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Fig. 1 Simply supported beam subjected to a moving force
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Fig. 2 Flowchart of proposed method
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Fig.4 Identification results of proposed method under

different noise levels
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®5 XWRE5uFEMAET=KHEFMEMIT L
Tab.5 Comparison of the first three natural frequencies

between experimental beam and uFEM

N A %R /Hz .
/1078 e FEM RPE/%
%—Br 19.454 19.332 0.63
iy 72.423 73.211 1.08
5=k 162.005 160.020 1.23

3.3 LHIEmAE

P 7 S S 56 DM A5 A IR SR 184545 o 18T 7 () A0t
HLTTE 5, 15 5 0 W R0 R 3 2 400 2 — Al ol e e v
PIBT AL 3 S WA (ELAR 5 22 1 19 1] B LT AR
S5 R AE N A PR AL . B 7(h)

ﬁamwﬁ%ngmmﬁwmﬁ%LWMEﬁm

Juf Fsf

Ivi] i %5 e 381 e 1 540 1) 40 536 43 B 238 LA R S 0
55 = Y A AR Ol 162.01 Hz, M8 75 4 SR A & 28
DA B AR 238 3 23 104 5 SC, S0 Wi 87 ) SR A AR R 15
J 512 Hz, a] LA 5256 0K .

TR Y N 2 A7 B IR B R S L R
Butterworth {1 i 38 I #% X5 1 48 55 i 3B me) g F 17
UEUE o TSR R A B A % R 162.01 Ha,
UE B A AR LR R e o 165 Hzo 3B BT MR AR 5
TS JEE ) 7 3 ) WL 7 (b) (e ) o

2
ffa] /s
(@) EHIES

(a) Signals from photoelectric sensors

S — AR UE AL

0 1
(b) 3/4EEFEW TG RAEE T

2 4
fif[a] / s

(b) Strain signals before and after filtering at 3 span
4
- 20
1 Ten
W 0
E \g/ 20 1 1 1 1
0 1 3 4

2

HE] / s
—ARTIEINEREE; — Bk E
(c) 128808 AT JE I BE A5 5

(c) Acceleration signals before and after filtering at % span
7w
Fig. 7 Partial measured signals

S 5 Y N AR e N 5 uFEM A5 2 T RE 2

() A7 5% 22, SR FH 0 B0 288 S5 36 %o o7 A8 T R AT 4%
. , 1 1 3

i ﬁj\ﬂﬂﬁﬁﬁélﬁ@fﬂgll%HZLWYJ@J\ZBUJH&,4?}2&
7 3 49.98 N 18 i X B mf AT 2o ME 0L 5 L 75 31

1 1
F1% 2 3 R DAy 7 78 R 25 R 2 M) P A T R o ,,EL%H

3 . .
Zl‘ 1R 7 S A v 2R K 5k 3.1612,3.1882 1 3.1352,

3.4 BHEHIRANERS ST

AR 4 DA R R LG, B T 6 T,
N 6 Bz o B A ) Bl B L O A S Rl R
o HWEE(GVW) R 4 AT m 5 5 i 1 8.
T P RN A | P PR T = A L

F6 AFMIEWIN

Tab. 6 Six different experiment conditions

B kg T o/ (mes™')  HhEL
i 4k 5.567 12 31 0.382
J5i 4l 5.572 ERBT | 0.799 0.999
GVW 11.139 Pk 1 1.390
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GVW 11.761 PR 2 1.321
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Fig. 8 Comparison of identification results using different

methods
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Tab.7 Identification results of three different methods
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TR T = Ay kB R ) RPE 25
FILLE Y, JC I8 OB TR 2 () il R A 2 DA
RUZE Y B OR A T4 7 U0 1 4 . RPE (B #B 2
B/ANA . BUA L1 AL2 15 WAk 5 vk 10 0 45 31 Y 2%
5 R AR R R 2 o X Rk 3 e i
6 SR A o A v IR B SR A RS S R RS 5 s A A
LW T A A i A B R A, DTS5 BOK i s
AN Gt AH LS RUDIORG B A 2, ELR D PR A B 0
BT R U o AE TR T vk b S R B A Ay
R R AR Y, OF LA B A 4 p TR [
R TIASL = L, LA e b D i % 3 A 288 FP A9 S N B
B ERRIE . X I R LT AN L2 1E W
iz N E S
3.4.2 RE I FHH

AN [R) S B ANl LR A RS sh ar 48 1R 45 S

o 3 1 1
X 8N . ﬁéﬁﬁﬂﬁﬁjéﬂﬁﬂﬂzm &Em &an 3RS

AR B 2 5 v R A Y A Bl R U 5 R A — s R
JE b2 BURNF W sg . A E T RS 8 fr 4R
W25 R 1) RPE A A X o (B R AEAS A B R
B TE) 25 RN BE R R AT 32 1 o A Bl 2y
XoF B 2y Al 2 R0 A4 R T T A — R . 2l
Ji ) o 2 AR I, ROl R L O 0.999 I, T 4 T ik
HA T m R ks B . RS e E Lo 0.735 B R
SR FE AR XA, {E PR 50 25 5 1 B e RPE{E WA N
3.45%,

*8 AEIRTHIRFER

Tab. 8 Identification results under different experiment conditions

WEE TR GOEi J il il + 5
SEfE kg hdE/kg  RPE/Y% M /kg & /kg  RPE/Y%  SWMEH/kg GVW/kg RPE/%
P2 1 5.573 0.11 5.669 1.74 11.242 0.92
0.999 w1l  5.567 5.616 0.88 5.572 5.703 2.36 11.139 11.319 1.62
Pk 1 5.651 1.51 5.533 0.70 11.184 0.41
85 2 4.905 1.59 6.579 2.92 11.484 2.35
0.735 k2  4.984 5.156 3.45 6.777 6.931 2.27 11.761 12.087 2.77
Pk 2 4.926 1.17 6.602 2.59 11.527 1.98
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Tab.9 Identification results of vehicle axle loads under

different response combinations
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2 2
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Integrating response prior information and weighted dictionary for
moving force identification

YU Ling, LEI Yuan-dong, HOU Zhi-long

(MOE Key Laboratory of Disaster Forecast and Control in Engineering, School of Mechanics and Construction Engineering,
Jinan University, Guangzhou 510632, China)

Abstract: Sparse regularization has been proven to be effective in addressing the ill-posed problem in moving force identification
(MFI). However, existing methods often neglect frequency characteristic disparities between static and dynamic components in
moving loads, thereby limiting the identification accuracy. Therefore, an MFI method integrating response prior information and
weighted dictionary is proposed. A linear relationship between vehicle-induced bridge responses and moving vehicle loads is estab-
lished in bridge-vehicle system. Once frequency domain analysis is separately performed on bending moment and acceleration re-
sponses, the obtained frequency prior information is then employed to construct weighted dictionaries that correspond to both static
and dynamic load components. Subsequently, the static and dynamic components of moving loads are individually solved by alter-
nating direction method of multipliers (ADMM). The effectiveness of proposed method is demonstrated through numerical simula-
tions on a real bridge, and a series of MFI experiments are conducted in laboratory. Results show that the weighted dictionaries con-

sidering response prior information significantly improves the accuracy of force identification and enhance its robustness to noise.

Key words: moving force identification ; bridge health monitoring ; prior information of response ; weighted dictionary ; sparse

regularization
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