22609

LIBRARY
interactional “wlercnce Contrs
for Loaauntty Weter Suosly

2

LI WaTER PROJECT
DESIGEH L CCXNSTRUCTION

Gene;&; Frinciples and Techniques
For Clomzurity Based Irojects

l,J:

Field Co-Crdinctor Training Course

am - <
asTC Zreject,

Mahwelt

Colm.Evﬂsthiahaalfcullen

R




Aradl

e;_-_.

s e e e et S e a——

,:.12 (U‘U s Lo bunia

; RECTHIReIE !
ST ,Q,_,:» . "?:,f\' ‘ "
 ./ \ o for Cosamunity viier Suphy

(@(;\’{’S\/(Q&KD CONTENTS

DTTRODUeTIO}T ® O 9 980 90 00 048830V OO RSSO NG EN OOsOSOP O SOSSOSSCSOS

GENERAL TNTRODUCT(RY TECENISUZ FCR ALT SMALL WATER eeseo.

PROJECT IESIGN., (¥Low Chart)

FLOW MEASUREMEITY vuveenavvoeesoceceseasscsecacncssenscanan
3¢0¢ INtTOGUCTLIOR ececcccancccacscncsncacnsceasccscsacssccane
3.1, Pipe Flow mesctsaneseaneacacecssscesccascscasscanas
2.2+ Channel Flow Mezsurement ccee:vsccscceccscccsccansce

PROCEDUBES FJRESIG}T de‘D OOS‘I‘:::CS @@ o000 ceencoecscccessncansoe

4‘.1. DeSign and COStiDS Of "SOne J-an.k .ooooo.oc.o....o.o&.-

4.1.0. Introduction cececcccocccecasscccacsccscsccscsonseanscoe
4.,1.17. General CalculatiChS siceceescccccscncscsccconccasas
4.1.2. DeSign 0f BAS@ eceecesnsccccscsscccsacssscssccscons
4.1.5. Design of Walls se¢ cereccceccccsccsaccaccccccnsnsa,
4,1.4. Design of ROOT (.ececccccsnccccaccsacacsncscscsccias

4.,1.5. Materials Recuired for Tank Constructionl ecececese
4.1;6. cost-ing of Tan-k ......O.....'........l.‘.......'.».

4,2, Design and Costing of Ferro-Csment Tark .cccececececoss
4,2.00 IDtT0AUCEICR cavscccencevvesconcccccssascscsccascscnsa.
4,2.1. General Informaticn/CalculationS eeececcasnccacece
L,2.2. Design 0f BaSE eeeacevecccccssascsccscscncsoscancasn
4.2.3. Design of WallsS cecaceccecccocsocccvcscccoccscncease
4.2,4, Design of ROOL ceecesccccccsscccacaccavencsccccancs
4,2.5. hAnmount of Wire llesh required for all of the Tank .
4,2.6. Materials required for Tank Constructiolnl eeececcees
£,2.7. Costing O0f TANK eceeecccecccccccoccccsssasacsascnsocnsns

CCRETRUCTION FROCEDURES oeeeeevesesnsesencnanesaenennaanne
5e0e INtTOQUCEION eeeccccccasescccccnccscncacsosscsscscccnns
S5.1. Construction Prccedure for Stone Tank eceeeecccesccccs
Selele INETodUCHLiOn ceeosecccccosccscocsancscocoscsnscscaans
Se1e2e Site Proparation ceeseccecccacccccccsvsecsscccscaccasn
5.1.3, Construction of Toundaticn S12D ceeeeveccsccacance
5.1.4, Wall Constructicr and

Pire Placement cececccccaccn

-~
= 2 8@ 0 e 80 00000000660 Ce0esva.

5.1.5., Flastering of Insice Wall

N W W \W
O WO O W

LR

=
&

0;./.00

=

vUBRARYINTEENAnoﬂML.RLF_FLqu b gl o 0

JCEI\\I \_
AND SAT IllH:".; ;

FP.O. Box £3155 209 AD The Hagug I”
FTel (070; 314311 ext. 141/142. i

RN O Yy |
'm ZLId AR app NSRRI — e

SR ~CAL s Ve AT T quDLY k _!.v:’ -

P DT T % e e, Tt e . e e e R S PR L P :_;—_.'-__':-r

1#“) j
ZrT/ivt Ixe i o= 10/0) 2y

b J-x ONBRH Syl QV 6L LIIES M T
wn 31_9 : (et sy

¢Wch”“° MIUUM DO L T 0




6.

PAGE 1.

De1.6. Preparation 0f WOOd .cicececcccccces ccacsccscccnms
5.1.7. Constructicn cf the ROOL eeeececscccccccccaccanee
5.1.8. Work on Access Area £0 TADS eeececccccccccccscanca
5¢1e0e INSPECTIiON ceveveascccacecenscacesacacscaccnsnces
5770, Use of EXCeSS Wabtel ceeeeccecccocccoacccccscnss

5.2. Construction Procedure for Ferro-Cement TanK,eeceee-
5¢2e7. INETOAUCTION eevacccsccestcscncsccasccnnccassccce
5e2.2. Site Preparation eccececccesscccsccescscsscssncane
5.2.3. Placement of the Vertical Reinforcing Bars eeecee
S5.2.4. Construction of the Fourdation S18b eeccecccccces
5.245. Placement of Gircular Horizcntal BarsS easecccssece
5.2.6. Placement—of Wire MeSh wevescccssanceccssccaacons
5.2.7. Placement of Tank Fittihgs cecescsccaccssccascane
5.2.8. Cement Mortar Applicabtion .eceeccececccccascacnas
5.2.9. The Manhole COVET «eeeeseeecssececascasenccecsnns
Cel2e10. Access Area to the £aDPS ceecccecccccscccrccscccne
5e2e11, INSTECTIO0N eevecoccecsccsccccncsccscasccaccnnsos

5‘2.12. Use Of &cess ?'Jater.........................'...'

5.3+ Design/Costing and Construction of Combinaticn Tank.

Intrcduction . © 6 & 0 8 0 50 S0 B OO D S OES SO PO O OO S SO s e oo
Design and Construction of the Base and Walls ...

U\ \n\n
W W WL

2.0,
I PR
«3.2. Design znd Construction of the HOOL eceeeecccccscas
e3e3. Materizls and CoSTIiNES ececesecsccccccacsscsccncans

Pmnm HOGEUBE ® 6 O 0 0 4 8O OO O 8 S H OO DB OT OO OO SO oD oa 0o
Sela Pipeline_Designlagd COSTING ececeoscccacsenscocccncns

BeTele IRETOAUCTION ceveenarars s cvee — -
Bele2. Basic CalculatiChS asececccccscccscccscnsoscscscccase
Bele3. Use 0f Data BOCK ceeesccoccccccccsascccosscsveocans
Belel. Final Pipe CalculaotionS eecececccccceccacccnccoan
Be1e5e EX2MPle ececeeoeceancscnccscoscnnocssssssoscscoccaansn
6.1.6. Uses of Valves ard TittingsS ececececcesssccccccces
Bele7. Costing of the Fipeline eceecececccoccsccccsccsccace
B.1.8. Pipe and AccessSory PriceS ceeecececctccsccccscacans
6.2. Pipeline ConStTUCTICN ceeceacccccccccccscscscsnnane

6.2.1. Pipelj—ne Route 2 ® 0 0 00 PO eSO sw SIee0 o ® @ ® 000880 w3 éw

44
45
46
4:7
47

58
48
88
438
49
49
50
51

z
A

c4
55
55

55

S5
€5
55
56
59

60
50
€0
e -
61
61
62
6.3
n
65

66
../,




~

60202. TOOIS need.ed oo0....oo‘oo..o’.';o.o“o.‘o..‘aovouo.ko'do;‘ooo...

6.2.5. Program of work ...O...‘"‘..‘..O‘.'..Q...O....OQQ..

6.2.4. Inspection and Repair of Individual Pipes ee.eese
6.:2.5. Connecting of PipeS caseeccccacssccescenscacssncen
Beleba Pipe SUPPOTES ceeccccaccrecscsaccosccaccsssssssne
Be2e7« Inspection of Pipeline seececcevesssscccccscscacca
Be2.8+ Diagnosis and Corredtion of ProblelsS eceisececcccas

PAGE NO.
66
&7
&7
€8
e8
€9
6%



Séction
361
4.1;4

. 452;1
4.2,3 (d)
4;2;3'(e)
5.1.3
55

.5..'7“4- (a)
SeTeldke (B)

S84 (e)
514 (4)

Se1.7 (a)

5.1.7 (b)
5.8
5e245 (a)

5,2.8

Page No,

14

22 .

29
31
31

41

4 -

42

42

43

43

45 -“.Z

46
47
50

52
53
54
56

LIST OF DIAGRAMS

Diagram No.

t]

6B

10

s

12

13
14

15

16
17
18

19
20

21

Title

"Pipe Flow" measurement from
channel flow situation

Layout of beams for stone tarnk
roofinge..

View of Standard Ferrocement te rk

Layout of reinforcement steel
for standard ferrocement tark

Desired overlap of reinforcirg
mesh in ferrocement tank.

Design Mix 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 taxnk,

Placemenf of air vents/overflow

- pipes in stone tank.

Layout ¢of beams for store tazrk
rocfing.

Manhole roof épéning.

Layout of stone tanl fronféje.

Layout of Reinforcihg Steel in
standard ferrocement tank. '

Placenment ofltopsvfor ferrocereat
tank. '

DeSLgn mix for mortar in
ferrocement tank., -

View of Roof and Roofcover
for ferrocement tank.,

Layout of Reinforcing steels
for "combination" tank,

View of"combination" tark,
Profile of pipe lire and posit-
ioning of "drain off" amnd "air
release” valves.

Typical Pipe Support.




1. 1 INTRODUCTICH

This booklet has teen developed as a result of experience in the
ASTC Mahweit Project in the basic technical trairing of field co-
ordinators for community development work. As will be seen fronm
the General Introductery Technigue, the process involves a high

;level of(discussion with the locals and a-%iorough process of infori-
\3EEon gatherifgagp ensure each project has a definite chance ¢

2
s
=g
-

success oy being fully researched. We have found through experierce
that there is virtually no water project however small that doesn's
invelve a variety of local political problems and it ig only through
rigorous information gathering and a complete survey of villeges

and springs in the area that problems; during and after comnstructico
of the project, can be avoided.

This point carnnot be stressed enough and we would advise anybody
undertaking this type of project, inveolving a large community input,
not. to race anead and constTuct what may seem at the cutset a very
straight-forward project without therough investigation of the pro--
cess as outlined in the General Introductery Technique.

