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CHAPTER I
INTRODUCTION

A research program to study the behavior of metal building roof sys-
tems has been undertaken at the Fears Structural Engineering Laboratory, Uni-
versity of Oklahoma, under the sponsorship of Star Manufacturing Company.

The purpose of the portion of the research reported here was to experimentally
verify the current design procedures used by Star Manufacturing Company for
the design of standing seam roof systems, The design procedure is based on
the following:

a) The stress distribution on a cross-section can be approximated
assuming constrained bending, e.g. f = My/I

b) The failure criteria (allowable stresses) in the current AISI
specifications are adequate.

A primary objective of the research was to measure. lateral restraint
forces in the intermediate bracing system. In the context used here, lateral
restraint refers to the force and stiffness required to prevent lateral move-
ment of Z-purlins to a degree that conditions (a) and (b) are valid.

Sub-objectives for determining necessary restraint for the roof sys-
tem were as follows:

1) Determine if the current bracing system is adequate,

2) Determine what Tevel of brace force exists in an intermediate
bracing system,

3) Determine if the brace force accumulates from eave to ridge, and

4) Determine what level of brace force is transferred to the eave
strut through the roof diaphragm.

To accomplish these objectives, a series of single and multi-span



tests of the complete roof system, panel, clips, purlins and intermediate
braces, was conducted. A specially constructed, fully instrumented vacuum
chamber was used for the testing. Parameters varied in the test series in-
cluded number of bays, span length, and intermediate bracing locations. The
complete test matrix is shown in Table 1 with configurations and purposes as
follows:

Test Series I

Configuration:

25 ft. 0 in., simple span, spacing 5 ft. 0 in.; one Z-test purlin;
two adjacent Z-purlins; stiff ridge member; 1/3rd point inter-
mediate bracing;  indeterminate bracing system; ribs cut on panel;
nominal 12 psf live load; Tests 1A and 1B.

Purposes:
To determine the load carrying capacity of the system. To deter-
mine the magnitude of the brace forces. To determine the dis-
tribution of brace forces between the eave and the ridge.

Test Series 11

Configuration:

Two bays @ 25 ft. 0 in.; spacing 5 ft. O in.; continuous spans;

one Z-test purlin line; two adjacent purlin lines; stiff ridge;

1/3rd point intermediate bracing system; ribs cut on panel; nom-
inal 12 psf live load; Tests 2A and ZB.

Purposes:

Same as Test Series I except for a two span condition.

Test Series IIT

Configuration:

Two bays @ 25 ft. 0 in.; spacing 5 ft. 0 in.; continuous spans;
one Z-test purlin line; two adjacent Z-purlin Tines; stiff ridge;
1/3rd point intermediate bracing system; ribs cut on panel; nom-
inal 20 psf 1ive load; Tests 3A and 3B.

Purposes:
Same as Test Series I1.



Test Series IV

Configuration:
25 ft. 0 in. simple span; various spacing; one Z-test purlin; two
adjacent Z-purlins (except 4B); stiff eave member; various bracing
schemes; determinate bracing; nominal 30 psf live load; Test 4A,
4B, 4C, 4D and 4E.

Purposes:
To investigate the effect of various bracing schemes on purlin
strength; to measure brace force accumulation from eave to ridge.

Test 4A
Configuration: Intermediate braces at 1/3rd points; spacing 4 ft.
10 in.; three purlin setup; strain gaged cross-section.
Purpose: Base test.

Test 4B
Configuration: No intermediate braces; spacing 7 ft. 3 in.; two
purlin setup; panel-to-purlin clips not installed.
Purpose: To determine the effect of panel "hugging" on lateral
restraint.

Test 4C

Configuration: Same as Test 4A except no strain gages.
Purpose: Same as Test 4A.

Test 4D
Configuration: Intermediate braces at midspan; spacing 4 ft.
10 in.; three purlin test setup.
Purpose: To determine effects of a single line of intermediate
braces at midspan.

Test 4E
Configuration: No intermediate braces; spacing 4 ft. 10 in.;
three purlin test setup; panel to purlin clips installed.
Purpose: To determine purlin strength without intermediate braces.



Test Serijes V

Configuration:

Three bays @ 20 ft, 0 in.; spacing 4 ft. 9 in.; continuous spans;
one Z-test purlin line; stiff eave; 1/3rd point intermediate
bracing for Test 5A; midspan bracing for Test 5B; nominal 20 psf
Tive Toad; Tests 5A and 5B.

Purposes:

Same as Test Series I except for a three span system.

Test Series VI

Configuration:

Three bays @ 20 ft. 0 in.; spacing 4 ft. 9 in.; continuous spans;
one Z-test purlin line; two adjacent purlins; stiff eave; midspan
intermediate bracing; nominal 40 psf live load; Test 6A and 6B.

Purposes:
Same as Test Series V.

For all tests the purlins were supported by short sections of typical
building rafters and simulated 1ive Toad was applied using vacuum as described
in Chapter II. Figure 1 shows purlin and intermediate brace locations for the
six test series. The purlins were oriented with the top flanges facing in the
same direction as shown in Figures 2 and 3. Intermediate braces were either
right angles or sections of steel tubing with threaded stud inserts. The braces
were attached to the purlin as shown in Figure 4 and anchored to a relatively
stiff structural member at either the eave, or the ridge location. For Test
Series I through III, the restraining member was located at the simulated ridge
and was made of two channels bolted together as shown in Figure 2(c). For
Test Series IV through VI, the restraining member was located at the simulated
eave and was made of two channels and one purlin as shown in Figure 3(b). The
following is a complete description of the testing procedure and test results.
Comparison with analytical predictions from the Star Manufacturing Company de-

sign program are also made.

A
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CHAPTER I1
TEST DETAILS

2.1 Test Components

Z-Purlins. The Z-purlins used for this test were supplied by Star
Manufacturing Company. A1l Z-purlins were carefully measured and the dimen-
sions are shown in Table 2. Cross-sectional properties and load and deflec-
tion data for a uniformly loaded member were calculated using AISI criteria
and a stiffness analysis program. This data is shown in Table 3 for an as-
sumed yield stress of 56 ksi.

Panels, Clips, and Fasteners. The panels were standing seam panels

with profile as shown in Figure 5(a). Each sheet was a 24 in. wide pan sec-
tion with the edges formed into a 2 in. high box rib plus a 7/8 in. high seam,
forming a 2 7/8 in. overall panel height. The panel flat was embossed with
3/32 in. deep cross ribs at 6 in. on-center. The material used to form the
panel was nominally 24 gage. The panel clips (Figure 5(b)) were of a slid-
ing design to allow for expansion and contraction movement of the roof panel.
The clip supports the panel 1 in. above the secondary framing to prevent
crushing of insulation installed between the panel and the structural members.
The clips were fastened to the purlin with 1/4" by 1" bolts through pre-
drilled holes in the purlins. This procedure differs from standard Star
Manufacturing Company practice and was used only to permit reuse of the panel

material. -
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2.2 Test Set-Ups

The test set-up was constructed in a specially designed yacuum
chamber, The outside walls of the chamber are metal panels bolted together
and attached to the laboratory floor. Lateral support for the walls is pro-
vided at the top by angle braces. Once the roof system was completely in
place, the entire assembly was covered with 6 mil polyethelene and sealed
using vinyl tape. Suction was applied using a vacuum pump and two auxiliary
55 gallon drum type industrial vacuum cleaners.

Three basic test configurations were used in this investigation.

The configurations are referred to as one purlin, two purlin and three purlin
test set-ups depending on the number of Z-purlins expected to fail in a test.

The one purlin configurations shown in Figures 1(a) and (b) were
used for Test Series I, II and III. In these configurations all purlins
were of identical cross-section and because of the variable spacing only the
purlin adjacent to the ridge was expected to fail. From preliminary testing
it was found that, because of the flexural stiffness of the panel and the
stiffened ridge, the panel tended to distribute Joad to the outside member
resulting in less than desired load on the test purlins. To counter this
effect, the panel ribs were cut in a vertical line at each purlin location.
The result was a determinate panel system with known load on the test purlin.
The intermediate braces used in this set-up were "sag angles" 1gvx 1§~x .056 in.
as provided by Star Manufacturing Company. The brace-to-purlin connection is
shown in Figure 4(a). The main support for these braces was the stiffened
ridge made up of two channels bolted together as shown in FigureLZ(c).

The two purlin test configuration, Figure 1(c), was used for Test

4-B only. The Tlateral support for the system was provided by a stiffened
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eave, Two channels were bolted back-to-back and then bolted to a Z-purlin

as shown in Figure 3(b). The ridge purlin was sized to deflect with the test
purlin eliminating the need to cut the panel ribs. Both the test purlin and
ridge purlin were expected to fail in this test. No intermediate braces were
used in this test.

The three purlin test set-up was used for the remaining tests in Series
IV and for Series V and VI, Figure 1(d) and (e). Lateral restraint to the
panel was the same as used for the two purlin test set-up. The stiffened
eave was also used to anchor the intermediate braces which were fabricated
from 3/4 in. diameter steel electrical conduit. Nuts were welded into each
end of the conduit and a 9 in. length of % in. diameter threaded stud was
inserted. Connection to the purlin was made using half moon and flat washers
together with standard nut as shown in Figure 4(b). Connection between the
stiffened eave and the intermediate brace was made in a similar manner.

In all test set-ups, the purlins were bolted to rafter sections
which in turn were supported on short column sections restiné on the labora-
tory floor. To provide for rotation of the supports, % in. diameter rollers
were inserted between the rafter and column sections except at the north end

where knife edge supports were used.

2.3 Instrumentation

Instrumentation consisted of calibrated dynanometers, strain gages,
dial gages, U shape monometers, a pressure transducer, and linear displace-
ment transducers.

The dynanometers used to measure lateral brace force fof’Series I
to III were strain gaged coupons bolted in line with the sag angles used for
intermediate braces. The strain induced in the gaged dynanometer was measured
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and then converted into load, The dynamometers used for Series IV to VI

were 3/4 in. diameter steel electrical conduit with a full strain gage bridge
installed at approximately the brace mid length. The braces were then cali-
brated using a universal testing machine. Calibrated dynanometer locations
are shown in Figure 6.

Strains were measured at one location along each test purlin line
except Tests 4-B through 4-E where no gages were installed. For Series I
through III nine gages at each cross-section were used, positioned as shown
in Figure 7(a). Ten gages were used for Test 4-A and Series V and VI, Figure
7(b). The gaged cross-section was typically located where the highest stress
was expected. Locations are shown in Figure 6.

Five linear displacement transducers were used to measure vertical
and lateral displacements. In all the tests three transducers were placed at
the centerline of the north span, two were used to measure the lateral move-
ment at the top and bottom purlin flanges and the third was used to measure
the vertical displacement. Measurements were made at the same cross-section
and the displacement transducers were positioned as shown in Figure 8. The
remaining two transducers were placed at locations where the displacement
was considered to be critical to either test purlin behavior or the test set-
up performance. Dial gages were placed directly beneath the test purlin
support points on the rafter. Data from these gages permitted a correction
for rafter deflection.

The applied vacuum load was measured by either U-tube monometers, an
electronic monometer or both, The U-tube monometers were calibrated in 0.5 in.
of water and have an estimated accuracy 0.1 in. of water. The é]ectronic

monometer was calibrated in psf with an estimated accuracy of 0.1 psf.
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2.4 Testing Procedure

At the beginning of each test a vacuum of 2 in. of water (10.4 1bs
per square foot) was applied and then removed and no data was recorded. Fol-
Towing this initial loading, zero readings were recorded for all dynanometers,
strain gages, displacement transducers and the dial gages. The system was
then loaded by slowly increasing the vacuum in 1 in. of water increments.
After each increment, readings of all instrumentation were recorded. When
the purlins were near failure as determined from plotted Toad-deflection
curves, the loading rate was decreased to 0.25 or 0.5 in. of water per incre-
ment, Notes were taken concerning deformation of the roof system and the

failure mode.

2.5 Supplementary Tests

Standard tensile coupon tests were made from samples cut from the
test purlins and typical panel material. Results from these tests are given

in Table 5.
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Measured 7Z-

p

alio o
Puriin Dimensions

) Top N ) Bqttom
Test! ngil  Thickness | "1 T Ry Ry 8 W [T, | Ry IRy .
No. - (in) : (in) ~(in) 3 (in) . (n) ¢ (in) 0 (deg.): (in)  (in) i (in) i (in) . (deg.)
1-A 8.1 .083 2.98 | .72 | .5 406 | 50 | 3.08 | .64 | .5 406 | 45
1-8 7.92 .083 3.02 | .74 | .406 | .50 | 48 3.00 | .64 | .5 .375 | 48
2-A | N| 7.94 .066 3.12 | .54 | .313 | .375 | 42 2.92 | .56 | .688 | .344 | 42
2-A | S| 8.04 .064 3.2 | .52 | .563 | .594 | 42 2.98 | .58 | .563 | .3a4 | 42
2-B | N| 7.92 .065 3.06 | .54 | .375 | .438 | 42 2.94 | .54 | .438 | .438 | 42
2-8 | S| 7.98 .065 3.04 | .54 | .406 | .406 | 42 2.94 | .56 | .438 | .375 | 42
3-A | N| 8.14 .099 2.94 | .77 | .375 | .563 | 43 3.02 | .52 | .438 | .625 | 40
3-A |s| 8.02 .097 3.02 | .72 | .438 | .406 | 42 3.10 | .54 | .438 | .375 | 43
3-B | N| 8.12 .099 2.90 | .76 | .375 | .563 | 42 3.02 | .55 | .438 | .625 | 42
3-B | s| 8.10 .097 3.00 | .77 | .375 | .563 | 42 3.10 | .68 | .438 | .375 | 42
4-A 8.00 .094 2.88 | .88 | .469 | .406 | 50 2.80 | .76 | .469 | .406 | 47
4-B 7.98 .093 3.02 | .88 | .5 .406 | 58 2.64 | .68 | .375 | .406 | 40
4-C 8.10 .096 3.00 | .90 | .375 | .375 | 52 3.02 | .50 | .5 .375 | 68
4-p 8.02 .099 2.92 | .82 | .469 | .375 | 56 2.96 | .88 | .313 | .313 | 46
4-f 8.02 .099 2.82 | 1.02 | .5 375 | 64 2.54 | .785| .406 | .375 | 50
5-A | N| 7.85 .066 2.92 | .810 | .344 | .375 | 48 2.87 | .527| .344 | .384 | 51
5-A | c| 7.98 .055 2.90 | .588 | .344 | .25 | 48 2.88 | .60 | .313 | .313 | 52
5-8 | N| 8.04 .065 2.98 | .52 | .406 | .406 | 44 2.82 | .48 | .406 | .406 | 44
5-8 | ¢| 7.9 .059 2.76 | .52 | .3a4 | .281 | 42 2.76 | .68 | .375 | .313 | 39
6-A | N| 8.03 .080 3.01 | .57 | .438 | .438 | 41 2.94 | .66 | .375 | .375 | 42
6-A | C| 7.93 .066 2.94 | .78 | .406 | .344 | 51 2.94 | .76 | .438 | .375 | 51
6-B | N| 7.90 .084 2.96 | .66 | .406 | .406 | 50 2.80 | .80 | .406 | .5 48
6-8 | C| 8.11 .064 2.95 | .78 | .406 | .406 | 52 2.64 406 | .5 55
5
[msd
2
Thickness, t —[[* g
=
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Table 3
Z-Purlin Properties As Computed Using AISI Criteria

