ae .
J LgL (:330))3) SLAS § J393 (Wwrigs (S

tuse.shahroodut.ac.ir

e Tuly/ B sopladd ~le o103 Tunneling & Underground Space Engineering (TUSE)

CaxBgo p s b Slybl o) 9 (53190 G Jigi (o i yil (g yol )by oo
oo o ool s lw b figi (5l 15090 axdllao) UbOT Syl wigy g P

..

(1 g (6 poe

TS Al (2 Lo yanzmo by saten £ 5 e B e8
k.shahriar@aut.ac.ir « ;.S el saio olKils «yasne cwidige (goaSiisls taliwl-)
m75.arash@aut.ac.ir « .5 ol  Saio olLails «yane gwdige (goaSlasly e | owlis IS ggomils -Y
mrfaraji75@aut.ac.ir « ;S yeol giaio olKiils (ydse cwdige (goaSiiils )l cwlid IS gommiils ¥

VPN ANV taibgicaws (o dy IF e[+ talligicaws cdl yo
YA G Y10 olxins o ylos
10.22044/TUSE.2022.11441.1440 «(DOI) Jtuzss awbiis

oS Gols 53l

- . . ey . Syl Jule

B 6)‘5.0 )5.|a 4 LbJAy u.:l ! 00 o~ u;;w ) gLﬁJ—\y el &.A.Cb J.a.l 9 J.o.’> Cxiuo drgd wab B
e - . s . . e . . (O3] ¥

@ Sond L fig (al 605,18 Jore Wigd oo A3Lo s o 8 ablite job 4 b WS (0 8 w0 LS L
_ _ ;?.b.w R

S0 pas Zawl HIA5 36 e L8, (59, 9 g SBLbI i mje jo gl o la aig, 5 500 S5 a0
ool adllae Lo e 4y 098 pdil ol Golem G5 4 e Wilg e Hole slaojlu jlid) ol )
> | b > 56 el aslllas ploul 5l 8 | | ojlw G S
SRy 2 &SNP S : ¥ L?) . )*4 [Cad¥d ‘F =) 46#.1” S °)“ 0% 39 Sy
m0 slme slojle jlid, Calil jslate 4y (e hae Cnitd g Jsl g8 (655 Gidigy p 0)ly ! 58 sl

Gk el ool plodil s dow ol (gamy 90 Sy Sguome 32l g, 3l eolaul b allie ol o 0l
o Jig oo o6 alols ioldl b aS Jl> 10 wb go (malS obaw Conts Jode o Jigh 50 o (88l alold (a8l b ool s 4 gl
B35 G545 B 535 3 o K 5 b I3 s g i o il s el a5y 38 s s ke

21 SS90 (2955 9l (595 B 90 Cr (BN akold (il S (65 G Dl Sl o8 alols i1l oals

el Cames il g b yed oS (Ashtiani, 2016
Md{.w\oﬁéﬁsk}obmduTo?%

Cows o gllad 09 o @ fluasge o
(Faez, 2014) wjls bled xdawy ) slalad jl sslarul

SLaS Gy -
Ol dang 5 J& 5 Joo pitanms 0 4255 555 slaged o
5585 b st Ik dnngi 09b o0 (U (5598 1ol S
o905 b ablie jolaio ay Jue o slobad 5l agy oolainl
2 B ol ot | S sy 2 S0Py e e g i 5 i sl

(Guglielmetti, et al., 2008) viiwn o slolae (AJOFI00 & canl (53l s 4ion; 35 s slacilia, 5

e YAPFOFAVY 0al gojlods VOAVO-FFNY @ oS il gadls ¢jome (gwdige (goaSiils 6508 ol saio olRisls tladl> Ll ¢l 0 %
CANYOFF - ol o


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

YYA-ND (o 5l e G385 eyt 4T by BN (o 5 (55130 SIS (ot 25 31 5 ol Julond

.(Yamaguchi, et al., 1998) .(et al., 2009

o> 9 $ Sl wlie slaciyn 0 5 Sz sk
5 LSS zesd 5 babaly (5 &g el n
Sore Yz b by om gbll o ) (e
2B G (pl ) Wled S quyp wemg B b OlnS
bl v St p de>g Py e 90 o alals
4 oK 5 Y (Chakeri, et al., 2011) <ol ous
o5 bl gly U o i b gblite slois
i a5 02 e lid i L8 Sledbl asls
3 oaze ssb 4 85 pys iy s 5150 adyl By UK
cely o350 Camis Sl ogdle WIS o jae ] )
(Lai, et al., osgi 0 5o o ;0 (ohoms S5O o
Sadis ghe ob b @blE oo 55 i 2020)
Geb el 005wy p 1) IS S dn g an b
g5 b5 gbolis Jows 4l utle it Sasy b s
o Hlade S5 3590 Jore 51l (redile e sl
(Hosseini &  coul awsls  _aaldl aig,  oaw
oo gilwJae SIS L olgsuoles Shahriar, 2012)
N6 g p 1y ols sy b By )l 25U
SeoP by o 0o el 008y Ol G0
e Gl cel (ML g 4 gy By oo
ol oad o]y Sl sla i g NS Jig it
Om oSl ¢ (Maadikhah & Zare, 2012)
A 35505 b ) s 53 s o b golie slo g
ool ol 380,13 s b 5250 By iy 2 5
(Liu, et al., 2009) <.l

Sl 50 Sl by gy @ S5 @l o Sl
bbs ol 5 50 ot ol Ko el J1 s 550
Sl s Kily (Zhang, et al., 2018) ¢l oo oy p
5 8 Ghg) SwS L s 6 p |y Solse o g i
adllas (pl jo a8 isls 513 b5l 9 90 (dedod sla b,
IR s 30 gl olal g B 90 (s (5597 gl Sl
@ o ol Bea g Sledl (Wang, et al.,, 2020) «s,5
R sy 3590 1y g3lse o igs gyl il Sly asibe
a ki 0590 o B adlllas (pl o a5 Cglay nl b wisls
(Afshani, etal., wjls ggan ahis (ggpls ahis gl>

