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Exponential true triaxial strength criteria for rock
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(School of Mechanics and Civil Engineering, State Key Laboratory for Geomechanics and Deep Underground Engineering, China
University of Mining & Technology, Xuzhou 221116, China)

Abstract: The rock strength is the premise and foundation for stability evaluation of rock engineering and optimization design
of structures. Based on the true triaxial test results, the evolution of rock strength are analyzed: (1) The rock strength increases
with the minimum principal stress, however, its increasing amplitude gradually decreases and trends to be zero; (2) The ratio of
generalized compression to the extension strength firstly increases then decreases, and finally tends to be one with the
increasing minimum principal stress. The envelope of strength criteria on deviatoric plane varies from approximate triangle to
circular; (3) During the process of the intermediate principal stress increasing from the minimum principal stress to the
maximum one, the rock strength firstly increases and then decreases. The exponential function with three parameters satisfies
the basic characteristics of rock strength on the meridian plane. And the Lode dependence functions of Lyw, Ly and Lyyy well
reflect the effect of the intermediate principal stress, and unconditionally satisfy the smooth, continuous and convex
requirements. Then the exponential true triaxial strength criteria are proposed by combining the extension and compression
meridian curves with the selected lode dependence functions. The influences of strength parameters and space characteristics
are further analyzed. Finally, fourteen types of rock true triaxial test data are employed to validate the proposed criteria. The
results show that the proposed exponential true triaxial strength criteria are of good accuray in predicting rock strength, and can
well reflect different types of rock ranged from soft to hard.

Key words: rock; true triaxial test; meridian plane; Lode dependence function; strength criterion

0 sl ETREINIX 3 NG IRE A H 2 A R BN
SR TRA R . SR R EEESECRE IR S, (E T
RUREAE ) E R R . TR

EETH: EXARBIEESTH (51204168, 51374199); whE{H 1

it

BT LA L) Mohr—Coulomb #EN (MC). #&%13E EHATH (2013M531424, 2015M580493); 1T #4518 1 /5 2417 H
HrviE ] (Griffith) #1 Hoek—Brown #E0] (HB) N3, (1301123C)

s HEA: 2016-12-09



626 H O+ T OB % M

2018 4E

R e B N R, AR AR e A F
B AR R R R R M AR RS
B, o RIEARE SRER ST, TR IR
B 2 FhE A KRR 7 1 o v )

TR, fERERBAFES I Em F, S
FEH T 2R 2R B AR R, KET LU
K& ORI S A o0 ES A AR o 25 R U
SRR R A, 05 RE K I 71308 Misses 38 5
AEHE S DP SEEEAENS), It B D3 TR 6 HodE 42
T A A B R R, AR R T AT R N U
¥RAE, BHig FiETY T Druker—Prager 5™, 1HHAEH
ARESTHANER T — 2N FHEEEET
Mohr HEEiRE T T 5 R A IR A N S E Py £ 31
WAL BRI, ARER T 4821 FE BT AR e hr 5 B L oAy
8 [MPRM, R AEF FEBsE E HE My g, (HixiHE
T A7 T ZE (B AR R B X O el S5iEess RA
P e B MC v 7E i B RS T il e o v
18k A5, Singh 51\ —F& B ek Bont = BBl IR A& 3E4T T
1BIESL, @R YETIA W0 = 9 258 v 05347 o ) 32 %2

S IE (CEEE X MC Al HB 53 EEHEND , 41 Mogi
B Hia] 35 8 A7 5] N5 Mohr—Coulomb N, #yg T
Mogi 55 B AEN, B AR N B = Rl A m A s
TR RS, AR P YRR R AN B R
JEE o I BEAS SR FEU; A7 2 ) B R v ) 6 g B
Wi, P HZRMESI N MC BREEHEN R, BEST T i— o
AEN®), Zhang 55T MC #EM 23 B T MCWW 1
MCJP SRFEAENICO), 76 HB i )2 32 i v e 3
I 346 1E 7Y B = i B o ) 2 A HBWWHY
z-7". 3D HB!", HBMNU R S50 25 48 (5 146
AU Sk B I A RO B AE I, 22 2SR (ED
RIS BAE AT T AL, (HX SR 5 E
TUROCHR, BEAS TR AR LR BN, B T
e Y T 05 T PEARY

(Rl BARAR 2 2B Bt 1 A PO 215 FE )
HESES =201 'S NP ina DA B b o st 17 WL s
PR 7 1 R R A TAB IR, A REHERRIE S A
TEAS R B PR 5 40 T I o R s B 2 T2
MC A1 HB SEEEAEN, X R I i A A o AT A
0] 32 82 31 FRABIE , AT AL BEASTT B B = Sl sk B T U
EOR HB #ENN SRR FE B A & KR 0 13 K& T
FHEE, (HPE ) 282 s s 4k MC 4k
TPy PPN B 22 o X e 1 2 T R Rl 0
A (1) 5 55 A D) A R 7 A 5 3 RS Rl LR A 1 I
FRAE, 4 H =R B & 1 FR KR Jpva B BORR,  H
PUAASRE TR E A, IR 2K E ik
Fp=r e

