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Foreword

Conslidering that access to drinking water and sanitation facilitles as the basic needs
of human life and also understanding the constant threat from diarthoea diseases
and other parasitic Infections in Bangladesh, we have given for a long time now a
top priority to this sector in our development cooperation programme in
Bangladesh. Our assistance in the sector is mainly channeled through Unicef and
implemented by the Development of Public Health Engineering (DPHE),
complemented by action research studies on specific topics  Additional support to
the increased involvement of the NGOs and private sector Is currently under
appraisal Unlike the success of water coverage programmes in Bangladesh, the
sanitation has always lagged behind

Santtation is a topic which people would rather not talk about In the last century
we in Switzerland suffered a number of complications due to unsatisfactory
conditions of sanitation Like here in Bangladesh, the main reason for adoption of
sanitary latnines was privacy and, therefore, the old names for latrines were "secret"
or "prive".

We have contributed in a humble way towards interventions to improve the sanitation
coverage in this country. Fortunately, our efforts in this direction have been fully
recognised and enthusiastically participated, amongst others, by the Ministry of
Local Government, Rural Development and Cooperatives and DPHE  Participation
of a senior minister in our previous seminar on "Promotion of Rural Sanitation” last
year and of the Pnme Minister in the recent social mobilisation seminar, launching
the national campaign on sanitation are some of the recent achievements which
could have hardly been anticlpated even a couple of years back.

Realising that cost reduction of sanitation components could contribute among
others, towards Increased coverage, we have commissioned Interchain Project
Consuttants AB, a Swedish management consutting firm with the technical guidance
from international Reference Centre for Waste Disposal (IRCWD), Switzertand to
carry out this important work related to both technical and economic aspects We
congratulate the authors, Dr. Skylark Chadha and Mr. Rabiu! Isfam of Interchain and
also the technical adviser Mr Martin Strauss of IRCWD, for their unique contrtbutions
which we feel can also be utilised else where in the world, We trygst that this 1s yet
another efiort towards presenting new policy altermatives

Dr. Peter Amold
Counselior &
Head of Swiss Development Cooperation

April, 1992

Prologue

The various development assistance organisations and the world at large Is
recognising the importance of water and sanitation as the prerequisites of human
living. However, the delivery mechanisms are yet to be improved and the coverage
of these basic pre-requisites Is only siowly creeping towards universal coverage. in
Bangladesh sanitation intervention programmes have now existed for more thar.
three decades but the combined effect of the formal government sector, NGOs and
the private sector over the years has not been able to provide a sanktary latrine to
more than one family from amongst ten. if one considers the large poptdation of the
country, population density, low life expectancy, high infant mortality and extreme
poverty of this one of the least developed country, it Is not difficuit 1o conceptualise
the complexities of the sanitation sector for the people of Bangladesh. The diarrhoea
prone areas of Bangladesh perhaps present one of the most difficult task to any
professional in this field anywhere in the world. The year 1989-90 documented the
first thrust of the top leve! policy makers in the country when the targets for various
related projects under DPHE were abruptly raised and many unnecessary
bureaucratic process delays were eliminated

During phase | and phase lli of the larger study on "Promotion of Rural Sanitation in
Bangladesh" of which the presert action research is a part, two areas for special
attention were identified and special interventions were recommended. One
recommended intervention was the motivational development which we can now
see as belng implemented under social mobilisation banner. The other
recommendation concerned the reduction of costs how so ever small to bring the
sanitation within the reach of teeming millions who have very limited cash, if at all.
A 65% subsidised latrine priced at Tk 250 is only affordable by less than one third
of the population. The actual procurement 1s done by a much smaller percentage
of population because the procurement of sanitary latnne has to compete with other
purchase priorities for indwvidual families  As the demand curve has a steep gradient
at the present level of coverage, it was considered that even marginal savings in
costs and pricing will lead to correspondingly significant increases in the sanitation
coverage

In accordance with the above analysis and recommendations SDC commussioned
interchain Project Consultants AB. Sweden , Dhaka and International Reference
Centre for Waste Disposal (IRCWD), Switzeriand to inquire into low cos: sanmation
from a research angle. Although the work has been carried out in Bangladesh and
for the Bangladesh environmert, we believe that the work done, its modus-operand
and recommendations can be of wider interest and application 1n a number of least
developed countries ’






v Low Cost Sanitation Research

The research inquiry has been carried out in the areas of pit stabllisation, slab, pan
and superstructure. The results are being presented in as simple a language as
possible.

We have enjoyed working with Dr. Peter Amold, Head of Swiss Development
Cooperation and Mr. Peter Tschumi, First Secretary Development, Mr. S. A. Karim,
Senior Programme Officer and previously with Dr. Urs Heierli ex-Head of SDC in
Bangladesh The work has been carmed out under a very friendly but professional
gudance of Mr. Martin Strauss of IRCWD who has provided his valuable comments
and direction both duning field visits and on the on-going monitoring reports Special
thanks are recorded for Mr. Aminuddin Ahmed the DPHE Chief Engineer, Mr.
Fariduddin Ahmed Mia the DPHE Superintending Engineer, Planning Circle, Mr. A.
Moftazal Hossain, Executive Engineer, VS and Mr. Philip Wan, Chief WES and Mr. A.
S. Azad, Project Officer of UNICEF for their ever ready cooperation We will alsolike
to place on record our due thanks to Mr M. A. Karim, ex-Chief Engineer of DPHE for
his valuable comments during meetings with him and Mr. Abu Moslem, Executive
Engineer, DPHE Faridpur, Mr. Md. lbrahim, Sub-Dwvisional Engineer, Mr. Abdur
Rahim, Mr Abdul Barek and Mr. Aminuddin Ahmed all Sub-Assistant Engineers of
DPHE for the pllot test upaziias.

The study participants will like to record appreciation of the cooperation of
Professors Jamilur Reza Chowdhury, Feroz Ahmed, Habibur Rahman and Abdur
Rouf all from BUET for their parbcipation and interest in the unconventional
laboratory tests in BUET Keen interest taken by Colin Glennie, Kieth Mackenzle,
Andrew Sayles, Taufique Mujtaba and Shaila Khan all of UNICEF deserves a special
eulogium. We are also in gratitude to HBRI, MAWTS, BCSIR, BFRI, NGO-Forum for
their vanous Inputs at different stages of the study

I would like to record my appreciation for my colleagues in Interchain for their
valtable inputs tg this iInquiry: Mr. Rabiul islam for overall coordination of the work,
M: A4S M. Shamsuddin for his work with nitial activities with rings and mechanica
casimg dewice, Mr. PK. Paul for mechanical improvements of the casting device, Mr,
Apau Wadud Rana for field testing of nngs and work on superstructure and Mr.
Sxar Rabpani for monttoring of field activities, Mr. Utpal Paul and Ms Anju Roy for
logistic support, Mr Md Ayaz for management of financial resources and Ms.
Srarmema Yasmin for seminar organisation  Special thanks are deservingly due to
Mr. Abdul Hasib and Mr. Sultanul Alam for providing the necessary comptiter support
under very tight time constraints.

Asststance with regard 1o diagrams and photographs has been provided by Techno
Mission and Studio Diana respectively. Special English editing to a simpler language
has been carried out by Ms Zafrin Chowdhury of Dialogue and the book 1s brought
1o its present looks by Sristi press,

Prologue v

While thanking Swiss Development Cooperation once again for the opportunity
provided, it will be relevant to put on record that special care has been taken that
the action research work done is propefty documented so that our modus-operandi
Is clear to the reader. The work is being presented in the form of this book so that
the readers abroad and those who carry out simiiar type of work in future can have
a mental dialogue with the authors to find out better and improved santtary
components, leaming from our mistakes and proceeding forward from our learning,

an opportunity we did not enjoy due 1o non-existence of any previous research
documentation on this subject.

Skylark | S. Chadha 1
April, 1992. -
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AB
ADB
AE/AEN
AfDB
BCIC
BCSIR
BSIF
BUET

Cl
DANIDA
DPHE
EAWAG
ESA

FC

FGP
GOB
HBRI
HQ

1A
IRCWD
KFW
LGEB
MAWTS
MS
NGO
NGO-FORUM
NORAD
PCC

ACRONYMS, ABBREVIATIONS AND TERMINOLOGY

A. ACCRONYMS AND ABBREVIATIONS

Piiot Plan for Private Producers’ Participation
‘Aktiebolag’ in Swedish meaning Limited

Asian Development Bank

Assistant Engineer

African Development Bank

Bangladesh Chenucal Industries Corporation
Bangladesh Council of Scientific and Industrial Research
Bangladesh Sanitary and Insulator Factory, Mirpur
Bangtadesh University of Engineering and Technology
Cement Concrete

Copper Chrome Arsenic

Copper Chrome Boron

Chief Engineer

Corrugated lron

Danish International Development Agency
Department of Pubkc Health Engineering

Swiss Federa! Institute for Water & Pollution Control
External Support Agency

Ferro—Cement

Fibre Glass Plastic

Govt. of Bangladesh

Housing Building Research Instrtute

Headquarters

Integrated Approach (for sanitation)

internationa: Research Cenrte for Water Disposal
German Credit Instrute for Reconstruction

Local Gov: Enaneering Bureau

Mirpur Agncutura. Workshop & Tramming School
Mild Stee!

Non-Goverrment Organisation

NGO-Forum for Water Supply & Sanitation
Norwegian Agency for Development

Plain Cement Concrete

Acronyms Vi
PP Private Producer
PVC Poly Vinyl Chloride
RC Reinforced Concrete
RCC Reinforced Cement Concrete (same as RC)
RDRS Rangpur Dinajpur Rural Service
R&D Research and Development
SAE Sub-Asstt. Engineer
SDC Swiss Development Cooperation
SDE Sub-Duvisional Engineer
SE Superintending Engineer
SIDA Swedish Internadonal Development Agency
SWG Standard Wire Gauge
UNICEF Unrted Nations Childrens' Fund
VDP Village Defence Party
Vs Village Sanitation
VvSC Village Sanrtation Centre
VSRC Village Sanrtation Research Centre
wB World Bank
WES Water and Environmental Sanitation (Unicef)
WHO Worlid Heaith Organisation
XEN Executive Engineer
LOCAL TERMINOLOGY
Borak Thick-wall bamboo used for poles etc.
Katcha Weak construction, with locally available cheaper maternials
Khoa Brick aggregates
Mistri Small artisan contractor/technician
Mult Thin-wall bamboo used for split, mat, etc
Pucca Heavy construction with brick masonry anc concrete
Rupban Sheet Thin tin—-sheets (usually misprint can plates,
Semi-pucca Construction with brick masonry walis anc 2 52! roofing
Taka/Tk Currency of Bangladesh (consists >f 100 Powsna
Terza Bamboo mat made from sphit bambos
Upazila/UZ A sub-division of Zila, (460 UZ in Bangladesh)
Zila District, administrative unit (64 Zilas in Bangtaoesn)
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SYNOPSIS
1. Background

A five phase siudy on "Promotion of Sanitation in Bangladesh through the Private
Sector" was sponsored by Swiss Development Copperation and initiated by Unicet
in order to identity the basic constraints to the increased production and sale of
water-seal latrine components by NGOs and private sectors, as well as to
recommend ways and means to remove those constraints While conducting Phase
| of the study in 198, it was felt that in addition to heavy investment in motvational
development, a less costly technology option will have a higher possibility to make
latrines more accessible to its target group The need was further emphasized during
the Phase li of the study It was agreed that positive outcome of the action research
will enable a better coverage of sanitation in Bangladesh. Consequently, interchain
Project Consultants AB, Sweden with technical support from International Reference
for Waste Disposal (IRCWD), Switzeriand was commissioned to undertakethe action
research now being reported

Resuit of demand and supply curve showed that a very small percentage of
population can afford and are willing to pay for even a subsidised latrine Realising
the steepness of the demand curve at the present level of santtation coverage and
having understood that this is going o be rather a difficuit area for action research,
it was also realised that even a small saving in the area can lead to an increased
market share of significant importance. An attempt was made to delve into the
analytical documentation of previous efforts in this field. Findings revealed that very
little of technically anafytical work done in Bangladesh had been documented 1t
was marked that it has been quite a few years after whatever scant was done so far.

In the mean time, latest technological options have come up and tried in other parts
of the world.

Recommended programme on action research was launched in the backdrop of
above findings The programme was sponsored by SDC and executed in
collaboratior: with the Department of Public Health Engineering (DPHE) and Unicet
The fatter supplied the materials of the research work and aflowed the free use of
existing moulds, tools etc., while DPHE allowed thelr research faciities at Village
Sanitation Research Centre (VSRC) mn Mohakhali to be used for the work. The SDC
provided a major share of the expenses incurred in this programme including
personhel, travel, moulds, tests etc.

This research enguiry on Low Cost Sanitation was carried out on the following
components of a rural latrine
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2 Low Cost Sanitation Research

1. Latrine plt linings, RCC nngs etc

2, Latrine slabs, with and without pans

3. Latrine pans, improved design and better hydraulic fiow
4, L atrine superstructures

A second phase research was carmed out to conduct field test on 1"thick RCC rings
of new design recommended in the first phase of the action research, to confirm the
validity and sultability of the new design of rings in actual field conditions

The summary of the findings and recommendations of the research study 1s briefly
presented In this chapter for policy executives The detalls of the study on each of
the components have been given in separate chapters in this book

2. Research on Rings

It was understood that any savings on the rings will be very conducive in lowering
the cost of a latrine and that the nng thickness is the most cost-sensitive single
dimension of the ring. After a brain storming session it was decided that 49 different
1ypes of rings with different ring thickness, ratio of concrete mix and reinforcement
should be tred Therefore, a large number of produced rings were subjected to
arduous handiing and transportation tests. A rolling test was carried out on each
type of ring on hard and rough roads. This test was much harder than the situation
likely to be met In field Many o the rings broke during this test. It was also
necessary to establish the relative strengths of the rings that had gone through the
rolling test. Accordingly two types of laboratory tests were carried out, firstly with
the compression strength testing machine in BUET and secondily by the sand
bearing method. Special arrangements were made to carry out these tests

Extensive research in DPHE research centre and BUET laboratory demonstrated
that manufacture and use of 1° thick rings with 1.2.5'5 mix and 1:3:6, instead of the
standard 1.5" thick nings with 1-3.6 mix Is technically feaslble. It was then
recommended and later on decided to carry out a field test for the selected twotypes:
ofrings Thefield testwas carried out in eight VS centres of three upazilas in Fandpur
district After a couple of months production of 1’ thick rings with a mix of 1:3:6 was
discountinued and only producuon of 1' thick rings with a mi of 1.2.55 was
conttnued During the one year of field test 5,076 nngs were produced and 3,746
were sold and were actually installed in 1168 latnnes. The percentage of breakage
of the new rings has been less than the existing standard DPHE rings

The new design of ring 1s 20% cheaper at the same time, stronger than 1.5 traditional
nngs Field tests on 1" thick latrine nngs of new design have proved to be successful
and its adoption is recommended in place of existing standard 1.5" thick rings, in all
the VS centres of DPHE all over the country This will resuit in substantial financiai

Synopsis 3
saving considering the large production of the sanitary latrine components in the
country. Only in the public sector with its 1000 VSCs and production of 1300 rings
in each centre per year, the saving wili be as high as of Tk. 20 million per year The
accumulated saving over the years can be very rewarding

After adaptation by DPHE, some of the private producers of sanitary components
have already started adopting this 1" thick ring design in Faridpur district However,
the private producers need some training to be able to contribute more in wider
national santtat:on coverage This aspect will very well be highlighted in the
forthcoming 5-P exercise in the pilot area of Faridpur district

Other side observations made during the field test in the three upazilas are the
average depth of the pit is 5.2 ft., the average distance of transportation is 4 km and

the most common means of transportation is the rickshaw van. 68% of the users
made superstructures with jute sticks.

3. Research on Casting Device for Rings

Usually the RCC rings for latrines are cast by normal shutter of two vertical concentric
cylinders The private producers use improvised shutters made of plain sheet. A
mechanical device for casting of RCC nngs was developed dunng this action
research programme. In this device the inner cylinder with a concrete pouring
trough is rotated on a vertical shaft. The inner ring is attached with arms wetded with
a2 hub nut This device was also used dunng the production of rings used for
research purpose. This new device I1s very easy to operate and can be independentiy
handled by an ordinary labour. Casting of RCC each latrine nngs with the traditional
moulds take approximately 22 minutes, whereas it takes only 12 minutes to cast one
rng with this mechanical device. ’

The mechanical device for casting of nngs will save tme and energy and therefore
resul: i increased production of latrine rings. This device involves some capital
mvestment and therefore is sultable only where large scale production is desired

4. Research on Pans

A exensive search was done on different types of pans available In the market
Keeping the aim of low-cost sanitation in mind, only concrete pans were throughly
examined and improvements were tried

The standard DPHE pan which is being produced inall the VS centres in Bangladesh
1s a result of long experience The goose-nieck of this pan makes an effective sanitary
water-seal, at the same time the cost remainsiow However, there 1s scope for further
mprovement of the pan
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Efforts were made for improvement of pan and many alternatives were tried in VSRC,
Mohakhali Utimately an improved design pan was produced which has the
following variations from the existing DPHE pan.

o The bottom profile of the pan is wider

X The back wall of the pan is sioped inward

R The bottom opening of the pan is wider

In this improved design pan the goose-neck of DPHE type was used for water-seal

After casting and testing of many research pans of various designs, the finally
adopted design was tested in comparison with standard DPHE pan  Analytical tests
were done on the improved design pan and DPHE pan to find out the quantity of
water required to flush similar excreta replicas from the each pan The new pan

design required less quantity of water for the purpose in comparison to the existing
standard pan

The pans have been tested with different quantiies of water used for flushing. A
special test bench was designed with a siding system on top to eliminate the human
factor that could result in biased Inferences

Thisimproved design pan may be tried through DPHE and private producers. DPHE
may have difficulties in trying different types of pan in their VS centres but private
producers can be motivated for populansing it to the public  The private producers
will need secondary concrete moulds for the pan

The main obstruction in easy flow of excreta in alow-cost latnne pan is the roughness
of s surface This problem needs to be overcome because bacteria grows easily
on the remnants of excreta on such a surface

In the curren: programme, information regarding available low-cost smooth pans
were gatherac  ~nis was generally done by neat cement or mosaic finish. Efforts
were maae 10 maxe the inner surface of the pan smooth by using linings of different
matenals sd¢ch as white cement and marble touch matenal

Smootnening = Zan by neat white cement finishing is cheaper than by any other
hrang maiera The marble touch finish costs Tk. 70 extra per pan while cost for
liring with wone cement ts only Tk. 30 The high cost of marble touch lining prohibits

its use for low-cost santtation purpose Therefore it was discarded from further
testing

Analytical 1ests were performed on the following types of pans in VSRC with standard
excreta replica to find out volume of water required to flush it
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Standard DPHE pan

DPHE pan with lining

improved design pan without lining
Improved design pan with lining

Hd H M

It was found that the improved design pan with white cement lining required the
minimum amount of water, compared to the unlined pans or lined DPHE pans

Itis recommended 1o introduce and popularise low cost pan with white cement lining
at least as one of the alternatives This will provide more effective sanitation with
slightly extra cost Such type of pan can also be popularised through private

producers by gving them some training and credit facility 5-P exercise can look
into this point.

5. Research on Slabs

Itis often observed in the field that the goose-neck of the latrine pans is often broken
bythe users In spite of repeated message conveyed by the field officials regarding
the utility and advantages of the water-seal the users break it for various reasons
It was found that water non-availabitity 1s not the only reason but the users think the
goose-neck as an obstruction to the easy passage of excreta to the pit This action

of breaking the goose-neck causes unsannary effects bad smell and problem of
flles and insects.

Considering the above problems and the rapid promotion of home made latrines, a
good deal of thought was given for trving some latrine-slabs without pans. In active
collaboration with IRWCD/EAWAG Switzerland latrine slabs of different types
without pan were designed duning the research penod. The following two types of
latrine slabs which have been tned in Africa. were produced and tested in VSRC
Mohakhali

®  Mazambique-type Dome slab

" Malaw-type Sanplat slab

Dome slabs are constructed withowu: am resnforcement while the Sanplat requires
only 4 smallms bars The Dome slat requires a ittle more concrete and additional
skill at the form-making. The cost o sucn: staps 1s Tk. 64 or Tk 65, while the cost of
a standard DPHE latrine (pan and slah; 1s Tk 132. The cost of FC slab only (without
pan) for the DPHE design 1s Tk 92. Even the cost of a home-made bamboo latrine,
if matenials are purchased, comes 1o Tk. 55 The Sanplat latnine slab is better,

stronger and more durable compasec tc the home-made latrines with a little extra
cost
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The Sanplat type latrine slab without pan and with lid, 1s recommended to be
manufactured and sold through the private producers, specially in those places
where the users tend to break the goose-neck of standard pans, and for those who
find DPHE slab and pan too expensive. This can offer as intermediate technology
option between DPHE's sanitary latnne and the home-made latrines However, the

private producers will have to be trained first, which can be attempted during the 5-P
exercise.

In additton to the above, comparative cost calculations have also been carried out
for superstructures with Cl sheets, thin tin sheets, bamboo mat wall and Ci roof etc.
Superstructures made of jute sticks and non traditional superstructures made of
ferro cement have also been described in detail

6. Research on Superstructures

The study Involved, research on various types of latnne superstructures
Comparative costs and durability of different altematives of superstructures were
studied. Alternative materials used for the latrine superstructures were

B untreated normal bamboo materials

X thin plain tin sheet

% Cl sheet

®  treated bamboo materials

Latrine superstructures were erected with the following combinations
1. Cl sheet walls & roof, timber poles

2 Thin tin sheet walls and roof, bamboo poles

3. Bamboo mat walls and C| shest roof, bamboo poles

4 Split-bamboo walls and terza rootf. bamboo poles

5 Bamboo-mat (terza) walls & roof, bamboo poles

6. Treated terza walls & roof, treated bamboo poles

It was found that in spite of its durability. C! sheets are not affordable by the target
groups due to ts high cost in making superstructure  On the ather hand, the plain
thintin sheet (rupban sheet) design is high in cost but ooes nee l2st iong and therefore
1§ not a good choice So the only materal altemamve 12 1s bamboo made
Superstructures constructed with treated or uni. eatec =arbocs.

The untreated bamboo superstructure costs Tk 435 wnereas the one with treated
bamboos costs Tk 450 The cost increment 1s apprax 3.5% onfy butthe durabilty
of treated bamboo 1s at least 2 5 imes more than tna: of the untreated bamboo
Normal iife of a matured bamboo is 5 years whereas a property treated bamboo wilt
last for 1210 15 years. The durability of the treated bamboo could not be practically
tested duning the action research because of the short penod of its operation
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Therefore, a latrine superstructure with treated bamboo mat (terza) walls and root
with treated bamboo posts is recommended to be used on a large scale.

It is also recommended that a standard collapsible and portable latrine
superstructures with treated bamboo materials should be manufactured on a large
scale. This will be economical and alsc convenient for quality control and treatment
facilities.

The superstructures should be manufactured in a convenient place, by DPHE
contractors or by prvate producers, near the regional stores of DPHE The
manufactured superstructure units can be transported along with other stored
materials, such as cement, wire-mesh etc., to upazila VS centres or even to union
VS centres From these VS centres, the users should be able to get the ready-made
latnne superstructures along with other latrine components

The private producers will need training on the treatment of bamboo and may be
some financial assistance or credit faciities for the treatment equipment and
matenals which can be organised in the 5-P exercise. By regular and long term
monitoring of treated bamboo structures, the exact life span of treated bamboos
can also be determined in the process.

7. Forthcoming 5P Exercise

in continuation of the study on “Promotion of Rural Sanitation in Bangladesh" and
1o implement the results of Action Research on Santtation Components. and in the
interest of wider sanitation coverage in Bangladesh, the Swiss Deveiopment
Cooperation, SDC, is planning to undertake the next programme entitied "Pilot Plan
for Private Producers' Participation'. In short it is called as the 5P exercise

The objective of this programme will be to strive for an to actively promote the
participation of private producers o1 sanitation components in Bangladesh The pllot
project will be in the same area in which the field-tests of action research work hact
been carned out.

The aim of the programme will be to achieve an optimal mix of two delivery chamness
I e. the DPHE channel and the private producers, and this Is very much in line witn:
the GoB/DPHE country programme for giving more emphasis to the private seccs
for manufacturing sanitation components  Some of the elements of the 5P exercise
will be baseline survey of the sanitation environment in the pilot area. training of the
private producers. one time assistance 1o the private producers, credit faciites 1o
the private producers promotional activities, coordination with action research
activities, monitoringing and evaluation of the programme and finally impact
evaluation.
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Current programme of GoB/DPHE on santitation stresses that by 1995 DPHE will
privatise the latrine production and will act mainly as policy maker in the sector of
water supply and sanitation. According to the GoB / Unicef agreement for Rural
Water Supply and Sanitation Programme, 1992-1995 "DPHE will develop a new
strategy for private sector investment from 1995 onwards, in collaboration with GoB
and ESA for which a pilot project will be launched and evaluated by 1995".

