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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, University 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 SRLO 60 40/25 20/20.
The frames, referred to herein as SRLO 60, are normally used

in pre—-engineering buildings with the following design

parameters:
Clear Span 60 ft.
Design Live Load 40 psft
Design Wind Load 25 psft
Eave Height 20 ft.
Frame Spacing 20 ft.
Roof Slope :12

The SRL 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 slope of
%: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.

In addition, lateral load was applied using an A~frame and

hydraulic cylinders. Tests conducted included: unbalanced
live load, lateral load only, combined unbalanced live and

lateral load, and full live load.

The purpose of the testing was twofold: 1) to verify
existing design procedures used by Star Manufacturing Company
to predict deflections and strength, and 2) to verify a pro-
posed designed procedure developed specifically for unsymmet-
rical, tapered members. This report provides a detailed
description of the testing procedures, instrumentation and
results. Comparisons are made with the standard Star Manu-
facturing Company design procedures and preliminary comparisons

are made to the proposed method.



TEST DETATILS

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 ;he purlins
and the bottom flanges of the rafters or inside flanges of
the columns. The entire roof area was sheeted using standard
roof deck and the end walls from the uppermost girt to the

eave strut were also sheeted.



The column base plates were bolted to channel sections
whiéh in turn were bolted to the reaction floor beams as shown
in Figure 4. Eight, 7/8 in. diameter, A325 bolts were used
at the rafter to column connection, six, 3/4 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 pro-~-
cedure was used to tighten bolts in the end plate connections.

Load Applications

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 point 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.

Lateral load was applied using an A-frame constructed
beneath the frame with hydraulic cylinders and calibrated
load cells positioned as shown in Figure 7. For all lateral
load applications, load was applied to both frames simul-
taneously using two identical hydraulic cylinders connected

in series to a manual pump.



Four loading schemes were used as shown in Figure 8,
Figure 8a is the case of unbalanced live load, For this
loading, both frames were loaded simultaneously with the four
hydraulic rams connected in series to an electric pump.
Figure 8b is lateral load only, applied as described above.
Figure 8c shows combined lateral and unbalanced live load
which is a combination of the cases shown in 8a and 8b.
Figure 8c shows full gravity load applied to one frame. For
this loading condition, all four hydraulic cylinders were
connected in series to an electric pump.

Instrumentation

Instrumentation consisted of calibrated dynamometers,
calibrated load cells, strain gages, dial gages and hori-
zontal deflection gages. Gravity load was measured using the
calibrated dynamometers positioned as shown in Figure 5;
lateral load was measured using the calibrated load cells
positioned as shown in Figure 7.

Vertical deflection of the center line of the frames was
measured using either a taut wire and a dial gage, Figure 9a,
or a weighted scale and a fixed level, Figure 9b. The former
was used for symmetrical loading conditions and the latter
for loading conditions where significant frame sidesway was
expected. Sidesway of the top of the column was measured
using a horizontal scale (0.1 in.) located as shown in Figure
10 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 planme. Graduated scales (0,1 in,) were attached
perpendicular to the plane of the web at the flange locations
shown in Figure 11. 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 positioned on both frames at
critical locations, as shown in Figure 12. 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 1 kip until near the failure load when the
increment was decreased. After each load increment, deflec-
tion 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 the 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 for a number of loading cases and final tests to

determine the load-carrying capacity of the frames under



various loadings.

For the initial tests, the frames were loaded to approxi-
mately the design or working loads for the frames. The
following initial tests were conducted:

a) Unbalanced live load on both frames simultaneously,
Figure 8a. Maximum load 4.5 kips at each location.

b) Lateral load only applied to both frames simul-
taneously, Figure 8b. Maximum load 6.0 kips.

¢) Unbalanced live load followed by lateral load on
both frames simultaneously, Figure 8c. Maximum

gravity load 5.0 kips, maximum lateral load 7.0 kips.

d) Full live load west frame, Figure 8d. Maximum load
5.0 kips.

For the case of unbalanced live load with lateral load the
simulated live load was applied first until the maximum load
was reached. At that point, the gravity load was maintained
and the lateral load was increased in 1 kip increments to 7
kips.

Final tests included full live load to factored 1load on the
west frame, unbalanced live load and lateral load on both
frames, and full live load with nonstandard flange brace
spacing to failure on the east frame. In all tests, failure
was determined when additional load could not be applied to
the frame. In the first two tests, care was used so that
excessive deformation did not occur and therefore reloading

was possible.
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ANALYTICAL PROCEDURES

In the section following, test results are compared to
two analytical procedures., Star Manufacturing Company's
standard computer design program was used to obtain theoret-
ical frame stiffness and failure predictions. This program
uses a standard stiffness analysis to determine internal
axial forces, shears and moments and exterﬁal 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 stan-
dard AISC interaction equations (Formulas 1.6-la, 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 point

-21-



in the frame. Computer output showing geometry and section
property data and the analyses for ultimate loads for the
four loading cases shown in Figure 8 are found in Appendix A,

The design check procedures used in the Star Manufacturing
Company computer program are based on standard AISC design
procedures which were developed specifically for prismatic,
doubly symmetrical sections. The columns and some rafter
sections used to construct the SRLO 60 frames were both
tapered and singly symmetrical. In general, the compression
flange of the singly symmetrical members had a smaller width-
thickness ratio or was a hot~-rolled channel section. An
analytical procedure, currently under’development, for singly
symmetrical, nonnprismatic members was also used to predict
the failure loads. This procedure is described in Reference
3 and is summarized as follows.

