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FOREWORD

This report covers the work done by the Development Technology Center,
Institute of Technology of Bandung, in the development of ferrocement
techaology for a variety ot village needs.  This project was sponsored
by the United States Government and e Government of Indonesia through
a USAID/Indonesia Grant Agreement, The project was marked as Project
Crant Agreement betweeun the Republic of [ndonesia and the United States
of America for "Appropriate and Low Cost Technology", A.T.D. Project
Number 497 - 0268, The Agreement was signed by Prof. Dr. D.A. Tisna
Amidjaja, Director General for Higher Educat ion, Ministry of Education
and Culture, representing the Governmwent of the Republic of Indonesia and
Mr. Thomas C. Niblock, Dircctor USAID/Indenvsia, representing the Govern-

ment of the United States of America.

The Government of indoncsia institution responsible for the execution
of this project is the bevelopment fechinoiopy Center at the lnstitute
af Technology of Baudung ole-1Th), under the Directorate General for
Higher Education, Ministry of Fdueation and Culture.  The Director Ge-
neral for Higher Bducation delepated authority to br. Filino Harahap ,
Director of the DIU=1TE and Mr. Moh. Arsjad, of the Directorate Gene -
ral of Higher Education, to excrcise the required powers for this pro-

ject.

Original:v the Pioject Assistance Completion Date (PACR) was schieduled
to be April 1980, However delays were mavoldable in jmplementation
of the project, in view that there were four institutions which were

nvolved in the execation. Extension was amended as stated In Project
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Impelentation Letter no, 6, 8, 10, and 12, which provided final project

extension to Januery 31, 1982, to complete the project activities,

The general coordination of the project was handled by DTC-ITB Opera -
tional Board, chaired by Dr, Ir. Filino Harahap, who also deted as  the
Project Director. The Operaticnal Board of DIC-TTH consisted of  Prof,
Dr. Harsono Wirjosumarto, Dr. Saswinadi Saswmojo, Dr. Bana Kartasasmlta,
Support was given by I[r. B. Tarigant as gxecutive secretary, and Mrs,
Dra. Sri Sunavdi, Head of the [inamce section of DTC-1TH, TIn carrying
out the daily project adminfstration. the Director was assisted by a
project administrator, Mrs. E.D.Y, Tamin, specially appointed for the
project., The adminiscration and logistic back up were provided by the
Secretariat of the DTC-1TH,
ALLD. Project Number 497 - 0268: “Appropriate and Low Cost Technology"
consists of two components which appear eminnently suitable vor the In-
donesian scene, These are:
1. ?yrolytic conversion of agricultural waste to alternative encrgy
sources o Iadonesia,

2. Application of rerrocement technology for variety of village needs.

This report covers onlty the work done by the Ferrocement technelogy
teams, and resnlts ot the pyrolytie conversion team are compited and
issued in another report,

Within the framewsrk of this project, ferrocement technology was inter-
preted heoadly, including ponferrous indigencus fibers as reinforcement,

The project also provided tralning assistance and technical sunport for
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DTC~ITB and other Tndonesian Agencies,from the ferrocement teci: logy
group at the Asian Institute of Technology (AIT), Bangkok. AlT conducted
training for nine Indonesian cuginecers in strucrural engincering proper -
ties of levrocement through a special tour-months course in 1978 and,

to a limited exteont, scerved as consultant fov cvatoeation,

In executing the project DITC-ITH collaborated wlth two provinclal univer-
sities and local government administrative units, particularly in field
applications, testing and evaluation. The universities selected were
Universitas Sylab Knala, at Banda Aceh in Sumatra, and Universitas Hasa- -
nuddin at Ujung Pandang in South Sulawesi. Thesce universitics executed
sub-projects under the coordination of DTC-TTHB. The district of Sukabumi
In West Java, the provinces of North Sumatra and South Sulawesi were

sites for project hardvare try-outs,

Those who participate in this project were:

1. SyieHLigud:llllivﬁrfjtz

Coordinator : Dr. Abdullab Al

Team Leadev :oir. Maasri St. Bandoro, and l(r. Bustam Husln
Technicians oAnwar, Nurding and Jamil

Trainecs doAmmi, Yusri, Zumaria, Ali Akbar, quin, Mukhsin,

Rusyuszar, Sakban, fahrial, and Suardi

I Hasanuddin University

SRR

AMvisor o FProt, Dr. AL Amicnddin
Supervisor : Dr. Anwar Hafid M.5c.

Consultant ¢ Ly Samuel Sanka



Task Force . Dr. Hasan Walinono, Ir. Yahya Hanafie, Ir.Amin tla-
yat, Ir., J.B. Manga, 1r. Muhidin Rauf, and Ir. A,
Mappangari

Technicians . Surya Darma, M, Natsir, and Hilal

Administrative support: Drs. Umar Ubbe, J. Asmal, and Latifa.

I11. Development Technology Center - Institnte of Technology Bandung

Team Leaders . Prof. Dr. Harsono Wirjosumarto, and Dr. Bana Kar -
tasasmita

Sub Team Leader @ Ir. Anshori Djausal

Technicians ¢ Surapati, Ali Sulaoiman, Apep Maman, Agus Rachmat,
Mauluddin, Yana Cahyana, Buchori, Yan Nirwan,
Sriyanto, and Apus Anwar.,

Administrative support: Tati Farmiati, and lke Mustikawati.

Contributions of all involved in the project were highly appreciated,and

made possible the guccenssful  completion of the projcet.

Dr.Filino harahap

Project Director

iv
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Karachi, Pakistan, November 13-14, 1973, ‘he paper was written
by Dr. D.A. Tisna Amidjaja (now Director General of Higher Edu-
cation), and Dr. Filine Harahap (now Director, Development Tech-
nolugy Center (DTC), Institute of Technology Bandung (ITB)), It
pointed out that ITE (which is Indonesia's leading technical
school) has been exploring since 1969 ways in which 1TB  could
support Indonesia's develosment ¢tfforts and had concluded in
1970 that the basic 1B philtosophy shiould be oriented and com-
mitted to the development of the vountry. Regarding the role
of technolopy transier, the paper examined technology tvansfer
and encouraged "more appropriate operations and technologies,
especially in the consumer poods sector .. and stated, '"the
rural sector would obtain wmove atrention", It conetuded, "We
(I'TB) are concerued in making the concepts of appropriace tech-
nology ... operacional within tin context of our developrnent
efforts, vspecially with reference to the erucial issues uf em-
ployment and rural social technalogy generation, Vichin FIR,
concern {5 manitested in an agency (neod) called the Development
Technology Center (003", Tt is this appropriate technology
organization, created and administered by Indonesians, which

would take Lhe responsihility for this role.

1.2, FERROCEMENT TECHROLOGY

.21, Ferrocement Application in Developing Countries
In L9738, a U8, Latfonal Academy o! Seiences comnittee, working
under an ATL - funded project to seek technologies particularly

appropriate aod usetful to the condit tons and neads of developing
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covntries, produced a study, "Ferrocement Applicatiorns in Deve -

loping Countries", The pelnt of the report was  that the very
factor that prevented the use of ferrocement in highly indus-
trialized cconomies, namely (U is labor-inteusive, made it ideal
for thosce devetoping countries which were short  on capital but
had an over-abundance of unskilled and semi-skilled labor, pro-
vided thev had cement, sand, wnter and wire, Historically, ferro-
cement had been uzed often in building boats thus causing the pub-
Iic to equate fervocement technolagy only with  beat bullding;
however, the fcadeny repori sugpested possililities for uses In
food and secd storape, water (or other Lquid) storage, water
ggﬁiigpﬂkg, Lroughs, vats, leather-processing facilicles, grain
and cepra dyvers, eupine bide (forrocement  1s particularly ro-
sistant to vibration? drving pads, cattle dips anmd feeders, hons.
ing compenents (partionlarly roaling slabs and shingles), weil

Pindngs, emergency buildings for disaster relief and mitigation

purposes wuch as boats, barges, dock ponteons,  the Academy stady
panel recosmended on-site adaptation and experimentation in de-
velaping countrics, o vecommendat ion to wirich thin prusent  pro-
Ject respondud, The Academy pancel also recommended that an "in-
ternational Ferrocement Information Scrvices' he catablished,
sinee only sparse aud seatteved intormat Lon was Tollowed up In
1976 by lh“‘ﬂﬁﬂﬂlkgﬂﬂTﬂlﬁ"f such o center at the Asfan Insclonre
of Technology (A1), Banglok, nnder the sponsorship of the  Neow

Zealand Government, the Canadian Covernment ( through CYPA)Y  and

the U.5. Covernment (through Alb/Wasnicgton),  The ALl has  boen



doing research and development concerning ferrocement applica -
tions since about 1959, and was the host institution to an ALD-
sponsored regional meeting in lace 1974, which produced a report
called "Fervocement, a Versatile Construct ion Material: Its In-

1

creasing use In Asia', In cooperation in the meceting with the

U.8. HNational Academy of Sciences,  Furthey information on the
LFTC (Iaternational Yerrocement ftormation Center) at the AIT

in Bangkok can be found in Aunex I, of Ref. No., (1) vhich deg-

cribes  AIT, and ferrvocement and its applications,

Description of Ferrocement Technology

Ferrocement is a highly versatile form of reinforced concrete
made by plastering a mortar of cement, sand and water into a
wire mesh, giving it not only uonique qualities of strength, crack-

resistance and Serviceabilivy, but also ics albiility to  follow

compound curves and Iines in (roc Fora, thus bofng  adaptable tn
shapes and sizes to 16 the feeal neads, o in this project,  the
word "ferracement' s« uaod broadly, That g, irs conventional

and Literal meaning of "plastered concrete with ferrous (steel

and iron) contenr” i oised only vhea considerable strength  is

necded, (el hoats) . Wherc only moderate steengeh is necded to
serve the purpose, (e.qg. roof panels) reinforcement with indi-
genous naturdl fibers (e, bamboo, colr, bagasse, palm  trec
fiber, cre.) will be stressed,  In the cases where no reinforce-
meut is necded (e,p, poderate-sised and specificatly shaped watoy
and food storage containers), rthe "ferrocement” will be  simply
Cement mortar hand-plastered into o temporary surface acting as

a mold,
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1.2.3. Historical Background

Historically, "ferrocement™ was invented in 1847 by a Frenchman,
Joseph fouis Lanbot, who fn 1848 pressed a4 cement mortar Into
and arvound wire mesh made io the form ol a row-boat, The boat
can sclill be scen in the Brignoles Museum in France. Another
row-bhoat, built in Holland in 1887, was still atleat in 1967 on
a pond in the Amsterdam Zoo,  This demonstrated durability  of
ferrocement 15 one of its strong points, particularly for tropi-
cal arcas where wooden materials are destroyed by termites  and
other inscots as well as by the tercdo “worm'" in a marine envi-
ronment, stecl matevlals are corrvoded from tropical humidity,
and plastic material ruined by high tntensity ultra-violet ra-

diation from the tropical sun,

Attention to ierrocement technology declined for several veasons;
the.fncr that hand plastering requiced much labor which was cost-
ly In highly dndustrialiced socicties, and  the competition of
mass-produced tiin steel plate,  “einforeed concrete  is  still
preferable for compression uses such as supporting  beams  and
voadwavs,  For other uses, however, such as boat hulls and thia
shell domed rocfs, ferrecenent is superiov in technical perfor-
mance.  on ceeasion, even inodeveloped cceovomies, ferrocement is
ased without the public being aware of ity rfor example, the dis-
tinctive arched roofs of the Sydaey Opera House,  Australfa  are

of ferrocement.,

The technology of ferrocement was given a boost in the early

1940's by an Ttalian engineer, Piere Luigi Nervi, when he noted



that reinforcirg concrete with layers of wire mesh (i.e. ferro -
cement) produced a material capable of resisting high (impact.
Thin (less than 1 inch) slabs of concrete reinforced  in this
manner proved to be {lextble, elastic and exceptionally strong,
After WW 11, Nervi's firm built a 165 Lon mator sallor Trene with

a ferrvocemenc hull 1,4 inches thick, welghing 5 percent less than

a_comparable wood hnl 1, and costiug 40 percent e

5. The  Trene
proved entirely scaworthy, surviving two sericus accidents. Other
than siwple veplastering necessitatad by the accidents, the hull
required little wmaintenance, pointing to anorher of the advantage
of ferrocement: {t is casily vepairable  and nearly  maintenance-
free.  In 1965, an American—-owned ferrecement vacht built in  New
Zealand, the 53 [oot Awahnec, circumnnavipgated the world  without
serious wishap, although it encountered 70-knot giales, collided
with an jcebers, and was  rammed by o stecl-hulled vacihit, Nervi
also applied 'crrocement Lo bulidings, constructing a small store-
house in 1947, & S0-100l  vaunir coriing over a swhmming pool, and
the famons Turin Exhibition fHall--a rooling svsten spaniing 300

¥

fect made of o combination ol Yorracoment and reinforced concrete,

In summary, Uervocement is vpartionlarle snited to developing count-

ries for the folloving reasons:

= Its basfc raw materials are available in most countrics

- I can be rabricared Into almost any shape e meet the needs of
the uscr; traditional desipns can le produced and oiten improved

= 10 properly fabricaied it is more durable than wood and cheaper
than {mported steel and it cian b used as substitute for these

materials in many casces
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- The skills required for ferrocement construction are quickly
acquired and include many tvaditional skills of developing
countries, Furrocement construction does not need heavy plant
or machinery; it is labor-intensive. kxeept [or sophisticated
and highly stressed designs, such as deep-water vessels, a
trained supervisor  can achicve the requisire degree of guali-

ty control using tairly unskilled labor for the fabrication.

- The concern of most developlng countries for its rapid rate
of deforestation makes [errocement very attractive as possible

replacement lor wood in its many uses,

PROJECT
Project Initiation

To sharpen the focus of the ferrocement tecimolopy activity, ALD
sponsored in Octobor, 1977, a twe-weel feasibjlity study by the
leading, ferrocement expert from the Asian Institute ctf lechno-
logy, I'rafessor Ricardo Pama, accompanied by Mr. Opas Phromra
tanapongse, ead of the Product Deveiopuent Department,  biam
Cement (o, , Ranpkoic, Thailond, Fhls team ob expevts worked closely
with the DTC-i0n (lastitute of Jechnolopy Bandung-levelopment
Technology GCenter) on a program consisting of a technical  cemi-
nar at DIC-11i, o visit to the sukabumi Repency in rural  West
Java, a visiv to Ujung Pandang avea and Hasanuddin i'niversity in
South Sulawesi, visit te Banda Acel arca and sSylah Kuala Univer-

sity In Aech Province in North Sumatra and a "wrap up Conte -
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tent, by providing consultant gervices for technical problems
and evaluations. Other worldwide experts may be also be used

on occasion {or short-term (1-7 weeks) consul!tat ous.

Mr. Opas Phromratanapongsce hoped that Siam Cement Company may
release him for short periods o assist in training in Thailand
at the non-academic level | pavticularly io o s imple technique
for making vurvintorced wacer jars, toilet traps and food sto-
rege containers,  This training would be for about two weeks,
at rhe "toreman" level.,  The water jar, tollet trap and food
bin techniques were devised and developed by Mr, Opas Phromnra-
tanapongsce, and have been successtully applied at the  village
level 1in Thailand.,  The techuiques for making water jars  and
food bins ave described {n detail in Annex | and J of this Pro-
. Do :
Jeet Paper, Given rhe general Jack of ferrocement technology
activity in the United Staves, there is oo involvement of  an
American fustitution, oiher thao the possibility of a short term
consultant for spe iiic techmaiorical problems.and Tor evaluation
assistance,  The Uit Government through AlD, has been a major
contributers to the cxpansion and development of the Asian Insti-
tute of Technology, and ATD has a policy to use the educational
and R & D institutions in the developing coontries where  those
tnstitutions are quallifed and capable, 17 lg uniguely quali-
o
fled in this respect) as cxplained in Annex Ii,") which justi -
fies its computency Tor terrscement training, consaltation  and

information source,
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1.3.2, Experts Recommendations

The technical reonles of the DTC-1TB ferrocement technology fea-
sibility study are described in forther detail in the scetions on
technical and vconomic analvses and the Anmexes.  In summary, the

main recommendationsz are:

1. To establish the project activity as described;

2. Use the DTC-1TY as the mamagerial and technleal leader for
the overall activity as well as for leld operaticns in  the

Sukabumi Regency area:

3. Use Syiah Kuala University and its new  Rural Development
Center ds rhe managerial aond technical leader for ficld ope-

rations in the Aceh Provivee arcag

G, Uge Hasannddin inmiversity and s Repgional Adaprative Techno-
fogy Center as too managerial and technical leader for field

operatlons dn houth alawesiy

5. Concentrare initiaily on the following potential applications
of ferrocement gnd related materials for rural usce in Indone-
sla--

a, pontoens {or river crowsings, replacing steel pontoons,

by dug-cut conees seclaeing prime logs which are expensive
and wiear out guickiy,

¢, Ciohiag and cargo boars replacing woeod which havea limited

Life span,
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port the design, adaptation, labovatory and rield testing, Jemons-

tratlon

mhptelb JON L . o e

acceptabilicy trials, rtormulation oi training and appli-

cation/ut ilization provrams, trajning of truiners, sarket maly -

ses, and market development program, ror fervocement technology.