At present no model for promoting the private producers in sanitation sector is
available to DPHE Therefore, the 5P exercise, its findings and recommendations

are expected to be very useful in the strategic policy formulations in the sanitation
sector

CHAPTER 1

INTRODUCTION

1. Rural Sanitation Scenario in Bangladesh

A five-phase study on "Promotion of Rural Sanitation in Bangladesh through the
Private Sector" sponsored by Swiss Development Cooperation and initiated by
Unicef was undertaken by the International Reference Centre for Waste Disposal
(IRCWD), Switzerland together with interchain Project Consultants AB of Sweden
The former provided the professional and global expertise in sanitation and the latter
provided its competence in economics, project management and knowledge of rural
Bangladesh. The purpose of this parent study was to identify the basic constraints
to the increased production and sale of water-seal latrine components by NGOs and
private sectors, as well as to recommend ways and means to remove those
constraints

During the course of this study a new need was felt and a clear distinction evolved
between the rural sanitation and the urban sanitation because so few rural people
in Bangladesh can afford more than the cheapest known technology in the field of
sanitation

Surveys were undertaken to estimate willingness/abllity-to-pay for the sanitary
components and to assess the performance of delivery mechanisms

From a survey of 400 families who had already installed a latrine, and 2400 famiites
who had not got a sanitary latrine yet, it was revealed that;

= The survey yielded the following results with respect to the willingness/ability
to pay (full payment upon purchase):

4% canfwant to pay Tk 450 or more
27% can/want to pay in the range Tk. 250 to Tk 450
69% cannot pay more than Tk 250

19% cannot pay more than Tk 100

7% cannot pay more than Tk 70

It may be mentioned here that'
Tk. 70 = DPHE sale price of 1 slab + 1 ring
Tk.250 = DPHE sale pnce of 1 slab + 5 ring
Tk 450 = Average sale price of private producer for a 5 set ring

2 For payment by instaliments, more peopte would be willing/able to purchase
at somewhat higher prices
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Based on the results of the survey dunng phase J}, the present demand and supply
curves for latrine components In rural Bangladesh were plotted and these have the
shape and character shown In the figure on the next page.

The demand curve "D’ shows the total prevailing demand, whereas the supply curve
(Sp) represents of the situation of the private producers. The demand curve as
applicable for payment in instaliment is shown here because this depicts the market
coverage of the private producers better because they also sell in instaliments The
hardline demand curve (Ds) shows the stated customer demand whereas Dp is the
projected demand. Dg represent an interesting portion of the demand curve if the
sale did not allow payment in Installments as is the case with the government
subsudised sale. An intersection of the demand curve at the DPHE selling price 1s
shown. Qr is the DPHE potential coverage The present coverage Is show by point

Qp.

The presence of the subsidized price of Tk.250 in the public sector delivery channel
influences the purchase behaviour of the buyers who can afford prices above this
subsidized price They are reluctant to pay to the private producers more than
TK.100-150 or so above the DPHE selling price inspite of the procurement procedural

probiems. The projected demand curve has been drawn dotted to show no-subsidy
sttuation.

The subsidies cause a downward distortion of the demand curve as explained above.
The potential demand addressabie by private producers Is therefore reduced from
'c 1o 'a’. In zhsence of production constramnts. Qr percent of the rural population
could have been served by the subsidized price Potential sale of latnne quantities
demanding even higher substdy shall not be addressed by the present level of
subsidy. The present share of the DPHE demand 1s shown by ‘b . About 70% of the
rural families are unable and/or unwilling to pay (single payment) Tk.250 for a latrine
set The remainder demand is at present, addressed neither by the private
production sector nor by the subsidizing govermnment programme.

I 1s also estimated that even at 100% subsidy the willingness to obtain a latrine will
no: be 100% because of cultural, habitual and other reasons not necessarily based
o~ ooverty This is reinforced by the historical fact that at the very inception of the
programme the latrines were distributed free but the demand was very low and most
o me supplied latnnes were not used.

For increasing the sanitation coverage it 1s important that the demand and supply
curves are Influenced by some interventions. A shift of the demand curve to the nght
s synohymous with a general increase of people’s ability/willingness to pay for the
lanne components. This could be done, among other factors, by the following
means

Y

S,
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DEMAND & SUPPLY CURVE
Based on Present Situation
Payment in Installments

A

600 -

Price/Set (In Taka)
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400 -+
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Subsidized
Price I©
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Poiential Demand/Supply (In %) .

a = Present ®vate Sector Demand
b = Present Coverage by the DPHE

Dp = Proiected Demanrd
Dg = Represents Demand Curve for DPHE Share

Supphed Lammes Qp = Present DPHE Production Coverage
¢ = Potenta’ Demanct kr Private Producers o = Projected Demand for DPHE
D = Demand Curve Sp = Supply by Private Producers
Ds = Staled Damanc
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® By motwvational development
" By introducing credit for purchase
B By more efficient delivery channe!

Similarly shifting of the supply curve downwards indicates that the technology 1s
more accessibleto the poor This curve could be shifted downwards by the following
means ‘

= Reduction of rings per unit tatrine

R Finding cheaper technological options

Thrs prompted concerted efforts on action research activities on sanitation
components,

2. The Need for Action Research on Sanitation

While conducting Phase | of the project dunng May - June 1889 1t was felt that in
addition to heavy Investments in motwational development, a less costly technology
option will have a higher possibility to make lairines more accessible 1o ts target
groups Undertaking of an action ressarch programme on sanitation technology
was recommended atthat point  The need was furthe- emphasised during the Phase
[l of the study It was firmly held the: positive outcomes of the action research will
enable a better coverage of sanitation in Bangladest,

Having understood that this is going 1o be rather a drfficul: area for action research,
it was also realised that even a smal' savings in the'area can lead to an increased
marke: share of signficant imporiance An attemp. was made to delve into the
analyticat documentation of previous efiorts m this frield  Findings revealed that very
Ittle of technically analytical work aone in Bangladesh had been documented. It
was marked that it has been quite a few years after whatever scant was done so far.
In the mean time, latest technologica options have come up and tried in other parts
af the world.
|

Recommended special effort on,actior resasarch exercise was launched In the
backdrop of above findings The prograrrme was sponsored by SDC and executed
In collaboration with the Departma~ = =_c Health Engineenng (DPHE) and
Unicei Unicel supplied the matenais of the programme and aliowed the use of
exrsting mould, tools etc whie DP- crawec therr research facilities at Village
Sanitation Researc:i Centre (VSRC) .n Mohakhali to be used for the programme.
The SDC provided a major, share o° tve expenses' incurred In this programme
including personnel, travel, moulds. tests etc

Phase Il of the study involved a field test m a piéat area of 1 thick rings recommended
earlier in the current action research 1o test the sutability of the suggested rings in
the actual field condition
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3. Terms of Reference and Scope of Action Research .

A copy of the TOR agreed between the partners is given in Appendix 1.

After the initial procedural formalities, the action research programme was carried
out on the following aspects of latrine components.

Ajternate dimensions

m  Alternate design of matenais

B Alternate mix of materials

2 |nstaliation issues

As the nng component of the latnne structure 1s extremely cost sensitive, a small
saving in the ring component is likely to bring about a substantial effect on the overall
economy of the rural latrines. Therefore, the first ten months of the research
programme concentrated mainly on the ring componeni. trying a number of
alternatives and options. After the mitial research for adaptation o* 1* thick latnne
nngs with concrete mix of 1:2.5:5 was recommended instead of traditional 1.5" thick
ring with concrete mix of 1:3:6, which enabled saving of 20% on the components.
In the later part of the programme actior research was conducted on other
components of the latrines as well till end of the programme. The fieid tests of the
recommended 1" thick R.C.C. latrine nngs were done by casting these in DPHE VS
centres in a pilot area which began in April 1991. Supervision of construction of 1'
thick R.C.C rings and monltonng of latrines built with 1' thick nngs continued till the
end of the programme i e. April 1992.

The usual components of a village latrine are as follows-
" The pit, (@ well, a ditch or a trench)
2 The limng for the pit
m  The slab on top of the pit (which aiso holds the pan)
= The pan of the latrine (water seal or chute type)
X The superstruciure

There 1s wide scade for varie¢ research approach tc'¥—o oz -ura! sanhation
technology But 1~ order to Imr: our study within a weli-osansc Tamework, the
reported action research was confined into following comoone—=: zx areas only.

1. Latrine pit linings

2 Latrine slabs .

3 Latnne pan design

4 Latnine superstructures

5. Field Tests on 1" thick RCC latrine nngs

i
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During the programme we have carried out in-depth research onthe following topics
of the above components, and have tried to deduce analytical conclusions and
recommendations

The detall research activities were camed out on the following topics

X Research on RCC latrine rings with varied dimension, concrete mix and
reinforcement

% Improvement on casting technology of RCC nings

®  Research on alternative pit linings

n  Gathering information on top-soll types from al over Bangladesh in order to
determine number of rings required for iatnne construction in different areas

1 Research on designs of improved pan from hydraulic;ﬂow point of view

= Smoothening of latrine pans with linings and analytical tests on various types
of pans

X Research on Mozambique-type Dome and Sanplat type latrine slabs

K Research on latrine superstructure with normal and treated bamboos and
other materials

K Field test of 1" thick rings
Extenstve discussions on each of the topics has been preserited in relevant chapters.

4. Research Activities

Detailed activities under each research item was considered and the following
break-down list was prepared The wnole programme was conducted according 10
the following modus operandi

4.1 Research concerning Latrine Pit Linings

Research work on this componen:, invoived following four tems and detatled
activities as mentioned below were carried out.

4.1.1 Research on R.C.C. Rings

Reason tor selecting ring as action research frem (Acmvity # 1)
Discussions with Unicef/DPHE (2)

Fixation of Alternative dimensions (3)

Determining vaniables for research on rings (4}

Selectlon and approvzl of venue for action research (5)

Trial castmgs of rings (6)

Reducing the variables to form a pragmatic approach )

¥ H X O B 4d o
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*  Ring thickness

*  Ratio of mix of concrete

* Reinforcement size, type & placement
Casting schedules with selected variables (8)
Casting of rings with various alternatives (9)
Cost estimating for vanous alternatives (10)
Holding of workshops on research on rings (11)
Conducting tests on 1" thick rings (12)

*  Handling and roliing rests

*  |Laboratory test on relative strength of vanous altemnatives at BUET
2 Cost and strength analysis (13)

m  Recommendations of the action research (14)
T Reporting (15)

H O X X H

4.1.2 improvement in Casting Technology of Rings

Study of normal manual casting device of latrine rings (Activity # 1)
Designing and manufacturing of mechanical casting device (2)

Use of this device to save time and energy (3)

Improvement of the device through study and research (4)

Casting of rings with improved device and testing options for saving time (5)
Cost estimabon of the device (6}

Reporting (7}

< S S » S« QD « S < D »

4.1.3 Research on Alternative Pit Linings

Various alterative materials for pit ining (Actvity# 1)
Their use in specific conddions (2)

Discussions with Unicef/DPHE (3)
Recommendations (4)

Reporting (5)

T n g Ao

4.1.4 Study on Types of Top-soil

Discusstons with Unlcef/DPHE (Activity # 1)

Acquinng information from different secondary sources (2)
Compilation of acquired information (3)
Preparation of area maps, if possible (4) 1
Reporting (5)

H a0 " X
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4.2 Research concerning Latrine Slabs (without pan)

X
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Study on different types of squatting plates (Activity # 1)

Internal discussions between IRCWD and Interchain for technical details of
slabs (2)

Designing of latrine slabs without pan (3)

Study of the documents, on different types of latrine slabs (4)

*  Mozambique type Dome slab

*  Malawi type Sanplat slab

Modification of designs to surt local conditions (5)

Making mould etc. for the slabs (6)

Castirig of Mozambigue dome type slab (7)

Testing of the Dome stab (8) ‘

Casting of Sanpiat slab (9) |

Testing of the Sanplat slan {10) ;

Material requirements and cost estimates for the slabs (11)

Cost comparisons and other considerations (12}

Discussions with Unicef/DPHZ (13}

Field test of the recommended slabs (14)

Effons to accelerate production and sale of such slabs in field by prvate
producers (15) .
Recommendations emanating from field data (16}

Reporting (17)

4.3 Research concerning Latrine Pans

In research of the pan component of latrine, following three varieties were tried, the
detail actvines of which are mentioned below.

4.3,1 New Design from Hydraulic Flow Point of View
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S o aasting types of latnne pans. therr qualities and prices (Activity # 1}
Designing or modified pan from hydraubic flow pomnt of view (2]

Matang mould for the designed pan (3) ‘

Making few pans with this design (4)

Stuay of pour-flush pan made by BSIF, Mirpur (5)

Conmacting with RDRS, MAWTS and pnvaie producers (6) |

Discussions with Unicef/DPHE (7)
Modification of the design as necessary (8)
Making new mould for the modified pan (9)
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Casting of new modified pan (10)

Analytical tests with new pans, i comparison with standard DPHE type (11)
Result of the test and recommendation (12)

Reporting (13)

X x o

4.3.2 Smoothening of Pan by Special Lining

= Study of various types of lined pans made by private producers (Actiity # 1)

2 Procuring information on pour flush pan manufactured by BSIF under DPHE
programme (2)

H  Collection of sale prices of various types of pans produced by private
producers (3)

" Finalisation of iining matenal for this action research work (4)

Construction of lined pans with lining materals such as (5)

*  with marble touch matenals

*  with white cement

Cost comparison of the products (6)

Analytical tests for estimating effectiveness (7)

Result analysts and recommendations (8)

Reporting (9)

ot
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4.3.3 Research on Plastic Pan

1

Discussions with DPHE/Unicef (Activity # 1}

Discussions with MAWTS (2)

Decision regarding progress of work of research on plastic pan (3)
Research work on plastic pans as required (4)

Reporting (5)
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Research concerning Latrine Superstructures

Infarmation collection regarding size and other spectfications (Actrvity # 1)
Study of the various poteral aliermnatives (2)

Designs and dimensiona: gstats (3.

Construction of some supsrscuctures from the selected alternatives (4)
Preparation of maicnal ragurerares and cost estimates (5)

Comparison ¢ cost and ozner considerations (6)

Selecting fewer alternatves (7

Erection of superstructure from tese alternatives (8)

*  With treated bamboo terzz

*  With untreated bamboo . terza
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2 Design of modular form of bamboofterza superstructure and its components
©)
X Possibilities of building superstructures with other non-tradttional alternatve
materials (10)

> With Ferro-cement panels
*  With jute-sticks
2 Prevailing technology for bamboo treatment from different sources (11)

*  BFRI
*  HBRI
*  BCSIR

& Procurement of hamboo treatment eguipmen: and chemicals and training of
some private producers In the field (12)

¥ Preparation of some superstruciure with treated bamboo in the field (13)

= Cost analysis and recommendations (14)

E  Placing proposal for distribution of treated bamboo superstructures through
DPHE regional stores (15)

£ Reporting (16)

4.5 Field test of 1" thick RCC Latrine Rings

K Preparing programmes for field tes: of recommended 1' thick rings (Activity
#1)

Discussltons with Unicef and DPHE (2)

Finalisatlon of pHlot project area - 3 DPHE VS produchion centres (3)
Completion of govt. formalities for taking up the work In the field (4)
Appaintment of field supervision for thie worr by e consultants (5)

Supply of deslgn, drawings and test results o ** thick rings to DPHE field
officials (6)

Manufacturing of moulds for casting + tuck nngs (7)

Supply of the moulds to DPHE field procucaor centres (8)

Tramning of DPHE masons (9

Casting of 1"thick nings, Insteaa of siancz-z £ .ok rings. In selected DPHE

VS production centres (10)

B Supervision of casting in the VS centres oy consuiants (11)

R |RCWD opinion on field tests

= Keeping record of production and sale o° * thick rings at these VS centres
(12)

R Maintaining close liaison with DPHE cfficiats 1~ the field at HQ (13)

£ Paying occasional monitorning visits to field by consultants’ senior officials (14)
= Monitoring of installed latnnes with 1" thice rings (15)
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% Regular exchange of views with DPHE and consultants’ field officials (16)
R Organising workshop In the field HQ on the basis of collected data (17)
2 Reporting (18)

5. Implementation of the Action Research

The entire research on sanitation components was carned out in accordance with
the above mentioned activities The implementation was carried out In close
cooperation with DPHE and Unicef offictals in Dhaka and the field officers of DPHE
in Faridpur distnct.

Tne work directly or indirectly connected vith the action research has been
implemented during 1990-92. ‘

The study and the action research programme was conducted by officials of the
regional ofiice of the Interchain Project Consultants AB in Dhaka The programme
activities were carried out at VSRC premises of DPHE at Mohakhali, Dhaka and in
the VS centres of DPHE in Faridpur district Occasional monitoring has been done
by the IRCWD. Swiizerland by field visits and giving comments on the submitted
monitoring reports. The defailed findings of the study have been recorded in the
relevarnt chapters

6. Forthcoming 5-P Exercise

In continuation of the study on "Promotion of Rural Sanhation in Bangladesh' and
in order to use the results of Action Research on Sanitation Components. and to
achieve the goal of wider sanitation coverage in Bangladesh the Swiss Developmen:
Cooperation, SDC, Is going to undertake the next programme on sz ationentitled
"Pilot Plan for Private Producers’ Participation’

|
It has been abserved that on the supply side of sanitation componenzs there are
three delivery channels, viz
& the public sector i e, DPHE
NGOs f
R {ne privaie secior

141

But in most of the existing interventions. the instnutional assistance has been
provided to the p*™'ic sector channel and the delivery has taken place through
NGOs The private sector has always been neglected

The objective of this programme Is to actively promote participatior ¢* privaie
producers of saniauon components in order 1o increase the saniation coverage.
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The pilot project will have coverage In a selected area, preferably the same area in
which the field-tests of actton research work has been carried out The aim of the
programme will be optimal and balanced combining of two delivery channelsi.e the
DPHE channe! and the private producers

Some of the elements of the 5P exercise will be
2 baseline survey of the sanrtation environment 1n the pilot area
trainirg of the private producers
one time assistance to the private producers
credr facilities to the private producers
promotional activities
coordination with action research activities
monitoring and evaluation of the programme
impact evaluation

|3 S o S o S « QD < S « D « §

On completion of the 5P exercise, which ts expected to continue for two years, the
final report will be submitted with final survey, impact results and recommendations

Curren: programme of GoB/DPHE on sanitation stresses tha: by 1995 DPHE will
privatise the latrine production and will act mainly as policy maker on the sector ot
water supply and sanmation According 1v the GoB  Unice® agreement for Rural
Water Supply and Sannation Programme, 1992-1995 “DPHE will develop a new
strategy for private sector investmen: from 19895 onwards In collaboration with GoB
and ESA for which a pilot project will be launchea and evaluated by 1995

At present no mode' for development of private producers In sannation sector Is
available to DPHE Therefore the 5° exercise its findings and recommendations
will be very us=+ | in the strategic poficy formulations in the sanration sector

CHAPTER 2

RESEARCH CONCERNING
PIT LININGS

1. General

A latrine mainly consists of two parts viz. the superstructure and the sub-structure,
partitioned by a stab in the middle on :he ground level The sub-structure generally
consists of the plt ortrench dug in the ground to make space for holding the excreta
For safety of the pit and proper encompassing of the excreta, the prt 1s usually iined
by some suitable material

The 'Pit’ Is that component of a rural latnne which holds the human excreta within a
well-protected area thereby stopping undesirable smell and spread of germs It
acts as both a storage and isolation chamber for all germs connected with human
wastes |t 1s a very important part of a latrine from hygienic point of view

A standard pit may take from 4 to 10 years to fill up, depending upon the volume of
the pit and the number of persons usting It. A decomposition process takes place In
the pit which decreases the volume of wastes depastted by about 50 percent. Fora
latrine used by 5 persons to last for 4 years without being filled up, a pit of 60 cf
volume is required.

During the eanly stage of the study, expenments concentrated mainly on the pitlining
component of the latrine

2. Types of Pit Linings

There are various types of matenals used as lining of a latrine pit. Some of these are.
2 bricks, placed In honey-comb style

compressed clay blocks

concrete hollow-blocks

bamboo sticks. full or splits

tree leaves, such as palm co&:onut etc

banana tree trunks

reinforced concrete rings

plain concrete nngs

burnt clay rings

finng 1n the ptt

X o o O o o »x o X
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For low cost latrines, the burnt clay nngs are good for utllisation as latrine pit rings
These are produced as open- well nings and are capable of competing with concrete
nngs. The burnt clay rings are cheap n price, smalter in size, iight in handling and
effective as pit inings These are quite okay as latrine pit linings because more than
20 nngs can be placed one above the other But man disadvantage i1s that these are
very brittle and can break during transportatton if not carefully handied Neither are

these avallable in all parts of the country due to lack of desired qualtty of clay and
artisan

Out of the above-mentioned prt linings, the reinforced concrete rings are the most
versatile and most widely used as lining of latrines Other materials are used undey
specific conditions DPHE produces latrine nngs of RCC and markets these forlining
of rural latnnes Private producers are also manufacturing and seliing RCC nngs of
various dimensions to meet varied market demands

Tne reasons behind the use of RCC rings as latrine pi limng may be identified as
follows

£ those can be manufactured in any place by anyone with a little tramning
e materals, 1.e. cement anc Gl wire are widely avaiable

these can be stored for a longer period

these are safe for transportation and installation

X o
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in this enquiry special research was undertaken on the improvemen: of pit lintngs,
especially on RCC rings

3. Research concerning RCC Rings

An usual rural latrine consists of a slab and a par on the top and five rings in the
sub-structure  Some ofithe dimensions of the latring components are very sensitive
10 the overall costing. A small change or saving in these ring component brings
supstartia) effect on the cost of a rural latrine, as thus amount or saving generally
gers multiplied by five times in a single unit

3.1 Alternative Dimensions

« zonstruction o RCC nnge & numbe- of vaniables are takep (nic accoun: Such
as
= heigntof aring
K thickness of a nng
= diameter of a ring
= swe of khoa (brick aggregate) and type of sand !
mIXIng ratic

type, size and placement of reinforcement

rf
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After some Initial work was done, the number of ring variables were reduced down
to a pragmatic level The helight of the nng was kept 12", as used by DPHE,
considering the fact that this gives optimum handiing effectiveness Some other
parameters such as outer diameter of the ring, matenals of the mix such as cement,
sand and brick-aggregates etc. were also kept unchanged inaccordance with DPHE
standard nngs for research purpose

3.2 Variables of Research Rings

After a brain-storming session during the action research, an attempt was made to
minimise the number of variables. in the present study, the foliowing vanables were
considered for investigation in the workshop based research.

¥ ring thickness- 3 types
H  ratio of mixing of concrete- 6 types
" reinforcemen:- 6 types

The following varieties of rings were used In the action research

1'thick -6 mxtype - 6reini type =36 varieties

£ 3/4"thick -2 mix types - 6 relnf. type =12 varieties

& 1.5"thick - DPHE type = 1 variety
Total 49 varieties

3.2.1 Variation by Ring Thickness

As the five-ning iatrine is the most common type used by the people, thickness of
the ring is the mos: sensitive single dimension In the entire set of exsting standard
components of the latrine.

The ring thickness s the most cost sensitive single dimension in the entire set of
latrine componemns. DPHE makes the RCC nings with 1.5"thickness  In our research
work alternate rmg thicknesses of 1" and 3/4* were considered. Rings are
manufactureg wrn atner variables for each of 1" and 3/4" thicknesses Standard 1.5

thick rings were atsc manufactured durning our research for comparison purpose

Finally, all tnese rmgs were subjected to tests in the field and In the laboratory

3.2.2 Vanaton by Mx Proportion !

Following six rates of concrete mix were used to manufacture RCC rings for the
research purpose

H  1-2.55 (cemem, sand & aggregate)
" 1.36
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1:4:8

1:5.7

1:6-10

1-4 (2+2) (cement, local sand +~ Sylhet sand)

LSRR = S < SR +

The above ratios of the mix correspond to the quantity of cement, sand and brick
aggregate Only in the last named case the ratio represents the volume of cement
to that of sand (local sand and Sylhet sand mixed in equal volume)

3.2.3 Variation by Reinforcement Type and Number
The following six types of reirforcement were tried during the research work.

Type-1

¥ No reinforcement

" The rings are installed without any reinforcement | e. 1n plain cement concrete
(PCC)

Type-2

E  Standard DPHE type reinforcemeni

£ MS Wire of SWG-10 of DPHE/UNICEF Standard Three renforcing circular
nings are provided. The first nng 1s placed after casting 1" of height, second
nng 1s placed after a 5 ‘height and the last ring 1s fitted at a height of 11'. The
MS wire nng should be postioned at the centre of the casting shutter.

