4™

VAN e ) o)lods FY ol (Conn j daxo g (] pos (pwdiieo 4yl

Al caz 30 S o Cawd YU Slg s gyluly o 81 slo S ) ST
O350 & g

' ool jdllane (sagedum g ‘% b e sedestanw

s ol8zils «o owiige saSizils JLobiwl’
Ol axly ol 3l3T oKl ¢ g g S - ol e a )] ol 15T

odS>

ol 9 S e Lyl (lovas 2 ST slods s Y syt ol 5o 45 el S slads (6,38 )L oV 51 Sy 0350 anlss el

Cdl 5o adss 0 a8 canl 1 el pl e ams 7y T 58 plas bl cul (S g a8 I 15 Sl bl i 8 cens YU Jlg el el

2 Csd YU dtgy gloyam T HLid 0,5 oS slaely 51 (S 0,00 0gzg s Vb Slg s 10 g lubb 5 o3a) a8y Jlaxst g, ol 5l g 00,5 o

gy 30 S8 Al 5 ydged Bl b 00,5 aseiie a5 sl ] Gudis ol Lol Gas .l la lg s Gl 40 (5805 dd o35 adss >
b o Sgupp 9> ax B g,luly 5 licebl oo 50030 ,5 Bl i ax b gloyam T jlad o S slaows cews YU

(S Sleyis 6olul (88l 1S (aiii P @ 4SS (S o igudS 5519

9 9y e 508 (o jll St (oo Gl e e Koo
2y 5 a ]y B Y cds sl gl 1S 5 Sk

Elil e g gludl slass 5o by 559 Y

585 Sl Gl o by easS plo o)l 5B
sl o cus ol slaogls 51 S il glosl
ol )3 .Sl SB 620358 < po gldl 2o el
S Mbee ol (ol g S deh 1 el
0395 Sl S paydeiin ro Ll pf labaze 0 &5 Jl>
3397 ge S5 Gl b S ekt a0l (b Sjge 4
Al e S Sl jas

Jieel b olgsas [, SLs 0 O bz oSl lsles
Ol 0 sl s A oy (S dolas 3 oyl (158
2l Sle olbs g Ol s a5 00,5 0 5,8 dolre
dlbios 25 IS e84 sl cpl ol

af ), af an]_ soa
PRI IR AR,

Ky s Ky aslion Joeome 4 ool J5 0a h 558 adslas 5o

VAN Gipdy A-IY) 2él s

oo -

R Sl pese 3550 9 Wiy Ol 5l (35 a5 T ) oy
Ol 55 50 c8l 6565, 0,5 3985w diy J3o 4 ol g b
s il oo pll S0 a az 5 e 050 4 4z (e
g el el ol jo 00,5 cans YU glg et jo o33 59
6‘O)J.‘> UT)LHSAJM‘ u])l )_’(’:')_”J u)_‘>u \.J" éb.u‘
20,5 Slginme lgh duw 00l b a5y 40 59250

S pyliie (955 (Rl Ll (350 T 5l gy
A A cews Y T Lad Yl 15 05 00 S e (59,05 &
Sl b e b asS so Joe s YU o 005,l0g S5 lge
e ol a1 YL aw wia o glsl s L6 og, o0 o
O o o a8 e b Wil cos (o855 9 905 0 18
08,5 (glo i O HLid Sgwl el Wb o ialS

b gloya O jlad S jelaie 4y alisee slo i,
Wwob‘ﬁﬁmgw‘oéwéwuwm)‘
Sl ;o sl ccl (Sew cElo b Jo sloaiy 3o 9 Allas
Aol Phn sl g, ol 5l (S6 00,8 colaiul b ig, oyl
il S slbaw caws Y Sl i o 1Se;

