s ook e
e Olies pudige
WWAA Jlo f oslad ond 55 )5

3 00l b (S sl g g 39 0N g y e (S (5 jw S
SHolai slad 219 b slalais by 8 g

6236 Loy ¢ adly dures

3,8l gxes osls Ol jos pwdige oA (6 ;85 (g amdils )
35,8l gmes o sls Olyas owdige oaS2s HLENS LY

R_naderi@shahroodut.ac.ir”
[AA/FVA oy ot [AVV/Y] sl 5 g

ol LS 25 b o s et Do S NS 53 o eslie la bl (S slaced (SoeS p g e la il
DS SRl ek i s w0 O Pl 5 03l3 LIS 555 5l Wl 5wty 3lie S Cnglin ((SonS 3 oS Sl b 3
S Dt sl s 5 S C S 8 aale s i D 55k 5o St meslie ls el DS pesdle b e Sl (g e
poolie Slaslinad b 5 alad 2 pso a0 Sbt gle mel)ly nolie Conlad pie B L bl SUSS 85 Lot o5 00l 51 a0 L mell ol
Sl s Al (3 SLaSST (5SS b e palih b b alad s & et (SRS (3l L5 ey Ve 5 U
Pl o 53 03 208 b 4 spdome clil 55y a1 55 e Ses s Yg‘ﬁ‘ S S dnwy (Siluand 4 ;3 45 5 yde
a3 sk ol 53 el ) b base Sl 4 lell & S b hss ol b cnl b S e D13 eslizad 550 0lL
o3l ot (Ll o 5 St caslie (S5 S Slaid (ledde sln olal Ol b oS 5 55 sl il b glalais L0550
Bl (gl o 03ls anes i e S 5e gl die b St V1 o 2y, «Sb edigs ey (SoenS 8 8 5 s ke 4 el ol
oimen 5 Sl 4y 5 (St la gl olad Oles 55 SVl Jdosd bl sl il 0l 4 SIS (255 (SLsde 5 SakB
5 b lhE 20553 (s 3 lS o p ol 4 Lsdoe W5 T Slae Sl 5 oSl alie el p bl a5 S
s O 4 by o Slaabl g o 5 85 13 o 3550 abad b 5 alad Oppo 4y et andin b (SB Jlynd S ol el
sk laalsl sl il g8 5 S aBly (SienS S 55 e a0 dissh (SenS (iladile davlyy o elid el edd
5 SVanl Lo bl b aalsl 55 kg oo 8585 4 ) i 0 BSA) s Oey 5 S g5 o i S 55l (68 S L Ol san

Llodd arloms golel (gl ol OT 31 e 5 0k s Olisabsl i SVlez P @lF (el slolie Ay

o gt S GVl il ¢ el w5 b sl b0 s oSl ol ST O 319

1 Progressive failure

2 Deviatoric plastic strain
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Maximu Residual
Parameter
m value value
Internal friction angle (°) 20 15

Cohesion (kN/m?) 35 5

Deviant plastic strain 0.00 0.05

Table 1. Soil strengh parameters values at maximum and
residual modes

Sl abad ola alyly slas Y Jad>

Modulus of

elasticit
(kN /mZ;/ angle(®)

Poisson  Dilation

ratio

Density
(kN/m°)

10000 20 0.25 5

Table 2. Definite soil parameter values
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Analysis method Maximum  Residual

mode mode

RPIM 1.25 0.60
Partial equilibrium 1.73 0.61
Finite element 1.32 0.38

Table 3. Comparison of the values of factors of safety by
radial point interpolation, partial equilibrium and finite
element methods
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deviation values
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Table 5. Factor of safety distribution probability parameters
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Abstract:

Sustainability studies, from the point of view of regional identification with the potential of failure in the
soil, and from the point of view of designing the new engineering structures, are considered as important
issues in geotechnical engineering and have always been a significant part of the references in this field.
Subject is dedicated. In the meantime, instability analysis in classical geotechnical problems such as the back
of the retaining wall, bearing capacity of foundation and slopes and landslides with a progressive failure
mechanism, is considered as a challenging topic in this discussion. These issues are in the category of issues
with large displacements and have always attracted the attention of many scholars in recent years.

With advances in computer technology and computational techniques, numerical methods such as finite
difference, finite element, and boundary components have been widely employed in analyzing engineering
issues. In the meantime, the finite element method, due to the ability of that method to control issues with
geometry and complex conditions and modeling the behavior of soil shape change, has increased
significantly compared to other numerical methods.

In conventional analyzes of soil slopes failure, resistance parameters are assumed to be stable even in large
strains without change. However, during the rupture, soil resistance exhibits maximum and residual amounts,
and its strength increases prematurely by increasing the plastic strain. In addition to changing soil resistance
parameters in the progressive mechanism, the non-uniform nature of the soil also causes spatial variations of
these parameters. Therefore, geotechnical systems should be considered in terms of the uncertainty of soil
parameters values uncertainly using the concepts of statistics and probabilities. The simulation of a
progressive failure is definite or non-deterministic only by applying numerical techniques such as finite
element method that are able to simulate the development of deviant plastic strain. Although the finite
element method is widely used in the analysis of sustainability issues, however, this approach is based on
problems that are essentially related to gridding. In this research, a radial point interpolation method in
combination with a random field was used to model the spatial variations of soil resistance properties and
slope instability analysis. In order to consider the progressive failure of soil, elastoplastic method has been
developed with the Coulomb Moore's behavioral model for applying strain softness. For probabilistic
analysis, the random field is also used to determine the cohesion parameters and the friction angle as well as
the plastic strain threshold based on their mean values and standard deviation. In order to investigate the
application of the point interpolation method with randomized radial functions, a geotechnical earthwork
with definite and non-deterministic geometry has been analyzed and its reliability coefficients has been
investigated. Based on the analysis of the progressive failure modeling, it is concluded that the actual failure
of the soil and the occurrence of continuous displacements occur simultaneously with the formation of a
progressive mechanism of soil degradation and the arrival of the slipping path to the ground. In the
following, probabilistic distribution functions of the coefficient of reliability were determined by
probabilistic analysis and the production of random fields, and then the statistical parameters are calculated.

Keywords: Slope stability, Radial point interpolation method, Probabilistic analysis, Progressive failure.
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