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Frequency Characteristics and Correlation Analysis of
Natural Seismic Waves Belonging to Different Sites

GUO Mingzhu ,SUN Hailong

( Department of Urban Construction, Beijing University of Technology , Beijing , China, 100124 )

Abstract; This paper aims to study the frequency characteristics and site correlation of natural
seismic,and to provide a basis for the selection of natural seismic waves in shaking table test of rock
slope. Taking 24 horizontal seismic wave acceleration time history records of Wenchuan earthquake
as the research object,using Fourier transform and five-point sliding average method to compile the
Matlab program, the dominant frequencies and frequency band widths of seismic waves are
calculated. Matlab delay cross correlation function calculation program was used to calculate the
correlation coefficients of seismic waves belonging to different sites and analyze them. It is found
that under the condition of similar epicentral distance,the dominant frequencies and the frequency
band widths of soil seismic waves are obviously different from those of bedrock seismic waves. It is
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also observed that the maximum and minimum values of the correlation coefficients of seismic waves

between the bedrock and the bedrock are correspondingly larger than those between the soil layer

and the bedrock. The correlation coefficients of seismic waves between same sites are more likely to

have higher values than those between different sites. Conclusion is that the frequency characteristics

of seismic waves between different sites are different,and the correlation of seismic waves between

same sites is stronger than that between different sites. When natural seismic wave acceleration time

history records are selected for shaking table test of rock slope,the acceleration time history record

measured by the seismic stations on the bedrock sites should be selected.

Key words: rock slope; shaking table test; natural seismic wave; dominant frequency ; frequency

band width ;correlation coefficient
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Fig.1 The horizontal seismic wave acceleration time history records of Wenchuan earthquake
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Table 1 An overview of 24 seismic wave acceleration time history records
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2 (51WCW) 2Rl a] 20.6 ~40. 6
3 KE R RV ] 19.5~39.5
103.4 31 103.5 30.6 14 45.5 +Z
4 (51DXY) B[] 19.5~39.5
5 AP RV 19.5~39.5
103.4 31 102.9 31.5 14 73.1 12
6 (51LXS) FZElA] 19.5~39.5
7 BREE A RG] 20.5 ~40.5
103.4 31  103.8 30.9 14 39.7 A
8 (51PXZ) [E2pl ] 20.5~40.5
9 FOLRE IRV ] 18.0~38.0
103.4 31  102.9 30.5 14 73.3 A
10 (51BXZ) FZElAp] 18.0~38.0
11 AL RG] 8.0~28.0
103.4 31 103.8 30.4 14 76.9 Hh
12 (51XIL) FZEla] 8.0~28.0
13 ik | 13.0~33.0
103.4 31 103.5 28.8 14 245 +Z2
14 (51MBD) B[] 13.0~33.0
15 GCBRAER R ] 18.0~38.0
103.4 31 105.9 31.7 14 250 T2
16 (51CXQ) FZElA] 18.0~38.0
17 By m TG R] 14.0 ~34.0
103.4 31 102.1 28.5 14 305 +)Z
18 (51MNH) [FZEla] 14.0 ~34.0
19 ez | 13.0~33.0
103.4 31 1045 33 14 245 A
20 (62WIX) FZElA0] 13.0~33.0
21 & AR AR R[] 13.0~33.0
103.4 31 104.8 29.1 14 251 Helh
22 (51FSB) [FZElA] 13.0~33.0
23 K IRV ] 12.0~32.0
103.4 31 104.9 28.6 14 304 A
24 (51CNT) Rl 12.0 ~32.0
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Table 2 Characteristics of 24 horizontal seismic waveform events

5 e/ i 358 P WAL [E2(=w)]IBu s AR A e K STV Lite v
TS I 2% A ) B
km M/ (cmes™?) H PR/ YElE/ (cm-s™!) Hz Hz
1 957.7 33. 00 9.88 2.35 2.05
19.1 +)2
2 652.9 32.78 6. 45 5.47 3.67
3 135. 1 59. 34 1.53 4.15 1.21
45.5 +Z
4 127.6 33.59 1.37 2.78 6.10
5 221.3 30. 46 1.73 10. 55 7.43
73.1 T2
6 261.8 30.27 1.78 8.93 3.04
7 120.5 49.12 3.09 0.76 1.09
39.7 A
8 142.2 43.16 2.83 1.42 1.32
9 153.3 33.10 1.77 3.21 1.39
73.3 HA
10 117.1 32.94 1.65 3.19 1.98
11 107.6 52.90 0. 82 0.95 4.86
76.9 A
12 89. 1 52.41 0. 89 3.31 7.68
13 42.0 72.52 0.90 3.59 2.11
245 +Z
14 40.6 50.22 0.71 4.42 2.56
15 184. 8 110. 20 1.70 3.90 6.59
250 12
16 166. 9 97. 54 1. 90 3.90 3.14
17 19.9 58.77 0.51 0.91 0. 69
305 T2
18 22.5 84. 56 0.38 0. 80 2.41
19 142.7 57.97 0.71 10.78 12.22
245 A
20 141.2 57.98 0.71 3.69 13.03
21 32.1 73.31 0.38 1.28 6.31
251 A
22 24.7 71.67 0.32 2.49 7.85
23 18.6 83.75 0.29 0.16 1.53
304 A
24 14.2 80. 72 0.29 0. 68 3.76