For the case of non-prismatic member subjected to end
moments which cause a varying flange stress along the member
and without transverse load, the elastic critical moment at
the small end is given by

M).=C_ C_M (1)

e’L b a e (2)

where Ca = a modifying factor to account for taper, Cb = a
modifying factor to account for stress variation due to

unequal compressive flange stresses at the beam ends, R =

ratio of the section moduli to the extreme fiber of the

-292-



compression flange at the large end to that at the small end,
and Me = the critical elastic moment for a prismatic beam
with small end section properties subjected to equal but
opposite end moments, single curvature bending. (See Refer-
ence 3 for complete details and formulas of all terms.) To

account for inelastic effects the CRC formula is used

MZ
Mcr = M -—2
Toa(u) (3)
where Mcr = inelastic critical moment, My = first yield

moment referenced to the compression flange and (Me) =
elastic critical moment.

Using the coﬁputer program described in Reference 3, a
failure analysis was conducted for critical rafter sections
of the east frame with modified compression flange brace
locations and subjected to full live load, Figure 8d. Results

of the analysis are shown in Appendix B.

-23=



TEST RESULTS AND COMPARISONS

Initial Tests

Unbalanced Live Load. Test results and theoretical

predictions from Star Manufacturing Company's design program
are shown in Appendix C for both frames subjected to the
unbalanced live load shown in Figure 8a. For this test,

4.5 kips was applied at each load point on each frame repre-
senting approximately the working load for the frames, e.g.,
a unity check value of 1.0. Figures C.l1 and C.2 show exper-
imental and theoretical load versus deflection data for
vertical centerline deflection and sidesway deflection,
respectively. Excellent agreement was found between predicted
and measured vertical deflections. The measured sidesway
deflections were slightly less than the predicted values.
The predictions are based on perfectly pinned columns which
was not achieved in the test set-up and could explain the
discrepancy in the sidesway deflections.

Lateral deflections of the inside and outside flanges of
both frames are showﬁ in Figure C.3 to C.5. Maximum lateral
deflection was approximately 0.1 in. and is not considered
to be significant.

Results of this test indicate that frame stiffness is

adequately predicted by Star Manufacturin Company's design

-24 -



program.,

Lateral Load Only. Test results for both frames

subjected to a concentrated lateral load near the knee reen-
trant corner of the south columns as shown in Appendix B.
Approximately 6.0 kips was applied horizontally to each frame
simultaneously. Load versus sidesway deflection data is shown
in Figure D.l. Excellent agreement was obtained between the
measured and theoretical sidesway deflections.

Lateral deflection data on both the inside and outside
flanges of both frames is shown in Figure D.2 to D.5. Again
the maximum lateral displacement was approximately 0.1 in.
and is not considered significant.

This test shows that the design program adequately pre-
dicts sidesway stiffness of frames.

Unbalanced Load Live Combined with Lateral Load. For

this test both frames were loaded simultaneously with unbal-
anced live load and lateral load as shown in Figure 8c. First,
5.0 kips simulated live load was applied at each load point
in 1.0 kip increments and then 7.0 kips lateral load in 1.0
kip increments was applied simultaneously near the reentrant
corner at the knee of the south columns. After each lateral
load increment, the gravity load was adjusted to 5.0 kips
and then the data was recorded. Figures E.l and E.2 show
good agreement between predicted and measured centerline
vertical deflections and sidesway deflections.

Lateral deflections on both the inside and outside

flanges of both frames are shown in Figures E.3 to E.6. The
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maximum lateral displacement was approximately 0.25 in. and
is not considered to be significant.

Stresses calculated from measured strains, at the eave
of the northwest column and at the peak of the northwest
rafter as shown in Figures E.7 and E.8, respectively. Excel-
lent agreement was obtained between predicted and experimental
stresses. Strain readings were converted to stress assuming
a modulus elasticity of 29,000 ksi.

Test results indicate that the design program adequately
predicts frame stiffness under combined loadings. Stress
predictions werekalso excellent.

Final Tests

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

frame loaded with full live load as shown in Appendix F. The
maximum load applied was 7.5 kips at each location. This load
corresponds to a unity check value of 1.65 as determined
using Star Manufacturing Company's design program. Output
is shown in Figure A.5 and the critical location was in the
southwest rafter at the knee. As shown in Figure F.l, good
agreement was attained between measured and predicted verti-
cal centerline deflection. It is evident from Figure F.l
that the capacity of the frame was not reached under the
applied load.

Lateral deflections of the inside and outside flanges
are shown in Figures F.2 and F.3, respectively. The maxi-
mum lateral deflection was 0.35 in. near the peak. This

deflection is not considered to be of significance.
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Load versus predicted stress and stress calculated from
measured strain data is shown in Figure F.4 for the north
column near the knee, Figure F.5 for the north rafter near
the knee, and Figure F.6 for the north rafter near the peak.
Reasonable agreement was obtained between the predicted stresses
and experimentally obtained stresses until near the maximum
load. The deviation of the measured stresses indicates that
the frame was approaching its capacity.

