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Evaluation of Design Temperature Load According to the Measurement of
Deformation of Expansion Joints in Steel Box Girder Bridge
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Abstract - Design specification for highway bridges (limit state design method) does not provide loads for calculating the amount
of movement of expansion joints and movable supports. In this study, in order to evaluate the relationship between air tempera-
ture and expansion joint deformation, the temperature difference and strain of the clearance of expansion joints were calculated
at the maximum temperature in summer and minimum temperature in winter. The expansion temperature ratio (R) values of the
probabilities that do not exceed the design values are around 0.993, 1.019, and 1.067 times, respectively, calculated with a 90 %,
95 %, and 99 % normal distribution probability. These methods make it possible to design the amount of clearance change in
reliable expansion joints based on probabilistic theory. Expansion temperature ratio was mostly distributed between 0.8 and 1.0.
And It was noted that design of movement of expansion joints and movable supports with reliability based on theory of pro-

bability could be accomplished.
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Fig. 1. Complete view of the study bridge
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Table 1. Specification of the study bridge

Type Total Width Number of | Design
yp length (lanes) spans load

Steel box 32m DB-24

girder | 600 ™M (©6) 10 DL-24

No. 4 No. 5 No. 6

Length of expansion: 300 m\Length of expansion: 285&
Length of expansion: 310 m \Length of expansion: 290 m \

No. 1 No. 2 No. 3

Fig. 2. Construction of the span of the study bridge
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Fig. 4. View of the clearance measurement of the study bridge

Table 2. Measurement results at maximum temperature
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Atmospheric Clearance distance (mm)
Day temperature
(°C) No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Day 1 385 253.0 349.0 247.0 267.0 348.0 254.0
Day 2 32.0 260.0 365.0 254.0 275.0 367.0 262.0
Day 3 35.2 257.0 361.5 255.0 275.0 356.0 258.0
Average 352 256.7 358.5 252.0 272.3 357.0 258.0

Table 3. Measurement results at minimum temperature

Atmospheric Clearance distance (mm)
Day temperature
(°C) No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Day 1 -11.5 317.8 4753 349.7 331.8 472.6 322.0
Day 2 -11.0 316.2 4733 348.5 330.9 471.2 3214
Day 3 -9.0 315.0 465.0 347.0 328.5 469.2 320.0
Average -10.5 316.3 471.2 348.4 330.4 471.0 321.1
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Table 4. Analysis of measurement results

Temperature Deformation value Strain Converted temperature load
Day difference (mm) (x10%) @)
C) No. 1-No.3|No.4-No.6|No.1-No.3|No.4-No.6|No.1-No.3|No.4-No.6
Day 1 49.0 286.90 253.50 478.17 433.33 47.82 43.33
Day 2 42.5 256.90 218.50 428.17 373.50 42.82 37.35
Day 3 45.7 262.40 233.50 437.33 399.15 43.73 39.92
Average 45.7 268.70 235.20 447.83 402.05 44.78 40.21
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Table 5. Calculation of the expansion temperature ratio (R)

Specimen 1-2-3 side | 4-5-6 side
H19-1-L20-A 0.940 0.805
H19-2-L20-A 0.972 0.783
H19-3-L20-A 0.913 0.785
H19-A-L20-A 0.941 0.792
H19-1-L21-A 0.978 0.884
H19-2-L21-A 1.010 0.879
H19-3-L21-A 0.960 0.873
H19-A-L21-A 0.982 0.880
H20-1-L20-A 0.861 0.831
H20-2-L20-A 0.782 0.630
H20-3-L20-A 0.802 0.689
H20-A-L20-A 0.814 0.715
H20-1-L21-A 0.912 0.904
H20-2-L21-A 0.845 0.735
H20-3-L21-A 0.861 0.784
H20-A-L21-A 0.873 0.807

Average 0.902875 | 0.798500

Standard deviation 0.070651 | 0.077608

99 % probability of non-excession | 1.067492 | 0.979328
95 % probability of non-excession | 1.019096 | 0.926166
90 % probability of non-excession | 0.993308 | 0.897839
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Table 6. Calculation of the clearance of expansion joint

Basic Installation | Additional
Specimen UWeteel expansion | allowance | allowance
VeI value value value

No. 1 126.074 96.074 10 20

No.2 | 252.148 | 192.148 20 40

No. 3 126.074 96.074 10 20

Total 504.296 | 384.296 -
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