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CHAPTER 1

THTRODUECTION

The following work is an attempt to study and design
a dam on the Euphrates River for irrigation and water powsr.
Tt 1s not expscted that this will be a complete work, since
it requires a large experisnee and spacial investigations,
whish are not possible for a beginner. However, with the
available data, it is desired to approach the problem and
make the first step for the performance of this ;}é proiact.

Before beginning such a work, it 1s important to find
out the fundamental reasons which made of our Country in
the past, an agricultural State, having in mind that the
same rezults can be realised in the future, if an elaborate
irrigation system is vlanned.

In ancient times, irrigation was prasticed to a great
sxtent in this part of the world. Traces of former systems
are found in all our plains. Canals and dams were built up
showing the great efforts whish wera given to overcome the
diffisculties of construction. Wells wers dug and used for
the develooment of ground watsr supply. All the technical
methods, known at that time, were applied to use the aval-
lable water.

The »uins, which are scattersd in Mesopotamia and
specially along the Khabour Riveﬁ, show the graat effort,
whish was mada to develov the agriculture. The Rulers of
Assyria were proud that they had built ecanals to convey the
wata» to Acads and to transform that desert into flourish-
ing plains, providing watsr and food for the population.

They had built more than ninety dams to raise the lsvel of
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the water and inerease the irrigated areas. Dlarharges and
water lavels were oﬁserved and amounts of rainfall precipi-
tation were measured., REverything was recorded and studied
carefully. In some of the fnsgrintions of Queen Semiramis,
which were dissovered by Alexander the Great, the following
words were found:- "I obliged the streams to flow whenever
I 1iked; L 474 not want them to flow but where it was neces-
sary and I produced fertile plains after I irrigated them
from my streams(l)
Furtharmors, if we study the history of this country
under the Roman domiﬁation, we find that the water-works

sonstructions were multiplied and that agriculture was ex-

tended to the desert. Kasr-El-Hir dam, situated midway

between Kariateine and Palmyra, had a capacity of five mil-
1ion cubic meters. The flood water was colleectsd during
winter and then distributed during the dry seasons by an
elahorate distribution system to 2500 hectares of ~ultiva-
tad land, where grean gandens succeeded to those sterile

plains. Homs Lake dam has still soms traces; 1t had 850 m

length by 5 m, height and allowing a reserve capacity of
ninety million cubic meters. The flood water of the Orontes
was impoundsd in the lake, whan duringz the season of low
water, it was fairly availabls for all the agricultural
needs.(z)

Our ancestors were not satisfiesd only in irrigation
profects, but also in water supnly and its distribution
in big ctties.

(1) From the Watar Resources in Syria by Dr. Mazlounm,

(2) In 1935 a naw dam was built, having 2.5m higher than
tha old one and the new capacity was inereased to 200
million cubiec metars.
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The construction of Heilam's canal near Aleppo and the
distribution of its water to the different quartsrs of
the city are good examplss of the important works done
in this fileld.

The remains of these different projects are nume-
rous and the last discoveriss have »evealed a blg number
of those canals, dams and reservoirs which show clearly
that ths development of agriculture in this sountry has
not been the result of a rezular ralnfall precipitation
but rather a development of stream and undergvound wa ter,
and sometimes a collection of rainfall water.

In many historical books, it is pointed out that
in ancient times, the valleysof Euphrates and Tigrls, now
almost a desert, were onecs densely populated, Millions
of psople were living in this country, havine thelr own
~ivilization basad on the agrieculturs and devalopment of
irrigation, Large citlss wers bullt at sevaral gites in
those parts of the country where, to-day, we find bharren
l1ifelass sand heaps. No more those gresn and nleasant
gardens; only bare soil and miles long stretches of sad
and tragic lands. Very few people to-day, mostly nomads,
are in searsh 'of some wilting yellow grass; nothing remains
of that past beauty and wealth, so that the whole picture
has changed.

The whole disaster may be attributad to one main
reason: lack of water; the soil is still fewntile, the
riches are still in the earth but without water, 1life is
impossible,

—Hence, the desire to be of use to my eountry was one

of the chief factors, whish lead me to the choice of this

~problem,
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,Ahé%bpr reason was the fact that our country has
been and will always be an agricultural rather than an
i{ndustrial state. And since the Buphrates constitutes a
big soures of water, and is surrounded by fertlle plains,
it would be wise therefore to study the vossibility of
building a dam and construecting a distribution system for
irrigation. Many diffieculties may be expected in the ac-
somplishment of susch a huge project, but all of them maj
be overcome, 1f all of us cooperate and have the willing-
ness to help in the development of our country.

CHAPTER II

A= A BRIEF DESCRIPTION OF THE RIVER EUPHRATHS

The Kara Sou and the Mourad Sou have their sources,
the formar in the Arzeroum region and ths latter to the
South-West of the Ararat mountain (5157m.); they mset to
form the Ruvhrates after flowing resvectively for about
400 and 500 Km, from the East to the West in the Armenian
Platemux(2000~5000m)

Ths Buphrates is first driven Eastward for about
100 Km, by the Anti-Taurus. It then follows the direc-
tion South=West keeping it for about 200 Km, At 50 Km. to
the North of the Syrian Frontier- which 1t erosses at Dier-
ablous- the river flows Southward.

The Kara Sou, the Mourad Sou and the Euphrates receive
in the Turkish ferritory many affluents which drain the
region of the Armenian Plateaux and the Anti-Taurus which
they cut profoundly into. |

Already, before Biradiik (Turksy), the valley wildens
and after it has passed the Syrian frontler, the neighbour-

ing eountry falls to under 500m. above sea level.
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Towa»ds Meskeneh, these heights foin the\&ndulating pla=-
teaux of Chamish and Diezireh through whisrh the Buphrates
henceforth flows.

Down to Meskensh, the river keeps 1ts North-South
direction till it meets the Northern slopes of Djebel
Bichrl which turn it Eastward till Rakka. Then 1% takes
gradually the South-East direction, specially after the
pass of Halabie~-Zalable and keeps the direstion till Abou-
Kemal where 1t entera into Ireq.

In the Syrian territory, the Buphrates recelves only
three affluents, which all come from the North: on the
right bank, near Tell-Ahmar, the Sadjour, and on the left
bank, near Rakka, the Bellk whose discharge, relatively
meagre 1s, in the dry season, used up by irrigation. On
the left bank also, the Khabour joins in near Bagsireh,
between Deir-Ez-Zor and Meyadine. It is much more fmport-
ant, having 35 to 40 cubic meters per sscond in Low Water.
Its principal sources lie in the Rag~El-Ein region. 1t
receives near Hassetche, the Jagh-Jagh river which has GSm"5
per second in low Water, almost completely used for irriga-
tion., The Jagh=Tagh 1s formed by the union of many streams
shich drain 150 Km of the Southern slopes of the Taurus
between Meyadine and the Tigris valley. The Tagh-Jagh
receives also, though constituting a feﬁ%le amount, the
runoff water of the Northern slopes of the Diebel Sindiara.

The eatchgment area of the Euphrates and its affluents
tn Turkish territory, whewre most of 1ts water comes from,
1s about 120,000 square Kms. Its total length 1s 2330 EKms.,
450 Km, are in Turkey, 680 Kms in Syria and 1200 Kms. 1n

Traqg.
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In this long course, the river valley rarely uses
a single bed. It goes oh forming unstable arms, almost
changing its course during every flood, and leaving
numerous sandy barren islands which are submerged during
High Water.

The Buphrates enters into Syria at Djerablous at a
height of 325.24m above sea level, Its slope constantly
deersasing is 0.40 m/Km betwsen Djerablous and Youssef
Pacha (Km,77= Elevation 293.87m), 0.31 m/Km, between
Youssaf Pacha and Sabkha (Km.292-Elevation 227,.80m. ),
0.19 m/Km betwsen Sabkha and Halabie (Xm.383-Elevation
210.8.m) and 0.15 m/Km. between Halabie and Abou-Kemal
(Km.680- Elavation 166.31m) where it enters into Iraq.

B-TEMPERATURE ORSERVATIONS

The following observations are taken from the mon=

thly bulletin of the HMeteorologlical service.

