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Statistic analyses on the vertical to horizontal acceleration
response spectra ratios of Sichuan-Yunnan-Gansu-Shaanxi
region in the North-South Seismic Belt
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2) Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China

Abstract: Based on 802 groups of strong ground motions collected from 263 sites in Sichuan,
Yunnan, Gansu and Shaanxi Provinces, this paper analyzes the shape of the vertical to hori-
zontal acceleration response spectra ratios on the condition of different site conditions, mag-
nitudes and epicentral distances, as well as corresponding average value of the spectra ratio in
different period intervals. And then the average spectral ratio values are compared with the
standard value 0. 65 specified in the Code for Seismic Design of Buildings (GB50011-2010).
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The results show that the ratios of vertical to horizontal acceleration response spectra are affe
cted by the factors such as site, magnitude and epicentral distance. The spectral ratio of class |
and class II sites in the whole period is basically greater than 0. 65. Whatever the grouping situ-
ation, the mean value of spectral ratio in the period of 0.1-1.0 s is lower than 0. 65. In the
period larger than 1.0 s, the spectral ratio is basically much higher than 0. 65. Therefore, it is
worth discussing that the ratio of vertical to horizontal seismic influence coefficients is set as
0. 65 in most of the codes for seismic design of building. It is suggested that the vertical seismic
action of the existing vertical strong motion records should be determined according to the calib-
ration method of the horizontal response spectrum.

Key words: vertical ground motion; spectrum ratio; site category; earthquake magnitude;

epicentral distance
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Fig. 1 Histogram of strong Fig. 2 Distribution of strong ground motion recordings
ground motion recordings along with magnitude and epicentral distance
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Fig. 4 Average spectral ratio P curves for different sites on the condition of small (a) and strong (b) earthquakes
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Table 1  Average spectral ratio for several periods
on different sites
B HAs
JEAI /s
12 nz% I
<0.1 0.57  0.74  0.58
E [0.1—1.0) 0.53 0.56  0.38
[1.0—3.0] 0.56  0.67  0.42
[0—3.0] 0.55  0.65 0.4l
<0.1 0.65  0.63  0.49
[0.1—1.0) 0.63  0.54  0.36
K& [1.0—3.0) 0.87  0.76  0.46
[3.0—10.0] 1.25 0.97 0.54
[0—10.0] 111 0.88  0.51
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Table 2 Average spectral ratio of different magnitude intervals

TG S E
Y25 JA#I /s
4,0<M<5.5 5.5<M<6.5 6.5<M<7.5 M=7.5

<0.1 0.53 0.67 0.69 0.63

[0.1—1.0) 0.49 0.67 0.63 0. 60

12 [1.0—3.0) 0.50 0.79 0.83 0.87
[3.0—10.0] 0.43 0.81 1.06 1.19

[0—10.0] 0.45 0.79 0.97 1.07

<0.1 0.74 0.74 0.61 0. 64

[0.1—1.0) 0.57 0.54 0.55 0.54

s [1.0—3.0) 0. 64 0.74 0.75 0.76
[3.0—10.0] 0.59 0.79 0.99 0.95

[0—10.0] 0.60 0.76 0.90 0.87

<0.1 0.57 0.58 - 0.40

[0.1—1.0) 0.46 0.36 - 0.38

|[ES [1.0—3.0) 0.50 0.37 - 0.45
[3.0—10.0] 0.54 0.59 - 0.44

[0—10.0] 0.53 0.53 - 0.44
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Fig. 6  Average spectral ratio P curves for small (a) and strong (b) earthquakes

with different epicentral distance R ranges for the site class Il
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Table 3  Average spectral ratio within different epicentral distance R ranges

T A
JHIT/s
R<20km 20 km<R<60 km 60 km<R<100 km R=100 km
<0.1 0.67 0.75 0.77 0.69
. [0.1—1.0) 0.49 0.57 0.57 0.62
INE
[1.0—3.0] 0.55 0.68 0.70 0.70
[0.0—3.0] 0.54 0.65 0.66 0.67
SR LA
FMTs -
R<50 km 50 km<R<100 km 100 km<R<200 km R>200 km
<0.1 0.71 0.75 0. 64 0.53
[0.1—1.0) 0.52 0.53 0.55 0.55
Kz [1.0—3.0) 0.84 0.78 0.82 0.67
[3.0—10.0] 0.87 0.96 1.13 0.89
[0.0—10.0] 0.83 0.89 1.01 0.81
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