Type-3

E  Bamboo reinforcement

R The bamboo reinforcement is made of thin spits cut out of full bamboo. The
bamboo splits make bamboo reinforcement rings are approximately 15 mm x
3mminsize The first bamboo nng 1s placed atter a casting 1" height, second
nng 1s postioned after 5" height and the last ning is fixed at a height of 11". The
placements are similar to tha: of steg nngs

Type-4

" As used by Private Producers (PP:

B MS Wire of SWG-16 1s uset o\ some of the private producers  Three circular
rings are provided The first nng = given after,casting 1" height. second ring
is added after 5" heig, 1t anc the last 11ng 1s located at a height of 11'. The MS
wire Is positioned at the cemtre o the snutter mould

Types

X Less than DPHE reinforcemer

B Onlytwo circular rings are reautrec m MS wire SWG-10  The placement of first
MS wire is after casting 1-1/2 height and the last ning at a height of 10-1/2"
The MS wire 1s placed at the cemtre of the shutter mould

‘
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Type-6
3 Less than PP reinforcement
7 The circular rings of MS wire SWG-16 are only two in number. The placement
of first MS waire 1s after casting 1-1/2" height, and the last ring at a height of
10-1/2". The MS wire is placed at the centre of the shutter mould

3.3 Casting of Research Rings during Research

The castings of the experimental nngs were done with a combmation of the above
three variables, keeping other factors unchanged

Unchanged factors or variables have been
" Quter diameter = 30"
n  Height = 12"

Othet fixed parameters.
n  Cement: Portiand cement from market
" Sand: Local sand
X Aggregates: 3/8" down-graded
2 Water-cement ratlo = 0.50100.55

3.3.1 Casting Schedule

A schedule for casting experimental nings was finalised in four groups, and the
castings were done during the months from April 1990 to June 1990.

The following table gives various physical dimensions of the rmgs manutactured for
the research programme in four different groups

Group Wall Variables by Nos. of Nos. of
Thickness mix reinf. samples rings

A 1 6 6 36 108

B T 6 € 3£ 72

c <V 2 6 12 ! 36

D 1-1/2" 1 1 1 i 4

All the nngs were cast in the Village Sanitation Research Cemre (VSRC) of DPHE at
Mohaihali, Dhaka. Total construction activities were as foliows
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Group A 1" thick rings with traditional shutter mould, 36 vanables - (108 nos )
April 1990

Group B 1"thick rings with mechanica! device, 36 vaniables - (72 nos.) Aprt -
May 1990 ‘ ‘

Group C  3/4" thick nings, 12 variables - (36 nos ) May 1990

GroupD  1-1/2"thick ring, single vanable - (4 nos § June 1980

Final Test 4 varables (20 nos ) July 1990

in group C. the 3/4" nngs were cast to experniment if rings of {ess then 1’ thick were

feasible Better quality concrete of ncher mix was used to make this particular type

of rings ! : !

The rings were later cured by dipping nto the curing tank and were properly stacked

after that marking each ring for its vanables Later rolling tests and laboratory tes:s

were aone at the laboratory of Bangladesh Universtty of Engineering and Technology

(BUET), to ascertain their workabilty and strength

Eachtype of samplerings, with a set o° varlables was castthreetimes |1 was decided
that one ring from each sample wili be used for ralling and hahdlmg 1ests. Tnose
sampies which passed tne rolling tes: were sen: to laboratory tor load bearing tes:s
W& o° each samples were tested In the laboratory o get an average resuf:  Apan
from a number of rings cast in the irial-casting before the actual experimentation a
total of 240 nings were cas: using tradmional shutter moukds with the help o' a
mechanical device, and combination of difierert variables
}w I i '
3.3.2 Cost Analysis of Rings with Variables, ‘
. | | . '

Detallec analysis of materials and cost esumates was undertaken for rings witn
difrerent variables 10 evaluate the reletive costs These materials and cost esumaies
have been tabulated and are given on the following pages.

The following unit costs and matenals calculations have been includec 17 ihass

estimates. ! |

The unr: costs for the estimates are 1aken as

= Cemen: Tk 440perkg
= Local sand Th 6.80 percfi

= Sylhet sand Tk 1000 percft
B Aggregates Ti( 20 00 per cfi

2  MS bar for reinf Tk 22.00 per kg

= Mason Tk. 52.00 per day

) o4

Labour ‘ Tk 44 00 per day
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CONSTRUCTION MATERIALS ESTIMATE PER RING (17 THICK)

S! | Relnt, Mix No of Quantity Mason |Labour}
No{ Type | Proportion | Ring [Cemenq Sand | Khoa [ S Wir|C O1l| Cost | CosV | Sylnet Remark
kg cft cft Tk Unit } Umt | Sand
1 2 3 4 5 6 7 8 ] 10 1 | 12 13
1] 7-1 |1.255 1 4401 027] 054] - [050| 325 275, - J
2| (No | 136 1 360 | 028! 055| - |050f 325 2751 -
3| steel | 1:4.8 1 280 ( 028} 057| - |0SD| 325} 275 -
4 1:5.7 1 280 | 035| 050 | - (050 325{ 275 -
5 1:610 1 216| 032| 054 - |oso| 325} 275 -
6 1:4(2+2) 1 720! o37) - - loso) 325) 2751 o037
7| T-2 255 1 440 027 | 054 | - |os50| 325 275 -
8 | (DPHE) | 1.36 1 360 | 028| 055| - |as0| 325 275 -
8 14.8 1 280! 028| 057} - (o050 325 275 -
10 1:57 1 280 | 035| 050 | - o050 325 275 -
11 1:610 1 216| 032| 054 - |os0| 325 | 275 -
12 1:4(2+2) 1 720 | 037 - - jos0| 325| 275| o037
3] T-8 [|1255 1 440) 027| 054} - |os0| 325| 275 -
14 ((Bamboo)| 1.3:6 1 360| 028} 055| - |0.50( 325 275 -
15 1:4:8 1 280 | 0.28] 0.57| - {050 325} 275 -
16 1:5:7 1 280) 035)| 050| - (050 3.25| 275 -
17 1:6 10 1 216| 032| 054| - |050} 325 275 -
18 1:4(2+2) 1 720! 0a7| - - |050] 825 | 275{ 037
19| T4 |1-255 1 440| 027| 054} - loso| 325 275 -
20| (PP) | 1:36 1 380) 028) 055 - [0S0 325 275 -
21 1:4:8 1 280 | 028| 057 - ]0.50{ 3.25| 275 -
22 1:5:7 1 280{ 035{ 050 - [050]| 3.25| 275 -
123 1:6*10 1 216 | 032 | 054 | - josq) 325{ 275] -
24 1-4(2+2) 1 7201 037 - - 1050% 325 275] &7
25| 7-5 |1.255 1 440| 027| 054 | - |050| ¥25% 275) -
26 | (less | 1.3.6 1 3601 028 055{ - [050{ 3.25( 2.75 -
27 | DPHE) | 1:4.8 1 280 | 028 | 0.57| - |050| 3.25| 275 -
28 1:57 1 280 035( 050 - (050 3.251 275 -
29 1:6.10 1 | 216| 032 osa| - los0] 325 2753 -
30 1:4(2+2) 1 720 037 - - {050 325 275° c.sr“
31| T-6 [tas:5 "] 1 440! 027| 054 - |050) 325 | 2754 - .
32| (ess [ 1:36 { 1 360( 0281 055( -~ [050( 325! 2.75 -
331 PP) | 1.4.8 1 280| 028| 057 - |050| 325| 2.75 -
34 1:57 ] 1 280{ 035{ 050( - {050 325 2.75 -
35 1,610 1 | 216{ 032| 054| - |050{ 325| 2754 - |
36 1 4(2+2) 1 720! 037{ - - los0| 3251 275 o3
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CALCULATION OF ACTUAL COST PER (1”7 THICK) RCC RING

Based on Prices as used by DPHE

1) Cement = Tk. 220 per 50 kg Bag = (Tk 4.40 per kg) 6) Sylhet sand = Tk 10 per cubrc ft CALCULATION OF COST, RING (3/4" THICK)
2) Reintorcement for ning, MS wire No.10 Tk, 22 per kg 7) Bamboo Reinforcement Tk 2 71
3) Sand = Tk 6 80 per cubic ft. per ring (material+labour)
4) Brick chips (khoa) = Tk 20 per cubic ft 8) Mason Tk 3 25 per nng Sl [Reint M COST Tota!
5) Crude Oll = Tk 0.50 per ring 9) Labour Tk. 2 75 per ning No | Type | Proportion | Cement | Sand | Khoa |MS Wrre {C O] Mason |Labour{ Cos: |Remarks
w o i oW ™ b | ow T« | x5
Sl IRens. Mix COST Total | 1P 2 ¢ 3 L4 i 5 1 B i 7 <8, & 10 11 12
No.| Type | Proportion [Cement] Sand | Knoa | Swir[C Olleason Labour! Cost |Remarks ; ! :-1'123555- ‘ ::’;g { :33: I g?-:. Igii g:: 21_7,: igﬁ;
Tk. Tk, Tk Tk | Tk Tk Tk (Tk) 3|T-2{1255 * 1410 13| BOI 1254 1050 3251 275{ 42,51 1
1 2 3 4 5 [ 7 1 31 9 10 11 12 4 1136 | 1199 1391 817 ] 12541050 325 2.75 4059!
1[T-1hass 1897 | 183 [10.78 Tos0, 325 275 3808 ki “‘1?.«35‘65 S BoT| e g:gl 3251275 381} T
2] (No 13€ 1613] 187 |1100 050% 325) 275 355 7|74 1255 1 0T T3 801| 5081050 3.25 275 io:l
3 jsteel)] 148 1241 | 1.92 1128 050 3.25¢{ 275 | 3211 B 1136 ' 1199] 139, 817, 508lo50f 3250 275) 3313
4 1:5.7 12 41 240 | 9.86 . |osDb71 325) 275 3117 9]T-501255 I1410 136, 8011 33510501 325; 275} 3833}
5 1:6.10 949 | 2.20 |10.78 050 325] 275 2897 10 1136 11198 rag| 8171 835/050| 3255 2751 34"
8 1 4(2-2) 3225 | 249 | 367 056 3.25] 275 | 2401 T 1IT-6 {1255 1410 1.35! 801 339|050 3251 275 3336,
7{7-2 [2sE 18.97 | 1.83 {10.78 |12.5¢ |0.50 | 3.25] 275 | 50862 12i  fise §ovie9) nael eavl asslosel 325 o7l s
8 OPHE| 136 1613 | 1.87 {11.00 | 12,52 {0.50 ﬁ 323] 275| 4804 [
g + 48 1241 | 192 173.28 11254 0,50 | 3.25 | 275 44865
10 15T 1247 | 740 9.86 11254 |0.50 , 3.25| 275 | 43.71
13 1610 949 | 2.20 1078 |12.5¢ |0.56 ] 3.25 | 2.75 | 4151
1z 1:4(2-2) 3225 | 249 | 3657|1252 |0,50 | 3.257| 2.75 | 57 4%
13 ] 7-3 |1258 1897 | 1.83 |10.78 | 813050 | 3.25:] 2751 4621
4 1.3 17 < 43,
o1 1S [eer | ten|im8 | ot fose | 2] 2o ] snee CALCULATION OF GOST, RING (1-1/2" THICK)
16 T i241| 240 986! 813 (05’ 3.25) 275 | 383
17 €16 949} 220 |10.78 | 813 {o.5c” 325 275 3 :
18 | J1-a{2-2) 3225'1 248 367 8121050 &025] 275 3304 1 I [Remt. Mix cOST { Tow' | 10%
19174 |1:255 18.97'| 183 {10.78 | 508 [0.50  3.25 { 2.75'f 4316 ] N°-iTVWS Froporon - Cemem  Sarc , Khoa | MS Wire |C-Ol) Masor !HWWI Cost [Overhead
2| (PP) [ 138 16.13 | 187 {11.00 | 508 /0,50 3257 275 40.58 | ! — ' - = S T’s‘ : AL !“; = : T:; : r:“ oo
i 146 12,411 192 11,28 | 508 o.soi‘ 3.25'] 27571 3719. 5 T — i 7 —
2z 1:3.7 1241 | 2.40 | Q86| 5.08 |0.50,] 325] 2751 362% - '; | ‘ | : ’ 1
23 4 1610 9.49 | 2.20 110.78-] 508 {0.50/1 3.257 275 34 03| . 1 LT-z 136 2462 235J 16 78 l 1254 {050 |  3.25 | 275 | 6320 . 706
2¢ 3 Ma@-2) (3225 249 367 | 508{0.507] 325 275 | 428 1 A PHE ‘ !
2511 T-51[112 5.5 1897 | 1.83 [10,78 | 83570.50 3.25 | 2.757] 4642+ ? ;
26°{(less | 1.3€ 1613 | 1.87 |=1.00 | 836 [0.50] 3.25] 275] 4388
2711 PHE| 1418 1241 | 192 |11.28'| 8.3 |00 a.2a] 2754 <027 i ‘ |
28] 1.8 1241 § 240 9.86{ £38{05C ' 8.254 275 335%,
29 1:6.10 949 | 2.20410.78 | 538 {0.50 3.2§ 275} 3722 ,
30, 11:4{2+2) 32.25 | 2,491 367 | 836 o.scﬂF 3238 2754 5327 “
31, T-6 1:2.5€  3|18.97 | 1.83 {10.78 | 339 {050 3:5) 275 4147y “
32 f(less [ 136 | {1613 | 1.87 {1100 { 3.3%,|050 azégr 2754 3g8g, 5
33 | PP) | 14.8 | 1241 | 192 (11,28 | 339 (050} 325{ 275 355,
32, S| 187 L1241 | 240 | 9.86 | 3.32 /050 | 323" 2787 34.56} 5 .
35 1610 949! 2,20 {10,78] 339 (050 ] 325 275 | 32 36‘1
36 1a(2+2) 3225 | 249 367 339{0350]| 325 275| ag2 .
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The volume of concrete in a ring has been calculated by using the foflowing formula

V=x x(D2-D1)/axH
=0785(D2-D1)H
where
V = volume of concrete in cft
D2 = outer diameter of ring In ft.
D1 = internal diameter of ring in ft
x =314
H = height of nng nft (inthis caseitts = 11t)

DPHE uses 3 nos 10 SWG wires as reinforcement for making RCC nings. Weight of
3 nos 10 SWG nngs 1s 0.57 kg and tnerefore cost of each ring comes to Tk. 63.29.

The private producers normally use inferior quality steel for reinforcement. Usually
they use MS wire of 16 SWG. One kg of 16 SWG wire produces approximately 13
nings of 30" diameter Weight of single ring 1s 0.077 kg and therefore cost of aring
comes to Tk. 40.58

To analyse the cos: of bambco reinforcement the following esumations have been
made A bamboo of 3" diameter 16" long costs Tk, 25 This will produce
approximately 40 bamboo splits of 16 mm x 4 mm size. A bamboo worker @ Tk.100
per day produces 50 bamboo reinforcements splits Therefore, the cost of bamboo
reinforcement per piece comes 1o Tk. 2 71.

it Is estimarec that one mason anc one labour cas: 16 rings including mixing of
concrete, preparation of reinforcement etc . in a working day of 8 hours

3.4 Testing of Bings

During discussion with various key miormartis one thing was confirmed that the real
test of tne latrine rings lay 1n the acua field handhing i.e. therr durability during
transportation, loading and unloadmg 1= 1s feti that the laboratory proved strength
of the ring is of less practical valus i s peen found that even earthen rings made
by the potters were successfully usec ot 12 20 in numbers in depth. anc whenthose
pits were re-excavaieg, thes » rings remainec healthy and intact Tnis indicates the
relative importance of the handling t2st i comparnson to their strength to withstand
the earth pressure

It was decided that each type of manutaciured ring will be tested by rolling these
over on a rough surface for a distance or 300 feet as a first test Tne nings then were
subjected to loading unloading anc nac been carned througn a distance of 10 km
Those samples which survived the roling and handling tests, were crush-tested in
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the laboratory to check their compression strength in order to determine their
absolute and relative strengths

The following calculations show that the stress developed on the bottom-most rnng

of a five ring latrine s only 17 psi approximately, which Is far less a strength than
provided by any type of concrete

Calculation ot earth pressure within soil mass, using Rarikine's theory. is:
P = Ca.y h,

Where P = Active earth pressure
y = Unit Weight of soil
h = Height from onginal ground level to last RCC ring bottom
Ca = Co-efficient of sol

The co-efficient of soil Ca depends upon the angle of repose, 6

True values of the angle of internal fnction can only be obtalned by tests of the soil
In the absence of laboratory tests, the angle 6 may be approximated as follows

Si.No. Soil Type Angle of repose ! Angle of
Internal friction of soil = 6
1. dry, loose sand with round grains,
uniform gradation ¢ = 285°
2. dry, dense sand with round grains,
uniform gradation, 6 =35.0°
3 dry, loose sand,
angutar grams well graded. 6 =340°
4. dry, dense sand,
angular grains well graded. @ = 48.0° :
5. dry, loose sit. 6 = 46.0° w
6 dry, der:se silt. e = 30.0°10350

(when the soll is saturated, the angte of internal friction is used as statea considenng
the buoyed untt weight of the soil particles + the hydrostatic pressure of the water )

Considering the soil as dry dense silt the value of € = 30°

The co-efficient of sod Ca = (1-siné )/ (1l +sing )
= {1-sm30% /(1 + sin30°

= (1-050)/ (1 + 0.50)
Ca = 0.33
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Unit weight of soil, y = y sat (most critical condrtion}=120 Ibsfit®
Height of soil pressure  h = 4 ft assuming one of the five rings above the ground
level

Putting the values.
P = 033 x 120 Ib/ft®x4 ft
P = 158 Ib/it?

Earth pressure-at the bottom nng will be
F=AxP |

Whnere Area, A = 30" x 12" = 250 % § = 250 f%
and P = 158 Io/i® «

Force F = 2.50 ft° x 158 Ib/ft?
= 395 Ibs
|
Considering tne RCC ring to be divided into two equal parts by a plane of section
through the axis, with each plane section having an area of 1" x 12'

| | o

Force at any one plane = 2.50x 158 /2 = 198 Ibs
Stress = 1981bs/ 1}x 12" = 165 Ps..

Say 17 Psim
It 1s seen from the above c‘:alcqanons that the force aeveloped ar the lowssi ning of
the latrine pit in worst soif candition is{}‘only 17 psi which 1s very much lower than the
strength of concrete o an}/ nominal mix Therefore. we can be sure tha rings made
o any concreie mix will be safe against earth pressure in the field

3.4.1 Rolling Test

Ouoservations confirm thez the real test of the rings lay i the rofing 1es: Only roliing
tests on rough surface can predict s aurabiry and also Its practical apphcaaon 1
difterent fields. The rolling test conducted dunng the action research wes fa- w0
tougn than the actual field handiing of the nngs Al the UNICEF/DPHE st wnc
watched the tesi agreed on it

Unicef and DPHE officlals were present when the first rolling tes’s 1or T TS

produced during the action research were conducted on 5th June, 1990 RCC mmgs - -

ot different thickness and vanous types were manually rofied on 300 ft of hard
ground to foolproof its strength. HBE and aspnalt roads and even the concrete
roads near the VSRC at Mohakhali. Dhaka were used for the test It was deguceC
that when the rings survived this roling operation then they are strong enougr 1o
withstand all the normal ioads applied to a ning for installation of sanrtary latnnes

= 1

—
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1" Thick Latrine Rings Constructed during
Research Work at VSRC Mohakhali, Dhaka

Ring Components ready for Rolling Test
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- i . P i

Laboratory Strength Test of 1" Thick Rings at BUET by Mechanical Loading

G P : T
Casting of 1" Thick Latrine Rings at VS Centre,
Nagarkanda with New supplied Mould

Casting of 1" Thick Ring by Mechanical Device
Developed during Action Research Programme
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Artisan

Rickshaw Van, Traditional Mode of Transportation,
with One Slab and Two Rings at Taima VS Centre
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A table showing the results of the rolling tests performed 1s given on the next page.
It is clear from the table that the bamboo reinforcement rings are not feasible,
because almost all of them were broken during the rolling test. The weakest concrete
mix of 1:6-10 also proved to be unsuccessful The rings with plain concrete, i e
without any reinforcement also failed except in the case of very rich mix It may be
mentioned here that in the actual field handiing some of the broken nngs without a
remnforcemnent or with bamboo reinforcement might have survived because the
expenimental tests conducted were much severe in nature than the actual handiing.

3.4.2 Handling and Carriage Test

Different types of manufactured rings were shifted and handied several times during
the action research programme After the rolling test, the rematning rings were
loaded in a pickup and transported to a distance of about 12 km ai normal speed
regardiess of the fragility of the load. The nngs were also carred to BUET laboratory
tor load bearing 1ests.

It1s noted that if the nngs survive the stress dunng their handling and normal loading,
unidading, stacking and carrying & can be assumed that these are strong enough
for our village sanitation purpose.

3.4.3 Laboratory Test of Sand Bearing Method

The RCC rings were subjected to load test in the laboratory, using sand bearing
method It ks necessary for the test that the testing machine should be of sufficient
size and nigic throughour, so that iz can provide a uniform pressure tnroughous the
full length of the RCC rings to the maximum.

It was found afier having a discussion with me concerned Professors of Civil
Engineering of BUZT, that there 1s no arrangemen: in the BUET 1o test the actual
homogeneously anplied stress around the RCC ring because of Its targe diameter.
Therefore it was decided that the sirength o° ACC rings will be determined from the
results of 'Sand Bearing Test Method' and the nngs were tested accordingly.

Since the load 1s apphied only or two sides axc 1o: al: around the circumference of
the ring, the condmions of the test 1s ~ore severe tnan the actual fiela condition This
alsa.gives an added safety factor. .

As shown In the sketch on the following page e iab test conslsts of the following
ftems
” A container of sufficient size to carry sanc and 1o provide support to the ring
at the bottom The outside walls of the stee box are required 10 be able to
withstand the pressure.
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RESULTS OF ROLLING TEST OF DIFFERENT RINGS : Sand Bearing Method of Testing
Rolling test done on hard ground and HBB road for a length of 300 . . for CrUShlng Strength Of RCC Rlngs
8 | wail ! Remf | Mix- | Manufacture Rolling Test Result
No [Thick Type Propor‘ion E Date Roling  [Distance JPhysxcal Rernarks

| Date Covered(fi\Condition

R 3 2 T £ B 7 1 ¢ g !

T Type-7 J1 255 72204.90] 0506 9C 300, OR |

2i (No |13¢ {21 0490, 05.069C 300 | oK i

al e steel) 1148 2204 90| 05.06 9C 295 | Broken

el 1 157 2204 90| 05.06.96 260 | Broken

5[ 1 1.610 230490 05.08 9C 100 | Broken

3] 17 1.4 (2+2) 23.04.80| 08 0€.9C 25 | Broken .

71 17 | Type-2 11255 25 04.90| 08 0E.9C 300 OK ' ;

&' *r | (DPHE; 138 118.04.90 08 OF 90 300, OK 1 Loading Platform

gf 1 " {yag \ 25 04.90] 06.05 8¢ 300 OK g
] o 1:57 122,04 90| 06 OE 9C 30{ oK ‘ ‘ ‘_ . , p
1) 1n 1.6 10 2304.90] 06 06.90 280 | Broken : . F77 7777777777
w2l .- 14(2+2) 1230490] 060690 300 | Ok ‘w ‘r Ya - S > Bearing Block
5. 1" | Type-3 11255 714,05 90! 06.06.9C 300 . OK |
14, * j(Bamboo![ 136 2* 05.90] 07 084C 230 | Broken | ' T i
184 17 BB RR 14.0580] 07 0 9C 150 | Broken !
18 1 57 403901 07.05.9C 120 | Broken ‘

[ i R i 11:6 10 1£03.90) 07 08 9C 100 | Broken ‘ h

164 1~ 1114 (242 18.05.90! 07.089C 200 | Broken
197 1 | Type—< |1255 29.0490° 05.069C | 300 | OK

{205 1 (PP 1136 29.04.90| 08.05.90 300 Ok |
21§ - "1as 30.04.90] 05 0DE.90 300] OK

Jez ! 1- I 1:5:7 3004.90{ 08.08 SC 300 | OK i
23§ 1" }11.6:10 19 05.80} 08.06.90 200 | Broken ' )

Joat - Ina-2) l190s.90] 080880 300 | OK !

125 I 17| Type-5 j12565  |03.0590] 050690 30| OK T
26| 17 (Less |1:36 11904.90; 06.06.90 300 | Ok 1 ﬂ
271 4n DPHE {1 4:8 {03.0580, 056.05.90 300 OK '

feg | 1~ A°5:7 05 05.90( 06.06.9G 300, OK ‘ '
297 1" 1:610 06.05.90| 06.06.90 100 | Broken ‘ ’
301 1" 1 4 (242) 10 05.90{ 07 06 80 4001 OK 3 s
311 17 | Type-b [1.255 162 0590| 07.06 90 300 | OK ' ' - ’
Son | Gk gem mus | w) o ' o |

3 1 o0 .

136 | 1 RN 0205.90| 070ES0 |  300| OK ! " SAND - ‘ S 1

sl 1610 07 05.90| 07.08.30 100 | Broken " ; L. N7 N ’
36| 17 1:4{2+2) 107.05.90| 07.06.90 300| OK < ‘ o T el v Lok el e s e i

> A A8 I S AP A R A A L L Ll PP S P B S A i

e -
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A steel box open at the bottom and top and with adjustable side walls to suit
the width of the ring.

Awooden bearing block with about 1 cm clearance from the side of the above
mentioned steel box placed on the top of the ring

Load bearng steel plate of sufficient size to bear the applied load either
manually or through the compressive strength testing machine.

