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Longitudinal seismic response of long-span arch bridge-track system
of high-speed railway
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Abstract: To analyze the seismic response of different forms of long-span arch bridge-track systems, four different forms of arch bridges,
namely 112 m basket handle arch bridge, 140 m steel box tied arch bridge, (24+160+24) m tied arch bridge and (52+382+52) m steel box arch
bridge, are used as examples. The study revealed the dynamic characteristics of long-span arch bridge-track systems under seismic action and
explored the effects of seismic waves, seismic intensity, and traveling wave speed on the seismic response. The results show that the stress
envelope of the rail under seismic uniform excitation is antisymmetrically distributed, with the maximum value appearing near the end of the
beam and the maximum axial force of the arch rib at the arch foot. There are large differences in the dynamic characteristics of the system under
different spectral characteristics of seismic wave excitation. The change in seismic intensity mainly affects the rail stress near the end of the
beam, and has less effect on the middle beam section. The traveling wave effect has a significant impact on the seismic response, with a
significant increase in the axial force of the arch rib. The maximum stress in the rail increases by 149.2% compared to the seismic uniform
excitation, and the longitudinal force in the rail at the middle of the span increases significantly, up to 503.4 MPa. Furthermore, the stress in
the rail is greater when the apparent wave speed is smaller. Similarily, the stress on the rail increases as the traveling wave speed decreases.

As the traveling wave speed increases, the stress distribution on the rail gradually approaches that of consistent excitation.
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Fig. 1 Arrangement of span of each arch bridge (Unit: m)
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Fig. 2 Seismic responses model for arch bridge-track systems
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Fig.3 Dynamic response of system under different seismic

excitations
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Tab.2 Maximum axial force of arch rib under different seismic

waves
HER A R AE/MN
W 112miR%E 140 mBEMT 160 mBAFF 382 mAlAH
HERF HEF HEdF HERR
El-Centro 5.4 5.2 75 14.9
Taft 2.7 5.0 11.1 173
Hollywood 4.6 43 6.7 13.1
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Tab.3 Maximum axial force of arch rib under different seismic
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Fig.5 Dynamic response of system under different seismic

excitations (Traveling wave effect)
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Tab.4 Maximum axial force of arch rib under traveling wave

effect
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Taft 5.2 10.7 18.8 293
Hollywood 8.3 8.8 13.2 20.2

420.6. 409.5. 701.4 F1 835.2 MPa; % 1 kb 84X %Lt 7% 5%
RGN J1, 43518 219.8. 238.9, 132.0 A1 503.4 MPa,



1104 w® @I T

[

5538 %

Y5 Taft Ji AH L, El-Centro 3 #1 Hollywood i 76 1 %2 5
HRRb 7 A KB ILSE DN AT I B R R B
125 I #52/INIF El-Centro A TR 486 10 i g oK, 5
W4 R JE Taft P4 T SR ) Bk

5% )

4.2 K E

Lk 0.3g El-Centro 3% iy 1], 43 A7 #0 % 3 43 5] A
200, 400, 600 FI1 800 m/s 4 4T I % B F 4% HE A7 - % 18
ZY R N, 45 R A E 6 TR .

—— 200m/s — - - 400 m/s - - - - 600 m/s
—-— 800 m/s — 3
400
£
S 200
R 0
g
& -200
&=
—400
1 1 1 1 1
-100 -50 0 50 100
BHLALAR / m

(a) 112 m2 T HEAF
(a) 112 m basket handle arch bridge

400
[+~
(=W
S 200
R 0
1=
F 200
=
—400
-100 =50 0 50 100
AR / m
(b) 140 m R FFHEFF
(b) 140 m tied arch bridge
800
£ 400
=
R of
E
=
B _
= 400
7800 1 1
=200 -100 0 100 200
HIEALER / m
(c) 160 mAATHERF
(c) 160 m tied arch bridge
1000
£ 500
=
= 0
a
=
= 500
-1000
—400 -200 0 200 400
WELALFR / m
(d) 382 mAAH HLR

(d) 382 m steel box arch bridge
Ee ARNEHEBEFNT RGN IR
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