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ABSTRACT

This study concerns with the formulation of Meshfree methods for the
buckling analysis of partial interaction of composite beam. Meshfree formulations of
Polynomial Interpolation Method (PIM) and Radial Polynomial Interpolation
Method (RPIM) have been developed where multi-quadric radial basis functions
have been used as the interpolation functions. Comparison of the results for the
buckling problem against analytical and existing numerical works showed good
agreement thus validates the formulation. Parametric studies have been conducted to
study the effect of the method’s parameters to the solution accuracy. The effects of
support domain and gauss cell were extensively studied for the PIM method. For the
RPIM method, parameters used for the parametric study were the support domain,
gauss cell, and shape parameter. Once the optimum values of the parameters were
obtained, convergence study was carried out to determine the rate of convergence of
the Meshfree. It was found that the use of gauss cell proportional to the number of
point gives the best convergence rate for the solution of the buckling load.
Parametric studies for the analysis of composite beam interaction and geometric ratio
have been also conducted for both finite element and Meshfree methods. It was be
observed that partial interaction between top and bottom section occurs for some
specific connector stiffness values. The effect of geometric ratio, on the other hand,
showed that the partial interaction regime for the composite beam reduced as the
geometric ratio increased. For all the parametric study conducted, result obtained
from PIM and RPIM showed good agreement with converged finite element solution
thus indicating the suitability of the Meshfree methods in the study of buckling

analysis of composite beam with partial interactions.
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ABSTRAK

Kajian ini melibatkan formulasi kaedah Meshfree bagi analisis lengkokan
interaksi separa rasuk komposit. Formulasi kaedah Meshfree PIM (Point
Interpolation Method) dan RPIM (Radial Point Interpolation Method) telah
dibangunkan yakni fungsi asas jejarian kuadratik berbilang telah digunakan sebagai
fungsi interpolasi. Perbandingan keputusan masalah lengkokan terhadap kerja-kerja
analitikal dan kerja-kerja berangka yang sedia ada menunjukkan persetujuan yang
baik dalam mengesahkan formulasi yang dijalankan. Kajian parametrik dijalankan
untuk mengkaji kesan parameter kaedah yang digunakan terhadap ketepatan
keputusan. Kesan domain sokongan dan sel gauss dikaji secara meluas untuk kaedah
PIM. Untuk kaedah RPIM, parameter yang digunakan untuk kajian parametrik ialah
domain sokongan, sel gauss, dan parameter bentuk. Kajian penumpuan mendapati
bahawa penggunaan sel gauss berkadar dengan bilangan titik memberikan kadar
penumpuan terbaik untuk penyelesaian beban lengkokan. Kajian parametrik analisis
interaksi rasuk komposit dan nisbah geometri juga dijalankan bagi kedua-dua kaedah
unsur terhingga dan Meshfree. Daripada kajian tersebut, diperhatikan bahawa
interaksi separa antara bahagian atas dengan bawah berlaku untuk beberapa nilai
tertentu penyambung kekakuan. Kesan nisbah geometri menunjukkan bahawa rejim
interaksi separa bagi rasuk komposit berkurang sekiranya nisbah geometri
meningkat. Bagi semua kajian parametrik yang dijalankan, keputusan daripada PIM
dan RPIM menunjukkan persetujuan yang baik dengan penyelesaian unsur terhingga
tertumpu iaitu menunjukkan kesesuaian kaedah Meshfree dalam kajian lengkokan

analisis rasuk komposit dengan interaksi separa.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

Composite structures are commonly produced in structural engineering when
two different materials joined together to act as a unit. By joining the materials
together, the resulting structure is stronger than the sum of its parts. A composite
beam is produced when the concrete slab is connected to the lower steel beam
member so that the beam responds to the loads not only as a unit but in a way that it
benefits from both constituent materials. For composite beams, the concrete is

assumed to take most or all of the compression while the steel takes all the tension.

Despite its higher strength and the better performance, the behaviour of
composite beam is more difficult to study as compared to its bare beam counterpart.
The difficulty rises from the fact that the interaction between both constituent
materials should be considered as partially interact. This is represented by the
occurrence of slip which is the relative longitudinal movement between the materials
at the interface. Another relative movement at the interface is the uplift. However,
latter movement has been shown to be insignificant in a conventional composite
beams. Such consideration is ought to be considered if actual behavior is required to

be analyzed. This behavior is called as partial interaction at the interface.



Studies related to the behaviour of composite beams started to take shape in
1950’s. At the early stage, most theoretical studies of composite beam involved with
the derivation and the solution of the differential equation of the problem. The most
prominent work was conducted by Newmark et al, (1951). As the problem getting
more sophisticated, the resulting differential equation became of higher order and
coupled leading to the use of numerical solution. The first work which employed
numerical technique was carried by Adekola in 1968 where the work solved the
problem of both the slip and uplift by using the Finite Difference Method (FDM).

