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PREFACE

An investigation of the effect of various restraint systems on the
behavior of single span C- and Z-purlin supported conventional roof systems
is being conducted at the Fears Structural Engineering Laboratory, University
of Oklahoma. A progress report "Simple Span Z-Purlin Tests with Various Re-
straint Systems" was issued in February 1982. Data from one additional test
and the results of a series of diaphragm action tests are reported here.
Chapter and section numbers correspond to numbering used in the original report.

Errata for the original report is contained in Appendix J.
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ADDENDUM
INTRODUCTION

Results of nine single span, gravity loaded Z-purlin tests are de-
scribed in the original report. Lateral restraint was provided using combi-
nations of torsional restraint braces at the rafter Tines and intermediate
lateral restraints. In all tests, the purlin top flanges faced in the same
direction. Since publication of this report, one additional flexure test has
been conducted with the purlin top flanges opposing. The complete test matrix
is shown in Table 1A.

The purpose and configuration of the additional Z-purlin flexure test
is as follows:

Test VII. 19 ft. 7% 1in. simple span; two Z-purlins; gravity loading; tor-
sional restraint; flanges opposed.

Purpose:
To determine the effect of purlin orientation on purlin
strength. To determine the magnitude of torsional re-
straint forces for flanges opposed.

Configuration:

Torsional restraint provided at the rafter location; no
other restraint provided.

Details of the test set-up are as shown in Figure 1(a) and 1(d) in
the original report, except the Z-purlins were oriented with the top flanges
of both purlins pointing inward (opposing). A1l other details were identical
to Test III. The purlins used in this test were cold-formed from the same
coil in a continuous operation as those used in the previously reported tests.

Results are presented in Section 3.7A of this Addendum.
-1-



Table 1A

Z-Section Test Matrix

Parameter Inter- Torsional Panel Shear Torsional Remarks
mediate Restraint Stiffness Restraint
Bracing| @ Rafter Q F
@4 Pt.
Test
I X X X X Base Test
* *
11 X X X Greased top Flg.
ITI X X X
1v X X X
\Y X X No side lap
fasteners
VI X X X Same as IIT
except panel
connections
reinforced.
VIL X X X Same as III ex-
) cept with flanges
opposing

*Intermediate braces @ 2'-0" o.c.




Additional coupon test results for samples taken from a failed purlin
in each test series are reported in Section 2.5 of this Addendum. Predicted
faiiure loads for these purlins using the constrained bending assumption, AISI
criteria with factors of safety removed, and the measured yié]d stress are found
in Appendix I.
Results of cantilever diaphragm tests are also reported herein. The
diaphragm tests were conducted in five series with purpose and configuration

as follows:

Series A. Five 3 ft. 0 in. wide by 10 ft. 0 in. long panels; three Z-purlins
spaced at 4 ft, 10% in.; side lap fasteners at intermediate laps
only and spaced at 30 in. on-center; panel to purlin fasteners at
12 in. on-center.

Purpose:

To determine diaphragm shear strength and shear stiffness
using the standard configuration.

Configuration:

Standard.

Series B. Five 3 ft. 0 in. wide by 10 ft. 0 in. Tong panels; three Z-purlins

spaced at 4 ft. 10% in.; no side lap fasteners; panel to purlin
fasteners at 12 in. on center.

Purpose:

To determine diaphragm shear strength and shear stiffness
if side lap fasteners are not used.

Configuration:
Same as Series A except no side lap fasteners.

" Series C. Five 3 ft. 0 in. wide by 10 ft. 0 in. long panels; two Z-purlins
spaced at 5 ft. 0 in. centered on panels; side lap fasteners at

intermediate laps only and spaced at 30 in. on-center; panel to
purlin fasteners at 12 in, on-center.

Purpose:

To determine diaphragm shear strength and shear stiffness
for flexure test configuration.
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Configuration;
Similar to flexure Tests I, III, IV and VII.
Series D. Five 3 ft. 0 in. wide by 10 ft. 0 in. Tong panels; two Z-purlins
spaced at 5 ft. 0 in. centered on panels; no side lap fasteners;
panel to purlin fasteners at 12 in. on-center.

Purpose:

To determine diaphragm shear strength and shear stiffness
for flexure test configuration without sidelap fasteners.

Configuration: !
Similar to flexure Test V.

Series E. Five 3 ft. 0 in. wide by 10 ft. 0 in. Tong panels; two Z-purlins
spaced at 5 ft. 0 in. centered on panels; side lap fasteners at
intermediate Taps spaced at 30 in. on-center; side lap fasteners
at edge channels spaced at 6 in. on-center; panel to purlin fast-
eners at 12 in. on-center.

