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INTRODUCTION

A series of tests was conducted in the Fears Structural
Engineering Laboratory, School of Civil Engineering and Envi-
ronmental Science, Univefsity of Oklahoma, using standard
rigid frames produced by Star Manufacturing Company, Oklahoma
City, Oklahoma. The purpose of these tests was to determine
the structural strength and stiffness of rigid frames desig-
nated by Star Manufacturing Company as SRLO4 50 20/25 16/25.
The frames, referred to herein as SRLO4 50, are normally used
in pre-engineering buildings with the following design

parameters:

Clear Span 50 ft.
Design Live Load 20 psf
Design Wind Load 25 psft
Eave Height 16 ft.
Frame Spacing 25 ft.
Roof Slope 1:12

The SRLO4 frame series consist of clear span gable rigid frames
with variable depth tapered columns and variable depth tapered
rafters of shop-welded steel plate. A roof slop of 1:12 is
used for frames of this series.

The test specimens were fabricated as part of standard
production runs. The test set-up and testing procedures were
developed using details and descriptions found in the 1lit-

erature. The test set-up consisted of two frames spaced



24 ft. 0 in. apart, with connecting -simple span purlins and

girts, standard flange brace angles and rod braces as shown
in Figure 1. Simulated live load was applied using gravity
load simulators similar to those described in Reference 1.
Only full live load was applied to the frames.

The purpose of the testing was to verify existing design
procedures used by Star Manufacturing Company to predict deflec-
tions and strength. This report provides a detailed description
of the testing procedures, instrumentation and results. Com~-
parisons are made with the standard Star Manufacturing Company

design procedures.



Roof Deck .

Purlins

Eave Strut

~ Gravity Load
Simulator

Figure 1 Overall View of Test Set-up



TEST DETAILS

Description of Specimens

Details and dimensions of the test specimens are shown
in Figure 2 and points of load application are shown in Figure
3. The specimens were fabricated from A572 Gr50 steel. The
only modification made to the specimens compared to standard
Production frames was the addition of holes in the top flanges
of the rafters to permit installation of loading devices.

Test Set—-up

The frames were erected inside the Fears Structural
Engineering Laboratory on the laboratory reaction floor.
This floor is a concrete slab 30 ft. by 60 ft. in plan, 3 ft.
6 in. deep with four W36x150 steel beams embedded in concrete.
The slab weighs one million pounds and is capable of reacting
320,000 1b. in any one location. The frames were erected
directly over two of the embedded W36 beams, spaced 24 ft.
0 in. apart. Purlins and girts at standard spacings were
connected between the frames along with standard rod bracing
in both the roof and side walls. Compression flange braces
at the standard locations were connected between the purlins
and the bottom flanges of the rafters. Only a portion of the
roof area near the peak was sheeted, as shown in Figure 1,
for tests conducted on the east frame. The entire roof was

sheeted for west frame tests. No sheeting was used on the



end walls.

The column base plates were bolted to channel sections
which in turn were bolted to the reaction floor beams as shown
in Figure 4. Six, 7/8 in. diameter, A325 bolts were used at
the rafter to column connection, six, 5/8 in. diameter, A325
bolts were used at the peak splice connections, and 1/2 in.
diameter by 1 1/4 in. hex screws were used to connect all cold-
formed parts to the frames. The erection procedure was as
near as possible to standard practice and no special procedure
was used to tighten bolts in the end plate connections.

Load Application

Simulated live load was applied using the loading appa-
ratus shown in Figure 5. The loading apparatus consists of
a gravity load simulator (Figure 6), a 35 kip tension-compression
hydraulic cylinder, spreader beam, two calibrated dynamometers,
and spreader beams and tension rods attached to the frame.
The simulator is a device which permits horizontal movement
of the poiﬁt of load application while maintaining a vertical
line of action of the applied load. For the simulator used
in these tests, the point of application of the load can move
left or right a maximum of 10 in. and the hydraulic ram will
remain vertical. ’

The points of load application are shown in Figure 3.
Equal load at the eight points was achieved by connecting all
four hydraulic cylinders in series to an electric pump.

Instrumentation

Instrumentation consisted of calibrated dynamometers,



calibrated load cells, strain gages, dial gages and horizontal
deflection gages. Gravity load was measured using the cali-
brated dynamometers positioned as shown in Figure 5.

