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Abstract  This paper comes up with a new method for identifying the bridge damping ratio based on the vehicle bridge
coupling theory under the excitation of a single passing vehicle. Firstly, the integrated inspection vehicle is designed as a
single degree of freedom system. The accelerometers integrated on the inspection vehicle are used to collect signals and
filter to obtain the bridge frequency response signal of the first mode. The ratio of adjacent peak points is calculated and

averaged to obtain the bridge damping ratio of the first mode. Theoretical derivation shows that the inspection vehicle can
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identify the bridge damping ratio of the first mode when the inspection vehicle parked at any position on the bridge deck.
Secondly, considering the influence of the passing vehicle speed, parking position of the inspection vehicle,
environmental noise, bridge damping ratio of the first mode and the damping of passing vehicle on the identification
results, the effectiveness of this method is verified by the numerical simulation. And comparative studies were also
conducted on the classical stochastic subspace method and literature method. Finally, the field test of beam bridge was
used to demonstrate the practical applicability of the proposed new method. The research results indicate that the
proposed method has no specific requirement on the parking position of the inspection vehicle, avoids the influence of the
road roughness on the result of the damping ratio identification, and the passing vehicle damping and speed have no
significant influence on the identification of the damping ratio within a certain range, besides, the proposed approach can
identify the bridge damping ratio of the first mode with SNR = 30 dB. It has good robustness, simple operation, and does

not require bridge closures. It can significantly promote the identification of bridge damping ratio of the first mode in

practical engineering.
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Table 1 Damping ratio identification results under different
vehicle speeds
Vehicle speed/  Identification ~ Theoretical ~ Absolute  Relative
(m-s™h value value error error
1 0.0098 0.01 0.0002 2%
2 0.0098 0.01 0.0002 2%
5 0.0097 0.01 0.0003 3%
2~4 0.0097 0.01 0.0003 3%
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Fig. 11 Contact point response at node 13
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Table 2 Damping ratio identification results for the inspection

vehicle parked at different locations

Parking Identification Theoretical Absolute Relative

location value value error error

node 2 0.0098 0.01 0.0002 2%

node 5 0.0098 0.01 0.0002 2%

node 13 0.0098 0.01 0.0002 2%
2.4 E=AE Y

IREE
T I A 2 AT N R 4 ) 3k R e
tk o 40, 30 A1 20 dB HPAEE M5 R A2 B JE T,

2 %1073

. —30dB
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Fig. 13 Contact point response at 30 dB
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Fig. 14 Contact point response at 20 dB
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Table 3 Damping ratio identification results under different

signal-to-noise ratios

SNR/dB Identification value Theoretical value Absolute error Relative error

40 0.0096 0.01 0.0004 4%
30 0.0095 0.01 0.0005 5%
20 0.0093 0.01 0.0007 7%

{EMELE Y 20 dB I, U B GEBH G LE EAR AR G
RZEN 1%, BHERBEA —EMSEME. 451K
W, AT T EAE R GEBR JE LU, B — 5 1Y
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25 HEMEELLE M

TESEBRIG LR, AN R 2R — B B b rT R 2
HARL. L, 2 5EFERH R T 0.015, 0.02 1 0.025,
AT EEE RN | m/s, HAMEMSHS 2.1 T—3, 78
fERELL N 30 dB NHIIRAIZE R, K 15~ B 17 25000
AN EIAT 2 BHL @ bG8 i P 4 flk a5 el R v )82, BHL
Je EE IR 45 SRk 4 Bk,

3 x10°3
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£
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=
5
8
2 -1

72 1 1 1 1 1

0 5 10 15 20 25 30
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Fig. 15 Contact point response when bridge damping ratio is 0.015
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Fig. 16 Contact point response when bridge damping ratio is 0.02
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Fig. 17 Contact point response when bridge damping ratio is 0.025
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Table 4 Identification results under different bridge damping

ratios

SNR/dB Identification value Theoretical value Absolute error Relative error

0.0145 0.015 0.0005 3.3%
30 0.019 0.02 0.001 5%
0.026 0.025 0.001 4%
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HA A M R e b T, i KR ZE AT 5%. H
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Fig. 18 Contact point response when passing vehicle damping is
100 N-s/m
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Table 5 Damping ratio identification results under different

passing vehicle dampings

Vehicle damping/ Identification = Theoretical Absolute Relative
(N-s'm™) value value error error
100 0.0098 0.01 0.0002 2%
500 0.0098 0.01 0.0002 2%
800 0.0098 0.01 0.0002 2%

M5 TR FEEMEEE 30 dB 41 KR [EAT 4
BHJE LL 5T, M 2 BE 2 L35 AT LR S i o, A+ %
RIEEBIAE 2%. 25 R, AT ZEBH B X A S Uy
LA 5, 75 SR B A BE B A ik
2.7 FiENTEE

AT ) AR A BLE . 50k [18] ML,

B B 0 U IR 4, B v A O A
AR R R I, AT EA T EMER 2
B, ANTER I ZE R b R SR AN ok £ 2 D
A, [ IR B G T 4% THDAEDRES P S 1R S 45 SR R 55
Bk [19] AHEL, AR SCO7 v 3 F B AT 20 R 42,
AT BB, N S A A R ek
BHJE b 2% B8 IE IR B 25 — M R 2 1 o KA
b TR S B T i SR e, HLAiMe PR T

N UL AR ST IR IR A, BN
1 m/s. MFERHJELL )9 0.01. {5MELLN 50 dB R T
o, BT [P SR AR 11 BRAN I gt 5 40040 5 STk [19] %
T H R AR 1 B JE B vE A BE BT S 1)y B
MO B 23 AT, ARUBIRE B SR 6 PR, AT LUER H, AL
JVEAE R NG FE 0 T A P b 7 3. B EE (Y
&, AR SCTTVETC TG B, TR IR G T B TR P iR
ol 225 SR (1 5 T, A 2 45 S AT TR ok S R AME— £f
B AT ARG R R B, NG B m R, 1E A T
NS AN G AR AR I A DU

®6 TEFGERANE

Table 6 Identification results using different methods

Identification Theoretical Absolute Relative
Identification method

value value error error
methodology used in
. 0.0098 0.01 0.0002 2%
this study
Ref. [19] 0.0096 0.01 0.0004 4%
random subspacel®'] 0.0097 0.01 0.0003 3%

3 AL

20 e ) G XA g B D T B KM, WD 4
2.30 m(AATIE + ££FF) + 16.00 m(FEATIHE) +
2.30 m(A\ATIE + F2AT)=20.60 m, M 4% NI IR
B, AR BN TR R A AT, TR SR, A TR
BEATVE WA 3 W BUERRA 2. 1] 21 el 4=,
22 B ARSI A% TR 2 () A B =L

fEIE B2 A, kR 3 M. B, B
JTHEVE AR A5, 25l 25 7t b0 — ANk A 1 b s ),
AT TR NGRS I ZE AR SRS E B B 23
28 et bR e R AR e U 4 PR O A S A
W, BT LLE H, R ZE R AR IR 3 Hz, LR, EMF
THIAT BT A IR A SR (1) 3430, 40 1] 24 o,
MR FE AN 5.45 Hz, B Ja, T4 B8 i 44 K
A RARACR YR 5 T A ORI ZE A SEAEM I, 29
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