Purpose:
To determine diaphragm shear strength and shear stiffness
for flexure test configurations with sidelap fasteners and
reinforced panel-to-purlin connection at the rafter loca-
tions.

Configuration:
Similar to flexure Test VI.

Details of the test set-up are given in Section 2.5 and results in

Section 3.8 of this Addendum.

Finally, fastener shear tests were conducted. Test details are given

in Section 2.5 and results in Section 3.8 of this Addendum.



CHAPTER II
TEST DETAILS

2.5 Supplementary Tests

Diaphragm Tests. Cantilever diaphragm tests were conducted in accor-

dance with the procedures given in "Notes on Steel Diaphragms", by'James M.
Fisher dated April 23, 1982. The test set-up is shown in Figure 10. Load was
applied using a hydraulic ram and manual pump. The load was monitored with a
Toad cell and associated instrumentation. Horizontal displacements of the Toad
frame and upper right corner of the diaphragm were measured using displacement
transducers. Displacements at the support locations were measured using dial
gages. All readings were recorded to the nearest 0.001 in. Corrections were
made to measured horizontal displacements using the procedure outlined in the
referenced paper.

The Toading procedure consisted of a preload and a final load applied
in increments. A preload of approximately 10% of the estimated ultimate 1oad
was first applied to remove initial system movement. The diaphragm was then
Toaded to failure in increments of approximately 10% of the estimatéd failure
load. Displacement readings were recorded at all increments.

A1l tests were conducted using five 3 ft. 0 in. wide by 10 ft. 0 in.
Tong panels. Three tests were conducted using the "standard" configuration
shown in Figure 7 with purlins spaced at 4 ft. 10% in. The remaining four tests
were conducted using two purlins spaced at 5 ft. 0 in. with the panel canti-

‘ levering 2 ft. 6 in. each side of the purlins. Load was applied in the plane

of the web of the upper purlin. This configuration was used to more closely
-5~



represent the diaphragm stiffness of the flexural test set-up,
Results of the seven tests are discussed in Section 3.8,

Fastenér Shear Tests. Fastener shear tests were conducted using 1.35 4n.

wide strips sheared from randomly selected pane]s; The strips were connected
using two fasteners spaced 2 in. on-center. Edge distance in the direction of
loading was maintained at 1 in. Tensile Toad was applied in line with the fast-
eners using a universal testing machine. An initial load of 0.3 kips was first
applied and then released. The specimens were than loaded to failure with

slowly increasing load. Only load at rupture and failure mode were recorded.
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CHAPTER III
TEST RESULTS

3.7A Test VII

Test VII was identical to Test III except with the top flanges of both
purlins facing inward. Results are shown in Appendix G. Failure occurred at a
Toad of 257.4 p1f per purlin (versus 193.6 p1f for Test III) by local buckTing
of the flange/web near the centerline of the internal purlin (purlin nearer the
support joist). The predicted failure load using the constrained bending as-
sumption and AISI criteria with factor of safety removed was 331.2 plf for an
assumed yield stress of 56.0 ksi (for comparison with results in the original
report) and 343.6 p1f for the measured yield stress of 57.9 ksi.

- Measured vertical deflections exceeded predicted values as shown in
Figure G.5. Deflections were consistent between purlins and were linear until
near failure. Figures G.6 and G.7 show inconsistency between brace forces at
the rafter Tocations. Brace forces at the north end were generally in com-
pression and those at the south end in tension. Relative to other tests, the
magnitude of the brace forces was very low. Total brace force as a percent of
gravity load on each purlin was less than 1%. Measured strains were consistent
with the constrained bending assumption, Figures G.8 and G.9. Maximum lateral

displacement at midspan before failure was less than 0.5 in., Figure G.10.

3.8 Results of Supplementary Tests

Coupon Tests., Tensile coupon test results for samples cut from the

web of the failed test purlin are given in Table 5A. (Coupon test results shown
-8-



in Table 5 of the original report are for coupons cut from plain material).
Measured yield stresses varied from 56,85 to 63.66 ksi with an average yield
stress of 58.86 ksi. Excluding 63.66 ksi, the average value is 57.90 ksi which
will be used in all calculations.

Cantilever Diaphragm Tests. Results for seven cantilever diaphragm

tests are given in Table 8. Load versus deflection plots are found in Appendix
H. Tests were conducted in five categories, A through E. Series A used stand-
ard test procedures. Series B was identical to Series A except sidelap fast-
eners were not installed. Series C, D and E were conducted using configura-
tions similar to that used in the single span tests, e.g. purlin spacing at
5 ft. 0 in. and 10 ft. 0 in. Tong panels, and will be referred to as para-
meter tests. Series C represents Tests I, III, IV and VII, Series D represents
Test V (no sidelap fasteners), and Series E represents Test VI (reinforced
panel at the rafter lines). Shear strength varied from 771 to 2040 1b/ft and
shear stiffness from 917 to 5429 1b/in.