Gross Strength Deflection

I . st3 sb3 I . st3 sb3 b, I . /100 p1f | Span
Test No. (in”) (in”) (in”) (in™) (in”) (in”) (in) (in") (in) (Ft)
1-A 13.590 3.377 3.403 13.590 3.377 3.403 2.491 13.590 2.192 25
1-B 12.93 3.322 3.278 12.93 3.322 3.278 2.531 12.930 2.304 25
2-A N 10.254 2.615 2.595 9.845 2.447 2.557 2.286 10.240 1.07 25
2-A S 10.315 2.628 2.546 9.927 2.467 2.511 2.158 10.291 - 25
2-8 N 9.846 2.523 2.491 9.519 2.388 2.461 2.234 9.846 1.12 25
2-B S 10.007 2.554 2.503 9.620 2.395 2.468 2.191 9.992 - 25
3-A N 15.808 3.970 3.895 15.808 3.97 3.895 2.279 15.808 0.70 25
3-A S 15.779 4.028 3.941 15.779 4.028 3.941 2.515 15.779 - 25
3-B N 15.665 3.934 3.878 15.665 3.934 3.878 2.239 15.665 0.70 25
3-8 S 15.758 3.997 3.881 15.758 3.997 3.881 2.341 15.758 - 25
4-A 14.484 3.732 3.599 14.484 3.732 3.599 2.380 14.484 0.843 20
4-8 14.518 3.762 3.605 14.518 3.762 3.605 2.520 14.518 0.845 20
4-C 15.695 3.962 3.883 15.695 3.962 3.883 2.529 15.695 0.778 20
4-D 15.225 3.925 3.767 15.225 3.925 3.767 2.446 15.225 0.802 20
4-E 15.082 3.890 3.730 15.082 3.890 3.730 2.346 15.082 0.809 20
5-A N 9.938 2.573 2.535 9.694 2.470 2.512 2.235 9.938 0.63 20
5-A C 8.310 2.112 2.083 7.697 1.867 2.025 1.907 8.035 - 20
5-B N 10.02 2.523 2.503 9.694 2.391 2.473 2.179 10.02 0.63 20
5-B C 8.658 2.191 2.193 | 8.259 2.031 2.155 1.999 | 8.589 - 20
6-A N 12.534 3.225 3.19 12.534 3.225 3.190 2.439 12.534 0.48 20
6-A C 10.177 2.577 2.483 9.827 2.434 2.451 2.2 10.177 - 20
6-B N 12.595 3.149 3.188 12.524 3.12 3.182 2.468 12.595 0.48 20
6-B c 9.829 2.553 2.449 9.559 2.438 2.224 2.197 9.829 - 20
t = top
b = bottom
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CHAPTER III
TEST RESULTS

3.1 General

Test results consist of load versus deflection data, load versus
dynamometer data, photographic record and description of failure load. Load
vs. deflection data includes plots of simulated 1ive load vs. vertical de-
flection at the centerline of each purlin, and simulated Tive load vs. lateral
displacements of the top and bottom flanges of the test purlin. Also included
are simulated live load vs. intermediate brace forces for at least one half of
one span.

The vertical deflection plots include theoretical deflection as com-
puted assuming constrained bending. For the simple span tests the midspan
deflection was calculated using

A= 5wl
384E1

where I = the moment of inertia of the purlin with respect to the horizontal
axis, w = uniform load, L = span, and E = modulus of elasticity. For multi-
span tests, standard plane frame analyses were conducted. The Tapped portion
of the purlin line was modeled assuming a moment of inertia equal to the sum
of the moments of inertia of the purlins forming the lap. Moments of inertia
were calculated using the provisions of the AISI Specification(l).

Strain measurements made at a cross-section were converted to stress
using Hooke's law with an assumed modulus of elasticity of 29,000 ksi. Results

are presented as stress distributions on a cross-section. Linear curve fit-

ting techniques were used to define distributions over each element, e.g. 1ip,
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flange and web. An assumed yield stress of 56,0 ksi was used to develop the
plots. Plots were made for at least two load levels for each test, (Although
not technically correct, henceforth, these plots will be referred to as meas-
ured "stress distributions".)

Predicted failure loads were calculated using Star Manufacturing
Company's purlin design computer program. A unity check of 1.67 was used to
define a failure load. The predictions were based on certain assumptions con-
cerning lateral bracing spacing (See Section 4.2 for degai1s).

Results for Test Series I to VI are found in Aépendices A through F,
respectively. Table 4 is a summary of results and Tables 6 and 7 are compar-

isons of results at working and higher Toads.

3.2 Test Series I

The purpose of this test series was to develop base data for a lightly
loaded (12 psf), simple span (25 ft. O in.) system. Two tests were conducted,
both with intermediate braces at the 1/3rd points (nomina11y).

At the onset of the Test 1-A the measured load vs. deflection curve
was in very poor agreement with the predicted curve. After several tests to
working load and an analysis of the test set-up as a grid, it was concluded
that due to the flexural stiffness of the panel, the panel was transferring
Joad to adjacent members. These members were either identical Z-purlins, the
eave channel, or the stiffened ridge purlin. Since the tributary area for
the outside members was only one-half of that for the test purlin, reserve
capacity existed in these members. In an attempt to obtain better load dis-
tribution, the ribs of the panel were cut above the interior pur{ins to form

a determinate panel/purlin system. After this modification, the load vs.
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deflection curve showed good agreement with the predicted constrained bending
deflection.

For Test 1-A failure occurred at 143.0 p1f by local buckling of the
compression flange and 1ip at the centerline of the span. Using Star Manu-
facturing Company's purlin design program with a unity check of 1.67, the
predicted failure load was 146 p1f or 2% greater than the test load.

For Test 1-B the failure mode was the same as test 1-A but with a
failure load of 117 p1f. The predicted failure Joad was 146 p1f or 24% higher
than the actual failure load, A possible explanation for the discrepancy is
that adjacent members were damaged in Test 1-A causing premature failure in
this test. Additional evidence for this explanation is given in subsequent
test descriptions.

In both tests, measured vertical deflections were in good agreement
with predicted deflections as shown in Figures A.4 and A.13.

Brace forces were measured at the north 1/3rd point and were found
to vary from tension at the ridge to compression at the eave for both tests
as shown in Figures A.5 and A.14. Maximum brace force for Test 1-A was 434
1bs. compression and for Test 1-B, 518 1bs. compression. Because each line
of intermediate braces is indeterminate, brace force accumulation is dif-
ficult to evaluate.

Measured stress distributions are shown in Figures A.6 to A.8 and
A.15 and A.16. Results for Test 1-A confirm the constrained bending assump-
tion; results for Test 1-B are not in as good agreement with the assumption.
Yielding did not occur in either test before failure. ]

Lateral displacements were at midspan for both tests. Maximum dis-

placement was less than 0.5 in. as shown in Figures A.9 and A.17. The plots
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indicate that Jatera] buckling did not occur before failure,

3.3 Test Series II

The purpose of this series was to extend the data obtained in Series
I to the two span condition. The nominal live load for the system was 12 psf
with spans of 25 ft. 0 in. each. The test configuration was the same as for
the Series I tests with expansion to two bays. The panel ribs above each pur-
lin were cut as described in Section 3.2.

Test summary sheets found in Appendix B detail the results for this
series. The failure mode for both tests was local buckling of the compres-
sion flange and 1ip immediately outside the lapped portion of the test purlin
Tine at values of 130 pl1f and 117 plf for Tests 2-A and 2-B, respectively.
Using the Star Manufacturing Company's purlin design program the predicted
failure loads were 149 plf and 146 plf or 14.,6% and 25% higher than the test
values.

The Toad versus vertical deflection curves for tests 2-A and 2-B,
Figure B.5 and B.15, show fair agreement with predicted deflections from a
plane frame stiffness analysis assuming constrained bending.

Intermediate brace forces were measured at the 1/3rd point nearer
the lap of the south span. As in Series I, the brace nearest the ridge show-
ed tension and the one nearest the eave compression. The maximum brace forces
were 624 1bs and 375 1bs compression for Test 2-A (Figure B.6) and 2-B (Figure
B.16), respectively. Again, accumulation effects are difficult to evaluate
for this bracing scheme.

The strain gaged cross-section for both tests was immediately out-

side the lapped portion of the test purlin line. Stress distributions at
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three load levels are shown in Figures B.7 to B,9 for Test 2-A. The measured
pattern does not confirm the constrained bending assumption. Yielding of the
lower (compression) flange/1lip occurred at loads near failure and the 1ip ap-
parently buckled, Figure B.9. Stress distributions for Test 2-B are shown in
Figure B,17 and B.18. Results are similar to Test 2-A.

Lateral displacements were measured at the midspan of the south bay
of the test purlin 1ine, Results are shown in Figures B.10 and B,19. Figure

B.10 indicates lateral buckling may have occurred prior to failure.

3.4 Test Serijes III

The purpose of this series was to provide data for the standing seam
roof system with a medium live load and a two span condition; 20 psf Tive load,
two bays at 25 ft. 0 in. The test configuration was the same as used for Test
Series II.

Test summary sheets in Appendix C detail the results. The failure
mode for Tests 3-A and 3-B was local buckling of the compression flange and
1ip immediately outside the lapped portion of the test purlin line. Failure
loads were 255 and 247 p1f, respectively. The predicted failure loads were
244 and 243 psf, respectively.

Measured and predicted vertical deflections at midspan of the south
bay were in fair agreement as shown in Figures C.5 and C.20. For both tests
the measured deflections were greater than predicted values.

Vertical load versus measured intermediate brace force plots are
shown in Figures C.6 and C.18. The distribution was similar to that found
in Series I and II, e.g. tension at the ridge and compression at—the eave.
Maximum brace force was 1089 1b for Test 3-A and 714 1bs for Test 3-B. Com-

paring with Series II tests, the brace forces increased approximately in
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proportion to increased vertical load.

Stress distribution plots for Test 3-A are given in Figures C.7 to
€.10 and for Test 3-B in Figures C.19 to C.22., The distributions do not con-
firm the constrained bending assumption. Local buckling of the lower 1ip is
indicated and yielding was not detected.

Significant lateral displacements were measured in Test 3-A with
maximum displacement exceeding 1 in. Maximum Tateral displacement for Test
3-B was less than 0.5 in.

An additional test was conducted prior to the final loading of set-
up 3-A. The purpose was to compare the behavior of the system with and with-
out intermediate bracing. Results are shown in Figure C.12 to C.15. Load
versus vertical deflection for both cases is shown in Figure C.13. The un-
braced case showed slightly more deflection than the braced case, both are in
fair agfeement with predicted deflections. Stress distributions at 104 plf
for the braced and unbraced cases are shown in Figures C.13 and C.14, respec-
tively. The shape and magnitudes are essentially the same for both cases,
although the stresses for the braced case are slightly higher. Lateral dis-
placements at midspan of the south bay for both cases are shown in Figure
C.15. Lateral movement was greater in the unbraced case indicating full re-

straint is not provided by the panel-to-purlin clip.

3.5 Test Series IV

The purpose of this series was to investigate the effect of inter-
mediate brace bracing spacing and panel-to-purlin connection clips on purlin
strength, Four tests using identical purlins with 1/3rd point, centerline or

no bracing were conducted. In addition, one test was conducted without
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intermediate bracing and without the connection clips installed, Test sum-
maries for the five tests are found in Appendix D,

To eliminate the need to cut the panel rib at purlin locations as
was done in Series I to III, the test set-up was modified as shown in Figures
1(c) and (d) and Figure 3. The stiffened ridge was eliminated and replaced
by a Z-purlin. A stiffened eave was constructed as shown in Figure 3(b).

The ridge purlin was selected to have approximately 60% of the flexural stiff-
ness (moment of inertia) and strength of the test purlin. Since the tributary
area for the ridge purlin is approximately 50% of the tributary area of the
test failure of the ridge purlin was anticipated. This set-up also resulted
in a determinate intermediate brace system. Strain gages were installed

only for Test 4-A.

Test 4-B was conducted without intermediate bracing or panel-to-
purlin clips installed to determine the effect of panel "drape" or "hugging"
on lateral restraint. The test set-up was as shown in Figure 1(c); purlin
spacing was 7 ft. 3 in. Failure occurred by lateral buckling at a Toad of
128.2 p1f. The predicted failure load assuming an unbraced length equal to
the span was 35 plf. The large difference indicates some "drape" effect.
Poor agreement was obtained between measured and predicted'vertical deflec-
tions. Lateral disptacements at midspan were found to be excessive, greater
than 2.5 in. at failure.

The remaining tests in the series were conducted with the connec-
tion clips installed. Test 4-A and 4-C were conducted with 1/3rd point
intermediate bracing, Test 4-D with midspan bracing and Test 4-E with no
bracing. Actual and predicted failure loads are as follows: Test 4-A, 226

and 327 pl1f; Test 4-C, 234 and 327 pif; Test 4-D, 249 and 217 pl1f and Test
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4-FE, 246 and 50 p1f. Test failure loads as a percentage of predicted failure
loads were 69%, 72%, 115% and 492% for the four tests, respectively. The
failure mode for all four tests was Tocal buckling of the compression flange
and 1ip near midspan. It is believed that the Tow failure loads for Tests
4-A and 4-C were caused by premature failure of the ridge purlin. In addi-
tion, it is evident from Figures D.21 and D.22 that the ridge purlin of Test
4-C came into contact with the chamber wall before failure. Failure Toad
results for Tests 4-A and 4-C are not considered valid,

For all tests reasonably good agreement was found between predicted
and measured vertical deflections, although in all cases measured deflections
were greater than predicted deflections (Figures D.4, D.20, D.26 and D.32).