Vertical deflection of the center line of the frames was
measured using a taut wire and a dial gage, Figure 7. Side-
sway of the top of the column was measured using a horizontal
scale (0.1 in.) located és shown in Figure 8 and a fixed
transit. Lateral movement of the column and rafter flanges
was measured by means of a transit set in a fixed position
with the telescope free to move only in a vertical plane.
Graduated scales (0.1 in.) were attached perpendicular to the
Plane of the web at the flange locations shown in Figure 9.
The locations shown on the rafters are midway between purlin
attachment points. The locations shown on the columns were
arbitrarily selected.

Foil strain gages were posifioned on both frames at
critical locations, as shown in Figure 10. Gages on opposite
sides of the flange location were wired so that twice the
average strain at a particular location was recorded. An
electronic data acquisition system was used to record all
strain gage data.

Testing Procedure

Prior to any actual testing, an overall check of the
testing apparatus and instrumentation was made and zero
readings were recorded. In general, load was applied in
increments of 0.5 kips until near the failure load when the

increment was decreased. After each load increment, deflection



and strain gage readings were recorded and the specimens were
checked for signs of yielding. Yielding was detected by
flaking of mill scale under the whitewash coat on the frame.
When thg specimens were no longer able to resist any additional
loading, the maximum load was recorded and the load was then
removed.

Two series of tests were conducted: initial tests to
verify the performance of the frames relative to analytical
~ predictions and final tests to determine the load-carrying
capacity of the frames. For the initial tests, each frame
‘'was independéntly loaded to 4.0 kips at each location. This
load is greater than the working load, approximately 3.0 kips.
For the final tests, full live load was applied to each frame
independently until failure. Failure was determined when

additional load could not be applied to the frame.



ST SO SN

Sz/a s52/oz  YO\dsS

T 1S3 Anvax

TQIAOSYAN VANV T AL
GaIHTAd 1) s Aig PNISAT

1sANM WO OT

{eL1'0)
(o}:] el

©92°0)

ov1'0)
fam,.a

owN.Q/ /

//Aoﬁ,s

T 4
£st
1 gEgy



1 ——8SUlWIOAdS 1wag

Y

S2/91 Sg/oz WS

2 1S3L AWV
ﬁuanﬁ: EY ¥ Qam lsamnm ai3007T
T3 (1 GG (e " |
+ . - R L ¥
. i
~
Ll /OON.O ﬂ%’ nmv (g02'0) «unl ﬁ
A * @&2e c‘~ ~Q AT ~|| S bl o/r _ Y
o R 0D 0o <
i S ~71 o 2 oy Sl
@ou&yﬂmmwwv .I._ o0 3o [T 085S \hrc%l
N 1IN ! a
5o S
h N IS
oo /&N

(¢
(&

—\ RV~ Lﬁ% —Ss — S e
owu.\ou N 0 © /o 110) o) Wlll/ln 310 mn».w“ll,r./nﬂ.lmm,m.oV
ﬁoum.o f%w.w.% amvm, u nm I'o 4 Am ng.% (8559 €20
310 T =13 \ }.8\\. /nom,.oJ
2| e 0| gy %2 g GO D)
—SEP— A P —f ek



uoTi1eOTTddy peOT jJO sjurod ¢ 9in3Tg
] __.N\_ 2 |.AW.V ' .
PR e TS /\,\\\\\\\\ . P SN \\\mﬂﬂ\.\\ P ‘.p. L . N
v -
mmﬂ A001Y
o ~ S~
> SHT0D |
o ~ \\ ‘
Ry
/
ALV
lllllllll!lllll! Y ﬂl\\\\\\\\\\\\\\
- - ﬂm\ = i 4 \\ dn \\
... ’ Jl— ,
_ —L B Al . w
___ [ [ — i
anod ﬁoa.ra u©",S _ O3 O3 ! W77 _ w8 _ WS WS WO S _
< < d d d 4 4 d

-10-



UO0T3V9UUO) I00T4 UOTFIODBIY 03 uWNo) Jo STIeIaQg °*4 2andtjg

a0y Qo_w@«w& \ .
ﬂ.\\\h # R o2 \*‘ i 2 A__u. w wb! \NW s_< L. WY f v Ln!

om, ém z/
\\\\ Nyag So&om

Vi it

!

-11-



SUTIpBOT PEBOT 9ATTT POIBINUTS

*¢ 2an31g

' f
:&)q.JQN
POLVIMHIG GY0T LLINVED
A\m"» s T WU Ay AR ST Sk ST s i <
AU ALY fv
1aq 23aVds < mm
AUINAN YN —F- - Ja- |
NYag Wavads — = i 3 u_
OB WORVAL— ] ~ N )
l*-/ ﬂ,% ﬁ «A\\\\l
vl ;&Q&%Vv . a
" L = k h |
T T 1 T T f
K S & 9zl pe K- S S




i1ojeInulg PeBOT A3TA®BIH 9 3iIn3I4g

J%F!1tsiéiift;ze;iis«=nuhw%;,;;.1;‘ , .e&i&i:Lr

\\sﬁZ@@ 1A0ad0e .

