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Sensitivity of Concrete Girder Bridge Dynamic
Behaviors on Durability Index

ZHANG Liye, SUN Limin
(State Key Laboratory for Disaster Reduction in Civil Engineering,
Tongji University, Shanghai 200092, China)

Abstract: According to frequency of vibration and vibration
mode function of simply supported beam, the reliability
functional function was established based on monitoring
information. The reliability sensibility analysis method was
used to study the influence of materials parameters and cross
section geometry parameters on frequency of vibration.
Theoretical analysis shows that the sensitivity of frequency of
vibration on the reinforcement elastic modulus is lower than
that on the concrete elastic modulus. The sensitivity of
frequency of vibration on the moment of inertia of cross-
section of concrete is lower than that on the moment of inertia
of cross-section of reinforcement. The numerical example
demonstrates that the sensitivity of frequency of vibration on
the reinforcement corrosion is higher than that on the mid-
span damage. When the reinforcement corrosion degree and
10%, 15% and 20%

the damage severity are 5%,
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respectively, the reinforcement corrosion caused by the first-
order frequency of vibration variation rate are 1. 94 times,
1.85 times, 1.80 times and 1. 74 times as much as that caused
by mid-span damage of the first-order frequency of vibration
variation rate.

Key words: girder bridge; frequency of vibration; mode

shapes; reinforcement corrosion; damage
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Finite element model of reinforcement concrete
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Tab.1 Frequency of vibration of different corrosion

degrees

f/Hz
Bk SRR
AR 5% 10% 15% 20%

15.483 15,427 15,372 15.315  15.257
B 1B (X1 36,604 36,507 36,408  36.307  36.203
B 2 Br(Y2) 56.939 56,703 56.463 56.219 55,972
R 2 Br(X2) 117.6%0 117.380 117.050 116.730 116,390
=) 3 Br(Y3) 118,890 118,440 117,980 117.510 117.030
U2 4 BY(Y4) 159.560 159,190 158,800 158.400 158,000
B 5 Br(Y5) 227.120 226.330 225.520 224,700 223.860
R 3 Br(X3) 237,930 237,360 236,780 236.180 235.570
2 6 BY(Y6) 335.830 334,690 333,520 332.330 331.120
B 4 Br(X4) 386.710 385.950 385,170 384.370 383.540
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Finite element model of intact and damaged

b B4

Fig. 2

structure
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Tab. 2  Frequency of vibration of different damage
severities
f/Hz
Bk " WHRE
A 5% 10% 15% 20%

Bm 1Y) 15,483  15.454  15.423  15.389  15.353
B 1B (X1  36.604 36.546 36,482  36.414  36.339
2 2 BY(Y2) 56,939 56,935 56,930 56.924 56,918
B 2 Br(X2) 117.6%0 117.660 117.630 117.590 117.550
B 3 Br(Y3) 118.8%0 118.700 118.490 118.280 118.040
U2 4 BY(Y4) 159.560 159,390 159,210 159.010 158. 800
B 5 Br(Y5) 227,120 227,020 226,910 226,790 226. 650
B 3 Br(X3) 237.930 237.520 237,080 236.600 236,090
B 6 Br(Y6) 335.830 335.230 334.590 333.910 333.180
Rl 4 Br(X4) 386,710 386,460 386,180 385.870 385.520
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Fig.3 Frequency of vibration at reinforcement corrosion and mid-span damage
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-2.0 Tab.3 Comparison of reinforcement corrosion and mid-
X1 X2 Y4 X3 X4 23N X2 Y4 X3 x4 span damage (5%)
Yl Y2 Y3 Y5 Y6 YL Y2 Y3 Y5 Y6 WAL, Hz RA R, Y,
y y s
ik i R e BTRG WEER BTRE
o BRI 5% b B 10% ﬁf—i 1 5;.\2;1; —0,056  —0.029  —0.362  —0.187
H1RXD  —0.097  —0.058  —0.265  —0.158
Tg?jg% ngﬁg R 2B(Y2) —0.236 —0.004  —0.414  —0.007
T ot M2 BX2) —0.310  —0.030  —0.263  —0.025
T 4 L B[ 3F(YS)  —0.450  —0.190  —0.379  —0.160
o %/ i 4 B(YH  —0,370 —0.170  —0.232  —0.107
’ iR 5 BY(YS)  —0.790 —0.100  —0.348  —0.044
Bm3m&X3) —0.570  —0.410  —0.240 —0.172
-4 X'l xz . Y'4 . X'3 'X'4 X'l lez . %4 . X'3 - IZE 6 (Y)Y —1.140 —0.600  —0.339  —0.179
Yl Y2 Y3 Y5 Y6 Yl Y2 Y3 Y5 Y6 *ﬁlﬁ]‘}m(x‘l) —0. 760 —0, 250 —0.197 —0. 065
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Comparison of frequency of vibration between

