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A & asm A (13m)

Total
Displacement
[m]

Total
Displacement

[n]

Total
Displacement

[u]

Displacement 0.00e+000

[u]

0.00e+000

0.00e+000
0.00e+000 5.00e-003
1.50e-003 7.00e-004
1.40e-003 S ihestte 1.00e-002
. =
2.80e-003 3-nbeond iiiase
4.50e-003 4 2.10e-003 ]

4.20e-003 i 4 :
1 | 2.00e-002
] 6.00e-003 2.80e-003 |
{ 5.60e-003
3.50e-003 2.50e-002
7.00e-003 7.50e-003 o
§.40e-003 9.00e-003 4.20e-003

| 4-90e-003 1 3.50e-002

| 5.80e-003 [ { 1.05e-002

- 1.12e-002 1.20e-002 5.60e-003 ¢ 4.00e-002

1.26e-002 1.35e-002 6.30e-003 4.50e-002

1.40e-002 1.50e-002 7.00e-003 5.00e-002
|

1.54e-002 1.65e-002 7.70e-003 5.50e-002

1.68e-002 1.80e-002 §.40e-003 6.00e-002
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Displacement

G (25m)

Total
Displacement

Displacement

E (21 m)

Total
Displacement
[u]

[ 0.00e+000 [u] B e 0.00e+000
0.00e+000 - e
4.00e-003 RS 6.00e-003 e
5.00e-003 e noz 1.20e-002 .
1.20e-002 e L sosouz 5.70e-003
1.60e-002 e S odeiny 1 7.60e-003
2.00e-002 Vi | Gsnas 9.50e-003
A 4.80e-002 3.60e-002 1+14e-002
| 2.80e-002 5.60e-002 1 4.20e-002 1 1.33e-002
3.20e-002 6.40e-002 4.80e-002 1.52e-002
3.60e-002 7.20e-002 5.40e-002 1.7le-002
4.00e-002 8.00e-002 { 6.002-002 1.90e-002
4.40e-002 8.80e-002 6.60e-002 2.09e-002
4:80e-002 S.60e-002 7.20e-002 2.28e-002
Total Total Total Total
Displacement Displacenent Displacenent Displacenent

[n]
0.00e+00

6.00e-00
1.20e-00
1.80e-00
2.40e-00
3.00e-00

3.60e-00

4.20e-00
4.80e-00

5.40e-00

6.00e-00
6.60e-00

7.20e-00
FAVAY

[u]

2.40e-003
3.00e-003

K (33 m)

5.40e-003
6.00e-003
6.60e-003

7.20e-003

1.80e-003

[n]
0.00e+000

6.00e-004
1.20e-003

1808003
2.408-003
3.00e-003
3.60e-003
4.20e-003
4,80e-003
5.40e-003

. 00-003
6.60e-003
7.20e-003

VAVAVAVAVAVAWAWA

FAVAVAVAWAWAY

[u]
0.00e+000

7.00e-004
1,40e-003
2.10e-003
1 2.80e-003
3.50e-003
4.20e-003
4.90e-003
5.60e-003
6.30e-003
7.00e-003
7.70e-003

8.40e-003
FAVAWAWAY 41
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Total

Total

Total
Displacement Displacement Displacenent
[n] [u] [n]

0.0064000 0.002+000 0.00e+000

6.00e-004 6.00e-004

6.00e-004

1.20e-003 1.20e-003

1.20e-003

1.80e-003 1.80e-003 1.808-003

2.40e-003

| 2.40e-003

= 3.00e-003

1 3.00e-003
3.60e-003

3.60e-003
4.20e-003

4.20e-003

4.80e-003 | 4 4.80e-003

| N (39 m)

s | 0 (41 m) 5.40e-003

6.00e-003 =] 6.00e-003

6.00e-003 |
6.608-003 6.602-003 6.60e-003

7.20e-003 7.20e-003

————

Strength Factor SoLengels FBF‘:°:
tension

Strength Factor tension

tension

Total
Displacement
[u]
0.00e+00C
6.00e-00¢
1.20e-002
1,80e-002
2.40e-002
3.00e-002
3.60e-002
4.20e-002
4.80e-002
M (37 m)
5.40e-002
6.00e-002
6.60e-002

