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APPENDIX B

TEE-HANGER TEST DATA
(TH TESTS)



VULCRAFT CONNECTION TEST SUMMARY
Project: VULCRAFT

Test No.: TH-1
Test Date: 2-8-84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4  Bolt Gage(g):_5 1/2" Edge Distance: 1 1/4"
Bolt Diameter: 5/8" Flange Plate Thickness (t): 3/8

Plate Width (w): g" Plate Length (de): 6"

Web Plate Thickness: 1"

Pretension Force per Bolt: 19 Kips

Failure Load, (Total Load): 34 Kips

Failure Mode: End plate yielding
Predicted Failure Loads:

Method:_AISC (allow, load) Total Tensile Load:  6.92 Kips

Method: AISC (1.67) Total Tensile Load: 11.6 Kips

Maximum Plate Separation: North .0089" Centerline: .1501" South: .(Q958"
Load at Which Maximum Plate Separation is Measured: 34 Kips

Discussion:
Observations:
-Greater separation occurred on south side.

-At approximately 30.5 kips yielding was detected along bolt lines on both
sides of web and across flange.

-Prior to 32 kips light was visible through plate separation.

-After removal from testing machine, yielding was detected below flange-to-
web welds at interface of tee-hangers.

-Screws holding edge displacement transducers may have bent at approximately
32 kips resulting in erroneous plate separation measurements above this load
level.

Loading:

-Maximum applied load was 34 kips,

-Maximum observed bolt force was 23.0 kips, south bolt (2 x AISC allowable =
27.0 kips).

-Maximum applied Toad was 4.9 times AISC predicted load and 2.9 times AISC
load with factor of safety removed.

-Test was stopped after yield plateau developed on Toad vs. plate separation
plot.
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Test TH-1

t =0, 375
a =1.25a
b =Z.25@
p =3. 00a
Fy=36. 2@

Bolt type=
db=@. 625 in.

B =27.08 kips.
Fyb=88.122 kips.

Fthb=18. 32

Solution:

According
Marnual,

Service

Service load capacity times Z.0=

Fredicted

'vwedicted

According
IN BOLTED
published

Sorns, NY

Elastic load capacity

Ultimate load capacity

Pfredicted

Fredicted

icad capacity =

Kips. (Freternsion force in

to the methaod outlirmed

the results are:

6. 94 kips.

o s srese g9 o o

farlure mode is plate yielding

bolt force at factoved load=

to the method outlined in
SPHLUICES AND BEAM-COLUMN CONNECTIONS,
i Joints

1981, pp.&. 138-8. 157,

6.73 kips

oo v mroae saooe sane o

irn Structural Steelwork,

iri. (Thickrness of flarpge in tee hanger)
ir. (Distance fram bolt center to edge)
1r. (Distarnce from bolt center to web)
ir. (Width of tee hanger per boelt lire)
ksi (Yield stress of tee hanger plate)
RA3ES {(Type of bolt. A32S or A45@0)

(Diameter of Bolt)

(Ultimate capacity of bolt)
(Yield stress of threaded bolt)
bolt=0.72 x B)

irn Chapter 4 of the AISC

18.82 kips

THE SPLIT-TEE ANALOGY

by Kermedy et

John Wiley &

the results are:

='15. 49 kips
failure mode is plate yielding
bolt force at factored load= 18.980 kips

===

Figure B.2 AISC and Kennedy Analyses, Test TH-1
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VULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAFT
Test No.: TH-2
Test Date: 2/7/84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g):_ 3 1/4" Edge Distance: 1 1/2"
Bolt Diameter: 5/8" Flange Plate Thickness (t): 1/2¢

Plate Width (w):_ 6 1/4" Plate Length (de): g"

Web Plate Thickness: 1"
Pretension Force per Bolt: 19 kips
Failure Load, (Total Load): 100.4 kips
Failure Mode: High bolt forces /
Predicted Failure Loads:
Method:_ AISC (allow. load) Total Tensile Load: 29.4 kips
Method: AISC (1.67) Total Tensile Load: 49.0 kips
Maximum Plate Separation: North Centerline: 0.367"  South:
Load at Which Maximum Plate Separation is Measured: 100 kips

Discussion:

-Edge displacement transducers were removed prior to 75 kips, therefore, no
edge plate separation values are recorded at the Took level. At 70 kips
the North plate separation was .0011" and the South was .0068".

-At end of test minimal localized yielding was detected in the immediate
vicinity of the bolts; no major vield patterns were detected.

Loading :

-Maximum applied Toad was 100.4 kips
-Maximum observed bolt force was 33.6 kips, north bolt (2xAISC allowable

= 27.0 kips)
-Maximum applied Toad was 3.4 times the AISC predicted load and 2.0 times the
AISC load with factor of safety removed.
-Test was stopped when bolt forces increased at a rapidly increasing rate.
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Test TH-Z2

Givens:

tf=@.500 in. (Thickrness of flange in tee hanger)
a =1.302 in. (Distarce from bolt center to edge)
b =1.125 in. (Distarice from bolt center to web)
p =3.000 in. (Width of tee hanger per bolt line)
Fy=36. 0@ ksi (Yield stress of tee hanger plate)
Bolt type=RA3E5 (Type of bolt. A325S or RAR49G)
db=@. 625 ir. {Diameter of Bolt)
B =27.00 kips. (Ultimate capacity of bolt)
Fyb=88. 20 kips. (Yield stress of threaded bolt)
Ftb=18. 392 kips. (Preternsion force in bolt=6.78 x B)

Scolution:

According to the method ocutlined in Chapter 4 of the RAISC

Marual, the results are:

Service load capacity £9. 42 kips.

mammER=

Service lcad capacity times 2.@= 58. 85 kips.

e
1

Fredicted failure mode is plate yielding

PFredicted bolt force at factored load= 18.3@ kips

Accordirng to the method cutlined in THE SPLIT-TEE ANALOGBY
IN BOLTED SFLICES AND EEAM-COLUMN CONNECTIONS, by Kermedy et al
published in Joints in Structural Steelwork, John Wiley &

Scns, NY 1981, pp.&.138-2. 157, the results are:

Elastic load capacity 23. 97 kips

Ultimate locad capacity = 46,06 kips

3 1 S

Mredicted failure mode is plate yielding

Mredicted bolt force at factored load= 18.980 kips

3431

Figure B.7 AISC and Kennedy Analyses, Test TH-2
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VULCRAFT CONNECTION TEST SUMMARY
Project: VJLCRAFT

Test No.: TH-3

Test Date: 2/9/84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g): 5 1/2" Edge Distance: 1 1/4"
Bolt Diameter: 5/8" Flange Plate Thickness (t): /2"

Plate Width (w): 8" Plate Length (de): 6"

Web Plate Thickness: 1"

Pretension Force per Bolt: 19 kips

Failure Load, (Total Load): 48 kips

Failure Mode: High bolt forces and end plate yielding

Predicted Failure Loads:
Method: AISC (allow. load) Total Tensile Load: 12.2 kips

Method: AISC (1.67) Total Tensile Load: 20.4 kips

Maximum Plate Separation: North _ .0714" Centerline: .0871"  South: .0N842"
Load at Which Maximum Plate Separation is Measured: 48 kips

Discussion:
-West flanges were slightly separated before bolts were tightened.
-North bolt was possibly pretensioned slightly above 19 kips.

Observations :

-Prior to 40 kips yielding was detected around all the bolts, more at the
west bolts.

-At 43 kips light was visible through plate separation.

-At 44 kips development of a yield line was observed through the top west
bolt line. _

-At 47.4 kips development of yield lines was observed through the bottom
west bolt Tine as well as through the top east bolt line and the yield Tline
through the top west bolt Tine was well established.

-At maximum load, yield lines through all bolt lines were well established.

Loading:
-Maximum applied load was 48 kips.
-Maximum observed bolt force was 26.6 kins at 47.8 kips loading, south bolt
(2xAISC allowable = 27.0 kips)-
-Maximum applied load was 3.9 times AISC predicted load and 2.4 times AISC
load with factor of safety removed.

-Test was stopped after yield plateau developed on load vs. plate separation
plot; bolt forces were very high.
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Test TH-3
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Given:
tf=0.50@ in. (Thickness of flange in tee hanger)
a =1.250 in. (Distance from bolt center to edge)
=2.258 in. (Distarce from bolt center to web)
p =3. 000 in. (Width of tee hanper per bolt line)
Fy=36.0@ ksi (Yield stress of tee hanger plate)
Bolt type=RA3z5S AType of bolt. A325 ar A497)
db=@. 625 in. (Diameter of Bolt)
B =27.0¢ kips. (Ultimate capacity of bolt)
Fyb=88. @& kips. (Yield stress of threaded bolt)
Ftb=18.9@ kips. (Preternsion force in bolt=G.7@ x B)

Sclutions

According ta the method cutlivmed in Chapter 4 of the AISC
Marual, the results are:

Service lcocad capacity = 18.34 kips.

e e cowe e somen o
33—t

Service load capacity times 2.0@= 24.68 kips.

Ffredicted failure mode is plate yielding

Fvyedicted balt force at factored load= 18.90 kip

According to the method ocutlined in THE SPLIT~-TEE ANALOGY

IN BOLTED SPLICES AND EEAM-COLUMN CONNECTIONS,; by Kermedy et al
published in Joints in Structural Steelwork, John Wiley &
Sons, NY ,1981, pp.&2.138-2.157, the results are:

Elastic load cépacity

L]

11.94 kips

3%

Ultimate load capacity = 24.46 kips

ey o e s e

Predicted failure mode is plate yielding

Predicted bolt force at factored load= 18.9@ kips

Figure B.12 AISC and Kennedy Analyses, Test TH-3
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VULCRAFT CONNECTION TEST SUMMARY
Project:  VULCRAFT

Test No.: TH-4

Test Date: 2/14/84

Purpose:__ Verification of AISC design procedure

Number of Tension Bolts: g4 Bolt Gage(g):_5 1/2" Edge Distance:1 1/4"

Bolt Diameter: 3/4" Flange Plate Thickness (t): 172"
Plate Width (w): g" Plate Length (de): 6"
Web Plate Thickness: 1"

Pretension Force per Bolt: 28 kips

Failure Load, (Total Load): 66.2 kips

Failure Mode: End-plate yielding

Predicted Failure Loads:
Method: AISC (allow. load) Total Tensile Load: 12.45 kips

Method: AISC (1.67) Total Tensile Load: 20.75 kips

Maximum Plate Separation: North 0.1303" Centerline:0.1306" South: 0.1550"
Load at Which Maximum Plate Separation is Measured: 66 kips

Discussion:
Observations:

-Prior to 56 kips yielding was detected along the bolt lines of the bottom
flanges on both the east and west sides. Localized yielding was detected in
the immediate area of all bolts on the top flanges.

-At approximately 59 kips 1ight was visible through the plate separation.

-At 60 kips yield Tines were developing in top bolt lines on both sidés, and
the bottom yield lines were well established.

-At 64 kips top yield lines were well established.

Loading:
-Maximum applied load was 66.2 kips.

-Maximum observed bolt force was 36.1 kips, south bolt (2 x AISC allowable =
38.8 kips).

-Maximum applied load was 5.4 times AISC predicted load and 3.2 times AISC
load with factor of safety removed. :

-Test was stopped after yield plateau developed on load vs. plate separation
plot.
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Test TH-4

O e

. QR in.
a 230 in.
b =2.23@ in.
p =3.808 in.

(Thickress of flange in tee hanger)
(Distarce from bolt center to edge)
(Distarice from bolt center to web)
(Width of tee hanger per bolt line)

Fy=36.0@0 ksi (Yield stress of tee hanger plate)
Bolt type=A325 (Type of bolt. A3I25S or A49G)
db=@. 75@ iwn. {Diameter of Bolt)
B =38.88 kips. (Ultimate capacity of bolt)
Fyb=88.20 kips. (Yield stress of threaded bolt)
Ptb=27.21 kKips. (Pretension force in bolt=0.7a x B)

Sclution:

oot S Som stmee sutee. S s s s

According to the method cutlined
Marmal, the results are:

Service load capacity =
Service lcad capacity times 2. 0=
Fredicted failure mode is plate

Fredicted bolt force at factored

According to the method autlined
IN ROLTED SFPLICES AND BEAM-COLUM
published in Jaoints in Struct

Sems, NY , 1981, pp.&. 138-2.157,

Elastic locad capacity
Ultimate load capacity =
Fredicted failure mode is plate

Ffredicted bolt force at factored

Figure B.17 AISC and Kennedy Ana
B.22

in Chapter 4 of the AISC

12.45 kips.

SnsmmmImomes

24,98 kips.

00 caove soms smme gatur st
===

yielding

load= 27.21 kips

in THE SPLIT-TEE ANALOGY
N CONNECTIONS, by Kermedy et al
ural Steelwork, John Wiley &
the results are:

11.94 kips

yvielding

load= 27.21 kips

lyses, Test TH-4
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VULCRAFT CONNECTION TEST SUMMARY
Project: VULCRAFT

Test No.: TH-5

Test Date: 2-2-84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4  Bolt Gage(g):_ 3 1/2" Edge Distance:

Bolt Diameter: 3/4" Flange Plate Thickness (t): 3/4"
Plate Width (w): 6 1/2" ' Plate Length (de): 6"
Web Plate Thickness: 1"
Pretension Force per Bolt: 28 kips
Failure Load, (Total Load): 176 kips
Failure Mode: Rupture of bolts
Predicted Failure Loads:
Method: AISC Total Tensile Load: 61.0 kips
Method: AISC (1.67) Total Tensile Load: 102.0 kips
Maximum Plate Sepération: North 0.0151" Centerline: 0.0294" South: 0.0121"
Load at Which Maximum Plate Separation is Measured: 110 k
Discussion:
Observations:

-Greater separation occured on the north side.

