va WA e V65l (ead sl Al pmedige elidine 0

lads gi HlS dgua HLs cslis Gl ae (b))
0 9 e sldala slacd p) ju oawd (5l 6 jalse

bl e
O yae crudige 30SES1S ¢ cusb Cpall il dal A Sais sl
fles G el
(ulige 5 o buaSEsly Olasb,al e dag slKaals
Olrae ceudign BuSinls G s slKaals ¢ IS Sk sa
VARV TN PVNWTY il b

LS

2ls Slos Camal (64 Slakae 3 Ly ol Sl A6 G plralr J S

B o ager 53 sl 5LE5 dlesl s o plralr GRIB ld Vs 51 S
Sl 335 0 i (gl Glalaos 5o L5 & o)l 5o e bl opl ol
s 3 a2 51 S gl DL l e el XS e Ly (55 e
SSosba l g Sl K05 G Sl o3 SV S Cmiles 5 e S Sl s
DU 5o o e (S48 5 Mo (o 2 A de a4 SIS ager LIS sl Gl s,
oz 51 S ke Slasiie 5 5 5 @odaie Jolse 0 Sy I A 13K
3ok Ol iwnd s o Jaul i oty Sl dl5 5 (St itV Joike
39dsea Oladl SBles 2,8 Lol Gl g oS el anly (U Cld.a Clz.d
Sl bg 8 agar Hlis i Ol o s 2ol ol 51 % 36 s « ABAQUS
O g b plrals pslis (S e5l0l 5 ghman gladie s b sls 5 e 05518
JLiE e e ol oy sl el 5 LIS ager 5L Soslie slie il s
Gl s el iledde Ly amatons Sl ol 035 pras ok ,15e5

Jsde S wim b saesols ol @l ol 4l gl 5 e Yok sy

s.babaei@email.kntu.ac.ir = J s sy 55°



WA Sle ) led ceanler Ao ibige bt & 5 Ar

Jade SRIB1L (IS S Olseas 5 Col LIS agr SLES Jlade 55 Sb anzl
O g DLEE b olie (piames L e JalS LI aper sl LA anzlY
COB 5 i) 5 6ol sS-ai 5ST Gulink 5SSl o gla s b odal Covsws
Sl S5 psY ol st odalie COB 5y, L Gillas o 5t 45 Sl 0l ali
53 L Yo 51 50) o AtV Gladisde 53 5 s s <l 515 o35 b b
Sl el Al 4 Cod 508 U agr L3 COB oyl (odd ol a3

g a8l s 8 agr SLES Sl 53 UL oS s e

3o (3ladde (slails slaS it J e 0336 (g5l B85 S ager 528 g aldST slaolly

4o s

Camer p obeo Sl 1P s Lelaal (SO S5 Ll 0 S5 Bs A L
e 03 LU L slrals ol 4l Ol 95 Coeal b5 I 4 golul Laa>
LBy ghw s e om I Gldd 2 5 AU e laplrals (Jis S
Jolss @S5 5 eSS IS8 ks s ey S ek s sbomen 5 B RS
G )lf%?.CJWJ‘&UMJ@‘%M~MM)@MJJJSM>@‘
Sl Ao ;3 0 U g 5l e S8l g Ao y3 00 B Er ol Jsb j3 Sl sy Yo
3 e 3 S U e ol el e s V] s e LSS ey NS
el 385 o 5 s Al s el o3 fis (gl o Jelse o e bl

S (o s a4 OlE e 1) OB g HLS e Sla s, Sk
Slalie wlal 5 oo gla Sy 55 5 S e ($3ds 5 (= J:JLJ 5 = Jsl)
agr LS e 5 bl e USG5 slaaly (Bs ol e 3 el sl
Bo 5ot €l Slis 5 Bl gdo odi)lsaSs JLis o Joay ol 53 35 e Ll 5 IS
Ugea COB' oy; 55 0 a5 cobio Ll i 3 5l bl sl 5Ls sy 50 HL0S
o3 dl sl S Sl 5t oS IS g DL et cnl e S S
YIS o o

1. Centrum Ondergronds Bouwen



AN 35 55 Ml Slacd T 4 ets (syli 0 50lSe (gla L IS agr SLES sl Ol LS

S 53 B e ML e 4 s la B Sl eslanad b (gl Ol
Sl s sl o sy op i peime 3 Llastls Sl S 5 st SbalS
sl Gl 5 [F] bl =5 Sl By ek 05 5 oy 8 s
$olgdiy S8 23l Sl eslizal b 4 ol [£] (55155 ST Ay ek
5055 M el 2O e ol Sl Al sl 1y ey, (VATY) O, 50
Sty oo e YooY b s s Ororer Hles S slgly (g ol S (g 5k
5 LT i g BT (lahss 53 0] sy 2 S T L s 5 slaY S
g n e (Sl 5 (Sl L aladi Sl e & Gl 5 YL OLS L1 L s
SOl s 350 Glabs, Ol @ T Gla s on sy sme 51,8 o &) so
Soky B Sl el SB) 5l s 0O AL SRS 5 ki S
SERANEY rl} Ly (ks e S o9 = oy 5 (s S) s (di g
Siledde 5 Vb e o U [T ebs 5 o YOV b s ] slaian 5l S
Al B8O A ol e a0
(g ol Jole s OBl &S dzes 508 5 sla i, Sl ode sla oo
5 eV e ile St 5 R la )l (85 5o 5 I der Sdan 13,
Slaesls 4 Sl s i) cnl il Como 3ms cnl b ki o o8l 3 15 O gl g
WLals rlq;,l Glaw (5ledde a5 S Yool JL s 50 v_{:w i 4Jl
L al o a o a0t 085 B o bdde cal D3 (ool sl el &S (g sbe
5 G0F ol O a5l ciliie gla bl U aglie el pes s
PO 5 J V] 58S e 1y e laciliS Ol les il gl el L
S Wsls 0L 5wl ees SVl 5 LIS ager (olLLL & fglie & Yerd Jla
e 53 (S els sy o A5 e 3 ade 5 s glade ool cals
aer YU L L SVL 5o o sl Ol 5 ol Dsline (g ILL s (S VL
S 0L e3de i, L ObKen 5 o Y0 Jl s Al 3550 5lLL Sles LS



