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Roofig indevcloping1 countries~often c-osts up t's'56

'ercent of the total hjoiisercosts. Corrugated iron sheet' -is
 

P'oncL 1.- rofng atra its man'<toern 
 r~i despit and .
 
Grarionforei gn currency, it popr teml ulte 
 n 

or e disadvan-ag-s. ~on the other4'hand , dev'lopIng ,coin tri es'
typiNca1ty lave' plen~tiful fibers,' (C.g3bag Ls se,' bamboo Sisal
 
-ip;, oou us cd and fi1llers '(c .g.,"; avid us -sn 

nus, r~i cc hui11 s') wich, could b'e"--tii'rized as vroof~ing materials,'
'11 Wver, t'here -'i- Tin6 rad"Iy, ava'ilable mhatcrial''for effcT t-v-~ndi ng. thes~e:fibe i s and 'filli~s&gt-c 



--

Tils project i s 'di te1'to 
ote mo- nThb1nti6 	 d e 

arondfapply)~~e ay~o~~ 1,ha ind1 aPs'f1~tinand~d tif and 	 vi~ii$o wear, shu 

t'o provide §a~ I-yigei'jtJrLC ''oigta can rriaximiz. 
utlizaio'-ofJoal ,:nau rsucsadmanp owe r.1n producinga.h"ae- a d btt d' thr iso aailable.,,,As popul'a-~

Sncrease,;ijpubic h6&s ig projec ,s shul'd >, 
Sb'ecome een i'eL:c~mo d<feroi~i bTa p'b

:inAtroducing new roof..type'sI and comjpositiyonf niA.~o
 

Therinitial phase will, incluid'investigations 'of' 

~several parti-cularly promising binders . The: inyes t i ga tions Iq 

"~
 

;involye '(a) Thinders that ,rely,oimrtdaterial (eetting plastics, the'rmoplsic)btnerhees g-tem 
n
 

~w~rnunts an yquiring,less ;t an 	 "pret~h50 	 'forgn e ange
A~reqUired fo' 
corrugfated. iron,~n (sb),;bihders 'made from:, oc~i 
4AAmaterialsA ,(e.gf_ atex, -asphalt, or ,localyro1~duci*b1e r6sin)


~~ht'S'	t requiring assentially no foreign exchAnge~. T6'id

wi"I1 bek f'ield, te §te'd aiid 'evaluate d i n6lfabo'rati bn ithIi
 
so'e Aal:LDb -ins tit t~oi kn6i- fl ts
hneA'td
'tob~ '-problem: Ik(e'.A Building :and' Road, %RcsarchnstituteA in Ku 'asi)Gh ana,4 1h:-t'itute~ of Technooyi BdngIn ~eia, Applied ,Sclentif'~~ 

Rsac oprtn.of 	 Thailand). AA A"~,A 

'Economic analysis of ,the, 'comie rcial vi ab i i ty,, of t
d' I i c ation.is' mil -be 'an integral" component, .the~project. A' o
Aof 

c~J±±a~on ~~tiji"~''-hae hewidest applicability t-roughout the4 ""~"'4LD~s, will b6 craphasi od. The -final:phase of the jroject, i~' 
A nclude'etsie confereices,,'iniwth local' businessmen and -oer
 
"MenlL officials both to test -thie relevanice of"research rel's±'A'
 
!and to stimul~ate interest'Aln follow on anfacture 
 of"'success'"
 

-A" A ',A r ducts':.'~A'AAAA', 
A ~ '. 

A~A~AA,4~ B., EXPANDED NARRATIVE STATEMENJA~.'IAA,'A,'~~. 

A. 
 B"AABackground and Proj ect. Doscription '<~k422i 

.~ 4 'A4A'A-4IA to the, population projects for'theperiod 1970A-'~'c cor 

th~-:re raonof~f AsiaAsia LFi
Latin~n America, Aand 'AfrAic'a'should be"I 

~erjared to, pr~uvide' housing- for a flow of 32S niillion'peoplI7C'~Q
eltorIng1 the itban areas over this at~a ratedecade, 	 of 90,000,<
 

cot-iiitrids i noh,, ab u IA~U o L2 ine c n of thioe,''"4~
 
11I o1,1,i 11coli.A'11i s r1aLe ma), increase- to cope withi'the back~
 

11)gOf 100COC1oU~Aing, both ru,-al and, suburban, and 
 particularly
Lo' 'i1prov ,,the dlcplorablo, housin' coiditions ~in metropnol4tan


LiTJas Pr suma) Iy, thL9 increase,w i takeplaewtnth 
A'I 	 ace thCwiii 

At p ' A 

A 
-

C A 

I 'A 2 

- ''2 -
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-1 o n e ro- a 

a s, a s ha e',of at~inaI,iincome -InThVie 'Oj Othei -rssi 

c jaii s-n6resoLurCeS , much!,6E jth'e ;necessarydimp elen- i~ iul 
<~come 
 t rhouigh' a. i'edClt!ion> in th, costt ofhousinand-ain eii has~is~A 

on ch6ap. ad:, 'fi- -hoclp Jne t h ad ss peC1aI i riu'ral husing.--­

mosIt:h6otIly ,and~d fcuJt to construct adhashc 4igre ates t.a

ii~feton theimaJ§ corafqitona .0 l 

a 


a a. 

uCh as 1 aegrasses,, or.canes iused ;in.::many t-ropic <cun--
_tis:ae -no ldnger-.suiltab,1,. imA urban -cetrs il Lthe tropiLcsA 

-

Th because of Atheir Ishort li1fe and, flammability.' Mauatr
atrnatives ar few, costlya and per:form--poori fo~aT
 

~aPoint :of viewq. TI'ifey wiere,,dcvaclopAed fo ote lmtS7A

j 1I4manuLIfactured roing materiLal whica issti sfaor rhtoi1"
 

: oditi~ons, ad :is oreasonable cost has tctbeo 

A hr solve,trn'xedett tlc-roin-poli
thoghu the developing-- cou~ntries "has b eeni'corrug ate %,dron A-, 

