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ABSTRACT: Soil nail walls are being used to support vertical excavations below ground level to
construct one or two basements. Also, the variability of in-situ soil properties has a significant influence
on the stability of the soil nail walls. Conventional methods of slope stability analysis are usually
based on limit state analysis and factor of safety criterion. These methods do not take into account
the uncertainties. In the present study, global stability, soil-nail pullout failure and nail tensile failure
are chosen to study. Cohesion, unit weight and angle of internal friction of soil and ultimate bond

strength along the soil nail and yield strength of nail are modeled as random variables. Computations of  Keywords:
reliability are performed using MATLAB and RT software. For better understanding, a case of soil nail
wall constructed to support a vertical excavation in Tehran is considered for the study and its stability is
evaluated for three failure modes. This research aims first to analyze the reliability of nailing walls and
validate it using the Monte Carlo simulation method. In addition, the effect of correlation between soil
parameters and distribution of random variables on the reliability index was investigated. By sensitivity
analysis, the importance of variables in the reliability index was investigated. Then, the reliability index
changes were evaluated with respect to the safety factors. Finally, changes in the reliability index were
studied by changing the length of nails and the diameter of the nails. According to the assumptions, the
correlation between the soil resistance parameters does not have much effect on the pullout mode if the
general failure and pulling modes of the nails have a significant effect and should be taken into account
in analyzes, as well as the type of distribution of variables affects the reliability index and the choice of
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Correlation

distribution type is important.

1- Introduction

The use of the nailing method has more than fifty
years of experience in reinforcement and stabilization of
excavation and earth and rock slopes. Design in this method
is inevitable due to the uncertainty of input variables and
reliability analysis. The effect of different variables in
analysis based on probability theory can be investigated
using appropriate functions. Uncertainty means not having
accurate and sufficient information on a subject. In all matters
relating to engineering sciences, there are uncertainties that
must be considered in order to obtain an acceptable result.
Uncertainties in geotechnical engineering are very noticeable
due to the heterogeneity of materials, laboratory and field
errors, as well as insufficient knowledge and information
in accurate analysis and modeling. Therefore, analysis of
geotechnical problems due to the nature of various variables
causing errors and uncertainties should be considered.

Jingyu et al. (2016) evaluated the internal and external
stability of reinforced soil walls with reliability analysis.
They used point estimation and the Monte Carlo method to
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calculate the reliability index, which showed that internal
stability functions are the most effective limit function.
Random variables were internal friction angle, soil specific
gravity, base friction and reinforcement tensile strength
[1]. Wang et al. (2017) evaluated the internal and external
stability of reinforced soil only in a static state, which showed
that the internal friction angle is the most effective parameter
and other random variables were soil gravity, surge load,
tensile strength and base friction. The correlation between
random variables was also examined in this study [2]. Lin
et al. (2017) analyzed the reliability of the nailing system
in the case of slip rupture in multilayer soils. The results of
this study showed that stiff clay is more likely to be damaged
than dense sand [3]. Yuan and Lin (2019) developed the limit
equilibrium method in the analysis of nailing stability. The
results of their research showed that the reliability in the limit
equilibrium method is much higher than the usual methods
and the soil shear strength has the greatest impact on the
reliability index. Also, the standard deviation in variables has
a large effect on the reliability index [4]. Hu et al. (2020)
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Fig. 1. Section of the nailing of Daroos project

Table 1. Nailing data of a project in the Daroos area of Tehran

Variable Symbol Unit Value
Wall height H m 7.8
Rebar diameter D mm 28
Borehole diameter Day mm 125
Overload Or kPa 20
Rebar yield strength I kPa 400

Horizontal distances of rebars Sh m 2

Vertical distances of rebars Sy m 1.5

evaluated the calibration of two types of models in estimating
the tensile strength of rebar and the analysis of the internal
stability reliability of nailing systems. The results of this study
showed that conventional design models are not satisfactory
due to the presence of random variables and have many errors
for economic design [5]. Johari et al. (2020) investigated
the reliability analysis of excavations using a random finite
element method. The results of this study showed that there
is a large correlation between total displacement and lateral
deformation. Among the reliability indicators, at least one
case is related to rebar rupture. Also, the highest row of rebar
had the most critical confidence indicator. The slip surface
in different rebars level was variable, which means that the
uncertainty of soil parameters has the greatest impact on the
coefficient of safety against tensile strength [6].