-Instrumentation was removed at 110 kips and then the system was loaded to
failure. Uninstrumented bolts were installed.

-Failure occured at 176 kips with rupture of both south bolts.

-Small yield lines were observed along the weld 1ine before failure.

-Yield lines were observed along the stem.

Loading:
-Maximum applied Toad was 176 kips.
-Maximum observed bolt force was approximately 35.5 kips at 110 kips Tload.
-Failure Toad was 2.89 times AISC predicted Toad and 1.73 times AISC Toad with
factor of safety removed.
-Failure was due to bolt rupture.

B.26



Test TH-S

tf=0. 752
a =1.5a@
b =1.25@
p =3. @02
Fy=36. @@

Bolt type=A3Z2S
db=@. 750 in.
B =38.88 kips.

Fyb=88. 2@
Ftb=27. &1

Sclutions

(Type of bolt.

Kips.
kKips.

ivi. (Thickness of flarge in tee hanger)
in. (Distance from bolt center to ednpe)
ivi. (Distance from bolt center to web)
iri. (Width of tee hanger per bolt line)
ksi (Yield stress of tee hanger plate)

A325 or RA496)
(Diameter of Bolt)

(Ultimate capacity of bolt)

(Yield stress of threaded bolt)
(Fretension force in bolt=G.7@ x B)

According to the method cutlivied in Chapter 4 of the QISC

Marual,

Service laad capacity ==

Fredicted

Fredicted

RAccording
IN BOLTED
published

Sors,

Elastic load cépacity

Ultimate load capacity =

Predicted

fredicted

NY , 1981,

the results are:

6@. 23 kips.

smmmmmomom e

o e e oo g s
1

failure mode is plate yielding

belt force at factored lcad= 35.92 kips

to the method ocutlined in

SFLICES AND BEAM-COLUMN CONNECTIONS,

in Jaoints in Structural Steelwork,

pp. 2. 138-2. 157,

47.04 kips

failure mode is plate yielding

bolt force at factored

oo evee somms sown s wven

Figure B.22 AISC and Kennedy Analyses, Test TH-5
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THE SPLIT-TEE ANALOGY

by Kermnedy et al

John Wiley &

the results are:

load= 27.21 kips



1;!
Eg Instrumented Bolt

T 5

X

pe

"'a Plate Separation
Rt Caliper

Plate ‘
Separation
Caliper }

5

Figure B.23 Instrumentation, Test TH-5

B.29



=] T O O

o 70 © 7

S D T eme BTN

&1

25

5L

16

o

ol

(a2

o 0]
(@)

. >
o) o
~ [}

ot
O e
— (5]
[} e
or—
-
!
I

]

+.-——"

AISC 120.0

i i L 1 1 1 Lo 1 1 i
16 20 3% 4 50 66 76 8 9% 100 {18
LOAD (kips)

Figure B.24 Load vs. Bolt Force, TH-5



= = O

) DV == BT N

18

168

AISC 120.0

Kennedy 83.23

______ Yield 76.0

0.01 0.62 0.3 064 065 006 0.67 068 0.9 6.1

PLATE SEPARATION (in.)

Figure B.25 Load vs. Plate Separation, TH-5

B.31



VULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAFT

Test No.: TH-6
Test Date: 2/7/84

Purpose: Verification of AISC design prggedure

Number of Tension Bolts: 4  Bolt Gage(g): 5 1/2" Edge Distance: 1 1/4"
Bolt Diameter: 3/4" Flange Plate Thickness (t): 3/4"

Plate Width (w):_8" Plate Length (de): 6"

Web Plate Thickness: 1"

Pretension Force per Bolt: 28 kips
Failure Load, (Total Load): 90.5 kips
Failure Mode: Yielding of end plate and high bolt forces

Predicted Failure Loads:
Method: AISC (allow. load) Total Tensile Load: 28.0 kips
Method: AISC (1.67) Total Tensile Load: 48.0 kips
Maximum Plate Separation: North ' Centerline: 0.508 South:
Load at Which Maximum Plate Separation is Measured: 85 kips

Discussion:

-Edge disp]acemént transducers were removed prior to 75 kips and the center-
1ine displacement transducers were removed prior to 90 kips: no displacement
values are given for the maximum load of 90.5 kips. At 72.4 kips the North
edge displacement was measured at 0.0211" and the South edge displacement
was measured at 0.0259". The centerline displacement for 85 kips is given
above.

Observations ;
-At 72.4 kips yielding was detected in the immediate vicinity of the bolts.

Loading:

-Maximum applied load was 90.5 kips.

-Maximum observed bolt force was 44.6 kips, North bolt (2xAISC allowable

= 38.8 kips)-

-Maximum applied Toad was 3.2 times AISC predicted load and 1.9 times AISC
Toad with factor of safety removed.

-Test was stopped after yield plateau was reached and bolt forces had become ‘
very high.
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o et s seum e e o s e

Given:

tf=0.752 ir. (Thickness of flanpe in tee hanpger)
a =1.250 ir. (Distance from bolt center to edge)
b ==.25@ in. (Distarce from bolt center to web)
p =3. 002 ir. (Width of tee hanger per bolt line)
Fy=36. 02 ksi {Yield stress of tee hanger plate)
Boalt type=A32S (Type of bolt. A325 or RA496G)
db=@. 73@ ir. (Diameter of Bolt)
B =38.88 kips. (Ultimate capacity of bolt)
Fyb=88. 02 kips. (Yield stress of threaded bolt)
Fth=27.21 kips. (Freternsion force in bolt=@.70 x B)

Scolution:

Aecording to the method cutlired in Chapter 4 of the AISC

Manual, the results are:

Service lcad capacity £28. 21 kips.

oo zearw sarn somme o oo
mmEmEmTm

Service load capacity times 2.0@8= 56.03 kips.
Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= E?.Ei'kips

RAccording to the method ocutlived in THE SPLIT-TEE ANALOGY

IN BOLTED SFPLICES AND BEAM—-COLUMN CONNECTIONS, by Kennedy et al
published in Joints in Structural Steelwork, John Wiley &
Sorms, NY 1981, pp.&. 138-2.157, the results are:

Elastic load capacity = 26.72 kips

=mmmaEx

Ultimate load capacity = 5@.75 kips

Predicted failure mode is plate yielding

vedicted bolt forece at factored load=s 27.21 kips
Figure B.27 AISC and Kennedy Analyses, Test TH-6
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VULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAT

Test No.: TH-7

Test Date: 2/7/84
Purpose: Verification of AISC design prqggdure

Number of Tension Bolts: 4 Bolt Gage(g): 6" Edge Distance: ! 1/2"
Bolt Diameter: 1" Flange Plate Thickness (t): 3/4"
Plate Width (w): 9" Plate Length (de): 6"

Web Plate Thickness: 1"

Pretension Force per Bolt: 51 kips

Failure Load, (Total Load): 105 kips

Failure Mode: End plate yielding and high bolt forces

Predicted Failure Loads:
Method: AISC (allow. Toad)Total Tensile Load: 25.0 kips

Method: AISC (1.67) Total Tensile Load: 41.67 kips

Maximum Plate Separation: North _-0862 Centerline: .0847"  South: .0714
Load at Which Maximum Plate Separation is Measured: 105 kips

Discussion:
Observations:
-At 95 kips load light was visible through plate separation.

Loading :
-Maximum applied load was 105 kips.
-Maximum observed bolt force was 63.2 kips, south bolt (2xAISC allowable

= 69.2 kips).

-Maximum applied Toad was 4.2 times AISC predicted lToad and 2.5 times AISC
load with factor of safety removed.
-Test was stopped after yield plateau was reached and bolt forces increased to
a high Tevel.
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Test TH-7

Fy=36. 00

Bolt type=R3Z5
db=1.002 in.
B =69.11 kips.

Fyb=88. 20
Ptb=48. 38

Solutior:

According

Marual,

Sevvice load capacity =

Service load capacity times 2. 0=

Fredicted

Fredicted

Acecording
IN ROLTED
published

Somns, NY

Elastic load capacity =

Ultimate locad capacity =

Fredicted

Predicted

to

, 1981,

(Type of bolt.

kips.

kips. (Fretensicon

to the method cutl ined

the results are:

£5. 00 kips.

failure mode is plate yielding

bolt force at factored

E33-3 44

the method outlined in

SELICES AND BEAM-COLUMN CONNECTIONS,
in
PPR. 2. 138-&. 157,

24. 12 kips

91.39 kips

failure made is plate yielding

balt forece at factored

Figure B.32 AISC and Kennedy Analyses, Test TH-7
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Joimts in Structural Steelwork,

ivi. (Thickrness of flanpge in tee hanger)
ir. (Distarnce from bolt center to edge)
in. (Distarce from bolt center to web)
v (Width of tee hanger per bolt line)
ksi (Yield stress of tee hanger plate)

A325 ar A49Q)
(Diameter of Bolt)

(Ultimate capacity of bolt)
(Yield stress of threaded bolt)
forece in bolt=@.7@ x B)

in Chapter 4 of the AISC

load= 48.3é‘kips

THE SPLIT-TEE ANALOGY

by Kernedy et al

John Wiley &

the results are:

load= 48,38 kips
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VULCRAFT CONNECTION TEST SUMMARY
Project: VULCRAFT

Test No.: TH-8

Test Date: 2/14/84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g): 4 1/2"  Edge Distance: 1 1/2"
Bolt Diameter: 1" Flange Plate Thickness (t): 1"

Plate Width (w): 7.1/2" Plate Length (de): 6"

Web Plate Thickness: 1"

Pretension Force per Bolt: 51 kips

Failure Load, (Total Load): 170 kips

Failure Mode: High bolt forces

Predicted Failure Loads:
Method: AISC (allow. load) Total Tensile Load: 71.0 kips

Method: AISC (1.67) Total Tensile Load: 118.6 kips

Maximum Plate Separation: North 0.0398" Centerline: 0.0369" South: 0.0368"
Load at Which Maximum Plate Separation is Measured: 170 kips

Discussion:
Observations:

-At approximately 130 kips yielding detected on both sides of both webs.
-At 160 kips light was visible through plate separation.
-No yielding was detected in flanges to the maximum applied load.

Loading:
-Maximum applied Toad was 170 kips.

-Maximum observed bolt force was 76.5 kips, south bolt (2 x AISC allowable =
69.2 kips).

-Maximum applied load was 2.4 times AISC predicted load and 1.4 times AISC
lToad with factor of safety removed.

-Test was stopped due to high bolt forces.
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tf=1.002 in.

a =1.500 in.

b =1.75@ in.

p =3. 000 in.
Fy=36. 2@ ksi
Bolt type=QA3zS
db=1. @2 ir.

B =69.11 kips.
Fyb=88. @@ kips.
Ftb=48. 38 kips.

Solution:

According to the method cutlived in Chapter 4 of the AISC

(Thickness of flange in tee hanger)
(Distarnce from bolt center to edpe)
(Distarce from bolt center to web)
(Width of tee hanger per bolt line)
(Yield stress of tee hanger plate)
(Type of bolt. RA325 or RA496)
(Diameter of Bolt)

(Ultimate capacity of bolt)

(Yield stress of threaded bolt)
(Freternsicon force in bolt=@.7@ x R)

Marual, the results are:

Service load capacity = 71.1@ kips.

Fredicted failure mode is plate yielding

Mredicted balt force at factored load= 48.3B‘kips

Accordivng to the method cutlined in

IN BROLTED SFLICES AND EBEAM-COLUMN CONNECTIONS,

published in

Joimts in Structural Steelwork, John Wiley &

Sons, NY ,1381, pp.2.138-2.157, the results are:

Elastic load capacity = 59.91 kips

Ultimate load capacity

Fredicted failure mode is plate yielding

Fredicted baolt force at factored load= 48.38 kips

=momEomamas

Figure B,37 AISC and Kennedy Analyses, Test TH-8
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VULCRAFT CONNECTION TEST SUMMARY

Test No.: TH-9
Test Date: 2/13/84
Purpose:___ Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g):___ 6" Edge Distance: 1 1/2"
Bolt Diameter: 1" Flange Plate Thickness (t): 1"

Plate Width (w): 9" Plate Length (de): 6"

Web Plate Thickness: 1"

Pretension Force per Bolt: 51 kips

Failure Load, (Total Load): 151.2 kips
Failure Mode: High bolt forces
Predicted Failure Loads:
Method: AISC (allow. Toad) Total Tensile Load: 44.44 kips
Method: AISC (1.67) Total Tensile Load: 74.21 kips
Maximum Plate Separation: North 0.0938" Centerline:0.0794" South:0.0781"
Load at Which Maximum Plate Separation is Measured: 150 kips

Discussion:

Observations:

-At approximately 137 kips 1ight was visible through plate separation.
-At 140 kips (or before) yielding of web was detected. |

-At 150 kips one bolt force became very high, and a yield line was detected in
the bottom west bolt line.

Loading:
—Maximum applied Toad was 151.2 kips.
-Maximum bolt force was 82 kips, south bolt (2 x AISC allowable = 69.2 kips).

-Maximum applied Toad was 3.4 times AISC predicted load and 2. 04 times AISC
load with factor of safety removed.

-Test was stopped due to high bolt forces.
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Giver:

tf=1.002 iv. (Thickness of flange in tee hanger)
a =1.90@ in. (Distance from bolt center to edge)
b =2.504 in. (Distance from bolt center to web)
p =3. @08 in. (Width of tee hanger per bolt line)
Fy=36.202 ksi (Yield stress of tee hanpevr plate)
Bolt type=ARA3ES (Type of boaolt. A3ES or A496)
db=1.0R2 ir. (Diameter of Bolt)
B =€3.11 kips. (Ultimate capacity of bolt)
Fyb=88.20 kips. (Yield stress of threaded bolt)
Ptb=48. 38 kips. (Preternsion force in bolt=6G.760 x B)

Solution:

Recovding to the method cutlived in Chapter 4 of the RAISC
Marmal, the results are:

Service load capacity = 44,44 kips.
mmsmTmmmT

Service load capacity times 2.@= 88.88 kips.

