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Simulation and Analysis of Early-Age Damage Evolution Process of
Concrete Based on 3D Random Aggregates
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(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing) , Beijing
100083, China; 2. China Railway No.2 Engineering Group Co., Ltd., Chengdu 610031, China)

Abstract: To investigate the mechanical properties and damage evolution process of early-age concrete under axial
compression loading, axial compression tests were conducted on cylindrical concrete specimens with ages of 1, 3,
5, 7, 14, 28 days. Additionally, a mesoscale finite element model based on three-dimensional random polyhedral
aggregates and zero-thickness cohesive elements was generated in Abaqus software using Python programming. The
results show that the compressive stiffness, compressive strength, and peak strain of concrete all increase with the
extension of age. The established model can accurately predict the axial compression performance of early-age
concrete. Based on the above results, the damage state, crack distribution, and force transfer mechanism of early-age
concrete during axial compression failure are further analyzed. It further reveals the mechanism to the influence of age.
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Table 1 Mix proportion of concrete

Unit:kg/m’

Water Cement Fly ash

GGBFS

Sand Gravel Water reducing admixture

160.0 244.0 86.0 77.0

768.0 1017.0 8.6
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Fig. 1 Axial compressive strength of concretes at

different ages
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Fig.2 Typical axial compression failure modes of concretes at different ages
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Table 2 Particle size distribution of aggregates under Fuller gradation

Size of screen mesh/mm

Cumulative pass rate(by mass)/ %

Cumulative volume percentage/ %

10 0

16 45.6
20 71.3
25 100.0

0
16.0
24.9
35.0
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Table 3 Material parameters of steel plate and coarse aggregate

. Elastic Poisson’s Density/
Material . o,
modulus/GPa ratio (kg'm*)
Steel plate 210 0. 30 7 800
Coarse aggregate 70 0.16 2 800
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Table 4 Element number and calculation time of models with three types of mesh sizes

Mesh size/mm Number of solid element

Number of cohesive element

Total number of element Calculation time/h

4 969 314
5 634 313
6 444 115

1482 089 2451403 137
969 629 1603 942 94
680 336 1124 451 69
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Table 5 Comparison between simulation results and test
results of axial compressive strength of concretes

¢/d forew/MPa . /MPa Relative error/ %
1 11. 88 12.31 3.49
3 20.27 19.98 —1.45
5 25.58 26.78 4.48
7 28.15 29.11 3.30
14 34.52 35.78 3.52
28 39.11 39.87 1.91
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Fig. 9 Model-predicted axial compression failure modes for the typical specimens at different ages
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