Following working Instructions concerning two tests were followed:

=1

It

The sand bearing steel box is filed Mh iocal sand containing five percent
moisture The ning to be tested is placed in the sand beanng steel box as
centrally as possible so that a segment of the ning is embedded n the sand
and the embedded arc makes an angle of 90 degrees at the centre of the nng.
The bottomless steel box 1s placed ontop of it and sides are adjusted to snugly
fit the widtn of the nng. The box Is completely filled with sand. The sand thus
provides a uniform pressure on the nng The wooden block is placed on top
o' k as centrally as possibie and the ioading plate is placed on top of the
wooden block i & way that the wnole arrangement on top of the ring is as
horizontal as possible The load 1s applied ontop of the load beanng steel plate
so that the r- applies verticaly through the axis of RCC ring. As the load is
apnlied on & horizonta: plane on the sand it will cover the entire horizontal
plane of width of the ring

Tne load is Increased gradually untl) the ring fals under the applied pressure:
The degree of load ai: which the ring talls is recorded.

The 1ests of two sets of samples were conducted in BUET using two differern:
methods In tne first set the load to the ning was applied gradually by a
mechanical device In the second sample the load was applied manually as
descrioed above with an increment of 20 kg load each time

A table nas paen prepared and is given on the next page with the result of the tests
performec as above on various rings in the BUET Laboratory, and therr
comresponamg costs  Graphs prepared on the basis of these data are also given on
tne foliowing page

3.4.4 Fmal Test on Rings with Limited Variables

From tne finamngs o the first batch of experiments on sannary latrine rings, 1t was
revealed that reinforcement type T-2 Is most sutabie from strength point of view Also
1" thic, nngs were found quite suitable 1n comparison to 1-1/2" thick nngs The
strengtr. o° 3 4 tuck nings was found to be lower than those of 1' thick nngs and

- ——

Research Concerning Pit Linings

41

COMPARATIVE STATEMENT OF COST & STRENGTH

SUT Reni Mix— 17 Thick Rings 3/a” Thick Rings | 1-1\2” Thick Amgd

No| Type | Proporuon Manuf Crushing | Manul [Crushing | Manuf | Crushing | Remarks
Cost (Tk) | Load (bs) | Cost (Tk) |Load (lbs)[Cost (Tk) Load (¥bs)

1 2 3 4 5 3 7 3 3 1C
T Type—1 |[1255 & 380E. 255 | 2997 162 —t i
2, (No J138 3550 195 2805 70 ! |
3 stealy /1.4 3217 225 . '
4 15,7 i 8117 575 * 4
5, 1610 ] 2897 185 ‘
61 14 (22 | 449" | 186 !

71 Type-2 | 1:2.5.5 ﬂ 5062 © 125 4251 150 ‘;

8 | OPrE) | 136 / 4804 | 795 . 4059 360 | 6329 1230 )
] j1:4:8 i 4485 595 - ;
10, 167 © 437 | 406 ‘
11 { 1:6°1G { a1.51 | 35- ‘
127 1a@e2 | 57.45 | 1195 | : i
13| Type-3 | 11255 !\ 4627 | 272 | a8 50 I

[14 |(Bamboo)| 1:3:6 I 4363 504 I 3618 140

15 14.8 i 40.24 | 296 |

16 167 ‘ 39.30 233 |

7 1611C !‘ a7ic| a2

16 14 (22 | 530« 352 |

19 f Type—4 | 1:2.5'5 ” 43 18 435 | 35.05 140

20 PPy |1:ae I aose 26| 33 13 240

21 1:4:8 R VAT 38z

27 157 | 3sas | s

23 1610, 34.05 ‘ 29¢

2¢ w2 [ oasee s

|25 | Type-5 |1:285 |  4g.ec .35 3833 205

126 | (Less |1:36 [ 4388 | 413 ‘ 3641 190

27 | DPKE) |14k i 404 ” 33

25 us7 1 89531 233l

|20 161C | 37.33 27z |

130 | | 14 (2+2! 1 53.27 ‘ 575 ‘

131 | Type-6 {1:2.5:5 & 4147 25T | 3335 151

32 | LESS |1.3:% 1: 3g 82 ‘ ass | 31 4¢ 154

133 PP} 114:8 I 35.5C ‘\ =z

134 1157 I 3ase! o

35 ! 1'6:10 Ii 32,35 23

136 | 14(2-20 | 48 32 =
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Cost vs Strength of RCC Ring

Crushing Load (1bs)
800

!
wui -~ 378 - - -
oo - / \ﬂ 255 T
’ £
200+ I 192 g
1 1#
180~ S me e
Cost (Taka)
8 — —
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were deemed to be unsultable. The weaker mixes of concrete were also found to be
unsuitable for manufacturing RCC rings for general applicability.

Therefore, it was decided 1o initiate more extensive expenmentg of nngs cast with
less number of variables. This time reinforcement type -2, 1.e. 3 Nos. 10 SWG wire,
was selected as a constant parameter Thickness of the rings was also taken
constant as 1. Only vanable that was taken was the mx of concrete of following
{fhree types - 1:2.5:5, 1-3:6 and 1°4:8

In August 1990, a large number of nngs of the above types were cast To compare
the resutts of the above rings with that of the standard DPHE nng, DPHE standard
nngs were also cast

Five numbers of each of the following four types of nngs were again crush-iested In
BUET laboratory by sand beanng method.

Type 1 1" thick Mix 1.25.5 Rein* 3# 10 SWG wires
Type 2 1" thick Mix 1-3-6 Relri. 3# 10 SWG wires
Type 3 1“ thick Mix 1:4:8 Relni. 3# 10 SWG wires
DPHE type 1.5" thick Mcx 1:3:6 Reini 3# 10 SWG wires

Test results obtained from BUET are recorded on the following pages A graph on
strength versus cost of the above four types of rings have been prepared and 1s
presented for getting a clear picture of the research results.

3.5 Conclusions of Ring Experiments .
From the manufacturing of nng component for rural latrines with different vanables
as mentioned In the report, and after testing these by rolling and in the laboratory
the following conclusions are drawn,

1 The rings made with less thickness of 3/4" but with richer mixes do not have good
strength as compared to 1" thick rings But it may be feasible to use 3/4' thacx
nings with rich mix in the field. because of its ligh: weight and less cost. =urtne-
studies need 1o be done to establish this

2 The 1" thick nngs made with no reinforcement or bamboo reinorcemeT wers
not feastble, as they easily broke during the rolling test These were not
recommended for further investigation.

3 The 1" thick nngs manufactured with weaker mix of 16 10 mortar with differen:
types of reinforcement also falled during rolling test This mix was discarded
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BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY, DHAKA BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY, DHAKA
DEPARTMENT OF CIVIL ENGINEERING

: DEPARTMENT OF CiVIL ENGINEERING

BATC No 20458990 cated 2 8 90 Varmbles- Mu-pioporlion & reinforcement type ’
Sant by interchaln Project Consuttants AB Typse of varstion by reinforcemen . BRTC No 2045/89-90 dated 2.5.90 Verisbles: Mu-propomnbn L uk::umnnl type
House No 76 Road 21 Bananl Dhaka-1213 T~1- Mo Remntorcemant Semby In'er P ABh,g,. i Vl"-;::""b” . " e
ouse No 76, Road 21, Banani, D 1213 T-1= Ko Relnforcame
Ref  Letter cated May 30, 1990 T-2~ Reinforcenent as used by DPHE (3 Nos SWG wies - 10 gauge H " " uvsed -
Date of Test 11 07 90 T-2- R (Bamboo ephits approx 7mm dia) Re!  Leter cated May 30 1990 T-2- ?nﬁicrc:mlr:t * 7; DPPE (:p:‘:l::'s ‘;',::, d:: grae)
[ Vilage Lalfine RCC Ring T—4- Remiotc xe used by Pyt Producers (3 Not SWG wires-16 gauge Date of Test 1507 9 :j: Reiore. s ured by Pyt Producars (3 Hos SWE wres-16 gauge)
Test Method Sand bearing lests of RCC Ring T—~5- Less Remlorcement than by DPHE (2 Nos SWG wires - 10 gaug. o 5 Le1 R:lnlmcmenl than by DPHE [2 Noz SWG wwes - 10 gauge:
Foced Dimensone T~6— Leas Resnt by than used by Pv: Prod (2 Hos SWG wires-16 gauge c Vitaga Latrine RCC Ring  T-5-Leas ¢ by than used by Pyl Prod 12 Hos SO weos16 gaupe!
3) Wall thickness of RCC Ring = 1°, bl tnbernal dm = 2 Hexght of RCC Ring = 12* Test Hetnod Sand buaring tasts of RCC Rmg o8- Lews R by i =
st] Type Mo~ 1 Mg No of RCC Ring |Crushing Load (ba T Remarks
No' i Proportior Date  liortar Ser  [Sampe— Toampez | Focad Dimensions
LI 3 4 2 £ - g . &) Wal inicrn2e3 of RCC Rang = 34", b) Internal da = 277 c) Height of RCC Ringe = 12
t Type1 1255 22 04 9C z | =5, 138 .
2! 136 21 04 90 z 195 128 St | Typc | Ma~ : Mg INo of RCC Ring [Crustung Load (bx) I Remarks
3 148 2204 90 ‘ 2z ; 160 { i No |Proposicn Date Jtortad Tas Sample-1  |Sampls-2
4 157 2204 K H aye | 75 | : PR T B [ 7 ' g
5 1610 23 04 9 z 155 & | ) V[ Typs [1255 |26 05.50] 2 E 162 18¢
(-] 1402+ 2304 9C H 188 164 | 2 136 | 28 05 90 2 70} 43
“! Typez |1255 2504.90 z 1215 778 . 3 | typecz 11255 i:«oosno 2 156 § 195
[ 136 10 04.90 z 795 362 i YR : L
z ‘ b 3 13.6 # 30 05 90 2 360 | broken Brokendown duting handing
2 148 S04 H 585 470 | 5 | tyoes (1255 Jaoose 2 50 250
10 157 220490 2 406 536 ) N 128 20 05 90! 2 140 338
-
1 1:8.10 23.04 90 z 251 2 ‘ 7] Type—% | ;255 |26.05.90 2 140 140
12 14(2+2 23 04 90 z 1195 538 | s 1€ 27 05 90 2 240 205
131 Type-3 1255 1405 90 z 1] 426 | . 91 1ype=s | 1255 |29 0590 2 208 90
14 136 21059 2 304 208 ! wpe== 136 25 05 90 2 199 130
15 148 14 05.90 2 2% 204 ! 10
‘ | 13 | Type=6 | 1.255 280590 2 151 145
15 157 14 05 90 z 70 184 " 05.90 2 205 151
17 1:8:10 14 059G z 142 155 , 12 7.3: 28 05.
18 1 4(2+2) 18 05.90 2 3g2 184
19| Types 1255 29 04.90 2 435 314 ,
20 136 26 04 90 2 42 349 ‘
21 148 30 04 20 z 362 %05
22 157 30 04.9Q z 340 294 o
(23 1610 19.05.90 z 26 () ' Foxed Danennons - . -
ve(2.2 |iwosso 2 170 362 i ! %) WaRthekness of RCC Ring = 1 57 b) Iniermal die = 277, c) Haght of RCC Rungs = 12
Type5 [1255 0 05.50 2 e 580 ’ 72~ Rewmlorcement as used by DPHE (3 Not, SWG wures - 10 gaugel
196 12 04,90 2 415 452 P } T ; Aemarks
l 1428 03.05.90 H ! a5k -] St | Type Mo— ! Mig |No of RCC Ring iCrushung Load (bs)
157 08,05.90 z B 208 No! Propotton) Oate llertap Test [Sample-i lsampie2 5
1610 06,05 90 z 27 189 2 b3 . o4 £ LN S S A
14242} 10 05 9O 2 ; 3rs : pa2i ; I ! ! '. l l |
1) Type-§ {1255 02.05,90 z : ass | 4286 I i \ i | ’ [
J
138 02.05.90 2 " 355 140 i 4 : | i i
140 02.05.80 2 25 184 1| Type=2 |13€ 501 oT.soAi 2 130 ; 1174 l
157 62.05,90 z 23 brokan outing ' | h '
18 1¢ o7 05,90 | H " =l 184 1 !
14 (22, 0~ 0590 ) H 158 130 l
! ]

Counds //t%l, [ of/ k‘\ ' |
Ww&??; DR mu;mﬁffﬁé oy 431::,\12190_ - ]

ASR 1A+ 7 BROFISIOR W DR HD. WABIBUR RAHMAR

Depertnent ¢f L« Bagin ~25i-a

Teet perlormed by
~ ' g, - ssstant Professor . Courtersgned by : B -
wacbuati7s L:';L:r::::_:.:'i_;‘ﬂ; ‘{nr_‘u Depmimaat of Clyvil Enguneering ) &% % %{ MukaL\
cangladash University 6! . 23!1190
& Techanlopy. Diaie I ‘
e DR MC HABIBUR RIHH

assR TP

Samtaent (1& fasutant Prolessor
far gL \:Y Depautmant of Civll Englaazniag
- of L

ganghdash Unfearsily of
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BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY, DHAKA '
DEPARTMENT OF CIVIL ENGINEERING

BRTC No 3045/89-90 dated 2.6 90
Sent by Interchain Project Consultants AB
House No 76 Road 21 Banan, Dhara-1213
Re!  Latter dared May 30 1990
Dx=teof Test 11,07 8C
C Vilmgs S Latrine RCC Ring
Test Method Sand bearng tests of RCC Ring
Fered Dimsneons

BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY, DHAKA
; DEPARTMENT OF CIVIL ENGINEERING

Varmbies Me-proportion & reinforcement type
Type of varmbon by reiniorcement.
T-1~ No Runloroement

BRATC No 3045/89-90 datad 2.5.90 Variables: Mu-proporhon & reiniorcament typs

Sentby dn Project C AB Type of varmion by resmforcemerz

T-2- Renlorcement as used by DPHE (3 Nos SWG wires ~ 10 Gauge House No 76, Road 21, Banam, Dhaka=1213 T-1- No Reinforcemant

T-3-8 Reinl (B apitts approx 7mm dm RAel  Letter dated May 30 1990 T-2- Reinlorcement as used biDPHE {3 Moz SWG wres - 10 gauge)
T—4- Reniorc as used by Pvt Producats (3 Nos SWG wres-16 gauge: Date ot Test 15 o? 90 T-3- Fleand sphiv appeay 7mm dia)

T-5- Less Fainlorcemant than by DPHE (2 Nos SWG wires - 10 gaug ¥—4- Reinlorc as used by PvLPiogucers (3 Nos SWG wires-16 gauge)

T-£— Less Reur? by than used by Pvt Prod (2 Mos WG wires-16 gauge

5} Wall thickness of RCC Ring = 17 b) Inderhal da = 2 Height of RCC Ring » 127

Componen.  Villaga Saniation Latrne RCC Ring
Teat Metnod. Sand bearng losts of RCC Ring

T~5- Less Romforcament than by DPHE (2 Noz SWG wwes -~ 10 gauge
T~6~ Less Roin’ by than used by Pvl Piod (2 Nos SWG wires-16 gauge!

S i Type ] Mor- Mig  [No of RCC Ring |Crushmg Load (bs { Rematke '
No } Proportor, Date lloriab Ter  {Bampie—r iSampw-z |
Ll P s ) 1 | T 3 = j T Freed Dimensions i
1 I Type=t i’ZS’r i220490 § 2 \ 25 136 | : a) ¥fall tnicrnass of RCC Rung = 3747, b) lnternal da = 277 ¢) Hewght of RCC Aings = 12
; ; ‘: :: \‘;::g ; :5 : ::: ] EH I Type Meor- i' MIg  [No ol RCC Rung |Crushung Load (s} f Ramasks
4 2 157 22.04 9C - ams = I No | Proportonl Dala llorLab Tesi  [Sample-1 [Sample-2 |
-3 1610 2304 0 2 185 & ? 1 2 3 ' 4 5 €- : 7 ! ]
€ 14242 23 04 90 2 186 184 * : \ ITy'p'.h1 1255 1260590! 2 [ 162: 13:;
“ ) Type-2 |12E5 25 04 90 2 1215 78 2 136 260599 2 : 70v 45:‘
[ 146 18 04,50 2 785 362 f ; 3| Type—2 1255 |2300590 2 i 150 | 195 |
1] 148 25,04 9O 2 585 470 4 ! 136 30 05 90 2 } 380 *‘ broken 1 Brokendrwn duing handing
16 157 22.04 50 2 408 538 . 51 type-3 11255 }3a0590 2 so‘ 250 |
" 1610 23 04 80 2 351 204 6°¢ 136 30 08 90! 2 140 338 |
12 14242 2304 50 2 1198 536 7| Typo—s {1255 260590 2 140 140
13] Type-d [125% 14.05.90 2 274 26 8 1.36 27.05 90 2 240 205
14 1:36 21 05.90 2 a0t 206 9| Type-5 |1.25% 2v 93 90 2 208 | #0
AN V4B 140590 2 ] 294 10 1.3:6 29 05 901 2 190 ] 130
16 187 14 05 90 2 0 ™ 1 | Type-s | 1:255 [28.0590 2 151 143
17 LE:10 14 05.90: 2 142 158 bz 136 28 05.00 2 205 151
18 [ 144242, |1B0S.60 2 a2z 184
19 f Types |1:255 20 04.90 z 435 514
20 136 29 04 90 2 28 349 1
ra i4e 30 04.90 2 362 aos
j22 a7 30 04 90 2 340 294 .
va] 16 1¢ 19.05 90" 2 296 393 Fixed Drmensons
2« 14(2+2) 190590 2 170 | a) Wak thickness of ACC Ring = 1 5% bl intefnal da = 27° ¢} Heght of RCC Rings = 127
25 | Type-S [t2s5E 03 05.90 2 &5 580 | T-2- Remnlorcement as uscd by DPHE {3 Nos SWG wires - 10 gaugel
s 128 19 04.80 2 5 452 — ‘ |
[ Bag 03.05.90, 2 3 & ’ ! S ] Tyoe ' Mx- | Mg [Nool RCC Ring ‘Cru-hmg Load (bs: Aemars
-3 157 08 05.90 z zs L 208 No tPropo.toni  Date  [forLab Test |Sample~1 [Sampfe-2 ¢
2o 510 06.05.90 2 274 1 ), K 2, 3 3 5 . 8 7 ! L
ot 14 (2+42) 10 05.90 2 ws | sa2 " : : ;
E Type6 [u255 02.05 90" 2 s o | i : i
w36 02 05,90 2 asx 140 ; . ! l i i
s 4 02.05.90 2 = I 18 1 {Type-2 [13.6 01.07.90 2 130 174
Bl =57 02.05.90 z 23!  broten wn duning c ! ]
ks 1 %6 10 o7 05 5d > 2= 184 Ao i
be 4 (242, 0~ 05 8¢l - - 130 4o 1 ‘
" ! 1
Countersigned by M {é:ﬁu; Tam perrmed by sadnreh I ‘ ' %
0?/9@ "R ABDUL NOOTADR W 23]3]19¢ | . i
MESRTA T PROTTSIOR G T DR. HG. HABIBUR RATMAN ‘
wx buetd7a Dq:t-'n::x[ = ‘;..:F: Fc - sssatan! Profassor | Countaraigned by . ﬁ ; o Tesiperiormed by "
Engleauring 3 T -obogy Zooa Deparimant ol Civll Engineering k L M{ %/ Mva
tanglatesh Unlversity o 2 3&1‘ 1y
Luginesnng & Tachaology, Dracs . 2 AOOU \MUQTADIR
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4. The 1" rings manufactured with mix 1:4:(2 + 2) were found quite workable rich

and strong But these were comparatively expensive This mix was also avoided
from cost point of view

5 The 1" thick rings manufactured with different renforcement variables such as I)
used by private producers, li) less than as used by DPHE and iu) less than as
used by private producers, gave a lower strength with slight decrease in cost
These were also discarded.

6. Tne 1" thick nngs manufactured with standard DPHE reinforcement i.e with 3

nos 10-8WG MS wire were best and nearer to the strength of standard 1-1/2"

thick DPHE rings. The mixes of 12 5:5, 1-3.6, and 1:4'8 produced good results
and were constdered worth investigating further

7 Further investigations on 1* thicr rings with standard DPHE reinforcement and
three different mixes (viz 1:2 5-5 1.3:6 and 1 4°8} showed that the ring with mix
1:2.5:5 gives higher strength than that of standard DPHE ring with less cost. The
nng with mo< 1.3'6 gives less strengtn than the standard DPHE ning but the cost
is as less as Tk.15 25 per ring  Alsc tne strength is acceptable as n passed
vigorous rolling and handling tesis

8 Pnysical and laboratory 1esis confirmec tha: . 1s possible to reduce nng
thickness

8. Asaving of Tk. 12 67 per ring for a reduced thickness of 1" as per type-1 seems
possible This means saving & cos: o~ 20% on each ring and a saving of over
22% on each latrine set consisiing o~ one slab and five rings. Incorporation of
this recommendation and consioeming 1000 DPHE VS centres all over
Bangladesh with a production capacrv or average 1300 rings per year per centre
atotal saving of Tk 19.825 milllor: can b= acnievea only inthe government sector
Similar substantial saving car be acrieved i the private sector as well, if a
reduced thickness of nng can be inrocuced a: all level

Saving connected with Tvpe-2 1s somawnat bigge” In magnitude than that of
type-1 with a lesser strength.  =ove=.2- nus 1tyde may be field iested for turther
research,

0. Tne mechanicai device developec dunng the study for speedier manufacturing
of nngs has been tried with prorus:ng mial results
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3.6. Interim Conclusions After Tests

Considenng various factors of research on RCC latnine rings, construchon and
supply of 1" thick nings, instead of standard 1.5" thick rings was recommended i
was suggested that nitially ring design of type-1 and type-2 may be tried Type-1
ring 1s stronger than DPHE type ring and is less expensive Although type-2 ring is
weaker than DPHE type, but seems strong enough for our purpose and tried in the
field. However dezailed field test will be required before adopting a final design

Tne finally recommenaed ring alternative were the following

Type-t

E  Thickness ‘ 1

K Concrete mox 1:2.5'5

2 Reinforcement: 3 nos 10-SWG wires
Type-2

£ Thickness 1!

Concrete mix 1.3.6
= Reinforcemen: 3 nos 10-SWC wires

Type-11s preferable to Type-2 because of much higher strength witn slightly higher
cost. The cost ana strength companson table 1s as follows

-
Type Cost (Taka) Strength (lbs)

Type-1 350.62 838

Type-2 4804 586

DPHE 63.28 72

The above data has been used to compile & cost vs sirengtn graor. fo~ tne above
types of nngs which 1s given on the next page.

3.7 Field Test on 1 Thick Rings

To find the effectiveness of recommendation of the action research i ressarch centre
and laboratory it was recommended 1o initi~te a field test in artuat VS construction
centres The flelc test was started in 3 upazilas of Fandpur s Apnl. 1991 and
continued for a perod of 12 montns The details of this fielc 1es: are given 1N a
separate chapter later in this book
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Results of Some Selected
1" Thick Rings and Standard DPHE Ring
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4. Improvement in Casting Technology

Usually RCC rings are cast in a mould made of 2 nos. cylindncal MS shutters placed
vertically and concentrically. After casting the nner mould Is removed in two parts
and then the outer layer of the mould is released

During initial days of action research on rings, a mechanical device for casting of
the RCC rings was producer by our engineers. This mechanical casting device
facliitates lifting of the inner ring for easiness and quickness of casting

The detafls of tradiional shutter and mechanical device for casting nings are
described n the following paragraphs

4.1 Traditional Shutter Mould for Ring Casting

For producing RCC ring vertical shutters made of mild steal sheet have been carefully
designed The outer ring contains two sections and the inner circular shutter also
contains two semi-circular sections, which are separated by 1/2" thick wooden strip
intwo sides for easy removal from the inside ring shutter The outer and inner circular
shutters are required to be smooth and exactly circular for trouble free operation.

The shutter should be rigid enough to withstand the prassure applied due 10
compaction of the concrete It should not be disproportionate ar loose lts circular
form, otherwise lifting of the shutter forms would become difficult after fresh casting.
Before casting, the shutters have 10 be properly lined with burnt mobite oil, which
will make the removal of the shutters from the RCC rings easter.

The mxed concrete for prepanng RCC ning should be put into the shutter in stages
where each layer has 1o be compacted replenished with a rod or stick Afier 5to 10
minutes of compiete casting of RCC ring tne inner circular shutter can be removed.
After about 10 to 15 minutes the ouier part of the shutter can be opened

4.2 Mechanical Device for Ring Casting

A mechanical casting device to facilnate lifting of the inner ring was tried out and its
impact during proauction and on economy was analyzed

The new device worked out for manufactuning of RCC nings Is very simple and can
even be independently handled by labourer The concrete Is to be poured between
inner & outer circular nngs  The inner ning which also has an inclined trough to
faciitate polishing of concrete, then needs to be rotated on a vertically threaded
shaft which is attached with arms and a hub nut to the inner circular ring.
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The compaction of the concrete is done by creating centrifugal force due to ro’tﬁnolrli
After casting one RCC nngs i the device, the outer part of circular shutter s 0:e|
be olled with used mobil before going on to next casting operation It stops the st
form from sticking to the RCC ring surface

This device takes about 12 minutes to produce one ring. Durlng action r@%rch
work 72 rings were produced with the help of this device using different
mix-proportions and relnforcement as variables

Simllar type of casting was done with standard shutter method with which or: an
average it took 22 minutes to cast onering Hence about 10 mu"tuteS of casting ime
per ring can be saved, which will also save the cost of production

4.3 Cost Comparison between Traditional Shutter & Mechanical
Device

Traditional shutter for casting rings costs approximately Tk 3,000 whereas using a
mechanical device woned cost approximately Tk 8.000

4.4 Improvement of Mechanical Device for Casting

In the later part of the action research programme effort was made 1o lncr?[ase the
efficlency of the device by reducing the pitch of the threads of the lead sha

After that handling of the equipment has become easler and more efficient.

