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ABSTRACT

This paper presents the result of an international cooperative research on the post-correlation analysis of forced
vibration tests and the prediction of earthquake responses of a large-scale seismic test structure. Through the
post-correlation analysis, the properties of the soil layers are revised so that the best correlation in the responses
may be obtained compared with the measured force vibration test data. Utilizing the revised soil properties as
the initial linear values, the seismic responses are predicted for an earthquake using the equivalent linearlization
technique based on the specified strain dependent characteristics of the shear moduli and damping ratios. It has
been found that the predicted responses by the equivalent nonlinear procedure are in excellent agreement with
the observed responses, while those using the initial linear properties are fairly off from the measured results.
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daHog FxEIFH Ao FUARFYE Aletd BARNEEHE dFtd, AdAHRY v
g A7, SYEYPe Aol AvFoR oA HrEReE |AHAJY. DAGAE A4t
o] AAZHE FALAYE AHEEA A8ty 7‘]%‘9] 29 A HoA FETELS ALTEFE,
3}54 AFAPzge] FMo2HE Hute] EAHXNE RAY 57019 ANddgd e Aok
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AenEx o] FPgE Graveld & A9slnt: FYE2YY = o, &
15+ Q] AIPAEAEERE ZASY, B 20 B FREY HAg:E AAEFI
Fol dAHog A ATFHEE Qs ZAAEY Adrt dojdRoZE gars oM, A
< oldd /‘"‘]@ ZAREAE Ao 2AA Luco 7t FZRYE #A9 %L AHE3A
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octahedral ATHHYE2] 60%= 3tk o2 Awd el sy EAHLAE Fslo g &
Frd wE JddedAse dHve e 1Y 129 137 2ok AT FHo =22 wrA
59 FHAEMH 2T HAG 4 ANGHE HFo T BHIE F 49 RAAAH
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E 1. ZAQAFA AZAA ASd AP 54 E 2 AedEHx] H9 (m/sec)

Test Excitation  Principal :::; :;:l; Parameters Unified Bounds
Cases Positions  Direction (Hz)' ( m/KI-\l) model  Lower Upper
Roof D, 4.1 29.7 Backfill-1 (Vs) 400 300 400
Before D; 4.6 243
Backfill D, 2.2 8.1 Backfill-2 (Vs) 400 300 400
B . .
ase D, 4.6 6.3 Gravel-1 (Vs) 383 333 383
Dy 6.1 6.8
After Roof Ds 6.3 6.5 Gravel-2 (Vs) 333 250 333
Backfill Base Dy 6.5 0.99 Gravel-4 (Vs) 476 428 600
D, 6.6 1.01
® 3. 2AE Ao AT E 4 FAYANEA
Parameters . . ' A &
. A Unified Updated Regions 44l (%) A d & = (misec)
- msm/zeci’ (}i'"; — 133 133 (Vo inmises) HEED HHEED
and- s
Sand-2 (Vs) 231 231 Sand-1 3.7(3.0) 105.1 (113.1)
Backfill-1 (Vs) 400 303 Sand-2 3.6(3.1) 184.8 (194.0)
Backfill-2 (Vs) 400 353 Backfill-1 46(3.3) 192.7 (219.7)
Gravel-1 (Vs) 383 356 Backfill-2 4.5 (3.5) 229.5 (247.1)
Gravel-2 (Vs) 333 280 Gravel-1 5.0 (4.7) 256.3 (265.2)
Gravel-3 (Vs) 332 gzg Gravel-2 5.2(4.9) 198.8 (203.6)
R‘”;‘;‘; (VS%E MY o Gravel-3 5.2 (4.9) 236.4 (242.1)
el ?153'; (E) o e Gravel-4 3.5(3.6) 417.5 (407.4)
- - F . g3dte YR AgHo|1, 8E4Le MR,
vs 15 - CL
=2.57 Vm' o <Fo> Excitstion
@z%, v=0.167 ﬁ 3 --tm::mm E:::' ; o )
p=1.33 vm’ !
\ : w""\ w2 [h=2%, v=038 |
Bi”moml m N Y ”w fo=1.09 v’ |
"y |h=2%, v=0.38 !
FPETIN T /"v a7 Sand-1 \ Backfill-1 |
2k ; Badk{ill-2
oLsism N lB /__L.:;zau ; Sand-z\ﬂca
Grzvell mnm. +
Gravel 3 Gravel 2 : =2.42 t/m’ ; :
pj2.42 z/:o . :,‘2?;; \:/::) o Gravel-3  oveo o Gravell
GL-12.15 h-Z%"v e e . .
Gravel 4 p=2.42vm’
h=2%, v=0.47 Gravel-4

