- o
J LgL 330133 sloliasd g J3g3 (waigs (sayyind

tuse.shahroodut.ac.ir

1EaP )aa/1 sopladd 1P o103 Tunneling & Underground Space Engineering (TUSE)

(SlosSbo Suw (y3lne 53 (oo 11§ 1 (Febaws Tl 5l gy o (2 s ol
(Jouss Sload b Koo (oo 169 590 axlllao)

T by ool y e somxo ! JuKy (oo
Mbigdeli.mine@gmail.com 5,8l  Sois olKiils ¢yane gwdige zlZeiwl ol )| owlids IS goeiils -)
ataei@shahroodut.ac.ir «wg,ols oo oKiily (5558555 9 Sl (yoms owaige 0aSisls sl -Y

Raminrafiee@shahroodut.ac.ir «g,als saio olSKails (5558655 9 Sl ydme (pwiiges 0aSisls Lozils -¥

VEeF/VTY athgicans (o pdy NP Y/0/eF rathgicans cdl yo
AY G £A olxio o)loss
10.22044/tuse.2025.15405.1494 :(DOI) Jlozw s awlls

saSz Goals B 5l

= . _ (o Sl
S ol (olod igd co Cgmte (6,585 o (o lael o mlie 51 SO Slessle Siw mlie ~

T Sl s S

lea.omw..:) L;L:a‘sfdjj‘ 9 Mo g 0 C‘)Z"‘"‘ )Lg) YWY u‘ﬂ‘ 5O O9> g0 G:Lo.’:.}LM: 51 & i

RS (09 905t 5 (510 palbol b5 sladi 1o p3lee cnl (A Gree 5 Bk S 5l by, ol o § Janzro
el Gleisle o RS e ghAiel e S5 Jelse (et S b

bl sloan i 1l (ameien ) glacaw] 5 OISt al5 cely Jlaisls Siw pB3 i gl ool slab,
S polae 55 () )R g, 9,5 (Bl (eiod (nl I Bae sl pe Sl L Jgae adgi 5 )by
Sletle Saw ol gl (e 5 5ksy GSane (g, 9,8 (i plSal el (nl jo el 0L 05k, L (Slexsle
5000 VOBl sl gl Sl ey sl (3 003l g5 a8 el Gl I (S (s Sl b sl oas plol JgeS
95 & Cad (g €l el g, (solail Ll 5l ans e (s oS Sl oyd YA/ £ v gl by, sl
Slibes glaaizn 5 b laolls by b aald el dw (glp Cornlar Julow (y505] (ize 0)l0 Co )l g 5t
IS loy sladis s (soo 0 Vo iul38l g S yog,8 Sl (oo ,d Vo LilS b aS aas oo lis a5 ol suds plil 1

Sy dalyz plag goladdl bl jl aslllas 5,50 ame )3 () (g, 4 gl 2k 5 ( Slles Gladio g

Caio 03,8l il 03,5 b 1) 555 JWlST anl S dodio -
w)) 9 asls @LP slazsl 3 ‘;)).) (o @Lo.ol.w Soew R sola! S50 deLw G’L“l‘ U")Jgs"""w )‘ s
P dsame nl (aoiz Ol 0ad 65518 5 (led Jyame ps 5 tele aolie ol oSow 5 eslinal ol

APVANADNEY 1 s aS (po0 (saib ¢S d05) § Sl o(ydme (gwdiges (GoaSiils 10g,0Ls olKisls olails Sloh 5 Chan lae 139 ,0LE e 5
SYY-YYYAO0- A 0l go,lods YVE 1 iy Fonio


http://tuse.shahroodut.ac.ir/

AY-$8 p g G!..\f.u EM0 o Slois L Sow yoleo 4o S0y 1) A (P gl il Ghgy o (aew Bl

a8l Supee e Sl (Seein gl 65 S e
Gaiod ol jo sl ansls y WILGT jo Lago b 052 5o &g
Olye 4 (Geeiny gy 4 ool g9 ol gl
S5 4 (e o sliadl ST alS sl 5l5el,
ol 5 o33l el 00t ST et 5 oy sla S
Gl p g ot SBl 650K 5 gl Fl slassld
or olatdl olbsde 5 dnbre wdys cudib el
S ol ol ol Ll g ae mbs el ond
Bl VY 6,50 5 sl (NPV) L Lalls 35, e
i Al Gy rlnle el e w0 B 25
Sk s a8 rodg i ) S50ne By Sy (owgysl (one 5
O 5 5,5v (Carddu et al., 2010) o 5,ee
2 (S gl il gy 0,8 (cy 4 (Y 0NF)
lanl (Baon ol yo sl glasle S ol
Sl S wein) gl Glize slagts,
ooliul Culeyo g Lo g, cnl (sblse s 9 00 0000 55
Slitle laSiw (s n; gl Glaghs) 5l (e
(Bahri & Ghasemi, 2016) <ol ool ;53 olez o
home Cemy Slla>de p 590 L (VYD) 2l
dsere gy JLS 5o (Gleidle S glnl slass,
L Sleasbe Saw (e gl2eal by by, gl5ea]
Syge Sl 9 (b oged calae 5 Llie ol o 4 55
Geb 0,8 gy Gl (el wised lsie @) O 5L
SlieaS 5l GrSeste b &S 0D asie G (nl mls
b1y sogas Sion Gl ,S plyin ol 3l G5l g p5¥
Ao zlymeial Gl 1) anels glad 5 ols rals ISl o
oS (5,515 S a3 g Slasl Kaw 13 iSTas
s3=S1 .(Hajati, 2016) 5,5 ool YL golazdl 35,1 L
Sl wlg e &S gepe pBS (VHTY) ol Sen g
ol 50 Bl (e pj 6 la Ll ph axly ( SSlSeg;
(0 JFCTO U R SO EET R ES SN I PR g
(G 9 (S5 Jelse mizen Wil 005 gunail
Al oy 3 2B nl 0550 50 (008 9 adgs b, (S
(Mugla ) siiw Mege jope plad ol plas mls as
5 (Afyon Tiger SKin) o cewg oodl White
Diyarbakir ) S,bs 3,50 5 ( Burdur Beige) 50,5

