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=y IRRIGATION 1IN SYRIA AND LSBANON

A - GENSRAL PRINCIPLES

Syria and Lebanon are considersd ag being ary countries, BExcept
in & t9w spots, water is seldom seeén. A large rraction of tue lands
gaem to be as arid as the Sahara dagert,

This heliear is untruna, In tu® coOnvrary Syria and Teousnon possess
hug? amounts of water for a great part not yet utilized, oOut of the 18
million heeteres, which constitute the total area of these wwo countriss,
at lsast four million hectares cen bs cultivated., Those ecultivated noﬁ
do not azqeei cné and a half million hectareg, which means lass than -
10% of the total arsa and the 3/8 of the agricultural possibilities,

The rainsthet fall in abundence from December till March over
tus mountains of Lebanon, Anti-Lebanon, the Amanus, and the Taurus, dus
to the geological formation of the subsoll of these mountaine, are
stored in huge amounts, thus giving birth to perenniel springe which

keep running several permanent rivers,

B - HISTORY

Anciant peopls living in Syris and Lebanon have besn aware of
the possibilities offered to them by Nature. Since the highsst antiquity,
many irrigation schemes nhave been plenned and executed with a maximum of
ingeniosity, and getting resulte remarkable for their period, In Syria
we still Ffind the canals of the Khabour nsar Abou Kemal, The underground
water was ceught in many places by faggorass, a kind of gallery dug through
the rock at & depth of 16 or 20 meters., Racent archeological surveys
have thrown more light over the irrigation scheme of the Ancients., Thus
we know about the dam of Hardaka near Palmyre, the dam of Homs, the

eisterns of Rssafé, the canal of Heraeless over the Buphrate, the aquedudts



1t, known as those - N
of Ztﬁiiz, the agnaduets of

Jaor Ibrehim and the eollecting
pasins of Salomon which used to
collect the artesian water near

Tyre,.and whieh are ussd up to

NOW,
Unfortunately, this set
of very interesting irrigation

The aqueduct of Nahr Beirut. On
schemes have later on been dis- the background: Headworks of new irriga-
' tion scheme around Beirut,
continued, Up to ten years ago,

irrigation has been practised — g : —

with very primitive methods.
gvery agriculturer used to maks
his own irrigation, without
whatsoever knowledge of the
subject. This has 1led to poor
putput and at the same time

created an #ternal subject of

-

dispute among the sgriculturers.
This was the state of The same headworks seen from up-
gtream.
the affeirs before the first

set of works for the irrigation of the Homs district started.

0 - WORKS SEXECUTED
Some fifteen years ago Syria and Lebanon were completely new in
irrigation, Not only irrigation was inexisting, but also no record of

the rsgime of the rivers was available, Projects of irrigation are



JRRIGATION OF THE HOMS DISTRICT

The canal at Bab-Amar

The main cansl nsar Home
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not like those of Struectures., For long periods, sometimés running up
to 50 ysars, the regime of the river and of its tributories have to be
rocorded, the nature of the subsoil has to be investigated, the rain
carrying winds, the temperature changee, the snowfall, ths amount of
silt carried and many other factors have to be studied, &nd only then
the design is to start.

But the country could not wait such & long period. In 1929 the
"La Régia des Btudes Hydrauliques" was created and started immedistely
to study the Orontes river from the spring down to the mouth. Then
they carried ths following studies; ¢the Yarmuk, smell river near the
Transjordan border; the Buphrate and ita tributary the Khabour; irriga-
tion of the Beksa by the waters of the Yammounsh lakse and the Nahr Kzayel:
and that of the Batroun Valley, and the amelioration of the irrigation
scheme existing eround Beirut, All these projects were established from
1930-33.

During the year 1934, the execution of the firet set of the irrige-
tion of the Homs district started, Since then it did not stop. All the
above-montioned projects heve been started and some completed, In addi-
tion in May 1943 has sterted the irrigation of the coastal valley from
Nakoura to Saida by the waters of the Litani river ard the Res-el-Ain

spring, This is known under the name "Kezmieh Irrigation Scheme”,

D - POSSIBILITIES

The work executed during the last ten years is considerable if
the difficulties and the short period be considered., But it is negli-
gipls compared to what could be done, Lebanon and Syria are essentislly
agricultural countries, and the effect of irrigation on agriculture

cannot be overemphasized., BEvery drop of water, which can be utilized

and is not, is & loss to the country, And we have scores of rivers
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and springs that run to the sea without being touched,

Eagmieh Irrigation Schems
fha river and the main canal just after the Headworks.

one of the meny structures of the project
The aqueduct of Ras-el-Ailn

of 44
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ITI. THS KAZMISEH PROJLCT

The Kazmieh projeet has been planned to irrigate the coastal re-
gion of the South Lebanon from Sidon to the Palestine border, Started
in May 1943 it is still under construetion. When completed, 4000 hec~-
tares could be irrigated, Already it is being utilized in eome regions
where the projeet is completed.

Tho mopdulus of irrigation is 1.85 litar/second/hectara. This
seems too high, when we keep in mind the average modulus of 0.60 es~
téblished for different countries of the Mediterranean basin. But when
we congider the particular conditions sxisting in the arsa under ques-
tion - relatively poor and pervious soil, plantatione to be mostly or-
charde, and ignorance of the agricultursrs for using the water economic-
ally - the above figure does not appear excessive,

The design of the Kazmieh project has been done very carefuliy
and has nacesgitated the proviesion of many structures sueh a&s tunnels,
agueducts ete., In many respects, when completed, this projeet will be
considered as on® of the best irrigation schemes existing in Syria and
Lebanon. 1Its main diesadvantage ie the lack of adequate headworks. The
water is deviated into the canal by an 0l1ld weir, and the regulating de-
vices are inexisting, The purpose of this paper is to present a design

of hesdworks for this projeect.
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III. HSADWORKS

A - GENERAL CONDITIONS OF FLOW

The purpose of the hoadworks is to deviate the water into the
canal. This water has to be so regulated that for all conditions of
flow in the river, the discharge of the canal remeins as near to 6.00
¥.C./sec., as possible,

Before designing any irrigation project, the regime of the river
has to be studied for several yeare, and the monthly and yearly varia-
tions recorded., In the case of the Litani only rough studies have been
done, and the results are:

Maximum flow 200 M,.C,/see

Minimum flow 30 M.C,/sec

Average flow €0 M.C,/sec
These figures cover only & few years, As the headworks are designed to
last several decades, it would not be safe to base the design over such
an incomplete data, The maximum flow will be assumed to be 500 M,C,/sec.
Thie figure may seem excessive, But as the available records are far
from being complete, it is better to be on the safe side, For the same
reason the minimum flow will be considered to be 10 M.G./&Bc.

