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A coherence function model for simulating multi-support seismic motions
of canyon-hill composite topography and characteristics

CHEN Xinyu 2, LIU Guohuan 12, FEI Qixiang *?
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China;
2. School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract: This paper innovatively provides a coherence function model, specially adapted for water-covered canyon-hill
composite topography and for simulating the multi-support seismic motions. First, a new coherence function model
considering the soil filtering effect and vertical distance is proposed and derived. The characteristics of coherence and
physical meaning of the proposed model are further investigated and summarized. Then, the multi-support underground
seismic motions are generated by decomposing the underground power spectral density matrix, which is formed by
combining the coherence function based on the derived model with the transfer function. Subsequently, the reasonability
and rationality of the simulated results are verified by comparing the simulated power spectrum and the coherence
function to the theoretical ones. Finally, the influence of the presented coherence function model on the differential effect
of multi-support seismic motions and the dynamic response of a continuous rigid frame bridge is specially analyzed,
respectively. The results show that the coherence among the simulated variable seismic motions is relatively reduced, but

the variability of seismic motions at each foundation is increased, which leads to the enlargement of the structural
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responses. The research in this article is valuable in simulating multi-support seismic motions as well as performing the

anti-seismic analysis of those long-span structures located at the similar canyon-hill topography.

Key words: canyon-hill composite topography; coherence function; multi-support seismic motion; seismic response
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Tab. 2 Comparison of maximum internal force obtained from before-and-after improvement model
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Tab. 3 Comparison of maximum displacement obtained from before-and-after improvement model
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2 ¥ 0.048  0.087 81.3 0122 0.155  27.0 0.095 0.174 832 0221 0331 498
3 H 0.047  0.092 957  0.096 0.183  90.6 0.095 0.185 947 0175 0.382 1183
4t 0048  0.091 89.6  0.081 0.118  45.7 0.096 0.182 89.6  0.141 0.258  83.0
18I0Es 0.057  0.100 754  0.087 0.090 3.4 0.112  0.202 80.4  0.160 0195 219
13E# 0057  0.086 50.9  0.087 0.091 46 0112 0.174 554  0.160 0196 225
3 ETfEE  0.045  0.086 91.1  0.087 0149 713 0.090 0.172 91.1  0.457 0.314 100.0
3BUKES  0.042 0.085 1024 0.087 0149 713 0.084 0170 1024 0157 0.314 100.0

F: R Yo REBBCARNAFF EALFE, N RRBERBINF R ; 2 RF[BUARTHE R, 2 KRBUEBIZEMELE.

8



— e

10 K% (m)
o
IS

N
Aoaft s
hyyd v,
n (A A
oy "~
[AY I
PEANSN
MM

..............

IRl (s) I RI(s)

(a) 1 S HFOBRMT A A2 A% I A2 (b) 1 SISO TGy (7 A A% B 72
P13 AR [ o 8% e R X B
Fig. 13 Comparison of along-bridge displacement time history

----- BT —— e

I} [ (s)

(a) 1 S HFIBIBR B m) o3k e 72 (b) 1“5 A S TR [ o 38 i s
B 14 G el s B e AR 4 Bl

Fig. 14 Comparison of along-bridge acceleration time history

50 N . 50 4
= — BHE]  =e—--- Bresid =
£ 40 | = 40 4
2 30 2 301
= =
- 204 o 20
= 10 =10 4
X0 X0
IZ -10 4 E -10
=20 E 0
30 - W
-40 = 40
-50 T T : . r . = 50 T T T T T |
0 50 100 150 200 250 300 5 0 50 100 150 200 250 300

FI2 i i R S (m) PR i b BILS (m)

(AT 11 BB i< 0 55 ik 170 45 A T 5 K I (o)UY B 11T T 0 il 7 2% 4B i K I L g
P15 2 il i ) 5 4B T 5 K LE 2 g % B
Fig. 15 Comparison of maximum normal stress along the longitudinal reinforcement

50
40
30
20
10
0
-10
-20
-30
-40 +

----- Eeeti) — HE

g
o
R

LR 1) 89 #7(10 36N

s A () I [R)(t)

