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NZCHATHEBE, BROL Ty bF -9 THLERONZFEROBESHLRBTCROBIZ L IE,
oMK (8, IV I7U—haE) ICHART, BaPcERTHS.
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EZTC, AMRTREBONEEROTHENL 2, BERICBITST V¥ L2 X (randomness) TikZ
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FUARESTHEEL, ELT, QU P4 BEIRMOT 7 ¥V A HBEHWT, BAKNT A—5 DHER
REBONIRDELDBHOTHS. COERAMIL, BERSRICHTZ” 7y Y 4 MGE” OHH
2525, 20" 7y Y 1 HItHE” 13, AR TAEBPESRICCOBEEOMEETET 20%5%TH
DTH5B. BENSTA—FLHEOHERO—M% Table 1 BXU Fig. 1 2R,
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HROBETER, $4bb, AHERAL LUKERN, REROSERICHL T, FRETIRD 3,
B ENE X 53T, KAETIR, 20L& 850 Fnildi4s” 77 Y 4 ¥ (fuzzy number) £ LT
ERT5.

TrI48EiE, " EFulEn~" LWIEEEI IV ARETHB. LA, " EwiEn2” i,

Fig. 2 oI NBAYIN— w73 (membership function) CEHXH LS. A UN—Yy FBERIE,
EAEOBREVED Ty I A RGBT AEESEERAEDDTHB. 2D, 2RIy V 48" EFnk

W2 ZETESYITHD, 1. TOBREG, 20EAIX0. 7TTH5 (Fig. 2 8H) . AMRTIE,
Fig. 3 RRTANGA—FIZEERBEMWS. T2bb, " FnEwM” (M%) BRKkOLD
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M= [ m, 2, B3, mg ]
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PIEREEE A LB D E A B ERERICHRL, 77V 4% 8BXUck LT Fis. 4 DLIIERS.
Erzl¥, " Ew (poor) ” AR LT, B HRROLIIKEXS.

c=[ 25, 40, 60, 75 ] (kPa)

Ty Y A{LERAES (2. (1) 81) THAZEREROV yY 1 HifsELEHRLF X, Fig. 4
RT7ry 4% gs&dg%%n%nﬂﬁuém?%.7794&@émkﬁiﬁmlt%énkﬁ
HEETHELTCHWS. Fig. 1 Oofflicd LT, WHRERALEENRIT7 7Y 4B LT, Fig. 5 O
LS3IkKkdDbNhB.
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(1) 779 4fENREELE

Fig. 6 OHBAEOTET A BMH LT, BEOBRTMRITIL, KEEIROLI1ER5
ns.

Kjc + KoK3Y tand
F = (1)
K2Kq Y

7L, Ki=(H-2)/sintp o, Ko={(H2-22)coty ,~Hcotw +}/2, Ks=cosv o, Ka=siny,, S=PIEREHEA ,
¥l N . v BEROBGKHER, =REEX , = SRV AROEX, v= FEAKE, Y= TN
NHEAKETHS.

w, c, &, YE77I 48, c=lci,cz,ca,Cal, $={d1, b2, 03,84, Y={V1,72,¥s,74ll
T2L, 7y 4ibahrReEFXA) »5H, Fast computation formulus®® ZAWT, HEBMIZKD
Lokkpbhs.

, Kicy + KyK3 Y1 tangg Kjcy + KyK3 Y3 tandsy
F =
- K2K4 Yq ! K2Kq Y3 '
Kjcy + KoKj3 Y3 tands Kjcq + KK3 Yq tandy
K2Kq Y2 ! K2Kg Y1 : 2)

FISE L LT, H=60m, z=20m, ®»p=35" , ¥ =[23.5,24.5,25.5,26.50 kW/m>) D FE A ER 5. Fig.5D
ErEwWhiE, 77 Y 4{bxhiagRe®Ei, $IEAE®=40° ,50° ,60° ,70° ,80° 2L T Fig. 7 ®
E3kkDBEh B,

(2) #FlEORERDOFM

Ty I ALXRAEREEF = [f1,62,f5,f.] OFMICHL, REMOFMSFRIL Fig. 8 DL IIHM
T&%. +42bb, " unstable (F3<1.0)” ,” poor (f2<1.05fs)” , ” fair (£.<1.05f.)” BLU
” stable (1.OSF)"THB. —Hric, ” fair” LHEIhIHAMEWEERAbNh B 2D, fair OFH
OREMAEIBIHEBRTES LS5z, ” RAMIEE ( Stability Index )” , S. I. %EHET 3.

