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Tenth International Specialty Conference on Cold-formed Steel Structures
St. Louis, Missouri, U.S.A., October 23-24, 1990

A METHOD FOR DETERMINING THE STRENGTH
OF Z- AND C-PURLIN SUPPORTED
STANDING SEAM ROOF SYSTEMS

Steven D. Brooks!
Thomas M. Murray2

SUMMARY

The considerable variation in deck profile, seam configuration and clip
details in standing seam roof systems make it difficult, if not impossible, to
develop analytical methods to predict the strength of these systems. However, it
is possible to predict the strength of complete roof systems from the resuits of
two purlin line, simple span tests. To verify the approach, twenty one sets of tests
were conducted. Each set consisted of one, two purlin line simple span test and
one, two to four purlin line, two or three span test. Failure loads for the multiple
span tests were predicted using results from the simple span tests for the positive
(sagging) moment region strength and AlSI provisions for the negative (hogging)
moment region strength. Comparison of pedicted and actual failure loads show
that the strength of Z- and C-purlin supported standing seam roof systems can be
predicted from single span tests and conventional design assumptions.

1Steven D. Brooks, Formerly Graduate Research Assistant, The Charles E. Via, Jr.

Department of Civil Engineering, Virginia Polytechnic Institute and State
University, Blacksburg, VA 24061.

2Thomas M. Murray, Montague-Betts Professor of Structural Steel Design, The
Charles E. Via, Jr. Department of Civil Engineering, Virginia Polytechnic Institute
and State University, Blacksburg, VA 24061.
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1. INTRODUCTION
1.1 Background

Because of the complex structural behavior of Z- and C-purlin supported
standing seam roof systems, an experimental procedure to determine system
strength under gravity loading has been proposed [Carballo, et al 1983]. The
procedure is referred to as the "base test method" and uses the results of single
span tests to predict the capacity of continuous multi-span systems. The primary
objective of the research reported here was to validate the method through full
scale testing of sets of two purlin line, simple span systems (the base tests) and
_ three purlin line, three continuous span systems (the confirming tests).

The testing program consisted of two sequences of tests categorized by
the bracing of the system. The first sequence used purlins braced at the rafters
only and included six sets of tests, one with opposed Z-purlins, four with Z-purlins
facing the same direction, and one with C-purlins facing the same direction. The
second sequence of tests used purlins braced at the third points and included
three sets of tests with Z-purlins facing the same direction. Each set of tests
consisted of a single span test and a three span test. In addition, two sets of
similar test results, as reported by Carballo et al [1989], were used in the valuation
phase. Test details, test results, and conclusions are found in later sections.

1.2 The Base Test Method

The basic concept of the base test method is to predict the flexural failure
load of a multi-span, multi-purlin line standing seam roof system from the
experimental failure load of a single span. The basic component of the method is
the failure load of the single span test called the "base test". From this failure load,
the corresponding moment capacity of the standing seam roof system braced
purlin is calculated for the single span. This phase of the method must be
completed in the laboratory by loading a full scale single span system to failure.

A stiffness analysis with a nominal uniform load (say 100 plif) on a muilti-
span system is then performed. The stiffness analysis results in maximum
positive and maximum negative moments. For gravity loading, a positive moment
is defined as a moment which causes compression in the purlin flange which is
attached to the roof panel. A negative moment is a moment which causes tension
in the same purlin flange.

Two failure loads are then calculated using the data thus obtained and two
assumptions: (1) the positive moment capacity of standing seam roof system
braced purlins is limited to that determined from the base test, and (2) the
negative moment capacity is limited to that of a fully-braced Ipurlin. The first failure
load is the nominal uniform load used in the stiffness analysis multiplied by the
ratio of the single span failure moment to the maximum positive moment from the
stiffness analysis. The second failure load is the nominal uniform load multiplied
by the ratio of the fully-braced theoretical flexural capacity of the cross section-to-
the maximum negative moment from the stiffness analysis. The predicted failure
load of the multi-span system is the minimum of the two calculated loads. Figure
1 summarizes the procedure.
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The following restriction applies to the method: the panels, clips, purlins,
and bracing configuration used in the base test must be identical to those which
will be used in the multi-span systems. For this reason, a base test must be
performed for each combination of deck, clip, bracing, and purlin size that will be
designed using the method. :

2. TEST DETAILS
2.1 Test Components

Components used in the testing were supplied by several different
manufacturers belonging to the Metal Building Manufacturers Association.
Identical panels, clips, and purlins were used in constructing the single span and
three span tests that composed each test set. Table 1 shows the configurations
used in the test program.

Test Identification System. The following are examples of the method
used to identify the tests.

