cm2 ) 
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TABLE No 1
 

Admissible Resistance of Units
 

Reference values of results obtained on jbe tests:
 

Compression (cubes) M = 0.4 RO = 5 Kg/cm 2
 

Tension by flexure (units) T* = 1.3 Kg/cm 2
 

f
 

Tension (Brazilian Test) T* = 0.3 Kg/cm2
 

NOTE: 	 These values may be increased by 20%, if the
 
mixture contains 25% or more cement or gypsum
 
(on a dry volumetric basis).
 

TABLE NO 2
 

Admissible Resistance of Masonry
 

Reference values of results obtained on adobe pile tests: 

Co2prq -i on 

Mortar Type I :RA
 

Mortar Type II: = 0.5 R*
 

Shear 

Mortar Type I : CA - 0.08 + .4 8Gm (Kg/cm2) 

Mortar Type II: Cm a .040 + .2 40m (Kg/cm2) 
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ENSAYOS DE ELEMENTOS DE ADOBE. 

BASES PARA UN CODIGO SISMO RESISTENTE 

Ing' Julio Vargas Neumann 

Pontificia Universidjd Cat6lica del Peru' 

RES UME N: 

Se presenta en forma abrevioda los estudios, ensayos y conclusiones 
sobre construccions rip adobe, realizados en la Pontificia Uni'.ersidad Cat6lica 
del Per6 desde 19, 3 a 1960. 

Estos resultados fueron la ,pra la propuesta rrodif;catoria del 
C6digo Sismo Resistente peruaro), quo --e inclLre cor,,o (Iperiice. 

ADOBE TESTING. BASIS FOR A SEISMIC RESISTANT CODE 

SUMMA RY: 

A brief outline of test-s, studies and conclusions on adoLe construc
tions are given based on thc work carred out at the Catholic University of Peru 

between 1973 and 1980. 

These rr(sults were used as a basis for the enclosed modified propose 
for the Peruvian Seismic Resistant Code. 
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I. Introducci6n 

Las primeras ciudades construrdas par el hombre, de las que se tiene 
noticia, surgieron en la Baia Mesopotamia y fueron hechas de tierra sin cocer. 
Desde varios siglos antes de Cristo hasta nuestros dras se ha seguido empleando 
sus dos principales tipos, el Adobe y el Tapial. Con -ste material se han le
vuntado viviendas, templos, fortalezas y en el presente siglo, inclusive, edifi
cios de varios pisos (1). 

Se debe reconocer una tradici6n en la construcci 6 n de adobe o ta
pial, pero desafortunadarnente muy pocos han intentado adaptar la tecnologra 
de la Ingenierra Si.rm Resistente a obras realizadas con este material. 

Sin embargo, la mayor parte dc las vi'ctimas y dflos quo los sismos 
ocasionan ocurren en viviendas r~ticas, rurales y pobres quo se elaboran en 
Lase a tierra sin cocer o a piedra asentada con barro (Foro 1). Es indudable 
que un serio esfuerzo do la investigaci6 n mundial en el campo de la Ingenieria 
Antisrsmica debiera ser urgentemente orientado hacia este grave problema. 

Este trabajo quo pretende dar un punto do vista latinoamericano del 
estado del conocimiento existente, incursionar6 tambin en el bosqujo de lo 
que necesitarramos conocer para resolver los problemas prioritarios. 

En la tf'!cnica do construir con adobe, se acen uan una serie de pro 
blemas quo la Ingenierra Sismo Resistente ya ha detectacio y esta en proceso de 
resolver, para obias con otros materiales. Todo ello debido a la gran fragili
dad y, en general, pobreza de la albaniler,'a do adobe. Este hecho conduce 
a la necesidad do guiarsc mas por ia opini6 n a int uiccri antve que desarrollar 
an6lisis nurnricos profundo;. 

Indudablerente es conveniente enriquecer las decisiones con la ma
yor informaci6n que hoy es posible obtener: la que proviene do la observaci6n 
de dafios producidos par los terrem-otos y la que sc deriv, do la realizaci6n de 
ensayos de labotaorio. 

Poi0"(111 trcer mundistas corro Per6, hlbxicO, Ir6 n, Turqui'a, India,etc., 
han inicicdo proraurra de investigaci 6 n quo oja6 tenrjan eco en otalS latitu
des y pas con rryoro, pibilidades de investlgaci6n. Ello significa poner 
al alcanc, do lo- i rive-tigadores , njores herrarnienlr s para la profuni ic 66n 
del cc 7cirmientao, tole' coMo 10, n716', rTOrder"A cavances nool, rs .n ,errmi

nos do cOrnputuCion, equilK)". dr labor orio , O c. pr I -Qjon t C 

to con lo-, ,rin olt-, niv, l, d, forwm cif o. 

lorfbi'!n dstoru en I fo.'foloqi'(n del od l IQ i ,ln r, mUyor 
importuncia do lo- uspocto cosIrun: civ., Y (It- -doI,.* c ri d,. los It,. ;2h--. D) 
tlies en Ia cowftituc(; On del rw for d. lo- untas de n t oido 1,o lr," ' loq 'ues 

son piezas furrdnrrwntolIc, en lo i rw, d(I la oi'ilr , r TJ 'ers rcioc. 0ll 0o Vorr 

rnms pofhr iornn life. 

nEn IU- . I rn tde ado , a oros tr vj.,lvruc ovIn l d For dotrrvis 
b Ic, que e'n othas rnateria les , el Iletcli dt- que 10. ini-x~Ot tP'jIr5- pfir dn'f; 
nir i ngc nieo r I m rntie Idnov ; ieto de I sue In ofri I/oco or:'.ft (dos. 1. (1 e rulr,? 
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cion instrumental mdxima registrada tiene baja relaci 6 n cne ie o dfo 
observado. En parIses coma Chile y Per6 se ostudia la utilizaci'n de otros pa
r6 metros para distribuir espacialmente la actividad srsmica oensa, a d
tructividlad s~smica. Un 6 ltimo ostudio probabilr'stico dle Riesgo Sismico pa m 
zonificar el Per6j, que so viene realizando en la Pontificia Universidlad Cat6 li 
ca del Per6, indica que hay mayor relacidn entre la destructividad y la disti 
bucio'n del algoritmo ad (valoros maoximos esperados para un misrm perr'odo 

2 
v 

dle retorno), quo con la distribucidn de acelorociones rndximas, a vobocidades 
m-Aximas, a desplozomientos nyiximos tomados soparadamente (2). Do esta ma
nera se remedia parciolmente , a trav~s do la inclusidn de una relaci 6 n dle 
"frecuencias dominantes", la ausencia do la dimensi6n del tiempo. 

Lo anterior ha sido corroborado par observaciones de destruccio'n en 
viviendas rurales de adobe, la quo empieza a producirse dcsde muy bojos five 
les de severidod de los movimientos, en raz~n de su froilidad. La distribu 
ci 6 n do dcstructividad , "filtr6" lo cons~ideeoci6n dc los efectos locales a cau
so del subsuolo quo. en el caso de las construcciones de adobe, resulta critico. 
Las caroctee'Iticas dindmicas do! este tipo de construccidn, lo flexjbilidad cre
ciente dutante el proceso do doeadacio'n de los muros, la desconexi6n do los 
di ferentes ceornritos dO ,dO b(, , nive les do dai~o, -,on toales c ue se conc Itpe 
en la necesidod do ubicar eslo tipo de obras cxc lusivarniente --n ue los firmes 

y estobles fronte a las vibracionei. 

La obsorvacida l0os o do! tiorra revedf, (!r)' construcciones tarnbi~n 
[a la notablJo influonci do lo ,i;rnultarw-idad de los difeentes cornponeritc del 
movirniento s'ismico. El ferpvjrner' ha sido posible reproducir Ia parc-ia lrrnte crn 
labaratoria Cori peornisor c'x'to paro rh/e'stirgaclones fut uras . Es to- coooci rniento 
con~duce al do doto Ilos (s". I M0 o!ndrsor~o irypoe tarites do! rofuer zo, ;-!C fIe las 
co nex ianes ?Io los, difor o ntos . rrw' tos. La rjis teLucirO r si met rica y unifoe rre de 
muro,., Ijo c ovnohab tacionties c tyirado-. y vario- po ioa adoc uado 
r ide z troVno I, cohrouopo, i (Fpoftonc ia y da ran r i; rofjOuta-s (1 pto fec 
to arqLiitt'r t('rfi(:o. Rit. i)C't r:" '9iJ"ft( F1''O otro, Ivtrols'- Cari 

* rrp I r~s~ r~t- ls (Iuo roHodd0 etfutc tufINI", pui-wri prt:,se floe 
con o!xitcroj'i ( ' crir tecfofjs~- IOof '.. itjA t f r(Irndr.. I 0-oo 

m rflvritr P51' ;~i ntf-fid ) 50lJ-orl2r #.~ l i f '. o ~ rrr~ne 

d; ryirT' t 1 ~ ff'f5r ' ie n C a .p c!J' '0. rrv', Ii :tir 

hostu okorf), oIktfvl0 '.. p.'.I !'w-f~ I',ri; 't"'o F;'~ bI (I 'j ftrjfl 

torLv A,.ifg2. -( I Jj' 0f J,'Jdfi1 )oJ~'et ( 1 '.fy ,f rf fOIfr

ton~ /.lf htfiJ fi S- fLf1f f i' f ) *'5', n'i;' i't PI .olucf i o 

tor so f146 Iq ii uroi U, r.4,fl '), uoft7 ng--'ILj . JedI -pe *.oidco 
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2. Ensayos para definir las propiedades mec 6 nicas del adobe 

Empezaremos par distinguir las propiedades mec 6 nicas del bloque a 
unidad, de las propias a la albailileria. Esto debido a la fuerte variaci6n de 
resultados segun el tipo de material de junta, que Ilamaremos rnortero. La ex 
periencia demueotra qua a6n utilizando 6 nicamente morteros de barro, de la7" 
mismas caracterl'sticas del bloque do adobe, es posible observar enormes diferen 
cias en la resistencia de la albaeilerra, sin que exisfan mayores diferencias en 
Ics propiedades de los bloques. 

En otras palabras, el estado del conocimiento del comportamiento me 
c6 nico del adobe no permite, coma en el caso de la albaflileria de ladrillo, 

deducir una resistencia do la albaflilerra, conociendo las caracter"sticas del 
bloque y el mortero. 

En el caso del adobe asentado con el mismo barro, las pruebas que 
se realizan sabre el mortero, vienen a ser las mismas quo se pueden realizar 
sabre el bloque. Las probetas do mortero no tienen mayores diferencias con 
los bloques mismos. Par ello, so ha tratado do normalizar 6nicamente un jue
go do enrayos quo dan informaci6n sabre anbos. 

Mcs bien si so utilizan morteros enriquecidos con materiales aglome
rantes (cemento, cal, ycso, etc.) sin quo la mozcla contenga tierra coma ele
mento inerte, es posible utilizar las mismas pruebas quo se usan para el rrorte
ro do la albaijilerl'a do ladrillo, para conocer lus propiedades mec6nicas del 
mortero.
 

Una idea b6sica debe quedar clara en la cvaluaci 6 n de esto, morte
ros: la pr6 ctica de cl.sificarlos seg6n su resistencia a compresi 6 n obedece a 
razones do simplicidad, pero poco tiervf quo ver dicha iesistencia con la busca 
da adherencia quo los morteros d-,-n tener con [o bloques y de la cural depen 
de grand,:monte la resistenciad! la ilbarilerl'a. P.ecordemos quo !n el com
portamiento 5l~rico d! ur o olro df: t;erra, la resistencia a cornpresi 6 n do la 
albaotiler 'm no rxirfcc 5er cri'tica. 

2.1. Erayoi sabre ,I hb[oque o unidad 

2. 1.1. Cornprsion axial 

Lo,, r.r.uyo, -I.rbloque o media bloque no han dado buenos 
resulrdo% fp-), !'I confinarmiento que .e profrucf, on la probeta, 

espocirjI ,rr.t,:#,n luo bloqut! cuU rTrwnor di rncri 6 n es de 8 a 10 
cms. 

Par efut u. -:,Sr -,,- pre.firio) roorr.)li 'tr voft, -,,r,;/i .o) r ub!o" 

cuyu ari-stl '-".J I() fno-fyn din .irrvf nId,- lblo(r , , irTI ,,' (1u ,,
ta rio r rrt/yr (rjf P) r rrr. (1 .o'o trdorio dfr.prr"j vil (2rP ru
bas d,". 10 rrr,. !'tufi ", hlr ;rifl ,,J r(:,i diI trtVi'vj de Ia 

S hr.12 (lrr, hz'2Jk) influ,n.f , h' e.:L ,., pnrrvi (tallarld s.i( ne 

de bloq.:e o adobe), nn Ia rooterr.ia oaorpresion. Tambi~n to 

,I I1 
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ha realizado ensayos din6micos, con variaciones de la frecuencia 
en sefiales arm6nicas y a distintos niveles de carga con relaci6n 
a la carga 6Itima de los ensayos estticos. 

Las principales variables que influyen en la resistencia a la corn 
pr-si6 n son: la composici 6 n del suelo, su densidad, tiempo d; 
secado y contenido de humedad. 

El orden de nagnitud de la resistencia a compresi 6 n puede apre
ciarse con los siguiente resultados: 

Peru (PUCF) cubos de 8 cms. T = 1.5 N/cm2 (3)prom. 

Mxico (UNAM) cubos a varia de 0.52 a 1.6 
.5- .2~xvaad 

N/cm2 segu.n la procedencia del 
suelo (5) 

U. S.A. a m varia de 0.41 a 5.4 
max.

N/cm2 segun la composicion del 
suelo (7,8,9 y 10). 

2.1.2. Tracci6n 

Se ha logrado buenos resultados confeccionando probetas cilrndri 
cas con moldes semejantes a los utilizados para el concreto 
(6" x 12"). El secado en dichos moldes requiere do un tiempo 
varias veces mayor quo el iccesario para los bloques. Este ensa 
yo tipo brasilero derno;tr6, e el caso del adobe peruano, que 
la resistencia a tracci 6 n e" del ordon del 8 do Ia de los cubos 
a compresi 6n do 10 cms. de aisfa. 

2.1.3. Tracci6rn par Flexi6n .- (tAidulo d(! Ruptura) 

So ha discutido sobre Ios deulIlhs del errayo del bloque a fle
xi6 n, por ejernplo, ditancia entre a yo- en relaci 6 n a si ma
yor dirmerridn, rTOrteral do UpO/o, tc . , polo on general pare
ciera que Iatohtiogerqnoi dd propia del rtflte'r aI, rv) perrmite pro 
cisur los resultado- difeir nciado., d,! vvio -ail lew v ric ones, Fri 

n'orrros A1 M sonprincipio la- ", [xira hloqwui do ladrillo aplica 
,
bles al ca-So del adobe,, ;itsic seeu fii ,-: cCo dl bIoq ue 

quo si oun doletr mcinonrte, o (nch so r, fw-tor pow, niyv/or -,(, bten 
dr6 mayor re,i-tr'rrcii. siliewv rr ncho (i-o rwrno Ii un 30 
crs. con uryj toIcfrIraw d f I ') ,>rrr. 

Es importo rite d"ro ucCI que Iis vor o losr! que ;nfl ulu r ern hi te-is 
toncio a corirpresion d! los cubo,,, if lu/en tarnbl r on la rnis
tancia a hccil r, pete rx necesaramrnte or" ol rnisrno, sorntido 
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y lo mismo ocurrir 6 para la resistencia frente a otras solicitacio
nes (corte, cizollamiento, etc.). As, mientras el contenido de 
arcilla, par poner un caso, inFluye positivamente en la compre -

si6 n, Io hace negativamente en la tracci 6 n. Tambi~n ocurre 
que la influencia del tiempo de secado a contenido de hurnedad, 
on m~c' influyentes en la resistencia a tracci~n que en Ia de 

compresi6n. 

Se reporta on general resistencias a tracci 6 n par flexi 6 n del or
den de entre la cuarta y la sexta parte de la resistencia a corn 
presi 6 n (3,9). 

2.1.4. Corte o Cizallamiento 

Utilizanclo t~cnicas que normalmente emplean los especialistas de 
Mec 6 nica do Suelos (ermayos triaxiales) o de Moc6 nica do Ro,7as 
(ersoyos do cizallamiento) sc ha intentado evaluar algu'n tipo do 
resistencia al corte. Sin embargo lo- resultados no son halagado 
res, al mono- come para normalizar el ensayo. Por otro lado , 
la utilidad do corncer la resistcncia del bloque no apareco tan 
clara, coma Si ocurre rnas bien on la albailerra do adobe. 

2.2. Erayos sobre pequei os elementos de albafileri'a do adobe 

2.2.1. Compresi 6 n axial 

El enayo m6 s trpico resulta ser el do la pila do adobes asenta
dos horirnonfalrmnte (a menor dimernsi6n vertical). Estudios expe 
riner,talcs acerca de la influencia do la esbeltez Je lichas pila's 
y del n6rrmero de juntas rellenas do, mortero, revelan quo la rela 
ci 6 n 1:4 entre In rm,,or y mayor di rnsi6n de la pi !a do resulta 
dos estab les con dimerniones todav'n muy rt;neiables para l 
trarsporte (5, 11). 

Sin eriiargo, si l s pi uls .on confeccioryrhids con adobes n is bien 

verticaIet (mno-rr d irw'rr.ion hori -nnto 1), "e obfinnvr i[fortantes 

variacioncs no ,olo en la reister:ia que disrninuye, %ino en el 
ndulo de riqid,!z que uunK-t OUr en rrayor proporci6n. Esto 
dernucitra la ro ioltrop%10 do la albor1 i erin de adobe porn cargas 
aplicad.a en ,u plaro (3). 

VajUicionrw. en ho di,,,V.nfibn d Iv. bloqucs no produen efectos 

sinific:tivo-s, peo 6; i rifluyo funtorreert lt (5'.) cl tiempo do so 
cado . I I) s! lij'(.o rr~ ot,oro qu J(: co rnpris ic n do I mrrto In 

MYflu y >orrf , fg fOr tIl'4) d(, v)li jrIcion. 

