[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

ARRS ATAY Ot ¥ 5l s dlor ¢ g ool & 520

Oluo gl g oulidi(pey Jol g 500 oy 53
alad 5,8 (padile %L;.‘.ﬂ P Swou gi Saslse 9a
098 yaeu o) JUWIA S5 93 4o akade
5380 caly Chsel Bl g (oo S (15 e
Ot cudige 5uSaily o lghial Jats slKasls
I8 SlasT 5 sbine Cpuige oS bt 0 9568 (puti 5 Slyl
AYLNA Sl NANA il gl

s S

S 0 b 80 IS latans kS V) 8 o oS e T 1 5 8554
A ssdm 53 5 ol 5 dlmasler Dbl 53 5l d a6 S s 335 51l 5o O
slrlesd 5 B sk dsba ar g Lol o) Jb 03 38 68 Cpr g 2eskS
e Sl bl Bl S Olpe 4 b by 2k nl el 5 S e 4 e
508 Laly Cus gl Cleas sl ab S 513 8 o ol 5s 050l (glam a3l el
G55 Sl ooy b bapeile ol bl il ey oopllasl 5 sy Lol 5 s WTBM
moag SOl Sl past 5 bl s st e bl e Ll 2 5 olKans
sodls L3 pladllcas | b by gl oolgan oS Sl pla il op Sags alax 31 S
e b Gai a3 Al adls pliea 28 ccmlie TBM g5 Ol s Wls e
el 3 o gy g Wl S5 b Bl d 5 SOSaSS ol e
LLol 3305 5 olme 5 AT sl mbsl (ST 55 cbald 51 ol =&
Sluadb gt dw gty L5 s SSwes g gl e ol 5 Slaalis
Fll 55 Jar o i SSB ST 55 055 4w GSI ; Q RMR .
Svosls Coslie ulal 5 oK 3 Gl ©lp Gomesd 5 eSS GL sWTBM
53 seins D phe WS B Sl 2 aeiss AS 5 (oS Sl s
G 35 TBM Culg 3 5 s s 035 2 0 S Gloens Ssddlm oon
A lgty o S b5 ol (gl ois o Sl Ol 5o
Sk s (SO 55 ol g el s Sl ST il 5 TBM Clssl (548 slaes

V. Tunnel Boring Machine Ifaramarzi@cc.iut.ac.ir  J stws odins 5 °


mailto:lfaramarzi@cc.iut.ac.ir
https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

IWAY Olsls ¥ ket ciin dlor ( pibign ool e & 555 Y\Ve

PRV

Ol pl 5o gl o ool (SO Ll b o) 25 ol Sl ok o350

sabis i sl oS col WTBM Sleslinl (S 53 SOl (ol g5 0n Sl
S pdlhanl ey Jal b i a4 o WTBM g 0 55 [ lopls sblis L
Sl oy S g b Jald i 4 Sod TBM 55 lee 5 Ll oL
ol bl el Sl bl gla Sis ple 50503 5 oS sems o send
VAV Il s plal 8 [V ] 5 s el Blas| bl b5 (solim 6l onlis TBM Gl
o sSms laly JSLLe You BV oy (g 5mecSS (olid Cuglin b plaKw ol
D3 SRS Sy ped I¥] 5550 Cns 6 Kewosls Coglin g sl alS 348 Ol oy
Loas wsls 0lis TBM 55 Jes  SolKass ool b 6l )y » LYAAT JL
Gl o (Swer g el Jl s s s 5 o eSS LS Cuslie )8l
cos TBM L g3l bis s p b Yooe Jle 3 15k 5 VoL Y] aS s il TBM
ol sdallae e 3 5 S Sla0s) el s (SILLE dSle (wlbis ey osllasl Lol
STBM g s cns lese TBM s S fus  Sies s kS 30 o 4 § s
shael e o sl S s Sl YooY Jl s 5] sb Saes s ks
53 TBM 5 S Jes sl e 0L S Ksy50 Cowss TBM 348 0l 5 (RMR) Kicios 5
Sl 53 sl a8 5 J 3 cpl a5 Sl o S ke 4 £V 0 RMR
Yoo Jlo s S0 0] ad sdaline i 35k« g Sl S 5 cind [l S
F5 e b 5lse gl oS 48 5ls LS S 5 s S bl s g3l bis s n b
( Sk S 5 s RMR 2als b5 Ll wblie gla oS ) o (65 i et
L OblSes 5 ol Trrt b s I b e 20 55 Gso0m Ol o 5 A2
liptdllne lagees 3 G5k el Khe s sl Ol s e
358 e TBM 0us (i e 5 slbsl 4 K155 o a5 sl b5 o)l s 33 sl Ko i
Yord 5 YooV gladle 5o 515 5 SO 5 Y00 5 Y00 sladle s 0K 5 KK V]


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

YV e Gl ele sl S5 SIS 35 Sl gt elidiimn Jolse 26

b sl sleiy Kwes s coiS il 5 5 oladde TBM 5465 0lie i 610
S Lz b e als TBM 358 0l (Swes g cuaS Sl L oaS sl ol
LS SaS 358 Ol Ll 4 Ll el (Cind ) S jlan ciS L SKaos
olis Canslin Wil Il Ko ol andllan L Yord Jla s 336 V] V][] A]
Sl il Koz Slospast izmed 5 S (635 5 (IS Cuslis (5550 ST
DYT 35 &l LTBM 55 Jas o 6l 1y s Ll b Saw ol olsakols 5
o2 b TBM s S Jas 2 lidinees sl Ll 236 Yo e d dle s ety 5 2 3
Sl TBM e g5y 0 5Lad oo dlloes ey SLa il 53l LaS Wsls OL&S 5 L5 S
Yode Jlo o g2 SUT 5 Ssely YTl o 2alS Jli= S 55kiS 5358 Olsee 5 sl
5 s e i SN 5 038 ) S pills Ll 5 o |, TBM L g3k b5
oY o Sosm DOT D] LS s p ul i S 1) 5 (903685 s
Slaslsged Sl eslizel b Susddbe sl 5l 8l S8wl 5 adé ¢l TBM 4l
DM 2580 G Ans

e 5 Sy lld 5o WTBM 58 Jes Les (355 ediplonil Dlads s
s SN S )0 52 el edd s O 58 (8,5 5 50 Oy 5 A
ot Pl Al oS el oo g ) e (SO s iy Il 5 s TBM
Gz cpl 53558 Dbl (1365 5 (ol slal Lol 15 S weS Sa b Ll 2
Slhopart (SOl sl o s b ol Jisl L e S glaess
S5 055 4w 4GSl 5 Q RMR e gutuail glapionnr 35 5 ol
RCTUPSUEE VS S S S N TSI DR PR || I | I
et S S 5l aslie 51 WTBM 5 S ey e (SSIG 85 ol
Lol d ool slaeslns 5 JSaee ILLL e Saupl Consy (S A4S
soli= ¢l TBM £5 ol Sasidles sk 5 akeS glalss (s il
ol o Sl SIS 05 5 ey ] JUisl 5