MONTHLY Sept. Oct. Nov. Dec. Jan Feb. Mar., April May JuneTuly.Aug.
AVERAGE

1930-1931 Djierablous

MAXIMUM 34.2 27.0 7.6
MINIMOM 27.2 11.2 6.0 9,7 4.2 6.2 6.2
AVERAGE 30.9 19.0 1.5

.9 27.2 34.0338.7 38.4
.9 13,0 18.424,.121.9
.4 20,5 262,314 30.2

MAXIMOM 36.7 27.7 17.1 10,9 8.0 10.°9 18.92 25.4 30.0 40,4
MINIMUM 19.4 9.7 4.2 2.7 0.3 ot S 0 R 1Y 23.0
AVERAGE 28.1 18.7 11.0 6.8 3.9 alis 12,0 ¥736 .21.9 31.7
1932-1933 Djerablous
MA X TWMOM 18.2 11.3 8.7 12.1
MI NIMUM : 7.6 3.2 1.5 4.0
AVERAGE 12.2 4.1 3.6 8.1
1930-1931 Kamechlie
MAXIMUM 34.0 18.3 8.7 10,3 11.0 15.3 20.1 27.5 34,5 28,9 298
MINIMOM 21.1 11.4 4.5 3.5 4.5 7.0-10.6 15.1 21.5 25.7 257
AVERAGE 27.7 14.2 6.

6 6.9 7.8 11.2 15.3 21.3 28.0 32.3 328



MONTHLY Sept. Oct. Nov. Deec. Jan. Feb. Mar, April May June July August
AVERAGE

1931~19232 Kamschlie

MAXIMUM 8.6 9.1 17.3 21.1 28.1 33.8 37.9 39.°
MINIMUM a2l @B Typ 9.6 6.2 20,0 24,2 24.8
AVERAGE 5.4 5.8 12,3 15,4 22.2 26.9 31,1 32.4

1932~1933 Kamechlile

MAXIMUM 33,2 30.9 19.7 9.6
MINIMUM 20.6 18.7 10.9 3.0
AVBRAGE 27,1 24.8 15.3 6.3

1932-1833 Deir-Ez-Zor

MAXIMUM 31.2 37.2 39.8 40,0
MINIMUM 14.3 6.3 2.3 3.4 16.4 18.4 23.0 22,2
AVERAGE 24,8 27.8 31.4 31.1

For these three years, the absolute minimum and maximum were
as follows:-
Dierablous
MINIMUM T ASARBIY | o ¢ |, o & SN s 10 o0 W Dk

T IR R R |l ol e Bt a5 T s L
8/1/1955 ...I...Ol.l..'.o...gog

MAX IMUM TB/8/ ANy | s mameclane sowneclBfed
K- a5 VSRR W BRSPS 3. O
Kamechlie

MINIMUM SR ARORIER S b L el e bl LT
8/2/1952 ..........l.......lgil

}NA-XIE"HH{ - 18/8/1951 .....l.’...ﬂ...l...44.0
51/8/.‘-932 ......O........C...42.5
Deir=Ez~Ezor

MAXTMITM WV a5, TR S SR P . 8

MINIMUM
Ralkka

NIINI:‘[U.M: 11/1/1953 ;0.0.0.0.0'0...0...11.0

P-T.AXI?‘IMM ‘:34/8/1933 000.....-0.-0-..0..4500

It i1s to be noticed: 1) that for the same month, dif-
ferences between maximum, minimum and average temperature are not

imvortant, between the Northern region of the Euphrates (Ciera-



20

blous), the Northern reglon of the Xhabour (Kamechlie!
and the rest of the Syrian Euphrates valley (Rakka and
Deir-Ez-Zor type). Cold time and hot climate seem to

be colneciding.

2) That temperature, sometimes, falls very low in winter
untill it reaches.-looc. Cold, as one could see from the
daily observations, may persist for several weeks and
even hs rather late. But on the other hand, hot days
are early and temperature in the middle of summer may
be very high and even 1t reaches sometimes 45°¢.

C~- RAINFALL PRECIPITATION

There are only very irregular okservations,
since winter 1928-1¢2% in the following stations Kamech-
1lie, Djerablous, Rakka and Deir-Ez-Zor. Due to the ir-
regularity of such observations, nq\much profit can be
expected, and the only thing which can be deducted, 1s
that the Northern part of the basin seems to recelve an
average of not less than 250 m/m of rain per usual year
and that the rainfall diminishss much from North to South
and from Wast to East. The Syrlan basin gives but little
punoff water to the Euphrates, as was shown by other gd&e
readings in different stations.

The following records are those of the French Dele-

guationi=

STATION Nov. Dec. Jan. Feb., March April May TOTAL

Kamechlie
1928-1929
19291230
1930-1931 58 85 81 76 (15] 57 8 431
1931-1€32 > 0 64 24 11 71 0 173

Djerablous
1928-1929 50 84 37 49 37 34 6 297



STATION Nov. Dee. Jan. Feb. March April May TOTAL

m/m

Dierablous

1929=-1230 18 10 17 57 75

1930-1¢31 121 91 14 66 4
1931-1932 14 28 31 17 22 5

1632~1933 18 0 36 54 23 23 0 154
Rakka

1928~1229 37 31 7

1929-~-1930

1930-1931

1931~1932 2 41 81 21

1932=1933 U

Deir-Ez-Zor

1928=1939 21 25 9 6 14 2
1629-1930 135 50 36 33 6 0
1930=1631

1931-1932 09 20 4 0 0
1932-1933 20 3 28 4 1 22 0 78

D- DISCHARGE OF THE EUPHRATES AND ITS AFFLITENTS
BRTWELN DJERABLOUS AND ABOU-KEMAL

Up till 1930, there were no records for the discharge
of Buphrates; but a gauging station was established at Meskene
by the end of Januery 1930, Since February 7, 1930, readings
of secale were registered wlthout interruption. A graph of the
dlscharze as a funstion of the water level was determined with
the help of 17 gaugings undertaken between June 16,1930, and
June 25, 1931, Though the river bed is not very muﬂh/stable,
this grap%)as wag proved in 1932 and 193?)g1ves agoeptahle
results. See plate 4 whera the monthly discharge of Euphrates

is found.

DISCHARGE AT MESKENE

1930 Sept. Oect. Nov., Deec. Jan. Feb, Mar, Apr. May Tune Jul,Aug
cuble maters/ses. 163 192 235 358 389 572 514 328 312 175
millions of m3/month430 503 620 945 1021 1510 1354 865 560 462

1931

fublc metsars/secn. 215 204 218 234 491 440 842 2087 1803 1116 528 310



DISAHARAGR AT W25KENT (Continued)

1931 (Cont. ). Sept. Oct., Nov. Dec. Jan, Feb., Mar. Apr, May Juns Jul Ay
millions of m /month567 538 575 617 1290 11680 2230 5500 4750 2840 159@@5

1932
cubiec meters/seec. 192 189 205 205 227 306 657 1239 1368 649 301 216
millions of ¥>/month503 498 540 540 598 809 1730 3260 3610 1710 782 570

1933
Cubic meters/sec, 192 208 234 205 189 250 379 559 1588 884 342 229
million of ms/month 503 550 6817 540 498 660 995 1470 4000 2360 9 00 604

It should be noticed that the discharge in millions of cuble
meters per month wms obtained by multiplying the average mohthly
discharge in cubic meters by the duration in seconds of an average

month:=-

i.e. 8640221 365 g 2,63 million seeonds.

Seven gaugings of the Euphrates were made at Meyadine in
Septambar, October and Novembsr 1931, then 13 new gaugings from
October 1932 to Oectober 1933 near Deir-Ez-Zor and in the stations
of Diaffra and Beghelie, to control the discharge given by the
graph of Meskene and to establish a new greph of discharge as a
funetion of water levels as read in Deir-Ez-Zor,

E- THE REGIME OF THE EUPHRATES

Two seasons of flood distinguish its regime of flow: One
ssason in winter, 1n which floods begin to ocecur due to rainfall
precipitation and a season in Spring in which floods are the
result of the melting of snow in March.