WA Sl Vsl (oasslem Ao ¢ pudign elid s &S AY

s 4 ssdeme Jols (gads a5l ealimad L YOVY Jle s olKes 5 S
Tl Cenld S ager LS R s S il )l sladde Cpules
OLen 5 555 5 YT dlo o fpomen [V o] Llatls s pale 52 035 2 8l (e
S agem S8 (sl il o3l B AT 3l and 5 (g led e S eslizal L
Sl b5 agr ol 5 (SoeeS 03l s YoV0 Jl s [NV] sl will
52 UL 5 il Y]l o plonil 011K S5 Ao sy GosS slopls
s Ol S ager i 36 ssdes Jslis (gde (25, 3l eslizad LAYAY JLu
e sl b sasoles Jols i a5 W3 S ) B agr slaplrals 5 mlaw
5 0Lk DY) il o35 O ager oIl 5 5L 5) e SLAS i 5 S axeez Yl
alie & g3de sy 5 gmeyss —I0 g SJUT 51 eslizad LAYAY Jle s oK
oo )l el Cewsas LS aS Wsls OLES asls CJ’S o by e ot
D155 Jlasl S agr 0 Ol o &5 ol (gLi5 o> s

D 3 SRS 2 b 3 et S ST ST e
Al ) ager 4 Jleel LB Sl 5 Bl glajLid Ol ) IS ager g 53 Ol
pesa= 5 [V0] ol (O agx il S SoVL 5 8 e Sy N
S8l L3l sl bl b aiass 5S,e0 Sk o SbE adige sla bl
@S J sl el e p Sl S aaa N ol S S 5
ls ek opl 4 (93l Ol LB agr 3 ol sbml plralr 5 IS8 a5 olis
DY] el

ol aw ABAQUS s oLl )\}é\c)j Logsde gilwdde L Lol i s
Jste b oy pr a0 Sl Galllas plmil b 5 sy § 300 5 (g 0 S
lis SLad Ol e Jotls Sl &gl ol ends s s ol bl o 5 St ezl

'(”’-J.\JJ'*T&" sl bS5 L8 ag



AY 35 55 Ml Slacd T 4 ets (syli 0 50lSe (gla L IS agr SLES sl Ol LS

o s o2 0550

S ANy 5l g 5 e kS VN Calee b5 e

St ol el 5535 ol o Jlad s Ol Camar s 5 Sop sl
Jsbas 50,0 e sl Y Lot ol sld o i el ol Sl e et £ Al Sl S
TG 53 28 Hallom oRiolad 1) 2,5 o 5o Sl 3 it kS Y 85
e sk 5 S5 55 lal s i gadisla Bl B8 s 4 a5 LS e feate
5 Sl Slses S ol Baas o3 e b gbaaY s ol ool
Ls_)Lé}4;‘2W)J&JJJQLL)M)JJJ;);(M&)SJAPH.)) sl dils 5y sl
ki S B s ledde 53 wr e Db Olpea (SSSSS5 Ll d nl 6 s
S09 5 S08 (sbaelawsl rule L5 e (550 (i (ST 55 Jbsn ) IS ol
s e 0L 1y Gl 55,000 Dooglme 5 y3 aS L (Vo400 I VeV 00 5l e olS)
S o e 53 B8 SlbI L (slails St gl st Sl (S5 55 bt
ol &l ) Jadr s sl ol Ol oy S 3B SOST 55 sla s bl
Jsb e 484 505 g,ed J3 Y b Ly ool s ol S35 e3Y D] o
e ol O Cids 53 s 20 U/ 0T ok 55 e > bt Jab e 4 gl dle e

39y ol

———
P

e ety e

Filling material ="
=

e

==
-t

)

gjad#d‘ﬁoﬁg\ab‘&gsjj&}ﬁ\ JS.J':




AR 5l ) ylat uns sl o ¢ gl 5 & 120 AL

] By Slbl o KoS 85 Olasein N Jgi

SM S gy il

VUYe (xS fta r 05 g shS) it azpdls
v O e
0 (ISl olS) (S

T (b e (Ble) i35

g Opelsy s

vt (am33) Jotls SSassl a 515

ke sdde OS>

Ol Ous oalp 5 olle s 5 olplosen Sein cbld iy o axs L
S oy p a0 gbdle 5o ol Qi SUST 55 Jiles (3de (g3led s
Sl b Ay 53 ook slagsledde Llatls 5 (gode g3led e b g5lu 55 caloss
as (6 Sl B Sy Sl S, Sdsay Jy Sl ol bl i 2 b
w5 b DATDAT VT 5505 55m s 5k ol 6l JolS g3 slagilodie 51 oS
b Ol s bSOl ag 3 s GBS- RS K 53 e 3 Shes o
Aol b daaw 3ladde 51 5535 sp Glp ol Gl 53 (pel OAd
ol o ale Jle ol o slind oIS ol 5 LIS oyt 030l (g3l i
b 5l ag LS dle o dhar Sl el ol AT s S ST slaadl e
o ld (loannd sV 5o e Vi Jobay bg catle 5 ol 5l oan Sl 5oy
S b ol St SVl B Olbl b Sl sy S Sl
A @y dde el sdd e dlen 22 OLx 056 L el S s (Sl
Sezedly b Y5 (Ol o 5 eV Joe) K2Vl ¥ el Cad S
Sl s ol 2 e ol (Pl sl (Jtls SIasl dsl5 ( Sdear)

el ot 3l (1) Al 51 gLl 515 hlons

v =¢-30 M)