These must logically be accomplished with positive resulus hafore
entering into a program of widespread productfon of ferrocement

products in rural Indonesia,

Presuming positive results in the adoptation and testing, the acti-
vity would also desipgn a broad-hased disseminatton and uwtilization
project, in the form of a project papetr drait tor ferrvocement tech-
nolowy application {n a large scale invalviug other lustitutions,

e.g. BUTSE (the local "Peace Corps'™y, sceveral GOL agencies, and the

cement industry,

The primary output of the subproject on ferrocement would be to
arrive abt once or more optimized desiens and actual corstructions

of ferrocement {(or tiber-reinforced cement, or unceinforeed ce -
ment) tor a varicty ol products made o thie viliape level suitable
for Indonesian conditieons, oud tully tested and demonstrated in
the 1ield periormmance, constract ton and operating costs, and loeal
acceptabiiity, ithin the limitar ions of Qunds available to this
qutivity, these designs should be gt feast for the poiority  uses
and Jdeseribed in the preceding

identificd in the teasibrlioy stady,

section on "hackgionnd',

The output of the project activity would atao juclude five or siz

untiversity eraduate indonesion eanpincers trained in the mechanical
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properties of ferrocement through a special graduate course ar -
ranged at the Asian Institute of Technology (A1), Bangkok, Thai-
land.

Details ol Al'l's competency te do thls training are given 1in

Anmex D, In addition, the Al would provide Hmited cousulta-
tion and cvaluation services, The AIT proposal for thls train-

ing and technical assistance is piven in Annex K,

The universitics or Sviah Feala and Hasanuddin agreed to collabo-
rate with DTC-ITH, particularly in e tield aspects of adapta -
tion, testing, and cvaloation, under contractual agreements with
DTC-ITB,  other appropriate techmolaouy or small entreprencur iu-
stitutions or organizations; such as Plan Desa, Yogyakarta or an
exlsting cement proaduct manufacturer (villaged, would also  be
able to ausist In Tield testing, mderv small cub-constracts from
DTC=1TH,  Vhe purpose of involving these other (nstltutions  and
organizations is o make the desians, testiog and evaluation acti-
vitics as widespread and realistic s vessible.  the early Involve-

ment of these orpanicacrions would help io the subseguent follow-up

of the project,

The marvkecing analvees gnd programs should stress not only  the
primary utitity o1 rthe prodocis bar aiso the generation of cmployv-
ment throuph sead b Indostry development . In develeping short
training programs bor the "ioremen” teve!l, consideration should be
given to voiraining of entreprencnrs who may be altected by the

1

new produces, There will be benerite to women as a result of the
I

]v\l‘n_]w‘t .
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RAW MATERLAL AVATLABILITY

All the basic raw materials needed in ferrocement construction

are available In Jndonesia,  The six cement companies in  the
country now produce .8 mlllion tons of cement per year., With
three of these companies now undergaing expansion and another

one under construction, it is estimated that by 1978 cement pro-
duction in indonesia will reach 3.7 wmillion tons with a projected
curplus obf 200,000 cons {for veport, In 1979, Indonesia will be
exporting approximately one million tons of cement, 1t 1s ex -
pected that by then the cost of cement, which at present is Rp, 35/

kg will fall considerably,

Sand is easily available in Indonesia, although in remote areas
the cost of transportation makes the cost prohibitive, as much as

i3
Rp. 8,000 /Jea,m,

Indonesia manutactures a wide range of wire meshes, Like other

developing countrias in Asia, Indenesia feports stecel from abroad.
Wire mesh cost trom Ep. 500 - 1,200/sq.m, depending on the size

and type of rhe mesh,
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PROJECT ACTIVITY
FIELD SURVEY AND RECOMMENDATTON

Selection of Center for Ferrocement Development

The AIT team visitod suvcrgl villages in Bandung, Sukabumi and
the coworcal town of Pelabuban Ratu in West Java on October 4-9,
1977, Meetings were held with the stalf of the Development Tech-
nology Center (DIC) of Bandung [ustitute of Technoiogy (1TBY. The
meetings were also attended by Taculty members from duepartments
ot Civil bkngincering, Mcchanical Engincering and Avchitecture of
ITB, and representatives from the UL, Regional Housing  Center,
the Coment Associatiog of Incdoneaia, P07, Cement Gresik and the
Ceramics Institute,  Field Lrips were then made to several farm-
ing communitivs around Landung and Sukabumi Listrict and cnastal
villages in Pelabuban Rata to obitain rirst band informition about

the conditions of the rural people,

On Qetober 8~ 11 1977 the team visiled Fiunyg Pandang  in South
Sulawes i, Discussions were held with the Rector and {aculty mem-
bers of Hasanuddin Cniversicy,  Similar visits were made (o
inland and coastat villiges in Mavos District of South Sulawesi
and discussions were held in local distvict offlcials.,

Finally, on October P14, 1977 he team visiced Banda Aceh  in
North Sunatra,  Similar meetings were held with faculty members
of Syiah nala Pniversicy to which local entyrepreneurs and pro-

vincials from Acell Provincee were invited (o attend,  Field wvi-

16



17

gits were later made to observe various cottage industries in Ban-

da Aceh and Lts surrounding villages,

An evaluation of the trip was subsequently held tn Singapore

October 18, 1977,

This field survev contirmed that the

sited could be

(1) Province of West Java

Province of South Sulawesi and

(2)

(3) Province of Acch

on

following three provinces vi-

selected as centers for ferrocement development:

tdentification of the Agent for the Development

Beslde sclecting the site for development, the

must also he fonnd,

The Development Technelogy Center

apgent for development

(DIC)  as

the research and Development arm of Bandung Institute of Techno -

logy (ITH) has the capabilitles to adapt and introduce {errocement

technology in Indonesia.

and has the suppore of the Jdifrorent
many projects in the rural areas and
cement technolopy in Lhelr rarval deve

In order to accelerate the introducti

in diftferent arcas in [ndonesin, aatd

University of Hasanuddin in Sooath "l

North Sumiat:a can he made agents for

logv du their respective arcas,

Developrnent Centers widfeh work with t

This

anlti=disciplinary {n approach

facultices in 118, Thev have

could easily inteprate feero-

Lopment program,

on of ferrocement technology

onal ingtitutiong such  as

B

awesi and Syial Fuala dn

the tranafer of thnis techno-

twe Jnstitutions have Rural

he various faculties in thelr
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respectlve universities on rural development projects. They
have stafl members Lo carrvout basic structural testing and con-

duct ield demonstrations,

Possible Applications of Ferrocement

(1) Existing Activicy
From Jiscussion with unfversity staff, local eutreprencurs,
goverument officials at the district level and people in
the villages, Lt was obvious that the potentials of rerro -
cement are not fully realized., After they were shown slides
of vartfous fervocement applications in other developing
countrivs, they woere enthusiastic and conviveed that ferro-
cement con aluso be introdoced in ludonesic to benelbit the
people in the vocal areas,  Once ol the problems in Intro -
ducing fervrocement technelogy In indonesia is the lack of
indipencus povsonnet that van demonstrate and teach the rural

peaple how to baild fervroecement structures and related ol -

Jeets der vee Qo rthely dally lives,  Two ferrocement con -

stroactjou cacib it fes eaist dn dndenesia, One iga commercial
boat Luflding company in dawarta which branched of f o build-
ing terracewment boats with the hielp of o New Zealand company,
This compavy, I'UTL Rodja, bullds ferrecement bhoats and bar -
pes.  The other facilivy i5 a noat=tailding companv in Jaya-

pura, West frian, This project was nndertaken by the [rian

Jaya Joint bevelopment Foundation vith financial support from
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(b) Dug-out Canoes

(e)

1

)

Small-scale Vishermen and small-scale ferries now use
wooden dug-out canoes that last only 1 1/2 to 3 years.
Ferrocemert boats can be made at Jess expense and fast
30 or more vears, greatly reducing both the oviginal

cost awd long range cpecational cxpenses,  This  will
benef it hoat owners and at the same Uine will reduce

the cost of water transpoctation of people and goods.
It will also reduce the demand tor the prime logs now

used For such canoes,

Nater Containers
Cement mortay jars with a ecapacity of up to 1000 gal ~
lons can beomade cheaply without any metal retntorce -
ment . These can be used to coilect water duriog the
raluy season so that farm and villape  Tamilices  can
have a sovrce of pure vater, without the  women  and

children having to haul water daily long  distances

during the dry season,

foiler Bowls with Jraps

A ferrocement. toiler bew!l with a sanitary trap, based
on a desiygn developed in Thailand, can replace the
present mnsanitary open taciltitfes that are  wldely

used, thns improving health and sanitation In the rural

area,
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In summary, the feasibility teum, calling upon their ex-
perience and knowledge of the material, found there were
many cases where ferrocement would provide a good, long-
lagting, strony, casily repairable, locally made product
at very competitive costs,  JFurther, its use would have a
favorable cavironmental effect by rveducing pressures on
demand {or wood, Au replacement lor steel (eog, ferry pon-
toons), considerable torcign currency savings and reduced
maintenance costs would result,  As replacement for poured
cement in well casings tor e.g., breakage and transporta-
tion costs would be drastically reduced, and performance,
Tongevity and malntenance would be improved.  The project
will JTurcher test these claims and determine actual cost-

ef fect Llveness.,

(2) Traicing Recommendat Lon
For an cffective transfer of ferrocement technology to these

three instltutfons, {t 1s recommended that a three-tier vrain-

ing program be implemented as an intepral part or the project,

(a) The first part of the training program should consist of
training techunicians, 1t is recommended that two and
more Lechniclans be fdentiticd fvom cach of these three
institutions for a 2-week traluing on the construction
of simple objects such as water jars  and toilet bowls.

The best place for this type of training is the  Siam
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(3)

-

(¢) The thicd part of the training program {s a long-term

Lraining program to Jdevelop resource persons in Lndo-

26

nesia with fervocement gpecialiy,  Sluce AT has already

a large number or Indonesian students now studving o
thelr masters degrees, it is recommended that some  of
these students, especially those in the Division of

Structural Fnygincering and Construct {oa, be cucouraped

s

do take up ferrovcement as their thesis topic,  This part

of the training can be done under existing  scholarship

program of Al and hence it will not entail addictional
prog

expense to the present project,
Applivation and Vleld Test

The following applications should be tested in the fleld

and evaluated betore full-scale implementation:

~  Pontoons -~ Toilot bowls
- Dug~out canoes - -~ Well casings
-~ Water jars - Grain storage bins

- Bullding boards with
indigenous Yibers as
reintorcoenent

Although tisbiag aud cargo boats have been itdentified as

possible applications of ferrocement in Indonesia, it is

recommended that they be cxcluded 1n the fleld  testing for

the following reasons:
(a) The capital investment required In ferrvocement fishing

or carga hoat (about Rp, 2.000,000,~--) is large in
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cipauts of the training taken from the three institutions, would
ater serve as project coordinator in their preject areas. Beslde
the staff fvom DG (D persony, UREYIAN (2 pevsons), UNHAS (2 per-
sons), the participants from the ti, institutions were alse  in-
vited: Yayasan Dian besa (1 person) which is known as  an  active
agent fn introducing ferrocement water container in Central Java,
Universitcy of North Sumatra (! person) and Department  of  Publie
Works (2 personsy; hopefully all will support the efforts of wide

applicacion of ferrocement technolopy in Indonesia,

The training progrom cousisted of theoretical studies, laboratory
expeviments, field demonstration project, and rield trip. A brief

description of the training program is as tollows:

Theoretical Component: this aspect exposed the trainees to the
theoretical aspects of ferrocewent, since 2 good understanding of
the theory is essential tor a pood design, and  the material s

still dn the development stage,  The lectures toucheld the various
aspects ol ferrocement, its historical develepment,  constitutive
materials, construction methods, mechanical propertics and poten-
tial applleavions,  Also dncluded was o scection on the technolopy
and application orf related construction materials such as  {iber-

reinforced concrete and mortar, organic fiter reinforcement ctc,
A serles of lectures on the Tundamentals of structural analvsis
of plates and shells was included, sinee moste of the ferrocement

application arc in the form of plate and shell element,


http:pl.a:.os

29

Experimental Component: the experimental component conslsted of

the study of the various types of tests on ferrocement and  its
constituent materials (coment mortar, wive mesh, skeletal steel)
to determine their mechanical properties in tensfon, compression,
flexure ete, ihis was Tollowed by laboratory  esperiments  In

which the trainees themsclves performed the fabrication and test-

ing of the specimen and analysed Lhe test results,

Fleld bemoustration Projects the core of the training program was
the ticld demonstration project in which cach of the traince was
assigned o particular terrocement application, Suggestions  were
received from rhe trainees as Lo Lheir areas o1 interest and  the
projects woere assigned to them on this basis,  The projects  se =
Tected Tor {icld demonstration are  [fsted in Appendix B, As
part of the {field demonstration, the trainces vigited the ferro -
cement boat construct ton vard at Sriracha where there was  actual
construction ot ferrocement {ishing  boats,  arter  completing
their training the participants Ledd o symposita on Ferrocement
Technoiosy gt LB, invited to actend were the  statt from  the
Buflding Rescarch Center,  desting MSoterial fostitnte and  the
gtudent body and Facolty members o1 the Department of Civil  Fn-
pincering d arehitecture,  On yetuirning to their Regional Cen-
ters the trainees seloup a program assigned by the projeet which
{ncluded
~ site selection

~ on~site trafning of techniclans and skilled laborers

t

vicld demonstration

field test
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PROJECT DESLGN AND SITE SELECTION

This chapter includes the report from the three areas of West-Java

South

West

Sulawest and Aceh,

Java

2.3.1.1, Field Survey and Site Scelection

2.3.1.0

L.

The project commimced with a series of field surveys in a number

of villages in Sukabumi as well as several places in the Bandung

urban

area. Then several sites were selected to obraln the cri-

teria for designiug the hardware components to be developed and
§ ; I

tested,  The sites selected were based on the optimization of

meeting the local needs as well as the social,  ceonomic and en-

virommental apprepriatencas, The results of  the  field survey

were: the tormulation ot il problem and the sclection aof  the

following sites tor 1icld testing:

(0

(2)

Stte

(1)

District of Sakabumi
(a) Village ot Sukabumi
(h)y Village ol Citarik

(¢) Village of Cikarang

Districe of Handung

The facilities of iber-cement/Feyrocement hardware deve-
Topment system of DIC-[TB were to be made available te the
sities seloected,

Selectoed

Pistrict of Sukabumi

The slte selection was carricd out through the cooperation
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of DTC~ITB with the District of Sukabumi, a cooperation
which has been in progress for several vyears now., After
several visits to the aves, the village of Bunfwangi  was
gelected,  This villape is typical of the area, It {s poor-
ly develaped because of lack of proper infrastructure such
as good roads, The problems of its water supply  include
lack of a proper distribution system, lack of adequate sup-

ply and poor quality,

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

Buniwangi,

The village is located about 6 kms Horth of Pelabuhan
Ratu and can reached by road through a rubber planta-
tion only by high-chassis vebicles,  The road 1Is
paved with gravel and stones, The village ts In &
hilly area and the main act ivicies of the population

are cultivation of cloves, rubber and rice.