Y\V#

sl sl a5l ojlsen blas ol el ol
Sgd plaizgs Wil o O Jdo e 4 Ll
a5l & jsbre slafigs s )lam i1 s oad slml Sl
Solo g lafigs olal (i g0 G abold 4 s (IS
5 weslie yi> gy SIS (pes @ ailiee bap)T i
Sb ol SLbl ey 9 i 99 ojle )8, (i
(Asnavandi, osi 48,5 Jeis! Ol lus gol> b ol
slo Somy Jds a4 s jail ol Ll (et al., 2012
(Zhang, et al., col JSiw o5l 5§ S Jolss 13
@ilaie o hw cuwis (Liu, et al., 2019) (2018
SUSs s 9 by IS g 2 o)l jlxe L
5 b o olba>de (n Sage 5l B slaolgns 5o jlxe
(Hosseinzadeh, ol o olooigp ouiz cnl &l
(2014
Slp a5 cal gl iy, dez 51 goue g5l o
Dyl a5 G e I LS Blew ) (ow)n
ol Syl o g e Gl g (Sl Slaalis
5 Sl oo o Lol L e 5 %5 S0 o iy
NJETRSWICIN P IEK SICHN PRV IPUEI S TN I N
amd e lis el ond plonil 41238 UL b Gilise
2 b wlgie SLLI eej 5 lais o 5, o8
ssbomes 3 By e » 3y beeys 5y ok
S35 o] 53U WS o0 38 29790 g (Sl 5l or
(Kawata, et coul axg5 bl 09290 Jigi (5,100 Side
(Saitoh, et al., (Liu, et al., 2008) .(.al., 1993
(Shalabi, et (Chehade & Shahrour, 2008) .1995)
5 500 S A Sl iy 90 o CoBge (@l 2016
gy 59, W gl g)li> Slles Jloj alold
ol GLbl S bl 5 iy i »
S Glbl SB sl s 4 3k 5 asl a8 50
St sl sl S (15 cos (ol 9500 0515
L aS sk 4 o9d o0 Silse Sl by o S, 50
Gl By 55 mr Jlie 1 o135 S ol G218
(Shalabi, (Shalabi, 2005) (Shalabi, 2004) s, -
(Shalabi, et (Shahrour & Mroueh, 1997) (2017
(Shalabi, (Shalabi & Cording, 2005) (al., 2012



Voo gl oF (oo Lo Ve (50599 tumo)y2 ) SS9 Jigh (owaigen (sode (saoli Juad

b el snd as S L s W6 5 hle 5 eme Lo
2ol GlbcaaSn cubrs g e 8 L plp b g g0
2 5 Sy ol e el oo Bl e il Y
oad 485 5 5o e VF iy oad 4l la oo oS
Gl 1 s asly o oe dwass ¥ JSb ol

.MQ‘SA
5

2 4
5ot T
’ b

i F
B o
o "

, 9,

Type 2

oo axs L gl Juo dwsiid —Y JSCi

Cow S (g l8, Jae 1 1 050 00game S
Cllos ojls SVl ()8 5 Al oo S onigd
5o Jb 5 i e SB il i b s )le
aalllas ol o g (Hib (sl 09 o plonl o] by
o ool plpl = led gy Vol sla el
5 ¥V Jgaz wads asle gl Jow awslie & Jeuo ool
A oo Hlis ) CoeXes g ddhaie S plg> ¥ Jeus

ool aSlw b Juw awolio - Jgu

Lol s Lol b ol 4l
J W6 Jla! s J Syg0 il )by
Jb L] Auw Lo
‘ AR AR AR AR AR AR bs Job
3
(GRS AU LW LR L (o) JUas!
X OA . a2 sl
. . 920 by JLa!
4. Y OF ’
[CESVE-L]
Ol o2 Ol o2 Ol o2 o
. . . Syl Wig
Oley e e oy e e Gloy pb
2 2 s (i) Jigi Hhad
s s Nis .
(i) e
s
VY VY VY Jeo sl
ouly dislw

Y\v

@ olg e die) ol yo el Sldllhe Koo 51.(2020
» By ks, Jlos egas 5o Glen 5 o addllas
Las 0,5 o)Ll (1 5 50 o8 ables asly b (g j5ee 51
ek gl o2 o pbolite Jigh 90 (e @bl 4l AalS
Mhse SR Ume o dsrge Big o o)Ll S
(Lin, et al., 2019)

Silpe slobiss G 2yl yo oS Lalse alox
Py @R 5 o S8l 4 g e w135 506
P R T B
S ol cllie cpl o 08 o)l K0 S ) o o]
@ ol blie ks, colis jshie 4 sjlse slo g o
i b g 939 Sl 138l 0 5SS L Gl 5ok
S RIIE SV PR = e Y
b poad 3l 5y97me (QLl (69 5 5 (el S
ol 5o o atien (5o)l5e o] 0)ly ies S5 la Jig
s oy opdle anl o axsley lap] 4 allie
POl 38 hr e Al sl | 6% eyl
Sig 35 555e Jlasl b 5y olllas ) o8 b
a8 S LE ble g @SB (88 glewl, 1o (697e ba3)
plnl glos w2 € 5 Oley oo s le> b 5oy il
J S 5 Sl Candy o S8 o o
Apd oo slis |y cdlo aw

i%

D,
e b e g

aslllae 350 b Joe Seslosds - JS

SilwJo -¥
L SLbI ey 5 Slse sladbish e (25 ol dllie cnl o
sgazme Izl 1581 0 5SS 4y (sam 90 il Jae SKS
LSL“&AHP ﬁLoJ Iy LS‘)'.' el 0l Y] L)““"‘“S'L'
JB-‘" Sl 00 ‘).‘>|94.».‘>L.u i JJAY’?).EJ\))}Q
2o bl 56 el jshite 4ol asle sla o
Lol g ol W) g 2 Ve bl 295 il s,
> ly e Voo @8l 5 e b cl> oy O