cely Sl gloyix jLid oS bbb oS ol ax 3T

So 5 el aigd oo SB Slgred 65l yiion 4z 58 S0

J’:«M LRCOWIPSE S


www.sid.ir

e B sla S b

#7 la AT Hle ) o)l FY ulo oy ) buxo 9 oyl o (oo 4 i [ Yo

% initial water table

ELEVATION
|

ns—A— a 1 150
DISTANCES

ous gilwdow s o0y adadio - Y K&

18 Cowl 039 yxe ¥ ol5] elly s Vo e b jo ol
Sl 0030,8 (58 Lo O a0 a4y 00l gl ol
oot S s Sl oz 5 3 9m sl Jubo ol sl
59 Sl ool plodil 5 See my p adsd sla fdod g 00ys )8
ol dped Cwd YU Jlg il o 88l 31S8e ) S pgo >
A g 93 45 003 )S (B0 i p)le g e S o
075 (V) S o adyls 8 caws YL Jlg s jo 281 1S
72 G5B S s s YU Gls et 5o b i8S (65518
30 58 ol asSS crnl ouls ools Glis b 1S bl SO
8l aAlols (aai ol b iSa ) JebraS cl (V) S
Sl 0090 o 1825 515 50 ad B cwds dygy oy

S dlae (Sl 5 (Sojd Sleogax (V) Jgo 5o
00 ooly iy jtee mpm adss Jdo o colaiul 850
Sl 00005 (5,8 paioren asload (gildae Soug 595!
Flas g rindsti 5l ol e (1Se) wllas 5 dy 3588

390 S plan (Sl g (K 5d luogas -Y Jgu
& ddds Judo yo solaiwl

Srdydsts Sexe 7 3 C ¢
; . ky/ky kN /m (kPa)
m/s [C3ied) a0
VA e-F [ IS sage o A \ vy dwgy
Sbyolems | AsS s29e o AR ) Y SSe;
YoxV - | S jage o Y. Yo Yo ooy

039 Ve i=be— Y s X liuly jo (6 p33s85 ol
2 05zge iSe Wisgzsa pomm T @l 00T (oo
wils oloy by S5
oo anld e el s ol 4 ez L
alss sladelos el 5l S sl wilbe 135 & 50
Clal s eakdsd @b Bl 5l Sk ls o5
lr S &l 30 o anily pasie Sl 39290 e
Slp Gegk rl o WSl oY 5 65902 Ol ol Jo
ol s ySo e SEEPIW l5dle 3 51 598 i 55 0 (e

L] 00 00ls uLwJ ) JS....\ O é.s]y O%‘ )‘l ‘_g‘dj}w' R

0.0001

1e-005

1e-008

1e-008

16008 — 3 |

Conductivity ( m/s )

1010 — 5 =

1e-011

1012 — el

1e-013

01 1 10 100
Suction ( kFa )

(AN

B0

%0 |

200

50— ra —

Vol Water Content (x 0.001)
Whithout Dimension

-100 -B0 -60 40 =20 o 20
Pressure (kFa)

()
8390 ox Of @l g s pdydeis @ 5 (glaiges -1 S
O ddds Judos yo solawl

aiged ahaiio (3 yx0 Y

2 &8ly (Bl slo iSa; se2y U o ke
e e 455 013y (S (sl s VL e
ol oo 48,5 L5 s (V) IS5 asle San S aw K
e tliee e VFF oacls (o 5 e YT aw (ol elis)|
B wged alade cpl jo diis ol Canl 0dgy g A o ZU
sl oy Bl &8l /YO 4,


www.sid.ir

e B sl iSa; il

8 2le AT [l ) o)lods FY ulo ) duxo g ol o (oo 4 236 [ ¥

S omeesy ol 5o LA gl cti anld Julos ol

o (nl @ azg bl ol (S0 g gl )
Gt (sly Aites dggzme 5 SYole wiadi E¥olas
e o oaliial gl 4z ilie glaglell ) alae Lo
odel Cawd &y gloyam Ol jLad 5l eslaul b 55 SLL al> e o
plsl cws Vb Slopd sl solwly Jobow (3 al> e )
gty o)l az b o iSa) ogmy 38,5 Latia b a5
oo joline ol ISl cansVl Jlgps sl
SISLOPE/W Jl3ile 5 5l syeSo e b (S Slosed )lnly

