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A rock strength criterion considering spatial properties of principal stresses

HUANG Jiajun', LI Bin?, WANG Peng?
(1. Science and Technology Bureau of Yongqiao District, Suzhou, Anhui 234000, China;

2. School of Environment and Resources, Southwest University of Science and Technology, Mianyang, Sichuan 621010, China)

Abstract: Based on the existing theories and experimental conclusions on the spatial damage surface
characteristics of the principal stresses of rock materials, and in response to the problem that the conventional
strength criterion has many parameters and the physical significance is not clear, it is put forward that there exists
a strength curve in the bi-directional isotropic tensile stress point with the point of view that d(c1— o03)/dom= 3,

by analyzing the characteristics of the change of the conventional triaxial compressive strength curves in the
bi-directional isotropic tensile stress point(0, ows o). Meanwhile, a hyperbolic-type strength criterion containing
two parameters of two-way isotropic tensile strength oy and three-way isotropic tensile strength oy is established,

which takes into account both the average stress effect on the strength curves on the meridian and the n-plane, and
the parameters have clear physical meanings. In order to verify its reasonableness and applicability, the strength
criterion was utilized to fit and calculate the triaxial test data of 14 types of rocks in the published literature, and
compared and analyzed with Burzynski's parabolic criterion and You Mingqing's exponential criterion, which
have higher fitting accuracy. The results show that the fitting effect of this criterion is better for both conventional

triaxial test data and true triaxial test data, with the correlation coefficients above 0.99, and the sizes of the fitted
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bidirectional isotropic tensile strengths o and the three-directional isotropic tensile strengths oy are in a

reasonable range; at the same time, the fitting results under different constraints corroborate the idea that there

exists d(o1— o03)/dom= 3 at the bidirectional equal tensile stress points(0, o, o). It shows that the criterion is

reasonable and applicable, and can provide some practical guidance value for the field of rock engineering.

Key words: rock mechanics; principal stress space; strength criterion; bidirectional equal tensile stress point;

hyperbolic curve; average stress effect
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Fig.2 Failure surface in three-dimensional space
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Table 1 Conventional triaxial experimental data of 14 kinds of rocks(!®-32] MPa
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Table 3  Fitting results of 14 types of rocks under various constraint conditions under different strength criteria

