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PSD & Fabric

Radjai et al. (1998) observed that forces are 
(generally) transmitted via fabric in two ways:

• Strong (vertically orientated) force chains

• Weak (orthogonally supporting) force 
chains

Voivret et al. (2009) found that:
 
• Larger grains transmit strong force chains 

• Smaller grains transmit weak(er) 
supporting force chains 

 

 

A polydisperse PSD. Larger grains transmit vertically aligned (strong) force chains, & 
smaller grains facilitate orthogonally aligned (weak) force chains. From Voivret et al. 

(2009)



Proposed by Lőrincz (1986),

• Grading curve is ‘condensed’ to a single 
point via the sum of the grading entropy 
of each sieve fraction

• Normalised base entropy ′𝐀’ describes 
the mean particle diameter 
(skewness/symmetry)

• Normalised entropy increment ‘B’ is a 
measure of fraction variety in a PSD 
(kurtosis)
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PSDs & Normalised Entropy Diagram 

a) PSDs from groups A & C on a normalised entropy diagram b) Grain size distributions for groups 
A and C

a) b)



Simulation Overview 

• YADE

• 10 000 spherical particles (randomly 
generated)

• Isotropically compressed 

• Undrained (constant volume)

• Loose specimens (to initiate liquefaction)

• Φ1 , major principal fabric (strong force 
chains)

• Φ3 ,  minor principal fabric (weak force 
chains)
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Fabric analysis, group A (changing A-coordinate, constant B-coordinate, B=0)

a) Value of the major principal fabric (Φ1) for Group A b) value of the minor principal 
fabric  (Φ3) for Group A

a) b)
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Fabric analysis, group C (changing B-coordinate, constant A-coordinate, A=0.5)

a) Value of the major principal fabric (Φ1) for Group C b) value of the minor principal 
fabric  (Φ3) for Group C
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Conclusions  

• Larger A-coordinates facilitated more strong force 
chains prior to failure (i.e. greater Φ1). 
Subsequently, a greater proportion of the stress 
distribution was then taken by orthogonally  
orientated weak force chains.

• B-coordinate was associated with increasing 
contact variety and the formation of weak force 
chains (i.e. greater Φ3). Contributing to the stability 
of the strong force chains. 

• Specimens with greater proportions of A and B 
exhibited more stable tendencies post failure. 

 

 

Deviatoric stress plotted with axial (shear) strain up to termination. Greater 
stability is associated with greater values of A and B.
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PSD ranges



Macroscale response, q-p’ 



Coordination numbers, Group A

a) Average coordination number (Z) for group A b) Mechanical coordination number (Zm) for 
group A

a) b)



Coordination numbers, Group C

a) Average coordination number (Z) for group C b) Mechanical coordination number (Zm) for 
group C

a) b)



Previous work has demonstrated…

• Links between ‘A’ and coarse grain fabric

• Preliminary DEM simulations have 
shown Z & Zm increase with ‘A’

• ‘A’ been used to determine the 
equivalent intergranular void ratio (e*)

Fabric & ‘A’

e*=
𝐞+ 𝟏−𝐛 𝐅𝒄

𝟏− 𝟏−𝐛 𝐅𝒄
e*=

𝐞+(𝑨)𝐅𝒄

𝟏−(𝑨)𝐅𝒄



PSD & Soil Fabric

• Whilst other definitions of force chains 
exist (e.g. Tordesillas and Muthuswamy, 
2008; Kruyt, 2016)…

• It is agreed that a bimodal distribution 
exists between contact orientations

i.e. primary force network is supported 
structurally by neighbouring particles. 

 

 

A polydisperse PSD, larger grains transmit vertically aligned (strong) force chains, & 
smaller grains facilitate laterally aligned (weak) force chains. From Voivret et al. 

(2009)



A final note…  

• Whilst it is established that larger fabric 
anisotropy relates to larger strength and stiffness, 
these results may appear to contradict these 
findings.

• However, it must be noted that the results here 
differ as changes in anisotropy are the result of 
PSD, not loading direction or stress path as in 
previous studies (e.g. Barreto and O’Sullivan 
2012). 
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