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Estimation of Minimum Design Effective Temperature for Concrete
Box Girder Bridge Considering Asphalt Thickness of Concrete Deck
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Abstract This study examined the minimum effective temperature adjustment value and effective
temperature in winter according to the thickness of the upper asphalt pavement of a concrete box
girder bridge. Three concrete box girder specimens with asphalt thicknesses of 0 mm, 50 mm, and 150
mm were manufactured. The temperature data were measured during the winter, and the effective
temperature was analyzed. Seventeen and 23 temperature sensors were attached to each model, and a
set of 3604 temperature data was measured for three months, 48 sets a day. The lowest effective
temperature in winter was calculated based on this. The effective temperature of -15C was analyzed
to be =9.9C, -9.2C, and -6.8C at Omm, 50mm, and 150mm, respectively. At the lowest temperature
(-15~13°C), each model was calculated to be 0.3°C to +1.7°C higher than the Eurocode, and the overall
value was similar to the Eurocode. As a result of the analysis, the adjustment value of the minimum
effective temperature according to the thickness of the asphalt was derived as +0.5C and +2.7C for
50mm and 150mm, respectively, based on Omm. In the 50mm model designed the most, the effective
temperature of the concrete bridge does not increase much compared to the steel bridge. Judging from
the minimum effective temperature calculated in this study, it was judged that the minimum design
temperature of the highway bridge design criteria in the normal climate area of the concrete bridge
needs to be re-examined from -5C to -9.2TC.

Keywords : Minimum Effective Temperature, Effective Temperature Adjustment Value, Asphalt Thickness
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Table 1. Temperature ranges (C)[1]

Concrete bridge Steel bridge
Moderate -5~35 -10~50
Cold -15~35 -30~50

Table 2. Maximum effective temperature of Euro

code[3] ()

Air Upper structure type
temperature Group 1,2 Group 3 Group 4
-5 -7 -4 -2
-6 -8 -5 -3
-7 -9 -6 -3
-8 -10 -7 -4
-9 -11 -8 -5
-10 -12 -9 -6
-11 -14 -10 -6
-12 -15 -10 -7
-13 -16 -11 -8
-14 -17 -12 -9
-15 -18 -13 9
-16 -19 -14 -10
-17 -20 -15 -10
-18 -21 -15 -11
-19 -22 -16 -11
-20 -23 -17 -12

Table 3. Adjustment value of effective temperature
according to surface thickness (Euro

code)31()
Case Adjustment value
surfacing thichness| Group 1,2 Group 3 Group 4

unsurfaced 0 -3 -1
waterproofed 0 -3 -1
40mm 0 -2 -1
100mm - 0 0
200mm - +3 +1
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Fig. 1. Bridge specimens of first year
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Table 4. Average maximum atmospheric temperature
of the weather station

Case December| January February Average

2017 -3.1 -3.8 -2.9 -3.2

2018 -0.3 -2.0 0.5 -0.6
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Table 5. Area of bridge specimen( mm®* )

Top slab Side walls Bottom slab Z

800,000 1,080,000 400,000 2,280,000
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Fig. 9. Temperature distribution of 150mm specimen
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Table 6. Effective temperature of Omm, 150mm

specimen
Air Box A Box C
temperature (Omm) (150mm)
-5 -4.3 -3.0
-6 -5.0 -3.5
-7 -5.6 -3.9
-8 -6.1 -4.3
-9 -6.6 -4.6
-10 -7.2 -5.0
-11 -7.7 -5.4
-12 -8.3 -5.7
-13 -8.8 -6.1
-14 -9.4 -6.5
-15 -9.9 -6.8
-16 -10.4 -7.2
-17 -11.0 -7.6
-18 -11.5 -7.9
-19 -12.1 -8.3
-20 -12.6 -8.7
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Table 7. Effective temperature of 50mm