Fredicted failure mode is plate yielding

Ffredicted bolt forece at factored load= 48,38 kips

g s s somen e
_—=—=——==

According to the method ocutlinmed iwn THE SPLIT-TEE ANALOGY

IN BOLTED SPLICES AND EBEAM-COLUMN CONNECTIONS, by Kerredy et al
published iw Joints in Structural Steelwork, John Wiley &
Sons, NY 1981, pp.&2.138-2.157, the results are:

Elastic load capacity = 42.57 kips

Ultimate load capacity

n
ﬂ
&
P
no
x
z

U
@

Fredicted failure mode is plate yielding

Pfredicted bolt force at factored load= 48.38 kips

oo e s v —
—-—

Figure B.42 AISC and Kennedy Analyses, Test TH-9

B.52



» 1est TH-9

ntation

Figure B.43 Instrume

B.53



—f 2 TR

M /o™

S DV = K

160 _

10

8

Yield 76.0

|
|
|
|
|
|
|
I
|
l
|
|

Kennedy 79.1

AISC 88.8

% 4 68 68 168 120

LOAD (kips)

148

166 |

Figure B.44 Load vs. Bolt Force, TH-9

B.54

80



L i - [} g

S N T eme T

186 |

160 |

146 {

120 |

168 |

AISC 88.8

88 L ll Kennedy 79.1

- — — — — Yield 76.0
{
6 |
!
|
[}

20

0

] - i i 1 i ] i

0 0.0 0.62 8.03 6.04 0.85 0.06 0.67 8.88 .09 0.1
PLATE SEPARATION (in.)

Figure B.45 Load vs. Plate Separation, TH-9

B.55



APPENDIX C
KNEE CONNECTION TEST DATA
(CN TESTS)



VULCRAFT CONNECTION TEST SUMMARY

Test No.:__ CN-1 (corresponding to TH-2) Note: F  of plate differs
Test Date: 2/15/84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g): 3 1/4" Edge Distance: 1 1/2"
Bolt Diameter: 5/8" Flange Plate Thickness (t): /2"

Plate Width (w): 6 1/4" Plate Length (LL): 23"

Web Plate Thickness: 1"

Pretension Force per Bolt: 19 kips
Failure Load, (Total Load): 95.4 kips
Failure Mode: MWeld tear-out
Predicted Failure Loads:

Method: AISC (allow. Toad) Total Tensile Load: 40.87 kips

Method: AISC (1.67) Total Tensile Load: 68.25 kips
Maximum Plate Separation: East _ 0.0006" - Centerline _ 0.0195"
Load at Which Maximum Plate Separation is Measured: 90 kips
Discussion:
Observations:

-At start of test speciman was out of alignment due to fabrication.

-At 40 kips localized yielding was detected around the south bottom bolts of
the tension connection end.

-At 62.8 kips yielding was detected on the bottom south angle at back of spacer
angle weld. '

-At 70 kips additional yielding was detected around the south bottom bolts of
the tension connection end.

-At 75 kips yielding of the upper stem plate was detected.
-At 85 kips connection appeared to have been straightened by Toad.

-At 95.4 kips weld failed, yielding was then detected around the north west
bolt of the connection end, and around the far end, south east bolt.

Loading:
-Maximum applied load was 95.4 kips.

-Maximum observed bolt force was 28.1 kips, north bolt (2 x AISC allowable =
27.0 kips).

-Maximum applied load was 3.2 times AISC predicted Toad and 1.9 times the AISC
load with safety factor removed.

-Rupture of web-to-flange weld occured suddenly at 90 kips.
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tF=0.500 in. (Thickness of flange in tee hanger)
5 =1.500 in. {(Distance from bolt center to edge)
b =1.125 in. (Distance from bolt center to web)
p =3.000 in. (Width of tee hanger per bolt line)
Fy=50.00 ksi (Yimld stress of tee hangsr plate)
Bolt type=r325 (Type of bolt. AZZE or A490)
dbh=0. &35 in. (Diameter of Bolt)
B =27.00 kips. (Ultimate capacity of bolt)
Fybh=88,00 kips. (Yield stress of threaded bolt)
Ftb=18.20 kips. (Fretension force in bolit=0.70 » B

Solution:

According to the method outlined in Chapter 4 of the AISC
Manual, the results ared

Serwvice load

i1
33.:

city = 40.87 kips.

,1|

L[ E
Service load capacity times 2.0= £21.73%F kips.

Fredicted failure mode iz plate vielding

Fredicted bolt force at factored load= 24. ﬂ; kips

B
ale

Ocecording to the method outlined in THE SFLIT-TEE ANALDGY

I BOLTED SPLICES AND BEAM-COLUMN CONNECTIONS, by Fennedy bt al
published in Joints in Structural Steelworlk, John Wiley &
Sons, NY L1981, pp.2.138-2,157, the results ars:

Elastic load capacity = FZ.73EF kips

ltimats

z”f:s
il

load capacity = H1.50 kips
Fredicted failure mode iz plate yielding

Fredicted bolt force at factored load=s 19.65 kips

Figure C.2 AISC and Kennedy Analyses, Test CN-1
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VULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAFT
Test No.: CN-1A (Retest of CN-1 after rewelding web-to-flange.)
Test Date: 2/23/84 )

Purpose: Verification of AISC design procedure

Number of Tension Bolts:__ 4  Bolt Gage(g): 3 1/4" Edge Distance: ! 1/2"
Bolt Diameter: 5/8" Flange Plate Thickness (t): 1/2"

Plate Width (w): 6 1/4" Plate Length (LL): 23"

Web Plate Thickness: 1"
Pretension Force per Bolt: 19 kips
Failure Load, (Total Load): 119.3 kips
Failure Mode: Rupture of bolts
Predicted Failure Loads:

Method: AISC (allow. load) Total Tensile Load: 40.87 kips

Method: AISC (1.67) Total Tensile Load: 68.25 kips
Maximum Plate Separation: Fast: 0.0256" Centerline: 0.0231"
Load at Which Maximum Plate Separation is Measured: 100 kips
Discussion: |
Observations:

-At 91 kips small yielding of angles near welds was detected.

-At 100 kips displacement transducers (calipers) were removed due to high bolt
forces (33,3 kips).

-At 104 kips yielding of angles near welds was more extensive.
-At 115 kips plate separation appeared to be approximately 3/16 in.

-At 118.6 kips there was extensive yielding of the bottom angles in the mid-

section, especially in the north angle. Some yielding of the top north anale
was also detected.

-At 119.3 kips 3 of the 4 tension bolts ruptured (both north and the south east),
two of -them being the instrumented bolts. .

-After all Toad was released there appeared to be approximately 1/8" of per-
manent plate separation.

Loading: .
-Maximum applied Toad was 119.3 kips.

-Maximum observed bolt force was 43.3 kips at 115 kips load, west north bolt
(2 x AISC allowable = 27 kips)

-Maximum applied load was 4.9 times AISC predicted load and 2.9 times AISC load
with factor of safety removed.

-Sudden rupture of bolts occured at 119.3 kips.
C.9
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Test CN-1A

LF=0.500 in. {(Thickness of flange in tes hanger)
a =1.300 in. (Distance from bolt center to edge’
b =1.125% in. (Distance from bolt center to  web)
p o =3.000 in. (Width of tee hanger per bolt lines)
Fro=50, 00 ksi (Yield stress of tes hanger plata)
Eolt tvpe=AE25 (Tvpe of bolt. EEE or 44900
dby=0. &35 in. ‘ (Diametsr of Boli)
B =27.00 kips. (Ultimate capacity of bolit)
Fyb=88, 00 kips. (Yield stressz of threaded bolt)
Fib=18.%0 kips. (Fretension force in bolt=0.70 » B)

Solution:

According to the method ocutlined in Chapter 4 of the AISC
Manual, the resulits are:

Service load capacity = 40,87 kips.

Service load capacity times Z2.0= 81.73 kips.

Fredicted failure mode is plate vielding

Fredicted bolt force at factored loads 24,453 kips

According to the method outlined in  THE SFLIT-TEE ANALOGY
IN BOLTED SFLICES AMD BEAM-COLUMN CONNECTIONS, by Kennaedy et al

published in Joints in Structural Steslwork, John Wiley &

Sons, NY L1981, pp.2.128-2,157, the results are:

Elastic load capacity = RELTI kips
itimate load capacity = &1,50 kips

Fredicted failure mode is plate yielding

Fredicted bolt force at factored loads 19
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Figure C.9 Instrumentation, Test CN-1A
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VULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAFT
Test No.: CN-2 (corresponds to FR-1)
Test Date: 2/20/84

Purpose: Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g): 4" Edge Distance: 1 1/2"
Bolt Diameter: 3/4" Flange Plate Thickness (t): 5/8"

Plate Width (w): 7" Plate Length (LL): 35"

Web Plate Thickness: 1"

Pretension Force per Bolt: 29 kips

Failure Load, (Total Load): 124.4
Failure Mode: Yielding of the angles and high bolt forces

Predicted Failure Loads:
Method:_AISC (allow. Toad) Total Tensile Load: 45.03 kips

Method: AISC (1.67) Total Tensile Load: 75.20 kips
Maximum Plate Separation: East 0.0003" Centerline 0.0354"
Load at Which Maximum Plate Separation is Measured: 124 kips
Discussion:
Observations:

-Before testing, speciman was approximately 1/4 in. out-of-line (out of plane)
towards the south.

-At 55 kips, loading appeared to have partially corrected the out-of-lineness
to approximately 1/8 in.

-At 71.6 kips localized yielding was detected around south west bottom bolt at
connection end.

-At 90 kips minor yielding of angles was detected in the welded legs.

-Prior to 115 kips yielding of top and bottom stems was detected and yielding
of the angles was extensive.

-At 124 kips the test was terminated due to extensive yielding of the angles.
Out-of-Tineness was still approximately 1/8".

Loading:
-Maximum applied Toad was 124.4 kips.

-Maximum observed bolt force was 40.7 kips north bolt (2 x AISC allowable =
38.8 kips).

-Maximum applied load was 2.8 times AISC predicted load and 1.7 times AISC load
with factor of safety removed.

-Test was stopped due to yielding of the angles, however, bolt forces were also
high.
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Test CN-Z

Given:

tf=0.£25 in. {Thickness of flamge in tee hanger)
a =1.500 in. (Distance from bolt center to edge)
B =1.300 in. (Distance from bolt center to webh)
p =3.000 in. (Width of tee hanger per bolt line?
Fy=5C. 00 ksi Yield stress of tes hanger plate?
Bolt type=AT2E (Tvpe of bolt. AZZE or A490)
db=0.730 in. (Diameter of Bolt)
B =3.8B8 kips=s. (Ultimate capacity of bolt)
Fyb=88.00 kips. {(Yizld stress of threaded bolt)
Ftb=27.21 kips. (Fretension force in bolt=0.70 x B

Solution:

According to the method ocutlined in Chapter 4 of the AISC
Manual, the results ars:

Cervice load capacity = 45,07 kips.

Service load capecity times 2.0= FC,0&4 kips.

Fredicted failure mode is plate yvielding

Fredicted bolt force at factored load= 28.21 kips

focording to the method ocutlined in THE SFLIT-TEE ANALOGY

IN BOLTED SFLICES AND BEASM-COLUMMN CORNMNED TIqu-., by Kernnedy =t

hul
[
[n
ot
e
3]
o
i
o
-t
o
4
i+
in
ft
]

Sons, NY 1981, pp.2.138-2.157, the results are:

Elastic load capacity = 2g.44 kips
Ultimate load capacity = 71.%94 kips

Predicted failure mode

Predicted bolt force =zt hipg

Figure C.14 AISC and Kennedy Ana]yse Test CN-2
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YULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAFT
Test No.: CN-2A
Test Date: 2/24/84

Purpose: Observation of connection behavior with a thin shim between plates in the
u 1" . ] F '
Number of Tension Bolts: 4 Bolt Gage(g): 4 Edge D1stanJ€Peloﬁj§he web.

Bolt Diameter: 3/4" Flange Plate Thickness (t): 5/8"
Plate Width (w): 7" Plate Length (de): 35"
Web Plate Thickness: 1"
Pretension Force per Bolt: 28.7 kips
Failure Load, (Total Load): 136 kips
Failure Mode: High bolt forces
Predicted Failure Loads:
Method: AISC (allow. load) Total Tensile Load: N.A.

Method:_AISC (1.67) Total Tensile Load: M.A.
Maximum Plate Separation: East: 0.0542" Centerline: 0.0356"
Load at Which Meximum Plate Separation is Measured: 136 kips
Discussion:
Observations:

-Before start of test a thin shim plate was placed between the connection plates
in the line of the web. '

-Before start of test some local yielding was observed in the immediate vicinity
of the following bolts: northeast bottom, southwest top, and both south bottom.

-At 136 kips the test was stopped due to high bolt forces, yield Tines were ob-
served in both the top and bottom south bolt lines, and in the bottom north bolt
Tine. A very minimal amount of yielding was detected on the top north bolt line.

Loading:
-Maximum applied load was 136 kips.

-Maximum observed'bolt force was 45.6 kips, south bolt (2 x AISC allowable =
38.8 kips).