YY-Y8 (o e

(o) gedas ot

(o) Jigs 93 S pamma Ja 3550 ) alolh

(o) o — 1 JUail bas)  ordaws Connniid Y S

b ol gl ) daw canid oS P IS

i loy po e fgs 90 & (yge o B JLa]
(o2 Cwow) Jgl by <l ol 5o ams oo olas g
odds (g ke Ko fig cdaldl jo g Cel ouls (5 lax Tal
ool Cewds o Canis oS IS ol b ol
£90 By Coomw 4 Concltd diuioy aladl 5 Canl (,lails
VIE oy b Canid lade anin ol onds Jileie
03ls &) Jigi 99 S pe 4 S0 abold (S 50 yeds
35S0 4 5550 Aol Gl L s o ol 4
50 oogazme YT 50 5l o g ool S Cenid Hlade

il oo ;500 S5l el las b o Bigi g0

/

(o) i 33 5ppmme Lo 350 51 aloll

(o) e

(Ol ooyt — I Jlail bs) (oombanws Conid -F S

$9) e S g oS UK 5 B b

alolé 5 ()l g, da St cal Gebo o oo 0L3 ol
Olyess Jad g o)l ches S m588 (59, g0k 5U
ool 00ls 2, Jgl Jigs (42,0 A+) (b o)lppo (53, (o5
(Sl ool a8 5 A 0 axyo yao b plp g S)
o2 ole> Al o Slpss ol aniy glae 08 ke
WP Sga> 13 g 59 35 o 4 35 e alols Gl8IL (e
o gly Sk pran el azils il 4wy

YA

9 3bsted )95 e ST b SLbl (05 9 (3190 S Jigi (e Syl (6 %0l s by Sl

dilio S guis Y (ST 985 luogas -Y Joa

VeswaY VgauaY ol Al

AN Y- KN/mM® gl coguaza o339
€ Ppao (39
ebeal

\fF < Vf— - m O EWS
Oeve AANARS KN/m?
Y. 7 KN/m? & Ny

Yv Yv 4z

VY AFgIN KN/m?

FUIUWLIv) ] g PRV

51 Sl 4yl

b Jig5 6,1 gy Sluoguas Y Jou

slado bl
YV (KN/M?) aspumia¥ll Jg ko
Al Oswley o b

\id (KN/ma) PP (339

=W ol -Y
Jae Y8 Gl 9,5 5l sanl cans & s ise opl 5o
G S e Jlail bt oS S8y Dl an jo ead asle
B Jelos 0590wl ble b @SB (831 K5 90 S pe
S8 35 p0 4 35 0 Jlai! bas 1 ¥
(B 95 O abold Gl 556 ) sl <l o
LSBi” B I O PV w)f)!m)o wb &9 s
5 2 oloy oo 6 la> Sl 50 el ag2g (xba Canid
W D929y Camndd dipdew i om0 oo slid |, Jig
T Sred S aold 35S )0 9 yhee YIV lp
G didion Hlade 5l alols pl oldl by el ools
9 s Folul Bg ¢ e glad g ead auls
sl d.oﬁl.i LJ'“‘)B‘ L_S)LO} )| )JL».o OO}J.’?LA

S 09 gt (&93 )145 }.l‘).l \c) Sy V¥ alols )|
g lime o8 g0 @ ol Jas Jb o glas 36
25U el 5 las as asb e W oSl @ ol bas
03game ol Cowdy JSb b 1 Lo ls lasla> olelgs

A 55 iz 5 41 ¥ olgise s Lok 1 5o il



Voo gl oF (oo Lo Ve (50599 tumo)y2 ) SS9 Jigh (owaigen (sode (saoli Juad

\/f ))‘)) pby ‘59)»: o)‘y.J 6‘)‘ g.:‘)u._u u;l )‘MA ol
2 Gl alpss ol emes Cwl oS ws o
\/awms o, YA ngﬁ @;@Ou},@ﬁg@u}

Ll 00l ralS ws o

2 FaphS) S9%e 958

e

(a5 by bama 4yl

(o) oo yuf — A8 JLail b2) (55970 595 —A JSb

W0 3y 4 35 0 Jlail s Y-
Fgi 4 Zomd Jigi So Gos Gl b aalllae sl
Aols el ot 2] 5 ai3le Jas § Lide ol 4o 500
TAXF A AF L s ead Joe sl bigs 55,0 4 S e
o5 B arign daJas ol > Bln ia YA 5 TF
30 alols Gl L 5 ol o 408 15 45 2 Gos
S oo o Goe IRl pos Bgs (g5 99 3 e 4

55 53 1y v cenis oS US4 IS
Geb i o (a5 o) oo 2 9 (o) oo ()l 2l
Concd Olydd anion A PS5l ool Cewsy @l
) ok T 5l 7S b3 B Gos Gl b e
oll e @ & cl J ol ass e plis
e S G Bres )0 p9d B8 g)lam 5l il edgaze
gz 50 Jigh 99 (5 92 a5l g Ve alols o i
laml oloj 2 e gylam jo el ol i ao s OF
Lol 0oy (5,lam ;0 LS e 5 S)a> Bos o5 g
Sgaz )0 g Canid Ol a3 KOS Gillao
i o5 85wt g ce W el 0 i ie V/F
0dd (55 St Sl el 052y el Big 90 (o) oo
f Jan Jil i o soles b e Sl s o
rol e 45 05500 £975 pg3 (5 la> s 00w JOlS
alold ;5 358 o0 (el St (55) 2 U L
o8l L 2o, YA sgam )0 55 (5950 b 5l g Ve
el ooy 7 s ili8l s o> Gac

A

Blhe ;08 0 bl wo s FI0 (loy po e (5,la>
9 Gl @S Bb e e Gl ) phes S anin
S5y » SFO 56 By 9o Gl e syl (JSS

Dyl b figh (5,0 gy

(e p e ik diiy e S
[
L
)
]