S, olped 4y yidu cpl o LISl s gl 4z BB
(Ataei, 2008)

o)‘s.o.‘b 5L_,>_|a.«.7(.nw) Mo 9 o)la.s) bLﬁ) &Lo.a)‘
Fiw L 1y olpt gleasle s b g5l
b.la.ouw) Bad gle lid aS 5 )b 4wl 00,5 axlg0
S e ol 5l gl ol A 4 e
b el oo wilos ST cgle, 1) alalydl ol a5 Slessla
S e plBS ol 9Pl g, slajls Gl
bl g el pals b 50 59) @ 59, Sleisle
Sitle Saw plBS 50 ey gl slaghs,
» opdle .(Ashmole & Motloung, 2008) 54 oolawl
gl o seiny Gy, xS, a L Olgies o
Bl oy 1) e Cany; OMSUs gleisle slacSn
4 yeaS 0 ead asll glasle K pbd il
3,90 oS E9d9e pnl Wigh oo gl b Oje0
el 48,5 )18 olee pl 1o 0 e g puiione Az gl

0¥y o eolazsl bl 4 ((VAAY) agls
S (ol 53 (g5 §) S0 sy & gy (5 SS0me
b Gl Jalse 59, » (Feeins 9 by, slaghs,
(&l Lo s sloany o (S Loyl 15 w0 053 £48 cAsdin
B el g hemeden; sbacr (Sllee gloanje
3 iy G)Sane bl r ke el gl
(Shlnobe, 1997)wl AW G‘BJA.A GJQWW)
0 Al dnsgs p (Vo)) e 5 g0l
9 4325 g anse LT oyl .l eo,S AJL S oyolas
IRR 9 NPV L;LQ)L""" )‘ oolawl L: l) 0)5).: ‘SlLA J..J.?ﬂ
o 0 &ly pane Ko ey gl g sle
@L..: .3l sols |AL'>u‘ dls Vo 0,99 S5 LS‘)J l&uT u;)«a
w3 oo Ol (S glAl ik sl Jelod g 48
WYY IRR 5 ¥ ok VO Luyis NPV i as
zhmenl ISl s 7 )b a5 ol las pB )1 ] el
(Benardos et al., 2001) ol 00isS lgonel (o))

059y eSS (gyp A (Ve V0) Sea 5 50,8



VPV 5l ) soylods Y (60,99 ¢ S0y ) sblad g Jigh (ewIeo ole ool lad

] 00

‘56)9.0 axjlao -Y

o] 00l cﬁ‘j 6)5]4 ULM»:‘ Y e YN uL’-“‘)i’r“
Sl (2l pFinl o815 wiz Jold O e doiiz ps yolas
e Gl el T 51 (S JseS psl5 St e oS
ol &8ly (535 o Ll @5 3l o B SyeskS V5o
.(Wikipedia, 2019) el oo ools lis

Py

ssssssss

Moo Aoy o o (30lro (o Ll pao ComBgo —) JSCh

S opolee  gheme Cawy) ol o)-Y
Slossls

Sl gt cdld jo wiiles St le S Cain
Lol el oyl bpludl ods 5 piaawsST 5 st
SYsb lagle) ;35 )3 5 ey @lie 5l ien 6518 0 e
Jol SIS ol G Fetes 05 wales bled e 1y 095
el 5l ol Sogl ol sSge Sl )
($Hla> olKiws daygslS o) game SYIile
P 50 Sliee 5 Do Db el 53 4 (Sl al i
Syl Koy o9
OISiie (e 5 So kbl cunlil o Y
S oz Ay Sleisls Kiw Cato jo aorecn)
Sl adg sl (o hawgie job 4y .ol Olyls YL
$918 9 Sy e plKin 10 o ,0 YO-VO fyome o (S
S (Fi9 w0 Be-A- 755» Egoma,d g do o Yoo

\A!

(Aksoy, et al., 2021)

$ry5iS o Slitls Gl ) n) 6 Ko
3 S Olo s aslsl o as cul 1] > o (gouxe
LILGT o el ool ools 7 1h paise jobo 4y sl (pl
LISy {Candoglia) LIS 4uls {Bolzano) ¢lyg oles
(Vald Aosta) Lewlally yame golosal g, 4 (Puglia)
als, ooee dCarrara) )l s cyolae g 4l 5o, oy, 4
(Val Bermbana) Ll » Jls 5 (Liguria) b ,s%J « T o5S
VABAY slagy 3 g oo gli2etal 4l 5 BU1 )
5 (Godstone) ygiwbsls yaxs (Dudley) Jols ase
Sal v gl 4,588 ol ,o (Beer) o ose
b i sbaolSiws 5l oolitul b wl,S 9aS il axsls
o sl 4 4SS 5 Slasle S zlmal
355 0p>d A Cod A2y JB Oljolo el alulys
oSy ¢ Kanfaner) jlals ol il atsb
gl Jb o (o5 P9, 4 eels S o (Vinkuran)
4 OS890 gt glpeial jliey JUS 5988 50 s
lga Jlg,5 5 (Pereira GOmes) osSly, slapls
Syien pll uesp; o5, aw o (Carvalholda)
Dgd o zlinl olee pl 5l s (3 Ve v dg0 aldle
5 (Sayan) oLl ol jo Yeof Jlo 5l ag, ;5i8
0,33 05 Gee ,bls 4 (Kibik-Korden) ys,s8 S
L aSS b ool ool pe 09l (595 (Seeiny be) @
OPoy w9 oad i s slabiy bl slas,gld
(Bahri & Ghasemi, aiiws zl sl Jgrio 4l 4 56
.2016)

