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Evidence is accumulating that  minor planets such as 
asteroids and several  of the newly discovered moons 
of  the  great  planets  may  not  be  solid,  but,  rather,  
granular  aggregates  that  are  held  together  by their  
own gravitational  attraction.  The  dynamics  of these 
'rubble  piles'  will  be very different  from those  of a 
solid  body. This  is  because granular  aggregates  can 
withstand only a finite amount of shear  stress before 
they yield.  Post-yield they flow in  a  manner  akin  to 
fluids, in marked contrast to their behavior as almost 
rigid objects before yield.
Granular  aggregates  are  complex  materials  that,  
depending  on  grain  properties,  packing  density and 
applied  forces,  can  display  solid-  or  fluid-like 
behavior.  A  unified  constitutive  modes  for  these 
materials  still  evades  us.  This  makes  investigations 
into their dynamics challenging.
A commonly employed technique  to  study granular  
aggregates  is  the  Discrete  Element  Method  (DEM) 
[1,2]  that  follows  the  dynamical  evolution  of  each 
particles constituting a rubble pile. The most general  
DEM simulations typically assume that  the  particles 
are rough entities that interact via inelastic collisions, 
though,  very  often,  to  ease  computational 
requirements particles are assumed to be smooth.
All  DEM  studies  assume  an  interaction  law  to 
simulate virtual granular aggregates. However, seldom 
are these virtual materials correlated with geophysical 
materials  such  as  sand.  Geophysical  materials  are 
often characterized by various macroscopic parameters 
of  which  the  most  important  one  is  the  internal 
friction  angle.  This  may  be  quickly  estimated  by 
measuring the angle of heap that  the material  forms, 
when  poured  onto  a  horizontal  surface.  Or,  it  may 
more scientifically be estimated via triaxial tests  [4]. 
The  question  that  is  left  unanswered  is  whether  the 
virtual  granular  materials  display the same behavior 
as shown by real geophysical materials, such as, sand,  
when subjected to similar tests, say, heap formation or 
triaxial tests. For example, when smooth particles are 
employed in a DEM study, they will not form a heap.  
Will  then  a  smooth  particle  DEM  give  physically 
meaningful results?
In  the current  study, we focus on how the choice of 
interaction  laws  affects  the  macroscopic  internal  
friction  angle  as  measured  by  heap  formation  and 
triaxial  tests. The interaction between two contacting 
particles is modeled via a hookean spring  and linear  
dashpot  model  [3].  Additionally,  we investigate  the 
effect  of  including  a  dry  friction  slider  and  rolling  
resistance;  these  effects  are  certainly  physically 
relevant.  We also perform triaxial  testing to compute 

internal angle of friction, and its values are compared 
with those obtained via heap formation. 
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