Results of this test indicate that the design procedure
accurately predicts the stiffness of the frame, stress distri-
butions within the frame, and is a reasonable estimate of the
capacity of the frame for full live load.

Unbalanced Live Load and Lateral Load. Appendix G shows

results for 6.0 kips unbalanced live load combined with lateral
load applied simultaneously to both frames. For this test,
the unbalanced live load was applied in 1.0 kip increments to
6.0 kips (at each load location). Lateral load was then
applied while the unbalanced live load was maintained at the
6.0 kip level. Failure occurred at 7.0 kips of lateral load
by lateral buckling of the southwest rafter compression
(lower) flange. The predicted failure load using Star Manu-
facturing Comany's design program was 6.0 kips unbalanced
live load and 10.0 kips lateral load as shown in Figure A.4.
Because failure was not expected, no data was obtained beyond
5.75 kips of lateral load.

Vertical centerline deflections and sidesway deflections

versus load as shown in Figures G.l and G.2, respectively.

-27-



In both cases, the measured deflections were less than those
predicted.

Figures G.3 to G.6 show lateral displacement of the
inside and outside flanges of both frames. The maximum mea-
sured displacement of the east frame was 0.4 in. and the max~
imum lateral displacement of the west frame was 1.5 in. The
lateral buckle is clearly shown in Figure G.6.

Load versus stress, both predicted and that obtained
from measured strain, is shown for the four strain gaged
sections in Figure 6.7 to 6.12. Good to excellent agreement
was obtained at all locations except near the knee in the
southeast column.

The experimentally obtained relationships from this test
are not in as close agreement with predicted values compared
to previous tests. A possible explanation is that the west
frame was yielded locally by the application of full live
load to a unity check value of 1.65 as described above.

Although the predicted failure load was 6.0 kips live
load plus 10.0 kips lateral load, the west frame was oply
able to resist 6.0 kips live load and 7.0 kips lateral load.
Figures G.9 and G.12 show that the stress in the rafter sec-
tion near the lateral buckle was close to maximum from the
application of the 6.0 kips live load. The rate of change
of stress at this location is very small relative to the
applied lateral load, Hence, the rafter near the peak was
subjected to a very high stress level from the live load

application and additional lateral load only increased the

-28-



stress slightly. If the rafter was near failure due to the
live load, a large discrepancy in the predicted lateral
failure load is expected. 1In other words, because the stress
in the rafter section is near maximum and the rate of change
of that stress to applied lateral load is very small, the
rafter may be expected to fail over a relatively wide range
of lateral load,

Full Live Load, East Frame with Nonstandard Flange Brace

Spacing. To verify the proposed design procedure for singly
symmetrical tapered members, the locationsof the lower flange
braces were changed on the east frame as shown in Fiéure 13.
In addition, the purlin connections to the top flanges were
removed except directly over the flange braces. Consequently,
the outside rafter segments were fully braced near the knee
and at the transition location and the inside rafter segments
were braced at the transition section and near the peak. The
frame was subjected to full live load and failed by lateral
buckling in the south rafter at a load of 5.8 kips at each
load location. Lateral movement was visually more evident

in the outside segment, however, it was apparent that the
inside segment also moved laterally.

OQutput from the Star Manufacturing Company's computer
program for the test condition is shown in Figure A.6. The
predicted failure load for this analysis was 4.5 kips. Com-
puter output for the proposed method is shown in Figure B.l
and B,2 for the outside and inside rafter segments, respec-

tively. For these analyses the input moments were determined
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from the Star Manufacturing Company's program for 1.0 kips

applied at each load location., The predicted failure load

is then determined by scaling this load by the ratio of the
output moments to the input moments. Using this procedure,
the predicted failure load was 7.1 kips.

Load versus vertical deflection at the centerline is
shown in Figure H.l. Good agreement was obtained between the
measured and predicted deflections. Lateral deflections were
shown in Figure H.2 and H.3 for the outside and inside flanges,
respectively. The maximum deflection was 0.75 in. and the
buckled configuration is clearly shown in Figure H.3.

Load versus experimentally determined and predicted
stresses are shown in Figures H.4 to H.6. Excellent agréement
was obtained between the experimentally determined and pre-
dicted values except for the south column at the knee.

Results of this- test indicate that proposed design
procedure for singly symmetrical tapered beams subjected to
end moments provides a fair estimate of the load-carrying
capacity of rafters and rigid frames.

Coupon Tests

Upon completion of all testing, samples of the plate
material used to fabricate the frames were removed at the
locations shown in Figure 14. The locations were chosen to
minimize the effects of possible yielding due to test load-
ings. Standard ASTM E-8-57T tensile coupons were then
machined and tested, Results are shown in Table 1. Measured

yield stresses varied from 47.2 to 58.3 ksi. 'The lowest yield
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levels were found in the southwest column and did not affect
the test results. The remaining results were sufficiently
close to the specified minimum yield stress, 50 ksi, to be
acceptable.

