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ABSTRACT

Recently, the generalized Hoek-Brown (GHB) failure criterion has been actively employed in
various rock engineering calculations, but the analytical form of the corresponding Mohr
failure envelope is not available, making it difficult to extend the application of the GHB
criterion. In order to overcome this disadvantage, this study proposes a new method to
express the tangential friction angle as an explicit function of normal stress by invoking the
polynomial best-fitting to the relationship between normal stress and tangent friction angle
implied in the GHB failure function. If this normal stress - tangential friction angle relationship
is best-fitted with linear or quadratic polynomial function, it is possible to find the analytical
root for tangential friction angle. Subsequently, incorporating the root into the relationship
between shear stress and tangential friction angle accomplishes the derivation of the
approximate Mohr envelope for the GHB criterion. It is demonstrated that the derived
approximate Mohr failure envelopes are very accurate in the entire range of GS/value.

Keywords: Generalized Hoek-Brown criterion, Mohr envelope, Tangential friction angle,
Tangential cohesion, Linear and quadratic best-fitting of curve
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2002), HBMN 2](Benz et al., 2008), HB-JP 2l(Lee, 2012), HB-WW 2](Lee et al., 2012) 5-2 H]X13 uly]zAAlo] 72| A}

glofet. 2} mhy| 242 AR-0] A o5 0] et S S A 7HAAL QLo B e ARG o Aglet ]

Z7A4E Aelshs Zlo] Fashct, ISRM EEAIH(Ulusay, 2014)141 QuE35] HofollA] glo] 2§ s 5.0 n] 2445
o) 2w} A871AE 7|k ik
=

S| H-B Al F29a dejedite]] B 28 7 st vl Y wh 2 dlo]w 2 oike] B m|oko] shutE THE] 1 QL
o}, oh A] HS=E (o) ) H AT 2(04) 2] TAE A J6l=H-B A2 19800 A3 AT o= FF2t 7| 2-& AA
7HE 2419 EiQl URtekE H-B(Generalized H-B, GHB) 4122 HPH5I T Hoek et al., 2002). GHB Aof|x= GSI
(Geological Strength Index, Hoek, 1999) A|<=5& o]-85}o] @A o] Ae] 2 ol Ada|H EA]of| wat Fraete] s JA o
HHO] A 2 ZA7 = AAAER] A2 ArgRith o714 GSI A14== 01100 Atel9] 44241 1000]] 717k A= ¢
HES ofuiet. 2 H-B A2 Rt ol 7|23t Aol A o] =9k Clausen & Damkilde, 2008) 2 A8t
2] SHAISAI 5 (upper bound limit analysis, Chen, 2008)& 7|5F2 2 5}= E]'d-5325]|4(Yang & Huang, 2011), AFHS
(Mao et al., 2012), YHF7] % 222 4 (Merifield et al. 2006)2] 2AF &5-3712(slip condition) 22 AFEER= 5 <=X]
ofl M 11 A-GHE W7k Q= FAlel:

13 GSI=100%1 735 A|2fePH GHB M 223412 TAIA A e 2] =, Mohr | A © = FAJs7| Zlo] o Ptk
o] GHB mh|t=2] X[off oFd 0 &2 2| A =11 gk GSI=100%] 7-%- GHB Alof| th-8%= "§ A4 Mohr mH] 2241412 Bray 2]
Sl((Hoek, 1983)7} %22 ¥ % o] & Ucar(1986), Londe(1988), Lee(2014)]] 2JSIA = -F =it GST= 100 21 73-$-Mohr
) ZeH A 9] s A Aol oFA7ER] e EA] Fotal Qs AP0l A9 X Lee & Pietruszezak (2017)- “gafol] vl AL
5= o4 Mohr mh| e THAALS A= 1S WS Lee & Pietruszezak(2017)2] ol 4l= GHB Ao Wiz 4
BN (¢, 2182l (0) o] PAK C2HE ¢, & o O] PAIA Tz FAISE ] 915H Taylor T4 ZARHo] o 8=t &
Lee & Pietruszczak (2018b)2] A+olli= ThdA] 243} 7|H-& 2851 A6 (05)S 0 & DA E THsH= 1
Olsll GHB 2] 9] a4 4] Mohr w24l AL R 513k

kol Bl Akget FE0] P Wrtel| Ee| S8 HAPEsHAH(limit equilibrium analysis, Wyllie & Mah,
2004) 2} FHARBHATR 52 IR of e AIoA] 71RE0] A Mohr M| A4S EAE A= Skl QS-S AT o
GHB 2]9] 51414 Mohr ma|zetid2lo] AXE 79 GHB mijghro] A8 9E thE: W o ks 202 7|derh &3t
GHB ]| Mohr m}]222bd A2 Ao L B'E A oHESE0] &a e 71 Thatche de|d Bl e Ao s

84 o Sl

]

o

-
It

0.