The daily water supply for viollage consumption ls
from a strean, fed by a soring located 1,500 meters
from the settlenent area, (See Appendixz 1) Although
water is avallable the whole year, during the dry
scason the water supply is reduced,  From tae sarvey
of 4 different settlement proups, different ways of
obtaining wat ey wore ohserued, The water was rrans-
ported through open-carth channels and then trans -

ported to the houses by bamboo pipe or PVC pipe. Some



32

use the stream directly for their needs. Whenever ne-
cessary, open water storage tanks made of brick wirth a
capacity of 500 - 1000 liters were used, Ponds  with
bigger capacity were also dug to store water, Analyz-
ing the different sources orf water in the area, it wvas
determined that the  amount  of water needed by the vil-
lage can be adequately supplied, )1 the supply system
is improved, the quality and quantity of water supply

can be improved,

Contaminatlon from pesticldes, human and animal waste
would be prevented, Bfiicient utilization and distri-
bution of water wvould greatly reduce needless  waste

and loygs of water supply,

Desipn and Approach or W

ter Supply Project in Buniwangi
st PR U U N S R Crmemw m o e - ¥l

From the results oi the survey together with the parties
wvhio had previous contact with the village people  (KKN-
IPB), several alternatives to improve the water supply

were proposed;

(1) To fmprove the distribution of water supply by
Lthe introduction of {errocement in the construc-
tion of:

- open canal
- ¢ losed channcel

- water conveyor



33

(11) To study the technical and economic feasibilicy

in the improvement of water supply

(1i11) To improve the water storage system through the

.

intoduction ot
- ferrocement watoer tank
- bamboo cement water tank

- simp e water filter

(iv) To make the village people aware of the import-
ance of clean water for daily use through

gpontaneous informal contacts with the DTC stalf

(v) To train the local vourh aund workers the tech -

nique of terrvcement construction

(vi) To ase any possible local matevial available for

the water supply systen,

From the wery start of the project, the approach through
the different Llevels of local leaders, both  formal and
informal, played a very important role, and a regularv
contact was maintained, In this villapge it was felt
that there was a strong Inflocnce trom some intformal
leadership,  “fter approaching these leaders properly,
two meetinps with the village people were held,  As a
result the peaple of Buntwangi supportaed the project by
supplying the manpowver regularly during the execution

of the project,



(b) Condition of Water Supply in the Village of Citarik

The village of Clearik is one of the [ield testing
areas ol DTC-1UTE projects since 1977, Various hard-
ware components had been developed within the  area,
Host of the project development was interrelated, The
problems of water suppiv wore more or less similar to
Buniwangi. The arca bas adequate water supply through-
out the yvear but the distribution was not managed well,
therefore some pare of the village still lacked water,
In addition, the vater was not free from external conta-
mination., tasec oo the expericnce at Buniwangi, o si -
milar study was undertaken for Cliaril, fwo sites were
selected: the community of Babakan Javauti  and  the
comuun ity of Clawun.,  The alvternatives proposed for the

ared were as follows:
(i) To tmprove the quality and distribution of water
wirhin the area thirough the introduct lon of
~ Yater storage lerrocement tank for Babakan Ja-
vanti
- Public toilet, washing aod bathing facilities
in Babakan Jayanti uriiizing bamboo cement
(11) To improve the water supply and distributfon at

Ciawun/Cicola through the introduction of:
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- Locally avaflable fibreccement pipe, including
its method of manufacture
- public bathing and washing facilitvles at Ci-

awun, Cllimus,

(2) District of Bandung

(a)

The Development of ferrocement shell type of structurc.

Because of the versatility of the materlal, i.e., its
free form and high strength in tension aud compress fon,
ferrocement Is highly recommended for thin shell and

gpace structurae,

For this purpase design and construction of such a
building was tested, Dbue to its religious signlfi -
cance For the people, il wag apparent that introducing
the new tochuoiony to the local people through a pub -
Lic bullding such as a protetype of aoamosgue would

mean a definite breakthroogh  for its acceptabilicy.

Prior to the actual Tield construction, several types

of construct fon were stwdied through modelling, The

types studied were various hvperbolic paraboloid shells,
eustomar ity called gothic vaultrs,  The sholl structures
tosted were ar the regnest of the local community, cxe-
cutod alter o pevicd oo contnel snd neget fat oo through
formal and informal mectings,  These mectings dlscussed

not only rheir relationship to the project, the {inan -
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because of proximity to the sea.

(£) The fishing boats ave made of wood which 1s not long-

lasting.

From the survey of a number of villages, it was observed that
in general the standard of living of the people 1s low, By
introducing ferrocement technology applicable for rural use,

the quality of 1iie may be lmproved.

From these districts then were selected the strategic sites
for ferrocement technology development, In the district of
Aceh Besar were sclected Darussalam, Lhueng Bata and Deyah Ba-
ro; in the District of South Aceh, Jambu Apha, Hulu community,

the port arca and the center of the city (main mosque),

The population densicy in these sites {s high and so the de -
monstration offcect was assumed to be more effectlve. One ef-
fective approach to the community was through the mosque where
the people from the surrounding area congregate, By means of
the conferences held there, information can be conveyed, Coin-
cidentally the two team leaders of the project were prominent
religious leaders in their respective mosques, thus factlitat-

ing the implementation of the project,

2,3.3,2, Tralning Progran

For the process of transterring the knowledpe and skill to the
local people, a tralning program was orpganized for those {n -

terested,  The level of participation could be divided into:
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(1) Speclal trainens
These participants actually composed the local staff that
would be involved later in the project, They received
training on rhe various vield appiications of ferrocement,
Those who completed the preparved curviculum recelved a
certificate.  This group received remuneration during the

tralaning period,

(2) Volunteer trainees
This group was not committed to the project because they
already had full-time jobs in c¢ither government or pri-
vate enterprise,  Consideved only asg obscrvers, this group

did not received a certificate nor rvemuncration,

COMPONENT DES[GN CONSTDERATTIONS

West Java

2.4.1,1, Development of Alternatives for the Village of Buniwangi

After the obgservation and field study in Februavy, 1979, the
overal! plaaning of the w.ter supply sverem was divided  into
4 (four) steps, each containlng fts design, experiment, fileld
testing and tests for acceptability.,  The sites selected with-
in the village of Bunfwingl we-o:

- Community oi Clmangpu

-~ Commuuitv of Citapen

- Community of Babakan



s

The steps in the project design are:

Step 1. Flrst development phase: February - July 1979
Before the tivst step started, surveys were carried

out tor:

- Reconnaisance study

- Site selection

- Land survey (topopraphy)

- Meeting with the youth volunteer group (Taruna
Karya)

- Manpower recrufitment

- Project aims discussion

-~ Srudy of the total output of water supply {rom the

different sonrces

After the study, the community of Cimangpu was selected
for the first development phase (step).  The system de-
slpn included:

- Construaction of a ferrocement chaanel lining of a

trapesoidal shape, 40 meters Tong, made in small

units
- Construction of ferrocement settling tank, L mx | m

- Coustruction of one curve bridge with a gpan of around
8 meter and width of 1,5 meter made from bamboo and

ferrocement



Step 2,
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- Construction of water facilities for a mosque, with a
capacity of 2500 liters, made of bamboo cement, cy -

lindrical In shape,

During the exccution of this phase, 5 local youth were
sclected to be trained for the project, 1n addition
about 5 volunteers regularly came to help in the pro -
ject in the afternoon after finishing thefr work in

thelr own farm,

Second development phasc:  sSeptember - December 1979

After the first phase, the project was evaluated with
regard to lts technical progress and les soclal accept-
ability, the understanding and the response of the com-
munity to the project, This lasted tor 3 months, It
was observed that the acceptabiticy of rhe prototype
built in phase | was rared good,  This was obtained by
direct Interviews and retlected through the attempts
of the people to ecxpand the system and to make the si-
milar components by themselwes,  During the evalnation
period, the plan and design tor the sceond development
phase was drawvn up and studied.  The second phase was
carried out In a bigger community areca with a bigger

system at Cltapen:

- Construction of a dlversion gate upstream at Cisa-

Tada

- Construction of an intake structure from the gtream



Step 3,
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to the system at Cisalada

~ Construction ot a public washing facllicv upstream at
Cisalada

~ Construction ot g ferrocement channel lining shaped

Like o hall ey linder witin a diamcter of 20 ems,

In this phase, 5 ({lve) wmore youth were recruited to he
tralned to work in the project, ‘Thesce were residents

of the commmity living upstream at Cisalada,

Third development phase: Januwary 1980 - February 1980
While phase ! was under construction, the general plan
and deslign was being revised for some adjustments at

the corvesponding site sclected., In phase 3 the steps

were:
- Earth excavation for the ferrocement channel

-~ Continuation of the manufacturing of ferrocement

channel lining

~ Creation of the manufactuving procedure for fiberce-
ment pipe
- Desgign of four public facilitlies consisting of:
(1) open ferrocement tank with a capacity of 5000
Hters for use as filter basin
(2) one fervocement tank with a covered top and a
capacity of 5000 liters as storage tank ellip-~

tical in shape



Step 4,

step

%
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(3) one ferrocement tank with a covered top and a

capaclty of 6000 Jiters as storape tank

(4) 4 public facilities for washing and bathing

- Design of distribution system

Buring this phuse, the number ol DTC=1TB scaff per-
sonnel assigned o the project was reduced and more

ltocal peeple were involved in the project on a vo -

luntary basis, Manpower wag minimized.

Fourth developmenr phaser  February 1980 - April 1980

- Construction of four pubidc facilities mentioned
.’lhl‘)‘v’(f

- Construction ot distvibution pipes

= Tesring of the ddstribut fon systam

- Pvalaation of the qualicy of wiater

5

i
{

ireh developmiont phase: May 1980 - NMay 1981

= Yietd observarion and maintenance daring Che height
of the dry and raine season

- Establisbhment of the social organization to be reg-

pousibic: tor the systen

« Monftoring and evaluation
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2.4,1.2, Ferrocement, Bamboo Cement and Fibercement as Alternatives for

the Village of Citarik

After a period of fleld study and contact with the local ¢ommu-
nity (April 1981), the plan design of hardware development was

proposcd to utllize ferrocement as alternatives,

The general plan of the project was:

= Constructlon ol 4 water tank with a capaclity of 700 liters to
be used as a storage tank, the excess water belng pumped by a
hydraulic ram pump to the scttlement area al Babakan Jayanti,

Citarik

= Development of a propev water supply distribution from the

storage tank

= Desfgn and construction of a water supply system using the fi-
bercement plpe made of waste fibers from a local starch facto-
ry a: Clawun, The length of the pipe system would be 300 me -

ters,

= Manufacturing of fibervcement pipe at Clawun after a short
training ot the local villagers, the pipe to be used in  the

project

- Design and construction of two public washing and bathing fa-
cltlities at Clawun and Cllimus usiong bamboo cement construc -

tion,
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the process of bullding, there was a transfer of knowledge to
the local workers, The free shape design Jends itself to local

innovation in the {uture applicarion of the material,

2.4,1.4, Clkarang

Design and constructfon of a ferrocement pontoon ferry with

these specifications:

~ Three ferrocement open cylinders, 2.5 cm thick, 105 cm deep,

130 cm  diameter and 6.5 m long
- Maxlimum loading capacity = 1) tons
- Recommended carrying capaclty = 8 tons for a single trip.
The construction of the pontoon at the site itselfl was with the
cooperation of the Provincial Publle Works Department, For
this, local workers were tralned within the project., These
workers were to becoms the permanent staft for the operation
and maintenance of the pontoon and eventually transfer the tech-

nology Yor simflar purposes,

2.46,2, South sulawesd
To attain the objective of the project described in Section 2,3,,

the project was divided Into the {ollowlng phases:
(1) Fleld Experimentation on the various types of applicatlon
(2) Evaluation of the fleld appifcations

(3) Report and information scrvices
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2,4,2,1, Design Criteria
The ifantroductory survey held by UNHAS and AIT - DTC-1TB  and
USATD In October 1977 av the city of Ujung Pandang and at the
village of Paljulukang, Dlstrict of Maros was followed with a
field survey by the team of R.OAUT.UC,  UNHAY  in
the Districts of Jeneponto and Sidrap,  The results of the
survey recopnized the possibility of ferrocement technology

application,

The selection of those three villapes was based on the ff.:

(1) Avatlability of vaw materials for ferrocement construc-

tlion iacluding several orpanie fibers and sand:

(2)  Ferrocement fs an appropriate substitute for woods

(3) Avaflaebility of skilied and non-skilled manpower who can

be traine:d,

In order to promone and deveion the use of ferrocement techno-
logy wspectally In the villane settlements, certaln principles
were setoap hy RATC - TNHAY

The develepment of ferrccement must be orfented towards

(L) the prosotion ot the participation and Inftiative of the

loeni people

(7) the promotion of the home Industries which provide work

opportunit les
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Field demonstration on how to make ferrocement drum,
water basin and water tank in Tonrokassi, District of

Jeneponto

Training of undergraduate Clvil Engineering students of

UNHAS
Trial butlding of a ferrocement canoe at UNHAS  campus

Demonstration of the building of a water storage with
a capacity larger than that in Tonrokassi (UNHAS Social
Lahoratorv)

Demonstratien of the construction of a septic tank at

Tonrvokassi (UNHAS Social Laboratory)

Consultation with the Makassar Shipyard Company regavd-
ing the possibllity of constyucting a boat from ferro -

cement at thelr dockyard for sea transportation
Demonstrat lon of the consrtruction of a well casing from
ferrocement ot Jonrokausi (UNHAS soctal Lab)

‘eteinyg up a4 plan to consteact the dowme of Lhe wosque

from ferrocement in Uhe villape of Teolo, Jeneponto

Provig.on of clean water with a pumping system that
uses collecting and storapge tanks made of ferrocement.
This would be a joint effort of RATC UNHAS, the govern-
ment office in Jeneponto and the Foster Parents  Plan

International (FPPI).
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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 Disvvict of Sidrap and a private company, The
implementation of this project depended on the approval

of the 1980 budget for the district.

= Plan to construct the dome of the mosque at Benteng,

District of Selayar

= Pond for breeding shrings at Paotere

- Well casing from bambon cement in Tarongko and Makale
8 ’

District of Tana Toraja

- Model of water basin {(drum) from mortar ecement in Ama-

parita, bistrict of Sidran

- Plan te coustruct a ferrocement boat.

