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Impact of rotation resistance on diffuse failure of granular materials
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Abstract: Under the certain strain path, granular materials may exhibit non-localized failure mode corresponding to an abrupt
occurrence of failure with the stress states within the Mohr-Coulomb yielding surface. Using the discrete element method (DEM),
mechanical properties of granular material with different rolling friction coefficients are examined under proportional strain loading
paths. For particle assemblies of different densities, looser assemblies tend to have diffuse failure, which qualifies Hill’s second-order
work criterion. A contact model considering rolling friction is adopted in DEM analysis. By changing the rolling friction coefficient,
micro-macro mechanical properties of particle assembly are studied under a specific proportional strain-loading path. The
enhancement of particle rolling resistance reduces the likelihood of diffuse failure. At the macro level, stress path changes from strain
softening to strain hardening as the rolling friction coefficient increases, and the looser particle assembly exhibits the similar
mechanical behaviours as the denser one. The micro-structure shows the corresponding mechanism of action. As the rolling friction
coefficient increases, the angular velocities of particles and their distribution will be well controlled. Although the coordination
number decreases, the contact forces are enhanced, and the instabilities and anisotropies of the force chain distribution can be
improved in the system. All the microscopic parameters manifest a stable structure, which can resist the increasing load, thus the
specimen will not form a loose contact state and diffuse failure will not occur.
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Fig.1 Contact model considering particle rolling

FH Hertz-Mindlin {25 V3 B v 57 04
[ KR R il ) . MR T Hertz B8R
Mindlin-Deresiewicz #Eit, A2 fiid Fe fi b0 5 5%
S RGIVEE S

A )2 1 ) B S A 2

F=(k,6n,—y,vn;)+(kdt, —yvt,) (1)

Ko 85 1 BFRRIREE B F, s 32 TR
ORI BRI F, s ko k4> B0 R ) g e
RUBE: 7, v, ABERRIBR RS n, -« o,
SY BN BRI S VI Sy o 8t A B
AR E A v WIREEE A

ORI A BN A F, > uF, ki
i 0 B B P T K

Tk I BEARIAE K, P B RIRE &, AR
AT

J— VRS, (2

"3(1-v)
4G +Y) e
T 24v)(1-v) o, 3

L G AMENNBIDIR S, HAG=E/2(1+v);
E M EHSAER R v W MRHIARA L 8,
Rigefiid i &R ROAEAERIN T2, B
i
1o @
R R R
S Y mBRE Ry, « v, HIFHE A
%

" :_2@W>o 5)
=22 =0 0



1474 Fer +

b 2017 4F

)
=

2
s =4 ;V NPT @
2E JR'S, (8)

S =
2+v)1-v)
B= Ine
Vine+n?
KA e WK REG m' AR T3 i i
H

D)

1 1 1
=t — (10)
m m m,

W SRR SCHRT L 7] SO Y, 152
B 4 BURL ) 1 P B Ge VR I — AL Z L) 4
M B AR BEL 7 M IR B 6 A 4L
IAETAHT, A IR, 1%
FEEEEIMLE . LI M T2

Mk

rt+At

e

r,t+At

=M, +AM}
’ (1D

<M"

A MR ¢ 2B R R BB R AM S R
Ar N BN RSB IR s M D kL & A5 2
il S e e B AT SRR A 2 PR

......

KA

o 0

B2 EFEN AR

Fig.2 Rolling resistance torque of spring
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Fig.3 Numerical model for DEM simulations
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Fig.5 Evolutions of second-order work under conditions with different initial void ratios
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