2- Methodology

In this research, by examining different variables such
as internal soil friction angle, soil gravity, reinforcement
strength, overhead and wall base friction, excavation
reliability is analyzed. In this research, analysis has been
done by writing a computational program in MATLAB and
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RT software based on reliability theories. In this study, the
required geotechnical data from the report of a project located
in Tehran (Daroos Pasdaran) have been used. According to
the report, the soil layering is dense and homogeneous clay
sand that characteristics of shown in Figure 1. Geometric
and technical specifications of the nailing system of this
project are given in Table 1. The arrangement of the rebars
on one side of the excavation is schematically shown in
Figure 1.
3- Results and Discussion

The study of excavation stability is one of the problems
for geotechnical engineers; that due to the heterogeneous
nature of the soil and the uncertainty of variables is not
possible to express the stability reliability with a single
number and with certainty. In this research, the reliability
analysis of the stability of urban excavations by the nailing
method was investigated. Variables in this study for reliability
analysis include adhesion and internal friction angle of soil,
soil gravity, slurry-soil bond strength and fracture capacity
of rebar. The average coefficient of variation and type of
probabilistic distribution are shown in Table 2.
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Table 2. Statistical characteristics of variables [25-20]

Variables Symbol Unit Average Coefﬁcg:nt of Probabilistic distribution
variation
Adhesion c kPa 5 30 Continuous logarithmic
distribution
Internal friction Continuous logarithmic
angle ¢ Degree 30 ? distribution
. . Continuous logarithmic
3
Soil gravity 14 kN/m 19 5 distribution
Slurry-soil bond Continuous logarithmic
strength qu kPa 125 15 distribution
Rebar rupture Continuous logarithmic
resistance b MPa 400 1 distribution
4- Conclusions References

The most important achievements of this research can be
summarized as follows:

* Variables affecting the reliability and stability index of
the nailing system include internal friction angle, adhesion,
soil gravity, slurry bond strength, arrangement and distance of
rebars, diameter and tensile strength of rebars and overhead
that affect external and internal wall stability.

* In the study of overall stability, the correlation between
different soil variables has an important effect on the
reliability index, so the correlations c-@, y-@ and c-y have the
most impact, respectively.

* The most important variable affecting the overall rupture
of the slurry-soil bond strength.

* The correlation between adhesion and the internal
friction angle of the soil increases the reliability index of
rebar elongation and overall rupture.

* Changing the distribution function of variables from
logarithmic to non-logarithmic decreases the reliability
index in total rupture and tensile rupture of the rebar, but
increases in extrusion, which indicates that the type of
distribution function of variables has a greater impact on
internal stability.

* Total fracture sensitivity analysis showed that adhesion,
internal friction angle and slurry bond strengths are the
resistant factor and the specific gravity of the load factor.

[1] C. Jingyu, N. Zhihong, Z. Lianheng anf L. Wei, Case
Study on the Typical Failure Modes and Reliability of
Reinforced-Earth Retaining Wall, Electronic journal of
geotechnical engineering, 21(1) (2016) 305-317.

[2] L. Wang, M. Powers and W. Gong, Reliability Analysis
of Geosynthetic Reinforced Soil Walls, In Geo-Risk,
Geotechnical Risk Assessment and Management. GSP
285 (2017) 91-100.

[3]P. Lin, J. Liu and X. Yuan, Reliability analysis of soil nail
walls against external failures in layered ground, Journal
of Geotechnical and Geoenvironmental Engineering,
143(1) (2017) 40-56.

[4]J. Yuan and P. Lin, Reliability analysis of soil nail internal
limit states using default FHWA load and resistance
models, Marine Georesources & Geotechnology, 37(7)
(2019) 783-800.

