


214

the members to the allowable load as determined through
the AISC specification, was considerably lower than 1.67.

Based on the results of these tests, it was concluded that
the AISC design criteria are not conservative for sections
typically used in pre-engineered buildings. These results
clearly demonstrate the need for a critical examination of
the present AISC specification requirements as applied to
these built-up sections.

PROBLEMS RELATED TO THE DESIGN OF PURLINS

Although cold-formed steel members, such as channels and
Z-sections, provide substantial savings due to their high
strength-to-weight ratio, their cross-sectional configuration
gives rise to behavioral phenoma which are not encountered
in the more familiar symmetrical sections. Of great concern
to structural engineers is the tendency of these members to
twist under most conditions of loading and to fail by
yielding or local buckling as a result of the stresses
developed. Thus, strength as well as serviceability criteria
should be taken into account in the design of these
members.

Purlins, however, are attached along one side to the wall
or roof panels, and in many installations, are supported
along their span by sag rods. Thus, some degree of restraint
against the lateral and rotational displacement of these
members is always present.

Before 1980, there was no provision in the AISI design
specification to account for the restraining effect of the at-
tached wall or roofing material on the behavior of the girts
or purlins. In the 1980 edition of the specification, however,
the AISI included the following clause:

Channel and Z-sections used to support attached
covering material and loaded in a plane parallel to the
web shall be designed taking into account the restrain-
ing effects of the covering material and fasteners.

(Clause 5.3.1, AISI 1980 Specification)

This specification, however, provides no guidelines for
the quantitative evaluation of these restraints and no
method is given which accounts for such restraints in design.
Without any guidelines, the designer often makes ostensibly
safe assumptions which may neglect the presence of bracing
altogether. Such is the case in wall or roof assemblies under
negative pressure (suction) where the girts or purlins are at-
tached to the wall or roof material along the tension side. If
the tension flange connection is ignored, overly-conservative
designs may result.

The difficulties related to the analysis and design of
braced-channel and Z-section purlins have become of great
concern to both designers and manufacturers of light in-
dustrial buildings. This concern was reflected in the priority
recently given to this area by the AISI’s Cold-Formed Ad-
visory Group. As reported at the Sixth International
Specialty Conference on Cold-Formed Steel Structures held
in St. Louis, Missouri, on November 16-17, 1982, this ad-
visory group established a rank order for proposed areas
and topics for specification revision. In reviewing 54 items
which were considered essential areas for research, the area
of channel and Z-section behavior was ranked second in
priority. The area of braced purlins has been the focus of in-
vestigation by several researchers in the United States,'? '*
14, 15, 16, 17 in Canada’IS. 19, 20, 21 in the United Kingdom’zz, 23,
*¢ and in Sweden.?* The results from these investigations,

however, ten to be complex in form and difficult for use in a
design office. Future research should be directed toward
simplification of existing analytical techniques rather than
developing new ones.

The importance of sag rods in roof systems has not been
well understood by engineers and fabricators. Scarlett2¢
points out,

“‘Sag rods help to guarantee the structural efficiency
of the completed roof under adverse conditions, par-
ticularly wind uplift, for little extra cost. There is a
danger, however, that due to pressures from ‘sales’ for
overall price economies, the importance of such
members may be disregarded.”’

In a recent study'’ it was shown that sag rods, if properly
applied, may act as discrete bracing, and thus provide full
support against displacement of channel and Z-section pur-
lins. In practice, however, the use of sag rods as a bracing
device is often rejected on the assumption that the steel
panels, once erected, provide adequate lateral restraint to
the purlins.

The question, therefore, on the importance of sag rods as
restraint agents in roof systems still remains. Research in
this area would provide a better understanding of the brac-
ing requirements of purlins, and could result in considerable
savings in the fabrication of metal roof systems.

An important consideration in the design of cold-formed
sections is also the width-to-thickness ratio of the compres-
sion elements. Because cold-formed sections are very thin,
local buckling of individual elements rather than yielding
may govern their load-carrying capacity. The magnitude of
the applied load depends not only on the width-to-thickness
ratio but also on the edge condition of the compression
clements. Greater compression stress is permitted in flanges
if a lip acting as a stiffener is provided along one edge of the
flange. If, during the forming of the section, either this lip
stiffener or the angle between the flange and the stiffener is
made too small, the compression flange may act as an un-
stiffened element with a possibility of failure at much lower
stress than assumed.

Present specification requirements for the design of stif-
fened compression flanges are based on research where lip
stiffeners at 90 degrees were used.?’ In most sections used as
purlins, however, the angle between the lip stiffener and the
flange is less than 90 degrees. Further research is required to
determine the effect of lip stiffeners which are not perpen-
dicular to the compression flange.

