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Assessment of spalling occurrence using fuzzy probability theory
and damage index in underground openings

Joon-Ho Bang, Kang-Hyun Lee, In-Mo Lee

Abstract Spalling is a kind of instability phenomenon of surrounding rock around underground openings subjected
to high in-situ stress according to the development of extension fractures. Three kinds of spalling criteria have been
presented so far; however, all spalling criteria have the range of values so that the fuzziness and vagueness of spalling
criterion cannot be avoided. In this study, a new fuzzy probability model is proposed to predict the probability of spalling
in a systematic way by using fuzzy probability theory. Many of the underground opening projects worldwide are
evaluated with the proposed method. Prediction results expressed as the spalling probability agree well with the in-situ
observations. In particular, a new fuzzy probability model considering all three evaluation indices of spalling by adopting
weighting factors based on relative reliability among three evaluation indices is able to resolve erroneous prediction
of spalling by choosing only one prediction method. Moreover, the more reasonable value of spalling probability could
have been obtained by adopting the modified damage index to the newly proposed fuzzy probability model.

Keywonds: Brittle failure, spalling, fuzzy probability theory, damage index
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Deterministic load

AT ¥E MY

=

(no damage, spalling 52 &

=
Y E U= oAET)

29 10. HAGEL o 8T A5

8 EHEJIs, Mi2d HMig, 20104 1€

Ao 48 58



HXZEO|

2 SYX4E 083 NSIIBS0IMG ABY Wy B}

il
Kl
ary
o
2
0,
N
<
10
oo
-
O
g
oE
i)
ol
oX
Ol
oy

o]/g—
of|A= 100% 2Eo] WAsh= A o= d1afsto] #XA]
2&E7} o] HEF 519lal, S22kt je] 5 st
FhollA 27H4] B7beael &

= Aol 2t} 2744] B7kewe] HAAaEGET] 0.5
N BASIES 4] (1412 ol8slo] 3477+ Hgat
ATk 3 2% 2B WRIA 37149 S|
ofet Hlghet WA Ukehd Blolck

SRS
L'=M-3M-L) M—3(M—L)>0

L'=0 M—-3(M—L)<0

P

H=M+(H-M M+(H-M) <1 (14)
H=0 M+(H-M) =1

0:17]/\‘1’ Ls Ma HJ‘:—_: %§7O]—EH]Q 2’]—/]\—%}]:’ ‘%—Z_]_—%}h z’l
ks Hehe, L, H'e sHA[sieb w2133k oo

TS AL AR SH=R|(0)/0,)2t
E3HAER(D, =00/ Ogen 00,)7F 2EF 71
< 2sh= 9ol WAt AE 7S o7 74|
AAFEo| oJsl A= silEnitt FHE o 835t
I Qleh wEka, AEY 7SS YEHOE Hosh=
AL w9 ol uE AEeY WY ARl AEFY V)E
o] &E2 o7 Hol¢(transition zone)E OSH= A
| =ef&olt}. 3 2= 3714 AEF 7|29 RISIEHE
TeF HAPERS YER L glow, o]fgh #2|7te)
olml= Rt ok

- HAFRRECE 2 S EE]Ql - mk] ol 9l

L Zoln gughgo] 100%S oJn|gich

R P [ ey R S S BAR ) ) R ) o Lol s

of gl ZlolH maEgo] 0% oulgich

- SEAERZE HAEE Well Qs - HAg e

2 BEES A&gpe weh Bxglch

o)

(]

= 2. 223 7129 W9} WA

~%9 BAR 9] 2| L ~H)
o/, 0.1~0.2 0.0~0.2
Di(=0,,0.) 0.3~0.5 0.1~0.5
ol Com 0.4~0.6 0.2~0.6

1374 2B B} 2714 BAAEETe) B
£ W] S8 SHABAN RS B 3] AF
HrRAE WA 2 TN 1Y 113} 2
of Takgick WA A4 Teze] Pehs 7t &

w2l 79 A% S7F¥(linear ascending) 0= A5,

No damage SH2] 739+= A& 714-&(linear descending)

=
N

=
o
-

Fuzzy relation, R1
S o o
s (o)) (o8]
T T T

o
N
T

o
o

0.0 0.1 0.2 0.3 04 0.5
o1/0c

------- no damage spalling

12

10 fre---
08 |
06 |
04 |

Fuzzy relation, Rz

02 |

OO L L L L L " it n

00 01 02 03 04 05 06 07 08 09 10
Di=Omax/0c

"""" no damage spalling

12

10 oo .
08 |
06 |
04 |

Fuzzy relation, R3

02 r

0.0

0.0 0.5 10 15 20
Odev/Ocm

‘ ....... no damage spalling ‘

3% 1L oi/o,, Dy, 040, B7FS BT HABA 2&F
J=

Tunnelling Technology, Vol. 12, No. 1, January 2010 9



o= AAsto] Aol S EH|of|A] ALk 2714] #
V539 HAA&ETo] 10] HEE 5ok

No damage: p(x) = 1 x<1r
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77 LI'<z<H
0 x>H
Spalling : p(z)= 0 x< I (15)
x—1L ,
<
71 L' <x<H
1 x> H
4.4 AZY HIleAXiet rtsSEZte X2
SiZ (fuzzy relation matrix)2| A

43NN T3 3710 2B BRI ad
Amene WA8e, AEUFYE 12T GRS
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Mo damage spalling
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{Load)

L H X

Spalling prob. = membership value of spalling grade

No damage prob. = 1 - Spalling prob.

(a) Fuzzy criterion-Deterministic load model

R= [HR(‘T“LL/J)]S‘XQ
H 0o
/ “’H(ml’y1>‘f(xl>dm1 / ﬂk(mhyz)'f(l‘l)d{cl
> L
@ oo
= / wrlwoy) f(zy)da, f (2o ys) f(2y)dzy (17)
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No damage prob. =1 - Spalling prob.

(b) Fuzzy criterion-Random load model
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