The process also involves the use of simple instruments 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 te used in comjunction with either a mezsured
bucket (10 litres or 20 litres), or a small float (for chanrnel aeasure-
ment) to measure the flow from the source. The altimeter is us<l
to determine the difference in elevation between the source and th=
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 1f it is a channel measurement, and also of course to measure
the length of the pipeline required if any. If a more accurate

ooc/‘)k‘
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survey of the land between the source and the village is regquired !
! (as is the case for projects with a small elevation difference

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

be used.

Bopefully, this manual will provide the necessary technical
guidelines in the planning, design, arnd construction for small water
projects here in the Y.A.R. Eowever, these technical guidelines
on the implementation of such a project are completely dependent
- on the gathering of sufficient and accurate base line data and
neasurements. This will include and involve ihput from the locail
community, ﬁhich;.as alreedy stated, is probably the ﬁgig_imporjfffﬁﬂ_
input to ensure a successful project. _ -

T e = -/-———"
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2.0« _GENERAT INTRODUCTORY TECHNIGUE:

The following is a fIvw-chert—ocfthe process involved
in the design and execution of a SMW
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3, FLCW MEASUREMENT

3400

504-.

Irtrcduction

The procedure used to measure the flow from a source depends

on the type of flow and the constraints and restrictions cn it. '
The two types of flow discussed in this section are pipe flow
and chanrel flow.

Tipe FTlow

z) The measurement of flow from a pipe, or similar type of
flow, is *he easiest and most accurate to do. The instruments.
required are a stopwatch, and bucket or cortainer of kmown
quantity. ‘

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

s) Now the rate cof flow can be calculated by using the following
formula:

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 flowa

d} A flow measurement is always a volume per time ratio. whether
the volume is zeasured in litres, gallons or cubic metres and -
the time in seconds, minutes or days. That is, if it takes 20

seconds to £ill a2 ‘10 litre bucket the rate of flow would be,

Volume _ 10 litres = e
rate of flow = —£5—=—= = =5S55=5as = 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

oY secoands in one day ( 86,400 sec/day): ane/ae




e ——— s,

, -1 -

0.5 litres seconds litres
Y TYrTT o X 86,400 o anii 43,200 T e

ei It tnould be remembered that the flow from a spring wiil
v%:y'dxring the year and is usually dependent on the amcunt
og rair received in its recharge area. Therefore, flow
mgasur¢ ments should be taken at various times of the yaar
(gvery 2=3 mogths) to determine the amount of water which

wgll be available at any given period of time. If measurement..
'cgnnot be taken for an entire year, remember that measurements .

tiken in the rainy season will be greater than in the dry
sgason and vice versa. Therefore, for example, rates of
flow ce leulated for the rainy season should be reduced by

an appropriate factor (usually at least half) to approximately
glve tle amount of water available on the average.

G
£) Sinte pipe flow is the easiest and most accurate to measure,

igzsh011d be determined if these "pipe flow" conditions can
bg procuced froa any given situation. For example, in
siream or channel flow, often the water will flow over a
réck ledges By directing the flow out and over this ledge,
wé;can produce a "pipe flow" condition, where the water can
be mea:ured with a bucket, Care must be taken to make sure
that zll1 the water is made to .flow into the bucket, otherwice
an accirate measurement will not be possible.

Diagror 1 - "Fipe Flow" meusurecment from channel flow situatita,
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Channel Flow Measuremernt

a) The measureazent of flow in a channel is slightly more com-
plicated than pipe flow measurement, as the flow cften cannct
be directly measured in a bucket. The instruments required

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

of wood.) .

b) A relatively urpiform straight stretch of the channel must
be located, preferably greater than 3 metres in length. This
lerngth should be measured, and markers (such as stone) placed
alongside, at the begincing and end of this stretch so as to
clearly define it. Iergth =1 (cm.)

c) The widths and depths must now be measured at three different
points on the stretch ¢f 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, 2nd peint 3 at the end (marked by

the other stone). Wq is the width in cms. measured at pcirnt

1, W2 (in the middle at point 2), and W3z at point 3.

d) At the same time as measuring the widths, the average depth
rust be determined at each of these locations. The average
depth D1 1s found by teking a number c¢f depth measurements
across the width of the channel at point 1, and firding the
average of these. Likewise, at points 2 and 3, Dy and D5

are computed. Record these values.

e) Now take the small float, or piece of wood, and sozk it
with water, Hold the stopwatch in one hand, and with the
other hold the float directly over the water at the begirring
0? 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, pcint 3, (marked by
the other stone), stop timirg. This time is t,. The pro-
cedure is repected thrice to get three time values, tﬂ!“t2?
and t?' Again 1 cord these valuesf

el
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£) Now we can start calculations for the rate of flow. First
we calculate the cross seetional areas at points 1, 2 and 3.
' ~ 2

Aq = W1 X D1 cm.

an = W ¥ Dy cm.2
iz = Wy I Dy cm.?
(W and D measurements zust both be in the same units i.es coe )

g) The average cross sectional area (4) is then computed.

L = f4q + Ay + 45 émoz
3

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

water channel., Volume (V) =AXL (cm.a)
For this calculation, & and L must both be in the same basic
unity i.e. if A is in cn.E; L must be in cm.

j) We will now change the units of volume from cm.3 to the more
familiar units of litres.
1000 cm.” = 1 litre

hi > 3
Tgerefore Vo}ump (cm ) = Volume (litres)_

or T (em®) & 1000 = V (litres)

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

T = Ty o+ Eg + ti

1) We san noﬁ calculate the rate of flow LT L monTrag

by using the follcwing equation:
Rate of Flow = 0.7 X g (LitTes .
nate o ow = L. T seconds)  (The wultiplying fact of -
Ce7 is used as the average velocity feguired is less than
the surface velocity measured in this procedure.

n) Example/problem - If the length (L) of the stretch =5
‘metres, and the other measurements are as follows:
pOint 1 W4 = ,]2 Cla D/l = ,‘.5 Clle

s - L V4 - . = -
point 3 Wz = 10 cnmla D3 2.0 cm e
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time trial 3 t3

4 seconds

tine trial 2 t2 = 5 seconds

6 seconds

Determine the rate of flows

Step 1 (3.2 (2))

Ster 2 (3.2 (g))

Step 3 (3.2 (n))

Step 4 (3.2 (J))

Stev 5 (3.2 (X))

Sten 6 (3.2 (1))

2
2
2

A.5 = ‘JB x D '10cm. X 2.0 C’m, = 2d Clle

3=

A abrE v A 45 L 20 4 20 = 19.3cf
5 3

Volume = A X L

4 and L must be in the same basic urit, so
let us change L = 5 metres to centimetres,
L = Sm., = 500 cnm. _
Volume (V) = 19.3 cm.? X 500 cm. = 9650 cm.’

Now, we can change cubic centimetres (cm.a)
to the more familiar unit of litres.
1000 cm.” = 1 litre
Therefore, v = 5650 cm.3 = 9.65 litres
o %z Tt “re
1000 cm.?
1itre
Next, the average time (T) is fourd:
=Yg+ S5 t} -4 +_? *6 . 5 seconds

> )

The rate of flow can now be computed:
rate of flow = Q7 X %"3-&).7‘_?_‘?‘-.6 1,7~ -

et

=

litres
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Daily Flow Rate - From our! ¥Ete 61 flow. imr litres- per

second we ¢ah ‘thange to a daily flow rate
irn 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.? for design purposes,
1000 litres = 1m.>

166 lltg;gsém - 166.54-m5/day..

3

vee/0s



- 19 -

| 4, PROCEDURES FOR DESIGN AND COSTING

141, Design snd Costing of Stone Tank

;%.4.0: “Introduction

Stome is the most common form of building material in Yemen,
and the high quality work carried out in this medium would
peint to stome as the na*ural choice in any kind of con-
struction. If used with a gocod watertight mortar, stone
construction for water tanks provides both a good strong tank
and an aesthetically pleasirz cne as well. Construction ard
material costs though are much higher tham for any comparable
ferro-cement tank, although, obviously the technique of
building in stone is much more widely accepted throughout

the whole of Yemen.

" General Calculations

a) Decide on Tank Volume = V metresB. 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 porulation 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 ccmpartments to en-
sure this adequats tap rrascure in times of low flow, while
providing the extra storige required for maximum flow.

) The inside width of the tank is dependent on the length
0of the redwood beams (150 mm. X 100 mm.) which will span the
final roofing. These are sold in two lengths:

(1) 4.0 m.

(ii) 6.5 m.

vee/eo
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For this reason and tecause tae average width of stone wall
construction is 0.5 m. we assure the inside width of the
tank tc be either:
(=) %.0 m. or
(i1) 5.5.m.

¢) Decide on inside width of #ank = (W - 1) metres;
Decide on inside length of tank = (I - 1) metres;
Decide on heignt of tank f E metres.

AT aW=1Z(@ =1 XE netre.

e¢) Outside measurements of the tank are as follows:

length = L metres
width = W metres
neight = H metres

Daesign of Base

a) The base is a cencrete mix in the proportions 1 cement :
2 sard : 4 gravel. Its thickness is 10 cm. = 0.1 M.

b) Volume of base

V4
3
LIWX 0.1 metre”.

¢) The gravel is assumed to occupy this entire volume and the
interstices between the gravel pieces are occupied by the
sand and the cerent.

d) Volume of cenent = V4 - 4 metres’ .

111> = 1000 metres
Therefore, Volune of cement in litres = 1000 X V, -4

= 250 V1 litres.

e) Each bag of cement contains 35 litres, therefors. No-
of bags of cement required for base construction = (,

0-t/~o

-~

5,
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=25 " = 35

=2Vq Yags = G,

£) Volume of sand required = S,

= Volume of cement X 2

= vﬁ X2 metre3
p

1 = 71 metre’
-2

g) Volume of gravel required = G,
= Vﬁ metre3

h) Volume of water required = W,

= Volume ¢f Cement

Wa =.21' netre”

Y

Dcsign of Walls

a) The walls are constructed entirely in stone and mortar.
b) The mortar mix used for the walls is 1 cement : 3 sard.

c) Zach 1M2 of wall area needs approximately 25 stores,
therefore, 25 stones per M° of wall area.

d) The ocutside arez of the % walls = A2 =2XEX (T + szytg
Therefore, number of stones required=N,

=25 X &,

= 25X 2XHX (L +W)

y Ny =50XHZX (T+W

2
e) Zach 1 metre~ of wall area needs approximately 2 bags
of cement for mortar and plaster, i.e. 2 bags of cemert per
M2 of wall area.

