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Study on microcrack growth-based dynamic compressive mechanical properties
in brittle rocks

LI Xiaozhao'?, QI Chengzhi'?
(1. School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture,
Beijing 100044, China;
2. Beijing Advanced Innovation Center for Future Urban Design, Beijing 100044, China)

Abstract: The dynamic microcrack growth has a great influence on the macroscopic dynamic mechanical
properties of brittle rocks under dynamic compressive loadings. However, the relationships between dynamic
microcrack growth and macroscopic dynamic mechanical properties are rarely studied. Based on the
microcrack growth-induced stress-strain constitutive relationship, the relationship between quasi-static and
dynamic fracture toughness, the relationship between crack velocity and strain rate, the relationship between
strain rate and dynamic fracture toughness, a micromechanics-based stress-strain constitutive model is
proposed. Furthermore, the relationship between crack velocity and strain rate is derived by the time
derivative of equation describing the relationship between crack length and axial strain. The relationship
between strain rate and dynamic fracture toughness is obtained by coupling the suggested relationship
between crack velocity and strain rate, and the crack velocity and fracture toughness. Effects of strain rate on
stress-strain relation and dynamic compressive strength are studied. The reasonability of the proposed
dynamic constitutive model is verified by the experimental results. Sensitivities of initial damage, confining
pressure, parameters m, &, and R on stress-strain relation, dynamic compressive strength and dynamic elastic
modulus are discussed. These studies will provide a certain theoretical help for analyzing the stability of
brittle surrounding rocks in deep undergrounding engineering.
Keywords: brittle rocks; micro-macro model; strain rate; dynamic constitutive relation; dynamic elastic
modulus

(G E 5Hk)

083101-11



