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FOREWORD 

This report covers the work done by the Development Technology Center, 

Institute of T'chnology oI Bandung, in the develofment of feri ocement 

a c .,eds.e This project was sponsoredtechnology for a variety ,l vi ll 

by the United States ;overnment and lie Government of Indonesia through 

The project was marked as Project
a USAID/Indonesia Grant Agreement. 


Grant Agreement between the Republic of Indonesia and the United States
 

Project
of America for "Appropriate and Low Cost Technology", A.T.D. 

Number 497 -0268. The Agreement was signed by Prof. Dr. D.A. Tisna 

for Higher Ediicat ion, Ministry of EducationAmidjaja, Director (efneral 

of t he Republic of Indonesia andand Culture, representing tle Government 

Mr. Thomas C. Nibloci', Di rector USAW1)/Indonosia, representing the Govern

ment of the lnited States of Aiiri ci. 

ins1.i.t iLiin responsible for the executionThe Government of indones-i 


the Institute

of thi.s pro],,ct is tI1w .,lomern t 'echni ,gy Center at 

rooratp General for 
of 	"ecinolIogy of Blng (I-I1b), tinder thei ii 

t.re. The Director Ge-
Higher Education, Ministry r "dncation and Go 

y to IDr. Fiiino Harahap,r Educat ion d leg.aItd jut horneral for Hlgih 


thh L and .luli . Arsjad, oW the Directorate Gene -

Director !tITl ir. 


this pro
ra]. 	of Higher EducaLion, to exerci.se the required powr rofr 

scheduled
Poject Assistance Completi,,ni Date (PAC'I)) was
Original.y tle 


1980. Hlowever delays were mnavoidalb le in implementa Lion
 
to 	he April 


the project , in view Iat th[ei're wur, four institutions which 
 were
 
of 


in 	Project
amended as stated 
involved In the execLion. ExnLnsion was 

http:exerci.se


Impelentation Letter no. 6, 8, 10, and 12, which provided final project
 

project activities.
extension to 	,Jhnu.ry 31, 1982, to complete the 


The general coo rdination of- the project was handletd by I)TC-ITB Opera 

tional Board, chatred by Dr. Jr. Fil[to Hlarahp, who also acted as the 

Project Director. The Operat.i onal. Board of IN'TC-I'l'l cons isted of Prof. 

Sasmojo, Dr. Bana Kartasasmita.Dr. ltarsono 	Wirjosumarto, Dr. Saswinadi 

given by Ir. B. Tarigant as executive secretary, and Mrs.Support was 


the finance 	section of DTC-ITI. In carrying
Dra. Sri Sunardi, Head of 

out the daily project administration. the DirecLor was assisted by a 

project administrotor, Mrs. F .D.Y. 'lTamin, spec iatlv appointed for the 

project. The adminis r t in and logistic back up were provided by the 

Secretari at -f tWm II IT,. 

A. 	 . D. Project NuIumber .97- 0268: ';Appropriate and Low Cost l'echnology" 

two cononents which appear cNi.nnntly suitable tar the Inconsists of 

done.s ian scene. Thmese are: 

conw, ion ag ricu. tural waste to a .ternative energy1.. 	 Oyro].y tic yre n f 

surn In:-tInadoncsia. 

of vil lage 	needs.2. 	Applica tin of Ivron'mnt technol ogy tor variet:y 

rltcOvW, 11yv 	 by the ferroceiient. technologyTiis ep onl th' work dn1 

teams, and ru.l It; ot the Yrolyti t conversi n ream are compiled and 

issued in n th ri e,, .t 

W[thi Irothe Iramework of tlls project, ferrocement techno(logy was inter

reinforcement. pre t~ed Woadly, including non ferrous ind 1genus fibers as 

The project also provided training ass istsance and teclnical sunport for 



DTC-ITB and other Indones:lan Agencies,from the ferrocement Lecd A.ogy 

group at the Asian Institute of 'Technoloigy (AlT), Bangkok. AIT conducted 

training for n oi- Indonesian ung i ,.rr;in .tr u!til onginfllcr ing pl t r 

ties of ferrnemet through a spec al. fcur-innlis course in 1978 and, 

to a inited extnt, secrved as- :on.uItant O r evaluati o . 

In executing the project OTC- ITB collaborated wLLht two piovinclal univer

sities and Inccal government administrative units, particularly in field 

applicatinns, test ing and evaluation. The universities selected were 

IUniversitas Syiah Kuiala, at Banda Aceh in Sumatra, and Universivas lasa.

nuddin at ljung Pandang in SouthI Sulawesi. These universitiens executed 

sub-projects under the unordlnation of i)T2-1TB. Thme district of Sukabumi 

In West Java, IN prlovince..s of North Sumatra and South Sulawes i were 

sites for pr.ieiL hiarddr t ry-outs. 

Those who participate, in tlis project were: 

I. _Sviahiula I'Qiuvrsity 

Coordinator rit. O.:lli Ali 

Tan L.i'ldr ir. a;ri St. ;andor- , and Ir. Bustam Husin 

Techni cians :,nwa r,Nuirdin, ani lamil 

Trianeus AM, Yiri, Auiara, Ali Akbar, Zukia, Mukhsin, 

uii,yuq ;ar, Saklhan , FarIa1, and Suardi 

1,. I. and. IAnmn verd i vi 

Avisor : l to, . Dr. . Amiruddin
 

Supervisor : Dr. Anwar Hailld H.Sc.
 

Consulta. : .r.Smunl Sanka
 



iv 

Task Force Dr. Ilasan Walinono, Ir. Yahya Hanafie, 
Ir.Amin Ila

yat, Ir. .).B. anga, I r. uhidin Rauf, and Ir. A. 

Napang;l ra 

Surya M. 'arma,\;atsir, and ItiIa 
Technicians 


lir. Ubbe, 1. Asimal, and Latifa.Umi.r
support:Administrative 

- Institute of Technology Bandung
III. 	Development Technology Center 

Bana Kar -
Prof. )r. liarsono Wirjosumarto, and Dr. 

Team Leaders 


t a,;; s t La
 

Sub Team Leader f r . Anshori_ Djatusal
 

Apep Maman, Agus Rachmat,
Surapati, Ali Sulajiman,Technicians 

Yin Ni.rwan,Mauliddin, Yan.i C;hyana, BLuchori, 

L an d ,i'l- Anwar•Si-ivnto,i 

K and 1ustikawa ti. 
Admi ni strat Lve. suppurt: Tati , rim i at i , Ike 

were highly appreciated, and 
the project.
of al 1 -involvod iiiContributions 

of the project.
made possible th,, succossful, conpleti.nn 

Dr.FiIino harahap 

Project Dtrector 
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INTRODUCTION 

13ACKGROUND 

>~~-~, 11 1 	 General Considerations 

Thie goals of Appropriate and Low Cost Techinology may be stated 

as: a) to improve the quality,,of life and increase the income of 

the rural poor; b) to promote rural development and generate em

ployment through low-cost, labor-intensive technology. 

The most widely accepted'definitionof appropriate technology
 

may be'stated as 
the adaptation of technologies to the environ 

ment and conditions of the locality where: they will be applied. 

From an AID viewpoint, we would add that the technology must 

contribute to the social and economic development of a develop

" ing nation, with particular attention to the benefl.ts for the 
- -poor. :'n Indonesia, (and In many of the developing counries), 

this means that 	 the 'technology require relatively small capital 

and practically 	no foreign caputa., use common and locally 

available resources and materials, maximize the usc of local 

semi-skilled and unskil.led labor, meet local andneeds markets, 

and generate new emploent opportunities particularly trough 

development of 	small industry. 

12..2,Appropriate Techinology in I~ndonesi~a 

In 1973, Indonesia presented a paper, "[ndonesia's. Present Set

ting and Perspective for Technology Transfer", theat Interna

tional Conference on Technology Transfer in Modernizing Nations, 

http:benefl.ts
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Karachi, Pakistan, November 13-14, 1973. 
 The paper was written 

by Dr. D.A. Tina Amidja.Ja (now Director General of Higher Edu

cation), and Dr. F1lino Hiarahap (now )irector, Development Tech

no. gy Center (i)Ti:), Institut of Technology Bandung (ITB)). it 

pointed out that [TB (which is ndonesa' ; leading technical
 

school) has been exploring hince ].969 ways in which 1I171could 

support Irdone.;Ia's development e[fort:s and had concl.uded in 

1970 that the basic ITB philosophy should be oriented and com

mitted to Lhe duvulopruent oi the cuuntry. Reg;arding the role
 

of technology transfer, tlhe 
papr ,xamined technology tr ansfer 

and encou ragedl "more appropriat, operatiions and technologies, 

especially in th, contsumer g;oodis ;ector ..." and stated, "the 

rural sector wG!ul (1 'tain Tie',et en tion" . [ t coIluI tided, 'We 

(I'IHl)are ,:'nrne, in miaking th con-ept. of approprlat_ tech

nology .... per atinel within tU cnmtext of our dev'elopTmont 

efforts, epIuaLly with r,1ler'nce to the cruc [a]. M us;s )f em

ploymene t and rural ,CIa V tec:l aIugy generation, Ui Li IfB,ri 

"oncern i v man! f u d i , I 'v lny ..n Woo) al Ielo the I'v'elopen1'e1t 

"'etchum ] '.;v (UnLt : (IMl )". 1 iFt i ls appropr ia., toc':nio Logy 

organi zation, ,r.at l by 


would tLak- the e-spun:-cihility for this role.
 

nd adhminist ervd irinoneslians, which 

1.2. FERROCEMINT 'I,;cMIMi;Y 

1,..1. Felrroca'it.. Applica ii in Developing Countties 

In 1973 a W:.[;iI tional Acaderv ol "'Lences conit-tee, working 

under an Ami -- funded projt_ tc' seek .cchnologies particul.lary 

appropriate and uefu.l Ito iit'condi ions and neds of developing 

http:Amidja.Ja
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covntries, produced a study, "Ferrocement Applications in Deve 
-


loping Countries". The point of the report was 
 that the very 

factor that prevented the use of ferrocement: in high].y Indus

trialized economies, namely i in ]alhr-:intensi.,e, made It ideal 

for those developing countries which were short on capital but:
 

had 
an ovwr-abunIdancu of unski1 l ed and semi-skille,.2(d labor, pro

vided they had cement, sani, .N .r nudnwire, II-storieal ly, Fermr)

cement Iald bee, r d of(Itn bIui.1 ding bo,ats thus causing the pub

lu ri 


however, tiu A',.cademy rcipo' sugeste, poss i,iitLies for 

lic to eq, . trocunt trh:hmnlogy only wit:h bcjt building; 

uses in 

food and senI t'ramto, watur (or other Liquid) storage, waur 

cat,_:hmett.s, trougihs, vats, lPat '.r-lroi:essinjg facilities, grain
 

a1 tolrl d yi si' ,n! inc O N.d(f-rroul imnew Is particli yrl 

qsI L.qni: to vibratil. oin)civ i. pad; o:tt.I ,ip.; and f(:'u. ,;iI<,,s-. 

itng Comp
 n t (p1 . lnrl - ; . :,(l,,ash ingl.s), well
 

Wi I ngs., F.. ..
er.ency bui'ldings ,,r.&td1i(iso ten ro art, ml..gaition 

purlp o 'e, s i r
wIh ,;r , ,I, dock ponto onsl. Il: Ac.demv sLtidy 

pane] r(c: PY(,dJ ,n-:::it,: ;daptation and PaSperi:m't2 IOn in de-' aI.L 

vel.opi~$v ,(luntrivt l ;, :i l'r,lmat in to i i:.prc ir pm..w tQl ...-

j~~e~jC TN, \'d,-mv 1).,!,. also; ra'(nm ,nded,that an "In.2"s&9.!!, ;. 


ternationaf, l.t'i-cprr
emnn l Tlornnat i'n e'rv.Ices"r he ,:ta ii'shed, 

sLncte ornlIy -pis, ani nu:attredl iirl, matfaon was fo.Loud up In 

1.976 by tie istabLi.Ishmo'nt of .urh a ;'' t':r at t.Lh.h
Aian Inisti trto 

of Technology (All , Bangkgok , ,Wrt th r sponorship oi tlit New
 

ZeaLand (ov ,rn,o , tie C aditian W'ove riua t (t ri
ough (CID.\) andt
 

the U.S. Covu,rnmeL (t.hlrongh ALlD/Wasnoi.'.;tonh The A [' has been
). 
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doing research and development concerning ferrocement applica -

Lions since about 1959, and was the host institution to an AID

sponsored regioai] mctting in late 1974, which produced a report 

called "F'erro,emnt , a VrnL.ile (.,n12ru:t. ion aterial: Its in

creasing use inA. .a", In I:.ion in the :Meting wiLh the 

U.S. NAtional Avaduly ei Furthe-r 


iFIC (InUtebrnaLlonal oIl'rt'rqrmeit. 


of ',n '; inlformation on the 

!urmation Center) at the A'! 

in llangkok can he found in L', of Re!. No. (1) which des-

cr ibes AlT, and ferroc,_ment: and its applcattons. 

1,2.2, D)escription of l"errocement TechnoLogy 

Ferrocument is a highly ver a t le form of reinforced concrete 

made by p] astering a mortar of cement, sand and water into a 

wire mesh, giving it not: onnly utiiq qu'ti. tes of strength, crack

re-iS talce and nurvi;ciebi ity, hut aLso fir:o abi.lity te fol low 

compound curvc: and 1Jn1os in free Kra," thush-fI ,n; daptable t'n 

shapes and si.e; to it. the Innal W'dA., in this project, the 

word " rr'ocument'" in used bi oadty, .tlt itsL is, conventional 

and [.teral M.aninO'f "pIa;Ltured cuthrot with ferrous (steel 

and iron) en s is onyI wh,, vonaide r-b]Ic strcnLgtLhi ., 

needed, 10.q. i(;1 l S) W" : only n aLx str'lgtlh is n:eded to 

nerve the p,,rpoe, (e.g. roof pannv],) reiniorcement w ith indi

genous litur.il fib,.rs (.. bamboo, co. r, bagasse, palm tree 

fiber, ,tcA.will be s t ressed. In .th cahe .se where no reifnorce

ment Is noo.deI ( g. fml he rat ,-- .i;aI:d and qplopci.lcall, shaped watur:r 

and (oodmt-ora." ? o-, tl ers), l
''lerrothehe ", um't-' ' will.Ihe s iimp 1: 

cement o ,tar billh.'-.ai Nlt'.dir intlointtfoLa: l la tim oacti',l'r ng aIo 

a Ild 

http:billh.'-.ai
http:litur.il
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1.2.3. Historical Background
 

Historically, "errocement:" was invented in IS47 y a Frenchman, 

Joeph iouisIWOLt., who in p sed a cement mortar Into 

and ;arotund u h nh i n We form of a row-boat. boatw mh The 

can still Q steU in Le Brignolus Museum in France. Another 

row-boaLt built in ,,lland in 188Y, was srill atlonet in 1967 on 

a pond in the .:mstrdam Zoo, This demonstrated durability of 

errocuuint iI one"I U. Sstrong point., part i cul a r Ly for tropi

cal areas where wooden maerials arc destro ed by termi tes and 

other i nsuts as well ns by hv terudo "worm" in a marine envi

ronment, steel materials are corroded fromuu trapical humidity, 

and plastic material. ruined by high intensity tultra-viole ra

diation from the t:ropical sun. 

Att:ention to forroctent telunci]ogy de. L[ned for sevural reasonH; 

the facr tt hua'- p1,i-;to,'/ng requled muchl lalor which wa cost:-

I y .Inhighly inlustra lized HotiiI.1[ej-; , and the 'ompetition of 

mass-produced tiin steel plate. c!,,ore.d c)n,:r t is sL Li 

preferoblhe for rompress ion asic. :Aut as support:ing beams and 

roadway Frothe ut- e ,vvi 1 .ucIas hullsh . hom anl(d thin 

she[l donned or s, fer 'caenct it;W superior" in I e:lhun Ica]. peri nc

luance . on {c( c:sion, even in deve loted econoine ftOC t: is 

used wit:htoutt the public e)gu aware of it; for example, the dis-

i.Ictivo ac: ,ede roofs of Lhe Sydnehy Opera House, Australia are 

The technol ogy ofI erro rment was given a boost in the early 

1940's by a" 1ia] fan engi neer, Piero Lhui gi Nervi, when he noted 
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that reinforcirg concrete with layers of wire mesh (i.e. ferro 

cement) produced a material capabl e of resist, ing high Lmpact, 

Thin (less t harn 1inch) s labs of concrete reinfiorced in this 

manner proved to he' f c,:-bl,, P-elastic and :xcept tonally strong. 

After WW 11, Nervi's firm boiit a 165 ton maror saleor Irene with 

a ferrocemenr hull K4,, inc, ick, ,-ghn_.h_ perrent less than 

cora arab I ,,,,d !oit . cos t.o 00d p. nt. less. The Iren 

proved entirly seawnrt Iy, srurvviing two ,r.:nj accidents. Other 

than simple ropia.tering ncessitated by thv accidents, the hull 

required titt-le maintenance, pnOlnLt.E; to another of the advantage 

of ferrocemnt: i. is eas;ily ivpairable and oarly maintenance

free. En 1465, an Ame rcan--wnd ,' ro"enant \'acJt built in New 

Zealand, the 53 foot w':ine- , :i roumnavigated the world without: 

seriou, .mishap, alt hough it e-,(,untoord YN--Thor Mls, coll.ided 

with an icb'er,,, and was rammed s ttI-lulled yacht. Nervi 

also appl.Led -rrocrnentto ildiin.,, conis cucLing a sm'all store

house in 194Y, ..a Wi)- io ,.,a ir UO ' ing over d ,wim ingi po.0 , and 

the famous Turin -xhihition Il 1---a roo Clu :wvi ,svnmnpa.rltno 300 

nt I l an1dfe t: anol o .mb Ina on i "vi:',fl, Y"-iW:orcedl co'n,'crete 

1In SUnlIry, 1fo0 ',)Tctlh!h' is; p.ricl a1ited1 toi sn dtuv,2loplng Count

ries for tlhe foliwig risns: 

- Its basi c raw mat -mil ]:d re available in mni countries 

- It cant be I )r i raed Ino al)01mos U any; shape rc mee-t the nepeds o)f 

the u'er; Ui-nadiit.i mn. henign c:an .e plroduce" ind oft en improved 

- I propoerhly fah rfcM'ed I.Qt. Is more d'rale hian wud gand cheaper 

than imported stel Iand it. can bhe uAcd :; ubsut. ttu'i tte fr these 

tlltrl ; in iarv casc, 
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- The skills required for ferrocement construction are quickly 

acquired and inc.lide many traditional skil]s of developing 

countries, Pr Iucti Ion does not need heavy plants ro'clnenIt Cos: 

or machinlery; it is labor-intens;ive. xcupt for sopll.sticated 

and highly st.resosed designs, such a's deep-waler vessels, a 

traind s,porvi.isor can achieve the requisite degree of quali

ty control using fIrly ,nskilled lahor for the fabrication. 

- The concern of :mot ,Ovei pLng conutnri.es for its rapid rate 

of deforestat on makes forrocument very attractive as possible 

replacetnten for wood in its many uses. 

1. 3. PROJECT 

1.3.1. Project initiation
 

To sharpen the focus of the ferrocement te L1ology activi.ty, AID 

sponsored in ic tob:r, 1077, A two-.eek feas blity stuyl by the 

leading, feriocPmne expert f'-rom t.o .AsanInlstitute rf l'echno

logy, Professo r fRicardo Pama, 

tanqaipngs, h!ad of tI colidc 

Cement Co,, ',ng;kni. , Tlhai land. 

with the 11f1-- (Inwt , ott:fb 15 

progra 

nnlr at 1)T --I I1, a. ,.visit to Lhe 

Java, a vi sit to Uijung I'andnig 

Sonth Sulawes i, vi;it to, B'and;a 

Techno logy nL'I.r )1: ;oa 

a ccopafliod by Mr. Opas Phrorlra 

t Ve-el op:iSent - , SamPep :Lmnt 

1I1k .: , I v.-t it . ,.t cilse iry 

Tec hologI y Bulanung-Dve.l.O]opment 

,onsisting of a tuchni a] E 1ri

-;.abumri Regency in rural West 

area and, Ha:anniddin Vnlversity in 

A,:,' area;:nd :adyJah Kuala Unlve'

sity In Aceh Province in North :umatra and : "wrap up" .'Confe

http:activi.ty
http:conutnri.es
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* -. .. . • .•... * . 

rence at the University of Singapore with Professor Seng Lip Lee,
 

formly of AIT Bangkok. All arrangements were-made by the DTC-

ITB, and the study and field reception proved to be ani unquali -

fied success, with great enthusiasm expressed by all participants 

for the concept and provosed activity. Tn-depth discussions were

held with a variety of local administrators from the village chief 

level to 
the Bupati level, with faculty and students from the
 

mentioned unJversities, with village private entrepeneurs, and
 

with O:ree individuals who are already doing 
 limited work with
 

ferrocement in Indonesia. 
Two of these are private concerns
 

working in the Jakarta area making housing panels and tugboats
 

respectively, and the third 
a U.N. expert from New Zealand, who 

is teaching and working with ferrocement boat building in Jaya

pura, frian Jaya. They were not aware of each oth.er' - activi 

ties prior to the feasibility study, which indicate a typical
 

situation of small, indivi(ual and isolated efforts in the field 

to date, -and the need for the Information center recently esta

blished at AIT, Bangkok. 

These local actLivities would be correlated with the project in 

an advisory capacity, so that their experience, alLhough limited, 

will contribute to the success of this project. 

The All' (Asian Institute of Technology) would also participate 

In the activity by training around nine Indones:fan engineer~a or 

scientists In the structural. enginvering properties of ferroce

ment through a special four-month course and, to a limited ex 



tent, by providing consultant services for technical problems 

and evaluations. Other worldwide oxperts niay be also be used
 

on occ'asion for shor - term (1-2 woks) Vou.sl tat ions.
 

Mr. )pa.s lqrnmt:l 4nltatCpnng:-;. , 1 'aSiraLm illpahope 1i t (Ceme )' may 

release him Ce shlolt p.riu.- i:,e : t. i i r ining In Tllailand 

at the non- o':,i,.,Amic Lo,,e:', pJi :t Iularly in a .SimptI t.chn:ique 

for making um rin-urced waLr jasi I et tr'aps and food sto-

rage contalne:n, rlbis training would be for about two weeks, 

at rime "ormman" level.. Thu wat:er jar, l lolet trap and food 

bin techniques were levi sed and developed by Mr, Opas Phronrla

tanapongnsu, ind hiao bevn scceslu]lv applied at t:he vil lage 

level in I'l- n;i lIe technliques for Iars andll d. making wacilt: 

food bins are dscribud in dera il in Anne: I and 1 of: tills Pro

jel" Paper. Ii ,en rhe generil lack of fu:rrocnle't t-ehlmno logy 

activity in Wlho ULi ted ,'LAtI ,; htre Is n1o involvemont of an 

Americ'an fllu ,,Oi , :lhan Lbe possibili ty of a short termfLit Lion, I 

consulta:n.t ! -)v Hi c L ': ba,, oIVl e prnh lym.,; f r] eilv lilult
 

,
ass staln o. heI' I. . ( *om ;nllent i ir gh Ai I, has bWen"jor
a 

cnIti' ibtor, in i.lh ' tiil;s il' nimd dVlVt, Ofi0tV;l O f0" t:he A;ian Inusti

tute. of T'.ciini .',Vg ld11. \ I ias i o .," Lo( use We ed.'.lctJatIn 

anid R{ & D ins ll I e Kva. cout wher , tlos;.us t it ion li .lo1p1 KL ries,: 

utu nqV.iL <', lied and a p.blv ;llIihT sl unique y q al -

fled ill tLI -v -nc'x us Py"; l ue. in ,.i h, which u t. 

fies its ciump.tvn y o .'L in atl nll aindfor" terr'cm'e I. g9, couil 

in format ion sourc. 

.l 
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1.3.2. Experts Reconunendat ions 

The 	technic.1l I:,i the ferrocernent technology fearvWL5 )''CI-I I 

siblit y cudy nro doiscribu, il !NUi detail in the sections on 

technicl Itan Ic analvsci the Annexes. In ,s;tiumary, theLaundnIri.c and 


main re commenda. Ions ar:
 

1. 	 To establi sh t:h project activity as described; 

2. 	 Use the DI[-I'I' aS IWe managerialaIand tecli Ical leader for 

the overall activi.y as well as for f.e ld operati ns in the 

Sukabumi Regency area; 

3. 	Use Syiah Kualta Univesitv and it s new Rural Development 

Center as r ,, mai , geria.] aLld Loe:hincal. lo.atder or HJud ope-

ration,.s in Lho .\Mh I nrne'tci ;a-,ta;
 

4. 	 Use Ilasnatddin Lw ivu yit" ,and its Rg.i-,nal AdapLativv Techno

logy CeOLter as t - ,-naIAl,a.nd technical leader for field 

ope ratiOn S :inW il t "naI ,'::[i;
 

5. 	 ConcutuCLCI-,it) init 0 LhPtllr Iv ton ,ing poientlal. applicatlons 

of , li re l it tritls r' aI.t . im nltif t for ul 1i1 n idone

s Ia-

a. 	 pontuatt; iot rivr c-,ss ingw , repilacig s cel pontoons, 

I. tltig,--,utL ,:, c -' i' .ri' pr ime logs which are expensive 

and 	 onr out. qnicl, 

c. 	f s!i g and La.igo Io:ars replaciig wood which livea limited 

life -;p:n,
 

http:technic.1l


d. 	 large water catchments and'contAiners which are presently 

unavailable or are costly, causing villa.ers to walk up 

to wells five to six kilometers distance to obtain and
 

.......
 carry water in smill tin or plastic containers, then stor

-{ng -in-sinal-'clay 'jars-or used -uiL-drums,.
 

e. 	 toilet bowls with water traps for sanitary and aesthetic 

reasons,
 

f. 	 well casings, replacing thick, breakable, henvy casings, 

which have to be transported, 

g. 	farm grain storage b ins to redce post harvest losse6s, 

h. 	building boards with natural fibers as reinforcement, for
 

roofr p"l;,ii- 1d.:.. replacing woodvarious uses such as 

and 	 tile, corrugated Iron slhets, or thatch; 

6, 	 Provide special trainl,,g for four mnonths for a nucleus of 

academically qualified people; and 

7. 	 Provide technicql trainin, (LJ weeks) for a nucleus of tech

nical people for teaching thc ,3implcr t,&chuiques of the unre

info3ced comoen water ars ,(,:od coritalner.i and tollet bowls, 

1.3.3. Project Description
 

The 	 principle of appropriate teclnology requires that E.d~aptation 

and 	 testing be done, ns; e:plain,'d * r'er, to assitro the economic 

and 	 market viability and t:he -ocia. accepran>o of the technology 

before it is promoted on a commercial scnle, The socond major 

activity in this approprliate t p,-u.r,:t uld to;cirnicy w be sup



. .- i e. tL' J nport the, ,A, ; t. .. I , i'., . f'3'_ .d QVlu_ . s-

k _. _mc. e Ln.S ... i o; f o' "c ismcn ,.r v,,It:I I _ dt.,y :___?n j.t,.U'!!, r r r, n o !ony.
IL'5ie~~~~~~~~~~~ L e,~rilO1. IL w InI 'pt 1%1.it iV'2l V(2ila L5hIYi 

Tlh ,eemust log,icallyv he ,accomplished wilth} positive re~UIltS befiore
 

entering intoL a program L widespread piodluctlon of ferroCe pnt 

produvtH in ruI-al I Indonesii. 

