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Fig.1 Vehicle-bridge coupled system
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SEBRES Bl 45 1A ) B AR sl ma AT O R R R A

Y = HugiSi(pkkia; + pséia;)+
H piq; (1 — )Y i+
2H10i87%[(1 — i)k s + (1 — p§)&;Y )
(18)
K, Sei = Sei ® Inyn,, HiBE Hugs 2 HZEAH)
Ui 2R 58 1) B 16 5% K e e 1 B B0 4L AR K Toeplize
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I— | 2H,S(I - p)k 2HwmgS (I — p)e Humpd(I — p) HumgSpk HugSpe| ¢ | V| =
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IS B F- 75 B B R A AL UM AR 2 B

) M _ D™F 2
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d
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Pl e o, AT LA B 3R 15 25 44 5 L A
PHE . R JE R YE L5 R Fh T ZE 5 KRR pE
JRfH, DA — MG ERL, EAERRIG R
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MR E B IER TR, W5 2.5 5. A HE AR
B3 (21) S EMALEL A RALEA S B EIER
T MRS A TR AR 2R R B E MK o R
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(2) 48T = £A B P sk

3 (20) M FRBORE A Bk, RO 3 R B AT B
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i AR M BB HES AR T =M PAERE RS, T
A% A1 AR ek A bR S O B R B 4 K A
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o Yy PTG, 39

po= ™ok pl), X (20) A Az = b WER; HE
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4 HERHY

FIFAE 1 il 3 B HER G0 UE A SCT 3 77
HBRAE R, WAERREMERE 20m, 24 200m,
PGB & 50m; BPERLE 215 GPa, BN K B E
A 15.3t/m; PR B A 0.8 m?, A FEmE B

4 0.16 m*; Z5FHT 2 B BB L4 0.01 0 0.015.
SR 4 A 20 oo, BTSN 20T, 1B
FRZE i 55.2 m f) SR AR TH JEE B AT B — NN AR AR IR AR,
SRAESR 100 Hz, SRFERFA] 1s (100 25). 4 Bt B
MBI EARR 3 N EEIETHI, HXSHEL
# 1.

R1 BETRABHEFBAXSH

Table 1 The parameters of moving vehicles in each case

3 4
Case ! Vehicle 1  Vehicle 2  Vehicle 3 Vehicle 1 Vehicle 2 Vehicle 3
mass(x10% kg) 61.2 61.2 71.2 60 53 71.2 71.2 71.2
velocity/(m-s~1) 20 80 34 34 -30 34 34 —34
barycentric coordinates/ m  —3 -3 —11 -3 206 —11 -3 206

AT BN, XA BB S W B2, BE 2 A
el RN SCHR [12) IR, 4 B ZEAR B
B — /8, B k=1760mN/m, ¢ = 2.8m N-s/m,
J = 9mkgm?, 5 H B B0 K P B A e = 3m.

A ECBR A B A R s A i U ROR, 4
AR AR (HLICHK (8]), SRH 4 Bl 77 ikt
XA, 28T 10 XA R R, 2 BT E,
W BEFIBH JE 8 IE B 7 d R Iuib; AT 20 XA B BEAR
B, fifed s AR A SR AR, BRI
TR JE SR o W aa 18 oA 3: IR BB 4Rk 2 B
i BN 2 NERTR MBS PR 24T 4 1
Bl 25 A 1 H BT B SO AR Bl BT R AR AL

4.1 #BEHRH FR Gt STl e 7 R

S48 () S5 bR 3l g me N EH A% G i BEAARRE B R BE 4
MraE: (35 (6)) #Hl, EH Newmark #5401,
a4 0.01s, Newmark 23 o = 0.25, 8 = 0.5.
S 000 e 07 AR 4R XX R R R, SH R
Me 3 8L ] 2 (two Dof). AR -k, X BALBI T8 3
. B AR A TR B T S A 3 O ) B 2 R e AR
FEEXA X (15) AT (20) PRt 575 2 i 25 44 ma b (&
H fast DMM-based), A LAUF H B Ff 77 31 2 45 1 2
— K, MEFETEZREE. 2 MBS AER
(4347 3) IHEAEE MY (B 2, two mass points) 5
BB, HRNBI R (57 4) &
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Fig.2 Comparison of the responses by different methods

in case 3
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Fig.3 Measured responses in all cases
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Fig.4 Comparison of structural strain under different

value J in case 1
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Table 2 The identified parameters of a single moving

vehicle in case 1

Trial I Identified Error /%
m 60.84t 1.004 61.10t 0.16
est 1 k 304MN/s 0.9999 30.4MN/s 42.91
¢ 60.8kN-s/m 1 60.8kN-s/m  28.99
est 2 m 60.84 t 1.004 61.10t 0.16
est 3 m 60.84t 1.003 61.04t 0.26
est4 m 59.72t 0.997 59.56t 2.68
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P, TO0 1 A E AR R oo 4R R R, B B 1E