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

WY QLS ¥ 5lad oiin o o uibign el pon 520 Yivy

05 o 1 I 5 a1 i Cnd 5o

Ao $LE 3l b s Ol el 53 (S350 5 b Ol 2SOl 6y
B JUS (Bl ity Jal2) oS bl Sl i a5 e 0 Oljpeny 5 slir
el 433 S )3 a5 a0 dee ol O35 4 08 e Sl ool Jll gl (T Jls]
Gl k3 5 g hS W B Jsbe s~ et slialy bosS i O Jsl s
23 ol e oS A Sl 5 O S e 05k A0 U 6l e 810
Camdge 30l D3 58,60 Oy S eskS A sl 3 5 ol 5 Jee )l Ol
ol el eals LY S s O JUisl sl il b o anay 55 ol bl

il s 50 O s 5 Lo e Sl e YW el e 8y s By cnl 53555

[\v]))\))\})}}kﬂzv\m%kﬁ))&y

8°IvE' INMALY

005 e 4529 Ii[] ~
o ? 0 10km

vy vy

A°IVE' »°ra’

S U e w058 e O JUESH Bllu Ul i Comdge N S

SRR ks glal cwlid pw)
B 00T O Ll i e3sdoes 55 5 ST slaesS and, Jlad acil 55 0 S j it
e i Ko S 5 als 1 s Lo, Y £0TG Y 0N 3Ls sk 0 0V
Sopen St S el b S U el Ol o) gbSe lli s
el 033l5m 5 0l 3 (S laesg 5 Bp slss S Gble da S5 e

ﬂw@ﬁd‘)w45&;.\&‘4,&12.'«06Lﬁﬁszwjlbﬁhﬂwbju.[\v](“ L}.(,.L)


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Yivy e Gl ele sl S5 SIS 35 Sl gt elidiimn Jolse 26

et Sl 0B 0SB 8 g — o8 e sl 3 5 318 0 S e bR, e
L3e) B g0y sasdome 5 3,08 e sl al Jled Jb 5o S e Wl B
Sl gl oS Lol 5 DV] O UK8) ol 458 5 sl onl S0 s (ssS
5 S (SOASS Ll glacdles b o oS S5 s o 3 OV 5 S
oy Kl e B 130 5 (ol e 3 SIS o]y el ciledd

Ll e by e e ol was ol

FF s gl 0
(5SS (e Sl s lEES s slaass A

S oLl oS i B8 e 53 O iy — o E Jled gy b e sSae  palsll
Sllledd By s 2 esgdee 5 ey QU LA g Ll ;M:F o go &S
S 5,8 o il Ol s 5 OB, 51 Bl lgr gl S & Ol oo adlaie opl ol sls LS
03 leds o3l OLE Y 5 Y (gla S 55 e oS nl VT dils aks Ve A b
2l ol 035 S B e oS 3 (S glaaY 5 Ll ) o
s olle cleay (DY 5 cSals) by s, sladisle A dsds slaesls il
(5 s 3101 Gl s TBM Jlis S 05l 8 Csl sl Ko ccuns 5 0
Ol Sl 5 o8 by (Sl 51 ol sla JSK0 008 (2031 O a g5lLL
ol 55 053 Culis 5 S (o e il 53 ol 5 Xsd Bg s 4 e o
el TBM Lo 35380 (ol Sllos 53 5108 56 5 age Jelse o S|

F5 s (SIS 55 549055 5 suarb
ASosba s S Siwes g Gla Shs oS i) shes Ses s sduail
2 s osb sl pad Hlb Sy el edige gl S CiS OIS s
Slaitalesl 5l ol i ks 5 Jows L3 g5 0 LS4 i ulidicpn 5 S SIS


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

WY Bl ¥ 5l 02in Ao« uidign lidiopon & 23

a_,S};.u g.)i Js! &jﬂa.ﬁ;ﬁJa GUQY‘;\A& A d}.b:

Yive

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

oY N Ll oY e N R
s & Kal KK 5 ool Kal sl Kgm
Sal Kdf Olles -0kl Sl b Kgml
eI o _
i Jsd s osle Kal (Sl Kgsl ks
S dr Sal
Won s -
) ) B Jnd b Sal Kgl
e 5 sle Sal
eyl ss 5 Sal TRKI cSal= Slos g Sal Ksil
o s 55 Kal = S5
ol Sal (Sl TRkml cSabs : Ksiml
b
s Sal TRkbI g SSal ol Sal (Sal Kkim <
= P
o35 el Pdd o¥is e Sl ol Kkm
= 8 2
rE B B 28
s 2 = 44
o
= 114000 L E G E N D
z
10+500 [T [ @] Recent alluvium
7 [ @] Rockfall, coarse grain material
18 < 7 Il Sandy gravel and clayey gravel “
- s clay a : v §i
Y ols Sandy clay and sandy silt
NE Sandy clay and silty sandy clay
l 94000 = o - Complex of gravel and sand »
=~ [ Old alluvial deposits
$4500 ozl ’g
£+000 - 2
Limestone to marly limestone
Marlstone to marl }\})
#s00 Marly limestone to marly sandstone .
¢ | Sandstone to limy sandstone £
7+000 Marlstone and marl _~}
Limestone to sandy sandstone
6+500 Marlstone, limestone to thin marly limestone ‘3
: o Massive to thick bedded limestone
Z| K=" Thin bedded limestone to marly limestone
6+000 <2 Massive to thick bedded limestone N
“lo Limestone, cherty limestone and marly limestone
54500 Ol Marly limestone 3,
;‘ i Limestone and cherty limestone .
«H Marly limestone 2,
SO0 e Limestone and cherty limestone _
= Limestone, cherty limestone and marly limestone R
4+500 el Limestone and cherty limestone '_§
Marly limestone ke )
44000 Limestone and cherty limestone —
Limestone ).
Dolomite, dolomitic limestone and sandy limestone
3500 Marly limestone and marl
| ® | Limestone, dolomite and dolomitic limestone L
34000 Marly limestone and marl y
Brecciated limestone, dolomite and dolomitic limestone limestone \Q-,
24500 = Il Limestone and dolomite °
—
>
24000 Limestone, micaceous shale and marl it
Red sandstone and micaceous red shale
14500 Red sandstone
1000 SYMBOL
= 01500 Fault
-
5 0+000 Propable Fault
c g g g
n § B § 3 z
Y
o
)
=
‘s
ol
o



https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Yi\Vo Gl e )y Ko 5 Sl 55 s gt 5 lidipns Jolge G

