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Study on Environmental Temperature on Frequency of Concrete

Beam—type Bridge
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Abstract: The existing studies on the influence of the environmental temperature on the natural frequency
characteristics are usually carried out for a specific bridge, and their applicability is limited. As concrete beam—type
bridge is the most widely used bridge type, this paper deduces the general iterative formula of the relationship
between natural frequency and temperature for concrete beam—type bridges and verifies it via numerical examples
and laboratory tests. The results indicate that the influence of environmental temperature on the natural frequency
cannot be ignored, and the proposed general iterative formula can effectively consider the environmental temperature

influence and can be used to calculate the natural frequency of concrete beam—type bridges under actual temperature.
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Fig.1 The numerical simply supported beam
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Fig. 2 Relationship between frequency change rate and temperature of numerical simply supported beams

R1 HEGIRFERTEER

Tab.1 Frequency of the numerical simply supported beam

R4 BEESEZMRTEER

Tab.4 Frequency of the numerical continuous beam

Hz Hz
WErC —Br ZBr =B | RESC —Br ZBr =B i izt

~10 4713 18400 38.897 | 25 4458 17.540 38.154 e A U I e
-5 4681 18281 39.640 | 30 4452 17.413 37.897 S10 4723 7.198 18647 | 25 4493 6861 17751

0 4649 18.160 39398 | 35 4418 17.285 37.637 S5 4691 7.051 18552 | 30 4459 6811 17.619

5 4617 18038 39.155 | 40 4384 17.155 37.374 0 4658 7.103 18396 | 35 4425 6761 17.486

10 4584 17.915 38908 | 45 4349 17.025 37.109 5 4626 7.056 18269 | 40 4390 6710 17.352

15 4551 17.791 38697 | 50 4315 16.893 36.841 10 4593 7.008 18141 | 45 4356 6659 17216

15 4560 6959 18012 | 50 4321 6607 17.080

R2 HEESZRMERENEUE

Tab. 2 Relative change rate of frequency of the numerical

x5 HEMBEERMETUE

simply supported beam % Tab. 5 Relative change rate of frequency of the numerical
WErC —B B =B EEC —Br ZB o =B two—span continuous beam %
-10 432 415 383 25 -0.73  -0.71 -0.66 WEESC —Br By =R e —B B =B
-5 3.61 348 3.21 30 -146 -1.43 -1.33 -10 435 417 428 25 -0.73 -0.71 -0.73
0 290 2.80 2.58 35 -2.21 -2.16 -2.01 =5 3.65 349 358 30 -1.48 -1.43 -147
5 2.19 211 194 40 -297 -2.89 -2.69 0 292 279 287 35 -2.23 -2.16 -2.21
10 146 141 1.30 45 -3.74 -3.63 -3.38 5 2.21 2.11  2.16 40 -3.00 -2.89 -2.96
15 0.73 0.71 0.65 50 -4.49 -438 -4.08 10 1.48 142 145 45 -3.76 -3.63 -3.72
15 0.75 071 0.73 50 -4.53 -438 448
R3 HEEZPIMERMEIRE
Tab. 3 Relative errors of frequency of the numerical sim- F=6 HEMBESPZI=MIMERITIRE
ply supported beam % Tab. 6 Relative errors of frequency of the numerical
WHECC B W =K | EEC B =K two—span continuous beam %o
-10 0271 0427 0.741 25 0.017 0.035 0.087 WEEC —Br B =B | RS —B ZB =B
-5 0.203 0.326 0.592 30 0.030 0.059 0.162 -10 0.236 0.414 0.308 25 0.019 0.039 0.015
0 0.140 0.240 0.454 35 0.013 0.071 0.224 -5 0.167 0319 0.231 30 0.010 0.058 0.019
5 0.081 0.165 0.323 40 0.009 0.067 0.273 0 0.123  0.243 0.164 35 0.005 0.072 0.012
10 0.049 0.099 0.206 45 0.060 0.057 0.312 5 0.063  0.158 0.107 40 0.049 0.065 0.006
15 0.022 0.044 0.098 50 0.094 0.029 0.337 10 0.029 0.091 0.061 45 0.076  0.053 0.043
15 0.001  0.043 0.025 50 0.132  0.019 0.085
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Fig. 4 Frequency rate—temperature relationship of the numerical continuous beam
L, 1.05m 1.05 m L,
i 36 m E 4
“ fc) |
2 10m v 16 m v 10 m M=)
A 7 A A