£) Outside area of 4 walls = 8> (see above)
Therefore, number of bags of cement required for wall

construction =Ch =2 X4,

ooc,/.cvc )
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g) Volume of 1 bag of cement = 35 litres
Volume of cement required
for wall comnstruction = 35X 22X Az litres
= 70 52 litres

h) Volume of sand reguired = 3 X Volume of cement
: a3X70X A2 litres
= 210 X 52 litres

and | 13 = 1000 litres
So, S, = Volume of sand required (1)
S, = 210 X A,
© TS
3) Volume of water = Volume of Cement

= 720 A2 litres
w2 = Volume of water (in metre3) required.

= 70 X A
T mewe?

414, Desigm of Roof

a) The riedwood beams (150mm. ¥ 100mm.) are placed every
0.5M (centre to centre) with one beam on each end wall as
in the disgram shown below. Plywood sheeting is placed
cver thise

beam sst In
sione watl

e

Diagram 2 - Layout of Beams for 3tcoe Tank Roofing.
b) Number of wood lengtas Tequired = No=LX2+ 1
c) Area of rvouf = L I W metre2

Area .f 1 sheet of riywood = 1,22 I 2.44

2 2,98 H2 say snz

O../.Q
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d)-Timber of plywood sheets required = Nj =

LxW
==

e) The wood roof is covered in a concrete mix 1 cement :

2 sand : 4 gravel.

£) This has an approximate depth = 5 cnm.

= 0005 Mo

Therefore, volume cf concrete mix = L X W X 0.05 1904
Calculations are as in 4.7.2.

Volume of cement

g) Mizber of bags of cement

C3

3

h) Volume of sand required

(]

3

= Volume of nmix
i

3 = LIWZXCGC.05
pry

=L I WX 0.05
m

LXWXSCO
iy

Cs

Volvae of cement in litres -

L IWXS50

T X 35

83 mgt:ej
2 X volume of cement

2 X V5 metre3

j) Volume of gravel required==G3

G5

z) .Volume of water required

W=
2

]

Tolume of mix
LIWEIO0.05M

W
3

Tolure of cement = V5

na./a_.

\A
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tlaterials Reauirsd for Tank Corstricticn

a) Cement -~ The total rumber of bags of zement Tequired

-

b) Fine Sand - The ftctal amount c¢f sard required = S netresd
= (84 + S5 + 85} metre”.

N

¢) Gravel - The total amcun% of gravel reguired = 3 metre-
5.
= (G1 + GB) metTe

d) Water - The cmount of water required for comstruction

Water is alsc required for curing »f the base and nmcrotared
walls at the rate of spproxicmetely 2 me'tre5 Ior cmo—uzek,

Therefore tetal zmount of water required = W metre =
~:etre30

&R

(,".4,3 + 'fda ¥ W§ +

e) Ssones - The totai nwsher of svones recuired fors
conssruction = Nq

£) Redwcod Beans - Tke tcotal number ¢ redwood veams
{180 mm, X 1CO mme) required = N

g) Flywood Sheets - The total zumber of gliywocd sisels
=

(thickness 18 ar., required

h) Taps = Taps are placed or the tank at the Tatc »f & van
per FC people. .
P, = total populetion ¢f vziliaze T 1.2
'"herefore, runter of tarc on tank =

Etra taps raquirsd For futirs repairs = E,| < 2

- - ’ - - . ~ay e 2 . = - T b
Therefcre, To%tal no. <f %eps required = X = A+ R,
’ -
- 1.5 X
- D L e
.
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P.S. Taps should preferably be of the "push" tap variety
rather-then-screu. top as the loss of water from the tank
is usually less, since-they automatically .sprimg—shut.

j) Pipizg -~ Each tap requires approximately 1 TDetre of ¢
tubular steel piping. Therefore, length of piping needed
for taps = R1 netres. An air vent/overflow'pipe is pro-
vided for each wall section of a tank. For example if the
tank is a simple rectangular 4 walled tank then the nuuber
of air vents = 4; if the tank is divided in 2 sections then
the number of air vents is increased by 2 Yo a total of

Ge

Each air vent/overflow pipe is approximately 1 M lons.
Nu~bcr of air vents/overflow pipes = By

Therefore, tectal length of %" piping for air vents = R, metres
Therefore, total length of %" piping required = (Rﬂ + R2)
metres but piping is sold in 6 M. lengths.

Therefore, number of 6 M. lengths required = Bﬂ * RE .
| —

This should be a whcle number = B
8e8e if By + B> _ 5 5 Then B = 3
—=

1}

It R2 + R2
s

= 3.6 then B = 4.
i.e. Actual number of %" X 6 M. pipe lengths required =R

k) Pittings - Each tap reguires 2 X %" couplings. Each air
vent/overflow pipe requires one coupling. Therefore, number
of %" couplings required = (2 X Ry) + Bye This amount

should be doubled in case of future repairs required.
Therefore, number wf-<cauplings to be purchased = 4 X Rq + ZRE

-

Each air vent requires 1 X %" 90" elbow

Therefore, number of %" X 90° elbows required = R,

This ancunt should be doubled in cagg\Ef‘futuremrepairs

=2 R | -
- ,

= Fy = amount of %" .X 90° elbows to be purchased., ceee/co

0 =F1
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1) Other Construction Materials - The normal tark will re-
quire the following tools/materials for construction:

4 Shovels

6 X 10 litre buckets
2 trowels .
1 sand sieve (screen with frame)
1 carpenter's level

Earmer and nails

1 Wbod saw

4.1,6. Costing of Tank

a) Materizl Costs - (example given as per Hodaydah 4Lpril 1980
prices except where otherwise stated,)

C bags of cement @ %6 Y.R. per bag.
N, stones @ 10 Y.R. per stone (local Mahweiti price for
- delivery on site)

N,rTedwood beams (150 mm X 100 mm X 6.5 M. long) €@ 160 Y.R«
rer beam. -

N, redwood beams (150 mm X 1CO mm X 4.0. M. long) ¢ 100 Y.R.
per beam.’

NB'plywood sheets (18 mm, thick) @ 125 Y.R. per sheet.

B No. %" push taps @ 12 Y.R. per tap..
B No. 6 Mo X %" tubular steel pipe lengths @ 25 Y.R. per
6 M. length. -
F, No. ¥" pipe couplings € 2 Y.R. per coupling.
1

F, No. %" 90° elbows @ 2 Y.R. 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 ccwmrse vary froo
tine to time and place to place but the above example is
merely giver to show the rough price levels,

All sand, gravel, and water costs axe included under trans-
port (e (b) below) as they are generally non-purchasing
and only require transport to the site. S eee/ee



-27 -

b) Transport Costs -~ The trzmsport costs for all of the
materials in (a/ above should be computed froa the place af
purchase to the wuctual 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 Ecdajdah
to the wvillage at a.certain rate =y° then further transport
to the site frem the village if necessary by animal or ran.
Computation of sand and water transport to the site (if
neceseary) should be worked out by contacting local drivers
and £inding out their rates. © An ordinary Toyota pick~up
holds approximately M7 of sand or gravel, Therefore, No.
of pick~up loads required = S + G4 But,if a large truck is

- available (usually 8 ton) it 'will hold approximately 5M’

Therefore, pumber of truck lozds = S + G

These should then be ccmputed at the ‘local prices fto see
which system is cheaper. ---Transport of water-(lf necessa*y\
should also be computed on a similar baszs.

¢) Labour Costs —-The labcur sosts are computed as follows:

(L) 2 - sandays per vl cf cozstruction on the base.

(ii) 1 f.son day per 5C stcnes (di.e. per 2 Me) -on the
tank walls, .

(iii) 4 mandeys- (he ers and cutters) per 50 stones
(i.e. per 2 ”? on the tank walls,
(iv) 1 -carpenter éay per 6 M2 of “tank roofing. .

(v) 1 man&ay (carpenter's helper) per 6 M2 of tank
rooflng.

(vi) 1 mapnday per e of roof area (in constructlon of
: rlnal concrete layer on roof).

" (vii) 2 mandays for pipe cornections,

Therefore, total number of Workers:days required to. -

complste.construction:

(1) + (i1) + (1ii) = (dv) + (v) + (vi) + (vii)

= &, - (A A,

2 X 44 +=—~(mason days) ~«(Z x 4-)4-61- (carpenters days)

”;+%+2 . | e ae
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Now if we assume *thet the cost of uns.alled nazusl labour
60 Y.R.; per day; and the cost of a daily mason's hire = %3C
Y.R. and the cost of a daily carpenter's hire = 300 T.X.
Then, 1 mason day = 1 carpenter dzy

= 5 mandoys (in terms of costs)
Thus, assuming these rztions are rcoughly correct the total
rumber of mandays reguired for *the comstructior of the
tank = D

D =(2 X A1)+d£_2_ X 5)(

‘o

i

A

z 4){22 X 5)+(§2 + A3}+-2 S

=
—
<

. Sdy + 4ig S54; & 4o + 4, 4 2
= A] + - p
—y—= ——27;-2

[

Y.Rk. per day.

d) iZncillaries/ZExtras ~ It iz advisable ¢ include =2
contingency figure of approxinetely 15% (cf {a) + (b} + (¢
To ensure enough funds are =zvzilable due to any inflation in
ccsts betweer time of desigr c¢f the prejesct and the =2ctual

implementation and fcr any other uaforeseern circutistances.

a) Cverall Total Costs - The coverall cost cf the prciect is
thus the sum of the separate sectioms (a) + (b) + (¢, + (4,
-shown above,

DESTI@! AND CCSTING CF FIRRCCIIMENT TulfX(retwear 1C--10 ijQlHTG)

El

Introduction

Ferrc-cement water tanks =zre o relatively new idea he
Y.i.R. but could ver;” easil;” Ravz & large impact or the
design ~nd costizg oI =zz3nll =oter projects because of:


http://uns.ij.iled
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(i) Extremely low cost of materials.
(ii) Very simple construction procadures.

(iii) Long term durability ard strength.

(iv) Wo need for highly skilled labour/can be done at
village level,

This design ocutlined below is similar %to that shown in
Appropriate Technology Vol. 4 Ro. 3, but much larger

tanks can be cconstructed, For more information contact,
International Ferrocement Information Centre, Asian Instituiez
of Technology, Bangkok, Thailand, . -

General liformation/Calculations

a) The tank is circular
in shape with a low in-
verted saucer-shape roof,

b) The vertical height of
the walls is taken as

1.8 metres (this is to
conform to size of rclls
of wire aesShae)

Diagram 3 - View of Standard Ferro-
' Cement Tank,.

3

¢) The waximum volume required to be stored = V metre”.

d) The area cf the hase =a A, metrezo

e) 44 = 2- metre © 3 where D= diameter of base (metre).

