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CHAPTER T

INTRODUCTION

1.1 Background

This progress report documents a portion of an ex-
tensive research program concerning the behavior of cold-
formed Z-purlin supported roof systems sponsored by Star Manu-
facturing Company, Oklahoma City, Oklahoma. The prbgram in-
cludes tests of both details and complete systems. System
testing has included both conventional and standing seam metal
building roof systems. The test procedure for all conventional
systems has been to load two lines of purlins to failure using
concrete blocks to simulate live load (referred to henceforth
as "gravity" loading). The test procedure for the standing
seam systems has been to load a portion of a complete system
(4 or 5 lines of purlins with a simulated eave) to failure
using a speciality constructed vacuum chamber ("vacuum" load-
ing) . Results for both types of tests are reported in Referen-
ces 1 to 4.

The purpose of the phase of the research reported here
is twofold:

1. To compare results from similar conventional roof
systems tests using different loading methods, e.g. gravity

loading and vacuum loading.



2. To compare results from tests of conventional
and standing seam systems with similar purlin sizes and con-
figuration.

To accomplish the objectives two tests of conven-—
tional roof systems were conducted using vacuum loading. The
first test was of a three span system which was similar to a
previously‘tested standing seam system. The second test was
of a two span system which was similar to a previously tested
conventional system tested using gravity loading.

The following sections detail the testing procedure
and test results. Comparisons are made with the previously
conducted tests in Chapter III.

1.2 Test Configuration and Set-up

The purpose and the configuration of each test are
as follows:

Test C-1 Three 20 ft., spans; three eave purlins, three
ridge purlins, two intermediate rows of three
purlins, continuous system, loading by vacuum.

Purpose:

To compare the behavior of a three Span con-
ventional panel roof system with that of a
standing seam roof system.

Test C-2 Two 25 ft. spans; two eave purlins, two ridge
purlins, and two intermediate rows of two purlins,
continuous systems, loading done by wvacuum.

Purpose:
To compare the behavior of a two span conven-
tional panel roof system loaded by vacuum to

that of a two span conventional panel roof
system under gravity loading.

-2 -



Details of the test set-up are shown in Figure 1.
short sections of typical building rafters support the pur-
lins. The purlins were oriented with the top flanges facing
in the same direction. No intermediate bracing was used in

either test.

The test purlins were all cold-formed under the same
specification in a continuous operation. Laboratory personnel
constructed'the test set-ups using standard industry procedures.
A complete description of the testing procedures and results

are given in Chapters II and III.



4'9"
a'g"

4'9"

o

Ridge Purlin

Test Purlin

Eave

20'-0"

% 20'-0"

20'_0" 1,
1

(a) Plan View - Test C-1

Ridge Purlin

Test Purlin

Eave Purlin

b — -
1" MNT.nn

I, 20 0 L ‘.0 v 1,

a “1 1

(b) Plan View - Test C-2

Figure 1.

Test Set-ups




CHAPTER II

CONVENTIONAL PANEL AND VACUUM LOADING DETAILS

2.1 Test Components

Z-Purlins. The Z-purlins used for the tests were
supplied by Star Manufacturing Company. In both tests, the
purlin that was expected to fail first and the purlin it was
lapped with, were carefully measured. The dimensions of each
purlin are shown in Table 1. Table 2 and Table 3 show cross-
sectional properties and load and deflection data for the
three-span and the two-span tests, respectively. This data
was calculated using AISI criteria with an assumed yield
stress of 56 ksi. Measured yield stress was approximately 62
ksi for the 3 span test and 58 ksi for the 2 span test. Re-
sults of tensile coupon tests are given in Table 4.

Panels and Fasteners. In both tests, conventional

panels were used having a profile as shown in Figure 3. Sheet
size was 3 ft. by 15 ft. and nominally 26 ga. Self-drilling
fasteners, No. 12 by 1 in. were used for both sheet-to-purlin
and sheet-to-sheet connections. Sheet-to-purlin fasteners
were uniformly spaced at 12 inches on center for the inter-
mediate rows of the purlins and the ridge purlin while the
panels were fastened to the eave purlin at 6 inches on center.
Sheet-to-sheet fasteners were spaced at 2 ft. on center be-

ginning at 6 inches from the edge (seven per lap).



°$3s93 yjoq ur urrand 3593 oYy3j sem urrand Yyiiou SYJ °‘YInog = § ‘YIION = N :910N \
©

7 @an3tj 995y !