7.20e-002
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F (23 m)

H (27 m)

Strength Factor Strength Factor

SErengtiu Kaccor Strength Factor tension cension
tension tension
0.26 0.26
0. -
. 0.78 i §| 0-78
— 1.30 ] -3°
—— 1.83 ] -8
B 2.35 B 235
E— 2.87 B 2.67
3.39 B 3-3°
3.91 R
4.43 1 4.43
a.96 e 496
5.48 5.48
unbounded

1(29 m)

Strength Factor
tension

Strength Factor

. tension

tension

Strength Factor
tension

J(31m)

0.26

K (33 m)
L (35 m) .78
.30
.83
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.87

.39

.91

bmumu__n
5 e 4 @ @@= 5 o
& 28 2 & 383
e D b .
B EBE S ER DG
E
e
H
el
H
|
T T
S B S E B gD B

1

Eoppoonvnvrro

g r e o

2588

2

g

2

Tl

4.96 4.96 4.96
5.48 l 5.48 5.48
unbounded unbounded unbound

G Y N Gas 5l el ca i polie B8 50T 0 JSKS aol!



http://dx.doi.org/10.18869/acadpub.jeg.10.1.3287
https://dor.isc.ac/dor/20.1001.1.22286837.1395.10.1.4.4
https://system.khu.ac.ir/jeg/article-1-1888-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-14 ]

[ DOR: 20.1001.1.22286837.1395.10.1.4.4 ]

[ DOI: 10.18869/acadpub.jeg.10.1.3287 |

\¥40 Sle ) Z;M‘ﬁakgwxy;ﬂuﬁjqﬂ

LA RN AN NN

Strength 1
ten

[T (111

unb

unk

Strength |

[ TR LT T

ter

Strength 1
ten

o

o

ey

—

N

~

w

w

o

(LS

E

‘-IIIIHHIIIIHIF-

GF Y N Gas 5l el o palie S 0T JSKS aolf

0.5 Y 0.99 099
025 7
01 ; 095 - 095
z = o =
£ e o N ES v L
Z oo 40 3 05 00 € 95 0%, O, OQMEme
e S 0% g0 S 025§~ 40,
0005 € < ol =0 = othd
0.001 [ 0 d 20
0.0005 gEe == B By olUm______
0.0001 0 50, 100 0.0001 0 50 100 .0001 0 [ 100
0 20 40 6 80 100 0 20 4 6 80 100 0 20 40 60 80 100
Safety Factors in 27 (m) Safety Factors in 29 (m) Safety Factors in 39 (m)
Sample Normal Probability Plot
099 099
0.99 . m——r /
. 0% 095 095 o Normal /?E@Q
s g% 2 oy 5 ove g
= * e = O~ —G B
E s 00 S £ 03 0 00 0 R g o
2 ox|-F-- S 025 -0 8 075
ofbé I E o “ € ol |
s o . L ol 1 5 0
0.0001 i 50 100 0.0001 i} 50 100,  0.0001 -10 0 10
0 20 40 61 80 100 0 20 40 60 80 100 5 0 5 10
Safety Factors in 41 (m) Safety Factors in 43 (m) Data

ezt 56T 51 odel Gty ol o o ol BIMODAl 555 (52w slaloges V IS5

Sgos by w55 b Lol amlie 5 2 4F 5 £) XA YA YV (slaGes (sl 2


http://dx.doi.org/10.18869/acadpub.jeg.10.1.3287
https://dor.isc.ac/dor/20.1001.1.22286837.1395.10.1.4.4
https://system.khu.ac.ir/jeg/article-1-1888-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-14 ]

[ DOR: 20.1001.1.22286837.1395.10.1.4.4 ]

