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ABSTRACT

Cold-formed steel members, a type of light weight steel have been widely used in building
applications for the years in countries like United States, British and Australia as primary and
secondary elements. Primary structural elements include beams and columns whereas the
secondary element includes cladding and purlin. Cold-formed steel framing system {modular
frames) has been engineered and designed into panels system of different shapes and sizes.
However there are yet 1o be researches carried out by local manufacturcrs to determine the
optimum shapes and configuration in teyms of load bearing capacity. Therefore, this rescarch
aims at 1dentifying the optimum configuration of the modular frame that is not only
economical in terms of material used but also it is also effective in load bearing. Further more,
other aspect wiil be studied as well. Research was carried out by finite element modelling
using the finite element analysis software ANSYS for configuration optimisation. The work
involves a wide parametric study in which single unit modcls and modular frames were
analysed. The results or findings reveal how the models are configured to obtain the optimum
configuration based on the applied loadings. Thus, the results show that the modular frame
configuration of 500 mm x 1000mm has the optimum configuration where the frame has the

effectiveness or abilily to carry more load per unit mass with less amount of matenal used.



ABSTRAK

Keluli dibentuk secara dingin merupakan sejenis kelull jisim ringan. Ia telah lama digunakan
secara meluas di negara — negara seperti Amerika Syarikat, British dan Australia sehagai
elemen yang utama dan kedua. Flemen struktur utama adalah rasuk dan tiang, manakala
¢lemen kedua adalah papan atau lapisan logam sebagai perlindung dan sinar lintang sepanjang
atap. Keluh jisim ringan juga telah dibentuk ke dalam sistem panel dalam bentuk dan saiz
yane berbeza. Walau bagaimanapun, masih ada kajian lanjutan yang boleh dan patut
dilakukan oleh pengeluar tempatan untuk mengenalpasti bentuk dan konfigurasi optima dalam
kapasiti beban yang wujud. Oleh itu, kajian i digunakan untuk mengenalpasti konfigurasi
optima rangka modul yang bukan sahaja menjimatkan penggunaan bahan malah jupa sangat
berkesan dalam menampung beban. Disamping itu, aspek lain juga akan dikaji. Untuk
konfigurasi yang optima, kajian akan dijalankan dalam elemen modul terhad dengan
menggunakan program komputer analisis elemen terhad ( ANSYS ). Kerja yang melibathan
kajian dalam model unit tunggal dan rangka modul juga dianalisis. Keputusan atau
pembuktian cara modul dibentuk untuk mendapatkan konfigurasi optima bergantung kepada
beban yang ditindakan. Dengan itu, keputusan menggunakan rangka modul dengan
konfigurasi 500mm x 1000mm mempunyai konfigurasi optima yang memiliki keberkesanan
atau kebolehan menampung beban per unit berat dengan kurang daripada bahan yang

digunakan.
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CHAPTER 1

INTRODUCTION

1.1 Background

This final year project discusses on the Parametric Study On The Load Bearing Capacity
Of Lightweight Steel Framing System. It begins with an introduction to lightweight steel in

general and then the modular framing svstem.

Cold-formed steel 1s a type of lightweight steel that is widely used in the construction
industry. There is an increase in acceptance of lightweight steel in the construction industry
as primary and secondary structural elements such as beams (top track. bottom track, joists)
and columns (studs) for buildings, and purlins and cladding for roof trusses (El-Kassas et al.

2002).

Cold-formed steel are used extensively mainly because of the high strenath to weight
ratio and high stiffness to weight ratio. This facilitates the increased use in the industry which
make them a better choice of material over traditional materials for modular framing system

and roof trusses system.

Cold-formed steel is not only light in weight but their section is thin which made

fabrication easier as compared to hot-rolled steel. A simple process of producing cold-formed



steel section involves the cold rolling process of thin steel plate at very high speed without
heating. This results in producing a brighter and shinier surface and most importantly it
increases in strength of the steel (Newby and Sulfianda 2003). According to AS/NZS 4600:
1996, Table 1.5 shows the value of the minimum strengths of steel complying with different

applicable standard and the different grade of cold forming steel (See Appendix 12).

Cold-formed steel can be produced into various sectional profiles depending on the
usage. Examples of some common sections used for buildings and roof trusses are the C-

Channels, which can be plain without lipped or with lipped, Z sections and hat sections.

Cold-formed steel sections and hot-rolled steel sections are easily distinguishable by its
appearance and feature. The former is galvanized with zinc, aluminium and a small portion of
silicon alloy to give a long lifespan as well as to prevent them from being corroded when

exposed to the harsh weather (Newby and Sulfianda 2003).

Cold-formed steel sections can be used in the design of rool trusses, light commercial
industry, framing system, homes and other residential purposes. In countries like Australia,
United Kingdom, United States and Japan, most structures such as houses and trusses are built
with cold-formed steel and it has been very well accepted because of its consistent strength,
quality and other major advantages over traditional materials. Figure 1.1 shows a residential

house built with cold-formed steel.