¢y | €1et0| 182°0 | (ST0| /8'z| s€ | . sz'o| 18z°0| 85'0 | w6'z| - 9900 | o' | s
cy | 18270 182°0 | 85°0| 06°z| Sv | 182°0| 18¢°0| 6570 | 162 990°0 | 88°.| N| 70
7y | €1€°0| €160 | %9°0| 08'T| v | 182°0| 182°0| 09°0 | z6°Z 990°0 | 08| s
Sy | e1eto| €1€t0 | -€9'0| z6'z| v | 18z'0| 18z'0|%9'0 | s8°z| w00 | €6°2| | 1-0
@p)| @ |@n | @ | @ |G| @y | @ | e | @ () (wp) | -on assg
S0 | I fu G | S fo | & ka Lo | dn | SPOWPTU Mwmwm
KOLIOE ao1 )

SUOTSUSWT(Q UTTANJG-7Z POINSEBIY

T °I9eL



Juswouw FUTTTOIAJFUOD —_

ST013uU0D qom

STo013u0D 238ue]j uUOTSuUa]
STo13u0d 33ueTj uOTSsSaidwod = o

]
o3

€88°¢ [7€€°0T |1867°6CT [SST 0T |1%6°9{89€"£|180°9|SZE 1€ oom.qm_ﬁam.mN_mmN.N_ﬁqm.w €L9°C 6L6°6|€LS°T|8T19°C|yvE"0T|S

L€0°€ |608°6 697 SET[EBS OT|ITL 9 981" L[LEE 9 OES TE|008" €| S8Z €| 20T 2, 8L%°C| 9SE 2] 9€% 6lE1S 2 805°71608°6 (N |Z-D

(ur) Aecﬂv (33/9T) | 33| 433 | 33| 33| 18y TSy sy | (up) Amuﬁv Amzﬂv Aq=wu Amcﬂv (.ut) Aq:ﬂv “ON

m.
Jtd 2 1S9l
oo1/1l 1 " "l "] w ) Cw | ™ 3 %0 Pa| Y% | % 1 S| 3| 1
UOTI03133Q [PTqRMOTTVXL9" HIONZUIS )
‘ A
(57 § ¢ = uedg ‘Tsy §G = ~4) soT1radoig UTTANG-7Z
€ °TqEL

COZ° 1| 28T OT| €0 €TT| 09T 1T [LLT L (264" L|€89°9|601°€E|00T LE|LTy CE|61L T iv1S T]|66€°2) €9.°6|€55°2]895°Z]z81°01 ]S

996701 £29"CT|€S67LTE B68°ST 9IE 016666, 075" 6] 608°SE| 002" LE|686°SE| Ly -z STz el ve1 gl zss zilze elsoz gfzzo zr|nfi-0

(up) chﬂv (33/91)| =33 | 4-33 | A-3F) A-33| ISy sy ™y | (un) Amcﬂv Amcﬁv Accﬁv Amcﬂv Amcﬂv Aecﬂv ‘ON

3td n n I 3 2 nq 3 E) E) q EY q ) IsaL
001/1 I M R R W 2 ! d 4 q S S 1 S S 1

UOT309T3a(Q | 9TqeMOTIVX/9" ] HLONTILS SSO¥D

(0Z ® € = uedg ‘18] 79 = %mv sa1jaadoxg urrang-yz

¢ °T9el




1
a
[
T 1 )
Ry Ry
81
3
(]
-t
[+
[
Thickness, t | &
"
=
R4 R3
T2 i
W2 J 8o
T

Figure 2. Cross-Section Measurements

1'_0"
%

3/1€ﬂ 45

J_ —""I l"""’ 3/4"

. 1
¢ 1A
1 1/8.1 T 5/32 JL /Y”O
I N N

‘L 4 3/8" I'I, 3;5" ,5’ 4 3/8"

Star Dura Rib Panel

Figure 3. Typical Panel Shape
_.8...



2.2 Test Set-up

General details of test set-up are shown in Figure 1.
The test chamber was constructed in such a way that the roof
section simulates actual field conditions. Light weight metal
panels, 42 inches in height and varying in length from 1 ft.
to 8 ft., were used as walls. Each panel was braced laterally
to the reinforced concrete floor by A-frame braces. Adjacent
panels were bolted together with unfinished bclts. In both
tests, the chamber was 15 ft. wide while the length was changed

from 60 ft. to 50 ft. by rearranging the wall panels.

