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CHAPTER I
INTRODUCTION

A series of tests was conducted in the Fears
Structural Engineering Laboratory, School of Civil
Engineering and Environmental Science, University of
Oklahoma, using standard rigid frames produced and erected
by VULCRAFT, a division of Nucor Corporation, hereafter
referred to as VULCRAFT. The purpose of these tests was to
determine the structural strength and stiffness of the
rigid frames, as well as the adequacy of the
analysis/design procedures currently employved by VULCRAFT.
The frames, designated FR-2, were fabricated to the
dimensions below: ’

Overall Span 52ft.-10in.
Clear Span 50ft.-2in.
Eave Height 15ft.~-11in.
Clear Height 13ft.-5in.
Roof Slope 1/2:12

Bottom Chord Strut Connections

The FR-2 specimens consisted of clear span rigid frames
with constant depth open web column sections and a tapered
open web rafter section, all fabricated of shop welded
steel angles. A roof slope of 1/2:12 was used for these
frames.



The test specimens were fabricated as part of standard
production runs. The test set-up consisted of two frames
spaced 24 ft. 0 in. on center, with connecting simple span
joists and girts, joist bridging, chord brace angles, and
rod braces as shown in Figure 1.1 and 1.2. Roof deck and
sidewall panel were not installed for the tests. The
rafter to column connection consisted of two flat plates
and high strength bolts as shown in Figure 1.3.

Simulated dead and live load was applied using gravity
load simulators. Simulated wind 1loading (henceforth
referred to as lateral load) was applied wusing hydraulic
cylinders attached to reaction columns. These reaction
columns, Figure 1.2(b), were located outside the frames at
one end but are not shown in Figure 1.1.

Five test series were conducted: unbalanced live
load, lateral load only, combined unbalanced 1live and
lateral 1load (one with unbalanced live load on the leeward
slope and one with unbalanced live locad on the windward
slope), and full live load. The final tests were continued
until failure occurred.

This report provides a detailed description of
testing procedures, instrumentation and test results.



\H»«;/,

Dynamometer

Gravity Load
Simulator

ARY

23 R
&,
R

f Sy
AR
\\ ..
X

”’,,,aﬂh' North

A Ak
7 »0 v

Rod Brace

Reaction Floor Beam

OVERALL VIEW OF TEST SET-UP

FIGURE 1.1



dNl3S 1S3L 40 SHAVY901l0Hd ¢°T FN9I4

s|Le3aq buipeo] [edai1e] (g

M3LAUBA) (e




5/16” 4"

2-3/4" dia.
A-325 Bolts

Knife Plate

~

——

I

<

FIGURE 1.3 RAFTER-TO-COLUMN CONNECTION DETAIL
-5-




CHAPTER II

TEST DETAILS

2.1 Description of Specimens

Both the test frames and roof joists were fabricated
from steel having a nominal yield stress of 50 ksi. The
overall dimensions of the frames are shown in Figure 2.1.
The member labeling used in the theoretical analyses and
the dimensions and properties of the members are included
with the stiffness analysis provided by VULCRAFT. Results
of these analyses are found in Appendix A. Bottom chord
brace locations and details are shown in Figure 2.2.

2.2 Test Set-up

The frames were erected inside the Fears Structural
Engineering Laboratory on the laboratory reaction floor.
The floor 1is a concrete slab 30 ft. by 60 ft. by 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 kips in any one location. The
frames were erected directly over two of the embedded W36
beams, spaced 24 ft. 0 in. apart. The two frames were
connected by Jjoists and wall girts at standard spacings.
Standard rod bracing in both the roof and side walls was
used. Compression chord braces at standard locations were
connected between joists and the bottom chords of the

-6-
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rafters. Eight runs of Jjoist bridging, four on the top
chords and four on the bottom chords, were installed the
entire length of the structure as indicated in Figure 1.1.

A horizontal truss was constructed using light angles,
in the plane of the top chord of the roof joists adjacent
and parallel to the east frame rafter. This truss was used
to simulate the diaphragm stiffness provided by standard,
thru-fastener, metal roof deck.

The columns base plates were bolted 'to the reaction
floor beams as shown in Figure 2.3. The erection procedure
followed standard practice with no specific procedure used
to tighten the column base plate bolts.

2.3 Load Applications

Simulated 1live load was applied using loading
apparatus as shown in Figure 2.4. The loading apparatus
consists of a gravity load simulator (Figure 2.5), a 35 kip
tension-compression hydraulic cylinder, spreader beam, two
calibrated dynamometers, and hanger 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. with the hydraulic ram remaining
vertical.

Lateral 1load was applied wusing a reaction column
erected adjacent to the frame, with hydraulic cylinders and
calibrated 1load «cells positioned as shown in Figure 2.6.
For all lateral load applications, load was applied to both

-r9—
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frames simultaneously using two identical hydraulic

cylinders connected in series to an electric pump.

Five loading schemes were used as shown in Figure 2.7.
Figure 2.7(a) shows full gravity loading applied to one
frame. For this loading condition, four gravity load
simulator hydraulic cylinders were connected in series to
an electric pump. Figure 2.7(b) is lateral load only,
applied as described above. Figure 2.7(c) shows gravity
load applied to one-half of the span to simulate unbalanced
live 1load. For this 1loading, both frames were loaded
simultaneously with the four gravity load simulator
hydraulic cylinders connected in series. Figures 2.7(4)
and 2.7(e) show combined lateral load with wunbalanced 1live
load applied on the windward and leeward sides,
respectively.

2.4 Instrumentation

Instrumentation consisted of calibrated dynamometers,
calibrated load cells, calibrated calipers, and displace-
ment transducers.

Gravity load was measured using the calibrated
dynamometers located as shown in Figure 2.4. Lateral load
was measured using the load cells positioned as shown in
Figure 2.6. ‘

Vertical deflections at the centerline and quarter
points and sidesway movement of the frames were measured
using wire-type displacement transducers attached to the
bottom chords and to the reaction floor. Lateral movement
of the rafter chords was measured utilizing weighted
strings suspended from horizontal angles bolted to the

-14-
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frame. A taunt wire running the 1length of the frame
provided a fixed reference for the measurements. Scales
were used to measure the relative movement between the
strings and wire which indicated the 1lateral movement of
the rafter chords.

To measure axial elongations of selected frame
members, two displacement probes, capable of recording
displacements as small as .001 in., were mounted on members
of interest, Figure 2.8. The probes were mounted on one
angle of the member and the deformation of the member
measured. This deformation was converted to strain and then
stress assuming elastic material properties and a modulus
of elasticity of 29,000 ksi.

2.5 Testing Procedures

Prior to any actual testing, an overall check of the
testing apparatus and instrumentation was made. In
general, load was applied in 1 kip increments wuntil near
the target 1load at which time the increment was decreased.
After each load increment, instrumentation readings were
recorded and the specimens were checked for signs of
yvielding. Yielding was detected by flaking of the mill
scale under the whitewash which had been applied to the
frame members. When specimens were no longer able to
resist additional loading, the maximum load was recorded
and then removed.

Tests were conducted to verify the performance of the

frames relative to analytical predictions for the following
loading cases:

~17<



a)

c)

e)

f)

g)

Full 1live 1load on the east frame, Figure 2.7(a).
Loading was to the working level live load, 7.6
kips at each application point.

Lateral load applied to both frames
simultaneously, Figure 2.7(b). Maximum load was
working level wind 1load or 7.0 kips and was
applied to the columns at the rafter bottom chord
elevation.

Unbalanced 1live 1load on the south half of both
frames simultaneously, Figure 2.7(c). Maximum
loading was the working level 1live 1load at each
application point or 7.6 kips.

Unbalanced 1live load on the south slope followed
by lateral 1load to the north on both frames
simultaneously, Figure 2.7(4). Maximum gravity
load was 7.6 kips and maximum lateral load was 7.0
kips.

Unbalanced 1live load on the north slope followed
by 1lateral 1load to the north on both frames
simultaneously, Figure 2.7(4). Maximum gravity
load was 7.6 Kkips per application point and
maximum lateral load was 7.0 kips.

Full 1live 1load to failure on east frame, Figure
2.7(a). Maximum load was 1.86 times working level
live load or 14.11 kips at each application point.

Full 1live load to failure on west frame, Figure
2.7(a). Maximum load was 1.64 times working level
live load or 12.2 kips at each application point.

-18-



For the <cases of unbalanced 1live load with lateral
load, the simulated live load was applied first and then
maintained while the lateral load was being applied in 1

kip increments.

2.6 Supplementary Tests

Upon completion of all testing, sections of undamaged
rafter top chord members were cut out of the west frame.
The sections were sent to the VULCRAFT, Norfolk, Nebraska
facility where the sections were tested using a specially
designed angle test device mounted in a wuniversal testing
machine. The reported vyield stress and tensile strengths
from these tests are found in Section 3.8.

~-19-



CHAPTER IIT

TEST RESULTS

3.1 Overview of Test Results

Test results consist of a test summary sheet, various
load versus displacement and stress plots (converted from
displacement measurements), and a photographic record.
Comparisons to predicted displacements and member forces
are made using the results of stiffness analyses for each
loading for each frame. Summaries of these analyses are
found in Appendix A. The prediction curves are based on
the assumption of a linear relationship between the applied
load and the quantity plotted.

Predicted ultimate loads were obtained by multiplying
the appropriate working load by 1.67. Working load levels
were supplied by VULCRAFT and were based on the nominal
yvield stress of 50 ksi.

Detailed results are found for each loading in the
appendices of this report (Appendices B thru H). Fach of
the appendices generally contains a test summary sheet,
loading diagram, loading versus frame centerline and/or
quarterpoint and sidesway deflections, and 1load versus
member force.

~20-



3.2 Working Level Live Load, East Frame, Test LL

During this test, full live load was applied to the
east frame as shown in Figure 2.7(a). The purpose of this
test was to check instrumentation and to compare the frame
behavior to the theoretically predicted behavior supplied
by VULCRAFT. Results are found in Appendix B.

The load was incrementally applied ub to the working
live load of 7.6 kips. Some yielding was observed near the
base of the knee clip angles at the reentrant corners; but
in general, the frame showed no signs of overstrain. Figure
B.2 shows the applied load vs. frame centerline deflection
curve along with the theoretical predictions for centerline
deflection. These theoretical predictions, and the
predictions on all subsequent tests, were obtained from the
VULCRAFT stiffness analyses which are included as Appendix
A. The first prediction was obtained assuming fixed column
bases and second assuming pinned column bases. As Figure
B.2 shows,the frame behaved elastically but was slightly
less stiff than predicted.

3.3 Working Level Lateral Load, Test WL

Wind load, henceforth referred to as lateral load, was
applied equally to both frames at the north reentrant
corner as shown 1in' Figure 2.7(b). The load was applied
incrementally to 7.05 kips. At this level, the columns at
the north end of the frames were observed to be in double
curvature. No major yielding was observed and the frame
behaved elastically as shown in Figures C.2 and C.3, which
are the applied load versus sidesway deflection curves for
both frames. The experimental deflections fell between the

-21-



theoretical curves, which indicated that the frames were
much stiffer than predicted assuming pinned column bases
but not quite as stiff as predicted assuming fixed column
bases. Midspan and quarterpoint deflections were neglible
and were not plotted.

Figures C.4 thru C.9 show curves for member force
versus lateral load for the instrumented members. For a
given member, the measured axial member deformation was
converted to strain, multiplied by an assumed modulus of
elasticity (29,000 ksi) to obtain stress, and then
multiplied by the member cross-sectional area, as supplied
by VULCRAFT, to obtain member forces. WwWith the exception
of the force in member number 48, the member forces all
fell between the predicted values for fixed and pinned
column bases. The force 1in member 48 was found to be
greater in compression than predicted wusing the pinned
column base assumption.

3.4 Unbalanced Live Load, Test ULL

Both frames were subjected to the unbalanced live load
shown in Figure 2.7(c). The 1loads were applied to the
south rafters and were incrementally applied to the 7.6
kips level. No major vielding was detected during this
test. Results are found in Appendix D.

Figures D.2 and D.3 show the load versus centerline
deflection for the east and west frames, respectively. The
deflections were in close agreement with the predicted
values; the east frame was somewhat stiffer than predicted.
The quarterpoint deflections were very close for both the
east and west frames, thus only the curves for the east
frame quarterpoints are shown (see Figures D.4 and D.5).

-22-



These curves also show that the deflections were close to
those predicted. The plots of member force versus load are
shown in Figures D.6 thru D.1ll. 2ll member forces were
reasonably linear. At maximum applied load, the force in
member 4 was approxXimately 15% less than predicted and the
force 1in member 17 was approximately 20% higher than
predicted. The force in member 24 was approximately 25%
less than predicted and the force in member 33 was
approximately 40% less than predicted. The force in member
48 was approximately 30% greater than predicted. The force
measured in member 60 was the same as predicted for both
assumptions concerning column end conditions.

3.5 Lateral Load Plus Unbalanced Live Load on the Windward
Side, Test ULLy+WL

In this test, gravity load was incrementally applied
up to the working 1level of 7.7 kips on the south rafter
slopes. This load was held as constant as possible with
the wind load incrementally applied to 7.2 kips (see Figure
2.7(d)). At this maximum combined 1load, an increase in
yvielding at the base of the north reentrant corner and at

the column brace points was observed.

The results for this test are found in Appendix E. 1In
all of the plots of experimental data, the change in slope
of the theoretical and experimental curves at about 7.6
kips load marks the end of the gravity load application and
the beginning of the application of lateral load.

In general, the vertical deflections of the frames
corresponded to the predicted behavior. The plots of
centerline deflection versus load for the frames are shown
in Figures E.Z2 and E.3. It is evident that from these

?23 bty



figures that the fixed column base assumption more closely
models true frame behavior. Conversely, the plots of
quarterpoint deflection versus load shown in Figures E.4
thru E.7 show that the gquarterpoint response was closer to
the theoretical prediction when pinned column bases are
assumed.

The sidesway deflections versus load for the frames
are shown in Figures E.8 and E.9. It 1is interesting to
note that the two theoretical curves for sidesway versus
load are very close until the lateral load is applied.
At this point, the curves deviate greatly, with the pinned
base theoretical curve predicting almost 4 times the
deflection predicted by the fixed base theoretical curve.
The measured deflections for both frames fall between the
theoretical deflections, but are closer to the fixed base
predicted curve.

The plots of member force versus load are shown in
Figures E.10 thru E.15. Member 4 had less force than
predicted up to the application of lateral load. With the
increase in lateral load, the member force stayed at about
the average of the two predictions. Member 17 showed more
force than predicted using either column base assumption
but generally runs parallel to the pinned base case. Member
24 showed less force than predicted throughout most of the
test but converges to the average of the predicted curves
in the latter part of the test. Member 33 had less force
than predicted throughout the test. The force in member 48
was close to the predicted values throughout the test and
converged to the average of the predicted values in the
latter part of the test. Finally, member 60 showed more
force than predicted throughout the test but the force was
not near the critical level.

24 -



3.6 Lateral Load Plus Unbalanced Live Load on the Leeward
Side, Test ULL;+WL

The results of this test may be found in Appendix F.
In this test, gravity locad was incrementally applied to
working load level (7.7 kips) on the north rafter slopes.
The gravity load was then held as constant as possible and
wind load was incrementally applied to the 7.4 kips level
(see Figure 2.7(e)).

At 7.6 kips gravity load and 1.0 kip wind load, some
yvielding near the knife plates of both north reentrant
corners was observed. Also, increased yielding of column
brace points was noted. At 7.6 kips gravity load and 3.0
kips lateral load, slight yielding of the column web member
joints was observed. Double curvature of the north columns
was apparent at this load level.

The plots of centerline deflection versus load are
shown in Figures F.2 and F.3. Both frames showed behavior
close to that predicted using the pinned base assumption.
Figures F.4 thru F.7 show plots of quarterpoint deflection
versus load. The quarterpoint deflections of both frames
fell between the two predictions. The sidesway response of
the frames is shown in Figures F.8 and F.9. The deflection
of the frames due to lateral load fell between the two
theoretical predictions, but tended to be closer to the
fixed base theoretical curve.

Member force versus 1load plots for instrumented
members are shown in Figures F.10 thru F.15. The force in
member 4 was slightly higher than predicted under gravity
load and is about parallel to the average of the two

-25-



theoretical curves with the application of wind load. The
force in member 17 was less than predicted under gravity
load, but the curve maintained about the same slope with
the application of wind load. The force in member 24 was
measured to be less than predicted under gravity load, did
not decrease as predicted upon application of wind load,
but was in the general range of the theoretical curves. The
force in member 33 was less than predicted throughout the
test. With the application of wind load, this member force
curve is about parallel to the average of the theoretical
curves. The force in member 48 closely agfees with the
theoretical curves up to the application of lateral load
after which the force 1is «close to the average of the
theoretical curves. The increase in force in member 60 was
linear, but was 35% higher than predicted at the first
application of wind 1load and about 45% higher than
predicted at the maximum combined load.

3.7 Ultimate Full Live Load, East Frame, Test 1.86 LLp

The results of this test may be found in Appendix G.
In this test, full 1live load (see Figure 2.7(a)) was
applied to the east frame wuntil failure of the frame
occurred at 14.1 Kkips. At 7.0 kips of applied load,
yvielding of the base plates near the column inside chords
and vyielding of column web members was observed. At 9.0
kips, yielding of all members in the knee area occurred at
the member ends. At 12.5 kips, column web members 68 and 40
buckled at their respective column inside chords. No
yvielding had been observed prior to buckling of these
members. Yielding along member 49 was also observed at
12.5 Kkips. At 13.4 kips, column web members 66 and 70
buckled and the test was stopped.

<26~



Figure G.2 shows the load versus centerline deflection
curve for this test. The experimental curve follows the
pinned base theoretical curve and remains fairly linear up
to the 10.0 kips applied load level and then begins leaning
at this point. This indicates a softening of the frame
which continues until the test was stopped at 14.1 kips.
Figures G.3 and G.4 are plots of load versus quarterpoint
deflection for the frame. The two measured gquarterpoint
deflections were close to the theoretical curve based on
pinned column bases to the 7.0 kips 1level but showed
increased deviation from the theoretical curve for the
remainder of the test. Figure G.5 is the plot of load
versus sidesway deflection of the frame and shows that the
sidesway deflection followed the pinned base prediction to
about 12.5 kips at which 1load the deflection rapidly
increased with only a small increase of applied load.

Load versus member force plots are shown in Figures
G.6 thru G.8. The force in member 4 matched the predicted
force to about 8.0 Kkips applied load at which point the
member force (displacement) stayed nearly constant until
the applied load reached 12.5 kips. The member force then
increased with the same slope as it had when the applied
load was under 8.0 kips. After unloading of the frame, the
member had a permanent deflection as shown by the curve not
returning to its origin. The force in member 24 was
consistently about 35% less than predicted throughout the
test. At about 13.5 kips applied load, the member force
(displacement) curve changed slope and increased at a much
higher rate, but did not approach the predicted member
force.

For member 48, the member force curve 1s near the

theoretical curve to about 5.0 kips applied load, but is
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somewhat higher than predicted. From 5.0 to 9.0 kips, the
member force continued to increase at a rate of about 25%
greater than predicted. From this load point to that of
maximum applied load (14.1 kips), the member force
(displacement) changed erratically, probably indicating a
redistribution of member forces in the knee area caused by
member yielding.

For this test, the ratio of applied maximum load, 14.1
kips at each application point, to the corresponding

working load, 7.6 kips, is 1.86.

3.8 Ultimate Full Live Load, West Frame, Test 1.64LLy

The results of this test may be found in Appendix H.
In this test, full 1live 1load (see Figure 2.7(a))
was applied to the west frame wuntil failure occurred at
12.5 kips. Prior to 1loading, the column web diagonals
which corresponded to the buckled members of the east frame

were reinforced.

