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303554 Dams Engineering (3 Credit Hours;
Prerequisite: 303322 & 303352)

1-Different types of dams,

2-choice dam according to sight location,
3-type of forces acting on dams,

4-design and construction of different types of dams:
- gravity dames,

- arch dams,

-buttress dams,

-hollow dams,

-earth and rock-fill dams

- cofferdams, weirs,

-spillways dam tunnels and gates;

- quality of water retained by dams;
-environmental impact of dams construction
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Description of course Dam Engineering

1-Different types of dams
2-choice dam according to sight location
3-type of forces acting on dams

4-design and construction of different types of
dams(gravity dams, arch dams, buttress dam,
hollow dams, earth and rock-fill dams cofferdams
,weirs, spillways dam tunnels and gates)

5-Quality of water retained by dams
6- Environmental impact of dams construction
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FIGURE 1. Structures for harnessing water resources potential of a river
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Types of dams
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Types of dams
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Types of dams
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e 1. Embankment dams, which are constructed
of earth fill and/or rock fill, and

e 2. Concrete dams, which are constructed of
mass concrete



Types of dams
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Embankment Dams
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(a) (b)

(c) (d)

Fisure 2. Principal types of earthen embarkment dams
(a) Homogeneous with toe drain,
(b) Homageneous with chimney drain & horizontal blanket |
(c} Zoned with clay core chimney drain & horizontal blanket ,
(d) Zoned with earth & rockfill
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2-Rock-fill embankments
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(a) (b)

(c) (d)

Fisure 2. Principal types of earthen embarkment dams
(a) Homogeneous with toe drain,
(b) Homageneous with chimney drain & horizontal blanket |
(c} Zoned with clay core chimney drain & horizontal blanket ,
(d) Zoned with earth & rockfill
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Concrete Dams
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Gravity dams
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Gravity Dam
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SECTION
Ficure 4(a) Concrete Gravity dam



Gravity dams

Salal project on river Chenab showing energy being dissipated by sKifump
bucket type energy dissipators
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Buttress dams
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Deck Slab Buttress Dams




The Essential Components of
Buttress Dam
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FIGURE 4b Buttress Dam

Method of joining slab fo butress
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3. Arch dams
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Arch dams

@ (b)

FIGURE 4. Principal types of concrete dams(continued) ; (c) Arch gravity dam ; (d) Cupola or double curvature - arch dam.
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3-Hollow gravity dams
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Ficure Sa. Hollow gravity dam



Ficure 5b. Multiple Arch dam
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Classification of dams
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Classification based on function:
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1- storage dams or impounding dams

2-detention dams

3-Diversion dams

4- coffer dams
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Classification based on Hydraulic
design
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Classification based on Material of construction
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Classification based on structural behavior

1- Gravity dams

2-Arch dams

3- Buttress dams

4- Embankment dams
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Classification based on size
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Selection the dam site
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Selection of site for a dam
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Factors governing selection of type of dam
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Factors governing selection of type of dam

Aall 5 aall adalla JS& g L) 2 gulall -

1- Topography-valley shape
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2- Geology and foundation conditions
3- Availability of construction materials
4- Spillway size and location

5- Environment and public opinion-
6-Earthquake zone

7-Cost

8- General consideration
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1- Topography-valley shape
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ELEVATION-CONTOURS
IN METRE

300 ,
15&.0 *+— River flow direction

FicuRrE 6. Topography of a typical damsite area showing possible alternate location



Topography-valley shape
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Crast level
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Ficure 7. Typical valley shapes {a) Wide valley with deep overburden ; {b) Valley with little overburden ; () Marrow valley with little
overburden ;(d) Valley with irregular depth of overburden



Shitsumi Dam Reservoir
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2- Geology and foundation conditions
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2- Geology and foundation conditions

e 2- Gravel and coarse sand foundation
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PERVIC

IMPERVIOUS

(b)

FiIGURE 45. Cut off trenches
(a) Positive cut-off
(b) Partial cut-off
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2-Geology and foundation conditions
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e 3-Silt and fine sand foundation

s A8 0 gad) ol Aty 3 ganal) Jagd Caulis CLulutY) sda e
Al 2yl AN e dsaull Dulia je Jia ag ¢ a A s doaidiall Cile s Y|
20 30 il 5 (piping) A s 3 jala aie s il el A Clulul) o2 Jie 4y )l
(downstream ) all pe ) axy e ddaia L_g Cilulay) Llaa 5 Ll

QR(AAS e il ASland) ()5S Jlags) 8l s e g sl dS )l asa s Ja (8 e
Lo gagll o)d 31 il al yhal Jala s saall Al e e G ulerd) Jla s LU il 3 L gagd)
LA s Cuang Siluall el (§ 58 31 5all ) 30

/}MOVEMENT OF FINES DOWNSTREAM
|
|




2- Geology and foundation conditions
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4- Clay foundations
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FIGURE 32. Excessive settlement of dam and foundation



2- Geology and foundation conditions
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3- Availability of construction materials
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4- Spillway size and location
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4- Spillway size and location
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4- Spillway size and location
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Spillway types and location *
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Spillway types and location
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5- Environment and public opinion-
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6-Earthquake zone
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7-Cost
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8- General consideration
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2-Preliminary investigation

J.u.:ﬂ MSAA@‘)AOJQL;L@‘MY‘ L_ﬁ\_\);.m ;‘JAJ Az @
w81 sal aa) JLia) (S e JSI Al il jall aa s
:\f\\_@ 's“ L"\\ﬁ );'S“




3-Final investigation

Al dl) by adl) Jads

A8l ye galall Lail HAll juaady Hlisall a8 sall JalSI Jalaill- )
283l) 5 araalll ) ghad 5 Jal jo JS A LealadnY

Gllall CaldSaa e HWIAY) jas ¢ 4oy g pall y gandl jlai)-Y
s A sall ) L) g A o o) i) Al (da SN s
Clubaty) dalaia g5 jlein) 3lalia

