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Research on the bearing capacity evaluation method of damaged continuous bea
m bridge under vehicle-bridge coupling vibration

Qi Xingjun®~, Si Zhenzhen!, Li Shukun!, Guo Dongmei!

(1.School of Transportation Engineering Shandong Jianzhu University, Jinan 250101, China)

Abstract: [Obijective] :In order to simplify the test process and improve the detection efficiency, a two-span con
tinuous beam bridge in the actual project was taken as the research background, and the light load numerical analys
is was carried out based on the moving vehicle, and the accuracy and feasibility of the evaluation method of the da
maged bridge bearing capacity under vehicle-bridge coupling vibration were explored. [Methods] The vehicle-b
ridge coupling vibration model was established, the deflection and strain dynamic time-history response of the cont
rol section of the bridge structure were extracted, the dynamic components were removed by empirical mode deco
mposition (EMD) and variational mode decomposition (VMD) and the quasi-static response curve was identified, a
nd the influence of bridge deck roughness and vehicle speed on the accuracy of the static response recognition was
analyzed. The loading efficiency of different loading positions was calculated by the different responses of the cont
rol section during vehicle driving, and the standard check coefficient of the quasi-static response of the control secti
on of the damaged bridge under light load efficiency was calculated by using the "Changding model”, and the beari
ng capacity of the damaged continuous beam bridge was evaluated. [Results] Compared with EMD, the quasi-st
atic response curve of VMD decomposition is in better agreement with the static response curve. With the increase
of bridge deck roughness and the moving speed of the loading vehicle, the error of the recognized quasi-static respo
nse and the static response also gradually increases. The quasi-static response identified during the loading process
of the moving vehicle is relatively accurate and can be calculated as the measured value of static load. The calculate
d standard check factors are all greater than 1, which accurately evaluates the damage state of the bridge. [Conclu
sion] It is highly applicable and feasible to evaluate the bearing capacity of damaged bridges based on vehicle-brid
ge coupling vibration.

Keywords: Vehicle axle coupling; Assessment of bearing capacity; Quasi static response; Light load; Roughne
ss; damage: Vibration; Continuous girder bridge
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Tab.1 Range of difference of strain check coefficient of reinforced concrete slab bridge

Loading efficiency 7 Aa range 4, range Ar -1] Regression equations
0.65~0.84 0~0.07 2%~12% A, =-15.782+39.211 -10.3 5
0.55~0.64 0.06~0.1 10%~15% 4, =66-106.57 +37.29 ;73
0.45~0.54 0.075~0.13 13.5%~19% 4, =-28+156 " -292.8 ;73
0.30~0.44 0.1~0.156 17%~21.7% 4, =51.553-108.8 77 +143.87 ;73
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Tab.2 The range of the difference of the check coefficient of the deflection of the reinforced concrete sla

b bridge
Loading efficiency 7 4, range 4, range 4, - nRegression equations
0.65~0.84 0~0.065 206~11% A =-15+47.03 -19.2
0.55~0.64 0.05~0.09 9%~14.4% Ar =-32.14+138.6 11 -178.437 ;’/3
0.45~0.54 0.07~0.107  11%~16.2% 4, =-22.46+146.97 -279.437
0.3-0.44 0.09-0.138 15%-20% /A =-21.14200.9 1 -618.027
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Fig.1 Bending moment diagram of a bridge
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Fig.5 Dynamics model of two-axle semi-car
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Fig.4 Initial finite element model of bridge

2. 2 FEiHiRR

BUE R AR GRS Hr E Ay
IR H A& [ 7, DR o AT B i AT A
I, JESFRIGA R E M, TR . SR
i RH JE L 5 FE AL, XU~ 4Bl s R A 5
PR o

®IWHFERESY

Tab.3 Two-axle semi-car model parameters

1/2 vehicle model parameters The value of the para

meter
Upper stiffness coefficient 5 5355405
Ky /(N-m™) '
Upper layer damping coefficient C,; / 1.9654.0°
(kg-s™)
Lower stiffness coefficient 42 5
Kai/(N'mil) 2840
Lower damping coefficient 9.8510%
Cal(kg-s™) '
Wheelset quality m; / kg 4330
Body mass M /kg 3.85x10*
The body nods stiffness 2 466540°
I, /(kg-m*) '
wheelbase L/m 5
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Tab.4 Grade of pavement

Pavement unevenness coefficient /10°m?
Pavement grad — — -
e lower limi | upper limi | Geometric averag
t t e
A 8 32 16
B 32 128 64
C 128 512 256
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Fig.8 Mid-span deflection of the second span
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Tab.5 Control section loading efficiency

The sec
locatio Th? f."St P IO? on_d SPa Jocatio  Pier fulcru
N anisin the ati nis in t m
middle on  he midd
le
1 0.38 11 0.47 1/20 0.33
2 0.57 12 0.65 2/19 0.48
3 0.77 13 0.84 3/18 0.61
4 0.85 14 0.83 4/17 0.72
5 0.83 15 0.82 5/16 0.80
6 0.82 16 0.83 6/15 0.85
7 0.83 17 0.85 7/14 0.85
8 0.84 18 0.77 8/13 0.81
9 0.65 19 0.57 9/12 0.72
10 0.47 20 0.38 10/11 0.57

