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Transient Site Response Analysis of Nonhomogeneous
Two-dimensional Topographic Features Using BEM

M. Kamalian and A. Sohrabi Bidar
International Institute of Earthquake Engineering and Seismology

Abstract: This paper presents the complete algorithm of site response analysis of nonhomogeneous topographic structures
using transient two-dimensional boundary element method (BEM). Seismic behaviour of various topographic features including
canyon, half plane, sedimentary filled valley and ridge sections, subjected to incident SV and P waves are analysed. The analysis
shows the efficiency of the proposed algorithm and its advantage over common transformed domains methods in forming a basis
for extension to non-linear behaviour.

Keywords: Boundary element method, Time domain, Site effect, Nonhomogeneous, Two-dimensional topography effects,
Scattering, Amplification

1585 G smeiils — ok Sbsted = ¥

o) VWWAY ol (¥ ke Y Jle (Dl


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

S sl b;
o, S 5 S o blE o alols r - .
25 Skl e C12
ui;? )\:Jg t;
S5 5 O s il sl | Gj; and Fj;
st 2 . .. X +:N+1-n :«N+1-n
5 O e Sl wVl glaces G and Fjj
[JKAJ.::JU u; .
wY sl Aandp o
Oley b IS a5 M;i(1) and My(7)
ST Wnnil s p m
Ol S5 s N
=S5 51 4 (HYBRID) S+ slgds, 5 «(BEM) (55 ORI

S ol ey Al e A (S5 s e SR 5
Sl b Oley slad o L) onl 51 G il e 6
OF OLSGl Lgs e sy 23,1 Ol asdly it slas 5 O
3 ek A el Sl e B B A sl al
Ol U el dal g iy (glans Sy s 555051 s
S O13 Jdes s g sy se 0 L e 08 Pl
S odmeal slal as’ Bles 5o ez Gledips 208
e ge ¢L?=>\ Shs o o il ol o SISie LS 5ls
5 L La sl ;j@; a5 Lag e s gl 3 WISl
Gl ol OV = o gl sy Al e ol o
SLas e O Slgad L1 Q3 Sl 2lal Ol 5 o oS
3,8 Bl 5Smy glas o L bl glas e o350 il
Somamle o el oy 3 51 S0 ledss 7Y
=l J S 5 S S olg e Sl sl s L
sl fad glad o s b s 4l S
Sl s s S st f Sls Bl o s
Slehe (Sl ol 6l S5 s Llnl 55
Flee J> o3 aS ccmul s SLiS s susl 5 550
o by s i Vol aar agls (Sl b clio 2l L
3 9d > |y rSl_> SVslas oK slasl a5 Laj,e
Silbedde & 5w 5o 5 Lol ) wiald b os WG s e
e 5 Colg o sl (Sl Jlo 53 1) 53 05

WAY el ¥ &l oYY Jl (o

el (Al byl S el ST Yl 6 50l
TSP S I PR TSP PR PRSP
Al ol a0 05 Jime s 5 U Sl & RS 5 e
S il dalp i BB Sl oSl S e
S AR KW TR ol g Jsb s 5o Ol sl
BB A RN U u IS PSR IPS SUDWE NS VI (e PR CAPLY
) ) b Y (Glos ) el s es some yioeans
oS plaey 5 laag loj ) kb, a4l e lS YL
awdia Sl Lo gas (LSl 205 LS Leas U 2o Leas slal (1400
g dalgt ke Ll

s Sl o5 e )5 Sl L
Alesls 13 a5 sy 5e 15 O b, sl s s oSl
(Al Ll s 4 L_AMUO:J GG oS ol
Sles Ao, = oSl ol 5l BLs wrldis
Ll DI 5l 555 48 (ol glha L slealKes L
Gy il o 36 T (Salys o (61 lin
el sy lodiy (S8 2l b ol el
Sl eslial pslans Ol @ 0 olss s LS (38 J oS
Ll (34 L8 sl

ot gleallar e oy ) s gaue ey,
oo Al e sl 1l BB odes o5 S 4

oY


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

P 58V axlge gl mlp o3 Gdnss S50 5 2000
i Lo T b o 1) 0, S0 Il L isls pens
Jeelos JalS s S calin ol 5t 3 5mn (s Lo
o3 (Keals sdmgs S s ool e sles ) el
Sl i b5 0Ly slas ;3P SV o Lgs 2l
QJ:)L;\)GQ:\JQU_;)}EA@.Q..NM:\:CJ,.Z\)szj,a
‘dé\)fﬁj:;i.lb'uw)bJ;;ﬁ-éh)'))l:é)‘em:lir:{)ﬂ|
on a5 e lade s (JLs oy oL 4
jHﬁJ))HP)SV&‘Wc‘F|ﬁjUM43J;&

RGO PECR S e B WEl

ol SY¥olas Y
OLriS lghoms Saalis sl 2 oSl el s sl
by (S8 LSS i o3 5de 3 (e 5 Olear
e Ol ) alolee
(clz—c%)-uj’ij+c%-ui’jj+bi—iii =0 M)
501 el St 6 S S Sl by s 0 s Sy
S a0l Sb b e s Jib el sles o)
s 4 =P 5 ¢ = 210)/p sl 5l 5 Ay
LIS o anaslsp s Y oo skl s

5 Olacon OluiS sl WS- (55,0 IS Aslas
ales 1 [YAT 555 slomedobegil by Jlosl Ly (Ko
e s s llas (V) el s

Cij (€)-u; (&,1) :],[(Gij 1t (x,t) - E; *u; (x,t)) -dr(v)