[5]Y. Hu, P. Lin, C. Guo and G. Mei, Assessment and
calibration of two models for estimation of soil nail
loads and system reliability analysis of soil nails against
internal failures, Acta Geotechnica, 15 (10) (2020) 1-28.

[6] A. Johari, A. Hajivand and S. Binesh, System reliability
analysis of soil nail wall using random finite element

method, Bulletin of Engineering Geology and the
Environment, 79(6) (2020) 2777-98.

HOW TO CITE THIS ARTICLE

Eng., 54(2) (2022) 105-108.

DOI: 10.22060/ceej.2021.18930.7003

S. Ghaffarpour Jahromi, N. Shabakhty, P. Tajik, Reliability analysis of nailing method in the
stabilization of urban excavation - A case study of an Excavation in Tehran, Amirkabir J. Civil

107






. -
(S NG 224

) Je— ——
e ol

785 500 ()] yo (o kien & i

FAF U YVO Clbxio AF) Jlo o oylads OF 093 pusS yuol ()l o cwdins 4 i
DOI: 10.22060/ceej.2021.18930.7003

355 59 (5390 axlllae- (g o (395" (5L Il 3 (5 1350 (g (ylueb! Cubl Lo
OlRF e 5

'Sl g (5ol pol o )i daw

ul)al ‘ul).g‘; ‘u"l>) A.\.@(u: PYSRRUIY oKy tu‘).o.c (WL oAl =Y
.Ql)ﬂ ‘Ql).gj ‘O‘ﬁ.l Calo g NL: olKaiily ‘Q])ﬁf' (oW 0aSuisly =Y

18,5913 ey ,U
AR/ bl
WRANVVYY 25,555b
VEe oYV 2 pdy
VE e[ VIVE 1o T )

SMSEe oy J 030S ysbo 4 3 slabame 3 ogad & (Siw 5 SB )b ikl 53 il rMS
Sladgy 3 bl olul hlos p Sl 4 il (S5 Giliseo clapito y> kB pac 4 95 o oolizwl (Nailing)
S S ey 2 i 5 Qlsebl G o elie 5 ()25 (Sl line il 2 Vgene (551,055 5yl Sl 5 (b)) o (st
sags ol b dw awyp cas Glaebl Culld oo I gisd pl )0 100500l Jas (0 ) lpialad pase oS gl
(04235 gelace 3,51s0) s (PULL OUL) S008S (y50 ¢ oS Siepn Jolis oS 3905 oo o0lits] (6,118 o Loy 05 )yl
59 15 S18kacl gl SIS St Lol 55865 ) > 5300 sl poiio 18l oo (65 el 3,KLs0) e SSKicsusS
sodls jl (6350 adlllae e img s ol o bl o 5)Kie  SiSeuS Canglie § SB—legd Ngn ya8 « S oguasie
MATLAB g ys (glinyl33p 5 5 031l b 555 lisabol sl Luloos o o3lital 5 (6138 pne s3940 05 5l 35 <S5
i £9 9 S Ciliske (gl yuiio  Staod 13U ine o)y dsdllas ol Blaal 5 S5 (S sl o pol RT (piomen o

1605 Clols
P g0 (gilwand

NS gl

S
LS i 35 Olisebol il 123l 1o by o Caed] (pos jelaie 4y Canwlies Julo g 039y (Jlicalol ColilB (a3l y  Solad gls o

Sl aygl; g (St dn SB oglio sl e (o (Sasod 21 (U5 34855 (3] ol sl 48,5 )13 a2 3)90
slasMa LB 136 3 Sho (Si5enS 9365 (IS (65lbU p &7 ()90 15 )15 3, 8o (SuutS igym p Sl U JSD
J38 31 isabe] bl sl 1 55 i b 9 4 313 (s aallas () st g 438, a5 3 s o )3 131 48 5

