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ABSTRACT: In this study the stability of the flexible walls and the type of reinforced soil walls are
evaluated to examine the stability and design the retaining walls with reliability method which gives
more realistic results than other design methods. In this paper, using related softwares the effect of
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various parameters such as internal friction angle, soil specific gravity, reinforcement resistance, friction

angle between the soil and the retaining wall, load, assuming uncertainty in the parameters and also the
investigation the correlation of parameters will be investigated on the stability of reinforces soil walls
after analyzing and determining the effective parameters among these parameters, we will analysis the
sensitivity of these parameters to see which of these parameters has more influence on the stability of
reinforces soil walls. Two types of stability are considered in reinforces soil walls which include external

stability and internal stability.
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1- INTRODUCTION

Retaining walls are walls that maintain the pressure caused
by the existing state of the difference in levels caused by
embankment, excavation or natural factors. A retaining wall
is a structure that holds or retains soil behind it. There are
many types of materials that can be used to create retaining
walls like concrete blocks, poured concrete, treated timbers,
rocks or boulders. Some are easy to use, others have a shorter
life span, but all can retain soil [1]. Seismic designs of
geotechnical earth structures, such as slopes, retaining
walls, embankments and dams, are conducted routinely
using a pseudo-static approach [2, 3].

Reinforced soil retaining walls can be broadly categorized
into following two types; Cantilever retaining walls and
Geosynthetic reinforced soil retaining walls. Cantilever earth-
retaining walls are made of cast-in-place and steel-reinforced
concrete. Also, cantilever retaining walls is able to retain
soil behind it according to internal strength characteristics
and rigidity. Geosynthetic reinforced-soil retaining walls
consist of several horizontal layers of geosynthetic or steel
reinforcements extended into a soil backfill and are generally
pinned to a hard facing[4].

2- METHODOLOGY

Reinforced soil wall is a special material that is formed by
the combination of the soil and the reinforcement member.
Basically the soil is weak in stretching and cutting and the idea
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of reinforced soil wall is in fact the solution to this problem.
There are many uncertainties in civil engineering and in
particular in the geotechnical discussions the discussion of the
uncertainty of the parameters is much more evident because
the anonymity of the soil behavior. The traditional methods
of evaluated the stability of reinforced soil walls which are
usually based on empirical judgments such as the concept of
a coefficient. Efforts to quantify uncertainties causing genesis
of probabilistic methods. Probabilistic analysis in comparison
with definite analysis the uncertainties in the calculations and
instead of using the confidence coefficient in the project safety
level it usually uses the probability of failure or the reliability
index. In these methods, the large values of the reliability
index represent safety [5].

The sustainability of the reinforced soil walls includes the
control of external stability and internal sustainability. In this
research, referred to the FHWA guidelines [6].

The FHWA guidelines recommended that the safety factor
of reliability for slip and overturning stability control be 1.5
and 2, and that the minimum safety coefficient for controlling
the load bearing capacity recommended to be between 2 and
2.5. To control the rupture and pulling out of the arming, 1.5 is
also proposed. In this study, soil bearing capacity is considered
as a Vesic approach, reinforce material are geotextile and soil
is coarse grains [7 and 8].

3- DISCUSSION AND RESUALT
External stability includes three modes of failure and
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Fig. 1. Controlling the stability of the reinforced soil wall

Table 1. Reliability and probability index without regard to

correlation
Slip Overturning | Load bearing
B Py B By B P
1.69x10
FORM | 2.29 | 0.0108 | 6.96 b 2.39 | 0.0083
1.71x10°
MCS | 2.27 | 0.0115 | 6.95 B 2.38 | 0.0085

Table 2. Reliability and Failure Index with respect to Correlation

Slip Overturning | Load bearing

B By B B B B
3.45x10

FORM | 2.21 | 0.013 | 6.16 0 2.34 | 0.0094
3.32x10

MCS | 2.19 | 0.014 | 6.17 o 2.34 | 0.0095

internal stability including two types of failure modes
Overturning, Sliding, Bearing Capacity, Ruptureand
pulling out are considered as failures. The purpose of this
study was first-order reliability analysis of the reinforces
soil walls and validation was performed using the Monte
Carlo simulation method then we will find that the
reliability index in each mode of failure and the angle
of internal friction is the most effective variable among
variables because with the little change the reliability index
dramatically changes.

In geotechnical engineering, the correlation between
random variables is inevitable. Discarding the correlation
between random variables can affect the answer. Correlation
coeflicient is one of the important parameters in reliability
calculations.

