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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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RS Ao AL FEVAL A4 WA 715 A temperatore(C)
A& Fo] RS 28k W olth Table 1 Al
HAle] £x AojAd fEUAL e Zo) 1, Fig. Fig. 4. i);)e:)n(;ple )of temperature distribution
- mm
3, Fig. 4= =4 717+ B9k SC19(2200mm),
SC5(1000mm) Hx|ef41e] &% & dAIE e A _ _
om( ) > 2.3 EAEM0| o8t R52E9 Euro Code
' Qto| H|m
BT— S(AXT) FAEAE 53 Fak #S A3 93l Euro
24 code(British Standards)[6]<} H]2&] X T} Table 2+
L. T= Effective Temperature 7} 7150 W2 Euro codedtd} EAEA 0] o5 7+
A= Area, 7= Temperature S el Aoz 784 2ol ulgt Euro code: Ul
715 38C ~ 26Tl diah AIA = AT} 24482 Euro
Table 1. Area of each parts of Specimen codeS} EAEA Zk 7t ol MELZ e RO
Unit s’ w14 Se) the Wit AL o 4.1% Hmelrh
Gauge A Gauge A Fig. 5 7] &% W Euro code( A1)} SA1EA
sc1 5450 SC17 5450
sC2 2050 SC16 2050 () g& vk T zolr) 30T o e =2 thr]
SC3 1950 SC15 1950 o)A Euro codedll A AAISH gkt BAEA el o 2
SC4 3400 SCl14 3400 SAL TR
Steel SC5 5950 SC13 5950
SC6 4500 sc12 4500
ey 2150 SC11 2150 Table 2. Area of each parts of Specimen
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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Table 3. Examples of learning data set for ANN Ehal glelny slealdids ol st bt 9ES st
(2014.08.06.) e s d8sle] AFFELEE A5 4 drh A
Z - Ol = 1] 0] o oo o
Measurement data Learning data J55= Table 4l 9ls= dhehulg] ojeje] v w2 147
A Jse] | OS AOI =RAAE A g7] LR <JsiAg we
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

= 20CE 9e dHolHs 3

B
gretlek. ol % sh58 HlolHE lelddel shaAlA

50
y =-0.0011x% +0.0818x* - 0.7267x + 13.455
3] R?=0.7947
v
2
2
o
o 30
a
E
2 2 -
] *® Statistics
2
g <
w 10 * ANN -
b |
o T T T T

Air temperature(C)

Fig. 7. Effective temperature estimated by each method
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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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Table 7. Comparison between ANN and Statistics
analysis in effective temperature (2016)

Air (C) | Euro Code (C) | Statistics (TC) ANN ()
38 40 43.6 42.6
37 40 42.8 422
36 39 42.0 41.8
35 39 41.1 41.3
34 38 40.1 40.7
33 37 39.0 40.1
32 37 379 39.4
31 36 36.8 38.6
30 36 35.6 37.7
29 35 343 36.7
28 34 33.1 35.6
27 34 31.8 34.4
26 33 30.5 33.0
50
a0 - . | .

— [

g s

g 30 :

<

g —Euro Code

E, 20 o Statistics

= ANN
10
32 3 3 35 3 37 38 39 40 a1

Temperature(TC)

Fig. 8. Comparison between ANN and Statistics in
effective temperature
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Fig. 9. Contour map of statistical analysis in maximum
Temperature
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