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Abstract: Based on frequency-dependent soil behavior demonstrated by laboratory tests and equivalent
linearization theory, 1D frequency-dependent equivalent linear method for seismic site response is established,
considering the parameter compatibility between the frequency Rf for laboratory dynamic tri-axial test or resonant
column test and the frequency f{vs) for shear wave test. Firstly, using the laboratory results given by researchers,
the frequency-dependent soil constitute models are proposed through data regression methods, and the formula
describing normalized frequency-dependent shear modulus reduction and damp ratio curves with shear strain are
deduced. Then, frequency-dependent equivalent linear method is developed by employing frequency-dependent
shear modulus and damp ratio in transfer function for the frequency-independent equivalent linear method. Lastly,
by using frequency-dependent and frequency-independent methods, linear response for a single-layered site and
nonlinear response for another single-layered site under different cases are conducted, and results show that: 1)
laboratory test frequency Rf has a great impact on site response and shear wave test frequency f{vs) has a minor
effect on site response; 2) if the input parameters of shear modulus and damp ratio are obtained by dynamic

tri-axial tests, the results obtained by frequency-dependent methods are slightly lower than that obtained by
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frequency-independent methods; if the parameters are obtained by resonant column tests, the results obtained by

frequency-dependent methods are much higher than that obtained by frequency-independent methods.
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Fig.1 Variation of normalized shear modulus with variation in
loading frequency
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Fig.2 Variation of normalized damp ratio with variation in

loading frequency
Rix 25V FHAESAR TR R 4T T R
7o RIGARIRE A 8x107°, HNEMRLE 0.01 Hz~
30 Hz Z[a]. AHEAL BY DDA & LU Rl 5 N300 1 1

nE R, FEAR 2R R R MEALRE
Je Lt 5 mEsn e i A A W B 2 4% 7E 0.5 Hz
PLR, BHJG LB I 2 38 i P2 IK; 78 0.5 Hz
CLE, B JE bl Bt 6 im0 4 (1) 35 hn i 384

1% 2 3t S OV Y 3 = Ak 5 4300 77 K 1 JL R
A A R R T IRy RS b AT T AR AR 4y
N 0.1 Hz. 1 Hz A1 5 Hz 1500 F B8 J1 HERERT 73,
FAE A BY AR & LU 5 2800 22 i 39 w3 m, -+ (/)
FEH I R AT A X B o R . IRTEALBEE L
5z e 20 i F e oe R, HIE
Je LUt A6 A8 2 34 g ose > o

23t 1120505 B DYNYYS #=8i, $i7T
0.1 Hz~5 Hz i [ P9 & 2 60 Al - 2h B U] 485 5 A
RELJE Lz, e 2h FR IR M T B B U e b
TR G I, iy H 2 R A2 AR
P, AL BT DS & LU 5 AR i i ¢ R ] el
FHXT MO R i o FHJE LU R & N2 i) 15 KT
JkN, LRI RIEFIZMEA M, FIFE, B
FEJE b SR i) ¢ R T I AR B R &

H DL E E AN A4 ST LU B, g
RN AR B YA E AR e LA B, (HE2
PG FE IR BEE gt — IR, 2 H AT A 1EIE BE B
BRI R TR B IR N FAZE %] AR B B U
AIFHJE b sem e, Rk, ASOH Bk 4
FRRIGZE AT T 4t BlA, Bk AE 7L
YU LA AELL BE JE b S s i1 e & Ko

FILE AL B V) 5 0 8O0 2 50 s G vt [R] )3 &5
Rl 3 frow, EiEE 3 afRUEH, BT 2L
DO G 2k A — S B e AN, A RER A
(AN [ B 2 AR MBS [ R0 7 10 85 D) 8L 5 b 5 m

AR gk R T BRI R — X R e &R, H
[\l 56 R A AT RIAA:
2 .
= Kim%
2 | = Dt
S Rix3
§ _lﬂlﬁﬂ:" v P
i . - cx ]
P
N
=
X
i
_I;_‘-é
0 1 1 1
0.01 0.1 1 10 100

IS Hz
K3 RAEL BT DR R b 5B R g vt m] 1 45

Fig.3 The data regression results for variation of normalized
shear modulus with variation in loading frequency
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Fig.4 The data regression results for variation of normalized
damping ratio with variation in loading frequency
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Fig.7 The calculation results of shear wave velocity under
different f{v,) values
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Table 3  G/Gax-y and D-y curves for sands and rock

