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Abstract: Brittleness is one of the most important mechanical properties of rock. The fragmentation efficiency of
rock is closely related to the rock brittleness. No unified brittleness index of rock is confirmed in evaluating rock
fragmentation efficiency by disc cutter. The existing 35 different brittleness indices were summarized and
classified into seven categories with respect to strength, strain, strain energy, hardness, Mohr envelope, special
tests, etc. In order to study the relations between the rock brittleness and the rock fragmentation efficiency by disc
cutter, the normalized specific energy concept was introduced after carrying out the indentation tests with disc
cutter, and a new index of rock brittleness was proposed. In addition, the relations between the normalized specific

energy and brittleness indexes based on strength and indentation test were mainly studied. The results show that it
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is more difficult to penetrate into the rock of high strength for disc cutter. The relationships between the
normalized specific energy and brittleness indexes B, and B, were found to be exponential. With the increasing of
brittleness indexes B, and B,, the normalized specific energy decreased but the rock fragmentation efficiency
increased. Therefore, the brittleness index B, can be firstly used for evaluating the rock fragmentation efficiency,

followed with the brittleness index B,. The uniaxial compressive strength of about 20 MPa can be defined as the
transitional uniaxial compressive strength, and disc cutter may be not suitable for cutting the soft rock with
uniaxial compressive strength less than 20 MPa.
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Table 2 Basic mechanical parameters of cement mortar
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Table 3  Statistical results of indentation test by disc cutter

JA—fLLLE SE /

" WA BINE BRHERTER miRrsh Lbfg SE/ “ K/
A Gi%  hymm  PykN Wi Miem) MmCegnemmhy B B B B By B
MPa )

A-1" 2487 27325 3638 49235 5.150 10987 10989 0833 4.159 0.668 0.600 0.621

FHE  A-2' 2748 31540 46923 54638 2.577 11477 13333 0860 16854 0774 0564 0.622

BHE—IX

Wk A-3° 2318 35200 43857 65818 2.324 15.186  14.674 0872 27329 0.694 0590 0.593
A-4" 2245 42220 47876 75388 2.049 18806  13.779 0865 49.115 0.619 0618 0.504
B-1" 2487 27325 3638  49.235 5.150 10987 10989 0833 4.159 0.668 0.600 0.621
_ it

FEE B2 2365 27300 35673 51941 2.450 11543 13333 0860 16.854 0.797 0556 0.635

=1 1 #

FITPo gogt 1773 27478 27.027 60518 2.137 15498 14.674 0872 27329 0710 0585 0.587
B-4' 1431 27340 19785  61.093 1.661 19.106 13779 0865 49.115 0582 0.632 0497
C-1" 3439 33840  59.654  49.698 5.198 9.840 10989 0.833 4.159 0812 0552 0.690

HHEE  c-2' 3106 35616 56912 55.186 2.603 11467 13333 0860 16854 0.737 0576 0.653

BE—IR

Wkmiw  C-3 3757 48594 87.867 64241 2.268 12934 14.674 0872 27.329 0813 0551 0.705
C-4 2752 54257 70484 81879 2.226 19715 13.779 0865 49.115 0.653 0.605 0.573
D-1" 3439 33840  59.654  49.698 5.198 9840 10989 0.833 4159 0812 0552 0.690

g D-20 2959 33852 SISOl 54090 2.551 11440 13333 0860 16854 0.733 0577 0.644

=1 1#

FIT'Po pogt 2745 33904 46565 54290 1.917 12351 14674 0872 27329 0.839 0544 0714
D-4 1817 3385 29738 64238 1746 18.633 13779 0865 49.115 0.636 0611 0.570
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Table 4 Results of F-test