Clsadl ulad e al) cilulal dalles Jalada puia g - £
A )Y) a4 gl
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3-Final investigation
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Dam Engineering-Gravity Dams
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Usual loading combination
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Wave Pressure
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Wave Pressure
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Inertia force due to mass of the dam
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Hydrodynamic force du e to retained water
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Angle of face from the vertical in degrees
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Hydrodynamic force du e to retained water
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Ficure 31. Worst combination of earthquake forces under
reservoir full condition



| Y] Al 200 5150 g gl jlaal
&l ol oA dla

H.: Horizontal earthquake force acting in the ypstream direction
Hp: Horizontal earthquake force acting in the downstream direction
Voo VWertical earmthguake force acting upwards

oo Wertical earthgquake force acting downwards
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FicureE 30. Worst combination of searthquake forces under
reservoir empty condition
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Summary of loads on gravity dam
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Fig. 3.1 Gravity dam loading diagram. DFL=design flood level;
NML = normal maximum level, i.e. maximum retention level of spillweir;

TWL = tailwater level
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Summary of loads on gravity dam
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Load combination
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Load source | Qualification
NLC ULC ELC

At design flood level X

At reservoir full level
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Drains functionin
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Stability against overturning

ER" - E"‘.. Ev e
= v
W, ey +S, e, W,
1 Ew
fry

n=Factor of safety against overturning about o

N, = sum of moment of overturning forces divide by
sum of resistaning forces

>V=sum of vertical forces
W1=sum of horizontal forces
S2=Uplift pressure
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Stability against sliding

=K *2V/3H
- n.=factor of safety against sliding
- YV=sum of all vertical forces

- YH=sum of all horizontal forces
- 1 = Coefficient of friction of materials
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(a) Reservoir full condition (b) Reservoir empty condition

Fig. 16.4 Resultant force on a gravity dam



Fig. 1&6.5 Normnal stresses on the base of a gravity dam
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Fig. 166 Principal stresses in a gravity dam
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Ficure 10, Typical installation of a water stop near upstream face of dam
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Variable radius arch dam
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Gy bW e and) dlaad il lazall ey dliny o gunall el glai Y1 )
Al (98 clall Gl

Freeboard computation

heighst level=crest level+flood height

crest ll

- e

Ol 1 gasin 5 (aniall dad 1 gusia raia sy (6) IS



fasall i) Gash e s sl pli Y1 Cliban 3 21 5a) Jad JASY ol Jua
A yuy (Fetch ) 3wl mhaw s Ll (o el Jsha (o aaing LaaBIS 5 A gall sk
ade gt o3 el s die Al (adied) dagiindl) Alsall aily bl Sk iy 2
Oasd @i gl g di g ) se da s Jladll Gulaill sk 3 ) 2 sasall ol sae (0 LY
Dsaa (e A bid) sanae Al ) dsealls 3sale Gulai Jsh ik e da 3 45 g5l ) g s
el 1 s Alad e )5S 2Ll O Gt Al
1 ol LS Jladl) Gl J gl len
& Sl gLl o) )l oladly Laiss a5 ) ) s die 4y sl Lo Aol (e
GAla 06 Cpelad IS G0 (15) 4xd¥) (e de ganeanils e s yi s (Central Radial-

(7) JSAL i ge s LS
Wind
direction

6 km
3410

4
e
e

/ 341.0

Section A d

\
“ Dam

Radials for computations of effective fetch
Jladll il J gha il (7) JSa

slaily Ll 258 Layy ()l G st B o AN 5 ppmy JSES aay 4d) Ui Al o
SV il J b (e (i p8 O Jumiall (g0 Lay Lol el (8 13gae 2l




D Adull ABall (fe) Juedll ulail) Jsha sy -2 -

Sl gl wa (i) bl Ayl 0 iy Bl 250a (Sa(]) gladll Jsh Rl Cus

Al saa e 4 lia) Jals Gl iy b Jladll Guladll sl ol ) S5 Cang ridas Dl

(Al g (Ts) Aagall ey (Hs) Ansall gl y¥ Ul clilall 3 Lagin SV Ll
Al ¥ aleall (e

gHg gfc. 0.47
Ve = 0.0026 {V—E}
gL, _ 0.45 {g—ﬁ}ms

Vi I V2

A Al e yiall s gall J sk Canny
L =156%3

5 8 naall da gall Gl 5 40010 da sall (ja )5 Sab A gl i) Hsand Ts dua
(fe) s el mhand) 358 (m/s) <« zlol de (V) « daa V) dudlall & s (g)
Al el Jsha



New embankment section
with riprap on upstream slope

Average length of 9 radii in miles (black):
0.80+0.86+0.88+0.93+0.99+1.28+1.81+2.69+5.58 = 1.76

Average length of 9@ radii in miles (green):

2454375+ 4.21+4.63+6.00+5.43+0.95+0.88+0.82 G.35)

Average lemgth of 2 radii in miles (blue): ot B L
3.20+2.9042.65+2.52+2.40+2.31+2.234+2.061+1.98 = 2.47

A Cllaall 8 5SY) LR AU Dl GO e Guladl) J sl s (8) JSa

zloll de s o Al () ¢ Al (58 Lo s (e e elall (558 # Ll Ao s
(1) Jsaadu (aad Al (558 L Ao () Sl dasdl) (558

(1) dsd

Ratio of the wind velocity over water surface to the wind
velocity over land surface (7)

Effective fetch (km) 1 2 6 8 10 and above
The ratio 1.1 1.16 1.24 1.27 1.3 1.31

minimum -abe Y slall o suiad duilly Lalia ) Y all gl Y1 Clualidiadl
Glual 3adinall ZL )l de ju B ) Caual ZL )l 4oy ()85 (freeboard
normal -3¢ slas (o8 53l slall o guial Aailly (i Ygaladl ol oLés HY)
.(freeboard

da gall Jsha b a1 el oW ,Y1 5 saladl all gl )Y caluad Liayl: ddaadls
5 e Ho=1.67 Hs 5 Ls 335 (Ho) (oaraaill dasall glii )l

olaily Sl mhaud) (358 ZL ) s dic: (Wave set-up) -S- 7 sa¥) o 5¢d
s dad s el mhandl (2 565 Jamny (il 51 onaall (5 58 G Jlas Ay 5 il
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z) Yl u'a;@.iwg._m;ﬁjcc\fiﬂ\ e oant S clall 6}:“@)5 o se)
Al Zuider Zee 48de

