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INTRODUCTION

The original objective of this thesis was to investigate
the amount of eccentricity which must be provided for in the

design of structural steel columns in buildings. However,

after the experimental~appartus was designed, fabricated and
erected, time was limited. Therefore, the problem to be
investigated was limited to an experimental comparison of steel
column eccentricities produced by gusset and seated beam
connections. It is hoped, however, that:the original objective
shall be reached, through further experimentation by others at
a later date. |

As Dboth the gusset and seated beam connections are usged
iﬁ structural design, an éxperimental comparison as to their
ability to transfér'moment, caused by eccentric loading, was
made. |

First, it was necessary to design a Test Frame, on which
the experiment could be carried out. In addition, a Load Frame
was designed, in which the Test Frame might be loaded. This
was done, and the plans turned over to Dominion Bridge Co.
Limited, who fabricated the steel. Upon delivery, the Steel
was erected in the Materials Testing ILaboratory.

The loads were applied to the Test Frame by means of
Tengion Bars which were first calibraﬁed, in order that the
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amount of applied load might be known. Six gauges were placed

at one section on the column leg and a preliminary test run to

establish the points where gauges would be most advantageous.

Gauges were then plaqed at slx sections, distributed over the

length of the column, and the frame was then ready to be tested.
Three tests were run as follows:

Test No. 1l. TUsing the seated beam connections; a
load was centrally applied on the lower beam of the Test
Frame.

Test No. 2. Using the gusset connections; a load
was centrally applied on the lower beam of the Test
Frame.

Test Nos 3. Using the seated beam ccnnections; a
load was centrally applied on the upper beam of the Test
‘Franme.

For these three tésts, the bending moment distribution
in the column of the Test Frame was calculated, and a discussion
of'the results made.

A photograph of the Load Frame and the Test Frame, as

assembled, immediately follows their design on page 15,
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TEST FRAME

In the design of the Test Frame it was attempted to
design a model, which would, as far as possible, resemble a
bent of a two storey building. The storey heights of the
model were made 4 ft. 6 ins. and beam spans 6 ft. O ins.

Yor the columns, it was necessary to use two angles,
short legs back to back, in order to‘obtain an 1/r ratio
reasonably close to that of actual columnso

In the design of the beams, loading was considered as
being applied at the one-third points. Two sets of beams,
which were t0 be made up of channels back to back, were

designed. One set was made stiff enough s0 as to have very

little deflection and give a fairly well distributed load on

the seat angle. The other set was designed for a stiffness
in relation to the column, similar to that for a prototype,
which would give results similar to actual field conditions.
Due to a shorbage of the smaller channels required in the
latter set, the Dominion Bridge Co. Limited substituted
channels a little larger than those reguested, changing the

column and beam stiffnesses from the desirable ratio.,



FINAL DESIGN OF TEST FRAME
Columns
Using 2 angles 2% X 8 X % s.l.bebo
Unsupported length 4'»6"4 or 54"
Least r = 0.59 -
e 1/r = 54/0.59 = 91.5
For an unsupported length of 4'-6" the allowable
. concentric load is 27 kips. o |
The 1/r ratio is suitable, as it is reasonably close
to that of actual columns, therefore the 27 kips allowable
concentric load will govern.
Apply loads of 2.5 kips at the one-third points.
Eccentricity of load = 1.66%7 £ 0.54 = 2,11
Equivalent concentric load = P £ M Bx |
= 2.5 £(2.5 x 2.11) 4.25 = 25.0 kips.

where Bx = 4 = 2,12 = 4,25
SM. 0.5

Therefore, this loading gives an equivalent

ébncentric load approximately equal to the

fallowable of 27 kips.

Apply loads of 4.0 kips at the one-third points.
 Egquivalent concentric load = P 4 M Bx
4.0 £(4.0 x 2411) 4.25 = 39.9 kips.

This loading is 148 % of the 27 kips allowable.
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As this load is well under the failure load, it may

be used to exaggerate the column bending conditions.

Beam Channels

The first set was designed for a stiffness in relation
to the column, similar to that for a prototype.

Apply loads of 2.5 kips at the one-third points.

~ Use 2 channels 4 x 1-5/8 at 5.4 1bs.

I e 2 X 308 = 706“4

- 4 N n#
M= 2500 x2x12 = 60,000
S = 60,000 x 8 = 17,200 pasaeie

7.6

The second set was designed stiff enough so as to have
very 1little deflection.

Apply loads of 4.0 kips at the one-third points.

.~ TUse 2 channels 6 x 2 at 8.2 1bs.

i
1]

I=2x13.0 '26,034

1 = 4000 x 2 x 12 = 96,000"F

S = 96,000 x 3 = 11,100 p.s.i.
26.0

The beams substituted for the first set are as followss

Apply loads of 2.5 kips at the one-third points.

2 channels 5 x 1% at 6.7 1bs.

2 x 7.4 = 14.8"4

I
M T 2500 x 2 x 12 = 60,000"F

S 2 60,000 X 2.5 = 10,100 pasei.
14.8




Seat Angles

Use four 5/8 inch diameter bolts.
Apply loads of 2.5 kips at the one-third points.
Design for flexure of vertical angle leg at net secfion
on upper rivet line. |

Use 6 x 4 x 5/8 angle

——\/L_;fl/gn I = 2500(1.667 - 0.512)
= 3390"#
%i ‘ | ) Length of angle required
o | Y 2.5 kips - 6 M
& R T 48
~ o
T = 6 x 3390 = 2.9"
O - > ‘
iy ~ Ty (0.625)% x 18,000
> | Length of angle available
| 2(2.5) £ 0.85 = 1.25
Zz.5 £ 0.5 ( roMea

AL = 1.667"
\V/ = 4.0" (satisfactory)

Check for shear and tension in bolte.

