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Fig. 1 Comparison of damage evolution curves of concre-
te under two models
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Fig. 11 Process of tensile damage and maximum principal stress variation in bottom elements of the model from the left to
the right end of the beam under different loading displacement levels
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Crack Coalescence and Damage Evolution Laws of Concretes with Different Strengths Based on
the Zhang—Hou Damage Calculation Model
ZHANG Tianl’z,HOU Zhengmengl’z*,ZHANG Shengyoul’3 ,FANG Yanliz, CHEN Qianjun2 ,LI)(iaoqin4,SUN Wei'?

(1.Yunnan Key Laboratory of Sino—German Blue Mining and Utilization of Special Underground Space, Kunming 650093, China;
2.Institute of Subsurface Energy Systems, Clausthal University of Technology, Clausthal-Zellerfeld 38678, Germany;
3.School of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China;
4 Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming, 650500, China)
Abstract: The study of concrete crack propagation is always challenging. A Zhang—Hou damage calculation model is developed based on the

theoretical framework of the concrete damaged plasticity (CDP) model and incorporates Sidoroff’s damage theory to analyze the inherent patterns
between crack coalescence and damage evolution in concrete of different strengths. This model quantitatively describes the uniaxial compressive
and tensile damage behavior of concrete, enabling an in-depth investigation of crack propagation and damage evolution in concrete. The study
finds that the damage evolution patterns under uniaxial compression and tension are generally consistent across concretes of different strengths. A
critical damage crossover point is identified, where the damage values for compression and tension are 0.57 and 0.62, respectively. This crossover
point marks a transition from rapid to slow damage evolution. The damage evolution patterns before and after this point remain consistent across
different strengths: before the crossover, higher-strength concrete exhibits lower damage, while after the crossover, the trend reverses. Based on
these findings and the implications of the catastrophe criterion, the identified damage crossover point is proposed as a critical criterion for the
crack coalescence of concrete, and the corresponding damage values are interpreted as a damage threshold that characterizes the crack coales-
cence in concrete. In addition, a validated finite element model of reinforced concrete (RC) is utilized to comprehensively analyze its damage
state and crack coalescence regions under various loading displacements, confirming the validity of the proposed damage threshold. The findings
provide a theoretical basis for concrete damage analysis and crack simulation within the framework of continuum mechanics.

Key words: Zhang—Hou damage calculation model; compression damage; tensile damage; crack coalescence; damage threshold
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