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Abstract - The purpose of this study was to measure the temperature change according to the asphalt thickness of the steel box girder bridge
deck and to prepare the design criteria accordingly. For this purpose, four steel box girder model specimens with asphalt thickness of Omm,
50mm, 100m, and 150mm were produced. In each model, 17 to 23 temperature sensors were attached to upper concrete and steel box girders.
The temperature was measured for two years and the effective temperature was calculated based on the measured data. The analysis showed that
the effective temperature was between 4.3 and 7.1 percent higher than the Euro code at the highest temperature of 38°C. Temperature
adjustment of the highest effective temperature according to asphalt thickness is given +2.6°C at 50mm and +0.8°C at 100mm. This value shows
a slightly higher value from 0.8°C to 1°C compared to Euro code. The adjustment values for the effective temperature given in this study are
considered to be a very useful basis for determining the design temperature load.

Keywords - maximum effective temperature, asphalt thickness of concrete deck, bridge specimen, steel box girder bridge, temperature
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Fig. 5. Plan of the bridge models with azimuth angle
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Fig. 1. Omm bridge specimen (Box A, 2016, 2017)
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Fig. 6. Gauge location and numbers (2016)
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Fig. 7. Gauge location and numbers (2017)
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Table 1. Comparison of measured temperature and weather
station temperature

Case Weather station Measured Error rate
O O (%)

2016 26.9 27.1 0.70

2017 274 27.6 043
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Fig. 8. Temperature variation of the left and right
lower web in steel box girder (2016)
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Fig. 9. Temperature distribution of Omm specimen
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Fig. 10. Temperature distribution of 50mm specimen
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Fig. 11. Temperature distribution of 100mm specimen
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Fig. 12. Temperature distribution of 150mm specimen
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Table 2. Maximum effective temperature of Euro code™ (C)

Alr Upper structure type
femperatie Group 1,2 Group 3 Group 4

38 47 40 37
37 46 40 36
36 46 39 36
35 46 39 35
34 45 38 34
33 45 37 33
32 44 37 33
31 44 36 32
30 44 36 32
29 43 35 31
28 42 34 30
27 42 34 29
26 41 33 29

rok

Table 3. Adjustment value of effective temperature according
to surface thickness (Euro code)®? (°C)

Case Adjustment value
surfacing

thickness Group 1,2 Group 3 Group 4

unsurfaced +4 0 0

waterproofed - +4 2

40mm 0 ") +l

100mm - 0 0

200mm - 4 2
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Table 4. Regression line of Omm specimen in 2016

Gauge Regression line R Standeard

error C)
SCI y=-0.0009x’+0.0727x%-0.6586x-13.097 0.85 | 20
sC2 y=-0.0001x’-0.0282x*+2.4376x-17.696 076 | 24
SC3 y=-0.0003x>-0.0111x*+2.3911x-23.246 065 | 32
SC4 y=0.0012x>-0.1415%+5.836x-49.661 058 | 3.1
SC6 y=1.2548x-5.0361 093 | 13
SC9 y=1.5512x-13.938 090 | 20
SCI0 y=1.5398x-13.206 090 | 19

™, 36T oPdollA 20179=9] RaE-257} Ot A A=
T} Table 82 2016W3} 201799 7¢, 8¥ ¥4 71414 ¥
7| EE Helrt 217k o} 87]29] & HAR= T4
I FARITHRE 2+ & 4= 9tk 7V 2% 2017d0] Ad}
A =& 7|28 Holtt o]0 Omm -FaL%=20164, 20174
o 24 32 W] fa2 =S APgolal, ofAEE Frof
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Table 7. Effective temperature of Omm specimenin in
2016, 2017

Table 5. Sample of effective temperature of Omm specimen templzgiture Euro code 2016 2017 Average
in 2016 38 40 416 418 417
b SC1 | SC2 | SC3 | SC4 | ..| sco | scio 7 o 206 209 08
temperature : 36 39 39.9 40.0 40.0
38 437 | 397 | 351 | 343 450 | 453 35 39 39.1 39.1 39.1
37 427 | 390 | 348 | 340 434 | 438 34 38 38.3 38.1 38.2
33 37 375 37.1 37.3
36 416 | 382 | 345 | 337 419 | 422 > 3 66 %1 64
35 405 | 374 | 340 | 333 403 | 407 3 36 357 351 354
34 394 | 365 | 334 | 329 38.8 | 39.1 30 36 347 34.0 34.4
29 35 33.7 33.0 334
28 34 32.7 31.9 323
3 Fa2E AL 7S (Thiessen method)E At 27 34 316 30.9 313
8ot TEH o] HEo| 71FAIE ol = APgel= 2% 33 304 299 30.2

of LB Hrh AL Hgue] Aol Sk
Table 62 20164 AHAIS) 7t X148 o], EA/IEHL
7 7 A0] 25 o] WA Faka A gl e S

o2 Lol RELES AVgSIh

Table 6. Each part area of the specimen in 2016 (mm?)

