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ABSTRACT

The results of bending test and lateral buckling test of cold formed stainless
steel purlin are presented in this dissertation. Bending test was carried out by simply
supporting purlin and loaded on its top flange, while lateral torsional buckling test
was done by using cantilevered purlin loaded at the free end of purlin. Theoretical
bending capacity of purlin was determined from BS5950 Part 5: Code of practice for
design of cold formed sections. While the buckling resistance moments were
obtained from BS5950 and from Design Manual for Structural Stainless Steel
published by European Stainless Steel Development & Information Group. From the
bending test, it was found out that the experimental moment capacities of purlin were
slightly higher than the theoretical moment capacities. However, the experimental
buckling resistance moments were significantly lower than design buckling
resistance moments. Therefore, the bending test method was considered satisfactory,
while for lateral torsional buckling test, further studies and other testing methods
were needed in order to explore verify the accuracy of cantilever method used in this

study.
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ABSTRAK

Keputusan ujian lenturan dan ujian lengkokan kilasan bagi purlin keluli tanpa
karat yang dibentuk dalam keadaan sejuk. Ujian lenturan telah dilaksana dengan
purlin disokong bebas pada kedua-dua hujungnya dan dikenakan beban pada bebibir
atas. Manakala ujian lenkokan Kkilasan dilaksana dengan purlin berkeadaan
tergantung dimana satu hujung diikat tegar pada tiang and satu lagi hujung bebas.
Nilai kapasiti lenturan purlin teori diperoleh berpandukan BS5950: Code of practice
for design of cold formed sections. Nilai teori keupayaan lengkokan kilasan bagi
purlin diperoleh dari BS5950 dan dari Design Manual for Structural Stainless Steel
yang diterbit olen European Stainless Steel Development & Information Group.
Daripada ujian lenturan, didapati bahawa keupayaan lenturan purlin yang didapati
secara eksperimen adalah lebih tinggi daripada keupayaan lenturan yang diperoleh
secara teori. Walaubagaimanapun, keupayaan lengkokan kilasan yang didapati secara
eksperimen jejas lebih rendah daripada keupayaan lengkokan kilasan yang didapati
secara teori. Oleh itu, cara melaksanakan ujian lenturan dapat dianggap memuaskan.
Untuk ujian lengkokan kilasan, lebih banyak lagi kajian dan cara ujikaji diperlukan
demi menentukan tahap kebolehpercayaan kejituan cara ujikaji purlin dalam keadaan

tergantung.
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CHAPTER 1

INTRODUCTION

1.1 Introduction to Cold Formed Purlin

Purlin is a horizontal structural member spanning between beams or trusses to
support a roof deck. In slope glazing, purlins are the horizontal framing members.
Purlins have been used in roofing system for decades. Roof purlins account for a
substantial proportion of cold formed steel usage in buildings. Purlins are ideally
suited for production as cold rolled sections and over 60000 tonnes of cold formed

steel purlins are produced annually in United Kingdom.

There are various types of purlins available in the market; the most
commonly are Cee and Zed purlins which take the form of C and Z letter. The Zed
shape purlin was introduced from USA around 1960. Another type of purlins shape
is the Sigma shape which was introduced a few years later after the Zed shape. In
recent years the fierce competition between purlin manufacturers has led to
substantial research and development effort in the field of purlin design to produce
purlin with even greater efficiency. This has lead to further developments of the Zed
shape in particular such as Zeta shape and the UltraZED shape. All the typical shapes
of purlins are shown in Figure 1.1. Most purlins are produced from steel and most
recently galvanized steel which has a greater advantage over steel in terms of
strength. Most purlins are cold formed which means that they are formed in the cold

state from a strip of uniform thickness.



Zed Sigma Zeta Ultra Zed Cee

Figure 1.1: Types of roof purlin in common use at the present

At present, the Zed shape and its derivatives accounts for approximately two
thirds of the markets in purlins, with the other one third being accounted for by
Sigma shape. Purlin thickness used range from about 1.2 mm to 3.2 mm and material

of yield strength of 350 N/mm? is commonly used in the production of purlins.

