
STRENGTH BEHAVIOUR OF COLUMN STUDS IN PREFABRICATED WALL 

PANELS USING COLD-FORMED STEEL 

 

 

 

 

 

SITI RAHAYU BINTI JAFFAR 

 

 

 

 

 

A project report submitted in partial fulfillment of the 

requirements for the award of the degree of 

Master of Engineering (Civil-Structure) 

 

 

 

 

Faculty of Civil Engineering 

Universiti Teknologi Malaysia 

 

 

 

 

APRIL 2010 

 

 

 



iii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my beloved family... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

ACK�OWLEDGEME�T 

 

 

 

 

 I am extremely grateful to my supervisor, Dr. Arizu Sulaiman for his enthu-

siastic and expertise guidance, constructive suggestions, encouragements and the 

valuable assistance in many ways. Also, I am very thankful to him for sharing his 

precious time to view this report. This study would not have been what it is without 

such assistance.  

 

Many thanks are extended to Structural and Material Laboratory staff mem-

bers especially to En. Zailani Aman, En. Zaaba Maarop, En. Raja Ezar Ishamuddin, 

En. Zul Ismail and En. Azmi Abd. Aziz for their enthusiasm and willingness to help 

throughout the project with fabricating, preparing and testing the cold-formed steel 

specimens. 

 

 It is my pleasure to thank my fellow post-graduate students for their support 

and contribution to make this project success. I would also like to acknowledge the 

contributions of those who have helped either directly or indirectly in the completion 

of this project. 

 

 Finally, I would like to express my sincere appreciation to my husband and 

parents for their endless support, encouragement and patient throughout the duration 

of this project. 



v 
 

ABSTRACT 

 

 

 

 

A full-scale experimental study on the strength behaviour of individual studs 

and column studs in a prefabricated wall panel is presented in this report. The indi-

vidual stud and the panel are made of cold-formed steel sections with a dimension of 

3 m height, and 3.15 m height and 1.5 m width respectively. At the moment, the Brit-

ish Code has not provided adequate detail design to account the load capacity of a 

cold-formed steel column stud in a prefabricated wall panel. The structural perform-

ances of column stud therefore need to be obtained through the experimental investi-

gation. A total of five specimens were tested in pure axial compression until failure. 

The specimens consist of three specimens with one type of lipped C-channel desig-

nated here as S350CT1, S350CT2 and S350CT3, one specimen of I-section, 

D350CT1 and one specimen of wall panel, W350CT1. Comparison between experi-

mental values for column stud in the wall panel and experimental values for the indi-

vidual studs were made. Experimental values for the individual studs were also com-

pared with the theoretical values computed based on BS 5950-Part 5:1998 Code of 

practice. All individual studs which were subjected to pure axial compression, except 

the S350CT1, failed due to flexural buckling (FB) mode, with a substantial visible 

permanent deformation and without significant torsional buckling. S350CT1 failed 

due to shearing of the bolts in the bolted connection. From the investigation, it can be 

concluded that the selection of section geometries affect the failure stress capacity of 

individual studs dramatically. All individual stud failure loads obtained experimen-

tally are in good agreement with the predicted values. As for the prefabricated wall 

panel, it was found that a flexural buckling and local buckling had occurred in the 

wall panel as the wall panel reaching the failure, and subsequently the ultimate load.  
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ABSTRAK 

 

 

 

 

 Kajian ujikaji berskala penuh terhadap kelakuan dan kekuatan stad individu 

dan stad tiang di dalam panel dinding pasang siap dibentangkan di dalam laporan ini. 

