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Abstract: This study aimed to investigate the impact of Rayleigh wave input on the seismic
response of an arch bridge across a V-shaped river valley. Particularly, this study investigated the
nonuniform excitation on both sides of a river valley caused by Rayleigh waves propagating in the
river valley topography. Using the SV-wave input as a reference, this study compared the
distribution characteristics of ground motion at the river valley site, ground motion input at the

foot of the arch, internal force distribution of the bridge structure, and seismic response of
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critical parts of the bridge structure under Rayleigh and SV-wave inputs. The results indicate that
the PGA distribution at the river valley site exhibited significant amplification on the incident side
and a decrease on the outgoing side, which has a notable nonuniform characteristic compared with
SV and Rayleigh waves. Moreover, the axial force, bending moment, and shear force of the main
arch ring significantly increased under the Rayleigh wave input, with the maximum amplification
of the axial force and bending moment being more than 1. 8 times. The distribution patterns of
the axial force and bending moment on the arch ring also differed significantly between the two
incident waves. In terms of the seismic response of critical parts of the bridge structure, the
Rayleigh wave input primarily excited the vibration mode of rotation around the cross-bridge
direction, whereas the SV wave input mainly excited the vibration mode in the longitudinal
direction. Considering that for the Rayleigh wave input, the amplification factor of the higher-
order mode was the largest and frequency of the higher-order mode corresponded to a larger
response spectrum value, the structural response was controlled by the higher-order mode. This
study highlights the significant impact of Rayleigh waves in ground vibration input on the seismic
response of bridge structures and emphasizes the importance of considering this factor in
engineering design practices.
Keywords: bridge engineering; Rayleigh wave input; modified domain reduction method;
V-shaped valley; long-span arch bridge; non-uniform excitation
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Fig. 4 Finite Element Model of Bridge-valley Interaction

51 AAFHEETR SN SR B 2 Tl A G I AT AR R (9 8 i 3 T iz B

Table 1 Elastic Material Properties of River Valley 2% B3| Rayleigh A& NI 7E L1 B A 34 0 72 H

W | HpE) W R | R | AR 25 B FEAE A AU [ A S — ) Hb % A7 b A
Geem | b | TP e fmes MRS S B 3 AR

2000 |3.326X10°| 0.3 | 1.28X10° | 800 1496.7 8 Ff MDRM"™ %5f [&] 4 FIF 7% 9 45 780 00 47 Jin 2%

2 HMEZWMANFE

e s fros. B 5 P ais \%‘zﬂ*ﬁ%!ﬂﬁﬁ% TRib)
K300 Q. 3R A R R 58 i H Al X 8K, 3

J9 T XFE Rayleigh B AR LR A Q. — MR UL 6 ) s B g T 22 0 1 T

() SV T B I I

-+
R4k

GAR:N- @A B I R LR F AN G0 o TR R D B T TR S I N N



% 84 ¥ A, % .Rayleigh #2395 V B T 5 B4k 3 E R F 6 %A 139
4ar,
o~ — PR N
. 4 -~~~ RSN1484
o T a RSN3495
/ \ = N e RSN5779
/ \ z 2
= =l
\ JR#E i \ g
Q ) & 1r
=
——T | | | 0 1 2 3 r 5 6
R HAT/s
SRR ERERRRERERE B 6 1% BUAT K 2K 3t 7 O 0 3 B R GE AN M SE R RIS
MDRM Layer

5 BHMEREHBETETE
Fig. 5 Schematic Diagram of Modified
Domain Reduction Method

L P 34 0 T 1 S 8 g Bk PP T SRR
0
PYPRM =1 — M i — CRidl — K ! (D
MS i +CY il + K8 )
X ML CK 53 51| 0 Z 40 1 Jo 0 40 4 B2 R
FPE: TR b e A HIMCR XL DA QBT s
u’ A H LR U
MDRM fE4g &% s A5 81 X 38k Q P A 17 5% 371+ [+
BHE XS QF PAAEFE SR R AL S w. - T FE LT 11
SN 321 AL TN T 300 5 W R R e L X3 Q
PR3 1 F 4. MDRM 7E ff F B (78 B 60 48
T AR 0 [ 3 R S R RT RS SR 38 h 1) 4 1k
Shy DK il 1) R, S B AT B DK SR i s gk .
TEA5 PR TG HK 1F v S2 B MDRM. (4 il 2% , 1] 3 40 4
TR e A I J5 Sk 1 BEL JE R A L R BT B
P Rayleigh 3 1 SV I 04 BT A 3153 300 51 45
AR5, % R R o s AR L B ] o 2 (D TR AR
R A 8 A BR T AR R R AT I

