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A new method for rock brittleness evaluation based on statistical damage
constitutive relation

HU Qingbo', LIANG Haian'>, YANG Ting', CHENG Xinjun', CHEN Haikang', ZHANG Longpeng'

(1. Architectural Engineering Institute, East China University of Technology, Nanchang 330013, China;
2. State Key Laboratory for Nuclear Resources and Environment( East China University of Technology) , Nanchang 330013, China)

Abstract; Brittleness evaluation is of great significance to the study of fracturing, excavation damage, and rock
burst characteristics of rocks (especially deep rocks). The rock brittleness evaluation methods at home and abroad
were summarized. Based on the limitation of the existing brittleness index in quantitatively characterizing the
brittleness of rock, the statistical damage constitutive model which can simulate the whole process curve of rock
stress-strain was considered, and the damage evolution characteristics of rock were analyzed. A new method for
evaluating the brittleness characteristics of rock based on statistical damage constitutive relation was proposed. The
brittleness index B, was established to quantitatively characterize the brittleness of rock, and the rationality of the
brittleness index was verified by model theory demonstration and laboratory triaxial compression test. Results show
that the brittleness index B, could well characterize the brittleness of rock, and the rock brittleness evaluation
method based on statistical damage constitutive relation had good applicability. The correctness of the brittle index
B, and its superiority compared with other methods were verified by physical experiments of marble, granite, and
Tamusu clay rocks under different confining pressures. Moreover, as confining pressure increased, Tamusu clay
rocks showed obvious characteristics of transition from brittle failure to plastic failure.
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Tab.1 Summary of common calculation methods for brittleness index
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Fig. 1  Stress-strain and damage evolution curve of rock



- 150 - /S NS N A N -

SRR B SCHRE T B ST AT SAA GE
T AS R 1L R R A e st B 40 5 A 8 T A 4
i, HA O A 5 i 4G ML 2 TE A . ATRA A
=B He 457 25 188 IO 7 = D728 e aed A i AR ALE A3
DAL AN ], WP A AN ] 5 %o T [R) b o 41 A AN
[ B, O R A 4 8 2% 22 5, 4 D e AL LA
TR WP A TR AN ] Wt A AR T A ) B
R, WIS A7 - AR i 2 e A1 AR 52 I RS T &
FEWIR R SMER L. P, UG A7 I T -0 A8 4 i 72
I £ A 5 AL R Y 22 SR S A B TR A
BA—ER {71k
2.2 =AMRMEESR ByRIE L

HABBIR S AR, I ) - I il £ RE S B
AR I A1 EAE R 17 8 3453 45 A R A 72
REAS By MU e A0 N g — 07 4 o A i £, 0 A
AR A MU AR X — D H, T DL ST S s A
JEPERFIE ) B A . AR SCHE A A e A A A A
RURRITFE LR -, 25 e A i Al i A, Sy Ak
TR AR R E A WETERRr -

BD — max . (9)

b By MR R, D' N BRI AR &,
R RAG A 2 B X 7 Al ) O 72

U5 AL AR A 0 ST B A A A A ]
FREAE W £ LB AR R e B
i B A A58 e R BN A BIAL 45 0 g -0 A
2R BE(RL AT e 4xid e i R B 8 TR IERL R B R
WAL w WEHIRIE o, WEMENE &, BIE oy, I, %
JEA AR SEZR T B3 AL i R i S A e
PEPFU PRI SEAT 2 . NI T e i s i A =5t
2l A Bl e R B B, A A i
ANy Q FORRERY D'(E, I 838 AL 8T R Gk
B RAE ; AT AL A IRAR A M AR, 137 7 = 13 722 iy
L AL T AR RO BRI B E AL 5 BI5 5 8 A il £k
OM BrAufH AR AT 5 B0 4 B aR g 72 5 OF Bt
DAL R M 2D T IS0 A , ol T Hal P X Fr
0% 2 B —2F 02 T AT Y. BEAh , S A R A T fig
G i NEAELARAF HEA T AU, 23 M A0 451400 28 T I
S B, NI, By (57 A B 4 5 A I T A4
ERAUDTTE SRt —E AR BY. B Lk Hr LIAh AT
BEXF By 895 PR RS AP AT BRI

3 MEMEAEAT By e E R

3.1 FERIEIBIBIE
B Z RS T, AE A A 1T RE H B L
J1-Mi AR e FE 2R o MR 2 ~ 6 W AR 5 FRXT EE

%52 %
—_—
B ---mm=
C) ,’ .
5 // B ‘C,
R
8 A
E C
2 B 71 L3,
(a) I 77- 1A% i 28
M
M ik ¥ e
a AR
& ‘ 2!
5 /I \
(0] ) N’
e i AE e,
(b) Bk 2R i 2k

2 BA LR BRI &5 IEEN NARE
Fig.2  Case 1: The curves before and after the peak are
consistent, and the peak stresses are different
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Fig. 7

Fig.

Stress-strain curves and fitting curves of marble and
granite under different confining pressures
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Fig. 12 Damage variable curves of Tamusu clay rock
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Fig. 13 Damage evolution rate curves of Tamusu clay rock
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Tab.2 Results of triaxial compression test of Tamusu clay rock and calculated brittleness indexes

HFE B o3/ BMERCE R o/ . o/ % I . B B, By B. By
% MPa E/GPa  Hu  MPa MPa /(%)

T2A 0 570 0.17 33.70 0.0066 9.82  0.0083 82 476 0.0079 0.71 0.26 0.22 0.32 60.25
T-1B 5 7.97  0.22 52.58 0.0074 25.77 0.0094 69 350 0.0091 0.51 0.27 0.21 0.27 38.46
T2D 10 11.10  0.33 83.63 0.0087 47.42 0.0112 53 218  0.0107 0.43 0.29 0.19 0.26 20.37
T3E 15 12.23  0.35 114.78 0.0110 71.28 0.0148 46 142 0.0143 0.38 0.30 0.16 0.24 9.93
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