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Calculation of Maximum Effective Temperature of Steel
Box Girder Bridge Using Artificial Neural Network
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Department of Civil Engineering, Pusan National University
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Abstract An analysis using a statistical method is generally used to determine the effective temperature based on
the temperature design load of a bridge. In this study, the effective temperature was calculated by building an artificial
neural network (ANN) capable of improving the statistical method. A Steel box girder bridge specimen was made
with a width of 2.0 m, height of 2.0 m, and length of 3.0 m and 0.2 m the upper slab. Twenty one temperature
gauges were attached to measure the temperature between 2014 and 2016 for three years. An ANN was learned using
the data measured from 2014 ~2015 and the results were compared with the Euro codes. The error rate between the
Euro code and statistical analysis values was analyzed to be 4.1 % for the total measurement point. The ANN was
verified and the effective bridge temperatures were calculated using the temperature data measured in 2016. The
results revealed an approximate 3.97 % difference from the statistical analysis values. This degree of error is
considered to be acceptable in terms of engineering for the analysis of an ANN. An ANN can easily predict the
effective temperature of a bridge by knowing the input values of the region's highest temperature, bridge type, and
upper asphalt thickness when designing the bridge's temperature loads.

Keywords : Artificial neural network, Euro code, Maximum effective temperature, Steel box girder bridge specimen,

Temperature measurement.
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Fig. 2. Section and gauge numbers of specimen
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Sc8 5450 SC10 5450
SC9 9100 SC18 9100 Aér Euro Code (C) Statistics (C) Different (%)
SC19 170850 ©
Con SC20 170850 38 40 42.3 58
sc21 339150 37 40 413 32
> 760850 36 39 403 33
35 39 39.2 0.6
34 38 382 0.6
_® 33 37 372 0.5
G . .
T 32 37 36.2 2.3
3
I 31 36 35.1 24
o
§ 30 36 34.1 52
‘g‘. 10 29 35 33.1 55
& o ‘ . ‘ . 28 34 32.1 57
0 10 0 0 40 5o 27 34 31.0 8.7
Air temperature("C) 26 33 30.0 9.1

Fig. 3. Example of temperature distribution
(2200mm)
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Time | SCI | SC3 | SCS | SC7 | SC9 | SC21 | | temper |20 '€ ‘ i
ature | 23S fFraeErt A4€na g
10:14 [ 29.9 [ 309 [ 32.1 [31.4 [ 29.9] 28 301 | 286
10:18 | 289 [ 312324 [31.7[ 301 [ 28.1 | [ 31.1 | 287
10:44 [ 298 [323 | 34 |333|312] 29 || 316 | 297 | Input Layer | | Hidden Layer | | Output Layer |
11:14 309 [ 33.8[356 [ 35 [321] 209 | [ 323 | 304
11:44 | 318 [ 345367 [365[326] 31.1 | [ 31.3 | 309
12:14 [ 328 [ 358 [379 376333 318 | [ 322 | 316
12:44 338 [ 36.8 [392[389[33.8] 329 | [ 324 | 326
13:14 | 34.7 [ 37.7 [ 405 [ 404 [ 347 [ 338 33 | 337
13:44 [ 35.4 [ 38.1 409 [ 41 [348] 348 | [ 323 | 345
14:14 [ 36.1 [ 38.7 [41.7 [42.1 [352] 356 | [ 324 | 350
14:44 | 36.5 [ 37.8 [40.1 [40.1[345] 362 | [ 302 | 354
15:14 | 36.5 [ 37.3[393[393] 34 [ 364 | [ 312 | 354
15:44 | 36.4 | 36.5 382 [38.4[33.6] 366 | | 31.8 | 354
16:14 354 [ 35.1[ 358355326 364 | [ 302 | 350
- - Air temperature
16:44 | 354 [ 348 [36.1 [362]324] 364 | [ 306 | 349 " b g Effective
. - Ind speet
17:14 [ 355 | 35 [37.8[373[324[ 363 | [ 299 | 348 - Wind speed temperature
17:44 | 356 [ 352386 [375[322 36.1 | [ 298 | 348 - B
18:14 [ 354 [ 349 [372[353[31.9[ 359 | [ 298 | 343 o
18:44 | 35 [33.9[346[ 33 [312] 356 | [ 291 | 338 Fig. 6. ANN schematic diagram
19:14 [ 343 [ 327323 [313 [ 308 35.1 | [ 287 | 334
19:44 [ 34.1 [ 321311 [302] 30 [ 348 | [ 283 | 33.
20:14 | 33.6 | 31.5 [ 30.4 | 29.5| 29.5 | 343 27.9 32.7 Table 4. Parameters for predicting effective temperature
20:44 [332] 31 [29.7]288] 29 [ 338 | [ 271 | 322
21:14 327304 [29.1 [ 283|286 333 | [ 271 | 317 Stage Input layer Output layer
21:44 (323299 [ 286 [27.8] 282 328 | [ 267 | 312 Maximum air temperature(A®), g
22:14 (316 [29.4 [28.1 [27427.7] 323 | [ 264 | 307 Minimum air temperature(N¥), ective
22:44 (312 [29.1 [ 27.8|27.1[27.5] 31.9 26 30.3 Parameta | v i speed(N*), Bridge type(N*), temli)err;““e of
23:14]308 [ 28.7[ 275 [26.8 [ 272 314 26 | 298 Asphalt depth of concrete deck(N*) £
23:44 304 [ 285 [273[26.6[269] 309 | [ 259 | 294
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Table 5. Number of nodes used in ANN

