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Comparison of two-dimensional basin and sub-basin resonances under
vertical incidence of SV and SH waves

LIU Sheng, LIU Qifang

(Key Laboratory of Structure Engineering of Jiangsu Province, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract ; In addition to the direct incident body wave at the bottom, the sub-basin in the basin and sub-basin also
have laterally propagated surface waves generated by the large basin, which lead to the change of the resonance
characteristics of the sub-basins. Based on the explicit finite element method, the effects of sub-basin impedance
ratio, large-basin dip angle and half-width on the resonance frequency and amplification factor of two-dimensional
trapezoidal basin and sub-basin under the vertical incidence of SH and SV waves are comparatively analyzed. The
results show that; affected by the laterally propagating surface waves generated in the large basin, the maximum
values of PGV and E_ in the sub-basin are obviously amplified, and the amplification of SV waves is greater than
that of SH waves. The sub-basin impedance ratio has a great influence on the maximum PGV, E_, resonance
frequency and amplification factor of the basin and sub-basin, while the dip angle and half-width of the large basin
have little effect. Compared with a single small basin, the resonance frequency of the sub-basin increases under the
incidence of SV wave and SH wave, with the value of incidence of SV wave greater than that of SH wave under the
same impedance ratio. The amplification factor of the sub-basin under the incidence of SH wave is basically larger

than that of the single small basin, while the SV wave is lower than the single small basin under the low impedance

W BH:2022-04-10; {&[E HEF:2022-07-22

BEETH . HEKARFAELTH (51978434) 5 [E #h R Ja) TRE 1240 58 T S AR 55 2% & 50 9 B 351 H (2021 EEEVLO001 )
EEEA 0 7(1996—) , B W05 A, EENFHR TP . E-mail:1s1115286216@Outlook.com

EIESE XI5 (1969—) , B i5e i, i, FENFH MR TS, E-mail ; Qifang_liu@126.com



5 3 1 X545 SV ORI SH AR EAS T 4R -1 2 R U 147

ratio, but higher than the single small basin and the SH wave incidence under the high impedance ratio. The
resonance frequency and amplification factor of the basin and sub-basin are more affected under the incident SV
wave than that of SH wave.

Key words: basin and sub-basin; explicit finite element method; two-dimensional basin resonance; impedance
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Fig.1 Two dimensional basin and sub-basin model
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Table 1  Velocity structure model
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£ WRE/m BWEE p/(g/em’) B UIBEHE v/ (m/s) NEL/NA FELJE H
T 220 1.80 245 0.30 0.05
2.00 600
2.00 650
2.00 700
KA 500 2.00 750 0.28 0.02
2.00 800
2.10 850
2.20 1050
Heh © 2.50 2000 0.25 0.01
T KAEHAE 7 Fh O 1 F 5 7 A A B A~ L 254
22 NGHE
AR Ricker 15 M 7 3G B, 4n=Xi(6) B .
F(t)=f(a—0.5) e “,a= "n(t—ts)fp‘z (6)

2 ¢, 24 Ricker FUIE(ERITANTZ]; £ O % 3 SH I FI SV AT 19 44505 ot i
FRUE M 0.32 Hz,
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Fig.2 Time history and Fourier spectrum of Ricker wavelet
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Table 2 Amplification factors and resonance frequencies of sub-basin with large basin of different dip angles

e w0 Kbk ek SHSETRERRK B Ha
(m/s)  (g/em?) JRHLUE JRBUTIL 3000 asofism coofiifn 75°Mf  30°M60ff 45°fifh G0°MHifl 75°Mifh
SH SB 245 1.800 — — 15.270 0.316

! 600 2000 4170 2720 15240 15210 14960 14.920 0273 0271 0273 0.271

2 650 2000 3850 2940  15.640 15570 15410 15150  0.28 0277 0277  0.276

3 700 2000 3570 3170  15.680 15750 15.830 15560  0.285 0.284 0.286  0.283

4 750 2000 3330 3400  15.890 15930 16.140 15930  0.29 029  0.291  0.289

5 800 2000 3130  3.630 16040 16.090 16290 16.130  0.293 0293 0295  0.293

6 850 2.100  2.800  4.050 15980 16.050 16.220 16.070  0.297 0.297 0.298  0.297

7 1050 2.200 2.160 5.240 15.670 15.750 15.930 15.830 0.304 0.304 0.307 0.304
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SV SB 245 1.800 — — 14.870 0.371
1 600 2.000 4.170 2.720 12.810 12.350 13.370 13.570 0.297 0.307 0.31 0.313
2 650 2.000 3.850 2.940 13.810 13.790 14.130 14.450 0.315 0.322 0.324 0.325
3 700 2.000 3.570 3.170 14.760 14.900 15.000 15.160 0.328 0.331 0.333 0.334
4 750 2.000 3.330 3.400 15.370 15.550 15.640 15.760 0.335 0.337 0.341 0.342
5 800 2.000 3.130 3.630 15.690 15.880 16.010 16.060 0.341 0.342 0.346 0.349
6 850 2.100 2.800 4.050 15.900 16.070 16.260 16.220 0.348 0.349 0.353 0.356
7 1050 2.200 2.160 5.240 15.970 16.090 16.190 16.190 0.359 0.359 0.363 0.364
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Fig.3 Horizontal velocity time histories, PGV and E_ of small basin model and four basin and
sub-basin models under SH (left) and SV incident wave ( right)
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Fig.4 Ratio of maximum E_ and maximum PGV of basin and sub-basin to small basin at

different impedance ratio under SH and SV incident wave
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Fig.5 Spectral amplification factors and resonance frequencies of small basin and basin-sub with large

basin of different dip angles at different impedance ratio under SH and SV incident wave
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Fig.6  Average spectral amplification factors and average resonance frequencies of small basin and sub-basins

with large basin of different dip angles at different impedance ratio under SH and SV incident wave
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Table 3  Amplification factors and resonance frequencies of basin and sub-basin with

large basin of different half-width under SH and SV incident wave
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Fig.7 Spectral amplification factors and resonance frequencies of small basin and sub-basins with large

basin of different half width at impedance ratio under SH and SV incident wave
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Fig.8 Average spectral amplification factors and average resonance frequencies of small basin and sub-basins with

large basin of different half width at impedance ratio under SH and SV incident wave
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