@ ez bl sl ysiS ple ailes 55 olnl 50

@ wb Gl b 4 sladl 5 asecin; fles
ey Seein) G & Sl S gl
PESWRNIW .(Bahri&Ghasemi,2016)s 4.
o8s30 (S () Sama gl Ful by, 0 )8 oLl
sl 3,5 )18 () 1 3590 oS (] 5o SletSle S
S olee jo (goladl M ol allae ol o
Sy oolee (arzaciny; S Elgl 5 Gros SloiSle
obadl i Sel s ansl o0 81 el Ko
&) Some 33, 55 sy COMFAR lila s 5l soliul L

«g,0nl;l

plsl oo Sletle S olae sl (o2 9 5bss



AY £ 0 o g (JOK0 (G0 oo (Flosis Ll S (y0lao )0 (S ) 4 (Xl gl ydecw] o9y Joud (o Kol

Sl Sow Golas (S n ) glyFetal col SS 4 0¥
05 ik @ Oly oo ez 5l 45 ABL (oo (omlee sl 5
A S Cu e endd 5 o 5 b aly vy e
ol a4 g bl olal (alil g L o8 saws Lo
T olaidl oSl aslsl jo 0,8 o Ll adgs &)
Sl S (yase ;3 (e 25 9 5k gy @ gl

Ll 48,5 15 )2 390 JouaS

03523 9 3k w4 gyl b -
£ lo el o e 5l (Ko gl el BB oysd 0yl
sbaled Cledbl 4 g L ol a2l ly
boopsd (olid (rej Joo )553e (yore sl (8L )0
0p3d lie g 00l 4y Datamine ,l58le 5 5l eolaul
Ar Joes Sbidle Sw Gome il S
‘5..«.»).‘1..»0‘_;‘].3Lidaw&g))o.w‘owo)eiﬁi)ﬁ)b'hvf'
S 005 5b slp @olopalbl G Sldes w0p3d 4
Sldas 5,10 000 ly90 j0 g Cl ()lye0 40 yome sz‘“‘
oo (o oKiws Ja.ws.? Soew PR fl;u‘ ‘_g)‘é).g albb
‘57:19....: C‘).?L».u)‘ T3 Y J&& I .)5..»‘54 C‘)Ml awla!
JoS Slaizle K awe [0 0,53 4y g s sy
A oy Gl el Gy 5O el oals ooy lis
bagi S g oals Jo (e s Sl (g yiws g5 ¢ LuilS

Sebise ghtul 4l g GBT Lby) 4 (65 o)) dle

O pBd 4y (o yiwd gy (Felaw gl pFil o9, - JSb
JomsS siloislos Ko cyomo 5o
Sl 1o palbl &y 32 9 px> duwlxo —)-F

3b9y b9y 4 gty
WJomS Szl Sow are j00)lg, 0L x> 4 axgi

\Al

Sluls pl i e how Sluls @ oud gl Sl pls
o2 S5y e Ll o albl glacaes &5 4 1,51
Se3ed sl STy plnil b e 5950 b oS Wigh oo 4t
WSS aalys are 5l adlate pterwsS] p olosd 5
@ albl jl polie x> ol (Jasome Canj SIS p 0pdle
P S glanie dapl 655k 5 Gysleer Ll
OOl 5992 593 s @ S (oo eSS (nl (Ll
Oolee ol 251 ¢ GgSns 3blie & Cond Glanilo S
kil g 0uiSTy &y as 5 e BLbI o | 395 Slagls
allash Sl S olmyl Eely a0 ol ailos,S s,
caldl Carsg F UG 0 (Jle Glae 4 el ons
aoir s oS0 Slasls Siw oobe o bealbl

el 0als ools las EMoe oyl

Tzl 5150 e (raub Il i -V S0
Sloss b oo (yimo 53 Albl cilil g Slois b K

Mmooyl el ol jow

WS iy ol Gl &5 S ol 00,95 Cuso
Oy ol Sl S lBLy Sl
ol o s S o ‘;MVT ol adlate ab iSaj
Dg oo ahis glaS > CoaS o 6 s

2 o 6 N5 3l el 4 lgm 55 L 505 Lacl
2 605 ,5G 5 bl wl, als i) Olsszge Casdl
g oo athaie 10 W Glae

e 4 DAxe JouS sly oo (Jle Gloe
B aile e o5 Sl g o), ok lis)|
Sl dils EMore yo Jle 90,5 ol g SlalRlS s
90> b ol on (Slettle sloSin (o) gl 2ol b
bl y 88 Jasrecins ; Ol S0 Lrals sliwly s g0l



VP ke ) soylods VY (60,90 ¢ S0y ) LS g Jig5 (cwuspeo (oole (gaoli fuad

9 ok 1S ax g b oS 09t oo plol 4z 0 YO a4
e Ll 00 dwlowe o,bg, JS P o PFoxe oole 2
5 JomS Sl S e 0)bg; JS o ) Jgo
ol 0 00,591 ;9530 yame (5 1o albl gl oY a s

