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Fig. 5- Comparison of uplift force for four water height and eight different positions of the drainage system
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Fig. 6- Comparison of exit gradient calculated for four water height and eight different positions of the drainage
system

au b s el Jlacie ol 8l og i o (555100
5,130 5l CwdV L 000l 5)lad o 90 py—ghe
V JSes jo aS jeblen .ol cews by ano]
CwdYU a0l 80550 o 90 L g oo aba>dle
(5?_“"; ).o.obl_a wl)_‘J‘) u_wou,ul_’ A_us_;‘ é)lHo )‘
4S 6 9k ol o el cid o laie (I7b
g a4l o anoleyles g0 6,5 13 1b =+/YYA
Vb=« /YYA § </FYA s slpal_0old .o ul a oy
9 J._d B MQYL’ O._uu_j 3)‘9_3.0 (5)—‘5)‘)5 LY Jay).o
YU sl 8)lsm0 5,18 L acul 2S5l am

; dl_old) (m)' )l 2 al

u:. ’,l3 )O K S

s

N

wiol 8ylg0
8yl dte G (et 9 (o y 2 9—Laiedy
8,lgm0 (goue Jas 3l ool vl Ly waid oo rals
dol 8,50 o 4 il i oglate sla Jg-bo
S I PIWR VIS I 3] 3 IR g E PV ESLWR e
=S B0 Hoome (S ol jo awloa s &l Y
Al o Gl (0 A Cad Sl (98) (ond S
sladsb @lilan 4 coul (amw B3 Job 4 loano]

el 00585y CewdVU ool 8l wiglie



V=YY Lo/ VYRR laasls /YA 0 )lasd /TY e/ i g (6 bl S0 5l wiigee ol

a0l 351920 9 HLid 5 (9,3

Syb les)ls 8 VL (65,5 )18, ()2
Lol o o gloaw 5 (ol gloojlos 15 5 O
Jdos s 5l o] slas les alols ca L
A (= = 08)lg (59, Hlade 0l colai il gou e
e S 2ol lmolgs jl e lizee Joolsd (silay
oo LI A St 55 o]l a8 0l oy ot
e cods dalllae clls A (gl JSCb ol o
aS ool )l (ol (el O jg0a 035 (59
48,5 LS A ojlw 1 )3 J S s a5
Jd—ol ml g A S b ana g L ol sais
Sy e (nyeS 48 095 e cdaliive o) 2
S reS 5 i lie nc Il e o b,
loojlsns aS cul glabg 4y by o Lo i S
W=+ IYYAY 0yl ot 3 | ol ey iy 0 is]
S5 5 S 0p2s slecle dlie (L nl b
ool 1 03)ly (g9, slade yo (olite )L, (ASs;
C slacle 1o aimo o ol | ojlss0 50 Aols
Oo=b 90 L (S s o (39 wiw) A 3 G D
OBV YO0 EPRCVE S -1 PRI SCOUVR S/ EFRCUE SO -1 PP
5 Jie jLa8 05 (69, jlacte oIlb gal,ly 20l580)
Sl calS a5y, sVl sl 3 )lgo Jsb

Sl o it LBl bl 1o g L loges 3ubo
ool blesa Sl ul, o 0 68ly 59,
ool b)lgms an Al ol 5SS 05 H0 CewsYo
= HeFE B slacdl o0l I, 8 cwomly
I La Sy 35 5L 4 bs e lacdl oS
95 S WSy wz e e o gl ) gl
slecdl L alie Lul,d j0 00y (59— Sl
CewdVL 6,lam0 cal Lal corl LSy 1S 04
Saae jo i Sey c oVl L g oyl o

aS 5 ban @yl ol )...>l_, 03,1y (59, yiSla>

Y

5 amb o iolidl waba s o (I/b=4/YYA
Sl 8yles ey am e o S L o e
Sl 2alS) cewo s anol 3)lsus 4 cewsVL
o iali8l (Sasl by Jlade an e o (/b
il go B b jlaie ;o Lo i 5 08 e
Sl A4S 09l o odlin oren VS o
s Job sl b el L cis (oo 2l
b lgn0 a5 Il ol ,5og i dl/D=-/V0
S8 Sy oYl o
(Mo=-1FYA L5 < IVYA e glpal_sld) 5,5

