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1. Introduction

Today, engineers in most mining and civil projects deal
with unsaturated soils. Unsaturated soil is a multi-phase
porous medium composed of soil grains and the liquid and
gas phase, which is usually air and water. Soil behavioral
modeling and designs, regardless of unsaturated soil
conditions, although simpler, reduce the safety factor and
increase costs. The principle of effective stress is a basic
principle in soil mechanics that transforms a porous
environment consisting of several phases and multi-
stresses into a continuous environment consisting of one
phase and one stress to allow the application of the
principles of solid mechanics. The determination of shear
strength in unsaturated soils in the Bishop relation, in
addition to the effective stress, depends on a parameter
called the effective stress parameter (y). This parameter
determines the degree of suction participation in the
effective stress. The value of this parameter is one in the
saturated state and zero in the dry state. The value of this
parameter is usually determined by thriaxial, shear,
pressure plate, and filter paper tests. The relationship
between the y parameter and its related parameters is a
nonlinear and complex relationship and the definition of
this relationship is experimentally associated with many
errors. Accurate predictions of y can be achieved using
advanced approaches such as intelligent methods and
inferential systems. Among the intelligent methods, some
are used for classification problems and some for
regression problems. Some of them are able to solve both
types of problems. Support Vector Machine (SVM) is one
of the most widely used high performance methods. K-
Nearest Neighbor (KNN) and Random Forest (RF)
methods have also proven in many cases that they can
work well.

In this research, to predict the y parameter due to its
effective parameters, artificial intelligence methods such
as random forest, support vector machine and k-nearest
neighbor are used for modeling. The modeling is
performed in WEKA software and will use laboratory
data collected from several articles. Inlet parameters in
this model are soil-water characteristic curve fitting
parameter, confining pressure, suction and volumetric
water content and output variable, y parameter.

2. The most important methods used in this research
2.1. Support vector machine. The support vector
regression method consists of training algorithms that

work based on the classifier support vector machine. This
method achieves a model for prediction by using
statistical learning theory and minimizing structural risk.
The SVR method was first proposed by Vepnik (1995).
In this method, a nonlinear mapping is used to train the
data and the data is transferred to a higher dimensional
space and then the error function € in Equation 1 is used
to construct the regression shape.

L(y.f(x.a)) = ly — f(x.a)l. ™
0 ifly — f(x.a)| < e
Otherwise

B {ly —f(x.a)| —¢
Equation 1 shows that errors with values less than ¢
are not considered. Nonlinear relation, the input and

output parameters are written as an optimal function
according to Equation 2.

f(x) =wTe(x) +b 2

where x is the input variable vector, w is the weight
vector, and b is the bias. This function is known as the &-
Insensitive Loss Function and its solution can be
expressed as a quadratic problem in Equation 3.
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where C is the penalty parameter and ¢ is the auxiliary
variable. By introducing the Lagrangian coefficients and
applying the kernel function instead of the internal
multiplication of the operators, the above optimization
problem is simplified and Equation 2 becomes Equation
4

(00 = Y (@ —a)K(x.x) +b (4)
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where a; and ajLagrange coefficients and k(x;. x;) are
kernel functions.

2.2. K-Nearest Neighbor

The k-nearest neighbor method is a non-parametric
statistical method used for classification and regression
problems. This method is based on the concept of
similarity, and predictions are made based on similar
situations that have occurred in the past. In other words,
by observing the independent variables in real time, the
model searches for patterns similar to the current
conditions in the historical series and selects possible
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options. Equation 5 shows The vector (1 x m) of the
predictive values of xj at time t.
Prj = (xjt) j=1..m ©)

Also, the matrix (n x m) of the value of predictor
variables xj in the historical time series is as Equation 6.

Prj (e-i) = Xje-i) (6)
j=1.m.i=1..n

Using the distance meter function (Dist), in Equation
7, the distance between the vector Pr; : and the rows of the
matrix Prj, (i is calculated.

where j is the index corresponding to the
predictor variables and i is the index corresponding
to the time step in the historical series. w; are also the
weights of the predictor variables. In order to
improve the performance of the model, appropriate
methods should be used to estimate the best
neighbors and develop data transfer functions and
distance measurement functions.

3. Case studies

The database included in the analyzes contains 120 data
from the results of thriaxial, shear, pressure plate and filter
paper tests, which were collected from several articles.
These data include 7 variables: suction (s), bubbling
pressure (hb), net confining pressure (p), residual water
content (0r), saturated volumetric water content (0s), soil-
water characteristic curve fitting parameter (1), and the
effective stress parameters (y). For initial processing, the
parameters s, hb, p, Or and 0s are dimensionlessly entered
into the model so that the dimensionless confining

pressure parameter is obtained from the Pi ratio (where the
0
parameter is Po = 101.325KPa) and the suction parameter
is dimensioned by the ratio hi Also, from the % ratio, the
b

S

dimensionless volume water content parameter is
obtained. Thus, in the modeling, the input parameters

include pi’ hi, % and A, and the output parameter y. Of
0 b N

this number of normalized data, 80% are used as training
data and 20% as test data to evaluate the models.

4. Results and conclusion

Given that a significant percentage of the earth's surface
is covered by unsaturated soils, it is obvious that these
soils are encountered during operations in most mining
and civil projects. The determination of shear strength in
unsaturated soils in a Bishop relationship depends on a
parameter called the y parameter, which is a function of
suction. In this research, models were developed and
evaluated to predict the y parameter. These models were
performed using three intelligent methods of random
forest, support vector machine and k-nearest neighbor in
the form of WEKA software and in it, 120 laboratory
samples collected from several papers were used. The
results showed:

» Random forest model in both training dataset (R? =
0.968 and RMSE = 0.051) and test dataset (R? = 0.869
and RMSE = 0.107), with high accuracy can
accurately predict the parameter y;

* Support vector machine and k-nearest neighbor models
also have good performance and accuracy in training
dataset;

* Sensitivity analysis performed on the parameters
showed that the parameter of volumetric water content
is very important in predicting the parameter y, and in
contrast, the parameter of the soil-water characteristic
curve fitting is less important than other parameters.

* In general, it can be said that WEKA powerful and
practical software can be used as a powerful tool in
data mining and earth engineering sciences in
estimating geomechanical parameters.
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