AR Q] vy Y112 (g cadlool (1P lino) F o)lods (DY als (o ) duxo g oyl joe (oo 4 p05

R

SR Gaos WS Kb puti 9 5l 1 (woB oylgs piG

YQ;OL;:’ OlERs posly ‘\*LS")'Q'? BYTp)I e

Ql).e‘ﬁ sc;a.l.?) Syt Sy S olKisls 50‘).o$ ey aSlisls )L.,..i;.‘,\o\
Ol 2l S s S olKitils (S g5  cwdige )] a5 aS gl il

VB IVAA T 55 O F o VVA 3 pd AFAON VA seél o

onS
oy LIl oS (oo (A pludigs 0)lpen &5 098 oo Cgme (S xed SlaslgiS b pe g pubas Jolie 5 (S0 (102355 059
S US55 5 053 Sl (54 oo ) 45 955 0 pamiie Sloj £5-550 (al Comnl atilad 2 5 Ak (Jolos 1) o il
515 58L5 Comibir ) Eol i 4y e 355 B! slaslazile 5 Wby g5 el ool szl Lo &l jio g Lalgs ol 555 31l
U e 6t 5055 Gl (gla Ly as 355 daontins colSi Ly SiSg55 oMl 51 0liiaal b 0355 (5 lagly oy ogdle oyl awatiges 1)
037 Bl Jalge a JS8 5085 5 (et Jelow 3l0 0 o0 5 995 BLbI (Sl S s 9 oIS 5t (s 9 Sl 4 eyl 098
sroles b slooss (g Il g e peis Judow ool grw allis ol jo ol aly (g3l Jaw 0955 5 (55 Il g,y oS5 g4 0065 A
S izren 0,5 13 )0 90 Gl slacdle o S Fojme8 H Buan b (69,90 axlllas) alisee S5 L ojg, 90y JSd —wgd
3 B ol )3 355 JSh et 9 sl Jelow (sl ol 485 Al 550 (595098 (3lmand ) s Sl b angs 5l o
Dl e 555 0,555 55 ywsd 5 Lzl glas bl aims o Lt Jrol> gl ool 00 03licsl GEOSLOPE 5 PLAXIS2D g FLAC3D cla,l5élp 5

Aoy ymalS 1) 05 Sl osgame o o S s Jlode (25,5 9 5 mei b s luly (alidl es

(SO (JKb s gl Sl (55185 Joe 6,1 055 o lgunds

2 W og dalys et 365 i) 9 0 Hlubl ST oy,
Skoe oluly Jelog 055 (b)) 5d Grwiige Slaal |
il Sl VL Gl o)lge liebl o s a5 s psboay
Sl Lo 095 ;b Jdow syl Jolos 2 opdle
S ladasme )0 5 St 9 JSB s J S g koS
5 ol 65l Sl p5¥ Ll ol o il o ool
plosl IS8yt 5 Coneld (S Hslaieds (5510095 Slilee
PS4 5 GBS0 055 ol o oo Jle 5l 0g
5 Gl pos @ Ol oo |) drlnen Glasslw & jlne o
ot W 0,8 o )lsl jlre pé (3B 5 38l glo plrale
L ggose crlo)ls Comal s 08 ladss ()b )5 plral>
Sl Pl Jlons 039 ;0 S Slasin (o9 jiie 4 4z
OYAY bl Lo @l jie ptis dous) cul
SB il )b JUil pspio 4 (S0 ms—8 oy
laolfass 5 bli 4 ,lad s 156 Cod (b )50t

doddo —)
Sl 338lh9) dnsi 5 (g5l st S L 09 5l
399 b e b slas,ls pogs a5l cas yeaids (sloojlw
Bl ole w55 3§l 5 Sl jslitons 355 5l ol 3
Sy 55 el bzl 6yl (64 sbadasme ,o Jlos]
b oy a5l 6385 ol (G )0 068 (S5
Ol B alnn selaigh S5 51 58, by (S5Kne 3blio
6)4)5 L\ &EJ).A Lngo)L..» Slas| 9 Lm).e(..: 4.:“.\54 L\ o)jj.ol R
S ey olads Slos “S A— slolose 5o el
coley lanul § KuS )L el Jie cilisee (slas )8
Sl 5 e (et b Lo ol 5 Jpol (5
2L s o Olgiear S0 055 5150 00 (6 ks
S 0055 40 34790 sl s Jolas oyl asis )0 a5 suds i
o2 4o (i ) SLs labim slaiss (mizen
515 S ez il 5,51 25 0 Sl ol 0,55 oo