[\V] C))&gg}é&.ﬁebg.&acb')_,ﬁ-u.‘:--\w}‘ a_,S}.w- w:;\s&b."‘}ﬁ

JJ}: °"\"J3§J" BE) ‘-;A.w dl.ﬁebj.; c&bM Olaalie H;u‘ J:‘ 9 &‘N 9 JAK&.:LAJT
Sl Shutih s G5l eslinal &S 0T 51l sl duai b oS e O Ji!
Gl slagtemn I Olojen s el gty Shwess gl el U3
058 o ol JEE| L5 s Jsb 5o S slad>ly suaid o, GSI ; Q RMR
Sl sl ealanul
RMR bl 5 gauaab

sl Ok sl b RMR) Koy stiail o b (SOIG 585 stiail
sl 2 DAL 3 S Some oy Glb 3l amwo 5 ede Ol essl 3 (VAVF)
S 55l )|J3 A-07 a)'L. BE e)SJ',:.w J;}J Ejjﬁ: 6‘JJ RMR Slde s Cl}u‘ 6@&,\?&
ol @ Y s 53 s Jela ) Ot s U G Lt e 51 (lee s
el ol &1 cﬁﬂt}}jwﬁnéuq‘y)'lrlﬁﬁélﬁg;x{@
Qd":".""‘“":l’p:"%ﬂ-"

\)Q V.I.w._.w c)UU) ‘_}4)3 ijﬁ J))A Y" BB, wL\N\JJ (\‘\Vi) Q\)&MJ USJL’
(V) aaly oy gon | Q) gﬁwe:j: S Lol s S 4l &wb}js Shoail (¢l
1] Wles S iy yas

Q=[] [ [ o

Tn SRF
AR 3 e)'l.: BE 0_55‘}?...»: J"}J ;Sﬁji LS\J" Q )U\:LA ol r\;u‘ Lqut'l’J U"'L‘“" 2
03,8y Chrs U Chns s & 3l glas sazme &S ol sl L5

ol e.\.&:‘\jb‘eﬁﬁ&jwéumﬁ‘y)\r\ﬁﬁd\jémww\ @L?JY J}J}-


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

ATAT Dl ¥ 5ok cuidin A ¢ puadige polidippns &y 20 Yiva

(GSI) wbispm) soslas yasls ¥

03 Kwod g5 Cuaglin [2alS ass (6l et (GSI) wli ey Canslie Lo ls
b Sisml Candy 5 Kwod s CadS cpond b oS Gl wlidiipe cilids bl 5
B s, S 5 s S sbees s sl paxls ol [YYTAYYT AN T Y0 ] 558 0 ascin
b3 ks, 5 o S my adls Clew & fig e Jle S 53 5 08 e
sl ol &LIY Jads s 0l 2 4 0l s 33 b el 0355 g s LB

AC S B3 e Gl S i Sl 5 ol s Sl Wl
C Bl 835 3 (aglss 5 Sal loss 5 s lasinaY s b LS50S
HE 5 1 SesS85 055 am a0 oS Fs e S slre g Ll 5yl B
G 3 ¢S SlKesis 5 b Bl 055 o (S glaes s Lledd (ghopeds
(8 S8 Lls alie

\

Cew Ko 3 o3lizul 3,40 s TBM

o e S Caaslie ISRM) TS Sl Ml el i pms ol
et SESS 55 053 A 5 S red g ST e glis S0 ol Ve 50 MPa
LU golgiy TBM cpl o by o Jsa) 5505 513 (glesl i 53 058 e O Jlil L5
Sl GWTBM Lls o8 al o Kaw s ol eslind GWTBM ¢l 51 S
555 53 LTBM g3 ol 51 oS ool (L sSk) s 53 5 * (6 S
s o) il SO 85 gla el 5 bl Bl bosyst 50 oS ubee 5 Ll
3 ot JB e ki b ool ln Ola pdulanil LB S das e OLL

L e ol o bl i

V. Hard rock TBM’s Y. International Society of Rock Mechanics
Y. Open TBM’s ¥. Single Shield TBM’s
. Double Shield (Telescopic) TBM’s


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Yivy

o Gl ile DLl Sonos g (SOl 5 Sls a5 il Jolse 56 o)

g izl At b g s (Ko lB03 5 (g Y g

GSl Q RMR Y GSl Q RMR Y
Y0-00 1<Q<t 0\ Kkl Y. —to AN Y Kgm
Yo-00 1<Q<t 0\ Kdfl Te-to N ™\ Kgml
Yo-00 1<Q<t ot Jsd Te-to DAL \g3 Kgsi
Yo-o00 1<Q<t o) Jnd Ye-to <Y Yv Kgl
Yooi VAR Yo TRKI Ye-to A Yo Ksil
Yego o /24y YV TRkml Ye-to LVARY £ Ksiml
ARE AYNS Yo Pdd Y0-00 1<Q<¢ o Kkml
Yoo o/ A TRkbI Yo-00 1<Q<¢ ¢A Kkm

SOUTH NORTH

ST
st ST 3%
! 304 I =
303 A—,
st ST | |-= i
302 2
01 302 f
P i’;—t
o O
oo o oo T T T TR W W [ ]
2 S B

v

+ £ F + * + *+ 4

S 8 s 8

Gurpi ‘Sar\'ak-llan{ Kazhdumi | Darian-Fahlian|Sormeh “

Zone I | Zone 11

ST st ST
Ae T a8 35 st
, = | 2] 31 3u
2300 I =

L A L
U ® ® o )

©
¢ 3 i
| Sormeh Neyriz| Khanehkat ‘ Dalan [ Rhanahkat ‘
¢ Zone II Zone 111 \
W Und d .

Borehole 31 : ndergroun

s Water Level
Bedding Tunnel Route

058 o 1 JUSl B s Kowves g S5 85 s du03) £ S5

ok sl n 5ok 5L GLTBM &S w8 U5 o 8 S )0 Sliios ulusl
DIGLL 5 ea s & LSMN Lyl,s s ol Gl p (e <LTBM oMb V’JL‘” L;<wl

3 oo G kil d s bpltle DAL e p Sose 03 [YE] L, e S



https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

WY QLS ¥ 5lad oiin o o uibign el pon 520 Y\VA

@b ool S cl Ses TBM oais e jal Sl (P e S5
B s edel i OOSie @ OS5 e wsed $lp LT 3smsn ol by Sldes gl
oy o3 Sl Gl 2L S 5 S oyl pdi (g e kS YA 55 0LEE ol Juz!