The headworks will be designed so as to provide enough water in
the canal at the flow of 10 M,C,/sec and be strong enough to resist the
flow of 500 M.C,/see., These extreme caseés might never hsppen, neverthe-
less the design wiil be based upon them,

a) Choice of a weir formula

Among the many weir formulas the one given by Francis suits the
best to our weir and conditione of flow.

For a weir with negligible velocity of approach, no end contraetion
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and no submargenca
Q@ = 1.875 Bg /2
Q being the discharge of the river M,C,/seec,
B . " opening of the weir, in meters.
E " " head, in meters,
For a weir with the veloecity of approach considered

Q = 1.875B l(E + no)%/% - ho?’2)  for H{ 0,218
5
Vo

2g
Vo being the veloecity of approach in the river measursd

in which ho =
somé distance upstream of the weir, in meters,
Z being the height of the weir, in meters,

For a negligible velocity of approach or for a uniform veloecity,
Sehoder &nd Turner at Cornell University have found the Frencis formula
to be about 7% too low wuen H = 0.08 meters, sbout 3% too low for
E = 0,06 m,, but to be accurate within 1 to 3 % for heads above 0,10 m,
G.H, Rafter and others have conducted experiments at Cornell University
with valuses of H up to 1.50 meters and found the formula to hold up to
that head. (Schoder, 3,W,, and K,B, Turner, Precise Weir Measurements,
Prang. A.8.C.B.; Vol. 93, p. 199, 1929,)

As in the case of our weir the values of H will be within 0,10 m,
and 1,50 m,, the Francis formula will hold trus within 1-8%, which is
accurate enough.

For %;> 0,218 Francis recommends
Q = 1.875 BEY/® (1 4 1.6 52)
A varies from 1.00 to 2,00, It incrsases s 3

2
decraases.
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b) Computation of the head.

Assume the weir opening to be 90 meters.

1-Q = 500 M,G,/sec .

Vo assumed 3.00 m./see.

A " 1.15
2
ho % 10«8 X8 o 0,46
28 19,6
50O = 1.876 x 90 x 33/2(1 ¢ e85 X l§15 x _0,46)

2.96 = H3/2 & 0,78 gt/

.o H= 1,67 meters

—
2-Q = 400 M.G./sec
Vo assumed 2,50 m,/sec.
2.0 x 2.8
st i 2 o.?a
400 « 1,875 x 90 x BO/F (1 § LeB X 1.8 x 0,88,
1/2

2,87 = 783/% & 0,626 H
..o H ko 1.39 metarB

—_—

3-Q = 300 M.C,/sec

Vo assumsd 2,00 m./ssc.

= " 1,60
ho = £.X2 - 0,20
.300 = %?ésﬁ x 90 x HS/E (1 4 1.6 x 1ﬁ5 X 0.20)
1.78 = 8%/% 4 0,46 u!/%

v'v H = 1,18 meters

4-Q = 200 M.C,/sec

Vo assumed 1,50 m,/seec.

A " 1.70
1'.5 X 105

ho 1973 0.116

i
{1
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200 = 1,875 x 90 x W2/2 (1 4 16 x 1.7 x 0,115,

H
1.185- ®3/2 4 o,g¢ gi/?

"¢ H =z 0,92 metoers
5-Q = 100 M.C./ssc.
Vo assumed 1,00 m./sec.
5 " 1,85
bo 5 =228 . 0,08
_ _ 19,6 3/2 1.6 x 1,85 x 0,0b
100 = 1,876 x 90 x H (14 = )

qu 1/g

0,098 5t . 1+ 0.139 H

« +«+ H = 0,61 meters
6-@ = 60 M,C,/see,
Vo essumed 0,80 m,/ssec.
" 1,90
bp 3 2e3 X0:8 o o.o84
. e 8/2 1.6 x 1.9 x 0,034
60 = 1,876 x 90 x H (1 4 . )
0,856 = #5/% 4 0.096 /2 :
. B = 0,45 meters
For thie value the ratio o = 045 - 0,21 which is close to the eri-

g~ EIE
tical value of O,218 given by Francis.
With formula

Q = 1.875 B [ (B + ho)z/z - hoz/aJ

60 = 1,876 x 90 | (H 4 0.034)%/2 - 0.0545/2}
' H = 0,47 meters
And by neglecting the velocity of approach

q = 1,875 3r2/2

60 = 1,875 x 90 x g%/ 2

.. H = 0,50 maters
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Q-H Diqgram
For Flow over the Weir

Q.iessB H"(4, 1.5.1&‘:)
for &> 0.218

Z =2.)5m. average

H ia metees

G melen cuhe/ stcond

J;-: 0. M8 — Q= 48F5 BI(H+holh - hot]

Q:1815BH™ Ve aeglecied

H/o0.218
pae 24

100 1.50 2.0
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It is ssen that when g is near to 0,218 and with small veloecity of
approach the 3 formulas give close results, For values of Q<<60 ¥.C./ssc.
as the veloeity of approach bscomes small, it will be neglected and the
formala @ = 1,876 BEC/E wi1l be used, For Q = 60 M.0,/sse. we will re~

tain the value H = 0,47 meters.

7- @ = 40 M.C./aec.

40 = 1,875 x 90 x HB/B
3/2 40 :
R s IEvexen = #=87

.'« B = 0,38 meters

o

8-Q = 20 M,C,/ssc.
FURNS = 0,06
I.876 x 30

'+ H = 0,15 meters

Figure 1 shows thse Q-H diagram

¢) Tail water

Past the weir, the water will drop to a new level, This is
called the tail water., It is nscessary to compute its height in order
to have the effsctive head.

By the equation Q = AV = L4V

Q@ being the discharge cu,ft./sec.

" " gross seetional area of the water, sq. f%t.
» ¥ veloeity of the water, ft.sec,

L " ¢he width of the river-bed, ft.

= H 4 b

e " ¢he average height of water, ft.
Q 8and L are known, If V is determined, 4 can be computed, by Chezy's
formula V = CVYms

C being a cosfficient
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m being the hydraulic mean depth in feet
S L the slope of the river bed

Kutter's FPormula for C gives

41,85 #% 0,00281 1 1,811

@ = S n
: 0, 00281 n
1 4 (41,656 4 o )\/E

The slops of the river bed can be assumed to bs 0,Cl, An average
value of n for natural streams is 0.04. L is 200", The width being

. much in execess of the height m can be taken as being equal to d.

0,00281 4 1.811
41,65 4 0. 01 0.04 A 8?.23~%3;
0.008281 0.04 - 1.68 + Vi
1 41.66 + To1 )
T Gt ) T

b g7,23va x\/3s . O7.28 x0.1xda _  8,728d
T 1,68 $va = 1.68 + Va - 1.68 +Va

2
200 4 x 8,783 4 _ 1744.6 &

1.68 + Va T 1,68 +\/a

Q = LaVY =

Keeping in mind the relation 1 M,C. = &5 cu. ft.