(o) p2— 8 Jlail bs) s [0 -0 S

(7o 5o FaS) diir ptas £
-

(120 ki Sama ayly

(o) po gué — 81 Jlail bs) dhos [0 -5 o
$9) Sy570 Sy 2239 o A JSh 5 ¥ Sl
ol Bk s e plad 1y gl B gl by
Ty B (B ded S9) p ola 85U s b IS0
Gla> Sllos (IS j5b 4y (a0 VAL U ja0) canloals

SN Gy z s o Bllaeyad el el

2 PaiahS) syeme sa

(¥

4z ,0) byl Jama syl

(oo o (5881 JUai! 1) 5 y9%00 (535 -V JS
w2 ol cdb ly Sl ol lade Al
odls 7, B gl j0 a5 cnl Gals aoyo YIV il ol



YYATA (9 oo 3 5l st G55 e 45 b bl (05 5 (55130 SIS comt G )1 (5 ooy ly Jalond

e gl @ e s )las Sl o Y JSS Gllas

S ooy po )li> Sl 4 S (pded S DS
2l Sl G By Gl a8 Sl e e
S e 50 Gl ool Ol ps e Cawd by iz
YA S0 a0 S0 abolh 4 o) 5l o i &S 0
e O LBl aes S lade (Jig 99 5y
2 e GiarighS OVIV 4 jio  he (fgudslS 00 50>

el 00y e

(g  GigeishS) ety 2 S
),
\

—Dy=18 ——Dy=19 =24 ——Dy=29 —Dy

(o) p2 yué — B Jlail k) Jies S0 VY o

$95 Gr97e S9y 225 SNl AP S 5 1Y Sl
25 0oy oo gl Ll g0 o ) Bes o B s
Goe Gl L AV JSCh Bllae amdge (S (o) oo
SIS dgy ool Jlasl (55,05 3las ju8 pgo Jigh
el 2By al8l G o Jig

(459 b baone gl

— D14 ——Dy=19 y=24 —— —Dy

(oo o — 36 JUuaiT 125 5 y92x0 (g3~ 1¥ S

odls 7, (el slaoylans jo bl Slade 5 s

e VA Jlasl b Job b ,3T Jow 40 a5 (6 5b a5 el
Lt Jobo b sl Jao & s s 9me 530 3llan 03
Sl 00 gy A gy Qoo VP Lioldl Lo e VLl
2 S Sops Sl (o g WP USS Gb
4 Sl Ol s ol lade Lol il ools 7, oo ylgss (59,
2 JUUPS AR PP U PRI I PU SN PSP S T £ N

Yy.

(o) a2 g — B Jlail bs) oxdaws Cancdid -V SO0

2l e S mss oSl IY gl 5 1) g

95 2 50 380 o0 (Lt Bos o5 b (6,055 b (59,
By Goe Pl by w5 Ole o2 )l Sl
S by ot 3y (oied K Gl el pgo
Ae) b e 5 St ool e S9d o0 ol g
I b cewl Jin (a0 ¥P LYV gaz>,09- 0
9 Sy & S e akold (g oo e (55l 2> 50 1)
S 4y 00 0y cdead K1) e bl e V¥ by Ligs
Som a8 Cwl fie p e (FaskS TV 2l ol s
Sgaz 4y lade ol Ko sl Jaw j0 pgd Jigi Ges (a5l
VA g Dl (nl sy (o0 5o 2y (sedsheS OO0
O 1 NS Gl s K Gl we s

.MOC;A

=N | =

[P UCRECNENE USSR 2

(iz 5) Ly b gl

(o) pp— B Jlail k) cios (STI -1 JSCo



Voo gl oF (oo Lo Ve (50599 tumo)y2 ) SS9 Jigh (owaigen (sode (saoli Juad

G 5 o Joe ey @2 8 )la> Sl e

bl 5l p93 By e odpmy o5 4 ol g
meo o VS po ax o] Billas (s eed 4 ol
4 Cond Sl cpl jo 0ols Fy diiinn Canld Jlade g
Oy b b s ladie izl 50 (e o0 5 le>
aisl lel asye OF @0 1 4 (g9 b aygl;

() s ot

0.006
Ca) Jio 350 51 Lo Jglo jgoe S o abals

(loj o o — Jrlo JUail a3 (oxbans Cmniii 15 S

P e S s sl A U 5 WY S
s oo ol |y plej o 2 g Gloj o8 6)la> Sl o
(B 50 G alols o Soop Lo 4 IV b 5.l
LoJsl By sl Lide ) st S @y
2 Sl ol e Ll olpen ol Ol
el 00ls & Jig5 Lagzs 4253 A+ 1 jao 035000

(o o igeigh) a5l

100

(a3 g5l asl;

—B0 —p-18 B-36 ——0-54 —8-7

(ko po— Jale JLail b)) ciiuns 150 -1V S

I \

—G0 ——p-18 036 ——Be58 —6;

(b oo el — ilo JUait bas) o 550 - VA JSCi

m

ALols (il L I UK llae 5 ,5m (5955 sllae 08
Oal38l o )0 VD dgam e YA 4 figh 90 S 0 4 S e

Sl ools Hlas |y

(Olo) o gk — B Jlail bad) (5 5920 (59 —VF Sl

Jile 55 50 & 35 po JUail fas 1
9 ol Big5 99 35 0 4y 35 e alold is cpl aslllas ol
baBI)wﬁwloww;)h)o/M\\‘fl,
Lol ol oo Giali8l (B jomme b b g 35 0 Jlai]
A g VY OF X2 A ¢ (gy9me bl b Jow i (s,
G o S Pg o Jae pl o sl oo pleil az o
Pl 1 59, W om) 2 g sl 0sds Blodd a2 po Jigi lgie
o?yﬂwm‘59§]|s\fh}m5\éw
O plej oo g g oy e (gla> g o |, o]
Fg 9o Jlail bz aygly ol L VO S Gudo oo o
A g 00,5 o il e Cenis ke (Bl e
2 &z By 55 e) Sl oad bloie a2 ye Bgh Ceons
P Canid Jlade (0l )13 e Job jeore -V CoxBge
e a jho 5l By 90 5 Jlal b aygly poew; L
Y oS ol oy o b OFF @ e Lo YIY 5l a0
A2 oo lis |y rlsl as o