In the set-up used in this series, all brace forces are tension and
accumulation effects can be evaluated. For Test 4-A (1/3rd point braces),
brace forces increased approximately linearily, Figure D.5. (The initial
portion of the curve for Brace #1 is due to instrument malfunction. At 31.2
psf, the ratio of brace forces in the direction of eave to ridge was 3.90:
2.19:1.0 to a ratio of tributary areas of 5:3:1. These brace forces as a
percent of stabilized vertical load are 5.3%, 5.0% and 6.9%.

The configuration for Test 4-C was identical to Test 4-A. At 20.7
Apsf, the ratio of brace forces was 2.90:2.33:1.0 and as a percent of stabil-
ized vertical load 6.9%, 9.2% and 11.9%, in the direction of eave to ridge.
As previously noted, the ridge purlin came into contact with the vacuum cham-
ber before failure.

Measured brace forces for Test 4-D (midspan brace only) are erratic
above 150 p1f per purlin (31.6 psf), Figure D.27. At 10.9 psf ratios were
3.37:1.90:1.0 and at 31.6 psf 6.00:3.07:1.00. The ratio of the tributary
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areas was 5:3:1. Brace forces as a percent of stabilized vertical load at
10.9 psf were 6.2%, 5.8% and 9.2% and at 31.6 psf 5.3%, 4.5% and 4.4%, eave
to ridge.

Measured stress distributions at midspan of Test 4-A are shown in
Figures D.7 to D.9. The distributions tend to confirm the constrained bend-
ing assumption. Yielding did not occur in any test.

Lateral displacement versus vertical load relationships are shown in
Figures D.11, D.16, D.22, D.28 and D.33 for the five tests of this series.
The direction of movement of both the top and bottom flanges for all tests
was toward the ridge or "uphill". For tests with braces (4-A, 4-C, 4-D) the
bottom flange movement was more than the top flange movement. For Test 4-B

the reverse was true and for Test 4-E the movements were approximately equal.

3.6 Test Serijes V

The purpose of this series was to study the behavior of a three span
system with intermediate bracing at the 1/3rd points or at the midspan of
each bay. The nominal span length was 20 ft. and the design Toad for the
system was 20 psf. The test set-up was the same as for Series IV but extended
to three bays. Both the test purlins and the ridge purlins were Tapped at
the interior rafter location. The lap length for the test purlin line was
3 ft. 6 in., 1 ft. 2 in. into the exterior bay and 2 ft. 4 in. into the cen-
ter bay. The lap length for the ridge purlin was adjusted depending on the
size of purlin used so that the deflection of the ridge and test purlins were
approximately equal.

For Test 5-A intermediate braces were located at Star Manufacturing

Company's standard bracing location, approximately the 1/3rd points of each
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span. For Test 5-B intermediate braces were installed only at the midspan
of each bay. Results for both tests are found in Appendix E.

The failure mode for Test 5-A was local buckling of the compression
flange and 1ip immediately outside the lap of the north exterior bay. For
Test 5-B the failure mode was web crippling at the north reaction of the
test purlin line, Failure loads for Tests 5-A and 5-B were 251 p1f and 191
plf, respectively. The predicted load for Test 5-A, from Star Manufacturing
Company's purlin design program, was 273 p1f or 8.8% higher than the test
value. For Test 5-B the predicted failure load was 203 plf or 6.3% higher
than the test value,

Both tests were in good agreement with predicted vertical deflection.
Plots of load versus vertical deflection at the midspan of the north exterior
bay are shown in Figures E.5 and E.18 for Test 5-A and 5-B, respectively.

In Test 5-A, intermediate brace forces were measured at all brace lo-
cations in the north and center bays, e.g. twelve locations. Results are
shown in Figures E.7 to E.9. At all locations the forces increased Tinearily
with increasing vertical Toad until failure. The largest forces were record-
ed at the exterior 1/3rd point of the north exterior bay and the smallest at
the interior 1/3rd point of this bay. Forces at the two Tines in the center
bay were consistent. The ratio of the tributary areas for all brace lines
was 5:3:1, eave to ridge. Brace force ratios, eave to ridge and north ex-
terior to south center, are 3.59:2.08:1.0, 1.96:1.24:1.0, 4.22:2.77:1.00,
and 4,07:2.53:1.0. At 52.8 psf or approximately the failure load, the ratios
were 5.94:2.70:1,0, 2.57:1.67:1.0, 5.32:3.15:1.0 and 5.07:2.77:1.0 or ap-
proximately in proportion to the tributary areas. The brace forces as a

percentage of the stabilized vertical Toad for the north external and center
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bay at 20.7 psf were 14%, 14%, and 26% and 12%, 13%, and 15%, respectively.
At 52.8 psf, they were 16%, 13%, and 18% and 15%, 14%, and 14%, respectively,
measured from the eave to ridge.

In Test 5-B, brace forces were measured at the midspan of the north
exterior bay and the center bay. Results are shown in Figure E.19 and E.20.
At 19.8 psf, or approximately working load, the brace force ratios were
2.30:2.10:1.00 and 2.75:2.10:1.0 and at 40.1 psf or approximately failure
load, 1.84:1.48:1.0 and 4.06:2.83:1.0, eave to ridge, north exterior and
center bays, respectively.

For Test 5-B the brace force as a percentage of stabilized vertical
load for the external and internal bays at 19.8 psf were 8%, 12% and 16%,
and 5%, 7%, and 9%, respectively; at 40.1 psf they were 8%, 11%, and 22%,
and 6%, 7%, and 7%, respectively, measured from eave to ridge.

Strains were measured in Test 5-A immediately outside the lap at the
north interior support of the center bay. For Test 5-B stram measurements
were made at the north interior support of the north bay immediately outside
the lap. Streés plots for Test 5-A are shown in Figures E.10 to E.12 and
for Test 5-B in Figures E.21 to E.23. For Test 5-A, Figure E.12 shows buck-
1ing of the bottom flange and 1ip near failure. FigureE.23 shows buckling of
the bottom 1ip in Test 5-B, again near failure. The stress distributions
shown do not confirm the constrained bending assumption.

Plots of vertical load versus lateral displacements for Tests 5-A
and 5-B are shown in Figure E.13 and E.24, respectively. Measurements were
made at the centerline of the north exterior bay. In Test 5-A the top and
bottom flanges of the test purlin moved toward the ridge approximately the

same amount. In Test 5-B the top and bottom flanges also moved toward the
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ridge, but the bottom f]ange'moved more.

3.7 Test Series VI

The purpose of this series was to study the behavior of a three span
system with midspan intermediate bracing in each bay. The nominal spans were
20 ft. and the design load was 50 psf. The test set-up was identical to that
used in Series V, including test purlin line lap lengths. The lap lengths for
the ridge line were determined in the same manner. Two tests were conducted
in this series, however, an error in the erection of Test 6-A resulted in
premature failure and the results are not considered valid. Test data for
that test is found in Appendix F, for reference, but results will not be dis-
cussed here. Test 6-B was a retest of 6-A.

The failure mode for Test 6-B was Tocal buckling of the compression
flange and 1ip immediately outside the lap in the north exterior bay at a
Toad of 285 p1f. The predicted failure load was 298 pif or 4.6% higher than
the test value.

Measured vertical deflections at the midspan of the north exterior
bay were greater than predicted as shown in Figure F.18. The measured load
deflection curve was linear until near failure.

Measured brace forces versus vertical load for the center and north
spans are shown in Figures F.19 and F.20, The forces vary Tinearily to near
failure. At a load of 37.0 psf, or approximately working load, the brace
force ratios for the external and internal spans were 3.24:1.92:1.0 and
2.81:1.84:1.0, respectively, and at 60 psf, or approximately failure load,
the ratios were 3.24:1.92:1.0 and 3.34:1.73:1.0, respectively, both eave to

ridge. Brace forces as a percentage of the stabilized vertical load for the
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external and internal bays at 37 psf were 9.2%, 9.1%, and 14.2% and 5.1%,
5.6%, and 9.1%, respectively, and at 60 psf the percentages were 7.7%, 8.3%,
and 14.3% and 4.3%, 5.9%, and 11.7%, respectively.

Strain measurements were made immediately outside the Tap in the
north exterior bay. Stress plots are found in Figures F.21 to F.24 and show
stress reversal in both the top and bottom 1ips. VYielding did not occur and
the constrained bending assumption was not confirmed.

Lateral displacements at the midspan of the north exterior bay are
shown in Figure F.25. The top and bottom flanges moved toward the ridge

with the bottom flange moving more.

3.8 Results of Supplementary Tests

Coupon test results from samples of test purlins are given in Table
5. The average yield stress for the 23 samples was 54.6 ksi, the highest
was from the Test 5-A center purlin with a value of 63.9 ksi, and the Towest

was 46.7 ksi for the Test 3-B south purlin.
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Table 5

Coupon Test Results

Yield Ultimate Elongation

Thickness Stress Stress 2 1in.
Test (in) (ksi) (ksi) %
1-A .086 51.8 62.4 34
1-B .0868 51.4 62.4 33
2-A N .0683 52.4 61.9 26
2-A S .067 53.3 62.3 29
2-B N .066 51.5 62.9 27.5
2-B S .0648 55.1 64.7 29
3-A N .0978 50.4 74.9 29
3-A S .100 51.9 74.5 28.5
3-B N .0976 48.9 73.8 26.5
3-B S .0996 46.7 72.9 28
4-A .0975 55.7 80.7 19
4-B .0936 56.0 80.6 26.5
4-C .0965 57.4 80.5 29
4-D .099 58.3 78.0 30
4-E .098 57.9 80.9 29.5
5-A N .0655 61.0 70.4 26
5-A o .0592 63.9 79.1 27.5
5-B N .0688 51.4 63.2 29
5-B C .0598 58.7 77.3 28
6-A N .085 51.6 64.1 31.5
6-A C .066 57.0 73.3 29.5
6-B N .082 53.4 72.8 27.5
6-B C .0653 59.3 70.6 29.5
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CHAPTER 1V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

4.1 Summary

Six series of tests of a standing seam roof system are reported here.
One, two and three span configurations of systems designed for Tight, medium
and heavy 1ive loads were tested, A total of fifteen tests were conducted.
Each set-up was fully instrumented and loading was to failure of the system.
Emphasis was placed on determining intermediate brace forces and brace force
accumulation effects.

The complete test matrix is given in Table 1, a summary of results
is found in Table 5 and comparisons of results at nominal design Toads (work-
ing loads) and at a factored working Joad are found in Tables 6 and 7, re-

spectively. General conclusions and recommendations follow.

4.2 Conclusions and Recommendations

Failure Load Predictions. Except for Tests 4-A and 4-C, actual fail-

ure loads were either greater than or within 20% of predicted Toads. In Tests
4-A and 4-C, premature failure was caused by failure of the ridge purlin which,
for testing purposes as explained in Section 3.5, was nonstandard in size. of
the remaining tests, the actual failure Toads were either greater than or with-
in 13% of predicted loads except for Tests 1-B and 2-B. Both of the tests

were conducted using the same set-up as the previous test in the series with
only damaged material replaced. It is believed this procedure caused the

Tower failure loads in the second tests., For the two tests without inter-

mediate bracing, Test 4-B and 4-E, the actual loads were over 200% greater
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than the predicted Toads. The predicted loads were based on an unbraced
length equal to the span length. Obviously, some lateral restraint is pro-
vided by panel "drop" and friction in the clip.

Predicted failure loads were all obtained using Star Manufacturing Com-
pany's purlin design program. For analyses of single spans, the unbraced length
of the purlin compression flange is assumed to be equal to the distance from
the rafter to an intermediate brace or to the distance between intermediate
braces. When the top flange is in compression in a multi-span analysis, brace
points are assumed to be at the inflection points and at the intermediate brace
locations. When the bottom flange is in compression, only the rafter locations
and the inflection points are considered to be brace points. The failure load
was defined as the applied load which produced a unity check value of 1.67.

From the results of this testing program, it is concluded that Star Manufactur-
ing Company's program is adequate for the design of standing seam roof systems
of one, two or three continuous spans and with 1/3rd point, midspan or no inter-
mediate bracing, constructed as described herein.

Failure Modes. Except for Test 5-B, the failure mode for all tests

was local buckling of the compression flange and 1ip. The failure mode for
Test 5-B was web crippling at an exterior support. In Test 4-B, local buck-
1ing was influenced by excessive lateral displacements. The location of local
buckling was approximately 12 in. either side of midspan for single span tests
and immediately outside the 1ap in an exterior bay for multi-span tests.

Vertical Deflections. Vertical deflections were estimated using the

constrained bending assumption and standard stiffness analysis for multi-span
tests. For all tests except 5-A, measured vertical deflections were greater
than predicted deflections (Am/Ap > 1.0 in Table 7). For Test 5-A, vertical

deflections were slightly less than predicted.

-43-



At working loads, the ratio of measured to predicted deflections
varied from 0.92 to 1.63 (Table 6) and at Toads above working loads from 0.92
to 2,30 (Table 7). Possibly a better estimate of vertical deflections can be
obtained using the procedure suggested in References 2 and 4.

Intermediate Brace Forces. Unfortunately the test set-up used for

Series I, IT and III resulted in an indeterminate intermediate brace system.
Evaluation of the results for these series is beyond the scope of this report,
but will be addressed in a future report.

The bracing system used for Series IV, V and VI was determinate and
preliminary evaluation can be made. Tables 6 and 7 show brace forces as a
percent of stabilized load for working loads and higher Toads, respectively.
For 1/3rd point bracing schemes, brace numbers 1, 2, 3 and 4, 5, 6 are outside
and inside locations, respectively, of the north exterior rafter for multi-
span tests and the two brace lines for single span tests. For midspan bracing,
1, 2, 3 are at the midspan Tocation of single spans or of the north exterior
span and 4, 5, 6 are at the midspan location of the center span. Numbering
is from ridge (1) to eave (3). If the percent of stabilized load is the same
for all three braces at a location, full accumulation is indicated.

For the single span tests, Series IV, brace forces as a function of
stabilized load varied from 3.8 to 9.7 except for one case (Brace 1 of Test
4-C, Table 6) and values were relatively consistent at a brace line. The
magnitudes are considerably Tower than found for similar tests using conven-
tional pane1(4).