Sg = 2500 = 625 #/balt.
7}

T
[ . A
Allowable in shear = 3070 #/bolt.
i% = (Satisfgctony)
- ~ lMoment of Inertia of bolt areas and
Ty
. E— & compression area = 1/3 x 4.75

— x (0.87)% £ 2 x 0.307(0.373 £ 2.878)

< | = 6.04"4

b‘ £




Bolt tension = 2500 x 1.667 X 2,87 = 1980 pesoeio
6.04 ' :

Allowable in tension = 18,000 p.s.i. (Satisfactory)

Apply loads of 4.0 kips at the one-third points.
Design for flexure of vertical angle leg at net section
on upper rivet line.
Consider same 6 x 4 x 5/8 angle
M = 4000 {1.667 - 0.312) = 5420"F

Length of angle required = 6 x 5420 = 4,63"
(0.625)% x 18,000

Length of angle available = 4.0%
This will be satisfactory since at this loading bthe

columns are at 148 % of their allowable.

Check for shear and tension in bolis,.

Sg = 4000 = 1000 #/bolt.
4

Allowable in shear = 3070 #/bolt. (Satisfactory)

Moment of Inertia of bolt areas and compression

area = 6,04"%

Bolt tension = 4000 x 1.667 x 2.87.% 3,170 Desei.
6.04

Allowable in tension = 18,000 p.s.i. {Satisfactory)



Gugsets
Use 5/8 inch diameter bolbts.

Apply loads of 4.0 kips at the one-third points.

1-7/8w
1~l/8” g Zu
vﬂ
I \\
2“' 1c8\%/\ \\‘ a!
_1l N | A
S
- > - 1 2~
’ T
EH | ///I :&2
////////// ,
H-—-1 o
i g1/ Y
V' 4 kips

Use 3 bolts in the column.

Sq ;/(g)z #<Pec>2 j//(é>2 4 (4 x 4.5 % 4)2'
n/  \&y2 % 2 x (4)2
=A/1.78 £ 5.06 = 2,68 kips/bolt.,
Allowable in shear = 2.93 kips/bolt.

(Satisfactory)



Use 4 bolts in the beam,

Sg Z//<g>2 # <% X 4.5 % 1¢8>2
4/ 4 x (1.8)%

=,/1.0 £ 6.25 = 2.69 kips/bolt.

Allowable in shear = 2.93 kips/bolt,

(satisfactory)

A detailed drawing of the Test Frame is shown on page 8.
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LOAD FRAME

The Load Frame was primarily designed as an enclosed
frame in which the Test Frame could be loaded. It was made
9 ft. O ins. centre to centre of columns and of such height
as to bé connected to the'ceiling of the Testing Laboratory.

It was recognized that such a frame could be used for
testing other frames, large culverts, etc. after this test
was completed. With this in mind, the frame was designed to

withstand a centrally applied load of 20 kips.

FINAL DESIGN OF LOAD FRANE

Frame to take central load of 20 kips.

Toad Channels

The beams, or load channels of the lLoad Frame wefe each

made up of 2 channels.

Bach channel to take 10 kips central load or

20 kips uniform load.

From 4.1.S.C. 1 channel 10 x 2-5/8 at 15.3 1bs.

willycarry 19.9 kips uniform load if laterally

supported. |

Theréfore, 4 inch diameter pipe spacers were used

between the 2 load channels to give lateral support.
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Load Channel Connection

Central load of 20 kips.

Load/channel = 20 = 10 kips.
b

Use 1 - 1 inch diameter bolt in each end.

Load/bolt = 10 = 5,0 kips.
2

Allowable in shear = 7.85 kips/bolte
| {satisfactory)
The top load channels were coped at one end to frame
into a concrete beam. This reduced the web area available to
resist the shear. | |

Toad channels 10 x 2-5/8 at 15.3 1bs.

Load/channel = 10 kips.

End reaction/channel = 10 = 5 kips.
g
Area required in shear = _5000 = 0.4 sq. ins.
' 13,000 ‘

Area provided = 4 x 1/4 = 1.0 sq. ins.

(satisfactory)

Golumns

The columns of the Load Frame were made up of 2 channels.
In vsing channels, the load must be applied, so that the
columns will always be in tension. One column was made 12 ft.

4fl/4 ins. high, as it was connected at the top to a floor beams
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The other column was made 14 ft. 1-1/4 ins. high as it was

connected at the top to the ceiling.

Central load of 20 kips.

Load/column = 20 = 10 kips.
| 2

et area required = 10,000 = 1/2 sq. in.
20,000

1 channel 3 x 1-1/2 at 4.1 1bs. gives

1.19 - (1 x 3/16) = 1.0 sg. in. (Satisfactory)
However, as 10 x 2?5/8 at 15.% 1bs. load channels
were used, the columns were made of channels
10 x 2-5/8 at 153 1lbs. and 4 inch diameter pipe
spacers used for added rigidity.

The holes for the load channel connections were drilled

on the centre line of the columns at intervals of 6 inches,

which would allow the load channels tb be moved up or down to

any desired position.

Base

Central load of 20 kips.

M = PL = 20,000 x 9 x 12 = 540,000"%
4 " ‘,

Use WF 12 x 12 at 65 1lbs.

