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Abstract

A z-section purlin steel sheet is considered in this paper to understand its structural behavioragainst the wind uplift loading.
Generally toUDL is considered for a practical & effectivedesign as main aspect of loading. A verylimited research is done on
combined bendingand lateral torsional buckling, so it is importantto investigate the impact of combine loading onthe z-
section which is partially restrained andapplied with uplift loading. In this to describelateral torsional behavior and bending,
ananalytical model is developed for the z-sectionwhich is partially restrained. Thin walledclassical bending theory is used to
derive thebending stress formula for the z-section. Thepresent developed analytical model thencompare with the Eurocode
EN1993-1-3 modeland with FEA results.

Keywords: Cold-formed steel Z-sections; thinwalledstructures, pre-buckling, lateral torsional buckling, finite element
method,analytical method, uplift load.

1.0 Introduction

Generally for structure building z-section steelcold formed material is used. Sheeting, Roofsections or purlins,
and shade are theextensively used in structural building. Thementioned things are not used directly or asmajor
part of the structure but can be used asintermediate parts or members in between themain structure. Z-sections,
C-sections, Isectionsare most commonly used and toimprove efficiency, provided with theadditional element
called as lips. It is a lightweight, large strength compare to weight,flexible, easy to produce and shape and
mostimportantly can produce in variety in shapes and this is the reason recently they are verypopular in
structural building with wastereduction and cost effective design.

However hot rolled and cold rolled sections arecannot be comparable as cold rolled is thinwalled component
whether hot rolled is thickand care must be taken while designing withcold roll. Cold roll have its own
disadvantageslike its uses is reduced at the time of complexmechanical design. Slight cold-shaped
steelindividuals start as thick, liquid, hot steelpieces. Every chunk is ordinarily hot-moved,cold-decreased, and
toughened before loopingand transporting the dainty steel sheet to rollshapingmakers (Moen et al., 2008).
Theprimary deliberate and completely recordedinvestigation into the conduct of cold-shapedsteel areas was
done by Winter at CornellUniversity during the time of the Second WorldWar (Winter, 1947; 1949). This
brought aboutthe principal plan particular managing coldframedsteel segments in 1946 (AISI, 1946). Inthe UK,
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investigation into this field started inthe mid 1950s (for instance, Chilver, 1953a;1953b; Kenedi and Harvey,
1951; Harvey,1952; 1953). The principal British Specificationwas distributed in 1959 (BSI, 1959), in spite ofthe
fact that the proposition for the structureparticular had been made eight years sooner(Shearer, 1951). Clasping of
auxiliaryindividuals is a significant part of strongmechanics. The least difficult models are theclasping of the
swagger, concentrated first byEuler in 1757 (Timoshenko, 1953), and theclasping of the level plate concentrated
byNavier in 1823 (Timoshenko, 1953) and laterby Bryan in 1891 (Timoshenko, 1953). It wasmaybe Lundquist
and Stowell (1943) whooriginally recognized the distortional-likeclasping mode when they examined
theclasping of a limited level plate with a durablestiffener along an edge of the plate. Afterward,Gallaher and
Boughan (1947) likewise found acomparative distortional locking mode in zedhardenedboards. Distortional
locking in coolframed steel segments was first found by Vander Maas (1954) and detailed the event of""another
sort" of neighborhood claspingwonder including rib stiffener turns. In thefollowing couple of decades,
scientist(Dwight,1963, Sharp, 1966) kept on buildingup certain techniques to comprehend thisclasping. In the
late 1970s and mid 1980s,Desmond (1977, 1981a and 1981b) introduceda few discoveries on the distortional
claspingconduct of lipped channel bars and segments.Simultaneously, Thomasson (1978) additionallygave
outcomes to uncover the presence ofdistortional locking in lipped channel segments.

Figure 1 Cleat bolted supported boundary condition of zed- and channel-sections.

2.0 FEA Pre-buckling Analysis

2.1 Pre-buckling stress analysis of z sections
2.1.1 Analytical model and calculation

A purlin section is considered with upper flange is connected with sheeting with self tapping fastener of the
section and bottom flange is remains free. The attached sheeting is act as restraints to lateral and rotational
movement.

