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10.4 Tank with cattle watering trough
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Construction

The site area is cleared of surface vegetation and the line of
the tank walls 1s marked out on the ground with a Bm radius
from the centre peq. :
The rolls of weld mesh' for the 2m high insidesand outside
layers from 5mm steel wire, are unrolled on the ground and
joined to give the desired length of 31.5m."The outside layer
s folded down 30cm at the top and the inside hoop is folded
up 40cm. 1 A .
The mesh Iavers are re-rolled, carried to the tank site,

opened up anditied together to form a wall of double layered — -

mesh on the marked out circle {see Flg 39). The mesh s held

Weldmesh ‘
(A

Chicken wﬁire A
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WALL SECTION
Fig.39 Construction of 150m> tank, USA

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

through the mesh and hammered intg-the'ground. The chicken

mesh Is ac,ded next with a layer on the inside and outside of

the tank; this is fastened securely in place with soft iron tie

wire. Care is_ taken that the overlaps to the weld mesh are
staggered as the extra thickness at the overfap makes con-
struetion very difficult. The chicken wire and weld mesh are

tied tagether beginning at oneend of the mesh and’ continuing

to the other-end: this prévents- the\/vnre me&h—#@%eFeeamg—A—mwll—#
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 fraction of

the water in the tanks is lost. With the pipework fixed in-
position the concreting can begin.
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Mortar made from 0.2:1:3 (lime:cement:sand by volume),
is built up around the base of the wall reinforcement and
allowed 10 harden. The hydrated lime is added to the cement
to improve the workability of the fmortar. Metal sheets 1m
wide are fastened around the outside of the reinforcing cage.
to 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
10 the nside of the tank. This panel is the last to be com-
"pleted A mortar layer 2cm thick is then trowelled on and
pushed through the reinforcement to 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
fmm the base of the tank and fastened to the top section
~hich 1s agaim plastered from the inside.
The mortar ‘core’ wall 1s covered with black plasttc or wet
sacking as soon as it has been plastered to reduce water evapor-

ation during curing. After initial hardening the metal sheeting
s stripped, and Tcm layers of mortar are applied to the inside:
and the oltsicde of the tank to give a final wall thickness of
O0.5cm. 1T the core wall has dried out it is splashed with water
before plastering.

“The tank floor is covered with a 1:2:4 (cement:sand:gravel
by volume) concrete to a depth of 10cm. The base of the
wall on the inside and the outside is finally built up to a thick
unreinforced-coving, the mixer shute hole is patched up, and
_the tank s given 7 days to cure under wet sacking or black
plastic

Materials needed for 150m3 tank

‘Walls:  Cement " : 230Q"kg -
Lime 450 kg
Sand \ 5m3
Weld mesh, 2m high 62m
Woven mesh, 2m high 62m
Floor: Cement 1850kg
T g BT
Gravel ' 5.1m3
Asphaltpaint ’ 45 |itres
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In this design, the inside of the tank ispainted with a layer ;
of black emulsified asphalt paint to reduce the risks of leakage -
through fine cracks. ,
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Chapter Fifteen . ; b

P

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
included to allow a tentative assessment to be given of the
strength of -the tanks and their safety margin against failure.
The calculations show that the greatest area of stress for
all ‘of the:tanks 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 permissible

tensile 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
have only minimal reinforcement in a vertical direction and

this is a major design weakness., - , e

Design assumptions for calculations ;
3

i. The tanks are assumed to be made of ajuniform, homo-
genous, elastic material, with an. elaszc modulus the

same in both horizontal and vertical directions. Poissons.

ratio for reinforced mortar is taken to be z8ro. |
1. The tanks have a cylindrical wall with a flat floor; the
walls and the floor are composite, and the desigh-stresses

R P T [t e i e ot
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are assumed to be low enoughmto erevent a plastic hinge
developmg at the inside corner of the wall; no account

fias been taken of creep which would relleve some stress .

in the mortar. ' - oW
iii. The liquid in the tank is water and ﬂlls the tanks 10 the

top of the walls. L

iv. All calculations have been taken from the publication,
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Cement and Concrete’ Assomahon 19/7. The values of
the dimensionless term (HxRT %) are beyond the range
sHown by Manning: —

‘where: H = tank height

5 R = tank radius
& T = wall thickness S

v. The dimensions and wall thicknesses of the tanks have
been chosen to be representatwe of the tanks descr:bed )

in Part 2.

