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field variable for one element model subjected to uniaxial tension
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and its comparison with a reference result
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A phase-field fracture model for brittle materials based on COMSOL

ZHANG Wen-bing*"?, SHEN Zhen-zhong?, XU Li-qun?,
ZHANG Hong-wei*, GAN Lei®, LI Ge-hang®
(1. College of Ocean Science and Engineering,Shanghai Maritime University,Shanghai 201306 ,China;
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210088, China;
3. Shanghai Embankment Pump Gate Construction & Operation Center,Shanghai 200080, China)

Abstract: The phase-field method (PFM) describes the material fracture process through a series of
differential equations,which avoid tedious crack surface tracing and have advantages in simulating crack
initiation, propagation,and bifurcation. This paper introduced a fracture model for brittle materials based
on the PFM, gave the derivation process of the governing equations of the PFM for the brittle material
fracture problem,and proposed a method to implement the phase-field fracture model for brittle materials
in COMSOL based on the staggered algorithm. The cracking process of the brittle material one element
model and the single-edge notched plate subjected to tensile and shear are reproduced,and the simulated
crack propagation path is consistent with the results of the existing literature, which verifies the rationality of
the computer program. For many parameters involved in the phase-field fracture model of brittle
materials,a global sensitivity analysis based on the Morris method is carried out to identify the main
factors of the phase-field fracture model pertinent to the load-displacement relationship. The results show
that the Young’s modulus (E),critical energy release rate (G.) and displacement increment (Au,) are
the main parameters that affect the output results of the load-displacement relationship. The phase-field
fracture model implemented in COMSOL can effectively simulate the crack initiation and propagation in
brittle materials,and the model parameters E, G, and Au, have an important impact on the improvement

of the fracture performance of the material and the efficiency of the inversion of the model parameters.

Key words: brittle materials; phase-field method; COMSOL ;numerical simulation;sensitivity analysis
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