7

7 : q Z. Z ] 1/

: - N\ 2000

iy

/

-13-



TAUT WIRE

. |
™

Figure 7. Measurement of Vertical Deflection
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TEST RESULTS AND ANALYTICAL COMPARISONS

Analysis Procedure

In the section following, test results are compared to
Star Manufacturing Company's standard computer design program.
This program was used to obtain theoretical frame stiffness
and failure predictions. The program uses a standard stiff-
ness analysis to determine internal axial forces, shears and
moments and external deflections. For analysis purposes, non-
prismatic members are divided into a number of segments each
with uniform properties. The stiffness matrix is then developed
and solutions obtained. Stresses at the end of all segments
are calculated and standard AISC interaction equation (Formulas
1.6-1la, 1.6-1b or 1.6~2) are used to determine allowable or
service load. The interaction equations ‘are checked at each
analysis point and the location with a maximum value less
than 1.0 (unity check) is used as a criterion for determining
maximum service load. In addition, local buckling and shear
failure is checked using AISC provisions.

The basic factor of safety in the AISC specification is
1.67. To determine the ultimate load of the frames from
the Star Manufacturing Company design procedure, the service
loading was increased until a unity check value of approxi-
mately 1.67 was attained for at least one analysis peint in

the frame. Computer output showing geometry and section

-18-



property data and the analyses for ultimate full live load
loading for the two frames is found in Appendix A.

Initial Tests

Full Live Load - East Frame. Test results and theoretical

predictions from Star Manufacturing Company's design program
are shown in Appendix B for the east frame subjected to the
full live load. For this test 4.0 kips was applied at each
load point on the frame. This is greater than the loading for
a unity check value of 1.0, 3.07 kips. Figures B.l and B.2
show experimental and theoretical load versus deflection data
for vertical centerline deflection and sidesway deflection,
respectively. Excellent agreement was found between predicted
and measured vertical centerline deflection. The measured
sidesway deflection was not in agreement with the predicted
values, especially after 3 kips load. However, the difference
is 'small and can be considered insignificant.

Lateral deflections of the inside and outside flanges of
the east frame are shown in Figures B.3 and B.4, respectively.
Maximum lateral deflection was approximately 1.06 in. near
the centerline of the rafter, indicating potential lateral
buckling.

Figures B.5, B.6 and B.7 show load versus predicted stress
and stress computed from measured strains at locations in the
south column near the knee, south rafter near the knee and
the south rafter near the peak, respectively. (Measured strains
were multiplied by E = 29,000,000 psi to obtain stregses below

the yield stress of the material. If the computed stress

-19-



exceeded the yield stress the yield stress is used.) 1In all
instances excellent agreement was found between predicted and
experimentally determined stresses.

Results of this test indicate that frame stiffness and
stress distributions are accurately predicted by Star
Manufacturing Company's design program.

Final Tests

Full Live Load - East Frame. Test results for the west

frame loaded with full live load are shown in Appendix C.
Failure occurred by lateral buckling of the north rafter near
the knee at a load of 4.75 kips. A unity check value of 1.67,
as determined using Star Manufacturing Company's design program,
corresponds to a load of 5.13.kips. Output is shown in Figure A.2
and the critical location is in the rafters near the knee.
Lateral buckling occurred because of failure of the rafter
compression (lower) flange brace near the north knee. The roof
sheeting did not extend to the purlin supporting the flange
brace and the purlin rolled as shown in Figure 11, effectively
eliminating the brace and permitting lateral buckling.

As sho&n in Figure C.l, good agreement was attained between
measured and predicted vertical centerline deflection. It is
evident from Figure C.l1 that the capacity of the frame was
reached before the predicted failure load of 5.13 kips.

Lateral deflection of the inside and outside flanges are
shown in Figures C.2 and C.3, respectively. The maximum lat-
eral deflection was 0.6 in. near the peak. This def%ection is

not considered to be of significance.

-20-
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Load versus predicted stress and stress calculated from
measured strain data is shown inAFigure C.4 for the south column
near the knee, Figure C.5 for the south rafter near the peak,
and Figure C.6 for the south rafter near the peak. Reasonable
agreement was obtained between the predicted stresses and exper-
imentally obtained stresses for the column knee and rafter peak
locations. No explanation was found for the discrepancies at
the rafter knee location.

