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JIHR(SYNOPSIS) : The evaluation process of rock mass properties intrinsically contains some
uncertainty due to the inhomogeneity of rock mass and the measurement error. Although
various empirical methods for the determination of rock mass properties were suggested, there
i1s no way of integrating various information on rock mass properties except averaging. For
these reasons, this research introduces evidence theory which can model epistemic uncertainty
and vyield reasonable rock mass properties through combining various information such as
empirical equations, in-situ test results, and so on. Through the application of evidence theory
to the real site investigation and in situ experiment results, an interval of deformation modulus,
cohesion and friction angle of rock mass were obtained. The ratios between lower and upper
bound of those properties ranges from 1.6 to 3.6. Numerical analyses of circular hole using
the properties for TYPE-2 rock mass were carried out. The magnitude or size of plastic
region and radial displacement in case of lower bound properties is about 4 times larger than
that of upper bound properties.
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3% 2.1 Various empirical methods for the determination of rock mass deformation modulus.

Author Empirical equations Unit
Bieniawski(1989) E, =2RMR—100, for RMR>50 GPa
Serafim & Pereira(1983) E,, = 10WME=10)/10 " for RMR<50 GPa
K.W. Kim (1993) E,=0.3¢""RMR GPa
Barton (2002) E,=10x Q" GPa
Aydan (1997) E. = 0.0097 RMR?3>* MPa
Hoek & Brown(2002) E, = \/0./100 x 106571040 "for 0,<100MPa MPa

3% 2.2 Various empirical methods for the determination of cohesion and friction angle of rock

mass(Unit:  C,(MPa), d,,(°))-

Author Empirical equations
Bieniawski (1989) "= 0.00RMR, ¢,,=0.5RMR+5
o RQD 1 O, _ —1 i
Barton (2002) Cm_ Jn X SRF X 100 ’ d)m_ tan (Ja x Jw}
K.W. Kim (1993) C,,=200exp (0.08 RMR), ¢,,=0.25RMR+ 27.5
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oA 714 222 RE H5H JAHE Ashs 45 odY A TAIEEe] HAS = 9
2227F A delHd gist AE e B8 ARE AlFete ek Al /oy T34
g el sk AE7)F Aolviy o= A = Eofoll A= AR =(conflicting)o]2t= FA
7F whAstth, ARl 2pela RSty B3 S XS S gEF 2l viES & AR

. ol
L

—i> B[l

9
FH PR BAT ALl gl FH WHT & glov] F83 YR Yo 2AS] JuE ®
A5 98 AR o2 L walso] AL gtk

S do= A" ZAe] g st Ao 7]Ust= Type A 342X (Aleatory Uncertainty)@}
Alz=glol] gk ]2 e FFo] 7]Q18k= Type B =244 (Epistemic Uncertainty)©] At 7]& &9
22 Type Aol aa oz A E5o] gto} Type BE BAHAY Hrlelks o ojA= 55 4
o] 9t} (Sentz & Ferson, 2002). o]#3t B2 mdHEr] 3 AukAH R o) E(Generalized
Information Theory, GIT)¢] 3§t Hof7} SA o] 2(Theory of Evidence, ET)°]™ Dempster—-Shafer ©]
2olgtux 2d# A ). 19673 Arthur Dempster?} 33t 1976 Glenn Shafer7} 24X 71 =A
o]2oM= Frle Arrt e w2 FHE T (Anand et al.,, 1996).

71Ee) 38 olEe] PUIASA YUk Bokl g FAW AF olge AUF ARVL
B sle 3 U A9 B8 et Yipoinvalue) F, @A el £ L9 @
iAol wgEge wel ugel ohth whl FAClES] B9 ehbe] Jabx A6l g Hust
BeasY ® A%
1

_L_
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Agge), olgg A3 A FTACNES ALY A 1) 2y A gE o
|, 2) ZAE &3 AdE duk B HHE AL 4 vk (Tonon et al, 2000).

3.2 7|2 O|&

ZAo)l &L W (belief) & 7l (plausibility) o5 MES E& #7329 &34 A(uncertainty)d H]
AW A (imprecision)S & = Qv FAo|&S WA EEHIH 9 (Frame of Discernment, FOD)©]
g 7MEAE F Alts.

Q={A],...., A, ..., A\ (D
Z7o]2o A =83t 7|2 35-E(Basic Probability Assignment, BPA) i+ AZ3t(mass function):=
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m:2°—[0,1] (2)
m(@)=0, 2 m4)=1 (3)

Q% Hael wWidE "o AV|= FEFEY AT @A 9o A4 EuE )
m(A)>0 1 AE #HA ¥4 (focal element)gl 3 my} #AS Y WM 2 AT E v
=

Pls(A) = A m(B;) = 1— Bel(A®) (5
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3 3.1 Meaning of evidential interval.

