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L. INTRODUCTION

Industnalized Building System (IBS) has been promoted diligently year 2003. Besides reduced
dependency on foreign labour, the simplified construction solutions offer better control of Quality,
inereased productivity and faster completion, less wastage and cleaner environment. Through
Madmofumﬁmhugeamommfwudcmbemshiﬁmmﬂk&mymdhﬁgh
“nstruction sites tidier and safer (Sumadi, 2001). " . 5

Insupport of the ongoing process of implementation of IBS in ¢ construction industry,
Rsearch and d:velupmmegx:’t havir;:en identified to focus in the area of open-building, w
materals, joints and sealants, services, and IT and robotics (Nuruddin, 2003). The application of
gt stel fuming design using cold-formed steel i one of the developments ofightweight material.

Light steel framing design is generally based on the use of standard C or Z shaped steel sections
“F@nl)mmbymmmmmipmcwwmmmﬁ;&mm‘
ool stee setians (e.g. Universal Beams and Universal Colum whishare used
.; Mﬂ_mmwwmmwmsmvwmw

ds galvanized for corrosion protection (Grubb, 2 2 R
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developed, due to the lack of research study on the loeal practice for such RyRtem, This paper giveg
a series of studies on cold-formed steel seotion and sumimaries the “'""?'f imental worlq On cold.
formed steel member capacitios, roof truss system and g.u?nucnun U-‘\lf“‘-‘ "}““'- In the end it Provides
suggestions for future work (o enhance the pragtical use of light sieel framing,

C suchions

JJ11.

Fig 1. Common shapes for cold formed steel

Fig 2 Cold formed sieel framing (light steel framing) for residential house in UK
(Adopted from Grubb, 2001)

2, THE BENEFITS OF COLD-FORMED STEELAND THE LIGHT STEEL FRAMING
Generally, cold-formed steel sections have several advantages over hot rolled steel seetions, tmber
sections and conerete, The main aspeots are listed as follows:

L No insect and fungal infection: The problems such as rotten or discomposed due o
insect and fungal infection are eliminated; therefore the matetial curing and maintenance
costs, which are necessary for the timber and conerete construction, could be eliminated as
well

2 Consisiency and aceuracy of profile: The natre of the manufagturing progess: cold
tolling - enables the desired profile maintained and repeated for as long as it is required in
a very elose tolerance. Moreover, the very litle tol wears and the cold rolling proess i
ideally suited o computerized operation which assists (o the maintenance of seeuraey:
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3. Versatility c‘)f profile shape: Almos( any desired (fross-seclional shape can be produced
by cold rolling, such as T-section, Z-section, and Sigma-section etc.

4. It could be pre-galvanized or pre-coated: The stee] material may be galvanized or coated
by plastic materials either to enhance its resistance to corrosion or asan attractive surface
finish.

S. Variety of connection and jointing methods: All conventional methods of connecting
components, e.g. riveting, bolting, welding, and adhesives are suitable for. cold-formed section.
The tek-screw is concerned in this study since it is fastest and easiest way which is available
in local.

6. Speedy in construction, and suit for site erection: Generally the steel construction has
eliminated the curing time which is inevitable in concrete construction; therefore it is far
faster than concrete construction. The cold formed steel may more advantageous than the
hot rolled steel since it can be cut and erected with very light machine and even only man
power.

7. Increase in yield strength due to cold forming: The cold forming process introduces
local work hardening in the strip being formed in the vicinity of the formed comers. This
local work hardening may results an increment of ultimate yield strength about 25% from ts
virgin strength.

8. Minimization of material: Since the material used can be very thin in comparison to the
Iower thickness limits of hot rolled steel sections, it allows the material usage fora given
strength or stiffness requirement to be much less than that of the smallest hot rolled sections.
The material thickness, or even the cross-sectional geometries, could be controlled to achieve
the structural features with minimum material weight.

9. High profitably: In cold rolled process, the manufacturing costs of cold rolled steel section,
mainly involve the initial modal of purchasing the rolling machine and the costs of steel strip
material later. The machinery cost only expensed once then it could be covered back in the
continuous production. The cold formed steel roof truss system, which is mainly interested
by local industries, is normally short in construction, and involve only some light erection
1ools. Therefore, the investment reguired is not high and the return back is sooner than most
of the constructional part.