(a) 2 "SRRG 170 BY g I 7 (b) 3 SRS IGIT i) BY )i 72
Bl 16 JBUREY FymEFEx LE
Fig. 16 Comparison of pier-bottom shear time history

— e

----- BHERT —HiltE
| \
.‘l ‘\\
\ Y
H \
‘.‘ \‘
\ Y
\ Y
1 \
1 \
I‘ ‘n
22 24 26 28 30 28 30 32 34 36
R JI(10°KN) REY JI(10°KN)
(a) 2 SIS [ i FE AL i 5 K 55 7 (b) 3 SHHCANR] 1 FE A F s K Y

K17 W s BE (R dR K BT Joxt Le
Fig. 17 Comparison of maximum shear along the piers
9



4

% 18

|

LKA - P B SRR s i & B AN, 20T

AR T LRI KR TRE DRI AR SEA T 2. A
SCEPX IR AT A SIS TR SR, SRR T ek A Y
(IEEST . RERY [ GARAE RIS L FE BN, DL &5
P S B 20 4 =07 1T, KOO R R 7. Fak
R

(DR IFHHEFE ] 1B KBRS - R S35

HFRBUNRIEA, RSN T B AR RN AL
JSEIRE [ BB AR TR o 5 SRk TR B
T EMAR, T R T 8 R B G0 1 AL R R AR I
ZE 5, BETIE (AR A M AR A AR S B2 g

HEMBM T 2 fhiRs), Wik T S

(2) G il R FPASE UL 1 T A SRR R IR A -
P, X

ZERRIN: Ot JE AN TR bR s 1] 3 Sh b 2 [R] )
ZAHIE R, R T AT R S s b= 3 )
2 () AR S P B 4

(3) NE—BRA TR L, X —RIF i

WRR S NEAT TR L, G RERH . BT AR
FRY L 2 S N TS R 5 A 1 R 22 ) s B Y A K
VEHIAT 2 S G T SO A T R e, SRl
RS R SN, 22 2 F g

SE30H -

(1]

JE R 32 B R IR, S e A R DX s s A 7 2l T 2%
NEATHRT] R S TRE,2022,38(4):26-35.

ZHOU Tianyu, LIANG Fuyuan, MA Wanjun, et al.
Primary investigation topography effects on high freq
uency seismic ground motion in Chuan-Dian region
[J]. World earthquake engineering, 2022, 38(4):26-35
(in Chinese).

FEER R U, 0] gt S5 v L sk 7 1 DR = R A X A
MR ) 2 BRE T[] B R R R LR
#%,2013,33(3):275-281.

CUI Zhen, SHENG Qian, LIU Jiajin, et al. A study on
sub-ground motion parameters for engineering site of
underground houses in alpine gorge area[J]. Journal of
disaster prevention and mitigation engineering, 2013,
33(3):275-281 (in Chinese).

T8 A A B VAT, 45 o 500 DX 3 5 75 5 e 2
FEAE—— LAY 1148 7 B9 il (7] Bk R} 27 5 3 g 2
#,2020,42(4):540-551.

WANG Yunsheng, MING Weiting, LIU Jiangwei, et al.
Characteristics of slope seismic response under strong
earthquake in hilly morphologic area
Changning County

The case of
China[J].

in Sichuan Province,

[7]

[10]

[11]

Journal of earth sciences and environment, 2020,
42(4):540-551 (in Chinese).

WU Y X, GAO Y F, ZHANG N, et al. Simulation of
spatially varying ground motions in V-shaped symmetric
canyons[J]. Journal of earthquake engineering, 2016,
20(6): 992-1010.

LIU G H, FENG X, LIAN J J, et al. Simulation of
spatially variable seismic underground motions in
u-shaped canyons[J]. Journal of earthquake engineering,
2019, 23(3):463-486.

LIU G H, FENG X. Spatially variable seismic motions
by a U-shaped canyon in a multi-layered half-space[J].
Journal of earthquake 2021, 25(11):
2178-2201.

MR, Sh 285 506 . 22 7K U2 I AR 5370 o [ I sk
BT 2 RSB I] T T5R, 2018, 35(4):
473-479.