Al o Cuonl () (65330365 Syl g il 45 g 009

-

g e g &l Glalad ( S5 Wlae o lueal
Gl (385 (gilw Jde g Julo 0jen 0 BTG cleMbl 5 by cpioren
oyl dxtane cilize (gl yiiio Cople Jd &) (SuiSS95) Slue il 11
25 drg 50 bl pas 4 b g it Las
o (Y lansl (gl g, Sl ealizal L'l )S g 99 5k gl sl
g " Sadg [N amby (S s SB glaced glul el coypo
oMl Oluebl cobls id 5 8gwls by jloslinul b (VAAY) il Sen
LV] ol 8wy s |y blusSgss b o gane (slajlgss 51
aiye pgd yolutS oliabl cobls g, 5l edlatal b alSea o ol

1 Wuand Kraft
2 Genske et al.
3  Chunetal.

dodko -
5 iloghee 3 Al Jlo oloxiy 5l Gl by e b9 jl 03li]
S5 lwdiges 03lstusl )50 (Siaw 9 (SB (slocad 55 5l lk
2 sl Cualad pas g2y e 4 B9y nl (2l g Jibod L Adb e
ol > Qb Clbl WS po3) 5 6y908 S (93959 sl esite
2 b g Jios 5 il lopite 585 Casd 038 il Sl )
pi sl iy LB aslio ol 51 ozl L 5 YLzl 655 ol
3 Gl gg90 Sy (2BT 5 B CleMbl sl xo 4 coalad
S 3)h 352y (lacuslad pie (wiine pole b laspe Clegdse plos
Coabad pas 055 )18 (g 390 2l Job BB axs Jpa> sl
OFenl ] e o sl guoms sl 353 SUSTFS iy 0j> )

Saeed_ghf@sru.ac.ir :olsle Jsoaee oriag ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

£Yo



» Jisl ols slap sl WS s 1y Cuoglis 9 5L cul s polas
Sly & 0390 (sl ) aomy jLis o (S955ly (53 (BaiD (]
Olisebl b (adld 4 sy (398 (S Sl dw > (g)luly bés
Sl agl; (CV) Valps cops ilisee pilio glp ¥ Joleo
Sl Sl (gloj) (B Qb g Sz ol 0 B ) 5B
2 Okl bl (a3l Mg bawg N> 35 ) Griznen [A]
o D90 BB 9d (5 xS Hges hy) 4 SB slaced g)lul Jdos
(SB Cud OS yun 0 Curd SB 3929 0 ol & Canl 48 )3 )18
35 Slalllas doldl ;5 il o Lol [A] s o yiuljal s a1y (34 ylas
3 s sl S Canglia colys polie & Kb 45 ol 4
Mo (1Sl & i g sl Sglite s )b ud)l 9 (S5l
Ol oo b Ll )l Cuaglio colpd 2 (sipb 8T Sk
Onad Gl g BB Jlasd (gylul Y oled gl SKlawl 4yl
IV ]l 0aisS cpss oo gl jo Bolas (glo pusto (o (Siusen
Soll G S pbml L YVP Lo > T Sen 5 g

590 olizabl bl Lo b 1) e S clayles oyl 5 LD
dslono gz "ol S ige 5 Maba (e35 g, jl o] 3l )18 L)
g ol ol ol wyp a8 25,8 eolatwl luebl cubls asls
glj e (Solad (sl jpate it (o3> @ (5 350 (3D )lk
S Canglia g S STSao] (S pgatin g sl SISla]
S gyl s G T el 5 SSg [V ] B39y 0418 pdeane
B il 350 (Stiad o 3By | o S o fsns (25 5
ol oy se (Bb SKWlasl aygly ol )l 3udsd pl doecs a5 ol
Ceaglio 0d,ly )by SB jogate (g (Bolal slajite S5 9 0392
OExen Al oo s S Sl ries g oS s (LS
C8)S )18 s )90 355 (il 3 3 (B3l sl it (i (Sasod
13 IS e i iseb] b Lbow 4y LiiliSen 5 g [VY]
Digs opl bt Slasl, Yty (S b5 Sius el
G ydins 3 Jloint (Sye awle 4 Cons o wy SB ob lis