Reliability calculations for extreme conditional functions
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are done by writing the program in MATLAB and RT
software. The program is performed in two “solidarity”
and “no correlation” between variables whose results are
presented in Table 1 and Table 2. These results indicate
that the dependence of the specific gravity and the internal
friction angle is very tangible and therefore, in this section,
their dependence was investigated. The results of the FORM
and Monte Carlo simulation show that the difference between
them is less than one percent, and in fact, the FORM method
can well determine the reliability index.

4- CONCLUSION
In this paper, the reliability analysis of the internal and

external stability of the reinforced soil wall was performed

in static conditions using the first order method. Validation
of the data was done by Monte Carlo simulation method.

These results are the result of studying the specific geometry

of physical and mechanical properties of materials. The

most important results of this research can be summarized
as follows:

o The dominant failure mode is slip in external stability, while
in internal stability it is a geosynthetic failure.

o The effect of correlation coeflicient between different
random variables can be very important for changing the
reliability index.

¢ The sensitivity analysis showed that the first and second
variables affecting the slip are, respectively, the angle of
friction and the friction of the base of the wall. It also
for wall overturning are internal friction angle and
loading.

o The average variation of random variables showed that with
increasing overhead, the reliability index decreases.

e The results of this study show that the type of probability
distribution function can affect the reliability index. The
type of distribution function has the greatest effect on
the overturning of the wall.

e Considering the changes in the height of the wall and the
geosynthetic length, it is observed that the reliability
index decreases with the constant of the arming length
with increasing wall height. Reversibly increasing the
height of the wall with the increase of the arming length
increases the reliability index.
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Fig. 1. Controlling the stability of the reinforced soil wall
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Table 1. Analytical relationships used to study the internal and external stability of retained walls [12]

_tan5(7HL +qL)
s 2 M) .
kaVHT"'kaqH oo Jys
HL> [
) B ol
fs = 3 2 ™ @;3‘5 s STIE SR
e
6 2
0.57LN
fo=fu S 2Ty | e e s s
o, yH +q
T =
fo=—"—< (F) | ouisS s (54 S5
O-VkaSV
- u’Jélo 6)‘*‘%[?,
¥ :2tan,u(}/Z +q)L, . Thoe (S35 IS
§ kaaSv o.)..;.;f
k, = tan2(45—§ B) | iy S e 2
by, 5l (o Ohgotr Glgse ) (Ser olpo 0l o sl yelb o (SIS (6 0y st g (el ( SEST 5 il o

Dflsses a5 &g L]
)]

Gl 35Lai i 5 s el lgsS COVALY) Y alal, o

JB oy adaly 55009 Yo X e 98 o (Sl 31 (5 bns o5
DVl ale

CoV (X,Y)=E| (X -u)(Y-n,)] W
Lgs (g pdyolazel e 5,5 soS olimebl Colls flow ;o
2550 g G ripdleisl (asli b T liebl L asla”
s Oyg0 4 B p sl 0 B) spdolael asls
Ol @) o> Lulys 26 Gl (O) Jlome Sl 5 (1) (2Sles
alsl)) 08 oo 55 )55 liebol ulild (a3l ()] 4 4 05 o0
Ivel @

QY

3 Reliability Index

L».l?u" ) )l oolaruwl 9 Ju}wsa 00 swgamTo J&w aQ S 6~A9L<LA
ey ood a5 4y el flais adad gla el il 5l oolaiul b oalad
Ot (bl SeliB sla g 5 (Bolai sla yiie jlosliul 1Y
Sl Yl o Llod sl ol byl )l ol Ole s 050
Ol 8,5 s 5 ) vezee sl yiel)ly 55 dgzge Cualal pus
Yzl 598 ailer b Solai sl st alwg 4 lacoaad poc
Sl (oSl polie Jolis (g)lol slayial )y (izeans o

i e 3lam gl Logos 45wt lenasl 5 (ySad b

0)9.> B WL».A ‘SLD)—A.O‘)L’ uL?Lu‘ ML’GA Gﬁaalﬁ.‘o 9 u;iu&a
3 Y 0,lgen 9> g0 (sloalad pac Jdo a4 S 655 (g
4 059> pl 5o Cuxhal pac il oo b loaige sla il

Gl (Bolas sl it (o (Kirod SEST5 pokigs O

Oboebl Sl Slaslrs [0 ppe bl )l ol Sion

1 Inherent Uncertainty
2 Epistemic Uncertainty

Yeog



YEV B YFOY docio VAR Jlo Ve 0)loud @Y 093 ¢S ool (lpos suokito & pis

Ky

i3 Jhzal

[VF] guo <l 6l Jloso! JB ¥ S
Fig. 2. Probability density for the limit state [14]