For Test 5-A, three spans with intermediate braces at the 1/3rd
points of all spans, higher forces were measured in the exterior span, with
the highest forces at the exterior 1/3rd point. Full accumulation is indi-
cated except at the eave Tocation at the exterior 1/3rd point of the north

exterior span where very large forces were measured. Values at this location
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were 21.9% and 26.1% and varied at the other five locations for both loads
from 12.8% to 15.0%.
For the three span tests with midspan bracing, Test 5-B and Series
VI, measured forces were erratic. In general full accumulation was not real-
ized and the forces were higher in the exterior span than in the center span.
A more detailed evaluation of the brace force distribution will be
provided in a future report.

Stress Distribution. Stress distributions determined from strain

gage measurements generally confirmed the constrained bending assumption at
midspan locations, but considerable difference was found at locations immed-
jately outside the Tap. Generally, yielding was not detected before failure.
It is believed the techniques suggested in References 2 and 4 will provide a
better estimate of the stress distribution at the lap Tocation.

Lateral Displacements. Lateral displacement of the test purlins was

erratic as shown in Tables 6 and 7. It is believed initial "plumbness" of the
purlin webs and initial sweep along the span significantly effect lateral

displacements. No further analysis of the phenomenon is planned.
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APPENDIX A

TEST SERIES I RESULTS



TEST SUMMARY

Project: Star Manufacturing Company

Test No,: lA .
Test Date: 5/28/81

Purpose:_ Base Test

Span(s):_ 25'-0" Single Span

Thickness: 0.683 ' Moment of‘Inertia:_ 13.589 in4

Parameters:Intermediate Bracing @ 1/3 pt.

Clips in place. <

No insulation ® =

Spacing @ 5'-Q"

‘Failure Loed!: 143.0 pif

Failure Mode‘__.Jocal buckling of the éompression flange & lip
Predicted Failure Loads: .
' " Method Star (u.c. = 1.669) _Lead 146 p1f

Method (AISI Constrained) x 1.67 ,,4 201.5 plf

Mechod L Load

Discussion:

-At the onset of this test very poor load vs. deflection results were observed.
After several tests to working load and an analysis of the test set-up as a
grid, it was concluded that due to the stiffness of the deck and the strength
of the clip the deck was transferring load to the outside purlin. All purlins

~in the set-up were identical and, since the tributary area for this purlin was
only one-half of the interior purlins, reserve capacity existed.

-Ribs of the deck were cut close to the interior purlins to allow the test pur-
lin to deflect independently of adjacent purlins.

-After this modification, the load vs. deflection curve showed good agreement
with the deflection predicted through constrained bending analysis.

-Failure occurred because of local buckling of the compression flange and lip
at the center line of the span.

-The test failure load was 38.0% less than that predicted using constrained bend-
ing theory and AISI criteria.
]

-The Star Manufacturing Company failure load prediction was 2% greater than the

, test load. This prediction was based on a laterally unbraced span equal to the
intermediate bracing spacing.

-The stress distribution over the cross-section at working load is close to con-
strained bending.

~The maximum stress at failure load was 39.6 ksi at the bottom flange to web
junction. ' : ‘

" . A.l



-An attempt was made to instrument standard Star intermediate bracing to produce
dynamometers. Success was limited and brace force results should be used with
caution.

-Brace dynamometer #3 was not working at the time of the tests.

-Dynamometer #1, which was between the last purlin and the simulated eave (a
relatively stiff member in the lateral direction), was in compression through-
out the test. Dynamometer #2, on the next downhill purlin, was near zero and
Dynamometer #4,which was attached to the eave, was in tension.

~Lateral movement of the top and bottom flange was in opposite directions. The
top flange of the purlin displaced more than the bottom flange.

-From the plot it appears as if the bottom flange displacement transducer may
have slipped at the first reading.
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AISI FURL
IDENTIFICATIONS

I N

STaR

AN AL
FURILTH TEST 1-A

Y S 1I8

TOF
FLANGE (ir) 2,980
LIFCin) 0.720
LIF ANGLE (des 50.000
RANTUS L/F (ir) 0.500
RADIIUS F/WCin) 0.406

TOTAL DEFTHC(irD
THICKNESS (inm)

8.1
0.083
91.8

YIELD STRENGTH(lksi)
MOMENTS OF INERTIACim™4)

GROGG= 12.590

STRENGTH:= 13.5%0
DEFLECTION= 13Z,590

RE = 2,491 din

FCa 31.080 |lgi

FTe= 31,0880 ksi

FBW==  30.337 Lksi

BOTTOM
3.080
0,640

45,000
0500
0.404

SECTION MODULIYT Cin™3)

TOR
3377

3.377

Figure A.3 AISI Cross-Section Analysis, Test

A.5
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Figure A.4 Load vs. Vertical Deflection, Test 1-A
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TEST 1A

DATE 28 MAY 81
LOAD 528 plf
YIELD

SRENETH  56.8 ksi

FORCE -1.32 kips
B -3.84 k-t
Hy 1.48 k-t
C.6. 4.85in B.8in
W.R.T. pt. A

2.8 ket ¢\

12.7 ks 14.4 kst

Figure A.6 Stress Distribution at 52 plf, Test 1-A
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TEST 1A

DATE 28 HAY 81
LOAD 1848 plf
YIELD

STRNGTH  56.8 ki

FORCE -3.83 kips
B =7.66 k-ft
Hy 2.14 -t
C.6. 4.85in 8.8in
WR.T. pt. A

%.8 ks 23.9 kel

Figure A.7 Stress Distribution at 104 plf, Test 1-A -
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=26.8 ksi

=18.8 ksl

ST 1A

DATE 28 MAY 81
L0 138.0 plf
YIELD

STRENGTH  56.8 ksi

FORCE -4.83 kips
e  -18.08 k-t
My 3.49 k-t
C.6. 4.85in 8.88in
V.R.T. pt. A

Figure A.8 Stress Distribution at 130 plf, Test 1-A
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TEST SITMNARY

Project: Star Manufacturing Company

Test No.: 1B

Test Date: '6/3/81

Purpose: Base Test

Span(s): 25'-0" Single Span

Thickness:_ 0.083 | Moment of Inercia: 12.929 in”
Parameters: Intermediate Bracing @ 1/3 pt. E = 12.334 in”

— X
Clips in place. ' star

No insulation.

Spacing @ 5'-Q"

Failure Load: 117 pif

)
Failure Mode‘__Local buckling of the compression fiange & lip @ E

Predicted Failure Loads:
Method_ Star (u.c. 1.669) ‘Load 145 olf

Method (AISI Constrained) x 1.65 p,,4 195.1 plf

Method - Load

Discussion:
-This test is identical to Test 1A; only the test purlin was replaced.

-Deflection of the purlin adjacent to the test purlin was observed to be
greater than that of the test purlin. Premature failure of this purlin may
have influenced the test.

" -Failure occurred because of local buckling of the compression flange and lip
- at the centerline of the span.

-The measured load vs. deflection curve for the tet purlin was in good agree-
ment with the constrained bending prediction.

-The predicted . .constrained bending AISI failure load was 66.7%Z higher than the
test failure load.

-The Star predicted failure load was 23.9% higher than the test failure load.
This prediction was based on lateral buckling.

-The maximum stress on the purlin was at the top flange to web junction and
was 42.6 ksi comp.

-Intermediate brace forces were relatively consistent. Braces near the ridge
were in compression and those near the eave in tension. Only the brace near
the ridge showed significant load.

~The top flaﬁge lateral displacement was higher than the bot tom flange up to
80 plf at which point bottom flange changed direction and moved the same mag-
nitude as the top flanhge.

[}
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Figure A.l11 Purlin Dimensions, Test 1-B
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AISI PURLIN ANALYSTIS
IDENTIFICATION! STAR FURLIN TEST 1-B
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TOF BOTTOM
FLANGE Cirod 3.020 3,040
LIFCin) 0.740 0.640
LIF ANGLE (des) 48.000 48.000
RATITUS L/F Cirmd 0,500 0.000
RATITUS F/W(im) 0.406 0.375
TOTAL DEFTHC(in) 7.92
THICKNESS (ird 0.083
YIELD STRENGTH(l.si) 91.4

SECTION MODULITC(in™3)

MOMENTS OF INERTIACINT4) TOF BOTTOM
GROSE= 12,930 I,.322 3.278
STRENGTH= 12.230 3,322 3,278
DEFLECTION= 12,930
RBE= 2.5%1 in

FC= 30.795 ksl
FT= 30.840 |ksi
FRUW= 30.293 ksi

Figure A.12 AISI Cross-Section Analysis, Test 1-B
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Figure A.13 Load vs. Vertical Deflection, Test 1-B
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DATE 5 JIAE 8
LOAD  52.8 plf
YIELD

STRENGTH  56.8 ksi

FORCE 8.3 kips
W -3.23 kft
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C.6. 3.%8in 06.83in
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Figure A.l15 Stress Distribution at 52 plf, Test 1-B
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=15.2 kst

) =16.8 ksi
TEST 1B
DATE 5 JAE 8
LOAD 104.8 plf
YIELD
STRENGTH  56.8 ksi
FORCE -1.24 kips
We  -7.09 k-ft
Hy 2.39 k-ft

C.6. 3.%8in 8.83in
WRT pt. A

Figure A.16 Stress Distribution at 104 plf, Test 1-B
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APPENDIX B

TEST SERIES II RESULTS



TEST SUMMARY

Projecr: Star Manufacturing Company _

Test No,: . 2-A

Test Date: * 7/17/81

Purpose: Base Test

Span(s): 2 @ 25'-0"

Thickness: . ﬁ=0.66", s=0.64" ' Moment of‘Inertia: N=10.34 ina, $=10.315 in4

Parameters: Intermediate Braces @ 1/3 pt. Star (N=0.814 iné, S=9.825 ina)

Clips in place.

"
i

No _insulation

Spacing @ 5'-Q"

Failure Load: 130 plf
Failure Mode: Local buckling
Predicted Failure Loads: -

Method Star (U.C. 1.660) Loed 149 plf
Method_ATST Constrained x 1.67 Losd 174 plf
Method L Lo.d

Discussion:.

-~The failure mode was local buckling of the compression flange immediately out~-
side the 1lap.

~The rib of the deck was cut as was done in Tests 1A and 1B.

-The predicted load vs. deflection (assuming constrained bending) curve was in
good agreement with test data.

-The Star predicted failure load was 14.67 higher than the test value.
-The AISI predicted, constrained bending failure load was higher than tested.
-A purlin cross-section immediately outside of the lap was strain gaged.

-The stress distribution over the cross section at working load shows max.
stress on the tension side at the web to top flange junction.

~The stress distribution over the cross section near the failure load shows
maximum stress at the outside of the lip and at the flange to lip junction both
on the compression side.

-Only the exterior line of intermediate braces in one span was instrumented.
‘-Brace forces were found to be as high as 650 1b. compressions at the ridge.

-Brace forces decreased in the direction of the eave and were in tension ad-
jacent to the eave. ' '

-The top and bottom flange lateral displacements were in the same direction and
had about the same magnitude until 105 plf at which point the bottom flange
began to move more than the top flange and the top flange changed in direction.

-The maximum lateral displacement was 1.05 in. @ the bottom flange.

B.1
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) Figure B.2 Measured Purlin Dimensions, Test 2-A
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AISIT PURLIN ANAMLYSIS
IDENTIFICATION: STAR FURLIN TEST 2-A4 NORTH

TOF BOTTOM
FLANGE (i 3.120 2.920
LIFPCim 0.540 0360
LIF ANGLE (dod) 42,000 42,000
RADTUS L/F (i 0.313 0.688
RADIUS F/7WCLMD 0.375 0.344
TOTAL DEFTH(in) - 7.94
THICKNESS Cim) 0.0656
YIELD STRENGTH((ksi) 2.4
: SECTION MODULIIC(in™3)
MOMENTS OF INERTIACINT4) TOR BOTTOM
GROSS= 10.254 24610 2,595
STRENGTH= Q.845 2447 2 EHE7
DEFLECTION= 10,240
RE= D.2046  in

FQC= 20151 laid
FT= 31 .440 lsi
FEW= 282,888 ksi

Figure B.3 AISI Cross-Section Analysis Test 2-A, North Span

B.4



S S e o Geve G b s w4 04s Gase Gees Beta Gemd FSor B SAGR BENS Gmet W ede Boms Svus e Bems Sees G004 BIAS $00s Mo MM Siut Beim bmes Seme buse Sees v Sore Sewe Bnee Feer bevi Pees eve S04 SN Sant bme Seme Fend beve bove sees brer

AITSI FPURLIN ANALYSTIS
IDENTIFICATION! STAR FURLIN TEST 2-A SOUTH
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TOF EBQOTTOM
FILLANGE Cir) 3,200 2.9860
LIFPCinD 0.520 0.580
LIF ANGLE (desd) 42,000 42,000
RADIIUS L/F(ird 0,963 0.563
RATIIUS F/W(im) 0.594 0.344
TOTAL DEFTH(im) . 8.04
THICKNESS (inm) 0.064
YIELD STRENGTH(ksi) $3.3
. SECTION MODUL.ITCin™3)
MOMENTS 0OF INERTIACIin™4) TORF BROTYOM
GROSS= - 10.315 2.628 2G04
STRENGTH= 2.927 2447 2:.911
DEFLECTION= 10.291
RE= 21538 in

FC== 21.980 lai
FT= 31.980 kgi
FRW= 28,882 lksi

Figure B.4 AISI Cross-Section Analysis, Test 2-A, South Span
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15.6 ksi

~4.1 ksi

5.5 ksi

3.6 ksi

\ 6.5 ket

TEST 24

DATE 17 JULY 8!
L0 52.8 plf
YIELD

STRENGTH ~ 56.9 ksi

FORCE -0.44 kips
Mx 2.42 k-ft

My  -0.63 k-ft
C.6. 4.80in 0.03in
WR.T. pt. A

Figure B.7 Stress Distribution at 52 plf, Test 2-A
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TEST 24

DATE 17 JULY 8!
LOND  184.8 plf
YIELD

STRENGTH  56.0 ksi

FORCE -2.85 kips
Mx 4 57 l-ft

My  -1.15 k-ft
C.6. 4.88in 0.03in
HRT. pt. A

Figure B.8 Stress Distribution at 104 plf, Test 2-A
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ST 2

DATE 17 JLY 81
LoD 117.8 pIf
YIELD

SREETH  56.8 ksi

FORCE ~13.11 kips
K 2.5 k-ft
Hy 8.31 k-ft
C.6. 4.88in 8.83in
W.R.T. pt. A

Figure B.9 Stress Distribution at 117 plf, Test 2-A _
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TEST SUMMARY

Project: Star Manufacturing Company

Test No,: 2B | .

