
2 1 7 

83 SM 

32&g/ff 

LIBRARY 

intentional 'tfeuir.cd Contn 
for 03..-..ii'.:r,:ty VV-'.iar Supply 

SKILL M^ZZR PROJECT 

nSSIGi; .-J"L CCNSTHUCTION 

Generis.! Principles and Techniques 

For Ccmroiity Based Projects 

Field C-o—Ordinctor Training Cp-n̂ gp 

«iSTC Project,. Hahweit 

{/> 
Colm %t3.esv^Slaiia4L-"Cttlless. 

y 

/ 1a-&w-32bj 



1 >. I < e c U- t sW»* C O N T E N T S 
; Mf I 
I P A G E N O . 

1 . BTTSODUeTION 1 

2 . GENERAL INTHODUCTQHT TECHNIQUE g«cst ; j^ i SMALL WATER 3 
PROJECT DESIGN. (Slow C h a r t ; 

3 . FLOW FEASIJREMENT. , '. 13 

3.0. Introduction. 13" 
3*1 • Pipe Plow 13 
3.2. Channel Plow Measurement .... ; 1 5 

4. PROCEDURES F-3H DESIGN AND COSTINGS ig 

4.1. Design and Costing of Stone Tank 19 

4.1.0. Introduction 19 
4.1.1. General Calculations 19 
4.1.2. Design of Base 20 
4„ 1.3. Design of Walls ,, 21 
4.1.4. Design of Roof ,. 4.. 22 
4.1.5- Materials Recuired for Tank: Construction 24 
4.1.6. Costing of Tank 1.* 26 

4.2. Design and Costing of Ferro-Cement Tank * 28 
4.2.0. Introduction 28 
4.2.1. General Information/Calculations 29 
4.2.2. Design of Ease 29 
4.2.3- Design of Walls 30 
4.2.4. Design of Roof *..., 33 
4.2.5. Amount of Wire Mesh required for all of the Tank . 34 
4.2.6. Materials required for Tank Construction 35 
4.2.7. Costing of Tank 3? 

5. CCSEERUCTION PROCEDURES ' 39 
5.0. Introduction 39 
5.1. Construction Procedure for Stone Tank 39 
5.1.1. Introduction 3-9 
5.1.2. Site Preparation , 5-9 
5.1.3. Construction of Foundation Slab 40 
5.1 .a. Wall Construction and Pipe Placement 42 
5.1.5. Plastering of Inside Walls 44 

^LIBRARY, INTERNATIONAL REFERENCE j j l - ^ , 
i CENTRE FOR CCM.Vi-.-. ; : / WAVER SUPPLY '! -\7''- •' 



PAG5 TO. 
5.1.6. Preparation' of Wood 44 

5.1-7. Construction of the Roof 45 
5.1.8. Work on Access Area' to taps 4.6 
5.1.9. Inspection 47 
5.1-10. Use of Excess Water 4? 

5.2. Construction Procedure for Ferro-Cement Tank, *8 
5.2.1. Introduction \ 4̂ 8 
5.2.2. Site Preparation -48 

5.2.3. Placement of the Vertical Reinforcing Bars 43 
5.2.4. Construction of the Foundation Slab 49 
5.2*5. Placement of Circular. Horizontal Bars ........... 49 

5.2.6. Placeneat-afWire Mesh . 50 
5.2.7. Placement of Tank Fittings 51 
5.2.8. Cement Mortar Application i 53 
5.2.9. ̂ he Manhole Cover 1 5^ 
5.2.10. Access Area to the taps 55 

5.2.11. Inspection 55 
5.2.12. Use of Excess Water 5-5 

5.5- Design/Costing and Construction of Combination Tank. 5-5 

5.5-0. Introduction 55 
5.3.1. Design and Construction of the Base and Walls ... 5'5 
5-3.2. Design and Construction of the Roof 5^ 
5-3.3. Materials and Costings 5;9 

6. PIPELINE- PROCEDURES 60 
. . 6,1. Pipeline. Design .and Costing 50 

6.T.1. Introduction -w.. r , M - 50 
6.1.2. Basic Calculations 66" -
6.1.3. Use of Data Book &\ 
6.1.4. Pinal Pipe Calculations 61 

6.1.5. Example .... 62 
6.1.6. Uses of Valves and Sittings 6.3 
6.1.7. Costing'of the Pipeline C4 
6.1.8. Pipe and Accessory Prices 65 

* • 

6.2. Pipeline Construction . 66 
6.2.1. Pipeline Route «.- 66 / 



PAGE SO, 

6«2«2. Tools needed ...................... 66 

.6.2.3. Program of Work ..* .... 67 
6.2..4-. Inspection and Repair of Individual Pipes ••....• 67 

6«2«5« Connecting of Pipes ••.••«..•••••••••••..... 68 

6.2*6. Pipe Supports 68 

6.2.7. Inspection of Pipeline • 69 

6.2.8. Diagnosis and Correction of Problems •.,.......•• 69 



LIST OP DIAGRAMS 

Section Page No. 

3.1 14 

Diagram Ho. 

1 

4.1.4 

5.2.7 0>) 

5.2.8 

5.2.9 

5.3.2- • 

5.5.2 
6.1.6. 

6.2.6 

22 

4*2.1 • 29 

4.2.3 (d) 31 

52 

53 

54 

56 

57 
63 

66 

3 

4 

4.2.3- (e) 
» 

5.T.3 
5.li3-

5-1*4 (a) 

5 .1 .4 . (is) 

5.1.4 (c) 

5.1.4 (d) 

5-1.7 (a) 

5.1.7 -(b) 

5.1-8 • 

5.2.5 (a) 

31 

41 

41 • 

42 

42 

43 

43 

45 '-

46 

47 

50 

5 

6A 

6B 

7 

8 

9 

10 

'•• • 1 * t 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

Title 

"Pipe Flow"' measurement from 
channel flow situation 

Layout of beams for stone tank 
roofing. 

View of Standard Perrocement trxk 

Layout of reinforcement steel 
for standard ferrocement tank 

Desired overlap of reinforcing 
mesh in ferrocement tank. 

Design Mir for "base of tank. 

Construction Technique for "base 
of tank. 

Placement of Drain Pipe 

Design Mix for wall mortar 
in stone tank. 

Placement of taps in stone tanko 

Placement of air vents/overflow 
pipes- in stone tank. 

Layout of beams for stone task 
roofing. 

Manhole roof opening. 

Layout of stone tank frontage. . 

Layout of Reinforcing Steel in 
standard ferrocement tank. 

Placement of tops for ferrocer.ent 
tank. 

Design mix for mortar in 
ferrocement tank. 

View of Roof and Roofcover 
for ferrocement tank. 
Layout of Reinforcing steels 
for "combination" tank* 
View of"combination" tank. 
Profile of pipe line and posit­
ioning of "drain off" and" "air 
release" valves. 
Typical Pipe Support. 



1. i IHTBODUCTIQff 

This booklet has "been developed as a result of experience in the 

ASTC Mahweit Project in the basic technical training of field co­

ordinators for community development work. As will he seen from 

the General Introductory Technique, the process involves a high 

level of(discussion with the locals and a (thorough process of inform­

ation gatheringtp ensure each project has a definite chance cf " 

success "by "being fully researched. We have found through experience 

that there is virtually no water project however small that doesn'-

involve a variety of local political problems and it is only through 

rigorous information gathering and a complete survey of villages 

and springs in the area that problems, during and after construction 

of the project, can be avoided. 

This point cannot be stressed enough and we would advise anybody 

undertaking this type of project, involving a large community input, 

not. to race ahead and construct what may seem at the outset a very 

straight-forward project without thorough investigation of the pro­

cess as outlined in the General Introductory Technique. 

The process also involves the use of simple instrunents and 

basic techniques in water flow measurement, and determination of 

difference in elevations and pipeline lengths. The basic instru­

ments required are: — 

(i) Stopwatch 

(ii) Altimeter 

(iii) Measuring Tape. 

The stopwatch can be used in conjunction with either a measured 

bucket (10 litres or 20 litres), or a small float (for channel measure 

ment) to measure the flow from the source. The altimeter is useJ 

to determine the difference in elevation between the source and the 

recipient village, if the water is to be piped from the source to 

the village. The measuring tape is used to measure the flow of the 

source if it is a channel measurement, and also- of course to measure 

the length of the pipeline required if any. If a more accurate 
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survey of the land "between the source and the village is required 

(as is the case for projects with a small elevation difference 

between the source and the village), a level or theodolite should 

"be used. 

Hopefully, this manual will provide the necessary technical 

guidelines in the planning, design, and construction for small w^ter 

projects here in the "L.A.R. However, these technical guidelines 

on the implementation of such a project are completely dependent 

on the gathering of sufficient and accurate base line data and 

measurements, ^his will include and involve input from the local 

community^ which, as already stated, is probably the most important 

input to ensure a successful proj£Cfc*__ 

O • * / 3 <* 
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2.0» GSHSRAL UTTHODUCTOH? TECHHIgOE; 

The f o l l o w i n g i s a IXOw^olgaLXt-og- t h e p r o c e s s i n v o l v e d 
i n t h e d e s i g n and e x e c u t i o n of a Rma1.1w Vatreg J V j 0 e i l (liWl'T. 
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FLOW MEASDBEMEEIT 

Introduction 

The procedure used to measure the flow from a source depends 
on the type of flow and the constraints and restrictions on it* 
The two types of flow discussed in this sec-fcion are pipe flow 
and channel flow* ' 

Pipe ?low 

a) The measurement of flow from a pipe, or similar type of 
flow, is the easiest and most accurate to do* The instruments-
required are a stopwatch, and "bucket or container of known 
quantity o 

b) Holding the stopwatch in one hand and the bucket in the 
other, begin timing as soon as the bucket is placed under the 
pipe flow* Stop timing as soon as the bucket is full or 
reaches a level of known quantity. This procedure should be 
repeated at least three times and the volume of water collected 
and time recorded each repetition* 

c) How the rate of flow can be calculated by using the following 
formulas 

Volume of water 
Rate of flow =« » • 

Time 

This rate of flow should be calculated for each trial and the 
average of these used as the determined rate of flow* 

d) A flow measurement is always a volume per time ratio,, whether 
the volume is measured in litresr gallons or cubic metres and \ 
the time in seconds, minutes or days*. That is, if it takes 20 
seconds to fill a 10 litre bucket the rate of flow would be* 

rste of flow - IgSgft - $ " g g , 5 0.5 .Litre/seconds. 
Tc change a litres per second ratio to litres per day ratio 
we would mutliply the litres per second ratio by the amount 
of seconds in one day ( S6,4O0 sec/day): , 



- 14 -

0.5 lit, 
) se< 

e^ It e 

of rail 

measur* 

(gvery 

will "b* 

cannot 

taken 5 

season 

f}.OW Cc 

an appi 

give tl 

t 
£l Sim 
it. shot 

bê  proc 

stream 

rgck 1( 

we. car 

be meai 

that a] 

an. acci 

^ 2 8 6 , 4 0 0 ^ ^ - 43,200 litres day 

hould be remembered that the flow from a spring will 

ring the year and is usually dependent on the amount 

received in its recharge area* Therefore, flow 

ments should be taken at various times of the yaar 

2-3 months) to determine the amount of water which 

available at any given period of time. If measurement. 

be taken for an entire year, remember that measurements . 

n the rainy 3eason will be greater than in the dry 

and vice versa. Therefore, for example, rates of 

Iculated for the rainy season should be reduced by 

opriate factor (usually at least half) to approximately 

a amount of water available on the average. 