TSRO 2R R Burzynski Jl#£& N
HARE YA
EAFEE  20,/3-0,>0 20, —0,<0 H20,/3-0,>0  EHFEME >0 H2t/3+5>0 n=3
HXRZRE  0.99930 0.999 24 0.999 23 0.999 83 0.999 80 0.998 18
ow/MPa  —0.000 00 —0.36519 —0.416 53 —7.175 18 —17.175 18 —2.32799
EIHKWE  o/MPa  —372.53 —0.401 77 —0.457 97 —6.879 19 —6.879 19 —2.33075
n 0.536 68 412132 4.110 93 2.629 39 2.629 39 3
o/ oy —0.20 —184.88 —162.19 —10.80 —10.80 —31.87
HXRZRE 0.99 62 0.996 62 0.995 96 0.996 40 0.996 40 0.972 16
owW/MPa —1241837  —12.41837 —4.070 91 —20.728 16 —20.728 16 —0.104 77
K KA oyMPa  —1081.33 —11.623 54 —4.070 91 —17.730 17 —17.730 17 —0.104 77
n 0.919 70 2.446 45 2.978 61 1.963 48 1.963 48 3
o/ oy —0.09 —8.28 —23.63 —5.43 —5.43 —918.20
HXRZRE 0.999 90 0.999 90 0.998 14 0.999 86 0.999 85 0.939 50
owWMPa  —2299667  —22.996 67 —7.407 28 —36.147 62 —36.147 62 —0.076 68
FRBAHA  oyMPa  —137520 —20.955 02 —7.407 28 —29.670 90 —29.670 90 —0.076 68
n 0.994 16 2.263 23 2.967 32 1.780 85 1.780 85 3
o/ oy —0.10 —6.54 —18.50 —4.62 —4.62 —1786.65
HXRZRE 0.999 70 0.999 70 0.999 70 0.999 49 0.999 49 0.991 55
ow/MPa  —1.642 51 —1.642 52 —1.642 82 —12.298 55 —12.298 56 —0.543 24
WHEEE S oWMPa  —827.74 —1.713 86 —1.71418 —11.35499 —11.35499 —0.543 33
n 0.658 30 3.417 90 3.417 87 2.380 29 2.38029 3
o/ oy —0.12 —58.35 —58.34 —8.81 —8.81 —184.05
HXRZRE 0.999 94 0.999 94 0.999 94 0.999 97 0.999 97 0.999 47
owMPa  —2.609 73 —2.609 85 —2.609 73 —5.198 30 —5.198 30 —1.026 86
FiFHKHA  oyMPa  —1148.11 —2.624 75 —2.624 63 —5.012 96 —5.01296 —1.027 16
n 0.739 75 3.041 54 3.041 56 2.690 17 2.690 17 3
o/ oy —0.07 —32.04 —32.04 —16.78 —16.78 —81.88
MXRZRE 0.99939 0.999 33 0.999 39 0.999 65 0.999 65 0.998 14
ow/MPa  —0.000 00 —1.11283 —0.141 72 —5.807 58 —5.807 58 —0.691 04
MINERS  oW/MPa  —767.69 —1.160 03 —0.149 17 —5.580 02 —5.580 02 —0.691 18
n 0.637 94 3.409 96 3.527 49 2.659 92 2.659 92 3
o/ oy —0.11 —71.74 —557.89 —14.91 —14.91 —120.40
HXRZRE 0.999 56 0.999 56 0.999 50 0.999 46 0.999 46 0.997 12
owW/MPa —18.19669  —18.196 69 —13.333 80 —27.23053 —27.223 08 —5.85728
BFEKHEA  o/MPa  —1894.84 —17.747 58 —13.333 80 —24.960 35 —24.954 34 —5.863 63
n 0.818 73 2.748 15 2.964 38 2.33020 2.330 41 3
o/ oy —0.11 —11.22 —14.94 —7.98 —7.98 —33.97
HXRZRE 0.99979 0.999 79 0.999 79 0.999 50 0.999 50 0.993 66
ow/MPa  —1.68676 —1.585 66 —1.686 78 —7.756 19 —17.756 19 —0.32236
TERKD o/MPa  —679.63 —1.622 86 —1.724 54 —7.176 68 —17.176 67 —0.322 40
n 0.703 36 3.21021 3.198 94 2.397 32 2397 32 3