-Maximum applied load was 4.1 times AISC predicted load and 2.5 times AISC 1oadh.
with factor of safety removed. (AISC load is calculated for specimen without shim)

-Test was stopped due to high bolt forces.
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iameter of Bolt)
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ipE (Ultimate capscity of bolt)
Fyb=88.00 kips. (Yield stress of threaded bolt)
Fib=27.21 kips. (Fretension force in bolt=0.70 » EI
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vEhod cutlined in Chapter 4
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me load capacity times 2. 0=
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redicted failure mode is  plate yvielding

Fredicted bolt force at factored load= 2Z8.21 kips

Groording to the method cutlined in THE SFRLIT-TEE ANALOEY
I+ EOLTED SPLICES ARND BEAM-DOLUMK CONMMECTIONES, by Eennedy et
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publishsd in Joints in Structural Steslwork, John Wilesy
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VULCRAFT CONNECTION TEST SUMMARY
Project: VULCRAFT
Test No.:_ CN-3 (corresponds to TH-5)

Test Date:_2/22/84
Purpose:__ Verification of AISC design procedure

Number of Tension Bolts: 4 Bolt Gage(g): 3 1/2"  Edge Distance: 1 1/2"
Bolt Diameter: 3/4" Flange Plate Thickness (t): 3/4"

Plate Width (w): 6 1/2" Plate Length (de): 47"

Web Plate Thickness: 1"

Pretension Force per Bolt: 29 kips

Failure Load, (Total Load): 150 kips
Failure Mode: High bolt forces /
Predicted Failure Loads:
Method: AISC (allow. Toad) Total Tensile Load: 77.75 kips

Method:_AISC (1.67) Total Tensile Load:129.84 kips
Maximum Plate Separation: East; 0.0257" Centerline; 0.0189"
Load at Which Maximum Plate Separation is Measured: 135 kips

Discussion:
Observations:
-Specimen appeared to be straight before test.

-At 102 kips small yielding was detected on south bottom web between angle and
flange.

-At 120 kips the yielding of bottom south web increased and small yielding of
south top web between angle and flange was detected.

-At 130 kips localized yielding around northwest tension bolt was detected.
-At 135 kips a small amount of yielding was detected on anchor stems.

-At 135 kips bolt forces were very high, therefore the load was released and
all instrumentation was removed, then the specimen was reloaded to 150 kips.

-At 150 kips there was a small amount of yielding in the bottom south‘angle.
Loading:
-Maximum applied load was 150 kips.

-Maximum observed bolt force was 42.1 kips, northwest bolt (2 x AISC allowable
= 38.8 kips).

-Maximum applied load was 1.9 times AISC predicted Toad and 1.2 times AISC load
with factor of safety removed.

-Instrumentation was removed at 135 kips due to high bolt forces.
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Tezt CK-Z

tF=0.750 irn. (Thickness of flanmge in tee hanger)
a =1.500 in. (Distance from bolt cernter to edas)
b =1.250 in. (Distance from bolt center to wel)
p =3.000 in. (Width of teese hanger per bolt line:
Fy=50.00 k=i (Yield stress of tee hanger plate?
Bolt type=QR2Z0 (Type of bolt. AIES or A450)
db=0.730 1n. (Diameter of Bolt)
E =Z8.82 kips. (Ultimate capecity of bolt}
Fyb=88.00 kips. (YVield stress of threaded boli)
Fith=27.21 kips=s. (Fretension force in bolt=0.70C x HI

Solutions:

According to the method outlined in Chapter 4 of the AISC

Maruwal, the results are:

Service load capacity = 77.753 kips.
Service load capacity times 2.0=155.51 kips

-
[
ju
o
[
=
B

Fredicted failure mode iz  bolt

i}

Fredicted bolt force at factored load= 38.88 kips

fccording to the method outlined in THE SFLIT-TEE ANALDOEY

I EOLTED SFLICES AND BEAM-COLUMRN CONNECTIONS, by Fennedy st al

published in Joints in Structuwral Steelwork, John Wiley &
Sons, NY ar e

Elastic load cap

ltimats

Fredicted

Fredicted Yokips

Figure C.28 AISC and Kennedy Analyses, Test CN-3
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Figure C.29 Instrumentation, Test CN-3
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VULCRAFT CONNECTION TEST SUMMARY

Project: VULCRAFT

Test No.: CN-4

Test Date: 2/22/84

Purpose: Verification of AISC design procedure

Number of Tension Bolts:__ 4  Bolt Gage(g): 4 1/2" Edge Distance:l 1/2"

Bolt Diameter: 1" Flange Plate Thickness (t): 1"
Plate Width (w): 7 1/2" Plate Length (de): 64"
Web Plate Thickness: 1"

Pretension Force per Bolt: 51.4 kips
Failure Load, (Total Load): 192.3 kips
Failure Mode: Failure web-to-flange welds
Predicted Failure Loads:

Method: AISC (allow. Toad) Total Tensile Load: 98.75 kips

Method: AISC (1.67) _Total Tensile Load: 164.91 kips
Maximum Plate Separation:East: 0.0308" Centerline: _0.0112"
Load at Which Maximum Plate Separation is Measured: 190 kips
Discussion:
Observations:

-Before test webs appeared to be offset approximately 1/8" at tension‘end
connection. :

-At approximately 100 kips, slight yielding of top stem was detected.
-At 160 kips yielding of angles near welds was detected.

-At 165 kips yielding of angles more extensive, particularly near cut-outs for
bolt access.

-At 175 kips additional web yielding was detected.
-At 192.3 kips web-to-flange weld failed.

Loading:
-Maximum applied, load was 192.3 kips.

-Maximum observed bolt force was 73.0 kips at a loading of 190 kips (2 x AISC
allowable = 69.2 kips).

-Maximum applied load was 1.9 times AISC predicted load and 1.2 times AISC load
with safety factor removed.

-Rupture of web-to-flange weld occured suddenly at 192.3 kips, however, bolt
forces were also above ultimate.
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tFf=1.000 in. (Thickness of flange in tee hanger)
a =1.500 in. (Distance from bolt center to edge)
b =1.750 in. (Distance from bolt center to  web)
p =3.000 in. (Width of tee hanger per bolt line)
Fy=qu,Uu k=i (Yield stress of tee hanger plate)
EBolt type=AT25S A Type of bolt. AZ25 or A470)
db=1.000 in. (Diameter of Bolt)
B =62.11 kips. (Ultimate capacity of bolt)
Fyb=88.00 kips. Yield stress of threaded bolt)
Ftb=48.728 kip=s. (Pretenzign force in bolt=0.70 x B)

According to the method outlined in Chapter 4 of the AISC
Manual, the results ars:

Service locad capacity = Q28.75% kips.

Service load capacity times Z2.0=197.50 kips.

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= &1.48 kips

Afccording to the method outlined in THE SFLIT-TEE ANALOGY

I BOLTED SFLICES AND BEAM-COLUMN UNNELTI“P » by Fennedy et

published in Joints in Structural Steelwork, John Wiley %
Sons, NY L1981, pp.2.128-2.1%7, the results are:

Elastic losd capacity = BI,Z1 kips=

Ultimate load capacity ~:g:“;; kip

Fredicted failure mode is plate yvielding

Fredicted bolt force at factored load= 48B.Z8 kips

Figure C.34 AISC and Kennedy Analyses, Test CN-4
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APPENDIX D
KNEE AREA TEST DATA
(KN TEST)



VULCRAFT KNEE CONNECTION TEST SUMMARY

Project: VULCRAFT

Test No.: KN-1
Test Date: 4/27/84

Purpose: Study of Behavior of Knee Area
Knee Area Dimensions: 10.8 in. x 11.88 in.
Knee Diagonal: 2Ls 2x2x0.163 16.05 in.
Splice Plate Dimensions: —
Bolt Diameter: 3/4 ~ No. of Bolts in Tension: 4
Pretension Force per Bolt: 28 kips
Failure Load: 33.3 kips
Failure Mode: Local buckling of both ends of first diagonal member of rafter
Predicted Failure Loads:
Method: VULCRAFT Analysis Load: 20.64x1.66 = 34.26 kips
Method: Load:
Method: : Load:
Method: Load:
Maximum Displ. in Load Direction: 1.199 in. @ 33.30 kips
Maximum Plate Separation: 0.006 in. @ 33.30 kips

Discussion:
Observations:

-At 15 kips, some minor yielding was detected at the ends of diagonal member at
knee area. Some minor yielding showed around batten angle in compression side
of column.

-At 20 kips, some severe yielding was detected on outstanding legs of column
angles connected to connection stem. Yielding also was detected at the ends of
angles of first member of rafter.

-At 29.5 kips, severe yielding at the ends of first diagoha] member of rafter.
-At 33.0 kips, severe yielding of first diagonal in rafter and diagonal of knee.
-At 33.3 kips, local buckling at both ends of first diagonal in rafter.

Loading and Deformations:

-Maximum applied load was 33.3 kips.

-Maximum bolt force was 28.9 kips in west bolt.

-Maximum lateral displacement of knee corner was 0.092 in. to the west.

-Maximum axial strain in rafter first diaconal member (i.e. #33, failed member)
was 0.001594 in./in. at ram load of 23.3 kips.

-Maximum axial strain in rafter B.C., member #18, was 0.000847 in./in. at ram
load of 32.3 kips. D.?
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Test KN-1

31—t

Given:

tf=0.500 in. (Thickness of flange in tee hanger)
a =1.730 in. (Distance from bolt center to edge)
b =1.250 in. (Distance from bolt center to web)
p =3.000 in. (Width of tee hanger per bolt line)
Fy=00.00 ksi (Yield stress of tee hanger plate)
Bolt type=AZ25 (Type of bolt. AZZES or A490)
db=0.750 in. (Diameter of Bolt)
B =38.88 kips. (Ultimate capacity of bolt)
Fyb=88.00 kips. (Yield stress of threaded bolt)
Ftb=27.21 kips. (Fretenzion force in bolt=0.70 x B)
Solutions

According to the method outlined in Chapter 4 of the AISC
Manual, the results are:

Service load capacity = 37.05 kips.

Service load capacity times 2.0= 74.11 kips.

Predicted failure mode is plate yielding

Fredicted bolt force at factored load= 27.21 kips

according to the method outlined in THE SFLIT-TEE ANALOGY

IN BOLTED SFLICES AND BEAM-COLUMN CONNECTIONS, by Eennedy et al
published in Joints in Structural Steelwork, John Wiley %
Sons, NY ,1981, pp.2.138-2.157, the results are:

Elastic load capacity = 29.96 kips

Ultimate load capacity = 592.20 kips

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 27.21 kips

Figure D.2 AISC and Kennedy Analyses, Test KN-1
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VULCRAFT KNEE CONNECTION TEST SUMMARY

Project: VULCRAFT

Test No.: KN-2

Test Date:  4/25/84

Purpose: Study of Behavior of Knee Area

Knee Area Dimensions: 22.80 in. x 24.12 in.

Knee Diagonal: 2Ls 2x2x14.8 33.19 in.

Splice Plate Dimensions: —

Bolt Diameter: 3/4 in. No. of Bolts in Tension: 4

Pretension Force per Bolt: 28 kips

Failure Load: 36 kips

Failure Mode: Weld failure and buckling of first diagonal on rafter (member

Predicted Failure Loads: #43)
Method: Vulcraft Analysis Load: 17.36x1.66 = 28.82 kips
Method: Load:
Method: ) Load:
Method: Load:

Maximum Displ. in Load Direction: 1.195 in. @ 36 _kips

Maximum Plate Separation: 0.001 in. @ 36 _kips

Discussion:

Observations:
-At 15.0 kips, yielding was detected around joints of column.

-At working Toad (17.36 kips) some yielding was detected on column compression leg.

-At 22 kips, yielding started on the I-beam flanges and web.

-At 30 kips, yielding detected on first diagonal in rafter at weld locations.
-At 30 kips, specimen was free from the vertical support on ram side.

-At 31.5 kips, severe yielding in the first diagonal of rafter (member #43)

-At 36 kips crack was visible on weld connecting back-to-back leg of member #43
to gusset plate.

Loading and Deformations:
-Maximum applied Toad was 36 kips.

-Maximum bolt force was 28.6 kips in east side bolt.
-Maximum lateral displacement of knee corner was .04 in. to the west.

-Maximum axial strain in diagonal member (#42) was 0.00062 in./in. and in first
diagonal of rafter (#43) was .00065 in./in. at ram load of 20 kips.
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Test KN-2

e e e aaae vt S s S

Given:

tF=0.300 in. (Thickness of flange in tee hanger)
a =1.750 in. (Distance from bolt center to edge)
b =1.250 in. (Distance from bolt center tao web)
p =3.000 in. (Width of tee hanger per bolt line}
Fy=50.00 ksi (Yield stress of tee hanger plate)
Bolt type=AZRS (Type of bolt. AZIZS or A420)
db=0.730 in. (Diameter of BRolt)
B =38.88 kips. (Ultimate capacity of bolt)
Fyb=88.00 kips. (Yield stress of threaded bolt)
Ftb=27.21 kips. (Fretension force in bolt=0.70 x B)

Solution:

According to the method outlined in Chapter 4 of the AISC
Manual, the results are:

Service load capacity = E7.05 kips.

Service load capacity times 2.0= 74.11 kips.

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 27.21 kips

According to the method outlined in THE SFLIT-TEE ANALOGY

IN BOLTED SFLICES AND EBEAM-COLUMN CONNECTIONS, by Kennedy et al
published in doints in Structural Steelwork, John Wiley %
Sons, NY 1981, pp.2.138-2.157, the results are:

Elastic load capacity = 292.596 kips

Ultimate load capacity = 5%2.20 kips

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 27.21akip5

Figure D.13 AISC and Kennedy Analyses, Test KN-2
D.21
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VULCRAFT KNEE CONNECTION TEST SUMMARY
Project: VULCRAFT

Test No.: KN-3A

Test Date: 4-10-84

Purpose: Study of the Behavior of Knee Area

Knee Area Dimensions: 30 in. X 30.63 in.
Knee Diagonal: 2Ls 2.5x2.5x23

Splice Plate Dimensions: —

Bolt Diameter: 3/4 No. of Bolts in Tension: 4
Pretension Force per Bolt: 28 kips
Failure Load: 58.62 kips (Ram Load)
Failure Mode: Buckling of First Member in Rafter (Member #36)
Predicted Failure Loads:
Method:_ VULCRAFT ANALYSIS Load: 38.86x1.66 = 64.5 kips
Method: Load:
Method: Load:
Method: Load:
Maximum Displ. in Load Direction: 0.716" @ 58.62 kips
Maximum Plate Separation: — @ -
Discussion:
Observations:

-At approximately 25 kips ram load, local yieldings were detected at the ends
and around the batten angle of member #36 which later buckled.