_ V’F
~ 62.000D

D (Km)du sl Jsh F 5 (km/hr)w Sl mhasd) (568 ~L )l e pu — V
.l Sy il alae Y uladll i Jgla e dau sidl (Beall

O ) mindly ) e ol )l vie :(Wave Run-up) -R-z!)sa¥) (sl
e elall Cguia g da gall dad (4] SLA Adlisall jrimy s i) o (3L ds sal)

A sall Bl (a5l

Aa gl Blud Lainy(9) IS (e e J gpemal) (S el mhans e R Ao gal) (3l
Lo by (9) 3N (e lgnle Joan ) Aaillé 13gd B ) sSo (p38 mhans e
(2) dsal) (e ddle Juasi aal gl e J8 Jalaay
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2.8

2.4

2.0

1.6

1.2

Relative wave run-up, R/H,

0.8

0.4

0 01 02 0.3 0.4 05 0.6 0.7
Embankment slope

Relative run-up of waves
2l ale¥) i) Jadd Apailly (R/HO) (omstll sl (3Lsi(9) SN

Gl lal ale¥) miodl 5588 e YU 33 sl Jalas (2) Jsanl

A sall

Surface roughness correction factor for wave run-up

Tvpe of pitching

Recommended correction factor

Cement concrete surface
Flexible brick pitching
Hand-placed riprap

(i) laid flat

(71) laid with projections

Dumped riprap

1.00
0.80

0.75
0.60
0.50
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gl V) i lasic Ho earenaill da sall $185 ) o il R 4a e lilian 13) 13kaadle
. Hoda sall capanaill ¢l VL aSay ol oy al)

Freeboard
Dam crest
,f—// — e wave length —— TN
Wowve Height — L
/xg/ﬂ t - -
Er;:'l:—m'ﬂ 1=
d | Embonkment
Waoter
Setup Depth

SKETCH ILLUSTRATING TERMS
Al gld V) ualie G (10) Jsall

2l il gagl) 855l 5aY) (a5 gL l4gr) 5aY) Blusi o5 )] & sane s yall gl )Y
(0.3-0.5 m) ila) el gl i+l 5

Al 1 Al il 3 sanll Bl o 2 e i VT angy JIsa ) Sy el g las Y -
Coguia ) galall jall gl Yl A8laly ) A8 O gia e Jgand) oS0 oY) -
5l alie V) el o saia ) (501 el g i ;Y1 sl 3 pall oDl ie ¢y Al
e il sl

:(Molitor <¥ales) Leia S Liagl il alaa Baxy ) sa¥) £ 6551 Clusa ¢Sy

h,=0.032 JVF +0.76 —0.27 F' for F < 32 km
h, =0.032 \[VF for F > 32 km
oS kel Jsha- F -
deludl AN ALl de Hu — V-
(Ao AT (Gollly sald) gL Y pals
AUl A8 el el ol YY) il (Sa
F=0.75 .hw+V’w/2g
Vw=1.5+2.hw
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© A0S HaY) Bastal) il gl Ug ) dalaa

H=1.5(1.5d9-5 + 2.5 -d0-25)

JUITEN
- pdll sl g i yYIH
o die Ll b pad)  als e ddai aml ) 2l ) sae (e Jlae VL ddlsall- g

el

7 sal il SN Al A g 55 (S M35 ) ) 5l e (3 sl A Alaal
JSAI am e 8 LS

Figure F-1. Example 1: curved parapet wall, macimum protection against wawve action

2l Zl J g g1l (po D130 il ) sl pudlS (11) JS
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-3
JIshal 4 sl ddadid ale 131 Jedll ulail) J sl Casal (12) JSGIL pra sall aull

Ll g 3l 5 A
Cos ai Ri (km) Ri.cosai  (Km)
0.71 1 0.71
0.77 1 0.77
0.87 1.2 1.04
0.94 1.5 141
0.98 1.75 1.72
1.0 3.2 3.2
0.98 2.8 2.74
0.94 3 2.82
0.87 2.4 2.09
0.77 3.65 2.81
0.71 1.5 0.82
29.54 220.13
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. 3xjcos 8 20.13
Effective Fetch = SCos® = 9.54 = 2.11km

G 250 500 7%0 1000m
Jladll i) sl ilaa 1(12) JSa

Fe=20.13/9.54=2.11 km
) Aad (o -
sl e g dan€ll ) ill Ay gllaall ASland) Ao 2l Aad] a1 (i jal) Adiag
e dairiny dadll (e aaail Apuld saaae A8yl aa 65 Y Gl A el Sl
Al Ay yail) (9l

‘Knappen dalas o

b=1.65H%> m
ially i g i y)-H

: USBR 4lalac o
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b=H/3+10 ft
Al 2l g \&s Hl-H
Ars Preece: e
b=1.1H>’+1 m
Sl sl gl ) -H

%020 iy (e pall 3y 33 LIV 3y Ak ddhaia 4 aud) a8 5e (IS 1) 1ddaa e

DETAIL QF THE CREST
BLALE H50

dalull G g Ay jall 2 (8 5k A8 Alpadi (py ( 13) IS

‘Jha
A1 L) A pal) 2l L o gusiny sl g5 Y1 Gansn)
p 342= 5 _uaall DY) o gania -
o 342.2= sl Y elall o giia -
Dl el J gk -
oS 3,662 salall sl plis Yl Alal -1

oS 4= ) all pla Y -2
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Lo/aS 150= (salall Jall gl ¥ Al Ja 4l (368 7Ll de -
o) AN Jaus gial) (3aall -

2 29= il all plas Y Allad -1
o 31255l gl ) Alal -2

1:2.5 ole¥) ind) Jae
Loy Chpa o sy (hie () mind) mhaw

al

25 (Normal Freeboard) alall jall g1& )¥1) galall jall g lad j¥) Alls- )
ji M\Muw‘;}) E;;XMBH‘M\A&;«LAM uwwbwug
(bl ¢ Hal aad%iin 3 paall ana (e e ja OIS A alad) o A3 G gania

XS 3.66= Juxdll kel s -

L/eS 150= z L e

cllaa S PNFIERNETN PNIFERNVETN dagdl)
gl Llia- V) | gl (i galall
Sl clall | A 5l e glaall 3 jual
adall
4 3.66 Jladll bl J gha
()
**75 150 (s bl de
(/pS) Al
(1) Js> 1.24 1.22 Lol Jalas
93 183.9=1.22*150 G50 ol e e
m/é:;w\
25.83 3600/1000+183.9 G50 Ll e e
51.083= Gazelal)
g;is o [LQT“ 1.2 2.37 Jnaall A sall g lis )
14 Hs (m).

