










Photo 10 Build&:!ihe tanks, USA. 

10.1 Cheap shutteriRg frbm flattened oildrurbs , 
0 1 

Y 

10.2 Applying mortar from inside the tank 
+ 

I 

. 



10.3 Removing shuttering 

. 

lQ.4 Tank with cattle watering trough 
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lOi5 Water dumping into tank 

a 



The site dm is cleared of surface vegetation and the line of 
the iarlk walls IS marked out on the gr6uncl with a 5171 radius 
from the centre peg. 

The rolls of weid mesh’ for the 2m hIg4 insideGnd outside 
layers frorn 5mm steel wire, are unrolled dn the ground and 
jotned 10 ~IVP the desired length of 31,5m.~he outside layer 
IS folded down SOcm at the top and the inside hoop i9 folded 
up 4Ocm. 

The mesh Idyers are re-rolled, ca;ried to the tank ,site, ’ 
opened tip dnd/tted together to form a wall of double layered - - 
mesih on the marked’out circle Isee Fig.39). The mesh is held 

&$A 

Chicken wire 

9 
WALL SECTION ’ 

Fig.39 Construction of 150m3 tank, USA 

to the ground ,by 30cm long 8mm steel rodstaples bent 
through ,the r-r~eshand.hammered-Lnto.t-he~‘grdond..T~ech~cken“~~“‘~ 

_._.. 

mesh is added next with a layer on the inslde’and outside of 
the tank, this IS fastened securely in place with soft irdn tie 
wire. Care Is..‘ta’ken that the overlaps to the weld mesh are 
SLXJGJY~~& the extra !thickness at the over&p makes con- 
st;uctlon very difficult. The chicken wire and weld mesh are 
tied together: beglnning at one end of the mesh and’continuing 

._ to tt$ o’ther- end-;--this prevents-thehire mHFR-e-TeepCF)g------LL--- 
during tying and causing bulges. 

,When these tanks are used primarily for stock watering 
/ the outlet pipe is pivoted to allow the pipe to be’adjusted - 

to the required depth below water level. If the water control 
float on the cattle trough fails then only a small fg-action of , . 
the water in the tanks js lost. With .the pip&w&k fixed- ifi 
position the concreting San begin. 
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Mortar-m,add from 0.2: 1 .3 (Iime:cement:sand by volume) . ’ 
s b:rlli !~p arqund the base of the wall reinforcement an-d 

allovveci tc, harden. The hydrated lime is added to the cement 
t0 ifTtI-,r’OVf? tile workability of the mortar. Metal sheets 1 m 
\wii.ie a:? fastened around the outside of the reinforcing cage, 
to pro~cie a back-up when the mortar is plastered on from I 
the Inside A hole IS made through one of the sheets and the 
~.:l:~cken ‘VVIT~ cut away to allow mortar to be poure*d through :i .m 
TC-J 1113 Inside ~.,f the tank. This panel is the last to be corn- ; L 
pietw A mot tar layer 2ct-n thick IS then trowelled on and 
pu<hed through the reinforcement to the back-up steel 
sheets, the chicken mesh holds this thick-layer onm the 
shiltter &thout slupprng. 

. 
ln~r~ecitate~y after the core ‘wall has stiffened (about 

ii-1 2 ho~irs, ~dependrng on the climate), the sheets are stripped 
ir ijll? the ii~t: of the tank and fastened to the top section 
\.::h!i:/? 15 +qa~rn plastered from the Inside. 

The mc-;I tdr ,‘core’ wall IS covered wi?h black plastic or wet 
s;ick~~nq as soon ds It has been plastered to reduce water evapor- 
d.tlij:l lCiirlfl:] c!irrng. After rnrtral hardening the m~Yheeting ~ 

c- 1s itr rpqei, ,~r:fl lcm iayers of mortar are applied to the inside, 
and rhe i)- 1its111ie of the tank to give a ftnal wall thrckness ..of ‘/ 
6.5crn If ,ti;le core wall has dried out it is splashed with wate’r 
before~~plasJ.er IIICJ. 

. 1 . . . . . . _. . . ..*‘.The”ldnk floor 13 cokered with a 1 .2:4.(cement:sand:gravei 
by V~!/!rme! concrete to a depth of 10cm. The base of the 
vdi on the Instde and the outsrde is finally built up to a thick 
ilnrelrliorc:ecl-i:ovlng, the mixer shute hole is patched up, and 
the tank IS’ given 7 clays to cure under wet, sacking or black 
plXilC 

Materials needed for 1 50m3 tank 

Walls: Cement 2304’)kg ” 
Lime 456 kg 
Sand 5m3 
Weld mesh, 2m high 62m 
Woven mesh, 2m high 62m 

Floor: Cement 1850kg 
Sand’ - 

.._ _--..- 2e6m3 ~~ ~.-L ..,_ ..-. __.__ 

c Gravel ’ 5.1 til3 
Asphaltspaint F 45 litres r v *; i 
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In this design, the inside of the tank i-s pa?-ted~with-a-layer - t ----’ 
of blackemulsified asphalt paint to reduce, the risks of leakage . I 

. 
through fm’e craclks. 