(ER I ABC

() sk joma S o alals

—f0) ——0-18 —

(o) o — Jalo JLail bas) condan it —10 JSCis



YYA-ND (o 5l e G385 eyt 4T by BN (o 5 (55130 SIS (ot 25 31 5 ol Julond

Gr97e Goy el Sezgr csly pgs g ()l Sliles
odl gz pe g (5,00 Gide 63, o W

N\

(a2 52) Jig Jame agl;

(= P55k Ssme 53

—B0 —p-18 B-36 ——

(Oloy o e — Jilo Jlail bad) (55920 (59 yi= Vo S5

G970 G930 — (oS I (Sl -F
Gl wnld o Jg slole (L8, gy jshie 4
G570 B9 — (e S (1S 0l sl pie o figs
o 3l Bas Sl oad 03)5] ol (o) 35190 sl
Cordy et (§y9700 G950 § (oS S Gy i3Sl
S Gl Glaloges anlioe Big oile (g laly
&l Sl glddl Gly gieme 9 5 e
(Bl S e 4 S e Jlail b Condg aw o 50 o Ly
A 0 g ejle S1ced ond 05l hle 5 o8
R e B e N e R
Cordg Sl Sl b el Sl s kol ple
alols a5 cunl (285 (5 (B S pe 4 S e Jlail L
Geb 5 ble cdlo ol adl 20 VY By g0 opl S50
B LYY aygly I S 5 WY JSCh 5l ool s 4y s
ly g)le> g5 opl (ot S 6l Slom Cumdy a0
Sy Gl 6970 B9y ke uizmed (ol ools ()LiS
Vo b 5 I8 JSh 5k S e 4 55 e Jlail bl

Lol ools 5 4z 0 Y 4yl (6l

o gl Cdl Lax o e aygly a5 Sl C)i 3
Sox 5 e S S0l g haid el LSy
a0 Y7 5 VY S50 S 50 Jlail bz asly gl 5570
Sl 00 00 0]

b o 5970 ($9508 9 (e S GRSyl (s
L5yl e oppan 4 bl o g o3l glojlo olss L

Db ol ey slp g 0, By Gidgy el 55 L el

Yyy

2 ool gy phes Kl e e
g 55 0 @ 38 0 Jlail las eyl @y bgyye bigs Lame
e S At jlde abl e 4z, VY (B e b
s 9o 5 Jlail b apgly (lB3l b Bg S s
dgd> aS Cawl 0l yo p e FeoslS AV 4 FY/O
Gl a8 Jlade puzmen ams o plad 1wl dsye AN
YA L b5 (4250 22) adle oy csly Slymis ol
ey oy e GisishS Ar o OV I ol as s
oW

Sola 51,0 el sgmg Sl A JSh gllas
obey 2 6yl Sl 4 cos sl B s, poo B
sl b als il 5 e i 5 3 el oS
VY a sho 5l ol oy 5 (Bl jome b Jigi 50 355
Jaie a5 g9k as el ools F ) Olynss 5 s a0
Sl 00 fo g e (gl S AD 4 OV 5l st S
Bllao ;08 ke yoren .ol Giolidl sy £F Joles oS
VP Gl L ()0 40) (bl ojlps jo pdes S
2 e GigighS AV 4 PY Sl ol oals g, 4y 5, (goo)0
el 03 yie

2 o Sa @ o (Ve JSb 510 S
ol Geb ws e i ) ol By )l bey 59,
G Soy &35 n bg 6xS,l8 Jee (JSS 50
2o Loyl (g la> i)y 55U 4 S (55 S S

N/

(ol po— Jolo Jlail b)) (5 970 (598 -1 S5

2 Faigh®) Sppe S9oe

(e

(a3 ,0) L baoma gl

s U B o dly o Jigs Lama (s, bl

g8 s WIS a9 Jig gl 511y b o e
03ls 7y Olpesd aniog .55l (655950 (5950 3 SIS
5 Sl iall as e F1F Jobwe le) o2 sl sl
P18 Jolas Jlade o oy o (5 la> (sl o5 Jl>
S S SV v-E N  E R Ve P S %] S WS



Voo 50l oV (o Lo $)e (50599 t( o) 2 ) SLLAS g Jigh (owiigen (oole (saolifad

S 5 o> S L hadye polie oS e lal oad
mo 05 1B slre e 0900 B Lemme 2 0)ly (55970
2 g O Glyond iy (g a5 cils bl oy
el ol sl Slibes L0 el o)l sla )l bl
o] 52 wipS 8 e3g0me cnl 3l 5 bl 5l plaS s S
S 0 maly> ala,lubl vald g e 1 25w
9 &) 4 S Jig by dame (b L lg e

2,5 pladl o1 g 3lopglae

(geisks)

[ESRENINE, Sy X)

D91 (63970 (5954 9 (oo ;I Lo Jigy — VY Sl
Foi Gl onds o5k

(FaelT) S e S35

(e gtk tam S

G970 (§9 75— (ned ST (S yuil Hloged —TY S
B 5 o & 35 0 JLa| s >

TR ey

2970 §9 78— (oS S ISyl sloged Y S5
w6 35 30 4 35 0 Jlail s >

YyYy

O sl 0,5 eolanul slojle o (sla,lidl o5 5l
SAP 2000 I3l o 51 Jis 5,5 by e b
shls Gl (28 i ide Sl ool ool
L o¥ss sla,gile,l b as il o yio il YO Cuslses
VO Sy 0 el oo e VY 1580 0 5 (508 i b
S0 a8 cl ad 5 13 gle,l sue VY Lide opl 5l e
F Joss aijle I3 mde lawg 0 culrs b,
So Y IS s e plas ) S 9 yee e (ole>
RN e po 1y iy (ul 5 e o b 4 ghaie