Table 5 Calculated stresses in thin walled, cylindrical tanks-

! y Position of Max. bending S/_zea:,

/! ;
ank Wa Capacity Maximum max.hoop stress on stress at
dra. thickness hoop stress. . .

. stress inside face - base -
m cm m3 N/mm2 h N/mm2 N/mm?2
H
2.50 3.0 . 9.0 0.73 0.20 o 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 2.06 0.13
20.0 8.0 630.0 0.86 0.55 2.26 0.13
Symbols: H = tank height (= 2.0m) i

= wall thickness cm.

H

R = tank radius m

T

h = distance from base

Comments: 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 diameter, and the mortar may be expected to withstand
this foad without cracking. The 10m and 20m diameter tanks develop 'tensile
" stresses at the base greater than that normally allowed for concrete and the
addition of vertical wire remforcement here will probably make a major |mprove-
ment_to the design.

The shear stresses at. the base of the walls are low _and present no dlfflcultles ‘

e T e s Be{nfOfced ‘Concrete Reservoirs and Tanks G.P. l\/Ianmng o

in demgn -

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 shrmkage cracking. The
condition of equal elastic modulus in a horizontal and vertical
direction will therefore not occur in these cases,-although, the
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wire mesh will contribute substantlally to withstanding the""’
load stresses on the inside face of th¢ tank. What is likely to
happen here is the development 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 threw .
a greatér 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 - e

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

men. A large number ofthese tanks have already been -built

arfd used success#ley for over 25 years and. this potentlal

-cracking does'flot seem to be critical in practice. A .
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Chapter Si.xteen B rw««
Catching and Using '
Rainwater from the Roof

The amount of rain that falls andmay 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 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 1s

“therefore largely a matter of local j’udgement and experience,

especially where there are other water sources that could be
developed. A trial tank bullt 'for a typical house.in an area
vwﬁ give a useful indication of the practicality of a-more
extenswe tank construction programme and will also en-
courage the local people’s interest. The following steps have
been included in this chapter to indicate and illustrate the
various factors ‘that affect tank'size and use; they w1|| give

“only a rough guide to the size of tank needed.

.a. Rainfall, potential run-off from the roof

The rain that falls on the roof runs offinto a gutter and is
led into a storage tank (see Fig.40). As Imm rainfall ‘gives’
11/m? of horizontal surface, therefore, total run off = R x A

litres, where A = Plan area of roof ( 2) and R .= Rainfall
Tmm). |
Example é
Rainfall = o, . . _ =50mm- R
« —Ruh-oft/m2 mot =50t/ mF— =
Roof plan area = 30m? ST J
Total run-off from roof = ‘

30 x 50 = 1500 b

b. Potential supply morith by month
The rainfall is caught of"the roof; it drains off through the

' guttering and is stored in the tank. Asthe-run-off-is filling the.
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p/ Rainfall.R.
-

Rain falls through
plan area A

rainwater

Fig.40 Catching

tank water is also being taken gut for use. The s:ze of the
- tank must be ‘made large enough to provide enough storage, if .
possible, to last through any dry periods. In order to find the
cumulative run-off from the tool month by month over the
year, we assume at first thaf tHe water in. the tank is not
being used (see Fig.41). o '

c. Rate at which water can be usad from the tank

The amount of water used;each day will vary considerably
dependjng whether the users wagte or ration the water, but a
value of about 15-20 litres peripefson per day is often quoted..
In practice, most householders ill use the water copiously
durmg the ramy periods, especially if the tank is overflowing,
and Wl” ration it or find anqther source during dry periods.

