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Application of critical state confining pressure
to rock strength criteria modification

LIBin, XU Meng-guo, LIU Yan-zhang
(Hubei Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources,
Wuhan University of Science and Technology, Wuhan, Hubei 430081, China)

Abstract: Generally, rock strength criteria are obtained by the triaxial compression tests at the low confining pressure. However, the
strength in these criteria tends to be higher than experimental data at the high confining pressure. To overcome this deviation, we
propose a concept of rock critical state confining pressure. It can be deduced that deviator stress is constant and critical rupture angle
is 45 degrees at critical state using this concept. It is then introduced to modify Mohr-Coulomb and Hoek-Brown strength criteria.
The accuracy and applicability of these two modified criteria are verified by a series of triaxial experimental tests. It is noted that the
parameters in modified criteria have lower sensitivity to the confining pressure than those in the original criteria. The modified
criteria can not only maintain the consistency and accuracy in strength assessment at the low confining pressure, but also assess the
consistency of experimental strength at high confining pressure. Thus, the modified criteria can be used to accurately estimate the
strength of rock at the high confining pressure.
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Fig.2 Ciritical states of intact rocks
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Table 1 Triaxial experimental data of Indiana limestone
o3/ MPa 0.0 6.5 13.7 20.3 27.9 34.4 412 484 554 62.3 68.4
o1/ MPa 44.0 66.0 85.0 99.0 109.0 119.0 128.2 135.1 141.9 149.1 156.5
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Table2 Best fitting parameters for several criteria

S HRRIS Mohr-Coulomb #i i Hoek-Brown i1 ek ¥ Mohr-Coulomb #i: U 0k 1) Hoek-Brown #HE N
EACITEIR ¢/ MPa 0/() m 0./ MPa ¢/ MPa o/() n m 0./ MPa n
3 12.72 2993 5.22 44.00 11.38 35.31 0.57 5.86 44.00 0.93
4 16.31 2422 5.22 44.00 11.63 34.29 0.68 5.87 44.00 0.91
5 16.31 2422 4.77 44.00 1143 35.09 0.62 6.19 44.00 0.71
6 18.67 19.60 2.77 51.16 11.81 33.55 0.75 6.00 44.00 0.82
7 19.46 18.08 2.50 51.94 12.57 3253 0.73 5.87 44.00 0.90
8 19.46 18.08 2.50 51.94 14.80 27.75 0.89 5.87 44.00 0.90
9 2532 12.83 2.20 52.78 15.44 26.39 0.94 5.33 44.02 0.99
10 27.14 10.46 1.09 64.21 15.53 26.20 0.95 4.44 4722 1.00
11 28.38 8.87 0.88 65.54 1592 25.39 1.01 3.99 48.29 1.06
PRI 2042 18.48 3.02 52.17 13.39 30.72 0.79 5.49 44.84 0.91
Kt g7 2% 5.37 6.96 1.67 8.10 1.98 4.19 0.16 0.77 1.68 0.10

4.1.1 YENZ Uk s

FEZE 2 F AT LIS E] Mohr-Coulomb #E )2
M c. ¢ Hoek-Brown #1250 m. o AR
KA, HbrAETr 2250700 537, 6.96. 1.67 Fil
8.10; 11 b AV FH 25 A7 Wi SR A Bl s e i 1 e )
FSHIERE . XK X T RIMRALA A, @
bR FHAS [ Bl R ff o HE UV S R, SR E DU S 4000)
PR AR A AR e, T T S FH 2 A W R 2
s S0 I 1R U ) 2 500 R P LA S I R B
WE5 2, T VHMS A AR RN A TR,
SRR FH D o ) 5 06 250 E AT v TR s 4% A 11 =l
B, T 0 SRR FH AR S s 8 FH 2 A i SRS e 1)
Dy ekt U, 3 e A TR R R A = il
st T DU P HE AR 10 5 BT 4 AR 2 A SR B TR O
filio
4.1.2 WEN TIN5 R LE AR

AT I I SO B M DU UT A 2 i R T v A
PE, X ERE R 2 o RATHT 3 AEdE T, R

133 S ERE N 240, AR5l X e SOk
LA PR A 5 A ) = B, de i) B SR VA,
5 P 5 R R

(1) Mohr-Coulomb F1 Hoek-Brown 5t [ 1 )]