aps e slas SAP 2000

S 0y90 sibigy ples -F Joua

o il Jyta

X Ogwley o 0o
\14 KN/m?® OR P Pae )39
¥ MPa
Yoo GPa

o 6 )Lid Cunglio

3550y  asmasiw¥! Jaoe

250l gl o po

\ZARIN KN/m® 255key] ogate (y39

ouls Joo iy 31 (50 SO adaio ~ Y JSCl

A5 ey sl slre by (e TV USSR
oals Jow sla by ol (b olyie 4 ool a8 S
RES PP oy

Condy P JSb 5 YO JSb Y S VY S
4 gylex anld o 1) ez e Sy Gids slojle LS,
9 o (B8l S50 4y 3550 Jlail s slacdl> o i
Ole) p2 € 5 Oloj e (sl Wy, s oo plaS L
oot 03)51 a5 3,90 slacdls gl USE cpl o 5
Ll

b by e blis als ¥8 LYY sla S ol

0391 bl (sy070 S99 (i S 4 bgype polie



YYA-ND (o 5l e G385 eyt 4T by BN (o 5 (55130 SIS (ot 25 31 5 ol Julond

5 X
; 3
i i
) L
1 3
% ?

[EIPENENT ey X]

(5 i) s 5

G870 (G958 — (ShunS SISyl loges —YF Sl G970 (§9. 8 — (oS ST iS5l 1o 903 -TH S

& 3o Az — 0 ol aie Y8 B VY G Ss o a5 jshilen
5ol Cews a5 IS mliey ¥ Jgoz 55 Jouz b Jgo Soye Sy 5 et S Sl glacdl> e

Ao o lid 1) agile Joe

T T g e O -1 L S S B R PR WA E 1]

Ero90 (ol 4 azg Loailad 518 6laaSS il e
Dy anlys sl sad (>l Lo)8 (5,l00S b

Bl Jlail b S i -0 Jgur

o a8l 2lS e s e 4Ll a3l
el Gl oo yf gyl Sl 5l 5eS lej e (gl Sl o i Aty e
el @Bl Gl sl Bgs (555 0)lons (539, (o2 S jlade alold (]33l

Ol m2 et Gl Ll S ey e )li> L o pdes S Aty ke

ol
adly (ol Jsl by 65l Sibisy 59, Sas7e S Blhaeyad jlade alols l38l L
ol

el 03,5 0wl (5 y97e )b @i 69, 1) (SLeSe Loy Sl ol S

S97 )b

w6 Jlail b L5 s -7 Jgu

) 453y ol orbans s e 4Ll a3l
el 00 08 S (55 i Hlade 4 Alold ol38l L pgs g (s la> 5l Sl coguse
el 00 (5 e (s St el 2925 4 el (e oo )l

el a8y Gl sl B 6,55 G 59y (o2 S lade alold 2l53l L
ol S8 Gloj oo e )l S o s S Dl s

Ol Jsl B o)l Libe 59) Sysme 9 Bllae a8 jlade alols ol L

Ll F0S Gloj oo e gyl > 50 (55970 (59 8 Dl i

G970 )b

YYf



Voo 50l oV (o Lo $)e (50599 t( o) 2 ) SLLAS g Jigh (owiigen (oole (saolifad

Sl Jlail bs L5 mli -V Jgaz

il il s et Bl 5o b i 99 350 JLatl Las s sy 1B L -

g“/\.MJ‘ ﬁhﬂ m‘-’" Wi

S35 st S Joke B sy b B 50 5 m JUbl b i s MBI L -

Ll a8l ol sl Bg g,laeSS Lids

Ll S oley p e g la Sl o s S Ol -
S 3 SIS 8 e Bl Heme b g 99 35 0 Jlail a3 o gl RIS -

el el 3925 4 Jsl Big5 (5,55 e (59, (5970

3 B

Ll T Oloy o2 jf §)la Sl )0 (6590 (g5 Sl -

el o] G lagy] 51 S o 4lad il

sl B Jig 53 5 Jlal b3 o5 il
2 o5 Syt obml ey e b cnl Jsb (il
oxd Jol By ber 59, n et S @ie
o2 ol ol oless ol Jlaae iy ol
o Juil B Jabe al38 L ol o 5 oo
W e a2 VT Jsb o Cond Jigh 35 50 90
$Bg el ool plas |y iali8l s o FIO 5wy
Lol @B Jg 90 S @ S0 Jlal b
2 ly sied S jlaie ps B Ges I
e MIBN(Ges 09) Jol by )l by
dsb 4 S Bos (lB L Sl ol aden
i sl il aos VA e VF Jlasl b
ooy o2 et )i slp Gl w0 B 5 plej oo
Gl b sl ble Jlasl b3 cpl 1 el o
b stes X @je o Bl j9om0 9 b Cnl G g
Sl (nl G G 45 Sl olyen o0k S
T B damme 4z )0 A0 U jho ayly odgasme o
VY aygly jo sied S jlade o 5 s el 00ls
589 4 (Bl Homa b Jigh 99 35 o JLail Loz 4z s
Agl) 4 Comd Ay Qo 0 AV ol oS Cl gy
Soys FFg oley e i Sl s az s seo
Lol loj o2 pé (g la> Sl o o

Sle 25 g5 55 50 Jlasl b s il L
Wl gals Jol Fg e 2 )y 597 S
L g 3y s gl iy ik .o
YA 5 YV oo VE sb ) Comd sy go 5o YA

Yo

S amse s alie ol 5o ead ploul Sl

Ngy e § ;500 o A Cad Jig 90 60518 Jome
695 2 (09 Oley o8 f b 5og oy o) bl (65l
26 Gle 4z B la g (J3s lagys g (oo o
ety o plowl glalalos 51 oS S b el JSE