3 ITEIR

M 3 A7 22 110 350 3 R e 3 Ml 1 3t 752 3k AR
JEON 6 BB . A SCHH FH Bl A7 it AR A O vk AT R R AT
Hiu 7R R 43 BT T AR Y RN % 5k B b AR U
T SETE Peer b 7R S UM FE H ., 8 BUZE M R\l A 3
By 19 P JE1 301 55 9 B I % i AH 2 3 1 S N b AR
- BTSN RO 26 1 b 7R O RN i i1 6 T
N 6 v B T AT EE A A3 AR R B R O 1 5
LB B AR R 55 1 B AR 5 2 B B
PRATIAE BRI M R Dk HEAME BNk 2 BiR .3 &
HbRE W I RN 7 BN

HEHE 2 B AR R BT T HLIE ) (J TG/ T2331-

Fig. 6 Response Spectra of Selected Ground Motion
and Code Response Spectra
2 MERER

Table 2 Seismic Wave Information

) R/ Vao/
AR A PR | A2 EE/km RH
km (mes 1)
RSN1484 26. 31 26. 31 7.62 578.98
RSN3495 36.58 37.92 6. 30 535.13
RSN5779 36.33 36. 34 6.90 539. 87
‘HE:V.\-:mj‘]ﬂE?\?U\T 30 m ﬁﬁlﬂﬁi}iﬂ‘]$ﬂj§3%ﬁﬁo
S 15p
g
i
®
E 71‘5 1 1 1 1 1 ) |
0 10 20 30 40 50 60
B [B]#/s
(a) RSN1484
© 15p
G
i
bl
g _1‘5 1 1 1 1 1 |
0 10 20 30 40 50 60
Fi [ ¢/s
(b) RSN3495
o 15p
&€ o
i
bl
E _1'5 1 1 1 1 1 |
0 10 20 30 40 50 60
B TR]#/s

(¢) RSN5779

B 7 iR EREY R PR R Bh AN i A B A2
Fig.7 Time History of Selected Ground Motion Acceleration
0120200 ARSI B SR 2 I8 T A AR 28 3
SE2 MR A T MR B2 45 R A 5k Y 1R PN G A
TR s P AE i S350 3 B o 5 B4R BT 3 7 90
L 1 7 188 7 0TV ) 7 3 JRE o R ol £k R AEL
1.25 m« s PEAT IR .

ARSCEIT T 4 Fiih & T3k H B Rayleigh 3%
XA G 45 Al 1 ML AR R R BT 5. K 3 PR . O fi
Rayleigh 3¢ Fl SV i A 89 3155 45 5 A AT AT 1L
P BE 2 Pl IR A IR B 2T 48[54k A A )
1 M T iz Bl (&1 3D BIF s By 3 4 RAR MR 30



140 il NO%OF R 2024 %

;E 3 'H'%I;R 251 1 1
Table 3 Calculation C: | T THERD
able alculation Cases 20} i — = — iR i
T i 7 I S TR A i i |
1 SV i VI 4 4 Y i i

2 Rayleigh 3 VG B 3 me” a4 #m/FK‘v=
3 SV T % - LA R £ 1Lof l\‘s ' n,e‘g‘e/'
—— P " T |
4 Rayleigh Ji ] 2 - HE AT AR TR : :
| |

HR A5 AT SCA 28 24 fift I ol s ) 3l 4 il 72 ) AN 7
OB R B A B R R R R N, AT
Rayleigh 3% % A #9 T80, vl L@ i3 & B % f
Zhao FEV 42 1 19 T AL Rayleigh 08 7 i, @
1 A RUAL 0 M R B 5 AT B AU Rayleigh
B o R . (EAFEE N, YLl Rayleigh
WA Rayleigh i [ d1 & i F2 I, 3R A5 91T 22 0 H
HY G B AR AL 5 K R ) 2 At BRLGAE SV Ok
iy A 2 52 2 4 7KOF RS 1) 43 B A IR (E 3 5 Ray-
Leigh Y f i {15 AH ] o ] BF 18 g 43 15t DA P e 3l 1A
e A . T R K iR SV B A K
o3 i PO AR 0] 4y BEFR D SV O AR T
JG XANTRESR . X T SV B A 00, AT LU &
— YV Bl ST AR R RS R A D R T
W TE A AT R B AL A AR R R AR
AT D T8 S 3 2K