Example 1: C-R-R/S-1
Example 2: Z-T-P/F-3 (0)
- ACor Zindicates a C- or a Z-purlin.

- The second letter is R or T, indicating rafter only bracing (R) or rafter and
third point bracing (T).

- Thethird letter is R or P, indicating rib (R) or pan (P) type panels.

-  The fourth letter is S or F, indicating a two piece sliding clip (S) or a one
piece fixed clip (F).

- The number at the end indicates the number of spans (1 or 3).

= (0) at the end of an identification indicates that the purlin flanges were
opposing each other, otherwise the flanges were facing the same direction.

Purlins. Two types of purlins were used in the test sequences; Z-purlins
and C-purlins. Depth, flange width, edge stiffener, thicknesses and other
dimensions varied between test sets. Tensile coupon tests were conducted

using material taken from the web area of representative purlins for each set of
tests.

Panels. The panels used in the tests were of two basic configurations;
"pan” type panels, Figure 2, or "rib" type panels, Figure 3. The panel widths,,
depths, corrugations, joint details, and seaming requirements varied between test
sets. The panel lengths were 7 ft. 0 in. for the single spans and 14 ft. 4 3/4 in. for
the three span tests.

Clips. The "standing seam clips" used in the tests were of two types; one
piece fixed clips and two piece sliding clips. The exact clip detail varied among
the sets of tests; representative configurations are shown in Figure 4.
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TABLE 1
MATRIX OF TEST CONFIGURATIONS

[del-ﬂrt?ﬁséation E’F%g B—racing » ?r?gz' 't(’:ylige ;OriI;&r’t;g?ion, 3 plé.;tn'?’g;tig
- Z-R-R/S Z- | Rafter Rnb Sliding | Facing |4 f 0 in.
ZR-R/F Zz- | Rafter Rib [ Fixed | Facing |3 f. 0 in.
Z-R-P/F Zz- Rafter r Pan V Fixed Facing {3 ft O in.
Z-R-P/S z- Rafter Pan | Siiding | Facing | 3 ft. 4 3/4 in.
C-R-P/S C- Rafter Pan [ Sliding| Facing [4 f 9 in.
ZRR/FOy| z | Rafter | Rb | Fixed | Opposed|3 # 0 in |
ZTP/F | z | Third* | Pan | Fixed | Facing |5 f 4 in. |
 ZTP/S z- | Third* | Pan | Sliding | Facing |4 ft 5 1/2 in.
| ZT-R/S z | Thig* | Rib Siding | Facing |4 f. 0 in.
!

*Bracing at rafters and intermediate third points of span.

Note: Laplength is total overlap at interior rafter location.
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FIGURE2 PAN TYPE PANEL PROFILES TESTED

FIGURE 3 RIB TYPE PANEL PROFILES TESTED
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a) Two Piece Sliding Clip

b) One Piece Fixed Clip

FIGURE 4 REPRESENTATIVE CLip CONFIGURATIONS
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Bracing. The bracing at the rafters consisted of 1/2 in. diameter tension
rods connected to the purlin webs near the top flange and anchored to a rigid
stand attached to the rafter. Figure 5 shows details of the rafter bracing system.

Bracing used in the interior of the spans consisted of a continuous angle
bolted to the bottom flanges of the purlins. A set of rolfers was attached to each
end of the angles. The rollers were restricted to vertical movement by channels
anchored to the laboratory floor. This system allowed the purlins to deflect in a
vertical direction while providing lateral bracing at the third points. of the spans.
Figure 6 is a schematic of the bracing system.

2.2 Test Setup

The simulated gravity loading was applied by means of a vacuum
chamber. Air is- evacuated by a motor driven blower and auxiliary "shop-type”
vacuum cleaners. When testing a single span, a temporary wall was constructed
forming a 25 ft. box within the larger chamber.

The single span base tests consisted of two lines of purlins 5 ft. 0 in. on
center with a span of 25 ft. O in. The purlins were bolted through the bottom:
flanges to-the rafter. The panels used were 7 ft. 0 in. it length. This permitted a
1 ft. O in. overhang beyond the webs of the purlins.. In some tests, the panel-to-
purlin elips were bolted to- the purlins with 1/4" bolts to simplify removal of the
panels after testing, otherwise, self-drilling fasteners were used. A cold-formed
angle was attached continuously to one edge of the panels to simulate the
ts'sh‘iness provided by an eave strut. Figure 7 is a eross section of the single span
est.