For the Star Manufacturing Company computer analyses, a
conservative yield stress of 55 ksi was used in all cases,
Appendix A. A yield of 50 ksi was used for the proposed

analyses, Appendix B.
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TABLE 1

Results of Coupon Tests

No Location Yield Stress Ultimate Stress Elongation

ksi ksi Z in 2 in.
1 gg:iiwii:nngter 50.7 75.7 12.0
2 giiiizezibRafter 50.6 64.2 40.0
3 gﬁﬂ?iwﬁﬁnﬁifter 48.9 74.8 37.0
4 ggziEWZi:nngter 49.8 73.7 37.0
3 gigiiseE:bRafter 55.8 65.0 37.0
6 | seuthwess Rafter 58.3 76.8 43.0
7 égiiﬁ:egtaggiumn 50.6 75.5 43.0
8 gigiize:ibColumn 47f2 64.6 43.0
’ Southwest Coramn 47.2 67.8 43.0
10 | Southeast Rafter 49.3 74.3 43.0
11 giiiiza::bRafter 64.1 73.5 NA
12 | Goitheast Rafter 58.3 76.2 43.0
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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 60 40/25 20/20. The test set-up
consisted of two frames forming a single bay, 24 ft. by 60 ft.
Standard roof deck, purlins, eave struts, girts, flange braces,
and rod braces were used to construct the test set-up. The
frames were subjected to a range of loadings, including un-
balanced live load, lateral load, combined unbalanced live
load and lateral load, and full live load. Loading conditions
which caused unsymmetrical bending in the frames were applied
to both frames simultaneously; full live load was applied to
each frame independently.

Experimentally determined results were compared to
predicted values using Star Manufacturing Company's design
computer program and in one instance to a proposed design
method for singly symmetrical tapered beams. Vertical and
sidesway deflection predicted by the design program were in
excellent agreement with measured displacements. Failure
loads predicted by the design program were in close agreement
with those determined experimentally except for the case of

unbalanced live load combined with lateral load. For this

-35-



loading condition, the variation of maximum stress in the
rafters was very small for increasing lateral load and was
near maximum for the applied unbalanced live load.

The failure load predicted by the proposed method was
in fair agreement with the experimentally determined failure
load.

It is apparent from the test results, that the Star
Manufacturing Company design program adequately predicts
the strength and stiffness of the type of rigid frame tested.
The proposed design method for singly symmetrical tapered
members predicted a failure load 22% greater than the experi-
mentally determined failure load. A possible explanation is
that the frame was damaged in previous loadings which

approached the failure load of the frame.
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APPENDIX A

STAR MANUFACTURING COMPANY
COMPUTER ANALYSES
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STAR MANUFACTURING CO. 8400 5. I-35 OKLAHOMA CITY. OK. J0OB JOB
SRLO4 60 40/25 20/20 FILE
DESIGN DIMENSIONS AND PRGPERTIES REPORT PAGE 2
MEMBER NO. i- 2 LENGTH= 1B. 32 FT ANGLE= B4. ?3 DEG FYF=5Q. KS1 FYW=50. K81
SECTION 1 LENGTH= 15. 50 FT OF= 6.00 X 0.2520 WEB=0.1920 IF=C B X 11.5
SECTION 2 LENGTH= 1.69 FT F= 4.00 X 0.2520 WEB=0.2380 1IF=C 8 X 11.5
POINT X Y DEPTH AREA IX RX RY S0X SIX RTO -~ RTI

NO. (FT) (FT) (INY  (IN2) (ING) (IN) (IN) (IN3) (IN3) (IND (IN)

13 0. co 0. 00 8. 00 6. 34 &5.4 3.21 2. 42 13. 3 21.1 1.583 3.025
iot . 09 1. 55 9. 89 6. 70 106.1 3.98 2.3%5 17.5 27.8 1.552 3.005
102 0. 27 4. 65 13. 68 7.43 222.7 5.48 2.24 26.7 41.6 1.495 2.965
103 0. 45 7.7% 17. 47 8. 16 390.9 6.92 2.13 37.1 56.3 1.4446 2.925
i04 0.63 10.85 21.26 8. 88 416.4 B.33 2.05 48. 6 71.8 1.403 2.886
105 0.81 13.95 25 04 2. 61 ?04.6 Q.70 1.97 61.2 8.2 1.3463 2.847
106% 0.90 15.50 26.94 .97 1073.9 10.28 1.93 &7.9 6.6 1.345 2.828
10463 0.90 15.50 26.94 11.19 1150.9 10.14 1.82 73.9 101.3 1.290 2.765
107 0.94 146.33 27.97 11.44 1259.7 10.50 1.80 78.1 106.4 1.280 2.753
108 0.98 17.16 29.00 11.6é68 1374.5 10.85 1.78 2.4 111.6 1.270 2.741
STAR MANUFACTURING CO. 8400 8. I-35 OKLAHOMA CITY, OK. JOB JOB
SRL.O4 60 40/25 20/20 FILE
DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE 3
MEMBER NOJ. 2- 3 LENGTH= 28.03 FT ANGLE= 5. &4 DEG FYF=50. KG1I FYW=50. KSI
SECTION 1 LENGTH= &.00 FT OF= 6. 06 X 0.2510 WEB=0.2370 IF= 4. 00 X 0. 2460
SECTION 2 LEMGTH= 7.65% FT OF= 6.0C0 X 0. 2510 UWEB=0.2420 IF= 4.00 X 0.2470
SECTION 3 LENGTH= 13. 50 FT CF= &.06 X 0.3200 WEB=0.1340 If= 5. 97 X 072450
POINT X Y DEPTH AREA IX RX RY 80X SIX RTO RTI

