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Steel-Concrete Composite Girder Bridges

CHEN Boyu', GAO Feifan"?, LI Shuowei’, ZHANG Yunbo'*"

(1. Key Laboratory of Roads and Railway Engineering Safety Control Ministry of Education,
Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China; 2. School of Civil Engineering,
Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China; 3. China Railway Jian’ an
Engineering Design Institute Co., Ltd., Shijiazhuang, Hebei 050043, China)

Abstract: In response to the phenomenon of bending and torsional coupling of the upper structure of a
curved bridge under vehicle load, the displacement and stress responses of the cross-section at the
midspan of the curved bridge under the combined action of the vehicle and the bridge were analyzed
and studied using ANSYS finite element software and UM dynamic software The results show that the
displacement and stress responses reach their peak values when the vehicle travels to the midspan of
the span, and reach the opposite peak values when it travels to the midspan of the adjacent span. The
radial displacement is proportional to the vehicle speed, and the trend of other displacements and
stress responses other than the radial displacement remains unchanged, while the peak values of the
responses are not proportional to the speed. The lateral load causes the radial displacement at the
midspan to shift in the opposite direction of the load, and the overall trend of the other displace-
ments and stress responses is basically unaffected by the lateral load. The increase in the roughness
grade of the road surface causes an increase in the amplitude of the fluctuations of the upper structure
response.
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Fig. 1 Bridge cross section, top view and cross section measurement points( unit;mm)
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Tab.1 Main beam material and unit properties
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Fig. 2 Finite element model of curved bridge
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Fig. 3 Vehicle-bridge coupling model

FRAE K B DUR B BRAS S AR sh o et

MZ(t) +CZ(t) +KZ(1)=F, +F, (1)
K. M, C, K, 53533 2 o i BHJE NI
Rl ; 7, FOR MM A i, mm; F, FR
NG5 B Rl AR AR Al ) kN P, RR 4
W E SR KN,

VRT3 VE R 13z oy #2 nT DL R 28
FoR,

MX, (1) + CX, (1) + KX, (1) =F, (1) (2)

K. M, (C, K, 5350 B B2 0 T | BHLJE R B
HiFE; F (0 SRR RIZERR 1 A48, kN, A
(A RHJCF4 B8 Rayleigh BHLJE % i& , BRI EE AR (19 28
P4 A B € BUS5% .,

1.3 HEANFEIRE

— PR Sy I T AN ST L 2 R T H AT 1)
KPR Bk KoK, T E GB/T 7031—2005 45
WEPRILE T RS A S R i

Gy(n) =Gy(ny) (n/ny) "™ (3)

Koo n AL BE IR g R BT B o D
B Gy(ng) bRUE O PEEOH N 1A EE R 5 o
AT R, DR TS AR A5 4

FE] Bropm it AL 20 20 (1S0 ) K 156 1 F- 24 2 53k A
(AEH &) —E(EH 22) 5 A9, - B 4R 30
iy A— STV BE R8T ) (GB 7031—86) 1, Xif
& TR HE B S AN T AN 3R 2 s B

R2 HEATEIRERE
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Fig. 4 Displacement response of the undercarriage at different speeds
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Fig. 5 Displacement response of floor under excitation of different bridge deck irregularities
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Fig. 6 Displacement response of floor under different off-load conditions
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Fig. 7 Tangential normal stress of floor under different speeds
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2) AR AR ) 5 7% M) 137 WA 5 4 3 RGO L, 1Y
PR T B4 ) 57 B W H A 0. 068 ,0. 088 ,0. 100,
0. 121 mm; 43U A BUE | BRAR a1 % A1 HoAth 7
Tia) {57 4 M 0 [T £ 1) 38 A R ST ARANAR | H A A% i)
oy U 5 T RE B OC R O 2 T R M AR IE e Bk R
LE , AN R 7 ) A5 % i oy U {38 381 o5 K (B B 1Y) 2
AT o PN A 28 08 125 v 428 1) 57 7% 1] i 288 0 52
] i B, T Sl ) A5 B Wi 07 1 AR A L AR
AN A2 A 25 W, L R 28 T O AR RS AR =
MU RN R A AR, Bl A AS T I A5 2
(B2 T, T Al A5 7% 5 107 g i 7 P9 35 2 s 1 229 S e
27t