The three span tests consisted of three or four lines of purlins depending
on whether the purlin flanges were facing the same- direction or epposing each
other, respectively. Each of the three spans were 23 ft. 6 in. between rafters. The
lap splices over the interior rafters varied between tests and were set by the
manufacturer of the purlins. Lap lengths are listed in Fable 1. Fhe purlins were
connected through:their bottom flanges to-the rafter. The panels were 14 ft. 4 3/4
in. in length. When three lines of purlins were used, the purlins were spaced 5 .
0in. on center with a 2 ft. 2 3/8 in. overhang of the panels. When four purlir lines
were used, the purlins were on a 3 ft. 7 in. spacing with an overhang of t ft 9 3/4
in. The clips were bolted to the purlins with 1/4 in. bolts to simplify removal of
panels after testing. A cold-formed angle was attached continuously to one edge
of the panels to act as an eave. Figure 8 is a cross section of the three span test
setup.

The simulated gravity loading was measured by a U-tube manometer.
Linear displacement transducers were used to measure the midspan vertical
deflections of the purlins. Measurements were made for both purlins.in the single
span tests and all purlins irrboth exterior bays of the three spantests. :

Laterat movement of the system was measured at the midspan of the
single span tests and at the midspan of both end bays of thg three span tests.
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FIGURE 5 RAFTER BRACING DETAILS
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FIGURE 6 THIRD POINT BRACING DETAILS
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3. TEST RESULTS
3.1 Rafters Braced Test Results

The rafter braced sequence of tests consisted of six sets of tests with each
set of tests including a single span base test and a three span confirming test.
The bracing of the system was as shown in Figures 5 and 7. Four of the six sets
of tests were conducted using Z-purlins facing the same direction. One set of
tests was conducted using C-purlins facing the same direction in each bay, but
opposite in adjoining bays. For these five test sets, three lines of purlins were
used in the three span tests and two lines in the single span tests. The sixth set of
tests used opposed Z-purlins. Two lines were used in the single span test and
four lines of purlins were used in the three span test. Table 2 shows the failure
load and failure mode for each test.

The failure mode for the Z-purlin tests that were conducted with flanges
facing in the same direction, except Test Z-R-R/S-3, was cross-section failure
after considerable lateral movement. The failure mode for Test Z-R-R/S-3 was
local buckling approximately 1 ft. into the interior span from the end of the
continuity lap. On close inspection of the failed purlins it was determined that
damage during shipping or handling had occurred at this location which caused
premature local buckling. Cross-section failure occurred near midspan in the
base tests and approximately 10 ft. from one of the exterior rafter supports in the
three continuous span tests (that is, in the positive moment region of an exterior
span). Failure of the C-purlin and opposed Z-purlin tests was local lip/flange /web
buckling. Relatively little lateral movement occurred before failure in these tests.

3.2 Third Point Braced Test Resuits

The third point braced sequence of tests consisted of three sets of tests
with each set containing a single span base test and a three span confirming test.
The bracing of the systems was as shown in Figures 6 and 8. The three sets of
tests used Z-purlins facing the same direction. Two lines of purlins were used in
the single span tests and three lines of purlins were used in the three span
confirming test. Table 3 is a summary of the test results, showing failure loads
and failure modes. :

The failure mode for all of the base tests was local lip/flange/web buckling
after some lateral movement. Failure occurred near the midspan in each test.

The failure mode for the confirming tests Z-T-P/F and Z-T-R/S was local
Iip/flange/web buckling after some lateral movement. In confirming test Z-T-P/S,
a lateral brace-to-purlin flange connection failed causing premature failure of the
system.
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TABLE 2
SUMMARY OF RAFTER BRACED TEST RESULTS
Test 1 No. of Ff}'}‘éée ] Failure
Designation Spans (pif) ‘Mode
Z-R-R/S , one : 136.5 L™
‘ three | 1529 M
Z-R-R/F one 64.5 W
: three w074 |
1 Z-R-P/S _ one 800 | LM
_ three | 128.2 LM
Z-R-PJF ﬂ one | 60.48 M
three 1025 ] M
C-R-P/S - one 119.0 LB
three | 217.0 _ LB
1 ZRR/F(0) one 870 | LB
three | 158.0 iB

LB = Llocal buckling of lip, flange, web.
LM = Failure of cross-section after considerable lateral movement.
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TABLE 3
‘SUMMARY OF THIRD POINTS BRACED TEST RESULTS
Failure
Test No.-of Load Failure
Designation Spans | {pif) Mode
]
ZT-PJF one | 1260 LB
' three 2230 1B
ZT-P/S ] one 120 LB
] three | 1880 | BR
Z-T-R/S one 126.0 iB
| three 238.0 LB