0.5m

BS5 M= TREELR

Fig.5 The numerical three—span continuous beam with variable cross—section
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Fig. 6 Frequency rate-temperature relationship of the numerical three—span continuous beam
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continuous beam Hz AL L A R ) R 0 G Y AT = B A R R R S
WECC B B B EEC B B =B RN L AR AR T A SIS A 3% 10 A1 11
-10 5.930 11.448 15.711 25 5.651 10911 15.030 ETZ?\A

-5 5.895 11.380 15.626 30 5.604 10.822 14.916
0 5.850 11.295 15518 35 5.562 10.741 14.812
5 5.810 11.218 15.420 40 5.520 10.659 14.708
10 5.770 11.140 15.321 45 5.482 10.586 14.613
15 5.733 11.070 15.233 50 5.434 10.493 14.494
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Tab. 8 Relative change rates of frequencies of the v M .
. _ . | |
numerical three—span continuous beam % — — %
BECC —B T =R RESC —B B =B
JEL R 3 4t
-10 425 424 390 25  -065 -0.65 -0.60 ¢ R
N—
-5 3.64 362 334 30 -148 -1.46 -1.36 b IR,
0 285 285 263 35 2.22 2.19 2.04 "
’ ’ ) ) ) ' (b)FELLGE
5 2.14 215 198 40 =295 -294 -2.73 .
A8 KIEAE
10 1.44 144 1.32 45 -3.62 -3.61 -3.36 ) )
Fig.8 The layout of the experimental beam
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Tab. 9 Relative errors of frequencies of the numerical
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|

T3 /(m-s2)
i

three—span continuous beam % “u
T EE 2
-10 0.331  0.341  0.671 25 0.098 0.102 0.147 —30 i 2' g
=5 0.173  0.187 0.463 30 0.013  0.033 0.136 W [/
0 0.190 0.188 0.407 35 0.012 0.033 0.187 9 XIS huik e

5 0.126  0.122  0.291 40 0.004 0.017 0.233

10 0.068 0.070  0.185 45 0.064 0.080 0.335
15 0.039 0.049 0.011 50 0.065 0.052 0.268 F 10 I TE S RIE

Fig.9 Typical acceleration response of the experimental beam

Tab. 10 Frequency of the experimental simply

supported beam Hz

wErC —B ZB =R | REcC —Br ZB =R
-10 10.595 42.413 95.497 23 10.116 40.450 90.920
-7 10.558 42.254 94.961 26 10.059 40.268 90.615
-4 10.505 42.084 94.621 29 10.007 40.038 90.185
-1 10.472 41.878 94.244 32 9.961 39.877 89.657
2 10.434 41.724 93.745 35 9.914 39.657 89.370

(a) fif 37 GEASL Y
" : S 10377 41.549 93.449| 38  9.881 39.516 88.915
“ﬁ."”' 8 10330 41.330 93.064| 41  9.823 39.287 88.538
11 10283 41.121 92.647| 44  9.789 39.096 87.992

i

14 10.237 40.938 92.123 47 9.738 38.957 87.556
17 10.199 40.791 91.752 50 9.693 38.718 87.210

3.2 GRS
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Tab. 11 Frequency of the experimental continuous beam
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Tab. 12 Relative change rate of frequencies of the

