
11th World Congress on Computational Mechanics (WCCM XI) 
5th European Conference on Computational Mechanics (ECCM V) 

6th European Conference on Computational Fluid Dynamics (ECFD VI) 
July 20 - 25, 2014, Barcelona, Spain 

 
 

 

INFLUENCE OF SHAPE OF PARTICLE SIZE DISTRIBUTION ON 
MECHANICS OF UNIAXIALLY COMPRESSED GRANULAR 

PACKINGS 

 
J. Wiącek*, M. Molenda  

Institute of Agrophysics, Polish Academy of Sciences,  
Doswiadczalna 4, 20-290 Lublin 27, Poland, e-mail: jwiacek@ipan.lublin.pl,  

e-mail: mmolenda@ipan.lublin.pl  
 

 
 
Key Words: Polydisperse packing, Size distribution, Compression . 
 
 

The large-scale application and processing of granular materials in many branches of 
industry require improved insight into the complex microstructure of particulate assemblies. 
Microstructure characterization of particulate media is critical to understand and predict 
macroscopic properties of granulates which allows for optimization of storage, transport and 
handling. The studies on mechanical properties of granular packings have been mainly related 
to monodisperse systems, however the majority of particulate materials involved in industrial 
and natural processes is composed of particles of a broad range of particle sizes which may be 
described by various distributions (e.g. normal, log-normal, uniform et al.) [1,2].  

The understanding of the relationship between shape of particle size distribution and 
geometrical and mechanical properties of granular materials seems to be still insufficient. 
Thus, the objective of the reported project was to investigate the impact of shape of particle 
size distribution on micro- and macromechanical response of assemblies of spheres with wide 
range of value of standard deviation of particle mean diameter subjected to uniaxial 
compression. The threedimensional discrete element simulations [3] have been carried out for 
frictional assemblies of spheres to study the influence of shape of particle size distribution on 
mechanical response of block shaped specimen under uniaxial compression. The simplified non-
linear Hertz-Mindlin contact model was applied in simulations conducted using the EDEM 
software. The ternary mixtures with uniform particle size distribution and multi-sized ones 
with normal, log-normal and arbitrary particle size distributions were generated. The standard 
deviation of particle mean diameter in mixtures was 20%, 40% and 60% . 

The detailed analyses of fabric and microstructure of particulate assemblies included  
the void fraction, number of contacts and forces in contacts between particles while 
macroscopic study included the effective elastic modulus, pressure ratio and Poisson’s ratio.  
The initial void fraction, defined as a ratio between the volume of voids in the uncompressed 
particulate system and its total volume, was found to vary slightly in samples composed of 
particles of a broad range of particle sizes described by various distributions. The differences 
in values of void fractions did not exceed 5%. The normal and arbitrary particle size 
distributions resulted in higher coordination numbers (CN) in samples as compared to the 
ones calculated for packings with particle sizes described by log-normal and uniform 
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distributions. The differences between values of CN in granular systems increased with 
increasing standard deviation of particle mean diameter.  

Although shape of particle size distribution determined geometrical properties of 
granular mixtures, it had no influence on transmission of stresses in samples resulting in 
similar values of lateral-to-vertical pressure ratios. The differences between values of angle of 
internal friction and Poisson’s ratio calculated for mixtures with various particle size 
distributions were found to lie in the range of scatter. Out of examined parameters only 
effective elastic modulus has shown clear dependence on shape of particle size distribution at 
vertical pressure higher than 50 kPa. Differences between the values of effective elastic 
modulus calculated for mixtures with normal and arbitrary particle size distributions and 
lognormal and uniform particle size distributions exceeded scatter at high compressive loads.  

The numerical simulations of systems composed of high number of particles are time-
consuming and computationally expensive, thus the search of methods for decreasing 
computational time is of intense interest to researchers in the field. The study on effect of 
shape of particle size distribution on mechanics of solids showed its high influence on the 
value of computational time step. The Rayleigh time step calculated for granular packings 
with normal  particle size distribution decreased exponentially while time step calculated for 
other shapes of distributions decreased linearly. The highest time steps were obtained for 
ternary mixtures with uniform particle size distribution. As the mechanical characteristics of 
polydisperse granular materials are not influenced by the shape of particle size distribution, it 
is suggested to select the one which provides the lowest computational time step and the 
highest effectiveness of simulations. 

The application of DEM modeling provided new information on properties of granular 
assemblies composed of non-uniform spherical particles and knowledge which may be used 
to reduce significantly simulation time and to increase effectiveness of numerical tests 
conducted using discrete element method. 
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