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CHAPTER 1
INTRODUCTION

1.1 General

A research program to study the behavior of metal building roof
systems has been undertaken at the Fears Structural Engineering Labora-
tory, University of Oklahoma, under the sponsorship of the Metal Building
Mahufacturers Association (MBMA). The purpose of this research is to
develop criteria for the design of roof systems as opposed to individual
structural components.

The portion of the study reported here is limited to two topics:

1) Torsional brace force requirements for single span, multiple
Z-purlin systems.
2) In-plane stiffness of such systems.

This report summarizes the results of twenty gravity load tests
of 2, 6 and 7 purlin systems and nine stiffness tests of 2 and 7 purlin
systems. The objective of the gravity load tests was to determine the
magnitude of torsional brace forces in multi-purlin systems. The results
are compared to data from 2 purlin tests and, hence, accumulation of
brace force with increasing number of purlins is determined. These tests
will henceforth be referred to as "accumulation" tests. The objective of
the stiffness tests was similar to that of the accumulation tests, that
is, to determine the system stiffness of multi-purlin systems as compared

to two purlin systems.



For both test series, two span lengths were used: mnominally

14 ft. and 22 ft. All purlins used in the tests were cold-formed Z-sections.

Three material thicknesses were used: approximately 0.072, 0.088 and
0.099 in.

Two basic configurations were used for the accumulation tests:
(a) A1l purlins facing in one direction with lateral restraint provided
only by torsional braces attached to one purlin at a rafter location.
(b) One half of the purlins facing one direction and the other half op-
posing with connection between the sets at the "ridge" at the nominal
1/3rd points of the purlin span. For the stiffness tests, only config-
uration (a) was used.

In the discussion that follows, terms conventionally used to
describe a Z-purlin roof system will be used, e.g. eave purlin, ridge
purlin, uphill and downhill purlins. It is assumed in these references
that the roof system is constructed of Z-purlins with top flanges pointing
toward the ridge of the roof on both slopes. However, all tests were
conducted in a horizontal plane and an eave strut member was not used.

Conventional roof panel without insulation was used in all but one test.

A standing seam roof panel system without insulation was used in this test.

1.2 Accumulation Tests

The six configurations used in the accumulation test series are

summarized as follows:

Test Series A/2, 14 ft. 0 in, simpie span; two Z-purlins; gravity
Toading; torsional restraint on eave purlin at
rafter; conventional panel.

Test Series A/7. 14 ft. 3% in. simple span; seven Z-purlins;
vacuum and gravity loading; torsional restraint
on second "uphill" purlin at rafter locations;
conventional panel.
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Test Series B/2.

Test Series B/6.

Test Series B/6/6.

Test Series SS/6/6.

22 ft. 3 in. simple span; two Z-purlins; gravity
Toading; torsional restraint on eave purlin at
rafter Tocations; conventional panel.

22 ft. 3 in. simple span; six Z-purlins; gravity
Toading; torsional restraint on first or second
uphill purlin; conventional panel.

22 ft. 3 in. simple span; 12 Z-purlins with six
opposing six; gravity loading; conventional panel.

22 ft, 3 in. simple span; 12 Z-purlins with six
opposing six; gravity loading; panel deck and
angle bracing between opposing purlin sets at
the 1/3 points; standing seam panel; intermed-
iate bracing at nominal 1/3 points.

A complete description of the various test setups and the testing

procedure is found in Section 2.1. Test results are given in Section 3.1.

1.3 Stiffness Tests

The nine test configurations used for the stiffness tests are as

follows. Torsional restraint was provided in all tests to one purlin at

rafter locations.

Test S/2-T1.

Test S/2-C1,

Test S/2-T2.

Test S§/2-C2.

14 ft. 0 in. simple span; two Z-purlins; tor-
sional restraint <in tension; no gravity load;
stiffness measured at the centerline; conven-
tional panel.

14 ft. 0 in. simple span; two Z-purlins; tor-
sional restraint in compression; no gravity load;
stif{ness measured at the centerline; conventional
panel.

14 ft. 0 in. simple span; two Z-purlins; torsional
restraint in tension; no gravity load; stiffness
measured at outside quarter points; conventional
panel.

14 ft. 0 in. simple span; two Z-purlins; torsional
restraint in compression; no gravity load:; stiff-
ness measured at the outside quarter points; con-
ventional panel.



Test S/2-C2/99.

Test S/7-T1.

 Test $/7-T1/99.

Test S/7-T2.

Test S/7-T2/99.

14 ft. 0 in. simple span; two Z-purlins; torsional
restraint in compression; 99 plf gravity Toad;
stiffness measured at the outside quarter points;
conventional panel.

14 ft. 0 in. simple span; seven Z-purlins; tor-
sional restraint in tension; no gravity load;

stiffness measured at the centerline; conventional
panel.

14 ft. 0 in. simple span; seven Z-purlins; tor-
sional restraint in tension; 99 pif gravity load;

stifiness measured at the centerline; conventional
panel.

14 ft. 0 in. simple span; seven Z-purlins; tor-
sional restraint in tension; no gravity load;
stiffness measured at the outside quarter points;
conventional panel.

14 ft. O in. simple span; seven Z-purlins; tor-
sional restraint in tension; 99 p1f gravity load;
stiffness measured at the outside quarter points;
conventional panel.

The test procedure and test setups are described in Section 2.2.

Test results are found in Section 3.2.



CHAPTER II
TEST DETAILS

2.1 Accumulation Tests

2.1.1 Test Components

Z-Purlins. The Z-purlins used for Test Series A and B were sup-
plied by MBMA, and those for Test Series SS by Star Manufacturing Company,
Oklahoma City, Oklahoma, A1l Z-purlins that were instrumented in a test
setup were carefully measured and the dimensions recorded. Cross-sectional
measurements are given in Table 1 with definitions in Figure 1. Table 2
shows cross-sectional properties and load and deflection data for the
spans used in the tests assuming uniform loading. Properties were de-
termined using AISI criteria with an assumed yield stress of 56 ksi,

Panels, Fasteners, C]ips and Bolts. For Test Series A and B con-

ventional panel, as shown in Figure 2, was used. The sheet size was 3 ft,
by 10 ft. and nominally 26 ga. Self drilling fasteners No. 12 by 1 in.
were used for both sheet-to-sheet and sheet-to-purlin connections. Sheet-
to-purlin fasteners were uniformly spaced at 12 inches on center and
sheet-to-sheet fasteners were spaced at 30 in. on center (four per lap).
For Test Series SS, the standing seam panel as shown in Figure 3
was used. The sheet size was 24 in, in pansection width by 10 ft. in
length .and nominally 24 gage, The edges of each sheet section formed a
2 in. high box rib plus a 7/8 in. high seam, Sliding panel clips (Figure

4) were used to connect the roof to the panels. One 1/4 in. diameter by

-5-
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1 in. long bolt was used to connect each clip to the purlin. The clip
was securely fastened to the panel by the seaming operation,

2.1.2 Test Set-ups

Series A accumulation tests were performed using the test set-ups
shown in Figures 5 and 6, Tests A/2 and A/7, respectively. Purlin spacing
for both tests was 5 ft. 0 in. |

