Durham Research Online
Deposited in DRO:
13 March 2017

Version of attached le:
Accepted Version

Peer-review status of attached le:
Peer-reviewed

Citation for published item:
DeGiuli, E. and McElwaine, J. N. (2016) 'Comment on What determines the static force chains in stressed
granular media?.', Physical review letters., 117 (15). p. 159801.

Further information on publisher's website:
https://doi.org/10.1103/physrevlett.117.159801
Publisher's copyright statement:

Reprinted with permission from the American Physical Society: Physical Review Letters 117, 159801 c 2016 by the
American Physical Society. Readers may view, browse, and/or download material for temporary copying purposes only,
provided these uses are for noncommercial personal purposes. Except as provided by law, this material may not be
further reproduced, distributed, transmitted, modied, adapted, performed, displayed, published, or sold in whole or
part, without prior written permission from the American Physical Society.
Additional information:

Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or charge, for
personal research or study, educational, or not-for-prot purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in DRO
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full DRO policy for further details.
Durham University Library, Stockton Road, Durham DH1 3LY, United Kingdom
Tel : +44 (0)191 334 3042 | Fax : +44 (0)191 334 2971
https://dro.dur.ac.uk

Comment on: ‘What Determines the Static Force Chains in Stressed Granular
Media?’
E. DeGiuli1 and J. N. McElwaine2
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Generic packings of frictional disks or spheres are hyperstatic: there are more degrees of freedom in the contact forces than are fixed by the conditions of mechanical equilibrium. This implies that the history of packing
preparation affects the internal structure and elastic response of frictional granular materials [1, 2]. Such studies imply that a measure of packing fabric is necessary to
model the solid behavior of granular materials, but the
form of relevant internal variables is debated [3–5]. In a
recent Letter [6] , Gendelman, Pollack, Procaccia, Sengupta, and Zylberg (GPPSZ) claim to solve a strong version of this problem, presenting an equation from which
the forces can be determined, given the positions of all
particles and their radii. GPPSZ emphasize that their
result (i) does not require the transverse force law, and
(ii) does not involve the distances between particle centers, since these cannot be precisely determined in experiments. While their analysis, and claim (i), are correct,
we show here that claim (ii) is false; in fact, the solution
proposed by GPPSZ requires that particle radii and positions are known to the precision of the deformations at
contacts, a feat impossible in experiments.
This result can simply be established by a scaling analysis of the equations in Ref.6. We take units with the
mean grain diameter hσi = 1, and rescale applied forces
and torques by the pressure, p, which must also be the
scale of the contact forces |f i to be determined. Then
the main equation of Ref. 6 takes the form
ext
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where |F ext i is a vector of rescaled external forces and
torques, |σi is a vector of geometrical quantities linearly
related to grain radii, Q and G are matrices involve O(1)
geometrical quantities, and κ  p is the grain stiffness.
The term involving Q|σi contains the nontrivial geometrical constraints, one for each loop in the packing. For
the linear elastic forces considered by GPPSZ, the quantity ∆ ≡ p/κ is the typical magnitude of grain deformations; for a typical experiment, ∆ . 10−5 [7]. Thus from
(1) one would naively expect that either (i) |f i ∼ p/∆,
which is far too large, or (ii) G−1 has an anomalously
small projection onto Q|σi, which is impossible since G
is nominally independent of geometry at the scale of the
contacts, in particular the scale κ. In fact neither of these
possibilities occurs: the mechanism by which |f i ∼ p, as
required, is that the vector Q|σi must be O(∆) everywhere in the packing. This is equivalent to the statement

that all grain radii and grain positions must be specified
to a precision O(∆), the scale of particle deflections. If
one had access to such data, one could determine the
normal forces directly, without invoking Eq.(1).
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FIG. 1. (a) Relative error in predicted forces versus noise ξ,
for ∆ ≈ 10−6 . (b) Collapse of all data h(fpred − f )2 i1/2 /hf i
versus ξ/∆. Dashed line is 0.3 ξ/∆.

To quantitatively demonstrate our result, we implemented Eq.(1) and tested its susceptibility to simulated
experimental noise. With a standard DEM code we prepared packings over a range of ∆ from 10−6 to 10−1 [8].
We then added Gaussian noise of amplitude ξ to the grain
radii, and measured the relative error in predicted contact forces fpred from the true ones, f (Fig 1). As expected from Eq.(1), only when ξ . ∆ is the relative error
h(fpred − f )2 i1/2 /f much smaller than 1; for larger noise
the predicted forces are not even of the correct magnitude.
We have shown that Eq.(1) is not useful for obtaining forces from geometrical information. If, somehow,
the normal forces are known, then the mechanical equilibrium equations can be used to obtain the transverse
forces, showing that the transverse force law is indeed
redundant. This is relevant to the practical, unresolved problem: to determine which statistical information about the packing is necessary to determine the
macroscopic stress response.
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