[ DOI: 10.18869/acadpub.jeg.10.1.3287 |

Y0 Syl A5 ol a0 g031 3 osliel § Siw sla S sy aaslin 350 51 it s L

Safety Factors
16 I
14 i
12 ;%
< 10 \\
3 8 ~
<Zt 6 —&— Mean
4 —#—S.D.
2 li| Mean+S.D.
0 T T —&— Mean-S.D.
0 10 20 30 40 50
Depth (m)

Ola! s b polis gl uilisly 36T Hls i A K3
35 kel Cowsws ang lages Sl hais 5 salas jsba &S Oluebl ol e S
Slas Gl il 5 uilly Bl 51 ds g el (6,8 500 (20 £F 5 £) ¥4 YA YA gl 5
5 e 5 obae Ol (ke 3lie 4 358 0 sdalie VIS8 4 a5 b LS )
Ol tals @ bl Somb o e Y Gee 5l (Sen oS0ke 51 e Ol Gk
s Oluabl oo olie 53 JS 2aS L 5oul 4 2 Y4 51 S leas s e
S s lhaas,y VG515 G e rdse ssba oo pl il (Ses L s s

el 2AS 5ol 2e YA s el ze YA G O

S S 4o
Do b ol L e s Gee O] s S| Sl s onl S ol gl
£0 JIYA 5 ¥4 JIYV j5 sgdee gl (25 5 s YEHAT Gas 53 S5 r-:-i))gl
£ S0, e 5l bl gl B op 7ok pled oS oSl )3 s (g
S ol 0T s saeee gl SBT3 5 el sty e N i s gl s e
St @l glyls s gdee il gy 3 TBM L (gole g 515l ol [l b0
03 bl sl sy e YA JSVS&WJ.» gt (b s Sl sl s el

LJ':."’*.'("“JLSJL‘.L"@"ﬁ Slodg oy S {’JJ‘: Ol J:j)‘\.fj:ﬁ“q O Soeb sl


http://dx.doi.org/10.18869/acadpub.jeg.10.1.3287
https://dor.isc.ac/dor/20.1001.1.22286837.1395.10.1.4.4
https://system.khu.ac.ir/jeg/article-1-1888-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-14 ]

[ DOR: 20.1001.1.22286837.1395.10.1.4.4 ]

[ DOI: 10.18869/acadpub.jeg.10.1.3287 |

A0 Sl ) Solact s adler ¢ puign (bt 55 n k!

Gos 23 pa slgdy GOl (Jg e Dlgad Gl 0l Ges Sl 0055 (solatl
Rl Ol 5 G YV JIY0 o) ol s oaas 580 s 59 b el Cosay gy
Glaeisn 3 (b rebe it 4 S sl 3 S B s el oS 1y ) s
Oboobl il sl Jloiml T s Ll 358 0 sleiy Sy 53 58 3,08 calia
L oeg e YA Gas U Olanbl o b ST Js ol 5wl w0 20 Y4 5100 2alS 51 Sl
Spde bl P ol e 015 Gl e YA Ges e s Sl axl e Sl
RS e 5 ssleand L DL s gade s 5 Oliabl il il
G gy e s bl a8 D0 G S ) Loy S sl Lo
Gl Kes s 20 YO VL e lajls 3 s glaaY S s Sy
S G slasl s s bl das o 13 Ll s 1 (6 5 i Oleedl oo slie 5
A oS Oleel 4 Lod SN B S Ll 8 O3 (oS e a0 el 20 YO
L 505 Olgabl il sy ol 515 il wxdls fig sl Sb ol S Jlaz! s o
G S b 28l oty 015 Gas jia Yo 5l 505 68 50 Sbt 1 laaY s dali
OLE il el 2 Bimodal w55 o s (6505 cal o5 okl (ST 2l
SLaiss & by sk ol S W3l SGmee L3l s S e Sl oS

‘;‘AJJ&
bl 4 5 SHL 3 cuasles Gl Olay s dgie slsligr slaes s

@L:.a
ey gl gd s (gl Cod b Sl s S clvdig J (65 O edie bl )