X akd g5 S 5 LS i glasls f\iéuw,ﬁ
ol Al 58 saze 5L SO el alanly 4 oS e t alos
03)‘) u,:m.':' | PR VOO 0 J.LJJJAS le.@jbil:‘ Fij*ui)Gij*ti
o2 C(E) s s DLy LT 5ye 5 pilee mhaw (555 2
Moaﬁajé;ﬁ)"ﬁg;m\f;&ﬁ);ﬁﬂﬁu@w«:}w

oy

Ll o Blas 4ol o

el Jbos 0o o Sl R 2 ls bdaly s
DI 0Ll se 45 Lol U s sleallaln lo s )
Slalad s biee 4 ol a5 S ol oS laylS bl
oIS DAY ST 5 DIV S gae [V9-F] s a8l oS
22 ¢S LS (o5 gl s s SN SG S sy s
Jge 5 LIS an s slaates Sloslinad L 1 Olaj glad
O e s oo Wl (golgiin 5w &5 ol 5lus S
Sy il (S5 Sl Vsl 3 s s
Sl badny s ol SIS b o5 STl (5lssde
ol ates (6l @fp)):o:l.ﬂ obe [YVV4] > 5L
S Sl (S e i Sl L oS L S 2l s
ssleul JB oley glasd s (gumss Soabys ¥l Bl |
A6 8 Dlosl o ekl Obr Sl ole J il Loy
oslaal LB & Ol s gl A o s {:)'Y slesds
SIYFYTT 0L 5 Ol IS YV] OLILS |t 5 5
5 0B pde O3l LES es {77 570] OGes & S
Gl slgen, s B s 1) Ll ol slaazea el
J= Gl st ole 5 5 Gl S5 L o
So et SliS 5 o glgae 5o #lsel HLazl il
A3ls 18 eslanal 5, 50 050 53

b a8 0l slab s sdass S50 Sl S
s e S8 Sales Pl &5 = 5o sl gl
Slealler bl (sles ) o 035 4 558 0T 5,18 aals Ll
a STIYWVI Ll s 5 LaSU ol als 5 28 sdss 52
sleeys sloy I Jdod sl 1y s 50 Sl i
Ll g go 2 Lol (s LIS @ 0leg bz 53 00 5 J=
3t ok oS (SH) amis 5 bt orlge ohsal L lins
Sz P 5SV) ami o U550 plsel Ly B 548
OLLSen 5 SLILS 5505 (6 a8 5 )8 oman 5 JSlsls
&l r:w—@ 5,58 S Lz SLuS sl SI[YY VY]

Slesd gl Jdoi os 5 a1y Ol lad 5o daiss 55

\YAY seas! Al g)la...:r JY JLM LdM‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

N+1-n

Jﬁ."u“ A;.:Al_\i.) L;LAM ;,\.;J)J “ Fijl’zNH_n E) Gijl,z
RHIN W ‘—‘Lij*"")'i) CJ_.Z “ 45.)\.:“):..3) QKA
n-At

G}J\Ikn n (r)z I Gj; (r,t—r)-Mk(r)-dr

(n—1)At )
N+l-n _ At - . )
B (r)= [ Ej(rt-t)-Mg()-de

(n—1)-At

J)SL;"“{}-’)L’]‘-’)-’)):”°JL‘“J§‘:'4"U|)3L;°‘)(9)AJ&'A

¢ ul (8)= ZJ(GN”“( A7 (x) =B (1) uf! (x))-dr

n=IT
W)
Ol s a8
GiI}IH—n( ) G]IJ\%H n( ) G]IJ\IZn( ) ©
B () =By (r )+FJ§“()

Slaats =0 agr 53 35 50 d)AUé 3 e DM daaia
u)l_n.OA_: .,\_:‘o.)s_..ug_e.)a-g.,b)‘br |).>L5|4..>JA454

(V) Sl gbatas 4 cond () Solos o Koo

Fly 5 Gl cladion o5 ol 53 0LLE L1505 (6 elin 55,

s, de glaatea iomen A s 8 b b g
slaana a5 Wyls )5 0 ol La0 G Ol 3l el 5L
e s BTN 5 GET laes Sl Vs

Lo 1,1 [YY]

O Hs golwla —Y-¥
32 a5 Sl gleldl Bl Sl (sl 5
s M) (S8 Slashe gt 5 Sl sl sslaa
O bz 3 15 (A) dslas Ol 85 0 0355 eslinad Ni(m) o

2S5 bl 5 sl v

=]
i
ML
I

—
-

Tirll<' J' GN+1—n
Iy

1k JFN+1 n()

)-Ni (n)-|3]-dn~ D)
Ny (n)-]J]-dn

e M asS15 S 5 65,0 el S s SL,Q

WAY el ¥ &l oYY Jl (o

A3 5 e3s Sp ek &b S oyl ul s pd e SSUF
ols SLSS e (Sl 5 (Sl (1080 53

Tl pmd (B me 03 sz 0 Lo &S )5
s Ol e 1y @S 650 JLSE ales 2,8 513 glos )
D5 A A58 ol 5 7

cij (&) ui (& t)=
| (G,-j *t; (x,t) = Fj * u; (X,t))-dl“ + ujinc' (&.1)
r

)