At 5.0 kips applied load, marked yielding was observed
under the clip angle at the north reentrant corner. Also,
some vyielding occurred at the base plate near the column
inside chord. At 7.0 kips applied 1load,. vyielding was
observed where the column web members in compression joined
the column compression chord. At 8.0 Kkips applied 1load,
vielding at most knee member joints was observed. At 9.0
kips applied load, yielding occurred at the lower column
compression flange brace points. At 12.5 kips applied
load, the vertical rafter web member at degree-of-freedom
NP42 buckled and the test was stopped. Figure 3.1 shows
the failed member.
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FIGURE 3.1 PHOTOGRAPH OF FAILED WEB VERTICAL MEMBER,
WEST FRAME
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Figure H.2 shows the load versus centerline deflection
curve for this test. The curve followed the predicted
curve based on the pinned base assumption and remained
linear up to about 8.0 kips of applied load. With an
increase in applied load, the <curve begins to lean,
indicating that the frame was softening. At 12.0 kips
applied load (the last recorded load), the load drops
sharply, with little decrease in deflection, thus marking
the failure of the vertical member. Figures HK.3 and H.4
show the plots of load versus qguarterpoint deflections for
the frame. The curves of both quarterpoints show that the
frame was slightly 1less stiff than predicted. At the
failure load, the curves show the sudden loss of applied
load with the south quarterpoint returning toward its
initial position while the north quarterpoint had increased
deflection due to the occurence of failure near that
guarterpoint. Figure H.5 shows the plot of load versus
sidesway deflection for this test. The frame was somewhat
stiffer than predicted in the sidesway direction and had a
sudden movement upon failure of the vertical member which
was near the point where sidesway instrumentation was
located.

Figures H.6 thru H.1ll show plots of load versus member
force for the six instrumented membersQ Additional members
instrumented for this test are members 2, 39, and 46. The
plots of the force for member 2 show that the member was
predicted to be in compression for a fixed column base
condition and in tension for a pinned column base
condition. The plot shows that the member was in
compression and that the magnitude of the member force
varied approximately as predicted for the fixed base case.
At approximately 8.0 kips applied load, some member force
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redistribution seems to have taken place in the surrounding
members. The plot of load versus force for member 17 shows
that the force was about 20% larger than predicted for the
pinned base case to approximately 10.0 kips applied 1load.
The force in member 33 was about 30% less than predicted
for either column base condition but the relationship was
approximately linear throughout the test. The force in
member 39 was less than predicted to 7.5 kips applied 1load
at which point the member went into compression and the
force increased to the failure load. The force in member 46
followed the predicted curve for pinned célumn bases and
was approximately linear to the failure load. The force in
member 60 was about 30% greater than predicted and the
relationship was linear throughout the test.

For this test, the ratio of applied maximum load, 12.5
kips at each application point, to the corresponding

working load, 7.6 kips, is 1.64.

3.9 Supplementary Test Results

Results of the tensile coupon tests are given in Table
3.1. The average vyield stress for the samples was 58.3
ksi.
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Table 3.1

Tensile Coupon Test Results

I l

| | Location Yield Tensile

| | On Test Stress |Strength |Elongation

| Specimen Description Specimen (ksi) (ksi) %)
West 3 1/2x3 1/2x0.355| Member 12 58.3 86.5 25.9
Frame 3 1/2x3 1/2x0.357| Member 12 58.4 86.2 25.1
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CHAPTER IV

SUMMARY AND CONCLUSIONS

A series of tests was conducted on standard pre-
engineered metal building frames fabricated by VULCRAFT, a
division of Nucor Corpoation. The test set-up consisted of
two frames forming a single bay, 24 ft. 0 in. by 52 ft. 10
in. Joists, Jjoist bridging, girts, chord braces and rod
braces were used to construct the test set-up. The frames
were subjected to a range of loadings, including unbalanced
live load, lateral load, combined unbalanced live load and
lateral load and full 1live load. All loading conditions
other than full live load were applied to the complete
assembly. Full 1live load was applied to each frame
individually.

Experimentally determined results were compared to the
theoretical results obtained from VULCRAFT'S stiffness
analyses. For each load case, two stiffness analyses were
performed; one with the assumption of fixed column bases
and one with the assumption of pinned column bases. It
should be noted that in these tests, the simulated column
foundations were actually very rigid W36x150 beams, whereas
in the actual construction of this type of frame, the
foundation would probably provide much less resistant to

rotation.
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In general, the experimental deflections were close to
the predicted deflections and were often bounded by the
predicted curves resulting from the two assumptions. As
compared to the predicted curves, the midspan vertical
deflections were slightly less stiff than both assumptions
in the working live load test LL, very close to both
assumptions in the unbalanced live load test ULL, close to
the fixed base predictions in the combined unbalanced 1live
load plus lateral load tests ULLy,+Wr and ULLp+Wp, and close
to the pinned base prediction in the full live 1load tests
to failure, 1.86 LLg and 1.64 LLy. As compared to the
predictions, the quarterpoint vertical deflections were
close to both predictions in test ULL, closer to the pinned
base predictions in test ULLy+WL close to the average of
the predictions in test ULLy+WL, close to the pinned base
prediction in test 1.86 LLg and slightly less stiff than
the pinned base prediction in test 1.64 LLy. The frame
lateral deflection curves were bounded by the predicted
curves but were closer to the fixed base prediction in test
WL, test ULLy+WL, and test ULLy +WL. The lateral
experimental deflections were close to the pinned base
prediction in test 1.86 LLp and were stiffer than predicted
by both assumptions in test 1.64 LLy.

The experimentally determined member forces had more
variation with respect to the predicted values than did the
deflections. The curve of the measured force in member 4,
an outside column chord member, was bounded by the
theoretical curves in test WL, was 15% less than the
average of the predictions in test ULL, was slightly less
than predicted up to the application of wind load, then
parallel to the average of the predictions in test ULLy+WL
and test ULL;+WL, and was close to the theoretical curves
in test 1.86 LLg. The curve of the measured force 1in
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member 17, also an outside column chord member, was bounded
by the theoretical curves in test WL, was 20% greater than
the average of the curves in test ULL, was higher than
predicted up to the application of wind load then parallel
to the pinned base theoretical curve in test ULLy+WL, was
less than predicted with no change in slope in test
ULL{ +WL, and was 20% greater than predicted in test 1.64
LLy. The curve of the measured force in member 24, an
inside column chord member, was bounded by the theoretical
curves in test WL, was 25% less than predicted in test ULL,
was less but in the same range as the theoretical curves in
test ULLy+WL and test ULLy+WL, and was 35% less than
predicted in test 1.86 LLg. The curve of the measured
force in member 33, an inside column chord member, was
bounded by the theoretical curves in test WL, was 40% less
than predicted in test ULL, was less than predicted wuntil
the application of wind load then parallel to the average
of the theoretical curves in test ULLy+WL and test ULLp+WL,
and was 30% less than predicted in test 1.64 LLy. The
measured force in member 48, an end rafter diagonal member,
was slightly greater than predicted in test WL, was 30%
greater in test ULL, was close to the average of the
theoretical predictions in test ULLy+WL and test ULLp+WL,
and was 25% greater than predicted in test 1.86 LLg. The
curve of the measured force in member 60, an end rafter
diagonal member, was bounded by the theoretical curves 1in
test WL, was close to the predicted curves in test ULL, was
greater than predicted but not to a critical level in test
ULLy+WL and ULLp+WL, and was 30% greater than predicted in
test 1.66 LLy. In test 1.64 LLy, the force in member 2, an
outside column chord member, was erractic but in the same
range as the fixed base theoretical, the force in member
39, a lower column web diagonal member, was erratic and

less than predicted, and the force in member 46, a knee
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area diagonal member, was close to the pinned base

prediction.

The failure of the east frame under full gravity
loading (test 1.86 LLg) occurred at an applied load of 14.1
kips at each load point. The failure mode was buckling of
the column compression web members. The frame behaved
elastically until the applied load was greater than the
working load, then the deflection of the frame became
nonlinear, which was accompanied by widespread local member
yielding followed by the failure of the frame.

The failure of the west frame under full gravity
loading (test 1.64 LLy) occurred at a load of 12.5 kips at
each load point. The failure mode was buckling of the
vertical member under NP42. Frame behavior was similar to
that of the east frame.
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APPENDIX A
STIFFNESS ANALYSES
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ANALYSIS I
FIXED COLUMN BASES
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' — e e FOR-ANGLES
Il COLUMNS ARE SYMMETRIC ABOUT CENTER LINE OF FRAME ¢
x!l 7
t .
) — —— INSIDE-LEG =48 = L- 3 - X—-3— Xe313 — oo :

' LENGTH FORCES REQD FORCES DEVD . €
—_— MEM——CIN)———— IN-KIPS— IN-KIPS LX LX/RX .
" 36 60,25 =3.50 20.11 =90.10 106.80 40.3 63.7 “| ¢

- 35 40,25 =25.25 6.08 =90.1C 106,80 40.3 43,7 .
e o3& 40425 =47601—-0.00 —=90.10 106.80——40.3 4307 N
:: 33 "0.25 -68076 0.00 “90-10 106-80 4003 ‘0307 L (
o 61 30.67 =79.64 0,00 =95.20 106,80 30.7 33,3 .
i MAX COMP. FORCE REWD = =79.64 KIPS. . ¢
" LY DEVD AT 7= 6 0/9 = =84.11 KIPS.  LY/RY = 54,5
" LY COMP  LY/RY - C
;w 5" 0 0/0 ‘93.74 36a4 z
C e 7=-6-0/0--—=84.11 - -54,5 N
10‘ 0 0,0 "72072 7257 w(
15= 0 0/0 =44.67 109.1 o
| OUTSICE LEG = 48 = L 3 X 3 X.313 ﬁ;(
bt
- LENGTH———FORCES REQD——FORCES DEVD —— -~ —-——- .
, MEM CIN) IN KIPS IN KIPS LX LX/RX e
. 20 20.13 =40.18 0.00 =-100.05 105.80 20.1 21,8 -
W19 TTTT60, 257 =20417 © 0,00 T=90%10 106.80 ~ - 40.3 43T
» 18 60,25 =6.31 3,33 =90.10 106.80 40.3 63,7 e
" 17 60025 0.00 25.08 =90.10 105.80 40.3 63,7 |«
W 62013 —— 000 —46.24——=100.,05-106.80 —20=+——21:38 »
. 15 30.00 0.00 0.00 =95.53 106,80 30.0 32,5 y;(
,,
. - - MAX COMP, FORCE REQD = -=40.18 KIPS.- -
L LY DEVD AT 7= 6 0/0 = <=84,11 KIPS. LY/RY = 54,5 =l ¢
B o
o ——LY —COMP——LY /RY o
M S‘- D O/O -93c 7"# 3604 "f(
N 7- 06 0/0 =84.11 5445 2
. — — 10= 0 0/0  =72.72-——72.7- .
. 15= 0 0/0 =44, 67 109.1 =
T —COLUMN MOMENT OF INERTIA = -368.08 e ﬂ
. NOTE: SIGN CONVENTION (=) COMPRESSION. AN
~~ir—~— ——— St e s m e o e - - e - —— - ,‘;
" B
" C

AOm




‘l .”“ (
b KX X=X XXX X —om—— #%~RIGID-FRAME-MEMBER -DESIGN %% —— -~ - -06/04/85 ——

| FRY e
b RIGHT COLUMN WEBS FY = SO KSI
. FOR-ANGLES.

: FORCES REQD FORCES DEVD WELD WELD (
;ND‘*LGTH“SEC DESCRIPTION™ ——Q IN KIPS—— 1IN KIPS— L /R—REQD-DEVD
;71 23.5 16 L1=1/2X1=1/2X.130 2 0.0 13.9 =17.5 226 52.9 7.2 13.7

t 23.3 26 L 2.00X2.00X0.175 1 =13.9 0.0 =16.7 20,1 62.5 5.3 6.7 ¢
l ‘69““23 3—26t+2.00%X2:00X04175—1———0.0-13:9 14720 +—625—5. 3—6—.7'
f68 23.3 26 L 2.00X2.00X0.175 1 =13.9 0.0 “14.7 2C0.1 62,5

553 6.? v
167 23.3 26 L 2.00X2.00X0.175 1 0.0 13.9  =14.7 20.1 62.5 5.3 6.7 "
e 235326 L 2:00%2500X051751——=13,9—050 — =14, 7-20st+—6255—5+3—6=7
"l 65 23.3 26 L.2.00%X2.00X0.175 1 0.0 13.9  =14.7 20.1 62,5 5.3 6.7,
.\ 64 23,3 26 L 2,00X2.00X0.175 1 =13.9 0.0 =14.7 20.1 62.5 5.3 6.7"
FEST 2015 SO 1SS 0X 051702244050 -~26~ﬂ~2a:9——3&—#——974—4443
1 62 32.5 31 L 2.00X2.00X0.232 23 0.0 52.8 =-41.7 52.4 55.3 19.0 19.6 ¢
. NOTET —SIGN CONVENTION (=) "COMPRESSION.- - N
o (C
i =e—THE-WELDING-OF THE—HAUNCH == - - -
o REOD FORCE = 39.78 KIPS - (
WELD (IN.) DEV FORCE (KIPS) N (
6.0 64,21 4.0=IN CONNECTER |=| °
e 5,0~ — 58, 62— —— ;
4.0 50.87 -
2 T - g
| ;O (
- -
i .
- ¢
- N
- e
lo -
N o
I - i
= h - T T B - - 1
o €
~=i-_ o ) o o B ral
: ol C
e
LT e e A1 —— — . S
: 1 C
LY




h

s B

H 3 ° ~

el
\

| ————

XXX=X=XXXX

L MARK——FR¥Z

J

q(
'.-————-—-—-—*"&'**Q****ﬁ**'*ﬁ***ﬁw*‘k***‘k**********ﬁ***tﬁt****w*t PR R R-R-K-¥: -] **ﬁ***——————-—::-;
& ® 2
PP RIGID FRAME ANALYSIS AND DESIGN YL L : (
& ———-YYLCRAFT ~=—DIVISION-OF—NUCOR CORPORATION - ---#% :
- SZPTEMBER 1984 RELEASE * % ¢
%W & ® 7
e 2 2 2 2 2 A A R R X222 R R XXX RS2 - -2 -8 K- XXX X-X-X4 - ——————-—:
e ¢
o YITLE—=— 639 X 43= 5 0/0 X —0=-0-1/8-OVERALL-WIDTH=--53= 0 0/0 —
BY - DRH hs(
DATE = 06/04/85 .
.J08 = RIGID FRAME TEST #2 ol

DESIGN PARAMETERS:

e
;

. NUMBER OF DEGREES OF FREEDOM = 68
N NOMINAL NUMBER OF MEMBERS = 71
r--———NUH8€R—0¥~DEAD_¢~bIVE—LOADS~w=_ 15
I NUMBER OF WIND LGADS = 24
i DEAD LOAD = 0.6 P
IV E—LOAD — — - - = 7.6 P
N WIND LOADS: 0.0 0.0 0.0 0.0 P
. UPLT LOAD = 0.0 P
————BAY-—DEPTH 0.0
. COLUMNS SYMMETRIC
F——HMEMBER-GEOMETRY == ——- = - —omom e
. HORZ VERT
- MEMBER NP1 NP2 NP3 NP4 (IN) (IN)
. 1 69—69 P2 0.00——-23.13
. 2 1 2 5 6 0.00 40,25
. 3 5 6 9 10 0.00 40,25
. % 9---10---13 14 —-0.00 - —40.25--
) 5 13 14 17 13 0.00 20.13
. 6 17 18 19 20 0.00 30.00
I s +9—20 21 22 16.00——-0.67
i 8 21 22 25 26 61.00 2.54
N 9 25 26 29 30 120.00 5.0C
R 10 29 —30 33 34 120.00 -5.00
. 11 33 36 39 40  120.00 =5.00
ol 12 39 40 43 44 120.00 =5.00
o 13 43 4447 48 61,0 —=2.54 - -~
B 14 47 48 49 50 16.00 =0.67
R 15 51 52 49 50 0.CJ 30.00
ST 1655560 51 52 0.00 - 20.13
17 59 60 55 56 0.00 40.25
i 18 63 66 59 60 0.00 40.25
19— 67 —68-—63 64 - 0,00 -—40.25 -
; 20 69 69 67 68 0.00 20.13
i 21 69 69 3 A 0.00 40.25
22 —— 3 ———7-- - 3 0.00 - 40.25
A.11

KEY MEMBERS FOR ﬁ;(
oo oo ——C-OLUMN -REACTIONS: "
-- Lsoc = 1 |4
LBW = 37 2]
- LBIC->—21 N
RBIC = 36 g;(
SF R3W = 71 M
SF - - RBOC =--20 —— ——,
SF .
SF - ¢
FT -~ - o e el
LENGTH AREA SEC |
(IN) (IN*¥%2) SIZE  *
— 2013 ——3.560— 48"
40,25 3,560 48 -
40,25 3.560 48
- 4025~ —3560—48-—_
20.13 39560 ‘08 m‘e
30.00 3.560 48 |
— 16401 ——4¢580 —— 54 —
61.05 4,580 54 s
120.10 4.580 56 ¢
120010 ———4e580——-54-— .
120.10 4.580 A .l(
120.10 4.580 sS4 |=
-61.05——%4+580—564 —°!
16.01 4,580 56 L
30.00 3.560 48 o
20,13 —3.560——48 ——
40425 3.560 48 lai
40 .25 3,560 48 leih
40,25 - ——3.560— 48"
20.13 3.560 48 gie;
40.25 3.560 48 -l
40,25 —-- 34560 -0 48 "
{
|
ni ¢

