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Roof Panel to Purlin Connection: Rotational Restraint Factor
Assemblage panne-panneau de toiture: facteur de résistance a la rotation

Dachblech-Pfetten-Verbindung: Drehwiderstandsfaktor
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SUMMARY

The load carrying capacity of a metal building roof system subjected to wind uplift is significantly
influenced by the rotational restraint or stiffness provided to the purlin by the connection of the
roof panel to the purlin. This rotational restraint factor is commonly refered to as the «F» factor. A
test program was executed to experimentally determine the «F» value for the variation in
parameters that may have an influence on the rotational restraint. This paper summarizes the
findings of numerous «F» tests and presents an empirical equation to estimate the «F» factor.

RESUME

La capacité portante d'une toiture métallique d'un batiment soumise a la succion du vent est
considérablement influencée par la résistance a la rotation fournie aux pannes par leurs assem-
blages aux panneaux de toiture. Le facteur de résistance a la rotation est communément appelé
facteur «F». Un programme expérimental a été exécuté pour déterminer les valeurs de «F» en
fonction des parametres qui pourraient influencer la résistance a la rotation. Le présent article
résume les résultats de plusieurs essais, et présente une équation empirigue pour estimer le
facteur «F».

ZUSAMMENFASSUNG

Die zulassige Traglast von blechverkleideten Stahldachern unter negativen Windlasten (Sog) wird
wesentlich vom Drehwiderstandsfaktor oder der Drehsteifigkeit der Dachblech-Pfetten-
Verbindung beeinflusst. Dieser Drehwiderstandsfaktor ist allgemein als F-Faktor bekannt. Das
beschriebene Versuchsprogramm fihrte zu einer Bestimmung der F-Faktoren als Funktion von
verschiedenen Einflussgréssen. Der Beitrag beschreibt die Resultate zahlreicher Versuche und
stellt ein empirisches Verfahren zur Abschatzung des F-Faktors vor.
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INTRODUCTION

The load carrying capacity of a metal building roof system, subjected to wind
uplift, is significantly influenced by the rotational restraint or stiffness
provided to the purlin by the connection of the roof panel to the purlin.
This rotational restraint factor is commonly referred to as the "F" factor.

In the United States, the "F" value is experimentally determined using a test
procedure developed by Haussler and Pabers (1]. This report summarizes the
findings of numerous "F" tests and presents an empirical equation to estimate
the "F" factor.

Test Fixture

A test fixture, Figure 1, was fabricated that complied with the guidelines pre-
scribed in Reference 1. A complete description of this setup is given in
Reference 2.

Parametric Study

The rotational stiffness inherent in a roof system is a function of the geom-
etry of the individual components and the method of attachment of the compo-
nents. Therefore, the significant parameters in a metal building roof system
appeared to be: (1) Purlin depth and thickness, (2) Roof sheet depth and thick-
ness, (3) Insulation thickness, (4) Fastener type and (5) Fastener location.

A serjes of tests were conducted to investigate the change in the "F" factor
with variations in the above parameters. The "F" factor is defined by the
slope of the load-deflection curve.

Purlin Depth and Thickness

Assuming rotaticnal restraint provided by the roof sheet and its attachment to
the purlin, the web and Toaded flange (Figure 1) act as a cantilevered member.
Therefore, the purlin depth and thickness were identified as important param-

eters influencing the "F" factor,

Figure 2 presents a typical load-deflection for a 203 mm deep Z-section. The
figure clearly shows that the material thickness has a very significant affect
on the stiffness of the roof system. However, the member depth imparts a
lesser influence on the rotational characteristics. See Figure 3.

Roof Sheet Depth and Thickness

A representative roof sheet used by the metal building industry, in the United
States, is 914 mm wide with major corrugations of 25 mm to 38 mm in depth. For
this range of depths, the "F" factor is not affected - see Figure 4.

Unlike the roof sheet depth, the sheet thickness does have some impact on the
numerical value for the "F" factor. Figure 5 graphically represents the affect
of varying sheet thickness from .50 mm (26 ga.) to .65 mm (24 ga.}. This range
in sheet thickness represents the typical metal building industry standard.

Insulation Thickness

The presence of insulation, between the purlin flange and roof sheet, and its
affect on the rotational stiffness was investigated. Specimens were tested
which had 38 mm, 76 mm and 152 mm blanket insulation. The load-deflection
characteristics of these specimens are compared to a specimen having no insul-
ation (see Figure 6). As indicated by the plotted data, the insulation
thickness had only a slight affect on the stiffness. This may be due to the
fact that all of the blanket thicknesses studied are compressed to approxi-
mately an equal thickness between the purlin and roof sheet.
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Fastener Type and Location

Metal building roof systems typically employ either self-tapping or self-
drilling sheet metal screws. Figure 7 graphically shows the behavior of
comparable self-tapping and self-drilling screws.

The enhanced performance of the self-tapping screw may be attributed to either
a pre-punched hole versus a drilled hole, or better control over the location
of the fastener in the purlin flange.

