Scientific Journal of Passive Defence
e e Vol. 14, No. 2, Summer 2023, Serial No. 54 "”4“““

ISSN: 2980-8030, E-ISSN: 2008-6849

The Effect of Reverse Slip Faulting on Segmental Tunnels
Dug in Soil in Flac 3D Software

A. Malekmohammadi Khezerloo “ , M. Kiani"
* Assistant Professor, Imam Hosein University, Tehran, Iran

(Received: 12/08/2022, Revised: 16/10/2022, Accepted: 05/02/2023, Published: 22/06/2023)
DOR: 20.1001.1.20086849.1402.14.2.4.6

ABSTRACT

Today, tunnels are one of the main vital arteries for a city, which are developing significantly. The
development of today's societies has caused the need for tunnels in various sectors, including urban public
transportation, intercity transportation, and water and sewage collection and transmission networks, etc. It
goes without saying that for underground structures such as tunnels, the existence of faults and
consequently earthquakes are serious threats among natural hazards. Although tunnels should not be
located near active faults, sometimes passing through them is unavoidable. Sometimes, after the
construction of the tunnel, the existence of the fault is known. In such cases, the deformation caused by the
fault is considered a big concern and has a significant effect on the behavior of the tunnels. Meanwhile, due
to the fact that most urban shallow tunnels are built in loose ground, the necessity of studying the behavior
of tunnels and ensuring the safety of these structures against failure is of great importance. The advantage
of numerical methods, in this research, the effect of different parameters such as the thickness of the piece,
the depth of the tunnel placement and the fault angle on the behavior of piece tunnels has been investigated
using FLAC 3D software. The main goal of the research was to know the possible failure mechanism of
segmental tunnels due to faulting. In this research, 24 numerical models were built to understand the
behavior of segmental tunnels under the effect of reverse faulting. The validation of this numerical modeling
is with the physical model of Kiani et al. The ways to improve the performance of segmental tunnels when
faced with reverse fault movement is to increase the rigidity of the tunnel. In this research, the effect of the
depth of the tunnel placement due to the reverse fault was also investigated. It was observed that increasing
the depth of the tunnel placement when facing reverse faulting leads to a decrease in the deformation of the
tunnel diameter. Also, the effect of changing the fault angle for the tunnel was investigated. Increasing the
angle of the fault causes the change of places created on the ground surface and the displacement of the
tunnel roof to decrease.

Keywords: Segmental Tunnels, Reverse Fault, Numerical Modeling, FLAC 3D, Fault Angle, Tunnel Depth

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)
license.

Publisher: Imam Hussein University @ Authors

* Corresponding Author Email: kiani@ihu.ac.ir



https://creativecommons.org/licenses/by/4.0/

SR

Jopsid
» v 9
¢ TN

s ﬂ-Mu"’:(M’db):\Ng@ﬁrutf(ﬁum}b
Qor” ALl ™ ' '
LT 2934 - el
PAA--A- ¥ 1S9 Sl Ll | V- - A-FAEQ soals (sl

) 03U yin (slaslod sl Jig5 y3 (9Smo Hi) ol S Sl
Flac 3D ,1331 o3 )3 S

EA S \ ..
DOR: 20.1001.1.20086849.1402.14.2.4.6

VEVNNE i b VOO redl o )b
VEYFN el w6 VENYINS 6,550 &b

o.).ﬁ.(%

Stamgi WSl (o0 drwg Sl 50 (g5 BB jsb 4 a5 Wed (oo Cgeze 0 S ln Sl eyt el S ojg el g
s ol JEl s Gpslaer Glodled 5 s d0m Grli (i oges JBgJem il el il slaizy jo By 4 il wsisrl alsx
oz 5l laos ) ey ol e @ 5 oS 3529 o bisi sz (Seis slojle (T o8 Sl alSU el onds czga | g IS
o)l 5l s o8 (Jg iy 8 Jad sloJuS (So05 50 b b ligh iz o igy o0 Jladd 4 (reeb Shilas (3l g0z slaayags
5 5l (AL Sl i 0)lge 465 (nl ) 09d o0 Jol> Ml Ju 0929 5l Jig wlazl sl an lge an el piboliz]
GosnS sladigh Ll oSl @ azgi b ploe (ul 3 08 Ladigh L8 (555 2 xS HE g e Slem 4 (S SIS
Sl R Coeal 5 LS Blis )3 ol cl (el 51 Gliebol 5 aJigi )13, adlllas &9 00 w09 oo Sl S Slage) 50 (505
Gos caalad Culs alex jl alide slo el U (Gado (nl jo (goas Glaghy, Cure a4 azgi balal (nl padlise 1055 0
shol Bom ol w83 18 o) 9,50 FLAC 3D 586 55 5l oolinal b (slaskad slabigs )18, 59, 52 S5 ssly 5 g5 5513
Sy el Cgz go0e Jue VY raghy cnl o el oogy S 1 s laskd gla fig Jleiml ol pplle cSls aghy
e her 5 SLS (S Joe b g0 il Jue ol (o el oot aBle eSS ST Cou slaskad oy
GRIBI L ailoe B ko Gl esSan JuS 08 > L agzlse pln o slaskad labigs o Shee Sguge sloel, 5l (S ok
o 50 g JuS 155 B8 60513 Ges Sl e (nl )3 S8l falS o0 T e 4 S8 Sl ol ke figs ulo
A8 IS8 esd gaop3 V) (ol 4 e ugSe S L agrlye plin 3 B (65058 Bee Gl A oS ssalie 5 s S
5% ool 3bml SlaplKe is U 09l oo wge JuS stugly I8l 035 (cmsp B sl JS sl i Sl iz e 2580 Jig
ol Rl e 0 WY Gliee 4 s i ol 59 o) e

