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The process and mechanism for the contact breakage of marble particles

ZHOU Jian"*, YU Shicai'*, ZHANG Jin'*, ZHAO Cheng"’

(1.Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
2.Key Laboratory of Geotechnical and Underground Engineering ( Tongji University) , Ministry of Education, Shanghai 200092, China)

Abstract: To study the marble particles’ breakage process, morphology after breakage and force-displacement
curve, the ball-surface and ball-ball particle contact experiments were carried out by employing Rock Rheological
Testing System with customized spherical hinge bearings and a displacement measuring system, through which the
mechanical properties and microscopic mechanism of marble particles’ contact breakage are analyzed. The
numerical simulation was performed to study the breakage process by considering the strength reduction parameter,
and the result was compared with that of laboratory test, in which the experience on parameter calibration for
contact simulation was introduced. This study shows that the local breakage is occurred firstly in the contact area,
and then the Elastic Core is formed under normal contact force. The existing of the Elastic Core changes the path of
force transfer and results in overall breakage of the particle after crack coalescence. The introduction of strength
reduction parameter contributes to the simulation on the morphology after breakage. The result of numerical
simulation forms a good supplement to the laboratory test, which further clarifies the microscopic mechanism of the
contact breaking process of marble particles.

Keywords: marble; particle breakage ; contact test; numerical simulation

RURL A BAT 50 e R /N (B B LA SR
Uz A (R AR AR R, I AR R R
I R AT, 6T A 1 7 0 TR RLRE = g 2 R T
Rtk AT 5 | 3 2 22 SR

ARIBURL BRI T 2 48 B e A AL ABURE A 1 5T
AT SRR BRI RS540 A A= R, oy R 2
AR LG A - (Y RURL R B¢ T 5 Lk (A e
KA FECEARA B EE R R A O ] A SR B A
BESAR B0 R 2 AN ] AL

BT 1 PAORE A B AT T ST B 46 T 20 T

B 2017-05-15

E€WE: FFARRAIEEH LIH (51479138)
EHEN: B #E(1957—) 5B, 88 A S
BIEEE: A {#, tjugezhoujian@ tongji.edu.cn

2090, B 52 BRT 4 i A9 I 2, B IR 5 A
1948 4R BN T 22 B AR YD BAERD 4 (9 e 4
T v e S BURL A 4 B 4 43 BT S R
2 ST N TR IR T R RE B9 Al
AR RIS =R S AL, DT T AURLRHE A [n] 1
JIEAETN BBURER B DL, 23 BT 1 IO 77 A o AL
TR R 2R 1) 52 i - €0 5 o ) 4 fih
ARG ORI BT IR LB B O T, PR
FIRDHE ] 35 e~ A P 2 A0 UL A TR R AT 1 S Bl
AERAIE , f 5 i 1 T (45 i ) - 2B
A A Wang %1003 3o 50 45 U0 B 5 T D
ORI A A, K B T A
H5i0 B 22 0] (1 96 32 Tejchman 25" 38 33 76 BR oG
FIA SR BB R , B0, T RDROR R 1 R T /Y



5 6 1]

JE e A RS BRE 0K 122 5 i 5 L B - 111 -

PR ] Fe 00, B FU T 5 U0 L A U i
P 55 AR S R M. T 2 OGS SR T UL
P FE R LA = 0+ TR0 A — SER G, o
LR Z2 1 24T SR FIEUR B R A BIF 5% T RE T BT B9
] 22 AT TR P DEM ZEBIFGE A0 422 gk o 22 1) I 3
(FER =23 e U SN T U YGRS G E = lF i
LRI AT T, & P03 i 2R A R 4 i IR A
MEE 2 BT A 38 T B0k 432 fik 2 (B 458 B
Manouchehrian 25" " F 2§ #0546 77 78 A [ 24 B
E ] B A REASTEA TR, B9 T 1 1 4 B A ]
ESWAR CiE= A N DR NN T B (Wi & P 7 S0 G e
RO HORAR RS |, T 2E 5L T BOREEAE &, T
W18 77 F B2 X6 0 4R G 1A (R W B 2 e o J T
5, IO 42 ik 1 £ 8 X Uk e e () ok R TS AL
BT BT A D | a0 B0 T 1k B A5 B AURL B
AR s} 5 SR 22 il A G (%) 10 B ) 24 S50, Mk LB 7
AN URL P Al 1 ) A S AL

ARSI IBURE 2 ik 04 £71 B, A A 00U it A2
SSHLIEAT T PR BRI PR 42 fih 1 1K — 17 22 ik 1 565
FIBR— 3R A2 fid i 46, A 9 R 3L BROE 0K 76 55— T
S S 2R 1 PR RN B T 2 B AR AL 3L AR S )
FH PRCHEST T B 5 FURE H2 fioh X 56 7 5 (A 7Y
SN A R BEEPT IR SE 0 B Al TR AL T R
BRI U422 Al fin 228 B AR ) e R A5 0] 7 P S A
PAETE 25 500 23 SR 30T 0 e 6T 42 i Jeg 0 4 e IX
JE (AW DL B N 50 (A5 75 e A IOk 57 B8 1 0 BT, 4
IR ZE Rt T R A r A 72, i — 2087 T R3E
BRI SO 42 fi 0 13 2o 2 11 U LB, e B T i 3
P S B i PR A B RIURE $22 A AIF 5 o 1 38 FH .

1 Bk RE AR

1.1 RIEE & 5K A

TR I A5 R A A AU R A I B, I A A g
A PR 0 (57 % 44 ) AR ) A A2 o Ul o 28 4% 128
RSl il T A 38 RS A 0 48 2R G B BR B S . DN
5P RS B AR v EL S T B A B | ] SR SRR |
TESEBUE , FUREAZ 71 5 28 T8 1) 5 DA 43530 R 5 N
F10.001 mm. fNZEHAR5aIEl 1 fR.

8 B B HLRL - R N JEARF A A L
ANTR], ELA AT A ARG M ML BT, AR S
TEFHMAI R IRAT, e — N TARAZ R 5 em BYERIE i
LRI FORLL A 422 s i e [ R 330 BT FH A 3L i e
PRI S ) A A B 12 250N 3R 1 s,

BB EAMEA B B R 2K
RIS A 5 15 R W 5T BRI 18R Bk - BRI fioh A Bk -
T2 Al A E T AR A5 S REHLBE.

™ °

7
\\m\\\mm\\\\\\\\w‘\ £
/

B1 #ilnRE
Fig.1 Experimental facilities for contact test
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Tab.1 Physical parameters of marble
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Fig.2 5 cm marble breakage process under ball-surface contact
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Fig.3 Marble particle breakage morphology under ball-surface
contact condition
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contact condition
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Fig.6  Force-displacement curve under ball-surface contact condition
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Fig.7 Force-displacement curve under ball-ball contact condition
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Fig.8 Numerical model of ball-surface contact test
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Tab.2 Modeling parameters of ball-surface contact simulation
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Fig.10 The breaking process of ball-surface contact simulation
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Fig.16  The breaking area’s development of ball-ball contact simulation
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Fig.17 The diagram of particle displacement for ball-ball contact
simulation
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Fig.18  The force-displacement curve of ball-ball contact simulation
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