-At ram load of 40 kips, yielding was detected on compression zone of con-
nection stem plate. Beyond this load, bolt force in east side bolt started
decreasing and that of west side bolt increased. This could be interpreted
as a sign of out-of-plane displacement of inner corner of knee.

-At approximately 25 kips, the specimen at the ram end was free from the
vertical support which it was originally resting on.

Loading:
-Maximum applied load by the ram was 58.62 kips.

-Maximum bolt force was 29.6 kips in west side bolt and 28 kips in east side
bolt. N
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Hivens:

tF=0.500 in.
a =1.750 in.
b =1.250 in.
p o=3.000 in.

Fy=50.00 ksi
Bolt type=AZ25
db=0.730 in.

B =38.B8 kips.
Fyb=88.00 kips.
Fth=27.21 kips.

Solution:

(Thickness of flange in tee hanger)
(Distance from bolt center to edge)
(Distance from bolt center to  web)
(Width of tes hanger per bolt line)
(Yield stress of tes hanger plate)

(Type of bolt. AZRE or A490)
(Diameter of Bolt)

(Ultimate capacity of bolt)

(Yimld stress of threaded bolit)
(Fretension force in bolt=0,.70 x B

Aoecording to the method outlined in Chapter 4 of the ATSC
Marnual , the results are:
Service load capacilty = 7,05 kips.

Servioe
Fredicted

Fredicted bolt forc

Aoocording

N BOLTED

load capacity times 2.0=
tailurse mode is

2 at

to the method outlined

SFLICES AND BEAM-COLUMM CONNECTIONS,

plate yielding

27.21

factored load=s kips

in THE SFLIT-TEE ANALDEY

by Eennedy et

published in Joints in Structural Steselwork, John Wiley %
Sons, MY 1981, pp.2.138-2.157, the results are:

Elastic load capacity = 29.548 kips

Ultimate load capacity m“;;jég kips

Fredicted failure

Fredicted bolt

mode is

force

at Ffactored load=s 27.

Figure D.24 AISC and Kennedy Analyses, Test KN-3A
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*##%% MEMBER PROPERTIES ###%
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VULCRAFT KNEE CONNECTION TEST SUMMARY
iject: VULCRAFT
Test No.: KN-3B (Same as KN-3A with buckled member replaced by 2Ls-3 1/2x3 1/2
Test Date: _ 4-13-84 XA RRD
Purpose: Behavior of Knee

Knee Area Dimensions: 30 in. x 30.63 in.
Knee Diagonal: _2Ls 2.5x2.5x23

Splice Plate Dimensions: —

Bolt Diameter: 3/4 No. of Bolts in Tension: 4
Pretension Force per Bolt: 28 kips
Failure Load: 60.12 kips (Ram Load)
Failure Mode: Considerable Lateral Displacement of Inner Corner of Knee
Predicted Failure Loads:
Method: VULCRAFT ANALYSIS Load: 38.86x1.66 = 64.5 kips
Method: Load:
Method: Load:
Method: Load:
Maximum Displ. in Load Direction: .598" @ 60.12 kips
Maximum Plate Separation: .003" @ 60.12 kips
Discussion:

This specimen was the same KN-3A specimen with buckled member replaced with
stronger angles. Two batten angles were provided at 1/3 points of replac-
ing member.

Observations:
-The connection stem plate showed sign of severe yielding at inner corner of
knee.

-Specimen became free from vertical support at ram end when ram load approached
20 kips. At about 40 kips ram load, the ram end of specimen jumped up sudden-
1y and test stopped.

-Loading mechanism was adjusted and test was redone.
-At 40 kips specimen was free from vertical support.

-At ram load about 45 kips yield lines were detected at the ends and batten
angle points of member #36, (the member that buckled in KN-3A test).

-At 58 kips considerable yielding was visible on stem plate of connection.
Beyond this load inner corner of knee moved laterally. The maximum load that
could be reached was 60.12 kips in the ram.
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VULCRAFT/KN-3B

Loading and Deformations:

-Maximum ram load 60.12 kips.

-Maximum bolt force was 31.3 kips in west side bolt.

-Maximum axial strain in member #35 (knee diagonal member) was 0.001204in./in.
-Maximum lateral displacement was 0.570 in. '
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Figure D.31 Specimen Geometry, Test KN-3B
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Test KN-ZB

v s s s e s S Smnt S
-t — b3

Given:

tF=0.300 in. (Thickness of flange in tee hanger)
a =1.730 in. (Distance from bolt center to edge)
b =1.250 in. (Distance from bolt center to web)
p =Z.000 in. (Width of tee hanger per bolt line)
Fy=50.00 ksi (Yield stress of tee hanger plate)
Bolt type=AZ2S (Type of bolt. AIZ5 or A490)
db=0.730 in. (Diameter of EBolt)
B =Z8.8B8 kips. (Ultimate capacity of bolt)
Fyb=88.00 kips. (Yield stress of threaded bolt)
Ftb=27.21 kips. (Fretension force in bolt=0.70 i E)

Solution:

According to the method outlined in Chapter 4 of the ALISC
Manual, the results are:

Service load capacity = Z7.09 kips.

Service load capacity times 2.0= 74.11 kips.

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= Z7.21 kips

According to the method outlined in THE SFLIT-TEE ANALOGY

IN BOLTED SFLICES AND BEAM—-COLUMM CONNECTIONS, by Kennedy et al
published in 3Dint5 in Structural Steelwork, John Wiley %
Sons, NY ,1981, pp.Z2.138-2.137, the results are:

Elastic load capacity = 292.56 kips

oreae s smmse s s s

Ultimate load capacity = 59.20 kips

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 27.21 kips

Figure D.32 AISC and Kennedy Analyses, Test KN-3B
D.53



33636 BT I I RN HE R R E RN R FHERTH I AR
STIFFNESS ANALYSIS
&
PLANE FRAMES
VTR R T S S RS ST S R S ok R e ok

JOE NAME: VULCRAFT KN-3E FRAYE, WORHING LOAD=38.8& KIPS

###% JOINT CODRDINATES #*¥#%

JOINT X-CO0RD Y-COORD
( F7. ) { FT. 2

i . Do 2. e
£ 1. 437 G A
3 2. 157 . &2
& 1.7a8 oL Bea
5 2. QA 4. BZT
& 2. 250 &. @22
7 2. 2@ 8. 53¢
= 4o 333 §.8:3
3 €. 152 5. 273
1@ 2. @82 &. B
it 5. vea 7.775

#%%% SUDDORT CONDITIONE #¥#%¥

Toaies

i - ™To Ty -
GHPOGRT X-DIE, Y-DIR. I-DIR.
= 4 #
= 5 . &
€ = .
i & Z

#xx¥ FEMEIR INDIDINCES #¥xx

MEMEZR T JOINT T JOINT
5 3 =

o - o
= d 5
& 5 7
= 7 &
3 & 3
7 3 i1
e 2 4
13 & 3
= E e
z3 & 5
-7 = ~
- -t o}
=5 £ 7
e 3 5
37 8
z8 E 17

Figure D.33 Stiffness Analysis, Test KN-3B,

D.54



#%#%% MEMBER PROPERTIES ##x##%

MEMBER RAREA INERTIAR ELASTICITY

M

CIN“2)  (IN™4)  (K/INTE)

1@. @2 BZ. 33 2202,

i@. 22 83. 33 Z2dd.
1.75 2. 65 22,

1.75 Z.65 29T,
3.21 2.76 23z,
3.2l 2.76 222Eh.
193, 2@ ., BB 220G,

0~ U G D e

R R SR S S S R S SR

1 3. 21 2.76 22N
13 3. 81 2. 76 Z2RRa,
o 2.1% 1.31 Z20RE.
32 2.75 iz 16 SO,
33 .75 Z. 16 EDRLE .
24 .73 @ 16 e lradvad¥s
35 2. 1% 1. 31 2300
3& 3. 38 4. 2E DEELD
37 2. 23 .22 =it
z .62 z. 28 22pnad

¥x#% LORDING i #¥xx  Do+LL

¥ JOINT LOODE #%

JOINT  FDRCE
¢

>
-
a
a3
M
"
<
‘_{
3
~.
1
5
~ M

A s
R Ot

[

R s Y
oy S N

SIS IR A RSN I A R

[N RN
NN IR RN
&
RS
s
S

7
LA

BRI e R

LR S I R I SO R

1
F
F
m
k]

|
53]

RN I [ n - SRR A AT ) B S #3 A
=
]
2

=~

RN

LN S I S I AN
PR M S S
LIRS B CA I O

&

e

e
&M
S SN

[t bon

Figure D.33 Stiffness Analysis, Test KN-3B,
Continued

D.55



IR H A RHERR
# RESULTE OF ANALYSIS *
FHREREHRRREHIERRE R HHE

JOB NAKME: VULCRAFT HN-3BR FRAME, WORKING LOARD=386.8& HIFE

###%% JOINT DISPLACEMENTE *¥¥¥x

JOINT X-DIR. Y-DIR. - D:ho

( IN ( IN
1 -, RIR1E -@. 1251
= - @225 -, @482
3 g, Gddd @, QiZd
4 . 1zc2 -~ B4ET
= 2. 2249 -, 8531
& —~G. 2232 —&. BELT
7 -2, 1364 —~f. BSEL
8 -3, 17ac -, 1SR
= -7, 1E15 -, ZESL
i —-E. 2785 - G428
il G R2Z . GAnE

¥E¥EE REACTIONGS #xx#¥

JOINT FGRCE X FORZE Y MOMENT Z
(K  H { F7—#

3 15. 648 35, 544 . B

i1 -i. 28 @. 435 T i

Figure D.33 Stiffness Analysis, Test KN-3B.,
Continued

D.56



*#E¥% MEMBER END ACTIONS —-- LOCAL CODORDINATES #%¥sx

MEMEBER JOINT AXIAL SHERR MOMENT
« K ¢ K ) « F

My re

-8.29 i7.3@ @, 1
8.z29 -17.98@ SIS

c c -15.65 -35. 54 -Z2. 53
) 15.65 35. 54 &. 2
Z i -27. 47 - 12 -l 14
S £27.47 Z. L —&. 25

[}

-35. 63 2. 23 @.
s

63 Tl

= 1
U 3]

Y
i

1

ENINET
G
o

c. 96 -2, 58 -0, 44
<

=
-t
32. 56 7.6 -

41.7@ 3. 32
3

11
LU =
B
M

W
XK

[ ¥ ] W M
|
o)
I~ pn [
~
5
I

AR ]

=
S &
[N

18 P a3. 95 -z, 12 B, &3
4 -53. 25 @ ig —&. 27

13 & 70. 54 ~2.£5 2. 2%
3 -70.54 P, 2 -1,z
22 3 1%, 70 B B2
12 ~13. 70 7.73
Iz ! 12, & ~g. 21 ~@. 22
4 ~1E.67 2. 71 -z.2
z3 4 ~8. 95 2. zz
5 8.2% -z, 72
T4 5 g, 2. 23 28
€ -8. 71 T, 23 73
35 € 48, 64 7.8 7. 23
7 ~4B. 64 ~7. LB Z. 33
5 3 47. B8 -7, £ 2.0
~47.88 2.5 ~2. 42
37 & -53. 12 7. 04
1z 53,13 ~. 74
zE 3 37. %4 ~g. 82 ~g, 28
1 ~37. 36 7. 85 ~. 3L

Figure D.33 Stiffness Analysis, Test KN-3B,
' Continued

D.57



NIRRT Y ya

L1eXvl M

d3J0NASNYYL 3904d

d3INASNVYL
NOILvd¥d3S 31vd

430NASNVYL INIWIIVTdSIA
dIONASNYEL V3LV
ovdg TWd3Lv

O®I?Y-JE

7

v

w9 -

\

400714 NOILIVIY

1227222727

(2227

siLog
pabneg-uteua3s

Figure D.34 Test Setup, Test KN-3B

D.58



MEAS 22 HLpA D xH IxE -2d -
:Q.Q QJN—J‘/ m-a_.ﬂN X \N.'\ ..-XO_ -la -1\

00 wNI QJm\J) &F JN e @— .uwm - m\; |N
w© b BJU\J) :NF.NN - O o735 - 2 M -
LD PN 22 -2 PBS - | -2

=S - e 23 -2 -2
B6-G - D 'DAS -DL -2

=1
/
a
/
JE7 &
sz

e,
K
z-

S Y O
@0& ~ O3

..m....ﬁ..@. * ..,V— < N

- 2 2Ry -2
v .m.W%n YWl 1ol
AVES QLSRG

As"% =nn e / .
@ SANOL I
P .

Figure D.35 Shop Details, Test KN-3B
D.59



TL 12345 SIHL Oy AST7
. 40D [, SoWwM AHLO Y

- YIVNAL ] J o

/oge oL L awvwvny 3

~y oo bd ‘e€d' 24 1d

panuL3uo)
‘ge-N) 3S9L ¢siteiaq doys
= SAHDALLE

G (Q 24nbL4 -

AR Fe T

(217 Wvd) 3aD0ny
2L @ o) N T

_ ABYid o do a@73pA
- g7 -“mwu*“w”nw W A
a4 phMﬁw

7T T

WL

aaAS3YC it

D.60

- — Qc_!, CE
- v N . L -,



-
| P2
2 o I?:" 2- g LB" ld“ 'z
t [ .
Lio
+ 2-108 ke

W \ \u
L - P-exl R-258 | .