O Slkas b by, g, @ 0SS A g Gl
Ohg ,0 5 &3l olhge )0 yame 53,5 5k sl slo palboly
5bey Ohey 5o 09l plsil o)l albly Dliles (510 50 42
b usSan by e S Djp0 4 (Gane oole 4y (pw s

JomsS Sloid b Soow (ydmo 30 (55105 0l 4 38 g 0)bgy S5 ez ) Jgu

oo a1y g s,
Ve S sl oskg) JS pn )
¥ celo p S e Sk 9 6k ol cud b Y
A el alye, 0,5, e Y
AR coSe o b, Sl palbly (5 Sloyy anyso ¥
£¥,A L, Sl (¢,)o palbbl as I
Jby ogedee Sl (510 palbly 4 3o
fo-, Jbs Ogelee Sl palbly JS asse 4
500 _ O 0) 2 ) G e o Ll 9 GUT Sl V-
c === .. N . . e .
Sp_yh_ ™ gl gl bsy ppsmad 5l (Sl g BB G,

G 30 Q (gudgedy bl cumad (b wiol )by - Jgu

Sludio olos Lo 3,
.. RQD 033 wsi.S el \
S

Y Jn b 05,0 diws das Y
Y Jr o}, (50 due Y

\ Ja o), Sojlen sue \

\ Jw looj,o o jlad sae o
Vo SRF s el weyl 4

Al Cwglie 0y (ol o Fs & al, o
(B 4l s o)ly lawgte 23 Sp (JKwbK)
Gos 2lp N g (caSoyio 5 0 55hS) 0)bs; Logare (33
S e Ho Fowe (518 gl Ll (o) ose
Gos (JELLEe VMY ol o8B 25 (JoguS Szl
g;i:‘“‘ 43543 0)9.7‘-.«53 6)Li$ CAABLB.A ¢ Yoo g )J.|).3 Odeo
o) o pd e Eadod cpl o cwl JKWLIKe AR L

\Al

88l L5 slaas¥ gl 5 sl o cl (e 5 polae
sl 425l e ¥ B Y oy ioled o5 o5 e L L
sl 5 361 olasl (pns (o1, (Atagi, 2015) el sl
o 3 oS ¥ 9o 4 4295 b Q gaes,) jLeal
Glas fuie (¥ abaly) b 6lao cypess abal, 5l eolizul |
2P ESR jlade alaly ol j0) sl ooy 8,91 e Yo 501
BUl ol 4 az g5 b cdalol jo (Sl ol 28,5 Jlas 5 1/
ool &il,] g2y Ly, g (F abail) 5B Tl 5,555 Ly
(F Jguz) Comw slacow (o bl Cuglie dnls (sl
JlS e plp by i)l canl ou 351 laal (o 00
e ) bl 5 oolital b sl b 45,5 5 5 (e ¥)

ol 00 Al 4+ Qg0 00, 5Ll

RQD Jr Jw
= —— X—X—

= \
Jn  Ja SRF ™

Q

B = 2ESR.(Q%* )



AY-$8 p g G!..\f.u EM0 o Slois L Sow yoleo o S0y 1) A (P gl il Ghgy o (e Bl

el oy bugte jlade 6525 el 5 9 et
] 00 Ml?u o \

alal, g SNl ol & dmg5 b el o 4255 L o ¥
¥ Jgaz o oal all)] oo alal) oz bl o ¥

(Ataei, 2015) cow bKinw 33 basly cuoglio dmwlro gy o 1,1 1,25 Lulg, - Jgax

Gl e laie ol
% RGPS TR
T (i) o duslona 219, ol o9 9
&,Led Caaglite 10 ((JlKa) auly Cangliser O Krauland
Wb gl H (o) al oye W d(JSblKe) diges ¥ 0y = 0.35450,(0.778 + 0.222 ) Soder s \
(o) (1987)
&,lkid Canglie 00 (LK) a0l canglin: Op w 5 Potvin
b el H o) b e W (JISablSe) aiges ¥ 0p = 0.420.(37) isen Y
(20 (1989)
$oLa8 Canglin O Jly5e) a1y Canglial 0
b el H (o) sl e W o(JSsblSe) digas 5 w Sjoberg .
ol el lH (o) al (o W (Sl Ke) diges o, = 0.3080,(0.778 4+ 0.222 g) (1992)
(5w)
(o) b e W o(JSeblEa) b Canslie: O Van
b N P A o, =10+ 4.2K Heerden ¥
() aly glas )| H H (1975)
2 a5 9 5bey Obey & gl Al ik Jlo Slasii e (sl oy slal ondh plowil Sl 4 4 L
TSP PRVPC Y FOIC S DCEE IAE SN 2l @B slal 5 e VYTl JgeS Slesle S
@ p9d g Jol Jlo 5o oy e (siein g 5y, lPed 02 A7 i ROl capd oo 5 e Yox¥exY
oy s Jlo 55 5 Cadl ao s AD 5 Vel iy 0> S 5l aoye A Ko Ojle 4wl onds aulxae
15 5o hgd s oy Ve b s o gyl B LlS 5103 YYY o e i o5 YEe o)
WL sy b 4 b s, i,y & gl b S SEAT Sl oo g e s o2
Lol oads 48,5 a5 o Al A ey bg, 40 g Al Y &zl ! 7 ,b golaidl g Jbo camsg -Y-Y
WWAA Jlo & Lo e allis opl o Jb, sle 5,615 adS) L. .
J gie e ol > S 9 0323 9 3k h)
(2ol oo .
5 Sy oldbl jl glasds B Jgax 5 F Jgax o
bgy hey @ gl pul b wlasiv i glasds -F Jgu
Jw Jlw Jl Jl Jw  Jl . )
- ) s>y T )
pde i e ek pew pgd
(5l S) Y7 Jbo e 5l Jyaze |
U5l
vt Sl ). . v
o).':.‘>b
bogie Cuogd
¥ O db oselee . ¥
o9
A Jb) Osekee 9> Gsi> ¥
VO Lo y0 Sboye zy o
Yo S0 bl s 4