[76] ol 035 TBM

TBM Ol 5o J5e (Sile s 5 el sl julily Jdow 5 4 o0
e SO 5 5 el e el cdlise gla, iS5 (ile lis easl

el ATA) 3l bs Jadlop ezl sl o5 8 slgeiy cwle TBM Ozl ¢l
bl (DAUB) oW wes 5 glalas el 5 (AFTES) aiilp sl ks
(it ks (RQD) Koy 45 Latls (K gilid cuylie b
3 S 0ss s (s a5 besles ILL s Slmis g lsalol
Llosls 55 Jaide K 53 (oli= (gl colin TBM Ol 3 1) S sidlns sl

LYATYV] (Y]

Ko 5300 (6,L3 oo glia .
S ol S maslie slajmably oSl Sl S eSS (ooliE sl
) 55 5 0T e 3 5l s 5 S5 ol Skl s T Ypena
w;LuLJiMA,\.;-JA[\Y‘] _UJL;‘:)[S@.TBM sle o S Lis J{Liﬁ)ﬁ&wk;ﬁjuﬁ
Coslin 45 Cls Oledl b Js 555 g e Jlodyl o 356 (g5l Slas (51 508
Sgysbas day I3 5 ):JL s |, TBM Sl S S oles ci b Wiy o
Sz Gl el (5 eSS Suslhe 4 ol b S Sl 5 1
3SJee 5 Gasite 3 o ki oS il 5 Culg s s s g 55 1) S 03 W5
JSLlSe 6051 508 Canslia b Sves 5 p) 2 by 2 sl axlpe S L TBM
5 comse s S Cuslis TBM (sl S 51 L3 65l LU s s dilsn ol o Sas

Sw\yéyﬁédkﬂ 33k s 1y SLTBM 5 )8 e 55 5555 b, S o3,


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Yiva e sl il A Koo 5 Sl Sl ya 5 olities Lelse 3 o s

clciaSu 4 L Jhsl G b 5l o GLTBM (555 00 ¢l p3Y Gosme 550
Ll Ko ol Coslie 58 0 el e Sl L3 edd caad antla iy
5 GWTBM (8,60 o s s 553 il WTBM g ool sl s 2 sdome
Conslie aels ¥ sl 53 [YV] ol o sl JSLLKe 000 slacsslis gl 2 (5 o
oz 0> slenin TBM oS5 OT Jsl 5 ome (SST 585 003w ol 50l

el 0 1)yl
23 S5 095 A Gl g osme S 5L Caglis ulul ; TBM g5 slgeiny Y Jpuor

055 o S5
.l TBM agi (MPa) 093
S/ 3b Ve-do I
S |3 Yeo)Ye I
S < 1l

(RQD) ' & 035 &S axli Y
Isb & i BVt (sslen 5 5S5 laosie U b g eme Sl shoe 2 2l 0
! Al i e Ol ekl Jl ejie S b Sl Gho s Spson sl 4B S ojhe IS
02 Sl e o L (S laes g SemnS 5 s Bl Sl dilg e el
Moy 80 31 St Lamle ol S il s L 5L GWTBM (o8 50 il ails
Glp B aslas 5l fg 580558 Kess Sose cnl 03 1) s e slgde AL
8] cdls dalps i,y Sl 5 cl en g Slayss 5L TBM la o § 5Lis s
e 33 SESS 5 05 e Sl Siwer g AS arli jldde £ sl s [YA] Y]
bl il o W) bl ol el olgi TBM 5 o5 e OF Jlil s
3L 0ss opliand HE i 500 s 2 055 6 S peand 10 Sl 053 st 00l

.J:S&J?wrjejjﬁ@\)éﬂL;LaTBM (FF e JS SN don £) sgu 12l

V. Rock Quality Designation


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

IWAY Olsls ¥ ket ciin dlor ( pibign ool e & 555 Y\A

S B85 095 A Gl RQD bl el TBM sty ¥ Ja

sl TBM RQD (%) m) Jb 898
sk 0r = Vs Veos |
sb o < oV I
S < 0 §00n |||

(PO RPN |
125 25 o adlaie 53 b Saw sl Ll i il e TBM S sl 61
Lo oS By a5l ool Sae bl nl 4 0 & (s 5 TBM 5 5 Los
S 5 L gy Jlaal ey (3l e 0 51 508 s Koo 0l (5 laakols
b Jlest Gk 5 TBM 0l oy 65,8 e e 5 Bg ie 53 Sp slee i
G SLTBM Ll 2 o s ool iz 5L GLTBM Slesbinad cojl s w0 s o S
SaSa Sasgtn B serl 3 WSS Gl 58,5 phie b (53V 5w 2305 L
Syl lan S A0S e e LSl 53 0l ol Gl 5 de e S
O3 2 03 A Glaes s (obalol 0 Judr o3 [Yr] fo] il Ly (ool

el 0 1) (gslgig TBM 5 sG55
035 2 &l p Bojys gylsaol bl 5 ccmlis TBM slgiy £ Jgi

_ Solsalsls aals
slein TBM SLan s ‘ 053
m) I slacj s
S s 3 Sl YARS) |
5ot s /Y
P Lt JDro=s
S/ 3k Shiy L Lo 5 (s . 1l
S Sy 86 Lans 5 s (2 lS VARV 1

ol slae,lgs g B aw (5,lLL L
J?’-\) BE LY Ju.)‘.) L}.Ll.ho)l.w 6)\.1.;\..[ BE) W JL:—a.vJ. JI_L cLha)')) awd VS“): 9 C,\ﬁ:j_}ﬂ
5 ossn abli Sl s bae S ISE5 |5 Lpd oo sl 5 (b S 555 2 L s S

V. Spacing


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Y\AN e Gl ele sl S5 SIS 35 Sl gt elidiimn Jolse 26

Sl Bl o (5 i b 53 oSl by 5 0l b b stnaY Slmis i
A cou 1), TBM L glis w6l e oS slag,lubl Y] sl Jlasa |y (gl
b 5ot o8 53 OILL s B Slaeylps 5 )8 (ILL Jold caas )3
Sldas Ll 5 o b= 5 150 55 a5 Conl ol jan odd 5 & éh&j&é&&% DR
Rl et sle foe | TBM 5 S Jes 5 oot Ol 5 038 e |y (5l
dS o) podd e L s Sus 5 (sole sladil s JLE:JIW@AS@M\&QM
Al oy ol Sl 2 g by e 4 LS ok ciles ol
S 55 Jas 5 K plae sl LI585 L5 sleeslns 3 ollLl
a8 Kt s 1, 5L TBM

