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A decision support system using fuzzy analytical hierarchy process (FAHP) and TOPSIS
approaches for selecting of the optimum underground mining method.

Choosing shaft sinking method by using the combination of Fuzzy
AHP &Fuzzy TOPSIS approaches.

Optimal tunneling method selection using fuzzy multiple attribute decision making technique.

Porphyry Copper Mineral Prospectivity Mapping Using Interval Valued Fuzzy Sets TOPSIS
Method in Central Iran.

Using fuzzy TOPSIS method for mineral processing plant site selection.

Risk evaluation of tunneling projects.

Equipment selection using Fuzzy multi criteria decision making model: case study of Gole Gohar
Iron Mine.

Mining method optimization of Gu mountain stay ore based on AHP-TOPSIS evaluation model.

Porphyry Cu potential area selection using the combine AHP-TOPSIS methods, a case study in
siahrud area (NW, IRAN).

Selecting the most suitable blasting pattern using AHP-TOPSIS method: sungun copper mine.
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(MY ) (MY ) (MY ) (Y, AA9) (V,AA9) (£,0,0,%) [CAAAS) (MY N) oT
(V,AAQ) (V,AA9) (¥,0,0,%) (¥,0,0,%) (£,0,0,%) (£,0,0,%) (%,0,0,%) (A3, ) SS ci1
(V,AA9) (V,AAQ) (V,AAQ) (V,AAQ) (V,AA9) (V,AA9) (V,AA9) (AR, ) DS
(£,0,0,9) (£,0,0,9) (£,0,0,9) (Y, AA9) (Y, AA9) (V,AA9) (,0,0,%) (MY N) DU
(%,0,0,9) (+,+,\,Y) (+,+,),Y) (¥,0,0,%) (+,-,\,Y) (+,-,\,Y) (V,Y,Y.%) (A, ) oT
(V,AA9) (MY ) [((AAEAE] [((AAEAE] [((ARAE] (V,AA9) (V,AA9) (AR, ) SS c12
(V,AA9) (Y, AA9) (Y, AAQ) (Y, AAQ) (V,AA9) (V,AA9) [CRARY) (MY N) DS
(Y, AAN9) (Y, AA9) (£,0,0,9) (£,0,0,9) (+,-,\,Y) (+,-,\,Y) (+,+\Y) (MY N) DU
(%,06,0,9) [CAARAY] [CAARAY] (£,0,0,%) (Y, Y,Y) [CRARY] [CRARY] (AR, ) oT
(V,AA9) (Y, AA9) (Y, AAQ) (Y, AAQ) (V,AA9) (V,AA9) (V,AA9) (MY N) SS c13
(Y, AAN9) (MY ) (MY ) (MY ) (V,AA9) (V,AA9) (Y, AA9) (MY N) DS
(V,AAQ) (MY ) (MY ) (MY ) (£,06,6,%) (£,06,0,%) (,0,0,%) (A3, e) DU

OT: Open TBM, SS: Single Shield TBM, DS: Double Shield TBM, DU: Double shield Universal

Yo
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Double Shield Universal TBM Double Shield TBM Single Shield TBM Open TBM Lo
(+,YI8Y,YIVO,Q) (V, /A, 0/VY N ) (ABATAAR) (V,MAY, AV, ) Cs
(CAINAAVNAD) (1V,0/5Y,0/AY, Y +) (BATNAD) (+,YIvo,¥IvoN ) C,
(+,Y/5Y,YIAY ) (V,Y/AY,YIAY,$) (V,0/Y0,0/Y5,3) (+ V¥Y,NIAY,S) Cs
O YNYYNYLE) (1,0,0,9) (¥,VIY0,¥IY0,9) (AN ) Ce
(= FIYD,¥15Y 1 ) (F,VI8Y,AN ) (F,AMYYN ) (B AAA AR Cs
(- %,¥/\Y,9) (F,V/5Y,A,0 %) (£,AY0,AMAV N +) (A3 -0 Cs
(CATARAYIN 9] (VYIAY,XIAY, ) (1, 818Y,215Y R) (V,AIYD,4/0,0 +) C;
CRANANIAD) (%,0/Y0,0/Y5,9) (§,YIAY,ANY N +) (A1) Cs
(OVEIVO,EIAY N +) (£,5/¥0,51¥V,\ +) (£, YIAY,ANY N ) (VL,AMY,80 ) Co
(- ,YNY,Y\Y,5) (VNEAD! (F,VIYO,YIEY N +) (MY ) Cuo
(£,515Y,51V0,1 +) (V,ANY AIYD,N ) (%,5/v0,51¥Y ) ) (VYIYY,YIAY N +) Cu
(CAIRAAVNAD) (AR AZAD) (V,MEY,AIYD,) +) (+,YIEY XYIYO,N ) Cr
(£,Y/YY,VIAY N +) (V,A8,3,1+) (VAN AYDN ) (V,Y/5Y,YINO,N +) Cus