NO. (FT? (FT) (INY  (IN2) (INGY  (INY  (IN)  (IN3)  (IN2? (IN) CIN)
1114 1.91 18.37 29.00 ?.795 1074.7 10.51 0.97 74. 6 73.9 1.328 1.304
112 4.89 18.76 25.70 8.97 801.8 9.45 1.01 62.7 62,1 1.362 1.328
113% 7.86 1%2.14 22 41 8.19 575. 6 8.38 1.05 51. 6 51.1 1.399 1.374
113# 7.86 17.14 22.41 8. 29 578.8 8.36 1.04 51.8 1.5 1.376 1.371
114 .78 19.40 20.30 7.78 457.2 7.67 1.07 45. 2 44.9 1.401 1.396
115 13.60 19.90 16.10 b. 76 264. 4 6.25 1.15 32.9 2.7 1.456 1.451
116+ 15. 52 20.15 14.00 b. 26 190.9 5.52 1.20 27. 4 27.2 1.486 1.481
116% 15 852 20.15 14.00 5. 20 185.1 5.97 1.4t 28.9 24.3 1.63% 1.557
117 16.86 20.24 14 .60 5.28 203.1 &.20 1.40 30. 4 25.6 1.634 1, 551
118 19. 54 20.42 15.80 5. 44 241.8 6.67 1.37 33. 4 28.3 1.625 1.53%9
119 22. 22 20.60 17.00 5. &0 2B4.5 7.13 1.35 36. 4 31.0 1.616 1,528
120 24. 90 20.78 18.20 5.76 331.2 7.58 1.34 39.95 33.7 1.607 1.516
121 27.58 20.96 19.40 5.93 382.0 8.03 1.32 42. 6 36.6 1.598 1.3505

3+ 28.92 21.05 20.00 6. 01 409.0 8.25 1.31 44. 2 38.0 1.53%3 1.500

a) East Frame
Figure A.l Geometry and Section Properties
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STAR MAMUFACTURING CO. B&0O S. I-35 OKLAHOMA CITY, OK. JOB JOB
SRLO4 &0 40/25 20/20 FILE
DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE 4
MEMBER NO. 3- 5 LEMGTH= 28.0C8 FT ANGLE= -5. 65 DEG FYF=50. KSI . FYW=50. KGI
SECTICN 1 LENGTH= 13. 50 FT OF= 6.06 X 0.3160 WER=0.1350 1IF= 6. 00 X 0.2480
SECTION 2 LENGTH= 7.65 FT GF= &.00 X 0.2520 WEB=0.2580 IF= & 00 X 0.2440
SECTION 3 LENGTH= &.00 FT GF= &.06 X 0.2510 WEB=0.2500 IF= 6.06 X 0.2510
POINT X Y DEPTH AREA IX RX RY S0X SIX RTO RTI
MO. (FT) (FT) (IN) (INZ) (IN4) CINY  (IN)  (IN3) (IN3) (IN) CIND
3% 28.92 21.05 20.00 6. 05 411.1 25 1.31 44,1 38. 1.588 1.509
122 20.27 20.96 19.40 2. 96 384.0 8.02 1.32 42. 5 37.1 1.5%93 1.515
123 32.95 20.78 18.20 5. 80 332.9 7.57 1.33 39. 3 34.2 1.602 1.52646
124 35.63 20.60 17.00 5. 64 285.9 7.12 1.35 36. 2 31.4 1.611 1.537
125 38.31 20.42 15.80 5. 48 243.0 6.66 1.37 33. 2 28.7 1.620 1.549
126 40.99 20.24 14.60 5. 31 204.0 4.20 1.39 30. 2 26.0 1.630 1.581
i27% 42.33 20.1% 14.00 5. 23 186.0 5.9& 1.41 28.8 24.7 1.635 1.567
127% 42.33 20.15 14.00 6. 46 193. 6 5.48B 1.18 27.9 27.5 1.474 1.465
i2e 44.24 19.90 16.10 7. 00 268.7 6.19 1.13 33. 6 33.2 1.444 1.433
129 4g8. 07 19.39 20.31 8. 09 466.4 7.59 1.05 46. 2 45.7 1.388 1.376
130% 49.99 19.14 22 41 8. &3 521.4 8.28 1.02 53.1 52.5 1.362 1.350
120% 4%9.99 19.14 22 41 8. 52 592.3 8.34 1.05 2.9 52.9 1.384 1.384
131 52.96 18.75 25.70 ?.34 g24.2 9.40 1.00 64. 3 64.3 1.346 1.346
132% 55,94 18.37 29.00 10.17 1110.8 10.45 0.96 76. 6 76. 6 1.312 1.312
STAR MARUFACTURING CO. 8500 5. I-35 OKLAHOMA CITY. OK. JOB JoB
SRLO4 60 40/25 20/20 FILE
DESIGN DIIMENSIONS AND PROPERTIES REPORT PAGE 5
MEMBER NO. 4- 5 LENGTH= 18.32 FT ANGLE=-86. 94 DEG FYF=50. KSI | FYW=50. KSI
SECTINN 1 LENGTH= 15. 50 FT OF= 4. 03 X 0.2480 WEB=0.1900 IF=C 8 X 11.95
SECTICN 2 LENGTH= 1.6%9 FT OF= 4. 03 X 0.2480 WEB=0.2440 1IF=C 8 X 11.5
POINT X Y DEPTH AREA IX RX RY S0X SIX RTO RTI
W3, (FT) (FT) (INY  (INZ2) CIN4)Y (INY  (INM)Y (IN3) (IN3) CIND (IN)
4% 957.85 0.¢co 8. 00 6. 31 64.9 3.21 2.43 13. 2 21.1 1.591 3.026
134 57.76 1.55 9.89 6. 67 105. 4 3.98 2.36 17.3 27.7 1.55%9 3.006
135 57. 58 4. 65 13.68B 7.3%9 221.2 5.47 2.24 26. 5 41.5 1.5802 2. 967
136 57. 40 7.75 17. 47 8. 11 388.3 6.92 2. 14 36.8 56.2 1.453 2.928
137 57.22 10.85 21.26 8. 83 612.3 8.33 2.05 48. 2 71.6 1.409 2 888
138 57.04 13.95 25 04 9. 54 898.5 9.70 1.%97 60. 6 87.9 1.369 2.850
13%9% 56.95 15.50 26.94 9.90 1066.7 10.38 1.94 &7.2 94.3 1.351 2.831
139% 56.95 15.50 26.94 11.33 1157.2 10.10 1.81 74.4 101.7 1,287 2.738
140 54,91 16.33 27.97 11.59 1266.9 10.46 1.79 78.6 106.9 1.276 2.745
141% 56.87 17.16 29.00 11.84 1382.7 10.81 1.77 83.0 "112. 1 1.266 2.732
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a) East Frame Continued