\Af



VP ke ) soylods AT (60,90 ¢ S0y ) LS g g5 (cwuigeo ole ool uad

025 9y 4 Elil b wlaiie i glaods -0 Joua

Jw Jw e Jle e JLe J  Jl Jl
: . . . a>lg T Qo
S pRde i el ey ek e e 9l
(5,8l i) Y# Jlo yo o Jyame \
Y¥- 5 e o3 JS e \
YXYXY o al ol Y
YexYext S a3l sl ¥
8 o,5d ok
YYY o e & ’o ? o
C‘J””““"l
: Jby Oseee a8 Lawgie o8 .
3% Jsaze
f.a7- Jby Oaedee sH9 Bsi> Y
16 S2)d Sk oy £ A
Yo WS b &5 )

sloanze als 5 (g8 5l Jol> welys T 5 opdle

5 0o Al 7y b L bL )l jo e 5 cull Glles

(IRR) U=ls ool 75 adls aulre & ol

&8l L bLs,l o (Internal Rate of Return)
o] 00 d.o."‘»)).s AJLA)...u g.n.uj)la 0599 (yuiTrodd g C)Ja

COMFAR 1581 o5 5l oolazl b (558 o>l o (alos

C‘)”L““'J CJJ" L,>.IL<> LSLQLP’L‘*‘ A Jgos 5 Ll 00l |al.'>u‘

Ll 00l &)l e 9 5k, LR, @

Flbos 9 Cul (5,105 wlopw glaasy 32 —-F-Y
03503 9 3k ey & gyl Zhb (gl

ol IS aloy slaau o polie ¥ Jguar 9 7 Jguar o
0851 (i3 9 5be,y gy 4 gl Pl ik slp Slibes o
el 00U

& gl b Jbo gbuasls Julos —b-Y

0325 9 3bgy Sy
SIS Lo p ol sloazo by Jolis 2,k Jbo o)

03325 93y iy & gl Bl b ol (6 laT A Loy slaiy 3 —F Jeuor

1310 5355 Slggme 093 (Jb) pgelo) 4532 .
wsl )b Jlo 032 3bss e >
AR Y. £YY 50,08 &slwoslel slaas 3 )
AR 0 £.f-- £.f- el g Slee slals Y
AR ye 119,1Y0 BATY gz 5 YT ile el s
AR 3 VY2 VEYYA oo i (slaan 3o ¥
— — ¥ any VEY,FAN ol 6,35l s sloas so IS I
— — YYs- \ARYd 090,85 50 drleyu 4

_________ EY.ATD 179,AAF G lo g sloddy 30 IS zox Y

Vo



AY-$8 p g G’"‘i“ EM0 o Slois L Sow yoleo 4o S0y 1) & (P gl il Ghgy o (e Bl

03538 3bey phey & Eltw! Zib Aldle Sldes slady s -V Jaux

a1 a0 (Jby gekso) 0 32
. L 4 T 9,

JUesH ) 389,

16 ARER Y,rva b ypaas Slye (yaals )
AR — 00, -+ &My albly \
A ¥.0A FeAe S5 5 S g (aals ¥
AR VYTA V,290 EIEVE IR ¥
ARE AL OYF- 3o i 5
AR Vo vo¥ VIYYY Sl 59 $
A YYYF ¥Yv. I v
AR ¥ev AAYE VST A
77777 ARFAR AR AR o

03223 9 3b9y oPey 4 gl THb Jbo sl -A Jgux
35 SIS 1) s>l Ty sy

Ya/g. AN WK

(AT R Jbs

N/ ZBPVLE Jus

b Js ey

(IRR)

ole alo s Sl 0,90 Y

S o dylo pus iS5 090 Y

Sl w3l JSasS (arls ol az e 005 ot a0k
Ol by (o adl by ez e Ceyw
slas Sl .(Fazlavi, 2004) coul (gog,9 (g3
ooy @ gl 75k sl ale jo ctS 5l 0,90 a5 w2 0
5 ohsy 4 gl ok sl g Jle Al e 5l
ooy & gl ok sl oS Wl n G50 s
Bl 5l 55,5 (IRR) wlojw Jls ciSib 5 5k,
L) S e yle ys 2T 5k 090 Lol Cansl S a5
oo 3 i) Jlo A5l G (e Sloy o))l 28,5 ks
@ gl b Gadars pas Ko o col (Guse
ey a4 glpl b gl Jy o salss by, b,
31 535,52 (IRR) aleyu sls ctS5l #5 (wejp)
Al 01F qloyw <S5k 0)90 g caiSLd> F JElas
oo 8l (e by 4 gl b onlply o
18555 el oolaidl A g 5l g Slaimle S
u))‘\) w‘» )‘Afcblﬁ).m 6‘;.) C)Jo UJI ‘..\J 9 OQ}J

