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Seismic Response Analysis of a Large Scale Soil-Structure

Interaction Test Structure on Flexible Site
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ABSTRACT

Seismic responses of the Hualien large scale seismic test model on a layered
soil site are estimated for two recorded earthquakes and the analysis results are
then compared and evaluated with the recorded responses. The method adopted
for the analysis is based on substructuring method using a lumped parameter
model in both the frequency and time domain. The study results indicate that the
propcsed method can reasonably estimate the earthquake responses of a

soil-structure interaction system for engineering purposes.

Ae 309dEd ALY TRE, F AR-TEE FIT AL Aadd dd FHAFHA
1

delo]l Ao 2ol B7stn T AWN-FEE FIAERAAAHL AR FRTX
A ZHE BEdde] A 2 AN e =3 A7 e Fobrt Ha o olidt
FAE HZE &2 NAdET] Hste], Ad 1990 FE 6ol BAH ARt-FxE A3
Aol gt 4 F3ArEge] FYPHAUG. o] 92 =S ¥ ES vix, A&, vt g
T HAF drxlel Foaes, AEE fsto] Akl tiwhe] g (4 Hualien) A 4
o did WIANIRdRIIAGYAEY UELEDE dEERY. AREE {FAT AN
Fel AEERon, dAgele KAEE Artedl widAAAM, wfjde] W& e AL
F AEE s AN d FxEe AREEES @ 2L APAdAA HAV &S AHE st

ol s ERF o s, 299

oQlr st EResha id, 49

—257—



, 4 Fadd 232 A A% A P (forced vibration test)&

i HeFoEME 0.1~25Hz Aol 9]
. AMAFA G e SFAF R AS
olol 3 H wp qov], o HAHNGAN Edo AaEAol AFPA

o
=2
N
_g:_‘
+
0%
1
3@
o

o _—H‘
e °
!

R2EEEE £4 2 AFHAG] ZAARAEAE)F HA27A leéltﬂﬂ»:— 0.02~0.15¢
E e 1099 AARRe] ddFEAc HAEAD, o] F Aol tjg AMPRA &
Hol A &= At

B AdgodE o 7EXAF dEAY F A ARG ddoz Agrde 2g9&
- Zstn o AAE HAA AFAY va-FAFoRN ARE HAWY] HBA
g7EE nHAY 2 AMIANGES AAsTA o FEHE AA, A HE A
£4g fate) Madm e YEFAAGRAL g FRIEYG 4@ Aw-7
2% 2z 98 & A&
2. 34 2 9de%
21 HAHd

Ldedzxrd ZANAFAEN dEd Ay FFRIAaYPETRY JAAREA
S Al¥ A9 95%(0.95E.) 2 BeEHATH ol AREHY Far AEFEe AFE
AN EERA S AFIAEAAE HEHoE FHo BEAN 1249 AT /AT Ao
BEHAG, ey A 7S5 FAE ez Fa9 sl 29, ARF2
ArEgol 27132219 095E.Rtt & 080E,(23x10°%kg/cmHZ HEFAHYoH (2
Y23z R Ad7E 9% A E o] ge AL AY. ¥FH, FxEIE 2 R
Ao AaSH4L AdA A7d7e g a2z Argsden, 1 Uge 237 39
Bl vl 2ok o] FEL WIYEI Sl 27X B, daA A g

AR % WYEe AL de FERFIAZ AN AgsHG

AT AAVEE 104749 718 AAFdA 2 A7t 42 gEHY F O
2] )

4
o ANVe Mdstq P EFo AU Addd F Ao AL 19959 59 1L 3
2ol A AR Ao AN AL T FAE FaAVeR EHDE F ded, 1
WEe e 40 vkl g AdmddAM by " doy A A FH, 5 ALS,
A25, A35 FolAM, ASEHE O & F - vty A3 He g Holn gloy,
oz AR FEIo AF HEHEo A Aoew Addn. FW AlGFH g &
FoFEwEtel 2 Aol ol ol AwEAQe Wy A Aoz dwdn)
et daHer ARFEEEAE MY 2 Udedn de Aoz ddHE ABEA
gE dEstd 2 d78 A SHANE JdHETEer Agddn. 2¥ 5e ddd ¢
dgFol dg Aol g@AHEYS 2tz wol Aoy}

