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Stresses in isostatic granular systenms and energence of force
chai ns
by Raphael Bl unenfeld

Dr. Raphael Blunenfeld
Cavendi sh Laboratory
Canbri dge University
Madi ngl ey Road

Canbri dge CB3 OHE

UNI TED KI NGDOM

Dear Dr. Blunenfeld,

The above nanuscript has been revi ewed by our referees.
to consider the enclosed conments fromthe reports.

We ask you

Wil e we cannot nake a definite commtnent, the probable course of
action if you choose to resubmt is indi cated bel ow.

() Acceptance, if the editors can judge that all or nost of the
criticismhas been net.

(X) Return to referee B for review if avail able.
() Subnmittal to new referee(s) for review

Pl ease acconpany any resubmittal by a summary of the changes made, and
a brief response to all recomrendati ons and criticisms.

Yours sincerely,

Rei nhardt B. Schuhmann
Edi t or

Physi cal Review Letters
Engil: prl @ps.org

Fax: 631-591-4141
http://prl.aps.org/

Report of Referee A -- LP9475/ Bl unmenfel d

The nanuscript describes a nodel of forces wthin two di nensional
granul ar materials.

The granul ar systens are isostatic and the nodel relies on an equation
that gives a connection between the stress tensor and the (m croscopic)
fabric tensor. Initially results showthat in this regime the stress
equations are hyperbolic (with a possible exception at granul ar scales).
A solution of the stress equations, with boundary |oad conditions,
reveal s features that have been identified as force chains. As part of a
di scussion relating this special case to general granular packings the
author identifies the isostatic state as a critical point at which the
I'ength scale for granular rearrangements diverges. The author proposes
that away fromthis critical point granular systems becone two phase
systems with elastic domains within an isostatic matrix.

The account is reasonably well presented and readabl e although terse. It
has sone el enents of generality that may appeal to non specialist
readers and concerns a subject of current debate anbngst practitioners
in granular naterials. Sone aspects of the account could be inproved by
further material or explanations (a) How does the fabric tensor
introduced in eq (2) relate to traditional forns involving normal
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contact vectors? (I would expect the trace of the average tensor to be
related to packing and coordination?). (b) Can the | oops presented in
figure 1 be given a physical interpretation? If not can their nunbers
and statistics be related to nore natural microstructural descriptors?
(c) At several points e.g. p3 "which appear to be only a few grains

wi de" the account discusses the size of 'chains’. Wth respect to
energence what constitutes a chain (since connectivity is ensured)? (d)

| can not reproduce eq. (4)? In fact it appears to be dinensionally
inconsistent? A few nore details would nmakea major inprovenent. (e) In
what way does eq(6) give evidence against the parabolic formthat eq(4)
does not? (f) The factor bxy on p 6 (top) and the scale d in equation 12
appear without sufficient explanations? (g) It is insufficient to say
that a critical point "has already been entertained in the literature" P
9 (top). How does this add to the argunent?

| reconmend publication in Physical Review Letters after these points
have been addressed.

Report of Referee B -- LP9475/Bl unenfeld

This paper deals with stress transmission in granular packings. In a
first part, the author derives closed equations for the stress
conponents. An inportant question about equations governing stress
transm ssion is whether they are elliptic (as in elasticity theory),
parabolic or hyperbolic. The author clainms to show that the equations
are hyperbolic on macroscopic scal es. Discussing the solution of the
equations in sone sinple cases, the author explains the appearance of
force chains fromthe sinple formof the equations obtained. Finally the
aut hor proposes an experinental test for this theory, based on the
nmeasurenent of the local fabric tensor. The paper is rather well witten
and easy to follow However, it is based on the fundanental equation
(6), which derivation is not clear in the paper. Indeed, Egq. (5) is a
consequence of the change of variables (5) in Eq. (4). However, this
change of variables seens to be valid only when the fabric tensor is
uniform The author should clarify this point: is Eq. (6) valid even
when the fabric tensor is not uniform(in that case, the author should
explain a bit how the algebra leads to this remarquable result)? or is
it valid only when the fabric tensor is uniforn? This question of the
uniformty of the fabric tensor is of first inportance, as granul ar
packings are usually studied in a disordered state (or at |east weekly
di sordered), in which case this tensor is not uniform Due to this
uncertainty at the starting point of the paper, | cannot recomrend its
publication in Physical Review Letter in its present form However, as
Eq. (5) would be an inportant result if true in general in granular
packing | suggest to the author to rewite the derivation of Eq. (5) in
a nore convincing manner, in which case the possibility of publication
of this paper could be considered.

Report of Referee C -- LP9475/Bl unenfeld

The specification of both stress and stress gradi ent as boundary
conditions is unusual but, apparently, necessary for isostatic systemns.
A comment ni ght be incl uded regarding this.




