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Seismic Response Analysis Considering the Site Effect

in Two Dimensional Cases
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ABSTRACT

The site effects of local geological conditions on seismic ground motion are performed using 2D
numerical method. For the analysis, a numerical method for ground response analysis using FE-BE
coupling method is developed. The total system is divided into two parts so called far field and near
field. The far field is modeled by boundary element formulation using the multi-layered dynamic
fundamental solution that satisfied radiational condition of wave. And this is coupled with near field
modeled by finite elements. In order to verify the seismic response analysis, the results are compared
with those of commercial code. As a result, it is shown that the developed method can be an efficient
numerical method to solve the seismic response analysis of the site effect in 2D problem.
Key Word : seismic ground motion, FE-BE coupling method, multi-layered dynamic fundamental

solution, seismic response analysis

.M 2

A FHAN FAGH B8 EAe LAARH AA dFHe AT it #A¢
@e /M A&3A 73] AsME Ao AT EH GF22RH dA9 dFEFol 2Y
A& 718 AUAE dF3tn AUA/L AdsHe AvzALE 2F 1 ¢z e A
oMo &8& A&ste Aot Y ol NS FY3inA & B¢ EFEFL 433
E A% Jdez iy /gAY AnA2d B BREYE LEsn lonz #HYFHow
8% HE File AL o dold. WM B JHPE T ARANMY $HEHE FEe B
PEol g A77F FYE ot

FAEEE FIhe HHS FANNA ndte A ft 134, 2309 a8x 3349 Y
o2 FEY 4 U Hisada 9 Yamamoto!! & RAg@sHe] Ye o] wet 19 1
# Zo] FEING. ¥ l@E FHFAA AAWYst FHLET YA PAlte FFEA
143 el B¢E Auidt. 28 29 FHFOIAT AWt BAAA JrEhE BE2A
&9 g 99 2xt4 A S ofyER 1-2D2T AR, vHAZtAT aY (o€ 1-3DE P9
FAT. ¥ ldE A o] 22 Fo s WHIle HASH 2L BFF9 Y] sed A

* Adoetn EEZF wAaby, FeAAL AN
» dMditty EE2Re 2ad, B YA
o Adutn SRy a4, THubA), P

_.83_



$24 2284 S4oln, 29 1eE 339 2YolAY s sAgHez ARse AE 1
4 Rahe A$ol2E 23D2 Reladnh. whAY 27 1D Avte] YHE 3AVHoE W
2 AT ARE FRFAA olFoiAEE FHF v 3544 HNolstn ¥ & Utk

(d) 2-2D (e) 2-3D H3D
a9 1 3XARE n2F AN 2yl

REAgG oM ZFAFH AFARHo] o] AT ¢ A AFo ZA J¥E Foe
RAe g A SlE AtdolgPl oled &nte) FoAL 1985W6) AN Michoacan XA F
¢t AYezRE 400km HojF Mexico Cityoll Al P HsA dold HHE FHE of FAsA
veldd. AP E A% Hsfje g4 A2 YRR e FEREY didtd FEHANoY At
3 Ayt €33 wode HiolAY SA%A @sktk. 2 olF 2] 1988 Ammenia, 1989 Loma
Prieta, 1994 Northridge “18]3L 1995 Hyogoken-Nambu (Kobe) X|Z oA xJut §-To] xjo] u}ilr
A efFoz2M o8 FLAL U AXRHUL 53 vl 72 A< Northridge A
ANdE AY HEi7t g Aol vls) 1w AP¥aje 5000 0] Y= A o3¢} 20009 o]
o AHHA BA3F IAHE Bt ol A DX GAA AR diF diulzl REH
o] ofln FPE FEYAE APy wet 2 3yl €3ty Hol=Zg R AFA
ZF24E & HAFs GFH d €& = U nsAdA dojd FIY dEELE 49
“disaster belt"gt Bl QAF} BX oA 1km Hold o] X8 1km £ 20km Zole] F&
g A TRt ol A Ao HAvie} FAAA EF3 edge effect 7} 2 FHo 1
belto] | & At A S Yoz Ro2 AT JTPl o)s} o] RAEAFM Ate] AA
Z7o] 73T H o2 Wy ol dAde 4P 1A AMVHOEE qFo] E7lEdE
2 A3 234 sHd) oA AFAM e F&E dFEe Aol LI