“ 1 1
L -pz- 8B« p-2-108 ..

2z

- P3. 72 R - EZZ\CSES‘LOAJ‘

Figure D.35 Shop Details, Test KN-3B, Continued

D.61



L s il == I

~ 0 T — A~

108

49 |

20 L

@ €0 e oo o 0w o on

DISPLACEMENT (in.)

D.62
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VULCRAFT KNEE CONNECTION TEST SUMMARY

Project: VULCRAFT
Test No.: KN-4
Test Date: 5/9/84

Purpose: Study of Behavior of Knee Area
Knee Area Dimensions: 33.96 in. x 34.92 in.
Knee Diagonal: 48.71 in.
Splice Plate Dimensions:
Bolt Diameter: 1 in. No. of Bolts in Tension: 4
Pretension Force per Bolt: 51 kips
Failure Load: 109.60 kips
Failure Mode: Lateral buckling of stem plate and rupture of the weld
Predicted Failure Loads:
Method:  VULCRAFT Analysis Load: 73.68x1.66 = 122.31 kips
Method: Load:
Method: Load:
Method: Load:
Maximum Disp1. in Load Direction: 1.140 in. @ 109.6 kips
Maximum Plate Separation: 0.007 in. @ 109.6 kips
Discussion:
Observations:

-At 30 sips, yielding was detected on both sides of rafter stem web (compression
region).

-At 50 kips, specimen was free from the vertical support and more yielding
occurred on both sides of rafter and column stem web, (compression region).

-Bolt forces in tension bolts in east side were about 5% more than bolt forces
in west side.

-At 105 kips, some yielding was detected in the first diagonal member of rafter.
-At 105 kips, base connectionsvat support frame at ram end were deformed.
-At 105 kipss adjustments were made at ram end and specimen was reloaded.

-At 108 kips, severe yielding was observed at stem web plate, (compression
region) of column.
Loading and Deformations:

-Maximum applied Toad was 109.60 kips.

-Maximum bolt force was 72.8 kips in west side tension bolt.
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VULCRAFT KN-4

-Maximum axial strain in diagonal member (#69) was 0.00082 in./in. and in
first rafter member (#70) was 0.00168 in./in. at ram load of 109.6 kips.

-Maximum lateral displacement of inner corner of knee was 0.651 in. to the
west.
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Test KN-4

e s e e o sz s s s
14

o e g oo av ot

t$=1.000 in.
a =1.730 in.
b =1.730 in.
p =3.000 in.
Fy=50.0C ksi
Bolt type=A325
db=1.000 in.
B =6%.11 kips.

(Thickness of flange in tee hanger)
(Distance from bolt center to edge)
(Distance from bolt center to web)
(Width of tee hanger per bolt line)
(Yield stress of tee hanger plate)
(Type of bolt. A3I25 or A490)
(Diameter of Bolt)

(Ultimate capacity of bolt)

(Yield stress of threaded bolt)
(Fretension force in bolt=0.70 x B)

Fyb=88.00 kips.
Ptb=48.38 kips.

Solution:

According to the method outlined in Chapter 4 of the AISC
Manual, the results are:

Service load capacity = 98.75 kips.

Fredicted failure mode is plate yielding

Predicted bolt force at factored load= 460.14 kips

According to the method outlined in THE SFLIT-TEE ANALOGY

IN BOLTED SFLICES AND BEAM-COLUMN CONNECTIONS, by Kennedy et al

published in Joints in Structural Steelwork, John Wiley %

Sons, NY 1981, pp.2.138-2.157, the results are:

Elastic load capacity

Ultimate load capacity

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 48.328B kips

Figure D.42 AISC and Kennedy Analyses, Test KN-4
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VULCRAFT KNEE CONNECTION TEST SUMMARY

Project: VULCRAFT

Test No.: KN-5

Test Date: 4/20/84

Purpose: Study of Behavior of Knee Area

Knee Area Dimensions: 34.44 in. x 42.36 in.

Knee Diagonal: 2Ls 4x4x0.375 54.6 in.

Splice Plate Dimensions: —

Bolt Diameter: 1in. No. of Bolts in Tension: 4
Pretension Force per Bolt: 51 kips |
Failure Load: 80 kips (ram load)

Failure Mbde: Out-of-plane buckling of first diagonal of rafter (#56)
Predicted Failure Loads:

Method: Vulcraft Analysis Load: 58.16x1.66 = 96.54 kips
Method: Load:
Method: __Load:
Method: Load:
Maximum Displ. in Load Direction: 1.394 in. @ 79.88 kips
Maximum Plate Separation: 0.005 1in. @ 79.88 kips

Discussion:

Observations:

-At 25 kips, yielding was detected at compression region of rafter stem plate.

-At 35 kips, yielding was detected at tension region of column stem plate,
close to tension bolts.

-At 65 kips, run out ram stroke, adjustment was made and test restarted.
-At 70 kips, yielding started around the batten angle of members #55 and #56.

Further loading caused out-of-plane buckling of first diagonal member of the-
rafter.

Loading and Deformations:
-Maximum applied load was 80 kips.
-Maximum bolt force was 60.7 kips in west side bolt.

-Maximum axial strain in diagonal member (#55) was 0.00087 in./in. and in first
rafter member (#56) was 0.00182 in./in. at ram load of 79.7 kips.

-Maximum lateral displacement of diagonal member was 0.73 in. to the east.
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Test EN-5

mImmImImEEmERT=

Givens:

tf=1.000 in. (Thickness of flange in tee hanger)
a =2.000 in. (Distance from bolt center to edge)
b =1.900 in. (Distance from bolt center to web)
p =Z.000 in. (Width of tee hanger per bolt line?
Fy=580,00 ksi (Yield stress of tee hanger plate)
Bolt type=QA3Z23 (Type of bolt. AIZ25 or A490)
db=1.000 in. (Diameter of Bolt)
B =6%.11 kips. {(Ultimate capacity of bolt)
Fyb=88.00 kips. (Yield stress of threaded bolt)
Ftb=48.728 kips. (Pretension force in bolt=0.70 x B

Solutions

According to the method outlined in Chapter 4 of the AISC
Marnual, the results are:

Service load capacity =12%.44 Lkips.

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 71.41 kips

According to the method outlined in THE SFLIT-TEE ANALOGY
IN BOLTED SFLICES AND BEAM-COLUMN CONMECTIONS, by Kennedy et al
published in Joints in Structural Steelwork, John Wiley %

Sons, NY 1981, pp.2.178-2.157, the results are:

Elastic load capacity = 946,08 kips

Ultimate load capacity =157.80 kips

Fredicted failure mode is plate yielding

Fredicted bolt force at factored load= 48.38 kips

Figure D.53 AISC and Kennedy Analyses, Test KN-5
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VULCRAFT KNEE CONNECTION TEST SUMMARY

Project: VULCRAFT
Test No.: KN-7 (Modified KN-3)
Test Date: 6/13/84
Purpose: Study of Behavior of Knee Area
Knee Area Dimensions: - 28.5 in. x _ 30.6 in.
Knee Diagonal: 41.8 in.
Splice Plate Dimensions: — ,
Bolt Diameter: 3/4 in. No. of Bolts in Tension: 4
Pretension Force per Bolt: 28 kips
Failure Load: 71.8 kips
Failure Mode: Buckling of vertical member at knee area
Predicted Failure Loads:
Method: Vulcraft Analysis Load:  38.86x1.66 = 64.5 kips
Method: Load:
Method: Load:
Method: Load:
Maximum Displ. in Load Direction: 1.127 in. @ 69.5 kips
Maximum Plate Separation: 0.008 in. @ 71.8 kips
Discussion:
Observations:

-Failure occurred at 71.8 kips by buckling of vertical member at knee area
(member #12).

-At 10 kips, minor yielding was detected at connection area.

-At 35 kips, more yielding was detected at compression region of rafter stem
plate.

-At 50 kips, yielding occurred at bottom chord of rafter next to the end plate
stem.

-At 60 kips more yielding was observed at rafter stem.

-At 70 kips, yielding was detected at end joints of members 12, 13 and 14 of the
rafter.

-At 71 kips, yielding shown on bottom chord of rafter.
Loading:

-Maximum applied load was 71.8 kips.
D.108



VULCRAFT (KN-7)

-Maximum bolt force was 36.1 kips on bolt #2 (East side bolt).

-Maximum axial strain in diagonal member (#11) was 0.00148 in./in. and in

vertical member of knee area (#12) was 0.00267 in./in. at ram load of 71.8
kips.

-Maximum lateral displacement of inner corner of knee was 0.341 in. to the
east.
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Test EN-7

GHiven:

tF=0,730 in. (Thickness of flange in tee hanger)
a =1.500 in. (Distance Ffrom bolt center to edge?
b o=1.900 in. (Dis=tance from bolt center to web)
p =EL000 in. (Width of tee hanger per bolt line?
Fy=50.,00 ksi (Yield stress of tes hanger plate)
Bolt type=A%235 (Type of bolt. RS or A490)
dh=0, 730 in. (Diameter of Bolt)
B =78.88 kips. (Ultimate capacity of bolt)
Fyb=88.00 kips. (Vield stress of threaded bolt)
Fith=27.21 kips. (Fretension force in bolt=0.70 » B}

Salution:

According to the method outlined in Chapter 4 of the AISC

Marnual, the results are:

i

Service load capacity &4.84 kips.

Service load capacity times Z.0=129.46% kips.

Fredicted failurs mode is plate yvielding

Fredicted bolt force at factored load= 40.463% kips

fccording to the method ocutlined in THE SBRLIT-TEE ANALDEY
M BOLTED SFLICES AND BEAM-COLUMN CONNECTIONS, by Hennedy et
published in Joints in Structural Steslwork, John Wiley &

Sons, MY 1981, pp.2.138-E.157, the results ared

Elastic load capacity = 54.%8 kips
Hltimate load capacity = 7,10 kips

Fredicted failure mode is plate vielding

Fradicted bolt force at factorsd load=

Figure D.64 AISC and Kennedy Analyses, Test KN-7
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APPENDIX E
COLUMN BASE TEST DATA
(CB TESTS)



VULCRAFT COLUMN BASE TEST SUMMARY

Project: VULCRAFT
Test No.: CB-1A
Test Date: 6/7/84
Purpose: Study of Behavior of Column Base for Wind Loading
Load Eccentricity: 10.59"
Base Plate Dimensions: __ 8x12x1 inch
Anchor Bolt Diameter: 1" No. of Anchor Bolts: 2
Pretension Force per Anchor Bolt: 3 kips
Failure Load: 35 kips
Failure Mode: Excessive end rotation and plate separation
Predicted Failure Loads:
Method: Vulcraft Analysis Load: 17.66x1.66 = 29.31 kips
Method: Load:
Method: ‘ Load:
Method: Load:
Maximum Displ. in Load Direction: 0.351" @ 35 kips
Maximum Plate Separation: 0.25" @ 35 kips
Discussion:
Observations:

_Failure occurred at 35 kips due to excessive end rotation and plate separation.

-At 12.5 kips, no yielding but significant plate separation was observed on
tension side of plate.

-At 17.5 kips, minor yielding was observed at compression leg adjacent to
the base plate.

-At 35 kips, maximum plate separation measured was 0.25 inch.

-At 35 kips, some yielding was detected on compression angle of column.

Loading:
-Maximum applied load was 35 kips.

-Maximum bolt force was 52.9 kips on bolt #1 (North side bolt).
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Figure E.1 Specimen Geometry, Test CB-1A
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*#&#*#**i&*******i*******%********************%***********
STIFFNESS ANALYSIS
oF
PLRANE FRAMES
BRERHR LD RT3 3506 36303630306 5 56 96309696 96 36 26 45

JOB NRME: VULCRAFT CB-1 & CBLE FRAME, (WORKING LOAD=17.66 KIPS)

###s JOINT COORDINATES ##u##

JOINT X-COORD Y-COORD
¢ FT. ) ( FT. )

1 =0. 929 3. 603
e 2. 600 @. bR
3 8,717 @. 2o
4 @. 9@a7 1. 323
=1 @. 200 3. 323
6 1.253 3. 723
7 1.972 3. 382
8 8. 359 -8. 167
9 8. 359 0. 220
i@ 6. oY -2. 000

wi##d SUPPORT CONDITIONS i
SUPPORT X-DIR. VY-DIR. Z-DIR.

1 i 1 %
7 1 1 @
é ’ 1 1 a
19 i 1 o

###d MEMBER INCIDENCES ####
MEMBER I JOINT J JOINT
1

i : 9
e 2 9
3 S 6
4 & 7
= 9 3
7 9 8
8 2 19
i7 2 5
31 4 &
32 3 4
61 4 S
62 e 4

Figure E.2 Stiffness Analysis, Test CB-1A
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—

#uud MEMBER PROPERTIES ww##

MEMBER ARERA INERTIA ELRSTICITY
' (IN~2) (IN™4) (K/IN"2)
1 1008. 02 0. 08 295001. &
e 14,00 8. 67 2988, B
3 3. 36 3. 02 29000. &
4 109. 00 8. 00 29008, 1
6 14. 00 @.67 29002. 2
7 1. 57 8. 60 29000. 2

& 4. 00 8. 00 29000. 0 ’
17 i.25 . 48 29008. 3
- 31 2. 87 2. 48 29000.
32 2. 87 2. 48 29001, 2
61. 1.52 8. 58 29000, B
62 - 8.83 8. B2 29000. ?