Results of this test indicate that the design procedure .
accurately predicts the stiffness of the frame and stress dis-
tributions within the frame. Failure of the frame was caused by

an inadequate compression flange brace near the north knee.

Full Live Load - West Frame. Before conducting the final

test on the west frame, roof sheeting was attached to the entire
roof area. End wall sheeting was not used. The west frame was
then subjected to full live load until failure by lateral buck-
ling in the south rafter at a load of 4.8 kips at each location.
Results are shown in Appendix D. Lateral movement was visually
more evident along the inside (peak) rafter segment, however,
it was apparent that the outside (knee) rafter segment also
moved laterally. Output from the Star Manufacturing Company's
program for the test condition is shown in Figure A.3. The
predicted failure load for this analysis was 5.29 kips.

Load versus vertical deflection at the centerline is shown
in Figure D.l. Good agreement was obtained between the measured
and predicted deflections. Lateral deflections are shown in

Figure D.2 and D.3 for the outside and inside flanges,

-22-



respectively. The maximum deflection before failure was 0.49 in.
and the buckled configuration is clearly shown in Figure D.3.

Load versus experimentally determined and predicted stresses
are shown in Figures D.4 to D.6. Fair agreement was obtained
between the experimentally determined and predicted values
except for two locations in the north column near the knee
(Figure D.4).

Results of this test indicate that Star Manufacturing
Company's design program adequately predicts frame stiffness and
internal stress distributions. The roof sheeting was found to
have sufficiently stiffened the purlin so that the type of failure
shown in Figure 11 was prevented. It is believed that the frame
failed below the predicted ultimate load because df damage caused
by the east frame failure. When the lateral brace failed during
the east frame test, the rafter segments of the west frame were
pushed laterally at the flange brace locations. The west rafter
segments remained in a laterally deflected position when the
load on the east frame was removed.

Coupon Tests

Upon completion of all testing, samples of the plate
material used to fabricate the frames were removed at the loca-
tions shown in Figure 12. The locations were chosen to minimize
the effects of possible yielding due to test loading. Standard
ASTM E-8~57 T tensile coupons were then machined and tested.
Results are shown in Table 1. Measured yield stresses varied
from 47.9 to 66.3 ksi. The higher values were found in the web

material and the lower values in the flange material. The

-23-



results for the flanges were sufficiently close to the specified
minimum yield stress, 50 ksi, to be acceptable.
For the Star Manufacturing Company computer‘analyses, a

yield stress of 50 ksi was used.
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TABLE

1

Results of Coupon Tests

# Location Yield Ultimate Elongation
Stress Stress Z in 2 in
| ksi ksi

1 Middle Web at Knee Northeast Rafter 66.3 86.3 17.0

2 Lower Flange Northeast Rafter 48.5 72.7 25.0

;3 Upper Flange Northeast Rafter 47.9 £2.7 27.0

4 Middle Web Northeast Column 60.0 76.1 23.0

5 Outside Flange Northeast Column 61.8 76.2 23.0

6 Inside Flange Northeast Column N.A. N.A. N.A.

7 Lower Flange Northeast Rafter 50.3 73.2 23.0

8 Middle Web at Peak Northeast Rafter 58.2 69.8 25.0

9 Middle Web at Peak Northwest Rafter 57.5 67.1 25.0

10 Lower Flange Northwest Rafter N.A. 72.5 30.0
11 Upper Flange Northwest Rafter 48.2 72.2 25.0
12 Middle Web at Knee Northwest Rafter 59.1 78.8 20.0
13 Middle Web at Peak Southeast Rafter 57.2 67.7 25.0
14 Middle Web at Knee Southeast Rafter 61.3 77.8 22.0
15 Upper Flange at Knee Southeast Rafter 50.1 73.8 23.0
16 Lower Flange Southgast Rafter 49.7 72.9 22.0
17 Lower Flange Southwest Rafter 50.5 74.7 25.0
18 Upper Flange Southwest Rafter 49,2 72.5 25.0
19 Middle Web at Peak Southwest Rafter 58.6 66.6 23.0
20 Middle Web at Knee Southwest Rafter 63.6 80.7 18.0

-26-




SUMMARY AND CONCLUSIONS

A series of tests was conducted on standard pre-engineered
metal building frames fabricated by Star Manufacturing Company,
Oklahoma City. The frames used in the testing are designated
by the manufacturer as SRLO 50 20/25 16/25. The test set-up
consisted of two frames forming a single bay, 24 ft. by 50 ft.
Standard roof deck, purlins, eave struts, girts, flange braces,
‘and rod bracés were used to construct the test set-up. The
frames were subjected to full live load loading with load applied
to each frame independently.