In test set-up A/2, the purlins were bolted to knife edges through
the bottom flange with 1/2 in. diameter bolts. These knife edges allowed
free rotation at the supports. The knife edges were supported by rafter
sections which in turn were supported by stub columns resting on the lab-
oratory floor. Two 1/2 in., diameter rollers were inserted between the
rafter sections and columns to allow for rafter section rotation. In test
set-up A/7, similar construction was used except that the purlins were
bolted directly to the flanges of built-up rafter sections,

Series B accumulation test set-ups (Figure 7) were constructed
by first supporting two 60 ft. stee1vjoists using the rafter sections pre-
viously mentioned. Purlins were then bolted to the joist chords through
the bottom flange using 1/2 in. diameter bolts. Purlins were spaced at
4 ft. 9 in. For the opposed purlin test,vahproximate1y 2 ft. was left
between the two ridge purlins for instrumentation workspace. In two of
the B/2 tests, the previously described knife edge purlin supports were
used. In the remaining tests, the purlins were bolted directly to the
joist chords,

For test set-up B/6/6, restraint between the sets of purlins was
provided at the ridge by two braces near the purlin span 1/3rd points,

To accomplish this, four heavy angle sections were bolted to the approp-

riate panels and an instrumented brace was inserted between the pairs of
-10-



angles. A 10 kip capacity load cell formed part of each brace so that
the Toad could be monitored. See Figure 7 for details,

The Series SS accumulation test set-up (Figure 8) was constructed
similarly to test set-up B/6/6 except that two sets of bracing were used
at the ridge. One set was attached to the panel as in the B/6/6 test
set-up and the second was attached to adjacent purlin webs as shown in
Figure 8. Both sets were instrumentéd so that forces could be measured
at the four Tocations.

The torsional bracing used in all tests consisted of 3/4 in.
diameter electrical conduit anchored to the supporting rafter section
or joist. Nuts were welded into each end of the conduit and a 9 in.
length of 1/2 in. diameter threaded stud was inserted. Holes were
drilled at the proper location in the purlin webs and connection was
made using "half moon" and flat washers together with a standard nut
as shown in Figure ¢. The washers and nuts were placed on the opposite
side for a compression brace connection.

For all tests except Test Series A/2, the torsional restraint
braces were connected from the purlin to a heavy stiffened angle as in
Figure 9(a). For Test Series A/2 a standard 20 in. deep bar joist was
used to react the torsional restraint brace forces, The joist was con-
nected to one side of the rafters so that the plane of its web was hor-
izontal. The brace connection to joist is shown in Figure 9(b), Two
eye bolts were used to eliminate rotational restraint in the connection.
The calculated stiffness of the supporting joist was 6.71 kips/in for
a single concentrated force at midspan,

For Series A and B conventional deck was connected to the
purlins using self-drilling fasteners through the panel and the purlin

-11-
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top flange. For Series SS standing seam deck was connected to the pur-
lins using 1/4 in. diameter bolts through the base of the clip and top
flange of the purlin.

2.1.3 Instrumentatioh

Instrumentation consisted of calibrated dynamometers, dial gages,
linear displacement transducers, and 10 kip capacity load cells. The cal-
ibrated dynamometers were typical torsional restraint braces with a full
strain gage bridge installed at approximately the brgce centerline. The
braces were previously calibrated using a universal testing machine. The
location of the dynamometers is shown in Figures 5, 6, 7, 8 and 10.

In each test, displacement transducers were used to measure
vertical and horizontal movement of one or two purlins at the purlin span
centerlines. Typically,vertical and the top and bottom flange horizontal
deflections were measured at this location. A typical arrangement of
transducers is shown in Figure 10. In some tests, the horizontal movement
of the panel at this Tocation was also measured. Additionally, for Test
SS/6/6 the relative movement of the top flange of a ridge purlin at the
supporting joist location was measured. Dial gages were used to measure
similar movements at the eave purlins of Tests B/6, B/6/6 and SS/6/6.

Dial gages or displacement transducers were used to measure
rafter and joist deflections at critical locations so that measured
purlin vertical deflections could be corrected for support settlement.

Simulated Tive Toad was applied to the test systems using either
concrete blocks (gravity loading) or suction (vacuum loading). For
gravity Toading, 33:0.1 pounds solid concrete blocks were placed directly
on the roof panel in a uniform pattern, The suction loading was applied
to the system using a specially constructed vacuum chamber. The roof
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system was first constructed in the chamber, then the entire assembly was
sealed using polyethylene and duct tape and then suction applied using
three pumps. The applied load was measured using a standard U-tube
monometer and an electronic pressure sensing transducer.

2.1.4 Testing Procedure

At the beginning of each test approximately 25% of the total load
was applied and then removed without data being recorded. Following this
initial loading all dynamometers were "finger-tightened" and zero readings
were recorded for all displacement transducers, dial gages and dynamometers.
The system was then generally loaded in 33 plf per interior purlin incre-
ments, although certain tests were loaded in 16.5 p1f per interior purlin
increments. After each incremental load was applied and the system allowed
to come to equilibrium, all instrumentation readings were recorded. The
system was then loaded until sufficient data was recorded or until the
maximum safe load of any member was reached. The first test in the A/2

series was the only test to failure.

2.2 Stiffness Tests

2.2.1 Test Components

Z-Purlins. The Z-purlins used for the stiffness tests were
supplied by MBMA. Instrumented Z-purlins were measured carefully, and
the recorded dimensions are found in Table 1. As in the accumulation
tests, properties were determined using AISI criteria with an assumed

yield stress of 56 ksi and are reported in Table 2.
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Panels, Fasteners and Bolts. For all of the stiffness tests,

conventional panel (Figure 2) was used. For the two purlin tests, the
panel sheet size was 3 ft. by 10 ft. and nominally 26 ga., and for the
seven purlin tests, the panel 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-sheet and sheet-to-purlin connections. The fastener spacing was the
same as used for the accumulation tests.

For both the two purlin and seven purlin tests, the purlins were
bolted through the bottom flanges to the simulated rafters using 1/2 in.
diameter bolts.

2.2.2 Test Set-up

The test set-ups used for the two purlin and seven purlin tests
are shown in Figures 11 and 12, respectively. Construction of the test
set-ups was identical to that described previously for the accumulation
tests,

To transfer the horizontal load to the purlins, one end of a
hydraulic ram was connected to a joist which was welded to the rafter
sections. Tﬁe other end of the ram was connected to a built-up H-section.
Dynamometers were used to transfer the load from the H-section to the
purlin. Details are shown in Figure 13. Two different configurations
were used: (a) a dynamometer at the centerline of the purlin span or
(b) dynamometers at the 1/4 points (excluding centerline) of the purlin
span. The dynamometers were identical to those previoﬁs1y described for
the accumulation tests.

The only external restraint provided to the purlins was by tor-

sional restraint dynamometers connected to each end of one purlin at a
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rafter Tocation. The locations of these dynamometers are shown in Fig-
ures 11, 12 and 13, The connection details were as previously described
for the accumulation tests.

2.2.3 Instrumentation

Instrumentation consisted of the calibrated dynamometers and
various dial gages to measure vertical and horizontal deflections. Dial
gages were placed at the load dynamometer-to-purlin connections to measure
horizontal deflecion, Likewise they were placed near the top flange of
the same purlins and directly over the rafter sections to measure purlin
roll at this location. For the gravity load tests, dial gageé were used
to measure vertical centerline deflection of one purlin and to measure
rafter deflection directly under this purlin so that corrections for sup-
port settlement could be made.