R



\ ~(
L XXX=X=XXXX k% RIGID . FRAME_ANALYSIS .a%_ _____ ___ 06/34/85
| FRY o
; e 5 C
L _MEMBER _GEOMETRY==_ — e
3 HORZ VERT  LENSTH AREA  SEC i .
 MEMBER NP1 NP2 NP3 NP4 CIN) (IN)  (IN)  CIN®%2)  s1ze -
" 23 783412 - 0,00 ——40.25 -— 40425 3,560 48"
| 26 11 12 15 16 0.00 40,25 40.25 3.560 48 |
. 25 15 16 23 24 31.00 0.00  31.00 3.560 48 "
¥ 26 23 2427 28— 90,00-—0.00—— 90,00 — 3.560 43 "
27 27 28 31 32 120.00 0.00 120.00 3.560 48 |n
! 28 31 32 35 36 60.00 0.00  60.00 3.560 48 |v ¢
= 29— 35— 36— 37— 38 - -—60.00 - —0.00 — 60.00 3,560 48—1"
" 30 37 38 41 42 120.00 0.00 120.00 3.560 48 ful o
. 31 41 42 45 46 90. 00 0.00 90.00 3.560 48 |
32 45 46— 53— 54— 31.,00--——0,00 -——39,00— 3,560 48 "
" 33 S3  S4 57 58 0.00  =40.25 40,25 3.560 48 oo
. 34 57 S8 61 62 0.00  =40.25 40,25 3.560 48 |°
" 35— —62—65——66 — 0,00 =40.25 - 40¢25——3¢560—48—"
36 65 66 69 69 0.00 =40.25 40,25 3.560 48 Lo
37 1 2 69 69 16,00 =20.13 25,71 0.746 16 |
38 1 2 3 4--—-16.00 20.13 25471 -~ 0ab69-—26—1.
39 5 6 3 4 16,00 =20.13 25.71 0.669 26 | e
0 S 6 7 8 16.00 20.13 25.71 0.669 26 ||
i gt=——-9 40 -- 7 -~ -8  -16.00 - =20.13 25.71 00669 — 26—
42 9 10 11 12 16.00 20.13 25,71 0.669 26 [L ¢
43 13 16 11 12 16.00 =20.13 25,71 0.669 26 =
- bb—13—44—15—16-——46.00———20e13 —25.71 -~ 0.669— 26"
} 45 17 18 15 16 16.00 0.00 16.00 0.962 20 'L
: 6 17 18 21 22 16.00 30,67 34.59 1.7648 311 . (
— 47 -—21—22-—- 15 = 46— 0400 - <3067 — 30,67 ——— 3,560 — 48.__°
| 68 21 22 23 24 31,00 =30.67  43.61 2.374 39 e
N 49 23 26 25 26 30.00 33,21 46,75 2.374 39 e
N 50 —25—26-—27—28— 60.00—=33,21__68.58 1,748 31 %
"~ s1 27 28 29 30 60.00 38,21 71.13 1.892 33 ol
i\ 52 29 30 31 32 60.00  =38.21 71.13 1.058 22 - C
o———-33 - 310 320 33 .34 60.00 . 6321 - 73.94— 1,058 22 "
7 S¢ 35 36 33 34 0.09 43,21 43421 0.373 16 |
N 55 33 34 37 33 60.00  =43.21 73.94 1.058 22 | C
| 5637 38— 39 40— 60,00 — 38,21 71.13 1.058 22 |*
) 57 39 40 41 42 60.00  =38.21 71.13 1.892 33 |2
| 58 41 42 43 44 60.00 33.21 68.58 1.748 39 |- €
- —59——43 - 44 - 45 46 - -30,00 — =33,21——- 4475 2,374 393 |"
; 60 45 46 47 48 31.00  30.67  43.61 2.374 39 -
. 61 47 48 53 54 0.00 =30.67 30.67 3.560 48 |+ C
———— 62— 47— 4851 52 .16,00. _=30.67— 36,59 _ 1,748 _ 31 _|°
" 63 53 54 51 52 16,00 0.00 16 .00 0.962 20 o
64 53 54 S5 56 16,00 -20.13  25.71 0.669 26 |- €
- -65—-57 ~58---55 . 56 . 16,00.- —20.13 ~ 25.71 0.669 — 26"
A 66 57 58 59 60 16.00 =20.13 25.71 0.669 26 o
L 67 61 62 59 60 16.00 20.13 25.71 0.669 25 |71 ¢
6861 —62--63 64 16.00.  =20.13 25.71 __D.669— 26 "
69 65 66 63 64 10.00 20.13 25.71 0.669 26 |5
70 65 66 67 68  16.00 -20.13  25.71 0.669 26 |~ C
71— 69 69 67 - 68 16400 ——— 20413 25.71 —-0.766-——16_—*

A.12
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B XXX=X=XXXX - %% RIGID-FRAME -ANALYSIS #= 06/ 04 485
FRY (
! .
: LOADS AND DEFLECTIONS=- e
, ——-—LOAD ™ DEFLECTION ~~ ~——LOAD— —— DEFLECTION - .
. DEAD+LIVE DEAD+LIVE WIND WIND (¢
. NP LC (KIP) (IN) (KIP) C(IN) "
., 1 0.000 0:037————0:000 ~—-0.016 .
N 2 0.000 =0.209 0.000 0.005 “ ¢
o 3 0.000 =0.076 0.000 0.043 .
) %" 05000 —=0,001 -~ — 0,000 — ~-=0.007 "
; 5 0.000 =0.125 0.000 0.077 "¢
) 6 0.000 =0.017 0.000 0.011 .
. ? 0000 0st61———0:000 0:117 .
) 8 0.000 =0.011 0.000 =0.011 =\ ¢
!l 9 0.000 =0.196 0.000 0.160 >
s 10 05000 =0.015———— 04000 ~—————0.014 -
L 11 0.000 -0.208 0.000 - 0.204 =l ¢
12 0.000 -0.030 0.00C =0.012 =
—-13 0,000 0.2065— - ——— 0.000 ~-- D.268 y
16 0.000 =0.00¢ 0.03¢C 0.2014 »!
15 0.000 =0.170 0.000 0.238 . €
—-4o ————0s000——- =0.056 ——— - -0.000 ©=0,010 - .
‘ 17 0.000 =0.156 0.000 0.285 ¢
| 18 0.000 0.006 0.000 0.012 -
. —19 0.000 —0+083 -——0.000 ———-0.306 - »
K 20 0.000 0.006 0.000 0.012 I
N 21 3 0.000 0,174 0.000 0.304 - (
P 22- 0.000 —~=0,020 ---————0000--—-——=0,007 -
N 23 0.000 -0.180 0.000 0.291 ui(
kl 24 0.000 =0.391 0.000 -0.019 ©
L 2 3 0.000-———0.186 85000 0.303 .
" 26 ~8.200 ~0.659 0.000 -0.030 N
- 27 0.000 =0.154 0.000 0.297 A
s 28 —=8.200 - 1,287 ~———-0,000- -~ -=0.038 .|
o 29 3 0.009 0.159 0.000 0.302 o
ol 30 =8.200 “1.717 0.000 -0.0644 . €
I —>5 05000 0.145— 0000 0.302 -
i 32 -8.200 =1.989 0.000 -0.034 i
i 333 0.000 0.096 0.000 0.301 - C
T 34— 0,000 -2.000 = -0,000 ——-—=0.025 - o
) 35 0.000 0.000 0.000 0.303 =l¢
- 36 0.000 -2.000 0.000 -0.025 -
;. 373 "0.000 — - 0.145 -~ ~———0,000— — 0.305 - :
] 33 =8.,200 =1.9589 0.000 "0.010 !
. 39 5 0.000 ~0.159 0.060 0.303 MRS
L TTTTLDT T T 8,200 T =1.717 " 0.000° 0.003 ~—————
- 41 0.000 0.154 0.000 0.306 !
N 42 =8.200 =1.287 0.0060 0.010 :!L
LT3 T 0,000 T -0.108 “=-=-0.009 0.207 -,
. 44 =8.200 =0.689 0.000 0.011 mlc
45 0.000 0.130 0.002 0.324 "
T46 T T 0,000 T =0.391  "TUTT0.008 0 7 vt 0,009 T
47 0.000 =0.237 0.000 0.310 {k
A.13 N




Ny

" (

¢

S XX X=X = XXX X — ——%% RIGID FRAME-ANALYSIS %% - - — -— —06/04/85
FR? . p2l
z o C
- LOADS AND DEFLECTIONS== ¢
T o= ==t 0AD T~ DEFLECTION-—" LOAD ——"DEFLECTION- .
! DEAD+LIVE DEAD+LIVE WIND WIND oo
. NP LC (KIP) (IN) (KIP) CIN) ot
N 48- 0.000 -0.080————0.000C 0.004 o
~ 49 0.000 =0.083 0.000 0.309 S
» 50 0.000 0.00% 0.003 =0.010 oot
——51 0:000 —0s156— ———- — 7,000 --— ——0.303 N
" 52 0.000 0.006 0.000 -0.010 “l
) 53 0.000 0.170 0.000 0.303 m
S S5———0000———————0.05¢6 0000 00038 .
) 55 0.000 0.206 0.00G0 0.263 = (
N 56 0.000 =0.004 0.020 -0.013 =
. 57 0.000— —05208 — - — ¥.000 — - ——0.219 i
53 0.000 =0.030 0.000 - 0.012 -l ¢
59 0.000 0.196 0,000 0.173 =
. 60 0000 05— 0.000—-—— —=0.015 -
) 61 0.000 0.161 0.000 0.127 = ¢
X 62 0.000 =0.011 0.00C 0.012 -
63 —0:000 " - 0,125 ~- - - —--0.00C == 0.085" -
64 0.000 =0.017 0.00C -0.012 = ¢
65 0.000 0.076 0.000 0.047 -
- 66 0000 ——— —0,001 0,000 ————0.008 -
67 0.000 0.037 0.000 0.013 ¢
68 0.000 =0.009 0.009 -2.905 i
o €
. -
® 144\ (
ol L |4,
I!,, - B - - T T e T B - - lw
" | €
x ol
: 5
N _ e e e :|
. ¢
i e o ©
“ :
‘i o3 (
| - - . -
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€
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N (
Ly .P
L == XX X= X=X XXX - %% RIGID -FRAME-ANALYSIS #*# - —— -————06/04/85
' FRY7 €
i -———MEMBER-LOADS—FOR—STANDARD UBC LOAD--CASES==--——— :l
ALL LOADS ARE IN KIPS. ji(
. == LOADS—INVOLVING WIND ARE REDUCED BY 25%. - - - S
I 11 I11 v MAXTMUM waxtmun |
FmEMSER-tE—D+t—P D+u DHL+W/2 -~ D*L/24W - ——COMP.————TENSION—.
o 1 =40.18 294 14.97 =21.47 1.03 =40.13 164,97 |/ ¢
ol 2 =18.42 |38 10.12 =8.22 2,75 =18.42 10.12 |*
“,r 3 “0 3: 33 5. 26 - —-_———-S 303 T 6o ‘@2 o “"“—0.00—“‘“‘_"7'.’6‘0—'.7
. 4 25.08 h®  0.41 18.28 9.08 0.00 25.08—| ¢
- 5 66,86 %45 =4.45 31,53 11.75 =4,45 46,86 |"
. 6 =0 00— ——0500 -0:090 =0.00 - ——=0,00——0.86—,|
. 7 =0.00 =0.00 -0.00 =0.00 -0.00 0.30 |= ¢
' 8 A -8-37 =3.66 -7086 “6.,55 -11551 0000 :
. 9 =76.46 =618 ——=58,18 ———=32.61 =764 44 ——0s00—,
.10 =103.3¢4 =6,22 =77.59 =41.95 =103.34 0.00 |= ¢
. 11 =103.34 =4.90 =76.53 =40.63 =103.34 0.00 =
=764 ———=1:65———=55,92 -- =28.03 - =76.64— 0+ 00—
113 & =8.37 3.92 -4,07 1.03 -8.37 5.98 |ol¢
L 16 =0.00 =0.00 =0.00 =0.00 -0.00 0.20 I=
{15 T 0400 0.00 0.00 0.00 0.00 ——0.00"—,
16 46.86 12,42 39,97 28.62 0.0C0 66.84 |
IR ¢ 25.08 4.07 20.12 12.75 0.00 25.08 =
.18 4 33334, 27 0,26 ——=3,12 - —--=4.31 ———3,33— ",
19 & =18.43 =12.62 =19.59 =18.99 -20.17 0.00 ..
~~ 20 =40.18 =20.97 =39.44 =34,86 -40.18 0.00 '=
L~—21————¢~—-3.50~-~ =14.02 - —-=9.53-——=15,23 =22, ——0,00—
J 0 22 =25.25 =9.16 -22.78 =17.89 =25.25 0.00 lL.'¢
ol 23 =47,01 =4.31 =36.03 =20.56 =47.01 0.00 *
L—24 68+76=%565 0,55 =49,28———=23,23 ~68.76— - 0.55—"
25 =33.08 242 4.25 -21.72 =7.19 -33.08 4.25 h‘(
: 26 29.03 6.78 264431 16.81 0.00 29.23 -
27 88.48 - —— 8.50 - --68.02-——39.09 - —-—0.00-—— 88,48 "
T 28 88.63 7.16 6746 37.81 0.00 88.563 o) (n
L9 88,63 7.16 67,46 37.81 0.00 88.63 |»
30 8848 5269 - 66,62 36.28 0.00—— 88,48
T3 29.03 0.30 21.07 10.33 0.00 29.23 -
32 =33.09 =4.55 =26.12 =15.99 =33,09 0,00 |*
33— =68,76-—— - =10,62 54,87 - -=34,39 - ——=63,76 ——.0.00-— |
34 =47.01 =2.27 -35.01 =18.52 =47.01 0.00 =/ ¢
o35 =25.25 6.08 =15.16 =2.65 =25.25 6.08 |~
36 —tb——=3,50 14.43 569 13,22~ ——  =3,50 20,31
37 13.90 =3.10 B.b6 1.70 =3.10 13.90 :;L
. 38 =13.90 3.10 =8.46 =1.70 =13.90 3.10 |-
39— 13.90 H&l—-<3.10 8a46 - ————1.70 - -=3.10 - 13.90—
740 =13.90 3.10 -8.46 -1.70 =13.90 3.10 |u ¢
NS 13.90 -3.10 8.46 1.70 -2.10 13.90 |+ ¢
42 - =13,90——-3.10 c=30b6 - —=1,70 =13,.90- —3.,10 "
43 13.%0 =3.10 bbb 1.70 -3.10 13.90 |% 4
b =13.90 O'é\q 3.10 =8.40 =173 =13.%0 3.10 ;"‘\e
B, 15 |
N




) 1’\} (
‘ LI
:.;..___h.xxx::(ax‘x-xx #% RIGID—FRAME ANALYSIS xx . . .. 06/04/83

| FRY?Z o
fL—~—~«——MEMBER-LOADS~$0R-STANDARD—UBC-LOAD-CASEse- ‘!

) ALL LOADS ARE IN KIPS. ) ¢
e —{OADS—INVOLVING-WIND ARE REDUCED BY 25%.— »

| o,

, 1 12 111 IV MAXIMUM MAXIMUM fni(
i';—McﬂBER Le DL Dy . DHL¥W/I2 — - D¥L/2%W ————LCOMP ———-lENSION-—J"i
Tl 4S =24.46 171 2.32 =16.45 =6.13 ~24.4b 2.32 .,
‘ L6 52.83 %81 =5.01 35,57 13.25 =5.01 52.83
M 47— =?9.04-58% 2.97--—=55.91- — -24.56 ——=79.64 2.972 "

"l 48 60,146 258  1.38 34,19 17.83 0.00 46216l
"l 49 =43.73 =1.78 =32.41 =16.90 -63.73 0.00 |+
"—so 4623 1+52 — 32,03 16.81 0.00 4ho23 1°

"l 51 =24.61 =047 =17.97 =8.98 =24.61 0.00 o},
| s2 5 7.26 =0,42 5002 2.09 -3,87 7.92 |»

" 53 s 7=36 1.21 5491 3,76 =6.b6 -
'l 56 0.00 0.00 0.00 0.00 0.00 0.00 |2 (
*| S5 5 7.36 =0.42 5.10 2.13 =9.66 12.35 |»
56 5 7.26 1635 —— - -5.90 . . 3.85.___._=1.98 11.20 °

“ 57 24,61 =2.49 13,93 =11.00 =244 61 0.00 |- (
" 58 64,23 3.76 33.75 19,05 0.00 64,23 |
59— — —=43.73 - =3.41. - . =33,22 -=18453 - =43,73— 0,00 "
f; 60 L8.163.%¢ 3,60 35.00 19.55 0.00 4616 |, C
=61 =79.664 =14.79 ~64,79 =42.32 =79.64 0.00 |»|

62 52,83 14,01 -— - . 45,08 .._--32,28 ——... 0,00 . _52.83_"
" 63 =2bobb =1.23 -18.23 =9.63 =24okb 0.00 g,;(
6k =13.90 =5.33 =12.%8 “10.14 =13.90 0.00 i~
65— 13,90~ —=-5433 1268 - o =10.14 - 0,00 13,907,
"l 66 =13.90 =5.33 12,68 =10.14 =13.90 0.00 Li¢
| 67 13.90 5.33 12.68 10.14 0.00 13.90 |
68— =13.90 =533 =12.68 =10.-14 =13.90 0.00 %
Sl 69 13.90 5.33 12.68 10.16 0.00 13.90 ..
S 70 =13.90 -5.33 -12.68 ~10.14 =13.90 0.00 - ¢
7 - --13.90 5,33 ..o 12468 - — 10.16 . ——. —0.00 13,907

. il
| 2 o
!m - - - Dg
- : N . .

! ul
- - C
S | S B |
: :t L
T T T T T __m_jf
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o % N
PP RIGID FRAMEZ ANALYSIS AND DESIGN Bk e K¢
: % VULCRAFT =_DIVISION OF—NUCOR-CORPORATION % :
¢ ® % SEPTEMBER 1934 RELZASE " ol
. &% % % 1
‘____,___________,,__.-,,_..-“ n—~--—-~t*&tt*tﬁ&-ti***&#**éa'kikﬁ'k**iwi*****t****t** [ :
. ¢
o COLUMN REACTIONS== (REACTIONS WITH WIND ARE NOT REDUCED BY 25%). II(
Y ALL- LOADS—ARE—IN—KIPS. e e .
) POSITIVE DIRECTIONS ARE UPWARD AND TO THE RIGHT. “l¢
) TIFLE—=—530 % 43~—50/0-%—0=—0-—4/8 OVERALL WIDTH—=—53-0 040 "
) BY = DRH ¢
» DATE = 06/04/85 >
"I JoB = RIGID FRAME TEST #2 . (
i XX X=X=XXXX =
M ARK—=—F R e =
N LEFT LEFT RIGHT RIGHT INTERIOR |
o] "TUVERTICAL ™ HORIZONTAL —VERTICAL ~HORIZONTAL ——COLUMN—
R LOAD CASE REACTION  REACTION  REACTION REACTION  REACTION ¢
i o
LTI, = 32,80 -~ —8,85-— - — 32,80 -~ =5,65 - h
Ll -
N II = D+ 1.96 -2 s7 21.16 4,42 >(
" III = DeL+W/2 32.50 7.02 33,10 -10.52 f‘(
IV =D/ 24 17,06 1541 18,28 8 .41 n
™ l:* (
» o N o N - . ‘“E
" N
:
‘- - - u:
l|§ :( (
- -1 C
,‘ .,E
| o .
f! M
:! i: C
3 -
l" C“

A' 17_ ——— e e . . - e e e —
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- #e-RIGED—FRAME ANALYSIS AND DESIGN w#= -- e
‘ INPUT SPECIFICATION SHEET j(
L TITLE = S53° X 13- S 0/0 X 0= 0 1/8 OVERALL WIDTH = 53= 0 0/0 < C
3 BY = DRH K
L——pATE -=-06/04/35 — R - e e—
L JOB = RIGID FRAME TEST #2 “
A XXX=X=XXXX |
| ——MARK—=—F RYZ R T (S A — |
" RERK R A& Rk X KA ERAR AR AER (
' BAY WIDTH = 53 FT, * h6ww 4T 61xr 62% "
{-——-FULL-WIDTH-=—52=90-0/0——— — e 6% E o - kw5
y: OVERALL WIDTH = 53= 0 0/0. £« x 25 32 % %= “l(
GIRTL = 0= 19 0/0, GIRTR = 0= 9 0/0. kR hranhhr w LEXE R R2 2T w
|" : . k4S5 _ * 63 % N
D NO CENTER COLUMN. ® kw xx % = ¢
i 5« & % « &« = 16 l“g
T —HAUNCH—=—46—INCHES . e—ew w w26 — — 33a——a—a o
- BASE = 16 INCHES. kx % % ok b{(
| x* L ® Y YA r
o FRAME DESIGNWITH-DOUBLE PITCHo o — S . ;”
COLUMNS ARE SQUARE (NO PITCH) * 37 AL o C
— o — e — e e & W % W e AW o o e
DEAD LOAD = 0.640 PSF. 1« + % 21 36« % % 20 |. C
LIVE LOAD = 7.560 PSF. LA I LA "
~——-UPLF—LO0AD—=—0.000-PSFo-—s - . —ak e "
' BAY SIZE = 0- 0 1/8. *okok ok k% KARREE - (
t;—m-uxNamgoaos; 0,00 —0:00 -0.00 -0.00 PSFo o mooe oo o S0
! I,
o VELOCITY = 40, EXP = C, E/D = E. :_(
" WEB FACTOR = 1.0000 W2, W2R, COL W2R. FILLET = 0.3125, CLIP = 4.0. "¢
Pt o
!:T———RAFTER~VERTICALS HAVE BEEN LOADED== CENTER VERTICAL BISECTS-BCe »
. w!l rm
R TC BC WB TC BC W3 TC 8¢ WB  BND CV PX . €
L 8—7F—8-25-93-48- 4 21—6—4+41-37--4-33--6-15.11 61-10 5434 "
3 P=X LOAD P=X LOAD P=X LOAD P=X LOAD | C
N -20 0.0000- - 24 ~0.0000 —-30 - 0.,0000 - — 29 ——0+0000— .,
. 22 0.0000 28 -8.2000 34 0.0000 33 0.0000 =i ¢
. 26 =8.2000 32 -8,2000 40 0.0000 39 0.0000 1
. 3 8:2000———38 - =8,2000 ——44——0.0000 - —43 ——0,0000—"
, 34 0.0000 42 =3.200) 48 0.0002 47 0.0000 [, C
» 40 =8,2000 46 0.0200 50 0.0000 47 0.0020 |-
J 44 -8.,2000-— 20 0.0000 — 19 - 0.0000- - -5 ——0.0000—"
N 43 0.0000 22 0.0000 21 0.0000 13 0.0000 |.
N 50 0.0000 26 0.0000 25 0.0000 19 0.0000 “5L
— ——— e 63— 0.0000—"
‘ 55 0.0000 7 e
51 7.0000 -
CASE 1 LOAD CHECK: COLUMNS - 65,50, RAFTER = 65.60, DELTA = o.oo.f&

A.18



': #%_RIGID FRAME -ANALYSIS _AND_DESIGN. n#

INPUT SPECIFICATION SHEET

BY = CRH

{1——WDATE——£~06IO4/85—ww~-~———--m-wh‘m—m—m .