In the standard tests, Series A and B, the shear strength was found
to be 43% less when sidelap fasteners were not used, however, the shear stiff-
ness decreased only 14%. For the parametric tests, the shear strength decreased
48% and the shear stiffness decreased 30% when sidelap fasteners were not used.
Reinforcement of the panel edges had 1ittle effect on shear strength, but sig-
nificantly effected shear stiffness (261%).

Fastener Shear Tests. Fastener shear test results are given in Table

9. Two tests were conducted; the average failure load was 695 1b. Failure was

by shear out of the panel material in the direction of loading,



Table 5A

Tensile Coupon Test Results

%ig:iiiﬁ Yield Ultimate Elonga-

Test Thickness Width Stress Stress tion
Type Test No (in.) (in.) (ksi) (ksi) %

I 1 0.094 0.491 57.27 69.85 37.5
o I1 2 0.091 0.491 57.02 70.38 37.5
i IIT 3 0.090 0.492 56.85 71.01 34.5
E v 4 0.090 0.501 59.42 70.73 37.0
\Y 5 0.090 0.496 63.66% 71.14 34.0
VII 6 0.090 0.498 58.93 '70.76 32.5
Avg. 57.90 70.65 35.5
0.090 0.489 63.97 71.33 31.0
- 0.090 0.486 62.27 70.68 29.5
e 0.090 0.487 | 62.64 71.30 33.5
Avg. 62.96 71.10 31.1
I 1 0.019 0.426 53.63 62.07 31.0
II 2 0.019 0.424 52.61 60.47 31.5
3 VII 3 0.020 0.497 45.92 - 27.5
s 4 0.020 0.488 | 51.04 58.33 26.5
Avg. 50.80 60.29 29.1

*Not included in average
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Table 9
Fastener Shear Test Results

Plate Ultimate
Width Thickness Load
Test (in.) (in.) (1bs) Failure Mode
1 1.35 0.0237 720 Shear Out
2 1.35 0.0218 670 Shear Out
g ' 695
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CHAPTER IV
SUMMARY AND OBSERVATIONS

A summary of the ten Z-purlin flexure test results is given in Table 4A.
Comparison of results at Toad levels of 99 and 165 p1f per purlin is given in
Tables 6A and 7A, respectively. Results of seven cantilever diaphragm tests
are found in Table 8. Both standard configuration and configurations repre-
senting parameters in the flexure test program were tested. Results of ten-
sile coupon tests and fastener shear strength tests are given in Tables 5A and
9, respectively.

The following observations are made as the result of the additional
tests:

- 1. Use of the average measured yield stress for determining predicted
strength increased predicted failure load 0.4% to 4.9%.

2. The ratio of actual to predicted failure loads varied from 0.65
to 0.76, excluding Tests II and II-A. These tests are excluded because the
intermediate brace restraint system failed or was not effective,

3. The highest ratios of actual to predicted Toads were obtained in
Tests VI and VII, 0.76 and 0.75, respectively. Effective diaphragm stiffness
for these tests is greater than for all other tests.

4. Significant shear strength and shear stiffness is available even
if sidelap fasteners are not installed as shown by cantilever diaphragm test
Series B and D.

5. Panel to purlin connection near the diaphragm ends significantly



effects shear strength and stiffness (cantilever diaphragm test Series E
versus other series) and purlin strength. Failure in Tests III and V was at-
tributed to panel to purlin connection strength near the rafter Tine at actual
load to predicted load ratios of 0.60 and 0.62, respectively. When the con-
nection was reinforced, Test VI, the ratio increased to 0.76.

6. AISI design criteria with the constrained bending assumption are
not adequate for the design of Z-purlins with sloping Tips (nominally 45°) and

top flange lateral restraint with or without intermediate lateral braces.
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APPENDIX G
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TEST SUMMARY

Project: MBMA Roof System Behavior

Test No,: VII-Zee .
Test Date:May 14, 1982

Purpose: To determine effect of purlin orientation on purlin strength

Span(s): 19.625°'

Thickness: 0.096" - Moment of‘Inertia::13'7 in”

Parameters: No intermediate braces

.

Torsional restraint at rafter

"
&

Panel shear stiffness

Panel torsional restraint

Top flanges facing
Fallure Load: 257.4 plf

Failure Mode‘_Local buckling of flange and/or web near midspan
Predicted Failure Loads:

Method AISI Comstr. Bendlng x 1. 67 oad 331.2 plf
Method Load
Mechod S Load

Discussion:

-Failure was caused by local buckling of flange and/or web approximately one foot
away from centerline of internal purlin.