2.2.4 Testing Procedure

In each test, a horizontal force equal to approximately 25% of
the maximum force was first applied. The system was then unloaded. The
dynamometers were then "finger tightened" and zeroed and initial dial
gage readings recorded. Gravity load was thgn added, if part of the test
procedure, Horizontal load was tﬁen applied, generally in 100 1bs. incre-
ments per 1/4 point or centerline dynamometer, with dial gage readings
recorded at all increments. The system was loaded until the load-deflec-
tion curve became significantly nonlinear or 1000 1bs at a dynamometer

location was reached.
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CHAPTER III
TEST RESULTS

3.1 Accumulation Tests Results

3.1.1 General

Test results consist of load versus deflection data and load
versus brace force data. Load deflection data includes plots of simulated
live load vs. vertical centerline deflection, load versus torsional re-
straint forces, and load versus lateral deflection of the top and bottom
flanges of the simulated peak purlin at the centerline. The vertical de-
flection plots also include a theoretical deflection computed assuming
constrained bending

' 5wL4

A:._._.....__ (1)
384EI

where A = vertical centerline deflection, w = the applied uniform load,
L = the span, I = the moment of inertia of the purlin with respect to the

horizontal axis, and E = modulus of elasticity.

Results for Test Series A/2, A/7, B/2, B/6 and SS are found in
Appendices A, B, C, D and E, respectively. A detailed test summary for
each test is included in the appropriate appendix. Table 3 is a summary
of brace force results for all accumulation tests. Gravity load was used
for all tests except Series A/7 where suction was used. To provide data
at corresponding Joad levels, linear interpolation was used to obtain the
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results shown in Table 3 for Series A/7.

In the discussion that follows, percent brace force is defined as
total of measured brace forces divided by the total vertical load supported

by the purlins expressed in percent, that is

% Brace Force = Total of Measured Brace Forces
Total Vertical Load

x 100% (2)

Also, "external purlin" refers to the purlin farthest from the support

joist and "internal purlin" refers to the purlin nearest the support joist.

3.1.2 Test Series A/2 and A/7

Series A/2. The purpose of this series was to determine the mag-
nitude of torsional brace forces required for two purlin, single span
systems. Three tests were conducted. The maximum applied load in Test
A/2-1 was 280.5 p1f; in Test A/2-2, 99 pif; and in Test A/2-3, 165 plf.
Span length was 14 ft. 0 in. for all tests and Test A/2-1 was conducted
to failure (this is Test III of Reference 1).

Test results are found in Appendix A. For all tests, measured
vertical deflections were greater than predicted by 5% to 20% (Figures
A.5, A.12°and A.20). This finding is comparable to results reported in
Reference 1. |

Vertical loading in pounds per linear foot (p1f) per purlin ver-
sus measured brace force at each torsional brace location is shown in
Figures A.6, A.13 and A.21 for Tests A/2-1, -2 and -3, respectively. In
Test A/2-3 dynamometers were installed between the purlins in the plane
of the rafter web as shown in Figure A.16. Load versus brace force at
this location is shown in Figure A.22.

In all tests, the measured brace forces tended to increase at an

increasing rate with increase in vertical loading. From Table 3, it is
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observed that the percent brace force decreased after the initial load
increment and then began to increase after several increments. Further,
substantial differences in percent brace force were recorded between the
three tests, almost 100% between tests A/2-1 and A/2-3. No explanation
was found for this difference.

Vertical loading versus midspan lateral displacement of top and
bottom purlin flange locations or panel location are shown for the three
tests in Figures A.7, A.14 and A.23. The results are typical when compared
to similar plots found in Reference 1.

Series A/7. The purpose of this series was to determine the
magnitude of torsional brace forces for seven purlin, single span systems
and to monitor the lateral movement of midspan purlin and panel locations
when such systems are gravity loaded. Five tests were conducted to de-
termine brace forces and five tests were conducted to monitor horizontal
movement of purlin and panel locations. A1l tests in the A/7 series were
conducted at a span of 14.29 ft. The various tests were conducted using
vacuum loading with Test A/7-7 repeated using gravity lToading to verify
that the foading method does not affect results. A1l tests in this series
were essentially the same. Minor differences concerning measurement lo-
cations and modifications of the test setup are reported in the "Test
Summary" sheets found in Appendix B. Test results are also found in Ap-
pendix B.

Tests A/7-0, -2, -3, -4 and -7 were conducted to measure restraint
forces. The remaining tests were conducted to determine horizontal purlin

and panel midspan movements. The tests to measure restraint forces are

discussed first.
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Vertical load versus vertical deflection of the first “downhill"
purlin from the "ridge" purlin for Tests A/7-0, -2, -3 and -4 is shown in
Figures B.5, B.8, B.11 and B.14, respectively. In all cases, measured
vertical deflection ekceeded the predicted deflections.

Vertical load versus vertical deflection for Test A/7-7 is shown
in Figure B.22. For the gravity loading portion of this test, concrete
blocks were placed on the panel starting from the eave end of the setup.
Once each space between purlins was loaded to an equivalent purlin load
of 99 pif, all data was recorded. Comparison with the vacuum loading
portion of the test can only be made at full load (99 pl1f per purlin).

As shown in Figure B.22, agreement at this load level is excellent.

Vertical loading versus brace force for Tests A/7-0, -2, -3, -4
and -7 are shown in Figures B.6, B.9, B.12, B.15 and B.23, respectively.
Percent brace force at load increments of 33 pif per purlin are given in
Table 3. Generally, the highest percentage was found for the first in-
crement, with a relatively sharp decrease at the second increment (0.7%
to 1.5%) and then a relatively constant percentage for the remaining in-
crements, Figure 14 shows insignificant difference in brace forces
(less than 5%) between the A/7-7 gravity and vacuum loadings.

From Table 3, the percent force varied from 10.1% to 4.0Y% depend -
ing on the test and Joading increment. Also from Table 3, it is evident
that the percent brace force increased with each repeated Toading. Table
4 shows the percent increase in brace force at four load levels for each
test with respect to the first test. The percent increase increases for
each additional test reaching a maximum value of 100% at the 132 p1f

level of the last test. The only explanation found for this phenomenon
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Table 4

Increase of Brace Force with Repeated

Loading, A/7 Tests

Increase of Brace Force (%)
Test 33 plif 66 plf 99 pif 132 pif
A/7-0* 0.0 0.0 0.0 0.0
A/7-1 31.1 20.4 33.3 37.8
A/7-3 39.3 37.0 43.8 48.9
A/7-4 52.5 . 44 .4 50.0 ' 51.1
A/7-7 65.6 77.8 89.6 100.0
*Base Test
14889
13080 |
12680 |
11808 |
T 16868 |
0
19680 |
A 2
L | /
/
L 7680 47
0 /
e | y/
] Y
, 580 | )
! | %
St | ,//
L e G LoDl
w| f o - -~ o GRAYITY NLOADING
e L 1 . 1 i i L L L L 1 X 1
9 160 260 08 469 5B 6 709 G0 980 1909 110 1260 1389
TOTAL BRACE FORCE, lbs.
Figure 14. Comparison of Brace Forces from Gravity and Vacuum

Loadings, Test A/7-7
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is that the purlin web-to-rafter flange angle slightly decreased with each
test loading causing an increase in brace force to maintain equilibrium.

