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The full description of micro-mechanical behaviour may be divided
into three points:

1. Description of the structure, that is to say, positions of grains
and contacts between them.

2. Description of the kinematics evolution: displacements,
rotations, evolution of contacts.

3. Description of inter-granular forces.

from: F. Calvetti, G. Combe and J. Lanier: Experimental micromechanical analysis of a 2D granular material:
relation between structure evolution and loading path. Mechanics of cohesive-frictional materials, VOL. 2, 121-163,
1997
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What do we want to measure?
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How can we measure contact orientations?
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How can we measure contact orientations?
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How accurate are the standard approaches to
determine contact orientations?
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Artificial spheres

Contact detection

Artificial spheres
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Artificial spheres
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Artificial spheres
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Artificial spheres
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Adding noise

Contact detection

Adding noise

15 / 35



Introduction Contact detection Contact orientation Going further...

Adding noise

16 / 35



Introduction Contact detection Contact orientation Going further...

Adding noise
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Getting real

Contact detection

Getting real

18 / 35



Introduction Contact detection Contact orientation Going further...

Getting real
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Getting real

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  1  2  3  4  5  6  7

P
ro

b
ab

il
it

y
 o

f 
fi

n
d
in

g
 a

 c
o
n

ta
ct

 [
-]

Minimal Distance [micrometer]

Contact detection on Ruby spheres 
 Resolution = 5 mum/vox

threshold = 138
150
160
170
180
190

21 / 35



Introduction Contact detection Contact orientation Going further...

Getting real
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Getting real
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Artificial spheres

Contact orientation

Artificial spheres
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Artificial spheres

Orientation of Contacts

Lambert azimuthal equal-area
projection of the imposed
orientations

I creation of 5,000 pairs of
spheres with equally
distributed branch vectors

I error is defined as the angle
between the orientation and
the imposed branch vector
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Artificial spheres
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Getting real

Contact orientation

Getting real
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Getting real
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Getting real
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Getting real

Problems with natural shapes...
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Going further...

32 / 35



Introduction Contact detection Contact orientation Going further...

Summary

I The standard approach was investigated closely using the
scales of interest for X-ray µCT

I systematic over-detection of contacts
I strong bias on contact orientations

I The following improvements were found to yield more
accurate results

I Local thresholding to improve the detection of contacts
I Advanced watershed methods to improve the accuracy on

contact orientations
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Our approach to contacts
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Experiments in the x-ray CT

Oedometric compression on Hostun Sand

Macroscopic Curves
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