I = 533.4"% y = 6"

S = ‘._E\:’IX = 54:0,000 X 6 = 6070 peSois
T H533.4




1z

14 = 9 x 12 x 128 = 173 which is less than 600.
bt 12 x 5/8

Therefore, allowable = 20,000 pe.s.i. (Satisfactory)

Column To Base (Gonnection

For the'column to base connection, a 1/2 inch gusset
plate was welded to the flanges of the base, and the column
channels bolted to the.gusset. The flanges of the beam were
strengthened by welding in a /8 inch plate which was ground

to £it.

i

|

1

' | _

N - B/ep10 |4+ -
- + -+
I 11/4.  lLeoes-==d
| O

4
| :: <
| + i+
| A

Flange thickness of 12 x 12 WF at 65 1bs. = 5/8"
Web of 10 x 2-5/8 channel = 1/4n “

Use 3/8" weld, throat = 0.265"

Tength of weld required = 5000 = 1,670
11,300 % 0.265
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Weld the width of column channel = 10"

(Satiéfactory)

Pipe Spacers

The pipe spacergs were made up of 4 inch diameter pipe,

with washers tack welded in

]
_%

egch end in order to keep

the bolt central.
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A detailed drawing of the Load Frame is shown on page l1l4.
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Load Frame and Test Frane




CALIBRATION OF TENSION LOADING BARS

As the loading was applied from the ILoad Frame to the
Test Frame by means of Tension Bars, it was first necessary to
calibrate these bars. This was done by placing a strain gauge
on the Tension Bar, and loading the bar in a testing machine,
taking care to keep the unit stress below the elastic limit of
tﬁe bar. Gauge readings were taken at 500 1b. load incremehts
and the gauge increment was calculated, taking the reading for
zero load as zero strain.

The following table of values was recorded, and a

Load vs Gauge Increment graph drawn.

Bar HNo. 1 Bar No. 2

Load
(lvs.) Gauge Reading | Increment Gauge Reading | Increment

0 8233 0 7368 | 0

500 8291 58 7430 62
1000 8348 115 7489 121
1500 8404 171 7548 180
2000 8459 226 7607 239
2500 8517 284 . 7664 296
3000 8572 339 7720 352
3500 8628 | =95 7776 408
4000 8683 450 7834 466
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Now, by using the appropriate gauge increment, the
tension bar could be used to obtain any desired load.
Tension Bar No. 1 was used to apply load to the lower

beam of the "Test Frame.!

Tensidn BarANoa 2“was used to apply load to the upper

beam of the "Test Frame.!



PRELIMINARY T&ST

The preliminary test was performed to establish suitable
locations for the strain gauges. Six gauges were placed on the
column 2'-17 from the base. A load was then placed on the lower
beam by Tension Bar No. 1 in increments of 506 lbse up to a
maximum of 3000 lbs., with gauge readings taken after each

increment. The following table of results was obtained:

Gauge
Load 1 3 T4 5 6 7 8
(1bs.) (ﬁins.)(4insa)tains,)Lqinsa)Lqins,)Ldinse)(uinsa)
0 6000 5994 5948 6003 | 6002 5986 ’»5982
500 6058 5990 5947 5998 5987 5979 5975
1000 6116 5992 5947 5996 5980 5972 5969
1500 6171 5996 5948 5990 5974 5967 5964
2000 6227 5991 5947 | 5986 5969 5963 5958
2500 6285 5992 5946 5982 5964 5956 5952
3000 6343 5990 5946 5979 5955 5950 5948
2500 1b.
increment
0 -1 -19 -32 -29 =27
500=3000
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The distance from the centre line of the gauges to the

back of the angle (near gauge 8) is as follows:

Gauvge Digtance - Gauge Digstance
3 1.80" 6  2.29m
4 1.80%0 7 0.81"
5 0,540 8 | 0.p4n

A gauge 1ocatién diagram for the Preliﬁinary Tesf
accompanies the graph described below.

The gauge'increments for the 2500 1b. load increment were
plottéd on a graph according to their location on the angle.
The counstruction of the remainder of the gfaph to obtain the
axial load in the angle is described in the following paragraphs.

Theoretically, the axial load in a column passes through
the centre of gravity of the column. In this case, where angles
were used in the columns, the centre of gravity of each angle
was 1n space, and it was impossible to measure the axial strain
directly by means of a strain gauge. Thus it became necessary
to calculate the strain at this point from straih realings taken
on gauges which were on the angle. These gauges were 3, 4, 5,
6, 7 and 8 which were mentioned above. Gauge 1 is on Tension
Bar Ho. 1.

After the gauge increments for these six gauges were
plotted according to their 1o¢ation on the angle, lines through
these points on each leg were drawn, thus giving a strain line

for each leg. The strain on the Y-Y axig as measured by
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gauge 5, plus the difference between the strain at the corner
near gauge 8 and the strain on the X-X axis at gavuge 7, gave
the strain at the centre of gravity of the angle. This then
was the axial strain. This value was obtained graphically.
The strain reading at the Y-Y axis (gauge 5) on the short leg .
was carried over Lo the back of the angle. Starting from this
point a line was drawn parallel to the strain line for the long
leg until it intersected the X-X axis at gauge 7. This point
gave the axial strain for the angle, which should also be the
axial strain for the colpmﬂ.> From the graph the axialistrain
was found to be 21.0 mieroinches.