_;)b& QL;; b v}l.@_/a & )‘ dol>- QKAJ::JJ ujinc

S 5 Sl ol ¥
Sla paze a8 ol O pskiecs (1) Ly (V) S¥slas J
o=l e s gl O 5 Ol o) 53 2 > aliews

Byhie Joe s IS8 4 sk

by 53 @)lald —\-F
et Soles LN @ Ol ) gme  Glos (3Ll (1
oo L sl 15 TRENAL dsles o8 614558 4 a0l
5 O i la pie Ol o Sloy o3l a s et Ol s
2,50k ) Dose al Ghe A
u; (x,7) =My (1)-u” (x) + My (1) 0" (x)
4 58 = My (2)-€ )+ M (9)- 0 (1)
Doy g i S L Ol ot S il 5 Ma(T) 5 My(1)

R HIN W ;@.Jsu.. R

)

T, <t=<T;:
T T, —7 )
M ()=

n-1 n
& M, (1)=——
At 2(7)
03 0 JSd a1 () dslae Ol oo o(F) dslas 4y a5

At
15 5o (Gl Olaj (glab

Cl_] uiN (Fﬂ):
%f G}ﬁ” “(r) t{‘(x)+ Fl}‘{“ n(r) u}’(x)+ ar
n=IT foz” “(r)-t{“l(x) FUI‘;” n(r)~uin_1(x)
*)
0t


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

sleldl as cul gus 5, S rU_B‘ S 3 e sl Sl
V) adsles sloslaal g oises s (6l b o a5 (g 3lms
il 1 i (@331 Sl slan (b s 03 2 LIS

Sl sl 2

J S -y

sosb e s b SIS o sl (1) dilee S
25 Yslae olas (L, S 13 ea LS 55 S¥slas 45 sazes
el sl gt L

N
Z(GNH—n . TP _FN+1—n -Un)=0 oY)

n=

Fl.uNogl.TN 4 zN (\Y)
QT BE ny
N-1 N
7N _ Z(GNH—n TR _ N+ yn )+ yine (OY)
n=|

O ot azesn ;6 ZN s ol o 2 (VF) Wlas 5l 4SSl
Ql_i.dﬁ.:x} é‘e)}s LSJ‘K)LQ)MJJJLJ‘\SQM&M;}
Syhie Jola b erles e Sl AU G S 4]

s slgdle ¥
a Real B1S 5 5 asle S S ana (1) IS
Slasl 51 S U5 i el s e L5 Silat b
o Lo Ml S e O S o e e S
S0 06 o |y s atn Slgame OT 2 b 5l 5 amio
ol eiirs 5 5 e 3 68 womin o Lame a3 s
A5 65,0 ISl dsles Jan 5 )l 13 glos ) orles
(V) 5,00 ISl dolan Lo g5 SB35 4ty lehame 51 S
5331 las e 655 o Wi 035 o g o
S i glas e s 2 S dale 5 B ks (L850

00

‘upgv}oiéucﬁju&ﬁ&,ﬁ&asfw
6L@j|)§:\g‘b}_.lwo.)s_:ﬂb LSJL‘; Q)}ﬂd‘ﬁ)b}iﬁ;ﬂ
6))4,..:wﬁg_é)l&:,deM&j‘ebL&lw‘LzL;’l}b@(\')dblxﬂ
O s sl 3 e SLgldl s dilaslons LB osle sl
Fli 5 G glaata ol a5 (1V+) dslee sl Sl 51 azes
Of sl ! 4 I Ssl cpl 1 Gl anes (3l 5 i JI S0
odsll L oole Gleldl JISS1 ddlen 353 0 ol Chns
5t Oladl aSGT s by e ool dsloes LB 058 ez
Mbutzﬁﬁﬂﬂf&ﬁé@w\ﬁj}&l}ﬂM@
3 S oS5 00 s S8 2 s a0
QT>|)_L\4_§J|)_<:.§|O_1\:FIUMéjbsji;pd\ﬁ|
ﬁdwﬁpu;))&)‘o:w.ﬂ‘bdﬁ&ﬁo.lfﬁbéﬁ
J=B ) dbles Gl (ol se Clo im0 s
1
[ BNy [1]-dn =
r
SAY)

q
.[ thatic Ny '|J|'dﬂ+ .[ (Fl; —Fﬁtatic)-Nk '|J|'dn
Fq T

a
3 e 5 B ol Sl e 3 5 ol gl S
b s e JI S5l 0les S Jsl 1S5l il gals
e o i 3l eslil b i et Sl 2
052 ISl g e Ll e 25 > e
Slpaies ol &l a5 e 5 ¢ 5 O35 OLSS Jds am as
50 iles il (gole Sl g1y Sl gzl
Byb e 33l oS late sdell LS L o3l gl Sl
el 0 5 o e CS - SISO A8 55l e sl
slas e aS ccmul eslanal LB oyl 5 55 g5 (V) doles
ool o e lehme L oS il 5o il any dise
11875 slgilall 51 eslised L il 015 o odiyls LS

wwuch@._:bo_k_dé.k_uuj_ﬂjﬂ[rc\)

\YAY seas! Al g)la...:r JY JLM LdM‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

