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1. Introduction

A number of empirical formulas were proposed so as to reduce the time and cost involved in static
approach to determine the pile capacity. Although these formulas have been widely used to predict pile
capacity, it is agreed that these formulas are inaccurate due to their oversimplification of the modeling of the
hammer, driving system, pile, and soil (Fragaszy et al. 1985). The support vector machine (SVM) is a
relatively new artificial intelligence technique which is increasingly being applied to geotechnical problems.
An important feature of the SVM is that it endeavors to discover the rules (or functions) that govern a
phenomenon using only a set of data (a set of measured inputs and their corresponding outputs). Hence,
there is no need to incorporate any assumptions to simplify the problem as, is often the case with many
traditional methods. The previous studies indicated that these methods are more accurate compared to
analytical formulas. In this paper, SVM technique is presented to predict the undrained lateral load capacity
of piles in clay using the diameter of pile (D), depth of pile embedment (L), eccentricity of load (e), undrained
shear strength of soil (Su) as the inputs of model. The model was developed and tested using an experimental
dataset. The performance of the proposed model (SVM) was compared with ANN and those of theoretical
methods of Broms, and Hansen.

2. Support vector machines algorithm

The present study focuses on adapting the SVM algorithm to predicting the lateral bearing capacity of pile.
SVM performs a supervised learning, where the model is adjusted to a dataset of examples that map inputs
(independent variables) into a given target (the dependent variable). The SVM are a very specific class of
algorithms, which is characterized by use of kernels, absence of local minima during the learning phase,
sparseness of the solution and capacity control obtained by acting on the margin or on number of support
vectors. When compared with other types of base learners, such as the widely used multilayer perceptron
(also known as back-propagation ANN), SVM represents a significant enhancement in functionality, since it
always achieves the optimal learning convergence, while ANNs might get stuck in local minima. By using a
non-linear kernel, the SVM implicitly maps the input space into high-dimensional feature space. In this
feature space, the algorithm finds the best linear separating hyperplane set of support vector points (most
representative points). Hence, SVMs are capable of learning both simple (linear) and complex (non-linear)
mapping functions. The present work adopted the popular Polynomial kernel, since it presents better result
than other kernels. The stages involved in the process of developing an SVM model are briefly summarized in
a flow chart in Fig. 1.
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3. Development of model

3.1. The data used for model development

In this paper, the input variables used in the development of the models are diameter of pile (D), depth of
pile embedment (L), eccentricity of load (e), and undrained shear strength of soil (Su). The lateral load
capacity of pile (Q,,) is the single output variable. In the present study, the data are taken from pervious
literature (Rao and Suresh Kumar, 1996). The whole dataset consists of total 38 data points, 29 data points
were considered for training and 9 for testing. The piles considered here are short and rigid piles.

For building the model, based on training data set, the SVM model implemented in WEKA software was
used. To achieve the optimum SVM models, their design parameters, namely, the constants C, €, and the
kernel parameters have been identified using a trial-and-error process. Table 1 contains the design
parameters of model.

Data Preparation
(i.e. model inputs and output;
scaling; training and testing sets)

Selecting kernel function

h 4 K Input vector x
Selecting user defined variables /
> (C, &, and kernel function's // *
arameter 4
P ) / Support vectors Xy, Xy, ..., X,

A 4 ’/ *

Kernel function (K(x,x;))

Undergoing the SVM algorithm

(Model training) *
\\\ Weight vectors (w;)
\ 4 N
N ¢
Model performance assessment AN
. . . . . \
using statistical criteria \ Output

\ Training process

Statistical analysis
demonstrates
reasonable accuracy

Model accepted

Fig. 1. The summary of steps involved in the process of model development using the SVM (Kordjazi et al. 2014)

Table 1. Design parameters of optimum models

Model Kernel parameter Optimum value of C Optimum value of €

SVM-POLY d =47 15 0.025
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3.2. Criteria of evaluation

The performances of the model developed in this study have been assessed using various standard
statistical performance evaluation criteria. The statistical measures considered have been correlation
coefficient (R), root mean square error (RMSE), and efficiency factor (E).

4, Result

A comparative study has been carried out between the developed model (SVM) and traditional methods of
Broms, and Hansen for the prediction lateral bearing capacity of pile (Q,,) in clay. Table 2 shows the values of
performance indexes for the traditional methods, ANN (DAS and Basudhar, 2006) and developed model in
this paper. The error indicators reveal that the result of the SVM model has much higher values of CC and E in
comparison with the theoretical equations and ANN.

Table 2. Comparison between SVM model with theoretical methods for all dataset

Model cc E
SVM 0.981 0.961
ANN 0.937 0.894
Broms 0.967 0.781

Hansen 0.941 0.220
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