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Simple-supported Beam Bridge Bearing Capacity Assessment
Method Based on Static and Dynamic Model Modification
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Abstract: In order to complete the evaluation of bridge safety quickly, the method based on static
and dynamic test model correction was used to evaluate the bearing capacity of a fabricated
reinforced concrete simply-supported beam bridge. Using a single vehicle to drive slowly across
the bridge deck, the deflection influence line of key measuring points of the bridge was measured,
the modal test on the bridge based on environmental excitation was conducted, and the first five
natural vibration frequencies of the bridge were measured. The initial finite element model of the
bridge according to the drawings was established, and the benchmark finite element model
representing the actual working state of the bridge was obtained by using the field measured
deflection influence line and frequency modified initial finite element model. The same test load as
the traditional load test was arranged on the benchmark finite element model, and the deflection

and strain response of the modified bridge were calculated. The verification coefficient of the
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actual bridge was calculated according to the relevant evaluation regulations, so as to evaluate the

bearing capacity of the bridge. The results show that the accurate finite element correction model

can be obtained by combining the measured displacement influence line and frequency of a single

heavy vehicle. The evaluation results of bridge bearing capacity evaluation using the model

modified by static and dynamic models are very close to the traditional load test, and the accuracy

is more than 90%. The evaluation method is time-saving, labor-saving, convenient and fast, and

has strong efficiency and feasibility.

Key words: model modification; verification coefficient; bearing capacity evaluation; influence

line; frequency
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Fig.1 Overall Appearance of Tongjiazhuang Bridge
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Fig.2 Bridge Cross Section and Elevation (Unit:m)
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Table 3 Measured and Theoretical Frequencies of Bridge
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7.4 Y0 s A WU 43 o5 BT 57 B A 560 2R BRI KR X i 25
GYR 2,996 .8, 1%, T A I AR G R 25 B A 10 %
DAPA o 85 v R 28 A 56 3 ORI X 158 22 - 39 R 3. 9 %%
1L AE AL 50 72 HIORH X 15 25 - 494 4. 7005 A U 43
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*8 BEXMEE
Table 8 Measured Strain of Cross Section
LIPS SYOMBIMNAE /1070 | HIEFIRARARAE /1070 | AAXTERARMAE /06 | LA R AR /106 i R AE /106 AT EN
Y1 55. 800 —1.700 —3.05 57.500 —17. 300
Y2 71. 600 —1.500 —2.09 73.100 55.100 1. 33
Y3 136. 500 5. 300 3.88 131. 200 133.100 0.99
Y4 174. 800 2.500 1.43 172. 300 210. 800 0. 82
Y5 227. 300 8. 600 3.78 218. 700 307. 500 0.71
Y6 248. 300 4,900 1.97 243. 400 341.700 0.71
Y7 304. 200 5.900 1.94 298. 300 402. 300 0.74
*9 BEXMNEB
Table 9 Measured Displacement of Cross Section
bLUD= SN ARSI AL E / mm HAFRARME /mm | AR/ % | TSR AL E / mm 87 /mm LA TEN
w1 —1.383 —0.117 8.46 —1. 266 0.619
w2 —2.586 —0.095 3.67 —2.491 —2.306 1.08
W3 —3.798 —0.198 5.21 —3.600 —5.167 0.70
W4 —5.379 —0.178 3.31 —5.201 —8.268 0.63
W5 —6.483 0.134 —2.07 —6.617 —11. 328 0.58
W6 —7.260 —0. 249 3.43 —7.011 —14.034 0. 50
w7 —7.835 —0.063 0. 80 —7.772 —16. 644 0.47
W8 —3. 345 —0.187 5.59 —3.158 —5.337 0.59
W9 —4.314 —0.173 4.01 —4. 141 —7.422 0. 56
W10 —5.115 —0.118 2.31 —4.997 —9.559 0.52
W11 —5.842 —0.083 1.42 —5.759 —11.519 0.50
Wiz —3.796 —0. 141 3.71 —3.655 —5.693 0. 64
W13 —4. 449 —0.160 3. 60 —4. 289 —7.646 0. 56
W14 —5.277 —0.229 4. 34 —5.048 —9.419 0. 54
W15 —6.242 —0. 270 4. 33 —5.972 —11. 080 0. 54
®I0 HREEEBENE BRUE IE , Ge 9815 SR HE 0 A R OT 18 E B ; B H
Table 10  Strain of Cross Section After Model Modification N *ﬁﬂ{%ﬁ 4 45 T80 o 5 R R AT R 3R BE 5 L SR
Wi | B0 7 | MERD T | BRER 245 9 5 5 40 0 00 1R BT R T i ) 902
:; 1;:: ;ZZ ;j: Ziz i ji R T 4 A ST R0
Y3 138. 400 139. 500 0.99 S AT
Y4 167. 400 197.700 0.85 S H STk .
Y5 187. 700 277.800 0.68 References:
Y6 208.900 273.300 0.76
v7 236, 600 328, 100 0.72 [1] BkEZ. WA, BT #3h 1 i B vy R hr i 2 8l

