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Abstract - In this study, to study the minimum temperature design standards of a steel box girder bridge and the minimum design
criteria according to the asphalt thickness of an upper concrete deck, four types of steel box girder model specimens were produced
and the temperature was measured. The measurement model is four specimens of upper concrete asphalt thickness of Omm, 50mm,
100mm, and 150mm, with 17 to 25 temperature gauges attached to each test specimen. The minimum effective temperature was
calculated based on the measurement data after performing the two-year winter measurement. The analysis results showed that the
minimum effective temperature according to asphalt thickness was —4.7°C, -1.8°C, 0°C, and 1.8°C for Omm, 50mm, 100mm and
150mm respectively. The effective temperature of the measured specimen is measured higher than the Euro code, with a temperature
difference between 0.3 and 2.0°C at the lowest temperature of ~15°C and 0.9 to 1.6°C at the full temperature range. Judging from the
lowest effective temperature calculated at 50mm asphalt thickness, the minimum temperature range of the current design
specification for highway bridges shall be adjusted to ~15°C or less.

Keywords - Minimum effective temperature, Effective temperature adjustment, Asphalt thickness of concrete deck, Bridge test

specimen model, Steel box girder bridge, Temperature measurement.
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Fig. 1. Complete view of bridge specimens (2016)
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Fig. 2. Placement of bridge specimen and connection of
instrumentation
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Fig. 3. Plan of the bridge models with azimuth angle
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Fig. 4. Gauge location and numbers (2016, Omm)
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Fig. 5. Temperature data of the bridge specimen and the measured
bridge
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(b) 50mm specimen

Fig. 6. Temperature variation of the left and right lower web in steel
box girder (2017)
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Fig. 7. Temperature distribution of Omm specimen
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Fig. 8. Temperature distribution of 50mm specimen
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Fig. 9. Temperature distribution of 100mm specimen
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Fig. 10. Temperature distribution of 150mm specimen
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Table 1. Minimum effective temperature of Euro code! (°C)

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

Table 2. Adjustment value of minimum effective temperature
according to surface thickness (Euro code)M°C)

Case Adjustment value
Surfacing thickness 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

Table 3. Minimum effective temperature of Design Specification for
Highway Bridges™ (°C)

Climate | Steel bridge | Composite bridge | Concrete bridge
Normal | -10°C~50°C -10°C~40°C -5°C~35°C
Cold -30°C~50°C -20°C~50°C -15°C~50°C
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Table 4. Regression line of Omm specimen (2017)
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Table 7. The average minimum atmospheric temperature of the
weather station

Gauge Regression line R* | Standard error(°C) Case December January February Average
SCI | y= -0.0169x+0.7x-14393 | 0.57 26 2016 0.7 22 09 038
SC4 | y=-0.0098x*+0.8314x-1.9572 | 0.79 1.9 2017 31 38 29 327
SC7 y = 0.9915x + 0.3591 091 14
SC9 y = 1.0489x - 0.7486 0.95 1.1 Table 8. Effective temperature of Omm specimen
SC13 = 1.0882x - 1.0003 0.96 1.0 -

SCl6 ; 09525x - 00056 | 0.9 0.9 Al | Eiro code | TS Study This study 2017 {This study

Y= UK - L ol . temperature 2016 | Original | Correction | Average

Table 5. Sample of effective temperature of Omm specimen (2017) -5 -7 68 18 53 -6.1

6 8 76 88 63 70
Alr SCl | SC2 | sC7 | SO SC13 | SC16 7 9 84 97 72 78
temperature

8 -10 93 -10.7 82 88

5 54| 53| 46| 60 64| -48
8 81| 81| -76| 91 97| 76 0 1 -lod 117 92 97
-10 2101 -101| 96| -112 -119| 95 10 12 110 127 -102 106
-13 134 | -134| -125| -144 151 -124 i 13 119 137 112 116
-15 -157] -157| -145]| -165 173 -143 12 13 -129 1438 -12.3 126
13 -14 -13.8 -15.8 133 -136
Table 6. Each part area of the specimen in 2017 (mm?) -14 -15 -14.8 -170 -145 -14.7
-15 -16 -15.8 -18.1 -156 157

Gz SLl =Rl Sl SR | BL -16 A7 | -168 | -192 -167 -16.8
Area 160000 3000 | 4500 | 7000 -17 -18 -17.9 204 -17.9 -17.9
Gauge | SC9 | SCI0 | SCI1 | SCI2 | SC13 | SC14 | SCI16 -18 -18 -189 21.6 -19.1 -19.0
Area | 5500 | 3000 | 4500 | 7000 | 5500 | 20000 | 20000 19 19 | 2200 ) 28 | 203 | 202

20 20 211 240 215 213
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Table 9. Effective temperature of each bridge specimen

Box A Box B Box C Box D
Air (Omm) (50mm) (100mm) (150mm)
temperature| g0 | This | Buro | This | Euro | This | Euro This study

code | study | code | study | code | study | code Original |Correction

A

code T}t B 7| S74%H, 1 3= A 2591 -15°Cof|A]
L03~ 2.0°C, ARHHAA= 0.9 ~1.6°C LEX1E HQIk

Table 10. Temperature difference between measured value and Euro
code

Air temperature Omm 50mm 100mm 150mm
-15°C 0.3 1.9 2.0 1.6
Average
(5°C~-15°C) 09 1.6 1.6 L5

-5 7| -61] -57| -49| 4| 38| 25| -29 -1.9
-6 8| -70] 67| -56| -5| 44| -35| -37 -2.5
-7 9| 78] -17] -63| -6 | 49| -45| -45 232

-8 -10 | -8.8| -87| 70| -7 | -55| -55| -53 -39

-9 -1 97| 97| 18| -8 | -62| -65| -62 -4.6

-10 -12 |-106|-10.7| -86| 9 | -68| -7.5| -7.1 -54

-11 -13 |-11.6|-11.7| 941 -10 | -7.6| -85| -8.0 -6.2

-12 -13 |-126|-11.7|-102| -10 | -84| 85| -9.0 -1.1

-13 -14 |-13.6|-12.7|-11.1| -11 | 92| 95| -10.0 -8.0

-14 -15 |-14.7|-13.7|-11.9| -12 |-10.1 |-10.5| -11.1 -89

-15 -16 |-15.7|-14.7|-12.8 | -13 |-11.0|-11.5| -12.2 -9.9
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Table 11. Adjustment value of effective temperature according to
surface thickness in each specimen(°C)

Case Air temperature | Omm | S0mm | 100mm | 150mm
Euro code 3.0 -1.7 0 L5
-15°C 4.7 -1.8 0 1.1
This study
Average 37 | -6 | 0 | 15
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Fig. 11. Comparison of effective temperature of 4 specimens



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

Case Omm S50mm 100mm 150mm
Euro code -3.0 -1.7 0 1.5
This study 4.7 -1.8 0 1.5
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