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ABSTRACT

In this paper a research about the effect of latera iffnesses on the buckling
resstance of secondary load-bearing sysems in roofs is presented. The roof specimens
are built from Z-purlin and trapezoidal sheeting connected to each other directly. The
interaction is expressed by the laterd diffness of the purlin-to-sheeting assembly; the
diffness vdues are obtained from the results of experiments and numerica andyses
completed on standard roof specimens. The lateral tordond buckling resstance of roof
system can be expressed by the laterd stiffness. The first part of the paper presents the
diffnesses obtained from numericd andyses and ther comparison to the results of
experiments. In the second part the buckling resstance is studied and analysed on the
bases of the parameters of purlin-sheeting system.

1. INTRODUCTION

Typicd secondary load-bearing roof sysems of indudrid-type sted buildings
are build-up from cold-formed purlin and sheeting profiles. The typicd falure mode of
the purlin is the laera tordona buckling, with digtortion of the cross-section. This
behaviour is highly affected by the interaction of the purlin and shedting. The
interaction of the two sructurd dements can be expressed by the laterad Siffnesses of
the sysem. The laterd siffnesses can be obtained by standardized testing procedure of
Eurocode 3 [1]. In this paper these vaues are obtained from pardld experimentd and
numericd andyses of 36 test specimens tested in two versons with postive load to
sudy the gravity load effect and with negative load to study the effect of wind uplifting
load. The latera giffnesses are used in the current study to determine the buckling
resstance of the purlins.

The experimental program is published in detalls in [2] and [3] publications of
the authors, the numericd mode and andyss is reported in this paper through the
comparison made between the experimenta results and the numerical ones.

The buckling resstances are determined by the design method of [1], usng the
experimentd results as input parameters. The resdance vaues ae andysed in a
parametric study with respect to the following parameters:

laterd diffness of purlin-sheeting system;
gpacing of the rigid supports of the free flange of purlins.
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2. LATERAL STIFFNESS OF PURLIN-SHEETING INTERACTION
2.1. Lateral stiffnessdefinition

The laterd diffnesses are obtained from the results of standardized experimenta
and numericd andyses, as shown in Figure 1. The tex modds are built-up from Z-
purlin with heights of 150, 200 mm and trgpezoidd sheeting with 45 mm depth; the two
components ae connected directly by sdf-dilling screws. The experimentd and
numerical specimens are loaded through the free flange and the loads with the
corresponding displacements are measured.
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Fig. 1: Experimentd (1/a) and numerica T 3Dsupport 3
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The laterd diffness (K) is obtained from

Eg. 1, as it is recommended by [1]. In the
experimenta  program the following parameters
areused:
- two connection modes,

Z-purlin with two different heights,

Z-purlin with three different thicknesses,

sheeting with three different thicknesses.

Fig. 2: Numericd mode
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F load per unit length of test specimen to produce alateral deflection H/10,
H depth of the Z-purlin,

d laterd displacement of the top flange in the direction of the load,

Ka laed dgiffness per unit length corresponding to the rotationa diffness of the
connection between the sheeting and the purlin,
Ks laterd tiffness per unit length due to distortion of the cross-section of the purlin.



2.2. Lateral stiffnessvalues

The expeimentdly determined laterd dHiffnesses are dudied in the function of
different parameters, the results can be found in [2] and [3]. In padld the laerd
diffnesses are determined by finite dement andyses (K.), too. Table 1 illustrates the
diffnesses for dl the specimens having the smalest thickness of both purlins. (Note: the
gpecimen code is detailed in Table 3).

Table 1; Laterd siffness-numerica modd

Model stiffness for Z-150 purlin
Specimen Km*100 Km*100 Specimen Km*100 Km*100
code [ (N/mm)/mm] | [ (N/mm)/mm] code [ (N/mm)/mm] [ (N/mm)/mm]
+ - + -
Z11-S5/A 0,431 0,578 Z11-S5/B 0,558 0,642
Z11-S6/A 0,551 0,630 Z11-S6/B 0,678 0,801
Z11-S7/A 0,804 0,749 711-S7/B 0,759 0,92
Model stiffness for Z-200 purlin
Specimen Km*100 Km*100 Specimen Km*100 Km*100
code [(N/mm)/mm] [ (N/mm)/mm] code [ (N/mm)/mm ] [ (N/mm)/mm]
+ - + -
Z721-S5/A 0,288 0,387 721-S5/B 0.309 0,427
Z21-S6/A 0.386 0.488 Z21-S6/B 0.423 0.554
Z21-S7/A 0,467 0,567 Z21-S7/B 0,525 0,655

The numerica results are compared to the experimenta values, the ratio of them
is presented in Table 2. From the results it can be seen, that the ratios have a definite
tendency: the numericd andyss dways overesimaes the laterd Hiffnesses (in generd
about 20-30 percentages). It can be also concluded, that the values have a big scatter
(from 56 to 97 percentage). These conclusons cal the attention on the complex and
complicated behaviour of the purlin-sheeting detalls.

