¥ 2

@ YA

Ve A-A] (Lhdgfy cblodl ((IYAY 30b) ¥ ojlod FA ulo Cann ) dumo g ) o (widieo 4 i ]f"@ﬁ?'
Sy >

50 (S Glao (Seolind fwly pr SR a5

T ke dozo 5 ) ol )ld 400

L&_M&J &CBA olKisls ‘G""’J"“e’a ouSiisls ss_i.u..i: 53) M)‘ uﬁ)lﬂﬂ)ls !
L.M.: 6]&9.1 olKisls 5‘5»»;».@{4 ouSiisls s‘_)‘),o..: LS““’A""Q’A 05; )L.W.JL) v

QEIFIY sodT 25 QFIYITY w o pdy ABIYIA scdl )

oduS>

"

005 Jde ;3 FLAC oS ol o8 cle 0y el aid 3 )13 o) 9550 Ked (S o (Seolns Fuly 2805 awaie Sl Gadss ol jo

Sesbiwl alizes (slo 6,138 )L Jlosl (0uSow 5 ¥ Y clus (6,5 ka5 1o o Sealiys g (Sbowl slo ol plonil o coduzmn (65,0 Loyl 28 5 i
Sl sl 359508 S 13005 ol 0,8 oy el e |y e 58, ol 45 45t 51 g blES i ISl it 5 (Saslis
Gileodse 4 ol jo cwl oals 48,8 Jlai o (69,90 axdllas laie 4 e (DS (Ko (S o asddllae Blaal 4 S cpe el onls Gl
s e iSa )y calizee lacad 58,5 [l 0 b e o 4Bl 380 )1l ol b sdel s @) gl dlie 5 o 5,501 5 Sl >l
sl al>pa p3 a5 wd Jol> bl Gl G s 9590 50 Culed po Zenl 485 13 oy 3590 S s (sloj Ml g (sl 13, (2SR5
b s polie (glo; Jlay dlo pa j0 Cyaizman S oo bl ble 1585 A Cad (508 (slo i Ol L il Ay b oS i 8g0 iSa)

s slosy g bi..‘Lm.J Sl s acgass G plxl 4y bgin
‘b.'...,.lo slecws bSl:;- sleaw ol dss ol cul
5 odle 4 4z b oS ool gl ke glagig; 95U
Seals 2S1s byl 5 6 luly (2bj)l 09,5 90 4 )15 aduld
o9y Hlez 4 0% Glul ol igh e (goipdl S
09,5 95 4 b (Sealud GiSTy ols)l D9dge (Gt
Paoliani 4Baldovin) 543 oo (gdipends o> ,& g o>
(aa¥

Soxe Gilwdolae p Sbiul as Lo by, el
5 Baldovin) caul Jobs St g5,05 3 b a3l Soliyo
Lol VAP0 Jls jo S lega )b opuiws (VAQY (Paoliani
o S s slo S5 dasind s iy ool
Sy Sl o oSy (S 0055 S jlagas dgal g i |y al ) 5
T 52 Omb S 4 S8 i (59 2 A3l 5l AL
T 595 32 (7)1 Sy S e &5 o Seb alie s
(V70 Newmark) sgei (5,8 53] oo Jloced

S o oy Gl (AR sl (Al BT L eS|

slos Iy L8, (( Solns Judow (1S (Ko S a i gaalS Olods

doddo )
A 5 el x5 ST o gz B Sl
oXed slaaw g o alex o] 51 as ailaals a3 5l ol
503 s oV 53 (VAAA oo Sen 5 De Alba)
Gazetas g Dakoula) alas ¢ (VAAA ), 9 Seed) ool
3ol sl ol g lbegwl (IS ol a5 0,8 o Ll (VAAP
o 5kl ates Sz 4 g |y (S oo o A3
Sherard) sgei pewds 2!,Kl5; 5 (59,555 5 gl canis o
5 by, S iz o L xSslr sk 4 VAPV
aloz o] 5l a5 conl ol a3 3 IS @ baaws syl 5o (Slagges
w15 GF (S g Sl en Slasl 4 ol
szl ol glas )| Groli8l sl S ayess g (5,0 S
5905 o)l s 500 b (g 59 i Siipngt a5 Lo 05
2 S5 s ds, 5l S .(VAAY Siriwardane 4 Desai)
g awrip b (3505 655,55 a4 (SB slav glaly Gl
ol aslllas G 8550 45 sl ahaiio (o Caliee sloixBge

G398 sl iy, 3l S e Cuddse (i g 0 Shes oy

¢ Jgmme ot g5

(ko .p) maleki@basu.ac.ir «( l,ls .¢) darabi198@yahoo.com : el o]


mailto:darabi198@yahoo.com(م
mailto:darabi198@yahoo.com(م

1+ A-R3 (IFAY 50L) ¥ ooyleds FA ol oy ) Lano g o) ot (owedien s pid | Slo . 9 il ls Yoo

slp iz slaced (58,5 a3 b oS s i cpl ol

IR bl Syse 9 owap dw oy ks, ol ST 2Se;

&)L, s g (Fluwlrs o5 Gl -¥
<o o b el FLACZD alis ! ;5 oy solictul asbi
S Senltys SiS yl gzman ki s axlllas 58l
olojer Bl 5 2 ,50ls; e85 5 S -l (25,0l sl
Jeloss jo (Ve o) dtasca) el i Sl olos - (Sislioo
oo Jio (xaw glaojlu sloj)) Gl 4 bgype so0e
Fob dlas ) glazmio glsel lasil ©)50 4 sloj ) 63959
iy fulpd ((Blaw otz o Cosl Jao Vb Ceos 4 Joo
) ol o a0 bgspe ol i b Jow (slao, LS 10 84290
Jolis ol3T lose 550 i Joe oS Lol ) (alosl e
h ol (o Lo )18, &5 Cuslazly (550 b gimr G (i
syald o Lilos laasliy o VAV Cundall) WS o oo
@l 595 lr Gkl el 5l Jgere ssb 4 ol
3l ool 00gams jo ol 65 ol ol 0uls oslaiul plas
sl £55 0l 3 ool IS 3 ) i 90 4 Loyl 3
Lo ssbiie 4 g ol slalas 5 baojle 0,5 Joe (sl
by cnl 5o 0ebse osliinl i Slugi sladoe (505
@ pgwge Ceowd 90 Slylo a5 06l o 0olaiul C ol s Ly yilo
e ol b (2lme g M) o2 G Sile b cesliie (oo
0555 (g5l e <z (VAVF Wilson 4 Bathe) ol (K)
balyd g oad )5 (Sealins b jlas cosl p3¥ &35 51y
oo Lulyd Bda b alo e (pl )3 1398 00 puSow S o
onl g e 00y (Sliwl Ll 4 (6550 ol 3Tl
P2 oyl g @SB g (B Sy 90 0 (g IS5 AT D50