JOB = RIGID FRAME TEST #2
; XX X=X=XXXX
iﬂ___maax__z_iag_ S

MULTIPLE LOADING CONDITION=-

| e e e e

TITLE = 53° X 13= 5 0/0 X O- O 1/8 OVERALL WIDTH = 53- 0 G/0

20 0.0000 20 0.0000 20 0.0000

26 0.0000 26 =8.2000 26 =3.2000
30 0.0000 30 =8.2000 30 =3.2000
34 8s0000—34———0.0000 —34 - 0.0000
40 0.0000 40 =0.6400 40 ~=0.6400
44 0.0000 44 =0.6400 44 =0.6400
e 0-0000——%8——0s0000-—%8 — 0.0000 --
T so 0.0000 50 0.0000 50 0.0000
T 26 0.0000 24 0.00060 24 0.09309
.~ —28-—0:0000 —28---=8,2000~ -28 =-8.2000-
32 0.0000 32 =8.2000 32 =-8.2000
38 0.0000 38 =0.6400 38 =0.6400

o

L l=z

——42-——040000— 62 ——=0,6400 — 42 ——=0,6400-—-42 -—=8,2000. -

66 0.G000 46 0.0000 45 0.0000
. 0 0.0000 0 0.0000 20 0.0000
— =0 —0.0000———0B——0.0000-—--22- -
R 0 0.0000 0 0.0000 26 0.0000
: 0 0.0000 0 0.0000 30 0.0000

0 0.0000 0 0.0000 40 0.0000

0 0.0000 0 0.0000 44 0.0000

| ——0—-0.0000-——0--—0.0000 - 48 .- 0.0000 -
! 0 0.0200 0 0.0000 50 0.0000

; 0 0.0000 0 0.0000 19 0.0000

| —8—0-0060——0—0-0000-—21-—0.0000-— —
' 0 0.0000 0 0.0000 25 0.0009

X 0 0.0000 0 0.0000 29 0.0030
=0 -—-0,0000 -—0 -~ 0.3000 - 33 0.0000 -
o 0 0.0000 0 0.0000 39 0.0000

0 0.0000 0 0.0000 43 0.0000

“i

0 0.0000 0 0.0000 53 0.0000
0 0.0000 0 0.0000 5 0.0000
0 -—-—-0,0000 ——0 - —- 0.0000-~ 13  0.0000
0 0.0000 0 0.0000 19 0.0000
o0 0.0000 0 0.0000 63 0.0000
'——0 -—-0.0000 —0-—- €.0000 —55 - 0.0000
0 0.0000 0 0.0000 51 7.0000

 b——0——0.0000—0-—0.,0000—34 —0,0000——34____0,0000

o pax UPLIFT P=X 1/2 LEFT P=X 1/2 L WW P=X 1/2 R Wi

20 0.0000

p—22—0-0000—22—-0-.0000—22—0.0000 —22——D.0000

26 =0.6400
3¢ =0.6400

- 34 ———0.0000

0 =8,2000
L4 =8.2000

48-—---0.0000-

50 0.0000
24 0.0000
28 - =0.6400
32 =0.6400
38 -8.2000

L6 0.0000
20 0.0000

0.0000 —--22 -——0,0000-

26 0.0000
30 0.0000

P=X

40 0.0000
L4 0.0000
48 - --0.0000
50 0.0000
19 0.0000
21——0.0000

25 0.0000
29 0.0000
33 -——-0.0000
39 0.0000
43 0.0000

4;————0~——~O'0000————0m~—~0.OOOO--A?. ..-0.0000 —— 47 __0.0000

51 7.0000
5 0.0000

13 —0.0000

19 0.0000
63 0.0000

- 5% 0.0000

53 0.0000




w% RIGID FRAME ANALYSIS AND DESIGN %% - - =
, INPUT SPECIFICATION SHEET j(
" TITLE = 53 x 13- 5 0/0 X 0= 0 1/8 OVERALL WIDTH = 53- 0 0/0 ‘!(
A BY = DRH ;
——DATE - =06/06/85 ~— == e o - .|
. JOB = RIGID FRAME TEST #2 e
) XX X=X=XXXX "l
-—— MARK -~ ——FRA" P e e -
z 1K
DEFLECTIONS FOR MULTIPLE LOCADING CONDITIONS== M
N . NORMAL UPLIFT 172 LEFT 172 L Ww 1/2 R
.| NP D#L  WIND DL WIND DL WIND D+L  WIND D+L u;N
=07037 00160090 0:000——0:020-—0s000—=0.02C —0. O16-°0-02?——9~Q16
. 2 =0.009 0.005 0.000 0.000 =0.094 0.000 =0.004 0.005 =0.005 0.0
. 3 =0.076 0.0643 0.000 0.000 =0.036 0.000 =0.036 0.043 =0.046 0.0
S e=07001=05007—0-000—0,000 ~=0,004 “0.000—=03004—=0.007—0+003—0+'007
. 5 =0.125 0.077 0.000 0.000 =0.056 0.000 -=0.056 0,077 =0.079 0.07
Il 6 =0.017 0.011 0.000 0.000 =-0.008 0.000 =0.008 0.011 =0,010 0.01
=7 —=05461—0+117—0.000—0.000 —0.066 0,000 =0.066 -0.117—=0+108—0+117
"I '8 =0.011 =0.011 0,000 0.30C =3.013 0.000 =0,013 =0.011 0,001 =0.01
Lj 9 =0.196 0.160 0.000 0.000 =-0.073 0.000 =-0.073 0.16) =-0.138 0.16
- 107=0.01570.014 ~70.000 0.000 =0.006 0.000 =0.C08 0.014~=0.010-03014
.11 =0.208 0,206 0.000 0.000 =0.064 0.000 =0.064 0.204 =0.160 0.20¢
112 =0.030 =0.012 0.000 0.000 =0.027 0.000 =0.027 =0.012 <=0.005 =0.01¢
1305205042683 0,000—0.030 ——0,040—0.000—=0.046 -0.248--=0s176—0+248
|14 <=0.,006 0,016 0.0600 0.000 0.000 0.00C 0.000 0,014 =0,005 0.01
115 =0.170 0.288 0.000 0.000 =0.00¢ 0,000 =0.006 0.283 =0.177 0.28
Lrﬁb —~03056—=0.010-— 0.000 0,000 —=0.045— 0,000 —=0.045 =0,010—=0--016—=0-010
117 =0.156 0.285 0.000 0.000 0.002 0.000 0.002 0.285 =0.170 O0.28
/18 0.006 0.012 0.000 0.000 0.006 0.000 0.006 0.012 0.000 0.01
H19—0« 5 . 0.1721—0.000—0.171—0.304—=0.081—0-30¢4
20 0.006 0.012 0.000 0.290 0.006 0.000 0.005 0.012 0.000 0.01
121 0.087 0.306 0.000 0.030 0.174 0.000 0,174 0.304 =0.080 0.30
" 22—=0,080-=0.,007——0.000 0.000 =0.060--0,000 --=0.060 =0.007—=0.026-=0,007
23 =0.180 0.291 0.000 0.900 =0.011 0.000 =0.011 0.291 =0.182 0.29/.
|26 =0.391 =0.019 0.000 0.000 =0.279 0.000 =0.279 =0.019 =0,142 =0.D1
_25—0+108—0+303—0-000—-0.000 —0.186—0.000-—0.186 0,303 —=0,020—0.303
.26 =0.68% =0.030 0.000 0.000 =0.487 0.000 =0.487 =0.030 <=0.256 =0.03
.| 27 =0.156 0.297 0.000 0.000 0.014 0.000 0.014 0.297 =0.180 0.29
[n~‘28“‘°1¢‘287" ] ° ‘0.852 “0-000‘—‘-0&882-01033“20w5054%038
"29 0.082 0.302 0.000 0.000 0.159 0.000 0.159 0.302 =0.071 0.30
130 =1.717 =0.044 0.000 0.000 =1.139 0.000 =1.13% =0.044 =0.712 =0.04
.~31—=0.051-—0.302—0.000-—0.000 0,390 --0.000 -—0.090 —0.302-=0.145_0.302
" 32 =1.989 =0.034 0.000 0.000 =1.214 0.000 =1.214 =0.034 =0.930 =0.03
133 0.000 0.301 0.000 0.030 0.096 0,000 0.096 0.301 =0.096 0.30
-34 —=2,000-=0,025-—0,000 —0.000 =1.078 0.000 -=1.078 =0.025-——=145078-=0.025
35 0.000 0.303 0.000 0.000 0.118 0.000 0.118 0,303 -0.118 0.30”
“i36 =2,000 =0.025 0,000 0.000 =-1.078 0.000 =1.073 =0.025 =1.078 =0. 02b
.37 .-~ 0.052—0.305 —0.000 - 0,00C - 0.145 0.000 0.145 0.305--=0.090 .0.305
38 =1,989 =0.010 0.000 0.000 =0.93C 0.000 =0.930 =0.013° =1.214 =0.01
39 -0,082 0.303 0.000 0.020 0.071 0.000 0.071 0.303 =0.159 0.30
. PG
!



o (
»"I. #% RIGID--FRAME-ANALYSIS-AND - DESIGN &%« . ____
xl e
| INPUT SPECIFICATION SHEET N
.I - T - ‘
’ DEFLECTIONS FOR MULTIPLE LOADING CONDITIONS=-= (
1’ NORMAL UPLIFT 1/2 LEFT  1/2 L W 172 R WH
oL D+L  WIND D+L  WIND D*L  WIND D+L  WIND DL WIN
] 4.0—-~1.7—12——-0v003———0r000——0 000 -—=0.712-—0,000.—=0,712—0,003—=1.139_ 0,003
(i C.154 0.306 0,000 0.000 0.180 0.000 0.180 0.306 =0.014 0.304
“'42 -1.287 0.010 0,000 0.000 =0.505 0.000 =0.505 0.010 =0.882 0.07.
' 43 _=0,%08—0.307— 0,000 0.000 -—-0.070 -0.C00-—0.070-.0.307—=0.186_0.307
| =0.689 0.011 0.000 0.000 =0.256 0.000 =0.256 0.011 =-0.487 0.D11
“l 45 0.180 0.304 0.000 0,000 0.182 0.000 0.182 0.304 0.011 0.30
" 46 =0.391 0.009  0.0000 142.0.000_=0.142_0.009 =0.279 01009
747 <-0.087 0.310 0.000 0.000 0.080 0.000 0.080 0.310 =0.174 0.310
(48 -0.080 0,004 0,000 0,300 -0.026 0.000 =-0.026 0.004 =-0.060 0. ok
“ 49_.=0,083 0.309 0 0. . 0.000---0.081_.0.309—=0.121 0,309
750 0.006 -0.010 0,000 0.000 0.000 0.000 . 0.000 -=0.013 0,006 -0.{1p
51  0.156 0.303 0,000 0,900 0.170 0.000 0.170 0.303 =0.002 0.30%
" $2 _0.006 =0.610_ 0.0000,000... 0.000 0.000_._0.000 =0.010__ 0.0C& =0.010
-"53 0,170 0.303 0.000 0.000 0.177 0.000 0.177 0.303 0.006 0.30%
54 =0.056 0.008 0.0C0 0,000 =0.016 0.000 <-0.016 0.003 =0.045 0.00%
" 55-.-0,206—0.263 - 0.000 0.000 0.176 0,000 0.176 0.263.-0.046 0263
56 <=0.004 =0.013 0,000 0.003 =0.005 0.000 =0.005 =0.013 0.000 =0.01
57 0,208 0.219 0.000 0.000 0.160 0.000 0.160 0.219 0,064 0.21
5§ =0.0300 . . =0.005 - 0,000_=0.005_0.012_=0,027_0.012
159 0.196 0.173 0.000 0.000 0.138 0.000 0.133 0.173 0.073 0.17%
[ 60 =0.015 =0.015 0,000 0.000 =-0.010 0.000 =0.010 =0.015 =0.006 =0.01%
61—~ 0e161—0e127- —0.0C0— 04500 - 0.135 0,000 - -0.108 —0.127 0.,066—0.127
"l'62 =9.011 0.012 0.000 0.000 0.001 0.000 0.001 0.012 =-0.013 0.01
J 63  0.125 0.085 0,000 0.000 0.079 0.000 0.079 0.085 0.056 0.08%
~64—=0.012=0.012—0.000—0.030 --0,0100.000 =0.010 =0.012 =0.008 =0.012
65 0.076 0.047 0.000 0,000 0.045 0.000 0.045 0.047 0.036 0.047
" 66 =0.001 0.008 0.000 0.000 0.003 0.000 0.003 0.008 =-0.004 0.00%
"-67—0,037--0,018 —0.000- 0.000 - 0,021 0.000-—0,021 —0.018 0,020 0.018
" 68 =0.009 =0.005 0.000 0.000 =0.005 0.000 =0.005 =0.005 =0.004 =0. 0%5
N —— .
; - C
h 2 C
* C
i S
; € L
R
g -
., l C

A.21



X¢
—— —##-RIGID -FRAME-ANALYSIS-AND -DESIGN #% - --— r(
1
, INPUT SPECIFICATION SHEET y(
: TITLE = 53° X 13= 5 0/0 X G- 0 1/3 OVERALL WIDTH = 530 0/0 np
3 BY = DRH .
|t— DATE—=-06704785 - .
. JO3 = RIGID FRAME TEST #2 " (
. XX X=X=XXXX Y|
—— MARK— ~FRA" n
10 z "|
.0 MULTIPLE LOADING CONDITION=<- :L(
) NORMAL UPLIFT 1/2 LEFT 172 L WW 1/2 R
"MEM comp TEN comp TEN COMP TEN comMP TEN COMP Eaﬁ
| 08— 497 ——0:00—0+00——20:08—0-00 0+ 00—227—B+% .00
l 2 =18.42 10.12 0.00 0.00 =8.35 0.00 0.00 4.93 0.00 245
W3 0,00 6.42 0.00 0.00 0.00  3.37 0.00 7.60 0.00  S%g2
W 8,00—25.08——0.00~— 0.00 -~ 0.00 15,10 - — 0.00 —10.27 —0.00 &90
1 5  =6.45 46,86 0.00 0.00 0.00 26.83 - 0.00 12.93 0.00 1055
6 =0.00 0.00 0.00 0,00 =0.00 0.00 =0.00 0.00 =0.00 0.0
aF’?‘“”D?Oﬁ———Q?OG“*“—O500“——0.00—“—’0:00'**G:OO———‘GrD“"-D -00——=0+00—5.00
I 8 =8.37 0.00 0.00 0.00 =11.12 0.00 =11.51 0.00 =1.60 0.0
ni 9 =76.44 0.00 0.00 0.00 =5%9.98 0.00 =66.69 0.00 <=18.53 0.0

”10*’103:3& 0. 00

11 =103.3¢% 0.00 0.00
12 =?76.44 0.00 0.00

-&—b—l

¥y

3——8.37 3392

4 =0.00 0.00  0.00
5  0.00 0,00 0.0
w18 0.00—%6,84--—0.00"

17 0.00 25.08 0.00

?3'18 -4027 3033 0-00

Lj26 =68.76

255 0.00

0.00
0.00

0.0C
0.00

0.00
0.00

0.C0
0.00

OUOO—'

0.00
0.00

0,00 "~ 0.00 —=66.77 ~ 0,00 - =50.25—"0.00—33:65—0.00

=bb&,64 0.00 '320 33 OQOD =468,93 Dc"o
=22.463 0.00 =14.00 0.00 <=42.16 0.0

0:00—0s00 — 0590 -—2.09——0.00 598 3592 0. 00

=0.09 0.00C =-0.00 0.00 =0.00 0.0
=0.00 0.00 =0.02 0.00 .00 0.0

“06e003- 0.00-23.67 “0.00 27.43 —0,00—29.80

0.00 11.9¢ 0.00 11.56 0.00 139
0.00 0.22 =4, 31 0.00 =1.94 040

H49——=19459—0:00—0.00— 0.00—=11:51—0:00—=2017—0:00—17+81—0. 00
'20 -40.18  0.00 0.00

121 =15.23  0.00 0.00
-[22-=25.25---0.00 - 0.00
123 =47.01  0.00 0.50

=23.24 0.00 =36.0¢4 0.00 =33.68 0.0
=11.08 0.00 =22.12 0.0 =8.33 0.0

~=22e81 — 0,00 -=24.79 —0.00—=11s00—0.00

=34.54 0.00 =27.46 0.00 =13.66 O0«Op
-46.26 0.00 =30.13 0.00 =16.33 0;0b

lo25—33308 %525 0.00
26 0.00 29.03 0.00

27 0.00 88.48 0.00
28— 0300 —88.63 - 0.00
.29 0.00 88.63 C.CO
. 30 0.00 88.48 0.00
731 0.00729.,03 — 0.00
.32 =33.09 0.00 0.00
ui 33 ‘68076 0900 D.OO
T34 T =47,01 7 70.00° T 0.00
'35 =25.25 6,08 0.00

36 23,50 14043 0.00
373,190 713,90 T 0.0C

38 =13.90 3.10 0.00

39 =3.10 13.90 0.00

Q.00
0.00
C.00

0.00 ~

0.00
0.00
0.00
0.00
0.0C
0.03
0.00
0.00
0.00
JU.00
0.09

18,66 —0s00——=781—0¢00—=6.57—=0.00
0.00 28.83 0.00 26.74 0.00 658

0.00 65.32  0.00 52.31  0.00 25.8
—0.00 ~47:77 ——0.00 37,81 ~ -0,00—37, 81
0.00 47.77  0.00 37.81  0.00 37:8

0.00 30.07 0.00 23.06 0.00 49.5

—=-0,00 —2.42 —0.00 —0.41 -—0,00—20.26

=17.01 0.00 =15.37 0.00 =16.61 O.QQ
=27.86 0.00 =27.49 0.00 =41.29 0.0

=16.14 —0.00 =11.62 0,00-—=25.42--0.00
=4.41 0.00 " 0.00 4.25 =9.55 an;
3

0.00 7 .31 0.00 20.11 0.00 6o
"0.0C —7.49 —  0.0N0 1.7 —0.80-—1,70
=749 0.00 =-1.70 0.00 -1.70 0. 32

0.00 749 0.22 1.70 0.00

uik
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——##%-RIGID FRAME-ANALYSIS AND DESIGN #% ———

