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«(899,5 0318 G yg03l (5ly aiiS o lam laa_ws plw ) Al S PN RS e
Slatws ol bt dulio b colys ;0 5 digh oo dwlme 28 puoal (0006 ) polgs  solos
ol 039 s ldaws ady 5l ol Gl ol jlake a5 04 oo b
Sy s 93 b QB! gl p oSan slacdle ples by, cnl 30 TS0 plp 0 Sy iy Y

aslo jlulas gamaopl (> o gl 4 g gl o a8 )T Jlas o K0S, L ais s

! - One — Against -All
2 - One- Against -One



Gl b)) Jae drng 0 saadion 5 5 bl slo s, pou Jal

el 5 SVM oS gasis (HIR) sl 50l 4 s 0 ol 1,

OO0 (owdgen 5O (ylaidy 10 9 pulo 01,5 A-B-Y
J3 eolai il 050 alides pole 1o (60w V0 (gm0 ,o Sy lawgs Ly 3 ow SVM i,

L salisee Ollllas fyame cwdige (50595 10 0391 o> b ey ol Sl arg b s S

] 00 o)l.;b| WAL o uYLo.od,Jau}.SbY“’

Ore gwdige 059> ;3 SVM g, il eolainl b alizes ladses Jawgi oals plowl Glalllas 51 5 ¥-Y Jgo

Olondgs Glas! Jlw) @édxo | o,
ot b it e SYM g, 5l eslil Zhao et al. (2003) \
Glee &S Glayal )b Sk gl SVM g S5 o550 il Liu et al. (2004) v
Fis ey Sils
P S S gripall s oy vl S sl s, S ooy |y

(00uS S8 laie a3 0, 18) SVM gy oslo ) SuSS ol

S b e eyl 4 el S el e a0 Zhi-xiang et al. (2009) ¥

S5 e

00 S o claXw ; dwdib ¢l GA-SVM  Jow 5l colaul
2S5 S S (eI (il (gl Joe s Oiu et al. (2010) N

(o..\.L.LS 6&...)4.9.._‘0 u\}..c aQ o).‘)lS) uL....o.Jc‘ u.hlab J..\.o ) u.uLu‘ 5
SVM g, jloslaiwl b (6,5 axe 51,0 bosl> olaasls e (o ion Zhu et al. (2010) 14

5 il 5 (B0 A5 aasie slayullly i sl SYM o8
(RF)" holas JSor o265 L (] s i

ool b 4nSlh (S (g5 Sulid (cmien lp oleiiny Joe )
abwiz b (s )5) Jae 9 SVM

SVM g, 5l oolaiwl b cey s polae jo by Cunglin (oo i Jian et al. (2011) A

Longjun et al. (2011) \d

Zhou & Li (2011) A

1. Shotcrete-Bolting Support
2. Forest Random

\A



Gl b)) Je anwgs o wiedisn 5 5 kel sl s,

P Juad

i 039> 10 SVM Jig ) 5l solatul b calies yldie lawgs oo plow! Oladllae 3l 50 Y=Y Jgaz aclol

Qd.x.n
Olxnd g QUG Jl) @ixe | o,
SVM (s, 5l oolisiusl b il 31 (56 Mg (5 )i iy jlaks (i | Khandelwal & Kankar |
(2011)
iy 4 5bey Ghs, 3l G e () JBSI S ot aleilr (i Lv et al. (2011) W
GRNN 5 SVM egiae (S92 slols, 9 s slogbs, mls awlie | Mohamadnejad et al. 'y
Sl 3 26 55 st sl (2012)
P95 3 edliial L (p5Riges o (pdne o ledil jl U S by e | Amini et al. (2012) VY
SVM
L oyome 5o abs Lol ) 56 oo 0,5 S &3 03l cpuSileo o i
P oS 59 4 R o ”~ 5 038 e sty Shi et al. (2012) \0
SVM ;l eolizl
0585 i slp a3 e il oy SVM wlul 5 Jos 4l
5 e Sl Sl Gl 7 el 2 e Cheng & Yang (2012) \§
(00S S ylgie 4 0 )15) oz
S5 3l ool b (Ko 5udg3) sloosls bl p albl 3l Sams sols (g5lulaz | (2012) )] IKen 5 (cols
VY
(6uiS S8 ylgie a5 0 5)15) SVM AaYay)
S bl s 51 sl b Jlogigyies Gl slaps; olsd | (2012) fSen s ioge |
(00 S8 lgie b 0 ,18) oyl (\YaY)
SVR jl oslizta b jloniil wlae 31 13 (Sojdic fsee (simion | Mohammadnejad etal. |
(2013)
SVM g, 5l oslinl b jamdg, o Slee (s i slp b pé Jow ail)) | (2014) () )Kan § ol v
(OYaY)
358 cyolae el o sl SYM e 5l solicius
1238 polae el o (e sl Jae sles Zhou & Zhung (2014) Y\
S ol 518U ey G5 et pf (603l (ot Sl _
S bsy s b alols s auglio 3 SVM g, 51 ool b (s,Lik Hasa”('ggi‘g;‘ etal. Yy
=
SVM (S5 51 oolitianl b osisd 5 oy 50 ol obyz £lis)| Liol38l o i .
=3 5l es PO 09503 2 O ERNT ORI O yongkui et al. (2015) Yy
S blpd 0 TBM (69,800 75 (Gsian sl SYM g, 51 esli] :
Sl SR T o S A Gao & Li (2015) Yf
)
LHD oile ol oo s liabsl cukils Julos (sl SVM s, 5 .
oedbe (2> oley g plisebl B Llow (1 R Dindarloo (2016) Yo