reinforcement corrosion and mid-span damage
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Fig.5 Reinforcement corrosion and mid-span damage of

absolute changing rate of frequency of vibration
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Tab.4 Comparison of reinforcement corrosion and mid-

span damage (10% )

Bk SRARAEAL/ Hz AR/ %

WG Bl WEESm BiRG
BT YD —0.111 —0. 060 —0. 717 —0. 388
R 1B XD  —0.196 —0.122 —0.535 —0. 333
B 2 Br(Y2)  —O0. 476 —0. 009 —0. 836 —0.016
B 2 B (X2) —0.640  —0,060 —0. 544 —0. 051
B 3E(Y3)  —0.910  —0.400 —0. 765 —0. 336
I 4 B (Y4  —0.760  —0, 350 —0. 476 —0.219
= 5 Br(Ys)  —1.600 —0. 210 —0. 704 —0.092
BEm 3 Br(X3)  —1.150  —0.850 —0. 483 —0. 357
= 6 Br(Ys) —2,310 —1. 240 —0. 688 —0. 369
i 4 Br(X4)  —1.540 —0,530 —0.398 —0.137
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Tab.5 Comparison of reinforcement corrosion and mid-

span damage (15% )

Bk SRARAEAL/ Hz AR/ %

W BEhss WEEMm BTG
B (YD —0.168 —0. 094 —1. 085 —0. 607
B 1 XD —0. 297 —0. 190 —0. 811 —0.519
w2 Br(Y2) —0.720 —0.015 —1.265 —0. 026
BEm 2 Br(X2)  —0. 960 —0. 100 —0. 816 —0. 085
B3 YY) —1.380 —0. 610 —1.161 —0.513
I 4 B (YL —1.160 —0. 550 —0. 727 —0. 345
B 5 Br(Y5)  —2,420 —0. 330 —1. 066 —0. 145
BEm 3 Hr(X3)  —1.750 —1. 330 —0. 736 —0. 559
B 6 fr(Y6)  —3.500 —1. 920 —1.042 —0.572
WM 4 By (X4  —2.340 —0. 840 —0. 605 —0.217
4 Z5ig

SO T8] SRR Bl AR ER B AR 2 o B PR ST
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Tab.6 Comparison of reinforcement corrosion and mid-

span damage (20% )

Bk WZRAE L/ Hz WFEAALIR/ Y

WEEm  BEhEs WHEm B
B 1By (Y1) —0.226 —0.130 —1. 460 —0. 840
B 1B (XD —0. 401 —0. 265 —1. 096 —0, 724
B2 By (Y2)  —0.967 —0. 021 —1. 698 —0, 037
2 fr(X2)  —1.300 —0. 140 —1.105 —0,119
B 3EY(Y3)  —1.860 —0. 850 —1.564 —0. 715
B4 fy (Y4  —1.560 —0. 760 —0, 978 —0, 476
=) 5 Br(Y5)  —3.260 —0. 470 —1.435 —0. 207
B 3 (X3 —2.360 —1. 840 —0. 992 —0, 773
B 6 EY(YE)  —4.710 —2. 650 —1. 402 —0. 789
BEM 4 B (X4 —3.170 —1.190 —0, 820 —0. 308
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