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Abstract This paper investigates the effect of model
scale and particle size distribution on the simuolated mac-
roscopic mechanical properties, unconfined compressive
strength (UCS), Young's modulus and Poisson’s ratio,
using the three-dimensional particle flow code (PFC3D).
Four different maximum to minimum particle size (dy,,./
i) ratios, all having a continuows uniform size distr-
bution, were considered and seven model (specimen)
diameter to median particle size ratios (Lid) were studied
for each dg /iy, ratio. The results indicate that the
coefficients of variation {COVs) of the simulated macro-
scopic mechanical properties using PFC3D decrease sig-
nificantly as Lid increases. The results also indicate that the
simulated mechanical properties using PFCID show much
lower COVs than those in PFC2D at all model scales. The
average simulated UCS and Young's modulus using the
default PFC3D procedure keep increasing with larger Lid,
although the rate of increase decreases with larger Lid. This
is mainly caused by the decrease of model porosity with
larger L/d associated with the default PFC3D method and
the bemer balanced contact force chains at larger Lid. After
the effect of mode] porosity is eliminated, the results on the
net model scale effect indicate that the average simulated
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UCS snill increases with larger Lfd but the rate is much
smaller, the average simulated Young's modulus decreases
with larger Lid instead, and the average simulated Pois-
s0n’s ratio versus Lfd relationship remains about the same.
Particle size distribution also affects the simuolated mac-
roscopic mechanical properties, larger dp, . Jdyy, leading o
greater average simulated UCS and Young's modulus and
smaller average simulated Poisson’s ratio, and the chang-
ing rates become smaller at larger dp.. /o, This smudy
shows that it is important to properly consider the effect of
model scale and particle size distribution in PFC3D
simulations.

Keywords  Particle flow code (PFC) - PFC2D - PRC3D -
Muoddel scale - Particle size distribution - Calibration
study - Model porosity

1 Imtroduction

Two types of numerical methods are available for analysis
of intact rock mechanical behavior: continuum and dis-
continuum methods (Jing 2003; Fu 2005). An imporntant
difference between these two types of methods is how the
damage (degradation and failure) process is represented,
indirectly or directly (Potyondy and Cundall 2004). The
continuum (indirect) methods use average measures of
material degradation in constitutive relations 1o represent
micro-structural damage, while the discontinuum (direct)
methods idealize the material as a collection of separate
units such as particles bonded together at their contact
points and use the breakage of the bonds to represent
damage (Potvondy and Cundall 2004). In general, rock can
be treated as a granular material whose micro-mechanical
behavior is discontinuous and heterogeneous. Thus the
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