3. EXPERIMENTALTESTS ON COLD-FORMED STEEL
A senies of analytical and experimental research was carried out on cold-formed steel structures.
The stdies include:
- Miember capacities of cold-formed lipped C-section and Hat-section
- Full-scale cold-formed roof truss system
- Tek-sorew connection capacities for UNI-Interlocked roof truss system.
The research works is discussed separately in the following sub titles.

3.1 Study on the Member Capacities of Cold-formed Lipped C-section 2nd Hat-section
Aresearch ied out on cold-f d steel Lipped C-section and Hat-section ( Tahir, 2005).
lﬂ-mam&ﬁggfmcpmposcd Lipped C-section and hat-section (see
Fagure 3), which is anti m;ﬂ:f;;c;as ibers of conventional school roof truss.
 These sections hizve 1 mmaia]yieldsuuxgﬂxmmmxgﬂxmm !
5 .ﬂdmhmnbam@hﬁadmgcmit)'. mwumucmym
umcapwucscﬂmammmdmarcdmemmmm
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BS5950 Part 5: 1987 (BSI, 1987; Chung, 1993). The experimental layout was shown in Figure 4,
and the summary of the results was given in Table 1.
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Fig 3 Cold-formed Lipped C-section (Left) and Hat-section (Right)

2 e, e Eo ' ‘7 baEa
() Bending test (f) Connection pull-out test

(g) Connection shear test

Fig 4 Experimental Test Layout for the Member Capacities of the Proposed Cold-formed Section
Table 1 Comparison of the experimental test results to the design calculation for member capacities
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Type of Test

Type of Specimen QDomlun Experimental — Ratio of
T Strength Result Exp/Des*
upon test (I).g:\m p:alc 300 N/mm” 344 N/mm 1.15
- _.1.0mm plate 250 N/mm’* 300 N/mm*
= Tmsnoq test Lipped C 80x40~38 20,66 kN 26.0 1'3«11“ :;2
ompression test Lipped C 80x40x3 3% ;
> Spadpaibin ppe x40x38 33.70 kN 380N 1.13
Compression test Lipped C
ped C 80x40x3 22
il x38 22,84 kKN 25.0 kN 1.09
Bending test ~ Hatsection 0.26 kNm 0,38 KNm 1.46
: Lipped C 80x40x38 0.97 kNm 1.50 kNm 1.55
Connection pull-out 1 screw - Lipped ¢ 0,73 kKN 1.50 kN 2.05
test 2 serews - Lipped ¢ 1.46 kN 3.20 kN 2.19
‘ 1 screw - Hat 0.53 kN 1.00 kN 1.89
3 ’ 2 screws - Hat 1.06 kN 2.20 kN 2.08
i Connection shear 2 screws - 0.6mm plate 1.90 kN 3.00 kN 1.58
test 4 screws - 0.6mm plate 3.80 kN 7.00 kN 1.84
l 2 screws - 1.0mm plate 3.40 KN 7.50 kN 2.21
4 screws - 1.0mm plate 6.80 kKN 12.50 kN 1.84

* Exp/Des = Experimental Result/ Design Strength

The test results showed that actual resistance of the cold-formed steel were higher than the
design strength, ranged 1.09 - 1.55 for section capacities, and 1.58 - 2.21 for connection capacities.
The study concluded that the proposed cold-formed steel section give good agreement compared
to the design strength. It is suggested that a full-scale test on the proposed roof truss to be carried
out, in order to gain further understanding on the global truss behaviour and to build confidence in
utilisation of the system.

3.2 Full-scale Test on the Cold-formed Roof Truss System

The Mega Truss System was purposed which is intended to be laid out, fabricated and handled like
wood trusses, except that they are built using screw guns rather than plated methods. A full scale
testing for the plane truss system was carried out,

The objectives of the testare:
1. Toconform the adequacy of intended usc of the proposed system. , Ly
2. “Todefine the actual behaviour of the truss system in comparison of theoretical estimation,
3. “To fit the requirements for the application in conventional school buildings.

