ROOF SYSTEMS BEHAVIOR
Progress Report

EXPERIMENTAL INVESTIGATION OF
C-PURLIN SUPPORTED ROOF SYSTEMS

by
David Hendrick
and
Thomas M. Murray
Principal Investigator

Sponsored by
MESCO Metal Buildings Corporation

Report No. FSEL/MESCO 84-01

January 1984

FEARS STRUCTURAL ENGINEERING LABORATORY
School of Civil Engineering and Environmental Science

University of Oklahoma
Norman, Oklahoma 73019



TABLE OF CONTENTS

Page

LIST OF FIGURES . . . . . « v o« v o v v e o e v v e e e e e i1

LIST OF TABLES . . . . . . v v o v v v v v i e i e e e e e e iid
Chapter

I. INTRODUCTION . . . o .« ¢ ¢ v v v v v v v v e e e 1

IT. TEST DETAILS . . . . . . o . . . o v v o v v v v v v v 13

2.1 Test Components. . . . . . . . . v . v v v v v v .. 13

2.2 Test Set-ups . . . . . . . . . ... e 17

2.2.1 Gravity Loading . . . . . . . . . . .. ... 17

2.2.2 Uplift Loading. . . . . . . . . . . .. ... 18

2.3 Instrumentation . . . . . . . . ... ... ... 18

2.4 Testing Procedures . . . . . . . . . . . . ... .. 20

2.5 Supplementary Tests. . . . . . . . . . .. . . ... 20

ITT. TEST RESULTS . . . . . & . o v v i e e e e e e e 21

3.1 General . . . . . . ..o e e e e e 21

3.2 Gravity Loading Test Results . . . . . . . . . . .. 26

3.3 Uplift Loading Test Results . . . . . . . . . . .. 28

3.4 Results of Supplementary Tests . . . . . . . . . .. 31

IV. SUMMARY AND CONCLUSIONS . . . . . . . . . . . o . .. 33

APPENDIX A GRAVITY LOADING TEST DATA . . . . . . . . . . . . .. A.l

APPENDIX B UPLIFT LOADING TEST DATA . . . . . . . . . . . . .. A.2



Figure

H W M

LIST OF FIGURES

Typical Gravity Load Test Set-Up . . . . . . « .« o« v o v
Typical Uplift Load Test Set-Up . . . . . « « v v v v o v
Intermediate and Torsional Restraint Brace Configurations

Brace Configuration for Gravity and Uplift Tests . . . . . .
Cross-Section Measurements . . . . « . « ¢ ¢ o o oo o e .
Panel SHAPE « v v v o e e e e e e e e e e e e e e e e e e
Location of Displacement Transducers . . . . . . . « . . .
Photographs of Typical Gravity Loading Fajlures . . . . . .

Photographs of Typical Uplift Loading Failures . . . . . . .

—ii-

Page



Table
1.1
2.1
2.2
3.1
3.2
3.3

LIST OF TABLES

Page
Test Matrix . . . . . . . . 0L Lo 3
Measured C-Purlin Dimensions . . . . . . . . .. . . ... 14
C-Purlin Properties . . . . . . .« o . . . . .. ... 16
Summary of Gravity Loading Test Results . . . . . . . .. 22
Summary of Uplift Loading Test Results . . . . . . . . . . 23
Coupon Test Results . . . . . . . . . . . . ... ... 32

~iii-



CHAPTER 1

INTRODUCTION

A Tlimited research program to study the behavior of metal building
roof systems was conducted at the Fears Structural Engineering Laboratory,
University of Oklahoma, under the sponsorship of the MESCO Metal Buildings
Corporation. The purpose of this research was to evaluate the design of
roof systems as opposed to individual structural components. The study
was limited to simple span cold-formed C-purlin supported "conventional"
roof systems under both gravity and uplift loading. This report summarizes
the results of sixteen such tests. The specific objectives were: (1)
to determine the effect of orientation of the test purlins on gravity load
carrying capacity, (2) to determine the effects of intermediate lateral
braces on purlin strength, (3) to determine the uplift loading capacity
of specific configurations.

Each test consisted of four, nominally 25 ft. 0 in. simple span, C-
purlins Toaded to failure. The two inside purlins were the test purlins.
The two outside purlins were approximately 60% as strong and stiff as
that of the test purlins to prevent premature failure of these purlins.
Four parameters were varied in the test series: purlin orientation,
intermediate bracing, torsional restraint at the rafter, and purlin

thickness. The sixteen purlin tests consisted of seven gravity loading

-1_



tests and nine uplift Toading tests. Test configurations are summarized
in Table 1.1 and were as follows:

Gravity Loading Tests. The gravity Toad tests were Tests 1, 2, 3, 4, 5,

6 and 16. A1l tests were 25 ft. O in. simple span except Test 16, which
was 24 ft. 8 in. Except for Tests 5 and 6, purlin material thickness was
nominally 14 gage. The material thickness for Test 5 was nominally 12
gage and that for Test 6, 16 gage. In Test 1, the purlins were oriented
in the same direction with no intermediate bracing. Dynamometers were
placed between one outside purlin and one test purlin at the rafter lines
to measure torsional restraint at the rafters. In Tests 2 and 3, the test
purlins were oriented toward each other (flanges facing) with no intermediate
bracing. Test 4 was similar to Test 1 except shear clips were used to
attach the purlins to the rafters. In Tests 5 and 6, the purlins were
oriented facing each other. In Test 16, the test purlins were in opposing
directions with bracing at one-third points between the test purlins and
between the test and outer purlins. In all tests, except Test 1, shear
clips were used to connect purlins to the rafters. Details of a typical
gravity Toad set-up are shown in Figure 1.1.

Uplift Loading Tests. Uplift loading tests were Tests 7 thru 15 and were

25 ft. 0 in. simple span except Test 15 which was 24 ft. 8 in. A1l tests
were conducted with purlins formed from 14 gage material. In Test 7, the
test purlins were oriented toward each other (flanges facing) with no

intermediate bracing. In Tests 8 through 15, the test purlins were oriented

with flanges opposing and various intermediate bracing spacings were used.

Test 8 was conducted with braces only at the midspan. In Test 9, bracing was



Table 1.1
Test Matrix

Nominal
Test | Purlin Purlin Shear Torsional Intermediate
No. Gage Orientation Clips Restraint Braces Remarks
1 14 Same No Yes None
o
;g 2 14 Facing ~ Yes No None
[4=]
S 3 14 Facing Yes No None
>
s 4 14 Same Yes No None
= Same as 2
& 5 12 Facing Yes No None
)
-g 6 16 Facing Yes No None
E2 |16 | 14 Opposing Yes No 1/3rd Pts.
o
7 14 Facing Yes No None
8 14 Opposing Yes No Midspan
9 14 | Opposing Yes No Midspan Wood Stiffener @
g . midspan
3% 10 14 Opposing Yes No None Wood stiffeners (7)
(@]
:j 11 14 Opposing Yes No None 7x3 C-Purlin added
Yy
Ei 12 14 Opposing Yes No 1/3rd Pts.
oD
13 14 Opposing Yes No Yes 2.5' ea. side of
midspan
14 14 Opposing Yes No 1/3rd Pts.
15 14 Opposing Yes No 1/3rd Pts.
Notes:
1 3 1 | N | E— ]
] L] IO (- [ N
Same Facing Opposing
Orientation Orientation Orientation



provided at each end and at the midspan. In addition, a wooden hlock

was placed between the flanges of the test purlins at midspan- to prevent
roll of the C-purlin flanges. In Test 10, bracing was provided at the
ends and at midspan, and wooden blocks were placed between the flanges at
2 ft., 5 ft., and 10 ft. from midspan as well as at midspan of the test
purlins. In Test 11, a 15 ft. section of C-purlin was bolted to each
test purlin and fastened to the roof deck to prevent lateral roll of the
purlins. Tests 12,714 and 15 were identical: bracing was provided at the
ends and at the 1/3rd points of the span. Test 13 was conducted with in-

termediate bracing 2.5 ft. each side of midspan. Details of a typical up-

1ift load set-up are shown in Figure 1.2.

For all tests, the purlins were supported by short sections of
typical building rafters and simulated live load was applied using a
vacuum chamber. Intermediate brace restraints and torsional restraints
at the rafters were supplied using sections of steel tubing with threaded
stud inserts. The braces were attached to the purlins as shown in Figure
1.3. Seven brace configurations were used in the test series: Figure
1.4(a) shows the location of torsional restraints at the rafters. Figure
1.4(b) shows the location of one-third point and torsional restraint
braces. Figure 1.4(c) shows the location of midspan'bracing. Figure
1.4(d) shows the location of midspan bracing and torsional restraint
bracing. Figure 1.4(e) shows the location of bracing 2 ft. 6 in. each
side of midspan and torsional restraint bracing. Figure 1.4(f) shows
the location of the 15 ft. section of C-purlin that was attached to the

test purlins and torsional restraint bracing. And, Figure 1.4(g) shows



the configuration with no intermediate bracing.

A1l test purlins were cold-formed. The test set-ups were con-
structed by laboratory personnel using standard industry procedures.

Care was taken to ensure that the purlin webs were vertical before in-
stallation of the panel. The testing procedure and test results are
found in Chapters II and III, respectively.

Coupon test results for samples taken from a failed purlin in each
of the test series are reported in Section 3.4. Predicted failure loads
for these purlins using the constrained bending assumption, AISI criteria
with factors of safety removed, and the measured yield stress are found

in the appendices.
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Intermediate Braces
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CHAPTER 11
TEST DETAILS

2.1 Test Components

C-Purlins. The C-purlins used for this test were supplied by
MESCO. AT1 C-purlins were carefully measured and the dimensions are
shown in Table 2.1 with nomenclature defined in Figure 2.1. Nominally
14 gage material was used to cold-form the test purlins used in Tests
1 through 4 and 7 through 16; 12 gage material was used for the purlins
in Test 5, and 16 gage material for the purlins in Test 6. The measured
material thickness of the west test purlin of Test 9 and both test purlins
of Test 14 was found to be approximately 0.010 in. less than the nominal
thickness for 14 gage material. Table 2.2 shows cross-sectional properties
and load and deflection data for a uniformly loaded simple span of 25 ft.
0 in. calculated using AISI local buckling and effective width criteria
with an assumed yield stress of 56 ksi. (Measured yield stress averaged
54.0 ksi, Table 3.3.)

Panels and Fasteners. The panels were conventional panels with

profile as shown in Figure 2.2. Sheet size was 2 ft. 6 in. by 15 ft. and
nominally 26 gage. Self-drilling fasteners, No. 12 by T in. were used for
both sheet-to-sheet and sheet-to-purlin connection. Sheet-to-purlin

fasteners were uniformly spaced at 15 3/4 inches on center and sheet-to-

-13-



Table 2

.1

Measured C-Purlin Dimensions

Total| Thick- Top Bottom
- L3 - Ed # # $t # * "Ol
Depth| ness Wy T, Ry R 8, | W, T, Ry R, 6
Test No. (in.}| (in.) |(in.) | (in.) | (in.) | (in.)|(deg)| (in.) | (in.) (in.) {(in. )| (deg)
1 East | .00 | 0.074 | 2.66 | O.44 | 0.25| 0.31] 93 | 2.60 | 0.42 ] 0.31] 0.25] 91
West | 9.00 | 0.074 | 2.64 [ O.44 | 0.25| 0.31| 33 | 2.60 | 0.42 ) 0.31 | 0.25 ] 33
5 East 9.00 | 0.076 2.68 | 0.50 | 0.25| 0.31 32 | 2.62 | 0.48 0.31 0.25 33
West | 3.00 | 0.074 | 2.66 | 0.46 | 0.25| 0.31| 32 | 2.60 | 0.48 | 0.31 | 0.25| 32
3 East | .00 | 0.074 | 2.64 | O.44 | 0.25| 0.31]| 87 | 2.60 | 0.42 | 0.31| 0.25 ! &)
West | 9.00 [ 0.075 | 2.64 | O.42 | 0.25| 0.31| 88 | 2.62 | 0.40| 0.31 0.25 | 85
L East | 9.00 | 0.075 | 2.64 | 0.42 | 0.25| 0.31| 87 | 2.62 | o/se | 0.31| 0.25| 87
West | 9.00 | 0.074 | 2.66 | O.44 | 0.25| 0.31| 88 | 2.60 | 0.40 | 0.31| 0.25| 86
5 East | 3.00 | 0.100 | 2.64 | 0.46 | 0.25| 0.38| 84 | 2.68 | 0.44 | 0.38| 0.25 | 90
West | 9.00 [ 0.100 | 2.64 | 0.46 | 0.25| 0.38| 85 | 2.68 | 0.44 | 0.38 | 0.25 | @7
¢ | East | 9.00 | 0.057 | 2.68 | 0.42| 0.25| 0.31| 87 | 2.64 | 0.42 | 0.31| 0.25 | 86
West | 9.00 | 0.057 | 2.62 | 0.42| 0.25| 0.31| 85 | 2.66 | 0.64 | 0.31 ) 0.25 | g6
5 | East 9.00 | 0.073 | 2.68 | 0.42 | 0.25| 0.31{ 87 | 2.62 | 0.42| 0.31] o0.25 | &7
West | 9.00 | 0.075 | 2.68 | O.Lhk | 0.25| 0.31] 30 | 2.66 | 0.42 | 0.31 | 0.25 | 87
g | East | 9.00 | 0.080 | 2.60 | O.44 | 0.25| 0.38| 87 | 2.60 | O.44 | 0.38 | 0.25 | 86
West | 9.00 | 0.080 | 2.60 | O.42 | C.2, | 0.38| 88 | 2.64 | O.44 | 0.38 ] 0.25 | @7
g | East | 9.00 | 0.074 | 2.62 | O.u4k | 0.25| 0.38| 88 | 2.62 | 0.42 | 0.38 | 0.25 | 85
West 3.00 | 0.067 2.66 | 0.44 0.25 0.31 87 2.64 | 0.4l 0.31 0.25 ge
10| Bast | 9.00 | 0.081 | 2.64 | 0.48 | 0.25 | 0.31| 83 | 2.6z | 0.42| 0.31| o0.25 | ge
West 3.00 | 0.080 | 2.68 | 0.42 | 0.25| 0.21] 83 | z.62 | 0.50 | 0.31 0.25 | 87
11| Esst | 3.00 | 0.077 | 2.62 | 0.kt | 0.25 | 0.31| 88 | 2.66 | 0.42 | 0.31| 0.25 | 8,
West 3.00 0.079 2.6l 0.42 0.25% 0.31 85 2.64 0.50 0.31 0.25 8e
1p] EBast | 3.00 | 0.073 | 2.70 | O.4L | 0.25| 0.38| 88 | 2.60 | O.42 | 0.38 | 0.25 | 88
West | .00 | 0.079 | 2.66 | 0.4 | O.25| 0.31| 88 | z.62 | C.40 | 0.31| o.25 | @7
13| Bast | 9.00 | 0.073 | 2.60 | 0.46 | 0.25 | 0.31| 87 | 2.60 | 0.42 | 0.38 | 0.25 | se
West | 9.00 | 0.079 | 2.66 | 0.4k | v.25| 0.38| 87 | 2.68 | 0.4k | 0.31 | 0.25 | gg
1,| East | 3.00 | 0.067 | 2.52 | G.us | 0.25 | 0.31| 85 | z.68 | 0.40 | 0.31] o0.25 | 8¢
West | 3.00 | 0.007 | 2.2 | 0.38 | 0.25| 0.31| 87 | 2.5L | Ou4k | 0.31| 0.25 | gs
15| Bast | 9.00 | 0.074 | 2.68 | 0.53 | 0.25 | 0.38| 8 | .6t | 0.4t | 0.38 | 0.25 | g7
West | 7.00 | 0.07y | 2.66 | 0.40 | 0.25| 0.38| 87 | z.oC | 0.50 | 0.38 | 0.25 | ge
16| East | 2.00 | 0.079 | 2.6 | C.nz | 0.25| 0.38{ 87 | 2.70 | 0.52 | O.31 | 0.2 | 8¢
West | 3.00 | 0.080 | 2.66 | 0.52 | 0.25 ] 0.31) 90 | 2.66 W | c.ze | .24 | 82

% See Figure 2.1
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Table 2

.1

Measured C-Purlin Dimensions

Total| Thick- Top bottom
-1 43 o & L 2 -] £ & o
Depth| ness wl Tl Rl R2 61 w2 T2 R3 RL 6,
Test No. | (in.)| (din.) {(in.) | (in.) | (in.) | (in.)|(deg)|(in.) | (in.) (in.) ! (in.){(dep)