Gauge | SC1 SC2 | SC3 SC4 | SC6 | SC7 | SC8
Area |200000 | 200000 | 200000 | 200000 | 3000 | 2500 | 4500
Gauge | SC9 | SCI10 | SCI1 | SCI2 | SC13 | SC14| SCI15

Area 4500 | 2500 | 3000 | 3000 | 2500 | 4500 [ 4500

Gauge | SC16 | SC17 | SCI18 | SC19 | SC20 | SC21
Area 2500 | 3000 | 10000 | 10000 |10000 10000

43 88 2% Ay
4.3.1 Omm S&-2% A3t H|1w(2016, 20174)

4.289] G825 B4 vhio] wleta 2016W3 201799
Omm AJ3A] 225 2401 Table 73+ 2t} 201697
201799 G-8-2% A71=0.9%2] HALZ -FARBH AFERL0.
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Table 8. The average maximum atmospheric temperature of
the weather station

Case July August Average
2016 30.9 335 322
2017 324 329 32.7
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Table 9. Effective temperature of each bridge specimen

Box A Box B Box C Box D

o (Omm) (50mm) | (100mm) | (150mm)
femperaure Euro | This | Euro | This | Euro | This | Euro | This
code |study | code | study | code | study | code | study
38 40 |41.7 | 41.7 | 44.1 | 40 | 422 | 38 | 407
37 40 |40.8 | 41.7 | 43.6| 40 | 419 | 38 | 403
36 39 1400|407 |43.0| 39 |41.5| 37 | 398
35 39 139.1 (407|423 | 39 |41.1| 37 |393
34 38 382 (397|417 | 38 |40.7| 36 |38.7
33 37 | 373 (387|409 | 37 |403| 35 | 382
32 37 364|387 |40.1| 37 [39.7| 35 |37.6
31 36 | 354 (377393 | 36 |392| 34 | 369
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Table 10. Error rate and temperature difference of actual
measurements and Euro codes

- Error rate Omm | 50mm | 100mm | 150mm
temperature

Temperature
. difference +1.7 +2.4 +2.2 +2.7
38C (0
% 43 5.8 55 7.1
31~38C % 1.7 4.8 6.8 74
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2ot AR o= 471 AlAS S0mm7t 7F 3L, 100mm,
150mm 0= A #4451, Omms= 38CoA a7}
H| WA =2 32 Holuh FA HE AlA] Bt g2 o= WA
SES HIth Omme= 2171291 38T oA =7} Eoiy]
of| w2} ofAEETL Qlo] Bf A|FA 0] Bslo] 2k FAte] 41914
27 gopd Z o2 whEt 100mm, 150mm 3419] 58
25 A= 0mme 50mmE T H| A s FARE Holot
Table 110f tj7]2% 38T, 37T, 31COA & FAl ] &
1 FHEL2E 0] XA FEE Omm AIFAE 7|E02 o
t}. Euro codeollA= ti7 2ot AIglo] ok 2% B
A& Ao, & 27 oA 0mmiEE &7 71271
7HHE 232 77| Hek 34 Aok o] 38T 117|004 o
71257} gojlof W} o)A E FA w2 27k Mk A
A SHES SRS 4= )Tt 5HAIYE38T, 37CoA falk
of| BAAE S W) 27t 36Tol6k] Tt o HE 3
8T, 37T £HA|= Table 129} Zo] ZHHYE Ve 1,
T Ht kS 2% A8 o= AARIE AAE - Euro code
HETF0.8C~1T 9 2 2% 2o AXEY HAk=
AR SH Sk olefal WkEh

oX ¥

iy

Effective temperature(°C)
¥t

Air temperature(°C)

Fig. 13. Comparison of effective temperature of
4 specimens according to thickness
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Table 11. Adjustment value of effective temperature according
to surface thickness in each specimen

Case | mp’:fa e | Omm | S0mm | 100mm | 150mm
Furo 0 +17 0 20
code @0y | 4.3% 0% -5.0%
0 +24 +05 -1.0

38 @L7 | 58% | 12% | -24%

This “ 0 +2.8 +1.1 0.5
study @08) | 69% | 27% | -12%
31 0 +3.9 +3.8 +1.5

(G54) | 11.0% | 107% | 42%

Table 12. Adjustment value of effective temperature presented
in this analysis

Case Omm 50mm 100mm 150mm
Euro code 0 +1.7 0 -2
This Ad];ﬁ“;‘g:“‘ 0 | 24~28 | +05~11 | -10
study
Average 0 +2.6 +0.8 -1.0
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