KEWFRY, 1277 0 A AR R Kk
BRI R, (HHIG0R S KRN & T % .
M2 HLF) MC A HB 5 FEAE N 02 R 83X — A2 1k
TR . 2 7870 A i AR =l o B2 oA DU e 1 54
g B2 T S G U R 2 oIk DN i S A} 2 L RN ]
TR BN S = s EEE N o [RJI AESCHRIS 4R T 14
ot A L = IS A, R R v U 3 P R B £
SRR ST

1 ARBEENEARFHE
1.1 ARBRENNHEN

(1) BN IR

AT R B R/ T N (R KT R, (AR
RLAZIFMERT, HEREEMAIRE, HigF R
FIH A A BURLAR T 32 2R, TR 1 14 A IR 5
(BB i A /N5 A R B HT RN, I T
Fo XTI, AN SN A AR LU E]
1 e ARFEEIS, A A s A AT T ok BT
A KI5k e, TERRBE RN, MR AR R T 85°
RN, A DUR B RIAR O, AR W 8T D) e
I, BERSAE 55° ~70° 206 fEmBEEERT, &
ATEAE P A SEVE RSO, I W S 1) 2 LA™
A

(a) 0 MPa

(b) 20 MPa (c) 40 MPa

1 TREEETREEHRENR

Fig. 1 Failure modes with different confining pressures of marble
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Fig. 2 Effects of hydrostatic pressures on deviatoric plane
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Fig. 3 True triaxial strengths of Westerly granite
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Table 1 Best fitting parameters for MC, HB and EXP criteria
s MC HB EXP

RSD o, o RSD o, m RSD o, o, K

Hz%s 69.53 354.00 37.93 60.82 261.52 15.38 60.80 261.52 902.09 7.30
RS KA 32.71 314.26 36.12 29.92 310.06 8.55 30.42 310.00 859.63 4.14
¥ 20.59 99.41 35.55 17.62 73.34 13.53 13.39 38.57 196.29 13.01
ks 10.99 113.48 29.57 10.99 90.04 8.08 10.99 80.96 284.08 4.15
IR 101.44 345.90 46.68 85.41 279.59 26.80 85.01 280.66 1360.20 9.81
FHTH A 25.34 138.53 35.87 16.32 100.00 14.84 16.31 100.00 447.66 5.88

B KA 41.40 101.56 39.45 39.96 87.11 16.39 40.86 97.66 937.40 4.05
PR AE 61.62 326.76 51.67 50.80 289.94 32.03 53.01 297.75 1348.78 11.60
iNspNEEs 18.33 86.23 43.05 22.54 82.01 24.05 16.56 82.03 1447.22 5.05
ZIE 78.69 262.01 43.59 56.36 173.44 29.10 32.85 139.94 765.79 18.03
TR A 97.20 524.17 40.92 69.26 229.00 35.66 59.14 229.00 1344.76 12.92
—KA 101.99 406.93 41.17 66.34 282.23 22.61 51.01 259.28 1072.02 13.15

B H 26.82 162.21 45.03 27.13 143.55 18.60 26.14 152.83 704.99 6.27
A 11.12 53.13 26.85 10.53 51.76 4.18 9.96 43.26 97.75 4.27

TE: BARFRRIEME fIR P iR/ RSD R 22
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Table 2 Best fitting parameters for EXP, EMN, EWW, EYMH, MCWW, HBWW and HBMN criteria

EWW EMN EYMH MCWW?! HBgp!'? HByp!'?
HARM
RSD O, o, K RSD o, 0O, K RSD o, oo K RSD O, ¢ RSD O, m RSD O, m
=% 2045 301.95 99579 5.28 17.61 301.97 947.19 533 17.50 301.95 927.08 5.39 33.95 357.60 31.62 29.62 273 10 25.37 281 9.0
g{;zﬁ 16.55 358.20 3015.72 1.94 17.33 357.98 862.94 2.39 18.55357.95 787.51 2.49 23.20 310.06 30.43 21.89 310 5.4 25.09 310 5.0
R 898 37.89 21875 10.58 9.03 34.87 221.62 10.07 9.24 36.50 224.03 9.48 12.80 80.57 3435 9.84 59 133 9.84 56 133
T 9.8 0.00 24375 959 9.55 0.00 244.93 9.08 9.88 0.00 24436 894 7.85 9822 26.70 7.59 76 7.2 827 76 69
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