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This pubiscation Ferrocement Water Tanks and Their Constriesion
_.describes. in detail methods of constructing water storage ianks ?mm

> wire-reinforced- cemeni-mortar. These tanks are widely uced in many

- . parts: of-the. world to collect and store water for domestic, stock,
" "_"_’-imgataon and also mdustnal purposes.

_ The basic raw materia!s water, sand, cement and remforcing wire, are
-generaily _available in most countries. The construction method is
_ Simule and easily learnt by the iocal peopie, many of whom will alrgady
have worked with the basic materials. Wire-reinforced cement-mortar

‘has a variety of uses but the main advantage of using it for water tank

canstruction is its resistance to corrosion. It is also very cieap, com-

- pared with other possible construction materiais. Water tan:: built

'_.-Ltlsmg the method describea in this manual hav. withstood J.ffacuit
. “climatic_conditions over many years and tanks w’.h capacities of up to

- _;m_,ﬁm.gallonscaﬁ be built with confidence.

For ‘anvdne' contemplatiing building a water storage tank, this book is
essential readiny.

The author, 3imon Watt, M.I.C.E., is a civil engineer with over 12 years
expzrience working in the U.K. Australia, Canada, India, Pakistan,
Papua New Guines and Thaila..d He is also the author of A Manual on
- the Hydraulic Ram for Pump.ag Water, co-author of Hand Dug Wells
and their Constructicn and a regular contributor to many journals,
including Appropriate Technology.

Intermediate Technology Publications Ltd.,
9 King Street, London WC2E 8HN, U.K.
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This handbook has been prepared to describe to field workers
and others how cylindrical water storage tanks-of up to 150
cubic metres capacity can be built using wire-reinforced
cement,mggjrar Jhe main advantages of this material over

" gated ironaremitsTheapness aﬁd easy working using the mini-
mum. of expensivegnaterialy, equment and skills. 1t is, in
addition, very durable Some of the tanks described in tﬁn

a few instances of fatlure — d e Lp.the mam oor, WOI‘k"‘

manship in construction. Galvanised iron tanks everi when
‘properly made, have an expected hfe of only 5 10 vears
despite a much h|gher purchase cost. .

The tanks may be built with a smal c:apacuty for domestic
use, or larger for community water supplies, irrigation, stock

watering and small scale industrial purposes. For domestic-

use the capacity is usually less than 10 cubic metres and.may
be as small as % cubic metre; the main requirementis that the

tanks should be simple to construct by the users so that they

can coniribute their efforts towards the total cost. of the
tank. Extra tanks may be ther added by the users at! a later
date if they see the need and have the resources. Sehc help
tank building programmes can be équipped with . soundly
made formwork on which the tanks are buift, which can be
used for building many tanks. The extra cost of this equip-

. ment, which -makes construction-almagt foolproof, mayethen

‘be spread across*’ﬂ% the tanks- Makeshi¥t formwork .is aiso

used-on isolated tanks but this increases the risks of poer.

construction and subsequept feakage-ffThe larger tanks of up
to 150 CUblC metres C4g8
but require greatér osgamsatlon du’f"ﬁg their construction due*
10 the greater quantity: of raﬁforcmg wireand mortar invoived.

8 4 “\
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Storing water in-tanks built on the surface has many ad-

vantiages when compared with- storage tanks excavated into

the ground. Besifes avoiding the need for laborious excavation .

whith is almost impossible by hand in some hard dry soils,
the tanks can be observed for leaks and easily repaired by
irowelling a layer of mortar anto the inside of the empty
tank. tn addition, although the storéd water is likely to he-
come hotter in the sun, the risks of polluted material fa,lliﬁg
into the tanks are reduced. Water stored above ground can

flow out under its own weight whereas it has 1o be pumped‘fg_

out of a ground tank.
The handbook has been divided .into four parts;

Par; 7 descrlbes how the tanks are planned and designed.
It gives the general sizes needed for different uses and an
indication of the costs of these buil#in different parts of the
world. A chapter is included on the ability of stored water
to pur:fy itself. The basic desigri is described to show how
the reinforced mortar carries the loads rﬁen the tank is full
of water. L3 * N L

Part 2 “gives standard and recomm_ended met_hods of
constructing both small and large tanks using prefabricated
formwork. -

Part 3 describes various other construction methods tha:[_
have been wused in different parts of the world with the-

" materials and equipment to hand; ope of these is a success-
ful commercial method. While some of- these are not recom-
mended becausé of cost and the complications they produce
during building, they demonstrate the wide variety of ways
* that reinforced mortar has been successfully used.

Part 4 gives approximate. calculations of the expected

loads that the reinforced mortar must carry. |t describes roof:
catchment water supplies in detail; sources of further infor~

mation are also listed. -

Hand trowelled, thin-walled cement-mortar water ‘tanks
‘are not difficutt to build and may be used to store many,
different liquids and materials other than water. It is-hoped

that this handbook will encourage field workers. to explore.

and utilise the wider p035|bmt|es of the mater:als

S B. Watt, C. Eng.
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Part 1 P!@nning\"& Desigf"ti_rjg the Tank

<

Chapter One ' - e
Introduction
Water, tanks made from wiré-reinforced cement-mortar are

3

used widely n many parts of t e world to store water for
domestic, stock irrigation and industrial purposes. They are
built by hand trowelling a cement-rich mortar onto a mesh
of wire reinforcement to form cylindrical tanks with thin

walls which vary in thickness from 3 to 10cm depending on’

the size of the tank. The steel reinforcement usually-consists
of straight fencing wire wrap@d during construgtion around

a cylindrical formwork, or woven wire mesh tied to a support-

iNg framework of weld mesh or heavier reinforcing rod. -
.. Although this publication is called Ferrocement Water

‘Tanks and their Construction, this is not strictly accurate.
The tanks.it deseribes should really be called wire-reinforced -
.cement-mortar water tanks. The main difference is that in

ferrocement there is a very dense mesh of woven or welded
reinforcing wire that has to have a minimum value of wire

volume for each unit volume of material. The quantities of

straight wire reinforcement used in most of the examples
collected for this ‘publication fali far below this minimum
value, although they provide amplé strength for the purpose.
Nevertheless, the material is closer in many respects 1o ferro-
cement than to ordinary reinforced concrete; this wHl be
described in greater detail in Chapter 4. The wires distribute
the loads through the mortar preventing them from concen-
trating in plagés of weakness which would fead to the early
failure of an unreinforced material. The straight wire rein-
forcement is chosen because it s both many tithes cheaper
than the equivalent weight of woven wire and is easy th‘Wrap
around a small diameter cylindrical form.. -

This method of water tank. construchon is partlcularly
suited for use in low income rural areas for the fo[lowmg
reasons:

11




) Commonly available materials , .
The basic raw materials of water, sand, cement and"
reinforcing wire are available in most areas and are

~already being used for many familiar purposes; in-
/. addition, except for the cement which must be kept
dry, the materials are not easily damaged during

. transportation;

i) Simple skills needgd
- The practical skills needed to use the materials are
often known locally and untrained people can make
satlsfactory Ianks after only a Tew days supervision.

i) Self help contnbunon
The users of the tank can help In collecting sand for,
the mortar and in doing most of the heavy construc-
tton work; Iin this way they can contribute work
instead of -captital which they mlght find d|ffrcult to

o COmeby. -

v} Simple equipment
The-construction techniques are simple and do not
demand the use of expensive "and sophisticated

“machinery nor a power supply; trained supervision
can therefore be kept 1o a minimum. l.eaks resulting
from bad workmanship or damage can be simply
repatred and maintenance’ after gonstruction is
negligible.

v)  Shared cost of formwork _
Where needed, the formwork used during construc-
tion can be made from cheap local materials such as
timber or even adobe, or it can be prefabricated from
more permanent materials to be carried from site to
site and used to build many separate tanks.

. Wire-reiriforced cement-mortar is used for a wide variety
of purpases but its particular advantage for water tanks is its
ability to resist carrosion and its cheapness in comparison
with other materiats. Circular, corrugated galvanised iron
tanks have been widely used in the past for water storage but .
thesexare. expensive and corrode and burst within B-10 vears,
ever’ if they are carefully maintained. In contrast the life of
a water tank made from reinforced cement- mortar is expec-
ted to exceed 50 years of r"cltmuouc use. :

12
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The thin walls-of the tank are able to deform under load
and help prevent the early concentration of stresses that
could cause failure of the tank. The dense wire reinforcement
distributes the stresses through the mortar shell increasing its
abitity to carry the pulling and bending loads without crack-
ing. This flexihility cannot be achiéved in conventional steel-
bar reinforced concrete because of the greater thlckness
involved.

Wire-reinforced cement- mortar tariks have been weH paroven

in use‘over many vyears in the extremes of climatic conditions,
and can be built confidently with capacities up to 150 'cubic
metres (about 33,000 gallons),aithough tanks: of over, 450
cubic metres capamty have also been successful. v

[P
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Chapter Two _ o
Water Storage dnd Costs of \,onstructlon

Suze of tank needed .7 . i

1

The size of water storage tank that is needed depends on the

use 1o which the stored water is to be put. Small-scale water -

storage, even in the cheap tanks described in this publication,
is still relatively expensive. This effectively limits, the use to
essential domestic ‘water supplies, community water supply
systems, irrigation water for high value crops, stock watering

" and industrial purposes. The tanks $hould not be built above

ground on a tower unless specialist advice is available.

1

a. Individual domestic water supplies

‘In many areas of the world water ‘that runs off the house -

roof is collected and stored for later use (see Fig.1J. The roof

has to be mad® from suitable durable materials such as clay.

tiles, galvanised iron or asbestos-cement sheets, etc. The roof
acts as a catchment area to intercept the falling rain and has
the great advantage that ifs cost is usually met during the
construction of the heuse this tnerefere subsrdlses the cost

of the water supply.

The size of the, storage tank needed will depend 6n the.
water demand of the residents and the amount and frequency '

of the rainfall. Chapter 16 describes how the tank size may
be estimated. In wet tropical areas the small unreinforced
jars of less than 0.5 ¢éubic metres capacity described. in
Chapter 9 will make a major contribution to supplies, but in

‘dry areas the water will be used up quickly and replenished
less frequently. In these cases, a larger and more expensive -

tank of 10 cubic metres capacity or more will be required.
This type of water supply has the great advantage that it

is" unlikely to be contaminated and.is within the control of

14 I. .* K
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Fig. 1 Catching and using the rain water from & roof . _ . N\
Rainfal . ; Rainfall - a " ]
o e - J
it .
- v
£ . ! -
1
- Storage tank - - ) “
-y 'k, ; ARRANGEMENT OF
: ROOF CATCHMENT TANK -
Ovearflow . - o,
% ; '\* ?
Waste water to . : - .
secondary storage g e ; *
or garden L o Co
Lty ' | o
Jrr/,'{:-‘:.‘{tv!.. B
o
CROSS SECTION OF HOUSE'AND TANK .
\\f\.,_
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the users to ration- Gf"U%{% completely during the dry periods

_ as they,see fit.

.AI‘IF‘FIFJlI'I' 'jr‘\ﬁl |+ ic Ill/o Y] ‘Inh s

. ‘Community water supplies

In hospitals,.schoois or community centres the advantages .
ef the large roaf and a- Iarge sjorage tank to catch the run-off
can be shared bgween many people. Control of the rate
that thg water is taken .frésg esehi‘ommunal tanks will bg

l
e wastefully used unless

T I L Al ia 11 IY

water consumption is cage‘f fined. In areas that.have"
large numbers, of suitably rodf&¥ houses the individual tank
to each household will probaba’y. be the cheapest and most |
acceptable choice!

. The larger tanks can be used jder tanks in small wates
supply schemes; these keep the P ure in the dehvery pipe-
lines constant and will act as a "buﬁ‘e; during periods of high
demand, refiiling dur:ng periods of slack demand. The tanks
are also used to store water colls eted from specially prepared
ground catchments where the Iarger size of tank allows sig-
nificant economies of scale (for.a given height &f tank the -
amount of material needed in construction per unit volume.
of storage decreases W|th rncrease in storage).”

C. Irngatmg_h:gh value crops .

In parts of the world where farmers are growing high value
crops for cash sale the expense of a water tank may often
be justified.’ The water may be collected either from a catch-
ment area or pumped by windmills from underground it is
then used sparingly -as and when itis needed at the-discretion
of the farmer. o y

Storage tanks are partlcularlw valuable for wse with the
wind powered water pumping systems where the greatly -
fluctuating .wind speed gives an erratic output from the
pump; the reservoir of stored water can then help to provide
a continuous supply. An example is illustrated .in Photo.1.

The use of costly stored water *for subsistence crops is
likely to be-prohibitively expensive in ‘mbst cases unless the

-water is used~for gssential ‘survival irrigation” where.without

the water the crops would be totally lost in -periods of
drought :

16 : : ~!




S Photo : Peter Fraenkel
£ : Photo T Tank for stock waterin
f The srreaks or-the outside of the tank indicate that it has been leaking
— probab!y due to poor, workmanship, this has not affected the
structural somdness of the tank P
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- checked first. Some tank users have-safely stored a wide
range of fiquids — ranging from wine to sewerage wastes.

1

R

Y. Stock warermg ' s

*Parts of the semi-arid areas-of the world that are too dry..- L
f&r tillage agnculture can carry large numbers of grazmn -
animals=— provided that a reliable source of drinking water is. '
available for them. This water is either pumped up out.ofthe =~ . -
ground or is caught in specially prepared ground cajchment.. : 7
areas. Reinforced cement-mortar tanks, . either open or with -
sealed roofs to minimiseevaporation. losses, can- provide the
st@rage needed for a water supply; the outlet from the tank- -
usually: aytomatically controtied o prevent wastage. In order
to prevent overgrazing the tanks should be small, numerous.
and widely dlstnbuted rather than large and concentrated at
a few places R

*r
.

e. Industnal_use' - ‘ -

There are many liquids used in industrial processes that
need storage. Many of these can be kept in the tanks al-
though a possible damaging reaction with the cement must be

Cost of construction
The final price of the tanks will vary aCCOrdmg t local
condit®ns but wili depend on the followmg s
Materials ™ |
The- cost of the sand, cement and steel wrre or mesh
reinforcement:-’ - - -
%mmm' | '
- The cost of the formwork made either for one usage with
temporary local materlals or of mote permanent construc-
tion from,steel sheeting and angle iron. The Iatter may be
used many times. - '
Wages : ‘ .
f The cost of wages for plasterers and Iabourers n‘\the tank is
/ not built totally by ‘self help | :
Superwsron : l
The cost of supervision durlng construceon
Tramsportation > .
The cost of transportmg the materials and supewlsors o

Mamtenance costs for these tanks after construction are °
usually negigible ~ they w1{l give a trouble: free llfe :

18 ) .- H'
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The cement and reinforcement must be carried to the site

and in_isolated areas this can add substantially fo the total '_
cost of construction. However, the materials are not suscep- .

tible to serious damage cfurmg transportahon ‘and, with the
exception of the cement, do not need spec;al protection.