Inside the chamber, the ridge purlins, the intermed-
iate purlins, and the eave stfut were supported by short sec-""
tions of rafters which in turn were supported by short col-
umn stands that rest on the laboratory floor. At one end of
the set-up,knife-edge bearing plates were inserted between
the column stands and the rafter to provide free rotation at
the support. One-half inch diameter machine bolts through the
bottom flange of the rafter kept the knife-edges in place. At
the intermediate supports, and at the other end of the chamber,
% inch diameter rollers were inserted between the rafter sec-
tions and the column to allow rafter section to rotate. The
purlins were bolted to the top flange of the rafters and were
lapped together over the intermediate supports. For the two
span test, the lapped sections consisted of 1 ft. 2 in. on each

side of the centerline of the rafter. The exterior lap for



the three span test was also 1 ft. 2 in. while the interior
lap 2 ft. 4 in. Two % in. diameter machine bolts were used
to connect adjacent webs near each end of every lap.

In each test, the intermediate rows of purlins were
standard cold-formed Z-purlins provided by Star Manufacturing
Company. The ridge purlins were selected from purlins that
were left over from previous tests done at the Fears Structural
Engineering Laboratory. These were lapped together in such a
way that the centerline deflection was less than the center-

line deflection of the test purlin. The eave strut consisted

of a Z-purlin and two channels. The channels were bolted to-
gether back to back and then bolted to the web of the purlin,
making the system very rigid. (See Figure 4). Once the pur-
lins were all in place, the conventional panels were connect-
ed to the purlins and the eave strut using self drilling fast-

eners through the panel and the top flange.

2.3 Instrumentation

Instrumentation consisted of strain gages, dial gages
and linear displacement transducers. For both tests, the
strain gages were located just outside the lap in the north
bay. Strain was measured at ten locations on the cross-sec-
tion. Figure 5 shows the location of the gages. One gage was
installed on each lip, two gages on each flange, and four

gages equally spaced along a vertical line on the web, one

side only.

-10-
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Four linear displacement transducers were used to
measure vertical and lateral displacement of the test and
ridge purlins. One transducer was used to measure the verti-
cal deflection of the ridge purlin to insure that its deflec-
tion was less than that of the test purlin. The location of
the transducer was at the midspan of the north-most bay. A
transducer was also placed at the same location of the test
purlin to measure its vertical deflection. Two transducers
were used to measure the lateral displacement of the test pur-
lin, also at the midspan. As shown in Figure 6, one trans-
ducer measured horizontal displacement of the bottom flange
and one measured horizontal displacement of the top flange.
Dial gages were placed directly underneath the rafter supports
in the north bay to measure the vertical deflection of the
rafters. Data from these gages permitted a correction for the
test purlin deflection.

2.4 Testing Procedure

At the beginning of each test, the roof system was
loaded to the approximate working load as given by Star Manu-
facturing Company. Vacuum loading was measured by a manometer
outside the chamber that read equivalent inches of water, and
also by a pressure transducer that read change in voltage
which could be converted to amount of load per linear foot.
Following this initial loading, zero readings were recorded
for all strain gages, displacement transducers, and dial gages.

The system was then loaded in 1 inch of water (5.2 psf)

-12-



Figure 5. Location of Strain Gages
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increments. The loading procedure was continued in the same
increments until the load-deflection plot began showing non-
linearity. The locad increments were then reduced. After
each increment, readings of all instrumentation were recorded.
The system was loaded until failure occurred and the failure
mode and other observations recorded for each test.

2.5 Supplementary Tests

Coupon Tests. Standard tensile coupon tests were

made from samples cut from the test purlin. Results are given
in Table 4. Results are also given for the test purlin from

the three span standing system.

2.6 Test Results

Test results consist of load versus deflection data,
load versus lateral displacement data, stress distribution
data, and descriptién of failure mode. Load versus deflec-
tion data includes plots of simulated live load vs. vertical
deflection at the centerline of the test purlin. Load versus
lateral displacement data includes plots of simulated live
load vs. lateral displacement of the top and bottom flanges
of the test purlin. The vertical deflection plot also in-
cludes a theoretical deflection as computed using a stiffness
analysis program for plane frames. Stress distribution is
plotted at both the working load and the failure load. Re-
sults for Tests C-1 and C-2 are found in Appendices A and B,

respectively.

-14-



Table 4

Tensile Coupon Test Results

Yield Ultimate
Test Thickness Width Stress Stress Elongation
No. (in) (in) (ksi) (ksi) %
c-1 0.0840 0.4858 61.765 80.39 25
c-2 0.0670 0.4853 57 .846 79.385 24
6-B 0.082 0.5021 53.398 72.816 27.5

Note: Coupon tests were not available for test 2SPT-2.

..15.—




CHAPTER IIT

COMPARISON TESTS DETAILS

3.1 Standing Seam Panel

The comparison test for Test C~1 is Test 6-B of
Reference 4. The details of Test 6-B were nearly identical
to that of Test C-1. The ridge purlins, intérmediate rows
of purlins, and eave strut were all supported by short sec-
tions of standard rafters which in turn were supported by
short column stands, as in Test C-1. The loading procedure
was also the same -- one inch increments of water (5.2 psf)
until non-linearity and then reduced increments until fail-
ure. The only distinct difference between the tgsts was
that lateral bracing was provided at the centerline of each
bay in Test 6-B. The braces were 3/4 in. diameter steel
electrical conduit which were anchored to the eave strut.