By actual calculation the axial strain = P

AL E
Load applied = 2500 1bs.
Load/column = 1250 1bs.
Area of column = 2,12 Sq. ins.
Axial Strain = 1250 = 19.7 x 1076

2.12 x 30 x 106

19.7 microinches.
As these two results cheek closely, it was decided the
axial strain could be calculated from the strain lines for each
leg of the angle. The lines could be obtained by placing a
strain gauge as close as possible to each corner of the angle.
Thus three gauges were required, similarly placed %o gauges 4,

é, and & at every point on the column, where readings desired.



o
: :
. -
i !
- I
. ,
3 |4
b
AN |
{ I
|
=
i i
L] H
i
i
]
i
i -
|3
H > ' e
‘\ .Q‘h\ o i
: # 1 >
v e o L=itat
toy ! 5B ™
= s
: /-
Ya
&
L
L%
T -
Y
: "
: :
|
w i ,
it N ! ,
i I i

YSTANE 3
‘Ut Q1 X/ ‘Butaeiguy




GAUGE GROUP TLOCATIONS

The next step required was to find suitable locations on
the column at which the sets of three gauges could be placed.
The strain gauge switch box provided for a maximum of twenty
gauges, two of which were required by the gauges on the Tension
Loading Bars; leaving eighteen available for the column. As
each set required three gauges, six sets could be used. These
were placed at six points on the column, which were distributed
as shown on the Gauge Location Diagram. The gauges could not
all be placed at eritical points, for two reasons. Firstly,
the beam connections themselves interfered, and secondly, the
critical points would not be the same for both the gusset and
the seated beam connections.

The distance from the centre line of the gauges to the
back of the angle, locaticn and numbering of the gauges is
shoﬁn in the following tables,

Distance from centre line of gauges to back of angle:

Gauge Digtance Gauge Distance | Gauge | Distance
3 14800 4 0.23" | 5 2.30"
6 1.78 7 .|  0.20 8 2.29
9 1.82 10 0.22 11 . 2.34
12 1.82 13 0.16 14 2430
15 1.80 16 0.24 17 2.29
18 |  1.83 19 0,22 20 2429
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Location . Gauges

Load Gauge (lower beam) 1

Load Geuge (upper beam) 2
Section A4A-A 3, 4 and 3
Section B-B 6, 7 and 8
Seetion C-G ' 9, 10 and 11
Section D-D 12, 13 and 14
Section E-E | 15, 16 and 17
Section F-F 18, 19 and 20

The numbering of the gauges at each section is shown in

a diagram accompanying the graph for that section.
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GAUGE LOCATICN DIAGRAM
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TEST NO. 1.

For this test the seated beam connections were used, and
a load was centrally applied to the lower beam of the Test

Frame. - The beams made up of 2 channels 6 x 2 at 8.2 1lbs. were

‘used. They were connected to the seat angles by two bolts at

each end. The 10ad>was applied by Tension Bar No. 1 in
inerements of 500 lbs. up t0 a maximum of 4000 1lbs. Gauge
readings were taken after each load increment, and the readings
for Zero load were checked after the maximum load was removed.
The gauge readings were tabulated and are showﬁ on page 28.

The gauge readings for zero load were taken as zero
strain, and from them the gauge increments were measured. The
increments for each individual gauge were plotted against the
applied load and a strain line drawn. From each graph the
total strain increment for that gauge, for a load increment of_
4000 1bs., was found.

| The total strain increments for the three gauges at each
section were then plotted according to their location on the
leg of the angle, and the axial strain calculated in the same
manner as was used in the Preliminary Test. ‘

The bending moment strain at the extreme outside fibre
was found by subtracting the axial strain from the total strain

at that point. The bending moment strain at the extreme inside



a7

fibre was found by subtracting the axial strain from the total
strain at the X-X axis of the angle.

The‘bending moment at each section was calculated fronm
the bending moment strains at the extreme fibres, and an
average taken. A bending moment diagram for the column was

then drawn as shown on page 43.




Test No. 1.

28

Load Gauge
(1bs.) 3 4 5 6 7 8 9 10 11
0 5998 6011 5973 5992 6003 5993 6024 5981 5983
500 6006 6019 5980 5994 6008 5998 6020 5986 5988
1000 6007 6020 5980 5992 6009 5999 6015 5987 5989
1500 6005 6021 5980 5990 6009 6000 6012’ 5989 5990
2000 6003 6024 5979 5987 6010 6000 6009 5990 5990
2500 6002 6026 5980 5985 6010 6001 6005 5991 5991
3000 6000 6026 5979 5981 6010 6000 6001 5991 5990
3500 6000 6029 5980 6980 6010 6002 6000 5993 5992
4000 5999 6028 5980 5977 6010 6001 5995 5995 5991
Load Gauge
(1bs,) 1z 13 14 15 16 17 18 19 20
0 5970 6027 6016 5989 6005 5993 6019 5998 6016
500 5980 6019 6009 5990 6002‘ 5988 6008 5995 6012
1000 5989 6009 5998 5990 6015 5981 5999 5992 6011
1500 5997 6000_ 5987 5990 6015 5977 5992 5990 6009
2000 6000 5992 5977 5989 6012 5972 5987‘ 5986 6007
2500 6007 5982 5969 5989 6007 5967 5980 5982 6005k
3000 6012 5972 5960 5985 6000 5961 5972 5980 6002
3500 6019 5963 5952 5985 5997 5958 5968 5978 6001
4000 6026 5952 5941 5982 5990 5951 5958 5875 5999
Note: are in microinches.

&1l gauge readings
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Test No. 1.
Analysis For Bending Moment

Section A-A (Gauges 3, 4, and 5)

Axial strain = £ 1 #in.
Bending lMoment strain at outside edge of column
= =-12 - (£ 1) = - 13xins.