: hoot, The cost lockside, t o :LDC ~importc'rs.'of this shetC is, ~ 
Jn the neighborhood' ofY 30' cents, pr., ,square, rotpu ae 

ally in, fo I'e rw h h n''t cg..cost to 'the
LDC ConSumer usuly mrthan double 'theAmpbrte<rs pxice
Th e~f themlproperties~of corrg 'cd~ from 'Optimal;~ 

- dlin:th absence "of repetitive galvanizing iti ikfftime An
'J~+VtheI moist -tropics is. 1 imi Led . - Aluminum sheetin ibesos:, ~4AA~~-emenlt,c7 and :othe'r i mp o rted .alt eiina t i'es areii~aA ' '-alva's m

itor, expensive than corrugated i ron&an . oh-r Ainuhtali/sf 

LDCof forts -to, d'ee better rxoofing,_have b'e'en _p-lag ted
~b, 'bt fcoecdlm~'act-rs.. he techical~aa AA

technical., and A-

a~AApoblems involve the rel'atively: short b.Afco And<~,aitnife'roofs 

th e ither poor i-esistainc6e -to loc'al cl-ima ic..condf ion~boevrn~~ 

-A-~A~
1mefl, andplant, life.. Of-acourSe it s most. inmportantta 
an -et Aen I 

r-adiation, heat', thermocyclin'g, physical dmage., land fire1enI i onl fe\i-iii j us t, The roof, -must, proviae, Some physi'yuport- --- A 

~ontribute- toa strctura,'integrityofa 

iwulti~i~n athern~1-orflect'ance d val :b-


~K~ c the .buirlding, 'pro'ldo;a 
Aan 
 rail .la~ 

-In taddiltioni therbof muILst be TelativX1 y,,"lxpesieb1e s ia.&I 
-~Ybd'cuturilyccetabl, anA~hve t~ch~oalgy-equireinents thatA

" lev'srroii acnailo 

mos Th a.ad i n or~ frural hosg,,i~n athe tropics A-Iare most coinmionly~earthy, timber, or Abamboo cosrt Oil , or 
- iA.com~bination OF thee, ith material SLAI as grass, lIeaves­

r~ cane ue-fr oofing and f iing'4 in thef-in e&., Maintnance-a 
-obloiis with. suich traditio~nal constructi''onarc, aflot, 1llportana 

-- a a - - AN 

44, 1'e. "a 

11 



are- fEouvd at 'itLI e o r n&o cost.I 1Ho,0i~ +rv 
area, ~traditioia 1 1lnning 'and buil~id Lng methods are restictdbY an-use requireents~,>i&av 1aiit fae1as
 
new demands plac-d6o t he~t hme 0 f the u ban ig a' tnd' his.r

fanmily, and 't-hcefinten'sifte~d he althi and'sa fetv stanr ds .of P
h~ dens i ty <Thu's , i developing areas, where the
high Ilii,
populationC surt';pyessux~e;faes,1~ lack' '~f suitableC~aeiiandd r'are Id imoran factoT6,'otrbutLin~

tohgh,&onstric*1on 'costs and oi 
 ay~i m~? g hou itng.$
 
~needs.
 

On the other, h,handd eveo1ping. countries typicallyjarepetuifibers (e g. bagasse bamboo, sisal h6mp, 4'4:ccnt:, husk, ,reeds') sand "fi I'r~ s sawd st, sand, ilits

;.rce hulls)" wivich ::could' b',t~ib as irb at e rials,",Hwvor. there is no' readily avrailab li~e r ifo fecti IydijI. 0 n tsogether~Thsproject15vi 

~directed: to developing 'orada 'Jing one orv moebi rtomUiieet LDC proofing needs,., Th'e:bineshld be lor'b*ndcs tndensl2oud,"
patcuarly ,foreign 0~ Cossts lo~~art- exchang'ecots, broadly app icabe 
'~ 
-va rilety of. fibers and ,fille'rs, ea ohndle ai a
 

~~-x reisant u Ier~hdsoudthermaY prop erts
have 

~utbht h ropics. Thd ob'jective is to pr'ovide a key

ingrredient 'for LD.croofirg th.t cannImaximize utilization of CCV4
 

T 

l4ocal 'natural 'resources, an1d' mainp oIve~rICinpouin hae

and better product.:than is now7 availlable. 

AC 


~~~~ n2SIgnficanc~o AID;.Objectives 

1?;CA4UIijC)CCt 

The av 4 .il abilityof- adequ-ateshel ter is one o'f" th e~'~~~i*
 
ba~1sic 
 human:,neds in. developing countrnies Cwhich All): f orCmanyC.~~y, s ht easeavoredto1 assist-.deVelopn c 

CC~,CCTI14

~~~the'r thr6 
ug 

lon orla d~n&cuntries;4in, iiieeing 4 
pogram to' facilitatei sel -hdlp,,hm1 6c eotrUCtion and>the. housiLngs nvcstmeht_ gu ar yv p: ran hich, .provide Eifl
CUS Governmnt guaranty o'U. S." Pi1 Va'teinvso r s ma 1ngC


r~housing , loans -jn:the: dvelop'tng, wolhv nti~ue
~s .aiall to',pxovidin~g,'adecqua-te'.s trweeoh'w u 
ial~ly~ thpsoselte ewry ~therei~ould be. 'ne in devcloping ~onis.>~

in-cmot inthic. the timeAt same C,
r'so a d ing in developing~courtsre conil m r c vintc n s 6f~ orts, shotld~be niadeto reduce 4costs , £n1crease durabilty', a nd exenhd employment
O~ppor~tunitiesC i f hoine constructLionm. 