Test Date: ' 7/24/81 _ o

Purpose: Base Test

Span(s): 2 @ 25'-0"

Thickness: ‘N=0.065", S=0.065" Moment of ‘Inertia:_ N=0.85 inA, $=10.08 in4
Paramerers:_ Intermediate bracing @ 1/3 pt.

Clips in place

No dipnsulation

Spacing @ 5'-0"

" Failure Load: 117 pif

Failure Mode‘ . Local buckling
Predicted Failure Loads: o
Method__Star (u.c. 1.668) Load 146 plf

Method AISI Constr. x 1.65 Load 162 plf

Method . Load

Discussion:
-The failure mode of the test purlin was local buckling of the compression lip
and flange immediately outside of the lap.

-This test was similar to 2A. The deck ribs were cut near each purlin.

-Test data was in good agreement with the predicted (constrained bending) load
vs. deflection relationship.

~The down hill purlin showed more deflection than the test purlin and it is pos-
sible that this purlin failed first.

-The Star predicted failure load was 24.8% higher than the experimental load.
~The AISI predicted failure load was higher than the experimental load.
-A section iﬁmediately outside of the lap was strain gaged.

-The maximum stress on the gaged cross section at working load was 31.4 ksi ten-
sion at the web to flange junction.

~The maximum stress on the gaged cross-section at failure load was 46.6 ksi
tension at the web to flange junction.

-The distribution of brace forces was similar to Test 2A. The magnitudes were
considerably less than in Test 2A. B

~-The top and bottom flange lateral displacements were inﬁthe same direction and
were of approximately the same magnitude until 90 plf at which point the dis-
placement of the top flange changed in direction.

* ) B.12
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AT SI FPURLIN ANALY®STIS
IDENTIFICATION: STAR FURLIN TEST 2-L NORTH
TOF ROTTOM
FLANGE (i) 2,040 2.940
LIFCin) 0.540 0.540
LIF ANGLE (ded) 42,000 42,000
RATIIUS L/F Cind 0.375 0.438
RADTUS F/7Win) 0.438 0. AR

TOTAL DEFTHCin) - 792
THICKNESS (in) 0,060
YIELD STRENGTH(Cks@) G913
. SECTION MOIMM.TY Cird™3)

MOMENTS OF INERTIACINT4) TOR BOTTOM
GROSG= P.848 2,023 2491
STRENGTH-=: ?.319 2,388 2061
DEFLECTION:= ?.846
BE= 2,234 dn
FC= 29,922 k=i
FT= 20.9200 lsi

FEW= 28,3527 jei

Figure B.13 AISI Purlin Analysis, Test 2-B, North Span
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ATSTI FURLIN ANALYSIS
IDENTIFICATION: STAR FURLIN TEST 2-F SOUTH
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TOF ROTTOM
FLANGE(ir) 3.040 2.940
LIFCir) Q540 0.500
LIF ANGLE (ded) 42.000 42,000
RATITUS L/F Cird 0.404% 0,438
RATITUS F/WCim) 0406 0.375
TOTAL DEFTH in) - 7.98
THICKENESSCind 0.065
YIELDY STRENGTH(ksi) 5.1
: SECTION MODULIICin™3)
MOMENTS OF INERTIACINT4) TOF EOTTOM
GROSS= 10.007 2,554 2.503
STRENGTH= ?.620 2.395 2468

NEFLECTION:= ?.992
BE= 2,191 in

FQ= 31 .861  |lsi
e 2,040 el
FRW= 229.9246 ksi

Figure B.14 AISI Purlin Analysis, Test 2-B, South Span
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1.1 kst
12.5 kst

ST 28

DATE 24 JLY 81
LOAD 528 plf
YIELD

STRNTH  56.0 ksi

FORCE -8.83 kips
b 2.2 ket
Wy D71 kAt
C6. 3.8in 0.®in

4.7k N\ WRT. pt. A

5.9 kel -18.8 ksi

Figure B.17 Stress Distribution at 52 plf, Test 2-B
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11.4 kst

21.2 ksl

/2.4 kst

TEST 28

DATE 24 JULY 8
LOAD 104.8 plf
YIELD

STREN6TH  56.8 ksi

FIRCE 9.85 kips
b 48 kft
My -2.84 keft
C6. 3.%in 0.82in
NR.T. pt. A

~14.7 kst

Figure B.18 Stress Distribution at 104 plf, Test 2-B
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APPENDIX C

TEST SERIES III RESULTS



TEST SUMMARY

Project: Star Manufacturing Company

Test No.: . 3A o ' .

Test Date: ‘7/30/81 .

Purpose: Base Test

Span(s): 2 @ 25'-0"

Thickness: N=:099", 8=,097" - Memenrt of'Inertia:;N=15.81 in4, S=15.47'in4

Parameters: Intermediate Bracing @ 1/3 pt.

Clips in place

"
1

No insulation

Spacing @ 5'-Q"

Failure Load: 265.2 plf
Failure Mode+ Local buckling
Predicted Failure Loads: -

Method Star (u.c. 1.666) Load 244 plf

Method_ATST Constrained x 1.67 __ Lsd__ 273 8 nif

Method o Load
Discussion:

~Failure mode was local buckling of the lip and flange just outside of the lip.

~Load vs. deflection plot showed good agreement between constrained bending and
test data.

\

-The Star predicted failure load was 8.07 lower than the experimental failure load.

-The AISI predicted failure load was 13.5%7 lower than the experimental failure
load.

-The stress at working load showed a max. stress of 38.5 ksi comp. at the flange
to web junction.

-The stress at failure load showed yield stress at both the top and bottom web
to flange junctions.

-The magnitude of the compressive force in brace #1 & #2 were approximately the
same. Brace forces #3 and #4 were approximately the same until approximately
120 plf at which point brace #3's compressive force increased while #4's went
from compression to tension. '

-The maximum brace force for all the braces is as follows: {1, 1089 1bs com-
pression; #2, 1000 lbs compression; #3, 398 lbs compression; #4, 346 1bs tension.

-The lateral movement of the top and bottom.flanges was in the same direction.
The top flange of the purlin displaced more than the bottom flange.

-The maximum lateral,displacement of the top and bottom flanges was 1.169 in.
and 0.945 in., respectlvely \



-In this test two extra tests were performed to compare braced and unbraced
cases. Comparisons between these two cases are discussed below.

-The load vs. deflection curves for the braced and unbraced cases were very close.
The unbraced case had more vertical deflection. Both the braced and unbraced
cases had more deflection than theoretical predictions.

-The stress plots were made at 104 plf. The overall shapes of the plots were
very similar. The stresses were higher for the unbraced case.

-For the unbraced case, the lateral displacements measured at the centerline of
the span were higher than for the braced case. The displacements of the top
and bottom flanges were 17.87 and 30% higher, respectively.
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AISI FURLIN A

N A L

Y8 I6S

IDENTIFICATION: STAR FURLIN TEST I~-A NORTH

.-....-...-.................._..-.._.........—--......‘....._....‘....»..._...........‘....,.............

TOR
FLANGE (ir) 2,940
LIFCirD 0770
LIF ANGLE(ded) 43,000
RADIUS L/F Cimd 0,375
RADIUS F/7WCim) 0.563

TOTAL DEFTHCin)
THICKNESS (i)
YIELD STRENGTH(ksi)

8.14
0,099
50.4

OF INERTIACINT4)

ROTTOM
3.020
cT20
40,000
0.438

SECTION
TOF
3,970
3.970

MODULTT Cin™3)
BOTTOM
3,895

3,890

MOMENTS

GROGG= 15.808
STRENGTH= 15.808
DEFLECTION= 15,808
RE= 2279 in

FC== 9666 ki

FT= 30.240 lksi

FRW= 30,240 ksl

Figure C.3 AISI Purlin Analysis, Test 3-A, North Span
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AISI FPURLIN ANALYSIS
IDENTIFICATIONS STAR FURLIN TEST 3-A SOUTH

-—_--.-...——_—-_...-—-_—..._..—-..-......-—....._.—..._..........._-...—...—-.....-.._.-..«....—.............a.._......_.._........._«........w.

TOF ROTTOM
FLANGE (im) 3.020 3.100
LIFCin) 0.720 0.540
LIF ANGLE(dest) 42,000 43,000
RATIUS L/F Cird 0.438 0,438
RADIUS F/ZW i) 0.404 0375
TOTAL DEFTHCirm) 8.02
THICKNESS Cir) 0.099
YIELD STRENGTH(ksi) 91.9

SECTION MODULTLCin™3)

MOMENTS OF INERTIACInT4) TORF BOTTEM

GROSG=
STRENGTH=
TEFLECTION:=
FQ= 31 .132
FT= 31140
FEW= 31,140

Figure C.4 AISI Purlin Analysis, Test 3-A, South Span
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21.8 ket

<3.1 kst

8.1 ksl -23.1 kst

12.7 kst

5.9 ksi

TEST 34

DATE 38 JULY 81
LOAD  184.8 plf
YIELD

STRENGTH  56.9 ki

FORCE —8.48 kips
Mx 5.96 l-ft
Wy -1.58 k-ft
C.6. 4.12in 8.86in
HR.T. pt. A

Figure C.7 Stress Distribution at 104 plf, Test 3-A
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2.0 kst

2.8 ksl

-14.8 ksi

18.2 kst

1.5 ksi

TEST  3h

DATE 30 ALY 81
LOM  156.8 plf
YIELD

STRENGTH 56 ki

FORCE -1.88 kips
Mx 8.66 k-t

By  -2.28 k-ft
C.6. 4.12in 8.86in
W.R.T. pt. A

Figure C.8 Stress Distribution at 156 plf, Test 3-A
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18.8 kst

~18.8 ksl 8.4 ksl

2.9 ksi

1.8 ksi

TEST 3A

DATE 38 JULY 81
LOAD  208.0 plf
YIELD

STRENGTH  56.8 ksi

FORCE -1.68 kips
M 11,14 k-ft
By  -2.76 kft
C.6. 4.12in 8.86in
WR.T. pt. A

Figure C.9 Stress Distribution at 208 plf, Test 3-A
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5.4 kst

2.8 ksl

<25.6 ksl

517 kst

FORCE -5.47 kips
B 14.65 k-ft

By  -3.84 k-ft
C.6. 4.12in 8.06in
W.R.T. pt. A

Figure C.10 Stress Distribution at 265 plf, Test 3-A



o T O T T~

O = O

N~ — T

250

200

{50

106

T
a
)
L\ 1
)
)\
3
)
)
!
by
) l\
"
i
A 4
x!
3}
A
A' |
vt ]
\\\
3\
‘\\
%
e — T
\‘\ +———+ BOT HORY.
i
\
-1.5 -1 -8.5 g 8.5 f 1.5 ¢

DISPLACEMENT Cin.)

Figure C.11 Vertical Load vs. Lateral Displacement, Test 3-A

C.13



TR T =S

N T OO

125

180

IS

)

0

r - — —+ UNBRACED
THEGRITICAL

/f
e 1 1 1 1

8.2 8.5 8.75 1 [.25 Lo

DEFLECTION (in)

Figure C.12 Load vs. Vertical Displacement for Braced and Unbraced
Purlins, Test 3-A

.14



\\ ““r‘ }<g;:> 5.2 ksi

y TEST 34

" DITE 38 JLY 8
LOAD 104.8 plf
YIELD

STRENGTH  50.4 ksi

FORCE -8.18 kips

Mx 6.87 k-ft
My -1.68 k-ft

C.G. 4.12in 0.86in

. \ WR.T. pt. A
t[ !

-28.1 ksi

Figure C.14 Stress Distribution on Unbraced Purlin, Test 3-A
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TEST SUMMARY

Project: Star Manufacturing Company . _

Test No,: . 3B

Test Date: ° 8/3/81 _

Purpose: Base Test

Span{s): 2 @ 25'-0"

Thickness: N=.099", §=.097" Moment of Trertla: N= 15,665 in", S=15.758 in
Parameters: Intermediate Brading @ 1/3 pt. ___ Star N=15.144; $=15.278

°

Clips in place

No dinsulation

Spacing @ 5'-0"

Failure Load: 247 plf )
Failure Mode . Local buckling - °
Predicted Failure Loads:
‘ Method__ Star u.c. 1.666 Lond___ 243 plf
Method__ ATST Constrained x ].67 _L¢ué__270,3 pif
Method Load

Discussion:

-Failure mode was local buckling of 1lip and flange.

-Load vs. deflection curve showed good agreement up to about 180 plf then the
‘experimental curve began to deviate from theoretical predictions.

~-It was observed that the.displacement of the downhill purlin was more in this
test than in test 3A. This could explain the failure load being lower than
that of test 3A.

-The Star predicted failure load was 1.6% lower than the experimental failure
load. S

-The AISI predicted failure load was 8.37% higher than the experimental failure
load.

-The stress on the cross section at working load shows a maximum stress of
42.6 ksi tension at the top flange to web junction.

-The stress on the cross section at failure load shows yield stress at both
top and bottom flange to web junctionms.

-The brace forces in braces #1 and @2 were similar to test 3A. Brace ##4 was
in tension from the onset of the test and showed very little load throughout
the test. ! -

-The maximum brace forces are as follows: #1, 714 1bs compression; #2, 500 lbs
compression; #3, 108 1lbs compression; #4, 247 1bs tension.

-Top horizontal displacement transducer was not working at the time of testing.