3B oo wlidio (9 o o WY Jgur

Double Shield Universal TBM Double Shield TBM Single Shield TBM Open TBM ;Lo
(¢, I¥8Y,-IYV0,+ %) (1N, IEAY,-[DVY ) (<IN, 18Y0,+IN,Y) (+.Y, < IAAY, - 1aYD,Y) Ci
() /EYY,-IFAY,Y) («/V,+108Y, - IDAY,Y) (15,180, < 1V,Y) () I¥Y0,-/YV0D,Y) C,
(+,+ 1YY, IY\A, - [555) [CARRRYAR YA A IRy 229 (/NN I8YA, < [8YALY) (¢, NOY, IV, [555) Cs
(CARYAMA Y R Y19 (1N, 10,410,+18) (1€, IVY 0, IVYYD, - 1]) (+/A, <130 ,Y) Cs
(v, IfY0, /27 ,Y) (15,4 Iv8Y,-IAN) (15, IA, < IAYY,Y) (1€,-IAYY, <12V Y) Cs
(¢, 1F,- 1YY, /7) (1,2 Iv2Y, < INY) (<1, IAY 0, - IAAY,Y) (+IA,-130 1Y) Cs
(-, XY, NAY,-15) (1N, +I¥AY, < I¥AY, - %) (- 1N, #5515, 13) (+I¥,+IAYD,+130,Y) C;
(CARYAR R ARYAA )] (QARY N RYINTIRILY) (7%, IVAY, - IAY N) (+/A,+1301,Y) Cs
(CARYARZRIAZNAY) (15,170, 15YV,)) (15, - IVAY, - /MY Y) [CARY/SARYLN)Y)] Co
(¢, IYAY, - IYNY, - 15) (+/%,-10AY,-15,Y) (+/F,2INY 0, IVPY ) (<IN, <130 )) Cuo
(1%, 1257, 15Y0,Y) (/Y < IAYY, < IAY DY) (+.%,-.5Y0,-/5YV,Y) (<N, < INYY, - IYAY,Y) Cu
(v, IEYY,-ITAYY) (1N, INYY,-1YD,Y) (+/V,~IASY, - 1aY0D,Y) (v, IY8Y, - IYYD,Y) Ci2
(<15, INYY, < IYAY,Y) (<Y~ 1N, - 18,Y) (<1, IAYY, < IAY B,Y) (CARYATA IR A))] Cis

Vi =W,

*)

Wodgaz 50 5l @l el wlde o paeal o Slo

RO W ob)j‘

19339 ol (o (631 el (s yilo JuSl 10 5o Al o
el (o pile (Jgaz 50 oalddl)] sl slxe (59 4 azgi b
Sme y2 @ bgye Coenl cupd 005 oyl il oy 5l

Cawd QO f) ALD‘) )‘ 9 LS)lB ol uuL..a.o < u,u)).'Lo )\)