Y] e S o (5 9 (JAS10 5)lauly oy y 30 ooliiwl 8y50 o> @il ¥ Jou
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Table 3. Expected Performance Index Based on Reliability Index [17]
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Fig. 3. Geometry of armed soil wall
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Table 4. Data used in this research
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Table 5. The type of probability distribution function and statistical parameters for random variables
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Table 6. Reliability and probability index without correlation

oo 5 b cod b
B Py B Pr B Pr
1.69x10°
FORM | 2.29 | 0.0108 | 6.96 12 2.39 1 0.0083
MCS |2.27]0.0115| 6.95 1'711;10_ 2.38 | 0.0085
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Table 7. Reliability and Failure Index with Correlation

i 55 b cud b

B Py B Py B Py
FORM | 2.21 | 0.013 | 6.16 3'451:10 2.34 | 0.0094
MCS |2.190.014 | 6.17 3'3215:10- 2.34 | 0.0095
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Table 8. Reliability Index and Failure of pullout (without correlation between variables)

FORM MCS
i Ml )i Pr Jij by
1 327]05]385|5.74x10° | 3.86 51'32-,(
2 [327] 15385 574x10° | 3.86 Sl'giﬁ
3 32725385 5.74x10° | 3.86 Sl‘fﬁ?
4 |355]3.5]|3.93 | 424x10° | 3.95 31'(9)2,(
5 | 413 | 45405 2.50x10° | 4.02 ibg_ﬁ
6 |471]55|415| 13710 410 2 105
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Table 9. Reliability Index and Failure of pullout (With Correlation Between Variables)

« | L | H [ il ORMP,- y MCSPf
1 1327]05] 385 | 5.74x10° | 3.86 | 22310
2 |327]15] 385 | 5.74x10° | 3.86 | 20310
3132725 3.85 | 5.74x10° | 3.86 | 20310
4 [355(35| 393 | 424x10% | 3.95 | 2910

5 |4.13]4.5| 4.05 | 2.50x10° | 4.02 | 2.8x107
6 | 47155 4.15 1'632“0 410 | 2x107°
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Table 10. Reliability and Failure Index of Tension (without correlation between variables)

oy FORM MCS

3 L. H B P, B P,

1 327 1 05 ] 249 0.006 2.49 0.006
2 327 | 15 ] 241 0.007 241 0.007
3 327 | 25| 2.36 0.009 2.36 0.009
4 3.55 | 3.5 | 231 0.0102 | 2.31 0.0102
5 4.13 | 45| 2.28 0.011 2.28 0.011
6 471 | 5.5 | 2.25 0.012 2.25 0.012
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Table 11. Reliability and Failure Index of Tension (with correlation between variables)

FORM MCS
Y L | H
Jii Py Vil Py
1 327 105] 249 | 0.006 | 249 | 0.006
2 327115 241 0.007 | 2.41 0.007
3 327 125|236 | 0.009 | 2.36 | 0.009
4 3.55 3.5 231 | 0.0102 | 2.31 | 0.0102
5 413 | 45| 2.28 0.011 2.28 0.011
6 471 | 5.5 | 2.25 0.012 | 2.25 0.012
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Fig. 5. Index changes relative to the mean changes in the
average of loading
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Fig. 4. Indicator changes to mean internal friction angle
variations
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Fig. 7. Index changes relative to the mean changes in
friction of base
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Fig. 6. Index changes relative to the mean changes in
specific weight
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Fig. 9. Index changes relative to the mean changes in
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Fig. 8. Index changes relative to the mean changes in

Specific Weight internal friction angle variations
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Fig. 10. Index changes relative to the mean changes of loading
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Table 12. Changes in reliability index relative to changes of Geogrid type

a.LJCbL«Af}J T(kN/m) V ﬂ Pf 45)/@/.‘“3
SWG40 40 0.4 2.31 0.0102 4
SWGS50 50 0.5 2.32 0.009 4
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Fig. 12. Reliability Index Changes to the Coefficient of
Change (COV) for the specific gravity of the soil
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Fig. 14. Changes in reliability index to the effect of the
coefficient of variation (COV) for loading
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Fig. 11. Changes in reliability index to the effect of
coefficient of variation (COV) for the internal friction
angle
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Fig. 13. Changes in reliability index to the effect of
coefficient of variation (COV) for friction of base
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Fig. 16. Changes in reliability index to the effect of
coeflicient of variation (COV) for specific gravity
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Fig. 18. Change of reliability index to the effect of coeflicient
of variation (COV) on loading
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Fig. 15. Changes in reliability index to the effect of
coefficient of variation (COV) for the internal friction
angle
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Fig. 17. Changes of Reliability Index to the Coeflicient of
Change (COV) for tensile strength
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Table 13. Changes in the probability distribution type on the reliability index
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Fig. 19 Analysis of the correlation between ¢ and y in relation to the reliability index
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