0 pipe flow is the easiest and most accurate to measure, 

Id be determined if these "pipe flow" conditions can 

uced from any given situation. For example, in 

or channel flow, often the water will flow over a 

dge. By directing the flow out and over this ledge, 

produce a "pipe flow" condition, where the water can 

ured with a bucket. Care must be taken to make sure 

1 the water is made to flow into the bucket, otherwise 

rate measurement will not be possible. 

Siatrrr.c J_ - "Pipe Flow" measurement from channel flow situation. 
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3*2., Channel Plow Measurement 

a) The measurement of flow in a channel is slightly more com­

plicated than pipe flow measurement, as the flow often cannot 

"be directly measured in a "bucket. The instruments required 

are a stopwatch, a tape measure, and a small float (or piece 

of wood!.) 

b) A relatively uniform straight stretch cf the channel must 

he located, preferably greater than 3 metres in length. This 

length should he measured, and markers (such as stone) placed 

alongside, at the "beginning and end of this stretch so as to 

clearly define it. length = L (cm.) 

c} The widths and depths must now be measured at three different 

points on the stretch of channel. We'll make point 1 at the 

beginning of the stretch (marked by one of the stones), point 

2 will be in the middle, and point 3 at the end (marked by 

the other stone). Vfy is the width in cms. measured at point 

1, W"2 (in the middle at point 2), and ¥3 at point 3. 

d) At the same time as measuring the widths, the average depth 

nust be determined at each of these locations* The average 

depth Di is found by taking a number of depth measurements 

across the width of the channel at point 1,. and finding the 

average of these. Likewise, at points 2 and 3» Dg ^ ^ 33 

are computed. Record these values. 

e) Now take the small float, or piece of wood, and soak it 

with water. Hold the stopwatch in one hand, and with the 

other hold the float directly over the water at the beginning 

of the stretch, point 1 (marked by the stone.) Set the float 

in the water and begin timing at the same moment. When the 

float flows past the end, of the stretch, point 3, (marked by 

the other stone), stop timing. This time is t̂ .. The pro­

cedure is repeated thrice to get three time values, t̂ ,.-tp» 

and t*» Again 1 cord these values. 

• •./• • 
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f) How we can start calculations for the rate of flow. First 

we calculate the cross sectional.areas at points 1, 2 and 3-

^ =» V1 Z D1 cm.
2 

^ a ̂  X B- cm.2 

A, m W- Z D-, cm. 

(W and#D measurements must "both be in the same units i.ê  cm.) 

g) The average cross sectional area (A) is then computed. 

cm. A - *1 * *2 + A3 - 2 

h) We now compute the volume of water in the stretch of the 

water channel. V o l u m e (y) „ A x L ^ 3 ) 

For this calculation, A and L must both he in the same "basic 
p 

unit,' i.e. if A is in cm. , L must he in cm. 

j) We will now change the units of volume from cm. to the more 
familiar units of litres. 

1000 cm.5 - 1 litre 

T h e r e f o r e 7°TO§ (Cm3) - Volume (litres) 

Or V (cm5) i 1000 = Y (litres) 

k) The average time of our three trials is then computed = T; 

J = t/| + ^2 + t^ 

1) We *an now calculate the rate of flow ...->• ;_ -'.••.;rcc 

"by using the following equation: 
V (litres 

Sate of Flow »0.7 2 | seconds) (̂ he uultiplying fact of 
0.7 is used as the average velocity required is less than 
the surface velocity measured in this procedure. 

m) Example/problem - If the length (L) of the stretch = 5 

metres, and the other measurements are as follows: 

point 1 WV, - 12 cm. D̂  =1.5 cm. 

point 2 V2 = 8 cm. Dp = 2.5 cm-

point 3 V^ = 10 cm. D, = 2.0 cm. 
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tine trial 1 t- = 4- seconds 

•tine trial 2 to « 5 seconds 

time trial 3 t* = 6 seconds 

Determine the rate of flow; 

Step 1 (3.2 (f)) A1 « W1 2 D̂  . 12cm. Z 1.5 cm* =18 cm.2 

Aj = W 2 I D2 « 8 as. I 2.3 cm. = 20 cm.
2 

2 
A* • V, I D , = 10ecu X 2.0 cm. - 20 cm. 

(3.2 (g)) A 3 ^ + -̂ 2 + A5 = ia + 20 + 20 = 19.3cm2 

3 3 

Step 3 (3-2 00) Volume = A X I 
A and L must be in the same "basic unit, so 
let us change L =» 5 metres to centimetres. 
L « 5m. = 500 cm. 
Volume (V) «- 19.3 cm.2 X 500 cm. = 9650 cm.5 

Step 4- (3-2 (j)) Now, we can change cubic centimetres (cm.5) 

to the more familiar unit of litres. 

1000 cm.5 » 1 litre 

Therefore, y = 3650 cm.
3 „.9#65 litres 

1000 cm.? 
litre 

Step 5 (3*2 CO) Next, the average time (T) is found: 
t. „ t* + t0 + t, 4 + 5 + 6 c ----^J^ 

3? = 1 2 2 a = 5 seconds 

Step 6 (3.2 (1)) The rate of flow can now be computed: 

rata of flow = 0.7 * J"--<>•?. ̂ g & 1 . — I ^ r 

1 *S litres 9 '•2-? second 

1 v • - - ' . ' . ' 
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Daily Flow Rate - .Jipo.a av&'ta&'e'.&Z ,£low. in- litres- per 
second we~ can''change to a daily flow rate 
in litres per day, 86,400 seconds = 1 
day. 1.35 litres/sec, X 86,400 sec./day 
» 166,640 litres/day. / If we want to 
change litres to m.2 for design purposes, 
1000 litres » 1m.5 

™'W^@? - 166.W m'/dv. 

«•*/•' 
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EROCEDUBES SOU DESIGN AI7X) COSTETG 

• design and Costing of Stone Tank 

•0. Introduction 

STtaaB is the most common form of "building material in Yemen, 

and the high quality work carried out in this medium would 

point to stone as the natural choice in any kind of con­

struction. If used with a good watertight mortar, stone 

construction for water tanks provides "both a good strong tank 

and an aesthetically pleasinj one as well. Construction and 

material costs though are much higher than for any comparable 

ferro-cement tank, although, obviously the technique of 

building in stone is much more widely accepted throughout 

the whole of Tern en. 

.1. General Calculations 

a) Decide on Tank Volume = V metres** This is dependent 

on the amount of water that will be used from the spring 

flow during the maximum flow period according to the water . 

availibility and population to be served. (See Section 2 -

Flow Chart, regarding the revised Q, to be used for design 

purposes.) 

IT: is important to remember that the level of water should 

always be at least one metre above the level of the taps 

to maintain adequate pressure„ Thus it may become necessary 

to divide or section the tank into two compartments to en­

sure this adequate, tap'prasrure in times of low flow, while 

providing the extra storage required "for maximum flow.. 

b) The inside width of the tank is dependent on the length . 

of the redwood beams (150 mm. 2 100 mm.) which will span the 

final roofing. These are sold in two lengths: 

(i) 4.0 m. 

(ii) 6.5 m. 

• • • / • « 
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For this reason and "because tae average width of stone wall 

construction is 0.5 m. we ass-une the inside width of the 

tank to be either: 

(i; ?.0 m. or 

(ii) 5.5-^-

c) Decide on inside width of tank = (W 

Decide on inside length of tank =» (3« 

Decide on height of tank - H metres. 

d) T • (V - 1) X (L - 1) X H metre3. 

e) Outside measurements of the tank are as follows: 

length = L metres 

width a W metres 

iieight' = H metres 

4»1.2- Design of Base 

a) The base is a concrete mix in the proportions 1 cement : 

2 sand : 4- gravel. Its thickness is 10 cm. = 0.1 K. 

b) Volume of base = V̂  
= L X H 0,1 metre5. 

c) The gravel is assumed to occupy this entire volume and the 

interstices between the gravel pieces are occupied by the 

sand and the cement. 

d) Volume of cedent » 1^ f 4 metres-^ 

1M3 • 1000 metres 

Therefore, Volume of cement in litres = 1000 X T1 7 * 

« 250 V1 litres. 

e) Each bag of cement contains 35 litres, therefore. 2To-

of bags of cement required for base construction = C-

- 1) metres; 

- 1) metres; 

. • •/ >« 



21 

= 25C V r 35 
= ̂ 0Y1 bags = C1 

f) Volume of sand required =» Ŝ , 

= Volume of cement Z 2 

= V1 1 2 met re 3 

S 1 = 7 f metre 3 

g) Volume of gr-rrel r equ i r ed» Ĝ  

=» V^ metre^ 

h) Volume of water required = W<-

=» Volume of Cement 

V1 " ̂ 1 metre3 

40.3. Design of Vails 

a) The walls are constructed entirely in stone and mortar-

b) The mortar mix used for the walls is 1 cement : 3 sand. 

c) Each 1Mr of wall area needs approximately 25 stones, 
therefore, 25 stones per FT of wall area. 

d) The outside area of the '4- walls =A2 = 2 I E I ( I + V)r.-3t̂  
Therefore, number of stones required^ N-^ 

—25 I Ag 

= 25 I 2 X H X (I + V) 

,, IL, = 50 X E X (L + V) 

o 
e) Each 1 metre" of wall area needs approximately 2 "bag3 
of cement for mortar and plaster, i.e. 2 "bags of cener.t per 
Mr of wall area. 

f) Outside area of 4- walls - A? (see above) 
Therefore, number of ba^s of cement required for wall 
construction = C0 = 2 X A^ 

• • a / « c 
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g) Volume of 1 bag of cement 
Volume of cement required 
for wall construction 

n) Volume of sand required 

and 
So, 

1K-
S2 

35 litres 

35 X 2 I A2 litres 
70 JLg litres 

3 2 Volume of cement 
5 Z 70 I A2 litres 
210 X Ag litres 
1000 litres 
Volume of sand required (K*) 

210 1 Ag 
~TO<3 H" 

j) Volume of water Volume of Cement 

= 70 A2 litres 

W- = Volume of water (in metreO required. 

W 2 * 70 X Ag • 5 

1c6(5 ' metre 

4-.1<,40 Desica of Roof 

a) The rudwood beams (150mnio 1 100mmo) are placed every 
0,5*1 (centre to centre) with one beam on each and wall as 
in the diagram shown below. Plywood sheeting i3 placed 
over this, 

h— • M h 

b«an< fti in 
*icrj« wall 

Diagram 2 - Layout of Beams for Stcae Tank Roofing. 

b) Number of wood lengths required = N£ » L X 2 + 1 

c) Area of roof = L I W metre0" 

Area ...f 1 sheet of plywood = 1o22 X 2»44 
=» 2o98 M2 say 3M2 

« • • / •o 



- 23 -

dVEunber of plywood sheets required = IU =» L x W 

e) The wood roof is covered in a concrete nix 1 cement : 
2 sand : 4- gravel „ 

f) This has an approximate depth = 5 aa« 

- 0„05 M, 

Therefore, volume cf concrete mix = L I W Z 0*05 ^ 
Calculations are as in 4-„1.2» 

Volume of cement = Volume of nix ,, 
5 - V5 

V2 =i I I V I G.05 -T3 3 5 * i'l 

litres 

•• L ' ̂  • litres 

g) Number of bags of cement = C, 

h) Volume of sand required - S^ metre 

n 

3 = Volume of cement in litres :'- 35 
= L X V X 30 

C-. = L X V X 10 3 2B 

T*0 "̂  

• = 2 1 volume of cement 
» 2 X V, metre3 

j) Volume of gravel required=Gv 

G^ = Volume of mix 

= L X W X 0.05 M3 

Ir) .Volume of water required = T«7 

W- = Volume of cement = VT 2 t> 
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4-, 1,5, I-Iaterials Recvuired for Tank Construction 

a) Cement - The total number of bags of cement required 

= C -- C^ + C, -1- C^ 
•z 

b) ?ine Sand - The tctal amount ex sand required >= S metres-^ 

:&,, + s2 + s^; (S^ + S0 + S-,) metre-
3. 

c) Gravel - The total amount of .• gravel required ~ 5 metre'' 

= (G^ + G,) metre^' 

d) Water - The amount of water required for construction 

» W1 + V 2 + W, 

Water is also required for curing of the base and ncrtared 
z 

walls at the rate of approximately 2 metre-' for -en, -T^ak^ 

Therefore tctal amount of water required •= W metre -= 

(W., * W 2 * W- + 2) metre5„ 

e) Sjones - ThvJ tctal number of stones reouired for 

construction - IL 

f) Redwood Beans - The total number- of redwood beams 

H?0 mm. Z 'ICO an,) required = Sg-

g) Plywood Sheets - The total number of plywood sheets 

(thickness 18 JE*) req-oired » N-, 

h) Taus « Taps are placed on the tonic at the rate of A- xtxi> 

per 50 people. 