Figure 1.1 A residential house built with cold-formed steel
(Source: BHPSteel 2002)

According to Corusgroup (2003), the definition of modular framing or construction is “a
term that is used for the factory production of pre-engineered building units that are delivered
to site and assembled as large volumetric components or as substantial elements of a building.
The modular units may form complete rooms, parts of rooms, or separate highly serviced
units such as toilets or lifts.”™ It means the prefabrication of modular or panel frames using
cold-formed steel members in the factory into building units or modular units which
eventually delivered to the site and then assembled into a larger volumetric components such
as dwelling rooms. toilet units, hotel extensions, plant rooms for commercial buildings and
other building purposes. An example of light steel framing used in modular construction is

shown in Figure 1.2.



Figure 1.2 A building unit or modular unit formed by cold-formed
Steel Members (Source: Corusgroup 2003)

The design of the cold-formed steel framing system is flexible and therefore any sizes
and shapes can be fabricated in the factory according to the specification of the architect,
Panels are pre-designed and pre-cut in the factory before it is brought to site for installation.
They are more easily installed as compared to the assembly of each individual member

(Corusgroup 2003 ).

In countries like United Kingdom and Japan, modular framing system, made from
lightweight steel are highly used and developed. Modular construction is used for a wide
range of building types such as residential houses and buildings of up to 4 storeys high

(BHPSteel 2002). Demands for this system are quite high and it dominates most of the



residental bousing m Japan m which over 150,600 houses are bulit @mnually in modualar form

{Corusgroup 2003} In United Kingdom, stafistic shows that over 400,000 tonnes of cold-

formeed steely are dsed asnually in the construction dustry (El-Kassas eval. 2002

il roof trosses.

The most cormmoen use of cold-formed steel structure in Malaysia is

Malavsia’'s builders, architects and design eagineers have nol really venture inlo modular

framing system because of their limited exposure to lightweight steel (MBAM 20001
However, the povernment hopes to gradually move towards the use of cold-Tormed sieel n

design and construction not only for roof trusses but also for homes and hight commercial

mduastry.

Although hghtweight stcel [raming system has heen enginee

esigned into panels:
systen of different sizes and shapes, presently there are ver to be researches carried our by
loca!l manuflacturers to determine the optimum shapes and configrrations. based on the load

S IS

bearing capacily. For this reason, research on the optimization of the stecl Uaming

essential o minimize the wastage of waterial vet maintaining itssferiveness in load beariny

capacity so that the structure will be more economical. This can be dong by wnalyzing the

load-bearing capacity on a number of configurations based current existing configurations

k-

available 1 the market with other additional designed configurations identit

researcher,



foject is to study the load bearing capacity of rectangular modular

e tsed widely in the market. Research will be carried out to determine.

gonfigurations of the lightweight (cold-formed) steel framing systems in

capacity in Malaysia. Expectantly through this research,

steel framing system would really play an important role in Malaysia construction indusiry.

There are a few objectives in carrying out this project/thesis:

a. To study the behavior of single unit models with respect to the load bearing cag

using ANSYS (Fiilite Element Method).
b To study the behavior and performance of the different modular frames with different

configurations.

d

]

To analyze and detenmine the optimum configuration for the ¢

formed steel {raming

systems of 8m x 3m modular frames assembled by each of 1 ve desis

configurations with respect to the load bearing capacity where the optimom structural
frame 15 able 1o carry heavy loads with the use of less material {1to do more with lesg™)

d. To develop a graph n which an engineer can estimate the size of the model or

configuration based on the required or desired loading conditions apf

jerent uses of the parts of a building or structure. This can help to

designed structural frame.

e, To expose more options in order to have a more economical ¢

de:

f. To promote the awareness of hghtweight steel in the educational sector ag well dsto the

ndustry.



1.4

Scope of Study

A closer look into the parametric study of lightweight (cold-formed) stecl with respect 1o

the load bearing capacity and its related past researches will enable the project to be carried

out successfully. Hence, the scope of the project is then limited to: -

1.

1il.

.

Vi,

Vil

Vili.

Steel framing especially cold-formed modular steel framing,

Two-dimensional models will be taken into account in this research.

All the modular frames are modeled into rectangular shape with different configurations,

The sections that are used to form the structural beams and columns are plain C-Channel
without flange stiffeners or lips.

Only vertical loads are applied to the structural frames. It is uniformly distributed
throughout the top of the beam.

I'he effect of wind load or lateral load is not taken into consideration in the analysis of
this project.

The design criteria are based on the Australian/New Zealand Standard For Cold-Formed
Stecl Structure (AS/NZS 4600: 1996).

['he connections for all the joints are assumed to be pinned-joint for the modular frames

Connections between the members will either be screwed. bolted or riveted.

The supports for the frames are assumed to be pinned between the bottom beam/chord
and the slab.

The analysis of this research does not consider the factor of stability during

construction/erection.



xi, ANSYS software will be utilized as a tool to accomplish this project because it has the
ability to perform static analyses, to stimulate different loading conditions as well as to

solve variety of problems.