—Based on an assumed yield stress of 56.0 ksi, yielding first occurred at the top
lip of the external purlin at 231 plf. /

-Vertical deflections were 13-187 greater than predicted from constrained bending
assumption for the external purlin, for the internal purlin, deflections were
13-20% greater than predicted from the constrained bending assumption.

-Stress in the external purlin increased linearly with increasing vertical load.

-Brace forces at the south rafter were in tension at all load increments. Brace
forces at the north rafter were in compression at most load increments.

—At the north rafter at 231 plf, the measured internal brace force was 71%
greater than the external brace force.

-The ratio of internal to external brace forces at the north rafter varied from
~2.0 to 10.0, and at the south rafter from 0.6 to 1.6.

. —At 165 plf, summation of external brace forces equaled 0.54% of total vertical
load on the external purlin. Summation of internal brace forces equaled 0.70%
of total vertical load on the internal purlln

-At 231 plf, summation of external brace forces equaled O 5% of total vertical
load on the external purlin. Summation of internal brace forces equaled 0.9%
of total vertical load on the 1nterna1 purlin.

-Bottom flange lateral dlsplacement exceeded top flange lateral displacement, but
¢n the opposite dlrectlon.

—Max1mum lateral dlsplacement was less than 0.5 in.
G.1



#12

Internal

Purlin-

#15

hi
(S

#6

>

#13

(E;

Figure G.1

’

# Dynamometer rumher

(:) Channel numher

»~ 1 ~External Purlin F\J
132y
',
\L !14
A ll 5
H
e
I
!
|
R
10
2 8

Section A-A. ftrain Gages
2

Instrumentation Locations, Test VII

G.2



8.12

External Purlin

2.46" l

x{“—\\/ foss7m T
0.28 0.44\(‘ 45°

. 0.096
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0.5 \) |

Internal Purlin

Figure G.2 Measured Purlin Dimensions, Test VII
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AISI FURLIN ANALYSTIS

Z-SECTION
TDENTTFICATION! MEMA-VII-WEST(EXT.) 5/13/82
TOR ROTTOM
FLANGE (i) 2.+440 2,460
LIFCin) 0.570 0.500
ILIF ANGLE (dest) 44,000 43,000
RATIIUS L/F Cin) 0.440 0,440
RADIUS F/W(irm) 0,250 0.+ 250
TOTAL DEFTH(ir) 8.12
THICKNESS (in) 0,096
YIELD STRENGTH(lgiad T
’ SECTION MODULTL 9073
MOMENTS OF TN RTIACIAT4) TOF BOTTOM
GROSS: PR A J.433 Z.410
STRENGTH= 18,727 3.438 X, 410

DEFLECTION= 13,737
RE= 2:.094  in

FC= 33.600 ksi
FT= 33.600 lsi
FBW= 33,596 ksi

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 9.626 Ft—k

MT= 9549 Ft-k

MW= 10.401  ft-k

MU= 15.946 Ft-k (1.67%allowable)
SFPAN = 19,625 ft.
UNIFORM LOAD= 331.232 r1f (1.67%allowable)
DEFLECTION = 0.824 in./100x1f

Figure G.3 AISI Purlin Analysis, Test VII External Purlin
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AISI FURILIN ANALYSTIS

Z-SECTION
INENTIFICATIONS MEMA-VII -EASTC(INT.) 5/13/82
TOF ROTTOM
FLANGE (i) 2.4560 2,460
LIFCim) 0.570 0.510
LIF ANGLE (deg) 45,000 41,000
RADIUS L/FCin) 0.440 0.440
RADTIUS F/7WGLIR) 0.280 0.280
TOTAL DEFTHCLM) 8,012
THICKNESS Cir) 0,096
YIELD STRENGTH(ksi) Gé
SECTION MODULII Cin™2)
MOMENTS QF INERTIAC(INT4) TOF ROTTOM
GROSS= 13.760 3.438 3,420
STRENGTH= 13.760 3.438 30422

DEFLECTION= 13.740
RE == 2,084 AN

FC= 33,600 ks
FT= AIZ. 600 kuid
FRW= 3A3Z,0596 ko

MOMENT CARRYING CAFACITY (AISI CRITERIA)

MC= 9.4625 ft-hk

MT= ?.981 ft-lk

MW= 10,483 ft-k

MU= 16,000 ft-k (l.67%a3llowable)
SFAN = 19.625 ft.
UNIFORM LOAD= 332,341 rlf (1.67%allowable)

DEFLECTION = 0.822 in./100r1T

Figure G.4 AISI Purlin Analysis, Test VII Internal Purlin

G.5



TR O T ] IR ™~

T ] T > S T

i e =]

DEFLECTION Cin.)