YA 0YY-0Yr Dlio Ol ) G Jamay pwdige bl il 28


http://dx.doi.org/10.18869/acadpub.jeg.10.1.3287
https://dor.isc.ac/dor/20.1001.1.22286837.1395.10.1.4.4
https://system.khu.ac.ir/jeg/article-1-1888-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-14 ]

[ DOR: 20.1001.1.22286837.1395.10.1.4.4 ]

[ DOI: 10.18869/acadpub.jeg.10.1.3287 |

YYev Sl 31 ol a1 Sl slial b (Ko SlaS s gl 3551 61 i 55 L

wlObl gl (5 pd ST T L e SIS 5 bige ool s ot )l 15 Y
OYAN) dgdn o533 o ls L wdige (2l 8 cwlispns Al b8

3. ASTM. "Standard method for penetration tests and split barrel sampling
of soils (D1586-84)", ASTM, Philadelphia, sect. 4, V. 4 (8) (1991) 232-
236.

it b 5 Gl el 5ty Slas Lo SRSy ey ) el gl

(YAO) iy i g o8ils Ol ! g5 Gl &S paatis g 0d of Sl 157 (5)104T

avv-1y

Klizo T ald o 5 (sl s lmo e fillo Lt gnodie p 55l (s acdie 0

e oS8l Ol pl S S S s s sl Bt Lol 5 (il fis

OTYAD) 015 S el

6. Guan Z., Jiang Y., Tanabashi Y., "Rheological parameter estimation for
the prediction of long-term deformations in conventional tunneling",
Tunnelling and Underground Space Technology. 24, (2009) 250-259.

7. Mathworks Inc., "Global Optimization Toolbox for MATLAB", User’s
Guide", USA. (2010).

8. Peck R.B., "Deep excavation and tunneling in soft ground: State-of-the-art
report", Proceedings of the 7" International Conference on Soil Mechanics
and Foundation Engineering, Mexico (1969) 225-290.

9. Clough G.W., Schmidt B., "Excavation and tunneling: soft clay
engineering”, Chapter 8, edited by E.W., Brand and R.P., Brenner,
Elsevier (1981).


http://dx.doi.org/10.18869/acadpub.jeg.10.1.3287
https://dor.isc.ac/dor/20.1001.1.22286837.1395.10.1.4.4
https://system.khu.ac.ir/jeg/article-1-1888-en.html

[ Downloaded from system.khu.ac.ir on 2026-05-14 ]

[ DOR: 20.1001.1.22286837.1395.10.1.4.4 ]

[ DOI: 10.18869/acadpub.jeg.10.1.3287 |

A0 Sl ) Solact s adler ¢ puign (bt 55 Y¥ A

10. Atkinson J.H., Potts D.M., "Subsidence above shallow circular tunnels in
soft ground", Journal of Geotechnical Engineering Division, ASCE, Vol.
103 (GT4) (1977) 307-325.

11. Hoek E., Kaiser P.K., Bawden W.F., "Support of underground
excavations in hard rock", Rotterdam, Balkema (1995).

12. Chen X., Tan C.P., Haberfild C.M., "Solutions for The Deformations
and Stability of Elastoplastic Hollow Cylinders Subjected to Boundary
Pressures”, Journal of Numerical and Analytical Methods in
Geomechanics, Vol. 23 (1999) 779-800.

13. Jha S.K., Suzuki k., "Reliability analysis of soil liquefaction based on
standard penetration test", Computers and Geotechnics Vol. 36 (2009)
589- 596.

b2 ABOLL LpolST gt (sl lael 40 S el T oL asss) sy N E

OYAN) dgdin ongs b o815 wdiga (il S wlidpney A )|

15. Rocscience Inc., "Phase 2 User Manual”, USA. (2006).


http://dx.doi.org/10.18869/acadpub.jeg.10.1.3287
https://dor.isc.ac/dor/20.1001.1.22286837.1395.10.1.4.4
https://system.khu.ac.ir/jeg/article-1-1888-en.html
http://www.tcpdf.org