P^ s total populatio-i cf v3.lia.3e Z 1„£ 

Therefore, number of tare on tank - 2 
50" 

- a^ 

Errfcra taps required f-~r future r epa i r s » E, 7 2 

Therefore, t o t a l no.s of taps required - R = R,. -r R,, 

•i =; w-

http://v3.lia.3e
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P.S. Taps should preferably be of the "push" tap variety 
rathe»-^baa-«crewL.tQp as the loss of water from the tank 
is usually less, since—ts«5^jrutona/fr'i'7«l'PY g^'^yj "rtn.i.i 

i) Piling - Each tap requires approximately 1 metre of %n 

tubular steel piping* Therefore, length of piping needed 
for taps = E,. metres. An air vent/overflow pipe is- pro­
vided for each wall section of a tank. Por example if the 
tank is a simple rectangular 4- walled tank then the number 
of air vents = A; if the tank is divided in 2 sections then 
the number of air vents is increased by 2 to a total of 
6. 

Each air vent/overflow pipe is approximately 1 M long. 

Uu-bor of air vents/overflow pipes » So 

Therefore, total length of #" piping for air vents » Eg metres 
Therefore, total length of %" piping required » (E^ + Eg) 
metres but piping is sold in 6 M. lengths. 

Therefore, number of 6-M. lengths required = =1 + H 2 . 

This should be a whole number a B 
e.g. if B 1 -t- Eg = 2 > 5 T h e n B s -

6 

if Eo + a, 
-=-g—- = 3.6 then B * 4. 

i.e. Actual number of #" 1 6 H. pipe lengths required =B* 

k) Pittings - Each tap requires 2 Z #" couplings. Each air 
vent/overflow pipe requires one coupling. Therefore, number 
of %" couplings required =» (2 1 ^ ) + Eg. This amount 

should be doubled in case of future repairs required. 
ThoPofoT^ ̂  •mWho-T' -rrfi-r.o-npi i ng«; to be purchased = A Z E^ + 22^, 

Each air vent requires 1 Z #" 90° elbow "1 
Therefore, number of %n Z 90° elbows required = Eg 
This amount should be doubled in c a s e o T T u. Lure, r epairs 
= 2 Eg • ~"~ " 

» ? 2 = amount of }£".Z 90° elbows to be purchased. .../,«> 
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1) Other Construction Materials - The normal tank will re­

quire the following tools/materials for construction: 

4 Shovels 
6 X 10 litre buckets 
2 trowels , 
T sand sieve (screen with frame) 
1 carpenter's level 
Eanmer and nails 
1 Wood saw 

4.1.6. 'Costing of Tank 

a) Material Costs - (example given as per Hodaydah April 1980 

prices except where otherwise stated.) 

C hags of cement @ 36 Y.E. per hag. 
EL stones @ 10 Y.E. per stone (local Mahweiti price for 

delivery on site) 

N2redwood "beams (150 mm 2 100 mm X 6.5 M- long) @ 160 T.E*. 
per beam. 

1̂2 redwood beams (150 mm X 100 mm X 4.0. M. long) <t 100 I.E. 
per beam.' 

HV plywood sheets (18 mm,'thick) 9 125 I.E. per sheet. 
B No.- #" push taps @ 12 Y.E. per tap.. 
B Ho. 6 M.- X W tubular steel pipe lengths @ 25 T.H. per 

6 M. length. • 
]?,, No. 1/£" pipe couplings @ 2 Y.E. per coupling. 

?2 ^o*
 1 "̂ 90° elbows @ 2 Y.E. per elbow. 

Other construction materials should be separately priced as , 

per the list above of 4.1 .-5. (1). 

The cost of these above materials will of ccrrse vary froc 
time to time and place to place but the above example is 
merely given to show the rough price levels. 

All sand, gravel, and water costs are included under trans­

port (cf (b) below) as they are generally non-purchasing 

and only require transport to the site. .../.• 
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b) Trans-port Costs - The transport costs for all of the 
materials in (a above should "be computed froifl the place of 
purchase to the actual site. This may include transport 
"by vehicle, animal, or man and should "be fully taken into 
account. For example it may be one truck load from Eodaydah 
to the village at a. certain rate ^.y3. then further transport 
to the site from the village i£ necessary by arPTT"*1 or man* 
Computation of sand and water transport to the site (if 
necessary) should be worked out by contacting local drivers 
and finding out their rates. An ordinary Toyota pick-up 
holds approximately 1M? of sand or gravel. Therefore, No. 

r * 

of pick-up—loads required'» S + G-i But, if a large truck is 

available (usually 8 ton) it will hold approximately 5M̂ « 

Therefore, number of truck loads « S + G 

These should then be computed at the local prices to see 

which system is cheaper—. -••Transport of water (if necessary) 

should also be computed on a similar basis. 
t 

* *« 

c) Labour Costs---The labour aosts are computed as follows: 

(i) 2 -aandays ^>er VT cf construction on the base. 
(ii) 1 .*'̂ son day per 50 stcnes (i.e. per 2 £r) on the 

tank walls. 
(iii.) 4 mandays" (helpers and cutters) per 50 stones 

(i.e. per 2 K^j on the tank walls, 

(iv) 1 carpenter day per 6 Vr of'tank roofing. 

(v) 1 manday (carpenter's helper) per 6 IT of tank 
roofing. 

(vi) "1 manday per'HP of roof area (in construction of 
final concrete layer on roof). 

(vii) 2 mandays for pipe connections.. 

Therefore, total number of workers.;days required to- -o-

complste Lconstructioni 

» (i) + (ii) + (iii) » (iv) + (v) -r (vi) + (vii) 

s 2 I i ( i M'-(mason days) +(2 Z 4) ig? (carpenters days) 

A, 
+ fc3 / 

a J •/ . . 



Uow if we assume that the cost of uns.ij.iled manual labour = 
60 I.E.; per day; and the cost of a daily mason's hire a 300 
I.E. and the cost of a daily carpenters hire ~ 300 Lli. 
Then, 1 mason day => 1 carpenter day 

•= 7 nandays (in terns of costs) 
Thus, assuming these rations are roughly correct the total 
number of niandays required for the construction of tb.-j 
tank s» D 

D =(2 2 A1)+(f2 2 5) K^2 Z 4 ) - ^ X 5)+C*2, + -3)+ 2 

- 2 ^ + ^2 + ^ A ^ 5 *"5 + A3 ^ 2 

D => ( 2 ^ + ^ 2 + 2A- + 2) nr-sdays. 

Therefore, total labour costs = (daily labourer's rate) X Iic 
Cost per vanday (daily labourer's rate) will very from 
region to region but is normally between SO I.E. and 100 
Y.R. per day, 

d) Ancillaries/Sxtras - It is advisable to include a 
contingency figure of approximately 15% (of (a) -r (b) - (c)) 
to ensure enough funds are available due to any inflation in 
costs between time of design of the project and the actual 
implementation and for any other unforeseen circumstances. 

e) Overall Total Costs - '2he overall cost of the project is 
thus the sum of the separate sections (a) + (b) + (c) ^ (dNf; 
shown above. 

DESIGN M S COSTING 0? FZRP.OCSITCTT' TiLIfSrf between -10-1 f> !:5voiu--i€) 

Introduction 

?err0-cement water tanks are a .relatively new idea here in 
Y.i-.R. but could ver;' easily have a large impact en the 
design and costinr 01 small '•••-.ter projects because of: 

a •> . A » v 

http://uns.ij.iled


(i) Extremely low cost of materials^ 

(ii) Very simple construction procedures, 

(iii) Long tern durability and strength* 

(iv) II o need for highly skilled labour/can be done at 

village levelo 

This design outlined below is similar to that shown in 

Appropriate Technology Vol* 4 IIo0 3* "but much larger 

tanks can be constructed., For more information contact, 

International Jerrocement Information Centre, Asian Institute 

of Technology, Bangkok, Thailand,, - — 

General IjJ'ormation/Calculations 

a) The tank: ia circular 

in shape with a low in­

verted saucer-shape roof „ 

b) The vertical height of 

the walls is taken as 

1e8 metres (this is to 

conform to size of rolls 

of wire oK.-sho) 
Diagram 3 - View of Standard Ferro-

Cement Tank, 
3 

c) The maximum volume required to be stored = V metre a 
p 

d) The area of the base » A- metre Q 

e) A^ ^jJD.— metre ? ; where D= diameter of base (metre), 

f) 7 » 1.ii X An metre
5 

V - 1.n X ^ J j L T h e r e f o r e , 

D a 'W ' 

Design) -:i' foa&e 
a) Dej tl'. of base ~ MO cm„ 

b) Arc.i ci b.'use => A..-, me t re ' „ 

o • • / o o 
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c) Therefore Volume of base (V,,) « A^ X 0,1 metre3 

V^ m A^ - 10 metre^ 

d) Concrete mix required is 1 : 2 : 4, i.e. 1 cement; 2 

sand; 4 gravel, 

e) The entire volume of the concrete mix is assumed to he 

taken up by gravel, with the cement and sand settling into 

the gravel interspaces, i.e. Volume of gravel = V^ = G. 

f) Volume of cement » 1 (jaetre3); hut 1 metre3 = 1000 litres 

Therefore Volume of cenent » 1 X 1000 j.. 

- 250 V1 litres 

g) Volume of 1 hag of cement = 35 litres 

Therefore number of bags of cement required (C,.) 

a, - 250 x v1 
— 3 3 — 

h) Volume of Sand (S^) = 2 X Volume cement 

V1 S1 • 2 Z V1 Metre3 

i) Volume of Water (W^) = Volume of Cement 

W1 - V1 metre3 

Design of Walls 

a) The walls are constructed of a combination of wire mesh, 

reinforcing steel and cement mortar. 

b) The average thickness of the walls is approximately 5 cm. 

or 0.05 M. 

c) 8 mm diamejrer reinforcing rods are placed vertically at 

intervals of 30 cm* (0,3 M) around the circumference of the 

base. They should extend 0.5 K into the ground and be held 

in the concrete base. They extend from the top of the , 



i *TT. "'••.' 

