JLSC

(201 slobas g J363 (waigs (Sap
Tunneling & Underground Space Engineering (TUSE)

tuse.shahroodut.ac.ir

1100 Ja303/W (so)laids ~1o (58)93

Sy g Oldee b sl b ipw)

M‘s}blb olws! f‘)%m L,
R.mohammadpour@modares.ac.ir «:,l,e5 (o yde s olKiils o cuwdipo 9 (28 0aSLails ) ol IS (ggzmiils -)
e_taheri@modares.ac.ir .y 5 e Cam i oKy ¢ cwiige g (28 0aSiils ¢ )Loliwl -Y

VPV AN abgicand (o pdy PNV tabgcws cdl o
YAD G YV :olxins oylois
10.22044/TUSE.2022.11623.1446 «(DOI) Jtuzss awbiis

0uS oS (5 55lg

Sy

slogillr 5l sigd se sl (g)li (sla e jlodlitnl b g 0pilSe &g (nejn ) sloojl 11T o) 5ol

6l eign b 5 el Blaal sl o kot o8 el o3 IS oS e sloojle 50 gl "bmf "ﬁ’u’l:l:
b asbe i o s 5 S5 s sl 59 e st ] Sl 08 5 0 T et
5 o5 el o3l ks wies g )lis e 4 Jate baly) Shaly) clles 3 45 ol 4 axg :w:::l
Jo 1) USiie ol Wlgi oo s ki o 50,5 Blod g e s 395 005 00l Las 4 adgl oluls ol ks

2l bigools JI3 ) 390 ) (o) @lmlr 3 )i e 32 Sbye )-‘JL’ alllas opl S
Gilwdawe 5l ol b g oo oslaiwl soae (giluon sl GunSdy dgame Lol 1581 05 51wl oads anslie cwll slo sl
o 050 &S Sl oo 9iSB 5l 5 gl s 0o ly (b U el oo 0 IS Ldod 5 glase Slalllas 1 edelciwody mls b g
Wl bz ooy b il b O g () e almlr b s)lix e o9 by e alal) a5 035 (aie Culpi)e 8518
lle J5S el (g ool oyl s 5 e bien p 93 Loy T A @Yl e 09 (g e il b 5

il g ool azgi b e

(Gholamreza Zadeh, 2022) s4s o )w R

seoiny Sl Jgene sba g, I (S Sy
dia, 2019; Song, 2018; Song, <.l asily e

o g5 auile (6 ,ud Sy slolad 5l oolaiwl drwgs b
Slanl clo (s)lw slolad g e sbolKius)

3 S pae alex 5l ol bl s 5 (2020
(i, ssbio o5 (Sol 5 Vo ll5 (x5
Wil (5,5ld asile dalse 4 4> L .(2019; Ni, 2018
Syl eolaidl § cloixl bl 5 cole oy
cwllo 1) ey sl JUS el o 5T sblse

Song, 2019; Tian, ) el 60,5 (g0 &d yiun o)
Soolaal s a4 asily gen sla,sls (2019
sobre soSluy; 4 el 205 5 by, slas,le>
ooliiul syaz glaalg) Ls g3lulol, (gl (glos i sboaty

SYAAYAATY OO a5 o les VNNV FAND 1 iy 0S¢ cndig 58 00SCisl £ e o i oKl ¢ s s toe] JT P ¢yl 05


http://tuse.shahroodut.ac.ir/
http://tuse.shahroodut.ac.ir/
mailto:e_taheri@modares.ac.ir

YAB-YVY (o e g ygr0mm0 Loy e sl (slocymo) 50 dlg) bas 3 050 5 g o lmls 40 (gyli> o 3099 b ye il

S g loytahly 51 S5 52 (o alaly 9 W05 (om0
o el e canlis by, cpl Lassls &Il Al
Sl o glakl, ol S e el Canld
(Zhang, 2019) o slpsian SB- ¢ algf calises

A Slo IS8 525 T Y+ Sl o olSen 5 ol
5 Slhaol (Blol i 8t cos Jl, dy Sllee
9 WS 9y90 IS 7 oojled gl 0 S o
S &S ol lad ] ey s aisly 13 s
Olgr a5l "S" S @ Loy maw (g0g0e it
035 cosben i (g5 o Sely 58y 053 4 1y o
ol (IS gl 05 S (185 Sl (395 9 5l
b Conis &5 39 Sy (n o g i 0l
amio Blie ,5 e VO B e VO edgame 55 Gows
2 bdes Loye Canis a5 b 0wl 35 peie ol
) deJ s Hge d).lo 99,0 AJ5J PSS J.glj.g VO IRPRC N
(Niu, 2020) sas o