La incljion en t.I nror t'r) do L.nro ,,jr r,l, r:,'not. ,, .orro Ia cal 

o el /,5-o, ryw-jorn h(r -teJo rf-w0 v( I un 20 4 25', (1)). '1i en 

comr la) Io- or, ,:ro.son (rI(fnn0lov ;nor ,t i QnI frr ) /(!z de 
tlorru (ce'~n-n~to-r,r~i :errs'no-- 1 oo r rl-ornon, f.lo), Io in 
cromrento (p r, ,',;o Jr.hir' ;s-.t dd'I ofrdn (lrfl 2")0 6 300'!'. 
tAsirnisrn), os-.tn lily) di' t?pnfr'ros rjump'etit rrI drrhrrqrto 

niadulo (. 'I,- f~ mn ,; i'~ ). 



Se ha concluido tambi~n en la importancia del espesor de las 
juntas. Si 6stas son muy gruesas, disminuye la resistencia y 
transportabilidad do las pilas. 

Respecto al ensayo mismo, es conveniente tomar providencias es 
peciales para .orantizar una carga axial sin mayores excentrici
dades Las medidas do la deformabilidad de la pila deben ser 
tomadas a travs do deformr6 metros lateralez y no ubicados en los 
extremos do la pila. 

Si el tiempo do secado es grande, onsayos bien claborados produ 
cen resistencias iguales a las do los cubos de iO crm. do arista 
en pilas con mortero do barro y juntas horizontales. Experion 
cias reportodas on ic referencia (11) dicron estos resultados con 
un 14% do cocfciente de variaci 6 n. 

2.2.2. Compresi6n Diogoril 

Este erayo realizado primero on Mxico y luego on Per6, sirve 
para evuluar la resistericia al corte do la albailerl'a, parmetro 
b6sico an el comportarniento snsmico do los muros do adobe. La 
deducci6n te6rica de la distribuci6n do esfuerzos so encuentra 
en las referencias 13 y 14. El tamaiio do las probetas cuadradas 
es del orden do un loque y medio por lado. El oIncho es eI do 
la menor dimeritri Jel bloque. 

Estos orayos pueden reoli.sr con la probeta on posici6n hori 
zontal con la carga parollo al -uelo o en posicion vertical con 
la carga perpendicular al uelo. Las riediciones do deformacio 
nes son efectudos ,ohre la 2 diogorna l, del especimen. 

Una invostiracion conjunta reali -du entre Io Ur'JAM (it! tvVxico 
y fa PUCP del Peru, para cottotao or Iu fuertfo difere ncia repor 
tadc en este tipo (v.e oao , revelo qtue Io rositoencjo Il corte 
puer! varif r (if! 1 u 5 dip,, ndi o do (If kIO propiedudw, doI Lurro 
do la junto d! (-o ntodo. [ ato,nvo tijci on -i Iien ds carto a 
gurns voriuble. q ux pudi ron hobot explcn(do ha dif,-ro ncius, r 
plannaba profund izr !.n el pr u, yy) 01 Crn, Ic i(n' del o 
Su lo influl'o tull tt,:'t,.rtn. r ".irjl f ;, '(1i+ih h 1ond2r ,ostc 
tipo de ;v'.ti.;ov . / I(If! r r, ltudo. '1,' iunto con l o" 
;ncri rmnt o , t 'r. du 5f ., r / it Iifd d fiI, *, I; t 'I ) I,)oste 

ClOneS u'I / (,I(UI rO 

M iontr (, I, iirr tl, (i,n r 0-llu!-). per .rbs,-tu fOl r('It 
. 0.()26 iimi,f),1 (',n CU'irtone "t.,vosi d,.I 61' 

los relsultudes i:r, roj( /'l rlvI ord1 n d" 13Io,.5 (1,1 0 . [1,/cr 2 . 

2.2.3. Enmayos rfl_ C.oit"_r )i.t,-,t, 

Esi on05ayo prop)ulto -ri l wrgmoa peruara (6), sitvn pora doli
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fir los esfuern~ admisibles en los muros quo absorben la fuerza 
smica de una construcci 6 n. Cm scncdI eitni 

al esfucrzo cortante es funci6 n del iivel de csfuerzo de compre 
si6 n ( o ) quo actC~a simulb~neamenteoen ai plano del espoci 

men. En la foto 2 se aprecia la realizaci6 n del onsayc cuoc 
especimen consta do un eonsamblo de 2 bloques completcs (arriba 
y abajo) y do! medios bloques soparados I cm. (al medio). Los 
resultadlos so ajustan a una cxpresi6n del tipo, do r, ai P 
dondo (x soria una cierto modidu do ia cohcesi6ni y del coo 
ficiento do fricci~n aparento. 

Numerosos crisayos rcalizados (-n el Per6 (11), han permitidlo ajus 
tar osta expresion, coirigiendo la recogida on Ia norma vigente. 
Los ensaoas ,.e reaIi zuton con varicones de ;~ ontre 0.02 y 
0.2 N./cm2 y con variacioric fonrel espesor do la junta. No 
resulta f6cil relacionoar esto,, resultados -on los de mutes a escula 
natural y esto constituye un ,flconvoniete para oormaliffr el on 
sayo. 

2.2.4. Ensayos (do Carte en tMurctos 

Intertando ufo r wior reoci~n entre rnuretes pcque~fos (alIrededor 
de 1 rT 2) y los iruroi a escala ryatural, so han realizxdo gran nu 
mero do orv~uyo con vciriac ion de dirnonsiornc-, , pesores do j un
ta y cal idud (It rrvortt~ro5 . FstoS otrnuyo- cornis ton (!r Ia op lica 

ci 6n do uoa cargo concvrir,riti bari.-ontalmtnorte on vI ryii-rno1pla 
no do lo-,ue o ubi caos ve i l te.Otro /a riablf! dt es to 
dio fue h ultura dfl punto d,(, cplicucior dof Ir caqrgo( onr roba
c ion a las di rnem~ione-s do Jo probet i , itntundo inclui t 010 vO 

riab le- on ia exptr. o d,&!Ch0 rsit al COrtt, lo ciji I o re 
sultu soric*-loI Do l~so-r, y5 5 Lt s~ qu rrfr)io . 

ha logirodo n fac tot doSO1 ola sPO Cto U 1,). milur asustb1 os 

de laarut~ tyiturol, peto os, nc ro rrmpliot 0lflme' dv ien-s 

yt, I/ urit le ri .0 1 rJsr.if]-,ro :'d stln1 d.t L-11 lo er~T 

adaiy enf re-uftctu rio j,,t* do r11piAttrO ritrx1J~o liVrrt 

doi1;zt) rT)0 t: fit');,I to I), 'F)t'iO. (!,ia~ otilr,y3 1 !;- 3i (Jo 

2.2. 5. Ensu/o io 

En elI c,s'. 'I" rimi'Ctv5 [0(tfV ernaryo ct-,O 1"oosfi rSuita 
flox ') 0 ;,dos 1)(ir rd rld (sItd! i d'! tC en - 66r ho 

riznta!rpi/IV en (k. ]CtJ ' 'd) . D*' ortitjJ; e ie 55 

10 ci. [p')il l tir .J r f-rilo ( ten i'' br, do id . 

rnIy 1jurrout cnih'2'(1. h~5".. '~. ot 5 5.1 f- i'd -fn ir '. b. / 

luego If: lfdxit'fl. fif'.t - (I frilfi de' Fef(IC(Jon'vb on nt) cnlAdod 

Para evitur th aI ny~ $). trtntdrfitif.ro s 'd rri;Srrwj. o tart) 
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bien confeccionar los especi'nones horizontalmento y luex.go retirar 
parte, det molde, Pero a~n astr so requiere do buena mamposterr'a 
pama soportor tan solo el peso pcopio y' postcriorrnonte, cicrfa car
ga vertical (concentrado y oplicado al ctentro cuando hay 2 apo 
yos y uniforme cuando hay 4 opoyos). 

Po, lo expuesto, no es muy conveniente normalizor este ensayo 
pucs servirl'a solo pam- ciertos tipos de albaflilerra do adobe. 

2.3. Ersao co lementos a escola natural 

2.3. 1. Ensos do corte, en mnutos 

Estos cnsayos consisten ern la aplicoci6n do una cargo concontra 
do on el piano (lei muio. Los toafsos de los especiimerncs variIan 

2entre cuadiudos de- m. de tado a rcct6 njulos do 2.4 x 4.0 m. 

Fundornnfrin enti! se uti Ii nn du tipo de ensayos depondiendlo 
do la calidad I',Halboili leri10. 

El prin-wir tip eI,-e vema~ooen vo ladizrj, quek es opropiado para 
a tbafli cr'1 df. poco rewistenceo , -i (,!, que, se de!sca obten~er uno 
medida df! etto r(..tv*nci a at cort e con un tpo dn fat to some jan 
to, at que ocurie en lut cortrtruccione por cf-cto J lot, .ksmos. 
Este- ensoayu -,onte u ha probta u traccionef"' 1!n Ia 1xorte inferiof 
do to cuta cque recle ia a ayL di' 0Iuow r?-1fwhC] dii menUyv 
to re-, iattecf!Iv uIcorf f. lo c ullI J dI~ a (Ifc .'r un ;icori.f'rnicr
te . t j.rrinrrine a futcr :,,] s! aplico a travf'- dJ! or) elfemr'nto 
do retxirtic6 rt. Lu f-i nl !wepiezti dondt! fermi o #:-,( te,!rwnlno dn 
reparfic ion. L[a a itura 'Yfci' det muro (I efecto Je' Coripoa 
C ionfc Con~'aI u~ JW l3VtiCW.JLOrJ'aS, demd'fJrfel suclo 
haout eI lji U I.l fi-ura 

El -5e(Ju!1J) ti p- otl li ,i, h let e' vvrtiro lrs a lot ludo- (Inl I e 

r 

La vi~qCI -upler cr lr~'~c UfrJ / jC-tVa C 

peci me'n qw!' L(Io uOilIi,. fter~nfi 4fi do-, des. concrroto. 
o aterl Ia itite of fOrr) 

Cirmierio / t-'sfa fijj i aVLe. ierr 1 0o aow borery 
follo I,- tcofl'', 1 i lJ) OI' fr I)utrwIu.rrIrr 
firrinfe / Ak1j,;w!, 1- Alo~ , 'I Jr ',1'ir1if !'I aetH 

y vrif io!) tI 'ofitfIr !' : . c. t-j l ,or i 

66n rdr'l rrniS?,K ',,f on -.i)1, ttinot', r,')v'nrf ia ah f 

Cf ri/1jofu'e,t l (I l r ') ,ajr , i')' Ii It'-J~emiroil cortar'-

On fun60iu ""dr .. w r ro;hrio ( I ),ii" !I far iu fCl 
qoIw iiinerl tinS t(i dOtrtto !,, win 'rift) ranf) de* Pato 
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ca ( - c + d(j ) cosro to dofinida en MWxico 
'~'o1 ,dondo es Io resistencia a1t y, 

tracci 6 n quo so supone corstante. 

Tambic'n se hiao jecutodo vrmaoo sobre muros on L o on T para 
aprecior la distriucio-n do esfuerzos en to conexi 6 n, et tipo do 
folio y principaltnnte para dot nir criterios practicos do disoI~o 

qua invo tucrcn en elt Cc~lulo dr. [a resisteflcia at coite do los 
muros tor~jifuditxiles, porte det 6 rcu correspondiente u los muros 
trortsveiviles (3). 

2.3.2. Enisay'os de Fetxi 6 nri M1 

Do% tipV)- d, liluI riut carnufles por accgor, do los sisrnois, ocurren 
Ii to vet nnl *n 

tros de muic-, y If, fa I vert culIat C:!ffo tO it ! do rniuro, to qos. 
Por S quw~r ; fat la-, frucJn -r.r coulplicuan [pot to) actua 

debidos r?,( a&~ar f t0 xj6n: tot Hi ic at e nc 

Patu eitulic!2 t i f'i.1f i.,m~e j~f.":ut'ldo vrrsayosha oo~ 2f 

con caor;-,,.~ II2. I(2f l *ff7;nW$ 1.0 en 

, / " et~Iunio, k),) tit, '! . -2f( ti' ) v~ O5/u 

pu e ,t(,; ie I I Is0 1 i . p'1 I s do tro 
tura rxJJ') I ) r~2'-r :,I f~I fit. urp~ue-.to 

se a lo-, ipli(Ir aN(trf*2 1")l Vt:" or 

II 1p CcI rrw,%e. 'N eii ,.J /cot 
li 2e.aLboror por i.~p; ~t~; 

Estics mivr r'. ocCjtrju ;-or;-end!iuhulrf, at ptory det muto 
lion s.idJ) !jncwtww-s 5wLto emrb.2e do mijin. i.n "U porae stu

d 1(1 01 _ m poUtr.tric-nto do. las eosqni ryi- (3). V'or Fofo 59 

3. Reuezo Duc:t ildaU, 

11tidud suPor un lado ~f~r:sptrr:I2 ' 40i2l'.b:d d'.t tIdobe y 

atbo lee' ~', '.tyit~ 5f~r. .u o'~.'.~~crri '10" corty) /(j *.c bo mew~n 

cinao .;r-', i i*t/I~ ~raro1dt.~r' vrssr~ of~ 

tiF0o'~r d'~ort''tt* r'ri?. tr' n ' I.e 'lI )r( 

dtf 'IL) r " / t't'' ~ ~ t'~J~';'~ ]t Ifi~ C!. 

n cr(-r- r r;; i . v I I I f I ) I 1r t.T7i 1r.r*) r 'r;; : . 

0;*ir-r&/ '4' a I- tx' ':r ' rfi~ U' I'u yjaf':rrK r' s 

tturat die f ) 1('< v r f v:r v.. f')?' .}o~ sovt ri ttr.rrr1,;'6 de It mi14)i 

3.I. Iya's .s t ' 

a; 1; rr par (I,I; r uric-U 1Jr .') .. tud (Ir,. as It ( nfo f to (n "nto 
c uado (1,' j)frrlItrjrrr' If- jJ?)1,o , corrniste er to ifir t1~oi xitdotirv 

mcdune nt'ur ri rc tolan q crnlfuIatrs '~~ c into elo ok 

101 r;d bte's trj, Corpoonlr. tao'oe.nro Dr.. rw,ro) utWl frio fuor 
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za gravitacional actt'O paralela a 1,1 base, tul coma ocurre con las comn
ponentes horizontales de un sismo real. Con estos ensayos ;e corsiguen 
fisuras del tipa de las que se prcscntan cn los sismos roales y es posible 
evaluar los mncrernento, de resistencia de corte flexionanite quo confieren 
los diferentos acoriiodos de tefioerzo. Es posible efectuar ons*ayos cr'clicos 
y taf-bi enra~xo quc -.im-ulrn !c actuoci 6 n sirnult~rnea de las dos coirlpo
nentes horizontales co* un sisnyo (on relaci6n variable de stz volores , con 
difercnt-s giros en planta del "rr~dulo' respocto a los ojos de la mesa in 
clinable). (Ver Foto 6) 

Con este tifxo de onscyos, -, fealio en la PUCP el estudio de refuerms 
para vivivw~ky. rurales ern b)050 a caila, alambre y maderu (3, 17). 

El refor S!rrrleflt( (jUfe if,-6 m"'31 eficierl,'te r1 hoSe a 100a, le MUoStra en 
la fig. I y h fo tf / rruf,-ru ur ,j fuse del e-tnuyo dt! un mixdulo con eose 
ti po de! rc fuer Fi)ar a (Ju r ur rj Cor idea dr: Ic d'jctilIidad lograda con 
esta disFCo-icofl d,~ e-nu~lo fie. t- cot-,,-rar los rvesu ltdo, de
los orruyos (hI c:IrtE '!r..ff m~ur-, f fl Id Io iai:dssh nepc 

men sin reorf)to() p0 .. dj 

Los rul :g 'r; 'tic 5 debiviun -,vi rot;tiiicadoS Fr onsa 
f~.yoS Coll ul;Wa dI( 1 qw~' irdeu-.U ',! tifX) df-- 'Olicituci 6 11 di 

flomica rriv,-aj Lba 

3.2. Ensaycs. gu rs vlru 

Los 6nicos ri. £od. utili zarvo Utna rT*-sO vibIaOra01, hIr ,ido e
fectuado.,l a II~I "IcOrul 01 4U6) !'i ] utnov xico con mo~de los 
reducidrj- oi 1: _I~l~' o '10 Lroirnfr'. (it, rf-fue-rz v~b ruraliviondo 

estri proqrrfrrl v r'rv i'rt ' 

Los dficultodrS Iv~ji ;j i il o orfunte~.wi ,t*) r.,-r v i y eo't& 
iaOCV di(cIl J 1 2 Ibi~~lb K (~rr~ du~ rit. 1!1 ensfiayo,
adl corrKo tiariugri so Istiujr ha fir) sr(];''kW. 0o ao~le 1y ~s

lot C o IlttFof. f t-. rIIf i 1,'p. I ). f.~- 'I . f I 1 1 I'fI fr. ~ f I111 (It- IoIeee tf 

do refurtt~tj I) ~ ?ijfrrj)Ir. r-F) !'J. (It- . I tjif'.. It' II.'I. 'rtef.I I F> FllI(( 

do%. D 5'?l ftvuF (;.l.5 ej't-i'O r lo ;(Ie o ;Il 

NOk d10be rol.;bI ift If] '. 66rr p't'JI-Int- dto 1"'.. i'p~ F F5 iIII(hi 

1qL'e cc~rdl@ , I'iS(j1,wI r$y11;1 1 
iii~i '4"f$i f Irr ifil If-fedll o e.' 

tf4JCtivos t .- ('J':0')"0 fUJ^ wpetivzloft--. t!# Iv q i 'll r "m d" ~ i f) 

(;C,crt?', y qt;m, ;-140rl~ Ir~rrv-Onf fK) le, j4Xn(i(3f I),S (Jr C-11 ,~ e'rnpjor5 P'l 

miret ott"Mo~to0 vib'odotfl Cr~l Ill (juiln#sniO Mif / lnIli r 
En 0ot flolrrs Li Srachrt~ Ii 'IX) I It)- i fl t".fg felo~ q (ft-, 



al estudlo del comportamiento de las construcciones de adobe durante los 
sismos, hay que compietar esta informacirn con intuici 6 n y observaci6n 
sobre edificaciones que han soportado terremotos. 

4. Lrneas futuras de Investigaci6n 

El estado del conocimiento de las construcciones de adobe es tal, quo se vis
lumbra prontas soluciones econ6micas y seguras realizando investigaciones en 
dos sentidos: 

- Influencia de Iacomposici6n del mortero de junta y unidad de adobe. Op 
timizaci6n de [a composici6 n. Influencia de las propiedades fl'sico-qu'mi 
cas del suelo. 