oYL o

oo

Ao Sl cid Gl yo ojlgs o b a8l
3 s S Il s o les Jsb alydl Lol ol
LYY oo slmalold) ol oo o iSa)
Gt S ShalS s Seie 6,80 (/b=4/VYA
ol 8)lgms )_..,l_; Lo iS5l ey ably jo 0,0
5lg=2d Jobo 5l Jiime 5 5ozl i Gl ShalS 50
clacdls slas gl as, ol el CessVl ane]
A el ) i a) G S (555 i lis
“__SAC

JI- )Q .Q; "‘b R W

ool 8les o 90 Lo wsla s Lo i Sa;
el il 38 Cews s oo 8yl 5l cawsYU
5 A0S oo lay ralS cid o laie (/b vy
Aol a5 coul Sl jo cis o Jlade o e
aS ool Jlaie cp i pn l ool 8)lg s g0
OHlSen 5 ool Ol i 5 Ly 5l las
el ol o .c—wl (Ahmadi et al. 2010)
i o0 lacie CewaV ool 5l Job iol58l
Wb S aoul s az g b cplpliy b e rals
g SVl 00T 8)le 0 90 e 4ty ALl
OelS jelaiedn S o9y Ll il o Cewsimly
O 3 g a0y Jobo ol < /YYA cis o

| AML’ uLo.b onb °)|5')~'> Gﬁfjl)-a A



e gl 3 Wl (o133 Hiagy CupnBge o)y

uJ)_A.AS as éj_w(ro PRV ‘_J.Lw u_:‘ 30 ]
3)‘9_16 9o aS el LS"'H—‘, B ‘5_’>9)> ul_ld‘; )‘J_O.A
il o jlalols S g o i tos sl ano]
AO=/\YA 5 < IVYA s slaalsld)
90 o=l 00 2 ololS polie dnlie Ly
ool olens 6,51, 8 4 S 55 5 e camlin >
oleslF 2alS 1 s i U aal e cowsl
5ylgm0 (6= 58 aS 05l e odnline e )l
Slocm g J8 (oS alold) jiSa; Bl bl s o ool
—ar ;o 4S5 9bay o il al il Jglae sla,lis,
Js—b sl—H 3G E L B oo Lac >
&l— —9> Ql__g\)l)f Hlo—de di/D=-/¥d Jpa——
ool 8yl 5,5, B b= YYA i Aol
03,5 lon Giulidl 2 bge jedoay (LiSa) 5l o
2 Gl (aSe ) aw (g0 diw) A > o .ol
L oV a0l 3yl cglite coud Jybo 4w
ool 81508 o 90 g /b o o el ol 8l
HLol 8 Jlacie cows ol a3 )lgus 5l crwall
Saie Lo plad 0 &jgo o o a S ol
sialS Tagad L el a S 29,5 Lol S
3 s 050 o odaline poren Ewl 00,5 oy
9 J._J 6-05 al_ols o .A_gs_j f))‘HQ as Gal.mul.io
50yl gelaie sla,lud, g cul i Saj 5o
CewdVU ool 8)l500 Jeb ialidl Lo LSe plw
ol ol esdie (2o OlaslS i felS e
sl e oYL a0l byle s aige LS o,
S 850y Job b < IVYA sl slmo loms
l_g 0o e dd @Lu a_m.’LM O B S L) |

