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Simulation on Temperature Response and Damage of Concrete under Large
Temperature Difference Cycling

GUO Xianzu, AN Mingzhe', WANG Yue, YU Ziruo, HAN Song
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: By combination of numerical simulation and experiment, a three-dimensional spherical random aggregate
model of concrete was established. The finite element software was used to analyse the temperature response and
damage accumulation process. The simulation results were verified by the large temperature difference cycling test.
The results show that with the increase of temperature difference cycling times, the thermal conductivity of concrete
becomes worse and the temperature gradient increases. Large tensile stress is generated at the interface between
aggregate and mortar, and the damage starts from the interface. The tensile stress increases in the heating process
of each cycle, with the result that the damage gradually accumulate and expand from the interface to the matrix, and
at last the damage area is connected. The simulation results of temperature response and static elastic modulus loss
rate are in good agreement with the experimental values.
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Table 1 Mix proportion of concrete
3

kg/m’

Cement Flyash  Sand Gravel ~ Water  Superplasticizer

316.0 105.0  696.0 1135.0 151.0 3.4
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Table 2 Gradation of coarse aggregate for simulation

Sieve size/mm 2.36 4.75 6

Residue rate(by mass)/ % 100. 00 96. 00 90. 00

8

78.00

9.5 10 13 16 19 26. ¢

66.75 63.00 41.00 22.00 6.00
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Table 3 Material parameters for simulation

Specific heat . Thermal Coefficient of . . ,
. . Density/ . . Elastic Poisson’s
Material capacity/ o, conductivity/ thermal expansion . .
o (kg'm™) R P modulus/GPa ratio
(J-kg K ) (Wem -K ) X 10°/K
Coarse aggregate 745 2700 3.15 8.00 52.0 0.19
Cement mortar 1121 2239 1.51 12.05 29.2 0.21
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Fig. 3 Dimension schematic diagram for simulation
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Fig.7 Temperature and temperature gradient variation curves of internal characteristic points in concrete at 30 min in

temperature different cycling times

(a) =0 min (b) =90 min (c) =150 min (d) =240 min
P8 TR E R AIE I A B Y I 22 108 B e A v Y IR N ) = [

Fig. 8 Temperature stress cloud diagram of concrete characteristic cross—section during single temperature difference cycle
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Fig. 10 Damage cloud diagram of concrete characteristic cross—section during single temperature difference cycle
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