Water is being taken from the tank for,use at the same
time as lt IS bemg collected A fo) of of glven size can collect g

supply lThe storage volume rQeec%led to prowde the maximum
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 pOIIJT[ allowing the storage volume amd the potential
dally vield to be measured. In Fig.42, it has been assumed }
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Fig. 41 Water available from roof

Rainfall/month {mm)
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Dry Season
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i. Plot average monthly rainfall “

figures (Rmm). from all available
records. .

a

Total runoff/month (1)

Jji. Calculate run-off for each
r month (= R x A) litres. >
' r—-j
Total runoff added W L
cumulatively (i) , . . JEPECES AN
o
r———l

iii. Add monthly . figures cumu-
latively (litres)
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. " Fig. 42 Estimating tank size

that the tank is filled up'to capacity onhly once during the year.

In the real world the climate is unlikely to be uniform -
enough to allow these steps to glve 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
~vyear, but even in this case the stored water may still provide

a useful,

5

o uncontaminated and cdntrétlable water source for
s, at Ieast part of the year.
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| Chapter Seventeen
;‘bOUFCGS of rurmer Imormatlon

» a - . "‘
L N

Contacts

Intermediate Technology Development Group,
9 King Street, |
Covent Garden, %
London WC2, "
United Kingdom
1TDG's Ferrocement Panel members are able to answer
queries about the use of ferrocement in water storage applic- -
ations. More detailed enqumes should be dlrected to the
relevant gtources quoted below ' : ) po
Friends Rural ‘Training Centre,
Hidweni,
P.O. Box 708,
BulawayQ'
Rhodesia " N
The founder of this centre for rural artisans, Ray Henson
has been making the self- help tanks descrtbed m Chapter F -
for many.years. .. " .o e '

Co- operatuve Extension Services & Agrlcuitural
Experimental Station,
College of Agriculture, ) o
The University of Anzona L | o
Tucson, . - o
Arizona, ‘ o
US.A. . =
The tank described in Chapter 14 was dewsed by th|s '
Extension Service for sto;;k farmers They prowde helpful S
advice. o = : B

J“
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¥

13




b 9

lan Crayford, ' -
Honiara Marina and Sh|pyard Company, '
- . P.O. Box 144,

Honiara,

Solomon Islands - | ’ o
This company has had wide experience in ferrocement ‘

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

cement, m waterpipe and water tank construction.

DrG.L. Bowen '
Senior Lecturer in Civil Engmeermg
Umver3|ty of Aukland,

School of Engineering, A i e
- Private Bay, ' | . | AT
~ Aukland, e ' '

New Zealand -~ , . "
Dr Bowen is. %lﬁeﬁto answer enquiries'on behalf of the New: *

Zealand Ferrp(gg éi\/larme Association. He will be able to .

direct any enquirigssa, the tanks ‘described in Chapter 10 o,

~ &

the relevant source. T P ; : \_ e

*‘\ﬁ) —y

. . g
- W . ﬂ' "

Cement and {oncrete Assoaaﬂon ‘
Wexham Springs, - .
Slough, : . | .
Bucks S R G )
The C & CA pubhshed many ‘man on the qu Ieaflets on
concrete and concrete use, much of which is relevant to, ferro- 4/' N
o cement applications. These basic instruction gaﬂets are of
great use in ‘training programmes_ '

o
l "i) .

\

1
- ,'

l -

I

\

“Howard Liddel,” T o
School of Architecture, . SR EREE
Hull Regional College of Art, S
Brunswick Avenue, ¢ o
- Kingston-upon-Hull, . o e 7 oy
HU29BT ~ N S i’f\
-~ United Kingdom - ‘ o, o |
‘ Howard Liddel has been dlrectmg a research prOJect W|th
his students on the possnbllmes of prov;dmg water supplles ”

from the house roof’ ‘His department is carrying out ﬁeld

studies on roof Catchment water supplles : | 2
114 ' fo" -
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E.AJ. Caneésa,

c/o Public Works Department,

23 John Mackintosh Square,

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

roof to collect rainwater for domestic use. Further infor-

mation on this may be requested from Mr Canessa.

-

Department of Civil Engineering, ; ,
Asian Institute of Technology, . '
Bangkok, . | |

Thailand R N -

- 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 actas a clearmg house for

mformatlon on ferrocement and related materials. They witl :
send further information on request. ‘ |
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