':~.v^^%^- d-fe^]am^:^a£st^ 'Tei^o^±^^ds 'are-placed:horizontally 
• - ; • • : • < - - ^ - > x & ? ^ ^ to the HooiT " ' 

r&> 
L'3Wi 

i*w 

•::^/s^t^aSS5a2S 

ri«,' SK4' 

:-'Z ..';•:. -;.'••-. e> The*;, wire! mesh: is rolled; out and connected, "by wire- strands 

: :V :-f,v^-oxi both, sides of \the reinforcement. : Two layers of the """•"•' 

>-': • • ̂ : •. -".••• wire mesh are. needed*, one inside and'', one - outside,' and' the 
.-. • v.-v -.:••-:••: ;-.-•. - . ' w ^ : . - - .•:. • •.--•:•.-.••" - -v.- - . - . . . -.• ••••'.•.:•.,.>••.'••.•.-•.• •;" ..•.••*."•.• ... - • • .-.• ••.. •'••%•'• 

"' v_wxre mesh, should overlap as in-the diagram shown "below. ' •:~r' 

''Diagram 5 ~ Desired Overlap of Heinf ortjing- Mesh in'f erro-
',.-.,••..... ..- .-•.•;:£-/.cement.; tank... • :,.v:r"̂ -;':.,.'•••. ^ ̂ V.'•-" •••-•'...-• 

f) Length-of walls (L)'̂ » length: of circumference.' 

:•" ̂ .̂ rV.'••';" .v ;^A ̂ : . L :''«,^ I D letre-:.: . /" 

g^'Height' of: walls^-. .'"?'•":;* 1.8metres. ;.;v: 

s*s~ 
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h) Thir.Tmess of walls = 0.05 metres. 

i) Therefore Volume of walls (V2) • I I 1,8 X 0.0$ metre
5 

T2 - ,09 X (T> 2 D) metre5 

k) Mortar Mix in walls =* 1:2 i.e. 1 cement t 2 fine sand. 

1) Volume of Cement » V2 ^ . ^ 3 

- T2 2* 2 100C litres 

m) Volume of 1 "bag of cement =* 35 litres; Therefore numbe: 
of bags of cement required (0o) « 1000 V0 

2 a T 3 5 

c2 - 1000 v2 

~"70— 

n) Volume of sand (S2) = 2 1 Volume of cement 

S~ =• 2 XT2 metre5 2 T* 
S2 = V2 metre-

5 

o) Volume of Water (W~)= 0«75 2 volume of cement 

W2 - 0.75 l i . n e t r e3 

p) Amount of 18 mm / steel bars ream'Ted; 

Length of each piece of vertical steel 
= 0,5 M (embedded in ground) + 1.8 M (height of walls) 
+ % 5 D (length required for roof) 

= (0.5 D + 2.3) metres. 
Steel is sold in 12 M lengths on the market 
No. of steel pieces in 12 M. - 1 2 

This should be a whole number = E 

For exam-Die if 12 
(0.5 B + 2.3) = 1-6 then E »1 •••/. 
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'(Q.5 5 f 2.3) = 2*2 then E = 2 etc-

Vertical steel is placed at intervals of 30 en. = 0.5 M 
Length of circumference (L) =» '•» ID 
Therefore number of piecos of steel =.L L A ,T 

07T" + 1 = * 
F Therefore number of 12 IS lengths of steel required = «r-

This should also he a whole nunber = Ify 

Por example if J = 5»2 then IT̂  = 6 

if | = 3.7 then Ify - 4-

gj Amount of 6 am. <A steel bars required in the walls 

» length of circumference =» L 
Number of pieces of 6 n n / steel required » 5 
Therefore total length of 6 on. 0 steel required = 5 i 'i 

metres-
Steel is sold in 12 M lengths • 
Therefore number of lengths of 6 mm. 0 required 

-- ̂ 2
L lengths. 

Design of Roof 

a) This design is on the same principle as the walls. 

b) Area of roof (A,) ̂ S^1»5 2 Area of Base (approximate^) 

A3 - 1.5 2 ^ 

c) Thickness of roof - 0.05 M 
Therefore Volume of roof (V,) = 0.05 X Ag 

d) Volume of Cement required = J> ^,e3 

2* x 1000 litres 

v • «/ r * 
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e) Volume of 1 "bag of cement = 35 litres 

Therefore, No. of bags of cement' required (CJ) = VAJUV^ 1 35 
5 5—-

C,=1000V, 
5 _ 2 . 

70 

f) Volume of Sand (S,) = 2 1 Volume of Cement. 

S, = 2 1 ^ 3 - V, metre5 
2 ° 

g) Volume of Water (WO • 0.75 2 Volume of Cement 

h) Amount of 6 mm. <a steel bars required for the roof; 
Three circular horizontal bars will be placed on the roof. 
They will be of varying length as the circles get smaller as 
they proceed to the middle of the roof. There need only 
be 3 of these for this size of tank and they should be 
spaced evenly. Their average length (L^) can be taken as 

L^ =» -4-wbere 1 =» circumference of the walls of the tank. 

No. of these bars in 12 M. lengths = 12. » 12 I » = 16 

iq- — 3 E — TT 
This should be a whole number = E 
i.e. if 16. = 2 < 7 t h e n E o 2 

16 
if •g5, = 5-3 then E-• 5 

There will be three.of these bars, so the number of 12M. 
lengths required = *• = JU 

Amount of Wire Mesh Required for all of the Tank: 

a) Length of each roll of wire mesh = 4-5 M. 
Width of each roll of wire mesh = 90 cm. - 0.9 M. 
Area of each roll of wire mesh =0.9 2 4-5 = 40.5 Metre' 

(say 40 M2) 

• ••/»• 
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b) Area of walls (L^) = circumference X height 

^2 = E'H.8 

A2 » 5.65 D Metre2 

2 
c) Area of roof = A, metre (of. 4.2.4-. (b)) 

2 
d) Total area to be covered "by wire mesh (A) = (A2+AO netre 

e) Two layers of wire mesh are reauired to cover this area 
2 

3 A metre ; 
2 

therefore, Area of wire mesh required = 2A metre . 

f) Humber of rolls of wire mesh required -
Area of wire mesh required = 2A ̂  40 » M 
Area of each roll of wire mesh 

Materials Required for Tank Construction: 

a) Cement - The total cumber of bags of cement required 
= Ĉ  + Cp + C, = C 

b) Fine Sand - The total amount of sand required: 

= Ŝ  + S2 + S^ = S metre^ 

c) Gravel - The total amount of sand/gravel required=G metre"' 

d) Water - The amount of water required for construction is 
( V1 + W2 + V,) metre

 5. 
Water is also required for curing of the concrete mix after 
construction at the rate of approximately 2Nr for one weeli. 
The total amount of water required =» W^ + Wp + W^ + 2 

= W netre3 

e) Reinforcing Steel - The amount of 8 mm 0 steel bars 
required = N^ (12M lengths)* 
The amount of 6 mm 0 steel bars required = U^ + N , (1225 len.£rh? 

f) Wire Mesh - The no- of rolls of wire mesh required = M 

g) Taps - One (1) tap per 50 people to be placed on tank. 
B, = total population of village X ^.2. Number of taps 
• ;n tank = P2 = H, 

* * / 
• • • / * • 
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Extra taps for repairs tc systen in future = "̂  

T 
i.e. total nc. of taps required = 1,5 2^ » E. 

P.S. Taps should preferably be of the "push" variety 
rather than screw top as the loss of water from 
the tank is lilcsly to be less. 

h) Piping - Each tap on -he tank requires approxinately 
0.5M of 1An piping therefore, length of piping needed for 
taps • E^ X 0.5 M. - 3,,. 

Air vents/overflow pipes should be provided at the rate of 
one for each 4- taps i.e. number of air vents = B^ 

* * 

Each air vent requires approximately 0.25 M of W pipir.g 

Therefore length of %n piping reouired » B^ Z 0.25 - B,, ~e^j^-
B T "IE" ~" 

— -Do* 

Total length of #" piping required => B^ + 3^. 

Piping is sold in 6TL, lengths therefore, number of lengths 
B B of #" pipe required =. 1 + 2 

5 • 
This should be a whole nunber =» 3. Por example 
if B1 ^ B 2 m 2 ^ t h e n B m 3 if ^ ^ ^ ^ ^ 3 ^ ^ 

•o 

i.e. actual nunber of H" Z 5M. pipeicngths required » 3 
Drain pipe: approximately 1H« of 1)6" cr 2" pipe is needed 
for draining the tank. 

j) Pittings - Each tap requires two (2) #" couplings and 
each air vent/overflow p-'-pe requires one (1) #" coupling. 
Therefore, nunber jf '/?" couplings » 2 Z L t ^ » ^ 1 

This anount should be doubled in ccise of future repairs-, 

therefore, nunber cf ~A" couplings tc be purchased =• 9B^ 

Each air vent reauircp 1 J. "A" 90° elbow. 
Nunber of 90° elbovrs required = "1 

/ 
•» * >* / •> • 
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This amount should be doubled in case of future repairs 

—^r- 2. . 

The drain pipe will need one union and one gate valve of 

similar size, 

k) Other Construction Materials - ̂ he normal tank wiiLl 

require the following tools/material for construction purposes 

4- Shovels 

6 Z 10 litre buckets 

2 trowels 

6 pairs of rubber gloves (for hand 
laying of mortar; 

1 sand sieve (wire screen and frane) 

1 plywood sheet for concrete-nixing 
surface. 

1 carpenter's level 

Metal wire for tying 

3 pliers. 

Costing of Tank 

a) Material Costs - (As per Hodaydah prices, April 1980) 

C.bags of cenent at 36 Y.S. per bag 

^...lengths of 10 mm. 0 reinforcing steel at 20 Y.R./length 

N^+H,...lengths of 6 mm. 0 reinforcing steel at 15 T.H./lsnrth 

M...rolls of wire nesh at 250 T.E. per roll. 

T...number #" push taps at 12 T.3. per tap 

B,..lengths of %" tubular steel piping at 25 T.H. pEr 

6M length. 

F,,...number %" pipe couplings at 2 T.E. per coupling. 

F^...number #" 90° elbows at 2 Y.S. per elbow. 

Other Construction Materials (As per list of 4.2.6.(h) abc^e) 

The cost .fifttheseiabove naterials-willTlnatarallj, vary-;, 

fron tine .-fcottine and -place to place but the above example 

is merely given to show the rough price levels. 

• • • / • • 
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All sand, and gravel and water costs are included under 

transport costs (cf (b) "below) as they are generally non-

purchasing and only require transport to the site, , 

b) Transport Costs 

This section is the sane as Section 4-.1..6. (b). 

c) Labour Costs 

The labour costs are computed as follows: 

2 mandays per VT of construction on base, walls and 

roof + 2 nandays for pipe connections, i.e.. total 

number of nandays » D. 

(2An + 2^ + 2A, + 2) days = D 

Total labour costs = daily labourer's rate X D.. 

Cost per nanday will vary from area to area but is 

normally in the region of 6C Y.H, to 100.Y.E. per day. 

d) Aacillaries/Ssctras 

This section is the sane as Section 4-.1.6. (d). 

e) Overall Total Costs 

This section is the sane as Section 4-. 1.6. (e). . . 

• •• • / • • 
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5 . CONSTBUCTION PROCED'JHES 

5.0. Introduction 

5.1. Construction Procedure for otone Tantr 

5.1.1. Introduction 

The selection of the sire for the water tank can "be cno of 

the most crucial steps, as the limitations of the site car: 

determine the size and .shape of the tank itself, as well £..;•$ 

the ease or difficulty, of its construction. Some points to 

remember in choosing a site are as follows: 

a) The site should be accessible, preferably by a road if 

materials such as stone, sand, cement etc. need to be trans­

ported to the site. Otherwise the site should be close in 

proximity to most of these materials. 

b) The site should require a minimum, of rock excavation as 

this type of work is costly and time consuming. 

c) The site should be located sc as to provide grocd 

accessibility to potential users. 

d) The soil or ground should be strong enough to support 

the tank. 

e) And of course, with gravity flow systems, water rarely 

flows up, therefore position the tank accordingly with 

respect to the water source. 