A B dpdie 239 HHAANA v Hoolg& ZAZ AEE ©F HFE s
E ol 83 2x1Y ol A Hge] HoEg AYFHOE oFF F Je 71HE ALdAT. AR
HogRE W Hol oR Gy tlEte ZAALALANE ASIEREA UEFH HHAAY @A}
Z3AL HEANY F UEE Y3, AEHY sk AN WRGHoz Hodld e L=E
233 FozN YA 75342 FA4L 2y & & U= AT ANE 3H =Y
F3te AAYE AHSE A ols e WS AMSIEEA vny U 4L JHXe A9

- 84_.



o 287t AAsaA Sk AR APEE £AYASE AW dstal F8T2IYY A
g wimsted 2 BYAE AFTHUAL, FAYHRY B33 Awe] g3 209 YR £
% TS AWLRANE FUANUT. @ B A7E 2494 M ANSHAHE B A
71548 RAVHDA Poln 230 0 AFHY 77 £9slolel ¥ Aoz waL

2. x|xgg sy

A e P AY-TEEY F3VAE UEE $5FIAE R AN G
a2y 29 2e WEF AW 2UE FRES AZE 4 A FzEe aYANMAY o
SEln Auta F2EY AAHAME U b § AT FEREAIHNE s B ALY T3
At Ax 7zE3 Z3d A0 F Ao B 22AZ FAHNAYG. 3 FEA UstE 9
ste] AAAE AHEET AHA s B FRES Yehn 4HA g & 23F 2wk Jehdc
E% 2EY ANE o) g Aty Y AW Jebd 4 Aed olF ¥ A8
of A4HA f 9} e T 2z ALEsh GrjoA o] <E A AHgolet k. TH LF
e Forgdddn e Hn F ¥Ware (ulw) & {u0)}2 Jed 5 Uz,

7289 347498 [S0)] & [Sda)] . [SHa)], [Si(a)] 2 788 + Ak

ut

TNt

o9 2 -T2 E F5EAEA

olRE ol &3t HA Awk-7xE FEFAEAY FFFFYE S 2ol YEE £ U

[Su(w)] [Su(@)] {ul )} {0}
= Q)
[Su(@)]  [Sil@)]—[Sis@)]+[Skl®)] {{ui(w)}} {[Sﬁb(w)]{u{(w)}}

3. USgen oo Hals)
QRFHe] AALLHAE A Hd 22 OF R HUAMY T 7EIHE ALE
%}ﬁqjsllﬁl'

Wl w,7,2,29) = g; f_m[k” R P @

A7, C, & HES ko] SEHY A5l 2* X x* & A% £3WH AVHPY 47
Az R $BANY. WA} $AYEOS HWSE NEHE ol45td SolHe Yy :e
@ 7EA Y AARERAL 4 @) Lo| vehd £ 3tk

cru;+ j; puudl = fr u?mudl"lrfg uRo xp dQ 3
A7|M, cpe AAYLY 71318ty Aol oA AARE A4olm, p,% ph v T4 AA) 3