Sl Slibes 53 (sl o 5,5 Blnd s s
30 ol 55t 5 009 azgs 8,50 1S a5 Cel Siles
PO axllao uJ‘ ) el 0005 X ORR) dL’ub
@lrlz )0 Gl e 039 bsre Gl 56 Ll
AL izmed § e e Cennds b ol abal) g e
)| f)J U"‘ > 03)15 o}w@ 4...’>|.>).: Ui wLw}
3,0 goll (2B ey bl o aS wlul sl el
Slogg) 28,5 8 anslie 390 5 00l () 38
einy 2l e pj g Gy ey 0 S el
el ool ol ‘5.4)3 Oy Ja.-lj.w 90359, 9 .\...ulau;c
el ool ol gl Al Cpe

L gy 9 olgo -V
‘so,,.owtb.o—\—\’
B k8 g ols 0gg S Y Can (69,90 dnlllas o
S Jsb 5 siekee TVY+ (Ll b i o Y-
R Gy SB g Sl g dlgd b3 ) S8 il
S Ceond Bl g0 o oo YYO« o)L, glis )l g atils

Yvy

.(Wang, 2020; Zhang, 2019)

G oy ey B3 alex Sl else (e cal b
3 Shol 5 Lol 25 SB35 (S g Ayl
ssb araS ol valss JLis a1 ee) abmle S,y
(Chen, uiS o oy 1) 05250 slaojle osl (gax>
(2019; Wu, 2020; Yin, 2020

5 el S e sl VAP Sl bl o)
g o ool 15 el o pl,T Lugildl Jlois salel, 5 50
S Szss Hhd o Sl Hetle b g)le wam i, SO
Shalgd ol sems b el sasie <YL L5 VAYF Lo
08,55 oy ool Cangemme odzuie YL 0 VA0 JLo U
o eR3555 0,8 3l o i, gt (Barbera, 1993) oo
(Thomson, 2009) =3 ,5 ||,8 ax>g5 0,90 3 (pg 4o

sl g e dl3s) G slalals (Sl () 50
Jae cieSn Sile 4 .0)la0 gy (0as 03]y e
sl ol (e 4 nlply el Gl e 4
b e fmen 4 gbpad ool (25 ala,y 5 S
Slr b 3590 G950 walsS ol laciaSs 5 ool
S 2bSe Gkl bowSv 5 )i e o5 >
b, Sal, 5l (S wgdier el Sl L1 Jlajl ol 5o
s T 5185 5o g s ko 5l 5 i 8Ll Wl oo
Lo 4 adgl oluls ojlal & jgo (nl jo 0dl (o )la>
i el Ayl laz 5 oo ls sla iS5 g oals ools

o 0392 g e 5B 0 0e 0 WS 5 Sl
Jbo 5o ohler 5 Gglse bawg ey (2lmlz o 5l
85 plnl GHIes 5 el Geizmes 5 YO
(Mollon, 2013; Dias, 2000)

5 9980 bl o) Ko sln sl A3L2
Wy s GLbL o 1y sanSols, obyr SIS s
(FSTT, 2006; Bergeson, 2014) &S oo Jutms

Gzl oo S VY o o oKer § K5
oy dngs ugSUl Sl53la 5 sl eolanwl b (gas duw dgaze
Olye oS LS Jooo slo sl )y )-‘-'l‘ @dlae opl 5o
9 ) b plesS Jodo (l> lad ol o (A5 2l
il .85 )13 )2 9590 o) (2l 53 (gdde as
Iy 0szg0 dg) La> Slul> o g k> SISl pioren



VFeo 3ub ¥ oslod e (50590 £ o) 5 SBLAS § Jigi (i (oode (a0l fuad

b e i Gae 5 428l 3 il o) SB 5 s b Jobie 5 SKsd £39 3] arksd T S ol 51 ag)
(Ma, 2021) cool ol Y-+ dgf L3 S, L Glbl o cplp ogdle .ol sads aisle pe) lad
o gl b sl 0939 55 5 Ol (Mol slaaly) gl

Boveliole Borehole

(Ma, 2021) i3 (g9 pis, o> 3 brazre S5~ JSCis

Olas 1y oad (gl amd goae Jao dlal ¥ USS &9 Joo dwai —Y-Y
| (Y‘j f’j

olen kol 25 5 bge Gl g ol 3 alol
o5 4 g wbe a8 a1 nlBl L s (0)
Op 9 0p S5 (IS sba 298 0 035 (00) (onmb
ols )5 ey sy s> 5l (L0 SLbI (e 5o
s 2.8%0'0 ).3|).3 Sl J.g: él.x.w I U] ) as 67'0
L oo o b ooloe 5 (sled slo i Soke &

o
)
L R | TV P R Vo U F ] e N ——— Yo
Or
Bllae (59,50 anlllas ;o ouls (5, Sojlul sl el )y ) | . . : "
oy Lol ol el 55 4y oY sl F JSS 075 2ry 3ry 4r, Sry 6r

