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Abstract; One of important shortcomings of the traditional equivalent linear
method (EQLM)is that for large input motions the magnification of high fre-
quency components calculated is obviously lower than that observed. The defect
may lead to a serious result of underestimating design ground motion parameters
for key projects. So this important issue needs to be solved. Although it is rea-
sonable to improve EQLM by using frequency-dependent modules and damping
ratios, it is not convenient to use and has great uncertainties. This article points
out that, because magnitudes can affect spectra of ground motion, the method

to improve EQLM by adjusting equivalent shear strain based on magnitudes may
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also be regarded as frequency-dependent. Since distance can also affect the spec-
tra, we suggest a method EQLM(M, R) to improve EQLM by the parameters
of magnitudes and distances. An example of EQLM (M, R) is given to show
that the above-mentioned shortcoming of EQLM can be resolved to some ex-

tent.

Key words: soil seismic response; equivalent shear strain; equivalent linear

method; frequency-dependent modules and damping ratios
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Table 1  Magnification factors of the thick alluvium sites to bedrock peak accelerations in

western United States. Statistical analysis is based on strong earthquake records

FE A V(IR JE /m » 577

Ms
0.5 1.0 1.5 2.0 3.0
5 1. 18 1. 06 1. 00 0. 96 0. 90
6 1. 08 0. 97 0.92 0. 88 0. 82
7 0.99 0. 89 0. 84 0. 80 0.75
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Table 2 Magnification factors of the thick alluvium sites to bedrock peak accelerations,

as computed with traditional equivalent linear method

A V(BN /m e 572

Ms
0.5 1.0 1.5 2.0 3.0
5 1. 26 1. 09 0.98 0. 88 0. 69
6 1. 36 1.13 0.99 0. 90 0.74
7 1. 44 1.21 1.03 0.93 0.76
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—1.90, C;=10.00.
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Table 3 Discount coefficients X(M, R) for different magnitude-distance pairs

e 4 2 W £ - R PraFR || A - R REL
BB /m e s ? M R/km X(M,R) B /me s ? M R/km X(M,R)
5 22.00 0.421 5 4,90 0. 405
0.5 6 45. 00 0.542 2.0 6 12.50 0.515
7 92.00 0. 664 7 29. 00 0.636
5 11.50 0. 407 5 2.02 0. 405
1.0 6 25.50 0.529 3.0 6 7.09 0.512
7 54. 00 0. 650 7 18. 50 0.628
5 7.30 0. 405
1.5 6 17. 30 0.521
7 38. 20 0. 642
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Table 4 Magnification factors of the thick alluvium sites to bedrock peak accelerations,

as computed with EQLM(M, R)

SR /m - s 2

Ms
0.5 1.0 1.5 2.0 3.0
) 1.35 1.24 1.11 1. 00 0.92
6 1. 40 1. 18 1. 06 0.99 0. 84
7 1. 44 1.21 1.03 0.92 0.71
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Table 5 Borehole column profile and relevant parameters

. 2R IR B R £ . = IR R -2 %
LA /m /kg e m 3 /me s ! L /m /kg+m? /me s !
Pk 4 11.5 1900 150 [ 122 1970
ikt 15. 8 1720 160 [ 145 1960 360—605
ikt 23 1800 140 ikt 253 1970 R 1 ¥ L X
itk + 28.3 1860 200 [ 270 1950 VAL 1 B
Rtk 31.8 1950 250 Bttt 283 1970 R TR
kL 61 1920 280 Fitk+ 300 1970
Wkt 90 1980 340 Er e 2000 800
it + 98 1930 360
F6 BRIIEWITUIE L G/ G 19 BUH G
Table 6 Shear modulus ratios G/G,.x for different soils
SR AR /1071
+%
0.05 0.1 0.5 1 5 10 50 100
ittt 0.996 0.988 0. 960 0. 880 0. 700 0. 420 0. 200 0.075
[ 0. 990 0. 985 0. 960 0.875 0. 720 0. 500 0. 260 0.130
FT OSKFKEHEMBLEH A B EETE
Table 7 Damping ratios A for different soils
By RLAE /107
+2%
0.05 0.1 0.5 1 5 10 50 100
Fitk+ 0.010 0.012 0.018 0.025 0. 045 0. 085 0.165 0. 250
b+ 0. 009 0.010 0.013 0.020 0.030 0. 060 0.120 0.185
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Fig. 2 Samples of acceleration time history for bedrock peak acceleration
1 m/s*, 2 m/s* and 3 m/s* caused by earthquakes with magnitude 6
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Fig. 3 Soil acceleration response spectra Fig. 4  Soil acceleration response spectra

for an M6 earthquake derived by EQLM
(0.65) and EQLM(M, R). Bedrock peak

acceleration is 1 m/s?

for an M6 earthquake derived by EQLM
(0.65) and EQLM(M, R). Bedrock peak

acceleration is 2 m/s?
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Fig. 5 Soil acceleration response spectra for an M6 earthquake derived by EQLM(0. 65) and
EQLM(M, R). Bedrock peak acceleration is 3 m/s

# 8 EQLMC(0.65) 5 EQLM(M, R)+ 2k (i34 45 5
Table 8 Soil seismic responses calculated with EQLM(0. 65) and EQLM(M, R)

S e G- B R 0 2 M W (N /m - s 2 Ry
o A iR 22
T B /e s M R/km XM, R EQLM(0.65)  EQLM(M.R)
5 11.5 0.407 1. 06 1.22 15%
1.0 6 25.5 0.529 1.07 1.13 6%
7 54 0.65 1.13 1.13 0
5 4.9 0. 405 1. 66 1. 89 14%
2.0 6 12.5 0.515 1. 65 1.83 11%
7 29 0.636 1.59 1.62 2%
5 2.02 0. 405 2.12 2.63 24%
3.0 6 7.09 0.512 2.05 2.36 15%
7 18.5 0.628 1.78 1.82 2%
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