_85_



F3 739 S5 S A% AAYR I M EAYeln, 2, £ EANYE Uk 2 o
FAME g EANYY 4% TPstnz 4 39 JYAEYL YolAA . o] Hg
ol g AA AA Y AL YPPE FAsHE 4 @3} 2ok
[SEE ()] {u"F(w)} = {FP(w)} @
A71A, [SPE ()] BAL2AMY BAYBeln, {4%(w))E v1AY ¥} 315 WEon,
{FP(w)} e 7179 W99t 3o di@ deolt. a2z P34 @) A 58 73 3
Agade 4% 5 Uk
WEGGe] RFoasNE 8N Ted 2L FR5RGoN $EWFALE T 4 Ak
[S75(w) H{u™E ()} = {F™(w)} 5)
2 G)d [S™(w) ] dHHagBaN 4 (T Zo] FEIE FHZAYYL vy
[K'] & 337249988 Jehdoh
[S*(w)] = [K'] + i0[C] — &*[M] ©)
a2 $HZAEE [ST)] o AAsLe FHZHYY [ST] & 2 2L ¥y
}E-MABAE 2T Yo o|EY ZHo] sissith F, fHasst AAaLze M
A FH3e A ds B2AYIT A5 S 2HPosN A FHRNYIY sF g TS
2 (M go] fB8Le Pz Yebd 4 ok

[[S™ET1+ISEEN{{a™) +{u®E}} = ({FFEY+{FPE}) M
ol2RE A THANYYS HTIUZ Y 4 D 4 @)% o] o}
[S°1{«°} = [F®] ®)

714, [S°] & 288 AN SHFAYL)n (4} & =¥y AA HYon, {FC} & =
e AA 9B A833e Jehdc

4. M7 HE

A RALHNHg AF deE] AgHe WHE 1Y BAEgolEd 2Aste Awd
SHAKE” & o]g3te Aol @ty & A77de e8349e 1337 Asld gEHd Auke
oz A Welr galste Qe 43 FHGMY &S vlmsH. Aty ¢
HELe H 19 FHAF ulg gu YHLEFL 19899 BAF Loma Prieta X ZA] YERBA
BUENA Island oA A&% XFA7&02 H 7/lEEE 007 g o]l AHAZHE 40 % o}, =
gagger 7152 O¥ 3@)9 23 JHEE Aol 19 3(b)ek Zoh

B 1 AZQLH vind AMSE ANEA

F 2R | Ael(m) ROREE(m/\L=(kg/m’)| @AAF(RN/m?) | Eobul | ]
Sand 1 0-20 133 1,690 82,508.57 03 0.02
Sand 2 | 20-515 231 1,930 304,840.72 03 0.02
Gravel 1 | 515 - 1215 317 2,420 714,959.13 03 0.02
Gravel 2 | 1215 - 16 476 2,420 1,612,042.93 0.3 0.02
Gravel 3 16 - 476 2,420 1,612,042.93 03 0.02

_86_



(@ N4y ®) FR+99
219 3 1989'd Loma Prieta X718

A3t 16m FAFNMe YFHEFA g AFAHAAY ANEY $HE & T2ayy
SHAKES} £ #|47]ye] ols) =838 due 0§ 49 2. 48] TP SHAKE ¢ o3
Ad) $H7IEEE 0.177g ol 8 AF7dMe &8/ Hd /&% 0.171g 2 e {408 @
E 28 & AU =P FHF F9dM9 FAE vudt BH 9 59 Zo| JEhdt. F
94 9o ME SHAKE & Hu €9 7H457) 0.00513g 7} Yoy B dFdAE 0.00463g 2
Yeld #4118 23 48 F ART ATFGaMY FREFGA Hd tEx SHael A
Aoz ujixF Aolg Hole AL Aed viel e AoldM vREHE Aoz wPEYg.
g A g7 o] FAME v Hujglol A& Shaked] AART T e e Ko
€ A& Shaked] A4 INUEAEE £ AFAN YT 2x4 PYUAYE FA vIdd
oz WAbZl HA wAEy] dESE GaEnh. I3y AMIFoE ANYda FuEgdddn
9 $HL vEIHE W RFAIY $HE dL 4 glonz B A7 NG Y L BB
HYHdHRE & ¢ & AN

i 4

|

i

|

f

&
Accaieration (o)

» 35 © 45 o 5 10 15 2 25 0 38 0 45
Time (sec)

(a) SHAKE by ¥ 4+
Y 4 ABEANAMY APYY $E7HEE

0.008

B o004 e

§

0.008 e ]

