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Statistics DM's parameter ranks:
Mean DM ranks 5td dev_ DM ranks Percbth DM ranks Perc50th DM ranks Perc35th DM ranks
Parameter #1 4.6513 1.2689 2.1589 4.8496 6.866
Parameter #2 6.2762 1.7319 2.9291 6.4624 9.411
Parameter #3 2.4721 1.1089 1.173 2.1664 4.7996
Parameter #4 B.8457 0.72874 T7.4539 68.9654 9.750€
Parameter #5 1.3548 0.65186 0.36254 1.3158 2.5304
Parameter #6 0.6375 0.0549 0 0.5316 1.5477
Parameter #7 1.4626 1.0237 0 1.548 2.8216
Parameter #8 2.545 2.3543 0.335 1.729 8.1194
Parameter #9 0.90209 0.9749 0 0.61242 2.7175
Parameter #10 0.83282 0.85694 0 0.60815 2.3679
Parameter #11 2.3375 0.83262 1.1287 2.3285 3.8069
Parameter #12 0.5477 0.4714 0 0.7032 1.5671
Parameter #13 3.6375 1.3246 1.7281 3.4793 6.2067
Parameter #14 9.1474 0.77084 8.0082 9.377 9.8142
Parameter #15 1.4602 0.9797¢ 0 1.3229 3.4714
Parameter #16 1.2194 0.55747 0.34575 1.2298 2.22
Parameter #17 2.8926 1.8301 1.33486 2.237 7.5477
Parameter #18 2.8042 0.94305 1.4382 2.7032 4.531e
Parameter #19 1.8029 1.292 0 1.5624 4.0265
Parameter #20 0.7765 0.906044 0 0.81337 2.8739
Parameter #21 2.5671 0.79525 1.2164 2.6146 3.7765
Parameter #22 1.6781 0.80994 0 1.7927 2.8443
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Statistics of Overall Stability Index (OSI) for each section:

Mean OST Std dev OST Percbth OST Median OSI Perc95th OST
Section #1 1.6364 0.139%911 1.4051 1.6384 1.5664
Section #2 1.8893 0.13302 1.6618 1.8925 2.1033
Section #3 1.9193 0.12408 1.7078 1.9217 2.118
Section #4 1.7475 0.12905 1.53 1.7507 1.9575
Section #5 1.488 0.12647 1.27%¢6 1.4885 1.69%964
Section #6 1.8822 0.11037 1.6991 1.8851 2.0583
Section #7 1.5678 0.12857 1.355 1.5688 1.7785
Section #8 1.9148 0.12369 1.7054 1.9175 2.1134
Section #9 1.6542 0.13006 1.437 1.656 1.8638
Section #10 1.5833 0.11604 1.3861 1.5872 1.7697
Section #11 1.7678 0.11954 1.5673 1.77192 1.9597
Section #12 1.767 0.13368 1.5503 1.76792 1.9671
Section #13 1.8095 0.12345 1.6056 1.812 2.0112
Section #14 1.9096 0.14853 1.6647 1.9105 2.1492
Section #15 2.1986 0.1439¢6 1.9513 2.2032 2.4275
Section #16 2.7614 0.15151 2.4925 2.7714 2.9944
Section #17 1.682 0.14984 1.4452 1.6783 1.9393
Section #18 2.1467 0.14209 1.9%067 2.1498 2.3794
Section #19 2.1614 0.13056 1.9331 2.168 2.3681
Section #20 3.2737 0.093047 3.1162 3.2753 3.4226
Section #21 2.357 0.10039 2.1827 2.362 2.514
Section #22 2.012 0.12833 1.7908 2.0177 2.2113
Section #23 2.2995 0.13037 2.0668 2.3095 2.4972
Section #24 2.4918 0.13536 2.251e 2.5007 2.7031
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?DF of expert data on the overal reduction (%) of tunnel mean life
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1CDF of expert data on the overal reduction of tunnel mean life
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Statistics of the percentage of reduction in tunnel mean life:

Value percent

Mean 19.862
Standard dewviation 8.2738%
The 5th percentile 6.3163
The 50th percentile 21.643
The 95th percentile 31.825

