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Establishment and numerical simulation of mesoscopic models of concrete with
arbitrary polygonal aggregates

YI Yang, XIAO Yingxiong”, YU Ke
(School of Mechanical Engineering and Mechanics, Xiangtan University, Xiangtan 411105, Hunan, China)

Abstract: Based on the Python-ABAQUS framework, a modeling method that constructed a two-dimensional microstructural model
for arbitrary polygonal aggregate concrete was developed. This resulting method enabled the full random generation of aggregate
distributions, particle sizes, numbers of sides, convexity and curvature, and straight or curved edges. By utilizing Boolean
operations, a fast generation of the interfacial transition zones (ITZs) was then achieved, and an algorithm suitable for any shape
and morphology of the matrix region was proposed to quickly determine the positional relationship between aggregates and the matrix
during the placement process as well as to quickly finish the intrusion judgment between aggregates. Based on the mesoscopic
models, we numerically studied the stress-strain relationship and microscopic failure characteristics of concrete under static conditions
by using the CDP( concrete damaged plasticity) model. The reliability of the resulting models in simulating the mechanical properties
of concrete was further proved. This was of great significance for analyzing the failure mechanism of concrete under different loads.

Keywords: polygon aggregate; mesoscopic stochastic model; Boolean operation; CDP model; numerical simulation
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Table 1 Scaling coefficients of aggregates with different sizes

HRPRIAE/mm £ e
5~10 0.950 0~0.980 0
10~20 0.975 0~0.990 0
20~40 0.987 5~0.995 0
40~60 0.991 5~0.997 5
60~ 80 0.993 7~0.998 3
80~120 0.995 8~0.998 7

120~150 0.996 6~0.999 1
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Table 3 Material parameters of ingredients on concrete
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