:o)_f Ao Py Sy u‘y@ ‘) ool

5 e sl Lot 8 il 3ty b St
by m2 )l (£85 w8 By g S ,e
leL’> B Sl 00l J».AQSL.Q YIY ).3‘).3 OB.wL;o r:l;u‘
el J0S Gloy w2 ;e g la> sl e (nl &S
oRIB L sl @SB By 95 S Jlail b S
55 e Gt g e g i Gee
Wl B G pgs Jig Fee SlFI L )l
Gl sy an canid lade aniog ool
VLB 99 58 e Jlal b Job (Bg oy o0
@ by o2 pé gyla> > o Sl Jlade ol
o) 55 s i 51 o ailate sy Jolss & el
bl b by 55 0 4 55 10 Jlail las ST .cenl 505
5 Fg 90 S pe Jlail bz (s agl; G381 Ll
3 b oo il oddan i oo o 88l Hgmme
e a ho sl agly ol (s oley o2 sl I
doys FY daw cenid lade dwy e 4z
o2l gl 0 aS Jb o cul adl gl

Sl Golidl oo ,0 OF Joleo Slade ol e
Tl bg 15U oogamm (gooe (g3lw Jow bl G.b



YYA-ND (o 5l e G385 eyt 4T by BN (o 5 (55130 SIS (ot 25 31 5 ol Julond

Jlesl ceb oloy o 2o 53l Cnl 03ls &, by Obey o2 5 Oloy p 5)li> Sl ) el ao)s
odd Jig b (59) § ke W 55970 95 2l ol sk GBI &5 o yo e o0 plis
e 23y Syse S Glhae j08 e (3 Sl

a0 Ve BYY gl osel ccv gy mls g > b - ol Bl lade csl ool 00438l Jol bigv g
e 4 (B 93 S 4 S Jlail b ln Jual b Jobo By ploy pa li> 2> o
o3g9ae 2 500 o LS Ly 655,08 e Job @ Cod Cel 6 YA (BS99 S50 40 55 0
Sl o 48,5 a5 s o BT FEPURRINUWEIPL SR ERVESRI §/ PCOSR

9 SINE Gy e Ghgy (G 4 a2g b - b ol By el S wepe WY gl e
S 3 e S Gl ool cuws 4 polis s b ool o gl Gl lly Jle Jlasl
Ayl g bl ol Blie jo g5 ole 5970 Sopme Soxm l SHIES e @iy el ()
ols &)l grmlin )18, g Cenl polia g 9 K o Ak Sl 0sd gl By )l Abe 59,
el Lo jlaz 0 90 b yao oogame o Ol puss oyl

&y -#

Afshani, A., Akagi, H., & Konishi, S. (2020). Close construction effect and lining behavior during tunnel
excavation with an elliptical cross-section. Soils and Foundations, 60(1), 28-44.

Ajorloo, H., & Ashtiani, M. (2016). Urban tunneling methods and related challenges. Tehran studies and
planning center. Tehran.

Asnavandi, M., Hasanloo, M., Hosseini, V., & Mansourvar, M. (2012). Studying the effect of excavating
urban tunnels at the intersection of metro lines on adjacent structures using numerical methods.
First National Conference on Civil Engineering and Development. Iran.

Chakeri, H., Hasanpour, R., Hindistan, M. A., & Unver, B. (2011). Analysis of interaction between
tunnels in soft ground by 3D numerical modeling. Bulletin of Engineering Geology and the
Environment, 70(3), 439-448.

Chehade, F. H., & Shahrour, I. (2008). Numerical analysis of the interaction between twin-tunnels:
Influence of the relative position and construction procedure. Tunnelling and underground
space technology, 23(2), 210-214.

Faez, N. (2014). Numerical analysis of the interaction of parallel tunnels. MSc thesis. Zanjan university.

Guglielmetti, V., Grasso, P., Mahtab, A., & Xu, S. (2008). Mechanized tunnelling in urban areas: design
methodology and construction control. CRC Press.

Hosseinzadeh, M. (2014). Studying the effect of different soil parameters on the design of tunnels. MSc
thesis. Khajeh nasir toosi university.

Hosseini, S., & Shahriar, K. (2012). Three-dimensional modeling of large and intersecting tunnels. Ninth
national tunnel conference. Iran.

YYs



Voo 50l oV (o Lo $)e (50599 t( o) 2 ) SLLAS g Jigh (owiigen (oole (saolifad

Kawata, T., Ohtsuka, M., & Kobayashi, M. (1993). Observational construction of large-scaled twin road
tunnels with minimum interval. In Infrastructures souterraines de transports (pp. 241-248).

Lai, H., Zheng, H., Chen, R., Kang, Z., & Liu, Y. (2020). Settlement behaviors of existing tunnel caused by
obliquely under-crossing shield tunneling in close proximity with small intersection
angle. Tunnelling and Underground Space Technology, 97, 103258.

Lin, X. T., Chen, R. P,, Wu, H. N., & Cheng, H. Z. (2019). Deformation behaviors of existing tunnels
caused by shield tunneling undercrossing with oblique angle. Tunnelling and Underground
Space Technology, 89, 78-90.

Liu, H. Y., Small, J. C., & Carter, J. P. (2008). Full 3D modelling for effects of tunnelling on existing
support systems in the Sydney region. Tunnelling and Underground Space Technology, 23(4),
399-420.

Liu, H. Y., Small, J. C., Carter, J. P., & Williams, D. J. (2009). Effects of tunnelling on existing support
systems of perpendicularly crossing tunnels. Computers and Geotechnics, 36(5), 880-894.

Liu, X., Fang, Q., Zhang, D., & Wang, Z. (2019). Behaviour of existing tunnel due to new tunnel
construction below. Computers and Geotechnics, 110, 71-81.

Maadikhah, A., & Zare, Sh. (2012). Analyzing the effect of excavation of Tehran Metro Line 7 tunnel on
the supporting system of Line 1 station in a non-level intersection using numerical modeling. The
first asian conference and the ninth national tunnel conference. Iran.

