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Abstract: The strength characteristics of deep rock mass exhibit distinctly nonlinear response to excavation.
Based on triaxial compressive tests and unloading confining pressure tests results under high stress in laboratory,
the behaving nonlinear strength property is validated. Moreover, the nonlinear strength parameters’ change laws
by loading and unloading paths of rock failure are brought into research. The quadratic parabola, hypobola, and
power types of envelope functions are employed to present nonlinear strength characteristics; and the results
reveal that the power type of Mohr criterion can favourably describe the strength property of rock under high
geostress in loading path as well as unloading path. The triaxial unloading failure strength is usually less than that
under triaxial compressive strength at low stress level, and reversed at higher stress level. According to
relationship of internal friction angle with equivalent normal stress, the intrinsic friction angle is not constant,
which takes on power functional type of nonlinear characteristics and attenuates gradually to angle of /4.
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Fig.1 Deviatoric stress-strain curves under different

confining pressures
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Fig.2 Mohr circles of marble samples under different

confining pressures
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Table 1 ~ Strength parameters of marble samples under

different confining pressures

[# H/MPa ol(°) ¢/MPa
0~12 41.2 18.8
10~40 32.6 31.1
40~70 19.7 58.6
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Table 2 Comparison between triaxial compressive test results

and calculated results with exponential Mohr criterion

EREMES (o—oy) WA BIRODERE WEOREET P

%5 oy/MPa  /MPa  ;/MPa {t/MPa N Ji/MPa /%
7-5 0 61.6 61.6 11.2 11.7 45
1-4 5 104.5 109.5 36.5 37.7 3.5
3-2 10 128.6 138.6 522 53.7 3.0
4-1 20 154.6 174.6 65.6 67.0 2.1
4-5 30 179.0 209.0 77.3 78.4 1.5
7-2 40 200.5 240.5 82.2 83.5 1.6
5-4 50 213.0 263.0 92.1 93.5 1.5
2-5 60 73.0 133.0 100.9 102.2 1.3
5-6 70 78.0 148.0 112.3 1133 0.9




H29% M3 E O, AF. Y )N A AR s R U 46 * 547 .
551
B3 e A E R R RR (1 5 R B Mohe YR sof's
VAR H LI » S
Table 3 Comparison between confining pressure unloading E 401 :1 ... - A=A
test results and calculated values with exponential % 33 tee . :: _______
Mobhr criterion = 307 N"‘u::::::::
SERE 61 FE ) (01— o) WL Sy BRI B33 TS — A i
%5 o3(MPa) /MPa  oy/MPa Y{fi/MPa 5 {t/MPa P 20 L L L L

3-5 1.2 88.8 90.0 322 31.0 —3.8
3-6 34 104.0 1074 41.0 40.3 —19
2-6 44 111.0 1154 434 42.6 —1.8
3-3 6.2 113.8 120.0 48.6 47.8 —1.6
2-4 88 124.1 132.9 49.0 48.1 —1.8
3-6 11.6 1334 145.0 60.1 59.3 —12
2-2 127 144.6 1573 62.2 61.2 —1.6
3-6 141 1374 1515 64.1 63.2 —15
6-6 151 1604 1755 65.2 64.1 —1.6
3-1 175 162.0  179.5 74.5 73.2 —1.7
1-6 197 163.5 183.2 70.5 69.5 —1.4
2-1 206 165.0  185.6 71.9 72.0 0.2

3.3 FELMIBEENSHFAR
X R Mohr 1 U bR ORI fia) I ) A8 SR

S DA A A R A B B T A5 80 1) g (P
H) ALK R BOR &R A
81 =abc"" (12)
oo

Gz, ABILL R AR IE D) R 2
HRARA:

i N ) 25 AT TS W T S L s

2—; =227357%3" (13)
TN ST R = s 4

2; 19710707 (14)

PN S 13 R 58 0 B A5 2000 ) IS ) AR Ak il 26
K9, 10 fion. K9, 10 iTRLAEH, WEEEAT
V)RR BB AR N N R BRE, A S B N B 4
FFEARE— ARG, 2 HA TR AR
ﬁﬁ-ﬂﬁ*ﬁxﬁwﬁmﬁ%ﬁ B A, B

RI1, 13BIMFEE T b R 0 AR A h 26 R AR A
#%ﬁ%ﬁ i, 3 FhiRe A 120 1) A RE 4
A, BEAE 3G I B S R
HE 11 ATRLEH, UMY 7K (<10 MPa)
T AT AAT R R P B A A I T e AR T
(PN EERE Ay, BRI K = RIR AR R 1. h
FELE R B RN R, J0w M =Rl pu By S 5 B A
KT S5 A 10 A R A1

0 20 40 60 80 lIOO ll20 1I40 1I60
S520: 10 N ) o/MPa
KO Py A RS 280 ) 0 AR A il 2
Fig.9 Changes of internal friction angle with equivalent
normal stress
457
401 ae®
£ S oot?
301 T
251

. o L= H RS ¢
1515%° = HNEGE ¢

iR c/MPa
(3]
(=]
*
*
*

00 20 40 60 80 100 120 140 160

SRR N J) o/MPa
B 10 FE5R ) BE S0 1 N ) AR Ak i 28
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