1 East | .00 | 0.074 | 2.66 | 0.4k | 0.25| 0.31] 93 | 2.60 | 0.42 ] 0.31 0.25 | 91
West | .00 | 0.074 | 2.64 | O.4h | 0.25| 0.31) 33 | 2.60 | 0.42| 0.3 0.25 1 33

s Eagt | 3.00 | 0.076 | 2.68 | 0.50 | 0.25| 0.31| 92 | 2.62 | 0.48 | 0.31 0.25 1 93
West | .00 | 0.074 | 2.66 | 0.46 | 0.25| 0.31| 32 | 2.60 | 0.48 | 0.31 0.25 | 32

3 East | .00 | 0.074 | 2.64 | O.4k | 0.25| 0.31| 87 | 2.60 | 0.42 | 0.31 0.25 | 89
West 9.00 | 0.075 2.64 0.42 0.25 | 0.31 88 2.62 0.40 0.31 0.25 85

, | Eest | 9.00 | 0.075 | 2.64 | 0.42 | 0.25| 0.31| 87 | 2.62 | 0.44 | 0.31| 0.25 | &7
West | .00 [ 0.074 | 2.66 | O.44 | 0.25| 0.31| 88 | 2.60 | 0.40 | 0.31 0.25 | 86

5 East | .00 | 0.100 | 2.64 | 0.46 | 0.25| 0.38{ 84 | 2.68 | 0.44 0.38 1 0.25| 90
West 9.00 | 0.100 2.64 0.46 0.25 0.38 85 2.68 0. L4 0.38 0.25 87

6 East 2.00 | 0.057 2.68 0.42 0.25 0.31 87 2.64 0.42 0.31 0.25 86
West | 9.00 | 0.057 | 2.62 | O.42 | 0.25] 0.32| 85| 2.66 | 0.44 0.31 0.25 | 86

2 Bust | 9.00 | 0.073 | 2.68 | O0.42 | 0.25| 0.31| 87 | 2.62 | 0.42| 0.31 0.25 | &7
West | 3.00 | 0.075 | 2.68 | O.44 | 0.25| 0.31| 90 | 2.66 | 0.42 0.31} 0.25 | 87

8 East | 9.00 | 0.080 | 2.60 | 0.44 | 0.25| 0.38| 87 | 2.60 O.44 | 0.38 0.25 | 86
| West | 9.00 | 0.080 | 2.60 | 0.42 | 0.25| 0.38| 88 | 2.64 | 0.4s 0.38{ 0.25 | 87

9 East | 9.00 | 0.074 | 2.62 | O.4k | 0.25| 0.38] 88 | 2.62 | 0.42 0.38 | 0.25 | 85
West | 9.00 | 0.067 | 2.66 | 0.4k | 0.25| 0.31] 87 | 2.64 | 0.44 0.31 ] 0.25 | 88

10 East 3.00 | 0.081 | 2.64 | 0.48 | 0.25 0.31] 8y | 2.62 0.42 | 0.31 0.25 | 88
West | .00 | 0.080 | 2.68 | 0.42 | 0.25| 0.31| 89 | 2.62 0.50 | 0.31] 0.25 | 87

11| EBest | 2.00 | 0.077 | 2.62 | O.44 | 0.25| 0.31| 88 | 2.66 | 0.42 0.31 | 0.25 | 84
West | 9.00 | 0.079 | 2.64 | 0.42{ 0.25| 0.31| 85 2.64 | 0.50| 0.31 0.25 | 88

12| Best | 9.00 | 0.073 | 2.70 | 0.4k | 0.25| 0.38] 88 | 2.60 | 0.42 | 0.38 0.25 | 88
West | 39.00 | 0.079 | 2.66 | 0.46 | 0.25| 0.31] €8 | z.62 | 0.40 0.31} o0.25 | 87

13 Bast | 9.00 | 0.077 | 2.60 | O.46 | 0.25| 0.31| 87 | 2.60 0.42 | 0.38| 0.25 | 88
West | 9.00 | 0.073 | 2.66 | 0.4t | O.25| 0.38] 87 | 2.68 | 0.44 0.31 | 0.25 | 88

1,| Eest | .3.00 | 0.067 | 2.52 | O.44t | 0.25| 0.31] 85 | 2.68 | 0.40 0.31} 0.25 | 8¢
West | 9.00 | 0.067 [ 2.62 | 0.38 | 0.25| 0.31| 87 | 2.54 | O.44 | 0.31 0.25 | 85

15 East 3.00 | 0.07y 2.68 0.53 0.25 0.38 8¢ 2.60 | 0.4¢€ 0.38 | 0.25 87
West | 9.00 | 0.079 | 2.66 | 0.40 | 0.25| 0.38| 87 | 2.66 | 0.51 | 0.38 0.25 | 8e

16| East | 3.00 | 0.079 | 2.66 | 0.42 | 0.25| 0.38| 87 | 2.70 | 0.52 0.31 | 0.25 | 88
West | 3.00 | 0.080 [ 2.66 | 0.52 1 0.25| 0.31] 90 | 2.66 O.44 | 0.38 ] 0.25 | 88

®* See Figure 2.1
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Table 2.1

Measured C-Purlin Dimensions

Total! Thick- Top bottom
. 2t * L] + a " -] a #
Depth| ness Wl Tl Rl R2 61 w2 T2 R3 RL 92
Test No. (in.)| (in.) {(in.) | (in.) } (in.) | (in.) (deg)|(in.) | (in.) | (in.) (in.)| (deg)
1 East 3.00 | 0.074 | 2.66 | O.bk | 0.25| 0.31] 93 | 2.60 | 0.42 | 0.31 0.25 | 31
West 3.00 | 0.074 | 2.64 | O.44 | 0.25] 0.31| 33 | 2.60 | 0.42 | 0.31 0.25 | 33
o | East | 3.00 | 0.076 | 2.68 | 0.50 | 0.25| 0.31f 92 | 2.62 | 0.48 | 0.31 | 0.25 | 93
West 2.00 0.074 2.66 0.46 0.25 0.31 32 2.60 0.48 0.31 0.25 32
3 East .00 | 0.074 | 2.64 | O.uk | 0.25| 0.31 87 | 2.60 | 0.42 | 0.31 0.25 | 83
West 9.00 0.075 2.64 0.42 0.25 | 0.31 88 2.62 0.40 0.31 0.25 85
4 East 2.00 0.075 2.64 O.L2 0.25 0.31 87 2.62 0. 44 0.31 0.25 87
West | 3.00 | 0.074 | 2.66 | O.4k | 0.25| 0.31| 88 | 2.60 | 0.40 | 0.31 | 0.25 | 86
5 East 3.00 _0.100 2.64 0.46 0.25 0.38 84 2.68 0.4l 0.38 0.25 90
West %.00 0.100 2.64 0.L6 0.25 0.38 85 2.68 O b, 0.38 0.25 a7
6 | Bast | 3.00 | 0.057 | 2.68 | O.42 | 0.25| 0.31] 87 | 2.64 | 0.42 | 0.31| 0.25 | 86
West ¥.00 0.057 2.62 0.42 0.25 0.31 85 2.66 0.44 0.31 0.25 86
7 East | 9.00 | 0.073 2.68 | 0.42 | 0.25] 0.31] 87| z.62 | 0.42| 0.31 0.25 | 87
West | .00 | 0.075 | 2.68 | O.44k | 0.25| 0.31| 30 | 2.66 | 0.42 | 0.31 0.25 | 87
8 East 9.00 0.080 2.60 O.L4 0.25 0.38 87 2.60 O.44 0.38 0.25 86
West | 3.00 | 0.08G | 2.60 | O.42 | 0.25| 0.38| 88 | 2.64 | O.44 | 0.38 0.25 | 87
9 East %.00 0.074 2.62 O. 44 0.25 0.38 88 2.62 0.42 0.38 0.25 85
West 9.00 0.067 2.66 0.44 0.25 0.31 87 2.64 O. 44 0.31 0.25% g8
10 East 3.00 0.081 2.64 " 0.48 0.25 0.31 83 2.62 0.42 0.31 0.25 88
West 3.00 0.080 2.68 0.42 0.25 0.31 835 2.62 0.50 0.31 0.25 87
11| East | .00} 0.077 | 2.62 | O.4k | 0.25| 0.31| 88 | 2.66 | 0.42 | 0.31| 0.25 | &,
West 9.00 0.079 2.64 0.42 0.25 0.31 85 2.64 0.50 0.31 0.25 88
12 East 3.00 0.073 2.70 0. L4, 0.25 0.38 88 2.60 0.42 0.38 0.25 88
West | 9.00 | 0.079 | 2.66 | 0.4€ | 0.25| 0.31| 88 | 2.62 | 0.40 | 0.31 | 0.25 | 87
13 East 9,00 0.073 2.60 0.46 0.25 0.31 87 2.60 0.42 0.38 0.25 88
West | 9.00 | 0.073 | 2.66 | 0.4k | u.25| 0.38| 87 | 2.68 O.44 | 0.31 | 0.25 | 88
1,| East | 3.00 | 0.067 | 2.52 | O.44 | 0.25| 0.31] 85 | 2.68 | 0.40 | 0.31 0.25 | 86
West 9.00 0.067 2.62 0.38 0.25 0.31 87 2.54 0.44 0.31 0.25 8%
15| kast | 9.00 | 0.077 | 2.68 | 0.53 | 0.25 | 0.38| 8c | 2.6t | O.46 | 0.38 | 0.25 87
West | 3.00 | 0.07y | 2.66 | 0.40 | 0.25| 0.38| 87 | 2.06 | 0.51 | 0.38 0.25 | se
10| Esst 7.00 | 0.079 | z.66 | O.4z2 | 0.25| 0.38] 87 | 2.70 | 0.52 0.31 | o0.25 | 8g
West 3.00 0.080 2.66 0.52 0.25 0.31 20 2.66 O.44 0.38 0.25 88

* See Figure 2.1
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sheet fasteners were spaced at 30 in. on center (five per lap).

2.2 Test Set-Ups

The test set-ups were constructed in a specially designed 15 ft.
3 in. wide vacuum chamber. The outside walls of the chamber are metal
panels bolted together and attached to the laboratory floor. Lateral
;upport for the walls was provided at the top by angle braces. Polyethylene
and vinyl tape were used to seal the assemblies. Suction was applied
using a vacuum pump and two auxiliary 55 gallon drum type industrial
Qacuum cleaners. Specific details follow.

2.2.1 Gravity Loading

General details of the test set-up are shown in Figure 1.1.
To provide free rotation at the supports, a % in. diameter roller was
inserted between each rafter section and support column.

Intermediate and torsional restraint braces were fabricated
from 3/4 in. diameter steel electrical conduit. Nuts were welded into
each end of the conduit and a 9 in. length of % in. diameter threaded
stud was inserted. 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 1.2 for a tension brace
connection. The washers and nuts were placed on the opposite side of
the web for a compression brace connection.

For all tests, the panels were connected to the purlins using
self-drilling fasteners through the panel and the purlin top flange. A1l
purlins were connected to the rafters with shear clips using A307 bolts

and % in. diameter nuts, except for Test I. In Test I, the purlins were
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connected directly to the rafter.

2.2.2 Uplift Loading

General details of the test set-up are shown in Figure 1.2.
Uplift Toading test set-ups were identical to gravity loading except the
entire assembly was turned over. The fasteners were installed from the
underside. Polyethylene was placed over the panels prior to installing
the purlins. By applying suction on the roof panel, a simulated uplift
loading was produced. In all tests, purlins were attached to the rafters
dsing shear clips.

2.3 Instrumentation

Instrumentation consisted of calibrated dynamometers (Tests 1 and
8), extensometers, a U shape monometer, and Tinear displacement transducers.
The calibrated dynamometers were typical intermediate or torsional restraint
braces with a full strain gage bridge installed at approximately the brace
centerline. The braces were then calibrated using a universal testing
machine. Eight Tinear displacement transducers were used to measure
vertical and Tateral displacement of the purlins. Four transducers were
used to measure vertical deflection at the midspan of each purlin, and four
transducers were used to measure lateral displacement of the test purlins,
also at the midspan. As shown in Figure 2.3, one of these transducers
was used to measure horizontal displacement of the bottom flange and a
second was used to measure horizontal displacement of the top flange of
each test purlin. Transducers were also placed directly underneath the
test purlin support points on the rafters as shown in Figure 1.1. Data

from these transducers permitted correction for rafter deflections.
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The applied vacuum load was measured by a U-tube monometer.
The U-tube monometer was calibrated in 0.5 in. of water and hés an estimated
accuracy of 0.1 psf. A micro-computer based data acquisition system was
used to collect, record, process and plot the test data in "real" time.

2.4 Testing Procedure

At the beginning of each test, approximately 20% of the failure
load, calculated using AISI criteria and with the constrained bending
assumption times 1.67, was applied and then removed. Following this initial
Toading, zero readings were recorded for all dynamometers and displacement
transducers. The system was then Toaded by slowly increasing the vacuum
in 0.5 in. of water increments. After each increment, readings of all
instrumentétion were recorded. When the purlins were near failure as
determined from plotted Toad-deflection curves, the Toading rate was de-
creased to less than 0.25 in. of water increments. Notes were taken
concerning deformation of the roof system and the failure mode along with
photographs.

2.5 Supplementary Tests

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

given in Table 3.3.
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CHAPTER III
TESTS RESULTS

3.1 General

Test results consist of load versus deflectjon data, load
versus brace force data, photographic record and description of failure
load. Load vs. deflection data includes plots of simulated live load
vs. vertical deflection at the centerline of each purlin, and simulated
Tive Toad vs. lateral deflection of top and bottom flanges of the test
purlins. The vertical deflection plots also include theoretical deflection

as computed assuming constrained bending:

A
_ bwlL
b = 3E7ET (3.7)

where I = the moment of inertia of the purlin with respect to the
horizontal axis, w = uniform load, L = span, and E = modulus of elasticity.

Simulated live load versus brace force for Tests 1 and 7 are also included.

Tables 3.1 and 3.3 are summaries of the test results. Detailed
descriptions and data for each test are found in the appendices. Gravity
loading test results (Tests 1 through 6 and 16) are found in Appendix A.
Uplift loading test results (Tests 7 through 15 ) are found in Appendix
B. Figures 3.1 and 3.2 are photographs of typical gravity and uplift

loading failures.
In the discussion that follows, "test purlin" refers to the

inside 9 x 3 C-purlin and "outside purlin" refers to the edge 7 x 3 C-purlins.
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4
_ 5wl
b = 38AFT (3.7)

where 1 = the moment of inertia of the purlin with respect to the
horizontal axis, w = uniform load, L = span, and E = modulus of elasticity.

Simulated live load versus brace force for Tests 1 and 7 are also included.

Tables 3.1 and 3.3 are summaries of the test results. Detailed
descriptions and data for each test are found in the appendices. Gravity
Toading test results (Tests 1 through 6 and 16) are found in Appendix A.
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Figure 3.1 Photographs of Typical Gravity Loading
Failures
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Figure 3.2 Photographs of Typical Uplift Loading
Failures
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The reported failure loads are the sum of applied Toads plus the dead
Toad supported by a test purlin. In all tests, one or both test purlins
failed prior to failure of an outside purlin. The outside purlins did
not fail in most tests. Material thickness is 14 gage unless noted.

3.2 Gravity Loading Test Results

The purpose of the gravity loading tests was to determine if
various parameters affected the strength of the test purlins. In Test 1,
the purlins were oriented in the same direction and were connected with
bolts through the bottom flanges directly to the rafters. The required
restraining force at the rafters was determined with the use of dynamometers
attached to the east outside purlins. Failure occurred at 149.5 plf
(140.6 p]f applied load plus 8.9 p1f dead load) by local buckling of the
compression flange near midspan of the test purlins. Using AISI criteria,
the constrained bending assumption, the predicted failure load was 172.2
plf. The actual failure load was 86.8% of this value. The maximum brace
force was 504 1bs. in compression or 4.5% of the total supported load.

The measured vertical deflections were 4% more than the predicted values,
and the test purlins deflected 15% more than the outside purlins.

In Tests 2 and 3, the test purlins were oriented toward each
other and connected to the rafters with shear clips. No intermediate
bracing was used. Failure of Test 2 occured at 167.4 p1f. Using AISI
criteria, the predicted failure Toad was 180.1 pl1f. In Test 3, the
failure load was 162.3 p1f, and the predicted AISI load was 172.0 p1f. The
actual failure loads represent 93.0% and 94.4% of the predicted loads.

In both tests, failure occurred by local buckling of the compression flange
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and/or web of the test purlins near midspan. Vertical deflections were
6-11% more than predicted by the constrained bending assumptibn. The
test purlins deflected approximately 25% more than the outside purlins.

Test 4 was similar to Test 1, except the purlins were clipped to
the rafters, and brace forces were not measured. Failure occurred at
154.6 p1f by local buckling of the compression flange and/or web of the
east test purlin, again near midspan. The AISI predicted failure load
was 175.9 p1f. The actual failure load was 87.8% of predicted. The
measured vertical deflections of the test purlins were 13-15% more than
predicted, and the test purlins deflected 25-30% more than the outside
purlins.