(Ahmadi et al., o le laame , S0 Clibss gl

v

ol byleo s Aol 0wl 8lg s By
JLad ) 9 e w3g-d oo eal BSB5 5 (Sl
5 Sy B)los 5l el jeo Ly g wbioe 234
S 5 03)ly (G9 laie Sy A ol Suop
O S0y L o gledn ola g Lo iS5
ol il 8l i Sy an cwoVL ool 8lg s
§ Ay oo S92 laie oy g any jLad 5 lasl (/b
)‘ = ;.,«_wbyl_) d_».u_j 3)‘5_.:.0 6)_.5)‘)_9 )‘ Q=
J—ow o g 0)ls —als gusg, Lxs, 5 i Sa;
Lacdl ol 5o 0w, o 095 e J8las a4y arily
Aold any by e JLtd iy (59,0 e (n i
ol ayly s ol e a s e Wl b=+ /FYA s
Alold (S )0 g S el jo Cewa¥YL
Aol Al a8 Ta
Ay o =2 /YYA 5 - NYA s slacadse
0y S 3l eS A s L8 5 Jlade ol
Lo jlzd g 5l =S Jlid g aS cowl Lo lay g
9 P90 sbaiSa; L Jol S 0352 5be oS 5 4
ol il Jdoan g9-b50 ol ol Foge—ine pgu
el aw dsay A SGop Al wlgay ol i Sa;
é)‘ﬁ‘-’.‘j aS Sl k5JL> L .Joj.:).a )l.wﬁ)_;) &Sy
Loz Jol oSy g aalo |, Jobo o s comdYl
b 5k
Wy o 8)l990 9 (Sdgyamd bol,S

J=dzs 5l ol glmosls olwl o ize ol jo
S l_) ‘;?-5)5- Ql_.{o‘)f g_J|)_».».u C"L“" Lod< J.x.o
Gudj_}a 6‘)‘4_) sd_».u_j le_m)ls_;.o O ad_ole
oo a1 JSa 5o cewaVU ool §)lgr0 wiglie



V=YY Lo/ VYRR laasls /YA 0 )lasd /TY e/ i g (6 bl S0 5l wiigee ol

e Ssdse (Hihie Tl Oyt ) ()
g goany bl 5l JE e a0l 81500 g iSa;

od—wo x5 2011, Uday and Hassan. 2016)
3y &S Sl Slaizme ool LS L mls ol cisllas

Shaslassl cows goliin bl oo ( Sen sla

25 25 ~
S ) A —e—d1/D=0.375| 2 ) B —e—d1/D=0.375
= o = =] T
[=3 = > 2
? ;ﬁ g 15 —@—d1/D=0.5 ? % ;:\ 15 - —@—d1/D=0.5
'.;3 .85 1 gegrgggg —+—dup=07s ’1'3 L85 11 —a—d1/D=0.75
(2] [%2]
;3 3 é’ 8 0.5 } 3 % 8 05 -
B! Ej E = 0 . . . . . 3 By "g £ 0
5 §g 0 02040608 1 3 E®& 0 02 04 06 08 1
;; @ B diy Jgb 4 Sl oyl 95 oo ol S (I/D) i 2 B iy Jgb 4 sty O 0yl 93 o dlold S (I/D)
:., = The ratio of the distance between two cutoff walls n = The ratio of the distance between two cutoff walls
- to the length of the dam body - to the length of the dam body
25 2.5 -
s . ) C —e—d1/D=0.375 = . ) D —@— d1/D=0.375
° = ° = 1
? = g 15 —@—d1/D=0.5 ? & fg 15 | —@—d1/D=0.5
3 o 3 o
a g E 1 —a—d1/D=0.75 | g E 4. —a—d1/D=0.75
Yy 423 LR ]
32 3£ 805 3 38 So5 -
1355 135
e‘ = 9 % T T T T T 1 a. = 9 % 0 r Y
2 8w din Jgb w0133 53 ¢y dlold o (I/D) } 2 R WOTEY Job & 33 O 6593 93 oy dhold G (/D)
é = The ratio of the distance between two cutoff walls J £ The ratio of the distance between two cutoff walls
- to the length of the dam body - to the length of the dam body
2.5 - 2.5
s ., E —e—aup=0375 | & _ F —o—d1/D=0375
k=2 = 1 ° = T
‘? % ) 15 - —@—d1/D=0.5 ’3‘ :.} ) 15 - —@—d1/D=0.5
. s 3 : s 8L
3 E 1 ) E _
% 4 3 g 1- ——dlD=075 | % 4 & g 1- —a—(1/D=0.75
[}
;}2?_%0.5- ;}35%0.5_
¥ S og 0 —— 28 0 —
%3 & & 0 02 04 06 08 1 3 B8 o0 02 04 06 08
. o § A iy Job ay sy O 01993 95 (s dbold Cuwd (I/b) } o § A iy Job ar as O 0ylgs3 95 (ym dold Cuwd (1/D)
:3] = The ratio of the distance between two cutoff walls J = The ratio of the distance between two cutoff walls
o to the length of the dam body - to the length of the dam body
25 2.5 1 H
5 —0—d1/D=0.375| & —e—d1/D=0.375
T 2 2 > e 2
K o 9 3 Q 9
?,-3. 4 8 1 ——dUD=075 | 4 g E 1- d1/D=0.75
12 (%2}
3 3& 805 3 3£ 805 -
fase fass,
¥ <oy ¥ S oy T T T T )
% g 8 0 02 04 06 08 1 3 s 8 0 02 04 06 08 1
. 2 B diy Jgb 4 s Sl oyl 93 o dhold S (I/D) 2 B iy Jgb 4 sty O 0yl 93 o dhold S (I/D)
’3 = The ratio of the distance between two cutoff walls 3 . The ratio of the distance between two cutoff walls
o to the length of the dam body - to the length of the dam body
Cadd (25 il a5 51 LUK 5 i 3929 2 y9n0 55 CawdWL w0l 3190 Ak K0 oty 0 — V S0
Fig. 7- Checking the optimal location of the upstream cutoff wall in case of existence drainage system from the point