Figure A.l Geometry and Section Properties Continued
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STAR MANUFACTURING CO. 86400 S. I-35 OKLAHOMA CITY, OK. JOB JOB

SRLO4 60 40/235 20/20 FILE

DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE 2

MEMBER NO. 1- 2 LENGTH= 18. 32 FT ANGLE= 86. 95 DEG FYF=50. KE1 FYW=50. K81
SECTION 1 LENGTH= 15. 50 FT OF= &6.06 X 0.2510 WEB=0.1830 IF=C 8 X 11.5
SECTION 2 LENGTH= 1.6&9 FT OF= 6.06 X 0.2510 WEB=0.2460 1IF=C 8 X 11.5

B L T e R —— o

POINT X Y DEPTH AREA IX RX RY 80X SIX RTO RTI
NO. (FT) (FT) (IN) (IN2) (IN4)Y (INY (IN) (IN3) (IN3) (IN) (IN)
1 0. 00 0. 00 8. 00 6. 28 65.2 3.22 2. 44 13. 3 21.1 1.6056 3.028
io1 0. 09 1. 55 2.89 6. 63 105.7 3.99 2.37 17. 4 27.7 1.575 3.010
io2 0.27 4.65 13. 68 7.32 221.3 5.50 2. .26 26. 5 41.5 1.520 2.972
103 0. 45 7.75 17.47 8. 01 387.8 6.96 2.16 36.8 56.0 1.472 2.933
104 0.63 10.85 21.26 8.70 610.3 8.37 2.07 48. 0 71.4 1.429 2.8%96
105 .81 13.95 25.04 ?. 40 894.3 9.76 1.99 60. 3 87.5 1.390 2.858
106 0.90 15.50 26.94 9.74 1061.0 10.43 1.9%94 6b. ? ?5.8 1.372 2.840
106# 0.920 15.50 26.94 11.41 1146.4 10.11 1.81% 75.2 102.2 1.297 2.754
107 0.94 16.33 27.97 11.67 1276.9 10.4&6 1.79 79.4 107.3 1.28&6 2.742
108 0.98 17.16 29.00 11.92 1393.6 10.81 1.77 83.8 112. 6 1.276 2.729
STAR MANUFACTURING CO. 8600 S. I-35 OKLAHOMA CITY, ODK. JOB JOB
SRLO4 60 40/25 20/20 FILE
DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE 3

MEMBER NO. 2- 3 LENGTH= 28.08 FT ANGLE= 5. 63 DEG FYF=50. KSI FYW=50. KS1

SECTION 1 LENGTH= 6.00 FT OF= 6.03 X 0. 2500 WEB=0.2320 IF= 5.97 X 0.24350
SECTICI. 2 LENGTH= 7.65 FT CF= & .00 X 0.2500 WEB=0.2460 1IF= 4.00 X 0.24%0
SECTION 3 LENGTH= 13. 50 FT OF= &.06 X 0.3060 WEB=0.13720 IF= 6.00 X 0.2440
POINT X Y DEPTH AREA IX RX RY 50X SIX RTO RTI
NO. (FT) (FT) (IN) (IN2) (IN4) (IN) (IN) (IN3) (IN3) (IN) (IN)
111% 1.91 18.37 22.00 ?.58 1061.6 10.53 0.97 73. 5 72.9 1.325 1.301
112 4.88 18.76 25.70 8. 82 790.8 9.47 1.01 61.8 61.2 1.359 1.334
113#% 7.86 19.14 22.41 8. 05 568.0 8.40 1.05 51.0 50.4 1.395 1.371
113% 7.86 19 .14 22 41 8. 38 583.0 B.34 1.04 52. 1 52.0 1.371 1.369
114 ?.78 19.39 20.30 7.87 460.3 7.65 1.07 45. 4 45.3 1.396 1.3995
115 13. 60 19.90 16.10 6. 83 266.0 6.24 1.15 33.1 33.0 1.451 1.450
116# 1552 20.15 14.00 &, 32 192.0 5.51 1.19 27. 5 27.4 1.481 1.480
116% 15.52 20.15 14 .00 5.19 183.1 5.94 1.39 28. 2 24.4 1.628 1.9562
117 16.86 20.24 14 .60 S. 27 200.9 6.17 1.38 29. 6 25.7 1.623 1.556
ii8 19. 54 20.42 15.80 5. 44 23%.4 6.64 1.36 32. 95 28.4 1.613 1.544
119 22.22 20.60 17.00 5. 60 2s1.8 7.09 1.34 35.5 31.1 1.603 1.3532
120 24.920 20.78 18.20 5.77 328.2 7.54 1.32 38.5 33.9 1.594 1.520
i21 27.58 20.%96 1%9.40 5. %94 378.7 7.99 1.30 41. 6 36.7 1.584 1.509
3% 28.92 21.05 20.00 6. 02 405. 6 8.21 1.29 43. 2 38.2 1.580 1.3503

