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SYNOPSIS

'Pregious research on beam-column-conhsotions has‘not-been
oarried-ﬁo the point where definite conclusions,'suitable for the
designer; couid be reached. In particulsr; information 1is iacking
on the c;iteria for the need oficolumnbstiffening and on the
criteria’for designing it when it is_nésdéd. Information is also
lacking concerning the momentorotationMospacity of a connection
and concefning the effect on a beam-oolumnioOnnection of beams "
framing into the column web as occurs in four-way connections.

A satisfactory connection is defined as one which is capable
of - | -

(a) developing the theoretical mgximum or "p1astic" moment
of ths boam Wﬁen working axial load is‘onAthe column and

(b) permitting sufficient rotation at this moment to alloﬁ
‘the second plastic moment to form at the mid-span of the beam,-

This réport is a summary of experimenﬁal and analytical
investigations into the behavior of connections both with and
without stiffeners, The first stége of this work comprised an
1nvestigstion'into two-way beam column oonnections; first“by
detailéd tests copying practical conditions and later by.simpler
tests Sipulating these conditions. The ssoond stage comprised an
investig?tion into four-way beam column,connections; again by
'detaileditésts copying practical conditions. The design rules
stemming from these investigations apply to those connections
in which - |

(1) The beams and.columns are members of the wide flange

series listed in the A.I.S.C. manual,



(2) The beams are comnected to both column flanges and may

or may not be connected to both sides of the column web such
that equal moments are applied on opposite sides of the column,
4(3) The connecting welds are so desighed and éxecuted that

they are as strong as, or stronger than the parts'c':onnecte_d°

The design rules finally arrived at, for the connections of

fully-loaded_beams to column flanges, are:
(A) Column stiffeners are not needed adjacent to the beam

compression flanges if

w=> _bt
t+5k
(B) Colunm shiffeners are not needed adjacent to the beam

~tension flanges if

te=> O.4 ybt

When stiffeners are required their minimum thicknesses are

~

given by
(C) In the case of horizontal plate stiffeners
s=1 [bt - w(tt5k)]
b
and, as a further limitation,

| Széz%‘

(D) In the case of horizontal plate stiffeners eccentric
by 2" or less, '

s = 1.2 [bt - w§t+5kﬂ

where, again,




(E) In the case of vertical plate stifferers,

The limitations of this investigation, the analysis leading

to the above formulas and design examples are given in Part C,
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OUTLINE OF INVESTIGATION

In thié investigation studies are made of two-way anqpﬂpup{w
way interior beam-to-column connections, Attempts are first made
to copy the most se&ere coﬁditions found in practice, while in..
later tests those items having a negligible effect on the connection
performance are eliminated, Beam and column sizes used are typiéal
of those in a building frame, |
| The primary purpose is the study of the connection under the'.

following items:

(a) Stiffening redquirements. What are the factors involved

in the behavior of the connection with and without stiffeners?
These assume significance in the application of "plastic
anéiysis" to the design of tier buildings., To assure the format-
ion of plastic hinges in the beams, the connection and the column
should be capable of sustaining a plastic moment in excess of,

or at least equal to, the plastic moment value of the beams,

(b) Rotation capacity. This is another important feature
in the "plastic" analysis of structures since it expresses the
ability of the connéction to sustain a full plastic moment |
through the required pinge angle. _ |
| The beams were welded directly to the qolumns for three
reasons:

1. The direct-welded connection has certain ‘advantages and
- may eventually be much used in practice, _

2, The emphasis in this investigation being upon the study

of the stresses and strains in the column ét the intersection, the
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elimination of top plates and seat angles removed a few un-

necessary variables,
3. The direct-welded connection, without seat angles, re-

presents the severest loading on the column at the connection,
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PART A
TEST PROGRAM

1. Iwo-way Connection Tests

e S This program consisted of the design, preparation and
. testing of specimens as shown in Table 1 and Figures 1, 2i“3'
and 4 for the purpose of determining the benavior and stress

distributions in the connection and its component members,
~Attention was 1imited primarily to the study of what was considerﬁ |
ed to be the most important practi®al problem viz,., column stiff-
ening requirements, although other aspects of the problem merit-
- ed consideration. As previously mentioned, beam and column sizes
were chosen to duplicate conditions existing in a tier build-
ing., Three basic column sizes were chosen, The first used was
:*;f — .an 8WFél'column which was loaded to simulate conditions exist-
- ing at the top of a building frame where axial loads are small
compared to beam loads. The second group utilized 8WF67 and
12WF40 and 65 -columns on the basis of beam and column loads:

being of the same order of magnitude. The third size was . a-.