\44

Jlade oS ol by 75 (IRR) A3l so3b 75
o 1, (Net Present Value) (NPV) L oI5 o)
(Minimum  Cas osjl #5 Blas Jbo jasls oS o
L Lo pdy sl Attractive Rate of Return )(MARR)
cb ok MARR glew L 5 35,5 b IRR
olasdl a9 gib «jge nl e 0 g Sl pdiazg
a2 oo Hlis Glewle (Fazlavi, 2004) culs aalyss
VOBl sbgy gy & glsl 5k ly IRR e
VAP plp Geeing ey @ gl b ln g wo)s
Blas 5l 35,5 IRR Jlade 7,k 90 2 (gl a5 Cenl ao o
ga.‘i)f A ls &)‘9"(5" u.’lj.:L.a ool (110) oS Ld> cr
A pdyda gl golaidl bl 5l #)b 5l 7 )b 9o 2 aS
Olyeo 3las sy Jlw sacas ylid asle yuw 8 3b 0,90
r ) Lg)‘AfdJLA)w KV 099 J@‘ QS ol 6)‘A§44LQJ..»
aaly> b oS n J3hb 4 7k sl il sleag el i
Sl b owl s a8 Sl slaws Koo & jle 4 .2l



VP ke ) soylods AT (60,90 ¢ S0y ) LS g g5 (cwuigeo ole ool uad

oy 515 255k 25 p ol 8l g Sl soanza g
odalive logei 4 axgs b .l sas sols ylzs (IRR)
2 okl s b i (hed aele &5 agdie
35 8 IRR Jluie 59, » 1) 15l o yieS ol sla gyl
g ol laolls o b8 5l Jol> aalye Ol sy & Jgus
S caSil g5 ol by Sllee glaanse

ol 00 ob)jn‘— (IRR) daLa).w

s 0L clacdl> o IRR Ll sy 5 05 5k,
kol Jolge pals g mlidl 8h asu onl jo ol oads
slanie 5 ol slaahl (b el i )b

5bey obgy @ gl zyb V¥
ol slo ol )ls o g8 aelyo 40 Sl s loges F JSi o

IRR Camlis
30
-
PR
25 -
P
PR
20 S -, -
= . - - -
= e . -
g 15 P> o — P
3 - s
g P Tr=a
10 -
-
-
-~
5 -
-~
-~
0
AN F VY _A ¥ ¥ A VY VP Y
(w0 33) & ki
T TSl T ol sl 1 40 it Sbs g ayp

Tob Sllbos sloay 0 g coli gla o110 (0958 sl 4o 40 & ki 43 Coomnnd IRR Gl e 510905 —F ISl

ke gyl

&l iciasl 20 33 (Silelas slaaiy 30 5l Sl oal1s (i dol 1 55 Bl (35UsT Sl 53 IRR yyolio -4 Jgur

ks,

Y. Y -A -f ¥ A VY \$ Y. (%o ,0) Ol pss

Sl LIRR lade

VS Fse VIEY VO NA AYAY V0B VALY Ye/EY YY) YOIMF YV/AA IRTYCIRVS IR
(32,0)

Sl LIRR lade

ARTAA R R VAR SRR VAR \YIoY V210 VOB VE/07  AYPE AYIAY O AYSY  WVYD ol sla olls 5o
(o,0)

Slpess LIRRlaie

YEIYY  YYIOY  Y-/A- Va/-# AR VO AY/PR VYAP d/Aa Al FIVA Stiles sloas o 0

(o,0)

L as aalys (IRR) wleyw S cadilb 75 Luals

\A

Sl Gig b 5l Jol sl s 1alS & Jgoor 4 4z 55



AY-$8 p g G’"‘i“ EM0 o Slois L Sow yoleo o S0y 1) A (P gl il Ghgy o (e Bl

Slles gloan e 2ol L ab wles IRR zals el
ol as ol seles 0o 0 VY7 5l IRR lade ws 0 T
S 45 00y eS (V0) caisS Ol 5 Jlas 3l jlade
Shey ey @ gl ik olatl s pdiaz g pas 4

033 009y 4 gl gk -Y-F

o allo (yhg,8 dalys Ol Jloges b JKi 50
Sl csSil 5 ol b 5 Sllee laanjm 5 ol
oges a4 dxgr b el sads sols las (IRR) agle o
oo 5 5B (it Shg, daly 45 398 e osaline
5,0 IRR (55, 5 1, )“b S (Slles

YYAY plp IRR Jlais oy F U o9 awl,e tals
oaS i i Plas 3l Jlade cpl 45wl wales as)o
b wolaldl axg pas 4 e g ooy eS (LV0)
b bl el al salss by, Sbsy 4 gl
5 ol g (IRR) dylo pus (Ao ceaSsl & 5 aolidl cels
ol bas selgs IRR als el colb sla ol
Ao, VFIOF 5l IRR Jlade wo o F U colb sla o)l
(JN0) ousS L F JBlas 5l lade (pl a5 0l valgs
@ gyl gyb olaidl azrgi pas 4y ovie 4 009 eS
Gl Sllee slaanie 2alS al aaleS by, s,
(Shlas sboayie oldl g cuily walgs o 0 1) IRR

IRR ol

45
40
35 =t -
30
25 - =

20 -

IRR (wo 49)
\
\

15
10

- TR R v P =0 Sl gl (110 5o B

(w0 33) O i

Sllos sl &y »

Tsb 30 Slbos (a0 9 culi Glaalyld (g d ol 50 1 Sl pundi &) s IRR sl Jodni jlog0i 8 JSs
0 335 T P!