The dimensions of the north purlin and the center
purlin from Test 6-B are given in Table 5. The cross-sec-
tional properties and the load-deflection data calculated
using AISI criteria are shown in Table 6. Appendix C lists
all test results including load vs. deflection data, load vs.
lateral displacement data, stress distributions, and descrip-
tion of failure mode. Standard tensile coupon tests were
made from samples cut from the test purlin. Results are given

in Table 4.
_.l 6...



3.2 Conventional Panel System

The comparison test for Test C-2 is 2SPT~2 as re-
ported in Reference 3. The testing program consisted of two
lines of standard 8 x 3 Z-purlins as cold-formed by Star
Manufacturing Company. The purlins were oriented with top
flanges opposed and pointing outwards. The purlins were lap-
ped 1 ft. 2 in. on each side of the centerline of intermed-
iate rafters in Test C-2. Two % in. diameter machine bolts
connected adjacent webs. The purlins were bolted to knife
edge rockers which were supported by rafter sections. A rol-
ler was placed between the rafter section and the support
beam. Conventional roof sheeting 3 ft. wide by 6 ft. long
was attached to the top flanges of the purlins using self-
drilling fasteners at approximately 1 ft. centers. Load was
applied to the system using 3 in. by 8 in. by 16 in. solid
concrete blocks weighing 33.0:0.1 1lbs. each. The blocks were
set directly in the troughs of the roof deck at approximately
1 ft. on center. Load increments were initially 33 psf and
were decreased to 4.25 psf near failure.

Appendix D lists the available test results from the
25PT-2 test. Table 5 gives the dimensions of the test purlin
and Table 7 lists the cross-sectional properties and the load-
deflection data. Results of standard coupon tests were not

available.

-17-
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CHAPTER IV

TEST RESULTS

4.1 Three Span Tests - Conventional and Standing Seam Systems

The purpose of these tests was to compare the behav-
ior of a three span conventional panel roof system with that
of a three span standing seam roof system. The test configu-
rations consisted of three spans of 20 ft. 0 in. center-to-
center of rafter webs. Vacuum loading was used for both tests.
For the conventional system, the exterior bay purlins had a
measured thickness of 0.084 in. and those in the intermediate
bay measured 0.066 in. The measured purlin dimensions for
the standing seam were nominally the same. The spacing between
the rows of intermediate purlins was 4 ft. 9 inches for both tests.
The test set-up was identical for both tests with the excep-
tion that intermediate braces were installed at the center-
line of each bay in the standing seam test and no braces were
used for the conventional test.

Failure of the conventional system occurred at 273.1
plf by web crippling above the exterior support in the north
bay. The standing seam system failure load was 284.5 plf
caused by local buckling of the compression flange and lip
just outside the lap. Using the AISI criteria and the con-

strained bending assumption but not considering the interaction

-20-



of shear and bending, the predicted failure loads were 479.0
and 436.0 plf for the conventional and standing seam systems,
respectively. The failure loads predicted by Star Manufac-
turing Company were 309 plf and 290 plf for the conventional
and standing seam tests, respectively. The Star Manufactur-
ing Company analyses predicted failure by shear plus bending
in the middle bay immediately outside the lapped portion of
the purlin line. Continuous lateral support was assumed in
the analysis of the conventional system; lateral support was
assumed to exist only at the rafter and intermediate brace
locations (midspan of eaph bay) for the standing seam analy-
sis. A summary of the predicted and test results for both
tests is given in Table 8.

4.2 Two Span Tests - Vacuum and Gravity Loading

The purpose of these tests was to compare the be-
havior of conventional panel roof systems under vacuum loading
and gravity loading. The test configurations consisted of
two spans of 25 ft. 0 in. center-to-center of rafter webs.
The thickness of all purlins was 0.066 in. Spacing between
purlin rows was 4 ft. 9 in. for the vacuum chamber tests and
5 ft-0 in. for the gravity loading tests. Lateral bracing
was not provided in either test set-up. In the gravity test,
the purlins were faced in opposite directions while for the
vacuum tests they were faced in the same directions.

