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Introduction

At the invitation of the Dutch Ministry of Foreign Affairs
the author participated in a joint Indonesian-Dutch mission to
evaluate the Vest Java Rural Water Supply Project OTA 33/J 7,
based in Bandung.

During the two-and-a-half week stay (April 1983) in
Indonesia, the author had the opportunity to learn a lot about
water supply and sanitation ir. rural West Java and it was
illuminating and' refreshing to discuss common activities and
problems with project staff working in a similar but still very
much, different project (environment).

The OTA-33 project has also experimented with ferro-cement
and bamboo-cement reservoir construction and this visit provided
a good occasion to tap their experiences in this field. Next
to OTA-33 the organisation .Yayasan Dian Desa in Yogyakarta has
constructed very many ferro.-cement and bamboo-cement_tanks with
^community selfhelp. It would have been nice to visit Yogyakarta
.to meet with Dian Desa staff but unfortunately the time schedule
. did not allow this. Dian Desa's experiences are: therefore only
reflected in this paper safar as they have been relayed by OTA-
33 staff.
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The importance of Ferro-oe.~ent and 3?.r.'cc:-0.2::.;-.-:;: for the
•\\ CWSS-programme in Pokhara.

Until now nearly all reservoirs in ti-.e 3'.;ZS-crc ̂ ramr.e are
constructed in stone masonry with an arched roc:. The struc-
tures are standardized in sizes of 9, 16, 22, 30 ana 36 as . A
standard design for a 2.5 m tank is also in use but this design
does not have an arch.

The design for these tanks originate frcrr Cameroon. They
have been slightly adapted and have been widely constructed in
our project area. Unfortunately there are quite a fev; drawbacks

_ to these tanks:

'/ • '•. . , 1. They are costly in stones, sand, caisent -and skilled
;":-"'. labour. • ' .

2. They are costly in the transportation of materials
:'.' :j/ "..:.: %; (to often, high places in the mountains). • :

"." ";., -3» Extra costs are involved for the transportation of
. :•;.. ; " ";; ":̂ - '; arch-frames (moulds used to support the arch at the

tiae of construction). These frames had to be carried
by porter to the construction .•sits and must be returned
after use. Especially returning the frames to the

' . rcadhead is a perpetual headache because after the
tank is completed there is usually not much interest
to bring the frames back.

4. .... lot of the tanks are leaking because Xepal_ orai-s-
ên are quite capable of making strong ~ud -ascnry
structure but the sarze technique dees not' er.irure
water tightness of a construction. Zven -aftsr r.any
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succeeded to re~tein ito technicians so tr.r.t ~'r.~~
able to ~ake properly bonded, watery re.;: f r~-:,rr-,-
Too often they fall back in their ~ra;:i tic- ;-..:.! b
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5. The stone quality is not raally vary good I'cr
leakproof construction.

6. Planning problems accur due to the limited number
of arch frases and the many, oftan remote places
where they hava to "ba used.

i Many of these problems do not apply to Cameroon and thus
1 this type of water tanks may there still be technically and
} economically appropriate. However in Nepal it is rapidly
I . becoming too expensive and inefficient to keep on constructing
( in this way.

': / Ferro-cement construction which recuires a radical break
V ••-' ~
I with traditional Nepali style building and is at the same time
\ . 50-7G?6 cheaper as compared to our present standard _design,
• .. offers a better method for future water supply construction

. ' , . . " . - . . work. ._ . . . - . "l";'^-~ '.i.;'.'"'. ~.-~"-~:- '"'" ' ' ''- ' ~

i*̂ /;̂ -̂ ^ :•"::- -As has been discussed in an earlier paper by fi. Mueller
• —i .""on "the same subject (1), rerro-cement, has already a history

•• —^ ; ̂  ̂  - in. the programmeV'̂ .Ferro-cement'-iconstruction work as such poses
!: ;: . ;: - ;no difficulties for-the project engineers and overseers,.

• " • '.'"•' ". . * . • - ' ' . . . . . . • . .L • ,» I- .."''"'