L ous [ 3.71 4.88 Ts (s) 4asall ()
L, =156T2 21.47 37.15 Ls (m) Zasall Jsha
Ho=1.67 Hs 2 2.37*1.67=3.96 A sall plas )l

Ho (m) axaill

2/21.47=0.093 | 3.96/37.15=0.1066 | Ho/Ls 4> sdl d

(9) Jsa 1.6 1.6 el A sl (3l
R/Ho

3.2 6.336 R (m) s sall G3lus
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(2) Jssal 0.75 0.75 252 i e
) sa¥! Bl JaY

2.4 4.752 canad) da sl B

(m)
V®F 0.018 0.069 (m) S z)se¥) (ases

¥ = 62,000D

2.4+0.018%=2.418 | 4.752+0.069=4.821 | cuslladll sl gL,V

(m)

342.2+2.418=344.618

340+4.821=344.821

(M) 2l A o gusia

@l el el V) A ~L 5l e s Caas V) all gl )M 2Ll de ju ol G **

Ho ameaill da gl g8 ) (e ySI C\)A‘Y\ Blus-*

b LS el Jpanll 3 o) el gl W1 Allal Hs)Ls, Ts s JUaS :idaadle
Hs=(0.0026 *V*/g)*(fe*g/V*)**=(0.0026*51.08312)*(9.81*3660/51.083 #2)**’ =

2.37m

Ts=(0.45*V/g)( fe*g/V?)**®=4.88 s
Ls=1.56*Ts’=37.15m

Jail 344.821 sobs oY) oo sl Al adinall G guiall: Al
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(1) ApalS 15 ol 50 35l B8 oyt

Seepage through earth and embankment Dams (1)
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(i) iy e Lo ) Galadl s aniall ¢ jadl G Alaldl) dihiall af ga jad jalioy | 4330
el sl ay ¥ Lay ) el sl isall ) adlall el Jasd () ) sill Ala ) Jsasa sl i

Y] ual G Al s W sl y Gada jill dgas andi G (1)JSA

= W A i a4
02 4781M days

Y] e A0 Canal U jlaaat)y il il A o5 (1) JS2
23 s ¢ bl ek 8 A judll Acalally devay (abosall Juiall (i Aac il ol pall 3
Liblea 4 dagaus Gl 22 5 Y ddhaidll

o (e { G e e | WO R Y KPS DN g O

il Aee Ul sl Ji5 51 s o S Ll A8 5a e Al 858l 5 G el slall-1
i) e 7 A A il slall 580 pe dagi e e DAY sda 5 canlil (<G Ly 1)
el AS Al 5o oSyl IS I a5 o oS LY el edgd oLl cany g0 il

Dbl o ) il 5l A ) o5 Cum A0l 5 jugl) A5 Al 533 iisdl)
(2) dsa Lhile (S5 onel) JleiV s 7 il



2l amen Ja1 oY) IS cp (2) JSA

Laall jlie Vi 2 g apanaill die 5 (a3 pe i dda iall Al a8 dplee 12
3aly 3 s Clabusall el 7 553 Al ko il ddae oLT) 4 il Ak 5 dlae oLl Gaa 1 el
Loaic Y 5) olaall (3 383 ety llileand) ) il () e @l GV( G pe Jlrdll Jazazall
Al ke g dplee g

@uk%}cuy@im)ﬁ:\:\h&ﬁ )l e aliall cldl o guia Jagua () -3
Sl o, 0350 Al puimy 1305 A a Al ke M (0 5l 8 oLl
SH‘gcw‘LJ&hﬂuﬂuu)‘)@\M&gyM\Aﬁﬂ\)@ﬂ\d}hd};)ﬂ\u‘)@\
i) el el (a1 (550 13 5 2uall 3Ll ol olaily g pell ke sl J sl
i)

AB. ST SR PR ORI S A (Y )
Al it il i ey s saall )il (ot andl o i Sl &) o8 JiSS

(3) Jsal b

Bl L) i e e by (s 8 S S o (3) Sl



) Ghlic e (pa gl (silaia) 3as) g 33l (e 5SS 2l ia gl adaddl)
Ollall o pudl) A58 QT (pilaia

ilaia dur JMA @ el

Seepage through homogenous dam

adle Jatliall () S5 ASaalinn s vl A 8 (5 slall o puill ok el 51 o puil) ok IS
2l el Tl Sl leti et ) ad a5 adge (), (5 i) iaall e
Aila g L el ey Rnntia ped ) Jad Jiudf Akaiall it 5, 4l RIS il 23S Gl
e ) a0 5l Jags 0515 e o (358 Ay yeal) Aslilly sy oLl ¢ (Lasns)

A LU el (pheratic line)zi il aa yyaal

Ol (e o LTS gaitall 2 i 5 ( ka1 gf)alall A 50 (0 Joalill pedand) et Sl dadi <20 1
sadll e 3 il Ailie s

A0l sy (8 Lae by 5 (Saalinn g jued) AS0il) 8 eV glsall b s =il Laa-2
ASaaling 5 gl

lan (55 138 5 audl AR i) ae axdalii aae (pe 2SN e aolay el ) Jad 30153
(sloughing of the dam)a il <l jail aial

die 48 jaa adad Ailaal iy =50 b l(Kozeny) (w258 om daiS 32e B e puilatic aul
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Homogenous earth dam on impenvious foundation
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Y%7 VH* +d* —d
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i
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. dam body
dam body I
%
[+ 4
oot TN S
filter Al filter
A
30° <o < 90° 90° < g < 1B0° o = 180°

o juadl (e dilide JISEY Goyall (5 sie dae (pw (5-3) JSl)

Sy o q)a.“éfmdy:\:g\jcoz\ﬁMQAaQ\);}Y\ onast Al el s dﬁuﬂeﬁm
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(6) JSa Ll il Jhai ey, 300 ® ¢ E 1807y

0.3 e,
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+
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Overhanging slope
0 |
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Diagram for determining Aa and a