The failure load for the vacuum chamber test was
168.0 plf. The failure mode was web crippling above the
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exterior supports. Failure occurred at 121.4 plf by web buck-
ling in the gravity loading test. The predicted failure load
using AISI criteria and assuming constrained bending, but not
considering the interaction of shear and bending, was 153.2
plf and 162.9 plf for the vacuum and gravity loading tests,

respectively. The Wallace model(3'5)

predicted failure loads

of 137.5 plf and 115.4 plf for the chamber and gravity tests,
respectively. The predicted failure mode fcr both tests was

web buckling just outside the lap. Star Manufacturing Company
predicted failure loads of 119.5 plf for the vacuum chamber test
and 114 plf for the gravity test. Continuous lateral support
was assumed for both analyses. Predicted failure mode was

shear plus bending immediately outside the lapped portion of

the purlin line. A summary of predicted and test results for

both tests is given in Table 9.
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Table 8

Comparison of Predicted and Test Results
Conventional and Standing Seam Systems

Three Span Tests - 3 @ 20'-0"

Failure Loads

Constrained! 5 Test
Test Bending S.M.C. Test Failure
Configuration plf plf plf Mode
Test C-1 479.0 309.2 | 273.1 | Web crippling
(conventional)
Test 6-8(%) 436.0 290.2 | 284.5 | Local buckling
Standing Seam of compression
Bracing @ ¢ flange and 1ip

1

(shear plus bending not considered)

2

AISI design criteria with constrained bending assumption times 1.67

Star Manufacturing Company analysis including effects of unbraced length

Predicted failure mode was bearing failure at end supports.

Table 9
Comparison of Predicted and Test Results

Conventional Panel
Two Span Tests 2 @ 25'-0"

Failure Loads
Constrained1 5 3 Tegt
Test Bending Wallace S.M.C. Test Failure
Configuration plf plf plf plf Mode
Test C-2 153.2 137.5 119.5 168.0 | Web crippling
Test 2SPT-2 162.9 115.4 114.3 121.4 | Web buckling just
Z-Purlin outside lap.

Gravity Loading'

1

(shear plus bending not considered)

2

Wallace model, References 3 and 5

AISI design criteria with constrained bending assumption times 1.67

3Stqr Manufacturing Company analysis assuming constrained bending. Predicted
failure mode shear plus bending just outside lap.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Two new tests of conventional panel roof systems
under vacuum loading are reported here. A three span test
was preformed and the results were compared to a standing
seam roof system tested with nearly identical configuration.
A two span conventional system was also tested and the results
were compared to a conventional system with essentially the
same configuration but tested using gravity loading. A sum-
mary of both predicted and test results for each test is given
in Tables 8 and 9.

The following observations are made:

Three Span Tests. For both tests the failure mode

predicted by the Star Manufacturing Company analysis procedure
was bearing failure at the end supports. Actual failure of
the conventional system (Test C-1) was web crippling at the
outside supports. Failure of the standing seam system was by
local buckling of the compression flange and lip just outside
the lap in the north bay. The last reading prior to failure
in the conventional panel system was 88.4% of the Star Manu-
facturing Company predicted failure load. In the standing
seam system the last reading was 982 of the Star Manufactur-

ing Company predicted failure load.

-24 -



Comparison of load versus deflection curves for the
two tests (Figures A.5 and C.5) show substantial agreement.
For both tests the measured vertical deflections were greater
than the predicted. Comparison of measured stress distribu-
tions for the two tests (Figures A.6, A.7 and C.6, C.7) shows
somewhat similar patterns. The major difference is at the
top lip. A stress reversal occurred in the standing seam
test; the entire lip remained in tension in the conventional
test. Comparison of the load versus lateral displacement
curves (Figures A.8 and C.8) shows more movement in‘the stand-
ing seam test than in the conventiocnal test. This is expect-
ed, since movement is permitted by the panel to purlin clip
used in the standing seam system.

From the results, it is concluded that little dif-
ference exists in the behavior of similar standing seam and

conventional roof systems.

Two Span Tests. For both tests, the failure mode

predicted by Star Manufacturing Company analysis procedure

was bearing at the end supports. Actual failure of the vacuum
loaded system, Test C-2, was web crippling at the outside
supports. Failure of the gravity loaded system, Test 2SPT-2,
was by web buckling just outside the lap in the north bay.

The last reading prior to failure in Test C-2 was 40.5% greater
than the predicted failure load of Star Manufacturing Company.
In the 28PT-2 test, the last reading was 6.2% greater than

the predicted failure load of Star Manufacturing Company.
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Comparison of load versus deflection curves for the
two tests (Figures B.5 and D.5) show good agreement. Again,
measured vertical deflections were less than predicted de-
flections for both tests. (The somewhat erratic load-deflec-
tion curve shown in Figure B.5 was caused by instrument mal-
function). Strain (hence stress) and lateral displacement
data were not available for Test 25PT-2.