TR RBUEAER AN (LB 7(b), 7(c)), Bil T PR
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Fig.5 Identified equivalent moving forces and the actual

values in case 1
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Fig.6 Interface forces of vehicle-bridge and its components in

case 1
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Fig.6 Interface forces of vehicle-bridge and its components

in case 1 (continued)
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Fig.7 The sensitivity of modifying factors in case 1
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Table 3 The identified parameters of a single moving

vehicle in case 2

Trial I Identified Error/%
m 60.43t 1.008 60.91t 0.47
est 1 k£ 30.2MN/s 1901 57.4MN-s/m 6.64
¢ 60.4kN-s/m 1.000 60.4kN-s/m 29.47

est 2 m 60.43t 1.004 60.67t 0.86
est 3 m 60.43 t 0.996 60.19t 1.66
est 4 m  57.232t 1.0051  57.524t 6.01
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Fig.8 Identified equivalent moving forces and the actual

values in case 2
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Table 4 Mass identification results of multiple moving

vehicles in case 3

Noise free 5% noise
Identified /t Error/% Identified/t Error/%
vehicle 1 72.96 2.48 68.86 3.29
est 2 yehicle 2 59.45 0.91 60.72 1.21
vehicle 3 55.01 3.80 50.47 4.78
vehicle 1 71.48 0.40 68.25 4.14
est 3 yehicle 2 59.42 0.97 60.40 0.66
vehicle 3 51.09 3.61 47.47 10.43
vehicle 1 51.23 28.05 51.01 28.36
est 4 yehicle 2 63.76 6.26 63.71 6.18
vehicle 3 27.51 48.10 27.01 49.04

1.08

1.04F

% 1.00fF

0.96F

0.92 1 1 1 1 1

iterations

B 10 T 3 B IERTFImpTRE
Fig.10 The optimization procedure of moving mass modifying

factors in case 3
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Fig.11 Identified equivalent moving forces and the actual
values in case 3. act: actual value; esti: results from

the ith analysis; m;: the ith moving vehicle; lef: left axle;

rig: right axle
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Table 5 Mass identification results of multiple moving

vehicles in case 4

Trial/t 7 Identified /t  Error /%
vehicle 1 79.11 0.93 73.38 3.05
vehicle 2 63.91 1.09 69.89 1.85
vehicle 3 67.57 1.07 72.16 1.33
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MOVING MASS IDENTIFICATION OF VEHICLE-BRIDGE COUPLED
SYSTEM BASED ON VIRTUAL DISTORTION METHOD "
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Abstract In the inverse analysis of vehicle-bridge coupled system, moving vehicle (load) identification is a

crucial problem. Traditionally moving vehicles are identified by identifying the equivalent moving forces, which

is a well-known ill-conditioning problem, and hence is sensitive to noise. Moreover identification of moving

forces require the number of sensors equal to or bigger than the number of unknown forces to obtain the unique

solution. In order to avoid these drawbacks, this paper presents an effective method to identify moving vehicles.

Vehicle parameters are chosen as the variables, which are optimized by minimizing the square distance between

the measured structural responses and estimated responses. During the optimization, the computational work is
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reduced a lot by the proposed concepts of dynamic moving influence matrix based on Virtual Distortion Method
(VDM), which consists of impulse response matrix with respect to the changing positions of the moving masses
and is independent of mass values, and only needs to be computed once in advance. In this way, the repeatedly
construction of the variant system matrix is avoided, and hence the optimization efficiency is improved. In
this method, a mass-spring damping model with two degree of freedoms (Dofs) is used to simulate moving
vehicle and its dynamic behavior. Moving vehicles and the bridge are analyzed as different substructures. In
addition the equivalent moving loads are reconstructed simultaneously, such that the well-conditioning of the
identification is ensured and makes the method be accurate and robust to noise. Moreover the number of the
necessary sensors is decreased. The numerical costs are considerably reduced further by using the concepts of
VDM, which belongs to fast reanalysis method, that is, the response of the modified structure equals to the
response of an intact structure subjected to the same external load and to certain virtual distortions which
model the changes of the actual structure. In this way, during the optimization, the structural response under
given optimization variables are estimated quickly without the whole analysis of the global structure. Numerical
experiment of a frame beam with 5% Gaussian measurement error is used to verify the proposed method, where
the effectiveness of different simplified vehicle models is compared. It demonstrates that masses of multiple
moving vehicles can be identified using fewer sensors. When the roughness of road surface is neglected, under
normal speed, the structural response is mainly caused by the weight of vehicles, and the coupling between the
vehicle and bridge is rather low, therefore the influence of the vehicle spring stiffness and damping is very weak
on the mass identification. For the identification of multiple vehicles, masses of the mass-spring damping model
with two Dofs can be identified satisfactorily with the stiffness and damping as the estimated initial values.
The identification considering the road roughness or high speed using the proposed method in this paper is

undergoing.

Key words structural health monitoring, moving vehicle identification, structural reanalysis, virtual distortion

method, influence matrix