\NX

w..ar.y >l

v %

Hybrid I3l 5 Lo g Jdow JU awan - IS

aals i by 5 U S S Sty 5 f sle bt
toldie (358 aslae j3 aS ol ol L5l 0 0L ) SSTas
S u.ul_.ﬂlj__uwm.}jjﬂ o bl IS ol
CM-&\'[:O adesd s Cyk@.})&b ol V}L@.ﬁ T
b S0 g s b 5 Sl e B (Y) S5 050 0
3,13 00 Ol
4_>QLA) 0y )3 onT C,..wbﬂt.:c»lb O CJ).@..N st.:
A Ogdo dlﬁ) LSU‘ oo c‘};JLAJJ. $39,3 ;,Sf JS\J} Ll
ol g eS8 e o el esls ol (T=tc,/2b)
oS il a5 olasS 5 slgaoe LI s sel s
b EEQ & Vsleo U‘i‘ B Llodlds 4.‘:\)‘ (Q:(Db/TCCz) EES Q)Ju
Al e Ol 1y a)le (Slgy o 5 lasly 3 Ol 5 4
o Olwt s Oy 83 (S5 psgde oS 355 00 550k

Aﬁ‘éﬁiézaal.igb'-wé—\—f

Sl w5 sl oS el OF e ol o
a).}&idhj) cwl:: &Q)MJJUAM&‘)‘ QSJJA

WAY el ¥ 55l oYY Jle (Joizad

(F) 530 JIS) aslas il o aminsd S L Jaos
55 el ColiS altes > ol

Ol £ B s SAT G (65 e sl (":'-U}_Q‘
5 b slgboe (Salas Josd Gl &5 s o
Sl Gledss S5 Sl eslial bplil 5 S ot 8
sl s S LS 4 wld >l b sl Glial 5 ()
VU PRI I S I E PN | o ) W
Syl (i Sl Slemdn, 5l S a0 I st 3
i e s 13 eslinal 5550 1 LT S 5 5 55
S e S el il slgledl Sl eslinad b (g 50 gl
.Jﬁfda vl;,;,\

L leds b gl S w0 s ol gods sl
Jelos 53 1y S G5 (g5 sl oS s 5 LS
Ol sld > (Raal gmss B8535 (2l Sy
u_:éﬂh): cha_e(w (S e assle Sl a LIS bl @
= 3 b olad 53 arlge g pe Ll S 13 a5 550 45
213 515 g 4 slalsles oS ol sds Sl S

f(t) =[1—2-(n-fp -(t—to))z]e‘(”‘ﬂo‘(Ho»2 (\0)

07


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

0.5

Normalized Amplitude

(<)

0.5

Normalized Displacement

tit,

e wos aals b -0 5 Sl e )b -l T Y S

Ll b (O
I S A L s e P e 4l LP ol 5
Gl Ll ol 0l 005 55y 2 AP 2l g Db
o Geds 3 el s 4 LS5 Slegee () 5 (V)
Sl 3 Gl 4 P=F] ol e Lo i o ) slie L1
sdus aS Hab Ol sl os S anglin Vv 5 40 d O
loFres LS s (15 (5Ll po 53 2 55 358 08
3 0 slaad e (VD JSS 555 0 ois Ll Ol eilie
G go Ly (glahall LS ond Sl aaei ;B
oA 5 it sl O 5l S Sllamd 3 1 (A=) 4 VYY)
JSi o a8 b Olea il osls)l 3 ) 5 3550 05 b s
ol slaadl e Ol 255 Dl Slsmvan 55 00 0k
e s ST S o o slaadd e 5 OIS 5 0
VJL_S adge g3 Gladals 4 355 o Hslal 5 15 5 5 [V ¥ ]
PV LT PRV SUSCICIPUFINVE SN ICK PR+ I

[F] Sl P olgs - 5o

ol o alade b (B 51 0y5 —Y-¥
Sl o s sl 5 aS Coal OF Jlie ) Gua
Slroys los I ol (Soalos Jdosd 5o 1 el G155,
Ll o0 (10) JSG s 0L (Seal 5 (s (5]

C‘_,.A\&UJ.&JJJJASMJ@QMboﬂBMCESA

ov

Ol 5 o ls o alaie b gloys (F) Ko e OLas San
el 4 S 41 3P 5 SV Cl}al ol o e )3 aS Jas
(€2) —lrln goe S d1) 2l (Slad ol o 00
g s s e 3 Y Ll Sl S s
Jds (65 e Ol VY 502 5l ol b i amiod
L¥] S0ty lae s St oyl 45 ol S5 OLLE ol o
L] (Seshon 5 Ol go O] Ol g 5 (S5l
Dl a5 5550 50 [V o] sheelS 5 boju ol 5 [A] anlslS
i ilan | 053 ames ol 3Ly Oliious ol 43 S
b it Sl s gt s L OLtS SlS sl
L gl s sdal s 4 c»l_:; Ales S 508 QLS
Aleds £l bS5 slgioe LB 53 sy Ol W 3
REIETACH]

NIRRT slesS i leee (7) 5 (0) (F) Ll
e b el 3l L 1 5o ol
Vs Ve A Ol lenS B il s N 5 A F-Y]
35 53 s edd 4SOl .l esls I3 anslie ) 50
Ol sl Slyan P 5 SV (55 o ol sl o>
03 35 o ks O joad (B 5 (U adlse 53 a3 el
Sl e Lo past Dliious l Ole S| Y S (53,
sdal Cows 4 LS g 313 35 01 S5 L Sl

ales S5 g Sliies S5 gl e 51 Gt )

YYAY el Al SJLA..; JY JLM LdM‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

3r !