The first ineremsents which may be noticad as early as in
December are of fesble amplitude and are followed by falls of
Water Level. But due to the different factors affectine the
melting of snow, the water lavel in the Euphrates willl greatly

vary from one year to the other. The general form of the water
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leval gravhs 1s itself modified.

The bigzasst diffarance in helizht rogistared
from 1925 to 1932 reached 7 m, at Dierablous; and 1t was
that between tha lower Water Level of August 1928 and the
highest Water Level of April 1929, This differsnce must
have been sxceeded in the narrow passes.

The lowering of water level takes place gradual-
1y till towards the end of July when Low Water Level is
reachad. This latter lasts till December unless some ex-
ceptional presipitation happens in November.

VELOCLTY OF WATHR

The biggest average veloelty rogistercd during
the gauging made by the "Regle Des Etudes Hydrauliques"
was 1.72m/se~. It corresponds to 2,95m on the surface

and to & dlschangs of 2100 m°/sec., on April 21st, 1931,
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A- ACTUAL EXPLOITATION

It may be seen from the tabls given above, that
the rainfall pracipitation is insuffisient for winter crops
except in the hilly rezion betwsen Mesksne and the Turkish
frontier; on the other hand, tha spring precipitation
being insuffisisnt too, ths only:cultzvgbigalaqu ares the
irrigable ones. fjiti;waidghj{

Thesa irrigabls fields are limited on every
bank to a ribbon, the width of which, not execeeding usual-
ly 200 to 300m., is determlned by the haight to which the
farmers can 1ift the river water using the rudlmentary
means usually at their disposal.

Differant means are used to get water, but the
typical installation 1s nomposed of two buckets pulled
by two mulss, whish raise water to 5 or 6ém., the cultiva-
ble lands being in general at 1lsast 4m. above iow Water
Level,

In the Deir-Ez-Zor region alone, some 450 simi-
1ar installations existed in 1932-1933, their number is
even inecreasing. Their individual output is about 20m>
per hour. i.e. 5 or 6 litres per second., Each One irri-
gates as an averags 1l hectares.

Howevar, some small pumps, which are run by mo=
tors, working on gas oil, were used instead of these buck-
ats., Their numbsr, which has execseded 200 pumps, is in-

ecreasing from day to day, due to the falr results that
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they give. fThe motors, which run them, have a total
pows» of approximatsly 7000 HP. Thay sive the pumps
the necessary energy to raise the water to a height
varying batween 5 and 15m., and make pngible the ir-~

rigation of 35000 hectares of{%ﬁltivabiéjlands.

e

Irrigation is carried on-by submersion: the
land being divided with help of small heaps, to rectan-
gles, 5m by 15m., which are successively 1nghdated, by
opening and closing holss betwsen the heaps.,

B~ POSSIBLE FUTURE ZXPLOITATION

The amount of water, which flows in the val-
ley of the Euphratss in the differont seasons, is estl-
mated by speclalists, to bs fairly suffizlent for the
{rpigation of ons and a half million hectares of{éﬁléié,
vagigiland, 1f the duty of water is be half a 1it;r per
second psr hectare.

But only a portion of this amount is beaing
used for irrigation both in Ireq and 1n Syria: 625,000
heetares are bhaing irrigated in Iraq and 50,000 hectares
in Syria. However, the aresa of the land in Syria, which
might be irrigatsd, if ths levael of the watsr i3 raised
10m., higher than the main water level, 1s estimated to
.bé 250,000 hectarsas; it may reach 340,000 hactares, 1if
the water level 1s raised 10m, more.

Henee, there should exist a dam, to raise the
1avel of the water and canals, to econvey thils water to
the fields. This dam will help in providing a reservoir
in whieh flood watser is stored and then distributed to
the fields in the ssason of Low Water Level; 1t wlll serve
at the same time as a regulator to the flow of the River watar.,
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CHAPTER 1V

A- LOCATION OF THE DAM

The seleection of the =ite of the dam requires
a long gecévaphical and geologiral study. The first
step zhould be the preparation of an accurate topogra-
phic map of each possible site with the details which
should be sufficient to permit close visual indentifica-
tion on the ground of topozraphie features shown on the
maps. The second step should be a field examination by
a structural geologist., This examination should be
dirented primarily toward a determination of condlitions
that might render unusuable ons or mMo™a of the possible
sitez, such as the presence of faults, or the abssnce of
rock of adequats strength.

The conditons favorabla to a good site for a
dam are the followlngs:i-
1= Therse there is room for the econstruction of canal
headgzates and diversion lins without the necesaity of ax=
pensive construction such as tunnel work, retaining wall
sactions ete..
2. Wheras the canal headgates can be placed at right an-
gles to the welr, so as O maintain a c¢lear ~hanrel in
front of the gates.
3~ Near sultable building materials.
4- ‘Yhere zood foundation and permansnt banks can be oh=-

tained.
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5= Where an Impervious stractum is at or nsa- the sur-
face of =ztresam bad.

6= Whera the grade of the stream is steep enough so that
with a low weir the canal and straam shall be near the
same level only for a short distance.

7- where the construction of the dam will not causs
flooding of valuabls lands above or tend to change the
stream channel.

8- Whera the velocity in the stream shall he preferably
less than the velosity in the canal, to prevent 3ilt depo~
sits in the canals.

9= Whers the stream channel is stralght with uniform ve-
locity and regular eross-section.

After this necessary exposure of i1tems which
must be kept in mind in the selsection of a good site, the
first step is to examine the differant gites, which were
proposed by the snglneers, who were charged by the Syrian
Govermment to study the problem, and to choose the best

L
one among them, which satisfles more %ﬁe above mentioned

A

From all tha reporits which were pmesented to

c

requirements,

the Govermnment, it may be conscluded, that there was a gener
ral agresment, about the possibility of constracting the
dam in three different points, each one having 1ts own
advantages and disadvantages. Tpese three sites ares: -
Kaladt Nefm, Falebls and Yossef Pache.

Kaladt Neim is a site situated at 20Km., from
the Turkish frontier. The construction of a dam at this

point does not allow a place for a big reservolr and there

fore the amount of water necessary for irrication would
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not be suffiecient. On ths other hand, the soil does not
naslst the weight of the dam, and aince the foundation is
an important problem which must be studied very carefully
in the design of the dam, 1t is not posslible to buil&_a
dam safely and sconomlcally at that place. Another dls-
advantage is that the stream ~channal is not straight and
the veloelty is not uniform, due to the shape of the val-
ley and the presence of water currents.

The storage of water 1n Halahie place is possi-
ble, but a vast cu}tivated area would be subjected to sub-
mersion, if such a project would bs performed ; and there-
fore there 1s a loss of fertile and valuable lends which
cannot be compensated by other means. Moreover, the
grade of the stream at this point 12 steep emough so that
with a low weir, the canal and stream shall be near the
game level and no high cultivated areas may be irrigated.
1ts main other disadvantage too, lies in the impossibility
of havinz a good foundation, because of the perviousness
of ths soil.

Therefore, the pass of Youssef Pacha 13 the most
suitable for such a construction, bacause it fulfills most
of thas necessary requiremants of a good site. Ons of the
conditions, whish may render 1t the bast site, if all the
others would be neglected, is the kind of soil, which was
encountered after the geological examination of some engl-
peers who wers asked to carry on the work. It was found
that a basaltic rock constitutes the soill of that placse,

(

e e LS
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and has an adaquate strength to support the dam. More-
over, the construction of this dam at that site will
cause the flooding of 13000 hectares from which only

5000 hectares are(ﬁﬁitivdﬁle lends. This loss of land

e

is not too much, comﬁared with that resulting when the
dam is built in any other site. A third reason, whieh
must be considered, is that permanent banks are obtained .
in this site since the river bed is changing almost con-
tinuously in all its course due to floods.