Vertical loading versus lateral displacement of various top and
bottom flange locations is shown in Figures B.7, B.10, B.13, B.16 and B.24
for Tests A/7-0, -2, -3, -4 and -7, respectively. In general, the lateral
movements were consistent between tests. The erratic results shown in
Figure B.24 were caused by the gravity loading procedure used for Test
A/7-7. Figure B.25 shows results of the vacuum loading test.

Tests A/7-4 A, B and C, A/7-5 and A/7-6 were conducted to measure
midspan lateral movement of various purlins at selected points on a cross-
section and of panel movement. Torsional restraint forces were not meas-
ured in these tests. Load versus lateral displacement plots for the three
tests are found in Appendix B, In these plots, purlin 1 is the "eave"
purlin and purlin 7 is the "ridge" purlin (see Figure 6).

Tests A/7-4 A, B and C were conducted to measure panel movement
near the top flange of the purlins. Measurements were made on purlins 1,
2, 5, 6 énd 7 and results are shown in Figures B,17, B.18 and B.19. Re-
sults from the three tests are consistent, however, corresponding deflec-
tions increased for each subsequent test. In all tests, the deflection
at purlin 2 was the largest and that at purlin 6 or 7 the smallest. Note
that the torsional restraint braces were attached to purlin 2 (see Figure
6).

In Test A/7-5, lateral displacement of the bottom flange of pur-
lins 1, 2, 5, 6 and 7 was measured, The results shown in Figure B.20 are
consistent in that the bottom flange of all purlins moved in the uphill di-
rection and the uphill purlins, except for purlin 6, moved more than the

downhill purlins.
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Test A/7-6 was configured similar to Test A/7-5 except that the
displacement transducers were attached to the purlin webs as close as pos-
sible to the top flanges. Results are shown in Figure B.21. Al1 purlins
moved in the uphill dif‘ections however, movements were not consistent be-
tween purlins in that uphill purlins moved less than downhill purlins. No
explanation was found for this phenomenon.

3.1.3 Test Series B/2, B/6 and B/6/6

Series B/2. The purpose of this series was to determine the mag-
nitdue of torsional brace forces required for two purlin, single span sys-
tems. The tests in this series are similar to the A/2 series; the primary
difference being the span length, 22 ft. 3 in. versus 14 ft. 0 in. for the
A/2 series.

Five tests were conducted. In each test, load was applied in 33
p1f per purlin increments to 99 plf. Two additional load increments were
applied in Test B/2-3. Al1 tests were conducted with the purlins bolted
to the simulated rafter top flanges; Tests B/2-1 and B/2-2 were repeated
using knife supports between the purlin ends and the rafter flange. Only
torsional braces were used in this series. Table 5 shows the various brace
configurations. Tests B/2-1-A and -B used single braces connected to the
interior (eave) purlin; Tests B/2-2-A and -B used braces between the purlins
in addition to the interior purlin brace; and Test B/2-3 used a single
torsional brace at each rafter connected to the exterior (ridge) purlin.

Test results are found in Appendix C and consist of a summary
sheet, load versus vertical deflection, load versus brace forces, and load
versus midspan lateral movement of the top and bottom purlin flanges and
of the panel. Results are summarized in Table 5. (Results from an ana-

Tytical model are also shown in Table 5. Discussion of the model will be
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presented in a subsequent report).

For all tests, measured vertical deflections were greater (10% to
25%) than deflections predicted using the constrained bending assumption.
No significant differeﬁce was found between the tests using the bolted
connection and those using the knife edge connection.

Brace forces increased approximately linearily with increasing
vertical load as seen from the appropriate plot for each test, Appendix C.
Table 5 shows the total brace force for each test at load increments of
33 pIf, 66 plf and 99 p1f. Results are consistent for the five tests. In
Test B/2-2A, each torsional brace was pretensioned to 20 1bs pfior to
loading. Brace forces at the two additional Toad increments for Test B/2-3
are also shown in Table 5 under "Remarks".

Total brace force as a percentage of total supported l1oad (both
purlins) is shown in Table 3. For the five tests, the percent brace force
is consistent, varying between 19.9% and 23.0% with an average value of
21.3%. Unlike results from the A/2, a decrease of percent brace force with
increasing load was not found.

In general, the bottom flange of the instrumented purlin moved
downhill at low loads (33 pl1f) and then reversed direction with a slight
uphill displacement at 99 pif (see plots in Appendix C). Top and panel
movements were uphill for all tests at all load levels, however, results
are inconsistent between locations and tests, particularly at higher load
levels.

Series B/6. The purpose of this test series was the same as for
the A/7 series. Purlin span length was 22 ft. 3 in. and all purlin-to-

rafter connections were bolted. Two tests were conducted: Test B/6-1 with
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torsional braces connected to the eave purlin and Test B/6-2 with the
braces connected to the first uphill purlin from the eave purlin. The
southmost or ridge purlin was instrumented to measure midspan lateral and
vertical deflections. .Load was applied in 33 p1f increments to 99 plf per
interior purlin. One-half of these values was applied to the exterior
(eave and ridge) purlins. Test results are found in Appendix D.

Measured vertical deflections are inconsistent with predicted
values, see Figures D.4 and D.8. A possible explanation is secondary de-
flections caused by walking on the system during placement of the concrete
blocks.

Brace forces as a function of uniform load are shown in Figures
D.5 and D.9. It is obvious from these plots that the brace forces in-
creased at an increasing rate with increased load. Total brace force as
a percent of total supported load (all six purlins) at each load increment
is shown in Table 3. The results are consistent between the tests during
loading; less brace force was measured during unloading of Test B/6-2.

Lateral movement of the top and bottom flanges and panel at the
midspan of the ridge purlin versus uniform load on that purlin is shown
in Figures D.6 and D.10 for Tests B/6-1 and B/6-2, respectively. A1l move-
ments are uphill with greater movement measured in Test B/6-2.

Test B/6/6. Test B/6/6 was conducted using the same test setup
and purlins as were used for the Series B/6 Tests. An additional six
purlins were added to the setup with the flanges in the second set op-
posing the flanges in the first set. Panel was installed over each set,
but with a space at the ridge. Instrumented intermediate braces were in-
stalled at the 1/3rd points of the span at the ridge. These braces con-

nected the roof sheets of each set (see Figure D.11). Load was applied
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in 16.5 p1f increments to 66 pl1f per interior purlin., One ridge purlin
was instrumented to measure vertical and lateral displacements.

Vertical load versus vertical deflection of the instrumented purlin
is shown in Figure D.12. Agreement with deflections computed using the
constrained bénding assumption is excellent.

Vertical load versus brace forces is shown in Figure D.13. Re-

sults are consistent between the braces. Total brace force as a percent of
total vertical load on one purlin set (six purlins) is shown in Table 3.
The percent brace force decreased with increasing load from 22.4% at 16.5
plf per interior purlin to 19.8% at 66 p1f.

Measured lateral movements at midspan of the instrumented ridge
purlin are shown in Figure D.14. Results are erratic, again possibly due
to movements caused by walking on the system during loading.

