TUNNEL & UNDERGROUND SPACE

TUNNEL & UNDERGROUND SPACE Vol. 25, No. 3, 2015, pp. 284-292 ISSN: 1225-1275(Print)
http://dx.doi.org/10.7474/TUS.2015.25.3.284 ISSN: 2287-1748(Online)
> x = Eslo=
E7|= XX[EH YAlHE &8et 5 i

a =]
— T
Sulnkeztn) SbEAR A

Estimation of Equivalent Friction Angle and Cohesion of
Near-Surface Rock Mass Using the Upper-Bound
Solution for Bearing Capacity of Strip Footing

Youn-Kyou Lee*

Abstract The generalized Hoek-Brown failure criterion, the strength parameters of which are determined by using
the GSI index, is an empirical nonlinear failure criterion of rock mass and has been widely employed in various
rock engineering practices. Many rock engineering practitioners, however, are still familiar with the description of
the strength of rock mass in terms of friction angle and cohesion. In addition, almost all rock mechanics softwares
incorporate the simple linear Mohr-Coulomb function. Therefore, it is necessary to provide a tool to implement
the Hoek-Brown function in the framework of the Mohr-Coulomb criterion. In this study, the use of upper-bound
solution of limit analysis for bearing capacity of a strip footing resting on the ground surface is proposed for the
estimation of the equivalent friction angle and cohesion of rock mass incorporating the generalized Hoek-Brown
failure criterion. The upper-bound bearing capacity is expressed in terms of friction angle by use of the relationship
between tangential friction angle and tangential cohesion implied in the generalized Hoek-Brown function. The
friction angle minimizing the upper-bound bearing capacity is taken as the equivalent friction angle. Through the
illustrative implementations of the proposed method, the influences of GSI, m; and D on the equivalent friction
angle and cohesion are investigated.
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Fig. 1. GSI chart for jointed rock mass proposed by Hoek
& Marinos (2000).
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Fig. 2. Mohr envelope of the H-B failure criterion and the
tangential M-C parameters.
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Fig. 3. Variation of tangential cohesion with tangential
friction angle for different rock mass conditions; (a)
m; =10, (b) m,;=30.

Agla ol

3. E7|% 518 X[X[H2
Solorztar Sorar

r°l'
T

Hisid SAIBHE o2t
=

3.1 StASHA
SHAISA](limit analysis)2 AAJo]20] ZASH AHA W
SHAEE olgsio] TE w2 AR LS
A= =234 7| o]t Chen & Liu, 1990). S}HA|

A&(lower bound theorem)of &JalH A FS U
BE Fol BYEAS WIS 1o FAelA 3

AAZRAE =Sk A2 18-52 (statically admissible
stress field)S 714sko] AAEE ot zAe Jusfol
3F3tgro|c}. ojuf 71T AR 83 R Yo nE
He YEALL WA golot 3k uw, 4AYe
(upper bound theorem)o]| 9J31H 34 Fo] nE
o Az, MELE AAR, AT 25
(associated plastic flow rule)S Y53l 255H] 3
S22 (kinematically admissible velocity field)= 7}
b5 7o) delE A8t ALt ka2
1] Agtgkelct. Tejuz shAlsfAS o, 3§
A & ez ddsio A HeE Axtst
Haoln] AdAsle] 2o} 2l siAsle] e} ot

g r°"
olr

o

fr oo 02 oX

oiv

B AN duse] TSk Ans 9 4 ok
APH, 7%, 29 = xukgeld LRE9) OH/H B2 O

¥

2 FASAE A 49 MC B} uzo
2 22 olguln] HlwS Aofat Auke e

A A|(rigid perfectly plastic material)= 73k

o] AFolM= AR E A8t =gt 57]»'—
S &AA Y] Al FAS E-8sto] dRtElE H-B
Qe Siuka 9 bR ANt A
o AN BAOIA QHE o] TR A
o AN TSR AR AEEWNAS g
g AL ATt e JAA|(granular material) 2] A4
W TolA] AT ThEg AL oS
= 3R 7|2 Fex| XAl Aoy g
o] WfIFEo] AR b= A dEsfol gt At
TS 9 5 e A= UeA tkChen & Liu,

32 E7|x= SIEX|X|Ee| AASH

HigHo] 2| :Hol| X5l 7129 o-8-XA8 Q
of] thet AANE AL flsliA= ARt o= w7t
YZ(failure mechanism)2] 70| dslc) AAof 7}
7he- o2 s Bl= sl
AL, 7159 S84 19 A A ol
= Tt #7h &2 Fig. 4¢} -2 Prandtl |7 &a
Hill wj7}Folch

Prandtl "|7}&(Fig.4(a)) 9] 3¢ 24 350] U4
Bl B2 ]2 KB H7|%e] ABCS} 29 471
99 AFG 9 BDE, 18|31 th-pAl 2+Al(log-spiral
curve) CFe} CDE 27t 817 AR sz 99 ACF
9} BCD& 1231t} o]u] %o ABC, AFG 2 BDE:
ZAA & 7Hgsict dhHe] 99 ACFeF BCD+= WYAMY

N



288

E=m/4+¢/2
n=mn/4-¢/2

rigid

log-spiral
shear zone

E=C=m/4+¢/2
n=mn/4-¢/2

hibel Szl $7bYAY Ay

(b)

Fig. 4. Two distinct failure mechanisms of surface footing; (a) Prandtl mechanism, (b) Hill mechanism (adapted from Chen

& Liu, 1990).
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Fig. 5. Effect of GSI values on the equivalent friction angle
and cohesion ; (a) equivalent friction angle, (b)
equivalent cohesion.
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equivalent cohesion.
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and cohesion ; (a) equivalent friction angle, (b)
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