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ABSTRACT

This study describes a study on the geotechnical behavior of pad footing
shapes using a finite element code, PLAXIS. In determining the suitability of footing
to loadings, design criteria requires that the shapes and sizes should function
according to the soil and types of structures erected on it. Higher loading will require
bigger footing as this will give better support. Theoretically, a larger surface area will
disseminate the loadings and reduce possibility of failure. However, this is not
economical as more materials will be needed for the construction of the footing.
Footing shapes is hypothetically considered as a factor that might affect the
performance of footing. Non-linear finite element analyses based on a stress-strain
model were performed to obtain the load-settlement responses of axially loaded on
pad footings. It is essential since such design analysis, which is based on numerical
analysis, could have advantages in providing preliminary expected outcomes for the
modeling purpose. In conjunction to this matter, the potential of PLAXIS V8 finite
element to predict the settlement of various shapes pad footing are performed

successfully.
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ABSTRAK

Kajian ini menerangkan mengenai ciri-ciri geoteknik bagi bentuk tapak asas
menggunakan analisis unsur terhingga, PLAXIS. Dalam menentukan kesesuaian
tapak ke beban, kriteria bagi reka bentuk memeriukan bentuk dan saiz yang berfungsi
mengikut jenis tanah dan jenis struktur yang dikenakan.Beban yang lebih tinggi
memerlukan tapak yang lebih besar untuk memberikan sokongan yang lebih baik.
Secara teori, permukaan yang lebih luas akan menyebarkan beban dan mengurangkan
kebarangkalian untuk mengalami kegagalan. Walaubagaimanapun, teori ini kurang
praktikal kerana melibatkan kos bagi bahan-bahan yang diperlukan untuk pembinaan
tapak. Secara andaian hipotesis, bentuk tapak perlu diberi pertimbangan sebagai
salah satu faktor yang akan menentukan prestasi kegagalan tapak. Analisis unsur
terhingga yang terhad berdasarkan model tekanan-tegangan dilakukan untuk
mendapatkan hasil yang bertindakbalas apababila beban bersudut 90 darjah
dikenakan pada asas tapak. Ini adalah amat penting kerana analisis rekabentuk ini
berasaskan analysis angka, dimana ianya berpotensi untuk memberikan kesan atau
akibat yang diduga bagi tujuan permodelan. Sehubungan dengan itu, kebolehan unsur
terhingga PLAXIS V8 untuk meramal kestabilan pelbagai bentuk asas tapak

dilakukan dengan jayanya.
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CHAPTER 1

INTRODUCTION

1.1 Preface

Peninsular Malaysia extends from latitude 1° 20’N to latitude 6° 20°N and
longitude 104° 20°E lies in a tectonically stable region known as the Sundra Land
(Tjia, 1980). According to Masirin et al (2003), Malaysia is one of the countries in the
world that has substantial land area that is covered by soft soil. It covers more than 3
million hectares that is more than 8% of the total Malaysia’s land area, with Sarawak
having the largest coverage 1.7 million hectares or more than 13% of the state land

area.

In times of urbanization growth with the rapid economic development and
lack of suitable land for infrastructures, construction and maintaining building over
soft clay is often associated with problems. Soil medium has very complex and erratic
mechanical behavior because of the nonlinear, stress dependent, anisotropic and
heterogeneous nature of it. The constructions method in this formation is not only
governed by direct cost but also the long term maintenance costs, durations of

completion and cost benefits.



Thercfore, many rescarchers and organization has motivated to find
alternative materials and technique that not contributing too much cost. Simulation or
finite clement method has proved to be most of the cheaper, faster and realistic tool of
the construction process than performing the multiply test of the design each time.
The introduction of inexpensive. but sophisticates, computer hardware and software
has resulted in considerable advances in the analysis and design geotechnical

structures.

The principle of using the finite element method in the study of geotechnical
problems has been established for some while and the extensive literature on the
subject indicates that geotechnical engineers have had a great deal of success in using
this type of analysis (Burt. 1978). It has been used in many f{ields of engineering
practice for over thirty years: and only relatively recently that it has begun to be
widely used for analyzing geotechnical problems. This is probably because there are
many complex issues which are specific to geotechnical engineering. Increasingly,

management Is viewing simulation as a VECry INCXPensIve msurance pO]lC}’ .

1.2 Problem Statement

Foundations and footings are crucial to success of a building. Traditionally
footing shape has been studied both experimentally and theoretically for decades
using Terzhagi. 1943: Mayerhof, 1951, 1963 Brinch Hansen. 1970 cquation. But the
normal shapes that propose by them are only squared. circular and rectangular. Most
design codes or device manuals are based on such approaches. At present, there are
many different methods of calculation and design available for analyzing geotechnical
structures. Because all of these methods are based on simplified analysis, they cannot
provide the engincer with all the desired design information and only provide very

limited indications of soil.

3]



The introduction of numerical or finite element software has resulted in
considerable advances in the analysis and design of footing structures. Therefore, it is
of great encouragement to study and understand the use of software in solving

practical problem.

1.3.1 FOCUS OF THE STUDY

1.3.1 Aim Of The Study

The primary aim of the research project is to identify the most suitable footing
shape when constructed on Batu Pahat Soft Clay (BPSC) to reduce settlement and
which will be cost effective.