L Air Overpressure
\Al




Gl b)) Jae drng 0 saadion 5 5 bl slo s, pou Jal

Sy o F-Y
S92 g0 Lunalad pac g L85 pac allgly Wl Wy g0 IS 4 by ludl 18 wlE (gl oS siadise slapians
9 ot (JYaal (g g ol Wlgige (5318 Blate aS g pae g auli 15 1) (Ll JYasl anl ) o
A (saliuns 4 e (5l by Aol st 5o gy ol (s 8 s | 2 ol (5,5 IS
Blaie 318 0529 €aduwd g Kol (1o K6 nSB» 4l G aS WS o JYakul g 0jls Ojlee &S
o») (Zadeh, 1965) ais slorinn VAPD Jlo ;0 ool el j9udyp lawg ' (o3 dcgamme 4 lai b (g3
Sl oS wal 3 g pledd 5 Globl pas gonias (i (L2b; ©jge 4 b ol Slml BB ek 4yl
5 oo (&S sansl 3 b alie gl slate pl il Pluo 5l o)l G180 pae b apzlse (sl
Edbge B0 § 55 55 )1 s silen S a3 5 o 4 Slge (538 (ate s (siabadl
Sy QIS 0 S 5 gl I Sladige (538 (lsB 5 ol T lj (sl yiie o el (nl (53 Blaie

(Petry & Zhao, 2009) wjlue oo wiwiles albly 9,0 2b,l BB g a> LS & jao s inles (gl

3L Ae oo &y ,lai V\-F-F
Ly b cos B 28ly Sy lulys o g5l Jow lp 8o Sledbl byl 5l g b (o
330 (goas polie b wilgl cod g Caml g 9 (atiel (28 LIl (65t e gyl 9 lacuglad
STl T 090 S5 g Taledl JSie @8 (61 005 g (36 (slaaegaze ki gycnl 5l 3gd 391
o = sle o) slesaalys @b 5l lesls (ils s sl oly Olse @ gty JYamul
Cugas (59,5 w8l b s medlie (310 (LS gl 1) S50 g)ll g ol (Byme placiakld pue
azyd ol Gl a5 WS ool i abd gladins @ ]; ozl Gl oS e sl (S

w‘uiwdéﬁwﬂsébd&tw‘05;wb&_i’¢dlhﬁfm&6‘).")@.,3..4&

!~ Fuzzy Set Theory
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Abstract

Prediction of stability conditions in metal hard rock underground mines, due to safety and
economic consequences of an inappropriate design is essential. The stability of such
mines depends on the several parameters and accordingly, the prediction of stability
condition with regard to these parameters is a complex problem. Since 1981, the stability
graph method is used as the most common method for evaluating the stability condition
of hard rock underground open stopes. As it is an empirical method and also absences of
unique graph, the risk of interpreting the results is high. In addition, the gravity factor in
this method for different surfaces has been considered the same. Therefore, to overcome
these two major problems, three estimator models were developed to predict stability
conditions of roof and walls of underground open stopes with the use of logistic
regression, support vector machine (SVM) and fuzzy logic methods. For training and
testing of these models, a database including 84 and 78 case histories for walls and roof
in Canada and Ghana were used respectively. These models were evaluated with use of
different evaluation criterion. Finally, the performances of these models were compared
with the common stability graph by using performance evaluation criteria. The results
showed that the SVM, fuzzy logic and logistic regression models have better performance

in predicting the open stopes stability rather than stability graph method.

Keywords: Open Stope, Stability Graph Method, Logistic Regression, Support Vector

Machine, Fuzzy Logic, Performance Evaluation Criteria
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