£) V2 1.8 X A, metre’

2
Vo= 1.5 Xﬂ%%__ Therefore,

D = 49V f
- AL XY

Design .4 DBuse
a) Deptl of base = 10 ome

b) Ares ¢ base = Aﬂ metre’ ,

oo./oo
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c) Therefore Volume of base (V4) = 44 X 0.1 netre’
vV, =& =10 metre’

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

e) The entire volume of the concrete mix is assumed to be
takken up by gravel, with the cement and sand settling into
the gravel interspaces, i.e. Volume of gravel = 7, = G.

£) Volume of cement = Z;JbetreB); but 1 metre’ = 1000 litresvﬁ

v

Ther?fore Volume of cement = -1 X 1000 litres

a 250 VH litres

g) Volume of 1 bag of cement = 35 litres
Therefore number of bags of cement required (Cq)
C1 =250 X Vﬁ
—

h) Volune of Sand (Sq)v= 2 X Volume cenent

Sqg =22V, Metred

i) Volume of Water (Wq) = Volume of Cement

Wi = 71 metre?
T

Design of Walls

a) The walls are constructed of a combination of wire mesh,
reinforcing steel and cerment mortar.

©) The average thickness of the walls is approximately 5 cm.
or 0.05 M

¢) 8 mn diameper reinforcing rods are placed vertically =t
intervals of 20 cn. (0.3 M) around the circumference of the
bese. They should extend 0.5 I into the ground and be held
in the concrete base. They extend from the top of the.ﬁ./o.



,6 m.. "d.iamete:c" reiﬁforcing ‘ rcds

- ﬂ.l

c:.rcumf erence o£' the. <

g Layout of Re:.n.forcemen
_Ferrocement Tank.. '

e) 'Bhef wire m.esh,is' rolled out and ccnﬁected by wl;e strands

D e ,i'_ Des:!.red Qverla:p o.f Re:.n.forc:z.ng Hesh ui fer=
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h) Thickness of walls = 0.05 metTes.

H Thefefore Volume of walls (V2) =L X 1,8 X 0,05 metre3
V, =.09X (’ﬁ X D) metre’

k) Mortar Mix in walls = 1:2 i.e. 1 cement ¢! 2 fine sand,

1) Volume of Cement = V5 Metped

= V2 :
= X 100€ litres

n) Volume of 1 bag of cemenjﬁ = 35 litres; Therefore number
of bags of cement required <02> = 1000 V,

—= 235

Ca = 1000 VE
.:c

2 X Volume of cement

n) Volume of sand (82)
82 = 2 XVE rr.e:tre5
2
o) Volume of Water (w2)= 0.75 X volume of cemert

T
Wy = 0.75 XT2_ netre’

D) Arount of 18 mm o steel bars required:

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

= (0,5D + 2.3) metres.
Steel is sold in 12 M lenzths on the market

No. of steel pieces in 12 . = 12

This should be a2 whole nurter = E

For exanmple if 12 _
(0.5 D + 2.5) = 1.6 then E =1 ..O/..
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Vertical steel is placed at iqurvals of 30 ecm. = 0.3 M
Length of circumfereace (L) = 'Y X D

Therefore number of piecszs gf steel = L +1 =X

. ) . i
Therefore number of 12 M lengths of steel required = =

This should also be a whole number = N1
For example if %—= 5.2 then Ny = 6
ir § ' 4
T = 3.7 then N1 = 4

q) Amount of € mm. 4 steel bars required in the wails

= length of circumference = L
Number of pieces of € mm‘d steel required = 5
Therefore total length of 6 mi. ¢ steel required = 5 X L

, zetres.
Steel is sold in 12 M lengths

Therefore number of lengths of 6 zmm. ¢ required

2%L lengths

NZ

Design of Roof

a) This design is on the szme principle as the walls.
b) Area of roof (AB) ~< 1.5 X irea of Base (approximatelr)

c) Thickness of roci = 0.05 M
Therefore Volume of rcof (VB) = 0,05 X A2

d) Volume of Cement required = 3 metre3
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e) Volume of 1 bag of cement = 35 litres

Therefore, No. of bags of cement’ required (03) =100075 3 =35

CB='1OOOV2

70

) Volume of Sand (83) = 2 X Volume of Cement.

S; =2ZI13 = Vy uetre’
> )

g) Volume of Water (WB) = 0.75 X Volume of Cement
w3 = 0,75 X ?2 netre>

h) Amount of 6 mm. ¢ steel bars required for the roof:

Three circular horizorntal bers will be placed on the roof.
They will be of verying lergth zs the cireles get smaller as
they proceed to the niddls of the roof. There need only
be 3 of these for this size of tank and they should be
spaced evenly. Their average length (Lq) can be taken as

= ;§where L = circunference of the walls of the tank.
No. of these bars in 12 M. lengths = 12. 2 12 X & = 16
. . 3; T

Tkis should be a2 whole number = E
1.6. 1726 . 2.7 then E = 2

if TT = 5.3 then E-= 5

There will be three of these ba*s, so the pumber of 12M.
lengths required = é-= 5

4.,2.5. Amount of Wire Mesh Required for all of the Tank:

a) Length of each roll cf wire mesh = 45 M.
Width of eack roll of wire mesh = 90 cm. = 0.9 M. )
Lrea of each roll of wire mesh = 0.9 X 45 = 40.5 Metre”

(say 40 Me)
cee/en
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o) Area of walls (5) = cirommference X height

Ay = DX 1.8

L, = 5.65D Metre®

¢) hrea of roof = ;3 netrea(cf. 4,2.,4, (b))

d) Total area to be covered by wire mesh (4) = (52+A5) metred

e) Two layers of wire zesh are reguired to cover this area
= A metrea; 5

therefore, area of wire mesh required = 24 metre”,

£) Number of rolls of wire mesh required =

Area of wire mesn required =24 %40 =M
aree of each roll of wire mesh '

Materials Reaquired for Tark Construction:

a) Cement - The *tctazl rumber of hags of cement required
= Cq f 02 + 03 = C
b) Fine Sard - Tre total anmount of sand required:

= 3
= S1 + 82 + S3 = S metre

z
c) Gravel ~ The totzl amount of sand/gravel required=G metrTe”

d) Water = The amount of water required for construction is
( Wy o+ Wy + WB) metre 5.

Water is also required for curing of the concrete mix aftex
constructicon at the rete of approxinmately 2M3 for one weel.
The total amount of water required = W, + Wy + w5 + 2

= W metred

e) Reinforcing Steel - The amount of 8 rm ¢ steel bars
required = N, (12! lengths).
The amount of 6 mm ¢ steel bars required = N, + N3(12ﬁ lenzthe

£) Wire Mesh - The ro. of rolls of wire mesh required = M

g) Taps - One (1) tap per 50 reople to be placed on taznk.
ﬁé = total population of village X 71.2. Number of taps

n tank = 12 = R,
% .../ao
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Extra taps for repairs %c¢ systen in future = 24

i.e. total nc. ol %zps required = 1.5 &, = R.

P.S. Taps should preferably be of the "pusi" variety
rather than scrsw top as the laoss of water fron
the tank is 1likaly ¥~ bec less.

h) Piping - Each tap on the tauk requires approxicatsly

0.5M of %" piping therefore, lengtl of piping needec. for

. Air vents/overflow pipes should be provided at the rate of

one for each 4 taps i.e. number of air vents = R,
L g a

’l

-

Each zir wvent rsquires aﬁproximately 0.25 M of %" pipirg
Therefore length of %" piping recuired = R, X C.25 = Rt —atyes
k3 T

Total length of ¥%" »iping required = 3, +132.

= B2.

Piping is sold in @M. lengths therefcre, number of lerngths
of %" pipe required = B, 5

This should be a whole number = B, For example

if B, + B = if
1 2 = 2.3 then B =3 if E? f Bg = 4,8 then 3

-Q

L)
\n

-r

i.e. actual number cf %" X A, pirelongths required = 3
Drain pipe: approxiactaly 1il. of 14" cr 2" pipe is needed
for draining the tank.

J) Fittings -~ Each tezp reguires tws (2) %" couplings and

each 2ir vent/overflcw r.pe requires oze (1) %" coupling.
Therefore, nunber Jf ;2" couplings = 2 X Ry + R

This amount should te coutled in c2se of future repairs,

therefcre, nuaber cf %" ccuplings to be purchased = 9B,

— o T
z 1

Each air wvent requires 1 X 4" a0® zlbow.
R
-1

Numbher of 900 elhows reguired =

TTeoVV/ e

¥
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This amount should te dcubled in case of future repairs

The drain pipe will need ore union and one gate valve of
similar size.

k) Cther Construction Materials - The normal tank widl

require the following tools/materizl for comstruction purposes
Shovels

X 10 litre buckets

trowels

pairs of rubber glcves (for hand
laying of mortar

sand sieve (wire screen znd frame)

1 plywood sheet for concrete-mixirg
surface.

1 carpenter's level
Ifetal wire for tying
3 pliers.

(o )Y )V Je L T ~

S

4,2.7. Costing of Tank

a) Mzterial Costs - (4s per Hodaydah prices, ipril 1980)

Cee.bags of cement 2t 36 Y.R. par bag
N4e..lengths of 1C mm. ¢ reinforcing steel at 20 Y.R./length

-

N2+N3...lengths of 6 nm. ¢ reinforcing steel at 15 Y.X./lersth
Me..rolls of wire zmesh at 250 Y¥.R. per rcll.
Teesnumber %" push taps at 12 Y.R. per tap
B,..lengths of %" tubular steel pipirng at 25 Y.R. per
eM length.
F4e..number %" pipe couplinzgs at 2 Y.R. per coupling.

Fa...nnmber %" 90° elbcws at 2 Y.R. per elbow.

Other Constructicn Materials (is per list of 4.2.6.(h) abc¥z)
Tae coat .pftthese:abcve materials will, natarally, vary- ..
froo time 'foitine and-piace to place but the above example
is merely given to show the rough price levels.

.../o:
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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. .

v) Transport Costs

This section is the same as Section 4.1.6. (b),

¢) Labour Costs

The labour costs are computed as follows:

2 mandays per M2 of construction on base, walls and
roof + 2 mandays for pipe connections, i.e. total
nunber of mandays = D.

(ZA + 2A2 + 2A3 + 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.R, to 100.Y.R. per day.

a) Ancillaries/Extras

This section is the sane as Section 4.1.6. (d).

e) Overzall Total Costs

This section is the same 2s Section 4.1.6. (el

..../.'
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Se. CONSTRUCTION PROCEDIJHES

Introduction

5.1-

Construction Procedure for 3tone Tank

5.,1 .'1~.