Experimentally determined results were compared to predicted
values using Star Manufacturing Company's design computer pro-
gram. Vertical and sidesway deflections predicted by the design
program were in excellent agreement with measured displacements.
Failure loads predicted by the design program were higher than
those determined experimentally.

Failure of the first frame tested was caused by an inade-
quate compression flange brace. The test was conducted without
roof sheeting at the brace location and the purlin used to
resist the flange brace force was not restrained from rolling.
This lack of restraint permitted the rafter compression flange
to move laterally causing failure. In addition, the compression
flange of the opposite (untested) frame was also moved laterally

and damaged.
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It is apparent from the test results that the Star
Manufacturing Company design program adequately predicts frame
stiffness and stress distributions in the members. It is also
apparent that purlin roll restraint is required to provide an

adequate rafter compression flange brace.
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APPENDIX A

STAR MANUFACTURING COMPANY

COMPUTER ANALYSES



STAR MANUFACTURING CO. 8600 S. I-35 OKLAHOMA CITY. OK. JOB SRLOFRA
SRLO4 50 20/25 16723 ) FILE QU.FRA. 1§
DESICN DIMENSIONS AND PROPERTIES REPORT PAGE 3

MEMBER NO. 1i- 2 LENGTH= 14.65 FT ANGLE= 87. 34 DEG FYF=50. KS1 FYW=30. KSI
SECTION 1 LENGTH= 13.87 FT DOF= 6.00 X 0.2500 WEB=O0.187% 1IF=C & X 8.2

O o " —— i — . " T’ 4o S S Uy G o - > - | > - — 2" e i, o s O D e P D B G D S o S P O

POINT X Y DEPTH AREA IX RX RY S0X SIX RTO RTI
NO. (FT) (FT) (IN) (IN2) (IN4)  (IN) (IN) (IN3) (IN3) (IN) (IN)

i# 0. 00 0. 00 6. 00 4. 94 30.0 2.47 1.89 9.0 11.3 1.630 2,265
101 0. 06 1.15 7.22 5.17 45.9 2.98 1.85 11.3 14.4 1.610 2. 251
102 0.17 d. 446 .67 S, &3 89.1 3.98 1,77 16. 4 21.0 1.57¢ 2. 222
103 0. 28 5.77 12.12 6. 09 149.0 4.95 1.70 21. 9 28.0 1.3536 2.194
104 0. 39 8 .08 14,57 6. 55 226.9 6.89 |, b4 27. 9 35.3 1.8503 2.167
105 0.51 10.39 17.02 7.01 324.3 6.80 1,859 34.3 42.9 1.473 2.140
106 0.62 12.70 19. 47 7.47 442.5 7.70 1.54 41,1 50.9 1.444 2. 114
1074 0.67 13.846 20.69 7.70 509.9 B8.14 1.91 44,4 95.1 1.431 2,102
STAR MANUFACTURING CO. 8600 S. 1-35 OKLAHOMA CITY, OK. JOB SRLOFRA
ERLO4 50 20/25 14/23 FILE OU.FRA. I
DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE 4

—-——— . . (ot . o U e — - - o - - - - - —

MEMBER NO. 2= 3 LENGTH= 23. 47 FT ANGLE= 4. B9 DEG FYF=50. KSI FYW=50. KSI
SECTION 1 LENGTH= 7.25 FT OF= 5,00 X 0.2500 WER=0,1B875 1IF= 5,00 X 0,.2500
SECTION 2 LENGTH= 15. 81 FT DOF= 5.00 X 0.2500 WEDB=0. 1343 IF= 3,00 X 0.1799