Pebee ol (B Cuxr

oo Sl 50T o ond solitl (5,8, (sla Jus
“yge Joe el ol ol (5 S 5 ceedsS - 550 6518,
CwSh aled Sz e (28] Joe ) elsS
il e S 5 S 5 s

sinlesl bS5l 5,155 «)AFA) De Borst 3 Wermeer
“i5e 68, Jae b 255 Gl o a5 wisls lis |y awle 5 8
S 2125 ) Jm S 00 2 IS S Jae 337 anlsS
e 3 9351 e (Siglh S 5 s ol s
5 (V4#A Burland gRoscoe) 3,5 5 )5 v, sloS> sl p
&1 5l adlae Slxas obojl 3l (6,05 o> cde 40 .(Y44+ Wood)
Ll 0als (510095 o Joo (pl LS5

r 9l GNSHL (b s a5 el oud pslas 039l
s HB sloyior T L ke ol S a5

g yeeiS |, S legus b9, YAVA Jlu yo Seed ¢ Makdisi
sodle .0 S (518 pdyGllasl clls v gl 5 wisged 2L
owb Blhe lis s> 4 Seed g Makdisi g, B> ol
ain,S olial 1, 54 s WU Bllae Ui 54
.(VAYA Makdisi 4Seed)
S oS logus (golpiion gy (wle! 5 «(VAYQ) Sarma
@ ol &l S glavw b cg |, cwdige ool g,
2l 00 Jsed BB o o O les (1283 L wilsh s oS (5550
iles Cooglite 35
J= &lp V4% JLs o Chopra 4 Clough L pcwss
b9y 5S> idged oalailul Sgaze [l by, 5l (Seelins Sl
@l S gl adsl polie 6 o 28 L > filos
Pl oz el (Jos (59, p alidie LU )3 (B Jooe
freione ©)50 1 JSO 5untS drslone 41 508 g (50
Ot Sloj Az )l dnslome (sl Glsise of 51 L 5wl ool
g Seed) dgei oolatwl aw Ay g o 0 OlLd &je8 uizmen g
(Va7 ddriss
o e o (Al )18, 0055y y0 S pud Jolos
S i glasl ol Jlad adss Glejen Sl S las
Cuoglie 5 (B oS g (2l Klg; 03,5 Joe (s> 5 Buile
Sl @Sl 5l am Bl (gla JSs s 55 5 o 51 (G20
(229 ), Ken 4 Zienkiewicz)
dwsid (S glasw (Saalos fub p S5e Jolge 51 (S0
43 5 O jgo dige) opl Ho oba,l5 4ndS jo ol v ahate
Soroush ¢ Karbor-Shayadeh IS a; lg—5 s atoz 3l .ol
s Shayadeh .5,5 o,Lil «(Y++9) |, g Tsai 4 (Y- +A)
&3S yo dwd sl o g W5 s (28,5 a3 1o L Soroush
or 90 |y (Seelas Jolowi 5o o maly (Kool (S a
Alesls )8
aw 90 loy Jlay g sloj ) wly (V1Y) ) Ken 5 Elia
gl aelsl o wols S5 ) 2 050 1) (Kol 5 (Ken S
23,5 50 dnlie Sl @l b g ead ol Wil
OS2 Job JBlam 5 iSlas poes gly oY+« ¥) Chahar
Ly, pl jo el ools &l ey, acgase s jo a8l
Ol oFen (SB lavw jo (B 2585 Job slre o350
5 slosy) L, 5 iSe; awaie il dlie ol jo sl o
dw jehaie cpl 4y cal sal o) (S slaas gloj Jlay
Sy ol (525353 S5 |y et S s oS e IS
5 <3l Jole iladoe 5l G Sl @85 13 o n
dwdid Jile38o Il i b (g5l and bl duslie 9 (5,5
odd (gwyp S Slojdluy 5 slos ) L8, n (S99 S



V) 1+ A-R3 (IFAY 50L) ¥ o,leds FA o Cony ) Laazo g ol yos (owitien &1 5 | Sho . 5 211

5 el cwl o ssalice (guy)lpl ¥ oalade ;o oyl
el 438,518 (o) 9 koS 3590 g (nl (sdue Julow
3 Gaios cnl yo el oad ooly las (V) JSG 0 F ahads
Sl el jo el o colatwl o g.8o I3l 51 golaws gl
Dl oa (Byre oads oolatul ol gy 5l &S Sle g8
13002 y3m0 «555 5o 9o oWl (g 20 FF 1013001 55
Sy YO ;013003 j55te (535 o y9m0 sVl (5 50 FITD o
Sl oyl 18 casoml (s AD 013004 5 cews ol
ke OIS s Bl e sk SS9 68,8, sl 90