1. @ = 500 M,0./see,

2
BOO x 35 = L/24.64
1.66 tVa
8- = 500x35 = 10
1.68 +Va 1744.6
- 1,95 meters.

d. F 6.4, or . e

2, @ = 400 NM.c./ssec.

3% - 400 x 35

1,66 V4 = 1744.6
d =, 8.9 or %y Q.72 maters,

- 8




3. @ = 300 M.G./ssec.

e | Sl

1.68 + Vi

d = 4,78 or
4, @ = 200 M.C,./sec.

o

1.68 +Va

@z B3R or
5. @ = 100 4.C,/sec.

1.68 + Va

& = B8,66" pr
€. Q = 60 M,C./sec.

4%

1.68 +Va

8 =z 1,9 oY
7, @ = 40 M.C./sec.

42

1,68 +\Va

a4 = 1,88 or
8. @ = 820 %,0./sec.

I

d = 1.U4' or

300 x 36

xS Tz 6

1744.¢6

s &« 1,40 meters

200 x 35
1744.6

1]
i

e » 1.13 meters

100 x 36 _ 9

[P —— =

1744,6

s «» U.T78 meters

1.2

« « 0,B8 meters

40 x 35 _ .80
1744,6

* @ 0.46 meters

Eg x 8b
1744,6

= 0.40

te 0,38 meters
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u
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». MAIN  HSADGATSS

a) Flow in the canal

Specifications of the canal
Bottom level 27,50 meters
Water line 29.00 meters

Discharge €.00 M.C,/s8c.

The velocity of the water in the carsl should not exeeed 1,00
matars/saa. A higher veloeity wounld, in the long run, damage-tbe strue-
ture,

An undershot type regulator will be used., This is more sconomi-
cal in construetion, and is eesier to regulate. It is used on mostly
all irrigation schemes. The hsad reguired is computed by the formula

¥ 8 4 2zh
Agsume M = 0,70 The value of u is relatively small becauseé in the under-
shot regulator the water is in contact with the structure on all faces,
Thersfore

0.70 \/2 x 9.8h

o
-
o
o
I

1,00 - 0.35

0z x 9.8

=

h = 0.13 meters say h = 0,15 meters

- Assums & total width of the headgates of 6.00 meters
' We have Q = AV

4 = 64
d being the height of the regulator

Q = 64V = 64 or 4= 8
6
As @ = 6.00 M.C./s8¢c
& o BB 1.00 meter

6,00
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We will use 4 regulators eaeh 1,50 x 1,00 meters,

The minimum required head is 0,15 meters, At the minimum flow of 10 M.C./
s8¢, in the river, the height of the water above the weir is 0,15 meters.
This would provide a sufficient head for the flow of 6.00 M,C,/s2e. in

the canal, But cousidering alsg the efywet of pereoletion and otusr loe-
g28, tne wolr will be raisged 0.156 meftors higher than the water line ip

the canal. The latter being at an elevation of 29,00 meters, ths weir
elevation will be 29,15 meters, This will provide sufficient head to

keep a constant discharge of 6.00 M,C,/see, in the ecanrel, even with no

overflow of the wair,

b) Design of pisrs (fig. 2)

Meximum watsr level 29,15 + 1,.B7 = B30.78 m,

Top level of piers 31.50 m,
Bottom leval of canal 27.50 m.
Opening of regulator 1,80 m,
Width of pier 1.00 m,

Width of sluieceway supported by

ons pier 1,00 & E._x._?zh@ = 2,50 m,
The pisr is built of conerete having a speeific weight of 2.256
The height of the pier above the bottom of the canal is

31,50 -« 27,60 = 4,00 m,

The 1length of the pier is 4,00 meters,

1. Stabilizing forces
Average width of the pier is 0,90 maters.
Weight of pier 4,00 x 4,00 x 0,90 x 2,856 = 32,4 tons

2, Overturning forces

13 tons

Water pressure 5,28 x 3.82 x 8,6 -
i 2
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3. Factor of safssy E%%i = ‘Bb

4, Cheeck on ovarturning

Moments about right edge

zu=32.4xz-13x§33§

te

€4,8 - 13,8 = Bl ton meters

Distance of point of application of the resultant force

bl N
B84 T
The resultant forece fells within the middle third

from the right edge D = 1,67 m,

Beeentricity % - 1467 = 0,43 m,

6, Maximum stress on foundation

_ R 4 Mo
s ® ¢ 1%
32400 £
5 3 32400 x_45 x 200 x\lB = 0.9 f 0.60
400 x 90 = 90 x 400 x 900 x 400

S Max= 1,50 kg/em”
S Minz 0,30 kg/cma

The pier is safe against crushing

Design of walls

1, Pansl wall

The regulator being of the undershot type and the gate being mueh

lower than the maximum water line, walls are to be provided in between

the piers in order to keep the water from entering into the canal other-

wise then by the gates,

This wall is to be of reinforeed ccnerete, It

will be designesd as & slab supported on the 2 piers that it connects,

The width of the wall is 1,50 meters.
Intensity of water pressurs at bottom Pz Wwh

P being the pressure head in feet

w " " gpacific weight of water, 1l.bs. per eu,.ft.=- 62,5

h " " height in feet
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The average height is 3 meters or 3 x 3,288 = 9.84 f¢t,
P = 68.,6x 9.8 = 210

Allow 50 4 impact ZEB‘IE%?EE'IE

™

The slab being partly restrained use the formula M = wl
- 0
N - 466 x (lig X 8.88)" y 12 = 18450 in-1b i
d =z M
Kb

Using & 700 1b, concrete with n = 12

P
i

106,% -

I 13460 _
106.7 x 12 = ©-86 in.

Add 1 1/2" for cover on each side and 1/4" for reinforeement

i

depth = 3.86 + 3 + 0,26 = 6.b6"

The use of reinforeed concrete under water has only been lately intro-
duced and the data available to ites behaviour is incomplete, Therefors
we will be conservative and use an 8" slab, The same will be applied

to the reinforcement,

: .
AS = ———— = 19080 = 0,292 sq. in.
fsjd 16000 x 0.885 x 3,25

Use 1/2“ round Mild Steel bars at b 1/2“ c, toe., As = 0,43 sq.in.
As the wall is subjeet to forces due to vihration, and to other indeter-
minate stresses, the reinforcement will be used on both faces. The beam,
at the lower sdge of the slab may have to support the pregsure exerted
by ths gate,
Depth of center of gravity of the gete 3,00 m. or 9.8 ft,
Height of gate 1.00 m, or 3.28 ft,
Intensity of pressure
P = S.,28x 9,8 x 68,6 = 2000
Allow 50 % impact 1000

s e

Total 3000 1.D,
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2 2
M - WL _ 3000 x (1.6 x 8.88)" . 15 . 6000 in.1b,

10 10

= §_6_O_gg___ = 10 il’l.
y106,7 x 8

Potal depth 10 + 1 1/2 4+ 1/2 = 12 in.
As = » = 86000 = 0,60 sq. in,
fajd 16000 x 0,885 x 10

Use 3 = 1/2" round Nild Steel bars 4s = 0,60 sq. in.
Top reinforcement 2 - 1/8" round bars
Bending up 1 bar at 1/5th the span 4s = 0,60 sq., in,
Maximum shear

3000 x 1,6 x 3,48
2

Use 1/4" round Stirrups A4s = 0.10 sq. in.