Bending Moment stress at outside edge of column

= - 13 x 30 x 10°% = - 15 x 30 = - 390 pes.i.
106 (Compression)

Bending Moment strain at inside edge of column
= /8- (f1) = ¢ 7yins.

Bending loment stress at inside edge of column
=4 7 x 30 = £ 210 pes.i. (Tension)

Bending Moment (outside edge)

- EL, =890 x0.7 = - 390 x 0,479 = - 187"#
y 1.46
Bending Moment (inside edge)
=£1.£210%0.7 2/ 20 x1.206 = / vt

y , 0.54
Average Bending loment at Section A-4

- 187 # 272

= 2394
2 .

Section B~-B (Gauges 6, 7, and 8)

Axial strain = = 4.5 41ins.

Bending Moment strain at outside edge of column




Section C-C

Bendzn;
Bend;n;
=
Bending
=
Bending

Bending

Average

Axial strain =

Bending

Bending

Bending
Bending
Bending
Bending

Average

39

22.5 = (= 4.5) = ~ 18 4ins.

Moment stress at outside edge of column
18 x 30 = - 540 peseis (Compression)
Moment strain at inside edge of column
168 = (= 4.5) = £ 6.41ins.

Moment stress at inside edge of column
6 x 30 = £ 180 pes.i. (Tension)
Moment (outside edge) = - 540 x 0.479 = - 25914
Moment {(inside edge) = £ 180 % 1,296 = / gggn#

Bending Moment at Section B=B = 246"#

(Gauges 9, 10, and 11)

- 3.0.#ins.

Moment strain at outside edge of column
3L - (- 3) = - 28.41ins.

Moment stress at outside edge of column
28 x 30 = - 840 p.s.i. {Compression)
Moment strain gt insidekedge of column
8 - (= 3) = £ 11 yins.

lioment stress at inside edge of column

11 x 30 =£330 pe.g.i. (Tension)

oment (outside edge) 2 = 840'x 0.479 = - 403n#
Moment (inside edge) = £ 330 x 1.296 = £ 4284

Bending lMoment at Section CG=-C = 416Mj}

ns



Section D-D (Gauges 12, 13 and 14)

Axial strain = = 38.5.«ins.

Bending
Bending
Bending

= -

Bending

.
- we

Bending

Average

Moment strain at outside edge of column
60 = (= B6.5) = £ 96.5.#1ins.

lioment stress at outside edge of column
96.5 x 30 = £ 2895 p.s.i. (Tension)
Moment strain at inside edge of column
73 = (= 3665) = - 36.5.4/ins.

Moment stress at incide edge of column
36,5 x 30 T -~ 1095 p.g.i. {(Compression)
Moment (outside edge)

2895 x 0.479 = £ 13871

Moment {ingide edge)

1095 x 1.296 = - 141974

Bending Moment at Section D-D = 1403Mf

Section E~E {Gauges 15, 16 and 17)

Axigl strain = - 30.#1ins.

Bending

Moment strain at outside edge of column

8 - (=30) = £ 22.«41ins.

Bending Moment stress at outside edge of column

= f

282 x 30 T £ 660 pes.i. (Tension)

Bending lMoment strain at inside edge of column

Bending

37.5 = {~ 30) = - 7,5.41ins.

Moment stress at inside edge of column

40
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= = 7.5 %X 30 % - 225 pes.i. (Compression)
Bending Moment (outside edge) = £ 660 x 0.479 = £ Blel
Bending Moment (inside edge) = - 225 x 1,296 = = 2924

Average Bending Moment at Section E-E = 304l

-,

Section F-F (Gauges 18, 19 and 20)

Axial strain = - 30.5.¢1ins.
Bending Moment strain at outside edge of column
= - 58 - (- 30.5) = - 27.5 yins.
Bending loment stress at outside edge of column
= = 27:86 x 30 = - 825 p.s.i. {Compression)
Bending Moment strain at ingide edge of column
z - 21 - (- 30.5) = £ 9,5 yins.
Bending Moment stress at inside edge of eglumn
= £ 9.5 x 30 = £ 285 p.s.i. (Tension)
- Bending Moment (outside edge) = - 835 x 0,479 = - 396"#
Bending Moment (inside edge) = £ 285 x 1.296 = £ 36914

Average Bending Moment at Section F-F = 382"
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TEST NC. 2.

For this test the gusset connections were used, and a
load was centrally applied on the lower beam of the Test Frame.

The same procedure’of loading, taking gauge readings,
and calculating the bending moments, as used in Test No. 1 was
followed.

4 bending moment diagram for the column was again drawn

as shown on page 58,
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Test No. 2.
Load Gauge
(1bs.) 3 4 5} 6 7 8 9 10 11
0 | 6060 6088 6051 6068 6087 6088 6118 6057 6060
500 6061 6087 6049 6058 6089 6091 6100 6065 6066
1000 6067 6083 6048 6049 6091 6095 6083 6071 6069
1500 6070 6081 6045 68040 6095 6098 6069 6080’ 6072
2000 6073 6081 6042 6032 6099 6101 6051 6088 6078
2500 6079 6081 6044 6027 6102 6108 6038 6098 6083
3000 6082‘ 6080 6042 6019 6106 6110 6021 6104 6086
- 3500 6084 6077 6040 6009 6107 6110 6005 6110 6089
4000 6084 6073 6040 6000 6109 6115 5987 6117 6092
Load Gauge
(1bs.) | 12 15 14 15 16 17 18 19 20
0 6066 6062 6063 6052 6095 6117 6118 6121 6129
500 6071 6052 6056 6052 6089 6110 6110 6117 6127
- 1000 6079 6042 6048 6051 6081 6103 6104 6112 6123
1500 6083 6035 6039 6051 6077 6099 6092 6109 6121
2000 6091 6026 6031 6051 6071 6097 6090 6106 6120
2500 6101 6019 6025 6052 6068 6091 6088 6105 6121
3000 6108 6009 6017 6051 6061 6086 6080 6102’ 6119
3500 6110. 6000 6008 6049 6052 6080 6069 6097 6117
4000 6118 5990 6000 6049 6048 6072 6058 ‘6090, 6114
Note: All gauge readings are in microinohes.
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Test No. 2.
Anglysis For Bending Moment