- Perfeccionamiento de los sistemcrs de refuerzo, incorporaci6n do nuevos 
maltriales. Rigidizaci6n de techos ligeros. 

Respecto a Ia prinwroa ,a ,e ha rrfnfestado que es posible incrementor Ia resis
tencia del orden de 5 veces, variando adecuadamente los component,s del ado 
be (especialment. dfol nortero en relaciOi al adobe). S; a (sto le aiadimos 
Ia mejora en resistenc a debida Io- refuer zs, que seg6n se ha reportado es 
del orden 2.5 a 3 veces respecto a las corntrucciones in reforzar, ya podemos 
afirmar que se curyplir pronto aqu, dI,eo, do John Blur,,o que escrlbi6 x]fra 
los lectoen de I"w5letter-EER , en el sentido de que lf agladari'a promover 
cualquier pfrograrna de irvestigaci 6 n so!re ,Aviendas p bres, -i es qu, ,_ pvJie 
ra obtener incrernentos de 10 voces su resistncia con muy baio increrento de 
costo. 

En base a la do- princI Icxirl.a d," irr.'ctasc c(itn rf l on d(i,, ,! conc!iLreo 
que es irnpetativo el poyo al dsarfollo (f UnVC Sti/VS cio,,,, -Obr.uobrv cor,
truccioneS (do ado ho. fsfu. r, tor rs ado- 1xit a avr 'c la[I i,- df.Sple pcd, o-
pos bi lidados y logros con dicho nt,AerWil teruieren ahor dA car:. '.,: na 
yores medios y mejote ec -cJal;Owasport lo j, IV !t, .o .'qu udos. 
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CONSTRUCCIONES DE ADOBE. BASES PARA UN CODIGO SISMO RESISTENTE 

I.- ANTECEDENTES 

Muchos parses so han cuestionado acerca do la conveniencia de reglamentar 
la corttrucci 6 n con adobe. En ol Peru, do acuerdo a su realidad, opt6 por 
la implementacion de un codigo antisismico quo posee un caprtulo para 
dichas construcciones (I). En Abril de 1977 so aprob6 el Reglamento Naclo 
nal de Construcciones con esta singularidad, sin embargo, no alcanm a reco 
ger los resultados do las investigaciones que antes de esa fecha se realiza 

ran y contin'an a6n realiz5 ndose (2, 3, 4, 5 y 6). 

2.- ALCANCE 

Las disposiciones do este proyecto, pueden aplkcarse al diselio y construccion 
de muros constituf'dos par adobe y tapial, asi" como servir de referencia para 
mamposterl'a do piezas do ladrillo, piedra artificial a natural, suelo-cemen 

to, etc. con mortero do barro. 

So contempla construcciones do adobe con y sin refuerzo , diferenciaiyJo los 
materiales utilizados seg6n so trate de obras rurales o urbanas. Esto incluye 
la util*zaci 6n dc morteros enriquecidos. 

3.- MATERIALES 

3.1. UNIDADES 

3.1.1. TIPOS DE UNIDADES 

Las 	 unidades usadas on elementos estructurales de mamposte
rra 	 no tendran restricci 6 n alguna en sus dimersiones, pero 
so recomienda que 5stas scan paralelepirpedos do proporciones 
ermarcadas entre 1:1:3 y 1:4:8 para el caso del adobe y 
tapial. Las unidades scrarn macizas y so uti lizar6 n solo des 
pues do un mes de s-4cado. 

En cuanto a la composici 6 n do la nezcla para fabricar las 
unidades, se recomienda bs siguientes inamientos: 

- Los componentes mrnirnos seran agua, arcilla, limo y 
arena. Se considetar6 como parti'culas do arcilla las me 
nores do 0.002 mm., do limo las comprendidas entre 
0.002 y 0.02 mm.y de arena las comprendidas entre 0.2 
y 2 mm. 

-	 Podr6 tolerarse un pequeo porcentaie (hasta 5% on pe
so) de partrculas de grava. 
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3.1.2. 


El 
tre 10 y 20%, para asegurar la plasticidad sin "te
nor problema de fi~uras par el secado. 

S contenido d: arcilla deber6 estar comprendido an 

La cantidad de limo debar se semejante a la de la 
arcilla, pero ambas no debieran sabre pasar el 30%. 
El saldo deber6 ser arena con a sin ingredientes adi 
cionales, tales come paja, gravilla, estigrcol, etc. 

Debe utiliiore la =enor cantidad do agua quo per 
mita una adecuada trcbajabilidad. 

So recomienda al tzo de paja siempre quo no exce 
do de 1.0% on peso. 

Es recomendable utilizar adicionalmente aglomeran
tes coma el yeso a cemento an proporciones de al
rededor do 1:4 con barro, para incromer.tar la cali 
dad de las unidades. 

Es recomendable utilizar emulsiones csf 6 lticas (ado 
be estabilizado asfalto RC-250, 1.5 a' 2%), para 
preservar la construcci 6 n frente a la humedad, ero
si6n, etc. (7). 

RESISTENCIA A U%COMPRESION 

La resistencia a la compresi 6n se determinar6 ensayando 
cubos labrados cuya arista sea la monor dinensi6n de l 
unidad do adobe o cubos do alrededor de 10 cms. de 
arista para el caso del tapial. Sc empleara' un valor de 
la resistencia (Re), calculada or, base al area de la sec
cion traisversal. Este valor ser6 el sobrepasado par el 
80% de las piezas ensayadas. 

A efectos do diseio so considerar 6 un coeficiente de se
guridad de 2.5 (R* = 0.4 R ).

0 0 

Se podr6 honologar resultados de probetas prismdticus de 
esbeltez A mayor/mcnor dimens;6n, utilizando la ex
presi 6 n R , R / V7(para :. 6). No so conside 
rar6 significativa TO variaci 6 n del tamafio do la arista de 
la probeta c6bica. El valor do R 

0 
corrcsponde a 1. 

De no contarse con resultados experimentales, podr6 con 
siderarse el valor consignado on la tabla 1 (*). 

El valor do R* ho sido calculado coma 0.4 R 
0 0 

S* ) Datos obtenidos con adobe corriente, en la Pontificia Universidad Cat6'ica 

del Por'. 
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3.2. MORTEROS
 

Los morteros podrdn clasificarse en dos grupos: 

a) Tipo I (En base a arena y aglomerantes). 

b) Tipo II (En base a tierra con o sin aglomerantes). 

3.2.1. MORTEROS TIPO I 

- Su resistencia a corrpresi 6 n (ASTM C109), no sera 
menor de 25 kg./cm2 . 

- Si se trata de morteros de cemento arena, la rela
cion volumetrica estar6 comprendida et tre 1:3 y 
1:12. Debe utilizarse arena gruesa. 

- Si se trata do morteros do cemenfo cal o yeso are
na, la rolaci 6 n volum trica entre aglomerante y 
agregado inerte estar 6 comprendida entre 1:25 y 
1:8. 

- Deber6 emplearse la mi'nima cantidad de agua que 
permita juntas planas en la albamliler'a. 

NOTA. -

La calidad del mortero est 6 asociada a la adherencia con 
las unidades. El iso de la resistencia a compresi 6 n co
me indicador, obedece solo a razones prtcticas (8). 

Los Irmites seilalados han sido fijados en relaci 6 n con di 
cha adhrencic,, dado el comportamiento durante los ensa
yos efectuados. 

3.2.2. MORTEROS TIPJ II 

- Ser6n utilizados 6nicamente en viviendas rurales a 
construcciones provisionales. 

- So considcrar dentro do esta categorla a los morte 
ros con resistencias a compresion menores quo 
25 kg./cm2 . 

- La composici6n del mortero debe cumpt !ir los misr-os 
lincamienlos que las unidades. 

- Deber6 emplearse la mneor cantlidad de agua quo 
sea necesaria para una mezrla trabaiable. 

So corsidera que las juntas de la albaflilerl'a coirtituyen 
las wnas criticas, on consecuencia elias deberdn recibir 
el mayor cuidado. 
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3.3. REFUERZOS 

Dada la fragilidad de las corntrucciors de adobe, es indispensable
la utilizaci6n de refuernos, tend!ente. a proporcionarles ductilidad,
monolitismo y eventualmonte resistencia. 

Se sugiere la 	 utilizaci6 n de los siguientes materiales y funciones: 

3.3.1. OBRAS RURALES.- (MORTERO TIPO II) 

Carla : En tiras planas cada cierta nu'mero 
('ipo carrizo) de juntas (do 2 6 4), cocidas en los 

encuentros y en todos los muros. Se 
reforzor6 la junta que coincida con 
,l nivel superior o inferior de coda 
vano, tratdndose de quo estos nive
les coincidan do un vano a otro. 

Adicionaimente es posible colocar 
cafias verticales atodas a las hori2.i 
tales y colocadas en un piano ,.en
tral entre unidades do adobe y rodea 
dos do rnortero. Estu disposicion 
proporciona gran ductilidad a la cons 
trucci6n. La cafla deber6 ser trata-
da para efectos de conservaci6n. 

WMdera: 	 En dinteles de vanos y en viqas "co 
liar" sobre los muros. En ambos co
sos so suietard con alambre dicho re
fuerzo al cimiento do los muros. El 
dintel puedo sujotarse a la viga
"collar". 

Alambre: 	 Vertical o en cruz do San Andr s,pa 
ra fiiar la viga "collar" o los dinte
les a la cimentaci6n. 'roporciona 

ductilidad rl conjunto. So recomien 
da tersor ol alamre al colocarlo. 

3.3.2. OBRA URB.ANAS.- (MORTERO TIPO I) 

Acero : 	 Varillas corrujdas df cormstrucci 6 n, 
formando elernoritos verticales u hor 
zontales (,. concreto armado. Evitar 
contaclo con rrteros que: contr'ngan 
yeso. 

Miallas de actto rnbutida; ert enluci 
dos do mortero, uniendo vifja collon 
con cir nulracin. 
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3.4. MAMPOSTERIA 

3.4.1. ESPESOR DE JUNTAS 

El espesor de las juntas ser6 do 2 crms. para mortercs ti
po II, y do 1.5 cm. para morteros tipo 1,con una tole
rancia del 50%. 

3.4.2. RESISTENCIA A COMPRESION 

La resistencia a compresi 6 n do la mampostoera, R*m po 
dr6 doterminarso oxporimentalmente o par los valores ref. 
-enciales do la tabla 2. 

a) 	 Ensayo do pilas, con rmaterialos a usar en obra. 

Do preferencia l s pilas estaron compuestas par el 
n6mero dc ladrillo necesario para obtoner un coefi 
ciente do esboltez do 4. Sin embargo, podr6 usar 

so pilas doide 4 unidades, en vista do quo ha que 
dado denostrado quo para el adobe, luego do 3 
juntas, la variaci6 n do resultados es minirm y prac 
ticamente independiente del coeficiento de esboltoz. 
So tendr6 especial cuidado en mantener la verticali 
dad del especimon. El tiempo do secado dl rnor

tero do las pilas ser 6 do a lrededor do un res. La 

resistencia d,! las pilas aumenta significativarnente 
con ol tiempo do secado (± 50% on el primer am'o). 

La resistencia nominal R* so coriderar6 come ol 
140% del valor sobrepasaco par e 90% do Ios pilas 

orsayadas. 
R* 0.4 R El numero mrnirmo de pilas a on

m m 
sayar ser6 do 6. En ning 6n caso so considorar 6 

R* " R* 
m a 

b) 	 Si no se realiza ensayos de pilas do adobe, so po

dr6 utilizer los valoros referenciales de la tabla 2. 

3.4.3. RESISTENCIA A CORTE 

La resistencia a corto de la mamposterla I C* podra 

detorminarse experi rentalmente o par los valoros roforen

ciales do Ia tabla 2. 

a) 	 Ernayo de carte, con rnateriales a usar en obra. 

Los especruene', e5(n r murOt, d relaci6n laro-al 

tura de alrededor de 1.7, cargados lateralmonto a 

2/3 de su altura, con o sin cargo do compresi 6 n 

simult~nea. El producto del largo par la altura 
2
do I m.ser6 do alredsdo 
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6
El tiempr, del secado do las probetas ser do aproxi 
madarnento un ms. 

La resistencia nominal, C* so considorar6 como, 

al 40% do la resistencia rW61 murete, C considera 
da como el valor sobropasado por el 90?o'do los en 
sayos C* - 0.4 C 

m m 

El nurmero mi'nimo de probetas a onsayar sere de 12, 
util1zando trms nivolas distintos do esfuerzo de corn 
presion simultcnea (4 probetas por nivel). 

La resistencia a corte, C so calcular6 siempre 
como 	una funci6n lineal Tdl esfuerzo de compresioin 
acfuante.
 

C 	 a + b rj m 

Rosultados experimentales demuestran que este valor 
debe ser afectado de un factor de escala (pare con 
siderar mutes a escala natural) I = 2, de modo 
que los valores do a y b deberdn ser multiplicados 
por este factor x , antes do calcular C 

En el 	cclculo do m so considerarc6 solaient,, ol 70% 
do 1-s fuerws gruvitacionales, debido a '. eventual 
actuaci 6 n simultirva do ftierzas do inorcia asociadas 
a aceloraciones verticales propias a un sisno. 
Adicionalmente solo so corniderar6 ol peso propio 
de media muro para fijar una aitura promedlo del 
6rea critica. 

b) 	 Si no so realizil ensayos do corte, so podri6 reali
zar los valores diferenciales do la tabla 2. 

3.4.4. RESISTENCIA A TPACCIOr 

Para fines do diselo se corisiderar6 nula la resistencia a 
tracci 6 n do la mannpo-terr'a. (Esfuerzos porpendiculares a 
lhs juntas). 

3.4.5. MODULO DE ELASTICIDAD 

El rn6du!o do elasticidad do la rrimposterl'a podr6 eva
luorse experirntnfalmonte, o en su defecto corniderar: 

Mortero tipo I E 5000 kq./cm 2 u 1000 R* 
m 

2. 
Mortero tipo II E 1700 ko./cm2o 680 R* 

m 

El rn6dulo do elasticidad se incromenta con el tiempo de 
socado do la probeta. 
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Para cargas do corta duraci6n se utilizard un valor do 
E incrtimantado an un 50%. 

3.4.6. MODULO DE RIGIDEZ 

Se corsiderar6 come G - 0.4 E. 

4. GUIAS DE DISEINO Y CONSTRUCCION 

La determinaci 6 n de los esfuerzos actuantes on los diferents elernntos, on 

gernral s, haton a travtu de un ar.lisis el&.tico, toniendo on cuento quo la 

marposteri'a no resiste tracciones normales a las juntas. Dada Ia comploia 

distribuci6n do esfuerzos on las paredes con a sin vanos, ensambladas ortogo 

nalmente, so descatfu Ilposibilidad do un an 6 lisis oaistico muy prolijo para 

fines pcacticos. Par otro lado, el comportamiento el6 tico del material solo 

so cumple a un nivol muy bajo do esfuerzos, produciendoso tempranmente 

redistribuciones impredecibles do esfuerzos, ya sea an las uniones de elemen 

tos coma alrededor do los vanos. 

4.1. SISTEMA ESTRUCTURAL 

Las casas do adobe deben ser compactas, con una gran densidad do 

mutos, do ser posible todos colaborantes (portando el peso del te 

cho), de habituciones cuya planta tienda a ser cuodroda, con vanos 
muy pequcilos y contrados al media de las paredes. La distribuc6n 
arquitectonica debe obedecer a este esquema. 

4.2. DISTRIBUCIOG DE FUERZAS 

Usualmento los techos do esta tipo de viviendas es de madera 0 
carla. Con estos materiales resulta costoso y difl'cil lograr diafrag

mas rigidos come para conseguir un comportamiento conjunto do los 

muros frente a acciones sismicas. Par tanto, para esto tipo do e

fectos se coriderar 6 quo las patedes poralolas a la acci 6 n sr'smica 

on estudio, resisten el carte y las transversales resiston par flexi6 n 
los fuerzas perpendiculars a su plano. 

La distribuci6n do las fuerzas do corte so har6 par zonas do influen 

cia sabre cada pure longitudinal, considerando la propia masa y las" 

fracciones pertinentes do la msa do muros transversales y la del 
techo. 

En al caso do canter con techos rKgidos en su plano, so distribuira 

las fuerzas sismicas seg6n la rigidez rolativa do los diferertes muros. 

Los techo, ceber6 n ser Iom(6s ligeros posibles. 

El efecto do las cargas gravitacionales se distribuir 6 par areas do 
influencia sabre cada muro, seog6n el csquemi estructural del techo. 
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4.3. ANALISIS DINAMICO 

Se considera qua el nivel do aptoxlmaci 6 n adecuado so logra con 
un an 6 lisis cuaii-est6tico, utilizando las indicaciont% del Reglamon
to Nacional do Construcciones. 

A efectos do utilizaci 6 n del espectro, of perrodo fundamental (T) 
so puede calcular conslderando a la vivienda come un ensamble do 
dos subsistoemcs: ol do los muros transversales (quo es dominante) y 
01 do los muros longitudinales, do tal forma qua: 

= T 2T (T2 + ) 1/2
e s 

Los pariodos Te y T de los muros longitudinales y transversales 
so pueden obtener utifiando ol rm~todo de la deflexion est 6 lica. 

La r6pida degradaci6n del material originar una flexibilizaci6n del 
sistema, quo disminuir6 of valor do ILs fuerzos do inercia inicial 
monte supuestus. 

El factor do reducti6n par ductilidad Rd., qLo el Reglamento Na
cional ikJica, ser6 do 1.5 , 2.5 seg 6 n so hayn -onsiderado refuer
zos de coaras horizntals cocidas, alamibre vertical o diagcnal 0 
malla do coflo, respectivarirnte. 

4.4. DISEtOO DE MUROS LONGITUDIrNALES 

La aplicaci 6 n do la resistoncia C* , so cfectuar6 sobro ol 6 rea 
transversal critica de coda muro Ocscontando vano- si fuera el caso). 

6So podr 6 incluir el rea de una f-acci6n de los muros transversales 
(solo si los hay on los dos extrems), i Jual ol 25% do la longitud 
del moneor do ellos, pero nunca apayor do cinco voces el espesor 
del muro lonvjitudinal. 

4.5. DISENO DE MUROS TMANSVERSALES 

Se recomienda utilizar ol rrtodo dc lI'neas do rotura, basado on la 
actuacion permanonte do un mroento flector resistento (gravitacio
nal) a traves do las fisuras dol rnuo o bien util;izindo las expresio 
nos ajustado- empi'rcaronte a ai~tir do dicha leori' . 

