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ABSTRACT

This paper presents the study of the effect on built-up open section when receiving load
in term of flexural behavior (failure mode) and the ultimate load with the present of web
perforations. In steel production, there are two types of structural members which are hot-
rolled steel and the other one is cold-formed steel. In detail, cold-formed steel is pressed
at significantly cooler temperatures and often even room temperature. Hot-rolled steel is
heated above the metal recrystallization temperature (around 1700° F or higher) to make
it easier to bend the metal into specific shape. This experiment is involving the beam test
on several specimens focuses on built-up open section steel with various position of web-
opening on the beam. Each specimen have 1600 mm length and different position of web-
perforations. The shape of openings used are circle and the size are keep constant that is
20 mm diameter to ensure the consistency in the result making. The ultimate load strength
of the cold-formed steel section and failure modes differs depend on the position of the
openings and the number of the opening, where the conclusions are make on the basis of
the comparisons between the positions of openings. The value of displacement was
measured by using the transducer which placed at the middle point below the beam. The
load — displacement graph was plotted after the result is obtained.



ABSTRAK

Kajian ini membentangkan tentang kesan yang berlaku kepada keluli terbentuk sejuk
yang telah dicantum apabila menerima beban dan diukur dari segi kelakuan lentur (mod
kegagalan) dan beban maksimum yang mampu di ampu oleh keluli tersebut. Dalam
pengeluaran keluli, terdapat dua jenis bentuk pemprosesan iaitu dibentuk dalm suhu yang
panas dan suhu sejuk. Secara terperinci, keluli yang terbentuk sejuk ditekan pada suhu
yang sangat sejuk dan seringkali suhu bilik. Keluli tergelek panas dipanaskan di atas suhu
penghabluran semula logam (sekitar 1700 ° F atau lebih tinggi) untuk memudahkan
bengkok logam menjadi bentuk tertentu. Eksperimen ini melibatkan ujian pada beberapa
spesimen yang memfokuskan pada keluli yang telah dicantumkan dan jenis yang
digunakan ialah keluli yang diproses menggunakan suhu sejuk. Setiap spesimen
mempunyai panjang 1600 mm dan kedudukan lubang pada specimen adalah berbeza-
beza. Bentuk bukaan yang digunakan adalah berbentuk bulat dan saiz lubang adalah
berdiameter 20 mm untuk setiap specimen bagi memastikan konsistensi dari segi
keputusan. Nilai kekuatan maksimum bahagian keluli terbentuk sejuk dan mod kegagalan
adalah berbeza bergantung pada kedudukan lubang dan bilangan lubang tersebut, di mana
kesimpulan dibuat berdasarkan perbandingan antara posisi lubang. Nilai anjakan diukur
dengan menggunakan transducer yang diletakkan pada titik tengah di bawah specimen
ketika eksperimen dijalankan. Keputusan yang telah diambil dari eksperimen kemudian
digunakan di plot melalui graf.



TABLE OF CONTENT

DECLARATION

TITLE PAGE

ACKNOWLEDGEMENTS

ABSTRACT

ABSTRAK

TABLE OF CONTENT

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

11

1.2

1.3

1.4

1.5

CHAPTER 2 LITERATURE REVIEW

2.1

2.2

2.3

Background of Study
Problem Statement
Obijective of Study
Scope of Study

Significance of Study

Introduction

Definition and material

2.2.1 Methods of Forming Cold-Formed Steel
2.2.2 Types of Cold-Formed Steel Sections

Quialities of Cold-Formed Steel Structure

10



2.4

2.5

2.6

2.7

2.8

Buckling Modes

24.1

2.4.2

2.4.3

Local, Distortional and Flexural Torsional Buckling 11
Behavioural Features of Cold-Formed 12
Basic Assumption of Cross-Section Behaviour 13