AO 2 s s slac T 53 s (5l 05l (gls i g5 IS agr JLES Cslis Ol L5

ol S s SISl 515 g 5 Ll gl oS
SRk o3 e ol Sl s Jls Sasl Ll iVl Jsde gladasiis
e ¥ s o3s alhe ol Ly [SUSS 55 slaaasiie a5 odd asls i il ol
Ll 3 E3e 3b3 shem ol 3pms 4 s Lacad st B S s oS
(i ks s 5 oKans (gl sla il 5 s s Slasiiae (g ol
s j2abl bl old sl (53,550 s ulil 55 G oliaseiin o5 lim LS|
ol eslital Juo il la s et Tl & aslsl 3 Al coadly sl an S,
2l sl Gbool ke &S Gl s 00 el OS5 sl e

DVE 2l g ios 6 43,5 ol el sla i i

bl epe Slasie ol Sos Solea ad ol bl Canler s mls
Slaspn Camdn 5 K3 S0 el ok b Cod Joolo b oS Lo
Ui = S = 5 Ole 3 S et b e sme sla e 3 s oS il 550k e
Sy ol peads ol il Gdaaw Jde S Glaiged ¥ ISSE s L el gdiw
Oy Rals jbiea i )5 3550 OO Jdsa il sl esls OLAS il sl
g wl} Lrj\.; 6\:..«4‘) L JJA JL'." wl [ L}:—L}J E) szLdew L.:N M L}.:L}J
QJQG@&L&:W\;AS@MM;;M\J;;SJE}AJQ A)OcY g_,\.;JSML;SJJo

O ag (,158K sl HLS pnese
S Sb lagmes 53 By S g ol el sln 5L 2se SLEE Ol e
ol oas a0t $ln bl A ) S L ol EPB oS b
SIS s e sl (gode 5 s gy 95 51 IS sbas (e JLAS s ()



WALl ) Sl palem dor (potige (olidns &0 A

S s el S e s Al Sl eslial JS ager S e Gl b i) Sl
COB al; 3l odel oz IS ager 5Lid s (V) Aoy .ol (COB) 0Ll s 25
Lo das o 0L,

or =k, Jo, —2c\[k, +K,.q+Uu+20kPa ()

b kg s slosim OIS U (s L @ Sk €SB 30 i Ty (Y) i,
03 b JLES Ol Ry ol 5l fol> @L:} ol cds 5 Ssl Jdsas cnl ey Jlad
58 g 5LES Jlie alS L 00l L e el 03 B S s e
S ool Slie sl dd i celin HLES Ol B8 LIS 4 K3 e (5 o5l
Js pdlas b lize Lol S SO L oS sl B35 2l 55 LIS ager 5LES S il
adaze Jolo Lalgy o has DUS L3 s g esls il olas (g lis alaises
(b5 e 5l ol IS b Sugr JLis el sl 11 LIS g LIS ns gl 5
Sl il S50 S5 5 Sb e Slasite (Of o (e L Ol (5
el gla sy 5l Sk s (SSS S5 bl h s S g g S L sk ol
Sos o3 il o eslimal ey e GLEE i, 5 6ol s ST ek 5SSl
T e s (F) il 51 (651380 ager HLad il 7] bk 5SSl

o =Ko, +p )



AV 35 e Sl Sl s ekt syl o3l sla b S agr LIS Conlin s LS

el Gloi Ol LS Py W6 e 55 Opegme) S b LS oy 0 Kz as
355 gr e (8) Aol 1 [£] (60 5S—1ad 5T (g3lgning L23 Ol 3

s'=Fy'D-Fc+F,yAh— ﬁc%‘ ()

SISl &y 515 a4 atesls & Lo s O3 cul b F B Fy 3o o154 JLis s S
B s o goaten O35 4 St o goaten 055 o 5 P55 gwckin (Sla el,l o L1
ot SN AR 5 G ris o asin 035 Y 5 S D S S € ol S

’W|VT&W‘@})5%)JJWM

J;,s Sl 6JL.»J.M Eﬁjdkdﬁudhéw|

L oS ol Je st KW Sl L sloslo sbaolall 1 oslinad U fig o g

el Y0 Lol Culses 5 20 ANA o id g ol kb o)y Slasiie 4 4y
Sy bl sladbll Sl 5 Sl il e Sladde sl ol edd sl
S Syt i pedle ew e iluesle | saay ol sl sslizal st Szl
el oSy oLl 5 o e k3 Jawgie Ul 0T Jlde &5 ol Jad L &lgzad
Goli o 5w o lE Ml I AU gl slsl Lol sl (gl
Slasie plas 358 o dhe Jor Saa¥l i, L S350 oY Koo ms L oS
BLo1 sbas &Y Slasiie ool e Sl Y s aY ol ol wis, TBM il
2> Gt o Ol DIVI LT e sy Conlom o (5 G Sl el L (5l
el Dbl CaaS (o0 bl e /0 Olpes 35 b5 ol Al s
st Oles JUES| 51y Dol o s e s e 28l Jlesl ) glates,
ek an S Lo o SalVl caSe e @ 8 ke, VW] cd el Ca
55 5,5 las 0l 4 ately Slasiin el (sl ok S B = b sl el
Jde Olej 4 atnly Osml g o 5 AtV Jpke (558 5 a3 55 b O gl et e