~cxpetat6od nakbydmntrting.the, anticip ated belefits tile~ I Ciit ­com 'Mk Col ISignif4i 1 ant d i f f ence invinip roving the cost 

W ,i~ 

iC 



Ofct fi v e e s s, o s~ g p r~O g~ aits by.r h~. n PC0 j)1 
Wh adeq - to SIte e h safe'ost 10 A UII1J< achieved bY' c~nvPiciTg, the goeniet rchit'C Ct 7builderp~and in-vyestment com ~as~ 1iCioa sinuitis prospectfvc on,e-buyers.~an& home'! buil'ders ortil jadva tge the tochniq-e o~ffe!s over

ei J1qe >thlou9g1 tra 1 .1 , demon-~Sttrdition, :and b arsarh:rsl~
 
commni ea (nsrn 
 thog;"oa 1angua'ge pubiaon~and;O h'e domenndii~g o~bffii 

Relation to Existing Knowledge 

Thbindifng tlechniques, 0of interest, are products of .Wl estabri-- led dev I pedi country, tdchn'~~
clrl daenlogrconsidered tvery 010 y anc- r ; nsophisticated%. Oneh cotTaue imn asonse we are iookfn backward to technologies vcrC1~/&sometea~ ago, to:see ifJtecan adt d dp' l*< ;4&~* the LDC 1envi ronmeInt'. 'TeeSlitt e~Adaptivfz app~The~-e~islittlindustry to take~thiS-sstep- Oil 1ts o1o~ainfor ~u s . own "since the -te'chnology is

-j~ 

availabl'eair to al13 and theN eqnsun mar't:.orW~2iould shrdb t~.mtra~,be iany .supplrsYplvfaOw LD1ally -h~~~skills. 'nd .expe',rience to undertake'h adpaio onthi 
-Nt-'* 0'nv Taithough in practice~the tech'iiques shouldbe~readily~ Ntrans fcrable. 

*s 

4 Relation to Other Research1 

t 
i d -, ecoNio that traditional bidngi'.material's 'and methods cannot- solved construc Iahous ing~j~problIems in aib'rapidly urb anizing, areas ,of, the,,1orldW.- .:For- tireason-researclh has 6leeen -sosbrd by AD 'ain-t 'UiN1a t ions to explore Siys temat -c building'.me~thodsI vrhich ~inc~~ ,porate 'advanced mcaterials, Structuira~l , dest-gn, and 1produ~ctionj' .m.biethods. Emphasis ias bcn .pla'c._e'"on, ideasN thatconitribut ''
 to the overall eco'noinic and didisrIh v llop)nfolt of tilsnOecific nation, inxiolved.' On sich-study,".was th e~aci7ikon.the Npotentia. of foam,)plstics'for.,o io utatUniversity of1:Michigan in et~
s 
Altog M&&1'n rjc ontains a groat numbei,, 

~~>of-,iinovative tcdhniques,,,~I-.t As appar ont thatj {inder man),r co n
d'ions the' use f foam.-cored. sanJK 15*L~~rsi',to&Ihica~
~~44-exp 


' 

toopited,fo~r in 1),10-cost housnS11~ app ications -similar st des on the 
 widi
c~i\niques for producing glass Cibdr rein'forced polyester
~rutire na1e h UClar ae~o utizing advanc'ed.Lf!Chllology, bu~t Nat' the same tJimne shoiw ateVroblem -must,be.approachecciwiinf the limitations of natioialorreinl, 

res ture i'dconmy., (Te.-sut,:f the Michi gan 

S.
 

4 
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7feaSIbi 1 ifyl
th 

S udi es rare set forth" .n'two AI~D reports nmely, <r<Poential Us c'o f Foaml Plas tics, :for- Fousi1 nn1ei1devc.Loped& AreAs a iid ''Factors Govornh h h~outnoin

Foam Plastics 'foi- !1ousing 'iefn Undordevolopo.d Areas"'of~the.
 

~United Nations' ja' spons ored. roseaifi on tihedevelopment' of-­~materi'als, and wetod based -ondii iigenous resbources 7toSreplace.-mportedF madtei~alvs which~ are costly of ForinocagFor. example,, they -have supported'.rearch on the use of11'plstics for' thc pro uction o f housing t.uiit ntoia on
tries, on the use'of sulfur as a: che'ap',binderz Thr building

4puLrp0SeS',, ndl on the, development 'of stabilized -soi1 -techiiiquovs 

T1her~e hvve ~bcenl a:Iarge nuimicr of unsophisticated i>>~techniiques util-j'ing ,caiic,, thatch, 'bamboo, aid, other, indigenousvegetable mat ter'for 4"nexpensivC roofing materials. Most 'of~Sthese, atteinpts- suf-for from- the- fact that , hecy pro'iuco relativelyj>.mino1jmprovements over. thee most prim iive cons tr~.ction methodsy~
Foeample', unos orcprotectsl vegetable~fibers witOroolf andL'vermin resistant coverings, th~ir stability,-in: 

at 
!.ttopical' areas~is poor. 
S 11oter proect suich ,ashIoeat:'the Cent-cal Building Rsearch Ins :tL e jn-Roke
 

~ Idia~ tudy. tl ets'~fcmf~i ocee and line-cernent~ shellsfoi ch'eap roofing.Q In those::cacghtof, such: materal.
Smakes -for a more complicated and. costly supporting,'Istr ucture.Manfy studies have boon ~rop'ortbd 01on the Aarpregliatiohl of bgas~an d wood, chip mats 'ii aisiL materials, to, produc tighi j$
1'ensity sheets with highe.'r s~treg t is ,and ,loner i ~f e than ply-
Wood. In'genoral,, thmaj or Probl'm, is the- high "CostT of' the <1iMpregnat ing' chemiicals .-

S5. Proposed 11ork- Plain 
. 

The experime~ntal becocrctdi th:e-rramwili ecnute ntlt pha~ses;:iJ 
Phs atra n Proes~Deveopment& 

I],-, s 1f1 Deig, amf-c tr midiTetn of­
'rototypeP-'A.- )R.O'fiflg '' 

1h',s e- II ~ auatue4n 

->Manudctuo
4fl-- a id'hld Tosting of Full1 

~. -~As'a point of dep'artur the offectivoness of a numbeo4C) 
4 

composite sy tom an hitoctura' eigsi-,burth and iiio~nd s~sCns arc do'~I l deignss willar-~ hbe exmieE-rut t ) tOs po d rosi gt 2 ob ~ develope sy .ri T~ h n -

si as 11c1 

4 4 
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be 'demnstrated by making ancd te'tig 	prototyp panols *w> 
dL4y, fullitscal&e6os Ignod,~ 	lanufactured,; 

- and 1 i e 	 d t6's tte cinthreeclimatic~ areas.
 