4.2 B NEE
TSR AP A 280 R R R R B AR (e 2

RIS R 8 TR THEIE AR A 2 IR
(bR HE A BOR IS R38R AL, 456 BT RGN iZ 40
1 LM I 7R AT DO PEA

RGN, R RO R 1
B MG BR OB T A b, TSR RS
D S5 A ER VS i I H B RN R AR 5 AR s ) A 1 ) 1
IS 590, THE M 20 AN B Hh
P 2 8 ) 4B T A 7 285 i S (1) 58 0 I AR R 6 R
o bR TARRMF I NS A,  ELr e A,
{E P i 7 1 2 5 s i B /R 2R W) S R R BRI . A
U, AMEESEBRIRGL, AN C M HLRE FE 3R 474>
Mr, HTRIERR, EE#E v=10km/h & v=50
km /h R HEEE RN R AR AEFR S I AT T, XY
[PIRZ S R AR 6 FITR
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Tab.6 Control the check factor for light load of the cross-section

Deflection in the m

Deflection in the fir ~ Strain in the first sp

iddle of the second

Strain in the secon . .
Pier fulcrum strain

st span an span d span
10km/h 50km/h 10km/h  50km/h  10km/h 50km/h 10km/h 50 km/h 10 km/h 50 km/h
1.09 1.04 1.07 1.00 1.00 0.89 1.00 0.89 1.08/0.98  1.01/0.84
0.98 0.95 0.99 0.95 0.98 0.91 0.96 0.90 0.98/0.89  0.94/0.83
0.97 0.97 0.93 0.94 0.96 0.92 0.88 0.86 0.96/0.88  0.96/0.87
0.97 0.97 0.95 0.96 0.96 0.94 0.97 0.95 0.96/0.90  0.97/0.90
0.98 0.96 1.00 0.98 0.94 0.92 1.01 0.98 0.95/0.91  0.94/0.92
0.95 0.93 1.01 0.98 0.98 0.99 1.00 1.01 0.96/0.92  0.95/0.95
0.98 0.99 0.98 1.00 0.97 1.02 0.94 1.01 0.95/0.92  0.97/0.99
0.97 1.02 0.90 0.96 0.98 1.02 0.95 1.01 0.94/0.93  1.01/0.98
0.97 1.02 0.97 1.04 1.00 1.00 1.04 1.04 0.94/0.97 1.01/0.96
0.99 0.97 1.02 0.98 1.10 1.06 1.17 1.08 1.02/1.08  0.95/1.00

HIZ 6 AL, PN 28— 5 FR ) 58
FERS RBPAMTE L 0.93~1.09, RIAFFZL: R AL
P AREHEDY 0.9~1.07; PIANIEEE N 5 E5 S A
ARG R B Aa By 0.89~1.10, MIARHH:
KRB AEEN 0.89~1.17; WHATHE FAFIECEE A
ek T 1 2 AR A5 56 28 Ko A1 i i 0.83~1.08.

PR 48 42 47 BN B KR 38 R BB B A Ty
T2, B BRI RS A i 2 1 AL
R 0.85~1.05 FAUARHERSES REL, H70 fa i akim
(e B B AR bR e RECEIR ik 7 s, i
A P E AR 8 BN .
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Tab.7 Standard check coefficient of control section

Deflection in the m

Deflection in the fir ~ Strain in the first sp

iddle of the second

Strain in the second . .
Pier fulcrum strain

st span an Span span
10 km/h 50 km/h 10 km/h 50 km/h  10km/h 50 km/h 10 km/h 50 km/h 10 km/h 50 km/h
1.29 1.23 1.26 1.17 1.15 1.02 1.17 1.05 1.28/1.29 1.20/1.19
1.12 1.09 1.13 1.08 1.09 1.01 1.06 0.99 1.14/1.13 1.10/1.12
1.02 1.02 0.97 0.99 0.96 0.92 0.88 0.86 1.06/1.04  1.07/1.09
0.97 0.97 0.95 0.96 0.99 0.97 0.99 0.97 1.02/0.98  1.03/1.06
1.00 0.99 1.02 1.00 0.96 0.95 1.03 1.00 0.98/0.95  0.97/0.98
0.97 0.96 1.04 1.00 1.00 1.01 1.02 1.04 0.96/0.91  0.95/0.92
1.00 1.02 1.01 1.02 0.97 1.02 0.94 1.01 0.95/0.90  0.97/0.90
0.97 1.02 0.90 0.96 1.04 1.07 0.99 1.06 0.97/0.91  1.04/0.90
1.08 1.14 1.07 1.15 1.15 1.14 1.18 1.18 1.00/0.94  1.08/0.88
1.13 1.11 1.19 1.15 1.30 1.25 1.37 1.27 1.16/1.11  1.09/0.95
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Tab.8 Distribution range and average value of standard check coefficient

Deflection in  Strain in the firs  Deflection in the middl ~ Strain in the seco  Pier fulcrum
the first span t span e of the second span nd span strain
Distribution 0.97~1.29 0.96~1.26 0.92~1.30 0.86~1.37 0.88~1.29
average value 1.06 1.05 1.05 1.05 1.03
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