B- DIMENSIONS AND TYPE OF DAM

The length and height of the dam are 1imi ted
respectively by the cross=section of the river bed and
the height to whiech the water can be raised without cau-
sing much damags to the surrounding cultivable lands;
and therefore, an economical problem arlses here, And
aceordine to Der. Mazloum's plan, the dam will have to
be 700m.(2300ft.) in length and 25m.(82ft.) in height.
The type to be selected will in general be
based on consideratinns of the availability of suitable
sonstruction materials, The following reasons fustify
. the selection of an overflow concrete dam;-
1- Lack of good construction materials which have to be #f
a uniform specific welght.
9. The dam site being ~onvenisnt to transportation faci~-
1i1ties, a conerete dam 1is more desirable from an economi-
cal pnoint of view,
3- Tha question of uplift is to be studied mors careful-
ly in the case of a masoﬁﬂy dam than when it is a concrete

dam,



CHAPTER V

A- FORCES ACTING ON THE DAM

The investicgations of ‘the forces acting on
the dam is carried out on a vertiecal strip Im wide eut
from the dam at the point of maximum height. The ex=
terior forces scting on this strip are as follows: The

water pressure, the pressure due to the deposited silt

I
{

and the uplift along the foundation jolnt.

WATER PRESSURE: The water pressure dus to the

water in the reservolr is best determined graphleally;
it 1s of course always perpendicular to the surface
agalnst whish it acts. The pressurse on & surface of

1 sq.m. and at a depth of h meters below the water sur=-
fese 1s PH metrie tons, where P is the unit weight of
water in metric tons per m3., In the determination of
the water pressure, the surface 1s assumed to be at 1ts
hichest possible posftion. TIn the statleal analysis of
the dam, which is raprasented on plate 3, the water pres-
sure actine on horizontal slices of the dam were detér-
rined, and for this purpose the area to the right of the
curve of water pressurs 1s divided into a series of non-
tiguous trapezoids as shown, The line of action of the
total water praessurs acting on a zone passes through the
ranter of gravity of the sorresponding trapezcld.

EARTH PRESSURE: Earth pressurs should be taken

into account bacauss of the big amount of silt which may
be deposited after =some time, against the upstream face
of the dam. The unit weight of this silt when dry 1.e,

whaen the reservoir is empty, 1s about 1.8 metrie tons per
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m> (112 1b per f£t°). "hen the silt is under water,

i1.e. when the reservoir is full, its unit weight is

only about 1,2 metric tons per m° (751b per ££2), due

to the buoyaney of the water. The determination of this
silt pressure may be found by assuming it acting as a
1iguld without deereasing materially the stability of
the dam,

UPLIFT: Generally,if the gravity dam is de-
signed so that tensile stresses canmt oececur, no cracks,
in vhich water might penetrate, can form, However, re-
gardless of measurass taken to prevent this percolation,
some water under pressure will find its way betwezsn the
dam and the foundation, along poor joints in the dam or
in horizontally bedded Joints under the foundations.
Whersver this oceurs, part of the weight of the dam is sup-
ported by water and the direct foundation reaction is ror-
respondingly reduced. But this upward pressure, which is
termed uplift, may be effective only in those vortions of
the foundation 1oint, in which it execesds the pressure due
to the weight of the dam. In the remaining parts of the
joint, this upward water pressure takes the place, partial-
ly or completely of the foundation reaction, since 1t is
immaterial as far as the stability 1s coneerned, whether
the rsasction alons parts of the base 13 due to the found-
ation itself, or to the water under praesssure,

The effective uplift to be considersd depends
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"ngstha asaumsd distribution of ths udward water pres=
sure., The assumpt?on qE this distribution 13 very im=-
(s o
portant, as a glanee—en plate 2, where the maximum
observed uplift pressures under existing gravity dams
are found, will show. Furthermore, 1t should be kept
in mind, that the condition of uplift, along the entire

base of the dam?hcan,hever'occur; becnusg}for the latter -

to be possible, the whole =ock foundation would have to
be pervious,ﬁéﬂzt is not the case of this dam which is
to be built on hasaltic rock,

Therefors, the pressure distribution diagram
may be assumed as a triangle with a pressure at the heel
corresponding to three-fourths of the depth of water 1n
therresevvcir and that at tﬁe toe equal to zero, This
value of the pressure at the heel 1s the most suitahlg,
ainece the dam would b%! mora esconomical than when 1t 1is
assumed.to be rorresponding to the totel denth , and

safer than vhen 1t is assumed to be corresponding to one

half of the total depth.
B~ DETERMINATION OF THE PROFILT OF THE DAM

A direct determination of the profile of the
dam is not possible. The cross-section is first agssunmad,
and then investigated to make sure that the allowable
working stresses are not exceeded and that no tenslle
stresses occur. If the working stresses are not attain-
ad, the profile is changed so as to give a better utili-~

zation of the masonry., The statical analysis is made for
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the cnnd*fions 0f mess»voir full and reservoir empty.

fanerally, whan the dam has medium heishts,
the most sconomical crosa=-section is a triangle with
vertical upstream side and vertex at the maximum reser-
voir stage. In such a section, there can he no tensile
stresses anywhers on the upstream side, evan vhen the
unit stress at the upstreem edge of the joint is zero.
The lines of resistance, nagervoir full and reservolr
empty must lie within the middle third. If the mason-
ry is to be utilized to the fu}lest extent possihle with-
out permitting tensile stresses to oceur anywvhere, the
1ines of rasistance must intersect the base in the ex-
tremities of the middle third.

If the unit weight of the concrete i3 Pm, the
welght of the dam, which has a base of b units and a
hetght of h units, ver unit length, will bhe Pm Eg—; and

for equilibrium it is necessary that “nPh x'E— = Po h? h

[

whers Po is the unit weisht of the water. Therefore

b= VIo
Pm
But this ideal profile is of course not prac-

tical, since a sharp erest is impracticable, and 1t 1s
usually required that the top of the dam serve as a road.
Furthermors, from a cortaln elevation downward, the
stresses in sueh a profile exceed the working stresses.
For these reasons, some deviation from the trliangular pro-
file 1s necessary.

To serve as a highway, the crest must have a



width of hetween 3 to 6 metaers (10 to 20ft). The pro-
vision of sush a creat amounts virtually to the addition
of a triangular area to the top of the profile: this ad-
dition whirh 1s called the crest triangia, 1ncveas%\mu:
10ad at the heel of the dam. Balow this t»iangls, the
downatreem facz 1s rounded off with addl tlonal masonry.
The additional load of the crast triangle makes it neces-
sary to inersasa the width of tha dam on the upstream side
in opder to prevent tensile stresses on the downstream side
when the megarvolr 1s ampty.

After tha study of the different dams which
wara built in the last thirty yeara, all over the world,
1t was found that a good averazs to taks for the bass of
the dam 18 0.55 times the height and we may wrlte that:

b = 0.65 x 25 a 16.25 m (53.5 ft)
The ereat is assumed to be taken as 3,5 m (11.5ft) to serve
as a highway whera only one car may go ON, and the 3lops
of the upstream facs of the dam, acecording to Mr, Link's
Rule, 1s taksn as 1:30

The statircal analysis 13 hesgt done graphically.
The orofils 1s assumad to be cut by horizontal planes col-
124 toints about 5m (16.4ft) spart: and for sach foint
the reaultant of all forces acting on the part of the
dam abovs 1t, is detarmined both for the condition of
the vease~voir full and that of reservoir empty. The
1ine conmeasting the vnoints of interasation of these resul-

tants with the foints is called the 1ine of resistance

and must everywhers lies within the 1imit of the middle third.



The profils heving 25 matars hetght will
havs 5 parts whose weights are W1, W2, W3, w4,
W5 rospaetively, The values of these wolohits are

found as follows:=-

| =

=

tons(metria)

2 2
3,45 +
W2 = -—~5 6492 y5x1%2.2 = 57 tons{metric)
2
i i ol i SR StE :
2
;- - G . h
i x 151 x5%x1x2.2 = 133 " »
2
W5 = 13,75 #17.1 x5x1x2i2 = 170 " "

2
The water pressuresd which aect on thess por-
tions of thes srosa=gaction are P1,P2,P3,P4,P5, respec~
tively and are found aececording to the known prineciples
of Hydrauliss. If the weight of 1m3 of water 1s 1

metris ton we havas thati-

PL =2%5 21 «12.5 tons (metric)
2 L]
- 0
pg -5 ¢ 1 x 5 x 1 a 37.5 tona (metris)
2
= ;
e L I S R A 1 .
2
P4 =215%20 x5x1=87.5" %
2
T L A A I Y s 0 - 4 -

2
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The welght 1 m? of conerete 13 assumad to
be 2.2 metric tons and a strip of 1 m width is taken.