- — o e s S s o T s —— ———

b) West Frame

Figure A.1 Geometry and Section Properties Continued
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STAR MANUFACTURING CO. 8600 S. I-35 OKLAHOMA CITY, OK. JoB JOoB
SRLO4 &0 40/25 20/20 FILE
DESIGN DIMENSIONS AND PROPERTIES REPORT PAGE 4
MEMBER NO. 3-S5 LENGTH= 28. 08 FT ANGLE= -5. 64 DEG FYF=50. K&1 FYW=50. KSI
SECTION 1 LENGTH= 0.50 FT OF= 6. 06 X 0.3160 WEB=0.1360 IF= 4.00 X 0.2450
SECTION 2 LENGTH= 13.00 FT OF= 6.06 X 0.3160 WEB=0.1360 IF= & 00 X 0.2450
SECTION 3 LENGTH= 7.65 FT OF= &.00 X 0.2500 WEB=0.2490 IF= 4. 00 X 0. 2480
SECTION 4 LENGTH= 5.50 FT OF= &. 00 X 0.2490 WEB=0.2500 IF= 6.03 X 0.2490
SECTION S LENGTH= 0.50 FT OF= &.00 X 0.2490 WEB=0.2500 IF= &. 03 X 0.2490
POINT X Y DEPTH AREA IX RX RY S0X SIX RTO RTI

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

3% 28.92 21.05 20.00 6. 03 409.2 8.24 1.31 44. 0 38.2 1.58%9 1.5046
122 29.14 21.04 19.89 6. 01 404.1 8.20 1.31 43.7 38.0 1.590 1.507
123% 29.36 21.03 19.78 6. 00 399.1 B.16 1.31 43. 4 37.7 1.590 1.508
i23% 29.36 21.03 19.78 6. 00 3992.1 8.16 1.31 43. 4 37.7 1.5%90 1.508
i24 30.98 20.92 19.06 5.90 367.1 7.89 1.32 41. 5 36.0 1.596 1.515
125 34.22 20.70 17.61 5.70 307.8 7.35 1.34 37.7 32.6 1.607 1.529
126 37.47 20.48 16.17 5. 51 254.4 6.80 1.37 34.1 29.2 1.618 1,543
i27 40.71 20.26 14.72 5. 31 206.8 6.24 1.3%9 30. 5 26.0 1.629 1.557
128% 42.33 20.15 14.00 5. 21 185.1 5.96 1.40 28.7 24.5 1.635 1,563
i28% 42.33 20.15 14.00 6. 35 192.3 5.50 1.19 27. 9 27.4 1.479 1.476
i29 44,24 19.90 16.10 6. 87 266. 6 6.23 1.14 33. 2 33.1 1.448 1. 444
130 48. 07 19.39 20.30 7.92 461.7 7.64 1.07 45. 5 45.4 1,393 1.390
131# 49.98 19.14 22.41 8. 44 585.0 8.32 1.03 52.3 52.1 1.368 1.363
131% 49.98 19.14 22.41 8. 47 584.8 8.32 1.03 52. 3 52.4 1.365 1.374
132 52.71 18.78 25.43 ?. 23 797.6 9.30 0.99 62.7 2.8 1.331 1.337
133% 55.44 18.43 28.45 %.98 1050.6 10.26 0.95 73.8 73.9 1.299 1.307
133% 55 .44 18.43 28.45 9.68 1050.6 10.26 0.95 73.8 73.9 1.299 1.307
134 55 69 18 40 28.73 10.05 1075.8 10.35 0.95 74.8 75.0 1.296 1.305
135% 55.94 18.37 29.00 10.12 1101.4 10.43 0.93 75.9 76.0 1.294 1,302
STAR MANUFACTURING CO. 8600 S. 1-35 OKLAHOMA CITY, OK. JOB J0OB
SRLO4 &0 40/25 20/20 FILE
DESICN DIMENSIONS AND PROPERTIES REFORT PAGE S
MEMBER NO. 4- 5 LENGTH= 18.31 FT ANGLE=-86. 94 DEG FYF=50. KESI FYW=50. KS1I
SECTION 1 LENGTH= 15. 50 FT OF= &.03 X 0.2500 WEB=0.1980 IF=C 8 X 11.95
SECTION 2 LENGTH= 0.42 FT OF= 6.03 X 0.2500 WEB=0.2490 IF=C 8 X 11.5
SECTION 3 LENGTH= 1.27 FT OF= &.03 X 0.2500 WEB=0.2490 IF=C 8 X 11.5
POINT X Y DEPTH AREA IX RX RY S0X SIX RTO RTI