Seetion A-A (CGauges 3, 4, and 5)

Axial strain = - 9.0 4ins.
Bending Moment strain at outside edge of column

=430 - (- 9) = £ 39.41ins.
Bending Momentb stress at outside edge of column -
= £ 39 x 30 = £ 1170 pes.i. (Tension)
Bending Moment strain at inside edge of column
= - 24.5 - (=~ 9) = -~ 15.541ins.
Bendihg Moment stress at inside edge of column
= = 15.5 x 30 = - 465 p.s.i. (Compression)
Bending lMoment (outside edge)
= £ 1170 x 0.479 = £ 560

Bending Moment (inside edge) = - 465 x 1.2396 = - 602"

Average Bending Moment at Section A-i = 581U#

Section B-B (Gauges 6, 7, and 8)

Axial strain = - 2.041ins.

Bending Moment strain at outside edge of column
=~ 77 - (- 2) = - "5uins.

Bending’MOment gtress ét outside edge of column
= - 75 x 30 = - 22850 p.s.i. {Compression)

Bending Moment strain at inside edge of column

=/ 28 - (- 2) = £ 30.4ins.
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Bending Moment stress at ingide edge of column
= £ 30 x 30 = £ 900 p.s.i. (Tension)
Bending Moment (outside edge)
= - 2250 x 0.479 = - 1080%#
Bending Moment (inside edge)
= £ 900 x 1.296 = £ 11657

Average Bending Moment at Section B-B = 1123}

Section C-C (Gauges 9, 10, and 11)

Axiel strain = - 7.0xins.

Bending Moment strain at outside edge of column
= - 146 - (= 7) = - 139_4ins.

Bending Moment stress at outside edge of column
= - 139 x 80 = - 4170 p.s.i. (Compression)

Bending Moment strain at inside edge of column
= 449 - (- 7) = £ 56.4ins.

Bending Moment stress at inside edge of column
=/ 56 x 30 = #£ 1680 p.s.i. {Tension)

Bending Moment (outside edge)
= = 4170 x 0.479 = - 2000"#

Bending lioment (inside edge)
= £ 1680 x 1.296 = £ g174ud

- Average Bending Moment at Secéion C-C = 20874
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Section D-D (Gauges 12, 13, and 14)
| Axisl strain = - 31l.0.«ins.
Bending Moment strain at outside edge of column
= 465 - (- 31) = { 96.uins.
Bending Moment stress at outside edge of column
= 4 96 x 30 = £ 2880 p.s.i. (Tension)
Bending Moment strain at inside edge of column

- 67 = (= 31) = - 36.41ins.

Bending Moment stress at inside edge of column
= =36 x30 = - 1080 pe.se.ie. (Compression)
Bending Moment (dutside edge)
= 4 2880 x 0.479 = £ 1380m4
Bending Moment (inside edge) )
= - 1080 x 1.296 = - 14007

Average Bending Moment at Seoﬁion D-D = 1390"#

Section E-E (Gauges 15, 16, and 17)

Axial strain = - 30.0_#ins.

Bending Moment strain at outside edge of column
=45 - (- 30) = [/ 35.4ins.

Bending Moment stress at outside edge of column
=/ 85 x 30 = £ 1050 p.s.i. (Tension)

Bending Moment strain at inside edge of column
2 - 44 - (- 30) = - 14 yins.

Bending Moment stress at inside edge of column
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= - 14 x 30 = - 420 p.s.i. (Compression)
Bending Moment (outside edge) = £ 1050 x 0.479 = £ 503"
Bending Moment (inside edge) = - 420 x 1.296 = - 545u#m

Average Bending Moment at Section E-E = 523"#

Section F-F (Gauges 18, 19, and 20)

Axial strain = - 35,0 41ins.

Bending Moment strain at outside edge of column

= = 77 - (= 35) = - 42 gins.
Bending Moment stréss at outside edge of column
= - 42 x 30 = = 1260 pe.se.i. (Compression)
Bending Moment strain at inside edge of column
= - 22 - (- 35) = { 13 4ins.,
Bending Moment stress at inside edge of column
= /13 x 30 = £ 390 pes.i. (Tension)
Bending Moment (oubtside edge) = - 1260 x 0.479 = - 603"#

Bending Moment (inside edge) = [ 390 x 1.296 = / 5o5d#%'

Average Bending Moment at Section F-F = 554"#
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TEST NO. 3.

For this test the seated beam connections were used, and
a load was centrally applied to the upper beam of the Test
Frame. |

The same procedure of loading, taking gauge readings,
and calculating the bending moments, as used in Test No. 1 was
followed.

A bending moment diagram for the column was again drawn
as shown on page 74. In addition, a bending moment diagram was
drawn, combining the bénding moments from Tests No. 1 and No. 3
and 1s shown on page 75. This considers the Possibility of
loading both beams simultaneously, using the seated beam

connections.



Test No. 3.