RIS 3 21315 3] Mohr-Coulomb 1 Hoek-
Brown #EUHEN S50 (3£ 2) 7350k ¢ = 12.72 MPa,
»=29.93° flm=522, o, =44 MPa, Il Mohr-
Coulomb F1 Hoek-Brown 5 EHEN] (3 (10)) ®JLL
FKomh

o, =44+2.99c, } (1)
18

o, = 0, +(229.680, +1 936)"

(2) WA FUIRAS S i (R )

AT 3 41519 21 ok J5 1 Mohr-Coulomb
F Hoek-Brown 5 JEE N 240 (3. 2) 4303 4 ¢ = 11.38
MPa, ¢=3531° , n=0.57 Mm=5.86, o, =44
MPa, n=0.93, WEtERHEN (X (16)) AL
FKomh



e A AR I SR B AR A i U St (1 395

o, =44.01+3.740, - 0.0550;
QL))
o, =0, +(257.840, +1936)*° —0.0140;

Moy kB H AR F L o, =no, 1, G
(17> St Ja e W] LAZ7R R
o, =78.37 +03}

o, =88.14+ 0,

U S VP AT B AR 22 IR A0 I A4 e TR s I
() w3 Fron. B 5 2 DA b S f ok P
i & ARG 25 S 0t b N2 3 FIPE 5 ATLLE
2 IR (T 20 MPa) I, &k U PEA o 2
BEA—FL W HSRE R LR e G: bEH
JE AT, Mohr-Coulomb # )1 Hoek-Brown
PR DU P A% 1 i P 0 T e ek X B R, B K T R
68.4 MPa IN 1R 27318 2] 58.80%H 28.59%, 1M1iE
Tk N A i FOIR A L 5t PR DU P g e P
55w 3 A—2, %t/ 1 Mohr-Coulomb #E
DUPPALT Py i FEE ARG TR it R e K L P I i
N 6.21%, ik JE 1) Hoek-Brown ¥ I T () 54
&)L 5B B e V&, AEs K BRI iR 2
4 0.026%.

T AR R R AT LIS B, NS A
115 SR 2 Bl s s i 110 74 D) 2 500T Bl P 72 e ek
B, AEAR R A R R DR Al TR it B AR
RIS SR E 3, MR B AR T N 4540 it
PR DUk v DA 25 A 5o B T I o 0 T T AR,
X EAEASHE 0, A A I SR A B s et 5
(PIAEI, A5 EE AT Y D) LA ] R I () 2500k o] LA
EUASCHHEAff M P A 5 A0 7 1 B S IS PR B T

Q20

K3 HREENFESERSRKER
Table 3 Estimated results of several criteria
and experiment data

Mohr-Coulomb #8EE#EN]  Hoek-Brown SBEEAEN] = HiHA%

?ﬁi Fof MR BN doE 4o
/ MPa / MPa / MPa / MPa / MPa

0.0 44.00 44.010 00 44.00 44.00 44.0
6.5 63.44 65.996 25 65.06 66.01 66.0
13.7 84.97 8492505 84.996 85.02 85.0
20.3 104.70 97.26705 101.53 99.21 99.0
279 127.42 106.270 00 119.25 112.55 109.0
344 146.86 112.770 00  133.58 121.78 119.0
412 167.19 119.570 00 14797 129.34 128.2
484 188.72 126.770 00  162.65 136.54 135.1
554 209.65 133.770 00 176.48 143.54 141.9
62.3 230.28 140.670 00 189.76 150.44 149.1
68.4 248.52 146.770 00 201.24 156.54 156.5
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Table 4 Conventional triaxial compressive
strength data of intact rocks

Solnhofenti K %% Tyndallfi K Y Daye KELA!! Vosgeshy 5!

o3 ] o3 ] O3 ] O3 Ol
/ MPa /MPa /MPa /MPa /MPa /MPa /MPa /MPa
0 293 0 52 0 96.2 0.5 335
6 335 5 88 10 1454 10.0 83.0
15 360 10 106 20 1934 20.0 114.0
24 381 15 118 30 2329 300 134.0
46 426 20 137 40 2464 400 149.0
72 467 25 149 50 2724 500 167.0
111 518 30 164 60 308.0 60.0 174.0
195 595 35 176 70  348.7
304 709 40 190 80 353.6
90 367.6
100 402.7
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Fig.6 Estimated strengths by criteria and experimental strengths
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