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Abstract: Based on the difference of dynamic response to tilts between horizon-
tal pendulums and vertical pendulum, spectral ratio method was applied to esti-
mate the coseismic surface tilts deduced from strong motion records of the Wen-
chuan earthquake. The result shows that the ground surface tilts are generally
less than 1 degree and mainly appears within 30 km to fault rupture surface
traces, while rarely discovered in the area outside 100 km or root-mean-squared
horizontal peak accelerations are less than 200 cm/s*. The frequency band influ-
enced by tilts is less than 0.1 Hz. In general, tilts in hanging wall is greater
than that in footwall in near fault areas, and tilts in normal direction of fault is
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less than those in parallel direction. The spectral ratio of Qingping station loca-
ted between central fault and front mount fault is relatively low and stable,
which may imply ae special movement feature of the area. The tilts of Wolong
station may be controlled by deformation transition from the hanging wall to
laterally stationary area. Comparison of tilts between the stations at reverse and
strike slip fault segments showed that the tilts may be influenced by local site

condition.

Key words: strong motion; ground surface tilt; spectral ratio; tilt characteris-

tics
518

i 52 51 1 b TS T A 45 F- 3 A Bl 3 i (Bouchon, Aki, 1982). X331 Ms8. 0 X
FER KA RZ v ge 7 22 (b1 — B 55 D 24 b 32 il SR AE 282 24 240 ke, 7 L BT 24 G B — VT
W7 24 ) s Fe M L FELE 2 90 k. (RS 6 m(IRBIHEZE. 2008). W LATRM . 78 3T 7 2 X 4k
AFAE T BEARE 33 i AU AR) 71T A8 el I S A S S 0 B L 9 O 4 b B O S, B B %) b T R B
EIEROR = = et e A R GSE B %= I S e R == TR (R S T T = e T ES S R
PR, RO AE (2010) 38 3 0 RHMCRF 78 T 3% 0] 81, by 52 2008 DU 454 /0 o v BB R B 45
MR AR RL M, S5 RANEAL. LA R BN, T2 o A T T 2 BRI ) P B AT AR T o
= AR B SR s SR T Dy — b A B b TR A A R (L ez al s 2008). FEARUHLEZ H .
0 SR BH i Bt i 5 il 40 A Oy A R M SR A B 2 (AR B 1 55, 2008)30 km A 10 &, 50
km A 13 £, 100 km A 32 &, 150 km WA 53 &. HFTAY R E S — B H BB 1L SR A4~
AH HL T B A K ) Bl A — A B ) S sh . (HJR AT A L i 2 X K S ) S B4
1% A B 52 (Graizer, 1989, 1991; Trifunac, Todorovska, 2001), XfaEFr b 5210 55 11
STl & BT X R (Boore, 20015 Graizer, 2006), X gtR4E 138 it iF 58 3 I 2 9 7% 50
SR R 3 BT b TR 79 7T RE. AR SCRI LA 87 )23 58 7% 3l 10 ik B50a Sy Al R F 98 50 1] b 72 1) b
F A RE B

1 HEEFE IS T

1.1 MEEA L RSENE N
B 5 R AN AL B AE S Bl RN % ShAFAE B 25 T 1932 D143 B s 7K 7 188 ) A% SR8 114 32 3
TR (1)—(3) fif 78 (Graizer, 2005, 2006; Graizer, Kalkan, 2009).

y1+2w1&3'/1+wfy1 :7X1+¢2g7¢3r1+x201 (D
Vo 4 2060 + w; e =X, +dg—bnr. +X0, (2
y3+2a)3535/3 +w§y3 :_X; +g¢>?/2—§51r3 +X203 (3

KA,y AAEC RIS | DGR s w, RIS SZE ¢ A B IRAF I B PR A0 RIS 1L
X R AT L . b A S, ML S8 X, RN RF M B . 0, MR i B IR
MRS, ri S MMERER IR, 5i=0 7.

i ok X A M) £ Tk 4T 43 M7 )5 48 1 (Trifunac, Todorovska, 2001; Graizer, 2006;