(130

colw a0 gilw oo -F

@S srciond pusmed ¢ (o 9 S gaulell 4l
= obedl slass ol ooy 1Y) U8 o ¥ adate 4y bogypo o
slasy ol ablgo SLIIYYS. aid) IS & cwaie Jow sl
S 5l 00,8 (Vsb jlem |y Julod o (a9 510k L)
uils walgs laolsr 8 8 sliwa 5 Ko

ailocis o zllas 3l g ailog ) adlas 5l aw (Koo 4oy ;o
b 0 sl 3 g mye oSSl )3 eslinul e
At (51,0505 el o0 solazwl Caws ol 9 CuwaYl
ol S5l oga ialesl s el 5 ailoy; a3 alie
039t ;0 s 8 wlio (pl pllas 3l soud Sgum> ;0 4 wins
Copols oams las a5 aib oo (LL=YAL ¢ PI=AY) sy
Sygo A (g «Spe YO Bos U o &S 5l el ool JSCas
& ) wilie (S D90 & 2 05l Sl 5 5]
5 4y pdlas 5,3, ilwJoe Cya (OYAe 5w el
5 5 wodsS — )90 )18, Sla e sl cSle al>pe yo v
4.._9; )Ja., 5 du’)“""bl" el ol oolaiw! coals C)Lo‘ lef
LS”‘)JG GLQM)B JJLAJ‘ » o 4.)..\.1 it C]LAA 6‘]" 03
Al b SRR 55 S50 45,5 &0 slotales] 5
tlas ln omdsS )50 )18, Joe sl yalily (V) Jgur 5o
.‘aj.sfc L_sLb).ual)la (Y) JSAD- ) ] 00 43|)| D (29 Ay
o ooy ylis iy wlas sly oals Mol IS oS Jow &
o 50 5 (1) 3z 51 e el ol 5| g
)4[...4 L;‘)" ] OJ.A" Cawd u’;)?u Ja.:‘j) 9 leuw.vLo)T CJL.: )l
Bld cedsS —j90 Joo b il doe (0 9 5505 Sl (>l
Sl (V) Jaoz llas o el )l aS ool

Y U S A
o3y ol 59,5 Jae sl g0l chlizes glaJoe jslate (oo
el laiolesl @ 5L b Jow cpl dél el oo sols &l
loolu g, JIFLAC j0 .05)ls 50,5 0,5 Cp chli.ip“l,eﬂ
Jad il alles el ol goga> b oS coul sy ool
“oed Joe plye 4 Jas al 5kl sl 1) gloja O
oals Pl ¢ Jol yo Jawo ol (Ve + V dtasca) ogd oo 0L ¢y »b
b 95 @ 1) (IS (0550 (b )0 ool adgi (g ymes
Jow 0l 0 Ged sez> la 3,5 Al sled aulowe
Loy i 5 4 aS (V) 5 (V) 220 abaly 51 (SO 5l ool b
& yge0 c0as 31,1 «(Y49Y) Byrne 5 (VAYQ) ),Sen ¢ Martin

2y s
2
Asvd=C1(?r-Czsvd)+ﬂ M
¥+CsEpd
Aevd = YC1exp [—Cz(‘g”?d)] )

GRS Vg e (oS (855 8 JS aall) g5 0 &S
Sl (V) abaly 9 Co b Cr <olb ¥ (slyls (V) alayly ol o
970 i lo] 4 ars Lol as il Cz 9 €1 2ol g0

2 7S dalyy C1 cob s (6l o b 30,8 s (IS

el 05,8 ol |
C1 = 7600(D1)25 ™
Dy = 15(Nso) /2 )
C1 = 8.7(Neg) 125 )

ol 905 8kl 3485 dae Neo g (camd dinsils Dr a5
Ot bl (a0 # o (65 ey (sl S Ly HLsd
adoly sl oola ol b g o8 alal; g0 51 SO LC1 el

)8 oy 55 1, C2 20U g3 o0 C2= 0.4/C1

&89 Il 9 o (M (B ymo Y
e Gl e 3 Cgi (6 yeghS T )0 pMe (IS s
aly liwgy Jlod g Cesdmly (s V) v 5 Gl il o
e iS09 iSa5 b (RKed (S gg o cplojls 13
35 Sl il e ailbogy el i 5l e FY glas e g
Fo Ogeken YIO 4 S0 iy o 5 e VAV 2U ole
) am TR D5 w colo 8 59 abl e woSe

o 6l lade o5 Sl (380 15 5l sl Caws as (glo i



.Y

El= 1920.5

NXL=1915.2

O e ¥ adatio sud gy o Juo —Y S

(Y 2o (M5 s (g1o590 (9)135) S (2 3 4y Elan gl nodgS — 590 (5,8 Jomo o ielyly ) Jour

& po Y R < Jol aY S oy Ak
SR IRV (VOB Y e) (ol b )
-y -y I oy Yo V) Gomlsy Cami
NN Yo V0 g Y- MPa) sluiS cu,o
Y. Y. Y. YA q (99 S SKlasl al;
Y. \ . Y- Y- (kPa)g;"“‘““""~ z
Yoo Yo Yoo Y\o- YAY- (KN/m3) _pgase ;55
OV (b (Sons) ds mlan (gl ool ZMol (S -5 Juw b oyl -F Joue
Slade bl e slade Febb e
Yy K(MPa)@eona.a \IY M) @‘ﬁ Sl s el
Yivs N “hos D ol o5 b o
YIf G (MPa) .5, Jge +/-v4 ) p b o
FEY PckPa) oS5 s

Sriedeii e gt 4z ol Sloogas (pl 39,5
Ll 4z IS s o wilie ol ez Jgoe 5 llas
S slo )5 4 az i b sl oad a5 ks 50 S Lame
o Bl cend N Tam/s e Ba s pdudei (IS
oo 4x8,5 s o Ve 'em/s 1S g ild gl g Ve Tem/s
Sl 550 13l b s aglie 5 5o (sl oo lowil |y e
oad 45,5 5 0 JISllSe Yoo i O] ez oo

sbay ;o wllas (390 15150 5 (50, b S sloaw
g Dravkovich ,la ali .aigds oo aisl S50 Cond a4y 28]
Y Ve B A sl S sbojle lp (YY) oK
59 S B0y el jo il e (BB cds 6l by g 00y cunlio
el 00l Joe 0¥ Ve

O35 Oy Lda Sl sk 035 Sho 5 o S Le 5l
Semlioo &Y 52 SSle Gloy 03,5 patine 5 oLy Jebos
el 5 95,5 ol SlSe el b g5 ol el
35S oo g @SOS oy 5l (Sae)s el 03ls e

et baY 6,3501 Sluogas Wb obya Julos 5o



\or VA-98 (IFAY 5l) ¥ o lod FA ol o) bummo 5 o3l yos swikitpo 4 i | Sho o g 2yl

‘\\) /y ——Meadured
/ oMo - Coulomb

1875 L —emCam-Clay
s il

1870 s ‘

(m) s gl )