Gz -Y-F
I8 sy 550 Sloyose oy 10 IS Gl ey Vb i g ll Juad opl o
sy 5,000 e by 5o By oluly )0 Hige Jalgs 5l plas o Coanl ay lanl Jad cpl o .08 5
yo halS B3 oy Juad Slotil )3 g iy o sl IS )l LS (o A e 0
G095 S xS e 5 ol anger @ oanl Jab ok aislyy L B 4 Cond B Spie

YW aly ol

¥



RN



2l -1-0

Gl bl oy gl 2l (o 48 9550 slabigs (s)lb 9590 59 Slgl2 slaiaghy (95T
Jelse (6510 o500 Glej 5o el ool ai2ls 5y (610 oy (boj 5o 550 sl bs sl & S b
Ol 5 UL g yn5 9 (Shge Dllom iy auile sasiie HIAS S0 Bes g5k 5, 2 ok
Jelse solad Cool onds (o (ig5y (nl 50 - g Seiny 9 b Gpd)lee e ol 03,
Sk ln gty aslsl )5 5 alulid )l oy Oloj 50 550 S by 6 )lk 9, 2 IS 56
o onl Sl ot S A 3 (63,90 anlllae 398 byl (618 000 Lo 48 55 sl g (SI)
sl Ot S35 ¥ bt s

il 25 0 090 Jold ol gy mls

i)l 9590 oloposee Loy gyie bigi syll p Fge Jele VY iagh opl o @
SRR 4 e g 0w S deulbre (5 Ojge & Jelse cnl 5y Sl 423518
3,5 oolatl g bt 5l leoe 0 alive 350 40 cplply oyl

<l s« Sod 5 oy Sl Jelse 500 labis gl » s Jelse o o @
CaeS ilig, Jalse g witn polo dlas 2 36 0 S U0 43l 5 (e
Wl ol dlas 51y 236 o 5pS o5le lemen slaly g ooliul o900 pllas

Wl gyl 0500 by 5 sye Bg olul s U S Jelse 4 azg L e
Rged Fomb el e re b sl jo Jelse cul JyS 4 pladl Gl oo

(YYaree B YVIYe gl S) Yo g (V400 B VF49e+ aglS) \F cloasy, o
Jole s gasdly ojle laie @ witlyi oo g wiian )lnl Gald (p i Ll
Arhe+ sl S) B o (Y+AF+ 5 V40 iashS) V slaargy 5 oS Lyl g3 2

Wil 5ol asls 58S Gl (YARNY e BAYV4D. 2oglS) VYV 5 (4150 U

V. f



4wl golael glaog 55wl 10,55 » (s SIS 5 Sudle el 03U W
3,5 Oygo Sl dlaal pg) @8lge 1o B ol atils (g5 kel gwyiws laaiy ol
e Jobo ol b (:5ls sobo @ adlllas 3590 Jigh 00l plonil sladlow 4y azgi @

Gl dxlgo lie Jigh dy Cand 2o )0 VA/FY

Ololgadoy -Y-0

2 sk Soa plgiee Gl sl s Olpl 5o g slabis K peyn b e
Slp osden Sty W sy oy Oloj 4o 9y oy ol ans;
@39 (o) b baigy 510,50 ¥ Blas Bediod (nl jo ol sleidey by (i litel
Ol 9 Ul olnl (el b laargy sl (i el cnl conl e 098 (o) 2
Dpdy Oy je0

s IS Vel i8IS 31 (S 5955 (650 o 4 gy al > @
LT 51 gy ol 51 oolaul (gl a5 Sloulis IS olaas 0gd o oloiian 1 o
il Gl 99 oo (e o

Jelge aiile ol o bl _mins 135 ool s By LT (gaisos, a5 _Lelse 5 5,0 @
Slyass g loys0 loasdil ol 5 (655miT o Joms yloxdil 5 S50 gla ;)
gl (e, 5o slagis, b g owlal

5 b el couliliiney Slelbl 5l figh e (goimargy @l gk cnl 50 @
o] slotagh 10 g o dlpidan il oo solawl Jig5 Slasiive 5 xlaw )
Gy 6,005 Oles 0o B sl » Fee Jelss (obos ol 5y Bigh e

Y

VoV



\ .



\e.



Bedford, T., and Cooke, R. M., 2001, Probabilistic Risk Analysis: Foundations and
Methods, Cambridge University Press, Cambridge, UK.

Benson, P. G., and Nichols, M. L., 1982, “An Investigation of Motivational Bias in
Subjective Predictive Probability Distributions,” Decis. Sci., 13(2), pp. 225-239.