Ittis: hypotliesized that there 'ivil 
 be 1no U11vesasolution to-cover teli'aicodton,.v Ibe..resou rCOS­an:,socioecononic factosSof th vari'ed I.DC' - the,~Svera 1jX 
Smore representativke .sitesL will- be, selected,, in'cooper-ationw~Vith-yAID. -It is 1igh.I _dsiblefrs c~ 
 co6r:~s

ex3hibi 	 asrange o'cina ic.co
~ tin _yp~a of ~dveloping~. 1
are 
as,, vso 	that thbre ma), h alopportunity, to. deveolop"-range--of.,performiance rqie-s whre lrobfs',wil'l have' toK~ 

.Because.Iiauch of,.the effort 	in phases II, and, III williV> 
-~- depend onl the; resuits ofPhaise JI', these two 'Phases- can ,on1'Y w A­discussed 1i gene~ral terms,,Sbe 	 and 'the exact programsitto be~conducted inPh'ase s 
iJI ad1T-uand fl will Ibe oulned Ani detail ij~~A:--late, in' Phases 1P an& II. 'Itis anticip'ated how46eer,-*that Kj-<>PhssI.adJIwl include 	 the manufac tu eandf testing 

-ofprototype roofi~ng 	 and the' coordinati'on ofarchiit'ctural 
and constructf'onalr detailing with ho6usin~g known~to be-stuit­'Ible
---	 and acceptable in the field ar~eas 
selected for evaluation-1­
and testing. 
 -A"~ 

(a Phase I 
- Material and ProcessiDevelopment 
-- '-"y4-

It os, xpctd that there wi11'b ea univers al~~+i~ 
- "~~material' and, design~ solhion "for all'2of. 'heLI)CsU. Ho0Wever,-

Wttoughtful4 Sele'CtionbI1 of LCutie._ad ts',especially-~---In ,the-areas 'of 'resources 'anAd' cimat',; it wilJ.,be.:possible~"

'~::~to make the results of, this Work' useful ~-in~a much :larger4 --- ,-. " 

J~~- w~orld Amiong~.
4 4 area. tevarious'criteriasto4be considered~inv' 
-j~~5analyzing roofing, p obllems 	

,a4',' ~ 	 -'­~ '--~ 

7- building 	 structures 

urba -rra mi 

foe g excha n-ge -- -- S i o' 

ex~~- I,n g ,i., ' 5-----f"- 5- ea 	 44hol 

7,, 	 44 4 - '- ,A A-- 4 ~'''- ?A 
r,55 , ~ - - ' '4 ~ '4 ' ,, 4 " ~ ~ 4 -



I toci r a1atitudes~~ 

e 1011- atitd 4e s afnd cond1il 6n s 

r o lati egeography
 

4' he'above"Atoems' 'should: cover toe bl(f t~
 
-'-factors invoIv.e-idn, selecting a roof i ng syt~~n cinre


'j< hc t ok> ~Prstof all, the-climh'-1
ate wil d'fl~cfneJ'-' 
' the&rof ing needs and 'quirem3ents,a 	 (s t Tuctural, aid cnvi-ron­mental) . Th'e4 resources w~illdtrjet age - t~tn 
just iwhalt. the Toof can be niade& 'from. ~dResources :willbe con -,-~3'--i~Fd'~ romni 'te standpo ntbf' th~ir further' availabilihty,and:j underutjled mater'J.als~ will 'receive detailed 'cosider&­

~'Ptions. Kno'wledg' of -,the, stru~cture s to"frc roo'fi~ng,~­~will be attached will' be> most-ii" ibprtn ''~ . 
rtis 

_'

' 	'#Tesiden'tial and J'nddstria. construci-nwAlb ofiee

&he, foreign :exchange' position' 'onnea'- of atici'la
ia t eatrial S. Wi 1h)0mos t 'important, '~ 

UncmpJ.oymient wil ea major, factor ,idni the 
in .terms, of proIcessing, qrcliite-ctural,,,dci ,sjnl),' cosrue-~ A~i&Llnd 

o,, ws:hoie,since .this 	 l]abo'r, intensiveountons 'couldiM'ireadily be enhanced. Consd'rtion ,shou ,bg ->~>en 4to the 
~development ,of roofing 'systemsI u 	 -.whlich,'may beman'ufactuied toasIppos .eId 1 

a roof-piecc by picce:JhoWever-both- app'oa'che's 

'degee in' as-lanto t Io;being put toge ther 

Considried)..ilThe 	 willb~'pit, hat3 'morec-einployment~ of a ~~C~77more
idered)~~oit sg ~~-t~h aji~ant,'4hanA w.Ihin

ci 	dbe availlable~ onf si-( ­t] 	oitc: whee oo,fing 1 sv-requi red~T~h e e x'tent 0' labor rc tuiedo nanufactiure anIi "fabricat
-roofwill, also be 'related, to+,the- urba'n~rural mix' 3 InatCu-~ 

1.r,,th&_m'o'ie rural, the.,housi thoI'more railaaialis 	 labor .(at,jbrtain' periuds of tey~ o odc"al
 
o,~rtions'of'Lthe, falbrica~tioni.', In 
 contras t, Uriban areas-efllymnt :in other incILusties .'s' m'rtn an n. acnra l.0Q~specia ization occurs.' 	 Y -'~ ~ 3 

'Tho, cul~tural acceptability of'-the 'roofing systemis very inpor-Laii The best f all t hnoogv baclcd3 by :the~ -bcst of marktilg andsales techiqusmnay' not- be "ble to'
'break throgh~cultur~a' anid, social bar,riers.; 'This inclh'des theappoairance oE the roof, t i- is Made, from, and.-how 'it,-8houli 'perform.~ 	 cultorr&
c~tura,a1 acceptance,. vary wideIy

hr 	'uohout the, wor~l'.­

o 	 g11 ccti on 5-. (a) (1) for £urf the do~tail (nitiation­c 1tdof c o nic) eia'dci ,da t aand; fat-toy wuu'bo 
0 tilwit l'hrg'-Phase'c II a,ci ulmiation,cary,o r 

P-hs 



i
I ]TP oabtant to the, ooin system is the teh<1c-,eIrio ogy -rbase 'wnich j a~ ~ogy~ve~or is~a1:,atI e varius dnd ady~avai lable. The-D~sr~
edg~e and ability, to aSsiiilate techlnolIogy 

th6eijr present k 
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various types of socio-cconomic obstacles
 
to the diffusion of the technological
 
innovations as well as successful admini­
strative market and institutional inno­
vations involved to overcome the obstacles.
 

