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Linear cutting experiments on crack modes of rock under indentation of
a single disc cutter
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Abstract: In order to study the crack modes of Beishan granite under the indentation of a single disc rolling cutter, a series of
linear cutting experiments are conducted on the Mechanical Rock Fragmentation Experimental Platform developed by Beijing
University of Technology. During the experiment, a constant cross-section disc cutter with a diameter of 17 inches (432 mm) is
used and a block of Beishan granite with the size of 1000X 1000 X 600 mm is adopted. After the tests, it is found that there is a
cracked part beneath the groove with varied fragmentation degree. Based on the observed crack mode and crack density, the
rock sample is classified into re-compacted zone, crushed and cracked zone and intact rock zone, then the sizes and areas of
these zones are summarized accordingly. Meanwhile the ultrasonic velocity tests and rebound tests are conducted to obtain the
properties of different zones. Finally, it is found that these test results agree well with the fragmentation degrees of different
zones. In addition, as the time of cutting increases, the areas of these zones expand significantly, while the properties of the
corresponding zones almost keep constant.

Key words: disc cutter; linear cutting experiment; zoning of cracked area; property of cracked zone; Beishan granite
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Fig. 1 Mechanical rock fragmentation experimental platform

(with rock sample loaded)
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Table 1 Basic properties of Beishan granite

B ﬁEﬁEiﬁﬂﬁ%%ﬁﬁﬁzmw% YT
Ngrem®)  /MPa /MPa /GPa ° J(mrs™)
2.60 105.62 6.43 23.01 0.19  3345.72

1.3 REEMKXAE

(D) BRI, 7RIS 22 P 1)
NN 0.5 MPa [P He, 97 1R 50 ok Fi o e i 2 )
IR .

(2) BWEANFZNREIVIRER &, H AL
HR I B AR 7 A A S0

(3) XFWEM 3 A UIREAT B BT 1 I 3 Ik
LS RYIEA 1.5 mm PR ANREKE, FEMEEL RS
RIS .

(RIS TE UG » FA FE T 5T DR 5 1) 351 F
X 1) R T DDA R A T SO 5% S B BRI ik



593 PR, S BV D R 1707
GUCIGE g U VN7 RER ]

DIE A o PR 7 SR M 50 H 2 1500 H KK
PEPRE BTG, N B 2 G0 o i M ) A
AT RAUE T . FERGUE B R, SE T AR A 4k
A P45 Sl A B0 SR AT 1 b e S 5K T PE A doe 2 i
UNEE - IEIVE ARGV GRS IE 2 e

CAEXTA RS X M 1 220 bniit 5 b, 5 X
TEARAKN - HAGERLN, AT ) 2 Ml
1o DRIHCAN SCR ] 5 A o P D) O PR A [
fabn, WIS IXIPE e, For, ok R 800
KHz B A PP, RARPAT TOIR 7 1 (1 d gt
77 k.

2 RMERIEX

R YRR S5 2 S B B L PN )
HERT T MMLEE, B R 5 0 O (VA 0 22 57
B 2), FEAIIOES, KRR 3 A1
B R B RIS

[ 2 AiEEBE AR RAFE

Fig. 2 Typical crack modes at different positions in rock sample
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Fig. 3 Schematic picture of different zones in rock sample
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Fig. 4 Procedure of crack image processing (after first indentation)
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Table 2 Sizes and areas of different zones in cracked part (after

first indentation)
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Table 3 Ultrasonic velocities in different zones (after first

indentation)
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Table 4 Rebound values in different zones (after first indentation)
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Fig. 5 Horizontal and vertical ultrasonic velocity profiles around
the groove (after first indentation)
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Fig. 6 Schematic picture of cracks after different times of

indentation (after first, third, fifth indentation)

X 11 7 BEAT AL B Bl R AL B 5 3 ORI IR 2),
IRt R 2 B, PERARRANRECAE RS X
JUF RRIBAEE AR, Wik s,

H# 5 AT % BRI 3 A7 IXORST AT AR B Bl
EPMEINYCCEATTRTE 31 DN L L NS B/
55 UL, & XERSPANIBURIESE I, iR IR
A3 5 UL, & DI RO AT B A K,
{EIIR TR



1710 a5 oE L OB ¥

2014 4F

w N

WREEAARR /ecm
PIFN

0 1 2 3 4 5 6 7 8 910 11
BEAsAR /cm
(a) IRBARHER

g
%
o
=
S
o 2 4 6 8 10 12
BEARAR fom
(b) SBARHEE
0

) RAKX
BEHERK
2 RECEEEX
53  EEK
%
54
;gs
6
7
801234567891011
BEABER /om
() IBAFHER
0
BRI
2 RLUERK
5 AR
l’ﬁ by
4 JFURX
=
K
6
0 2 4 6 8 10 12
BEARHF fom

() SRBAFHER
1 ENRGEERSRXRERE QR 5REALR)
Fig. 7 Contours of crack density and different zones (after third,
fifth indentation)
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Table 5 Sizes and areas of different zones in cracked part (after

first, third, fifth indentation)
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Table 6 Ultrasonic velocities in different zones (after first, third,

fifth indentation)

, HLX
T S X JRA X
HAEX AR X
q/z(ig&f? 2670 2954 3129 3298
m:s
1k kv
_ 2
18 sy 176.5  147.7 102.4 35.7
Fel@/% 193 10.7 5.4 —
q/z(f;&ffg 2665 2977 3126 3309
3R kv
o 2
A (s 200.3 1533 93.8 69.5
FEl@/%  19.5 10.0 55 —
q/z(ig&f? 2713 3011 3143 3292
m:s
5K IR
g E S
[EZ NI (s 190.8  160.3 97.9 52.2
FEiE/%  17.6 8.5 45 —
T FTRABRNIHAERZXEHE (1%, 3R 5K BN
T
Table 7 Rebound values in different zones (after first, third, fifth
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Table 8 Sizes and areas of damaged zone in rock sample (after

first, third, fifth indentation)
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Fig. 8 Horizontal and vertical ultrasonic velocity profiles
around the groove (after third and fifth indentation)
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