LB = {ocal buckling of lip, flange, web.
LM = Failure of cross-section after considerable lateral movement.
BR = Failure of alateral brace-to-purlin flange connection.
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4. EVALUATION OF RESULTS AND RECOMMENDATIONS
4.1 Evaluation of Results

Tables 4 and 5 show the predicted three continuous span failure loads, the
actual failure loads, and the ratio of. actual-to-predicted failure loads. The
predicted failure loads were calculated using measured cross-section and
material properties and the procedure described in Section 1.2. For all tests, the
predicted failure location was at the maximum moment location in the exterior
spans of the three span confirming tests, that is, in the positive moment region.
This location is also the location of the actual point of failure except for tests Z-R-
R/S and Z-T-P/S. As previously described, the failure modes for the three span
continuous tests in sets Z-R-R/S and Z-T-P/S were unrelated to the purposes of
this study. Except for test sets Z-R-R/S and Z-T-P/S, the ratio of actual-to-
predicted failure loads was between 0.87 and 1.02 with an average value of 0.95.

Table 6 shows results for two sets of base/confirming tests as reported by
Carballo et al [1989]. The confirming tests were two span continuous tests. The
failure mode for all four tests was cross-section failure after considerable lateral
movement. The failure location was near midspan, that is, the positive moment
region, for all tests. The ratio of actual-to-predicted failure load for the two sets of
tests was 0.92.

In summary, from the results of the nine valid sets of base/confirming tests
shown in Tables 4, 5, and 6, the range of the ratio of actual-to-predicted failure
loads was 0.87 to 1.02 with an average value of 0.94.

4.2 Recommendation

The testing programs described in this study encompassed a wide range
of metal building standing seam roof systems. Pan-type and rib-type panels,
sliding and fixed clips, and C- and Z-purlins were included in the study. The test
results clearly show that the "base test method" is a valid experimental/analytical
procedure to determine the strength of C- and Z-purlin supported standing seam
roof systems. Its use is recommended with the following limitations:

1. The base test must be conducted using nominally identical panel, clip,
insulation, and purlin components as are used in the actual standing seam roof
system.

2. The failure moment determined from the base test can only be used to
determine the capacity of roof systems using identical purlins.

3. The span of the base test must be greater than or equal to the largest
span in the actual roof system.

4. The purlin line spacing in the base test must be greater than or equal to
the purlin spacing in the actual roof system.
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4.3 Example Calculations

A proposed roof system is to be supported by six lines of equally spaced
Z8 x 3 x 0.074, Fy = 50 ksi, purlins. Each purlin line consists of four equal 25 ft.
spans. The purﬁn lines are 5 ft. 0 in. on center. Full moment continuity is
assumed at each rafter. The top flanges of all purlins are facing in the direction of
the ridge. The standing seam panels are eonnected to the eave strut with self-
drilling fasteners at 12 in. on center. Four inch "metal building insulation" is
specified for the project.

A simple span base test was conducted using two purlin lines spaced 5 ft.
0 in. on center. The purlins were oriented with top flanges facing in the same
direction. A cold-formed base angle was attached at the "eave" end of the panels
using self-drilling fasteners at 12 in. on center. The base angle was used to
simulate eave strut effects. The base test was constructed using standing seam
panels, clips and insulation identical to what will be used in the proposed building.
The base test span was 25 ft. and the failge load per purlin line was 110 plf. The
corresponding failure moment is 110 (25)</8 = 8,594 ft-lbs = 103.1 in-kips. The
allowable capacity is then 103.1/1.67 = 61.7 in-kips.

The flexural cross-section strength was determined using the provisions of
the1AISLSpecification [1986]. The allowable moment capacity for the section is
82.1 in-kips.

Next, a stiffness analysis of a four span purlin line was conducted. The
resulting moment diagram for a 100 plf nominal load is shown in Figure 9. The
controlling positive moment is 57.9 in-kips and the controlling negative moment is
64.9 in-kips both per purlin.

Using the base test method, the allowable capacity of the proposed roof
system is then

Positive moment region:
. 61.7/57.9 x 100 = 106.6 plf
w = min
Negative moment region:
82.1/64.9 x 100 = 126.5 plf

Assuming the positive moment region controls (106.6 plif), the negative
moment region capacitY is recalculated considering shear plus bending effects
and found to be 119.7 pif. Thus, the capacity of the proposed standing seam roof
system per purlin line is 106.6 plf.
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100 p/f
T Y Y VY YY Y Y YV YTV V¥ YY TYTVYY VY
25' 25' | 25 25'
1
[80.33 in. kips
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FIGURE9 MOMENT DIAGRAM FOR EXAMPLE CALCULATIONS
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