‘Straight” wire in coils W|II be very muchishe
and transport than the equwalent we- oy ;
wire mesh, '

The great advantage of these tanks in rural areas is the
DOSSIbIIIt\/ of allowing the'users to centribute their time and
skills towards the costs of the tank by"ollecting all the sand
necessary for the mortar and doing most:of the trowelling
work. This is in contrast to the galvanised. iron tanks which
are carried into the area of use from outside and erected by
skilled workmen. The relative costs of tanks made with
different materials are shown in Table 1 and a more detailed
hreakdown of costs for one of the larger ‘tanks is given in
Table 2. Both of these tables should be used with care as

aper 10 purchase

prices will depend mot only on material and labour CGS’[S but_

also on the efficiency of construction,

Table 1 demonstrates the wide range of costs that may be'"

expected when building these tanks in different areas and the
economies of scale to be feund in the larger tanks. The higher
prices of the New Zealand factory-made tanks reflects the

higher wage costs in that.country; elsewhere, in the case of

the Rhodesian self help tanks for example, self help construc-
tion reduces capital cost considerably even though the tanks
take longer to build. Accurate local pricing of the tariks can
only be carried out by comparing different building tech-
njques and material costs in each area. The exceptionally low

t/OSt of the small Thailand water jar results from easy access .
o\(ement supphes and ‘the absence of expensive wire mesh "

Jeinforcement in the design. - _ .
/ Table 2 gives the breakdown of actual and percentage costs
~for a large (150m?) tank. It shows the relatively high cost of

the skllled administration and transportation needed 1o .

construct a tank of this size. In this case the formwork was

a small fraction of the total cost and would be reduced even -
further if its use could be spread oVer several tanks durmg a.

tank building programme.

1
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=~ Table 1: Typical Coéts and Labour Requirements for Thin Walled Cement-Mortar Water Storage Tanks *
; L Materials Labour . 3 )
. _ . % Total Man B Tor;_a! Total Cost/m N
Tonk C?r?:%)! Y Cost SIUS)  Cost  Cost SIUS) days O stg 1$/m3) '
l] feen ————
1. Wira Rainforced Cement-Mortar Tanks ' : T
’ Thailand water jar 05 05 100 - 1 - 0.50 1.011974) .
B - New Zealand 45 NA NA 2 93.0 233
) . * Factory-made ) _ . 135 A - NA 3 ~ 2100 156019737 T
. Tanks. : 22.5 NA - NA 5 —~ 2800 124
o Self-help domestic tanks, Rhodesia: - ' - :
B Self help and supervision ' 5.0 625 66 300 20 34 925 1Q.311973)
- -Sell help only* 9.0 62.5 100 . 18 - 62.5 6.9 )
. Experimentai tank buiit without . . _ ’ .
. : ashuttering, UK, = 6.3 55.0 100 - % - 16 - 55.0 8.7(1974)
o . === 7 Hans Guggenheim tank, Mali 10.0 INA .- - - ' NA NA .
e . Rhodesian tankyvith roof 40.0 //NA - - - -  NA NA ,\
- U.S. tank built with ’ ' . : * N
L _ ..  with weld mesh _ . ¢ 167 300 100 - 10 - 30.0 1.9 1965) -
i with woven mesh 1390 98.0 100 - 15 - 98.0 0.7
§ . Rhodesian tank with,open top, _ o _ g
Self help and' - L.” 150.0 199.0 .2 246, 34 40 6120 4.1(1960)
supervision ’ . - »— - - 435 '
2, Cu'rrugatad-iron Circular Galvanised Tanks
) Swaziland*® - 228 - - - - - - 450 200
" Swaziland* . . 4,50 - s - - - - 656  14.6{1973)
Bulawayo* - 90 - - - - - . = 100.0 i1
‘Bulawayo® h ! 9.0 - i - - . - tizo 124
L NOTE: : . : T ] LT
C - ltems marked with an astqrisk* have been taken from Catchment Tanks in Southern Africa.— A Review by ., .
; A. Pacey, Africa Field Wark and Technology Notes, Oxfam, U.K., 1974, k. ' <L
KEY: Man-days — the number of men working x number of days. NA .— not available. . - : B : -
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Table 2: Constructign Costs and Bill of Quantatles for :
10m dia Tank with a Concrete Floor, 150m capagity,
built 1960, Rhodeslq

Total -

: Toraf
item - Quantity Rate Cost % C‘c:ra
e e . 35A
Labour ) { . ) _
1. Trawned forerman (17 days} - 184 hrs. 1.0/hr. 1540 252 .

2.6 No ufiskilled labourers {17 days) 1020 hrs. 0.65/hr. 66.3 10.8
{Parual self:help} t No. skilied ; )

*  bricklayer {17 days} 170 hrs. 0.16/hr. 265 ;4.2
) Total Paymem‘ .
for Labour 2458 40.2
Walls and Flaor )
3 Cement 100 bags® 5000 Kg. 0.18/bag 80.0 13.1
4. Coarse sand ' m3 14 /m3 99 16
5.Fine sand {for walls) _ 5m3 0.6 /m3 33 08§
6. Coarse aggregate {1%cm dia)” 55m3 3.0 /m3 161 2.6
7.39m x tm pig netting 4ralls 6.4 /rl 258 4.2
8.370m rolls 4mm ¢ galv, wwe 6 ralls B3 frl 50.0 8.2
_ 9. Soft.iron wire troll 82 /i1 . 82 03
10. Bitumastic primer 4517 ;1‘1 {drum 11 0.2 .
© 11.Brumen joiniing 45 Kgm* — 3.0 05
12.Celatex for joint gaps — - 1.9 0.3 .
. Totat for Wall ‘
and Floor 1993 325
Cutlet Works ’ . ’
13.7.8cm sluice valve 1 No. — a9 1.6
14.7.5cm ftange 1 No, - 0.5 01
15.7.6cm long bend ° 1 No. - 2.3 0.4
Total for
, Outlet Works 12.7 2.1
e — —_— . 7
Formwork etc. ) ' ) »
16.2m high coreugated galvanised iron - - 47.5 78
17 Tools, etc. - - 19.2 31
' Totat for Lo ; _ :
Formwork etc, - 66.7 109 ° f
Transpor‘t am:l Plant Hire L ) "
18. Trapsport \ T - 68.5 11.2
19 Water cart and concrete mixer — - 19.9 3.2 )
Total 884 144 *
.« Total Cost of Reservotr (Including Formwork} $612.0 1000
: W : ; ‘ (1960}

NB: These costs have been taken from the article referred ta in Chapter 17 in
order to indicate the relative proportion of costs between labour, materials,
formwork and fransportation. The quantities of cement and reinforcing wire
differ constderably from those calculated for the similar tank shown in Cha.pter
8 but they are included for conslstEncy
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ound, weil made formwork makes the construction work
sfmple and foolproof as the reinforcing wire can be wrapped
irectly onto it and tied in place. The formwork should be
esigned and made to be stripped down into simple pieces
that can be easily transported from site to site. Well made
forms will last many years and their cost for each tank will
therefore be smail. o~

For single isolated tanks the cost of prefabricated steel
formwork is often prohibitive. Cheap, temporary forms can
be made from locgl timber. Some tanks have even been built
around adobe walls which have been erected and plastered
smooth on the outside; the wire reinforcemant and mortar
Is then built dround this and the temporary adobe walls
removed when the mortar has hardened. . '

Several methods'are also described in Part 3 that avoid the
use of the initially expensive formwork. These use- either
weld mesh or angle iron to stiffen and support the reinforcing

fwire during the application of the mortar. Weld mesh and
fwoven wire mesh are retatively costly” materials and it is
“doubtful if this method of construction would be cheaper
_than constructing a temporary makeshift form from local
“materials; solid formwork that will net move during con-
~struction is a highly recommended investment even when
only. a few tanks are planned. L

= hd
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-Chapter Three *
‘The Effect of Storage on Water Quality

The Bacteriological and chemical quality of the water stored
in the tank will depend initially on the quality of the water
put into the tank. If the tank is yot open to further contam-
ination the stored water will in time purify itself of most of
the harmful bacteria by natural processes. This progcess of self
punfication is used as an essenﬂal steo (N Most modern water
treatment works. -

The water pumped from a protected underground source
will mvarlablv be free of harmful bacteria, although In some
areas It may be undrinkable due to the presence of ‘dissolved
salts. Surface water supplies open to the atmosphere, birds;
animals and human activity, are much more likely to Be con-
taminated. These sources of supply should therefore be pro-
tected, and the risks of disease-causing bacteria entering the
tank at any time must be kept to a minimum. ™ = -

Water running off roofs into domestic tanks, may contain
wind blown dust, bird and animal droppings and, if the roof
is flat and used as living space, human contamination. This is
usually carried in the first flush of water running off the roof
after a dry period; in.some parts of the world, it is common
practice for the users to hold the downpipe away from the
tank to allow the first polluted flush to run away to waste..

There have been very few measurements of the pollution
load from roof catchments but the long history of their use
suggests that the water can be safely used for drinking and -
domestic purposes with few health risks. Ground catchments
that are open to animals and people are more likely to be
contaminated and they should, if possible, be protected by a
fence or wall. Material Contalmng harmful bacteria on both
roof and ground catchments is likely to be quickly dried and
sterrhsed bv the heat of the sun before it is washed off by




rainfall, especially in the semi-arid parts of the world.

Diseases that are related to water'and water use are major
causes of sickness and death tc people who do not have pro-
tected or purified water suppliés, efficient sanitation and an
understanding of basic hygiene. Any measures thdt reduce
the risks of these diseases wi| therefore be of the greatest
value to the water users’ v .

. The bacteria that cause some of the most serious or fatal
Hrnesseb, espectally cholera, typho!d and dlarrhea in children,
cannot hve for any appreciable time outside of the human
intestine, and in such an unfavourable environment as stored.
water will die out almost compietely within the first week
feaving a few which can last up to a month or so. Diarrheal
diseases need the presence of large numbers of bacteria in
the water tor the disease 10 be transmitted and even storage
for a few days will Substantlaiiy improve the quality of the
water. Cholera and t\/phord on the other hand, can be trans-
mitted by ingesting only a few bacteria and water storage of
less than four weeks should not.be considered to render the
water harmless. '

Maost of the experiments that have been carried out in the

past to determine how pathogens survive in water used
heavily polluted water at a temperature of 10°-18°C. If the .
stored water s relatively clean and the temperature is higher o
then 1t may be expected to be purified even more quickly.
The exception to this will occur with grossly contaminated
water that will probably quickly turn septic and start to smell;
however, this will also be totally unpalatable to the users. Jn
~this instance there is a possibility that some bacterla will
survive and even begin to breed. :

Storing the water fof several weeks will therefore destroy
most of the main disease-causing pathogens and also give
most sediment and organic matter time to settle out. They= |
users will be at greater risk if they consume contaminated
~water within a week of the tank being filled; this can be
overcome by boiing or otherwise sterilising the water, e.g. by~
chiorine tablets, before drinking, or by having two- tanks
which are used in turn. An alterpative methad of treating
the water that has been suggested is to have a sand filter ‘'off-
take at the bottom of the tank, This is described in greater
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detail in the next chapter.

" The question of heal¥
considered 1n greater de
mation may be founc
10.

After the tank
water will dissolwe
from-the walls ang

1o affect the waisr
a second filling,., .

The water ¥ the tank must of course be p_rotected from
any further possibility of contamination. As shown in Fig.2,
a cover is usually .necessary for this, and the tank must not
be allowed to act as a breeding ground for malarial mosquitos.
Household tanks especially must be protected and covered,,
overflow pipes should be covered with fine wire mesh.to pre-
‘vent the entry of insects and. flies. The inflow to the tank
should if possible be covered with a wire gauze screen; this
will prevent rubbish from flowing into the ‘tank with the.
wat‘er\Td will stop Insects, fties'and rodents from falling into
the tank, . ’ '

" Water “for animals and irrigation does not need to be so
carefully protected but steps should Be: “aken to reduce the

risks of comammatlon to the minimum. =
> '\ *

nd water quality 1s 100 large to be
L in this publication; further infor:
ihe references quoted in Chapter =

31 't?ui'it, the first volume of stored
= of the compounds in the cement
me slightly atkaiine. This is uniikely
to any great extent and will not occur on

\ : | g
Mesh sjieve to /\ \ \ i _.-.'i;"r'"":
- stran -.nﬂow 3 * Overflow covered with -
) mesh insect guard
» Water level .. o
——— e e ";
¥
T : ’
ap ~ \
* B S S S L LY
Fig.2 Protecting the tank from further contamination e
. e
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Chapter Four

Designing the Tank

The great advantage of wire-reinforced ‘mortar over conven-
. tional reinforced concrete for water tank construction is its
ability to resist shrinkage cracking during curing, its resistance
to severe cracking under tensile load, and ihe need for onty
one set of forms for construction when the mortar is applied
by hand to one side. Pouring a thin shell of condtete between
two closely spaced shutters — the conventional method of
reinforced concrete construction — is a h*ghly skilted and
difficult task.

Wire- remforced cement-mortar has been used sqccessfully
for many vears ahd indeed was used to make a rowing boat
in the middle of the 19th Century, one of the first recorded’
instances of ‘reinforced’ concrete. It is more flexible in thin
- shells than .the more conventional steel bar refnfprced con-.

¢rete and it is useful to descr:be in some detail its expected
“charatteristics.” :
L

How does wire-reinforced mortar behave?

Unreinforced mortar and concrete are strong uneer com-
pressive loads but wvery weak at resisting tensile or. pulling
loads; structures made from these materials that are subject -
to excessive tensile farces or bending will fracture suddenly .
- without cbservable stretching and development of fine craeks
{see Fig.3). . v

The weakness in tension and the brittle’ type of failure
occur because however carefully the .mortar- is mixed and -
placed there will always be planes of weakness between the
edges of discrete lumps that make up the mortar These are
exaggerated "By shrinkage during curing and by imperfect
bonding between each layer of mortar that is trowelled on. In
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Fig. 3 -The mortar under load

compression these planes of weakness are held together by
the load, but undér tensile ioading they will open up, beyond
their elastic limit, Coalesce with other*gracks and rapidly
cause the morfar to fail. '
Conventional relnforced concrete is desugned 1o overcome
this characteristic by allowing the tensile’ ioads 10 be taken
completely on the reinforcing bars — the concrete in tension -
being assumed to have no strength, In reality, however, the
reinforcing steel works to limit and control the tendency of
‘the concrete to crack under tensile load according to the
amount and distribution of the steel lﬁars or wires and the
degree of loading. «
In reinforced cement-mortar under moderate tensile Ioads
such as those found”in the small water tanks described in |
this handbook, the mortar may be assymed to contribute
greatty 1o the tensile strength of the composite layer. This
‘occurs because the wire mesh /distribujed relatively densely .« -,
through the mortar, will ‘allow the load to be taken through-
out the complete tayer and will prevent the early concen- .,
tration ‘of critical stresses in planes of weakness. Any'cracks t__
that- do appear under moderate Ioad‘mg will not bg wide |
enough 1o allow water to reactv the remforcmg wirgs and
start corrosion. ,
“The structural behaviour of a wire-reinforced rnortle shell )
_ s difficutt to calculate with any exactness espe<31ally fthe 1
‘whres, 'in the case of cylindrical tanks, are fixed ‘malnly in \




one plane around the tank. In addition, the mortar that is
trowelled by hand onto the tank will inevitably be of varying
thickness or strength. The calculations shown in Chapter 15,
however, suggest that the smaller tanksare not highly stressed
and there would seem to be a large factor of safety in most
of the designs. This is demonstrated by the successful use of
the tanks over many years.

