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Effect of bedrock terrain on seismic ground motion

LI Xiao-bo, BO Jing-shan, WANG Xin, WAN Wei
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Abstract: Based on theoretical analysis, the spectral element method is used to study the effect of bedrock terrain on ground
motion. The achievements are as follows: (1) The intensity of bedrock ground motion is related to bedrock occurrence, incident
orientation of seismic wave and other factors. The incident orientation of seismic waves is closer to the tangent direction of
bedrock surface, and the intensity is smaller. On the contrary, the incident orientation is closer to the normal direction of
bedrock surface, and the intensity is stronger. (2) The presence of bedrock with convex terrain leads to weakening of the surface
intensity of ground motion, and thus to the formation of the relative weakening zone of ground motion intensity. While, the
presence of bedrock with concave terrain leads to strengthening of the surface intensity of ground motion, and thus to the
formation of the relative enhancement zone of ground motion intensity. (3) Under different bedrock topographic dips, there are
different relative variation zones of ground motion intensity. Under the action of the bedrock with convex terrain, the relative
weakening zone of ground motion intensity is 1.13~1.69 times larger than the bedrock convex area, which increases gradually
with the increase of bedrock topographic dip. Whereas, under the action of the bedrock with concave terrain, the relative
enhancement zone of ground motion intensity is 0.5~ 1 times smaller than the bedrock concave area, which decreases gradually
with the increase of bedrock topographic dip. (4) Under different cover layer thicknesses, there are different relative variation
zones of ground motion intensity. Under the action of the bedrock with convex terrain, the ratio of the relative weakening zone
ground motion intensity to the bedrock convex area increases gradually with the increase of cover layer thickness. However,
under the action of the bedrock with concave terrain, the ratio of the relative enhancement zone of ground motion intensity to
the bedrock concave area decreases gradually with the increase of cover layer thickness.
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Fig. 1 Basic forms of bedrock terrain
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Fig. 2 Theoretical analysis model
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Fig. 3 Bedrock convex terrain model
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Fig. 4 Bedrock concave terrain model
R ZHERE TR AT AN, RRIRE BOE L T
A (300m, 300m) Ab CEH I RS B
R . IR T UL ] Ricker 19, UEAE B %
f,=6Hz, UL £, =15Hz . Hi\ P-SV BUHiE
B, SRR SRR A BL7 1A R =

TEEAE, & RYREE R S G TR K.

R B0 RT S TP K e oz (D, (2D
AT Hop, B3 AR S AR BTy
F24 8400 AN 11130 /5 B 4 HH 43518 6300 A~F19030
Ao BAERUR A F L R %4, B i E B
LTSN S ISR TS S PRt SN =1 S U S
HIA K 0.0003 s, THEEEK 15 s,
3.2 HETNEIE

Fem T AR R & A I R R ] 5
Fime ATCAEH, FEREEBRA, JKF e il (e e
M7 55525 2B RN, 10 B AR RRTE A
17 Mt — e AR A, HR & AR AR 2%
HABRIT, Z S A RS R K, s
HENFE R EG . Hah, HERI oK, 3
BEW TR LIRS A, 7RSS R T B
X35k R 20 B A 0, LI PR3 BB 3 o i XK

&5 Ha et ER R ik & R IEE
Fig. 5 Acceleration versus time curve of bedrock convex terrain

model



464 " + I B ¥ #H

2017 4¢

5 TV o 1t PR AR v - B e P P2 I 2
6 Ffme WTRAE . BRESD mUFINIE S A B EAE K
LLAR, A % e (VM AR I o Yt B R T k)
ML . b, AR UK T E > ERE
FE 17 HE#A —E IR HaBiiih, Ko
MMELE R 18 551 31 Z BRI, 3 B S A fE I
FER 21 55031 Z 1AW IR, 484 K DX sk ) i Bl
MR N A, AR 5 S TRl
AR, BRI S B0 E B R G .

& 6 E&MBath AR B9 ik & AT IZE
Fig. 6 Acceleration versus time curve of bedrock concave terrain
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Fig. 7 Variation of PGA values of bedrock convex terrain model
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Fig. 8 Variation of PGA values of bedrock concave terrain model
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Table 1 Ranges of relative weakening zone of ground motion
intensity under different bedrock topographic dips for

bedrock convex terrain model
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-0.5w

53
5 XyEH kP HEH K HEH
1

2

3 -0.5w
4

5

* 2 EAMpEt AR h A RIRERE T R 338 B AR 158X
HISE
Table 2 Ranges of relative enhancement zone of ground motion
intensity under different bedrock topographic dips for

bedrock concave terrain model
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Table 3 Ranges of relative weakening zone of ground motion
intensity under different cover layer thicknesses for

bedrock convex terrain model
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1 30 2w 275w 2.625w  -0.375w —0.875w
2 50 2w 275w 2.625w  -0.625w  —0.5w
3 100 2w 2.875w 275w -0.5w -0.5w
4 150 2w 3w 2.875w  -0.125w  —-0.25w
5 200 2w 3.125w 3w -0.5w  -0.375w
6 300 2w 325w 3125w 0 -0.25w
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Table 4 Ranges of relative enhancement zone of ground motion
intensity under different cover layer thicknesses for

bedrock concave terrain model
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