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ABSTRACT

In the present paper, numerical analysis have been used to investigate the ability to
control buckling process of hollow rectangular tube subjected to axial impact. The inertia
force induced to solid mass that attached to the hollow rectangular tube during the axial
impact is exploited to trigger the first buckling lobe. There are two cases is conducted using
dynamic explicit finite element method in order to prove that first buckling lobe will occur at
portion where solid mass attached. The first case is hollow rectangular tube with attach solid
mass on tube and second case is without attach solid mass. The tube fixed to the drop-hammer
was impacted against the stationary rigid plate at 5 or 10 m/s. For the case of tube attached
solid mass, the site of the first buckling lobe occur at the portion where the solid mass
attached. In second case without attach solid mass, the site first buckling lobe occurred varied

and the slight wavy plastic deformation remained further that the buckling lobes.
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ABSTRAK

Dalam thesis ini, penyelidikan berangka telah dilakukan untuk mengawal lekukan
yang berlaku pada tiub empat segi tepat berongga apabila dikenakan kesan paksi. Daya inersia
yang dihasilkan oleh jisim padat yang dilampirkan pada tiub empat segi tepat berongga
semasa kesan paksi dieksploitasikan untuk menghasilkan lekukan pertama. Dua kes telah diuji
menggunakan kaedah unsur terhingga eksplisit dinamik dalam membuktikan lekukan pertama
berlaku pada tempat jisim padat dilampirkan. Kes pertama diuji dengan kesan paksi pada tiub
empat segi tepat berongga dengan dilampirkan jisim padat dan kes kedua tanpa dilampirkan
jisim padat. Tiub telah dikenakan tekanan oleh plat pada kadar kelajuan 5 atau 10 m/s. Untuk
kes yang dilampirkan jisim padat, lekukan pertama berlaku pada tempat dimana jisim padat
dilampirkan. Dalam kes kedua tanpa dilampirkan jisim padat, lekukan pertama akan berlaku

lekukan rawak.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

This chapter will cover on objective, problem statement, scope and outline of the
whole project. Furthermore, in this chapter, the information on the project will be

stated clearly to enhance the understanding to achieve the project goal.

1.2 PROBLEM STATEMENT

Buckling has become of a problem in recent years since the use of high
strength material require less material for load to support structures. If buckling
deflections become too large then the structure fails, this is a geometric

consideration, completely divorced from any material strength consideration.

If a component or part there of is prone to buckling then its design must
satisfy both strength and buckling safety constraints. The phonomenon of buckling is

the single most important factor limiting the load-bearing strenght of structure.



Hollow rectangular are in general highly efficient structures of building and
they have wide of application. For example, in the automotive, construction
industries and others have caused these categories to be considered as the modern
structures. Buckling is one of the main failure considerations when designing these
structures. When hollow rectangular structures are loaded in axial impact and with
high speed, buckling will be occur. The reliable prediction of the buckling strength of

material is a strong aspiration for engineers.

Control of buckling process is important because fail to control buckling at
certain point maybe will result in more severe damage to the structure. The method
that can use to control buckling is with attaching solid mass at structure. Buckling

can be control to occur at certain position

1.3 OBJECTIVE

To investigate whether buckling process can be controlled or not by attaching
solidmass at hollow rectangular tube in order to control the deformation when axial

impact is applied.

1.4 SCOPE

1. Literature review on buckling mechanism and method to control buckling
ii.  Find suitable method to control buckling lobe onset of hollow rectangular tube
when axial impact applied
iii.  Investigate and conclude the mechanism of deformation of hollow rectangular

tube



1.5 PROJECT OUTLINE

Based on this project, chapter 1 will be discussed on problem statement,
objective and scope of the project. Furthermore, for chapter 2, we will discussed on
literature review that related control of buckling lobe onset for hollow rectagular tube
under axial impact. Then, for chapter 3, we will be discussed on methodology of
controling buckling by numerical simulation using FEM software ( ABAQUS ) that
will be used in this project. Then, for chapter 4, we will discuss on evaluation and
analysis of result produce numerical simulation. Lastly, in chapter 5, we will
discussed on recommendation and conclusion of entire project in order to

improvement previous control of buckling method that have been developed.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter will cover on the overview of the project, also the study of
theories and methods to get the idea on research that was conducted by researchers
around the world. Literature review has been done to explore the previous research
related to control of buckling lobe onset for hollow rectangular tube under axial
impact. Furthermore, this chapter will define about buckling, axial impact, and other
related topics in order to strengthen the knowledge on method to control of buckling
using journals, seminars papers, books and etc. On the other hand, the literature
review has been continued to discover the previous research which related to the
analysis that was done and the results obtained by the researchers examined will be

compared as guidelines for carrying out this project.

2.2 BUCKLING

According to the Wierzbicki’s theory, crushed shape of square tube can be
modeled by basic element, as show in figure 2.1 ( Abramowicz, W. and Jones, N.
1984 ) pointed out that dynamic progressive buckling of square tube could have four
type of mode — symmetric mode, asymmetric mode A, asymmetric mode B and
extensional mode. Each layer of symmetric mode consist of 4 type I element. Each
two layer of asymmetric mode A consist of 6 type I element and 2 type II element.

Each two layer of asymmetric mode B consist of 4 type II element. Extensional mode



of square tube is similar to axisymmetric mode or concertina mode of cylindrical
tubes. As extensional energy is include in type II element, the extensional mode

absorbs more energy than other modes.

(b)

Figure 2.1 : Basic Collapse Element of Dynamic Progressive Buckling Of Square
Tube (a) type I, (b) type Il. ( source : Abramowicz, W. and Jones, N.
(1984 ))

Drop test on square tube has been performed excessively. In ( Abramowicz,
W. and Jones, N. 1984 ) and ( Wierzbicki’s, T. and Abramowicz, W. 1983 ) among
many others work, extensional mode wasn’t observed in experiment. To the author’s
knowledge, extensional mode of hollow square metal tube is only reported once by (

Langseth, M. and Hopperstad, O.S. 1996 )

The dynamic buckling of elastic—plastic tubes is characterised by two well-
distinguished phases of deformation: an axial compression and expansion followed
by a bending phase . ( Karagiozova, D and Jones, N. 2000 ). Buckling pattern can be
analysis by using experimental method and numerical simulation. The experimental
method buckling pattern as show in figure 2.2 and the buckling pattern obtained
numerically in figure 2.3 show good agreement with the experimental shapes

obtained for the same loading and others conditions



Figure 2.2 : Buckling pattern of experimental method ( Source :
Karagiozova, D and Jones, N. (2004 ))

Figure 2.3 : Buckling pattern of numerical simulation ( Source :
Karagiozova, D and Jones, N. (2004 ))
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