1t was felt that this improved mechanical device for cast'ing otrings are more ;:nas;
for places where mass production s reguired 1t ts unkikely that such posmndity
arise In our area of study. Therefore, further research on this topic was aba onezr:II
However, the whole mechanical device still has scope for further |mprove:jn::-he
particularly pitch optimisation of the reads and tolerances of the lead shaft an
Internal threads of the hub nut

5. Research on Alternative Pit Lining

The vanous alternatives of latrine pit lining have been descnibed in the begln:c;ng o*
this chapter. These are RCC nngs burmt clay ring hollow bricks, compress : elay
blocks, bamboo sticks, trunk of banana trees etc. Most of these types are widely
utilised by many people in vanous parts of the country.

The RCC rings are mostly in use in construction of village latnnes among the albo:-
mentioned alternatives The bamboo sticks or bamboo mats are used in some p‘actl
as a cheaper alternative The burnt clay rings are also cheap and are sufficiently
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stable. Their availabiiity is however limited in some areas as these require good
quality local clay and of artisans. The bamboo tree trunk are usually used in sandy
areas where the fibers of the trunks provide necessary resistance to the sand pit.

Some work has been done on compressed clay block lining The Housing and
Building Research Institute (HBRI) was contacted for information on this. It was
found that although the raw material costs almost nothing but the productivity of the
manual block making machine is so meager that the production cost per unit brick
becomes aimost the same as the cost of a kiin burnt brick Therefore it is not feasible
commercially and economically. This compressed clay block production can be
feasible only In community participation projects where voluntary labour is available

and may become worthy of consideration if cheap and high speed block making
machines can be designed.

Another simple way of pit flining 1s Just to light some fire Inside a newly dug pft This
hardens the surface of the pit and makes a natural burnt clay fining. Such improvised
linlng methods are generally used in places where the clay is naturally stiff.

-Considering all the alternatives of latrine pit lining, it was conciuded that the RCC

rings are the most suitable alternative for mass production, distribution and general
use

6. Study on Types of Top-soil

Almvcostlatﬁnelsmadec‘oneslabwﬂ»hasetofﬁngs The number of rings
traditionally are five. However, the actual requirement of number of rings varies
depending upon the condition of the soil and affordability of the user. Many latrines
have been constructed with four, three, two, one ring or even without any nng.

Consldering the limited purchasing power of the users and aimung for wider
sanitation angle, Urnicef advocated for one rng and one slab latrines. But the soil

condtions in many places, specially in sandy char (alluvial soil) areas, are not
suitable for one nng latrine construction,

As Per a decision taken ar a tripartie meeting of DPHE, Unicef and WHO a study
was conducted py the end of 1990 10 review the sale and performance of one slab
one nng laimne sets  The study recommended that the policy of sale of one slab and
one ring latmne set should be area specific, based on hydro geclogical conditions.
The areas where the soil 1s a mix'of siit and ciay and the ground water table 1s low,
are most surtable for one slab one ning latrines In sandy soll with high ground water
table, five nngs n the pits should be continued to be used.
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The same study also recommended that for sanitary disposal of human excreta for
a 6 member family in Bangladesh, in the depth of a latrine pit should be at least 5 ft

This is applicable for both one-ring latrine In clay soil and five-ring latrine in sandy
sof.

The depth requirement of normal fatrine pit is 5¥t.  But the requirements of latrine
rings depends onthe hardness and other qualities of the soil The question is whether
the soil can withstand pressure without collapsing and up to what depth. The harder
the soil, the lesser the number of rings required.

In the ADP of Village Sanitation Project (1991-82) of DPHE, provisions for the
manufacturing and sale of one slab plus five rings latrine in certain areas of the
courtry has been kept. Though in most of the areas, the VS centres of DPHE are
selling one slab one ring latrine sets

However, in many cases, one slab one nng latnne purchasers are also buying
additional nngs from the private producers as per their requirements. One of the
recommendation of the above mentioned WHO/DPHEMUNICEF study is also In line
with this fact. It states that, private producers of latnine components should be
encouraged 1o increase and maimain quality of their products and should be
assisted in thelr market development

Discussions were held with DPHZ for collection of secondary data on top soi
condition. It is understood that Unicef is maling a survey on types of top-soil. The
survey is in progress and compilaion of the data is not yet complete

We could not finalise compilation of reglonal map on top soil conditions of
Bangladesh due to non-availabiy of secondary data We feel that union-wise
detafled survey of the soil condition along with under-ground water-level data
collection should be carned out in order 1o ascertain the number of rings in a latrine
This survey should not only cover me top-soll but showld also cover sub-soil down
to the depth of minimum 5 ft. and this should be done by separate consuftants. This
work alone will, however, 1ake a very long time On the basis of data accumulated
from the survey, a regional mag o solts condmons in Bangladesh can be prepared
which may prove 1c be very useflL

7. Recommendations

Construction and use of 1" thick nngs, instead of the eiastlng standard 1.5" thick
rings is technically feasibte. The recommended design of 1" thuck ning with 1:2.5:5
mix 1s 20% cheaper and stilt stranger than 1 5*tradttional nngs Field tests on 1" thick
latrine rings have proved 1o be successtul and its adoption ts recommended it in the
ptace of existing 1 5" thick rings in all the VS centres of DPHE all over the country.
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This will cause substantial financial saving considering the large production of the

sanitary latrine components in the country. in the government sector alone, the
saving wifl amount to Tk. 20 million per year.

Using the mechanical device as suggested in this report will save time, production
cost and energy in the production of latrine nngs As this device involves some

capttal investment. It is sultable only for places where a larger scale production ts
required.

An extensive survey is recommended in order to carry out tests on sub-soil
conditions and water table levels, so that the number of nngs required for a normal
latnne in different areas of Bangladesh can be determined






CHAPTER 3
RESEARCH CONCERNING SLABS

1. General

Slab is that part of a latrine which dwvides the substructure i.e. the latrine pit, which
holds the human excreta, and the superstructure which gives privacy to the user A

user sits on this slab during defecation. The main function of a latrine slab Is to cover
the pit

The slab should preferably have the following properties.
B  nottoo expensive

easy to transport

smooth surface for easy fiow

resistance against rot and termnes

durability ‘ |

easy to keep clean

a x o o @

Ease in cleaning the slab ts very mportant and it enhances acceptabliity of latrine
to the users

The slab can be made of concrete or by timber or bamboo as In the case of
home-made latnnes  Considering the factors memioned above, the concrete slabs
are the most viable The concrete slab can be manufactured with or without a pan.

The major concern in a latrine construction from the user's point of view is the design
oi a slab, which Is the only part In a pit latrine tha: calls for engineenng skiis This
Is where sanitary enginesrs come to the help of people

2. Types of Latiine Slabs

The following types of latrine slabs were in\{estigated duning our Action Research
programme

Standard latrine slab with a pan
Spin-type slab and pan

Simple squatting plate without a pan
Mozambtque-type Dome stab
Malawi-type Sanplat (sanitation platform)
Improvised home-made latrine slab

fo S o N © S « SN S ¢
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The detall findings on the above types of pans are described in the following
paragraphs.

3. Standard Latrine Slabs with Pan

The most common latrine slabs are made along with a pan together in one unit. This
type is more convinient to install than the one m which slabs and pans made
separately. The DPHE and most of the NGOs buid latnine slabs 1n this manner. HBRI
also recommends latrine slabs bullt along with pans in a single unit.

3.1 DPHE-Type Siab with Pan

Previously DPHE used to prepare the platform of the latrine with reinforced cement
concrete (RCC) slab. They used to make RCC latrine slabs in square shape and
make the slab and the pan in a single casting Now-a-days they have started casting
this latrine platform in a circular shape and with ferro-cement (FC). This FC slab is
quite convenient to cast, economical and easy to handie because of light weight and
less thickness. DPHE make their FC slabs of 1" thickness and 30" to 33" in diameter
|

Whien latrine slab s cast a slot for the pan 1s kept  Then separately constructed
cement concrete (CC) pan is fixed into this slo* to make a single unit of pan and slab.
This 1s convenien: for installation of latnne units. The DPHE-type slab and par is
manufactured and sold n all the 1000 VS centres of DPHE all over Bangladesh.

3.2 Latrine Slabs by NGOs

The NGOs throughout Bangladesh manufacture and distribute the low cost latrines
in DPHE-type slabs butl with pans Most of the NGOs follow the DPHE design for
manufacture of latnne slabs. Some big NGOs use their own models.

The Rangpur Dinajpur Rural Services (RDRS) have therr own design for
manufacturing rural latrine slabs The RDRS casts the pan and the water-seal using
mould made of stegl and concrete blocks Later the pan and the water-seal are
attached togethe- with concrete. This type of construction 1s very heavy and is more
cumbersome. However, research and development activities are continutng in the
field for improving tne design

3.3 HBRI Latrine Slabs

The Housing and Building Research Institute (HBRI) has made a2 mode! for rural
latnne slabs. They have made FC latrine slabs with pans n a single unit. Few years
back they had produced some experimental pieces of such latnnes and mnstalied
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them in a village in Dhaka district. But the HBRI did not fallow up the project after
that due-to various reasons.

The HBRI made their latrine slabs in a larger size of 48" diameter for making bigger
pits 1o accommeodate larger volume of excreta. The thickness of the FC siab is 1"
The construction cost at that time for the slab with panwas Tk. 300 only. The present
cost, however, is not avallable at the moment. .

4, Split-type Slab and Pan

The pan and slab cast together become heavy in weight and akward in shape for
moving from one place to another. To avoid this problem, a spitt type pan and slab
was consldered. in this type the tatrine slab is cast i the following three parts.

X two semi-circular slabs and

X the pan

The above three parts of the latrne are carried to the site separately and easfly Then
these are assembied at the site dunng installation of the nings and latrne

This idea of spitt type sfab and pan was however discarded, at a later stage, due to
the following difficulties

& It needs skilled technician for the job which is not always available at the
Instaliation site
T ltis difficult to seal the joints of three parts very effectively

K i becomes more expenstve for using skilled technician and use of cement and
other materials during installation.

5. Simple Squatting Plate without Pan

During very sarly stage, DPHE had used some simple squatting plates with hole in
the centre of the slab. These were square size concrete floor slabs with a hole inthe
centre for defecation purpose. The slabwas designed with a siope from each comer
towards the squat hole for easy cleaning The opening of the squat hole, without
hid. used to create stinks and draw msects.

During this study it was observed in the field that the goose-neck water-seal of many
sanitary pans were broken by the users In spite of nstructions by fietd workers
regarding the usage and the advantages of the water-seal, the users broke the
goose-neck The main reason is that they found the goose-neck as an obstruction
for easy passage of excreta to the pit.
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Breaking of the water-seal causes bad sanitary effect, bad smelf and draws insects.
Observing the above problem in the field and after discussion with local engineers,
we decided to construct some latrne slabs without pans

Much thought was given on the above probiems for finding a solution During this
research efforts discussions were held in this regard with senior sanitary engineering
staff of “international Reference Centre for Waste Disposal (IRCWD/EAWAG)" of
Switzerand They suggested the use of some latrine slabs without pan but with fid,
on expenmental basis and also supphed some documents abou: such types of

tatrines experimented and utilised in a couple of African couniries like Mozambique
and Malawi.

On the basls of design and coltected iiterature , work on the following two types of
slabs were carried out:

X2 Mozambique-type Dome slab

X Malawi-type Sanplat

These latrine slabs without pans can serve as an intermediate technology option

between the standard DPHE slab with pan and the so called home-made latnine with
bamboo slabs.

6. Mozambique-type Dome Siab

This is a simple slab with a key-hole shape opening in the centre to be used aslatrine
platform. The slab is cast in a convex shape or an arc ot a circle. This dome shape
makes it possible to cast the slab without remniorcement. The loag on the slab is
transferred through the edge of the dome 1o the ground.

Tne original drawings received from IRCWD/EAWAG had a bigger diameter of 1.5
meter. A revised drawing was prepared of a dlameter of 2.5 ft. to suit the existing
katrine rings in Bangladesh. A copy ot the drawing 1s given on the next page. Such
aome type slabs were construcied and tested in VSRC Mohakhali. Loading tests
were done with 4 persons standing on the slab and it was found 1o be acceptably
strong

inthe actual research work in Mozambigue, by tne Mozambican National Directorate
0" Housing and the International Development Research Centre of Canada, some
of the domes were constructed with terro-cement remnforcement. But none of the
chucken-wiremesh reinforced slabs passed the loading tesi, because the
chicken-wiremesh did not allow the concrete to be fully compacted. Using
chicken-wiremesh turned out to be time consuming because it had to be cutin order
tc fit & into the conical form which was expensive as well Also because use of
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reinforcement was not at all required due to the dome shape, this experiment of
dome slabs with reinforcement was not continued.

The document followed in the development of this type of latrine is — 'The Latrine
Project, Mozambigue, Manuscript Report, Intemnational Development Research
Centre, Canada, September 1983.%

A few Mozambique-type dome slabs were cast in the pilot project area of Faridpur
district by private producers, through training and assistance given during the action
research exercise. The acceptability and durabiliity of such latrine slabs are yet to be
tested in the field. This programme can. however, be implemented dunng the
expected 5P exercise in this pilot area.

7. Malawi-type Sanplat Slab

Sanplat Systemn offers a very simple altemative of a sanitary slab, developed with
the motto -'The simpler the better, as long we don't compromise on safety or the
health of the people’ This is a simple flai slab, very low in cost and easy to install
Since this is a flat slab (and not dome shaped), some reinforcement is needed. The
steel requirement is only half a kilogram. mainly to make a hygienic handle for the
tight fitting lid for the opening hole. It 1s very cheap because usually eight sanplats
can be constructed from one bag of cement

The Sanplat (sanitation piatform) is a small locally prefabricated concrete slab
designed to improve the fioor around the drop-hole of the latnne. One of the great
advantage of this system is that the Sanplat can be integrated in the floor of a
traditional latrine which eliminates the need of on the site cemeni work In rural areas.

Sanplat latnne slabs were constructea at VSRC of DPHE at Mohakhaliand have been
tested with load of 4 persons at a time Some sanplats were made without any
reinforcement, which also proved to be good enough for the loading test. However
we recommend manufacturing of Sanpla: with 2 nos reinforcing m.s bars as per
design considering the handling and transpor:ation needs

The drawings for the sanplat sysiem have a'so been adopted to suft the latrine rings
of 2.5 ft. diameter, and are given on the next pages: The document used for this
purpose 1s ~ “The Sanplat System basec on experiences from Malawi and
Mozambique, by Bjo:n Brandgerg, SB. Consulting International AE, Sweden”.

The advantages of the Sanplat system are as follows

1 The Sanplat has standardised elevated footrests, which help the user to find his
right position even in thedark A well studied design has essentially reduced the
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fouling of the squatting areas, especially in public and Institutional latrines, as
people now know where to place their feet.

2. The Sanplat has a drop-hole shaped like a key hole, which is safe even for a very
small child. It is blg enough for comfortable use and small enough to be
completely safe.

3. The Sanplat has a tight fitting lid which ic tight enough to shut out the smell,
thereby making the toilet room odourless and free from fiies and insects.

4. The Sanplat Is easy to clean with water or a brush. Smooth and correctly inclined
surface makes cleaning easy

5. The Sanpiat is easy to transport and easy to install. Since no special skill is
required even a layman can install it

The Malawi-type Sanplat slab has also been manufactured by private producers of
the pilot area in Fandpur district through our training and assistance The mass
production and monttoring of latnnes made of Sanplat can also be camed out during
the forthcoming 5P exercise In the pilot area

8. Home-made Latrine Slab

For those users who can not afford to have even the low cost latrine in their house,
improvised home-made latrines are recommended. These are simple pit latrines
with improvised slab made of bamboo and mud

A pit 1s dug Into the ground approximately 4 fi. to 5 ft. deep without any lining, This
plt is dug in a conical form or in a bucket shape, to give stabilty to the slopes
Sometime. lining is given by split bamboa mats or bamboo frames.

On the top of this pli, at ground level, a layer of half-splii bamboo sticks are laid
cross-wise A hole is kept in the centre for defecation purpose These top layer
bamboo sheets are tied with four bamboos placed across at the bottom The top of
the bamboo layers are again covered and plastered horizontally with mud, to make
it artight  The opening Is covered with a timber or bamboo lid with a tall handle.
Use of this lid, when the latrine Is not in use, prevents bad smell and flies

The prt of a home-made latnine is made of about 30" diameter and 4'to 5’ deep The
bamboo platform s made of size 36*x 36" square to have sufficient coverage and
suppori onthe ground The square slab Is tied with 4 bamboo rafters placed across.
The half-splt bamboos ars placed side by side and are nalled to the ground with 4,
four feet long bamboos placed across An opening of 12*x 7" Is kept in the centre
for defecation






Research Concerning Slab 64

Research Concerning.Slab__ 65

T_IOO—T' 100 "{_’

— [0

FOO7 REST MOULD FOR SLAB LATRINE
(all dimensions in mm)

fouling of the squatting areas, especially In public and institutional latrines, as
peopte now know where to place their feet.

2. The Sanplat has a drop-hole shaped like a key hole, which is safe even for a very
small child. It is big enough for comfortable use and small enough to be
completely safe.

3. The Sanpiat has a tight fitting lid which Is tight enough to shut out the smell,
thereby making the tollet room odourless and free from flies and insects

4. The Sanplat is easy 1o clean with water orabrush Smooth and correctly inclined
surface makes cleaning easﬁ.r
b

5. The Sanplat 1s easy to transport and easy to install Since no special skill 1s
required even a layman can install It.

The Malawi-type Sanplat slab has also been manufactured by pnvate producers of
the pilot area in Faridpur district through our traming and assistance. The mass
production and monitoring of iatnines made of Sanplat can also be carried out during
the forthcoming 5P exercise in the pliot area

8. Home-made Latrine Slab

Far those users wha can not afford ta have even the low cost latnine in their house,
improvised home-made latnnes are recommended These are simple pit latrines
with Improvised slab made of bamboo and mud.

A pit is dug into the ground approximately 4 it. to 5 ft. deep without any hining. This
pit is dug in a conical form or in a bucket shape, to give stability to the slopes
Sometime, lining is given by splr bamboo mats or bamboo frames.

On the top of this pii, at ground level, a layer of half-split bamboo sticks are lad
cross-wise A hole ts kept in the centre for defecation purpose These top layer
bamboo sheets are tted with four bamboos placed across at the bottom The top of
the bamboo layers are again covered and ptastered horzontally with mud, to make
ft ar-tight. The opening is covered with a timber or bamboo lid with a tall handle
Use of this Iid, when the latrine is not in use, prevents bad smeli anc flies

The pit of a home-made latrine is made of about 30" diameter and 4’ to 5’ deep The
bamboo platform 1s made of size 36"x 36" square to have sufficient coverage and
support onthe ground The square slab is tied with 4 bamboo rafters placed across
The half-split bamboos are placed side by side and are nailed to the ground with 4,
four feet fong bamboos placed across. An opening of 12'x 7" ts Kept in the certre
for defecation
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Materlal requirements for the platform is total 26 ft iong bamboo of an average 3"
- diameter, which makes 12 pieces of half-split bamboo sticks of 3’ lengthand 4 pieces
of 4 ft. length Sometimes additional length of bamboo Is also required for the lid
with handle and for strengthening of the pit One medium size 'borak’ bamboo of
approx. 30’ length Is required for making the home-made latrine with bamboo slab

A drawing of a home-made latrine with bamboo slab is given on the next page
8. Cost Comparison

Detalled cost estimates have been done for different types of latnne slabs. These
are given on the following pages. The abstraci of costs is as follows

1. Standard DPHE FC siab with pan ‘ Tk.132
2. Standard DPHE FC siab without pan Tk. 92
3. Mozambique-type Dome slab ‘ Tk 64
4. Malawi-type Sanplat Tk. 65
5. Home-made bamboo slab L Tk 355

10. Recommendations |

It 1s observed from the above findings thai a slab-ainne without pﬁn, Dome-stab or
Sanplat (at Tk 64 or 65) can be moae at half the price of a standard DPHE slab with
pan (at Tk, 132) A home-made latnne (at Tk. 55) costs about 85% of a slab latrine.
All the different types of latnnes nave tnerr own advantages. and are mean for
different Income-level groups ot people

The cost of home-made latrine seems to be very high In comparison to slab latrine.
But asthe home-made latrines are constructed by the users themselves and by using
bamboo or other matenals such as wee branch etc., from their own source, the
actual cost of construction of bamboo-atnne becomes much less than Tk. 55
DPHE and NGOs are, in general, promoting lainnes with water-seal pans. Unice!
and Ansar/VDP are advocating for home-made latrines for those peopie who can
not afford water-seal latrines

Action research inquiry concludes tna: RCC slab latrines with concrete hd can'
provide & mucht needed Iintermeciate iechnology optior: betweern the DPrE
water-seal pans and the home-magae latnnes. Between the Dome-slab and Sanpiat.
Sanplat slab Is recommendable for the following reasons-

X Sanplat is simpler in construction and installation

" Transportation of Sanplat is easter than that of the Dome slab ’

Research Concerning Slab
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COST ESTIMATES OF VARIOUS LATRINE SLABS
(Based on actual Market Price - July 1991)

Basic Costs for Estimate of Latrime Slabs

1. Cement TK. 4.40 per kg
2. Sand Tk. 7.00 per cft
3. Coarse Sand (Sylhet type, Tk. 12.00 per cft
4. Khoa (Brick Agregate) Tk. 20.00 per cf:c
5. M.5 Bar (6mm dia.;} Tk. 18.00 per kg
€. Wire Mesh ‘ Tk. 2.25 per sft
7. Masor Tk. 100.0Q0 per no./day
&. Labour Tk. 30.00 per no./day
1.Standard DPHE Slab and Pan
{Mix proportion: 1:3 and i:1) '
si. ! Item I Quantity \ Total% Unit Rate Amount
‘No. ! ey | ' Taka Taka
! ., Slab, Pan !
T ; - ‘ ‘
"I | Cement ? 73« 4£.5%% iz.27 1 ka 4.46 54.00
z ' Sana(Sylnet' ' 0.56 .15, €.7C; cZt . 12.00 .40
‘ w ; i ~
I | Wire Mesr . 16,00 0.25] 16.23 | sft I 2.25 36.60
4 Crude O.l/Wax ' - + L.8. | LS. - F - 3.00
¢ | Masor bo¢.1c | 1.1c5 .20 Nc. 1 10C.0C 2C.00
i i
€ ' Labour ¢.261 0.1¢} 0.2¢) No. ' 5G.001 1C.00
TOTLAL Taka 132.00
2.Standard DPHE F.C.Slab without Pan
{MiX proportion: 1.3}
Stze: 33" die. and 1" tThacH
[]
i SI. ¢ Item X oty Unit j; Rate % Amount
. Ha. | ! | )
. i Cemen:z 5 7.730 xg 4.40 0  34.99
] 3 . _ i
I !sand (Sylnet) ¢.56  =fr | 12,00 6.72
: ! Wire Mest | 16.00 sz 225} 36.00
' )
| - Mesoxn '. ¢.1¢' Nc ¢ 30C 00 10.0C
L& . wapour i c 3 N¢ 5C.0C; §i.°7C
{ TOTAL Taka 91.72
k Say Taka 22.00
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3.Mozambique-type Dome Slab

(Mxx Proportions: 1:2.5:2)
Size: 30* diaa. and 2" thick
s1.# Name of the Item Qty | Unit | Rate Amount
1 Cement 8.00 kg 4.40 35.20
2 Sancd 0.50 1 cft 7.00 3.50
| 3 Khoa 0.40 ) cft 20.00 8.00
I 4 !M.S.Bar for handle 1.75| ric 1.40 2.45
5 IHason : 0.10i No. | 100.00 10.00
6 A{Labour i 0.10 i No. 50.00‘ 5.00
TOTAL Taka 64.15
Say Taka 64.00
4.Malawi-type Flat Slab (Sanplat)
(Mix proporzions: 1:2.5:2)
Size. 30" dia. and 2" thick
ISl.#AE Name of the Item ; Qry i Uniti Rate i Amount
| | cemenz  -.20! ke | 4.40] 31.68
| 2 !sang | 0.45 | czz | 7.oo—l 3.15
3 Rhoa , 0.3€, ciz 20.00| 7.20
4 1M.5.Bar Zor slab & handle -+ 5.50} it 1.40]  7.70
s | Mason " 6.10. No. | 100.00| 10.00
6 | Labour | 0.16} No. | 50 00 5 00
TOTATL Taka 64.73
Say Taka 65.00
5.Home-made Bamboo Slab
Size: 36" sguire, and half bamboo thick (1.5")
S1.# ! Hame of the Item oty | unit | Rate  Amount
. > 'mamboc I £.&. 3¢ lonc | Nc. | 40.0C' 40.00
E 2 | Ware-na-. 7' sxize : .8 | - i - i 5.00
3 | Lasour T e20] we. | s0 | 10.00
TOTAL Taka 55.00







CHAPTER 4
RESEARCH CONCERNING PANS

1. General

The 'Pan’ is the most important part of a rural latrine structure. The function of a
latrine pan is to be a receptacle for the human excreta during defecation, and to
drain it out in a convenient way to an underground pii.