The tanks described in this manual are in the shape of a
cylinder with a flat floor and sometimes an integral roof. =
To achieve the greatest strength the tank should ideally be
designed with the walls curved like a shell in both dlrectlons
horizontal and vertical (see Fig.4). |

This will-atlow the water loading on tlJ\e tank to be distri-
buted over ali of the tank structure and pr‘event critical break-
Ing stresses from building up at an eariy stage at any one
section. However, constructing tanks qf this shape is very
difficult and expensive; complex shaped formwork has to
be used and the reinforcing mesh must be carefully cut,
placed and tied down. Cylinders are very mush more simple
to make but the stress at the base of the tank where the
walls join the floor i3 comparative!y large and the joint
must be made strong enough. .

Fig. 4 Curved walls for greatest strength

The components of the tank

a. Foundation : -

The foundations of the tanks carry the we|ght of the _
tank and water down tgythe ground. The floor in the. smaller
tanks is usually continuous with the walls; the floor slab
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carries the weight of the walls and the water dlrectix?\on the

toundation (see Fi1g.5). | ) k ﬁ

—

Weight of water and tank

UL ;
(W\

REGISTALLE OF L£ail FauMbA‘nor\.\

Gravel

CROSS SECTION THHOUGH TANK.
CIAGRAM OF FOUNDATION LOADING

Fig. 5  Foundation 8f small tank — waiis‘and bas.e joined
*

The larger tanks usuall\/ hgve the floor bth separately
from the wallszand the floor, slab therefore supports only the
‘weight ;of water in rhe tank; separate foundations are’ needed
for the walls {see Fi1g.0). Ve | __ -
’ Weight ;:)f Weight of
CROSS SECTION THROUGH TANK Jtank wall water ~

r 4

Ji
@ =)

FOUNDATIONS RESISTING TANK LOAD

Fig. 6  Foundation of large open tank — walls and floor separate

{ Preparing the foundations is one of the most important
steps in tank construction and is con5|dered in greater detail
In later chapterb :

- b. Wa//s '
_ The thin cylindrical walls, if they are free to move at the
"jbase when the tanks were full of water, would stretch under
load to give only hoop tension forces within the walls (see
Fig.7). - :

To prevent leakage, however, a flexible watertight seal of
some. sort would then be needed between the floor and the
walls which will produce complications in design™and €on-
struction. All of the tanksdescribed in this publication have
the walls built continuous with the floor or foundatiors.
Although «this produces some design difficulties it is an
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N almost universally adopted technlque for the relatlvely smatl
shalrow tanks considered. :

Originat wall pasition —
nk empty

’ Sl'iding ;'oint/' Water pressure

Fig. 7 Walls free to move — exaggerated wall deﬂection

The loaded tank will then deform roughiy Into the shape
shown i Fig.8.

. - »
f | Wall position —
[ tank empty

]

i
Wall deflection — ¢
shding joint - {

L..q'

I PR —
Rigid joint N Water pressure

Fig. 8 Waffs”;’ofned'wfrh floor

Analysis for the, actual stresses.of the water filled tank
built im this way is very difficult as the design assumption of
a homogeneous and uniformly elastic building material will
not be achieved in practice. The analysis.in Chapter 15
& suggests that the vertical tensile stresses set up ‘across a hori-
zontal plane at the joint of the wall and the floor are nearly
double the hoap tension stresses produced by the walls
“stretching outward under load. This indicates that the-tanks -
Should be specifically designed with vertical reinforcement
both in the walls and between the wails and the ﬂoor to
prevent cracking. =
Most of the tanks deseribed in thls manual have hoop wire
reinforcement with only a single fayer of the more expensive
wqven mesh. The woven mesh, which is made continuous

30 . © e




LA
1

Large joint

between the walls and the floor or the foundation, will there-
fore provide the reinforcement that {imits 'cracklng at this
joint. Experience with these- tanks built-under a variety of
L.Oﬂdl'[lOﬂS suggests that severe cracks do not occur at the
Joint under normal loading. -, - . :

The joint will not remain Completely rlgid however. It is
likely that very small cracks will open, amd that the joint will.
benf outwards and throw & greater part of the loading onto
the hoop wire reinfdrcement (see Fig.9).

-

@ ~ Small joint loa@

toad * . .
ot JOINT RIGiD . JO!N_T'PLASTlC

Fig. 9  How the loads are taken

These fine cracks are unlikely to be serious. If, however,.
they become wide enough to allow water to reach the rein-
forcement, because there is insufficient reinforcement or
the wires are too widely spaced, Corr05|on and eventual

fatlure will occur.

In most of the tanks a thlck mortar. covung is bth up

-arounrd the junction of the floor ér-foundation and the walls

to strengthen the joint. The performante of this coving is

difficult to predict but as there have heen only a féw recorded |

instances of tank failure, due mainly~to poor workmanship,
it would seem to prevent the cracking or limit it successfully.
An alternative solution is to cover the jUﬂCTlOl’l of the wall
and the floor with a bitumastic paint, _ -

The woven chicken or pig mesh layer that is Wrappr—*d
around the shuttering tinder the hoop wire in several of the
designs will play an important part in preventing cracks occur-
ring as a result of shrinkage and loading. Although it is

g

Cracks in joint throw
load back onto hoop wire
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expensive it will contribute greatly to the soundness of the

| tank. ' ’

The tentatwe calculations given in Chapter 15 indicate
that the stresses in a 2m high tank which is less than 10m in
diameter with walls bcm thick, will be small enough when
full to be taken by a well made and carefully applied mortar
with the minimum of.reinforcement. In this case the reinforc-
ng wire wi H behave mainly to strengthen the tank against

‘p.ereture str_,esses, handlmg Ioads, etc‘ In Iarger tanks, how

ever, the full amount of reinforcement is needed to take the
greater stresses set up by the wegght of the contained water.

&. Floor

The concrefe floor of the tank may be built either before
or after the construction of the walls. In small tanks {less
than 5 metres in diameter) it is usually built first to give the
walls a solid foundation and. s made continuous with the
walls. |n the larger tanks (up to 10m diameter} it .is also .

rusually cast before the walls; a bitumen movement joint

between the floor slalby and the walls is provided to take
expansion and settlement, Building the floor before the walls
saves the work of lifting the concrete over the completed
walls. In "both cases, there should be wire reinforcement
running from eititer the base slab in the small tanks or from
the [foundation of the larger tanks, up into the walls to

. prowide resistance against cracking.

With larger tanks {over 10m in diameter}) the concrete
floor slab must be cast in sections with bitumen sealed expan-
sion joints between the sections; this allows the floor to
expand and contract without cracking. The floors of the
smaller tanks described in this manual can, however, be buitt
successfully as one continuous slab. |

For cattie or irrigation water tanks the concrete floor may
be replaced by a layer of worked clay and this will reduce
the cost of the tank considerably. A suitable clay that can be
‘puddled” or worked plastically is spread over the floor of -
the tank, moistened with water and rammed to compaction
— a herd of goats has even been used for this. The clay floor

~must then be kept wet otherwise it will dry out and crack
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allowing the water put in‘the tank to leak out. The inner end
of the outlet pipe for the tank must therefore protfude 10cm
above the top of the clay to leave a small depth of water over
the clay iayer when the tank is emptied, this is gaod practice
anyway. Alternatively, the concrete floor may be replaced by

- a sealed plastic sheet laid out to form a water proof membrane

and tied into the base of the walls. It is protected both above
and below by a layer of sand (see Fig.10).

Plastic sheet between sand layers,
Sheet glued to outlet pipe and walls

CLAY FLOOR PLASTIC MEMBRANE WITH SAND

Fig.10 Alternative floors

d. Roof 7

A roof provides a good cover agamst evaporation, which in
hot dry parts of the worid can exceed 2m/year. It preverts
the access of rubbish, inseets and rodents and it also keeps
the stored water cool. The tanks described in Chapters 10,
11 and 13 have integral shell roofs of wire reinforced mortar,
between 3 and 5Scm thick, .cast continuously with the walls.
Tanks of up to 5m diameter have been successfully roofed
in this way and have stood up torfong exposure in extremes
of climate. The extra stresses set up by the welght of the roof
are not great if the, junction between the roof and-the walls
is curved; sharp angles concentrate stresses and initiate cracks.
The greatest stresses set up in a roof of.this sort are caused

by its expansion in hot weather from.the heat of the sun —

these .stresses can be over. 20 times greater than the static
loading stresses due to its own weight. For this reason the
roof and walls should be painted white to reflect the heat of

“the sun or be protected with a covering of thatch (see Fig.11).

T-he roof may also be built from lighter weight materials;

such as sheet aluminium or galvanised iron, fastened to a .

conventtonal structure erected over the®tank (see Fig.12).
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. Thatch on concrete -
Smooth curve &

-CURVE BETWEEN ROOF AND WALL ROOF THATCHED OR PAINTED WHITE

Fig.11 Roofs for tanks less than 5m diameter ‘

. Sheet metal roof on
angle |ro‘| lattice

,/”'”(" VV

‘Fig.12 Roof for larger tank

e. Tank fittings

Most tanks will have pipe fittings of some sort to take the
- water in to and out of the tanks. The.outlet pipe for the .
smaller tank is sometimes taken through the walls; the out-
flow pipe through the top of the wall; and the water enters
through the top opening. With the larger tanks, however; and
the larger volumes of flow that their use dictates, the inlet
and outlet pipes are taken through the floor. This reduces the
risk of cracking and leakage around the pipes which would
obtain if the pipes were cut into the walls. The overflow may
still be taken through the top of the wall. In all cases where .
the outlet pipe passes through the flpor a wire screen of some
sort 1s recommended, to prevent the outlet pipe being ac-.
cidentally blocked b‘,'/"debrls

The outlet pipe mouth is usuatly placed 10cm or S0 above
the level of the floor to prevent sediment that has settled
from being carried out of the tank. The inlet pipe may-also
be taken in ‘through the floor in which case the'optional clay
floor of a Iaréer tank must be protected against scour. '

The hole for the overflow pipe to the tanks is cutTout of .
the mortar while while .it is still ‘green’, i.e. before it has‘set
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properly. The-pipe, which must be krge enough to carry
away the anticipated overflowing water, is set into this hole;
plastic pipe is not suitable because it is/fet-rigid enough.
With covered tanks used for dom€stie’ purpgsés the pipe
must be'covered with a layer of fine magh to prevent malarial
mosquitos or insects from entering and breeding in the tank.

On the larger tanks used for cattle watering the outlet.is
often provided with an adjustable pipe section fitted inside
the tank; if, therefore, the water trgugh is damaged by the
animals or if the ball valve in the trough-sticks open, only a-
small amount of water will be lost {see Fig.13].

Lowest water level Ball valve -
. Holding rope

J .
Ball valve Cattle trough

S ia
i 4
A
W

‘.

/ Fig.13 Ball valves for cattle watering

The outlet to the tank may be fitted with a sand filter that
screens and sieves the water hefore it is used, removing most N
organic matter and bacteria. |t will behave like a slow sand
filter and -must be’ kept permanently wet if it is to work % L
correctly (see Fig.14).

Porous pipe under

sand layeér
n ‘ and ave \ e

|

Outlet ~

F!g 14 Slow sand fflte"i"‘fn“rank over ourlet i S o

The sand can be cleaned or replaced when the Itank is |
empty. r' :
| | .35
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~_is still needed in a vertical dire¢tion,

e

- Chapter Five -
Constructlon Materials and Equment

-
[

- a. Reinforcing mesh y

There are many different types of steel reinforcmg meshf
that can be used to construct reinfdreed cement“mortar shells;
These generally consist of thin wires, either woven or weld'e_é
intc a mesh, but the main requirement is that it must be
easily handled and, if necessary, flexible enough to be bent
around sharp corners. The wires are tied and held firmly in,
place while the mortar is being trowelled on and. should
“finish with an even distribution through the complete thick-
ness of tHe sheli. o |

- Woven and welded mesh are expensive to buy, because of

the work needed L0 make them, and are expensive to trans-
port because of their bulk. They can cost over ten times as .
~much as an equivalent wéight of ‘straight’scoiled wire. For
this reason straight wire is most often used %o construct the
cylindricdl water tanks described in this manual — it can be
wrapped” around the tank wyithout ¢ lff{cu!ty Reinforcement-
however, and this usually
takes the form of a single layer of wWovern mesh wrapped onto
the formwork before the hoop reinforcement is wound on.
For the larger tanks the calculations inChapter 15 indicate
that extra vertical remforcement/as as important .as the hoop
wire, but for thé smatler tank5/(less than 5m diameter) the.
smgle layer of woven mesh is adequate |

The wire may  be galvanrsed to prevent rusting during
storage; under no circumstances should aluminium painted

wire be used as the aluminium may react with the cement-to

‘give a very poor bond between the wire and the mortar.

b Cement, sand and water
The cement that is used to make the mortar should be an .
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ordinary Portland cement (tc BS12 or similar specification}. =
Lower strength cementitious materials have been used in the
past with some success but these generally cannot be recom-
mended. The tank described in Chdpter 14 has lime mixed
with the Portland cement in the ratio of 1 bag of lime to

5 bags cement to improve the workability of the mortar and

to reduce shrinkage cracks; it is not known if this reduces
appreciably the strength of the mortar. The cement shou!d
always be kept in a dry store until it is to be used.

The main requirement for the sand is that it should be
free from organic or chemical impurities that would weaken
the mortar. Most clean sands are suitable but if their quality
1Is N deoubt they should be washed with clean Jater. They
should be protected.-‘at the mixing site dgdlnst further con-
tamination. :

A silica sand is probdbiy the best although sands consist-
ing of other hard minerals can be satisfactory. Experience
suggests that a moderately coarse sand, although it makes
the mortar mere difficult to work, wilil resist shrinkage crack-
ing better than a fine oredirty sand; if the sand has a high silt
~content then the mortar will be weak. The grading of the
sand particles should make for an easily worked, mortar and
there should be a reasonable _proportion of all grain sizes
without an eXCess of fine or Coarse particles.

The water” must be fresh "and free from chemlcals in
solution or suspehded silt and orgqnsc ‘matter. Clean water
IS essential for a strong durable moritar; salt water should
never be used. T -

. Keeping good control over the quallty of the materials
used for constructmg the water tanks is the first step In-
developing sound construction practice.

‘. The mortar mix o

Making up & strong and sansfactory mortar mix from
cement, sand and water is one of the most important stages
in build{ng the tanks. The mortar must be prepared with the
correct prupomons of these materials. It must be well mixed
and wdrkable enough to be trowelled by hand Onto the
formwork between the reinforcing mesh to form a dense,
compacted layer, and it must be properly cured in Qéfﬁe
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it to achieve its full potential strength and durablmty It is
useful 1o understand the various factors that controllthe final
quality of the mortar in order to u nderstand the eed for
sound practice during construetion.

Ratio of cement and sand (cement sand by volum

Increasing the proportion of ‘cement in the mortar will
increase its final strength and -make it more workable, but
it will lead to a greater risk of wide shrinkage cracks which
might cancel out this increase of strength. It will also mcrﬂace
the cost.

The tank designs described in this h_andbook usd a mix
with a cement to sand ratio of between 1:2 (i.e. 1 part by
volume cement:2 parts by volume of sand) for thé small
unreinforced water jar and 1:4 for some of the Iargér rein-
forced tanks. Some authorities recommend that for tanks of
less than 40 cubic metres capacity, the proportion of sand
should never exceed 3 times that of the cement. It is possible
“that this ratio is designed to give.a large factor of safety, but
the experience gained in field construction over the last 25
years suggests that the cement:sahd ratio can-be increased to

1:4 when using suitable sands without risk of failure. Making
the cement:sand ratic 1:3 will not give a substantial increase
in the cost of asmali tank, however, and this ratio-is therefore
generally recommended.