1.3.2  Objective Of Study

In specific, the major objectives of this study include:

1. To attempt simulation of different pad footing shapes using PLAXIS V8

software.

2. To analyze and identify the performance of different pad footing shape under

soft clay condition

3. To critically evaluate and analyze the settlement and bearing capacity behavior

of different pad footing shapes



1.4 Scopes Of Study

Research scope will concern on simulation analysis of bearing capacity and
settlement of two different shapes of pad footing on the given condition of soft soil
using PLAXIS software. It will concentrate on the use of Mohr Coulomb models of
soils behavior. The load will be based on actual drawing of single and double storey
building calculated using ESTEEM software. In achieving the objectives of this study,
only clay soils were focused. In this regard, PLAXIS Version 8 will be used to
perform two dimensional analyses of pad footing. The parameters of the soil on this

study are based on the soil properties of Research Centre of Soft Soil (RECESS).



1.5 Flow Chart of Research Project

Identifying Problem Statement

I
Y v

Gathering Data and Information Identifying Scope of Study

I |
Y

Keying-in Observed and Gathered data

|

Processing Data Using Finite Element Modeling

|

Producing Simulation of Data and Result

|

Analyze Data

|

Conducting Conclusion and Recommendation

Figure 1.1  Flow Chart of Research Project



CHAPTERIT

LITERATURE REVIEW

2.1 Simulation for Geotechnical Engineering

As geotechnical projects are becoming larger and more complex, simulation
has become a popular problem solving methodology for engineers, designers and
managers (Doukidis and Paul, 1990). Great advances in the understanding of soil
behaviour and a revolution in computer technology has opened up a new ways to
tackle old problems. Simulation has proved to be a very powerful tool in a very large
area of applications. The reason is its great versatility, flexibility and power. As a
result of this, many software packages have been developed for modeling simulation
problems (Paul, Hlupic and Nikourkaran, 1998). Recent surveys of management
science practitioners, simulation and statics have the highest rate of application over

all other tolls by over a 2:1 margin.

From the engineering point of view, knowing the actual behavior of a system
by making a duplicate having the same characteristics as the original, with the use of a
computer or a model is known as simulation. According to Webster’s Collegiate

Dictionary simulation means “to feign, to obtain the essence of, without the reality™.



Thus according to Schriber (1987), simulation involves the modeling of a process or
system in such a way the model mimics the response of the actual system to events
that take place over time. While Robert E Shannon define simulation as a process of
designing a model of real system and conducting experiments with this model for the
purpose of either understanding the behavior of the system and or evaluating various

strategies for the operation of the system.

Therefore in its purest form, simulation can be consider to be branch of
applied mathematics and as a cost effective way of pre-testing proposed systems,
plans or policies before developing expensive prototypes, field tests or actual

implementations.

2.1.1 Types of Simulation

Simulation is used for understanding effects because use of an actual subject is
not only costly but involves certain risks. In other words, by applying different
variables to the model and doing simulation, it is possible to perform numerical
experiments easily in response to different condition (Mikihiko Ohnari, 2003). The
simulation analysis of different types of systems are conducted for the purposes of

(Pedgen et al., 1995)

i) Gaining insight into the operation of a system

i) Developing operating or resource policies to improve system

performance

iii) Testing new concepts and or system before implementation

iv) Gaining information without disturbing the actual system



In addition, simulation has several types. These include (Drake M.A,2003)

iii)

Discrete event simulation

Discrete event simulation relies on entity arrivals and service
completions. The resulting interaction between constrained resources
dynamically drives the model. Events take place instantaneously in
discrete steps. Manufacturing system simulations are often developed

as discrete event models.

Continuous simulation

Continuous simulation is based on the interaction of variables as they
change over time. Continuous systems are often based on interrelated
algebraic or differential equations. An example of a continuous
simulation is a model of economic competition. This relationship can
be analyzed with interrelated partial derivatives. As in discrete event
applications, time is an important factor in continuous simulation.
However, unlike a discrete system, the state of the model changes

constantly in response to time.

Monte Carlo Simulation

Monte Carlo simulation derives its name from the atmosphere of
chance associated with the world-famous gambling center of the same
name. John Von Neumann used the code name Monte Carlo at Los
Alamos while developing random number-based experiments during
the development of the atomic bomb. The name stuck and still
represents this type of modeling. Monte Carlo simulations use random
numbers to solve certain stochastic problems where the passage of time
plays no role. Although tracking time in continuous and discrete event

simulation is essential, in Monte Carlo it is not.



iv) Gaming

Refer to the use of simulation to generally enhance a learning process.
Gredler provides five criteria that describe this type of simulation.

These are:

a) simulation are problem based learning units set into motion by

task, policy, issue, crisis or problem

b) the subject matter relates to complex situations not cut and-dried

problems

¢) participant carry out roles associated with their position and the

situation they find themselves in

d) Outcomes are based on a combination of chance and the actions of

the participants

e) Participants experience the reality of the situation by fulfilling their

roles realistically and conscientiously.

2.1.2 Advantages and Disadvantages

In addition simulations have specific benefits. There are a few advantages to
performing a simulation rather than actually building the design and testing it. This

simulation has the following benefits:
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