\
\

1865
0 100 200 300 400 500 600 700

(mm) &

(I3004 ja2x0) Cawd iyl jo v LA 41 Ho Cancld -V JSC&

5455 13 50U gl 550557 Aoy 53 o
Joler O el Yo calisea Jol 0 50 00 (oo slojl 5
s (A) JSS ol i VIVOIY 1340 AARD (slagl s
lael s o lid 1y (S as 5o 0as ologl (gle > I jLid
e gloyi DT b (slayglS (g5, ook et
il e Jls

Pore pressure contours

0.00E+00
1.00E+05
2.00E+05

m
3.00E+03
4.00E+05
« P
. 6.00E+05

> o u.a)ai 39 ol ol glo ya QT Sl & 388 —AJSCl
WS w5 T

@l b sl Al e 03T sletl o oaal 252y 4 o
oS 1013003 513002 J3001 slajsmo 1 Gado i3
odpline 1 b jloges cpl jo el oals oals Hlas (VV) B ()
@B L) Gl it ol Lol S -5 Juo 45 090 0
w0l 7)ol IS oS Jaw laslsl jo el o ojls 5ds 15!

Ll 00 solazwl (6,500 5 Lo A e o

e Measured

s
J \ ) e=B==Mohr - Coulomb

=
N

s Cam - Clay

0 200 400 600 800 1000 1200 1400

(mm) i

(13001 yg2x0) (g yuSal 31 ey s CewdVh 50 ot =4 S

Y-displacement contours

S00E01
] -7.00E-01
i 5 00E-01

-3.00E-01

CSlw Ll jo M duw I Canclis b yguls Y SCo

&S, cbo slal jo W58 cais glo,guils (V) S yo
Obis el oals Mol (IS -8 Jow b g3l Je 4y by ye
PUIOREPR VS0 Bp-JUE 275 KV] (R SRR Ry S
3O Sl SSlas gy 00 Al a5 e les ol S e
5 () «(0) «(F) o JSi yo .l oolidl 5lasl ww glas ) ails
ol Ll jo was gl )l ply yo s cents slajloges (V)
0us 2Ool LIS —05 5 alsS — 50 (laJas 3l onal s &,
b S ol )0 cwl oals ools las 388 Il mls LS 50
LTy s i Billas conds 2ol (S S Juto 090 o0 osmline
A o lis 38 Il s

1910
1905

1500 \"*&\_\ ‘
Gl -‘-‘k\%\t\ |
, 180 Ll N
3 1085 1 T {37 —a=Mohr - Coulomb
i 2 o -Codo
S - ; Ny Zannil —Cam-Clay
1870 L |
1865 %' ‘ 1

1860 17 H

1855

0 200 400 600 800 1000 1200

(mmj cai

([3001 )9&0) wéyb 3O G eLn.-) J° s —F JS.MJ

1920
L, % Wy, ‘
o \K‘ ——Measured
- ¥
1 1830 - T ‘e Mohr - Coulomb
1880 -
.///"’l mim Gy
|
1870 /& -
@i
1860 }
0 500 1000 1500

(mm) Cunld

(13002 )5&0) wbyb IO Y &LGJ)I ) s =0 JS.MJ

1915
1910
1005 |
1900 —\‘\:\E
31898
7 1850
Esss
1880 : e
1875 |-
1870
1865

/i

==+=Measured

\\
/i/f/ === Mohr - Coulomb
|

e Cam - Clay

/

: W

{mm)

(13003 jgo0) Cawd by 50 duw glay )l 40 Cawls —F ST



1+ A-R3 (IFAY 50L) ¥ ooyleds FA ol oy ) Lano g o) ot (owedien s pid | Slo . 9 il ls \f

odds S8 Sealiys sla el )y ‘Lszali.i;il.aﬂ sl s 090 4
3l oolazwl b g SPT sue 5)50 ;0 39290 slaosls ;l oolaxwl b
0,8 s S alises 3blie (gl y conds &Ll o yo dailg

ol ooy &1l (Selins s el )y polas (V) Jgom o

b Jowe 50 (Suoliss (s yiol )by —F Jguor

C2 C: SPT a=t
VY AR 'Y KWt
YIvY JNYYF Y. PAYS

Ve oley ae b iy, #1055 LU o 'L 5L

ol 4 by pe 881 QL azsy )b el oo oolaiwl a5l
ol ol mSlas .l oads ools las (VY) ISl jo alyl;
ol .l 0aldl 3lasl O/AY ail jo 4 +/FYAG ol a3y
& a3l5 (Sels 5359 wtlige < /OTFR pln T i5e (>0
Jras gl .l sl o)ls o S 4 Olid oy B O g0
45 g o 0090 .l 0ad ool i (VF) JSTd 4o 4y )68
o3l ol Guils )8 a8 el VIYOHZ ply ilS )8 ol Sy
P wglbb oS jlas o9 b so odal do 0 Ul oo
s 3 lise S5 4y Gl sl ) sl LS

o
o

=
-
—

=l
by

H
i
:

Acceleration (g)

&
=

&
>
—

&
o

&
=

[ 3 10 15 20
Time(sec)

(1289) L, L a3 5 @ bgsyo A8 QL azeso ,U 1Y JSC&

——Damcrest
— Bedrock

Fourier Amplitude

Frecuency(Hz)

9Tl 30 v (535 y0 yemo 4 bgs o 4 598 Judoxd VY S
< w1y

). Sakaria
v. Efective Design Acceleration (EDA)

=m=Mohr - Coulomb

— === Cam - Clay
0 500 1000 1500
(mm) i
65T 31 g, S e dY Il 50 it Ve S5
(I3002 ,g=x0)

‘\:;:\\ﬂ\\"\ﬂ AT
IZARV.P) )

L~ / e Mohr - Coulomb
// e Cam - Clay
1865 1
0 500 1000 1500
(mm) &
S5l 31 g s Cowd oyl 58 i —1) S
(I3003 g2x0)

