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THE PROBLEM
Why did I use my code?



Granular Media

Definition and examples

Granular media

Definition
A granular media is a system composed of a large number of interacting
solid particles, whose typical size is larger than 100µm. Their interactions
are mainly governed by frictional contacts and inelastic collisions.
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1. Definition and examples
• Systems composed of a large number of solid particles, whose size is typically 

larger than 100 µm. We will focus on non-Brownian particles that interact mainly by 
friction. 

• The interaction between the particles are governed by frictional contact and 
Inelastic collisions

1 nm

Molecules

1 µm

Colloids

100 µm
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Granular Media

Solid, liquid, or gas?

4 Pouliquen & Forterre

2 Di�erent flow regimes

Figure 1: An illustration of the solid, liquid and gas flow regimes obtained by

pouring steel beads on a pile.

Figure 1 shows a typical granular flow obtained when pouring beads on a pile.

One clearly observes three di�erent regions corresponding to the three di�erent

flow regimes: a solid region under the pile where grains do not move or creep very

slowly, a liquid region where a dense layer is seen to flow, and a gaseous region

where the beads bounce in all direction creating a dilute chaotic medium. In the

following, we discuss the boundaries between the di�erent flow regimes.

2.1 Transition between solid and liquid behaviors

Our daily experience tell us that a pile of sand has to be inclined above a critical

angle in order to flow. This comes from the fact that onset of flow of granular

materials is given by a friction criterion: the ratio of shear stress to normal stress,

which is simply the tangent of the slope of the pile, has to reach a critical value

called the friction coe�cient in order for the material to deform. The reason

Granular Media

Length scales

Packing scale
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Contact Particle Microstructure Material Structure

The basic equations describing the particles, their contact 
interactions and their dynamics are deterministic. But, this very fine 
level information is too complex and may turn out to be irrelevant.   

In a microscopic approach, only the particle (rigid) degrees of 
freedom are considered: the particles are treated in a similar vein as 
molecules without internal degrees of freedom and without 
considering the details at the contact level (surface roughness,...).  
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Contact Particle Material StructurePacking

Microstructure

- Space filling/Local structures 
- Correlation 
- Contact and forces

3. Length scales in granular media

Characteristics
Local Structure and space filling : Columnar
structures
Local Structure and space filling : Order/disorder
Granular texture: Forces and contacts
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Packing’s scale : contact and forces

2D 3D

Granular texture : organization of particles and contacts in space

Quantification of this organization? (See Part V of the course)

3. Length scales in granular media

Granular Media

Length scales

Packing scale
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Packing’s scale : contact and forces

(a)

Dantu (1957) Behringer et al. (1999)

Photoelastic visualization of stressed particles. More loaded particles are brighter.

Experimental background

A very inhomogeneous pattern of stresses is observed: large stresses 
(stress chains) and a large number of very weak stresses. 

Numerical simulation
Experiment  

(Berhinger et Al. 1999)

Photoelastic visualization of stressed particles. The most loaded particles are brighter. 

Role of this force network  (See Part V of the course)

3. Length scales in granular media

Frictional
Characteristic particle size



THE SERIAL VERSION
My code is complex, let’s implement a “simpler” version



From scratch … Maybe not a good idea! 
(about 400 loc)

Monday and Tuesday



From scratch … Maybe not a good idea! 
(about 400 loc)

• Preprocessing : Put particles on a grid, 
disorder, random vets, assign radii, set fixed 
quantities

• Fix Vx and Fy on top wall (simulates simple 
shear)

• Use leap frog for time evolution
• Periodic boundary conditions (horizontal)
• Postprocessing: Visualization with python + 

paraview 

Monday and Tuesday



From scratch … Maybe not a good idea! 
(about 400 loc)

• Preprocessing : Put particles on a grid, 
disorder, random vets, assign radii, set fixed 
quantities

• Fix Vx and Fy on top wall (simulates simple 
shear)

• Use leap frog for time evolution
• Periodic boundary conditions (horizontal)
• Postprocessing: Visualization with python + 

paraview 

Monday and Tuesday



Simplest algorithm -> Quadratic growth!
Profiling/Debugging with valgrind
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PARALLEL (OMP) OPTIMAL NUMBER OF 
THREADS

Wednesday



First parallel approach : openmp 
What is the ideal number of threads?

Wednesday
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First parallel approach : openmp 
What is the ideal number of threads?

But time appears to be 
slower for more 

threads :(

Wednesday
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Be ambitious! Increase the 
system size (decreases the ratio 

of communication or thread 
creation/destruction to 

computation)!!!



Several runs

Wednesday-Thursday



Several runs

Wednesday-Thursday

There are some outliers, I need 
to repeat the simulations



Several runs

Thursday

The optimal number of cores 
seems to be 2!!! (wall time equal 

to 0.25s)



Competing threads because of 3th Newton law

Thursday

The optimal number of 
cores seems to be 32!!! Maybe 
because the actual wall time 

increased by a factor of 10. (2 
seconds)



Conclusions

• Always think if your system size is really testing the 
parallel approach. 

• Be explicit about what is shared and private inside 
an omp parallel for .   

• Always test and debug with the right tools. 

• Compute the parallel efficiency to really get an idea 
of the ideal number of cores

Friday