Advantages of Cold-Formed Steel Structure

Applications of Cold-Formed Steel

Advantages of Built-Up Section

Previous Research

2.8.1

2.8.2

2.8.3

2.8.4

2.8.5

2.8.6

Study of the Structural Behaviour of Cold-Formed Steel

Members with Perforated Elements 15

Study of Distortional Buckling of Cold-Formed Steel Members
in Bending 16

Study of the Ultimate Load of Built-Up Cold Formed Steel
Column 16

Study of Beam Tests of Cold-Formed Steel Built-Up Sections
with Web Perforations 16

The Study of Distortional Buckling of Perforated Cold-Formed

Steel Channel-Section Beams with Circular Holes in Web 17

The Study of the Design of Cold-Formed Steel Built-Up Sections
with Web Perforations Subjected To Bending 18

CHAPTER 3 METHODOLOGY

3.1

3.2

3.3

3.4

Introduction

Flow Chart

Research Design

Research Procedure

34.1

3.4.2

Schematic Diagram for Testing 23

Instrumentation 24
Vi

11

14

14

15

15

19

19

20

21

23



3.5  Test Rig/Operation

3.6  Data Analysis

CHAPTER 4 RESULTS AND DISCUSSION

4.1  Introduction
4.2 Ultimate Strength
4.3  Load versus Vertical Displacement

4.4 Flexural Behaviour

CHAPTER 5 CONCLUSION

5.1 Conclusion
5.2 Recommendation

REFERENCES

APPENDIX A CASE 1
APPENDIX B CASE 2
APPENDIX C CASE 3
APPENDIX D CASE 4
APPENDIX E CASE 5
APPENDIX F ALL SPECIMENS

APPENDIX G GANTT CHART

vii

25

26

27

27

28

28

32

38

38

39

40

43

44

45

46

47

48

49



Table 4.1
Table 4.2
Table 4.3

LIST OF TABLES
The results of testing

The ultimate load
The result of failure mode

viii

28
28
32



Figure 1.1
Figure 1.2
Figure 1.3

Figure 2.1
Figure 2.2
Figure 2.3
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12

LIST OF FIGURES

Shape of cold-formed steel
Example of cold-formed steel

The specimens of cold-formed steel with different position of

openings

The installation of cold-formed steel beam in construction
Buckling modes of cold-formed steel

The Classification of Cross Sections

Flow Chart of Work Progress

The side view of built-up open section beam

The screw spacing of the specimen

Schematic diagram of case 1

Schematic diagram of case 2

Schematic diagram of case 3

Schematic diagram of case 4

Schematic diagram of case 5

The Magnus Frame

The Driller

The bolt

The graph of load against displacement for Case 1
The graph of load against displacement for Case 2
The graph of load against displacement for Case 3
The graph of load against displacement for Case 4
The graph of load against displacement for Case 5
Condition of beam when it start to buckle
Distortional buckling can be seen clearly from side view
Flexural torsional buckling

Deformation at point load

Local buckling at web opening

Distortional buckling at end beam

Local buckling at web and flexural torsional buckling

12
13
20
22
22
23
23
23
24
24
24
25
25
30
30
31
31
32
34
34
35
35
35
36
36



LIST OF ABBREVIATIONS

PCFS Perforated Cold-Formed Steel
CFS Cold-Formed Steel
DSM Direct Strength Method



CHAPTER 1

INTRODUCTION

1.1  Background of Study

Steel is now widely used across various industries and plays a crucial role in
construction industry as well as comparable to wood or concrete. In steel production,
there are two types of structural members which are hot-rolled steel and the other one is
cold-formed steel. In detail, cold-formed steel is pressed at significantly cooler
temperatures and often even room temperature. It is a stronger lightweight product than
hot-formed steel and has a smoother appearance. The corners and dimensions are more
precise, allowing it to be used for more visible, exterior applications. Cold-formed steel
is used most commonly in the construction world to fabricate structural shapes and
panels. Hot-rolled steel is heated above the metal recrystallization temperature (around
1700° F or higher) to make it easier to bend the metal into specific shape. The section
size used for hot-formed steel can be much larger. This process is often used in
construction for things like railroad ties, I-beams and other products. Its appearance is

more scaly and rounded, and it has less precise corners than cold-formed products.