1. Arching

SYNYYAY - oYY uled 0 lecd ¢ gime odinngs

(Solu olaas . 5) y_dehghan_b@yahoo.com «( oo,z 5,68 . w) saeed_ghf@sru.ac.ir : Jues! ool


mailto:saeed_ghf@sru.ac.ir

Y080 L(1F ) L)) o jlods AT wlo ) Jumo 9 oyl o (oo 9 i | (SOLy s .6 « o0 > j92 08 . 1ay

Cely owgd Jlols i Gadod ol gl aiols )y 12050
iy 10 o) 55 003 g aad oy alols o 88l s alS
JM‘awwwbwwwbd})& 9 00D Lﬁé.o_w
Ol el o Gl JSi posi g S bred 4y la s
b e

Ol 2 25088 Al ey n LY VO Jlw 5 Li 5 Guo
Sliwl) 59 2 0 (35 998 o0 Sl w5 pod Sty S
S ald o S s ] A 9 0—3 o adei Y 9 X
05 35 1) baed o alold 3106 0 o cel |y (So5 0s8
98 Al Sep g wloo (RIBLY 9 X sl 90 0 50 5
1 g o0 oFAST 4y mos dilos o wog 5l a5 Jlassl cely
SO RTINS NI I R P N

5 Sls Soj w8 Sl (Y1) ullSen 5 Barbosa
L sls 5 2890 slaoslos jo 1) (e (LSS slaojlw (5 )lky
odgdy ol i Gadss )l mles asels JIE ) 0590
Gl Dglaie dilo gy S g slails oS o Foj jued
L}"‘ ] )L\f).)‘ ooy U"‘ » M‘)J onb ;,u_..u Al g
5 Smgs Silwdnd 5 (3l 3l (LA (rizren rdod
5o gl 5 05 bl S £ 4 4755 L il 3 (s
Sip ele S b s olp amgs Jdow ools L_is
Gl il e Lrdlxs

oy GBS (oyn & anlllas Sy o (I Sen 5 Lai
addlas cpl )0 0l el (Ko ojlu jo S Fo5 cwsd
g 00— gaiadds (F05 yue8 oy i il alisee glovo sl
s 53 285 8 sy 20500 b o )l Jlail o5l
et wled (5908 57 e (hy) 4 il It
odd Hb JB! s 5o yois Celh S Ol s olal>
g Syl o b S (oo et 5 @59
Dyliie (2P RL jsbay it bl b 0 5 2 5 wled
S 0 (Sojwed @iz slo bzl sboul 4y joeie a5 o]
39 JUES S 5 S50 1 st 53 HB sl 5 o0
(YA e g Lai) o)ls el sl

O S 2,25 g, 4 (Y1) i SlSes 4 Rui
» )M AM}") La 0 @_m.c LgL(b).))Jl? ) Q;D)U"'%;
olo i dalllas ol gls aiols j13 ) 090 |y mo
JBsl g wed izl jo sy cel Saing b oluzds
29t S5 ki g G5 GRalS S 455 y9boas 39 o0 5

S e S 0 (Y0V) il LSen 4 King

4. Mohr-Coulomb
5. Geosynthetic

szl Ghgy 4 6)ls 0 ilaluly o omy ool laly

2 O S a5 el g )1 2929 e 90 G bl ) ety
() JS2) 398 o0 gad Jore

S 535 pugd

ot iy 5 S 535 ugd oy - S

Sl Gads S0 (Y0 +)) ol LS oo  Vermeer
520 s b a8 (6500 VP il 5 G g ylly (S50
0 55 oy (Bl sl ol 5 @38 ol 531,53 ¥
ICPRTNSIVIPIIS FIEERCINEINES AN
b g conlio ulad ols ylis byl (gomas Judos ol
S0 w98 Guyb )l ol Ll Jlasl el oy S
iz opl gl e8I oli s j9e TS paga (5,13,
5 oialS el yu (iid 95 o0 el (S5 g8 olo olis
Oley so et T cnl andlanly Galidl el Jove jo (55 55 03
GRS (Salins sl sloml (izen g S i35 Lo g
b e

