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3. Cosine Amplitude Method (CAM)
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1. Introduction

Due to the participation of a large number of factors involved, one of the complex problems in geotechnics
is stabilized soil slope stability analysis. We aim to present the results of investigations on the safety factor
(FOS), nail force and displacement of soil slopes reinforced with nailing. In this research, a numerical study was
followed by presentation a novel method, based on evolutionary polynomial regression (EPR) for capturing
nonlinear interaction between various parameters of FS on the nail-soil slope for 65 cases. In order to attain
the most effective factors on FOS, soil nail’s force and displacement, the cosine amplitude method (CAM), is
considered.

2. Methodology
2.1. Numerical Study

A parametric study for a homogeneous soil slope with a slope height equal to 6 m and slope angle equal to
45 is conducted, using the same slope geometry and soil nail distribution as the example in Fig. 1.

Fig. 1. (a) Soil nailed slope model, (b) 2D soil nailed slope model

In this parametric study, different shear strength properties, poisson’s ratio, and densities are used. In
order to investigate the FOS of reinforced soil slopes, 65 models were generated and analyzed in FLAC 2D. The
objective was to study the effect of shear strength parameters on FOS. The cohesion of the soil varies among 2,
5, 10, and 20 kPa, while the friction angle varies among 5, 15, 25, 35, and 45, respectively. Different values
assigned to each soil parameter are as follows: Poisson ratio () =0.2-0.35, Density (y)=15-25 MPa, Elastic
modulus (E)=18-20 kN/m3.The parameters used for the study are shown in Table 1. The diameter of the steel
bar is 40 mm, and the grouting bore-hole’s diameter is 100 mm (Wei and Cheng, 2010).
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Table 1. Parameters of the grout-soil-nail system (Wei and Cheng, 2010)

Young’s modulus of the grouted nail, E (GPa) 4544

Shear zone cohesive strength (force) per unit length, cg (kN/m) 1.41

Shear zone friction angle, /g () 9.23

Shear zone stiffness per unit length, kg (MPa) 43.1

Shear zone exposed perimeter, pg (m) 0.339
Cross-sectional area of the grouted nail, A (m2) 0.00785

Compressive yield strength of the grouted nail (force), Fc (MN) 0.238

Tensile yield strength of the grouted nail (force), Ft (MN) 0.238

2.2. Evolutionary Polynomial Regression (EPR)

To avoid the problem of mathematical expressions growing rapidly in length with time associated with
genetic programming (GP), in EPR, the evolutionary procedure is conducted in the way that it searches for the
exponents of a polynomial function with a fixed maximum number of terms, rather than performing a general
evolutionary search as used in normal GP. Furthermore, during one execution, it returns a number of
expressions with increasing numbers of terms up to a limit set by the user, to allow the optimum number of
terms to be selected (Rezania et al. 2008).

2.3. Cosine amplitude method

In order to attain the most effective factors on the CSR and AH, the cosine amplitude method (CAM), is
considered (Yang and Zhang 1997; Monjezi et al. 2009). The expressed similarity relation between the target
function and the input parameters is used to obtain by this method. In this method, all of the data pairs are
expressed in the common X-space. They would form a data array X defined as Eq. (1) (Yong-Hun and Chung-In
2004; Khandelwal and Singh 2006; Monjezi et al. 2010):

X ={x1, %5, X3, ee) Xjy oo X } (1)
Where each element, xi, is a vector of the length of m and is shown in Eq. (2).
x; = {Xi1, Xiz) X3y oo Xim} (2)
Thus, each of the datasets can be considered as a point in the m-dimensional space, where each point

requires m-coordinates to be fully described (Monjezi et al. 2010). The strength of the relationship between xi
and xj is given by Eq. (3).

3. Results and discussion

3.1. Effect of shear parameters on FOS

Two model results are shown, for example in Fig. 2 corresponding cases with c=2 kPa, =5 and c¢=20 kPa,
@= 45’ respectively. Overall results show that increasing soil cohesion and friction angle leads toan increase
in FOS.

PLAC (Version 5.00)

(a)

Fig. 2. Slip surface for soil nailed slope: (a) c=2 kPa, @=5’, (b) c=20 kPa, §= 45°
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3.2. Sensitivity analysis

Regarding the mentioned formula in previous sections, the strength of the relationship between FOS and
input parameters, nail force and input parameters also and displacement and input are investigated. The
results show that cohesion and friction angle are the most influential factors on the FOS value. Also, the
cohesion is the least sensitive parameter affecting on nail force. Finally, the poisson’s ratio, density, and elastic
modulus are the most influential factors on the displacement value.

4. Conclusions

A detailed study of nailed slopes under different conditions is reported in this paper. 65 soil nailed slopes
analyzed in FLAC 2D and results show that increasing soil cohesion and friction angle leads to an increase in
FOS. Then a relationship presented for evaluate FOS from input parameters (soil characteristics). The values
of COV for the training set of the selected model were 97.908. The results if sensitivity analyses showed that
cohesion and friction angle are the most influential factors on the FOS value. Also, the cohesion is the least
sensitive parameter affecting on the nail’s force. Finally the poisson’s ratio, density, and elastic modulus are the
most influential factors on the displacement value.
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