Slaseie CiaSn Sty S8 Y ledbe b oljes sdd ale dus 3 el ol



WA Sl Vsl (oasslem Ao ¢ pudign elid s &S M

Slasein Shuper 355 ools s (ol Covw) Sy S Slaseie a4 50 aY ol
\:A.w‘ ol 45‘)\ Y Jﬁv\? L J.,\.A dl.lm (_;LQJ;};: LS‘]’ ol ubﬁ;\
[\WV] goe solwds 2 c‘La.a Slasin Y Jyo>

c c A=l 03
i e £tV Jske Ka) (5 )les o slie S
o5 S Las
) Ol 3 (Il (Il 2 s IS) -
(CaSo 0
- A YOV« 10 Yo K5 i
- Via% ° . ‘A (Jhw) &5 5
o) Sy S
_ N Y v A s
(el
/oY Y NY - _ “lol oY
sl
VYo 2/Yo AAEERR] - - Oebe e

o8 sl 5l o eslinal o8 @ o i, Sl S sl sledite sl

S35 ey bl sl sla i Ols (5 8 a8 s b Jde Sl 55 Jslas
AT e SIS S Y S5 L e 8 e 13 e e Blie e
rhe pled (ol Ao a s sl Gleds Dol Sl ey a5d e Jlesl e mla @
dger ch..: 4 ,lid sl L Ol en o o ol (g li= (5 20 V/0 f@LJJ-’: é"‘“
eibe e Jsb b plp a8 e Jsb 4 Ly ol ilude Sl G 253 00 Jlad LS
3 sy el b Ol 5 el Gl Jde gl 53 e dalee lagldl el
o o e s B e 28 Gy oL o S gbeoldl 00l
s e 0 S BF e 53 Ol A e e Glsla aalsl s s e sl B
S8 Ol 25 0 SIS Jlse ssbas Sllas opl 5 ol bl (6 e Sl 5o Sl s
LN ol od Sl IS ager L2351 5t L /0 caale a5 S Gy
Je olaws s Syl Cod (3l Saste b T sl il cou By gl
el s e O oKs Ol el a3 el bl lacadd 5 el

Al by kol cand wlin no e glacds s Juldie pslie 5 s b o



A4 35 55 Ml Slacd T 4 ets (syli 0 50lSe (gla L IS agr SLES sl Ol LS

s s ¥ obt oSy Slasia plp s B peds Olasiie 5 edd Ol V/0
sl 0 Ot
mb ol
Sl Soilll s 5l ol G 5o an S el (iladde oo ¢l
(Shlpl s se a5 bl el olinal 505 (6 HaE Y ket oS5 Sl
s S VO Sl by shaia (sleils Sbt s 5 sl 5 las i
plaie el el ok SIS s s s haie SEST S5 s el ook |
a5 8 1300 5 s lale &Y S 8 ol ooy iy mlaw wlas fals Bikes
sl £y B Olbl s Olgea 4Y (pl S5 585 Slaseia ¥ sl 3 oS Sl

sl
Km 0+750
Filling malerial il
st
CE"‘“‘;
Fine” grained Layers » |ERs ey
L TR B R
= i ,ﬁ, = Sl
& T A A T B ] e A S Bl
¥ AT
Corse grained Layers >
20
£
sw| ¥
su)®

(V] Vor 5l e SSSS 85 Jdgp ¥ S
Btz eds el Sl (SeSS55 klpd bR e s Jus
) ol e 55 ek lasl Slie U iy Jlesl LI ager SLE3 5 old 5lude
ool sty mbane Cni slie £ Jadx o st 4 S L s JIKUb LS
S ghie 335 Llpl Glaidl Bl ol mld ol enay B o e VL L3 ledis
5ok, dde sl S L 015 ol (VL Bkl a5 Ll 0l 1) S

3 eslinal a S rl;g.\ Solwd o L;_,_Q\



AR 5l ) ylat uns sl o ¢ gl 5 & 120 Q-

RS S )8 Y L VOY 5l s g Ol bl S SO 85 Oleo g Y J g

AR
SP-SM St s arb
A () b5 S0 Goe
VY (o) S 315 Gee
1410 (xS a2 5 50 5h8) gLl o suase 0535
AL (a2 (P 5 AS) K2 o pamn O35
° (JSl5hS) (Str
YA (S KL Jss
Yt (a,5) s SWawsl &4l3

348 ilwdde g gyl @l:.a i 8 Jgd

Sibwdda 5l Jol> oS Ghlpl 3hedd Cil 3 s O e Sl gk Slpesls
() 348 (=) (s sl
v/vVo /Y VYT
VevA VaeA v+VEV voy/y
VoY . r+VoY

ol u\:r.’b‘ Slasein

Oirr Om O e e el s Lsey Sl Slasn s
315 e gtV e B o 4 IS a5l slie SIS sl Jule
bl slie el ool el wtls y glails el Shawl sl 5 e 2
St s Gl han e Y slaas slie cpl LS 5 5 0 gl s ol

el ol 611V s 53 adie ol Sliasiie & il ol o L]
o plralr polie jlelS ma O agr plralr Jdy, ol S8 e
DLas 55T Sl el Slos Ll ai S agr abralr Sl 5 Jig S0 3
Olgpe s 4t 53 5 bg O agr olbrals sl Fash cpl o3 AL ol
2 YT OUs 5 oS s o slei ke plrals Sl OIS g ol LIS



) 35 55 Ml Slacd T 4 ets (syli 0 50lSe (gla L IS agr SLES sl Ol LS

:Ll.:.«:}cb ol abl>| ;.;—L: Q)ym (0) lbb L;;Um U)(avg ol ol onlaial LAJ.:X}J

Dy s P Sk e OF gl b 5 b5 IS ager asly IS0k Jds
1 n

U Xavg — Ezl((ux )(i+1) + (ux )i)((z)(i+1) - (Z)i) (e)

G 5 S0 S 2308 g plrals S0k o sa Uxavg i 5 e yioli

R J;_,J J}'l:

u&}ﬁ)éd})&ﬁﬂé&d"uﬂ‘)\i ‘éﬂo JJ-XP:

ot Sl jyalie o AL
Wade () o5 o s 515 hu
Yo 4T Yo (m39) s Skl a5 fi
A TR SRR (IS K atza¥l Jsube E