5.7.2.

\
s

Introduction

The selection of the site for the water tank can be cre of
the most crucial steps, as the limitations of the site canr
determine the size and shape cf the tank itself, as well ¢s
the ease or difficulty of its construction. Some poirts to
renember in choosing a site are as follows:

a) The site shculd be accessible, preferably by a rcad :iIf
materials such as stone, sand, ~ement etc. need to be tranc-
ported to the site. Otherwise the site should be close iz
proxinity to most of tThese aaterials.

b) The site shculd require a ninimun of rock excavation as
this type of work is costly and tinme consuning.

¢) The site should ve located sc as to provide wgocd
accessibility to potential users.

d) The soil or ground scould be sTrong enough to support
the tanke. :

e) and of course, with grovity flow systems, water rarely
flows up, therefcre position the tank accordingly with
respect to the water source.

Often it is impos<ible tc ncet all these criteria and it
becones necessary to compromise on some of these points.
Choose the site which makes the best fit +to this list.

Site Preparatior

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

which will interfere with the conmstruction of the watex ,

v - al
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tank, and level the grorzd swvxface.

b) Delivery of Materials - All werk materials, such as
cenent, stones, sand, gravel, pipe, wood and water showld
be delivered to the site prior tc the stgart of comstriucwi-r
or be delivered tc the work site at cprropriate intervals
so as not to impede the progress of work. Materizls such
as cement and wocd should be vlaced in storazage faciliti.s
or adequately protected from the weesther.

c) Laycut and excavation of foundatior - The dimemsicns 22 -
the length (L) and width (W) for the outside zrea, should
be taken from the raserveir design ard these dizdernsions
should then be measurec erd marked out on the reservcir
site surface making cure zll sicdes are at right anglss and
straight. The lines can be morked out with stones, vainkh,
or strirg tied o2 vicecd or getel stakes placed co that tir
strirng follows the straight course of the dimsnsion 1lizes.
Adequate drainage srcurd the site should be provided sc
that no water from rain or a spring source cac flow over the
site.

The foundation arez should then be excavated to a depth
of aporcxinmately 20 cm. below the ground surface.

5.1.3. Construction of Fcundation Slab

A 10 cm. deep bed of gravel (/4" - 1%" dismeter stonel)
should then be placed in the excavated area, Tre gravel
should be watered. Tren zither cf *he two prccedures i
or B, shown below, czn be used to make the foundatior siab.

o /s
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A
Maxe a series of 1:2:4 con-
crete mixes i.e. 1 bucket
of cement with 2 buckets
£ sand and 4 duckets of

gravel, Mix these

thoroughly with 1 dbucket
of water,

i *
== oL |
== | WATER

Dlagram 5A - Design Mix for

Base of Tank

Shovel t:iz concrete mix
over the wabtered gravel,
making e:ough to briug the
slab tTo iround level.
(approx. 10cm. high).

i

I

B
Lay a level of stbnes, )Xo
higher than 12 em. on the
watered gravel, allowing a
space of at least 3 cm. te*w

the stones. Water the sto°

v

W

then shovel a 1:2:4 ccncrrta
mix over and between the . ' coe.
%o bring the slab Yo groun’
level,

Diagram 6B - Construct 'oL

Technique for Base of Tauly-

This procen we will reduce
the amount of concrefe regure

The sand uaed in all work should be ag clean as rossible,

being frre of dirt and small stones.

It shouwld be sifted

througt  wire mesh which can be used to selectively remcve

the lars:r particles.

The gravel used should be similar
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to phat used pr»v‘ousl“.

In buth precedurss, the fcundation slab sq‘oula be slzoped
the:point where tre drain will be placed.u It should thex
be -llowed to set for a 4ay, keerning the lab censtantly
wotjred to eusure the concrete attuins maqlmum strength and:

i .
B yws;st cracking.

Delette uult Censtructicu snd .“ipe Placement i

a) }lacement of drain pine «.,After the foundatien slab has
bemh ulleweldl ta set for one day, constructien qf the| walis

i he started. ﬂqut ‘however, a a 2" steel drain p&pe wi t]
at*vrhpd 2" gate valve should be placed in positien ht the
low'n~1nt of th( glab,

ey

u--n,nw (e yh g Abl gy vl

2° gate vaiue 2%drain pe
slope
{
|
Aa b o a?
&" .’:&,"‘ Aa 4
obgjﬁéiégj base of tank
ol 31 8

. Diagrom 7 Fliece.ent of Drain Fipe.

b: !all Cemstructism - At this tise wdll censtructioh mavin=wf
PIicead, The dimensgiens of the irside area of the rnﬁeﬂvn 4
sherld be aarked sut on the L. undatmmﬁ slab with p:l;t e*:
chiull, naking sture the lines are straight and at rl@ut 5
anrleg, . Roughly chiseled stones of ddequate strength anf :
a2 wertsr of @ 1:7 mix cheuld then be ysed for conntructzn;.

1 CEMENT
Corima— |

Diaprpam & Dedign lix for .all HorTtar in utOﬂe.“ {e
‘ 4

! l ‘.;' R
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The sifred sand and cement should be thoroughly mixed to
a uniform greyish calor and then mixed with the water.
The movtar is placed above, below, and between all stones
and the 2" steel drain pipe should be cemented between
gWo SteiliSe Initially one level of stones is built up

n 31l :iides. | '

. e
' .

' ; ) Taf'llécemédt - A% this time the %" taps with connected
‘.} 4 ' .pipe‘ébu'put in pésition at the desired locations. At
least & & Ccme spacing should be allowed for between taps,

‘ aud the -:vnnecting pipes from the taps should extend into
;-f : the res.rvoir about 10cm., with the nozzle of the tap
R - extending 15 ecm. frum the outside wall.

- ey

sione

>ise of tank

Diapram 9 - Flacement of taps in stone tank.

d) iir vent/Overflow Fipes and Connection Five from the Sorins

From there the walls ace built up to the desired height,
accurdfng te the design. [he walls should be constantly
watered. On top aof the last level of stones are placed
the everflaw und uir vont pipes. These should be made of
A" steel pipe with 3 B" - G)° elbow connected on one end
ard be of adequnte louxth £ as to extend apprexdimately
% ete lnbo the inside of th2 tank and Scm. to the cutside.

1 ae
) /2 0% efiae V' ar venrd [ svertiow. pipe
oyl N e bl g Tl L
e T S S = oo, /
e [

Diagram (o Placemen t of arr Vents/Overfiow ripes in Stone Tanl,
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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 cornected to the reservoir
and cemented through the wall like the overflow Dipe.

There should be a globe valve attached to this pipe to
allow the water to be shut off to the tank if repairs

or cleanirg of the inside of the tank needs to be done. -
in overflow pipe from the enclcsed water source may

thus be required. B

Plastering of Inside Walls

Lt this point the inside walls of the tank chould be plastered
with a rich mortar mix of 1 cement : 2 sand : 0.75 waber.

That is each bucket of cement should bhe first dry mixed
completely with 2 buckets of sand and - approximately -
3/4 buckets of water should be added in. (Slightly more !
water may be required depending on the most workable b
ccnsistancy.)

This mortar mix shoull be applied to a thickness of
approximately 2 cm. overall and the plastering should be
constantly watered. Water can be allcowed to flow to the
tapk the next day.

Preparation of Wood

Before construction of the rcof begins all the wood to b=
used should be primed and coated with at _least 2 coats
of paint/sealant.

cee/ e



Construntion of the Roof

a) Beaws - Next, the 150 mm. X 100 mm. wood beams can be
put in position. These Fill be placed on the Top lev:.
of stoae and should be spaced at 50 cm. intervals centao
to center), with their 150 mm. side placed from tcp %o
bottom. ‘‘he beams should span the width of %he taak
with 2 besm being placed at both ends, on the inside of
the erii wnlls | g

Diasrraw 1) = Layout of beams for Stone Tank Rootfins.
U

Stone Should huen ve ceuented on top of the walls beSween
the woml beaus amd on tae ends so as %o make the walls
flush Wl 5o heams, but nhey must not be higher than ghe
veam themalves so Lhat the roofiny can be placec level
ont i b@am .

b) RouﬁQg&;and Hanhele = the giywood sheeting (cut to size
it r\enasmx;s, ic then pluced ‘wn top of the beams and nailed
to them, Aﬁahx, remerber, this wood should te primzd and
pai.ntﬁd defore use. & mapnole openinr S0 cm. { 65 cma
should, be cul fron the plywosd shect along one of the walls,
nut :;koﬂd ot be lconted dirsotly over a walle 1 X4
beatd s {hosm WAL1NC around the washole opening, with the

Lo dl'mestSiov\_ . .Y;C(: 0 hottom.

X VEERS
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manhole cpening)

\\' T.. x4 board (nailed ali arounc
. .
7

Diagram 12 - Manhole Roos Opening,

On top of this will be placec a hinged wooden cov:rs %
(This should also be painted or covered with meta. sheeiing,)
¢) Top Laver of Concrete - Now a comncrete layer siould be

placed over the plywood, The concrete will be maide of the
same 1:2:4 mix as meationed eariier and thc layer should he |
approximately 5 c¢am. thick, although sloped so rai.awater '
will run off, This concrese layer is tren allow:d to set

and - is constantly watered for at least S consecut..ve daysT°

Se1.8. Work on Access Area to Tans

!
The area in front of the reservoir can now de woriied onoi
This will include digging out the ground in front of thei
taps so that a 20 Zitre jerry can can be sat unde:® the t&ps
and filled. The z2rea dug out as such should be ibout 4ﬁ°
wide to allow easy zccess To the taps, and thean tiis hreé
should be laid with a Scnm. dzep, 1:2:4 concrefe m.x on tép
of a bed of gravel, arnd any sxcavated sides built up witﬁ
stones.

This access area should btz sicped to a drainage plint. s¢
. e . . ]
“hat any waser wiich collects on the surface will bé draiped
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off, This may require the building of a water channel
from this area to a pocint where the water can be drained.
Water Jrained from the tank flows out onto this surface
and out thre drainaﬁfe channelf',

Dingram 13 -~ Layout of Stone Tank Frontage.

Inspectrion

The tank should be idnpectad for a few days after it is
filled and in use Lo determine if it is properly sealed and
Lhe ta.Ps v n00d wosoking condition. Also the drainage
should pe iuspected %o determine if water which collects

on the access zrea, rvof, aad around the tank is adeguately
drained suay.