(2) 	An analysis of the housing roofing materials 
industry in the pilot regions involved ii 
the project. The questions guiding the 
analysis include:
 

(a) 	 The structure of the industry, major 
materials used and sources of supply,
 
size 	of enterprises and employment in
 
the industry.
 

(b) 	 Current demand for and availability 
of roofing.
 

(c) 	 Modes of financing. Role of govern­
mcnt in financing, zoning, urbaniza­
tion and infrastructure. 

(3) 	 At the stage when the applicability of new 
matqrials; and designs have been established, 
a third set of economic studies will be 
needed to ascertain: 

(a) 	 Cost functions for the new materials 

effort develop, 

(b) If cost 
tion of 

varies with scale 
the materials and 

of produc­
construction, 

the changes in demand patterns for 
ronfing needed' to minimize unit costs. 

(c) The inlstitutional changes in financing 
required to generate the required 
(emaand flow. 

(d.) Net employment effect of the innovations 
for different scales of 
constructioa site labor 

operations on 
and materials 

manufactur.ing and transport labor. 

6. Research Methodology 

The research will center largely on two streams of 
to test, and evaluate binders for selected 

types of common fillers and fibers within the overall systems 

12
 



-- 

context previously described. The streams of effort, to becarried out in cooperation with three LDCs, are: 

development of composite materials using plasticbinders (e.g. thermosetting plastics and thermo­plastic materials) that require less than 50 per­*cent of the foreign exchange costs of corrugated
iron and that are cheaper than and outperform
corrugated iron 

development of composite materials using localbinders (e.g. asphalt, latex) that require
essentially no foreign exchange and that arecheaper than and equal in performance to corru­
gated iron 

Both streams of effort should lead to 
a very simple
production process suited for application in small towns and,
if desired, in individual villages. 
 In the case of thermo­setting plastics (twelve cents/square foot) the polyester
will be imported in liquid containers, coated onto local
:aterials in crude facilities, and hardened in place. 
 The
still cheaper themoplastics (seven cents/square foot) will
require some pressing equipment although the cost will below. The local .binders may also require 
some pressing

equipment. 

The methodology encompasses four major areas:
 

-- Materials: Binders 

-- M-terials: Indigenous Fillers and Reinforcements 

-- Architectural [esign, Construction, and Detailing 

Economic and Sociological Factors
 

(a) Materials: Binders 

(1' Thermosetting Plastics 

Thermosetting plastic materials offer a

tremendous advantage aas binder material,especially due to their very low cost. Forinstance, phenolic adhesives (used extensively
in electrical transmission and telephone

equipment) now are sold in bulk in theneighborhood of 5€/lb. The thermosetting 
plastics that are considered are the phenolics, 

*On a 40a solid basis; i.e. 12.5€/lb. on a reactive basis. 
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COST CO:P n ISONS

(Preliminary Estinates in -,nts per Square Foot) 

Corrugated Iron 

Corrugated Aluminum 
Corrugaed Asbestos 

:Isi
1rc ,.Sd, 

n L: 
(Foreign 
Exchange) 

30 

24-36 

LDC Tax 
(Est 50%) 

15 

12-18 

J.DC 
Mid dl ean 
Transport 
(Est 50%) 

15 

12-18 

iEquiilmint (Amortize 
over 5000 roofs) 
,oF6 ,Fcf. Local Labor 
+ Tax + Local (2 5¢/hour)
Middleman Costs R,-g.Instal-

' 01 

0 0 0 

Local 
Material 

0 

TOTAL 

49-73 

Cement 

thermosetting 
23 11 1/2 11 1/2 0 0 0 1 0 47 

Plastics 

Thermo Plastics 

12 

7 

6 

3 1/2 

6 

3 1/2 

1 

2 

.1 

.2 

1 

2 

1 

1 

2 

2 

29.1 

21.2 

Indigenous Binders 

Latex 
Asphalt 
Concrete 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2 
1 
1 

.2 

.1 

.1 

3 
2 
2 

1 
1 
1 

7 
5 1/2 
8 

13.2 
9.6 

12.1 
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Corrugated Iron 


Crrrugated Aluminum 

Corrugated Asbestos
 
Cement 


Thermosetting Plastics 


Therio Plastics 


Indigenous Binders
 

Latex 


Asphalt 


Concrete 


CcM7)a-'a1tive Prof-

Lifetime 
(),Calls) 


5 


5-10 

5-7 


10 


10 


5 


5 

5-7 


jes o Roofn !T i- n 

Strength 
Strong 


Weaker 

l:gaker/Brittle 


Strong 


Strong 


W'/eaker 


Weaker 


Strong/Brittlr 


Humid Tropics 

Weight 

(pounds/sq ft) 

1.0 


0.6 

4.0 


1.5 


1.5 


1.5 


1.5 


4 


Thermal Properties
 
Poor
 

Poor 

Fair
 

Excellent
 

Excellent
 

Good
 

Fair
 

Fair
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the styrenated polyesters, urea formaldehydes,

urethanes, and epoxies. By far, the phenolics,
polyesters, and urea formaldehydes offer the
 
major advantages in cost. 
 They by themselves
 
are not readily foamed and therefore cost
 
reduction by the incorporation of air is not
 
now commercially available. 
Extension of the
 
state of the art could be used to prepare

low density foams of these polymers. Typically,

to make a composite from the phenolic, poly­
ester, or urea formaldehyde, it will be

blended in with a filler and/or fillers of 
interest and pressure and heat applied. Such 
an operation could readily be set up in a small
plant to fabricate, for instance, phenolic
bonded bamboo, hemp, leaves, or other fibrous 
fillers. In order to make an adequate roofing
material some rigidity would need to be made
available through the reinforcing filler either 
by gross geometrical consideration or the use
 
of higher modulus fillers. 