An additional problem related to the design of purlins is
the effect of ‘‘nesting,’’ a method used to provide continuity
of Z-section purlins. If variations on the cross-sectional
characteristics of the nested purlins exist, additional twisting
of the members caused by lack of fit may take place. If these
rotations are not taken into account during design, the
member chosen may not be adequate to resist the applied
loading.

PROBLEMS RELATED TO THE DESIGN OF
ROOF PANELS

Roof panels usually consist of cold-formed corrugated
sheets of metal and serve three main functions:

1. they resist vertical (gravity and uplift) loads,
2. they resist lateral (wind) loads, and

3. they provide lateral and rotational support to the
purlins.
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The effectiveness of roof panels in resisting lateral (wind)
loads depends on the shear rigidity of the roof system. Roof
systmes which are designed to resist lateral loads are called
shear diaphragms.

Although significant progress has been made towards
developing theoretical models for determining the shear
rigidity of diaphragms,?- ** 2% 2. 3¢ the most commonly
used methods remain experimental.’' ** Such methods,
however, are costly and time consuming. Simplification of
the theoretical models would certainly provide the engineer
with a valuable design tool.

In the design of roof shear diaphragms it is important to
include their effectiveness as lateral and rotational restraints
to the purlins. The degree of restraint provided depends on
the cross-sectional properties of the panels, the span along
the corrugations and the type and spacing of the fasteners.
The amount of lateral restraint is directly proporticnal to
the shear rigidity of the diaphragm, while the amount of
rotational restraint is a function of the rotational stiffness of
the diaphragm. Although the behavior of channel and
Z-sections attached to shear diaphragms has been extensive-
ly investigated, the difficulty in determining values to be
used in design calculations for both the shear rigidity and
the rotational stiffness of diaphragms has been the major
shorcoming of these methods.

PROBLEMS RELATED TO THE DESIGN OF
CONNECTIONS

In the design of metal roof systems, connections play a very
important role. The type of connection chosen and the
method of attachment used may significantly affect the
behavior characteristics of the roof systems, and the overall
cost of the structure. The problems related to the design of
connections between individual panels, between panels and
purlins and between purlins and the main roof beams will be
critically discussed in the following sections.

Panel-to-Panel and Panel-to-Purlin Connections

The ability of a roof system to act as a shear diaphragm
depends not only on the cross-sectional configuration and
length of the panels, but also on the fastener type and the
methods used to stitch the panels, but also on the fastener
type and the methods used to stitch the panels together and
to fasten the panels to the purlins. The fasteners must be
capable of transmitting shear between the purlins and the
panels with relatively little slip, but they must also permit
short-term movement caused by temperature changes. How-
ever, these requirements are incompatible. Attempting to fix
the wall or roof panels by means of a sliding clip, thus ensur-
ing movement of the panels, might render the roof system
ineffective as a shear diaphragm. In this case, the degree of
restraint which the panels provide to the purlins is ques-
tionable, and alternative types of lateral support must be
designed.

Roof systems must also be designed to resist vertical
loads. Of special importance is the effect of wind uplift.
Wind presents particular problems on the windward eaves
of low-rise buildings.?” As a result, several collapses™ have
taken place, triggered by localized failures in the ends of the
structure. A serviceability problem, attributed to wind, is
also the formation of floating air between roof panels, a
situation which could potentially result in roof leakage.
Thus, special care should be taken when estimating the wind

load effect at corners and when designing the connections to
ensure that the panels are appropriately anchored.

A recent investigation was coordinated by this author®* at
the University of Toronto in order to determine the degree
of rotational restraint which the roof panels provide to the
purlins. In this investigation, two full-sized systems con-
sisting of cold-formed Z-sections and steel panels were
tested to failure under suction. In the first specimen, the
panel-to-purlin fasteners were located at midflange of the
Z-section. Under loading, the Z-sections rotated, placing the
heel of the sectin in direct bearing against the panel. This ar-
rangement of the fasteners gave rise to a rotational restraint
which helped reduce the overall rotation of the members. In
the second specimen the fasteners were located very close to
the heel of the Z-section and thus a rotaticnal restraint did
not develop. As a result, large displacements of the members
at very low pressure took place. Present design specifica-
tions require that adequate bracing be provided to limit the
rotation of asymmetrical sections and sections which are
subjected to eccentric loading. This procedure, however, is
overconservative since it does not take into account the
restraint provided by the roof panels.