Use ol Fxcess Water

In areas where wafer 15 scarde or water conservation is to
be prochiged remenk :r that 1ll drain water, overilow water,
5101 Tuneff raim waler can be puf to good use.  The water
Ao L1 ng: °‘F€ e acecns area ¢ he used for washing or
d,vim-;mgb-a animals ir allowcd to collect in a pacl. (It
mi;, nave M gettle eml™ fcr awtile for washiang purposes) and
a8 YRORVEY - ¥ flewing off the rool cun easily be chs;xnpeled ox
piped b a collecking poiax.-f{or tlir fame uge or {or human

cons ion t‘f tRa roof' is dm:xt 2!l tiness

ooo/oo
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5.2, Corstructicn Procsdure For Ferro~Cenmert Tank

502'.1‘..

5,2.2.

5e2.3.

Introduction

The same criteria used in site selection for stone tanks
applies to this .section. Refer tc Section S5.1.1. for these.

Site Preparation

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

with the construction of the water tank, and level the
ground surface.

b) Delivery of materials - all work materials required, such
as cement, sand, stores, steel reinforcing, wire mesh, gravel,
water, and tools should be transpcrted to the site before

beginning actual construction or delivered at appropriate

intervalse. Protect the cement from the weather.

¢) Lavout arnd excavation cf fourndation - the dimension 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 dimersion D/2, i.e. length of string = (D/2 + 2.15) M.

4 short metal stake then should be driven into the ground

at the location of the centre of the proposed water vank.
The string or rope is tied to the stake in a loop which will
allow the string to move arcund it, and tied so that the
distance from the stake to the end cf the string is (D/2+0.1)
Me The string is moved arcurnd the steke in a circular
manner so as to cutlirne the circumference of the base of the
tark with a diameter of (D + 0.2)M. This outlire should be
marked with pairt cr "gcss" so as to clearly define the
linit of the base.

This circular ares is *then excavated to a depth of
approximately 20 cm. btelcw the ground surface.

Placenent of the Vertical Reinforcing Bars (8 mm ¢)

The metal stzke is row driven into the excavated ground at

LS
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the center of the base and the string tied to it. This
tine the marked length of string = D/2. Describe a circle
with the string and mark the cutline with "goss" or paint.

Then, decide or 2 point on the circunference where the
first 8 mm. ¢ bar will be surk, and mark cut each successive
position for the vertical bars at intervals cf 30 cz.(0.3M)
around the marked line (the circumference). Excavate at
each of these points to a depth of 30 cn. (0.3 M).

Now, cut the 8 mn ¢ steel bars to a lerngth = (0.5D+2.3) M.
ard piace them in the excavated holes securing them with
dirt and rock and if necessary some cement mortar. Meke
sure that these bars are all at a distance of D/2 from the
center stake.

S5.2.4. .Construction of the Foundation Slab

L 10 cm. deep bed of gravel (/4" ~ 1%" dismeter) is now
placed at the botten of the excavated area and arourd the
vertical steel, and it is watered. Then, either of the
two procedures described in section 5.1.3. for stone tarks
is used to make the foundation slab for this tank.
Renenber that the slab should be sloped fto the point whers
the drain pipe will be placed, arnd alsc that it should be
constantly watered. 4llow it to set for at least 3 days.
(More tine is allowed for settirs thar was outlined in
Sectiorn 5.1.3. as the vertical steel bars mnust be secured
firmly in the slab.)

5.2.5. Placement of the Circular Horizcntal Bars (6 om. @)

a) Walls - these bars are cut %o a length = T{ X D netres
lorg and bent arcund the cutside of the vertical bars

(8 om ¢) and tied to ther by metal wire. There will be
2 total of five of thenm placed in the positions shown in
the fcllowing diagran..

cee/en




Dig'wamr 14 - Lajout of Reinforcing Steel in Standard
Ferrocement Tank, '

b) @ggg - There will be three (3) 6mm. horizontal bars
placed on the roof. Cut the first bar to a length = 1.9
meties, bend it into 2 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 &mm. vertical bars so as to allow
for:tbis opening; ¢f above diagram.) The 8mm. bar ends
should then be tied firmly to this circular steel ringe.
The' second bar should te cut to a length = (D/6 + 0.2)
petles. Cut the third bar = (D/3 + 0.2). metres.

Bend hese bars intoc a circular shape and place them on
the 1oof where they will lzy flat on the extended 8 mm.
bars. Connect them both firwly to the 8am. bars with

metal wire to attain the final steel framework as shown
in the above diagraw.

Plucment af Wire Mesh

At }ﬁis time the wire mesh can be puf% into place. Uaroll
the wire wad attach the freec end to one of the vertical

8 mm. bars so that the hotitom of the wire resus oa the
sgurface of the slab nud extends upwards the width of the
roll (S0 cm.) All coanectionz are made with metal wire
and Twisted tight with a pliers.

ces/ oo
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‘ The wire mesh is urrolled arcund the entire circunference

of the tank making sure the wire is fairly tight apd -~ ==
ccnnected firmly to the vertical and herizontal bars. . 6ver~
lap the free end of the mesh (which was connected first),

by abcut 30 cn. Cut themesh at this length but do not
connect the final 69 cm. in order to leave an opening for
access during ccnstructien work.

Next, connect the nesh to the top part of the wall zbove
this lower width. This should be done in the same nanner
as the first but naking surc the top level of mesh overlaps
with the bottom by about 2 cm. and connecting the wire nmesh
firmly to the reinforcing bars all the way through. (To
not leave an access opening on top.)

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

tank to form a double layer. This should ideally be dore
by running the mesh from tep tc becttom of the walls rather
than around the circunference. This will achieve the
greatest strength- for the ferro-cement. The access operirg
is not covered. |

Wire mesh is then placed on the inside and outside c¢f the
roof area except for the 60 cm. circular opening at the
rocf apex. Since the area to be covered is not a flas
surface, the wire mesh nay have to be slit in order for it
to lay flush with the surface.

Placerment of Tank Fittings

a) Drain Pipe - The drain pipe used is a 50 cm. long X
1%" ¢ steel pipe, cornected at one end with a 1%" gate
valve and at the other end with a2 1%" urion. The unicr
is cornected so as to prcvide greater resistance to slip
a2long the surface of the base and through the wall. It
is placed at the lcw (drzinage) point of the tank arnd
should extend epproxinately 15 cm. inside the tank and
30 cn. outside. '

coc/o-.
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_ Rock should.be cemented.over thls plbe so- as to secure
- ..lt ta the slab snrface. - _=~>_w<, E;_'T.»“ _=  - ’ 535.
P ';ﬁb) Tans - The %" push taps may'be nux in pos*tlon.befo
' j-the mortar is placed.an ‘the walls. %Po steel plpe lS
‘eut to a length.cf 50 cm. and. threaded with & “wnion at
one end and.a coupl;ng and tap at the other. It shou_d“"
.ﬂthen be placed in lts deszred posztlon, pushlng iz through
~the wire mesh and supportlng it with rock cemented above
'.annd below the pipe which should De at least 15 cm. above
- the- slab surfage., The pipe should extend anoroxlmately
30 cm. outside the tank and 15 cm. irside (e d_agram.below).
'The union provides *eSLStance to slip. All taps are
'connected szmllarly'but they snould be nlaced at -east 60 ,
'cm._ apm’ ' s A o : _ Cy

Diagram 15 — Placement of Taps for Ferrocemeni Tank.

¢) Overflow/Air Vent Pives - The %" ¢ steel pipe is cut in
10 cm. long lengths and threaded at orce end on which a

CQ° 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 reiaforcing bars with metal wire.

. d) Pipe from the Source - The connecting pipe from the
~ gource should be connected to the top of the tank in the C s
same manner as the overflow/air vent pipes. »

|
R g
L mren | e,

o ». : : ) ' oo.o/o..




P

5.2.,8. Cement lMortar Apvlication

The cement mortar for the work can now be made, A véry
fine sand is desired, so the sand should be run through a
fine wire screen which will select out the larger particles.
This msand should be thoroughly mixed with the cemept in a
ratio of:

1 bucket cemeat : 2 buckets of sand.
This will then be mixed with 3/4 buckets of water.

| CEMENT « 2 FINE SAND + 3/ WATER
. ) KON "

g~ | < **"'.1‘;"' +

Diagram 13 - Design Mix for Mortar in Ferrocement Tank.

The fin.l mortar shonid be slightly drier than normal
and tLi temptation to add more water shculd be resisted.

It is prefnrrable if Lbhe mixing is done on a smooth clean
surface, sucti as plywocd shkeet. The mortar is applied
with tegqms of two people, (preferably wearing gloves to
protact tleice hamds) one stationed inside the tank and the
other gutsi:lve. while one fperson holds his/her hands against
the wire ieshi, the rerson from the other side forces the
mortar Jutc the mesh anduur against his/her companion's
hanids. Tiai$ is dore until the entire surface of the wall
and rcof af@ cuvered. (except the bottoas halrl of' tne
"aczess"” +wiel znd tie panels on either side c¢f it.) Don't
worey odowl getting it perfeect as it must be gone over
araLn o sécond time. Let the completed work set for a

day or Two, bhiing ccistantly watered.

when @ roof hus ae puired 2.avugh strength to allow pecyle
TC winll. on it and gain access thrcough the roof, tne "access"
pancl a«i she two adguining 2cels should be finally wired
ur With .0 wire wesii, cied firmly and impregnatved with
mosriadm Qs uasd;me wigla tne rast of the tank.

0../00




After this apply a second application of this aame 1:2
mortar to all surfaces of the tank making sure it is.
entirely sealed. As for all mortar work, keep it watered
constantly until curing is completed (for at least 3 dags).

A third Iight applicatiorn may be necessary after testing
of the fank to plug any leak points, although this should
not be n=cezsary if the work has been carried out as
desired. |

5e2.9. The Manrcle Cover

A cover is now made 3to £it the 60 cm. diameter openirg left
on the top of the roof section.s This will also be made

of ferrocement and should be curved to £it on the roof as
shown in the following diagram. 4 6mm. reinforcing bar

is cut to a length ot 2.2, metres and bent into a circular
shape (thiis will give a cover diameter of 70 cm.) Next,
cmne. reinforcing bars are cut and placed on the inside of
this cizcle, as shown in the diagram. They should be tied
to the circular bar.

Diagrar 17 - View of Roof and Roof Cover For Ferrccement Tank.