Hz experimental simply supported beam %o

WEC —Br B =B [REC B B =B WRESC —B B =B | RESC —B B =B
-10 42391 66.227 169.621 23 40.443 63.152 161.737 -10 440 444 460 23 -0.32 -0.39 -0.42
-7 42215 65.924 169.004 26 40.301 62.874 160.982 =7 4.04 405 4.01 26 -0.88 -0.84 -0.75
-4 42.031 65.696 168.347 29 40.032 62.615 160.265 -4 352 3.63 3.64 29 -1.39 -141 -1.22
-1 41.845 65.464 167.584 32 39.827 62.295 159.505 -1 3.19 312 322 32 -1.84 -1.80 -1.80
2 41.683 65.158 166.745 35 39.725 61.995 158.751 2 2.82 274 268 35 -2.31 =235 =211
5 41.506 64.831 165.997 38 39.522 61.633 158.046 5 226 231 235 38 -2.64 -2.69 =261
8 41.324 64.482 165.355| 41 39.316 61.427 157.151 8 1.79 1.77  1.93 41 -3.21 =326 -3.03
11 41.103 64.264 164.591 44 39.156 61.105 156.451 11 1.33 1.26 148 44 -3.54 =373 -3.62
14 41.012 64.065 163.942| 47 38.91 60.845 155.745 14 0.88 0.81 0.90 47 -4.04 -4.07 -4.10
17 40.803 63.725 163.255 50 38.725 60.545 154.95 17 0.50 045 0.50 50 -4.48 -4.66 448
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Fig.10 Frequency change rate-temperature relationship of the experiment simply supported beam
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Fig.11 Frequency rate—temperature relationship of the experimental continuous beam
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Tab. 13 Relative change rate of frequencies of the

experimental continuous beam %0

WEESC —Br Ry =R | lEESC B ZB =R
-10 435 434 443 23 -045 -051 -042
=7 392 386 4.05 26 -0.80 -095 -0.89
-4 346 350 3.65 29 -146 -135 -1.33
-1 301 313 3.18 32 -1.96 -1.86 -1.80
2 261 265 2.66 35 =221 =233 -2.26
5 2.17 214 220 38 =271 =290 -2.69
8 1.72 159 1.81 41 =322 -323 -325
11 1.18 124 133 44 -3.61 -3.73 -3.68
14 096 093 094 47 -4.22 -4.14 -4.11
17 044 039 051 50 -4.67 -4.62 -4.60
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Tab. 14 Relative errors of frequencies of the

experimental simply supported beam %

WErC —F ZB =R | REC —B ZB =R
-10 0.189  0.152 0.002 23 0.133  0.057 0.034
=7 0.084 0.077 0.115 26 0.016 0.055 0.148
-4 0.142  0.031 0.024 29 0.053 0.068 0.122
-1 0.004 0.072 0.026 32 0.056 0.018 0.015

2 0.084 0.009 0.055 35 0.083 0.123 0.115

5 0.014 0.038 0.078 38 0.030 0.029 0.055

8 0.021 0.042 0.115 41 0.107  0.160 0.081

11 0.031 0.097 0.115 44 0.002  0.196 0.087
14 0.024  0.094 0.002 47 0.074 0.102 0.134

17 0.051 0.005 0.045 50 0.082  0.268 0.080

F 15 R ZFELERIAEEITIRE
Tab. 15 Relative errors of frequencies of the experimental
continuous beam %0

mEEC —Br B =B RESC —B ZB =R
-10 0.239 0.253 0.161 23 0.004 0.060 0.027
=7 0.206  0.262 0.075 26 0.102 0.051 0.010
-4 0.193 0.158 0.015 29 0.117 0.013 0.013
-1 0.186  0.062 0.020 32 0.180 0.075 0.012

2 0.125 0.081 0.072 35 0.014 0.108 0.035

5 0.100 0.135 0.072 38 0.048 0.243 0.030

8 0.090 0.225 0.010 41 0.120 0.127 0.147

11 0.177 0.114 0.023 44 0.078 0.203 0.144

14 0.051 0.026 0.032 47 0.258 0.179 0.145

17 0.010  0.057 0.061 50 0.284 0.223 0.207
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