S (S35 sl Jae So L Deb play i
ey pp SB S s eadlzl (S gt 21,
SRop gy S el oly Glas Gadod ol mlas ol )3
Y+ V- Deb) aws 3831 Soj5 mgd 5 Sl S

g 2 (FO5m98 Bl (owyn o (VY)W Koo 9 Ma
HLiad 4z o aS o) doeS ol sz 8 S o
Ol e oyt 8 (SO Fl ot i SB (Sl
Oials8l o a d] 5lg ojle dalsl mat b s> SO L5l
alold 0gd oo 9B S i3, G il el S Lol jlad
Gl L 4S5 psloy a2l Sl (S35 m98  laga (o

alols o s.am5 G ;o (V4 )Y) Seifabad 4 Hosseinian
S gy 4 oab Jluk lasgs )0 lagad 6258 At
gt e B oV Jolgd )0 ( Fos0m8 Sl ey bl
(CL-ML) &lop, S 10 650 ¥ 50 Jolsd 1o b ,STl 1 el
Plaxis3D Tunnel ,l58ls 5 5 s 290 (5,8, Jo o by

2. Berlin wall
3. Anchorage



Y-08) L(1F ) L)) o jlods LAY alo ) Jumo 9 oyl o (oo 9 i | SLy s .6 « o0 > yo1 a8 . (w 1qy

by JS& (owgB al Cons puliine (5132995 01923 Lao3s
(US55 5 )Ml o o Shee cnlply a3l oo a5 oo
ol of delos sl g cal Sgliie i s o150 |
L 3,5 oolaiwl ((Gangd Jolow) 4835 Jgons slagty,
0)l320 5505 osliul o Julo (sl (gamans (sl bl 5 5l oy
O 50 &5 AL olad dtng S Sl ga (5102055 0 (g
s 5 zele 5y ,SOLS A wgy Ll Ll glle
ok 5l e (e 3 Shos b Wl oo o Jlned 5 (295 Ee
el SH Sl ugd il b aS S ke oS4 4y
o 8, 5 ont Wl o caelis (g,Lis — _ias x5, oloy
gl Gliodl b digy Cal Dgliie (g (g sl 4 S
3hedel g conl amman 4 Cos (g iy e Cwglis (gl o
lis o ol oo 3575 4 T 0 o5 (il sl i Gy
oBaSS ol5,0 (izen O)1s (g yimian Cunglite ()15 sla
SE i 005 a5 598 o 4 SL oy S
CS > 2B Sty jglome 0055 4 Cud WBAST S0
WS 4l oled oo )3 (o8 Caeglite g 13,5 Sl
b JSCh s ol 0 B ol algs cely coli o0g5 9 00
eSS (59, ,Lid (2alS o o (nl 058 Coaslie 5]
2 alyS jglne slaodgi (59; 2 )Lad Alidl g oot xS
4 S (S S b )3 00 Sy ) s Jlisl ey
O 8bas (pl 09— (FO5mg8 Sl i | sl sl 5
S8 ot Oliee 5 oIl Olisbl cupo Wl o gl
ol i el e Ygamo il S 31 0)lgys 6 5 28
0,130 (6,5 BASS g ablis Jore 10 g 055 48T 4y Sl
sl (S35 g8 0 Shoe 5l (L pal (pl 45 W05 e i
Jie G5 A (Je S 0 o L g (B L8 5l i
=95 )8, 5l S5 055 ojlees JLd) cnlply 00 o
B sl o sloyb L3, 5 (Bl bl & ysoa
il AL 5 52l agd Sy o i8S L el
s Jzl o o Ul g wed (Soed (b cools
|y oo o)l Sty o (iS55 3l glalis Mo B jsboa
S e g Lol aggly o b ol b oz e aes e rals
24zl oo gty el G i8S 5 ST esd
SO oy Sl Sl osd azgi pl 4 S (LS Slalllas
3 B el e S s (liae 9 955 )l 5 Sl
o)lge0 ol 5 (Bl glo o lralr 5 gyl ol il
b wload (g5l b (owsd JSB @ a5 (503 slassS

2 S (50 o8 anlllaes j5e (Gman g Sangs (sile e

S3lwde 9 (>1ob (Juli Y
Ol 59 985 0)lgd JSB (gl g goma L8, (o n
0ads plol FLAC3D sgame Juolas I3l 5 51 eolaswl b subo0