Stad individu dan panel ini dibina menggunakan keratan keluli terbentuk sejuk den-

gan ukuran ketinggian 3 m untuk stad individu, dan 3.15 m tinggi dan 1.5 m lebar 

untuk panel. Ketika ini, British Code tidak menyediakan butir-butir rekabentuk yang 

lengkap untuk pengiraan beban keupayaan bagi stad tiang menggunakan keluli ter-

bentuk sejuk di dalam panel dinding pasang siap ini. Oleh itu, ciri-ciri dan kelakuan 

struktur stad tiang perlu diperolehi melalui kajian ujikaji. Sebanyak lima spesimen 

telah diuji di bawah daya paksi mampatan sehingga mencapai kegagalan. Lima spe-

simen ini terdiri daripada tiga spesimen yang menggunakan keratan berbibir berben-

tuk C, ditandakan sebagai S350CT1, S350CT2 dan S350CT3, satu spesimen yang 

menggunakan bentuk keratan-I, D350CT1, dan satu lagi spesimen panel dinding, 

W350CT1. Perbandingan antara keputusan ujikaji makmal untuk stad tiang di dalam 

panel dinding dan keputusan ujikaji makmal untuk stad individu kemudiannya 

dibuat. Keputusan ujikaji makmal untuk stad individu juga dibandingkan dengan 

nilai secara teoritikal yang diperolehi daripada pengiraan berpandukan BS 5950-Part 

5:1998 Code of practice. Kesemua stad individu yang dikenakan daya paksi mam-

patan, kecuali S350CT1, gagal di dalam mod lengkukan lenturan, dengan kerosakan 

kekal yang kelihatan dengan ketara dan tanpa lengkukan kilasan. S350CT1 telah ga-

gal disebabkan oleh kegagalan bolt secara ricihan di dalam sambungan secara bolt. 

Daripada ujikaji, dapat disimpulkan bahawa pemilihan bentuk keratan amat mem-

pengaruhi keupayaan kegagalan tegasan bagi stad individu. Kesemua nilai beban ke-

gagalan secara ujikaji untuk stad individu selaras dengan nilai yang dijangkakan. Un-

tuk panel dinding pasang siap, keputusan ujikaji menunjukkan lengkukan lenturan 

dan lengkukan tempatan kelihatan apabila panel dinding mencapai kegagalan. 
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CHAPTER 1 

 

 

 

 

I�TRODUCTIO� 

 

 

 

 

1.1 Background of the Study 

 

 

A wall is a continuous vertical structure, which is thin relative to its length 

and height. External walls help to provide shelter against our environment such as 

wind, rain and the daily and seasonal variations of outside temperature to its location, 

for reasonable indoor comfort and internal walls divide buildings into rooms or com-

partments. To provide adequate shelter a wall must have sufficient strength and sta-

bility to be self-supporting and to resist the loads from roofs and upper floors. To dif-

ferentiate the structural requirements of those walls that carry lateral and axial load-

ings (the loads from roof and upper floors in addition to their own weight) from those 

that are freestanding and carry only their own weight, the terms load bearing and non 

load bearing are used [1]. Other functions of walls are to enclose the space within it 

and to divide that space to provide privacy, security and equable conditions for stor-

age and operations for occupants in the building. The commonly accepted specific 

requirements of a wall are stability, strength, resistance to weather and ground mois-

ture, durability, fire safety, good thermal properties and resistance to airborne and 

impact sound, security and aesthetics [2]. 
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Nowadays, the use of prefabricated wall panel in the construction industry 

has become a very common trend. The need to increase production efficiency, to 

save materials and to respond to the changing demands of building, users is leading 

to increase the use of prefabrication. Advantages of using prefabricated wall panel is 

to ensure consistency of quality as the wall frames have been properly engineered to 

meet specific load, wind bearing and bracing requirements, to include savings cost 

and time and easier site inspection as well as greatly improved in design details and 

during fabrication of the units. For instance, prefabricated and preassembled con-

struction has been successfully applied to the standard public housing blocks 

throughout the 1990s. Prefabricated wall systems are manufactured in the factory, 

trucked to a construction site, lifted into position on a building using a crane, and an-

chored in place. The current market for prefabricated wall system is diverse and ex-

tensive, ranging from precast concrete wall panels to utilized glass and metal curtain 

wall systems [3]. 