Air Box B(50mm)
temperature Calculation Correction
-5 -2.0 -4.6
-6 -2.5 -5.1
-7 -3.0 -5.6
-8 -3.4 -6.0
9 -3.9 -6.5
-10 -4.3 6.9
1 -4.8 -7.4
-12 -5.2 -7.8
-13 -5.7 -8.3
-14 -6.1 -8.7
-15 -6.6 -9.2
-16 -7.0 -9.6
-17 -7.5 -10.1
-18 -7.9 -10.5
-19 -8.4 -11.0
-20 -8.8 -11.4
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Table 8. Effective temperature of each bridge specimen

Box A Box B Box C
Air (Omm) (50mm) (150mm)

temperature | Euro | This | Euro | This | Euro | This

code | study | code | study | code | study

-5 -3 -4.3 -2.8 -4.6 -1.5 -3.0

-6 -4 -5.0 -3.8 -5.1 -2.5 -3.5

-7 -4 -5.6 | 38 | -5.6 | 25 -3.9

-8 -5 -6.1 -48 | -6.0 | -3.5 -4.3

-9 -6 -6.6 -5.8 | -6.5 -4.5 -4.6

-10 -7 -7.2 | 6.8 | 6.9 | -5.5 -5.0

-11 -7 -7.7 | 6.8 | -7.4 | -5.5 -5.4

-12 -8 -83 | -7.8 | -7.8 | -6.5 -5.7

-13 -9 -88 | -88 | -83 -7.5 -6.1

-14 -10 -9.4 | -9.8 | -87 | -85 -6.5

-15 -10 -9.9 | 9.8 | 9.2 | -85 -6.8
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Table 9. Temperature difference of actual
measurements and Euro codes

temp/zirrature Omm 50mm 150mm
-15T +0.1 +0.6 +1.7
-15~-13C +0.3 +0.73 +1.7
-12~-5T -0.85 -0.94 -0.42

442 SHO| M2 R

Table 89| 7} T/ FAE2EE I 3lstH Fig.
107} Zt}h 150mm 230 §REL AdoR =

A 2351, 0mme 50mmE -6C 7= A9 SAF
AT =71 B Wold, Omm 2F9| 2=/t HA
Hog yopdr}, o] ofATET FATL ASSLE
FE2E9] 71 &717h dutel A 257t dolxlg 1l
T}, ol olALEY} dFo] HegvEs WIsH= o
2 s

50mmE 71+ E HH A2k -15C, -14T. -1
3CS SHRE -5C~-12C+ H7| 29 ofATE
FA0| w2 2=2E AHE5HH Table 103 2t} AA|
2L Hrjs HALE B 2291 -15C~-13C 7t
ZFAE Fo] Table 109] 47 L=2H-15T, -14T. -1
3T, -5C~-12C )9 Bgts FA0 e 2= 23
HEZ H& #HE AAcHIH o= 50mm 0.5T,
150mm 2.7C7} =9, ol& thA] AH2J5HH Table 113
2ot AFE 2432 Euro code ) H|waHd ul$-

THGS Bl

Air temperature

S2F Hlw ¥ ZHX|

Effective temperature

10. Comparison of effective temperature of 3
specimens

Fig.



AN &85 =5 A A123d A28, 2022

Table 10. Adjustment value of actual measurements

©
Air temp
Case Omm 50mm 150mm
erature
Euro code 0 0.2 L5
-15C 0 0.7 3.1
“14C 0 0.7 2.9
-13C 0 0.5 27
This Average
o i 0 0.2 2.0
Adjustment 0 0.2~0.7 2.0~3.1
range
Adjustment 0 0.5 2.7
value
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Table 11. Adjustment value of effective temperature
presented in this study(C)

Case Omm 50mm 100mm 150mm
Euro code 0 +0.2 +1.0 +1.5
This study 0 +0.5 - +2.7

Table 12. Adjustment value of effective temperature
presen in steel box bridge (C)I9]

Case Omm 50mm 100mm 150mm
Euro code 0.0 +1.3 +3.0 +4.5
This study 0.0 +2.9 +4.7 +6.2
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