(Ma, 2021)

vy



Elevation (m)

YAB-YVY (o e g ygr0mm0 Loy e sl (slocymo) 50 dlg) bas 3 050 5 g o lmls 40 (gyli> o 3099 b ye il

kN
LECO N A E (Mpa) C (kPa) v ?0)

0 25 28 31 34 37 401718 19 20 21 225 15 25 35 45 5 9 13 17 21 25 0/2 0/25 0/3 035 0/4 5 10 15 20 25 30 35
Miscellaneous Fill ! '.' ! LPLE #gl LI I.I T 1 1 T T T l. T T T 1
—— N4 e 185 @ P 7 ® 0/33 5 °

2 = Silty Clay 20 [ ]
X 38/9 A 12/03 20/6 0/35 215 ©
3 it (] ] ® [ ] (] ® 2
+F 34/5 19/9 10723 10 0/35 21/5 =
Silty Clay -1 ° ° Iy e [ L] 2
u 36/8 19/6 12/3 23 0/32 15/9 =
6 F
R . e
Silt Sand o [ ]
8 =
e 20/3 o ® o 32
L 28/9 316
10
12 = Fine Silt Sand
[ s ls.fs & b . e
N 3 0/27 20
14
16 |-
" Medium Coarse Sand|
X b . °
- 2716 le [
20 18/9 w| |5 0/27 b
2

(Ma, 2021) S sy Swilko g (SS9 d byl b —-F JC&

ek ) Glbl S g gl e Sl zalS
ol el goge aliis Olles Co g 5 (goladl
Gy Slbee ladg oty gl cnl (95 Sl oS Cua
05 o0 ol (21 5 plos iyl (bslie) Clégs
S LS Cod o legd dtugy 5,5 Jlesl b
Slegs 5,5 sl je So Sy s W e Ol
Bl S g dy e Sl (o el 36 Eosgin
Sl aopo Ve Lo 5 ams 22l gz B s
plrl diwgn Oyga Clégs @y ST Ll il adsl
B+ ay Sasl pd 55 Cuisiin B Oy90 ol 53 w93
(Namli, 2017) sy oo L2als 4l Sl ooy

Grout pressure

»lo g (bgyxe 6 Ly I (Suilod -0 JSb
& ol

Grout pressure

Ay Alwgn Oyea olegs &) adlas (pl o
5 balg g 4 azg b of JSh Bllae el ond i8S

YVvf

sba e 5 > o Y-
ol ehnl g VoS el o A Jsb by s,la> s
spitedy Wiliss s Ay o P g 0o (sl Al Lol
Sl e 5 2l 5 sl obulr ojlrl e
b (g5l Al by e g0
D308 e 3 Sl SalST & p0e (5 i alS
Er b sy lp e clls aw .l by s
SR aslllas 5y50 (o) mhaw G )0 e S alS
Feo o sl A a0 0w Jlal palS F5 (
oy Y plp gyla> w5l e Bl S 50 a8 el

6m 2m_ Face Pressure
Grout —— . 6|f45rﬁ}b6‘)‘mm)o ’/\).]aﬁu»&lSCJJ(Y
Jack Force | pipe2 pipe 1 Shield i B ) S “)'“‘9".’ 2o )d i gl Prond S e #
&S go o gl 4 as,e o N0l als & (Y
Grout

(C ) 0 aalys doyo = A ol w5l e # sl
L)l slas 5 o)l oetle 5l (Slod b Yt

RCXYPN ol

clégs G2y L -F-Y

a5 cal Lily alols I, Ayl by, el Codgame

SIS (St SlLLI S g aly) e SWhaol 4 Lot



oo sl oF o Lot Ve (50599 t( o)y ) SLLAS 9 Jigh (qwaiten (sode (saoliJuad

LD Ay (63508 E )0 3 ()L (sl pe g b dins

Camwlus Judxi —A-Y
Sp) Comlaz cop2 b Glgoe ) el S Sl
N oy P Sleogas 45 coiwgw jo 0,5 (5,505l
oS &5 (Sp) Comlur @b wgde S5 el
Zhao, ) osipe cinyss V ably Sjpo ar Ceol wna

(2003
0,/ |AP/P*|/ 3
Sk(ak)_ /5a = |A05k/05k*| =

AP|a”
S>5S polie gl O, cunS lade 1Y alaly jo

Aa

7 o

55 Bl ) &jge Glpee Sp(a) akl, wil
(Zhao, 2003)

do (o4
dak

$SE A Pl e gl ools 13 LY alaly 5.l
(Zhao, awl salys cavs a4 @y sl (Sp) ol

Ay
P

™

Si(oy)=

2003)