O s Sewlu s Judxi -#
b dnron Jolow 5l iz (nl )0 (Seelias Jolow oo
oS o Clawlre canl ouls oolainl ol e Jlos!
95 3l JB o ot 4yl polie 5 485 )90 I )
3ol glo e s U sl 00yo 55 ja0 (Sl Judoo
Joe sloo )i 4, ol3T lase (5550 Lyl 955 canline a3l
A.M:L)‘ja kSL‘) ‘5>|J¢.A 0 oolaiwl <5"f“° 9 Sl 00 LJLQ.C‘
a3 05l 15 e ool oIS 3 500l 39 b (bl (e
AL b S el S 09 b e AR (e
O 388, Joe g 2l e Jelod s (pwiia Jo
o,8 (5 50 ety azedy U jskain )l a4y .ol 00l oolai!
azese )b dz g b ol ouds el Jowe alize sloceend (o
9 d...ala < /A )..v‘).g o)’L..u @...Ja hTJSL;.? L)L°) AN ol sy
28,5 s VIYOHZ plyy DS aw Lol uilS )8 aseisyo
a6 L8, Joo .l o aid 5 L5 0 wllas gl 1Y gl yee
QLondS«L.ml(x_éd)Ué) J..\A 6‘°})J 4.l.>).¢)o IR aoj.g)lf
e -l €2 9 C1 yial b g0 (glylo o aiaS |8 j0 a5 ok
slogialesl @l (65lwand €2 9 €1yl )by 99 s sl o,
a5 b Guios pl jo Ll el 8 Jow b (IS (559500 4



10 VA-98 (IFAY 5l) ¥ o lod FA ol o) bummo 5 o3l yos swikitpo 4 i | Sho o g 2yl

o8 ol Lad g e oanlin S5 cnl )5 a5 jsbles
o araz e W g0V Al b 25 sl a3
JLad oS 09l oo odalive Cuwl JSwlislS YAD g YV- (YF-
“Omly s 50 @B iS5 sl 6565 Sl o sloya O
D525 50 w5l o pe 3T 5l w1 ls 5 g5
5S4 b wsS e b ol aS glalold (@38 aygly b iSoge
oVl j0 a8 (glo i Ol JLid yiored ol 505 oy @38
anlym hlo (155 5| 5inS 2gdige ol (iSe) Sudy 50
Jlad adlolciewl oads asuie (VO) S 10 45 job len 04
OS5 agly cll a jo a3y sl 56 ead adgr sloyas ol
NI R PR S PN PR NI PVPUGINL L P PR
Sl anw gl S sloyam O Hliad colys [0 oS el Kl
ool JSalishS YAB 5 TV- FF e (o 4 iSe)
5 (VF) UKo 50 oas eols oylid olj] e 4 a5 b ol pls
Sy Al 3 Ol v (6Kl 5l e ((10) IS8 jloges
i GLEl Bl 51l 45,5 5 5 ol i o B
99 4 S @38 (2585 53 a3l 515 00l g (sleyim O
JOMENC Y WIRIC R PRIE YIS
Jos e ol olT mhas 09,510l po @3 2S5 iy
O IS S Y EERIEN e
sl 008l 3l Sl LS ¥AD o3l ay a0 VYWe a5

— Drainage
angle of 90
degrees

=—=Drainage
angle of 110
degrees

=== Drainage
zngle of 130
degrees

Pore water Pressure (kPa)

Time (s)
A alaii 4o ool dulgi (gloyia ool HLid adlsl -0 s
A3l ol Waw b ccewdVl o

el 00l 00l ULM oy L;LmL;AJS &9 \F) S o

a5 Sl (G165 dy oy Gy )S mu i A 39 oo odalive
“omb o St NS &8 S oo S ) (SiFeS 05
ety Ceoms 3 ¢S5 e (gLl 5 s 2 Jomo 5l enss
Lzl Coono 3l oads oloml 093 o518 iS5 10 .09, 50 L S
Sl 055 clplis (S (g0 &S > Aty Coon 4 (6 R0 cod
8o bzl (6 5SS gl glylo 3B iSay el j0 00l
slml (15,5 45 9900 03 oud ledS ) slacand )
313 6y e (@3B 1S (sl p (KiSeS 055 )0 00
055 9y 2 U (M5 SRy ek agly b SRl b
(G585 dsly o Fhle b Bl jlegd so SpS (SiFenS

o2 50 e 26 )3 (sl mee )3 39290 (65—
400 | YIYHZ 5,8 jgi g ol 00l 55 5000 < —FHz
) p (25093 S gy (o p Sl i
plos iy a5 oS Ly DS s o Iy 9 slo3 )
el ol 00ld i L85 0g0 S dygl) s Ologas
039920 a5 Cuwl 00D (a2 3590 Sodugl) (s )0
So= ools idy (295 4 @ 5 (B 2S5 sl (m ,
Sl a0 VYV g Ve e Qe 6llgy ol a5
ol il jham g J8 loya T 5Lad OVF) U o
30 0a 8 )lg s gl 1o aS 0ed co oamlive el oald oold
gzl dile S Glized Casoyol (> an
—alais ) s 50 gloyam Ol jLad Ol s 5 5B ovaline
e el o G sVl 5 wonds (5l pL A S ]
Soges (V) Ko 0 .l ous ools yLias (V) JSKo j0 A alaiis
Ui A abais gl A3l e oo adsi (glo i T JLis ablo]

O PR WK

Pore pressure contours

B 0.00E:00
M 1 00E+05
= 2.00E+05
il 3.00E-05
= 4.00E+05
5.00E+05
6.00E+05

(&h
Pore pressure contours

B 0.0000
100E+05
2005405
300405
40005
5 00E=05
6.00E+05

Pore pressure contours

B 0.00E=00
100E=05
2.00E+05
3.00E+05
4.00E+05
5 00E+05
6.00E<05

)5 )0 b

@
iy o 4o A5 51w slo s o HLAS (G -VF S
el 50 A3l 5l oy sloyhe o HLid (@ azy0 80 agls b
2355l oy glo i T HLE (g cazpo 1Ne asgl L s
S8 gloyi> OF 5Lad (@ caxyo Yo aygly b Sy >
Sloio O JLid (b cax ;o A0 agl3 b Giska; <l yo W35
ST Ui (c caz o Mo apgly b Asay el po a3l 51
Ay €We aggly b sy el o a3l 51 S (glo i



