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Introduction

Buried pipe irrigation systems are still a
novelty in Bangladesh, in USA and also India they are
since long time widely used for irrigated
agriculture. The systems help to increase the command
area, makes the water management easier, saves

pumping costs and agricultural land otherwise lost to
earthern surface irrigation channel,

This manual is meant to be a guide far engineers
and. technicians to design and construct a non-—
reinforced low pressure conzrete pipe irrigation
system under local corditions, with materials and
know—how available in Bangladesh.

This booklet is especially dealing with CcC
pipelines, because at present they are the cheapest
pipes availabrle for the purpose. The prices for pipes
made of PVYC, ashestos cement, steel, etc. are several
times higher. I+f in the next future the Bangladeshi
renterpreneurs  would produce corrugated hard PYC pipes
with a diameter fram & inch to 10 inch with only a
1/2 mm wall thickness, the situation caould change.
The factories needs only special extruders and a high
enough demand tao produce the pipes economically.
Corrugated PVYC pipes are widely usead in Europe for
drainage purposes, they are light, esasy to transport
‘and can be coiled up. Under ground protected fraom
violet radiation of the sun, they last far
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Chapter 1

Design of concrete pipe irrigatiuﬁ systems

A buried concrete pipe irrigation system has to be designed well,
for an efficient water flow required per each outlet to cover the
desired command area. 0On the wother hand the cost have to be kept in an
econpmical zaone.

If pipelines are too small in diameter the pumping costs will
increase, the capacity of the asystem may be limited.

If pipeline diameter is larger than necessary the costye of the
syatem will be higher.

Higher operating heads allow a higher flaw-rate in the system but
excessive pipe pressures endanger the safety of the system, which leads
to the necesasity to use reinforced cancrete pipes or other more
expensive pipes, like FVC, asbestos cement etc.,

Fipeline size and maximum operation head has to be designed to
obtain a balanced water distribution and ecanamical aperation.

Under normal circumstances most of the design criteria for the pipe
irrigation systems in Bangladesh are given:

- Type of watersource DTW, STW, Desp set 5TW, LLF.
- Bize of command area (ha, acres) owned by one KS5.

Recommended size pf command area for a Pipe irrigation system:

Discharge 2 cusec ~r not less than 40 ha (100 acres)
Mscharge 1.5 cusec ~» not less than 30 ha (75 acres)
Discharge 1 tusec -» not less than 20 ha (350 acres)

Discharge 0.75 cusiec —> not less than 15 ha (3B acres)
Discharge 0.5 cusec —» not less than 10 ha (25 acres)

- Discharge of water source (l1/s or cusec)

- Form of command area, longish rectangular, square, circular, oval
etc..

— Flace of watersource related to cammand area

- Type of command arsa according to elavations. {High laying,
chalas, baids, flats}

- Type of soils (light, medium, heawvy)

With the help of the above mentioned datas the decision has to be
. made how many riser valves (hydrants) are necessary to cover the command
area, and haow high should be the discharge capacity per riser
valve{hydrant).

The following table shows the discharge capacity of various alfalfa
valves (hydrants} and size of land which can be irrigated with them.
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The following tables suggests standards, which were worked out by TADPF,
for various types of pipe irrigation systems.

TABLE 2 WATER SDURCE DTW OR LiP
Discharge ca 2 cusec (56.8 1/s5)

Type of IMaximum lengthiNumber ! Irrigated !Discharge ! Total
system i of pipeline jof larea per tper riser | irrigable
diametar | iriser iriser valvelvalve t land

H ivalve | H H
200 mm 2440 m 1.6 ha 1?2 1/s 40-48 ha
B inch " BOOD feet 30 4.0 acres 2/% gusec 100-120 acres
225-280 1770 m 2+4 ha 28.4 1/s 4048 ha
?-10 inch S800 feet 20 6.0 acres 1 cusec 100-120 acres
300 mm 1400 m 4,0 ha 56.8 1/5  40-48 ha
12 inch 4600 feet 12 10,0 acres 2 cusec 100120 acres

TABLE 3 WATER SOURCE S5TW DR DEEP SET STW
Discharge ca (3/4)~1 cusec (21-2B8.4 1/5)

Type of [Maximum lengthiNumberilrrigated {Discharge | Total

system ! of pipeline !of larea per iper riser | irrigable
diameter | iriser iriser valvelvalve ¢ land

| ivalve | . | i

150 mm B854 m 1.9 ha 10.5-14.2 1/s 48 ha

6 inch 2800 feet 15 2.5 acre Q.37-0.5 cusec 37.5 acres
200 mm &10 m 1.9 ha 21-28.4 1/s 15 ha

8 inch 2000 feet 8 4.7 acre 0.73-1.0 cusec 37.59 acres

For the decision on the number of outlets the following criterias
should be taken into consideration:

Very undulated land with lighter soils are indicating more riser
valves with a lower discharge. The same applies to a high crop variation
scattered over the command area.
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Big baids and flats with heavy soils and gentle slops indicate less
riser valves with a high discharge.

Naturally, there are variations between the two extremes.
Once  the number of ontlets is decided, the type of watersource and
the size of command area is knowny, one can choose from the Tables 2 and

3 the type of system which will be constructed.