e sl W

N/ | 20r

: \ X :
................................... G e e e e e
40r
ex‘:ﬁ&bg‘)\éa’.‘-mm—fp
4
Incident P- wave
Incident Angle 90
=37 B = =
o = A ST~m
® ! A
g2
°
(S
<17
R T
0 . SRS L
4
Incident SV- wave
Incident Angle 90
3,
c .- el
% oy ® R K%y
_g - AR B .
b=
o
£
<

------- Hrz., Present Study

Hrz., Wong [14]

Hrz., Dravinski and Mossessian [15]
Hrz., Mossessian and Dravinski [16]

(e]

Vrt., Present Study

A Vrt., Wong [14]

o Vrt., Dravinski and Mossessian [15]
< Vrt., Mossessian and Dravinski [16]

(B B0 s 00 day Dsky IS s

WAY el ¥ 55l oYY Jle (Joizad

5 & ak.udﬁf‘gbf)}g—fp

oA


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

04

w
I

Amplification
N

Incident P- wave
Incident Angle 90

1 o
& . XX LKL U4
Koy . - KT
0 T o T
4
Incident SV- wave
Incident Angle 90
3 -
c X x.
0 X X
§
= 2+ X' -X X .’)K
-
£
<

....... Hrz., Present Study
X Hrz., Wong [14]

Vrt., Present Study
A Vrt., Wong [14]

BB GG 53 V0 A Opky B sl 4 i oS e, - 0 IS

Amplification

Incident P- wave
Incident Angle 90

Amplification

Incident SV-wave
Incident Angle 90

ot

------- Hrz., Present Study
X Hrz., Wong [14]

o Hrz., Dravinski and Mossessian [15]
+ Hrz., Mossessian and Dravinski [16]

Vrt., Present Study

A Vrt., Wong [14]

o Vrt., Dravinski and Mossessian [15]
o Vrt., Mossessian and Dravinski [16]

L e T e g R e T L= S R O

YYAY el Al SJLA..; JY JL‘N Ldm‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

Incident P-Wave
Incident Angle 60

Amplification

-2 -1 0 1 2
X/R
------- Hrz., Present Study Vrt., Present Study
X Hrz., Wong [14] A Vrt., Wong [14]
(o} Hrz., Dravinski and Mossessian [15] m] Vrt., Dravinski and Mossessian [15]
+ Hrz., Mossessian and Dravinski [16] o Vrt., Mossessian and Dravinski [16]

Poarlge man s amsn #ragls b Gl 5000 da Doy S 5 il 4 (e oS o e85 -V S

Incident P-Wave
Incident Angle 60

Amplification

X/R

------- Hrz., Present Study Vrt., Present Study
X Hrz., Wong [14] A Vrt., Wong [14]

Porlge mae s amn P10 agls b Gl o))t e Doy S 5 3l 4 (e &S o 0S5 - A SS

WAY el ¥ 55l oYY Jle (Joizad


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

Normalized Displacement

———  Numerical Solution Hrz )
24 ===+ Numerical Solution
——— Analytical Solution Hrz ) .
15 T Analytical Solution (Vrt.) ,-' "
7 .
0.5 -
0 T T T T -
s s oo w1 xe s
-0.5 - ‘.‘ "/ \ ,ll
1 -
1.5

Normalized Time

3P agls LP e JG 5 dol>

35T Ol &S o b (R/r=—1 s VA FY) Slaases & slahl Ko ok lo) douiu )0 dulie — 4 IS5

B(-1,0) — A(0,0)
ey :
é m'ﬂé E
. 3r E
: A
8% 40r :
Y
Sl sla Ol %
\ X
...................................... <
80r
°ﬁ|‘p-:;é=3-“‘-.’déﬁi 65 dwdd — \e JS..’&
3
= = = . Numerical Solution

2 2 Analytical Solution

[

£

[

3

s 1]

]

o

°

_E 0 T T T T

© D 1 3 4 5 b

£

B =’

4 11

-2

Normalized Time

35T Ol &S o b (Vo) K3 51 Al 281 0K ueis Sla) azmu ;U amglie — VY S

\YAY seas! Al g)la...:r JY JLM LdM‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

_ - dt=0.223
..é 4 o dt=0.167
€
@
Q
@
o
R
[m]
°
]
N
©
E
o
4
Normalized Time
dosen Gloy o8 53 55 (10) JK& 1A alal (BI 06 ki Sl 4z ,l - VY S
3
———  dt=0.223 (Hrz.)
------- dt=0.223 (Vrt.)
e 5 o dt=0.167 (Hrz.)
c
g ° dt=0.167 (Vrt.)
)
o
©
-y
1]
[a]
-
)
N
©
£
)
2

2

Normalized Time

Gl b3 el 5 53 (V) K 5B 4 01K ki Sl aoi b - Y IS

WAY el ¥ 55l oYY Jle (Joizad

Y


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

Amplification

Incident P- wave

0 il R PPN e T g L e o m nOm = @ -
T T T T T

8

7. Incident SV- wave

Amplification

....... Hrz., Present Study

(o} Hrz., Dravinski and Mossessian [15]

Hrz., Mossessian and Dravinski [16]

Vrt., Present Study
m} Vrt., Dravinski and Mossessian [15]

o Vrt., Mossessian and Dravinski [16]

0 Any Oy S Il 4 e S e - VF S

33 g o> 4SSl el els 3 Al 3550 SV s
25y s s Sl w8 Obe 055 Sl Slen
W i go O i wisls 3, 00 5] oS @ Sles 5 350
B Pl moe Conds gl ol ho il Pl 4 s
Csd am OLSe ets laad o ol alr b el s
L e
oReal A= (o