2,4.3, Aceh

2.4.3,1, Ceneral Consideration

Afrer the survey the type of project appropriate to each place
surveyed was duly considered. 1o was desired that the type of
project chosen would answer the particnlar needs of the local
people . tor example, the lack of adequate Vacilities or means
to store water supplv due to high cormes indicate the possibi -
Litr ol rerrocement as a cheaper substitute, PDepending on Lhe
local people, several model alternat bves were planued which

would be quickly developed by the people,
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2,4.3,2, Darussalam (Aceh Besar)
Darussalam located about 7 km  from the provincial city of
Randa Aceh i« the oducational center for higher learning in
Istimewa Aceh, hence it was designated as the center  for
ferrocement tuchnology In that arvea, A complete setr of test-
ing marvfin] cquipment is also available for the use of both
faculty mevbers and students for the rescarch, For this
purpose, the rector of the University of Syiah Kuala set
aside a plece of land, 400 m= in area, as a center for
traluing and collection of data from the different activi-

tivs of the terrocement development rescarch,
Types of ferrocement components that wvould be made were:

1. House type 70

2. Well diaceter 80 cn

3. Septic tank, both rectanpgular and cylindrical In shape
4, tarden fonce

3. Root, {oided plate or corrugated

6, Guttey plank

7. Paln gutrer

8. Culvert

9. Water tanks, both rectangular and cylindrical in shape

10, wall uuits
11, Puritication tank for drinking water
12, Dome

13, Table
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14, CGarden benches

15, Children's slide

16. Water tank in the place for purification rite at the
mosque

17. Canal lining

18, Rice bin

19, Canoe

20, Flower pots

All the compmments made were intended for exhibit, How-
ever, in their construction, special technical personnel
and volunteer trainees wepre utilized,  These volunteer
trainces were regaested from all parts of the provincee
through contact with the regional heads, the number  of
tralnces depending on the project targeted for each place,
The house built was eventually used as an administrative
of {ice and also as a place to file all information and re-

ports of activitices,

2.4.3.3.. Deyah Baro (Aceh Sesar)
Deyah Baro, sbout 3 km irom the provinclal city of Banda
Aceh s located near the scashore, Hence the suitable
ferrocement components were canoes, hoats and vessels for
water storiape.
The major source of Income is Tishing, The {Lshing boats
were commonly made of hard wood which lasced {rom 2-3 vears,

at ter which the boat started to leak, The vcost  of repalrs



2.4.3.40,
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were prohibitive hence a fisherman normally owned at least

a second boat as rescrvo,

Results from ficld testing indicate that {errocement has

higher durability than wood althengh it is heavier,

Pubtished Piterature report terrocement as lasting berween

1O = 20 vears, o Uact whtleh Jocal people can prove for them-
sclves,  However there is a local belief that fish are re-
pelled by the odar of iron or cement but attracted to wood,
From the scientitic point of view this {4 not tenable, More-
aver fishing trawlers made of iron and steel are capable of
catching enormous amounts ol Vish with medern methods such

as suction,  Ghis belief which mav constitute an obstacle to
development of fervocement boat {3 being overcome by contl -
nued training of people, usually high school drop outs, and
exposure using photographs and diagrams ol the ferrocement

boats already in use v other partg  of Indonesia and other

countries such as New Zealiand, latwan, Hong Kong ctoe, ..

Lhueng Bata (Acch Bes: o)

Lhueng Bata is sitvuated about 5 km  {rom Banda aceh towards
Medan,  The scurces of Livelihood of the people are tarming,
small business and to a small extent government cmployment.,
Since this villape is vear the provinelal city, the standard
of liviug is better than those in the other villages, Throug

self-help and contributions (rom outside the village, the re
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After studying first hand the situation, the fcllowing types
of ferrocement components were set up to answer the needs of
the peopde, with the cupectation that in carrying out the

plan, local laboreres will be trained te turther the deve -

topment of ferrocemeut technology,

L, Religious training center/small mosque

2, Place for the purification rite in the mosque

3. Water tank For the purification rite, cylindrical in
shape

4, Cylindrical water rank wich its place for the purifi-

cation rite

5, Hater tank aond the place for the purification rite

0. Small witer eservolr and place for the purification
rice

7. Entrance to a soall aosgue

8. Fishing boat

9. Canouw

IO, Ceiling dene for the main mosque, gutter and walls
o Ceiling dome for aongue

12, Benchies

13, Flower pots

14, Septic tank

15, Water jar






Below is the chronological order of the steps followed:

(1) Project Design

(a) Commmity need assessment eriterig
~ kinds of service

- magnitude of scrvice

(b) Hardware service criteria
- utilizacion
- tachniques to be useod

- environmental protection/control

(¢) Haridware desiyn criteria
= wapnitude of the poertormance
- technfeal imitationy
-~ veolomic Timiia {ons
= concept of desion

- hardware speciticat fous

(d)  Hardware desipn
- location
- Ltechnique
= blueprint desipgn (if needed)

I of matoriats

H

Pihme and coust analysis

(2 In njeet Orpanization
(1) Pre-ticld provr.an
- seli-help stratewpy

-opreparation of adminfstration and organization
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Entrance to t
the nnmmunityl i Cuopeeat ton
by the team J i
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(b)  Project execution or field program
(3) Monitoring and ecvaluation

These steps constivute the priuary orivntation in determining
bhow to handlic the project well, especially since the sociologi-
cal factor pgreatly infloences the success or failure ol the

program in question,

Manitoring and Evaluation

The monitoring and evaluation of the performance of the project
way carried out before, during and after the execution of the
project,

The method and procedure include the vtraining of local manpower,
establishing contacts with the tocal community, joint decision-
making, transierring of knowledge and waintenance ability, and
the possibility of furcher developuent,  The schema Is as [ol -

lows:

Pknxilurixu;]
Fvalaatl ion l
b

{Tuvhniquvu

ek

Neparture
of team from
cammunity

[ORUUG U PR S

ot e g

s o

l
L
SR S—

Feedback

Tawing | adaptabili-
cuu!urtﬁl v ostrateyy

*

by the

weeant
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The tank suffered slight damage (cracks) which was easily

repaired with no subscquent leakagpe,

(2) The strength and workabilive of the ferrocemenc canoe was
also in question, Daring its construction and training
of local manvower, not all parvcicipated whele-heartedly.
Some were even crivical,  On the day of Taunching a tra -
ditional ceremony attended by prowinent leaders of the
community was hield,  The local people were curious  to
see whether the canoe would Float,  Many men helped launch
Lthe cance which was buile Tt m Vrom the shore,  The canoe

did float and at the precise desiynated water level,

(3) In Tapak Tuan another incident occurred during the con -
struct ion of the wvater tank for usce in the purification
rite. Several vouth who still doubted the strength of fer-
rocement decided 1o test it during the night, repeatedly
striking and jumping on top of the tank which was just
cured,  The tank survived the test and the nexto morning
the youth admitted to the team teader the durabilicy  of

the ferrocement constract jo,

Thus the acceptance of the ferrocement was assured, further
evidenced by the Jdiftferent requests from the people, Below
is a llst which pives the areas with their respective requests:
~ Singkil, construction of wosque dome, B meter in diameter

- Labuban Haji, construction of wmosque dome, diameter 7 m,
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- Bakongan, construction of mesque dome, diameter 6 m.

- Silolo Terbangan, construction of wosque dome, diameter
8 meter, : .

- Bandar Earu, construction of mosque dome, diameter 20 m,

- Tungiop, construction of mosque dome, diameter 8 m.

- Padang Mawplan, construction of mosque dome, diameter 8 m,

- Banda Aceh, Jow-cost housiog, type 62 sq.m,

~ Tapak Tuan, rvesidential house, type 70 sq.m.

- Tapak Tuan, construction of a store.

- Banda Aceh, construction of a reservolr, capacity
10,000 Titers.

- Banda Acel, construction of rishing boat 20 m, long
(ovaed by DL Pantia Niapa)

- Meulabol, construction of an irrigation distvibution
box and tertiary and quarternary canals, alded by
PP - USalh,

~ Banda Acen, construction of fishing boat, bureau of
Fishery,

~ Sinabang, construction of o morge dome, diameter 10 m,

- Sinabang, constyuction of resideatiog houses,

However Lhe belicef that tish arve dabraid ot cement still per-

gisted, requiring sere intensive cducation on the part  of

the people,
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The problem of maintenance, including the costs, was turned
over to the comnunity leader or the mosque committee. Several
local people alveady partis ipated in the training course  for
the ferrocement repaiva.  Although the cost of wmaintenance was
to be the responsibilicy of the Jocal people, aid from USAID

through the management of ITE was still expected,
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FERROCEMENT COMPONENT

WEST JAVA
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).

Component Spoeciflication

Ferrocement components which had been designed and constructed
at the sites its locations, dimension and bill of materials can

be summariszed ay follows:
.
(1) Component . Ferrocement Pontoon Ferry (Figure 3)

Location + River of Clkarang Village of Cikarang Dis -

trict of Sukabumi
Purpaoses ¢ Ferry for crossing the river

Dimens fon ¢ = Three jcerrocement open half cylinder
thickness 2.5 cm
105 cw depin
130 em dianctey
6,2 m long
- Connected with stecl beam
- Wooden deck floar b 2 6 m area

- Operated iy strong cable wire utilizing the

Flver current

Capacity : Maximum foad 1L ton
allowable carrying load 8 tons for a single

trip



Construction Steps:

The whole construction of the pontoo. was di-

vided into threo steps,

Step 1 : Construction of ferrocement Cylinder

(a) construction ol {ramewvork

(b) reinforcement of the c¢vlinder

(¢) plastering of the shell, two
sLeps

(d) side frame construction

(e) finishing and coating

Step 2 : Deck floor assemblv

(a) steel Leam arrangement

(b) wooden loor arrangement

(¢j constructlon o! bearding and
landing gate

(d)  ponteoon fence

(¢) f{inishing

onstruct fon ol operation systen

(a) arrangement of pate mechanism
(b)Y arranpement ot operation mecha -
nism
(¢) trial run
Construction period: 6 manths effective

Personnel

j—

supervisor
2 techmlcians

6 local workers



Fig. 1 Reinforcement of
Pontoon Cylinder

'y

Fig. 2 Pontoon ferry cvlinder after curing
and steel bean arrangement
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Bill of Material

A. Cylinder

1, Chicken wire 12 rolls
2, Wire § 3 mm 5 rolls
3, Iron rod § 12 mm 9 pleces
4, Tron rod $ 14 nm 30 pleces
5. Cement (PC) 40 baps
6, Fine gand 3 ml
7, Additive 15 liters
§. Angle steel 75,75 . 70 nm 18 pleces
9. Channel C 8, 12 3 pleces
10, Bolt 3/8" x 1% em/LO cm 200 pleces
11, Ring 3/8" 450 pleces
12, hole t/2¢ 50 pleces
13. Ring plate 1/2" 50 plates
L4, Tie wire 10 kgs
B, Frame and Formwork
L. dron road ¥ 10 mm 12 pleces
Ivon rod ¢ L2 mm 12 pleces
Tron vod ¢ 6 mm I8 pleces
20PVe Pipe @120 90 pileces
3, Pipe (G1y o 1/20 10 pleces
4. Electrvode ¢ 2,0 m 5 kgs
Flectrode 05 m 5 kgs

-

5. Tie Wire 5 kpgs



9.

10,

11,

12,

Jood Plank 20 ¥ 200 x 2.5

Nail 2"
Wood plank
Natl 1"
Thread

Plastic hose

Plumb

Floor and Gate

l.

v,

Channel C 12 cm

Channel C 8 om

Steel angle 7./

Steecl plate 01 = 10 2 6

-

Stecl plate 5 x 50 =

Massive steel

Steel plate 1.5 % U5 %

Hinges B 15 on

Pipe (G1) # 4"
Pipe (G1) @ 5"
Steoel Cate 1T x 25 x
Bolt

Wreneh /4"

Sting 1/2"

Bole 3/4Y < 4 em
Bole  3/4"

Bolt L1/2" » 6 om

a7

6

e

| 2]

5 x 12 x 400

rod § 5 cm

2

m
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Amount
20 pleces
2 kgs
12 pleces
2 kgs
1 roll

5 meters

] piece

pieces
4 pleces
4 piecues
1 plate
6 plate
1 plece
I plate
4 pleces

2 pileces

ra

meters
] plate

4 pleces

12 pileces
28 meters
400 pleces
BOO  pleces
300 pieces



Fig.

3&4

Ferrocement Pontoon ferry

operation

78



)

Amount

17. Belt 3/8" x 10 cm 300 piecoes

18, Ring 1/2" GO0 pieces

19, Ring 3/8" b0 pleces

20, steel plate 0.5 x 10 x 2 m 1L plate

21, steel rod $ 20 mm 1 meter

Fencves

l. Steel angle 5.5 . 03 4 pleces
Steel angle 7.7 . 07 4 pleces

2. Bolt 1/2" x5 cm 100 pieces

3, Steel angle 7.7 ., 07 2 pileces

penk Floor

1. Hard Wood 25 x 3 % b 2.5 m3

2. Stee)l angle 5.5 . 05 2 plates

Finizhing

L. Primer (Steel) 40 liters

2. Primer (Mood) 20 liters

3.0 Enamel blue merine paint 2 gallons

4, tnamel red  cencine patnt 1 gallon

5. kuild grey (pranes) 4 gallons

. Anti-fouling tropic paint

7. camd paper

~
-

gallons

sheots

Component

Ferrobamboo cement curved bridpe

(Ferro~-bamboo=cement)

(Fipgure

9

7)
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Location : Kampung Cimanggu, Village of Buniwangi

Purposc : Foot bridge to crogs a small stream to re-

place the vradicional coconut trunk bridge;

1

Curved upward so that Lt is not {lushed away

in a heavy flood from upland

4
H

Dimension : Span 7.8 m

Main

Load

Width 1.5 m

t

Curved upward at mid section 1,25 m

structure:
Ramboo strip mat, combined with wire and steel
reinforcement plaster with cement mortar
carrying capacity:
- maxinnm load 300 kg per sq om

-~ allowable load 200 kg per sq om

Construction proccdures:

(a) Constiruction of stone-laid foundation

(the stones were available from the site)

(b)Y  Bawboo mat weaviug,  The bamboo strip dem

widewoven alony the span

(¢) Construction of tongitudinal frame made
with steel vod frame

(Y Wire mesh redntorcement

(¢) Upper plastering

(f) Curive  uppey part



(g) Plastering lower part

) Curin

Construction time:

Personnel 1

12 days

n
4

supervisor

2 rechnicians

o~

RBill of Materlals:

A. Foundation and bridge

I WOYRQrs

Unit Price

o Kkp)

Amount
1, Chivken wire 57 rolls
2. Tron rog ¢ 3lg" 4 opleces
3. tron rod @ L/4Y B opirces
4. tie Wire 3 kps
5. Cement Le baps
b, Sand 4 m3
7. Gravel U, md
g, samhoo 18 pieces
g, sLonon 7w

#, Formwork and

L., Dambeo mal Jndom a

20 vood A/ o b (o

oty )

3, Natl

{ ' -
o, BRI ¢

Seattolding

Total

piecss
pieces

kogps

i piecen

700

1300

1200

(OO

2000

1000)

500)

4500

850

750

Hoo

BItiR

Total

39,900
7,200
9,600
1,400

36,000

12,000
2,750
9,000

13,500

131,750

37 IOU()
/ L] c‘()”
i, 200

I, 0o

15,100

82



JEMBATAN | ENGKUNG FERROMBU

KAWAT AYAM 1 lapis ANYAMAN BAMBU

o
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KETERANGAN
UKURAN DALAM CM
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Fig. 6 Ferromboo curved foot bridge
GOES'T
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(Ferrombo) of bridge: Bumboo reinforced combined with
chicken wire span 7.8 m: 1.5 m widih: curved shape
prevents damage from flood.