TABLE 4 NUMBER DF SEPARATE RIPELINES AND NUMBER OF VALVES WHICH
ARE IN DPERATIDN AT THE SAME TIME

Type of iTotal | NMumber of iNumber of! Number of valves in opera-
system idischarge | meparate !pipelines! tion at the same time on
diameter of! ! pipelinesiin opera-| - e b e
pipeline ! | itien ! No ! Discharge

20% mm S8.4 1/s 4 = 3 1? 1/s

{8 inch) 2 cuser 2/% cusec

225/250 58.4 1/s 3 2 2 28.4 1/s

?-10 inch 2 cusec : 1 cusec

230 mm- 98.4 1/s 2 1 1 S96.8 1l/=

12 inch 2 cu=zec 2 cusec

150 mm : 2t-28.4 1/5 3 2 2 10.5-14.2 1/s

& inch (3/4)/1 cusec 0.37-0.5 cusdgc
200 mm - 21-28.4 1/ 2 1 L 21-28.4 1/s

B8 inch 3/4 cusec (3/74)—1.0 cusec

1.1 Calculation of the headloss due tn friction in the pipeline with
the use of Darcy-s equatian

in which bhe = head loss dus to friction in the pipeline in
mater {(m) :

f = coefficient pof friction in the pipes, dimension
less (-) (see Tablg &)

I = length of pipeline in meter (m)

v = velorcity of water in the pipelipe in meter per
secand (m/sec)

g = acceleration due to earth gravity in meter
per square second {(m/soc®)

g = .81 m/sec™

R = hydraulic radius in meter {(m}




R = ——— = ———
p . dmw
in which a = area of cross-section of pipeline in
meter (m=)
and p = wetted perimeter in meter (m)
d=n¢
a = -
4
in which d = diameter of pipeline in meter (m)
¥ = 3,14 dimension less (-)
and p = dw
d=w
4 d
also R = ~—————-o = ——= (for cvircular pipes)
damw 4
2f1v=

Therefore he = —m————v (m)

sguare




Discharge capacity or flow rate:

Q= av in cubicmeter per second (m*/sec)
)

and v = —— in meters per second (m/sec)
a

TABLE 5 COEFFICIENT OF FRICTION ¥ IN DARCY 'S ERUATION FOR
CONCRETE PIPES

Diameter i Valocity of water in meter per second 1

aof pipe | 0.3 ! Dud ! 0.9 | 1.2 i 1.4 t
mm 1 1 H 1 H |

150 0.0102 0, 0094 Q. 00720 0. 0086 0. 0084

(&)

200 0.0087 0. 0081 0. 0077 0., 0073 0, 0071

8")

22 O, OOB0 0.0074 0, Q070 0.00867 0. 0064

(")

250" 0.0074 O.004% 0.0067 0, 0063 00,0061

(10")

275 00,0071 0.0045 0, 0063 0. 0059 0.0057

(11"

300 0. 0057 0,0042 0, 0059 0. 0058 0,0054

(12")

a




TAELE 7 FRICTION LOSS (HEADLOSS) FOR CONCRETE FIFES IN
' METER FER 100 METER FIFELINE

1 feet = 0.305 meter, 1 meter = 3.28 feet

Discharge ar! Frictionloss (Headloss) in meter/100 meter
Flow rate inissee e e e o e e e
liters per Diameter of pipeline

|
1

second § o i e 1kt b e s i o i e e e s e Bt R k8 S i 40 A e e ot e e et
|
i
1
1

150 mm | 200 mm | 225 mm | 250 mm { 275 mam | 300 mn |
(L") } (8"} H (?") HES A L O oz i

{cuseac)

?.9 0. 34 .04 0. 04 - - -
(173 (13"} (3.1 (1.4"} - - -

14,2 Q.80 Q.10 Q.09 0.04 0, 0% -
(172 (X1.3")y (7'") {(3.5") (2.4 (1.2") -
1B8.9 1,33 050 O.16 0.0% 0,05 0, 0%
(273 (H51.92") (12*) (B.3") (3.9 (2"} (1,2")
28.4 271 Du b4 0. 34 G 19 0,12 Q.09
(1) (114.5") (25.2") (135.4%) {7.8") (4,6 {5.5")
2.4 - 1,348 0.72 0. 48 0. 75 Q.20
{(1.5) — (52.8") (28,3 (1Z. ™M) (10" (8"
56.8 ) - - 1.20 .69 Q.43 0,53

(2 . - - (47.2") (27.4") {17" (13.2")




1.11 Headloss (Friction loss) through riser valves
(alfalfa valves) after Michael

TABLE 8
: Headloss in meters of water
Flow rate dni - o e e et e e e o —
liters per ! Diameter of valve (outlet)
second b e e e e e e ek 2tk e e e 0 e et o e st e
{cuser) 130 mm 200 mm | 225 mm ! 250 mm | 275 mm | 300 mm |
H (&%) H (8") { (?") i (1av) RGBS Po1zm H
7.5 Q.02 0.01 - - - -
(1/3) (0.8"F  (0.4") - - - -
14,2 0. 05 0,02 G.015 0,01 - -
(172 (2% (O.8") {(0.06") (Q,04") - -
1g.%9 Q.09 0, Q025 0. 02 0,01 0. 005 -
(2/3) 3.5 (1) (0. 8Y) (0. 4") (Q,2") -
28.4 . 0.25 0,07 0. G4 Q.03 0.015 0.02
(1) (10") (2.8 (1.6") (1,2%) (0, 6") (O, 8")
42.6 0. 59 0,15 .10 0, 04 0,04 0.03
{(1.3) (2% (&) (44 (2.4") (1.6") (1.2")
56.8 - 0,20 Q.15 0,10 0.075 0.05
(2 : - (11%) (6™ (q4) (Zy (2)