Therefore the forne polygons for the weights
and the water vpressures are drawn, from which the
psoints of espplication, the directions and the magnl-
tudes of the rasultant forcas which act on esvery por-
tion of the ecross-ssction of the dam, are found, for
both conditions of reservolr full and empty. The va=
lues of these resultant pressurses for the case of full
reservoir, ars found graphlcally to be raspsctivelyi~

R1 « 40 tons (metric)

R2 = 108 " i
R3 = 224 " i
R4 w 3688 " y
R5 = 594 " P

The lines joining the points of application of
thess resultant forcas for hoth eonditlons, sonstltute
the 1ines of resistance. The line of resistance, rese”™"
voir empty, 1s found to pass within anmd at a distanse
of 22 em of the upstrsam axtramity of the middle third
and it passes, fo» the case of a full ressarvoir, with-
{n the middls thirHd and at a distancas of 42 om from 1ts
downstrsam extrenity.

The wagults which were ohtainad abovs are qulte
reasonabls, and the aszunmed nrogs-sestion 13 accentable.

The granhical investigation of the dam 13 shown on plate 3.



G- TNVASTIGATION OF THh EXTREME FIBER STRESSES
G- INVESIIGATION O 5

»
i p——— o —

The investigation of the extrems fibsr stresses
1s alao dons gravhically by means of the well known meth-
od as shown on plats 4,

For the condition when the reservolr is eampty,
the vertieal component V of the resultant forece 1a found

Lol b 37 4 57 & 95 ¢ 133 + 170 +« I 492 (metrin 'bOnS)V

and _X_ z —é%aT = 22,75 tons/m? , The dlageam ic drawn
L 8 L7y 7

and the strasases are
i
Su = 5.5 Kg/em® at the upstream face

Q
33 a 0.22 Kg/em® at the downstrasam face,

Thesa valuss mey be found algebiraleelly as fol-

lows = Su 492 ., 492x12x2,8°x8.55 . 55 tons /@

499 _ 492x1272.82x8,.55
17.1 (17.1)%

it

or 5.5 Kg/om®
o)
= 2.2 tons/m”

Ln)
or 0,22Kz/em”

Whers 2.62 m, 1s the distance of V from the canter and
8.55 m. 18 that of the extreme face from the sans point.

The same thing, if the ress2rvoir 1s full would
give: B R ) tons/m= or 0.5 Kg/om?

84| ¢ 54:2° " " 5,42Kz/ o

This wvalue of Su a 0.5 Kg/em® 1s frequently
spacified in order to prevant the occurencs of tensile
atressaas on ths upstrean side; bacanuse the fulfilment of
ths sondition that tha line of resistance, ragapvolr full
shall pass through the middle third is not suffinlent to

f{pnsu»e the non-occuraenece of tansila stroasses,



D- STABILITY AGATNST BXTERNAL FORGES

STABILITY AGAINST OVERTURNING

The horizontal forees modified by the verti-
cal forses due to uplift tend to overturn the dam, belng
resisted by the vertical downward forres. All of the
horizontal forces may be raduced to a simple foreo H
whish is equal to 312.5 metris tons acting at the cente;
of gravity of all of thess foreces which 13 at a he ! sht
h = 8.%33 m, above the base of the dam,

The vertical forees ronsist of the weipght of the
dam whish i3 equal to 432 metrie tons and which 1s acting
at 11.2 m from the tos; and of the weisht of the amount
of water against the inclinesd upnstream fans which is
equal to 15 metries tons and 1s acting at a distance of
16.82m. from the same point.

The distribution of the uplift being suppossd
to be in a triangular shana and having a streas of:

0,75 x 25 x 1 = 18.75 metris tons
at the heel and 0 tons at the tos, the total foree may
be taken as aqual to:

18.75 x 17.1 = 150.31 metric tons

-
acting at a distansce of 17.1 x Z_ - 11.4 m, from the toe.

97] Jae)

Theprafore the factor of safaty against overturn-
tnz which is the ratio of the righting moments to the

ovanrturnine moments about the toe ias found as follows:i-



FORCE MOMZNT ARM RIGHTING MOMENTS
Matrle Tons In Meter In M.-Tons
Weight of
dam = 492 11,2 5510,.4
Vertical
weight of
water - 15 16.82 252.3
5762 .7
FOROE MOMZNT ARM OVERTURNING MOMENTS
Motric Tons In Meters In Meter-Tons
Horizontal
water Pres-
sure - 312.5 8.33 2603.12
Vertincal
force of
uplift - 160,31 11.4 1827.53
4430,65
Factor of safsty against overturning 1s 5762.7 _ 4 a1
4430,65° "

STABILITY AGAINST SLIDING ' -

If the coeffiesisent of frietion be demotad by /“,theﬂafOPQ
1f the dam is to be safs against sliding, ths value of the
horizontal pre=sure of watar must be less than the product
of the vertical forces by.this coafficiant /n.

Assuming that /n « 0,70 with a big factor of safety
gines the soil on whish the dam is to be built 1is bhasaltie,
we have that:

Horizontal forces =- Water Presaure 312,5 tons

Vertical forces - (Weight of dam 492 tons
O of watar 15 tons
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The vertical forecas ara 492 ¢ 15 = 507 metnrie
tons.

Thersfore: 0,7 x 507 = 354.9 metric tons
This 1s a horizontal foree opposing in direstion the
wafer pressure force and having a hishe» magnitude,

Hence, from the somputations given above, it
is shown that the dam 13 safe against overturning and
against sliding.

E- CONTRACTION JOINTS AND WATER STOPS

The volume of conecrate in a dam tends to change
with varistions in temperature and variations 1n water
sontant., This shrinkage if unrestrained, amounts to
0.0003 ‘to 0.0005 of the length of each dimension of the
mass during the curing process, whish corrasponds to a
drop in temperature of from 50 to R3°F, If rastrained
the stress caused by the tendeney to shrink, assumed to
be uniform throughout the ecrosa-saction under considera-
tion, 1s identical with that to a fores ecausing an equal
deformation. If no provisions are made to withstand
such shrinkags, crasks will be formed in the concrete.
Thase ceracks usually ars irregular and unsichtly and also
provide means for water to seep through the structure.

In order to avoid thess ecracks, 1t 13 necess-
sary to construct the dam in independent blocks of suita-
ble lensgths. Other possihle methods are the use of .

ecements of low sstting heat and the dlssipation of heat



in the conerate by foraing rnold watar throuch a network
of pipes distributed throughout the mass, thus prevent-
ing the ~onerate from reaching a high temperature and
hastening the reduction to a degre=2 at which it 13 per-
mis=ible to pour the adiacent blocks, Thils last method
being difficult in the eass of thlis dam, contrantion
joints are mors easily usead, The distance to be pro-
vided between two independant bloecks, each one having

a length of 30m. is equal to:

0.,000006 x 30 x 30 = 0,0054 m, or 0.54 am,
in which 0,000006 is the modulus of clastiecity of con-
erete and 30° baing the avarage chang2 1n temperature
(this last value is taken from the table of varlation
of temveraturas eiven in chapter I1 Part B).