— 258 -



3. A% A

Heg JHese AEAYNA ASE AVLFIEL, o F o g3k AN LW

AzfAAA £5F ALY BA02 AFFALL FASFAT. ol & 45 FA

AME AN F ABBPolY, 1T AL Fel 27 5 A9 AW E) W A
A

¥
AwAR] BYE FA0) Adse ¥
FARN e AHAMY s @

9t @AM Agsad B AFE A# 2
3 @ A
stdou, ol Agd

R o 23 MSHAKE[3]Z AH&3d 3
AvANegEYd F HEE ddaddAT 2 BAgTde daBA
o

FALE dFANEEH Ao gl4le A& An. A, A 4 FHAAM dFE A
AEgol 4529 2 dAsded, 28 62 AAHA *F%% N2 W E A A A Y
AFAE AdF A9 v Aojoh. & F 12 AFAHHEZR AFHoz Add w9
Aas54dE vdegd Rl

N
X
oo
ot
o
L)
>
o
L)
ofy

A Rd g AL E PETEYS AL ol Fojzony,
F 2 AZGGAM FAC FHHAAG. AFFFAdA LS ¢4 Wongl6lF ol
AR AT Green¥ T8 ALE39 FA7 2o dE ARdId 23S
=2 : AEFEG AAANA AV-FZ2E ANAPEES FHHFAY. FF AL
e FHEALAS ZFZYEY 93 S Al A¥AHI A5 5d9dAH YL A&y
AdstAHIL 3, A g Ae MEAE Reddg s 283l EEFHYL
Abg 3t FEAEY old AW-FFE Alirdd dld R=7h4 g RossetF[7le] Ak
g ooy A &Y ot AdHEAY. = ANYHAAge HANAPYAF S B E
AEFFdd Fad gE 23S AEAC[1] 28 7& ol 2& HHA Agw d
Arde /IYdEg 29 HRejoh.

B A7 gl AANMNE ded ved Fol FuHoz dFdtd HEg AH&s
2 U7 HE, AN EUELE AAAA FAAY FoF EHAAMNE ¥
. 2 A HAE 72X AAMY JHEFAMA A2 AGEAE A (scattering effect)ol ¢
st WAEHE ALY AHEY 4TS 23 F s Hojxm, UyHR v BE
TEE AFA A HAZ AN FE JFE AEgsA nAE £ glu Holo olq
RAAF A s L ot A7A 1 AEAHo SHsA AITEHA ¢ EPRITH[GIS
AbR st FP Ao R nst vt wEy B AFAME, ol dH TR F7R EEAA
& 3T Hrree ded 2HE wFo #rA ME 02 z2hM AAHME 5
&1, 1 A%E AFANS 43 vz -EAsAY. 218 8~102 o E dAdyy 2 42
#g 8lug 28 Fo|r,

o

a2y 82 AEREA A FoMe FHAPR dig dFEHE HE vz HAd,
53 AERVEYHSELT ALE3F 8 A (surface input analysis)® 712 9XYBL 53 A&
g 3 4] (basemat input analysis)2] 4 %8 45¥ 2o Jetdo} o] 2gel A B Eo
EE AFAAA e g &7 AE5RG AdtHoz {438 A gPgEHL Y
B dES & 4 vk 2y AEWH YEEF Mo A d&x7 AEAE 7

- 259 -



e
o
o

3 A (backfill
SRR

LR

o

2k
EREL)

o},
Hl

=

PN

sop AdA o

84 2

=
(=]

Af & A T2 S e A ol

=l A

L=
R

Jag ek, 2 goA ®
“u)

H

1

3
gl

% of

7] =
stoll ol

k)

g
74

analysis) <}t

A A
o}

2]

A o

EPRI¢]

N

ol

R
4
o

oy
o

el

el

el

\.MO

wr

olo

%

10~30% A%

H] 3j

tR o 29 10 A

=
il

%l_

RS
R R

A
w

7}

2}

8 A
2

|

& 41

B, F7hA

oz
==

3

=

=

s

|

N, A
=g
A

W
ne

v

%7k o

4 gkl

Zx
Qi

q A o]

bo A2

S

2y

W&o At}

e
&

500
L,
H_o

Uk
™

I
=)
w
xr

v

olo

o
<

o

A F 7t A

e

0

|

i

3%

0

o

N

s

s

5o
ey
i
ol
ojp

O

«+
o
Nr

oju
i
oo
=

£Hog A&7t A
HH oz AE

}

Z
=

3
Rr

Tor
Mo

-

o} 5} A|

Hgtd How

ot

k<]

. 28y

Al

b7 sl E, B oA

=
T

15

27k 1o of

at

S

PS
A

=l

o)
g,

|
1A
At

o}

I

ba
A
o

0]

|

e By

=l

. °l
s

o
- EPRIol

7t A 2 A

Aot

8]
i

il

bl
7
Ho
i

=
——
57

B

i

- 260 —



REFERENCES

1. Joe, Y.H. and Park, H.G., "Comparision of Substructure Methods of Soil-Structure
Interaction Analysis for Structure on Layered Soil Site", Proceedings of the Korean
Scciety of Civil Engineers, KSCE, Vol.15, No.5, Sep. 1995, pp. 1191~1203

2. Park, H.G. and Joe, Y.H. 1996. "Correlation Analysis by Substructure Method for Forced
Vibration Test of Hualien Large-scale Seismic Test, "Journal of Structure, Nuclear Power,
Railroad Engineering, and Construction Management”, Vol.16, No.I-6, pp.735-742.

