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Optimization Research of Thickness Combination for Steel
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Temperature Difference in Cold Area
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Abstract; In order to improve the performance and service life of steel bridge deck pavement for high
speed road in cold area, the influence of different thickness of bridge deck pavement layer on structural
bearing capacity, durability and construction cost should be considered. Based on the finite element
model of local girder segments, this paper investigated the temperature field distribution law of rigid deck
pavement structure. At the same time, the structural temperature, mechanical response and permanent
deformation of GA+SMA steel bridge deck pavement layer under different thickness combinations were
compared. The analysis results showed that the thickness of the paving layer under low temperature
environment had certain influence on the surface temperature distribution of the structure, while the
thickness of the paving layer under high temperature environment had little effect on the surface
temperature. Under low-temperature environment, increasing the thickness of the upper layer could
effectively reduce the surface tensile stress and inter layer shear stress of the paving structure, while the
change of the thickness of the lower layer has less effect on these stresses. Under high-temperature
environment, increasing the thickness of the upper layer can effectively reduce the permanent deformation
of the paving structure, while the change of the thickness of the lower layer has less effect on the
permanent deformation. Considering the influence of thickness change on temperature, mechanical

response and permanent deformation of paving structure, 3em paving lower layer + 4em paving upper
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layer is recommended as the thickness combination of paving structure.

Keywords ; bridges ; steel bridge deck ;temperature field ;thickness optimization ;finite element analysis
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Fig.1 The whole bridge model
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Table 1 Geometric parameters of the calculation model
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Fig.4 Simplified segment calculation model
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Table 2 Thermal property parameters of materials
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Fig.5 Boundary conditions for temperature

field simulation
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Fig. 6 Boundary conditions of the finite element model

for local beam segment
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Fig.7 Temperature field distribution of GA+SMA

under different temperature conditions
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Table 3 Surface temperature of pavement structure at low temperature C
H [AE/H A
5iH JBEEH A/ em
3+3 3+4 3+5 4+3 4+4 4+5 5+3 5+4 5+5
IR TR 10. 54 10. 13 9.77 10. 30 9.98 9.62 9.82 9.80 9.49
T IR -14.93 -14.85 -14.78 -14.87 -14.81 -14.74 -14.77 -14.76 -14.71

i 2% 25.47 24.98 24.55 25.17

24.79 24.36 24.59 24.56 24.20
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Table 4 Mechanical response of paving structure
at low temperature MPa

JEREH A/ em sll s33 sl2 s23
3+3 0.613 0. 663 0.34 0. 355
3+4 0.452 0.45 0.259 0.312
3+5 0. 406 0. 408 0. 245 0. 287
4+3 0.617 0. 665 0. 344 0.356
4+4 0. 451 0. 453 0. 264 0.313
4+5 0. 405 0. 406 0.249 0. 287
5+3 0. 589 0. 633 0. 349 0. 358
5+4 0. 455 0.434 0. 266 0.311
5+5 0. 403 0. 404 0. 251 0.289
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Fig.8 Mechanical response of pavement structure with

different thickness combinations at low temperature
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Fig.9 Mechanical response of pavement structure

with the same total thickness
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Table 5 Surface temperature of pavement structure at high temperature C
5iH JEEEH A/ em
3+3 3+4 3+5 4+3 4+4 4+5 543 5+4 5+5
e L 50.50 50. 36 50. 36 50. 55 50. 34 50. 15 50. 15 50. 35 50. 13
T IR 27.16 27.16 27.16 27.16 27.15 27.15 27.15 27.14 27.15
i 2E 23.34 23.20 23.20 23.39 23.19 23.00 23.00 23.21 22.98
x6 HWEREMERETHXRALR
Table 6 Permanent deformation of pavement structure at high temperature mm
5iH JEREEH A/ em
343 3+4 3+5 4+3 4+4 445 5+3 5+4 5+5
e 5.098 3. 829 2. 698 5. 066 3.794 2.654 5.161 3.716 2.613
111 ¥4 6.369 5.544 5.333 6.417 5.596 5.377 6. 662 5.503 5.419
R E 11.467 9.373 8.031 11.483 9.390 8.031 11.823 9.219 8.032
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Fig. 10 Permanent deformation of pavement structure

with different thickness combinations at high temperature
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Fig.11 Permanent deformation of pavement structure

when the total thickness is the same
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