B Gos (oS argly FLAC 3D (s00e (g3l Jon (gSan JuS islaskad sl Jigs ilvojly Suls

Ol elys (@) amz plal gl o8ils Jale paidlay oaSisls o5l (il )5 olas cwaige o)l bl IS (ggmisls '
Jsins ssis s - (Kiani@ihu.ac.ir) —olnl ol (@) e plol ol oRiils Jole e aidlay ouSzils ol joe cwidige )L'{QL'J.MJ“'

el 005 20 355 Creative Commons Attribution (CC BY) jsze Luled g bl s cow a5 coul o] oo mss b allie S allie ol =
BY

Saimss (©) (6 e e e



1FeY bl oF o lods moo,les Jlo € Jole e wdlagy code 4y pid

(g ol aslllas pogdle col p3¥ (nl i 098 (e (9,
aalllae oS LS 1> 8l S 5 e e e s
YW

OIS 1 e lashad gle b oSl ol el
oSl G il S gl Sl S ugSas
U az g o), b B 6565)8 os Sz Jigs
5 StuS ppilse jo (il £o b Susl anils Wlgs o
Jogs s, o beaakad culis 3G Sowd e8> g o,
[R] A WES

Py—as ;0 a8 S Ojgo (LS Slide o) g a0 b
Ao b Jig L8, aie) 1o g7 ge W e e ] Eyogo
Gk sl i Cnl s Ol gedsn 1) LS oy
O_.JJ 49 Sl oq_.br:lq;sl P Lgﬁjubﬂ ;Alléw )'l S 4 Qalo
i slashd g g p e LS 3l adllas 3o
flac ,1381s 55 yo sae (g5ke Jow b (g0ue & ygots S (0 00
Ll sapleil 3d

B2 sy Y

L olgise LS Jore 5l s )ge slabigs )18, o)z Holareds
O slaosle g by jo 330 lpl e I ool
b olulr polis wlod S jome 35290 SlafuS 5l a5 ()25
ol wses g pSoslail |y aojle ol jo euls sl sl i 4
g LS oS> Gl (SuSTn 4 axg b wyn Gby,
oy xSl Glalpl AliS T lshe e
B8y eesd Sl (selie Shg) Lo )ll cnl (99 CB0lS
Al cuilie ol S35 Gl bl jolaeds 5 009
Sl (Son 39290 slaojlu ;3 a5 285 Sl 55 Wb eisren
SrNboler Shld g ot (o3 cel oS 55 &S > £od

Tolasles sl 1,

P55 99 3l ool Ly Losas allinlosl (sjloas Uos)
Seeke il )0 Jame el 50550 e 595 2 Jue L
A5 0550 oaigian by, (nl )3 pdiee e (SIS
3 o g 00l (53leSasS (00 5 whie (5l 5 esliial L
L s 09 o0 a3l oS ilo] J 518 55 S8 ol
oo a5l 5550 SIS QLS Gands la b o)) e 5l oolil
Ol S sdee s Soslal laine sl el )y 5 oass Jloe!
095 a3 5 g Joe Cbe 5)lsdod azxgi b Bedo b,
DB s 90 Olsised |y odasy » e sl el )l ooles (]
L5] ols

doddo — I

Wl B nS A gy S gslez )3 baigh 0 p) 059 5l
sla o5 (Dol 6)5TW €9 s ‘Q_m—‘o\) so|) sla figs
Sl cloplys plsea & o ol Jazil 5 5 98 )Lad
J—5 Gblie 5 (g9, Gloarins 55, 2 s S5 slapd
5y Le s colas 8 oBuys 5l aileas oolys Ly 0o ye>
Lngo)lqjl:.wl )" g o) R ol)‘o.m 6“’}.’.5 LgL@wa b o s
Syglome jo Laojlw el 31 9,5 ol Ly Lis 7 as
00905 Ao s wdigeo HL Sl S laieay | Jbd o JuS

3o 2 lojla Jogs slaiel a5 widl oo 3lT (69130
So s 3l 595 yeee 5l Slisl 13 00 1) S S o
a5l by cdl ol o s g0k ddoen Jld WS
Lo g ol ansls |y ol 5l ol gloals Joss e oSl
Il ogs g5zl loal > o