Although the use of FDM were later continued by Roberts (1985), the
robustness of Finite Element Method (FEM) had attracted the interest of composite
beam researchers. FEM is well known to engineering community as an efficient
numerical technique due to its flexibility especially in the modeling of complex
geometry. FEM has been successful in the study of composite beams where it has
been applied in various problems such as beam bending, stability and vibration as
well as in both linear and nonlinear cases (Porco et al, 1994; Faella et. al, 2000;
Salari and Spacone, 2001; Ayoub and Filippou, 2000; Ayoub, 2001; Ranzi et. al,
2006; Silva and Sousa, 2009).

A new numerical technique known as Meshfree method (Meshfree) has been
introduced (Liu and Gu, 1999). As opposed to FEM, which is using a set of mesh,
Meshfree uses a set of nodes for the discretization of the problem domain. This
omits the need for predefined shape functions allowing a higher order polynomial to
be used in interpolating the dependent variable. According to Liu and Gu (2005),
Meshfree method is a promising numerical technique in providing better

approximate solutions and even more convenient for a complex system.



1.2 BUCKLING OF COMPOSITE BEAMS

Buckling phenomenon can exist in a slender structure when it is subjected to
axial loading. It is classified as eigenvalue problem as its solution involved only
with the homogenous part of the differential equation. For composite beams
problem, this chapter has been the major interest of study because it is important to
have an established mathematical model to predict the value of the buckling load for
the structure. So far, works done by Wu, et.al (2007), Xu and Wu (2007, 2008),
Emam and Nayfeh (2009) and Xu and Chen (2012) focused in the provision of
analytical solution to the buckling problem of composite beams.

1.3 RESEARCH BACKGROUND AND RATIONALE

Despite the potential of Meshfree, it is still at its infancy (Liu and Gu, 2006).
So far, its formulation has been applied to composite beam buckling problems. More
study is therefore needed so as to establish the efficiency and robustness of the
method. This can be done by deriving its formulation for various engineering
problems then the results are validated and verified against analytical solution or
established numerical method such as the FEM. So far, there is no Meshfree

formulation for the buckling problem of composite beams.

The buckling analysis of composite beams is relatively less studied as
compared to its static analysis, both in FEM and Meshfree. Whilst recent
works have established the analytical solutions to the problems but it is
important to extend the work to involve numerical methods. This is because,
whilst analytical solution can be applied to simple configuration and

consideration, it is usually unavailable for complex problem.



Therefore, it is the main interest of this study to formulate and validate as
well as to verify FEM and Meshfree methods for the buckling problem of composite
beams. The work is conducted so as to assist in the establishment of Meshfree as a
robust numerical method and to promote its use in structural engineering fields. It is
also conducted with the intention to extend the consideration of buckling problem of

composite beam using numerical analysis.

14 PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of the study is to provide FEM and Meshfree formulations that
can predict the occurrence of buckling phenomenon of composite beam by
predicting its buckling loads.

The objectives of this study are summarized as follows:

a) To establish one-dimensional formulation and algorithm for FEM and
Meshfree focusing of polynomial PIM and RPIM for the buckling of
composite beam with a slip

b) To validate the obtained results with the results of existing analytical models.

C) To verify the performance of Meshfree by conducting parametric studies on

various numerical parameters by comparing with a converged FEM result.



1.5

SCOPE OF THE STUDY

The scopes and limitations of the presented formulation in this study are as follows:

1.6

Materials are assumed to be linear elastic.

. The deflection of the composite beam is small.

. The shear forces Qs of the shear connector are proportional to the relative

slip us.

. The shear deformations of concrete-steel composite beam are neglected.

. The sections of composite beam are assumed equal curvatures thus no

transverse separation of elements occurs.

. The plane sections remained plane after deformation for both concrete

and steel sections.

. The problem is analyzed as 1-dimensional element.

. The concrete element is assumed as to be uncracked.

OUTLINE OF THESIS

This thesis comprises five chapters. Chapter 1 is an introductory chapter

where it details the present state of composite beam and its technique of solutions as

well as the rationale for the present work. Limitation of the work is given at the end

of the chapter.

Chapter 2 provides an extensive review on composite beam including its

behaviour and types. Review of existing analytical model as well FEM of composite

beam is given thoroughly. A review on Meshfree method and its application on

various engineering problems are also explained.



Chapter 3 provides the new formulation of both FEM and Meshfree of
composite beam with slip and for buckling problem. At the end of the chapter, the
obtained results are compared with the analytical solution derived by Newmark’s
model for validation purposes.

Chapter 4 details out the parametric studies on polynomial PIM and RPIM.
The intention is to find the optimal values of several parameters used and its effects
on the results. The convergence rates are plotted, compared and analyzed for

verification purposes.

Lastly, conclusions of the study are detailed and recommendations for future
work are given in Chapter 5. In the Appendix, the Matlab source codes of

polynomial PIM and RPIM derived in the study are given for references.
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