INPUT SPECIFICATION SHEET

i MULTIPLE LOADING CONDITION--

S R — - |
|
. NORMAL UPLIFT 1/2 LEFT 172 L WW 172 R
LMEM coMe TEN comMp TEN coMP TEN comp TEN CoMP rsﬁ
| 4 0——=13:90—310 0:00— 0.00-—=7.49—0.00 —=1:70—0.00 1,,0———0.00
61 =3,10 13.90 0.00 0.00 0.00 7.49 0,00 1.70 0.00 1;7
62 =13.90 3.10 0.00 0.00 =7.49 0.00 =1.70 0.00 =1.70 0.0
W3 =3:10—13:90 —030C— 0.00—0:0C —~7:49 0. 00— 70*"'&*00——f.70
66 =13.90 3.10 0.00 0.00 =7.49 0.00 =1.70 0.00 =1.70 0up
o &5 =2b.44 2032 0.00 0.00 =14.00 0.00 =6.75 0.00 =551 0|;D
fEE=5501+ 5283 0-00—0-00—0:00—30. 260700 — 14559000t 91
| 67 =79.66 2,97 0.00 0.00 =52.13 0,00 =31.46 0.00 =17.66 04D
o €8 000 46.14 0.00 0.00 0.00 35.31 C.00 25.6%6 0.00 104D
W =637 3 0,00 0500 0,00 =33:47" 0500 =24:32 —0.00—=9547—0.00
o 50 0.00 &4.23 0.00 0.00 0.00 30,15 ° 0.00 21.5%4 0.00 1240
. 51 =26.61 0.00 0.00 0.00 =11.92 0.00 =7.97 0.00 =9.99 030
S04 75286 0000500 —=3.87 - —0.00 —=3.75 —0.0%—000—F.92
. 53 0.00 7.36 0.00 0.00 0.00 17.59 0.00 13,97 =6.46 0.0
. Sb 0.00 0.00 0.0 0.00 0.00 0.00 0.0C 0.00 0.00 0;0
-SSR 0TL T T 7.36 T T 0.007 0,00 =9, 66 0,00 ~=8,09 —0.00——0v00—42.35
.56 0.00 7,20 0.00 0.00 0.00 11.70 0.00 9.70 =1.98 0.0
S7 =24.61 0.00 0.00 0.00 =14.61 0,00 =12.01 0.00 =9.99 0:0
TS T 0T00 %425 0.C0 0,00 0001753 —0:0C 14.31—0:00—23.78
59 =43,73  0.00 0.00 0.00 =13.65 0,00 =11.11 0.00 =25.95 o.q;
- 60 0.00 46.14 0.00 0.00 0.00 14,43 0.00 11.72 0.00 27,3
761 TT=79.8%  0.00 0.00"""0:00=33.73 0500 =35:.%2 — 0,00 49522 —0.00
- 62 0.00 52.83 0,00 0.00 0.00 26.69 0.00 30.9¢ 0.00 33'%
wf 63 =24s466 0,00 0.00 0.00 =12.35 0.00 =9.06 0.00 =10.30 . 0,0
gﬁﬁn“—‘T3:90—“—ﬂ 0005000300 —=7:49 0001044 —0-00—10st4—0. 00
65 .00 13.90 0.00 . 0.00 0.00 7,49 0.00 10.1¢ 0.00 10.1
s 66 =13.90 0.C0 9.00 0.00 =7.49 0.00 =10.14 0.0) =10.14 0,0
l.r87 ~70s00 713,90 ~0.00 0.00 " 0.00 7,49 — ~0.00—10:14——0.00—18.14
.l 68 =13.90 0.00 0.00 0.00 =7.49 0.0C =10.14 0.00 =10.1¢ o:qs
i. 69 0.00 13.90 0.00 0.00 0.90 7.49 0.00 10.16 0.0C 1031
L70 =13.90 0500 0500 7000 =7.49 0,00 1014000 ——10:494—10. 00
W71 0.00 13.90 0.00 0.00 0.00  7.49 0.00 10.14 0.00 1051
N al
X ;¢
_ o ) - B |
; 5 ¢
| o
: ol
e
I



ANALYSIS II
PINNED COLUMN BASES

}i_______,_ tt&t*tﬁ&tﬁttﬁﬁttt&tti** LA R B-E- R e LR R R S-8-2 R B K XX I W R G g “.-__L‘.).‘
] * * IZJ
, weaaw RIGID FRAME ANALYSIS AND DESIGN LR 1q
1 #®. - -VULCRAFT = DIVISION OF.NUCOR CORPORATION... . #sa e
w’ &% SEPTEMRER 1984 RELEASE * % g
'! & & ;
. e ~m_utttt*ﬁtﬁta*t*tiﬁﬁ*ﬁttia#ﬁttt*aﬁﬁttat&ﬁnttt- B T ———

TITLE = 53°' X 13=5 0/0 X 0= 0 1/8 OVERALL WIDTH = 53= 0 0/0 .
| ———-BY ___= DRH. o

' ST RPN
. DATE = 05/30/85 Lol

J08 = RIGID FRAME TEST #2 o

e e XXXSKERKKK o — o o o
MARK = FRY

| 2 -
i:’L deo- -0 &~ e e e~ —® - T—u - V— e~ e—a—k- e T e e e — v ——u—v—0 ¥ ':!
"l AU EARA R AL R B ) x|
" RERTAR LR AR ER AR {3
B I T T T T T 1 T YT e e kR AR - —_—
. ERE- X2 . HRARAER }U
doan B tane =i
- . - - e e _ - »|
A e @ _ :

@ @ =1
-1wataw*attawawt*t¢*n*:*a*a**tta*aﬁaaeanaaa*aa**t*agaweeaeaeﬁa—"~-4:
tetemReRg e o o 6 o o o EAB UG GOk x|

* 0 * . ® ® s/

—_— L iR - — - gy * :i

& % ® # !

% % % * i

# - ® - - R . T B

F = % @ * @

2 * 2 # “

— @- Tl T — - R T TR - ﬂ::

@ % # # -

o % % ® 3

- - & - ) - - e —— < o
ERRRAAGRR LR T R R RPN -

A = DEPTH AT END OF GIRDER. o o 2= 6 0/0 :

L T -—-———-B-= DEPTH-AT--CENTER OF- GIRDER e “3=-7 174~ ©
' C = BASE OF COLUMNG: o o o o o o 9= & 0/0 -
D = TOP OF COLUMN o o o o o o o 1= & 070 .

- E = FULL WIDTH Of FRAME e e e e 52-10 0’0 T "‘""‘"““”"_—""’“‘-_yi

F = CLEAR HEIGHT. @ e © e ® @ a 13- S 0,0 =,

G = CLEAR WIDTH AT TOP:. o« o o o 50= 2 070 :

: ROOF PITCH = 0. 501 INCH To 1 FOOT. o
EAVE HEIGHT = F + A + JOIST SEAT DEPTH (STD 8 IN) I,

R = 16= 0 0/0. —— o

i OVERALL BLDS5 WIDTH = E ¢ WALL GIRTS “
. = 53= 0 0/0. v
TTot cee——=o - - WALL GIRTS = 0= 1 0/0 AND 0= 1 0/0 ——— - |:

LIVE LOAC = 7,56 PS5F, DEAD LOAD = 0.66 PSF, UPLIFT LOAD = 0.00 PSF,

WIND LOADS: 0.00, 0.00, 0.00, N.00 PSF, 1982 UPC. - - m—m s ——
3AY DEPTH = Q- 0 1/8. |

)
P

A.24 ol



e e T e e e e - G e (
L
.—f;‘ ANALYSIS I1I )
«’ PINNED COLUMN BASES (
7' &t***ﬂk*‘*‘ﬂﬁ***k****l***'RQ‘A‘f’i’*****‘**f***‘*f**t***‘*ﬂ**!‘****Q*‘**Q‘R‘
* * | :
, LR R R RIGID FRAME ANALYSIS AND DESIGN o k% (
L EE VOLCRAFT =" DIVISTION "OF NUCOR CORPORATION xR g
¢ * % SEPTEMBER 1984 RELEASE * % : (
* & % % .
'~ RA R AR A BRER R AR ARRY AR A R R AR AR A A AT R AR R R AARE R N
L TITLE = 53' X 13- 5 0/0 X 0= 0 1/3 OVERALL WIDTH = 53= 0 0/0 ‘j;(
| "BY———="DRH o - -
C . DATE = 03718785 " (
- JoB = RIGID FRAME TEST #2 ,
. KXK=X=XXXX ~~—- - — - B - —.
s MARK = FR1 it
!:: iD a -] [:] e (-] a o ] -] L] -] < (-] I"E a (-] -] -] -] Q;l a a [:] a -] L] -] ﬂ_, j
L RRER A AR AR AR E & =
@ ”‘ L 522X 3-%-%-3 13- 2- X2 X X F3 —_ {
EAR-R-2:2-3- 3 St T T T T R R R TR AR K e
- 3-3-2-3-%-X-1 L2 3-8 3% 8- =
3 Rk k B ek j(
/ je= ® ‘ * ‘:Bv
A x * e
'z,; i*tt***i'*"**t’i'ti’i‘f*****i**i‘****'i'*i‘*iﬂ_*"*'*"*fﬁi’*‘*‘*‘i‘*’*‘i‘i?‘ﬁ?****** [
! RAAREARNR e o o 6 o o o REAR AR AR R l”(
) ® D ® % % P>
o] -3 % # & =
- * * % % =
¢ =, % * * % (
% % * ¥
= F = * % * =
C a * #* * * . (
::u[ ES * I 4 ® Ei
’55 -4 * k-4 * h
( ,.;; * * * * »
:rli ® * % & ga‘
( M Bk Rk R HERAEA AR “"&
o A = DEPTH AT END OF GIRDER. « o« 2= 6 0/0 |-
N B = DEPTH AT CENTER OF GIRDER . 3= 7 17¢ =
\ i € = BASE OF COLUMN. o« o © © o @ 1= 4 070 s (
S .. D= TOP OF COLUMN < o o o o « & 1= 4 0/0 -
& E = FULL WIDTH OF FRAME . o . . 52=10 0/0 =
S F = CLEAR HEIGHT- e ® @ © © ® e 13" S 0/0 : L
= G = CLEAR WI?_TH AT TOPes o =« = o S50=- 2 070 ‘o
= ROOF PITCH = 0,501 INCH TO 1 FOOT. B
Y EAVE HEIGHT = F + A + JOIST SEAT DEPTH (STD 8 IN) “
LT Co | = 4b=—0—04D, st e T
¢ OVERALL BLDG WIDTH = E + WALL GIRTS _
, = 53=- 0 0/0. .
- o WALL GIRTS = -0—48+9 AND —B—4—B76 T T
- LIVE LOAD = -7556 PSF, DEAD LOAD =—D4&4—PSF, UPLIFT LOAD = 0.00 PsF, .
WIND LOADS: 0.00, 0.00, 0.00, 0.00 PSF, 1982 UBC."~ ST T T
BAY DEPTH = -B=-—0—%,8-

e e .. .. A.L25




XXX =X=XXXX #% RIGID FRAME MEMBER DESIGN #+ 03/18/85
K FRl— —- e . e
N5 GIRDER SECTION FY = 50 KSI
R FOR ANGLES..
LT TTTTTUTOP CHORD =T S& =TTL3=172X3=1/2X.3447 T TS =
R LENGTH FORCES REQD FORCES DEVD )
T OMEMTTT U CINY T "IN KIPS 7 7 TUIN KIPSTT TTLXTTIXZRX
3 7 16,01 =0.00 0.00 =131.98 137.40 16.0 14.9 5
8 61405 222,62 0.00 & =42448G 137.40 3855 3. -35.72 288 | -
. 97 12010 7" =B1.71 7 0.00 ~=107:34 137:40 60,7  55.7 -
y 10 12010  =107.96 0.00 =107.34 137.40 60.1 55,7 -
. 11 120,10 =107.96 0.00 =107.34 137.40 60,1 55,7 =
T2 120010 =81.71 7 2973 T 2107.347 137,40 501 55.7 -
3 - 13 61.05 “14.26 12.06 0*'~424L8 137.40  28+531/ 35,7 2.8
w 14 16,01 =0.00 0.00 =131.98 137.40 1640 14.9 .
3 e MAX COMP., FORCE REQD = =107.96 KIPS. =
" LY DEVD AT 5= 0 0/0 = =122.94 KIPS. LY/RY = 32,5 -
->L | LY COMP  LY/RY Y
P 5- 0 0/0 =122.94 32.5 =
- 776 0/0 =112.%% 48,7 v -
) 10= 0 0/0 =100.12 6ba9 - )
oo ~ 15= 0 0/0  =70.11 97.4 )
);i BOT CHORD = 48 = L 3 X 3 X.313 S
! CENGTH FORCES REGD FORCES DEVD =
' MEM (IN) IN KIPS IN KIPS LX LX/RX =
. 25 31.00 =21.79 14.50 ~95.03 106,80 31.0 33.6 -
< 25 90,00 0.00 39.856  =54.30 106.80 90.G 9725 -
5 27 120,00 0.00 98.56 =31.38 106.80 120.0 130.2 T3
= 287 1o &B00 0.00 98.14 ;5 ~F?v?2 106,80 , $6+0 . 451 -

o 29 68+50 000 98:1% SPF¥Z T06.80 " 600 2oTesa T .
) 30 120.00 0.00 98.56 -31.38 106.80 120.0 130.2 g
. 31 90.00 “5.74 39.85 =54.30 106.80 90.0 97.6 L
] 32 31.00 7 S22.22 0,00 =95.03 10%:80 3120 3306 .
);; MAX COMP, FORCE REQD = =22.22 KIPS. - 3
- LY DEVD AT 10 0 D70 = =72.72 KIPS. LY/RY = 72,7 :

o LY COMP  LY/RY
o] T T 5= QU070 93,74 O3B0 - i
)?M§ 7- 6 0,0 '84011 5405 )
- 10= 0 0/0 =72.72 72.7
N 15 0070 =%4.67 T 10%.T T S
J NOTE: SIGN CONVENTION (=) COMPRESSION., - )
'kg \."
)7
) J
. A.26 i



AXX=X=XXXX

*%# RIGID FRAME MEMBER DESIGN == 03/18/85

T ERYTTT T T T T T _’ ‘
Yy e GIRDER WEBS FY = 50 KSI'.
', | FOR ANGLES..
3y FORCES REQD FORCES DEVD WELD WELD’
+NO LGTH SEC DESCRIPTION e IN KIPS IN KIPS L/R REQD DEVD.
&8 40,2 39 L2=1/2%X2=1/2X.250 2S5 0.0 45.8 =55.9 71,2 55.0 16.4 19.0-
49 41,3 39 L2-1/2X2-1/2X.250 28 =43.4 0.0 =55.4 71.2 564 15.6 18.8"
50 66.3 31 L 2.00X2.00X0.232 25 =0.9 43.8 =21.3 52.4 110.7 15.7 18.6.

: W 38-2 33_~L 20 50—)?2—750)(0:1 97 2 ’220‘02 1'05 ”3'00 56.8 9_0—0-3_10 2 ‘3—6’
J 52 68.6 22 L 2.00%X2.00%X0.1370 2 =5.9 6.9 =12.5 31.7 112.3 7.8 14.2"
.53 7. 3 22 L 2.00x2. ooxo 1370 2 =47 17.9 “11.6 317 116.7 8.8 13.5.
SHIT S&fdes - b=t : = =H=fH-—-5 e — O g AR Ao P
) S5 71.3 22 L 2.00X2. ooxo.137o 2 =9.8 10.9 =11.6 31.7 116.7 8.8 13.5"
.56 68.6 22 L 2.00X2.00%0.1370 2 “0e4 11.7 =125 317 112.3 7.8 14, zg
WST T B8 2 33 L 2550X20S0X0: ST T 2 S2402 0.0 =31.07 56283903102 1356
)Q—SS 66.3 31 L 2.00X2.00x0.232 2§ 0.0 43.8 =21.3 52.4 110.7 15.7 18.6°
w59 41.3 39 L2=1/2X2=1/2X.250 2S =43.4 0.0 =55.4 712 56.4 15.6 18.8.
w0 4027 397L2=172X2=172X.2507 7257 0.0 %5.8  =55.971:2 >5:U“‘1"6':I‘T9TD;
sl VERTICALS f
)= FORCE REQD FORCE DEVD WELD w=Lo
~MEM LGTH SEC Q IN KIPS IN KIPS L/R REQD DEVD.
VT RO 3201 16 L1=172X1=1/2X. 130 {0 =3=2 —=5.1 1038 2:0 7309,
)fqu 34,7 36t 2SSO 1 82 =247 -12.7 b3 113563248 4.2%
=3 39,72 HotH=H2r 2430 1 8.2 =257 20 =343 130wk 322+0 b.2°

' VS**“*—3977aﬂ45:u4=44e%4-4+e*f+5ﬁ"‘“T—fﬁﬁ%azef~—"—-m023+%~”~1397t¢ﬁ2;9""t:2-
)= V6 340771 3644224430 1 82 =242 -1274s3 11387248 4.2-
=V7 ARG 32.1 16 L1=1/2X1=-1/2X.130 1 00 =257 =5.1 103.8 2.0 3.9

fm NOTE: VERTICALS BISECT TOP CHORD PANELS.

ENDPANEL VERTICALS MAY BE DIAGONAL (LD OR RD),

A

-

A\

St



XXX=X=XXXX #% RIGID FRAME MEMBER DESIGN = 03/18/85 -
T FRT T \
5 LEFT COLUMN FY = 50 KSI°
N FOR ANGLES..
| ——COLUMNS ARE SYMMETRIC ABOUT CENTER LINE OF FRAME e -
) INSIDE LEG = 46 = L 3 X 3 X.281
5 LENGTH FORCES REQD FORCES DEVD 5
MEM  CIN) IN KIPS IN KIPS LX LX/RX v
) 2T 40425 =37 18254081543 96342 %0 34375
):_ 22 40.25 -45-96 8024 "81-43 90-42 4003 4305 "
) 23 40425  =54.73 14,07  =81.43 96.42  40.3 43.5
. 2440525 =63.50 19291 " =81543 96.42 403 4375
3. 47 30,67  =67.89 22.83  =86.00 96.42  30.7 33.1 -
N MAX—COMPSFORCE REGD = =67589 KIPSs -
5o LY DEVD AT 7= 6 0/0 = =75.76 KIPS. LY/RY = 54.9 °
W PINNED TOL BASE TX DEVD AT 14~ 8 070 = =78:83 KIPSi—KLX/RXX =489 —.
N lzl i
an LY COMP  LY/RY :
= 570 070 =84.53 36.6
3 7- 6 0/0  <=75.76  54.9
) 10- 0 070 =65.38  73.2
. - TTTTTTTS- 0 0/07 =39.84 109.8 - .
) OUTSIDE LEG = 46 = L 3 X 3 X.281 :
- LENGTH FORCES REQD FORCES DEVD -
: MEM  CIN) IN KIPS IN KIPS LX LX/RX |
o 120413 ©0.0070:00 " 0.00 " D0:00" " 0:0 0.0 )
3 - 2 40.25 =5.84 8,77  -81.43 96.42  40.3 43,5 ‘
. 3 40025  =11.67 17.54  =81.43 96.42  40.3 43.5 )
. G 40,25 T=17.51 26532 =B1.43 9642 %0.3 43.5 ‘
3 S 20.13  =23.35 35,09  =90.36 96.42  20.1 21.7 j
: 6  30.00 <0.00 0.00  -86.30 96.42  30.0 32.4 :
)2, MAX COMP. FORCE REQ@D = =23.35 KIPS.
. LY DEVD AT 7= 6 0/0 = <=75.76 KIPS. LY/RY = 54.9
. LY COMP  LY/RY
) 5- 0 0/0 =84.53  36.6
ST 75 6 070 T =T5,76 © 54u9 0 - e e
)= 10- 0 0/0 =65.38  73.2
. 15= 0 0/0 =39.84  109.8
)i' COLUMN MOMENT OF INERTIA = 333,74 -
K NOTE:™ SIGN CONVENTION (=) COMPRESSION, — — ~— — === — - —————
5
>
)

A.28
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XXX =X=XXXX #% RIGID FRAME MEMBER DESIGN #%# 03718785
~ “£R1 - R - e

354 LEFT COLUMN WEBS FY = 50 KSI' -~
A FOR ANGLES..

N FORCES REQD FORCES DEVD WELD WELD
.NO LGTH SEC DESCRIPTION Q IN KIPS IN KIPS L/R REQD DEVD.
37 2306 186 L1=T/2X1=1/2X.130 T2 7 T=3.7 TS.6  =17.5 22.% 530 5.8 13.9-

38 23.8 16 L1-1/2X1-1/2X.130 1 5.6 3.7 =6.8 11.2 82.8 3.4 6.0"
.39 23,8 16 L1=-1/2X1=1/2X.130 1 =3,7 5.6 6.8 11.2 82.8 3.4 6.0,
LED 23,8 16 LI=T72X1=172X 1301 =5.8 3.7 =6.8 17.2 B2:8 3.4 6.0

3y 41 23.8 16 L1-1/2X1=1/2X.130 1 =3.7 5.6 =6.8 11.2 82.8 3.4 6.0° -
42 23.8 16 L1=1/2X1=1/2X.130 1 5.6 3.7 =6.8 11.2 82.8 3.4 6.0
wB3 238 16 L1=172X1=172X. 130 1 "=3.7 "5.6 ~—=6.8711.2" 82.873.%776.D

Yubbd 23.8 16 L1=1/2X1=1/2X.130 1 =5.6 3.7 =6.8 11.2 82.8 3.4 6.0 N
45 16,8 19 L1=1/2X1=1/2X.156 2  =18.3 12.2 =24.0 26.6 31.0 7.9 11.4. ~
»46 32,5 31T L 2.00X2.00X0.232 2S5 =26.3 39.6  =41.1 52.4 55.3 16.83 19,8

jLJ NOTE: SIGN CONVENTION (=) COMPRESSION. - d

) » . 'is 1'3

s == THE WELDING OF THE HAUNCH == -

z' 267X .