Vo A-98 ((IFAY 5l) ¥ oylod FA ol o) bammo 5 o3l yos swikitpo 4 i | Sho o 3 215 0 \os

lojdlay JLd) p (AS290 (RSB 41915 HT (o2 -V
O aw

Sloy D cuidd 5l o a5l golass oS playazgi
ks wlonds 55 (Cel Y B Se) 4l £589 5l o
o U355l e caliee slaley jo o Jlid ) a8 cnl oY
ONS s sloj Jlay (LB, a5 el ool xw aaldl jo .00 F
Jelos 03,5 pe) b aS ol cnl a0 8 8 sy 2 0 50
iyt g (Seald Sl 08 hgals g by g Sl
30 ol @Bl 0S5 ol ¥ oojlasl 4y as sa (650 byl
oS oplade @ blo gl b 1Sy jo cljly 5l G oS
sl i1Sa a | sads ol gloyas Ol jool, ble (iSa;
@iy e ool adgs (glo o .| Hlid Al cwms o Jlal
ds y0 ol ¥ 51 ey (lo o .| Hlad b)..fu;o RES PR
oads ooly Hlas (V) Ui jo ax,0 VYW g VY- A s
b iS50 sl asin b JSo ol jo a7 el len ]
oads ool O jLad aslol S ole dw 5l o 4,0 Y+ agl;
ol jLed aslol MWl 55 axy0 V1 18) ;0 g b, s |
e @38 2585 5l S e slo i

ol Ay bl shole aw o |y bcwwis (VA) USG
Kloads yao s Al pladl 51 gy w9l oo H9leb IREXS
oSt lacunis Lagd ok ools lid glacanis ol by
Jlad adlol BT &8l jo oo go lad |y a3l 5l e oo Y
)aMwwL dJ)J)u.oa.A..c—‘ ‘>9?54?L§|°J‘é> u—‘
Wb oo OF) UK Glresgs [0 a5 job les 098 o0
Obzrad Cawdipmly (iSa) agly cdl> a0 @yl e
Wils 5l e meSos e 5o ol by el onile 8L Sas
FSlas g el 0ol slast cawoYb yo yias Las aslsl ]
adlal B,k 1ol e sl cawsVl [ sloj Jluy slacanis
a3 b ble (iSa; 10 Ayl s 0 adgs slo i Ol jLas
aazgi by adloe (5505 500 el g0 5l i az 0 VY
A e 50 gloyam O HLad adlsl GBI (1Y) UKo Slwses
S e a4z, W aggls b (288 50 il 5l ey eSS
S (nlply il az e W05 e bgly b S
Sloyax Ol jLad aslol B 31 o aS djl; 5l e (oS
s 4z 0 VYW angly b iS50 wu ] se 9925 4 eV 5o
S iSTas (VA) JSo 50 il oo oSy S50 > g0
ol asiee S (65, p S dgly Sl a0 s ZU o
L Sy 50 s zU 50 s JiSTas 060 oo odmline .ol
sl Vg 0 F il i araz o 0¥ 500 A ayl;
W Iy

GYb odguze ;o i,S syl Ay ol SHL cde 4
Sl a8l ]38l 1S

Max shear strain increment
0.00E+00
5.00E-03
1.00E-02
1.50E-02
2.00E-02
2.50E-02
3.00E-02
3.50E-02

(alh
Max shear strain increment
0.00E+00
5.00E-03
1.00E-02
1.50E-02
2.00E-02
2.50E-02
3.00E-02
3.50E-02

()

Max shear strain increment
0.00E+00
5.00E-03
1.00E-02
1.50E-02
2.00E-02
2.50E-02
3.00E-02
3.50E-02

A yd A argly b sy (W by Wil (2 lg VP S
Az 0 Ve agly b Gis ) (7 «az )0 1) agly b (ise ) (o

Por pressure contours

o 0.00E+0

1. 00E =05

200E-05

\ 3045
‘ 40005

5.00E+05
6.00E+05
(Al

Por pressure contours

o 0.00E+00
‘ LOUE 405
2.00E+03
‘ 3.00E+05
‘ 4.00E+05

(@)
Por pressure contours

5.00E+05
6.00E+05
& 0.00E+00
100E=45
200E405
— 3 0E05
40045
‘ 5 O0E+05
@

6.00E+05
a3y 5l om olo ¥ o 53 (gl ya o HLid 2o 398 -V S
A yd e gl b Sy (Wl 1 ST sleil 5o 9
a2y WV agly b isa) (g caz o 1V argly b s (@




Vv VA-98 (IFAY 5l) ¥ o lod FA ol o) bummo 5 o3l yos swikitpo 4 i | Sho o g 2yl

0%5m
0.025m

0025 om

H=0025m

=-005m

(Y+1) ‘Qb&m 9 Elia)

& 325 4 A
A yo )0 a5 3gdioe odaliv (Jol> @S 4 4>y b
(6558 B bt o 3kl IS -8 Jaa 5,541 5 <5 Lo
o il iSey cdle yo ol &l CadgS - a0 Jde 4y S
L2 it 513 )5 5 50l 35 ol o554
S5 o 45 5 a5 e 0 g (sl o s
505 68 S5 4 e iy 35 8 7S e o5
5 2l Sl gl oyl Gl cle 4 @B aly L (aS0gs
Ao 5o Ll S o Joo i aljly e 50 S Cend
1 oy T lad alol BT ety 3 5l ouS
b o ond byl et sl i ble iSaj >
sl o o3Il (1 3SRy e 1 s 26 5 eVl
By 50 Cend polio o i az 3 VY. aoli b 1Sy ol
oy e B 5 (6 s 4l a8 )T peud o0 sloul o

S o B S e

&4

o 3le > gll S 5 60,18, sloyge )l
6“'\“‘" au‘..\.u )BL'Z.A u.uu».\».ﬁ,o N o)Lo.{:: n}.l){uﬁ UW
AYa) oLa alofa uL?.L’ lS \YAY oLa).Q,a

S 70 ey ye Syl e WS (G5 dw cle (28 5,15
AV i)l (loes gladkie O

Odgl 0 2L leow e u;‘*‘)):’" P ek s

Mlaulab ").).)Lc G)U dw (6990 axdlas 6)-5-’1

cl.....w g}cf oKisls (5“‘"""‘9(" uSlisls sA.w)l ‘_,;.AL.,..;)[S
Ava)

Baldovin E, Paoliani P, “Dynamic Analysis of
Embankment Dams”, Soil Structure Interaction
Numerical Analysis and Modeling. 1994, 549-550.

