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An Experimental Study for Estimation of Effective Temperature for Design
in Steel Box Girder Bridge
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Abstract - The temperature data were measured for two years in a bridge specimen and the bridge in service nearby in order to
calculate the effective temperature for thermal loads in steel box girder bridge. The maximum and minimum effective
temperatures were calculated in the bridge specimen and the bridge according to air temperature in 2014, 2015 and 2years. The
effective temperatures calculated in this study were compared the Euro code and the Highway Bridge Design Criteria. The
coefficients of determination in the maximum effective temperature and the Euro code for 2 year were calculated from R =0.927,
R =0.894 in a bridge specimen and the bridge respectively. Those of minimum temperature and the Euro code were analyzed
from R =0.992, R =0.813 in two bridge respectively. Also, the results were evaluated as being very similar, or slightly increased
as compared with the maximum temperature of the Korean Highway Bridge Design Code(Limit State Design)

Keywords - Maximum effective temperature, Minimum effective temperature, Bridge specimen, Thermal loads, Steel box girder

bridge, Composite bridge.
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Fig. 2. Gauge location of the box girder in the measured
bridge
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Table 1. Measuring equipment

Equipment Set Remarks
bridge specimen, a
Data Logger(TDS-303) 2 .
measured bridge
Thermo-couple 21 bridge specimen
Thermo-couple 19 measured bridge
1000 a0 910 910 90 1000
| I | I I
[ ; scis . sc2e |
75626 oy —-
[sc2 sc18 sc16 E
fsc3 sc159 —g
P sc4 sc14 ¢ —
§ Psc5 sc13 9 —

e SC6 sc12 g
sc11
£3¢ls 59 sei0.]
2000

Fig. 3. Gauge location and numbers in bridge specimen
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Fig. 4. The measured temperature data in winter at a measured
bridge (2014)
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Fig. 5. The measured temperature data in summer at bridge
specimen (2015)
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Fig. 6. The temperature data of the bridge specimen and the
measured bridge (2015)

T 7gara o] gl S ke BEof|A] 37TEHA] ETt &
2 B 4= 9l Fig, 62 WRFAI AL} A S42
L5 sARte] Blagk Z1ef o), o] 2015\ 7 27U
E] 3U7F WEFAIEA] SC 6213 (Fig, 3)F} o] 22 f]x] 9]
Mg A -ol| A S5 = dloJelo|t, o] A ¥ A Ag
Ag A e A- o2 WA R TR %7t A9 2
gk o AL e 2ERE HE Holil Qlrh, wEF

gEeRL nPAAe] BFLES Ul fdos
Euro codeo] A A A|5o] olt}, o] §ALES A7 9]

A7 ReE =8 A28W AE(EY A145%5) 20161 129 451



—_

HaprAGmY A fRSE APPE S8t AA AT

Table 2. Each part area of the bridge specimen and the
measured bridge (m?)

Concrete
Fl
Web ange deck 3
Bridge specimen| 4.00 4.00 68.09 76.09
A measured | 00| 1250 | 150.0 168.5
bridge
A= 2t SH0IA A2 dolelS B4 Ralsto] 24

A& F8tal o] 5 o2 tf 7| 2 of| whE ZF A 9]
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Gauge temperature
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Fig. 9.
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Table 5. Maximum effective temperature in bridge specimen (°C)

Table 3. Sample of highest effective temperature in 2015
Air Web | Flange| Slab N Effective

temperat Z A, T |temperature

ure (°C)|SC3|SC7| SC9 | SC19 | =t (7))
38 [42.5|46.1| 39.6 | 39.39 (32,334,173 42.5
37 |41.2|44.4| 384 |38.40 (31,557,379 41.5
36 |39.9(42.6| 37.2 | 37.40 | 30,780,586 40.5
35 |38.5[40.9| 36.1 | 36.40 |30,003,792 39.4
34 |37.2139.2| 349 | 35.40|29,226,998 38.4
33 |35.9(37.5| 33.7 | 34.41 | 28,450,205 37.4
32 |34.5(35.8| 32.5 | 33.41 (27,673,411 36.4
31 |33.2(34.0| 31.3 | 32.41 | 26,896,617 354
30 |31.9(32.3| 30.1 | 31.41 26,119,824 343
29  [30.5[30.6| 28.9 |30.42 |25,343,030 333
28 [29.2128.9| 27.7 | 29.42 | 24,566,236 323
27 (27.8]27.2] 26.5 | 28.42 |23,789,443 313
26 [26.5]25.4| 253 | 27.42 /23,012,649 30.2
25 [25.2]23.7| 24.1 | 26.43 |22,235,856 29.2
24 |23.8]22.0| 229 |25.43 21,459,062 28.2
23 [22.5(20.3| 21.7 | 24.43 |20,682,268 272
22 |21.2|18.5] 20.5 |23.43 19,905,475 26.2
21 19.8116.8| 19.3 | 22.44 | 19,128,681 25.1
20 [18.5|15.1| 18.1 |21.44 /18,351,887 24.1

Table 4. Correction of the maximum and minimum effective
temperature according to upper surface treatment of
composite bridge deck (°C)”

Air BriFlge Bri.dge BriFlge
temperature specimen | specimen | specimen |Euro Code
(2014) (2015) (2 year)