Cc.18
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ATSI FPURLIN ANALYSTIHS
IDENTIFICATION?: STAR FPURLIN TEST 3-B NORTH
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TOF ROATTOM
FLANGE (i) : 2,900 3.020
LIFCGinD 0.760 0.540
LIF ANGLE (ded) 42,000 42.000
RALFTUS L/ZF Cird 0.375 0.438
RATIIUS F/WC(inmD 0.563 0,620
TOTAL DEFTHCin? 8.12
THICKNESS Cir) 0.099
YIELD STRENGTHC(ks1) 48,9
SECTION MODULTYCin™3)
MOMENTS OF INERTIACINT4) TOF BROTTOM
GROGE= 154665 3.9%4 J.uze
STRENGTH= 1. 665 3934 3,878

DEFLECTION= 10,4469
RE= 229 din

FQ== 28.808 tkei
== 29,340 lui
FEW= 29.340 Lsi

Figure C.18 AISI Purlin Analysis, Test 3-B, North Span
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AT SI FPURLIN ANALYSTITS
IDENTIFICATION: STAR FURLIN TEST 33—k SOUTH
TOF ROTTOM
FLANGE (ir : 3.000 3100
LIFCir) 0.770 0.550
LIF ANGLE (des) 42,000 42,000
RADITUS LL/F Cin) 0375 0.438
RADIUS F/7W0im) 0.563 0,375

TOTAL DEFTHCiIn) 8.1
THICKNESS Cir) 0.097
YIELD STRENGTH(ksi) 44,7
SECTION MODULIICin™3)
MOMENTS OF INERTIACGINT4) TOR BOTTOM
GROSS= 15,758 3097 ., 881
STRENGTH= 15,758 2,997 3.881
VEFLECTION= 15,748
RE == 2:341  in
FC= 27,398 ksi
FTe= 28,020 lsi
FEW= 28,020 |kwi

Figure C.19 AISI Purlin Analysis Test 3-B, South Span
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5.7 ksl

4.9 ksi

T B

DATE 3 ALG 8|

LOAD  184.0 plf
YIELD

STRENSTH  56.8 ksi

FORCE -1.47 kips
b 6.21 kAt
W 1.3 kft
C.6. 4.89in 0.84in

TR H.R.T. pt. A

4.8 ksl ~26. ksl

Figure C.22 Stress Distribution at 104 plf, Test 3-B
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8.5 ksi

7.8 kst

ST 3

DATE 3 AG 81

LOAD  156.8 plf
YIELD

STRNETH 6.8 ksi

FORCE -1.68 kips
M 9.3 lft

By  -1.99 k-ft

C.6. 4.8%in 8.84in

at ket N WR.T. pt. A

8.9 ksl

Figure C.23 Stress Distribution at 156 plf, Test 3-B
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48.8 kst

8.2 ksl

8.5 kst

~41.8 ksl

b

TEST 3B

DATE 3 AUG 81
LOAD 288.8 plf
YIELD

STRENGTH  56.0 ksi

FORCE .51 kips
b 16.48 k-ft
My -1.87 kAt
C6. 4.8in 8.84in
WR.T. pt. A

Figure C.24 Stress Distribution at 208 plf, Test 3-B



$6.0 ksi

TEST 38

DATE 3 AUG 8
LOAD 247.8 plf
YIELD

STRENGTH  56.8 ksi

FORCE -B.81 kips
M 13.80 k-ft
By  -2.51 k-ft
C.6. 4.Min 8.84in

7.0 kel V.R.T. pt. A

~13.5 ks| ~56.8 ks

Figure C.25 Stress Distribution at 247 plf, Test 3-B i
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APPENDIX D

TEST SERIES IV RESULTS



TEST SUMMARY

Profect:__ Star Manufacturing Company o e
Test Mo,: 4-A . ~
Test Date: 1/18/82 ' _ _
Purpose:  Test 4A w/o Ipsulation _
Span(s}i___ ] @ 25'-Q" _
Thickness: n 094" ‘ Moment o ‘lnervia: 14.484 in4
Parameters: Intermediate Braces @ 1/3 pt.
) Clips in place | e

No insulation —— e

Spacing 4'-9"*

Strain gages @ B _of purlin —
Failure Load! 225.6 plf ) o
;s ..ure Moder  Compression buckling of flange @ flange & web node. L
Predicte. Tailure Loads:».

Method_ Load

Method ATST x 1.65 . Load 336.554 plf

Method L Load~_

~

Discussion:

-The purlins were spaced @ 4'9" to provide more room on the outside of the test
set-up so that the ridge purlin would not hit the chamber wall.

-The failure mode was local buckling of the compression flange and web at the
center of the span. '

-There was good agreement between the predicted and experimental load vs. de-
flection curves.

-From the load deflection curve, deflection of the test purlin seems to be
linear up to the point of failure. It would appear that the ridge purlin again
failed before the test purlin.

-The AISI predicted failure load was 47.27% higher than the experimental failure
load.

~From the stress plot @ failure load the max. stress was 47.8 ksi compression
at the flange to web junction.

-With the adjustment in the test set-up the brace forces did not reduce in mag-
nitude at higher loads.

~Brace forces increased approximately linearily.

-At 31.2 psf the ratio of brace forces was 1:1.79:3.09 (in the direction of ridge
to eave). The ratio of tributary areas was 1:3:5, '

-At 31.2 psf-the brace forces as a percentage of stabilized vertical load was
19.8%, 18.9% and 17.2% in the direction of ridge to eave.

-The top and bottom flanges moved laterally in the same direction. The top
flange moved more than the bottom flange.

D1



-There was more lateral displacement of both the top and bottom flanges as
compared to the 4C test, ie. @ 200.9 plf, 4A Top, 0.70 in; 4C Top, .255 in;
4A Bottom, 1.201 in; 4C Bottom, .507 in.

-The maximum lateral displacement of the eave was 0.815 in. @ the centerline.

-The maximum lateral displacement of the first purlin was 0.439 in.
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(a) Elevation of Test Set-Up
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(d) Plan View

~* - Measured Displacement -
T - Top =

B - Bottom ' ~__

&~ Strain Gaged

c - gg?ig;iig§1on : (c) Typical Purlin
Dynanometer

--- Intermediate Brace

Figure D.1 Instrumentation Location, Test 4-A
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TORP ROTTOM
FLANGE (irm) ) 2.880 2.800
LIPCGin 0.880 0.4680
LIF ANGLE (deg) 50.000 49,000
RAITUS LL/F i) 0.469 0.469
RADIUS F/7KCim 0.405% 0.406
TOTAL DEFTHiR) 8
THICKNESS (i) 0.094
YIELD STRENGTH(lkesi) 597
SECTION MODUWNLIT Cin™3)
MOMENTS OF INERTIAC(LINT4) TOF BOTTOM
GROSG= 14.484 3,732 X099
STRENGTH= 14.484 3732 KPR
DEFLECTION= 14,484
BE = 2.300  in
FC= I2.374  kwi

F1= 33,420 lksi
FEW= 33,391 ksi

Figure D.3 AISI Cross-Section Analysis, Test 4-A
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Figure D.4 Load vs. Vertical Deflection, Test 4-A
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Figure D.5 Vertical Load vs. Brace Force at 1/3 Point of Span, Test 4-A
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Figure D.6 Vertical Load vs. Brace Force at 1/3 Point of Span, Test 4-A
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-12.8 ksi
-17.9 ksi

~{2.8 ksl

TEST 4A

DATE 18 JUE 62
LOAD  99.8 plf
YIELD

STRENGTH  56.8 ksi

FORCE  8.09 kips
W -5.27 k-ft
By 179 kAt
C.6. 4.87in 0.8in

1.5 kst WRT. pt. A
A

14.3 kst 18.1 ks

Figure D.7 Stress Distribution at 99.8 plf, Test 4-A
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-16.8 kst

<28.1 kst

24,8 ksi

TEST 4h

DATE 18 JUNE 82

LOAD 149.2 plf

YIELD

STRENGTH  56.0 ksi

FORCE  8.51 kips

B  -7.83 k-ft

By - 2.62 k-t

€.6. 4.87in 8.88in
17.3 ksi VRT. pt. A

28.7 kst 27.2 ksi

Figure D.8 Stress Distribution at 149.2 plf, Test 4-A

D.10



TEST  4h

DATE 18 JUE 82
L0 200.9 plf
YIELD

STRENGTH  56.8 ksi

FORCE  1.83 kips

Bx -10.48 k-ft
By  3.42 kft
C.6. 4.87in 8.88in
UR.T. pt. A

Figure D.9 Stress Distribution at 200.9 plf, Test 4-A
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~47.8 kst

TEST 4h

DATE 18 JUE 82
L0 228.9 plf
YIELD

STRENGTH  56.8 ksi

FORCE  1.22 kips
Mx  -11.54 k-ft
Hy 3.58 k-ft
C.6. 4.87in 8.88in
VR.T. pt. A

Figure D.10 Stress Distribution at 220.9 plf, Test 4-A
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TEST SUMMARY

Protect: Star Manufacturing Company

Test No,: . 4B

Test Date: ° December 3, 1981 L

Purpose: Effect of panel "hugging'" on lateral restraint. )
Span(s): Single span 20'-0"

Thickness:_. 0.094 in. . Moment of '‘Inertia: _14.44 in4

Parameters:_No intermediate bracing

Star Ix = 13,769 in4

No clips

No ipsulation

Spacing 7'-3"

Failure Load: 128.2 plf

Failure Mode: Extreme lateral displacement

Predicrted Failure Loads:
Method Star (u.c. x 1.672) Load

35 p1lf unbraced

Method AISI Constrained Bending Loud

335.4 plf w/FS=1.67

Method L Load

Discussion:

-Top flange lateral displacements were very large.

-Test was stopped when it was determined that the outside purlins were taking

the load. (See load vs. displacement curve.)
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T L T

(a) Elevation of Test Set-Up

N 7l3ll 7l3ll J

e 20"‘0"

(b) Eave

(d) Plan View

<% - Measured Displacement

T - Top

B - BOttom . l_%

CZD— Strain Gaged ~_

o - Cibrated | (c) Typical Purlin
Dynanometer

--- Intermediate Brace

Figure D.12 Instrumentation Location, Test 4-B
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Figure D.13 Measured Purlin Dimensions, Test 4-B
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TON MODULIICin™3)
BOTTOM
3.605
3.605

AISI PURLIN ANALYSIS
IDENTIFICATIONS STAR FURLIN TEST 4-K
TOF ROTTOM
FLANGE (ir) 3,020 2,640
LIFCirD 0.880 0.740
LIF ANGLE (des) a8.000 40,000
RADIUS L/F(im) 0.300 0375
RALDTUS F/ZWCirm) 0,406 0.406
TOTAL DEFTHCir) 798
THICKNESS (i) 0.094
YIELD STRENGTH(lksi) oé
SECT
MOMENTS OF INERTIACINTA) TOM
GROSE= 14.518 3762
STRENGTH= 14.518 3762
DEFLECTION= 14.318
RE = 2:820 in
FC= 33,4600 lsi
Fo= 33.400  hksi
FRUW= 33.5646%9 ksi

Figure D.14 AISI Cross-Section Analysis, Test 4-B
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Prolect:

Star Manufacturing Company

TEST SUMMATY

Test No,: 4C

Test Date: November 3, 1981

Purpose: Base Test

Spar(s):__ Single Span 20'-Q" . _
Thickness: . .0Q9g" Moment of 'Irercia:_15.695 in4 (Gross)_
Paramerers: Intermediate Bracing at 1/3 pts. Star Ix = 15.024 in4

Clips installed

No _insulation

Spacing 4'-10"

" Failure Load: 233.7 plf

FailureANode: Local buckling

Predicted Failure Loads:

Method Star u.c. x 1.668 Load 327 plf
AISI Constrained Bending [,ad 357.7 plf w/FS = 1.67

Method
Method

Load .

Discusgsion:

~Fajlure occurred because of local buckling of the compression flange near the
centerline at 237.7 plf.

-Vertical deflections wére approximately 257 greater than constrained bending
predictions.

-Measured vertical deflections were approximately linear.

-From lateral displacement and intermediate brace vs. load plots, it appears
that the system deflected into the west side of the vacuum chamber and was
then restrained by the chamber wall.

-No strain measurements were made.
-Brace forces were reasonably consistent until contact with the chamber wall.
-Brace forces increased approximately linearily.

-At 31.2 psf (6 in. of H.0) the ratio of brace forces was 1:2.32:2.82 (in the
direction of ridge to edve). At 10.4 the ratio was 1:2.03:2.55. The ratio
of tributary areas was 1:3:5.

-When "‘tributary areas are considered it is evident that the brace forces did not
accumulate in proportion to tributary area.

-At 31.2 psf, the brace forces as a percentage of stabilized vertical load were
17.3%, 13.47% and 9.7% in the direction of ridge to eave and at 10.4 psf,
24.0%, 16.2% and 12.2%.

-Maximum centerline horizontal dﬁsplacement of the top flange of the test purlin
_was approximately 0.5 in.

ZThe top and bottom flanges of the test purlin moved in the same direction.
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(a) Elevation of Test Set-Up
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(d) P]an' View

<* _'Measured Displacement
/

T - Top

B - Bottom ~ \///

@" Strain Gaged

c - g;c]).s”swiiggmn . (c) Typical Purlin
Dynanometer

--- Intermediate Brace

Figure D.17 Instrumentation Location, Test 4-C
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Figure D.18 Measured Purlin Dimensions, Test 4-C
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AISI PURLIN ANALYSIS
IDENTIFICATIONS: STAR FURLIN TEST 4-C
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TOF BOTTOM
FLANGE (in) 3.000 3,020
LIFCinD 0,200 0,680
LIF ANGLE (des) S92.000 53,000
RADIUS L/F i) 0375 0.3500
RADIUS F/WCim) 0.37%5 0.375
TOTAL DEFTHC(ir) 8.1
THICKNESS (dro 0.096
YIELD STRENGTH(ksi) 574
SECTION MODULITI(in™3)
MOMENTS OF INERTIACIN™T4) TOF ROTTOM
GROSS= 154695 3962 3.883
STRENGTH:= 15,495 3,962 3,883
LDEFLECTION= 15,690
RE= 2,529  in

FQC== 3x.114  ksi
FT= 340440 leg i
FEW= 34.344 |lai

Figure D.19 AISI Cross-Section Analysis, Test 4-C
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Figure D.20] Load vs. Vertical Deflection, Test 4-C



L~ _J —— I} pang TGRSO D T - T T~

=y === D

1288

%0 |
N §
R
208 L 2 ) *
: |
) } }
:‘ I

150 L /

.'} / }
y
: /

L Y

oy
b/
: /

% L4 4f bm----—4 BRACE #1
L, +———+ BRACE #2
i}/‘/ B — —f§ BRACE %3
!

]
a & 1 [l i } ]
0 200 400 660 889 1808
BRACE FORCE (lbs)

Figure D.21 Vertical Load vs. Brace Force at 1/3 Point of Span, Test 4-C
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TEST Ui Y ‘

Project: Star Manufacturing Company

‘Test No,: 4D

Test Date: November 19, 1981

Purpose: Adequacy of single brace at midspan

Span(s): Single span 20'-0"
Thickness: 0.099 in. Moment of ‘!nertia:_15.23 in 4
Parameters: Intermediate bracing at centerline Star Ix = 14.680 in

Clips dinstalled

No _dinsulation

Spacing 4'-10"

- Failure Load: 248.8 plf
Failure Mode: . Local buckling

Predicted Faillure Loads:
‘ Method Star u.c. x 1.674 Load 217. plf

Methoc AISI Constrained Bending Lo.d 352.33 plf w/FS=1.67

Method . Lo:d

Digcussion:
-Failure occurred due to local buckling of the compression flange at 248.8 plf.
-Vertical deflections were 15-20% greater than. predicted by constrained bending.
-No strain measurements were made.