ol oads oolitul | el 3g,

Jolx S -0
O &y AelS (a2 50w Aoyl (29,5 (20 -)-0
o cowd Vb Gy jo 38 slo 1Sy 0429 Sl 0
(F) 5o o .28l valys a8l 35 ads (o )0 (29,
S &3y 5l (29, S (20 g L ASe) bawgi (295 (20
e as )}bum Sl 00l ool UL.M.: o adss e 0
(Bl iSey Sy 8929 Dyge H0 Cwl asin (F) S
S TN L Sl g 45 e 50 (295 20 Gl
3 Bl S5 A 5 90 &5 (S )90 ;0 O dale> (S (e
O 0 (9 @0 ORIBL el sezge s Yhigly d
O > VFe s TAY U iSTas cuwi 4 e adss
T W B L I C v SYVRRVAPE A V-
ey oy o b gzl o 2alS e a2l st
(SLal slo o> ol Hlad il axye palS L ooy salgs
205 (o0 ol Sams YU Jlgpeds Il ye 420 9
oS Hlie S las S @il e leiee (F) IS0 o s b
AV A s Cas (o TN Colaa 4o Ga_el 1Sy S
Vb Gloed )3 (Bl iS85 93 6553 D90 45 w30 E)
PRIATA S E LW ISR V-SSP I g PR  KESLIWR
(B iSa dw 929 Dyge )0 K08 (Gew l ablige +/0
Vg oIVO adss s o S aw ol oS lie iSTlas
Cawd YU Jlg el j0 1S 09y pie Djgo 4O g Salg>
sl o @8 S8 & iy o bsh ¢35m4
Sled als g cewo¥l glgyuds jo 1S 0929 Oyge 4o L
slys B8l S @ Jewily oo byl o Lol glo > Ol
Jly il canl oa ools lis (0) UKoy &S el ol 0g
o L;Lé‘ sl o ya u] Sl o

1- Spencer

5 initial water table Loy
Zy AV [
E 3 - / \ Ly
P s il il 2 Y
> a9 5 mn
u f5m j Yb
4 el
H \ bogy |
C
i @ o <20m— x 1 LI
DISTANCES
(&h
B intel water tahle .
6 1
E 15
g
il
T
| |
1 » o< 2L1—= w b 150
DISTANCES
(@)
B intal water table n,
Z 5 3
Q yil =
E B 1/ nn \1
@ 1? L ) 4V Va
o Lo \ |
0 E g <0n— x 1 &
DISTANCES
@

Sl (Slg i )0 AR (5 15 1,8 liseo WYL Y ISl
M) dn (g 48585 59 (o0 S5 S ()

Jol g, ¥
03,5 (5,8 il jo a3 50 slafelod ploxl jolaie 4
Gl e sl ails 18 Loy 5l 50 3% O Sl oS
1 lo i T L b oad sl Jlagly cuts 50T cdls oyl
Cawsd 4y loyi Ol L ay] Cans 4 o iy ciliee bl
el 5o adsl byl e any sl et Jelow 5l ool
Sl (gl A5 el 53 bl sl od 0 IS 45 35
00t 650502 SEEPIW Jl3le 5 5l 5 050 ot (sl Julos
e ) AdB L e 5 AT e 0
Sl Vg VO B VD alis slacens sl g 33,

] 00


www.sid.ir

o B i i 55 by AT 5l ) oyleus FY lo o3 buzmo g ol ot oo 49 75 [ FY

i K

. y

A
F o Bt
g ; Bl s 00 E-m Blo %55 g0
;ﬂ; o B s o0 J7 E: ; B o0 )0
& T &

T H

i

ff’f’fﬁ’f’f’f’f’f’ f}j’/\j"j”ff’ff’ff’

[C) (@3]}

Bl o

it "
’i\‘,)\‘ H "15 A L
% 4 i Bls 2o 00 :E g | - i Ole jiie; oo
? lxﬁ')}-’“‘\ﬁ"ﬁ ? .6)}*‘@"..'15
é ,f m E oo —

o L I L - R Y T

o KR R GG L ;
BN Vo e ST \ A \ ) o
35!\/\35,/\3?/\?! f\fr/\f}/\f “f ‘:F: \lf :{?\ "J’I' "J’I' ,'J’T‘I \3‘; \3‘; \‘JLF \3‘; \3‘; \3‘;
f ; j f A 4 4 A oa s v . o 4 A 74 &
e.:\‘jw:\‘s’«:\‘j & <"\‘f e"\'fwx"\'j N jv:\‘ 3::\‘5‘ {3\‘3, w'\j#\' je.-‘\'fw Vo

& 1\:\‘

© )
O dplii lise Gt gl s iy 1 (29,5 (29 9 LIS Sl (29,5 (20 -F USB
Y A s (87 1V i o (g +10 il s (0 /Y8 il s (G