) = REQD FORCE = &5+68 KIPS | D
;[ WELD (INJY  DEV FORCE (KIPS) = — ——

) = 6.0 6421 4.0-IN CONNECTER > 1
' 5.0 58,62 D
far .0 50.87 -

) -

> .

) ).

) 3

)= )

)f' 3

> 3

J

) A.29 -




XXX=X=XXXX ##* RIGID FRAME MEMBER DESIGN #% 03/18/85
— R Mo T c_ o nAne MEABER PR i . ,
Y - RIGHT COLUMN FY = 50 KSI]
- FOR ANGLES..
~ COLUMNS ARE SYMMETRIC ABOUT CENTER LINE OF FRAME ~ —~~ — == —
K . INSIDE LEG = 46 - L 3 x 3 x.28%
3 - LENGTH FORCES REQD FORCES DEVD
. MEM CIN) IN KIPS IN KIPS LX LX/RX ,
g’ 36 40,257 77=37.197 0,00 <B1:437 96,42 40,3 43S ‘
35 40,25 =45.96 0,00 =81.43 96,42 40.3 4345 -
34 40,25 =54.73 0,00 =81.43 96.42 40.3 43.5 ,
" 33 40,257 "=63.517 D.00" T=81.43 96.42 40,3 T 43,5 -
Y - 61 30.67 =67.89 0,00 ~86.00 96,42 30.7 33.1 '
. “MAX COMP. FORCE REQD =""=67.89 KIPS: -
Yo LY DEVD AT 7= 6 0/0 = =75.76 KIPS. LY/RY = 54.9 °
W PINNED COL BASELX DEVD AT 14~ 8 0/0 = =78:83 KIPSs KLX/RXX = "48.9—-
|a LY COMP  LY/RY .
= 5= 0070 =B4.53 7 3876 >
Y= 7= 6 0/0 =75.76 5409 .
- 10= 0 0/0 =65.38 73.2 .
= T T 15= 0 0707 =39.84 109.8 - :
)FJ OUTSIDE LEG = 46 = L 3 X 3 X.281 .
);Q LENGTH FORCES REQD FORCES DEVD :
' MEM (IN) IN KIPS IN KIPS LX LX/RX .
] 20 2001377 0.00 0.00 0.007 0,00 0.0 T 0.0 :
Y-l 19 40.25 0.00 10.38 <8143 96.42 40.3 43,5 :
:I‘E 18 40.25 0-00 20'77 ‘81043 96.‘02 ‘0003 4305 2
" 17 40.25 0,007 3115 =81.43 96,42 20.3 £3.5 -
)= 16 20.13 0.00 41.54 =90.36 96,42 20.1 21.7 :
- 15 30.00 0,00 0.00  =86.30 96.42 30.0 32.4
)E§ MAX COMP, FORCE REQD = 0.00 KIPS.
=] LY DEVD AT 7= 6 0/0 = <=75.76 KIPS. LY/RY = 54.9
e LY COMP  LY/RY
3 5- C 0/0 I““84.53 36-6
< T 776 0/0 T P5.76 54,9 T T
jia " 10= 0 0/0 =65.38 73.2
- .. '5-00s0 -39.84 109.8 o
) COLUMN MOMENT OF INERTIA = 333.74
:{' NOTE: SIGN CONVENTION (=) COMPRESSION. T I
) -
J.
i

~od

\,.J

o/

el

Mo’

L



XXX=X= XXXX & RIGID FRAME MEMBER DESIGN %

03/18/85

FR1 T T

3 RIGHT COLUMN WEBS

FY = 50 KSI-
FOR ANGLES..

FORCES REQ@D

3 FORCES DEVD WELD WELD.
- -NO LGTH SEC DESCRIPTION Q IN KIPS IN KIPS L/R REQD DEVD
ST17723.67 18 L1=1/2X1=172X.130 "2 0.0 6.6 =17.5 22,4 53.0 5.5 13.9-
9y 70 23.8 16 L1=1/2X1=1/2%X.130 1 =6.6 0.0 =6.8 11.2 82.8 3.4 6.0"
69 23.8 16 L1=-1/2X1=-1/2X.130 1 0.0 6.6 =6.8 11.2 82,8 3.4 6.0.
mb& 23.8 16 L1=172XT=172X.130 1 =6.6 0.0 =6.8 T1.2 82.8 3.4 6&.0"
Iy 67 23.8 16 L1=1/2X1=1/2X.130 1 0.0 6.6 =6.8 1122 82.8 3.4 6.0,
23.8 16 L1=-1/2X1=1/2X.130 1 =6.6 0.0 =6.8 11,2 B82.8 3.4 6.0

-85 23.87 16 L1=172XT1=1/2X. 130771 ~ 0.0 6.6 =6.8 11.2 B82.8 3.4 6.0
)64 23.8 16 L1-1/2X1-1/2X.130 1 =6.6 0.0 =6.8 11.2 82.8 3.4 6.0
263 14.8 19 L1=-1/2X1=1/2X.156 2 =18.3 0.0 =24.0 26.6 31.0 7.9 11.4

62 32,5 31 L 2.00%X2.00%X0.232 25 0.0 46,9 =41,1752.4 55.3716.8719.8-

NOTE: SIGN CONVENTION (=) COMPRESSION.

== THE WELDING OF THE HAUNCH =-

= 27767
);:.f REQD FORCE = 45460 KIPS

2| ' WELD (IN.) DEV FORCE (KIPS)
64021

58.62

4.0=IN CONNECTER

eao
CJDO

6
5o

50.87

)

A’*it{zl:':»“"

Yot

B

Nt

L

N’



&i**************ﬁ***i*****t*tt*******i******w**i********ﬁ*****i*

————— g e e

I
3. LR RIGID FRAME ANALYSIS AND DESIGN A Hnk
, e VULCRAFT = DIVISION OF NUCOR CORPORATION * :
S T T T kR T SEPTEMBER 1984 "RELEASE T T T TRk T
*) -84 * %
*&**’k'ﬁr******kﬁﬁ***t*****************'k******
b TITLE = 53' X 13- 5 0/0 X 0- 0 1/8 OVERALL WIDTH = 53- 0 0/0 .
| 3Y =" DRH - e i .
Yy DATE = 03/18/85 :

T J0BTT U= RIGIDTFRAME TEST #2 0 T T T o -
' XXX=X=XXXX
- MARK = FR1

Yy - DESIGN PARAMETERS: KEY MEMBERS FOR =
- COLUMN REACTIONS: -
W NUMBER OF DEGREES OF FREEDOM = Y CBOC = P4 =
e NOMINAL NUMBER OF MEMBERS = 719 LBW = 37 >
. NUMBER OF DEAD ¢ LIVE LOADS = 15 LBIC = 21 -
LT NUMBER OF WIND LOADS = 24 "RBIC =36 .
) - DEAD LOAD = 0.6 PSF RBW = 71 >
. LIVE LOAD = 7.6 PSF RBOC = 19 .
=TT T HWINDTLOADS: T 0.0 T 0.0 T 0.0 0.0 PSF =
' N UPLT LOAD = 0.0 PSF -
= BAY DEPTH = 0.0 FT .
= CTOLUMNS SYMMETRIC -
)u. MEMBER GEOMETRY=~- X
- —HORZ VERT CENGTH — AREA—SEC—.
y=  MEMBER NP1 NP2 NP3 NP4 (IN) CIN) (IN) (IN®%2) SIZE :
. 1 69 69 69 69 0.00 20.13 20.13 3.214 46 "
. 2 1 2 5 6 0.00 4052540325 3. 214——46— .
) 3 5 6 9 10 0.90 40,25 4025 3.214 45 ;
X 4 9 10 13 14 0.00 40.25 40.25 3.214 46 .
= T T AT AT T T 18 T 0,00 20513 20513 3214 —— L=
); 6 17 18 19 20 0.00 30.00 30.00 3.214 46
! 7 19 20 21 22 16.00 0.67 16 .01 4.580 54 w
- 8 21 22 25 26 %1% 00 2.54 51505 4,580 “S4——.
. 9 25 26 29 30 120.00 5.00 120.10 4,580 54 )
. 10 29 30 33 34 120.00 5.00 120.10 4,580 54 .
ST 330 346 39 40 120,00 77 =5.00 — 120.10  4.580" 56—
y - 12 39 40 43 A 120.00 -5.00 120.10 4,580 54 -
. 13 43 44 47 48 61.00 =2.54 61.05 4.580 54 )
, TTALTTLT 48T 49 SO 16,00 — =067 16.01 — 4,580 - ~~S4& —
> 15 51 52 49 50 0.00 30.00 30.00 3.214 46
- 16 55 56 51 52 0.00 20.13 20.13 3.214 46 .
< AT TSS9 60 TTUSSTTTS6T T 0,00 T 404,25 0 40.25 T 3.214 46—
) 18 63 64 59 60 0.00 40.25 40425 3.214 46 *
: 19 67 68 63 64 0.00 40.25 4C.25 3.214 46 .
20T YT 8 69T AT T DL0D TR0 20013 T 30214 T L6
) 21 69 69 3 4 0.00 40.25 40.25 3.214 46 '
: 22 3 4 7 8 0.00 40.25 40.25 3.214 45
)



XXX=X=XXXX *% RIGID FRAME ANALYSIS == 03/13185.

- ERY— - — e e Ty
wi; MEM3ER GEOMETRY== )
- o TTIT T - HORZ T T VERT T LENGTH T AREA T SEC—— .
3 MEMBER NP1 NP2 NP3 NPé (IN) (IN) (IN) (IN®*%2) SIZE
23 7 8 11 12 0.00 40.25 40.25 3.214 46 ,
- 2% 117792 715 16 77 7 0.00 7 %0.25 —40.25 3,21t 45— .
ji@ 25 15 16 23 24 31.00 0.00 31.00 3.560 48 -
L 26 23 24 27 28 90.00 0.00 90.00 3.560 48 .
27?2728 31 32— 120,00 0.00—120:00 35560 48— .
K 28 31 32 3s 36 60.00 0.00 60.00 3.560 48 -
, 29 35 36 37 33 60.00 0.00 60.00 3.560 48 )
W30 37 38 4142 120,000 T 0200 120,003,560 48— ..
);; 31 41 42 45 46 90.00 0.00 90.00 3.560 48 :
L 32 45 46 53 54 31.00 0.00 31.00 3,550 48 '
3383 S S7 S8 0:; 00 =40.25 40525 3.21% 46 -
3 I 34 57 58 61 62 0.00 =40.25 40.25 3.214 46 =
s 35 61 62 65 66 0.090 =40.25 40.25 3.214 46 o
ol 36 6566 59 59 0.00 =025 %0.25 3,21% 45 =
),i 37 1 2 69 69 16.00 =20.13 25.71 0.746 16 i
. 38 1 2 3 A 16.00 20.13 25.71 0.373 16 .
Izh*———*~39——~—s 6 —3 Z 16,00 =20.13 25,71 0373 16 .
Y- 40 5 6 7 8 16.00 20.13 25.71 0.373 16
e 41 9 10 7 8 16.00 =20.13 25.71 0.373 16
- 42 9 7 10 T 117 12 7 T16.00 T 20.13 T 25.71 0.373 1% .
):4 43 13 14 11 12 16.00 =20.13 25.71 0.373 16 .
iz, A 13 14 15 16 16.00 20.13 25.71 0.373 16 :
- %S 17718 15 16 16,00 0.00 16,000 0.888 19— -
Yy - 46 17 18 21 22 16,00 30.67 3459 1.748 31 *
> 47 21 22 15 16 0.00 =30.67 30.67 3,214 46 .
. %8 217227723 2% 31,00 =30.67 43,617 T 2.374 39—
)eﬁ 49 23 24 25 26 30.00 33.21 44,75 2.374 39 ¢
B S0 25 26 27 28 60.00 =33.21 68.58 1.748 31 -
» 51 27 28729 T30 60.00 382171513 12892 33 ‘
) 52 29 39 31 32 50.00 =38.21 71.13 1.058 22
. 53 31 32 33 34 60.00 43,21 73.94 1.058 22
=T 54 T35 3% 33 34 77T 0,00 7 43.21 0 43,217 T0.373 7 16 .
N 55 33 34 37 38 60.00 -43.21 73.94 1.058 22 ‘
= 56 37 38 39 40 60.00 38.21 71.13 1,058 22 .
- 57 397407 41 42 60.007  =33.217 T71.13 T 1.B927T 33
e 58 41 42 43 A 60.00 33.21 68458 1.748 31 '
' 59 43 44 45 46 30.00 =33.21 44,75 2:374 39
< 60 45 4% 47 48 31.00 30.67 43.81 0 2.374 0 39T
5 61 47 48 53 54 .00 =30.67 30.67 3.214 46
. 62 47 48 51 52 16.00 =30.67 34 .59 1.748 31 ,
=T 637783 " S47 51 © 52 16,00 70,00 7 "16.00° " D.888 19 .
3y 64 53 564 55 56 16.00 =20.13 25.71 0.373 16 -
ot 65 57 58 55 56 16.00 20.13 25.71 0.373 16
< 66 57 58 5% 60 16.00 =20.13 ~ 25.71 0.373 ~ 16
y = 67 61 62 59 60 16.00 20.13 25.71 0.373 16
o 68 61 62 63 b4 16.00 =20.13 25.71 0,373 16 :
T T 89T 657 66763 64 T 16,000 T20.13777725.71 TU0.373 0 16—
) 70 65 66 67 68 16.00 -20.13 25.71 0.373 16
71 69 69 67 68 16.00 20,13 25.71 0.746 16
)

A.33

et

ol

]

L

L
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XXX=X=XXXX #% RIGID FRAME ANALYSIS =#=x 03718785
o T__,__, . FR1,___.-_. - e - - — . e ———— ————— — e — e e e e e
~
" LOADS AND DEFLECTIONS=-" R A —
K LOAD DEFLECTION LOAD DEFLECTION
T T UDEADRLIVE T DEAD*LIVET T T WIND T WIND —
3 NP LC  (KIP) (IN) (KIP) C(IN) §
: 1 0.000 -0.091 0.000 0.227 X
, 2 0,000 "7 T=0,064 0.000 0,172 .
3 3 0.000 -0.173 0.000 0.461 5
e 4 0.000 -0.016 0.000 0.003 .
3 5 0,000 7T T=0.2437 T 70,0000 T 0.685 -
o 6 0.000 =0.055 0.000 © 0.164 ;
» 7 0.000 0,289 0.000 0.901 :
g : 0.000 =0.036" 0.000 0,009 -
3y 9 0.000 <0.314 0.000 1.097 :
“ 10 0.000 -0.038 0.000 0.148
W 0.000 T =0.309 70.000 15279 -
Y=l 12 0.000 =0.060 0.000 0.019 :
13 0.000 =0.271 0.000 14431 .
- 1% 0,000 " T=0.013 7T 70,000 T 0.123 -
) 15 0.000 -0.200 0.000 1.566
_ Y 0.000  -0.087 0.000 0.032
= 17 0.000 -0.188 0.000 1.555 |
3 18 0.000 0.004 0.000 0.107 :
- 19 0.000 0.088 0.000 1.611 .
20 0.000 T0.004 0.000 0,107 -
) 21 4 0,000 0.227 0.000 1.614
- 22 _ 0.000 =0.109 0.000 0.044
23 0.000 =0.206" 70,000 .57 T
y: 26 0.000 =0.452 0.000 0.005
= 25 4  0.000 0.240 0.000 1.610 -
. 25 =BL2007 T T =0.779 0000 =0.026 ‘
)] 27 0.000 =0.171 0.000 1.587 '
. 28 ~8.220 =1.416 0.000 ~0.055 A
s 2937 0.0000 T T 002117 T 0.000 T 10606
3> 30 -8.200 ~1.878 0.000 =0.072
= 31 5  0.000 -0.198 0.000 1.597
- 32 =8.2007 T =2.1617 T T 0L000 T T =0.052 o
e 33 3 0.000 0.146 0.000 1.600
. 34 0.000 <2.177 0.000 -0.029
<357 7T 0.000 7T 0.0000 T 0,000 T 40598 0 o o
yie, 36 0.000 =2.177 0.000 -0.029
= 37 3 0.000 0.198 0.000 1.600
: 38 T=8.2007 T =2.1617 7 0.0007 T =0,001 © —
) 39 5 0.000 ~0.211 0.000 10505
- 40 ~8.200 ~1.878 0.000 0.023
T AT TT0.0000 0 T Q.17 0,000~ IS5y T o
yooo 42 ~8.200 ~1.416 0.000 0.020 -
T 43 0.000 -0.113 0.000 1.613
S GLTTTTTT =B200 T <0779 0,000 T D.002 T
) 45 0.000 0.207 0.000 1.587
: 46 0.000 =0.452 0.000 -0.018
S ATTTATTTT0.000 T 0L128 T 00000 TTT,619 T
)

~r

S

o

)
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UXX=X=XXXX *%* RIGID FRAME ANALYSIS == 03/18/85'.
" FR1 T - 1

3
L TTLOABS AND DEFLECTIONS=<

5
. LOAD DEFLECTION LOAD DEFLECTION .
o DEAD*LIVE — DEAD®LIVE WIND WIND .

Yy« NP oLC (KIP) (IN) (KIP) (1IN N
o] 48 0.000 -0.109 0,000 <0.047 ,
] Z9 0.000 =0.087 02000 1617 >

Y- 50 0.000 0.004 0.000 -0.105 -
. 51 0.000 0.189 7.000 1.575 :
. 52 0,000 0,004 0.000 =0.105 ”

);ui 53 0:000 0-200 0-000 10582 :g‘
s 54 0.000° -0.087 0.000 -0.035 .
imi b)) 02000 02772 0.000 12450 iz

3 1o 56 0.000 -0.013 0.000 -0.122 =
L 57 0.000 0.309 0.000 1,299 -
15 58 . U:DDU -00060 D-.UOO °UUUZD =

1o 5% 0.000 0.314 0.000 1.115 >

‘1, 60 0.000 -0.038 0.000 -0.149 z
;xi 51 0.000 0.289 0.000 0.918

);: 62 0-000 -05036 OIOOO ’00009 ”
o 63 0,000 0,244 0.000  0.699 -
= 13 0.000 " =0.055 " 03000 =07 16%

)%J 65 0.000 0.173 0.000 0.471 .
- 66 0.000 <0.016 0.000 -0.003 :
- 67 0-000 05091 0,000 0-231 .