But in crdsr to heva a bigger safety ageinst
the ocsurence of nracks, the dlistansca between two bloeks
must be one centimetsr filled either simply with Asphalt
or with tarred paper which do not pressnt resistance to
the movemant of the blocks,

To make the vassags of water mnrs tortuous
through the contraction foints and to provide shaaring
resistance betwsen adiacent qection% it 1s desirable to
recess ane section and to odrovide a %ey on the adjiacant
one. An i1llustration of the typleal contractlon joint
i3 shown on plate 2. Morsover, to add to the difficulty

of water percolating through the contraction folnts,
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conper otovs ars placed in them near and parallel to
the upstresam face of the dam at a distance of 1.35m
(4.25Ft approximately) from the face. These water
stops are vlacad in the structure in such & manner 93
to pravent water from passine around their ends and

as to provide flexibility in expansion and ~ontraction
without rupturing the metal or disturbingz 1ts bond with

the conerets,
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B APTER VI

A- SPILLWAYS,

Spillways are reaquired to act as saflety va-
. 1 2 N - - - 3 n
ves, in case the inflow becomes so great as to enday-
ger safety of the dam, by ceausing water to flow over
the top or to prevent the reservoir from filling to

LIlp

a level sufficient to cause damage tc adjacent proper-

ty. In the design of the spillway, the problem is to
thout exceeding the permissible maximum flow elevation
and without damage to the dam.

The type of spillway, which is most sultable
to be used for the case of the Euphretes, is the over-
flow dam. The shape of the crest may be one of several
forms which will be discussed later and the
equation for computing thé overflow cepacity is given in

the "LowDams" text boohk as:

¥z

>
i
Q

Le ( H+ho)

I
=i

in which otal discharge capacity in C.F.S.
C = A constant depending on the shape of the
crest and the depth of overflow.

Effective length of required crest in It,

£
W
[

H = Head measured from top of crest to reservoir

level.
But for large reservoirs such as the present

case, the effecive length Le 1s the same as the oversall



length L of the required crest, and the effect of ve-
locity of approach is usually slirht.and may be ne-
glected. The value of the constant C may be taken,
according to the recommendetion of the %;udcormdtﬁﬂe

/)
on Small Water Storage Projects) as {35

From the table given in chapter II, the o & W
maximim value of discharce,vhlch wesobserved,was thgl A
oy . A

of Aprll 1931 in.ﬁhich is allowed for the overflow of

this amount of water is usually teken as Zm;(8.56 ft);

and therefore the above mentioned formula is used to

find the length of overflow without endangerins thedam.
Hence we have that:

—

Q= 2080 m°/see 73600 't°/ses

H= 2m, _ = 6.56 ft
" = 5,33
_ gt o SN TR (e
therefore 973800 = 3,33 x L = 6.56 = B6 % L
from which I = 1310 £t = 400 meters.

- L

Thus, the dam will be divided Into three

@

portions : One portion on each side, having a length of
200K, and a height of 25 m., over which the water will
flow in case of ordinery floocds{See plate 6), and a
middle portion whose length is 3C0 m, and its height 1s
lower than the other part by the amount necessary for
the construction of gates which, in case of extraordi-
nary floods, might be opesned to permit the water to
flow more easily and wlthout endangering the safety of

2

the dam. & crosz-section of a typical zete is showvn on



plate 2. This gate will be put in the reversed position

as shown on plate 7, in order to savs in the space whic
it requires.

Openings of emergency must be left when the
dam is being constructed so gs to provide a way to get
rid of silt and d&ty fgwater vhen necesse y. The dimen-
sions of these openings are calculated acesrding to the
following formule given by Dr. Weyranch in his book :
"Hydraulisches Rechnen",

Q = 2/3 rb VZ§ [hi + h'yy) /2 (b

Lt

in which Q= minimum discharge per second in m¥ /sec.
r= a constant equal to 0,62

b= the total width of the openings in m,

lower base of the opening in m.
h.= the depth from the crest to the higher b
of the ovening in m,

h_and h'!' are heights of water due to the ve
Vo N

Vo
locity of approach, and they are assumed to be equal to
zero in this case. Therefore if the opennings are 2Zm.
high, and the lower base 1s 5m. from the base of the da
we can write that:
200= 2/3 x 0.62 x b x %m'(zo -18 3/2

from which : b = 8m.

Ilence we must provide 4openings

2x2m. ,
that two of them are on each side of the middle portion
of the dam as shown on plate I in the devnstreanm viem o

the whole damn.,

D= the depth from the crest of the dam to th

h

L0

ase

m

)

S0
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In order to provide a wavy for the passage from

one end of the dam to the other, a contindous bridge will
be consbructed. Bach portion of it will have
distance between two niers which

or half the distance between two contraction joints.

B- MODIFICATION OF THE SHAPE OF THE CREST®

£

lodlfication of the shape of the crest is desirable for

two reasons : 1) To improvs the flow coefficlent by roun-
ding the upstream corner and to keep the underside of the
overflow sheet in contamct with the downstresm face of the

dam for all conditions of overflow and st =sll stages.

e
There are numerous formulag and equations for

defining these modifications which accomnlish much the sa-

me result. A scheme given by the subcommittee on small

later Storage Projects which is found acceptable for most

L4
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The curve on the downstream side 1s defined by a

parabole which cean be approximeted by a compecund curvs

O

of two redii for simplified constructlon.
The shepe of the overflow section near the down-
stream toe of the dem will be governed by the require-

ments for dissipating the energy of
£ e

+ O

the overfalling water

~ aTT WA ATT TIMT M PRATTAMTON
C- SPILLWAYS AND OUTLET PROTECT 10N

Spillways and outlet works usually develop high ve-

locities and it is therefore necessary to provide a devi-
o8 which will dessipate the energy and reduce the velo=

city to a value which will avoild erosion In the flowing

away channel, This veloclty V1 is equal to VEgH in which

H=25+ 2 =27 mn, = 88,5 ft, Therefore V; = VB4, 4x88.5 -
5.5 ft./see = 23m,/sec.

The protective measure which must be used for this
energy dissipation 1s the adjustment of the flow channel
so thet a hydraulic jump will occur, when the stream rea-
ches the base of the spillway, it is usually flowing at

o denth less than cribical. The relatively flat slope of
the teilrace channel will not support flow at the shallow

depth, and hence the depth will be incrsased and the ve-

£ 4 - ] £l o 2 A 41 p M ' Bl Ve o Lo Lo et L A i l T
locity diminished. The water passes taereliore fron the
oo a2 W s L P = L 3 5 e, T iy . - T .
hizh denth stare above the dam through the critlcal depth

et the crest into low stage depth as it reaches the foot
of the dam and back to & high stage depth after passing
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respectively Dl and Vl ; the depth D, of the high stage
below the jump is
Dy = -2 + Y 7 2VEDy
“~ & — i 1
: &)
5 d 3 /a 1999
since Dy = Q(ft"/ft/ sec) = 56 = 0,74 ft.
_Vl(ft/sec.) 5.5
== L ¥ i -
therefore D_ = -0.74 + ¥ 0.74%+ 2x70.5°x0,74 = 15.8
& o z -
B [ i
and the velocity V.ol the high stage is equal to :
¥ Vs = : !
Vai= 56 = 3.84 ft/ses,
e
15,8
Because of the high velocity above the jump and
the turbulence in the jump itself, destructive erosion
will occur unless properly designed stilling pool is pro-
vided.
In designing the stilling pool, it 1s important
that the jump be formed in the pool for all stages of flo
From the various experiments made by A. Schoklisch, it

this pool must be equal to

H

was found that the length o

tow=-thrids of the dﬁop H from spillmay crest to pool bo-

ttom, and therefore it 1s 1l8m. Its depth which is pro-
portional to @ , Where Q is the spillway discharge

.‘LI.E’

; y u )
per linear meter of splllway crest in c¥.m. per Sec., 1is
found on the chart given on page 919 of his book "Hy-

draulic Structures" and which is reproduced below:
T
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After Computing the value of § is B
— g g ————r
+o WDHhiICh i o

a value of B = 0,075 is taken from this chart, and the
ht of the sill for satisfactory energy dissi-

nat
I daow

e

oty ids ther BRE = 0.075x 87 = [8m,

D - CONSTRUCTION COF THE DAM

It was shown before, that this dam 1s to bes of the con-
crete overflowing type, and usually its constructlon re-
quires the skill of Specialists who have practiced for

a long time in this kind of work. But generally speaking
the following method is used.

Bach block having a length of 50m, the distance
between two contraction joints, 1s to be built apart from
the others, lesving the construction of the two blocks
which sre on both sides untill the first one will get dry
end have its walls asphalted . Dvery block is to be consg-
. [HE
of the dam being directly subjected to the actlion of

water must be of a rich conecrete mixture heving 500Kz, of

cement per cu.m. This rich layer 80cm. thick, will pre-
vent the percoléation of water through the remaining part
of the dem which is of a mixture having £50Kg. of cement

per cu,m., of concrete,.