O - T, —————— "~ — " " —— > T P o T S - - —

e G ot (ot s o S o T S S G g B

POINT X Y DEPTH AREA IX RX RY S0X SIX RTO RTI

NO. (FT) (FT) (IN) (IN2) (IN4) (IN)  (IN) (IN3) (IN3) (IN) (IN)
110%# 1.38 14,69 20.00 6. 16 359.7 7.64 0.92 36.0 36.0 1.:184 11,184
111 2.58 14.83 19.00 5.97 .318.7 7.31 0.94 33.5 33.5 1.194 1.194
112 4.98 15.13 17.00 5. 59 245.6 6.63 0.97 28. 9 28.9 1.215 1,213
113 7.38 15.42 185,00 9. 22 183.6 5.93 1.00 24. 5 24. 5 1.237 1.237
1144% 8.58 15 56 14,00 5.03 156.6 5.58 1.02 22. 4 22.4 1.248 1, 248
114% 8.58 15.5&6 14.00 3. 97 128.7 5.69 1.06 20. 1 17.0 1.306 1.234
115 10. 13 15.67 14, 61 4. 06 141.9 5.91 1,05 21,1 18.0 1.30%1 1.227
116 13.22 15.88 15. 84 4, 22 170.5 &6.35 1.03 23. 4 20.0 1.290 1. 213
117 16.32 16.10 17.07 4. 39 202.2 6.79 1.0t 25. 6 22.0 1.279 1,199
118 19.41 16.31 18.2% 4, 35 237.3 7.22 0.99 28. 0 24.2 1.268 1,187
119 22. 31 14,392 19.52 4.72 273.8 7.65 0.97 30. 4 26.4 1.258 1.174

3% 24,05 16.63 20.13 4. 80 276.4 7.86 0.97 31.6 27.5 1.233 1,168

-~ .t . S o S o 08 S, S S - . —— v - e s - o —_— o ———— . - -

a) East Fraﬁe

Figure A.1 Geometry and Section Properties
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STAR MANUFACTURING CO. 8600 8. I1-35 OKALAHOMA CITY, OK. JOB SRLOFRA
SRL.O4 50 20/25 16/25 FILE OQU.FRA. I
DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE =}

MEMBER NO. 3- 5 LENGTH= 23. 46 FT ANGLE= -4. 89 DEG FYF=50. K51 FYW=30, KSI
SECTION 1 LENGTH= 15.51 FT OF= 5.00 X 0.2500 WEB=0,134% IF= 5.00 X 0.1799
SECTION 2 LENGTH= 7.25 FT OF= 5.00 X 0.2500 WEB=0.187% IF= 5.00 X 0.2500

POINT X Y DEPTH AREA X RX RY sOX SIX RTO RTI
NO. (FT) (FT) (IN) (IN2) (ING) (IN)Y (IN) (IN3) (IN3) (1 (IN)

3% 24,05 16.63 20,19 4,81 298.4 7.88 0.97 31.8 27.6 1.253 1,167
120 25, &0 14.52 19,357 4.72 277.6 7.67 0.97 30. 9 26.5 1,258 1,174
121 28.70 16.31 18.33 4. 56 238.6 7.24 0.99 28, 1 24,3 1.268 1.186
122 31.79 16.10 17,10 4,39 203.1 6.80 1.0% 25.7 22.1 1.279 1.199
i23 394,88 15.88 15,86 4. 22 170.9 &.36 1.03 23. 4 20.0 1.290 1,213
124 37.98 15.467 14,62 4. 06 142.0 5.92 1.03 21,2 18.0 1.301 1.227
125+ 39.53 15 5& 14.00 3. 97 128.7 5.69 1.06 20. 1 17.0 1.306 1.234
125+ 039,53 15.56 14.00 5. 03 156.6 5.58 1,02 22, 4 22.4 1.248 1,248
126 40,73 15.42 15,00 5. 22 183.6 5.93 1.00 24. 9 24.5 1.237 {.237
127 43.13 15.13 17.00 5. 59 245.6 &.63 0.97 28. 9 28.9 1.215 1.2195
128 45,53 14,83 19.00 5. 97 318.7 7.31 0.94 33.5 33.5 1.194 1.194
129# 44.73 14.469 20.00 6. 146 359.7 7.64 0.92 36.0 34.0 1.184 1.184
STAR MANUFACTURING CO. 8600 S. 1-35 OALAHOMA CITY. OK. JOB SRLOFRA
SRLO4 50 20/25 16/25 FILE OU.FRA.1
DESIGN DIMENSIONS AND PROPERTIES REPORT ) PAGE b

MEMBER NO. 4- 5 LENGTH= 14.65 FT ANGLE=-87. 35 DEG FYF=50. KS1 FYW=50Q. KSI
SECTION 1 LENGTH= 13.87 FT DF= &.00 X 0.2500 WEB=0.1875 IF=C & X B.2

POINT X Y DEPTH  AREA X RX RY s0X SIX RTO RTI

——— ———— - o g W S w80 S5

NO. (FT) (FT) (IN) (IN2) CIN4) (IN) (IN) (IN3) (IN3) (I (IN)