Sire) 30 S AS FospS slaby Ll asuyl 4 az i L
CS > Jalie po Laojlws opl (ol 51 el g (sloy ) L3,
O g R TN I LN I W U L Y Ny W g
o5 Elsel b duglivn o o oS o8 1> 5l 4o o igs eadls o
o )blss ay Loyl (5,lanly 5 wisds oo Jooxte (5 i o]
B A IRCE

Jlay) i) o JS8 w4y o S loals Ygasne
plasl’ S5 5 Gl ez g 580 ) 530 Sl o pogSias
05 8 oloasle gad slail S go j0 a5 09l
il gn o8 lraly ) o LS
6los,0 b aS oo | (glankid Masl 4 5 phee (i S Lo iy
laxlad -yl o, Sles (50576 g o0 lox v 5 Jaore g Jobo
6ol 6ol il el Sae ba T Jlasl s 4o o5a94
J=ls a0 SLo dloashad Slas L .00 5 op 5l bbaskad olos
53,5 el LSS el () s 53 5 008 b B

Lngbo)L.u 4 Jud..w \_))LAM} QJ.M: J)‘j [ o) J.J‘yso ).a‘ u..l‘ as

! Oblique
2 Segmental



Ay LS tzme o) i (soermacSle (ynal £ Flac 3D 51381 p 35 40 413810 55 30 S 40 ool iz (slankad G Jigh p waSre 31 i i 51

olam 5l LS Jow awase S :()) JSS&

oole Sluogeas (ol 3 (550585 Jota Y-
osle 4y canlin (5,18, oo (Stamls e e amiin Lo 5l
oz 1 )8, oo b laipe Sloogas 09l ool plais]
ol (Sanr (SEhol agl; oz Jgho (Bp Jooe
e 5l eedizs ol 50 09000 Jlasl Jao slagygs 4 g S
Ol s dalol jo a8 el oul eoliiul oS 240 (5,8,

Dol g0 &1 Joe
codgS prg0 (5L, Joe-)-Y-Y

O3l plad sl (Sadly sloJoe dlez jlicialsS 050 o
ks 25 e Jae cpl po all 0 S o Ly (SelS
kol G5 g il (oo Sl g Blas Lol sle i &
s 0l 3l g Joe 0 )l Jae opl jo b bawgie
Glp ol By Glyz g SBn SeS Gl olen s
59 ‘SM:}; ’_W" $ % ol 00 oolazwl ‘_“.M.....f ;W“ g
alayly ;o 00l by &l a5 widl e sl Sley s )l8, Jow o)

M
f$=0,—03N, +2c ’N(p

&b &S wdl po BB Sloj (LEES  SiSeen hgy Geizeed
weds o (V) alas,

f, =03 — ot )
5 Blas Lol i 03 pSlas Lol s Oplalg, ol jo
e (1) alal, 51 Npasl o S oaS cowglic 0F

il o SB 3l SISlasl aygl; S 35 o

_ 1+sin(p) ™

? 71 —sin(p)

ol Caio ;o 0ad olonl glacd i 4 azgi b ojy
)| e 5 Slmwlre 285 5 oy SRl 5 bl
IS eSS L8, g Joe Sz el 5118, slo e
s sladae calizee sloossdy (o) p slagby, G Fcmlio
Slwle Cag s Gl 8l el (o) 2 (P9, G2l 2Bk (o0 o]
S 0o (Gl sloaiyje AalS (izmen
2 st slaojlu JU8) s 2 Sz celie 00 sla s,
2 833 gy =l ol (e Sgaze SIS ) (S
S8 oolizul 5,4 s FLAC 2D 5 FLAC 3Dusile b 58la 5
Mewlas s

loojlw )b, 555 2 conl Slanlllae Slaiod o5 0l
dme 52 550 ladigs Logas Sl (slaplyd Jold 5o
99 5l 0aliiaal Ly ol cl osSxs (slaJuS 5l ojl ol ysee
3l eolaiwl L g ogasme Jolad & ygmay g0 g3udon
L ol 5l deols mmles s oo 5 walys plnil FLAC 3D 53l 5
dlie conl a5 050 Soedn il 0 oS (b sileoe @b
VARV PES

Sobw dawacx —-)-Y

095 =il oo dwdin clw (Jaw S gl 0 p8 el
205 oo el g5l amaia b lejee l58le 5 cnl 5o gan
30 Gy Ui ol 0g2ui0gl co (g e odd sl A
g o 03l o5 aalsl yo l38le 5

©ode Jaw ol csama s goue Jow S ol jelaieay
w5 6l g ye il 51 b wileass Ll S5 (slojlulay
RO PR ul;ba‘ 2 c_)"“ﬁs uuLw‘ » JM OL!.)‘ JS‘».\?