Billinton, R., Allan, R.N., 1992. Reliability Evaluation Of Engineering Systems. New
York, pp. 23-13.

Centre for Earthquake and Environmental studies of tehran (CEST) , Jappan International
cooperation agency (JICA)., 2000. The study on seismic microzonic of the great tehran

area in the Islamic Republic of Iran, Final Report: SSF J R 00-186.

Clemen, R.T. and Winkler, R.L. 1999.Combining Probability Distributions from Experts
in Risk Analysis. Risk Anal 19 (2): 187-203.http:/dx.doi.org/10.1023/A:1006917509560.

Conner, P., 2003. Practical Reliability Engineering, pp. 11-13.

Cooke, R. M., 1991, Experts in Uncertainty: Opinion and Subjective Probability in
Science, Oxford University Press, New York.

Dhillon, B.S., 2008. Mining Equipment Reliability, Maintainability , and Safety, Springer,
pp. 209.

French, S., 1985, “Group Consensus Probability Distributions: A Critical Survey,”
Bayesian Statistics 2—Proceedings of the Second Valencia International Meeting, J. M.
Bernardo, M. H. D. Groot, D. V. Lindley, and A. F. M. Smith, eds., Elsevier, Amsterdam,
pp. 183-201.

Lopez Jimeno, C., Lopez Jimeno, E. & Ayala Carcedo, F., 1995. Drilling and Blasting of
Rock. ROTERDAM.

Mannan, S., 2012, Lees’ Loss Prevention in the Process Industries, Butterworth-
Heinemann, Oxford, UK, Chap. 9.

Meyer, M. A., and Booker, J. M., 1991, Eliciting and Analyzing Expert Judgement—A

Practical Guide, Academic Press, London, UK.

Modarres, M., Kaminskiy, M., Krirtsov, V., 1999. Reliability engineering and risk
AR



analysis, New York Marcel Dekker, pp. 16-388.

Moon, J.H. and Kang, C.S. 1999. Use of Fuzzy Set Theory in the Aggregation of Expert
Judgments. Ann Nucl Energy 26 (6): 461-469. http:// dx.doi.org/10.1016/S0306-
4549(98)00073-5.

Mosleh, A., Bier, V. M., and Apostolakis, G., 1987, “Methods for the Elicitation and Use
of Expert Opinion in Risk Assessment: Phase 1—A Critical Evaluation and Directions for

Future Research,” U.S. Nuclear Regulatory Commission, Washington, DC, Report No.
NUREG/CR-4962.

Ortiz, N.R., Wheeler, T.A., Breeding, R.J. etal. 1991. Use of Expert Judgment in NUREG-
1150. Nucl Eng Des 126 (3): 313-331. http://dx.doi. org/10.1016/0029-5493(91)90023-

B.

Purba, J.H. 2014. A Fuzzy-Based Reliability Approach to Evaluate Basic Events of Fault
Tree Analysis for Nuclear Power Plant Probabilistic Safety Assessment. Ann Nucl Energy
70 (August 2014): 21-29. http:// dx.doi.org/10.1016/j.anucene.2014.02.022.

Pritchard; Risk Management Concepts and Guidance, ESI, 2001.

Sepasad, 2008. Tehran Metro Line 7 North-South Section, Rport, Tehran.

Tarigh Azali, S., Ghafoori, M., Lashkaripour, G.. & Hassanpour, J., 2013. Engineering

geological investigations of mechanized tunneling in soft ground: A case study, East—West

lot of line 7, Tehran Metro, Iran. Engineering Geology.

Wideman, Project and Program Risk Management, PMI, 1992.

RN



Ls"’)l-é <':.’L‘~°

WWAYNYNY (qowyiwd Fu )b (6,5 <ol hittp://zabanzad.mihanblog.com/post/155

S s Cojeme L) b 09 sl o Slwayg g ks adlas 5 L)
b bl jo s pdy s alS Cojeme bl drwgi gl pee pwdige il 45T (Goee 8
gy AY) ‘Gé”.é Qoo g blj)....m ‘sﬁljﬁ.o o> fﬁ)‘} AU\)L.; eLé) ’«s’L“'“’ Sy
P 150,90 s adlllas —p 5 (re )0 05 Gilalinh ;o (re s Cendd 5 IS A jlad 5L
sy salad g Jigi cwdige sl fad ()l ye5 g5y Vo a3 e - 80 (g dakad
solil b o5 (slaiyn; 50 TBM (650 50 > 05" 50 ) 4l bl OV TAY) e Sl 5
oo oSl (S pu8g5y g Ca oydme  cwdige 0aSisly M S swiige lapiacw 9,503,
169,50 axJlUas LQ\)L&A laasl 59 Ql.:.c.o.bl oobls J,,.lz_'{" e.,\;b)l sl ul.,l.: (YA ¢ ‘SgLé)