The proposed truss is spanned over 7.8m over two supports; and cantilevered u: aspan of

W' The truss height from the support is 2.078m. The cold-formed steel section in

sed ip nel. More specification of the truss system and the section properties is

g - vas designed based on BS 5950-1990-Part 5 (BSI, 1998), The design loading

, : 1988). The loadings were to be transfieered from the purlin t the

as shown in Figure 5. From the design analysis, it was estimated that
m the purlin should not less than 8.4kN.
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(a) Load configuration of the experimental test

(b) Experimental Layout

Fig 5 Full-scale test of the roof truss system
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Fig 6 Full-scale test results

7. 'l'hefull-scalemonﬂ}emlsssyswnwmmrﬁedommﬁ:llyandwaspmvmwbevalid

" by computer modelling using MultiFrame 3D. From the study, some conclusions can be made:

1. All the analysis models are valid to represent the actual behaviour of the truss.

2. The loading condition in the test is worse than the designed condition. Thereft ifthe truss
able to resist the test condition, it should be more than enough to resist the design condition.

3. Thetrussisable to resista loading of 16.8kN at each loaded point (or total load of 67.2kN)
in the test condition. It is two times higher than the design load. Therefore it can be concluded
that the capacity of truss is very safe to be implemented.

4 Th e S d during the yielding of the truss, therefore the comp
napmdhwa&uﬂeb&avmmdxﬁkbdnﬁmkﬁ\mbkhwmofsafuy
since it delays the significant collapse of the structure.

‘From the facts stated above, it is concluded that the truss is having the adequate strength to

resist the design loads, and it is safe to be implemented in the intended uses.

Connection Tests for UNI-Interlocked Roof Truss System
“Three sets of 30N tests performed - cold formed sections of UNI-Interlocked steel

pof truss system, The main purpose of the tests was to verify the validity of design method provided
by BS 5950 Part 5: Cadzofpru_!ioeﬁrdaiganooldfmadzhby gauge sections (BSL,
hai_igﬂn-umlbdnvuxofﬂnmmimhth:mm%oﬁhem-ﬁ:

-dynamic
1 umwdj&nﬁimm&ﬂtmmﬂmnhﬁgni
'was in accordance with European R e ’m-lml.m&m




varied between 0 to £6kN, by 0.5Hz frequency) was 1
{ ¥ 3 nvu

configuration is shown in figure 8

(C) Pull-out Test

Fig 7 Connection tests on cold-formed steel section with thickness of 0.55mm

Fig 8 Configuration of fastener dynamic load test and the example of collected data

Table 4 Summary of experimental fest results

Type of Test Type of Specimen Experimental Average Design
Result (per Unit  Value of Exp. Strength
Capacity) Result
; Typical model - 2 screws 343kN
Cmf""“ e ke lmodelie 4 momens 3.00kN 322 kN 144 kN
= On-site model - 4 screws 347kN 347kN
1 layer 1 screw 1.40kN
Connection pull- 1 layer 2 screws 1.33kN
out uslp 2 la;crs 1 screw 1.91 kN 135 kN A1k
2 layers 2 screws 1.55 kN
Fastener dynamic The connections were able 1o sustain its strength
test 3 after 10000 cycles of cyclic loading.
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4 OpNCLUSl_ON

m, The result aﬁ‘éﬁﬁmmm“ Py e

section, all tests result is higher than the design value, The ratio of differ

1.09and 2.21. The test proven that the proposed sections are suitzbl ﬁxm&o‘;z

2. Forthe full-scale tost of roof truss system, the truss was able 10 sustain the total load up 1o
67.2kN (or poit loads of 16.8kN) which is two time higher than the predicted capacity
(B.4kN).

3. For the connection tosts, the actual strength of the connection in resisting shear force and
pull-out fores is greater than the design strength. The percentage of difference is 76% -
141%, The connection was able to withstand 10000 cycles load, which also proven its

Currently most of the laboratory research and construction practice of cold-formed steel were
- focus to roof truss system. It is suggested that studics on the member capacities of thicker cold-
. formed sections (range | Omm 10 3. 2mm) can be carried out in order to widen the application arca
of steel structiures, such as wall stub, floor batten, beam and column. The studies on the partial
s p——— 3 roh etk el hiniis ThsoAS Slisaiewivect

= F«mm'm&xmbacmmacmmme ection and Hat-

ik Standard Instiustion (BSY), 1967, BSS950 Part 5: Code of Practice for Design of Cold

4 Institsition (BSY), 1988, BS6399 Part 3: Code of Practice fur Imposed Roof
o, UK.

o (BS1), 1998, BS5950 Part 5: Cade of Practice fur Design of Cold

onial Steciwork (ECCS) , 1963, Publication No. 21 (1983);
’ the design and testing of connections in.
o fior Constructionil Stesiwork, UK.