Wyelsy card & Sl OF 55 o Sl
I [ U P T S =
e 0y Jae 3 i polie (20 S s chal (gl

3 Ol 5 [O] Ol go 5 Swiasl)s lave 5 s

\a

beses el 4 S 51,500 (e LS 5L P SV 6
WY 570 Slaslinal L oo 5 g amions laes 5 23
JE.;)JO{AAUJOQACJ[;-)J ol 0 e (65 0 Ol
(1) 5 (1) SVsloe 48 555 o bl ol sl 43 S
Ol 1y amisae 5 bl Slaes sdome slo3 ) 18, 5
Ll
SRen - (Ll

ben 5l wlas oS ol OF 55 Sl ol 5o
O)) IS 5,5 s Jlie Sl g 5 Olaa 1o
i s LSS Sl amei U 28 5 6 slaadl 5

T oy 53 V] 01 o slis L1, GlST oS )

YYAY el Al SJLA..; JY JL‘N Ldm‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

O N o
I I I

Amplification
N W A~ O

¥

Incident P- wave

mﬂoo°'f
| |

Amplification
N WO b~ O

o =
L

Incident SV- wave

------- Hrz., Present Study
o Hrz., Dravinski and Mossessian [15] o

Hrz., Mossessian and Dravinski [16] o

Vrt., Present Study
Vrt., Dravinski and Mossessian [15]

Vrt., Mossessian and Dravinski [16]

VO sy Dy S sl 4 e O pleiS 55 - 10 S

6
BEM, dt=0.223

— Hybrid, dt=0.112

S Hybrid, dt=0.167

c

: — Hybrid, dt=0.223

Q

&

2 2]

2

2 /\ N R R

]

o 0 !

N

S ‘\/ 8 w 10 114

2 2

Normalized Time

S OWdl gy 3l eslizal b (V0) S5 51 A dails il 0lKe 5 Slo) amwsu )b awylie V5 S5

s Sl sl 55 S g

WAY el ¥ 55l oYY Jle (Joizad

¢


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

o

—— BEM, dt=0.223
—  Hybrid, dt=0.112
22l A Hybrid, dt=0.167
g /\ ——— Hybrid, dt=0.223
@
®
z 1]
0 }
[a
3 0 /\ IN PN — ——
N T T T NS T T
T \\/ S eV e e e
£
$ 4]
2

E Y

Normalized Time

S Ol rgy 5l eslizal b (Vo) S5 5B alal 351 0lKe it o dowie )b amalie — \V K3

s Sl sl 55 S g

Gorore 5—:
2b '
S dae T ;
. G 5_.—,
Bl

25b

el Jo o205 B () 5 p8en Jom 020 s8I () 55 K5 o ghoms 45 dmsikin — VA IS5

Amplification

4
Homogeneous Scheme (Vrt.)
------- Homogeneous Scheme (Hrz.)
o Non-Homogeneous Scheme (Vrt.)
3 o Non-Homogeneous Scheme (Hrz.)
AH8- 8608
o 4,
Ju ]
2 ’E“ELD o o= =
0 =] o o I;" b o o o. o-
U‘D . \ D'D
0 d [ .
1 Haw mg

x/b
Oﬂﬁu&ﬁ,,ﬂw@J,V:.wfmnm@w@us/,kdwwm—\«Js.:
SV oxles zoo 5 V)0 e Dok WS S il @ 50 1) s &

YYAY el Al SJLA..; JY JLA Ldm‘



http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

——— Homogeneous Scheme (Vrt.)
------- Homogeneous Scheme (Hrz.)
) Non-Homogeneous Scheme (Vrt.)
3 A o Non-Homogeneous Scheme (Hrz.)
s OO o O
_g g o O, J—— =0 o o )
@ EN 1 3 A
S o @ a 2
= 2 1 A 7 y ,
3 5 x| =] b
g EI\. R ‘}n :m
1 a A ! Al /
] 1 N IZ|

x/b

J> 2,8 5 oRen o 02,8 5l ool s 4 pleS ) (sl mlie - Yo S
SV prlee g0 910 das Ok 3 3 I3l & 550 i) o 4 el

c,l_:J deas e Cowd 4 PSuCols ) Glamd /YYY da o
35S Sles sleelS il s oS e Jass Sl ahol>
bm&ﬁ; Sobe 4 Llded BB By gl oNNY
Sldas A&JSJA w}) L JAL.:.;).) ‘LSJJA d‘f‘ J:’)) )‘ oslaial

sl dalg 5L 6 RS Slej Ly

el el i il
Sl w5 sl s oS ol OT e ol o
Ol e (glo J prly (Salos Lo 5o 1 el &) (55
St S L s e b sl sl oy as
oy Slosa s Olan 500 ol (L o 4 gli)D)
U e 53 5 Sl edd B S s ol e b
bl ol S 51300 e S5 LSV B -
s s el ol oslizad Kaal 5 o Ken Jdo 53 ) altens
St 4 b 5 45 48 gazme (A SVA) S S
30T Sy e Sl 5 ol a8 S a0 s ) LSy lae
oeals Jis 5l ol eslizal (g5 50 Oladl WA sluws
D55 i Ol (s koo 5 45 e (0 2N IS