'resuming po,:; ivi,e r Nult.s in rth adapta lon and testing, the acti

vity would l, desi gn a b moa d--hased d i.,;,;emi.nat Lon u I izationand ti 

project, i.n the form Al a projirm: piaper draft io r fev'ro cenent: Le-

noiOugy appLcat ion Iin a large scaIc involvi g othe-r InstLtutionS, 

e.g. BUIS1!t (the local "Meace Corps")', ,;everal G(Wi agenciosis, and the 

cemt : rJIid I. i",v1 I mm1i 

The pr'ima ry oii p, t of Ith e hMp r'o IL on ilroceun would be to 

arrive a I.ton or mr,)i'e z'l 1n unll t i- l on.-iu at' o r.'noiot, ;1il a cu'ufl 

ol f"?rr'Oc,ulmenit (or il ,vi- i':ill ,l- .'e nt. or intt .in-frc(n.d cu(2

a v 
meunt) lor a var'iet y of ro.iuu.' :,t ,m W the village level sp ltahlt 

.
for Andone.sin dik e. n 'V Y ' :ed and demotll, atd ill 

tile I I hi H(' ';",Ii l tlim a'unid p.rat rlogest s ,uiid local 

a , 10 

v , atvld1 to 

atcLi\, y, thi.', denS .igc s.houldt W,,' It 1121.? for the priOrivy use,; 

ide iuL , it, v ;w,,"., ,ndt in the prucutding 

acreptahl i ,it W in t. i ,: , 1115!-n1.'lei L1304

ti th liiy Aeswr ibil 


set:{ on "~ln"Ka,',w{Uud~",
 

o .i:
The o.utptt & th j :o tIvitv ,.:. uld a *io .clde five or 

cith ind " '.) .,'! tra'ine d thie n'chalni 'mlmUlniVrky)r'; Li" ,V, ' tu intll) vui 5 in m 
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properties of ferrocement through a :.speciaL graduate course ar 

ranged at the Asian Lnsti.tute o 'leclnlogy (AIT), Bangkok, Thai

land.
 

Detais of AIT's compet ency to do tlhi-I at'in Ln., are given in 

Annex ). In "-idition, the Ail would provilp limited oosu.ta-

Iion lld sOtt The AIT proposal for t:htisevalua t 'ervices, train

ing and techinicail assistance is given in Annex K, 

c iah l~na.ii 

rate with lA(u-yD-IB, l- ,, ftuld ;s:tpeuts of adapta -

The univers i-Lie of -; and III .aIUdhin agreed Lo cO1 aOe

pArLio in Wii 

t io,1, ltesting, atd eva hit ion under con tIractul . grueetenus with 

D'FC-ITb. Othc r appi priaLe torino. gy nr small cnti plet ur Lt-

Oitt = orgoa .. Dlian *ogyaka rta ailoria :ions, ch a.s Du-, Y or 

exist ing ceont pOldut mainu!actre • (viL. lage), would also bR 

alie to ;L:o:.. licld LAt ., v , b-c from; in g ,nie small nstlraCl~s 

DTC-I-fI'. lip pur,,.t of involv inIg tlIwe4 ,olt-.r WSluI.'utions and 

organ Izatii.ons is LP make ti :l. 'n C:firg nd Va lIuaL ion'3 , acti

vities an widi,-pru-i. . i:-t :. ible. involveti r. ,-0-S, eiearly 

NosI org".OnIiinI -nd y the fol.ow-up 

of the pro f , 

en!L o t':-;to ou'l II' in situiisequLent 

Tie Pai-ri'.tir a Al V':3. and p, rgg :5t .I i i '; t;r..:- not onl]y the! 

pr intmar r'itH U; ,, h, p ,3 ,i.t-In t :ot is the gener;ti I o ft f1employ

thr I;I nu., v .men!i I it( :,-a I i I i slit;; ''v 1 ioI In de:v eioping short 

Wr thi-;iol IO Rvel, itrain ingy p ru- I t iii ,. t I" t:onsil at! l'ion shu] he.

'itlI Lo of v.'nit.t prcncltt -. . aY I all cted the1.0r-V lining Vit. Ity 

ne'w plodiC.iti'L Tlhert b C o " a if"'. will e c 1 cli-a resilt the 

pJrojtc t, 
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1.4. RAW MATERIAL AVAILABILITY 

All the basic raw materials needed in ferrocement construction 

are available in Indonesia. The sixonini companies in the 

country now p roduce 20 nil. ion tons of cement per year. With 

three of :hose complieH now uncidpgoi n g expan s ion and another 

one under constrtuct iOn,i i L stt ited LhatL by 1978 cement pro

duction?n Inlonesi;i will rc:ll .Y milLion tons with a projected 

urpLus of 260,0 t.ons for vxpott In 197'), Indonesia will be 

exporting Approxi mately, one million tons of cement. It is ex 

pected that by then the cost of cement, which at present is Rp. 35/ 

kg will fall considerably. 

Sand is e asily av in Indonesia, Aithough remote areasailable in 

the cost oif i sp.;)rtation makes the cost prohibitive, as much as 

Indonesia majnufactires i wide range of wre meshes. Like other 

developing countries in Asia, !n;n,.; i Imports stLevl from abroad. 

WI.re mesh cost from Pp. 500} - 1,200/sq.m. depend ng on the size 

and typ, of N mKs;, 

T.S 

(1.) "Appropri:ate and L.ow C;t Tiechnology", Project Paper Depart.

ment of SMate, I18 Agency , r I.nternational 1Development, Ame

r1lean Embas;y, ,ikartn , I tdon:s ia ; LUSAII)/INI)ON-SIA Crant Pro

ject 49)7-0268 March, 1978. 

1.5. BASIC Rt FIg v KI. I 

he pr:ice in 1978. 
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(2) 	 "Project Grant Agreement between the Republic of Indonesi a 

and the United S tate s nf Americ a for Appropriate and Low 

Cost Techl 1 giy", Marci ,1 .W ,; ,igned by I).A. Tinsa Anil

djaja, Dlira. t!o u rr , in Higher 1 i,:,Vdu;Lon, patlnent. al 

Educat ion and C1l t:iro, On r tie Rpt:tbi.i.c tndcnes La, and Thllomais 

C. Niblock, lDiretmor, USAID/INDONSIA, for the U~nhited States 

of America. 

(3) 	 The Potenti aIs of l'erroc eeient and He lat ed Mater ials for Ru

ral 	 Indonesia, A Feasibility S,tuLdy Prepared lor I!SA[Ii, rn-

Asian insitt:rvle ot Tec.hnology, IBanfgkinfk, Thalidone-sia by tle 


land, CL iO'i', 'i.
 

(4) 	 " Ferro"Lnllu ,Appl icat ions i.en Devcloping (ounteS ' , Report 

of the Nat ilnat. Academy of Sc I est: , Wasihikigt. lion, D.C., Fe

bruafy, 1973. 

(5) 	 Perjaij ian r aim-a;ia (No. 60 1/1CP--02./78) antara Pusat Tekno

logi Vembayin;i, InstKit: TWruioltgi tandung dengan Olniver 

sni. t a- I a udd !11 ,a a, r P np.u!i>:ingan;tl Iknol1ogi F:rroct1e.nlt 

Pr' Y1,' I- ::.-I' i ka I:t 1'',ro t :)ot)q ':.) - A;ig:),: on 141 Fu" -. 

hrulil 	y M "i.! 

(6) 	 Puiiaj~ r.:''asa (Not,A,06)/!¢'-02 )i/b antarai Pusnt 'Ieknoin,':' .ma' 

loIi Omhatguun, Institut Te:wI ogi jioiding dugrivn tUn iversi
,ut');i!1ritiilll i1 	 .I IT0 ".11 

( " 

L.a:: 	 5'< iii Ai.l ai ntnin.iigl, g' n .roer Twakio.-og Igan 'ment, 

e , W , s g 28tbrl-ua)-1yvr; HV)A d iQt : I t 0.8 .P1 l lon 

rv 1979. 



2.0. PROJECT ACTIVITY 

2.1. FIELD SURVEY AND REICOMMIENDATION 

2.1.1. Select:ion of Centeir for Ferrocument leveJ.opment 

The AIT tearn visiLt.,d ra1 vi. ags Bandtung, Sukabumi andl in 

the co. .cal town F Ptilabuh;iii RiLi iniWest Java on October 4- 9, 

1977. Mectings.; were lield with t -ffi, of Whe Development Tech

nology Cnter ()EC) of Banlung IUs. it tife of '[echnniogy (I'TB). The 

meetings wor. al: so attenled by f 'cultv rmembers rom departmentS 

of Civil 'ngineering,, Mucuuanical IEnmvonering and Archiltecture of 

rTB, and rpresent i ies fto:m the : N. ,egion:al Housing Center, 

tIhe Fomunr, An0q oif Inld:os ia, P.T. Cemnt:'.:Grtsik and the 

Ceramic:; Institutc. Field Wip; :cr, tl.n ;rod to several fa rm

inig Comnitie ls. ;around Bandung and Siliarhm{I Iii tri t and coastal 

villages ini Pula.ihc RaLu W "Wi,; i irst hand in formAt ion about. 

the conidit i on; of he rnumlra ptople.i 

On Orobe r 8- l, 197/ tUP. viitedvi.,; l SiouthteUjun 


SUlaWeS I. )i,Wm %L- ,, '* . t the.Ire Ret.-r and faculty nunl'wv 'hvId 

bers of HlIariuddi. .iv,.or i-,. Si m visitsMIi wer' made to 

inland ind coas al vil1;',., in .i,,n' Di;st rict ol Southr Sulawesi 

and discu.ssions were hold in local district offic als. 

Finally, on Oct,,r 12-14, L977 :he Leamn visi tcd Banda Aceh In 

North Snumar: n-a, ";imAiar meetinn, were held ithIIt facul.ty members 

o1: Sy.ln h 'ual. n:i,vers. L:M which local en..repreeurs and pro

vinc[als from AcMci 'Vrnv[nce were invitld in attnd. Field vi-

16
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later made to observe various cottage industries In Bansits were 


da Aceh and [s surrouvding villages.
 

held in Singapore onAn evaluation of the trip wais sbseqritly 


October 18, 1.977.
 

This field su rvev coniirmued that the fol trowing three provinces vi

terroceuent development:sited could hc selectd ;is centers for 

(1) ProvIince of West Java 

(2) Province of South Sula.wesi and 

(3) Province of Aceh 

2.1.2. 	 identtificatiorl of the Agent for the Development. 

Bes ide seluv;irg the site for development, the ag,nt for develoipmvnt 

so ! '. lmd. The D)evelopment Technology Contcr (DtC) as 

the resear, ii and bevel -pment arm of Bariduig InstMiuto of techno 

logy (.FT'B) h:s the capabilit Los to adapt and int:roduce errocemrit 

niSL alo i 

l:i ,r, in apprachtechnology in Indonesia. " l 1K i s ,,.T t i-diu ; P 

and has the suppor'.of L.. d.iff,.rent f IlCUILcs in 1,11H. l'th v have 

ad could e,'ly MiuLegratl; ferromany projectS in tLh rural areas 


cement. tuchnoJogy in thteir lrira l developtenlt program.
 

ferrocement ohnoinog'.In order to accelerate the .nt roduLion of to. 

IOnnI inst iLtnt.In differ tenLar7ie iniIud niies. ; ri, t t sIuch a,; 

tirie L.,,, f : i I" lo-v Iii lnnil lln Leh .wosi an d y ali F'iio ; ii 

North Kul:a can hl made ogvtt. for K L rinn;fui of UI; toCchno

ilt ors have Rural! ini th, i r r-spc.iv,., ar, ;, Tli s two In:tit: 

u f;icul Lles in theirD)evelopmcnt Coti ( which,;i work ,ih thie var I 

http:r-spc.iv
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respective universities on rural development projects. They 

have staff members Lo v.trr,,out basic structural testing and con

duct field onsundo . raltiuny;. 

2.1.3. Possible App] i cat,i n of Verrocement 

(1) 	 Exist in . tiviy 

From , 'su-;-;ion it.ih university staff, loca1 entrepreneurs, 

gove'irn't of fi cials at the district level and people in 

the villages, it was obvious that Lhe pnLtOnti.al S of rerro 

cement: are not fu.ILy real ized. After they were shown slides 

of variousn. F rroc:emert appl irationS in oth er! dleI:vvlopliug 

count'ies, they wte on.hutiaic and tonI:C,-ui WiaLt ,.rro

cemll 	 t. b ni: in I hon thecaii,; 	 I ftc ro itrodued Iidtfonesi,: , it 

people in Got'-.!1.'.iI at;t" Mlt0i! i 	 Ln -Itt 	 t I lems InLtro 

dlciI lt! 	 t'ufntle tty Indonesia the Lack of:',)(",_lait1 h In is 

ildl i.gonu,s ,':.6;a Ilth cai doMMllonot.ratt aid ,;ci ruraln the 

people hi tu vcl tures and related oh t,ui Nyuco,t strut 

JecIs fc" um, in Quiiti dail'v 1 i'., . Mi, f rroc mehl- COi 

bo 2tu: .ig ,cominly:;n I *'trLua n '.iMc, bnlt('ci"h d ofl vo buil d

ing It'r-:tswu Vantt~tt w ith thc Nip of n1 News Zealand11 compantd~y. 

This 	u()1;tutl , builldN npfml,'t . boats an , a1tt. foirroI 	 r 

ge f.'l thr facility in .as n. -ioioIildin; coipianV inI ,Jayi

piur';l, W st nri.fl ws atri tby tbhu- .ri -inM 'is; pro it' t tikvtot 

Jaya loin DtevliopmialL F"tuitIda uti -iti finaiialil suport from 

http:pnLtOnti.al
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the United Nations Development Programme, The project is
 

managed by Mr. David J. Wells, a U.N. Expert on ferrocement
 

boat-building from New Zealand. It is to be noted that Mr. 

Wells joined the team in Ujung Pandang and participated in 

the..'Sbsquent evLiari.onIWi1d ir Siigapore. 

(2) Possible Application
 

The feasibility study for this project investigated the pos

sible social benefits to the rural poor through the use of 

ferrocement technology. The study identified seven poten 

tially beneficial applications as starting points. 

(a) Pontoon Ferries 

These ferries, which are used to cross many of the rivers 

in Indonesia, are made of steel or wood pontoons, which 

are costly and short-lived. Their break-downs cause de

lays in rep.lacernent, and a consequent disruption of trails

portation of a people, in causesgoods -d ihis turn prices 

to rise, which is very dutrlmental to the poor, rural 'on

suimet r. Ferroceiment pontoous will. be longer-lasting, 

cheaper and easler to repaIr. It is also important to 

note that the substitution of ferrocement for wood will 

help reduce the depletion of forests and reSultant sol.1 

erosirio problems. 
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(b) 	 Du-out Canoe s 

Small--scale fisiermen anid ,ma.-sai.e ferries now use 

wooden d I.g-orIc antOes t]iia Ithatlast 1 1/2 t 3 years.only 

Fe rrocvcner. AoatS cin he mado at 's;ex:peise aind l;st 

30 or more yetrs, great Iv reducing bot:h the original 

COSt andLong range ie iional ,:,peiees Thi's will 

benef it i , ind a ° ame;i! t i w! I reduce= s "! t 

thi ruto,of iiwatetr ns if people and goods.lipolrtatinm 

It will a:Lso reduce the demand rothe prime logs now 

uIs2d t-'rsuch canoes. 

(c) 	 Water Cnt a iner. 

Cernei Ino rta; iars wiLth a capacity of up to 1000 gal 

ltns niho made heaplv without ny met;l lreinftore -

MULM Them;e ican he used to 'olcL ,,watcr duiring the 

, 	 tan iliesrainy season so lt farm an dmv. Ilage 	 can 

have a soiurce o1 prv~ Vat ti, \sICw~itLii UPwflhii and 

ch ildretn having t, haul ,dter diiy"- long dist.auices 

dur11n, t litedry n;.;sli 

(i) 	 'Tlt1 Bt l w.',,' r.p-;i t i, 

A t1'r(ennIit. ii)itelii br vI iih a sanitUary tIrap based 

on a design develp-.i in Thialmid, can replace the 

preit. tL ,naiitar't:i that widely, opIn itles are 

ustied, this imprvt. i W ith int, t ;;lnitat Loul In the rum'l. 

tra.
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(e) Well Casings 

Presently heavy concrete casings are being used to
 

line rural water wells, These have t0,be transported 

by truck from the place of manufacture, are heavy, and 

break easily during transportation and handling. Fer

rocement casing is as serviceable, lighter, and can
 

be built on site with a hetter fit between rings. The 

useful ferrocement casing should make possible thewi 0 d 

spread use of casing thus giving village wells better
 

protection from contamninatlon.
 

(f) Grain Storage Bins
 

Normally grain Is stored in structures constructed of
 

woven bamboo or with wooden walls so that the loss to 

insects and rodents is estiimated at 10 - 15%. A ferro

cement structure, though initially more expensive, 

would be within the price reach of the average Indone

sian farmer and would reduce such losses to a small 

fraction of the present losses. 

(g) Hous ing Cotiponents 

Experiments are proposed to use a mixture of cement, and 

avlilabic natural i'-bers to produce housepanels and 

roofing I:hat would be cheaper and/or inor,' durable than 

materialo currently bhr ng used, The use of ferrocement 

would cause some sma]l, dislocation of emnployment' how

ever, adjustments to offset this circumstance can easily 
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be made. For example, the manufacturers of conventional 

cement products can be diversified to make or supervise 

the making of ferrocement products. 

*~-----1118dditon- to-tile -us9eS- iientione--AL~ove, ferrocement-------

applications are so flexible that is it believed that
 

many other socially-beneficial uses will evolve as tile
 

technology becomes widely employed. For example, the
 

desired round domes for mosque can easily be fabricated
 

from ferrocement once the expertise for its use becomes
 

available. The use in a religious context presumably
 

should enhance the general acceptability of the material,
 

but this assumption should be tested.
 

2.1.4. Recommendations
 

(1) Basic Consideration
 

Once the design has been optimized for the local conditions, 

the technique of using ferrocement (and unreinforced or fiber

reinforced cement) to meet village requirements is dependent 
Ii 

primarily upon the availabLlity of unskill.ed labor directed 

by a semi-skilled person, Labor costs are relatively low 

in Indonesia, and a semi-skilled foreman can be trained with-

In one to two weeks. Hle should be able to teach others in 

titn. The main skills required Involve how to prepare tlhe 

right mixture of materials required for' the mortar, to master 

the techniques of plastering the mortar to avoid air pockets 

http:unskill.ed
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(voids), to be able to keep uniform wall thickness, and 

generally to be able to maintain a quality control, there

to
by assuring cost-effective performance according de 

sign. The keyo: tlesuces -of t ie~c tivi ty -will be the. 

the product o'f a skilledoriginal design, which must be 

person, normally a specially trained engineer. Although 

the design must fit the need with respect to shape, size 

and strength, it must not be over - engineered, as to be 

wasteful in material and labor. 

of designing something like aFortunately, the high cost 

well casing can be spread over thousands of well. casings,
 

whereas the actual construction, on a one-by-one basis,
 

is done at the relatively unskill.ed nnd inexpemsive labor 

level.. 

Cost for materials for, unreinforced cement products are 

limited to the purchase of cement- and sand, As 

Inconesia is now self-suffit.-lent In cement production, 

costs should drop somiewhat or at least stabilize. Sophisticated 

ustesu are not d.L,!u,;sed here. For requirements where mode

rate strength is needed local fibers may be added at addi

strength istional, moderate cost, Where even greater 

Sneeded, as in boat hulls, the cost of wi.re mesh must be 

added tu the total material cost. 

All the basic raw materials needed in ferrocement construc

tion are .val1iableIn Indonesia. 

http:unskill.ed
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in summary, the feas [.i]bity tlam, calling upon their ex

perience and knowledge of tL mat erial, found there were 

many cases where ierroeiiient woulId provide a good, long

la~t.i.ng, strong, easily repairable, l.ocally made product 

at very competitive coss Futrthertits use wOtl]d have .a 

favorable eInvironmentaii -ct by reduIc'ing pressures on 

demand for wood, An, replacummel t for s teci. (e g. ferry pon-

Loons) * colls Ide iab(e I orr I g 'trrency savings and reduced 

maintnanL coto.s wonL.. rusult , As repl acement for poured 

cement In wetll casi;ngs Wr,: . . ireakage and transporta

tion costs would hc drsticaliv reduced, and performance, 

Iongvitv and malitnan, would be imrp roved. Th project 

wi.l ftrL: Iir tU hVS.},iel a siManI d ttermine .actu l. cost

e f fect Ivene-s. 

(2) TIring Recommendation 

For an e fl c-'v: transfecr of fec'.rocoemi" t ecLInolIogy to thMe 

Lhre it:tions, I ri'ecoiimendid, thatL a thref-tier rAn

ing progrin, be implemenLted ns anl integral part of tile project. 

(a) The fi.rst. pit ot the tLrain ing program .ho"Ld consist. of 

i;Inl/g techii ic als. It is reciomientded that two and 

more techtniciaIns be Id' ntiL i ci froM each of these t:hrce 

Institut [NS for a 2-week tro lning on the construction 

of s;impl e object s su'h as Water I a r and t:oil.et howls. 

The best place for tbAiS type of training In the Siam 

http:t:oil.et
http:la~t.i.ng
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Cement Co. Ltd. in Bangkok, Thailand because of their 

experlence in this type of acLivity.
 

Very 	 recently, the Slant Cement Co. Ltd. conducted a 

tranuing program for villigers in sixteen (16) pro 

vinces in Thailand at the request of the Government. 

The 	villagers were taught by Siam Cement technicians 

how 	 to make water jars and toilet bowls for their own 

use, 

After this 2-week training program, the technicians 

should start to introduce the construction of water 

tojars and related objects such as toilet bowls their 

respective areas. These tuchniclans should be part 

of the team which will implement the project. 

(b) 	 The second part of the training Is a 4-month training 

program on ferrocement technology to be undertaken by 

one or two staff membh'rs from each of these three insti

tutions who will later serve as project coordinator in 

their respective areas. 

Tt is important tlhat. the project coordinators under 

stand ferrocctment as a maturial, its usefulness and 

Lifitat.Ions . The tralning program should have three 

essential components, namely (1) fundamental. studies 

on the properties of ferrocemunt as a construction ma

terials, (2) l.aboratory experimentation and (3) field 

demonstratLion on various ferrocement applicatLions. 
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(Q) The third part of the training program Is a long-term 

training upgrnmr Lo dup.'loIp reso)lL'cprl Orss in Lndo

nes a wi S tli t,rrU,m t. ,pr I:illV. SInce A!T has al.reacly 

a ilarge nznumber 11 Indnsia iiLu.dn s noiw studying for 

tlheir tnas;ters (legre s, i s rcL(men1iI d2. ticL Some)2 io.f 

+tlhese students, espe i.:llyv those in tMe D)ivision of 

t ructu1 ia' I.Eg init:eor 1iig and ,nsuri' t i n , b., on ourageild 

do ake up irrocem nt 'is Li:hir Lhus:;is topic. 'T'his part 

of t:he trinn!fg can hu dune under exIsting scholarship 

program of AIT and hence it will not: ent.il ddit tonal 

expense t:o the present proj ct, 

( ) plicatiton and Fi[eld 'est-

The foll.owIi ig applicat i , should he tested in the field 

and ev-luaad h, , . Iul l-scale i.rmplemenLfat:ion 

- Poi toons - 'ilet bowls 

- 1)ug-OuL canoes - Well casings 

- Waur jars - rain storage bins 

- Bu1 ii hod ids w i IIA Ln 
ind igcnous fi. I : Sas 
ripi n 1 orc lint. i I. 

Although liskfi. Andt car'go boL-; have beeon Identlfied as 

possiblei ni rroc.ment Indotesia, Sh ppl'icatio)ns o t in I t 

recommnl.ldedt iit. Ly ho .:-:r bld in teie fl.-d testing for 

the foilowing reasons: 

(a) The cap it:Ual i.nv-'st:mwnb reqii rod In ferrncement fishing 

or "argo boaI + (about ,p. 2.(t)0( ,--) i.s la rge in 
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relation to the other application identified pre 

viously,
 

(b) The cons uction of a ferrocement boat requires 

.special expertise and wlll take several months to 

complete. Since the project is only of 2-year du

ration it is felt that only a very limited time will 

be left to try out other applications if building a 

boat were to be undertaken. It will take a long time 

before the villagers can see the actual results, where

as, with other simple applicationd the villagers can 

see the results in a matter of weeks. 

To ensure the rapid acceptance by the villagers of 

ferrocemen, as a material, it is recommended that in 

the project, attempts should be made to build a fer

rocement dome for a village mosque. Ferrocement is 

an ideal material for this spherical dome. Since 

the mosque is a holy place of worship and a place 

where the community meets socially, v ferrocement 

dome will be the center of attention and dovotion 

of the people. 

2.2. 	 TRAINING PRIOR TO PROJECT ACT[VITY 

Prior to the project activity In the three areas of development, 

a 4-month training course on ferrocement technology was under 

taken by 9 engineers from ndonesia at ALT, Bangkok. The partt
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cipp'.its of the training taken from the three institutLions, would 

ater serve as projeLt coordlinator in their project areas. Beside 

the staff from DiII. r. ). , I,,YIAll (2 perso ns), UINilAS (2 per

sons), A, par. IC th, iYLApantS It om i IILi Lnn Wet al.So in--

Min J.s, is.; activevited: Yayasan , (1 pers;on) wi ch known as an 

agent in iLrodcinn frioemeol watOr conLainor in .entra 1. Java, 

UniversiLv , North um i-r (! pu.;rsn1i) and Department of Pub.lic 

Works (2 pern.s); io)pe full ' all will .support-Lii' efort of wi&d 

appl.cacion of frCr- ameMI! tehno:i lgIy' in lIndoneC sia. 

The Lrainl1ng prog;ramn consis strd of Llcret llc. Studie.s, laboratory 

experiments, fi ].d ,-Idu:Oimonsltritioii prul ,cL, and iield trip. A brief 

desc:ipti (of the training program is a; fol lows: 

Toheoretical_ Component: . his apot uxpilsed the trainees to the 

theorettcal aspects of o'rrocehIunt, sinc a1 good understanding of 

the theory is essentl for a good d.sign, dll tie material Ls 

stil.l in t he: devVI OpmMillt ;i,4g,. he ]4 t L "4 O,] .hOLie sutsl'. Var-iou0 

aspects (II l-u(' c(2u1mile its hit or ical duv,.-I opmn1,t, ,:c1st itult:ive 

matcri als, uonUsr!i;r t I methods, mcc'haini 1. prop'rt1 iS and poti211.

tla] appi. lcit Also wash noc on technologyions,. included ,tl i . 

and app]ication oI: rol ated ct icnnsltructio sucii as filercol: mnt.-lils 

rein forced 'o0:4',rte and mortar, "rganIc.: fiber reinforcemnent etc. 