1,12 Calculation of the Headloss (Frictionloss) in elbows,
T~pieces and inlet valves with the use gf Dahlhaus equation

he = Co 0.02 v= [m1l

sec=
Ce = Frictian Coefficient —————
m
v = Velocity of water in pipeline [ m/sec]
Co =« 4 for riser valve
= 18 far inlet valwve

8 for a T-piece
8 for a 20° slhow




TABLE ?  HEADLOSS THROUGH T-PIECES AND 90° ELBOWS
;;;;_;;;;_“—.;M"_Headl;;5 in r;;;ers of water
literl'; per ;—_“Mwh.].:)-.i:\-r;;i_:er of pi;;:m_ __________________________________
(1/s) ) B T
i 15 cm } W em 1 22.% cm 4 25 em | 20 cm H
9.5 5.086  0.015  0.009 0.006  0.003
e 0.103  0.033  0.020 0.013  o.006
1.9 o.ss  o.oso | 0.057  o.oms  overs T
.4 o.a1a ooiml o.omz | owoes  ovome T
42,6 o.osl o.zea o.ima | ooize  oooms
se.8  1.e56  o.s23 | o.aze . o.z14  o.108
TABLE 10 HEADLOSS THRtIUBH INLET VALVES
;;;;.rate M"%m_ Headloss inﬁr;eters of t:;ter‘ —————————————————————
literjlg per II —————— E:;r;;;t;l:_;; inl;i—‘: valwve o o o
(1/5} H i e e oy e e e e
i 185 ecm | 20em ! 22.5cm | 25 cm | 30 cm i
9.5 0.092  o0.0m0  o.ots 0.012  0.006
1.2 0.206 0.066 0,040 0.026  o.012
l-é. ;““ T 0.370 0.120 0. 07;‘" o Q. D‘:; ;TOEE o
;E;:-:i S . 828 0,262 o 164 (;.—;t:d: 0.052———-
42,6 1.062  o.c88 o568 .20 .16
se.s " tiaae oes2 6428 o.z16




Figure 7: Riser valve { Alfalfa valve}
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Figure 2:

PIPELINE ALIGNMENT AND PLACEMENT OF RISER YALVES

10

IN A DTW COMMAND AREA (AS AN EXAMPLE)
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INFORMATIONS SYMBGQLS

Command area ca. 50'ha Riser valve o
Pipeline dia.300mm Pipeline —_—
Riser valve dia. 250mmr Homesteads (@2} .
Number of Riser valves 12 Pond &=

Length of Pipeline 1600 meter

Roads S

Qverflow -lype check 1 No, ee

Elevation below Top of DTW

Discharge pipe o4% meler

SCALE CA.=1:7000Q
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1.1.2 Design of riser valves (alfalfa valves)

The riser valve is an essential equipment for the pipe irrigation
systam. It can " he easily manufactured locally from cast-iron with. a
steel spindle. Every workshop equipped with a lathe machine can produce
it. The price af one valve is in the range of 300-5Q0 Taka, depending on
the size. They should be designed strong and stardy to enable them to
withstand tough handling. Figure 1 shows a design which is proven in
field condition.

Dne  can use them with or without rubber gasket. Without gasket
minor leakages has to be put up with. For a gasket a shart piece aof used
motorcyle or automobile tube can be used, which has to be stretched over
the valve-lid.

It is suggested to design a special handle for opening and closing
the riser valves, so that unauthorized persons {like children? cannot
open ot close them without the handle (see drawing).

The handle for the riser valves should be only in the hand of the
linesman of the K&S.

1.2 Placement of riser -valves ip the command area

When +the decision is made on the type of irrigation pipe system
constructed on the command area, the number of riser valves is known.
They have to bhe placed on the right spots in the command area. Each
riser valve has to be able to irrigate a certain area which belongs to
it. The riser valve have to be placed on the nearly highest spot on that
" particular area.

The farmers of the KS8 knows very well which spots are the most
suitable ones. Sometimes the spots have to be moved a bit for technical
reasons, but still one should involve the farmers in the decision
making. BSo they can identify them selfs with the placement of riser
valves.

When the places for outlets are fixed in mutual agreement, the
following Job is to find the bast alignment for the pipelines to connect
the riser valves on the shortest and eamiest Hay. (see Figure 2)

1.2.1 Layout of pipelipe alignmept

The alignment of the pipeline ig determined hy the spots of the
riser valves which have to be served by the pipeline. Naturally, the
riser valves have to be ronnected by the pipeline in such a way to
obtain the shortest possible length, to decrmase the costs of the
pipeline and the headlosses due to friction. (see Figure 2

The places of the riser valves can be also shifted in some cases,
to obtain a layout which is serving all the aspects in an optimal way.
It means to weigh all the pros and contras from case to case.

1.2.2 Placement of air vents

Air wvents are vertical pipe structures connected on the top of the
pipeline. They permit the release of the entrapped air in the pipeline.
Big airpochkets in  the pipeline are a danger for the system. Air can be
compressed or expanded by the flow of water in the pipeline and build up
a higher pressure or vacuum, which in turn causey the hydraulic hammer



tar  water hammer). The pipeline can burst on such places. A big water
mass  in a  movement have a high kinetic energy. With a sudden closure of
a riser valve that energy has to be destroyed to stop the water movement
in the pipeling. Air vents help to do that and protect the system from
damage.

Air vents should be installed near the pumpstand, at all high
points in the pipeline, at points where there is a downward deflection
of more than 10, and on the end of the pipeline.

Generally, they should be ingtalled at evary riser valve but not
more  than 150 meters apart, even on straight pipelines with uniform
slope.