" F K345 %
A5 - - -
FIEAH T
(14) 4.6 126.61
15) 4.6 33.50

N 4 WTLLEH, W FEEERTHIR FHE,
MRl AE B E MK T 0 =0.05 44F T, Rl AR Y
3%

G A AR TIME A2 A KRR 5 BT DI A
MERGE . BIDIM A RERE il = T TR P REFE
MFE 3 FIE 10 7T ORI, 1K IBRE S RE R —1k
FLRESEH . 200 2K PR a1 2 %, IX AT RE
S TR TGRS A N, BYDIEIA 4 3=
ER . BEE S AR, R TIA B R
B Ry AR b R A = () BT R AR . ANIE] 8 1T
DUE H, Pk (LT 20 MPa i, BRI far
BT, YA PUR A ST 20 MPa I, BR
M o = . N 9 FTLAE Y, 2 Bl e o
FEMKT 20 MPa B, TIAFER L M bhibis
SR T 20 MPa i, BTN LR kN . K 10 7]
DU, HPUR BT 20 MPa i, H—1fk
PERE S & mrs S RBPUR AL S T 20 MPa I, 15
L HLRERAK . Rk, WK Sl b 50 2 20 MPa
€ SR AT R R B . DA R gE R Ui R )
ANIE H VI AP R SR T 20 MPa Rk, X
5 H A IR TR ] 5 D) R SR N
30~150 MPa [ A R 3 o e — 5001
SEhr TR, FECRAEDIVIEIECE . el



2016 4F

*508 ¢ A s TTRE2ER

1€ TBM RS, 765 prdal i 75 vh A ) ik feos
B LR GG HLE, i TBM REEFERL. ik
HAtE K ) 2 5 A AL S B, TBM Al il
He o AR DAy RN DAY, DUk R i
ZBR S

TR, EIRIREG 3 R K e b
2%, LR R, IS5 RAUE T H kbt
R T 40 MPa [ 0L. IbAh, /KRS
AR LSRN sy~ WOE /NS 2 77 2K
FLBRZR LA R 25 ) S A5 5 T A AR — s Xl oK
TeRPFARAE I (e 1 S S Sl i et e A
TE—E X, Rk n] R B SGRE eEAT 2P
IAE . AHATT AR, RIS RRVIBEE A A
PERIBE S, WIS R, X5 H A
RUE—E, NARIEE I MEPEFR bR B, R VEONIR Tk
FRR, LIRS B, » X JEH— UG LR )
TNRER R IX 4518, XA TR A E
FMEEFRAR ARV R JIEA ROR o [, AU
PRI 0.1 MPa [F)/MIBRAY g, PG I8 755
AR BR R g 2 A1 2 A W X T 3R R 5
WA TIRAEIC . th4h, HRrmiAy ¥R EiE
B A PTUE T 4 30~ 150 MPa [ - g Al
7O RS TBM it THU I K& T
L0 MG, TR TIANE B VI A e
FRREE R BRAE, A RNIGE, RSO S5 3
FEH 20 MPa F FRAE X — ) 2K KRR I,
R ARG I, A5 8 75 51 2 5 6 X
— ] AT IR AN A5

5 & it

ettt n A W I A e, ASCH SN
[l A AMAR 7] 2738 JUE B VE SR bR dE AT I AR 702K,
bt e LR T BN RSS, SRA P34 5%, H
BP9 B AT BTN IR IR M H R bR R TR 2
RN, LR SR

(1) HArE AT Pr s etk i fibe 218
= JURR, BEIRESE H SRR, AR
PRAAT LS A& S OE, TR IS
BRI TSR bRIE B S

(2) AV A A PR TR BRI,
WARIITINRE, FIANA—ELe e, 1R
AL LEBER VAN 5 A WE MR AR IR TIREE 2

) PR T 77 1

(3) FETRIIEANREN P-h MZRiE, $EH
ST B A% ST HE S SN SRz
K FRAE A i k(BT Fa s B

(4) ETERTIEINRIG L, TR IR )5
M BN s A WavESESs B, M1 B, 5H—{LLLRE
SE 2 [l 3R TR SR BOC R, B S A G TE i
Hvm, H—I BRI, R IREA RoR s m . AR
TEIE I EPEFR bR B, RV R JIMA RCR, JLUOE
PEFEFE B, o

(5) B PAEIPTRSREL 20 MPa & SN FEIHT
FERR R . S AP RBREAKT 20 MPa I,
BRI, BENBERC IR, H—fLbRE
S APPSR R T 20 MPa B, BRI
BORE N Ry, BONEEIRERDN, H— L RER .
U BV T AN IE B D) AT R 58 /N T 20 MPa (1)
W

AR SCARIG 25 NPV TR R VA I ok
FRPRIFIE R R —E iR TR L.