3. Park, H.G. 1995. "Analysis of Horizontal Seismic Wave Travelling Vertically in Layered
Media,” Research Report, Vol.10, No.l, Industrial Development Research Center,
University of Inchon, pp.287-300

4. CRIEPI, 1995. Nonlinearity of Ground Materials, Letter from T. Okamoto to Hualien
members

5. Tseng, W.S. 1991. and Hadjian, A.H., Guideline for Soil-Structure Interaction Analysis,
EPRI NP-7395, Electric Power Research Institute

6. Wong, H.L. 1975. Dynamic Soil-Structure Interaction, California Institute of Technology,
Ph.D. Thesis

7. Roesset, J.M., Whitman, R.V., and Dobry, R. 1973. "Modal Analysis for Structures with
Fcoundation Interaction”, Journal of Structural Division, ASCE, Vo0l.99, No. ST3,
pp.399-416

—261—



¥ 1. Final values of soil properties

determined by free field analysis.

LSST 7 LSST 8
Vs =154m/sec | Vs =164m/sec
Layer 1
h = 0031 h = 0.023
EwW Vs =286m/sec | Vs =326m/sec
L Layer 2
direction| h = 0.048 h = 0.022
Elastic | Vs =411m/sec|Vs =462m/sec
Halfspace| h = 0.047 h = 0.025
Vs =150m/sec | Vs =157m/sec
Layer 1
h = 0.038 h = 0.028
NS Vs =287m/sec | Vs =312m/sec
o Layer 2
direction = 0.047 h = 0.031
Elastic | Vs =430my/sec | Vs =466m/sec
Halfspace| h = 0.038 h = 0.023
4
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00
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¥ 2. Companson of analysis results using

different values of Young's modulus ( horizontal
roof responses to May 1, 1995 earthquake )

Vs : shear wave velocity in m/sec

h : material damping factor

5.54 AU
;

- Unit:meter

Backfill

11.63

EL.0.0um

EL.-5.0um

10.82 ‘

19 1. Plan and celevation of the test
model

FL.0.0m
Layer 1 y_ g
EL.-5.0n
Vs=310 or 330
Layer 2 h=0.02
EL.-12.0m
Elastic Halfspace V=476
h=0.02

2% 3 Soil properties at zero strain
computed from the FVT correlation studies.
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unit : gal

Plant North event May 1,'95 May 2,95
@51 Real North (LSST 7) (LSST 8)
:I station EwW NS EW NS
Al3 67.0 144.0* 33.9 60.6
Al4 66.8 99.5 36.8 57.4
AlS 72.0* 135.0 62.6* 86.9
A23 63.7 108.9 28.1 70.4
A24 63.4 119.6 29.9 72.0
A25%* 71.0 116.0 36.3 88.5*
A33 57.2 81.3 21.3 37.3
A35 A34 71.9 77.0 243 31.8
A3S 69.2 84.0 279 30.8
. .
A25 54 45m Peak value in each component
**Selected as representative control motion
(a) accelermeter stations at ground surface (b)peak accelerations of the earthquakes at each station
1Y 4. Target earthquakes selected for the analysis
LSST 7
08 .3
s °“F LSST 7
G oo YIRS —-—- LSST 8
8 -.04 -
B s 1.0 1I5 z.o 2‘5 30 g 2r
Time (sec) %
LSST 8 2
.08 B 1
@ 04 [
S 000 —W _—
% -04 ppv
08 AL A A A i 0.0
[ s 10 15 20 25 30 .1 1.0 10.0 100.0
Time (sec) Frequency (cps)

19 5. Time histories and response spectra of the control motion(A25) of the earthquakes

selected ( EW-component )

.20

—-—— Recorded
Estimated
{ T
A6 =
2 LEGEND
o
E i0p O NODE No.
9
8 ] ELEMENT No.
L]
05§~
0.00
1 1.0 10.0 100.0
Frequency (cps)
9y 6. Comparison of the free-field motions at 1% 7. Analysis model of the soil-structure
the basemat level ( Station A25, interaction system

EW-component of LSST7 )
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