In building construction, cold-formed steel products can be classified into three
categories which are members, panels, and prefabricated assemblies. Typical cold-
formed steel members such as studs, track, purlins, girts and angles are mainly used for
carrying loads. Purlins are structural elements that serve to link roof sheeting to trusses,
thus transferring the loads applied on the sheeting to the trusses (or the main structure).
The same elements are called girts when they support the lateral sheeting and transmit
the loads to the columns (Schafer, 2008). Panels and decks constitute useful surfaces such
as floors, roofs and walls, in addition to resisting in-plane and out-of-plane surface loads.
Prefabricated cold-formed steel assemblies include roof trusses, panelised walls or floors,

and other prefabricated structural assemblies. There are varieties of cold-formed shapes



available as structural members, which include open sections, closed sections, and built-
up sections. C-section, Z-section, double channel I-sections, hat, and angle sections are

open sections while box sections and pipes are closed sections.

The built-up members are formed by connecting two or more cold-formed steel
members together, such as an I-section member built up by connecting two channel
sections back-to-back. These structural shapes can be used in buildings as eave struts,
purlins, girts, studs, headers, floor joists, braces, and other building components (Steel,
2010). Various shapes are also available for wall, floor, and roof diaphragms and
coverings. Cold- formed steel sections are commonly used for floor joists and other
structural members. In cold-formed steel structural members, perforation or holes are
sometimes provided in webs or flanges of beams and columns to accommodate plumbing,
for duct work, piping, to let electrical facilities pass through and for other purposes (Ave,
2008). The most common shape of holes is circular, although various shapes can be used

for web opening in floor.
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Figure 1.1 Shape of cold-formed steel
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Figure 1.2 Example of cold-formed steel

Compared with other materials such as timber and concrete, cold-formed steel
possesses a significant market share because of its advantages or qualities over other
construction materials. The cost of cold-formed steel is economical compared to hot-
formed steel. This is because of its lightness. But the thinness of its section also is the
reason of limiting advantage of cold-formed steel that makes it susceptible to local,
distortional and flexural torsional buckling (Youns, Hassaneen, Badr, & Salem, 2016).
Its physical properties allow it to be used in a wide range of environments. Even though
this type of steel is cheaper, but it has high strength and stiffness. Due to its strength and
ductility, many construction project prefer to use this material as it is ideal for
construction in regions subject to high winds or earthquakes. Besides, the use of this
material can ease the installation process and save time. Plus, it is non-shrinking, non-
creeping at ambient temperatures, non-combustibility, termite-proof and rot proof. The
combination of the above-mentioned advantages can give a huge impact on the cost

saving in a construction project.
1.2 Problem Statement

The uses of cold-formed steel beam already being develop in construction works.
Many sections of this type of steel can be used. For example, whether using the individual
section or built-up open section without web perforation and by using built-up open
section but with web perforation. However, the performance or strength of the beam both
without web perforation and with web perforation is differ. Besides, beam that has
different length of spacing between the webs perforations will give different result in

term of flexural behaviours, failure modes and strength when receiving loads.



REFERENCES

Ajay, P. S., Samuel, A. P. )., Joanna, P. S., & Sakaria, P. E. (2014). Flexural behaviour of cold
formed steel beams with Diagonal stiffener, 17(8), 406—410.

Ave, C. (2008). Cold - Formed Steel Members, (July).

Behaviors, E. (2004). Commentary on Appendix 1 Design of Cold-Formed Steel Structural
Members, 1-24.

Eduardo, A., & Rua, M. (2010). Local and Distortional Buckling of Cold-Formed Steel Members,
1-16.