4 HEER

4.1 EMHMERIE
4.1.1 HAmERR

T ORI 25 B I A M L S B B Ak
TR IRIATIRE . BT B 1A BT i 2 o8 2 B
T 2% MU 1 i AT i 5 Bl 2> VOIS ST A 1 i A R
AR SC e B0 Pt BN T3 L Bl R — A T 1
Y R AR R AT IE . T B T A E £
J2 AR R R A B 2 S, — o £
J2 B KO 5 56 BE N B AR N F R R 5~7
F O AR SR ST 1 K SRy R 1 b A AR 1 B B BRU(E N
TR 20 5. & 8 gy T TSR R P A
T M K OF PGA WE(E WX LE 1] 8 Hh i Al i oy LAV
B F AR U AT A b 7E M T AR R A
ML TR VIEWM AL E . WE 8 0] LA H . A&
SRR 5 4 R A A 1 3 S R AR R B, Hop
HERAL ) PGA A XF R 25 R 3. 71 %0 . 34> 3 b 1) B
AR R ZEAL Ny 4. 06 %0 4 3X 2 B AR SCHN 1) 101 5 1) %
BHOEEAHEM,
4.1.2 HEHER R

HY T A% SCAN TR B 2% 1 9 1) 0 8 i it o b R

0.5 1 1 1 1 1 1
—600 —400 —200 0 200 400 600
A A b7 /m

B8 IHEEAMY BEZMR PGA XFLL
Fig.8 Comparison of Surface PGA Between
Computation Model and Extended Model

230 M TR [ 3L 52 ST 149 W L 7 28 /) T N 1) A 5 )
Mo SO HAEXTFRARAL S 00 T 9 224 T 4E SV i
M Rayleigh S A B 4 Bt 7 59 15 5230 45 AH AT
FHASE TR 70 ART 45 3 To0 = ) PG A WA Y 86 1] 43 A 1Y)
L. ANIEL 9 W LLE 2 ot 52 30k i A B A% 22 1Y
LA BV R P N i N R Y CIBE V- AP
PEAF A A A 100 m Y [ A L A 0] 3 52 K2 B LT
0, UEWA 1 1) 100 5 U B 19 IR A 1

235
—e—SV-4L[A) —o— Rayleigh-4\ [

2ol @ VIR A e & Rayleigh-% [A]
- -o--SV-EE --0-- Rayleigh-# 7
2 Lsh o : . -
§, M
= 10l
5 1.0
A~

0.5 SIS e==9

168 1] A4 F/m

9 AAEMEIN=1m PGA EERER DT
Fig. 9 Distribution of Peak PGA in Three Directions

Along Transverse Direction at Left

Top of River Valley

4.2 Rayleigh iE 3} V 720 % T 15 3h 89 22
4.2.1 Rayleigh 3k 3% 3 & Ao ik Bl 2 H 69 %6

AN TH 1.2 T Rayleigh BRI SV i A Gt
IS IT A5 P R MR 2 B 1 o AR AE . PR 10 2 T
Rayleigh JH SV AT VB4 54 PGA 1)
oA s B AR AR DU A B I O D AR T 45 U 78
W10 B $R L P R @R R VIR AR L
BN AR A R AL B R AL 1) PGAL i 18] 10 /]
LA 2 SV A S I. Z  1 PGA 230 X FR iR
oA 3 B U B AR B9 R . PGA FE &3 1 5 B
SN B AT R R 0 % 2 Rayleigh A
VIR AP PGA 73 A A7 35 25 5% A S5
(9 3 5% 3 2 W R R T A b R 3, OF H
PGATE A IUA B 3E ORISR . 5 1 WA A