Often it is impossible to meet all these criteria and it 

becomes necessary to compromise on some of these points. 

Choose the site which makes the best fit to this li3t. 

5.1.2. Site Preparation 

a) Site Clearance - Clear reservoir site of all reck etc. 

which will interfere with the construction of the water , 
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tank, and level the ground •ni.rface. 

b) Delivery of Materials - All work .materials, such as 

cenent, stones, sand, gravel, pipe, wood and water shovj_<4 

"be delivered to the site prior tc the start of constr.x^iT. 

or he delivered to the work sit3 at appropriate intervals 

so as not to impede the progress of work. Materials such 

as cenent and wood should "be placed in storage facilities 

or adequately protected from the weather. 

c) Layout and excavation of foundation. -The dimension::, of 

the length (L) and width (W) for the outside area, should 

be taken from the r3servcir design and these dimensions 

should then he measured and narked out on the reservoir 

site surface making sure all sides are at right angles and 

straight. The lines can he narked out with stones, pa?_nfra 
or string tied on weed or metal stakes placed LQ that thr 

string follows the straight course of the dimension lines-

Adequate drainage around the site should be provided so 

that no water from rain or a spring source can flow over the 

site. 

The foundation area should then be excavated to a depth 

of approximately 20 cm. below the ground surface. 

Construction of Foundation Slab 

A 10 cm. deep bed of gravel (3/4" - 1)&" diameter stone-) 

should then be placed in the excavated area. The gravel 

should be watered. Then either of the two procedures A 

or B, shown below, can be used to make the foundation slab.. 

. « / •»« 
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Make a series of 1:2:4- con­

crete mixes i.e. 1 "bucket 

of cement with 2 buckets 

of sand and 4- "buckets of 

gravel., Mix these 

thoroughly with 1 bucket 

of water» 

4GR4AL 

B 

Lay a level of stones, no 

higher than 12 cnu on the 

watered gravel, allowing a 

space of at least 3 cau bev.'» 2.: 

the stones. Water the sro? 3 

then shovel a 1:2:4- ccncr^t* 

mix over and between the ;. c£.e 

to bring the slab to groun,' 

level* 

Diagram ok - "Design Mix for 
Base of Tank 

Shovel i:\is concrete nix 

over the watered gravel, 

siaking e \ough to bring the 

slab to •:,round level* 

(approx. 10cm. high),, 

Diagram 6B - Construction 
Technique for Base of Tâ iv-

This proceo ire will reduce 

the amount of concrete require 

The sand used in all work 3hould be a3 clean as possible, 

being fc:e uf dirt aud small stones. It should be sifted 

through t wir« mes.''i which can be used to selectively remove 

the lar-r.vr paj-ticlfejo The gravel, used, should be similar 

file://i:/is
file:///ough
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to pliat used previously. 

In J>«ith procedures, the foundation slat) should be slbped r* 

the- L;nint where the drain will be placed, i It should thes 

be flowed to s«-.t for a day, keeping the Slab ceastantly 

wrt\rrcd to ensure the concrete attains aasisum strength and 
to resist cracking. 

5»1«4» w/>l'. Construction sad Vipe Placement ' 

a) -lacejient of drain pine -.After the foundation slab has 

beet allowed to set for one day, construction Qf the walls 

Mfi.v be started. i'irst, however, a 2" steel drain pipe wit' 

atV.-jiclied 2" gate valve should be placed in position jat the ; 

low j vicint of thr: slab. 

O l ^ l ^ ^ l bos* of tank 

Diagram 7 Pl;.c* lent of Drain Pipe. J. 
b; '.nil Conr.tructien - At this tiuie will construction may:?:* 

• : Y I I "• 
pr.V'-.-.eed. Che dimensions c»f the inside area of the reseryoj 
shct.-'ld be marked out on. the foundation slab with paint or! : 

ch-.'!V, .'asJciiig sure the lines are straight and at ripjit I 
angles. . J2*ughly chiseled, stones of s.dequate strength and ; 
a •',-.».rtar of a 1:; ai£ chould then be. iiaed for cccistrpcti*^,; 

1 CEMENT 
i 

Diagram C Dei \pn :±x. for jai l Mortar in iJtcme,'JJanlu 
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The sifxed sand and cement should be thoroughly mixed to 

a uniform greyish color and then mixed with the watero 

The- movtar is placed above, below, and between all stones 

and the x2
n steel drain pipe should be cemented between 

two sta'.-i'S. . Initially one level of stones is built up 

oh all lii.des. 

c) Tar '1 lacement - At this time the #" taps with connected 

pipe'arV: |.:ut in position at the desired locations* At 

least :i 60 cm* spacing should be allowed for between taps, 

and th»:c -oonnectiag r-ipea from the taps should extend into 

the rej.-rvoir about 10cm,, with the nozzle of the tap 

extend u if- 15 cm. from the outside wall. 

Pi••Afrrann 9 - Placement of taps in stone tank. 

d) M r Vent/Overflow Pipes znd Connection Pipe from the Sprint 

From th«re che walls ai/e built up to the desired height, 

acaordiinq to t;ho design. Che walls should be constantly 

watereJL On top of the la^p level of stones are placed 

the oMsrfldH/.-.ind air v/>nt jlpes. These should be made of 

j£" steel P^P6 w-ith 3 £' - 93° elbow connected on one end 
ar.-i be of- adequate 1.ninth SJ as to extend approximately 

5 cm. jnPo ihc i.nsid<? of tn-3. tank and 5cm. to the outside. 

D?&£tra,*i la p\aj~e*%*»i- «/«*'r M̂ *î 3/(jverflow 1 ipes in Stone Tonic 
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There should "be one (1) overflow/air vent pipe for every 

side wall of tank i.e. they should be located on each 

wall. Alternatively, the air vent pipes can be placed 

extending out of the roof with one overflow pipe placed 

on the wall as described, above. At this time, the pipe 

from the spring source should be connected to the reservoir 

and cemented through the wall like the overflow pipe. 

There should be a globe valve attached to this pipe to 

allow the water to be shut off to the tank if repairs 

or cleaning of the inside of the tank needs to be done. 

An overflow pipe fron the enclosed water source may 

thus be required. 

Plastering of Inside Walls 

At this point the inside walls of the tank should be plastered 

with a rich mortar nix of 1 cement : 2 sand : 0.75 water. 

That is each bucket of cement should be first dry mixed 

completely with 2 buckets of sand and approximately 

</4- buckets of water should be added in. (Slightly more 

water may be required depending on the most workable 

consistency. ) 

This mortar mix should be applied to a thickness of 

approximately 2 cm. overall and the plastering should be 

constantly watered. Water can be allowed to flow to the 

tank the next day. 

Preparation of Wood 

Before construction of the roof begins all the wood to be 

used should be primed and coated with at least 2 coats 

of paint/sealant. 

. •./• • 



do 1 • *3 o C o n s t r u c t i o n or t h e Roof 

a) Beams - Next , t h e 150 anio X 100 mm. wood beams can be 
pu t i n p o s i t i o n * These vd.ll be p l aced on t h e top l e r o ^ 
of s t o n e ujid should be spaced a t 50 cm, i n t e r v a l s . ' 'cent?: 
to c e n t a r ) , with, t h e i r . 1r-0 mm- s i d e p l aced from rep t o 
bo t tom. 'J-'fae beams should span t h e width of She tani<-
wi th a \e.-\m being p.l.acea a t both ends , on t h e i n s i d e of 
the end w a l l s 

'amam s«i In V 
stony >vall / 

"Diairrsiiii J l - Layout of beams for 3tone Tank Roofing, 

atojj« SUoui^ t;,-ieu be cetaented on top of the wa i l s between 
tne wood tfiftir.u a nil on tne ends so as t o make the -.-ails 
f l u s h tfrtU fciio beumss, but r.hey muse not be h ighe r t han Che 
beam ^%&>M£t\^JeS so "l.hot the roof ing can be p l a c e c l e v e l 
on r,!.r-; bfift» .̂o 

b) Hoofou* and, MaTiht.jLja - '-i-'V.e pjywcod s h e e t i n g ( c u t t o s i z e 
it" tvetfi&sawV), i s then p laced V>n top of the beams and n a i l e d 
t o fcWfiM. Attain, r6;-me»iber, t h i s wood should t e primed and 
poiiit^ci ^£c*r6. US€» JI manhole opening SO cm. X 65.ea« 
shottl4. b"€_ Cut" £rOm f i e plywood :"!ieot al ontr one of t h e w a i l s , 
b a t :;kott.t4. AOfc be lr.cr.ted cl 'i.r.-otly over .J wailo /1." X 4" 
boahcj Lb fcfi*v !\A.ilcc -».round en*? manhole opening, wich t h e 
'-»•" oli'wgrtSlQyv. JMir, f;c i« >:3 bot tom. 

http://vd.ll


Diagram 12 - Manhole Roof Opening, 

On top of this will he placed a hinged wooden covjr3 
(This should also "be painted or covered with meta.. sheering*) 

c) Top Layer of Concrete - Now a concrete layer should he 

placed over the plywood* The concrete will be nude of the 

sane 1:2:4 mix as mentioned earlier and the layer should he 

approximately 5 cm. thick, although sloped 30 rai-iwater : 

will run off „ This concrete layer is then allow-:-d to set 
i 

and is constantly watered for at least 5 consecutive daysjo 

5«1»8« Work on Access Area to Taos 

The area in front of the reservoir can now be wor.'ced on« j 

This will include digging out the ground in front of the j 

taps so that a 20 litre cjerry can can he set unde:? the t;4ps 

and filled* The area dug out as .such should he ihout 1K, 

wide to allow easy access to the taps, and then tiis >.re& 
i 

should he laid with a 5cra. deep, 1:2:4- concrete nr.x on top 

of a hed of gravel, and any excavated sides built up with1 

stones. j 

This access area should he sloped to a drainage point, 3?-
that any water which collects on the surface will he drained 
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•»Wi 

offo This may r e q u i r e t h e b u i l d i n g of a wa te r channel 
from t h i s a r e a t o a p o i n t where t h e w a t e r can. be dra inedo 
Water d r a i n e d from the t ank f lows out onto t h i s s u r f a c e 
and out t ho d r a i n a g e channel . 

DinffT<LMl3 - Layout of Stone Tank F r o n t a g e , 

5 . 1 . 9 , I n s p e c t i o n 

The taj\k. .should be Ln.'spectad fo r a few days after* i t i s 
f 311 ê L fluid j - a u s e Co de te rmine i f i t i s p r o p e r l y s e a l e d and 
U\e. t«cps «Ji ^ood working c o n d i t i o n . Also t h e d r a i n a g e 
shou ld be inspec ted t o de te rmine i f wa te r which c o l l e c t s 
on tKe &Cc&$s a r e a , roof , a ad around t h e tank i s adequa t e ly 
d r a i n e d a w v . 