2 %@k (References):

(1] #&-tre, 2. BEEmEENLAE T E MR R b IR B i 5t
HA[7]. #R 2N, 2002, 22(1): 1 - 11.(QIAN Qihu, LI Chaopu. The
present and prospect of application of tunneler in China's underground
engineering[J]. Underground Space, 2002, 22(1): 1 - 11.(in Chinese))

[2] EVANSI, POMEROY C D. The strength, fracture and workability of
coal[M]. London: Pergamon Press, 1966: 276 - 278.

[3] SINGH S P. Brittleness and the mechanical winning of coal[J]. Mining
Science and Technology, 1986, 3(3): 173 - 180.

[4] SINGH S P. Criterion for the assessment of the cuttability of coal[M].
Amsterdam: Elsevier, 1987: 225 -239.

[5] GOKTAN R M. Brittleness and micro-scale rock cutting efficiency[J].
Mining Science and Technology, 1991, 13(3): 237 - 241.

[6] ALTINDAG R. The evaluation of rock brittleness concept on rotary
blast hole drills[J]. Journal of the South African Institute of Mining
and Metallurgy, 2002, 102(1): 61 - 66.

[71 ALTINDAG R. Correlation of specific energy with rock brittleness
concepts on rock cutting[J]. Journal of the South African Institute of
Mining and Metallurgy, 2003, 103(3): 163 - 171.

[8] KAHRAMAN S, ALTINDAG R. A brittleness index to estimate
fracture toughness[J]. International Journal of Rock Mechanics and

Mining Sciences, 2004, 41(2): 343 - 348.



EUREE I R

KRS VR A G ESR RO R A R 1 5

* 509

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

BLINDHEIM O T, BRULAND A. Boreability testing[C]// Norwegian
TBM Tunnelling 30 Years of Experience with TBMs in Norwegian
Tunnelling: Norwegian Soil and Rock Engineering Association.
[S.L]: [s.n.], 1998: 29 -34.

KAHRAMAN 8. Correlation of TBM and drilling machine performances
with rock brittleness[J]. Engineering Geology, 2002, 65(4): 269 -
283.

YAGIZ S. Development of rock fracture and brittleness indices to
quantify the effects of rock mass features and toughness in the CSM
model basic penetration for hard rock tunneling machines[Ph. D.
Thesis][D]. Golden: Colorado School of Mines, 2002.

YAGIZ S. A model for the prediction of tunnel boring machine
performance[C]// Proceedings of the 10th IAEG Conference on
Engineering Geology for Tomorrow’s Cities. Nothingam: [s. n.],
2006: 383 -393.

YAGIZ S. Assessment of brittleness using rock strength and density
with punch penetration test[J]. Tunnelling and Underground Space
Technology, 2009, 24(1): 66 - 74.

GONG Q M, ZHAO J. Influence of rock brittleness on TBM
penetration rate in Singapore granite[J]. Tunnelling and Underground
Space Technology, 2007, 22(3): 317 - 324.

MORLEY A. Strength of materials{M]. London: Longman Green,
1944: 71 -72.

HETENYI M. Handbook of experimental stress analysis[M]. New
York: John Wiley, 1966: 23 -25.

JESSE V H. Glossary of geology and related sciences[M]. Washington
D. C: American Geological Institute, 1960: 99 - 102.

OBERT L, DUVALL W I. Rock mechanics and the design of
structures in rock[M]. New York: John Wiley, 1967: 78 - 82.
RAMSAY J G Folding and fracturing of rocks[M]. London :
McGrawHill, 1967: 44 - 47.