N8 9 290 1y mals p (Sie slog, SIS 0 (F05me8
L, S w200 L5 Bwizs (pl o asels
oSl andl pglas b o) aslio 5 5, S (samans 5le e
G5 ol Jsb 5o 8ls (lds Gadod Gl a8 ploxl
Sezg 3y S B o 0aiSly jebay by i 1 LAU (NS
5 dxwgd 00gdote el yiiin el Joro o ooyl ok aS 8)ls
el )l plgieas ot VL jl5 0 (o slagi S cnl ot
Sl a8 0gBie (Byre (FOjm St 1SS Sl

il i ol 5l elgen 3, S Culus

2 S0509 3 (AL A @i (VY +) sl ea g Lai
A a3 oo 18 (528200 )90 | el s lag S
ateial 2 ) S )3 (e oS 5 g S8 ols (las s
S il g 5 g W g Cal dtily (iliSe Julge g
L (B 25 )95 456 5 Sl oduzn (o9 03905t )3
el Dgliie @3B A5 @98

SO med o Wld IS )_ub (Y+Y+) Tan 4 Long
o @l aisls 8 s 23550 (amgd 3lu e L S
o0 S8 sl S Sl )] aes e i o
2yl byl SLs @lyd pog mhawe U 55,5 oo L
S ol bz g haanl el (05 slaal o5 g sy
Dglsn ogd Ll o i cely

alols auloms gl |, s, (VoY) il (Ko 5 Chen
L) F 350098 Sl cos a5 g5l Il 5o modh clie
Sl mha s a2 o i o ol aisls )3 axlllacs jae
@59 9 (FOiw9d 03g920) ugd JSB p Sudy S g oy
el S S S i (lee 5 25

ol 52 Sls S o oile Lt (V- Y+) il S 5 Jiao
Sl 3 S (Fojmsd Sl 4 arg L) oo eSS
@S ols H18 (pwy p0y5e (oS (g, ojle 2 0)ly Lol
GRS s g SB (Sl lad wes e s B
RS TR WINPYERIN ST NI
satioanlie aizen 55 o Bl Lol gla it 1 a5 col
s 2ol bagto ol 5 Gl b oS e L8
oo RIFIS 5 10 (6 25 gl 2l

o S 855 S o el (Y2 YY) il e g Li
W30S 1B gy 50 p 5 sy SIS 31, (So5m88 S
ailp g aVaiz S 3 (Sojomed ol plis Geiow (ol s
5l Ay o S e gl a4y i JUa!
ol S0 i agd il o ST 855 panilSe
Flees SB plals 5 (5950098 (4S5l 380 s
S 18 s iy o o) p 5 S 0 0
S S ey b 4y g8 005050 D)o 50 4S5 ysboay
3 mam 30 00,5 oo (e e ;S S S sl Wk oo



Y080 L(1F ) L)) o jlods AT wlo ) Jumo 9 oyl o (oo 9 i | (SOLy s .6 « o0 > j92 08 . \a¥

Joe Cenl oals Blod s S (6 %0 90 Gas b .ol oold
Jowe 31 (hHaode (L) auls lp 5 S sl (5,L8,
oolaiwl CAM-Clay Jow 5l (l5adY) ey sly g ”'ob\sg_:;g;;'w
o0 g Sale oBass il (650 4l o Jow el oas
3 Gz ol ool Jlesl Joe 4 YZ 9XZ g XY dxa o 4w
a5 Cewl ool oolaul 955 (g5l Il (gl ouiS s g5 90
o bS5 (gad plyieas s¥58 38 el s Joli
o O alols L 2IPE330 g4 5l (coVg8 w506 oledl .l Vo il
e sy SO0 068 glay ) /YO ojlailay ol Cand o 4
25952 95 2 1y oS ghune (nl (B Dlasiine s ghoe

el 03] (V) Jgax o

Sy oo gl p (ST 95 b iolyl —) Jguar

$kd; Je
- cam arly el e S aaiie
oXigd Clay
¥ W JSubks C S
SKlasl 4405
Y \# a0 1}
N
Y s FESN w glusl aggly
v 4 » ¥ Pyate 39
S e
- foe Jsulsls  E ORI
50 Sl (B
b - ISabslS  ELT s pemme e ol
o0l ;..Su'b 5]
Gy il sew
b - sk B et
el
S O T
E\ Qe oen _ Jsalsks  gre SOOI T
) dazxe (5,135,
Shaly 59556
-6 ) A Og m .
O e 4 (S
) Vo JSubsls pr & S
- - S e v U ogls capd
oplsy s
Al g A Hgh vV L s bl
Sdxe