•.". . 10 . Use o.l fjgceSS Water 

In .-.irecd vofttre waCer i s scaivit? o r water c o n s e r v a t i o n i s t o 
be ji-fxcHiS-wi remen.b :r t h a t i l l d r a i n v/a ter , overflow wa te r , 
si.-i ruASiff raixi fiNfcrdrex* can b-e.jpujfc" uo good u s e . 'Dhc water 
dr;. ir. u#\p ©•{£• t i e thcccr^s areoi. can l»e used f o r washing or 
d.r.inktAd-b*i an ima l s i r' allowod to c o l l e c t in a p o o l . ( I t 
tr.:i.i booze h>- s e t t l e . croUr for a t .h l ie fo r washing purposes) arid 
rai ii tcoJrajr f LovuJ art ©£f the roof can e a s i l y be channeled or 
pi.p«d K * caXlecbrinff floi<r\.t""£or tin.- same use o r Cor human 
(Iffn3ui^ij0|i"on ff Tha. ro&f i s iZeaa_.it a l l t i m e s 0 

http://iZeaa_.it
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5• 2• Construct ion Procecfarie For Ferro-Cenent Tanjr 

5.2*1# Introduction 

The sane criteria used in site selection for stone tanks 

applies to this section. Hefer to Section 5*1-1* for these. 

5.2.2. Site Pre-paration 

a) -Site clearance - relieve all rock etc., which will interfere 

with the construction of the water tank, and level the 

ground surface. 

h) Delivery of materials - all work materials required, such 

as cedent, sand, stones, steel reinforcing, wire mesh, gravel, 

water, and tools should be transported to the site "before 

beginning actual construction or delivered at appropriate 

intervals. Protect the cenent from the weather. 

c) Layout and excavation of foundation - the dinension for 

the diameter of the base (D) is taken from the design and a 

string or piece of rope cut to a length 15 cm. longer than 

the dimension D/2, i.e. length of string - (D/2 + 0.15) M. 

A short metal stake then should be driven into the ground 

at the location of the centre of the proposed water tank. 

The string or rope is tied to the stake in a loop which will 

allow the string to move around it, and tied so that the 

distance from the stake to the end of the string is (D/2+0.1) 

H. The string is moved around the stake in a circular 

manner so as to outline the circumference of the base of the 

tank with a diameter of (3D + 0.2)M. This outline should be 

marked with paint or "gess" so as to clearly define the 

limit of the base. 

This circular area is then excavated to a depth of 

approximately 20 cm. below the- ground surface. 

5.2.3. Placement of the Vertical Reinforcing Bars (8 mm 0> 

The metal stake is now driven into the excavated ground at 
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the center of the base and the string tied to it. This 

tine the narked length of string = D/2. Describe a circle 

with the string and nark the outline with "goss" or paint. 

Then, decide on a point on the circunference where the 

first 8 nn. 0 bar will be sunk, and nark cut each successive 

position for the vertical bars at intervals of 30 cn.(0.3M) 

around the narked line (the circunference). Excavate at 

each of these points to a depth' of 30 en. (0.3 M ) . 

Now, cut the 8 nn 0 steel bars to a length - (0.5D+2.3) M. 

and place then in the excavated holes securing then with 

dirt and rock and if necessary sone cenent nortar. Make 

sure that these bars are all at a distance of D/2 fron the 

center stake. 

.Construction of the Foundation Slab 

A 10 en. deep bed of gravel (5/*" - W dianeter) is now 

placed at the botton of the excavated area and around the 

vertical steel, and it is watered. Then, either of the 

two procedures described-in section 5-1»3» for stone tanks 

is used to nake the foundation slab for this tank. 

Renenber that the slab should be sloped to the point where 

the drain pipe will be placed, and also that it should be 

constantly watered. Allow it to set for at least 3 days. 

(More tine is allowed for setting than was outlined in 

Section 5-1-3- as the vertical steel bars nust be secured 

fimly in the slab.) 

Placenent of the Circular Horizontal Bars (6 nn. 0) 

a) Vails - these bars are cut to a length = M 2 D netres 

long and bent around the outside of the vertical bars 

(8 nn 0) and tied to then by netal wire. There will be 

a total of five of then placed in the positions shown in 

the following diagran.. 

• • • / • * 



Di3::raaE 14 - Layout of Reinforcing Steel in Standard 
Ferro cement Tank. 

b) Roof - There will be three (3^ 6ntm. horizontal bars 

placed on the roof. Cut the first bar to a length = 1.9 

metres, bend it into a circular shape and place it at the 

top' of the roof where a 60 cm, diameter opening should be 

left for access to the tank. (If necessary, cut the 

extended and bent over 8mm. vertical bars so as to allow 

for frhis opening; of above diagram.) The 8mm. bar ends 

shou_ld then be tied firmly to this circular sceel ring. 

The' Second bar should be cut to a length = (D/6 + 0.2) 

metres. Cut the third bar = (D/5 + 0*2) metres. 

Benc$ hese bars into a circular shape and plane them on 

the roof where they will lay flat on the extended 8 mm. 

bars. Connect them both firmly to the 8mm. bars with 

metal wire to attain the final steel framework as shown 

in H\.e. :*bove diagraiii. 

Placement of Wire Mesh 

I 
At Hvis time the v/ire mesh can be put inco place. Unroll 

the wire ;uid attach the free end to one of Lht? vex*tical 

8 mm. bars so that the bottom of the wire res^s on the 

surfa.ee of the slab and extends upwards the width of the 

rolL (30 cm.) All connections are made with metal wire 

and twisted tight with a pliers. 

a • • / • . 

http://surfa.ee
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The wire nesh is unrolled around the entire circumference 

of the tank making sure the wire is fairly tight and ••:'' 

connected firmly to the vertical and horizontal bars. . Over­

lap the free end of the aesh (which was connected first), 

by about 30 en. Cut thenesh at this length but do not 

connect the final 60 en, in order to leave an opening for 

access during construction work. 

Next, connect the nesh to the top part of the wall above 

this lower width. This should be done in the sane manner 

as the first but making sure the top level of aesh overlaps 

with the bottom by about 2 en. and connecting the wire nesh 

firmly to the reinforcing bars all the way through. (Eo 

not leave an access opening on top.) 

Now, wire mesh has to be connected to the inside of the 

tank to fom a double layer. This should ideally be done 

by running the nesh from top to bottom of the walls rather 

than around the circumference. This will achieve the 

greatest strength- for the ferro-cement. The access opening 

is not covered. 

Wire nesh is then placed on the inside and outside of the 

roof area except for the 60 cm. circular opening at the 

roof apex. Since the area to be covered is not a flat 

surface, the wire nesh nay have to be slit in order for it 

to lay flush with the surface. 

Placenent of Tank Fittings 

a) Drain Pipe - The drain pipe used is a 50 cm. long X 

11/£" 0 steel pipe, connected at one end with a 11/£" gate 

valve and at the other end with a 1#" union. The union 

is connected so as to provide greater resistance to slip 

along the surface of the base and through the wall. It 

is placed at the low (drainage) point of the tank and 

should extend approximately 15 cm. inside the tank and 

30 cm. outside. 

• < » . / • ' --



Hock should becemented over-this pipe so as to secure 

it to the slab surface- "~ 

. h) Taps - The:-#* push taps maybe put in position, before 

the mortar- is- placed on the walla.""'-A &"o\ steel pipe is 

cut to a length of 50 cau and. threaded with a" union at 

one end and a coupling and tap at the other. It should 

..then be placed in its desired position, pushing it, through 

the wire mesh and supporting it with rock cemented above 

.' and below the pipe which should be at least 15 ca» above 

the-slab surf ape. The pipe should extend approximately •.'."' 

30 ca. outside the tank and 15'cm. inside (cf diagram below). 

The union provides resistance to slip.. All taps are 

connected similarly but they should be placed at least 60 -

cm... apart* :*'..' 

Diagram 15 - Placement' of Taps for Perrocement Tank. 

c) Overflow/Air Vent Pipes - The %n 0 steel, pipe is cut in 

10 cm. long lengths and threaded at one end on which a 

90° elbow is connected.. They are placed at the top of the 

walls and are secured in position by tying them firmly tc 

the wire mesh and reinforcing bars with metal wire. 

d) Pipe from the Source - The connecting pipe from the 

source should be connected to the top of the tank in the 

same manner'as the overflow/air vent pipes. » 
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Cement Hortar Application. 

The cement mortar for the work can now be made, A very 

fine !sand is desired, so the sand should be run through a 

fine wire screen, which will select out the larger particles. 

This .sand should be thoroughly mixed with the cement in a 

ratio of: 

1 bucket cement : 2 buckets of sand, 

This will then be mixed with 3/4- buckets of water. 

1 CEMENT • 2 FINE SAND • 3/4 WATER 
^ r { ^ + ; , , + ^ \ 

Diagram 1u - Design Nix fox* Moirtar i n Ferrocement Tank* 

The f ia- i l mor ta r should be s l i g h t l y d r i e r t h a n normal 
and tl,<.-> t e m p t a t i o n t o add more water should be r e s i s t e d . 

I t i s pref/rrnbl e i f the mixing i s done on a smooth c l e a n 
s u r f a c e , .such as plywood s h e e t . The mor tar i s a p p l i e d 
with fce^ja.*. of two p e o p l e , ( p r e f e r a b l y wearing g loves t o 
p r o t e c t t r ieIc hands) one s t a t i o n e d i n s i d e t h e tanic and t h e 
o t h e r 0v*t£>i •.Jt.,o While one person ho lds h i s / h e r hands a g a i n s t 
t h e vire. i.e.ih, t h e p-rrson from the o t h e r s i d e f o r c e s the 
mor tar Jute the mesh uuduup a g a i n s t h i s / h e r companion 's 
hands,, "Ttvi£ i s dor.p u n t i l the e n t i r e s u r f a c e of t h e wal l 
and rccif &.& severed., ( excep t t h e bottom ha l f of t n e 
"oczcsii" r.,iRl and t.-ie p a n e l s on e i t h e r s i d e c£ i t , ) Don ' t 
worry o*fco«£ {set t ing i t p e r f e c t as i t must be g*one over 
ag-avn <o<.Sd&4r.d t i m e . Le t the completed work s e t f o r a 
day or Two, bcingr co i c t a n t l y wate red , 

>»het*. fc-^. r&ef- hus ac. ir . ired e.iou^h s t r e n g t h to a l low peop le 
t c vitavlfc. OK i t and ga in acce.3.^ through t h e roof , trie "acc«3s" 
pane l (fad rihft. two a d j o i n i n g (.^oels should be f i n a l l y w i r e i 
up taLtk. -ttsJi Wir£ uesU-v t i ed f i rmly and impregnated with 
raort&i* a s uOtfScU'ue w ig^. tn»? ren t of the t a n k . 



After,this apply a second application of this aame 1:2 

mortar to all surfaces of the tank mainng sure it is 

entirely sealed. As for all mortar work, keep it watered 

constantly until curing is completed (for at least 3 days). 

A third light application may "be necessary after testing 

of the tank to. plug any leak points, although this should 

not be necessary if the work has ""been carried out as 

desired. 

.2*9. The Manhole Cover 

A cover is now made ^o fit the 60 cm. diameter opening left 

on the top of the roof section. This will also he made 

of ferrocement and should be curved to fit on the roof as 

shown in the following diagram. A 6mm. reinforcing "bar 

is cut to a length ot' 2.2, metres and "bent into a circular 

shape (this will giv« a cover diameter of 70 cm.) Next, 

6mm. reinforcing barn are cut and placed on the inside of 

this circle, as shown, in the diagram* They should he tied 

to the circulrtr har» 

Diatreat:, 1 7 - View of Roof and Roof Cover For Ferrocement Tank. 

Wire tr.ci::i Lo new placed on both sides of this cover frame 

and tied to it, with metal wire. A small handle is made 

from rj\K 6 mm. steel and firmly secured to the cover (cf 

diafjrrau. lbovrj) „ Cement mortar is then applied to the 

wire me:: J -is was dom: to the. walls and roof of the tanko 

Applv n-ui'e c«-:i:ient mo:-tar as needed after allowing the 

.cover tf: ?.»-?t ;> day b -tween applications. Keep the mortar 

con::; t-uii.'.;/ vriiered a., v. as done with the tank. 