7400 1hs.

The spacing of efirrupe is given by formula

g % faj? As_ . 16000 x 0.885 x 10 x 0,10 - 4 o
V- v'bjd 7400 < 40 x 8 x 0.885 x 10

2. 8ide and Wing Walls

The side and wing walls to te of 1:8 ecement gravel conerete, The
£ida wall to be verticel on the side facing the water and to have &
batter 1/4 on the other side, The wing wells to have a batter 1/11 on
both sides,

The stebilizing effect of the water pressure has not been eonsidar-
ed, The walle will rest over the rock at elevaticn 26.00 m, end thas top
will be at eleavation 31.60 m,

The dangerous section is at the elevation B7,00 m, for thée wing
walls and at 27,50 m, for the side walls, Thess are respectively the
elevations of the bed of ths sluiceway and the bottom of the canal, be-
low which the counteracting effeet of the river material will come into

action.
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A graphieal analysis of the side and wing walls at this section is
prasanted in figs. & and 4, The angle of naturel elope of the material
is taken et 31°, and the surface of the ground is horizontal, It would
be natural vo supposs thet the part of the farvtn 8xeériing pressure on
tne wall would be determined by the angle of natural slops, &ll material
from a naturel horizontal grade up to this angle being abls %o t&k;T;f
itsslf, and all the material above ths angle needing the wall to hold it
in place. Bxperiment has shown that this is not strietly trus, for as
the earth settles into plaes, certain forees of friection and tendendies
toward a state of equilibrium comeé into play, creating internel strosses
which produee eonjugate prassures, The exaet determination of these
internal stresssés demand very complicated computations which would, alone,
becomo a subjeoet of a thesis. I will refer to a graphical method des-
cribed in "Kidder's and Parker's"™ handbook, &nd which has been found to
bs sufficiently sccuratse for all prectical purposas.

Consider & glics 1 ft, thick, For determining the prism of earth
draw a line parallel to the face of the wall, (Fig 3 and 4,I) Drew BH
making an angle ABH, squal to 2 ¢ , wWith the back of the wall; con-
tinue this line uhtil it meets at H ths slope of the surfeece of the sarth
back of the wall, prolonged. From A, the top of the wall, draw AJ paral-
181l to BF the natural slope of the fill, This has been taken at 319,
Breet a perpendicular from the middle of JB, and with any point, O, as
a center, on this perpsndicular, deseribe an arc passing through J and
B. Draw HO and bisect it, and with O' as a center and 00' as & radius
deseribe tue are cutting the arc JKB at K. Again with a redius HK and
with H as center, describe the are XL, and finally, from L, draw LE paral-
lel to JA., The interseotion of this line with the surface of the ground
locates the point B. The line EB is the line of the cleavage-plane whiech
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separates the part of the backing which bears against the wall from the
part which sxerts no lateral pressurse,

TPhe next step is to determine the dimensions of the wall to resist
the thruet of the earth, Draw to a largsr scale the triengle represent-
ing the basse of the prism of sarth, and find its center of gravity G.
(Figs, 3 and 4, 1I) Prom this point draw two normals, one to the back
of the wall and the other to the line of the cleavage-plane., Draw the
two lines, GM and GN, making angles ¢ with these normal, Lay off
vertically, from G, at a scale of 1 linear centimeter to 10 square centi-
meters, ths line GP. Resolve this weight-line along GN &nd GM. This
will give the magnitude and direetion of the pressure of the earth against
the wall, Apply this pressure &t a point on the back of the wall, one
third the distance from the bottom,

To reeist this overturning tendency, the weight of the wall, com-
bined with the pressure of the earth behind it should produce a resultant
which falls within the middle third, The foundation laying over a tooth
shaped rock, erushing &nd eliding effecte are not considered,

As is seen in figures 3 and 4, II, the resultants fall within the

middle third and the walls are safe,

d) Checking Devices

The main objeet of the headgates is to keep a constant flow in the
canal under different heads, This is dons by regulating ths opening of
the gates, We will compute the opening of the gates for a constant flow
in the canal under different hsads,

We have q = AV

A = 64 i being the opening of the gates, in meter
0.7\/egh = 0.7 x 4,43 \&
64 x 0,7 x 4.43\/ b

e
i 11
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but @ = 6,00 M,C,/sec.
6 0.222
theref i = - o
RETEYET EETTIETLEBVE - TUo
1, Q = 500 M.C,./ssec.
h = 1,57 4+ 0,16 = 1.72 meters
0.322
R 'y s——= = 0,246 meters
V1,72
2. @ = 400 M.0,/sec.
h = 1,39 4 0,15 = 1,54 m,
i = SR - 0,26 w.
\V1.54
3. Q = 300 M.0,/sec.
b. = 1.18 + 0.15 - 1.55 m,
8 g SISEB O olagw,
1.35 o e
4, @ = 200 M.C,/sec.
h = 0,92 4 0,16 = 1,07 m.
1,07
B. Q = 100 M.C,./sse.
h = 0,6' 4+ 0,16 = 0,76 m.
4 5 22888 C . Co.80 m.
\/0.76

For a flow of 60 M.C,/seec and less the hsight of 0.15m. will be omitted,

because at this value the losses due to percolation ete. will becoms

gensible,

6, @ = 60 M.C,/sec.
h — 0047 Tﬂ- :
e 0,322
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7. Q = 40 M.0./sec.
b = 0,88 m,
a = UY.382 _ (.52 m.
V0.38 e
8, @ = 20 ™,.¢,/ssc.
h = 0,24 m.
a = Q9:382 _ 0 g1 m,
V0. 24 s

g. Q 4; 10 I‘ﬂ..c./seoy

h = 018 m,
a = 2.322 . 0,83 m.
Vo.¥5 i B

FPig. b gives a graphical repreeentation of this varistion,

By projeeting this curve over the abecissa, which represents the
head, we will obtain & scale whose graduations correspond to the open-
ing to give to the regulator to keep a constant discharge in the cansl,

This seals is then inverted and printed over & board.