El estudio do eoto- rnuros define la s parrci 6 n d" los muros de 
arrostre tranrversles, cuya lorwjitud no deber6 ser menor quo: 

chi 

o n 

donde: I0 longitud del rnui", do arriostro 

c cooficionto sismico orrmploado 
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h = altura do los 	 muros 

I = 	 longitud del muro principal 

El esposor del muro de arriostre sem igual o mayor quo el del muro 
principal. 

Para efectos de predimenrionamento podr6 considerarse quo la dis 
tancia mcxima entre arriostres sera: 

d 2.5 b 	 donde b as al espesor del muro princi 
pac h 

4 
d 	 4 1
 

3
 

4.6. SUELO DE CIvNTACION 

Paa minimir los efectos sl'smicos, los construcciones do adobe sq 

[o podro'n cimentarse sobre suolos firmes ( a admisible >, 3 kg/cm). 
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NOTACION
 

y 	 Cooficianto do seguridad paro esfuerms admisibles. . 

R Valor nominal do [a resitoncia a compreii6n an probotas c~bicas,
0 sobreoasado par al 80%') do los especrrncnes.
 

R*Valor do la resistancia ( r cornpresi6 n,minorada 'Y 2. 5) a Para 
0 uso en disetro por esfuerzms odrnisibles. 

R 	 Valor do 1(1resistfercia a cornpresio'n en ptobetoi do rsbeltoz 

*Cooficionte do ombeltez ({e la ptobetu, cociente entro mayor y me
nor dimeiris6ri (It la rrikrT-K ( , -I ). 

R*Valor do la rc-sisteicio minowaad ( 2. 5) a compresi 6 n do la 
m rnaompOsterl"i, pjra r~o en disCiio por esfuer ms adrniibles. 

R * Valor ce la tv istencia i compresi 6 n do pi Ias di mrnrpostertla con 

elobe 'fez ]:4, (mriWirna A. adobes), sobrepaiado por el 909% de las pro 

betas onmayadut. 

T 	 Valor de la resistoncia nimnorada do trecci6n par flexi6n do unida 

des ( t 2. ). 

T 	 Valor de la rtonkfencia mnirKrada de ttaccio'n (Ent.uyo braii lrfo) an 
probetus cindri car lt I x cnyr.. ( 1 2.')d, . 30 

C - Valor de oIarefi6oric(ia a cor tn de murtr Jr rot-tt~r sobreo 
sado, pror~ I~90 ',de 1(n. ptoke to-, evra /(Id,.-

C * Valor du ha re--ii-or rcio "nrritrjudu ( 2. f) a car fr do la marrpos 
m teria, por(J uo en dkeviv. Ixr relfuer.n wiutyilib Irs. 

a m Esfuer A do! corrpirior tcluktwno t-n la rrwrnposari'a 

(om .- P)m qrm 

E * idu lo (IdoIti ci r1id (.q/cm2 

G * 	 Mdulo do R;U;d 0 z (l /cm7) 
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TABLA N21 

RESISTENCIAS ADMISIBLES DE UNIDADES 

- Valores referenciales do resultados do onsayos en adobe. 

R* 0.4 R 4.5 kg./cm2 

Compresin (zubos) 
0 0 

T; 1.3 kg./cm2 

flexi6n (Unidados):Tracci~n por 

Tracci 6 fn (Ertiyo brusilaro): T 0.3 kg./cm2 

NOTA. - Estov valores podtmn ;ncrementarso an un 20% , $i la nezcla contiono 
cernento o ycio on proporcion volumtrico igual a mayor al 25% res

pecto al resto do los comrponentes SOc'A. 

TABLA HJ22
 

RESISTENrIAS ADMISIBLS DL tAA.MPOSTERIA
 

- Valores referenciale do remultedoS d royos d, p;lo, do adobe. 

COMPKSION : 

Mortoro tipo I : R* R* 
m 0 

Moilero tipo II : 0. 5 Re 
m 0 

CORTE: 

h/ortao tipo I t Co .08 + .48 a (kg./c€,n 2 )
m m 

Wrtero tlpo II t C, .04 + .24 (kg./cm2 ) 
m m 
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3. Ensayo de corte de muro en voladizo.
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5 Ensayo de flexi6n en uros de tamao natural. 





TURKISH STANDARDS AND CODES ON ADOBE AND ADOBE CONSTRUCTIONS
 

MUfit Yorulmaz
 

Technical University of Istanbul,Turkey.
 

ABSTRACT 	Standards on adobe, cement treated adobe blocks, adobe
 

buildings and their construction methods are presented.
 

Adobe buildings section of Turkish Earthquake Code is
 

also presented and compared with the above mentioned
 

standards; the conformability of Standards and the Code
 

is discussed by taking into consideration the ideas
 

which were effected the preparation of these regulations.
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1. Introduction
 

In Turkey adobe buildings, though decreasing sharply in
 
number in cities, they are still widespread in rural areas and
 
hold a percentale of approximatel-y 20 %, of all buildings which
 
have been built as masonry structures. Apart being used
 
structurally, adobe blocks are also used as a filling material for
 
timber framed constructions. (1)
 

Adobe is most popular, particularly in the regions where
 
farming is the main occupation. Climate is another factor
 
effecting to its usage, e.g., regions with land climate seem
 
more favourable for this material.
 

People living in rural areas who have to build their own
 
houses, stables and straw ricks prefer adobe for the following
 

reasons :
 

a. Raw material of adobe, i.e. clayey earth, is available nearly
 
everywhere and in most cases free of charge,
 

b. 	 They have a wrong impression that these houses could be built 
without feeling necessity for -cne technical knowledge or 
advice, 

c. 	Workmanship is simple,
 
d. These houses provide high degree of thermal and noise
 

insulation,
 

e. Farmers could build their houses by utilizing their
 

seasonally available free time.
 

On the other hand, in some cases, adobe houses have -cnme
 
significant disadvantages. These buildings are vulnerable to
 
water. Adobe blocks may lose mo;t of -hpi r '-t-r(nrT-h :,nm ,hrn 



adobe blocks as a building material and to establish a set of
 

rules for designing adobe bui-ldings and their construction methods.
 

Turkish Standards Institute and Ministry of Reconstruction
 

and Resettlement to achieve the above mentioned objectives issued
 

three standards and a code respectively, under the following
 

titles :
 

a.l. Cement treated adobe bricks, (2)
 

2. Adobe blocks and production methods, (3)
 

on adobe as a building material,
 

b.l. A specific section in Turkish earthquake resistant building
 

design code related with adobe buildings, (4)
 

2. Adobe buildings and construction methods, (5)
 

on adobe buildings.
 

The purpose of this paper is to introduce, discuss and
 

compare the contents of the standards and the code mentioned
 

above.
 

Initially, rules of standard and/or code will be presented,
 

then the applications made by people who are unaware of these
 

rules and build according to their traditional methods.
 

2. Adobe Blocks
 

2.1. Dimensions :
 

Standard defines two groups of adobe blocks each having two
 

types : 

Dimensions (cm) Volume (dm3) Weight (kp) 

Group 

Group 

I 

II 

a. 12xl9x40 

b. 12x30x40 

a. 12x18x30 

b. 12x25x30 

9.12 

14.40 

6.48 

9.00 

10-12 

15-25 

7-11 

10-15 

(cub) 

(mother) 

(cub) 

(mother) 



Mother Cub
 

FIG. 1
 

Adobe block dimensions
 

for mother blocks (27 
to 30) x (30 to 40) cm. (6).
 

This shows that standard aimed to obtain an average value
 
of usual dimensions and generalize it as 
a rule.
 

2.2. Compressive Stregfth :
 

Standardly, compressive strength of adobe blocks should have
 
a minimum of 8 kp/cm2, and the average of three specimens tested
 
should be 10 kp/cm2 at minimum.
 

Compression tests on 
specimens sampled through 62 localities
 
have given an average value of 9.55 kp/cm2 for compressive
 
strength, 3.12 kp/cm2 for standard deviation. (6). Th.s shows that
 
standard values are viable and 
can be realized with little effort.
 

2.3. ater resistance :
 

When they are tosted, as described in the standard, it is
 
expected that the blocks should not disintegrate before 45 minutes.
 

2 . 4 . Materials for adobe blocks : 

Standard describes the raw materials of adobe blocks as
 
follows :
 

Adobe blocks 
are made of clayey earth. The most suitable
 



stones bigger than 3 cm. If earth contain more clay than it is
 

recommended, then sand, crushed brick or stone, slag is advised
 

to be added. Hay, which is used as an additive, should be dry,
 

- 12 cm. Mixing
not-rotten and their fibre lengths should be 10 


w.ter should be clean.
 

In practice, earth usually obtained from excavated earth at
 

building site or in the neighbourhoi, however, in some cases
 

special pits provide earth for adobe construction. Roots, gravel
 

and in most cases hay are additives used in practice, though in
 

some regions additives are not used at all.
 

2.5. Preparation of materials :
 

Standard describes the production method as follows
 

A pit is exca-.ated 3-5 m '. diameter and one meter in depth and
 

an amount of earth, which will be treated in one day is deposited
 

into it. 500 it water and additives are added for each m3 of
 

earth and they are mixed and pressed thoroughly. Depending on the
 

clay ratio within the earth, for each m3 of earth, hay is added
 

with the following amounts : 

20 % clayey earth 5 - 7 kp 

35 % clayey earth 7  10 kp 

50 % clayey earth 10 - 15 kp 

70 % clayey earth 15 - 20 kp 

This mixture left at rest for 12 hours.
 

In case earth has a high clay ratio, 70 - 340 it sand,stone
 

or brick crushings or slag should also be added for each m3 oF
 

earth.
 

In practice, however much more hay is added as compared to
 



life applications throughout the country. However, standard puts
 

them forward in a systematic manner and emphasizes the important
 

points.
 

2.7. Tests on adobe blocks
 

Standard describes the tests which should be done on raw
 

material and the adobe blocks and explains the preparation of
 

test specimens, test procedures and how the test results should be
 

interpreted. These tests are on the determination of :
 

a. Tension and 7ompression strength, shrinkage, softenini
 

properties of the mud material,
 

b. 	Dimensional accuracy, compression strength and water absorption
 

properties of adobe blocks.
 

It 	is inconceivable for a villager, who builds his own house
 

to 	carry out these tests. Therefore, the purposes of defining
 

these tests, as I understand, to help government offices
 

responsible for building habitations at rural areas by
 

standardizin the tests and 
to provide common basis for different
 

laboratories working on adobe constructions.
 

2.8. Works on improving the qualities of adobe blocks
 

Several researchers have been working to improve the
 

properties of adobe blocks. Cement treated adobe blocks with
 
their established standard are some of results of these works.
 

2.8.1 . Treating with cement :
 

Standard gives the dimensions of cement treated adobe blocks
 

as 
7xll.5x24 cm
 

llxll.5x24 cm
 
ii×17-1Y1(i-r* m
 



Their density should be 1.70 - 1.95 kp/dm3. Dimensional
 

tolerances are 5%.
 

Then, preparing of the earth-cement mixture and casting into
 

moulds are explained.
 

Finally, tests for dimensional accuracy, density and
 

compression strength are described.
 

Tests carried out by researchers have shown that applying 

pressure on the mixture causes increase cn the compressive 

strength of the cement treated blocks. (7). With 5% and 10% 

cement contents compressive strengths are increased to 20 and 

35 kp/cm2 respectively. After water absorption and freeze-thaw 

tests these strengths are only decreased by 10 - 15%. 

2.8.2. Treating with gypsum or other stabilizers 

Since Turkey has big deposits of gypsum, gypsum treating 

of adobe blocks is also investigated with successful results. 

10 - 15 % gypsum addition to earth has increased compressive 

strength of gypsum treated blocks to 40 - 50 kp/cm2. (8, 9, 10).
 

3. Adobe Buildings
 

Under this title standard and the earthquake code are
 

presented and compared.
 

3.1. Materials : 

Adobe blocks should conform to their standards. Stone and 

timber should conform usual building standards and material 

specifications. Mortar is the same material which is used to 

produce adooe blocks. Apart from conventional roof covers, 

#4 -1- .1 1 -s.11L 1- 1............1-., - ,n- - tF' n mnnt- In,., -- f
 



3.2. Number of storeys :
 

Standard mention!. one and two storey buildings.
 

Earthquake code gives permission only single storey adobe
 

houses, with at most, a stone walled basement. As 95 % of
 

population of Turkey lives in earthquake zones, that means nearly
 

all adobe constructions in Turkey should required to be single
 

storey buildings.
 

3.3. Foundations
 

Standard gives a minimum of 70 cm for the foundation depth 

with a provision that it may change depending on the soil 

conditions.
 

Earthquake code increase:; thi:; depth to 80 cm and below to 

the freezing level of th : :ite,. 

For t he width of found.ition:;, sta ndar-d gives!! 50 cm for single 

storey, 60 cm 'or dGUb (. :; tori y h ildin ; and ins LLuct s to revise 

these width., 1-o..- poor 801 cond1t i on!. EI-r';( ak I co(;: .e0 g *'.,s 

51 cm width and call; for tALW 'tonel 4ound'ation w.11.1 to raiIe at 

least 50 cm above ground ind spedci,,; the mortr ,:all tl,',; tot 

stone founin tion wal! I. Th,: .at: Ih ,,,, b,,n ,'>];1 nd In the 

standird in ,ore dta 1 1 1iirth,'rmo e , ,ic[ f 1 rm.. VIon Is 

(given onl th'i irra :et U. :8. of founlldation 11e-)-:, at the 

slopinq Li; I idi1-( ; I, at~uk oecli "Or 60 -.tone 

wall for b.semnV w, I ;. 

Sur. ey,; rde,, ,n 7 loc lt ie. have s;hown that averaqe 

foundation d(p*. i ; 76 (:a Ind ;t:Indard rle" 1ation .:s 14 cm. (12). 
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Walcar ncr 40 cm thick 
Wall corner 30 cm thick 

FIG. 2
 

Wall thtcknrir rj 

Earthquake code aiuum,ti th,* l,nth of .dobe block 30 cm, 

which dtffrni fromi itandlirc1': blocck dlrn~jor.,ir and £nntructn 



Standard allows 18 cm wall thickness tor non-structural walls.
 

Measurements made on 82 localities give an average wall
 

thickness of 57 cm for external walls with a standazd deviation
 

of 10 cm. (12). For internal walls 63 measurements were made and
 

average thickness is found as 50 cm with a 13 cm standard
 

deviati on.
 

The wtll thicknes ;es given both in standard and earthquake 

code are smaller than the applications in practice. Apparently, 

the standard and the, code as,;urne blocks which were produced 

properly accordinq to their own standard!;. A!. a matter of fact, 

the maxi mum cojpr, 22on 2tre 22 cilcuat :d 2,; 2.18 kp/cm2 for 

a single storey auob, h)us which i do.;iq d arainsL seismic 

effects. (13) . 'PT i. ; vilti , cOmilp.re d wit-h ,-hi cumnpre!;sive strength 

of, 10 kp, cm , yen iln the tandard, represent an ample safety 

factor of 4.6. 

3.4.2. Wail, hiwh,t. : 

Standard ha:; gjiven maxiiniul wall heigths as : 

for 40 cm trickness 2.50 m 

for 50 c:_ Thcknes:; 3.00 m 

for #i3 , 3.50 m) kn,:; 

Earthquik.-:, , . r, 2 ', this; height to 2.70 i for all cases. 

Then stindr :2 , n ermtdi ,n on cons'tructinq ot the wall. 

On the other h,. L,i .wk, cd, init:ructs3 )'uildinqs to be 

rectangular i: i ,dsn 1 cal i:;:''tin both di rectioln . 

3.4.3. t'rw,,, 1nq ii d n, i ',n t~h of wai l; : 

,1
; i 



Standard fixes the free space between the transverse walls
 

at 4.00 m maximum. This distance may be inci-eased to 6.00 m at
 

independent stables and straw ricks.
 

Eaitqcuake code gives th'z distance as 4.50 m between the
 

axis of trarsverse walls, which conforms with standard's value.
 

3.4.4. Wall openings : 

Earthquake code gives more detail cn this subject and
 

standard differs slightly from the code.
 

Minimum distance between the building corner and the opening
 

should be 1.00 m and the openinq should be at least 50 cm from
 

the crossing point of walls. Maximum dimensions for doors are,
 

l.00x2.10 m , for windows are 0.90x1.40 m. Wall portions between
 

openings should be minimum 60 cm ; if this distance is shorter, 

then two lOxlO cm timber posts should be provided on both sides 

of the opening and these posts should be connected to tie beams 

and/or lintels. 

These limitations on openings could provide a good thermal 

insulation and enough load carrying canacity to absorb the 

lateral forces due to earthquake action. 

Insulitin against humidity should be provied under all 

adobe walls. 

3.5. Chimneys 

Chimney!; should be so arranged that they should not coincide 

with the cro!s-se.ction of structural walls. Preferably they should 

not made of id()I,#b blocks. Cross-3ections of chimney space should 

lVn yr
4 

n i t, - 1 1 C 1-1 , 1- R nm 

http:0.90x1.40
http:l.00x2.10


said 4 levels on both surfaces of the wall. They should be tied
 

with each other horizontally at every 1.00 m according to
 

standar"J and every 0.50 m according to code with cross tie-beams.
 

Timber tie beam 5 x0,0 8 

Cross-tie 5x10,8 Timber tie beam 5x1O, 8 

C 

C*%4 

'Timber tie beam 5x104,f 8 

FIG. 4
 

Timber tie-beams
 

3.6.2. Reinforced concrete tie-beams 

These ties should have the width of the wall, a depth of 

15 cm and 4 time:; 0 10 mm bar:; rej.iforcement. Standard calls for 

stirrup; at- .10 cm, code ,t: 5 c11. In hot:h ca;es diareter of bars 

i L 6 min. 