Ly i Jols ybgy oS Ldgs Slase | i, Sem o lagy [IY] 5yl

10 Coefficient of Variation
11 Wu

12 Jingyu et al.

13 Wang et al.

14 Linetal.

15 Yuanetal.

@ls W30 518 byl 350 |) e SB (slajles B sl )
wegasw (i b dwlie 8 SKlas! aygly oy L g ol
o gy o 3k i (15 5 gl o 5 S
4o pgd yoluiS gy & &S Toliabl CublB Jol asye (g, o ol
Jlrn @9 & b sy @l il powge j oad ol Tyl
L1y B ol 5,en 5 "eiggle JIz [Y] aod o &) dliws )
b nyS Jdoo Toyl8cige (gilwans g oliw ool i) 5l sl
ol 48 sl o 03l Ly o b ol bl b Y ¢l
Cabls (asls ° ) pb a4 e [F] siee Jitwo )5 dile
bacwd bl )3 ped ;S g Jol S slashg, jledlatal L) bl
SB Sloed S glaebl el adllae cpl oy )15 ) 9)50 S
Jlots! Gilieo Lyl 5 1) oglita Sty 5 5b kel )5 L
Sl o JllSan 5 7o [B] w30 18 oy 3y90 (S
CablB ol dipe yigy dw 3l oolatwl b 1) pdae S gy Sioliys 4
s a5 31> ploxil el (eSS g5 9 Jol 4y pg3 y9liiS < liebl
Sl &S Cul Bolad psie op ete SB I3 SKlawsl 44l ol
(B Sl aol; sz cpl )0 0)l88 o il Jlad )B4 B
e & 248 e Cunglia g 132> S SBhaol (SB- Jogasie i
oon 9o Lyl (o (Niaven g 435 e > (Solad sl it
@l e9 onne O3 b LS oSl gl sl wd)S 18
£ 55 sales
oS Cilises (sla e Conlad pac ) 4 GE]Ken 5 "5l
Olirebl Cabl Jlos b (68 Ee i 5)l0k 2 o515 U s
dulio > B SKlasl aygl; a5 ol Lis (s opl gols by,
Oy o (SBS SVl olad 1> S ogass (g 5 (St b
Olabl bl Llow (g9) (oobj Slaios ol g Wik [V] 3l 1) 586
D9y 5 v Sladss I Sy byl sl mlae SB gl lg
Sy ol laodguze U 0,8 solaiwl ylueb! <l ol a e

First Order Second Moment
First Order Reliability Method
Chalermyanont and Benson
Monte Carlo Simulation

Le

Sayed et al.

Point Estimation Method
Babu and Singh

Basha and Babu

O 0 1 O\ L AW —

1A'



s MATLAB (cla)l58lp 5 5 Slwlbre dalp K g b losls
ol 00 pla8] el el sl b e » RT

Olaob! Cubbld asls -Y
ol il a5l (ol (s iy el VAV Lo 5

DIV el gl BB Y abaly b gl (39 0

_ g(ﬂ(xl)’%)’""ﬂ(x,-))ai

B — ")
(Zi=1 (aio-i )2

JON P N OGN iy g(yXl.sz ....yXB) daly ol o
Gops G g pll e Jlxo Bloul O ¢ olai (sl yite (1 Sile
|y lisebs] bl asls (g .l g el b pll B0l o
B9yl 925 iy Jlo g i )3 ol aomiio Sl adlolé oy oS
ploml " Sile dai” sl 4" Sl dlai” b 4y (labal (g9, > bams
(£=0) cusls o 55, 2 45 Conl (glabais b abais 54y 0
Sl a3l @8ly 3 () JS8) ) e B 1) aiols (28 5 sl g
skl (5 5 (e bl b b ase 31 abols oy iobisS < linels]
DY) el Jlos

Hsd = 52951) (g, 51 luaeb! Cbld (s LS dwloee Y
"U:.o..{‘" O‘?"“‘ 4 ojlw S Ggl/& Jl.o.:}l L Ol:%.olol AL u&}LA)
)'l Ol.l.:.o..‘o] g,u.l.»ls ua;>L.a d*wbu dl).g d"”"’ o.).\ 5 &S conl ol:.g J.»ls