lZWF99 column used under conditions representing the lower tiersrﬁlli
of a frame where a%ial loads are high in comparison with-beam
locads. Cre sige of beam was selected throughout this program
to.eliminate beam size as a variable and because it.is likelj
that floor loadings will be constant through successive A _
stories of a bullding. The size selected (16WF36) has dimensions;'

that ensure the development of Mp without local buckling of -

either the flange or the web




TABLE 1,

PROGRAM OF TWO-WAY DIRECT-WELDED BEAM~COLUMN TESTS

12°

Test Column Beam’ ' Stiffener
No. |Shape |Web* |Flange*|Shape |Web* |Flange* Stiffening |Dimension
A-1 | 8WF31|0.288|0.,433 [16WF36(0,299|0,428 ‘None None
?A"\_g 8WF67 -0.575’ 0.933 n n " " n
A-Y4 | 12WF65| 0,390 0,606 " n n " n
A-5 |12WF99|0.580|0.921 n n " o "
B-6 | 8WF31|0,288|0,433 " " n Horiz, 3.9"x7/16™
. : plate stiff
B-8 | 12WF40| 0.29%| 0,516 " " " -eners, at |3.9"x1/4"
level of
tension and
compress-—
ion
flanges
. C-9 8WF31 0.288|0.433 " " " Vertical 5/16" 02"
' plate stiff :
C-11]{ 12WF40]0.29%|0,516 " " " -eners at [5/16"x22"
' edges of
col,
flanges
D-12| 12WFkO O;é9h 0.516 " " " Spiit tee ST6WF32;5'
. stiffener [P2" long
H-1 | 8WF31(0.288 |0.433 n " " Doubler  [5/16"%20"
“ plate .
* Indicates A.I.S.C, Handbook Value

The test program was divided into five groups of tests 

depending upon the type of stiffening employed. (See Figures

3 and 4), The specimens consisted of two 16WF36 beam stubsg

h'~6“'long, welded directly to the flanges of the WF éolumn>




‘sections as shown in Figures 1 and 2. The point of load appli-
cation on the beams was at a distance of 4!-O" from the face
6f thé column flange. Axial load waé applied to the spép}men_“
by an 800 kip Riehle screw type universal testing machine. Thé
specimen was inverted in the machine to permit the beam loads
to be applied by mechanical compression jacks which were mounted
on dYnamometers. The dynamometers, in turn, were set on bearing~
 blocks seated on the téble of the maéhine (See Figures 1 and_2);
| During fabrication much care was taken with the welding.
All welding was doné by qualified welders using 3/16" diameter
E6020 electrodes except that an E6012 electrode was used for
the firsﬁ weid'pass. There was much instrumentation on the
specimens, measurements being taken during the test of strainl
distribution, deflections, rotations and tendencies towards
both local and lateral buckling of the beam, Figure 5 shows the
instrumentation in Series B, there being few differences in the
. other series,

Before proceeding with a test; the column was checked for
axial alignment by observiﬁg the strains in four electrical
Strain‘gagés located at the same level in the column and mounfed:#f"”
at the.outer edges of each columﬁ flange, The maximum variation
permitted in the gage reading was about 10%'at full column
workihg load.,

1 Thé'sequence of loading in the tests was arranged in five
‘stages as folldws:
| (1) The column load was increased in five equal increments
to working load; Py, with no load on the beams..(This axial load

was the same for the full height of the column),




Th

(2) The beam load was increased in four equal incremegts
to working 1oad% Vw; while maintaining working load; Pgé_at )
all times in the portion of the column "below"* the beams., At
the conclusion of this stage the "upper" portion of the column
sustained a load equal to P, - 2Vy where

PW:: the column working load (refer to Section 2,2 of

o Appehdix) and |

Vi = the applied beam working load, _

(3) With this working load, Vy, maintained on the beams;
the ;olumn was then subjected to a first overload which in-
creased the load in the "lower" portion to 1.65 times the work-
ing load and which increased the load in the "upper"™ portion
correspondingly. This was done in three equal increments, The
column load was subsequently reduced to working load in the
"lower" portion, This left the specimen under the same loading
that existed at the end of stage 2,

(4) With working load,P,, maintained in the "lower" sect-
ion of the column the beams were loaded in increments until
failure occupﬁéﬁ, |

(5) As a last step in the testing with the connections
damaged, and with the last beam load still in the jacks, the
column was subjected to a second overload equal to twice the
working axial load.