Lhd.h SJMJQM A J_,b

o oy oy oy
BT SN BT SN ™o a3 A AT SN

. “ . @ “ - . “ -y . -
434%}@343%4\93%9144?%3%;“4%@3
U 5 o~ = o ) U5 ~ = 2 2 < o~ = 2 o X o~ = o )
A 57 3 B A A 3 > A ) 3 > 8 ) 3
) Ly 3 ) Ly 3 ) Ly 3 ) Lok v 3
e ) 5 5 2 ) 5 5 2 ) 5 5 2 Y s 3
xl \I) ~ W3 ~ x?\ \I) ~ B ~ :i\ \IJ ~ i3 ~ =1\ \I) ~ 3 ~
Yv Yo I YA q Y Y V4 . Yo Yo Ve . Yo K \
Yv Y \ Y4 q Y 1N Y . Yo Y N Yo Y Y
YV Yo Yo Yo q Yo Vo Y\ . Yo i \Y . Yo Y Y
Yv Yo \ ¥ q Yo Yo Yy q Yo K \Y . Yo X ¢
Yv Yo X Y q Yo Y Yy q Yo \Q Ve . Y K 0
Yv Yo \e Yy q Yo i Yi q Yo A\ \o . Y Y a
Yv Yo Y. Y Yv Yo K Yo q Yo I 1 N Yo Yo v
Yv Yo A Yo YV Yo Yo AnS q A\ K \V . Y X A

YV Yo I An v Yo Y Yv 4 Y Yo A . Yo Ve q




AR 5l ) ylat uns sl o ¢ gl 5 & 120 QY

@Lﬁ

S P R SO S NE (N[ P SR CANC S P VRS i S PRI
GL... IS aalsl 53wl sl o)y (G A Do g S A sl HLAS Ol
TCI O [ U U U PN P RPN P SV W ICHE oS
IS agmr el LS

Syt COB Ly ms il 51 ool 55 5550 IS agr SLE3 e Sble 2y 5o
5 sl B g @ inbe Jbe n (SUSS 55 Slaside 5 Ll bl e LIS
5 5pS palie Jleel b s sl 0 (5 S5 B3 S ager SSke ol Sl
OB g ol L5 o Sle plrals Sl 5 e slie 4 ol LA 5 5
e 508 S e 5Sile plrale o ol ()Lt5 ol LS Ll ot s
IS5 53 55 8 edalie e o 53 (S55VL b i o 508 OF wbay 5 il axils
L bdie lp 5:Ske alrals Jlis 53 B8 S agr a0 Jlasl S5 agr Lis ¢
sl a.,\.;r,d)q.l.&u@w

COB i, 5l Jol> jLid & by o )8 agr olralr €yei Olgsas 50 S5 0
YV s 2l 515 e el osay IS ager ol 5L 1 ol il o jene
a3 Vo SKhawl &l (JKLbEe Vo ezl Jsde S 53 s O g Sl 6 e
TV USS st el e 5 Y0 s Sl 4l I £ ezl Jse
GlLbl S5 ol I agr 3 el sbml B olralr e, 18 5l el S
e ol 1) i
Gzl Sy 5T

ol e ool LS arem VI Jade Blis 3 S g SLES Llssal VO JSE s
Sl agr Lis cosline laaian NI Jsde (51 s COB dayl ) oS 555 0 ae>dls
Jade Shal5bl b as dms o OLiS cslin SIS agr slajlid S Jl= 55 5,8 o b sl

d Sl (6 508 S ager HLAS Sk 4 ez Yl



A\ 35 55 Ml Slacd T 4 ets (syli 0 50lSe (gla L IS agr SLES sl Ol LS
4 4
2
4
0 z 2
5 =
3 z
B B
6
4
E
% -10
55 65 75 85 95 105 15 125 135 165 175 185 195 208 s 25
Face Pressure (kPa) Face Pressure (kPa)
——E=10. =25 —eE=20,fi=2§ -6~ E=30, =25 -+ E=40, fi=25 —e—E=10,fi=25 —e-E=20,fi=25 -0- E=30,fi=25 -#-E=40,fi=25
—a—E=10. fi=30 ——E=20,fi=30 - -E=30,fi=30 - &~ E=40, fi=30 —=—E=10,fi=30 —=—E=20,fi=30 -e-E=30,fi=30 -&- E=40, fi=30
—+—E=10, fi=35 -®-E=20,fi=35 ——E=30,fi=35 -e- E=40, fi=35 —a—E=10,fi=35 -®-E=20,fi=35 ——E=30,fi=35 - e~ E=40, fi=35
- Z.
. - . - “ p4 . - . . _ &t &
w,cﬁ.&jdﬁ\‘\’(gﬁg (J‘ ‘:)‘J‘)"Ls‘ﬁ ?“S".- l:.adL?A.:b JS%JL.Ji
0
2
E
= 4
3
H —e—E=10, [i725-COB
£
2 6
£
2
5 —8—E=10, fi=35- COB
—A—E=40, fi=35- Numerical
10
4 2 0 -2 4 R B

Uxavg (mm)

3 sledde 55 A1 plrals ,umls A S



Y4l ) sl ‘VA'ULG;; > (odige ‘;.AL.:,J.») :"i;’“'"

160

140

130

Face Pressure (kPa)

110

100

a¢

220
\ -
\\._._\ P L
2 200
{2
2
4
S 190
g
=
\ 150
170
0 10 20 30 40 50 0 10
Elasticity modulus (MPa)
——fi=25-COB ——fi=30-COB —e~fi=35.COB ——£i-25-COB