* * d(ﬂ (ak) *OC
S;=8,(a)= ;ak ock=0ck1?li )
AR LI 4

Shbl S L bdy 5 g)la> yuw o (8ly cll> o
sl orl g svaedae o cnlply )ls sszy Sl
Sl bli o Yeol S ,ul slalodl ol iy yes
5 S Cglie il oads Slasl slojl a5 Ll 5,50
4 Mol 5 oo 7,6 S s 5l S sl all
Sxz syl Sebce Sy 03,03 Cews >
O g F anly &jpa wle phw cwud o Sl
Cod Y Gy R aie o 0 a5 04d o iy
(Manual plaxis 3D , 2020)

Chew =R XC )
tan @pen = R X tan ¢ )

oy g e =Y
el o aw g6l -
A e Glp 330 plmulr sum 4w HglS A S

Yva

g Las UGS 5 2b o Las a5 cutls Ll ol e wlig
O Gy Llad o Ay b gl ces ol
) b ) B sl 5 o a8 s Sl
o 8l 4 JSalslS W &5 s g o] U

Blod 3 olégs atdls o3l cnlply oo Gl e

50 Kpa

Incremental rate = 17 kPa/m

g las Gl 45 Coigiy Glégo Ui -5 JS

S e jLIE -B-Y

b g ey Sl b (ol Jolate Sz 5 )5 A LS
amio JLad abige RlBl 658 Gee GRIBIL S
Ooypar oS ab adF Gl s JSubsks WV gl
S8 sbily )0 e o slil 4 JSulislS VO 25 L (s
G ol —#-Y

Mz Sogen SB bl Glapldl &V JSS gillas
o ba Sy g oo sl g 25 Vs e
Al a8 F b s sle 58 ol

S e 50 85V ot F ol -V S
(Manual plaxis 3D, 2020)

s Juo (65 00 dayl s —V-Y
Sogar Sl g blwdi o)p Cax oo b
b e 0 Sle den o by sluls ad b8 ol5T LS



YAO-YVY (o e 9 yer0mmo Loy e 1Y s po) j0 algd s 1w 0,19 5b g el o 6ylas o og by e ).uL

ilihe Lyl 51yt 53¢ 3 b o Y-

Jdon Dogots ooy xhe SO s anslie
)J\)LQ.A TR Ml?bc Lg).‘a) )JQLE.A JALM as szj.lc
5o A3l e oadgilwdnd goae Joe g ouls (5ol
(Ma, 2021) Sl 00 m))jT AR J&w

e S b pbuls 5 SB jo 5w &S 1> 4040
3 el e ol 55 55 gl s 5 etlo 55,0
w5 ks allas ol ime slaplS Canyai b goue g,
w‘ W

—+—Numerical Model

—m—Theoretical Value

@ Measured Value

Uplift (mm)

Settlement (mm)

I T R L]

-25 20 -15 -10 -5 0 5 10 15 20 25

Distance From Excavation Swface (m)

axdllan dw gl g Coniis Jab  Soxio du Lo — Ve JSCi
Ma, 2021) o plxil

Al aw Gln 1) oy g lele N JSS
830 (LA o Dglitie (Jog e

g 03g yo V7 Lol aan )0 jow (5958 Ol
M byl e el Cend )0 5 (e plake
Lol 0 035 4z g JB sla ol

|y Sglite g pee 423 b e a3l IY S
Slasline b 020 oo lid 1) ) maw Canid o
daly (aw Canii b )l e 39 by e a0
@ b Gl e (05 Gbsre Az )l i
o o 5o Jaitinl Slallae gabs 45 55 Glknl (glassS
S a0l LS 4 &5 Djpe pa Bl (Ses
S Al o8 (b 4 g sy S S 4 ol
2,5 wals> Joosi 1) ool )L dlgd b &5 l o

JEb 4 4z byl e )5 Sl )0 (g e
3 il 5 )1 Gy plowla 3 Rt b AY

Yvs

ol 1) Wd bad gme Ve goyiy 0 g (heys oY)
Aok byl S 4 azg b aese
Lol Jodoy bl o 3l 5la> s slel o (olnl>
Gl slad ol Kes cel 0T o0 Djso &5 )l
Sstend 3 (2l Ken e (i S 5 (a Sed e
oo Sen gl L ariy e a5 azil o 3] gl Las
Aol azdls sezg
@bl e bl sl e sl alple
ool laore 4y 15 oloy ojlxl ez Bl 5l og walys
sels> 6 pSeiz (el dgd L oo )ly AT ey 0ad

A aslg aisls ol 4 aalol jo S cuzls

0% m)
1/00

oges lmla o dw Hgls —A S

oy o0 g3 lade iSTas a4 Jlad alS ol
b i )l e sl o e ol
ol by ol 0o oold Jow 4 adgl i od ol5T 6l

b sl Jols 1) almle G i

Subsidence

T

l:.\:a\alion direction
pipe
\

dg b Jgb 50 oo s (2l Hlade -4 S




subsidence (mm)

subsidence (mm)

subsidence (mm)