319039 531 ool (wlidio (3 (g yilo VY Jou

Double Shield Universal TBM

Double Shield TBM

Single Shield TBM

(+,«IYAY,-1YAY, - 1Y)
(o, 1+ AY, /=Y, - IY)
(-1 BA,+/-#Y,-Y2)
(1Y, IYR¥,-IY2¥, - [0¥)
(+,IFAY, - 1§57 1)
(-, 1YY, - I¥Y4, /M)
(c,-1-$A,-1-9Y,-I¥5)
(+1- A, IYaY, - [$YD,\)
(+1- A+ TEYY, - JEAY,Y)
(c, 15,1+ AF, - I¥)
(-1\#,+ 1YY, IYYY, - [5)
(10, 1= $A,+ 1Y)
(-1, 1-YA,- 1Y)

(+1%,-IYEY,-IY0F,-I5)

(-1, I Y, - VAY, - /)
(1NN, [-A$ -1+ A, - 1Y29)

(-1+Y, /%, 1%, -IAY)
(+I¥Y,18AD,+IA))
CIYA,+15+3,+15%.+13)

(-1-%,-1\AY,-/\ ¥, [¥F)
(1YY, - 16\Y, - 18D, 1)

(+IXY, 108X, I$YY,\)

(1A, -1\YE, - IV, -.0)

(-IYA,-[§-5,-[$\Y, - I5)
(-, - 1-YD, 1Y)
(1o o1+ AD,IY)

(<15, IPYY, - /¥0,+ 1)
(+1F,-INYD, IV E,- 1Y)
(13, -1\ YY, -\ YY, - I¥)
(-INA, 10A, 1A, - INY)
(+I¥Y, - IVY, - IAYY,Y)
(-IYA,+155,-IV-1,-13)
(1%, I¥F), - I¥¥Y, - 15¥)
(+I¥Y, - INAY, - IN YY)
(IXY, IV A TN YY)
(1A IYVY, - Y- 5, 18)
(-1$,-I¥AY - I¥VA, - 1)
(v, -8, 1¥)
(-1, 1-AY, 1Y)

Open TBM ;Lo

(YAL+FEY+ OAD,51+) Cy
(+,21-%0,-1-00,Y/-) C
[CRYE YR AWYALLY) Cs
(-16%,- IV, +IA, - 13) C,
(1YY, IvoY,- 13V YY) Cs
(+10%7,-INY,+IA,+1R) Cs
(<A, T$YY, - IEV0D, - 17) C,
(195, IM NV )) Cs
(+1+A,-IVY,-13,)) Co
(I8, INY, 15, 10) Cio
(<%, I¥SA, - I¥aY,- 17) Cu
(e, 1-¥Y, 1Y) Ci
(+,o,e1-YY,- 1Y) Cis

Y&
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N CAYYAYAN NAPYENPY ANARR AN <\ YSRNYAD Cs
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DA GRS <[£F0AYOAAS JEYOYYY AN S <IYOOY T Cs
<[YAAQRYYYD <IYYPYEAV LY IYOVAAYYSY JEFYYYATYA C,
<[OYFFAAYYY </oYad. £ NIAYar ZAAVN <Ivagvoa . g Cg
<IOYY - AD-0 JEAYEYAN S EYVNEEEVY <[£A£OYYN Cy
<NOAAYY VO <IYAYEYYYAA IYVEFL AN DAY Cio
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<[V YAYAFAN ARSI XERS 4% DARERAAA RS ¢ DACRA AR Cp,
AR AR SR A NARYS 2NN IV A-YASYO ARRYATIN g Ciz
Y/ATOFEYAYY FIVEVAY 0% OIYYYEYYV\FA OIASAN - OYYD Z

CC=—>— i=12..m O ol (a2 LD drulno ipids al> po
S; +5;