Figure G.5 Load vs. Vertical Deflection, Test VII
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Figure G.6 Vertical Loading vs. Brace Force at North Rafter, Test VII
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Figure G.7 Vertical Loading vs. Brace Force at South Rafter, Test VII
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<21.5 kel

=83.7 kst
. ksl

TEST  HBMA-VIT

DATE  §/14/&2

LOAD  165.00 plf
YIHD

STRENGTH (ksi) 56.0 ksi

3.8 lsi

31.4 ksl B.5 st

STRESS ON EXT. PURLIN

Figure G.8 Stress Distribution at 165 plf, Test VII
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8. ket
56,8 bt
B kst
TEST  HBMA-VII
DATE  5/14/&
LOAD  247.58 plf
YIELD
STRENGTH (ksi) 96.0 ksi
5.0 lel
5.8 kel 51.3 ki
\
STRESS ON EXT. PURLIN

Figure G.9 Stress Distribution at 247.5 plf, Test VII
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APPENDIX H
- CANTILEVER DIAPHRAGM TEST RESULTS



T 3S9] Y SOL43S uoL3d314dQ "SA peo] T'H dd4nbL4

"Ul ‘WOVEHAYIA 40 d0L LY NOLLJI31430 °ZTNOoH
4 & [ !

== )

AOD LD

H.1



Z 1SSL Y S8LJ48S ‘uoL3d9|4o(Q "SA peo] g°H dunbLi

Ul ‘WOV¥HIYIG 40 dOL 1V NOTLJ3T143d °ZINOH
4 3 [ !

v v v )

°

e R o)

H.2



2 1S9 g S9LUdS “U0L3}D3[43Q "SA peo] ¢°H aunbL
Ul ‘HOVIHJVIA 40 d0L LV NOTLO3143d °ZINOH
¥ & e

° w0

HOCD

H.3



S'¢

-c~

1 2S9L ) S8LJ8S UCL}I3[43Q "SA peO] H°H 94nbl4

"WOVYHAVIQ 40 dOL LV NOILJO3T430 " ZI¥NOH

[

S

!

S0

“|eoel

|legac

"|soee

“|oeey

eees

~0009

— 0

SO <O

H.4



S'¢

oc_

Z 1S9] ) SOLJUDS U0LIID[43Q "SA PROT G'H Sunbi

‘WOVIHAYIQ 40 dOL LY NOILJ31430 °ZTHOH

¢

S°1

S'e

“jeoa!

“jeeec

“|eeec

“lesoy

jeees

~900e9

LY = 0

SO <O

H.5



§'¢

T 3531 Q SOLJIS U0L3D3[48Q *SA peo] 9°'H a4nblL4
"Y1 WOYIHAYIQ 40 dOL LY NOILI31430 °ZTOH
4 S| | S'6

L] ) ] 1]

“oees
“eeey

“|eees

~0009

A )

=LLO<C<O

H.6



S'¢

2 3S9L (I SALJSS “uoL1IB|Ja(Q "SA PO /°H dJ4nbl4

Ul “WOYAHAVIQ 40 dOL LY OTLJ37430 °ZIANOH

e

S

I

S'8

jeeac

"joeee

“gaey

"joees

~0009

b

SO <<D

H.7



S'8

v'e

‘U

€0

I'9-

c'0-

T 2591 3 S9L48S “uoL329[Jad "SA peo] §°H 84nbL4

“WOVIHdVYIQ 40 dOL LY NOILJ37430 °ZINOH

€0~

A

S'@-

k3

2ea!

%5

%1% %1

21521 4

008s

8009

h)

~AO0 <O

H.8:



APPENDIX I

AISI CONSTRAINED BENDING ANALYSES
(Measured Yield Stresses)



FURLIN ANALYSTIS ‘
Z~SECTION
TOENTIFICATION: MEMA-I-W (11/22/82)

TOF EOTTOM
2,500 2,560
0,500 0,500

44,000 44,000
0,468 0,468
0.281 0. 281

FLANGE Cin)
LIFCirm)

LIF ANGLE (des)
RADTUS L/ZF Cim)
RADTUS FA/7WCLM)

TOTAL TEFPTHCim)
THICKNESS (i)
YIELTD STRENGTH(ksi)

g.12
0.093
5749
SECTION MOUULTICin™32)
TOF BOTTOM
3,331 2,309

3,331 ELEGY

MOMENTS
GROSS=
GTRENGTH:=
NEFLECTION=
BE= 2,126
FC= 34,740
FT= 34,740
FRW= 24,368

OF INERTIAGINT4)
13.426

13.426

13.426

i

ki

s i

kel

MOMENT CARRYING CAFACITY (AISI CRITERIA)
MC== ?.644 fi-k
MT= ?.725 i~k
MW= 10.385 ft-k

UES 14,104 FL-l (1.é67%kallowable)

