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ABSTRACT 


Cold-fanned stee l membe rs, a type of light weight steel havc been widely used in building 

applicat ions for the years in countri es like United States, British and Austra lia as primary and 

secondary elements. Primary structural elements include beams and co lumns whereas the 

secondary element includes cladding and purlin. Cold-fonned steel framing system (modular 

frames) has been engineered and des igned into panels system of different shapes and sizes. 

However there are ye t to be researches carried out by local manufacturcrs to determine the 

optimum shapes and confi guration in terms of load bearing capac ity. Therefo re, this research 

ai ms at identifying the optimum confi guration o f the modular frame that is not on ly 

economical in terms of mate ri al used but al so it is al so effecti ve in load bearing. Furthe r more , 

other aspec t will be studied as ",ell. Research was carried out by finit e element model ling 

using the fin ite element ana lysis software ANSYS for configuration optimisation. Thc work 

involves a wide parametri c study in which single unit models and modul ar frames were 

analysed. The results or fi ndings reveal how the model s are config ured to obtain the optimum 

configuration based on the applied loadings. Thus, the results show that the modular frame 

configuration of 500 mm x IOO Omm has the optimum configuration where the frame has the 

effectiveness or ability to can ·y more load per unit mass with less amount of malaial used. 
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All TRAK 

Kdllii d ibentuk secara dingin merupakan sejeni s keluli jis im ringan . [a te lah lama digunakan 

secara mel uas di negara - negara seperti Amerika Syarikat, British dan Australi a sebaga i 

e lemen yang utama dan kedua. Flemen struktur utama adalah rasuk dan liang, manakala 

clemen kedua adabh pap an atau lapisan logam sebagai perlindung dan sinal' linlang ~epanjang 

atap . Ke luli jisim ringan juga lelah dibentuk ke dalam sistem panel dalam bentuk dan saiz 

yang berbeza. Walau bagaimanapun, mas ih ada kajian lanjutan yang boleh dan patut 

di lakllkan oleh pengeluar tempatan untu k mengenaJpasti bent uk dan konfi gurasi oplima dalam 

kapasiti beban yang wujud. O leh ilLl , kajian in i di gunakan untuk mengenalpasti konfigurasi 

optima rangka modul yang bukan sahaja menj imatkan penggunaan bahan ma lah juga sangat 

berkesan dalam menampung beban. Di samping itu, aspek lain juga akan d ikaj i. Untuk 

konfigurasi yang optima, kajian akan dij alankan dalam elemen modul te rhad dengan 

menggunaka n program komputer analisis elemen terhad ( ANS YS ). Kerja yang melibatkan 

ka jian dalam model un it tunggal dan rangka modul juga dianalis is. Kcputusan atau 

pembuktian cara modul dibentuk untuk O1endapatkan konfigurasi optima bergalltung kepada 

beban yang dilindakan. Dengan it u, keputusan mengglmakan rangka modul dengan 

konfiguras i 500mm x 1000mm mempunyai konfi gurasi optima yang memili ki keberkesanan 

atau kebolehan menampung beban per unit bera! dengan kurang daripada bahan yang 

digunakan. 
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CHAPTER 1 


INTRODUCTION 


1.1 8ackgmuml 

This final year project di scusses on the Parametric Study On The Load Bearing Capacity 

Of Lightweight Steel Framing System. It begins with an introduc tion to ligh tweight sleel in 

general and then the modular fra mi ll ~ system. 

Cold-formed steel is 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 indust ry 

as primary and secondary structural elements such as beams (top trae". bot tom track, joists) 

and columns (studs) for buildings , and purl ins and cladding for roo f tru$sc:s CEI-Kassas et al. 

~002). 

Cold-fom1ed stee l are used extens ively mainly because of the high stren2th to weight 

ratio and high stiffness to weight ratio. This facilitates the increased use in the il)duSlry whid) 

make them a better choice of material over traditional materials for modular framing 'i),stem 

anJ roof trusses system. 

Cold-formed stee l is not o nly light in weight but the ir section is thi n which made 

fabrication easier as compared to hot-rolled steel. A simple process of producing co ld-fom1ed 



sted section involves the co ld rOiling process of thin steel plate at very high speed without 

heating. This resu lts in producing a brighter and shinier surface and most importantly it 

increases in strength of the steel (Newby and Sulfianda 2003). According to ASINZS 4600: 

1996, Table 1.5 shows the value of the minimum strengths of steel complying with different 

appl icable standard and the different grade of cold forming steel (See Appendix D) . 

Cold-formed stee l 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 wi thout lipped or with lipped, Z sections and hat sect ions. 

Cold-fanned stee l sections and hot-rolled steel sections are easily distinguishable by its 

appearance and feature. The forme r is galvanized with zinc, aluminium and a small portion of 

silicon alloy to give a long lifespan as well as to prevent them from be ing con-oded when 

exposed to the harsh weather (Newby and Sul fianda 2003). 

Cold-fo11l1ed stee l sections can be used in the design of roof tnJ~ses , li ght commercial 

industry, fram ing system, homes and other residential purposes. [n countries like Australia, 

United Kingdom, Uni ted States and Japan, most structures such as houses and In lsscs are built 

with cold-fonned stee l and it has been very well accepted because of its consistent strength, 

quali ty and other maj or advantages over traditional material s. Figure 1.1 shows a rcs idelllial 

house built with co ld-formed steel. 
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Figure 1.1 residential house built willI cold-formed sleel 
(Source: BHPStcel 2002) 

According La Coru~gr0up (2003). the detlnition of modular framing or construction is "a 

tenn that is used for the facLory producti on (lfpre-engincered building units Lhat are delivered 

LO s ite and asscmbled as large vo lumetric components or as substanLial elements of a building. 