A se L s o f lI:ctur ,s toihe funuiim,)LtAIs of s;tlrilt;l ral. ,naliy i; 

of pl.a:.os and shlli was1.; Inc luM, sinc1c s, o U'h ierocement. 

app[leaLt 1ion are in th,: ifo.rm ol plate and shu.! ie .lem .ent. 

http:pl.a:.os
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Experimental Componenut: the experimental component consisted of 

the study of the varioiis ty/pes of tests on ferrocement and its 

cos t t f:ent MaLut rfl ii entr morit, wilr- mesh, UklMtai sceel) 

to d(c Lurmin thLiii TIIpa ;iri cal p - i -s in ,enIs on, compre:slon, 

luexure Ur. M s foll.od hv experimeltn s i.nltw',I10,,.,,,li 

which the Lrainve s thlumsvlvis pertfor'ed tLh a'abricat ion and test

ing of Lh. specimun and analysed the test resuls., 

Fie d b(1 .om i s ,.rat:.o.t: the core of th, t.ra ining program was 

the f[ll Won:atirt:at Ieli project in which each of the t riln.e was 

assigned N atIp tlclar Oc rroc emutmL _ A 1 lication. ";ilggest ton were 

rec'ive-d IrOM he Lrai l s as t" ei rai-" o1 iflnrutiif. illd the 

projuct,, wvr, t;eiid to tlill on t.hls isi .' The proloctsi se aig.n-, 

lectd f1or 'ield de mnst t' liste(d Brattion I in .\pporil.x As 

part of1 tl-e fivld ,.monstrat.ion, tlie traltnes v'si t.ed the Ferro 

cement hoa cnL rmin ott yard a ,t i wrivC'li he was ac ail~].t, e 

cons truct ion o vri ceirn u;hi. , t After 01)plcLingettt. 

their training thP parLiL:.ipau bi: di .Si'MOn l rrmceienta),:xp 

-cthtlol ,v at. It , tIv'ited L too il [fromi 0,.W lit stat t tom the 

Bui~ldi.ng ,,nc h (eniter, lst in. .:-ii ! I nSL,iLute and thei 

student bodyv and F:,uttlt.Iv m.mberm:; 10 p:pirtomut of 1. EntQ (vi 

.inern iAnd Architec.tue. Mi returnin'' to tlitr Re bgional Cen

te rv; lt wt(. up a~iiprogram ,,'isi gnud by tLhe project which 

tcluded 

- siLt select Ionii 

-on-.::i te trainlng of tecliciats and skilled laborers 

- i Iuldd]eton:;Ltatr)ion 

- fielid tum-;t 

http:F:,uttlt.Iv
http:Bui~ldi.ng
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2.3. 	 PROJECT i)ESIGN AND SITE SELECTION
 

This chapter inclu'des the report from the 
 three areas of West-Java 

South Sulawesi and Aceh. 

2.3.1. 	 West Java 

23.1. 	 .'Le .d Survcy and SPte Selettion 

The proj'ct: commen(ed with a series of field surveys In a number 

of vil lag-es In S.';d If as wel 1. as severa! places in tihe Iandung 

urban area. len s'veraI sites " e selected to obtain the crii

terl.a for design ing the hardware conpone-nts to lie d eveloped and 

tested. 'Th.n sities s1 etted were based on the optimizatiun of 

meeting Mh local ntt'lS as wl'I a - th ' SOCi l., uvo lccinc: and en

','i rloum:vlt-Il ,ppi ,uprltiv . Thc rulfuJ t of field 

were: tihe formlat ion n1 Ur.problem and the selectin of the 

following siLe for field (tlieLi g: 

o 	 the survey 

(I.) 	 Dist rict of .;kbutmi.l 

(a) 	 Village of S-ikhuni 

(h) 	 Vii ofg(-,f (itarik 

(c) 	 Village of ( ikai-ang 

(2) 	 N'isi-Itic o handung 

'lh fac ilit i e of fihelr-co rn-I t/ FerT:'oceme.tt hardware deve

.opment • s-)tm of DlC- lilT w 	 te to he made available to the 

2.3.1.2. Site Slectvd 

tI_.
(1.) 	 D)ist of Sukahumil. 

The 	 si te selecLiorn was carried oU.L through theLcooperation 
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of DTC-[TB with the District of Sukabumi, a cooperation 

which has been in progress for several years now. After 

-ev ral vi ;iL t o i - a -r , h village of Bunlwangi was 

selecLed. Thissviilage is typical of the area, It is poor

ly dev , L.oped bicause of I ack oI proper in f rast ructuCtire stth 

as good roads, The probllems of its water supply include 

lack of a prope r distribution system, lack of adequate sup

ply and poor qua lity. 

(a) 	 The Condition of Water Supply in the Village of 

Buniwangi. 

The village is l.ocated about 6 knm; North of Pelabuhan 

Ratu and ::n reached by road thrnugh a rubber planta

tion only by high-cha., oivehicles, The road Is 

paved with gravel and stones. TIe village Is ifn a 

hilly arva and the main act [iv.itIes of the population 

are cultivation of cloves, rubber and rice. 

The daily wateor supply for vl ;cge consumption is 

from a ;t rut:n, fed by a spring loc t.d 1,500 ,meters 

from tih, s area, (S.;ee Appendix .1) Although,ett lunt. 

water is avahlu.labA t the whol1e year, during the dry 

Season Lice water supply IQ redohid, From tie survey 

olf 4 dlitff.erlt set.t ent groups, ,ifferent ways of 

obtain ing . ;,I wvr, , ;,.'2,d. Ibh wat. r was cr nls

t)orL't, d hrough open-rt~h chauil. ,anud t[en tlrans 

ported to the houses by bamboo pfp,: or PVC pipe. Some 
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use the stream directly for their needs. Whenever ne

cessary, open water st:orage tanks made of brick with a
 

capacity of 50) - M(ON liters were usdc. Ponds with 

bigger 	calpaciIty .er a]ls"e dug 10 Moare! water. Analyz

ing the dirffrtmt s.oures o; water In the areta, it was 

deteLrmined that Lhtit,;aMuOnt. o f watecr needed by the vl.

.ngo can he adequanoly suppi i UJr supply system 

is improved, IU quality and quanLity ofIwaler suppl.y 

can be improved. 

Contamination from pest:licides, ium;an and animal, waste 

would be prevented. Effiicit t. iLiMiMn aid distri

but io(n of wat ci wold grtmit I nulus W.~re Ies 

and .ons5 of 6.. suipply. 

~iyn dI A:s c of Wr.'r Sunpli' Project in RUni.wangi 

Fromu the res"Its: of1 th:ie sutuvey together withI the parties 

whIio had prev.iousa cnlact with the vIl.lage people (kKN

1W), 	 wuvra ;a.lt to improve the water supplyal tativei; 

were pU',iposed: 

(i) 	 To improve LhP,dis tribution of water supply by 

lh' intUrodutio: Of I.er rocement in the const.rue-

I:Ion of:
 

- open 	 canal 

- c losed Iiainel I 

- water conveyor 
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(ii) 	 To study the technical and economic feasibility
 

in the improvement of water supply
 

(iii) 	'fo improve the water storage system through the 

intoductLion uA 

- ferrocement water tank 

- bamboo cemt.ett water tank 

- sim. .e water fi lter 

(iv) 	 To make the village people aware of the import

of clean water for daily use through
ance 

spontaneous 	informal contacts with the DTC staff
 

(v) 	 To train the lual ynuth and workers the tech 

ni que 	 of I Cl'rCUCt'fl': fl t c(0115 CIoI&. [ '1 

(v ) 	 Io use any p,, ib IoCalntcrial. available forlc 


the water stipply sys te, 

From the very start of the project, the approach through 

the different levels of local leaders, both formal and 

informal, pl.ayed a very important: ole, aLd a regular 

was felt,contact was maintained. In thi.s village it 

that there was a strong lnfl, ncce from some inlornal 

LLudrslhip. '.efCr approaclhing tOuse;e leaders properly, 

held. As atwo mleetings withi the village people were 

result the plI of Bun lwangi support"d the project by 

supp lying the manpower regul ar ly during the execution 

of the project. 
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(b) Condition of Water Supply In the Village of Citarik 

Tie vill age of C .tarik is one of the field testing 

arearas I)T-L[I' projects mince 1977, Var ious hard

ware comlltents had been dvelop d wit~Lin the tea, 

Most 	 Of GhiO. projeltct dfive )lflct:was In terrelated, The 

prohlv i n of waLvr supp"e weremorerlesst.r iss ilar toIn in 


Buniwangli. lit arei iam ;idqnante 
 Waltel ,upply c.hrough

ouL the vear hut. t he distrihu Iton was not. managed well, 

therefore some part of Iho.vill;ige still 1,arlked watr. 

In addit i,,n,the water was not iree frnm ex ralur conLa-

minaflili , Men olu rh experi urict a. un Iwangi , N A1 

";ilay s tdy was niniderlC akeni I'cr (f _arii. IWO Li werc 

etlc.:tod: lAi rmmniri it of ki)n ,Jay1 vi n thev Bt ,nd 

rtolul~l itl;y of Cawun. Ihe al]lerr ,es proposediv.'i fur the 

area were( as I 1.l1. 0.: 

(i) 	 To lImprove he qualiLy and dist-rilb it.ion of watelr 

within t h arua ri:r-uh the in'.roducl:ton of 

storage 1d:lr:ln 


van i
 

- tr i""rt tLank for Babakan Ia

- Public to] .e;, wa;hi .ngarid bathlng f acni1 1L~es 

in Baib ak" J ayant i ut.i iz tl g bamboo cement: 

(ii.) To improve wah::,'itt uppI V and dIinL ni t ion it 

(Cinawnl/(. th-aIa gh t of:lid-i i iilrroductiof 
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- Locally available flbrecment pipe, including 

its method of manufact:ure 

- Pub lic bathing and wasiiing faciliitles at Ci

awun, Cilimus. 

(2) District of Bandung 

(a) The Development of ferrocement shell type of structure. 

Because of the versatility of the material, i.e., its 

strength in tension and compression,free form and high 

lerrocement Is highly re.commended for thin shell and 

Space strucinre. 

For this purpos deign and constructinof01 suc a 

btil.ditig W,. tst::ed, Due IO its religious siglf 1.

cance fr the people, i. was apparflnt: that introducing 

the new ta'chnoi. tg the loca:l people t:hrough a pub 

lie huilding :su,hl' as a p r,.totrype "f I:sque would 

clef in it khrou;k for it.. ,O:cpLahi. liy.me'in a ler, g,.i 

i!tt. n.!.,ral types
Prior* ltL .iI:;l'tn V i)Ilvon, 

I f s; r l 1vo1 w'ion -, tid itp! th rotugh mod'ul- Ing. The 

hypei-t; paraboloid 

unit, 'The O I strut uresll 

typt-.' ,tudii w.e re vari rbol Ic she].N I , 

CUSLOm; ilv WinI 1,u :hi. v.u tire 

I w ') 1*ar u',' a " i.! I.* (:uflllco lmuity, [xe -
Luste(' d a) lit" I 


PUtEN: a riat l .1 i," l it,,i - ,'-,,I': 
! i -t,;;,' t L itt ioi! t.h ro'utt .11 

s
Im gIl T 1in.s; d1ist .ietormal.l and11 t. 11il n ;. nos m;' 

-not: only he i relationip to Me pro ert, the fi anWit: 
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cial arrangement and local manpower recrui:Anent, but
 

also the early concepts of the design,
 

(3) Fibercement llar'dware Development
 

In the production of starch flour, one the main raw mate 

rials is the trunk of the sugar palm tree. The waste ma 

terial produced includes the fiber from the tree. Starch 

flour industries are located throughout West Java, mostly 

in the south and the east. On the recommendation of one 

'asibility study, DTC-ITB developed a system that would 

utilize this waste material. The applications of those 

fibers in the project were: 

- Production of fibercement pipe with a diameter of 4 - 6 

Inches and a length of 2 - 2,5 meters to be used in the 

village piping syste.. The simple mnanufact.uring proce

dure can be done localli. (See manual)
 

- Production of fibercement corrugated roofing sheet, 

i meter x I meter; also with simple production procedure. 

(;ee leaflet and manal) 

Fiberic.me.t bjmboo matting wall. This Is ordinary bam

boo matting with hollow weaving, plastered with fiber, 

lime and sand. When tlhes(.: fibercement bamboo Inattings 

are nailed Into a framework of closely spaced studs of 

thin metal steel or wood, the result is a wall with pro

perties that compete with normally constructed walls in

cluding being earthquake-resistant. 
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The development of fibercement as an alternate material.
 

is based on its simplicity of production, the availabi

lity of the materials and low cost. These components 

Would also b~eio and -tse nciep.rjc in 

Buniwangi, Citarik, etc. 

(4) Pontoon Ferry at Cikarang 

The increase tn agricultural yield in the remote rural 

areas necessitates that the produce reach the market as 

soon as possible. This means that the land trafic also 

grows sIgnificantly. The answer to the problem of market

ing the yield from the remote regions I.s better infra 

structure of roads for better transportaton. In these 

regions where the trafic of goods is still low, the in 

vestment for that Infrastrticture would be unproportionate

ly high, especially where it involves building bridges. 

Bridges imply permanence and long term use and hence pro-

perly belongs to .o,1r-,aringc planning and budget. Therefore 

in the remote nnd not so populated areas, the bridge is 

substituted by a pontoon ferry in the transportation road 

network, It 4s designed for temporary service and low 

financial investment, It can also adjust to the flow of 

traffic. Convent tonally the pontoon is made by arranging 

a number of steel. cy.linders or wooden canoes and then pro

vided with a deck. it. can ferry vehicles, goods and peo 

p.e. Undoubtedly, the role of the ferry in establishing 
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quick communication and transportation to the remote areas
 

is indispendable.
 

From the field study at the beginning of the project, one 

crossing site along the river of Cikarang was found to be 

suitable for a ferrocement pontoon ferry development. Al

ready in use was an old steel pontoon ferry operated by the
 

Provincial Public Works Department. It was proposed to 

develop a ferrocement pontoon ferry as an alternative to the 

steel one for tile ff. reasons: 

(a) Low cost of construction
 

(b) Can be constructed at tile site 

(c) Only low-skil~led labor required 

(d) Corrosion-res-istain 

(e) Easil.y repaired 

(f) .asily mainta.ned 

(g) Water-tight. 

2.3.2. Souith 'Stuavo. i 

The selection of the project site Is based on the goal of intro

dueing the urrocernent teclnology to the riura.l people. Under 

the supervis on of [lasanuddin Untversity, the region was classl

fled into three. different areas, namely: 

(.1) Mountainous area 

(2) Seashore area 

(3) AgricuLitural area 



39 

From a survey of a number of villages, one village fromn each of 

these different areas was selected .to be tHie center of develop

ment of ferrocement technology. 

iSri~t

of Jenepontco, 80 km south of Ujung Pandang was selected. This 

FrmLeriu~.~oi ie, vllli~ige- of Thn r okass 4l. s 

area is kn)wn for its critical situation of water supply, The
 

water table i.s about 30 meters deep and for their daily con 

sumption the people have to go a distance of 1.0- 15 km to the 

source of their water supply. The ground is rocky and at the 

height of the dry season, the level of water in the river falls 

to a minimum. liasanuddin lfniversity also has set up a Rural 

Adaptive Technology Center (RATC) In the village. 

Fromi the seashore area, the village of Pajjukuk;ang, I)ist:rict 

of Maros, '37 km North of Ijung Pandang was chosen as top 

priority for the following reasons: 

(1 ) 	 Thp, majority of the pc.,oplv make their living as fisher

mwan and providing sea t:ranspirt ation, 

(2) 	There is lack of good water supply In most of the area, 

(3) 	The so.ial, a,, econ"cI:d level Is still- rela:ively low. 

(4) 	It: Ls iecuessary to create anOther source of income other 

than fi sh Ilg wh i ch i.s leaf;oia] . 

Fromt the inland( agricultural re!a, a v.1lage 190. km north of 

Ujung Pandang In the l)istr.clt of Sd!i.;p wati selected. The 

people are moiti ly farmers and iA w;s hoped that they could be
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nefit from the ferrocement technology for grain storage, irri 

gation canals as wel, as water supp-ly tanks. 

'2,3.3, A c e h
 

2.3.3.1. Survey and Site Selection
 

The first important step of the project was to select the al 

ternative locations where the technol.ogy can be carried out 

and adapted quickly by the people. Also considered were the 

social and economic activities of the people arid the available 

resources. 

After receiving an orientation from the Rector of the Universi

ty of Syiah Kual.a and Dr. Abdul.lah AI.i as the person responsi 

ble for the project, the. team leader of the project held a 

survey in Octover, 1.')1 in the Dl)l. ricit of Aceh lesar and around 

Banda Acehi. the Wv to District of1,ater ;irv'ey wIs extended tIle 

West Aceh and South Aceh in Marchi and April, 1979. 

The following arr :as w re the "I'te's SI eelced together with the 

rev re:3pond Ing cons fId(leni ions I olr &2oir select. on 

(1) Pist.r[I l A, ie:.ti 

(a) The cIiulni of th1 tn f.v*' r.1 ty of Sytian Kua.la is loca

1..d he r. "Ind . logica! fol. dissemi.i-L, the CInt'ier tho 

Tinatoil of echnr, ogy An the province of Aceh. 

(b) This, te ,ii near lic provlicioa} c ity of Banida Aceh 

Whe. r. all t:wi erlaIlls needed are orisl.1y oh?:tained a t 

relatively low prices. 

http:orisl.1y
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(c) 	 Sand is locally available from thc! Aceh River, 

(d) 	 Brick is expensive priced at Rp, 50,- each, 

(e) 	 Unemployment due to high school drop-outs is high. 

(f) 	 The domes from the many mosques do not last long 

because of corrosion and ferrocement may be a sub

stitute. 

(g) 	 The people living near the seashore need water sto

rage faciLities (water tanks, jars, etc .. 

(h) 	 The water facilities used for purification rites 

in the mosques are inadequate because of the high 

cost of concrete and bricks. 

(2) 	 District of West Aceh and South Aceh 

(a) Because of its great distance (450 km) from the Pro

vincial City of Banda Aceh, the District of West 

Aceh has not progressed much in technology. 

(h) It would take In ronsideration the equal distriu -

Ltion of technology de- t'topment between tih rura 1. and 

urban a'ea. 

(c) 	 Bucaut.e brick is; rarely ava liable, the construction 

cost of housesi using concrete is high. 

(d) 	 San,]. Is easily avilAbl Il. 

(e) 	 Many mosques need warer tank. for the purificatioll 

r.tes and the domes made of steel are easily corroded 
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because of proximity to the sea. 

(f) 	 The fishing boats are made of wood which is not long

lastiing. 

From the survey of a number of villages, it was observed that 

in general the standard of living of the people is low. By 

introducing f rucement t echnology applicable for rural use, 

the 	 quality ol llif may he Improved. 

From these districts then were selected the strategic sites 

for ferrocement technology development. In the district of 

Aceh Besar were selected Darussalam, Lhueng Bata and Deyah Ba

ro; in the District of SouthI Aceh, jambu Apha, Hulu community, 

the port area and the ceuter of the city (main mosque). 

The population d1ns, Ly iintheSe itWes Is high and so the de 

monstraticm off t.t was nmssutfd to be more effective. One ef

fective approach to thu ,.mm~nity was through the mosque where 

the peop l.e from Lhe su rroundn.0 g area congregate. By means of 

the conferences held there, informat:ion can be conveyed. Coin

cidentallv the t-o team leader s,! I pr.ject were prominent 

rel igimns leadltrs in th(eir respective* mosques, tinis facilitat

ing the iMpln enttat on of the project. 

2.3.3.2. Training Program 

For 	 the process of transferring t:he knowledge and skill to the 

local 	 people, a training program was orminIzed t) those in

terested, The level of liarticipat:ion could be divided into: 
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(1) 	 Special r raines 

These participants actually compostd the local staff that 

would be. in lved'.,. later in the project. They received 

training on rhe variou:, i ld appL ications of rerrocement. 

Those who completed te p roparedl cur -cu lum received a 

cert-ifkato. Th is group rLcoivud remuneration during the 

tralning period. 

(2) 	 Volunteer trainees 

This group was not commit ted to the project because they 

already had full-time jobs in eithcr government or pri

vate0 enterpri so. Considered only as observers, this group 

did not: received a certificate nor remuneration. 

2.4. COMPONE'NT I(; C)NS f)EIDRATTONS 

2.4.1. West Java
 

2.4...1. Development of Alternatives for the Village of Buniwangi 

After the ,observation and fiel, study in February, 1979, the 

overal! i PtI,ingt of thu L.ut r supply 'stu.mwas divided into 

4 (four) st;s, each containing Us design, uxperiment, field 

teni.tog and t.cLtS, for accepLabii. tLRy. The sites sel.ected with

in the vil.lag- of ,agi :Iltzulw wv-o 

- (uCommunity N) Cllanl ggiu 

- Commifi. t v of citapei 

- (ColnhiinI.ty of i;iaiaan 
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The steps in the project design are: 

Step 1, 	 F.rst.dovey. February - July 1979 

Beforo . i r;tt mtp ;;tarmd, snrveys were carried 

out for: 

- Reconnaisance study
 

- Site selection 

- Land survey (topography) 

- Meeting with the youth volunteer group (Taruna 

Ka rya) 

- Manpower recrui Lment 

- Project aims d[scussion 

-- Study of the tora! output of water supply from the 

different soIIrCes 

After tlhv study, tihe :ommunity of AmiiumiggU was selected 

for tilL 	 f t , -el mom: phase (step). Thie system de

sign incWudd 

- consrI n1 I a I eInc.fleltt Cha IlI2 	 auct n channel. lining of 

trapezoidal Ishape, /41) meters long, made in smail 

unit; 

-- (onut. rulct. ion of ferrocement settl ig tank, L. m x 1. m 

- Cons.truc tion of one e ryve bridge with a span of around 

8 meter and width of 1,5 meter made from bamboo and 

fe .roce mnIt 
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- Construction of water facilities for a mosque, with a 

capacity of 2500 ]iters, made of bamboo cement, cy 

l.indrical in slhap 

During the execution of thiS phase, 5 local youth were 

selectod to be trained for the projoct. 'inaddition 

about 5 volunteers regularly Came to help in the pro 

.ect in the a ftcrnoon ftr finishing thei.r work in 

their o i fa rill, 

Step 2. Second deve.orincrnt.L *hSa ': Septenber - December 1979 

Aft er th r! first pha iv i, project was evaluaLed withpm 

regard to Its technical progre, .F' and its social accept

ability, the tr. Lht, Of tihe com1und landtug; adt lu 

muniy to proji-.. Illi::lasted [()1 iti th 3I11onths. 

was od'served that the ac,eptILail1tiv of the prototype 

built in phase I waI.' rated goo( . hisi wa:S obta nud )y 

direct i.nt:erviews and re [ecr ed iihrough tihe at:tempts 

of the peop le to expan,.i t :,svst:em and to mvake tle si-

1iuH.ar coniponlet ti ''us.t , lug eva Inat ionbY P i.e t 

' p1an. or 1 ve4pt l'i~d , tIW n1Tdc0; i y 1 t( !-;.mId upCln1(- V 

phase was drawn lp stud I . TIh second phase wasnilld d 

carr .ed out-i a 1igger coIMMtI t a 0ea ith a bigger 

system at tiltapen: 

- Construction of a diversion gate upstream at C.ina-

I ada 

- Cons trt t Ion of an Intake sctructure from the stream 



46 

to the system at Cisaladn 

- Construction of a public washing facility upstream at 

Ci sa I ada 

- Constr"t iu n: a ir .rem.ut channl. lining shaped 

like a hl lIf indelr with a diameter of 20) cms. 

In this phase, 5 (five) more yonth w.:ere recruited to be 

cr:r.in,,d to work in tLhe project. 'These were residents 

of the community living upstream at Cisalada. 

Step 3. T i rd de el..p,en t- pba.: anuary 1980 - Feb ruary [980 

While phase 2 was undr construction, the general plan 

and design was beilng revised for some adjustments at 

the corresponding sit e selected, In phase 3 the steps 

were: 

- Earth excavation for the ferrocement channel 

- Contlnuatiaon of the manufacturing of ferrocement 

channel. lining 

- Creation of the manutfacturing procedure for fiberce

ment pipe 

- Design of four public facilities consisting of: 

(1) 	 open ferrocement tank with a capacity of 5000 

liters for use as filter basin 

(2) 	 one ferrocement Lank with aicovered top and a 

capacity of 5._000 liters as storage t:ank e].lip

tical in shape 
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(3) one ferrocement tank with a covered top and a 

capacity of 6000 liters; as storage Lank 

(4) 4 pub Lic favi iift es foc wa;h ing and bathing 

- Des gn of distri btion ..tern 

Duing Lhi. phsuc, the number ol TC-I TB staff per

sonnel asS:Ign- , tt:he project was reduced and more 

local pcepl., were inv. l.ved in t:he project on a vo 

luntary b)asis, Manpower was ,mi.n:ized, 

Step 4. Fourth- -phase February 198() - April 1980 

- Constru.'t ion of four pub ic faclit ies mentioned 

- . PC', t,hv diN-; Vi ht non S:y aL.f
 

Evauation uf tb fu. fy of wit. r
 

St[p 5, .Fi.itch l1,.e " - 1981o . phis.! : N y 1'3'0 Mfay 

- il d observatin ;aunm o' hei.ghtLounan.,:uring thr 


- Estah.i slment "f the 'oinia orvani za t ion to be res

)(:,Ip s W ! ;,:,r IfP:ev;i 'r 

- Mon11i toring'll and ov'2inatd{ion
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2.4.1.2. Ferrocement, 
Bamboo Cement and Fibercement as Alternatives for
 

the Village of (itarlfk
 

After a period of fIeld study and contact wI.th the local comanu

nity (April 1981.), the plan design of hardware development was 

proposed to urii Ize ferrocement as alternatives. 

The general plan of the project was: 

Con truct ion of a water tank wMh. a capacity of 700 liters to 

be used as a srorage tank, the o:cess water being pumped by a 

hydraulir ram pump to t W: t 1ttlement :rcaa t.Biabakan Jayant:i,
 

Ci tar 14: 

- Development of a proper water supply distribution from the 

storage tank 

- Design andcI ,onstr"tion of a water supply system using the fi

bercement pipe made of wa.te fihors from a local. starch facto

ry at Cawun. The length of t e pipe system would be 300 me 

ters, 

- Manufacturing o f f ibercemutn: pipe at Clawun after a short 

training,: th, local villagr:s, the pipe to be used in the 

proj ect 

- l)esigni and constriuet: [on of two public washing and bathing fa

c1.ities at Ciawun and ( 11.1':nusUr.. gn0ha mboo cement construe 

tion. 
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2.4,1.3. District of Bandung
 

Fe-rrocement* builiing -and componenits 1iinbeing tested 'thfteld 

(1) 	Design and construction of a ferrocement minaret with pro

ject funds as per reques't from the Ar-rohim Mosque, Cisitu 

Lama, Bandung. The minaret consisted of a tubular-shaped
 

tower 12.5 meters high and 2,5 meters thick made of fer 
-


rocement walls on slender concrete columns and 	 an upper 

dome 	with a 3.5 meter mid-section diameter.
 

(2) 	Design and construction of a gothic vault shelter (hyper

bolic paraboloid) with an effective coverage area of 

3.5 x 3.5 m at the ferry site in Cikarang. The function 

of this steuctutre Is to shelter people who are witing to 

be ferried. 

(3) 	 Design and coustruction of a small mosque based on the ex

perience in building the ferroceinent hyperbolic paraboloid 

shells in Ckarang. The mosque, situated in the village 

of Soreang, District of Bandung, has a better and unique 

shape. Roof coverage was 5 x 5 meters. 

(4) 	 Design and construction of a bus shelter at Jalan Canesha 

in front of the ITB campus. This attractive roof form was 

inspired by the traditional design of the building located 

near the main entrance of the [TB campus. The covered 

area 	within the shelter is 2.5 x 6 meters. 