3.1.4 Test Series SS

Test SS6/6 is similar to Test B/6/6 except that the previously
described standing seam roof system was used and two sets of intermediate
braces were installed at the ridge location. Two sets of six opposed
purlins, spanning 22 ft. 3 in., were used. Four calibrated dynamométers
were installed at the approximate 1/3rd points of the purlin span at the
ridge. Two dynamometers connected the panels on opposite sides of the
ridges and two connected the purlins at mid-web depth. One ridge purlin
was instrumented at midspan to measure vertical and horizontal movements.
The panel was instrumented to measure horizontal movement. The system was
loaded in 33 plf increments to 66 plf per interior purlin. The panel
dynamometers were then removed and the system unloaded in 33Ap1f increments.

Test results are found in Appendix E.
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Vertical load versus vertical midspan deflection of the instru-
mented ridge purlin is shown in Figure E.4. Deflections are generally
greater than those prgdicted from constrained bending theory. The deflec-
tions increased after removal of the panel dynamometers,

Vertical load per interior purlin versus percent brace force
(calculated as for Test B/6/6) is shown in Figure E.5 for the loading
cycle and in Figure E.6 for the unloading cycle. The percent brace force
was smaller at higher loads for both loading and unloading., The percent
brace forces are summarized in Table 6. The total brace force during
loading was approximately 25% of the total vertical load supported by one
purlin set (6 purlins). Approximately 24% of the total brace force was
supported by the panel dynamometers and the remaining 76% by the purlin
dynamometers. Upon removal of the panel dynamometers, the total brace
force decreased to 22.7%. This decrease was expected since the latter

bracing system is less stiff than the former system.

Table 6
Brace Force Distribution in Test SS/6/6

Brace Force (%)*

Load Deck Angle Total
33 5.7 19.7 25.4
66 6.1 17.8 23.9
66 - 22.7 22.7
33 - 20.6 20.6

*Brace force divided by total load on
six purlins (one side{ x 100%.
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Horizontal displacements of the purlin flanges and panel at mid-
span of one of the ridge purlins versus vertical loading are shown in
Figures E.7, E.8 and E.9, The top flange and panel displacements are in
the uphill direction and are larger at the 33 pl1f level than at the 66 plf
level. The pane]ldisp1acements are 2 to 2.5 times greater than the purlin
displacements. Both the panel and purlin displacements increased upon
removal of the panel dynamometers. Bottom flange displacements were also
uphill and exceeded the top flange and panel disp1acements, indicating the
purlin "rolled" toward the eave. This phenomenon can be explained by the
torsional moment introduced by the panel at this location. Because of the
clip used with the standing seam system, panel flexural rotations are am-
plified causing twisting of the purlin.

3.1.5 Comparison of A, B and SS Test Series

The following comparisons are drawn from the results of the A, B
and SS series tests:

1. Comparing the percent brace force from Series A/2 and Series
B/2 (Table 3), the percent brace forces for Series B/2 are significantly
greater than for Series A/2 except for Test A/2-3. The difference is in
the raﬁge of 5% to 7%, which means that the brace forces, as a percent of
total vertical load, are 25% to 50% greater for the 22 ft. 3 in. span
tests (B/2) as compared to the 14 ft. 0 in. span tests (A/2). Similar
results are found when comparing percent brace forces found in the initial
Tests of the A/7 Series to the Tests in the B/6 Series (Table 3).

2. Comparing percent brace force results from Series A/2 and A/7,
it is evident that the percent brace force significantly decreases with

increasing number of purlins (Table 3). Similar results were found for
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the B/2 and B/6 Tests. The decrease for the A-Series was in the area of
50% and for the B-Series, 70%.

3. Results from the B/6 and B/6/6 Tests show that the stiffer
the brace system the larger the brace force (Table 3). The brace system
used for Series B/6 was torsional braces at the rafter line connected to
the eave purlin. The average percent brace force for these tests during
loading was approximately 14.5%. For Test B/6/6, the bracing system was
two dynamometers connecting opposite ridge purlins at the 1/3rd point of
the purlin span. The average percent brace force for this test was approx-
imately 20.5% (Table 3).

4. A similar conclusion is reached when the results of Test B/6/6
and SS/6/6 during loading are compared. The average percent brace force
for Test S5/6/6 with both panel and purlin dynamometers in place was 24,7%
(Table 6). This restraint system is stiffer than that used in the B/6/6
Tests where the percent brace force was approximately 20.5%.

5, Comparison of Test SS/6/6 unloading with Test B/6/6 shows
comparable percent brace forces (Tables 3 and 6), indicating that the
standing seam system used in the SS/6/6 Test is as capable of carrying re-
straint forces as is the conventional system used in Test B/6/6.

6. In Test A/2-1, the only system loaded to failure, the percent
brace force initially decreased with increasing vertical load and then in-
creased near the failure load (Table 3). Table 3 shows that percent brace
forces in Series A/7 consistently decreased with increasing'load, however,
the maximum vertical Toad in this series was only 79.6% of the failure load
of Test A/2-1 (290.4 p1f per purlin, p. A.1). The purlins used in Series
A/7 are identical to those used in Test A/2-1.
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7. In both the B/2 and B/6 series, brace forces jncreased slightly

with increasing vertical load,

3.2 Stiffness Test Results

3.2.1 General

Tests to determine the in-plane stiffness of two and seven purlin
roof systems (S/2 and S/7 Series, respectively) using conventional panel
were conducted, Al]l testé were at a span of 14 ft. 3 in. and the setups
used were modifications of the A/2 and A/7 Test setups. Identical purlins
and panels were used in the stiffness and A-Series Tests. Restraint was
provided by torsional braces attached to one purlin at the rafter lines.
Tests were conducted with the torsional restraint brace attached to both
the eave purlin and the first uphill purlin from the eave purlin. Load was
applied at either the midspan or quarter points (excluding the midspan) at
the ridge purlin.

Test results consist of in-plane load versus vertical deflection,
total restraint force and horizontal deflection. Results for the S/2
Series are found in Appendix F and those for the S/7 Series in Appendix G,
Table 7 is a summary of the test results. A test designation S/2-T1 is to
be interpreted as a two purlin stiffness test (S/2) with torsional restraint
braces in tension (T) and with a single (1) in-plane point of load appli-
cation, e.g. concentrated Toad at midspan and no applied gravity load on
the system. A test designation S/7-C2/99, indicates a seven purlin stiff-
ness test (S/7) with torsional braces in compression (C) and two (2) in-
plane loads at the ridge purlin 1/4 points applied after a gravity load of
99 pl1f per interior purlin was placed on the system. Tension torsional

restraint braces were attached to the first uphill purlin from the eave
-40-
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purlin (Figures F.1(a) and G.1) and compression braces were attached to the
eave purlin (Figure F.1(b)).
3.2.2 Test Series S/2'

Five tests were conducted in this series: two with tension tor-
sional braces, two with compression torsional braces, and one with compres-
sion torsional braces and a gravity load of 99 plf per purlin, Of the
tests without gravity load, one each was conducted with a single concen-
trated in-plane load and the second with two in-plane loads (1/4 points).
The test with the additional applied gravity load used two concentrated
Toads. In some instances the tests were repeated. The maximum applied
total in-plane force in every test was 1000 1bs.

From the various plots found in Appendix F, the relationship be-
tween applied force and in-plane horizontal displacement or total restraint
force can be seen. From Table 7 and Figure 15, it is eyident that the
total restraint force at the torsional braces decreases with increasing
in-plane force, more so for the test with additional gravity loading
(S/2-C2/99). Percent restraint force is defined as total measured brace
force divided by applied in-plane force times 100%. Stiffness on the other
hand, increases with increasing in-plane force, again at a greater rate
with the gravity load in place, Figure 16.