Measuring boxes or buckets should be part of the con-
struction equipment and should always be used to achieve
CONSISIENCY. in MIiX proportions. Measurlng the materials ona
shovel does not give reliable results.

Ratio of water and cement (water: cemeht by weight)

A dry mogtar mix. will be stronger than a wet mix made
~ with the same propdartions of cement and sand provided it is
fully compacted. Dry, stiff, mixes are, however, difficult to
work onto the formwork to achieve %ull compaction, are
likely to contain air_voids and be imperfectly bonded to the
reinforcing wire. Wet creamy mixes are very easy to trowel
by hand, but the cured mortar will be more permeable to
water and have a lower strength and durability.

A compromise between afming for either -a strong or an
easily worked mix must therefore be made. Experience has
shown that with reasonable sands in a 1:3 (cement:sand)
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mix, a water.cement ratio of 0.5:1 (% part by weight 10

1 part by weight of cement) will be satisfactory. If] in order - '

0" make Thr_\ MMmix

winrkahla anm tnh
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added to .give a water:cement ratio of 0.6:1 then a batter

graded.sand or a greater proportion ¢f cement should be used.

Under most conditions the workability s usually con-
tiolled by eye during mixing and, if the water:cement ratio
s not 1o exceed 0.5:1 (water:cement by weight), the mixing
must be LE—H’E](U”\/ supervised. The amount of water to be
added to the dry mix of ¢ement and sand. is affected by the
presence of maoisture in the sand, which can vary considerably
between the top and bottom fayers of.the sand stocknpile;
less water should be added the wetter the sand. One of two
trial mixes using a sample of completely dry sand and a
measured water:cement ratio will allow the people engaged
TN mixing to see and learn the feel of a satisfactory mix.

d. Formwork )
Formwork i1s needed to support the walls while the mortar

that has been trowelled on hardans and sets.'Well made form-

work 1s expensive but will, with ¢are, last for many years and
s mital cost may then be spread over many tanks. Several
tank designs are included tn Part 3 that use makeshift form-
work or use weld mesh frames to support the wire mesh and
trowelled mortar. However, experience shows that sound
formwork makes construction work atmost foolproof, and is

- therefore recommended for-any tank programmes building

more than a few tanks.

The reinforcing wire and mesh can be wound simply and
quickiy around the cylindrical forms and the mortar mays
then be trowelled over the reinforcement, The main require-
ment of the formwork is that it should be rigid encugh to
“hold the weight of the mortar as it is being applied and cured
without deflecting. If 1t does move during the setting period,

ay fra water hac tn hoo

N
Al

the mortar is likely to crack and be considerably weakened. -

It will aisc help to limit the moisture loss from ane face as
the mortar hardens.
The formwork may be made from many d|fferent matena!s

The circufar corrugated galvamsed iron sheets shown in*

Chapiers 7 and 8.have been used with great success. The
" 39
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corrugations provide a mark for the tank builders to help
them wind the reinforcing wire on at the correct spacing
although the wires witll tend to bundle together in the cor-
rugations. The main advantage of the corrugated sheets —

. besides durability, cheapness and lightness in transportation

— 15 that they aliow an accurate measure of the final wall
thickness, because the corrugations on both the inside and
outside faces of the tank must be filled with mortar and
trowelled smooth. This is of gfeat importance in ‘self help
construction as it rgduces the need for skilled supervision
and the risks of thin weak spots in the tanks walls. -
Temporary” formwork may also be made from suitable.
ocal materials such as rough sawn timber planks, securely
braced, and some of these are described in Part 3. A tem-

" porary circular walling of adobe (mud and straw bricks} has

also been used with success. This is built up to the required
shape and plastered smooth on the outside with a weak
Jnortar mix. When t has set, it.is treated with a suitable
separating oil and the wire and mortarbuilt onto its outside.
After the mortar has hardened, the adobe is broken up from
~the inside and removed from the tank. The example described
in Chapter 12 uses a reinforced mortar lining inside a per-
manent, trachitional adobe grain bin which both supports
the hning and helps to contribute to the strength of the
tank. .

e. Tools

A st of necessary tools is outlmed in Table 3 and should
be collected to make a standard kit for tank construction
programmes. It is possible to use local tools and equipment
1t they are guailable but. it is always safer to make sure that
all necessary tools are on hand by bringing in the standard
kit. . :
The mortar may be mixed either by hand or with a concrete

‘mixer. Hand mixing is laborious and if incomplete will give a

lumpy mortar that js difficult to trowel onto the tank, Hand
mixing can manage drier mixes than the concrete mixer,
which rolls a dry mortar in its drum without proper mixing.
Treading the mortar under foot on"the mixing slab is one of -
the best ways of working a dry mix. For the tanks described
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in this manual *® éﬂ)wette{ mixes fromia bo
mixer will be satisfactory.

Steel (plasterers) flogts are much easier 10 Lis than those
made of wood. Overworking the wet mortar, especially with

a steel float, can cause the mortar layer to stump off; the

mortar should be laid on quickly and carefully. The surface

of each mortar fayer must finally be roughed or brushed
when it has hardened a Iuttie to provide a key. for the next
!ayer -

Table 3 List of tools and equipment
Number - ltem ‘
Plasterer’s steel hand floats
Hand hawks 30 x 30cm with 4cm diameter handle
Trowelling boards, 75 x 7bcfn
Wire brushes for cleaning shuttering
Oiling brushes
Brush or scratching tool for mortar
Hacksaw and spare blades *
Woodsaw '
'set Spanners
Crowbar, 1 metre long
Wire snips for mesh
Boit cutters for hoop wire
Cold chisels for cutting green mortar
2 kg hammer
5 kg sledgehammer
Gauging box for sand and cement 50 x 50 x40cm or contamer
-to hold 100 litres sand
Sieve 5mm maximum openings for sand
*  Shovels, flat ended for m:xmg
Spirit evel T
50m cioth or plastic tape measure
String line
Axe for trimming timber
Pickaxes for excavation
Mattocks for ground levelling . .
Wire tensioning tool
set Formwork sectlons
Wheelbarrow for carrymg mortar
Water containers _
Plastic sheeting or hessian for curing the mortar

. -
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Part 2 Standard Methods of Construction

4
¢ .

%

"N..
Chapter Six

Summary of Methods | l

This part of the handbook contains a detailed descnptron of
standard tank conséructlon practice that has been used success-
fulty for over 25 véars in different parts of the world. De |gns
for a smati 10m capacny domestic tank and a large 150m3
open tank are given in Chapters /7 and 8 respectively, and
these are recommended for self help construction in. rural
areas. The designs have evolved from practi¢al experience and
the dimensions and qu&intltles of reinforcement should Be -
followed as closely gsp@sable :

A summary of the basic stepgs in bu:ldlng these tanks IS
given below. Y v j

a. C/earmg the site and preparing thc foundations
The site chosen for the tankshould be cleared 6 vegetanon

loose surface soil and any large rocks that could pierce the

floor of the tank. For the smaller tanks it is often only neces-
sary to clear the site and put down a 15cm layer of $and and
aravel ready for the tank after all the pipe fittings have been
laid. The larger tanks, however, need a separate ring founda-
tion to support the walls which is prepared by digging a
trench under- the, I|ne of the wall and backftlling it w:th
concrete. ' ,

b. Collecting the materialg: .. -
The sand, gravel and water should be collected before
construction starts. If th#s is done by the users they will be
able 1o contribute a large. proportion of the-total cost of
the tank (and is one reason why these tanks are chosen for
self help construction}). _
The aggregate can be -io_red in piles alongsrde the mo,rf’ar
mixfng stab which is b by trowelling a Iayer_ of concrete

onto a gravel layer 2m x:@m square: The slab is finished with
i =
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a shallow wall or lip to prevent the accidén-ta! sp’illage of
‘cement slurry during mixing (see Fig.15). |

c Gauge sand in
Water -bins . measuring box e

J ‘f -. . __F Z . !
Z . =2 . —
o - g
™ '; :
Heasaring box T >
< | BDRGOXAD M.

B “:‘- . %‘-.
Mixing tray with !ipé"

1

Fig.15 Mixing-the mortar by hand )
For isolated, small domestié-‘tanks, it may be cheaper to.
carry a mixing board ‘as part of the basic kit. Mixing the
mortar on the greund surface will contaminate and weaken.
the mortar, and should always be avoided.
The aggregate piles must be kept.clean of soil and other
material, and are 6ften covered with a plastic sheet or sacking

to protect thé sand frorn contamination by anlrnals or wing .

blown dust. Make sure that enough sand is cullected for eath’
tank befare construction begins. < ~ _ |
The cement and reinforcement éhould be c'ol!ected and

and tools are also coilected and checked, ready for use. A
pipework is installed before the concrete is laid. .

stored -under cover. The shutteringand any other e‘quipmei(xt -

- The layout of the site for the larger tanks‘should be |
. arrghged to reduce unnecessary work. The cement, sand and .

water should .therefore be storéd near” the mixing slab or
toncréte mixer ontone side of the tank site. An approx:mate\

idea of the quantities of material needed for each tank is -

given in the ‘chapters below; it is advisable to have extra
material on hand to allow for wastage'

c..Casting the foundations .

The foundations for the small tanks built on the site are
ma_de by casting a*7.5cm thick slab of. concrete 2.8m in . :




diameter onto the layer of sand and gravel. The concrete is

prepared fromamix of 1:2:4 {cenfent:sand:gravel by volume)
and 1s given a week 1o harden.

The ring trench of the larger tanks is filled with concrete

after the floor slab has been cast, and this is"also allowed to
harden. It toundation beams are needed undet joints in the
floor slab (for tanks of diameter larger than 10m). these are
cast at the same time. 7

d. Erecting the formwork

The formwork 1s examined for. damage, cleaned-and oiled
with a suitable refease agent to prevent the concrete from
sticking. Old motor oil' can be used for this purpose. The

| ltad togethe tho
formwork 1s then erected and bolted togetner in- ing way

described in the chapters below. The recommended forms are
built:from rolled corrugated iron sheets.

e. Fixing the reinforcing wire and mesh
#I he woven mesh is wound around the outside face of the
formwork and tied firmly into place. For the smali tanks it is

tucked under the formwork to join into the floor slab cast

- aftéer the walls. In the larger tanks it is atiowed to hang in the
- wall foundation trench which is then filled - with concrete; it
‘may with advantage be substituted in the larger tanks with
Smm diameter reinforcing rod at 10cm spacings.

The hoop wire is then carefully wound around the tank
-and spaced Into the corrugations™ Any joins in the wire
should be overlapped by at least % metre and tied securely
with s0ft iron wire; they should not be tied by wrapping the

soft iron wire along the join as this will prevent the mortar.
from making a proper bond. If thethoop wires are slack they -

can be tightened by kinking them W|th a special tool (see
Fig.16).

O\

J

Wires

—

=

Twist

Fig.16 Tool for tightening wire&
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f. Mixing the mortar

The sand and cement are gauged either onto the mixing
slab or into the concrete mixer in the ratio 1:3 {(cement:sand
by volume). Tt is ditficult to judge these volumes accurately
by showelling and auging box should be made up to
measure the sand< T he box is made to thesize 50 x 50 x 40cm;
1 box full of sand mixed with a b0 kg bag of cement will
give a mortar mix 1.3 {cement.sand)}.

-The dry cement and,sand on “the mixing slab are turned-.‘

by hand (if a concrete mixer is not avallable) .several times
nto piles irom one side of the slab to the other until they
-are completely miXed together. A hole is then made into the
centre of the pile, water is added and turned into the mix
until- the desired consistency is achieved., Add only a small

amount of water’at a time as it is difficult to make a wet

mix drier by adding cement and sard. The workability‘pf a

dry mix can be increased by tﬂaadmg It between the feet 10

. break down any drier fumps : :
Conventional powered concrete mixers are oftﬂn con-
demned for true ferrodement construction because they can
only managé wet mixes, but for the tanks descrabed here
machine mixing Wlil be quite satisfactory. :

g. Trowelling the mortar onto the tank walls .

‘After mixing, the mortar must be applied quickiy to the
tank, if 1t 1s more than % an hour or so old, it should be
either used to makie Up the floor slab or thrown away as the

cement quickly begins to become unworkable without adding

an excessive amount of water. In hot climates the mortar
pite should be covered with wet sackmg or black plastic to
prevent rapid drying out.

The mortar is applied by hand to fhe walls of the tank

with a plasterers’ steel float in layers not greater than 1cm
or 5o thick; thicker layers will tend to slump off.-The.mortar
which has already been prepared at the mixing slab is carried
to the side of ‘the tank and emptied onto a square board
(75cm x 75cm) which may be made of plywood or planks.
This board prevents ‘dirt from becoming mixed up with the
mortar, and catchiés any mortar that falls off the wall duying
trowelling. The mortar is scooped off this board using the

| . | | S 45
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plasterers’ float onto a builder’'s ‘hawk’ (a square board
30 x 30cm with a 4cm diameter handle attached to the
middie of one side} and transferred back onto the face side
of the float (see Fig.17).

4
CONWE . -:"W
; 2 IR /=l a7 57 AL

1 MORTAR ONTO HAWK 2. MORTAR ONTO FLOAT 3. MORTAR ONTO FORM

Fig.17 Trowelling the mortar onto the formwork

The mortar is trowelled onto the formwork from the base.
of the tank upwards to fill the corrugations and just cover
the reinforcing wire. The walls are built up in this way in
vertical sections around the tank. The square board is moved
for each section.

When this first layer of mortar has hardened suff1c19r1lly,
the surface is brushed rough or scratched ready for “the
second layer. This Tcm thick second layer;-which- provides
the outside surface to the tank, is finished with. a smooth
surface. It must be well bonded to the first Iaye\whlch
should be ‘green’, i.e. not hardened completely.

The next day, the formwork is stripped out from inside\“-\
the tank, and a layer of mortar is trowelled on to fill up
the corrugations and cover up any exposed reinforcing wires.
Corrugated iron formwork has the great advantage that the
correct thickness of the tank walls can be easily mamtamed f
. even by unskilled workers,
he tank has to be left overnight with & layer incomplete,
the" of the mortar should be cut off square. Next day,
-the joint should be brushed with a wire brush and be coated
with a cement slurry to give a strong bond before the apﬂ;ilc-
ation of fresh: mortar. It is advisablg,to complete any bne .-
_layer in the same day, or if interruption is anticipated} to -

- finish the layer in @ complete band around the tank. anns
will then only occur in a horizontal liné around the tank;
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vertical joins which are more likely to open.-up should be

Wmded

Applying the mortar- onto the tank . may appeaf dn‘hcult
at first, but most people can learn the knack of doing it

within a few hours. The secret is to apply. the well mixed
mortar quickiy and firmly with the float, and Wb-ﬁlg itsmoothly
over the wall. The surface finish.is not of the greatest impor-
tance on these tanks; if they are rough they can be filled in
at a Ia@r\date The layers must be of uniform thlckr@ss

' throughout however, with no gaps or weak spots.

h. Curing the tank ‘

After the meortar has been apphed to the tank walls it
should be covered up with black plastic or wet sacking. If
the setting mortar is_exposed to sunlight or wind it will
quickly lose its water and the final strength and durability
will be considerably reduced. Loss of moisture tn this way
exaggerates the shrinkage cracks that will form in the mortar

- and can even lead to tank fatlure.