#ww® LOADING 1 @### DL+LL

#%# JOINT LOADS ##

JOINT FORCE X FORCE Y M™MOMENT Z

( K) ( K) ( FT=K )
1 8. 08 .00 ° = 0.00
e 9. 00 @. 00 @.22
3 0. 00 2. 00 3. B2
4 0. 68 8. 20 3. 03
a 8. 60 0. 00 @. 02
(= -8.93 -15. 24 0. 02
7 8. 02 .00 . 22
a8 3. B0 0.0 0.0
9 8. 00 8. 08 3. B&
10 .20 9. Y . 09

Figure E.2 Stiffness Analysis, Test CB-1A,
Continued
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L2 L k-2 g Rt 2L 2 X220 X2 k- 21 11

# RESULTS OF ANALYSIS #
B3 8 B 4 38 8 303 A4 O 8 4 U 03 3 3 3 38

JOB NAME: VULCRAFT CB-1 & CB-2 FRAME,; (WORKING LOAD=17.66 KIPS)
LORDING 1 DL+LL

##wwd JOINT DISPLACEMENTS ###u#

JOINT X-DIR. Y-DIR. Z-DIR.
( IN) ¢ IN) ¢ RAD )

1 2. 2000 3. B2V 0. Q0R4
e 0. B0 -0.0016 8. 8238
3 8. D020 -@. DREE -8. 0211
4 0. 8812 -@. 6281 B. BRD4
] -0. 0283 -@8. BRABE —id. YAA3
& -8. BB75 -0.8127 -2. 1
7 2. D20 2. 222aR 3. 223
a8 8. vBBY 0. BonG Q. 224
9 8. 2000 -2. R4 ~2. &8
10 8. 2200 B. 2B -@. BoR4

##edd REQCTIONS ###dd

JOINT FORCE X FORCE Y MOMENT 2
( K) ( K) ( FT-K )

1 4. 953 v. B0 2. 2@

7 3. 977 -2. 327 @. 200

8 Q. 22 9. 954 2. 2ad

18 0. 200 7.613 8. 229

Figure E.2 Stiffness Analysis, Test CB-1A
Continued
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#a#uads MEMBER END ACTIONS --— LOCAL COORDINATES ####%

MEMBER JOINT AXIAL SHERR MOMENT
( K ) (K) (FT-K )
1 1 4. 95 0. B0 2. 00
9 ~4, 95 2. 20 2. 00
2 2 -3.29 -3.58 -2. 25
9 3.29 3.58 -1.23
3 5 2. 68 . 30 2. 14
6 -2.68 -0. 30 . 26
4 6 -4, 61 8. 00 0. 00
7 4.61 2. 20 . 20
6 9 1.67 €. 38 1.23
3 ~1.67 -6.38 1.95 -
7 9 9. 95 0. 20 @. 30
8 -9.95 0. 00 2. Q@
8 2 7.61 2. 00 2. 00
10 -7.61 8. 02 2. 00
17 2 6.37 2. a0 2. 04
5 -6.37 0. o0 -2. @z
31 4 16.65 -0.12 -2.03
6 -16.65 2. 12 -0. 26
32 3 6.55 -0.74 ~1.05
4 -6.55 8. 74 2. 0
61 4 -5. 81 -2. @7 —a. 04
5 5. 81 @. 07 -2, 12
62 2 5. 84 2. 81 2. 01
4

—Su 84 —wn Bl @- @1

Figure E.2 Stiffness Analysis, Test CB-1A,
Continued
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Figure E.3 Test Setup, Test CB-1A
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VULCRAFT COLUMN BASE TEST SUMMARY

Project: VULCRAFT
Test No.: CB-1B (Same as CB-1A except pretension bolts to 25 kips)
Test Date: 6/8/84
Purpose: Study of Behavior of Column Base for Wind Loading
Load Eccentricity: 10.59"
Base Plate Dimensions: 8x12x1 inch
Anchor Bolt Diameter: 1" No. of Anchor Bolts: 2"
Pretension Force per Anchor Bolt: 25 kips
Failure Load: 37.5 kips
Failure Mode: Excessive bolt force
Predicted Failure Loads:
Method: Vulcraft Analysis Load: 17.66x1.66 = 29.31 kips
Method: Load:
Method: ' Load:
Method: Load:
Maximum Displ. in Load Direction: 0.221" @ 37.5 kips
Maximum Plate Separation: 0.063" @ 37.5 kips
Discussion:
Observations:

-This test was identical to Test CB-1A, except bolts were pretension to 25
kips to prevent excessive plate separation.

-Failure occurred at 37.5 kips due to bolt yielding.
-Plate separation was very small compared to Test CB-1A.

-At 35 kips, plate separation was 0.05 in., which is about 20% of Test CB-1A
for the same 1load.

Loading:
-Maximum applied load was 37.5 kips.

-Maximum bolt force was 69.5 for bolt #1 (North side bolt) at 30 kips applied
load.
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Figure E.9 Specimen Geometry, Test CB-1B
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****%*********%***************************%***************
STIFFNESS ANALYSIS
aF
PLANE FRAMES
FHRFHR BRI TR IR 33396363636 396 53396369636 36 2 2o

JOB NAME: VULCRAFT CB-1 & CB-& FRAME, (WORKING LOAD=17.66 KIPS)

#¥#% JOINT COORDINATES ##%#

JOINT X-COORD Y-COORD
( FT. ) C FT. )

1 -@. 32 B. 222
c @. 22@ 0. a0
3 D.717 &. 2i2d
4 0. 97 1.323
3 Q. 22 3. 323
& 1.853 3. 723
7 1.972 3. 32
2 @. 359 -3. 167
9 2. 359 B. 202
12 @. 20w r= 17

###% SUPPORT CONDITIONS #%%%

SUPPORT X-DIR. VY-DIR. Z-DIR.
1 1 i
7 1 1
a8 1 1
18 1 1

S8 &

*¥3## MEMBER INCIDENCES ####*

MEMBER I JOINT J JOINT

WP OOO U0~
fay
FOPrPrOUSDLNDOVYW

Figure E.10 Stiffness Analysis, Test CB-1B,
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##¥% MEMBER PROPERTIES %%

MEMEER AREA INERTIA ELASTICITY
CINSE) CIN"4) (K7 IN"E)
1 1022, @ @. 2202, 2
2 14. 20 2.7 29722, 2
3 3.56 3. 02 29007, 7
4 100, 22 &. 22 29002, &
& 14, 20 .67 2200, &
7 1.57 a. @o 29302, 2
8 4, Q@ 0. 2@ 2902@. 0 ’
17 1.85 2. 48 29002, 2
3 2.87 2. 48 200, B
3z z.87 .48 29000, Z
61 1.5 2.58 29020, 2
E2 .83 @, e 2O0@a. 2

#### LOADING 1 ##%x DL+LL

##* JOINT LORDS ##

JOINT FORCE X FORCE Y MOMENT Z

( K ) (K ( FT-K )
1 Q. 22 @. Qi &. D
o @, 2 i P valvi] 0.4
3 &. 22 2. Qi . 2
4 2.2 Z. 2 8. 23
] o, 2 & G v
= -8.92 -13. &4 . &id
7 v, Pyl 2. 2@ 2. 2
a8 B. 0B 2. 22 B, @i
9 @&. 2 &, ad 2. @2
1@ B. 20 . 2 0. B

Figure E.10 Stiffness Analysis, Test CB-1B,
Continued
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# RESULTS OF ANARLYGLIE #
336 3 330 3 9 3 090 30 0 30 A H

JOB NAME: VULCRAFT CB-1 & CB-2 FRAME, (WORKING LOARD=17.66 KIPS)

LOARDING 1 DL+LL '
####¥ JOINT DISPLACEMENTS ##3#4#
JOINT X-DIR. Y-DIR. Z-DIR.
( IN) ( IN D) { RAD
i B. Q@ 2. Qagd @, a4
P Q. QRadd - DBl 2. Qa8
3 Q. 2GR —-ig. QAEE -d.3ali
4 . 23l -, 3281 0. Qa4
] -0, D83 -0, QP& —idl, QBA3
& -0, BA7S -g. 3127 ~i. & 1
7 @ Q22 Q. QAR B DERE
a &. Qg 0. BQad 2. BiAh L
9 Q. Q2R -, gL —d. Qa8
1 @. adbd 2. pgan —B . QidD 4
##ad REACTIONS sew#%3#
JOINT FORCE X FORCE Y MOMENT Z
( K ( K ( FT-K )
1 4,953 0. QA 2. e
7 2.977 ~Z. 327 @, QG
a8 @. dQ& 9. 354 i 122
1@ 2. o 7.613 . 22

Figure E.10 Stiffness Analysis, Test CB-1B,
Continued
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##e#d MEMBER END ACTIONS -~ LOCAL COORDINATES ###%%

MEMBER JOINT axIAL SHEAR MOWENT
(K ) (K>  ( FT-K )

1 1 4, 95 2. o0 Q. 2
9 —4, 95 0. 20 2. 0@

= 2 ~3.29 ~3.58 —0. 25
= 3.29 3.58 -1.23

3 5 =. 68 2. 30 Q. 14
6 ~2.68 -@. 30 @, 26

4 & -4, 61 0. B 2. o
7 4,61 3. 20 Q. 2

£ 3 1.67 €. 38 1,23
2 -1.67 -€. 38 1.05

7 9 9,95 0. Q0 2. 2B
8 -9, 95 0. I 2. B

8 = 7.61 o, 20 0. 20
1@ ~7.61 2. Qa0 2. o

17 = €. 327 . 00 2. 24
5 ~6.37 2. Q@ -2, 0

31 4 16. 65 ~@. 12 —. 03
6 ~16.65 2. 12 -0, 26

3z 3 €. 55 ~2. 74 —1.05
4 ~E. 55 2. 74 2. 26

61 4 ~5. 81 ~2. @7 ~0. 04
5 5. 81 2. a7 —a. 12

62 & 5. 84 2. o1 2. 21
4 —SU 84 _m- Bi e E‘n ‘2‘1

Figure E.10 Stiffness Analysis, Test CB-1B,
Continued
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VULCRAFT COLUMN BASE TEST SUMMARY

Project: VULCRAFT
Test No.: CB-2
Test Date: 6/18/84
Purpose: Study of Behavior of Column Base for Wind Loading
Load Eccentricity: 10.59"
Base Plate Dimensions: 8x12x1 inch
Anchor Bolt Diameter: 3/4" No. of Anchor Bolts: 4
Pretension Force per Anchor Bolt: 4 kips
Failure Load: 55 kips
Failure Mode: Buckling of compression member (#17)
Predicted Failure Loads:
Method: Vulcraft Analysis Load: 17.66x1.66 = 29.31 kips
Method: Load:
Method: ' Load:
Method: Load:
Maximum Displ. in Load Direction: 0.533" @ 55 kips
Maximum Plate Separation: 0.123" @ 55 kips
Discussion:
Observations:

-Failure occurred at 55 kips by failure of compression angle, single angle
buckling (member #17).

-At 30 kips yielding was detected at compression angle next to the base plate.
-At 40 kips severe yielding occurred on diagonal member.at base.

-At 50 kips severe yielding at tension angles adjacent to stem of base plate.
Loading:
-Maximum applied laod was 55 kips.

-Maximum bolt force was 28.9 kips (North side) at 55 kips applied load.

-Only one bolt force was measured.
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Figure E.17 Specimen Geometry, Test CB-2
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**********************************************************
STIFFNESS ANALYSIS
oF
PLANE FRAMES
***********************************************************

JOB NAME: VULCRAFT CB-1 & CE-2 FRAME, (WORKING LOAD=17. 66 KIPS)

##%% JOINT COORDINATES ###%

JOINT X-COORD Y—-COORD

C FT. ) C FT. )
1 -@. 929 @. 22z
c 2. Bad 0. e
3 @.717 @, B
4 2. 9a7 1.323
3 2. o2 3. 323
& 1.253 3.723
7 1.972 3. a2
8 2. 359 -2. 167
9 @a. 359 0. 222
12 . 220 —2. qa

###% SUPPORT CONDITIONS ###%

SUPPORT X-DIR. Y-DIR. Z-DIR.