Evidential interval

Meaning

[1,1]

[0,0]

[0,1]

[Bel 1] where 0<BeK1
[0,PIs] where 0<PIs<1

[ Bel Pis] where 0<Bel<Pis<1

Completely true
Completely false
Completely ignorant
Tends to support
Tends to refute

Tends to both support and refute

Bele- 71 Aell tig HA ESAAGE, Plsv 7 Aol digh Hol 2S4S onletn] Azl
GEEAA Y gE2 ©] F+ZHevidential interval)uidl A—ZHT‘PE} wteb A, 3V [Bel(A), Pls(A)l 2
Hdol= st ghod digh vAEAd HEE AgstH 3x 3.1 oldgh ke Heje| mE n|E
FEAIEE Aol

sA digt 4 AR Had 4 o vy e A58 AiHDempster—-Shafer
sum, =¥ orthogonal sum)S EaA Z3d Z2yE 92 5 9t}

BO.0B=4 p Bn.0B-4 p
E Hmi(Bz) Z Hmi(Bi)
m(A) = —— = = (6)
1— Z Hm

=1

ANN K= A thE 222709 dd(conflicns BAE AFEA Kb 245 7 asBo] 43
96 7} azme] el ush gelWE AuATh. 4GS AR TE FAE Atoldl B@eiTt A
A9 v AR AFE AFay] witol Htollvw dHeATE v SAEY 7 gk A S
3] 21 E 31 9l (Sentz & Ferson, 2002).

A540% pgkel ARHW FEe) A AABA ® A0TRE Ged ol 7 4 3y
(Tonon et al. 2000).

Fo,(u)=Pls(u'e U:v=<u)= m (A,) (7)

A ru =z inf(A;)
Fou(u) = Bel(w'e U: ' < u) = m(4)) (8)

Aru = sup(A)

N N
:|:qu - inf(A Z sup ( ):| 9)
A7VA, inf B supe 7HE Al WHIR T A& F HAd@s ov g
9o} o EAS ke S 0|28 V)& FEol23) vustd ¥ 3.29 )

3 3.2 The comparisons of probability theory with evidence theory.

Evidence theory

Probability theory

It is not required that »,([)=1

It is not required that
No relation between g4y A) and »( A

m(A)<m(B)When AcC B

. P=1

P(A)
P(A)

= P(B)
+P(A°) =
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% 4.1 Results of rock mass classification.
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1% 4.2. Relationship between deformation modulus and rock mass classification results.
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3% 4.1 Results of rock mass properties evaluation through empirical methods and evidence
theory for TYPE-2 rock mass.

Probability theory Evidence theory
Mean/SD Confidential limit Expectation E.vidential
(95%) interval
Deformation modulus (MPa)|28,574/9,262|[10,420 ~ 46,728]1|[14,839 ~ 42,309]|[0.17 ~ 1.00]
Cohesion (MPa) 8.10/9.75 | [-11.01 ~ 27.22] [1.58 ~ 5.46] [0.00 ~ 0.67]
Friction angle(®) 42.9/5.3 [32.5 ~ 53.3] [32.2 T 53.5] [0.75 ~ 1.00]

0.8 4

0.6 4

GCDF

0.4 4

0.2

0.0

T T T T T
0 1x10* 2x10* 3x10* 4x10° 5x10° 6x10*
Em(MPa)

(a) Deformation modulus, f

1.04
Fﬂw
\ 08
w w064
— 8
0.4
. 0.0
0 5 I B 20
Cohesion (MPa) Friction angle(’)
(b) Cohesion, ¢, (¢) Friction angle, ¢ _

1% 4.3 GCDF of rock mass properties for TYPE-2 rock mass.
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3% 4.2 Ranges of input parameters for the numerical analyses.

CASE-1 CASE-2
(lower bound) (upper bound)
Deformation modulus (GPa) 14.8 423
Cohesion (MPa) 1.58 5.46
Friction angle (°) 32.2 53.5
Density (kg/m”) 2700
Poisson’s ratio 0.21

JOB TITLE : Application of Evidence Theory - CASE 1

FLAC (Version 4.00)

JOB TITLE : Application of Evidence Theory - CASE 2
2s0 FLAC (Version 4.00)

LEGEND LEGEND

1Nov-03 11:27

1-Nov-03 11:28
step 2977
-6.898E-01 <x< 2.815E+00

-5,253E-01 <x< 2.980E+00
-8.169E-01 <y< 2.688E+00

7415E-01 <y< 2.764E+00 i

S
e
%%

Geotechnical Engineering Division Geotechnical Engineering Division
KIGAM,KOREA T T T T T T T KIGAMKOREA

(a) CASE-1, lower bound (b) CASE-2, upper bound
1% 4.4 Distribution of plastic zone around the hole.

20 20
Tangential stress Tangential stress
——————— Radial stress - Radial stress
15 15
5 g
< =
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(a) CASE-1, lower bound (b) CASE-2, upper bound

1% 4.5 Stress distribution along the horizontal axis.
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