el o a5 L s En = 3EL e #

9. Oedometer
10. Poisson’s Ratio

Oyzmads 5 PLAXIS sgaze sladl 15800 5L o] s g ol
5 Tslons 3,90 5 dualis GEOSLOPE (su> Jobss I3l 3
Eils Job Jolis Jow dwais ool ad 3 )13 o o
3 V0NV polie b e (5 lo 05 gl g e Yo 2ol
@S (Sob ol Bl gz 995 Sy Vo g oogr yie Vo
30 e O pl 5 Jaw o,e (V) USKS) Sl oy Ll 068
0 (5,0 S Caond jo )] e 10 S Sl oals a3 5 L3
Bgdiga dylyo)lpd p il B O )ge ol Gl 5 0l 18
Sy Jolee sty )3 e o Joleo X sbil) 5o e ol
Gl 0ads a8 T L5 j0 e SO Jolre iz gliwly 0 g e
b SoSmme all d laiS b S 365 jlme ;0 (rizren

Sl ool a8 3 a5 0 Yt/m?2 Joles )b e

(10}

.00

162,000
150,000

1000
dimom
o
— 110.000
non
s0.0m

faom
2.0
0.0
200
0.0
o
om

10,000

0,000
10,000

Vertical displacements (Uy)
Extreme Uy 168.48*10 m

Joo awacs Y Ko

Silwand g 28 wlasin -Y
S3an b g Jelod o eolialsge slaosls 5 Slasuis

) e i 3 sy S35 bl 15
M) L e 53 (i S8 5 oSl L
OLas (V) Jgaz o o5 ead Sl (Y olLs 5 ol

6. Hardening
7. Strand
8. Elasticity Modulus



Y-08) L(1F ) L)) o jlods LAY alo ) Jumo 9 oyl o (oo 9 i | SLy s .6 « o0 > yo1 a8 . (w

AR

(LU 2 guw) w58 oylodl 28 Slasine -Y Jgux

990 dwdin D5 5 o Bl e VIO lag] o aols 0,5 o 55 039y 555 o395 .
o3 2 e & 525 Comd 3 53 Jolo siusd lats Jals e
- AAVAS \ia (kPa) Soiuns
V.S V.S (kPa) o gelans ;o iy (5w
Yy ot Yx) o (kPa) atiw¥l Jgdo
20 (1 g Wi yiwl) (LAiS 5l (S8 Wlaseio -F Jguer S1AYOY S[AYOY (80 y20) ahais s
0591 99 B GNigay o ONjT iy YD Yo opls
paS el L s o o A () abold
e Ji ks - 228 loe
kN -l mm kPa —awciw!
YA s L STl ¢ e e L
YOA Y- ¥x) oA A slaglall sl 098 (yb Gediod (ol )0 mizeon
;i‘; l @l ol 28 Slasie o8 ol oads plonil 325 (33 yusl) o2utS
. A ; Wl .z M ,
vy \Y Y\ o LYY ) J3|..\> 5 ¢|)‘ Comd g Wgm Ceomnd 6‘)‘.’ 0592 99 ;®
YAY/A VY. Y} oA a5 Wy Hlgiedr T SiLs (8 Slas v owl 0ol O) b
). FY \Y-. YA as, sl J}!a Gudod u,,l PRy ol ool (F) Joaz ,0 3 g8 o)lﬁo
g aSipla azgi g 0 O (60Ved 51 slayloll ailas
S 0595 30 Mg Coomnd (4SS g W yw!) (S Hlgo (S8 Olasino -F Jouo
bbb aS bl i VI S e
- sl el Ll s, At 99 - — o
(kN) S &N) s (mm) (kPa) <
(kPa) (a>,9) (kPa)
VoOF YOA VY- Yx) A YIEx) Y YTV £159 Soskes YA JLad L S5l
Vay 1) VY- Y -4 VBN YY) f159 Saske TY a3 L Sl
£5q YAY VY- Yx) A SlYxV-Y XYV £159 s, ¥ iyl
fats VefY ‘Y. Yx) ot Af+axy Y YYIVY Al as, b us
i s pin¥] Jge Slasie
GEolarin e cgbmodb s m) cPa) Clegs e
= 6""‘""‘: J
Clégs 2nS KN) S5 (kN) LTINS
9 & e (kPa) 5 (a3) SISkl =l
(kPa)
VO YOA VY. Yx) oA YIEx) .Y \id \YIE Fodeo YA L3 L STl
Vay T VY- V) A ¥IExY Y vs \Y/F e shes YY L8 LSSl
£59 YAY\ VY V) A $1evx) Y vs \Y/F i, ¥l
414 VeFY VY. Yx) oA A-axy-Y \id \YIF ad, ¥ ool
Glizo g wod glad wlul p aildd 4 18 o -V Jouo S Sl 28 wlasin -F Jgus
A 5 S A 4 Csd 23 Jsb o Cales o Al iV g0
, ; () oogd ey . -
alas (cm) (wed yaa () Ol (kKN/m3) (kPa)
il ‘Y ¥ N0 -I¥0 ve Y)Y
-IYYe A¥1A ¥
<IYEY 7O/7 o
“IYVA NN 4
<YAY f0/0 \
iy f A
13. Shotcrete 11. Bond
14. Soldier pile 12. Unbond