O35 dalit ilies scuus luwbl cul s -Y-0
G 4SS 5l ey s WL (Sl 5)ll ks gl
aseion 45 4555 lad el 00l 03l (LS (B) USS o 35
O3 el iz glacad @l plebl ol ol
alss slacs gl (S8 Gl 4z i b el 0ol ailoxe
Olisebl o po (Bl S0 43S S5y g 10 5 +/TO

30 ol sl gy ol 5l el 009 s (VY) jlxe JBlas

Cemd slp 0105 392y (Bl (1S5 4a 4 55 4SS o

99 9979 e Qliabl cuyo Jlao slo )| sl VO adss

(s Sy a S92y Caled ) el (55900 (Bl S8 SR 0929 pUs W jg0 3 Jrwiliy m babis -0 JSb
al5g G 4 jlme pliebsl (g po JBlas o 08515 sl SVl ilg e 5

ol a3l )


www.sid.ir

e B sl iSa; il

8 2le AT [l ) o)lods FY ulo ) duxo g ol o (oo 4 236 [ ¥

& 35 a7
G aelis 08 1 La S 3B () psliie
(sl delos o 1,38 cutd g laoly cots o o j5xe
s s YUy s 5 iS85 (6,5,,3 Galizee oYL ol
oS ol ol gl ay3e b elow ol gl ol s ool S5
2 S8 poges Bl s slacns 5| pam ¢y 42 5
slatas (an gl Lol Cacd (65978 Cass Vb Syt
S el Szl BB 22 5 (59,0 a2 and Koo 4l
Sely Sws YU Gly et 5o Lo Sy 60518 lse 151
Sotp 5 e sl 5b Lol o i O HLed Sl
ol La iSay (al 9929 il (n Sogtlasl 005 0 )bk
b g b o Loz ol 48 el b e o

255 )R 4z g 590 Lo

&=V

[1]  Berilgen, M., Investigation of Stability of
Slopes  under  Drawdown  Condition.
Computers & Geotechnics, 2007, 34, 81-91.

[2] Lane P.A. Criffiths D.V., "Assessment of
Stability of Slopes under Drawdown
Conditions", Journal of Geotechnical . &
Geoenvironmental Engineering 2000, 126

(5), 443-450.

[31 US Army Corps of Engineers, "Engineering
and Design  Manual-Slope  Stability",
Engineer Manual EM  1110-2-1902,

Department of the Army, Corps of Engineers,
Washington (DC), 2003.

[4] US Army Corps<of Engineers, "Engineering
and Design. Manual-General Design and
Considerations for. Earth and Rock-Fill
Dams, EM' 110-2-2300, Department of the
Army, Corps of Engineers, Washington
(DC), 2003.

[5] Duncan, J.M., Wright, S.G., "Soil strength
and Slope Stability", Hoboken (NJ), John
Wiley & Sons, 2005.

[6]  Griffiths, D. V., Lane, P. A., "Slope Stability
Analysis by Finite Elements", Geotechnique,
1999, 49 (3), 387-403.

[71  Chardphoom, V., Michalowski, R., "Limit
Analysis of Submerged Slopes Subjected to
Water Drawdown", Canadian Geotechnical
Journal, 2006, 43, 802-814.

[8] Fell, R., McGregor, P., Stapledon, D., Bell,
G., "Geotechnical Engineering of Dams",
Taylor & Francis Group, London (UK), 2005.

[91 Chen, Q., Zhang L., "Stability of a Gravel
Soil Slope under Reservoir Water Level

Sygo S dadiee odlie (F) JSL 0 a5 b les
G2l Ol i ) AR S )0 (3 g S
S5y 3 oo Al laebl o o 4 o (Ll oo
52l i e VD adss Cond 0 K0 gge 5l
208 (0 alaxde (35 Sl 4 o bl 2

Oalidl el o YU Sl el jo (1S (o505 Ll
132355 e 555 4l i Sl liroll
5 510 lipabl s Rl ] 2505 s 57 50
A g 90 oges Blod L ail o 2805 e > /Y
TEAGIYY b 5STao o 4y limabsl oy Lialil LiSa;
g2 Mlg> ASe) (9 >