0*« Of O • 
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10. Access Area to the Taps 

The area in front of the taps cast new "be worked on to 

allow a container to "be set under the taps for filling f-ni 

to allow easy access to. the taps thenselves. This sheila 

be done in the sane way as was described in Section 5-1-5 

for construction cf the access area for stone tanks. The 

inportantr thing to renenber is that proper drainage nust 

be provided for fron this access area. 

11. Inspection 

Inspection should be carried cut as described in Section 

5-1«9i for stcse tanks. 

12. Use of Excess Water 

Use the drainage water and rain runoff water as reconnended 

previously in Section 5-1-10* 

Design/Costing And Construction cf Conbination Tank 

0. Introduction 

The concept behind this tank is to use the. nore generally 

accepted construction of building with stone in combination 

with a ferro-cenent roof. The design and construction pro­

cess is sinilar to what has already been covered in.the 

previous sections, with only the roof being different from 

what has already been described. The ferro-ceneiit rocf 

will be less expensive thai: the wood and cement roof 

described in Section 4.1. due to the high cost of wood 

in the Yenen. 

1. Design and Construction cf the base and walls 

The design will be the sane as with the stone tank explained 

in Section 4.1.1., 4.1.2, and ^-.^-5- Construction will be 

carried out as per Section 5-1*1., 5-1-5- through 5-1-8. 
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inclusive,, 

5o3o20 .Desî -ga and Construction or the Hoof 

A reinforcing bar frame must "be constructed for the arched 

roof of the tank, on which the wire mesh for the ferrocement 

work will be tied* Heinforcing bars (6 mm. 0) span 

the width in an arch shape and must be imbedded into the 

walls co a depth of €0 cm. to support them, which means 

that this should be done before the top three levels of stone 

are plaoed on the walls since each stone level is 20 cm. 

high. These bars should be bent in their arch shape, 

leaving 60 cm- on each, end to be keyed in the walls0 

See diagram below«» 

Pi a rr •in. 13 - Layout of Jleinforcinp: Steels for "Combination" 
Tank. 

Next, 6iau. r-3inforciaKr bar3 will be cut to a dimension equal 

to th«- 3Luui*Lh. of th«: tank, anjj placed on top of the arched 

bars •m.nuu.f: at rigat angles ,to the arched bars. Ihese 

should iit: jl.-.red ev :VJ 30 Jin., .--md be tied to the arched 
barn. 

The wok,\li<^t the anrtj of f i e tank should then be b u i l t up 
sc .-u: *tft Complete ly f . ' i l \n the arched openings with s tone 
3-nd » i f t ( t ^ ( / £ e dla.T' jo:) . \ 60 cm. 1 6C cm. "dcor**ay" 
entro^vtC Cflovto ' lef t i n om> ^nd -i" t h e s e b u i l t up w a l l s to 

'allow fio£ ajtc&sSt t o t.1 .? t i i i l : . A wood door and f r a a e shoxild 
be JH tfcetf̂  o j ^ | i:ejj.e.ii.p^ t o the oper i i ^o 

o o o / o o 



- 57 -

'*^# > A&l* *$ >h±> & 

. i . - . ' . ! o L 

Diagram 19 - View of "combinat ion" tanko 

a) 6mm. Bars r e q u i r e d Cor a r ches - The l e n g t h of t h e arc'u-d 
b a r s (L^) w i l l be » -1,5 X W + 1,2 wher ••> *J = out r i c e width 
of t h e t-iiilCo 

' ^ H - 1»2 

Es inf oi*ei ng b a r s a r e .sold i a 'i2K0 l e n g t h s , t he r e f >:-*» •;L<? 
y * *"\ 

number ..if these arched nieces "Der 12 *i0 « 12 T L„ = -^ 
• * i J j / i 

This should be a. whole number =» Z (round down) 
•10 

i 0eo. i f Tr=- =• 2 e 6 then. Z= 2 

• i f 12 = 3o2 .ti\en 2 = 

The number of these arched bars needed will be = -rr-ir-— - ̂  

where L « outside length of tani:0 
Now we oar. calculate T.';\C number of 12Mo lengths required^ 

L 
0o3 

••• 1 

This sl.ou'ui a l s o be a i.Lolc rrnibnr = £!% (round up t h i s t i w . , 

L 

i . e . u 
< - T 7 T - • 1 > 

£ 
\? , t h i n ^ = G 
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b) 6 nn. "bars required for lenrrth nieces - The dimension c.C 
the length pieces will be « L (L = length, of tadc in netres); 
The nunber of length pieces will be 

• • 5W 10 
= — Z — = 5 W CW = width of tarJc in metres) 

2 3 

Therefore total length of reinforcing steel ( to. $) f-r 
the length pieces required = L Z 5W metres. 

Now we can calculate the nunber of 12 2-1. lengths required 

» j^2 * this should also be a whole nunber « :T~ (round up 

this tine); 
if 

- 15.3 then,rr2 - 16 

*•* ^ £ . 6 .9 , then U2 = 7 . 

c) Total nunber of 6 na- <3 bars'require:": - Total no of 6 un t 

0 X 12 M. lengths needed ( a , ) = E^ + U ^ Use t h i s figure 

for cos t ing . 

d) Wire nesh required (N* - Wire ae-sh is to be placed en tc':h 
sides of the reinforcing steel* 

(A,) Area of roof = 'U~ Z area of base 

= 1.5 :,a 

Therefore, the nunber of roULs required = 2k? 
Area of 1 roll cf wire r4esh « 4G M

2 

Therefore, the r.unber cf rolls required = ~*j£ =» ̂  -= i*i 
"Z£T 20" 

e) The cenent nortar is applied to the wire nesh as outlined 
in Section 5-2.8. Using an avsra^e nortar -hiefcness of 
0.05 M.,. anount of nortar required = area of roof X 0̂ 05 

rr 0.05 A, n? 

Using a 1:2 rpY for the nortar and assuning the ŝ ni :aks 

up the entire volune of the nirt the ariomvc of ceinsnr require\ 

is: 

/ 
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c _ 0.05 A, , , 
u3 - — g . — 2 netres p 1000 litres = 1 H ; " 

c3 » ̂ ° "̂ 5 litres 35 litres - 1 bag.. 

0 , - 50 A, 5 A, 

2 % %5 bags a —«-*• "bags cement. 

f ) Sand (S , ) - Volune sand - .05 k- n e t r e s ^ - S* 

g) Door and ffrarie - One 4 M. length of 100 m x 50 nn white 

wood. 
-Ct36£r of 18 mi. guage plywood i.e. 1 sheei 

of 18 nn. guage plywood. 
- hinges and latch. 

Materials and Costings 

The sane procedure is followed as shown in Section 4.1.5.» 
4.1.6., 4.2.6* and 4.2.7. using the figures computed in 
the above sections for 4.2.6. and 4.2.7. 

4* 

• .•. / * <. 
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6 . PIPELINE PROCEDURES 

6 . 1 . P i p e l i n e Design and Costing; 

6.1.1. Introduction 

The design of a pipeline involves determining the size of 

pipe required for a specific flow rate (or range of flow 

rates), and for a set elevation difference "between the inlet 

and outlet of the flow through the pipe. V/hat is required 

for this design is as follows: 

(i) hydrological data book with tables of pipe flow 

head losses versus flow rate for specific types 

and sizes of pipes. 

(ii) Basic information for the pipeline to be designed 

including pipeline profile (length of pipe line 

and elevation neasurenents), the maximum flow rate 

to be delivered, the type of pipe to be used, and 

the si(zes of pipe available. 

If the above data book is not available or the following 

design procedure proves to be too complicated, take the 

basic information in (ii) above to a qualified person for 

the design of the pipe. 

The pipeline for a gravity flow system (no punp) will be 

considered here, although the sane pricniples are involved 

for a punp line design, with the only differences being the 

positive head (driving force) is provided by the punp and 

not gravity, and the elevation difference is part of the 

head loss if the water is being punped up. 

6.1.2. Basic Calculations 

a) Determine the elevation between the inlet 

and outlet of the pipeline. If h^ is the elevation 

measured at the inlet (source) and hp is the elevation 

measured at the outlet (tank) the elevation difference-is: 

fcu - tu = elevation difference (H) / 
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(h^ and hg should "both te in netres). 

b) Deternine length of pipeline = L (netres) 

c) Deternine the nmrinun flow rate to "be given (See section 

3 for flow rate neasurenent), Ilaxinun flow rare = £, 

(litres/nin.). (This will he the naz±nun flow to he 

expected in the rainy season,) 

d) Since many of the tahles in hydrolcgical data hooks or3 

in gpn (gallons per ninute) flow ratf-a, we night have • t<-

change Q in litres/nin. to gpn„ 

Q litres/nin. 4- 3*785- litres/gallon « Q gpn 

Use of data hook 

a) Now open the data hook to the tahles which list the Irrpe 

of pipe which will he used (use 1C year old steel pipe 

listing) and which lists the flow rate which we want to 

use versus the various head loss ratios. 

h) Choose a pipe size (usually between #•" and 2") which is 

connercially available. 

c) Open to the table which lists this chosen pipe size ar d 

type and the flow rare desired. .Look down the colunn 

under the chosen pipe type and size until the row with the 

desired flow rate is intersected. This nunber is the head 

loss ratio (f) to he used for calculations. This nunber 

will be in ft./1C0 ft. or M./100 H. It nay be necessary 

to interpolate between nunbers if the exact flew rate desi.-̂  

is net listed. 

Final Pipe Calculations 

Now we can deternine if the pipe size chosen is adequate 

L r 100 = 1/ 

Head loss (hL) = I1 I f 

v ».-»/• o 
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If h-£ is greater than elevaticn difference (H) the chosen 

pipe size is inadequate, and we oust repeat the procedure 

described in 6.1.3. and 6.1.4. with a larger pipe size. 

If h-r is less than elevation difference (H) the pipe is 

adequate. However, it aight he oversized and we aust 

repeat the above procedure 6.1.3- and 6.1.4. with the 

'next snaller pipe size and continue this repetition until 

the smallest adequate pipe size is found. 

H should be greater than iu by anything fron 5 M. to 40 M. 

to allow for flow to the top of the reservoir and as a 

safety factor. 

6.1.5- Example 

IT the elevation of the water source is 1500 M (above sea 

level) and the location of the proposed water tank is 

1485 nu, and is 850 a. rway front the water source, and the 

nsaciTTun flew rate to be delivered is 57 litres per nin., 

what pipe size of steel pipe should be used? 5/4", 1", %n 

and 2" pipe is available. 

Step 1 - H- « h^ - hg = 1500 a - 1435 n'-15a. 

Step 2 - L a 850 a. 

Step 3 — 0. - 57 litres per ainute 

Step 4 - 5 7 litres/ain. f 3-785 lit./gal. = 15 gpn. 

Step 5 — Look in the data book under 10.year old steel 

pipe and find the table which lists 2" pipe 

(standard gage). Look down this colunn until 

the row with the flow rate of 15 gpn is inter­

sected. This number is our f = 1.1.1 ft./1CCft, 

Step 6 - L1 = L 7 100 = 850 i 100 = 8.5' n. 

hj. = f X L1 = 1.11 X 8.5 a. = 9.44 n. 

Step 7 - H • 15 n.; • h^ « 9-44 a. 