The cross—-section af the vent pipe should not be less than half of
the cross-section of the pipeline,

1.2.3% Placement of overflow-type checks

Overflow-type checks are provided to control the flaw into branch
lines, they are also serving as an air vent.

They should be installed at points where the pipeline makes a
downward deflecticn to a baid or lowland behind the riser valve. Dn a
lang downward or upward sloping pipeline at every point which is lower
o higher in elevation than 1.%5-2.0 meters, to avoid a constant high
pressure  on the beginning or on the end of the slope. They also help to
avoid to fill up long pipelines unrnecessarily.

&
Soil surf ) :
[ ———xbeil surfoce Qverflow -type check E
L . &
“1ma
PiPelirp\i :
-Img
\ \ f J 'g
-3m
\——~—Riser valve n — -S
] - -4mY
-
@[
u

They praevent the necessity to build very high air vents (more than
Fm) towards the end of a downsloping or on the beginning of an upwards
sloping pipeline. Thay are practically dividing the pipeline into
separate sections.

The  overflow—type checks are always constructed +rom the same
diameter of pipes as the pipeline itself. For the headlpsses see Table 9
¢ 4 X an elbow). :
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1.3 Calculation of the required height of the pumpstand, air vents
and averflow~type checks, shown in Fig. 1

Given datas for the example:

= Diameter of pipeline, d = 300 = 0,3 meter
- Elevations of ground surface on the pipeline alignment
~ Flowrate Per riser valve, @ = 54,8 1/sec (2 cusec)
=~ Distance hetween riser valves in meters
- Diameter of riser valves di-o = 250 am-
= Diameter of inlet valve d,. = 250 mm
- Ground surface elevations at the riser valves:
ha = =D.&60 my hy = —0.&0 my hz = -1,00 m
hz = —-1.00 my, ha = —0,30 My ha = =1.00 m

Buestion: What will be the highest water surface elevation (pressure |
height) in the pumpstand? Im which Situation will be that the case? !
Which riser valve will be in operation? f

Logically it loaoks like, when riser valves 4 is in operation, i
It is lying on the highest spot on the pipeline alignment and have :
a long conveyance distance from the pPumpstand.

Ha = Pressure height above Benchmark in the pumpstand

Ha = ha - ho + Head—loss due to friction in the pipeline

from O to 4 (see Table 7) + Head-loss through

inlet valve (see Tahle 1) + Head-loss through
overflow-type check at 2(see Tahle ?y 4 nos. of

F0° elhaws) + Head-loss through T-piece at 4

(see Table ?) + Head-lps through riser valve at

4 (see Table B).

‘ 116-+1 10+ 1 00+90

Ha = ~0.30 ~(=0,60) + 0,33 + 0.428 + 4 X 0.108 + |
100
2.108 + 0,100 ;
Haq = —0.30+0.é0+1.373+0.428+D.432+G.1OB+0.1DO :
He = 2.74 m

The same calculation if riser valve 5 is in operation
116+1104+100+90+110
Hs = he ~ ho + 0,33 : +0.428 + 4 X 0.108 +
. 100 . ;
0.108 + 0,100 I

Hey = ~1.0D—(-0.60)+0.33X5.2&+0.428+0.432+0.108+0.100
He = ~0.40 + 1,735 + 0.428 + 0.432 + 0.108 + 0.100 i
He = 2.480 m ;

The presumption that Ha wiil be the highest pressure height in the
pumpstand was correct. ”

The design sketch (Fig. 1) should be drawn with a scale for the
length and for the heights.
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With ' the help of the highest pressure height in the pumpstand and
the responding riser wvalve in operation the Hydraulic Gradient can be
drawn in the sketch. Now the heights of all air vents and averflow-type
check can be extracted from the sketch. The heights should be with the
free-board of 0.3 m above the hydrauliec gradient,

At  the point 5 the pressure head above bench mark ig the same as at
Point 4, when riser valve 4 is in operation, =0 the air vent should be
on the same elevation level.

In the practice it is easy to adjust design errorg made about the
height of pumpstand and air vents. When pumpstand or air vents are over-
flowing during the test of the system, one can extend them with another
pipe,

1.4 Selection aof pipe size along the pipeline

The costs of low head irrigation pipelines can he reduced
coneiderably with the selection of the pipe sizes according to the need
along the pipeline. ' .

A system can be designed with a uniform diameter for the whole
system, which makes the design and the production of pipes easier but
increases the costs af the system. Befare & pipe size can hbe selected,
the following items need to be considered:

- The hydraulic gradient at any point of discharge should be at
least 0.30 metars (gne foot) above the ground surface. Every type
of outlat have a certain headloss. The water has to be delivered to
the field.

= The bydraulic gradient should not be below the elevation of the
pipeline at any point where water is flowing, otherwise the flow
would be cut off,

- At the pumpstand the height of the gradient may be limited dus to
high pressure.

- The hydraulic gradient will be at the different outlets of
different heights. The design has to based on the greatest
distance.

~ On branch-lines (laterals) base the design on .the highest
gradient required at the diversion.

- On an averflow-type check draw the hydraylic gradient upstream
{(towards the pumpstand} from the overflow pipe.

The actual selection of pipe size is made by trial and error.
Arbitrarily select g Pipe size and determine the loss of head. This loss
gives the vertical drop of the hydraulic gradient. Draw this slope
upstream from the praoper elevation ahbhove the critical hydrant or
hydrants {usually which is farthest downstream) and se® how it fits in
with the limits at points upstream, If necessary, select other sizes and
try again.
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The diameter of a pipeline can be reduced toward the end to save
costs. The available pressure head for the new diameter at the paint of
reduction is the height of the hydraulic gradient. Where the pipeline

deflects downwards for a longer distance, pressure head is geined, the
diameter can be reduced.