—e—fi=25-Numerical —+—fi=30-Numerical -—w—fi=35-Numerical

20 30 40 50
Elasticity modulus (MPa)
——fi-30-COB ——fi-35-COB

—e—fi-25-Numerical —+—fi-30-Numerical —#—fi-35-Numerical

130
2 \
110
= \\N
&
<
2 100 \
5
g
5 % .\ \
3
2
=
80
70 \
60
0 10 20 30 40 50
Elasticity modulus (MPa)
——fi=25-COB ——{i=30-COB —=—fi=35.COB

—o—fi=25-Numerical ——fi=30-Numerical —a—fi=35-Numerical

N W (7 A (oo (WOl 55 gl g, ager JUS —aea¥l Jpde v ISS

o) g

ager HLas ance Nl Jade lsl L R AR e Sl el Al ol L5;?{,5

s Wse oS b e LRl el Sl s daly ol 5l edel Csas LIS

Sl b s Solea .l COB o iyl 3 St anecza¥l Jsde L6 6 K

s 2l 515 0 Gl b el 83w o3 das e LIS ) et J s



q0 35 e Sl Sl s ekt syl o3l sla b S agr LIS Conlin s LS

OB ager Lis (S sV Jode 3 5 s e OLES 5 S 1) 0t S EPCRNCIRNJY PR P
el L COB b ) s (5
Al Sao! &1y 50U

Sl s Shsl Ll b (:Kle slralr —aaazVl Jyde Jlased A ISE s
S0l el o e3ls Liled COB ilaly 51 Jsls IS ager sla,lis (sl cilsn
Lotz dsde 5 8 15 3 Colb bos of 515 OV led 3 558 00 odalie
oo 2l (§35m0 Ly, oSle glrals Jliie St sl Shaol Ll il
3ol o Slasl L5l S s L g obralr olie o g LB ol
JLLe Ve azezaVWl dsde 53 A IS pillae ol sdaline LU Cilises slad e
agr JLES e SOl oS ol e SV ST s i o Sle el Sl
gl 2B L Ll sl B 5 e S ager plrals e 0 5 oSS

By e LA e s ol

4 4
3
0
g E
E g 1
0 =
z z
5 5 0
1
1
-6
-8 -3
0 10 20 30 40 50 ) 0 10 20 30 40 50
Elasticity modulus (MPa) Elasticity modulus (MPa)
- {i=25-COB  —+—fi=30-COB —e—fi=35-COB ——{i=25-COB ——{i=30-COB —e—fi=35-COB
- Z.
ch.ﬁﬂ S YW (oo (A Ol Gl Sl glals —aal J g ./\JSJ:
Tl

S&h&‘ L..}‘)J"‘J"))COB MC,MAMJ:JLAJJ )SW}W}\)_}MA Jg...:JJ
IS Gills el o ey il OF (sla3l 5 s anezl slad e gl S s
lie HLES Ol e 5 ol S5 SRS L (a3 Y0) oS Sty SWawsl &5l 5o

Lo Sl 5B A0 D a5 al (Rl oo o Dol JS aer



AR 5l ) ylat uns sl o ¢ gl 5 & 120 a1

Shawl L3 Sl b edd Koy Ly, ol Skt s Sl &sly il 5l

1.025
5 ::
1.05 )
-]
Q 1 8
© : O 0975
) =
= B
72095 2
2 8
g g 095
S o
= 09 E
0925
0.85
08 09
20 25 30 35 40 20 25 30 35 40
Friction angle (deg) Friction angle (deg)
—=—COB —=—E=10-Numerical ——COB —=—E=10-Numerical
——E=20-Numerical —s—E=30-Numerical —+—E=20-Numerical —e—E=30-Numerical
—+—E=40-Numerical ——E=40-Numerical
12
r—/__.—\-.
11
@
o
2o ;:;><i
2
H
%
2
~
5 08
g
=
0.8
07

Friction angle (deg)

——COB —=—E=10-Numerical
—+—E=20-Numerical —+—E=30-Numerical
——E=40-Numerical

(z O (oo (WOl 515 glp0dd e I8 ager ;b - Js s SISl 4yl5 & s
o) g 5 s e TV
G35 155 5
ol Jlas Jlis 53 COB LLid a0 ol 3l IS agr SLid Ve S o
el o ey slize s SISl glaasls 5wtV sladste (sl sle i
Sl Sasl sl SV eld 3 JKLLEe Ve eV e s IS8 olkes

S oL 4 Cad (65 e e S g sl LS s O S5 S



v

2 e Sl Sl 53 edd (gl 0305 sla b5 IS agr 5LEE e Ol L5

Al 53 e 2sder FS SN ol s 5 T SIS 1B L S das e L)
Shedel Csw LIS agr Slis alis OVl s g o o S5 SRl L S
bl 3 pdipe edalle imas 55l e 50S OB ager ol L8 COB
Voo ol Gt lp) oS eV dade polie o (Jots Sasl glaw sl
Ao ey ol arloes [l 4 Sl (65t LIS g Ll e 4 (505 5 IS
LS e 3 AtV e eyl Jlesl Soys o 50asOlis oS ool 5L COB ilal,

= @
@ S
3] e
3 8
= s
] £
] 09
085 08
08 0§
o 20 40 60 20 100 120 140 0 20 40 60 20 100 120 140
Pore pressure (kPa) Pore pressure (kPa)
——coB —a—E=10-Numerical ——CoB —s—E=10-Numerical
- « ~E=20-Numerical ——E=30-Numerical - & ~E=20-Numerical ——E=30-Numerical

<4 E=40-Numerical e E=40-Numerical

Face pressure/ COB

08
. [e]
0 20 40 60 80 100 120 140
Pore pressure (kPa)
—=—COB —=—E=10-Numerical
- « ~E=20-Numerical ——E=30-Numerical