S5 Ll Sl LS Ll B Ses s kS a5 LSS, e
G s S sTBM 1 eslanad 4 Ll ol adlan wlilinwe Cansy
S ge S NP e s e Sy (2 SR LS e SR Sk sLTBM
SO0 S LTBM ¢ ol s [E] S e sl (6 e sLTBM i, Iy selas
S b o 5 apdie el e Sk 3 ald ad gacanS 4 ST L
Ol @0 51 568 GLRMR 5 cimas s baojlins 5 U w IS 5 (a5
s M) JK8) el s 208 5L TBM 1 5 iy e TBM &ls5, 6550
Srp s okd ol Gl oS by SSSS85 sboss ¢l RMR aals 0 S
o l3 S L TBM & 5, TBM

b slad sy Choay oS s B85 s SO 55 Slalss 03 NV s S G
daly Solel Saw el plrals dams 00-A0) U5 i b LI glaej s azws
BE éaia plas o5 ol Sun e Ol SRl 5 5 S Jee dae Gl cpl 2 LS
S oslital o S 5 s 530355 oped 5 s bt s chad S glaess

Sl Sl Al i oo b e e ColB L (g e s TBM


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

WAY Olnls ¥ 5l i o g ol e B 520 Y\AY

40
Open TBM

30

20

Double shield
10

Advance rate (m/day)

0 Sabzkouh Zones I 11 l I l 11

Lun”;tﬁ' 17% 32% 32% 17% 2%

Class by Less
RMR | 1l 1] V' Vihan v

80 60 40 20
RMR

V] s GLRMR 5 (5 w5 5 56 TBM &l35, 65505 Ol amlin Y S
05 o 1 JEG| i s Jgb )3 QI (slao)ys Sliasein 0 g

TBM Sk a3 slias

LSVRVRCIN | ¥ (4> 3) 085

L a S5 AL T =5 99
sl (mm) o35

5L TBM Y/0 —\+ £+ — AO Y |
& TBM V/Y0 =Y/0 g0 — Qs Y ]
S 1BM Y/0 —\» 0r — A ¢ 11

s ol s 0
G ol G Cinl 5 o (55 IS i ((S3ile e es s o
i [8] 558 e Ko Sl 2alS sl ige 55 S 5 gdine SLid a0l Lo
dor P Ll e L SOy ode il e 23 3 5 )8 S s fis

a5 5 S B L B ol o i S g 35 L b sl Sl s sl


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Y\AY e Gl ele sl S5 SIS 35 Sl gt elidiimn Jolse 26

o Swlivlgda L5 4 ax 5 L cwle TBM 5 ons > b Jlesl Solials e
SLas IS 1 /0 STus e a0 36 5L GWTBM i e ol K (g p s i
Al sl VS S B S e 5L OT Ol S aS(g b s O
513 St G GWTBM (gl T L e Slis 3k 5l dils s a3 e
b s Slacanl Wlg e O sy [TE] FY] ol JKLLKe ¥/0 L5 5 ol 5L
5 e 5 35k 3l O Sy e 5 TBM GG 5 (S0 la gt
Ods b s b 5l TBM Sosn b 5 (ool Olekily ials (g li= Slles
05 baado Oud S ol glaag a5 Ol il (ol Olles B By
Lol pma s mlS Gl boaye o sladely Sl dasme Sy OSe 5 et
G S [pam 5 4l S Olss wlu S K i xS Y] Ti] ol Lg s
Rl 03 Ol p o S s 5 e S s B s 53 3k Sl SauSd 5 e Sae
Ol i g ek 32 gladss Sl B e 53 sl S s Wlg e ik
TBM Sl oslizad ool by S o fisin 1 5L TBM (6 0 8 s 3 S5 ¢ 2)lS
TSP RS I P I APy P Aol 5 s (13885 (sl b Olejpn &S (S o
wils |y B seen dsb 53 S G5 w6l S Al e TBM s
2 s D Cands sp 5 S3AS50 Sl tasn Sl edal Casa s AL
Glesg Lusie U 0S nd358 5l (Sb (B s 53 0l (g)li= LT sbaaileS
30y Solialgydes SLid a5 o e il IS Ll 08 s O Jisl b5 s S
T 055 a6l 1 osS s Js soms S 035 (5040358 Olin oS b 52 by 2
ol 83,5 oS ) Jailgy el 1y Las il el as e 0l T
Soly oS csalbs 5l Sal i s ol S3l oSS s e es [YV] M
sl 0l 0315 OIS el oS e 5 > e
Gl s TBM jlim alS 0ol 8 Csl By e 53 okl 3,5 5 JuS sladss
Sl IS s 5 (SoeSl Ghr il (B L anm i) 5 LU (B s 1O
SOl Sl 5 Sl ol e (L K 2555 b 5 (S padbe 5l ol

V. Pre-grouting


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

WAY Olnls ¥ 5l i o g ol e B 520 Y\AL

a0 Gz gl Logart 5 G GWTBM [8] Wisi o fis Jos & unses
Slp e 21 51 IS b s gilen Sldes plnil 55 5 5t S 5 el b
DY tzes 5L GLTBM Sl St (B odd s 2 5 4l ~15 5l 5

f 536 5L TBM sl 530 TBM 45 sl s Wl5 e 55 LS sleoss oo 5o
L oS 055 5l Kl oo o 0 5 Sl 2o /8 51 508 550 0 LS 055 G5l e
a2 b S 055 0 edle g5l e emes AS s S AU A G B e
IYA] ol Ko e 204

ol Bt e oS fi5 e (S Sl g A sdalia ¥ S s SO
5 SurdS bl (L s G s el S ST ke (SO5S
03 S Wil g3 el 5,5 5 b sdsdeee 53 aS(gosba sl Sias Sais &
e RN CORCOV I WY P | e J.i.ﬂﬁ o3 5doue 53 opl 3l ze aS el sdaline I 035
SBTBM Gl 4 oS5 L5 oo 2 oS (ot (OS5 5 (mbdens Ll o

Dy e (S

—&— Zone |
== Zone 11
—v— Zone Il

le-7 le-6 le-5 le-4
(m/s) u_g.n_.aad,_'n“;),u_(u,u

) ]|
B3l bl S3b (O Ji5 b Pl s 2 T S Ol s (LY IS
1 845 55 cS6ls


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Y\AO Gl e )y Ko 5 Sl 55 s gt 5 lidipns Jolge G