0./ Oy —0.09 —37.96 —35.72 —8.58 —8.58 —191.07
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SR R RN Burzynski #4712k U]
BREM BRA
TLRFENS  20,/3-0,4>0 20, —0,<0 H20,/3-0,>0 TLFEME >0 H 2t/3+6>0 n=3
HXRZRE 099892 0.998 90 0.998 79 0.998 40 0.998 40 0.987 32
ow/MPa  —5.266 40 —5.266 40 —3.38572 —9.820 86 —9.820 86 —0.291 25
EMIRA RS of/MPa  —520.57 —5.11073 —3.38572 —8.67235 —8.67235 —0.291 30
n 0.83115 2.707 10 2.967 21 2.119 16 2.119 16 3
ol oy —0.10 —10.17 —15.36 —6.00 —6.00 —178.51
MXRH 0999 10 0.999 10 0.999 10 0.999 20 0.999 20 0.999 18
ow/MPa  —0.000 00 —0.249 66 —0.569 20 —5.25234 —5.25234 —3.895 89
PR E  owMPa  —881.43 —0.265 11 —0.602 79 —5.208 98 —5.208 98 —3.900 14
n 0.614 49 3.633 74 3.598 70 2.914 39 291439 3
o/ o —0.13 —434.16 —190.95 —22.10 —22.10 —29.51
HRK 0.999 58 0.999 58 0.998 94 0.999 60 0.999 60 0.994 40
ow/MPa  —7.276 23 —7.276 23 —1.751 99 —9.163 28 —9.163 28 —0.144 87
TARRLAWE  owMPa  —1219.06 —6.777 15 —1.751 99 —8.249 40 —8.249 40 —0.144 88
n 0.923 97 2.43516 2.990 41 2.236 16 2236 16 3
o/ G —0.06 —10.03 —38.81 —8.24 —8.24 —469.35
HXAL 0.998 94 0.998 93 0.998 00 0.998 76 0.9987 59 0.990 70
ow/MPa  —25.48177 —25.48177 —7.601 20 —32.938 90 —32.938 90 —0.253 89
IR o/MPa  —2594.04 —23.141 40 —7.601 20 —28.483 15 —28.483 15 —0.253 90
n 0.992 17 2.267 76 297875 2.019 64 2.019 64 3
ol G —0.06 —6.74 —20.52 —5.48 —5.48 —614.42
HERE 099877 0.998 77 0.998 77 0.998 74 0.998 74 0.832 72
ow/MPa  —3.249 51 —3.249 51 —3.249 51 —29.901 21 —29.901 21 —0.163 60
WH KA o/MPa  —506.91 —3.366 50 —3.366 50 —23.379 18 —23.37918 —0.163 61
n 0.678 33 331697 3.316 97 1.593 56 1.593 56 3
o/ G —0.16 —24.06 —24.06 —3.46 —3.46 —495.08
HERE 0.996 40 0.996 26 0.996 47 0.998 80 0.998 80 0.975 20
w/MPa  —0.000 00 —0.281 04 —0.038 60 —3.936 90 —3.936 90 —0.081 74
FHEbH
o/MPa  —242.83 —0.300 67 —0.041 59 —3.593 09 —3.593 09 —0.081 75
n 0.593 36 3.72525 3.821 86 231239 231239 3
L AR B 2 ko B NAE S Lo e TT ] KRE)MARCHH
P B U1 AR ) o, ( 0. J
o, -0,=0,—-(0,-0))exp| —In| —=—
(ko — 1)03 ttt Qoo - QO
0,-0;,=0, (0, —-0,)exp |:_Q—_Q0:| (27) (29)

A PSS B IR,

s T B ko (K0P E57 3, B2 SRED SR M

UEBLAROF 15t0pt7.0, JEF B/ TR, AR

W PRAE M 2 (29)%F 26 1 v 14 T A7 i B =S i 50 4L

%ﬂ_grgm{ 0, J 8y  ARHFEUEMA, MALRWE4FOR, LN
o (0.0 n=3 W T E 2
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Fig.7 Fitting diagram of Wang Bin sandstone test data

SRR IR, JUHH AR EUHE N 43 55 A ) o o
HANHE /N T 10, UEHILE H ) ow R OR, BAR
X RER S, HEMAEERHSIEAEGH, e
R 5 p-g 2H5 2T Burzynski Ji vHE N4EL A 45 AR
Lo TR I AN SCHE HY R — S R 2 Y it i o D)
P45 B (1) X ) S5 o A1 = 7] S50 o 4TS
SRAL TS BRGNS Mr— A 5 FEE VR DU ) 5 P A
—HEWEHRREE N, —EEFUNEHNSHRE
BEH. REAR, =S HO0 28 7Y 5 B v U 75 PR AIE
SHUEAAEG I E N FER, & BABERAHR R
B, WAL VOZHEN A B2 T 5L

oo PR R T, R (19) A AL N
_—(coy; —3co, +3—ac) +
! 2c B

(co, —3co,, +3—ac)’ +4d(co,(20, —30,,) +

30, +ac(2o, - 30, )]% /' (2¢) (30)

¢, a FiEX4H WRA2)F(13), EHH(30)
LA B AT 3RS — S HO0 I 28 B 58 S AE NI AE n HUE T
BRI SR, Wk 5 Fros.

M S ATLLEH, M n>3 B, XA SER 50
ou M =) S5 R o W1 AR/, T2 n<<3 I, W
ﬁﬂ%ﬁgﬁgﬁtt M= ﬁ%ﬁgﬁgmtt i Ek{ﬁlj(: Hn
SFIIE N 3.064 6, 53K 3 A S REEAMA . XU
W n HY 3 RGN, IF HIE AT e 250 0l 50 2
P AT B o
3.3 AAEZHRERENE

B0 =i ae B, 7 BN AT HE I K (22) K
BEATHAEG . N T A5 RIER 2, RIS
RS 1 2 o DOVRI S oA T A 220K 2 oo A (1 B =y
B B koo v ) 20 (22) AT & FIPESRIE . B T2
PR R, HORFIH

K i BdE A R A 1stOpt 7.0, FETF /N
Pk JE L, ARYEUE N Q22)%FIX 2 FiA A B = AR
AR AT BRI S, A E RIE 6 Fis.