P8



Manpower

1. Foremam

2, Worker

3, Assistant

(3) Component
Location
Purpose

Dimension

Worker

Man/days

b1z
2/

2/12

(Rp)

85

Total
(Rp)

Price

2,300

1.5u0

24,000

36, 000

750 18,000

e e s

78,000

. Perrocement water distribution box (Figure

.

s Kampung Choaupgpn, Village of Buniwangi

s Water diversion open box

y

o2 om
1 m
T m

tong

wide

high

1.9m thick

Construction procedures:

Conctruction

Porasonnel

()

()

n
[ AR AN

Betntforccewment placing

i

actbaoring

N
Ay

vorkey

asslstant

workers

8)



KAWAT AYAM
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TANGKI AIR FERROSEMEN
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Fig. 8 Water distribution box.
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TEBAL 2CM
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Bill of materials:

A. Wall & Foundation

\mount Unit Price Total
mou
‘ (Rp) (Rp)
L, Chicken wire 12 m 700 8,000
2, Wire ¢ 3 am 15 kgs 700 10, 500
3, Tie Wire 1/2 kg 600 300
4, Cement 4 bags 2000 8, 000
5. Sand 1 m3 3000 3,000
6. Gravel 0,25 m3 5300 1375
Total A 31,175
b. Supporting materials
1, Triplex 0.3 cm 2 sheets 2600 7,800
2, Wood 5/7 » 3 m 3 picces 750 2,250
3, nail o 2Y L kg 600 600
4. Plastic sheet Yomy 300 600
Total B 11, 250
(4) Component + Bamboo cement water vank  (Figure )
Locat ion DoEeapung Chmanpen, Vitlage o Buniwangl
Purpeses coWater storase, facilitics Tor moslem pravers
Dimension : Cylinder tvpe

o2 helphe
1.9 m Jdiancter

b ooem thicknoess


http:I.ocati.o.00
http:Supporti.ng

TANGKI AIR FERROMBU

2 139

|
ANYAMAN BAMBU
~——
Aot
(@)
N
U's}
& <4
N
A KETERANGAN
_ 250 ’ UKURAN DALAM CM

TEBAL 2—-3CM

bh

Fig. 9 Bamboo cement water tank

GOEST
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o5

Ty Yoy 4

PG S

Fig. 10 Bamboo cement water tank, after

20 months

68
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Construction procedures:

(a)  Bamboo strip weaving

(b) Bamboo strip rvelnforcement

(¢) Plastering

(d)  Curving

Construction time

Personnel

BLll of Materials:

A, YMall waterlials

1. Bamboo
2. Cement
3. Sand

4, Gravel

B, Supporting materialg

1. Hamboo wmat

2. Tjuk Rope

1, 'tastic sheet

[x

4 days

Man/days
worker Rp. 6.000,-~

assistant workers Rp, 6.000,~-

Rp. 12,000,--

AmoUn LS Unit Price Total
AMOURES (Rp) (Rp)
6 pleces 500 3,000
4 bags 2000 8,000
w3 SO0 3,000
0,25 m3 550() 1,375
15,1375
1 shaerc 850 850
30 i 25 750
Im 200 600

i e

2,200



C. Extra materials

91

U Unit Price Total
(Rp) (Rp)

L. Pipe (GIy # 12 2 n L1000 2,000

2, Faucet (tap) 4 pieces 1500 6+000

8,000
(5) Component : Ferrocement tank, box types (Figure 11)

Location ! Kampung Cimangpu, Village of Bunliwangi
Purpose ¢ To store the water from the distribution

hox
Dimension : 2 m length

1 m width

L m helght

Construction procedurcs:

(a) Foundation and wall reinforcement

(b) Plastering

(¢) turing
Construccion time 7 days
Personne! : 2 workers

3 assistant workers



TANGKI AIR FERROSEMEN

L]
KAWAT AYAM 2LAPIS 2C O —

KETERANGAN
UKURAN DALAM CM
TEBAL 2CM

GOES'Y

Fig. 11 Ferrocement water tank
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Bill of Materials

A, Wall & Foundation

Amounts Unltc Price Total
(Rp) (Rp)

. Wire 10 kegs 700 7,000
2. RBrick 200 pieces 25 5,000
3, Cement B bags 2000 16,000
4, Sand L5 md 3000 "‘-7;50()”
5 Ghicken wire 14 m 700 9,800

Total A 42,300

B. Extra materials

1. I'VU pipe ¢ 1" 1 m 450 450
2. PVC pipe 27 G0 m H00 300
3, Wood 5/7 x 3 om 3 pieces 750 2,250

[

Yotal B 3,000
Component: : Ferrocoment diceh Jindng (Vigure 12)
Lacarion $ Vampuny Clmangga, Village of Buniwangi

Parpose/tunction:  To protect the witer from the source frow

direct coutaminat fon from the earth

Dimension o Trapesoid shape
20 ¢ hedgpht
40 cmowideio ot the top opening
9 em bottom wiidth

2.0 m Togmt b


http:openi.ng

30Cm

SAILURAN & TUTUP FERROSEMEN

TEBAL 15cm

KAWAT AYAM liap s

BES! BETOR &6 mm
\, jarak 20ecm

Ferrocement ditch lining

to

Fig., 12



(7)

Construction
(a)
(v)

(c)

Constructicn

Personnel

procaedures

Reinforcement on the mold

Plastering

Curing

rime 4
. ]

: 1

g

B1l1l of Materialsg:

A

hours

worker

95

Rp. 1.200,--

assistant workers

mounts

1. Chicken wire

Wire

3.0 Tie wire

. Coement

5. Sand

Component

Locat ton

Purpose/

Dimension

Coerro

: Cisaluda, Vitlage of

¢ Chaan

s Half
cover
30 ¢m
3 9

S M

2 om

Jm
2 kps

1.2 ox
12 kes
G,1 m3

Ccement

el Lining,

ey lindoer
ed top
diameter

long

thick

Unit

Price

(Rp)

Gheinnel

Total
(Rp)

90 1, 400
700 L, 400
H() 30
50 Hon
3000 300
3,730

R AT A

Hanbwang i

transport walerv



96
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SEUT
[ . .

Fig., 13 Ferrocement channel in line as dis-
tribution system
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Constraction procedures:
(a) Reinforcement on the mold
(b)Y Plastering
(¢) Curing

Construction time:; 4 hours

Personnel ¢ 1 worker

2 assistants

B1ll of Materials:

A e Unit Price Total
mounts
(Rp) (Rp)
2. Chicken wire 2.5 m 700 1,750
2, G5, vire 2 ks 700 1, 400
1. Tie Wire 1/2 ox 60 30
4. Cemeot 12,5 kps 50 625
5. Sand 0.1 mj3 3000 300
6, Mould - - 172
4,272
Component: -1 Fibrecement pipe  (Figure 10)
Location ¢ Kampuug Pabuakan, Village of Bunilwangi,

Kampuary Ciawun, Village of Cltarik
Function c Wator tromsportation

Diameter A" to 0" diameter pipe

2.0 m Jeugth



9%

Fibercement pipe
manufacturing




Construction procedure: (see manual)
(a) Fibercement mortar mix
(b) Lay mortar sheet on the mold bench
(¢) Casting with pipe mold
(d) One day curing
(e) Remolding

(1) One week curing
Construction time : 50 minutes

Bill of Materials

Unit Price Total
A, Pipe materials Amounts
: * (Rp) (Rp)
1.. Cement 7 kg 50 350
2. Sand 0,01 m} 3000 30
3, Fibers 0.2 kegs 150 30
410
B. Pipe mould
L., PVC Pipe ¢ 4" 2oms 1.500 3, 000
2, Vood strip A4 m 2 plecoes 400 800
3, 800
3,800
Assumied to be used S0 times ;ﬂﬂfdg = Rp, /6,-=
Personnel ;1 worker

Rp. 350,-- per pipe

2 asgistants



100

Fig. L7 Fibercement pipe used in raral

wiater supply, Clawun



(9)

Component

Location

Purpose

Diameter

101

: Water tank 5000 liters (Uigure 18)

¢ Kampung Babakan, Kampung Citapen

Village o

v Water sto

PElliptical
Diameter

He iyt

o Buniwiangd

rape

shape

7 9
—— g M

<

-~ 1,4 m

Covered top

Construction procedure:

Construction time

VMill ol Materials:

1. Chicken wire
2. G, wire
3, Sand

4, Cement

5, Tie wirce

(a) Frame arrangement
(b) Construction of
(¢) Wall formwork

(d)  Rednforcement

(e) VPlasteriug

(f) Curing

/ days

Amount s

18 ms
40 kgs
2 om3
12 zag

2 kgs

Tootal

tnjt Price
(Rp)

7010

700

340

2000

600

foundation

Total
(Rp)

12,600
28,000

6,000
24,000

1,200

71,800
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t rural water
ner, water tank
ities

ities; filter conta
and bathing & washing facil

Ferrocement and bamboo cemen
il

fac

Fig. 18




B, Supporting material

N ats Unitc Price Total

Amount s (Rp) (Rp)
1., Plastic sheet 1O m 250 2,500
2, Mould - - 5,000

7,500

Personnel "
Man/days Unit Price lotal
S . 1) I €11 1) N
L Worker 7 days 2000 14,000
2 Assistant Workers 7 days 1500 10, 500

2[4 ’ 500

(10) Component Water tank 7500 liters

.

Location : Babakan Javanci, Village of Citarik

Purpose/function © Water storage, nrior to distribution

Dimens=tion p o Cylinder shape
Diameres 1,0

theight e

Cover on o top

Construction proceduros:
(ar  VPrame arvranpemont
(b) Construction of foundation
(o) Watl royvuwork

(1) Reintorcement

103
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(e) Plastering

(fy Curing

Construction time : 10 days
Bill of Materials

A, Foundation

lnit Price Toral
Amnunts
(R (BRp)
1, fron rod 4 8 mm 8 piccen L1750 Phoi
2, Sand 1/2 m} 3000 2y
3, Cement 4 zag 2000 14 000

4, Gravel /2 w3 5000 2,500

Total A Py HU0
B, Wall
1. Chicken wire 30 m 700 D1 Ui

2,07 Wire 50 ks 700 35,000
3. Tie wire 2ot £00) Laan
4, Sand 3o 3000 g.,500
5, Cement 10 hnes 2000 20305

GO, ood 2720200 Yoplaces SIS J0.000

Total A T i
Personnel ; . . :
. , Unit Price rotal
Mo/ days o ‘1
(R )

1 Vorker 10 davs 2000 20,000

2 Assistant workers o davs Taan no, 00



(10) Component

Location

Purpose/function

Dimension

Construction time

Bill of Materials

A, Foundation and

1. Bricks
2, Gement

3. sand

B, Wall
1. Cement
2. Sand
3. Bamboo mat

. Fibers

105

MCK Bamboo Cement (Figure 20)

Rampung Babakan, Kampung Citapen, Vil-
lage of Buniwangi

Kampung Ciawun, Kampung Cilimus, Ba-
bakan Jayanti, Village of Cltarik
Public raciltity for bathing and wash-
ing

Curved thin wall or bamboo cement
plastered with morcar,

The size is adjusted to the space

available in the site,

5 days

Distribution Box

AMOULE < Unit Price Total

T me) o (ke)

20 pieces 35 3, 00¢)
2 bhaos 1000 4,000

0,67 m3 3000 2,250
11,250

3 baps 2000 6, 000

1 m3 3000 3,000

10 m2 250 2, 500

11,500
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IS SR A Y
" ," 'ﬁx&!

Wt el ol

Fig, 19& 20 Bamboo cement public water
facilities




Personnel :

L Workerv

2 Assistant workers

nit E N
Man/days LnLE Price
(Rp)
H days 2000
5 days 1500

Construction procedures:

(a)

(b)
(c)
{d) Curing
(12) Component :
Location :

Dimension

..

0,

Construct ion

sSeptic

iamboo mat placiog

Plastering

tank bambo cement

Total
(Rp)

10, 000

1.5, 000

25,000

Construction of brick layers and foundation

Babakan Jayanri, Village of Citarik

]

.

Bamboo maot

Prepavation of

Loom3 capacdly

75 diamelor

t

»oan hitph

procediuyes;

Wi2aving

the sice

() Bamboo g
(h)

(¢} Piastiing
(d)y  Curiag

Conetruetion time

h days

plastered with mortar

107



(13)

Bi11ll of Materials:

Amount:s

1. Bamboo mat 10 m2

2., Sand
1. Cement

4, Gravel

Personnel

1 Worker

2 Assistant

Component

focat fon

Function

Dimension

1.5 m3
8 bags

.5 m3

Man/days

[ R
dodavs

Workers 10 days

Gothic vaulyp

o karang,

¢ shetter

= Curved- shape shell

Unit

shaller

Vil bape of

Unit Price

(Rp)

250
3000
2000

5000

Price
(Rp)

2000

LS00

= Four sibde eoponing,

3 i

- 2.5 height

R P BT B T

- 2.5 om

ConslLruction proceduare:

{40

(h)

RS NTHIT

thick

Const ract 1oy of

cover

arratgenwent

{(Figure

Pasir

area

108

Total
(Rp)

2,500
4,500

2.500

255500

Total
(Rp)

10,000

30,000

40,000

20

Ipis

structure

fovrocement

toundat Lon



Construction tino

()
(d)

(e)

Bill of Materials

AL

21 days

Shell skin
Amounts
1, Cement 15 bags
2. Sand 2 ml
. Irom rod:
# 9 mm 6 pieces
# 6 mm 1D picees
W4 mm 60 pieces
4, Chicken wire 4 rolls
5, Tie Wire 15 kps
b, Electrodoe L b
Supporting materials

Lo Gunny sack 3
2, bhamboo mat 8
3, Wood /4 20

4L, Mamboo 20

sheats
pleces
pivees

picces

Curing

Reinforcement

Plastering

109

Unit Price Total
(Rp) (Rp)
2000 30, 000
3000 6, Q00
1900 11,400
1750 21000
1000 60,000

12560

700

4000

Total A

250

800

200

850

Total B

90,001

10,000

41000

232,900

7,500
6,400
4,000

17,000

34,900



Fig., 21

Fig., 22

Gothic vault under

yeily

RRE

Ferrocement gothic

model study

vault shelter

110
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Personnel :

. Unit Price Total
Man,days
(Rp) (Rp)
2 Workers 21 days 1500 63, 000
3 Assistant Workers 21 days 1000 63,000
126,000
(14) Component i Hypar mosque (Figure 24)

Location Village of Sadu, Soreang

District of Bandung

Function

Small commuaity mosque

Dimension i Hyperbolic pavaboloid shell structure;
Four side-~opeuning
3 m hetght
5% 5 m covered area

2.5 ¢m thickness

Construction precedures:
(a) Construction of foundation
(bY  Frame arvangement
(c) Reinforcement
) Plastering

(¢) Curing

Corstruction time : 27 days
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Bill of Materials

A, Shell skin
Unit Price Total

Amounts
(Rp) (Rp)
1. Cement 20 bags 2000 40,000
2, Sand 5 m3 5000 25,000
3. Iron rod:
# Y9 mm 10 pieces 1900 19, 000
# & mm 15 pieces 1750 26,250
4 mm 70 pileces 1000 70, 000
4, Chicken wirc 5 rolls 21500 132,500
5. Tie wire 15 kgs 700 10,500
6., klectrode 1 box 4000 4,000
Tatal A 327,250
B. Supporting materials
1. Cunny sack 30 shaets 250 7,500
2. Bamboo mat 8 picces 800 0,400
3. Wood 4/6 30 picees 750 22,500
4, Bamboo 20 picces 850 17000
Total B 53,900
Personncel
Man/days Unit Price Total
‘ Ay (Rp) (Rp)
2 Workers 27 days 1500 40,500
3 Asslstant Workers 27 days 1000 27, 000

67,500



i

Fig. 23 Ferrocement hypar mosque during
desh reinforcement

‘ ,4"&» -. As
LR e
e ELANn i dakee oS

Fig. 24 First plastering of ferrocement hypar
mosque

113



(15) Component :

lLocation

Function

Dimension

- four

Ferrocement bus shelter

Shelter

114

(Figure 26)

« Jalan Ganesha, Bandung

ror bus passengers

;- 3 m height

fr m covered area

conerete columns

Construction procedures

(a)
(b)
(c)
(d)
(e)

Construction time

Personnel

2 Workers

3 Assistant Wovkers

Bill of Maturials

A. Foundation

1, Sand
2. Cement

3. Gravel

Construction of foundation
Frame arrangement
Redniorcement

Plastering

Curing

3 weeks

Man/dave linit Price Total
B (Rp) (Rp)
21 days 1,250 94, 500
21 days 1,500 63, 000

——— e e P e

157, 500

it Price Total

Anonnte ARp) o (Bp)
2 m} 3,000 16,004
15 bayps 2,000 30, 000
2 m3 10,000 20,000

o e mam s e =

60, 000



B.