In very hot climates the tank must be covered up between
the” apphca‘t’l”n of each Iayer In milder conditions or under
cover the tank is left open until the final tayer has been
apphed and it is then covered for a week or more 1o cure.

The mortar will take at least one month to gain anything like
its final strength, and for the first few days it will be ‘green’ -

enough to.hack out by hand for any pipe fittings.

Curing is absolutély essential for sound, strong tanks, and -

is one of the most important construction steps. It is also
one of the most difficult things to ensure in the field.

-

i. The floor and roof : _
The floors of the tanks are poured before the walls have been

built. The roof of the smaller tank is built several days after ' "

the walls have been built to allow them time to strengthen.

bl

j. F f/lmq the tank with water
- LCement mortar shrinks as it dries out in an empty tank
especaally in hot dry climates. |f the tank is then filled rapidly
wyith watenj the mortar does not have time to expand again
as Q reabsc?rbc moisture slowly, and the wire reinforcing will

not. contnbute to withstanding the stresses in the walis In

e .
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this case there is a great risk of severe cracking or even failure.

An empty tank, especigily one that has’just been built,.
should always be filled glowly, and it should be left for a
week. or so with a shaflow depth of water at the bottom |

_before filling.
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- rolled'into a cylinder with a radius of 1.28m. . - ’

| Chapter Seven

L

self help programmes. The users, who are at first unskilled in

- tanks without further guidance. -

| Formwork

These tanksg have been 'used for many years in parts of Africa

Small Tanks for Domeotlc Use " /
10m?* Capacny . ‘

and have been designed to be as simple as possible to build in.

this sort of construction: can’ con‘mbute their time and efforts
in collecting sand and water, digging the foundations and
preparing the mortar ‘'under the general guidance of & trained
builder. With experience they qu:ckly Iearn how to rnake the -

A trained builder with five helpers takes abjout three days
to construct the tank. The users often contribute some
money towards the cost of the tank] which helps to cover the- -
builders” wages, the cement, reinforcement and the hire of
the formwork. o

I;)ESign

The tanks have been designed for construction by relativel'y
unskilled workers. They have-a diametar of 2.5 metres, a-
he:ght of 2 metres»giwinga capacity of 10 cubic metres. The;
final wall thickness will be about-4cm. The tanks are built on
sneﬂand should not be moved.

W .y

The ?_m high formwork is made from 16 sheets of standard T
a!vaptsed roofing iron, 0.6mm thick with 7. bem corrugatlons, TN ’ S

~ Steel angle iron (40 x40 x Bmm) is'bolted vemcaﬂy on the -
inside:face at the ends of each set of four sheets — this allows:
the shbets to be bolted together to form a gircle. Betwegnjhr;___‘ oy
ends of each section is placed a wedge which |s‘pulled’out to %
allow tLe formwork to be dismantled (see Fig. 19). | A S
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1 formwork

;- ~ Bolt holes

-

Fig.19 Assembling the formwork

Construction .

A circular area 2.8m in diameter is cleared at the required sn;e
for the tank and excavated down through the toose topsoil.
A 10cm layer of sand and gravel is laid evenly over the excav-

ation and a 7.bcm I'Tefyer of concrete taid on top of this; the.
concrete mix of 1:2:4 {cement:sand:gravel by volume) will

form the foundation slab under the tank.

Into this congrete foundation is cast a 1m length of 20mm
bore steel water pipe \with a tap on the outside end. The pipe
is curved so that it projects 10cm above the floor of the tank;
a pjece of wire is threaded through the pipe 10 act as a pull
through after the tank has been built (see Fig. 20)

Water pipe and .
pulithrough lron stake 1o hold

Gravel Caoncrete; " water pipe

Fig:20 Foundation of tank

When this concrete floor slab has hardéned ‘the formwork

for the tank is erected. The bolts passing through. the ‘angle
S R . B1

Corrugated galvanised iron
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irgn and wedges are tightened to provide a rigid cylindfical
“form. This is cleaned free from cement and dirt, oiled and the
wire netting wrapped around it to a single thickness and
tucked under the forms. The netting has a B0mm mesh and
is-made from 1.0mm wire (see Fig.21).

w,ff

Chucl‘:en Wire

l‘d-#—..‘;r -
-

Hoop
reinforcement

Chicken wire tucked _
under forms

A7 e .
F;g 21 Erect formwork and wind on remforcmg wire

——

A

To form the hoopfre_infor;':ements the ‘straight’ galvanised
irpn wire, 2.5mm diameter, is wound tightly around the
tank fromthe base at the following spacings: —

-2 wires in each corrugation for the first eight

"1 wire in each corrugation to the top -

2 wires on top corrugation. S Lo
About 200m of 2.5mm diameter wire will be needed weight”
8 kg. The netting provides vertical reinforcement to the tank .
and also hoids the hoop wire out of the corrugations. '

The outside is then .plastered with a layer of mortar made -,
from a mix of 1:3:(cement:sand by volume)'and as soon as
this has begun tg stiffen a second mortar layer is trowelled
on to cover the emforcmg wires to a depth of 15mm The
‘surface is finished/ smooth with a wooden float. '

After a day orlso the'formwork is dismantied by removing
the holding bolts and, by pulling out the\wedges hich will
leave the shuttering frée to be stripped away from the inside
mortar wall. The sectiong are lifted /clear® of the tank to be
thoroughly cleaned of any mortar or cement, ¢

A 20cm length of 8cm dlarneter ‘downpipe i is bunlt mto the
wall at the top of the tank to act. as an overflow and the
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inside of the tank is plastered with mortar to fill up the cor-
rugations. When this has hardened sufficiently a second final
cat 1s trowelled onto the msmie and finished with a wooden
float.

A 5em thick layer of mortar is next laid onto the fioor of

the tank and the junction with the floor and the walls burlt'

INto a Covlng

The floors are unreinforced and these tanks would fracture
't they were moved.

Take care that the mortar does not block up the outlet
pipe. Before the mortar on the floor has stiffened, form a
shallow depression in the middle; this will allow the tank to

_be cleaned at a later date — the sediment can be brushed into
“ the hole and cupped out (see Fig.22).

[ .

Qverflow

A TIE

Fig. 22 Thé completed tank

The nside of the tank is painted with a thick cement
slurry to seal the tank, a small volume of water;;./ailowed 1o

stand in the bottom of the tank and the tank is govered and,

/

~ cured for seven days.

Roof

The tank is covered with sheets of 0.5bmm galvanised sheeting,

supported on two lengths of angle iron. Alternatively, a rein-
forced mortar roof may be built in the ways described in
Chapter 10. Building a mortar roof is not difficult but it
requires extra sets of formwork. .
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Materials required for 10m3 tank with galvanised iron roof

Cement

. Plain wire 2.5mm diameter

Chickent mesh 1m wide

Water pipe 20mm bore

Water tap

Overftow p’i’pg

Gatvanised iron sheet and angle
iron for roof

Sanq | ~
Gravel -~
L Y
i)
. W,
N
{. ¥
’ ®
l’. "
- Sy
- 1 31&"
~
_ a
-}
‘ * - Ll
3 b
H4 :
|'.% e ~ f
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600 kg.

200m :
16m
" Tm '

" 1 No.

20cm of 8cm dia. iron or,

concrete pipe

1.0m3" _,




Chrapter Elght N -
“Large Open Storage Tank:
150m Capacm,/

" These tanks have been built and used:éuccessfully since about

1950 and the diameters have been made as large as 25 metres
to hold 450m*® of water. The walls are constructed on pre-
fabricated corrugated galvanised iron formwork which is
erecied to_ form a complete circle. The cost of the formwork
is a small item, cQming to le53 $han about 10% of the total
_ cost {see Table 2) and as it will be used during the construc-

tion of many tanks its initial cost can be shared.

-

DeSIQn

" The taak described in this chapter has a capae:liy of 150m?,
with¥g helght bf 2m and a diameter of 10m. The walls are
cast integral with a concrete foundation ring beam, and the
floor of the tank is cast separate from the walls. There is
no roof 10 the tank. . o -

&

Formwork

~The formwgrk consists of 6.6mm corrugated -galvanised iron

sheg/is rolled to a radius of 5m. The sheets tan be any con-
veriient fength, but when theyare bolted together they should
m/ébe a circle of the correct size. I they are unstable when

gfected they can be propped up from the inside with lengths |

_I_Of wood.
The sheets are bolted into single rings with 30 X omm

. diameter veranda bolts. The bolt holes are drsILed Into the.

convex side of the corrygations {looking fromi the. InSIdE‘) at

i any. one yomt -and nuts are brazed into the concave side-- .
. Opposite the hélés. The nuts rmust be ‘securely attached to

the sheets to ;g}:event turthosenmg the bolts (see
Flg 23) ’ 'j" ' N :

L]
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Dutiide face of tank

Nut brazed or
welded to form

' ' - Sheets bolted together - :
Fig.23 Corrugated iron sheets rolled to 5 metre radius A

The complete ring of shuttering can thén be collapsed
nwards by-loosening only one joint, and by withdrawing the

well greased bolts the sheets slide across Manother reducing
the diameter of the ring sufficiently to remove the form.

If only one or two tanks are to be built, one complete nmw
of corrugated iron formwpork: will be satisfactory; this is
stripped out after it has been plasteréd and is lifted up to
form the next ring ‘formwork However, if a large number of .
tanks of the same diameter dre to be built, it is worthwhile
to make up three rings for constructing the entire wall at one

set up. The single rings are heavy and awkward to lift thhout a

at least 10 people to help. - ¢

¢ - PR
., . R

Constructlogn

The site chasen for the tank IS levglled and cleared of topsonl
for a radius-of 8m. The inside edge of the foundation trench
is marked out by attaching #4.85m tipe to a post driven iAto"
the centre of,the tank site and sweeping out @ circle, markmg
" the ground every metre or so with a peg (see Fig. 24). .
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Fig.24 Marking out line of foundation trench '
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The floor : L :
The fioor 15 excavated to a de®th of 15cm or so inside the
marked out ring and levelled with a layer of sand. Theside of
the excavation isformed with a packing material (f|bre board, -
even thm bricks! and reinforcement consisting of weld mesh
(20 x 20tm square, 5mm dia.) or 8mm diameter reinforcing
rod, laid in pdace ohn spacing blocks. The slab may be cast in
one piece without internal-movement joints; a larger slab
would need movement joints to accommodate shrmkage
temperature movement and settlement. -
The inlet and outlet pipework should be installed beforen 4
~the Hoor is poured. Concrete made from 1:2:4 mix (b’y
volume) is placed and compacted to make the 10cm thick: .
i, fioor stab. The surface of the slab is screeded level with a
- straight edged board and a shallow depression is scooped out’
an the centre; this will allow the tank to be emptied and-
cleaned o _

The floor slab should be covered with a sheet of plastic or
wel sacking for a week to allow the concrete to harden. This
15 especiatly important in hot sunny climates.

The cost of the materials to construct the flogr slab is
likely to make up perhaps half of the total material cost of
the tank. The-slab can be replaced by a layer of suitable

. rubber sheeting, or puddled clay, but in thls case the tanks
‘ walls are constructed first.

Mesh sieve to '~ __' ____*___‘fl.BSm radius - .
‘pipe mouth
Packing PIPE MOWIR rr.‘ ’ _
material ‘} Reinforcement

' ' Spacing blocks .
0 Inlet and outlet pipe set-in ' Sand
position befare floor slab is ’
~ cast. ' Y

Fig.25 Casting the floorslab -~ - .

The walls o

A trench 30cm wide and 30cm deep IS next excavated around
thé floor sltab (see Fig.26). Take care not to undercut ‘the
floor siab.




4mm diameter Formwork erected over
hoop wire ~_,d. ~ trench on blocks

. Packing material . Cdncrete in trench

’ i '
Vertical relnforcernent hangmg Blocks to hold up farmwork
into trench Cast into concrete

Fr'g.Z'S Assernbling the formwork

The tormwork 1s assembled and erected on blocks or bricks i
that have been piled in the botiom of the ring trench. The
reinforcement, pig netting, or similar mesh, is drawn tightly -
around the tormwork and overlapped about 20cm at the
ends; this overlap is sewn together with soft-iron” tie wire.

The wue mesh is arranged to hang down into the trench
where 1t will be concreted inta place. An alternative design
replaces the mesh with 6mm steel reinforcing rod at 10cm’
centres around the tank; this will be stronqer and 1s Jlkely 1o
be cheaper 10 buy and fransport.

The mainshoop wire remforcement of dmm diameter is
wound around thegtormwdrk on top of the mesh at the -
spacings given below and ughtened. When-a join has Lo be
made in the hoop wire, it is preferable to fasten the ends to® *
the pig netting or rods and- give a generous overlap of Im
with the new wire. If only one ring of formwork sheeting is.
avallablg the netting or steel rods are aliowed to hang over
iNto thé tank.

The hoop wires are wound from 1he basé at the following
spacings. - - - @

2 wires in each corrugation for the first twenty

1 wire in each corrugation to the top |

2 wires in top corrugatlun : L N

-

Packing material i now re-fastened around the edge! of
the floor slab and the ring trench s filled with 1 :2:4 (cement:
sand:gravel) by volume concrete. This packing material »Imll
be removed later and the slot filled with het b|tumer1 to
provide a Waternght movement joint between the floor;and =
thewall. - [' :
The wire mesh or vertical remforcement rods will nO\}v be

- \ f



firmly concreted into the foundation beam and will help to
resist cracking at the foot of the wall.

Using only a single ring of sheet formwork
With the reinforcing wire in place, a fairly dry 1:3 mortar

mix.(by volume) Is trowelted into the corrugations. covering.

all the wires. After 24 hours, during which time the mortar
must be kept damp, two of the greased bolts making up a
joint are withdrawn, the single ring is collapsed inwards and
maved up into position for the next lift. If another circle of
wire mesh.-is required it need only be overlapped 10cm hori-
zontally and again about 10cm vertically at the ends when
"making fast. The hoog reinforcing is again tightly wrapped
round, not forgetting the Tm of overlap, and the new lift is
trowelled on as before. At the same time the corrugations on

_the-inside of the first lift can be completely plastered up so-

that no reinforcement is visibie from the inside.