Comparing Figures 15(a) and (b) it is evident that the location
of the restraint brace (T versus C braces) effects the restraint forces
with more force developed when the braces are attached to the purlin at
which the in-plane force is applied. However, on comparison of Figures
16(a) and (b), the compression brace systems are considerably stiffer. No
explanation was found for the greater stiffness found in the test with the

applied gravity loading. 1



3.2.3 Test Series S/7

Four tests were conducted in this series: two tests with single

concentrated in-plane Toads and two tests with two in-plane loads. One

test of each type was conducted with 99 p1f per interior purlin in place.

A1l tests used tension type torsional restraint braces attached to the

first uphill purlin from the eave purlin (Figure G.1).

Unlike the S/2 Tests, the total restraint force at the torsional

braces increased with increasing applied horizontal force, Table 7 and

Figure 15, however, the increase is slight. Total brace force was greater

with the

in-plane
creasing
when the

the same

in force

from two

99 plf gravity load in place.

For the S/7-T1 Tests, stiffness increased slightly for increasing
force; for the S/7-T2 Tests, stiffness decreased slightly for in-
in-plane force. The stiffness decreased for the S/7-T1 Tests
gravity load was in place and increased for the S$/7-T2 Tests for
situation.

Comparison of the S/2 and S/7 results shows a significant decrease
at the torsional restraint braces when the system is increased

purlins to seven purlins. For the two purlin system, the percent

restraint force varied from 82.9% to 100%. (Table 7 shows 103.7% maximum

which probably is due to instrumentation error). For the seven purlin

systems,

the percent brace force varied from 52.3% to 73.4%. Similarly

stiffness increases. For the two purlin systems, stiffness varied from

1093 1b/ft to 2136 1b/ft. For the seven purlin systems, stiffness varied
from 2033 1b/ft to 3119 1b/ft.
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CHAPTER 1V
SUMMARY AND SIGNIFICANT FINDINGS

A total of twenty gravity load and nine stiffness tests are re-
ported here. The purpose of the gravity load tests was to determine re-
straint forces when torsional restraint braces are used to stabilize Z-
purlin, conventional panel and standing seam roof systems and to determine
accumulation effects of multi-purlin systems. The stiffness tests were
conducted to determine in-plane stiffness ahd force transfer in two and
seven purlin systems. The ekperimenta] results reported will be compared
to analytical results at a later date as part of the total research effort.

Significant findings from this research are:

1. Measured vertical defiections of unfform]y loaded, simple span
Z-purlins exceeded predicted values, based on the constrained bending as-
sumption, by 5% to 20%.

2. For all gravity load tests, the range of total force at the
torsional braces as a percent of total vertical load stabilized by the
braces ranged from 4.0% (Test A/7-0) to 26.6% (Test A/2-3).

3. From the results of 14 ft. 3 in. span tests, A-series, and the
22 ft. 0 in, tests; B-Series, a definite span effect was found. The range
of percent brace forces for the A/2 series was 13.1% to 26.6% and that for
the B/2 Serijes, 19.9% to 23.0%. The range for the A/7 Series Tests was
4,0% to 10.1% and for the B/6 Series, 11.1% to 17.2%.
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4. Increasing the number of purlins in a system decreases the
percent brace force. At 99 pl1f, the percent brace force from Test A/2-1
was 13.2% and for Test A/7-0, 4.8%. -For Test B/2-1A the percent brace force
was 21.7% and for Test B/6-1, 17.2%. Thus, direct accumulation of brace
forces does not occur, e.g. the brace force required to stabilize six pur-
lins is not three times that required to stabilize two purlins.

5. An increase in the stiffness of the bracing system increases
the brace force. In Test B/6-1, at 66 pl1f, the brace force equé]ed 14 .8%
of the total vertical load; in Test B/6/6 the percent brace force was 19.8%.
In Test B/6-1, torsional braces at the rafter lines were used; in Test
B/6/6-1, only 1/3rd point intermediate braces were used. A decrease in brace
force was also realized in Test SS/6/6 when the panel dynamometers were
removed (Table 6).

6. Both the A/2 and A/7 test setups were retested several times.
For both series, the initial loading was relatively high and subsequent
loadings resulted in increased brace forces (Tables 3 and 4). The only
explanation found for the phenomenon is that the angle between the rafter
flange and the purlin web was decreased because of the initial loading and
additional brace force was required to stabilize the system during the
subsequent Toadings because of the increased overturning moment due to
increased eccentricity.

7. From Tests A/7-7, it was determined that gravity load testing
using concrete blocks and testing using suction (vacuum chamber) gives
identical results.

8. From results of the B/2 Series Tests, purlin support conditions

(bolted directly to the rafter or knife edge) have little effect on the

magnitude of brace forces (Table 5).
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9. In the multi-purlin tests, it was obseryed that the ridge
purlin tends to "roll1" in the downhif1 direction, This phenomenon affects
lateral displacement measurements. In future testing, it is recommended
that the movement of the first downhill purlin from the ridge purlin be
monitored.

10. From the in-plane stiffness tests, it was found that the per-
cent of applied force resisted by the torsional braces decreases substan-
tially as a function of the number of purlins between the applied in-plane
force and the Tocation of the restraint. At 1000 1b. applied force, 97.4%
of the force in Test S/2-T1 was resisted by the torsional braces; in Test
S/2-C1, 82.9%; and in Test S7/T1, 62.1%. Similar results were found for
the quarter point tesfs (S/2-c2, etc.)

11. For all of the two purlin tests (S/2), brace force decreased
with increasing in-plane force. For the seven purlin tests (S/7), the
reverse was true (see Figure 15). For both series, force at the torsional
braces was less for the quarter point tests (-C2 or -T2) than for the mid-
span tests (-Cl1 or -T1). When gravity load was applied, the in-plane force
resisted by the torsional braces increased (Test S7-T1/99 versus Test S7-
Tl and Test S7-C2/99 versus Test $7-C2, Figure 15).

12. From Figure 16, in-plane stiffness increased with increasing
in-plane force for all two purlin tests. In-plane stiffness increased with
increasing in-plane force for the seven purlin tests with midspan loading
(Figure 16(a)) and decreased for 1/4 point Toading (Figure lG(b)).

13. In-plane stiffness increased with increased number of pur-

Tins; the increase was much less than in direct proportion (Table 7).
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This report is the third progress report concerning Z- and C-
purlin supported roof systems. Subsequent reports will describe mathe-

matical models to predict the phenomena observed in the testing described

herein.
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APPENDIX A
SERIES A/2 TEST RESULTS



TEST S mary

Project: MBMA Roof System Behavior

Test No.: A/2-1

Test Date: pApril 29, 1982

Purpose:__ Basic test for assessing accumulation of restraint force.

Span(s):_14.625"

Thickness: . 0.075" . Homenc'bf‘{nertia:_ 10.8 in.4

Parameters: No intermediate braces

°

Torsional restraint at rafters only at internal purlin

Panel shear stiffness oo =

Panel torsional restraint

Failure Load: 290.4 plf per pur11n

Failure Mode’ '—Verrical web buckling ‘'of internal purlin

Predicced Failure Loads:
Method AISI Constr. bendlng x 1.67 Load 466.0 plf

Method Lozd

Method L Load

Discussion:

-Failure was by vertical web buckling of the internal purlin at the rafter

location.