From the results, it is concluded that no difference
exists between the gravity loading and vacuum loading test
methods described herein. However, the difference in failure
load and failure mode cannot be explained with the limited

test data available.
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APPENDIX A

TEST C-1 RESULTS



ST U

Project:_Star Purlin Study
Test No.,:_C-]1 (conventional
Test Date:May 25, 1982

Purpose:  mo compare roof systems: conventional panel vs. standing seam.
Span(s):__ 3 @ 20 ft, 0 in. ; .

Thickness: 9. 084, 0.066, 0.084 Moment of *lnervia:_ 12,627 in4, 10.182 in
Parameters: Conventional Roof System

No _intermediate braces

No insulation
Spacing 4 ft. 9 in.

4

14

12.627 in?

Failure Load: 273.1 plf
Failure Mode: .Web crippling at .the north support.

Predicted Failure Loads:
Mecthod Star Manufacturing Co. lc.d 317 plf

Method ATST Constr. Bending _Load_ 479 plf
Mechod - Load

Discussion:

-Web crippling or bearing failure occurred first at the north bay
at the exterior support at 273.1 plf.

-~ .
-Web crippling occurred in the south bay at the exterior support
at 281.2 plf.

-Loading was continued to 346 plf. Between 281 plf and 346 plf
web crippling occurred at the intermediate support.

-Measured vertical deflections were greater than the theoretical
for the test purlin. The ridge purlin deflections were less
than the theoretical.

-Bottom flange of test purlin showed considerably move lateral
movement than the top flange.

-Strains were measured at a cross-section immediately outside the
lap on the exterior side of the north bay.

-Y'ielding did not occur before failure.
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Figure A.2 Measured Purlin Dimensions, Test C-1
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AT

ATISI PURLIN ANALYGSIS

IDENTIFICATIONS CSTA®, T EsSYT oy T CoT vOR L5
TOR EOTTOM

FLANGE (i) 2,870 2,920

LIFCim 0.+640 0.630

ILIF ANGLE (des) 4%, 000 45,000

RADIUS L/F Ciro 0.281 0,313

RADTUS F/WCir) 0.281 0,313

TOTAL DEFPTHC LM 7.93
THICKNESS (i) 0,084
YIELD STRENGTH(lksi) &2
SECTION mOOULIICirn™ )
MOMENTS OF INERTIAC(in™4) TOF ROTTUnN
GROSGS= 12,627 3,209 Jozal
STRENGTH= 12,552 A.174 NIt
NEFLECTION= 12,427
RE = 2.447 in
Fe= 35,989 kwi
FT= 27200  luid
FEW= 35,809 |kusi

MOMENT CARRYING CAFACITY (ALIS1 URITERIAD

MC == Q@sE20  fii

MT = P.999  Tt—k

MW= 10.314 fl—k

MU= 15,898 fit-k (l.é67%allowasble)
SFAN = 20,000 TL.
UNIFORM LOAD= 317.92593 w1 f (1.é67%allowanle)
DEFLECTION = //O.?éb ire/100m 11

Figure A.3 AISI Purlin Analysis, Test C-1 North Purlin
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ALl ST FPURLIN ANALYS I8
IDENTIFICATIONS STAR TEST C-1 (MLODLE BAY.
TOF LOTTOM
FLLANGE (im) 2,920 2.800
LIFCim) 0.600 0+640
LIF ANGLE (desd) 44,000 44,000
RADTUS L/F Cim) 0.281 0.313
RATITUS F/WCim) 0.281 0.313

TOTAL DEFTHCir) 8,02
THICKNESS (i) O.0&
YIELD STRENGTH(ksi) oy
SECTIOMN MODULTI Can™ 350
MOMENTS OF INERTIAC10 49 U ROT UM
GROSS:== 10,182 20068 IR,
STRENGTH= P.763 2.399 denls
DEFLECTION= 10.152
RE= 2.179 in
FC= 33,427  lksi
F 1= 37,200  lsi
FRW= 33,109 lkai :

MOMENT CARRYING CAFACITY (AIS1 CRITERIA)D
M= H+683 L)k
MT = 7.792 Ttk
MW 7.173 {1t-k
MU= 11.160  fit-k (1.é&7%alliowahle)
SPAN i 20.000 A
UNIFORM [L.OAD= 2R2F,203  wLf (le&Z%allowsthle)
DEFLECTION = 1e202  an /10001 f

e
P

T Ny

[

Figure A.4 AISI Purlin Analysis, Test C-1 Center Purlin
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8.8 ksi