Joe glas,l gl H+4D

Jae Jsbo (51,2 H43D

Jas 2% sl 6D

T Cowo Oy90 Wb AT Lddgh diged Hhd a4 axgi b
A g (65l amwaie ool o A wll oo e £ 0,5 I8
o=l sl e S o0 Sl )3 e P LS L B 5l
ez Lol oo plp B k3 L By )] 3adou
el )l el ouis gzl sl o)) Ken g 90 dllas 5l 4" YU Lals,
e das Job s 5o Y7 2ln Joe (250 9 20 Yo plp Joe
S5bign 25 155 5 s A



1P Laanl ¥ o ylos (o0 juwr Jlw € Jole pud wiBlayy code @yl

oY

Tos @ Cad ) (50 bl Jloel g Slaises 1A o )5
o (Bre 095 el Gl Jle Dlgreas o S 0 S5 0
S gz 53 e WA Sl e Y Joe (e oS ol
g9 hie Sz 5o e VA 5 e S oo uli X (Slatke jemme
Sle 5 Sl (sl izmen o 1S (o0 Sl )3 b X (Slatse
Lo g 5208 bl S 225 a5 50 5o 1y 5 090 alai LS
oS aslsl o oS o Jlosl |y Glaies ol 51 i
3 i huld g adsl bl b Jleel Cgz 4S5 Slate

oS oo odeline 1) 23,5 5y 3810 5
b Gl 51 S Joo Jolai (o 2 -F-Y

Sloo s 09z saxlh 5l (Joe Jols Cundy (ow)p olateds
a5 Wloe Caws 4 oy Joles Cdl> 058 o ool Jolatals
sbegys JS5 a0 Loo S (ooles Jolaiels (59,5 mouiSle Connsd

wsb T X 1077 51 a8 oo 3 aled sl SilSe

6)‘35%» 9 ‘51|).’?| Oldos —0-Y

3P SIS iS5yl 0 Fy il @ oy
Jos ) o8 amil & jp0n g Alo peaal o 050 Bk
2l 5o S Resluean 3,8 (oo plonil petes ()] (12 wals
Sldas o] s Sty e 9 00,5 (5 la> ol TBM olSiws
o31alas Tzl o 4l ol 55 03,5 oo plasil (638 Eoiaas
SIS CoaSn r magy o 9l 9 03,5 )li> S, S
gd e ploxl
L ot Joe ol plais §l ookl Uy g8 (s i
2Py # slopls Jig ylb 0,8 o0 planl i 3590 (009950
s 3 3l 5 50 EaSas olayl gl el o 4385 L
a3 el ledl ol o el ot solial LY (6 g
352y Gl SB 5 0¥ e Sl LSl Sl
J—eod an 0L8 0¥ Ll (Lo S )3 (e )0
(SIS i ol Bl e (28 (5588 sy
g oo Jrate oLbyid salmgas lacys; o & Loniine
9>y )0 (S galwgay (55 5 ;Y S ie fad by LS,
) Grzmed Sad e J5S 58 S8AS Cuglie g mhaw
Sl Stasl 5 ol (S olul p S i Jad
(S ¥z Seoglie mhaw wly 53 (S galwgan &5
S SBhol sasly 5 onlardly 6 ol (Soimsr Cuoglie

.»)5.:;&50

Sl Sygocpds 0,8 sl lo, b ol Ko,y 0 8 Jol
sy iz 33 iz, 2 ko o 0 VIV ojhaley i a5
S P S, o Gl 30 S (oo (5l wib o Jig

e g0 lid ) cwadsS joge (KBS jLas (V) S

|
|
| ML
|
|

s 5555 N Vs ssnsnsos

(flac 3d l5le 5 slasal)) cudsS ymge  Sideon e 1(Y) IS

WJoa sloyg 4 58, Jow onl sla Sy olais! sl
Pz S el (Sotar (o> Jodo slaylly gl
5 =t Jyte «SB gl sagly (SBlasl syl pogara
laces 1o el ol 5,8 Gy |, S 285 Cosglie
Jsome 45 0ily e 53 4y oY Wyl salisee pyolie Cilises
5 () by, 5l ci b & las (B) (o5 Joe 5 (K) (o>
cord iy A B g fldaly, (pl )0 a5 wied oo 5 (B)

il oo pllas sVl Jose 5 ol

E
Kk=— )
31 -2p)
E
k=— )
21+
[y
A \
0, R

Joe o0 llpt 5 Slasse glacgs () JSb

Liloas Gy a5 (V) JS.MJ dJUQA XgYyZ sy
adgl bl Jlo] —¥—Y
Digd oo Jloel Jow @ adgl g 550 Ll el o (0l jo

A a8 8 b 0 YA WSB Cupz o ey Sl
B fRle 5 o Slaite jeme Iy Bgi S50 Sl 4 azgi



oy SLS e o) pad gaezmeSle fyual ¢ Flac 3D 41381 o35 50 yl381p 5 j0 S j0 ool yoo glazkad ol figi p (weSro 38 ol (il i1

e 5 (LacieSw) Laaskad (S5 03,5 o sl
b ol Le s ol (g5 a8 0l e ole S e S
Sl assel cews (28 bl Gk 5Tl g b
Kr s Ka slo gz oS, S o @y oo jslne slaaakd
Krr sKar slacous g sboSs; ¢y (rizen 5Ky
S5 e Lo ol ot i 55 (V) Jsor silkeKop