Figure 2 Analytical model used for a z section Purlin-sheeting system.
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Let x,y,z be the origin (coordinate system) and consider that as the shear center of the section in cross. X-axis is
considered as beam longitudinal axis. The equilibrium equation from the bending theory (Timoshenko and Gere,
1961) expressed in the form of displacement is mentioned below,

d*v d*w
E‘TZW-I-EI}?W:(?}‘ (1)
d*v d*w
Efyz@—F EI_VW:CIZ (2)
d*o d?

Elww—ﬂfrm+kgﬁzqu,v—aq2 (3)

For long beam the valid governing equitation’s are (1) to (3) coz of the consideration that even after deformation
the cross section of the beam remains same, but for short beam the equation is not suitable. By using equations
(1) and (2) to eliminate qy and w from equation (3), it yields.

d#4

d*o g d*v Iyz v i
Efzm‘*'.,—y 9= = Elyz 7 || = —aqz (4)

Ely g = Glr o+ Kol — 7

The restraint for lateral displacement is subjected to top flange only
zk® +v =0 (5)

By eg. (3) to (5) to eliminate the twist angle, f, in eq.(3) to (4), it yields,

El;, ElL,\d*v GI;d*v kg
El; —— —+—

I, ZZ Jdx*  zZ dx? ' z?
-2.(5-%) ©
Let.

For Z section of equal flanges zk = h/2, where h is the depth, the equation (6) can be written as,

f d4ii' GITdZU kg . ’E('hqz
“dxt  h? dxf Rl 2

€)

For simply supported beam, the solution for eq. (9) in x and y axis direction is expressed by (approximately)

v(x) = Z C,,sin mfx (10

Where, Cm is the constant to be determined and | is the beam length. By putting eq. (10) in eq. (9), we get
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Cross sectional horizontal component of the displacement at the shear center coz of UDL can be expressed as,

v(x) = Z M*- b (12)

m—1.3,5mﬁ El.,
1 mirx
B GL. ;iml\> K it 1
4 T [IE a
m*ELL, (7m) * TR

Because of displacement, the bending stress generated can be calculated as,

d*v d*w
o (x,y,2) = —Ey@— Ez Iz
.d?
HE@—w) o (13)

Where o = the sectorial coordinate with respect to the shear centre; w = the average value of ®.

Stress generated due to vertical deflection of beam is the first term in the right hand side of the eq (13), stress
generated due to horizontal direction is second term, and warping stress is the third term. The component of
displacement w is split into 2 parts (i.e w=wo+w1) and from eq (2) these 2 parts can be calculated as,

d*w _
Efyﬁz q- (14‘)

d*v d*w, _
Efyzdxq_+Eny=D (15)

With the use of eq. (5), eg. (14) and (15), Eq.(13) can be rewritten as,

o.(x,y.z)=—l—m (16)
d*w,
l=Ez
dx?
zl w—w\d*v
m=E|y-——2+
’ I, z;, Jdx?
The total bending stress can be decomposed in
2 parts as indicated in eqg. (16)
dzw
0, (x,v,2) = —Ez dxzo (17)

To calculate the stress generated by the beam horizontal direction deflection caused by the load - kig,
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The bending stress ox1 for a simply supported beam can be expressed as follows

= Tymax (19)

) szfwmmr
Iy

l
(v
The bending stress oy, is obtained by substituting Eq. (12) into (18), that is

l kgk,M max !
Oz (E,y;Z) = “!,7"'(?1 — 0 +p) (20)
eq

- ()-0=(5) 7= (5

where kR = the correction factor for the largest moment of the beam bent about the z-axis, considering the
influence of the rotational spring and torsional rigidity of the section on the maximum moment, which is defined
as follows,

k=2 Y (@ (21)

T
m—1,2,5
m—1
(-1y z m
Gy ('n_zi)z Kyl*
El,, m4El, h?

q:
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It is obvious from Eq. (21) that, if k¢ = 0 and It = 0 then kR= 1, otherwise, if ko= oo or IT = oo then kR=0.

