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A new three-dimensional Hoek-Brown strength criterion considering effect
of intermediate principal stress and its applicability
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Abstract: To evaluate the effect of the intermediate principal stress on the ultimate strength of rock, a new three-dimensional (3D)
Hoek-Brown failure criterion is established by adding a quantitative representation of the intermediate principal stress to the
power-law item of the generalized Hoek-Brown failure criterion. The new failure criterion in principal stress space is a curved
hexahedron circumscribing the envelope of the Hoek-Brown failure criterion through three angular points. It is a nonlinear power-law
curve in the (o, —0;)—(0; +no,) plane. Comparative study with three different rock failure criteria i.e. Hoek-Brown criterion,
Drucker-Prager criterion, and Mogi (1971) criterion is conducted by fitting the triaxial test data of four different rocks. Then the
applicability of four failure criteria is discussed on describing the effect of intermediate principal stress. The results show that the new
3D Hoek-Brown failure criterion fits the triaxial strength data best, followed by the Mogi (1971) criterion, whereas the Hoek-Brown
criterion and the Drucker-Prager criterion have a relatively poor performance. Therefore, the new 3D Hoek-Brown failure criterion is
the most suitable to predict the true triaxial strength and to describe the effect of the intermediate principal stress on trachy, marble,
granite and other hard brittle rocks.
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Table 1 Experimental data of Mizuho trachyte

(o] [ep] 03 [ [ez] o3
/MPa /MPa /MPa /MPa /MPa /MPa

99.13 0.00 0 382.61 331.43 60
193.04 15.00 15 365.22 75.00 75
253.04 30.00 30 400.00 114.29 75
297.39 45.00 45 417.39 153.33 75
31391 54.55 45 438.26 228.57 75
326.09 70.92 45 439.13 300.00 75
333.39 95.45 45 42435 342.86 75
348.70 141.80 45 45130 390.48 75
360.87 213.64 45 419.13 100.00 100
365.22 289.09 45 460.00 137.40 100
351.30 331.81 45 488.70 185.71 100
339.13 60.00 60 49391 274.29 100
352.17 90.48 60 521.74 381.90 100
382.61 141.90 60 513.04 41143 100
395.65 191.33 60 99.13 0.00 0
40435 288.57 60 193.04 15.00 15
400.00 27143 60 253.04 30.00 30

2 BEREERGE

Table 2 Experimental data of dense marble

[ o2 O3 ol (o)) o3
/ MPa / MPa / MPa / MPa / MPa / MPa
61 4 0 126 21 14
77 10 0 147 28 14
105 20 0 155 41 14
103 35 0 195 57 14
66 4 4 255 86 14
75 4 277 113 14
84 4 138 21 21
94 10 4 150 28 21
130 28 4 209 62 21
193 69 4 260 83 21
143 83 4 289 110 21
84 7 7 171 28 28
113 14 7 167 48 28
134 28 7 222 55 28
192 55 7 275 83 28
188 83 7 314 110 28
175 110 7 349 110 55

117 14 14

£ 3 Westerly £ &R K E>!
Table 3 Experimental data of Westerly granite

(o] [ep] o3 [ [ez] o3
/ MPa / MPa / MPa / MPa / MPa / MPa
201 0 0 700 57 38
306 40 0 733 78 38
301 60 0 720 103 38
317 80 0 723 119 38
304 100 0 731 157 38
231 2 2 781 198 38
300 18 2 747 60 60
328 40 2 811 90 60
359 60 2 821 114 60
353 80 2 860 180 60
355 100 2 861 249 60
430 20 20 889 77 77
529 40 20 954 102 77
602 60 20 992 142 77
554 62 20 998 214 77
553 61 20 1 005 310 77
532 79 20 1012 100 100
575 100 20 1103 165 100
567 114 20 1147 167 100
601 150 20 1155 216 100
638 202 20 1195 259 100
605 38 38 1129 312 100

620 38 38

R4 KTB FARERKE
Table 4 Experimental data of KTB amphibolites

(o] [ep] o3 [ [ez] o3
/ MPa / MPa / MPa / MPa / MPa / MPa
158 0 0 954 399 60
160 0 0 815 449 60
176 0 0 868 100 100
346 79 0 959 164 100
291 149 0 1001 199 100
347 197 0 945 248 100
267 229 0 892 269 100
410 30 30 1048 300 100
479 60 30 1058 349 100
599 100 30 1155 442 100
652 200 30 1118 597 100
571 249 30 1147 150 150
637 298 30 1 065 198 150
702 60 60 1112 199 150
750 88 60 1176 249 150
766 103 60 1431 298 150
745 155 60 1326 348 150
816 199 60 1169 399 150
888 249 60 1284 448 150
828 299 60 1265 498 150
887 347 60 1262 642 150
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Table S Fitting parameters of four failure criteria for four rock types
SR PEHE
) Ce H-B £ MHB D-P £ Mogi(1971)¥EN]
HATFA
/ MPa o, =03+0,(moy/o, +s5)/2 o, =03 +0,[m(o;+no,)/ o, +sla Jy/2=al +k T, = Al(o) +03)/2]B
m N m n a N a k A B
HHTA 109.09 13.2 1 11.78 0.06 048 1 0.13 8552 4.16 0.65
KILAE 39.84 43.1 1 495 044 0.67 1 028 1737 1.38 0.86
oA 200.00 58.0 1 40.37 0.11 0.50 1 0.29  52.00 1.66 0.88
piilaka 158.49 50.2 1 31.80 0.10 0.53 1 029 67.84 1.84 0.85
400 400 r
_ 300 ¢ =0 MPa _ 300 F
S 03=15 MPa S o 03=0 MPa
= 03=30 MPa < e 03=4 MPa
’b2 200 03=45 MPa ~ 200 o o;=7 MPa
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g (‘)'3:?(5)01\/[]\2% & a 03=21 MPa
100 ¢ N 100 1 4 =28 MPa
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— Ak
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(c) FEHAE ) W
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Fig.2 Comparisons of best fitting results of the proposed GHB strength criterion and true triaxial strength data

of four rocks in the (o1—03)-(03+no) plane
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Fig.3 Best fitting solutions to the Mizuho trachyte experimental data in the o;-0; plane
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