Branch-lines (laterals) to hydrants can be in sgme cases reduced.

In any case, at the last hydrant on a ‘pipeiine the available
pressure head for the distribution of water should nat be below 0.3
meters, which is about the optimum.

Nopte, the headloss through an  alfalfa valve isg up to 0.15% meters
plus the valve 1ip has to be set O.i0 to 0,19 meters (4-4 inches) belaw
the soil surface to minimize interference with farming aperations and to
redice erosian around the valve.
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Chapter 2

Concrete Fipes

2.1 Suggested specificatiaons of toncrete pipes, joint designs

- Due to our experiences in the field we are suggesting biger wall
(shell) thicknesses for Bangladesh, We added ca 5% to the wall thickness
on the standard specifications for irrigation pipes acrtording to the
American Society of Testing Materials (ASTHM Cl18~4646T).

The Qquality of the concrete pipes made locally cannot be kept on
the same standard as in USA due to the following reasons:

— Locally available materials like khoa brick—-chips) and sand are
from lesser quality. They are using in USA high quality gravel well
graded. So, in PBangladesh high quality stone chips are available,
but too esxpensive for the purpose.

~ Fipes in USA are made on modern machines well compacted, and
casted in Fackerhead machines. .

= The concrete in USA is mixed according to modern technology in
computerized factories.

TABLE 11 PHYSICAL AND DIMENSIONAL REQUIREMENTS® FOR CONCRETE
IRRIGATION PIPES

Internal ¢ Minimum i Test Requirements IWorking Pressure
diameter iwall (shell) - - =1 Head
—————————— ithickness {Internal Hydro | Three-Edge fomm e e
H istatic pregsureiBearing Load i

mm }inch! mm i kg/cm= tkg/linear meter imeters I feat
150 & 20 3.5 1920 8.5 28
200 =] 23 3.9 2000 8.5 28
225 F 25 I.9 2040 8.5 28
250 1a 27 3.2 2080 8.9 28
300 12 30 3.2 2230 7.9 24
350 14 33 3.2 2380 7.9 26
400 14 27 S.2 2830 7.9 26

2.2 Casting moulds (vertical shutters) for different pipes

Fipe casting moulds are used in rural areas to produce non-
reinforced concrete pipes on the spot where they are needed.

Pipe casting moulds can be made from different materials like,
wood, iron sheets, plastic. The length of the Pipes are narmally i m.
According to the preferred joint system they can be made far pipes with
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bellmouth-socket and spigot, Tongue and groove system, or plane end
Pipes. The durability and easy handling of the moulds depends on the
materials used and Proper workmanship ot produce them.

Forms with the joint-system bellmouth—sacket and spigot and tongue
and groove are complicated to make and costly. The emiest moulds to make
are to produre plane end pipes, .

The cheapest moulds are made by very thin B.I-sheets (thickness
9.5/1.0 mm), with woaden or concrete bases. Before casting the mould
have +to be clean and have to be coated with used mobil pil. Dtherwise
the concrete would stick to the mould. Usually with one mould 2-3 pipes
can  be produced per day. MNote that each Pipe needs a separate base-
plate,

2.3 Pipe spinning gear and spinning forms

In Bangladesh spinning gears are already widely used for the
production of reinforced concrete pipes. Small private workshops are
using bhand driven spinning gears by flat helts or electro motor driven
gears.

Common is only, the low quality of the pipes and the relatively
high costs. The quality of the pipes depends of the quality of the
concrete used and the proper curing of the pipes after making. Poor
quality of the khoa used and the poor cement, sand, khoa ratio plus
inadequate curing are the reasons for low pipe qualities.

The high rosts could be reduced considerably. Reinforcement is not
necessary for low pressure Pipes, which is about S0% of the costs.
Beside that the margin of profit is too. high ca. 50% . A transportable
hand driven spinning gear, with fanbelt drive can be locally produced
for ca. Tk. 40,000, :

One gear need 40-40 pipe—forms to produce &40-BO pipes a day with
1.8 m length. The range of pipe diameters from & to 12". Note, a pipe
with a diameter of 12" and 1.8 m long has a weight of ca. 100 kgs.

.
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2.4 Calculation of the cuﬁ:rete volume for pipelines
tdo® — di®) w
V = e = 0.783 (do? - di=®) w¥/rm or cuft/rit
4
in h;hil:h V' = Volume of concrete per running meter or rft.
do = Duter diameter of pipe in meter or feet
di = Internal diameter of pipe in meter or feet

T = 3.14

For pipelines which bellmouth socket or socket more material is
needed per pipe. -

For the jointing material an extra calculation has to be made.
‘The same applies for foundations etec.

2.5 Suggested concrete mixtwre ratios by volume for pipe making
al 1 cement = é sand : 4 khoa (brick chips)

100 cft concrete = 18 bags cement + 45 cft sand + 90 cft khoa
(brick chips)

b) 1 cement ¢ 2 sand : 3 khoa !

100 ctt concrete = 21 bags cement + 53 cft sand + 79 cft khoa
) (brick chips)

1 cubicmeter L In™ J = 35.34 cft
1 cft = 0.0283 m*
1 bag cement = 1.2 c¥t by volume

The introduction of wooden measurement box with a volume of 1.2 cft
(ane bag cement) is recommended. To both sides of the box a lonRg wooden
handle can be attached, so two people can easily carry it.

Naturally there could be other mixture ratios with different
aggregates. The cement and aggregates should be mixed first dry.