L5 slayy A

|z7oo

r; \(f 2600

|zsoo

94200
00

94500
91600
94700

9+800

9

104000,
101100,
104200
104300
101600,
101700,
101800
104900
114000,
114100,

(esal w5L) o5 5o eas s 5 5 S8 g ingione £ K

S X siddlne V
5 e s Ko Sles a5 QU sl 25 ) ol S 5 8 s (St
Oole dle oS 53 St oyl e B Ol 4 atals ol Ses oo s
538 sl o aile oo b s LS5 by sl 5 akd 5 5T glacs
OIS e sy cpl [TA] e o &) Lls 3 K el co s S g
Soooia Sle S5 Jedll Ko S50 ol phe Qe GLL Kl Glotiue
s Al (L5 Al s 3 TBM Gl sl 5 SisS wsa 3L sWTBM
(s 3 e Sl alS O3LBI S ile oS i85 Gl a5 s 5 TBM (g5, 5
N s O3 ol 5 B B sl Sl A= 51 e plral bty
OLen 5 S J£0] (VM) il Y] 48T 355 5 1y edo s cpl 358 e
881 (VAAY) & e (6] (V4AT) Ol 5 OlT (EY] (V44T) Cils {£)] (144Y)
Ly [£V] (0440) VoL [£1] (1V440) 0lKen 5 55 [£0] (0448) dxees S 5 o550
Rl LYY e s mSls Lles S ey [E4] (Yere) Spa 5 [EA] (V4AE)
G Gl s S 5 S 1385 bt (55580 S 5 gl fig s ey
0 50 O 5 53 00 ] cidls (g5 0 S 3 (SenS 5 L plrals S5


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

WY QLS ¥ 5lad oiin o o uibign el pon 520 Y\A

5 etiees lls S0V WS sty 55,03 ST JUE1 B s Sl cs0l g ot
Sl b edd s ey W 1 5L TBM (8550 3l o bg e SO 535
Ll oS el (55,2 St e 03 S TBM S 3l eslind (s cppmn Sl cda
IS Do nl i 02 s OBl (S il Joudly pll 5 s G35 il
Dldper Gl oS O3l S 51 56« dol dalst s sa b (oli= (gl Slodas
sor b Oben 5 o8 Y] 8] el o gcaaSe Gus p b SRl 5 e
D3 6ol sk o S oS s O QU s JuS 5 D chind (S (slaesy
Ny | | RPN | I IO S ST WA Pl o 53 1y (S pdallame S 5l
ol slgdy 033 8 Gl e TBM (S0 sidllne ods v 2V s s [OY]
RGO
53 Cangdees 3 S0l i 53 5L GWTBM (oo i ¢l bl (K
ol GIFL rmes 5 S S 5 e e o3V Sl Ll (e e

el s 2 S o e e gt 53 s
835 2 3 SHhigsdlw ud wlel 5wl TBM slgiy N J g

@i, TBM SLsddlee ol 035
St 351 Sy ST LS G S |
S 92 L ALl 1

S 2 olg o bl s i

Sl Sl St o Wsa s g5 Lo s TBM S Sl L

Ol 5 (s il ploil (sl ol sl b 38,8 a3 5 08 T Uil fi 5
el 53 Sl eslinl 5 edle 3,5m s S5 5l (6,8 sl GUmalS 5 o b ialS
oo 3 Gy TBM Gl 5 e 58 im0 2 S 5 s AL
Lyl s 55 s TBM Gl 1w ol dlol 0Kn 5 o8 3 el Lol
wrle iy a5 o)ly Glasg 5 00,8 o o5 dilan (S Ciltis

[OV]JJ);L;.‘-:JJJ\)JJ}S))AMM

Y. Overcut


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Y\AY e Gl ele sl S5 SIS 35 Sl gt elidiimn Jolse 26

Bl i 9 S
53 s S ls spms S Al s S SO slac s clew
hr GBLs) 5 el w3 e Sopet St oS pe Sl JE LS ek S
Blo 53 ydia o Sal 5 Jed sle Lol 5 by oas 00 K Az
Pl By o b e Ceedss 5 ol D Sl (Glesg Sal 4
Gl ol by s a5 ol 55 Tuld 45 Sl o Sl 5 ol e
e s (S SOagS 5 bl il s Ll shis pla L il S Gl
5 AT Gl bl 5l ol b o 5 o b3y o 5 alilid o5t es
@ e o Sl b (J 5 s (Ken 5 al o Dlalia plosl 3 5 e
(oo Gluaib I ol a3 ganes, (GSI 5 Q RMR) etige (sauails
GBS 5 bl ks TBM s ST 85 055 4 0 By e S8 o
SHpMS a3 s pd sl dadgs nl 53 (SSlSasS 5 mbidimes sllasl lal s b
(RQD) Koz S Latls (Sow (5lid Canglie Ogr oo melil 055 4w ]
(F5 8 a5 beeslns G LE (aoaY Slmio (gl (I S50 kil
ElAl 5N S 055 2 8ln s o e sba (Saisddlae iy 5 S 045 Ll 2
A ) L slely (S 5 eSS L Cf) Ko 5 0l o3tz TBM
e TBM Gl (SlKe 55 5 (lid ey s Jol go 5 Lo el )y 136V Jp
055 o S5 A= )2

@l TBM bl
S-D Kewosle (g,Lis Cunslin
D-O-S RQD
0-S-D Lacsys s,lsalols
0-S-D Fseslms 50 e oL
s-D S
S-D S
D S sdells
D s S
O: Open TBM, S: Single Shield TBM, D: Double Shield TBM



https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

IWAY Olsls ¥ ket ciin dlor ( pibign ool e & 555 Y\AMA

)\ d}:b 6[.&5&\);(..& j:" E) LAJ,.»S/ 3 LA@)')J )l le;— él.hd)\.)u“lﬁb LY J.M:)L;a J.]a.vé\.:
TBM g5 cbasl 53 500 S0 b 5 ausn Sy 03, W oy S sidllne
el Sl Slews (6w ss TBM S 6,880 a8 S Ol e ol o Ll anils
eﬂ.v&ﬂ L_S)Lb- 6‘j 6ﬂ.-u<j TBM “ &;wm.’ QT Jjg)’:"f k;&Jw 9 )Li TBM “ w
U'~’~\ :6)[&9- w;-‘).) wuwﬂj Qm j’]’f 4.«.1.9 LS‘J” sl JSWL«.A ajsjw JJ}:
S 5 3l Sl il s ol sl 5 U e S L L TBM 5
Gl Gl e Sy 5 St GuF Sbawy e OB ol 0 G