% S H ¥ #,% :Rayleigh ik 3% V B 58450 E BB 6 2k 141

3.0r ; ; ELPR T4 R SR 458 28 L. o X Rayleigh & A
—--e-—-RSN1484
~ 25r | — = —RSN3495 | SR SV {Ji/\ﬁﬁﬂﬂ‘ﬁHMEE"H{@EL@MEE”@{E
| ! RSNST79 /;\ Z g Rayleigh iR A 50, W 3 45076 A ST — M
& 15} N " .
2 ol l )1 Ry gge? ty Rayleigh J i R4 810 1. 48.1. 45 1. 60, 7E
| 3 | -3 . 5 Ny NS N
P g gl ? ! A — I B89 Rayleigh § 5 K & B2 i) o 0. 44,
O —|260 e 0.50.,0. 53, AT LLFE P R (i L 52 Sh e i (B A
el HES. L5 L Rayleigh BA SV WA IV BT
(a) Rayleighy . .
S0 cEEE 75 5 W MR B 4 1 AL % (X B Rayleigh 3 4
| |
~25F | Ronaos | 18 A 7 34 A2 B0 1 W D R 22 5
2 <0n ! RSN5779 ! . 4.2.2 Rayleigh sk 3T #r bk & ¥ E 3y 69 % v
< 15g0 g \ oA,
3 " Zv\;«,%k B, AT Ve m%Eﬁ*ﬁﬁ%rwﬁwma@ﬂﬁ%mraﬁ
: | B s el
" ost TR TR UL A RSP R0 2E 5. T 11,12 43 1280 T
TR Rayleigh B F1 SV 3 A SR . VI I 45 7 000 3 Tt 4t
(bf;@%gg)\ JEI AL Y b 752 Bl o R B R R N B . I 11,12
SVY 1
R- AR Rayleigh 5 A G A — 00 4 45 50 40 )
CRUNSC RIS e st HORE S R-HH AL 5 — MM 3. SV I3k SV i
Fig. 10 Ground PGA Distribution of River Valley Site A 3 e A A R R B
2r 2r
. s RN I R-)\
<l o --—-sv o gl ¢ ----8V
ol L sy
g E i e‘f"?“*» "‘*’*‘*~* o = ;"'Ef!rf*?f"*‘*"'“"’s"*e’"
2ot - T B
E=3 = B
% 20 %0 60 80 20 80 % 20 20 60 80
B BTIEU/ B
(a) RSNSI484 (b) RSNS3495 © RSNSS779
11 Rayleigh i 1 SV i 1 F T 45 P &b n 52 BE = oz Bif A2 X b
Fig. 11 Comparison of Acceleration Time History at Foot of Arch Under Rayleigh and SV Wave Excitations
~ 1o ~ 1o ~ 10
| @ R-}\ 1 @ R—)\ Im
& | T £ £
1 o =
é 5 é 5+ & 5T
Ji= i i
il i il
i Qo= 0 - 10 0 B Qo= 0 - 10° BT B Qo= 0" . 10 0
/. / A3
(a) RSN51594 () RSNS2646 (© RSN;455

B 12 Rayleigh i F1 SV i 1€ A T # B &b fn i & & Rz 3 %3 bk
Fig. 12 Comparison of Response Spectra at Foot of Arch Under Rayleigh and SV Wave Excitations

MIEL 11 AT LA . Rayleigh J57 A SO 9 3 52 3 fY I (I % K T Rayleigh i i B — M A R (. 2
W (LI K. SV B A ST T A M 72 Sl IR (I 2 - Ray- 4R Rayleigh P A S I {07 45 X% b 72 2l (9 15 4% 2 30 i
leigh ¢ HH 00 ) M 52 Sl R (B A /s . NIET 12 AT LR 35 ROBHAT RO 518 1 15 3l 76 A G — Ml 9 fe
3 AR UAE BT A AR T [ N #R R BE I Rayleigh 9 BPRORANH GF — M B AT 080/ . 25 B Jrid  Rayleigh
A AR 55 K SV AT (IR 2\ Rayleigh 37 PSS W45 HUE 0947 46 = B0 T K85 AR R AE M
S — R (e /N A R . TR IE L 7E 0. 7~3 sl 7R T AENRAE 90 45 0k O RS R A R 2R i
NSV B SSB BE B 5 Rayleigh Sl 8 — M) s sh A RF X R B HE 1 53 i dg 3F — B0l B
W (P Ay T T A TR SOV D PN SV A I TR A A 14 M R AT S RS



142 ¥

o

o

® ¥ HR 2024

4.3 Rayleigh i 3t #f £ 4511t B K Kz A9 2 M
4.3.1 Rayleigh & - R M A 1 BB 6% a
AATVE Rayleigh i r HE 8 & S W Y 5% 1
s To0 3 fT i 4, 5 AR —S 8 s B
Rayleigh J Fl1 SV {8 X5 17 5 25 ¥4 4 1 KO ) BL A G 3R

N
VRS:E

P s Ne iy Rayleigh A A4 £4: 1 3 5% B s Ns Ry
SV A I 14 1) b 52 BN o

F A HIH T SV I Rayleigh 3 A S F #t &l iy
JIIR W VEAE 25 0 . 8] 13 221 T Rayleigh i f1 SV
N A i = e I 2 S R R A DA DA Ty S K