4% 48.11 0. 00 4. 00 4. 94 30.0 2.47 1.89 9.0 11.3 1.630 2.265
131 48. 05 1. 15 7.23 5. 17 446.0 2.98 1.85 11. 4 14.5 1.609 2.291
132 47. 94 3. 46 Q.69 5. 63 89.4 3.99 1.77 16. 4 21.1 1.571 2.222
133 47.83 5 77 12.15 6. 09 149.7 4.96 1.70 22. 0 28.0 §.53% .2.174
134 47.71 g8.08 14,60 6. 55 228.1 5.90 1.44 28. 0 35.4 1.502 2.167
135 47.60 10.39 17.06 7.01 324.2 6.82 1,58 34. 4 43.1 1.472 2.140
136 47.49 12.70 19.52 7. 48 445.4 7.72 1.53 41, 2 51.1 1.444 2.114
137+ 47.43 13.86 20.75 7.7% 513.3 B8.16 1.31 44. 8 55.3 1.430 2.10!

s . ot o o o B S o S e

a) East Frame Continued

Figure A.l1 Geometry and Section Properties Continued
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STAR MANUFACTURING CO. 4500 S. 1-35 OKLAHOMA CITY. OK. J0D SRLOFRA

bHL04 50 20/05 16735 : FILE TEST.TMP. 3
S1GN DIMENEI10NS AND PROPERTIES REPORT PACE 3
MEMBER 1O, 1- 2 LENGTH= 14 &5 FT ANGLE= 07 3% DLG  FYF=50 KSI FYW=50. KS1
SECTION 1 LENGTHS .13.88 FT  OF= 5.97 X 0.2600 WEH=0 1950 1F=C 6 X 8.
POINT X Y  DEPTH AREA 1% RX RY 50X SIX RTO RTI
) (FT)  (FT) (1N (IN2 (ING) (IR CIN) - (IND)  (IN3)  (IND - LIND
1*+ 0.00 0 00 & 00 5.03 30.6 2 47 1.88 9.3 11.4 1.623 2 284
101 0.06 1.15 7.2% 5.28 47.2 2.99 1.83 11.7 14.6 1.602 2. 246
102 0.17 3.46 9.75 5. 7& 92. 6 4.01 1.75 17.1 21.4 1.563 2 2l&
103 028 577 12.25 .25 1559 4.99 1.6n 229 286 1.537 2185
104 0 40 B 02 14.75 674 2305 S5.95 1.62 292 362 1.494 2157
165 0.51 10.39 17.2 2 03 $342.0 6.88 1.57 36.0 44.2 1.463 2129
105 0 63 12 76 19.75 7.71 467.9 7.79 1.52 43.2 525 1.435 2102
107% 0. 63 13. 8 21.00 7.96 539.8 B.24 149 469 569 1.421 2 088
STAR MANUFACTURIMG CO. £&00 S. 1-35  DKLAHOMA CITY, OK. JOB  SRLOFRA
SKLO4 S0 20/25 16725 FILE TEST.TMP.3
DES1GM DINEMSI0NE AMD PROPERTIES REPURT PAGE 4
MEMGER ND. 2- 3 LENGTH= 23.46 FT  ANGLE= 4.88 DEG  FYF=50.KSI  FYW=50. KSI
SECTION 1| LEM3TH= 7.25 FT  CF= 4.97 X 0.2600 W£3=0.2090 1F= 4.97 X 0.2600
BCLTIUN 2 LK T 15 458 FT GF= 4 97 X © 2540 WEB=0.1930 I1F= 4.97 X 0.1840
FoINT X ¢ DEPTH  AREA IX RX RY SOX SIX RTO RTI
KO (FT)  (FT) INY  (INZ2)  C(ING) CIN)  CIN)  (IN3) (IN3)  (IN)  (IN)
110+ 41 14 &9 20.00 &6 380 56 90 3B o} 162 162
111 61 14 g4 19,00 45 336 23 g1 35 35. 173 173
112 01 15 13 17.00 03 259 .55 94 30 30. 194 194
113 41 15 42 13200 61 193 87 97 2% 25. 217 217
11 5% o1l 15 55 14,09 40 164 el 99 23 23 o) 229
114% ~ 45