Table 2: Comparison of experimenta/numerica diffnesses

Comparison of Experimental/Model stiffness for Z-150 purlin
Specimen (Ke/Km)*100 (Ke/Km)*100 Specimen (Ke/Km)*100 (Ke/Km)*100
code [%] [%] code [%] [%]
+ - + -
Z11-S5/A 84 74 Z11-S5/B 83 81
Z11-S6/A 76 81 Z11-S6/B 77 74
Z11-S7/A 64 84 Z11-S7/B 85 85
Comparison of Experimental Model stiffness for Z-200 purlin
Specimen (Ke/Km)*100 (Ke/Km)*100 Specimen (Ke/Km)*100 (Ke/Km)*100
code [%] [%] code [%] [%]
+ - + -
Z21-S5/A 75 97 Z21-S5/B 56 81
Z21-S6/A 59 74 Z21-S6/B 64 63
Z21-S7/A 57 60 Z21-S7/B 62 63

The devedloped modd cannot be used directly for further sudies to determine the
laterd diffnesses. From the scatter of the results it is dso evident that the numerica
model cannot be improved without further pardld experimental and numerica studies.



3. LATERAL BUCKLING DESIGN MODEL

In the Eurocode 3 [1] the laterd buckling formula is based on the dadticadly
supported flexurd buckling design modd of free flange of Z-purlin, as it is given by
(Eg. 2), and illugrated in Figure 3. In the checking the effects of the flexurad buckling
and the transverse bending due to torson of the free flange are combined.
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c reduction factor for flexurd buckling - G
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of the free flange, M —1— h
My, s« in plane bending desgn moment, L mnmmnzd e g, ~$
Nsg  axid force, 4 f
fyo yidd strength of the profile materid, - ;
g1 partia safety factor, " \{: ' l] ) oy
Mr.ss bending moment in the free flange due e 5 Saraider
to the lateral load Kn* Gep , e
Aot effective area of the cross-section for Fig. 3: Buckling formula
uniform compression, components
Werry €ffective section modulus of the cross-
section for bending about the y-y axis,
W,  gross dadic section modulus of the free flange plus 1/6 of the web height, for
bending about the z-z axis.

In case of gravity or uplift load a laterd

distributed force is generated in postive or ] I o b
negative sensess,  respectivdly  (the  uplift L B3 ! +
equivaent load is the negative one in our modds = -

as it is shown in Figure 1). The deformations
causd by uplift loads ae shown with
superpogition of the deformation components in

Fig. 4: Components of
deformations from uplift

Figure 4. It can be seen in the figure, that the load
laterd deformation is caused by the rigid body cceie
type rotation of the purlin-shedting system and ~—
the distortiona deformetion of the purlin web. P . -
The buckling ressance factor can be o -
determined from the unsupported length of the &= S T i Ny ]

free flange. It is dependent on the length of the |}t ?f:-:. L op %
compression region for different saticd modes 1 _,I.. L)
and types of loading. Figure 5 illudrates the

definition of the compresson zones for uplift Fg. 5: Length of the compression
loading for smply supported and continuous region

daticad modds, respectively.




4. BUCKLING RESISTANCE DEFINITION
4.1. General

In the further part of the paper we analyse the effect of the laterd iffness of the
purlin-shegting sysem on the buckling ressance. In the caculations we use the
sandardized formulation, inserting in it the experimental laterd iffness results as input
parameters. In the design modd we use pure bending, eiminating the effect of the axid
force and the torson. By these assumptions, rearranging the design formula of (EQ. 2)
the buckling resistance can be obtained for the studied sets of parameters.

4.2. Buckling resistance

Having the assumptions of Section 4.1 the buckling resstance of the purlin can
be expressed as follows:
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c buckling reduction factor; in thefunctionof I and f .

I relative denderness of the free flange, as an dadticaly supported
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Where:

| rigid support span;

lo length of the compression region of the free flange (shown in Fg. 5);

i, radiusof gyration of the free flange for bending about -z

lr, buckling length of the free flange;

I, second moment of area of the gross cross-section of the free flange plus 1/6 of the
web height for bending about z-z axis;

Ay, areaof the gross cross-section of the free flange plus 1/6 of the web height;

K laterd gtiffness per unit length obtained from experiments;

E dagicmodulus

5. PARAMETRIC STUDY
5.1. Studied parameters
In this paragraph the different parameters used to build the tested specimens are

presented taking dl the combinaions of 6 types of purlin, and 3 types of sheeting
connected by 2 connection modes asit is presented in Table 3.