Many different types of pans are available 1n the market Most of these are cast
separately while some are cast In combination with ihe top slab The latter type 1s
easter to place directly over a single pit, as it is done 11 low cost rural latrines Most
pans in the market are cast withou: a water-seal and require additional syphon or
water trap o protect it hygienically against bad odour and insects The low-cost
rural latnnes produced by DPHE, with assistance from Umicef, in their Village
Sanration Centres (VSCs) are cast with an in-buitt waterseal Most of the NGOs,
such as Rangpur Dmajpur Rural Services (RDRS). partner NGOs of NGO-Forum
working In rural areas, aiso produce the pans with in-buit waterseal

Duning the action research, efforts were made 10 improve the gualtty of the pan by
the following approaches:

E  Improving designs of pan for better hydraulic flow

¥  Smoothening the inner surface of the pan with lining

E  Making improved low cos: pans made with plastic

2. Types of Pans available,

Vanous types of latrine pans are avaiapie in the market These also vary widely in
sizes However the most common size of latnne pan 15 16" long x 10" wide (in the
back portlon} x 7 deep Some pans are sold with top slab in one piece, some are
sold together with two footsteps, bir tsually these are manufacturea separately and
sold as single units,

From manutacturning fype and materials poirt of view the following types of pansare
avatable in the market
o simple ceramic long pans
ceramic long pans with in-built 1oo:-stands
pans made with mosaic concreis
concrete pans with red cermerc nea: firusn
concrete nans with white powder finish
simple concrete pans with norma) finish
pans with low cost pozzolona cement

2
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The pans manufactured in ceramic are termed as long pans
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3. Classification of Pans by the Type of Manufacturer

The avallable latrine pans in the market may be classified broadly into the following
three groups from manufacturers' point of view

Group 1 Pans manufactured by ceramic/insulation factories.
Group 2 Pans manufactured at DPHE VS centres and VS centres of NGOs
Group 3 Pans manufactured by private producers

Pans of group 1 usually are of a higher price and are aimed for urban consumers.
while those of types 2 & 3 are usually cheaper and are used by lower income groups
of urban population and the rural population. Since pans of group-1 are meant for
urban areas, these are made with of cistern flushing facilities Group-2 pans are
exclusively for rural areas and these are pour-flush type, without aption for cistemn
flushing Pans of group-3 type targets for wider market Both cistern-flushing & pour
flushing type pans are made by the private producers

The pans of group-1 are made with ceramic clay burnt in modern kilns. There are
a few factones situated it and around Dhaka for manufacturing ceramic pans
Bangladesh Sanrary and Insulation Factory (BSIF) of BCIC. a govt sector
corporation. ts the mamn and the biggest supplier of sanitary latrine components in
the country. Another manufacturer M/s Dhaka Ceramic, with their factory at Tongi,
is also a large suppiter of pans in the market.

Pans of group-2 and group-3 are produced all over the country, and these aic made
with cement concrete maierials

3.1. Factory Manufactured Pans

The factory manufactured pans are of good quality, properly ceramic coated/glazed
and moisture iree, which is very effective against hactenia growth. There are mainly
two types of manufactured pans available in the market

" Long pan (simple pan, footsteps avalable separatety)

X Onental pan (ortssa type) includes footsteps as a buiti-m unit

Present (1992) price of factory manufactured pans 'anes from Tk 350 to Tk 500 for
simple long pan and from Tk 900 to Tk 1600 for oniental pans  These pans require
a syphon/water trap (S-type) to make it water-seal Casting cost of ron syphon is
Tk. 60 to Tk. 100 and those made of PVC are slightly cheaper

it may be mentioned here, for information, that the wesiemn type commode
(water-closet) and the ceramic cistern manufactured by BSI- are sold at Tk 1700
and Tk 1600 respectively
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3.2 Pan made In Village Sanitation Centres of DPHE

With assistance from Unicef, DPHE had long back undertaken an exercise for
production of a low cost iatrine pan suitable for and affordable by rural poputation
of Bangladesh. The type of pan presently manufactured by DPHE at their VS centres
is the outcome of that work This type of pan comes with an in-built waterseal, known
as goose-neck. The idea of the goose-neck was transferred from Thailand to
Bangladesh Goose-neck isa small semi-spherical tube, fitted at the circular bottomn
end of the pan m such a way, that it holds water in it and seals gases, bad smel} and
insects from passingthrough it When excreta 1s flusned, it passes to the pit through
the water in goose-neck. but again fresh water fills the water seal and the level of
water ai the bottom of the pan remains the same. The in-bullt goose-neck curbs the
need of additional syphons or water-traps and makes 1t even cheaper This pan is
made with cement mortar, a mx of cement and sand of 1.1 proportion and with
normal finish Present manufacturing cost of pan with goose-neck 1s Tk.40 only

Previously, DPHE used to make the reinforced cement (RCC) concrete pan and the
3 ftX 3 ft. square slab both cas: together In that process the moulds were
cumbersome and used to take longer time for casting of the pans with the slab

Presently, in DPHE VS centres, the 33" dia and 1' thick ferro-cement circular slabs
are manufactured Later the pan is embedded into the slot kep: for i in the slab to
make it one unit. It makes the installation of the latrine component very easy. Just
the slab 1s put on top of the top ring A diagram of DPHE-type pan atong witn the
slab Is given on the following page.

The total manufactuning cost of pan and slab in DPHE comes to Tk 145. But the
set Is sold at a subsidised rate of Tk. 50 Rings are also sold a: @ subsidtsed rate
The first nng is sold at Tk 20 only, while its manufacturing cost is Tk, 85. Subsequem
rings, are sold at Tk. 45 each, up 10 a maximum number of 5 rings

3.3 Pans made in VS Centres of NGOs

Some NGOs also manutacture the latrine pans and the slab together to faciiate
easvinstallation Some NGOs make latrines using thetrr owndesigr But mos: othe”
NGOs speciallythose who get assistance from Unicef or NGO-Forum use the 32=2
design

The NGOs usually sell the latrines at a no-profit no-loss basis Their sale price
therefore varies from one NGO to another But the average sale price ts as foliows:
E  One pan and slab Tk 150
T One nng Tk. 60

A set of one slab and 5 rings costs Tk.450
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RDRS, a big NGO, working in the nosthern districts of Bangladesh produces another
type of pan with in-built waterseal It has been observed that the construction
method of the DPHE type pans are much easier than that of RDRS Most local NGOs
prefer the DPHE/Unicef type of pan to the RDRS type However, RDRS Is doing
continuous research on different types of pans

3.4 Pans made by Private Producers.

The product range of private producers is very wide In addition to santtary latrine
pans, these producers make vanous other concrete products, such as rnngs, pipes
boundary pilars, room ventilators etc The latnne pan constritutes an Important
product for them, and this item 1s aiso produced in different varieties  The difterent
types of pans produced by private producers along with the price range 1s given

below.
= Normal cement concrete pans from Tk 40to Tk. 60
= Light-weight pozzolona cement pans from Tk. 30to Tk. 40
= Concrete pan with neat cement finish from Tk.50 to Tk. 60
= Concrete pan with red cemerr: finish fromTk.60t10 Tk 70
E  Ordinary mosaic finish ¢.c. pan fromTk.60to Tk. 80
= Good qualty mosaic flnish c.c pan from Tk. 80 td Tk. 125

The pans produced by private proaucers are usually without goose-neck waterseal.
Therefore, additional syphon/warer-tap 1s required for installation of such latrines
The private producers also make cement concrete syphons, price of which varies
from Tk. 25 to Tk. 5C. The waterseal type of pans made by the private sector have
been often found to be defective. The improperly made waterseal can-actualty no:

function in the Instalied latnnes  Targetted training is necessary to remedy this
defect.

Price range of the pans made by private producers varies widely depenuing on thelr
quality. The following price range is a reasonable assessment.

4. Study of Pour-Flush Pan made by BISF

During the development phase o° DPHE pans consiaerable work, was done in ther’
Village Sanitation Research Centre (VSRC) Mohakhal, Dhaka Asa part of the village
sanitation programme, DPHE came to an arrangement with BSIF Mirpur for
manufacturing low-cost pour-flush pans, according to the design supplied by DPHE

Usually BSIF makes santtary pans with cistern fiushing system. But as per DPHE
design, and to make the pan cheaper, BSIF have intermittently produced pour-flush
type pans In their factory In 1987 BSIF produced and supplied 500 pour-flush pans
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to DPHE which were distributed through them. Tilf the end of 1990, DPHE had
procured about 3,000 units of such pans.

This pan Is very neat, easy to use and cheap It is quite sultable for people of
moderate means and good taste living in semi-urban areas, where running water for
cisten fiushing is not avallabie.

In addition to supplying the DPHE, the BSIF 1s also marketing such pans through
their regular dealers. These are quite poputar among the knowledgeable users and
are commonly termed as "Upazila-pans”

The factory sale price of this pan 1s Tk.215 per piece. Adding approximately 30%
overhead and taxes, these are sold in Dhaka at Tk.260 In remote corners of the
country, the dealers charge extra transportation costs and sell each pans at
approximately Tk. 300.

5. Improved Design of Pan

During this research work, It was noted that the existing DPHE type pan has the
following three special characteristics.

1. The slope of the whole pan bottom Is very steep
2 The curvature at the bottom is very narrow
3. The slope of back-wall of the pan is inward

We observed that the back-wall of the pan should be outwardly slanted to create
better hydraulic flow in the pan. When the pour water hits the inward sloped
back-wall, part of it spills back. But if the slope is in the direction of water flow, it
moves without abstruction

Consdering all the above points, various alternative designs were planned  After
the designing stage, moulds were made and later concrete pans were cast with these
moulds. Aer trying different afternatives, it was deckied to adopt the design which
is given on the next page.

A numbper of pans were made using the adopted design and analviic tests were
conducted on this in comparison with other pans
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Sanplat Latrine Slab being constructed by Private CC Pan and Water-seal cast with RDRS Mould
Producer in Faridpur District during Action Research Programme

Plastic Pan Developed in MAWTS

Typical Bamboo Slab of Home-made Latrine
constructed at VSRC Maohakhali
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Improved Designed Pan Developed during Action Research Programme,

e

Lined with White Cement and without Lining

LI,
. -
e A

Equipment of Trolley-Test for Analytic of Test of
Pans for finding their effectiveness
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5.1 Comparison with Standard DPHE Pan

The following table gives the salient features of the standard DPHE pan and the
improved design pan:

Description DPHE pan Improved design pan
Length 450 mm 445 mm
Breadth:
in front 150 mm 175 mm
in middie 200 mm 188 mm
At the end 250 mm 200 mm
Height/Depth 300 mm 250 mm
Bottom profite 25 mm dia 50 mm dia
Back wall slope inward outward
Pan slope 112 1:0.8

5.2 Test on Improve Designed Pans

There 1s always a scope for further improvement of the modified pan But for this
some pans will have 1o be manufactured and distributed to the users in the field and
then properly monitored to see how these can be improved in performance and
effectiveness. The forthcoming 5P exercise will provide a suitable opportunity for
monitoning  After successiul tnal tests this Improved aesigned pans may be
produced 1 mass scale tnrough the privaie producers in a pilot area. However.

concreie moulds will have to be supplled to the private producers. The concrete
moulds however do not cost muce.

Once being successfully tested the improved design pans may also be accepted
by DPHE for production in the VS cemres Although 1t is true that the public sector
has limited opportunity for manufacturing vaned designs of pans in their production
centres, the private producers are a: liberty and have wider scope for adaptation.

6. Smoothening of Pans with Linings

The main obstruction 10 the sasy fiow o excreta in a low-cost pan ts its roughness
If the inner-surface ot the pans can be smoothened by linings the pans will.work
more effectively. In the market many pans are lined with various materials, such as

X Mosalc pans

" Pans with neat cement lirung

" Pans with white powder lining erc.
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During the action research we have tried two types of matenials for fining of pans.
o Marble touch
" White cement

6.1 Lining with Marble Touch

Marble touch is a spectal technigue for smoothening concrete surfaces by using
powder marble and other materials This 1s done by a company in old Dhaka and
they have patented the technique The firm uses the name "Marble Touch" as thetr
trade mark.

Usually marble touch is done better on larger flat area such as floors and walls. We
have, nevertheless, tried to use marble touch coating on the inner surface of pans
The result was good but too expensive an alternative for smoothening pans  The
mentioned firm charges Tk 70 for each pan lining. Mass production of pan lining
may reduce the rate 2 little but 1 will still be no 1ess than Tk 80, which makes &
prohibitive for mass application.

6.2 Lining with White Cement

In the action research, Iining the pans with white cemnert: i order 10 make ihese
smooth has been tried. Lining the pans with white cement is relatively cheaper and
effective. Usually 2 kg of white cement 1s required for one pan and a mason can work
on 10 pans per day.

fFor comparing the cost and effecuveness of lined pans, standard DPHE pans were
also lined with white cement.

7. Anailytical Tests on different types of Pans
Analytical tests were performed on vanous types o° pans to ascertam the relative

improvement in the excreta flow by measunng the quantity for water reguired for
fiushing similar quantity of excre:a replica

7.1 Initial Manual Test

e s

Thus {nitial test required a person to throw water from ankle height into the pan with
a moderate thrust. Force 1s not measured in this simple test 1t Just shows which
kind of pan disposes excreta from it more quickty and sasty.

In the later tests the standard DPHE and improved design pans were used both with
or without lining of white cement. Pans lined with marble touch materal was
excluded due to its high cost
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7.2 The Trolley Test Method

The above simple test could not be considered entirely dependabie. Therefore, an
improved testing method was adopted. This test method has been termed “Trolley
Test". A test troliey s made of wocden framework. On this trolley different pans to
be tested are kept uniformly and in order. The trolley has an elevated position where
a water-sink can be placed and moved horizontally This water-sink used was of
16 8 5" In size and had a water outlet in the centre of the bottom The outiet hole
had a vertical delvery plpe of 1.25' diameter and 27 in length The water-sink was
calibrated for measuring water content with half liter markings. The water in the sink
could be stored by putting a rubber stopper on the outlet hole.

False excreta was made by mixing flour with saw-dust half-half. Moulds for the false

excreta were made of approximately 3/4"in dlameter, 3*inlength and about 50 grams
in weight.

Simiar pieces oi the above mix were kept on different pans Then the pan was
flushed with water from the sink from a fixed height. If the false excreta wag not
flushed out of the water-seal, the water contert was increased and the test was
repeated. Water was increased by 0.5 liter Every time the rubber stopper was
released abruptly so that the water in the sink was released uniformly over the pan
which flushed the false waste through the water-seal This operation was repeated
by increasing water level 0.5 ilter every ttme until the excreta replica completely
fiushed through the water-seal

The same experiment was repeated on different types of pans under test. In the final
tests. we tested the following four types of pans to measure their relative
smoothness and ease for discharging excreta

n  Standard DPHE pan

2 DPHE pan with ining

1 Improved design pan without hining

7 |mproved design pan with lining

- W R el Al o Mope AT YT AT 2 L ey T

All four types of pans were strongly placed in the slots of the test trolley platrorm anc
had to go througn the test by sliding overhead water-sink with vaned quantites o}
water.

— -

In thts way flushing trial is also done with each type of pan separately The quantity
of water needed for sufficient flushing in each pan is recorded.
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7.3 The Test Results

The following table shows the results of the analytical test done in Village Sanitation
Research Centre (VSRC) of DPHE at Mohakhall, Dhaka The figures givethe quantity
of water required to flush a lump of false excreta through the water seal of that type
of latrine pan.

1. Standard DPHE pan 2.0 liter
2. DPHE pan with lining 1.5 hter
3. improved design pan without lining 1.5 lter
4. improved design pan with lining 1.0 tter

It has been deduced from the above tests that lining makes a pan more effective In
use. It also shows that the improved design pan, as recommended by this research,
function is more effectively than the existing DPHE type pan  Among the above four

types of pans the improved design pan with white cemer: lining gives the best
functional result.

8. Cost comparison

Detailed cost estimates have been done for standard DPHE and Improved design
pans It is found that the manufacturing cests of both the pans are the same The
detailed breakdowns of cost analysis of pans smoothened with marble touch
material and with white cement are also done and these cost estimates are given on
the following pages.

The following is the abstract of cos: analysis of various types of pans.

1. Standard DPHE pan Tk 4
2 Standard DPHE pan with lining Tk 70
3. Improved design pan Tk 40
&, Improved design pan witn lining. Tk. 70
5. Improved deslgned pan with marble touch tining Tk.110

It is seen from the above table that the production cost of improved design pan s
the same as that of standard DPHE pans Linlng of pans witn wnite cement makes
r costlier by Tk 30, but provides & more effective application Lining of the pans witn
marble touch makes the pans very expensive and is thereby not recommended

8. Research on Plastic Pans

Plastic Pans were tried by Unicef/DPHE as a cheap altemative of existing different
types of pans Applied research on plastic pans was carried out by MAWTS (Mirpur
Agricultural Works and Training School) at Mirpur
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COST ESTIMATES OF PANS AND THEIR LININGS
(Based on actual Market Price - July 1991}
Basic Costs for Estimate of Latrine Pans
1. Cement Tk. 4.40 per kg
2. White Cement Tk. 14.00 per kg
3. Coarse Sand (Sylhet type) Tk. 12.00 per cfc
4. Wire Mesh Tk. 2.25 per sf:z
5. Masor Tk. 100.00 per no./day
6. Labour ix. 50.00 per no./day
l1.standard DPHE Pan
(Mix 1:1)
| s1. Item oty Unit Rate | Amount
¥o. ]
1 | Cement | 2.s4 kg | £.40]  19.98
T 4
| > |Sand (Sylnet) i o0.15 cft ' 1z.00f  1.80
| <
. 3 | wire mes: | o251 ez | 2.250  6.56
]
i ¢ | Crude 0:l/Wax [ w.s. | - i - i 3.00
5 | Mason [ 0.10 i No. { 100.0C, 10.00
- 6 | Labour | 0.0 | we. ! sc.ocr  s.00
TOTAL Taka 40.28
Say Taka 40.00
2.Improved designed pan
(Mix 2:1:
s1. ! Item oty | Unit Rate | Amount
Fo. | ] ! '
1
1 | Cement 4.5¢ , kg 4.40) 19.80
2 i Sanc (Sylhet) { 0.12 1 cft | i2.0c | 1,44
| 3 1Wire Mesk ! ©0.25 | sz | 2.224  0.58
T T
i 4 ! Crude O.l/Wax I 1L.s i - - ! 3.06
5 | Mesorn £.10 No 100.0C 10.00
| & . Zanou: c.1¢ ! nNe. 5C.0C 5.00
! TOTRL Taka 39.80
i
e Say Taka 40.00
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3.Estimate for Improved Designed Pan with

White Cement Lining

i
i B1. Item oty Unit Rate Amount
. Wo .
{ v
i 1 | “oncrete Pan Nec i 40 00 40.00
]
| 2 | White Cemenz z i ke 20 0C 20.00
!
3 ; Extra Labour { 0.1¢ | Nc 100.0C ¢ 10.00
TOTAL Taka 70.00
4 .Estimate for Improved Desigmed Pan with
Marble Touch Lining
i |
, S1. Item ‘ oy , Unizt Rate , Amount |
" Ho. k ' I
J - ! I L}
- - Concrece Per I z He. . 2C.0C 2{.0{ }
Z Marble Touch mat . Z 8. I - ; - 5C.0¢
I i =xcre apour e 1 owe ' oaec.oc 2c.ec
TOTAL Taka 110.00
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Two standard desligns of pans one with water-seal and the other with chute (without
water-seal} were prepared by DPHE/Unicef and given to MAWTS for making
prototypes. MAWTS have made a few sample pans according to these designs with
fibre-glass-plastic (FGP) and gave these to Unicef for trial. MAWTS have made the
fibre-glass pans with long and short chutes and with gravity flaps at the end. These
are specially designed for the areas where water is scarce and water seal latrines
are not feasible. Unicef has a plan to field-test some of these pans to determine therr
sunabilty and acceptability to the users

The pans were made in FGP instead of normal plastic because the Inftial cost of
metal mould is very high for normal plastic applications. The FGP pan costs in the
range of Tk 650 per piece which makes It prohibitively expensive for normal use.
Even the plastic pans are likely to be costller than onginally antictpated. The original
enthusiasm has worked and Unicef is_yet 1o take any decision on the newly
developed pans.

During the action research the plastic manufacturers were interviewed regarding the
future prospects of plastic pans. It is understood that the metatic mould for the pan
involves a heavy nittal Investmeni of approximately Tk 400,000. A mass production
of plastic pans may bring down the cost to Tk.100 per piece. The entrepreneurs are
not yet sure about the market of the product If marketing of these pans can be
guarameed they are ready 10 manufacture -

10. Recommendations

improved design pan as developed during the research work by changing the back
siope and shape of the existing DPHE pans, and using the existing DPHE
goose-neck ts recommended for wide adaptation. This will ensure more effective
anq easy excreta disposal This may be tried through DPHE VS centres and through
private producers for popularising fi to the public. However, secundary moulds of
the pan, made of concrete, are 1o be supplied to the private producers. This work
can be attempted and well-monnored during the 5-P exercise In the pilot area

For smoothening of pans white cement lining 1s recommanded It is relatively
cneaper and effective. Lining with marbie touch 1s not recommended because o its
high cost.

It Is recommended that research on plastic pans should continue i order to find an
alternatrve low-cost solution for latrine pans with perhaps waste plastics Some
agencies may come forward to provide loans to help private entrepreneurs provided
assurance of sale in reasonable quantities Is avallable.






CHAPTER 5

RESEARCH CONCERNING
SUPERSTRUCTURE

1. General

The superstructure component of a latrine 1s required for the privacy and protection
aganst rain and sun It has nothing to do with whether a latrine is sanitary or not,
Iri riral areas, there are dbme latrines with excellen: superstruciures but without any
water-seal Itis more important to have a sanitary latrine than to have an expensive
superstructure  This means that a latnne must have water seal and an excreta
enclosing pi, even if it 1s seemingly a simple one

Even though the substructure of a latrine 1s more important from sanitary poini of
view, each latrine should have a superstructure Bun tAl now Iittle importance has
been given to this companent by the public secto” and other agencies. A moderate
superstructure is necessary for convenience, privacy and prestige of the awner
Therefore the consultants have investigated nto various types of latrine
superstructures available in the rural areas aimung to bring abou: an overall
improvement in the standard of superstructures

A latnne superstructure should have the following qualities
K should be easy 1o construct

should have low cost

should have durabiiity

shoufd have enough ventfiation

should look accepiable

should provide privacy and protection

)31

n o o

2. Design and Dimension

Vanous sizes and types of latnine superstructures are found all over the courntry,
Howeve: the minimum slze of a latnne 1s consigered o be 3ftx 3 or 3.5t x 3 f, ‘
The usual height of lamne superstructure ts ™ & tc & £ 1or "puccs’ structures anc!
even less tor ‘katcha' structures

The minimum dimension of 3 ft 3 ft has been considered most sultadle for economic
reason Atleast this size is required to completely encircie the standard latrine slabs

of 2.5 ft diameter The heigh: of the low- cost latnnes should be minimum 6 ft at the
front and 5 ft. at the back

Research Concerning Superstructure 89

In the action research the above dimensions have been kept as standard and we
recommend building of latrine superstructures in standard portable form, which can
be produced in one place under quality control supervision and then can be easily
transported to other places. The design and dimensions of the portable type of
superstructures are given on the foflowing pages.

3. Types of Superstructures

The latnne superstructures are broadly classified into the following two types
@ ‘pucca’ superstructure
7 ‘katcha' superstructure

The ‘pucca’ latrine sumerstructures, made of brick and cement mortar, are expensive.
The installation cost of ‘pucca’ superstructures can be many times more than that
of a *katcha’ one. The reasons behind customer preference to ‘pucca’ latrines are
durability and prestige No standard designs for ‘pucca’ or 'katcha’ latrine structures
are available, and the construction ts done on site by professional masons as
instructed by the user

A 'katcha' latnine superstructure is made of indigenous, low-price, easily available
materials which can be put together and installed by locally available skilis. A large
variety of ‘katcha’ suverstructures are found in rural areas and are mainly made of
inexpensive local or ndustrial materials:
X bamboos
jute sticks
straws or dry grasses
wood or timber
mud blocks witn mud plastering
jute sacks
polyethylene or plastic sheet
coitugated tron of plashc
thin tin plates eic.

HoM A X X X H H X

In 1act every avatta™e waste matenal has been utilised for the purposs.

it has been observed in the plo: project areas in Faridpur district, that almost 70%
of latrine superstructures are erected with jute sticks This alternative is described
in the following paragraphs

Jute sticks are, in fact, waste products of the jute plant. after peeling of the jute fibers
out of t  Althougn jute sucks are brittle and of low durabiliy, these are used In the
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superstructures because of their very low price. Jute sticks are otherwise used only
as domestic fuel.