By adding of just sufficient water, the concrete has to be mixed
thoroughly +to a homogeneousy plastic mass, High water content reduces
the quality of the concrete it will be porous less water tight. Masons
helpers tends to add to much water to the concrete, it is easier for
them to mix it. .

When ever possible a hand driven concrete miker should ke used, the
initial cost will pay off for the better guality obtained.
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2.6 Concrete aggregates

There are various types of concrete aggregates in Bangladesh
available. ’

- kKhoa {brick chips) made of bangla or ceramic bricks

—~ Feagravel

~ Stone chips

= Kauchi, minerals in crystalline form available in hilly areas in
the forest

- Sylhet sands (very good guality)

~ Local sands {(medium to good gquality)

The decision on the aggregates to be used in a certain project
should be made on a costs survey. The price of the aggregate should
include the transport costs to the sites where manufacture of the pipes
is made. :

Benerally, the c¢oarse aggregate should bE separated into the
following sizes ranges:

- /8 inch average =ize: ranging from 1/4 inch to 1/2 inch, for
pipes from & inch to 12 inch diameter.

- /2 inch average size; ranging from 3/8 inch to 3/4 inch, for
pipes above 12 inch diameter (pumpstand).

The. local sands, peagravel, kouchi are in most of the cases
contaminated with clay, silt, organic matter, they are originating from
river beds, or hilly areas.

The aggregates should be screened and washed before use.

Near the place which is choosen for pipe production, . sufficient
water has to be available, - for concrete mixing, curing of pipes and
washing of the aggregates. )

Even the khoa which is normally crahsed by hand on the spot from
bricks or brick bits should be screened from dust and washed before usa.

Z.7 Manufacture of pipes in vertical shutters
{casting moulds)

The ‘easiest method to produce CC pipes is to use vertical shutters
made of mild steel sheet. The shutters have to he carefully designed and
made properly. The outer parts of the shutters are quite trouble free
and easy to produce. The inner part of the shutter has to be made of
three pieces for the necessity to remove it from inside the ready}casted
pipe. :

The outer and inner part of the shutter have to be circular and
thay must fit nicely together, for troublefree operation.

Remember' that each shutter needs - to have 2 baseplates,; to enable
the production of at least two pipes per day. i

The baseplates can be made of wood, castiron, or mild steel.

1



The shutters should be stiff enough to withsztand the pressure
applied due to compaction of the concrete. They should not deform and
change their circular form, otherwise the stripping of the form from the
fresh casted pipe could be difficult.

Before casting, the shutters have to be well brushed with buwnt
mabile oil, which helps to remove the shutters of the pipes.

The concrete which bhas to be prepared according to para 2.5 and
2.4, should be filled into the shutter partionwise, each layer has to be
caompacted carefully with a rod.

‘After about 4-4 hours the inner part of the shutter can be removed
first, 2-4 hours later the outer part of the shutter. Curing should
start straightway. {(see para 2.9}

After the curing period, the pipes should be properly stacked and
stored.
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2.8 MHManufacture of pipes with the Spinning Bear

The wpinning gear is a device which is designed to produce concrete
pipes in circular forms {outer forms only}. Usual length of the pipes
are 6 feet, The hand driven spinning gear is rotating the form with
about 300 rotation per minute, when a @ or 10 inch form is used.

The concrete mixture is shoveled into the form during ratation, the
inner surface of the pipe has to be formed and shaped with the help of a
T-profiled steelbar, holded on both end by the pipe making masons. The
process npeeds two plpemaking masons, sach of them warkipng on ocne side of
the gear simultaniously. The inner diameter of the pipes is given by the
circular hole of the form holders.

The compaction of the concrete is done by the centrifugal force,
due to rotation. When the pipe is formed a zement sand mixture of 11
will be applied into the pipe and with & wet longhandled brush
smoothness will be achieved. This final touch gives a sealcoat of 1-2mm
thickness to the inner surface of the pipe.

The form with the freshly casted pipe 1inside is rolled down fram
the gear on a ramp.

About 4-B hours after casting, the form can be removed fram the
pipe. However, the pipe form holdetrs, which are attached on both ends on
the - form with +the help of long an the ends threaded bars and nuts, can
be removed just after the casting and used for the next form.

Before use, the forms have to be oiled with used mobil oil, to
avoid the sticking of the form to the pipe surface. '@“

. Ca. i0 minutes are needed to produce one pipe, the number of forms
should be according to the desired output per day.

A pipemaking team should consist the following people:

Head Mason (team leader)
Assistant Masan

Masons Helpers
Labourers

oo

4 peaple are needed to drive the gear.

With the above team with 40-50 forms, 60~80'pipes can be produced
per day.

For each pipe diameter different Fform sizes and form holders are
‘necessary.

For concrete mixture and aggregate consult para 2.5 and 2.4. Curing
of pipes see para 2.9.

2.2 Curing of Pipes

Beside the correct cement, sand, gravel and wateriratios used for
pipe making, guality pipes cannot be obtained without proper curing.

12 to 24 hours after casting or spinning of the pipe, it has to be
cured for ca. 21 days.




The best curing method is to immerse the pipes in water, or
partially in water and rotate them daily,

Other curfhg methods:

- [Lovering the pipes with moist gunny bags and keep them moist.
- Covering the pipes with rice straw and keep them moist.

= Covering the pipes with water hyacinths and keep them moist.

The wind and dry air should be prevented to circul ate through the
pipes, Important is to keep the concrete moist during the curing period.