Standard al';o iv,,: on CLh:o ()fI iniformation tie t i-c:t:ion 

these tie-beam:; of whi.ch importance in earthoakte be.iviour of 

buildinq; is; indi!;putable. 
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15 x10 '1 500 

Tie beam 5 x10 Cross tie 5 x10 

__ __ _ I _ _ _ _ 

( )x
 

x x xx xxT ~x x xx xx 
x x x xx x I x x X1 x 

iTie beam .%)lOI)
', 'V ___ 7/i-

Tie for reinforcement 5 x1Ox 8O7 

FIG. 5 

Timber tie-beams
 

22 of 86 buildin iq tiken under survey have no tie-beams at 

all. 19 buildings have one, 15 buildings have two, 29 buildings 

have three and only one building has four tie-beams. This shows 

that builders of traditional houses in rural area: do not give 



3.7. Floors !
 

Earthquake code offers little information on floors as it
 
assumes the buildings to have single storey.
 

section 

, ,615 (10 x5) 

IC
 

In 

if 0 
II 

FIG. 6
 

Floor detail
 

Standard recommends beams at 50 cm from center to center for 
floors and at 40 cmn from center to center for roofs. Their cross
sections should be 0 15 cm or I Oxi5 cm. The IWaXiMTUM SPan1 for 
these beams is 4.00 m. This shows, conformity Aith free wall 

lenqTth. 
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3.8. Roofs :
 

Earthquake code calls for a roof as light as possible and
 

50 cm eaves out of the building. Earth covered roof is prohibited
 

in Earthquake Zone I and II and it is only permitted in Earthquake
 

Zone III and IV, provided that, the earth cover is not thicker than
 

15 cm. Standard also emphasizes on light roofs, gives
 

constructional details for several types of roofs and roofings,
 

including earth.
 

Impervious clay 5 cm 
Clayey earth 15 cm 
Wooden board 2cm 
Beam $15 10 x15 cm 

U U_ 

0
 

4 

0
 

0
 

FIG. 7
 

Roof detail
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46 out of 86 buildings which were investigated have earth
 
covered roofs. The average thickness of the earth is 25 cm and
 

its standard deviation is 11 cm.
 

Some of the recent earthquakes in Turkey though their
 

magnitudes were moderate, regretfully resulted in with high
 

numbers of casualties. One of the main reasons of failures of
 

these rural houses is their heavy roofs which cause big inertia
 

forces at roof levels which in turn cause the failure of the walls
 
and the collapse of the heavy roof over the inhabitants to crush
 

them like a press. This is the most important disadvantage of
 
adobe buildings, which are indispensable to villagers as long as
 

they are cheap to build and provide good insulation.
 

3.9. Other building elements :
 

Standard puts forward some rules and recommedations for
 
doors, windows and plastering. Earthquake code does not mention
 
about these aspects as it assumes these elements non-structural.
 

4. Conclusions
 

Earthquake code which essentially aims to limit even prohibit
 

the adobe buildings in earthquake zones brought forward
 

discouragingly strict rules and limitations for this type of
 

buildings.
 

On the other hand, standard assumes that this type of
 

construction will continue and therefore gives detailed
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INTERNATIONAL WORKSHOP ON EARTHEN BUILDINGS IN SEISMIC AREAS
 

CONFERENCE REPORT
 

I. 	INTRODUCTION
 

A. 	Description of The Conference
 

1. 	Background
 

Although adobe is used as a building material In 

areas of high ne;ismic risk in the United St tes and is the pre

dominant buildinc material in lany seismically activw reqions of 

the developing c),ntrie';, very little effort i; L: k nded in 

formulatinq a <y'tematic body of k,:orwl Inq nt; ',, ii Lhdvior 

and design of such structur, .; rPurino thi, * iwrone, nearly 

one million people hive d ,n in ,,rthqlu ke , ,iith aire thin $70% 

of these deit n -ccurr inio in co 1! ip'w, l unrwini tf sr' 2 riry and 

adobe ho ild n q,. St of 1h, r ,'rrh .,iduc!,, !) AW i . been 

applied to 'rioinrerd q.ructur-',, ty)ica ll A r 11 rn-,l c-on

crete or tel (IUttruction. L itt1 win ...i ritti oLout ways 

of applyi n ',i iq ,i<'thqwk nfli i 'n aildri. iN; !q ) 

ings uqinlq trO iti nn l ritriil', , i ':q,Tn',. W',, )ni? iij this 

problem, th, n ri o,f %-a "'"xr an! *T'I.T7T T jo)iritly host

ed a conference to brin, .o',thr r,',irr hr andrirpl - 'eriters in 

order to c;mpile the aor(- tj da., q" ti.. ii interriational ef

fort could he directe toward r'-ducrnq one of the majur seismic 

hazards. 

2. 	 Goals aril Objectives 

In May in 'W'orkshop on Earthen1991, rorint,ational 

Buildings in Seismic Area, win, :nv.'n,, in A'lbuquerque it the 

University of Now ,.,x i . Trw ,"vr'.,r), jointly h ,ted by toe 

Engineerinq Col l,';,, 't,,n ir ' m1 Ti 'a 1 so 	 ,' In 2'TE r m),lirq 



International. The enphasis of the workshop was on non-engi

neered adobe houses in mi nic .reas, al though information about 

related f )rn s of ,. "t h n nin dn r,-inftorced masonry, structures was 

also pr,,s~e t,-,I iri; di ,c , .
 

Ttio, , ' p tiro , t tr;othur a sele'ct invited
 

group of irN F,,., I nd 	 todcm"~iis I ',',jr'(,r- implementers 

achieve the follu rq zjwi)v>." 

.1. 'o i ( War Atte.ent of the problems 

associated with ,Prthon U a-r,. hii llinqs in seismic areas; 

h. To dot r the ex I,t Ira State of the art in re

gard to ,irthen builIqri r terial%, d,,.ign ,nd construction 

methods in seismic r1orunn; 

C. 	 To identlify and cdteqor i: existing natiornal 

and internationa researr1 findings in relate-d areas and seek to 

establish their applicat3lility to the spinmic dosiqn and 

construct ion of ,arth,:n buildingsi; 

d. T identify appropriate channe1s for technology 

transfer arross internationa1 boundar es and to explore social 

and 	 economic barrieors to 'Ch transfer; 
p, TO identify opp;ortuniti,,,, fr cooperative In

ternatioenal reedrCh;. 

f. 	 To Identif'y ird dsc r i. tho qips in the pre

sent body kraw1,drgte id,, r,.,w.rchof md dfine ,,,ved5. 

3. 	 Workohop Or,'; iniz at Ion 

Thre pr imary r,.vportvi lity for plinn i ng and Imple

mentina the workohop reot-d with in -m.(ut ive. c,-irittee cOeMposed 

of four Indivldual,: 
,a. Dr. 6t-r id 	 W. "a,y 

Profe ,%or of Civi1 Ernqir;,.,rorict 
Dean of the ut nqlnernf(Coil ,' t., 



c. 	 Mr. Frederick C. Cuny 
Executive Chairman 
INTERTECT
 
Dallas, Texas
 

d. 	Ms. Jinx Parker
 
Prograin Manager 
INTERTECT 
Dallas, Texas 

Working with the Executive committee was an advis

ory board consisting of leading researchers in the field. The 

functions of the advisory board were: 

a. 	 To help in ;dentifying participants; 

b. 	 To help in ientiying topic areas and 

discuss ion agrend, for the wor k groups: 
c. 	 To recommend resource r>ople for discussion 

groups;
 

d. 	 To help de,.elop .i I jt of topic'; for presenta

tions or to iden! iy other contributors; and 

e. 	 To ccmment on the proceadingi drawn up by the 

discussior nrn,,or. 

The individuals who served on the advisory board 

were:
 

a. Dr. John A. Blume 
Past President, Earthqudke Engineering Research 

Inst i tute 
President, .)K/,.A. Blume & Associates 

b. Dr. Aybrn nJrpinar 
Principal n',pirch 'q0ociate 

D'Appoloni , Inc. 
Brusgel%, Ri qlU0 

C. Dr. 3ul io 
Departrriorit. )t 

%a'irv;,ann 
_nri nr ,t- r ing 

Pont. if ici 'ri r, idad Catol ica 

Lima, Prij 
d. Yr. ;Pol,(.r-, '4 i 

insti tA a t nq iner ir 
Universdoo Aut.nmrwfla de Mexico 
Mexico, FF. 
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e. 	Dr. Mete Sozen
 
Professor of Civil Engineering
 
University of Illinois
 
Urbana, Illinois
 

f. Dr. Eric Carlson
 
Deputy, Director, Appraisal
 
U.N. Centre for Human Settlements (HABITAT)
 
Nairobi, Kenya
 

g. 	Dr. Nicholas ,nbrayses
 
Imperial College of Science and Technology
 
University of London
 
London, IJ.K. 

h. 	 Dr. Jai Krishna 
Past President, International Association of 

Earthquake Engineering 
Professor Eeritus, University of Roorkee 
Roorkee, India 

The Executive Committee met with members of the Ad

visory Board in Istanbul in September 19R0 at the 7th World Con

ference on Earthquake Engineerin Q. [During thin meeting, the Ad

visory Board roviewed the plans , suggested a number of topics for 

discussion and identified a aumbr of candidateg to receive 

invitations to the cornference. 

4. 	 Inter-disc ipl inary Participation 

!t ,aq d:lied that erot only r atlmdng earthquake 

engineers and r'earchIre, would by invito; tn participate in the 
conference, hut Ol huil in officials and ,Laff from housing 

agencies and other pract i. nrvolven with the actual irnple
mentation of housingl improvement, In all, five nart icular types 

of candidat,, ware nojht. ThRy includ d 

a. Engineers and architects involved in earthquake 

engineering research, both in structures and materials; 



b. 	Personnel from governments, voluntary agencies
 

and foreign aid organizations involved in the implementation of
 

modification programs;
 

c. Experts on social, economic and cultural as

pects of the overall problem;
 

d. Officials experienced with building codes in

volving earthen buildings and persons from lending institutions
 

familiar wit the problem of financing improvements to earthen
 

buidings in seismic areas.
 

Participants from each of these groups were identi

fied and letters were sent to them. If they indicated interest, 

and their interests were compatible with the Workshop scope, let

ters of invitation to participante in the conference were sent. 

The list of actual participants present at the conference is ir

cluded in Section B of this chapter. In all, 16 countries were 

represented by the 87 participants. 

5. 	 Topic Areas 

The conference scope was organized into five
 

primary topic areas:
 

a. 	Subject Area 1: Structures
 

b. 	Subject 4rea 2: Mlaterials 

c. 	 Subject Area 3: Social, Economic and Cultural 

Aspects 

d. 	Subject Area 4: Progran Implemetation 

e. 	Subject Area 5: Codes, Specifications and
 

Stand rds 

6. 	Workshop 5tructure
 

a. 	Format of the Workshop 

The Works hop wai structured so that a maximum 

of Interaction occurr,1 in rmmall discussion groups. It spanned a 
period of 4 days. , n 7-!/? Iavs of intensive work P,qinnq. 



and structure for the work sessions that followed in the after

noon. Each participant received a schedule with assignments to 
a
 

particular session at a specific time (based on pre-workshop sel

ection of preferred topic areas by the participants) and was able
 

to attend three of the five work sessions during the course of
 

the Workshop. At each group session, the participants were asked
 

to review the state-of-the-art, identify research needs, and
 

identify the resource persons actively engaged in the field.
 

Each group was chaired by a respected researcher or practitioner
 

who guided the discussions and, with the assistance of a record
er, prepared a summary of each session. Three of the 15 discus

sion sessions were conducted in Spanish expecially for the
 

Spanish-spoaking participants from Latin Anerica. At the end of
 

the Workshop, the session leaders and recorders from each subject
 

area met to prepare a )rief report on the findings of the differ

ent groups on that subject arei and summarized the findings to 

the final full plenary session. 

b. Briefing Papers 

In order to provide the participants with an 

overview of each sgbject area and to identify some of the key is

sues and topics for the work sessions, the Executive Committee 

elected to prepare a set of briefing papers for conference parti

cipants. These briefing papr,'- , which ar, included in the Appen

dix, identified areas of concern, described ex i,)tir research, 

and provided a list of bibliographic sources for each of the 

tnnirq



d. Conference Library
 

Each of the participants was asked to bring
 

copies of relevant publications on the topic of earthen buildings
 
in seismic areas which could be displayed at the conference and
 

used as a temporary reference library. At the end of the confer

ence, many of the participants elected to leave the publications
 

with the University of New Mexico to form a basis for a library
 

which could be used to facilitate further exchange of
 

information.
 

e. Field Trips
 

Two field trips were conducted during the con

fere,;-e. These included a visit to a large adobe brick 

productiu. yard which produces stabilized adobe for use inthe 

Albuquerque region, and a visit to the construction sites of 

several moder,1 homes of stabilized adobe ;n the Albuquerque 

arE:a. The following day the participants visited the historic 

Indian Pueblo of Tesuque, New Mexico. about 80 miles north of 
Albuquerque to observe adobe buildings several centuries old. 

They also inspected tile test site of the Thermal Mass Study, a 
project sponsored by the Department of Housing and Urban
 

Development ano the Department of Energy, which isexploring the
 

thermal properties of adobe buildings.
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Figure 2. Discussion Group in Session.
 

Aw, 

"1i 44
 



Figure 4. The central atrium, gathering place between sessions.
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Figure 6. 
Teddy Boen and Frederick Cuny in discussion.
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C. Conference Schedule and Workshop Session Assignments 

DATE TIME/PLACE
 

Sunday, 7:30-9:30 p.m. 
May 24 Cabairet Rom 

Hiilton Inn 

Monday, 7:15 ,Tnd 9:15 a.m. 
May 25 Hiltoo, AF, HolIday 

Inn, Dollar Inn 

8:00-9:00 a.m. 

9:00-9:15 a.m. 
Plenary Rm. 21 3 
ME Bldg 

9:15-9:45 a.n. 
Plenary Rm. 218 

ME Bldq 

9:45-10:15 a.m. 
Plenary PRm. ?18 
ME BI dg 

I150 I 0 5 a .'1. 

Plenary Pm. ?18 
ME 131dq 

10:45-11:00 a.m. 
Lobby, Kr Bldg 

11:00-11:45 a.m. 
Plenary m. 218 
ME P,d 

12:00-i :15 P.,I. 


Patio, I' f I'l 

1:30-7:0 p.m. 
Plenary Pm. 21 
ME 3ld9 

Reception and Registration
 

Buses from Hotels to Campus
 

Late Reqitration (ME Bldg)
 

Welcome: Gerald W. 14y

D-ean C'1 liloe o Frqinieri g
 
Univer, Ity ot M.rvicocO
 

Openno AIdrr.: .1h A. 81tme
 
Pre, .. ,... ....
 

Assoc at,
 
Past Prf'... F irt qj 0-.Z ijIinoering
 

Rvt, {,arcti lw.t itut.e ('F{RI
 

Keynotv P, p : 4,'. . (1trhtley 
P"-,r,2:,0 .. u Ivi Engineering 
M nBl .r, 1 

Kee n er,..; 1,pe r : nir ",AVi 

BT ir. .,.tt,. ts Unit 
Oept. of ,rch~tcCtJr,. 
Oxford Pnlytechnic 

Break
 

Keynote Paper: Ayb4rs GJrpinar 
;FtTr7 C uT(ant, 0'Appolonia S.A. 

Lunch
 

NSF ProqrviiatIt orrpoctije$ 
Froderick r:Omqold 
Earthonuak,, h.1ZAr Mi ihatijn Program
Poblert .L,,,n 



DATE TIME/PLACE
 

Monday, 1:30-4:30 p.m. 

May 25 Rms. 206, 208, 210, 


214, 220, ME Bldg
 

4:45 p.m. 


Evening Open
 

Tuesday, 8:00 and 8:35 a.m. 

May 26 Hilton, AMF, Holiday
 

Inn, Dullar Inn 

9:00-9:15 a.m. 
Plenary Rm. 218 
ME Bl dg 

9:15-9:45 a.m. 

Plenary Rm. 218 

ME Bldg 

9:45-10:15 a.m. 
Plenary Rm. 218 

ME Bldg. 

10:15-10:30 a.m. 

Lo')by, YE Bldg. 

10:30-11:00 a.m. 
Plenary Pm. 218 

ME 31dQ 

11:00-11:30 a.m. 
Plenary Pm. 213 
ME Bld9 

11:30-12:00 Noon 
Plenary Rm. 218 
ME Bldg 


12:00-1:15 p.m. 

Patio, ME Bldg
 

1:30-4:30 p.m. 
Rms. 206, 208, ?10, 

214, 220, ME Bldg
 

Work Sessions: I, IH, IV,V
 
(English) Ill (Spanish)
 

Buses to Hotels
 

Buses from Hotels to Campus
 

Introduction: Frederick C. Cuny

Executive Director, INTERTECT
 

Keynote Paper: Eric Carlson
 
U.N. Centre for Human Settlements
 
(HABITAT)
 

Keynote Paper: Haresh Shah 
Pro,. of Structural Engineering
 
Stanford University 

Break
 

Keynote Paper: Roberto Meli
 
Instituto de Ingenieria
 
Universidad Aitonoma de Mexico 

Keynote Paper: P. G. McHenry
McHenry anu--ompany, Albuquerque 

Keynote Paper: Julio Vargas Neumann 
Director de--Tnvestigacion 
Departamento de Ingenieria
 
Pontificia Universidad Catolica del
 

Peru 

Lunch
 

Work Sessions: I, III, IV, V 
(English) T (Spanish) 



DATE TIME/PLACE 

Tuesday, 4:45 p.m. 
May 26 

7:30 p.m. 
Hilton Inn 

Wednesday, 8:00 and 8:35 a.m. 
May 27 Hilton, AMF, Holiday 

Inn, Dollar Inn 

9:00-12:00 Noon 
Rms. 206, 208, 210, 
214, 220, ME Bldg 

12:00-1:15 p.m. 
Patio, ME Bldg 

1:30-4:30 p.m. 
Buses leave from 
ME Bldg; return to 
hotels 

6:00 p.m. 
Hilton, AMF, Holiday 
Inn, Dollar Inn 

7:30 p.m. 
La Placita Restaurant 
Old Town, Albuquerque 

Thursday, 9:30 a.m. 
May 22 Hilton Inn only 

5:00 p.m. 
Hilton Inn only 

Buses to Hotels
 

International Case Studies
 

Buses from Hoteis to Campus
 

Work Sessions: II, III (English)
 
I, IV, V (Spanish)
 

Lunch
 

Corrales Tour
 
Adobe yard, construction site
 

Buses to Old Town
 

Banquet
 
Speaker: P. G. McHenry
 
Tuses return to hotels after Banquet.
 

