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Estimation of Maximum Design Effective Temperature for Concrete
Box Girder Bridge Considering Asphalt Thickness of Concrete Deck
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Abstract The effective temperature and the effective temperature adjustment according to the thickness
of the upper asphalt in a concrete box girder bridge are studied. To this end, four concrete box girder
specimens with asphalt thicknesses of 0 mm, 50 mm, 100 mm, and 150 mm were manufactured. The
temperature data were measured to analyze the effect of the maximum effective temperature in
summer. A total of 17 or 23 temperature sensors were attached to the concrete girder test specimen
of each model. The temperature data were measured in 48 sets per day at 30-minute intervals.
According to the analysis, the effective temperature was calculated to be 4.1~4.8% higher than the Euro
code at a maximum temperature of 38C. The adjustment to the maximum effective temperature
according to asphalt thickness is +1.0C for 50 mm, +0.0C for 100 mm, and -1.0C for 150 mm. This
value is very similar to the Euro code. At the maximum air temperature of 38T, the effective
temperature was 39.5C in the 50 mm test specimen, and this maximum effective temperature was 4.5C
higher than the maximum temperature of 35C in the domestic temperature design standard. The
effective temperature and effective temperature adjustment values presented in this study are
considered useful foundation data for establishing a design temperature load.
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Table 1. Temperature ranges (C)[3]

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

Table 2. Maximum effective temperature of Euro

codel2] (C)

Air Upper structure type
temperature 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

Table 3. Adjustment value of effective temperature
according to surface thickness (Euro code)[2](C)

Case Adjustment value
surfacing thichness| Group 1,2 Group 3 Group 4
unsurfaced +4 0 0
waterproofed B +4 +2
40mm 0 +2 +1
100mm - 0 0
200mm - -4 -2
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Fig. 3. 100mm bridge specimen (Box C)
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Fig. 4. 150mm bridge specimen (Box D)
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Fig. 5. Section plan and thermo-gauge location in
the bridge specimen (a) Box A, D (b) Box B, C
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Table 4. Area of bridge specimen( mm* )

Top slab

b

2,280,000

Bottom slab

400,000

Side walls

800,000 1,080,000
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Fig. 6. Temperature distribution of Omm specimen
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239 A& tj7| &% % =43kt 4,189 Whyo g Table 6. Effective temperature of 50mm, 100mm
Q3] <Yl 5.7(4 = Skel O FO -2 AAFlA
7 E‘]’]- 8 E’] = X]'E O]'o:] TE2EE 11' OO]'M Air Box B(50mm) Box C
o, XA Table SQ‘ Fdy= temperature o9z BA (100mm)
38 40.5 39.6 38.5
.8 8. .
Table 5. Effec'tive temperature of Omm, 150mm 22 232 282 ;;g
specimen 35 38.6 37.7 36.6
34 37.9 37.0 36.0
Air Box A Box D 33 37.3 36.4 35.4
temperature (0Omm) (150mm) 32 36.6 35.7 34.8
38 38.6 37.6 31 36.0 35.1 34.2
37 37.9 37.1 30 35.4 34.5 33.6
36 37.2 36.7 29 34.7 33.8 32.9
35 36.5 36.3 28 34.1 33.2 32.3
" 358 358 27 33.4 325 317
33 352 354 26 32.8 31.9 31.1
32 34.5 34.9
1 .8 4.5
20 221 24'] Table 7. Average maximum atmospheric
29 324 36 temperature of the weather station
28 317 33.2
27 31.0 32.8 Case July August Average
26 30.3 32.3 2017 32.4 32.9 32.6
2018 333 33.6 33.5
2020 - 32.6 32.6
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7|12E 30Co)4 38C7HA] FE2%EE Euro code®} H
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Tl g BEYXE 113gt gholt}h. 50mm, 150mm
AFAIFA) sfdst= Euro code®] EX|+= Table 3
oA unsurfaced (Omm), 100mm, 200mm9] 7= 2
A H7Pog AWKkl 0.8C, -1T2 AFYsigich
Table 79] 7120 w2} 2018W 2] 100mm AlEAIS] B
2 gt ZF A EA 2YollA 5799 gk Table 83t
Zo] A7sto] 3 H|wsirt.
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Table 8. Effective temperature of each bridge

specimen
Box A Box B Box C Box D

Air (Omm) (50mm) | (100mm) | (150mm)
temperature | Euro | This | Euro | This | Euro | This | Euro | This
code | study | code | study | code |study | code | study