™ k) b | ln
Bven if such measures are taken, some draws are used

in order to prevent completely the precolation of water

throurh the dem and endanger its sefety by teking with 1t

e upstream fafa-
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the particles of cament and other ingredients

sxposed. The row of drains, To be used, has @ pipes, each
one having a diameter of 10 cms. and is put at 1lm, from
the upstream face of the dam,

In order to control the occurence of cracks and
to et into the dam when necessary, two inspection gal-
leries are to be left during the constructlion, esch one

having 2m, height by 1m. width allowing for a man to petb
through eeslly., The descent from the higher gallery to

the lower one is possible by means of a vertieal hole 1lm,

by 1lm, and which 1is shown in the contraction joint plan

on plate 2. The downsiream view of the whole

sented on plate 1-

E- FOUNDATICN

The nurposes of a foundation under a dam sre

A

atable support for the structure under

losding (Z2) to provids the nscessary resistan-
so that the
dam may
neable, rood resulis cannot ba sxpected, sincs the

B e

presgurs will help in the overturning or sliding

fo!

am, On the other hand, evemn if the

as in the case of the bagaltic rock

to be constructed, sove water might
the cracks, joints and faults and t

obtain a wabertight foundation, and

uplift, it 1is usually necessary to ¢

on which this dam is

find its way through

therefore in order to

assist in eliminating

ypout the foundation.
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Several methods are genersally proposaed, but the one
to be used here, is the blanket grouting or general grou-
ting over almost the entire area of the foundation, Three

rows of holes should be drilled : one row neaspb the upstream

3

ace of ths dam having 10m., depth and 1&m. center to cen-
ter of holes, a second row at the mlddle having Cm, depth
and 2m, center to center of holes, a third row near the

downstream face of the dam having 7m. depth and 5m,center
to center of holes, All the holes are to be Z2bcm, in dia-

ler diameter

meter in sach one of them a steel pipe of asme

L,

is driven, and through this pipe, the ¢iment Jgrouting is
pressed under e pressure corresponding to there times the
height of water in the dam or 7.5 atmospheres, In this

wey 8ll cracks, faults and joints will be filled with grou-

-ting and prevent therefore the passage by water,




- 40 =

CHAPTER V11

A- DESIGN OF THE BRIDGE

It 33 required to design a T-beam bridge for
the following sonditions:-

Clear Span = 134 m, « 44ft.0 1n.

Live loading = 15 ton truck,
Axles spaced 10 ft center to ecenter.
Wheels spaced 6 ft ecenter to canter,

Two thirds of the total lsad 13 carrisd on the
rear axls,

Impact allowance 30%
Allowabls tenaion in steal 18000 P,S.1i.

Dasien of Slab

The bridegs is to consist of one intermadiate
beam and two outside beams supvorting a floor slab., As-
suming that the intermedlate beam will e 14" in width,

the clsar span of the slab will be 5!.2"

V7245
NEP2 o 7 o Tk , 1-8* T
s = S LN — eI
L
i q 'oll
26 ;
/I’I 5’2" ,1,/ j’ ” 2
= s ‘Tf‘ - /- =& i
|
l K2
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Assuminz a total thisknass of slab (including a 3/4 in
wearing surface) of 6 3/4" and allowing 15 1b per sq.ft
for protective covering, tha total dead load per sq.ft

1s: 9;2%35_;29 = 85 1lbs, ¢+ 15 « 100 1bs

The dead load moment is: 0.8(1

o
g X 100 x 5,15~ x 12) 23200 In-1b

and D= 6.58 = 3.29 r¢
(2]

o~

T= 1.25 ft

E=z 0,7(2 x 3.29 + 1,25) = 5.48 £t (See Unquhart &
O'pourka Conerate Structures Art 263)
The concentrated load at the center of a 1-ft. strip of

galab 1s: 10000 _ 1820 1b

5.48
The live load moment 1g @ 0.8(1220 x 5é16 x 12)

= 22600 in-1bs

The impact momant is : 0,30 x 22600 = 6730 in-1bs
The total moment 1s : 3200 ¢ 22600 % 6780 =z 32530 in-1lbs
Then :=-

d = V33580
12x108

= o tin

Takine 1 in. of insulation below the ecenter of the bars, the

total thiekness 1s 6 3/4" as assumed,

29580
As = 5258 = 0,42 sq.in.

18000 x 7/8 x 5

whiech is furnished by 1/2-in round bars 5 in eentar to
center. Xach alternate bar is bent up over the supports
and additional straight bara 101n ecenter to center are
placed in the top of the slab econtinuous from outside

beam to outside beam to complaote the negative moment



reinforcoment. Tamperaturs and dist-ibution stresges
in the direetion of the spen ars provided for by plae-
ing four % - in round bars in the top and hottom of
each slab vanel parallel to the beams at about 18- in
centers,

DESIGN OF INTERWEDIATE BEAM

— B

The intermsdiate beam is a T-beam with an ef-
factive span langth of 49 ft centar to center of plersa.

DEAD - LOAD MOMENT

The waight from the slab per foot of beam is
100 x 6.33 = 633 1lbs. The cross-section of tha beam bhalow

the slab is assumad as 14" x 30" whish adds an sddition-

al weight of _l_iiajﬂ x 1 x 150 = 437 1b par foot making
11

the‘total waight 1070 1b per ft. Then the dead-load
moment at the center of the span is
>
Mp = _L_x 1070 x 49° x 12 = 3,850,000 in 1bs

—

LIVE = LOAD MOWENT

The maximum live-load moment (Ses theory of
simple structur=s by Shedd and Vawter page 125) will oc~-
cur with the 15-ton truck on the bridge in the nosition

shown in the following figure:i-

&
56do

" __22.8s 3 ?3' sir. 1428
i B
i
4

R
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with distribution of loads as svecified by
O'rourke and Truquhart, the intermediate beam must sup-
port 1 & 9.33 & 1,052 vheol loads per wheel.

6.33
Therafore the load from the rear wheel is 1.052 x 10000z 105201h.

and from the front wheal 1,052 x 5000 = 5260 1b,

( 2y
Ry = 15780 x 22,86 7400 1bv.

49

and

7360 x 22.86 x 12 = 2020,000 in 1b.

My,

IMPACT MOMENT _

My z 0.30 x 2,020,000 a 606,000 1in 1b,

MAXIMUM TOTAL MOMENT

The sum of the maximum dead-load, live loadg,
and impact moments 1s: 3,850,000 # 2,020,000 & 806000= 6,476,000in-1b

DEAD-LOAD SHEAR

Tha maximum dead-load shasar at the end »7 the
beam 1s 1070 x 24,5 = 26200 1bs,

LIVE-LOAD SHEAR

Tha maximum chear in the eenter heam oeccurs with
the truck train on the span in the position shown In the

following figure:-

P &
1/300 ¥ /1300

5650
T NSRRI a”__.,l

100" 307 0"




5

- 44 -

The dasign arrangsment of the truck wheels

1s shown below:~

b
‘l(____ 3.7 ——._-_;i %
| !
l 1.18”_._*_ L5125, _3.0" ﬂ:l Sl Al l.fs'___:,J
| |
| | il
| |
oI 12 5l2* /.'qlz" == RN e SRR A N e

I uik

f = —
With the loads so nlarsed, the center beam sustains
3.58 x 2 = 1,13 timas the values of each wheel losd.
6.333

Therafore 10,000 x 1.13 = 11300 1lhs from the rear
wheel.

5000 x 1,13 = BH50 1bs from the frent
wheel., Then the maximum live load 3hear i3:

5650 5 .
11300 « 2222227 & 11300 x 9 17880 1ps

TYPACT SHEAR

The impa~t shear at the end 1g 0,30 x 17280 =

5360 1lbs.