For a latnne superstructure of 3 ft x 3 ft.size and 5 ft height, a bundle of jute sticks
containing approximately 600 sticks of average 1/2 inches diameter are enough
The cost estimation can be as foliows.

Cost of jute stick bundie Tk 25
Two small bamboos for framework Tk 50
Labour charges for installation Tk 25
Total Tk. 100

Since the jute sticks usually comes from users’ own resources and almost free of
cost and the installation 1s also done by themselves, the actual expenditure for
installation of one jute stick latrine superstrycture can be much less than Tk.100

This type of superstructure lasts only six months and needs to be replaced twice a
year The jute sticks can be chemically reated This may be attempted by other
organisattons such as HBRI or BCSIR The econamic viability of this 1s yet to be
established

4. Non-traditional Latrine Superstructures

In additon 10 the types of latrine superstructures mentioned above. there are some
amner types latrine superstructures built, with non-traditiona! matenals are also in
use One such material is the ferro cement pans

May be there are other non-traditional materials with which latrine superstructures
can be built. in ihe following paragranhs the superstructure with above mentioned
e 15 descnbed.

Iz is possible to make collapsible type of latrine superstructures using ferro-cemen:
panels The cos: of one FC panet latnne superstructure 1s approx TK.3.000 which
is equal 1o the cost of making & pucca’ latrine superstructure with brick mason
Its high cost does not make 1t sunable for users of rural areas who are e targai
group of this study h is felt that this type of structure will be very surable for
semi-urban areas, such as upaziia headquarters and small towns The advantage
of this type over ‘pucca’ structure is Its iight weight and portable which makes the
superstructure easy to handie, transport and install
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5. Superstructure Alternatives

In the research, a low cost, durable and easy to construct model of latrine
superstructure was sought. Various alternatives in combination with the already
described materials were designed and tried. The following six types of latrine

superstructures were erected and monitored in the VSRC compound at Mohakhali,
Dhaka.

1. Cl sheet walls and roof with bamboo poles

2. Thin platn tin sheet (Rupban) walls and roof with 3%imboo poles

3. Untreated bamboo mat (terza) walls, Cl sheet roof, bamboo poles

4 Untreated spiit bamboo walls, terza roof and bamboo pillars

5. Untreated bamboo mat {terza) walls and roof with bamboo poles

6. Treated bamboo mat (terza) walls and roof, with treated bamboo poles

in Aprit 1991, two latnne superstructures were constructed with untreated bamboo
and another two with treated bamboo at the VSRC premises at Mohakhali  Later in
September 1981 the same four superstructure rmodels were shifted and rebuflt at the
Housing and Buiding Research Institute (HBRI).

During the action research regular monitoring on the weathering effect on these
treated and untreated bamboo structures had been done 1t was dlearly visible that
the treated bamboos have sustained the weathering effect better than the untreatec
ones. However, the time was too short to made a final assessment of the life of the
treated bamboo structures, or their durabllity In the forthcoming 5P study exercise
better estimation ts expected of the longevity of treated bamboo structures The
secondary data indicates that the tife of the treated bamboo can be upto three times
the life of the untreated bamboo.

6. Bamboo Treatment Processes

The bamboo treatment processes for better preservation and durabilty are
described bejow m berif

Bamboo is a very versatiie maienal wnich has multi-purpose use In fact, i 1s used
from cradle to grave In Bangladesh, including building of low-cost houses | is
preferred for constructional uses because of its low-cost compared to other
materials, easy availability especially in rural areas, its high strength-weight ratio and
good working qualities But major disadvantage of bamboo lts low durability and
weaker natural resistance

]
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Normal life time of untreated bamboo is:
B less than 1 year when in contact with saline water.
E 110 3 years when in contact with atmosphere and soll
¥ 41to 6 years under cover
= 10to 15 years under cover in favourable condition, dry and non humid climate

Split bamboo decays more rapidly compared to tne full round bamboo  The bottom
part of a bamboo has on an average a higher durability than the middle and top
porbon The inner pari of a bamboo culm is weaker than the outer part  Highly
matured bamboo has higher resistance aganst rot but are more brittle

6.1 Bamboo Preservation types

Bamboo can be made more durable bytreatment Normally bamboos are damaged
by attacks from fung! when it is moist, and it 1s also attacked by insects such as
beeties and termites

The process bamboo processes can be classified broadly in the following two
methods

B Traditional (non-chemical) treatment
= Chemical treatment

6.1.1 Traditional Treatments

The waditional methods for bamboo treatment are the followings.
= Culm-curing, In which culms are cut, but left intherr place in a vertical posttion,
= Smoking method, th which cu: bamboos are stored above the fire place which
blackens the culms. ’

B Water soaking, in which the freshly cut bamboos are put in water with stones
on top to keep the bamboo immersed

The traditional methods are very cheap and can be done without speciat equipments
The effects of such curing/treatment: on the durabiiity 1s not the same in all cases
Over-cunng and drying of soaked pamboo in sun cracks the bamboo

6.1.2 Chemical Treatments

Chemical treatments, are of two types
X treatment with oil based chemicals
X treatment with water-based chemicals
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Water-based chemicals are usually CCA, i.e. copper-chrome-arsenic or CCB le
copper-chrome boron of borax compound and the oil- based chemical are creosote
etc. which is a by-product dunng petroleum production.

6.2 Methods of Chemical Treatment of Bamboo

There are three methods of chemical treatment of bamboo. These are
B Butt Treatment Method
" Open Tank Method
o Bouchene Method

6.2.1 Butt Treatment

The bottoms of the freshty cut cuims are immediately put into a drum of preservative.
The leaves, still at their place, act as a pump, due to evaporation After one or two
weeks, the preservative reaches the top. This can be noticed by watchingthe change
in colour of the leaves. Then the bamboos are placed into an empty drum, to obtamn
the surplus preservative from the cuims. This method can be used instead of the
Bouchenie method, when less number of cuims are treated.

6.2.2 Open Tank Method

An open tank ts a trough of about 4 meters long This can be made by cutting two
200 liter drums into halves and welding them together like a canoe. The drums are
cut with a cold chisel and a hammer, then the sharp edges are flatiened with a
hammer After welding them together, the inside is painted with bitumen, tar, or
anything like that 1o protect the drums from corrosion. The solution is put into the
trough with a plastic bucket The bamboo is cut to the required length before it 1s
put into the trougn.  The bamboo can be spiit n order to avoid treating the parts
thar will no: be used. A big stone is placed on the bamboo, to keep them immersed

The bamboo must soak a full week (split bamboos three days). The trough should
be covered with plastic to keep the rain out. Children and animals should stay away!
Aiter soaking lif: the bamboo nto sticks across the trough and let the preservative
drain back intc the trough for afew hours  After that, let it dry for a week ina verttcal
~osition, In a rack. protected from sun and rain.

Treated bamboo must not be bumed, the gases of such a fire are toxic. Bamboos
then are burned in the ground, away from waterwells.

6.2.3 Boucherie Method

A drum of preservative 1s'put on a tower about 10 meters high and connected by
tubes to the ends of the bamboos. the height causes pressure and this takes the
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preservative into the bamboo. The bamboo has to be very fresh. From the far end
of the bamboos, at first sap will drip which has to be discarded During the process
the concentration of preservative in this sap will steadily increase.

The extra preservative can be recollected and reused, if some fresh preservative is
added to the original concentration The culm is ready when preservative in the
original concentration drips out from the far end. This lasts several days. An air
pump on top of the drum might reduce this time to a few hours. Thenthe bamboos

are put into the a vertical postion in an empty drum to regain surplus preservative
from the culm

The HBRI recommends for Boucherie method of chemical treatment with CCB liquid
for preserving full bamboo The BCSIR advocates for open tank method with the
same chemical The BFRI recommends boucherie method for treatment of full
bambog, ana open tank method for treatmenm of bamboo mats, terza, bamboo-splits
angd other matenal such as thatch straws, palm leaves, etc Jute sticks can also be
chemically preserved by the open tank method

In the action research, full bamboos were chemically treated by simple Boucherie

method with CCB liquid. The equipment used was procured through HBRI. For walls
of superstructures, ferza were manufactured from the splits of treated bamboos.

7. Cost Comparison
The matenal break-down and cost estimates for the difierent altematives of latrine

superstructures which are mentroned in para-4 above. have been worked out indetail
and are given on the following pages

The abstracts of cost of different superstructures are as fallows

1. With Cl sheets Tk. 1.125.00
2. Witn thur tin sheeis Tk 692.00
3. Bamboo mat wall & Cl roo? Tk, 630.00
4, Spirt bamboo wall & terza roof Tk. 525.00
5 With bamboo mat (terza: Tk 435.00
8. With treated bampoo ma: Tk 45000

These cost estimates are mage with the assumption that the buyer has to pay for all
matenals. in practice, however, some of the matenal may pe locally available to a
user and may not cause as much spending.
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A discussion Seminar held in VSRC Mohakhali
during our Action Research Programme

Participants from DPHE, UNICEF, WHO and others
in the discussion Seminar
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Demonstration Latrine Superstructures constructed with Treated
and Untreated Bamboo Elements, installed at HBRI premises at Mirpur

Treatment of Bamboo with Simpie Equipment
Designed by HBRI
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Latrine Superstructure with Treated Terza and Weaving of Terza (Bamboo Mat) from

Bamboo Posts installed during Action Research Programme Split~-Bamboo portions
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Bamboo Superstructure Walls with Spiit Bamboo and Terza.
erected during Action Research Programme

Typical Low-Cost Rural Latrine Superstructure with

infenor Terza

e

e ip ——— ———

Research Concerning Superstructure 101

COST AMALYSIS FQR VARIOUS LATRINE SUPERSTRUCTURES

(Based on actual Market Price ~ Jan,

1992)

1. SUPERSTRUCTURE WITH C.I. SHEET WALLS & ROOF,

AND TIMBER POLES

MATERIRLS REQUIREMERT

= =
S1l.¥ I Materials Bize 5 Quantity
! 1 !c.I. Sheer (26 BWG) 5'-0"x 26" | 5 Nos.
2 Timber for front pillars 2" x 3" x 7°-0" 3 Nos
3 Timber for back pillars 2" x 3" x 6'-3" 2 Nos
& Timber Zor purlan 1"x 2-1/2° 60 TIt.
£ Screw i-1/2" long 4 dozen
6 Wire Nails 3" lonc 300 am
COST ESTIMATE
' s1. | Item | oty | unit i Rate ! Amount
) !
. 1 lc.i. snees | 5 | Nes. ' 136.0C'  650.00
T
i 2 | rimber (Mango/Jam) | 2.5 ' cz=x | 250.00] 625.00
l !
. 3 | screw ¢ | doz. |  6.0C]1 24.0C
" i
| 2 lwire Naiis i 0.2 ! %o | 33.0C| 11.0¢
: ! 7 -
| 5 | Carpente: Ll ! No | 100.0C, 10c.00C
TOTAL TAKA: { 1,410.00
2. SUPERSTRUCTURE WITH THIN TIN SHEET WALLS & ROOF,
AND BAMBOO SOLES
MATERIALS REQUIREMENT
| S1.8 Materials Size Quantity
M ETni, <2t (Rupban) sneez 34 x 3T _. Nos.
'z Bamboc for front p_llars 7'-0" long 3 Nos.
3 Bamboc for back pillars 6 -2- lozg . Nos.
i Bamboc for rafter 3"-6" long Z Nos.
5 Bamboc for purlin 1-1/4" wide 200 It
6 G.1. Wire 22 BWG 100 gms
7 Wire Nail 1-1/2% long 300 gms
B Cocontt Colr Rope 3/16" die 200 ams
Rote: 3 Nos. 30 ft. borak bamboos are requiread for SI. 2,3,4

& 5.
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COST ESTIMATE 4. SUPERSTRUCTURE WITH FULL SPLIT BAMBOO WALLS, TERZA ROOF
AND BAMBOO POLES
Bl. Item oty | Unit Rate Amount "
MATERIALS REQUIREMENT
1 Pupbarn Sheet 11 Nos. 36.00 396.00
Z ?Eorak bamboo (30'longy 3 : ¥os. | 50.00l 150.00 . 151_, ! Materials Size ! Quantity
1G.I. ¥ . .00 | . ‘ ' . ! .
3 ‘G Hare 6.1¢C ! kg : 60 00! 6.00 1 1 Split Bampoc for Walls . 1-1/4' wide 700 Tfz
. ¢ |Wire Neils 6.30 i kg | 4c.00| 12.00 2 1 Split Bamboo for Purlin 1-174" wade 100 £t
I T 3 Terza Roofs 3'-6"x 4'-0" 2 Nos.
5 | Coconut Coir Rope 0.20 . kg | 40.00 8.0G 4 Bamboo for front Pillars 7’'-0* long 3 Nos.
- ~ cos o | 5 Bamboo Zor back Pillars 6'-3" long 2 Ros.
1 [ Labour (Sohel) Zxi/jz No l 100.00 100.00 5 ¢ for Raftor 3'-6* long 3 Nos.
! TOTAL TAKA: 672.00 7 Polyetnylene Shee: 3'-6*x 4'-0" 1 No.
8 G.Z. WxTe 22 BWG 200 ar
9 Coconut Colr Rope 3/16" dia 200 gm
3. SUPERSTRUCTURE WITH BAMBOO MAT WALLS, C.I. SHEET ROOF 10 1Wire Naxl 3/4 long 300 ot

AND BAMBOO POLES

Notes: 1€ Nos. 20 ft. long bamboos are reguired for SI. 1,2 & 3
2 Nos. 30 ft.long borak bamboos are required Io- SI1.4,E
MATERIALS REQUIREMENRT ' & 6 '
8i.% Materials : Size i Quantity
! " i
I jTerza (Bampoc mat Wa.ls ,  L=C"m 3Te3t 4 Nos. COST ESTIMATE
z 1c.I. shee: for rocs ] 3-6vx ¢ -0} 1 No.
3  §{Bamboc for fron:z pillars 7'-0 long, 3 Nos. ; 7 T 7 B
4 Bamboo Zor back p:llars €'-?" long 2 Nos. | S1. | Item | oty | Unitc | Rate | Amount b
=z Bamooo ior purli:z I-1/en wide ! 458 rfc ' : - | 1 K
6 G.ZI. Wire 2 BWG 200 gms - Mul_ Ba=poc 20 Itc.leng | 16 . Nos 1 P e 1E2.00
- | - o - - s . i i -
Coconur co:r rops =726 Dih 200 om . - | Borax Bamboc 3C° long | z | Nos. ! sc.0¢ 100.0:
T +
Notes: - Nos. 30’ long berak campoos are regulred oo S1.% 5 3 [?olye:nylene Sheet 14 . siz 5 Z.510 2..00
& &, . - e K oa
%2 Nos. 20 long mul: pamboos are reguired for S1. 5. ' = ;G' Z. Wire i €.2¢ . K¢S ! 6C.0° -2.00
| = | Coconu:z Ccir Rope { o.20 l ko bogc.oc .07
. . : . : ; -
COST ESTIMATE ‘ | 6 iwire Neil (Small s:zey | 0.3 | kg ¢ 5C.0C 1o.0¢
| T T
' l ‘ | 7 | abour (Sonel ' 2x1/2  No 100.0C  100.0C
. b | .
s1. Item (254 Unit Rate ; Amount i TOTAL TAKA: £45.00
Terze wells - S5t 1 s 6. G
] -
z C... Sneet (8' lc.C ’ z Nos. ., 130.0C} 230.0¢
L 3 . 3uzak pamboos(3G’iong-+ I . Nos. | 50.00 100.00
i ]
| 5 ' Mul:i Bamboos (20'long) 4 ! Nos i 12.00 48.0C
! 5 G.l.Ware & Coir Rope L.s - i - 20.0C |
| 6 | zabour (Sohel) 2x1/z ., No | 100.001 100.0C
: TOTAL TAKA: ' 494.00







104 _Low-Cost Sanitation Research Research Concemning Superstructure 105

5. SUPERSTRUCTURE WITH BAMBOO MAT (TERZA) WALLS & ROOF 6. SUPERSTRUCTURE WITH TREATED BRMBOO MAT WALLS & ROOF
AND BAMBOO POLES AND TREATED BAMBOO POLES

MATERIALS REQUIREMENT
MATERITALS REQUIREMENT

= ———
51.4 Materials Size l Quantity S1.4 r Materials [ Size Quantity
z Terzz (Barwoo mat Wal.c 3y 2 -3 4 Nos. l lMate:J.als reguiremen: are same ]
z Terza Roofs 3 -6"x £ -0 2 Nos. as those of Item § 5.
3 Bampoc for Tront P_iiars 7’ -0 lonc 3 Nos. Only the terza and bamboc needs
z Bamboc for Back Pilliars 6'-3" lomng 2 Nos. to be treated chemicallv.
£ Bamboo for Rafter 3'-6' long 3~No§-
6 Sp}lt Bamboo for Purl:i: 1.257 wide 50z ==t Notes: 2 Nos. 30’ borak bampoos are regd. for pillars and rafter.
7 Polyethylene Shee: 2-brx £7-0 - No. 5 Nos. 20' long Muli bamboos are required for Purlin.
g qu
8 G.I. Wire 22 BWG 20C gms .
9 Coconut Colr Rope « 3/1€" die 200 gme gs= break-dg or trea
Ir thls case terza 1e made ~reated witk
Notes: I Nos. 30 f:.iong Borak Bamboos are regu:rec for S5i.3,4 chemical fluid, and then spiitting them into thin straips and
£ 5 aizer That weaving these splits
£ Woe. 20 ft.iong Mul. Bampoos are regu.red ior Si €
1. Cost of <reating one 20 fz. long Mull bamboc  Tk. 12,00
2. CosT o treating 1t with chemical & lapour Tk. 10.00
3. Labour for splitilng one bamboo Tk. 2.50
COST ESTIMATE 4. Labour for making small slices Tk. 0.75
5. Lapour for weavinc the splits Tk. 1.25
. _ \ J TOTAL: ~k. 26.50
si. | Item ' Qty . Unit ! Rate | Bhmount
[ .. . . ¢ - 50! 15¢.0¢ One Mul. pamboo will cive 16.00 sIt ol woven terze.
j Terze (Wa.is & RocZ: - 10C £t -.50 ob - Ye So, cost of treated terza = 26.50/16 = Tk. 1.65 per sit.
» | Norakx Bamboo 30° loncLi - | Neos. * 50.00 100.0L ;l;:le.ie_ls 10% higher <thar normal untreazed terza price in the
5 IMc__ Bamboc 20 .omg ;i E Nos 1z.0¢ 6¢.0¢ ,
L. B v i . | ~ , . - . Cosz o chemical treatmean:z of one 30° long borak bampoc foT
£ _Po.vetnviene Shee: i -5 s8It - 50! 2z.0¢ post s Tk. 10.00, making 1t 20% costlier tnan untreazec one.
3 . &.I. Wir . . ke 6C.00 12 0L
G.2. Hire C.2C K 6 COST ESTIMATE
€ | Coconut Coir Rope i .20 ! kg (.00 | £.0C v -
‘ : i - s1. ¢ Item | @y | unit | Rate | aAmount
< Labour (Sonel) 2%1.02 Nc 100 0C¢ 10C. 00 : i . i
: . jerz jall =y 100 b 1.lE 62.0C
TOTAL TAKA: i 451.00 = s Jerce (Walls & Roo-: | 20C 1 5 L2
. 2 | Borak Bamboo 3(' lonc l 2 | Nos. | 60.00] 126.00
| 5 |Mul: Bamboo 20’ long r 5 —I Nos. | 22.00I 110.00
i
¢ i Polyetnylene Speet y 1L j stz | - .50 | 1.0C
I G.I. Wore .20 ke | 6C.0C° 12.0C
€ J Coconut Coir Rope ; €.26 | k¢ i 4C.00 1 8.0C
T
.7 | Labour ;Sohel) { 2x1/2 | Me | 10c.00 100.00
i' TOTAL TAKA: 536.00
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8. Recommendations

It becomes evident from the above findings that In spite of its durabllity, C! sheets
are not affordable by our target groups due to its high cost as superstructure
material On the other hand, the plain thin tin sheet (rupban sheet) are high in cost
Fyut does not last long and therefore 1s not a good choice. The only alternative left
is bamboo made superstructures constructed with treated or untreated bamboos

The untreated bamboo superstructure costs Tk 435 whereas the one with treated
bambcos costs Tk 450. The cost increment Is approx. 3.5% only. It is learnt that
the durability of treated bamboos Is at least 2 5 times more than that of untreated
bamboos Normal Iife of a matured bamboo 1s 5 years whereas a properly treated
bamboo might last for 1210 15 years. Therefore, a latnne superstructure with treated

bamboo mat (terza) walls and roofs with treated bamboo posts is recommended to
be used on a large scale.

i is recommended, for easy delivery, tha the standard components of latrine
superstructures made of treated bamboo materials shouid be manufactured on 2
large scale In a centrally located place A centrally located production unit wil
facliitate quality controt and economlc faciities tor treatmemnt and preservation o*

Damboos  This is not possible If only a single or a few units are produced at differem:
places.

The superstructures should be manutactured in a convenient place, by DPHE
contractors or by private producers, near the regional siores of DPHE The
manuiactured superstructures can be transported along witn other stored materials
Euch as cement, wire-mesh etc., 10 upaziia VS centres or even to union VS centres
Fromthese VS centres, the target group should be able 1o buy the ready-made latrine

superstructures along with other latnine components. An attempt shouid be made
1o implement this suggestion.

CHAPTER 6

FIELD TESTING OF 1" THICK RINGS
1. Background

This chapter deals with the field testing part of the previously recommended (see
chapter 2) 1"thick rmngs with 1:2 5:5 mix It is a second generation work of the action
research to establish the validity of laboratory research results In actual field

During the early stages of this Action Research extensive study had been carried
out on latnne nngs m VSRC of DPHE at Mohakhal and at the laboratones of BUET
in Dhaka The detais of that research work have been discussed in chapter 2 of this
book At the end of the laboratory research work, an intenm report on Action
Research work was prepared in December 1990 and circulated to DPHE, Unicef,
SDC and other concerned agencies In the intenim report the use 1" thick latrine rings
with richer 1:2 5:5 mix tnstead of the traditional 1.5" thick nings was recommended
t was feit at that poini. that the newly-designed recommended nngs should go
through vigorous field test n order to prove their stabiity

Consequently, the field 1est was inltiated mn April 1991 after preliminary discussions
with Unicef, DPHE staff at the head office and at the district and upazila offices The
field test continued ull April 1992

2. Collaboration with DPHE/Unicef

Discussions were hatd with senior DPHE and Unicef personnel 1n order to finallse
the test area and modus-operandi for the field test

Unicef suggested a more extensive field test rather than the onginaliy envisaged field
test in one upaziia only Simuttaneous field tests in three upazilas was advised

DPHE agreed to manufacture 1" thick rings s all their VS centres in the upazilas
selected for the piio: test.

3. Pilot Area for the Test

After z series o: discussions with the Chie!, WES section of Unicet and
Superintending Engmeer. Planning Circle of DPHE in Dhaka. it was decided that the
three upazilas r.amely Bhanga, Nagarkanda and Sadarpur i Fardipur aistrict should
be selected as the piot area for the purpose.
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The critena for selecting of pliot areas were the following.
& the upazias should be adjomning to each other for proper supervision and
monitoring ‘
n  the area shouid cover wide range of sofl conditions as far as possitie
T the area should not be very difficult to trave! from Dhaka

Another reason for selecting the above three upazilas Is that the consultants already
had a credr line project running inthe area It was thought that benefit of this credr.
fine schemes may be obtained during the ntended 5-P exercise for training and
generating credh facilties to the private producers

The above mentioned three upazilas have the following eight latrines componen:
manufactunng VS centres” .

Bhanga sadar, VS center. in Bhanga upazia

Ghaura union, VS sub-center

Manikdah union, VS sub-center .

Nagarkanda sadar, VS certer in Nagarkanda upazka

Talma union, VS sub-cemnter "

Bhawal union, VS sub-cemier "

Sadarpur sadar, VS center in Sadarpur upazila

= Dheukhali union, VS sub-center

n x

1t

4. Modus Operandi for Field Test

Before the beginning of this work the following Modus Operandi for the field tes:
works was agreed upon by the DPHE, Unicef and tne consultants.

1 The nings shall be produced at the DPHE centres In the same procedure as
applied to the present sysiem The only ditference would be that insteac o‘
present 1 5" thickness, 1" thick ings shall be produced. based on consultants
supplied specification i e. the concrete Mix shall be 1:2 5:5 instead of 1:3:6 mex.
The reinforcemen: will. howeve: remain the same

2 DPHE shali, as ust~l, be responsipie for the production and sale ol rngs

3 The consutants shall depute one field supervisor to coordinate production in the
changed design {mix and thickness), and to supervise installations and monitor
results Occasional visits will be pard by senior official of the consultants and the
DPHE Ongnally only one supervising engineer was supposed to be deputed for
one upazila but later since number of upazdas was increased to three, two
supervisors were appointed for ail three upazias and eight VS centres with a view
of not having too strict a construction supervision The am was that the
supervision should be simiar to that observed by DPHE
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4 Matenal supplies and manpower shall be as per the DPHE's present
arrangements.