Colunms

1. Tron rod
# 8 mm

2, Iron rod
B 8 am

3. Plywood
4, Nail
5. Sand

6. Gravel

. Shell Roof Frame

1. {ron rods
# 8 mm

2. Tron rods
A6 mm

3. Welding rad
4, Nalls

5. Plywoad

6. Gasoline

Amounts

6 pileces

7 pleces

1 piece

1 kg

.5 w3

1 mn3

4 pieces

7 pieces

kgs

T~

(%

kps

—

plecc

20 liters

Shell Roof Reilnforcement

1L, lron rods
6 mm

2., Iron rods
# 4 mm

3. Chicken wire

b, Tle wire

3 pleces

100 picces

4 rolls

10 kgs

115

Unit Price Total
(Rp) (Rp)
L1750 10,500
1000 7,000
4500 4, 500

550 550
8000 12,000
10000 10,000
44,550

1750 7,000
1000 7,000
1000 2,000
550 2,750
9500 9, 500
200 4, 000
312,250

1000 3,000
700 70, 000
22500 90,000
600 _-~ELJ)OO

169,000
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Fig. 25 Mesh reinforcement of
ferrocement bus shelter

Fiv, o Perrocement bus chelter from side
\

view: Showa the ohell thinoness
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E. Shell Roof Plaster

AmoUnt s Unit Price Total
N (Rp) (Rp)
1, Washed sand 2 m3 15.000 30,000
2, Cement 20 kgs 2.000 40,000
70,000
F, Mnishing
I, Paint 20 licers 2,500 50, 000
2, Curing 10 pieces 300 3,000
53,000
G, Supporting Materials
L. Wood plank
2000 -« Ao Il picees 1,000 11,000
2, Wood studs .
507 - 9 m 10 pleces 1,500 15,000
3. Rop e L0 rolls 300 3,000
G Nalls 5 ks 550 2,750
5. Bucker 0 500 3,000
34,750
(16) Component ! Minarat and Dome on top (Figure 28)
Locatfon : Clisitu Lama, Bandung
Function : Minarvet for calling the prayer

at Ar Rabtudm Mosgue
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Dimension : ~ Minaret : Tubular minaret with
ferrocement skin wall
12 m heighe
3 ocwm thick
imbedded in three cylinder concrete

columns

~ Dome on top; terrocement skin

2.5 cem thick, mid section 3.5 m

Construction procedurecs:
(a) Corstruction of ftoundation
(b)  Construction of concrete columns
(¢)  Frame and wall reinforcement
(d)  Dome reinforcement on the ground
(e} Wall plascering
() Lifting the dome
() Plasvering the dome

(h)  Curing

Congtruction time voulr weeks

Personnel

.

Man /i ays’ Unit Price Total
vie @y (Rp) (Rp)
3 Vorkers 36 days 2,250 324, 900
4 Assistait workers 36 days 1,500 216,000

540,000



B11l of Materials

A.

Foundation

Iron

Amounts

rod § 9 mm 10 pieces

A6 mm 20 pileces

Cement 15 baps
Fine sand 5 ml
sand 2 m3
Gravel 2 m3

Cylinder wall frame

4.

6,

Wood 3/20 - 4m 20 pieces
Iron rod @ 6 mm 10 pileces
fron rod ¢ 4 mm 20 pieces

Wood studs

6/1% - 3 1 piece
Nail 5 kgs
Electrode rod 1 doaz

Cylinder reinforcement

1,

fron

vod # 6mm 12 picces

2. tron rod @ 4 nm 20 pieces

3,

4,

5

Tie Wire 20 kgs
Chicken wire 7 rolls
Wood stud 48 pleces
5/7 - 4 m

119

Unit Price Total
(Rp) (Rp)
1.900 19, 000
1.750 35, 000
2.000 30, 000
5,500 27,500
3.500 7,000
6.000 12,000

130,500

2.500 50,000
1.000 30,000
700 14,000
2,500 2,500
550 2,750
4,000 4,000
103,250

1.000 12,000
700 14,000
600 12,000
22,500 157,500
3,000 96,000

291,500



D, Cylinder wall plaster

G.

Amount
1, Cement 29 zags
2. Washed sand 2 m3

Dome framing

1. lron rod PO mm 12
2. 1ron rod H4wmm 24
3. Nail 5

4, Flectrod: vod 1

Dome reinforcement
1. Jron rod $H6mm 1Y

2, {ron rod Hamm 20

3, Tie wire JO
4. Chicken wire 11
5, Woods studs
5/7 - 3o 9
37 - 4w 5

Dome plaster
1. Cement 31

2. Washed sand 2.5

pleces
pleces
kgs

hox

{feces
p

picces

picces

picees

haps

ms

Unit Price
(Rp)

2,000

15,000

1.000
700
500

4,000

L.000
700
600

22,500

1,500

2,000

2,000

15,000

120

Total
(Rp)

58,000

30,000

$8 000

12,000
14,800
2,500

4,000

33,300

19,000
14,000
6, 000

247, 500

13,500

10,000

e et e A

310,000

62,000

37,500

—— S

Y9,500
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H, Finishing

Amoun s Unit Price Total
(Rp) (Rp)
1. Floor
- gand 2 m3 4,000 8,000
- gravel 2 mj 6.000 12,000
-~ cement; 20 bhags 2,000 40,000
<. Paint 20 kgs 2,000 40,000
3. Top dome 50,000

150,000

I, Supporting Materials

1. Bamboao 120 pleces 1,000 120,000
2. Rope 60 rolls 300 18,000
3. Woods 3/20-4m 5 pleces 2,500 12,500

L50, 500
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ig. 27 Ferrocement minaret

I

ton minaret

on

dome

Ferrocement

-+

Fig, 28
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SOUTH SULAWESI

The sites which serve as centers of activitles for the develop -

ment of ferrocement cchnology can be located on the map of the

South

Sutawesi area. (Figure 52)

(1) Ujung Pandang

Training of the RATC staff for ferrvocement technology
Seminar and discussion on lerrvocoment

Trial construction of a fervocement canoe in the UNHAS
campus

Congultation with the Makassar Shipyard Company
Construction of a ferrocement mosque dome at the Muslim
Unfversity o Indoncsia

Well casing rom bamboo cement

Septic tank trom bamboo cement

Construction of bamboo electric poles layered with ferro-
cement

Breeding tank for shrimps

(2) Tonvokassi (District of Jeneponto)

Field demounstration of the construction of water tank, ba-

sin, well casing, septic tank

~ Construction of collecting tank and distribution tank from

ferrocement (Joint effort of RATC-UNHAS, .Jencponto govern-

ment offlce and Foster Parents Plan Inrvernational)



(3)

(4)

" (5)

(6)

(7

125

Pajjukukang (Maros District)
=~ Plan to construct a water tank to collect raln water

- Plan to construct a ferrocement fishing boat

Tana Toraja District

- Plan for extension services {or [errocement cechnology

~ Field demonstration ot the construction of various ferro-
cement components for the district and village heads and
the Makale Vocational School. At the same time two staff
members of the school were trained to become the field

techniciang.,

= Well casing from bamboo at Tarongko and Makale

Takalar Discrict
- Extension services on ferrocement technology
= Development of ferrocement in the construction of the

dome of the maln mosque in Takalar

Sidrap District

- Plan tor extension services on ferrocement technology

= Plan to construct o stovage bin for rice and other se -
condary crops

Plan to bulld lou-cost houges

Construction of a water tank model from mortar cement

Benteng (Selayar District)
= Plan to construct dome of the main mosque {n the clty of

Benteng



(8) Watampone (Bone District)
-~ Plan for extenslon services on ferrocement technology
together with demonstrations 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 -

nentsa,

3.2.1, Component Specification

Feirocement component which had been designed and constructed at

gltes, can be divided into two categories:

(1) Component being constructed financed by the project
(2)  Component being constructed financed  outside of the pro-

ject, only supervised by project staff,

(a) Ferrocement component financed by the project:

1) Component : Gentong (Water jar) (Figure 30)
Location : Tonrokassi
Dimension ¢ Top dlameter 125 cm

Bottom dlameter 80 cm

Depth 112 cm



2'\

Capacity : 250 liters, 3 water jars made
Construction steps:

(i) purchasing materials

(i1) weld preparation

(11i) plastering

(iv) curing

Construction time : 9 days

Personnel . 2 workers

Bill of Materlals :

L. Cement 14 kgs

2. sand 30 kgs

3. CGunny sack L piece

4. Water 12 liters

Component i Gentong (Water jar)

Location Tonrokassi

..

Dimenslon : Top diameter 35 cm
Bottom diameter 58 em

Depth 65 cm

..

Capacity 10 liters, 1} water jars

Construction Steps:

(1) purchasiog o0 waterials
(ii) mold preparation

(1ii) plastering

(iv) ecuring

127
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Fig. 30 Mortar cement watecr jar

Fig, 31 Ferrocecment water.
container
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Construction time :
Personnel :
Bill of Materials :
1, Cement

2. Sand

3, Flour bag

4, Water

Component: :
Location H
Dimens Lon :
Capacity :

Construction steps:
(1) purchasing of
(ii1) reinforcement
(ift) plastering

(fv) curing

Construction time

Personnel :

Bill of Materials
1. Jron rod ¢ 10 mm
2. 1ron rod ¢4 6 mm

3. Tie wire

9 days

2 workers

3.5 kgs
7 kgs
1 meters
1,1 lters

Jater container: box
(Figure 31)

Tonrokassi
Length 60 cm
Wideh 50 cm

Depth 50 cm

150 liters

materials

9 days

3 workers

1 plece
2 pleces

0.5 kgs

type

129
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4, Electrode $ 3.2 mm 0.5 kgs

5. Chicken wire. 3.4 ms

6, Cement . 20 kgs

7, Sand 40 kgs

8. Water 1 liter

Component : Water contalner: bhox type

without steel skeleton

Locatlon : Tonrokassl

Dimension :  length (O ¢m
width 50 em
depth 50 cm

Capacity : 150 liters

Construction Steps:

(1) purchasing of materials
(11) mold preparation

(11i) plastering

(iv) curing

Construction time: 9 days
Personnel : 3 workers

Bill of Metrerials:

1. Tie wlre 0.5 kgs
2, Triplex 1 sheet
3, Cement 20 kas

4, Chicken wire 3.4 m

5. Sand 40  kgs






6. Component

Location

Dimension

Capa

Construction Steps

(1)

(i)
(i1t
(iv)
Gans
P(‘.’ | S

i1l

city

nurchasing

reinforcing

) plastering

curing

tructlon

ontul

of HMaterials

[ron rod 9§ 7

fron rod
Chiclen wine
tectrode
{lement

sSand

Tie wire

Triples

Gunuy =acv

time

..

ann

B G

Septic tank, box type

Tourokasst
Length
Width

Hoight

4,500 lite

materials

14 days

4 worker

H

2

49

[

440

667}

[

LG

rs

]

pleces
picces
meLers
ks
kgs
kg
kps
sheot

picces
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Fig., 32 Ferrocement septic tank, Jeneponto;
Ujung Panaany,

Fig, 33 Instailation of ferrocement septic tank
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7. Component . Well casing (Figure 35)
Location : Tonrokassi, 7 casings made
Dimension r diamerer 0.8 m

helght I.h m

wall thickness 2

Construction Steps:

(i)  purchasing of waterials
(i1) reinforcement

(Lti1) plastering

(iv) curing

Constructlon time : 14 days

Personnel : 6 workers

Bill of Materials :

1. Tron rod § 6 mm 79.2 m
2. Chicken wire 42 m
3, Tle wire 1 kg
4, sand 1 m3
5. Cement 640 kgs
Component : Sampan (canoc)
Locatlon ¢ Ujung Pandang
Dimens ion : length 6 m
beam 0.8 m

helght 0.6 m

cm

(Fimuve 36)
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Fig. 34 & 35 1Installation of
ferrocement well
casings, Ujung
Pandang




Fig, 36 Ferrocement canoe
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Fig, 37 Ferrocement canoe model in exhibit




Fig, 38 Ferrocement irrvigation box towed to site
before plastering

Fig, 39 The zice of ferrocement irvigation box
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Construction steps:

(i) purchasing of materials
(1i) reintorcement

(111) plastering

(iv) curing

Construction time : 36 days
Persontel i 4 workers

BL11 oi Materials :

I. Tron rod ¥ 10 nm 4 pieces
2. Jvon rod # 6 mm 14 pleces
3, Chicken wive 60 m

4, Cement 160 kgs

5. Sand 2 m3

6. Plywood 3/8" 1 sheet
7. Flectrode 4 kgs

8. Painr 1 gallon
9,  oummy sack 6 pieces
10, Plastic rope 20 m

(b) Ferrocement component [inanced outside of the pro-

ject, only under supervised by project stalf

1Y Comnonent : Mosque Dome - Kelara
Location : Tolo - .deneponto
Dinension : /4 sphere

diameter 2 m
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height 1,68 m

thickness 2.5 cm

Construction Steps:

(1) purchasing of materials
(1i) welding che skeleton

(111) reinforcement chicken wire
(iv) plastering

(v) curing

Coustruction time : 16 days

Personnel : 8 workers

Bi1ll of Macerials:

1. Cement 560 kgb

2, Sand 0.5 mJ

3. Chicken wire 84.4 m

4, Tie wire 1 kg

5. GL Pipe ¢ + 2 pleces

Comnonent : Mosque Dome - Takalar (VFigure 41)

Takalar

Location
Dimension ¢ Diameter 10 m
helight Jom

thickness 3.5 c¢m

Construction steps:
(1)  purchasing of materialg

(11) reinforcement and welding
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SKETCH MOSQUE DOME AT TAKALAR
1:1000

~chicken wire

e

5000

............

,.280_ 280,

10.000
} e e .,_~-_~_i

Chicken wire : — Hexagonal mesh

—&ix loyers (3 inner side, 3 outer side)

Fig. 40 Takalar mosque dome

PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT
Dl SULAWESI SELATAN

RATC-UNHAS 8 PTP-ITB
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PN

RSN of.
tend 1 2y
i

Fig, 41  Takalar mosque dome

domey under supervision

Fig, 42 Soppeng mosque
of the project staff
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SKETCH BENTENG SELAYAR MOSQUE DOME

111000

. 6.000

T
1
e -

. 250
<

Chicken wire :Hexogona! mesh

- Six layers { 3 inner side, 3 outer )

Fig. 43 Selayar mosque dome

PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT
DI SULAWESI SELATAN

RATC-UNHAS &8 PTP-ITB
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Figo 45 Critical step in ferrocemenc, curing

CHD mosque dome
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(111) plastering

(iv) curing

Construction time : 32 days

Personnel 10 workers

Bill of Materials

1. Cement 110 bags
2. Sand 6 m3
3. GT Pipe ¢ 1/2" 6 pieces
4, l1ron rod ¥ 10 mm 268 pieces
5, Chicken wire 66 rolls
6. CI wire 20 kgs
Components . Shrimp breeding tank (Figure 46)
Location : Ujung Panduang, 4 tanks made
Dimension : diameter 2 m
hefght 0.75 m

thickness 2.5 cm
Construction steps:
(1) purchasing nli" materials
(i{i) reinforcement and welding |
(111) plastering
(1iv) curing

Construction time : 24 days

Personnel : 8 workervs


http:rchasi.ng
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750

SKETCH SHRIMP BREEDING TANK
1 20

PVC @ %" that con be token out

Remork PV.C pipe is used for feeding purpose
Fig. 46 Shrimp breeding tank
PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT

DI SULAWESI SELATAN
RATC - UNHAS & PTP-ITB




146

Bill of materials:

1. TIron rod ¢# 10 mm 16 pleces
2, DPVC pipe ¢ 3/4% 1 pieces
3. Gl pipe joint ¢ 3/4" 4 pleces
4, Flectrode 4 kgs

5. Steel plate t
6., PVC glue
7. Cement

8., Sand

Component

l.ocation

Dimension

5 mm 0.5 sheet

1 tube
20 bags

1 m3

: Well casing, bamboo reinforce-

ment (Fig. 48)

: Ujung Pandang, mide - pleces
Diamecter 0.4 m
Height L.2m

th.ckness 2.5 ¢m

Construction Steps:

() purchasing ot materials

(1) bamboo reinforcement

(§i1) plastering

(iv) curing

Construction time

Fersonnel

: 16 days, for 5 casings

: & workers
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Fig, 47 & 48 Bamboo cement well casings
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WELL CASING UNIT MADE OF BAMBOO CEMENT

1:10

1200

~—

800

)
-woven bamboo

Woven bamboo reinforcement

Fig., 49 Bamboo cement well casing

PROYEK PENGEMBANGAN TEKNOLOGI FERROCEMENT
DI SULAWESI SELATAN'
RATC -UNHAS &PTP -ITB
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Fiyg., 0 Plastering ferrocement=hamboo

clectric po e
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Fig., 51 Bamboo-terrocement clectric pole



Bill of Materials:

1. Cement
2. Sand

3. Bamboo

Component

Component

Component
Location

Dimension

I~

L~

Construction Steps:

(1)  purchasing of

(11)

(i1i)

(iv) plastering
(v) curiag

Construct ion

Personnel

reintforcanent

bags
m3

pieces

150

Ferrocement ditch lining,

LU pieces made

Electric pole,

ferrocement

bamboo and

Ferrocement. boat

ljung Pandang

Height 1.46
Thickness 4
LOA 4
LNI,2 9
Width 2,85

nmaterials

framing and welding

32 days

5 - 10 workers
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Bill of Materials :

L, Web frame RB ¢ 1/2V - 310 m
({ron rod)

2, Longitudinal RB ¢ 3/8" 500 m

3, Keel frame RB 5/8" 15 m
4. CLement 25 bags
5, GL wire 20 kgs

6, ‘ransverse frame RB @ 3/16" 500 m

7. [LElectrode 35 kgs

8, Mesh wilder nectting 135 m2

o, Ply-wood 15 sheats
10, Paint ACI 15 kgs

11, Wood 500 x 15 x 3
400 % 7 x 3
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Materials and manpower price list in Ujung Pandang, January

to May 1979

No, Name of Materials Unit Price
(Rp)
1.} Cement bag 2,250
200 Chicken wire meter 750
3.1 sand m3 2,250
4.1 Tron rod @ 6 mm pleces 1,750
5. tron rod ¢ 10 mm pieces 2,250
6, Tie wire kg 1,000
7.) Electrode 9 3.2 mm kg 1,000
8.1 Triplex sheet 4, 500
9.1 Gunny sack pleces 500
Labor Caost
- N I Ammm:. ]
No, skt Unit (Rp)
e e e
L.l Technician per day I, 250
2,0 Skilled worker per day t, 000
3.1 Worker per Jday 750
4.1 Helper per day 500

b e e e
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3.3.