Y080 L(1F ) L)) o jlods AT wlo ) Jumo 9 oyl o (oo 9 i | (SOLy s .6 « o0 > j92 08 . 145

Jowo adgl Jolei 9 Sobow! Jolei -

a3,z o sl @yl Jolas Ll 5 55 Joo Ll 1
S5L 52 b JS cdloay s Joliels slag s 25 Ta L ST
5 ool (Al (Sl Jolss & Gaem) Lo 42 (104 51 565)
ool Al po ol )2 5 09 oo Syt Jlos wl B
Doty 6yl G (1) JS2) $9d oo yio oS0 i
S soli> e Ve (pm 0o Lt d 5 ¥ U2
20,5 o @y 25 (5l S B8

o

}V“WMMW o
T M”’\M.Mrww,.m

a0

T iy,

ardsl Jolss 3 Juloxi ylogai -¥ S

GO Joo (ouw CBO g o yliel -0

ooliial b o8 (sla JSb pts (b il jolo adiod o
Sl p098 wnlyd sk po 0855 ,5e (29, 4 3l 5
30 a5 Wbl oo wyiwd )0 (5 105055 plasl lam ole 4 U g
30 0,5 0 LB eolaiwlojge goue ddow ol miw L]
(Sloj 098 a1z b 98 50 ol o iy gl SiTeg) b
9 b ojle ol Blbl s ol bl 5l glasis S lacl
O Sl digly 5 Job laal_ie e 05,5 oo olonl
Iy bl am al> o 10 09— oo ploeil bla 380 Ol _aisee
A3 50 (il 3590 0100 s (59, p EBlo p alals lgieas
ol bl 25T 51 S Dlanlio alS 05i oo (crmw g 48,5
O ST JS0) sl cassay ey p LIS (ggway aSs
el Gl plge wg—b plnil al> 5 50 )3 Claal i
2,5 s Slaizee Sglds auglio I bl

17. Target

(63t wiaT 58 (G Slarii A Jsua

Jsb slacel
5 el . .
o Jsb & S alols
ch . oledex g5
Ny () & (%)
(%)
() (a>,9)
d;‘v°5f°wel'“*"ou“\:ﬁ-?
5L Sl
v ¥ 3 - o S
Fosheo YA
5L S
10 ¥ 5 Ve N
s TA
T3S RIS gPRVEL r T PR PRVES
AV
Y 5 ). Ve T -
4.:..:4)
5L S
10 f A \. o S
Foskeo YV
5L S
vio f 3 \. VTS E
Fashee YV
Sy V0 955 caiS b losz
ARV
Y v Ve V. I -
4.......:J
ARV
/0 y Ve y. Y/o =
4.......:J
ARV
v 5 V. V. Yio -
4.:...:1)
ARV
b o V. Y. v/o .
A
ARV
VY 5 A ¥ Y/ -
4:..»:))
Sre Ve 095 oauiSpluse (ylodus
¥ sl
Y y VY y. Yi0 -
M)
¥ sl
10 y Y V. Yio -
M)
¥ sl
v v Ve V. vio -
AL
AR
a0 5 VY V. Yio -
AL
AR
VY 5 VY V. I =
M)
ARV
VEID 5 Y. y. Y/o 7
W)
ARV
VY s 4 V. YIo -
W)
¥ s
V4 $ q V. Y/o -
A,