Correction at the discharge point of base parabola

i pall (5 she dae A5l ) s Ag S (6) JSl)
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A
Values of M:a for various slope angles (a)
Slope angle a (in Aa Remarks
degree) a+Aa
30 0.36
60 0.32 Note: Intermediate values of
90 0.26 Ei:a can be computed by
20 0.18 . :
. interpolation method
135 0.14
150 0.10
180 0

O3S bd sa el il s 4Sialinn g juell ASullly ad o) s il as ) e b
el Aasi e 35S adal Jomy s (52181 JIS sl sla (pdalatie BsSy 0 cono Let
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+ 3 ol N A8 aadin A 53 30 e JB ol 30
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Fq4 T Vo =2 X,y T
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(8) JSalL mim se s LS

AN A8l Caenid el AeS Ll
T 0 0
q= K [\/d° +H* —d]

A e a0 LS A3 G

K = . /K,K,

Al LA (e Calias Al 2,0l o3 aud AEY) AV Hais Cpw (8) JSA
- JGa

Ol Gl Gunsall s (9) SN e sall ol )l JMS il S nnaa
L oA A ey JSA e daa g all duutigh Sl ) Wleo ai

, Kh=4*10-7 m/s s Kv=10-7 m/s

e —» 4 le
2372 /e
VAV AV AV A eV e S
. . 12624 [« 46716 e 607>
(a) Original section (b) Transformed section
All dimensions in metres
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5.2 x 107" m?%/s/m

on

(Adlida 3 ga) (uilatia & aw da -2

Leda & o o)) (S Gl (puilaia e ) (S 2 e ol VS (10
AefiS 3) 5y (alS ) s L) o3le ) 7 5l LS uiladia s (e o pudll 23 500 )
ol )y sas Ui ) GRS 2000 (e 30 jral B gl 43l il 13l
lS) 43l Jalaa (5) KD/KK Aneilly aall 4588Y1 2l 0 iy (uilaie 3 g3
2l e i )l sy o5,(10 ) Al JRA el KK 81 gall 43 Jalea ) 2l KD
(Sl JSAL o 538 el dad clilaa) el ge LeaV) sl Gaa gl (g sbay (3 5 (iS4
A S a1l e N dad b e oalie it Us Juasgy L) JSAI Jgat o

11



(10) Jsa)
(s S () 3 5il] (ils (Ao AL (o il Lot ] 6 KK/KD>100 OIS 15/ Ll
elo cbuwis g dal) il it dibia ) 5) gill SIS i) (yo elad g 43 die i ) Bs
QJH(:JL?{BJ/}@LAQ//M}J/HBL?&:@A}J‘;J/JM/MJL """J/‘{'."“’J/Lr”@"’:’:)j/
.M/ﬁ%@)uar”

rJla

o Al aall alag) a5l ((11) JSEN colial g gall 5 435Sy B g1y alS 1) 2ull

O Wle | JS&EN e daia go Alia¥) ol alad) () Lale o yudill Hlaidga g e
2.5 3 ill Ao, giall A<l 10 m/s 315l 10° m/s el CalS) A3 Jalaa
e

12



(11) Jsa

s

J sty @l g and) Gy 208Kk salay 31 51l 3ol Jlaials Geilaie au ) andl Jygad g Al

© Aqal) die 458K ASUad) zual to=1m dadll 2ie 3 gil) ASLlaw el

<3

il 10 3
té = to' g— 1,0-5:6'- 1000,00111

el die 4814 ASLawd) mual tu=4 m Jawy) 8 aSlendl Hldelyg

t'~toi—40~1ow3-400000
u - ful ky T T -6 T '8

e Wiy, (12) JSEN Hhaile 2 4110838 (50 5 2 1005 (A8l 4@l (2 50 o s
D e Buaall Al

L) =il Je MM

[}

Al =l e 1)

!

13



e ] S )
= sl LY ki

(12) Jsa
1 AR i) G pedl) dgaa AL & DU g3l aa

(13 ISl e dain sall i )l Ja glad dalise Aia 3l die JSET 5 paall 3 elal (3 535 ay
L Joay ia a3 el i Ui g ¢ el pe ALY i) slaily iyl ad aaiyy Cas
e il ek ) Ua Jig 3 sed) el ol Co el ) i )

fﬂj].}:u.

TS e

el g 2l ausn Jad eyl dgun a6l (13) IS

Cre(13) JL& haile shneider A8dle covua Xt Al il g (o ) ae g LLEY) Rgn p285
38l

2 h - i[ff /

Ty — .|

N V L

14



t el (A gLl A aaEi-Xt

Ll a5 o sl Jgintiall JISH Cilalaall aaa (4a = all-na

Gl Al e 3 -t

2l 30 Jebae-Kf

2l Bac @ ya se-b

AUl shneider 483e (1 (14 JSa)) ¢ AN maudl ) ol ll o Jeasl £ e 31 iy

Ng

— ¢ p
Q-kf'h.

ty

Gl il U il £ gly(14)JSal

15



(2) Apals llg A 1 3 gand) JUA G pual

Seepage through earth and embankment Dams (2)

(palal ALila 8153 p) pullnin 1 s VA e

Seepage through embankment dam with upstream slopping core

(8 Alaall Aisda Jlaa) (ay VA 03gd il o apaatl Ay il 3 (5 pall L i
o iy AL 3151 e el Al Byl sl Auee e gl L 3l ALY 5153
ety dalle 400 il AL 31 gl o sl GUSH s ) el g, )l () 538 aii L)
B e il Dlee o o) clas il Jleal oSy 438 5153 M (g LIS

by slell I8 xd oy olall 8 Px=Yw.hx s X 4kl ve Al helall o) el

Aallal) dsabiadd) a5 sa ) Taiall 3 gy Cum i) dgal) e 7 st Y] (bl
e AL 85 A il oLl Sl gl 7 il (8 @l 258 g 1