S Sl 5w ol g e gl s dles Jue 6810

WAY el ¥ 55l oYY Jle (Joizad

053 Jasma ol 3L Oliioes .ol 0l o 35 [F] Sl
i sl e U b OLeciS SalS (3 e dilen [
15 w25 slaailpe (17) 5 (V1) ldSE los S o 3
aly (V) IS 5B 5 A abits 55 Ol 0 oy amesy )b
o313 1,3 anlan 5550 NPV 50 /YYY Sl flj 33
Lelsr Ole (255 Dl Gliman 058 0 0> Sl o
o oS Gl (10) 5 OF) LSl sl 5525
b el sl slie L1y ol Gedsd 53 sdel e
VO 50 A O SleS 8 Gl A [P 5 [0] e
adge 93 ;a3 gd eedd &S Hshilen il es S Al
Lesl o Ole (omolin Sl Glmon O ois 281 5 o35
5 Se a3 e 0 (V) 5 (09) Sl 34 o o
Slas i )b 8l slaadlse ((00) ISE 5B 5 A bl
S5 e Sl ey s Slesliad LS O s
desslio 5 40 Llodal Cows 4 [TV] 550 sl J'Lj)l.:;ﬂ
S Sl eslial Ly (5 0 il i) el el el 13
Sl Ll Shaslinad LS e gy s 5 VYT b
sds 4SSl L dledal s 4y +/NYY 5 0 /VBV (4/YYY

Sl ¢t bl o sl oss 8 I s s

"


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

Sl G Slpr] Lpas s Olos glas ,3 P 5 SV
s Al Jlgr o aS (oade Jle i > Ll e3ls
osls plis L:J_:fu_ﬂﬂ): ‘)“éﬁ@éﬁh)b LL,a_eV..; (S
23 s SO Sl s 2 lS aals &S el el
Sleallar s (slos ) Jlos 035> 4 L1550 Olej slad
ool et bl ey s R aS 5l B a8 (et
slos ) C..ul.“, Ol G5 S aal s g Slages 3 9dme gl 5|
s edul 53 1y st e ks L o Seal slealSer Ly

55 o

1. Bouchon, M., “Effect of Topography on Surface
Motion,” Bull. Seismol. Soc. Am., Vol. 63, pp. 615-
632, 1973.

2. Lysmer, J., and Kuhlemeyer, R. L., “Finite Dynamic
Model for Infinite Media,” J. of Engineering
Mechanics, ASCE, Vol. EM4, pp. 859-877, 1969.

3. White, W., Valliappan, S., and Lee, 1. K., “Unified

Boundary for Finite Dynamic Models,” J. of

Engineering Mechanics, ASCE, Vol. 103(5), pp. 969-
964, 1977.

4. Wong, H. L., “Effects of Surface Topography on the
Diffraction of P, SV and Rayleigh Waves,” Bull.
Seismol. Soc. Am., Vol. 72, pp. 1167-1183, 1982.

5. Dravinski, M., and Mossessian, T. k., “Scattering of
Plane Harmonic P, SV, and Reyleigh Waves by
Dipping Layers of Arbitrary Shape,” Bull. Seismol.
Soc. Am., Vol. 77, pp. 212-235, 1987.

6. Mossessian, T. K., and Dravinski, M., “Application of
a Hybrid Method for Scattering of P, SV, and
Reyleigh Waves by Near-Surface Irregularities,” Bull.
Seismol. Soc. Am., Vol. 77, pp. 1784-1803, 1987.

7. Kawase, H., “Irregular Ground Analysis to Interpret
Time Characteristics of Strong Ground Motion
Recorded in Mexico City during 1985 Mexico
Earthquake,” In Ground Motion and Engineering
Seismology, Ed. Cakmak A.S., Development in
Geotechnical Engineering, Vol. 44, pp. 467-476,
1987.

8. Kawase, H., “Time-Domain Response of a Semi-
Circular Canyon for Incident P, SV and Rayleigh
Waves Calculated by the Discrete Wavenumber
Boundary Element Method,” Bull. Seismol. Soc. Am.,
Vol. 78, pp. 1415-1437, 1988.

v

) ol ealal d)JA QL«.“ \PY¥

345 o bla oS5 Gl (T4) 5 (14) LS

o Uloel s 4 B3 oy 55 3l eslizad LS 1, of b
odls Hl3 anslan )50 V0 5 V0 sy Do Sl 3 G
Bl @SB adlge 55 a3 o e ey &S sk Oles
5 ediael G 2B e o sl Slsen OIS i

J}J&A oud uiv)))b

4:.5_,,‘3—0

shye Slos gy s IS 5, S0 i
dan( 9y V}L@.A C“}A‘ﬁ‘ﬁ BE Q.<<,.AU S 93 o;ﬂjff_,s

aglls

9. Kawase, H., and Aki, K., “A Study of the Response of
a Soft Basin for Incident S, P and Rayleigh Waves
with Special Reference to the Long Duration
Observed in Mexico City,” Bull. Seismol. Soc. Am.,
Vol. 79, pp. 1361-1382, 1989.

10. Sanchez-Sesma, F. J, and Campillo, M.,
“Diffraction of P, SV and Rayleigh Waves by
Topographic  Features: a Boundary Integral
Formulation,” Bull. Seismol. Soc. Am., Vol. 81,
pp- 2234-2253, 1991.

11.Sanchez-Sesma, F. J., and Campillo, M.,
“Topographic Effects for Incident P, SV and Rayleigh
Waves,” Tectonophysics, Vol. 218, pp. 113-125,
1993.