Wire meun is now placed on both sides of this cover frame
and tied to it with wetal wire. A snmall handle is made
froem nhe ¢ mme steel aud firmly secured to the cover (cf
diagrau 1bove), Cemert mortnr is then applied to the
wire me:, us was dom: to the walls and roof of the tank.
Apply mure canent mo far as needed after allowing the
gover bt awet o day bouwesn appliecations. Keep the mortar
cconntant’y watered a.. was dene with the tank.

ooo/co
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5.2.70, Access Area to the Taps

The area in frcrt of the taps must ncw be woried on to
allow 2 ccntainer to be set under the taps for fillircs enl
to allow easy access to the taps themselves. Tris shemic
be done in the sane way as was described in Section 3.1.%5
for construction ¢f the access area for stone tanks. The
inportant thing to remember is that proper dralnag° cust
be provided for from this access are=.

5¢.2¢11. _Inspecticn

Inspection sheould bLe carried cut as described in Sectior
5.1.9: for stcme tanks, '

5e2.12. Use of Excess Water

Use the drairage water and rzir runoff water as recormended
previously in Secticn 5.71.10,

5.3. Design/Costing ind Comstructicn ¢f Combirnation Tank

5.3.0. Intrcduction

The concept behind this tank is %o use the ncore gererally
accepted constructicn of buildirg with stone in cembircation
with a ferro-cemert roof. The design and consiructicn pro-
cess is sinilar to what has already been covered in the
previous sectiocns, witk only the roof being differsrt Ifocz
what has already been described. The ferro-ceneut r:ctf
will be less expensive thai. the wecod and cement roof
described in Section 4.1. due %o tlhe high cost of wood

irn the Yemen.

5.3.%7. Design and Corstruction of the base and walls

Tre design will be the same as with the stone tonk explaired
ir Section 4.1.%1., 4.1.2, and 4.7.5, Constructicn will be
carried out as per Secticn 5 «1ey 5145+ through 5.1.8.

{‘.4
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inclusive,

Desiyn and Construction of the Roof

A reinforcing bar frame must be constructed for the arched
roof ol the tank, on which the wire mesh for the ferrocement
work will be tied. Reinforecing bars (6 mm. ¢) span

the width in an arch shape and must be imbedded into the
walls ¢o a depth of €0 cm. to support them, which means

that this should be done hWefore the top three levels of stone
are placed on the walls since each stone level is 20 cm.
high, These bars should be bent in their arch shape,
leavinir &0 em. on each end to be keyed inm the walls.

See disgranm below. : P | |

Diarrau 13 - Tayout of Reiaforcing Steels for "Combination®
‘ra:lka )

Next, 6uw:. rzinforciag bars w?ll be cut to a dimension equal
to the Juisth of the tank, and placed on top of the arched
bars vuuning abt rignt angl=s to the avrched bars. These
sbhould in: 1..ced every 30 om., and be tied te the arched
bars.

The wo&l$<1b the ends of %e tank shiould thea be built up
se 1o %o Coﬂqﬂeteiy~fill i the arched openings with stone
and moRfAL (. ¢e dius-ram). 1 60 cm. ¥ 6C cm. "doorway"
entraweg &uA be lell in one ~ad =i these built up wslls to
8llow ﬁoe\agcess,tu a2 taudie 4 wood door and frane should

be Fitteicuq cenented to the operindg.

OQO/OO



Diagran 13 - View of "cumbiaatiorn" %fark,

a) 6mm. Bars requirei for arcziies - The length of the azcuzd
bars (L,) will be = 1.5 X W + 1.2 whers U = cutride widih
Of the L"l.ﬂ.ko o

. Y
L,‘ = ’/?.d - 1.2
Beinforcing bars are scld in "2, leugths, therafyte lc

rumber J[ these archad pieces pex 12 M, = 12 ¢ L, = I=

=

This shauld be a. whole rurbsr = T (rouand down)

: > -
1.0 ls.q = 2,6 than Z=: Z.

The number of these arcied Larsg needed will be = iy sl 1
-]

where L = outside length of tank,

Now we cun calenlate whe rumber cf 12M. langths requireds

L

Qs3

k-

E

-

This sheuld also be o viole nmiber = F, (round up %his fiue,)

(‘].J . 1)

’ . s~ Ja
l.8a 1li - .
e ,.' - ——— = T thon N’} = 3
o
T, \
ij'(l'.“n 1'/
r— i
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b) 6 rm. bars reguired for lensth tiecss - Thzs Jisersion ol
the length pieces will be = L (L = length of *ark ir zmesoes).
The nunber of length rleces will ne

5w 10 ‘
= e X a= = 5 W (W e ridth of tark ir retres)
3

Therefore total length of reizfnreing steel ( arm. 3. foT
the length pieces required = L X S5W me*res,
Now we can caluulatz the number 5f 12 M. lengths regquired
= Qgéfzz' this should also te 2 whole rzunber = T {round mp
this time): .

¥ F 2153 then, I, = 16

¢) Total nunber of 6 Pa. & bars ' reguires - Total o of & (o,
¢ X 12 M. lengths neeced <H5) =N, + ¥,, Use this figure

for costirg.

d) Wire mesh required (M) - Wire mesh is to be placed cn tosh
sides c¢f the reinforciog steel.

1.7 Z zrea oI tese
= ".5 :‘]Il

Therefore, the nurber ¢f roll3 reqidred

Area of 1 roll ¢f wire resh - 4G M@

Therefore, the number c¢f rolls reguired

(33) Area of rcof

2k,
2h, i
= "

e) The cement mortar is applied to the wire mesh as cutlicad
ir Section 5.2.8. Using ar avzrace nortar sthiclmess -f
0.05 M., zmount of mecrtar required = area of rocf X C.05

= 0.05 is n”

Using a 1:2 mix for the zertar and assuxing the sazni Tekes
up the entire wvolume of ths =ix <he armount of femsnTt Tegulrer
is:

oao/...
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_ 005 A&
CB - -—72—-2 netres 5 1000 litres = 1 M3
= 50 A i | i = a
03 3 litres | 35 litres 1 bag.
C, = 50 A S A
5 2‘2‘2’5 bags = —7-2 bags cegent.
£).8and (85) - Volune send = .05 iy netres’ = S5

g) Door and Frame - One 4 M. lergth of 100 mm x 50 ma white
wood.

.4136M2 cf 18 mm. guage plywood i.e. 1 sheet
of 18 mm. guage plywood.

- hinges and latch.

-

Sede3e Materials and Costires

The same procedure is follcwed as shewn in Section 4.7.0.,
be1e6ey 4e2.64 and 4.2.7. using the figures corputed in
the above sections for 4.2.6. and 4,2.7.

esslec
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6.  PIPELINE PRCCEDURES

E.1a Pineline Design ard Costirg

6.’1 .q [ ]

6.1.2.

“Introduction

The design of a pipeline involves determining the size cf
pipe required for a specific flow rate (or range of £low
rates), and for a set elevation difference between the inlet
and cutlet of the flow thrcugh the pipe. What is required
for this design is as follows: '
(1) hyérological data book with tables of pipe flow
head lcsses versus flow rate for specific types
and sizes of pipes.

(ii) Basic information fcr the pipeline to be designed
including pipeline profile (length of pipe line
and elevation neasurenents), the maximum flow rate
tc be delivered, the type of pipe to be used, and
the sizes of pipe available. ‘

If the above data book is not available or the following
design procedure proves tu Le too complicated, tzke the
basic information in (ii) abcve tc a qualified perscn fer
the design cf the pipe.

The pipeline for a gravity flow systen (no pump) will te
considered here, although the same pricniples are irvolved
for a punp line design, with the only differences being the
positive head (driving force) is provided by the pup ard
net gravity, and the elevation difference is part of th=
head loss if the water is being puzped upe.

Basic Calculations

a) Determine the elevaticn between the inlet

and outlet of the pipeline. It hq is the elevaticn

measured at the inlet (source) ard h2 is the elevaticn

neasured at the outlet (tank) the elevaticn difference-is:
h, - hy = elevatica differerce (H) et

ot
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6.1.3,

B1a4.

- &l -
(h1 and h2 should beth te in nmetres).

b) Determine length of pipelire = L (metres)

c) Determine the maximum flow rate to be given (See cacticr
3  for flow rate neasurenent). Maxinmun flow rzte = 4
(litres/min.). (This will be the maxinun flow %2 be
expected in the rainy seascn.)

¢) Since many of the tables in hydrolcgical dzta bocks onr:
in gpn (gallons per minute) flow rateg, we might have.tr
change @ in litres/min. to gpo.

Q litres/min. + 3.785§litres/gallon = Q gpn

Use of data book

a) Now open the data bock to thke tzbles which list tre Syme
of pipe which will be used (use 1C year old steel pipe
listing) and which lists the flow rate which we wzrt +o

use versus the various hezd lcss retiose.

b) Choose a pipe size (usually between %" and 2" which iz
comnercially available,

c) Open to the table which lists “his chosen piIpe size ard
type and the flow rate mesired, . Look down the colunn
under the chosen pipe type ard size until the row with the
desired flow rate is intersected. This rumber is ke head
loss ratic (£) to be used for calculations. This zurber
will be in ft./1C0 ft. or M./100 M. It may be necessar”
to irterpolate betweer numbers if the exact flcw rate desir»i
is neot listed.

Final Pipe Calculations

Now we can determine if the pipe size chosen is adesguate.
L + 100 =1

A

Head loss (hL) =L Xrf

eeo/eo




- 62 -

It hL is greater than elevaticn di<ference (HE) the chosen
pipe size is inadequate, and we must repeat the procedure
described in 6.1.3, and 6.1.4. with a larger pipe size.
It hL is less than elevaticn difference (H) the pipe is
adequate. However, it might be oversized and we oust
repeat the above procedure 6.7.3. and 6.1.4. with the
‘next smaller pipe size and continue this repetition until
the smallest adequate pipe size is found. : . -

H should be greater than ht by ‘arything from 5 M. to 40 M.
to allow for flow to the tcp of the reservoir and as a
safety factor.

Bele5e Example

If the elevation of the water source is 1500 M (above sea
level) and the locaticn of the proposed water tark is

1485 me., and is 850 n. ¢way frcno the water source, and the
naximur £flcw rate to bte delivered is 57 litres per nin.,
what pipe size of steel pipe should be used? 3/4", 1", %"
and 2" pipe is available,

Step 1 = E=hy -hy,=15000-1485n0=15n,

Step 2 - L =85m.

Step 3 - Q = 57 litres per ninute :

Step 4 - 57 litres/min. + 3.785 lit./gal. = 15 gpo.
tep 5 =~ Look in the data book under 10.year old steel

pipe ard find the table which lists 2" pipe
(standard_gage}, Look down this‘column until
the rcw with the flow rate of 15 gpm is iater-
y . sected. This number is our £ = 1.1 ftqﬂocff,‘-
Step 6 - L1 =1 & 100 = 850 & 100 = 8.5 m. ‘

 hL =f XL =1.11 X 8.5 0. = 9.44 m.