S. I,=(f=-1),/(£f2—-£F1) (3)

HEE, " HARMME (necessity neasure) ” O DEHEISBNADLOT, " FHREETS” LA
ThEILREOBEERELTWS, 3. (1) ORBEICHLT, HEOREMRIE Table 2 Ok 5 IcH{l
xh3.
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TTEBL, 77V4RXRELTBDB-AETBIIRHNES.

fti : AMBEO—EBIL, NHAOHEMRBMWBE LRI TITo 2.

8% 3

1) Fairhurst,C & D. Lin, Proc.26th US Sympo. on Rock Mech., Vol.l, pp.269-278,1985.

2) Nguyen, V.U. & E. Ashworth, 1) &[A, Vol.2, pp.937-945, 1985.

3) Nguyen, V.U., Soils & Foundations, Vol.25, No.4, pp.8-18,1985.

4) Nguyen, U.V., Int. J. Rock Mech. Min. Sci. & Geomech. Abstr., Vol.22, No.6,pp.369-379,1985.
5) j&K - B, EARB&HICH, No.370/111-5, pp.225-232, 1986.

6) &M, HSEMEEIF~FFA L, MHESR, 1986,

7) Bieniawski, Z.T., Proc. 4th Int. Cong. on Rock Mech., Vol.2, pp.41-48, 1979.

8) Tkt - W - BEA - FH, BRTEMAFNBE, No.28, 1986,

9) Dubois, D. & H. Prade, Fuzzy Sets and System, Academic Press, 1980.

Table 1. Descriptions of the judgements for each parameter of the

fuzzified rock mass classification
Table 2. Results of evaluation of
slope stability

pParameter Descriptions for the judgements

Strength of Slope angle Class Stability Index

intact rock Very high High Medium Low Very low
msterial* 77777 40° Stable /

i 50° Fair 0.51
Drill core 60° Fair 0.19
quality RQD* Excellent Good Fair Poor Very poor 70° Fair 0.02

X 80° Poor /
Spacing of
discontinuities* Very wide Wide Moderate Close Very close
Condition of
discontinuities* Very good Good Fair Poor Very poor
Ground watexr* Completely dry* Damp* Wet* Dripping* Flowing* 1
8
.- 2
~-—--: example o &
* Taken in part from Bieniawski's RMR system (1979) g g
gd
0 1 2 3

Figure 2. Membership function of fuzzy
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Figure 1. Results of the fuzzified rock mass © % o !
classification m mp m3 My

Figure 3. Membership function of fuzzy
number M represented by the 4-parameter
[my, my, m3, mgl
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Figure 4. Membership function of internal friction angle
and cohesion expressed by fuzzy numbers
¢ = (20,30,35,45] (deg.) ¢ = {s0,75,85,110) (kPa)
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Figure 5. Membership function of ¢ and ¢ of rock mass obtained by the proposed method
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Figure 7. Membership function of the fuzzified factor of safety ( H = 60m, z = 20m, “’p = 35% )
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Figure 8. Class of slope stability
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(102) ASSESSMENT OF ROCK SLOPE STABILITY BY USING FUZZY SET THEORY

N. Shimizu & S.Sakurai
Kobe University., Kobe 657, Japan

Mechanical characteristics of rock masses contain various types
of uncertainties. These uncertainties cause great difficulty in
the determination of mechanical constants as definite values,
even for the same grade classification of rock masses. In order
to overcome this difficulty, the Fuzzy Set Theory is a useful
tool, which allows us to consider the mechanical constants to be
uncertain values. Thus, when analyzing rock engineering
problems, the Fuzzy Set Theory must be adopted.

In this paper, the authors have proposed a method for determining
internal friction angle and cohesion as fuzzy numbers by using
the fuzzified rock mass classification. According to this
method, it is relatively easy to determine the distribution of
internal friction angle and cohesion of rock mass, which contain
uncertainties. Rock slope stability problems are taken into
account as an example in geotechnical engineering. A method of
evaluating the stability of slope has been proposed through the
use of internal friction angle and cohesion as fuzzy numbers. The
special feature of the proposed method of evaluating the slope
stability is that the strength parameters of rock masses are
dealt with as fuzziness instead of randomness in probability
theory.
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