Urethanes and epoxies also have mitch to offer 
as binders and matrix materials, even though
they do have a few shortcomings. In general,
the use of urethanes in humid climates is not 
consiZIlered to be good; however, much of the
information on which this is based comes from 
sources which used improper chemical systems
and applications. 
 Some of the major advantages

of the urethanes and epoxies are their versa­
tility in tailoring 
a broad range of mechanical
 
characteristics, their excellent bonding prop­
erties, their excellent strength and toughness,
and their ability to be foamed. The fact that 
these materials can be readily foamed is a
 
major advantage in reducing the pounds of

material required for an application. 

(2) Thermoplastic Materials 

Unless some very major improvements in bond
 
strength and reliability can be achieved in
 
other thermoplastic materials (which is 
not
 
likely), polyethylene, polystyrene and poly­
vinyl chloride 
are the synthetic thermoplastic

materials which be mostwould attractive 
economically. Present bulk prices for poly­
ethylene and polystyrene and polyvinyl chloride
 
are in the 12€/lb category. 

16
 



Even though the commodity type thermoplastics
 
are relatively cheap they can also be further
 
reduced in cost, for a given performance, by

the incorporation of air to 
reduce their
 
density. Styrene, for instance, can be made
 
into the form of polystyrene beads or can be

foamed in bulk. The foaming of these thermo­
plastics, however, does require 
some advanced
 
tbchnology, and blowing agents (pneuinatogens)
which represent additional costs both in use 
and in shipping. In 
cases where pressure is

desired to bond fillers together, however,
 
pneumatogens 
can be used to provide internal
 
pressurization and assist in 
forming a com­
posite. The use of the thermoplastic materials
is highly desirable because the chemistry is 
all done before the system gets to the LDC.

From there on, only physical reactions are
 
required such as 
heating and pressing. The 
fact that the chemistry is complete also 
means that stabilization of the system prior 
to its use is less important. 

This technique has been used to bind waste
newsprint into pressed board, alsoand offers
promise in production of mineral filled poly­
ethylene having a high percentage of low cost 
particulate fillers. 

(3) Indigenous Materials 

Two particularly promising indigenous materials 
for binders are latex and asphalt. While the
 
properties of these materials 
are reasonably

well known, more concerted efforts are needed 
to apply them to roofing problems in a vigorous
fashion. Also, the potential of lightweight
concrete will be explored to the extent pre­
vious work has neglected this material. 

Al though proteinaccous and other natural organic
products suggest themselves as adhesives these
would not be suitable for outdoor use as binders 
for roofing materials. First, they must be
available in large quantities, at low cost, in 
a relatively high degree of purity, and this 
favorable situation seems unlikely in the LDCs.
Additionally, all such proteinaceous adhesives
 
suffer from a high degree of moisture sucepti­
bility, hydrolytic instability, putrefaction,
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the difference in the density of the sand
 
filler and the polyethylene binder is
 
taken into account, it becomes apparent
 
that on a volume basis the sand costs as
 
much as the polyethylene and therefore at
 
the 5 cents per pound cost sand is not an
 
economically effective extender for poly­
ethylene. Since for structural roofing

applications, materials must be used on a
 
volume basis, approaches like filling of
 
polyethylene with sand could hardly be justi­
fied. Certainly, these and other similar
 
pitfalls, must be avoided in 
the selection
 
of a proper filler and rosin system for use in
 
making a cost effective roofing composite.

However, in some locations in developing
 
nations, sand may be a readily available 
filler and the total cost would be only that 
of transporting it with low-cost available 
labor. In this type of situation, sand may 
indeed be an excellent filler which, by its 
high modulus, can contribute considerable 
'einforcement to the filled composite. 

(2) 	 LOW DENSITY AND FIBROUS TYPE - Candidate 
filler an -inforcing materials are readily
avaiil'ablc in most LDCs. Low density fillers 
are most attractive, especially when they are 
naturally occurring. The predominant material 
which is indigenous to all countries is air. 
Air stirred into any material at ambient 
pressure, can readily be made to take up at
least 70 volume percent, of the system. A
 
material having a density of about 80 lb/cu ft 
could readily be made to have a density of 
about 20 lb/cu ft or less (2 lb/cu ft with 
pressure). In such a case, the material 
would be closed cell and therefore be an air,
 
vapor, and inset barrier, rather than being
 
porous. Air as a filler is used extensively
and when incorporated into plastics results 
in what is called a foam. Most commercially 
available foams, however, blownare with 
relatively expensive pneumatogens such as
 
the fluorocarbons, and most have a predominately
 
open cell 
structure which would be undesirable
 
for roofing applications. 

Other air containing fillers include things
such as expanded vermiculite, microballoons, 
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popcorn, wood, cork, bamboo, etc. 
 Various
 
approaches to 
using the low density fillers

should be included in the experimental pro­
grain. 
 This includes first using indigenous

low density fillers as a reinforcement in a
 
composite, then incorporating air into the
 
binder material to further reduce weight and
 
especially the amount of binder required.
 

Take for example an indigenous material such
 
as bamboo, reeds, etc., which can be 
incor­
porated to take up to roughly 70 volume per­
cent of the composite material. This then
 
means that 30 volume percent of some other
material will be required to hold this rein­
forcement together. In the case of a dense
 
adhesive this would mean that 30 volume per­
cent, or roughly 30 weight percent, would be
 
required. Significantly, however, if air
 
were whipped into the matri.x or binder, or
 
if the comnposite were starved of the binder
 
material, the 
 air could end up displacing
roughly,70 percent of the matrix material.
 
Thus one would end up with a composite which
 
is only 1 volume percent of a binder, at

leajt 20 volume percent air, and at least 70

volume percent of a reinforcement (which also
 
is probably ,t least half air). Suffice 
 it 
to say tha' in order to establish reasonable 
economics, .1ow density fillers, especially
air, mwi;t be considered. However, in no 
case wo(ld the strength/density of the struc­
ture be lowered below the mirlilnun required
 
[or safee)', load bear ing, etc.
 