MAXYINUM TOTAL SHEEAR

The maximum total shear 1a:



26200 ¢ 17280 ¢ 5380 = 49440 1bhs

DETERMINATION OF NROSS-SECTION AND STEEL AREA

The aree b'd required to sustain the maxlmum
shear 1s: 49440 = 450 sq.in
7/8 x 125 Al )

| 5 ' i 20
/

since b' 14 in 4 = 450 = 32 174"

14

With the main reinforssmant placed in 2 rows 2% " sen-
tar to eanter, and 22" insulstion for the lower row,
the depth of beam below tha sleb is:

32 1/4 ¢ 33/4 -6 =230 in as assumed.

As = 6,476,000
18000(32 1/4 - 8/2)

s 12.% aq 1n

vhich 1s furnished by ten 1 1/8 - 1in square bars

= - 9‘ O
Y ik = 14 in.
125 x 7/8 x 32 1/4

This is furnished by 4 - of the 1 1/8-1n bars allowing
the remaining 6 to be bent up to asslst 1n resisting
the diagonal tenslon stresses.

Stir~ups are used in order to increase the safecuard
against diagonal tension eracks; they are arranged as
follows: with the first stirrup 4 in.from the edge of
the suppont, 6 at 16 in., 4 at 15 in. and 6 at 16 In.

DESIGN OF EXTERIOR BEAM

The exterior heam 18 a rectangular beam wilth
an effective span langth of 49ft center of piler

DEAD-LEAD MOMENT




The w=2ight from tha slab per foot of beam
is 100 x 2,58 = 260 1bs. The welght of the railines,
detalls, etec..., 1s agsumed as 200 1bh per ft. The

crogss-sectlon of the heam 1s assumed as 20 x 48 in.,

which weighs 20 x 48 4 150 = 1000 1b per ft. The to-
144
tal dead load 1s 1060 % 300 % 260 = 1560 1b per ft

and the maximum dead-lcad momant at the ecanter of the
(o}
span is: MD = E_ x 1560 x 49 x 12 = 5,620,000 in,1lbs.
8
LIVE-LNAD AND IMPACT MOMINTS

The portion of sach wheel load whiech rests on

the =xterior slab panel and which 1s supportad by the

exterior beam 13 equal to.iz_ a 0,455, The long-

6.58
1tudinal position of the load which will produce the
abgsolute maximur bending moment is the same as for the
intarmediate bsam. The moments are directly proportio-

nal and the absolute maximum moment in the exterior

beam is: My =« 0.485
1,052

The impact moment is 0.3 x 874000 = 262000 In-1lbs

x 2,020,000 = 874000 in-1bs

TOTAL MAXIMITM MOMENT

Tha total maximum moment is:

58,620,000 & 874000 # 262000 = 6,756,000 in-1bs

SHEARS

The meximum dead-load shear at the end o7 the
beam is : VD = 1560 x i%_ = 38200,1bg.

The meximam live-load shear 13 proportional to

the maximum 1l4ve-load shear Iin ths intermadiate beam



- 47 -

and is! VL = 0.445 X 17880 = 7040 1b
1.13 '

Tha Impact shsar 1s:
76040 x 0.30 « 2110 1b
" The total shear 13:
38200 ¢ 7040 + 2110 = 47,350 1b.

DETERMINATION OF CROSS=SECTION AND STREL AREA

For the assumad width of 20in. the reguired

depth 1s:

d = V§,755,000

44.2 1n.
173 x 20 =

Taking d = 44.5 in. and assuming the same arrangement
of steel and insuilation as in the intermediate beam,
the total height of the eross=-ssction 1s 44,5 # 2 1/4 1 1/4a48 in.

a3 assumed.,

F\ O-
A5 m STEB000 - 9,65 8sq. in.

18000 x 7/8 x 44,5

which is furnished by eight 1 1/8-in square bars, Four
bars are placed in the lower mow and four in the upper
»ow, Four bars are sufficient to develop the bond
stress so that the remaining four bars ecen be bent up
to assist in resisting diagonal tension.

In order to reinfores the beam against shrin-
kags and to tie 1t together, %-in. round U stirrups
will be placed about 2 ft. center to centsr throughout
its length,

Full details of the whole bridgs are shown on

Plate 5.
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It 1s nacessary at the end of this work to
add a chapter dealing with the results which may be
obtained, if such a proieect would bhe performed,

No one ecan deny the importancs of iprriga-
ticn in the 1l1fe and development of our country, and
as it was shown befora,.Syria was and will remain an
agricultural state; and therafore, bascause of the

lack of rainfall precipitation in the asastern part

N oA
- ] L \

of' the countvy,fit 1s necessary to search any auita- AP wéi

ble way to get nger from and usa it for irrigation. .'g'_.f. 2=
Stnce the construction of a dam on the most -_‘ FQ,’)

abundant soures of water, the Euphrates, was found 4 agf j E}

possible, and the irrigetion of wlder plains will,
theresfore, be securad, 1t 1s ve»y important to per-
ferm this project, oeven 1f some losses are to be ex-
periencaed for the first ten years, hut this protent
will be very fruitful, whan itas vallsy will be much
more populated and new villages will, theresfore, he
created.

Another advantage, which results from the
construction of the dam, 13 that it wlll helpr in the
construction of turbines which generate an electri-
cal power of at least 50,000 hp.(Estimation of Dr,
Mazloum) and which may ;;.u;éd for two purposes: first

&
for running factoris and second for running pumps, in
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ordar %o raiss the watse of thse Duphratss and eonvey
it to Aleppo, to be used for watsr supply and fer
irrigation.

The question of generating electrical power
end usine 1t in feectories 1s of the utmost importanco,
Racause, once this dam 1s ponstructed and irrigation is

A ns)
provided, cotton, wheatfidé;; canes, can he pianted to
a wide extent, and therefora, the presence of textila
factorias, mills and sugar factories are necsssary for
the working of thesa raw materlals, to fulfilll the
needs of the country. Itniq not necegsary hare to show
their imvortance, since they are a vital factor in the
economical develoomant of(nnsé;unt"y.

Another important factor, whirh is to be con=-
siderad, 1s the use of this electrical energy in pump-
ing the water of the rlver and conveying i1t to Alenpo.
This city has felt a big nmacessity for water 1in the
lest few years, due to the fact that the Turkish Govern-
ment has diverted the flow of the Quelk river, which
has besn providing the water supply of Alepvo, direct-
1y from i1ts souree; anothsr reason 13 ths insuffielsney
of the underground water which has been feeding the
local wells,

Thenrefore, after many investigetions carriled
on by specialists on the possibility of getting eithar

the underground water from diffarent sources 1like Ein-

El1-Tell, Hellan, El-Rabh, and Diouboul, or the surface
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wate» from tha rivers 1lile Spin, Orontes and Roul,
it was found that the Euphrates i3 th2 most suita-
ble source of water for future water supply develop-
ment .

The proiect i3 planred to consist of a pump-
ing installation in a vlace called Wardi, at a dis-
tence of 80 Kms. to the Bast of the clty. The water
is pumped.fvom this point, which is at 275 m. above
gea level, over a hill 420 m. high above sea lavel
and 8 Km distent from the Wardl plass. At this last
point, ths water flows down by gravity to the filtra-
tion and sedimentation basins., It 1s, then, pumped
20m, hicgher to the distribution reservoir from which
it 1s, therefore, conveyed to the different parts of
tha city., The estimated power, necessary to oump
this water at the installation station on the river,
is about 2700 hp. and at the distribution ressrvoir
about 600 hp.

From all this, 1t may be ~onecluded that
this dam must be constructed, in order to impound
water and use it in irrigation and in the gensration of
electrical energy , both of them haeing the bagle aondi-

tions for the economical davelopment of Syvia(?nd any |

’i’x!' /A i

-

other nountry{) J) fL}‘

=
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I WOULD LIKE AT THE END OF THIS THESIS TO
EXPRESS MY HEARTIEST THANKS TO PROFESSOR EDWARD
ROMANSKY WHOSE KNOWLEDGE AND EXPERIENGE HAVE BEEN
OF THE UTMOST HELP TO ME IN THE PERFORMANCE OF STCH
WORK.
MAY 17, 1948

GEORGE N, KANWNAWA
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