Connection of Purlins to Roof Beams

Traditionally, the development of theoretical models for the
analysis of purlins has been based on the assumption that
neither lateral nor rotational displacement takes place at the
supports. Research by this author,*’ however, has shown
that the types of connections used by the building industry
to connect purlins to roof beams do not provide complete
restraint against rotation of the members at the supports,
Quantitative evaluation of the degree of restraint present at
the supports is essential for the design of purlins. A research
project is currently being conducted at the University of
Texas at Austin on this problem,

CONCLUSIONS :
Although considerable research has been directed toward
the behavior of roof components and roof systems, a signifi-
cant number of problems still exist in the design of roof
systems. Some of these problems are caused by a lack of
design guidelines, which has prompted designers to make
assumptions that are not always safe and which can lead to
serious strength and serviceability problems in the structure.
Other problems are caused by the quality of engineering
design and fabrication. As Zamencik® indicates:
“The types of problems encountered in metal roof
systems are not to be typical of all construction
employing cold-formed steel members, but are simply
indicative of the fact that the detailed design con-
siderations for such members are not always well
understood by those attempting to utilize the economy
of this material.”’
Zamencik's concern over the quality of the engineering
design and fabrication is not unfounded. Published infor-
mation®® has shown that a number of serviceability and
strength problems in pre-engineered buildings can be
avoided if engineering design and fabrication techniques are
improved. This requires the cooperation of researchers,
engineers and fabricators as well as a commitment by the
building industry to actively support research efforts aimed
at resolving these problems. The present paper highlights
some of the major problems that need to be addressed in
order to develop safe and more economical roof systems.



216

REFERENCES

' Pratt, D.H., ‘‘Pre-Engineered Metal Buildings: The Story
Behind Their Rapid Growth,”” Civil Engineering, March 1983,
pp. 52-56.

? Engineering News Record, December 20, 1978, pp. 52-53.

! Seltz-Petrash, A., “Winter Roof Collapses: Bad Luck, Bad Con-
struction, or Bad Design?**, Civil Engineering, December 1979,
pp. 42-45.

' Engineering News Record, February 14, 1980, pp. 15-16.

s Zamencik, F.J., “Errors in Utilization of Cold-Formed Steel
Members,”’ Journal of the Structural Division, ASCE, Vol. 8T
12, December 1980, pp., 2493-2508.

s King, A., “Problems Related to the Design of Roof Systems in
Light Industrial Buildings."” Report presented to the University
of Texas, Austin, 1983, in partial fulfillment of the requirments
for Master in Engineering.

* American Iron and Steel Institute, Cold-Formed Steel Design
Manual, 1983 Edition.

» American Institute of Steel Construction, Specification for the
Design, Fabrication and Erection of Structural Steel for
Buildings, Eighth Edition, Chicago, 1980.

* Shehata, A.A.A., ““Strength of I-Beams in Bending as Deter-
mied by Buckling Interaction of the Flange and Web Plates,”
Master of Science Report, The University of Texas at Autstin,
1977,

to Unpublished report, The University of Texas at Austin, 1983.

1 King, A., “Problems Related to the Design of Roof Systems in
Light Industrial Buildings.”” Report presented to the University
of Texas, Austin, 1983, in partial fulfillment of the requirements
for Master of Engineering.

2 Errera, $.J., Pincus, G., and Fisher, G.P., “Columns and
Beams Braced by Diaphragms,’” Journal of the Structural Divi-
sion, ASCE, Vol. 93, No. ST1, Proc. Paper 5103, February
1967, pp. 295-318.

1 Celebi, N., Diaphragm Braced Channel and Z-Section Beams,
Report No. 344, Department of Structural Engineering, Cornell
University, May 1972,

14 Errera, S.]., The Performance of Beams and Columns Con-
tinuously Braced with Diaphragms—I, Report No. 321, Depart-
ment of Structural Engineering, Cornell University, October
1965.

Y Pekoz, T., ‘“Progress Report on Cold-Formed Steel Purlin
Design,”” Proceedings of the Third Specialty Conference on
Cold-Formed Steel Structures, Dept. of Civil Engineering,
University of Missouri-Rolla, November 24-25, 1975, pp.
599-620.

" Razak, M.A.A., Ultimarte Strength of Cold-Formed Steel
Z-Purlins, Report No. 80-3, Cornell University, February 1980.

7 Douty, R.T., A Design Approach to the Strength of Laterally
Unbraced Compression Flanges, Engineering Experimental Sta-
tion Bulletin No. 37, Cornell University, 1962.

* Polyzois, D., ‘‘Flexural Behavior of Cold-Formed Channels with
Unsupported Compression Flanges, M.A_Sc. Thesis, University
of Toronto, 1976.