18.5 ksi

| ST (-l
DATE 25 HAY 82
\ LOAD 189.5 plf
\ VIELD
STREN6TH  62.8 ksi

FORCE -1.47 kips
M 4.81 k-ft

W -113 k-ft
C.6. 3.%in -0.81in
HR.T. pt. A

-23.5 ksi

3.3 ksi

Figure A.6 Stress Distribution at 189.5 plf, Test C-1
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8.6 ksi

2.4 ksi

-28.3 ksi

48.4 ksi

8.4 ksi

ST G-l

DTE 25 HAY 82
LD 273.1 plf
YIELD

STRENETH  62.0 ksi

FORCE -1.87 kips
M 6.50 k-ft

My  -1.62 k-ft
C.6. 3.%in -0.81in
LRT. pt. A

Figure A.7 Stress Distribution at 273.1 plf, Test C-1
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APPENDIX B

TEST C~2 RESULTS



CEST SUMM- <Y

Project: Star Purlin Study

Test No,: C-2 (conventional)

Test Date: June 2, 1982

Purpose: To compare test results: vacuum

1oadi;é vs. gf;viij loading
Span(s): 2 @ 25" B
Thickness: 0.066 in., 0.066 in. Monent of* ‘neit:a: 9.809 in*, 10.334 in”

Parameters: Conventional Roof System

Intermediate braces

No insulation

Spacing 4 ft 9 in.

Failure Load: 168 plf

Failure Mode‘ . Web crippling above -supports @ both ends
Predicted Failure Loads: .

Method_ Star Manufacturing Co. Load 115 plf
Method__ATST , _Lowd_153.2 plf
Mechod - Luad

Discussion:

-Web crippling occurred at supports at each end of chamber at 168 plf.

~Web crippling also occurred at the interior supports but not as severely
as at the end supports.

-Vertical deflections of the test purlin were greater than theoretical.
Vertical deflection of the ridge purlin was less than theoretical

~Vertical deflections of the test purlin were somewhat erratic.

-Stress distribution at the strain gaged cross-section did not confirm con-
strained bending assumption.

-Top flange lateral displacements exceeded bottom flange displacements.

-Maximum lateral displacement was less than 0.85 inches.
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Figure B.l1 Instrumentation Location, Test C-2
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Al S I P U
IDENTIFICATIO

FLANGE (i)
LIFCim)

LIF ANGLE (ded
RADIUS L/F Cin
RADIUS F/WCin

TOTAL DEPTH(L
THICKNESS (imn)
YIELDN STRENGT

MOMENTS
GROGS=
STRENGTH=
DEFLECTION:=
BE= 2.202
FC== 32,289
F == 34,800
FRW=  31.%530

MOMENT CARRYT
M=
MT =
My
MUz
SFAN =
UNIFORM LOAD=
DEFLLECTION =

RoLoL M
Ne STAK TEST C=2 T1ST FURL L
TOR HOTTOM
2,910 2,900
0. 59 0,580
) 45,000 42,000
) 0. 261 0,281
) 0.281 0,281

A AL oYy U Ts

) 7 .88
0.064
H{ksi) o8
SECTION MODULI1C(in™3)
OF INERTIACINT4) TOF ROTTOM
G .809 2508 2013
G434 AT 27t
S B09
L
1
oo i
oo d

NG CAPACITY (ATST CRITERIA)D
6)0-3‘5/ KRV
7elss Tt
be71le -t

10,8583 tt-v
25,000 ft.
135,469 w#1f (1.é67%allowable)

3.037  an./L100pi0f

e

(l1aH7%allowsnlie)

Figure B.3 AISI Purlin Analysis, Test C-2, North Purlin
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AT SI FURLIN ANALYS SIS
IDENTIFICATIONS STAR TFST C-2 (SOUTH EAY)
TO EOTTOM
FLANGE Cir) 2,940 2,870
LIFCim 0. 580 0.570
LIF ANGLE (des) 37,000 42,000
RADTUS L/FCir) P 281 0,281
RATITUS F/WCim 0.2%0 0,313

TOTAL DEFTHCir) 8,03
THICKNESS (ir) 0,086
YIELD STRENGTH(lkegi) 58
, SECTION MODULTIC(in™3)
MOMENTS OF INERTIACin™4) TOR BOTTOM
GROSS= 10,334 LG YL
STRENGTH:= 9,97 473 204
UEFLECTION= 10,334
B = 2.287 i
Fos 29,511 ¥os1
FT= 34.800 lksi
FRW=  31.32% |lsi

MOMENT CARRYING CAFACITY (ALISI CRITERIA)

M= 6,081 ik

MT= 7368  ft-k

MU= b.941 -V

MU= 10158  r1ti-+b (l.a7%ksllowable)
SFAN e 25,000 1.
UNIFORM L.OAL= 129.981L  »1f (l.,o/%sllowaiile)
DEFLECTION = 2.893  anes LOO I T