R4 14 Mo A SR EZAEN R K& 25
Table 4 Fitting results for 14 rocks with different strength criteria

BRI 2 R JU B PR AR B )
HAEM
AR REL ci/MPa ow/MPa o/ G L Gw/MPa ow/MPa o/ oy
LI 5 0.995 96 —6.89306 —6.94073  —10.701 38 0.999 59 —10.150 82 —9.189 02 —8.083 06
NP e 0.995 70 —5.15558 —5.17164  —18.601 44 0.996 15 —21.68392  —18.23482 —5.27562
R A 0.997 90 —9.09292  —9.13536  —14.996 68 0.999 80 —37.85945  —30.566 44 —4.482 04
T AR I 0.999 20 —5.80065 —5.81824  —17.18734 0.999 26 —15.09875  —13.41138 —7.456 35
PR R EA 0.999 70 —3.03579  —3.03971  —27.667 09 0.999 80 —8.092 13 —7.478 90 —11.244 97
SR 0.997 80 —4.14179  —4.15088  —20.048 76 0.999 34 —5.587 58 —5.214 96 —15.95792
R CHLA 0.999 01 —12.84456 —12.89484  —15.448 04 0.998 56 —31.28715  —27.799 59 —17.165 57
ERRED 0.999 30 —3.05379  —3.06012  —20.12992 0.997 90 —9.816 70 —8.745 74 —7.043 43
IR ARG 0.998 00 —3.28985 —330175 —15.74921 0.996 56 —10.712 40 —9.230 39 —5.633 56
I b A 0.996 00 —6.30547 —632222  —18.20563 0.997 99 —10.702 52 —9.967 53 —11.547 50
TIRRATE 0.996 60 —2.41625 —241996  —28.099 66 0.999 07 —10.674 05 —9.368 63 —7.258 26
I RIA 0.996 60 —834510 —836747  —18.53201 0.996 76 —34.88331  —29.699 79 —522112
W KA 0.999 50 —6.53180 —6.57147  —12.32600 0.999 61 —25.03092  —20.069 35 —4.036 01
ZHWE 0.995 66 —1.82588  —1.83145 0.999 43 —4.554 49 —4.025 34
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Table 5 Fitting results of hyperbolic intensity criterion for

unrestricted values of n

HARN oiwW/MPa oW/MPa n
ES P RIES —0.023 5 —0.025 8 41089
K KA —11.085 5 —10.506 0 2.532 4

RhRRHEA —23.2845 —21.1826 22534
T R TH 5 —2.4233 —2.5119 33405
[l iy —3.3082 —3.3012 2.968 7
FEMIAE R —0.820 6 —0.8553 3.4106
KA —15.4289 —15.2719 2.8720

TERRED —1.3051 —1.340 7 32499

IR A KA —3.6178 —3.609 6 2.9450
R Es —0.549 5 —0.5819 3.5979

TR RS —7.3853 —6.8714 2428 1
WINRIEA —18.86 30 —17.776 2 2.5010
ispN:va —5.1517 —5.2537 3.1385

FHE S —0.000 2 —0.000 3 3.5575

®o6 2 Maf KA BRI S 4R
Table 6 Data fitting results of true triaxial shear test for two

kinds of rocks

ESYEETit) R R EL ow/MPa ow/MPa k
MW HZF  0.994 089 —14.94 —14.99 0.146
Ti FECREL T 0.994 089 —4.388 —4.398 0.136
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Fig.8 Data fitting diagram of Dunham dolomite true triaxial

shear test
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Fig.9 Fitting results of true triaxial test data of Mizuho

trachyte
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Fig.10 Fitting of compressive and tensile strength test data for

Dunham dolomite
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Fig.11 Fitting of compressive and tensile strength test data for

Carrara marble
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