GEORGE E A. Brittle failure of rock material-test results and
constitutive models[M]. [S. 1.]: A. A. Balkema, 1995: 123 - 128.
HUCKA V, DAS B. Brittleness determination of rocks by different
methods[J]. International Journal of Rock Mechanics and Mining
Sciences and Geomechanics Abstracts, 1974, 11(10): 389 - 392.
ANDREEV G E. Brittle failure of rock materials: test results and
constitutive models[M]. Netherlands: A. A. Balkema, 1995: 446.
Mg, HRIT. S EMREIRETERT R[], A 2 5 TR AR,
2005, 24(19): 3 449 - 3 453.(LIU Enlong, SHEN Zhujiang. Study on
brittleness of geomaterials[J]. Chinese Journal of Rock Mechanics and

Engineering, 2005, 24(19): 3 449 - 3 453.(in Chinese))

[24]

[25]

[26]

[27]

[28]

[29]

[30]

1]

[32]

[33]

[34]

FIRME, B b, S AT, . SUAHEYER S A VRO i o).
FA 1 TR, 2012, 31(8): 1 680 -1 685.(LI Qinghui,
CHEN Mian, JIN Yan, et al. Indoor evaluation method for shale
brittleness and improvement[J]. Chinese Journal of Rock Mechanics
and Engineering, 2012, 31(8): 1680 - 1 685.(in Chinese))

JH M, LR, TRALIR, . TN - AR R A e R
AEE PRI HA )5 TR, 2014, 33(6): 1114-1122.
(ZHOU Hui, MENG Fanzhen, ZHANG Chuangqing; et al. Quantitative
evaluation of rock brittleness based on stress-strain curve[J]. Chinese
Journal of Rock Mechanics and Engineering, 2014, 33(6): 1114 -1122.
(in Chinese))
FOF A e DT, S MRS ATRRN ) KCE S Mt fR by
KA. A0 D155 TR, 2014, 33(2): 264 - 275.(WANG
Yu, LI Xiao, WU Yanfang, et al. Research on relationship between
crack initiation stress level and brittleness indices for brittle
rocks[J]. Chinese Journal of Rock Mechanics and Engineering, 2014,
33(2): 264 - 275.(in Chinese))

BISHOP A W. Progressive failure with special reference to the
mechanism causing it[C]// Proceedings of the Geotechnical Conference.
Oslo: [s.n.], 1967: 142 - 150.

ROSTAMIJ, OZDEMIR L. A new model for performance prediction
of hard rock TBMs[C]// Proceedings of the Rapid Excavation and
Tunneling Conference. [S.1.]: [s.n.], 1993: 793 - 809.
ALTINDAG R. The role of rock brittleness on the analysis of
percussive drilling performance[C]// Proceedings of the 5th Turkish
National Rock Mechanics Symposium. Isparta: [s.n.], 2000: 105 -
112.

ALTINDAG R. Relationships between brittleness and specific energy
in excavation mechanics[C]// Proceedings of the 9th Regional Rock
Mechanics Symposium. Izmir: [s.n.], 2008: 437 -451.

COATES D F, PARSONS R C. Experimental criteria for classification
of rock substances[J]. International Journal of Rock Mechanics and
Mining Sciences and Geomechanics Abstracts, 1966, 3(3): 181 - 189.
HAJIABDOLMAIJID V, KAISER P. Brittleness of rock and stability
assessment in hard rock tunneling[J]. Tunnelling and Underground
Space Technology, 2003, 18(1): 35-48.

BARON L I. Determination of properties of rocks[M]. Moscow:
Gozgotekhizdat, 1962: 231 -233.

DAS B, HUCKA V. Laboratory investigation of penetration properties
of the complete coal series[J]. International Journal of Rock Mechanics and
Mining Sciences and Geomechanics Abstracts, 1975, 12(7): 213 -

217.



* 510~

HA D1 TRER

2016 4F

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

KIDYBINSKI A. Bursting liability indices of coal[J]. International
Journal of Rock Mechanics and Mining Sciences and Geomechanics
Abstracts, 1981, 18(4): 295 - 304.

BATOUGINA I M, PETOUKHOV I M, VINOKUR B S, et al.
Methodological instructions for rockburst prophylaxis accounting the
deposit geodynamics[M]. Leningrad: VNIMI, 1983: 132 - 135.
BERGMAN S G A, STILL H. Rockburst problems in a 2.6 million m3
underground crude oil storage in granite[C]// Proceedings of the Fifth
Congress ISRM. [S. L.]: [s.n.], 1983: 302 - 309.

