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Table 1 Compressive strength of different strain rates and

confining pressurest'' '

Compressive strength/MPa

Confining

pressure/MPa g4 gt o3¢ jolgt 005!
0 205.2 212.9 230.7 235.1

20 2772 426.4 462.2 498.6

50 576.9 597 605.9 687.1

80 752.5 828.2 765.9 767.5

110 853.6 844.9 865.4 946.1

140 962 856 954.4 946.3

170 969.2 1090 1082.4 1039

2.1 {KEETHIENZS Mohr—Coulomb N

HFE 0. 20, 50 A1 80 MPa ki %cdE, #)H
R Rl 790 A4 1074 107, 107" AT 10° % 4
ANNARZR RN RS, W 3 Pn. B 3 AL
At AR ERE r 192550517 0.9789.0.9883.0.9611
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Table 2 Calculation results of cohesion ¢ and internal friction

angle ¢ with low confining pressure

Strain rate/s”' A B c/MPa o/(°)
10 72323 1824366 33.9192  49.2051
10° 74061  238.0915  43.7440  49.6477
10" 6.3529  278.0251  55.1529  46.7188
10° 6.4307  306.7769  60.4871  46.9575
1000

(a)
<
S 800t
£ 01 =7.23230; +182.4366
B -
g 600 F r“=0.9789
7
(]
2
2 400
o
o
£
S 200

0 20 40 60 80 100
Confining pressure/MPa

1000

(©)

800 &, =6.35290, +278.0251

r2=0.9611
600

400

200+

Compressive strength/MPa

0 20 40 60 80 100
Confining pressure/MPa

3 AREE Hs A R 2 0 A 4 A 5l P A

X 2 RINAR R oo (HI R RIATRIEG T LA
REE 4 PSRRI, WTLLEH: ¢ Fl o lEIFA
JEEAH, T A AR R R RO R, U
AR R B 5 0.9924 F110.8986, HL IRy
Wl 6.4488 F1-0.7385, c bt W A% 6 1156 £ 1 48 K it
HER, T o B AR U I KN . DA
ARG FTR NI ¢ Al o N FEUER, WSS
AR Z ATV ¢ K g, WX (7)RIE®) BT .

c; =cy +6.44881g(¢/ &) (7

0; =P, —0.73851g(é | £9) (8)

A &g b 10 RGNARR, sy & HRT 104 K
MNAZER, sy oo AMARE &0 BN IIRTE 11, MPa,
AW 33.92 MPa; o ok AR £ Xf V) P RE 4
i, (9), AHFFEPI49.21°; ¢, NNATE & 0f W IR,
H 11, MPa; @, NNAFR & XN N B, (©).

MR 2 (7) F(8) 1T LAFS BAS [l AR 5 A4 1 3
& Mohr—Coulomb #E NI ik =«

1000

(b)

800 o;=7.406lc;+238.0915

r? =0.9883

[+
Ay
=
=
o0
§ 600
o
=
2 400
g,
8 1
S 200
0 20 40 60 80 100
Confining pressure/MPa
1000
(d)
00| ©01=643070; +306.7769

2 =0.9078

[+

Ay

p

=

2

8 600
o

=

2 400
g

8

S 200f

0 20 40 60 80 100

Confining pressure/MPa
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Table 3 Calculation results of cohesion ¢ and internal friction

angle ¢ under high confining pressure

Strain rate/s ' A B c¢/MPa 0/(°)
1074 4.8932 260.1830  58.8101  41.3477
1073 45509 323.5137 75.8254  39.7692
107! 4.0432 404.7827 100.6532  37.1159
10° 42700 386.7200  93.5740  38.3519
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Fig. 6 Variation of rock strength with different magnitude of strain rate under high confining pressure: (a) 10 s™'; (b) 1072 s7';

(©) 10" s (d)10°s™!



1768 o E AT (05 8 R 2016 4 8 J1
120
(2) R
100+ / - 40T (b) . °
g : &
= 8 = 30
=]
= i »=-0.86811g & +37.4088
.S 60 S 2
8 c=9.44631g£+101.1794 8 201 r® =0.7483
S 40r 2 _ b
r? =0.8418 -
5 10f
20 E
O 3 2 1 0 1 U= 35 2 1 0 1
lg(é/s™) lg(é/s™)

7 B RS oo WEEEEA o SRR KSR

Fig. 7 Relationship between cohesion c, internal friction angle ¢ and strain rate under high confining pressure

1200 1200
@ . ®) 5
QE‘Z’, 1000 g o %" 1000 - 5
£ 800t B 5 8001 o B °
5 ° 8
8=} o = B
o 600 o o 600 o
& o E 8
S a00r £ a00p 8
g‘ 5 o Test data g I o Test data
3 2001 o Theoretical data 3 200 o Theoretical data
0 50 100 150 200 0 50 100 150 200
Confining pressure/MPa Confining pressure/MPa
1200 1200
© 0 () o
« L < L °
E 1000 g % 1000 . g
= o
) 800f . e S, 800 - . -
o 600F 8 2600 | 5
= 2
2 3 a 8
g 400 o Test data g 400 &
g I o Theoretical data S I o Test data
S 200% 3 200 o Theoretical data
0 50 100 150 200 0 5-0 100 150 200
Confining pressure/MPa Confining pressure/MPa

8 314 Mohr—Coulomb # I Z i 45 J 55 vay B e A0l LU 4%
Fig. 8 Comparison of dynamic Mohr—Coulomb criterion theoretical results and high confining pressure test data: (a) 10*s™;

1) 102s ) 10" s (d) 10°s™!