~-From the plot of intermediate brace force vs. load 1t appears that the system
deflected into the west chamber wall and was then restrained.

-Brace forces increased approximately linearily until contact was made with
the chamber wall.

-At 26.3 psf (5 in. of water) the ratio of brace forces was 1:3.0:5.39 (in the
direction of ridge to eave). At 10.9 psf (2 in. of water) the ratio was
1:1.5:3.36. The ratio of tributary areas was 1:3:5.

-Brace forces appear to accumulate in proportion to the tributary area at
higher loads.

-At 26.3 psf, the brace forces as a percentage of stabilized vertical load were
5.7%, 4.7% and 5.5% in the direction of ridge to eave and at 10.9 psf 7.8%,
4.9% and 5.2%.

-Maximum horizontal dlsplacemcnt of the top flange of the test purlin was ap-
proximately. 1 in.

-The top and bottom flanges of the test purlin moved in the same direction.
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(a) Elevation of Test Set-Up
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(d) P]an.View

~*— - 'Measured Displacement :
T - Top a

B - Bottom ' \\\\_\__—’ﬂ_v/,)}
(5% :

- Strain Gaggd
c - fég?ig;iiggwn . (c) -Typical Purlin
Dynanometer ‘
--- Intermediate Brace

Figure D.23 Instrumentation Location, Test 4-p
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Figure D.24 Measured Purlin Dimensions, Test 4-D
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AISI FURLIN ANALYSIS
IDENTIFICATION: STAR FURLIN TEST 4-D

-._.._......_—..-——-.——.———-.—.—.-—........—...—..——_.—-.».»—.——.—.-.——....—--.——.—-..——.m—.——-.—.......—4.-......--..

TOF BEOTTOM
FLANGE (i) 2,920 2.960
LIFPCim) 0.820 0.500
ILIF ANCGLE (ded) 56,000 46,000
RADTUS L/F i) 0.4469 0.313
RADIUS F/7WCir) 0,375 0.313
TOTAL DEFTHC(iM) - g.02
THICKNESS Cin) 0.099
YIELDN STRENGTH(ksi) 8.3
. SECTION MODULIICin™3)
MOMENTS OF INERTIACINT4) TOF ROTTOM
GROSS= 15,225 3.925 3767
STRENGTH= 15,220 3.925 3767

DEFLECTION= 15,225
RE= 24446 in

FC= 34,980 kei
FT= 24,990 lksi
FRW= 34,980 Lksi

Figure D.25 AISI Cross-Section Analysis, Test 4-D
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Figure D.26 Load vs. Vertical Deflection, Test 4-D
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Figure D.27 Vertical Load vs. Brace Force at Midspan, Test 4-D
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TEST SUMMARY

Project: Star Manufacturing Company

Test No,: . 4E

Test Date: ' November 25, 1981

Purpose: Adequacy of clips as lateral braces
Span(s): Single span 20'-0"
Thickness:__ 0,099 in. Moment of ‘Tnertia:_15.08 ina

Parameters:_No intermediate braces

°

Clips dinstalled

No dinsulation

Spacing 4'-10"

Failure Load: 246.3 plf
~Pailure Mode< . Lateral buckling
Predicted Failure Loads:
‘ ' Method_ Load
Method_ATST Constrained Bending Load_348.8 plf w/F.S. = 1.67
Method . ' Lced

Discussion: .
-Failure occurred due to lateral buckling of the top flange at 246.3 plf.

-Vertical displacements of the test purlin were 10-15% greater than predicted
by constrained bending until near failure when the displacement increased
at a rapid rate.

~No strain measurements were made.

-Horizontal displacement of the top flange increased in ""jumps" at 35.4 and
41.6 psf indicating slip due to breaking of friction at the clips.

-Maximum centerline lateral deflection of the test purlin top flange exceeded
1 in. '

~Lateral deflections of the top and bottom flanges were in the same direction
with the top flange showing more deflection than the bottom.
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(a) Elevation of Test Set-Up

3,4 10 |,4.10 |,4'10" L
1 4 1 ¢

T-—q
Test Purlin | @

Ridge
Eave

(d) Plan View

<= —'Measured Displacement

T - Top
B - Bottom
- Strain Gaged
Cross-Section
c - Calibrated
Dynanometer
--=- Intermediate Brace

Figure D.29 Instrumentation Location, Test 4._f
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Figure D.30 Measured Purlin Dimensions, Test 4-E
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ATSI FPURLIN ANALYSIS
IDENTIFICATION? STAR FURLIN TEST 4-E

-—._.........-..-.—_._.....,......--...—-....a—..“.-——._.—..........-..‘.._.__............._..-...............A......-._.....—.....—........................M._._......

TOM BOTTOM
FLANGE (i) 2.820 2.540
LIFCin) 1.020 0.880
LIF ANGLE (ded) 64.000 50,000
RADIUS L/F Cird 0.500 0.406
RADIUS F/7WCim) 0.375 0.375
TOTAL DEFTHCLR) - 8.02
THICKNESS Cir) 0.099
YIELD STRENGTH(ksi) 7.9
. SECTION MODULTICin™3)
MOMENTS OF INERTIACINT4) TOF BOTTOM
GROEG= 15.082 3.890 3.730
STRENGTH= 15,082 3.890 3.730

DEFLECTION= 15,082
RE= 2,344 in

o= FH.740  ksi
FT= 24,740 ksl
FRW= 34.740 Lsi

Figure D.31 AISI Cross-Section Analysis, Test 4-E
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TEST SERIES V RESULTS



TEST SUMMARY .

R Star Purlin Study
Prorect: »

fust NoL: 5-A ] N o o

Tost date: é'_Pr_il %2,_—_1_98—2

Puppe<e:  Star Standard Brace System - -
Span(s): 3@ 20" = 60' _

S T .4
Thickness: .066 & .055 Monent of Inertia: I = 9.947 ina & I =8.310 in

Paramcters: Standard Braces @ 1/3 pts.

Clips are in place

No Insulaqigg_

Spacing 4'9"

Failnre I,nad:_ 251.3 plf

Failiw. *ode- Compression flange buckling @ north span

Predicted Failure Loads:

Method Star Load 273 plf

Method AISI Constrain Load 310.6 plf . __
<:> , Method Load -

Discussion:

-Failure occurred by compression buckling jusf outside the lap at the north
interior support. '

-Web crippling was also observed at the south exterior support.

-The load-deflection curve showed very good agreement with that predicted by
stiffness analysis and assuming constrained bending.

-The failure was clearly marked by an increase in the deflection with no in-
crease in load.

-The Star Manufacturing Company design program predicted a failure load of
273 plf. The AISI constrained bending failure load predicted was 310.6 plf.

-The plot of the experimental stress distribution on the cross-section did not
compare well with constrained bending assumptions. At failure load the stress
plot indicated buckling of the compression flange and lip.

-At 20.7 psf (working load) the ratio of brace forces was: 1:2.08:3.59 for the
exterior row of the exterior bay; 1:1.24:1.96 for the interier row of the
exterior bay; 1:2.77:4.22 for the north row of the interior bay; and 1:2.53:

4.07 for the south row of the interior bay. The ratio of tributary areas
was 1:3:5.

-At 52.8 psf (failure load) the ratio of brace forces was: 1:2.70:5.94 for
< the exterior row of the exterior bay; 1:1.67:2.57 for the interior row of the
exterior bay; 1:3.15:5.32 for the north row of the interior bay; and 1:2.77:
5.07 for the south row of the interior bay. The ratio of tributary areas was

1:3:5. E.1



-At 20.7 psf (working load) the brace forces as a percentage of stabilized
vertical load were 267%, 147 and 147 for the exterior bay and 15%, 13% and
12% for the interior bay from the ridge to eave.

-At 52.8 psf (failure load) the brace forces as a percentage of stabilized
vertical load were 18%, 13% and 167 for the exterior bay and 14%, 14% and
15% for the interior bay from the ridge to eave.

-The top and bottom flanges moved laterally in the same direction. The
lateral displacements for the top and bottom flanges were approximately

the same up to failure at which point the top flange moved more than
the bottom flange.
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JFigure E.1 Instrdﬁentation Location, Test 5-A
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ATSI FURLIN ANALYSIS
IDENTIFICATION? STAR FURLIN TEST S-A NORTH
TOF ROTTOM
FLLANGE (irm) 2,920 2.870
LIFCin) 0.800 0.78%
LIF ANGLE (ded) 48,000 51,000
RADIUS L/ZF Cim) 0.3244 0.344
RADTIUS F/7WCEM) 0.375 0344

TOTAL DEPTHCirm) 7.85
THICKMNESS (i) 0.066
YIELD STRENGTH(ksi) 61
’ SECTION MODULTLCGin™3)

MOMENTS OF INERTIACINT4) TOF BOTTOM
GROGS== ?.938 2.573 2. U3
STREMGTH= ?.6%4 2470 2,912
DEFLECTIOM: 7.93%8

RE = 2,235 in
FC== 29.7%1 ksi

Fe= 36600 - ksl
FRW=  32.921 hksi

Figure E.3 AISI Cross-Section Analysis, Test 5-A
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ATSI PURLIN ANALYSTIS
IDENTITICATION? STAR PURLIN TEST 9-A CENTER
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TOF BOTTOM
FLANGEC(Iim) 2:900 2:.880
LIFCim 0.588 0527
LIF ANGLE (ded) 48,000 52,000
RADIUS L/F Cim) 0.344 0313
RaAnIus FAWRBRCLIM) 0250 0.313
TOTAL DEPTHCirn) - 7.98
THICKNESS (i) ) G055
YIELDl STRENGTH(ksi) 63,9
. SECTION MODULTICin™E)
MOMENTS OF IHERTIACINT4A) TO RHOTT
GROSS= 8.310 2,112 2.083
STRENGTH= 7,697 1,867 2,025

NEFLECTION: 8,035
BE = 1.207 in

= 2X.9467  lail
(SN 3B 340 ks
FEW= 31.481 |lsi

Figure E.4 AISI Cross-Section Analysis, Test 5-A
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4.2 ksi
14.2 kst

13.2 ksi

TEST Sk

DATE 22 PR 82
LD 8.3 plf
YIELD

STRENGTH 568 ksi

FORCE -1.33 kips
We  1.67 k-ft
By  -8.42 |ft
C.6. 4.8lin 8.Rin

e VRT. pt. A

_3.4 hi -,8.8 'Gi

Figure E.10 Stress Distribution at 98.3 plf, Test 5-A



11.4 kst

TEST Sk

DATE 22 APR 82
LOD 281 plf
YIRLD

STRENGTH  56.8 ksi

FORCE -2.79 kips

bx 3.48 k-t

By  -8.93 k-ft
48lin 8.Rin

C.6.
4b ki VR.T. pt. A

$.9 ksl -21.3 ksi

Figure E.1l1 Stress Distribution at 208.1 plf, Test 5-A
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2.1 kst

11.5 kst
TEST SA
DATE 22 APR 82
LD 251.3 plf
YIELD
STRENGTH  56.8 ksi
FORCE -11.25 kips
B 2.84 k-ft
Hy  -8.88 k-ft

C.6. 4.8lin 8.®in
VR.T. pt. A

Note: Inconsistency at
point A caused by local
buckling of bottom flange.

Figure E.12 Stress Distribution at 98.3 plf, Test 5-A
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TEST SLMMARY

Project; Star Manufacturing Company

Test No,: 2B ’ .

Tesc Date: May 17, 1982

Purpose: Center line brace only
Span(s): 3@20'"=60"

' h - 4
Thickness: 035 & .059 Moment of ‘Inertia: 10-02 in & 8.658 in~
Parameters: Internal braces @ E

Clips in place

No insulation

Spacing @ 4'9"

Failure Load: 190.5 plf

Failure Mode: Web crippling at north‘éxterior support

Predicted Failure Loads:

Method__ Star Load 203 pif
Method  ATSI Constrained Load__375.9
Mecthod . Load

Discussion:

-Failure occurred well above design load by web crippling. However, the load-
deflection curve showed a nonlinear change before the web crippling occurred.

-The load deflection curve began to show a nonlinear change after a load of
141.6 plf was obtained.

-The Star Manufacturing Company's predicted failure load was 6% higher than
the test failure load.

~The AISI predicted constrained bending failure load was 96% higher than the
test failure load.

-The experimental stress distribution looked like an unconstrained bending
distribution. :

-From stiffness analysis (constrained bending) the moment at 123.5 plf was

3.29 k-ft while the experimental moment measured from strain gages was
2.44 k-ft,

-The moment about the y axis was -0.42 k-ft.
~The brace forces in the exterior bay are higher than those in the interior bay.

-At 19.8 psf (working load) the ratio of brace forces was 1:2.10:2.30 for the

exterior bay and 1:2.10:2.75 for the interior bay. The ratio of tributary areas
was 1:3:5, :

-At 40.11 psf (failure- load) the ratio of brace forces was 1:1.48:1.84 for the
exterior bay and 1:2.83:4.06 for the interior bay. '

‘o ) . E‘16



~When tributary area is considered it is evident that the brace forces did
not accumulate in proportion to tributary area after the first two purlins.

-At 19.8 psf (working load) the brace forces as a percentage of stabilized
vertical load were 167%, 127 and 8% from the ridge to eave of the exterior
bay and 9%, 7% and 5% from the ridge to eave of the interior bay. At 40.11
psf (failure load) the brace forces as a percentage of stabilized vertical
load were 22%, 11% and 8% from the ridge to eave of the exterior bay and
7%, 7% and 6% from the ridge to eave of the interior bay.

-As the purlins approached failure the top flange latral displacement increased
in magnitude and the bottom flange changed its direction and began to move in
the same direction as the top flange.

~The maximum lateral displacement was 1.16 in. for the top flange and 0.917 in.
for the bottom flange.