Tests 5 and 6 were conducted with the purlin flanges opposing
(similar to Test 3). The purlin material was 12 gage for Test 5 and 16
gage for Test 6 (versus 14 gage for Test 3). The failure load of Test 5,
266.3 p1f, exceeded the AISI predicted load, 236.3 p1f, by 13%. The fail-
ure load of Test 6 was 97.7 plf and the predicted load was 111.7 pI1f. The
failure load was 87.5% of predicted. Vertical deflections of Test 5
were 30-40% more than predicted, and the test purlins deflected 30-40%
more than the outside purlins. For Test 6, vertical deflections were 5-10%
more than predicted and the test purlin deflections exceeded outside
purlin deflections by 30%. Both failure modes were local buckling of
the compression flange and/or web of the test purlins near midspan.

Test 16 was conducted with intermediate braces at the one-third
point. The failure load was 182.0 p1f as compared to the AISI predicted
load of 194.2 p1f. The failure load is 93.7% of the predicted load.
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Vertical deflections were 6-9% more than predicted by constrained bend-
ing, and the test purlins deflected 12-19% more than the outside purlins.

3.3 Uplift Loading Test Results

Simulated wind uplift loading was applied in Tests 7 thru 15.
Several brace configurations and other modifications were used for the
tests. Test results are compared to moment capacities calculated using
the constrained bending assumption and AISI local buckling provisions
with the factor of safety (1.67) removed. In these calculations, the
unbraced length of the compression flange was not considered. This load
will be referred to as the "reference" load. The reported failure Toads
include effects of the dead load of the roof deck and the purlins.

Test 7 was conducted without intermediate braces. The purlins
were supported at the ends with shear clips as shown in Figure 1.3(a),
however, the braces shown in Figure 1.3(b) were not installed. The
failure load was 88.2 p1f or 52% of the reference load (168.5 p1f).
Measured vertical deflections were 200-300% greater than predicted by
Equation 3.1 and the test purlin deflections exceeded the outside purlin
deflections by 100-200%. Failure was due to excessive lateral displace-
ment which caused web buckling and purlin-to-panel connection failure.

For Test 8, intermediate braces were installed between the test
purlins at midspan approximately 1 in. below the compression flange. The
support conditions were the same as for Test 7. Failure occurred by
local buckling near midspan of the compression flange of the west test
purlin. The failure load was 116.3 pl1f or 62% of the reference load.

Measured vertical deflections were 20-30% greater than predicted.
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The test purlins deflected 7-9% more than the outer purlins. The maxi-
mum measured brace force between the test purlins was 556 1b. and
127 1b. between the outside purlins and the test purlins.

Test 9 was similar to Test 8 except braces were installed be-
tween the purlins at the purlin-to-rafter clip locations as shown in
Figure 1.3(b) and a wood block was placed between flanges at the misdpan
of each test purlin. The block was used to prevent the flanges from rol-
. 1ing toward each other. Failure occurred at the wood block locations by
local buckling of the compression flange. The failure load was 85.6 plf
or 58% of the reference failure load, 147.4 plf. Vertical deflections
were 28% more than predicted, and the test purlins deflected 31-38% more
than the outside purlins. No brace forces were measured.

Test 10 was similar to Test 9 except additional blocks were
placed 2 ft., 5 ft., and 10 ft. from midspan of each test purlin. Fail-
ure occurred at 116.3 b]f or 61% of the reference load, 191.5 pif. Verti-
cal deflections were 28% more than predicted, and the test purlin deflec-
tions exceeded the outside purlin deflections by 31-38%.

In Test 11, a 15 ft. 7x3 C-purlin was attached to each test
purlin, centered at midspan. The roof panel was attached to the 7x3
purlin along its length and to the 9x3 test purlin over the remaining
10 ft. The failure mode was Tocal buckling of the compression Tip and
flange of the east test purlin. The failure occurred at 111.2 pi1f or
59% of reference load, 187.6 p1f. Vertical deflections were 4% more
than predicted for the test purlin without consideration of the addi-

tional 7x3 purlin. The test purlins deflected 2-13% more than the
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outside purlins.

Test 12 was conducted with intermediate braces at the third
points, Figure 1.3(a) and between the test purlins at the rafters,
Figure 1.3(b). Failure occurred by Tocal buckling of the compression
flange of one or both test purlins near midspan. The experimental fail-
ure load for Test 12 was 131.6 p1f or 71% of the reference load, 185.6
plf. The measured vertical deflections were 25% more than predicted and

the test purlins deflected 27-30% more than the outside purlins.
| In Test 13, failure occurred because of an error during con-
struction of the test setup. The test results are not considered to
be valid.

Test 14 was conducted using purlins formed from material
slightly less thick than that used for the other test purlins. Two in-
termediate braces were installed 2.5 ft. each side of midspan and braces
were used between the test purlins at the rafter locations. The failure
load was 93.3 plf or 65% of the reference load. Failure was caused by
local buckling of the compression flange of one or both purlins near mid-
span. Vertical deflections were approximately 18% more than predicted
and the test purlins deflected 45-60% more than the outside purlins.

The span for Test 15 was 24 ft. 8 in. Intermediate braces were
installed at the span one third points and between the test purlins at
the rafters. The failure load was 131.6 plf or 6C% of the reference
load, 192.2 plf. Failure was by local buckling of the compression
flange of one or more purlins near midspan. Vertical defiections were

24-29% more than nredicted and the test purlin deflections exceeded the
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outside purlin deflections by 44-48%.
3.4 Results of Supplementary Tests

Coupon test results from samples of test purlins are given in
Table 3.3. The average yield stress for the 32 samples was 54.05 ksi,
the highest was from Test 6 with a value of 60.22 ksi, and the lowest
was 47.21 for Test 8. It is noted that the predicted failure loads were
calculated using an assumed yield stress of 56 ksi or 3.6% above the

~average measured yield stress.
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Table 3.3

Tensile Coupon Test Results

Test Thickness wWidth Yield Ultimate Elongation

No. (in.) (in.) Stress Stress %
(ksi) (ksi)

1 E 0.073 0.493 55.37 70.28 25.5
Ext E 0.076 0.492 56.81 71.20 25.5
2 E 0.074 0.498 57.18 70.73 26.5
W 0.074 0.496 57.22 70.84 27.0
3 E 0.074 0.495 57.65 71.58 27.5
W 0.075 0.493 55.68 68.37 28.5
L E 0.075 0.500 55.47 63.87 26.2
W 0.074 0.487 56.9L 70.28 26.5
5 E 0.100 0.438 54.71 69.74 31.0
W 0.100 0.501 55.47 | 68.79 30.5
6 E 0.056 0.499 58.72 70.46 27.5
) 0.056 0.498 60.22 71.33 26.0
7 E 0.072 0.496 56.55 70.19 25.5
W 0.075 0.500 54.13 68.80 32.5
g8 E 0.073 0.497 L7.21 70.05 29.0
W 0.078 0.498 LI.95 72.35 26.0
3 E 0.074 0.428 60.16 72.63 27.0
W 0.067 0.497 56.33 69.88 30.0
10 E 0.081 0.4 52.25 71.75 28.5
W 0.080 0.493 .57.87 70.81 29.0
11 E 0.080 0.499 4L9.12 72.68 26.5
w 0.073 0.493 Lv.87 71.47 27.0
12 E 0.0739 0.493 53.21 72.24 26.0
W 0.080 0.493 | k.75 | 70.56 28.0
13 E 0.07¢ 0.494 L7.53 69.87 29.0
W 0.079 0.493 51.16 71.21 30.5
14 E 0.068 0.493 55.22 67.76 25.0
w 0.067 0.494 55.29 68.58 25.5
15 E 0.079 0.4L94 L8.L4L6 69.7L4 29.0
W 0.079 0.493 49.87 70.95 29.5
16 E 0.081 0.499 52.23 70.05 30.5
W 0.081 0.495 51.37 71.57 30.0
Avg. 54.05 | 70.54 27.9

|

> =t

{1 1]

east test purlin
west test purlin
= exterior purlin
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CHAPTER 1V
SUMMARY AND OBSERVATIONS

Seven simulated gravity load tests and nine uplift load, simple
span, C-purlin tests were conducted to investigate the effects of purlin
direction, end restraint, thickness and bracing parameters on purlin
strength. The full-scale test setups were built in a vacuum chamber and
both simulated gravity Toading and uplift lToading were applied using
suction. Each test setup was fully instrumented and each test was con-
ducted to failure. Test results were compared to predicted failure loads
calculated using the constrained bending assumption and AISI local buck-
1ing criteria with factors of safety removed. Unbraced length of the
compression flange was not considered in determining the reference Joad.
As assumed yield stress of 56 ksi was used for all calculations. (The
average yield stress from 32 samples cut from each of the test purlins
was 54.0 ksi.)

The complete test matrix is given in Table 1.1 and a summary of

the test results is found in Table 3.1. Major observations follow.

Gravity Loading Tests. The following observations are made from

the results of the simulated gravity loading tests:
1. Test 5 (12 gage purlin material and flanges facing) was the

only test where the experimental failure load exceeded the reference fail-
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ure load (constrained bending assumption and AISI local buckling criteria
“increased by 1.67 to account for the implied factor of safety)l The
actual failure load was 13% greater than predicted. Test 3 (14 gage pur-
Tin material and flanges facing) and Test 16 (14 gage material, flanges
facing and 1/3rd point intermediate bracing) failed at 94% of the reference
load. For Test 3 (same configuration as Test 2), the failure load was 93%
of the reference load. For Test 1 (14 gage material and purlins in same
direction), Test 4 (same as Test 1 except with shear clips), and Test 6

(16 gage material and purlins facing), the actual failure loads were 87%,
88% and 87%, respectively, of the reference failure loads.

2. Results from Tests 1 and 2 indicate that purlin orientation
influences fhe purlin strength and stiffness (see Figures A.7 and A.16).
The experimental failure load for the test with the purlins facing (Test
2) was 6% larger than for the test with the purlins oriented in the same
direction (Test 1).

3. Results of Tests 2 and 16 indicate that intermediate bracing

at the 1/3rd points (Test 16) does not influence flexural strength under
simulated gravity loading.

4. Results of Test 2 (14 gage, 94%), Test 5 (12 gage, 113%) and
Test 6 (16 gage, 87%) indicate that material thickness has an influence on
flexural capacity.

5. The constrained bending assumption for estimating deflections
(Equation 3.1) is adequate for design. The ratio of measured to predicted
vertical deflections ranged from 1.04 to 1.15 for all tests except Test 5

where the ratio was between 1.30 and 1.40.
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Uplift Tests. The following observations are made as a result of

the uplift Toading tests:

1. Tests conducted with two rows of intermediate bracing (1/3rd
points, Test 12, 14 and 15; 2.5 ft. each side of midspan, Test 13) re-
sulted in the highest failure loads, measured as a percent of the con-
strained bending, AISI local buckling criteria load with the implied
factors of safety (1.67) removed. The failure loads for the three tests
conducted with 1/3rd point bracing were 71% (Test 12), 65% (Test 14), and
68% (Test 15) of the reference load. The failure load for the test with
intermediate bracing 2.5 ft. each side of midspan (Test 13) was 67%.

2. Tests conducted with an intermediate brace at midspan fail-
ed at 62% (Test 8) and 58% (Test 9) of the reference load.

3. Tests 7 and 10 were conducted without intermediate braces
and the failure loads were 52% (Test 7) and 61% (Test 10) of the refer-
ence load.

4. Use of wooden blocks to prevent flange roll, Tests 9 and 10

had 1ittle influence on purlin strength, 58. and 61. of the reference
load, respectively.

5. The attachment of a side channel to a test channel, Test 11,
did not significantly influence the flexural strength for uplift lToading.
The failure Tload was 59% of the reference load.

6. Comparison of the results of Test 7 with the other tests in-
dicates that intermediate bracing has a major effect on midspan vertical
deflections. The unbraced purlins in this test deflected 300-400% more

than predicted.
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7. Deflections calculated using the constrained bending assump-
tion (Equation 3.1) underestimate the measured vertical def1ecti6ns by
20% to 30%.

From the results of this limited testing program, it is recom-
mended that simple span C-purlins, subject to gravity be placed in pairs
with flanges facing or opposing and that end restraint clips be used.

It is recommended that such C-purlins be designed for gravity loading
based on cross-section stresses calculated using the constrained bend-
ing assumption (standard flexure formulas) with failure criteria based
on the Tocal buckling provisions of the latest AISI Specification.

It is recommended that C-purlins be designed for uplift loading
based on 70% of the capacity calculated for gravity loading if the
purlins are placed in pairs with flanges facing or opposing and inter-
mediate bracing is installed at the 1/3rd points of the purlin span near
the uplift loading compression flange. If intermediate bracing is not
provided, it is suggested that such C-purlins be designed for uplift
loading based on 50% of the capacity for gravity loading.

Finally, it is recommended that gravity load deflections be
estimated using Equation 3.1 but increased by 10% and uplift deflections

be estimated using the same equation but increased by 30%.
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APPENDIX A
GRAVITY LOADING TEST DATA



TEST SUMMARY

Project: MESCO C-Purlin Supported Test Purlins
Test No,: 1Gravity
Test Date: 9-21-83

Purpose: Determine strength & brace force with purlins in same direction.
Span(s): 25'-0"
Thickness: (.074" (14 gage) Moment of‘[ncrtia:_ 13.107 1'n.4

Parameters: A1l flanges in the same direction

Torsional restraint at east external rafters

No intermediate braces

Failure Load: 140.63 p1f + 8.9 p1f dead load of east test purlin
Failure Mode‘_Local buckling of compression flange

Predicted Failure Loads:

Method  AISI Load 172.2 plf
Method Load
Mechod Load

Discussion:

-Failed after 5%" of water/140.63 plf.
-East test purlin failed first and then east outside purlin.

-Local buckling of top flange of west test purlin, east test purlin and east
outside purlin.

-No buckling of west outside purlin.
-Maximum lateral displacement was 0.74 in.
-Top flange lateral displacement exceeded bottom flange.

-Vertical deflection of test purlin was approximately 15% greater than outside
purlins.

-Brace forces were all in compression.
-Vertical deflection of test purlins were 4% rmore than predicted.
-Failure Toad was 13% less than using constrained bending and AISI criteria.
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AISI FPURLIN ANAOGLTYS TS
C-SECTION
IDENTIFICATION: MESCO TEST 1
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TOF BOTTOM
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MOMENTS OF INERTIACIH™4) TORF BOTTOM
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FT= 33.600 lsi
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MOMENT CARRYING CAFACITY (ATIST DRITERIA)
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SFAN ) = 25,000 Ft.,
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Figure A.3 AISI Purlin Analysis, Test 1 Interior Purlin (East)
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Figure A.5 AISI Purlin Analysis, Test 1 Exterior Purlin (East)
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Figure A.6 AISI Purlin Analysis, Test 1 Exterior Purlin (West)
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems

Test No,: 2 Gravity

Tesc Date: 'September 26, 1983

Purpose: Determine strength with purlins in facing orientatiom.
Span(s): 25t_a"
Thickness: _0.0755 in. (14 gage) Moment of ‘Inerpia: 13.57 in.”

Parameters: Ipterior purlins in facing orientation

Panel torsional restraint

Purlins clipped to rafters

No dintermediate braces

- Failure Load: 158.52 plf + 8.9 plf/dead load

Failure Mode: Local Euckling of top flange

Predicted Failure Loads: . .
Mechod AISI Constrained Bending Load 180.1 plf

Method Load

Method ' Load

Discussion:

-Local buckling of interior east and west purlins approximately 1 ft. south of

centerline.

-Buckling occurred at 6.2" of water (167.4 plf).

-Vertical deflections were 6-11% greater than predicted using constrained bending

assumption.
-Bottom flange lateral displacements exceeded top flange by 17-45%.
-Maximum lateral displacement was 1.57 in.