Sy g (5508 OMSLEa Lo sS s B i B s pagms 30 0T sos0te

§ S domi

Soalse pal @ b @l (35 M 5 L a8 oo Slides el
LB 5l ol ol ol 5 AT Slam 5 SST 5 slaiassy
sl (S el

S 5 Gy il Swesy elidones kb s 5 SO ST ol e b
5 olalie Lol 5815 5 a&a0LsT s s » ( S5 555 sbaalS 5l fol> =l
s Q RMR e il st b S5 s (Sives g ool slociils
3 S Sk GLTBM ¢l S Jas e A8 SSE (S5 55 055 40 4 GS
A s 035 A 5> Ko 53 ol (S (s

5 S plige Siaih (ulidine) Gla bl ek 5 oS 5w bl
S Cslie 1 ald b5 e Sy 5 oS SO 85 ol g e
25 Gweins 2l g WS 5 h i 5 G daeiss AS 5 oS Do S
by ol sy oKas picwle Olgea e 35 TBM ( SWidbn s
A5l oS e

e Sl b sl a3l plnil ¢ B e 53 (S o)lisy 3bs Sl 4 a5 L
Ol Bl d e S Caslie bl gl ((Ses s @B Sk 5 A
s e Sl Sadalme 5 S slniil sy 5l (6 S s shnen,


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

YA e Gl il Sl Ly S 5 (SIS 55 Syt 5 i ns Wolpe b

@\.:.o
Ol S el g Sl oLl 4<_;J/.>4_<‘W sl 5 b wsila i “T s A
YY)

2. Graham P. C., "Rock Exploration for Machine Manufacturers",
Proceedings of the Symposium on Exploration for Rock Engineering,
vol. 1, Johannesburg, Balkema (1976) 173-80.

3. Morimoto T., Hori M., "Performance Characteristics of A Tunnel Boring
Machine from the Geomechanical Viewpoint", International Journal of
Rock Mechanics and Mining Science & Geomechanics Abstracts, Vol.
23, No. 1 (1986) 55-66.

4. Barla G., Pelizza S., "TBM Tunnelling in Difficult Ground Conditions",
GeoEng2000-International Conference on Geotechnical & Geological
Engineering, Vol. 1, Melbourne (2000) 1471-1489.

5. Sapigni M., Berti M., "TBM Performance Estimation Using Rock Mass
Classifications", International Journal of Rock Mechanics and Mining
Sciences, Vol. 39, No. 6 (2002) 771-788.

6. Dalgl¢ S., "Tunneling In Fault Zones, Tuzla Tunnel, Turkey", Tunnelling
and Underground Space Technology, Vol. 18, No. 5 (2003) 453-465.

7. Benardos A. G., Kaliampakos D. C., "A Methodology for Assessing
Geotechnical Hazards for TBM Tunneling Illustrated by the Athens
Metro, Greece", International Journal of Rock Mechanics and Mining
Sciences, Vol. 41, No. 6 (2004) 987-999.

8. Gong Q. M., Zhao J., Jiao Y. Y., "Numerical Modeling of the Effects of
Joint Orientation on Rock Fragmentation by TBM Cutters", Tunnelling
and Underground Space Technology, Vol. 20, No. 2 (2005) 183-191.


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

ATAT Dl ¥ 5ok cuidin A ¢ puadige polidippns &y 20 A\ ALY

9. Gong Q. M., Jiao Y. Y., Zhao J., "Numerical Modeling of the Effects of
Joint Spacing on Rock Fragmentation by TBM Cutters", Tunnelling and
Underground Space Technology, Vol. 21, No.1 (2006) 46-55.

10. Gong Q. M., Zhao J., "Influence of Rock Brittleness on TBM Penetration
Rate in Singapore Granite", Tunnelling and Underground Space
Technology, Vol. 22, No. 3 (2007) 317-324.

11. Gong Q. M., Zhao J., "Development of a Rock Mass Characteristics
Model for TBM Penetration Rate Prediction”, International Journal of
Rock Mechanics and Mining Sciences, Vol. 46, No. 1 (2009) 8-18.

12. Yagiz S., "Geotechnical Considerations on TBM Tunneling in Rock
Mass", Proceeding of the 2nd International Conference on New
Developments in Soil Mechanics and Geotechnical Engineering (2009)
504-511.

13. Farrokh E., Rostami J., "Effect of Adverse Geological Condition on
TBM Operation in Ghomroud Tunnel Conveyance Project", Tunnelling
and Underground Space Technology, Vol. 24, No. 4 (2009) 436-446.

14. Ramoni M., Anagnostou G., "Tunnel Boring Machines under Squeezing
Conditions", Tunnelling and Underground Space Technology, Vol. 25
(2010) 139-157.

15. Ramoni M., Anagnostou G., "The Interaction Between Shield, Ground
and Tunnel Support in TBM Tunnelling Through Squeezing Ground",
Rock Mechanics and Rock Engineering, Vol. 44 (2010) 37-61.

16. Ramoni M., Anagnostou G., "Thrust Force Requirements for TBMs in
Squeezing Ground", Tunnelling and Underground Space Technology,
Vol. 25 (2010) 433-455.


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

AARN e sl il A Koo 5 Sl Sl ya 5 olities Lelse 3 o s

o3 o A S i s poiclign lid s S ol Dl o3l e 05 51V
OYAN) o35 4l o ledllen

18. Bieniawski Z. T., "Engineering Classification of Jointed Rock Masses"
Trans. South African Institute Civil Engineering, 15 (1973).

19. Barton N., Lien R., Lunde J., "Engineering Classification of Rock
Masses for the Design of Tunnel Support”, Rock Mech, Vol. 6, No. 4,
(1974) 189-236.

20. Singh B., Goel R. K., "Rock Mass Classification: A Practical Approach
in Civil Engineering", Elsevier (1999).

21. Hoek E. "Strength of Rock and Rock Masses", News Journal of ISRM,
Vol. 2, No.2 (1994) 4 -16.

22. Hoek E., Kaiser P. K., Bawden W. F. "Support of Underground
Excavations in Hard Rock", A. A. Balkema, Rotterdam (1995).

23. Hoek E., Brown E. T., "Practical Estimates of Rock Mass Strength", hit.
Jr. Rock Mech. and Min. Sci., Pergamon, Vol. 34, No. 8 (1997) 1165-
1186.