Bus for Santa Fe Tour (Optional)
 

Bus returns from Saota Fe
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SUGGESTED WORKSHOP ASSIGNMENTS
 

TUESDAY, May 26, 1981
 

SUBJECT AREA 1: SOCIAL, ECONOMIC & CULTURAL ASPECTS (English)
 

Bates 
 Huden 

Bender Krimgold

Cash Mathur (P)

Davis McHenry 

Gerbrandt (P) McKay 


SUBJECT AREA 2: MATERIALS (Spanish)
 

Acosta 
 Ordonez 

Crisosto 
 Penalba 

Giuliana 
 Perdomo 


SUBJECT AREA 3: STRUCTURES (English)
 

Abrams (P) Kalevras (P)

Aytun ,Keightly

Barash L.uther (P)

Bosl 
 Maiola 

Butler Mostaghel (P)

Crosoy 
 K. K, Mumtaz 


SUBJECT AREA 4: IMPLEMENTATION (English)
 

Agarwal Carlson 

Arya Haney 

Asturias Hartkopf

Boen *B.Mumtaz (P)

Burk Oakley (P) 


SUBJECT AREA 5: CODES, SPECIFICATIQOJS AID STANDARDS (English)
 

Abrams 
 Burk 

Agarwal Erdik 

Aytun (P) Gurpinar

Barnes (P) *Haney (P) 


Jain
 
* Session Leader 

Murt 

Oaklhy
 
Scawthorn
 
Snarr (P)
 
Ural
 
Vargas
 

Razani
 
Samanez Argumedo
 
Tejado (P)
 

*Torres
 

R, Parker
 
Rihal (P)
 
Shaw
 
Ural
 
Webster (P)
 
White
 
Yorulmaz
 

Oliver
 
K. Parker
 
Rockwell
 
Spence
 
Webster
 

Kalevras
 
Meehan (P)
 
Webster
 
Yorulmaz (P)
 

(P) Presenting a Paper 20
 



SUGGESTED WORKSHOP ASSIGNMENTS
 

MONDAY, May 25, 1981
 

SUBJECT AREA 1: SOCIAL, ECONOMIC & CU'.TUPAL ASPECTS (English)
 

Agarwal

Asturias 

Barash (P) 

Butler 

Carlson 


SUBJECT AREA 2: 


Bender 

Boen 

Burk 

Ka1evras 


SUBJECT AREA 3: 


Acosta 

Bejarno 

Crisosto (P) 

Giuliani (P) 


SUBJECT AREA 4: 


Abrams 

Aytun 

Barnes 

Bates (P) 


SUBJECT AREA 5: 


Crosby

Harthopf 

Jain 

Luther 

Maiola 


MATERIALS (English)
 

Meehan 

Mostaghel 

K, K. Mumtaz 

Murty 


STRUCTURES (Spanish)
 

Herrera 

Meli 

Ordonez 

R, Parker 


IMPLEMENTATION (English)
 

Butler (P) 

Davis 

Erdik (P) 

Gurpinar 


CODES, SPECIFICATIONS AND STANDARDS (English)
 

Arya 

Boen 

Bosl 

Cash 


*Session Leader
 

(P) Presenting a Paper
 

Krimgold 

*McHenry 

Razani 

Rihal
 

B. Mumtaz
 
K. K, Mumtaz (P)
 
Oakley
 

*Oliver 	(P)
 
K, Parker
 

*Plecnic (P)
 
Scawthorn
 
Spence
 
Yorulmaz
 

Penalba (P)
 
Perez
 
Tejada
 
Torres (P)
 
Vargas
 

Huden
 
*McKay
 
Snarr
 
White
 

Rockwell
 
Ural
 
Webster
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SUBJECT AREA 1: 


Acosta 

Bejarano 


*Ordonez
 

K, Parker
 
Peradomo
 

SUBJECT AREA 2: 


Abrams 

Crosby 

Hartkopf 

Huden 

Keightley 


SUBJECT AREA 3: 


Arya (P) 

Aytun 

Barnes 


*Boen (P) 

Burk 

Cash 

Davis 

Erdik 

Gurpinar 


SUBJECT AREA 4: 


*Bender (P) 


Bejarano

R, Parker
 
Perdomo
 
Perez
 

SUBJECT AREA 5: 


Bates 

Barash 

Carlson 

Crisosto
 
Giuliani
 

*Session Leader 


SUGGESTED WORKSHOP ASSIGNMENTS
 

WEDNESDAY, May 27, 1981
 

SOCIAL, ECONOMIC & CULTURAL ASPECTS (Spanish)
 

Perez
 
Samanez Argumedo (P)
 

MATERIALS (English) 

Maiola 
B, Mumtaz 
Rihal 
Rockwell (P) 
Shaw 

Webster 
White 

STRUCTURES (English)
 

Jain 
 Meehan
 
Krimgold Rezani
 
McHenry 
 Rihal
 
McKay Scawthorn (P)

Mostaghel 
 Snarr
 
Murtz Spence (P)

Oakley 
 Webster
 
Oliver
 
Plecnic
 

IMPLEMENTATION (Spanish)
 

Samanez Argumedo
 

Tejada
 

CODES, SPECIFICATIONS AND STANDARDS (Spanish)
 

Herrera
 
Torres
 

*Vargas
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D. Products of the Conference
 

1. Documents
 

There are three documents which describe the work
 

of the conference and present the papers prepared as a result of
 

the conference. They are:
 

a. The Proceedings of the conference (papers sub

mitted by invited participants as well as others who could not 

attend) 

b. The Research Needs and Priorities
 

c. An annotated bibliography on earthen buildings
 

in seismic areas and related topics.
 

The Proceedings will be published as two separate volumes, and
 

the Research Agenda and Bibliography will be combined in a third
 

volume.
 

2. Establishment of An International W.1orking Group
 

During the last plenary session of the workshop, 

the participants elected to hold a meeting to discuss follow-up 

activities, to continue tile work and spirit of the workshop. At 

a meetinQ on the final day, a group composed of more than one 

third of the participants voted to formally establ ish an interna

tional workinq nroup to work cowards the goal of reducing vulner

ability of earthen buildinus in seismic areas. The group asked 

the conference organizers to serve as a focal point for the 

working group and to carry out the following activities: 

a. To prepare a draft declaration describing the 

scope of the problem as establ shed by the conference and citing 

the need for further research i,, order to reduce the problem. 



serve as a vehicle for information exchange among researchers and
 
practitioners, and to sponsor follow-up activities to the
 

conference.
 

c. To establish an information center. The parti

cipants asked the conference organizers to establish a center for
 

the compilation and dissemination of information on earthen
 

buildings inseismic areas and to provide a focal point for the
 

exchange and translation of key documents in the subject area.
 

d. To prepare and publish a newsletter.
 

e. To organize immed~ate follow-up activities to
 

facilitate coordination of research and standardization of
 
reconnaissance, research and implementation activities.
 

IH. STATE-OF-THE-ART AND RESEARCH NEEDS AND PRIORITIES
 

The research agenda isdivided into five topic areas which
 

coincide with the work groups that were established during the
 

conference. They are:
 

A. Structures
 

B. Materials
 

C. Social, Economic and Cultural Aspects
 

D. Program Implementation
 

E. Building Codes, Specifications and Standards
 
The research agenda for each topic area ispreceded by a
 

description of the state-of-the-art as identified by the partici

pants. The research topics are then identified and organized ac

cording 	to either priority or a logical progression of activity.
 

Each r2search need ispresented with a descriptive state

ment, a description of the specific tasks and action required,
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SUBJECT AREA 1: STRUCTURES
 

A. 	State of The Art
 

While structural testing and research on earthen build

ings in seismic areas has not been extensive inthe United
 

States, major research projects and activities have been conduct

ed overseas, especially inLatin America. Itwas felt that U.S.
 

participation inthis area could benefit both the developing
 

countries and the United States. By committing /nerican research
 

facilities and equipment to the effort, testing procedures and
 

data could be developed which could aid not only research on
 

earthen buildings inseismic areas, but also parallel research on
 

related structural types such as low-quality masonry buildings.
 

Coordination of research efforts to date has been on an
 

informal basis with the most coordination occurring among re

searchers inLatin America. A wide variety of testing methods
 

and prvcedures have been developed to simulate earthquake loading 

conditions ranging from hinh technology shake tables to low tech

nology tilt tables. To date, however, there has been no attempt 

to standardize testing procedures or to develop comparisons or 

establish the relationship between different testing methods. 

No standardized classification of earthen buildings, 

materials or structures exists. This, combined with language 

difficulties, was seen as a major obstacle to coordination of 

research efforts.
 

The 	oarticiDants notod that nnnt-dMi atpr rornrnain



the various laboratory facilities that are currently engaged in
 

this work.
 

Before international cooperative efforts can be estab

lished, however, it was felt that certain activities to standard

ize testing practice sould be initiated. Among the activities
 

listed were:
 

1. Development of testing standards.
 

2. Defining the intent of testing.
 

3. Establishing valid scaling laws for experimental
 

tests.
 

4. Establishing the relationship of different testing
 

procedures ,oo mcthods.
 

It was noted that more research to date has concentrat

ed on adobe buildings. While it was recomm2nded that adobe
 

should retain a high priority, other types of earthen buildings
 

are also found in large numbers in the seismic regions. Partici

pants noted the need to especially examine rammed earth and
 

wattle-and-daub construction commonly found throuq,,ut Latin
 

America.
 

Participants also noted a need for closer liaison witi
 

related earthquake ,g ineer ing r'e;earch, espec iaily in low

quality, unr'einforced masonry construction. It was felt that
 

much of the work on earthen huildings could be related to re

search on low-quality masonry esrecially the development of 

testing procerd jres, terminolon es, ,tc. 

The difficulties of insirumentation of earthen buidings 

under actual seismic leading conditions were also noted. Instru

mentation is difficuit due to the nature of the materials and 



B. Research Agenda
 

The structures research agenda is divided into four
 

parts: Standardization and coordination of research,
 

documentation, testing, and priorities.
 

1. Standardization and Coordination
 

a. Coordination of Research Efforts 

(1) Statement 

Due Lo the limited nurnber of researchers 

and institutions involved in research on earthen buildings in 

seismic areas, research efforts sould by more coordinated and 

cooperative research prorams should he instigated. 

(2) ;Act i on 

To provide cordi ation and stimul a,.ion of 

cooperative research, an internationa1 network of researchers and 

Institutions enqaged in the field nhold he est ) lished. To be 

effective, this t'wo nhould a lr;or''r,t inr'k have C nriral clear

ing house and should pbli" h periodic npw 1ettpr, ard orqanize 

periodic meetinqq, both in the reiJonr, arid t aq international 

level, to encourage further exchange of infor'nation 'nong 

researchers.
 

(3) Implementat icn 

As a result of the workshop, a group of 

the part c i pants agreed to fornally estabish an Internat ional 

Working Group on the Improvenent of Earthen Buildings in ismic 

Areas. The y.evs th qrnup t n cant i nued ohject of I o.r" prorae re

search into oil pvct, of th,. prohl, !n, if o.rthm houldin in 

seismic arn; ') "tij ito cooporit iv- r%" iri; to prov id a fo

cal point for t-,,. inrgf nif ind to aork w ith thenor',i tj on; 

existina eirthsiikn , in"'rr ion r , ,rrh ,onan,,r iz t ir'" hi 



b. Standardization
 

(1) 	Stat ement
 

In order to facilitate coordination and to 

encourage cooperative re';earch, 'andard classification and 

nomenclature must be eti:1 i shod. 

It i%,recoirtnded that an international
 

committee of reseircher, bte convened to establi h cornon classi
f ications ind nomenc Iat ur,. requirt.d for internat ional research.
 

Standardization should cover:
 
(a) 	""aterIiI
 

(b) 	Building system 

(c) 	Buil1ing forms 

(d) 	Damage descriptions
 

It is recoPrended that the classifications
 

be in both English and )panish.
 

(3) 	Imple entat ion 

It is the inteit of the newly formed In

ternational Working Group to convene within one year an Interna

tional m,.etinn of expert, to define comon .ter'ninolo'y ind class

ifications. hopd e the rpr WIl1that of Wpo IIIshop 

continue to *sjpport thi ,icti ity aid pro ilsde ,vti'tvince to 

enable "e'rber of the coeri ttee to attend the ing 

2. Documentation
 

a. Reconnaissance
 

(1) 	St atement 

Increasei post-disaster reconnaissance ef

forts are required In order to aev'elop a base of data for
 

structural research.
 

() 	Action
 

In order to Irrprove trh,oluo11 Ity of the 

data developed by reconnala',,inci! saraes, th, ldoption of 

standard ivaluitlon procrtduret, and for-15 IA r'oqu1rd. 



In order to provide the needed data, in

creased reconnaissance missions should be supported. Reconnais

sance teams now responding to earthquakes should be expanded to
 

include specialists in earthen construction. Regional research

ers 	in this field should be supported to participate in
 

international efforts.
 

Reconnaissance should not only examine
 

buildings which failed but also those that survived. The surveys
 

should also seek to identify traditional forms of architecture
 

and 	construction which are effective against earthquakes but
 

which have fallen into disuse.
 

(3) Implementation
 

rhe international committee established to
 

develop standards (mentioned above) should develop and adopt
 

standard reconnaissance procedures and formats.
 

It is recommended that NSF encourage the
 

Earthquake Engineering Research Institute and other organizations 

engaged in reconnaissance activities to incle specialists on 

earthen h' ildinns in the reconnaissance teams where applicable. 

It :s recommended that the International 

Working Krout identify a nu'er of researchers in various regions 

who could participate in reconnaissance efforts. This list 

should be provided to E_RI and other organizations engaged in
 

reconnaissance activities.
 

b. 	Defining the 5cope of the Structural Research 
Ag!enda 
(I) ,tat ement 

, errh to date has concentrated on the
 



buildings in seismic areas and to identify the various structural
 

systems now in use.
 

(2) 	Action
 

Coordinated research ef forts to identify
 

the principal and most critical structural aspects of earthen
 

buildings should be undertaken on both macro and micro levels.
 

Using the standard classification recommended earlier, efforts
 

should be supported to identify the various structural systems in
 

use 	 and to determine the prevalence of various non-structural 

components and features (such as partitions, stairs, parapets and
 

ornamental features).
 

(3) 	Implementation
 

The collection of the data at a macro lev

el will require support from numerous organizations. Some of the
 

data may in fact, already exist from other sources. Efforts,
 

therefore, should be focused on supporting research, compiling
 

existing data, and supporting efforts to identify and classify
 

structures where data is not now available.
 

c. Compilation of Data
 

(1) 	Statement 

The compilation and dissemination of data
 

concerning structural aspects of traditional housing should be
 

central ized.
 

(2) 	Implementat ion 

This activity sould be a function of the
 

International Working Group established as a result of the
 

workshop.
 

3. Testing
 

a. Standardization of Testing Procedures
 

(1) 	Statement 

Various methods have ',een developed to 



conditions. The relationship between the various methods uti

lized however, has not been established. Comparative data needs 

to be developed in order to be able to equate the different 

systems. 

(2) 	Action
 

Four activities are required in order to
 

establish the relationship between various testing methods:
 

(a) 	Idcntical structures should be tested
 

dynamically at full scale and at several smaller scales to
 

establish reliable scaling laws.
 

(b) 	Tests on the large scale test plat

forms (tilt table, and rolling stock test bed) shold be conduct

ed to determine the relationship between the various testing
 

methods.
 

(c) Blast tests on full scale buildings 

should be conducted and equated with both the large-scale and 

small-scale tests. 

(d) The relationship between the full

scale tests and small-scale tests should be established.
 

(3) 	 Implementation 

Est abl i shment of the re I at ionsh i p between 

the various test ing procedures and methd s will r-quir, an inter
national cooperative effort. Unique testing fa:ilities have been 

developed in India (the rollinq stock test fWcility) and Peru 

(tilt table) which could be equated and compdred to various-sized 

shake tables in the United States. 

Cooperative research could he ,upported 

under a number of funding proqraq, within the Noatiunal Science 

Foundat ion and through mq nio. from other interested organ izat ions 



due to the nature of the materials and variations in construction
 

techniques and workmanship. New methods for instrumenting and/or
 

observing earthen buildings under various seismic conditions is
 

required.
 

(2) 	Action 

New methods and equipment for instrument

ing and observing earthen buildings should be developed. Instru

mentation techniques developed for research on unreinforced, 

low-quality masonry may be applicable for use in earthen
 

buildings.
 

c. 	Implementation
 

NSF is encouraged to support research on new
 

methods of instrumenting and observing earthen buildings during
 

seismic events.
 

4. Repair and Strengthening of Earthen Buildings
 

a. 	Statement
 

To date, little research on the repair and
 

strengthening of earthen buildings in seismic areas has been 

conducted.
 

b. 	Action
 

lncreosed research on repair and strengthening 

of earthen buildings shojld be conducted. Especially important 

is research on surface coatinrj thich would increase seismic 

resistance, epoxy injection, ind retrnfitting strategies.
 

c. 	 Imp 1,:'tnet at i on 

It is recommeineded th t current rsearch on the 

use of surface coatings ind rpoxinqIhe ,roadened to include the 

potential for the appl icition of thye materials to earthen 

buildings.
 

5. 	Research Priorit ies
 

The following is i list of research priorities 

Identified bv thp wcrkohnn nArtirinantn! 



a. Architectual forms and structural systems which
 

will result in more uniform stress distribution to minimize rein

forcement requirements should be identified.
 

b. Research on different types of reinforcing sys

tems including wood and steel should be expanded.
 

c. Research on alternative lightweight roofing
 

systems that are culturally acceptable should be conducted.
 

d. Studies on reinforced concrete or other frames
 

using adobe as an infill material should be conducted.
 

e. Research on the effects of non-structural com

ponents on the earthquake resistance of adobe structures should
 

be conducted. Research should include:
 

(1) Interior partitions
 

(2) Stairs
 

(3) Parapets
 

(4) Ornamental features
 

(5) Verandas and porches 

f. Research to determine the behavior of poured
 

adobe should be initiated.
 

q. Research on the behavior of rammed each struc

ture should be expanded. 

h. Research on the c m-s,; of inderstr_ s should be 

conducted.
 

i In situ testinq of full size structures should 

be conducted.
 

j . Blast tests to determine the d'ynarnic resistance 

and response of earthen structures should be conducted. 

k .Research on strengjthen ir and repair of earthen 

build ings should be initiated. 