AUBERTIN M, Gill D E. Use méthodologie d'évaluation du potentile
de coups de terrain dans les mines d'Abitibi[C]// Proceedings Colloque
sur le Controle de Terrain(lAMMQ). [S. L.]: [s.n.], 1988: 47 -77.
TARASOV B G. Superbrittleness of rocks at high confining
pressure[C]// Proceedings of the Fifth International Seminar on Deep
and High Stress Mining. Santiago: [s.n.], 2010: 119 - 133.
HONDA H, SANADA Y. Hardness of coal[J]. Fuel, 1956, 35(4):
451 - 461.

LAWN B R, MARSHALL D B. Hardness, toughness and brittleness:
an indentation analysis[J]. Journal of American Ceramic Society,
1979, 62(7/8): 347 - 350.

QUINN J B, QUINN G D. Indentation brittleness of ceramics: a fresh
approach[J]. Journal of Materials Science, 1997, 32(16): 4331 -4 346.
PROTODYAKONOV M M. Mechanical properties and drillability of
rocks[C]// Proceedings of the 5th Symposium on Rock Mechanics.
Twin Cities, USA: University of Minnesota Press, 1963: 103 - 118.
COPUR H, BILGIN N, TUNCDEMIR H, et al. A set of indices based
on indentation test for assessment of rock cutting performance and
rock properties[J]. Journal of the South African Institute of Mining and
Metallurgy, 2003, 103(9): 589 - 600.

BAZANT Z P, KAZEMI M T. Determination of fracture energy,
process zone length and brittleness number from size effect, with

application to rock and concrete[J]. International Journal of Fracture,

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

1990, 44(2): 111 -131.

oV, R, E AT AR R B R L) TR
T2, 2000, 20(4): 18 - 20.(FENG Tao, XIE Xuebin. Brittleness of rocks
brittleness indexes for describing rock burst proneness[J]. Mining and
Metallurgical Engineering, 2000, 20(4): 18 - 20.(in Chinese))
RICKMAN R, MULLEN M, PETREE, et al. A practical use of shale
petrophysics for stimulation design optimization: all shale plays are
not clones of the Barnett shale[R]. SPE 115258, 2008: 1 - 11.
ALEW, RIS, M. SBERT]JIIR BE EA BRE S AU
REWAI]. SRR S TR AL A5, 2008, 16(2): 255 - 263.(J1
Changming, ZHANG Zhaohuang, YE Dinghai. The influence of the
disk cutter space on rock's jump break coefficients[J]. Journal of Basic
Science and Engineering, 2008, 16(2): 255 - 263.(in Chinese))
RN, &R AABREAML B RO TR R, 1984
266 - 268.(XU Xiaohe, YU Jing. Rock fragmentation[M]. Beijing:
China Coal Industry Publishing House, 1984: 266 - 268.(in Chinese))
MISHNAEVSKY JR L L. Physical mechanisms of hard rock
fragmentation under mechanical loading: a review[J]. International
Journal of Rock Mechanics and Mining Sciences and Geomechanics
Abstracts, 1995, 32(8): 763 - 766.

TEALE R. The concept of specific energy in rock drilling[J].
International Journal of Rock Mechanics and Mining Sciences and
Geomechanics Abstracts, 1965, 2(1): 57 - 73.

DOLLINGER G L. Choosing cutters for the best boreability[J].
Compressed Air Magazine, 1977, 82(9): 15-19.

RS, BWIEG A TBM jti CRRE A 590723500, &
FEE TREZR, 2002, 21(9): 1350 - 1 354.(HE Faliang, GU
Mingcheng, WANG Shichun. Study on surrounding rockmass classification
of tunnel cut by TBM[J]. Chinese Journal of Rock Mechanics and
Engineering, 2002, 21(9): 1350 - 1 354.(in Chinese))

BARTON N R. TBM tunnelling in jointed and faulted rock[M]. Boca

Raton: CRC Press, 2000: 139 - 142.