5 DPHE’s Upazila production centres will supply the consultars with production
and sales data for proper monitoring of the project

The above conditions had been adhered to and arrangements were made to cast 1"
thick nngs n all tne eight village saniation centres (VSC) of DPHE n the three
upaziias of Fandpur district, since April 1991.

The DPHE personnel Le the Executive Engineer, Faridpur, the three Sub-Asstt
Engineers of Bhanga, Nagarkanda and Sadarpur upazilas. and the masons of eight
VS centres were very éooperatrve throughout the pilot tests. They have successfully
produced 1" thick latrine nngs as per the new design and sold more than 3,700 rings

of the new type to public which have in turn been used for installation of nearty 1200
latrines in the area

5. Design of New 1" Thick Rings

inrtially following designs were recommended for field testing of 1" thick nngs

Type-1

X Thickness 1'

n  Concrete mx 1:2.5:5

X Remnforcement 3 nos 10-SWG wires
Type-2

X Thickness 1"

= Conorete mix 1:3:6

2 Reinforcermemt 3 nos 10-SWG wires

The other dimenstons of both the types are as follows

O outer diameter 30
X imernal diameter 28
= height 12

Although type-1 was much supenor to typa-2 and only marginaliy costlier, the idea
of Inciuding type-2 was only to establish the lower limit of acceptable ring strength
from practical application point of view

Both these designs were used in the begmning of the field test  After a couple of
months of practical supervision it was telt that design of type one s far more supenor
than the design of the type 2 The cost difierence of the rings of the two designs was
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very small. Therefore, it was finally decided to continue with production of nngs of
type-1 only. All the 1" thick rings after that were manufactured in that design

6. Casting of New Rings in VS centres

After the decision in March 1991 and completion of initial work, the first batch of new
moulds for the newly designed rnings were supplied to the VS centres of the pilot area
and the construction of 1" thick rings started atter that in April 1991. in the first month
only one out of the 8 demgnated VS centres manufactured the new type of nngs
Most of the other VS centres started casting of the 1" thick rings from May 1891.

Actual full scale productlon and sale of 1" thick rings had started after September
1991 Following factors contributed to the delay:

K The VSCs had reached therr annual targets of production for the current
financial year which ended in June
The targets for the next financia! year starting from July are not announced
before some time nto the new financial vear.
% Due to the rainy season which lasts upto September,

"

6.1 Production and Sale of Rings

Following table gives tie month-wise record of production and sale of 1" thick nngs
In the eight DPHE VS centres of Fandpur distnct, the field test area. it may be
mentioned here that the reporting month starts from 26th of the preceding month
and upto 25th of the current month This is because the monthly reports are required
a: HQ of DPHE ai the beginning of the following month.

SL Month No. of YSC 1" Thick Rings
No. involved Produced Sold
1 Apr 1991 1 36 17
2 May 1991 5 286 45
3 Jun. 1991 4 331 166
Z Jul 1991 6 154 153
5 | Aug 1991 6 st 175
8 Sep 1991 7 34" 423
7 Oct 1891 7 545 651
8 Nov 1991 7 661 600
9 Dec 1991 7 706 478
10 Jan 1992 7 594 387
11 Feb 1992 7 543 305
12 Mar 1992 7 518 346
TOTAL 5076 3746
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Seven VS centres out of the total eight centres in the pilot area have manufactured
and sold 1" thick rings. There has been no production of rings at Manikdah VS centre
due to stock-pile of the previously produced 1.5" thick rings. After beginning of the
action research casting of 1.5" thick rings had stopped in all the above mentioned
VS centres. However, first the previously manufactured 1.5" thick nngs were all sold.
In Manikdah VS centre no production of rings was carried out durning the whole test
period, because unsold 1 5" thick rings were still in stock-pile The loca®on of this
particular VS centre Is not very suitable from marketing point of view.

7. Inspection of instalied Latrines

One supervising engineer was permanently posted inthe project area for occasional
supervision of production of 1" thick rings and inspection of latrines nstalled with
these new rings The second engineer was only partially used for this purpose.
Special formats were designed for recording the manufacture and sale data of 1"
thick nngs at designated VS centres and for recording detaled information o*
inspection of installed latnnes Sample copies of filled-in forms of the formats used
are reproduced on the folowing pages.

The field engineer made reguiar wisits 1o DPHE VS centres and DPHE upazila offices
for the supervision of production and data collection, Regular mspection of the
installed Iatrines with 1" thick rings manufactured at VS centres was also carried out
by him throughoti the test period. The information collected by the field engineer
was analysed later Opinions were often shared. on the collected and analysed data.
with other related agencies

8. Analysis of Related Field Data

Duning the field inspection of VS centres and installed latnines in the pllot area records
were kept on vanous ttems refated to rural latnnes construction and their delivery
mechanism. These date were tabulated in the monftonng sheet designed for the
purpose

Various data from these monitoring sheets have been analysed and the deduced
information is presented in the following tables

£.1 Latrine Instailation Percentage

The following chart gives the overall findings of the diata collected dunng inspection
visits of the rural latrines installed with 1" thick rings in the piot area till the end of
March 1992.
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SL LATRINES (IN NUMBERS)

No | Name of VSC| Total soid Installed Not Installed

1. Bhanga 243 206 37

2 Ghaura 176 124 52

3. Nagarkanda 136 119 17

4 Talma 318 317 7

5 Bhawal 64 50 14

6 Saaarpur 313 295 17

T Dheukhalt 69 62 7
Totai 1319 1168 151

From analysing the above data obtaineo at the end of the fleld test ir 1s found tha:
89% of the purchased Iatnnes were actually instalied during that period. The average
number of rings installed per latrnne were 2 £ The maximum and minimum numbe-
o* rings used per [atrine were 13 and 0 respectively

These figures are updated tll March 1992 It has baen observed that some 10 to 20
percent of the latnnes remained un-installed for approx 2 months after purchase
dueto some reasons, including lack of money and manpower needed for installation

Tnorough inquiry was carried out to find out the non-installation of purchased latrines
and different reasons were stated for this  Some o the latrine purchasers took the
latrines just to fulfill the obllgation for taking loans from some govi agencies such as
Sonal Welfare Department and some NGOs  They do not feel the necesstty for using
alatrines These people need more motivation for the purpose. In some other cases
the purchasers had deposited the money to buy the latnine sets The sets have been

shown as sold, but were not actually picked up from the VS centres for more than
two months  Such cases were however, rare

8.2 Breakage of Rings and Slabs

Tne following table gives the statistice of the 1" thick rings broken durnng
transportation or insialiation during tne field tes: panad of one vear in the followang
seven VS centres  Figures for broken stabs dunng the same pe.jod were alsc
recoroed and have been tabulated below

St Name of 1" Rings Slabs

No. VS Centre broken broken

1. Bhanga 8 7

2. Ghaura 4 0

3. Nagarkanda 6 3

4, Talma 1 "

5 Bhawal 0] 0

8. Sadarpur 12 12

7. Dheukhall 1 0
Total 42 33

Out of total 5076 nings manufactured and handled. only 42 were broken mostly
‘dunng transportanon and due to mishandling. This brings the breakage figure to
0.82%. Larger number of the breakage of rings took place dunng the inrtfal phase
and were of the type-2 rings which had been tried only for the first two months  Mos!
.of the breakage o the rings occurred during transportation on village HBB roads.
Breakage in normal handhing in VS centres has not been reported except In two
cases where ringswere no: yet properly 'cured  This emphasises the utility of wate~
curning and essentialiy for curing tank in every VS centre.

‘Earher records oF breakage of 1.5° thick nings in VS centres are not properly kept
~and were not avakable to the consultants. It was, however, gathered from interviews
with DPHE stafi thai the breakage figures have been about 2% IC 3%

' These figures demonstrate the superlority of the new 1" thick rings of 1.2.5:5 mix
over the tradrtional 1.5" thick nngs of 1:3:6 mix

'8.3 Union-wise Distribution of Latrines with tew Type of Rings

' Adetalled analys:s table is reproduced on the next page to show the source of latrine
sets and ther final union destination. Besides. other deviations, it was seen that
, most latnnes were nstalled in the union n which they were produced

8.4 Pit Depth Analysis

Following 1s the area-wise analysis of pit depth of the installed latnnes n the pilot
areas:
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UNION-WISE SANITARY LATRINE COVERAGE
IN PILOT AREA OF 3 UPAZILAS IN FARIDPUR

Name of Union | vsc-1 | vsc-2 [ vsc-3

VSC—4 | VBC-5

VSC-6 | VSC-7 | V5C-8

[ Bhanga | Gharuz | Manikda

N'Kanda | Tama

Bhawal {SadarpuriDheukhali TOTAL
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Nagarkanda

Name of PIT DEPTH OF LATRINES
Sl |Vs uptoaf |  sfttoe | eto1oft | above 10ft
No | Centre No. of Latrines
1. |Bhanga 0 196 7 1
2 | Gharua 0 124 0 0
3. Nagarkand% 1 88 29 1
4. |Talma 1 288 22 2
5. |Bhawal 0 43 5 2
6. {Sadarpur 14 239 a4 0
7. | Dheukhali 0 57 5 0
TOTAL (1167) 16 1033 112 6
Percentage 1.37% 8851% 9.59% 0.51%
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It is observed that about 89% of the latrines were made with 3 ft to 6 ft deep pit, and
the pn depth 1s seiddom less than 3 ft. and more than 10 fu The average pit depth
calculated was 5.2 ft The minimum depth recorded was 3 ft. and the maximum was
131t

8.5 VSC Distance from Users

Durng the field test and inspection of lairines, records were kept of ine disiances ot
the instated latnines from VS centre from where the latrines were purchased

Name of DISTANCE

SL|VS Within 3km | 3 to 6 km 6 to 10km;  Above10km
NO| Centre No. of Latrines

1 {Bhanga 150 72 16 5
2 Gharua 118 54 3 0
3 | Nagarkanaa 91 25 10 10
4 | Talme 101 106 1nm 0
5. | Bhawali 33 13 16 8]
6 | Sadarpur 142 140 31 0
7 | Dneukhall 43 26 0 0
TOTAL (1319) 679 438 187 15
Percentage 51 48% 33.21% 14 18% 1.14%

o
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It was found that 51% of the latrines installed fall within the distance of 3 km, 33%
within 3 to 6 km distance. and 14% within 6to 10 km distance Only 1% latrines were
found to have been installed at & distance of more than 10 km The minimum and
the maximum distances were 05 km and 15 km respectively and the average
distance recorded was 4 km

8.6 Mode of Transportation of Latrine Component

SL| Name of TRANSFORTATION MODE
No| VS centre | Head load Boat | Van |  Van & Boat]
No. of Latnnes

1 | Bhanga 0 60 178 5
2 | Gnarua 0 10 166 0
3. | Nagarkanda 0 5€ 71 9
4 | Talma ) o 311 7
5 | Bhawal 7 11 46 0
6 | Sadarpur 0 43 271 0
~ | Dheukhali 0 24 45 0
TOTAL ¢ 7 203 i 1088 21
Percentage l 53% | 1539% | 8248% 1.59%

8.7 Information regarding Superstructure Types

Dunng the field test and inspection work records were kept for the types o
superstructure used ior the inswalled larines The following figures have been
abtained as a result of this exercise

1 Superstructures with jute sucks 68%
2 Superstructures with Terza 21%
] Superstructures with C: sheet 9%

[

Superstructures witn Masonn,

N
pes)
a

Tne above statistics 1as been obained rom a sample survey of 682 rural tatrines m
the pilot area

"

9. Findings and Recommendations

Construction and use of 1 thick nngs of 1 2 5'5 mix nstead of standard 1.5" thick
nngs of 1 3:6 mix I1s technicall, *easible N¢ comiplains or adverse remarks were
received from users regarding 3 thick rings mandfactured and sold at the DPHE VS
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centre in the pllot area from April 1991 to March 1992 At the beginning of the field
tests the authors were very apprehensive that the villagers will not buy the 1" thick
nngs when they can see the stock piled 1 5" thick nngs It was also anticipated that
perhaps the buyers would buy the rings or latrine sets from other upazilas which,
however, did not happen in any of the field tests upazilas. The percentage of
breakage of the new 1* thick nngs had been less than those of the traditional 1.5
thick rmgs

The field test confirmed the indings of the action research hetd in December 1990
In VS research centre and BUET laboratory in Dhaka that the newly designed 1" thick
nng of 1'2 5.5 mix is stronger. ighter and therefore, better than the traditional 1.5*
thick nngs of 1.3:6 mix.

Some of the private producers of the pilot test areas of Fandpur district have already
started casting and selling 1" thick nngs after DPHE's adaptation of the same
However, the private producers will be technically capable and more usefu! factar
in wider national sanitation coverage, if proper training ts given to them  This aspect
is likely to be stressed in the forthcoming 5-P exercise in the piot area

The new 1* thick ring 1s 20% cheaper and stronger than 1.5 thick traditional rings
Since the field tests on 1' thick latrine rings have proved tc be successful therr
adoption s recommended in place ofthe existing 1.5° thick rings inall the VS centres
of DPHE all over the country. This wil resutt in substantial financial saving annually
inthe public sectoraione, 1 e. inthe 1000 VS centres proaucing 1300 nngs per centre.
the saving will amount to Tk 20 million per year. However in all the DPHE VS centres
new steel moulds for 1 ' thick rings will have to be supplied

Some of the DPHE officlals have expressed a second opinion that, instead of going
for product.on of 1 thick nngs in all the DPHE VS centers immediately. a further field
1est may be undernaken in other geographical areas of Bangladesh where the sol
condrtions are different from the present pilot area In Fandpur However, the
consuitants feel that any subseguent tests with 1 thick nings are also likely to be
successiu! Therefore universa use of 1 thick RTC latnne nngs with 1:2 5.5 mn
insteac of tne present 1 5 thick rings should be initiatec
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APPENDIX-1

TERMS OF REFERENCE

Action Research on Sanitation Technology
For Promotion of Rural Sanitation in Bangladesh

Itis proposed to inquire into the following aspects of the destgn of the rural sanitation
components

1. Alternate Dimensions

11 Some of the dimensions of the latrine components are ver\'/ sensitive to the
overall costs The most important dimension 1o be addressed is the thickness
of the ring Other dimensions like the thickness of slab may also be looked
Into This will necessitate that new casting moulds are prepared for
production of alternately dimensioned rings which wil then be both field and
lab tested for their functional strength For carrying out this, assistance s
required from UNICEF and one of the nearby located DPHE centres Mr Colin
Gelnnie and Mr. Taufique Mujtaba had promised necessary support

2. Alternate Design and Materials

2.1  Often there is a thinking that an inquiry is made Into alternate matenals in
order to search for cheaper alternatives Particularly low quality plastics and
plastic waste has been thought to be of interest. This will require contacts
with plastic manufacturers see their technical capability for manufacturing
these components, assess the cost of production particularly when looked
through the economy of scale.

22 The water seal design at present requires considerable amount of water for

fiushing - a constraint in many areas Altemate possibilittes should be tooked
into

[
[

Reinforcemern matenal for the slabs and the rnings 1s qurte a large componemn.
in the total cost The quality of matenal supplied by UNICEF is very gooc
whereas the private producers use quite inferior materrals, At least one NGO
uses bamboo sticks for reinforcement The study should look into the cost
versus material strength In order to arrive at economically most defendable
material guality level
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24 To look into the possibiliees of production of sultable pans in plastics 1o
reduce breakage of water seals and decrease the quantity of water required

for flushing In some areas we have been reported that people have resorted
to deliberate breaking of the water seals.

25 Use of hardpressed clay blocks for ining of the latrine pits is emerging as a
viable alternative which needs to be looked into

26  Superstructure plays a very dominant part in the installation of latrines and
the share of costs ts significant in the total cost. Investigation should be
carried out to suggest standard maternials and sizes to decrease the cost for
the buyers.

3. Alternate Mix of Materials

Presently the standard civil engineering compaositions of vartous materials like 1:2:4
or 1:3:6 are usea m the manufacture of latrine components Since in our present
context every increase of price in Taka has an impact on the size of the potential

buyers, 1t Is smportant that these standard mixes are inquired into and optimal mx
level is reached through laboratory tests.

4. Installation Issues
41 Aninguiry mio the number of nngs required for different types of solls and

their co-relation with the depth of the pit and the likely impact of fiood
proneness.

4.2  To analyse the reasons for the collapse of the latrine pits on the basis of the
data collecied during the survey (Phase-ll) of the study

43 To analyse the mmpac: of safety factors and life expectancy of the latnnes
made purety from to-the-she local matenals

5. Miscellaneous

Any other 1ssues no: covered above but found recommendable during the actior
research perod
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Terms of Reference for further Action Research on
Sanitation Technology

Besides the above ather research activities shall be carned out to cover the following
to the extend possibie within the avialble time upto the end October 1991. The work
shall be camed out in close coordination with UNICEF/DPHE

6. Field Testing of Proposed Design of Rings.

The proposed alternate design of nngs shall have to be field tested in actual
ermvironment for a considerable period of time and for a large number of nings before
such an exercise can be adopted on a country-wide basts For this purpose two or
three ad)oining Upazilas will be selected and the proposals shall be field tested under
speclal supervision and well monrtored 1o assess the acceptibilty of the proposed
nngs

This work shall be carned out upto end October 1991 to cover a rainy season for
field test durabdity

7. Research Concerning Slab

I s suggested not to attempt any experimentation with regard to slab thickness anc
that the discharge hole size is not changed from the one at present. Howeve:
following areas should be tested.

See the surabiiity of the dome type of slab not needing any remnforcement ( with
and without first ring) which has been used with success in Mozambique

Attempt a spltt type of slab/pan (slab with a hole for insertion of separately producec
collared pan) to reduce the cost dunng transport as the slab Is the single heavies:
ftem for transport.

8. Action Research Concerning Pan

To attemp: the tollowing

To improve the pan from the hydrauiic flow point of view
To make plastic pans with water seal in plastic

To make plastic pan with offset pit plastic pipe with flap
To produce plastic water seal part

Use of proper adhesve ‘

Smoothening of pan surface with some kind of ining

H a1 o
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During discussions with UNICEF it was suggested that research pertaining to plastic
components is carried out by MAWTS/UNICEF 1t was also felt important that both
types of research works are carried out in conformity and harmony with each other

9. Alternate Lining for Pits

To investigate into the use of cheap bricks for lining of the latrine pits
Type and size of mix (pure clay. clay cement)

Improvements in the mechanical device for pressure bnck production
Cost calcuiation taking into consideration cost of transport

jo SR+ S < G o |

Surable ltning for water logged and sandy areas is specially important
10. Superstructure

A substantal proportion (28%) of households will like to buy a superstructure rather
than make itthemselves. DPHE has also emphasized the need of improved, cheaper
and standardized superstructure as an optional sale item It 1s imporiant that the
standard superstructure, as an example is exhibited at the DPHE centres for
demonstration purposes. lt is also necessary to make an initial assessment of the
marketing possibines of such a superstructure either through the DPHE production
centre or through the private sector as a part of the private producers programme
as suggested in section 4 of phase |l report.

Proposals for standardized latrine superstructure components from cost
effectiveness and from the ease of installation point of view

Effort will be made on tral basis to manufacture superstructure matenals at one of
the divisional stores so that these can be transported along with other materials to

the DPHE production centres The actual demand of these elements will be thus
field tested.

11. Improvements in Casting Technology

A mechanicai casiing device to faciltate lifing of the inner ring shal' be tried out ang
fts impact gunng broduction and on economy shall be analyzed

Other ideas conceming similar approaches shall be also tested
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12. Improved Technologies

An Important segment of the market is interested in purchasing technologies of a
hugher standard than that marketed by DPHE Therefore an effort shouid be made
to improve the quality of the products like pans, water seal, slabs and superstructure.
It is understood that people are more interested in the improved quality of
visible components and superstructure than the substructure.

A number of applications of improved quality concermning mosaic and porcelam
matenals are being tried more on ad hoc basis rather than as a result of
techno-economic effort  This work will involve contact with many production
workshops in the private sector and some NGOs

13. Type of Top Soil

The cohesiveness of the soil particularly under wet and rajny condtions is quite
important for the use of the proper selection of the latrine technology. It is important
that the latrine pit does not collapse. An area mapping will be attempted from
secondary resources of data. Some monitonng effort will have to be carried out to
analyst the life of about 40 one-pit latnnes to be installed in sandy soll

14. Reporting and Cost Analysis

All the works carried out shall be properly documented with technical and economic
evaluation. Iltems recommanded for elaborate field tests shall be presented in a
summary.

The final report on the overall action research and the results of field tests shall be
presented during end 1991 It will be supported by cost calculations and technical
data for finding out the economic viability of imntroduction in production.

Persons Met
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APPENDIX-2

PERSONS MET / INTERVIEWED
For the research work

DPHE

Mr.
Mr.
Mr
Mr.
Mr.
Mr.
Mr.
Mr.

Mr.

Mr

Mr.
Mr.

Mr
Mr

Mr.

Aminuddin Ahmed, Chief Engineer, DPHE (from January 1992)
M.A. Karim, Ex-Chief Engineer, DPHE

Fanduddin Ahmmed Mia, Supermiending Engmneer, Planrung Circle
Quadir-uz-Zaman, Supenntending Engineer, Planning Circle

A.B Siddique, Superintending Engineer, Planning Circle

Abdur Rahman Mirdha, Project Director, Village Sanitahon Progect
Ahmed Mofazzal Haque, Executive Engineer, VS Division-|

Abdur Rahman, Assistant Engineer, VS-1

Mostafizur Rahman, Sub-Asst. Engineer, VS Centre, Dhaka

Abu Moslem, Executive Engineer, Faridpur

Md. lbrahim, SDE, Faridpur (from Sept 1991)

Md Waliullah, SDE, Fardpur

. Aminuddin Ahmed, SAE, Bhanga

Abdur Rahim, SAE, Nagarkanda
Abdul Barek, SAE, Sadarpur

UNICEF

Mr.
Mr.
Mr.

Mr

Cotle P. Dodge, Country Representative
Philip Wan, Coordinator, WES
Colin Glennwe, Coordinator, WES

. John D, Skoda, Coordinator, WES
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

Andrew M. Sayles, Project Officer WES

Keith Mackenaze, Project Officer, WES
Dilawar A. Khan, Sr. Programme Coordinator
A.S. Azad, Acung Coordinator, WES
Taufique Muptaba, Programme Officer, WES
Shamsuddin Ahmed, Programme Officer, ICS
Jahangtr Kabir, Programme Officer

Ms Shaila Khan, Asst Programme Officer, WES

WHO

Mr.

Mr

John Posprsilik, Sanitary Engineer, Dhaka
Motfazzal Haque, Field Officer. Dhaka
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SDC

Dr. Peter Arnold, Head SDC, (from December 1991)
Dr. Urs Heierli, Head SDC

Mr. Peter Tschumi, First Secretary {Dev.)

Mr. S. A. Karim, Senior Programme Officer

BUET

Dr. Jamil Reza Chowdhury, Professor, Civil Engg Deptt

Dr M. Feroz Ahmed, Professor, Civil Engg Deptt.

Mr. A.F.M Abdur Rauf, Associate Professor, Civil Engg Deptt
Dr. Habibur Rahman, Associate Professor, Civil Engg Deptt

' RESEARCH ORGANISATIONS
- Mr. A.K.M. Khorshed Alam, Director-in-charge, HBRI

Mr Md Salimullah, Research Architact HBRI

Mr Mowmuddin Ahmed, Sr. Research Engineer. HBRI

Mr. Akhtaruddin Ahmed, Sr. Research Officer (Chemicals), HBRI
Ms. Kazi Nasreen Faruk, Sr. Scientific Officer, Chemical, BCSIR
Mr. Md Moniruzzaman. Research Chemist, Bldg Material, BCSIR

' NGOs

Mr. 8.M. Rashid, Coordinator, NGO-Forum for Water & Sanitation

. Mr. Zia—us Sabur, Programme Officer. NGO~Forum

Mr. A, Milon Khan, Programme Officer, RDRS
Ms. Jannat-e-Quanme, Programme Officer, Grameen Bank

. Mr. Ashraful Hossain Executive Engineer, Grameen Bank
* Mr, Hasinur Rahman, Production Manager, MAWTS

Mr Hamidul Ban, Manger, R&D MAWTS ‘
Mr. Hafizul Hassan, Senior Manager. Marketing MAWTS

MANUFACTURERS .
Mr Jamil Ahmed Yakub, Addl. Chief Manager (Marketing). BSIF, Mirpur, Dhaka

' Mr. Gobinda Lal Ghose, Dy.Manager (Marketing), BISF

MI. Golam M Khan, Bengal Friends & Co , Tar manufacturers, Tejgaon, Dhaka
Mr. Atiguzzaman Khan. Bengal ~riends & Co

M:. Ahmed S.K Engg Ltd , Hatkhola. Dhaka

Mr. N Islam, Bangladesh Machineries. Nawabpur Road, Dhaka

Mr Sadegui Alma, Bismillah Sanitary Mfg. Co., Mirpur, Dhaka .

' Mr S.A Fazal, Marble Touch, Toyenbee Circutar Road, Dhaka
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