2.1.2 Comparison with EN1993-1-3
The z-section purlin bending stress as per

Eurocode (EN1993-1-3, 1993), is calculatedwith the help of two different types as, one inwhich the beam is bent
only in the plane of weband the other is in which beam bent about anaxis parallel to the z-axis, and the stress
iscalculated as,

[ kpkpMy max _
oo (r) bty 5y
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Figure 3 Bending stress calculated in EN19931-3.

s

For simply supported purlin, the moment correction factor as er Eurocode for anti-sag bar is given by,

. 1-—00225R

_ e 23
R 1+1.013R (23)
K4 ot
 m*EL, (24)

_ -1
K- (4(1 —v2)h2(h+ b, 4) +E) (25)

Et3 kg
Where, bmod=a is for cases where the
equivalent lateral force (-khgz) bringing the
purlin into contact with the sheeting at the

purlin web.

Table 1: List of differences between the present and EN1993-1-3 models.

Particulars Present Model EN1993-1-
3

Formula to

calculate . Equation

moment Equation 21 23

correction factor

Definition of the
2nd moment | e Itz
used to calculate

) Equation 7 Figure 3
bending stress
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Coordinate used (

The comparison between moment correctionfactor (MCF) by calculating with EN1993-1-3 and with calculating
present model is asfollows,

e  MCEF decreases due to increase ineither torsional spring stiffness orbeam length.
e The MCF decrease rate in smallsection is fast that in large section.

e The calculated value of MCF byEN1993-1-3 is more than presentmodel due to consideration oftorsional
rigidity in present model.

Figure 4 Comparison of moment correction factors between the present and EN1993-1-3 models.The bending
stress ox2 can be express as follows,
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d?2v B
O (X,y,2) = —E I -» (26)

Substituting equation 12 into equation 26, we get

k}?kh My,max

loq

Ox2(x,y,2) = — - @7

Figure 5 shows the comparison between the ratio of the equivalent second moment (ESM) of cross-section area
with En1993-1-3 and in present models is as follows,

e ESM is small by EN1993-1-3 than by the present model.
e Bending stress by EN1993-1-3 is higher than by the present model.

The warping stress is does not take into account in EN1993-1-3 whereas taken in present model. Also
comparison of bending stress due to lateral displacement and lateral load is shown in figure no 6.

Figure 5: Ratio of the equivalent second moments of cross-section area used in the present (leq) and the
EN1993-1-3 (Ifz) models for 60 zed-sections.
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Figure 6: Bending stress distribution along thelip, flange and web lines (abscissa starts fromthe tip of lip and

ends at 1/5 of the weblength).
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3.0 Finite element model and analysis

To simulate the proposed model, FEA of a z section purlin beam of length L, web depth h, flange width b, lip
length c and thickness t is tested for different values (see Figure 7).

Figure 7 Zed-section.

(a) Section dimensions (b) Uplift loading

Figure 8 FE analysis of Z-section

Figure 9 Bending stress distribution along the lip, flange and web lines (L=4000 mm)
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Conclusion

To describe the partially restrained cold formed steel purlins twisting and bending behavior an analytical model
is presented in this paper. By using beam thin walled classical bending theory bending stress formula has been
derived. The important concluding remarks from the study is summarized below,

e The values of bending stresses are close enough for both (present and EN1993-1-3) methods.

e There isa good agreement between web simply supported boundary conditions and cleats bolted supported.
For pre-buckling analysis, in this present study idealized boundary conditions are proposed.

e Comparison shows that, although the bending stresses in the compression flange for the lateral bending are
over-predicted by EN1993-1-3, the total bending stresses are still accurate enough, due to the bending stresses
being dominated by the bending in the plane of the web rather than by lateral bending.

e For z-sections, the FEA outcomes have demonstrated that the total bending stresses predicted using the
present and the EN1993-1-3 models are accurate for medium and long beams. Only for short beams with a high
stiffness of rotational spring, are the bending stresses in lip and part of the flange over-predicted by the two
analytical models.

e The longitudinal stress induced by lateral bending is significant for z section purlins. This additional stress
may change the failure modes from lateral-torsional buckling to local or distortional buckling.
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