Through a number of dIrect contacts with the local people de

sign requirement for local adaptability was duly recognized. In 
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the process of building, there was a transfer of knowledge to
 

the local workers. The free shape design lends itself to local
 

innovation in the future applicarion of the material,
 

2.4.1.4. Cikarang
 

Design and construction of a ferrocement pontoon ferry with
 

these specifications:
 

- Three ferrocemcnt open cylinders, 2.5 cm thick, 105 cm deep,
 

130 cm diameter and 6,5 m long 

- Maximum loai[nig c.apacltv 1.1tons 

- Ruconunended carrying capaclLy = 8 tons for a single trip. 

The construction of the pontoon at the site itself was with the 

cooperation of the Provincial- Public Works Department, For
 

this, local workers were trained within the project. These
 

workers were to become the permanent staf f for th. operation
 

and maintenance of the pontoon an d event ually transfer the tech

nology for INIllar purposes. 

2.4.2. South S4l.awn:i
 

'To attain th: objecl ye of the project described in Section 2.3., 

the project was divided tnto the following phases: 

(1) Field xpvrimentati.on on the variou0s types of app.icaton 

(2) Evauat:ion of the field applicat Ions
 

(3) Report and Information services
 

http:xpvrimentati.on
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2.4.2.1. Design Criteria 

The 	 introductory survey held by UNHAS AIT - DTC-ITBand and 

USAI!) In October 1977 at tie cMty of Ujung P:indang and at the 

village of Paij~ ukukang, Dist r ict of Maros. was.; followcd wi.thr a 

fHeld survey by the teanm of P;.A.T.. WAL\iS N 

the Wls olf and Sifdrap. The re3u lLs theitrict, Jonpoto of 

survey recogni;z.d the po s b ilty of ferrocement tethnology 

appLication. 

The 	 selection of those three villages was based on the ff.: 

(1) 	 Avallablit y of raw materials for forrocement construe

tion incLudin g sev\'er:l org.anic fiber; and s;nd; 

(2) 	 Ferrocr m, i is an arppropri:t. sulbs tit ute for wood; 

(3) 	 Availab i]i Lv A ski.led ind non-skilled manpower who can 

be tra in , 

In order to pirv a ndvi d',] ()he he use of ferrocenent techno

logy e: 'aliv in tho v!l.agn mutt.lements, certain principles 

were 	 set up y P\'i - O W'.NIA:, 

The 	 d]nuVa:':, of foar rl-ceenL tmust be orIented t owa rds 

(1) 	 the uo, pti an al the participat:ion and It, t tiative of the 

Ioc;, POOP ,, 

(2) 	 the promo: [n of the; home indi.utr ie, which provide work 

Oppnct-un 11 ti'.. 



(3) efforts to support the agricultural sector, 
small indus

trips, Ycleanwicar Supy alirfs-saLasot 

local tools and implements
 

(4) the widest possible use of locally available supplies in 

the village
 

(5) the production of materials and commodities needed by the 

people. 

2,4.2.2. Object of the Development Program 

In connection with the devlopment of ferrocement in South Su

lawesi, a series of activities had been started since 1978 and 

continuing up to 1981. 

1978 - Training of personnel for the staff of ferrocement 

technology at RATC 

- Seminar and discusn.ions on ferrocement in the Depart

ment of Civil Engineering and Architecture (Shipping) 

and in the district and subdistrict levels 

- Slide show introduci7g ferrocement followd by discus

sion at the university including the laboratory tests 

and project demonstraitlons held at AlT. 

1979 - Field demonstration of several ferrocement constructionc 

for the heads of the villages and subdistricts and th 

Mako (Iator) Vocational High School, at the same time 

training two graduates from the School to become field 

technicians
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- Field demonstration on how to make ferrocement drum, 

water hasin and water tank in Tonrokassi, District of 

Jenepoto 

Training of undergraduate Civil Englneering students of 

UNIHAM
 

- Trial building of a fe rrocement: canoe at: UNHAS campus 

- Demonstration of tlie buiidJng of a water storage with 

a cnpaci1v larger than chat in lonrokassi (UNIIAS Social 

La ho ratI ) 

- Demonsit raLi.on of thho const ruc tion of a septic tank at 

"'onrokassi (INIIAS Social Labor tory) 

- Consu..tt lon with the ,kMassar Shipyard Company regard

ing the possibi.l ity of con,. rucIting n boat from ferro 

cement at their dockyard for sea transport at ion 

- Demonstrat i.on of the con.t r.aCtn of a well casing from 

ferrcmern_ ,t Tonrokass;i (, HA'S Social Lab) 

- We ti ngiu p .a p 1ln to tv1 i'i c 1is,: olm' of ILh mo que 

from ll Inoc-w tInthe ll ago of Ic , .!ueponIti 

- P-rovin.n of cl.ean at r with a pumping system that 

utes collecting ;inld 'q1orage ranks made of f rrocement. 

This woul.d he a jo.init oMoftt or RA'F(' UNltAS, tie govern

ment office In leneponLo aid th" lFoswr Parents Plan 

International (UPPI). 
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-	 Plan to build a tank for collecting rain water to sup

ply clen w ,tor for Vajkkn itito ao, 

(This vill.age was visited by a team from USAID and 

DTC-ITB at the time the joint project was set up)
 

Plan to build a fishing boat from ferrocemenr at Paj.ju

kukang
 

dome of the mosque at Takalar
 - The construction of the 

District which would be a self-help project by the lo-

RATC UNI}MS providingcal peopl.e with a task force from 

field supervision 

bin for rice and secondary- Plan to construct a storage 

crops at Sidrap District 

possibility of developing ferrocement tech-Probe the 

Sulawsinology in the other arenas of South 

-	 Plan for training in ferrocement technology skills. 

This Is pri.mar>..y to produce technical personnel who 

are needed to promote and develop the technology, There 

were also plans to train personnel from UNIh\S, govern 

ment .geles (BiUt, Bnngdes, Transmigration), pros 

pective Field Service Students and other institutes of 

higher learnfng in U uug Pandnng. 

A 	 - Plan for extensi.on to the Districts of Sidrap, Bone,, 

* 	 Enrekang, Plinrang and Tana i'orajat. This would be done 

by dnonstratLon of constructioti of various ferrocement 

http:extensi.on
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components such as water drums, water tank, storage bins
 

for grain and secondary crops. There would also be slide
 

local 	people aAd government.show 	 and discussion with the 

- Construction of the dome of the mosque from ferrocement
 

at the Muslim University of Indonesia (UMI) at Ujung Pan

dang 

of bamboo ferrocement at- Construction of well lining made 


Ujung Pandang
 

- Construction of electric poles made of bamboo layered 

with 	 ferrocement 

bamboo cement in Ujung
- Construction of septic tank from 

Pandang.
 

for soft
1980 - Applied Research Activity. This was intended 

involve Civil Engineering students.ware 	 and to 

The research topics were: 

(1) 	 Mechanical properties of ferrocement from the point 

of view of its cracking stage, (lone by M. Ridwan 

Abdullah (Civil Engineering, UNIIAS) 

water tank from ferrocement done by(2) 	 Rectangular 

Iskandar Henta (Civil Engineering, UNIIAS) 

(3) 	 Cylindrical Dome Roof from ferrocement, done by 

Untung A. Siraclju (Civil Engineering, UNI|AS) 
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- Plan to design the use for ferrocement for low-cost 

housing as a project in cooperation with the government 

of the D)istri:ct of Sidrap and a private company. The 

implemenLation of this project depended on the approval 

of the 198!) budget for tLhe district. 

- Plan to ron truct tiLe dome or the mosque at Benteng, 

listrict of seayar 

- Pond for breeding Shim;s at Paotere 

- Well casing from bambon cement in Tarongko and Makale, 

D)istrict of 'Tania urajl 

- Model ot water basin (drum) trom mortar cement in Ama

par iL , .tDrict of Sidra; 

- Plan to cutist ruct a ferrocement boat. 

2.4.3. A c e h 

2.4.3,1. General Consideration
 

After the survey the type of pro puL appropriate each placet to 

surveyed was duly c'onside red. IL .al desired that the type of 

project chioseni woold .!(! it l,-rii lar_anwu r needs ofi ihe local. 

people. for ex.ilmpl,, ih, !auk ot a-dequate farilitips or m,.afls 

to M.store waLer .s-lpply Idu to high co-s: indicate tlie poss ihi 

lit" of tfe)rnrflelt as a thaper sulbstitut.'. l)eplndinlig oi tLhe 

local people, ';veral model al turnarl.ve were planned which 

would be quickly developed by the people. 

http:turnarl.ve
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2.4.3.2. Darussalam (Aceh Besar)
 

I)arussaHlam 	 IocaLd alout 7 km from the provincial city of 

t i- forB 	 ai ., q Ih. Au,ar ional center higher learning in 

Is 	i (.I, tii, it was d, ignaL,-d as tLhe cnter forti.ew, A, 


lerrocement t chnolugy In t lint area. A complete Set of test

ing mater~ial equipment is . lso available for the use of both 

faculty ierburs and students for the research. For tihis 

purpose, the rector of tie IUniversity of .ylah Kuala set 

asido a piece of Iland, ,i - in area, as a centeor for 

trainiting and collecLion of data from the difterent activi

ties oftthe ferr ocemen t developmunt:nt re s nrch, 

Types of er nen that wou ld hoI-made were:ot roc t Corflpolentis 

1t Itoir:ie t~yp,. 1(1 

2. Well dinw.et,:r 80 ci,,
 

3. Septic tank, bothi rectangular and cylindrical in shape 

4 	. a rdteni fu,'nce 

S t l, fo l.l plat,' or ,c.orr !ig;atw l 

7. taP in guLt.er 

* (>-.J wirt 

9. Water tan.:,, bo::h rectangular and cylindrical in shape 

10. Wall IIOit, 

1.1. Purifiai tion tanik for drinking wnter 

12. IDn m e 

13. T a b I e 
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14. 	 Garden benches
 

15. 	 Childrn'4 s lide 

16. 	 Water tank in the place for purification rite at the
 

mosque
 

17. 	 Canal lining 

18. 	 Rice bin
 

19. 	 C a n o e
 

20. 	 Flower pots
 

All 	the components made were intended for exhibit. How

ever, in their const;rur tion, s.eci1l. technical personnel 

and volunt,.r trainees wpre utili.i:'d. Thesu volunteer 

trainees we-. rev flrSt(o!r daill Ipar't, or the province1. 

through cont:act with the regional heads, the number of 

L.raInes depending on r Ihi proje,:t targeted !or each place. 

The house built was eventually used a; an administrative 

office and al.so as a place to file all. informat ion and re

ports of activitios. 

2.4.3,3. Deyai Raro (Acvti h.sar 

Seyah Barn, a.bou A km from the provicinea city of Banda 

Arch is locataed near the seashore . Hence the suitable 

fe r n c omn t '(olp)onenLs ,werecanoes , boats and vessels for 

water stor'age 

The 	major surc of i1nome is ishlng, The fl.shing boats
 

were 	conmonLI.', made of hard wood wich lastd from 2-i years,
 

af ter 	whicli the boat started to leak. TO ,o.st of repairs
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were prohibiLive hence a fisherman normally owned at least 

a second boaL as reserve. 

Results from fiv d testing indi:ate that ferrocement has 

higher durability than w.ood although it: is heavier. 

Publ I IiW eIr-a0 tt.'piLI'tt IerrcmII t1 nel as Ilasting between 

I) - 2( V er, as Fot h'h lb,, cal people' cal prove for them

selves. iowever there in a local beliet that fish are re

pe]lld by the odor oi iron or c ,nl(nt but attracted to wood, 

From the cient if it poinlt of view thtis i5 not enable. More

over fishing r:rawler5l made oI iron anti s tee] are capale) of 

cathing (n l'l;- ;ounts0 -i wit.h modi n methodsol su(ch 

as st tion. hi'; belixef whilvi mIy' r Onst itte an obstacle to 

dev l.opmvent A1 farr e4g iut boat Is:-; being overtcome by unt L 

neild tr'a2ining ot peop Ie, usulI Iy high s(bool. drop nouts, and 

exposuro usinug phutgraphs and diagrams of the (errocement 

boalis alr.aidy in usei ot her partis of [ndoles i a and otlhe r 

count ri Anl. Nw2" 'e'alnld, alwatn, Hoig Kong etm..... 

2.4.3.4. flueng aIta A Bes;:,) 

l.huierrg ;Bata is i:roar ed about 5 km from Bandia Aeli towards 

Medan. Tie .,urc's of . wvlit ood othe people are farmnling, 

small bsinuess and to a small u:'Leut gQo.erllm1nt t'npiOylnei.. 

. ine' thin; village is near the provincial city, the :tanIard 

of I ving is btter than tjiose, in rho other villages. 'lhrong 

se.l f-he lp and contributionS fr-om outtside the village, the re 
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sidents of Lhueng Bata constructed a mosque near the main
 

road between Banda Aceh and Medan (North Sumatra), It is 

the biggest and most beautiful mosque in the area. At the 

time the team leader of ferrocement technology came to the 

village, the people had been thinking of how to raise the 

funds to construct a ceiling. dome. The plan was to con 

struct it from reinforced concrete 6 cm thick and .0 meters 

in diameter at a cost of Rp. 2 million. After being infor

med with the aid of photographs and literature about the 

existence of a type of concrete from ferrocement with thin

ner construction in Asia and Europe, the group expressed in

teres.t but was not yet convinced 5 j,..s strength be 

cause of its apparent thlnnes. The committee 

in charge of the construction of the mosque wag having a dif

ficult time raising funds to continue the construction of the 

mosque. The ferrocement team leader therefcre offered to 

build the ceiling dome from ferrocement. The committee ac

cepted on the condition that the team leader assure the peo

ple that It was strong and would not collapse. The ferroce

ment team leader gave informational talks in the different 

mosques in the area. 

A blue print was drawn up to :onstruct the ceiling dome from 

ferrocement with a average thickness of 3 cm and a diameter 

of 10 meters at the cost of P~p. 750,000. Local laborers who 

were available were very interested in participating in this 
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new method of construction which is relatively cheap com

pared to conventional reinforced concrete. Other volunteers
 

-- to be trained were also recruited from among the high school
 

drop outs and other interested parties.
 

2.4.3.5. Tapak Tuan (South Aceh)
 

T1wo areas were considered, West Aceh with its capital Meula

bah situated around 300 km from Banda Aceh, and South Aceh
 

with its capital Tapak Tuan situated around 450 km from Ban

da Aceh. Both these areas are not accessible by car because 

of the poor roads. It takes one week to travel between Banda 

Aceh ane Tapak Tuan during the rainy season. Fortunately 

there is a temporary landing field buLlt by the government 

that can be used by small airplanes. Because of the lack of 

the infrastructure of a road network necessary for economic de

velopment, this area has not progressed. For this reason the 

University authorities and the team leader of ferrocement 

technology decided to designate Tapak Tuan as the center for 

development tor the t:wo areas considered. The liveLihood of 

the people consists of farming, fishing, small business, gov

ernment employment and ralsing home crops. 

Like the other areas of Aceh, the people here are very re

ligious. During prayer times many people congregate and 

fill up the mosques and religious training centers. Hence 

the development programs revolved around these religious 

centers, 
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After studying first hand the si.tuat:ion, the frilowing types 

of fL.-rr t.'iotmcn I :ompetnts wer set up to answer the neelds of 

the pe l,. , the :ta ion Lha: Mei ,,-, inicarrying out 


pl an~, loc a ld mo rs w'il 
 b, tr a ined to tirther t he dev.e 

lopment of furrocemueu I citinolug/. 

1. Religi ous training centLer/small. mosque 

2. Place for the puri'ic'aI ion rite in the mosque 

3. Water tiIK For the puriflcat Ion rite, cylindrical in 

shape 

4. Cylindric'al water rank with its place for the purifi

catiou r ile 

5. Water ank and the p la e for the plrification rite 

6. Small water osowrvo ir and place for the piriftcaiton 

r.It, 

7. 1-:t ,:i o a s:i I I 

B. Fl. hoay bI t 

9. C a . r u 

LO. to inig d~ome for hu main mosque, gnter and walls 

.1]. (Y*i I Ng dn m or ot qu;j 

.14. SeticL lanksi 

15. Water jar 
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2.5. PERFORMANCE UTILIZATION 

2.5.1. West Java
 

* 	 2.5.1.1. Project Design Criteria 

In ,his project, DTC-ITB developed the hardware through the 

steps of planning, fi,.ld testing, demonstration and acceptabi

lity trial, training and selected application programs. In 

setting up the plan and field programs, sound criteria which 

facilitates smooth running of the programs was always taken 

into 	consideration. This criteria generally included:
 

(1) 	Raw materials to be used
 

(2) 	 Available skills 

(3) 	Equipment/tool.s 

* 	 (4) Social acceptability 

(5) 	 Maintenance ability 

These can further be expressed in detail] as follows: 

(1) 	More use of local materials 

(2) 	 Low cost 

(3) 	 Technique used must: be capable of being understood by the 

Iocal people, generating subsequent Innovations 

(4) 	Method of maintenance of the hardware being developed must 

be understood by the local people 

(5) 	Shouli d not be In con filt with the local costIms 

(6) 	 Must take into consideraLiton control and protection of tle 

(7 slocal t v ino onliio lc
 

: : ... (7) Must take into considerati~on local skills
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Below is the chronological order of 
the 	steps followed:
 

(1) 	Pro1ert Design
 

(a) 	Commnity np.d as ssent criteria 

- kinds of servive
 

- magnitude of service
 

(b) 	 Hiardware servce criteria
 

- "tiliz,- ito
 

- re chniquu:s L" he used
 

-lvi 1folU11(1uI 1I °It'cto lon/control 

(c) 	 Ha rd.;r de in cr.it ria 

-- irofl it tide rI he pt'rtro manice 

- tUt'hli I'i I I l VI:1litltil 

-- , ' 	 I til r)Itt I i i is 

- h~irdl','tr't' pee! i I i'.rt 1j7I~iH 

(d) 	 Hardware des ign 

- 111t II ue 

hI 'ii gn (it needed) 

- t 	ill 'In ci; L A) I ",'-i 

t(2) Qr'Pdq::IAnQ':ii .tl 

- .	 I;f' ' ~ lfI-IlL i i 

- p 0 admi(ulmll I siLoil raLiont and otgan-izatlion
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(b) Project execution or ft eld program
 

(3) Monitoring ard ,vailintion 

These SLeps VOUH L Itte tho priwidary orientation in determining 

how to handio i:tlpr,,erc we espt inl ].y since the soc i.ologi1I, 


cal factor greatiy iWnfi iun-'' the success or failure O the
 

progral in qu st-Io11.
 

2,5.2, Mnnitoririg and [,vilinition
 

The monitoring and evaliuatiton of the per formance of the project 

was carried out he -ore,during and after the executIon of tie 

proj ect. 

The lilt0. 11(i ;iii prce'dure inc'lude the., trinining of local iianpower,m. 

eustabli i nsh s wiht. t Kcal o ilitii joinlt dec is ioning colaaits. ohl ui 

making, transferring Nk-owI3 ,gand mait:cnnlnv ab i ty, and 

the possibilityy of lurtiier deve llLent The sclhu ins as fol 

lows:
 

En r;t l v e 1 
l V ill i i l I 

e v:on :l~iillit,"v , ,'.,t < f t. 1,FromI',, i< , 

it . . i. .y_ .... .. 

he. vinm;[I Adapt;il - Fed 

l o omui.L 1c 
apt v Q rat ),, hy hv "-4.alu 
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Because almost all the field work meant direct contact with the
 

local people, the procedure above was very,- mpor Lant- in .. theo. 

ganization of the project in the ficld. Although sometimes the 

problems did not involve technical aspects, the above approach 

facilitated handling of the technical problems. The procedure 

in organizing the project was carried out phase by phase, until 

gradually sufficient manpower was trained, either individually 

or in groups, which would eventually be responsible for the 

maintenance. Subsequent monitoring and evaluation provided op

portunity to improve the performance of the component being de

veloped.
 

Briefly, the monitoring and evaluation phases are the ff.: 

(1) 	 Prior Monitoring and Evaluation 

Carried out before and during the execution of the project 

with emphasis on training the local manpower, and coopera-

Lion, including giving feedback for any revision on the 

technical design. 

(2) 	After the Project Execution 

Carried out: periodica l.ly. Besides technical observation 

to revise the system, the utilization of the component 

and Inquiries for its improvement were also noted down. 

Th is input was then d eveloped to help organize the commu

nity for the subsequent maintenance ability. 
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(3) Advanced Monitoring and Evaluation
 

- Carried. ou Laater the. physicallpartof _theproject was, 

done and the local conimunity was able to maintain the 

system. This phase focused on the inquiries from the lo

cal people 	with similar needs.
 

2.5.1.3. 	 Adaptability and Maintenance 

In tile beginning of the development of the technology in the 

rural community, the entrance to tie community should be pro

perly studied. The stages of the development deeply concerned 

the broad 	 local aspect. The plan and approaches must attract 

the local 	 people to utilize the component being developed. 

The social acceptability of the introduction of the technology 

should be gearot to tI:lI the needs of the community. .n the 

early stages of ut[lization of the component problem of main

tenance, 	 including cost was expected from the project. 

Through 	 posltive part.ii.Ion, the responsibility of the 

local community will be encouraged. The technique used should 

be capable of beLn understood by the local community. Pro 

portionate ly within the social strategy will he generated the adap

tability and responsibility of the 'local conununity. 

2,5.2. 'South Sulawesi 

2,5.2.1. 	 Monitor and Evaluation Method 

For en effectLive monitoring of the construct-ion of the ferro

cement components and their benefit to the people, there must 
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regular reports from the users in the village. This was done
 

111Co7 chhrougi-the Field Service- Students. RATC also' through 

the supervision of the Field Service Students and the conti 

nuation of the ferrocement constructions In Tonrokassi in Je

neponto District, was able to supervise the evIluation of the 

results of the components already in use. Peopl.e also report

ed indirectly by means of their request to construct new fer

rocement components after seeing and observing the previous 

mode Is. 

2.5.2.2. Adaptability and Maintenance 

- The reception of the people regarding the use of the ferro

cement components such as water tank, mosque dome and other 

components related to agricuI.t ure was sat is fac tory. 'l'hi's 

was signifled by the Increasing requests both from the vi...

1age people and government: a.encies in the aroa for lecture 

and demonstration of the method of cons t.ruction and use of 

the ferrocement components. 

- There was a suffficilent number of voca tional graduaLes as 

well as bricklayers and welders who were wilIlIng to be in 

volved and part:icipate whienever tclhere was a ferrocement con

struction. 

- Manpower from BUTSr, Bangde. zdin TransmigratLion and Field 

Service Students who will work it) tl village wisdhed to be 

trained as caders, 
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2.5.3. A c e h 

2.5.3.1. Monitoring System and Evaluation
 

The method of observation and supervision was by means of 

contacts with the local village leaders at definite inter

vals. After each project was finished and before being 

used by the local. people, certain specified persons were 

given instructions as to its use and maintenance. They 

also gave reports on the extent of use of the ferrocement 

components in accordance with its intended function. People 

who came to Banda Aceh were also requested to drop by the 

office of the Center of Ferrocement Technology at Darussa

lain, especialaly those who took the training course. The 

team leader was also expected to go and check at. definite 

times if the project was r'unning as it should. Students 

who went home to their village were asked for information 

on their return to Darussalam, as well as the students on 

Field Service assigned to the sites where there were ferro

cement projects. 

In summary, monitoring was cariled out by: 

1. lDirect check-up in the site 

2. Reports from vi llagers 

3. Reports from the local trainees 

4. Reports from studenLs who visited their village 

5. Repor.ts from students on Field Se'vIce 

6. Reports from Local) loeders. 

http:Repor.ts
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From the reports obtained, an evaluation of the benefits of
 

the project to the people 'was (lone, The use and development 44 

of the pn-Ject7 by Clio peope indicatea poiti v,uaoinl 

In 1979 the ferrocement projects in the villages of Lhueng 

Bata and Da:ussalom were inspected by a team from ISAID and 

government officials from the SubdistrJic of Aceh, wherein 

the tea Kpressed satisfaction at the results, Toward the 

end of December, -980, Prof. IllatSOno Wi:t osumarto fr'm DTC-

ITB and Mr. Moh. Arsyad from the agency of Cooperation bet 

ween theof and Dept. of Edu-Higher instiiei;,ofLearning the 

Cation 0 Cul ure in Jkmta .came to observe in Aceh. The 

e.suLs, o tHie observation signfed apoitive. direction 

progress of the development of-'ferrocement technology.
Spli 


2.5.3.2. 	 Adaptability and HMitenance
 

In.te early stages of the itroduction of ferrocement, the
 

local community, as yet not convinced of Its .serviceability,:
 

was reLuLtt to acce'pt' it. HoweVr, severaL incidents occur

- ing during the field demoinst-at on led to its acceptanceI. .
 

I(A ferrocement water tank was constructed in the lhabora

'tory *of the Engneering Faculty ut lDarussalam by the 

students and the laboratory staff. It hiad no conven 

steel framework and the walls were springy after .
 
Sional 


curing period, While lifting.plastering and before the 

- -the tank which was one- hird full of water, up to a 

. platfortm 3 mc,-ters hih, the cable of the crane broke. 
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The tank suffered slight damage (cracks) which was easily 

repaired wi.th no :arhl;,equent Ieakage. 

(2) The Ktrengt-h and workabilit "I thre to rro('cmeCL canoe was 

also in ques t iOn, During it.4 con struction and training 

of local matpower, ,mdL a] l pariCipat .d whole- heartedly. 

Some were even ,rirical. (M the day of launching a Lra 

dii[onall cerImonv A1tendc.d by promninent I re rs of the 

conm"Qul wit,,'a ield. I.e people were toy 'Ti local curiu.sr 

see whether tl, che o:el wouldI!un . .luiv e'n hei p.d ]aunch 

the canoe which was Iuil 100I(m rom Lhe Shore,. The canoe 

did float and at the prerisuo d.o signited water leve.] 

(3) In Tapak han another incident onccurred during the con 

str"iCLton of the water tank foir ,r.se in tihe purification 

rite. Several vouLh 6J st il l donhtod t hi sL.r.nrgth of fur

rnceruent deciltd I,. teos it:during tl ni L.t,rope.t.edly 

st riking,,and .tlnj)pi.ng "rrn r o, thFIe tank which was rjust 

cured. Tho r-anrk str'''vivud he K theI.' mrI ,"tul next ning 

i t edm the litytie you t. admitted I L .ader (I rabh o[ 

the fe rrocoimin const ruction. 

Thus the 'ieee 'anc' I ii.' e ri"oen(murolr[. iof as Lred, furt hertta-;r'mlw 

evidencrrd bv le ,ifi.mint ruqirtesI ri lre peop le. Bo] ow 

Is a ch thn tih.ir requests:Ii,-Mwi giv,,es aruAs w.,,ithJ respe ctive 

- Sitngkil, connstrmI rion of mno;quie dome, H motn.or in djriteler 

- l,abhan Iaj i, constrnuct i on of mosque do ne, dianet er 7 m. 

http:curiu.sr
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- Bakongan, construction of mosque dome, diameLer 6 m.
 

- SI lo Lo Terhlangan, construction of mosque dome, diameter 

8 meter. 

- Bandar Bairn, con.st rv't ion of mo:;qe dUiw , d iameter 20 m. 

- Tunlo':op, con' irr' w	niLn of imo:;sqn., dome, iatm Lieter 8 im. 

colnsLtrucr ion of ]lt: ome , d i.alet"er Im.- lad:In, MitpiAm of- n 	 8 

- Banda Acl , low-cost housing,, t:ype 62 sq.m. 

:-id Jial 


- Tapak Tuan, co:;truet i ol, of a st-ore. 