'Qjﬂuwom‘d‘éﬁéfsﬁw‘dmwwo5"‘"0"';’;‘5;','&.,\“

sy Vs B e SeiSSg55 Olalllae g5l az LS (puaige Sloas AT ol
5 o5z Jlods axkaid)

F s g 6l alebe byl YA .0 s 015 .o (Samge oo bl wle (sourw
Seelind slasl ol 0 ol g9 ¥ a3 Jigh g aumgi gl b haws o0 o8 abolis )0 (505 (59550
MV o slalad 5 By (cwiige 433 A 51 B0

Sy Sllw J3S 0 Gl Copae & ATAY (Slul S slodl < e sy allloe

sk g e (Madlinm Gialed uedo5b ol 45

WY


http://zabanzad.mihanblog.com/post/155

g Olalllae 3550 ) he g 0l (Lo slas el dsn (Sogll AYAY (o (o)) (soate
MY ot A 5eael

P9y st S axkd Glied g9y Ve B ofn (cwiige Sloas ATAA (Lo jsline
e o3mlSa s i 1,

OlAs sy Vobs By e (SeiSSe3 s oebidiney Sldlhe AYRe oLl jslis
A s Pl

5 Slallas (g eingye Gladiss 2 Joime glajlas AYAY o Sl g pads gsilaas
Ol 5 s 53,80l g Slalllas 35 50 .5l 05 s (530 )40l o

2 s S 0358 )3 i sl s gile e AT B s 5 7 e e
Ol Ly ezl oL e Il ose bgy 5l eslitul b xaw sle il il
Yop-144

el T Sl : il SB wdige Lolys ATV e ololi

09y 4 0 po e o 48 g e sl bgs 5ylaaly 3,91 " sl asl Ll «(VYAY) o (Lo
o oKty (Sudg55 g G (e (cwdige 0aSiils ((RES) K cwdige (slopinas

Y



WY



\RIN



Abstarct

Pollution caused by increasing population and urban traffics in metropolises has become to
a national dilemma. Researches show that rail way transport system is the best solution in order to
decrease the air pollution in Iran. Hence, constructing urban tunnels is the only way to develop
railway system. Considering the costs of tunnel constructing, identifying the risks ahead of
tunneling and evaluating the stability and safety related issues are essential in all three steps of
design, implementation and operation. As a result, reaching the continuous development in
transportation infrastructures could be achieved. Consequently, recognizing, evaluating, managing
and controlling the uncertain hazards should be assessed. In this thesis, information of Line No.7
subway tunnel of Tehran has been used for stability analysis of subway tunnels in operational step.
To this purpose, firstly, 22 parameters affecting on tunnel stability have been identified. Secondly,
Utilizing experts judgment method, Stability index has been introduced. First, the importance of
each of the parameters affecting the tunnel stability at the time of operation for the Tehran Metro
line 7 tunnel has been identified. The parameters of inflation and ponding, groundwater level and
earthquake are the most important parameters, and the parameters of the river, the quality of the
materials used And contiguous bridges are the least important parameters in the sustainability of
Tehran Metro Line 7 tunnel during operation. The results show that, zone No0.16 (km 16+900 to
17+500) and zone No0.20 (km 21+130 to 22+000) include higher stability index and could be used
as passive defense constructions. On the other hand, zone No. 1 (km 7+500 to 7+860), zone No. 5
(km 8+800 to 9+160) and zone No. 17 (km 17+500 to 19+170) have had low stability index. Also,
the ratio of the reduction in useful life of the tunnel compared to the base tunnel (tunnel with all
the parameters affecting the stability of the tunnel at the time of operation with a maximum score)
is on average 19.62%.

Keywords:

Stability index, Line No.7 Subway (Tehran), passive defense
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