980,94 00  F& WYL TR AU A IE (1 190 07 vk H A& T AT
P55 AT REPE L RE S VA DR M T E B R D)

4 4 i

(D A AT XA R KA A TR AL I
FEAE IE J5 1 S v PR e AR A 1 it Jon 4 o) or 28, 1H 55
T I 10 57 B Iy 78 A B0 22 B506) M SR R A7 7R 38 W
[F] B 5 1% Gt g 80000 45 SR X L

(2) 3k A B A9 T 22 S0 A5 A% 52 ) 4R RUA R 0F A 7

EIE[T]. kil 2 42 . 2008,30(3) :65-70.

YAO Chang-rong, LI Ya-dong. Updating of Cable-
stayed Bridges Model Based on Static and Dynamic
Test Data[J]. Journal of the China Railway Society,
2008,30(3) :65-70.

(2] # .8 sC8 8 3O, JE T A RTREEARME EH AR 1
SERAR A I [T, K 2= 2 i (L2 D, 2008,
41(5):102-105.

LI Bo, QU Wen-zhong, ZENG You-lin. Research on

Structural Damage Detection Based on Finite Element
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k11 EEEEFRHEMLR
Table 11 Displacement of Cross Section After

Model Updating[ J]. Engineering Journal of Wuhan
University,2008,41(5) :102-105.

Model Modification [3] GUO N,YANG Z C,WANG L,et al. Dynamic Mod-
) 18 1E 5 (1% /mm PRt £ /mm e e B8 el Updating Based on Strain Mode Shape and Natural
W1 —92.479 —92.140 1.16 Frequency Using Hybrid Pattern Search Technique
W2 —3.422 —3.398 1.01 [J]. Journal of Sound and Vibration,2018,422.112-
W3 —4.412 —6.733 0. 66 130.
Wi —5.428 —9.207 0.59 [4] SCHOMMER S,NGUYEN V H, MAAS S, et al.
W5 —6.415 —11.855 0.54 Model Updating for Structural Health Monitoring
W6 —7.313 —14.502 0.50 Using Static and Dynamic Measurements[ ] ]. Proce-
W7 —8.168 —16. 980 0.48 dia Engineering,2017,199.:2146-2153.
w8 —3.67 —6. 365 0.58 [5] ASADOLLAHI P,HUANG Y,LI J. Bayesian Finite
W9 —4.28 —7.912 0.54 Element Model Updating and Assessment of Cable-
W10 —4.87 —9.455 0.52 stayed Bridges Using Wireless Sensor Datal J ]. Sen-
Wil —5.43 —10. 909 0.50 sors,2018,18(9) :3057.
Wiz —3.75 —6.369 0.59 [6] RBEAR.FUKIR, PR, . 5T T 450 i R BT 3
Wwis 446 —8.289 0.54 A BRICBENE Iy B LT ] B B ik, 2021, 51(2)
W14 —5.11 —10. 215 0. 50 40-46.
W15 —5.73 —11.049 0.52 SONG Xiao-dongs YAN Yong-yi, LI Jia-jing. et al.
W13 —4.46 —8.289 0.54 Substructure-based Finite Element Model Updating
Wid 5.1 —10.215 0. 50 of Long-span Bridge[ ] ]. Bridge Construction, 2021,
W15 —5.73 —11.049 0.52 51(2) . 40-46.
x12 FEHHABRSKASERBRKRIERHILT
Table 12 Comparison of Calibration Coefficients Between Traditional Load Test and Model Modification Test

IR LN | Mg R 2 HXF R 22/ % I ki Mg A1 M AR 2 AR 22/ %

Y1 W1

Y2 1.33 1.27 4.4 W2 1.08 1.01 6.5

Y3 0.99 0.99 0.6 W3 0.70 0. 66 5.9

Y4 0.82 0.85 3.6 W4 0.63 0.59 6.3

Y5 0.71 0.68 5.0 W5 0.58 0.54 7.4

Y6 0.71 0.76 7.3 W6 0.50 0.50 0.9

Y7 0.74 0.72 2.7 w7 0.47 0.48 3.0

W8 0.59 0.58 2.4 Wiz 0.64 0.59 8.1

W9 0. 56 0. 54 2.9 W13 0. 56 0. 54 4.0

w10 0.52 0.52 1.3 W14 0. 54 0. 50 6.7

W11 0. 50 0. 50 0.3 W15 0.54 0.52 3.8
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