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Micromechanical modeling of grain breakage based on thermomechanics and
micropolar theory
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Abstract: Grain breakage is a common physical phenomenon in nature. Rockfill materials may break up seriously upon high
stress level of loading. Based on the thermomechanics and micropolar theory, a micromechanical model for granular matter is
formulated considering the grain breakage. Three grains with the same radius bonded together are taken as an assembly of
crushing grain to simulate the grain breaking process with the influence of lateral stress. By introducing the grain breakage
criterion and using the homogenization theory, the stress-strain relationship in particle scale is established, and the stress and
strain are modeled with breakage occurring in the process of loading. The computed results demonstrate that the proposed

micromechanical model can simulate the increase of stress before grain breakage and stress dropping at occurrence of grain

breakage.

Key words: thermo-mechanics; micropolar theory; grain breakage; micromechanics; breakage criterion

0 3| =

WIURL A SR TR LIS . N KT
RN, IR & R A R . K TR B UL TR
AETH LS R TR A2 TS AT % SIS0k
W%, W e, A e Bobi
POEC A TS FRL b B R 2 1 7 £ )

o ST RAARE, ORI I AR £ B N
%hiﬁ%ﬁw,ﬁﬁ?mmﬁ%hk SR A
T AR, R A B A R A AR
R, RS F IR (G R B RTRE B . M, 75
2 UL A 1) ) 2B 7 T 3 BEAAE LA F 3 26W75¢
it DM T B WL T 72 B 7 (0% L O i e

(R A KRR, R BB A PR S e A R SRR
M BE T FE AL SR RURL I H) 52 . @3k Tk
JUEE, SN2 IR ORI B AL S AR, RO
FLHEATPHI IR @R R R uE Y,
JT J A FIORE AR 5 AR MU AR RO e R AL
AT B T RURE R RE LR PR A IR

MNIOUL 322 413 JEE oS JORE PR BB R o R AT A A
AR AR S Y B R ORI . 2
A5 TN UKL RS R — ) 4 St P GO ey ) 2 Y 3

EEWB: ERARREAEETH (91215301
Yrks AER: 2014 - 05-20



52 3

M, F TR RIR EE

FERURLRBIE (R ROW ) A A Y 277

AT THLEREF S, AL T g B i 7y - AR
KAWL, WATEHNS) - NARR A M. Jy TREAT
BBV, A7 BAE UL EROW S5 ) 22 R R R R |
TN IO T - AT R o AR SO MTRE RUEE - T34
S RVARBR TR, S 7 RERORE AR PR BORE 7“5 R
X 3 AN ELARAIORE I 45 75— R RO 4 B AR O i)
il AR (R R A TR, IR T T ARG S
INE-A

1 RN REIAAFTTIE
SR AER A 5 1) 0 T 2 BV SR ST REIR A
% SRR R (RO ) 2 T . 28 B A Jot ) “7 B
WINH & ITTINAS, 1B % R T, M
AR A P a2 e A R s DL
8 e IR BT o R T YEA A
B — AR TG L RS Ay R E)) o SKAtiIR, AR
TN &, R i, Ak, 7467
£ =U  te 0 (1
Ki=@; - (2)
FER A TP IR R ARATAERN ) o RSN TS g, 5
JITAAZ AT AR 3 D3 R0 g o VR AR SR Vi ) Ok Ay
ni TS T SN2 EMKFENT, =oyn, . KRG
A AR M5 ARN T py, Z TR SRR A M = pym,
S VAR Y e

Gij,j :0 ’ (3)
Hii —€;30; = 0 - “4)
SINHHBER B w (e, k.60, k") FIAERPE AL D,

ij 2> i

ST 2 I BT A B0 N AV Y ) 5 HRE
FRE A o R

oy
O. =— ’ 5
e (5)

oy
L= ’ 6
H; o5 (6)
Vs v Vs ip=0 , (D)

oel " oK?

A, el RIMPENAR, o IR, O

SEAR BRIV B R A N R K T .
X1 BRSNS Y Voronoi s, 518
PRI W R KR

Au™ =2R(g; — & )nn; 3)
Au® =2R(g; — &) ), + 2R (k, —x)n; 5 (9)
Ao = ZR(K’, - K".p)n’. ’ (10)

X, Au LR FPERAAIAS . Au® SV [ SR
ffiRs, Ao RFER S, 6 AR RE . F5I

NUTF AR o SRS, o D)1 S
RS P S gl 201,
k(1) ~ (9) T LMEEIR ) RBRL ) 123k

s
2R (, .
o=~ {k (g4 — &5 )J.Qninjnknl@(n)dn+
K ey =2l i tm@(mydn) (11)
2R4 t r P
U= % kK" +k )(Kj—Kj)J.Qn,.nch(n)dn ,  (12)

A, VAt Voronoi ZIUTEMTHIAN, @(n) sy )
Hon M E AR, kY, K Rk o e Sk
ERINRZ I EPARIE:S 1Y EPRIDE R

1 BEUERIIAR Voronoi fETT

Fig. 1 A Voronoi tessellation of discrete assembly
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Fig. 7 Curves of stress-strain with varying f
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