NO. (FT) (FT) CIN)  (IN2) CIN4) (IN)  C(IN)  C(IN3) (IN3) (IN) (IN)

4% 57.85 0. 00 8. 00 6. 38 65.5 3.21 2. 41 13.4 21.2 1.98587 3.022
137 57.76 1. 55 3. 89 6.75 106.5 3.97 2.35 17. 6 27.8 1.55%4 3.002
138 57. 58 4.6% 13.68 7. 50 223.8 5.46 2.23 26. 9 41.7 1.497 2. 961
139 57. 40 7.75 17.47 8.25 393.3 6.920 2.12 37. 4 S56.5 1.446 2.920
140 57.22 10.85 21.26 ?. 00 620.8 8.30 2.03 49. 1 72.1 1,402 2.879
141 57.04 13.95 25.04 ?.75 911.9 9.67 1.95 61.8 88.6 1.362 2.837
142% 56.95 15.50 26.94 10.13 1083.1 10.34 1.92 68. 6 97.2 1.343 2.820
142% 56.95 15.50 26.94 11.48 1168.2 10.09 1.80 75.3 102.3 1.284 2.751
143 56.95 15.71 27.19 11.54 1195 2 10.18 1.80 76.3 103.6 1.281 2.748
144% 56.94 15.92 27.45 11.61 1222.6 10.26 1.79 77.4 104.9 1.279 2.744
144% 56.94 15.92 27.45 11.61 1222 6 10.25 1.79 77.4 104.9 1.279 2.744
145 56.91 16.54 28.22 11.80 1307.6 10.53 1.78 80.7 108.9 1.271 2.735
146% 56.87 17.16 29.00 11.99 1396.2 10.79 1.76 84.0 112.8 1.263 2.726

b) West Frame Continued
Figure A.l Geometry and Section Properties Continued

-42-



/[‘K SRLC JOB NO.
j QUOTE NO._______
. SIAS CLEZAR SPAN BY = . d/5/i3
svryAN e DESIGN oK’ BY

SRLO O V4 080 E-506 3-8-73

AP DY e

/4y OCT 271975 mye AMAT L6 19/ B

SHEET NO.___OF

JAPPROX. WT. _24 24 L/BZS. 12

06 FLANGE

MRS
= < .
e :’ 140
& T T

G

O~

O

N S0
w . (%] N
ey «©
5 |2
2 3
ol 8 .
o] /| 2

RAFTER MK. &5/- 235 2y
COLUMN MK, __ 5/-/28

FLANGE BRACE AT_/.7. 5 ¢ = [/y.5) PURLINS
FLANGE BRACE AT_T/ % GIRTS
ALL PLATE 50,000 PS| YIELD
SPLICE BOLTZS ARE A-325 HIGH TENSILE

~1

"
£x%r w/2-75 ¢ X(-6 ANCHOR BOLTS

VbL+we = H(.75) * G 14 K+

Vor+tL=H-.2R= __[0.0D___K*
VpLstbawl = .5

Vo syl

*|F VALUES ARE NOT SHOWN REFER TO COMPUTER RUN NO.

Kyl »

\
waa— || e
L 22
" KNEE_SPLICE *

MprLaLL =219 7/ k'
MpLwe = 28729K
MopLs et =006 25K
Mol = f75:29 K

=_L260K

Trax. (P0OS. MOM)

.
T uax, (HEG. MOM) =27 77K

NO
INTERMEDIATE

SPLICE * PEAK SPLICE*
MpLste = K [MoLete =282k
MoL4+wL™> . = K | MoLtwe =2{5.60K'
M = K' | MpLaccen = (4, 67k'
Mo = K [ Moo ' = LL5T7)K
Thax. z K | Tmax. (Pos. MoM) “.2L77 K

= TA0K

TuAx (NEG. MOM)

c)

Figure A.1l

D e E—

Nominal Dimensions

Geoﬁetry and Section Properties Continued
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APPENDIX B

ANALYSIS RESULTS FROM PROPOSED PROCEDURE
FOR SINGLY SYMMETRICAL TAPERED MEMBERS
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APPENDIX C

INITIAL TEST, UNBALANCED LIVE LOAD

Test Date January 16, 1980
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APPENDIX D

INITIAL TEST, LATERAL LOAD ONLY

Test Date January 18, 1980
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APPENDIX E

INITIAL TEST, UNBALANCED LIVE LOAD
AND LATERAL LOAD

Test Date January 31, 1980
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TRAMETEST 544
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Figure E.3 Lateral Deflection, Outside Flange, East Frame
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APPENDIX F

FINAL TEST, FULL LIVE LOAD, WEST FRAME

Test Date February 14, 1980
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APPENDIX G

FINAL TEST, UNBALANCED LIVE LOAD
AND LATERAL LOAD

Test Date February 29, 1980
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APPENDIX H
FINAL TEST, FULL LINE LOAD,
EAST FRAME WITH NONSTANDARD

FLANGE BRACE SPACING

Test Date March 5, 1980
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