: s ((15)Jsdl
T A2 =2
\Q“r
b
ks ¢
Iy
SN

AL 51 5 DA L) Jae Ll (Jlaii(15) JSal)

h}c + tx“ co8 & h:x:
X X

+ COS K

(16) JSall L LS Ax diluall IR i )l a8 )5S iy

16



h
Ag = k,- 4% (& + cos )
! tx

il 3l o0 DA CJU&\ O (16) i

pd aand oy o8 Al 353l e Axadaia JS e il Glia Gl JRA s o
Al \tlaliuﬂc&)l\

e K el Liila sale ) sl Gilied ) Gasa 48 e ol Aagi€ll Bl e il oLl
) s A Ay (3153

2 sS J AUl A83al) aladinly sy AaiSl) 3) ) sl 2y JSESWD K] elall (Bee lual
t b WShl des

2 2
g i =S
k - 'YO . 2 11{1 - };2’

T X1-X2=L Jliels

7 anor 2
h, "1/ K, + hs

_mg&ﬂ\eﬁ\mgﬂ\ggw\@c&ﬁ- h2

17



(asS oo 315 pua) Gl p duw JNA peidipl)

Seepage through embankment dam with vertical core

Dbardl (4a) 4338 e B sh 3 je g AadiS Bacll e a Ll ) (i 8 bl (17) JSE s
scli dic g to sl ehans i LgiSlan(p 0.5 sale) Jasas (Bend ari€l Gl (o i (Dlia
agae (K1<<K2 (1) 815l dilis e 5 e 43 el cilyad 5 815l s e th )

() Slaed ) A Jage e liall gluz) clall o (g sban 316301 Ao Al Lzl

v | _ \\ («BST) Al ilran
T = SAxy &
S Af Ax : ~
AN e v e
e = = = = =" ;g?:E?' — :ﬁf = é%i‘_ _f?

338 e i SR T7) O

=
1
Hle::

A e i Ao 125l oy 81 £ L) cpe Ax el VA iy el ML

Aq = k.-dx-

1

chH.'TJ'

X
Axi A 3ad) clilad) DA i)l & sana & LISH =i 408

e 5 5S35 Al AEDa) aladiuls Lsbun (S )3l ol slaall (e

2 2
. __h1"h2
1% € ix1 - x2i

wio

T X1-X2=L Jliels

18



R
h, "‘1/ K, + hs

K1<<K2 Lalla dlaga 3) i) cald andl chlsan y ,ails o)

o Jlie b Adan ol 4l aladiuly il AeS il die 488 48y Aagii e Jgeanl) (S
Db gie (Sl 7 oS sl Jsha e e 1 JY H &30

a

I = e
gl to ki
o a0l BB Yyl
q, = K4 -
= k.
m i to + tH

Al 5l AeS alal 5 (ilaie aw A Gailadiall e sl aley) Jy sad Lyl (Say :Ad3adla
Ml i LS o sl

Pl (bl g dead) DA i 1) AgaS s

Cloal e agi€ Q¥ o) Sliel sl s e e )l a8 (il 23 38L <3l 3
AN s A8 aladiuly (Said aud) Gl e il AS

o Il
q'-k2Tn‘Lk

bl b Jsha G Al e yaad n daladl Wl oBle ) Adladdl § g0y oia s (18 ) IS
(T Jsand) e 335 gy /T dsnaill iy 58 56 Lk (s sbusall s uad¥) Jshall W Lk Jsa

% 20 5 4 3 2 1

n o | 2 1,21 1,25 1,33 S 47 2,00

55 Gk e plg ool Al Alslaall (38 5 A punall (o il ApaS (i g (IS 1
- JLaD Al A8l Aol () A sala

0 .

19



Pq—kgT {IT{-'FLj

mﬂ\wmg‘squmd\‘;\ufd\ L@JAUAUSMQ_JHJM\JJLU}SJJL
_qd\.}l\a‘)“

L

bii
'I,‘"kT Y

cI“'Lk:

(LTHLK)/T sl Janiass 3lal) Jgaall (e Uia e Jsamall

(B 38 o 85 2llyisalal Ha alaas 3m g0 ool 2l e e 23 58 (18) JE
2l (19 UK 8 L) HaiiS Bokans poa &l yam o Al AL 35 30 2l S Jla b
DA (e caay (Sl Haed)

- H - hq
= n(LT + m_-h,l)

:by\.‘;‘ d}.}ﬂ\w w\mhjsn M)

- T

L_;.I\.AS((:lzKAD Gu)\aité)c éﬂj d#\ 'E..\;\)SJUAALAY\‘)JQ@»J‘&_\M\;.J

H - hy

20



(Ao Apabal 31 53 2uadl)dsalal i€ Balas 3 g3 53 Gl 5 2l pania el s #3503 (19) JSN

-4aaMa

a5l Lea BVl ol i A i ey
g=g1+q2

AS ) el aull pe cpedlls g

S Al bl Gl e pull: g2

Lo A e IR Al g paugd) Al

o oailatie dd L g Al g el ASEl o ) Sy i 1) bad Bae Lusey
L o) Ui YU BV g A el

O b el g =l baa-

Ol ba (il s Al g lall-

O3S Jad ying olaall 4ie o il A ala¥) il
.8 paa oA @Lj\ C_&._.J\_

1o A Bacld o udlatia aad gl ol ASud sy Gl ghad Ll

21



(il ba vie 0= JaeLoall) iyl bk ans -1

Ah A sluia o) 3l 32 ) ol Cali g alal (o KU I liall (3 8 ansi-D o
il ba pe alaliid (o sluie Jaglia Jad JS dai g

LAY dae daad alaledl) Lalas-3 e

Lghaa aalai e ddablad) pa LAY s o o pdalsi 4hads S (0 -4
dginia Cilag o JiSil (g sbusial) T Lal) o ghad s ()l sl

3aa 51y o) amn e el 23S il (S ASaalinn 5 sgl) ASHB) pyansd any s
L AR J k)

Q=k.n.H/m

)Lﬂu_@w\gjléd\achld n 5 Ol cGlhgn 2ae Jiad m  das
m=6 sn=4 oL (20) Jill

-
;
£
S
o
]
*
Tl 5306 e (puolatie aud £uebins syl 48301 (G (20) IS
-adaada

L gl (ol il Jasn dalide 43lail) OMalae CiilS 5 3588 (bl e atig audl K1)
Al ) Gl dpdtal) A o), (1 27) JSEN Lk paldd) s Jealdl) aall sie ol o)
16.4 » (21) Jalb Al

