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Analysis of Empirical Failure Criteria and Suggestion of New Equation for

Intact Rocks

Chulwhan Park

report.

ABSTRACT Three empirical criteria of rock failure are analyzed in order to understand the
meaning of coefficients. Transformation of equations is discussed to apply in the numerical
analysis. New failure criterion for intact rocks is proposed in this study, which can be used
directly in programming. New equation has the form of parabolic curve (¢=0.5~1.0), and is based
on Mohr's shear failure using data from triaxial tests. Its validity will be discussed in the next
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Fig. 1. Comparison of the 3 different failure criteria
in sandstone.
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Fig. 2. Normalized tensile strengths in the 3 criteria.
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Table 1. Normalized tensile strengths of rocks in
Bieniawski's criterion

B St/Sc for St/Sc for Rock Types
Direct Tension Brazilian Test

3.0 0.231 0.124 siltstone, mudstone

4.0 0.157 0.099 sandstone

4.5 0.135 0.089 quartzite

5.0 0.117 0.081 norite
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Fig. 3. The relations of brittleness index Iy and con-
stant m.
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Fig. 4. Mohr's circles and envelopes in von

Karman's criterion.
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Fig. 5. Mohr's circles of sandstone in Bieniawski's cri-

PP

Hoek-Brown's Sandstone {m=9.6)

R

Sl — L —
2 oy

Fig. 6. Mohr's circles of sandstone in Hoek-Brown's

criterion.
Aghslo] £ S G + Ak ole) F43)
AR SR AR v o 49 AE B
Hztod ohg Pt R ol golct.

3.3 Hoek-Brown®| mtn| = 210{|AM

o] #2272 Bieniawski®] 27 Hc} 233 He)
oMoz FHHT glo] FHoR RET 5 gl 4
F mo] 9.6 ARtelld 4 (3127 ol & F2H

A7|2 Mohr?] $HYS =4l 17 6z gow,
ol5o] o] F+ A ek A4 )R] gfrt.

o] 271 Al s& A8slo] Al Mgk ohale) a4 &
gk opvjzl APl HEE 5 Qlo] o) F =27
Hep opo] #8531 9ok e} A=A g s
Hoek-Brown®] z71o2ul #l4slr|olle= 1 dhA7}
At o] F g,

A, vlg5Tol A Saisk AgtollA o] AbA|E 2}
8% 3.1Holl M9} 7o) o] 2707 ) Alsiy 7hztbe]
FoHoZEE mo A7+ 13.4-20.608 B3} ¥o]



238

Act. 3.2H0llA dF3d Bieniawski®] A=Al g8 % #
S-S AAT 18.4-14.824 thofstol WA} et

S, chebt m$ F ko] Agdeh seieks A
422 Qs AA (6,0 3k A ez 47 o
2 % gk

4. T ZAA Q| Mot U HUHE

e Folof 4 YA AYH AAZANE 24
2o} lojx QlazEe] Aol ol 2ol wet 2 B
HAich. o] WAL ot HEANA AT =7
A% ogtel IAHY W 2l E dodle 19 =27
7b BEEE A% 2 dx|d) ARFEE Al ofs)
o] von Karman9] A¢lol|A] Al k= HAX 19
7+-2 7Aolu], Hoek-Browno] &2 Al me ¢
A8 2}, weba A% keh me 2e oJulg AUz
2ee AEAE F 9leh

ol I} =7e FEHa TFEE TAHA U=
ol T3 88 9sled ot HEANA EH = olo}
ghe}, o] Mohre] #}7]0] &, 1=flo) % 4 UX|sl+=
Zolch. AEE A EAI o2 odojAl Zg gl 4 (1)
o Zeh oldl HEAgE ol gol waA) gfor
ZAA % ol 7iche] FHHH

aely g g gl 4] (2) = A Q) 22 7
g W glof AEMUS 47 gt 2nE B
AR E F3lel AYA o) BARAAES ot FHiA
o4 EHoz 588 4 ol F4o] £7Hch of
off 2 odFollA]= Mohre] Axtula]Zell 2|73t o}
S5 22 TA A AR

Mo
tlo

I

T=B* (0-T)* (12)

o1 AN AGE Ageha G, SR A
A Boll4 1A AN G SEstI DEdE7ES) o
AR Sloll At hS]) 43R5 27 Hek o)
A A% ok 05109 2715 7HAe W9AE ol
gt A9H 0 Fz Hehe

% Aldeel 2717 AR B4 ogkeldl w17
o) tgko] olAz, MEAGIY WAL e
Sich. R QARYR A SET el B S
g YRz Bauch 7 8k 53 FAA
& & Qe Aoz derd,

2 o 2 8

1. Obert L. and W. I. Duvall, 1967; Rock mechan-
ics and the design of structures in rock, Chap.
10

2. Murrell S. A. F., 1963; A criterion for brittle
rock and concrete, Proc. 5th Symposium on
Rock Mechanics.

3. Bieniawski Z. T., 1984; Rock mechanics design
in mining and tunneling, Chap. 5 & 8.

4. Hoek E. and Brown E. T., 1980; Underground
excavation in rock, Chap. 6.

5. Vutukuri V.S. and Katsuyama K. 1994; In-
troduction to rock mechanics, Chap. 3.

6. &% 4],1993; st z714] 2] wighat Mgl eldat
A &E7, A3 A2%.

7. ubAE 9], 1994; A A28 3 71Nk
ot B4 g | MdTE A, SRRl ol T4

8. b3l 2], 1995 WA EAIHE A134 7] 8A4A
TFHIA, A4

9. utedF 2], 1995; oliLix] Aok A|a} Wi} 9 WeA]
A AA7 g T, T -



