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Dynamic response analysis of deck-type concrete-filled steel tubular
arch bridge

YU Qianhua, GAO Qisong

(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: This study aims to discuss the dynamic response of concrete-filled steel tubular arch bridges
under vehicle loads. With the Tuzha Bridge in Xiangxi Tujia and Miao Autonomous Prefecture, Hunan
Province as the engineering background, an iterative program for numerical analysis of vehicle-bridge
coupling vibration was compiled using MATLAB software, and the force of vehicles on the bridge was
extracted. The vehicle-bridge coupling vibration of the concrete-filled steel tubular arch bridge was
analyzed using the transient dynamic analysis module of ANSYS software. The results show that the
first-order frequency decreases for the completely debonded arch rib compared with the fully bonded
one. In addition, the first-order vibration mode appears in advance in the plane after the arch rib is
completely debonded, and the frequency decrease is greater than that out of the plane. The influence of
bridge deck unevenness on the dynamic response of the concrete-filled steel tubular arch bridge is
greater than those of other factors. While no obvious law is found in the influence of driving speed on
the dynamic response of concrete-filled steel tubular arch bridges, there is a driving speed at which the
vehicle resonates with the bridge. For the Tuzha Bridge, the dynamic amplification factor is largest

when the driving speed is 20 m/s. The dynamic amplification factor decreases after complete
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debonding, and the reduction at L/4 (L is length of the bridge) is greater than that at the arch crown.

Key words: vehicle-bridge coupling vibration; dynamic response; arch rib debonding; concrete-filled

steel tubular arch bridge
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Fig. 1 Vehicle model

R1 Emb
Table 1 Vehicle parameters
FHWitm,/ | BEEEm, . | FREEm . | ESRHEYE | FSMEE | s ESE | SRR RS E S HE o/
kg m,/kg m/kg 1/(kg-m?*) J/(kg-m?®) DFEE a /m | ORFEE ay/m m
24 990 335 670 6 140 3200 4.78 1.18 1.80
, . N . JEhAE BRI EE
WAL | AR | PRI | RSB | IRV | RREIREE | e |
01)1\01,2/(1(%'571) 01,3\51)4/(](%'571) km\khz/(N'mil) kb}‘km/(N.m?l) Cwl\cwz/(kg'sil) C\~3\C\~4/(kg'571) k»\l\k»\‘z/(N'mil) (1‘\?\ ‘j?)
‘m
240 570 240 570 718 050 1 651 590 2340 2340 2679 570 4809 060

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 64

AR S EARKARE R L BN A va B AT

1.2 E-H#REIRAE
1.2.1 Ax# &4+

s B - TEAT Bk AR b A A8 IR 2O S 0 TG
B, BV 2 A 4 A i B AT AR [R] ) 155 1) 32 A% P O
Fo BABUMECER RN

A =z,—z,-r(x) (1)

A A G 5 T fioh A A A T ST
FEE 5z, AT 4 50 42 ik a5 R AT 22 10 15 1) 62 S
r(x) RS A AR A A TSP U
122 h5&4%t

R A A= 51 275 — 2 AT M, T8 4250 5 A 4 k)
SRR MR RS A s n A S O R
YERU = A — A R AER T, R/ INAT R R

F,=k,A, +c,A, (2)
Kok, AE N RIGINIE e, A i ARG
FHJE o
123 H- stz iAe

¥ B R AR s s R G — i
1B - GRS e

MZ +CZ +KZ =G, +F,
(3)
MZ +CZ +KZ =F,

KM, M, 53508 ER R R R CL .,
53 59 kg B A AT B G 1 BELE L 5 K LK, 43 ) R A A
FATE 2 () W S I 5 Z, 2, 3 590 SR 20 0 R 42 ) o7
W F,  F,, A 56050 2 fid a5 2 ) i AH BAR
FH 1A 4

FRYEA AL S5 A A ) 2 S A X 2B i A IR sl
PR FH AR R A, BIVRT 45 2147 2 R0 42 5% 1) 59 7 e
Vi {H .

2 BFEAEIE

ARZSIFFE W] A T AP 5T J3E X A SRR 45 4
By 3 W A A 18 2 ), G AR AN S I £
UTTEA - F RN S0k MR ik |
AR S RBOE S o ARSCR = ML K
AEPE PR A TR

wmza%%) (@)

n,

S0 R 2 R 1ng=0.1 m', B2 R s

FIWRAEEL 5 Gy (ng) W BE TPV FE R B Gy(n) B
Rk B
N T 452 200 6% T S0 7 1) 8% 1 - 38 R L 2.

K2 \E-FERK
Table 2 Road flatness coefficient
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B 32 64 128
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Fig.2 Bridge deck unevenness at each grade
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Fig.3 Overall layout plan of Tuzha Bridge (unit: m)

_ 1600 @711 x 16

/' /Z(‘\, @1 100

@508 x 16

W \—/}ﬂwo

E4 A @m=EE(E4Z . mm)

3900

Fig.4 Schematic diagram of arch rib section (unit: mm)
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Fig. 5 Cross-section of T-beam (unit: mm)
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Fig. 6 Finite element model diagram of Tuzha Bridge

R3 WA HAE®

Table 3 Composite material characteristics

- B | TREELE | DA R/
MRS | Y | BiE/MPa | (KN-m™)
1 100 mm( H42)x
0345 C55 55989.05 | 27.80
26 mm(BEJEL)
1 100 mm( H42)x
0345 C55 52309.46 | 29.08
22 mm(BEJEL)
1 100 mm( H42)x
0345 Cs5 48 538.68 | 28.35
18 mm(EER)
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Table 4 Comparison of natural vibration frequencies after

bridge completion under two conditions
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Fig. 7 Response curves of vertical displacement of arch

crown at different deck levels
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Fig. 8 Response curves of vertical displacement at /4 at

different deck levels
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Fig. 9 Response curves of vertical displacement of arch

crown at different vehicle speeds
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crown under different bonding states of arch ribs
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Table 5 Dynamic amplification factors for each unevenness

deck level
AN IR FREL
Y HETH 114
A 1.079 1.090
B 1.205 1.370
C 1.330 1.374
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Table 6 Dynamic amplification factors at different driving

speeds
eIy BRI O
(m-s™) T L/4
10 1.097 1.105
15 1.120 1.199
20 1.205 1.370
25 1.199 1.272

RT FRHBLERETHHARKREZEK
Table 7 Dynamic amplification factors under different

bonding states

SR R B
HERh Fhas R3S
HETH L4
BrE 1.206 1.377
St A=A 1.205 1.370
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