1. Simple analytical methods for design applica

tion should be developed. 



m. The effect of soil/foundation interaction
 

should be investigated.
 

n. Simple methods of field testing for use by
 

building officials and local builders should be developed.
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SUBJECT AREA 2: MATERIALS
 

A. State of The Art
 

Most research on earthen materials used in houses in
 

seismic areas has concentrated on examinations of various types
 

of adobe buildings. Extensive research on adobe was conducted at
 

three different periods. At the turn of the century, extensive
 

research on adobe was carried out by the Department of Agricul

ture and several universities in the Land Grant system. The re

search focused on means of improving individual adobe blocks.
 

Little of this research addressed seismic issues.
 

In the 1930's and 1940's, earthen building materials
 

were again examined in some detail. During this time, asphalt
 

was introduced and promoted as a stabilizer for adobe. Some lim

ited research was conducted on the properties of adobe buildings
 

and their seismic resistance.
 

In the 1970's, an extensive international research ef

fort was begun in response to the widespread damage that was ob

served in the 1970 Peruvian earthquake. Research efforts to
 

develop low-cost, stabilized adobe were conducted urder a joint
 

effort of the National Bureau of Standards, Fresno State UJniver

sity and several private companies inconjunction with several
 

Latin American counterparts. In Peru, a major program of re

search on earthen buildings and adobe was conducted by the 

government of Peru and several participating universities. 

Until th, late 1970's . the mainritv of efforts focused 



reached. It was felt by the participants that alternative means
 

of stabilizing earthen materials need to be examined and newer
 

low-cost methods, especially those which utilize local materials
 

which can be obtained at little or no cost, should be explored.
 

The types of materials which should be examined include natural
 

resins and fibers found in the plants of many developing
 

countries, as well as low-cost industrial products.
 

The participants also identified the need to conduct
 

research on other types of earthen construction methods found in
 

seismic areas. While it was agreed that adobe should continue to
 

receive a high priority, more w'ork should be directed toward
 

rammed earth structures and other types of earthen buildigs. 

Alternative means of providing protection for earthen 

buildings was also felt to be a high priority. It was noted that 

there has been some research on the use of exterior coatings for 

prolonging the life of earthen materi, a q 1 ; iimited1,;,.i. re

search on surface bonding. It wias fe1t that both areas required 

further research and that priorities Should to qiven first to 

developing surface treatmnt for love-co, housing in areas of 

high rainfall and scond, t 1,volop in trt'' ,nrts for preserving 

historic buildinqs. 

While pirtis ipants notedI that there were i nurber of 

notable researco effo.s and rycent publ icat ions on materi a1 

related topics, international exchange of information has been 

relatively limited due to both linguistic harriers and lck of a 



B. Research Agenda
 

1. Establishment of a Data Bank
 

a. Statement
 

A considerable amount of both experimental and
 

performance data about various types of earthen buildings in
 

seismic areas has already been developed. Hence, the first pri

ority should be the creation of a data bank on all existing in

formation available on earthen materials and earthen
 

construction.
 

b. Action
 

As an outgrowth of this workshop, a number of
 

the participants voted to formally establish an international
 

network of researchers and practicioners to coordinate and ex

change information on activities related to earthen buildings in
 

seismic areas. As a part of th effort, the participants asked
 

the conference organizers to establish a center for the collec

tion and dissemination of information related to this effort.
 

c. Implemeitat ion
 

The conference organizers; are currently working 

to establish the network and information conter anv;recormended by 

the conference participants. It i, hoped that the sponsors of 

the conference and other irnter:t!ed organization, can help 

provide resources and support for these activities. 

2. 	Standardizatiun of Terminology and Testing
 
Procedurp,
 

a. Stt ent 

Itwaq found that variations inthe terminology 

rel at ing to eirthen huid inqs and The non-standard i zat ion of 

tests often hampr international exchanges of informrnation on 



committee of the principal researchers in the field should be es

tablished to define common terminology and to establish common 

testing procedures.
 

c. 	Implementation
 

The 	irterndtional committee recommended above
 

should accomplish its tasks through regional meetings of experts
 

coordinated under the direction of the International Working
 

Group established at this workshop. The first meetings of the
 

committee should coincide with other international meetings which
 

numbers of the committee would normally attend, therey reducing
 

costs.
 

It is recomrerlded that American participation 

in these committees be supported by NSF and that foreign partici

pation in these standardization efforts be supported by A.I.D., 

HABITAT, Appropriate Technology International and UNESCO. 

3. 	 Material Propert i, 

a. 	 Statement 

Further research on the key factors and proper

ties of adobe blocks and their influence on seismic resistance of 

earthen buildings is required. 

h. 	Act ion
 

It was recommended that further research should
 

be conducted to determine the effect of material properties of 

adobe blocks on seismic r,,'ir.,nce of structures. The following 

research topics were identified: 

(1) Th ,ffoct of soil grauation ind type. 

(2) The effect of water impurities (such as 

salinity).
 

(3) The effect of water content on fabrication
 



(5) Te relative effectiveness of various
 

types of stabilizers commonly used (example: straw, cement,
 

lime, asphalt, etc.) and their relative effectiveness in
 

Increasing strength and durability.
 

(6) Research on the optimum size and shape of 

adobe blocks for purposes of seismic resistdnCe in different 

sizes of structures. 

c. Implementation
 

It was recognized that substantial progress in 

this research has already been made in several foreign labora

tories. Thus, it was recommended that the majority of the re

search effort be continued in these locations and that American 

researchers be supported to participate in these efforts. 

It is recommended that F continue to support 

American part cipation in these activitie, throug h programs such 

as Science in the Developing ountries and through cooperative 

U.S. and foreign projects. 

It is recormnended that U.S. institutions nhich 

have extensive. oAperience or -ecent 6or, in stabilization and 

materials research he encourage' to exprnd the' efforts and that 

their 	work be supporLed by ,F 

It is ran nnd',flrj that A. c.coo inue to sup

port International ry-',airch afffrts and for,:iq n nationil research 

In this field.
 

It da, fell that both ,. .. ,nd riFf could play 

a central rol: in coordn t inq ronserch , urrts and tie exchange 

of information iTply thr,,qh the' r', of thpi, nri offics and 

awareness of , bothl foro. in M -,st .,:tivil? in hP ,nd ( sec

tors. Thuq. the 0 :amt', urqod that ,VF i _d r) '.,th] i ,h 



4. 	Mortar Joints
 

a. 	Statement
 

Analyses of adobe structures following recent
 

earthquakes suggest that the :wajoritv of failures occur at the
 

brick-mortar interface.
 

b. 	Action
 

Research studies on the development of greater
 

bond strength between che adobe block and mortar joints should be 

conducted. 

c. 	 Implementation 

It was felt that the international organiza
tions and institutions which have already conducted extensive re

search on earthen material should be supported for research on
 
bonding. It is recognized however, that recent developments and 
research from related fields (such as unreinforced, low-quality 

masonry) may play a significant role in this tsk. A study 

should be made t, determine the applicability of this information 

to adobe masonry. Therefore, increased interchange between U.S. 

and Foreign research institutions is encouraged, and support for 

joint U.S. and foreign cooperatiye research should be supported 
by a variety of institutions; including NJSF, A.I.D., UNESCO and 

HABITAT. 

5. Field Test Procedures 

a. Statement 
Standardized experimental tests which can be 

readily performed, even in remote locations, to determine the 
properties of earthen miterials and what is needed to effectively 
prepare and streng then the materials for use in construction 
should he dev, nped. 

b. 	 Action 



(1) Assist local builders in determining the
 

best soils for use in preparing earthen materials.
 

(2) Provide guidance on the best types of
 

stabilizing materials to use with the soils.
 

(3) Provide guidance on tho best types of
 

mortar to use with the blocks.
 

(4) Provide information on the related
 

construction aspects such as recommendea reinforcing systems,
 

maximum size and width of walls, and general dta relating to the
 

configuration of the building.
 

This data should be standardized to the great

est extens possible and should include only those tests which can 

be readily performed with minimum scientific knowledge. 

c. 	Implementation
 

It is recommended that ,pprcpri ate Technology 

Intern it i onal and other appropriate technology groups support the 

development of these construct ion aids. 

Since construction aids ot thi; type would be 

beneficial in any dq, used, cooplocale where earthen hJildin r 

erative research mid development should h,- ncouriged. 

6. 	Research on Non-Earthyn >litariMIl Commonly Used In 
Conjunct ion With Farthn bu iliny 

a. 	Statement 

Research nn non-earthpn mater ials commonly used 

in construction of earthen building%, (such a% ood, cane, straw, 

etc.) and their properties and performance nhen used in earthen 

buildings under seismic loadinq conditions is not presently 

adequate. 

b. 	Lt ion 

First. research iq npvdpd tM fPnc thpI d"ira. 



interaction between earthen materials and relncorcement under
 

seismic loading conditions. Both full-s;le ind small-scale
 

testing is required.
 

Second, research is needed on durability of
 

wood and other tructurdl ,elements conmonly usad. Priority
 

should he niven to simple, lowrost methods ot prolonging the life
 

nf wood in earthen buildinqs, 

C. Impi ,mert it ion 

It is r' comqyrlded thit .,! support research in 

this area. Bracing syster:. of wood, concr fe, etc., using earth

en materials as in iiiIll , nore ,Pr i. 3 r'atn irch objective 

which could benefit frm 9A.. iq tNOclLie;. 

Er,'rt of ClH'T'3 ronoition; an Earthen Buildings 
a.St at.'Qr~t1ni 

Little inftirnation exists concerning the ef

fects of extreme c Iimatic conditions on the seismic performance 

of 	earthen buildinqs.
 

b. 	Action 

Resea rch should be carried out to improve 

earthen materiis under varying cl imatic conditions, including 

rain, freezelthaw cycl,es and v1riouns wind and erosion
 

conditions. Research should includ.:
 

(1) r'eve 1opn..t o'f informat ion on the changes 

to the mater i.al propert i r r var inus cl im4 t ic conditions. 

(2) PNvel1,' ',nt of recrmmendations for reduc-

Ing adverse climatic effect (snuch i, tn:, use C coat ings and 

sealants). 

C. 	Implmentt ion 

It 1n ripcurnronded that research In this field 

be carried out In two parilll,] programs. First, foreign research 

Instl tutnn with xtor'., . o.r-thon mAt.rlmlk rn'.,.irrh r,>n, hi 



the 	changes in material properties due to climatic exposure.
 

Second, it is recommended that NSF support domestic research re

lated to developTent of coatings, sealants, and stabilizing 

materials which could strengthen the materials under varying 

condit ions.
 

The 	 overall research should I)e coordinated 

through periodic meL ngs of the resnerchers involved and an 

exchange of researchers during parts of the prnoram. 

t i'; recoarnded t hit NSF support the domestic 

research componnt under i joint U.S. and foreiqn cooperative 

research programr. 

R. Effpct of >ateridl Properties on Structural 
Behav ior 

a. 	 St atemen t 

The interaction betwen structural design and 

material characteristics of earthen buildingy under seismic 

loading conditions is Wut fully known. 

h. 	 Act inn 

The in, _ra ion bt:er structural design and 

material characteristi '. hjld he investigated by means of both 

full-scale and sowll-saW'. !,ts. 
r. 	 ] 1) .it iOn.'n,rt 

Joint .S. and foreiqn coorerative resei rch 

should be supported un this topic with full-icale tests being 

conducted internationally and s,"all-cal, , tts belm) r"didutted at 

U.S, facilities. It is rec,'' nd.d Mhat N"F ',port the, ,r,ll-

Scale test nq conponento ,an part of i corpr:hensiye U.S. nd for
eic- research prorar, and that A.I.M. participate in the support 

of the foreign research Institution%. 



SUBJECT AREA 3: SOCIAL, ECONOMIC, AND CULTURAL ASPECTS
 

A. 	State of The Art
 

The participants noted that there is a need for more
 

Informat ion about the inter-rel at ionship of the social, economic 

and cultural aspects of indigeneous buildings in seismic areas. 

The failure to develop this data was cited as the principal rea

son why vulnerabil ity reduction etforts have not been more suc

cessful. The participants felt that researcher, and enlinvers 

have not been qensit ie to this complex bal ance and thus many 

structural Tod ificat ion', have! not been accepted by the p,:ople 

they were ,edion,-d to K",I p. 

A nrThyr of th eoqineers and snci .l s:ienti ts pre

sent felt that thn t, chrnology for safe construction of ,arthen 

housing in sn,,'il c are s han been qrowinq faster than the actual 

application I th variou, t.,rhniq,','. The. reasons cited for 

this wer. s,"= M x-id ' follow%: 

1. A l k:of ,nderstandinu of the social, economic and 

cultural ispects of tho pr,bl, . 

., lick of c,"jlativ. !nd ccmprehensive collection 

of Infor'nat ion xit rr, , ut the topic, 

3. A 1 acv oif rntr A.ion ht evn %ociAl scientists and 

earthquake engineers. 

4. :nsufficirnt c,'runict ion etaeen ill levels of a 

program, from the ,none-r/des lq1nr to the occupant. 

5. A ,ck 'uf url :rt .indinq )f thp t. nrilqueS Of suc

cessful technol,'qy trinstf'r ,ind tho' nl Our id econrmic obsta,l 

cles which -UT he ovorf r'i. 

It 0v1. rn t,.," ! . tual ijulnr ility reduct ion ef

forts to dit, h',:'in iirA,, lmiw"d: thu,, the WONItit 



B. 	Research Agenda
 

1. 	Standardized Terminology
 

I. 	Statement
 

In order to facilitate coordination, research
 

and implementation, standardized terminologies, definitions, and
 

cl ass ificat ions are requ ired.
 

h. Act ion
 
An international committee of the principal re

searchers in the field should be established to define the connon 

terms, etc. This Lor1E itten hould: 
(1) 'tab lih the nature and variety of earth

en buildings in aorldo d,. u . This should be presentd as a
 

taxonomy of building forrn4, t.1 , }nd materials.
 

(?) Kctaablinh the: cultural context In which 

earthen buildinqn are u,,d. 

(3) E tmhlin'h the social and economic rela

t lonsh ip between earthen build inq , and disaster vu Inerab i lity. 
c. 	Imp 1 ',nt t ion 

These object ive% should he accomplished through 

regional meetings of xpv.rt', :corlinut,:d by a centril project 

manager. TermInoloq w.hs;ul . inri[q lish and Spanish. 

pin q
2. 	Cultural M ;ip 


Detailed cltural mapping on both a macro and
 

micro scale Isrequired inorder to further Identify and define
 

the scope of the probl,.".
 

b. 	Action
 

Rv ,ar.h projects on a reglonal and country

by-country basIs should LP supported. Mappinq should I clude: 

(1) Populir build inq feature% whi, h affect 

seismic resistance of a butiing. 
(2) Traditional form% and their influence on 



(3) Cultural influences, preferences, customs,
 

etc., which affect building construction.
 

(4) Legal or governmental regulations which
 

affect building construction.
 

Specific topics which should he examined are: 

(a) Urban building patterns 

(b) Rural building patterns 

(c) Local huildinu skills 

(d) Percptinns o risk and vulnerability 

and how they affect design and contrurtion of housing. 

c. Impl ,rent aOn 

Thew,, " w lj-ive; sh ill ho carril out in two 

ways. First, J. .A. .. ,P.AT A n.r ,r :rin he World Bank 

should he OrloIJ t1to) w',pp, r in l rr.,rCh and mapping ef

forts in Countri"', wi'h , hih n ';er of .arthOn huildings. To 

faiilitat,' thi sort, a , d.rdi,. format for such afforts 

should tP a,1ptd (t', ,hiusibN a tWk of thp coymmittee 

described in p.raqrpm 1(i(, li). 

Wand, N%, U. ,A. . ,HAIAT and the World 

Bank should support reql onil mapping efforts, co'piiling tne work 

accomplished it the crointry lvel into reglonal and worldwide 

atlases. 

3. Economic Factors
 
a. Statement 

Research is required to collect data related to
 

the economic factors involving earthen building systems.
 

b. Act ion 

Research is required to deterrmine too economic 

aspects and Impl ications of "i rthlen hilildinoris, foe ru ig on: 

(1) A/n iIlai ir oof con%'tv, it !on nostS/Pv 

maintenance costs corrl at,!d t) the ot iipatd life of buildingsint 


In both existinn and nronosd e.arthen building} tvnp. 



(2) An analysis of the relative cost benefits
 

of Improvements to earthen buildings in compirison to complete
 

relocation of alterndtive methods of construction.
 

(3) The development of a comprehensive data 

base describing construction techniques which provide maximum 

earthquake tolerance at mirnimumi contb. 

c. Impleientat ior 

It in recommended that NSF support further re

search on economic factors related to housing modification and 

vulnerability reduction. 

It K reconized that much of the needed data 

also pertains to other types of structures both in the U.S. and 

abroad. Therfor,, qortionq of th necessary research can be 

non-spe:ific t') arthen t Iwid nqn ind ,irthq akes. Thus, OIF iP; 

encouraged to ,pport i Wand rinqn of r'yeirch on cOG irtal and 

economic factor% to dv ,lop th, r -q"ird d at a. it in recommended 

that existing ,oci.,l rm,, rch W ,pand,.d to includ,., thoqe 

Issues specific to eirtna" NWbidiu', in n,,ici ,r , 
N Oc vtwli,,% i',,AIf), .T.I., ,ird HABITAT Cin 

assist in these efforts hy nplortinir in-rountrry effortc to 

develop social-econir ic ':t rW d rrn, H-,ntaticn. 

It i% r.cu: ,.nd, NTO., ,A..9. and A.TI.I 

establ ish an infurral Paw ( l ) toi :f nnn),uurqP hroa'r inter

chanqe bytn.en J , il for~':n '%innitc incr carch r en

gaged in th,, Offort. Proqro', %,h i% , c, r n in Okvel

opinq Countr!,, (W )' , . W' i t.t Trni M Funmd,, ind 

var Ious f)rn i n currrnc / pr r'. . prov iW m. cupportcan ,uch nepdpd 

for internatiornal intI.rhimnP. 

4. [)ef irnirq th. ,bar,Perow', Pural Context 



b. Action 
Research is required to determine the essential
 

social, cultural and economic differences and similarities when
 

earthen buildings are used in urban and rural areas. Specifical

ly, comparative research is required on:
 

(1) Investment levels
 

(2) Differences inbuilding costs
 

(3) Differences inconstruction and
 

maintenance practices.
 

(4) Changes in tie building process dictated
 

by a change from rural to urban settings.
 

(5) Change,; in site selection and development 

necessitated by changing frcof a rural to an t.rban context. 

c. Implementation 

It is recormnenderI that recearch on these topics 

should be supported by the National Science Foundation, the World 

Bank, and HABITAT Center. 