-Exterior vertical deflections were 14% less than expected.
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2,195

075

L-l

0 C G

wT)

SECTION
TOR
3.057
3.040

MODULTI(in™3)
ROTTOM
3.025
3.021

CRITERIM)
ft-k

Ptk

-l
-l
i,

(L.é67%allowable)

el o (lié7%allowable)

ine/100&1f

Figure A.12 AISI Purlin Analysis, Test 2 Interior Purlin (East)
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AT SI FPURLIN ANALYSIS
C-SECTION
IDENTIFICATION: MESCO TEST 2 INTERIOR WEST FURLIN

TOF ROTTOM
FLANGE (ir) 20460 2.600
LIFCir 0460 0480
LIF ANGLE (des) Y2000 22,000
RADIUS L/F Cirm) 0,250 0,250
RADIUS F/7Win) 0,313 0.313

TOTAL DEFPTH(in) G
THICKNESS (in) 0.074
YIELD STRENGTH(lsid Gé
GECTION MODULTII(in™3)
MOMENTS OF INERTIACLiNR™4) TOR ROTTOM
GROSS= 13,204 D947 2,950
STRENGTH= 13,1364 2ev42 2.944
DEFLECTION= 13,204
RE = 2.227 in
F Qe 33,600 kg
T 33.600 kgl
FRW= 30,430 g

MOMENT CARRYING COFGCITY (ALSL CRITERIA)

M 8,238 Lk

M7= 8.244  ft )

MW= H. 095 T4

MU= L3518 fh-l CL.a7%zllowable)
SFAN = 25,000 ft.
UNIFORM LOAL= 173,035 w1t (l.67%asllowabhle)
DEFLECTION = 22086 AnL. /1001

Figure A.13 AISI Purlin Analysis, Test 2 Interior Purlin {(West)
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a“I_énI-~EMG_E~[~;_§wMawawgwcw?wgwimgmwwu
C-SECTION
IDENTIFICATION: MESCO TEST 2 EXTERIOR EAST FURL.IN

TOR BOTTOM
FLANGE (i) 2,600 24600
LIFCin 0,420 0400
LIF ANGLE (ded) 87.000 89,000
RADNIUS L/F Cirm) 0.250 0.2%0
RADIUS Fr/W(im 0.313 0.313
TOTAL DEFTHC(in)
THICKNESS (inm) .
YIELD STRENGTH(ksi) 96

C N

0764

LF

) SECTION MODULIICin™3)
MOMENTS OF INERTIACin™4) 101 EOTTOM

GROSS= 7.389 24138 2.131

GTRENGTH= 7.389 24138 2.131

DEFLECTLON:: 7.389

RE = 2:.212  in

= 33.600 kg

S = 33,600 |lgi

FRW= 32,95 g i

MOMENT CARRYING CAFACITY (ALST CRITERIA)

M= 5.98% -k

M7= H.967  fFt-k

M= 6332 Ti-k

MU= 4965 fl-k (l.67%a1lowable)
SFAN = 25,000  ft.
UNLFORM LOAL:= 127,057 wlf (lod7%allowaple)
DEFLECTION = 4,032 ine/LOGeLf

Figure A.14 AISI Purlin Analysis, Test 2 Exterior Purlin (East)
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ATSI FURLIN ANALYS IS
C-SECTION :
IDENTIFICATIONS MESCO TEST 2 EXTERIOR WEST FURLIN

e e i oas S o S e s Sare s tin Sn Sur Sow0 Povs Suve Gote Ge0s Sves Sase Jiws bewn mbe Sed Sure RS S400 Geos Gibe She AEen e Tess Sewm Nre SAs Bemy Sred S48 ey Smed Seee Seot Sew e Sees fem Sems Sem mews men s b e

TOF BROTTOM
FLANGE (ir) 2,580 2.640
LIFC(in) 0.440 0.400
LIF ANGLE (deg) 89.000 84.000
RADIUS L/FCir) 0.250 0,250
RADIUS F/7Wdim) 0.313 0.313
TOTAL DEFPTHC(in) 7
THICKNESS (im) 0.077
YIELD STRENGTH(ksi) 56
SECTION MODULIICin™3)
MOMENTS OF INERTIACIN™4) TOF BOTTOM
GROSS= 7:.516 21467 2176
STRENGTH= 7516 20167 2.176

DEFLECTION= 7.5916
RE= 2191 in

FQO= 33,600 ksi
FT1= 33,600 ksi
FRW= 33.09% lkesi

MOMENT CARRYING CAFACITY (AIST CRITERIAD

MC= b GEHT7 -l

MT == 6,092 fl~k

M= b4l Fl-l

MU= 10,132 fl-k (lL.67%allowable)
SFAN L= 25,000 ft.
UNIFORM LOAD= 129,690 - L (l.é67%allowable)
DEFLECTION = I.964 i /1008 LT

Figure A.15 AISI Purlin Analysis, Test 2 Exterior Purlin (West)
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Figure A.16 Load vs. Vertical Deflection, Test 2
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TEST SUMMARY

MESCO C-Purlin Supported Roof Systems

Project:

Test No.: 3 Gravity

Test Date: 9-29-83

Purpose: Determine strength with purlins in facing orientation

Span(s): 25'-0"

Thickness:_0.074" (14 gage) Moment of Inertia: 13.08 in"

Parameters: Jest purlins in facing orientation
Panel torsional restraint

Purlins clipped to rafters

No intermediate braces

Failure Load: 153.41 + 8.9 plf dead Toad = 162.31 plf

Failure Mode- Local buckling of top flange of test purlins

Predicted Failure Loads:
Method AISI Constrained Bending 1Load 172.0 pl1f

Method Load

Method Load

Discussion: '
-Local buckling of top flange of test purlins.

-VYertical deflections were 7-9% greater than predicted.
-Failure load was 6% less than calculated by AISI Constrained Bending.
-Bottom flange lateral displacement exceeded top by 45%.
-Maximum Tateral displacement of top flange was 0.99 in.
-Maximum lateral displacement of bottom flange was 1.79 in.
-Maximum vertical displacement of test flange was 4.04 in.
-Exterior test purlins deflected 6% Tess than predicted.
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Figure-A.18 Measured Purlin Dimensions, Test 3
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Al I F UR

IDENTIFICATION?

LT N & s Ly B T 8
C-SECTION
MESGCD TEST 3 inNTERIOR EAST FURLIN

FLANGE Cinmn)
LIF(En)

I.LIF ANGLE (dded)
RADIUS L/ZFCinmd
RALIUS Frs7Wdcing -

TOTAL DEFTHCLn)
THICKNESS i
YIELD

MOMENTS OF
GROSS= 13
HSTRENGTH= 13
DEFLECTION= 13
2,218 in
33,600
33.600
20.430

Fis
i
FEW=
MOMENT CARRYING
M
M=
MW
MU
GEAN =
UNIFORM L0
DEFLECTION

Figure A.20

STRENGTH Clesid )

TOF
D GAG
O+a440
87,000
025G

0.313

I

Y08
20600
O A20

B, 000
0250
G313

9@
0.G74
£.

(S
[ R w)

SECTION MOGULTICirn™3)
ROTTOM
2,920
2,918

INERTIACIATAS
<084 2
033 2
QU4

G

ks

i

CaraCTTy
8,187
G163
&8.048

13439

01010

L72.G25
SeRA7V

(alsl
AR W 1
bl
L
Tl
i

LT Gl aYaallowsnler)

Lrre AL O0e L f

CRITERT S

CHed7dalTowstile)

AISI Purlin Analysis, Test 3 Interior Purlin (East)
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Al SI
C~-SECTION
IDENTIFICATIONS

FURLIN ANALYZ SIS

MESCO TEST %

e e s e (v CRP S W B S Suwe Gemt S eut Meme St Smme o4 AA bors Sems eeeh Sams Bems o Sien moer vews ar oers

INTERIOR WEST

FURLIN

: TOF BOTTOM
FLANGE (i) 2.640 2620
LIFPCim) 0.420 0.400
LIF ANGLE (ded) 88.000 85,000
RADIUS L/FCim) 0,280 0250
RADIUS Fr/W (i) 0.313% 0.313
TOTAL DEFTH(ind 9
THICKNESS (in) 0.07%
YIELD STRENGTH(ksi) 96
’ SECTION MODULIICirn™3)
MOMENTS OF INERTIACin™4) 1O BOTTOM
GROSS= 13,237 2,974 2.959
STRENGTH= 13.209 2.964 2,957
DEFLECTION= 13,237
k= 2.234 in
FC= 33.600 ks
FT= 33,600 lkei
FBW= 30,568 |l.gi
MOMENT CARRYING CAFACITY (AIST CRITERIA)
MC = 8,298 ft-k
MT == 8.279 ft-
M= 8.193 ft-Kk
MU= 13.681 ft-k (l.éd7%sllowahle)
SFAN = 25,000 fi.
UNIFORM LOAD= 175,123  w1f (1.467%allowable)
DEFLECTION = 2.251  in./100g1f

Figure A.21 AISI Purlin Analysis, Test 3 Interior Purlin (MWest)
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Al SI FURLTIN
C~-SECTI1ON
TDENTIFICATION: MESCO

TOF
2660
0.440

89.000
0.250
Q0.313

FLANGEC(im)
LIFCAn)

LLIF ANGLE (ded)
RADIUS L/7F(im)
RADIUS Frsu(in)

TOTAL DEFTHC(iIR),
THICKNESS(ir)
YIELD STRENGTH(ksi)

HOMENTS OF INERTIACIN™4)

GROSS=
GTRENGTH=

LEFLECTION=
HE =

7.598
7.998
76598
2.271 in

F O 33.600 ksi
FT1= 33.600 ksi
FhWs 33,0595 hksi

MOMENT
MC=
M=
MW=
MU=
HEAN =
UNIFORM LOAD=
NEFLECTION =

60145
b.107
6702
10,232
29,000
130,970
3.921

e tene bom e e hs sees b s s L veme sese

AN &L T 8 T8

TEST

ore e oame G G I W I EIT) e Gem WU Ga SO S PeE Gme e Mes Gems Sbe Seds Sl sas eme . g b

CARRYING CAFnCITY

S FATERTOR EAST FURLIN

BOTTOM
2620
G440

PG O00
0250
0.313

7
6.077
Oé

SECTION MODULYTL(in™3)
BOTTOM
2.188
2,188

(ALHI
f‘ tl.... l_
1ttt
ft—F
) i et 7
ft ® f

1T (1.87%asllowshle)
inea /1001t

LRITER LA

(Le&7%xllowanle)

Figure A.22 AISI Purlin Analysis, Test 3 Exterior Purlin (East)

A.25



Al S I FURLIN aAaNaL Y5 15
C—SECTION °

IDENTIFICATIONS ME TEST 2 B ¥ETERIOR WEST FURLIN —

TOF BOTTOM
FLANGE Cir) D EELQ 24500
LTFCim) OA20 0.
LLIF ANGLE (des) 89,000 Y
RADTUS L/FCimd 0. 200 RN
RALIUS F/7WCin) 0,313 03103

TOTAL DEFTHCiM) 7
THICKNESS Ciro 0077
YIELD STRENGTH kg1 96

GECTION MOUULTLCin™3)
T LA Cin™ 490 TOR ROTTOM
2l 2072

2190 2172

MOMENTS OF  TNER
GROSS= PRSI
STRENGTH == 7 2
DEFLECTION=s 7o G2
B 2,271 an

F Qs I3,.4600  keid
1= AZ2.600 ksl
FRW= 33,005 kel

MOMENT CARKYING COFALLTY
MO 6137
M b0

Calisl DRITERTIS

L

|

1 |

M s Ao 7RE
VES 10 158 T

- (

¥

Ca Ll e )
SEFAN w SR ATeTY]

UNIFORM LOALs 129.9%3 Loé&Zhkallowsnle)
DEFLECTION = ZLoRAN A, Sl el f

Figure A.23 AISI Purlin Analysis, Test 3 Exterior Purlin (West)
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Figure A.24 Load vs. Vertical Deflection, Test 3
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TEST SUMMARY

Project: MESCO{C-Pur]in Supported Roof Systems
Test No.: 4 Gravity

Test Date: 10-5-83

Purpose: Determine purlin strength with all purlins oriented the same direction.
Span(s): 25'-0"

Thickness: 0.075 (14 gage) Moment of Imertia: 13.3 'in4

Parameters: All purlins in same direction

No intermediate braces

Purlins clipped to rafter

Panel torsional restraint

Failure Load: 145.74 plf + 8.9 pif dead load = 154.64 plf
Failure Mode- Local buckling of compression flange of east test purlin
Predicted Failure Loads:

Method AISI Constrained Bending 1Load 175.89 plf

Method Load

Method Load

Discussion: '
-Local buckling of east test purlin.

-No buckling of west test purlin.

-Failed after 5.7 in. of water.

-Vertical deflections of test purlins were 13-15% more than predicted.
-Failure load was 12% less than using constrained bendina and AISI criteria.
-Bottom flange lateral displacement exceeded top flange by 9-48%.

-Maximum lateral displacement was 1.63 in. (west test purlin).

-Outside purlin vertical deflections were 8-11% less than expected.

A.29



|

4
s
44

4z ¥ l |é
—

Z,.50

F—.o74

Interior (West) Purlin

|

v

4473 [/

+-———~4

Z.- 62

0———‘"075_'

Interior (East) Purlin

G 00

7. 90

g ="
Q = 8s °

=) =&7°

g =£7"

Figure A.26 Measured Purlin Dimensions, Test 4
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Figure A.27 Measured Purlin Dimensions, Test 4
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AN A L

AISI FPURLTIN
C-SECTION

IDENTIFICATION:S

TOF

Y 5 I8

MESCO TEST 4 EAST TEST PURLIN

. - — - {2 ] S ——— Y b o Si hove Som beme G S4ae Sece Ve ate beme Tes Sed Sts SwAs bued Bews seve

BOTTOM

FLANGE (ir)
LIFCir)

20 ¥:4O
0.440
87.000

2,620
0.440

LIF ANGLE(des)
RATIIUS L/F(in)
RALDIUS F/WCin)

0.250

0.313

TOTAL DEFTHC(ir)
THICKNESS (ir)
YIELD STRENGTHC(ksi)

MOMENTS
GROSS=
STRENGTH=
DEFLECTION=
EE=
F=
FT=
FRWs

13,311
13.283
13.311
2.234 in
33,600 ki
33.600 ksi
30.5468 lksi

MOMENT CARRY ING
MC=
MT=
MW=
MU=

8,335
8.334
8,229
13,742
SFAN = 25,000
UNIFORM LOAI= 175,893
DEFLECTION = 20238

OF INERTIAC(LINT4)

CAFnCIETY

87.000
0.250
0.313

9
0.07%G
96
SECTION MODULIICin™3)
TOF BROTTOM
2,987 2.979
2.977 2.976

(ATST
4l
-
A -l
3
L.
plf (l.é47%allowanle)
e AL GO LT

CRITERITA)D

(lo&7%allowstle)

Figure A.28 AISI Purlin Analysis, Test 4 Interior Purlin (East)
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AI SI FURLIN ANALYZSIS
C~8ECTION
TDENTIFICATIONS MESCO TEST 4§ WEST TEST PURLIN
TOF BOTTOM
FLANGE (i) . 2.4660 2.600
LIPCim) 0.440 0,400
LIF ANGLE(ded) 88.000 84.000
RADIUS L/F Cir) 0,250 0,250
RADIUS F/7WC(ir) 0.313 0.313

TOTAL DEFTH(im) 9
THICKNESS (irm) 0.074
YIELD STRENGTH(ksi) 54
: SECTION MODULITICin™3)
MOMENTS OF INERTIACLIA™4) TORF BOTTOM
GROSS= 13,090 2.,9%5% 2.914
STRENGTH= 13.022 2,927 2.908
DEFLECTION= 13,090
RE:= 2.227  in
FC= 33,600 ks
FTe= 33.600 ki
FEBW= 30,430 |kui

"MOMENT CARKYING CAFAUTTY (ATST CRITERLA)

MO = G.1986 Pk

MT= 8,143 Tt~}

Ml = 8.0548 TlL~

MU= 13.453% fl-l (lLoé7%sllowabhle)
SFAN = 25,000 T,
UNIFORM LOAL= 172,202 wl1f C1L.467%allowable)
LDEFLECTION = 2278 Al /100 1T

Figure A.29 AISI Purlin Analysis, Test 4 Interior Purlin (West)
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AI SI PURLIN ANALY®SIS
C-SECTION
IDENTIFICATION: MESCO Th‘—“T 4 OUTSIDE EI\ST PURLIN
TOF BUITUM
FLANGE(ir) 2,600 2,400
LIFCGin) 0.440 0.440 ‘
LIF ANGLE(ded) 88.000 88.000 :
RADIUS L/F (i) 0.250 0,250
RADIUS F/7WC(in) 0.313 0313
TOTAL DEFPTHC(irm) 7
THICKNESS (in) 0.077
YIELD STRENGTHC(ks i) 54

: SECTTON
MOMENTS OF INERTIACLNT4) TOF

GROSS= 7526 24174
STRENGTH= 7526 24174
DEFLECTION= 7.5926

RE= 2211  in

FC= 33.600 ksi

FT= 33.600 kui

FRBW= 33.099 kusi

MOMENT CARRYING CAFACLTY (ALIST CRIVERITAS

MOLULTT (in™3)
EOTTOM
2,174
2.174

MC= HL 088 -

MT= 6,088 ft-k

MW= 6665 fl-l

MU= 10,167 Flk (li&67%Xsllowanle)
SFAN = 25,000 ft.
UNIFORM LOAL= 130,133 w#1f (1.&7%allowable)
LEFLECTION = F,RL? A 100w LT

Figure A.31

-
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A I SI PURLIN ANALYZSIS
C-SECTION
IDENTIFICATION: MESCO TEST 4 OUTSHE:WngPUMJN

O - 2 e I e D € IR GEn mes S e Fege Sase S beer G sevs Seus bowe reet boem bems buwe s mess

TOF BOTTOM
FLANGE (i) 2.620 2,580
LIPCin) 0.440 0.420

LIFP ANGLE (desg) 86,000 89.000
RADIUS L/FCinm) 0.250 0250
RADIUS F/7uCinm) 0.313 0.313

TOTAL DEFTH(in) 7
THICKNESS (in) 0077
YIELLDN STRENGTH(lLsi) 56
. SECTLON MODULITI(in™3)
MOMENTS OF INERTIACINT4) TOr ROTTOM
GROSS= JeOl2 2,180 2.160
STRENGTH= 7.912 2,180 24160
DEFLECTION= 7912
RE= 2.231 in
FC= 33.600 lkui
FT= 33.600 bkusi
FBuW= 33.05% kyu

MOMENT CARRYING CAFACITY (ALIST CRITERIA)

MC = N ORI o Ve

MT = 4,048  Fl-k

MW= & 687 Pl

MU= 10,401 Fl-k (led7%Lllowasbhile)
SPAN = 25,000 £

UNIFORM LOAL= 129,287 elf (1Lo67%alluwable)
DEFLECTION = 309866 ir, /1008 LT

.

