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Three Dimensional Mesoscopic Numerical Simulation
of Concrete with Defects under Freeze-thaw Cycles

GUO Chao ,DU Sihong ,XU Chen

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract; Based on meso-scale theory, the compressive strength of concrete with different pore
defects under freeze-thaw cycles was studied by parameterization. Concrete cube specimens with
different pore defects were made and freeze-thaw cyclic loading tests were carried out. The
ABAQUS kernel was driven by Python to establish 3D spherical and ellipsoidal random aggregate
models. The influence of the two aggregate models on the compressive strength of concrete was
analyzed through the comparison of simulation and experiment,and then the aggregate model with
better effect was selected for the thermo-mechanical numerical simulation analysis of the concrete
with defects. The simulation results of ellipsoidal random aggregate model are more consistent with
the experimental data. Under the same freeze-thaw cycles, the compressive strength and initial
elastic modulus of concrete with 5% pore defects decreased significantly compared with that
without pore defects. The aggregate geometry has little influence on the compressive strength of
concrete ,and the pore defects have significant influence on the mechanical properties of concrete in
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freeze-thaw environment.

Key words : concrete ; freeze-thaw cycle ; pore defects;random aggregate ;thermal coupling
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Table 1 The mixing proportions of concrete
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Fig.1 The 3D meso-numerical calculation model of concrete
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Fig.4 The stress-strain curves of unfreeze-thaw specimen under uniaxial compression
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Fig.5 The stress-strain curves of concrete under uniaxial compression
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Fig.7 The temperature curves at concrete center
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Fig. 8 The stress-strain curves of concrete under uniaxial compression with 15 freeze-thaw cycles
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Fig.9 The stress-strain curves of concrete under uniaxial compression with 75 freeze-thaw cycles
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