5. Psychologic 1n i31 A,;pects of Intervention 

a. Staterent 
The impetus to modify earthen buildings is nor

mally a result of plannr housiing irriprovemnent proqramrs . Little 

information exi sts concern inr] the psychological and social fac

tors rll ated to this type of intervention and the impact of such 

Interventions on both families and the society in which they 

occur.
 

b. Action
 

New research on the psychologial and social 

aspects of intervention should be conducted. In particular, re

search should be directed towards: 
(1) liiinl't if ir ,-O i ii t h-. n r r 



(3) The impact of the introduction of new
 

materials and/or new or adapted technologies. This should also
 

be viewed in terms of the impact on risinq aspirations for :ocial
 

and economic development.
 

(4) The social implications and factors 

affecting acceptance or rejection of building codes. 

a. Implementat ion 

The impact of intervention and various inter

vention strategies is a vital concern not only to IJ.S. hazard 

mitigation efforts but aIno to foreign lhd programs. Thus, re

search in thin area houl d by ,upport'd by many d iffir.nt types 

of institutir)nn. NI cin i )pportth,, otfurtn throunh research 

on societal inpects of earthqjakn haz ird vitinalion. 

Implame0t inq aqlfnci~n ,,'.ch n% .S...I.D., the 

World Bank mi ,.r iou'q non-caverry:vatal cruaniii t inIs involved in 

housing mitiriatihn amn vlrwr ibility rductin otrts hould be 

encouraged to support tiip ,ffortq tthrough aval 'at ions and 

assessments of pait intu .,,,,rtinn programs. 

6. Longitudinal Mo, 

a. Stat,"u t 

I 

ation are conducted i I It, ly atter Implementat ion. Therefore, 

the long-range effe c of a arrqrin ire not fully known. 

Oft "m an) "c t 's post -documentation and evalu

b. Act i. 

Lrni 1tuilinal Qtudi, nhQ:d N cunu cted to 

document and .v ilui t, ia nr. impl m,"ntitcni 'pruoinh,:' over ex

tended period, of ti'- K,] llw inq i l" t it iqn. t;e1iv, hould 

,especially idltify the ,, t 1 '.ir%pp % f ,a pray am dIch are 

continued wit.hou. 'up)p 'ai h ''hi )t t he inturv,,ntin. 

http:iffir.nt


of modification efforts rather than on comprehensive assessments
 

of 	all aspects of a particular disaster.
 

7. 	Cost-Benefit of Var iou' Hazird Mitigation 
Strate iji 

Little intfrmln, iK kn mn about the compara

t ive cost-benefit re lat ionslip ,.t een v~ir ious ii tern at ire stra

tegies to reduce vulnerability of ,Pdrthen buildinqs in seismic 

areas.
 

L. 	Action
 

Research should be conducted to define the
 

trade-offs between risk reduction strategies includinq an exami

nation of the potential social and economic consequences of the 

various alternatives. In particular, a comparative analysis
 

should be made of:
 

(1) Relocation from vulnerable sites versus
 

structural ro)dification to reduce vulnerability. 

(2) The comparatiw" advant.ges and disadvan

tages of changing from earthen buildings to other types of mater

ials and the soc ial and economic consequonces of such changes. 

Trpl,"ent itI. ton 

Pelcation iK a stratony often propw.',, is a 

vulnerability reduction alternative. Several reloc ation programs 

have bon totpted In the developinq countries. Thu%, O'SF Is 

encourage to support ren',uarch on these progr ims. The informa

tion can be j'ef~ful to I.S. pro'lrirn planner; for compurtide pur

po0is, and to Third Warld progrman off r. I l . for tin.dIate 

applicat Ion In post-.i~arthquakv. reco."%troct ion proqr 1n1. 

8, 	Socil Input In ,tricttural Dest:,rrh 

U.St at u:rhin t 



is believed that much of this reserch could have resulted in more 

pract ical appi icat ions had adequate soc ial -sc ience inputs been 

made early in the regirch and dhvelolpent process. 

b. 	Act i on 

'Whpn d nq ONah l1 w-n'v.t non-engineered 

buildings norrmal1ly built Othjt the influernce qf huilding.icodes 

or specification%, it 1, i-per'tiv'.. M q l ?. !nr, ;e con

sidered from th,, v)ry r i rt Pn 'trw: tur'l or raterial re

search proqn. In(crae d irat.cr', t ion hot en ,cc11 eintists, 

hous ing prooru i'rrmp1 j'Peter'. id ntrjc tur! i~nd material1 

researchers in,required,
 

C. 	Ir"plventat ion
 

Increased interact ion between social scien

tists, program implementers and earthquake engineers can be 

effected in two ways:
 

(1) NF should encourage increased participa

tion by social scientists in earthquake engineering research pro

grams di rected L non-eng ir erf!e! Il (n qs. 

(2) The inter-disciplinary network ,bich has 

been formed is a result of thin workshop should b, further sup

ported by the sponsors of the nnrkshop. A prelimirnary 5ctivty 

that should be ercouraqd is the de.elopment of a roster of qual-

Ified and experienced socil sc ientist', and program implementa

tion personnel who can a,.',ist earthquake engineering research. 

9. 	 Perceptions of Risk 

a. 	Statement
 

Information concerning people's perception of 

risk and the relatlvo nrlnrltv that risk And vill prahitltv rodur



of vulnerability reduction efforts. Research sould be directeO
 

towards:
 

(1) Developinq definitions of risk and vulner

abilIty in both real and reldt iwe terms. 

(2) Determinini how percept ions of risk and 

vulnerability affect CO',Ifm t/ 1 

(3) I(ItrItifyiriq cultur l adaptatio-l" to 

vulnerability in the loc i],jroii, mrowJ!, )rchitocture. 

(4) Id ~,tl '.1m tl ,(d orqllinzation cop1 oc i 
Ing mechanisms wiwh h ve d,.:vslo)pfd in resiponse to risk and 

vulnerability.
 

C. Ir-p Iei-rti t (t ion 

Research on perceptions of risk ano societal 

adaptations to risk and vulnerability should be carried out in 

both the !'nited Statets and oversea,. International efforts 

should be ;,Jpp{orltd *s le,,ont arnd informatioii developed from 

abroad may provide inforration useful to hazard mitigation
 

progrims in this country. 
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SUBJECT AREA 4: PROGRAM IMPLEMENTATION
 

A. State of The Art 

Much of the din;cuqion abhout ffort, to reduce vulnera

bility and improve ,rthyn huildinq, in <,nmi: ,rvf. focused on 

the lack of information aoit pint ,- ; r -i. ad,ri' hiPhli htd the 

fact that vxt r 'le iromr,:m imbie atiton a ti'itii. hove not 

yet been cornd i t, 1n,. ,, With i r,. exCep%til,, ,otobl, 

tions (suCh L oirt, inI Trk n, r ,to o rt' i (jritu mala 

by OX F A ', W 11,.N o hr;,, ',. _ w hilo , , id K.I), 

few progrqi' , h, , o." o i tt or t'., .rw ,"..r i! length of 

tir e. The prtICIpa r,. w n :. th. to t, thnliquv, for modi

fyinq itid I-provinq oirt,,n il t . h .. M y Lv,, N oluped in 

the 1 ;t decade; thuq, info'it"n r,. ,,.ri], will he fr'.omented 

and minimal. Powever, the .eril lack {of 14t ,nd rvyarch on 

approaches and irplr''entti;on tret1 n furth,'r ,jotr.te the 

development of w)rkable impir ' e tation progrim', in this field. 

The overal i scrc ity of infor'nt ion wis dttr Outd to a 

lack of comprehens ive res,:earch on program Implement at ion ; i faI l

ure of the operating ag]enc ies to ev aluoate ex ist ing projects; and 

a lack of lorn-operit in rwnc.i, va ,P iSt inqr o lite projects; 

and 1 lack of lonqitudinil studies on the long-term Irmlct and 

results of procirms ah ih have been carried out, Ahern informa

tion 1s aiaalable, It has tended t) he compartment, ta11ld and not 

di$s'minat'd widel/ to other pract itloner%. 

ip Win ther eThe part nt% so not that hiS been little 

Interaction bet menrI rvsearcher S and programn Implemontver%. There



The participants noted that most research on improving 

earthen huildinis has concentrated on engineering solutions, and 

the soci,l and cultura1 aspects and cons;traints have often been 

overlooked and are not fully understo d by t he, rsearch cO)mmun-

I ty. To overcote they prohlTv ,, inc:reli ldinvolve rent of the 

engineerinq r,'earchorn in field lIv,'! act ivitivq', ai; ,rqed. 

Each or th, mork Sen', In% i:ti i 4) .lan . tion rot ,'d the 

need for n r'sa'.'4t., , h i', Ku dvel pir il 'nolutins to the,..hrn lo 

problems.w %,r''','',,r '1 hea', pr'npn)%a',eI W br iroq rw',adrch and 

implementdtion rnlo'' r to th" qriq',r t', le.v l. ','vvr, t qro,:pS 

recommend' that ,-tWor, 'Anul Q ' dT, " dnIi , 'w !r iTer

m'ed iate 1?'oiI of ! (hwei ann W-A Ql 1.1* ' ''tu~'ht doc

tor1 conce'pt *:'ploy~d ',jcnewTul 1y in Awli hoi lt in China). 

These int err',-di.to tochnici in roup', ,n ld ',,i ' p wr , -

Solvers at the local lv.l an ,wuld iid !t .I i, in dvs'oplng 
sacceptable local ,olution, to .,peci? in vJlnAr'hIb lty problewi . 

heveral of the experienced prict It i.ncr's not'"" the 

problems of qua lit y control in vulnerwr abi lity rviuction programs. 

It w.s noted that as soon as a formal hou.in pro I' ,:e' ,nded, the 

appl icat ion .)f the structural mod if icat ion t,.hnlque.s often be

came Irr,.qwl ir, ind irpropper contructin metthods hs'c wide

spread. To overc'Coe thin prot)blem, part:cipants sugWest0c the 
-need for increased ,anphst on the trainin of local building 

technicians ind cited quality control is ,n ,ppropriate role for 

the "Ifntermtd et ineer ing group" ment ioned above.i n giq 

http:err',-di.to


The participants discussed a number of obstacles to 

vulnerability reduction. It was noted that most vulnerability 

reduction efforts have, (ccurrd after an Pithquak, and had been 

directed tow.rd, inpro'virq thn dInlqn an( C('e,[trqction of new 

housing, not r,' li n of ulnrinr'Th ility of %O,, tiq o u',inq The 

difficulty of inlt'rv( tinl, +1, ")t ill di.it r',, w i di'%(AJ d at 

some l, gth , . i iprl, ir,'d that in wr,.r t, carry out 

dlsaste, nii iq:in , wiurt.,, 1oci! qov0rPr A' p iition to 

conduct iqi tit.wn Por- n'j:vt W r., t ,i. it wv. also 

p ,fElt ,,,arrh.i diffront 	 %that r dn kin i , f ir ,rtiv ,hich could 

be used 	 Lo eicour'qv hom' onur', t utilize e,rthqui k resistant 

h ijld :construction t,-chniqu ,., K, .irr&,ount. Aut;unq th- incen

tives that should be explored ir,: f inancil incentive, (such as 

loins, subsidies, etc.); Titr'rit Wamnt iveu (exam~ple: ligIht

weight roofing, brac inq, c,,.i?, ,.tc.); and le al incent lives 

(Such as codes, ta, roductilon., etc. 

it was found that 'st r oerch on reduction of vulner

ability to earthen hildinq ha, fcusd on the modification and 

strengtheninq of ina construction. For overall vuloerabillity ef

forts to he, succeuful, now methods for modifirTition and 

strenqthninj of ,"i stinn hil dings need to h. ,'mplored. 

S. Me50 rrh Agonri
 

The fol owl n, topic% were Identified as the highest 

priority for futuore resirch related to program Implementation 

and vulnerability reduct ion. 

1. 	 Imple.rment at Ion Approaches 

't at,' nt, 

?,nr6' dAI?. nn nrnnrmi Imn1iMmantatinln It nanldel* 



research and evaluation of projects. The crl~eria for such stud

ies should be established and methodologies developed for general
 

use.
 

c. Implement ation
 

Research on ,.trteqiec and approaches for vul

nerab iity reduction proqra, '. ,hould b funded by the Nat ional 

Science Founddtion a, ,a pit ,.olts overall hMaii-r . :'itiqttion 

program. In 'quppurt of thin r,'eirrc 'F %hnld .1a)fami longi

tudinal studios of curr,.nt and pa't proq ''. l.,.v.lop dita upon 

which progrn models cn he dveO pd. 

It is,rucoqniz .d that tmr mjoriLy of informa

tion on prograxn irp m:'enttin stritgm may he found in the 

developing countries. In order to assist U.S. vulnerability re

duction efforts, increased linkin. betw en foreian and domestic 
-
researcher% nrndproqrtm imploe tation personnel hould be on 

cnuraged. It is reconnn.ded that joint U.S. and foreiq"r research 

projects bq ,ncorrird ind that and NSF etab lith aa.nA.I.D. 

Joint work ina qroup to explor, iy', in which rendrch and 

evalAtl cs ',* co plv-entiry.¢in 


U.S.A. I.*r can %apport tnis effort by promoting 

ev a Iiat 

Support 

inrd lo s',v~ .vnt of opr it Ional proq rms 'ht rec 

fron the sgenry. 

2, Techniques for Isprovinq Low-Coo.t Iiou nq 

ive 

a. Stat.mnt 

t ln Of 1Ov-COi.t, 

Often th, t,.ch nqwv', f;r ,nti-

non.*,e n';rig.* d b jidlnqo iret too 

isnIc mdlifica

costly ind (,nm. 

p01cAted for ha-e hildr'. to i'plon-,,t without ,mt,'nowv," techni

http:curr,.nt


b. Action 

In order to implement this approach, several 

activities must be carried out simultaneously. First, research 

is needed to develop simplified procedures for assessing a parti

cular building and deerminirc what the most cost-effective meth

ods would be to strengthen thit particular building. The 

procadre shou d enable the Assessor to reconm,:nd a plan for 

modification or retrofittir,. takinq into account the various 

trade-offs of time, labor, materiais, etc.
 

The act ions whichire av ai lable for strengthen

ing a house should be pr ioritized according tG which method most 

reduces the relative vulnerability. 

The results of this research must be presented 

In a non-technical form for use by implementing agencies and 

builders.
 

c. Implementation
 

It is recommended that the Ndtional Science 

Foundation should support research on: 

(1) The p iorization of modification 

techniques.
 

(2) The determination of which modification 

methods and whicn building features most affect or reduce vulner

ability in a non-engineered structure. 

(3) The development of a simple 'qsessment 

procedure foi field use. 

(4) The development of step-by-step approaches 

to modification of housing which will allow homeowners/builders 

an opportun ity to prores ively upgrade housi rg. 

It it furthr recommended that the Alational 

rinnr, F,nrot inrt nAtb,. .\n' ,, mr !nv t i ,1 ,nm*AFn,,nl-n arn 



It is recognized that research in related
 

fields (such as unreinforced, low-quality masonry) could also
 

benefit from these procedures; therefore, it is recommended that
 

this research be carried out in conjunction with other on-going
 

efforts.
 

3. Communication and Education 

a. Statement \
 

Little information exists on the process of
 

technology transfer or means of encouraging homeowners to utilize
 

earthquake resistant building techniques.
 

h. Action 

Research i'; required to develop more informa

tion on the overall process ,f technology transfer, especially 

communication techniques and housing education. Research topics 

include:
 

(I) Identification of th most critical con

cepts and techniques which need to be transferred and methods for
 

presenting the information in such a manner as not to overwhelm 

or confuse the audience. Especially needed is theidentification 

of the critic 3l and priority structural detail, to he prnnenLed 

and methods for presentino these ideas in a non-tochni al manner. 

2) Information about the tchniqus of teach

ing ind communicat ir , c';pecially methods of present in technical 

issues as well as Mnetho, ,r encouraging ,lturdl acceptance of 

the methods hin presented. 

(2) Research is needed to identify what mater-

Ials should he present ad to earch lifferent audience, i.e., the 

best points of interventionm for successful program 



4. Special Problems of the Urban Environment
 

a. Statement
 

It is recognized that dense urban development
 

creates unique aspect, and problems for the reduction of seismic
 

vulnerability. Most research to date has been on detached build

ings which are most likely to be founu in a rural environment.
 

The special aspects of earthen buildings in urban areas and the
 

problems in implementation of vulnerability reduction require new
 

study.
 

b. Action
 

Research on non-structural methods of reducing
 

vulnerability during progran implementation isrequired. Of spe

cial concern is research on appropriate methods of siting and
 

sub-division deveiopment inutban settings.
 

Structural wr',thods of providing safety in urban 

settings are AIso required. MeLhods which should be explored 

are: in-house Thelters, safe corer, and other methods of 

realistically addressing the problem on a cost-effective basis. 

c. Implementation 

It is recommended that the National Science 

Foundation encourage ano support resedrch on non-structural 

methods of reducina vulnerability in urban areas. 

It is further recommended thit NSF and A.I.D. 

place increased emphasik on research to develop mr ods of pro

viding basic, minimal safety to urhan dwellers ,iving in non

engineered structures. Research in related fields (such as high 
wind engineering) and on related types of structures (such as 



b. 	 Action 

Increased research is required inorder to
 

determine the conditions under which modification of earthen
 

buildings will be accepted. It is recognized that in the devel

oping countries many of the people living inearthen buildings
 

are those most resistant to change. In addition, these people
 

may 	 be the most difficult to reach due to illiteracy and unfamil

iarity with related technical aqpects. Research shou.d be sup

ported to identify the conditions under which change or
 

moaification ould be accepted.
 

c. 	Implementation
 

This information isneeded not only for modifi

cation of earthen buildings in seismic areas but for modification 

of all types of non-engineered structures vulnerable to earth

quakes and/or windstorms. Thus, it is recommended that NSF en

courage comprehensive research on societal and cultiril attitudes 

towards housing modification as part of the current research 

efforts on societal response to earthquakes. 
It is recommended that A.I.D. be encouraged to 

support parallel research on this topic by local researchers in 

countries with large numbers of ron-engineered structures, 
vulnerable to either earthquakes or windstorms. 

It is recommended that both NSF and A.I.D. and 

other organizations involved indisaster mitiqation encourage
 
furthpr intprnatinnal intprrhannp hptwppn onrial nri¢onti~tn And
 