s ol jo (ilidl g wales 518 og (golaidl ;e
b sl oyl ol Lol vales IRR als” cely ol
aS ol dalys dwo,o YFNY LIL IRR Jods sy Yo U
Rl og waleS 518 Gog golatdl el 25k e
Lol aalgs o 0 ) IRR ol sllee sloas o
e IRR Jlade woye Yo U Sllee sloas o iljil
Llod 5l sy b e a5 ol sales as s YO/OF

g dlys plhdg goladl

YA

9 3l el sl Sl Ve g o

E5 2 ol by Glles Glaanja 5 coli glalyls
el 0as 03,5 (IRR) wolo yor J3ls ciS5L

syt 3 delr el 285 V- s o ar

A aolgs (IRR) wloyus A3l ctS 5l 75 zalS cels

YAAD 5l IRR Jlade oy Yo b yog,8 awlye zals b

oaS iz 0 Plas 5l Jlade cpl 45wl wales ws o

ook see a8 ol (pl sains las g 00g yiias (110)



VP ke ) soylods AT (60,90 ¢ S0y ) LS g g5 (cwuigeo ole ool uad

Tob 20 SFlbos (goaiy 8 g culi Gla 1o (g8 wol )0 30 Sl il (195UsS slocdl )3 IRR 530l -Ve Jgur
o) 35l yFss!

N e -A -f . f

A W \$ Y. (0033) &y

YAIAD - YYV/-A YY/IYA  YO/SY  YVOY Y4/ YV/PY

AR YO/fF  YYIAY YY) Y-/ ya/g-. YAIYA

YY/OY  YYIVY YV YANA O YA Ya/g-. YAIA-

dele o 3less L IRR lode
TYFE O YOISY YVIOY TSR SmomTmm R
(80,9) s 2

s> &less LIRR lade
YVYY O YENO YONY  YENY T 2
(30,3 oo sl s

s> &l LIRR lade
YA YVAA O YSIFA YOS T
(20,3) GSllos sloass s

9y S50 2 )0 g dwslie SuS L (Jbo sl ey
plol Elalio &) azgi by ansl o aseden iy ] il
SRR G gy S pdiaez gl AT Jgux o a8 S
ot MalS JguS Sloidle Sw ome 45 1l sl

Slayl Ol kil 4y 4 9 b ol ko V-V -F
al

ol 55518 sl 5 T B, s ol slal 38l
do s Gals b e (melS Zlsul as s Jy il

ol (IRR) 515 alope caSil 55 aals el 2l 5l

Wasly slal i T30 b IRR &l i 1) Jgur sl Gl L IRR @l Y ooz 53 0l asly>

olid (BBl Ao jlade og <ol (5,8 L) Soxe slaasly

(s0,9) IRR L4l ol
B ol olal ol L )Y Jgao 4 az g bl oals oolo
AZ Ml 8o 51 a5 caul ao s YAIPY 11 IRR liie o) V) Yt
YAIQA YexYexY ‘\‘CIJZ‘““‘" C)J")S"'bﬁo‘}?’)““"“(/\a> o.).;.;fgi).? C)"'
YAIYY V¥ ) YV Dy aoles pdasgi golasl Ll 5l ;) b

0503 9 3k, ) yiiwl (sgy 99 dulio Y -F
adS s 5l e 25 9 5bs, 65500 2k 90 AY Jgu o
Jos Sl b S (oo )0 (S ) 9 39y (§)BS0m0 (Sh9) 98 A lio —IY Jguo

P2 )8 by 033 sbss ) T )
r A Ju B9 e \
5L, YyYy Yt 55l gl BB o3 Y

SR VE-00F V2Y,FAN b, Geedes Sl (6,138 Ao jus 4ty 32 Y
=2 AB v.¥-# Jb ke G5 o aloy ¥
=23 AR VFAAAY Jbs osles b 9% Sl iy9e a0 0
=) ARTAN AAVYY Jb ke Shles sloayse #
SR YA240 YO, YY b, oeedes A sgw \4
9525 ), VAY AR b osedee SIS aley Jad Al 35 A
SR Ya/g-. VOO RV Gloyw Jols csSiLz 5 a
SR ¥ 7 Jb ol aplepos 255l 0550 Ve
TN olf AR Ju S e ayle e SeAS 5l 090 1

va



AY-$8 p g G!..\f.u EM0 o Slois L Sow yoleo 4o S0y 1) A (P gl il Ghgy o (e Bl

2 Ghoyd Yo Gl g iyl Siw (g b aslpe o
b e (Slles gbhane 5 6l ak,w sloanie
Ll 5l adlllas 0590 Game )3 (ein) gy 4 gl

D w5y a8 golaiil

G5 Az -0
Slitle Sow pl3d ) zlSiwl sods )l Ll @b
obed ol o el anils (6,8 i ob, w3l sl Jlo o
ST 51 g ge glmil by, by, 4 Slesle Ko poles

ol adlhie LS ibg g ey mhe (2l w
25 o,lol gl laanze fulidl g (sl palbly sloass jo
Soow JEIE) ) Cl):'r.‘;...;l ‘)lﬂ ol seels jelaie 4

Lol sanlow -#

oled 5 adbow —VY Jaus

T 2>y Sl rolSel 4 arg bl ewlis anF Slesle

al Conglin Mpa o anlllas 3590 Gane )3 e gl Al gy 05 olatd]
VOBl 15 003l &35 5y, ey & gl 25k sl

S 8 Seglis Mpa % 2oyd VAP (sejn ey @ gl ok ln g we)s
al oy 25 Mpa Sp S (o) Tl ik oz sl eaims (las oS cul
e s Kg/m? , Py & gl b o el aalllas 590 a5 L, @
sl sl olal g e YexVeox¥ ol 61 olal ¢ i)

e Bes m h slul gl Comlus Jdog 9031 Gl 0o 3,51 5 e VxVxY
sl e m w B sl olal 514 aos oo lid aly o 3BT g, jo laasly
P9y & gl gk jee S s Rl e VT TY

al glas )l m H Comsla Julow (9031 Cpizmed sl golaBl i)
ol - F, sloanie 5 b sloalls (ogp sl ble aw sl

G, Ve el bas ol olas gl g ol ploxl 508 Slles

&=l -V

Aksoy, C. Okay, and G. Gulsev Uyar Aksoy. "Pillar Design with Numerical Modeling for Underground
Marble Quarries of Future.” Paper presented at the 5th Symposium of the Macedonian Association
for Geotechnics, Ohrid, Macedonia, June 2022.