3) IR AR i iy W {2 o 1 AR b AR fR

P9 AN [F i 28 T8 T R AR UT) i 1 17 g o
Fig. 9 Tangential normal stress response of floor

under different off-load conditions

AR o AN TRl B BT TR AR IV g Wi o7 06 {5
AR BBR AR, B — 25 Wiy 107 ) 2 ) e L P R/
KAV — B, BEE AR5 T, AR
O 3 0 7 4 5 SR AR AN W4 T

SE 3k

[1] ZR0Rm. BIRA G M2k % 2 B EAR AR G 4R 3l A A
[D]. AKIE. AFTERIE K ,2023.

[2] MM, THR, TRE EREHTRBEREE
WG AT (1], #RiER#S TR SR, 2022, 19
(4): 1004-1013.

[3] B%om, 0 NI, 2Rk, 55, RSSO ENme
Pehm pi [J]. Bl2=HEARE T, 2022, 22(11) .
4588-4595.



86 Wodb TR R ol (A R OB 2 R

2024 4F

[4] BEde. A LESRF FHMG RSB D].
Kb Wik, 2014.

(5] FEfl, MR, KM, % 2 2w /e &
BWEoE[)]. PR, 2015,45(1) :51-55.

[6] WANG T L, HUANG D Z, SHAHAWY M. Dynamic re-
sponse of multi-girder bridges [ J]. Journal of Structural
Engineering, 1992, 118(8) . 2222-2238.

[7] GUO F, CATH, LIHF, et al. Impact coefficient analy-
sis of curved box girder bridge based on vehicle-bridge
coupling [ J]. Mathematical Problems in Engineering,
2022, 2022( 1) ; 8628479.

(8] 5k &2, BRIEF], 2. 244 EHTTT Wi A7 i il
egh iR )], JRah 5w, 2021, 40(11) :109-
115+133. 2021. 11. 015.

(B35 57 1)

[7] FAN L, CHEN S F. Consolidation analysis and effect
analysis in the treatment of soft foundation by vacuum
preloading [ C ]//I0OP Conference Series; FEarth and
Environmental Science. I0OP Publishing, 2021, 647
(1).012135.

LIU G, TONG F G, TIAN B. A finite element model for

simulating surface run-off and unsaturated seepage flow in

[8

[

the shallow subsurface[ J]. Hydrological Processes, 2019,
33(26) ; 3378-3390.
(9] X AR, R B X8 TG 37 M K o3z B e L e A2 )L

(9] MERR, AR, R, % KEMBEHTHFR
il RECE I ALERBTSE[T]. IR3h 5 bk, 2002, 21
(3):21-25.

[10] ZEm . 2T UM B INZE 05 42 - AR & 5 124
MFSE[ D]. A1 R A F R K2, 2020.

[11] 3% Wi. 5T UM 05 BT A8 G I8 3 S b &
BT D], K, Wb Tl k2%,2017.

[12] ElagER. FEARME T W AR AR % S48 BT 440
ARG B IR GE [ D], AR ARk
B2, 2021.

[13] 2/, B3t i, A R ARSI
BUEMR ()], Rah 5y, 2002, 21(3) .21-25.

(LTS JATHE)

B[ D]. PO KL KA, 2022,

[10] FEX0H. B LR K 5338 8% 1Y FL B R B AL HLAIE 5T
[D]. HEMREEMBLT K22, 2023.

[11] B BE, X%, I & ZRELRNE ML RIS S
PR N H A% 5 9% CN103364020A[ P . 2013 -
10-23.

[12] BR 8, X1 %, RZEM6, & —Frenc = alsk
R MR LT A & 1 &, 2013, 34 (10):
3028-3032.

(DTSR skZmm)

S G S G G S S

x

CRAE TRER SR (A ZAFEFRR) ) 2024 A7 Hh 2R FIAE S WA Tl

HH—FHERXHBRAN, R A RENEE, FE AERFHFFARR
REEGEEENBURE, FHEHAFIBMLE RET A HEHREH#E(EFHE
H B[ 2024 1-060000001) (A TR A FFM (B AR FR)) T 2024 £% 1 L F
FIEE WA T, EENA 25 5 WM, HFl A%,

S G G S S SO G G o



