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Fig. 1 Structure of discrete element model of SHPB
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Table 1 Main microscopic parameters of discrete element model in numerical experiments of SHPB

Effective modulus Normal-to-shear . . Size ratio of maximum

) ) ) . Minimum radius of . .

Material of linear contact/ stiffness ratio of . and minimum Porosity
. particles/mm .
GPa linear contact particles
Steel bar 190 4.0 0.100 1.5 0.15
Inorganic glass 63 2.1 0.026 1.5 0.10
Effective modulus of ~ Normal-to-shear Tensile strength of Shear strength of Density of

Material flat-joint contact/ stiffness ratio of flat-joint contact/ flat-joint particles/
GPa flat-joint contact GPa contact/GPa (kg'm™)

Steel bar 190 4.0 1000 1000 8800

Inorganic glass 63 2.1 0.073 0.35 2444

R2 ARKBERVUSEHBEENSE RS BIBERT L

Table 2 Macroscopic parameters of quartz glass: comparison of simulation results with ones published in the literatures

Method E/GPa  p./(kg'm™) o./MPa oc/MPa  o/MPa K,/(MPa-m'?) v
DEM simulation 72.5 2200 610 47 67.5 0.96 0.17
Refs.[16-17] 725 2200 500-1100 49 60-70 0.81 0.17
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Fig. 4 Stress waves recorded on the Hopkinson bars
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Fig. 5 Distribution of probing circles in the glass specimen
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Fig. 9 Crack distributions (a) and fragmentation morphologies (b) of the specimen at different time (u = 0.1, £=700s")
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Fig. 12 Evolution of internal damage process inside a specimen without the boundary friction
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Fig. 15 Structure of discrete element model of SHPB
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Discrete Element Simulations of Dynamic Compression Failure of
Inorganic Glass in SHPB Tests

MA Qiqi, XIONG Xun, ZHENG Yuxuan, ZHOU Fenghua
(MOE Key Laboratory of Impact and Safety Engineering, Ningbo University, Ningbo 315211, China)

Abstract: Based on the discrete element algorithm (DEM), a numerical split Hopkinson pressure bar
(SHPB) platform is established by the mean of particle flow code software (PFC*"), and the feasibility of the
system has been verified. The failure mode and the dynamic compressive strength of an inorganic glass
specimen at different strain rates are investigated. The numerical simulation shows that the inorganic glass
exhibits typical brittle characteristics during dynamic compression, and its compressive strength is
significantly affected by the strain rate. The Young’s modulus, however, is strain rate insensitive. The failure
mode of the specimen is affected by the boundary friction as well as the Poisson ratio. In the case of
frictional contact, the initial micro-cracks within the specimen are distributed in a triangular zone due to the
combined effect of longitudinal pressure and frictional force. With the increase of the longitudinal stress, the
transverse tensile stress creates the longitudinal cracks, resulting in the axial splitting. The failure mode in
the case of frictionless contact differs from the frictional case, in which no triangular crack zone exists.
Moreover, the value of Poisson ratio affects the failure mode as it results in the transverse tensile stress
during dynamic loading. Numerical simulations of dynamic Brazilian compression are also conducted to
support future experimental works. It shows that Brazilian disk starts failure at the center in the moderate
strain rate and the macroscopic splitting tensile strength is strain rate dependent.

Keywords: inorganic glass; discrete element method; dynamic compression; failure mode; Brazilian test;

rate dependency of strength
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