M 13Ca) () FIFE 4 AT LLFE W M SV 3,
Rayleigh ¢ A S B 23 75 % HE B 1R 52T (195l 0 )2
i s Rayleigh i A G B4k BB B °F 5% T %l g s b e (B
FHEE SV A IL-F#R AR T 1.5 5 L | e R
KT 181 Af% . (RIS, 2 A A SR 32 B i) b g 5
A AL AT . A6 SV B A ST L R 52 AR
HE R AL T Sy B R, EHERE 1/3 A Bk HE T AL
49 il g SN B /) s A Rayleigh B Ay ikl | 5241

(2

TS 0 R T 6 Aty g S g 44 AR HE PR 5 R AE
T AR PR 1/4 07 B AL TIUR Bh J RR EERR

M 13Ce) (D) FIE 4 AT LLE . M 1L SV ik,
Rayleigh e AR I 23 0 R HE 8] E R 5% 4T 19 25 56
IO 5 S LA JL-F- AR OR T 1.5 A L B Bk
BT 162 5, X FHEE L Rayleigh 3 il SV
T8 SR B 25 6 5 7 738 i AR G 18 R TOUAL £y
BN IR . TR T HERE R SZ AT, Rayleigh 3% #l
SV A S I 25 5 S A2 A # R 6] : Rayleigh 3 7F
FHTF SRR ANHE IO b 4 25 4 S RS 1T SV
VERTT BER . LR 1/4 b AT b 2550 S W 45K

M 13Ce) (D FIFE 4 7 LLE i, 55 77 50 i
4 [ W AR HE  Rayleigh 3 X #E B | F 53X AT B9 55 /)
BN B R AR T 1. 38 5. Rayleigh
FI SV e A S s HE B E R 5X AT 1 5 g S g AR Ak s
FATR] S B 3 52 007 1) W (L 22t S AE HE TUAL

25 b BOR UL Rayleigh S0 SV A G F X
Mr 520 3 5% R N R 2% . AL SV . Ray-
leigh I A S IF 2 i 25 396 Jon 3k B %) b o R0 25 566 S
X B9 7 IR 04 5 1 AR X A8/

4 BRHBEPNNREIEE
Table 4 Peak Value Internal Force Response of Arch Ring
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Fig. 13 Comparison of Internal Force Response of Upper/Lower Chord Bar of Arch Ring
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Arch Foot Under Rayleigh and SV Wave Excitations
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in Arch Foot Under Rayleigh and SV Wave Excitations
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Table S Modal Frequencies and Normalized Vibration

Participation Coefficients of Bridge Structure

ROTX | ROTY | ROTZ
B mw | X Y z | 4
s | e |caen | omri| g |50 | GEo A CGR <
¥ | B |
1 0.22 1.00 0.00 0. 00 0.00 0.65 1.00
2 0. 44 0.00 1. 00 0.00 0.52 0. 00 0. 00
3 0.45 0.00 0.00 0.00 0.00 0.00 0.43
4 0.66 0.49 0.00 0.00 0.00 0.57 0.48
5 0. 68 0.00 0. 00 0.13 0.13 0. 00 0. 00
6 0.83 0.02 0.00 0.00 0.00 0.03 0.01
7 0.95 0.33 0.00 0. 00 0.00 1.00 0.33
8 1.01 0. 00 0.29 0.01 0.01 0.00 0.00
9 1.03 0.00 0. 20 0.01 0.03 0.00 0.00
10 1.05 0.00 0.00 0.00 0.00 0.00 0. 34
11 1.13 0.00 0. 63 0.00 0. 34 0. 00 0. 00
12 1.20 0.22 0.00 0.00 0.00 0.45 0.22
13 1. 36 0.00 0. 00 1. 00 1. 00 0. 00 0. 00
14 1.37 0.21 0.00 0. 00 0.00 0.48 0.21
15 1.38 0.01 0.00 0.00 0.00 0.03 0.01
16 1.57 0.00 0.00 0.00 0.00 0. 00 0.14
17 1.61 0.09 0.00 0.00 0.00 0.32 0.09
18 1.66 0.00 0.17 0. 84 0. 83 0. 00 0. 00
19 1.70 0.00 0.38 0.45 0.44 0. 00 0.00
20 1.75 0. 00 0.15 0. 20 0.22 0.00 0.00
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