- Bianda Aceli, con 	I in lion of a reserVoir, capacity 

- 'I'pal T1ii1t1, resI nt oilsu:_, type 70 sq m. 

10,O() liters. 

- Banda AMeh, ron.i;true Liion of fishing boat 20 im.long 

(,w., d , PT. O':T, i Ni;ua) 

- "ICUla h!h, n',ii: it o f i rri ,',atLin di:triIlt ioIlc t r I"on an 


b(x niltd telrI 1. t i1 ".'And qCli1 e ary'-' ' a 1 , ai-[ded b','
 

I'I1 - USAI . 

"nsrirnn inn 	 iureau of- Banda Mre", 	 "f f i 'suiqboat B0 

Fishe Cv. 

I r" i I, i huoun- .- Sji .)nabang, rot 	 vq o fvut.t" ia i 

V"'IMl thaLt i5klare W ruid 0 t c ent'iii st:ill perHoev.e'r,I t' 

sist.id, eq li :1 ',aioi i L Y u On1 part,in'ensiv dn.idi .Liolll 	 Ile C of 

thlui.~ i p. 
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The problem of maintenancc, including t:le costs, was turned
 

over to the ,inun ft y IWe r or Lhe mosque commnittee, Several 

local pIopf i allI.wad'!p , i ptd in th, training course for 

the ferroutimront'i I[Atiili,,h co;,t " i'lhai nte aflece wasl'epairm. lth. 

to be the resp, sibuiii:i of ti. Iocal people., aid ftomi UISAJI) 

through the MaW;agUMOUiL of was xpe Led,I1II5 still 
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3.0 	 FERROCEMENT COMPONENT 

3.1.. 	 WEST IAVA 

The sites which serve as centers of activities for the develop 

ment of ferrocement technology can be located on the map of West 

Java area (Figure 29). 

3.1.1. 	 Component Spec iflcatton 

had bte designed and constructedFerr r menL ctnpolrts, wcqh 

at the sites i ts I Oca tions, d Imension and bil!, of materia Ls can 

be suinnari:zed as foij ows: 

(1) 	Component :Ferrocement Pontoon Ferry (Figure 3) 

River of C ikarang Village of (1<arang Dis -Location 


rier of Sukabumt
 

Purpose s Perry for crossing the river 

l)tmens ion -- T'lhre O r oc: emen t:open haLf cyl inder 

t hicknu's 2.5 cm 

105 cm dep.n 

1 CM( ini wtlr Of 

6,5 m n mg 

- (Conna.e.( d with steel beam 

- Wooden dock flonr h x 6 n area 

- op,, ;rong cable ,wire utLitkng the 

Capacity Maximun load I1 ton 

[or a singleallowable carrying 	load H tons 


trip 



7/v 

Construction Steps:
 

The whole construction of the pontoon was di

vided into three steps. 

Step 1 :',onstruc:tion uo lerrocement Cylider 

(a) 	 son;t:ruc ion of framework 

(h) 	rc'inforcement of tie cylinder 

(c) 	plastering of the shell, two
 

steps
 

(d) 	side frame construction
 

(e) 	finishing and coattng
 

Step 	2 Deck-floor assenbly. 

(a) 	 stee. l.eam Nrrangement 

(b) 	wooden floor arrangement 

(c) 	consl'ucLtion ol boarding and 

landing goe 

(d) 	pontoon fence 

(e) 	finislling
 

Step 	3 : Vonst nrt ion of operation system 

(a) 	arrant.gtmen t of gato mechanism 

(h) 	arrnngc'mlt o operation tmech 

n i sr 

(c) trial run
 

Construct ion period: 6 mntih.s effective 

Personnel 1 supe i I' or 

2 techlilans 

6 local workers 



Fig. 1 	 Reinforcement of 
Pontoon Cylinder 

/ , f 

* -. 

9..
 

Fi,. : lontoo fer ry ci indLr after curing 

and(I tLCLl hl';Iw irr'a gement 
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Bill of Material
 

A. Cylinder Amno uin t 

1. Clicken w ire 12 rolls 

2. Wire 0 3 mm 5 rolls 

3. iron rod 0 1.2 mm 9 pieces 

4, Iron rod 0 14 min 30 pieces 

5. Cement (PC) 40 hag- ; 

6. [ine s.and 3 m3 

7. Additive 1.5 liters 

8. Angle stuel 75.75 70 nm 18 pieces 

9. Channe I C 8. 12 3 pieces 

.10 lilt 1/8"' x [5 cm/!O cm 200 pieces 

11, King /S'' 450 pieces 

12. B'oIL L/2'' 5) pieces 

13. Ring plate 1/2' 50 plates 

14. 'TLte wi re 10 kgs 

F['rame and "I'orwn rbk

1. Iron rod 0 101miln .2 pieces 

iron100 0 12 mm 12 pieces 

Sr, "Ol ( mril 28 O) woes 

2. 'V' Pipe 0 1/2' 90 pieces 

3. Pip,() 1/2' 3() pieces 

4. lblctrode 0 2.6 M 5 kgs 

Elec t rode 0 5 m 5 kgs 

5. Tie Wire 5 kgs 
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Amount
 

6. Wood Plank 20 x 200 x 2.5 20 pieces 

7, Nail 2" 2 kgs 

8. 	 Wood plank 5 x 12 x 400 12 pLeces 

9. 	 Nail 1P 2 kgs 

10. 	 Thread I roll 

11. 	 Plastic hose 5 meters 

12. 	 Plumb 1 piece 

C, 	 Floor and Gate 

1. 	 Channel C 12 cm 28 pieces 

Channel. C 8 cm 4 pieces 

2. 	 Steel. angle 7. / . 07 4 pieces 

3. 	 Steel plate 01 x 10 x 6 1 plate 

4. Steel plate 5 x 50 x 6 6 plate 

5, Massive stee. rod 0 5 cm 1 piece 

6. 	 Steel plate 1,5 x 25 x,2 mi plate 

7. 	 inges 0 15 cm 4 pieces 

8. ppe (G) 0 4"' 	 2 pieces 

9. 	 ' p (wI) 5'' 2 meters 

10. 	Weei ale I x 25 x 2 m I plate 

4 	 pieces
.1. Kilt 

12, Wre,nch 1/4'' [2 pieces 

LI, Sling 1/2'' 28 meters 

14. 	 Boll 1/'' x 4cm 0(J pieces 

15. Holt 3/4'' 800 pieces 

[6, Bolt 11/2" x 6 cm 3001 pieces 
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Fig. 3 &4 FerrocenienL Pontoon ferry in operation 

It, 
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Amount 

17. Bolt 3/8" x 10 cm 	 300 pieces 

18. 	 Ring 1/2'' t00 pleces 

000 piecCes19. Ring 1/'' 

20. ,teel. p].aLO 0 .5 	 x LO x 2 mn I plate 

21. S teel rod 0 20 nun 	 I meter 

D. Fence; 

L. Steel angle 5.5 . 05 4 pieces 

Steel angle 7.7 07 4 pieces
 

x 5 cm 100 pieces
2. Bolt 1/2" 


3. Steel angle 7.7 	 . 07 2 pieces 

E. 	 Deck Floor 

x 3 x 6 2.5 m31. iard Wood 25 

2 plates2 . Steel ;an,le 5.5, M1 

". Fin i:sh in,, 

L. Primer .qtSu 1) 	 40 liters 

2. Primer (Wood) 	 20 liters 

3. tnmp ) I .w m: 	 n,: paint 2 gallons 

4, !namnl rd "irin, paint 	 I gallon 

5. 	 B ild grey (pri O) 4 galions 

I gallons6, Anti-VonLin g !:Lropi paint 

7r5 Sh Lt7. and p;pL. 

curved bridWg, (Figu, 7o(2) Component : cobambour 	 cumunl1t 

(Fe rro-hambco-ccn tment) 



4 A 

J4~ 
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Location 	 Kampung Cimanggu, Village of Bunfwangi 

Purpose 	 Foot bridge t o cros; a small stream to re.

place the tradicional. coconut trunk bridge; 

- Curved upward K:uO hit !.t is not flushed away 

in a heavy ilod frorm up] land 

Dimension Span 7. 1m 

- Width I . Im 

- Crvei upward at mid section 1.25 m 

Main structure: 

Bamhoo strip mat, combined with wire and stel 

reinforcement plaster with cement mortar 

Load carrying 	 capacity: 

- maximum load 300 kg per sq in 

- alloleJ t nad 20n kg per sq m 

Construct ion 	 pro,edn c s: 

(a) 	Coistiuci.ion of stcne-l.aid foundation 

(til,:' sosu werv available from the site) 

(b) 	 I ,!t : wo,,viug. ''e hanlnoo strip 2 cm 

S1,0 ,'ovn alion!; :tl,2 ; n 

(c) 	 Constlct. ioen of liogitnilhml. frame made 

w ithit L q l i ,.! i - 'l

(d) 	 WUL 81o,'r'¢-o. n t 

p u10) 	 UIpp,,r a-L,. iq!. 

(f) 	 (;rl ii upper part 
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(g) Plastering lower 	part 

(h) C u r i n '-

Construct ion inle: 12 	 days 

L supervisorPersonnel 

2 t echnlic i n' ; 

4 workerFs 

Bill of MmtLerirals: 

A. Foundation and bridge 

Unit Price 

Am oufnt (i1p) 

700I. Chic ke wire* 57 	 rolls 

A pieces
2. 	 Iron 'm! 118-

Q pi.ces 12003. 	 Iron rid 0 1/4" 

kgS 60(0"4,T e irtT,' 
N )5. C_-nt 

3004 3and6. n 

000
I..1 avel 

U P i j oC0oo9L2I":I 

I. : L '.50h 	 "!)3O= 

l 

B, F~or',mwor'k. ,ai Scati,,lding-
B.l Ji;'.vtl,,,I t: l .': . fogAL '" : !0 

(pi c s ., , ,!. '. ! 

p7V 'i 

002 kg
j, .Nail 

* ,~I!II 

!pill))
 

Total 
(Rp)_ 

39, 90( 

7,20()-8(0 

9,600
 

1,8{00
 

30 ,()(l
 

l) , ()o)1 


2 .750)
 

9 


13 '50(3 

131 ,75 ) 

, 

3 , 4 (0( 

1 1 ( )() 

1 .200 

mw 



JEMBATAN LENGKUNG FERROMBU 

KAWATAYAM I ip A MAN BAMBU 

00 

757 

00 
C'j 

Ny 

78015 

Fig. 6 Ferromboo curved foot bridge 

KETERANGAN 

UKURAN DALAM 
TEBAL 2CM 

CM 

GOE ST 



A4.. 

. .....	 Op,
.... 


Fig. 7 	(Ferrombo) of bridge: Bamboo reinforced combined with
 
chicken wire span 7.8 m: 1.5 m width: curved shape
 
prevents damage from flood.
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I 

/anpower Unit: Price Total. 

n (Rp) (Rp) 

For,.:un 1/12 	 2.000 2/4 ,00)0 

1500 :16,0002 Workeit: t/12 

3, Whom Wurkter 2/12 AUL 18, 000 

78,00(0 

(3) Component Fer roc.,wmnt wat cr d ist rihUL ion box (Figure 

Wpiig ., 	 of Buniwangi.Location :ing i VilI. a.;g 

diversion pn box
Purpose 	 Wt:.r c 

Dimension 	 2 M long
 

I m wt.b
 

I m higi 

. ~)ir, tI i k 

Cciist riiction rcdrs 

(h) Plnt " .p 

('.Oi. : ott'tC[:i: : 	 . ; is;t,di 
w r e
1ssis,'ut 1 

8 



TANGKI AIR FERROSEMEN
 

KAWAT AYAM 
2 LAPIS 

Fig. 8 Water distribution box. 
 GE c
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Bill of materials:
 

A. 	 Wall A Foundation Unit Price Total 
Amount ( p) (Rp) 

1, Chicken wire 12 "1 700 8,000 

2, Wire 0 i mm 15 kgs 70 10,500 

3, Tie Wire 1/2 kg 600 300 

4, Cement 4 bugs 2000 8,000 

M35. S nd 	 I 3000 3 ,000 

6. ;ravel. 0,25 m3 D500 L,37/ 

Total A 	 31,175
 

b. Supporti.ng materials 

1. Triplex 0. cm 2 sheets 2600 7,800 

2, Wood 5/7 x 3 m 3 pieces 750 2,250 

J, N;ii kg 60) 600Nai 


4. Plast.i c sheet: 3 ms 300 600 

Total B 	 1].,250 

(4) Compontet : Hambon cement wa ter Lank (Fiur. .) 

I.ocati.o.00 lK.-pmng 'imanlgglt, VitA1 ,.v of Bun iwangi 

Purrse Wa11 voag, Lie Ie for noslem(21 prayers105 


Ii In (tos1.0: 1 ilg,' . :; i'l
- it. i rle : V pe J "O ; (|I [),l' 

Dfm n :~I. t' tri.per:[ox ii 

u. rne;-;
M m Iici s 

http:I.ocati.o.00
http:Supporti.ng


TANGKI AIR FERROMBU 

.0 130 

0 T 

ANYAMAN BAMBU 

o0
 

KETERANGAN
 

250 	 UKURAN VALAM CM 
TEBAL 2-3CM 

Fig. 9 Bamboo cement water tank
 

GOES'T 



J

!V 

.'. 

Fig. 10 Bamboo cement water tank, after 20 months
 



90 

Construction procedures:
 

(a) lamboo strip weaving
 

(b) Bauboo stIrip rvinlforcement 

(c) i'iasreing 

(d) n 

Construction time 
 4 days
 

Personnel 
 Man/days 

I 	 worker Rp. 6.000,-

2 assistant workers Rp. 6.000,--


Rp. 12.000,--


Bill of Materials:
 

A. 	'",all mnterials Amoinis Unit r ire' Total 
(Rp) (Rp) 

I. 	Bamboo ( plurces 500 3,00(1 

2. 	Comen 4 bags 2000 8,00(
 

3. 	 SanI .1 M3 IA)00 3,000 

4, avel. 0,25 W3 5500 1,375 

15, 	375 

B, 	 ,upport ing mat:erials 

1.. iamb()oo ma L.sheut 850 850
 

2. 	 1jul,- R p,. 30 i 25 750
 

3. 	 PiastIc shet: 3 in 200 600 

2,2OO
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C. Extra materials 

Unit Price Total
(Rp) (Rp) 

I.. Pipe ((;I) 0 .12 2 m OO0 2,000 

2. Faucet (tap) 4 pieces 1500 6-.00(0 

8,000 

(5) Component Ferrocement tank, box types (Figure tt) 

Locat:ion Kampung Cinanggu , Village of Buniwangi 

Pu,-pose To store t:he water from the distribution 

box 

Dimension 2 m length 

.1 m wi.dth 

1. m heilght
 

Construction procedure.;:
 

(a) Foundation and wall re:inforcement 

(b) 1 aste " g 

(o) Iu! 1'!U,_ 

Cons t nic r I.o t i met : 7 day i
 

Personn.1 2 worke -s:
 

'3 as,;sistant workers
 



-TANGKI AIR FERROSEMEN 

KAWAT AYAM 2LAPIS z0 

UKURA
 

Fig. 11 Ferrocement water tankTBL
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Bill of Materials 

A. Wall & Foundation 
Unit Price Total 

(Rp) (Rp) 

I. Wlr 1 g 70(0 7, 000 

2. Brick 200 pieces 25 5,000 

3. Cement S bags 2000 16,000 

4. Sand .. 5 m3 3000 4,500 

5 Chickeu wire 14 In 700 9,800 

Total A 42,'300 

B. ExLra materials 

1. IVC pipe 0 L" 1 m 450 450 

2. PVC pipe 0 2" 0.5 m 600 300 

3. Wood 5/ x 3 m 3 pieces 750 2.250 

Total. 11 3,00( 

() Component FerIocm.ur{r dit;h I i niing (Figure 12) 

I oc.t n . p , (i t., g.:, I, " i. l." t, oI Bun iwangi. 

I'1r;uIJ' cint' inn: 'T"P,- L ' 110 ,I 1Ut;m t . source frol, 

dIir'tv t. tmlgir]ina tonH Q1"o1 thut earthL] 

Dinitis io. "rapa zi shia pe 

20) cm; nci ght. 

40l cm ,i 1, at 'h. t op openi.ng 

25 C hMh t o; width 

2. ) 11n:in hi 

http:openi.ng


SALURAN , TUTUP FERROSEMEN 
TEBAL i 5cm 

KAWAT AYAM Ilop s 

0C 

EIF, 

0 C 

Fig. BESI BETON ic6mm 
j \ jorak 2Ocm 

Fig. 12 Ferrocement ditch ining 
 GOEST 
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Construction procedures: 

(a) Reinfo rceientI on t:he mold 

(c) I I n'rI 

Cons t ruc1 L iU rv71.m Z4 i I r.,; 

Personnec. I wo rke r 

Rp. 1.200,-
2 assi st.,nt workers 

Bi.1 of MatCrials: 

Unit Price Total(Rp) (!Rp) 

1. Chicken wire m 01,40 

2 . Wi 2 kg, 700) 1., 40( 

3. Tie w! . 0 1-10 

4 ., Ce,2 e) 60(0 

5. Sand O. 1 r3 3000 j0) 

3, 730 

oc.ar tO:o) Cial i;t, \t t 

mi-'posf,/ Ciilait I I .n jug, t rtnspurE waLo" 

,.1.i1)c';i o i it ,:vl inud: r 

co('v',redI copl 

3( *:m dJi lInt-t (-' 

'2 '. 1on ; 

2 (ITI 'ti h{1:I 
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-, . ..
 
6-F 

A V'S 

%," ... so-

IIW,
 

*41~~4~lot MIT j~r~r;;,z


]I5.
 

F .ig. 13 Fe r r en t c h a n nell . i n l ]in e* a s' d is o c e mil 


tribution system
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Constr.ction procedures:
 

(a) Reinforcement on the mold 

(b) Plastering
 

(c) Curing 

Construction time: 	 4 hours 

Personne.l : 	 1 worker
 

2 assistants
 

Bill of bMateri.al.s: 

UnIt Price Total
Amounts (Rp) (Rp) 

I. Chicken wire 2.5 i 700 1 ,750 

2. G.1. w1re 2 kgs 700 1,400 

3T Tie Wire 1/2 c 60 30 

4 . Ce-me ntL 12.5 kgs 50 625 

5. Sand 0.J. m3 3000 300 

6. M'ould - - 1.72 

4,272
 

(8) Compo, ent: 	 em.ut:it ( e 16)ibr 

Location :ampmn !Y ikin, Vi. age of 8n 1twangf. 

tKampnl, ,i .vWIIII, Village of Cl.ta ri k 

Fui ion 	 t, tcrtm-l pOrt t ion 

1)i.ameter :A 4" i o 6'" ,iamuctr pipe
 

2.) m length
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-1 .1I, 

Vlt 

M 

" <5" ' I :' ' mVt 'Ianufac~'t uring 

I ~ j 

soil J ,n. J?: .' 4 

'TW 
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Construction procedure: (see manual)
 

(a) Fi be rcement mortar mix 

(1)) Lay mortar shct 'n the mold bench 

(c) Cas;ting with pip" mnold 

(d) One ddy curing 

(e) RemoLding
 

(r) One week curing
 

Conscruction Lime : 50 minutes 

Bill of Materials 

Unit Price Total.
rice TtaIAmountsA. 	 Pipe Materials (Rp) (Rp) 

. Cement 	 7 ktg: 50 350 

2. Sond 0. .)W.m'1 3000 30 

3. Fibers 0.2 kgs 150 30 

410 

B. 	 Pipe mo. ld 

l., PVC P ipe 0 '" 2 Ms 1.500 3,000 

2, ,WON 4 pie:es 0{(0 800\ip 	 2 

3,800 

Assumed tin be used 50 times --50 Rp. /6,--

Personnel : 1 worke r 
Rp. 350,-- per pipe 

'q:i st 1n4 s 
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4 

Fig. 16 FibercenenL pipe liftec cur-iig 

1 "~'~ellWkV~ 
.~ 1!% ~ 

I 'rite 

F Lh* p p( 

C( 'l-:j 1 
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(9) Component Water tank 5000 liters (Figure 18) 

Locar:ion Kampun g Habh:-dan , Kampun g CiLapen 

V IIlageV ()I Bun iwa gi, 

Purpose Wa ter storage 

Diameter : I ii p ic;l shape 

.Diameter 2Z DI 

Ile i.gJlt --- 1,4 m 

Covered top 

Construction procedure: 

(a) Frame arrangement 

(b) Construction of foundation 

(c) Wal.I forimwo rk 

(d) R(:i n- or.'1, ort 

(e) Plaster ilug 

(f) Curing
 

Construction ime v
days 

Bill or Mat-rial : 

Unit t'ri.U111 Tot1al 
(hp ) (Rp ) 

A. I. (Iihicken wIre 18 m. 70() 1.2,600 

2. G.;, rewI.. 40Vkgs 7) 28,(00 

3. Sand 2 m11 )0 6,()()() 

4. Cement. 12 zag 2000 24 ,000 

5. ffc wire 2 kgs 60(( 1 ,200 

Tota I A 71. 800 



VC 

Fig. 18 Ferrocement and bamboo cement rural water 

facilities; filter container, water tank 
and bathing & washing facilities 

tC 
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B. 	 Supporting material 

Unit Price Total
(Rp) (Rp) 

1., Plastic sheet 1.0 m 250 2,500 

2. Nould 	 - 5,000 

7 'O00 

PersonnieL UnLPiv
Man/days UIt t. pr lrCe 'Looata] 

I Worker 7 clays 20,0 1.4 ,000 

2 Asslstant Workers 7 days 1500 10,500 

24,500 

(10) Component Water tank 	7500 1.iters 

locat ion B Wakar.Jayancl I, Vi llage of Citarik 

tlrpose/rf,InnlllO Wt,- .. lorge, PrJor to distribution 

~imnmslon :Cylindo[(r n;ha~p 

(D'i ,h! .. ,:tc 

(, r; e rlltoen t 

(b) {;onst rm! "n "I foundation 

(a) Wall ;w:r,r,:k 

(d) R-p'i
w ,rcem,,u 



(e) Plastering 

(f) Curing 

Construction Ltme 10 days 

Bill of Materials 

A, Foundation nUnit Price: lot, 

Amount(Rp) 

1. iron rod , 8 mm 8 pit,ce:n 1.110 I 'K, 

2, S.and 1/2 i;H 30 0()m3 2,/ 

3. Coem t 4 zag 20O 4, ),"(1h 

4. (,ravel 1/2 m3 5000 2,500 

TotL] A 2 

B. Wall 

1. Chicken wire 30 in i00 2,uii 

2. 01 W re 50 t'gs Ion0 35,000 

3. TVe wir. 2 K; (f 1 200 

4. Std *3m Q3)0 9 ,:)O 

5. C:omm 1') 2l:; 2o ,J{!) 

i c6'. r0' ( 2/ .-- 2ao 14 ] 9.n 6U0 20 )(;'} 

T!ota:l D"M VA,, 

Per s0noLii ttn. rice 1ot:al 

I Worker 10 do'v; 2((10 20,000 

2 Assis-;tant: wor"ors 8 livI( I :P) 8'', 

. . .. . 
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(10) Component 
 MCK Bamboo Cement (Figure 20)
 

Location Kampuiig ;ia Kampun ga haa , Citapen, Vi

lage, of Buniwa:gi 

Kampung Ciawun, Kampung Cl.!.i.mus, Ba

akan Jayanr L, Vi llage of Cttarik 

Purpose/fnc:ion 
 Public facility for bath iug rnd wash

ing
 

Dimension 
 Curved thiLn wall 0a1o imboo cemnent 

pl.a ; ure, with mortar.t 

The size is adju ted to the space 

available in lIt site. 

Construction t imC : dayt; 

Bill of Materials 

A. Foundat[on aid I)i stribution Box 

Amount Unit Price Total 
.. (rp) (R _p 

I. Bricks 20 pierits 25 5,()0 

2, (ieInIit 22 ) I 1".O0(0 000 

3. Salud 0,47 m3 3000 2 .250 

1.,250
 

B. Wal.
 

1. Cement I;3 bay 2000 6,00)1 

2, Snd [ Q 3000 3, 000 

3. Bamboo mat JO m2 250 2,500
 

4. Fibers, 
-

11,500
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. .. .... 	 ....
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ig. ' 	 Bimho C nw uL pub li winter 
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Personnel
 

Man/dayvs Unit Pr[ce Tota. 
0,"p) NOp 

I Worker . d;y 2000 10,000 

2 Assistant workers ' days .1500 1.5,000 

25,000 

Const rli, EJoll plocedtlle : 

(a) (- -ist:L:Ctionl of brick layers and foundation 

(b) 1,;111hoo mat. placiug 

(c ) Lasteri IQp 

Cd)'uring 

I(12) tiolinl ,ej) i c tank IMlmbO c.MTenIL 

I.oct:at fm'Vbak;i, .laya!ut: [i,Vill.age of Citarik 

I)irmen.s on : I . ii3 *3:j-lp.':I' 

75i
*. (ILIajo I:, r 

. ) ii: l g i 

. , .:t.er(!cI wilth mortar; 

((mI. -t . t: i t .: '.:if ::,2mv ip' 

(l 1:)i'L1'jIi l -L i.1n Of f. W Uil:(! 

(c I I I- L i l)! 

Coll- .'t I iltonI I '') day:-; 
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Bill of Materials:
 

Am nou tS ~ Uni t Price Total 
(Rp) (Rp) 

1 . Ilamboo mat 10 m2 250 2,500 

2 Sand 1 5 m3 3000 4, 500 

Cement 
 8 00 16,000 

4. Crave 1 
 .5 ml 5000 2 500
 

25,5(0 

Pv sonne
1l
 

Man/day s Unit Price Total
 
(Rp) (Rp) 

I Worker 5 davs 2(10100,!100 

2 Assistait Vorke-s,.1t y 1.50)0 i0 0 

4( , 000 

(13) (-1:li I ',':ni t sih, 1.omponoit".", 2itt: 
(;,o t:- 22) 

foc2i I. oni Ilt:r, Uia,'"i ]!n o!,, i. f I';j.i>IrfpiS 

- .
['Ilnc t;io I I o'r'.-,,!i t :I .] tl ttl t


- I.'twr : i.i.: ( p'.'ni 
M i ' I I li lt 

- Four n li '< ](*'' C II'I 

!]'ll., '1.12 
...(I'ip lo~l~ t l I : 2 

- {'I ( i~~ll;[l ,l(:I " Hi }f t[La:.." IIIrct:'ti!iu,'11"a Lotl 
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(c) Reinforcement 

(d) 	 P.aster ing 

(e) 	 Curing 

Const riic t ion v I m.l! 21 d.iys 

Bill of aterlals 

A. 	 Shutl skin 
Unit Price Total(Rp) (Rp) 

1. 	 Cement 15 ba1gs 2000 30,000 

2. 	 Saiud 2 m3 3000 6,000 

3 	 Iron rod: 

0 9 mm 6 piees 1.9(0 1.1400 

0 0 12 t 21,0001111 p it!.d 1750 

0 4 mm 60 pi.*m [00() 60,000 

/4 1 wi re r, I U0, 901000Chicken 4 

5. Tie Wire 15 kits 	 700 1.0 ,00(0 

6. I']cr Lrod400(1 [ 	 4 .000d' 

To tal A 232,90) 

B, 	 Support i g v.t,.. i a ]ls 

,m~ s.r
Gunn Mi)M'It~s 250 7,500 

2 . lmhoo ma p Ci.ec, 0() 6,/,00 

3. WM)ud 3/4 p1iecce(0 200 4 ,0((0 

Z.,Kn{,o 20 pivc:e.S 850 17 ,0m 

TonL I 34 ,9()) 
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Fig, 21 (W(,thi vault under model study 

Y,~ 

.
 