Voo 5l o (o Lo $)e (50599 t oo 2 ) SWLAS g Jigh (owiiten (oole (saolifuad

Sl J (S ewyp & aslol o ogd Gl o dg

pipeline length (m) Cross Section Distance (m)

0 5 10 15 20 25 30 35 40 o 2 4 [ 8 10 12 14 16 18 w0

CITTTTTTT e

Excavation Face

pipe ling ——

-8
(1}
073 % (= 0/3 % (&l
0 s 10 15 20 25 30 s 40 1] 2 4 6 8 10 12 14 16 18 20
2 . 1 —
LITTTTTTITI
N

Excavation Face

pipe line —

0/6 % (s 0/6 % (z

(1] 5 10 15 20 25 30 35 40 L 2 4 6 8 10 1H 4 16 18 20

CTTTTTTT T

Excavation Face|

pipe ling ——

;,,"

0/9% (4 09 % (o

3 ooyl SIS oy cilis byl b 51y (yao el (ol —VY JSCH
M)é’/ﬂ (950‘.\.@)&’/9 (QSC‘M)Q’/Y' (UB“""

Yvy



YAO-YVY (o e 9 yer0mmo Loy e 1Y s po) j0 algd s 1w 0,19 5b g el e G e g0 Gbg)zo ).q;b

ab)|5 U""‘" u.;)»..m.»..) ,]a)‘fw U‘" B ] 00 oé)jjA B o]
i 58 G (sl atils JIalighS IV
Jls.ml)li‘o Y/\%\N )"‘)" 4}5] s » 0‘3)‘9 605&& U“"‘"

] 00 Jj‘ (e )J‘)J 9o L.:J.n; = QBM‘SA

Vertical stress

Mohr-Coulomb

3
Failure Envelope
o Face Exgavation direction
pipe

ColS g0 Cansll gy 9 dg) b 00,19 5L - 1Y TS
dgl b Ll g laal o

g 0

bs ool )b (i ol olx! Lo 4 B alais
P ogee o s aid, aid) Lol oS e o]y alo)
et Hlaie 4 g b lanl o A alali )3 5 0nd
"'\'“’)LS"

Y sle> 5 A S5 odub g jlwdds (goae Jow o
5 Gyl Sldes o V8 IS j0 aS ould (e (5%
LI RV P KV

1000 4
800
=
e
< 600
%
2
7 400
I3
2
5
S 200
0
-200
0 2 4 6 8 10 12 14

pipeline length (m)

Max Stress = 917,5 kPa

0 5 10 15 20 25 30 35 40
2
LLITTTTTIT]
0 Excavation Face
2
4
-6
3
et i g
10 a5
. q.
12
Sl Gl o) (P ol dung lio 1Y IS0

Pe e 5yl e wolite

Sogliso Ty 5 oy s e fy 5 Y-
Oh e g dgl s 4 ead S)ly LAY JSS o
00 5] Silets &9 gl b glol g Il o ConSs
Lol 00

4 iz 8 Za AL B abis l oleelie b
4 odd O)ly e magdioe Sup algd L sla
0o Bl (g e plee cal o il oo Rl ) >
b peo)ly b alS g cents (liEl el o)l
2950 4ly)

Slp dg b3 05 )ly gogee 25 55 IF JSB o

[kN/m?]
950/00

&
g
S
T
<
~
)
K 862/50
S
&

775/00

687/50

600/00

512/50

425/00

337/50

250/00

162/50

75/00

-12/50

-100/00

Amé‘ﬁdybﬁoéﬂs GO (i —VF &

YYA



Voo 5l o (o Lo $)e (50599 t oo 2 ) SWLAS g Jigh (owiiten (oole (saolifuad

3500 U5 e 6yl slapls ool sud a1 5 L oy s bad ) s i lles Jhagd o
A a5l e 0 lnly 0pF e el plajen Ojg0d Clég
2 Olejen O)god la)gS (nl 1 eadgludnd soue

EETEEET LT T T T T T oo

ISR | ] e

RIS [T T Joese IR ] ] osnst

DIRRITIEIEE] [ J L[] fesss

BT T T 1T ]esms

I [ [ ] |est=st I ay) El > o
Goli> a3 ;0 Lalg) § yw Cago -0 S

03,5l A gV g akuly ,0C g5 By A by g)le> s byl b (515 LDP abaol ) -F-¥
el oas s Slp ) a3 Jsb )5 e o s alal
=4 x 107 X0 -5 x 107 X° + 0002 X - 005X +0/47 X - 1/96 X - 5/8 09
y=5x10"X0-6x10° X +0/003X" - 006 X° +0/6X° -2/5X-6 R
y=5x107 X0 - 7% 107 X° + 0/0031 X* - 00064 X + 0/66 X* -3 X - 5/9 @
bglas )0 wlgh go alts (pl 5 0)ls Siul38l 35, (5 )la> &l gl Sots Gl - B-Y
gl oz 1 ooyly b egdleay il sl i SYsb alg) Sy omes mhaw o Jsb canis polie I8 S e
RV FE URCPRE C by b 5 gyl pow slailgal SLlS >
Gl ol —F - el 438 5 18 dglie 550