- E=40-Numerical

Yo (A sy Sao! &y 515 (6l ok o 3 IS agm HLid — (glo i O L3 N0 S
4?).3“0 (Cg“" (57)



AR 5l ) ylat uns sl o ¢ gl 5 & 120 A

S 5 028 ) ager sla,lid b sl S alke il A i
Laly 5l Jool pslie b ol o 5l adel s SIS agr b JLES 3l
s ST il = 5SSl s Lalyy 5 55 4 S 15 b Sl 45 COB 20

sl 0l anslae Jled Hlis - 5 1S

jwl}s-m}ihﬂm-}v&;bdum;@\”‘vJj&)“,u«:u@u&mﬂ
e s Sl L aer sl HLis @Mé)vs)lm olsen Jld jLis
Sty mbie Db @y Cd (65 G LIS ager HLAS 515 S| 5 COB 2
j._ql: ol Sl Mo g S Jagl)))'l&@;s); Aas e Ol ol G s okl
03 el oS w S L s S age L snse LEE Ol > S sV Jse
¥l Jade Slad 5 ns ola el 8 8 L s Lsa ool (gledde S -
-dde 31 eslad UJ') S das e bl e g oo bl 4 Cand (5588 o
S o 5K 1 LS ager b JLES 0551 Csas 6l (g3 slale

53 edal Cesay elie LS 4 o Lo Ll 5 el 58 L sl
S S sl sl 5l sy Blas Lid Llsy ) &S cal sl 4 ol G
Sl S 4 5L i COB ilayly S :pl 4 a5 L ias o &S0 1) LIS ager 55,
S ol Jiassy 5 edal St gl ez e S (S L St Olpe o 508
oy S b 5t GLil gLyl 0l o Sl plrals Blus S a5 L
o slize SIS agr e 5L slie St aezaVl e i L b= 0l L .ol COB
el okl 4§ b5 3 eyl sl COB o el 534S 340 dal g

(J\Sml.;_,lgs) 8 g HLis polie Aslas V J i

s Anagnostou & Jancsecz & Ko CoB e

Gods Kovari Kovari active Jow
\AH L Y4 L WY L K\ L Yy )
Yoo L Vi L WY L Vay H Y Y
\TH L Vi L WY L Vay H Y v
\TH L Vi L WY L Vay H Y ¢
A0 L VoA L Ve L AY L Yoy 0




a4 35 e Sl Sl s ekt syl o3l sla b S agr LIS Conlin s LS

@t Anagnostou & Jancsecz & Kt CoB Rl
Sode Kovari Kovari ctive Je
1Qr L VoA L Vo L AY Yoy 1
ILE L VoA L Vo L AY Yoy v
VAQ L VoA L Vo L AY Yoy A
s L Vo) L Vi L VWV Vag 4
AL L Vo) L Vi L W Vag \e
WA L Vo) L Vi L W Vag 1
Ve L Vo) L Vi L W Vag )Y
Vol L Vo L v L \Yo L Vgo Y
V60 L vo L av L Yo - V0 Ve
Ve L ve L av L Yo V0 Vo
¥4 L ve L av L VYo . Veo N
Ve L W L AY L " L Y %
) L v L AV L " - Y A
ek Anagnostou & Jancsecz & - coB b
e Kovari Kovari aetive Jae
\YY L v L AY L 1Y VY 14
Y L h\% L AY L L . "y Y
% L h\ L As L an L A T
e L A L As L aA A TY
1% L 1 L As L an A i
Vet L 1 L As L an NA e
\YE L A% L oA L qs L AR Yo
Ny L £V L oA L a. L e ™
\eo L LV L oA L q. AN YV
VY L £V L oA L a. . e YA
Vv L A& L £V L ve L ag ¥4
a L A& L £V L ve L ag v
A L A& L £V L ve ag A
AY L &3 L £V L ve . ag Y
a. L Yi L 4 L he L Ar At
%) L \i3 L 4 L he As &3
W L Y¢ L Y4 L Ay A Yo
A\ L ¢ L 4 L he As !




WA 5l ) ylat qnn sl dlor ¢ i gl 3 20 Voo

& S oms

slals Gl ;s a8 030l sla by (ol 8 agr ol JLAS s shaea

oo a3 B8 ol D ager 3o sy se SLS olae e pl s lpd e ol

COB S DR D solsS - LlefJ el - 5SSl Kactive s

I L sl ol o 306 ($ilodde b U ol slie 5 ekt b

5 ol Sasl Lgly gl il pslie bl Lol sl awslis ABAQUS

Oy byl ool 56 bl 515 emen 5 B Osely S aneza¥l Jss

ol & D5 e Jole b o foe Sl ot s B IS g 5L 5 LS

23,5 o )Ll sl g0

— s ST s sy el e St Clasie ¢l fol> a2l ol e
g 5L 30 LS sl b Jlie 5t Kactive (i) 5 e A SIS
S eS M sl s, 5l ol olie S5 sbay s e a1 L5 ol S
G oamg Lol ok giludde @L:J OeTeR 3 S e 3 J.pL?- polde
la Blas 5055 = la fs) Glue p ddod gla sy oolgiy polie oS0y
el il ol s a1 5 IS g 2 31 S sk s oY
I iambe s o2 Ghas 3l ol i (s la i, b el 5o @

Sl 0ld el (g3de iled e GL, olel 5 a8 8 e Cle JLE sl
S YOVL aeze W e slie jo IS5 5bar Vo dgder 5o Ol s e 4l
b Ak O e LS sl o2 p) (ol sy 5o JSLLKS ¢
59 5l Dul& pl Ol 4S5 sbay cdas e 1)1 (s3ue giled e @Li.} O S
SISkl &513) dos TE 50 b (gLl Sl 5 Yo s SISl il5) Ao
S ey et Jade ol slie ps ol (K S5 Yoo LD
Fr ol Glaelsn 5 ol pl oy a5 Lasld a5 s oo &l (6 508 nolie
Vsgde 5l S sba bl g Sl as s ST 515 SRalS L O]l o
ey i S s Ao s VY 25w pLal S s Ao s