Fig. 22 i'trrocjnenLIPWIPi vault shelteir 



Personnel
 

Man/days Unit 	 Price Total 
(Rp) (Rp)
 

2 Workers 21 days 1500 63,000 

3 Assistant Workers 21 days 1000 63,000 

126, 000 

(14) Component Etypar mosque (Figure 24) 

Location Village of Sadu, Soreang
 

District of Bandung
 

Function Small community mosque
 

Dimension 	 Ilyperbo] ic parahnoIid she l. structure; 

Four S idh-opening 

3 m hei ght 

5 x 5 m covered area 

2,5 cm thickness 

Construction prow:dures:
 

(a) (Conm5trcLtlion of foundation 

(b) Frame arrangement 

(c) ReInroremenL 

K ) PLastering 

(e) Curing
 

Cornitruction time :27 days
 



Bill of Materials : 

A. 	 Shell skin 

Unit Price TotalAmounts 	 ()(p
(Rp) (Rp) 

1. Cement 20 baIgL 	 2000 40 ,000 

2. Sand 5 m3 	 5000 25 000 

3. iron rod:
 

0 9 mnm 10 pieces 1.900 19,()00 

0 6 mm 15 pieces 1750 26,250 

0 4 mm 70 p.[ ece s 1000 70, 000 

4. Chicken wire 5 ro 1Lis 21500 1.32,500 

5. Tie wire 1.5 kgs 700 10,500 

6. Electrode 1. box 4000 4 ,000 

Total. A 327,250 

B. Supporthi g ma terials 

1. Gunny s;,i,:l' 30 sheetst -50 7, 500 

2. Bamboo mat 8 pieces 800 6,400 

3. Ulood 4/6 i0) pil'',s 750 22,500 

4 . Bamilioo 20 pieces 850 17,.00 

Tlo Ltal B 	 5 3,1()() 

l'e rsonne ] 
la Unit Pt"i.CC Total 

Rp) (Rp) 

2 Workers 	 2 days 1500 40 ,3() 

3 Assistant. Workers 27 days 1000 27,000 

67, 500 
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. ! 

Fig. 23 Ferrocement hypar mosque during
 
,tiesh reinforcement 

Fig. 24 First plasLcring of ferrocement hyir 
mosque 
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(15) Component : Ferrocement bus 	 shelter (Figure 26) 

Location ! .lan (:nesha, Bandung 

Funct ion : Shelter r bus passengers 

Dimension : - 3 m ieiglit. 

- 2,5 x 6inm covercd area 

- tur oncL:ret: Cot."mns 

Construction prcuedures : 

(a) Construction of foundation 

(b) Frame arrangement 

(c) ReiI'orct.wuI 

(d) Pastering 

(e) i:uAring 

Construction time 3 weeks
 

Personnel.
 

TotalUnit PriceMOMS 
(np) (Rp) 

94, 5(02 Workers 2 ..lays 	 2.25) 

L,500 63,0003 Assistant Workers 21 days 

157, 500 

Bill of Materials 
A, Foundationl Unit Prie Total 

8.000 16,fl()1.. Sand 	 2 l 

2. (emnent ]5 ba-lgt's 2.)00 	 30) (00 

3. 	 Gravel 2 ml 10.00(0 20,1)00 

60, 000 
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B. Colums 

Amounts 
Unit Price 

(Rp) 
Total 
(Rp) 

I. Iron rod 
0 8 mm 

6 pieces 1750 10,500 

2. Iron rod 
0 8 mm 

7 pieces 1.00 7,000 

3. Plywood 

4. Nai 

I piece 

1.kg 

4500 

',50 

4,500 

550 

5. Sa n(. 1. 5 m3 8000 1.2,000 

6. (,rave. 1 m3 10000 1(,000 

44,550 

C. Shell Roof Frame 

1. [ron rods 
0 8 Im 4 pieces 1.750 7,000 

2. Iron voc 

S6 lm 7 pieces 1.000 7,000 

3. Weldinjg od 2 kgs 100 2 ,00 

4. Na l s 5 kgs 550 2 ,750 

5. Pl)ywood 

6. (;aso IIne 

.1. p1ec. 

20 ]liters 

9500 

200 

9,500 

4,000 

32,250 

1). Shell Roof Reinforcement 

1, Lron 
0 6 

rods 
Im 3 pieces 1000 3,000 

2. 

3. 

4 .l 

Iron rods 
0 4 mm 

Chicken wire 

e wi re 

100 pieces 

4 rolls 

10 kgs 

700 

22500 

600 

70,000 

90,000 

6 000 

1.69,000 
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I A, 

, 25 Mesh reinforcement of
i' '/,. ,4i Fig. 


' :. ferrockment bus shelter
 . . . 4 .
 

V N j 

I I ; . 

& 'Z 

1.1t,d I'll,; :..' 1 t 

,.A ? , . , 

PI ., ...i , v . ,* * t ,. i " '7 + 

l~ t' .1 I, II I ii 1"111 H ( L 
I ''. ' , I't,~I: ','.' '"t 
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E. 	 Shell Roof Plast:er 
Unit 	 Price Total 

(Rp) (Rp) 

1. 	 Washed sand 2 m3 15.0(00 30,000 

2. 	 Cement 20 kgs 2 . 000 40,000 

70 	,000 

F. fin ish:ing 

1. 	 Paint 20 lit ers 2,500 50, 000 

2. 	 Cur:ing I()1 pieces 300 3,000 

53,000 

G. 	 Support. ing Mateiila 

L. 	 I!,Od pl ank 
21,20 . - 4 pieces I..000 11 ,000/1 1 


JN7 t I I'
tg ) (d 

5/7 -- .9 m 10 plecos 1,500 1.5,.000 

3. 	 R n p e 1.) l. 300 3,000 

. l~i3 ks 550 2,750 

BI u o c) 500 3,000 

34, 	 750 

(16) Comflponent; Minaret and Dome on top (Figugtre 28) 

l~omCat111landmigtiOn : s I . ltiI , 

Func 1:.1 oil inarelt fIr vfi-I i ng t.he prayer 

at Ar Raiii , ;qi 1t 
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Dimension - Minaret : Tbular minaret with
 

ferrocement skin l.
wa 1. 

1.2 m i glit: 

3 cut ii ck 

inhe ddl d in three cyli.nder concrete 

CO0].tIlifllS 

Dome on top; feirrocQMunLt skin 

2,5 cm thick, mid section 3.5 m 

Construction procedurcs: 

(a) Copstrucetion of foundation 

(h) Consri: rot ion of concret:e columns 

(c) Frane anid walI, ro l-norcement; 

(d) Dome re In EorcemenL on Lhie ground 

(n,) Wall plastering 

(F) I.ift i.nig I:the dome 

(g) PJ.i-L.ring the dome 

(hi) cuir ing, 

ConSt iuctionrlime s ix W'eks 

Pe rsonnel 

Mali/day's Unit Price Total 
(Hp) (Rp) 

.3 	Workers 36 days 2.250 324,000 

Assialt: workers 36 davs 1.500 216,00) 

540,000 

4 



119 

Bill, of aterials 

A. 	 Foundat ion
 

Unit Price Total
A 	 (Rp) (Rp) 

1. 	 Iron rod 0 9 mm .10 pieces 1.900 19,000 

6 mm 20 pieces I .75(0 35,000 

2. 	 Cement 15 hi),, 2.U0 30,000 

3. 	 Fine sand m35 	 5.500 27,500 

4. 	 Sand 2 m3 3.500 7,000 

5. 	Gravel 
 2 m3 	 6.000 12,000
 

1.30,500
 

B. 	Cylinder wall frame
 

1. Wood 3/20 -	 4 m 20 pieces 2.500 50,000 

2. 	I ron rod 0 6 mm 	 1.0 pieces 1.000 30,000 

3. 	Iron rod 0 4 mm 20 pieces 700 14,000 

4. 	Wood Studs 
6/15 - 3 m I piece 2. 500 2,500 

5. Nail 	 5 kgs 550 2,750
 

6. 1:Iec t rode 	rod I.doo: 4.000 4,000 

103,250
 

C. 	Cylinder reinforcement
 

1. 	Iron rod 0 6 mn L2 pieces .1.000 12,000 

2. 	Iron rod 
 0 4 	mn 20 pieces 700 14,00) 

3.	 Ti1e Wi re 2 0 kgs 600 12 .(00 

4. 	Chickvn wire 7 rol Is 22.500 157 , )() 

5. Wood stud 48 pieces 3.000 96,()t){ 

5/7 - 4 m 
291 
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D. Cylinder wail plaster Unit Price Total 

Amount (Rp) (Rp) 

zags 	 2.000 58,0001. Cement 	 29 

15.000 30,0002. Washed sand 	 2 m3 

88,000 

E. 	 lome framing 

1 12,000L. Iron ro	 6 1iT, 12 pieces 1.000 

2. 	 iron rod 4 jmm 24 pLeces 700 14,800 

500 2,5005 kgs3. 	 Nail 

1 hox 4.000 4 ,000
4. ElucLroi., 	 rod 

33,300 

F, nomerein forcument 

19 ,000I. 	 I ron rod 06 nin 11)ptecu: . 000 

700 14,00()
2. 	 [ ron rod 4 nun 20 p c es 

600 6,000
3. 	 'I' Le wi re I0 -k,. 

I1 roIL'; 22.500 247,5004. ChickCn ,ire 

5. Woods !;tuds 
.. 500 13,500- m 	 9 pi-eces5/7 

2.000 10,O00m 5 pIeCes5/7 

310,000 

G. Dome plasLer 

31. bags 2.000 62,000I . Cement. 

m3 15.000 37,5002. t.ashed sand 2 . 5 

99,500 
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H. Finishing 

Amounts Unit Price 
(lip) 

Total. 
(lip) 

1. Floor 

- sand 

- gravel 

- cement 

2 3 

2 m-3 

20 bags 

,.000 

6.000 

2.000 

8,000 

12,000 

40,000 

2. Paint 

3. Pop dome 

20 kgs 2.000 40,000 

50,000 

150,000 

. S;upporting Materials 

1. JBaml)o", 120 pieces 

2. Hopi 60) rolIs 

3. Woods 1,/20 - 4 m 5 pieces 

1.000 

300 

2.500 

.120,000 

.18,000 

12 , 500 

150, 500 
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Fig. 27 Ferrocement minaret 

4--.
 

4f aeel, 

WVV
 

Fig. 28 Fe rro ceint douic)f on top) minaret 



MAP OF WEST JAVA PROVINCE
 

n 

S
 

Pelobuhon Rotu 

bay 

Ujung Genteng Srd 

PROJECT DEVELOPMENT AREA 

"sabout 34.000.000 Fio. 21) 
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3.2. SOUTH SULAWESI
 

The sites whici. Aerve as centers of activities for the develop 

ment of ferrocement echn,.,logy can be located on tie map of the 

South Sulawesi. area. (Figure 52) 

(1) 	Ujung Pandang 

- 'traLning of I staff for ferrocement technologyth RATC 

- SuemnIIap and d is cuss ion on f errocoment 

- Trial construction of a ferrncement canoe in the UNIIAS 

campus 

- Consultation with the akassar Shipyard Company 

- Constrnution of a fo rronument mosqu- dome at the Muslifmn 

University o, Ilndones.;ia 

- Well casig Irom badboo ccmet 

- qepLic tank f rom b mhoo cement 

- Construct Lon of bamboo electric poles layered with ferro

- Breeding tank for shrimps 

(2) 	Tonrokassi (District of Jeneponto) 

- Field demonstration of the construction of water tank, ba

s5in, well. casing, septic tank 

- Construction of col lect.ing tank and distribution tank from 

ferroceenmt (Ioint effort of RAU-NIIAS, leneponto govern

ment olffice and Foster Paren ts5PI:ai In [ernational.) 
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(3) PaJjukukang (Maros District)
 

-	 Plan to construca:t a water tank to col lect rain water 

- Plan tO coIVt. UiIlt a i-rrocomcrit fishing boat 

(4) Tana Toraja JHi:trict 

- Plan tr xtenslon s;ervices for ferrocemenL Lechnology 

- Field demonstration a I tie construction of various ferro

cement componet~s fur the distLrict and village heads and 

the Makaie Vo;cational School. At the same time two staff 

members of 1he school were trained to become the field 

techn ic ins. 

-	 Well casing irom bamboo at Ta rongko and Makale 

'(5) Takalar DiLsrict
 

- Extension services on ferucemen u tecmnology
 

- Development of Fe rrocement 
 in thlie cons tuction of the 

dome of th main ilosqe In lakntlaar 

(6) Sidrap District 

- I'lin I aUlo t-eni-; I servi cesa (l fierroc-men 1. technology 

- Plan to i-struL a storage bin for rice and other se -

Sonda ry c rops 

- Plan Lo build l(1-ow-cost- houses 

- (ons.. ion anut of: wat r tank model from mar tar cemnent 

(7) Denteng (Sclayar Iiiis:rict) 

-	 Plan to ca;<.t ruct dome of tiLe main mosque In L;]ie city of 

Beln leng 
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(8) 	Watampone (Bone District)
 

-	 Plan for extension services on ferrocement technology 

together with dtmonstrations on how to construct the 

components 

(9) 	Enrekang District 

- Plan for extension services on ferrocement technology to

gether with demonstrations on how to construct the compo

nents
 

(10) 	Pinrang District
 

- Plan for extension services on ferrocement technology to

gether with demonstration on how to construct the compo 
-

nents.
 

3.2.1. Component Specification
 

Feirocement component which had been designed and constructed at 

sites, can be divided into two categories: 

(1) 	 Component being constructed financed by the project 

(2) 	 Component b.lIg COflsLt ructA d lliii; cd outside ot the pro

je, 1only supervised by proct staff. 

(a) 	 Ferrocement component financed by the project: 

I) 	 Component : (;entong (Water jar) (Figure 30) 

Locat ion : Tourokassi 

Dimension : Top dlatnet er 125 cm 

Bottom d.ameter 80 cm 

Depth 11.2 cm 
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Capacity 250 liters, 3 water jars made
 

Construction steps:
 

( i.) purchas i un materials
 

(it) mold p1pepara;t foil
 

(1i i) plaster (ing
 

(:iv) ('uring
 

Construction tine 9 clays
 

Ilersoiile 1 2 workers
 

Bill of Materials
 

.. Cement 14 kgs
 

2. Sand 30 kgs
 

3. Gunny sack L piece 

4. Water 12 liters 

2) Component Gentong (Water jar) 

LocatLion :Tonirokassi 

Dimension Top diameter 35 cm 

PBottomi diameter 58 cm 

Depth 65 cm 

Capacity 10 liters, 3 water jars
 

Constructi.on Steps:
 

(1) purchal ng 1, flcri[ls 

(ii) mold pr 0pt;i r-; ior 

(ii) p1 au, t(,r ir, 

(iv) crIng 

http:Constructi.on
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Fig. 30 Mortar cement water Jar 

/W 

... J,,':'";: ::Fig.,,,,;.;- , .: 31 Ferrocement water 
/.g , :.,fi<.,: <sl~o. container 

RIM-
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Construction time 9 clays 

Personnel 2 worke rs
 

Bill of Materials
 

I., Cement: 3.5 kgs
 

2. Sand 7 kgs 

3. Flour bag 2 meters
 

4. Water 1.1 liters 

3) Component: Water container: box type 
(Figure 31) 

Locat: ion : Tonrokassi 

Di mensLon .- ngLh 60 cm
 

Width 50 cm
 

Dept:h 50 cm
 

Capacity 150 liters
 

Construction steps:
 

(i) purchasing A materials 

(i[) rein forcement.
 

(.fit) plas.tering
 

(v) curing 

Const:rUction Lime 9 days 

PersonueL: 3 workers
 

Bill o Materials 

I piece1. iron rod 0 10 mm 

2. i ron rod 0 ( mm 2 pieces 

3. Tie wire 0,5 kgs 
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4. Electrode 0 3.2 mm 	 0.5 kgs 

5. 	Chicken wire 3.4 ms
 

20 kgs
6. Cement 


7. 	Sand 40 kgs
 

1 liter
8. Water 


Water container: box type
4. Component 

without steel skeleton
 

Location 
 Tonrokassil
 

Dimension : 	 length 60 cm
 

width 50 cm
 

depth 50 cm 

150 liters
Capacity : 

Construction Steps: 

(i) purchasing of 	materials
 

(i) mold prepa ration
 

(iii) plastering
 

(iv) curing
 

Construrtion time: 	 9 days
 

Personnel : 
3 workers
 

Bill of MprteriaLs:
 

1. Tie wire 0.5 	kgs 

2. Triplex 1. sheet 

3. Cement 20 kgs 

4. Chicken wire 3.4 m 

5. Sand 40 kgs
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Water tank, Cylinder type
5, Component 


Location : Tonrokassi
 

m 132 cm.
n 


Depth 150 cm 

Manhole 66 cm
 

Thickness of wall 3 cm
 

C:apacity 	 2000 liters 

Construction Steps:
 
, (I) purchasing of mirr - 1s
 

(ii) reinforcement
 

(i i) plastering
 

(ic) curing
 

Construction time 14 days
 

'3 workers
Personnel 


Mi. of Materilals :
 

I Cemnent 40 kgs 40 kgs
 

. Sand 650 kgs 650 kgs
 

30 ms
3. Chicken wire 


Iron rod 06 mm 60 ms
 

Iron rod V 9 mm 10 ms 

4 

6. 	 (-cw.ir 1.kg
 

16 I.iters
7. Wiater 
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6. Component 


Locit ion : 

1)imenslon 

Capacity 

Construction Steps: 

(i) purchasing f 

(I.1) reinforcing 

(iMi) plastering 

(iv) curing 

ConstructJon time: 

Plerwonnut : 

Bill. A{ MaLt,.riils' 

I. [ron rd ,50 mm 

2 1,,,n rod (, ,r: 

3, "1 jic w.i :' 

/4 . t. t 

t 

S, ni 

1 in wi rt: 

Triple-
8 


9, l;'mn y "NO:; 

Septic tank, box type
 

Toiroka.;s 

Length 2, in 

Width 1.2 m 

leight 1.5 m 

4,500 liters 

materials 

14 days 

4 workers 

6 pleces 

12 Ip[ ces 

85 ML vr; 

i kLzlgs 

44(0 k g; 

(I663 k g,-; 

2 kgs 

I shet 

L.O pieces 
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4. 7, 

A) NWN 

1Fig.13 t 1mu Iv11CMC~It sep t tan 



134 

Well casing (Figure 35)7. Component 


Location lonrokassi, 7 casings made
 

Dimen s ion di amet': ON m
 

height 1 .6 m
 

wall thickness 2 cm
 

Construction Steps:
 

(i) purchasing of mat'eria;,is
 

(ii) reinforcement
 

(ill) pl.abt~e r ng
 

(iv) curing
 

Construction time 14 days
 

Personnel. 6 workers
 

Bill of Materials
 

1. 	 Iron rod 0 6 mm 79,2 in 

2. 	Chicken wire 42 m
 

3. 	Tie wire 1 kg 

4. 	 Sand 1. m3 

5. 	 Cement 640 kgs 

8, 	 Component Sampan (canoe) (Figure 36) 

locattLon Ujung Pandang 

Dimens ion len1g:gth 6 in 

b)eaIn 0.8 m
 

Iegh t 0.6 m
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Fig. 34 & 35 	 Installation of
 
ferrocement well
 
casings, Ujung
 
Pandang
 

'-"~. Jr. 

-k : 	
__ 

j~,A 

MAT 	 d 
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Fi g. 36 Ferrocenicnt canoe 

UNIVERSITAS HASANUDDIN. 

PERAHU FERROCEMENT 

Fi Fu. 37ro een cno m d l n l-iii 
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Ati 

< " 'v. , . ' N. 

Fig. 38 Fe rro tmcIl i r I i Oioi box (oI,,,,l Lo S lt c 

before p] ,sLering 

:: 

**, ' 7 

T ID 

i. ?jrJl 1U o fern.im" Irrig 1 . , 
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Construction steps:
 

(i) purchasing of materials
 

(if) ruin Or, emen t
 

(iii) plu.: tring 

(iv) curing 

Cons t:ruc tion time :36 days 

Personne. 	 4 workers 

Bill. of aterlas:
 

1, Iron 1 4 pieces
rod I0)mm 

2. 	 Iron rod 0 6 mm 14 pieces 

3. 	 Chicken wire 60 m 

4. 	 CementL 160 kgs 

5. 	Sand 2 m3 

6. 	 Plywood 1/H'" 1 sheet 

7. 	 Electrode 4 kgs 

8. 	 tait I gallon 

9. 	 sunny sack 6 pieces 

10. 	 1'lastic rape 20 m 

(b) 	 Ferrocement component financed outside of the pro

ject, only uuder suprvised by project staff 

) Cjnmonent :.osque. Done - Ke[atra 

W aLt - L)ot.OsiT 	 lenHI 

1Dimension :"/4 tperc
 

d tamet~er 2 m
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height 1.68 m
 

thickness 2.5 cm 

Construction Steps : 

t(i) purchasing mt'rias 

(ii) welding the skeleton 

(iii) reinforcement chicken wire 

(iv) pias ring 

(v) curing 

Construction time : 16 days
 

Personnel 8 workers
 

Bill of Materials: 

1. Cement 560 kgb 

0.5 m32. Sand 

3. Chicken wire 84.4 in 

4. Te wire I kg 

5. 61lPipe 0 1 2 piec2es 

Mosque Dome - Takalar (Figure 41)2) Comtonent : 

Location : Takalor 

Dimension : l)iamn.ter 10 m 

height 5 m 

thickness 3.5 cm 

Construction steps: 

(1) purchasing oF an:,t,'i al. 

(ii) reinforcement and weldL ng 
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SKETCH MOSQUE DOME AT TAKALAR 

I :1000 

i0 

-chicken wire 

1-50, 250. 

I10.000 

Chicken wire :- Hexagonal mesh 

-. ix layers (3 inner side, 3 outer side) 

Fig. 40 Takalar mosque dome
 

PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT 
DI SULAWESI SELATAN 

RATC-UNHAS B PTP-ITB 
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i 4. 1 ' 	 , kalr mosque dome 

n1 	 1
 

Fig, "42 	 Sopien g mosquet, dome; under supervision 
of Lhl, pr c.tL stanff 



SKETCH BENTENG SELAYAR MOSQUE DOME 

1:1000 

pipe 0 1/2 250 250 
-.chicke wire 

12.000 

Chicken wire Hexagonal mesh 

-Six layers (3 inner side, 3 outer 

Fig. 43 Selayar mosque dome
 

PROYEK PENGEMBANGAN TEKNOLDGI FERROCEMENT 
Dt SULAWESI SELATAN 

RATC-UNHAS a PTP-ITB 

1 
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(iii) plastering
 

(iv) curing
 

Construction time 32 days
 

Personnel 10 workers
 

Bill of Materials
 

1. 	Cement 110 bags
 

2. Sand 	 6 m3
 

3. (;T Pipe 0 1/2" 	 6 pieces 

4. Iron rod 0 10 mm 268 pieces 

5. Chicken wire 	 66 rolls
 

6. Ql wire 	 20 kgs
 

3. 	 Components : Shrimp breeding tank (Figure 46) 

Location : Ujung Pandang, 4 tanks made 

D)imenslon diameter 2 m 

height 0.75 m 

thickness 2.5 cm 

Construction steps:
 

(i) ptrchasi.ng A matorials
 

(Ii) reinforcement and welding
 

(11-i) plastering 

(iv) curing 

(onlstr'uction time 24 days
 

Personnel 	 8 workers
 

http:rchasi.ng
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SKETCH SHRIMP BREEDING 

1: 20 

TANK 

PVC 0 /4 that con be taken out 

o 

1$01 

chicke wire 

I 2000 

0 6" 

4 

Remark P.V.C pipe is used for feeding purpose 

Fig. 46 Shrimp breeding tank 

PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT 

DI SULAWESI SELATAN 
RATC - UNHAS & PTP-ITB 
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Bill of materials:
 

1. Iron rod 0 10 mm 16 pieces 

2. PVC pipe 0 3/4" 1 pieces 

3. Gi pipe joint 0 	3/4" 4 pieces 

4. Electrode 	 4 kgs
 

5. Steel plate t: 5 	mm 0.5 sheet 

6. PVC glue 	 I tube 

7. Cement 	 20 bags
 

8. Sand 	 1 m3
 

4. Component Well casing, bamboo reinforce

ment (Fig. 48) 

Location : 	 Ujung Pandang, made 1 pieces 

Dimension : 	 lia=Lt: r O.o in
 

ihvight 1.2 in
 

'fl .cknesis 2.5 cm
 

Construction Steps: 

(i) purchasing of 	 m'teri als 

(if) bamboo reinforcement 

(fit) plastering 

(iv) curing 

Construction time: 	 16 days, for 5 casings 

Personnel : 	 8 workers 
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"7, 

'00~ 

F~i g . 47 /48 Ba mbo o c t e mentwe l l c a s i n g s 

A" 

.
 