' Birkmoe, P.C., and Polyzois, ., *“*The Behaviour of Cold-
Formed Channels Braced Continuously Along Their Tension
Side and Restrained by Sag Rods,”” Thin-Walled Structures, J.
Rhodes and A.C. Walker, eds. (Proceedings of the International
Conference at the University of Strathclyde, Glasgow, April 3-6,
1979}, Granada Publishing Ltd., London, 1980, pp. 478-491.

2 Polyzois, D., and Birkmoe, P.C., ‘‘Behavoiur and Design of
Continuous Girts and Purlins,” Proceedings of the Fifth Inter-
national Specialty Conference on Cold-Formed Steel Structures,
Dept. of Civil Engineering, University of Missouri-Rolla,
November 18-19, 1980, pp. 349-368.

» Polyzois, D., ““Flexural Behavior of Braced Girts and Purlins,”
Ph.D. Dissertation, University of Toronto, 1981.

22 Harvey, J.M., “The Integral Behavior of Roof Sheets and
Purlins,” Thin-Walled Steel Structures, X.C. Rockey and
H.V.Hill, eds. (Proceedings of the Symposium at the University
College of Swansea School of Engineering, September 11-14,
1967), Crosby Lockwood & Son Ltd., London, 1969, pp.
275-288.

2 Bryan, E.R., Kallaur, M., and Akhtar, 8., ‘“Asbestos Cement
Roofs and Zed Purlins,’’ Civil Engineering and Public Works
Review, Vol. 65, No. 764, March 1970, pp. 249-255.

= Rhodes, 1., King, W., Harvey J.M., and James, K., “Tests on a
Continuous Purlin Roofing System,’’ Proceedings of the Fourth
Specialty Conference on Cold-Formed Steel Structures, Dept. of
Civil Engineering, University of Missouri-Rolla, June 1-2, 1978,
pp. 253-282.

» Wikstrom, P., “Z- and C-Purlins Connected with Corrugated
Steel Sheeting,’’ Proceedings of the First Specialty Conference
on Cold-Formed Steel Structures, Dept. of Civil Engineering,
University of Missouri-Rolla, August 19-20, 1971, pp. 136-139,

 Scarlett, E.H., *“The Importance of Sag Bars in Light Gauge
Purlin Systems,"” The Structural Engineer, Vol, 54, No. 12,
December 1976, pp. A9-All,

 Winter, G., “Strength of Thin Steel Compression Flanges,”
Transactions, ASCE, Vol. 112, 1947, pp. 527-554.

# Bryan, E.R., ““The Stressed Skin Design of Steel Buildings,”
CONSTRADO Monograph, Crosby Lockwood Staples, Lon-
don, 1973.

» Bryan, B.R., “Calculation of Sheet Steel Diaphragms in the
U.K.,"” Proceedings of the Third Specialty Conference on Cold-
Formed Steel Structures, Dept. of Civil Engineering, University
of Missouri-Rolla, November 24-25, 1975, pp. 491-533. _

¢ Ha, K.H., E}-Hakim, N., and Fazio, P., *‘Simplified Design of
Corrugated Shear Diaphragms,” Journal of the Structural Divi-
sion, ASCE, Vol. 105, No. $T7, Proc. Paper 14681, July 1979,
pp. 1365-1377.

3t American Iron and Steel Institute, Design of Light Gauge Steel
Digphkragms, First Edition, AISI, New York, 1967.

*2 Luttrell, L.D., **Tests on Light Gage Steel Diaphragms,” First
Summary Report, American Iron and Steel Institute, School of
Civil Engineering, Cornell University, August 1963.

1 Stathopoulos, T., ““Wind Loads on Eaves of Low Buildings,”
Journal of the Structural Division, ASCE, Vol. 8§T10, October
1981, pp. 1921-1934,

3* Minot, J.E., and Mehta, K.C., “Wind Damage Observations
and Implications,” Journal of the Structurei Division, ASCE,
Vol. ST11, November 1979, pp. 2279-2291.

13 Polyzois, D., and Birkmoe, P.C., *“The Effect of End Supports
on the Behavior of Braced Girts and Purlins,” Proceedings,
Seventh International Specialty Conference on Cold-Formed
Steel Structures, University of Missouri-Rolla, November 13-14,
1984,

3¢ LePatner, B.B., and Johnson, S.M., Structural and Foundation
Fuailures: A Casebook for Architects, Engineers and Lawyers
(New York: McGraw-Hill Book Co., 1982), pp. 213-218.



	TABLE OF CONTENTS - ALL PAPERS
	TABLE OF CONTENTS - 1985