V " however its increased implementation has been, hampered by the
lack of well-trained technicians. This flaw is now been
'corrected by a practical training course in July 1933 in which
18 of the more senior technicians will construct two 10 m^
ferro-cement storage tanks in a rehabilitation project. It
is hoped that this prac-icai course will provide the programme

• the skilled manpower to build the majority :- the tanks in the
upcoming construction sei^cn in ferro-casi^n~.

t Though ferrc-cemer.T. is gradually bec:::r.ir..: a well-dccum5n~ac
construction material (2, 3) less is known -/cou- the properties
and abilities of bamboo-Cement. Still, bir.joo -cement can turn
out to be a quite attractive to fsrro-csmc-::". eapecially for
the construction of smaller vclumas of tsr.;-'.~ - c '
Bamboo-cement is again a lot chaa-sr than lerro-cemer.
because the wirsme.:r. needed for ferrc— te-r.^r - L^



2
expensive in Nepal (US $3.5 per a ). Furthermore the weaving
of bamboo js indigenous to Nepal and so bamboo-cement makes use. \x

of local material and local skills.

Bamboo-cement especially appeals to the CT.vS3 prefect in
Pokhara for three reasons:

1. 1 - 5 nr storage tanks, break-pressure tanks and
interruption chambers could be cheaply constructconstructed.

2. Development of one or two standard bamboo-cement
reservoir designs may provide schools, health-posts
and individuals with a possibility to build a snail
tank. •

If. ' ' ' : " .":'• • ' : • ' . . • • • "
J>. The trying-out of bamboo-cement construction work and
i." the atmosphere of "research" that is created may appeal

! ..•".'-":. "to our staff to come forward with their own ideas and -
on_thisv and. hopefully other project Related.,;.;
tiques. -̂̂ ""-'K'-̂ -̂ r̂ '-t^^'''^"1--~'^:^^^-^^" •̂ 7r̂ r"? build ing; techniques

Bainboo-ceiaent Experiences in Indonesia

- Bamboo-cement construction techniques are still young and
the experiences limited. Therefore it was a very nice opportu-

*- nity for the author to visit Indonesia and talk to a few people
who had actually constructed bamboo-cement tanks.

Bamboo-cement tanks have been constructed en a trial basis
in

by CTA-33 West-Java and on a large scale by Disr, Desa in Mid-Java.

OTA-33, being a government project, is ver-/ --z-z's. '::ur.d to
the official norms of the Ministry of Public Works. 2ua to the
efforts of CTA-33 this Ministry is now convinced 01 ~he advants.-
T33 and structural quality of ferro-cement construction. Bamboo
7re~a, however, is still not acceptable to the engineers of that
Ministry and it is therefore that the expatriates of OTA-33
7culd only 50 as far as trying out a few bambcc-c3r.en~ tanks.
."-ian Desa as a private organisation has more liberty tc ^pply

«• /A ••

r-rc -\̂ -̂ -n--̂ ry-Tr-̂ - ŵ -̂̂ y,̂ .̂ -̂ -̂-̂ jrjrt̂ ,--*,*.-ictf • • -jr. .T.:̂ ;y u^-.



ti:i: .-.£•; -;ecr.r,icue and has done this with a lot of success in
the rsrior. around Yogyakarta. >v\

'The following paragraphs are based on personal observations
ar.d :iccus3ions with OTA-33 staff.

The- construction of Bamboo -cement tanks does hot- seem to
pose great problems. The weaving technique required is easily
ur.de ret .70- by •everyone.

The ~ain problems with bamboo-cement are related to the
bending between. the cesent and the bamboo, and the shrinkage of
the bamboo aftar curing. ; '

The poor bonding between the cement and the bamboo does
not allow the complete (relatively high) tensile "strength of the
bamboo to be used, i Three ways to improve this poor "bonding are

1. The bamboo re irtf ore ement "strips are alternately laid "
skin up and skin down- : . '••. '•••• "• -' ''':'^---'^:-'--'" ' " . ; < • ' • / ' • ' : .

