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Effect of 3-D step topography on ground motion

Ding Zhihua Zhou Hong® Jiang Han

(Institute o f Geophysics, China Earthquake Administration , Beijing 100081, China)

Abstract: This paper simulates the different types of three-dimensional step to-
pography effects on ground motion due to a point source by using spectral ele-
ment method. Level topography and several different 3-D step topographies are
simulated, which shows that the 3-D step topographies have an important im-
pact on seismic waves. The effect from the intersecting lines of step slopes with
upper level is different from that with the lower level. Moreover, the character-
istics of various topographies are described using snapshots of the ground mo-
tions; the measuring line diagrams of the intersecting lines of step slope with
upper level and those with the lower level demonstrate that the waveform dia-
grams of 3-D step topography have obvious scattering waves relative to level to-
pography. Also it shows that the values on the upper and lower measuring lines
on 3-D step topography are amplified relative to level topography. On the wave-
forms of lower measuring lines the amplification ranges from 1.1 to 1.5, and
that is from 0.9 to 1 on the waveforms of upper measuring lines. These studies
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describe the impact of step topography at the edge of the mountain due to a
point-source earthquake and give the respective positions’ magnification of the
3-D step topography relative to level topography, providing a basis for forward
engineering studies.

Key words: spectral element method; of mountain edge topography; 3-D step
topography; topographic effect; point source
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Fig. 1 The three types of terrain models

(a) The level terrain; (b) The terrain with a simple step; (¢) The step terrain with a sharp convex; (d) The step terrain

with a sharp concave; (e) The step terrain with a rounded convex; (f) The step terrain with a rounded concave
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Fig. 2 Snapshots of x-component velocity waveforms on the surface position corresponding

to the six types of terrains in Figs. 1(a)—(f) ranging from 7 s to 9 s
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Fig. 2 Snapshots of x-component velocity waveforms on the surface position corresponding

to the six types of terrains in Figs. 1(a)—(f) ranging from 10 s to 12 s
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Fig. 2 Snapshots of x-component velocity waveforms on the surface position corresponding

to the six types of terrains in Figs. 1(a)—({) ranging from 13 s to 14 s
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Fig.5 The x-component peak velocities observed on the surface of each model

(a) The level terrain; (b) The terrain with 60° sharp convex; (c¢) The terrain with 90° sharp convex;

(d) The terrain with 120° sharp convex; (e) Simple two-dimensional step terrain; ({) The terrain with

120° sharp concave; (g) The terrain with 90° sharp concave; (h) The terrain with 60° sharp concave
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(a) The diagram of the simple two-dimensional step terrain; (b) The diagram of the step terrain

with sharp convex; (¢) The diagram of the step terrain with the sharp concave
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Figs. (a), (b), (¢) separately correspond to the velocity waveforms projected
on the point from the source to the survey line in Figs. 6(a), (b), (¢)
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Fig. 8 The x-component acceleration waveforms of the projected point of the

source on the upper (left panels) and lower (right panels) lines
Figs. (a), (b), (c) separately correspond to the velocity waveforms projected on

the point from the source to the survey line in Figs. 6(a), (b), (¢)

W 2 0L W B RO A BOR T AL 1 I 3. R I R A B A A PR L
JERR T RS AN SR 20k g3, Bl O B A R AR PE P 8. 3R 2 T LR 2, & B e T il
2T B P R AF B A Y 11— 1.5, EIERORAR RO 0. 9— 1. Tk JE P B WO A7 4k
P 5 3 1 T OR AR O AL He A — 3L

i EA WSS, =4S B I X R OY A —E R . X R IR ALE 5 B AT
HAARNF MR, e LT 2RI R 2%, AR Sedc B, g (H 0 281k 5
TE T I T 2R AR I E A A2 4k b BOERIER T B A8 L. X F HAOR M 8. Wk 1.



2 TR =4S B Y H R 30N F 5 197
% 2 il
F 1 ZHEE B HIE 5K HOE 8 WEH HE Git R R0
Table 1 Comparison of the peak velocities of three-dimensional step terrain
with those of the horizontal terrain (magnification)
QNI
Je (VA i E 2 i E 3
b T A b3 5 T AR b3 T A
a=60° 0.9052 1.3952 0.8952 1.5113 0.9298 1.3876
a=90° 0.8962 1.5504 0.8944 1.4691 0.9185 1.3739
a=120° 0.9423 1.3898 0.9949 1.3171 0.9297 1.3647
a=180° 0.9345 1.2836 0.9312 1.3004 0.9252 1.3381
a=240° 0.9919 1.1540 0.9845 1.1712 0.9308 1.3170
a=270° 0.9512 1.0975 0.9271 1.1889 0.9205 1.2714
a=300° 0.9930 1.0145 0.8701 1.0416 0.6338 1.1318
2 =M BB HIE 5K HOE s R A L O RS H0
Table 2 Comparison of the peak accelerations of three-dimensional step terrain
with those of the horizontal terrain (magnification)
) QN
Jefl (A {2 & 3
AR T A R T A RERYIP=S ERLES
a=60° 0.8968 1.3674 0. 8889 1.4699 0.9270 1.3425
«a=90° 0.8874 1.4902 0.8917 1.4235 0.9184 1.3316
a=120° 0.9320 1. 3485 0.9844 1.2850 0.9236 1.3259
a=180° 0.9309 1.2559 0.9267 1.2677 0.9194 1.3037
a=240° 0.9887 1.1318 0.9755 1. 1505 0.9230 1.2867
a=270° 0.9536 1.0840 0.9232 1.1667 0.9094 1.2471
a=300° 1.0139 0.9422 0.8657 1.0343 0.6354 1.1267
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Fig.9 Distribution of the measuring
points listed in Tables 1 and 2
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