~Failure first occurred at the north rafter and the north half of the system

collapsed.

~-The external purlin rolled away from support joist at failure.

-Vertical deflections were 20-35% greater than predicted using the constrained

bending assumption.

-At 165 plf, summation of internal brace forces equaled 13.5% of the total sup-

ported vertical load.

-At 264 plf, sﬁmmation of internal brace forces equaléd 17.7% of the total sup-

ported vertical load.

~-Top flange lateral displacement exceeds bottom flange displacements but in

the opposite direction.
-Maximum lateral displacement was 0.70 in.

-Strain gages were not installed.



Dyn #127

Span = 14.625"

Lateral

L/-Support

Internai{ffJ#
Purlin

~Top Flange

Dyn. #6 ——//

Figure A.1 Instrumentation Locations, Test A/2-1
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Z-SECTION
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WEST 4/29/82)

TOF ROTTOM
FLANGE (irm) 2.400 2.520
LIPCir) 0.560 0.380
LIF ANGLE (ded) 45.000 32.000
RADIUS L/F i 0.500 0.500
RADITUS F/uWd{in) 0.220 0.220
TOTAL DEFTH(ir) 8.16
THICKNESS (ir) 0.076¢
YIELD STRENGTH(ksi) 56
SECTION MODULIT 11,7 3)
MOMENTS OF INERTIACiIn™4) TOF ROTTOM

GROSS= 11.047 2.745 VRS ]
STRENGTH= 11.047 2,745 2000210
DEFLECTION= 11.047
RE= 2.104  in
FC= X3.600 |l
FT= I3.600 e
FBW= 31.648 |l
MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 7.686 ft~k

MT= 7:.619 fi-k

MW= 7.736 flt-k

MU= 12,723 ft-k (1.67%sllowable)
SFAN = 14,625 ft.
UNTFORM LOAD= A4753.867 rF1f (1.67%31llowable)
DEFLECTION = 0.316 in./10081+

Figure A.3 AISI Purlin Analysis, Test A/2-1 External Purlin

A4



e e o vy oo e o s S o S T o Vo S e e ote S Gww = S e S G v o S T S G . o St S Vo v e WM G W G S e S At S Shs Rore et Sbiu en tere bee st

AI SI FURLIN ANALYSTIS

Z-SECTTION
IDENTIFICATION: MEMA-A-1 C(INT. EAST 4/29/82) >
TOor ROTTOM
FLANGE (in) 2,400 2.440
LIFCir) 0,530 0.400
LIF ANGLE (ded) 43.000 37.000
RADIUS L/F Cim) 0.500 . 0,500 ,
RADIUS F/WCim) 0.220 .. 220
TOTAL,. DEFTHCin) .15
THICKNFSS (i) 0.07%
YIELD STRENGTH(lks1) 06 i
SECTION MODULITCaii™3)
MOMENTS OF TNERTIAC(InT4) TOF ROTTOM
GROSS= 10.814 2,693 DAk
STRENGTH= 10.0214 2.693 2.664

DEFLECTTON= 10.°14
RE= 201005 an

FC= 32, A00 ke
FT== A31,.600 v
FBW= 31.537 kei

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC = 7.539 ft-h

MT= 7.459 fl-k

MW= 7.561 ft-k

MU= 12.45] fi-k (1.67%a3llowable)
SFAN = 14,425 fL.
UNTIFORM 1.0AD= 467 . 724 ¢ 1T (1.67%a3llowable)
DEFLECTION - 0,323 irn./100r1°f

Figure A.4 AISI Purlin Analysis, Test A/2 -1 Internal Purlin
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TEST SUMMARY

Project: MBMA Roof System Behavior

Test No.: A/2-2

Test Date: July 29, 1982

Purpose: Base test for assessing accumulation of restraint force
Span(s): 14'-0" .
Thickness: 0.072" Moment of‘Inertia:__10.17 in'

Parameters: No intermediate braces

¢

Torsional Restraint at rafters, only at internal purlin

Panel shear stiffness

Panel torsional restraint

Failure Load: Loaded to 99 plf per purlin
Failure Mode:

Predicted Fallure Loads:
MethodAISI Constr. Bending x 1.67 ;. .4 463.4 plf

*

Method Load
Method Load

Discussion:

-Vertical deflections were about 6% greater than predicted from the constrained
bending assumption for external purlin and 12% greater for internal purlin.

-Brace forces increased linearly with increasing vertical load.
-At 99 plf, summation of brace forces equaled 16% of total vertical load.

-Bottom flange lateral displacement exceeded top flange displacement, but in
opposite direction.

~Maximum lateral displacement was less than .250 in. at 99 plf.
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Figure A.8 Instrumentation Locations, Test A/2-2
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AISI FPURLIN ANALYSIS
Z-SECTION
IDENTIFICATIONS MEMA A/2-2 (WEST-EXT.) 7/729/82

—-——_—.—.—-.—.—.—.——.——.—.—_—-_—.__-...._.-._.—-...-_.-...—_-__.—...__._...............—..-—....-—-.—.-—-.....-.-—..—-....

TOF BOTTOM
FLANGE (ir) 2,300 2.330
LIFCin) 0.400 0.600
LIFF ANGLE (des) 29.000 40,000
RADIUS L/FCim) 0,500 0.500
RADIUS F/7W(ind 0.310 0.310
TOTAL DEFTHC(in) 8.1
THICKNESS(inm) 0,072
YIELD STRENGTH(ksi) 56

SECTION MODULIIC(in™3)

MOMENTS OF INERTIA(iIn™4) TOF BOTTOM
GROSS= 10.168 2,506 2.561
STRENGTH= 10.168 2.506 2.5961
DEFLECTION= 10.168
RE= 1.9218 in
FC= 32,547 ksi
FT= 33.600 ksi

FRW= 31.209 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIAD

MC= 6.798 ft-k

MT= 7.169 fi-k

MW= 7.127 ft-k

MU= 11.252 ft-k (l.67%allowable)
SFAN = 14.000 ft.
UNIFORM LOAD= 463,394 ®1f (l.67%sllowable)
DEFLECTION = 0.288 in./100r1f

Figure A.10 AISI Purlin Analysis, Test A/2-2, External Purlin
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AISI FURLIN ANALYSIS
Z-SECTION
IDENTIFICATION: MEMA A/2-2 (EAST-INT.) 7/29/82

o - o G5t S o h o - boon Svou Sue Mo $o0 SN WSS O Fea SeEV eI SV Beee M e M A Sube SesR Sete Sewe Sees MG Geoe WS SE SH Sate mae BeSh e e Sves 4ESt 40 B BRGs Fe Seu PeR Sves v Sewe Sece Seee Sese

TOF EOTTOM
FLANGE (ir) 2.300 2.350
LIFCin) 0.600 0,450
LIF ANGLE(desg) 40,000 30,000
RADIUS L/F(ir) 0.500 0.500
RADIUS F/W(in) 0.310 0.310
TOTAL DEFTHCin) 8.12
THICKNESS (ir) 0.072
YIELDI STRENGTH(ksi) 56
SECTION MODULIIC(in~3)
MOMENTS OF INERTIA(in™4) TOF ROTTOM
GROSS= 10.324 2.566 2.565
STRENGTH= 10.324 2.566 2.565
DEFLECTION= 10.324
BE= 1.918 in
FC=  31.808 ksi
FT= 33,600 ksi