Figure A.30 AISI Purlin Analysis, Test 4 Exterior Purlin (East)
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Figure A.32 Load vs. Vertical Deflection, Test 4
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems

Test No.: 5 Gravity
Test Date: 10-14-83

Purpose: Determine purlin strength in facing orientation
Span(s): 25'-0" i
Thickness: 0.100 in. (12 gage) Moment of Inertia: 17:6 in"

Parameters: Test purlins in facing orientation
Panel torsional restraint

No intermediate braces
12 gage test purlins
Panels clipped to rafters
Failure Load: 255.68 p1f + 10.6 p1f Dead Load
Failure Mode- Local buckling of compression flance of test purlins

Predicted Failure Loads:
Method'AISI Constrained Bending 1,agq 236.3 plf

Method Load

Method_ Load

Discussion:

-Local buckling of top flange of both test purlins caused failure.
-Failure load was 13% more than using constrained bendina and AISI criteria.
-Vertical deflection was 32-40% more than expected.

-Maximum vertical deflection for west and east test purlins was 6.07 and 5.70
inches respectively.

-Vertical deflection of test purlins was 32-42% more than outer purlins.
-Bottom flanges of test purlins deflected 42-50% more than top flanges.

-Maximum horizontal deflection of west and east purlins was 2.05 and 2.50
inches respectively.

-Quter purlin vertical deflections were 5% less for the east and 5% more for
the west purlins than expected.
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Figure A.35 Measured Purlin Dimensions, Test 5
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ANALY 9 1 8

AT ST FURLTIN

C-SECTION

ITDENTIFICATIONS MESCO TEST 5 EAST TEST PURLIN

TOF
2,680
Q440

87.000
0.250
0375

FLLANGE (in)
LIFCin)

LIF ANGLE (deg)
RADIUS L/Z7FCir)
RALTUS F/7WCinD

TOTAL DEFTHC1n)
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Figure A.37 AISI Purlin Analysis, Test 5 Interior Purlin(East)
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Figure A.38 AISI Purlin Analysis, Test 5 Interior Purlin (Mest)
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Figure A.39 AISI Purlin Analysis, Test 5 Exterior Purlin (East)
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TEST SUMMARY

Project: Mesco C-Purlin Supported Roof Systems

Test No.: 6 Gravity

Test Date: 10-18-83

Purpose: Determine strength of 16 ga. purlins in facing orientation
Span(s): 25'-0"

Thickness: 0.057 in. (16 gage) Moment of Inertia: 9.8 1n4

Parameters: Test Purlins in facing orientation

Panel torsional restraint

No intermediate braces

16 _gage purlins

Purlins are clipped to rafters
Failure Load:_89.5 plf + 8.2 Dead Load = 97.7 plf
Failure Mode-_ | ocal buckling of top flange of east test purlin

Predicted Failure Loads:

Method _AISI Constrained Bending Load 111.7 plf
Method Load

Method Load

Discussion:
-Local buckling of east test purlin caused failure.
-Failure load was 12% less than using AISI constrained bending criteria.

-Vertical deflection was 5-10% more than expected for test purlins and 16-18%
less than expected for outer purlins.

-Maximum vertical deflection for test purlin was 2.80 in. and 1.99 in. for the
outer purlins.

-Horizontal displacement of bottom flange of test purlins was 18% and 56% more
than the top flange of the east and west purlins respectively.

-Maximum horizontal displacement was 1.45 in.
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Figure A.48 AISI Purlin Analysis, Test 6 Exterior Purlin (West)
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems

Test No.: 16 Gravity

Test Date: 12-15-83

Purpose: Determine purlin strength for resisting gravity load
Span(s): 241 -8"

Thickness: 0.079 (14 gage) Moment of Inertia: 14.18 in.4

Parameters:_ JTest purlins in opposing orientation

Panel torsional restraint

Purlins clipped to rafters

Bracing at ends and third points at test

and outer purlins
Failure Load: 173.9 + 8.9 D.L. = 182 pif
Failure Mode-_ Local buckling of compression flange of east test purlin near
Predicted Failure Loads: center line.

Method _AISI Load 194.2 plf
Method Load

Method Load

Discussion:
-Failure load was 94% of AISI constrained bending.

-Compression flange of east test purlin buckled near center Tine.

-Maximum vertical deflection was 3.89 in.

-Vertical deflections of test purlins were 6-9% more than predicted by AISI.
-Test purlins deflected 12-19% more than outer purlins.
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APPENDIX B
UPLIFT LOADING TEST DATA



TEST SUMMARY

Project: Mesco
Test No.: 7 Uplift
Test Date: 10-26-83

Purpose: Determine purlin strength for resisting uplift.
Span(s):  25'-Q"
Thickness: 0.075 in. (14 gage) Moment of Inertia: 12.98 1n4

Parameters: Test purlins in facing orientation

Panel torsional restraint

Purlins clipped to rafters

No intermediate bracing

Failure Load: 79.3 plf + 8.9 plf dead load
Failure Mode-_ Web buckling of east test purlin

Predicted Failure Loads:

Method _50-75% of working load Load  84-125 plf
Method Load
Method Load

Discussion:

-Failure load was 88.2 plf or 52% of AISI Constrained Bending Criteria.

-Failure was due to excessive amount of lateral displacement of test purlins
which caused web buckling as well as pulling the fasteners out of the deck.

-Maximum lateral displacement was 6.9 in. for the bottom flange and 2.9 in.
for the top flange.

-Top flanges displaced 40-45% less than bottom flanges.

-Maximum vertical deflection was 8.3 in. for the test bur]ins and 3.7 in. for
the outer purlins.
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AI SI FPURLIN ANALY®S IS
C~-SECTION
IDENTIFICATION: MESCO TEST 7 EAST TEST PURLIN
TOF ROTTOM
FLANGE (i) 2.680 2620
LIFCir) 0.420 0.420
L1IF ANGLE (ded) 87,000 87.000
RALIUS L/F(ir) 0. 250 0.250
RADNIUS F/7W (i) 0.313 0.313

TOTAL DEFTHC(ir) 9 !
THICKNESS (ir) 0.075
YIELD STRENGTH(ksi) 56
: SECTION MODULTT Cim™3)

MOMENTS OF INERTIACIiN™4) TOF ROTTOM
GROSS= 2.977 2,919 2.896
STRENGTH= 12,868 2,880 2886
DEFLECTION= 12,977
BE= 2.219 in
FC= 33,600 ksi
FTe 33,600 kei
FBW= 30,287 ksi

MOMENT CARRYING CAFACTITY (AIST CRITERITIA)

MC= 8.064 ft-Fk

MT= 8.081 ft-§

M= 7.88% -k

M= 13168 fi-k (1.67%allowshle)
SFAN = 2. 000 L.
UNIFOR#H LOAD= 168.54% wlIf (l.47%allowsnle)
DEFLECTION = 26296  ine./1008 1T

Figure B.3 AISI Purlin Analysis, Test 7 Interior Purlin (East)
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AL SI FPURLIN ANALYSIS
C~SECTION
IDENTIFICATION: MESCO Ith7’WE§TTE§TPUNJN

et o e W7 D S O G WO G SN G Go S ot m—— Sons W mre Ve S S Swen S S bowe So0t Sase sote bmws e e SomS ame $o0s been 0rs ber ee sase abes thas seer bans bes -iss seas smms sens ceem seme meve

TOF BOTTOM
FLANGE (1) 2.680 2.660
LIFCin) 0:.440 0.420
LIF ANGLE (ded) ?0.000 87. 000
RADIUS L/7F(inm) 0.250 e 250
RALIUS F/W(inm) 0.313 0.313
TOTAL DEFTHC(in) 4
THICKNESS (in) 0.07%
YIELD STRENGTH(ksi) 96
: SECTION MODULLT in™3)
MOMENTS OF INERTIACIiN™4) T EOTTOM
GROSS= 13.403 3,011 2.996
STRENGTH= 13.342 2.989 299l

DEFLECTION= 13,403
RE= 2.252 in

FC= 33.600 ksi
FT= 33,600 lksi
FRW= 30,568 ksi

MOMENT CARRYING CAFACITY (ALIST CRITERIA)D

MC= B.369  Fl-k s
MT= 8.374  ft-k
M= B8.262 -k
MU= 13.797 f1-k (l.é67%3llowable)
HFAN = 25,000 ft.
UNIFORM LOAD= 176,607 w1f (1.67%allowable)
DEFLECTION = 2:223  in./100s1F

Figure B.4 AISI Purlin Analysis, Test 7 Interior Purlin (West)
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AISI PURLIN ANALYSIS
: . C=SECTION
IDENTIFICATIONS MESCO TEST 7 OUTER EAST PURLIN

TOF BOTTOM
FLANGE (i) 2.,640 2,640
LIFCim) 0.440 0.440
LIF ANGLE(ded) 88,000 85,000
RADIIUS L/7F (i) 0.2%50 0,250
RADIUS F/7W(in) 0.313 0.313
TOTAL DEFTH(ir) 7
THICKNESS(inm) 0.077
YIELD STRENGTH(ksi) g6
: SECTION MODULIICan™3)
HOMENTS OF INERTIA(iIin™4) TOF BOTTOM
GROSS= 7,602 2.196 2,196
STRENGTH= 7.602 2.196 2,196
DEFLECTION= 7.602
BE= 2,251 in

FC= 33,600 tksi
FT= 33,600 ksi
FBW= 33.055 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)D

MC= 6.148 f1-k

MT= 6,150 ft-k

MW= 6.731 ft-k

MU= 10.267 fi-k (1.67%a8llowable)
SFAN = 25,000 ft.
UNIFORM LOAD= 131,418 #1f (l.é67%allowatle)
DEFLECTION = 3.9219 1in./100r1f

Figure B.5 AISI Purlin Analysis, Test 7 Exterior Purlin (East)
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AT STI PURLIN ANAILY 5108
C-SECTION
ITDENTIFICATIONS MESCO TEST 7EXTHHORlESTPUmJN
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TOF EOTTOM
FLANGE (i) 2,640 2ebH40
LIFCir) 0.440 , 0,440
LIF ANGLE(ded) 8%5.000 84,000
RALIUS L/FCin) 0.250 G250
RALIUS F/udin) 0.313 Q313

TOTAL DEFTHC(LIM) 7
THYCKANESS (in) . O.G77
YIELD STRENGTH(ksi) 56
SECTION MOUUL 5T Cin™3)
MOMENTS OF INERTIACIN™4) T EOTTOM
GROSS= 7.604 20197 2197
STRENGTH:= 7604 S D19
U&FLECTION 7.604
KHi = 2251 ir
F e 55 HEQO s
(S F33.600 ka1
FhW=  33,.0%% lksi

MOMENT CARKRYING CAFACITY (ALSI CRITERTAY

MC= 6.151  fi-k

MT = H.181  fl-nk

MW= b6:.734  fl-k

MU= 10271 fl-k (l.67%allowable)
SFAN = 25000 fL,
UNIFORM LOAD= 131.474 plf (L.867%allowabhle)
DEFLECTION = 3.918 i /1008)F

Figure B.6 AISI Purlin Analysis, Test 7 Exterior Purlin (West)
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TEST SUMMARY

Project: Mesco C-Purlin Supported Roof Systems
Test No.: 8 Uplift
Test Date: 11-3-83

Purpose: Determine purlin strength for resisting uplift
Span(s): 25'-0"
Thickness:_ 0.08 in. (14 gage) Moment of Inertia: 13.98 in"

Parameters: Test purlins in opposing orientation

Panel torsional restraint

Purlins clipped to rafters

Bracing at q_ , 1" from bottom flange.

Failure Load:__ 107.4 plf + 8.9 plf dead load
Failure Mode-_ Local buckling of bottom flange of west test purlin

Predicted Failure Loads:

Method 50-75% of AISI Load 93.8 to 140.7 plf
Method Load
Method_ Load

Discussion:

-Failure load was 62% of AISI Constrained Bending.
-Bottom flange of west test purlin buckled at 116.3 plf.

-Maximum vertical deflection was 22-34% more than expected from AISI Constrained
Bending for the test purlins and 7-9% less for the outer purlins.

-Maximum vertical deflection was 3.1 in.

-Maximum lateral displacement was 0.43 in. for the top flange of the east test
purlin.

-Bottom flange displacement was 51% less than the top flange.
-Maximum bracing force was 556 1bs. between the two test purlins.

-Maximum bracing forces between the test and outer purlins was 58 and 127 Tbs.
tension for the east and west outer braces respectively.
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AISI FURLTIN
C-SECTION
IDENTIFICATIONS: MESCOD

TOR
2. 600
0.440
87.000
0.250
0.375

FLANGE (irm)
LIFC(in)

LIF ANGLE (des)
RADIUS L/F i
RADIUS F/7WC(irm)

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

MOMENTS OF
GROSS= 13.982
STRENGTH= 13.982
DEFLECTION= 13.982
BE:= 2.14% i
FCs 33,600 ke
KT= 33.600 lkai
FEW= 31,209 |lsi

MOMENT CARRYING
M=
MT=
MW=
MU=
SFPAN =
UNIFORM LOAD=
DEFLECTION =

8.778
8.778
8.989
14,658
25,000
187.629
2,131

Figure B.12 AISI Purlin Analysis, Test 8 Interior Purlin

CAFACITY

ANALYSTITS

INERTIACINT4)

(AISI

bl
-t
ft—t
Ll &
N
~1f

TEST 8 EAST TEST PURLIN

S G s o G € G e San WS Sy GO e SSR WS Sene Gwee G bewe Gews e Seen met Sbee bowe betn Gmte biwt ot Rese SSie Sime St et Shed bimd veid bust Peme bees Sare seee Sees Pees ees memt ees sers bewe sems o

EOTTOM
24.600
0.440

86,000
0250
0,378

SECTION MODULIICin™3)

TOF BOTTOM
34135 I S
3,135 3013

CRITERIAS

(Led7%sllowable)

(l.&7%sllowable)

1re /1008 LT

(East)
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AISI FPURLIN ANALYGSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 8 WEST TEST PURLIN

TOF BOTTOM
FLANGE (irm) 2,600 2.640
LIFCin) 0,420 0.440
L1IF ANGLE (dest) 88,000 87,000
RADIUS L/F Cim) 0.2350 0250
RANIUS F/W(inr) 0.375 Q375

TOTAL DEPTHC(in) k4
THICKNESS(in) 0.08
YIELD STRENGTH(ksi) G9é
SECTION MODULTT Cin™3)
HOMENTS OF INERTIAC(irn™4) TOF BOTTOM
GROSS= 14.017 3,130 3,15
STRENGTH= 14,017 3.130 J1EG
DEFLECTION= 14,017
BE= 2,145  in
FC= 33.600 ksi
FT= 33.600 ksi
FBW= 31.209 ksi

MOMENT CARRYING CAFACITY (AIST CRITERLIA)

MC= B.76% Tk

M= 8.835 fl-k

M= 8.973 i~k

MU= 14,4637 fl=k (l.é67%allowable)
SFAN e 25,000 Tft.
UNIFORM LOAD= 187.3%8 rlf (1l.467%allowable)
DEFLECTION = 20126 in. /10081 T

Figure B.13 AISI Purlin Analysis, Test 8 Interior Purlin (Mest)
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AISI PURLIN ANALYS ST 15
C~SECTION

IDENTIFICATION: MESCO TEST 8 OUTER EAST PURLIN

TOF BROTTOMN
FLANGE (ir) 2.640 2520
LIFCin) 0.420 0420
LIF ANGLE (ded) 87,000 87.000
RADIUS L/F Cim) 0.250 0250
RADIUS F/7WCim) 0.313 Q0375
TOTAL DEFTH(in) 7
THICKNESS (im) 0.077
YIELD STRENGTH(ksi) 56

SECTION MOLULTICim™3)
MOMENTS OF INERTIACLiH™4) TOR BROTTOM

GROSS= 7526 2.173 2,176
STRENGTH= 7.526 2173 24176
DEFLECTION=  7.526
BE= 2.25 i
FC= 33.600 lsi
FTs= 33.600 kel
FBW= 33,05% lkai

MOMENT CARRYING

M= 6. 08Y

MT= &.092

M= bbbl

: M= 10,161
SFAN = 25.000

UNIFORM LOAD=
DEFLECTION =

130,062
3,958

Figure B.14

CaraCITY

CATEL CRITERIA)Y

L=l

ol

-k

fl—k (L.é67%a3llowatile)
.