of view of reducing seepage

¥



e gl 3 Wl (o133 Hiagy CupnBge o)y

- 1.2 1 A 12 -
g 2.1 ——dID=0375 | & & ]| B —e—d1/D=0.375
& ;;j.;j HER ~@-d1/D=05 28305 —B-d1/D=0.5
? 25 §g'3 1 —A—d1D=0.75 || _ sg go.s ] \—a—dl/D=0.75
s 1330 $38 2041
375 £, X 28 3 021
535'2500 02 04 06 03 1 255" 2 04 06 08 1
- ; P » ¢ A 5 X Dz =
3‘. é‘s %, dor G Jab s s o F 810 33 s dliols 3 (UD) 3 4? % _,_Q?,MJB;,‘Z‘,_\.,O._‘: 13:i:£?1.9l93m(1’b)
¥ =) The ratio of the distance between two cutoff ¥ é ” The ratio of the distance between two catoff
walls
12 G
g = C e 2 s o —e—d1/D=0.375
E_ -}: g -'g 0.8 ~@3-d1/D=0.5 E‘ % E 308 —@—d1/D=0.5
- =t S O QYL T
~ og 206 S dlD=75 33 Ris. —a—d1/D=0.75
?,"9.30.4 -”"Q;ag'
-9 8 s ;38 204
S I R ¥
232€ 0 02 04 06 08 1 2 2 RN e )
L . 2328 0 02 04 06 08 1
L2 g B mondbasidobeyondebons@® | T 3R T L g gl ou dob s ()
3 = The ratio of the distance between two cutoff T E 2 The ratio of the distance between two cutoff
walls walls
b
& 2 Al-; E —o—dlD=0375 || 5 l-i F —e—d1/D=0375
g E 208 —@—d1/D=0.5 g g 2 —@—d1/D=0.5
- ‘55 20.6 —a— d1/D=0.75 _ _‘_5;5 30_6_ —a—d1/D=0.75
} 9% 204 }J 78304
% a8 go2 3 74202
3485 E 04— $258 00—
3 35 % 0 02 04 06 08 1 RIBE 0 02 04 06 08 1
3 ;«j = S ity Job s i F 21503 38 oy dlisl o3 (UD) :1 -_}, 5 B e Gy Jsb iy o 851533 53 s AlolE 3 (Ub)
¥ = The ratio of the distance between two cutoff ¥ E " The ratio of the distance between two cutoff
walls walls
a ¢ G —e—dID=0375 || 2 ¢ 1*; 1 H —o—d1/D=0.375
5t @ s —@—d1/D=0.5 Bt 3os. —8—d1/D=0.5
32 § —a—d1/D=0.75 5< § —+—d1/D=0.75
_ 32 B dip=075 ||~ 52 & O d1/D=0.75
7 2% & o4 9 T ot
P83 I B 504
-3; :%50.2 -3{ :%501_
D TN o 0 - . . : . . A e g7
2325 0 02 04 06 08 1 2584 0 S TR S T
EERE I < e Tl s 38 0 02 04 06 08 1
34z B o b 4 2 50 0 ol ens (U) &t el L Gy S 4y s F 81533 53 s Aol a3 (VD)
¥ E The ratio ':it:‘e dl:xt;n:e::htw;u t::;‘utoﬂ’walk ¥ E < The rano of‘the‘ éistxn-ce bet;'eentm;cntoﬂ
e len 0 e dam v “’I.Ih