The test program was divided into five groups of tests
(namely A,B,C,D and H) depending upon the type of stiffening
* "Below" or "lower" and "upper® refer to the portions of a
column below and above the beam as used in actual construction,

not as in the laboratory.
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employed (See Figures 3 and %), Specimen dimensions are given

in Table 1.

Series A o
In this group no stiffening was provided and the tests
ranged from the very light thin web 8WF31 éolumn to the heavier
12WF99, Connection A-1 with the 8WF31l coiumn failed by column
web buckling (See Figure 7) at a load slightly above the beam
working load, namely 1,12V,,. Connection A-4, with a thicker
web showed much straining, both tension and compression, in the
column webs opposite the beam flanges and failure pccured by ‘
column web buckling at a beam load of 44 kips, which is 1,82V,
In both cases the decrease in moment carrying capacity was quite
rapid but no local buckling of the beam flanges was experienced,
The column flanges in Test A-4 deformed considefably on the
second column overload,

Specimens A-2 and A-5 behaved extremely well without stiff-
ening, Local buckling of the beam flanges occured at 2.O8VW and
2,26V, respectively, The loss of beam strength wés quite gradual
and the specimens.sustained large rotations before the tests
were concluded., Upon application of the second colﬁmn overload
additional deformation of the column flanges was noted, but no
other effect on the column was observed that would indicate that

column failure was imminent,

Series B
Horizontal stiffeners were placed across the column
flanges at the level of the beam flanges in this series as

shown in Figure 3, These stiffeners were weided to bottholumn_
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flanges and to .the column web, In test B=6 the stiffeners were

| éfva taickness equal to the beam flanges but in B-8 the'stiff=
eners were thinner, This is a very strong type of connectien as
Borne out by. the test results; as both exhibited excellent load
and rotation capacities. Both specimens suffered local buckling
of the beam compression flanges at the onset of the strain hard-
ening range and the iﬁcreaée in beam load above this level was
slight. The decline of étrength from the maximum value was grad-
ual as jacking continued and no harmful effects were observed

in the column stiffeners beyond the presence of a few strain

lines. The principal deformations occurred in the beams.

Series C -

The stiffening provided in this series of tests con-
sisted of plates positioned vertically near the edges of the
column flange as shown in Figure 3, The stiffeners were arbit-
rarily made the same thickness as the column web, Both con-
nections C=9 and C=11 carried the reduired loads., In both tests
there was evidence of some slight local buckling on the beam
compression flanges at loads of approximately 2,17V, In both
tests, the column web between the beam compression flanges
buékiedu For specimen C=11 the critical load at which this
effect was first noticed was 1.97V,. In C-11l weld failure
occurred just after this in the tension flange butt welds, The
tear occurred at one end of the tension flange butt weld owing
either to failure of the welder to weld out completely onto the
run-out pad, to stress concentrations caused by the stiffener,
or to a lateral moment., In test C=9 the connection continued to

carry load until at approximately 2,16V, the south stiffener
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plate buckled, From this point the load fell off rapidly.

Series D _

Only oné test, D=12, was performed in this group; the
connection being a modification of the € type using split beam
stiffeners instead of plates as shown in Figure 3., The split :
beam stiffener, while devised principally for use in a four=-
way beam-column connection, actually served to eliminate buck=-
ling of both the stiffeners and the column web, The connection
was found to be extremely stiff, the primary cause of failure
being the local buckling of the beam compression flanges which
became large at loads in excess of 2,22V, Although large de-

- formations occurred in the beams, the connection appeared to -
remain elastic and little strain was observed in the flange of
the stiffener, A marked difference was noted in the behavior of
the two beams of the specimen and weld tears were observed.in
the beam tension flanges at loads greater than those required to

cause beam buckling,

Series H

Only one test, H-1, was performed in this group. Since
test A-1 was stronger in the tension region of the connection;
this test investigated the effect of stfengthening the column
web by the addition of a 5/16% égubler plate welded flush with
the column web, Failure in H-1l occurred by the tension weld
tearing at mid-=length of the butt weld between the east beams
and the column, The failure occurred at a beam load of 49,6 kips

which is 2,05Vy, Just below the load corresponding to beam plastiec
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moment, The rotation was adequate but the load fell off rapidly
after the tearing of the weld,

The A-series of tests showed high stress concentratio@s
at the center of the beam tension flanges; a condition which
becomes more aggravated at values above working load, The stress
distribution on the compression flanges in the B sefies was
uniform on the whole while in the tension areas the stresses
were somewhat higher in the center, For the € series the distrib-
ution of stress was uniform in both flanges at Vi while at 1.5Vy
high tensile stresses occurred at mid flange. Specimen D=12 also
§h9yed a.generglly uniform distribution throughout. Both C-=11
énng;lélhéwever appeared to suffer from eccentric effects as
indicated by the higher stresses on one side of the flange and
this prbbably caused the weld tearing. Specimen H-1 showed a
stress concentration in“"the center of the beam tension flange,
the coﬁcentration being very pronouréed at 1.5Vy.