3.3.1.

ACEHN

Ferrocement technolopy

Aceh

can be located on the map of Province of Aceh (Figure 80,

Component Specitication

154

develapment earried out fo the Province of

Ferrocrement ¢ oeponent which had been desiened and constructed at

sites
(a)
(b)

(a)

can be Jdivided iatoe

sy oeateyavies:

Compencat being constructed financed by the project

Component beinpg constynate! {i~omond (rem outside of the pro-

ject, only supervised by project staff.

Ferrocement component

(1) Component
Location

Dimension

Capaclty

.
.

Construction Sreps:

fqarncod wy the projeec

Rectangular Septic Tank/Reservolr
(Vieure 53)
Darisea .

lLengpth 1.5 =

.ooon

2500 titers, 1 constructed
,

(i) pruparation work
(1{) mesh reinforcement
(L11) woo b work

(iv) plastering

{v) curing

(v1l) f(inishing
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Fig., 53 Rectangular ferrocement water tank

vkt 4 41 DIBUAT DAR SE ALK
o MENT

4 STIATLITE . US A
s 08l UNSTATLITE USAID

Fig, 54 Cylindrical forrocement water tank
§ b
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Constructlon time : 3 weeks

Personnel ¢ 4 workers

Bill of Materials

1. Chicken wire 30 m

2, Iron rod ¢ 3/8" 2 pieces

3, lron rod @ 4 mm 6 pieces

4, Cement 7 bags

5, Tie wire 2 kgs

6. Pipe joint 3 pleces

7. Sand 1 m3

8., Gunay sack 6 pleces

Y. Plastic sheet 10 m

10, Plastic rope 20 m
11, L ime 5 kgs
12, Wood 0,5 m3
13, Bolt« 8 kgs
4, Nails 4 kgs

(2) Component . Water tank, cylinder type (Figume 54)
l.ocat Lon : Darussalam, I constructed
Dimension : Diameter 1 m
Height 1.3 m
Thickness 2 cm

Capacity : 1000 Liters

Construction Steps:

(1) Preparation werk



(11)
(114)
(iv)
(v)

(vi)

Construction time:

Personnel

Bill of materials:
1. Chicken wire
2, lron rod ¥ 3/8"

3, Tie wire

4, Cement

5, Sand

6. Palnt

7. Pipe joint
8. Wood

9. HRolt
10, Nails

(3) Component
Location

Dimension

Width

Wall

small

157

mesh reinforcement
wood work
plastering

curing

finishing

2 weehks

¢ 3 workers

20 m
9 pieces

.5 kg

L~

bags
> m3

2 kgs

e

ricces
m3
I kgs

1 kg

boat/canoce (7

Darussalam

Leageh 3.8 m

thickness 2.9 cm
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Fig, 56

Ferrod

Ferrocement small boat

ement canoe, Deyah Bavo

158
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Fig, 57 Ferrocement water
container

58 Ferrocement garden bench

=
P—te

a2
.



Construction Steps:

Construction time

Personnel

(D

(11)

preparation work

reinforcement

(i11) plastering

(iv) curing and finishing

Bill of Materials

Lu

4.

7.

Chicken wire
Iron rod ¢ 374"
Tie wire

Cement

Sand

Gunny sack

Plastic gheet

Srafning Unit

Component of Training :

3

1 week

2 workers

2 pileces

2 m

Rice bin

Culvert

Wall element
Containers
Garden benches
Garden stool
Chitdren': sllde

hiteh element

Amount

1

)

>

161
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Amount
- Water tank
1000 licers 1
- Flower Pot 10
- Dome 1
Location ¢ Darussalam - Aceh Besarv
Duration of Training: 4 months
Personnel : 20 workers
Bill of Materials
1. Chicken wvire 11 rolls
4, lron rod @ 3/8" 112 pieces
3. Tie wirce 4 rolls
4. Cement LO2 bags
5. Sand 21 m3
6, Gl pipe 5 pieces
7. Paint & lime 10 kgs
8. Rubber hand glove 10 patrs
9 Gunny 4ok 10 picees
10, Plastic sheet 20 m
11, Plastic rope 30 m
12, Plastic bucket 4
(6) Component : Boat (Figure H6)
Location : Deyah Baro - Aceh Besar, made 1
Dimenslon : Length 6,7 m

Width 1.2 m



Construction Steps:

Construction Lime
Personnel
Biil of Materials

1. Chicken wire

2, lron rod ¢ /8"

3, Tie wire
4,  Cement
5. Sand

6. GI shect
7. W%Wood plank
8, laint
9. Hail and bolt
Plastic

rope

sacl

Gy

163

Helght

Wall chickness 2.5 em

(1)

preparation work
(11)  framing

(1i1) mesh reinforcement
(Lv) plastering

(v) curing and finishing

2 weeks

8 workers

45 m
10 pieces
1 kg

& bags

mn3

[ S

sheets
2 pleces
5 kps

b kg

L0 m

pleces



(7) Component

Locatlon

Dimension

Ceiling Mosque Dome (Figure
phueng Bata - Aceh Timur
Diameter L0 m

Height 2 m

164

59)

Construction Steps:
(1)
(if)
(i11)
(tv)
(v)

(vi)

Construction time : 1

Personnel

Bill of Materials

1. Chicken wire

2. GI pipe ¢ 1 1/4"
3, Tron rod @ /87
4, lron rod @ 174"

Tie wlre

|91}
.

£, LElectroda

7. Scaffold
(wooa)

materials

8. Sand
Y, Gunny sack

lu. Plastic rope

preparation work
sealfolding construction
framing and skeleton
mesh reintorcement
plastering

curing and tinishing

month

10 workers

400 m

14 pleces
pleces
pleces
3 kgs

3 dooz

1 m3
3 w3
pieces

50 m
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Plastering ferrocement ceiling dome

The mosque

dome vicwed

from ¢he outside
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(9) Component . pater tank, washing facilities for
the mosque (Figure Gl)
Location ¢ Desa Teapah, Tapak Tuan - Aceh Besar
Dimension . The area of facilities: 4 by 4 (16m2)
watoer tunk:‘dinmuéor 1,20 m
he fght 1,50 m
Capacity : 1600 liters
Construction 5Steps:
(1) preparation work
(if)y framing
(iii) mesn reinforcement
(1v) plasteving

(v) curing and rfinishing

Construction time : 2 woeks
Personnel + 3 workers

BL1L of Materials :

1. Chicken wive 22 m

2. tron vad Bos/u 4 pleces
3. Tie wire 1.9 kgs

4, Cement 6 bags
5. Paint I ng

G, Sand 0,75 m}

7. Split stonue 2 m3

¥, Faucet 6 ety
9. Gl pipe 1" 6 m

10, Zine piate 10 w

i
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11. Cement 3 bags
12, Sand 2 ml
(10) Component : Water tank, washlin, facilitles

for the mosquu (Figure 62)

location : Desa lengah, Tapak fuan - Aceh
Selatan
Dimension : wall arca ¢ 23,2 mZ

water tank : dlameter 1,5 m

height 0.7 m

Capacity : 1200 liters
construction Steps:
(1) preparation work
(11) framing
(1ii) reinforcement
(iv) plastering
(v) curing and tinishing
Construction time : ! weeks
Personnel : 8 workers

BiLL of Materials

L. Chicken wire 76 m

2.0 lron rod B 3/a" 19 pleces
3, Cement 13 bapgs
4, Tie wire 0,75 kgps

5. Sand 2.5 m3

6. Gravel 2 m3



Fig, 61 & 62 Water facilities for purification rite
at the mosque ferrocement wall & water tank

FERROCENENT

VA ITRUNSYIAH
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7. Split stone
8. Taucet

an

9, GI pipe /2

10, Wood plank 4 cm thick

11, GI sheet

12. HNall

13, Paint

(11) Component :
Locatlion :
Dimension :

Capacity

Construction Steps:

Coasiruction time

Personnel :

170

%)

m3
4 sets

l plece

"~

pleces
2 sheets

1 kg

-

kgs

Water tank, washing facilitles
for the mosque (Figure 63)
Degsa Jamba Apha, Tapak Tuan
Aceh Selatan

Floor area 3 m o 3m

Water tank @ diameter 1.2 m

height 1.2 m

1300 liters

(1) preparat ion work
(if; framing

(1ii) reinforcement
(iv) plastering

(v) curing and finishing

2 weeks

7 workers
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FERROCEMENT

Water facilities for purification
rite at the mosque; ferrvocement
wall & water tank




(11)

Bill of Materials :

1., Chicken wlre

2. Iron rod ¢ 3/8"
3. Tie wire

4, Cement

5. Patnt

6. Sand

7. Foundation stone
8. CGravel

9, Saud
10,  Cement

11, Faucet
12, Gl pipe
13. Zinc plate
Componant :
Laocation :

Dimension

Capacity

172

m

pieces

m3
L.5m

hags
4 sots
piece
10 m

Water tank, washing facilities for

the mosque  (Figure &4)

Desa Cantaf Tapak Tuan

Aceh Selatan

Floov area 4 by 4 (16 ml)

Wall area 36 m?

Water taunk: diamecer 1.20m
height 1.20 m

1300 liters



Construction Steps:

Construction time :
Personuel :
Bil! of Materials
1, Chicken wire

2, 1Iron rod ¢ 3/8"
3. Tie wire

4, Coement

5. Paint

6. Sand

7. TFoundation stone

8., Gravei
9.  Sand
1 () . '\‘r’()()\'l f) ./ 7 [&¢ 1

LL. Pipe jolnt and

13, Coement

(1) preparation work
(1) framing

(111) mesh reintforcement
{lv) plastering

(v) curing and finishing

3 weeks

8 workurs

102 m

47 pleces

17 bags

1.5 m?3
3 w3
3 m3

16 pieces

faucel 5 sots

1 kg

b baps



(13) Component.

Location

Dimension

Construction Steops:

Construction time
Personnel

Bill of Materials
1. Chicken wire
2. Iron rod ¢ 3/8"
3, Cement

4, Tie wire

5. Paint

6, Sand

7. Wood

8, vinc plate

9, Nail

174

: Mosque entrance Verandah (Flgure 66)

Desa Hilir, Tapak Tuan

Aceh Sclatan

Floor area

1 2,5mX 4 m

Entrance height : 3 m

(1) preparation work

(i1) framing

(11i) mesh reinforcement

(iv) plastering

(v) curing and Yindishing

3 weeksy

9 workers

10

4

1.5

m
picces
bags
kgs
kgs

wl

m3

sheatsy
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Fig. 0o & 60 Ferrocement entrance mosque and
verandah
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(14) Component : Pishing boat (Figure 67)
Location : Desa Jambu Apha, Tapak Tuan
Aceh Selatan
Dimension : Length / m
Width L.40 m
Construction Steps:
(i) preparation work
(i1) framing
(111) mush reinforccement
(iv) plastering
(v) cg&ug and finishicg
Constructin.:. time : 2 weeks
Personnel B workers

Bill of Materigls

1, Chicken wice 95 m

2, lron rod § 3/8" 17 pileces
3. Tie wire 1.5 kgs

4, Cement 8 bags
5. Sand 1.5 md

6. Paint 4 kgs

7. Wood 3/6 - & m 2 pleces
8. Uood 6/8 cm 6 pieces
9, Bamboo 10 pieces
10, Naill 0.5 kg

11. JPlastlc rope 10 m
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Fig, o7 Ferrocement {ishing boat in launching

ceremony

‘J" v vn?,;-ﬂm—-

Fig, 68 Ferrocement sampan bout to be launched
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12, Plastic sheet 20 m
13, Gunny sack 10 picces
14, Sorceus 30 pieces
(15) Compoaent 2 osampan (Canoe)  (Flgure H3)
Location ¢ Desa Tengah, Tapak Tuan

Aceh Setaran

Dimcension

-

Length 3.5 m
Width 0.8 m

Construction Steps:

—_
[N
—

preparation work
(il) framing

(VL1) mesh reinforcement

—
[
-

1 plasterving

(v) curlng and {inishing

Construction time : 1 week

/,

Personnel 4 workers

Bill of Materials

L. Chicken wire 25 m

2. Iron rod §o3/R" 8 pleces
3. Tle ware 1 kg

4, Cement 3 bags
5, Paint L.5 kgs

6. Sand 0.5 m3

7. Guany sack 3 pleces



(16) Component

Location

Dimension

Construction nteps

Construction time
Personned

BiLl of Materials
1. thicken wihre
2. tron rod #5578
o Tie wive

4, Lement

.  Palint

6., Sand

7. ‘Wood

4, bBolt

Y, cunny aack
10, Plastic vope

.
.

L8]

17/12 and 5712 4

Small mosque dome (Figure 70)

Desa Jawbu Aplwy, Tapak Tuan
Acelr Hedatan

Diameter  dom

iledght 1.5%m

preparation work

(i1) framing

(111) mesh veinforcoment

(ivy plasterving
() curing and fipishing

> .
Sowisehs

noworkers

108 o

vleces
kps

haps

10 kps
Pohoml

pices
pieces
10

ifeces

20 m

179
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Fig. “9 Plastering of small ferrocement dome

Fig, 70 A finished ferrocement small dome,
Tapak Tuan



(17) Component :
Locatijon :
Dimension :

Construction Steps:

Congtruction time :
Personnel :
Bill of Materials
1, Chicken wire

2. lron vod ¢ 3/8"
3, Tie wire

4,  Cement

5. Sand

6. Wood 5/12

7. Nadul

4., Plastic rope

9, CGunony sick

10, Paint

181

Dome and gutter

Kota Tapak Tuan

Aceh Selatan

Dome :

Gutter

diameter 10 m
height 8.7 m

Yengeh 150 m

(1) preparat ion work

(11)  framing aund skeleton

(111) mesh

reintorcement

{(iv) plastering

(v) curing and finlshing

1.5 months

& workers

783

152

m
pieces
kgs
bags
m
pieces
kg

m
pieces

kgs
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Ferrocement house: type 70 (Pigure 72)
one made

(18) Component

Location ¢ Darussalam

Dimension oTerras JU8m 7 3 m
Living Koo 3om o555 m
Dindinyg Room imx 3 om
Bed Room 3 m x 3 m,
Bed Rocm 3m X 4 m
Bath Room 2 m X 2 m
Kitchen 5 Mm% 3 m

Wall thickness 3 c¢cm

Construction Steps:
(i) preparacion work
(113 skeleton and reinforcement
(iii) woua work
(Iv) foundation and floor censtruction
(v) plastering wall
{vi) rool work
(vil) curing
(viii) finishiog
Construction time : 2 months

Persoanel : 6 to 1] workers

Bill of Materlals

1. Chicken wire 2) rolls
2, tie wire 32 kgs
3. Cement 149 bags

4,  Sand 5 trucks
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B

T T

Ferrocement folded plate tecras roof

Fig., 71
of the house

type 70,
in-

Frototyne of ferrocement house
All maln structures are ferrocement,

cluding the wall



Iron rod @ 3/8"
hor/an

Tron rod

7. Paint

8, Cemeont
9. Sand
10 Gravel
11,
12 Door
13, Window
14, Wood
L5, GI sheet
L6, Nail
17, Wail
8. Door lock
19, Hinge
20 Plastic sheet
21, tunny ok
22, Plastic rope
23, ol
24, Linme

(19 Component:
Location

Dimension

I~
I~

104

10

174

4

20

10

25

Car garage
Darussalam
Barrel

Cover area

shell
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pleces
pieces
pints
bags
trucks

trucks

Sand for land improvement 40 trucks

sets
sets
m3
sheets
kgs
kgs
sets
sets
rolls
piecus
m

kgs

kgs

(Fipgure 74)

type roof

Imx 6 om



Construction Steps:

(i) preparation work

(i1) skelcton and framing

(ii1) mesh reinfoyeement

(iv) p

lasteriug

(v) curing and

Construction time | 3 weeks

Personne l + b6 woarkers

Bill of Matevrials :

1,

)

)

3.