¥
Y
Yy
¥ -
} 4 g
fAl N 0] .
j\ i e bl G g o
G T T .
W = e bl g e
\ Ea S
u H‘\\‘ - T4
‘ et
S
.
i Yo b ¥o) Vel

T IONEIRN LOVN 5 FUSPROV-SSOR T | P I-C ¥ Sk F g &%)
O @9 pw dudss wiu )8 (o 0 andss ilise

Sl i 20 I3 -T-b
8 i el s Y gt 5 Lo 5 5,53

20,5 e jlal s e o o w6 e (o0 alaxdle
s Y g5 L 505 33 i 0 plads ol
J=los g (ohb i o (gl 45 Col (S oo
s )-‘-‘l—’ (V) IS )0 0,5 )18 azgi 0,50 (S slaos

ol o ool Hlad gl cons o (ialidl e 1S

i

P ERECR LRt [T IS
-

ol 5 5 PN TS ol 255 o
Sg2g alawlg 4 ol s cdls ;o 20 sl -V Sl
LIPS


www.sid.ir

e B sl iSa; il

44 G»Lu AV 5L ) oylels FY wls> (o) o g o‘,o.c WA A g | YY

[13]

[14]

[15]

[16]

Goel, M., "Drawdown Pore Pressures in
Earth Dams", Proceeding of 48" Research
Session CBIP, Vol. 1, Hydarabad, 1980.
Kerkes, D. J., Fassett, J. B., "Rapid
Drawdown in Drainage Channels with
Earthen Side Slopes", Proceedings of the
ASCE Texas Section Spring Meeting,
Beaumont, TX. 2006, 1-8.

Lowe, J., Karafiath L., "Stability of Earth
Dams upon Drawdown", In Proceedings of
the first Panamerican Conference on Soil
Mechanics and Foundation Engineering,
Mexico City, 1959, Vol. 2, pp 537-552.
Morgernstern, N. R., "Stability Charts for
Earth Slopes during Rapid Drawdown",
Geotechnique, 1963, 13 (1), 121-131.

[10]

[11]

[12]

Fluctuations”, ASCE Journal of Slopes and
Retaining Structures under Seismic and Static
Conditions, 2005, 24 (2), 1-10.

Brahma, S., Harr, M., "Transient
Development of Free Surface in a
Hemogenous Earth Dam", Geotechnique,
1963, 12 (4), 183-202.

Dapporto, S., Rinaldi, M., Casagli, N.,
"Failure Mechanisms and Pore Pressure
Conditions: Analysis of a River Bank Long
the Arno River (Central Italy)", Engineering
Geology, 2001, 61, 221-242.

Desai, C., "Drawdown Analysis of Slopes by
Numerical Method", ASCE Journal of soil
Mechnics and Foundation Devision, 1977,
103 (7), 667-676.


www.sid.ir

e B oS il 55 salay PN las o) o)kt PY il cnms ) basro § (3l poss suekido &1y / 1Y

Effect of Horizontal Drains on Upstream Slope Stability During
Rapid Drawdown Condition

S.M. Ali Zomorodian*, S.M. Abodollahzadeh
Department of Water Engineering, Shiraz University

Abstract

Embankments may become saturated by seepage flow during a long term high reservoir stage. If
subsequently the reservoir pool is drawn down faster than the pore water can escape, €xcess pore water pressures
and reduced stability will result. This is called drawdown which is quite common in upstream slopes of
embankment dams. The stability of slopes under drawdown conditions are usually analyzed considering two
limiting conditions, namely slow and rapid drawdown. In the slow drawdown situation the water level within the
slope is assumed to equalize the reservoir level at any time. In case of rapid drawdown, which represents the
most critical condition, it is assumed that the pore water pressure within the embankment continues to reflect the
original water level. The lag of the phreatic line depends on factors such as: permeability of soils, drawdown
rate, drawdown ratio and slope gradient. Rapid drawdown can cause a temporary increase in pore water pressure.
The increased seepage forces may lead to slope instability, causing the collapse of structure. This paper discusses
the effect of horizontal drains on upstream slope of earth fill dams during rapid drawdown using finite elements
and limit equilibrium methods. The change of pore water pressure, outpouring seepage flow and the factor of
safety are inspected.

Keywords: Earth fill dams, Rapid drawdown, Drain, Stability, Finite element method, Limit equilibrium
method.
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