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Equivalent Friction Angle and Cohesion of the Generalized Hoek-Brown
Failure Criterion in terms of Stress Invariants

Youn-Kyou Lee*, Byung-Hee Choi

Abstract Implementing the generalized Hoek-Brown failure criterion in the framework of the Mohr-Coulomb criterion
requires the calculation of the equivalent friction angle and cohesion. In the conventional method based on the
Balmer (1952)’s theory, the tangential instantaneous friction angle and cohesion are expressed in terms of the
minimum principal stress oy, which does not provide the information about the dependency of the equivalent
parameters on the hydrostatic pressure and the stress path. In this study, this defect of the conventional method
has been overcome by representing the equivalent parameters in terms of stress invariants. Through the example
implementation of the new method, the influence of the magnitude of the hydrostatic pressure and the Lode angle
on the tangential instantaneous friction angle and cohesion is investigated. It turns out that the tangential
instantaneous friction angle is maximum when the stress condition is triaxial extension, while the tangential cohesion
is maximum when the stress condition is triaxial compression. The dependency of the equivalent Mohr-Coulomb
strength parameters on the hydrostatic pressure and the Lode angle tends to be more substantial for the favorable
rockmass of larger GSI value.

Key words Equivalent friction angle, Equivalent cohesion, Generalized Hoek-Brown failure criterion, Stress invariants,
Rock failure criteria
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Fig. 1. Mohr envelope for the stress state at failure

0, — 0y Lol
7 (T o0,/00,) 0, @
oA71M o, 3} 7= 217 o) 28k AT A
thegolct E3t Fig. 12] AABC2YLE| tana= C4/BC
s & g denr HHHY HAZY as TS AlE
o]-g5}of 741*&2} 4= Uk

|

! g
tana= ?‘3 )
wakA] Mohr mh]Zahilo| Hals Moz HE]

A= WA S7pR) ¢ oF 27PERE = Tk 4]
< olgst] & = ek
@ =2a—90" ©)
¢ =7 —o,tang; (10)

SHH UukSkE Hoek-Brown Tt 2714]9] 7-9- 2]
(4 =HH

g3 Ty,

% +s) (11)

ci

lelep

m, a—1
50, = 1+amb( - o, + s) (12)

oln® uhyfHo| 285

. AZ2]0 [e]
= A8, Aged, 1e8aL

4kshel Hoek-Brown wjz714]e] 57} izt 9 date)

(13)

Oy ¢
o™y +s

ci

m,
T = - 1+ amb(

m, “
2+amy| —oy+s

i

o, +s)a7 (14)

Oci

m, ot
tana= {/1+am, — 0 +s (15)

ci

whehA] UUESHE Hoek-Brown T 2749 A
P SARS 3k Al Fa 238 0,9
T2 ZAT = U3E Y 5 Slok E3F 9 A] g,
7.9 WA st et L o, & ui7HR g 4] (13)
I A (14)e] oJl FolEs & 4= Atk 2 a=0.5¢1
B 0,7 A" BAA 0,-7,9 TAXE o= A
o] 7F53}tHUcar, 1986).

o

3. SEBHNoR EA MM A7I0jHZ Y
A Tpxd xb
[P =l o |

rREY] A s AIgollA =
Sabthe 6le] BPgRoR LA 23 SeEAR
FAECE oF dojlA] {535t UHESHE Hoek-Brown i}
N2AR] AA L7F upaizh W s7bEaE ARkae
24789 0,9 T TAHDE S B7o|
Al o] BARXEE o835l siAle 788 oy Akt
o] Adeslolof gk, w3k 0, FNkoR 3k A 7k}
27 9 qvEate] ARHLS At 1719] wste) o
£ Mohr-Coulomb Z}&=%4~2] Hsle} TR A S-2Hof
A 8- 7 Z(stress path) 2] z}o]o] k& Mohr-Coulomb
HEAe) Wl g 4uE AT Fojs T
T 7FAal Qth Balmer(1952)9] o]&2of 7|%35tF 7]&
wle] oleieh TS 7k Rk B gk HE
& gaBugon wAgo Ry Jug 4 ot

0, 2 0, > 0 TPYT ), Fig 29} 22 79e 2
Ao A -rgE—IH 7= SHEHF ¢, p, 05 FE51

23} o] A|E 4= QJth(Nayak & Zienkiewicz,
1972).

=321 5




et 4ekE 465

7= 2 s 16)
0, = %Jr \/gp cos(é‘f 2%) 17)
0:3:%+ \/gpoos(6+2§) (18)

A7VM €=14/V3, p= /2]y, cos(30)=3V3.1/(2.57%)
olth ¢= YAoA ZHAHIER L] Aglo|n A4=to]
A7) pt = V3p2l AV Atk & SEHIM 0,0 &
AEEoltt p= AeUSFo i SEdE A p7t
Ao Aekg ofmigieh o) w 4o 4 ARSI
s,; = (0,,=0,0,,/3) &) 224 W 32} E¥wkolch. ZHAH
oA} LAt A po] WRRS: FABR= LodeZ) 62] H9R=
0=0=60" o, HEUFE (0, >0, 203)9] 72$-0=0
olal, AEARER A0, =0, >0,)2] HF 0=60" o]tk
SHBUF ¢, p, 05 olg3le] HUPSE AT

Hydrostatic axis
(0,=0,=0,

Octahedral plane
(0,+0,*+0,=constant)

Fig. 2. Geometrical definition of stress invariants
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Table 1. o,-independence of the tangential friction angle and cohesion in the generalized Hoek-Brown failure criterion (o ,=80

MPa, 'rrL,,:lo.O, S:1, a:0.54).

o5 (MPa) o, (MPa) o, (MPa) ¢ (MPa) 9 (rad) » (MPa) ; (deg) ¢ (MPa)
5.0 5.0 108.98 68.693 0.000 84.900 43.118 17.860
5.0 25.0 108.98 80.240 0.182 78.027 43.118 17.860
5.0 45.0 108.98 91.787 0.391 74.174 43.118 17.860
5.0 65.0 108.98 103.334 0.612 73.815 43.118 17.860
5.0 85.0 108.98 114.881 0.825 77.000 43.118 17.860
5.0 105.0 108.98 126.428 1.013 83322 43.118 17.860
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