• - - — . • • - • • ; ' • • • • . '.•• -;-'t: . - - - • - * "" • ' • ' • ; . / . , . .: .:.:•• '•••"•- _•'• ••T'":'-zs=^::;'v?:" • • - - - : - •
2. The bamboo is woven is a square mesh, with a 3-4 cm

heart-to-heart interval. " --̂ TIFT----- • '•• • •••••

3. Zach crossing in the bamboo framework is tied with
binding wire. This will not only increase the bond
but will also result in a more rigid framework.

The .vhrir.L-: ing of bamboo in the bamboo crste is a biggsr
headache. Obviously the magnitude of shrinkage depends on the
criminal :-ci~ture content. The shrinkage of mature culms of
different cpecies of bamboos is more than that of immature ones
and -.= •/ r~r.:r= from 4 to 16 percent in wall thickness and 3 to 12
ercent ir. diara-cer.



1. Older cir.ccc has a lower moisture content, a higher -•
tensile strength and is more durable.

2. Because the cuter layer of the culms contains a higher
percentage of fibres it is stronger, more durable and
has a lcv.-er moisture content than the inner layer.

3. The bottom portion of the culm contains more fibre than
the middle and top portions, resulting in the same
advantages as under two.

A. In the dry season the overall moisture content of the
culm is quite a lot less than in the rainy season.
Culm should therefore be cut and used in the dry season.

There are further a number of-treatment methods that reduce
the water absorption of bamboo and increases its life time. These
methods require however chemicals and equipment and by using those
one would before long have._lost .the. low post advantage of bamboo
cement. Such methods have therefore not been considered. - . ,

When constructing the.bamboo-cement tank one further has
to keep in mind to wet the bamboo frame thoroughly before plas-
tering. This wetting .will prevent the bamboo to absorb water . -
from the vet concrete around it. If absorption would be allowed
cracks w.-̂ ull appear in the drying concrete due to the., swelling
of the bamboo.... Also it is important to arrange for proper
curing, avoiding if possible exposure to direct sunshine, as
this may cause excessive crying thus leading to cracks.

In Indonesia 2.5 n" to 10 m tanks have been constructed.
About the durability of the 10 m tanks no information is avai-•*
lable but the 2.5 and .̂- m"' sizes are doing well. ,______

The few hundred .̂?.r.;c5 constructed under the -ian Desa
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Cpncluslcn

Although thir-2 ars C3r~ai.-ly problems associated with
"bamboo-cement especially wit:: regard to bonding and shrinking
it still sesmr. that .Cor volumes up to 5 m bamboo-cement may
well be a viable cpticn. Certainly a bamboo-cement tank will .
not have the same lifeti.r.i- as a ferro-cement tank but a lifetime

....-'of ŝ y 3 - 1C years is cult2 acceptable relative to the cost
-~of construction T " ~""" ""—"~"' "" " - - - - -

The visit to Ir.c;.~:r ̂ i?, and the discussion with project
staff has convinced thj s.u-:v::r that there is certainly some
reason to continue the bam'-co-cement trials. At present the
CWSS-progrannne is not in the position to apply bamboo-cement
in its projects because it has not sufficient experience with

'•- -v the material but may be bamboo-cement will in the future become
: ;a useful addition to ferro-caaent especially for smaller cons--;
.-truction work. If only that could be achieved It" would- already

'"'-•.'-.'-.'•'' • * " • " * - . - . - -~.~.. ' • . ....
-̂v'::jc'oatribute greatly the development of rural Nepal and the

wishes to thank Heivetas fc"' taeirljiind:'-1̂ £
ir>^ approval to his trip to Indonesia. The helpful discussions

:~-r->: .-.-̂ iii- .• . .- -—, - - . . • . - ----ijtSsczlT̂ i --•-""". - : "-v-':f;:̂ with ir. A. Toinhof/IWACG, ir. B. van Broackhorstrand; ̂ --—_v
; v ,-;:•; ing. R. van Kerkvocrden GTA-33 are gratefully acknowledged.
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^ ̂;lv;/,Pilot;pz*&jiect on low cost; water collectors in Sin̂ gakerta,
;v."' j 'Indonesia,. November 1979.. -1 : :- - . :̂:r v% "- ;

6. Yayasan Dian-Desa
Winarto
Rural Rainwater Cistern Design in Indonesia.
Hawaii, 1982