5 Gl e S8 el Gl e galal, Y S A sl ey gl )3 G050 plmla (n i
ol s O ga Aibes e VVNE Ly

L D) o Jld 2alS (e (e alal; ol 5 adsl bl ol Sl Jday (g e 2> o
..\...ul;u’.a 2y SOHea (U) O c]a.w Coniind e jgE )l ke ngl:ub u.;lj.;Lu ol ool U’“‘J @Lﬁb)

il salgss g BB Ll W

U =0/128 D +7/48 @ S walyss ez gi BB (il s,

s 3 o bl slailgd el s L

Yva



Subsidence (mm)

YAO-YVY (o e 9 yer0mmo Loy e 1Y s po) j0 algd s 1w 0,19 5b g el e G e g0 Gbg)zn ).qL

pipeline length (m) pipeline length (m)

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

EEEEEEEEE B jEEEEEEEEE |

Excavation Face|

9 0

Excavation Face

Max displacement = 7/55 mm Max displacement = 11/16 mm

Contraction of shield

0 MTBM 0 . MTBM l
t

T Completely cylindrical T T

Cref=0% Cref=0%
Cinc, axial = 0 % Cinc, axial= 0 %

Cref=0/9 % Cref=0%
Cinc, axial =-0/15 % Cinc, axial = 0 %

Gyl b9 5 g sldilgiwl Sl 98 (Gl 9 o) b ol dung Lo V7 ST

Sl Joloxd S 33 s 39t b3 0 el
035 0/325 12
3 11/16
1
025 =
E y=0/128 X + 7/42
02 Ew
7 3
015 -}
2 9
o1 z
2
0103 8
o 7
0 s 10 15 0 & 30 0 5 10 15 20 25 30
D {mm) The rate of diameter reduction (mm)
bl polio b Comlue U Ol podi jloged — VA JSC&
JUSWRNY- T Connclid U g ylad S oyl 50 oy adaly - VY S0
om0
Bos g ola> slad Jhd gy S en @
L8 S Ojgo Comlas Julo 50 Ay b3 (65,18 Gl e g by Sl Coles &b
&by adsl g al jlade gob I3 L conlus g5 Sl e ol 13 L 0g sales Ve alaly &g
il amd goue Jao 6lp g wliee sy ol D - ) comlas gl Jloges e alasly jo o li> pw yhad
S &Y il 1oV byt pew aly Sl ond el aaly3 ey JA Ui gillas (S
Al (SHp S Gl calus jeSB jui> o col
sales . R U ells onds I S = |du D _ 10/128| x D _ 0/128 D 09
22O SRT Sy mes Bl LB 00 e R > = laplu = U T 0/128D + 7/42

W PR 00)51 (S) A.A-WL.»D )9.o5l5 ))bL?Lc Al ‘Jju\?

YA+



oo sl oF o Lot Ve (50599 t( o)y ) SLLAS 9 Jigh (qwaiten (sode (saoliJuad

o5t bsre S g b5 6,515 Gas < ond (s lix
Db oo (5 e s
o by il oah (2 5 b s e
aib es sy bl Sypa wile bl oS
dol 5, 5 9 b Rl g 095 bg e e
Cond Ol a5 old 059, 40 5 0ol Cand iul38l ey

woles anluw —0

Soyli¥ 5 Jglom oy jo oolaiwl 550 slaoled  olos

el 00 09)5] Y Jgus e Geb)

woled ganlow - Jguar

T alg oo
sled A5 Pa Oy
olow (15 Pa gy

RIS Pa C
L3l SISkl a4 ° @
Ople cure - v
OlenisS Jgae Pa E
PFaTe ()39 kN/m3 14
RIST IO Mm U
sl 2 - Si
ol ;55518 ) S