2,10 Locally fabricated cc pipes on Packerhead machines
There are local concrete pipe manufacturers with modern Packerbead

mathines, which are able tog produce and supply good quality concrete
pipes for irrigation purposes.

Some factories are offering assistance for supervigion, pipe
installation and transportation. One factory even offers to arrang ena
instal “a factory at the working site in any part of the country if
necessary.

Prices of pipes in Bangladesh (indicative)

iDiameter | Load Bearing t Price per |

i Linchl ILkg/linear meter! Lrftl i

T T e T

- & - 2395 o - 16

""""" 5 zsem N 28 '

~f




Chapter 3

Canstruction of buried pipe systems

3.1 Jointing methods of pipes

The jpints for non reinforced concrete (CEC) pipes are being made in
sevaral different ways. (see Figure 4)

~ Tongue and groove design
— Bellmouth-~szocket and Spigot design
~ Flane end pipe joints :

The
thoroughly

surfacve of the pipes where the jointing will be made should be
cleaned from dirt with brush and water before the jointing

starts. The jeinting surfaces of the pipes have to beg wetted.

The jointing of the tongue and groove design should be done

the following manner:

- The groove end of the pipe should point in tHe direction of
pipa laying. -

— The groove has to be filled with mortar (ratio 1:14%; 1:2;

1:24) and then the tongus end of the next pipe has to be
shoved into the groove. About 153 joints back of the pipe

‘laying, a 2-3 inch wide Jute braiding (cloth} socked in cement

slurry (mix 1:1) have to be bandaged twice around the
circumference of the joint gap 15 to 30 minutes later a mortar
band of the mixture 1:3 or 1:4 has to be placed around the
jute bandage.

The jointing of the bellmouth~socket and Spigot design should

be done the following way:

= The socket end of the Pipe should point in the directinn,uf'
pipe laying. :

- The spigot end of the next pipe should be bandaged with jute
braiding socket in cement slurry  (mix 1:1), ane times around
the circumference of the spigot, and shoved into the bellmouth
socket. Then the bandage has +to ba pushed into. the gap of
socket and spigot with a % inch tick bamboo stick.

Following this, about 6&-10 joints back of the pipe laying, a
band of mortar (mix 1:3) has to be placed arcund the Joint,

The jointing of plane end pipes has to be done the following

manner s

— The pipe have ta he placed with the plane end on each other
without gap in a straight line, a 2~% inch wide jute braiding
(cloth) socked in  cement slurry (mix 1:1) have to he bandaged
twice around the circumference of the joint gap. 15-30 minutes
later a mortar band of the mixture 1¢F ar 1:4 has to be placed
around the jute handage.
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Figure 4 : Tongue and groove design

3/8Tw 3/8Tw 3/8Tw 3/8Tw
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di=Internal diameter of pipe
Tw = Wall - thickness of pipe :




3.2 Curing of joints and hack;filling of trenches,
size of trenches

The curing of the joints is as much important as the curing of the
pipes. Joints which are badly cured or not at all, tends to crack (hair-
crack?, leakages occur. Shortly after the mortar of the bend around the
joint get set curing should be started. The easiest method to cure the
joints on & pipeline in the trench is to cover the joints and pipes with
loose wet soil at least with a foot thickness. 1§ the spil is dry, it
can be wetted on the top of the joint from time to time.

Joints on vertical structures like air-vents, pumpstands etc. where
the Jjoints cannot be covered with soil, wet gunny bags or jute braiding
should be rolled around the joints and kept wet for 2-% weeks,

The trenches of the pipelines should be covered with soil about 1-
1% above the top of the pipes, latest 12 hour after jainting. 1f the
pipeline is exposed to the sun and hot air during the day it is
expanding, during the night the temperature of the air drops, the
pipeline is contracting, cracks in the pipeline and joints could occur.

The soil caver on the pipeline keeps the temperature quite constant
the extremes are smaller.

The trenches for the concrete pipeline should be so deep that at
least 2 feet cover from the top of the pipeline is provided.

. The - width of the trench should be the diameter of the pipes plus 2
feet. A certain working space for the laying mason has to be provided
left and right of the pipeline.

The bottom of the trenches has to be smooth and straight, so the
pipes are laying with their full length on the zoil.

The places where the joints of the pipes are lying should be cut a
small trench about 1 feet wide and 3 inches deep, to provide space for
the bellmouth socket and to provide space for the-laying mason to work
at the joints.

3.3 Eonstruction gf pumpstand

Far the construction of the pumpstand 3 feet 'diam@ter pre—
fabricated unon-reinforced concrete pipes with 2 feet length are ideal.
See pumpstand drawings for different pipeline diameters. {Figures 5,6,7)

Working procedure on pumpstand:

- Mark the center of the pumpstand, 40 cm from the end of the
discharge pipe (DTW)

~ FHrake down the diacharge box (if any) in a circle around center
point with a radius of 70 cms.-

~ Dig a round heole with a radius of &5 cam an center point. For the
depth of hole see drawings. e

- Dig trenches for the pipelines according to drawings.
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Figure 6:10" DIA. BURRIED PIPE_SYSTEMS PUMPSTAND CONNECTION
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- Fill a ca. 10 cm tick concrete layer into the round hole and set
the prefabricated pipes, with blocked ends and a casted in alfal+a
valve, into the fresh concrete (mixture 1:2:4). Press the pipes ca.
5 cm deep into the fresh concrete. The valve lids should be
haorizontal.

- When the pipes are laying correctly +ill in the rest of the
concrete at least a % om below the seat of the valve.