 

 

Masonry, timber and reinforced concrete have traditionally been used for 

walls, but cold-formed steel continues to grow in popularity due to its structural and 

material advantages. In comparison with these conventional construction materials, 

steel is inherently recyclable and incurs much less cost to the environment (in terms 

of energy consumption and pollution) during its processing. The use of cold-formed 

steel has been more prevalent as well as in commercial or community applications 

because they are lighter than traditional concrete. A cold-formed steel wall panel in-

ternally or externally normally consists of top and bottom tracks, studs, braces (de-

pending on the strength requirements) and the studs to track were connected together 

using bolts, welds, screws, pins or rivets (Figure 1.1). The studs were connected to 

horizontal tracks top and bottom, and sheathed on one or two side with board, which 

can be assembled together on site or manufactured in the factory. Steel frame should 

be fully integrated with both the external and internal wall panel systems as well as 

the floor systems so that they are mutual supporting. This lead naturally to considera-

tion of stresses skin design [4]. 
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Many companies involved in the construction industry are small or medium 

sized and so their ability to industrialise their methods may be limited. There is also 

increasing pressure to develop construction systems that are more sustainable. Build-

ings should be designed to use materials from renewable sources that minimise 

transportation costs, can be easily disassembled and reused. One area where there is 

an opportunity to develop system that may suit a variety of different sized organisa-

tions and improved the sustainability of construction is the use of cold-formed steel 

prefabricated wall panels as it is very cheap [5]. 

 

 

   

(a)                                                 (b)  

Figure 1.1 Typical wall assemblies a) wall panel with bracing, b) wall panel with 

one side sheathing   

 

 

 

 

1.2 Problem Statement 

 

 

When the demand of low capital cost, easy and simple fabricated structure  

component, new techniques that suitable for both factory and site construction, erec-

tion that allows for deconstruction and recycling, and a very light structure compo-

nent; is on the rise, prefabricated wall is one of the solution. The cheapest and suit-

able material is cold-formed steel that can be used as a main structure or column 

studs in a wall panel. Typically, the cold-formed steel cross-sections mostly used as 
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column studs are single C-channel and I-section made of back-to-back C-channel. 

The strength of the wall is depending on the overall buckling of main structure, col-

umn stud. At the moment, the British Code [6] has not provided adequate detail de-

sign to account the load capacity of a cold-formed steel column stud in a prefabri-

cated wall panel. The structural performances of column stud therefore need to be 

obtained through the experimental investigation. 

 

 

For these reason, an experimental study was carried out to evaluate the possi-

bility behaviour of four individual stud specimens using two different section geome-

tries (C-channel and I-section) and column studs using C-channel in one full-scale 

prefabricated wall panel. Then the relation between individual stud and column stud 

will be observed.  

 

 

 

 

1.3 Aim and Objectives 

 

 

The aim of this study is to determine the strength behaviour of the individual 

stud and column studs in prefabricated wall panel made by cold-formed steel. The 

main objectives of this study are: 

 

a) To investigate the buckling behaviour by determining the ultimate load of 

both; the individual stud and column studs in a prefabricated wall panel 

subjected to compression. 

 

b) To obtain the overall behaviour in terms of the failure modes of prefabri-

cated wall panel. 

 

c) To observe the insensitivity of the individual studs to the geometry of the 

sections. 
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d) To compare the individual stud test failure loads with the predicted load 

values, calculated based on BS5950-Part 5:1998 Code of practice for the 

design of cold-formed sections [6]. 

 

e) To correlate the results of the individual stud test to the results of the col-

umn stud in prefabricated wall panel test. 

 

 

 

 

1.4 Scope 

 

 

The scopes of this study will cover both the experimental and theoretical in-

vestigation of cold-formed steel section subject to compression; 

 

1. The specimens for individual stud test were included three C-channel sec-

tions and one I-section, and were tested in simply supported condition for 

compression failure. 

 

2. Determination of the design yield strength of cold-formed steel sections 

using tensile coupon test. 

 

3. Determination of the axial compression capacity of cold-formed steel sec-

tions experimentally and theoretically. 

 

4. The wall panel constructed with 3.15 m height and 1.5 m width. 

 

5. Column studs will be the focus of the study for prefabricated wall panel 

experimental. 

 

 