00l (w3 S yol )y ol 5958 Y Jou

ol () 31 oyl (S) ol g5
Sy 992 sy e ¥
&l (glad b \)Y
dgl b3 (653 Bos il

S (65 o Q.:.a.b‘ Lgl)lo 0 6)Lé-> 6Léé ).Ias
ol adgl Sldlas o plply el el ple o

Dgd 00 p 5 4 ol 5,0l Sz (65 G Coro g S

G5 amis ¥
b 5l o 3l o g 45205 @ addllas ol 5o
Jelos (mizmen 5 Ay Lz pesly 255 ol e
Al il dgase Gledl g, 5l eslaiwl b ) ol
e 2oy GlEl b aS ol atie gy onl 5o
GlRl b g ey e 5 Cendd (g le
Ay N llpd o s Ay b es)ly s b
e 0% sbgpe &5 Ab polae g oad oy p we)s
o5 gley by et S plesS g adsl ol el
Jg bz JB A e Hes 5l o el 50
ool o)l e gl Sl o b anlsis o)
S o)l zy JB LRl Wy, g lhm e 35 5l o
ol Jodoi Coled 0 i j5hats] (Jog e > 50
S50 Lol Comlas o5l 5 0l bl sl e
slad jhd) &jga o el il Coenl 45T 285 1,8 alre

&XLlw -F

Barbera, L. I. (1993). Historical Development of Trenchless Construction Methods and Equipment in the
United States. In Proceedings of Trenchless Technology Advanced Technical Seminar,

Trenchless Technology Center, Vicksburg, MS.

Bergeson, W. (2014). Review of long drive microtunneling technology for use on large scale projects.
Tunnelling and underground space technology, 39, 66-72.

Chen, Y. Z. (2019). A CEL study of bearing capacity and failure mechanism of strip footing resting on c-¢
soils. . Computers and Geotechnics, 111, 126-136.

Cheng, Y. S. (2019). Attenuation characteristics of stress wave peak in sandstone subjected to different
axial stresses. . Advances in Materials Science and Engineering.

Dias, D. K. (2000). Three dimensional simulation of slurry shield tunnelling. In Geotechnical aspects of

YA



YAO-YYY o 9 yrommo Loy e 1Y gm0y j0 dgd s 0,19 5L g el o 6ylas o og by e ).a..’;b

underground construction on soft ground , (pp. 351-356).
FSTT, F. (2006). Microtunneling and Horizontal Drilling.

Gholamreza Zadeh, V., Taheri, E. (2022). Numerical modeling of crack pipe splitting operations in sand
and clay. Tunnel and Underground Engineering, (10), 1-2

Ji, X. Z. (2019). A method to estimate the jacking force for pipe jacking in sandy soils. Tunnelling and
Underground Space Technology, 90, 119-130.

Jia, P. J. (2019). Calculating jacking forces for circular pipes with welding flange slabs from a combined
theory and case study. KSCE Journal of Civil Engineering, 23(4), 1586-1599.

Lv, J. L. (2020). Numerical simulations of construction of shield tunnel with small clearance to adjacent
tunnel without and with isolation pile reinforcement. . KSCE Journal of Civil Engineering,,
24(1), 295-309.

Ma, W. W. (2021). Soil Layer Disturbance Caused by Pipe Jacking: Measurement and Simulation of a
Case Study. KSCE Journal of Civil Engineering, 25(4), 1467-1478.

Manual plaxis 3D . (2020).

Mollon, G. D. (2013). Probabilistic analyses of tunneling-induced ground movements. Acta Geotechnica,
181-199.

Namli, M. &. (2017). Effect of bentonite slurry pressure on interface friction of pipe jacking. . Journal of
Pipeline Systems Engineering and Practice, 8(2), 04016016.

Ni, P. M. (2018). Fragility analysis of continuous pipelines subjected to transverse permanent ground
deformation. Soils and Foundations, 58(6), 1400-1413.

Niu, Z. C. (2020). A new method for predicting ground settlement induced by pipe jacking construction.
Mathematical Problems in Engineering.

Singh, B., & Goel, R. K. (2006). Tunnelling in Weak Rocks. (J. A. Hudson, Ed.) Amsterdam: Elsevier B.V.

Song, Z. C. (2020). Mechanical properties of limestone from Maixi tunnel under hydro-mechanical
coupling. Arabian Journal of Geosciences, 13, 1-13.

Song, Z. M. (2019). Optimization analysis of controlled blasting for passing through houses at close
range in super-large section tunnels. Shock and Vibration.

Song, Z. P. (2018). Determination of equivalent blasting load considering millisecond delay effect.
Geomechanics & engineering, 15(2), 745-754.

Song, Z. S. (2019). Research on management and application of tunnel engineering based on BIM
technology. Journal of Civil Engineering and Management, 25(8), 785-797.

Song, Z. S. (2020). Study of the stability of tunnel construction based on double-heading advance
construction method. Advances in Mechanical Engineering, 12(1), 1687814019896964.

Thomson, J. (2009). Microtunnelling and How We Got There Trenchless International.

YAY



oo sl oF o Lot Ve (50599 t( o)y ) SLLAS 9 Jigh (qwaiten (sode (saoliJuad
Tian, X. S. (2019). Study on the propagation law of tunnel blasting vibration in stratum and blasting

vibration reduction technology. Soil Dynamics and Earthquake Engineering, 126, 105813.