A perforated cast iron pipe is fixed in the river bed. The water
is allowed to penetrate the pipe only from the holes, and therefore it
is undisturbed, A oylindrical float is placed in the pipe. The flout is
bolted to a 20 m/m round M.S. bar which has at the upper end an indicator
sliding along the graduated board.(Fig. 6)

When the water level in the river varies, so does the indicator
and shows the corresponding opening that the gates should havse,

Cther boards having & metrie scale graduation are pleced over
gach gate, The indicator is connected to the lifting attachmsent. Thess
boards indicate the opening of the gates,

If elactric powsr was available, it would have been possible to
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install an @lectrie regulator, As thie is not the case, the regulation
has to be dons by hand., The opsrator will resad the figure indicated by
the first scale and then will manipulate the lifting devices of the gates
g0 a8 to obtain the same reading on the Bthar sceles,

This simple deviece will permit to keep a fairly constant flow in

the cenal.

@) Operating Platform

The operating platform to be of reinforced conecrete and to haveas
width of 1.5 meters or & feet, LHLvery slab will be freely supported over

the piers in order to prevent eracks in case any one of the piers settles.

The live load is taken at 200 1,.,bs. per sg, ft.
The own weight is assumed to be 75 L " B "
Total 276 " m w o m

M = ‘lg.; = 275 18535 x 12 = 10600nin, 1.bs.

a :\/——-—-—-—1960O = 2,9 in.
106,7x12

Depth 2.9 ¥ 2 4 0,256 = bH.16 in, say 6. in.

AB = +BoR0 = 0,86 8q. in,

16000 x U,880 X 2.9

Use 1/2" round M.S, bars at 8 in, C. to C. As = 0.29 sq. in,

£) gates

As the gates to be used for tre sceouring sluices have the same di-
mensions and are under nearly similar ceonditions, for simplicity in cons-
truction, a single design will apply for both of them, The bottom of the
gseouring sluice gate is at elevation 27.00, The maximum water level is
30,72 m, The pressurs exertead by the water over the gate is equal to the
average pressure times the area of the gate, But as the depth of the gate

is small compared to the maximum height of water and also because the error
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is on the safe side, the pressure over the gate will be considered as
aqual all throughout to that sxisting at the bottom.
The gata is to be of a steel sheet reinforced with standard steel
channels,
Total pressure over & metser width of gate
W = 3,72 x 1000 = 3720 kg/sq., meter

Proessure acting over 1 ehannel é%EE-

i

926 kg. péer meter run

Allow 50 % impact 463 _

o

w1l 13688 x 1.5 x 1.6
M = -'E-— = s

- O
) = 390 kg.m,

or BY0 x 2.8 x 5.8 x 1 = S38BUO ing 1lbse,

At & unit stress of 18000 1b./sq.in B 22800 = 1,88
c 18000

Uso channels 3 x 148 in, at 9.00 1b, per ft % = 2,10

Use a 5/3 in, 8teel plate. The bearing surfaces of the sidss are 1ined

with bronza plates to give a smoother and better wearing bearing surtfacse.

g) Gate Lifting Devices

The operation of the gate requires the application of a force
which will overcome the weight of the gete ani frietional resietence pro- !
dueced by the pressure on the gates,

According to Rankina the coefficient of statiec friction of maetals
over matals varies from C.15 to .25. Aceording to A.L, Yariis this figurs
saams low, and has to be inersased in order to take cars of the addi-
tional frietiorn that comes from the ruet., Therefors chose a coefficient

of 0.40,
Prossure over the gate 3.22 x 1.5 x 1000 = 4830 kg.

Frietion 40 % 1932 Kg.
fata 4 channels 100 kg.

Steel plate 118 kg.

Variations 100 kg,

318 kg. 318 kg.

2250 kg,
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The opening foree is 2250 kg, and the closing force ig 1614 kg. The gate
lifting deviee is to be able to exert an opening as well as a closing
fﬁrca. It is attached to the piers, so that the operating platform will
not be subjeet to this uplift dus to the elosing forece, The span being
in excess of the depth, twin 1lifting attachments will be used. The de-
vice consists of a rack fastened to the gate, a geared pinion to trans-
mit the force to the rack, additional gears to give greater mechanicel
efficisney, and an operating wheel with an arm rigidly ceonnscted to the
same axle as the pinion,

This device cen be obtained from manufecturers who make a speciali-
ty of the construction of gate lifte for irrigation structures, Thse re-
lation betwseen the operating force and the total pull eiertea on the
gate is expressed by the egquation

P o= Prrl

a“RR;
for a triple spur goared device,

r being the radius of pinion fixed on the same axle &s the
operating wheel.

ry being the redius of pinion acting on rack.

R » | " " opperating wheel.
Ry ” L . " main geared whesel,
9 " " afficiency of geering end bearing, 90% for
cut testh. |
P - 2850 . II) _ gpgo 1
%81 RRy BR,

The value of F has to be less than 30 kg.

By taking TPl - 100 from a cetalogue iseusd by the manufacturezs,
RRy
we gat ¥ s B7.80 kg,

A man can apply this force at the rate of 30 meters per minute



Page 27 of 44

The time necessary to 1lift the gate 22850

oA 2 minutes 356 seconds,
27 .8x30 .

h) Spillway
Although the regulator is designed to keep a constant flow in the

canal, practically it never fulfills ite function perfeetly, snd the wa-
tor level in the cansl can sxceed the mllowable limit, In addition, an
obetruction in the canel, formed either by some material or body falling
in the canal or by closing checkgatee farther down in the cansl c&n reise
the water level of the canal.

This might cause deamage to the struecture and therefore is undesir-
able, A spillway is to be provided, This consiste of & simple opéning
in the canal so that the unnecessary amount of water discharges at right
angle to the direction of the flow in the canal. 1Ite position is located
& short distance beyond the headworks., The maximum amount of water to be
discharged is mssumed to be 1/4 of the flow in the canal or 6/4 = 1.6
M.C./see. Due to the ineresse of the flow the water level of the cansl
will increase by 0,20 m,

The length of spillway is given by the formula

Q = Qo = 2/3 a bhy \/ 2ghy
Q1 being the discharge before the spillway
Qo " W " after L "
a " coefficient
h w the irop

1
1.6 = 2/3 x 0,80 x b x 0,80 \/é x 9.8 x 0,20 10D = 7,20 m,

Engels, after meany experiments, hes found that the above given formula is

not accurate., He gives the formula

Q - Qo = 2/3 u\j2e § fpBe5 x 15

b = 16.2 say 16 meters
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¢ - DIVERSION WEIR

a) Choiece of Weir Length

The main objeet of & diversion weir ie to raise the water level in
the river to divert the desired flow in the canal through the headgates,
The location of the weir is imposed by tﬁe existence pf the canal,

'he length of the weir affects the height to whiech the water will
be backed up on the upstream side, From consideration of economy, &fter
gseveral trisls, a length of 90 meters has been adopted. This figure
eould have been reduced to 35 or 40 meters, But in this caess the dis-
advantages would bs

(a) the use of a dividing wall about 15 meters long to form
& sluicsway.
(b) the maximum water level would be
Vo assumed 4 M./Bec.