SVl s 5l g ol 3 VAT g oo oalisal Tjlusd=3051, (s,
Sy Jolaa slme Bl 5 Jlays eSibin 20l il 5 00 elitl Lo i

Db duwle Sglite @565 @b b e yo

wy =X =y [ (F (X ))] (v)

oy =1/ (f (X DA (F (X))] ()

2 Hasofer
3 Rackwitz and Flessler

&Yy

ol Lmo] Gaiod ol 00,8 &)l odd (6,l3877ue 365 (6l oo o
Jgeme sy Jl b sl s> Jol5 (o9 5> Gliebl 2 31
0l g el copd ) U it ST (B Canglie 5 ol
250 slar sla o ;0 Hlae Blioul pizmen 3yl lisebsl cubls
Syl ‘_',L;:‘ojo\ Copo g ‘_’j ).»1 <9 5l o‘.;.,,o.lol Cobld jasli p ool
Gy w055 )0 Jdo 9 90 (yamol S 5S¢ Yoa [VF] conl
S5 Fe ladss B g)lul luebl clbls w0, iiS
Jolte (sla Jao ol lis saiod opl gl .ols J13 b5yl 0500 1) 0nd
ot 5 0398 (o Culs) (Bolad slajusio 329 W 4 ()b
b w6l Sea 5 (symes VO] Sl oolail p )b Jate 51 o0l
RPRC. QLJ\ 09y 51 oslawl b ods L;)\.l\fé.,,c slass thab\ cubl
il 2 Lo i pl gl sl 8 BIKS 5)ee 1) B0l
On 3l ey (Sl SS9 IS bl n 3L
b3yl 5, Sle  Sitend b 5j90 & JBlis ¢ yluabl ol sla a5l
2 Gliebl Gasls (islen 3 %he 3y VL eomen )
&S Gxe cpl & Gl e bz o Ko (o 054 daw 639050
2 Coglie ol s 21y 86 iy S (sla el lisabol pas
[\;] .))‘.) uuuj )gl)g
Sl ysio w8l obs) &5 sl Lastie 4838 Glidss awyp b
SBoslaglgs 5 (SB sldd ekl el jadls p il
Geiod cpl 0 1 0yl 8 Galisee ldisee d8Me 3)50 linen e
LY )‘9,{.) @S Sl 9 )l.g).w doss C.L.wo uuosl.odo Sk uoya.‘xn
by SB oy luebl clblB Ll a4 iS50 sl yuxio lgis
S olsebl clbls b5l gl bdas diidS cladss ) ogMe &y 25 0
5 sl sobe; slews 3 Qi C”L"’ &S Cuol 0 ooliiwl o Scige o,
Elpl Sl pgd 4y g Jol a5 ye (lirebl Sl (lag g, p3T sla Lo
Ol bauwg Jloyiyd (Bola sloyio 5 (Jad o s> bulyd 2y
S5l yaly laie A jo 3ais ol )3 g ol oad ool Calisee
bl bl 4 o5 cige (gilwand b oluabl cubls adl dnwgs (9,
0% B a8)S 518 ob)l 5)9e 5 ciliee (slapuiie s o

9 Judoo imgh cpl 50 e dusbre Cawlus o 4 dag b juste

1 Huetal



Z,
O] s g Mgwld laeb! Culbld (ad Ll .Y JSWS
Fig. 1. Hasofer and Lind Reliability Index [15]
G __a_g‘ __0g X, = Jey Jlae Gl Oy (Jolae Jloy 5Sike fly adladly 9l
e zl B . . , .
oz 17 ax, oz, @35 &b Fy (X7) 5 b i oy 2 Ll piie X7 (Jolas
G, 13 oliabl Lasls dusbxs o 4 S Uslye o lagld bl o aacs
G ‘
: (0) il ) ©ygo @ gy o
0, . . )
S 6} P i 0 i 55 o e
’ APV SN P
G sie N—1 {Xl*} hb daii gl adsl Jlade o .