B AR/ pic M

(x107%) G/Gnax D G/Gnax D
0.05 0.980 0.012 1 0.05
0.1 0.970 0.015 1 0.05
0.5 0.840 0.037 1 0.05
1 0.730 0.056 1 0.05
5 0.400 0.112 1 0.05
10 0.250 0.137 1 0.05
50 0.070 0.170 1 0.05
100 0.030 0.180 1 0.05

FIBEIHE RN SRR, AES RFI 1 Hz F
50 Hz 43 AR B =R FI SEARAT M0, v HX 1 Hz
F1110 Hz 78 a5 i i M = 2a . iR s 7
SR R S FEX LE AR E & 1 Northern Calif-07 Hh
AL 7 A A LS [ Taiwan SMARTI
@SB, EE IS AREN 030g, M
FEBNNFEVENE BSR4 Fos, g e dh 26 fnH
— AL IR AR S 23 an 9 ATEL 10 B

#z4 HWEHFNERERE

Table 4 Information about earthquake ground motion

Hh R A FR RAENT A RER EEAEL S 7 i /km
Northern Calif-07 197506 07 5.2 Cape Mendocino 34.7
Taiwan SMART1(45) 19861114 7.3 SMART1 101 56.2
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Fig.9 Acceleration time history curves
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Fig.11 Acceleration response spectrum of ground surface for
the site obtained by two methods
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Table 5 Surface results of peak ground acceleration and amplification ratio under two earthquake

I B TE R T Rf=1Hz f{v)=1Hz Rf=50 Hz f{v))=1 Hz Rf=1 Hz f(v)=10 Hz Rf=50 Hz f{v))=10 Hz
PGAlg PGAlg (%) PGAlg (%) PGAlg (%) PGAlg (%)
Northern Calif-07 0.251 0.200 -20.3 0.357 422 0.195 223 0.339 35.1
Taiwan SMART1(45) 0.169 0.164 -3.0 0.247 46.2 0.166 -18 0.242 43.2
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# 6 Northern Calif-07 #hE{EF T A RN R E thRISEMEEMBMARITELER
Table 6 Surface results of peak ground acceleration and amplification ratio for sites with different strength of input ground under
Northern Calif-07 earthquake

LDy 3| BREETC R 52 Rf=1 Hz f(v)=1 Hz Rf=50 Hz f{v)=1 Hz Rf=1 Hz f(v)=10 Hz Rf=50 Hz f{v)=10 Hz
PGAlg PGAlg PGAlg &(%) PGAlg &(%) PGAlg (%) PGAlg (%)
0.05 0.101 0.089 -11.9 0.117 15.8 0.087 -13.9 0.115 13.9
0.10 0.162 0.139 -14.2 0.203 25.3 0.136 -16.0 0.198 222
0.15 0.202 0.171 -15.3 0.278 37.6 0.168 -16.8 0.270 33.7
0.20 0.237 0.189 -20.3 0.329 38.8 0.184 -22.4 0.319 34.6
0.30 0.251 0.200 -203 0.357 422 0.195 -22.3 0.339 35.1
0.40 0.257 0.204 -206 0.370 440 0.198 -23.0 0.352 37.0
0.60 0.270 0.206 —23.7 0.470 74.1 0.201 —25.6 0.449 66.3

&7 Taiwan SMART1(45)#RIEA T A EIHMIN SRR RIS EMREFMARITEER
Table 7 Surface results of peak ground acceleration and amplification ratio for sites with different strength of input ground under
Taiwan SMART1(45) earthquake

HHRE B WK KTTTE Rf=1Hz f{v)=1 Hz Rf=50Hz f{v))=1 Hz Rf=1Hz £(v)=10 Hz Rf=50 Hz f{v)=10 Hz
PGAlg PGAlg PGAlg &l(%) PGAlg &l(%) PGAlg &l(%) PGAlg &l(%)
0.05 0.086 0.085 -1.2 0.101 17.4 0.084 -13.9 0.115 13.9
0.10 0.113 0.111 -1.8 0.150 32.7 0.109 -16.0 0.198 22.2
0.15 0.116 0.113 -2.6 0.159 37.1 0.110 -16.8 0.270 33.7
0.20 0.123 0.119 -3.3 0.179 455 0.116 -22.4 0.319 34.6
0.30 0.169 0.164 -3.0 0.247 46.2 0.166 -22.3 0.242 43.2
0.40 0.220 0.212 -3.6 0.325 47.7 0.201 -23.0 0.352 37.0
0.60 0.332 0.320 -3.6 0.585 76.2 0.303 -25.6 0.449 66.3
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