Additional fCillers will also be needed in the
primary reinforcing strLIcture for displacement 
so that more indigenous materials can be used, 
so that co.ts can be minimized, and so that 
a ~r,ctical sufficiently rigid system can be
made. For example, fibrous type Materials 
might be fabricated, woven, and tied together
 
so that a good reinforcing system is established 
which will then be bonded together with some 
matrix material. 
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~and nturl enironmenfts . kioblem' of technoogy trd 'ferthus of~ad'aptio~n, i's­one -both soci'al an cCnooi Tlie biroadi 

' r _h ef icntuc of teng'usry

implied by the i-ntroduct,.oh of neiw m'aterial1s acnd new -technoloies 

t e l o-F o h i c i n n v a t n i n oi - o loc e ­
yil imp~ortnt socLi 1) n hyms a a number-rof.­,itfcal econoic 'tes'ts~ st~, they. must, reduce. the cost -ofaacceptab elhte'r unitw~hrt1~bLt~ g lowering -the!L

S'f construcion mate i.a's 'rucing cosuco in 
suseurn maneac Costs or~by s6ie: com~nTiation. 

ijnpillnio oil in.00 Cho 

'Ina ttonIII l vu Vcoii111 tru n' S cs3 

http:i-ntroduct,.oh


--

* I'A'. ­

'Ifa te , i tv cost rdUIl noain rdeeloped,it i 'l be nece~s s aryi d-kis&a &-de-bffK'wAi
profile be ; Ul efPiOymenit effects ~and;other belie' phs~somne Workable~cl~so rule fo.cloig ewe h alter -~'+~~>~;

Snative-,; As anAiia oplcjin v the chronic
foreign exchaiic shorta~ges of many LDC
&~Can& Y~ sr~.ethe trade- off>prfl addc *sUirl il aeaso <to take-;into. ";-­-m~ 

i"acoutltrntiv forig.,exhange cit should -thicsc bcof ,signifiatca be the P1ri~h 
C -i cC- as' it ti g- e't e c s ,iit ''he o' 

~ The,unit cost savings an th ~d i 1 bn fi s '--

Smay 
 also bepstvl eae oscale of costruction~ and~thus to th&' t -at whiC throughs ~-­
-the 

1 hobme ',construction:~ indu"try. -On,.-the one, hand, tile innova-<<­tion 'should not~overtax the Japa CitY: of'tie artisani dominated-home'costruction{ indus tries of~the LDG's'to) adapt.. ',dn th 
--­

{-other hand, it w~ould-be~ desirablpoayesntl;tooo 
f r, fnncal ihvations and other mechanisms by which the' ~-. 

7 Research Competonce 

~Monsanto Research Corporation j(MRC)j, a wholly Aowned ­
s UDbsidiary~of 'Monsanto Goiipany, was establiished specificall
to-IL conduct developimentj engineering, Tspe6i al' manufactuirinig;
dmonstrationprojectsrtundor.ide cotrc to Goere g

MPCope'ratfes.,two 'Laboratories 
 The Dayton, LaboratoryaF IDayton,Ohiio', i s 'aa b1e:o,'6nral erht agnis Mon 

­

Laboratory_'t MdibrOia aiiyo h Ei 
oeat 1h
JyMCuner >prie~ contract with, then Comisision. -Per < 

efforts dovelo'pent andt ngineering pirograins',, number'abu220 'ore than one third are p~rofessional~'empoyees and

appoxmately 30 have~ doctoral: does.sI The Dayton 
 Laboratory

is diversifie faciity staffed yand ~&quipped 'Joi application' 
~ \nd~engneering in materials'~clsi2gn, systemns~ ~ anlysns ation.s ,rLn,11S1ument Areasexpe'rtiso include polymer,; organic.,, inorganic physial 

of 
axna1vtica1 and radjia'tion' hem-ist y ex once-in- metalsan 

cLvc echnology ranges f-
rom iaa~eril f ns ttion to0 nv o1' -deov.cac cIectronic, I--:nte'rests--ie; in. materials, _processes,
Ldtleirr,aipp Iicatos 

-

MRC lq i be,Supported by 'th'6 Center for Deeomn
 
e'chnol ogy, CDT):'6o Washington ,University St. Louis, Misso ri.
M'a in fo c u s,1cati6i upon _he apiaon of Scienceand teqhnology,-1a mp io, cht tndr 0efIing a d u~yf1f o


Pop le.1,0ss, , oveloped so hooi, W51dn 
 seor
 



of the United States. Research, design, and development
activities at the Center 
are directed to generate now and
usefuil processes, devices*, systems, methods and knowledge
for improving housing and education. The Center is also

focused on induIstrial and socio-economic development. Key

operating fdatures of the 
Center are that its work is truly

interdisciplinary, involving diverse segments of the

Washington University community, and that it maintains or
creates cooperative ties with counterpart institutions in

the region in which the technology is to be applied.
 

As an illustration of experience a few of the materials

applications programs conducted by Monsanto Research Corpora­
tion and a few of the more recent development programs 
con­
ducted by thj Center for Development Technology are:
 

Quick Setting Cement Patches (MRC)
 

Low Cost Fiberboard Structures (MRC)
 

Low Density Structural Material (MRC) 

Precision Molding (MRC) 

Metal Plasma Spl'aying (MlRC) 

Plasma Sprayed Polymeric Coatings (MRC) 

Graphite Fiber Reinforced Composites (MRC) 

Impermeable Coatings (MRC) 

Technoiny1, and Hlous.ing for Rural Development (CDT) 

Technolo.,,y and industrial Development (CDT) 

Mr. [val Salyer, the Program Manager, has managed all-Tses of materka ls 
develop"ont, synthesis, characterization,
r-muI at io.a o)e i,.111g, evaLua.ion, design, engineering, and 
- 7_'iz.,tion. 
 T7 dAddition to his management capabilities,
f. Salyer offers a strong technical background to the program.


l i.s one o[ the foremost experts in plastic foams in the U.S.
,;--d has direct,.d programs to develop improved and novel epoxy
foas , polyurethane foams, polystyrene foams, metal foams,
ccramic foams, and three-dimieisnional honeycomb structures.
!iis knowle,lge of synthesis of plastics theirand formulation 
.Ii] be most valuable in coordinating the utilization of avail­

able indigenous materials. 
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Mr. George Ball has also directed development and
 
engineering programs in highly filled plastics, impact

resistant windows, stable coatings and bio-engincering systems.

fie managed the physical testing laboratory at MRC's Dayton and
 
Boston Laboratories for a number of years and is thoroughly

versed in thd characterization and analysis of structural
 
components.
 