N PR W 00)51 YA Jj..\? B LQM; 61)9 u&l...w ua.‘>l...u

IV ] 0gds oo dnle o alal, 5l 55 calils ol

by 35 6l p ouddmwlne Calls sl VA Joua

Double Shield Universal TBM Double Shield TBM

Single Shield TBM Open TBM

<IEYYYIVO < [OYATYYA

<[OAY - F-A <[P0+ 00F-Y ol jasls

plos Grbis oeile QB jslatedy Goliod (nl )5 098 o0
CwS 5 )3 () pila oslielal ol Jigi g0 ankad (sl laie
S Sl ol gl plos p by oedle ez
Double Shield Single Shield TBM .Open TBM J.Lz
Olgieas TBM  Double shield Universal 4 TBM
S ale e 0 S 8 cw 090 (o0lgidey loa S
Gy b oedb Jlr ol anlis jslitedy olaasli s
Coglie og,lad Cwglie RQD asls la bl
ol pgma daojlps g lubl a5 lubl (S
(SVgh dlre (LS lagsy da( Kiusnl s lalols
Al e Ll glads g g5 o ( Jigi a8 ¢ Dl 2l o
Srdig Owble QB diej o w85 )8 5,5 a0
5 <8 Sll jshaieas Gdod (nl po b sl sl o5l

YA

e 35 gusudsd ) il al> 5o

25039 site (HBly bulpd o lojlxs ;b Sl 4 a2 b
slans rlple wivg ealad Sl s Cude Slasle
Caled (3 7%eS &S S9d g0 DLl (dle G Fceulie Glyiew
Gl 51 6LsS sanlicmsdy s .ail asls Jlowl > 4 |,
Double Shield s, by cmile doan¥ ol 5l as
o> slp eile op gewle lseas Universal TBM
g oo ol ® sl oél)'(:Lo‘ Fg £9d axlad

SrS A g e -F

05l ahie plod snby Glagmile 5l oslanul oyl
03,5l BeS pSeiz joba bifs )l jsliew
Bgy Ogugy 4 i cawbio gy edle bl Lol
Gon S ol 3 srdire 5 banie S 5 ks


http://www.SId.ir

s S g, - ole 4 585

Double shield TBM (kg wile ol JJo
el 4 pdle opl (GYL (g payllasil olgs o 1) Universal
oaljplel fgi pgo azhd s ;0 S92ge Ol jblre L axlge
Sl (LS slagygy das bl ‘91 poz i (8) el
Olgeas Slblre cpl aST > cadils  Saigd dlxe 5 w5
S L I L
Single Shield TBM ,Double s » g sl pmisle .axib oo
I8 gam sleas, o 55 Open TBM 4 Shield TBM

>

RECTR

99 31 00kl b cawlio (TBM) alaio plod (8 9 B ko Sl

5 S5 bl pogdle (oaBly Lulpd 4 (ol Koo
b ookl 55 Bigs 6598y bajlere 5l (onlidine Ll p0
B9y FESS @S A oliws 5 05 s DL ee Lo @
S8 oolaxwls g0 (FUZZY-TOPSIS) Jlows! auis a0 caalis
s s )3 bapl Cual az 0 4 4z g b lajline ()59 288
JSa Gl an g pamde () pale odlipll Jig g0
a2)S Gip Bl ) 4 el peal slae Sle
Double TBM ghis pled sp by ouile Colegys o
b obal il o Pl olseas Shield Universal

T

ij Al o &8l 4yl
a5 plod oy [ Jlere Jlodie g

s 35 plos o | i lexe e o o

[6] Karami, M., Faramarzi, L & ,Raisi Gahrooee, D .
(2014) .The influence of geological features abd

geomechanical properties of rock mass on TBM
selection for SABZKOUH water conveyance tunnel .

Journal of engineering geology, 2169-2198.
[7] Khademi Hamidi, J., Shahriar, K., Rezai, B.,
Rostami, J & ,Bejari, H.(2010) Risk assessment based

selection of rock TBM for adverse geological conditions
using Fuzzy-AHP Bullten of engineering geology and

the environment, 523-532.

[8] Lashgari, A., Yazdani Chamzini, A., Fouladgar, M.
M., Zavadskas, E. K., shafiee, S & ,.Abbate, N (2012) .

Equipment selection using Fuzzy multi criteria decision
making model: case study of Gole Gohar Iron Mine .

Inzinerine Ekonomika- Engineering Economics ,125-
136.

[9] Mikaeil, R., Zare Naghadehi, M & ,Khalokakaie, R .
(2009) A decision support system using fuzzy

analytical hierarchy process (FAHP) and TOPSIS
approaches for selecting of the optimum underground

mining method Archives of mining science ,349-368.