The third ift is built in the same way, and on removal of
the formwork the tank wall can be finished off by applying
a 15mm mortar layer to the inside and floated to obtain a
glazed watertight finish. The outside is also given.a 1.bcm
mortar layer. In practlce the above proce'dure -'results in a wall

wall and the rlng f0undat|on beam.
When lifting the single ring to the next lift the ring is
nested into the top corrugation of the previous mortar lift

but in practice this does not alwayswork due to slight irregu- |
larities in the top .and haottom diametres of the formwork. ™

~ The rings, however, can rest quite firmly on-the top of the
prewo% lift and require only minor adju ment in level and
Brumb * befere applying. the reinfarcing @Ere .and - cement
mortar covering. Generally, the corrugated iron sheets come
in widths of 0.66m and three sepa@\te lifts will be needed to
make a 2m high wall. | o
Curing the tank has already been described in Chapter 6.
.Having three complete rings of corrugated iron formwork
will allow the tank to be built in one complete lift which will
reduce the risksof crackmg betwean rmproperly bonded lifts.
It Is also very much easter.’ | o
, \ . | : ‘ 59
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The packing material between the’ ﬂoor slab and the foun-
dation beam is removed and hot bitumen poured in to make
the mbvement joint {see Fig.27}.

s

' , Paint joint with paraffin oo
t ] . and bitumen -Fill ’9"“ with
Remaove packing material . hot bitumen s

id

"\/}

Fig.27 Making the expansion joint
Before pouring the bi't_umen joint seals, the joint must be
completely dry and clean with no loose mortar or dust adher-
ing to the sides or the bottom. Firstly, both faces of the joint
should be painted with parafﬁn and then both faces should
Ing, the Jomt may be frlled With rnolten b|td%en the joint
“should be slightly over-filled. , - '

Materials requrred for ISOm tank

Walls: Cement B 2300I< oy
Sand ‘ _ 5m o : :
. Ammdiameter wire - -—""71200m ’
Heavy duty wire mesh, -
35m rolls at 1m high : : 3No rolls- .. ©
or 6Bmm diameter reinforcing
rods, 2.3m high L : 310 No. or 180 kg o
B ; . weight _ g
. - Floor:  (Concrete slab 10¢m thick} -7 cE s T e
- Cement - "i2100kg
Sand \ . b&md _
Gravel . 25m .
Weld mesh " [ ‘80rn2 o o
or 8mm diameter reinforcing, . | o : “\ :
rods {at 30cm centres) T 250 kga o e !
Bitumastic sealer 4 50litres -
Inlet, overflow and outlet [P

pipes as needed - 1 ,

These quantities may be used to estimate the ory site cost of materlals

needed for a tank of this size, see Table 2. ’ - :
o | v, | ;
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Part 3 Alternative Designs

¥

The designs described in this part of the handbook have all
been successfully built and tested. The first one describes
a small rainwater jar of small capacity which |s,cheap because

it does not require reinforcing mesh and is built onto 3 simple

mould. The second design shows water tanks being made on a

. factory basis in New Zealand; the forms for these are especially

fabricated from steel plate and the thickness of the walls
must be carefully controlied during the trowelling. The cor-
rugations in the self-help type formwork, in comparison,
effectively ensure that the walls are of adequate thickness.

Other examples show tanks made with the minimum of farm-

work {or no formwork at all}, one of which is built onto a
permanent adobe (mud and grass) wall.

These alternative designs have been included to demon-
strate the flexibility of wire-reinforced cement-mortar and
will perhaps encourage the reader to develop his own caon-
struction methods.

A




Chapter Nine
‘Small Jars of Unreinforced Mortar: |
0.25m?, Thailand | -

Thailand with its wet rmonsoon climate has,long periods of

- rainfali during the year. Many of the Thai people in both

rural and urban areas coilect the rainwater that runs off the
roofs and store it in large pottery jars for domestic use.
This Is a traditional way of providing themselves with a
domestic water supply which is both clean and convenient.
During the dry periods, however, water is taken from wells
ar from ponds.‘which are often contaminated cayusing much
IHness: amongst«the pecple. The water supply from the roof
can be'made to last much longer into the dry period simply

. by adding extra storage jars,

« A cheap and. strong 'water jar made from a mortar of sand
and cement has been devised. These jars'do not have ex
sive wire mesh relnforcmg and‘can be made very large, per'
haps up to 4000 litres (4m3). Jars holding 250 litres ot water
cost less than .one tenth of the conventuonal’ clay jars to .

- make. The . users with no.previous experience have been
taught the skills necessary to make these jars in. trarmng
periods of less than two days. These water jars enable any
householder=with a suitable ‘roof to cheaply improve his
water sopply by his own efforts, They can also be used for .
graln storage. ' y

.The method ‘illustrated in Photos 21102 10 will make a
Jar of 250 Iftres capacity. ~

x

1
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2.1 Place two pieces of gunny cloth (hessian sacking) 125¢cm by 110cm
rogether and mark out. Sew the two pileces together along the curved
hies leaving the top and bottom open.




2.3 Make a precast mortar bottom plate, 60cm in diameter and 1.5cm
thick. Make the mortar from'a mix of 1:2 cement:s8nd by volume as
¢ dry as possible consistent with easy trowelling.

bottom plate. Make sure that the mortar bottom
under the sacking.
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2.5 When the sack is filled up, fold the top and tie it into the shape
of a traditional water jar. Use a piece of wood to tap on the mould to
make it round and fair.

2.6 Spray some wa?erpon the mould before plastering to make it damp,

. . 65
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2.7 Place a circular ring on’the top of the sack romaﬁ&g a mould for the
opening of the jar. This can be made of wood or precast mortar.

2.8 Trowel a first layer of mortar onto the mould to a thickness of
about 0.5cm.

66




2.9 Plaster the second layer of 0.5¢cm in the same manner as the first

layer. Ched( the -mortar layer for thickness by pushing in a nail: any

weak or rhm\spors should be built up with an extra layer of mortar.
\\ Build up the opening.

2,10 Remove the contents of the gunny b g.and the bag 24 hours
after the jar has been made. Check the jar forany defects and correct
these with mortar, the inside of the jar should\also be painted with a

cement sfurry. Cure the jar out of sunlight and diying winds, preferably
under damp sacking or plastic sheet for at feast 2 weeks.

This technique has been used with great success in Thailand and pots of

up to 4000 litres (approx 1000 galis.) capacity have been made in this
her way. . S

¥
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- The water pressure in a tank full of water Binerates stresses’jn 'j

tion and from information given by the manufa urers there
‘68

Chapter Ten \ | o .
Factory-Made' Tanks '
T to 25m3 Canacnty New Zealand

Ferrocemem tanks heve been made commermally in New
Zealand for many yea\(s and have now largely replaced the
more traditiosal corrugated galvanised iron tanks They are
used mainly to store water for domestic and’ daary purposes
on the farm but they are also winning accepTarTce forindust """
rial liquid storage. The cost of the smaller tanks is comparable - )
with that of tanks made ‘from other materials such as gal-
vanised .iron; the cost per unit wolume decreases rapidly™
wnth Increase in size. Y

3
Y

Tank sizes Y ‘

The tanks are constructed |n\var|ous sizes, with capacities ,
from 1m3 to 25m3, diameters from 1m to 3.6m. and heights .
from 1.3m to 2.9m. \

Costs of constructing the var:bus sized tanks are shown
" below. With specially butlt formwork and machine mortar
mixers each tank takes from 2-5 man days to build. These
costs have been obtained from an :&erage of manufacturers’
prices and reflect the relatively: h@{n wage costs in New
Zealand. | \ '

CA S

Design , B

[

the tank that are difficult to calculate structurally. The New
Zealand tanks have been-designed to resist only hoop stresses
and a layer of woven netting is included as nominal reinforce-
ment; this netting in fact provides the only r%forcernent at
the base of the wall where it joins with the flogr — the point
‘of greatest stress. This section js thickened duri g construc-

3 . “r . \




is no evidence that cracks develop under normal loads. The
only causes of failure reported: -Rave resulted from damage
during delivery: y

-

All of the tanks are buitt with an integral roof and a covered

access hetch

t

" Table 4: Sizes and cost of New Zealand tanks ;
Capacity — Diameter ~  Height Weight Price (1973} Cost/m3
(m3)# (m) (m) ftonne) (SINZ (3/m3)
0.9 1.20 1,30 0.25 . '36.0 - 40.0
18 1.65 1 1.30 0.30 430 26.5
2.7 1.85 130 0.45 58.0 21.5
.36 2.00 1.45 0.80 . 73.0 20.5 - -
. 4.5 2.00 1.95; 1 1.25 930 . . 20.5
9.0 2.90 1.95] 2.10 170.0 19.0
13.5 2.90 260 3.0 210.0 16.5
18.0° 3.65 2.60. 4.00 .250.0 13.8
;225 365 . 2.90 -5'5'00 280.0 12.5

i
¥

Materials rieeded to make a 9m3 tank

Cement "~ 740 kgm
Sand 1.00m?>
Plain wire 4.0mm dia. 330m °
Wire mesh Tm wide rolls ~ 28m
Weid mesh for slab 7m?

Rhese quantitiés are greater than those shown for a comparable tank ‘
built by self help (Chapter 7). The tanks described in this chapter have
to be stronger than the self-help tanks to withstand the extra stresses
produced during transportation.

Construction (see photos 3 and 4)

The tanks are constructed on special fabrlcated sieel form-- '
work which is quickly erected (see Fig.28) or on to temporary
timber formwork. Usually the floor of the tank is cast first;
this is reinforced with welded steet mesh made from 8mm
diameter rods at 20cm centres and given a thickness vagying
from 6cm for the small tanks to 10cm for the larger tamks.
Loops of 8mm steel are aliowed to prOJeCt from the sides of-
the base to allow for easy handling; this also reduces the -
stresses that will be set up in the tanks as they are being In‘ted

E' = . f ek - 69 _
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Photo 3 Construction details of commercial tanks (Néw Zeqland).

3.1 The ipnside former, which
provides the tank shape, Is usually
a series of vertical planks suppor-
ted by a steel frame. These will
be sheathed in sheet steel before
applying the plaster.

3.2 *After applying the ‘initial
plaster the reinforcing is placéed, o
This consists of a layer of netting
and a continuous spiral of wire.
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Photo 4 Construction details-of commeycial tanks (New Zealand) cont.

_— E) e -

4.1 The reinforcing wire and
mesh become embedded in the
pfasw{buﬁd-up.

. 1 e
4.2 A corner ot a terrocement mamufacturer’s yard. The white-painted .
tanks towards the left are complete.and ready for delivery. The tanks
on the right are at various stages of roof construction. The elliptical
septic tanksin the foreground are also manufactured by the ferroéemenr
“technique,

/1
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Rolled angle iron .
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or winched;, Experience oven, many vears with these tanks - :
indicates that the only failures\that have occurred have been
duer to rough handling during delivery. A strip of chicken
wire Is also cast into the sides of the floor and is bent up into

the walls {see Fig 29). ' |
t Bend up mesh mto wall

’ Top ring snould Bottom rin rnould : -
Chicken mesh ‘ . 9 ‘)

b

Yo
; Y >*§’
Steel fioor ™. £ .
’ == S ! © e .

reinf. L‘—F\L‘—r .

l;f g"/ " {4_';7"__1 . ‘I‘:\Q‘f /’,’5:/ //:q ‘/gs\/{!‘?/fg //@,/A{:_—.

. Ring moulds and reinfarcement ~ " Poured floor

Fig. 2.9 Casting the base slab

When the floor slab has been cast the formwork is erected
andthe chicken wire folded up against the. shuttering. A layer
ot chicken wire or weld mesh made from 2mm wirg at 5cm
centres is wrapped around the tank to, cover the shuttermg'

from top to pottom {see’Fig.30).

Fig.30 Assemb/mg the formwork and remforcement

- *The matm_reinforcement, 4mm dlameter stralght wire, is:
‘wrapped tightly - around the tank in a spiral with a bcm gap
between the wires. Theoretically this gap \ho«ﬁti be much .
smaller at the bottomi of the'tank than at the top, to takésthe —
greater stresses, but |n practice | the spacmg IS Ieft constant o

"L,_
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ITh|s prevents mistakes dunng constructron and does: not add

appreciably to the total costs. The sameaspacing grs often

||c‘-cv4 A atl At 1-hc. tanlke hh‘th ol QnA large

A
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The first mortar layer (1:3 cement:sand by voflrne) IS
trowelled onto the tank lcm thick and given 24 hpurs to
harden. A second layer of mortar is then trowelled jon and
finished smooth with a plasterer’s float; this is also g ven 24
hiours to harden. \

The formwork is now carefully stripped and removed from
inside. the tank and a third layer of mertagis trowelled on
the inside to completely cover up the reinforcement. A thick
unreinforced coving is added to strengthen the joint between
theiwvalls and the floor of the tank.

Finaily, the roof s built onto the tank by Iayrng mortar
onto shaped formwork which is propped from underneath.
The roof is reinforced with two layers of wire mesh which is
tied onto the mesh protruding up from the walls (see Fig.31).

Trowel on mortar

Form for roof

—-—-‘-‘-“- . . . - .
TR TR Ul U LU ML
Fig.31 Constructing the roof ‘

A prefabricated angie iron frame is set into the wire mesh
to provide formwork for an access hatch into the finished

tank‘ This is removed after ithe mortar has set (see Fig.32).

Mortar is trowelled on in a 3cm layer and allowed to cure
for three days. When it is strong enough the roof and acre
hatch formwork is stripped-and a layer of mortar trowe

~onto the underside of the tank roof.
The ‘tank is finally pamted inside with ‘a coat of cement"
-and-water sturry a. small volume of watér is allowed to stand

'm the bottom of the tank and the tank is covered and cured
for at least seven days for the mortar to. harden properly

L]
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Concrete lid

Opening hatch W

formwork

Pull angle iron form into
tank when concrete has set

Fig.32 Making the access hatch .

L4

Transporting the tanks

' TT{e factory made tanks of less than 25m3 capacity are light
enough 10 be carried by lorry. They are taken to the prepared |

site and joined directly 1o “the necessary p:pe connections;
tanks of larger capacity {greater than 26m?3 ) are usually built
on the site The smaller, lighter tanks are lifted onto and off-
loaded from a truck with & truck mounted hoist.

The larger tanks are winched onto the truck with a sling.
The first step s to jack one edge of the tank clear of the
ground. The truck is then so positioned that a pair of steel
runners resting on its carrying platform can be placed under

the tank to form aramp. A wire rope sling is fitted round the

tank which is then drawn up the ramp by a winch mounted
on the truck. Steel pipes are used as rollers when movung the
tank. g

For unloadmg the platfarm of the truck is raised sllghtl\/_
‘and the tank slides down the ramp. The steel pipes are.again
:used_x’ls r@[\iers and the downward ‘movement is controlled by
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Chapter Eleven
Demonstration Tank Budt vvlthout

Formwork: 6m® Capacity, UK.

This tank was constructed for demonstration purposes in
order to investigate the feasibility of constructing a tank
without any shuttering” The reinforcement form was built
from welded mesh and tovered with two layers of chicken
wire. Mortar was applied from the outsu:ie and forced through
the netting to the inside: it would have been befter to apply
the mortar from the. inside, but thlS would have made the
construction work more difficult as afl of the mortar would
have had to be lifted in through the roof. ‘

From the experience gained in this project we do not
recommend this method of construction, although it is similar
to the more conventional techniques of ferrocement. The.
extra cost of the welded and woven ‘mesh would have paid
for a cheap shutter and, because of the thin gauge of weld
- mesh used, the mortar core was flexible and moved during
plastering causing the mortar core to slump. The design has
been included because some of the features of construction
are of similar design to others.

Tank size

The tank was constructed with a diameter of 2m, a height
of 2m and a wall thickhess of 3cm. The capacn\/ of the tank
was 6.3m?3 b

r

Design : o,

The tank was designed 1o be constructed without any form-
work; the preliminary calculations indicated that the maxi-
mum foads that the tank would have to take would not
overcome the strength of even unreinforced mortar. The
reinforcement was therefore included for ease of construc-
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tion and to prevent, Shrinkage dur‘rhg curing, rather than
for strength. '

1

Construction (see pHotos 5.1 to 5.11) .
A ciecle of 3m diameter was marked on the ground and

cleared of topsoil; the excavation was backfilled with a layer

ot sand and gravel. A peg was driven Into the gravel through

- the centre of the foundation and a circlé 6f 1m radius traced
out around the peg. This marked the outside face of the -
Adank and a row of disused’ bricks was placed to act as tem-

porary formwork to_the concrete floor. A layer of weld
mesh was laid across the circle and strips of chicken wire
tied around the edyes. The weld mesh and chicken mesh
were bent up. in a circle over the inside edge of the bricks,
and a layer of cardboard fixed o the inside, allowing the

coving on the inside of the tank to be built up. Alternatively, -
the reinfarcement may be topped by a second tayer of bricks

and bent up at a later date when the floor slab has: nardened
(see F»g 33 ' : :

Centre line of tank

i“ 1rn radtus

‘ Cardboard strip

Chicken mesh

L~ Weld mesh

Fig.33 Making the base of the tank

When the fioor stab had hardened, a 3m high section of
weld mesh was erected in the shape of a cylindér, on the floor
sTab, the floor mesh and weld mesh was bent up and tied to
the cyhnder with soft iron tie wire. Two layers of chicken
wire were then wrapped around the weld mesh formwork
and tied securely into place (see Fig.34).