4

8.

9.

10,

Chicken wire

Tron rod ¢ /8¢

Lron vod @ 1./4"

Tie wire

Cement

Sand

Paint

Foundation stone

Sand for soil Improveme

-

Gravel wmixced with soil

110 mw
84 pleces

30 pieces

v

kgs
62 bags

mo

—
[A]

4 pints
6 m3
nt s oml

6 m3

finishing

185
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Materlals price list in Banda Aceb 'for 1979 and 1980

1979 1980
ho. Name of Materials Rt ettt Unit
Kp, Kp.
1. Chicken wire 700 900 meter
2, Tie wire H00 s500 kg
3. Tron rod 9 3/8" I, 600 I, 840 plece
¢ 6o 750 1,000 picce
@8 1, 150 1,400 plece
4, flaster mesh 2,200 2,500 plece
5. GL pipe @ 1/2" 3,100 3, 500 plece
W o3/am 4,600 v, 000 plece
o Ho150 6,500 picce
b, pyve g1/ 2 000 2,800 picce
¢ S.000 0 1 4500 picce
7. Faucet ¥ 1/2" Brass 7h % BN set
Chrome ], 500 g L, 650 sel
8. | Nl 250 ! 650 ky,
9, G sheet Bwe 32" - 8! 2, 500 ’ 2,750 sheet
BURG3DT - f! b, 050 2,100 sheet |
14, Comuenit = Padany 2,250 i 2,750 bag '
11, 5oaon f, (00 I 7,000 mj3
12,1 Gravel 7, 000 : 8, 500 3 |
13. River wtone (foundation) 5, 500 i 7,000 m3
14, Brick (elav) 44 f 90) f picce
15| Loiom e 100 ‘ 125 | kg ]
16, Wall paint 3,000 3, 300 ! kg
17. Joad paint A00 { 1, 000 kg |
18, Yood Scmantok 1], 000 : 125,000 I m3
Wood Morantd fih, 10O E #0000 ! m3
19, Wood Bakan : 450 ‘ 550 | picce
2o, o bt 125 175 piece




Labor cost ldist in Banda Aceh for 1979 and 1980
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1979

[ 1980
No. skill —
Rp/day Rp/day
1. Worker 1,000 1,250
2, Foreman 1,250 1,500
3. Head Worker 2,250 2,500
4. Hasonry  Worker 1,250 1,500
5.! Head of Masoury  Worker 2,500 1,900
|
6, Electrician 1,500 2,000
7. Steel  Worker 1,500 2,000
B, Carpenter 1,200 ! 1,500
v, Head of Steel work 2,500 | 3,000
10, ' Painter 1,250 1, 500
11, Head o! Painter 2,500 ! 3,000
12, Earth Worker 1,000 g 1,250
L
- v .. s



(b)

bo.

4

w
.

6.

[ e e

Component being constructed {inanced from owtside of the

project, supervised by the proj

dame of Cowponensi

Small Moagqne (roof, wall from

ferrocomon:
Mosque Dome ownd by Local
Publlc Works Department
hougo

Wall ol tvo-{loor

Mosque Dome

Wall Coastruction

Water tank

ect staff

e~

Locatilon

Tapak Tuan
Aceh Selatan
Tapak Tuan
Aceh Selavan
Lam Nyong
(Aceh Besar)
Sukarawma i
Banda Aceh
Campus

Darussalam

Campus

Dacussalam

L e e o e o o v e

Number of
Component

7. House Terras Canaspy Lamprit 1
Banda Aceh
! : ; i
8.1 Two-Tloor house « Puuge 1
panda Aceh
9. Two-floor shopping complex Bands Aceh 1
10, wall of a church Banda Aceh 1
11,5 chifdren's plav pground P Baoda Aceh 1
|
12,V wall »f a house bBeyah Baro 1
Acelt Besar
13’ Septic Lank P”nge 1
Banda Aceh
14, | Mosque Dome Batea 1
Aceh Pidle
1
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75 Ferrocement mosque dome
at Tapak Tuan, diameter
of 10m

o Sy ;

7 o -
1 N

; i S oy %“""‘rnw )
W ] AR ;
; ) WA ]
f o y ]

" e

Fig. 76 The conventional method of
mosque dome construction
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Fig, 77 VFerrocement terras canopy

Fig. 78 Typical rib structure of ferrocement canopy
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Fig, 79 Ferrocement shopping complex;
4 5
will and {loor

Fig. 80 Another Cerrocement house comnlefoed:
% H A

owned by Ir. Bustam Husin,  one of  {he
project staf't
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Fig, 81 Typical rib slab ferrocement
shopping complex

Fig, 82 Living room ceiling of the house,
thin shell structure



Fig, 83 & 84 Ferrocement slide in the ciuildren's

play ground
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Fig. 85

Scale I:34.0GC 000




196

4.0, PROJECT RESULTS

4,1. WE

ST JAVA

4,.1.1, Havdware vutpul

The "output' from the projects done in the sites gselevted by

DIC-TTR can be classified according to the approach done:

4,1.1.1,

1. Comnunity development approach

2, thardware developuent approach

3. Mardwave development implementation approach

Community Development Approach

In this approach the hardware being developed is aimed prin-
cipally at commmity development based on the study of the
local needs, taking into account the fact of local  support
for the working out of the technology to be developed, The
sequence ot dovelopment always considers the social aspect
of community develepment as nentioned in section 2,501,101,
The output fram this approach is generally a hardware oet -
work thit will be ntilized in a proposed svetem,  Ino this
case iU iv the rural water sapply aystem which is still a
serious problem in kWest Java. because the object is commu-
nicy development, the determination of the project and site
selection constitutes a4 critical step in the pJanning.

Of the several possibilities suriaced, DTC-LTB dasignated
several projects for clean water supply in the village of

Buniwangi, Sukabnmi District., Tt encompasses:


http:Jrd,..ir
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1. Water source conservation and protection
2 Water transportation and distribution
3. Water storage

Water clarification

I~

~  Community of Cinanpgu
Water supply systewm consisting of water storage tank,

diten lining and a foot bridpe

- Community of Cisalada and Citapen
Water supply svstem cousisting of a small dam, piping
of ferrocement and fiber cement, water stovage tank, and

public tacitities.

4.1.1.2, Hardware Development Approach

In this approach the component that is going to bhe applied

1s first developed.  Even while the havdware was in its [ivst
stages of development, the project design and project design
and project exeoution took dnto account the soclal and eco-
nomic wviabi!ity fn teras of il. tuture applicatlon,  hence
it followed the project desiyn criteria desceribed in Sectlon
2.5.1.1. Dburiny the actual execution, it was tound that the
social and cconomic aspects played very important roles, the
Tocation and (he component under development being strictly

related.


http:des.i.gn
http:transportati.on
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1, Village of Cikarang
- Yerrovement shelter, hypar type, to be utilized as
shelter and small public building

- Ferrocement pontoen reryy as part of the road system

2. District of Bandung
- Ferrocement tower and dome to be used as a minaret
for a mosque
3, Fiber Cement development
- Material ro be developed utilize the available or-
sanic Uiber to make:
- Piber cement pipes to be used in the water supply
systemn
- fiber cement corrupated roofing sheet for low-cost
hous ing
- fiber cement bamboo matting wall to be used in

Light and shock=proot construction.

Most of these hardware developed and tested ave parallel
to the community Jdeveiopment pyeject in Section 4,111,
The results from the testing ot the combonents are written

up as mannals,  (Sew maniaal )

4.1.1.%. Hardware Development Implementation Approach
In this approach the harvdware previoasly developed in one
location is revised to be applied in a different location

with simiiar circumstances.


http:Feruncetl.Pt

199

District of Bandung
- Ferrocenent: Hvpar Mosque: developed and implemented
From the development of the shelter in Clkarang

- Bus shelter:  sheti-tvpe in front of 9B

Village of citaric Distyict of Sukabumi

- Water supply sustem:  developed and implemented from
the results ob the Vield development in the village
ol Buniwangi

- Community of Cijayanti
Water =upply systewm consiating ol water storage tank
public roilei aud fancet

-~ Comnuur ity of Ciliums
Water stordase tank and pabiic water facilicies

- Gommun ity of  Giaosun
Water supply uvstean consisting oY water catchment

fiber cenent piping, pvablic water facilitles.



MAP OF DISTRICT OF SUKABUMI
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< wy

ferro cement chennel
Stream flow

Figure B7

LAY OUT OF WATER SUPPLY
VILLAGE OF BUNIWANG!

O - house

wx - riczfield
q - clove plantation

“f’ -rubber plantation

—y water supply

Stream flow

—§
@DWME - woter public facilities
== - stone paved road
=== - streamn
|- diversion stucture
2- catchment stucture
+ cemetery
n
Yw
s

LJ Fig. K87

Scale 1:1000
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LAY OUT CF WATER SUPPLY AT BABAKAN
JAYANT| VILAGE OF CITARIK

Mosque washing
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I/ D and septic tank

—_— i i pVC pipe

: house

< = Yo Pelabuhanratu road to Sukabumi —

Fig. 88
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4,1.2.2, Ferrocement components financed from outslde the project

oniy suyperviscd by projeet statf

No., Nama o1 componon! Locaging Capaclcy Amount

e i e s i e e o e e e mmr o w [ v o it 4 e e e oy s o v v e e e e o

1. Mosque Dome UM Miangr Pandang - 1

Ujung Pandang

2. Mosque bome Takalar ~ 1

3. Shrimp breeding tank] Ujung Pandang 12,420 m3 4
Paotere

4. Mosque lLome Benteng Selayar - 1

5. Bamboo cement well Ujung Pandang - 5
casing

6, Diteh lining Ujury Pandang . 10

7. Electric poleg Ujung Pandang - -
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4,1,3,2, Ferrocement

component

Financed from outside

ject, supervised by the project staffl

NO .

b wenee

14,

LS PERTIYN N
Neapme af

Mosque, roo

Mosoue Houw
Mosque honul

Aceb Selata
Wall of two
house

Masque Dome

wall constr

Water tank

House terray

Two--{loor

Two-{loor
Complexn

Wall

of oo
Chitdron's
Viall

Cons L

Septic tank

Hosque Dome

amponent
U and wall
Pt

u

-t loor

uction

5 canopy

house

shoppitg

‘hureh

[P
AEEE T

velion

o e e

Locat ion

Tapak Tuan
{Aceh Selatan)

Tapak Tuan

L.am
(Aceh

Nveag
Lesar)
Sukaramai
(Rodva R, Aceh;
Campus
Daruscalam
LCampus
Darussalam
Lampr it
(Banda Aceh)
Punige
(Banda

Acelr)

Baunda Aceh

Banda Aceh

Banda Arch

Baro
Besar)

Devah
(:‘%(",';1
Munge
{(Aceh Desar)
Hatee
(Aceh Pidie)

209

thie pro-

Amount 1

1

1 unit

1 unit

1 unit

1 unit
I unit

L unit




4,2,

4.,2.,1,
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UTTILIZATION AND MATINTENANCE

West Java

There were less difricuities antizipatad in the fleld during
construction and installation of the component being developed
provided the materials and cne skills needed were readily
avallable, Within vthe project stages turough the on-the-spot
tralolng and mutoal cooperation with the Teesl commonity, the
local parcicipation sud respensibility increascd from 5% at
the boeginning to 700 at the end of the {:eld project,

Since the local acceptance was good, the effort of boilding
the attitude to the rechnoleyy and the inprevement of rhe lo-
cal skill to support the serviceability of the teclinology was
seen to he worthwhile, Throuah careful planniug at proper

stages, the Tomponent developed iu the field refiected the lo-

cal necods.,

The technical prablem of maintenance was turned over te the

local villapers to vhom the knowledpe was cffectively  trans-—
ferred during the project execution,  Although the cost  of

maintenance in the period of monitoring and evaluatlon  was

still supposcdly fyom the project, several local people  al-
ready proposed to contribote, Alter o certain period all

cost of maintenance was Lo be the responsibility of the lopcal

community,


http:iceahifi.ty
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South Sulawesi

After the period of field construciion, all components
developed weve utiliznd and maintained by the local uscrs,
t

It was Chrowph these Local uscis that the technology was

inrraduced to othuer aredas,

Begides thae components constructed from the funds of
the project, the project staff also supervised other cons-
fruction atl the request ot the local people. These

fncluded:

- Mosque dome at Takalar p 1l m
- Mosque dome at Salayar ' # 12 m
- Mosque dome at Palopo  L6m
- Mosque dome at bjung Paandang # 14 m
$H  8m

and six (6) domes of B 4m

- Shrimp breed.ng tank at Pactere

- Well casing

- Diteh lining

¢ince these componhents were requested by the local people,

the subsquent utillizatlon and maintenance of the components

would be the direct responsibllity of the users,









4,3.3,
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of other raw muterials such as sand, wood, lime and cement,
hence reduciag costs, Ferrocement components also require

lass maintenance, ave easily repalraed and more durable,

The Terrocement water tanks were also structurally becter,
as well as more vconomical in the vaw matevials used for

their construction,

Aceh

Considering the ferrocement projects, mosque dome, water
tanks, cance, cte,, it is evident thai they are of service
and benefiv to people of all sectors, including the low-
income hracket. The water-related projects, water tanks and
purification vessels in the mosques, guarantec safe water
supply is also immeasarable,  Since the mosque Ls the cen-
ter of activities, the ferrocement projoct touches  the
heart of the people, indeed, the Verrocement projects are

very well accepted and usad by the people.


http:reduci.ag
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CONCLUSTONS

From the resonlts of the projects in the three different arcas,
it can be concladed tinmt feryocement cectnology has reached so-
cial acceptabllivy . the method ol appreach playved ao tmportant
part, always taging into corcideration vhe aveds and participa-
tion of the people at every stage of ducistion-making. It is
also now a proven [act that there are socio-ceonoemic benefits
for people of all levels with far-reaching benciits,  This in-
cludes wmproved sanitation and better healoh conditions, in -
creased job opportunities and Gkitls, as well as the soclo -
religious benefits Crow the wosgue, o addivion there is a

sense of avhievement in the field of tcechaology among the local

cople. conperating in the development of thelv arvea,
s I t
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APPENDIX A

LLST OF PARTTICIPANTS OF FERROCEMENT TRAYNING PROGRAH

JUNE - OCTOBER 1978 ATT, BANCKOK

Name

Maasri Sutan Bandaro
Bustam Husin

Ariiin Taher
Iskandar

Syarifuddin Harahap
Muhammad Amin Hayat
Johm Biring Manga
Anshorl Djausal

Winarto

Institution

University of Syiah Kuala
University of Syiah Kuala
Indonesian Road Research Inst{tute
Tndoneslan Road Research Institute
University of North Sumatra
Hasanuddin University

Hasanuddin University

Institut Teknologi Bandung

Dian Desa
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