The results in Figures 6, 8 and 10 show that the columns
of the A and the H series, with no column flange stiffening,
are not as stiff against rotation as are the 16WF36 beams whiéh
framed to the columns. In the B tests (See Figure 9) the stiff-
eners provide the equivalent of beam flanges to the colﬁmns,
and the columns become as stiff against rotation as are the
framing-in beams. The same applies to the € tests as shown in
Figure 9.'From an inspection of the strain readings taken on
the C specimens it is noted that the column web carried a
major part of the applied load,‘approximately 2% to 3 times as

much as the plate stiffeners at beam working load.
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2. Four-way Connection Tests,

This program consisted of three specimens with details
as shown in Table 2 and Figures 14 and 15. Test AA is similar
to Test A-4 of the "Two-way" series exé;ﬁt for two additibnal
16WF36 beams framing into the column web and directly welded"
thereto, In the same manner Test DD is similar to Test D-12 of
the Two-way series, Test BB was exploratory in nature and does
not have its fwo-way counterpart, The beams framing to the
column flanges were 16WF36 as before and were direct-weldéd;
but the other pair of beams were 12WF27, the tension flanges
of which were welded to horizontally placed column plate
stiffeners, the compression flanges resting on a tee-type seat
which also acted as a column stiffener (but 4" away from its

ideal location as a stiffener),



'TABLE 2

PROGRAM OF FOUR-WAY CONNECTION TESTS

20,

Test

AA
BB

DD.

Column

-Beam

Stiffener

Size

Web,w

Flange,te

Size

Web t!

Flange,t

Type

Size

12WF65

| 12WFRO

12WFL40

0.39
0.29%%

0,294

0.606
0.516

04516

16WF36
16WF36

16WF36

12WF27

G 299

0 299
0.240

0.299

0,428

0,428
0,400

0.428

None

Horiz,
plates
that
served
as top
plate
and as
seat

(plate)

Split
tee

stiff-~ |

ener

None

#"thick

ST6WF32,5
22" long

The specimens were fabricated of the WF sections indicated in

Table 2, the beams being each Lt_3" Jong and the columns 9'-0"

-long.,

The testing was done in the five million pound Baldwin Hamilton

machine which provided ample space for placing these specimens and

for the lateral supports, Figure-l3 showing a test in progress.

The test arrangement was similar to that for the Two-way tests,

Figure 14 showing the test arrangement oriented to show the

positioning of loads as found in a typical building connection.

The measurements taken were much the same as in the two-way tests,

Figure 16 showing the instrumentation plan in Test AA,
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- Test AA, _ S

For the beam-to- column flange connection in Test AA -
that portion of the column web which was stiffened by the flanges
of the other pair of beams showed little rotation compared with
the part of the eonnection consisting of 3" of the beam;>the
column flange and about 1" of the unstiffened column web, As
expected, the beams directly welded to the column web and sub-
jected to equal opposing moments provided a stiff conneetion
while the other connection, with only partial stiffening provided;
showed considerable flexibility (See Figure 20), Local buckling
of the beam flanges was observed at a load of 53 kips (2.28Vy) |
in the beams framing to the coluﬁn flanges and et a slightly
higher load in the beams framing to the column web. The falling
off of the beam loads was rather slow, When the beam 1oads
had fallen off by 15% of Vy, twice working load was applied
to the column, the whitewash indicating that the column suffer-
ed considerable yielding, but there was no other evidence of

failure in the coluﬁn.