YT wloas ools iales () Ui 5o S5l

Segment

[¥] Kor sKrr sKar slo s D (%) S

[¥] 52 5 DO Lawgs oy ooliciwl sla e 1(V) Jgorzr

Parametr symbol value
Rotational Ky 100
stiffness (MN
m/rad/m)
Axial stiffness K, 500
(MN/m)
Radial stiffness Ky 1050
(MN/m)
Rotational Kyr 100
stiffness (MN
m/rad/m)
Axial stiffness Kar 500
(MN/m)
Radial stiffness Krr 1050
(MN/m)

Loy, 5 baskd o (oies Cwglie 5 (5w ¢ Jle jsboay
Pl S 4 5 ) 5l ool

lociaSr iyt s 5 e $Y salas 51 oolital L Tz
wibiee ) eaafu o sl ohss Ol aenl (258 L
i g g Egn g N 5 0 alal; cpl )3 098 0 s
Jode oSy, 0 hwgie e o Ol Ol
S o 9 ok LSl ge e Al
IS o polie Aibl e wiiand ol 58 o0 b lacieS

[Y’] Sl 00 UL») 3PN )95..\.4 d,».a:u BN Lﬁ:).».nbla U"‘

O ygmod LacaeSu pl (a5 05565 00,5 oo iy ol CieXs
sl oo oyl B T 4 3l a5 00 Slaise
429 b boceSn ol Gln Dol urd g atarta¥l oo
3ylg 0,8 B i Cono 8550 Sl 1B AT gldiges 4
d=le ©jgotn baome (ot e Sinl a2 b 00 S (oo
gl sl (B O g0 Bgi oS, Gl Jy wilise
olon! Y S5 0,5 dw G (o g ool 0 slao I Lol
P Ly coeln S Y pair (3185 )18 e )Ll

Sy JsSS Kiy, Sy siaSn ih 55,5 o

TN JERNERE SUINPe JUINE ST S
ot Lyl aan 45 1) cutaS s slacSiid ol U oS oo
i LaciaS JLal o 30 g 5 SB & Il o
SlaSe) 65,8 5l el 4l o oS Jate Sioes

oS oo oaaline o2 LS, 0,8 5 25

S w2 LS 08 5 zss sleSn, 658 naar (F) S5
als oo,e ooy o 398 o cdmlive YU S j0 a5 joboilen
SB el 8)lg 9 ol G5l a5 > 055 18 pa slowl, 4o

Sedn wol 2 i 4

Fgs sl oads (b slacaaSn 5l s pgas :(8) S5



1P Laanl ¥ o ylos o0 juw Jlw € Jale pud widlayy cole @yl

of

b ol p; skl

4
k+§G

Maz|[

Azmin]

o SB hy Jsse 5 S Jgae cif 4G 5K (T 0 a8
0SB e o3l o 3 S>sS salols Azmin lade 5 arsb
bilg) 30 e e G s Kay byje baly, ciloo Jloy g
Dy ye5 (B) 5 ()

S oy bag)] Jlail peimes 5 o2 4 basks Jlail oy
TFlasl oo (A) JS5 llas g 31 Lol

Link between the segment
and soil medium

Segment
¥ in ring n+1

Segment
inringn

Segment in
ring n+1

Segment
inring n

Link between the segments
JUail g b 43 LSy 5 9 breioSw oy JUasl :(A) S
[¥] bl S b becwSuw

Lodshd -y Jlasl 0gi oo conlice YU JS& )0 a5 gl ylen
sloaz 0 hug S L bocess o Jlal uses g o2l
S ;0 g o delime (Kad (go0e laie 4 o iy ya5 (g0l
S8 LS slojlw Jlas! ey cpasass 5 Ll

Irlass 5

o lul g bew jw (oolod 33,5 o -#-F

oS5 S o 3l ey aaliphly ol Ban Sl @ 4z s b
Jobs 5l an (gl il Jiy slaglul ol 2
Joe slroys elei o 1) e, 5 b abnlr (Jow G,
Jols 4 Jow gyl 5lam g )l 51 U3 1 o8 yan

2 Blod jho oS saled )3 lace o 5 gl 5 00w,

Sl Jlosl -

(_g‘)_g ] 00 ‘_g)LwJ».\.a u.a55.m kS ‘J,bb [OR-L g
Syge Stz o Laje bl e o 4 e 2lmlx sl
b e cplas cwl S a4 a3V 0,5 Jleel e pu o ylas

0=1% N =1100 "~ ,a = 03m,Ey =
35Gpa

8N e 1

T 9.aEgn(1-2x5)? for 2>3

0.01 = 8x1100Xx1000 _ )
9X0'30X35X109X(1_2XE)Z

£=045>2
a 6
e_M
a Na
=M 045 5 M=Nxax045=
a N.a m
1100000 x 03 x 045 = 148.5 KN.;

M =150 KN.Z
m

ailen olgn Ly 1) baskd o (g0 5 K3 (o sabal,
ol &8 yeboles 355 luesle b3 93 &jg0a (V) SO
Sepl 4 azg bl casay V00 olp S Gl
ol o 5 3l 8 T 51 00338 Lo (59, » 0.8XMyi1g
Olfes il (oo laaSn o (et (S Sy LS