GF AN =

HBEFORY, QATE

Figure 1.1 AISI Purlin

19,625
334,554
0,843

i%f (1.67%allowasble)
ire/100s1f

Analysis for Measured Yield Stress, Test I, West Purlin

I.1



AT ST PURLIN ANALYSTIS
Z-SECTION
TOENTIFICATION: MEMA-I-A-W (11/22/82)
TOR ROTTOM
FLANGE (ir0) 2,400 2.420
LIFCir) 0.520 04600
LT ANGLE (dest) 41.000 38.000
RADITUS L/F Cirm) 0.440 0.500
RATDITUS FAWCLMD 0.260 0200

TOTAL DEFTHCir) 8.04
THICKNESS (ir) 0,09
YIELI STRENGTH ks i) 57.9
SECTION MODNLLILCin %)
MOMENTS OF INERTIACin™4) TOR BOTTOM
GROSS= 12,739 3,163 3,047
STRENGTH= 12,739 3,163 EI XY
DEFLECTION= 12,739
BE= 2,060 in
F= 34,740 ksi
FT= 34,740 ksi
FEW= 34,186 ksi

MOMENT CARRYING CAPACITY (AIST CRITERIAD

MC == ?.158 ft-k

MT = 9.401 ft-k

M= Q.725  ft-k

MU= 15,294 ft-~k (l.é67%asllowable)
SFAN & 19.625 ft.
UNIFORM L.OAD= 217,684 r1f (1L.67%allowsble)
VEFLECTION = 0.888 in./100x1°T

Figure 1.2 AISI Purlin Analysis for Measured Yield Stress, Test IA, West Purlin
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ATSI FURLIN ANALYSTITH®S
Z-8SECTION
IDENTIFICATION! MEMA-II-W (11/22/82)

TOF ROTTOM
FLANGE Cir) 2,400 2,500
LIFCin) 0,500 0.460
LIF ANGLE (des) 43,000 43,000

RADIUS L/F Cir) 0.500 0.500
RADTUS F/WCCm) 0.219 0,219

TOTAL DEFTHCiM) 7496
THICKNESS Cir) 0.09
YIELD STRENGTHC(ksi) S57.9
SECTION MODULTLCirT 30
MOMENTS OF INERTIACGIHT4) TOF By VM
GROSS= 12.264 Z.106 Fohav
STRENGTH= 12,264 30004 I
DEFLECTION= 12,264
RE = 2,091 dm
F= 24,740 kgl
Fy=s 34,740 ksl
FRW= 34,2466 ks

MOMENT CARRYING CAFACITY (AIST CRITERIAY
M= g.992  Fi-k
MT 9,054  Thek
M= 9L 505 -k

MU= 15,017  Tlt=k (L.67%allowsble)
SFAN = 19.4625  fL,

UNTFORM LLOAD:= 211.928 w1 f (l.é67%allowshle)
DNEFLECTION == O 922 din./100g1 7T

Figure 1.3 AISI Purlin Analysis for Measured Yield Stress, Test II, West Purlin

1.3



AT ST U

IDENTIFICATIO

FLANGE Cir)
LIFCim)

LIF ANGLE(ded
RADTUS L/FCin
RADTUS F/7W N

TOTAL DEFTHCL
THICKNESS (i)
YIELD STRENGT

MOMENTS
GRDSS=
STRENGTH:=
DEFLECTION:=
RE = 2,199
Fs 34,740
BT 34,740
FRW=  33.896

MOMENT CARRYT

FLIN ANALYSIS
Z~SECTION
N{ MEMA-TI-A~E (11/22/82)

BROTTOM
D AbLD
0,470

42,000
0.500
0219

TOR
2500
0 a70
Y 4%,000
) 0,500
) 0,219

709{)
0.0848
7.9

)

H{lsi)
SECTION MOUULTT Coapm™an
TOF HOTT00M
P99 A
2.9V RAFRAR A

OF INEFRTIACINT4)
11.782

11.782

LL.782

1

lo. g 4,

ks

ks

NG CAFACTTY (ATST CRITERIA)

MO
MT =
IS

G.673

8.4654
P 06S

14.4%53

MU=

SHEAN 19620

-tk
Pl b
-
f L=t
Lo

(l.67%allowatrle)

UNTFORM LOAD:=
NEFLECTION

Figure I.4 AISI Purlin Analysis for Measured Yield Stress, Test IIA, East Purlin

o
Ty
i

sl

el ClLeb7%allow
Lrie /72008 1 F

IO0 207
0,960

1.4



Al ST FURLIN ANAL
Z-SECTION
INENTIFICATION? MEMA-TI-R-W (11722782
TOR BOTTOM
2,340 2420
0,450 (0.480
43.000 44,000
G050 0438
0,250 O D2EG