Professor J. P. R. Falconer has participated in con­
ferences and seminars dealing with problems on housing and
 
materials in Nrth and Latin America, Africa and Europe. In
 
1971 he served as 
 chairman of the UNIDO Vienna conference on
 
the use of plastics in building, and shared editing responsi­
bilities for material presented at the UNFAO Vancouver con­
ference on the use of wood for building in developing countries.
 
His experience and background include a number of very directly

related areas in architectural design and construction methods, 
including three years on the faculty of the University of

Science and Technology at Kumasi, Ghana. His primary interests 
have been in low-cost building systems. 

Contributien to Institution Building
 

From the*outset research institutions and concerned
 
Government agencies in the selected LDCs will be directly

involved in project. Many LDCs
the are known to be interested 
Tn this type of research, afid there should be little difficulty 
n finding not only Tnterested LDC partners but partners who 

will make substantial mai.ching contributions to the project.
For example, more than a dozen African countries are engaged

building and ofbn research, a recent UN survey their activi­
and intere,;ts identifies low-cost roofing as a research
 

Sr 1rity.
 

Monsanto has proposed Ghana as a principal partner and 
already has collaborati.ve ties with the Building and Road 
Research Institute in Kumasi. The Monsanto team has worked 
in the Field iii Ghana and is well aware of limitations and 
eportunites in that: country. The real question in Ghana is 
i ,' to insure that the research results penetrate beyond the 
:,a.ls of the Institute into a broad segment of the economy. 

There aie other obvious candidate countries with 
intcrested researchers -- Thailand, Indonesia, and Colombia. 
There are also countries with severe needs but less indigenous
strength in the research area -- Bangladesh, Caribbean 
coun'tries, Togo. 
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It is proposed that initially linkages with Ghana,
 
a Southeast Asian country, and a Caribbean country be con­
sidered. The final choice will depend both on technical
 
factors and on the interest of the local Governmental,
 
business, and research communities in the project, as
 
demonstrated by their commitment of manpower and resources
 
to the effort.
 

9. Utilization Plan's 

The principal immediate targets for utilization of
 
research resu*ls, assuming the results are favorable, will
 
be the building industries in the three cooperating countries.
 
In view of the multifaceted aspects of the building industries,
 
in-country seminars and local advisory committees for the
 
project are envisaged. These activities will be designed to
 
involve the local financial, development, and construction
 
communities in the project from the outset. 

Diffusion of results beyond the three countries will
 
involve the usual distribution of reports, involvement of UN
 
z-. and other donors, Also,
',ncies 	 and similar activities. 

diffusion of results through regional seminars will be planned
 
at the conclusion" of the project.
 
10. 	Budaet Aaayi
 

10-L1 aeLA 1a Lsis
 

The estimated-budget is as follows:
 

Direct Labor and Overhead 	 $ 225,000
 

Subcontract with CDT and Consulting Fees $ 200,000 
(Labor, travel, materials) 

Materials and Equipment 	 $ 80,000 

Travel 
 $ 	35,000 

General and Administrative 	 $ 70,000 

Fee $ 	40,000 

TOTAL 	 $ 650,000
 

The precise expenditures will be refined in contract
 
negotiations with Monsanto and will be reviewed at 
the completion
of Phase I. The subcontract provides for broad architectural 
and cultural/economic inputs. Expenditures will be distributed
 
roughly 25%, 37 1/2%, and 37 1/2% over the three years.
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The cost's seem resn blgvntetl~somli 
_ 1discipl inaryski 1is" required and, the magni tude f tile. p)roblem.Itf&is-ot ,possible to estimiate the LIX' matchng cotributiorjs 

~ at this time. 

11 Internal-and.'External Reviews 

~~ ~A~~NAS el f eocisg'o -exp~t~- rn-t~pan r saSlnd"Ds 

~{on-this aspect as, 'a top pri~ority. 

The project conicept was reviewed by the AID Inter- >hbureati Committee-on Science and Technology' in September 1972.~The details of~ the Nfon~s~anto~ app roac1-ere subsequently reviewed
 
~byrpresen titves of TA/OST, SER/ENGR, SER/Hand SA.

currentse'rsion 'of the proposal is being further-reviewed 

The 
by


selected experts. 

Proposing Cffice' Gener~al:, Evaluation' 

The p-ribrity for this type. of~ research h'as~ been repeatedl~ 
SStressed 
 in inter'national, development circles. 
 Th~e competence


~ xprinc lf heproposed contractor seenfs'clear. The_
overall systems context within which' the re'sea&Ii i to'6, con­
duc~atoui rhefrshng. <The- technical 
approach is~$generaiiy sound'
ilhough heproject will ~probably. require fine tuing as i~ progresses. Fainally, and most ipratyte'L~'ae nw 

~~~to~toe interested inhi type 6f tech ogy adatation. - -

'If the project isfunde'd, TA/OSTwill, us he NBShousing technology group to' assist in ,monitoringj the technical--
­

2a'ndaspects of..the progran, partculrlythevaribi2' bodig 
tcnques that~are attempted. Also,.this grobup ,of experts wjli2~
 

- ~~r2~ip~~assist- in-~~ the- val ation of the various stagesb~tepoet---&~2
 
The poect provides an eclent opportunity0ecl for meshing
t5
2~U.S. 
 cchiological excellence wvith~pesn 
d~eomn ed n
 

t.Ehe prospects for success seeul-reasonabl-y high.2 
 ~ ­

Recommended:2 2 > Recommended: ' ~ 2 '4 

H' It ei oo Monitor 2'Pl2 e n ciweltzer,2 M ce D-roc-or" 
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