FRW= 31.186 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 6.802 fTt-h

MT= 7.182 ft-k

MU= 7.297 fi-k

MU= 11.360 ft-k (1.67%3llowable)
SFAN = 14.000 ft.
UNIFORM LOAD= 463,670 r1f (1.67%3llowable)
DEFLECTION = 0.284 in./100r1f

Figure A.11 AISI Purlin Analysis, Test A/2-2, Internal Purlin
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Figure A.12 Load vs. Vertical Deflection, Test A/2-2
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Figure A.13 Vertical Loading vs. Brace Force, Test A/2-2
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Figure A.14 Vertical Loading vs. Lateral Displacement, Test A/2-2-1
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Figure A.15 Vertical Loading vs. Lateral Displacement, Test A/2-2-2
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TEST SUMMARY

Project: MBMA Roof Systems Behavior |,
Test No,: A/2-3
Test Date: September 9, 1982

Purpose: Same as tests A/2-1, A/2-2
Span(s): 14.625°
Thickness: 0.073" HMoment of ‘Inertia:_ 10.9 in.

Paramecers: Same as test A/2-1, A/2-2 except torsional

°

A

braces were used for external and internal

purlins.

Total 4 braces

Feilure Load: Loaded to 165 plf per purlin
Failure Mode’ ' }
Predicted Failure Loads: .
' Method AISI Constr. Bending x 1.67 .4  454.7 plf

Mechod Load

Mechod . Load"

Discusgsion:

-Vertical deflections were about 20% greater than predicted from the con-

strained bending assumption for external purlin and 267% greater for internal
purlin.

-Brace forces increased linearly with increasing vertical load.

-At 165 plf summation of external brace forces equalled 6.0% of total vertical
load. Summation of internal brace forces equaled 19.3% of total vertical load.

-Top flange displacement exceeded bottom flange displacement, but in opposite
direction.

-Maximum lateral displacement of purlin was less than .15 in. at 165 plf.

-Maximum lateral displacement of panel was 0.217 in. at 165 plf.
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Figure A.16 Instrumentation Locations, Test A/2-3
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Figure A.17 Measured Purlin Dimensions, Test A/2-3
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n1l ST FPURKLIN ANALYSI®S
Z-SECTION

TDENTIFICATIONS MERMA TEST-A/2-3 (EXT. 9/14/82)
TOR ROTTOM

FLANGE Car) 2e Al ) 2400

LI G Go a2 0470

LTF dNGLE Cdnnd Z0, 000 41,000

RADTUS L7 danm G000 0,500

RADITUS F/AWCams 0,280 0.280

TOTAL DEFTH .10
THTOKNE S8 i) 0.074
YIELD STRHEMGTH ksi) 56
SECTLON MODULTTCin™3)

MOMENTS OF INERTIACLIA™4) To ROTTOM
GROSE= 10,924 Db 20739
T RENGTH 10,904 2,672 2739
DEFLECTINH . 10,924
BE= Lo i

g

SRS I AR S L N

T - B ADO s

FF Rl Bledi? dewn

MOMENT CARKYING CAPACLTY (AIST CRITERIA)

M0 7080 -k

i 7670 Tl

e 7082 fl-l

MU - 12157 Tlt=k (l.67%a3llowabhle)
SiFAN S 14.62% Ft,
UNIFORM L0DAD= 454,694 plf (1.67%allowahle)
DEFLECTION = 0.319 1in./100m1T

Figure A.18 AISI Purlin Analysis, Test A/2-3 External Purlin
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A lr ST FURKLIN ANALYSITIS
F-SECTTON

lﬂINr]I«IAIfHN. MEMA TEST-A/2-3 (INT. 9/14/82)
TOr . BOTTOM

FLANGE 1) 20420 2.470

IECamn 0. 150 G700

LT SN Cad J&.uuﬂ 41000

RAEDTUS L /78 an 0500 D.5G0

KADTUS F/wlarn D280 o 0.280

T 2.3
SOETR 0.073
NG H (ks ) Oé

TOTVAL T
THIL KNG

YIELT &0

SECTION MODUL.TT Ci ™D

MOMENTE OF INERTIACGIAT4) TOF RHOTTOM
i S E 11394 S 680 ?.314
STRENGTH- 11294 2.480 2.814
JhliLa LT]!IN 1 l..’94
.c."e &S €1
L GO0 I 6L
FRH00 s

rr
BT :
lew 31107 ksl

MOMENT CARRYING CAFACTITY (ATST ChI1FhIA)

A= 7“-”4 -l

MT:s 880 Tl

MW 7.512 T4, =l

MU= 12532 fl-k (l.67%allowahle)
GFAN S 14,625 T4,
UNTFORM L Oals: 4683.724 w1f (l.67%a3llowable)
DEFLECTION = 0,309 ime/100r1f

Figure A.19 AISI Purlin Analysis, Test A/2-3 Internal Purlin
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Figure A.20 Load vs. Vertical Deflection, Test A/2-3
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Figure A.21 Vertical Load vs. Internal Brace Forces, Test A/2-3

A.24



R O O T - = CT S~

TGP E ) O > O

~ n — D

159

169

0

!
- I /I
i
!
I/
_ /4
{
I/
fi
! T 2 EXT. 5. RAFTER
- I:’ ] 8 N. RAFTER
4
/

1 | | i ) ] 1 1 i

100 200 306 4606 S60 660 760 800 980 1000
BRACE FORCE, Ib

Figure A.22 Vertical Load vs. External Brace Forces, Test A/2-3
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APPENDIX B
SERIES A/7 TEST RESULTS



Span = 14.290'
| ] o1
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Purlin 1
‘ﬁ Main purlin instrumentation “ﬁ
———Dynamometers
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Purlin 2
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Purlin 3
c n
Purlin 4 t-—Top Flange (Typ.)
9 —
|
Purlin 5
Measured purlins
E 7
Purlin 6
- |
Purlin 7

Figure B.l Instrumentation Locations, Test A/7
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Figure B.2 Measured Purlin Dimensions, Test A/7
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AT SI PURLIN ANAL

IDENTIFICATION? MBMA TEST A/7
TOF

FLANGE(in) 2,500

LIPCirm) 0.460

LIF ANGLE (ded) 41.000

RADIUS L/FCin) 0.500

RADTUS F/ZWim) 0,219

TOTAL DEFPTH(in) 7.96

THICKNESS (im) 0.076

YIELDN STRENGTH(kgi) 96

MOMENTS OF INERTIA(inT4)

GROSS= 10,346

STRENGTH= 10,346

DEFLECTION= 10,346

B 20205 1n

[ IX.600  kei

Fr= 33,600 lsai

FiWw= 31,873 keai

MOMENT CARRYING CAPACITY (AISIT

MC= 7.427 -k
MT= 7.272 ft-k
MW= 7543 f1-hk
MU= i2.144 L=k
IUNTFORM LOAD= 47%5.759 rLF (
DEFILLECTION = 0,307 ire/1

Figure B.3 AISI Purlin Analysis, Test A/7 , 2nd Purlin
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