.: 
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Chapter Fifteen 

Calculated Stresses 

- ., . A--.-- I.c 

ThirpWalled Cylindrical Water Tanks 

Summit-y I 

The d&lgn calculations presented in this chapter have’been 
prepared from an idealisea conception of a thin walled tank 
which does not occur in, practice. However, they have been 
included to allow a tentative assessment to be given of the 
Str-ength of rthe tanks and their safety margin against failure. 

The ca~c%‘l’ations show that the greatest area of stress for 
ali %f~~the:~tailks occurs across a horizontal plane on the inside 
face of the tank at the junction of the wall and the_floor, 
which in the larger tanks exceeds the maximum pq.qissible 
tensile stress for cement mortar. This stress is grehter, than 

b,. 

U’ the stress thatf has to be resisted by the hoop reinforcing 
wiSe. Most of the construction designs described in Part ‘3 
haye only minimal reinforcement in a vertical direction and 
this is a major design weakness.. r I .- _ .- 

Design assumptions for calculations 

i. The tanks are assumed to be made of a/uniform, homo- 
genous, elastic materia,l, with an elas.ic modulus the 

5 same in both horizontal and vertical.cGri ctions. Poissons, I 
ratio for reinforced mortar is taken to be z&To. 

ii. The tanks have a cylindrical wall with a flat floor; the 11 
W&J <, s and the floor are composite, and the dw.-s&%es 
are assum-ed to be, low e~.~~ugh,,to prevent a plastic%inge - 
de&loping at the inside d6rner of-the wall: no ac.coint 
has been taken of creep;which would relieve some stress 

/, __, 
, 

in the mortar. 
* 

0 iii. The liquid in the tank is water and ,fi-lls the tanks to the , ,_ ‘. ,’ ;;y 
,_A’. top of the walls. 

iv. All calculations have been taken lfrom the publikation, -- .~ F 
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the dimensionless term (Hx-RT-“) arebeyond the range 
shown by Manning:- 

where: H = tank height ‘. 

$? ! 

v. The 
been 

R = tank radius 
T = wall thickness 4 

dimensions and wall thicknesses of the tanks havBe 
chosen to be representative of the tanks described 

In Part 2. 
- 

.’ _-. 

Table 5 Calculated stresses in thin walled, cylindrical tanks, 

Tank Wall Maximum 
Position of Max. bending Scear 

dia. thickness 
Capacity 

hoop stress. 
max. hoo# stress on streti at 

s tresb inside face -. base ~ 

cm m3 
::. 

m N/mm? 

( 

h N/mm2 N/mm2 

H 
*I 

2.50 3.0 . 9.0 0.73 0.20 1 .32 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 0.11 

10.0 6.5 150.0 0.88 0.42 2.d6 0.13 

!2 20.0 8.0 630.0 0.86 0.55 2.26 0.13 

Symbols: H = tank height (= 2.0m) ’ 
R = tank radius m 

4 

T:= wall thickness cm. I 

h = distance from base 

Comm’ents: In all cases, the maximum tensile stress ‘occurs on 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 djameter, a.nd the mortar may be expected to withstand . 
thjs load without cracking. The. 10m and 20m diameter tanks develop Ltensile ” 

stresses at the base greater than that normally allowed for concrete and the 
addition of vertical wire reinforcement here will probably make a major improve- 
ment-to the design. 

\ .\ 

_,.- e& --_ The shear stresses at .the baseof the walls’ are low and present no difficulties j --- _. 
rn design. 

-- ‘\. -__ \ 

> ‘1 ‘\ 

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 aid construction and prevent shrinkage cracking. The 
condition of equal elastic modulus in a horizontal and vertfcal 
direction wi!l therefore not occur in these cases,-althoughlthe * 
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wire mesh will contributesubstantially to withstanding the-‘q 
load stresses on the inside face of the tank. What is like&to ’ 
happen here is the development of a plastic hinge on the .. 
inside face of the tank at the posiRion .of maximum stress, * --~Y1 
i.e. at the’,base; the wall will then deflect outward and throw 
a greater I,oad onto the hoop steal. The cracks developed :at 

I the plastic hinge, if they open wide enough, could allow 
water to ‘reach the reinforcing wtre and cause’dorrosionl This 
would lead to the eventual failure -of the tanks although the d - I 
$acks can be repaired s!imply bp”painting the joint with bitu- -” 

1. ./ 
men. A large numbers;f-these tanks have already been dbuilt - 
and used succe~&y for over 25 years and< t.his potentia.1 

~-.--:----,--...CC~inqdbe~~ot seem to be critical in practice. ,, ,- __ --.--_- --I.-._-_ 
-- I I I 
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Chapter Sixteen 4-w 

Catching and Using ’ \ 
Rainwater from the Roof .x . .._! 