Table 3: The characterigtics of the specimens

Z-purlins L TP45-sheeting SD6 self-drilling screws

Height | Thickness | Notations || Thickness | Notations Screws per Notations
[mm] [mm] [mm] sheet width

150 10 Z11 0.5 5 3 A

150 15 712 0.6 6 5 B

150 20 Z13 0.7 S7

200 12 Z21

200 15 722

200 20 Z23

5.2. Reaults

The laterd diffnesses are caculated for 36 gpecimens as mentioned in Chapter
2. Then the buckling resstance are determined as it is shown in Chapter 4 for dl
gecimens in 7 veasons of support soecing in addition to  yidding moment
determination. From these results, 12 illudrating example are presented in Table 4
taking Z11 and Z21 purlins with al sheeting combinations and both connection modes.

5.3. Evaluation theresults

The evaudion of the buckling ressance of specimens is expressed by
comparisons. These comparisons are illugtrated in percentage compared to Z23 yielding
moment in Fg. 6/A, B; presanting specimens with Z-150 purlins with dl the
combinations to the B verson of connection in Fig. 6/A; and specimens with Z-200
purlins with dl the combinations to the A verson of connection in Fig. 6/B. Then the



comparisons are taken with respect to spacing and lateral siffnesses for dl specimens
having S6 sheeting in case of 2150 purlin in Fg. 7/A, and for al specimens having S7
sheeting in case of Z-200 purlinin Fg. 7/B.

Table 4: Buckling resstance for different spans

Negative M KN*m
Specimen Ke% 100 Werry” fy/1.1 v
codes [(N/r;m)/mm] [KN*m] L=1| L=2 | L=3| L=4 | L=5 | L=6 | L=7
Z11-S5/A 043 2.37 223 | 178 [ 135] 119 [ 111 | 104 [ 099
Z11-S6/A 051 2.37 223 | 179 14 | 125| 116 | 1.1 | 105
Z11-S7/A 063 2.37 223 | 18 | 146 132 | 124 | 117 | 112
Z21-S5/A 031 447 42 | 331|228 | 189 | 172 | 161 | 152
Z21-S6/A 031 447 42 | 330 228 | 18| 171 | 16 | 152
Z21-S7/A 032 447 42 | 331 228 | 18| 172 | 161 | 152
Z11-S5/B 0.52 2.37 223 | 179 14 | 126 [ 117 | 11 [ 105
Z11-S6/B 059 2.37 223 | 18 [ 144] 13 | 122|115 | 11
Z11-S7/B 0.78 2.37 223 | 181|152 14 | 132 ]| 125 | 119
Z21-S5/B 0.36 447 42 | 331 233] 19| 1.79 | 1.68 | 1.59
Z21-S6/B 0.35 447 42 | 331|232 | 195| 178 | 166 | 158
Z21-S7/B 042 447 42 | 332 | 239 | 204 | 188 | 1.76 | 167
The parameters affecti ng the buckli ng Purlin and Sheeting thickness and rigid support
. . . . distace effects on the buckling resistance
resstance of specimens can be categorised in the 100 —
following four points " — 711568
- Purlin thickness effect: each of the three " = ;:211-5715
groups seen in each of Fig. 6/A and B R N ilipon

4°'j&"}s~'?’— -X-712-S7/B
301 —

=== ——Z713-S5/B

belongs to one purlin thickness, what shows

the dominant effect of purlin thickness. zo-‘—j o gt
- Shedting thickness effect: the separation after I R e

2 m spacing in each group mentioned above, T e A

shows the shedting thickness effect; this

effect is about 2% for weak purlins and 5%

Buckling resistance [%]

for stronger ones, and it seen is as well that " e ets o hobueking easance.
this effect vanishes after 4 m support . T
distance.  al 22156

- Rigid support spadng effect it is dealy | § =" T
seen in Fg. 6, tha the buckling resgance | S TN & 22
decreasss by the increment of the supported | £ ol S\ — e
distance. The reduction for 7 m supported | & [ = | ~znwn
length in case of gpecimens having Z150 —_ | T ZBA
purlins is about 50%, while it is about 65% P -
for specimens having Z200 purlins.

- Purlin hdght effect: The higher the purlin the Fg. 6: Buckling resistance

bigger the reduction in the buckling
resstance of specimens asit can be seen from Fig.6/A and B.



Stiffness effects on the buckling resistance of profils Stiffness effects on the buckling resistance of profils
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Fig. 7: Effect of gpan and latera stiffness on the buckling resistance

6. CONCLUDING REMARKS

In this paper, the effect of purlin-sheding interaction on the purlin resgance is
invedigated. The ressarch is not finished yet, a the current levd the following
concluding remarks can be done.

From the numericd and experimentd dudies on laterd spring diffness of the
purlin-sheeting assembly it can be dealy seen tha the laerd diffness cannot be
obtained from the developed numericd modd directly. The development of the mode
requires further pardld experimenta and numerica sudies.

The expeimentaly determined laterd Hiffness is used to cdculate the buckling
ressance of the purlin, supported only on one flange. The results show, tha the
relationship of the soring diffness and buckling resstance is dmogt linear for the
sudied parameters, independently from the spans. In the research the roles of the
different parameters of the dructurd detalls on the resstance are determined. It is found
that significant changesin the resistance are obtained between the spans of 2 - 3 meters.
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