0.002 F———

- M — |
o N AMIIA

o 2 4 € L] 10 12 AL} AL . 2 -0 H 4 L] 8 10 12 14 16 18 20
Freauency (Hz) Frequency (Hz)

(a) SHAKE (b) & a3
ad 5 AFHAMY FH49Y SHVMEE

_87_



5. x| g38Eg 12idt x|TSHHA

MLE A Y-S ol §etd £ HAJo| sl Autel st 4L FP3At.
AHAYS 28 6(a)9t Tol £HOoZ 30m, Po|] 10m ¢ HHFo] BAPYR EAEE 7t
A 1A 231 AN EAE HZIY] H3lY FTUF BEAY Awto] £HFo g2 EAs
€ 29 60b) & T2 e Atz uig HN= £P3Ac. Y Ante BAL thg9
H 29 FY vie} 2 AAF Y YHE X3} 30m J)wge] Axo)A dFGIFL, Y
TE 2% 39X AAVIEE ol &3 s AFdE 19 6(a) 9 HAZ U AFPo=
e 4A7A Y At g e Hdigg wiaddo. 1™ 6(b) o A%E AEH REH
AN 598 gdo] JermE e ke Hndtyh

30m
- ¥
10m 10m
3 -+
20m 20m
+ -
(@ EFFo] EANde B+ by Y32 4A B¢
Y 6 FAAARE ueig AR 6
B2 HAAEHDE a2 AHUG Axtey B4
#o TF | JEAE=(m/s)| FE( ofim®) | QRAS(AN/mY)| Totdw ekl
Sand 150 18 1,093,500 0.35 0.02
Soft Rock 300 2.0 4,680,000 0.30 0.02
Base Rock 1000 2.75 68,750,000 0.25 0.02

H4F ARWL e} ABsE AUAEE AQo|Hel e Y 8ol AAG ue} ok
2 mE vieh gol Mol MANASLE Sy Aoyt AA TAHY HIYFe 2R
AAE Be Aozt wAsE R & F At AW A BAYANME Hussst
0.15 g 7} TAF W $£HFPA ALE 0102 g o] A} 1 23 30%S e Roe
Uehdoh olRe FRAQA AQEA 98 AWVERY dFo] duht Z Aolg su ¥ F 9l
£Ag BaZt ol3¥ ATE Bielak T2IBIY s YFHoE FYHQEH 2E 19889
Amenia |24 Kirovakan ol2he Aol s 2AE Hsjrtale £4st] +HWFO R 1.7Km o
olzm H1 ol 15071A VY PEZo| EAse AL FV22 EYL %l g
Fgstdic. H4ZD Be FRAM 13 A4 239 S92 E Rolg Bod 2349
SAe] g ATE edge effect® WIFETZ 149 AAe] uls] A) 50% ol 2 pe
Hol3 gtk Bielk T& BEANEG WHE P22 ¥ FAHYS 93 HYRANL o
rroz g3t 424g Wd Computing 71Mo2 H¥E FAsAT. W 2 A7 Ay

223 B

_88_



€ st e V&Y AT7AFY FAY F¥E Rejn2M 1 gurt dx Y. F 9 A
g A4 HfMe 7€ ASZAs Bl AESe A77 FFo Fsojor & Aoz B
vd.

0.16

012 - - e

HIt% Z{g)
o
2
}
i
|
i
L

0.04 | -

[—Exy ssig]
|----5EE

Lrires

0 —
-15 -10 -5 0
HE2z2RE o AHal(m)

a9 8 s A @& AFXRHANA Y HUEE vlm

ez 0¥ 79 f4HdAMY € ANIAH Fos GG Himste Y 99 109]
Ztzt AA AT ARG EAAM S e 29 8AAME AAF viel o] §HFeA BE Ao
€ Hole AL ¢ F Atk FIF FY9oMY FAE R oF 6Hz AAe F $dol FYH
€S Hole ¥ o|F9 FeMe WL Aolg Holn A, 53 XY HHFo EAste
Z¥E Hudol EAste Foasvt o Ry FOZ olFIAYL 2 SHER AA FF
e e ¢ 5 A