The amount of rain that falls’andm$y be caught on a suitable 
roof dependson the climate of the area. Rainfall amounts 
and hence catchment water, will vary between seasons and 
years, and rainfall records will allow only a very approximate 
estimate to be made of the possible quantities of water that 
will be available from the roof. Deciding whether or not a 
catchment tank is worthwhile, and! if so, its optimum size IS 

‘therefore largely a matter- of local judgement and experience, 
esp.eclally where there are other water sources that could- be 
developed. A trial tank built ‘for a typic,al house.in an area 
wip grve a useful Indication 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 tncluded III this chapter to imdicate and illustrate the 
various factors *that affect tank’size and use; they will give 

j 

only a rough guide to the size 07 tank needed. 

.a. Rainfall, poteqtial run-o’ff fr6m the r;o f 
The rain thav. falls on the roof runs off’into a gutter and is 

led Into a storage tank (see Fig.40). As .lmm rainfall ‘gives’ 
1 l/m2 of .horizontaI surface, therefore,totaI run off = R x A 
Iltres, wh.ere A = Plan area of roof (m2) and R ,= Rainfall 
‘(mm). . I 

Example 
/ 

Rainf_ll =.50mm- ” 
I 

-3 . 
. 41?:, ___.( -- 7. _~_____ 

‘73 - Hu’f--0tfM r 
i *’ Roof plan are! 

ot =-54 
= 30m2 i P 

Total run-off from roof = 30 x 50 = 15001 
I .‘ ‘-’ 

! 
,,I,. 

6. Potential supply morith,by month 5 , 
The rainfall is caught off:fhe roof; it drains off ;hrougi the .N . 

’ guttering and is stored in the tank. As-the-run-of-f-is fFlling the ---- ---* 
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Rain falls through 
plan area A - , 

/” Rainfall R 

L -1 

3 

; 
I 

/ 
/ 

/ -1 / 
/ I 

‘tank water is, also being taken ut for use. The size of the 
pr,ovide enough Gorage, if s 

eriods. In order to find the 
cumulative run-off from the month by month ,over the 
year, we assume at first th e water in. the tank is not 
being used (see Fig.41 ). 

c. Rate at which va tet; can d from the tank r 
The amount of water u h day wil I vary considerably 

te or ration the water, but a 

source during dry -periods. 
for,use at the same 

-,... --. :.. ,._ :A’.,-., l_-.--___ll-ll 

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 .I 
one>, poi I t, allowing the storage volume a&j the potential n 
daily yield to be measured. 16 Fig.42, it has been assumedYi $ 
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Fig. 4 1 Water available from roof . 

Ralnfallimonth (mm) 
Dry Season ’ 

* r 

i. Plot average monthly. rainfall 
figures (Rmm) from all available 

records., 
. .s . 

Total runoff/month (1) 

I 
. 

ii. Calculate run-off for each 
month (= R x A) litres. 

< 

Total r,unoff ad$ed ? 
cumulatively 
* 

I ’ 

. --.-----. 

iii. Add monthly figures cumu- 
la tively (litres).. 



1 / 

‘, 4 .’ 

.,. 
,- 4 

umulativb water use 

Time -+- 

1. Fig. 42 Estima tihg tank’si e 
P <.. f / 

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 td‘allow these steps to give more than a rough indica-, 
tion of’ tank size.‘In very dry a&as, the rot?? will usually be- 

‘tpo small to catch the volume of $‘ater needed for the whole- 
-year,, but even in this case the stored water may sfil’l provide 

:- a useful, uncontaminated and 
“5 at least part of the year. 

. 

‘-, 

ccirntr~~lable, water source for I 

c 
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Chapter Seventeen 

I, Sources of Further lnforrriation . 
1 

L 

Contacts ’ * 

Intermediate Technology Development Group, 
LI 

9 King Street, 
- . 

’ , 
Covent Garden, k - . 

London WC2, s 
United Kingdom 0 . a \ 

-ITDG’s Fer’rocement Panel members are able to answer 
queries about the use of ferrocement in water storage applic’ . 
ations. more detailed enquiries should be directed to the 
relevant,Sources_su.oted below. 

