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Vertical ground motion attenuation relationship of Wenchuan earthquake

LIU Ping', LUO Qifeng®, CHEN Xingzhou'

(1. School of Architecture and Civil Engineering, Xi’ an University of Science and Technology, Xi’ an 710054, China;
2. Shanghai Institute of Disaster Prevention and Relief, Tongji University, Shanghai 200092, China)

Abstract; To study the vertical ground motion characteristics of Wenchuan earthquake, a vertical ground motion
attenuation relationship was fitted. First, the site effect and hanging/foot wall effect on the vertical ground motion
were investigated, and the characteristics of vertical pseudo-spectral acceleration (apg, damping ratio 0.05) were
analyzed. Then, a simple vertical design response spectrum was proposed. The vertical-to-horizontal ratios ( V/H)
relationship was obtained by using vertical and horizontal ground motion attenuation formulas, and the
characteristics of V/H were analyzed at different distances in different periods. Results showed that the vertical
ground motion was affected by the site conditions and the hanging/foot wall. There were many differences between
the vertical and the horizontal response spectra, including the excellent period, the characteristic period, the period
span of oscillation of peak response spectrum, and the attenuation rate of the falling phase. V/H had great
discreteness, which showed completely different characteristics with the variation of distances in different periods,
whereas the site effect and the hanging/foot wall effect on V/H were caused by the difference between those on

vertical and horizontal ground motions. The V/H of acceleration response spectrum exhibited a "

saddle type"
while it had different characteristics at different distances that the maximum value appeared in high frequency band
(t<0.1 s) for near field and in low frequency band (¢ >1 s) for far field. Considering the process from research
to application, the investigation of vertical ground motion in China in the future, on one hand, shall continuously
improve the vertical design response spectrum, and on the other hand, shall consider estimating the key value of
response spectrum by using the relationship of V/H.

Keywords: Wenchuan earthquake; vertical ground motion; attenuation relationship; response spectrum; vertical-
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Fig. 1  Definition of distance
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Tab.1 Regression results of vertical ground motions attenuation relationship
JE 3 a, a a, a, a, as bR oy
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0.010 s -0.358 -0.356 25 -0.005 96 -0.725 1.518 0.533
0.030 s -1.855 0.095 14 -0.009 77 -0.773 2.304 0.605
0.050 s -1.552 0.136 14 -0.011 44 -0.790 1.839 0.588
0.075 s -2.096 0.313 14 -0.012 30 -0.749 1.944 0.572
0.100 s -2.588 0.413 25 -0.012 04 -0.824 2.067 0.597
0.300 s -0.640 -0.219 25 -0.005 22 -0.614 1.153 0.557
0.500 s 2.693 -1.160 25 0.002 02 -0.321 0.511 0.571
0.700 s 3.583 -1.468 19 0.004 66 -0.158 -0.137 0.589
0.750 s 3.611 -1.501 17 0.004 96 -0.120 -0.379 0.601
1.000 s 5.669 -2.019 25 0.007 86 0.047 -0.502 0.611
3.000 s 5.530 -2.236 25 0.008 76 0.095 -0.571 0.564
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Fig.3 Vertical ground motions attenuation regression curves and scatterplot
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Fig.4  Fit residuals and binned means of vertical ground motion in near site
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Tab.2 Regression results of horizontal ground motions attenuation relationship and standard deviation of V/H

JE ) a a as ay as brifE 22 T n(V/H)
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0.075 s -3.209 0.654 25 -0.013 39 -0.687 1.484 0.756
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0.300 s 0.432 -0.250 14 -0.005 42 -0.863 0.883 0.784
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0.750 s 3.105 -1.204 21 0.002 82 -0.516 0.430 0.727
1.000 s 4.775 -1.691 25 0.006 36 -0.524 0.135 0.734
3.000 s 6.615 -2.489 25 0.011 32 -0.179 -0.287 0.636
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