M " 1,16

2
B e of it hBa AT (OSSR
2 19,6

50O = 1.875 x 40 x EO/2
1/2

{3 4 18 % 148 x 0,.84)
6.66 = E9/2 4 1.6 H =
H = &,60 meters,
This means an incrsase of over ons meter in the head, and would
nacessitate highner and stronger piers, wing panel and side walls, gates
end gate lifting deviess, &nd also a stronger weir,
All adventages and disadvant&ges being considsred, the 90 meter
weir has been found more economical and has been adopted.
Investigations on the site have shown the existenee of a formation

of uncracksed limesstone at an elevation of 26,00 - 26.25 meters, which co~

vers all the area of the headworks, The surface of the roeck should be
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chipped off to remove t he impurities and to give & rough surface to the
roock, .

The weir is to be of 1:8 cemsnt ballast plain conerete, having a
spécific gravity of P = 2.285., In some instances the weir is going to
bs wholly submerged. It is well to assume under such conditions that the
specifiec gravity of the weir should be reduced to P -1 = 2.85 - 1 =
1.286., Actually, however, the rosistance of the weir wall to overturning
relative to its base at floor level is not impaired by flcatation, but
a8 weight in thie case ;a & desideratum, the weir wall should be designed
ag if this were the case.

Bligh gives an approximate rule for the base and erest wiiths of
a trapezoidsl weir

%2 + H Z 4+ 0.68

VP VP
crast = \/E + \/2zZ

“Basgsa =

%2 = height of weir, in feet.
H = height of water level above the crest, in feet
S = specifie gravity.

In our case B 1.B67 m, or Bilb '£b,

1)

Z 29.15 =T 26.‘«‘0 = 5.15 Ms Dr 10.5 ftl

Baga = 10,3 + 5,15 = 13.80 f%. or 4.20 meters

]
o
L}
)
o
e
i
2
Y
o
!

Cragt - b,48 ft., or 1,70 meters

b) Shape of the Weir

The "Ogee" weir has been found to suit the best to our conditione.
The downstrsam face is formed to fit the eurve of the underface of the

falling water, 1Its advantages are



Page 30 of 44

1. Ths water will hit the floer horizontally, so that it produces

no impact, and & thick floor will not be required.

2, The water will always be in contact with the weir, and no

vagunm is produced on fthe downstream face

3. The frietion los=ss will become smallsr than in the case of &

trapszoidal weir.

The "Ogee" is fommed by the combination of several curves, The "National
Resources Committes, Waahingtnn, D.C."; recommends the following ehape:
The top eurve to be a parabola whose eguation is
x® = 1.97 Hy
X and y being tne eoordinates

E =z the maximum water haight above the crest

xa 2 1,97 x 1,87y = 3,09y

Thie curve will stop at the point x = 0.76y or % = 0%75
By differentiating the equation x* = 3,09y and equating it ©Co C_%E
W - 2 1
ix 3.08 0.78
= _%..'..09 = 28,086
g x 0,76
Taking different values of y and solving for x
¥ R L s iR o e x = 0,39
Tl ~ LI o & it b e e e 2. OpBh
¥ = D80 oo Os 8 i e x = 0,76
2 L e o L e x = 1,18
¥ #0000 B0 s v v e v X =5 1aD6
To A S PO %G et SO - e T BT
o g I [ 7 < R e e 4 &l ae oL W LTB
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¥ & als¥0. L uisisemmnansairs y <X /8 8.06
The paravola, €f the point x = 2.06, is ©o be followed by & straight
1line wavisz an i1peliusticn ; = 0.76. This line 1s tangent to the pare-

hola. Aitos Vuo staalght line mn arc ol & c¢ircis suvula cowe, haviong &
radine R = 1,280 m, Tnis reverse curve will deflect the water horizon-
tally.

The "pgea"™ wair 1s shown in figure 8§,

The raeult of an "Ogee"™ shape is the elimination of ilmpmet, but
the wator is discharged &t the foot of the "Ogee" with a high veloeity,
which requires the protection of tha strsambed. for some distance down-
gstream, According to a numbér of authorities on éngineering prectice in
India, the use of "Ogee" falls in India have bsen abandoned and replaced
by direct falls on & strong apron for the reason that the action of the
high secouring veloeity resuiting from the "0Ogee" was more difficult to
protect against than the force of impaect., This difficulity I believa, is
largely due to the fact that most of the Indian weirs are built on soft
foundations of silt or sand, and the above objoections 40 not hold true

for the case of our weir.

¢) Stability of the Weir

The conditions for stability of the weir against hydrostatic
preéssure are
1, There must be no tension in the plane bstweon the weir
wall and the foundation.
2, There must be no overturning.
3., Thera must be no tendency to slide on the Jjoint with the

foundation or on any horizontal plane sbove the base,
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The maximum pressure on &ny plane or on the foundation

must not exceed the preseribed limit,

Pig. 7 shows & trapezoidal woir, PFig. B8 has been drewn according

to the recommendations of the "National Resources Committee" on "QOgee"

weirs., The two weirs have nearly the same crogse section and the same

momént of Inertia relative to the puse, In order to simplify the work,

the chsck on the stability of the weir has been determined from & graph-

ical analysis of the trapezoidal weir,

The forces acting over ths weir are

1.

24

3.

The normal watsr pressure on the upstream face; the maximum
head is (29.15-87.00) + 1,57 = 3.72 metere,
The normal water pressure on the downstream fall due to

tail water, This has been found to be 1.95 m,, but 0,75m,

only will be considered as being effectivs,

The weight of the water supported by the crest. This foree
is small and adde to the etability of the weir. By neg-

lecting it we will be on the safe sgide.

Fig. 7 gives the following rosults :

1.

4,

The resultant force falls well within the middle third.
80 thore is ro tension in the plans between the weir wall

and the foundation,

12
The fector of safety against overturning is ___ = 8,78

4.4
The sliding force is 4.4 tons, The resisting force is

12 x 0,6 = 7.2 tons, without congidering the additional
rogistance whiech is due to the toothed shape.

The maximum pressure on the foundation is given by the

E Me
n +

formula S s S

—
-
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P = 12000 kg. M = Pe

& = aceconbtricity = % - 1,56 = 0.4 m, or 45 cm,
BB, L TR g e L0
S Max = 0,60 kg/cm2

S Min = 0,10 kg/cm2

The weir is safe.
The weir being built over roek, percolation and uplift are not

considersd.

d) sSmergency gates.