1 1 1 2
7 1 1 @
a8 1 1 ?
12 1 1 2

*##%# MEMBER INCIDENCES s##%

MEMBER I JOINT J JOINT
1 1 9
g z 9
3 5 &
4 € 7
€ 9 3
7 9 8
8 2 1@

17 = s
1 4 3
32 3 4
61 4 5
e = 4

Figure E.18 Stiffness Analysis, Test CB-2,
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###3% MEMBER PROPERTIES ##%#

MEMBER ARER INERTIA ELASTICITY
(IN"2) (IN™4) (K/IN™g)

1 1208. 62 @&. 02 230d. 2
P4 14,22 2. 67 eS8, &
3 Ge 06 3. = =290Ba. @
4 122. 202 @. 22 2200d.
& 14. 0@ 2.67 22022, 2
7 1.57 B. 00 &90602. 2
8 4. 02 2. 22 2900@. 2
17 1.25 @. 48 220022, 2
31 2. 87 2. 48 2oea. @
32 2. 87 2. 48 e9ug. &
&1 1.52 3. 58 280ed. B
&ee 8.83 8. 02 2900, &

##%% LOADING 1 ###% DL+LL

## JOINT LOADS ##

JOINT FORCE X FORCE Y MOMENT Z

C K) ( K) ¢ FT-K )
1 @. 02 2.2 B. 32
2 .20 2. 002 .29
3 2. 02 a. & 2. 0
4 2. 68 B. 2@ B. 22
S @. 02 2. 0@ 3. 22
& -8.93 -15. 24 .20
7 2.2 3. 23 @&. a2
a8 8. & ?. 29 B. B2
9 B. 22 2. @@ 2. Qi
1@ 0. 2 2. 00 a. 129

Figure E.18 Stiffness Analysis, Test CB-2
Continued
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# RESULTS OF ANALYSIS +=
33 330 33 36 33 33030 3 90 3 30 36 4 3 30 30 38

JOEB NAME: VULCRAFT CB-1 & CB-2& FRAME, (WORKING LOARD=17.&6& KIPS)

LOARDING 1 DL+LL
##uidt JOINT DISPLACEMENTS ##t#%
JOINT X-DIR. Y-DIR. Z-DIR.
( IN ) ( IN)) ( RRD )
i B. a22@ ¢. 20 ¢. 24
by Q. Q22w —-3., QB1E B. B22A
3 @. 222 -, QREE -, 2ail
4 . aglz -@. Biag: B, Qa4
5 -, Q83 -@3. 2RQBE -8, SRR 3
€ -. 375 ~R.@diz7 —@. Gzl
7 @. Q22> B, a2 &, QG2
a8 Q. 22D . B2 ., QL
9 @. Q2R -2, Q204 Q. BB
1@ @. 22Rd Q. A2 -, Q24
L-X:X:3:X:3 REQCTIDNS L2 X X3
JOINT FORCE X FORCE Y MOMENT Z
C K) ( K ) ( FT—-K
i 4,353 d. 2. R
7 3.977 Z. 327 &3
8 Q. d2a 9. 354 7. 22a
1@ Q. 2aa 7.613 @, @2d

Figure E.18 Stiffness Analysis, Test CB-2,
Continued
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*¥#x#% MEMBER END ACTIONS -- LOCRL COORDINATES #####%

MEMEER JOINT AXIAL SHERAR MOMENT

( K ( K ( FT-K )

1 1 4. 95 g. 2@ G 2
9 -4, 95 2. 02 a. g

e 2 3. =9 -3.58 —i8. 25
9 2. 29 Z.58 -1.e23

3 S c. 68 2. 3@ Z. 14
& -Z. 68 -@8. 32 @. 26

4 6 -4.61 2. 2@ . 2@
7 4.61 z. 02 Q. 22

& 9 1. €67 €&.38 1.23
3 -1.67 -6. 38 1.@5

7 9 9.95 8. 0 2. 122
8 -9.95 Q. 2@ 0. Q@&

8 o 7.61 ¢. 2 @. 202
i@ -7.61 3. 22 . 2@

17 c &. 27 0. 22 b, 24
=] -&.37 &. 22 ~-@. 8=z

31 4 16. €65 -2, 1z ~&. 23
= -16. 69 2.12 -2, &

3 3 €.355 ~@.74 -1.25
4 -&. 55 B. 74 2. 0E

el 4 -5. 81 -@&. a7 —0. 04
S 5. 81 @. a7 &, 1

ez Z S. 84 &. 21 .21
4 -5. 84 -2. 91 @a. izl

Figure E.18 Stiffness Analysis, Test CB-2,
Continued

E.31



v

Figure E.19 Test Setup, Test CB-2
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VULCRAFT COLUMN BASE TEST SUMMARY

Project: VULCRAFT
Test No.: CB-3
Test Date: 6/12/84
Purpose: Study of Behavior of Column Base for Gravity Loading
Load Eccentricity: 1.44"
Base Plate Dimensions:  8x12x1 in.
Anchor Bolt Diameter: 1" No. of Anchor Bolts: 2"
Pretension Force per Anchor Bolt: 3 kips
Failure Load: 89 kips
Failure Mode: Buckling of diagonal member (#34)
Predicted Failure Loads:
Method: Vulcraft Analysis Load: 27.86x1.66 = 46.24 kips
Method: Load:
‘Method: ' Load:
Method: Load:
Maximum Displ. in Load Direction: 0.345" @ 89 kips
Maximum Plate Separation: 0.07" @ 89 kips
Discussion:
Observations:

-Failure occurred at 89 kips by buckling of diagonal member (#34).

-At 30 kips, minor yielding was observed on compression angles adjacent to
the base plate.

-At 45 kips, some yielding detected on first diagonal of column.

-At 80 kips, widespread yield lines appeared throughout the length of the
diagonal member.

Loading:
-Maximum applied load was 89 kips.

-Maximum bolt force was 13.64 on bolt #1 (North side bolt) at 89 kips applied
Toad.
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Figure E.25 Specimen Geometry, Test CB-3
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JOB NAME: VULCRAFT Ch-

##¥3% JOINT COORDINARTES ##%%

JOINT X-C3ORD Y—-COCRD
( FT. ) { FT.
1 —. 167 2. 202
s @ @2 . QZE
3 v.717 A, BT
4 @B. 314 1. 323
5 2. aaz 3.3503
& 1,148 Z. 654
7 1.228 . 545

##xx SUPPDRT CONDITIONS #%%
SUPPORT X-DIR. VY-DIR. Z-DIR.

1 i .
7 1 @

*H## MEMBER INCIDENIES ##%%

MEMBER I JOINT J J2IN

i@ i =
11 Z 3
oy c 3
12 5 &
13 & 7
19 2 4
i 4 £
34 = 4
5 4 5

Figure E.26 Stiffness Analysis, Test CB-3,
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#x#% MEMBER PROPERTIES #¥#%+#

MEMBER RARER INSRTIA ZLASTICITY

(IN™2) (IN™4) (/T2

iz 8.8 98. &2 SSQBL . T
11 8.5 26. 2@ SouE. @
z 1.25 d. 48 S0, @

1z Z.S6 3. 2 2BQ@h. &
3 12, 22 . A 2Pz, 2

13 c. 87 . 48 ZShI . A
=) Z. 87 Z. 48 =20, ¢
34 &. 83 G. a2 SR, D
23 1. 82 2. 58 Z0EE. @

###3% [ ORADING 1 ###+« D+

#% SOINT LOADS ==

JOINT FORCZ X FORCE ¥ MOMENT Z

( K ) (< { Fi-H
1 iz, 2k R G.a@d
z 2. Dz D, bid 2. A
3 0. &2 & i . A
4 2. a9 0. Ze 2. D
5 2. 2 2. Q2 2.
= -11.53 ~-25. 36 T
7 Q. Qe Q. @2 Q. 2

Figure E.26 Stiffness Analysis, Test CB-3»
Continued
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*# RESULTS OF ANALYSIS =+
E R L S L TR

JOB NAME: VULCRATT CE-Z & CE-4 FRAYE, (WORX™N3 _TaD=27
LOARDING 1 DL+LL
###x¥ JOINT DISP_LACEMENTS ##%%+
JOINT X-DiR. Y-DIR. Z-DIR.
( IN ) ( IN D ( RAED H
i . QR Q. g ~id. D23
z ~-Q. q2g1 -2, 47 —-q., GRz3
3 -@. agn i -8, BE42 -, ARz E
4 Q. Gaz7 -, 2S4LT b, a2 id
5 -0, QB3 -0, 2is9 —i. Qg
& -, @128 -@. 2281 -, q@az
7 . DR 0. 2Bz Q. Dgi47
wa##x REACTIONS ##xxx*
JOINT FORCE X FORCE Y MOMENT 7
( K ( + ) ( FT-K
1 11,523 25, 36 Ti. Qi
7 @ a7 2. Qd 2. BAT

Figure E.26

Stiffness Analysis, Test CB-3,
Continued
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*#R%% MEMBER END ACTIONS -- L_OCAL COORDINATIS ##wx#x

TIYRER  JOINT AXIAL SHEAR MOMEN"
( K ¢ K ( F7T-t 3

id 1 11.58& 25, 36 0,
= -11.8=z -Z3. 36 4. 24

i1 c i.1: -Z. 38 -3.85
3 -1.11 &. 28 Z. 7

o b= 1z.83 -8, 18 =2, 3%
=) -12. 93 2. 18 —g. 28

iz &£.75 i. 18 B. &3
-6.75 -1.16 i.921

—&. @i . idd Z. 2
.21 i, @ d.@d

J
~Nm o

, - - = i = - -
] 2 -z, 1o =L 4T -l 7
) [ ’ /, = -,
4 .19 Low 'Z'.n:

T

N

AR T =
3 T
\J

]

a1

|
=

o c 18. ow Q. B =@
4 —-18. 03 Q.2 o i
35 4 -18. 64 -@. 25 2. B4
5 15. &4 @, 25 -0, .3

Figure E.26 Stiffness Analysis, Test CB-3,
Continued
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Figure E.27 Test Setup, Test CB-3

£.44

NN




4
1
!

|
|
SRe
-+
r_li .

'

:
el

+
) .
AGLE

]

|
—
I

R : m
_ ! Om ) = - — e llwlal -
TR w o
...... T TR .
1 »~ Y .l.w.—ﬂ : . .- .
SR I EPan S

o

%

Loe:

Eiagteyiny:
B

3
L1SE STIFFENERS AT ou7s>

AR
NI IV

4
i
= o o
O N Ry S s N —_— h.’n‘/' —_l W«
A . _ N
o in
N “ 0
- ¢ . by -
- N <o
= ~J . O
™ R
. 3
. N
9 ¢
‘LX’ . o + . “
.. , . i . . 4-././ .
i poL _
g P g | _ ]
- - T Tl als “
S “ A TR .o — ils) ‘
B 6 . 1 -\ ~3 !
f X - N .W ~
J= — , R e . -

(VG ANGLE . _455

Figure E.28 Shop Details, Test CB-3
E.45

e m e -t : :
. ——f -y . . - .!* —- - i L :
SAPNGN RS Ease i NECNE) BENERERC ERSRIP L SNCET S KN

.I.,. | . 4” - - +.L.. .Iw‘ bt I - * “ . R _ .
- _1|J-.~ — .“’.Ql la —— HIJ.D_(» ~ f- e w -
e ," S G +| e Z“ - | 4. .y o e . R,




D O

SN T = RN

-
e
-
P
-
P
-
o

DISPLACEMENT (in.)

Figure E.29 Load vs. Displ. in Load Direction, CB-3

E.46



-] " O o

M TS 20 0 "M

N T - R~

15 L

-
o oo om sm e

’_———

= BOLT 2

i ] 1 i ]

20 49 60 80 108

LOAD Ckips)

Figure E.30 Bolt Force vs. Load, CB-3

£.47



O 0O

~N T e RS~

168 _

T edge

"""" center line

i

8.02 0.84 0.86 8.88 8.1
PLATE SEPARATION (in.)

Figure E.31 Load vs. Plate Separation, CB-3

E.48



O o

NN T = RSN

169

8 |
69
|
20 L ’/' ”””
7 THEORETICAL
T EXPERTHENTAL
a ’ ] ] 1 ] 3
0 18 20 3 4 50
MEMBER FORCE (kips)

Figure E.32 Load vs. Member (#17) Force., CB-3

£.49



VULCRAFT COLUMN BASE TEST SUMMARY

Project: VULCRAFT
Test No.: CB-4
Test Date: 6/12/84
Purpose: Study of Behavior of Column Base for Gravity Loading
Load Eccentricity: 1.44"
Base Plate Dimensions: 8x12x1 inch
Anchor Bolt Diameter: 3/4" No. of Anchor Bolts: 4
Pretension Force per Anchor Bolt: 4 kips
Failure Load: 83 kips
Failure Mode: Buckling of diagonal member (#34)
Predicted Failure Loads:
Method: Vulcraft Analysis Load: 27.86x1.66 = 46.24 kips
Method: Load:
Method: ' Load:
~ Method: Load:
Maximum Displ. in Load Direction: 0.215" @ _ 83 kips
Maximum Plate Separation: 0.02" e 83 kips
Discussion:
Observations:

-Failure occurred at 83 kips by buckling of diagonal member (#34).

-At 15 kips, some yielding was observed at compression side of column base
adjacent to the base plate.

-At 50 kips yielding was detected on first diagonal of column.

-At 65 kips, the first diagonal member in column experienced severe yielding.
Loading:

-Maximum applied load was 83 kips.

-Maximum bolt force was 7.5 kips on bolt #2 (South side) at 70 kips applied
Toad.
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Figure E.33 Specimen Geometry, Test CB-4
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********-ﬁ'****************%********i“k FEREEAER TR R AR RN AR ELED 53
STIFFNESS ANALYSIS
aF
PLANE FRAMCS
*************************%**********i'x-*****i FERREHKRERER 25 *

JOE NAME: VULCRAFT CE-3 & CE-4 FREFI, {(WORATNG LOAD=S7. 5

o
PAS

*#%#* JOINT CODRDINATES #x#%

JOINT X-COORD Y-COCRD
( FT. CFT.

1 —&. 167 G. 202
c b, &z . BT
3 0.717 0. Q5T
4 2.914 i.323
) 0. aae 3. 3223
& 1.148 c. 634
7 1,328 2. 945

¥x#t SUPPORT CONDITIONS wewwx
SUPPORT X-DIR. Y-DIR. Z-DIR.

1 i 1 7
7 i I 2

wx##* MEMBER INCIDENDSS ##x+s

MEMBER I JOINT J J3INT

L@ 1 =
11 = 3
E: g 5
1E 5 &
13 € 7
19 2 4
g 4 3
3 o 4
35 4 5

Figure E.34 Stiffness Analysis, Test CB-4,
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Figure E.34 Stiffness Analysis, Test CB-4,
Continued :
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Figure E.34 Stiffness Analysis, Test CB-4,
Continued
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Figure E.34 Stiffness Analysis, Test CB-4,
Continued
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Figure E.35 Test Setup, Test CB-4
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Figure E.11 Test Setup, Test CB-1B
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Figure E.36 Shop Details, Test CB-4
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Figure E.37 Load vs. Displ. in Load Direction, CB-4
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Figure E.38 Bolt Force vs. Load, CB-4
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Figure E.39 Load vs. Plate Separation, CB-4
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Figure E.40 Load vs. Member (#17) Force, CB-4
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