3 - 68 0.000 -0.064 0.000 =0.175 >
M

) :

> :
;{ - -— —-

)

S

):é

) I

D -

)"

)
= A.35

Nt



1 XXX=X=XXXX #% RIGID FRAME ANALYSIS == 03/18/85
" FR1 B o -
) R MEMBER LOADS FOR STANDARD UBC LOAD CASES--
3 ALL LOADS ARE IN KIPS,
LOADS INVOLVING WIND ARE REDUCED 8Y 25%.
, L 1 Z. Ii_J III 1V MAXIMUM MAXIMUM
.MEMBER LC D+L D¢y DeL+UW/2 D+L/2+W comMpP, TENSION N
2 8.77 T=S5.B4 3,40 T =280 =5.8% ) B.77
Y- 3 17.56 =11.67 6.81 =5.61 <11.67 1754
. 4 26432 =17.51 10.21 =8.41 =17.51 26032
TS 355097 =23.357 13,617 =11.22  =23:35 —— “35.090 -
Y 6 0.00 =0.00 =0.00 =0.00 - =0,00 0.00 N
,4 7 =0.00 =0.00 =0.00 =0.00 =0.00 0.00 -
L\—8 =14;26 =12420 =160387 =17.13 =22.62 0,00 -
)2' 9 =81.71 11,42 =64,60 =39.67 = =81.71 0.00 °*
. 10 =107.96 -8.01 -81.82 245,33 =107.96 0.00 .
1T =107.986 =387 =79.75 =41.,20 =107.%6 0.00 =
);m 12 ’ '81-71 2.?3 ‘57.53 -25052 ’81a?1 2073 ::
’F 13 & =14.26 11.51 4052 6.58 =14.26 12.06 -
iz 1% =0.00 =D.00 T=0.00 =0.00 "0500 U.00 b
); 15 0.00 0.00 0.00 0.00 0.00 0.00 -
16 35.09 29.41 40,00 £1.54 0.00 41,54 8
=717 26,32 T 22.067 T 30.00 31.15 T 0.00 31.15 :
y- 18 17.55 14.70 20,00 20.77 0.00 20.77 -
- 19 8,77 7.35 10.00 10.38 0,00 10.38 N
w2 =37.78 2.40 =25.860 =10.45 =37.18 2.40 :
) 22 =45.96 8.24 =29.00 “7.65 =45.96 8.24
.23 =54,73 14.07 =32.41 4,85 =54,73 14,07 .
= 2&  =863.50  19.91 T =35.81 =37 0 T=€3.50 19.91 -
)= 25 =21.79 14.50 =8.46 6.97 =21.79 14.50 =«
= 26 39.86 14.52 35.99 28.30 0.00 39.86 .
w27 98,56 12.29 77.18 46.37 0.00 98.5% «
) 28 98.14 791 76,69 41.84 0.00 98.14 :
.29 98.14 7.91 74,69 41.84% 0.00 98.14 .
=30 T98.567 T T 3,49 T 72,78 37.56 V.00 98358 .
3; 31 39,85 =5.74 25.85 8.04 =5.74 39.85
el 32 =21.80 =13.02 =22.22 =20.55 =22.22 0.00 .
. 33 =53.57% =29.0%5 =50.30 7 =51L.01T T =53.51 0.00— -
. 34 =54,73 =21.70 =50.30 =40.62 =54,73 0.00 I
=35 . =45,96 =14.35 =40.30 =30.24 =45.96 0.00 .
3% =37:19 7 =7.00 TT=30.30 " " =19.85 " —=37:19 0500
y= 37 5060 =3.73 2.17 -1.79 -3.73 5.60
= 38 =5.60 3.73 =217 1.79 =5.60 3.73 \
.39 5.80 =3,73 217 B B & e A S TS o
) 40 =5.60 3.73 =2.17 1.79 =5.60 3.73 .
L. 41 5060 ‘3073 2-1? -1l79 -30?3 5060 P
M Y =5.60 T T3 T T e 17T 1 79— =5.60 3.73T -
);¢ 43 5.60 -3.73 2.17 “1.79 -3,73 5.60
. A =5.60 3.73 =2.17 1.79 -5.60 3.73 .
M =183t 1218 7,105, 85 =18.31 1218,
) 46 39,57 =26.33 15.36 =12.65 =26.33 39.57 g
)»
- “_ o - A.36




Y XK= X=X XXX %% RIGID FRAME ANALYSIS ## 03/18785
3:; MEMBER LOADS FOR STANDARD UBC LOAD CASES~=
D ALL LOADS ARE IN KIPS.
. LOAD§“{NVQE!EN§”H;NQ BQEBEEDUCED BY 25%.
b 211 III Iv MAXIMUM MAXIMUM
-MEMBER LC D+L D+Y DL+H/2 DeL/2¢Y COMP. TENSION "
f; L7 =457.89 T 22.83 =37.51 =D.64 =67.89 22,873 "
I L8 45,79 0.01 33,01 15.85 0.00 65,79 h
49 =463.40 =0.01 =31.29 =15.02 =43.40 0.00 :
4t 20 43,77 =090 T T31.10 T T14.23 ~ =0.9%90 &3 7TT T v
)iﬂ 51 =24.,20 1.71 =16.59 =6.66 =24,20 1.71 L
'5{ 52 ‘0 6990 '2-34 3-30 0005 “5092 6‘90 ‘
x: 53 S ——7:69 2.97 7.03 S';63 OQCYU 17592 \r
3y ie S4 0.00 0.00 0.00 000 0.00 0.00 o
-J 55 5 ?u69 -2:12 4-:48 0054 "’9;80 10-87 tas
19 56 5 6—090 3;—20 6- 57 5:59 -Oo 37 11 .67——“"
. ) » 57 -24020 -‘0061 -19075 ‘1209? ‘2‘0.20 0-00 ;
“lal 58 $3.77 6.10 34,60 21.24 0.00 63,77 .
= 959 =4£3.,40 =5.17 =33.38% =20.7T3 43,40 0.00 =
)‘J 60 £5,.79 5.40 35.71 21.24 0.00 45,79 ‘:
2 61 =47.89 =32.73 =65.30 =56.20 =67.89 0.00 .
F! 62 39.58 T 733,97 £5.71 456,85 0.00 46,85 *
‘)@! 63 =18.31 =10.09 =18.24 =16.42 =18, 31 0.00 >
o 64 ~5.60 4,70 -6.39 -6.63 -6.63 0.00 I
= 03 5.80 470 5239 6.563 0.00 663 =
Y= 66 =5.60 ~4.70 =6.39 =6.63 ~6.63 0.00 =
o, 67 5.60 4,70 6.39 6.63 0.00 6.63 o
;ﬂ] 68 =5.60 =%, 70 6. 39 =563 =5.63 0.00—.
)Ini 69 5-60 4-70 6-39 6363 0-00 6-63 :
!:G; 70 °S-60 ‘4.?0 _6039 -6¢63 -6063 O-OD -
. 71 5+60 4570 6539 65673 000 6563 e
x‘._! ia
> .
: : " :
) X
!‘ I _ =
) :
)j.
)
J- -
?5 N
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N . I RIGID FRAME ANALYSIS AND DESIGN PR
- VULCRAFT = DIVISION OF NUCOR CORPORATION -
T T a7 T SEPTEMBER 1984 RELEASE T T T s -
3 b- 8- ® %
**********i**********t*************ﬁ*****t
Y :
T COLUMN REACTIONS=-="(REACTIONS WITH WIND ARE NOT REDUCED BY 25%) —— .
D ALL LOADS ARE IN KIPS. ¥
T POSITIVE DIRECTIONS ARE UPWARD™ AND TO THE RIGHT. :
D TITLE = S3° X 13- 5 0/0 X 0- O 1/8 OVERALL WIDTH = S3= 0 0/0 Ny
.\ BY—="DRH .
ye  DATE = 03/18/85 L
] —=RIGID FRAME TEST #2 -
),; XX X=X=XXXX .
“lal MARK = FRY -
)fi LEFT LEFT RIGHT RIGHT INTERIOR
o VERTICAL HORIZONTAL VERTICAL HORIZONTAL  COLUMN
o LORD TASE  REACTION ~ REACTION — REACTION — REACTION ~ REACTION
);ﬁ I = b+L 32.80 3,49 32,80 =3,49 ;
Y= 11 = p+w 0.69 ~3.09 4o43 -3.90 >
STIIT = DECEFET2 31.86 1,80 35,73 =5.30
)Fi IV = DeL/2+ 15.81 “1.49 19.55 =5.50 :
)
o] T T T T - -
i
S
o —_—
)
).
)
).
)'_‘ e S w..’i.:_g _ — . _ o

T R A A A A T R A R R R I A A R T A A A T I R R R R A AT AR R A AT AR AR A A A e

t

'’

Mo

\ewe!



#* RIGID FRAME ANALYSIS AND DESIGN ==

1

12

i &

O R I T A

N INPUT SPECIFICATION SHEET
TTTITCE = 539X 13="5 0/0°X T 0-"0 178 OVERALL WIDTH = "53="0 070
3 BY = DRH
DATE = 03/18/85
. JoB < RIGID FRAME TEST #¥2
Y- XX X=X=XXXX
. MARK = FR1 7 14
. FHA AR RAARR AR & kxR rkwkr ks k-
3y BAY WIDTH = 53 FT. * Lok 47 61wx 622
FULL WIDTH = 52=10 0J/0. 6% x % * * % 15
_TOVERALL WIDTH = 530 0/0: B S - - YA R B
Y - GIRTL = 0= 1 0/0, GIRTR = 0= 1 0/0. KAk E AR AR AR ® RERERERK KKK
*  4L5% * 63 %
. NO CERTER COLUMN, % ] *E W
N S« % =% % % x 14
HAUNCH = 16 INCHES. x & % 24 33x & =
W BASE = 16 INCHESS — & x x xE
'}'z,f * b4 = ®  bL=%
“ls.  FRAME DESIGN WITH DOUBLE PITCH.
) - COLUMNS ARE SQUARE (NO PITCH) * 37 % * 7i1x
* & * * * %
- DEAD LOAD = "0.640 PSFo ~ T T 2aTR TR 217344 W ow 19—
);, LIVE LOAD = 7.560 PSF. * % & * & %
- UPLF LOAD = 0.000 PSF. * * % * % #
. T BAY SIZE—="—"0-"0"1/8> X2 T2 EERRERT T
):. WIND LOADS: 0.00 0.00 0.00 0.00 PSF.
) VELOCITY = 40, EXP = C», €/0 = E, ==PINNED COLUMN BASE=~-
T HEBFACTOR ="150000"W2,W2R,—COL- W2Re—FILLET=0s39257/CLIP =—4:0;——
) RAFTER VERTICALS HAVE BEEN LOADED== CENTER VERTICAL BISECTS BC.
Y - TC BC W8 TC BC WB TC BC WB BND CV PX
- B 7 825 13 48 4 21 6 1 11 37 4 33 6 15 11 61 10 54 34
. P=X LOAD P=X LOAD P=Y LOAD P=X LOAD
. 20 0.0000 24 0.0000 30 0.0000 29 0.0000 §
. 227 70.0000 7 28 77 =8,2000" ‘3477 "0.,0000 33 " D.0000 .
) - 26 =8.2000 32 =8,2000 40 0.0000 39 0.0000 :
- 30 -8.,2000 38 =-8.2000 44 0.0000 43 0.0000
34— 0:0000 %42 =8.2000 "~ 48— - 0.0000 -~ — 47 — 0.0000—
) 40 =8.2000 46 0.0000 S0 0.0000 47 0.0000
- 44 =-8.2000 20 0.0000 19 0.0000 5 0.0000
ST T 0.0000 T 227 D.0000—21 T 0.0000° 13 “0.0000—
) S0 0.0000 26 0.0000 25 0.0000 19 0.0000 :
o 63 0.0000 ,
- T TTTUSSTTT0,0000 .
) 51 7.0000 -

s—— CASE 1 LOAD CHECK: COLUMNS =" 65,80, RAFTER = 65,60, DELTA = 0,00+

i

)"

A.39

Y., e

",
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Gt %% RIGID FRAME ANALYSIS AND DESIGN %+ ¢

i
7 ,
A INPUT SPECIFICATION SHEET B
’ 1
1
]

1
2
3

) TITLE = 53" X 135 070 X 0= 0 178 OVERALL WIDTH =—53-—0—07/0 ‘
. BY - DRH L

. DATE = 03/18/85 - (
S TI0B —=RIGID FRAME-TEST #2- :

¢
an XXX=X=XXXX

‘lo
i MARK = FR1 RS
C "\ MULTIPLE LOADING CONDITION-- e
.,—P-x-—~uptzfr—-P~x-~112*L€F7*mPex-—172~t~ww~—¢-x~~1/2~a~uw——9-x‘~fspstint—w
ca et 20 0.0000 20 0.0000 20 0.0000 20 0.0000 R
soLo22 0.0000 22 0.0000 22 0.0000 22 0.0000 iwl
HT26 0. 0000 26 =8,2000 26 —=8:2000— 26 ——0-6400 5
¢ - 30 0.0000 30 =-8.2000 30 =8,2000 30 =0.6400 i q
L 3% 0.0000 34 0.0000 34 0.0000 34 0.0000 N
W80 0.0000 40 =076400 — 40 —=0.6400" 40 ——=8-2000 =
g - 44 0.0000 44  =0.6400 44 <=0.6400 44 =8.2000 I
L. 48 0.0000 48 0.0000 48 0.0000 48 0.0000 l
TS0 07000050 0500005000000 S0 ——0-0000 =
¢ - 2% 0.0000 24 0.0000 24 0.0000 24 0.0000 e
« 28 0.0000 28 =8,2000 28 =8.2000 28 ~-0.6400 -
=32 0.0000 7327"=8,2000 32 =8.200032—=0.6400 =,
= 38 0.0000 38 =0.6400 38 =0.6400 38 =8.2000 e
o 42 0.0000 42 =0.6400 42  =0,6400 42 =8.2000 e
M 13 0°0000 46— 0.,0000 46 0-0000 %% 070000 g
(= 0 0.0000 0 0.0000 20 0.0000 20 0.0000 e
=0 0.0000 0 0.0000 22 0.0000 22  0.0000 7
y 00000 "0 TT0.0000 267 0.0000 — 26 020000 .
-0 0.0000 0 0.0000 30 0.0000 30 0.0000 S
.0 0.0000 - 0O 0.0000 34 0.0000 34 0.0000 .
<0 050000 0 0.0000 40070000 40 ——0,0000 <
¢ = 0 0.0000 0 0.0000 44 0.0000 44 0.0000 .
T e 0 0.0000 0 0.0000 48 0.0000 48 0.0000 | !
» 0 0.0000 ~0°T0.0000 ~50 " 0.0000 —S50——0.0000- e
(= 0 0.0000 0 0.0000 19 0.0000 19 0.0000 Y
-0 0.0000 0 0.0000 21 0.0000 21 0.0000 [l
=07 0.0000 7 07T 0.0000 25 0.0000 25 ——0.0000 ~ -
{ + 0 0.0000 0 0.0000 29 0.0000 29 0.0000 L
=0 0.0000 0 0.0000 33 0.0000 33 0.0000 -
© 0 70.0000 "0 70,0000 39 T0.0000 39 0.0000 — — -
(- O 0.0000 0 0.0000 43 0.0000 43 0.0000 e
= 0 0.0000 0 0.0000 47 0.0000 47 0.0000 -
«7 00,0000 TT0°T770.0000 753 10,0000 —51——7.0000 2
(- 0 0.0000 0 0.0000 5 0.0000 5 0.0000 e
< 0 0.0000 0 0.0000 13 0.0000 13 0.0000 .
- 0 7770.0000 0 '0.0000 19  0.0000 ~"19 " 0.0000 I
;-0 0.0000 0 0.0000 63 0.0000 63 0.0000 T
- 0 0.0000 0 0.0000 55 0.0000 55 0.0000
07 70.0000 70 "T0.0000 517 77,0000 TSI 0.000g9 ——— - - ———.




#% RIGID FRAME ANALYSIS AND DESIGN ==

INPUT SPECIFICATION SHEET
TTITLE =7°53° X 13=-°5°0/0 X 0-"0 1/8 OVERALL WIDTH = 53--0 0/0 —— ——
3y BY = DRH
DATE = 03/18/85
.77TJ0B T = RIGID FRAME TEST #2 ~—~ — ~—— S - R
R XX X=X=XXXX '
'15,‘ MARK = FR1 . )
) MULTIPLE LOADING CONDITION 3 i B =
. TONORMAL T UPLIFT T L /2 CLEFT w7z roww 172 Rww
MEM comp TEN comMp TEN comMp TEN comMP TEN comMp TENY
. 2 =5.84  B8.77 0.00 0.00 0.00 4.73 =2,80 0.00 =2.81 0.00
w3 E1TS87 17054 T 0.007 70,007 0.00 9.%% =5.61 0.00  =S.610.00
Y- & =17.51 26,32 0.00 0.00 0.00 14,19  =8.41 0.00 =8.42 0,009
L 5 =23.35 35.09 0.00 0,00  0.00 18.92 =11.21 0.00 =11.22 0.0C
.6 =0.007 70,000 0.000 " 0.000 <=0.00 0.00 <=0.00  0.00 =0.00  0.00
4= 7 =0.00  G.00 0.00 0.00 =C.00 0.00 =0.00 0.00 <=0.00 0.0C
"2} 8 =17.13  0.00 0.00 0.00 =15.00 0,00 =22.62 0,00 =11.65 0.0C
= 9 =81.71 0.00 0.00° 0.00 =63.24 0.00 =54.07 0.00 =25.27 0.0C
=10 =107.96  0.00 0.00  0.00 -69.38 0.00 =53.72 0.00 =-36.94 0.00)
~11 =107.96  0.00 _ 0.00 _0.00 =47.01  0.00 =32.80  0.00 =49.59  0.00
=12 <=81.71 2.73 0.00 0.00 =-24.85 0.00 =-11.13  0.00 <=39.92 0.00
)13 =14.26 11,51 0.00 0.00 =0.37 0.00 0.00 12.06 0.00 1.09Y
=14 =0.,00 0.00 0.00 0.00 =0.00 0.00 <=0.00 0.00 <=0.00 0.0C°
=715 0.00  0.00 0.000 0.00 <=0.06 0.00 <=0.00 0.00 0.00° 0.00
y:16 0.00 41.54 0.00 0.00 0.00 18.91 0.00 41.54 0.00 41.54
=17 0.00 31.15 0.00 £.00 0.00 14.18 0.00 31.15 0.00 31.16
~T8  0.00 20.77  0.00° " 0.00 0.00 9.%% 0,00 20.77 U.00 20.77
) =19 0.00 10.38 0.00 0.00 0.00 4.73 0.00 10.38 0.00 10.39,
=21 =37.18  2.40 0.00 0,00 =27.58 0.00 =16.11 0.00 <=4.80 0.00
222 =45.96  8.24 0,00 000 =32.31  0.00 =13:30  0.00  =2.000.0C
)23 54,73 14.07 0.00 0.00 =37.04 0.00 =10.50 0.00 0.00 0.B1%
.24 =63.50 19.91 0.00 0.00 =41.77 0.00 =7.70 0.00 0.00  3.61
=25 =21.797714.50 T 0.00  0.007 =11.75  0.00 " 0.00 6.95 0.006.97
=26 0.00 39.86 0.00 0.00 0.00 35.32 0.00 33.68 0.00 17.925
=27 0.00 98.56 0.00 0.00 0.00 71.01 0.00 59.78 0.00 32.95°
«28  0.00 98,714 000 0.00 '0.00 "52.90 " 0.00 %71.8% 0,00 &T-84
N e29 0.00 93.14 0.00  0.00 0.00 52.90 0.00 41.84 0.00 41.%24 -
<30 0.00 98.56 0.00 0.00 0.00 35.24 0.00 24.15 0.00 50.98
< 3T =5.7& 39.85 T 0.0000.000 0.00  7.64 =2.3% " 0.00 0.00 TB.42
j«32 =22.22 0,00 0.00 0.00 =11.75 0.00 =20.55 0.00 =20.55 0.00-
<33 <=63.51 0.00 0.00 0.00 =26.69 0.00 =45.35 0,00 =56.66 0.00°
~ 34 =56.737 0,007 0007 T0.00 =21.96 T 0.00 234,97 0.00 =46.28D.0C
)-35 =45.96  0.00 0.00 0,00 =-17.24 0.00 =24.59 0,00 =35.89 0.00)
<36 =37.19  0.00 0.00  0.00 =12.51 0.00 =14.20 0.00 <=25.51 0.0C
<37 =3.,73775.60 7 0,00 0.00 0.007 3.02 ~=1.,79 0.00 " =1.79 0.¢0
)38 =5.60 3.73 0.00 0.00 =3.02 0.00 0.00 1.79 0.00  1.79y
-39  =3.73  5.60 0.00 0.00 0.00 3.02 =1.79 0.00 =1.79 0.0C
=40 =54607 3,737 T 0.0077 0.00 ° <3.020 0.00 0,00 ~1.79 —0.00 —T-79
)-41  =3.73  5.60 0.00 0.0 0.00 3.02 =1.79 0.00 =1.79 0.00
)g* A.41