A mortar core wall of 1:3 (cement:sand by volume) was

then trowelled ontd the reinforcement. One man stood out-

'smde the tank and pushed a trowel full of mortar through the -
relnforcemem to a man'standing on-the msude of the tank
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Photo § Constructing experimental tank on weld mesh frame (UK.

5.1 Note bricks
acting as temp- .
orary formwork

b.2 Tread mortar
into corner.
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5.5 Build up weld mesh for
walls
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B.7 Plaster ori core wall
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roof. 2t
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5.10 Building up
the roof. Note
;he roof shyrre-rs.
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5.11 Finished tank
painted white.
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Fig.34 Erecting the wall refnforcement |
s holeh iy trowel This process proved time consu;mmg
aned d-fhealt, as during the trowelling the reinforcement ten-

Jded 1o shake and move causing the mortar to slump down.

- This couidt perhaps have been avoided by using one or More

extra layers of chicken mesh but at extra cost. Great care

wds taken to make sure that the grortar penetrated into the .

remiorcement at the junction with the Hoor slab. ‘
Jhe core wall was given a day to harden and Tcm’ thick
la@Fs of mortar were .trowelled onto both the inside and
outside faces of the tank. The tank walls were given a week
to cure under a cover of black plastic sheetmg
The roof was next constructed by bending down the weld
" mesh and fastening on top of this a series of sections to form
a core with a 30cm diameter hole'in the centre. Chicken wire
‘was ‘attached, shuttering was propped up from beneath and
the root was cast in mortar (see Fig.35).
After several days, the shuttering was stripped out and the

inside of the tank given a wash of thick cement slurry. The.
tank was again allowed to cure for a week under cover and

>

the ourade of the tank painted wh|te .
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Tie on chicken mesh - Bend down weld mesh

Phywood shutter

Fig.35 Making the roof

'l

Materials required for construction

Cement . 400 kg-
Weld mesh, 15cm mesh, , !

diameter, 4m x 2m she 2 No.,
Woven mash, 2cm openings, 1m .

high roits 30m long 1 No.
Sand' S | 1.0m3
Timber and plywood for roof . =

shutters &
&5
, " 83
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Chapter Twelve _ _
Traditional Adobe Granary Bins,
Ferrocement Lined, Converted ,
A - . 3 . .

to Watej Tanks: 10m Capac:Ey, Mali

- : b h T .
The Dogon people of Mali, living in the Sahelian drought
©zone with a rainfall of only about 40cm per year, suffer
‘greatly from water shortages "during the dry season. The
“method of storing water described in this chapter was devised -
to ‘provide a cheap tfank for water collected from. the flat
reofs of the houses. Rain is of such importance to the Dogon
people that they have built many myths and customs around
the coming of the rainy season. The water tanks, which con-
sist of traditional grain bins, lined with a.thin layer of rein-
forced mortar, are readily acceptable to the users and fit
well into their social and cultural visions of life. The bins

already exist outside each group of houses and can be adap- .. »

ted with the minimum of work and skills on the part of the
users (see Fig.36), o -' ‘ -
TOTAL ROOF AREA: 80 SQUARE METRES




of mortdr will 'not support the weight of water in a full tank .

Design : :

The tanks are built in a way that could not be simpler, con-
sisting of trachtional grain bins lined with a layer of chicken
wire and mortar. The cylindrical adobe walls provide the
formwork which supports the mortar, and if covered at the
top with plastic sheeting allow the mortar to cure safely
The bottom of the tank is built up into a basin shape usmg
a sotl-cement mix, this avoids corners in the tank and reduces
the risks Of Cracrking under load. The single 1cm thick layer

on Tits own but most of the load will be taken by the thick

adobe walling which is reinforced with grass fibres. The tarnks

are about 2.4 metres high and 2.6 metres in diameter. The

root is flat with a removable dome for access; this prevents
rubbish from falling into the tank and cuts down evaporation

losses. _ _

There will be ditficulties when the adobe walling which
provides a permanent support begins 1o erode in the rain. If
the users do not keep ThIS (n good repair the tank 1s likely to
crack and leak.

Construction (see photos 6 and 7)

It & new storage tank s to be built the site must be cleared -
and an adobe bin built up In the tradltlonal way. The bottom
of the bin s rounded Into a hasin shape using a soil-cement
mixture {apout 1:10 cement:soil by volume) and the chicken
mesh stapled around the inside of the bin. Cement mortar
of 1.3 mix (cement:sand by volume) is trowelled on ly hand
in a sigle layer tem or so thick over the walls and floor. A
small amount of water is stood in a bucket'at the bottom of
the tank to keep the air moig} and #he top of the tank covered
with a layer of plastic sheeting. This effectively seals the
tank and allows the mortar to cure.

Converting an existing granary into"a water tank folfows
exactly the same procedure. :

The roof of the tank is built in the traditional way by
constructing a timber frame laid flat over the top of the tank, |
covering this with branches, then building up a layer of -
adobe. The traditional access through a remdvable thatch lid ..
is replaced by a permanent adobe cover.
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Photo 6 Ferrocement-lined adobe granary bin under.construction.
Mali -
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e : 7.2 Quts{de view
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XNhe roof to the tank can be considerably |mpr0ved by,

replacing this type of sgrmc:ture by a siab of reinforced con-

creté with! a I;d for access (see Fig.37).
i
\\
‘\ Adobe dome
! Access hatch for water users
A . Infiowing water
ngrﬂov&\{,_—_F - -' : /r//
R
Vo
\ ] ——
‘I- .
\"-. Adobe walling

-y

u

Soil-cement

—r,r[‘ 7T 777 /ﬁ/&“///QT/E’?A:?? SES
Q8S SECTION THHOUGH TANK
\ .

.

.= Ferrocement dome cast
o R " onground and lifted into.
Reinforced concreteglab ( place
cast on t|mbers o Ny QT X -
. | uul? . " .
_ %”—\\§
._ 74 ,
" Cut out timber \'_ .
support after : s
conerete has set]. - J I
NN /L= 7= A ° |
‘ REINFORCED CONCRETE ROOF '~ 'FERROCEMENT DOME ROOF

Ff.g- 37 Ferrocemen%-h‘ned adobe tanks -
90 o '
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Afternativelv, the roof may be built from a ferrocement
dome reinforced with straight wire. This may be buiit on the
Grownd on d qim[“e mould butlt up from earth and covered
with a nuastic sheet, ordirecly on to the tank over ’[emporary
formwork Dusit irom timber and sticks.

The domes are o naturally strong shape ideally suited Tor
ferrocement. g ’

Water s loken from these tanks from a hole in the roof
(see Photo 81 This obliges the users to chimb up for water
which will encourage rationing but is likely to increase the
sk of accidental contamination. For a newly constructed
tank the more usual pipe may be built into the floor with a
tap on the outside; unless the users are caretful, however the
tap- Mmay be il ranming dand the water in the tank will then
be wasied, !

Materials required (for a 13m? capacity tank)

Cement 450

Sand 0.7m3

Chicken mesh Tm wide - 15m |

Polythene sheeting © -Bm?2 ’

Photo. 8 Usfhg the tanks

8.1 Lifting cover off tank 8.2 Lifting wéter out of ténk

_ 91
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Chapter Thrrteen i

Roofed Tank WI h makeshn‘t
Formwork. 40m Capacnty,_ Rhodesia .

These 1anks have been developed or construotron n rurai'
areas and their main feature is e use of cheap plywood,

sheet 1ron, Or even woven sttcE formwork. The sheets are . -

held in place by vertjcal angle iron sections set into the foun-
dations to make a cifcle. The reinforcing wires are tied to the
outside of the anglefiron sections which are embedded into
the wall structure dufing-plastering (see Photo 9). |
The tanks are built with a diameter of 5m and a depth
of Zm. They hold 4bm of water. The final wall thickness is

approximately . 5¢m built up from a 1:3 (cement sand by

* . volume) mo’tar

T
-

Design N : ' =

The tanks have been designed to take-hoop stresses only and

~no vertical reinfgrcement is -included. The vertical angle
Jiron will resist mgst of the force of the water tending to'push’
the base of the jwall outwards Ft 'would-be expected that ¢

loading would cgncentrate at the base of the angle irons 16" | .
cause cracking, Hut long field experience has demonstrated P
~that this does not occur. The #nk walls are carried on a '
foundation and |are not continuous with the floor of the :~

tank; the floor jcan therefore be mede from puddled- olay

Construction
A suitable sit
cleared to fgrmn
‘circle 1s marked with a peg. f :

. The wall fpundation  trench is marked on the groundl
b\/ attaching

92, | . | : ' v

on firm ground s chosen and the topsoH

a circle of 6m diameter; the centre of .,the e

tape measure 1o the centre peg, tracmg outa D
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Photo 9 Roofed tank, Rhodesia

9.1 Marking out and excavating 9.3 Tying on reinforcing wire
foundations , S
El . 4 "'k_ 1, ’

] B . ki s
9.2 Backfilling foundations with concrete .

and placing angle iron
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9.4 Mixing the -
mortar.

9.5 Laying on the
“mortar. '

9.6 Making the
roof.
" s




9.8 Finished tank
with inlet.

- 9.9 Catchment area
- for tank with wire
‘ fence,




Y
a

“density and finished off with a level surface

- § ‘I

radius of 2.5m on the ground. A tre&cmBO x 30cm is dug.
A similar trench for any pipework s a!so éxcovoted and’ thc
pipework 1nstalled. '
A concrete mix of 1:2%.5 (by volume) is then placed in
ali foundations; it should be well compacted for mammum
Twenty four lengths of 2.3m {ongangleiron, 3_0 X 30 x 4mm
sections are cast inte the wet foundation concrete at 65cm

. centres to a depth of 30cm. These must be placed truly ver-

tical and supported whilst the concrete sets as they will

determine the shape of the tank, the concrete should be |

given several days to harden before the walls are constructed.
‘Straight’ galvanised steel wire, 4mm diameter, is now
wrapped around the ring of vertical ‘angle iron supports,
starting from the bottom at Scm spacings. At each angle
iron each strand of wire is tied with soft iron wire. Tﬁ-ree
exira strands are wrapped around the top of the tank.

- The formwork to make the tanks consists of sheets of thin
plywood or flat galvanised tron sheeting. When the reinforc-
ing wire has been attached up the full height of the tank the - -

formwork sheeting is fastened inside the ring of angleyiron
supports, and tied to them with soft ron wire_ The walls
are now ready 10 be plastered.

A mortar layer is trowelled 1cm thick omo the outside
of the tank, given 24 hours 1o harden and a second coat
apphed and finished with a plasterers’ steet float.

Some tank builders, who have limited quantities of form-

work sheeting, use one or two sheets only and plaster the
tank walls in sectiohs with complete success. In this case the

sheeting is Jeft in plage until the mortar has hardened and is

strong enough to stand. up on its own. The formwork is then
stripped from the tank and moved +to an adjacent panel.
We do %t recommend this economy, however, as complete
sets of self supporting shutterlng make construction very
much simpler. ¢ :

The formwork i$ finally stripped from the inside of the
tank and a third mortar layer Tcm thick is applied to the
inside of the tank’. Finally, a fourth mortar layer is trowelled
onto the inside of the tank and the tank is covered and
attowed 1o cure. | - - .
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The roof
I root 1s 1o be winlt over the tank, it is given a 50cm dia-
meder access hatoh gt the centre to allow access for cleamng
The (oof u__m_. Dreement consists of steel rods, 8mm in dia-
et whhch gre placed at 32 bom centres around the top of |
ihe tank, g iy alternate rods which are either 3m long and
fastener 1o ibe angie iron in the walls, or 2m iong -and
fasienet! 1o the oo wire, before the walls are. plastered. The
rdds an the angle ron supports are bent down to form.a
CAnopy hen fied lemporarily 1o a prop erected in the centre - '
b the tank, this will teave an opening for the access hatch,
The bhl)ff‘-}l’"ﬂ/ofib attached to' the hoop wires stap short of °
he contré support. dmme dlameter wire is wound in a spiral
over the top of rhe tank 8t 10cm spacings and ‘tied to each
cachind reintorcement rod with soft Iron tie wire,

One seciion of e reinforcement is often left lopse to
dttony e shest formwork of the walls to be lifted out. At
His staae, the waills are ready to be plastered (seei Fig.38).

Roof opening ' .
8mm diameter | -~ ] _  8mnydiameter
= — 2m ong rod
/" e T . atrached to.
. h \ Hoop wire
((A/uach to angle rron”-, r“‘“ Prop - A
Angle iron P . : : ' ar
) a ! . Hoop wire with i

. angle iron. removed

4mm hoop wire .

SECTION THF!OUGH TANK

Fig.38 Bw!dmg'rhe roof .

.'. - . ‘g’
Plastering the 1oof is carried out after the' wh 3
plasteredt in stages starting at the sides of the &% (i there
is insufficient sheet forrawark). The sheets are Q“rotfped bp .
from below hard against the reinforcement and a Scm layér
of mgriar rmweiied onto the top. When this has hardened
after 2 or 3 days the sheet is stripped and moved to an -’
adjacent, unglastered part of the roof. Thls is plastered in

13 - . 97
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" After the roof Has been completed the floor of the tank is
laid with a 7cm thick reinforced concrete layer. This part of
the wark can be carried out before the roof and walls are
constructed in the way described ig Chapter 8; alternatively,

an access hatch at the edge of the roof may be unplastered
through which the concrete can be lowered. .

Materials needed for construction 2N

Cement = 2010 kg
Angle iron 30 x 30 x 4mm * _

24 No. @ 2.3m long 55m
Straight wire 4mm diameter 900m
8mm diameter reinforcing rod, _

24 at 3m long, 24 at 2m long 120m or 635 kg

1

(o
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Chapter Fourteen R SRR

Open Tank with I\/lakeshn‘t For
150m’ Capacﬁy U. SA .

%

These tanks have been built for over 20 years by farmers in

Ar!zona U.S.A., to provide cheap and durable water storage

for thelr cattle. The\/ are built by one man in 90-100 hours of:.

work, using powered mixing equipment and a pick-up-truck
to collect the aggregate. The tank is reinforced by two layers
of weld mesh covered inside and outside with woven chicken
wire. Metal shéets are wired to the outside of the stiff wall of
reinforcement to provide a .temporany back-up form as the
mortar 1s plastered on from the inside. This méthod of tank
building is relatively expensive due to the cost of the mesh
reinforcement. The tanks are used’ *mainly for water storage

for cattle gnd are usually filled from wmd pﬁwere cumps

{see Photo 10).