B 13 ISP WPV R PYCIUR SR Ve

Myierg (N = 110057) = 150 KNZ 0 =
1%
0.8 X Myio1q = 0.8 X 150 =

m
120KN.; 0 =0.1212%
120 KN.m KN.m
Kgp = ———=98.41 = 100
0.001212 rad.m rad.m
250

I
E
E 2004
4
- Mz'ltld
F 150 [ e e
g f \
§ 100d [7 "8Msias  Simplified model in FLAC 3D
z /
‘BRIAP
- ! RO
T S04)/
2 '

d N=1100kN —N=1300kN —N=1550kN

0 : : : T
0 0.2 04 0.6 08 1

Rotation angle 0 [%rad]
[f] lacceSu o905 )5 G adail, :(V) S

Sl bl S 5 iiaSas o yih )5S e sla,id  osdle
Stmog o Ly Loyt ool (5w ke o5 0d iy 5 Jigs
5l ool Cwddn jlaie yulp Voo « FLAC3D ask p (slosal,



oo S azme ol pas saemeSle el ¢ Flac 3D 41381 o5 50 13800 55 30 S 10 sud i (lankad s Jigh 1 waSire 31 i i 51

FLAC3D 5.00

©2012 tasca Conauting Grow, e

Cgntour Of Z-Displacement
i 1.9200E+00

+1.5000€+00

75000601
I ~10000€+00
16533600

T o s 4y Ae sl (usSinn LS 5| ol ol 0) S

LS, slp

o g gl -Y
doudio —V-Y

SySes 555 1 oS S S o Sl Sl elend ol o
A e S50 Syl addllae )b Sl (slasks slo Jigs
S5 e NS 3B sla gl S e Comnl 08 e
WJeeS agly il ol 0 a5 sog s YE Jolss addllae
biieSor (m (FF 5 Sanglie Guizmon 9 S (650518 Bes
9 o) g J=9 0 9 IS5 S8 e S0 n 595
155 (W) s a5 (L) i 50 lie ol omizeo
45 Hobolens S oo 518 (b))l 3550 esSae JuS &S >
Soberse 158 Slahed onas aSul s 4 ol 4SS
o S GRSl s cnl addllas Coanl Wil oo usSae g5
il o iy Ju gl 2

oS ped e olagl s O+ s39s Jowe slal 4l (553 L
s IO 5 ¥Goe oy F LS L (Jigh ailioe oo 5 LS
oo aly w51, slails S5 15 a5 e VY 5 Ve s VIA 8
4 Camad) 4z )3 AD g A g VO 9 Fr gl b (S g oo
LS Gl Lo o b S oo add |, o] (881 jgmee
=P 5 silbdas 5l g palai aslsl jo.aul onds (g5Ldus
S 0 oalina |y Jigs sl 2l 5l ol
s Jule-Y-¥
apd Jae b goae Jow (oriw Covo 4 ol Caad )l o
e elad Loyl et ) Jols @l e 5 il

Calbed i (pizmed g GRS agly sl (60518 e

d a5 0,90 obule 31 K00 Loy 0gd Jlasl o5 golows
4z L(NZD) 055 Jlasl plEN (Lo joV o p il il
ord e VID S gmis Slaal o S lls o5 ol 4
154 el a3 5 o0gs i WIS s ol ecians] o0
slaglomly 4 asg b bls olaise (JuS el o5 52
» elbraale po Sl il al @ azgi b oS sy Jlesl
Wy 8l g o |y o1 e 14 sl o Jlosl yle cr
Jole g (Bl Sz 90 po 1) (M Sy gBlgy0 g 00,5 4520
2 egSae (LS Jlesl (s05208 Slods S5 oS (oo Jlos!

ol 00l ools ylid () JSs

S S Jlael o5 Sl S5 2(8)
ooz Jlesl ce s g o8 olasl 5 2liS Jles!l slael gl
L YO Jlade polie cpl 0,5] Cass 4 (glp00,5 o pudais
4550 allioe AD 5 Arg YO g £r a5 il aygly ojluslay
25 50 Yol b mamsgo 51,3 (550b |y o ke s S o0
St e b ot L s lisl SoenS Jols

Aol asls calae

FLAC3D 5.00

©2012 tasca Consuting Group, b

Liner Z-Displacement
197066400
18000E+00
16000E+00
14000E+00
120006400
10000E+00
8000001
6.00006-01

40000601
20000601
0.00006+00
-1.3085E01
surl=100

¥k g 423 VO aygly GugSae (iS5l Jol> (o> 100e) S

F5 sy s



1F0) Glaali Y o)louds (o2 jw Jlw € Jole pud wiBlagy  cole oy pid

b#

Gl ey o sl ol Llgj aen (sl woSae i
s 81 U Bl o al33l a5 4555l o
J55 gl 5l 5o eud sl bl jlade Bl s B SV
L g ol ) s S8, 4 il V) JSC3 Billae 5
Qilg go yol (pl A oo loy iul38l Ol pets ol Bas i34l
4o )3 9 b Bl S SBesg 59 Rl Jds &
il S ahaie JS 10 albrlr Jlesl gl JoS oy Sials