b ahs adsl o le S5 9 X | ol

aads ya gly Sy Joleo 3)luliw] GBlyzil § (1Sl dwlxs =
ol B (5) sy b liebs] Labld oy e dpolone @ ’

25 Jloys g o gpine) X | o

- aais {Zi*} b ypsxie 51 SOy 0kl polie duwle =
4 () aldy b {xX ) plb
ZZ
(G5 )
p- (2)- g i
GG | 7z i) -
(O-(X[))
Zﬂ
3,k b s plod (gl (gi> b b i G (i yo5 .

(V) dlatly 51 onlinnl b coliss gy I3 0 Cymed G} g oy S yg0 4 (Sl abai >

£YA



[VA] (6158 Gao prinamann 53 (IS (6510l Judoei LY JSS

Fig. 2. Analysis of stability in the nailing [19]

SIS Eo o 50 (g WYL -F
Cooglie (m (5> b 93 gyl Fe g (Sl 5 Jlod
0P b (NS 4 (gde Cueglio )03 3529 (g (55000 9 (54>
Sl o)Ll 1ia! SUST b pitne JS Cunglio 1 i (65105,L L Sl
5 BB el ()l el Jold alpd e 3 Jeie ol 5
JUid g 3 (IS (Sl b ()8 )b ol 49, solub
b JUl pislSe o (I3 (6)lub 53 298 J S (S S (5 0)b) aoxy
0o JFS Jols &8 355 (0 )13 2Lyl 390 Cleg—3, R hem S
(S (S coleg3=3)Se S yido o 53 (853 0 Ko S
O Feke 35l 53 sl b3 Sheo )3 (S g s SS9 3,8he
S 93y (SAdS (g oS (SBnS Jold (SiBS g9
(e &y el )3 oS Conl 48518 (Dbl g (o) 3590 3o it
Sy e VA 0gd 0 by ol g6 dw pl slp oo b &b
2 NS i > 3o (B A g (oled (AT 1S ol

Al oo s S5 (555052 3,150 2]

o (Ssews -V =¥
Ob9y 4 odd Ll sledgS (K o5 h3d) ool pislSe
JMde Juolas gt s égb' Lol 0l 031> ul.w.: Y sy d)l-.@é—,:ﬁ

A

G {Z]] it 1 S0 o sl s polhe s ®

i 3olas yaie n—1

Z =a,f ()

{Xi*} Aol Claie p shb dais blie Hlade e .

X, ey pae n—1 4y

* e * __e
X, = Hix, +Z, Ox) ()

o8lo Bb pite s ¢lp @ =0 i el dolee > "
o sy Bl S s b S shpls LS

g dnlora J3d BB oy b {X ]



Ol o (gD alllaio 4D 59 1 S i (§y135 Fene piwmmw Ciladuidin L) Joua

Table 1. Nailing data of a project in the Daroos area of Tehran
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Fig. 3. Section of nailing of Daroos project
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Table 2. Statistical characteristics of variables [20-25]
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Table 3. Correlation values between different soil variables
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Fig. 6. Change in reliability index to changes in correlation between gravity and soil adhesion
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Table 4. Input variables in sensitivity analysis
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Table 5. Sensitivity analysis of variables
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Fig. 8.Sensitivity analysis of E1for failure due to rebar rupture
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Table 6. The effect of the type of variable distribution function on the reliability index and the probability
of total rupture
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Table 7. The effect of the type of distribution function of variables on the reliability index and the probabil-
ity of internal failures
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Table 8. Failure reliability index due to rebar tensile rupture
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Table 9. Failure reliability index due to rebar tensile rupture
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Fig. 10. Fault reliability index due to tensile rupture of rebar at different levels
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Table 10. Changes in the reliability index by changing the length of the rebar
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Fig. 11. Changes in the reliability index by changing the length of the rebar
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Table 11. Recommended length of rebar with reliability index evaluation
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