Therefore, h-r is less than H so the pipe is 

adequate. (.also H is at least 5 n. greater 

than h-r) 
• •/ . • 

•v 



Step 3 - Repeat steps 5-7 with 1#n pipe* If we do tbi3 

we'll find iu is greater than H therefore, we 

must use 2" pipe« 

601„6. Use of Valves and Fittines 

a) Gate (shut off) valves should be placed at the beginning 

of the line (near the water source) , upon entrance to. the 

water t.tnk, and on '.my brsnch lineso 

b) .»ic release valves should be placed at the high points 

of i,he r ipeline if the pipeline rises and falls, in elevation 

as it traverses its course,, . 

c) Drain off valves (gate valves connected to tee connection) 

should be placed at the low points.. 

d) LC L-ie pipe "line las -sharp curves or bends an appropriate 

numbur o£ M-5° and 9C°" bends should be orderedo 

e) Unions should bo j:laced every five pipe lengthso 

f) Extr'i couplings should be ordered as replacementso 

"-v J sncro? / tank 

y a t * ^ai\e 

\ C4f n±iea$e vote 

village 

am n oil /oiv^ 

SUE 
gate .a . . ' * 

" * - / • 

tank 

Pi,- ;rr.iu 'KJ - P r o f i l o oi' p iye l i n e and p o s i t i o n i n g of 

"dra i . i .iff" uji.i " a i r r e l e a s e " valveso 

o • • / o *» 
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-6;1.7« '•Costing of the Pj-peline 

a) Labor - The cost of labor depends on the size of the pipe 

being layed. For pipe between the sizes of 3A" - 2" an 

average of 18n« per nanday can be laid (slightly higher 

for 3/4-", lower for 2"). This includes work en construction 

of supports, inspection and repair etc. Length of pipeline 

(L) «r 18a. = Ho. of nandays required =-(M). 

M X 100 T.R./nanday = Cost of labor -lY^ 

U.B. This will of course vary from area to area. 

b) Pipes - Fron the length of pipe needed, deternine the 

anount of 6n. sections of pipe required, since pipe is sold 

in 6a. lengths. 

Length of pipe (L) -j. 6m. = Number of 6n. lengths » (IT ). 
IT 

Multiply this number by 10% to allow for replacenent pipes. 

IL + (IT Z 0.10) » IT, 
P P P 

N , 1 price of pipe = Cost of Pipe »Xo 

c) Valves, Fittings, Extra Couplings, etc. (Accessoriss) 

The individual number of these itens can be determined and 

coated or what is often done is to use the 'figure of 10% 

of the cost of the pipe used. 

0.10 2 J- = Cost 0f Accessories = &=., 
2 *> 

d) Tools - The tools required for the connecting of the pipe­

line are as follows: 

(i) Pipe threader (1) 

(ii) Pipe clanp or vi.ee grip with stand (1) 

(iii) Pipe wrenches (3) 

(iv) Metal file (1) 

(v) 3GL. tape measure (1) 

(vi) Pipe cutter with extra blades (1) 

(vii) Pipe tape or compound (1 roll/can per 50m. of pipe). 

(viii) Oil can and oil. 
• ••/•• 

http://vi.ee
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Multiply the number of these it ens "by their individual 

costs to get the cost of tools » v^. 

e) Cenent - Cement will be required if supports need to b? 
built for the pipe, if the pipeline is placed over irregular 
terrain* The exact anount will depend on the aoount and 
size of supports required, but an average that may be used 
is 1 bag of cement per every 10Gn. of pipe line* 

L «i 100 = No. of bags of cement required 
No. of bags X price per bag » Yc cost of cenent• 

f) Sand - Sand will be required for the cement mix, TiAn.ce 

-as much sand will be required as cement. 

1 bag - 35 litres = 0.035 M5 

Amount of sand reauired = No. bags of cement x 2 
X 0.035 (n3) 

Amount of sand X price of sand/a^ = X- cost of sand* 

g) Trans-portation - The cost of transportation of the pipes 
and other materials from the place of purchase to the work 
site must be determined = Y-. 

h) The total cost of the pipeline (7) equals the sum of 
these different costs. 

6.1.8. 

SIZE 

#" 

?tp 
1" 
1#" 

1#" 
2" 
2#" 

3" 
4" 

X - *l + 72 + 73 + 

PiDe and Accessory Price* 

PIPES 
22 YE/6m. 

48 YE/7.5c 
46 7E/6n. 

55 TB/6m. 
74 TH/6m. 
94 YE/6m. 

155 TE/6m. 
180 YE/6n. 
280 YE/6m. 

L. 

£iTE 
VALVES 
8 YE 
11 YE 

15 YE 
25 YE 
30 YE 
40 IS 
74- YE 

100 YE 

170 YE 

•x4 + r5 

= (as of 

UNIONS 
5 7E 
8 YE 
10 YE 

12 YE 

15 YE 
20 YE 

35 YE 
55 rs 
90 YE 

+ S6 

Jan. 

+ 57 

1980 Hod 

PUSE TAPS 
12 YE 

35 YE 

eidah) 

90° ELBOW 
2 YE 

3 YE 
4 YE 

6 YE 

9 YE 
12 YE 

25 YE 
40 YE 
60 YE 

http://TiAn.ce
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Jointing pipe tape 5 TS/roll 
Jointing pipe conpound 8 IE/can • 
# 18 pipe wrench 35 TR 

#-2" pipe threader (Chinese ) 500 Ts. • 
#"-4." pipe clanp (chain) 250 TR 
2" pipe cutter 200 YE. 
45° elbows only available in 1" size 5 YE. 

* 

6,2» Pipeline Construction 

6*2.1. Pipeline Route - The initial phase of pipeline construction 
should involve the narking of the proposed pipeline course 
.on the terrain which oust be traversed. For gravity 
flow lines, if the elevation difference between the water 
source and proposed tank is fairly great the-pipeline course 
nay be readily apparent without any exact narking of 
location* If not-, it may be necessary to nark out the 
course with the use of survey equipnent to ensure that the 
pipeline has the proper elevation drop on each part of the 
line. This can be checked by using the elevation drop to 
any point on the line and calculating the head lass (h-r) 
to that point as described in section 6.1. Make sure the 
elevation drop is greater than h-r. 

Take the straightest and nost direct route, avoiding- excessive 
bends, rises and drops, although this is often impossible 
due to geographical constraints. 

6.2.2. Tools Needed - The equipnent and tools required for the 
construction of the pipeline are as described in the previous 
section on design 6.1. but will be listed here again. The 
size of these tools are dependent on size of pipe to be 
used:(i) Pipethreader (1) , 

(ii) Pipe clanp and stand (1) 
(iii) Pipe wrenches (3) 
(iv) Pipe cutter with extra blades (1) 
(v) Metal file (1) 
(vi) Oil can and oil 
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(vii) Pipe tape 

(viii) 3EI« measuring tape.. 

Program of Work - Typically, the pipes will "be delivered 

to tha Tillage which is the recipient of the water project 

and sometimes they will he damaged fron shipping. As such*, 

it has "been found that to set up the pipe inspection and 

repair operation in the village and to then carry and dis­

tribute the pipes along theppipeline route is the most 

efficient neans of getting this work done. Work can "begin 

on the pipeline as the pipes are distributed.. The prograr 

of" work will thus "be as follows: 

a)' Delivery of pipe to village 

b) Inspection and repair of individual pipes, 

and cutting and threading if necessary, 

c) Distributing pipe along pipeline course. 

d) Connecting the pipe. 

e) Buying the pipe where necessary. 

f) Building of pipe supports where required. 

g) Inspection and testing of pipeline. 

Inspection and Re-pair of Individual Pipes - The pipes are 

first inspected tc determine if the threading on both ends 

is adequate. This can be accomplished simply by trying 

a coupling on each end. If the threads are not good,use 

the pipe threader tc rethread the damaged end. If it is 

severly damaged, this part may have to be cut off and then 

rethreaded. Adjust the threader to the proper size setting 

and apply sufficient oil to the surface to be threaded tc 

minimize wear on the threading teeth and to ease the effort 

required for this work. The total length of the thread 

should be about 1" (slightly less for %" and 3/4." pipes* 

larger for pipes bigger than 2"). One coupling or union 

should be connected to one of the ends after this. It is 

often easier to connect it new than in the field. The 

pipe is left in the clamp or vice grip, pipe tape or 

joint compound is put on the threads so as to cover all 

of them, and the coupling or union is tightened onto the 
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pipe with one of the p ipe wrenches. (Bemember a union 
should be placed on every f i f t h p i p e ) . Pipes can a l so 
be cut nnd, threaded for the t a p , a i r v e n t , and overflow 
pipes for the water tank. The pipe can now be d i s t r i b u t e d 
where heeded, being careful not to damage the threaded ends. 

Connect! ajr tne Pipe —• The pipe i s connected, f i r s t by placing 
tape or comj.ound on the threaded end, and then connecting 
i t int.u the coupling or union of the previously connected 
p ipe , One pipe wrench should be used to hold the coupling 
and pi )c of the previous pipe i n p l a c e , and another wrench 
used tt. t i gh ten the connecting p i p e . Make sure t h e , i n s i d e , 
pipe i\ free of d i r t and obs t ruc t ions• The s t e e l pipe can 
genera l ly be l a i d on top 6f the ground sur face . Any pipe 
which o-rocaes a road or f requent ly travelled pathway should 
be bu r i ed . Crossing a road, bury the pipe 80 cm. from the 
top or the L-ipe to -chft road sur face . Always place the 
pipe where i t i s protected from veh ic l e , animal, or human 
trnffj . . : , Calling r ecks , flowing water e t c . 

All v&\\Zes or spec i a l f i t t i n g s which a re connected on the 
p ipe l ine* should be proceeded .or followed by a union which 
will Q>\\ ow l"or easy disconnection of the l i n e i f the valves 
need t£P\ a-sfrinent cr r e p a i r . 

F i r e Svrccrt.3 - Pipe supports should be b u i l t under, or in 
speed GU ciser, t ied from above, any pipe connections which 
are sw&fi&tf^d in a i r . Tb>» threaded pa r t of the pipe i s the 
wenke^l- purl, of ti.e pipe an:i therefore must be supported in 
the zH&(n*.c( .:xi,fac& -JT with spec ia l ly b u i l t suppor ts . The 
suipor-fc CJSfabQ as simple as a rock placed under a pipe 
coiir.ecH^a *.:ui;h i s only a few centimeters above the 
grounl Su^'oiC!5 o r t l g g e r s t i nc tu r e s as shown below. 

Tr. . ' . ' ] ' • '''^feJL^R^^rt' 
. / . . 
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6.2.7» Inspection of Pipeline - Water should "be allowed to flow 

through the pipeline to determine if leaks exist, and if 

the line is properly placed with regards to elevation drop. 

This can he done as work proceeds, inspecting a completed 

section of pipe before continuing on to the next. 

-, Remember, that when working on a connected pipeline, 

tightening one end of a pipe has the effect of loosening the 

• other end or an end of a following connected pipe. Therefcac, 

if a lot of tightening is required, it stay be necessary to 

disconnect the pipe at the union, tighten the pipe or pipes 

and then connect.the union again. The advantage of the 

union is that it can be disconnected and reconnected without 

affecting the rest of the line. 

6.2.8. Diagncais and Correction of Problens - If water dees not 

flow through the pipeline it is usually the result of a 

blockage of the line, leakage, or insufficient elevation 

drop on a gravity flow line. Per blockages of the pipeline, 

the line must be opened up to determine the exact location :.l 

the block and the line cleared. For insufficient elevation 

drops, the section of line which is too high must be located 

and placed at a lower elevation. This section can be four.d 

where the water is not flowing,. 

V -̂ x 

•i* 