S5 G950 il YIS 1 (SR 5 e 3929 900 )3 CanwdWly Wl 81500 Kkt R0 Loy 32— A SIS
Fig. 8- Checking the optimal location of the upstream cutoff wall in case of existence drainage system from the point
of view of reducing uplift force

[




V=YY Lo/ VYRR laasls /YA 0 )lasd /TY e/ i g (6 bl S0 5l wiigee ol

. g 1 A - e, é B d1/D=0.375
= = o 038 = =25 U
= & B d1/D=0.375| < 8B x| e d1/D=0.5
R 7, iR
a, g E’ % 044 e d1/D=0.5 \“2‘ a § % 0.4 - - - = =d1/D=0.75
3 252 o) - - —aup=075 | 3 5§ 2 02
-4, _34 2 0 4, =4j 2 0+—
5358 002040608 1 S38% 0020406081
v, B D e ainsb 4w Ol oyled 93 o abold Cuud (I/D) w 82 S &5y Jgb 4 s Ol 21920 95 (s ol Cunnnd (I/0)
3 é & The ratio of the distance between two cutoff walls _—’3; é & The ratio of the distance between two cutoff
= to the length of the dam body ~ walls
1o the lenath of the dam bodv
1 1
< g 08 C d1/D=0.375 0 2] 08 D d1/D=0.375
) 3 D = = % o =
7,58 08 a=0s | T % og d1/D=05
w §5% 04 - = -dUD=075 | , %535 04 - — —d1/D=0.75
3258 0, TR 3 25202
TS - piEE ol
S 328 0 02040608 1 $3%g 0020406081 y
o ED swsndbamololm g omdobcai(h) [ 2T F S e endbasolol o dot Ceu ()
3 2 & The ratio of the distance between two cutoffwalls | 3 @ x 1heratioof the distance between two cutoff
°E to the length of the dam body Qk walls
to the length of the dam body
- 1 E d1/D=0375| 1 F d1/D=0.375
= gz 081 L d1p=05 | = % 081 d1/D=0.5
} g E o8 _ 1,38 0 -
A N s - & =d1/D=0.75 3 4 8 E - = =d1/D=0.75
2 52k 04 w2804
3 a8t 02| aiaeagey 3 432 02 ==
4 :)‘4 2 g, 4, % 2 0+—FFF
3328 0 02040608 1 39y 0020406081
M, B D s din Jsb 4 Ol oyle 93 o dold Cams (I/b) m B S seandp el s om del Cu (D)
3 2 ¥ The ratio of the distance between two cutoffwalls || 3 & & Theratio of the distance between two cutoff
2k 2k walls
to the length of the dam body
to the lenath of the dam bodv
1 1 _
& E 08 G d1/D=0.375 || <= e 0.8 H d1/D=0.375
3 §8 5 s o e =
3' . £ é 06 1 e d1/D=0.5 3 g E 0.6 d1/D=0.5
B © 3 . E - - - —
w 258 04 - = —dUD=075 | W £ 5g 04 d1/D=0.75
- 43 = © - 43 2 @
e > =9 0.2
2R gE 0.2 oo o T 0 T———
-4, K S E © == 4\ 4 205 T T T T T ]
L 0 4 T T T T ) a3 25
T 22 0 02040608 1 2328 M‘S.u 421;24,&4_41%? ;0'=8~ ];Loléw(llb)
My 8D i Jsb a i Ol o)l 93 o dhold s (I1D) e TES gk 42282 2l 0)l23 93 o :
a o % . . = o % The ratio of the distance between two cutoff
2 £ The ratio of the distance between two cutoff walls 3 £ ® walls
=~ to the length of the dam body ~ to the length of the dam body