12.Sanchez-Sesma, F. J., and Luzon, F., “Seismic
Response of Three Dimensional Alluvial Valleys for
Incident P, SV and Rayleigh Waves,” Bull. Seismol.
Soc. Am., Vol. 85, pp. 269-284, 1995.

13. Papageorgiou, A. S., and Kim, J., “Propagation and
Amplification of Seismic Waves in 2D Valleys
Excited by Obliquely Incident P- and SV- Waves,”
Int. J. Earthq. Eng. and Struct. Dyn., Vol. 22, pp. 167-
182, 1993.

14. Pedersen, H. A., Sanchez-Sesma, F. J., and Campillo,
M., “Three-Dimensional Scattering by Two-
Dimensional Topographies,” Bull. Seismol. Soc. Am.,
Vol. 84, pp. 1169-1183, 1991.

15. Reinoso, E., Wrobel, L. C., and Power, H., “Two-
Dimensional Scattering of P, SV and Rayleigh Waves:
Preliminary Results for the Valley of Mexico,” Int. J.
Earthq. Eng. and Struct. Dyn., Vol. 26, pp. 595-616, 1997.

16.Hadely, P. K., Askar, A., and Cakmak, A. S.,
“Scattering Of Waves By Inclusions In A

\YAY seas! Al g)la...:r JY JLM LdM‘


http://jame.iut.ac.ir/article-1-360-fa.html

Downloaded from jame.iut.ac.ir at 22:50 IRDT on Monday May 7th 2018

Nonhomogeneous Elastic Half Space Solved By
Boundary Element Methods,” Technical Report
NCEER-89-0027, 1989.

17 Mansur, W. J., “A Time-Stepping Technique to Solve
Wave Propagation Problems Using the Boundary
Element Method,” Ph.D. Thesis, Southampton
University, 1983.

18.Antes, H., “A Boundary Element Procedure for
Transient Wave Propagation in Two-Dimensional
Isotropic Elastic Media,” Finite Element Analysis
Design, Vol. 1, pp. 313-322, 1985.

19.Israil, A. S. M., and Banerjee, P. K., “Advanced time
Domain Formulation of BEM for Two-Dimensional
Transient Elastodynamics,” Int. J. for Num. Methods
in Eng., Vol. 29, pp. 1421-1440, 1990.

20.Israil, A. S. M., and Banerjee, P. K., “Two-
Dimensional Transient Wave Propagation by Time
Domain BEM,” Int. J. Solids and Structures, Vol. 26,
pp- 851-864, 1990.

21.Israil, A. S. M., and Banerjee, P. K., “Advanced
Development of Boundary Element Method for Two-
Dimensional Dynamic Elasto-Plasticity,” Int. J.
Solids and Structures, Vol. 29, pp. 1433-1451, 1992.

22 Kamalian, M., “Time Domain Two-Dimensional
Hybrid FEM / BEM Dynamic Analysis Of Non-
Linear Saturated Porous Media,” Ph.D. Thesis,
Tehran University, 2001,(In Farsi).

23.Kamalian, M., Gatmiri, B., and Sohrabi, A., “On
Time-Domain Two-Dimensional Site Response
Analysis of Topographic Structures by BEM,”
Journal of Seismology and Earthquake Engineering,
Vol. 5(2), pp. 35-45, 2003.

24 Kamalian, M., Jafari, M. K., Dehghan, K., Sohrabi,
A., and Razmkhah, A., “Two-Dimensional Hybrid
Response Analysis Of Trapezoidal Shaped Hills In

VWAE deial (¥ 5,k YE Dl (i

Time Domain,” Advances in Boundary Element
Techniques 1V, Ed. R. Gallego, and M.H. Aliabadi,
pp- 231-236, 2003.

25.Gatmiri, B., Kamalian, M., “Time Domain Two-
Dimensional Hybrid FEM / BEM Dynamic Analysis
Of Non-Linear Saturated Porous Media,” 2"
Canadian Specialty Conference On Computing In
Geotechnique, pp. 216-221, 2002.

26.Gatmiri, B., and Kamalian, M., “Combination of
Boundary Element and Finite Element Methods for
Evaluation of Dynamic Response of Saturated Porous
Media,” 5" European Conference on Numerical
Methods in Geotechnical Engineering, pp. 947-955,
2002.

27.Takemiya, H., and Fujiwara, A., “SH-Wave
Scattering And Propagation Analysis At Irregular
Sites By Time Domain BEM,” Bull. Seism. Soc.
Am., Vol. 84, pp. 1443-1455, 1994.

28.Brebbia, C. A., and Dominguez, J., Boundary
Elements, An Introductory Course, Computational
Mechanics Publications, Southampton, Boston, 1989.

29.Ahmad, S., and Banerjee, P. K., “Multi-Domain BEM
for Two-Dimensional Problems of Elastodynamics,” Int.
J. for Num. Methods in Eng., Vol. 26, pp. 891911,
1988.

30.Wolf, J. P., Dynamic Soil-Structure Interaction,
Prentice Hall, 1985.

31.Kamalian, M. Jafarii, M.K. Sohrabi-Bidar, A.
Razmkhah, A. and Gatmiri, B. Time-Domain Two-
Dimensional Site Response Analysis of Non-
Homogeneous Topographic Structures by A Hybrid
FE / BE Method, Soil Dyn. Earthquake Eng.,
Accepted, 2005.

A


http://jame.iut.ac.ir/article-1-360-fa.html