E.17
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Figure E.14 Instrumentation Location, Test 5-B
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ATSI FPURLIN ANALY
IDENTIFICATIONS STAR FURLIN TEST

CIC‘

hS“B NORTH

TOM
FLANGE (i) 2.980
LIFCim) 0.520
LIF ANGLE (deg) 44,000
RADIUS L/7F i 0.404
RADIUS F/7WCimD 0,406

TOTAL. DEFTHCir)
THICKNESS (in)
YIELD STRENGTH(ksi)

8.04
0.06%
Gl.4

MOMENTS OF INERTIAC(INT4)

GROBS= 10.020
STRENGTH= ?.4694
DEFLECTION= 10.020
RE = 2197 in

F= 30.840 ks
FTe 30.240 |lsi
FREBW= 28.168 Lksi

ROTTOM
2,820
0.600

44,000
0.406
0.406

SECTION MODULII(in™3)

TOF ROTTOM
2.523 2,503
2.391 2.473

Figure E.16 AISI Cross-Section Analysis, Test 5-B
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AT SI PURLIN ANALYSTIS
IDENTIFICATION: STAR FURLIN TEST &5-R CENTER
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TOF EOTTOM
FLANGE Cim) . 2760 2,760
LIFCinD 0,520 0.480
LIF ANGLE (des) 42,000 39.000
RAIFIUS L/F Cirm) 0.344 0.375
RADIUS F/WCirm 0,281 0,313
TOTAL DEFTHC(irn) 7.96
THICKNESS (i) 0.059
YIELD STRENGTH(ksi) 8.7
SECTION MODULIICirn™3)
MOMENTS OF INERTIA(in™4) TOF ROTTOM
GROES= 8.658 d.191 2,193
STRENGTH= 8.259 2.031 24153
DEFLECTION:= g.989

RE= 1.999 in

FC= 32,494  lksi
FT= 35220 lsi
FRW= 30.422 |si

Figure E.17 AISI Cross-Section Analysis, Test 5-B
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S.1 kesi

TEST B

DATE 17 MAY 82
LOAD  94.1 plf
YIELD

[ STRENGTH  96.0 ksi

13.6 ksi

FORCE -8.82 kips
e 2.08 k-t
My 837 kf
C.6. 4.04in 8.81in

. WAR.T. pt. A
A

=12.9 ksi

1.5 ksi

Figure E.21 Stress Distribution at 56 plf, Test 5-B
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6.6 kst
28.3 kst

=1.6 kst

ST 8B

DATE 17 MAY 82
LOAD  141.6 plf
YIELD

STRENGTH  56.8 ksi

FORCE -1.21 kips
e 2.88 k-fi
by -0.47 k-ft
C.6. 4.84in 8.80in

e WR.T. pt. A

1.8 kst T8 kel

Figure E.22 Stress Distribution at 141.6 plf, Test 5-B
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15.1 kst

2.1 kst

TEST S8

DATE 17 MAY 82
LOAD  198.5 plf
VIELD

STRENGTH  56.0 ksi

FORCE -4.24 kips
W 4.58 k-ft
By  -0.68 k-t
C.6. 4.64in 0.81in

. WR.T. pt. A

17.8 kst

Figure E.23 Stress Distribution at 190.5 plf, Test 5-B
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TEST SUMMARY

Profect:__Star Manufacturing Company

Test No,: 0-A
Test Date: '92/18/82
Purpose: Test w/only b bracing
Span(s): 3@ 20'

[ I AL . 0.064" _ ., 4 _ R 4
Thickness: .Outside 0.084" Inside Moment of ‘Inercia: I=13.499 in , I=9.837 in ,
Parameters: Intermediate Braces @ L 1=12.565 in4

Clips in place

No insulation

Spacing 4'-9"

Strain Gages 3" outside of lap. :
" Failure Load: 259.4 1b/ft

Failure Mode‘__lateral buckling of thé ridge purlin
Predicted Failure Loads: ‘

Method Star Load 385 plf

Method AISI Constrained x {.67 Load #32.2 plf

Method " ' ' Loud

Discussion:

-The failure of the ridge purlin was due to a lack of bracing. The intermediate
brace at the centerline was not attached properly. The bracing given to the
purlin from the deck was not enough to restrain the purlin.

-The experimental deflections were much higher than predicted curve.

-From the experimental stress plot it was determined that the test was no
good due to a lack of bracing. '

-At 37 psf the brace forces in the interior span as a percentage of stabilized
vertical load were: 11.4%, 5.9%, and 6.5% and at 53 psf they were 13.6%, 7.1%
and 7.2%.

-At 37 psf the.ratio of brace forces in the interior span was: 1:1.55:2.88 and
at 53 psf 1:1.57:2.66 in the direction of ridge to eave. The ratio of tributary
area was 1:3:5.

~At 37 psf the brace forces in the interior span as a percentage of stabilized
vertical load were 11.47 and 12.27% with the ridge brace force not taken.

At 53 psf they were 9.27 and 11.5% in the direction of ridge to eave with the
ridge brace force not taken.

-The lateral displaccment of the test purlin was about 1 in at the top flange.
The top and bottom flanges moved in the same direction.
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AT SI FPURLIN ANALYSIS
IDENTIFICATION: STAR FURLIN TEST 6-A NORTH
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TOF BOTTOM
FLANGE(in) . 2.960 2.800
LIFCin 0.660 0.760
LIF ANGLE (deg) 50,000 48,000
RaDIyUs L/FGird 0.438 0370
RATIIUS F/WCirm) 0.438 0375
TOTAL DEFPTHCin) 7.9
THICKNESS Cir) 0.084
YIELII STRENGTH(ksi) 1.6
SECTION MODULIT Cin™3)
MOMENTS OF INERTIAC(INT4) TOF EOTTOM
GROSG= 12.534 X, 225 1920
STRENGTH:= 12.534 3225 3,190

DEFLECTION= 12,534
BE= 24439  in

FC= 30,940 ksi
Fi= 30960 ksi
FEW= 30,3501 ksi

Figure F.3 AISI Cross-Section Analysis, Test 6-A
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AISI FPURLTIN
IDENTIFICATIONS

orom tree ooen Gass sume o) yees Ve beee bmon st G4t Sess been S44 eumt Bees beee hode SovE Bhe buis Sees Seme meve eme bt

ANALYSIE®S
STAR FURLIN TEST 6~6 CENTER
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TOR
2,950
0.780

52,000
0,404
0.344

FLANGE (inm)
LIFCirD

LIF ANGLE (ded)
RADIUS L/7F Cim)
RADIUS F/WCin)

TOTAL DEFTHCLrD)
THICKNESS (i)
YIELD STRENGTH(ksi)

MOMENTS OF
GROGE==
STRENGTH:= 9827
DEFLECTION= 10.177
RE= 2,200 din
F (e F0.220 ksl
Fi= 34,200 |lsi
FRUW= 30,433 ki

10.177

g.11
O 006‘\4

57

INERTIACINTA)

BEOTTOM
2.4640
0.800

95,000
0.438
0.375

SECTION MODULTICimn™3)

TOM BOTTOM
2.G77 2,487
2434 2401

Figure F.4 AISI Purlin Analysis, Test 6-A
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S.1 ksi
8.1 kst

TEST 6A

DATE 18 FEB &
LOAD 153.0 pif
VIELD

STRENGTH  56.0 ksi

FORCE -1.47 kips
i 3.38 k-ft

By  9.54 -t
C.6. 3.%in 0.8lin
U.R.T. pt. A

Figure F.8 Stress Distribution at 153 plf, Test 6-A
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2.7 kst

8.7 kst

]

TEST  GA

DATE I8 FEB 82
LOAD  175.3 plf
VIELD

STRENGTH  56.8 ksi

FORCE .95 kips
b 475 k-fi
My 860 k-ft
C6. 3.%in 8.0lin

. WRT. pt. A

8.1 kst

Figure F.9 Stress Distribution at 175.3 plf, Test 6-A
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4.8 kst

8.8 kst

TEST 64

DATE 18 FEB &
LOAD  281.4 plf
YIELD

STRENGTH  96.8 ksi

FORCE -1.88 kips
M 4.50 k-ft
Wy  -0.69 k-ft
C.6. 3.%in 8.8lin

1.6 ot URT. pt. A

8.5 ki =21.2 kst

Figure F.10 Stress Distribution at 201 plf, Test 6-A
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$.5 kst

13.3 kst

TEST  6A

DATE 18 FEB 82
LOAD  252.2 plf
VIELD

STRENGTH  56.8 ksi

FORCE -2.73 kips
b 6.74 k-ft
by -8.91 k-ft
C.6. 3.9in 8.81in

- WR.T. pt. A

Figure F.11 Stress Distribution at 252.2 plf Test 6-A
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4.7 kst

11.6 kst
TEST 6A
DATE 18 FEB &
LOAD 252.2 plf
YIELD
STRENGTH  56.8 ksi
FORCE -2.37 kips
B 5.87 k-ft
By  -8.79 k-ft
C.6. 3.%in 6.6lin
UR.T. pt. A

18.9 kst

Figure F.12 Stress Distribution at 252.2 plf Failure, Test 6-A
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TEST SUMMaRY
Project: Star Manufacturing Company
Test No,: @B
Test Date: March 8, 1982

Purpose: Adequacy of single brace at ﬁidspan
Span(s): 3@ 20
Thickness: 080 & .066

Paramecters: Intermediate braces at b

T 3 anané
Mument of‘Incrcia:_Ix = 12.595"", Ix“9'829'

Clips installed

No insulation

Spacing 4' 9"

Failure Load: 284.5 plf

Fallure Mode- Local buckling

Predicted Failure Loads:

Method_Star Manufacturing Load 290 plf
Method AISI (Cont. Bracing) Load 436.0 plf
Method L Load

Discussion: .
-Failure occurred by local buckling of the bottom (compression flange) in the
interior span immediately outside the lap. Buckling of the compression
flange in the outside bay at midspan followed.

-Measured vertical deflections were greater than theoretical predictions.

~The moment of inertia of the eave purlin was 79.6% of that of the test pﬁrlin.
It was not possible to determine if the eave purlin failed first.

-The strain gages, which were mounted 3" from the end of the lap on the north
outside purlin, did not indicate yield strain near failure.

-Stress plots indicate unconstrained bending.

-At 37 psf, the brace forces in the interior spans as a percentage of stabilized
vertical load were 9.1%, 5.6%, and 5.1% in the direction of ridge to eave and
at 60 psf they were 11. 74, 5.9% and 4.3%.

-At 37 psf the brace forces in the exterior span as a percentage of stabilized
vertical load were 14.2%, 9.1%, 9.2% and at 60 psf they were 14.3%, 8.3%
and 7.7% in the direction of ridge to eave.

-For the intermediate brace location in the exterior span at 37 psf, the
ratio of brace forces was 1.0:1.92:3.24 and at 60 psf the ratio was 1.0:1.73:
3.34. The ratio of tributary areas was 1:3:5.

-At 37 psf, the ratio of brace forces at the intermediate brace location in
the interior span was-1.0:1.84:2.81 and at 60 psf the ratio was 1.0:1.53:
2.24. The ratio of the tributary areas was 1:3:5.

" g F.15



-Lateral displacement of the lower flange of the test purlin at midspan
of the exterior span was 1.70 in. near failure. The top flange lateral
displacement was less than .5 in.

-The top and bottom moved laterally in the same direction.

-At 240 plf, slippage of the horizontal displacement transducer at the top
flange may have occurred.

F.16
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Figure F.15 Measured Purlin Dimensions, Test 6-B
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AISI PURLIN ANALYSIS

IDENTIFICATION: STAR FURLIN TEST 6~ NORTH
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SECTION

TOF ROTTOM

FLANGE (i) 3.010 2:.940
LIFCinD 0,570 0.480
LIF ANGLE (ced) 41.000 2,000
RADIUS L/FCin) 0.4064 0.406
RATITUS F/W0im) 0.4046 0.%00
TOTAL LEFTHCin) 8.03
THICKNESS Ciro) ’ 0.08
YIELD STRENGTH(ksi) 93,4

MOMENTS OF INERTIACINT4) TOF
GROBS= 12,595 2,144
STRENGTH= 12,524 3,120
DEFLECTION= 12,593
RE= 2.468 in

= 32,040 ksi
F e 32.040 bksi
FRUW= 30,937 lksi

Figure F.16 AISI Cross-Section Analysis, Test
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Al SI FPURLIN ANALYSTIS
IDENTIFICATION? STAR FURLIN TEST 6-B CENTER
TOR ROTTOM
FLANGE (irm) 2.9240 2.710
LIFCir 0.780 0660
LIF ANGLE (des) 51.000 1,000
RADITUS L/F Cir) 0.406 G406
RADIUS F/Z7WCim) 0.406 0.300

TOTAL DEFTHin) 793
THICKNESS (in) 0.066
YIELD STRENGTH(lkgi) 0993
SECTION MODULIICin™3)
MOMENTS OF INERTIACIN™4) TOE ROTTOM
GROSS= ?.829 2,853 2449
STRENGTH= @059 2438 , 2.424
DEFLECTION= ?.829
RE= 2:197  dinm
FC= 31262 bksi
F e IH.580  lkai
FEW= 32,045 . ki

X

Figure F.17 AISI Purlin Analysis, Test 6-B
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Figure F.18 Load vs. Vertical Deflection, Test 6-B
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18.8 kst

=28.8 kst

5.9 ksi

8.8 kst

8.7 kst

TEST 68

DATE 8 HAR 82

LOAD  151.1 plf

YIELD

STREMGTH  56.8 ksi

FORCE -8.33 kips
M 3.79 k-fi

By  -8.78 k-ft
C.6. 4.88in -0.82in
U.R.T. pt. A

Figure F.21 Stress Distribution at 151.1 plf, Test 6-B



1.5 kst
4.3 kst

TEST 68

DATE 8 HAR 82
LOAD 198.6 pIf
VIELD

STRENGTH  96.8 ksi

FORCE -6.36 kips
B 4.87 k-ft

By 0.9 k-ft
C.6. 4.88in -0.82in
UR.T. pt. A

Figure F.22 Stress Distribution at 198.6 plf, Test 6-B
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13.6 kst

6.2 kst

81.8 ksl =

-83.7 kst

TEST 68

DATE 8 HAR 82

LOAD  251.8 plf

YIELD

STRENGTH  56.8 ksi

FORCE -8.81 kips
B 6.13 k-ft
By  -1.13 ft
C.6. 4.08in -0.82in
HRT. pt. A

Figure F.23 Stress Distribution at 251.8 plf, Test 6-B
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18.7 ksi
38.5 ksi

-25.8 ksi

T 68

DE 8 HAR 82

LD 283.1 plf

\ YIELD

{ STRENGTH 6.0 ksi

\ FORCE -1.79 kips
\ b 1.2 kft
by -1.22 keft

C.6. 4.09in -0.82in

FR.T. pt. A
19.3 ksi

~48.5 ksi

5.2 ksi

Figure F.24 Stress Distribution at 283.1 plf, Test 6-B
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