Ln ‘- Fl: « al | .
=z ble Bs o Bsf 03 G o

TP SR g P R A
1.77
1.765
4 176 —380°
%1.755

xS
o 175
-
51745

et

1.74

1.735

)

8
- | | F |5 -
(i) o G 25 )3 G

ST oe Gl by gb sl oty Jases H0F) JSC
ol AL by o b

5520 G a15l5 e 10

5 V05 £ blsy jo cmgSae (S 30 aygly yusd J1 ) p Sl
» B gl o8 plrlr 5 G ghv slolul> e AD 5 A
20,5 oy o1 Hloged g cblool ol slages

Sy ol aalad el Lhas daalt Al
> —u g n-’-ﬂ—\:—_}uLhJJBJ ey P

1.79
174 —3m
——45m
1.69 6m
——78m
1.64
——10m
1.59 12m
1.54
55 65 85 95

(*-?)?J?*ﬂj'j

5 13 5 b Jig 2 o8 (sl bl Jloged 0F) 2
ol slo gee

> . o5 _r_‘ﬂ

Slde Lgad Bhod opl AL AU AT (63)lge @ azgi L
Al oo Qe 5 LS g w85 Ojs0 G g0
L Jow 3l goae Jaw b (S5d Jow ol cillas slp

oS g0 ool 3 Slaseie

s S (6l (Soid g g0 Jow Slaseine (Y) Jgo

b a5 Gos & &S
Gl | s | GnSlE | s | bl
(SN

5 5 10 osSas | Sapd

£ ¥/ v eSre Goae

YEIA o L3 il o Ju8 gluls jlade o508 Jow o
Sl lade cpizeamdans ) (Sodly ;0 e VVE) o Lo
(Cprdly 5 ymo il Vo 10) o oo YNV 4y Jos Gl o
slbwly o 8 ol Gl goae Jow o polde ol o,
UD 4 Joae i (S0l (sl 5wy o VYT @) (36
Jo—3J6 o1 gl Lz o e a S oy o il
B Joe 5 Lnaskd ol Jolo IS (ipon sl o

Al wol 9>

axkd ide b g5y By 555,18 e S
osSan LS 1 e ]

1.99

ﬁ} 1.98 7
vy 197 ﬁ —380°

1.96 i
%) 1.95 85
D194
25 1.93
3, 192 —
o191

2 7 12 17

oo g 51655518 Boe
o i3 b e e sl alnls loged :(0Y) JSi
b ilaS sblgs 5o Bgs 605,058
B 65153 Goe s 1 -F-Y
57 5 ¥I0 5 Y lages ;o (g5 65,8 Boe il (o) sl

23,5 oy ol loges g cadlosl ol gLy 0 b5 zb
Hlaess Jog8 =5 ) 8 Gmos (ialBl L aS 06 oo ounlice




N4 SLS e o) pad gaezmeSle fyual ¢ Flac 3D 41381 o35 50 yl381p 5 j0 S j0 ool yoo glazkad ol figi p (weSro 38 ol (il i1

g bsle g o askd cales ST loges
osSe GELT L 5 o (sl askd

1.77
1.765
1.76
1.755
1.75
1.745
1.74
0.33 0.38 0.43 0.48

Godoms; gaw (olml

(o) b

ol 51 ) s sla ol loges :(VF) JSCh
o oK Canlies

S5 azs -F

s 528 SO slacslo ) 52 Ysene ba i

95 5 Sl sla iy Jod J lodis (S i
gl 0505 g Sl slal 8 55 oSl o
by Ol e s TBM Sl sslanl il Jigs sl
Pl 3l 3o caliid pas el 000 )8 e 1) (glaskad
7o B D9, S S cod glasks sle Sy ol >
56 SEST655 Seatn sl jo il s l eslatl .ol 054y
&S Gl 5o logas Wil oo 58, cals lahy) on e
Bl A S92y Eadge (ogat )OSyt (63,90 a5l
GZ) ey B8l ol g slaskad g shegh ol yo
OhlSer 5 SLS lawgl (SiSTe85 Santy yiiles ;o a5 (ugSre
Bon el 48 T 18 v Cors 9550 wgy 00l (5ludoe
slaskd gla Sy Jool o3 0l colis oyl Lol
gz das Jae YT gl cpl jo.cul sog ilud Sl o
oMol 4 b anslw iy (0 Slahad ol sadiaslo
S5 Sl () e plsrea S o caS"
Loss ol (L5 dacasgame (S hIo gy 00,15 @
S8 2Bl oo Ol s 3 09290 Sl S Sl jgee 4 ST
9 95l o bl ) laligh (55l conl (Soe Lo fuS” ]
5 o0ls Cws 511, 355 LS La g sl (Sas o] sty
CSLl S )0 Wil azlse (HSEe L) 608 Sy Jo
o azg b st sl 0,Skee » oS glyl o8 > 13k
w558 6ol Olnl heiS bl 5l 6l (05 303 )
addlas o g5 555 2 3l cnl 3l (slaol 1 (S0 oy oo
ol 5 10 il e oo gla b, 5l ool b s o