15. Microgeodesy
16. Geodetic
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1. Introduction

With the development of urbanization and the increasing development of high-rise structures, there is a
definitive need for excavation with higher depths. The important matter to be considered in such cases is
providing stability of the excavation to prevent any probable risk in the urban environments. Because of
excavation, the soil as a bearing system removed, and consequently, the equilibrium of in-situ stresses in the
soil mass and the between-granular stresses are disrupted. If this stress change exceeded the tolerance limit of
the soil, the soil would be unstable and, the excavation collapse will be inevitable. Hence, one of the aims of
engineers in the assessment of excavation is the stability analysis so that the safety factor must always be above
one. In addition to stability analysis and due to the effect of excavation on the surrounding area, deformation
and settlement analyses are also necessary for the urban areas (Chen et al, 2020).

2. Methodology

Soil nailing means the passive strengthening of the ground without applying pre-stress loads, which
performed by the installation of steel elements or nails. Generally, it is recommended to drive nails into the soil
with angles of 10 to 20 degree to the horizontal to use their maximum tensile capacity. To make continuity and
involvement between soil and steel elements (nails), it used from cement grouting. A shotcrete layer is also
sprayed on the excavation surface to prevent local falling of soil. Commonly, this technique is widely used in
urban excavations (Fig. 1).
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Fig. 1. The details of stabilization with soil nailing method
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On the expressing of the criterion of material failure at a certain level, in 1900 Coulomb had proposed a
simple but very practical criterion that is a function of normal stress in the failure plane. In soil mechanics, this
theory is expressed based on the theory of friction strength between soil particles and cohesion. For the
expression of linear elastic behavior and plastic behavior of materials in the Mohr-Coulomb (MC) model, five
main variables used. This model uses the combination of Hook’s law and Coulomb failure criterion (Lai et al,
2018).

Hardening soil (HS) model is a powerful constitutive model to simulate the behavior of soft and hard soil
types. From the main features of this model, it could mentioned the presence of two types of shear and
compressive hardening as well as the non-constant failure surface of the model and its change with the increase
in the plastic strains. As one of the main differences of the HS model with the MC model, the stiffness
corresponded to stress level can mention. The main idea for the model’s relations is the hyperbolic relation
between axial strain and deviatoric stress in triaxial loading (Fig. 2).

Vertical displacements (Uy)
Extreme Uy 168.48%10° m

Fig. 2. Two-dimensional and three-dimensional modeling geometry

3. Validation of numerical model with case study

In the present study, the results of monitoring deformation using a micro-geodesy instrumentation during
the excavation process and up to three months after the completion of excavation are available, which is used
in validating this numerical analysis. In geodetic method, for monitoring a structure in two or more periods of
time, a network of fixed points around the excavation is created. Then observations of length and angle used to
determine the exact coordinates of these points.

Residual results from geodetic monitoring in urban excavations show that displacement is a nonlinear
function of excavation depth, stabilization method and soil specification. Comparison of the results of numerical
analysis with the track monitoring values for two points of harvesting in the fringe of the hole, which were
stably steerable, as well as two points of harvest on the opposite front, which was stabilized by the Berlin wall
method. The alignment of this point of withdrawal is at the zero level of the project and at the top of the track.
This comparison shows that at all points of view, the results of numerical analysis with hardening behavior for
soil are always closer to reality and better match with the results of monitoring (Fig. 3).

oDz

spit spl2 .
Fig. 3. Monitoring network points around the excavation and monitoring network points and observations (Ashourzadeh
and Rostami, 2015)
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4., Conclusions

Displacement analysis and deformation depend on various factors such as excavation geometry, soil
properties, structure of stabilization and modeling method. In this paper, we try to analyze the displacement
and stability of excavation in two different projects (case study) to investigate the effect of soil arching soil
effect in different conditions. Also, the results of two-dimensional modeling are compared with the three-
dimensional mode in simulated arching effects. FLAC3D, PLAXIS2D and GEOSLOPE software were used to
analyze the stability and deformation of the excavation. The results show that a radius curvature in the wall of
the excavation can increase the stability, reduce the deformation and by distributing stress and strain can effect
on the coverage range of excavation.
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