LIU Guohuan, MA Jie, FENG Xiao.
spatially variable underground seismic motions in circ

engineering,

Simulation of

ular-arc canyons with horizontally-layered inhomogene
ous medium[J]. Chinese journal of computational mec
hanics, 2018, 35(4):473-479 (in Chinese).

MR, Rk ) Hh 58 55 R BNk Ay SV iR %=
B R FE AL 5 A BRI AR 0], o A B 2 42021,
34(11): 129-141.

LIU Guohuan, JIANG Dalai, LIU Zhongxian, et al.
Theory of SV-wave multi-support seismic excitations by
a layered circular-arc canyon and study on the damage
mode of bridge[J]. China journal of highway and
transport, 2021, 34(11):129-141 (in Chinese).

MR, 1505, Bk VIR BRI GEUR 20 2 K1
JJZAEB SN VOB SRS ] E A
R 2EAR, 2017, 30(12): 150-158

LIU Guohuan, FENG Xiao. Analysis of seismic response
for bridges located on a V-shaped canyon: Simulation of
multi-support seismic motions in a V-shaped canyon with
inhomogeneous multi-layer topography[J]. China journal
of highway and transport, 2017, 30(12):150-158 (in
Chinese).

MU R, S, LAOR. BB VIR AR 2 E N0
)2 B A SR AR S0 B A AR, 2019, 32(8):
101-113.

LIU Guohuan, FENG Xiao, JIANG Dalai. Failure mode
of bridges under multi-support excitation in a V-shaped
canyon with multi-layer topography[J]. China journal of
highway and transport, 2019, 32(8):101-113 (in Chinese).
AT, 108 ML, 01 o 58 5 25 R TR A AR R TBOR RS
2 ] M Ok 2 A AR B B (J/OL). TR 4
2£:1-13[2022-11-21].

HE Ying, DING Xiaofan, LIU Zhongxian, et al. Spatial
correlated multi-point ground motion simulation in
sedimentary valley considering soil non-linearity[J].
Engineering mechanics:1-13[2022-11-21] (in Chinese).

[12] 25,24 X, A e U B e Ll e 2 SR A T2 1



[13]

[15]

[17]

b G NI ¥ D AR 7 VR U N B B R =
#%,2021,29(1):137-150.

LI Zhengliang, LI Jianchun, LIU Bo, et al. Seismic
motion  amplification effect of shallow-cutting
hill-canyon composite topography[J]. Journal of
engineering geology, 2021,29(1):137-150 (in Chinese).

K A, e, K B A, A LA XK TR b A
E[E O S NS R~ ) B 1 G < S 1 = o
2£2009,30(S1):41-46.

ZHANG Yumin, SHENG Qian, ZHANG Yonghui, et al.
Artificial simulation of nonstationary artificial seismic
motion for large-scale underground cavern group located
in alpine gorge area[J]. Rock and soil mechanics, 2009,
30(S1):41-46 (in Chinese).

Bppkil, HEE. MRS LA T A RM]. b
B BRI, 2014,

YANG Qingshan, TIAN Yuji, Seismic ground motions
and its artificial synthesis[M]. Beijing: Science Press,
2014 (in Chinese).

HAO H, OLIVEIRA C S, Penzien J. Multiple-station
ground motion processing and simulation based on
smart-1 array data[J]. Nuclear engineering and design,
1989, 111(3):293-310.

A K U L SOTR. = 4 — BORE SR\ Tl 5% 55 3L
R S T [T]. TR F7%#,2007(12):31-37.

GU Yin, LIU lJingbo, DU Yixin. 3D consistent
viscous-spring artificial boundary and viscous-spring
boundary element[J]. Engineering mechanics,
2007(12):31-37 (in Chinese).

AT 7, Y PR SR AP, 55 R B M N i R R B N
J7 RS KF4412,2010,41(8):960-969.

HE Jiantao, MA Huaifa, ZHANG Boyan, et al. Method
and realization of seismic motion input of viscous-spring
boundary[J]. Journal of hydraulic engineering, 2010,
41(8):960-969 (in Chinese).

11