38 422 42.5 423 40
37 41.2 41.5 413 40
36 40.1 40.5 40.3 39
35 39.1 39.4 39.2 39
34 38.0 38.4 38.2 38
33 37.0 37.4 37.2 37
32 359 36.4 36.2 37
31 34.8 35.4 35.1 36
30 33.8 343 34.1 36
29 32.7 333 33.1 35
28 31.7 323 32.1 34
27 30.6 313 31.0 34
26 29.5 30.2 30.0 33
25 28.5 29.2 29.0 33
24 27.4 28.2 28.0 32
23 26.4 27.2 26.9 31
22 253 26.2 259 31
21 24.3 25.1 249 30
20 232 24.1 23.8 29

Table 6. Summer temperatures in 2014 and 2015 (°C)

July August

Average| Highest (3 day) |Average| Highest (3 day)

Minimum effective | Maximum effective
Upper deck
temperature temperature
- -3 0
Waterproofing -3 +4
40mm overlay -2 +2
100mm overlay 0 0
200mm overlay -3 -4
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Table 7. Maximum effective temperature in measured bridge (°C)

Table 8. Minimum effective temperature in bridge specimen (°C)

Air Bridge | Bridge | Bridge | Euro | Euro code Air Bridge Euro Code
temperature| (2014) | (2015) | (2 year) | code |(correction) temperature specimen Euro Code (correction)
(2 year)
38 39.8 | 40. 41.1 40 40.
0 0 l 24 232 -19 22

37 39.0 | 394 | 404 40 40.7 23 224 -18 21

36 383 | 38.8 39.2 39 39.7 -22 216 -18 21
21 208 17 20

35 375 | 383 | 38.8 39 39.7 20 220.0 -17 20

34 368 | 377 | 381 38 38.7 -19 -19.1 -16 19
-18 -183 -15 .18

33 360 | 372 | 373 37 37.7 17 175 15 18

32 353 | 366 | 366 37 37.7 -16 -16.7 -14 -17
-15 -15.9 -13 -16

31 345 36.1 35.8 36 36.7 -14 -15.0 -12 -15

30 338 | 355 | 35.0 36 36.7 -13 -14.2 -11 -14
-12 134 -10 -13

29 33.0 35.0 343 35 35.7 11 -12.6 -10 -13

28 323 | 344 | 335 34 347 -10 -11.7 9 -12
9 -10.9 8 -1l

27 316 | 339 | 327 34 34.7 3 01 5 10

26 30.8 | 333 | 320 33 33.7 -7 9.3 -6 9
6 85 5 -8

25 301 | 328 | 312 33 33.7

24 293 | 322 | 305 32 32.7

23 286 | 317 | 297 31 31.7 5. ¥ 25 9] Hlw F7}

22 278 | 31.1 | 289 31 31.7

X]7 O% L
21 271 | 306 | 282 30 30.7 5.1 g2
20 263 | 300 | 274 29 29.7 2W7t BAZ AR E 7|20 2 BA% 2|a1d)7] 7L 38°C
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Fig. 13. Comparison of effective tmperature between the bridge
specimen and Euro code
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Table 9. Minimum effective temperature in measured bridge (°C)

olgay - AE - WA - A

Table 11. Effective temperature at air temperature -24°C

Air Bridge Euro Code Euro C.O de This analysis | Euro code Korean hhlghway
temperature (2 year) (correction) bridge design code
-24 -17.9 -19 -19.7 Brlfige 232 2 20
-23 -17.1 -18 -18.7 specimen
-22 -16.4 -18 -18.7 Bridge -17.9 -19.7 -20
-21 -15.6 -17 -17.7
-20 -14.8 -17 -17.7 Table 12. Maximum and minimum temperature in Yangsan area
-19 -14.0 -16 -16.7 : _
18 132 15 157 tMaxn‘mtlm tMll’llmltlm
17 14 15 157 . — emperature emperature
-16 117 -14 -14.7 ey © 37.5° -14°
15 -10.9 13 137 z
-14 -10.1 -12 -12.7 . . .
13 93 11 117 Table 13. Effective temperature at air temperature —14°C in
12 85 10 107 Yangsan area
-11 77 -10 -10.7 Koroan
-10 -7.0 -9 -9.7 This analysis | Euro code |highway bridge
-9 -6.2 -8 -8.7 design code
-8 -5.4 -7 -7.7 Bridge
= Y " 67 specimen -15.0 -15.0 -10
-6 -3.8 -5 -5.7 Bridge -10.1 -13.7 -10
Table 10. Maximem effective temperature at air temperature 38 (°C) 5.3 X|2i¥ Q¥ A(0])
Korean -
This analysis| Euro code |highway bridge Sejvet 2 AGHE 714 dlolHE 7REe = 7t A
design code _ ojo] 2|31, 24 71| Y Contour map®] A3 it
Bridge . -
specimen 42.3 40 40 F FAE FRLE AT, S g A Al 24 A
Measured 411 407 40 o] B4 1Lt AA|Eo] gEE 4= & Aol 7]
bridge AR ARE whEoR 50 WEe] QpAbx| o) M1, HA 7|
oro 2] Table 129] £EE 71202 £ Aol 2 AHA
5.2 K =5 _ -
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