P P * 
. - 1 

‘. I Friends Rural Training Centre, ‘, 
w 

.- : ‘, , 
I 

P.O. Box 708, :i .I m L 
Bulawayo”, 

> <- i 

R hbdesia ‘.i \ 

The founder of this centre for rural artisans, R$y He&on, a ’ 
has been. making the selflhelp tanks described in Chapter 7 ~~ 
for ,maqy y-ears. I ‘~ i 

.,+ I . 
PI, I -, - ’ se_ __...__ ^_ ..:. ~_._.l~l.r,.l., ._.. _‘........-._. ;.~~~.-.-.~,.Z~_ 

a 4 
Co-operative Extension Services & Agricultural 

Experimental Station, - , - , “’ 
. . 

r 
College of Agriculture_, 1 ‘- ’ ,%. 

s 

The University of Arizona, - . l _ 
Tucson, ’ ’ r 1.4 _~ - ---- . 

Arjzona, 
. ‘, ; i * I. s. ‘, c 

d U.S.A. 7 
The tank described ii Chapter 14 was‘devised by thi,s 

. - 
,,, 

7.. 1 
‘: 
.- Extension Service for St&k fa’rmers. 

advice. ’ I 2 
. .’ . . -> 4 

I 

They provide helpful P’ ‘. : .’ 
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I . 
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I 
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Ian Crayford, ’ 1 a 1 
Honiara Marina and Shipyard Company, . 

P.O. Box 144, -1 0. ‘.,\ c 
Hpniara, 
Solomon ‘I’slands 4 L\ 9 

This company has had wide experience in ferrocement --‘\, 
boat building and is turning its attention to,,,the use of ferro- :, 
cementin waterpipe and water tank construction. v. ’ I i’ I 1 
Dr G.L. Bowen, L, ’ 

Senior Lecturer in Civil Engineering, 1 \ 
University of Aukland, 

.-. .I * 

School of Engineering, >‘. 9 f; 
Private Bay, 

:, .q I . . h ’ 
Au kl-and’, ::i- 

= ,. 

New Zealand . J ” 
Dr Bowen i le to answer enquiries’on behalf&of the New> ! : 

Zealand Ferry arine Association. He will be able to . 
di,rect any enquiri@ the tanksdescribed in ‘Chapter 10 to 1, 
the relevant so P%{*, - 

,, ,l. 
f , 

>s~;f;v’ .A 
-1 

i : 
. . 

Cement and Concrete Association, . 
k! \ 

- 3’ ;I 3 1 . . : 

Wex ham Springs, .*, e ;.a 
a b ‘1 * 

Slough, 
I ’ 5%. . 

Bucks . -1 
i/ c 3 
;; ,, 

The C & CA published many ‘man on the job“ leaflets on c 
. ” 

concrete and concrete use, much of which is r&&ant to3 ferro- . I 
cement applications. These basic instruction aflets are of 
great. use in ‘training prog!ammes. 

3 
4 : 

‘- --- ~~-~_. - .._ ., 
H ow~rdI-F-&, , -.----- _ 

School of Architecture, 

. . 

H’ull Regional College of Art, ~\ 
‘4 ’ s ,’ z 

Brunswick Avenue, y /’ 
Kingston-upon-Hull, 

d .: I 
$ 1 *I 

HU29BT ’ / :I’ a . I’. , ,.,’ / A 
United Kingdo,m 

’ = - * 
Howard Liddel has been directing a rese8rch project with $, 1 - 

his students on the possibilities of provid’ing water supplies :‘T 6 
from the house roof.’ His department. is carrying out field ’ 
studies on roof catchment water supplies. 

” A _. 
. . 
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E.A.J. Cane&a, 

. 
--J 

c/o Public Works Department,. I 
23 John Mackintosh Square, 

f%$ 

*‘Gibraltar 
; & ’ * / 

The authorities in Gibraltar insist that each kouse uses its 
roof to collect rainwater for domestic use. Further infor- . 
mation on this may be requested from Mr Canessa. 

\-- 
Department of Cavil Engineering, , 

Asian Institute of Technology, -i 
Bangkok, C’ 
Thailand 

1.) 1 

AIT organised a workshop on fkrrocement in ~December, 
1974. They are invesiigating the potential of ferrocement 
appltcations &developing countries for a broad variety of 
uses. The ‘International Ferrocement Information Centre’ has 
jusf bee.n established. at the AIT to act as a cle8iing house for 
Information on ferrocement and related materi.aIs. They will’ 
send further infosination .on request. 

1 
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