O,>~

P7q Z

|

o
i
H]I I‘_>.1 oL F_°,.1'. ul

%
Y

I

r

=2

o] Aol A= Lee & Pietruszezak(2017, 2018b) <] A-ollA] AIRFe GHB mh] 27141 9] LA} Mohr ZEH ey Hig)

TUNNEL & UNDERGROUND SPACE Vol. 28, No. 5, 2018



428 ° Youn-Kyou Lee

0 o]] 399} th2 H24S F5] 2AF Mohr FEPAAS - Fske 1o] ARHEI9LR, S8 24 Mohr THYJIE 0] 3

A2 W7 ol ol ik, Tt RAY SR Ank A TAK] 13 A 27} ek ARALE 7]
§Ho2 el A} Mohr TZIE2HIS S2]81474 0 2 5 Mohr T2ty afo} wlamgho 2 17} chaba) 2faaape]
ofek 25} Tt AR o] Al 942 Ao 2 AEslalct. AlekEl A Mohr 2A10] 0} et ofolclo]
= Lee & Pictruszezak(2018a)°1] I & APIEIZLo, o] A8 Fo T2 a8 418} 9 7%o] ol ol T,
Taylor TR AP AT el R4 2215 AR 218319107 Balmer] who|3E2l T2 Balmer, 1952)

of]| ZAHA] Lgtrh= =HollA] o] AL Lee & Pietruszezak(2018b) 2 Lee & Pietruszezak(2017)2] G0} 2PEA-S Holct,

2. Yui5lEl H-B (GHB) | RZ4Al

N
]

2.1

iz

r

IchFS8-2|4583 2|

GHB s}z|27bexf ghite] mizje] Ragt HAiF-32(0,)0] 718 HaF8 (0, T2 theat Zo] dfzgict
(Hoek et al., 2002).

o, =03+0,

O3 _|_S)a (1)

m
’ O¢i
A7 o= FERY BEUFA=ONL AT my, s, a= GSI AGE oFs1o] thaat o] A ojeitt.

GSI—100 ) @)

My = exp( 28— 24D

(GS]—lOO)
s=expl——5r~—

9—3D 3)

a=0.5+ %(e_GSI/ls—e_QO/S) 4
2 (2)0lA m = FELC] AF 22 (texture) ol W 2] 0= B FreAgolth. A ()3 4 (3)9] DSl
=2pol| 7191t o] WIS MGk ArEA 03} 1 Afelo] ghe Zhert wtsA] o2 ot (tda5 DEk2 001 7+

=
& g2 2T A ()2 AE T GSI=10001H o = 0.5 022 ©] 739 GHB mH| 20412 2|2 A|QFe H-B4|(Hoek, 1983)
o

TUNNEL & UNDERGROUND SPACE Vol. 28, No. 5, 2018



A0 LIELE HEHRE 2

18k5}HEl Hoek-Brown IIf2|

2.2 T3] ekl GHB | R 744
Rojat et al. (2015)0] AIQkeh :2-8:2) wghpiA|4]
P T )
2 2§} GHB 274 (1)& P, — P; BRI 94E Ak the 402 mAlg,
P, =P;+ Py ©
Tjolct, J2]HE GHB T§4o] A ger 7w
Hol| A% Mohr ]2

oA P, Py e 212k 20 B Ak S5 2ol A (5)°] ool el
7=l oo AAE = AMES A (6) S 25 E & 4= QI

2 Bst A, A (7)S T o — + B

WS} (Fig. 1). 1RolA 6,9} ¢, = 22 FAampazlat A%

|
T35t Lee & Pietruszezak (2017)©] AloFet Ak-g-2of| tjsh
2hidog

]_
g2 p— @ BFHNKN Y-S A= TR m
#Jeyg ojnjgict,
T
_ 7
Q Z/(l—a 0_” ( )
2.3 2342 GHB Thn|z248l0) 7[3f8t3 £3
Fig, 1(b)o]l EAI2H741 Mohr €17} Mohr T 3E2410] 75514 BARRE g, P, @ Aololi thao] iAol xithe
B 4= QJtt (Lee & Pietruszezak, 2017).
(a0 ®[1=sing, 1/(1_“)( sinq&,;)
r= (5) “sing, L+ — ®)
a/(1—a) COS¢-) 1—Sin¢- a/(1—a)
o g i i
Q_(2) ( 2 ( sing; 9
TelmE A (8)014 6,2 PO] BAAR B4R A1 4 SJrpel ol 4] (9)e] Thelslel Mohr T ZERAI] a4 4412
A= ek T2t a = 0,590 A7 S, GSI= 10021 B97HoFW 2 (8)9] ¢, 5 L] siAH -2 0 2 BAJoh= A
lr tiRto® o] Aol 4] (8)0] 6,5 POl 2AFAR s Ao g mdshe WS AStellk
TUNNEL & UNDERGROUND SPACE Vol. 28, No. 5, 2018

o] Z=Igt Ao 7 gdez|1r




430 ° Youn-Kyou Lee

»

Tangent line

Mohr envelope
of GHB criterion

{/MOhr circle

Y

(b)

o, G c,
(@
Tangent line
b Transformed
____________________________________________________ Mohr envelop
Mohr circle
; o/
0,
P, P, !

Fig. 1. Mohr envelopes of the GHB criterion in (a) o — 7 space (after Hoek et al., 2002) and (b) P— @ space (after, Rojat et al., 2015)
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Fig. 2. Plots of the function H(z) with different GS7 values
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Fig. 4. Performance of Mohr envelopes based on the linear best-fitting of #(z) for m; =10 and D=0: (a) comparison with the exact
envelopes and (b) prediction errors
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Fig. 5. Performance of Mohr envelopes based on the linear best-fitting of H(z) for m;, =15 and D=0: (a) comparison with the exact
envelopes and (b) prediction errors
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Fig. 6. Performance of Mohr envelopes based on the 2™ order polynomial best-fitting of #(x) for m, =10 and D=0: (a) comparison
with the exact envelopes and (b) prediction errors
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Fig. 7. Performance of Mohr envelopes based on the 2™ order polynomial best-fitting of #(x) for m, =15 and D=0: (a) comparison
with the exact envelopes and (b) prediction errors
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5. 20U 28

GHB I 274412 oihgobA 21 8-5 524 0 &2 7l vy hrma] X o] I a4 o = Aefjolrial
Ak 5] 71l whE e S7He] A 8S A whedtiths At GST AE ol-8sto] FAde] s A7 ol
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