FLE (l.67%sllowanle)

e 71008 L F

AISI Purlin Analysis, Test 8 Exterior Purlin (East)
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AISI PURLIN ANALYSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 8 OUTER WEST PURLIN

...........-....___._.........-._...._....._...._._........_._.._._.__.__._........_._..._._......_...._._........._.._........_..A..__........._....._.

TOF EOTTOM
FLANGE (in) 2.640 2.640
LIPCin) 0.420 0.440
LIF ANGLE (des) 88,000 86,000
RADIUS L/ZFCirm) 0.:250 0250
RADIUS F/W i) 0.37%5 0.313
TOTAL DEFTHC(in) 7
THICKNESS (ir) 0.077
YIELD STRENGTH(ksi) 54
SECTION MODULLICin™3)
HOMENTS OF INERTIA(in™4) TOF BOTTOM
GROSS= 7560 2,185 24182
STRENGTH= 7.:.560 ©.18Y 2,182

DEFLECTION= 7,540
BE = 2.188 in

FC= 33.600 lai
FT= 33.600 bkyi
FRW= 33,055 kei

MOMENT CARRYING CAFACITY (ALIST CRITERIA)

MC= ell9 FlL-k

MT == 6111 -k

M= 6.837 fl~k

MU= 10.203 fi-k (1.é7%allowable)
SFAN = 25,000  ft.
UNIFORM LOAD= 130.624 w11 (1l.47%allowable)
DEFLECTION = 3941 in./100x1F

Figure B.15 AISI Purlin Analysis, Test 8 Exterior Purlin (West)
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TEST SUMMARY

Project: Mesco C-Purlin Supported Roof Systems
Test No.: 9 Uplift
Test Date: 11-8-83

Purpose: Determine purlin strength for resisting uplift.
Span(s): 25'-0"
Thickness: 0.067 in. (14 gage) Moment of Inertia: 11.99 in4

Parameters:_Test purlins in opposing orientation

Panel torsional restraint.

Purlins clipped to rafters.

Failure Load:

Failure Mode-

Predicted Failure Loads:

Method _50-75% of AISI Load 73.7 - 110 plf
Method Load
Method Load

Discussion:
-Note: Test C1-9 consisted of three separate tests:
1. Cl1-9 - Same as C1-8, with bracing at centerline.

2. C1-9A - Bracing at both ends between test purlins as well as bracing
at centerline of all purlins.

3. C1-9B - Same as C1-9A except a 2 x 4 wood block was cut to fit be-
tween the flanges of the test purlins at centerline.

-Tests C1-9 and C1-9A were loaded to 60 pl1f and then released.

-Test C1-9B was loaded to failure.

-Fajlure load was 85.6 pl1f or 58% of AISI Constrained Bending.
-Local buckling of bottom flange of west test purlin caused failure.
-Maximum vertical deflection was 2.8 1in.

-Maximum lateral displacement was 0.32 in.

-Maximum brace force was 410 1bs. between the two test purlins.

B.21



i -
— .
44 § /
/ 5'
Z I
—oll— -
1, &
z =
44’-2 “é AN
R "

Interior (Weet) Purlin

42 ¥ “/ ;‘ “f'»"\ o

‘ ‘ < ; pony

Interior (East) Purlin

Figure B.19 Measured Purlin Dimensions, Test 9 (Interior)
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Figure B.20 Measured Purlin Dimensions, Test 9 (Exterior)
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AISI FURLIN ANALYSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 9 EAST TEST PURLIN

TOF BOTTOM
FLANGE (i) 24620 2,620
LIFCin) 0.440 0,420
LIF ANGLE (des) 88.000 83,000
RANIUS L/F Cim) 0250 0.250
RADIUS F/7WC(ir) 0.375 0375
TOTAL DEFTHCir) 9
THICKNESS (i) 0.074
YIELD STRENGTH(ksi) 96
SECTION MODULIT (in™3)
MOMENTS OF INERTIACir™4) TOF BOTTOM
GROSS= 13.003 2.917 2,910
STRENGTH= 13.003 2.917 2.910

DEFLECTION= 13%,003
BE= 2:171 in

FC= 33,600 keai
FT= 33,600 kai
FBW= 30,430 kai

MOMENT CARRYING CAFACITY (AIST CRITERIA)

MC= B.167 fl-k
MT e B.149 -k
MW= 8,149  ft-k
: PMil)== 13.609 ft—k (l.67%a3llowable)
SFAN e 25,000 ftL.
UNIFORM LOAD= 174,196 w1f (1.67%allowshle)
DEFLECTION = 2291 in./100e1f

Figuré B.21 AISI Purlin Analysis, Test 9 Interior Purlin (East)
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AISI FURLIN ANALYGSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 9 WEST TEST PURLIN
TORP EOTTOM
FLANGE (iro) 2660 24640
LIFCin) 0.440 0440
LIF ANGLE(deg) 87.000 88.000
RADTUS L/F Cird 0.250 0. 250
RADIUS F/W(im) 0.313 0.313

TOTAL DEFPTHC(im) ¥y
THICKNESS (ir) 0067
YIELD STRENGTH(ksi) 56
SECTION MOLDULITIITI (irn™3)
MOMENTS OF INERTIACINT4) TOR BOTTOM
GROSS= 11.987 2,487 24680
STRENGTH= 11.7%0 2,603
DEFLECTION= 11.987
BE= 2,105 in
FC= 33.600 |kai
FT= 33,600 lkygi
FRW= 29,343 |lsi

2,608

MOMENT CARRYING CAFACITY (AIST CRITERTAO)

MC= 7290 fl-l

MT = 7444  fi-k

MW= 6895 -k

MU= 11,8514 1~k (l.67%asllowable)
SFAN = 25,000 ft.
UNIFORM LOAD= 147.381 wlf (1.67%sllowable)
DEFLECTION = 2,483 in./100w1°f

Figure B.22 AISI Purlin Analysis, Test 9 Interior Purlin (West)
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AISI FURLTIN
C-SECTION
IDENTIFICATIONS

TOF
2,640
0,420

87,000
0. 250
0.313

FLANGE (i)
LIFCGin)

LIF ANGLE (deg)
RADIUS L/F (i)
RADIUS F/W(inm)

TOTAL DEFTH(ir)
THICKNESS (i)
YIELD STRENGTH(ksi)

MOMENTS OF INERTIACin™4)

GROSS=
STRENGTH=
DEFLECTION=
RE= 2,251
FC= 33,600
FT= 33,600
FEW= 33,055

7 G246
7.8926
i

X1
kg

b i

MOMENT CARRYING CAFACTTY

o 6,085
& 092
10,161
25,000
130,062
3,958

Ml ==
MU=
SFAN =
UNIFORM LOAD=
DEFLECTION =

AN A L

Y & I 8

MESCO TEST 9 OUTER EAST PURLIN

S S G (% 5008 S04 Gt Gan e e et e Sem Sem e o b Yot oot et Some veve e s aoe Sotn Same et tome Some sem sone ees

BOTTOM
20620
06420

87.000
0250

0375

7
0.077
96
SECTION MODULIICIin™3)
TOF BOTTOM
20173 2176
2173 2176

(ATST
Tt~
Tt
-k
41
1'\ L 4
PP (L& 7%allowabhle)
in./100s1¥F

CRIYERT®)

(Led7%sllowahle)

Figure B.23 AISI Purlin Analysis, Test 9 Exterior Purlin (East)
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AISI FURLIN ANALYGSTIS

C-SECTION
IDENTIFICATION? MESCO TEST 9 OUTER WEST PURLIN
TOF ROTTOM
FLANGE(in) 2.640 24640
LIFCGim) 0,420 0.440
LIF ANGLE(ded) 88,000 86.000
RADIUS L/F ¢irD 0.250 0250
RADIUS F/7WC(im) 0.375 0.313
TOTAL DEFTHC(ir) 7
THICKNESS(inm) 0.077
YIELD STRENGTH(ksi) 96
SECTION MODULITICin™3)
MOMENTS OF INERTIAC1r"4) TOF BOTTOM
GROSS= 7960 2,185 2,182
STRENGTH= 7860 2.18% 24182

LDEFLECTION= 7.960
BE= 2.188 in

Fe= 33,600 |lsi
FTe= 33.600 ksi
FBW=  33,08% ksi

MOMENT CARRYING CAFACITY (ALSI CRITERIA)

MC == b.119  fi—h

MT= 6,111 fl-1

Ml == 6.837 ftl-Ik

MU= 10,205 L~k (l.67%allowashle)
SFAN = 25,000 4.

UNIFORM LOAT= 130,624 1T (l.é67%sllowable)
DEFLECTION = 3.941 in./1001 T

Figure B.24 AISI Purlin Anlaysis, Test 9 Exterior Purlin (West)
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems
Test No.: 10 Uplift
Test Date: 11-14-83

Purpose: Determine purlin strength for resisting uplift.
Span(s): 25'-0"
Thickness:__0.08 in. (14 gage) Moment of Inertia: 14.36 in.

Parameters: Test purlins in opposing orientation

Panel torsional restraint

Purlins clipped to rafters

2x4 wood blocks placed between flanges at 2,

5, & 10 ft. from center line and at center T1ine of test purlins
Failure Load:_107.39 plf + 8.9 plf dead load = 116.3 pl1f

Failure Mode- Local buckling of compression flange of east test purlin at
center line

Predicted Failure Loads:

Method 50-75% of AISI Load 95.9 to 143.9 plf
Method Load
Method_ Load

Discussion:

-Failure load was 61% of AISI Constrained Bending.
-Test purlins were braced at center line.

-Maximum vertical deflection was 3.1 in.

-Deflections were 28% more than predicted by AISI.
-Test purlins deflected 31-38% more than outer purlins.

-Maximum horizontal deflection was 0.5 in. and occurred at top flange of
east test purlin. West test purlin was 14% less.
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Figure B.28 Measured Purlin Dimensions, Test 10 (Interior)
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Figure B.29 Measured Purlin Dimensions, Test 10 (Exterior)
B.33



AISI FURLIN ANALYZSIEGS
C~-SECTION

IDENTIFICATION: MESCO TEST 10 UPLIFT EAST TEST PURLIN
TOF EOTTOM

FLANGE (inm) 2.640 24620

LIFCir) 0.480 0.aq20

LIFP ANGLE (des) 89.000 88.000

RADIUS L/7F Cin) 0250 <250

RADIUS F/WCim 0.313 0.313

TOTAL DEFTHC(1irm) 9
THICKNESS (ir) 0.081
YIELD STRENGTHCksi) Oé
: SECTION MODULITCin™3)
MOMENTS OF INERTIAC(iIN™4) TOF BEOTTOM
GROSS= 14,3460 F 234 3.204
STRENGTH= 14,360 3,236 3.204
DEFLECTION= 14,360
RE= 2.247 in
FC= 33,4600 ksi
Fi= 33.600 lksi
FBW= 31.328 hksi

MOMENT CARRYING CAFACITY (ALST CLITERTG)

MC= 9.061 ft-k

MT= 8.972 flt-k

M= P.178  ft-k

MU= 14.983 fL—-k (l.a67%allowabhle)
SFAN = 25.000  f1.
UNIFORM LOAL= 191,779 wlf (1.67%sllowable)
DEFLECTION = 2.075  in /100=17T

Figure 'B.30 AISI Purlin Analysis, Test 10 Interior Purlin (East)
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AISI FURLIN ANALYGE SIS
C-SECTION
IDENTIFICATION? MESCO TEST 10 UPLIFT WEST TEST PURLIN
TOF ROTTOM
FLANGE (in) 2,680 2,620
LIF (i) 0,420 0500
LIF ANGLE(des) 89,000 87,000
RADIUS L/F (ir) 0. 250 0. 250
RADIUS F/W(in) 0.313 0,313 )

TOTAL DEFTHCirm) 9
THICKNESS Cird 0.08
YIELD STRENGTH(ksi) G56
SECTION MODULTL in™3)
MOMENTS OF INERTIACINT4) TOF BROTTOM
GROSS= T 14,280 3.199 3205
STRENGTH= 14,280 2,199 3208
DEFLECTION= 14,280
BE= 2,288 in
FC= 33,600 tbsi
FT= 33.600 |lui
FRW= 31,209 |ksi

MOMENT CARRYING CAFACITY (AIST CRITERITA)D

MC= 8.957 flL-§

M B8.973 flL-hk

M= 9,033 ftl-k

MU= 14.957 flt-k (l.é67%sllowable)
SFAN = 250006 ft.,
UNIFORM L.OAL:= 191458 wl1F (l.,467%kallowable)
LDEFLECTION = 2:084 in./100=1Lf

Figure B.31 AISI Purlin Analysis, Test 10 Interior Purlin (West)
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AISI FPURLIN ANALY® SIS
C~-SECTION
IDENTIFICATION: MESCO TEST 10 UPLIFT OUTER WEST PURLIN

S o S S o BN S G S rae SaMS e S ees B St et Swse eas Sase siee bewy er bess Gwat bvwe et emte twet Gsd SeSs emt boe seme seme mems Pebe Seme s bese Bese Seme bees Siae beme mase sswe sase orms sess Socn mone abes smms meee

TOF BOTTOM
FLANGE (im) 2,640 2.640
LIFCimn) 0,420 0.440
LIF ANGLE (ded) 88.000 84,000
RADIUS L/F¢ir) 0.250 0.250
RADIUS F/W(ir) 0,375 0.313
TOTAL DEFTH(in) 7
THICKNESS (im) G.077
YIELD STRENGTH(ksi) 7=
SECTION MODUL YL Cin™3)
MOMENTS OF INERTIAC(LIN™T4) TOF EOTTOM
GROSS= 7560 2.18% 2.182
STRENGTH= 7560 2.18%5 2.182

DEFLECTION= 7560
BE= 2,188 in

FC= 33.600 lsi

F e 33,4600 kui

FRBUW= 33.05% |si
MOMENT CARRYING CAFACITY (AIST CRITERIA)

MC= 6.119  fl-k

M7= G111 Tt=l

MW= 6 B37  Fl—I

MU= 10.205 i~k (l.67%allowable)
SFAN = 25000 ft.
UNIFORM LOAD:= 130,624 wlf (l.867%sllowable)
DEFLECTION = 3.941 in./100rLf

Figure B.32 AISI Purlin Analysis, Test 10 Exterior Purlin (East)
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AISI PURLTIN ANALYGSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 10 UPLIFT OUTER WEST PURLIN
TOF. ROTTOM
FLANGE (ir) 2.4640 2,420
LIFCin) 0,420 0,420
LIF ANGLE (des) 87.000 87,000
RADIUS L/ZFCir) 0,250 06250
RADIUS F/WCim) 0.313 G375

TOTAL DEFTHC(in 7
THICKNESS (i) 0.077
YIELD STRENGTH(ksi) 96
SECTION MODULTIC(in™3)
MOMENTS OF INERTIACIin"T4) TOF EOTTOM
GROSS= 7.526 24173 2176
STRENGTH:= 7526 2el73 20176
DEFLECTION: 7.526
RE= 2,251 inm
F e 33,600 ksi
FT= 33,600 ksi
FEW= 33.05% kgi

MOMENT CARRYING CAFACITY (ALISI CRITERITIA)

MC= 6,085  ft-k

MT= 6,092 -k

MW= be0bl  flL-k

MU= 10.161 fi-k (l.67%asllowable)
SFAN = 25,000 T,
UNIFORM LOAD= 130,042 Lt (l.é67%allowabhle)
DEFLECTION = 3958 1 /10001 F

Figure B.33 AISI Purlin Analysis, Test 10 Exterior Purlin (West)
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems

Test No.: 11 Uplift

Test Date: 11-21-83

Purpose: Determine purlin strength to resist uplift.

Span(s): 25'-0"

Thickness: 0.079" (14 gage) Moment of Inertia:14.0 in.4

Parameters: Test purlins in opposing orientation

Panel torsional restraint

Purlins clipped to rafters
15 ft. 7x3 C-purlin was bolted to each
test purlin, 7.5 ft. from center line
Failure Load: 102.3 p1f + 8.9 plf dead load = 111.2 pif

Failure Mode-  local buckling of compression flange of east test purlin

Predicted Failure Loads:

Method 50-75% of AISI Load 93.8 to 140.7 plf
Method Load
Method Load

Discussion: )
-Failure load was 59% of AISI Constrained Bending.