1~ 12 7KV 1l 52 30 T = 44 i s i J3E A
fbun & 2 (a) fFros, o] LA 3K B AR B
(51DXY) £33t A5 A H 7 R AT 5 B A i K
FHRESE AT 1L (51PXZ) £ 3l 045 F) b 52 33 A
HESTRE  FRELYDIN(SILXS) 45 0l A5 () b 72 0%
At L B B KT R 2% YA (S1BXZ) 5 35
P00 R I Ay Vi, B ELVP L (S1LXS)
vl A5 Y M AR Uk A A Y R 5 R i A qk
(S1XIL) £ 3 10 A5 () 3 52 0 A o B8 A O

HHETE 80 km N AR IR AT )2
b b FE AT T T 1) b b R I A
WUEL, 13 ~24 K-V HU R I8 A4 AT 8
JEAR A 2 (b) fron, ] LLE B SCH
(62WIX) £ 310 75 A8y 1 7558 B ATy 5 I 4
T Hiib I (5IMBD) 15 55 045 9 b 2 0 A3y
GElE B IR (S1FSB) 15 3 075 it 4l 72 35k At
W R TEERAG)H(51CXQ) & bRy
HiuRR I A A v B, i T (S1CNT) 6 3 i 45



1018 Tk B SOR S e AR (A R R SE R

9537 %

AR AT SE 1 5 % T [0 JE (SIMNH) £33
A BRI SEREAHIT . 7R Hh BEAE240 ~
310 km N AHIE R R A 1F R S Sl 7R

B Bz

10 2‘ 0 3.0 40 5.0 6.0 7.0 8.0
B E/km
@1~ 12K R BT BT LRI

WA FEBEE R T 2 S M RPN T8
VIR R P T , LR RR N 550 Y
M HRR D AT TE A W A AR

14

10

S 95 B /Hz

10 2‘ 0 3.0 4.0 5.0 6.0 7.0 8‘ 0
R ¥E/km
(b)13~24/K 3 RBTB IR 5Ty FE AL A

E3 [P IS VS = S ERIE TG ol st |

Fig.2 Variation diagram of frequency band width of horizontal seismic wave formevents
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Table 3 Correlation coefficients of 1 ~ 12 horizontal seismic waveform events %
. ARG R
RS
2 3 4 5 6 7 8 9 10 11 12
1 39.2 26. 1 31.6 21.7 25.5 21.7 23.4 22.7 24.3 21.1 24.9
2 — 24 24.3 18.8 22.3 19.3 20.3 27.3 26 22 21.3
3 — — 32.1 22.8 18. 1 29 26.4 28 27.6 29 21.2
4 — — — 19.2 18.3 29.9 33.9 23.9 26.3 26.4 28.8
5 — — — — 47.2 13.9 17.4 21.8 22.3 18.3 23.2
6 — — — — — 14 16.6 21.7 21.7 22.1 22.2
7 — — — — — — 32.8 21.1 21.6 28.6 29.2
8 — — — — — — — 19.9 23.5 35.8 24.9
9 — — — — — — — — 38.8 23.4 19.4
10 — — — — — — — — — 22.3 20. 6
11 — — — — — — — — — — 29.1

13 ~ 24 KV M2 I B F 1 09 BAH G &R
gk 4 R, nTUER T EGE A Y
Hu bR % (13 ~ 18 HHF 5 19 ~24 Fff)
I E AR 16.3% ~26.8% , + 2
512G R0k (13 ~18 FHAEH 13 ~
18 FA) I EAH K RETE 15.2% ~33.5% ,
A SR A R IC SR (19 ~24
519 ~24 FHF) B EAHKE R EAE16.9% ~
38.2% ., VLUKt Z S 1 2 bR
WA R B KA 33.5% DL K 3t 3
53 b b b AR U HOM O R SR oK

38.2% ,BIRF L+ 2 b 5 3 55 7 b 1 7% U
AR R BUR KRG 26. 8% , HAEL A 5 5
1 M b R E AR O R B R KR R
535 by o M 7R A S &R B R AE 1)
1.43 1%, FREEE, 1255 1 )21 i
R AN R /IME 15.2% /N T )2
M5 A 3 b b RR R HOAH o6 R B /ME
16. 3% , 1M 375 4 1 5 FE 3 3 b b 7= 0 B AH
KRB /IME 16.9% 5 KT 1 )2 5 3
3 M b 52 AH O R B R/ ME 16.3%

R4 13 ~24 HKOF-HR BT A1 00 HAR K R AL
Table 4 Correlation coefficients of 13 ~24 horizontal seismic waveform events %
HAAEREL
NS
14 15 16 17 18 19 20 21 22 23 24

13 23.7 23.1 29.4 19.7 17.6 20.5 16.4 19.3 20.9 18.3 18. 8
14 — 19.4 23.6 15.2 18.5 19.5 16.3 17.2 18.3 19.7 21.6
15 — — 33.5 23.6 25.8 24.7 18.1 24.5 26.7 20. 8 23.9
16 — — — 21 24.2 17.7 22.1 26.8 23.9 20.6 23.9
17 — — — — 21.7 23.4 20. 1 25.1 22.7 17.7 16. 8
18 — — — — — 18.5 19.7 19.3 22.4 22.8 24.8
19 — — — — — — 27.7 16.9 22.1 19.5 17.7
20 — — — — — — — 19.5 19.2 21 21.4
21 — — — — — — — — 30 18.6 18.8
22 — — — — — — — — — 20. 1 19. 4
23 — — — — — — — — — — 38.2
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of 1 ~12 horizontal seismic waveform events
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