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Static Granular Piles:
One person's big problem .....



Static Granular Piles:
.... is another's experimental curiosity.

� Exper iment:  Pressing down on cylindrical 
pack of glass beads and observing marks on     
                  carbon paper. Yields P(f) with        
                  exponential tail. (D. Mueth, H. Jaeger 
                      and S. Nagel, PRE 57, 3164)



Static Granular Piles:
A possible theory

� Q-model (L iu et al, Science 269, p513): 
Consider a regular lattice of sites each 
with a grain of mass unity. A fraction q
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of the total weight supported by a grain i 
in layer D is transmitted to grain j in layer 
D+1.  Thus the total weight on grain j is:
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� The probability of realizing a given set of 
q's at any site is given by the distribution 
function:
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� Almost any f(q
ij
) yields a form for P(f) 

with an exponential tail – too general.



The Experimental 2D 
Gravity Driven System

� Steel balls w/ 
diameter ~ 
3.125 mm

� Flow rate is 
controlled by 
changing the 
width of the 
opening at the 
bottom

� A piezoelectric 
transducer is 
located on one 
of the slanted 
side walls as 
marked to 
measure 
impulse.

E. Longhi, N. Easwar and N. 
Menon, PRL 89, 045501



Experimental 2D System:
Results for Impulse Distribution



Experimental 2D System:
Implications of Measured P(I)

	 After normalizing, P(I) shows flow rate 
invariant exponential tail for impulses 
greater than average.

	 If exponential tail 
  force chains then why 
doesn't the shape of P(I) at large impulses 
change as V

f
 is decreased?

	 Interesting behaviour occurs at small 
impulses – but resolution problems with 
experiment.



Event Driven Simulation:
Some technical details

� Events in this simulation are collisions 
between one particle and another particle 
or the system boundaries.

� Event dr iven �  the system propagates 
from one event to the next (i.e time steps 
between events are not equivalent).  
NOTE: instantaneous collisions.

� Collisions are inelastic but system is 
driven by gravity:


 Steady State
� Flow velocity controlled                             

by hopper opening and                                
probability of reflection                               
at bottom.

� Particles exiting the bottom                         
are replaced at the top.



Event Driven Simulation:
Results for P(I)

� Simulation also shows flow rate invariant 
exponential tail at large impulses.

� The height of the distribution at small 
impulses dramatically increases as the 
flow rate decreases --- plateau formation?



The Freely-Cooling Gas
A Brief Interlude

� In simulations of hard disks experiencing 
inelastic collisions, one can ask a simple 
question:  Which particles were involved 
in the last N collisions?

� Visualizations of the system show that 
these “ frequently colliding”  particles for 
linear clusters.

S. McNamara and W. Young, PRE 50 R28



Event Driven Simulation:
“Frequently Colliding”  Particles

� We can ask a similar 
question by defining a 
minimum frequency:           

      �

0
 = 50��� �               

where � is the average 
time between collisions.

� Every 1000 events we 
construct an image of our 
system and colour those 
particles with � � �

0
 red.

� As the flow rate decreases, 
increasingly longer linear 
clusters are observed



Event Driven Simulation:
More Insight into P(I)

� Can the changes at small impulses in the 
shape of P(I) be explained by the 
appearance of these clusters?                     

Flow rate = 2.03 Flow rate = 0.96



1D Cluster Model
� Consider a single particle of speed v 

incident on a stationary cluster of S 
particles.  

�

�

� At the first collision: I = (1- � )v                
At the second collision I = (1- � )2 v             
At the Sth collision I = (1- � )S v

�

�

�

�

� As S becomes large, (1- � )S �  0 and 
P(I,v,S) extends back towards zero as 
shown:



1D Cluster Model:
A representative P(v)

� Measured P(v) in granular materials very 
non-Gaussian (A. Kudrolli and J. Henry, PRE 62, 
R1489) – we choose an approximate shape 
for P(v) to be Gaussian with an exponential 
tail.



1D Cluster Model:
Constructing P(S)

� Simple cluster  identification algor ithm: 
For each “snapshot”  of the system taken at 
every 1000 events consider all frequently 
colliding nearest neighbours to be part of the 
same cluster.



1D Cluster Model:
Final result for P(I)

� To get the total impulse distribution, we 
must convolve P(I,v,S) with measured 
cluster size distribution P(S) and 
representative velocity distribution P(v).



Other Driven Systems

Stress in photoelastic 
disks in Couette cell

(D. Howell, R. Behringer, 
C. Veje, PRL 82, 5241)

Spatial correlations in 
velocity fluctuations 

(surface flow in a 
rotating drum)

(D. Bonamy et al, PRL 89, 
034301)



Future Work
Time Distributions

� Other result from 2D hopper experiment is 
the distribution of collision times measured 
at the transducer (different flow rates 
vertically displaced for clarity)

�

�

�

�

� Our results for watching one particle:



Future Work

� Cluster  definition: need a better 
way of defining clusters – 
possibly by considering spatial 
velocity correlations.

� Stress-stress correlations
� Transition to jamming