Thc modular units may form cmnplete rooms, parts of rOOms. or separate hjgh ly se['\ iced 

units such as toilets or li f,",:' It means thc prefabrication of modular or pane l frames utiing 

cold-fomled steel members in the factory into building units or modular units which 

cvenlllaJl~ deliwred to the sile und then assembled into a larger volwm~trie component, such. 

as dwelling rooms. toilet units. hotcl extensions, plant rooms for commercial bui ldings and 

other huild ing purposes. An example of light steel franling used in modular construction is 

shown in FiJ?llfC 1.2. 
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Figure l.2 A building unit or modular unit formed b) cold-formell 
, 'tecl Members (Source: Corusgrnup 2003) 

The design of the cold-fonl1cd steel framing system is fl~xihle and therefore any sizes 

and shape can be fabricated in the factory according to the spcciIication of Ule architect. 

Panels arc pre-designed and pre-cut in lhe factory before it is hrought to site for installation. 

They are more easjl) installed as compared to the assemhly of each individual member 

lCorusgroup 2003). 

In countries li ke United Kingdom and Japan, modular framing system, made from 

lightweight sleel are highly used and de veloped . Modular construction is IIsed for a wide 

range of building types such a" residential hOllses and build ings of up to 4 storeys high 

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

4 




residential bousing in Japan ll1 which OVer; 50,000 houses are built iJlmually in modular form 

(Corusgroup 2(03), In Cnited Kingdom, shows that m ~r 400,000 tonnes of cold-

are rurnuaily in the construction industry (El-Kassas el al. 

L2 


The most common liSe cold-fonlled steel structure in 'Vlalaysia is roof trusses. 

Malaysia's builders, architects and design engineers have not really venture into modlllar 

framing system because of their limited exposure to lightweight steel {MBAM 

HoweveL the government hopes to gradually move towards the use of m 

and construction not only f()r roof trusses but also for homes and commercial 

industry. 

Al!hough lightweight stcel framing sysrem ha> and {j"':1C'!lP{j into pan!els 

system of different sizes and shapes, presently there are yet to researches carried our 

local manuf::\clmers to determine the oprimum "l,ji"" and config:urarions based on load 

bearing capaCity, For this rc:'ason, research on the optimization stCHI is 

essential 10 minImize the wastage of material yet maintaining its ,"ftl""'WI'1f"" m 

c2J)3city so that the structure wlll be more economical. This can be done 

load-bearing capacity on a number of configurarions ba,;ed currenr existing 

available III the market with other additional designed configllralloos 

researcher. 
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pro;ec! is to study the load bearing capacity of rectangular modular 

used widely in the marke!. Research will be ca~ried out to delf'11111 

the nnlHllllln of the lightweight (cold-tormed) steel framing ev"tp,'~ 

the hC11r;r." G3p,IClly in Malaysia, Expectantly through this H""'Q,HA 

an lmportant role in 

afC a few objectives in carrying out this p!'oject/thesis 

a, To study the behavior of single unit models with respect to the load heflrir'0 U'IM,," 

(!'inite Element Method), 

b, To study the behaVior and perior:nance of the ditTerent modular In1"'(" with different 

conflgurations, 

c, To and detennine the optimum conflguration fOf the eo!d-fonned steel framing 

of 8m x 3m modular frames assembled by each of 

con:iguratiol1s with respect to the load bearing capacity the optimum structural 

IS to carry heavy loads with the use of less malerial ( 'to do more with 

d, To a graph ;" which an engineer can estimate the of the model or 

based on the required or desired loading condItions to 

uses of parts of a building or structure, can help to an OVt,;r­

structural frame, 

e, more options in order to have a mo;'e economicd 

f. promote the awareness of lightweight steel in the educanonal sector as well as to the 

industry, 
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1.4 Scope of tudy 

A closer look into the parametric study of lightwe ight (co ld-formed) steel with res pec t 10 

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: ­

I. 	 Stee l framing especially cold-formed mod ular steel framing, 


II. Two-dimensional mode ls will be taken into acco unt in thi s research. 


Ill. All the modular frames are modeled into rectangu lar shape with different configurations, 


IV. 	 The sectio ns that are used to fonn the structu ral beams and col um ns are plain C-Channel 

without fl ange sti ffeners or lips. 

v Only vertical loads are app li ed to the structural frames. It is unifo rmly distributed 

thro ughout the top of the beam. 

v!. I'he e ffect of wind load or latera l load is not taken into con~ i J ~ration in the analys is of 

thi s project. 

VJl. The design criteria are based on the Australian I ew Zealand Standard For Co ld-Fonned 

Steel Structure (AS ZS 4600 1996) . 

V[J l. The co nnections fo r all the joints are assumed to be pinned-joint lo r the \lJodular li·umes. 

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

I X. The supports for the frames are assumed to be pinned between the bottom heam/chord 

and the s lab. 

x. 	 The analysis of thi s research does not consider Ihe factor of stability during 

construct ion/e rection. 
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XI. 	 ANSYS ,on ware will be utilized as a too l to accompli sh thi s project because it has the 

ability to perrorm static analyses, to stimulate different loading conditions as well as to 

solve variety of problems. 
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