P S ))l s Jgs S 4.151)‘ wlp\ L as S g odlie
b oo
S 0 aS 00,5 e onalin (V) JSCs mwyp b
Sladie a3 VO any 7o sl 1S agly (aal i1 Lo (vgSe
lay Gl e gilw Yo 050 bigs 26 b slaalml>
L"’J’“’ e ool GiluS agly saze ol 8L s g 00,8
Ol 38l L GogSae (il 50 V0 IS Gillas wasbe oo 2ol
AD 4 VO 5l il aygly (mal38l L GegSe (ild (o .0isS o
S By zU 3 el Gl o 0al olosl @l sy Jlade
Q;dLg]AaJaégs;;.gL_;LmJ@SﬂAﬁlj;l
oS ulS Sl

1.979 —3m

1.929 —_—A4.5

1.879 6m

1.829 — 7.8

1.779 e 10M

Godome; e (oLl

1.729 19m
60 80

(a>,9) agl;

asl5 L8l b ey lans o6 slo oloulx loges :(18) JSi

ol sl Ges jo

Caolbods i 51 -F-Y

dd9n 69y 2 oS Gy Sl ot oz sl
YO g T g o IVO slaculbs JSg Jdsn 9 ne) gl
5,5 ala>de plgi ool a3)S a5 o Bgs bey Olyedr yie
oS JeS b agzlge pln (o CoeS Caaliis il a5
@098 By g e che sl abule 1ol 4 e Wl o
e 3 rShes Grimren 5 (S S 65L88 Coale o
sanline Loyl oo,e sloyyo jo Sodbil lad o boaeXe

es.wsm



1F0) Glianli Y o)louds (o2 jw Jlw € Jole pud wiBlagy  cole oy pid

oA

&1y -0

[1] M. Kiani, et al., "Experimental evaluation of
vulnerability for wurban segmental tunnels
subjected to normal surface faulting.” Soil
Dynamics and Earthquake Engineering, vol. 89,
pp. 28-37, 2016.

[2] M. Zaheri, et al., "Performance of segmental and
shotcrete linings in shallow tunnels crossing a
transverse strike-slip faulting," Transportation
Geotechnics, vol. 23,: p. 100333, 2020.

[3] N.-A.Do, et al., "2D numerical investigation of
segmental tunnel lining behavior," Tunnelling
and Underground Space Technology, vol. 37,
pp. 115-127, 2013.

[4] B. Das and K. Sobhan, "Principles of
Geotechnical Engineering, CENGAGE
Learning, Stamford, USA," 2013.

[5] M. H. Baziar, et al., "Centrifugemodeling of
interaction between reverse faulting and tunnel,”
Soil Dynamics and Earthquake Engineering, vol.
65, pp. 151-164, 2014.

[6] M.-L. Lin, et al., "The deformation of
overburden soil induced by thrust faulting and its
impact on underground tunnels," Engineering
Geology, vol. 92(3-4), pp. 110-132, 2007.

[7] Z. Zhang, et al., "Influence of fault on the
surrounding rock stability of a tunnel: Location
and thickness,” Tunnelling and Underground
Space Technology, vol. 61, pp. 1-11, 2017.

3w $12 FLAC 3D (sogue J2ls 158l 5 5l gy
s ooliul L5 5 g0 alfuns

i sldae @l jl gove Jae sl IS
J=F S o Jlasl loplS slass a5 (o 5 s b ool
Silwds ool @l 48 od @i 655k )l8le 5 50
ol syl parass 5 )18, Joo Sl a4z L) so0s
L (Jome sl o Jome 0 s (2 Sl (imed
il axdls (Slggues foads yile )3 (S03d Joe I Jol> gl
Osen hlizee Jalge U (S el allas 4 e
o S 8 gl Jig5 65 B Bes iR Sl
Ol 0 a8 )8 aloeil gla s BT slaws 28,5 1,8 ax g5 550 38
JE AP ETIEN PN IR SO RJRONCE 1 O WP
Dy

S8y 385l la el gy B ol ol San
Oml A il S So3 aml 0 eadasle b g
Sy5 eyl s 1S Cualind (JuS sl sl sl jslaie
Lol 428518 518 g (o
o) bl ) @l & Bl os Beliod al Slagzg > 4 4z b
25,5
5 55 g slealonly caeSw culbes Gl 3l L -
L ppals ol jlade sl oo (oS e gaw sla ool
Al e 2oy ¥ ond dule (soosls 4y ax g
oz LadaS elosl oS > ST s Bigs 5] 3 Gee Sl -
S b agzlge plan )3 g5 (6 253 Bos SRl s S
O g 9 58 SlaplSe jts 1alS 4 e egSiae
VY i d b (slaosls 4 azgi b L2als ) uiessd oo
WAl e 2oy
sl Gl GogSae (S 50 050 )5 ooalie (iren -
ghw s g sleabalr Gl 4 e @4 cons JuS
alrs sLaosls 4y amgi b (aaldl ol e 555 oo (e

...\.Af;l).ks.a.\.«o)b VW ooulds