Ashmole, I., & Motloung, M. (2008). Dimension stone: the latest trends in exploration and production
technology. In Proceedings of the International Conference on Surface Mining (pp. 5-8).

Ataei, M. (2008). Extraction of building stones. Shahrood University of Technology Publications, First
Edition, Shahrood, Iran.

Ataei, M. (2015). Self-supporting methods in underground mining. Shahrood University of Technology
Publications, Shahrood, Iran.

Bahri, Maziyar & Ghasemi, Ebrahim. (2016). Applicability of underground mining methods in natural
stone mines. 2nd Iranian Mining Technologies Conference and Exhibition (pp. 21-26).

Benardos, A. G., Kaliampakos, D. C., Prousiotis, J. G., Mavrikos, A. A., & Skoparantzos, K. A. (2001).
Underground aggregate mining in Athens: a promising investment plan. Tunnelling and



VP ke ) soylods VY (60,90 ¢ S0y ) LS g Jig5 (cwuspeo (oole (gaoli fuad

underground space technology, 16(4), 323-329.

Careddu, N., Siotto, G., & Tuveri, A. (2010). Evolution of a marble quarry: from open cast to underground
exploitation. In Proc. Global Stone Congress Of Italy (pp. 2-5).

Fazlavi, A. (2004). Mining economics. Saye Gostar Publications, Qazvin, Iran.

Hajati, A. (2016). Underground extraction of dimension stones: A new approach for industry development
in Iran. Journal of Mining Engineering Organization, (30), 20-28.

https://fa.wikipedia.org /. Accessed27 July, 2019.

Shinobe, A. (1997). Economics of underground conversion in an operating limestone mine (Doctoral
dissertation, McGill University Libraries).

A


https://fa.wikipedia.org/

Tunneling & Underground Space Engineering

JSC

tuse.shahroodut.ac.ir

(TUSE)

Volume 12-Issue 1\Spring 2023 G330 sloliasd g 393 (waigs (A

Feasibility study of converting surface mining to underground mining
in dimension stone mines (A case study: Kapil dimension stone mine)

M. Bigdeli'; M. Ataei?; R. Rafiee’”
1- MSc Student; Faculty of Mining, Petroleum and Geophysics, Shahrood University of Technology
mbigdeli.mine@gmail.com
2- Professor; Faculty of Mining, Petroleum and Geophysics, Shahrood University of Technology,
Ataei@shahroodut.ac.ir
3- Associate Professor; Faculty of Mining, Petroleum and Geophysics, Shahrood University of Technology,
Raminrafiee@shahroodut.ac.ir

Received: 7 Jul 2024; Accepted: 3 Jan 2025
DOI: 10.22044/tuse.2025.14743.1488

Keywords Extended Abstract

Feasibility study Summary

Dimension stone Dimension stone resources play a crucial role in the economic and
Underground mining industrial development of any country. In Iran, all dimension stone
Environment mines are currently extracted using open-pit mining methods.

However, open-pit mining poses significant challenges, including
environmental degradation, high waste removal costs, and limited surface reserves. This study investigates the
feasibility of underground mining as an alternative method to overcome these challenges. The research findings
highlight the economic advantages and reduced environmental impact of underground mining compared to open-
pit mining methods.

Introduction

The extraction of dimension stone through open-pit mining has been the predominant method in Iran, but it is
increasingly being challenged by environmental concerns and economic inefficiencies. The depletion of surface
reserves, coupled with rising waste removal costs, necessitates exploring alternative extraction methods.
Underground mining offers a viable solution with the potential to minimize surface damage, reduce costs, and
enhance product quality. This study aims to assess the feasibility of underground mining in high overburden
dimension stone mines, and as a case study, Kapil dimension stone mine is considered.

Methodology and Approaches

To evaluate the economic viability of underground mining, a comparative analysis was conducted between open-
pit and underground mining methods. The internal rate of return (IRR) was calculated for both methods.
Additionally, a sensitivity analysis was performed on three key financial parameters: revenue from stone sales,
fixed assets, and operating costs. The study analyzed how fluctuations in these factors could impact the economic
feasibility of underground mining.

Results and Conclusions

The economic analysis indicated that the IRR for open-pit mining was 15.50%, whereas for underground mining,
it was significantly higher, i.e. 29.60%. This demonstrates the economic advantage of underground mining over
open-pit mining. Sensitivity analysis further reveals that even with a 20% decrease in revenue from stone sales
and a 20% increase in both investment and operating costs, underground mining remains economically viable.
Based on these findings, it is recommended that mines experiencing environmental and economic challenges
should consider transitioning to underground mining. This method offers enhanced efficiency, lower
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environmental impact, and improved product quality. Future research should focus on optimizing underground
mining technigques to maximize benefits in dimension stone extraction in Iran.