Georgieva, l., Schueremans, L., Vandewalle, L., & Pyl, L. (2012). Design of built-up cold-formed
steel columns according to the direct strength method. Procedia Engineering, 40, 119—

124. https://doi.org/10.1016/j.proeng.2012.07.066

Gomes, A. M., Nuno, S., Rosa, M., & Silvestre, P. (n.d.). The use of cold-formed steel profiles in
the refurbishment of buildings Extended Abstract Hugo Miguel da Costa Dias Marino
Moreira Dissertation to obtain the Master’ s degree in Construction and Rehabilitation

President : October 2012, (October 2012).

Kang, T. H., Biggs, K. a, & Ramseyer, C. (2013). Buckling Modes of Cold-Formed Steel Columns,
5(4). https://doi.org/10.7763/1JET.2013.V5.594

Kubde, P. W., & Sangle, K. K. (2018). Extension of direct strength method to perforated
stiffened cold-formed steel column and two dimensional frame. ARPN Journal of

Engineering and Applied Sciences, 13(1), 146—159.

Kulatunga, M. P., & Macdonald, M. (2013). Investigation of cold-formed steel structural
members with perforations of different arrangements subjected to compression loading.

Thin-Walled Structures, 67, 78-87. https://doi.org/10.1016/j.tws.2013.02.014

40



Laim, L., & Rodrigues, J. P. C. (2016). On the applicability and accuracy of fire design methods
for open cold-formed steel beams. Journal of Building Engineering, 8, 260-268.

https://doi.org/10.1016/].jobe.2016.09.004

Li, Y., Li, Y., Wang, S., & Shen, Z. (2014). Ultimate load-carrying capacity of cold-formed thin-
walled columns with built-up box and i section under axial compression. Thin-Walled

Structures, 79(February), 202-217. https://doi.org/10.1016/j.tws.2014.02.003

MacDonald, M., & Kulatunga, M. P. (2013). Finite element analysis of cold-formed steel
structural members with performations subjected to compression loading. Mechanics

and Mechanical Engineering, 17(2), 127-139.

Magnucka-Blandzi, E., & Magnucki, K. (2011). Buckling and optimal design of cold-formed thin-
walled beams: Review of selected problems. Thin-Walled Structures, 49(5), 554-561.
https://doi.org/10.1016/j.tws.2010.09.011

Muftah, F., Mohd Sani, M. S. H.,, Mohammad, S., & Tahir, M. M. (2014). Ultimate load of built-
up cold formed steel column. ARPN Journal of Engineering and Applied Sciences, 9(11),

2095-2101.

Prakash, P. S., Samuel, J.,, Joanna, P. S., & Sakaria, P. E. (2014). Flexural Behavior of Cold
Formed Steel Beams with end Stiffeners and Encased Web, 3(11), 1276-1279.

Raghul, V., & Maheswari, N. U. (2015). Analytical Investigation On Cold-Formed Steel Built-Up
Section Under Flexure, 3(4), 108-114.

Schafer, B. (2008). NUMERICAL ANALYSIS OF COLD-FORMED STEEL PURLIN-SHEETING
SYSTEMS, (January).

Steel, C. (2010). Cold-Formed Steel possesses a signifi- cant market share...., 1-29.

Structures, C., & li, F. (2008). Cold-Formed ( CF ) Structures, (February), 18-20.

41



Wang, L., & Young, B. (2017). Design of cold-formed steel built-up sections with web
perforations subjected to bending. Thin-Walled Structures, 120, 458-469.
https://doi.org/10.1016/j.tws.2017.06.016

Youns, M. A, Hassaneen, S. A., Badr, M. R., & Salem, E. S. (2016). Composite Beams of Cold
Formed Steel Section and Concrete Slab, 4(4), 165-177.

Yu, W. (2000). Steel Design Third Edition.

Yuan, W. bin, Yu, N. ting, & Li, L. yuan. (2017). Distortional buckling of perforated cold-formed
steel channel-section beams with circular holes in web. International Journal of
Mechanical Sciences, 126(March), 255-260.
https://doi.org/10.1016/j.ijmecsci.2017.04.001

42