The tanks are built with various capacities, from 20-150m3
“with diameters from 2.5 to 10 metres and a depth of 2m. The
one descrlbed in th:s section has a capcity of 150m3

Design , :
The tanks have been designed as canvehtional reinfarced con-

_.crete_and the chicken wire is ass BTely cantriute little -
- towards the strength of the tank. The maximum size of tank -

that will stand.up without cracking has been calcutated to be

10m diameter and several tanks of thigsizeshave been used in

the arid Arizona climate without fracturing. The tanks are
constructed with the floor and the walls joined joined’ to-
gether without reinforcement at the joint; experience has

shown that the joint does not crack and allow Ieakage The

floor is unreinforced. The .tanks are. {ocated so that inlet to

the tank fills the tank by gravity; when the tank is full water

overflows back into the well beneath the windmill.
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10.2 Applying mortar. from inside the tank
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Tank with cattle watering trough
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Construction

The site area is cleared of surface vegetation and the line of
the tank wails s marked out or the ground with a 5m radius
from the centre peq. »
The rolls of weld mesh for the 2m high insidexand outsid
layers from 5mm steel wire, are unrolled on the ground and
joined to give the desired length. of 31.5m."The outside layer
is folded down 30cm at the top and the inside hoop is folded
ap 40cm. , - '
The mesh Idvers are re-rolled, carned to the tank -site,
opened up anditied together to form a wall of double layered
mesh on the marked out circle {see F|g 39). The mesh 15 held

Weldmesh

Chicken wire At

WALL SECTI ON
Fig.39 Construction of 150mS tank, USA

to the ground by 30cm long 8mm steel rod staples bent

mesh is a@ded next W|th a Iaver on the inside and outside of

the tank, this is fastened securely in place with soft irgn tie

wire. Care is taken that the overlaps to the weld mesh are
staggered as the extra thickness at the overTap makes con-
struetion very difficult. ‘The chicken wire and weld mesh are
tied tagether beginningat one end of the mesh and continuing

to the other ends this prevents-the wire me&h—#aFﬂ%Feewﬂgw ~~~~~ e

during tying and causing bulges.

When these tanks are used primarily for stock watering

the outlet pipe is pivoted to aliow the pipe to be’adjusted
to the required depth below water level. f the water control
fioat on the cattie trough fails then only a small fraction of

the water in the tanks is lost. With the pipework fixed in-

position the concreting can begin. - .
| | 103
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Mortar made from 0.2:1:3 {lime:cement:sand by volume),
IS bt up argund the base of the wall reinforcement and
allowed 1o harden. The hydrated lime is added to the cement
to improve the workability of the rmortar. Metal sheets Tm
widie are fastened around the outside of the reinforcing cage.,
o provide a back-up when the mortar is plastered on from
the inside A hole 1s made through one of the sheets and the
chicken wire cut away to allow mortar to be poured through
1o the nside of the tank. This panel is the last to be com-

‘pieted A mortar layer 2cm thick is then trowelled on and

nus‘hea through the remnforcement 10 the back-up steel
sheets, the chicken mesh holds this thick layer onto the
shutter without slumping. _

Immediately after the core "wall has stiffened (about
0-12 hours, depending on the climate), the sheets are stripped
from the base of the tank and fastened to the top section
which 15 agamn plastered from the inside.

The mortar ‘core’ wall 1s covered with black plastlc or wet
SACkanyg as 500N as 1t has been plastered to reduce water evapor-

anon during cuning. After initial hardening the metal sheeting
(S SIrippe i, anl Tem layers of mortar are applied to the inside-
and the odtside of the tank 1o give a final wall thickness of
b.5cm. 1t the core wall has dried out it is splashed with water
befure plastering,

Thp tank floor 13 covered with a 1-2:4 (cement sand: graved
by volomel concrete to a depth af 10cm. The base of the
wall on the inside and the outside s finally built up to a thick
unremnforced-coving, the mixer shute hole is patched up, and

Cthe tank s given 7 days to cure under wet sacking or black

plastic

Materials needed for 150m3 tank

‘Walis:  Cement - - : 2300"’kg S
Lime ‘ 450 kg
Sand ' B5m3
Weld mesh, 2m high 62m
Woven mesh, 2m high 62m

Floor: Cement ~~ ~ ~~ ~ 1850kg
Sand : 2.6m3 '
Gravel 5.1m3
Asphaltpaint ’ 45 litres
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In this design, the inside’ of the tank-is pcennted with a layer-
of black emulsified asphalt paint to reduce the risks of leakage -
through fine cracks. :

3
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iRt - Additional Information. ... e e ety

Chapter Fifteen o . " e
Calculated Stresses in
Thin-Walled Cylindrical Water Tanks

Summary _ .

The désign calculations presented in this chapter have been
prepared from an idealised conception of a thin walled tank
which does not occur in practice. However, they have been hor]
included to allow a tentative assessment to be given of the
strength of the tanks and their safety margin against failure.

The calcllations show that the greatest area of stress for
all of the+tanks occurs across a horizontal ptane on the inside
face of the tank at the junction of the wall and the floor,
which in the larger tanks exceeds the maximum permissible
tensite stress for cement mortar. This stress is greater than

.the stress that has to be resisted by the hoop reinforcing

wire. Most of the construction designs described in Part 3
haye only minimal reinforcement in a vertical direction and
this is 8 major design weakness.. _ e

Design assumptions for calculations

T —

i. The tanks are assumed to be made of ajuniform, homo-
genous, elastic material, with an. elaslic modulus the
same in both horizontal and vertical. diréctions. Poissons.
ratio for reinforced mortar is taken to be zaro. __

ii. The tanks have a cylindrical wall with a flat floor; the o
walls and the floor are composite, and the deagn-sl&emﬂuw

106

developing at the inside corner of ‘the wall; no account b
fias been taken of creep Wthh would relieve some stress

in the mortar. N
i, The liquid in the tank is Water and f|ils the tanks to the
top of the walls. S

iv. All calculations have been taken rfrom the pubhcatlon '

i-_-
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=, Beinforced ‘Concrete Reservoirs and T«smks‘&!!rf= P. Manmng e
Cement and Concrete’ Assouauan o979 s of
the dimensioniess term (HxRT ) are beyond the range
sHown by Manning:—
where: H = tank height
_; _ R = tank radius
& T = wall thickness S .
v. The dlmen5|ons and wall thicknesses-of the tanks: have
been chosen to be representative of the tanks described _
‘ In Paft 2. —
Table 5 Calculated stresses in thin walled, cylindrical tanks:
’ . Position of Max. bending . Shear i
it hear
;fa"k rhr::ness Capacity hMaxm::(um max.hoop stress on stress at
’ . 00P SIress:  strpss inside face - base .,
m cm m3 Nimm2 h N/mm2 N/mm2
250 3.0 . 9.0 0.73 0.20 132 0.09
5.0 3.0 40.0 1.26 0.24 2.34 0.16
5.0 5.0 40.0° 0.65 0.29 1.42 0.1
10.0 6.5 150.0 0.88 0.42 2.06 0.13
. 20.0 8.0 630.0 086  0.55 2.26 0.13
Symbois: H = tank height (= 2.0m} ’

1= wall thickness cm. '
= distance from base

H
R = tank radius m
T
h

Comments: |In all cases, the maximum tensile stress occurs an the inside face at
the junction of the wall and the base and is over double the maximum hoop stress,
The calculated stresses in both horizontal and vertical directions are low for
the tanks less than 10m diameter, and the mortar may be expected to withstand
this foad without cracking. The 10m and 20m diameter tanks develop atensile |
" stresses at the base greater than that normally allowed for concrete and the
addition of vertical wire remforcernent here will probably make a major improve-
ment to the design.
e The shear stresses at.the base of the walls are Iow and present no difficulties
in desagn —

4

Most of the tanks described in Part 2 have hoop wire rein-
forcement with a layer of wire mesh on the inside face of the
tanks to atd construction and prevent shrinkage cracking. The
condition of equal elastic modulus in & horizontal and vertical
direction will therefore not occur in these cases,-althotigh,the
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wire mesh will contribute- substant;auy to withstanding the

load stresses on the inside face of the tank. What is likely to

happen here is the deveIOpment of a plastic hinge on the

inside face of the tank at the position of maximum stress, )

i.e. at the base; the wall will then deflect outward and throw

a greater load onto the hoop steel. The cracks developed at -

the plastic hinge, if they open wide enough, could allow

water to reach the reinforcing wire and cause corrosiort. This

would lead to the eventual failure of the tanks although the \

cfacks can be repaired simply by painting the joint with bitu- -~ =]

men. A large number of-these tanks have already been built _

- and used succe/s&ﬁ.ﬂl/y for over 25 years and this. potentlal
-.cracking doesfiot seem to be CFI'[I(@J__ITQ,.DI'BC'UCG, |

I3 [
ik ¢ ) . -t
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Chapter Sixteen | o | ,.h
Catching and Using "
Rainwater from the Roof -

The amount of rain that falls'and-may. be caught on a suitable
roof depends.on the climate of the area. Rainfall amounts
and hence catchment water, will vary between seasons and
years, and raimfall records will allow onty a very approximate
estifnate to be made of the possible quantities of water that
wilt be available from the roof. Deciding whether or not a
catchment tank is worthwhile, and if so, its optimum size 1s
“therefore largely a matter of local judgement and experience,
especially where there are other water sources that could be
developed. A trial tank built 'for a typical house.in an area
wilt give a useful ndication of the practicality of a-more
extensive tank construction programme and will also en-
courage the local people’s interest. The following steps have
been included n this chapter to wndicate and illustrate the
various factors ‘that affect tank 'size and use; they quI give
" only a rough guide to the size of tank needed.

.4. Ramfa//, potential run-o ff from rhe roof

The rain that falls on the roof runs off into a gutter and is
led into a storage tank (see Fig.40). As Imm rainfall ‘gives
11/m2 of horizontal surface therefore,lotal run off = R x A
htres, where A = Plan area of roof {(m?) and R = Rainfall

Tmm). _!
Example : q?
Rainfall ., . _ . =50mm’_ | P

= —Ruhoff/m? mof =50 mF

.+ Roof plan area = 30m? ST

30 x 50= 15001

L]

Total run-off from roof

!.f -

b. Potential supply morith by month
The rainfall is gaught ofi"the roof; it drains off through the
gutterung and is stored in the tank As-the rurroff is fitting the:
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~ being used {see Fig.41).

value of about 15-20 litres perfper

tank water i also being taken ¢

Rain falls through
plan area A

Fig40 Catching Fainwater

ut for use. The size of the
o provide enough storage, if
beriods. In crder to find the
month by month over the
¢ water in the tank is not

tank must be made large enough t
possible, to last through any d
cumulative run-off from the
year, we assume at first thaf th

c. Rate at which water can belusd
The amount of water usedjeac
depend)ng whether the users ivag

‘v HainfalI.R

g

d from the tank
h day will vary considerably
te or ration the water, but a

son per day is often quoted..

will use the water copiously
ly if the tank is overflowing,
r source during dry periods.
e tank for,use at the same -
oof of g:ven size can collectg'

In practice, most householders
during the rainy periods, especia
and will ration it or find anqthe

Wateﬁ |s bemg taken fro §

steady rate of water usage can be determined by plotting the -
cumulative run-off from Fig.41, by drawing in a line repre-
senting cumulative water use touching the first curve at only
one poth allowing the storage volume-aml the potential .
darly yield to be measured.
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Fig. 41 Water available from roof

i

4 ) .
E

Rainfall/month {mm)

Dry Season

!

] [ 1
JFEMAM T I AS o W b

i, Plot average monthly rainfall
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that the tank is filled up to capacity only once during the year.

In the real world the climate is unlikely to be uniform -
enough to allow these steps to give more than a rough indica-,

tion of tank size. In very dry areas, the root will usually be’

’ too small to cateh the volume of water needed for the whole
~-year, but even in this case the stored water may still provide

a useful, uncontaminated and cdntrdlable water source for

- atleast part of the year. : _ _ ,
‘%‘”‘ . = .
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. Sources of Further Information

Contacts .
Intermedlate Technoloqv Development Group, T
9 King Street, ) o

Covent Garden, ™ o -
London WC2, |

Chapter Seventeen " e |

United Klngdom
1TDG's Ferrocement Panel members are able 1o arlswer
queries about the use of ferrocement in water storage applic- -
ations. More detailed enqumes should be dlrected to the
relevant .JOUrces quoted below. : ) .-
Friends Rural Training Centre, s T
Hi#kweni, :
P.O. Box 708, | SN ’
Bulawayo' ; : v
Rhodesia - ' N
The founder of this centre for rural artisans, Ray Henson _
has been makmg the self- help tanks descrtbed |n Chapter 7 - Y
formany yeats. .-l il

Co operatlve Extension Services & Agrlcultural

Experimental Station,
College of Agriculture, . i
The University of Arlzona . ' i

J .

Y - 1 ) L
i . '~ ’
i . . ,

»

Tucson, - e
Arizona, ' ’
U.S.A.
The tank descrlbed in Chapter 14 was devnsed by th|s S
Extension Ser\nce for sto.gk farmers They prowde helpful - 5 .
advsce : . . . . S

.
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lan Crayford, B B

Honiara Marina and Shipyard Company,
P.O.Box 144,

Honiara,
Sotomon Islands | ‘ | ’ - o

This company has had wide expérieficé in ferrocement

~ boat building and is turning its attention to.the use of ferro-

cement, |n waterpipe and water tank construction.
DrG. L Bowen

Senior Lecturer in Civil Engmeermg S

University of Aukland, - o

School of Engmeermg A e

Private Bay, | SN ' AT

- Aukland, e ' -

New Zealand - o o
Or Bowen is.gple to answer enquiries‘on behalf of the New: =

Zealand Ferrpt; ‘t Marine Association. He will be able to .

direct any enqumgs%ﬁ tHe tanks «described in Chapter 10 to )

the relevant source. “h"a . B jf

Cement and Concrete Assocuatlon S l} -

Wexham Springs, 3 A | N

Slough, - i . e P

Bucks . Co b o

e

'Howard Liddet, "™ - o )

his students on the DOSSIbII!tleS of prov;dmg water suppi:es

The C & CA pubhsned many ‘man on the jQD Ieaflets on
concrete and concrete use, much of which is rélévant to, ferro- . -~
cement applications. These basic instruction ‘gaﬂets are of
great use in trdlnlng.progrdmmes.

School of Architgcture, . o

Hull Regional College of Art, | P -

Brunswick Avenue, ¢

Kingston-upon-Hull, - L F

HU2 9BT ' . B

United Kingdom _ ~ ' e
Howard Liddel has been dtrectmg a research prOJect with |

from the house roof’ His department is carrying out faeld S
studies on roof catchment water supplaes : i 3 ' '_
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E.A.J. Canedsa,

c/o Public Works Department, . ,

23 John Mackintosh Square, %‘\ . S

“Gibraltar o
The authorities in Gibraltar insist that each house uses its

roof to coliect rainwater for domestic use. Further infor-

mation on this may be requested from Mr Canessa.

-

e

Department of Civil Engineering,
Asian Institute of Technology, \
Bangkok, |
Thailand . . .
~ AIT organised a workshop on ferrocement in December,

1974, They are. Investigating the potential of ferrocement ’
applications iré: developing countries for a broad variety of -
uses. The ‘International Ferrocement lnformatlon Centre’ has |
just been established at the AIT to act as a clﬂanng house for
information on ferrocement and related materials. They will
send further information on request.

!* -

i v £ ) " : . -
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