NON-LINEAR ANALYSIS OF A SYMMETRIC
FLUSH END PLATE BOLTED
BEAM-TO-COLUMN STEEL CONNECTION

CHE HUSNI HJ AHMAD

A project report submitted in partial fulfillment
of the requirement for the award of the degree of

Master of Civil and Structure

Faculty of Civil Engineering
Universiti Teknologi Malaysia

NOVEMBER 2005



iii

ACKNOWLEDGEMENT

First and foremost, I would like to express my deepest gratitude to Allah the
Al Mighty for granting me the time and energy to complete this project in due

course.

I would also like to express my sincere gratitude to my supervisor Associate
Professor Dr. Shahrin Mohammad for his guidance and encouragement during this

project. His generosity and support will not be forgotten.

Finally, I would like to thank my wife and family for their endless love and
support and encouragement over the past two years. Their encouragement provided

the often-needed motivation for me to push through the hard times.



v

ABSTRACT

Most connections that fasten beams to columns are deformable and exhibit a
non-linear behaviour between conditions fully fixed and perfectly pinned.
Connection flexibility affects both force distribution and deformation in beams and
columns of the frame and must be accounted for in a structural analysis. This
problem can be solved by conducting a non-linear analysis, which addresses both the

geometric non-linearity and connection flexibility.

The linear elastic analysis assumes that the deformations are relatively small

and the equilibrium equations can be formulated with respect to initial geometry.

To see the differences between the above approaches on moment capacity of
the connection, a model of A Symmetric Flush End Plate Bolted Beam-to-Column
connection model has been analysed using both approaches above. This model will

be made similar to the model that had an experimental data for verification.

From non-linear computer analysis the moment capacity model is found to be

7.8 kNm compared to experimental data, 8.8 kNm.

The moment capacity resulted from linear analysis is found to be 19.5 kNm

which is 2.5 time the non-linear analysis result or 2.216 above the experimental data.

The results of this study shows an agreement with previous researchers that
the connection behaves in between pinned and fully rigid and possess some

rotational stiffness.



ABSTRAK

Kebanyakan sambungan yang mengikat rasuk kepada tiang boleh merubah
dan mempamirkan sifat ketidaklelurusan di antara keadaan sambungan tegar dan
sambungan pin. Kebolehlenturan sambungan memberi kesan kepada pengagihan
daya dan kelenturan rasuk dan tiang dalam satu-satu kerangka dan perlu diambil kira
dalam analisa struktur. Masalah ini boleh diselesaikan dengan menjalankan analisa
ketidaklelurusan yang mana boleh menyelesaikan masalah ketidaklelurusan geometri

dan kelenturan sambungan.

Analisis lelurus menganggapkan perubahan secara relatifnya adalah kecil dan

persamaan keseimbangan boleh dibuat berdasarkan geometri asal.

Bagi mengetahui perbezaan di antara kedua-dua pendekatan di atas tentang
kapasiti momen bagi sesuatu sambungan, satu model sambungan plat hujung sedatar
antara rasuk dan tiang telah dianalisa mengunakan kedua-dua pendekatan di atas.

Model ini dibuat berdasarkan model yang telah diuji untuk tujuan pengesahan.

Dari analisis tidak lelurus kapasiti moment model adalah 7.8 kNm berbanding

dengan 8.8 kNm dari data ujikaji.

Momen kapasiti yang terhasil dari analisis lelurus adalah 19.5 kNm di mana

2.5 kali dari keputusan analisis tidak lelurus atau 2.216 melebihi dari data ujikaji.

Keputusan dari kajian ini menunjukan persamaan dengan penyelidik-
penyelidik terdahulu yang mana perlakuan sambungan adalah di antara sambungan

pin dan tegar serta mengandungi sedikit kekuhan putaran.
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CHAPTER 1

INTRODUCTION

1.1 General

Most connections designed in the past are assumed either perfectly pinned or
fully rigid. Recent studies however, revealed that the connection that fastens beams
to columns using angles, plates, welds and bolts are deformable and exhibit a non-

linear behaviour between conditions fully fixed and perfectly pinned.

Connection flexibility affects both force distribution and deformation in

beams and columns of the frame and must be accounted for in a structural analysis.

The linear elastic analysis assumes that the deformations are relatively small

and the equilibrium equations can be formulated with respect to initial geometry.

These two approaches required an in-depth study so that a proper guideline

could be produced for steel designer and fabricator.

1.2 Problem Statements

Non-linear analysis of connection is complicated as there is no direct solution
to the problem. All design calculations have to be verified by the full-scale lab test.
This may take some time and involved a high cost. With the availability of computer
software nowadays, the problem may be solved in a short time and much cheaper.
Therefore, the computer model of the connection that is close to the reality need to

be developed.



1.3 Objective Of This Research

The objective of this research is to study the capacity of a beam-to-column

connection under linear and non-linear analysis.

For non-linear analysis, the beam-to-column connection will be modelled and
analysed using computer aided finite element method. The Moment-Rotation (M-¢)
curve produced by computer analysis will then be compared with the available

experimental data.

The non-linearity variables will be adjusted to make the M-¢ curve produced
by the computer analysis as close as possible to the M-¢ curve produced by the
experiment. The moment capacity of the connection will be determined from the M-¢

curve produced.

Linear analysis will be carried out in accordance to BS 5950 and this result

will be compared with the moment capacity resulted from the non-linear analysis.

14 Scope of This Study

This study involves modelling and analysing a symmetric flush end plate

bolted beam-to-column steel connection using both linear and non-linear approach.

In order to verify the computer results, the connection configurations that had

experimental data will be chosen for computer modelling.

The assumed variables in the computer model will be adjusted by trial and
error so that the Moment-Rotation (M-¢) curve obtained from the computer analysis

is as closed as possible to the experiment.



A linear analysis will be carried out on the same model as per BS 5950 to

compare its moment capacity with the above.

1.5 Contents of Report

Chapter 2 of this report will discuss on the classifications connection and
previous study that had been done on the subject. The theory of non-linear and linear
analysis will be covered in Chapter 3. In Chapter 4, the methodology of creating the
connection model using finite element method and application of computer software
LUSAS will be explained in detail. The result of the computer analysis will be
analysed and discussed in Chapter 5. Chapter 6 will include the conclusion and

recommendation for future study.
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