122 MPa; ¥ 8(b)', 80 MPa [l /& 4112 ik 146 MPa;
Bl 8(c) (), LRI 55 5 1 B 5 R S0 (A 22
30 116 Al 144 MPa. MIEAR LSRG, LA A
XA

h T LR T N AR N A B A Mohr—
Coulomb #EN], F3AM3nlit & T 4. 5. 6 A1 7 AMH &
NI e o (ME, X ¢ F o (AR AR A ]330 1 T 400
Ay 1B IAH O R A R R ok R

=



26 455 8

BG5S N AR RN K A 34 Mohr—Coulomb #E I FT Hoek—Brown #E I 5T 1769

BNOWE IR REAE 4. 5. 6 F1 7 AHIE o050
0.9924. 0.9056. 0.7982 1 0.9175, P EESE A4 IFIAH
RN 0.8986. 0.6173. 0.4806 A1 0.8650. Xif
ANTF)FELES (R 56 AR 0 DA S BV s R e 2 g 1A T
Lei, mTRUE HAE 4 A HTE R 82 Mohr—Coulomb
VEN LA A A s Bt it o DRI, R T AR A5 N (1 5
2% Mohr—Coulomb # JUJ5& F K R Af 0, %+l
FEREBLE MR 22, X — 45 R SR 7] 2.

3 ETHTERYNMINE Hoek—
Brown N

Hoek—Brown ] (i HOEK 1 BROWN T~ 1980
EF YR, HRIAL e

0.5
o :a3+ac[mﬁ+1j (11)
O-C

Kt o oy 2K /BN ), MPa; o, N
FATREIPURSREE, MPas m JPE A NI EK Z4L,
S W A R B

FE s A 0 MPa ™ 73 AN 7] 1 A8 2 1) Bl T Hs it
JE R 4 FroRt T, B 9 g5 H BB B SRS S AR
SRR LA L, LU 107 S S b %

F4 RRRAE R A
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Table 5 Values of parameter m

Confining m
pressure/MPa 104! 1073s7! 107's! 10°s™
10.96 19.69 21.08 2443
20 1.3 40.18 46.22 53.73

6.05 25.94 27.15 34.89

21.32 26.62 27.18 25.75
50 29.84 21.61 17.31 36.04
18.35 23.44 22.49 28.12

27.56 25.17 36.49 25.12

80 25.53 36.91 11.32 27.71
22.02 29.07 23.15 14.74
21.14 17.68 21.46 27.4
110 17.47 25.98 19.85 19.9
30.11 20.1 19.87 27.75
20.76 11.62 15.11 17.58
140 23.93 15.98 17.44 17.51
21.52 19.95 24.69 19.15
24.08 18.13 17.27 17.03
170 14.66 23.92 24.65 17.56
13.43 24.58 18.07 17.95
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Rock dynamic Mohr—Coulomb and
Hoek—Brown criteria based on strain rate effect

GONG Feng-qiang" *?, SI Xue-feng', LI Xi-bing"?, TAO Ming'

(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory for Geomechanics and Deep Underground Engineering,
China University of Mining and Technology, Xuzhou 221008, China;
3. Advanced Research Center of CSU, Central South University, Changsha 410083, China)

Abstract: Considering the changes of strength criterion parameters cohesion ¢, internal friction angle ¢ and rock material
constants m with the increase of strain rate, the rock dynamic Mohr—Coulomb criterion and Hoek—Brown criterion based
on strain rate effect were proposed in this study. According to the triaxial experimental data of a granite under six
confining pressures, the results show that, when the strain rate increases from 10* s ™' to 10° s, the cohesion ¢ and rock
material constants m increase, while the internal friction angle ¢ decreases with the increase of strain rate. The
relationship between each strength criterion parameter and strain rate is given firstly. On this basis, the expression of
dynamic Mohr—Coulomb criterion and Hoek—Brown criterion considering strain rate effect are presented, respectively.
Through the comparison of theoretical calculation results with the experimental data, it can be concluded that the
dynamic Mohr—Coulomb criterion is suitable for low confining pressure situation, while the dynamic Hoek—Brown
criterion is applicable under low and high confining pressure conditions.

Keywords: rock mechanics; shear strength parameters; strain rate; dynamic Mohr—Coulomb criterion; dynamic
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