14,S
 

WELL CASING UNIT MADE OF BAMBOO CEMENT 

1:10 

NJ 

- woven bamboo
800 

Woven bamboo reinforcement 

Fig. 49 Bamboo cement well casing
 

PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT
 
DI SULAWESI SELATAN 

RATC - UNHAS 8 PT P -ITB 
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PO C 

] ~ Cl' C' L'C L I- C 1)0 1,lli~t', 1(..nWllt 




150 

Bill of Materials:
 

I. Cement 2 bags 

2. Sand I m3
 

3. Bamboo 4 pieces
 

5. Component Ferrocement ditch lining,
 

I.0 pieces; made
 

6. Component Electric pole, bamboo and
 

ferrocement
 

7. Component : Ferrocement boat 

Location : jung Pandang 

Dimension Height 1.46 m 

Tb irkness 4 cm 

LA,A 4 ' 

IWI.2 9 m 

Width 2.85 m 

Construction Steps:
 

(.) purcha3in g oh. matrials
 

(H1) frnmin, and welding
 

(lit ) reinfo on,',,t
 

(iv) p .astering 

(v) c:uring
 

Con:;irm-tion time : 32 days
 

5 - 10 workers
Personnel : 
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Bill of Materials 

I., 	 Web frame RB 0 /2" 310 m
 

(iron rod)
 

2, 	 longitiudinal RB 0 ./8" 500 m 

3. 	 Keel frame RB 5/8" 15 in 

25 bags4.. 	 Cement 

5. 	 GI wire 20 kgs 

0 3/1 16. 	 Transverse frame RB 500 m 

35 kgs7. 	 Electrode 

8. 	 Mesh wil.der netting 1.35 m2 

15 sheets9. 	 Ply-wood 

15 kgs
10. 	Paint ACI 


11. 	 Wood 500 x 15 x 3 

400 x 7 x 3 



152 

Materials and manpower price list in Ujung Pandang, January
 

to May 1979
 

Unit
No. Name of Materials 

(Rp)
 

1. Cement bag 2,250 

2., icken wire meter 750 

3. Sand m3 2,250
 

4. Tron rod 0 6 mm pieces 1,750 

5. Iron rod 0 10 mm pieces 2,250 

6. Tie wire kg 1,000
 

7. Electrode 0 3.2 mm kg 1,000 

H. Triplex sheet 4,500
 

9. ;unnv a pieces 500 

Labor Cos t 

i Aniun L
No. 0 -ki1ln 

1. 'l'Technician per nay 1,250 

2,. kiilcd worker. per day 1,000
 

3. . rkt r per lay 750 

4. He lper per day 50 
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3.3. A C E II 

c'pmn cnrrIod 	 it in the Province ofO\-ovFerricentent technology 


Aceh can he ].o -mt(,, nil thlie m:p o' proviice of Acoh (Flgure 80)
 

3.3.1. 	 Component Speci f fc,-it ien 

been de.si ned and constructed at
Fe.rrociment c ,-pornt ,'Mclh had 

sites can .im ,", i-at . 

d finanCe d by the project(a) 	 Cofpoti oil: be ing c onsrdi 

in co .' t'.! f ir,:n o,:'",outsde of the pro
(b) 	 Compon,;t" S 


ject, only supervi sed by project staff.
 

rOj ccL(a) Fe rroc emc.nt co M;', n 'n tf(in*,-: .y 	 t11. . -

I: tangluar Septic Tank/Reservoir(I) C(omponent 
.'Vi.u re 53) 

ar ;-, 	 ;Lor't inn 

1) imenw-f orl Le n t: 1 1 .5 m 

ei1ht ..5 m 

25P00 	 1 t t0e , 1. constructedCapacity 


Construiction -:jP.2:
 

(i) pri-crrat. ion work 

(I ) mie.i,: r',inflor'entt 

(i [ r i -,: 

(i':) f11 tcrl i 

( v ) ;ti r 1,n'; 
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i -

FL,. 53 Ret t;mgul ar ferroccment water tank 

LO'U IA 0T ISI MLNflAT 

w,",., 4 (y iSYIA' ITt USAief 

cy IF~ 1 C nd?ri I ticr rocunient water tank 
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Construction time 3 weeks
 

Personnel 	 4 workers 

Biti of Materials 

I. 	 Chicken wire 30 m 

2. Iron rod 0 3/8" 	 2 pieces 

3. 	Iron rod 0 4 mn 6 pieces 

4. Cement 	 7 bags 

5. 	Tie wire 2 kgs
 

6. Pipe joint 	 3 pieces 

7. 	Sand 1 m3 

8. Gunny sack 	 6 pieces 

9. 	 Plastic sheet 10 in 

10. Plastic rope 	 20 m 

II. L i r e 	 5 kgs 

12. W o o d 	 0.5m3 

13. 	 B o I t 8 kgs
 

4 kgs
14. N a i I s 

. Water tank, cylinder type (Figuie 54)(2) 	 Component 

Location :Darussalam, 1 cufl truceLd 

Diameter 1 mDimens ion 

Height 1 .3 m 

Thickness 2 cm 

Capacity 1000 l.i.ters
 

Construction Steps:
 

(1) i'reparation w;rk 
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(ii) mesh reinforcement 

(iii) wood work
 

(iv) plastering
 

(v) curing
 

(vi) finishing
 

Construction time: 2 weeks
 

Personnel 3 workers
 

Bill of maLeriaJs:
 

1. Chi.kon wirt 20 m 

2. Iron rod A 3/8" 9 pieces 

3. Tic wire 0.5 kg 

4. CCmenL 4 bagy 

5. Sand 0.5 m3 

6. Paint 2 kgs 

7. Pipe joint 3 pieces 

8. Wood 0.25 n3 

9. Bolt 2 kgs
 

10. Nail s I kg 

(3) Coflponupt" : I. b1 at /canoe ( 'l:,u r 55) 

Locat ion i)a r ';a ] am 

Dimens ion 1,eath 3.8 ni 

Width 1.2 m 

Wall LiiIcknes; 2.5 cm 
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Fig. 55 1%rroecmtft smnall boat 

",~, .. 

' .
W ': i : .. 

Fig.56rroclm, t .'mc, leyah BarF 
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Construction Steps: 

(i) preparation work 

(i) 

(iii) 

reinforcement 

plasteriug 

(Iv) 

(v) 

curing 

finishing 

ConstructLon 

Personnel 

time : 3 weeks 

5 workers 

Bill of Materials 

1. Chfcken wire 

2. Iron rod 4 3/8" 

3. Cecnt 

4. Tio ''re 

5. C;' pipe 3/4" 

6. PanL 

7. Sand 

S. (;mny sa'k 

60 m 

20 pieces 

11 bags 

0.5 kgs 

2 pieces 

3 kgs 

n3 

6 pieces 

.8. 
10. 

i I t< t...... 
11 

).i 

(4) Cornpoent 

o, un 

t)imons jion 

Copaci. ty 

: 

; 

Water container 

russalam 

Length 1 rn 

Width i in 

Ilght; ] in 

1000 li.,t'r 

(Figitre 57) 

, .. ,i:,.; L ' . ::! ,.,~ i<.::.,;:
: !  '•- .', i 

i <,, .:•:.:•/ ' .!i • ..... " '4<4 
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Fig. 57 Ferrocement water
 

container
 

Fig. 58 FUrr-OLUnIe, garden bench 
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Construction Steps:
 

(1) preparation work
 

(H.) reinforcement 

(!it) p .Lering 

(iv) curing and finishing
 

: i weekConstruction time 


Personnel 2 woikers
 

Bill of Materials
 

12 m
i. Chicken wiv¢ 

Iron rod 0 3/M" 4 pieces2. 


3. Tie wire 0.25 kg 

4. Cetut 3 bags 

0.5 m3
5. Sand 


6. Gunny sack 2 pieces
 

7, plastic she,:.et 2 1n
 

(5) Tra-ning in tt 

Amount
 

Component of Troining :-- Rce bin I 

-- Aulvert ] 

- Wall element 2 

9- Containers 

-warden bundwslh,' 2 

- (;arden .sLtool 8 

- Children', llde 2 

-Dtc elemernt 2 

http:she,:.et
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Amount 

- Water tank 
1000 liters 1 

- Flower Pot 10 

- Dome 

Location Darussalam - Aceh Besar
 

D)uration of Training: 4 months
 

Personnel : 20 workers 

Bill, of Materials :
 

1. Chicken wire 11 rolls 

2. Iron rod 0 3/8" 112 pieces 

3. Tie wire 4 rolls
 

4. Cement 102 bags 

5. Sand 2L m3 

6. (;I pipe 5 pieces 

7. Paint & lime 1.0 kgs
 

8. Rubhe r hand gloue 10 pairs 

9 Gunny n;i'i 10 picces
 

i0. Plastic sheet 20 m
 

11. Plasti.c rope 30 m
 

12. Plast ic bucket 14 

(6) Compunent. Boat (FI,,rQ 56) 

Location Deyah Haro - Aceh Besar, made 1. 

Dimension Length 6.7 m 

Width 1. 2 m 
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Height I .05 ni
 

Wall thickness 2.5 cm
 

Construction Steps:
 

L) prepa raLion work 

(ii) framing 

(M1.1) mesh reinftorcetnetlt 

(Rv) p.atering 

(v) curing and inlshing 

Construction Lime : 2 weeks
 

Personnel 
 8 workers
 

Bill of Materials 

1. Chicken wire 45 i 

2. I ron rod 0 J/8" 10 pleces 

1. Tie wire I kg 

4. Cement 8 bags 

5. Sand 0.5 mA 

6. GI sheet: 2 sheets
 

7, Wood I. ank 2 pieces
 

8. laint 5 kgs 

9. Hall and bolt I kg 

1({. Ptlas;t j c rop.. 10 11 

11. (0;1'.1v :;:LO, I.{ pieces 
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(7) Component : Ceiling Mosque Dome (Figure 59)
 

Location : Lhueng Bata - Aceh Timur 

LO) m)imension : Diameter 


Height 2 m
 

Construction 	Steps:
 

(i) preparat Ion work
 

(i.t) sea ffolding const rucLion 

(ili) framing 	and skeleton 

(iv) mesh re* ii ;rCemunt 

(v) p laterI lng 

(vi) curing 	and finishing 

1 month
 

1 10 workers
 

Construction 	time : 

Personnel 

Bill of Materials :
 

400 m
1. Ch icken wire 

2. 	(;J pipe 0 1 1/4" 14 pieces
 

0 3/8' 40 pieces
3. fron rod 


rod 0 1/4'' 30 pieces4. 	iron 


3 kgs
5. 	Tic wire 


3 dooz
 , ,ec t rod;a 

7. ScaffoLd 	materials 
1 m3(woo ) 

3 m38. 	 Sand 


20 pieces
9. (unmny sack 

50 m
ii., Plastic 	 rope 
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Fig, A9 Plastering f,..rrocemenct ceiling dome
 

. !"
 

Ft
 

Fig 60) The aosqueriom .iuc'mn L1"11l *h2ing de 
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(8) 	 Component : Small Mosque (Mushalla) 

Location :Tapak Tuan - Aceh Selatan, 

Desa iambu Apha 

Dimension 3 by 4 m (12 m2 ) 

Construction Steps:
 

(I) 	preparation work
 

(L) 	 foundation and floor con

struction 

(ii) 	roof construction
 

(,.v) 	 reinforcement 

(v) 	plastering 

(vi) 	 curing and finishing 

Construction time 2 weeks
 

PersoaneI : 6 - ]0 workers
 

Bill of Materials :
 

I. 	 Chicken w170 43 M 

2. "ron rod 0 3/8" 15 pieces
 

3, 'T'ie wire 0,5 kg
 

4. Cement 9 bags
 

>. Sand 2 m3
 

6. 	 PaI.nt 4 kgs 

7. 	 Wood 6/8 cm 22 pieces 

8. 	 Wood plank 3 pieces 

9, 	 G1 sheet BWG '32 1f) sheets 

10. 	 Nail 6 kgFs
 

]L.Gravel Z mi
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:ater tank, washing facilities for
(9) Component 


the mo:sque (F re M) 

Locat ion Desa 'iog.ah, 'Apaik luan - At- Be.sar 

Dimension The area ot facilities: 4 by 4 (16m 2 ) 

water tank: 	dianmeter 1.20 in 

height 1.50 m 

: n,0 literq
CapaciLy 


Construction Steps;
 

(t) preparation work
 

(if) framing
 

(ii) mesi reinforcement
 

(jv) pl astoring 

(v) curing 	;nd ii ishIng 

Construict ion time 	 2 w..:-i
 

8 u"s
Personnflel : r1.'k' 

B ].Iof Mat tridl , 

1. Chicken 	wie 22 in 

2. Iran rodt 	0 JI/, H pieces
 

3, T Are 	 L.5 kgs
 

4. 'emcznt 	 6 bag, 

. kg
5. Paint: 


6. ;and 	 0,75 m
 

3
2
7. 	Split stone 


6 M;, FanCuet 

9. GI pipo 	0 L'' 6 in 

i(. ZIin l 	 t 1-0 . 
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11. Cement 3 bags
 

12. Sand 2 m3 

(10) Component ater tank, washin, facilities
 

for the mosque Figure 62) 

Location l)esa lrengat, Tapak uan - Aceh 

Selatan 

2
Dimension : wall area 23.2 m

water Lank : diameter 1.5 m 

height (). 7 m 

Capacity : 1200 liters
 

Construction Steps:
 

(i) preparation work
 

(i) framing
 

(ii) rein forcement:
 

(1v) pl.asterinlg
 

(v) curtng and finishing 

Construction ime : 2 wekH 

Personnel : 8'0workers 

BILI. of Materials
 

.. Chic ke wire 76 m
 

2. Iron rod ' /" .19 pieces 

3. (mn 1: 13 bagL 

4. TIe wire 0.73 kgs 

5. Sand 2.5 3
 

6. Gravel 2 m3 
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.*4 

Fig. 61& 62 Water fcilities for purificationat ritethe mosque ferrocement wall & water tank 

- A IR 
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7. Split stone 	 2 m3 

8. FauCt 	 4 sets 

9. (l pipe .12" L piece
 

10, Wood plank 4 cm thim'4 2 pieces
 

11. GI sheet 	 2 sheets 

12. Nall I kg
 

13, Pairt 4 kgs
 

(11) 	 Component Water tank, washing factlitles 

for the mosque (Figure 63) 

Locat ion Desa .Jarmb i Aph;i, Tapak Tuan 

Ac, celatan 

Dimension Floor area 3 m x A i 

Water tank diameter 1..2 m 

height 1.2 in 

Capacity 1.300 L.iters
 

Construction Otpps;
 

(i) propart ion work
 

(iH,) I raining 

(iiM) reintEo,cement 

(iv) ptstering 

(v) curing and finishing
 

Construction time 2 wee .
 

Persnnnel 7 workers
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". ' ' -

Fig. 63 & 611 	 Wa te r faC iI itifs foY purification 

rite at the mosque; ferroccment 

wail & water tank 

-t.''' 
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Bill of Materials
 

I.. Chicken wire 15 ni 

2. Iron rod 0 3/8" 8 pieces 

3. Tie wire 	 1 kg 

4. Cement 	 3 bags 

5. PaMin 	 2 kgs 

6. And 	 0.5 kg 

37. Foundati on stone 3 m

8. Grave.l 	 2 3 

9. Saud 	 1.5 m 

10. Cement 4 bags
 

IL, Faucet 4 sats
 

1.2. CI pipe 	 I piece 

13. Zinc plate 	 10 in 

(11) Component Waver tank, washing facilities for 

the mDosqte. (F"i gure i-4)
 

I~ocaitiol :De. Onr
;:iA Iapak ']uan 

Acch VI It
 

2 )
)imension 	 Fl ot area 4 by 4 (16 m

Wa .I area 6 m2 

Wa er:tank: d i.;Lmeer 1. 20 m 

height 1.20 m 

Capacit y 1301) liters 
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Construction Steps:
 

(i) preparation work
 

(it ) r raming, 

(1i) mesh reinforcement 

(lv) plastering
 

(v) curing and finish ing 

Construction time : 3 weeks
 

Personnel. 8 workers
 

Bil of ,iacerials 

1. Chicken wire 102 m 

2. Iron rod 0 3/8" 47 pieces 

3. Tie wire 6 kgs
 

4, Cement 12 bags
 

5, Pa in 1: 7 kgs
 

6. Sand 3 3 

7. Foundation stone 1.5 3 

8. Ornvei 3 M3 

39. Sand 3 

10. ,)ood 5/7 cm 16 p iece s 

11.. ipe joint and Wdlce,: 5 sets 

12. NAH I kg 

IH. Cement 5 bags 
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(.3) Component. Mosque entrance Verandah (Figure 66) 

Location : I)esa Hllir, Tapak Tuan 

Aceh S"i.atan 

Dimension 	 Floor area 2.5 m x 14 m 

Entrance height 3 rn 

Construction Steps:
 

(i) preparation work
 

(il) framing
 

(iii) mesh reinforcement
 

(iv) plastering
 

(v) ,ur[ng and finishing 

Construction ti:me : weeks
 

Personnel 9 workers
 

Bill of Materials 

1. Ctcken wir: 200 in 

2. Iron rod 0 3/8" 50 pieces 

3. Cfmen t 	 20 bags
 

4. Tie wire 	 10 kgs 

5. Paint: 	 10 kgs
 

6. saud 	 4 n3 

7, Wood 	 1.5 3 

8. Ainc plate 	 20 sheets
 

9. Nail 	 10 kgs 
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(14) 	 Conponent : Fishing boat (Figure 67) 

LocaL ion : Desa Jambu Apha, Tapak Tuan 

Aceh Selatin 

Dimension 	 : fengt1 1 ,
 

Idth 1."10 in
 

Construction Steps:
 

(i) preparation work 

(i) framing 

(Iii) mush reinforcement 

(iv) plastpring 

(v) cjjaig and finishiq. 

Constructir., time 2 weeks
 

rsout . t8 vrk'js
 

Bill of !Maturil.:
 

1. Chlicken wi'e 95 m
 

2, iron Yod 0 3/8" 17 pieces
 

3. 	 Tie wi rc 1 .5 kgs 

4. 	 Cement 8 bags 

5. 	 Sand 1.5 m3 

6. 	 Paint 4 kgs 

7. Wood 3/6 - 8 m 2 pieces 

8. 	 Wood 6/8 cm 6 pieces 

9. 	 Bamboo 10 pieces 

10. Nail 0.5 kg
 

Ii. Plastic rope 10 m
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-T"Yt l!) 

If4 

F!g.. 68 FcremnCPHCl Samnpin: thOllt tou 1W I '1rni'1C 
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12. Plastic sheet 20 m
 

13. Ctinnv si;ic 10 pieces 

14. So.: .:
re 	 0 pie'ce,

(15) Compoauni : Sampan (Canoe) (iEigurv 68) 

Location 	 Desa 'Ingaih, Tapak Tuan 

A ce,.h SelaraE~n 

Dinension Length 3.5 T11
 

Width 0.8 m
 

Construction Steps:
 

(i) preparation work 

(iH) framintg 

(Uit) mus;h rvinforcement 

(iv) p las ter ing 

(v) curing and finishing
 

Construction tibe 	 I week 

Per Inn(i ' 	4 workers 

Bill nf Mavtrf., :Li
; 

1.. ('hick n '.,it,., 25 m 

2. Iron r(d 0 3/,8" 8 pieces 

3. lie wir 	 1 kg 

4, Cement 	 3 bags 

5. Plaint 	 1.5 kgs
 

6. ;and 	 0.5 m3 

7. Gunny ::rk 	 3 pieces 
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(16) Component : Small mosque dome (li zurc 70) 

i~oc~a t: on : Desa .Jambu Aph', Tapah Tuan 

Ac4'I >~d an~.;: 


: mt:or r! 

He igigt 1 .5 m 

Dimunsio 


Construct ion Steps:
 

(I) preparation work 

(if) framinlg 

(iii.) mesh re 1llioVcoment 

(Wv' p 1asie ri ng
 

(W' curing and finishing 

ConS. rucLioruln ti .m2 ww.oi
 

Pursonn' 
 " worke rs
 

friLl of M.aterials;
 

1.. Chiicken wi re 108 11 

- o, rod ; 20 pieces 

3. 	Tic . ir.e 1.5 ks
 

! i bags
4 Cement-


5 Paint 10 k.s
 

I . m36. Sand 

1 / 

B'olt 1.2 piece:i 

7, ,ond 1/12 and 5/12 *'; pie !s 

8 

9, (Atny cick 	 I0 p 1eco,; 

10. PlasLic rope 	 20 m
 



]s0 

L I 4
 

Fi 9 las eri g o - s illI -- er c Ljj'4 i)li 

Fi . 7 
 i i h d f r o uin na ) to w 

w a a / 44,
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(17) Component Dome and gutter
 

Location 	 Kota Tapak Tuan
 

Acph S;e 1a tua"
 

DImension 	 Dome diameter 10 m
 

hei.ght 8.7 in 

Gutter length 150 Im 

Construction Steps:
 

(i) preprat ion work 

(ii) framing aud veleton 

(lii) meh rein!forcement 

(Iv) plate ring 

(v) cnur'.ng rid finishing 

Construction time 1. months
 

Personnel : 8 workers
 

Bill of Materials
 

1. Clicken wire 783 m
 

2. Iron rod 0 3/8" 152 pieces 

3. Tie wire 	 25 kgs 

4. eM t 	 85 bags 

5. San.1 6 03
 

6, Wood 5/.2 20 pieces
 

7. Nat 	 1 kg 

8. Plastic rope 	 40 m 

9. Gunny s;ick 	 20 pieces 

10. Paint. 	 25 kgs
 

http:cnur'.ng
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(18) Component : Ferrocement house: type 70 (Figure 72) 
one made
 

Location : Da russ nm
ai. 


Ttension : 	Terray 2.5M x , m 

Liv inq Nnlin 3 x 5.5 n 

Dining N um 3 m x 3 in 

Bed Room 3 m x 3 m. 

Bed Room 3 mn x 4 m 

Bath Room 2 m x 2 in 

Kitchen 3 m x 3 m 

Wal.l thickness 3 cm 

Construction Steps:
 

(i) preparation work
 

(Wii skeleton and reinforcement
 

(1ii) wood work
 

(Iv) fuundat.ion and floor constrction
 

(v) plaSLcrinK wail. 

(v) rooC worl, 

(vit) curing 

(vi fi) Ilinfi;hing 

Const:uction time 	: 2 months 

Personnel 	 • 6 to 11 workers
 

Bill, of Materials
 

1. Chicken wire 2. rolls 

2. Tie wire 32 lkgs
 

3, CemeIt 149 bags
 

4. Sand 	 5 trucks
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Fig. 71 	 Fecrocement folded plate tecras roof 

of the house 

rr 
.~ ~ . .. .... ~ ..i .:i .. ....... 

Fi g. 7:' 	 Frot otype of ferroceient house t ype 70. 

All min rLICtuII'S ; e feru OC.Tient, in

( I ng ite wa I I 
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5. 	 Iron rod 0 3/8" 225 pLeces 

6. 	Tron roc 0 1/4" 104 p.ieces 

7. Paint: 10 I n t, 

8, Cement 178 bags 

9. 	 Sand 3 trucks 

10. ravv 1 	 4 LruL.,k,: 

11. Sand f or land improvement 40 t r1cks 

I'. Doo r / sets 

13. 	 Window 10 sets 

14. Wood L..3 m3 

L5. GI sheet 42 sheets 

2.6. 	 Nal 5 kgs 

17. Nail 5 kgs 

L8. Door lock 7 sets 

19. 	 1I1..nge 14 sets 

20. Plastic sheet 2 rolls 

21,. G~unnv :, 20 p Iecus 

22. 	 la t i c rope 2011) 

23. 	 mo t 10 kgs 

24. 	 Lime 25 kgs 

(10.) 	 Component: car ga rage (l gure 74) 

Locat Ij nlol u 0 , ;:1 

Di-.ens Ion Barrel oh 1 type roof 

Cover area 3 i x 6 in 
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Construction Steps:
 

(i) preparation work
 

(11.) ske] ndna'tA rraminv.f 

(MiJi)mesh ro infv:eut 

(iv) p la te rijgi 

(v) curing and finishing 

Construetion time 3 week., 

Personnel. 6 wn:rkers 

Bill of Haterials 

1. Chicken wire 310 m 

2. Iron rod 0 3/8" 84 pieces 

3. Iron rod 0 1/4" 30 pieces 

4. TOu wire2 15 kgs 

5. ('Cment: 62 bags
 

6 Sand 12 m3
 

7. Paint 4 pints 

8. Foundation stone 6 M3 

9. Sand for soil Itmprovemont S m3 

10. Gravel mi;ed .ith soil 6 m3 
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Matecrials price list 	in Banda Aceh [or 1979 and 1980
 

19)79a 1980 

H.!, H8p. 

C.hicki' ' r!c 	 7'(8 900 me LeI 

2. Tie wire 	 600 800 kg 

3. Iron roo 0 lH/'' 	 1, 6(w 1, 800 piece 

06 750 1 ,000 piece 

6 ! 1 litJ 1,400 piece 
4. flHI er mcsh 2,*20 2,500 p.iece
 

.5. Gi pipe , tt;!" 3,[00 3,500 Le e
 

) /4" 1, 0 pi ece
30) 
1'¢ I ] '' , ('00]) ee 

;4 1" 6 1 0 f), 50() piece
 

6.* PVC 0 11"'( 2,8(00 pieee
 

0. 1'' iO .. , 2)1) !, ipa(t ore7. 	 lFauvr 011/2" Brass st:058' 


(i r cue 1,6.,
 

S. N A. i 1 	 s n G () k, 

9. (U s-et. ( ' 	 ' -- 8'et 2,500.(n 2, 759 sheet. 

isW(; 62", I , (10 2.100 1he .00 
(1c.. n - r ,..,,9 2,2'30 l 2,757 )i_ ha{,'
 

.31. ai H .1 	 () ((t) 7,000) n.3 

12. (A iv I 7, ) .) Iil] 

13. Rivei .w,n- (f ldation) 5, 500 7,(()n) I 
14. Br i, ( ' ".') 	 4( ). pieCe 

15. 1, i 	 100 125 kg 

16. Wall jiwH 3,00) 3, 	 0)) kg 

1.7. Wool paint 	 8)() 1,000 k g 
18. Wvlow) t( 	 00 t:!51000 m 

Wo r1" !11. 	 01), 0 0 m), o w) Ill: 

l 9. Wood< 1Pk1, l,. 	 f) 0.t5() . 
175) piece
 

. u. t0,,I 125 j75 piece 

I 
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Labor 	cost l:ist: in Banda Acch for 1.979 and 1980
 

1979 1980.
~No,, kill. 

Rp/day Rp/day 

I. 	 Worker 1,000 1,250
 

Foreman 1,250 i,500
 

3. 	 Head Worker 2,250 2,500
 

4. Masonry Worker 1,250 1,500
 

5, Head of Masonrv Worker 2,500 .3,OO
 

6. 	 E.tr , I. 500 2,000 

7. 	 ,v;t Work.r 2, 000,el 	 1,iO0 

.	 Carpeut:or 1,200 1, 500 

9. 	 Head of SteRl work 2,500 3,000
 

10. Painter 	 1,250 1,500
 

11. 	 Head of Painter 2,500 3,000 

12. 	 Earth Worker 1,000 1,250
 



(b) 	 Componenc being constructed ftnanced from =,tside of the 

projQct supe rvie:d by the project staff 

Number ofName 	 )No (ofomponen. LOCaIto 
(omponent 

1. 	Sma l1 Mq.ue (roof, wall from 1'apak 1'ian I 

I ) .1.' . ',f,.'l:l i}Ac h . c atar
 

I- Mosque. i . -L n..:. bv Lo al 
 Tapa k 'i' l'
 

Public Work; lWDpartmot Aceh ,elatan
 

3. 	 W'a]l L A two-. foI or hou.' Lam Nyong 

(Aceh Kcar)
 

4 Mosque Dome Sulkarami
 

Amndn a.ce h 

5. 	Wall Conq;ructinn Campus 

Darussalam 

6. 	 Water tank Campus
 

Da tussa Iaiii
 

7. 	 tlousu TerraR Ca .)py Umprit 

Banda Aceh 

8, ] ~n-. floor house tPunge 1
 

II Banda Aceh
 

9. 	 Tona-floor .shopping complex Biand; Acoh 1 

10. Wall nf a church Banda Acelh I 

]1 . ihi tdr n'i p v o'',ld i.i,i Ja Acel1 1 

12, Wal I oF a ~ey,'h i Iaro 1house 	 l 

I ,\ceh Besar 

13.1 	 Septic Lank Pune 
STanda 	 Aceh 

1/4 M.,quo !,me.1 1 

Vac'h Pidle 
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Fig. 75 	 Ferrocement mosque dome
 
at Tapak Tuan, diameter
 
of 10 m 

I4 

Fig. 76 The conventional method of 

mosque dome constructi-n 
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Fig. 71 Ferrocenent teri-as canopy 

Fig. 78 Typical rib s;tructure of ferrocement canopy 
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r npjex ; c-

s h opp i n 
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~i I 
"- "-	 - -------


Fig. 81 	 [yp icaI rib slab fcrrocement floor of Lhe 
shopping complex 

~ q •,, ! t , :.:: :' i, 	 .: 

Fig. 82 Living room ceiling of the house, 

thin shell structure 
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.4 

4?._4 , . ' " . , 

4C4 

Fig. 83 & 84 Ferrocement slide inuiic cilijdr(i' ; 
play ground 

n4 

l-. ,4,' 

.... ,lill~l~ul~ljllI'( :i,,,i.! 