Accelerationig}

Acceleration{g)

0 5 10 15 X 25 0 35 4 45 1] 5 10 1% F-+] 25 n 3% 40 45
Timelsec) Timait)
(@) EHFo] SAste B¢ ®) FHFEA 3%

3" 9 AR BE APAMY ABFE R

0004 0.004

0003 e «l 0008 [ = -
éom - - - 7‘”—7 gom e e —— - - 4
- 2

0001 | e e e ] 0001 pr—n— - — 1

o o .
0 5 0 15 x 25 ] 5 10 15 -] 25
Fraquency(Hz) Frequancy{Hz)
(@ B350 SAste B¢ (b) +HFEL A%

39 9 el BE dHAMY FHFFAIH

_89_



6. 3

2 d7dNE 9305 712 E o859 A4RI9E LY TH KFPLLE ALES

o WEFHY Awrg Y3 AJLEANYE £PY 5 e 2349 YAAMY A4 L

A 2 A G e AELS 4¢ F AU

(1) A-F2E A3 AEol2d AN DEFFHY HAREE TFAE 7 UAESE R Iy
e AALAE, Ao EHF FFE ZYY ¥ F UEF WHIEL T AE8LE Y
3} 8t 2318 HAEAGAA FARXEHEE FRE £ Ae FAHNHNHE ALIHAG.

@) Agd RASHAN 7Ee B§EE Fotrr) A3t FYFAA NN YALEe AQed 9
g AFEDANM ] SRS F¥x2ae) AR vimdty Hgloh A4 AF NNFRQH Fu
F 99 EFAA FAE 2FE 4€ £ AT TGN & A7 BFREHHYIIEY
B34dE /A% + AU

() FALHAHANM FAAAE T3 B7] A5t FLE ANEAE 7HA AR HIYZE
AL Qe A FHFANC] At BAEAAE FPAUT. ANAFH EAY HA
S 7MW ARA e gge] & Foz FVEIAUL olv FAZFHAMAA 244 AFst 4
Zol AA ZAFE & 5 UM wehA o|s} T FEL wPGeE FFo YA Aukzd
< IEE 23 FAIHEH Y aF A7 FAHojo F Aoz wod

ZAte] 2
o] EEL 2001dE FHEI2 AY GHEF AHHY Ao 3t =P A7 dR2A
dFHE A& BIA 2L FAE =49

Engsl

—

. Hisada, y. and Yamamoto, S., Eleventh World Conference about Earthquake Engineering , Paper No.
2040, Acapulco, Mexico, 1996.

. Bielak, J, Xu, J., and Ghattas, O., Earthquake Ground Motion and Structural Response in Alluvial
Valleys," Journal of Geothechnical and Geoenvironmental Engineering, Vol. 125, No. 5, May, 1999,
pp.413-425.

3. Bielak, J, Hisada, Y., Bao, H., Xu, J., and Ghattas, O., "One- vs Two- or Three-Dimensional Effects
in Sedimentary Valleys," 12th World Conference on Earthquake Engineering, Paper No. 2689,
Auckland, Australia, 2000.

4. Wolf, 1.P., Dynamic Soil-Structure-Interaction, Prentice-Hall, 1985,

5. AEA, olF%, o], AU, “HAIANE 018 T3 2x4E oF v AALL" Y &
233 =83, A 184, A I-5 &, pp. 625-636, 1998. 9.

6. Kim, MK,, Lim, YM., and Rhee, J W, “Dynamic Analysis of Layered Half Planes by Coupled

N

Finite and Boundary Elements,” Engineering Structures, Vol. 22, No. 6, pp. 670-680, February,
2000.

7. Schnabel, P. B., Lysmer, J.,, and Seed, H. B., "SHAKE: A Computer Program for Earthquake
response of horizontally Layered Sites," Report No. EERC/72-12, Earthquake Engineering Research
Center, Univ. of California, Berkeley, 1972, p.88.

_90_