#% RIGID FRAME ANALYSIS AND DESIGN ==

3y INPUT SPECIFICATION SHEET

3y MULTIPLE LOADING CONDITION=-= ,
. &, 4. 5 C
T - NORMAL ™ 7 77 uPLIFT | TTi72 LEfT T 72 U WW | TR W

) MEM cCoMP TEN comp TEN 0MP TEN coMP TEN oMP TENDY

.42 =5.60 3.73 0.00 0.00 =3.02 0.00 0. 00 179 0.00 179
S&3 =3.73 5,607 0.00 000 0,00 3.02 =1.79 0.00  =1.79  0.00
) 44 =560 3.73 0.00 0.00 =3.02 0.00 0.00 1.79 0.00 1.793
45 =18.31 12.18 0.00 0.00 =9.87 0.00 0.00 5.85 0.00 5.85%
~&46  =26.33 739,577 0.00 T 0.00" 0.00 21.34 7=12.65 0.00 =12.66 " U.C0
47 =67.89 22.83 0.00 0.00 =64.13 0.00 =6.30 0.00  0.00 5.C1}
b 8 0.00 45.79 0.00 0.00 0.00 34.96 0.00 23.56 0.00 8.14
«&9 =%3.407 T 0.00 0.00 0.00 =33.14 0,00 =22.33 U0.00 =7.710.00
) -50 =0.90 63.77 3.00 0.00 0.00 29.70 0.00 18.81 0.00 .65
2951 =24.20 171 0.00 0.00 =11.51 0.00 =5.51 0.00 =7.81 0.00
w52  =2.3&4 6.907  0.00 T 0.00° =4,.23 0.00 =5.92 7 0.00 0.00 6.01
'3;53 0.00 7:69 0.00 0.00 0.00 17.92 0.00 15.96 =470 0.0C
"'!JSQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 °
=99 =2.12 7.69 0,000,000 =9.63 0.00 “9.807 0.00  0.0010:87
)1:56 0.00 6.90 Q.00 0,00 0.00 11.67 0.00 11.55 =0.37 O.UO}
=57 =24.20 0.00 0.00 0.00 =14.58 0.00 =14.13 0.00 =11.82 0.DC
=98 U.00 33.77_“HW0-00@*"0-00_”—_U:DU“W17759*“_~UTUU~116-66 0,00 25.82
):459 =43.40 0.00 0.00 0.00 -=13.65 0.00 =12.82 0.00 =27.44 0.50)
60 0.00 45.79 0.00 0.00 0.00 14.40 0.00 13.53 0.00 28.95
;%T*“”57789*_“0}UO"HWMOTUOM_“UTUO—_;?9;05*—_0TUU"~:5ﬁ753 0,00 =31.8% 0.00
) =62 0.00 &6.85 0.00 0.00 0.00 21.33 0.00 46.85 0.00 46.8¢
~63 =18.31 0.00 0.00 0.00 =9.87 0.00 =16.42  0.00 =16.42 0.00C
‘:1;6‘0 - YY) V.00 1:00 0-00 "mz——v;m} =063 0-.00 =6.63 0.00
)miés 0.00 6.63 0.00 0.00 0.00 3.02 0.00 6.63 0.00 6-63)
='66 =6.63 0.00 0.00 0.00 =3.02 0.00 =6.63 0.00 =6.63 0.00
&37b_‘_U700——-6T33M_“”0700“““0700_”—_ﬁIﬁﬁ“_”fTO2“_"0:00““—6Tﬁ3““__ﬁTOO*_"ﬁl63
)'>68 =6.63 0.00 0.00 0.00 =3.02 0.00 =663 0.00 =6.63 0.00}
w69 0.00 6,63 0.00 0.00 0.00 3.02 0.00 663 0.00 6,63
i 70 =6.63 0.00 T0.00° 'U.UO*W"‘3.UZ—__U;00”_—“5763”-*07ﬂ0""“’6?63“__U:00
‘:ﬂ71 0.00 6.63 0.00 0.00 0.00 3.02 0.00 6.63 0.00 6-§3}

D

3
.

Ve |

)iug )

) 2

) 3

) ¢
et e _ .

) 5(; ‘: E
A4 e




3 9.335.,909
é 1,338,999

12 91,308,939
16 9.30E.,91%%
16 998,930
17 9:.308,138
8 9.,908.949%
19 9.30R8.9%¢
20 9.30%,%170

22 2,008,137
23 2.00E.%48
23 2,004,763
26 2.00H.173
27 2,038,988
28 2,95K,23¢€

? 2.00K.313
30,908,232

2,908,987
2,308,212
2:338,239

33
le
38
39
62 3.0068.227
43 3.00K.2%0
06 3,008,281
68 3.908,313

3% 3.301.287
%2 3,328,313
36 3,508,364
87 3.%0u.37%

$¢ 6,001,375
61 6,008,438
53 6.00.0500

66
86
e?

3,928,438
5,00k, %30
2=00E.%0)

6.00K.500
©:0JE,%6)
7’0 ©.€ox.628%
4% .00E. 033
g 0.0)!.750

k14

2,308,230

i

6.3066
8.33830

B.4607%
8.46470
0.6000
0.8640
0.6640
0.6610
B8.43%90

0.6229
0.6208
Q0191
C.8170
8.619¢
€.6140
d.06913

0.7769
8.7769
0.7720
9.7¢90

0.9330
8.9300
[0.9260
0.9220

1.0860
1.0802
1.0789
1.0700

1.2300
1.2300
1.2200

1.5200
1.3400
1.8310

1.£500
1.8530
1.8600
1,240
12300

8.524%"

Table A.1

VULCRAFT Steel Inventory
(Brigham City, Utah)

0.23%33

9.2972
8.2%%0
0.2980
0.2970
6.2979
08.2950
6.2960

9.3927
Jo 3960
0.393%
J03966
9.39¢0
€.39232
0,330
93918

06963
0.6939
0.4%20
6910

0.5930
0.592)
0.9607
0.35890

9:6910
0.6923
0.6833
2.6870

6.7880
0.7€50
0.7820

J.9850
0.9830
0.9201

1.13%0
1.1800
1.1809
1.1233

1.1720

0.84666 | 0.067

0.9373 | 0.113
1.0278
13294
1.033¢
1.33%7
12353
1.94603
1.0630

1.2223
1,225
1,2285
1.2322
1.2337
1,2379
1.2605
1,2635

0.%66
€.17¢
0.191
0.200
0.207
d.217
6.232

0,379
2.39¢
00430
0.6%¢
B.678

C.52e
0.558

16272
1.46308
16336
16399

3,819
0.866
d.921
0.980

1.6293
1.6321
1.640¢4
1.6500

1.3369%
1.668283
1.8539%

1369
1.673
1516
1.738

2,318
2,479
2.657
2,862

2.0539
2,063
2.0749

3.829
6,236
6712

2.6%63
2.6706
2.68¢

7.392
7,902
8.362

2.865%9
2.3838
2.3243
2.9561
292324

81,3693
92,923
16.930
02,843

C.502-

0.927
€.06¢

9.063
0,057
0.07%
B8.C7®
€C.093
6.029
0.093

D.162
0.%153
0.187
€.179
C.190
0,232
0.214
0.239

0.317
6.33¢9
J.363
0.3%6¢

0.527
9.%77
G.062
0.707

0.932
0.97¢
1.6e%
1.13%0

1.520
1.750
f.073

2.790
3.160
3.512

.60
35,140
5.560
6.160
6.449

1.0000
0.9841%

0.9030
6.0277
0.9753
0.996¢
1.0000
1.0000
1.8000

0.879¢
0.9129
%9.9%22
0-.9788
1.8000
1.0000
1.0000
1.0000

08,9389
0.%673
0.9964
%0030

09223
0.9607
1.0000
13300

22YY}
10003

1.0000.

1.0090
- 0000
<0020

092792
« 0030
20330

<9607
<6000
8300
« 0300
«3309

09343

B A P Py




APPENDIX B
WORKING LEVEL FULL LIVE LOAD
(TEST LL)



VULCRAFT FRAME TEST SUMMARY

Project: VYulcraft FR-2

Test No: Test 1

Test Date: 21 May 1985

Purpose: Test of working leve] live load

Maximum Test Load: live load = 7.94 kips
Failure Mode: No failure was intended

Discussion:

-

This test was confined to working load Jevel and was considered as the
warmup for the testing sequence. Full live load was incrementally applied

to the east test frame and the performance of the instrumentation was
checked.

The applied load versus frame centerline deflection plot was compared to
the theoretical load versus centerline deflection curve and was found
to be in agreement.

Some yielding was seen near the base of the knee clip angles at the
reentrant corners.

Maximum midspan vertical deflection was 2.16 kips at 7.94 kips load
applied at each load point.

B.1
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FIGURE B.1 FULL LIVE LOAD
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APPENDIX C
WIND LOAD
(TEST WL)



VULCRAFT FRAME TEST SUMMARY

Project: Vulcraft FR-2

Test No: Test 2

Test Date: 28 May 1985

Purpose: Test of working level wind load
Maximum Test Load: 7.05 kips

Failure Mode: Ho failure was intended
Discussion:

- Equal wind load was incrementally applied at the north end of both
frames. The sidesway curves of both frames and all member forces but
member 48 were bounded by the theoretical curves obtained assuming
fixed column bases and pinned bases.

The columns on the north end of the frames were observed to be in
double curvature. :

No major yielding was observed during this test. The frames behaved
generally as elastic frames.

Maximum sidesway deflection was 0.7 inches at 7.05 kips wind load.

C.1
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FIGURE C.1 WIND LOAD
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APPENDIX D
UNBALANCED LIVE LOAD
(TEST ULL)



VULCRAFT FRAME TEST SUMMARY

Project: Vulcraft FR-2

Test No: Test 3

Test Date: 31 May 1985

Purpose: Test of working level unbalanced live load

Maximum Test Load: Live Toad = 7.62 kips

Failure Mode: No failure was intended

Discussion:
- Unbalanced live load was applied equally to both frames.

- The applied Toad versus vertical deflection curve of the frame compared
reasonably well with the theoretical curve.

- The member forces did not have close agreement with the predicted values.

- No major yielding was observed during the tests. The frames behaved
elastically.

- Maximum centerline deflection was 1.0 inches at 7.62 applied live load.

D.1
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APPENDIX E
UNBALANCED LIVE LOAD (WINDWARD) PLUS WIND LOAD
(TEST ULL,, + WL)



VULCRAFT FRAME TEST SUMMARY

Project: Vulcraft FR-2

Test No: Test 4

Test Date: 3 June 1985

Purpose: Test of working level wind Toad with working level live load

applied on the windward side of the frames.

Maximum Test Load: Live load = 7.7 kips; Wind load = 7.2 kips
Failure Mode:

Discussion:

Working level Tlive load was applied to the south half of both frames, then
wind load was applied at. the north end to both frames.

The applied load versus vertical deflection curves of the frames agreed
with the theoretical curves obtained for fixed column bases and pinned
column bases.

The applied wind Toad versus sidesway deflection curves were bounded by
the theoretical curves obtained for fixed column bases and pinned column
bases.

A slight increase in yielding was observed at the knee clip angles and at
the column brace points.

Maximum midspan deflection was 1.0 inches at 7.7 kips applied live load and
7.2 kips wind load.

Maximum sidesway deflection was 0.83 inches at 7.7 kips applied 1live load
and 7.2 kips wind load.
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FIGURE E.1 UNBALANCED LIVE LOAD (WINDWARD) PLUS WIND LOAD
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APPENDIX F
UNBALANCED LIVE LOAD (LEEWARD) PLUS WIND LOAD
(TEST ULL_ + WL)



VULCRAFT FRAME TEST SUMMARY

Project: Vulcraft FR-2

Test No: Test 5

Test Date: 31 May 1985

Purpose: Test of working level wind load with working level live load

applied on the Teeward side of the frame.

Maximum Test Load: Live load = 7.7 kips; Wind load = 7.43 kips
Failure Mode: No failure was intended

Discussion:

)

Working Tevel Tive load was applied to the north half of both frames; then
wind load was applied on the same end to both frames.

The applied Toad versus vertical deflection curves of the frames agreed
with the theoretical curves which were similar for fixed column bases
and pinned column bases.

The applied Toad versus sidesway deflection curves were bounded by the
theoretical curves.

At 7.6 kips live load and 1.0 kip wind load, some yielding occurred at
the knife plate areas of both north knees. Yielding at column brace
points was observed.

At 7.6 kips live Toad and 3.0 kips wind load, slight yielding at column
web member joints was observed. Double curvature of the north columns
was apparent.

Maximum midspan deflection was 1.06 inches at 7.70 kips applied live load
and 7.43 kips wind load.

Maximum sidesway deflection was 0.61 inches at 7.70 kips applied live
load and 7.43 kips wind load.
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FIGURE F.1

UNBALANCED LIVE LOAD (LEEWARD) PLUS WIND LOAD
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APPENDIX G
ULTIMATE FULL LIVE LOAD, EAST FRAME
(TEST ].86LLE)



VULCRAFT FRAME TEST SUMMARY

Project: Vuicraft FR-2

Test No: _ Test 6

Test Date: 4 June 1985

Purpose: Failure of the east frame

Maximum Test Load: Live Toad = 14.11 kips which was 1.86 x working load
Failure Mode: Buckling of column web members

Discussion:

- The plot of the centerline deflection of the frame shows a softening
which was due to yielding in the frame.

- The plot of the sidesway deflection of the frame shows a marked increase
of sidesway at 12.5 kips applied load.

- At 7 kips, yielding at base plates near the column inside chords and
yielding of column web members was observed.

- At 9 kips, yielding at all knee member joints was observed.

- At 12.5 kips, members 68 and 40 buckled at their respective column
inside chords. No yielding had been observed prior to buckling.
Yielding along member 49 was also observed.

- At 13.4 kips, members 66 and 70 buckled.

- At 14.0 kips, marked yielding was observed at the reentrant corner along
the column.

- Maximum midspan deflection was 4.6 inches at 14.1] kips applied live load.
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FIGURE G.1 EAST FRAME, FULL LIVE LOAD TO FAILURE

G.2



377198° | *NOILIIT430 INITYALNID “SA avol ¢'9 FdN9Id

Uy

€

‘NOTLI3T43d

IVINIHINIAXT <mommomm
NId TVOTLIYOIHL +—o
XId VIILIWOIHL v

gL

s el

Sl

H0€8 N H= 08 N

G.3



HLdoM 23779871 *NOILDI1430 LNIOYILUVND “SA QYO €°9 P9I
Uy “NOILI37143d

S 14 e e } 8
¥ v p: Q
S'e
HLY¥0N "3d "3I0 -cvccocc=-
NId VOIL3NOIHL +————eeemst
XId TVOILIWO3HL »—oouw 5
S°L
%]}
&
\\
7
é
\\ s°2l
\\ \\\
‘S‘.\‘\

Si

~

G.4

SO0 N X~



HINOS :371798° L “NOILI3T430 LHIOMYILUYAD
Y} "NOILI3T43d
S 14 (A 2

“SA Av01 9 3dN9I4

HLNOS "3d "10 -===eaea
NId 1VJILLJd0IHL +——-—r
XId4 TYILLIHOIHL »———

S'L

1}

Si

~

~SOCOo N O X- 008

G.5



377987 | “AYMSIAIS "SA QY01 §'9 FUNII4

Ul “NOILI3T43d
4 S°1 I S'@

4
4
V4
V4
\
IVLNIHIYIAXT —mmmmmmm J
NId T¥JILIYOIHL —— /!
XId4d IVILLIN0IHL v Y,
4
f
4
7
&
4
4
4
'
&
I
é
4
(4
I
\.

~

HO0<<O N X-—- 068

G.6



397987 1 30404 v# IAWIW “SA QYO 979 FUN9IA

¢=d1>> 30804 AUIGWIAW
BsS v Be B2

8l

| ) T 7

NId TVOILPO3HL +—r
XId TVIILI¥O3HL »——v

s'e

S°L

8l

S'el

Si

40O N O X=0 8§ N

G.7



399987 | 30404 v2# WIGWAW "SA QY01 £°H FNIIA

¢=d 3> 3004 A3IGWIW
881 88 @9 Bb 82

AVLINIWIAILKI ===
NId TVIILIWOIHL +—-r
XId VOILIWO3HL »—

s'e

S°L

8l

s'cl

Sl

SO0 N O X= 06 N

G.8



I1198° | 30404 8v# d3dW3alW “SA Av0T 879 FUN9IA

¢=di3> 3004 AIGNIN

831 Sel 2831 SL 8s Se

AVLINIRNIAIHKI ==eoee=s
NId T¥JILIUOIHL +———t
XId WIILIWO3HL v

§°2

S°L

2l

s'2l

Sl

OO N X=06 N

G.9



APPENDIX H
ULTIMATE FULL LIVE LOAD, WEST FRAME
(TEST 1.64LLW)



VULCRAFT FRAME TEST SUMMARY

Project: Vulcraft FR-2

Test No: Test 7
Test Date: 6 June 1985
Purpose: Failure of west frame

Maximum Test Load: Applied Load = 12.5 kips
Fai]ure‘Mode: Weld fracture and subsequent buckling of rafter vertical

along degree of freedom number NP42.

Discussion:

The members of the west frame which corresponded to the buckled members
of the east frame were increased in size to prevent buckling.

The centerline deflection of the frame agreed with the theoretical up
to the failure of the vertical member.

At 5.0 kips, marked yielding was observed under the clip angle at the
north reentrant corner. Some yielding occurred at the base plate near
the column inside chord.

At 7.0 kips, yielding was observed where the column compression web
members joined the column compression chord.

At 8.0 kips, yielding at most knee member joints was observed.

At 9.0 kips, marked yielding occurred at the lower column compression
flange brace points.

At 12.5 kips, the vertical member at NP42 buckled and the test was
stopped.

Maximum deflection was 3.33 inches at 12.0 kips applied 1ive load. This

load and deflection point was the last recorded before failure of the
frame.
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FIGURE H.1 WEST FRAME, FULL LIVE LOAD TO FAILURE
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