24. Maidl B., Schmid L., Ritz W., Herrenknecht M., "Hard Rock Tunnel
Boring Machines", John Wiley, Berlin (2008).

e LSS i ‘)/’J@ﬂﬁjwiﬁjé/@j.s/{lgTBM Sl eslézad g 35 Yo

OYAY) g il iS

26. ITA Working Group No. 14, "Guidelines for the Selection of TBM’s"
(2000) www.ita-aites.org.

27. AFTES, "New Recommendations on Choosing Mechanized Tunneling
Techniques" (2000) www.ita-aites.org.

28. DAUB "Recommendations of Selecting and Evaluating Tunnel Boring

Machines™ (2000) www.ita-aites.org.


http://www.ita-aites.org/
http://www.ita-aites.org/
http://www.ita-aites.org/
https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

ATAT Dl ¥ 5ok cuidin A ¢ puadige polidippns &y 20 AR

29. Leonard J. W., "Problems of TBMs Encountering Soft or Fracture Rock
and Attempts to Quantify the Limitations of Rock TBM Relationship",
Journal of Advances in Tunneling Technology and Subsurface Use, Vol.
4, No. 4 (1984) 285-287.

30. Barton N., "TBM tunneling in Jointed and faulted rock", Balkema,
Brookfield (2000) 173.

31. Grandori R., Jager M., Antonini F., Vigl L.; "Evinos-Mormos Tunnel —
Greece", RETC, San Francisco (1995) 747.

32. Bickel J. O., Kuesel T. R., "Tunnel Engineering Handbook", 2nd Edition
(1996).

33. Palmstrom A., "RMi- a Rock Mass Characterization System for Rock
Engineering Purposes"”, PHD thesis, Oslo University, Norway (1995).

34. Laughton C., "Geotechnical Problems Encountered by Tunnel Boring
Machines Mining in Sedimentary Rocks", AITES- ITA World Tunnel
Congress, Istanbul, Turkey, (2005) 857-862.

35. Zarei H. R., Uromeihy A., Sharifzadeh M., "ldentifying Geological
Hazards Related to Tunneling in Carbonate Karstic Rocks - Zagros, Iran",
Arabian Journal of Geosciences, , Volume 5, Issue 3 (2012) 457-464.

36. Schleiss A. J., "Design of Concrete Linings of Pressure Tunnels and
Shafts for External Water Pressure”, Tunneling Asia, New Delhi, India
(1997) 291-300.

37. Schleiss A. J., "Design of reinforced concrete linings of pressure tunnels
and shafts", The International Journal on Hydropower and Dams, Issue 3,
Vol. 4 (1997).


http://rd.springer.com/journal/12517
http://rd.springer.com/journal/12517/5/3/page/1
https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

Yiay e sl il A Koo 5 Sl Sl ya 5 olities Lelse 3 o s

38. Shalabi F. 1., "FE Analysis of Time-Dependent Behavior of Tunneling in
Squeezing Ground Using Two Different Creep Models", Tunnelling and
Underground Space Technology, Vol. 20 (2005) 271-279.

39. Terzaghi K., "Rock defects and loads on tunnel supports"”, In: Proctor,
R.V., White, T.L. (Eds.), Rock Tunneling with Steel Supports,
Commercial Shearing and Stamping, Youngstown, OH, Vol. 1, (1946)
15- 99.

40. Einstein H. H., "Design and analysis of underground structures in
swelling and squeezing rocks"”, Underground Structures Design and
Instrumentation Developments in Geotechnical Engineering (1989) 202-
262.

41. Singh B., Jethwa J. L., Dube A. R., Singh B. "Correlation between
Observed Support Pressure and Rock Mass Quality”, Tunneling
Underground Space Technology, Vol. 7, No. 1 (1992) 59-74.

42. Dube A. K., "Squeezing Under High Stress Conditions”, In:
Pasamehmetoglu, A.K. et al., (Eds.), Assessment and Prevention of
Failure Phenomena in Rock Engineering, Balkema, Rotterdam (1993)
751-757.

43. Aydan O., Takagi T., Kawamoto T., "The Squeezing Potential of Rocks
Around Tunnels; Theory and Prediction”, Rock Mech. Rock Eng., Vol.
26, No. 2, (1993) 137-163.

44. Schubert W., Schubert P., "Tunnels in Squeezing Rock: Failure
Phenomena and Counteractions”, Assessment and Prevention of Failure
Phenomena in Rock Engineering. ISRM Int. Symp., Turkey (1993) 479-
484.


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-28 ]

[ DOR: 20.1001.1.22286837.1393.8.2.6.4 ]

ATAT Dl ¥ 5ok cuidin A ¢ puadige polidippns &y 20 ALY

45. Barton N., Grimstad E., "The Q-System Following Twenty Years of
Application in NMT Support Selection”, Felsbau, Vol. 12, No. 6 (1994)
428-436.

46. Goel R. K., Jethwa J. L., Paithankar A. G., "Indian Experiences with Q
and RMR System™ Tunneling Underground Space Technol. Vol. 10, No.
1 (1995) 97-1009.

47. Barla G., "Squeezing Rocks In Tunnels", Int. Soc. Rock Mech., News J.
Vol. 2, No. 3- 4 (1995) 44-49.

48. Jethwa J. L., Singh B., Singh B., "Estimation of Ultimate Rock Pressure
for Tunnel Linings under Squeezing Rock Conditions-A New Approach”,
Design and Performance of Underground Excavations, ISRM Symposium,
Cambridge, (1984) 231-238.

49. Hoek E., Marinos P., "Predicting Tunnel Squeezing Problems in Weak
Heterogeneous Rock Masses”, Tunnel and Tunnelling International
(2000) part one: 45-51, part two: 33-36.

50. Dalgi¢ S., "Tunneling in Squeezing Rock, The Bolu Tunnel", Anatolian
Motorway, Turkey, Engineering Geology, Vol. 67 (2002) 73-96.

51. Farrokh E., Mortazavi A., Shamsi Gh., "Evaluation of Ground
Convergence And Squeezing Potential in the TBM Driven Ghomroud
Tunnel Project”, Tunnelling and Underground Space Technology, Vol.
21 (2006) 504-510.

52. Dowden B. P., Cass T. D., "Shielded TBM’s Matching the Machine to
the Job", Proc. Rapid Excavations and Tunneling Conference, Seattle,
WA (1991) 787-805.

(s e Gmles meg s olwl Jles s w0 o T L7 5 (5w s TBM

OYan) ol,g


https://dor.isc.ac/dor/20.1001.1.22286837.1393.8.2.6.4
https://ndea10.khu.ac.ir/jeg/article-1-414-fa.html
http://www.tcpdf.org