Saitoh, A., Gomi, K., & Shiraishi, T. (1995). Influence forecast and field measurement of a tunnel
excavation crossing right above existing tunnels. In International Journal of Rock Mechanics
and Mining Sciences and Geomechanics Abstracts (Vol. 3, No. 32, p. 142A).

Shalabi, F. 1., Cording, E. J., & Paul, S. L. (2016). Sealant behavior of gasketed segmental tunnel lining—
Conceptual model. Geomechanics and Tunnelling, 9(4), 345-355.

Shalabi, F. I. (2004, March). Assessment of tunnel design based on different empirical approaches: case
study in Jordan. In International conference on structural and geotechnical engineering and
construction technology, Mansoura, Egypt (pp. 23-25).

Shahrour, 1., & Mroueh, H. (1997). Three-dimensional non linear analysis of a closely twin tunnels.
In Sixth international symposium on numerical models in geomechanics (NUMOG VI) (Vol. 2,
pp. 481-487).

Shalabi, F. I., Cording, E. J., & Paul, S. L. (2012). Concrete segment tunnel lining sealant performance
under earthquake loading. Tunnelling and Underground Space Technology, 31, 51-60.

Shalabi, F. I. (2005). FE analysis of time-dependent behavior of tunneling in squeezing ground using two
different creep models. Tunnelling and Underground Space Technology, 20(3), 271-279.

Shalabi, F. I., Al-Qablan, H. A., & Al-Hattamleh, O. H. (2009). Elasto-plastic behavior of Raghadan
tunnel based on RMR and Hoek-Brown classifications. Geotechnical and Geological
Engineering, 27(2), 237-248.

Shalabi, F. I., & Cording, E. J. (2005, June). 3D-finite element analysis of segmental concrete tunnel
lining deformation and moments under the effect of static and earthquake loading.

Yyy



YYA-ND (o 5l e G385 eyt 4T by BN (o 5 (55130 SIS (ot 25 31 5 ol Julond

In Proceeding of the 11th international conference on computer methods and advances in
geomechanics, Torino, Italy (pp. 19-24).

Shalabi, F. I. (2017). Interaction of twin circular shallow tunnels in soils—parametric study. Open
Journal of Civil Engineering, 7(1), 100-115.

Wang, H. N., Gao, X., Wu, L., & Jiang, M. J. (2020). Analytical study on interaction between existing and
new tunnels parallel excavated in semi-infinite viscoelastic ground. Computers and
Geotechnics, 120, 103385.

Yamaguchi, 1., Yamazaki, I., & Kiritani, Y. (1998). Study of ground-tunnel interactions of four shield
tunnels driven in close proximity, in relation to design and construction of parallel shield
tunnels. Tunnelling and Underground Space Technology, 13(3), 289-304.

Zhang, C., Zhang, X., & Fang, Q. (2018). Behaviors of existing twin subway tunnels due to new subway

station excavation below in close vicinity. Tunnelling and Underground Space Technology, 81,
121-128.

YYA



g = Tunneling & Underground Space Engineering
(TUSE)

tuse.shahroodut.ac.ir shahroodut ac.ir

Volume 10-Issue 3\Autumn 2021 GA3)) Slabas g 393 (wsigs (SIS

Parametric analysis of the interaction between parallel tunnels and the
surrounding ground based on their relative position and excavation
process — A case study: tunnels built in the urban environment of Shiraz

K. Shahriar'"; M.Arash?; M. R.Faraji Tilehnoei®
1- Professor; Faculty of Mining Eng., Amirkabir University of Technology, k.shahriar@aut.ac.ir
2- MSc student; Faculty of Mining Eng., Amirkabir University of Technology, m75.arash@aut.ac.ir
3- MSc student; Faculty of Mining Eng., Amirkabir University of Technology, mrfaraji75@aut.ac.ir

Received: 30 Nov 2021; Accepted: 6 Apr 2022
DOI: 10.22044/TUSE.2022.11441.1440

Keywords Extended Abstract

Tunneling Summary

Surface subsidence Tunnels are built as a result of the growth of the transportation industry. In
Parametric analysis some cases, tunnels are built crosswise or parallel to each other in different
'Prl‘;‘i(ri";‘cztgn levels. The distribution of stress around the tunnels and the behavior of the

ground are affected by the location of the tunnels relative to each other and
the drilling process. Accidents can occur due to a lack of understanding of
the behavior of adjacent structures. As a result, understanding the behavior
of structures is critical. The goal of is to fully investigate the impact of parallel tunnels drilling on the inductive forces
of the first tunnel maintenance cover and subsidence in order to better understand the behavior of nearby structures.
These analyses in this research have been carried out using two-dimensional (2D) finite element method with the help
of Plaxis 2D software. According to the findings, the amount of surface subsidence decreases as the horizontal
distance between the two tunnels increases, while the amount of surface subsidence increases as the vertical distance
between the tunnels increases. Increasing the depth of the second tunnel has also increased the inductive load and
bending moment on the first tunnel maintenance cover. Increasing the vertical distance between the two tunnels on the
desired outlets causes more changes than increasing the horizontal distance.

Bending moment
Axial force

Introduction

The tendency to build structures in the underground space has increased due to lack of surface space. As a result,
some structures must be built next to each other. The proximity of structures creates an interaction in the structures
and the ground surrounding these structures that has to be analyzed.

Methodology and Approaches
In this paper, the excavation effect of two adjacent tunnels has been analyzed in order to determine the effective
parameters. All studies in this paper have been performed with the help of Plaxis 2D finite element software.

Results and Conclusions

The most important results of this research are as follows:

The impact zone of the two adjacent tunnels is in the limit that is extended four times greater than the diameter of the
tunnels. The maximum bending moment changes for simultaneous and non-simultaneous excavation modes are 18%
and 5%, respectively. Furthermore, for the axial force, there is an increase of 2.6 and 1.5 percent for simultaneous and
non-simultaneous excavation modes, respectively. The maximum surface subsidence is -3.3 mm in the horizontal axis
line mode. The angle of 72 to 90 degrees can be considered as the critical angle.
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