22



Qn5H

—_——— =
'&?
& (7 } I r =
& -
2k,

¥ 8ala g 2l 83la (p Jualil 2l die oy yall Jashal il yaii(21 ) IS

il 53 Gadal) ¢y Jualill Tadll i) die G jall Jasha Galail e (22) ) JSa
 aaliaa)) aala)

_Sr

=R
N

e /
ko -

8in o«
sin B

cos o
8y = by * 3557 B

)l i Jualdll aal) sie Gl sall ki Gl adl cn (22)JS4
Sl aalhaie @l SR pse IS, LAY M S

Al 34 ) Qudl wmi\ﬁhusa,m%cﬁjlksgyﬁﬁ@zﬁ(zg) @Lﬂ\d&;ﬂ\

23



A ) 243085 ) ) bl D085 A G el Dol aBige ynd a s ( 23) JSl)
D) (bl g ) Cpaa il Ales Se )
roand ) A Al g o) DA il e il g a8l (3 )k o)

Balanse Gl (sl gin (o) jaa o) ddaea JEchC_&J z\.u'\..a)c C....'Za)l\ Uaddl ol gl Gob-1
( 48 ) alile 4pde |darS 4l

embankment 4l dabtis. lalidd &uﬁﬂ\ )J....J\ awa A Jia gﬂ\ sl aSa GBk-2
Dbl (G a5l sacChimney drains 4lile yild dddaciad) il dadac z0ning

(&), iyt

; Jua

3l s (ra il e Lgalal 5 2SI 5 5il) Al 2ll ISR auad) (S 13 2L i gall Aliba 31 53y (el 11 2l
il lad a8 e aaa o sthall Ban] 07 40305 Jalee <l UL 31 30 o) gy, /a1 072 A58 Jalaa 33 5
s el eV 85 3.5 Jaw¥) b ASlawll s o 36 2l alal elall glii ) of Caale 13 2l yie i jl 43aS
h2=0.5 ms (a=18.41 deg.) ) 1:3 4Ll 3} 5l

24



:Jad)

(16 Jsall) A xleie IS ol sl Ayl () 16 JSE DA 3] i) mhass and il
Sl o Lalatl) oa 2ie ASlawd) o g Jae Liall Led Covnd Jaldh dsed Wnal &l
»Ax =25.8 m a3 Ll

Aq = Xk, dx (%-hié + cos &)
X
Tl Jpanlly ilial) i
point fy L & .¢ t I hx
» a4 oso - = ‘E‘;{' + COSQ Imlt‘b&l Aq
Dim n m 1 1 10~ w’/s.m
1 36,00 3,50 10,28 9,88 255,0
> 27,22 2,87 9,48 8,84 228’0
3 18,47 2,25 8,20 ’7’08 182,5
4 9,71 1,62 2,96 3,45 89’0
5 0,95 |1,00 0,95 ; ’
Q=) 4q = 754,510 n’/s.m_

D hlcess AN Aalaal) aladtinly 4iag

e . /g.2L 2
h H_l/ke -a-h;2

—

0. 7545 10-5 2. |
h, = 1/0.'7545 10 i209,43 . 0’52’
110~

h1=1.85m
h2=0.5 m Ll o sles

25



Ax=25.8m
/Jn_51 < =18.41
90- =
o % =71.59

26



	� �جامعة دمشق�كلية الهندسة المدنية�السنة الخامسة �                           هندسة السدود�
	Slide Number 2
	��303554 Dams Engineering (3 Credit Hours; Prerequisite: 303322 & 303352)�
	موقع السد
	مخطط يوضح الحوض الصباب وبحيرة السد
	Description of course Dam Engineering
	Introduction
	Introduction�مقدمة
	 أنواع السدود�Types of dams�
	 أنواع السدود�Types of dams
	 أنواع السدود�Types of dams
	أنواع السدود�Types of dams
	السدود الركامية�Embankment Dams�
	1-السدود الركامية الترابية�1-Earth-fill or earthen embankments
	Slide Number 15
	2- السدود الركامية الصخرية�2-Rock-fill embankments
	  