-Compression flange buckled near center line at 111.2 plf.
-Maximum vertical deflection was 2.3 in.

-Deflections were 4% more than predicted by AISI.

-Test purlins deflected 2-13% more than outer purlins.
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Figure B.37 Measured Purlin Dimensions, Test 11 (Interior)
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Figure B.38 Measured Purlin Dimensions, Test 11 (Exterior)
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FURLIN ANAL

aAIlGS 1
C~SECTION

IDENTIFICATION: MESCO TEST 11 INTERIOR EAST

e e G G e G G NS we e SO0 ML W46 B006 Sotm e seme M Bmoe Mt Some fom bews feet hem Seee beie bt Sees teme

TOF
FLANGE (i) 2.620
L1FCin) 0.440
LIF ANGLE (ded) 88,000
RADIUS L/F Cim) 0.250
RADIUS F/7WHGin) 0.313
TOTAL DEFTH(in)
THICKNESS (i)
YIELD STRENGTH(ksi)

Y & L 8

9
0.079
1-)

MOMENTS OF INERTIA(in"4)

GROSS= 14.003

STRENGTH= 14,003

DEFLECTION= 14,003

RE = 2,229 in

Fi= 33,600 ksi

FTe 33,600 thgi

FBW= 31,088 ksi

MOMENT CARRYING CAFACITY (ALST
HC= 8.776 ft-i
MT= 8.8085 ft-k
M= 8,314 ft-k
MU= 14.696 fi-k

SHAN = 20,000 Tt.

UNLIFORM LOAD= 187.593 l1f

DEFLECTION = 20128

Figure B.39

KOTTOM
20660
0,420

84,000
0+ 250

G.313

SECTION MODULIICin™3)

TOF ROTTOM
3.134 3,145
3.134 3,145

CRITERT @)

(Leb7%Xsllowainle)

(1eé67%aslluwsinler

1re/100r1f

AISI Purlin Analysis, Test 11 Interjor Purlin

(East)
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AISI PURLIN ANALYGSIS
C-SECTION
IDENTIFICATION: MESCO 11 INTERIOR WEST
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TOF BOTTOM
FLANGE(ir) 2.640 2,640
LIFCir) 0.420 0.500
LIFP ANGLE(deg) 85%.000 88.000
RADIUS L/F(in) 0,250 0,280
RADIUS F/W (i) 0,313 0.313
TOTAL DEFTH(irm) 9
THICKNESS (i) 0.079 '
YIELD BTRENGTHéks1) S6 '
SECTION MODULIICin™3)
HOMENTS OF INERTIA(in™4) TOF ROTTOM
GROSS= 14.079 3.142 3,171
STRENGTH= 14,079 3.142 J.171
DEFLECTION= 14.07%
BE= 2.249 in
FC= 33,600 ksi
FT= 33.600 Ftsi

FBW= 31.088 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 8,797 ft-k

MT= 8.879 ft-i

M= 8.833 ft-k

MU= 14,690 ft-k (1.67%allowsble)
SFAN = 253,000 ft.
UNIFORM LOAD= 188,034 rlf (l.67%sllowable)
DEFLECTION = 2,116 in./100#1f

Figure B.40 AISI Purlin Analysis, Test 11 Interior Purlin (West)

B.45



o T o S G e W e €N S5 W Ghde Gmee G G @S Sewe Cme bow Rse S Sewe Sowm ks Weod Gur Smes Lows eon oS St Gotn et ban e wrw s0r+ e Sive Sre b50s Sabe S e ens Semt meme eon Setn S S o b

AIlSI FPURLIN ANALYSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 11 OUTER EAST

S e e G € €I £ £ €T S e S ) S GGE GO e e Guee eowe Sure e Seew SOe Svet Seam Bodn e Smee Seem Sues Pene ebt Gest G4 Beve Sive 1het bmen bame $2mn Hote Sees beme Sear eoe smen oot T some come e e s o soos

TOF BOTTOM
FLANGE(in) 2,700 2,700
LIPCin) 0.460 0.420
LIF ANGLE(des) 89.000 89.000
RADIUS L/F(inm) 0,250 0.250
RALIUS F/7W(in) 0.313 0.313
TOTAL DEFTHC(im) 7
THICKNESS (in) 0.077
YIELD STRENGTH(ksi) Sé
SECTION MODULII(in™3)
HOMENTS OF INERTIA(in"4) TOF ROTTOM
GROSS= 7.709 2,233 2,221
STRENGTH= 7.692 26225 2,219

DEFLECTION= 7.709

BE= 2:292 in ‘
FC= 33,600 ksi

FT= 33.600 ksi

FBW= 33,055 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 6.231 Ft-k
MT= 6.214 Fi-k
MW= 6.822 ft-k
HU= 10.378 ft-k (l.67%zllowable)

SFAN = 25,000 fto
UNIFORM LOAL= 132.837 rlf (l.67%alliowable)
DEFLECTION = 3.865 in./10081ft

Figure B.41 AISI Purlin Analysis, Test 11 Exterior Purlin (East)
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AI SI PURLIN AaNALYSIS
C-SECTION
IDENTIFICATION? MESCO TEST 11 OUTER WEST
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. TOF BOTTOM
FLANGE(ir) , 2.680 2,700
LIPCin) 0.400 0.420
LIF ANGLE (des) 88.000 20,000
RADIUS L/F¢im) 0.250 0,250
RADIUS F/W(in) 0.375 0,313
TOTAL DEPTH(in) 7
THICKNESS (in) 0.077
YIELD STRENGTH(ksi) 56
) SECTION MODULIT (ir™3)
HOMENTS OF INERTIA(in"4) TOF EOTTOM
GROSS= 7.620 . 2,200 2,203
STRENGTH= 7.620 2,200 2,203
DEFLECTION= 7.62
RE= 2,228 in
FC= 33,600 ksi
FT= 33.600 ksi

FBW= 33.085% ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA

MC= 6.160 fL-k

MT= 6.168 fL-k

M= &.882 fi-k

MU= 10,287 ft-k (l.67%sllowshle)
SFAN = 25,000 i,
UNIFORM LOAD= 131.674 rl1f (l.67%sllowasble)
DEFLECTION = 3.910 in./100rlf

Figure B.42 AISI Purlin Analysis, Test 11 Exterior Purlin (West)
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems
Test No.: 12 Uplift
Test Date: 11-30-83

Purpose: Determine purlin strength for resisting uplift.
Span(s): 25'-0"
Thickness: .079 (14 gage) Moment of Inertia: 13.94

Parameters: 1€St purlins in opposing orientation
. Panel torsional restraint
Purlins clipped to rafters
Bracing at third points of all purlins,
2 in. from compression flange

Failure Load _122.73 pl1f + 8.9 plf dead load = 131.6 plf
Failure Mode-_Local buckling of compression flange of east test purlin
Predicted Failure Loads:

Method 50-75% of AISI Load 92.8 to 139.2 plf
Method o Load__
Method_ Load

Discussion:

-Failure Toad was 71% of AISI Constrained Bending.
-Compression flange of east test purlin buckled at 131.6 plf,
-Maximum vertical deflection was 3.5 in.

-Vertical deflections were 25% more than predicted by AISI.
-Test purlins deflected 27-30% more than outer purlins.

-Maximum horizontal deflection was 0.59 in. and occurred at the top flange
of west test purlin.

-Horizontal deflection of bottom flanges was approximately zero.
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Figure B.46 Measured Purlin Dimensions, Test 12 (Interior)
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AISI PURLIN ANALYSTIS
C~SECTION
IDENTIFICATIONS MESCO TEST 12 UPLIFT EAST TEST PURLIN

O Sy s (D % O B O G5 €53 OIS (S GISS 60t 0 S5 6300 0+ be S S Pemt I B8 Gt Sems S Feee Baam bums tees Smen Sowe Sem ees Sess Sa Swme bere 0134 o0s oML Hies Babe S0t sare Soee beim seee sme Sare Somn Sobe mae

TOF BOTTOM
FLANGE(in) 2,700 2,600
LIFCin) 0.440 0,420
LIF ANGLE (des) 88.000 88.000
RADIUS L/FCim) 0.250 0,250
RALIUS F/7W(in) 0.375 0.375
TOTAL. DEFTHC(inR) ?
THICKNESS(in)’ 0.079
YIELD STRENGTH(ksi) S6
’ SECTION MODULILC(in™3)
MOMENTS OF INERTIAC(Lin™4) TOF BOTTOM
GROSS= 13,940 3,156 3,101
HSTRENGTH= 13.940 3.150 3.101

DEFLECTION= 13,940
RE = 2,246 in

FC= 33,600 ksi
FT= 33,600 Fksi
FBW= 31.088 t|si

MUMENT CARRYING CAFALITY (ALISI CRITERIA)

MC= 8.821 ft~k

MT= 8.682 fti-k

MW= ?.005 fFt-k

MU= 14,498 f1-k (1.67%allowable)
SFAN = 25,000 ft.
UNIFORM LOAL= 185,579 rlf (l.67%allowable)
DEFLECTION = 2.137 in./10081F

Figure B.48 AISI Purlin Analysis, Test 12 Interior Purlin (East)
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Al1SI PURLIN ANALYSTIS
C-SECTION
IDENTIFICATION: MESCO TEST 12 UPLIFT WEST TEST PURLIN
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TOF EOTTOM
FLANGE (in) 2,660 2,620
LIFCim) 0.460 0.400
LIF ANGLE(deg) 88,000 87,000
RADIUS L/F(in) 0,250 0,313
RADIUS F/W(in) 0.313 0,375
TOTAL DEFTH(in) 9 )
THICKNESS (in) 0.079
YIELD STRENGTH(ksi) 56
. . SECTION MODULIICin™3)
MOMENTS OF INERTIACin™4) - TOF EOTTOM
GROSS= 14,008 3,147 3,134
STRENGTH= 14,008 3,147 3,134
DEFLECTION= 14,008
RE= 2,269 in
FC= 33,600 ksi
FT= 33,600 ksi

FBW= 31,088 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC== 8.811 fi-k

MT= 8.776 fi-k

M= 8.852 ft~k

MU= 14,656 ft-k (1.67%sllowable)
SFAN = 25,000 ft.
UNIFORM LOALD= 187,598 rlf (l.67%s3llowable)
DEFLECTION = 2,127 in./100r1f

Figure B’.49 AISI Purlin Analysis, Test 12 Interior Purlin (West)

B.55



ST O R R R 0 30 S (5 5 S0 S 50 65 e s ey e Gt e et e G G e S 4t S G e S Seve Gote Gene Gant Gaes Gmke b o v S20n So20 bomk Aot Sooe oot s s e S o 0 S20n e

RISI PURLIN ANALYSTIS
C-SECTION
IDENTIFICATIONS MESCC TEST 12 UPLIFT OUTER EAST PURLIN

SO O SO NN S0 50 65 S S £ T S T S G (S Yo G0 e G A et St e (0 T B e s G400 vite St Smoe e e B B bte b et et seme et Sars Som S200 +mes mrte Soen sams 2o e s o o o

TOF BOTTOM
FLANGE(in) 2.700 C2.700
LIFCin) 0.4460 0.420
LIF ANGLE(des) 89.000 89,000
RADIUS L/F(in) 0.250 0250
RALIUS Fr/7W(in) 0.313 0,313
TOTAL DEFPTHC(irm) 7
THICKNESS(in) 0.077
YIELD STRENGTH(ksi) o6
. SECTION MOLULIIC(irn"3)
MOMENTS OF INERTIA(in™4) TOF BOTTOM
GROSS= 7.709 2,233 20221
STRENGTH= 7.692 26225 2.219
DEFLECTION= 7.709
BE= 2,292 in
FC= 33,600 ksi
FT= 33.600 ksi

FBW= 33,055 ksi

MOMENT CARRYING CAFACITY (AISI CKRITERIA)

MC= 6,231 ft-h

MT= 6,214 ft-k

M= 6.822 ft-hk

MU= 10,378 Pt-k (1l.67%allowable)
SFAN = 25.000 ft.
UNIFORM LOAD= 132,837 r1f (l.67%allowasble)
DEFLECTION = 3:.869 in./100r1f

Figure'B,.SO AISI Purlin Analysis, Test 12 Exterior Purlin (East)
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RI &SI PURLIN ANALYSIS
C-SECTION
IDENTIFICATIONS MESCO TEST 12 UPLIFT OUTER WEST PURLI
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TOF BROTTOH
FLANGE(in) 2,680 2,700
LIFPCin) 0.400 0.420
LIFP ANGLE(deg) 88.000 F0.000
RADIUS L/F{im) 0,250 06256
RADIUS F/W(in) 0.375 0,313
TOTAL DEFTH(ir) 7
THICKNESS (in) 0.077
YIELD STRENGTH(ksi) Sé
: SECTION MODULIL(in™3)
HOMENTS OF INERTIA(in™4) TOF ROTTOM
GROSS= 7.620 2,200 2,203
STRENGTH= 7.620 2,200 2,203
DEFLECTION= 7.62
BE= 2.228 in

FC= 33,600 ksi
FT= 33.600 ksi
FBW= 33,055 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 6,160 ft~k

MT= 6.168 ft-k

M= 6,882 fi-k

FHU= 10,287 ft-k (1.67%allowable)
SFAN = 25.000 ft.
UNIFORM LOAD= 131,674 rlf (1.67%asllowsbhle)
DEFLECTION = 3.910 in./100rlt

Figure B.51 AISI Purlin Analysis, Test 12 Exterior Purlin (West)
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Figure B.52 Load vs. Vertical Deflection, Test 12
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems

Test No.:_ 13 Uplift

Test Date: 12-5-83

Purpose: Determine purlin strength for resisting uplift.
Span(s): 25'-0"

Thickness: _ 0.079 in. (14 gage) Moment of Tnertia: 13.86 in.4

Parameters:_ Test purlins in cpposing Orientation

Panel torsional restraint

Purlins clipped to rafters

Bracing at ends and 2.5' each side of

i

center line o
Failure Load: 115.06 p1f + 8.9 pIf D.L. = 123.96 plf

Failure Mode-__ Local buckling of compression flange of east test purlin
Predicted Failure Loads:
Method 50-75% of AISI Loaq 92.6 to 138.9 plf
Method Load
Method ; Load
Discussion:

-Failure Toad was 67% of AISI Constrained Bending.
-Compression flange of east test purlin buckled at 123.96 pl1f.
-Maximum vertical deflection was 3.02 in.

-Vertical deflections were 18% more than predicted by AISI.
-Test purlins deflected 26-28% more than outer purlins.

-Top flange rolled 75-80% more than bottom flange.
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Figure B.55 Measured Purlin Dimensions, Test 13 (Interior)
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Figure B.56 Measured Purlin Dimensions, Test 13 (Exterior)
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n1ls 1l U

LNENTIFLICATIO

FLANGE Cir)
LLFCLr)

LI ANGLE (iferst
RAODIUS L/ZF Cin
KALIUS Fr/7wW(in

TOTAL DEFTH(L
THICKNESS(1n)
YIELL STRENGT

MOMENTS
LGROSS=
BTRENGTH=
LEFLECTION=
B 2,209
F 33.400
L 33.600
FhW= 31,088

MUMENT CARKYI
MC=
MT=
Mu=
MU=
SEAN =
UNLFORM LOAD=
DEFLECTION =

Figure B.57

RLIN ANADGLYSIYG
C-SECTIUN
N: MESCO TEST 13 UPLIFT EAST TEST PURLIN
TR BOTTOM
24600 2.600
V460 0420
) 7,000 a8 .00
) 0. 2850 Q200
) V313 Q375

o) @

H(ksi) e

SECTION MOLUL ™
OF INERTIA(Ln™4) TOR BEulluM
13.855 2,104 Alan
13.859 3,108 e L0y
13,895
it
boi
bsi
bed

NG CaAFACLTY (ALSL CRITERIA)
G.7C02  fl-p
8,493 -1
Be/4l Ui
14,517 U~k (Leb67%aliow il
25.000 f,
18L.818 pFl1 (leo7%kallowsiine
24150 an SO0l

AISI Purlin Analysis, Test 13 Interior Purlin (East)
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Al S 1
C-SECTION

LDENTIFICATION: MESCO TEST 13LWLIFTWE5TTESTFWRLIN

FURLIN ﬂ NALYS

IS

ST S e i e e Sm St L Gt Mo e 45 S S st Semn ee Sben St S PR S Sam S avne ove Seve ems Mbte o e e ome 2001 S ere st o

TOF
FLANGE Cim) 26660
LiitCam) 0,440
LT ANGLE (dew) 87,000
RATHIUS L/7F Cind e 200
RALLUS FrWw(am) Qo370

TOTAL. DEFPTHCir)
THICKNESS (i)
VikeD STRENGTH(ksi)

HOMENTS
BT NUIRES
STRENGTH:=
LEr LECTLUN=
BE - 2,208
E 33,600
ko 33,600
Flw- 31,088

14,075
14,079
14,070
in
kel
ks
ksl

tMUMEN |
M=
MT =
M=
M=
HFAN =
Unl-URM LOAL=
MEFLECTION =

B.842
8.830
7.01%
14.74%
-JOOO()
188,741
2.117

Figure B.58 AISI Purlin Analysis, Test 13 Interior Purlin (We

OF INERTIACLA

LARRYLNG CAFACLTY (alui

BOTTOM
2,480
Q440

88.000
0250
0313

9
0.079
Oé
SECT 10w
TOr
FelHs

A0158

“4)

LRLTERLE)
Ll
-l
L
£l
fi.