In periods of flood, when the water level increases sbove the hig
est expected, the emergency gates will prevent the destruction of the
headworks, Actually such a flood might never happen., But e&s we often
hear about destructions of headworks due to floods, and the enormouse
losses resulting from them, it is wise to invest some money to protect
the structures &nd the neighbouring lands., The construction of these
emergency gates is guite simple and will not cost mueh. In normel periods,
the openings are closed with stoplogs groved in the piers. 1In periods
of flood these stoplogs are removed and the water flows from thesse open-
ings, which have a total width of €.00 meters,

-Tba amount of water relieved will depend upon the flow, The cal-
culations for a flow of HU0 M,C, will be presented.

The water flowing through the smergeney gates will be considered
of being formed of 2 layers, flowing one over the othsr, the top layer
is assumed to obsy the law of discharges through weirs

a, = 1.875 BES/2 (1 4 1.50&%3 )

o)
il

€.00. meters
1.57 meters

o
t
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/

O.46
1.57

2
{14348 %' L. 18 %

3
g = 1.876 x 6 x 1.57 )

q; = 33 M.C./ssc,
The bottom layer obeys the law § = AV. The bottom of the gates is at
elevation 27.00 meters, V is equal to 3,00 M./sec,
q; = 6,00 x 2,16 x 3 = 59,00 M.C,/sec.
Total discharge q; + q, = 33 % 39 = 72 1,C,/sec.
This means the emergency gataes are able to relieve the weir by

discharging about 14-16 % of the flow,

a) Foot Bridge

The foot bridge is needed:
1l. To pass from one bank of the river to the other onsa,
2. To inspeet the weir and locats deficiencies.
3. To pperats the emergency gates,
The bridge will be supported at 6.00 meter intsrvals by conecrete
walls resting over the weir,
The width of the bridge will be 1,50 meters to allow two persons
to cross sach other.
The bridge is supposed to carry a uniform load of 100 1b./sq.ft.
plus & concentrated load of 3000 1b,

1. Desgign of Slab
Assuming the width of & beam to be 10 in. the clear span of the
slab will be 5'-0" - 2 x 10" = 3'4"., The concentrated load will be

gegsumed as distributad over 2 width of slab of 2 ft.

y < WL 4 8000 . L_ 100x(3,23)% ; 1o 4 3000 y 8.38 .,
) Z3 4 10 TTEY el
M - 1340 + 16000 = 16340 in, 1lbs.
16340
i = = 3.58 in,

106,7 x 12

e
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According to practice the spmecing of stirrups should not exceed
3/4d. 21 x 3/4 = 15,76 sqy 15 inches,

The same spacing will be used throughout the beam, except at the
place where the bars are bent up, becausse these bars will take cere of
the shear,

The unit bond stress ie given by formula

v 9000
U = S = F= P36 0885 = 3T - Ot 1b./sq.in.

in which 2.36 is the perimeter of the 3/4 in, rods.

3. Design of Supports

The load transmittsd by 1 beam is equal to

I

2 x 6000 + 3000 = 15000 1.bs,

Using a 600 1,b. conerete, the required area of the supportwill be

16000 . g5 8q.
600

18

™o 6§ x 5 in, square reinforced concrete eolumns cecould be used to
support the bridge. But considering slso the effeet of impact and the
geouring effeet of moving water, a 30 cm., thick plain conerete wall will
be used in lieu, This wall will extend through the width of the bridge
and will be monolithically cast with the weir,
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D- SCOURING SLUICES

a) BPurpose

The main objects of a secouring sluice are :

1l, Top maeintain a well definei channel in front of the head-
gateg to the canal by scouring the silt or seand deposited
in front of the gates.

2., To prevent the entrance into the canal of the comrse
material carried by the river water.

The river bed being of sand and gravel, the presence of the weir
will oblige the partiéles (silt, sand, fine gravel) carried in suspen-
sion in the water, to be deposited on the upstream side of the weir, The
erosive effeet of the flood flows will not bs suffiecient to wash out the
deposits.

In the Litani river the silt deposition is not exeessive as in the
ease of rivere flowing through send. The secouring sluices will only be
located nsar the headgetes. On the other end of the weir the emergeney

gates will also help in scouring the deposits.

b) Design of Piers

Maximum upstream water level 30,72 m,

Tail water assumed sg effectivel? .76

Bottom level of gates 27,080 ¥
Opening of gzate 1,60 "
Width of piler 100 %
Width of water supportsd by

oﬁe pier 1.00 + §—§§lag - g.60"
Langth of pisrs 4,00 M

Height of water 30,72-87,756
Height of weir 31,50-27,00

3.00" (approx)
4,60 %
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1, Stabilizing foreces
Weight of pier 4,00 x 0,90 x 4,60 x 28,286 = 36,4 tons

2, Overturning forces

3.00 x 3,00 4 5.5

= 11,256 tons,
2

Water pressure

36,4

3, Pactor of safety 1185 ° 3.23

4, Check on overturning

Moments about right edge

M = 36.4x 2 - 11.25 (ééié) = 58,75 Ton-meters.
Distance of the point of application of the resultant force from

the right edge

D = 98.76 = 1,61 meters.
36.4
gecontricity 2290 - 1,61 = 0,29 meters.
2

5. Maximum stress § 2 % T %g
36400 . 36400 x 39 x 200 x 12
400 x 90 - 90 x 400 x 400 x 400

1.01 $ 0.59

i

S max = 1.60 kg, /om”
S

Min = 0,42 kg./em”

6. The preceding analysis shows that by using for the scouring
sluices the sams piers as for the main headgates, the fector of safety
becomes higher, But this not heing exceseive, and for the sake of sim-

plicity in construction, the same design will apply for both of them,

¢C) Cates and gate lifting devices.

The same as thoss designed for the main hsadgatss.
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d) Cparation

The seouring sluieces will not be operated at maximum flood period,
We will assume that the maximum flow at which they will be operated is
200 M.Q,/sec,

Blevation of upstream water at 200 M.C./see 29,15 + 0,92 = 80,07 m,
" " tail Bk " " £7.00 + 1,18 = 28:13 m.
Head —“-Ij;;-metars.
Average head up to the center of gravity of opening 1.94—i§99 - 1,44 meters,
Y = 0.7\/Bgh = O.7 \/Efx 9,8 x 1,44 = 3.78 M./ssc.
Blevation of upstyeam water &t 60 M.C./see 29,15 + 0.47 = 29,62
L " tail P ol "A 27.00 + 0,68 = 27.68
Head 2,04 .