60

Load Gauge
(lbs.) 3 4 5} 6 7 8 9 10 '11
0 6002 6137 5973 5989 5998 5985 6012 603l 5977
500 6030 6124 5949 5998 5983 5966 6005 6014 5962
1000 6037 6109 5933 5992 5973 5952 6000 6005 5949
1500 6049 6108 5928 5998 5970 5948 6000 6002 5945
2000 | 6056 6096 5918 6000 5960 5940 .5998 5998 5941
285600 | 6067 6090 59056 6003 5955 ‘5927 5999 5991 5929
3000 | 6078 6076 5892 6005 5947 5916 5992 5989 5919:
3500 6096 6066 5880 6008 5940 5903 5982 5985 5910
4000 | 6103 6050 5861 6006 5927 5887 5976 575 5895
Load Gauge
(1bs.) | 12 13 14 15 16 17 18 19 20
6] 5962 6020 60056 6043 6025 5985 6019 5983 6018
500 | 5949 6014 5990 6031 6010 5980 6010 5972 6024
1000 | 5940 6009 5985 6025 6005. 5973 6007 5968 6018
1500 | 5936 6007 5982 6023 5993 5969 6003 5954 6011
2000 | 5931 6005 5980 6020 5998 5966 6003 5952 6013
2500 | 5920 6000 5965 6012 5981 5958 5998 5946 6006
3000 | 5913 5998 5957 6006 5976 5952 5995 5941 6002
3500 | 5904 5995 5948 5996 5971 5946 5988 5937 6000
4000 | 5891 5988 5935 5986 5960 5938 5980 5930 5993
Note: A1l gauge readings are in miceroinches.
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Test Ho. 3.
Analysis For Bending Moment

Section A-A (Gauges 3, 4, and 5)

Axial strain = - 40 «wins.
Bending Moment strain at outside edge of column
= £ 98 - (- 40) = [ 138 ¢4ins.

Bending Moment stress at outside edge of column
= / 138 x 30 = / 4140 p.s.i. (Tension)
Bending Moment strain at inside edge of column

= - 90 - (- 40) = - 50 «ins.
Bending Moment stress at inside edge of column
= - 50 x 30 = - 1500 pe.s.i. {Compression)
Bending Moment {outside edge)
= £ 4140 x 0.479 = 4 1é85"#
Bending Moment (inside edge) _

= = 1500 x 1.296 = - 1942"f

Average Bending Moment at Section A-A = 196204

Section B~B (Gauges 6, 7, and 8)

Axial strain = - 44 #ins.
Bending Moment strain at outside edge of column
= £ ar - (- 44) = L 7l yins.
Bending Moment stress at outside edge of column
= £ 71 x30 = f 2130 p.s.i. (Tension)

Bending Moment strain at ingide edge of column

70



= - 69 - (= 44) = - 25 xins.
Bending Moment stress at inside-eage of column
= - 25 x 30 = - 750 p.s.i. (Compression)
Bending Moment (outside edge)
= /£ 2130 x 0.479 = £ 1022"#
Bending Moment (inside edge) = - 750 x 1.896 = - 972"#

Average Bending Moment at Section B-B = 997Wf

Section G-C (Gauges 9, 10, and 11)

Axial strain = - 52 ¢ins.

Bending Moment strain at outside edge of column
= - 57 - (- 52) = - 5 yins.

Bending Moment stress at outside edge of column
= = 5 x 30 T - 150 peseis {(Compression)

Bending Moment strain at inside edge of column
= = 44 - ( - 52) = £ 8 yins.

Bending Moment stress at inside edge of column
=/ 8x30 = { 240 p.s.i. (Tension)

Bending Moment (outside edge) = - 150 x 0.479 = - 72%

Bending Moment (inside edge) = £ 240 x 1.296 = £ 311"

Average Bending Moment at Section C-C = 191"

Seetion D-D (Gauges 12, 13, and 14)

Axial strain = - 53 .#ins.
Bending Moment strain at outside edge of column

2 - 8 = (— 55) = = 25ﬂiﬂSe



Section E-JE

Bending
Bending

Bending
Bending
Bending

Average

72

lioment stress at outside edge of column

25 x 30 = - 750 pe.s.i. (Compression)

Moment strain at inside edge of column

40 - (= 53) = / 13 «wins.

Moment stress at ingide edge of column

13 x 30 = £ 390 p.s.i. (Tension)

Moment (outside edge) = - 750 x 0.479 = - 3594
Moment (inside edge) = £ 390 x 1.296 = f 5050M#

Bending Moment at Section D-D = 432"#

(Cauges 15, 16, and 17)

Axial strain =-= 53 _«#inse.

Bending

Bending

‘Bending

Bending

= f

Bending
Bending

Average

Moment strain at outside edge of column

68 - (=~ 52) = - 16 #ins.

Moment stress at outside edge of column

16 x 30 = = 480 p.s.i. (Compression)

Moment strain at inside edge of column

46 - (- 53) = £ 6.«ins.

Moment stress at inside edge of column

6 x 30 = £ 180 pes.i. (Tension)

Moment (outside edge) = - 480 x 0.479 = - 230"#
Moment (inside edge) = £ 180 x 1.296 = L azznk

Bending lioment at Section E-E = 232"#
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Section P-F (Gauges 18, 19, and 20)

Axial strain = - 36,0 «ins.

Bending
Bending
Bending

Bending

-
-

Bending
Bending

“Average

Moment strain at ouﬁside edge of 6olumﬁ

32 = (- 36.5) = £ 4.5.41ins.