Wang, J. Z. (2020). Creep properties and damage constitutive model of salt rock under uniaxial
compression. International Journal of Damage Mechanics, 29(6), 902-922.

Wu, H. Y. (2020). Review of application and innovation of geotextiles in geotechnical engineering.
Materials, 13(7), 1774.

Yin, C. (2020). Hazard assessment and regionalization of highway flood disasters in China. Natural
Hazards, 100(2), 535-550.

Zhang, K. C. (2019). Numerical analysis of pipelines settlement induced by tunneling. Advances in Civil
Engineering.

Zhang, Y. W. (2019). Modeling of loess soaking induced impacts on a metro tunnel using a water soaking
system in centrifuge. Geofluids.

Zhao, J. &. (2003). Stability analysis and modelling of underground excavations in fractured rocks.

YAY



9( Tunneling & Underground Space Engineering
(TUSE)

tuse.shahroodut.ac.ir shahroodut ac.ir

Volume 10-Issue 3\Autumn 2021 G8))) slobasd g Jig3 (waigs (Saspii

Effect of excavation shield conicality on the displacement and stress of
the pipeline in layered areas during pipe jacking operations

R. Mohammadpour®; E. Taheri*”
1- Master student of Rock mechanics; Faculty of Engineering, Tarbiat Modares University,
R.mohammadpour@modares.ac.ir
2- Assistant Professor of Engineering Faculty; Tarbiat Modares University, _taheri@modares.ac.ir

Received: 6 Feb 2022; Accepted: 7 Apr 2022
DOI: 10.22044/TUSE.2022.11623.1446

Keywords Extended Abstract

Pipe jacking _ Summary

Cone excavation shield Recently, most underground structures are mechanized using excavation
Ground displacement shields. Moreover, one of the major challenges in underground structures is
Layered ground the ground deformation. Thus, the analysis of this mechanism is necessary for

Finite element method

Sensitivity analysis safety purposes and project design. One of the effective parameters in the

ground displacement is the geometry of the excavation shield. Since pipes are
connected to the excavation shield, the initial stress relaxation and displacement are not allowed. In this regard, using
a cone excavation shield can solve this problem. In this research, the effect of excavation shield conicality on the
ground is investigated. The Plaxis finite element software is used for numerical modeling. Moreover, the results are
validated with the field data and analytical analysis. Furthermore, the effect of stress on the pipeline is also
investigated in this research. Finally, it is found that the relationship between conical excavation shield and ground
surface displacement is linear. The load on the pipeline becomes almost doubles with increasing the percentage of
conicality of the shield from 0.3% to 0.9%. The main purpose of this study is to investigate the effect of the percentage
of conical excavation shield on the ground movement and the induced load on the pipeline. In addition, determination
of the relationship between the conicality of the shield and the subsidence of the ground and sensitivity analysis are the
other purposes that can be mentioned for this study. One of the most important applications of this research is the
possibility of controlling the ground movement with respect to the effective parameters.

Introduction

In microtunneling the segments that are in the form of pipes are connected to the end of the excavation shield and the
thrust force is provided by hydraulic jacks in the transmission shaft. Therefore, it is impossible to allow stress relief
and over-cut in microtunneling. The only solution can be designing the excavation shield in a conical shape and
considering the related over-cut. Therefore, the initial displacement will be allowed and the stresses on the pipeline
will be less than the maximum value.

Methodology and Approaches

In this descriptive-interventional study, based on the finite element numerical simulation and using the PLAXIS 3D
software, the ground deformation pattern is studied and analyzed. Three following different modes have been
considered to investigate the effect of the shield diameter reduction rate on the ground subsidence: 1) The reduction
rate of the shield diameter is 0.05 percent per meter, which in total will be equal to 0.3 percent for 6 meters of the
shield. 2) Diameter reduction rate of 0.1 percent per meter, which will be equal to 0.6 percent for 6 meters of the
shield. 3) Diameter reduction rate of 0.15 percent per meter, which will be equal to 0.9 percent for 6 meters of the
shield.
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Results and Conclusions

In this study, it is found that with increasing the percentage of conicality of the excavation shield, subsidence at the
ground surface increases linearly. The stress on the pipeline is investigated in the conditions of the percentage of
conicality of the shield equal to 0.3% and 0.9% and it is found that the conical nature of the shield causes the initial
and elastic displacement of the soil and the stress relief. In the cylindrical state of the excavation shield, the
displacements have a significant upward trend after the passage of the excavation shield that is not the case in the
conical state. Finally, the sensitivity analysis of several parameters is made and their sensitivity factor is calculated.
As a result of this sensitivity analysis, the studied parameters in the order of their degrees of importance are diameter
of excavation space, depth of the pipeline, and finally, conical shield.