LT

1 /1G0w1T
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I FU R'L I N ANALY SIS
SECTION

TDENT lFICATlON. MESCO TEST 13 UPLIFT OUTER EAST PURLIN

S e e e e DY S e eea e Saee e S SR G IR RO G S e Gt et Foe St S S e s Semt tamd Sa0e $0am Mt dess e maee $008 Mebe bom e soes sure

TOF BOTTON

FLANGE (ir) 2.700 2,700
LiIFCim) 0,460 G420
LIF ANGLE (ded) 89.000 89,000
RADTUS L/7FCin) 0.250 0250
RADIUS F/7W(im) 0,313 G313

1OTAL

DEFTH(1ir) 7

THLICRKNESS (1) 0.077/

YILELD

STRENGTH(ks1) &
t SECTTIOM matlUl i0 i 7a

RUMENTS OF INERTIAC(LNAT4) TOF Bl v

GROSBY =

7709 20233

STRENGTH= 7,692 0, D L
DEFLECTLON=  7.70%

L
A
b 13l

20292 An

33.600 lksi
33,600 ksi
33,050 ki

MUMENT CARRYLING CAFACITY (HiLS1 CRLITERLA)

HEAN

M= 231 - f-k

MT = 6.214 -1

M= &.822 Ti-k

MU= 100378 Fl-l (lea7hkuiivvibi
= 25,000 f1.

UNLFUORM LOAL= 132,837 plf (l.é67%allowsoie)
DEFLECTION = 3,865 in /1008 Lf

Figure B.59 AISI Purlin Analysis, Test 13 Exterior Purlin (East)
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RAR1S I PURLIN ANALYSIS
C-SECTION
IDENTIFICATION: MESCO TEST 13 UPLIFT OUTER WEST PURLIN

T T T S 5 G 3 e S S S 0 505 0 B S S e et et et e o S0 M e e o ot S e S $h4n ot oo So20 Seme +eet were soes sevs smme +mes soes o et e bese est rees e mar ares

TOF ROTTOM
FLANGE (i) 2,680 2.700
LiFrdcin) - G.400 0.420
L ik ANGLE Cdey) 8,000 0., 000
RADTIUS L/ZFCir) 0.2%0 G250
RADLIUS F/W (i) 0.375 0,313
TOTAL DEFTHCirn) 7
THICKNESS (in) 0.077
CIELD STRENGTH( ksi) T)
SECTION MUDH LT Cinm 2
HOMENTS OF INERTIACin"4) TUk BUT UM
LRSS = 7620 2200 BNV
GURENG THs 7.620 24200 BPIRTRIN
UEFLECTLION= 7620
B - 20228  in

bC- 33.600 ksi
Fl= 33,600 ksi
FisW= 33,050 ksi

MUMENT CARRYING CAFACITY (ALSI CRITEKIA)

M= 6.160 -k

MT= b6.168 ft-|

M= X% -1-PE o TS

MU == 100287 Fl~t (le&7%a8l10woiniv)
G AN s 25,000 ft.,
UNLFORM LOAL= 131,674 ¥t (L.67%alloweiie)
DEFILECTION = 3910  1r./L00M1T

Figure B.60 AISI Purlin Analysis, Test 13 Exterior Purlin (West)
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Figure B.61 Load vs. Vertical Deflection, Test 13
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TEST SUMMARY

Project: MESCO C-Purlin Supported Roof Systems
Test No.: 14 Uplift
Test Date: 12-7-83

Purpose: Determine purlin strength for resisting uplift.
Span(s): 25'-0"
Thickness: 0.067 (14 gage) Moment of Inertia:_11-69 in.”

Parameters: Test purlins in opposing orientation

Panel torsional restraint

Purlins clipped to rafters
Bracing at ends and third points of test

and outer purlins
Failure Load: 84.4 plf + 8.9 D.L. = 93.3 plIf

Failure Mode- Local buckling of compression flange of test purlins near
third point brace.

Predicted Failure Loads:

Method 50-75% AISI Load 73-109.5 plf
Method Load
Me thOd. Load

Discussion:

-Failure load was 64% of AISI constrained bending.

-Compression flanges of test purlins buckled near the third point braces.
-Maximum vertical deflection was 2.66 in.

-Vertical deflections were 18% more than predicted by AISI.

-Test purlins deflected 45-60% more than outer purlins.
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Figure B.64 Measured Purlin Dimensions, Test 14 (Interior)
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ALl B PURLIN ANALYSIS
C-SECTION :

FLENTIFICATION: MESCO TEST . 14 UPLIFT EAST TEST PURLIN

_ . TOF BOTTOM
FLANGE(in) 2.520 2.680
LiFCan) 0.440 0400
L1 ANGLE (desg) 85,000 86,000
RADIUS L/AF Ciro) 0.250 0.2G0
RALDIUS Frsw(in) 0,313 0,313

TOTAL DEFTHC(im 9@

THICKNESS(im) 0.067

YIELD STRENGTH kei) ]

SECTION &OLUL YT Cin™3)

MUMENTS OF INERTIACiIN 4) TOE BUtTUOM

GROSY = 11.811 204623 e

STRENGTH= 11.4688 2.580 A

DEFLECTION= 11.811

L 2.091  in

Fi- 33.600 tbksi

Bl 35,600 Ity

FRW= 29,343 |kai

MUMENT CARRYING CAFACITY (ALSL CRLITERLIA)

MC= 7.224 -l

MT= 7.434 Tl-t

M= 6.830 Ttk

MU= 112406 fFl-k (1.67%sllow.iio:
SEAN = 25,000 ft,
UNLFORM LOAD:= 146,002 plIf (L.é67%asllowstile)
LEFLECTION = 2,323 in /10081t

Figure B.66 AISI Purlin Analysis, Test 14 Interior Purlin (East)
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AL 8T PURLIN ANALYGS SIS
C-SECTIUN
FUENTIFICATIONS MESCO TEST 14 UPLIFT WEST TEST PURLIN
TOF BOTTOM
FLANGE (in) 2,620 2,540
LdFCin 04380 0440
I TH ANGLE (dest) 87,000 B 000
RALTUS L/ZFCin) 0.250 0. 250
RALLUS F/W(an) 0.313 0.31%

TOTAL DEFPTHC(in) ¥4
HICKNESS(in) Q0864
VIELD STRENGTH k1) &
SECTION MOULLTT Cram 30
MUMENTS OF INERTLIACLM 4 TUF BUlTUM
GROES = 11.4%50 208618 S GA
STRENGTH= 11,434 2,537 2ONE4
DEFLECTIUN= 11,850
BE 2.081  in
Fos 33.600 ksi
o 33.4600 bkgi
Fhw+ 290,257  |lai

MUMENT CARKYING CAFACLTY (ALST CRIVERIO

M= 74103 -t

MT = 72364 r-1

M= G698 L~

MU - 110188 Tleb (Led7¥allow i i,
SEAN = 25,000 T4,
LUNLFORM LOAQL= 143,180 #Llf (Leéd/%kallowal i)
DEFLECTION = 205597 10,1008 1F

Figure B.67 AISI Purlin Analysis, Test 14 Interior Purlin (West)
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A1 SI FPURLIN ANALYSIS
C-SECTIOGN
TODENTIFICATION: MESCO TEST 14[WLIH'0UTHQEA5TPUHJN

ST S e n s R I €33 eh e 3 €% 2w (S Co . e e e e b S e a0 SU Sons e e S 0k 8034 2w s0we Sow b0s8 et morn wmmn o e e

TOF BOTTOM
FLANGE(in) 2,700 2700
Live i) 0.460 0420
i.TF ANGLE (ded) 89.000 892.000
RADIUS L/F Cin) 0.250 0250
RALLUS F/7R(in) 0.313 0.313
10TAL DEFTHim) 7
THICUKNESS (in) 0.077
YIELD STRENGTH(ks1) 96
T SECTLOM MOLL LT 0™ 3)
HOMENTS OF INERTIACin"4) TOF BATTOM
LRUSBS= 7,709 20233 el
STRENGTH= 7.692 2.22% A0
DeFLECTION= 7709
B = 2,292 in

= 33,600 kei
R 33,600 hkei
Flbs 33,055 ki

MUMLENT CARRYING CAFACLTY (A1SL CRIIERLA)

MO = 6,231 fi-k

MT= 6.214 Ttk

MW= bebilld T~k

MU= 10378  fi~lk (1 &7%a1 1w Lwd
SFAN = 25,000 ft,
UNLEFORM LOAL= 132,837 g1t (lLebd7%a8lLowauil e
LEFLECTION = 3.86%  1n./10001F

Figure B.68 AISI Purlin Analysis, Test 14 Exterior Purlin (East)
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AL ST PURLIN ANALTYSTIGS S
C-SECTION
IDENTIFICATIONS: MESCO TEST 14 UPLIFT OUTER WEST PURLIN

TO BOTTUM
FLLANGE Cir) 2.680 2.700
LIPCir) 0.400 Veq420
LIF ANGLE (dew) 88.000 f0.000
RADIUS L/7F(inm) 0.250 0.250
RALDLUS F/7uW(in) 0:.375 V313

TOTAL DEFTHCir) 7
IHLCRNESS (2m) G077
YIELD STRENGTH(ksi) 56
- SECTION MODULT ™3
MOMENTS OF INERTIACin"4) TOF
GROSS= 7,420 2,200
STRENGTH:= 7.620 2,200
DEFLECTION= 7,620
Bls 2,228  in
FC= 33,600 ksi
Fl= 33,600 ksi
FBW= 33,055 ko

BUTTOM
LG

MUMENT CARRYING CAFACLITY (ALST CRITERLE

MO SelEd L

M7= 6.1468 -k

M= boBBL -k

MU= 10287 Fl-b (Loé&7ha) Lo il
SFAN = 25,000 T,
UNLFORM LOAD= 131.674 #IT (Leb7%a8llowsi e’
DEFLECTION = 3¢9210 i1 /i0O0WLF

Figure B.69 AISI Purlin Analysis, Test 14 Exterior Purlin (West)
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Figure B.70 Load vs. Vertical Deflection, Test 14
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TEST SUMMARY

Projéct: MESCO C-Furlin Supported Roof Systems

Test No.: 15 Uplift

Test Date: 12-5-83

Purpose: Determine purlin strength to resist uplift.
Span(s): 24'-8"
Thickness: 0.079 (14 gage) Moment of Inertia:}4.036 'in4

Parameters: T1est purlins in opposing orientation
Panel torsional restraint

Purlins clipped to rafters

Bracing at third points of compre;;jqqhm_
flange
Failure Load: 122.74 + 8.9 pl1f D.L. = 131.6 pl1f

Failure Mode- Local buckling of compression flange of east and west

Predicted Failure Loads:

Method _ 50-75% of AISI Load 96.1-144 p1f
Method Load
Method Load

Discussion:

-Failure Toad was 68% of AISI constrained bending.
-Compression flange of test purlins buckled near center line.
-Maximum vertical deflection was 3.34 in.

-Vertical deflections were 24-29% more than predicted by AISI.
-Test purlins deflected 44-48% more than outside purlins.
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Figure B.73 Measured Purlin Dimensions, Test 15 (Interior)
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Al S I PURLIN ANALYSIS

C-=SECTION
iXtLNTll ICATION: MESCO TEST 15 UPLIFT EAST TEST PURLIN
TOF BOTTOM
FLANGE Cim) 2,680 2,660
LIFGir) 0.5930 Q.4460
LIF ANGLE(ded) 86,000 87.000
wallIus LZF Cimd 0250 0.250
RADIUS F/7W(in) 0.375 0.37%5
TOTAL DEFTH(in) 9
THICKNESS (1) | 0. 079
YIELD STRENGTH(ksi) Sé
’ SECTLUMN MU Liy o™ 4
MOMENTS OF INERTIA(iIin™4) TOM BEOTVUM
GROYS= 14,174 3,195 S LOU
STRENGTH:= 14,174 319y S A )
DEFLECTION= 14,174
B - 2226 in
FC- 33,600 kui
[ 33,600 bksi
Flhw= 31,088 ksi
MOMLNT CARRYING Lﬁlﬁl]lY (AIST CRITERIL®
MC= B.947  ft—-w
MT = 8,848 L=t
MU= P.131  ft-k
MU= 14,776 fl-k (leo7%allCwaule)
s AN = 24,647  fL.
UNIFORM LOAL= 194,277  wli (1.67%38Lllowsilo)

DEFLECTIUN = L9992

Figure B.75

AISI Purlin Analysis, Test 15 Interior Purlin
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Al G811
C-SECTION
lDENTIFICATION: MESCO

TOF

: L] \—Iél()
0.400
87.000
0250
0.37%

FLANGE (in)
LIFCam)

LIF ANGLE(deg)
ROLIUS LA7F Cind
RADTUS F/7W(in)

FOTAL DEFTHC LM
THICKNESS (in)
YIELD STRENGTH(ksi)

MOMENTS
GROSS=
GTRENGTH:==
DEFLECTION=
BE== 2,206
b 33,400
1= 33.600
FhW= 31.088

14,036
140030
14,036
in
R
bai
ks

MOMENT CARRYING
MC=
MT =
MW=
VS
GEAN =
UNITFORM LOAD=
DEFLECTION =

8./53
8.870
8,922
14,617
24,6467
192.188
4,012

Figure B.76

FURLIN ANAL

OF INERTIAC(iN™4)

CAFACITY

Y 51 8

BOTTOM
2.660
o 0.GL0
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AISI Purlin Analysis, Test 15 Interior Purlin (West)
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TOF BOTTOM
FLANGE Cir) 2.700 2700
LIFCim) 0.440 0.420
LLIF ANGLE(ded) 89.000 892,000
RATHIUS L/7F Can) 0.250 0.25G
KADIUS F/W(in) 0.313 0,313
TOTAL DEFTHC(in) 7 ' !
THICKNESSCir) 0.077

YIELD STRENGTH(ksi) wé
o SECTIGN &0 5 (i

HOMENTS OF INERTIACin™4) TOF HGTTOM
GROSS= 7709 2233 Q.*J.
STRENGTH= 7,692 2229 I

DEFLECTION= 7,709
bE = Led92 in

O 33,600 ksi
FTe= 33.600 ksi

FEW= 33,055 ksi ‘
MOMENT CARRYING CAFACITY (ALST CRITERLa)Y

MC= 6:231 Tl

M G214 ey

M= L.822  ft-Ik

MU= 10.378 fi-} (L.o7%allowaiaie)
U AN = 24,4667 Ft.,
UNITFORM LOAL= 136.448 g1t (L. 47%allowaiile
DEFLECTION = 36663 in./10Uxlf

Figure B.77 AISI Purlin Analysis, Test 15 Exterior Purlin (East)
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ATSI PURLIN ANALYS SIS
C-SECTION ,
IOENTTFICATION? MESCO 06T 15 UPLIFT WEST OUTER PURLIN
TOF BOTTOM
FLANGE Cir) 2,680 2,700
LIFCin) 0.400 0.420
LiF ANGLE(des) 88,000 90,000
KADIUS L/F Cird 0. 250 0. 250
RADIUS F/W(in) 0.375 0.317%

T1OTAL DEFTH(Lirn) 7
THICKNESS(inm) 0.077
YIELD STRENGTH(ksi) 56
’ SEC TN Mol Lo 5
HOMENTS OF INERTIAC(INT4) TOF BEUT 1M
GRUSS= 7:620 20200 L0
WTRENGTH:= 7620 2200 E
VEFLECTION:: 7620
Lk = 2:228 1in
F e 33,600 kwi
[ 33,600 ksl
FBW= 33,090 ksi

TN
e LINED

MOMENT CARRYING CAFACITITY (alsSl CRITERILIM)

M= G160 -1

M= Heletd N

MW= G.BEY Ll

MU= 10.287 Tl~k (Led7%alivwaiile)
AN = 29,0487 fl.
UNTFORM LO&D= 135,203 w1l CLe&7%s1 10w in:
WEFLECTION = 37086 A /L0001 T

Figure B.78 AISI Purlin Analysis, Test 15 Exterior Purlin (West)
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Figure B.79 Load vs. Vertical Deflection, Test 15
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