2955 QLS Al L a1 iS5 e 3929 y900 53 CawdVl T 81520 A G0 oy 2 — A UK
Fig. 9- Checking the optimal location of the upstream cutoff wall in case of existence drainage system from the point
of view of reducing exit gradient
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Extended abstract

Introduction

Seepage flow through the base of hydraulic structures such as concrete dams causes different
issues in these types of structures. It may cause under-scouring of foundations that are
constructed in previous material like loose sands or non-cohesive soils. Additional to this,
seepage flow creates uplift pressure that may destroy the whole of the structure by overturning
or sliding. Therefore, engineers have been tried to reduce upward pressure created by seepage
flow using different methods and techniques. Normally, applying drainage systems such as well-
graded granular material, geo-materials, and artificial filters could control the moving of tiny soil
particles from spaces between large particles. However, selecting of optimal location of the
mentioned elements to control seepage forces as well to fix bed material under the foundation of
a hydraulic structure is the main challenge for engineers and designers. Nevertheless, by using
appropriate filters and drainage system moving of bed material is to be under control, this
method couldn’t control the harmful impacts of seepage flow singly. Since the last decades,
researchers have proposed different methods to control uplift forces by using cut-off walls due to
increasing seepage passway. This technic drops the hydraulic gradient of seepage flow.
Employing of the relief well is another practical method to break high pour water pressure and
reduce acting uplift pressure to the hydraulic structures.

Conducted studies showed that the closer the drainage systems to the toe of the dam, the lower
pressure (Yaghan, 1998). Ahmadi et al, (2010) confirmed that the best location for relief well
and the downstream cut-off wall is 0.28L and 0.72L from the toe, respectively in homogenous
materials to reduce uplift pressure and seepage flow (L is the length of the dam foundation). The
literature review revealed that almost all the research and studies in the field of seepage problem
and uplift issues beneath concrete structure have been done under homogenous material,
meanwhile, in nature, the base materials are in non-homogeneous conditions especially in the
layered form with different permeability and properties. Therefore, in this research, we tried to
study the effect of non-homogeneities of foundation materials in the seepage and uplift problem
beneath concrete dams.

Methodology

To study the effect of drainage and cutoff wall application in concrete or diversion dams as well
to determine their optimum location simultaneously, the hydraulic behavior of cutoff wall with
the installed drainage system in different depth at the non-homogenous sandy foundation has
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been studied experimentally and numerically. At the prepared experimental setup seepage rate
and piezometric pressure under 4 different hydraulic head have been recorded using by 18
mounted piezometers. To study the wvarious condition of non-homogeneities of foundation
material as the ratio of permeability of the upper layer to the lower, seep/w a module of
Geostudio as a finite element base mathematical model has been used. Calibration and validation
of the mathematical model have been conducted based on observed experimental data by
modifying the permeability of each layer to reach the same seepage flow rate in both model and
experimental setup. The optimal location of cutoff walls also has been determined numerically.
To study the under scouring phenomenon beneath the dam critical seepage gradient has been
checked under different heads of water at upstream and downstream of the dam.

Results

The results showed that employing a drainage system within two cutoff wall lead cause to
increase in seepage flow and at the same time a significant reduction in uplift force and exit
gradient in compare to the ordinary state (without drainage well). As well, increasing the depth
of drainage installation makes the growth of seepage flow and dropping in the exit gradient but it
does not have any effect on the uplift pressure. Also based on the achieved results, in the case of
implementing two cutoff walls with drainage, the optimum location for the upper cutoff wall is
exactly at the heel and the down cutoff should be installed at the distance of 0.73 lengths of
foundation from the heel. In the current condition, all the three parameters as seepage flow,
uplift pressure, and exit gradient take in the minimum magnitude.

Conclusion

Also, assessment of the achieved results about the effect of non-homogenous material of the
foundation of the dam in uplift pressure acting to the dam proved that layered strata don’t have a
significant effect on the pressure distribution and its magnitude. However, analyzing of flow-
networks showed that the equipotential lines lean horizontally in the case of the ratio of
permeability of the upper layer to the lower is smaller than one. In fact, in such cases, seepage
streams lines tend to pass through the lower layer.
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