http://www.dizhenxb.org.cn



66 H = 2 Bl 34 &
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Table 1 Estimated ground tilts

PGA-N PGA-P PGA-V F-N F-P MT-N RT-N MT-P RT-P Yy

A% Jemes=?  Jemes—?  Jemes—? /Hz /Hz P /e /e » MR-N AR-N MR-P AR-P o D/km
051SFB 530. 4 655. 7 632. 9 0. 06 0.08 —0.21  —0.20  —0.66  —0.64 16.49 9.81 52.76 24.09 + 2 1
051MZQ —820. 8 —894.5 622.9 0.00 0.04 0.00 0.00  —0.10 ~ —0.02 0.00 0. 00 37. 85 11.65 +2 2
051JYH —424.3 —442.0 —444.3 0. 00 0.02 0. 00 0. 00 0.02 0.01 4.71 4.27 12.98 7.13 +2 15
051AXT —284.4 202. 9 179.9 0.02 0.01 0.15 0.01 0.02 0.01 95.92 21.48 35.93 13.26 + 2 20
051]YD 384.2 597.5 —198.2 0.01 0. 00 —0.04  —0.03 0. 00 0.00 4.33 4,14 0. 00 0.00 +2 23
051PXZ —135.4 87.1 99.2 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 s 25
051MXT  —345.5 —321.0 —266. 6 0.04 0.02 0.05 0.00  —0.01 0.00  72.34 15.10 30. 44 10.77 M 27
051MXN —465.5 —391.5 —352.5 0. 00 0.06 0. 00 0.00 0. 04 0.01 0. 00 0. 00 48. 65 16. 67 +)Z 28
051JYC —264. 4 —316. 1 —180. 5 0.06 0.05 —0.18  —0.16 0.15 0.12  333.87  49.36  233.38 39.50 )R 29
051WCW 954. 5 618. 1 948. 1 0.07 0. 06 —0.31  —0.17 0.17 0.14  165.58 37.75 132,28 32.30 R 29
051DYB 110.9 133.4 88.9 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 + 2 35
051DXY —155.1 —134.1 82.7 0. 00 0.00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 + )z 42
051LXT —324.4 —290. 8 379.6 0. 04 0.05 0.03 0.01  —0.06  —0.02 19. 96 9.32 146. 91 16. 39 +2 46
051PWM —231.5 265.5 177. 4 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 4.09 3. 84 +)Z 51
051LXM —329.3 323.0 357.8 0.05 0.05 0.05 0.03 0.07 0.02  277.38  41.90  258.04 39.16 +2 54
051QLY —160. 6 —181.0 55.1 0.01 0.01 0.00 0.00 0. 00 0.00  27.74 9.97 21.56 8.92 +2 64
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Fig. 2 Estimated tilts of Qingping station (a) and Bajiao stations (b) while threshold value is 4

Bl 2 R TG R TE AT T 207 10 R A T — i 1 M TR 10 W 2 0 4 1) O
WA R FUAY s T /AR I A T AR B M TR . LT AT U672 7 160 B 5 R
ML 11 em/s' s R W HE T 4 em/s' . 2040 s TFIA . 7E 65 s 24 A F
B, MO SR A AR, A b R S R R AR K 4/ . PR —
% L 2 I8 BT T BT AL T 5 b e B ) L A 2 2 X — e 2 AT 3

http://www.dizhenxb.org.cn



14 /NP AE - O MR 5 2 Sl T A AR 71

AN ARG B AT RE S (S 220 038 F it 2 i o0 A s e B ELAT R R A
MIEL 3 sl LU B 35 6 25207 136 e 1 Hz Z AT A R K — B /b T{HAR
IR T A0 HORAR S 4 F )\ S ECARARL. T80 FEBCP AR SR 5 18 580 B Ui T g 2=

051MZQ

LI L AR

107 L
- RN
I L e
o] T T AT R
***** 8 g e L P \ WIS L
1072 10! 10° 10! 10?
M /He
F3 WHFaELE
Fig. 3 Spectral ratio of Qingping station
TTh-ll 051SFB
~
AY
10'F .~ '
\
\ A
\ Ak
' N y)u‘g i "'.
A/ B ¥ e ¢ il
100F e VA A g h i
e N NI WIRR J
S - NG v .
Ly
g 107'E K
E
=
EH]
£ 1 ‘
102F |
107 gL
T T T PTG
V% o 5 LI
0 ST PAT REI E
***** Mg i)l L ) )
102 10! 100 10! 102
Hi/Hz

K4 NEELE

Fig. 4 Spectral ratio of Bajiao station

http://www.dizhenxb.org.cn



72 woo® ¥ W 34 %

BOET L HRERCY 4 RTINS 167 6 B2 407 1 BRI BUR AN 0, Al 5 AN H i
AU OL. JERIEIBCA 3. AT 25 5L 07l A AR AR R 29 0 0.3 Hz. I o Al 5 45
e s frs.

60 | Jul
(@ oL — WA
0l w -- - iR
"
20}
£ 0 A
2
2 —20F
—a0} gl
—eol — WA ok B
-~ WRIER N A e
L L 1Y ! L L L
0 50 100 150 0 50 100 150 200
t/s t/s

Bl 5 REEC 3 B & (@ M/ & b)) AL

Fig. 5 Estimated tilts of Qingping station (a) and Bajiao stations (b) while threshold value is 3
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Fig. 7 Estimated tilts in reverse and strike slip segments. (a) Tashui station; (b) Chonghua station
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