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Summary:

Compressive Strength of columns composed of elliptic hollow cross section, EHS, is
not covered in current codes. The purpose of this research is to investigate numerically
the effect of geometric and material properties of EHS on its compressive strength
using the finite element method. A three dimensional finite element model was
established using ANSYS software incorporating both material and geometric
nonlinearities. The numerical model was verified by comparison to experimental and
numerical research published in literature. The numerical model was used to conduct
extensive parametric analysis to assess the effect of geometric and material properties
on compressive strength and to explore the slenderness limit distinguishing elastic and
inelastic buckling. Numerical results of more than three hundred models revealed that
current design equations adopted by AISC-360-10 for circular hollow sections were
not suitable to predict the compressive strength of EHS especially in the inelastic
buckling range. A slenderness correction factor was established for non-slender EHS
and a stress reduction factor was established for slender EHS based on numerical
results. The application of the proposed slenderness correction factor and stress
reduction factor in the AISC360-10 design formula provided compatible results with
numerical results obtained herein for slender EHS. The proposed compressive strength
formula was also validated by comparison to numerical results that were not included
in parametric analysis.
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Abstract

The use of columns with elliptic hollow section (EHS) in construction has been
spreading notably in a range of structural and civil engineering applications. Recently,
EHS columns are widely used due to their aesthetic appearance, structural efficiency and
variable sectional properties about major and minor axes. The British standard (BS)
started to develop and provide some standards and specifications for geometric shape and
sectional properties of structural steel hot-rolled EHS, because of that, more work is
needed to cover all design cases where this type of elements might be used; and it is
important to assess the overall stability of EHS in both elastic and inelastic ranges of
buckling.

The aim of this research is to investigate the compressive strength of EHS subjected
to concentric compression. The study accounts for the effect of material nonlinearity,
geometric nonlinearity, and geometric imperfection. Due to wide variety of geometrical
parameters of EHS, a three dimensional finite element model of EHS columns was
constructed using ANSY'S software. Numerical results were verified by comparison to
experimental and numerical results published in literature and design equations adopted
by the current AISC360-10 specification. The verified numerical model was used to
conduct an extensive parametric analysis to assess the effect of geometric and material
properties on compressive strength. Additionally, diameter to thickness ratio (4,) was
varied to determine the slenderness limit distinguishing slender from non-slender EHS.

Parametric analysis results revealed that current code equations for circular hollow
sections were not suitable to predict the compressive strength of non-compact and slender
EHS columns. A multiple linear regression analysis was conducted to establish a
slenderness correction factor () that account for reduction of stiffnes due to ovalization
of EHS during flexural buckling. The factor () can be applied to current AISC 360-10
design equations to predicted successfully the compressive strength of non-compact
EHS. Evaluation of numerical results of slender EHS revealed that the stress reduction
factor (Q) adopted by AISC360-10 for slender circular hollow section , CHS, can be
utilized with EHS after substituting the diameter of circular hollow section (D) by the
larger diameter of EHS devided by aspect ratio of EHS (Dd/r) and can be adequatly
applied with the proposed factor (n) to estimate the compressive strength of slender EHS
columns. The proposed strength equations establisged herein based on factors ( &Q)
and design equations adopted by AISC360-10 were validated by comparison to
numerical results that were not included in the parametric analysis. It was shown that the
proposed formulas can sucssesfully predict the compressive strength of both slender and
non-slender EHS columns.



Chapter 1 : Introduction

1.1. General

The use of columns with an elliptic hollow section, EHS, in construction have
been widespread in many engineering applications due to their attractive and aesthetic
appearance, structural efficiency and different sectional properties about its major and
minor axes. Now, most of the structural steel hollow sections including square,
rectangular and circular have large scale production worldwide. Recently, EHS products
also became available as hot-rolled sections

In a good design process, many of the interactive features that include architectural
and functional requirements as well as strength and manufacturing requirements should
be taken into account in a balanced way, [23]. Due to the elliptical hollow sections have
special features, the design engineer should be familiar with all of these features and
design requirements. On the other hand, what makes EHS are particularly favorable than
the rest of the other structural steel hollow sections is less prone to friction during
exposure to wind loads or water power.

The structural performance of EHS columns differs from the columns with square,
rectangular and circular hollow section. Application of a uniaxial load to the column
centroid has an affect on flexural buckling, ovalization and local buckling. However, it
is worth mentioning that most of the design codes lack any specification or limitation
related to the design of elliptical hollow section. In addition, not enough work is available
to improve design and understand the behavior of columns with elliptic hollow section.

This chapter lists the objective, scope, organization, methodology and steps of the
implemented research on columns with EHS.

1.2. Problem Statement

Due to the widespread of civil and structural engineering applications that use
columns with elliptic hollow section and its aesthetic appearance, it is so important to
provide a practical procedure of design to assess the overall stability of columns with
elliptic hollow with both slender and non-slender cross section. Recently, design codes
and previous research work focused on the circular, square and rectangular hollow
sections behavior. However, the research work on the compressive strength of columns
with elliptic hollow section in both elastic and inelastic zones is limited and design
requirements and strength formulas for EHS are not available in most of design standards.
On the other hand, numerical and experimental research work is indeed required to help
understand the effect of geometric and material properties of EHS columns on behavior
and strength to help and encourage designers and practitioners to use such type of
columns in engineering applications.



1.3.

Objective

The objective of this thesis can be summarized as follow:
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1.4.

Investigate the effect of geometric and material properties on the elastic and
inelastic buckling load of EHS columns.

Determine column strength curves of slender and non-slender EHS columns.
Determine the diameter — to — thickness ratio that distinguish slender and non-
slender EHS columns.

Determine critical slenderness ratio that distinguish elastic and inelastic buckling
of EHS columns.

Investigate the post-buckling behavior of slender and non-slender columns with
elliptic hollow section.

Investigate the effect of initial geometric imperfection on the compressive
strength of columns with elliptic hollow section.

Establish suitable design equations for slender and non-slender EHS columns.

Scope of work

The scope of work in this thesis is to conduct numerical investigation using the finite
element method to investigate the compressive strength of slender and non-slender
columns with elliptic hollow cross section. The numerical analysis accounts for the effect
of geometric and material nonlinearities as well as geometric imperfection. The
parameters included in the research work include, slenderness ratio, diameter — to —
thickness ratio, ratio of shorter to larger diameter, and geometric imperfection.

1.5.

Organization of thesis

The thesis is organized as follows:
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Chapter one provides an introduction to the topic of the research together with
problem statement, scope of work, organization of thesis and research
methodology and applications.

Chapter two introduces the theoretical background of the overall buckling columns
and the methods used to calculate elastic and inelastic column buckling. In addition,
provides summary of previous research work on EHS columns.

Chapter three introduces the numerical modeling and procedures which was
employed using ANSYS finite element program. Numerical results were compared
to both experimental and analytical results as well as theoretical results published in
literature.

Chapter four reports numerical model results, and investigate the effect geometric
and material properties on strength. Finally, the effect of initial geometric
imperfection on compressive strength was discussed.

Chapter five explains the mathematical model used to obtain correction factors
which can be used to predict the compressive strength of columns with elliptic
hollow section.

Chapter six presents the thesis summary and conclusions based on numerical
work conducted heren. It also introduces the recommendations for the future
work.