Layer Input(2) Inner(J) Out( k )
layer layer layer
The number of neurons 2 4-8 1
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Table 6. Verification of ANN

. Air Effective Error
Time temperature | temperature ANN rate(%)
2016-08-01 0:15 27.2 31.1 33.8 8.5
2016-08-01 0:45 27.2 30.5 33.8 10.6
2016-08-01 1:15 26.8 30.5 33.2 9.0
2016-08-01 1:45 26.6 30.6 33.0 7.9
2016-08-01 2:15 26.4 30.3 32.7 8.1
2016-08-01 2:45 26.3 29.3 32.6 11.1
2016-08-01 3:15 26.3 29.7 32.6 9.7
2016-08-01 3:45 26.1 29.4 323 9.8
2016-08-01 4:15 26.3 29.0 32.6 12.3
2016-08-01 4:45 26.2 29.4 324 10.4
2016-08-01 5:15 26.3 29.3 32.6 11.1
2016-08-01 5:45 26.3 29.1 32.6 11.9
2016-08-01 6:15 26.2 29.1 324 113
2016-08-01  6:45 26.4 28.4 32.7 15.2
2016-08-01 7:15 26.7 29.1 33.1 13.9
2016-08-01 7:45 27.4 293 34.0 16.0
2016-08-01 8:15 28.4 29.8 35.2 17.9
2016-08-01 8:45 29.6 30.1 36.4 20.7
2016-08-01 9:15 30.2 30.8 36.9 20.0
2016-08-01 9:45 30.7 31.8 374 17.7
2016-08-01 10:15 325 33.0 38.7 17.3
2016-08-01 10:45 32.7 33.8 38.9 14.9
2016-08-01 11:15 325 34.7 38.7 11.5
2016-08-01 11:45 343 35.9 39.8 11.1
2016-08-01 12:15 34.2 37.0 39.8 7.6
2016-08-01 12:45 34.7 37.7 40.0 6.1
2016-08-01 13:15 353 38.7 40.4 4.3
2016-08-01 13:45 35.9 39.5 40.6 2.9
2016-08-01 14:15 354 40.4 40.4 0.0
2016-08-01 14:45 33.7 40.5 39.5 2.4
2016-08-01 15:15 329 40.4 39.0 3.4
2016-08-01 15:45 294 39.5 36.2 8.3
2016-08-01 16:15 26.1 37.2 323 133
2016-08-01 16:45 24.8 35.5 30.3 14.6
2016-08-01 17:15 25.6 344 31.6 8.3
2016-08-01 17:45 25.5 33.7 31.4 6.8
2016-08-01 18:15 25.2 33.1 31.0 6.5
2016-08-01 18:45 25.2 325 31.0 4.7
2016-08-01 19:15 25.1 32.1 30.8 4.0
2016-08-01 19:45 24.8 31.8 30.3 4.7
2016-08-01 20:15 25.1 314 30.8 1.8
2016-08-01 20:45 25.0 30.8 30.7 0.4
2016-08-01 21:15 24.8 304 30.3 0.3
2016-08-01 21:45 249 30.2 30.5 1.0
2016-08-01 22:15 24.9 29.9 30.5 2.1
2016-08-01 22:45 24.6 29.4 30.0 2.2
2016-08-01 23:15 24.4 29.2 29.7 1.6
2016-08-01 23:45 24.6 28.7 30.0 4.7
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