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Development of a Numerical Simulator for 3-D Dynamic Fracture Process Analysis of
Rocks Based on Hybrid FEM-DEM Using Extrinsic Cohesive Zone Model

by

Daisuke FUKUDA¥*, Erina NIHEI**, Sang-Ho CHO***, Sewook OH***
Yoshitaka NARA**** Jun-ichi KODAMA***** and Yoshiaki FUJII*****

The combined finite-discrete element method (FDEM) has attracted significant attention for numerical simulations
of complex fracture process of rock-like materials as one of the promising hybrid methods. The mainstream of FDEM
simulators developed to date is based on the intrinsic cohesive zone model (ICZM) in which cohesive elements are
inserted into all the boundaries of continuum solid elements at the onset of simulations and an artificial elastic behavior
must be incorporated to model the intact deformation of rock-like materials. However, the effect of introduction of the
artificial elastic behavior on the precision of intact stress wave propagation has not been discussed in previous literatures
and this paper discusses this issue. As an alternative for the ICZM-based FDEM, we apply the FDEM based on the
extrinsic cohesive zone model (ECZM). An advantage of the ECZM-based FDEM is presented through the 3-dimentional
(3-D) numerical modelling of dynamic tension test. In addition, the effect of considering the anisotropy of wave
propagation in granite, which has been neglected in all the previous works using FDEM, is investigated through the
ECZM-based 3-D FDEM simulation of dynamic Brazilian test with a split Hopkinson pressure bar apparatus. Through
the presented numerical simulations, it can be concluded that the ECZM-based FDEM may be an alternative for
numerical simulations of complex dynamic fracture process of rock-like materials instead of the ICZM-based FDEM.
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Rock, Anisotropy, 3-D dynamic fracture process, Numerical simulation, Combined finite-
discrete element method (FDEM), Extrinsic cohesive zone model
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Fig.1  Schematic illustration of a CE6 connecting two TET4s by
normal and shear cohesive tractions (¢°°", 7°").
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Fig. 2  The difference between (a)ICZM and (b)ECZM in the case
of opening mode in a CE6.
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® : Nodes to be split
# : Newly created nodes by node splitting
© : Unchanged nodes

(a) An interior node 1s split into two nodes.

(¢) A node on a surface edge is split into two nodes.
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(d) Each of three nodes on different surface

edges is split into two nodes.

Fig. 3  Adaptive remeshing scheme by node splitting technique
implemented for 3D FDEM(ECZM).
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Fig. 5 Numerical model and boundary condition for 3-D FDEM
simulation of dynamic spalling test.
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Fig. 6  Comparison of intact stress wave propagation obtained by
3-D FDEM based on ICZM and ECZM at t = 20 ps.
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Fig. 7 Comparison between the experimental results and those
obtained from 3-D FDEM based on ICZM and ECZM.
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Fig.8  Numerical model for SHPB-based dynamic Brazilian test.
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Table 1 Effective elasticity tensor estimated for Barre granite.

Effective elastic tensor O, Barre granite
Cun Coz Cun Cuz Cun Cun | 547 BO8 703 0 0 0
Cuz Ciar Cen Coz Cin Con | 808 407 554 0 0 0
Ciz Con Cos Coz Cas Cas | 703 554 352 0 0 0

Ciz Cior Coz Com Con Cou | 0 0 0 192 0 0
Cin Con Cos Con Cms Cus | 0 0 0 0 155 0
Cin Con Con Con Con Cum 0 0 0 0 0 179
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