As indicated by Figure 8, the location of the screw in the flange of a Z-section
is very critical. The specimens in question consisted of 203 mm deep Z-sections
attached to a 26 ga. roof sheet by using a No. 14 self-tapping screw.

Empirical Equation

Results of the parametric study indicated that the more significant variables
affecting the rotational stiffness are the purlin thickness, sheet thickness

and fastener type and location. Therefore, tests were conducted to evaluate

the "F" factor for typical Butler Manufacturing Company roof systems.

This test program was executed using Z-sections having a thickness of either
1.55 mm or 3.05 mm. The roof panels were either .65 mm or .50 mm steel or
.66 mm aluminum sheets. Screw fasteners were of the self-drilling and self-
tapping type. A self-ciinching rivet was also employed. All fasteners were
located at the center of the flange.

Figures 9 and 10 graphically depict the load-deflection characteristics for the
various test specimens, Based upon a regression analysis, the "F" factor
represented by Equation 1 is 2.39 pounds per inch of member length per inch of
horizontal defiection (10.63 N/mm/mm), and the corresponding factor for
Equation 2 is 3.60 1b/in/in (16.01 N/mm/mm}.

A linear variation, with thickness, was assumed and Equation 3 was developed for
the stiffness, or "F" factor, for all values of purlin thickness between 1.55 mm
and 3.05 mm,

"F* = 20.41 (t - .061) + 2.3 3)

t, is in units of inches.
Conclusion

Based upon the test results discussed herein, the numerical value of the rota-
tional stiffness or "F" factor was shown to be primarily dependent upon the
purlin thickness, roof sheet thickness and fastener type and location within
the flange width. An equation was presented for computing the "F" factor for
a typical metal building roof system.

References

1. Haussler, R. W., and Pabers, R. F., Connection Strength in Thin Metal Roof
Structures, Proceedings, Second International Specialty Conference on
Cold-Formed Steel Structures, University of M0O-Rolla, October 1973.

2. Observer's Report, Determination of Rotational Restraint Factor "F" for
Panel to Purlin Rigidity, MRI Project No. 7105-G, Midwest Research Institute
February 1981,



172

ROOF PANEL TO PURLIN CONNECTION: ROTATIONAL RESTRAINT FACTOR

Horizontal Deflection, mm

Fig. 2 - Affect of Purlin Thickness

Le"\“ Cable
\ Strap Displacement
\ / Transducer
i ., |
== I =5
H Hp | .
\—“ t o . /‘ T ¥
/’
'/".:("’/\ .
Insulation \Pane1
\wood Block
[N
Fig. 1 - Test Apparatus
80+
A
= &0 2.79 mm °
2 A
2 40 o
a © 1.78 mm
e
20 J
A o
o
k| N ] )
20 40 60 80



R.A. LaBOUBE

173

80

60

, N

Load

40

20

80

(82}
o

Load N

20

203 mm

F o

a © 241 mm

- 0
8
o
é

T v | ]
20 40 60 80

Horizontal Deflection, mm

Fig. 3 - Affect of Purlin Depth

38 mm *

25 mm

L) | ) L]

20 40 60 80
Horizontal Deflection, mm

Fig. 4 - Affect of Panel Depth



174 ROOF PANEL TO PURLIN CONNECTION: ROTATIONAL RESTRAINT FACTOR

1004 a 24 ga.
A
80 J o
2
60 - o
= © 26 ga.
3 &
o
= 40. ”

oobp

204

1
20 40 60 80
Horizontal Deflection, mm

Fig. 5 - Panel Thickness Affect

4 © No Insulation
a 38 mm
& 76 mm
80- O 152 mm
604
=
<
©
S 40 &
g? o
%
20-
o
C@ o]
20 40 60 80

Horizontal Deflection, mm

Fig. 6 - Affect of Insulation Thickness



R.A. LaBOUBE

175

100 4
o
80 4
A a
SMS
A
60 < m]
=
-
§ 40 | o o SDS
o
20 J
n
A
0
] L |
20 40 60 80
Horizontal Deflection, mm
Fig. 7 - Affect of Fastener Type
100 « A
Near Lip
80 J
A o
o
Center Flange
60
= a [}
<
3
- 40 4 -
o
o
20 4 a 9 o Near Web
a
o -]
L 13 v L3 )
20 40 60 80

Horizontal Deflection, mm

Fig. 8 - Affect of Fastener Location



176 ROOF PANEL TO PURLIN CONNECTION: ROTATIONAL RESTRAINT FACTOR A

_C vy
4+
g A
@
— 8 J
c /
.: i a
[
S 6 A g ’,/'A
q’CF) " &)/q ~
- i Eg. 1
B -~ %
e - /
-(?: 2 - /%
o i /
—
% T =T T ¥
1.0 2.0 3.0 4.0

Horizontal Deflection, in.

Fig. 9 - "F" for Typical Roof Systems Having .061" Purlin
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Fig. 10 - "F" for Typical Roof Systems Having .120" Purlin
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