Moment sbress at outside edge of column

4.5 x 30 = £ 135 p.s.i. (Tension)

Moment strain at inside edge of eoluMn

39 - (= 36.5) = = 2.5.u41ins.

Moment stress at inside edge of column

2.5 x 30 = = 75 p.s.i. (Compression)

Moment (outside edge) = £ 135 x 0.479 = 4 65%4
Moment (inside edge) = = 75 x 1.296 = - 97”#«

Bending Moment at Section F-F = 817
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DISCUSSION OF RESULTS.

A comparigon of the column bending moment diagrams for
Test No. 1 and Test Nb. 2 reveals that the gusset connection
was more rigid than the seated beam connection since the moment
produced in the column was much larger for the gussets. The
total moment produced in the column through.the seated beam

connection was 2550 in. 1bs. whereas for the gusset connection

‘the total moment was 4050 in. lbs.

In the design of the seat angle, the eeéentrioity of the
load from the column was calculated to be 1.667 inches. To the
centre line of the column the total sccentricity would be
1.667 £ 0.54 = 2,207 inches. With a central load of 4 kips on
the beam, the apparent moment produced in the column is Pe or

2000 x 2.207 = 4414 in. 1bs. However, the bending moment

- diagram for Test Ho. 1 shows the total moment being taken in

both tension and compression in the column, and‘the maximum
moment to be designed for is 1650 in. 1bs. This is less than
one-halfyof the apparent moment. Although the experimental
eccentricity is not known exactly, it appears the %cceﬂtricity
used in design is much too large.

In the design of the gusset coannection, the eccentricity
was takén from the centre line of the column to the centre of

the rivet group on the gusset, and was 4.5 inches. In this
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case, again using a central load of 4 kips on the beam, the
apparent moment produced in the column is 2000 x 4.5 = 9000 in.
lbs. The bending moment diagram for Test No. 2 shows the
maxinum moment to be designed for is 2350 in. 1lbs. This is
close to one-qguarter of the apparent moment, again showing the
moment considered in design workéas being much too high.

From the first two tests it seems safe to say that in
designing columns, the load to consider would be the axial load
plus the equivalent concentric load for one-half of the
apparent moment.

The bending moment diagrams for Teste No. 1 and NNo. 2
follow the same genersl pattern except that the seated beam
connection did not transfer much moment into the beam of the
storey above the one where the load was applied. The gusset
connection transfered about one=half of the maximum moment into
the beam of the storey above the loaded storey. 4s the base of
the column was bolted down in both cases, the moment in the
column at the base, is proportional to the rest of the two
moment diagrams. The point of contraflexure in the lower
storey of the column agrees closely for both types of beam
connections. For the gusset connections, the bending moments
have almos®t a straight line relationship with the storey height.

For‘Test No. 3 the bending moment diagram shows the
meximum moment Lo be at the point of application, and has a

value of 2100 in. 1bs; Bven though the moment is taken in
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tension on only one side of the column at this point, the
maximum moment is still less than one-half of the apparent
moment of 4414 in, 1Dbs. The moment at the storey below is one-
guarter of the maximum, and two storeys below it is one-eighth
of the maximum. At the same rate of reduction the moment could
be neglected at about three storeys away from the point of
application.
On page 75 a bending moment disgram is shown, combining

the bending moments from Tests No. 1 and No. 3. This takes
into account the possibility of having both beams loaded
simultaneously. This combination of loading tends to bring the
points of contraflexure nearer to the mid-height of the storeys.
Thus the moment is the least at the point where the column
action is generally considered the greatest.

| For comparison purposes the moment distribution in the
frame, considering all connections rigid, was calculated. The
distribution and the resulting graph for a 4000 1b. load

centrally applied to the lower beam are as follows:

 Columns I xoyx = 0.77%

26,014

Beans L

Column stiffness factor(top storey)
K=1S*® 0.7 = 0.01295
L 4.5 x 12
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Column stiffness (bottom storey)

I 0.7
Kz -2z - °
L 4,541 x 12 0.01285

Beam stiffness

Kz £80 =g 561

6 x 12
60" .
,,,,,, - | .
g | 96451 196.5| ¢ |
[ o ! !
(8.5 1 (K=o0.88l) |55
(K = 0.01295) (K = 0.01295) ©
<
4000 1bs.
3.4 | 933 l 193,53 | 3.4 |
i ] | i
18,3 (K= 0.361) | 3.3 |
(K = 0.01285) (K = 0.01285) o
) 1
<§
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It is interesting to note that the accompanying bending
moment diagram , which was
1100
'K;:':B plotted from values

obtained by the moment
distribution method, agrees
'. very closely with the

2200 moment diagram for the
2200

gusset connections in Test

No. 2.

i Note: All moments in in. lbs. and

drawn on the tension side.
1100

It may be suggested that if further research is carried
out on a similar frame in thé future, the following points may
be congidered.

For the seated beam connection, a roller could be placed

under the beam sc that the point of load application, and

therefore the exact eccentricity of the load might be known.
For the gusset connection, one bolt could be used in the
connection to achieve the same purpose. ’

In order to study the effect of eccentric loading on
interior columns, a two panel frame could be used and the loads‘
and their points of application varied, as would be the case in

unequal floor loadings.
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In conclusion, two statements appearing in the discussion
may bevrepeated°

l. From the information collected, it seems safe to
say that in designing columns, the load to counsider would
be the axial load plus the equivalent concentric load for
one-half of the apparent moment.

2. As the points of contraflexure are not far from
the mid-height of the storeys, it may be said that the
bending moment is least at the roint where the column

action is generally considered the greatest.,