[10] Pazand, K & ,Hezarkhani, A .(2014) Porphyry Cu

potential area selection using the combine AHP-
TOPSIS methods, a case study in siahrud area (NW,

Ya

Loled Caw ppd -0
asly ol
—
& Wj
v
— vV
&zl -7
[1] Barla, G & ,Pelizza, S .(2000) TBM tunnelling in
difficult ground conditions .geoeng melbourne

Australia.

[2] Bejari, H., shahriar, k., khademi hamidi, j & ..
Akbarpour Shirazi, M (2010) .Optimal Tunneling

method selection using Fuzzy multiple Attribute
decision making method .ISRM International

symposium .
[3] Fahimdanesh, S & ,Hafezi Moghadas, N .(2014) .

Tunneling machine selection model based on geologic
parameters using AHP method .Indian Journal of

Scientific Research, 137-145.

[4] Fouladgar , M. M ,Yazdani Chamzini, A & ,.
Zavadskas, E. K (2012) Risk evaluation of tunneling
projects Archives of Civil and Mechanical Engineering ,
1-12.

[5] Jafari Rad, A. R & ,Bucsh, W (2011) Porphyry

Copper Mineral Prospectivity Mapping Using Interval
Valued Fuzzy Sets Topsis Method in Central Iran .

Journal of Geographic Information System ,312-317.


http://www.SId.ir

s S g, - ole 4 585

[16] Yari, M., Monjezi, M & ,Bagherpour, R .(2014) .
Selecting the most suitable blasting pattern using AHP-
TOPSIS method: sungun copper mine .Mineral Mining

Technology ,967-975.

[17] Yazdani Chamzini, A & ,Haji Yakhchali, S .
(2012) -Tunnel Boring Machine (TBM) selection using
fuzzy multicriteria decision making method .Tunnelling
and Underground Space Technology ,194-204.

[18] Yazdani, A., Lashgari, A & ,Basiri, M. H (2010) .

Choosing shaft sinking method by using the
combination of Fuzzy AHP& Fuzzy TOPSIS
approaches .1st International applied geological

congress, Islamic Azad University tehran.
Sy Sl 5 mpb pdige Sloas (VYAY) o o o Jolo [V
OIS (@) pile 00/ialof pgo axkad
P ol 7 g (o0l e woslici ph b, (heysS (Y]
ol pSiw 8 ahie ales iy oeile olsl L(VYAD)
Ol Sl by ey eeidn  (SESSe; bl als
ISP A R 2 RN, U YY)
S) (il oyl > (gpSmaaar (VYA o olhe [TY]
25,0l Sis oRiils ol jLizsl iag,8LE (g casno

Son> O oy 1313 jiner oy {0 Lo

IRAN) Earth Science Informations ,207-220.

[11] Safari, M., Kakaei, R., Ataei, M & .
Karazmoozian, M. (2011) .Using Fuzzy-TOPSIS
method for material processing plant site selection .
Arabian journal of Geosciences ,1011-1019.

[12] Shahriar, K., Sharifzadeh, M & ,Khademi Hamidi,
J (2008) .Geotechnical risk assessment based approach
for rock TBM selection in difficult ground conditions .
Tunnelling and Underground Space Technology ,318-
325.

[13] Shiyoung, W., Wang, G., jinsong, X & ,Jian, W .
(2008) Research on TBM Type-selection and key

construction technology for Jippeng 2 hydropower
station .Chinese Journal of Rock Mechanics and

Engineering ,15.

[14] Weibing, L & ,Bin, L .(2009) Analyses of the
Geological factors effecting on selecting type of TBM .
Chinese Journal of Rock Mechanics and Engineering.

[15] Xinmin, W., Jianchun, Q., Qilini, Z., Wujiu, C & ,.
Xianlong, C .(2013) .Mining method optimization of Gu

mountain stay ore based on AHP-TOPSIS evaluation
model Journal of Central south University (science and

Technology).


http://www.SId.ir