29 1 SEAYAINETFZEY Z2Y¥H AF7] Y A=A

—269 -

a9 2 AN-FEE HEFEANE AT FYea



Estimation eror

680

40

20

13 3. Steepest descent 71H

Amplitude (un/kN)

10.0
-~ A < at fitting freq.
7.5
d k\ H15 |
25
B Xk
0.0 T T T T
] 5 10 15 20
20
— <> at fittng freq.
1.8 [f\
¢ V3
1 A <!{\
[-¥3 ] V4l
0.0 T T T T
a 5 10 15 20
Frequency (Hz)

a9 4 AgEse AuslMel AEH FHs

40 550
30 ] 500 | —+—1 Gravel-1
_| i 450 —©—1 Gravel-2
k . —3—+ Backfil-2
20 400 — Suckm=1
N \ g 350 ] S e
10 \ i N
B M 300 T e PEOS06060ORaEannnanad
o T T T 250 T T T
0 10 20 30 40 0 10 20 30 40
Number of iterations Number of iterations
Oy 5 FR LAY Fo a6 AAFEFHEY FHYH
Amplitude (um/kN)
20 40
‘ ] & ‘ 1 O DI Test

A D2 Test

— Updated

R
;% H15 — s
10

8 12 18 20 0
Frequency (Hz)

Frequency (Hz)

3
4 |
z%} ----- Unifted

: - H12 —

Frequency (Hz)

8 12 16 20

ﬁ Tl | n il
} : 8 6
! “‘ 3 3
S N
Xy
, . 0 0
16 20 1] ) 4 16 20

8 12
Frequency (Hz)

ag 7. FEREY A

Frequency (Hz)

o] e Aggre v

—-270-

B 1
Frequency {Hz)



AN AN

Sand 1 20m

Sand 2 315m]|

"iant N
Gravel 3 7.0m
Aze
anw2
azn

Gravel 4

2% 8 AFFHNE A% #ReLRY

Underlying halfspace i

g

Acceleration (g)
°
S

Control motion

o.10

T T T T

1.0

[}
Frequency (Hz)

TTTYT

10.00

TOTT Y

100.00

Time (sec)

% 10, A5E $HEYEHT FALFEELY 29 1L ARAFHN AHEE AT

1
" b L
N
o8 NG, ~—a—— gaND1 &2 ||/]
J

07 y —0— araveLt |[[[§

0.6 Kﬁ \'\ —¢— GRAVEL? |||
ﬁ s AL N —o— araveLs ||
° 0t . —— packAL |||}

03 N BN !

0z

ol

a

0.000001 0.0000§ 0.0001 n.eay 00l

SHEAR STRAIN

% 12, AV PR e AdadAF

6 |
14
b
—~ 12
< [
=)
=
3 R —®— SAND 1 &2
% 43/ —O— GRAVEL |
5 ) 1o = GRAVEL?
B 2 L —o— craverd ([1]
2 = BACKFILL
o 1 TIII
0.00008 1 0.DH01 0.0001 0001
SHEAR STRAIN
a9 13 Aedg s o Avte] i)

Structure I @_

Inhomogeneous i

: 3-D axisymmetric
field f | ... I
e : finite elements
Horizontal \ ' YA

lavers

T

i

Underlying
halfspace

3-D axisymmetric
infinite elements

Seismic waves l

a9 14 FHARA HARE Afol o] HFAH

Agste FrHAAEF

-271—



Aodadian(@

Accelerdtion (g)

Axdadion(@

08

08

0.4

02

0.0

0.8

08

04

02

0.0

0.60

0.45

0.30

0.15

0.00

04

0.3

0.2

0.1

038 T
| | ---- Test
7 A —— Linear
: 08 Nonlinear
1 RFN iq7 2 {4 WHN
y R ’ 0.4
_ \ _
e 0.2 .
L i e T T T 0.0 Lamm T T T T T T
0.1 1.0 100 100.0 0.1 1.0 10.0 100.0
0.8
0.8
{1  WLN 2 | BAN
g 04
| A | A
0.2 v
_ / - _ / S
T T T T T T 0.0 L o o LI s s e T T T VT
0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0
Frequency (Hz) Frequency (Hz)
a8 15 GEIFEAEY F8H 2HER
04 T
) ---- Test
—— Linear
03 wmee Nonlinear
7 RFN ke 1 WHN
g 02
0.1
' T i T T T 0.0 T LA D S N B ¥ T T T TTOT T T T VT T Trr
0.1 1.0 10.0 100.0 01 10 10.0 100.0
0.4
03
4 WLN & BAN
, A 0.1 , ‘“.7‘
T ™ Ty T T T T T T T 0.0 T T T T T T LI e
01 1.0 10.0 100.0 0.1 1.0 10.0 100.0
Frequency (Hz) Frequency (Hz)

a3 16, SANFAEY FEH 2HEH

—272—