Step 7 - H =15 1.3 ‘hL = 9,44 n.
Therefcre, hy is less than H so the pipe is
adequrnte. (alsc H is at least 5 n. greater
tharn hL)
- 000/00

e -
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Step 3 - Repeat steps 5-7 with 1" pipe., If we do this

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

must use 2" pipe.

oB8e. Use of Valves and Fittings

a) Gate (shut off) valves should be placed at the beginning
of the line (near tie water source), upon entrance %o the
water tink, and on any branch lines,

b) &4ic release valves should be placed at the high points

UL‘

[

a

(&

¢} Draina

the ripeline if the pipeline rises and falls in elevation
it traverses its course, . '

off valves (gate valves connected tc tee counection)

should he placed at the low points,

d) L{ tne pipe line las ‘sharp curves or bemds an agrropriat:
aurber of 45° and 9C° bends should be ordered,

ej Upiuvns

) Extra

c,-ud u)/(\

soLrce / Wik

§\

‘ ‘\

should be placed every five pipe lengths.

couplings st.ould be ordered as replacemznts.

ownuzqewwm

\\ - -“ﬁ'\ '
\M I viltage

Di.. vow
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aan ot /Give :k.,,!
“m“ gate .a..e
\ | i
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L g el wppy an

¢ - Profils of pire line and positioning of

"draii " and "air release" valvaege
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*:Costing of the Pipelire

a) Labor - The cost of labor depends on the size of the pipe
being layed. For pipe between the sizes of 34" - 2" an
average of 18m. per nanday can be laid (slightly higher
for 5/4", lower for 2"). This includes work cn comstructicn
of sunports, inspecticn and repair etc. Length of pipeline
(L) < 180, = No. of mandays required =-'(M).

M X 100 Y.R./manday = Cost cf labor =.1,

N.B. This will of course vary from arezc to area. s
b) Pipes - From the length of pipe needed, determine the

amount of €m. secticns of pipe required, since pipe is sold
in én. lengths.

Length of pipe (L) + 6m. = Number of ém. lengths = (Hé).
Multiply this znumber by 10% to allow for replacenent pipes.

01 =
N, + (N,  0.70) N

Np' X price of pipe = Ccst of Pipe :512

c) Valves, Fittines, Extra Couplires, etc. (Accessoriss)

The individual number of these items can be determined and
coated or what is often done is to use the. rlgure of 10%
of the cost of the pipe used.

0.10 X I, = Cost of iLccessories = &3.

d) Tcols -~ The tocls required for the connecting of the pipe-
line are as follows: -
(i) Pipe threader (1)
(ii) Pipe clanp or vige grip with stand 1)
(iii) Pipe wrenches (3) .
(iv) Metal file (1)
(v) 3m. tape neasure (1)
(vi) Pipe cutter with extra blades (1)
(vii) Pipe tape or ccmpound (1 roll/can per 50m. o
(viii) 0il can and oil.

|2’}
"3
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Multiply the rumber cf these items by their individual
ccsts to get the cost of tools = y,.

: e) Cenent = Cement will be required if supports need tc b2
,i - built for the pipe, if the pipeline is placed over irregular
terrain. The exact amount will depend cn the aouumnt and
S size of supports required, but an average that may be used
is 1 bag of cement per every 100m. of pipe line,
| L = 100 = No. of bags cf cement required
S No. of bzgs X price per bag = YS cost of cenmente.

£) Sand - Sand will be required for the cement mix. Twice
~as ouch sand will be required as cenerte.
1 bag = 35 litres = 0,035 M°
Lnount of sand required = No. bags of cemert x 2
X 0.035 (m2)
Anount of sard X price of sard/md = T, cost of sand.

g) Iransportation - The cost cf transportation of the pipes
and other materials frcnm the place ¢f purchase to the work
¢ site gust bte determined = 27.

2) The total cost of the pipeline (¥) equals the sum of
these different costse.

Y-Y,]+Y2+Y§+'I4+Ys+'¥6+z7

6e1.8. Pipe and Accessory Prices (as of Jan, 1980 Hodeidah)

CATE

SIZE  PIFES . VALVES  UNIONS  PUSE TiPS  90° ELBOYW
%" 22 YR/ém. 8 IR 5 YR 12 IR 2 IR
oL Zy 48 YR/7.5m. 11 YR & YR 3 YR
' qn 48 YR/6n. 15 YR 10 IR 35 YR 4 YR
e A4 55 YR/6m. 25 YR 12 YR 6 YR
| %" 74 YR/6n. 30 IR 15 YR 9 YR
2" 94 YR/€m. 40 YR 20 IR 12 7R
%" 155 TR/€n. 74 YR 35 YR 25 IR
3 180 YR/6éx. 100 YR 55 YR 40 YR

4" 280 TR/6m. 170 1R %0 IR 80 TR,
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Jointing pipe tape 5 YR/roll
Jcinting pipe compound 8 YR/can
# 18 pipe wrench 35 IR
#%-2" pipe threader (Chinege ) 500 IR
%" pipe clanmp (chain) 250 IR
2" pipe cutter 200 IR

45° elbows only available in 1" size 5 YR.

6e2e Pipeline Construction

6.2.1. Pipeline Route - The initial phase of pipaline construction
should involve the marking of the proposed pipeline course
on the terrain which must be traversed. For gravity
flow lines, if the elevaticn difference between the water
source and proposed tark is fairly great the pipeline ccurse
may be readily apparent without any exact marking of
locaticne If not, it may be necessary to mark out the
course with the use of survey equipment to ensure that the
pipeline has the proper elevaticn drop on each part cf the
line. This can be checked by using the elevaticn drecp to
ary peint on the line and calculating the head.Lass(hL)
to that point as described in section 6.1. Make sure the
elevation drop is greater than hL'

Take the straightest and nost direct route, avoiding excessive
bernds, rises and drops, although this is often inpossible
due to geographical ccanstraints.

6e2+42. Tools Needed - The equipment and tools required for the

ccanstructicn of the pipeline are as described in the previous
sectior on design 6.1. but will be listed here again. The
size of these tcols are dependent on size of pipe tc be
used: (1) Pipethreader (1)

(ii) Pipe clamp and stand {1)

(iii) Pipe wrerches (3)

(iv) Pipe cutter with extra blades (1)

(v) Metal file (1)

(vi) 0il can ard oil

El
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(vii) Pipe tape
(viii) 3m. measuring tape..

Progran of Werk - Typically, the pipes will be delivered

to the village which is the recipient of the water project
and sonetimes they will be damaged froo shipping. Lis such,
it has been found that tc set up the pipe inspecticn ard
repair operation irn the village and to then carry and dis-
tribute the pipes along theppipeline route is the meost
efficient nmeans of getting this work done. Work can begir
on the pipeline as the pipes are distributed. The prograr
of work will thus be as follows:

a) Delivery of pipe tc village

b) Inspection and repazir of individual pipes,

and cutting arnd threading if necessary.

¢) Distributing pipe along pipeline course.

d) Comnectirg the pipe.

e) Buying the pipe where recessary.

£) Building of pipe supports where required.

g) Inspecticn and testing of pipeline.

Inspection and Repair of Individuel Fipes - The pipes ire
first inspected tc determine if the threadirg on toth ends
is adequate. This can te accomplished simply by trying

a cocupling on each end. If the threads are not gcod,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., 4djust the threader to the proper size setting
and apply sufficient o0il to the surface to be threaded +c
mininize wear on the threading teeth and to ease the effcrt
required for this werk. The total length of the thread
shculd be about 1" (slightly less for %" and 3/4" pipes,
larger for pipes bigger thar 2")._‘ One coupling or union
should be connected tc one of the ends after this. It is
often easier to conrect it rncw than in the field. The
pipe is left in the clazmp or vice grip, pipe tape cor

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

cf them, and the cocupling or union is tightened onto the

oo‘/oo
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pipe with one of thefpipé=wrenches. (Remember a union
should be placed on every fifth pipe). Pipes can also °
be cut "nd threaded for the tap, airvent, and overflow .
pipes fur the water tank. The pipe can now be distributed
where nceded, being careful not to damage the threaded ends,

Connectiwr fthe T'ipe - The pipe is connected, first by placirg
tape or czompound on the threaded end, and then connecting
it int. the coupling or union of the previously connected
Pipe.s OUae pipe uwreach should be used to hold the coupling
and piye of the previous pipe in place, and another wrench
used t. tighven the connecting pipe. Make sure thejinsidé;
pipe i free of dirt and obscructibns. The steel pipe can
gener:lly be laid an top ol the ground surface. Any pipe
which srosses a read or frequently travelled pathway should
be buriad. Crossing a road, bury the pipe 80 cm. from the
top or tle pipe to twhe road surfacsa. Always place the
pipe where it is protected from vehicle, animal, or human
trnffi.:, falling recks, flowing water etc.

L4 v

All va]des or special fittings which are connected on the 9
Tireline, éLould bhe proceeiéd_cr followed by a union which v
will @ll ow tor easy disconnection of the line if the valves
need teP!ncement cr.repair.

Fire Sijcerta = Pipe supports should be built under, or in
speciql c¢1ses tied from abové, any pipe connectionrs which
are SQ&@tﬂAﬁd in 2ire The threaded part of the pipe is the
wenkeglp purt. of tie pipe ani therefore must be supported -n
the Gﬂjund suface s with specially built supports. The
suj pork eon bé as cimple as a rock placed under a pipe
conceceon wiich is orly @ few gentimeters ahbove the

groun! Sulfaee or tigger strqctufes as shown below,

VN
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Be2.7. Insvection cf Pipeline - Water shculd be allowed to fleow
through the pipeline to determine if leaks exist, and if
the line is properly placed with regards to elevaticn Qr”p.
This can be done as work proceeds, inspecting a coz:'.;>l°1:e'4
secticn of pipe before ccntlnulng on tc the next.

Renenber, that when werking on a connected pipeline,

_ tightening one end of a pipe has the effect of loosening the
" other end or an erd of a following connected pipe. Therefom,
if g lot of tightening is required, it may 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,

G.2.8. Diagncgis and Correction of Prcblems - If water dees not
L flow thrcugh the pipeline it is usually the result of a
:; blockage of the line, leakage, or insufficient elevation
e drop on a gravity flow line. For blockages of the pipelirne,
the line must be opened up to determine the exact lccaticrn [0
the block and the line cleared. For insufficient elevaticzn
drops, the secticn of line which is tco high must be located
and placed at a lower elevaticn. This section can be fournd
where the water is not flowing,

‘
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