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Distance  Time shifting
wave
(mm) (us)
Incident wave +930 +187.15
Reflected wave -930 -187.15
Transmitted wave -605 -120.74

Table 1. Time shifting of the waves
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PoissoN's Elastic Tensile Compressive
ratio modulus strength strength
(GPa) (MPa) (MPa)
0.25 8.5 4 43.1

Table 2. The macro-mechanical properties of gypsum
specimen
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R Radius of spherical particles (mm)  0.5-0.7
Kn Normal spring stiffness (MN/m) 9.2
Ks Shear spring stiffness (MN/m) 1.84
nb Normal bond (N) 4
Sh Shear bond (N) 10
v Coefficient of friction at contact 05
points

p Density (Kg/m?) 2500
Go Genesis pressure (GPa) 2.0

Table 3. The micro-mechanical parameters for the
numerical model
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AT 6551 5 CAZ il

Parameters ;\:mle;t'f Oar: Experimental
Uniaxial compressive
strength (MPa) 42.9 43.1
Tensile strength (MPa) 4.1 4
Elastic modulus (GPa) 8.6 8.5
Poisson's ratio 0.3 0.25

Table 4. Comparison of the physical properties of
gypsum specimen and bonded particle model
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Density of the bars (kg/m®) 8100
Elastic modulus of the bars (GPa) 200
Poisson’s ratio of the bars 0.3
Wave velocity along the bars (m/s) 4970
Incident bar length (mm) 1830
Transmission bar length (mm) 1218
Diameter of bars (mm) 12.7

Table 5. The characteristics of the SHPB apparatus
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Incident bar Transmission bar

Fig. 5. Numerical modelling of Hopkinson test in CA3
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(mm) (mm) (mm) (mm)
2.4 10 6.25 125
2.4 10 12.5 25
2.4 10 25 50
2.4 10 50 100
2.4 10 100 200

Table 6. Properties of numerical specimens prepared for
Brazilian test
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Abstract

The loading rate and specimen size are two main influential factors which control the tensile and
compressive strengths of Quasi-brittle materials such as concrete, ceramic and rock. Most of the studies in
the past have been focused on the size effect in the static loading situations i.e. in situations in which the
effect of the loading rate and inertia can be ignored. In particular, fracture mechanics size effect has received
substantial attention both with respect to the physical testing and the numerical modeling. On the other hand,
combined effect of the specimen size and loading rate on the rock strength has received little attention in the
literature. Understanding the dynamic size effect of Quasi-brittle materials such as rock is essential for better
analysis and design of rock structures. This is particularly the case when rock is subjected to the blasting
loads or when it is prone to the strain bursting. Studies on the failure of rock under the coupled effect of
specimen size and loading rate are far from sufficient. Due to the limitations of the laboratory test devices,
limited research efforts have been conducted on the size effect of materials under dynamic loading. In this
study, a 3D hybrid finite-discrete element code called CA3 was used to simulate the Split Hopkinson
Pressure Bar test. The Incident and Transmitted bars were modeled by the finite element method while the
Brazilian specimen was simulated using a Bonded Particle Model (BPM). The bars were assumed to behave
elastically while the simulated specimen could develop micro and macro cracks which eventually could end
up to complete disintegration and failure. Brazilian specimens with different sizes were numerically
modeled. The specimen contained a vertical notch so that fracture mechanics size effect under high strain
loading rate could be studied. The specimens were subjected to different loading rate by adjusting the
incoming wave in the incident bar. A micromechanical model in which the contact bond strength was
allowed to vary in proportion to the relative velocity at the contact point of the involved particles was
employed to capture the loading rate effect. The effect of specimen size on the dynamic tensile strength of
rock was explored and compared with the static size effect. The results were analyzed and discussed using
the dimensional analysis approach. The numerical results suggest that the dynamic size effect on tensile
strength of rock is different from the static size effect. While for small loading rates, the rock strength
decreases as the specimen size increases, this is not the case when high loading rates are involved. For high
loading rates, with the increase in the specimen size, the tensile strength initially increases. However, with
further increase in the specimen size and the increase in the distance between the notch tips and the impact
points, it appears that the inertia and loading rate effects reach to a stable situation, i.e. with further increase
in the specimen size, the material strength remains relatively constant. This interesting observation is
discussed and compared with the published data in the literature.

Keywords: Size effect, Loading rate effect, Split Hopkinson Pressure Bar, Dimensional analysis, Dynamic loading,
Discrete element, Finite element

147


mailto:a.fakhimi@modares.ac.ir