=~ After 9-&6 hours, set the 1st pumpstand pipe of 3 feet diameter
(1.5 cm) with mortar on the base, central to the alfalfa valves.

- Fill ip and compact soil outside of pumpstand.

= Set the pre-fabricated pipe with alfalfa valve (ist outlet) with
blocked end. A hole has to be chiseled into the ist pipe of
pumpstand. The lid of the valve has to be just abave the bottaom of
old discharge channel.

- Extend concrete base of old discharge channel up to the pump
stand. Extend site walls of existing diacharge channel ‘up to
pumpstand.

- Bet the second pumpstand pipe with a hole for the DTW discharge
pipe.

- 8et the rest af the pumpstand pipes (diameter = feet) on the top
until required height is reached.

Note: All Jjointing has to be made according to para .1 and X,72.

3.4 Construction of riser valves (hydrants)

Riser wvalves should be canstructed according to Figure 8 and 10.
The alfal¥a valves have.to be connected to the +top of the riser pipe
with the help af a prefabricated sacket, (see drawing). 1f bellmauth
socket pipes are available for the riser pipes, the alfalfa valves has
to be casted with mortar ifto the bellmaouth,

The wvalve seat should be always 3/8 to 1/2 inch higher than the top
of Jjointing mortar. For making and curing of jointsg congult para =.1 and
3.2, v

In the Figures 8 and 10 the pipeline is jointed with prefabricatedg
sockets, the prescribed plane end jointing methad in para 3.1 is much
more cheaper, if made properly the same quality.

3.3 Construction of air-vents

After the design of a system the height of the air-vents are known.
If the diameter af the pipeline is larger (10 ar 12 inch) the air-vents
can  he made with smaller diameter pipes 1like & or 8 inch diameter, to
save vosts {see para 1.2.7). .

Far the design and construction of an airvent consult Figure 10,

Note: IF the air-vent has to be maore than I meter (ca, 10 feet) high, it

is suggested to put a concrete base around angd under the pipeline.

p——
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3.6 Construction of overflow-type checks

Uver+10w4{ype checks have to be made from the same diameter pipes
as the pipeline itself. For the height of overflow from one section of
the pipeline into the nexut consult para 1.2.3.

Higher and havier construction may be on a concrete base under the
pipeline.

For design and construction consult Figure 9.
3.7 Checking of pipelines for leaks

After the completion of a pipeline and adequate curing period of
jrints ca. 3 days, the pipeline has to be tested with the full flow-rate
designed +For., The testing should * last for several hours, to make sure,
that possible leaks are detectable along the pipeline. The places where
leakages takes place should be marked.

Note: During the pumptest of the pipeline, always the last riser valve
on  the line has to be open, to obtain the highest pressure in the
pipeline. The filled up, or partially filled up trench, should not he
flpoded by the open riszer valve, otherwise the leaks cannot be detected.
Make sure that #ecept the one riser valve which is desired to be in
operation during the test, all the others are closed.

3.8 Repair of leaks

Once  the places, where leakage has been detected, are mar ked,
repairing Jjoh can be done. One to two days after testing the soil in the
trenches will be dry enough to dig up the spots where leaks are
detected.’ BRroken or cracked pipes has to be replaced, new jointings will
Lier required.

Small holes, due +to cavity, have to be chiseled free, wetted
fillted with mortar and a jute braiding bandage with cement slurry
placed around it.

Holes biger than 14 inch can be repaired to. To prevent the mortar
from felling into the pipe, a small piece of very thin metal sheet can
be placed inside the pipe under the hole. The metal sheet can be holded
with the help of a piece of wire from outside until the mortar is set
and dry. Over the patch jute braiding bandage socked in cement slurry
should be plated. Joints which are leaking should be done again,

Conclusions

Due to our two years experiences in the field {we installed 30
buried pipe irrigation systems so far) and thanks to the positive
response of the farmers towards the innovative system, one can predict a
growing demand in the future. The goal should be, that small
enterpreneurs will be able to build such systems for farmers
cooperatives on demand. The watersources of Bangladesh could be used
more efficiently and economically for irrigated agriculture. An economic
analysis of TADF's command area development programme has been prepared
by Dr. Chowdhury Saleh Ahmed. The benefit cost ratio for buried pipe
system is 4.47, which is an encouraging result for the future. It is now
up to the GDOR and NGD's to promote the system for further devel opment.




List of Workshops

Hossain Engineering Works )
4, Nawab Habibullah -Road, Near Green Hotel
Shahbagh, Dhaka. Phone: 301217

(Alfalfa wvalves)

Jurain Engineering-
Narayangani Road

{Spinning gear and forms, Alfalfa valves)

Kapils Workshop
Tangail Town

{(Vertical Shutters,; alfalfa valves)

Precision Automobiles and Enginegering Works [Ltd.
237/B Tejgaon Industrial Area, Dhaka FPhona: 404983

{Spinning gear and forms, Vertical shutters)
Roto . Burn and Company Ltd.

Dhaka-Narayanganj Road, Alibahar

Phone: 2B0717, 2545460

(RCC pipes and fittings)

BMCO Fipe Industries Ltd.

1/4 Mymensingh Road,

Paribagh, Dhaka

Phone: 305009, S0BZ259

(CC and RCC pipes on Packerhead machinas)
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CC Pipe casting in vertical moulds

CC Pipe casting in vertical moulds




CC Pipe casting in vertical moulds

CC Pipe casting in vertical moulds ;
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CC Pipe stock yard and curing of pipes

CC Pipe stock yard and curing of pipes




Pipe making place with sieve, measurement box,
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Device for checking of cc pipes for leakages
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