	سد ركامي بنواة اسفلتية
	سد ركامي بستارة اسفلتية سطحية
	Slide Number 20
	السدود البيتونية أو الخرسانية�Concrete Dams�
	1- السدود الثقلية� Gravity dams
	مقطع عرضي في سد ثقلي�Gravity Dam
	Gravity dams
	2- السدود الدعامية �Buttress dams
	Slide Number 26
	Slide Number 27
	مقطع يبين سد دعامي�Buttress dams
	3- السدود القوسية�3. Arch dams
	Slide Number 30
	Arch dams
	 4- السدود الثقلية المفرغة�3-Hollow gravity dams
	Slide Number 33
	بعض فوائد استخدام السدود السدود البيتونية
	تصنيف السدود�Classification of dams
	1-تصنيف السدود حسب الوظيفة�Classification based on function:�
	السدود المؤقتة
	السدود التحويلية
	سد تحويلي يساهم في رفع منسوب المياه ليوجه المياه إلى قناة
	2- التصنيف حسب التصميم الهيدروليكي�Classification based on Hydraulic design
	3- التصنيف حسب مواد الانشاء�Classification based on Material of construction�
	4- تصنيف السدود حسب السلوك الانشائي�Classification based on structural behavior
	5- تصنيف السدود حسب الحجم�Classification based on size
	اختيار موقع السد�Selection the dam site
	اختيار موقع السد�Selection of site for a dam
	Slide Number 46
	ダムサイト
	Dam site
	العوامل المؤثرة في اختيار نوع السد�Factors governing selection of type of dam�
	        العوامل المؤثرة في اختيار نوع السد Factors governing selection of type of dam
	1- الطبوغرافيا وشكل مقطع المجرى المائي�1- Topography-valley shape
	Slide Number 52
	Topography-valley shape
	Slide Number 54
	سد محردة
	سد محردة
	2-الظروف الجيولوجية وطبيعة الأساسات�2- Geology and foundation conditions
	2- Geology and foundation conditions
	Slide Number 59
	2-الظروف الجيولوجية وطبيعة الأساسات�2-Geology and foundation conditions
	2- Geology and foundation conditions
	Slide Number 62
	2- Geology and foundation conditions
	�3-توفر مواد الإنشاء�3- Availability of construction materials 
	4- حجم ومكان منشأة المفيض�4- Spillway size and location
	4- حجم ومكان منشأة المفيض �4- Spillway size and location
	4- حجم وموقع المفيض�4- Spillway size and location
	حجم وموقع المفيض �Spillway types and location
	حجم وموقع المفيض �Spillway types and location
	حجم وموقع المفيض
	Slide Number 71
	Slide Number 72
	حجم وموقع المفيض
	5-الظروف البيئية ورأي السكان�5- Environment and public opinion- 
	6- النشاط الزلزالي�6-Earthquake zone
	7- الكلفة�7-Cost
	8- اعتبارات عامة�8- General consideration
	التحريات الابتدائية والأولية لموقع السد�Preliminary and final investigations of the dam site
	1- التحريات الأولية�1-Reconnaissance
	2-التحريات الابتدائية�2-Preliminary investigation�
	2-Preliminary investigation�
	�2-Preliminary investigation��
	3- التحريات النهائية�3-Final investigation
	3-Final investigation
	3-Final investigation
	حجوم التخزين المختلفة لبحيرة سد �Reservoir storage Volumes
	Slide Number 87
	مخطط البحيرة موقع عليها السد والمفيض
	المنحنيات المميزة لبحيرة السد
	مثال : المقطع الجيولوجي في المحور  B1-B2-B3 
	المحاضرة
	Dam Engineering-Gravity Dams��هندسة السدود- السدود الثقلية�
	شكل (ثلاثي أبعاد)يوضح سد ثقلي  مقسم إلى بلوكات 
	مقطع طولي وعرضي في سد ثقلي 
	مقطع طولي في سد ثقلي عمق ستارة الحقن 
	مقدمة
	معايير اختيار موقع السد الثقلي
	القوى المؤثرة على سد ثقلي
	القوى ذات التوافق العادي  � Usual loading combination
	حساب القوى- وزن ذاتي 
	حساب القوى- احمال المياه والسيلت أو الطمي
	حساب القوى- احمال المياه والسيلت أو الطمي
	حساب قوى الرفع المائي�Uplift pressure
	Slide Number 13
	حالات تغير قوى الرفع المائي بوجود  ستارة أو بدونه- وجود ماء خلف السد أو بدونه
	حالات تغير قوى الرفع المائي بوجود  ستارة أو أكثر ووجود مصارف
	حساب ضغط الأمواج �Wave  Pressure
	حساب ضغط الأمواج �Wave  Pressure
	Slide Number 18
	حساب ضغط الجليد �Ice Pressure
	-تحديد عرض قاعدة السد لحالة التحميل الموضحة determination of base length for Distribution of some forces(as shown below)  
	Slide Number 21
	وظيفة
	  حساب القوى الزلزالية  �Seismic Forces
	القوة الزلزالية الناتجة عن كتلة السد�Inertia force due to mass of the dam
	القوة الهيدروديناميكية الناتجة عن ماء البحيرة �Hydrodynamic force du e to retained water 
	قيم    Cm حسب الزاوية للسفح مع الشاقول 
	القوة الهيدروديناميكية الناتجة عن ماء البحيرة �Hydrodynamic force du e to retained water 
	اختيار القوى الزلزالية –للحالة الأسوا�حالة :خزان مملوء
	اختيار القوى الزلزالية –للحالة الأسوا�حالة :خزان فارغ
	ملاحظة
	ملاحظة
	ملخص الأحمال ذات التوافق العادي والاستثنائي على سد ثقلي �Summary of loads on gravity dam
	ملخص الأحمال ذات التوافق العادي والاستثنائي على سد ثقلي
	ملخص الأحمال ذات التوافق العادي والاستثنائي على سد ثقلي �Summary of loads on gravity dam
	توافق الأحمال �Load combination
	Slide Number 36
	حالات التحقق أو أمان السد
	التحقق على الانقلاب�Stability against overturning
	التحقق على الانزلاق�Stability against sliding�
	التحقق من الاجهادات  �الاجتهادات الناظمية
	Slide Number 41
	التحقق  من الاجهادات �الاجهادات الرئيسية
	 �-تفاصيل انشائيةConstruction details�
	قالب منزلق لصب الخرسانة
	تقسيم مقطع السد إلى عيارات بيتون مختلفة حسب الأهمية
	معالجة اساسات السدود الثقلية 
	حقن أساسات السدود
	تطبيق 
	Slide Number 49

	المحاضرة
	����جامعة دمشق�كلية الهندسة المدنية�السنة الرابعة�             هندسة السدود- السدود القوسية��
	السدود القوسية�Arch Dams
	العناصر الانشائية لسد قوسي - شكل الوادي  V أو U
	متى وكيف نصمم السد القوسي
	أنواع السدود القوسية�Types of Arch Dams
	سد قوسي بنصف قطر ثابت �Constant radius arch dam
	سد قوسي بنصف قطر ثابت - مسقط ومقطع�Constant radius arch dam
	صورة سد بنصف قطر ثابت
	الوجه الامامي شاقولي لسد قوسي بنصف قطر ثابت-المقطع يشبه السد الثقلي 
	صورة تبين سد قوسي بعد انتهاء التنفيذ مباشرة
	سد قوسي بنصف قطر متغير�Variable radius arch dam
	  سد قوسي بنصف قطر متغير-مسقط ومقطع�Variable radius arch dam
	سد قوسي بزاوية ثابتة�Constant angle arch dam
	 سد قوسي بزاوية ثابتة-مسقط ومقطع �Constant angle arch dam�
	القوى المؤثرة على السدود القوسية �Forces Acting on Arch Dams�
	تصميم السدود القوسية�Arch dam analysis 
	نظرية الاسطوانة الرقيقة �Thin Cylinder Theory�
	نظرية الاسطوانة الرقيقة �Thin Cylinder Theory
	نظرية الاسطوانة الرقيقة �Thin Cylinder Theory
	الزاوية المركزية التي  تعطي حجم البيتون الادنى � Central angle for minimum concrete.
	الزاوية المركزية التي  تعطي حجم البيتون الادنى � Central angle for minimum concrete
	مثال: تصميم سد قوسي بنصف قطر ثابت
	مثال: تصميم سد قوسي بنصف قطر ثابت
	الحل 
	Slide Number 25
	Slide Number 26