Y $ 1 o

FLANGE (i)

LIF Cird)

LIF ANGLE (dest)
RADIUS LL/ZF Cimd
RADIUsS F/7WCim)

TOTAL DEFTHCLM)
THICKNESS Cin)
YTELD STRENGTH (lei)

7.9
0.087
579
SECTTION MODULTT Cin™ 30
TOF BOTTOM
2.820 200
2.890

MOMENTS OF
GROSS=
GTRENGTH:=
MEFLECTTON:
RE =
Fee
FY e
FRUW=

INERTIACILH™4)
L1348

11.3468

113468

2,002 in

ZALT740  kui

IA,. 740 ks

24,084 s

W PR

MOMENT CARRYING CAFACTITY (AIST CRITERIAD

MO
MY

Ml =

MU=

SFAN =
UNIFORM LOAD=
NEFLECTION =

290.187

B 365
8,484
8.841
13.970
19620

o, e
Pl
£,k
.

0.99%

I.5

-k

CL.67%allowshle)d

el Cl.67%al lowaty e
irms /100811

Figure 1.5 AISI Purlin Analysis for Measured Yield Stress, Test IIB, West Purlin



AT STI FPURLIN ANALYZSTIES
Z-SECTION
IDENTIFICATION: MEMA-LITI-W (11/22/82)
TOF HOTTOM
FLLANGE (ir) 2,450 2eEE0
LIFCim) 0.480 : 0,500
LIF ANGLE (ded) 42.000 45,000
RADIUS L/F Cim) 0500 0500
RADTUS F/7WCiR) 0.281 0,281

TOTAL DEFTHCirn) 8
THICKNESS Cirm) 0.092
YIELD STRENGTH(lsi1) B7.9
SECTTON MOLULTT Carn™3)
MOMENTS OF INERTIACINT4) TOR EOTTOM
GROSS= 12.758 3,204 S
GTRENGTH:= 12.788 3,204 x.2
DEFLECTION= 12,759
R[= 2.077  in
F e 34,740 |l
Fp s 34,740 |ksi
FRW=  24.400 lksi

MOMENT CARRYING CAFACITY (AIST CRITERIAS

M= @277 TL-k

MT = P.406 -k

MW= 10.008 fi-k

MU= 15492 ft-l (1.&7%as] lowabhle)
SFAN = 19.625  fL.
UNIFORM L.OAD= 221,802 w1f (1Lo&67%allowstble)
DEFLECTION = 0.887 in./100=1"T

Figure I.6 AISI Purlin Analysis for Measured Yield Stress, Test III, West Purlin

1.6



AT ST FPURLIN ANALYSIS
Z-SECTION

TOENTIFICATION: MEMA-IVU~E (11/22/82)

TOF BOTTOM
FLANGE Ciri) 2.380 223280
LIFCir 0.550 0550
LIP ANGLE (deg) 42,000 42,000 '
RADTUS L/F(irm) 0500 O 500
RADIUS F/WCLm) 0.250 0250

TOTAL DNEFTHCin) 8.1
THICKNESS Cir) 0,086
YIELD STRENGTH((ksi1) 57 .9
SECTION MODULLITCin™3E)
MOMENTS OF INERTIACINT4) TOF BOT M
GROSS= 12,243 3,055 AL OnE
STRENGTH= 12,243 X Q0T EPR RN
DEFLECTION: 12,2432
RE= 2,044  in
F= 34,740 ki
F e 24,740 lksi
FRW= 3Z,7050 |lsi

MOMENT CARRYING CAFACITY (ALISYI CRITERIAS

M( == g8.84% ft-k

MT= 8.84%  ft-k

M= 9.271  flt-k

ML= 14.772 ft-k (L.é67%allowanle)
SFAN = 19.62%  f1,
UNIFORM LOAT= 306.829 wlf (L.é67kallowable?
DEFLECTION = 0.924  in./100=1Ff

Figure I.7 AISI Purlin Analysis for Measured Yield Stress, Test IV, East Purlin
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AT SI FURLTIN
Z~-SECTION
IDENTIFICATION: MEMA-V-E
TOF
2.480
0.4%0
44,000
0.470
0250

1

FLLANGE Cin)
LIPCin)

LIF ANGLE (des)
RADIUS L./F Cin)
RADTUS F/A/W D

TOTAL DEFTHC i)
THICKNESS (i)
YIELD STRENGTH(lksi)

7
O

oF
12.186
12.186
12.186
in

b.g i
e

b5,

MOMENTS
GROSS=
STRENGTH==
DEFLECTION=
RE = 2,140
F = 34,740
Foe= 34,740
FRW= 34.246

MOMENT CARRYING CAFACTTY (A
MO = B.961
MT = B.924
MW= 9. 549
ML= 14.904
SFAN = 1946
UNTFORM LOAD=  309.%574
VEFLECTION = 0.928

',

,yn

)

¥l

Figure 1.8 AISI Purlin Analysis for Measured Yield Stress, Test V, East Purlin

ANA L

INERTIACLAT4)

Y 8 I 6
1/722/782)

BROTTOM
2.400
0.490

44,000
0.470
0.250

Y8
09

G57.9

SECTION MODULTT C1r %)
TOR BOT O
X, 095 u

IS8T CRITERIA)D

ot~
.
11
i~
1, .