Bathe K], Wilson EL, “Numerical Methods in Finite
Element Analysis”, Englewood Cliffs, New Jersey,
Prentice- Hall, Inc., 1976.

Byrne P, “A Cyclic Shear-Volume Coupling and Pore-
Pressure Model for Sand”, Second International
Conference on Recent Advances in Geotechnical
Earthquake Engineeringand Soil Dynamics, St.
Louis, Missouri, March, 1991, 106 (24), 47-55.

Y-displacement contours
-7.00E-02
-6.00E-02
-5.00E-02

I -4.00E-02
A 2 OOEVOZ
-2.00E-02

-1.00E-02

0.00E+00

1.00E-02

(Ah
Y-displacement contours
-8.00E-02
-7.00E-02

-6.00E-02
-5.00E-02

el ~4.00E-02
-3.00E-02
-2.00E-02
-1.00E-02
0.00E-00
()
Y-displacement contours
-9.00E-02
-8.00E-02

-7.00E-02
-6.00E-02

‘0'0 5.00E-02
4.00E-02
3.00E-02
2.00E-02
-1.00E-02

@
1335 3l e olo A cow 50 o0l Sl | el —VA Sl

@2 )0 N dgly b A8 (@ azyo e agly b sy (A
azy3 IV agly b isa; (7

50 (M) Cewdirmly ;o (S5 g () cawwdl jo S alads g0
e a0 canion ddady o el ol asine (VA) S
Vgold d L plp cusy a \We g3V A 1S al;
agly cdl> aw jo canid o m ahd o adb e e Sl
0 s YO TV Lol ey 4 V¥ 5 1V Qe iSa;
A o canis STas dhads 9oy 50 bl e el
ol 0ols Fy a0 VY. wely b 1S

m0) s g sloj ) 1) (owy 2 4 LV 1)) l)Sen 5 Elia
FA sl )l 4 Ul ke s azsto p LILST o bl Ken a6l
ooz gllao jloolaul LVAVA L YAV glo Jlo o < i
O S j0 Lhle s 08805 piww ol oals a5l
3o oSt Canciid (Vo) US55 cowl ol ools lis
-0 ks Ul (Ked s (55lw oo 5l ool s a5 a5
ASlas alils 5l G Sy 4 oald oaly las aS e
-0 odalin a5 job flan gl o Sloul CewsYl o s
Slox o2 g cnl 10 OIS w5l o] G 4 s 09
Syl Bl s b b

§1-%
Maximum storage el 199 m above sog v Aﬂsmoveseame
""""""""""""""""" | N &
7 i i
> -~ D ) |
— 5.2
g | |
~ 1
Yl O T Dan 149matne sale
Aot W"?ml | 19ma0e
Sycy |

(Yo1) o)) g Elia) Bl ylo ouww adaiio 19 S



1+ A-R3 (IFAY 50L) ¥ ooyleds FA ol oy ) Lano g o) ot (owedien s pid | Slo . 9 il ls )

Seed HB, Makdisi FI, “Performance of Earth Dams
During Earthquakes”, JGED., ASCE, 1978, 104 (7),
967-999.

Seed HB, Idriss I, “Influence of Soil Conditions on
Ground Motion During Earthquake”, Journal of
Soil Mechanical and Foundation. ASCE. 1969, 95
(3),99-137.

Sarma SK, “Stability Analysis of Embankments and
Slopes”, Journal of the Geotechnical Engineering
Division, ASCE, 1979, 105 (12), 1511-1524.

Tsai PH, Hsu SH, Lai ], “Effects of Core on Dynamic
Responses of Earth Dam. Geotechnical Special
Publication”, ASCE, 2009, 102 (197), 8-13.

Roscoe KH, Burland JB, “On the Generalised Stress-
Strain Behavior of ‘Wet Clay’ in Engineering
Plasticity”, Cambridge University Press, 1968, pp.
535-609.

Vermeer PA, De Borst R, “Non-Associated Plasticity for
Soils”, Concrete and Rock, 1948, 29 (3), 3-64.
Wood DM, “Soil Behaviour and Critical State Soil
Mechanics”, Cambridge: Cambridge University

Press, 1990, pp. 214-220.

Zienkiewicz OC, Chan AH, Pastor M, Schrefler BA,
Shiomi T, “Computational Geomechanics with
Special to Reference to Earthquake Engineering”,
John Wiley and Sons Ltd. 1999, 120 (6), 18-24.

Chahar B, “Determination of length of a horizontal
drain in homogeneous earth dams”, Journal of
Irrigation and Drainage Engineering, ASCE, 2004,
Vol. 130, Issue. 6, pp. 530-536.

Clough RW, Chopra Ak, “Earthquake Response
Analysis of Concrete Dams”, Structural and
Geotechnical Mechanics. 1964, 101 (5), 120-123.

Cundall PA, “Explicit Finite Difference Methods in
Geomechanics, in Numerical Methods in
Engineering”, Proceedings of the EF Conference
on Numerical Methods in Geomechanics,
Blacksburg, Virginia, June, 1976, pp 132-150.

Dakoulas P, Gazetas G, “Seismic Shear Vibration of
Embankment Dams in Semi-Cylindrical Valleys”,
Earthquake Engineering and Structural Dynamics,
1986, 13 (1), 19-40.

De Alba P, Seed H, Retamal E, Seed R, “Analyses of Dam
Failures in 1985 Chilean Earthquakes”, Journal of
Geotechnical Engineering., ASCE. 1988, 114 (12),
1414-1434.

Desai S, Siriwardane HJ, “Constitutive Laws for
Engineering Materials with Emphasis on Geologic
Materials”, Prentice-Hall. Inc, Englewood Cliffs,
New Jersey, 1984, Vol, I, pp 120-132.

Elia G, Amorsi A, Chan AHC, Kavadas M], “Numerical
Prediction of the Dynamic Behavior of two Earth
Dams in Italy Using a Fully Coupled Nonlinear
Approach”, International Journal of
Geomechanics, 2011, 11 (1), 504-518.