38 37 |38.6|37.8|39.6| 37 |385| 36 |37.6
37 36 37.9]36.8|389| 36 |379] 35 |37.1
36 36 |37.2|36.8|383| 36 [37.3| 35 |36.7
35 35 |36.5(358|37.7| 35 [36.6| 34 |363
34 34 135.8(348|37.0| 34 |36.0| 33 |35.8
33 33 1352338364 | 33 |354| 32 [354
32 33 |34.5(33.8|35.7| 33 | 348 32 |34.9
31 32 [33.8]32.8|351| 32 |34.2| 31 |345
30 32 [33.1]32.8|345| 32 |33.6| 31 [341

43 RE2E 24
4.3.1 L2 MY
Table 804 7] % 38C 9] §-ELE = OmmolA]

38.6C, 50mmollAl 39.6C, 100mmolAl 38.5T,

150mmellAl  37.6C7F AAEH, Hi [FELTE=
50mmollA 39.6Colct. A &9t HA 2k

St Euro code®?to] 252 9l @282 A51H Table
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38COllAl Euro code®Rtt 1.6C &4 A=At F=
50mm, 100mm, 150mm A|@Al= 42k 7|2 3
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Table 9. Error rate and temperature difference of

Buro codefAlE 7]} #A Qo] EAsHA &
T HAAZE AAFIHTable 3). 49 1 fi7|e:

38T, 37C, 36CoIA H& A e fFa2%9 &
A FZ& Omm AFAE 7120 & ALtsto] Table 10
of FE]stArt. =3t ZHOA 7] 2EoA 2AA]<]
HRAE s, AT 24 = APsHrh OmmE
7]%2922 50mm, 100mm, 150mm% W ofAZE =
Aol hE FE2E 24 g +1C, 0C, -1CTE 44
=} AAE F-2 Buro code 3t 0.8C~1T<} v|ws}
of Wj¥ FARE 24 e Eelth

Table 10. Adjustment value of actual measurements

actual measurements and Euro codes (©)
) A
Air Error rate | Omm 50mm | 100mm | 150mm Case lr, M2 | omm | 50mm | 100mm | 150mm
temperature| erature
Temperature E q 0 +0.8 0 -1.0
38C difference(C) +1.6 +1.8 +15 +1.6 Hro code (37) 2.2% 0% -2.7%
% 4.3 4.8 4.1 4.4 38 0 +1.0 -0.1 -1.0
31-38C % 48 | 55 | 53 | 79 G80) | 26% | 0% | 2.6%
37 0 +1.0 0.0 -0.8
(37.9) 2.6% 0% 2.1%
- - This 0 +1.1 +0.1 -0.5
= =z o=
4.3.2 ol ME fE2k Hw I XFX| study 36 370 | 3.0% o L%
Table 89 Z+ =AY §82:E 1 =3)5HH Fig. Adi‘;;r;:m 0 [+1.0~1.1]-0.1~+0.1]-0.5~-1.0
10:‘1—]' 7151—1:]' Fig. 10‘%‘ ‘E‘ﬂ‘a}ﬁ l:]——%jl}- 715]—1:]' Z‘J%E’l 3 Adjustment 0 410 0 1.0
value i i

8CAA 470 AEAS 50mm7t 7F¢ &3, Omme}
100mm, 121 150mm +22 4 &4, Omm
9} 100mm= 35COodollA M FABHA EAEH
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3
=
Q
- 36 =—4—0mm
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Air temperature
Fig. 10. Comparison of effective temperature of 4

specimens according to thickness
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(1) oIAZE FAo] & 1 f8259 2% 27
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50mmoflAl FHiL 39.5C, 150mmollA FHA
37.6C, 7F A=A H1 fE2e= I =
2 AA7IES M =9 35T} H|wst
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(4) Omm W=F AFA A9 FE2E AT 7|87
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