A variety of different purlin systems are also available to enable the designer
to exercise a choice between simple inexpensive and easy to erect systems or more
complex but more efficient systems. The main systems in use today are shown in
Figure 1.2. Figure 1.2(a) shows the simple non-continuous system in which the
purlins are more or less simply supported at each rafter. Figure 1.2(b) shows the
double spanning system in which the purlins span continuously over a central rafter.
This system is generally stronger and much less flexible than the non-continuous
system, but is subject to some restrictions on the lengths of double spanning purlins
which can be transported. Figure 1.2(c) shows the sleeved system in which purlins
are jointed at alternate rafters by semi-rigid sleeve connections, with the sleeves
being, in most cases, of the same cross-section as the purlin. This system is most
widely used at the present moment. Of the sleeves are designed correctly the ideal
moment distribution can be obtained due to the moment redistribution capabilities of
the semi-rigid connections. In the overlap system, Figure 1.2(d), the purlins are
“overlapped” at each rafter to provide double the strength at the supports. This
system gives the best performance, but necessitates care in erection and the use of
end purlins of different thickness to interior purlins.
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Figure 1.2: Roof purlin system in common use

While steel and galvanized steel are common material in purlin, there is
another less popular material that can be used in purlin production which is stainless
steel. Until now, little has been studied about the behavior of cold formed stainless
steel purlin. The focus of research is to study the behavior of stainless steel Cee-
purlin using experimental method, and to produce a draft design guide for stainless

steel Cee-purlin.

1.2 Advantages of Cold Formed Steel Section

Generally, cold formed steel sections have several advantages over hot rolled
steel sections, timber sections and concrete. The main advantages are listed as

follows:

1. No insect and fungal infection: The problems such as rotten or decomposed
due to insect and fungal infection are eliminated, therefore the material curing and
maintenance costs which is necessary for the timber and concrete construction could

also be eliminated.



2. Consistency and accuracy of profile: The nature of the manufacturing process
— cold rolling — enables the desired profile to be maintained and repeated for as long
as it required, in a very close tolerances. Moreover, the very little tool wear and the
cold rolling process is ideally suited to computerized operation which assists to the

maintenance of accuracy.

3. Versatility of profile shape: Almost any desired cross-sectional shape can

be produced by cold rolling.

4, It could be pre-galvanized or pre-coated: The steel material may be
galvanized or coated by plastic materials either to enhance its resistance to corrosion

or as an attractive surface finish.

5. 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.

6. Speedy in construction, and suit for site erection: Generally the steel
construction has eliminated the curing time which is unavoidable in concrete
construction; therefore cold formed steel construction in certain parts of a structure is
far faster than concrete construction. The cold formed steel may have an edge over
hot rolled steel since it can be easily be cut and erected with very light machine or

manually.

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 corners. This local work hardening may results in an increment of ultimate

yield strength to about 25% from its virgin strength.

8. Minimization of material usage: Since the material used can be very thin in
comparison with the lower thickness limits of hot rolled steel sections, it allows the
material usage for a 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 profitability: In cold rolled process, the manufacturing cists 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 is only needed
once, then the cost can be recovered back from the continuous production. The cold
formed purlin normally used for roof building purposes involves only simple and fast
erection with light erection tools, therefore it is gaining the preference of local
constractors and fabricators since the investment is little and the profits return is

faster than other constructional parts.

1.3 Objectives

The objectives of this research are as follows:

i) To develop experimental method to study the behavior of Lipped Channel

sections subjected to moment and lateral torsional buckling moment.

i) To obtain experimental data of section and member capacities of the
stainless steel purlin subjected to flexural load (bending and lateral

torsional buckling)

iii) To analyze the results of the test in comparison with the design capacity
according to relevance standard reference based on the tested yield

strength of the materials.



1.4 Scope of Study

The scope of study will cover both the experimental and theoretical
investigation of stainless steel cold formed lipped channel (Cee Purlin) subjected to
bending moment and lateral torsional buckling moment. The size ranges of purlin
samples tested are of thickness from 1.0 to 2.7mm, width of 71 mm, depth of 160

mm and lip depth of 16.5 mm. The scopes of study in this research are:

) Determination of the design yield strength of stainless steel of purlin
sections using tensile coupon test.

i) Determination of the ultimate moment capacity of stainless steel lipped
channel experimentally” and theoretically ™.

i) Stainless steel lipped channel are tested in simply supported condition for
bending failure.

iv) Determination of the buckling resistance moment, M, of stainless steel
lipped channel experimentally” and theoretically ™.

V) Stainless steel lipped channel are tested in cantilevered condition for
lateral torsional buckling failure.

vi) To study the behavior of stainless steel lipped channel under the effects of
lateral torsional buckling experimentally” (most critical load point,

torsional profile).

* Conducted in the structural laboratory of civil engineering faculty, UTM
** Based on BS5950 - Part 5: Code of Practice For the Design of Cold Formed Sections and
Design Manual for Structural Stainless Steel by European stainless steel development &

information group.
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