e o o e v S o S S i S S S S e S S — e — 7 O o T S o o

b) West Frame

Figure A.l1 Geometry and Section Properties Continued
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STAK MANUFACTURING CO Be00 S, [-35 UKLAHOMA CITY, OK. Jon SRI.OFRA
SKHLDA %0 20/2% 16725 FILE TCST. TMP. 3
pLEi DlML“J Oris AND PROPERTIES RFPOHT PACE 5
HuHBnR NO 3- 9 LEMNGTH:: 23. 46 FT ANGLE= ~-4. 87 DG FYF‘HO KST FYW=50. K&1
SECTION LENGTH= 15 480 FT GF= 4 97 X 0 2540 WED=0.1870 IF= 4. 97 X 0.1840
SECTICH 2 LEMGTH:= ’7.25 Fr Cif= 4.97 X 0.2%70 WED=0. 1910 IF= 4. 97 X 0.2050
FOIMT » Y DERTH AREA IX RX RY S0OX SIX RTO RTI
18] (FT1) (FT) (IN) (IM2) (ING) (IN) (IN) (IN3) (IND (IN) (IN)
e 24 06 1b. 62 20.00 5. 83 307.7 7.49 0.83 34.7 91.0 1.190 1.0979
10 =9, & 16 92 19,40 5 72 .304.6 7.30 0.89 33. 3 29.7 1.196 1.105
121 o849 1631 18 20 5. 50 D61 b6 4.0 0.90 30. 6 27,1 1.209 1.119
pagad 31.78 16 09 17. 00 5.2 onn. % 6.50 0.92 27.9 24.7 1.221 1.134
125 34,87 15 83 5. 80 5. 05 187.2 &6.0% 0.94 25,3 22.3 1.234 1. 149
1204 37,56 15 687 14,60 4.83 195 6 5.68 0 96 2. B 20.0 1.247 1.163
125« 3%.51 15 5& 14,00 4. 71 141.1. 5.47 0.98 21. 6 18.9 1.254 1.173
105« 39 91 19 96 14 00 .12 159.2 5.56 .1 01 a22.8 2.7 1.242 1.240
176 50.71 15 42 15 00 5. 31 1847 5.93 0.99 24.9 24.9 1.230 1.227%
127 4311 1% 13 17.00 5 69 249 7 6 62 V.96 a3. 4 29.3 1.209 1.207
128 45.%1 14.94 1900 6. 03 304.1 7.30 0.93 34. 2 94,1 1.188 1.186
125% 46,71 14. 69 20 Q0 6. 27 365.8 7.64 0.92 36. 6 36.5 1.178 1.176
STaR MAIIACTURING CO. R&DO S, 1-35 OKLAHOMA CITY, OK. JOB "SRLOFRA
chLgd 90 H0.29 1&7ED FILE TEGST.TMP.3
Casisd DIFSREI0HS AND PROPERTIES REPCORT PAGE 6
ATINFER 1D 4= 5 LENGTH= 14. 65 T LANGLE==-87. 32 DLG FYF=50. KE1 FYW=50. K51
SECTION 1 LENGTH= 13.88 FT GF= =.97 X 0.2560 WEB= 0.1970 1F=C & X 8.2
POIHT X Y DEPTH AREA X RX RY s0X SIX RTO RTI
1:0. (FT) (FT) (INY  CINED) (IN4) (INY  CINY  (IND) (IN3) (IN) (IN)
4% 48,11 0. 00 6. 00 5. 02 30.4 2. 46 1.87 g 2 11. 4 1.620 2. 261
131 48 Co 1 15 7. 25 5. 27 46.9 2.98 1.83 11. 6 14. 6 1.599 2. 246
z2 47. 94 3 45 Q.75 5. 76 2.2 4.00 1.79 16. 9 21.4 1.9559 2‘21?
122 47. 83 5 77 12.25 6. &5 155.2 4.98 1.68. 22 7 og. & ,1.5%22 2.185
124 7.3 g o8 14.75 6. 74 237.% 5 93 1. 62 29.0 36.2 1.489 2. 15646
125 A7. 60 102 17. 25 7. 24 540.8 6&.856 1.56 35.7 44.2 1.458 2.128
124 47. 4% 2 70 19.75 7.73 abs. & 7.77 1.91 2.9 5.5 1.429 2.109
137% 47.a3 13.80 2 (e]0] 7. 93 s30 4 B8.22 1.49 q46. 7 56.9 1.415 2.087
b) West Frame Continued
Figure A.1l Geometry and Section Properties Continued
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Geometry and Section Properties Continued
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APPENDIX B

INITIAL TEST, FULL LIVE LOAD, EAST FRAME

Test Date June 6, 1979
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APPENDIX C

FINAL TEST, FULL LIVE LOAD, EAST FRAME

Test Date June 23, 1979
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APPENDIX D

FINAL TEST, FULL LIVE LOAD, WEST FRAME

Test Date August 30, 1979
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