Ve 3o 5 s Slazd T s els (ol 0 5lKe sla b5 IS agr HLiS clie Ol L5

SAo Slees Kadive Sklos ) 51 ol E=E Y dsdr s el @

Giladde 5 2 i, Sl Jeole slie 1 Sos ot gla g, ple 4

(e iledle w5 o e boawlie o Lol ml sl gode

5> B o3 (5 S el 508 o3 4-T0 5 Ao s -39 65k 3 o Su

Lol o o Ml do)s 508 5 (e TV i Ges) St St Lyl 5

2y g 0dalie (s e Gelate glil 515) LA S
5oeds wbl Ul sl iy ilsy 55 eeemVl o 6V Jsisr Gillae @

malr bl S J s e sais i S 5 53 COB o 2, e

atYl oo olite slie 53 g3de giludde 5l Jol> Ly )8 g o

St G IS s J RS 5w ol pll jskea Lol glie Slals

LEd b ppslie a3 el ol U 038 st (L5 IS ager > ol

ol Ol B35 (ool AT 3 Gdman 3ladde b &S By (soli LS agr

e o A (550
@L:.a

1. Leca E., "Settlements induced by tunneling in Soft Ground", Tunnelling
and Underground Space Technology; (2007) 119-149.

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

3. Jancsecz S., Steiner W., "Face support for a large mix-shield in
heterogeneous ground conditions”, Tunnelling’94: Springer (1994) 531-
550.

4. Anagnostou G., Kovari K., "Face stability conditions with earth-
pressure-balanced shields”, Tunnelling and Underground Space
Technology,11(2) (1996) 165-73.



WA 5l ) ylat qnn sl dlor ¢ i gl 3 20 VoY

5.

Broere W., "Tunnel Face Stability & New CPT Applications", PhD
Thesis, Delft University of Technology (2001).

. Pan Q., Dias D., "Upper-bound analysis on the face stability of a non-

circular tunnel”, Tunnelling and Underground Space Technology, 62
(2017) 96-102.

. Kasper T., Meschke G., "On the influence of face pressure, grouting

pressure and TBM design in soft ground tunnelling”, Tunnelling and
Underground Space Technology, 21 (2006) 160-171.

. Li Y., Emeriault F., Kastner R., Zhang Z. X., "Stability analysis of large

slurry shield-driven tunnel in soft clay"”, Tunnelling and Underground
Space Technology, 24 (4) (2009) 472-481.

. Chen R,, Tang L., Ling D., Chen Y., "Face stability analysis of shallow

shield tunnels in dry sandy ground using the discrete element method",
Computers and Geotechnics, 38 (2) (2011) 187-95.

10. Lambrughi A., Rodriguez L. M., Castellanza R., "Development and

validation of a 3D numerical model for TBM-EPB mechanised

excavations", Computers and Geotechnics, 40 (2012) 97-113.

11. Berthoz N., Branque D., Subrin D., Wong H., Humbert E., "Face failure in

homogeneous and stratified soft ground: Theoretical and experimental
approaches on 1g EPBS reduced scale model”, Tunnelling and
Underground Space Technology, 30 (2012) 25-37.

12. Zhang C., Han K., Zhang D., "Face stability analysis of shallow circular

tunnels in cohesive—frictional soils”, Tunnelling and Underground
Space Technology, 50 (2015) 345-357.


https://www.sciencedirect.com/science/article/pii/S0886779816300062
https://www.sciencedirect.com/science/article/pii/S0886779816300062

KA 3o 5 s Slazd T s els (ol 0 5lKe sla b5 IS agr HLiS clie Ol L5

a B i s S agr )15 Sl B e 15 b e e Gl ) SRkl Y
A Odrs udign s ole Ao U e 5 e gla S8 s EPB 2,
SA-TY (VYFAY) (YY)

Y bt i3, m Aallln) b5 ager oMl o g 3l e e e el G 0Ly N
QOYAY) (V) & pdign lidopmes 0,55 ¢" o S (55 52

15. Ahmed M., Iskander M., "Evaluation of tunnel face stability by
transparent soil models”, Tunnelling and Underground Space
Technology, 27 (1) (2012) 101-10.

Grs s Y Lot o3y ) U SLST 55 Sl laly Ol Jrass slie awdige 7

YA "5 5

17. Katebi H., Rezaei A., Hajialilue-Bonab M., Tarifard A., "Assessment
the influence of ground stratification, tunnel and surface buildings
specifications on shield tunnel lining loads (by FEM)", Tunnelling and
Underground Space Technology, 49 (2015) 67-78.

18. Kasper T., Meschke G., "A numerical study of the effect of soil and
grout material properties and cover depth in shield tunnelling",
Computers and Geotechnics, 33 (2006) 234-247.

b wloodsn Sd ol 5o et 2 gl fig (Solial Ll w2 ot e SUls ol ke )4
AM=AVE OYAY) (VE) £ ¢ s Ol jos st sade s Mz Ll (35 5l el
20. Moller S. C., "Tunnel induced settlements and structural forces in

linings: Univ", Stuttgart, Inst. f. Geotechnik, (2006).

21. Kavvadas M., Litsas D., Vazaios I., "Development of a 3D finite
element model for shield EPB tunnelling”, Tunnelling and Underground
Space Technology, 65 (2017) 22-34.



WA 5l ) ylat qnn sl dlor ¢ i gl 3 20 \K¥3

22. Kim S. H., Tonon F., "Face stability and required support pressure for
TBM driven tunnels with ideal face membrane-Drained case",
Tunnelling and Underground Space Technology, 25 (5) (2010) 526-42.