.[.\

ire /10081 f

(Le&7%allowahnlea)

(Le67%allowable?

1.8



Al ST PURLIN aAaNALYZSI®S
Z-SECTION
IDENTIFICATION? MBMA-VI-E (11/722/782)

s e e b sass baes ot boms sne tn sar cnve ores wuse o B

TOF BOTTOM
FILANGE Cir) 24340 2.800
LIFCirm) 0,480 0.470
LIFP ANGLE (ded) 44,000 44,000
RADIUS L/F Cir 0.4349 03500
RADIUS F/7WCir) D219 0.219

TOTAL DEFTHCir) 8.13
THICKNESS (i) 0.086
YTELD STRENGTHksi) 57.9
SECTION MODULTL Cin™3)
MOMENTS OF INERTIACINT4) TOF BOT TN
GROSS= 12.582 3.031 AR
STRENGTH:= 12,582 3021 3
DEFLECTION= 12,582
RE= 2,035 din
F = 34,740 lsi
=T e 24,740 ksl
FRW= 33,719 ksl

MOMENT CARRYING CAFACITY (AISTI CRITERIAD

MO = 8.77%  fl-k

M ARGV i A 73

M s 2.08%9  ft-hk

IWINES 14,652 fl-k (lL.&7%allowable)
SFAN i 19,625 fle )
UNIFORM LOAL 304,340 wlf (L.67%allowanle)
NEFLECTION = O.H8992  im. /1001 f

Figure 1.9 AISI Purlin Analysis for Measured Yield Stress, Test VI, East Purlin

1.9



AT SI FPURLIN ANALYZSI®SH
Z-SECTION
IDENTIFICATIONS MEMA-VIIT-E (11/22/82)
TOF BOTTOM
FILANGE (i ro) 2.460 2860
LIFCim) 0570 0,510
LLIF ANGLE (dest) 45,000 41,000
RADIUS LL./FCim) 0.440 0.440
RADNTUS F/7W i) 0.280 0,280

TOTAL DEFTHCim) 8.12
THICKNESS (i) 0.096
YIELD STRENGTH((lLgi) G57.9
SECTION MODLILTT Cun™ 50
MOMENTS OF INERTIACIN™4) TOF BT TOM
GROSS= 13.760 3.438 3 o
STRENGTH:= 13.760 3.438
DEFLECTION=  13.7460
BE:= 2,084 in
Fl= 34,740 |lsi
F e 34,740  ksi
FRW= 34,613 ksi

MOMENT CARRYING CAFACTITY (ATIST CRITERIAD

M= 9,952 1tk

M7= 9,904  Fh-k

MW= 10.801 -k

MU= 16.543 fl—k (lL.é67%a3llowasbhlar
SFAN = 19,4625  f.
UNIFORM LOAD= 343,617 wlf Cl.é&67%allowasbhle)
DEFLECTION = 0.822 in./100w1Ff

Figure 1.10 AISI Purlin Analysis for Measured Yield Stress, Test VII, East Purlin
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Errata
ROOF SYSTEMS BEHAVIOR
Progress Report

SIMPLE SPAN Z-PURLIN TESTS
WITH VARIOUS RESTRAINT SYSTEMS

FSEL/MBMA 82-01
Second Printing

The following corrections should be made to the original report:

Page
Page
Page
Page
Page
Page
Page
Page

Page
Page
Page

13.
13.
13.
24,
30.
37.
37.
B.3

C.4
E.3
E.3

The bottom of the page should read "56 ksi" instead of "57 ksi",
Units for S, and S, should read “(in.3)" instead of "(in,)".
The top of column 9 should read "FC" instead of "Fe".

Column 2, Tine 3 should read "301.7" instead of "310.7".

6th Tine from the bottom should read "table 3" instead of "table 5".
8th Tine from the top should read "29.0" dinstead of "17.5".
12th Tline from the top should read "39.0" instead of "19.2".

External and internal purlin web thicknesses should read "0.090"
instead of "0.90".

External purlin web thickness should read "0.090" instead of "0.90".
External purlin web thickness should read "0.090" instead of "0.40".
Internal purlin web thickness should read "0.091" instead of "0.91".
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