.g,3., 



ACEH PROVINCEMAP OF 

A CE H 

Langsa 

Meulaboh 

oTapokt uan 

R?Simeulue 

Fig. 85 

Scale I: 34.0G0 000 
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4.0. 	 PROJECT RESULTS
 

4.1. 	 WEST JAVA 

4.1.1. 	 lardware Output-

The "onpul" the projects done in the Sites selected byt'fr.,n, 

DI C-ITB can: he classified according to tho approach done: 

1. 	Comuuity develop~ment app~roach 

. r(oTdware developmennt approach 

3. 	 I ardware ,devolopnmeMt im:plment:ation appioach 

4.1 .1.1. Conrnui ty vtc'.'lopmenIt Approacl 

In Lhi lii:onh ic c being developed ained lrilt Jrd,..ir. is 

cipallv at conmmunity de'elopment based on the study of the 

ln( tl need:, iking iito accun.t the fact of local support 

for 	the wotki 114, out of the tLchnolo4gy to he developed. The 

sequenep of ,.''C ljtpelw alway:s coniders the social aspect 

of conmmni. tv ,!cve l:-m mentiond( in sec t i on 20 .3.1.l a:u-;i 

'The OutplLt t',m !hi:': .Ipr'oar:ib I,;gnerlo ily a hardware net: 

work MIhL will bp "tili ecd in i proposed s.yst em. In this 

ease it i' r'i-;l '..i q;utCpi,' w il1; ' 	 rural.ipp v,,eii is :;t'ill a 

serious problem in Kst. Java. Isu'ainise the object LS ColilIflhl-

nity development, the' dLerminat ion of the project and site 

sele:t ion)1cn:,t ilutucs I (A it ict. step in the Jannilng. 

Of Lhe 	seve ral ,,'(5sihi!ilii's aurfir:ic'd, I'IT(.-lIT , designated 

severa i proje''Ls for clean waLcr supply in the village of 

Buniwangi, tSukahtumni D)istrict. It encompasses: 

http:Jrd,..ir
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1. Water source conservation and protoction 

2. Water transportati.on and di.strIibution 

3. Wat e r . z,. 

4. WaLer vlariffi;nti .n 

- Community of (Cimanggu 

Water supply system cot.:i st ing of water storage tank, 

ditch lining and a foot brldge 

- Community of Cialada and Citapen 

Water supply system ,onsisting of a small dam, piping 

of ferrocemunt t An fiber ,:ment, water storage Lank, and 

pub i f itcili ies. 

4.1.1.2. lardwa re )uvv1.i)pmnt Approa,;h 

In this app >roach th e component. t iat is going to he applied 

Is first dev-,lopd, Evn while ithe hardware .as in its first 

stages of dveiowlment , thie nr, .ecL des.i.gn and pro]ect design 

and pr int o i )1co Look int., ;cwthlnt t.ahc:n: Inl and e co

viabi 1 it y in Li mh; t 11 5 .L r api icu lo.( , henl1celOlic 

it followed the projctr dles ,n critur'La described in Section 

2.5.1.1. ur in ,, actual u ccttlion, it was found that the 

social and economic aspcts p ycti very .i rtrtvat roles, the 

IocaLlon and tLc cuUporc,'t under deve±l opinti being strictly 

related. 

http:des.i.gn
http:transportati.on
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1. 	 Village of Cikarang 

be utilized as - Feruncetl.Pt shoIter, hypar type, to 

shel,.'r And small plh.ic huiLdiu 

as part of the road system
- lrocerne ponutoei irr' 

2. 	 District of Bandung 

minaretdome to be used as a- Ferrucement. LoWer and 


for a mo sque
 

3. 	 Fi ber W' l dM I ope-t 

utilize the available or
- Material to bv deveL oped 

ganic fiber to make: 

supply.- iber centenL pipes to be used 	 in the water 

Syst.em 

sleet for low-cost- fiber cement corrugated roofing 

hous iug 

matt ing wall to be used in - fiber cement bamboo 

Light and shock-proof const: ruction. 

tested parall]el
MOSt of these hardwar deve!oaped and are 

to the IV iopmert pi ..cL In SeOtinn 4 ...cnmu.niLy h:' 

The result ts ftom tlie t suing of theo.comuolonel ts are written 

up as .an.a. ( Se: Ulll 1.UJ 

tardwar.- Dve!hlopmcn: Implcmienrtion Approach4.1..1.3. 

the Itardware prev ionAsly developed In one
In Lhi:s approta( Ii 

applied in a different locatfion
Locat ion i.s revised to be 

with similar circumstances. 

http:Feruncetl.Pt
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1. 	 District of Bandung 

- Fe rrocement H.,par Mosque.: developed and implemented 

fron ie d:vl.I ,pwn[ of t e she.lter in Cikatrn 

- Bus sho,,ltr er: i-v., in f rom of 'IA,;sihc 


2. 	Village o . f .rik i:;tri t of SO ON 

- Water supply :m',.;tm : cIl,'.1ped aid implemented from 

the results ol the fieid develo pment in tih village 

of Buriwan. 

-	 C(ommunitv of Cija;iyant 

Watec ysrem c,,ni:tttin g of water storage tank, 

pubie aw i , f;gtlfcmdpu li iie 

lat 	 "er i (:; (612 i' KA, ('- ,;ite catchmenlt,supl l% uony 


fiber ceri) pip'in,,,, pib i fa&r il
wi v er;;!te- it ies.
 



MAP OF DISTRICT OF SUKABUMI
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4
 

4.1.1.4. Hardware Result 

Hardware results which were developed in the field can be sum

marized as follows: 

No.- -- Nam(,--ofComp1onent~ LWn j 	 Amount 

1. 	 Ferrocement Pontoon CIkarang Carrying Load 1 

Ferry 	 8 tons 

2. 	 Ferrobamboo curved Village of 7.8 span i
 
Bridge Buniwangi
 

3. 	Water distribution box Village of 2.000 liters 

Buniwangi
 

4. 	 Bamboo cement water Village of 2.000 liters 1
 
Bpniwangi z
 

tank 


5. 	Rectangular (box) Village of 2.000 liters 1
 
water tank Buniwangi
 

6. 	 Ditch linirg Village of 2 m/unit 15
 
(trapezoidal) Bun:iwangl
 

7. 	 Channel, lining, semi Cisalada, Vii- 2.2 m/unit 312 unit 
cylinder lage of" Runi- installed 

wangi 

8. Fibercement pipe Cisal.ada,Vil- 2.2 in/unit 413 unit 
lage 	of Buni- installed 

wangi and 
Village of
 

Citarik 

9. 	 Ferrocement water tank, Village of 1.500 to 750 4
 
cylinder Bunlwangi& liters
 

Village of
 

Citarik
 

10; Bamboo cement bathing Village of 7 
and washitg facilities Buniwangi & 

Village of 

Citarik 

11. 	 Bamboo cement septic Village of 1.,500 m3 1
 

tank 	 Citarik 

12. Gothic vault shelter Village of 3.5 by 3;5 m 1 

Cikarang
 

Continued
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LAY OUT OF WATER SIJPPLD 
El l F VILLAGE OF BUN!WANG! 
Q i E - house 

0 - ri( field 

El L - clove plantation 
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LAYOUT OF WATER SUPPLY AT BABAKAN
 

JAYANTI VILAGE OF CITARIK 

Mosque washing 

facilies L 

DlE
Exi., inghidmm pump of DTC 

..... D---.
 Mosque _ _ _ _ -

- Fc. water tank 7.500 itr 

Bamboo cement 
I washing, bathing facilities

DE D and septic tank 

n 

D~I 

-. .PVC pipe 

ol :house 

Fig. 88 

Scale 1:1000 



LAYOUT OF WATER SUPPLY AT CIAUN 
VILLAGE OF CITARIK 

SPRING Z 
WATER 

0 

:" ~~ROADTO PELAUHZN RA U / " i " 

REMARKS: 

" Ii . _ MOSQUE 
"i-  -- HOU SE 

FIBRE CEMENT PIPE WATER 
' ' 

SUPPLY-
. . . . 

•FACILITIES 
BATHING a WASHING 

Cimandiri River 

Fig. 89 

S Scale = i lOa0 
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Dimension/ 

* No. Name of component Location Capacity Amount 

~13.	 Ilypar mosque Villagr olf Sadi5mx 5 ni.
 
sorean g
 

14. Bus shelter 	 City of bandung 2,5niX 6 m I1 

15. Minaret and Dome 	 City of Bandung 12 m height 

4.1.2. 	 South Sulawesi
 

The hardware results which had been constructed in the fildr
 

listed as follows:
 

4.].2.1. Ferrocement components financed by the project; 

No. 	 Name of component Location Capac Lty Amount 

1. 	 Gentong water jar Tnoki. i 250 liters 2
 
J,. rtclvron t o)
 

2. 	 Centong Water Jiar- . Thlrokissi 10 lIi: S 3 

3. 	 Water container with to .50 liters 1
 

Skeletal Steel.(ecpouto
 

4. 	 Watec: conr Lra ier 'ih ,;w 'o liz.
 

without skel ] (.LTre,,ut o)
 
steel 

5. 	 Water tank Foi rc1;m:. 2,000 liters I
 
(Je nepron to)
 

6. 	 Septic tank 'rourola;t i 4,5U0 Iil ers
 
(.J C' l : |'0fl to)
0 

7. 	 Well casing Vonro i - 7 

8. C 	 a ni o c Ujung Pa,la,.
(UN!AS ) 

9. iWell casing 	 Ujung Pandang 

J
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4.1.2.2. 	 Ferrocement components financed from outsIde the project 

olyi .upervisd by r,1uct: staff 

No. Naltn C 	 Capacriuy Amountol comp)) t 

1. 	 Mosquc Dome 11l 1i1m, Pandan1
 

IJuing Iandang
 

2. fore 	 TosqucTaka Ilar 

3. 	 Shr-imp br(eeding tank Ujun, Pandang 12.420 m3 4
 
Peiere
 

4. 	 Mosque Dome ienteng Selayur 1 

5. 	 Bamboo cement wel1 Ujung Pandang 5 
casing
 

6. 	 DI lch I. Ln [rig Uju:r Pandang 10 

7. 	 Electric poles Ujung Pandang -I~____________ - -.- --- -- _________ I 
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4.1.3. 	 A C-E H 

All the components painned through January 1.979 to December 1980, 

a numbers of hardware":stultare:
 

, 4.1.3.1 	 . Ferrocement coiponent financed by ti1 pro1jec 

-Na -Name o f-Compn.en t ...- ,Loca il (Pavity .. Amount 

1.H ouse type 70 Darussalam 

(Aceh Besa r) 

2. 	 Well cain Darussa].am
 
(Aceh Besar)
 

3. 	 Cylindrical Septic Tank Darussalaitr 1.25 m3 1 
(Aeeh Besar) 

4, 	 Water Conta iner Darussalam 1,000 1. 

(Aceh Besar) liters 

5. Fence 	 Darussalam I unit 
(Aceh Besar) 

a1aru ssa1aam 	 I uni:6. Foldc:d pla.e rcoof ig
'; 	 (AcvhBesar)
 

i 	 Larussa1. unit-7, Gutter plank 

8. Ditch lin'ing 	 Dar1 unIt 

9, (Uv,"r 	 Da ruIa>;fia ].a - unitit 

(Acch Besar') 

10. 	 Reservoi r -ectangu l.r) Daru.ssaam 2,500 1 
(Aceh hesar) liters 

11 Reservoi r ,yli indria On 	 ... 1!ar insa Lam 000 
1ifter''ank 	 t,\ceh Iesar) 

212 Wal element 	 laru.ssa]-

(Aceh 	 Besar) 

913:j 	Wate!r contaitter Darussalam 300 
(Acth Besar) .icers 

Con t inued 

http:Darussa].am


.. '; ;i~ ' ; i , 0 
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No. Name of Component iipeationCapaclfty Amount 

* + 

14. Garden tabe Duru SFa.jI 
(Acebll r 

- 2 

15.' "Garden . teucles ,, Da rissalia(Aceh i~e.a,') - 8 

16. Children' s slide Darwi~sa him 
(Ac-h Besar) 

L 

717. Water tank 
facilities 

and Darussalam 
(Aceh Besar) 

+ 11000 
liters 

L 

18. Canoe Darussalam 
(Aceh Besar) 

- 1 

19 Flower Pot I)aruissalam 
(Aceh Besar) 

-- 10 

20. Canoe Deyah 

(Aeyh 

Baro 

Besar) 

21. Ceiling Dome 1 .luengel 
(Aceh 

bIata) 

Besar) 

- ] 

22. Smaill 'Nosque fDci 
(Acch 

1anhw Alma-I 
Scitwi) 

23. Wat.er factilt.ic ; 
the Mosque 

for Kampung Tengah 
(Acel, Su I tn)tnters 

1.,600 1 unit 

Waterl. fac.l-.I 
the Mosque 

l .1i for Dotes , Iidh', Aph.'i 
(Aceh St~latan) 

1,,0(0 
. iters 

1. unit 

25, Water fac ilii. 
the. M'osquw! 

for D)(ia i 
(Aceh 

':io 
,c I ttan ) 

i., 
11.Lt ers 

1. unit 

2 Water faci I 
the Mosquc 

t es for Kampilg 
(Arcoh . 

li.. it 
a tai) 

1,300 
l Iters 

1 unit 

27. Mosqut ent'nrc.e 
Vermndah 

Kampting Hiixir 
(Aceh Sc I atI;I ) 

j .1 it 

28. 1 o a t,)eDsa Jampo Apha 
(Accih ;e at an) 

- I unit 

29. Canoe Kampun g Tenga h 

(ceh~Sellat:an ) 
-

30. SnaL L )ome Dlcsa Jambu Apha 
(Aceh Selatan) 

- I 

31 . Mosque D~ome. ard 

("Litter(AceD 
Tapak Twian 

Selatan) 
- .unlt 
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4.1 .3.2. 

No. 

. 

2. 

/4. 

5. 

6. 

7. 

3. 

. 

10. 

1.1. 
12 . 

13. 

14. 

1-errocemicrtL component z'inanced from outside tAhe pro

ect, ;upIrised hy tIhe proee sCtaff 

liCa'; " p ouI Lo Amountf I,octi1oII 

mo ;.y[ 1. pwk uta 

(Aceh S..latan) 

I.-);qt(o,I 8 ad l' 1 

'Mosquue ilomi, iT 'lap k Tuan 1 

Wa i tlw.-o l.oor Lam NN',Ig 1
 
Iom (Acech '.je, r)
 

losqu,: Dumne Ia .mna 1 1. 

(Kolvi A. Aceh) 

Val ,;ons; ruction (>nimml' 1
 
])a m',: sa Iam
 

Warev tank C lpu m . 1. 

HLouse tetrras canopy .'ipr . I unit~(Bainda A, ,-h 

Two- f Iori)-huuxoue , 1 unit 

( Banldc Acoh) 

T'wo- f. nor hoppi.l.g B:mda Ac,'h 1. unit 
Com Inp:

1 L i , iiruih Baoda Ace!) 1.in Lt 

0 H. Banda A,r) unit 
':;']I :~ t ,, t.j onr ;4"-;;d) I";) o 1. u ift 

,: toi (\liBusar)PIblI'l g 0 [ic I' 

lo:-,qut I)uusc i t etI
 
I.\ thP !.die)
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4.2. UTILIZAT[ON AND MAINTENANCE 

4.2.1. 	 West Java 

There were Ic,2,-; difricutles; ant ini:pat d in t:he fild (lurLng 

const ruct ion and at:Iaon of. tIh comnponent beintg developed 

provided t.he matrials ind wue Ykilli needed were readily 

avallaible, W.iLhn rt i p rojcet stage,' through the on-the-spot 

training .and muLual oopur.hion Witii the local vnnui.ty, the 

local paLKicipaltJI,: -,dn re.;spn,;: i. it, , incrraa from L5% at 

the bRgnui :g tLu 70X4 it the and cf the f.eld project. 

.nstail 

Sinco t hc loa, l2 acceptan ,ce w.sJ good, the efloft of bi.lding 

the attitude Co te tec.hnology and the i:tprevo-.ment of tie lo

cal skill support Lhu 	 the Wasto the rv Iiceahifi.ty uf t(uCiOlogy 

seet tO bK wor thwhlie. 'lhroh care:f u] plann.Lug at proper 

stages, the 7otpone,!: de.,el apod in the field rf Ilected the lo

cal needs. 

The technica1 problom of ma i.rit ance was turn:d over tu the 

local vLI Lagors to v'ilt the ktow] edg wca S 0- fctively trans

ferred during the nroject execut o. Althtugh the cost of 

ni niitel.n . ii[od li,. tonlri . i.otLju 	 p i o,: . and t.vn]ltd Was 

still.1 supp, z- It mllt. tb project, .,/'Irtl l.c-l. people al

ready propu,;sd to cntrlbut. Alter a certain period all. 

cost of 	matintenclue anct oaS Lo lhe. tho s t iit y of the local 

coimnun it 	y. 

http:iceahifi.ty
http:vnnui.ty
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4.2.2. South Sulawesi
 

After 	the period of field construction, all components
 

users.
maintailed by the local

devcLope'd wore uttilized :nd 

nology was
those lo,cal ubuy'. that the teu.,c 


aireas,
 

It was; tlhu gh.il 


O~rrnduced to) (ILltr 

funds of
 
tho- colponent s consLructed from the 

Besides 

the project staff also supervised other 
cons

the proj ant, 


people.. These
 
Lruction at the request: o f I:he local 


InclIuded :
 

0 11. mat Takalar
- Mosque dome 

m 
- Mosque dome at Salayar 	 12 

L mL6P;alopo
- Mosque dome at 

Mosque dome at Ujung Paadamg 0 14 m 
-


S8m 

0 4 m 
and six (6) domes of 


- Shrimp breedxng tank :itPaotere
 

- Well casing
 

- Ditch lining
 

Since these components were requested by the 	local people, 

the componentsarid maintenance of 

the ;ubsquent utili zatLin 

the users.the direct responsibility of
would be 
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4.2.3. A ce h1 

After the construction of the component at the location, the 

project team demonstrated how to use. the system, including 

its maintenancl.a Normally the. local people who will be in 

:<..:7"::. ! ' :: charge were-the ,local:people.who :we~re involved in :tie pro- :,-. 

jectwhether on a paid or voluntary basis, Tile turn-over 

Softile- component to the local authorities was done during 

a traditional "adat" ceremony, In this transfer, the cor

ponent became the responsibility of the highest authority in 

the coununity, namely the head cf tvhe village or the sub 

district. Therefore the maintenance cost was financed from 

an official, source, such as from the. annual allocation for 

villages (Bantuan Desa) under the Department of Interior. 

The component constructed for a mosque became the responsi. 

bility of the cotmnittee for the particular mosque. 

4.3, SOCIO-ECONOMIC BENE] ITS 

4.3,1. West Java 

Because of the characteristics of Cerrccement, such as low

cost, high strength and durability, easily repaired and wide 

range of uses, ferrocement could make significant contribu

,tion to both rural and urban development. Although ferroce

ment products are still relatively new, the acceptability of
 

ferroc ment technolopgy in the rural as well as in the urban
 

areB ,11OWS good prospects in terms of new and useful structures. 



#:@:i{)}!It can be concluded from the projects completed that
;) :,also 


t a n d i n o l t h e t e c ' n ' u ' s i n v o l v e d a n d 
t eis anuner g f h iq e 

. ' Therbeefi aruies r h itg sai te ~ h 

ii~ii~i(:nowi} iwhave cheaper and better facilities for water spl,.... .. 

better river trasport, etc. .... The direct beneficiaries 

•are the workers who were trained during the project. Aside 

• from gaining employment in ferroceme-nL manufacturing and
 

inarketing ' they also would act as agents of change and ex,
 

tenision agents for the ferrocement technology,' 

These and similar applications; of the technology will also 

provide new opportunities for small local industries. 

4.3.2. south Sulawesi
 

Islam is the primary religion in South Sulawesi, most of the
 

population being Moslem. Because of thi~s situation, the in

troduction of terrocerient mosque dome attracted local atten-

Lion. Froll the point of view of its spherical shape s.,rength . 

and the, availability of raw materials, it was -worthwhile f

veloping, With t~he aim of gradually replacing conventional 

materials such as GI roofing she-et, wood shingles, clay tiles 

and other majter'ials which need extra maintenance and support

!! itg construction such as steel and concrete. In thus replacing 

' uonventional consruLction material there. Is less consumption 
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of other raw materials such as sand, wood, lime and cement,
 

hence reduci.ag .ouss, F rrocem : L c umponvlts ,A1s.o require 

less voLT eno, ar e1.e ,i.udi ml 'oridurable.; d 


'ie f:rrocum' nl t. WaL. r Le nr ev.',re also.' scrutuural y beter, 

as well as more economical in the raw materials used for 

their construction,
 

4.3.3. A c e h 

Considering the fec:rocement projects, mosque dome, water 

tanks, canoe, etc,, it Is evident thaL they are of service 

and benefit to people of AL. sectors, including the low

income bracket . The wat..2'-ro, projects:.', Lanks andlate..d water 

purificttion vosse; s in Lh, ;,o,Lques, guaranltee sae watr 

suppl.y is al su i.!mea:sura lv, SinIce ti mo,;q .eLs the cen-

Lor el ,oet vivlti::s, th. farroccMl-CMe praoj'{ tUL uches the 

heart of the ,;oplo, t diei , to lerrocement projects are 

very wel I a-ccepted and us:, by Wetmpeopl e. 

http:reduci.ag
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4.4. CONCLUSIONS 

thrpe different areas,
From the r.esults of the projects in the 

han&.s rea;chedl soit ran be ,n:,l.Adod Liti, fir-YO M.t, cthnul ogv 

. method A i pproach,, layed an Importantcial at-ceptabtlr',. ! 

.id -t i 'm rho M!Y.. and participapart, Ai.ways ti(LkI~n, inIto cor 

e very of d-cij on-making. it is
tion oi7 the peep! vet. tge 

proVen Ia't idL thce are ;oclo-iconomiic benefitsalso now a 

for peupLe of ail leve Is with far-reaching l ne Ciis. 'Thi s in

he;iJ th cenditions, in -
c ludes improvod sani.:at, i on and Wetutr 

anr d ski lls, as well as the socio 
creased job opportunitivs 

iow tBe mosqu-. Eu addirtinr the're is a
religious bonef u 

the localfield of echnology amongsense of achievemen1t in theo 
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APPENDIX B 

FERROCEMENT TECHNOLOGY TRAINING PROGRAM 

PART 	 I: THEORETICAL COMPONENT 

.. .1. introd U , t o
 

(a) Definition of Ferrocement
 

(b) Historical Background
 

2. 	 Constituent Materials
 

(a) C e m e n t 
(b) Wire Mesh 
(c) W'a t e r 
(d) Additives
 

3. 	 Construction Methods 

(a) General Procedures 

(i) mix proportion 
(ii) mixing
 
(.iii) plastering
 

(,ix) curing 

(b) 	 Concrete Mix Design 

Mi characteristic strength 

(ii) water-cement ratio law 
(ii) s m p 
(iv) maximum size ofaggregate 

(v) concrete density 
(vi) grading of Fine and coarse aggregate 

4. 	 Mechanical Properties 

.Uncracked
B' (a) 	 Range - Tension and Compression 

(i) strength 
(fi) moduli of elasticity 
(ii) 	 -Poisson's ratio 

(b) Cracked Range - Tension and Compression 

(U) moduli of elasticity
(I -Ii) Polson'.s ratio 



(c) Ultimate Condition 
 T
Tension and 
7/t
Compression


(1) strength
 
(d) Moment - Curvatui'e Relations 

(M) uncracked range

(ii) cracked range
 
(lii) ultimate condition
 

(e) Moment - Deflection Relations
 

M uncracked range

(ii) cracked range
 
(iii.) 
 ultimate condition
 

(f) 
 Shearing properties
 
(g) 
 Design of Ferrocement
 

(h) Impact and Gatigue
 
(i) Durability
 
(J) Corrosion Resistance
 

5. Potential Applications
 

(a) Boats
 
(b) Water jars and tanks
 
(c) Rice storage bins
 
(d) Canal linings
 
(e) Well casings
 
(f) Roofing 
(g) Wall panels, etc.
 

6. 
 Related Materials
 

(a) Properties of composite with short steel fibers
 
(b) Properties of coir-fiber boards

(c) Properties of sugar cane 
beggase-cement composite

(d) Properties of bamboo fiber-cement composite

(e) 
 Properties of rice hull-ash-lime mixture
 

7. Theory and Design Criteria of Plate and Shell Structures 

(a) Simplifted basic theory of plates 
(b) Design criteria of reinforced concrete plates, and common 

plate structures 

(c) Design charts for plates subjected to uniform and hydro 
static loads 
[11:
 

(i) simply supported rectangular plates;
(ii) rectangular plates with 
two opposite edges simply
 

supported and the other edges clamped;(iii) rectangular plates with thr(:e edges simply supported
14. and one edge built in; 



(iv) 	 rectangular plates with all edges built in;
 

(v) 	 recLangular plates with one edge or two adjacent
edges built in;
 

(v) 	 rectangular plates with two opposite edges simply 
supported, the third edge free, and the fourth 
edge built in nr simply supported; 

(vi. 	) rectangular plates with three edges built in and 
the fourth edge free; and 

(viii) 	rectangular plates with two opposite edges simply 
.......	suppqrted and other two edges.free orsupported-.. 

elastically, 

(d) 	Type of shells; shells of revolution, and shells of trans
lation
 

(e) 	 Simplified membrane analysis of shells of revolution with 

intention to apply to concrete water tanks, 
shell roufs,
 
rice bins, etc.
 

(f) Reinforced concrete shell roofs, atd their design charts
 
(2] 

(g) 	Design of hyperbolic paraboloid shll roof.
 

NOTE:
 

Re ferences
 

L. 	 S. Timoshenko, and S. Voinowsky-Krieger, Theory of Plates and 
Shells, 2nd edition, McGraw-Hill, 1959, pp. 1.14, 1.18, 1.19, .120, 
[24; 126-133, 185, 187, 190rI.92, 9-.17, 202, 204, 208, 210, 
214-216. 

2. 	 4. FntLQI (e:.ditor), Handbook of Concrete Engineering, Van Nos
trand Reinhold, .1.974, pp. 457-473. 

3, 	 T.N.W. Akroyd, "Concrete-Properties and Manufacture", Pergamun
 
Press Ltd., 1962.
 

4 . A.M. Nt.vi.lte, "PIropertLes of Concrete", 2nd edition, Pitman 
Publishing, .1.972. 

PART 'IL: EXPERT.MIENTAL CC).IPONENT 

I1.. 	 Eperiment on mix design 

2. 	 Compression test of concrete cylinders and cubes 

3. 	 Splitting test of concrete cylinders
 

4. 	 Rupture test of concrete beams
 

5. 	 Tension test of wire mesh 

http:190rI.92


6. Tension test of skeletal steel
 

7, Tension test of ferrocement specimen 

8. Compression test of ferrocement specimen 
• 9 ... Cyl in driLcal -b endin g of f-ferr ocement :sp ecimen ...................................
 

.10. Anticlast.c, test of of ferrocement plate 

PART IE.: FIELD DEMONSTRATION PROJECTS 

I.. Canoe
 

2. Pipe Culvert 

3. Cylindrical Water 'rank 

4. S a m p a n 

5. Cylindrical Pontoon
 

6, Dome-Shell. Roof 

e"',7. lt.tanguiar Pontoon for Pump House 

8. Folded Plate Roofing Element
 

9, Septic Tank
 

PART IV: FIELD TRIP AND CONFERNhJCE 

I. A field trip to see ferrocement boat construWC:.n at Sr:Lracha 

2. Participation in International Conference on Patv.ale of Con
structi.on for Developing Countries, August 22-24 1978, Jangkok, 
Thu l and. 

http:structi.on