ITASCA Cosoulting Group, “Fast Lagrangian Analysis of
Continua-Flac Code Technical Manuals”, 2001,
http://www.itascacg.com.

Karbor-e-Shayadeh AH, Soroush A, “A Comparsion
Between Seismic Behaviors of Earth Dams with
Inclined and Vertical Clay Cores- a Numerical
Analysis Approach”, Proceeding of the 14th World
Conference on Earthquake Engineerin, Beijing,
China, Octobr, 2008, pp 1-8.

Makdisi FI, Seed HB, “Simplified Procedure for
Estimating Deformation due to Earthquake Load”,
Journal of Geot. Engeneering, ASCE, 1978, 104 (1),
105-120.

Martin G, Finn DL, Seed HB, “Fundamentals of
Liquefaction under Cyclic Loading”, Journal of
Geotech, Div. ASCE, 1975, 101 (GT5), 423-438.

Newmark NM, “Effects of Earthquake on Dams and
Embankments”, 5th Rankine Lecture,
Geotechnique, 1965, 5 (2), 139-159.

Seed HB, Seed RB, Harder LF, “Re-Evaluation of the
Slide in the Lower San Fernando Dam in the
Earthquake of 9 Feb 1971”, Univ of Cal Berkeley,
1988, 256-267.

Sherard JL, “Earthquake Considerations in Earth Dam
Design”, Journal of Soil Mecanics & Foundations
Div, 1967, 93 (2),377-401.


http://www.itascacg.com/

%5
Q Journal of Civil and Environmental Engineering
Volume 48 (2018), Issue 3 (Autumn), 99-108

University of Tabriz

EXTENDED ABSTRACT

Effect of Drain Geometry on Dynamic Response of Homogeneous
Earth Dams

Mohamad Maleki *, Mahdiye Darabi

Faculty of Civil Engineering, Bu-Ali Sina University, Hamedan

Received: 30 September 2016; Accepted: 21 May 2017

Keywords:
Earthfill dam, Drain, Dynamic analysis, post- earthquake behavior

1. Introduction

The effect of material zones geometry in dam section has been studied sporadically by different authors. In
this regard, the effects of vertical and inclined cores position on dynamic response of zoned earth dam were
more studied. Lopez Querol et al. performed a set of numerical coupled analyses in order to determine the
optimal location of impervious core in dam. The obtained results have been indicated that location of core is
determined on the basis of some criteria such as minor liquefaction risk, minor soil degradation during the
earthquake and minor crest settlement (Lopez-Querol., 2008). Karbor-e-Shyadeh and Soroush compared
seismic response of Bidvaz dam (situated in Iran) with vertical and inclined cores. They claimed that, under
earthquake loading, generated deformation in dam body comparatively larger for the dam with the inclined
core, however, excess pore water pressures developed in the core are higher in the case of central dam (Karbor-
e-Shayadeh., 2008). One of the important factors affecting the dynamic response of homogeneous earth dams
is geometry and location of vertical or inclined drains inside of dam. This issue is fewer studied previously by
researchers. In this study, the effect of drain geometry on dynamic response of homogeneous earth dam is
evaluated.

2. Methodology
2.1. Experimental study

Kalan homogeneous earth dam with 65 m height, situated in south of Malayer city (west of Iran) was
considered as case study. In this dam, seepage is controlled thought a vertical drain system. FLAC code, was
selected as numerical tool for static and dynamic analyses of dam. This calculation code presents specific
features such as high capability to model the complicated geometry and boundary conditions and dynamic
coupled stress-strain analysis. Furthermore, different soil constitutive models have been implemented as
default, in this code. Section of dam including instrumentation location is presented in Fig. 1.

Firstly construction and impounding stages were simulated. In the second step, coupled dynamic analyses
by exerting acceleration time history of earthquake at the dam base, were performed. In this step different
angles of drain (90, 110 and 130 degrees) were examined. Finally, developed deformations due to excess pore
water pressures dissipation by using consolidation option of FLAC code were determined.
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Fig. 1. Dam section geometry and instrumentation locations

3. Results and discussion

Construction and impounding stages of dam were simulated by using two constitutive models of Mohr
coulomb and modified Cam Clay. The model parameters were identified, based on laboratory tests results and
empirical relationships. In the end of construction and impounding stages, the simulation and instrumentation
results were compared. An example of these comparisons is presented in Fig. 2 and 3.
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Fig. 3. Settlement in height of dam for 13002 axis at the

Fig. 2. Settlement in height of dam for 13002 axis at the > .
end of impounding.

end of construction.

Itis clear from these Figures that Cam Clay model presents better results in comparison with Mohr-Coulomb
model. Because Cam Clay model has been presented basically for fine soils and dam body material is CL and
CL-ML. After that, stress states and stable hydraulic conditions were characterized based on static analyses
related to construction and impounding stages, a set of coupled dynamic analyses with different angles of drain
(90, 110 and 130 degrees) was performed. In this stage Finn-Byrne model was selected. This model presents
more realistic prediction for excess pore water pressure in dam body due to earthquake loading. Horizontal
acceleration time history of Sakaria earthquake was exerted to the base of dam. The obtained results for this
stage indicated that with increase in drain angle, generated pore water pressure at the end of earthquake was
increased. On the other word, in the case of vertical drain, pore pressure water is less than two other cases.
Final stage of analyses was related to the post-earthquake behavior of dam. After earthquake generated excess
pore water pressure will be dissipated during time and due to consolidation, dam experiments new states of
deformations. In this stage, consolidation option of FLAC code was used. Distribution of excess pore water
pressure excess in dam body was considered as input for consolidation analysis.
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4., Conclusions

Based on obtained simulations results, following conclusions were deduced:

1. A more realistic evaluation of dam behavior in construction and impounding stages was achieved by
application of Cam Clay model in comparison with Mohr Coulomb model, because constituent material
of homogeneous dams is generally fine.

2. Excess pore pressure water due to earthquake loading was increased with augmentation of angle drain.

3. Settlement of dam in upstream, downstream and crest due to consolidation in the case of inclined drain
with angle of 130 degree is more than two other cases. For inclined drains more regions of dam body
are exposed to consolidation due to excess pore water pressure dissipation.
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