Figure B.4 AISI Purlin Analysis, Test C-2, Center Purlin
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15.8 ksi

18.5 ksi

8.5 ksi

ST -2

DATE 2 JUIE 8
LOD 475 plf
YIELD

STRENGTH  58.0 ksi

FORCE -2.61 kips
B 1.81 k-ft
My  -0.50 k-ft
C.6. 3.%in 0.81in
WR.T. pt. A

8.9 kel

Figure B.6 Stress Distribution at 47.5 plf, Test C-2
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23.9 ksi

4.2 ksi

2.3 ksl

31.8 kst

" 8.8 kei

TEST (-2

DATE 2 JUNE 82
LOAD  160.6 plf
VIELD

STRENGTH  58.8 ksi

FORCE -4.19 kips
Mx 4.4 k-ft

Wy  -1.69 k-t
C.6. 3.%in 8.01in
WR.T. pt. A

Figure B.7 Stress Distribution at 160.6 plf, Test Cc-2
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APPENDIX C

THREE SPAN STANDING SEAM TEST 6-B RESULTS
(From Reference 4)



TEST SUMMARY

Project: Star Manufacturing Company '

Test No,: @B

Test Date: March 8, 1982

Purpose: Adequacy of single brace at midspan
Span(s): 3 @20’
.080 & .066 I_ =

Thickness:

Parameters: Intermediate braces at B

Moment of ‘Inertia: "x

12.595"", I_=9.829""

Clips installed

No insulation

Spacing 4' 9"

Failure Load: 284.5 plf

Failure Mode- Local buckling

Predicted Failure Loads:

Method_Star Manufacturing Load 290 plf
Method AIST (Cont. Bracing) Load 436.0 plf
Method ' Load

Discussion:

~Failure occurred by local buckling of the bottom (compression flange) in the

interior span immediately outside the lap.
flange in the outside bay at midspan followed.

Buckling of the compression

—Measured vertical deflections were greater than theoretical predictions.

—-The moment of inertia of the eave purlin was 79.6% of that of the test purlin.
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 11.7%, 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%, 9.27% and at 60 psf they were 14.37%, 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
3.34. The ratio of tributary areas was

-At 37 psf, the ratio of brace forces at
the interior span was-1.0:1.84:2.81 and
2.24. The ratio of the tributary areas

and at 60 psf the ratio was 1.0:1.73:
1:3:5.

the intermediate brace location in
at 60 psf the ratio was 1.0:1.53:
was 1:3:5.
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-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.
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24.3 kst

TEST 68
DATE 8 MAR 82
LOAD 198.6 plf
VIELD
STRENGTH  96.8 ksi

FORCE -8.36 kips
e 4.87 k-fi

By 0.9 k-ft
.6. 4.88in -8.82in
URT. pt. &

Figure C.6 Stress Distribution at 198.6 plf, Test 6-B
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38.5 ksi

TEST 68

DATE 8 MAR 82
LOAD  283.1 plf
YIELD

STRENGTH 6.0 ksi

FORCE -1.78 kips
Hx 1.2 k-ft
By  -1.2 k-t
C.6. 4.80in -8.82in

0.5 ke WR.T. pt. A

5.2 ksi

Figure C.7 Stress Distribution at 283.1 plf, Test 6-B
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APPENDIX D

‘CONVENTIONAL PANEL TEST BY WALLACE
(From Reference 3)



TEST SUMMARY

Project: Star Manufacturing Company -

Test No.:__Wallace Test ' ‘

Test Date: March 27, 1979

Purpose: To_observe behavior of conventional panel roof system under gravity loading.
Span(s):___ 2 @ 25

Thickness: .066 . Moment of‘Inertia:__10.175 in4

Parameters:_Copventional roof system

No_dintermediate braces

No dnsulation

Spacing 5 ft, O dn.

Failure Load: 121 plf

Failure Mode’ .Web buckling immediately outside the lap
Predicted Failure Loads: '

Method_Star Manufacturing Co. Load__120 plf

Method ATST ) Load 138.2 plf

Method L Load
Discussion:

-Failure was caused by web buckling outside of the lap in one purlin.
-Measured vertical deflections were significantly less than theoretical.
-Load-stress relationship was linear until failure.

-The predicted and actual failure loads were in good agreement.

The load-deflection curve was linear until failure.
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Figure D.1 Instrumentation Location, Test 2SPT-2
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Figure D.2 Measured Purlin Dimensions - Wallace Test
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Figure D.4 AISI Purlin Analysis, Test 2SPT-2, South Purlin
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