Average head up to the centsr of gravity

of opening £,04 - l;gg = 1.04 m.
Y = 0.7 \/2 x 9.8 x 1,54 = 8,84 M,/sec,

The vslocitias found are effective and are able to transport even

small gravels., The actuml velocities are higher than those computed,

because the veloeity of approsch hae not been considered, '
According to some authoritiee in irrigation praetice, the scour-

ing ie effective up to a dietance upstream equal to 10 times the opening

of the scouring gate, As our gate is 1,50 metere wide, this dietance

will be esqual to 156 meters, Thus the securing velocity wall extend up

to a distance beyond the end of the regulator openings, and the operation

of the scouring sluices will elear the entrancs to the canal from deposits. ;
But ms in our case the seouring velocity is high, probably in ’

eertein cases above 4.00 m/sec., we will consider the scouring as effect

ive up to a distance equal to 20 meters upstream of the seouring sluices,

All thie arsa will be reinforeed by a laysr of plain conerate 40 cm,

thick.
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According to Bligh the downstream floor hes to be 25 to 50% longer
than the floor of the weir. The latter being €.00 meter, the downstream
floor, by sdding 50%, will be 9.00 meters. Again, a 40 in, thick plain
concrete reinforcement will be used.

After extensive experiments on the Sutle] River in India, it has
been found that the application of the following points when opsrating
the gluices helps the removal of the deposits.

1. Keop the canal headgates cloesd during the period of flood
flowe when the maximum amount of silt is carried, As the
maximum flood of the Litani occure in February or March,
when the irrigation water ie not needed, there is no
trouble in doing so.

2, Keep the scouring sluice gates closed as long &8 possible
when the headgates are open, and when necessery, to open
only part of the sluiceway gates, and those farthest away
from the headgates in order to concentrats the seouring
channel a short distance away from the headgstes,

3., When necessary to scour out the materiel deposited in the

sluiceway, close complately the cenal headgates,

Much attenftion has been given to the scouring sluices, because
they are an importent slement of the Headworks, and on the other hand
their study is still on the sxperimental stage. Many weirs tnat_had been
designed without considering the seouring of the deposite have either been
sbondoned or require prohibitive expenses to remove the deposits by mechan-

ical means.
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A - ESTIMATE OF COST OF HEADWORKS
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1. Surfece excavation average 25 cms. 100.00
deep, commencing at surface level 10.00 |1000.00
1000.00| M.S.| 0,40 | 400.00
9'3;00
Nelr 3.00
£. Trench and bulk excavation . 1,00 | 270.00
under weir, piers end walls 8 4.00
to receive concrete Piers 1.00
1.00 32.00
30.00
Walle 2.00
1.00 80.00
362.00| L.C.| 2.00 724 .00
3+ Extra over for excavation of any
description for breakirg up and 50.00 50
getting out rock. 50 WeGo| 3,00 | 150,00
4. Extra cver for excavetion under water 200.00 | 200
200 MeCo 2.22 400.00
b) Concretor
1. Flain concrete 1:8 ballsst in founda~
tions, floers, weir, plers snd wells.
The ballast existing in the river bsd
car be used, sfter being screened.
Unit price of M.C. of plein concrete 10C.00
Floors 6.00
0.40 240
Collecting & screening the Eﬁééast ‘ 100.00
Use of shuttering 4.00 Wolr TR0
Cement (4 bags) 20.00 L3900 | e
Casting & fixing of forms 10.00 4.00
Toels, overhead, etc. 10,00 Piers 8 1.00
Total 50,00 £.8yr. 4.5C0 | 128 :
12€€ 1674.00 -
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Brought cover 1268 1674.00
30.00
Wellsg 1.50
_4.80| 202
Founds 130 120
Variable 1600 [|M.C. 50.C0| 80000,00
2+« Reinforced Concrete
2 100.00
Crushed stone 0.8MC @ 12 - 5.80 beams 0.25
Sand Dsd " @ 6 = 2.40 0.80 | 30.00
ghxttzriggbtimbir = 10,00 125.00
AL L 1 s0.00 Slabs 1.50
i i el o i 0.15 | 26.80
Labour te I'ix formwork e ——
& steel, & to cast = 25.00 3&531) 6 .80
Steel 80 kg. @ 0,50 - 40,00 Walls) 0.20
Cverhead = 13.00 3.50 | 6.20
. 68.0 M.C.| 130.00{ 8200.00
Total 130.00 £.8yr./M.C. S R ‘
c) Plasterer 100.00
9. Flester all 1:8 ballest concrete Weir 10.00 | 1000.00
with 1:3 cement send mortar in 2 T—
coats; total thickness 2 cmse. 100.00
Flocrs 8.00 800.00]
Sereened sand 1 M.C. 10.00 8 10.00
Cement 8 bags 40,00 Piers 4,00 320.00
«00/M.C. oo
50.00/M.¢ Walls 30.00
or 80.00 x 0.02 z 1.00 £.Syr.per NS 4.00 | 120,00
Lebour 0.75 " s 2240.00] M.S.| 1.75| 3820.00
Total 1.75 o ) —
d) Steslwork
i Steel ) | 7 | 500.00 |3500.00
gates )
Reils 4 126.00 500,00
4000.00 Kg:‘J 1.00 | 4000.00
e) Woodwork 10 1.80
0.28
3.50 16.00
16.00| M.S.| 300.00 4800.00
1024 94,00
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Summary
sxcavator 1€74.00
Conerator 88200,C0
Plastersr 8820, 00
Steelwork 4000, 00
Woodwork 4800, 00
Lifting & Checking Deviees 6000, 00
-------- | 108494, 00
Praparatory work (devia-
ting water ate.,) 10% 10849.40
Unforeseen, overhsad, dessign
supervizing, contractor's
gain 25 % 29835,856
Total 149,179.26 |L. Syrian

B - CONCLUSION

It is seen that with to-day's very high ceurrent prices the cost
of the headworks cecomes out to be 150,000 L.Syrian, If we congider that
the Kazmish Irrigation Scheme, when completed, will cost over 10,000,000,
the headworks will represent

160,000 - 1,6 % of the total
10,000,000

It will &lspo be interesting to note that the cost of headworks

distributed over a poriod of 20 years, will mean

_150,000 . 1,876 L.Syr./hectare/annunm.
4000 x 20
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All these figurss lsad us to conclude that the cost of the Headworks,
compared to the services they can rendsr is negligible., Up to now,
dus to the fact that ths projset is partly completed, and therefore
only & fraction of the 13&&5 is irrigated, the lack of adequate Head-
works has not been felt much. But onee the project will be completed,
and the 4000 hectares will have to be irrigated methodically and with
a maximum of effiecieney, then the serviees rendered by well daaignaa

Hendworks will be appreciateid,

-

Bairut the Twenty Seventh of June 1946,
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