Test DD,

The connection involving the beams welded directly to
the ‘column flanges proved stiffer than the other one (See
Figure 20)s The stiffness of the other'corinection9 that is
the one welded to the split tee stiffeners; is mainly depend-
ent on the thickness of the stem of the tee stiffener, the
flanges;of the column being'tOOIfef away to offer much
resistance, On the other hand, the column web is ably assist-
ed in preventing rotation at the connection by the flanges

of the split tee stiffeners, The two beams that were connected




to the stiffeners had very good load and ?otation capgcit;e§;
but the east aﬁd west beams that were connected to the column
flanges just reached the required ultimate load and showed a
lesser rotation capacity caused by a butt weld failure étartn
ing at a load of 49 kips (2.18V,). The first crack occurred
in the west beam at the interface between the column flanges
and the end of the butt weld to the beam tension flange ang
increased until weld failure penetrated to the fillet welds
connecting the beam web to the column flange. The tension
flange butt welds of the north and south beams, connected to
the stiffeners, had very small cracks starting at a load of
55 kips, but they did not progress any further since, at this

load, the beam compression flanges buckled,

Test BB,
The connection involving the 16WF36 beams, welded

directly to the column flanges, proved to be relatively stiff,

The connection involving the 1QWF2§fbéQM§“framing_tp the seats

and top plates was considerably more flexible than an
equivalent 12WF27; hHowever this flexibility did not prevent
the connection from fully'ﬁéétingrthe established criteria

for a satisfactory connection,

22,
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3° Simulated Connection Tests,‘r

N Aiter examining the results of tne Lwowway tests it was
frealized that practically the same stress and strain state in
'ﬁa connection could be produced by far simpler and quicker

'-tests,_These tests were of three types described as follow5° o

3 l Tests To Determine Column Web Buckling Criterion

These tests simulated the lower part of the connectionl_ﬂu

ﬁ;"in which the' beam was in compres51on against the column and

'Ta_'cons1sted of a stub column compressed at the flanges between |

two bars9 the size of the bars being made the ‘same. as the secte_f"

~..ion ot tne flange of the simulated beamo,'

. The size of the . bars was kept constant at 7" x 7/16".
‘:simulating the flange of . the 16WF36 beam used in all the twom'

-'way tests° The bars were tack welded to the flanges at the mide?"iv.

o 1ength of the stub columns9 which were approx1mately 3“=O"l

_:-long° The specimen was then tested 1n the 300 kip Baldw1n test=

ing machine With the s1mulated column in a horizontal p051tion p'
}“~(See Figure 21). o - . | | | o

| Eleven tests were carried out the details of which are

given in Table 3. -




‘TABLE 3,

PROGRAM OF COMPRESSION CRITERION TESTS

‘Failure

ggft Shape Cﬁéggn Flangex Widtga¥hickness Si%:i;ted Load (kips)
g-14| 8WFk8 |0.405|0.683 o 1/2m 16WF36 | 137
E-15| 8WF58 |0.510|0,808 " " " 202,5
E-16 |10WF66 |0,457|0,748 " " " 175.7
E-17|10WF72 |0,510|0,808 " " " 190
E-1 [12WF40 |0,29%|0,516 n n " 102,5
E-18 [12WF65 0,390 0,606 " w " 143
p-19112wr8s Lo kg yto ped | om " " 247, 5
E-20 |14WF61 | 0,378 (0,643 " " " 137.5
E-21 |14WF68 [0,418]0,718 " n " 16k
E-22 |14WF8Y | 0,451 {0,778 L " " 221
E-23|14WF103|0.4950,813 " " n 250

* Indicates A.I.S.C. Handbook Value

In all these testé yielding began first in the column fillet

2k,

immediately beneath the bar, Yielding was seen to progress into

the web by means of lines radiating from this point and other

semicircular lines orthogonal to these.

The yielding continued some distance into the web until the

column web failed by buckling, At a load within 20% of the

failure load a slight bending of the column flanges was noticed,

Table 3 presénts the maximum loads obtained in the tests, Figure

24 shows E-16 and E-18 at failure,
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3.2 Iesté to Determine Connection Tension Criterion
These tests simulated the upper part of the”cqpﬁeqﬁion
in which the beam flangevis in tension, and consisted of two
equal plates weldéd to the flanges of the column;-the_sizg B
of the plates being made the same as the section of the flange
of the simulated beam° Tension was applied to these plates by
means of the 800k Riehle testihg machine, The dimensions of
both the plate and the column flange were.varied to study
their respective influences, The effect of changing the column
flange thickness was further studied by repeating certain of
the tests with the column flanges machined to about half the
original thickness. The plates simulating the beam flanges
were also changed in size, keeping the column éection constant,
Table 4 summarizes these tests, The plates were butt welded to
‘ the cenfers of a stub column of length about 3“=Q" as shown
in Figure 22 and the specimen then lined up in the testing
machine with the stub column horizontal, |
The first yield lines were noted in the column fillet
immediately beheath the plate at a load of about 40% of the
ultimate load. The yielding proceeded
(a) into the column web
(b) underneath the column flange parallel to the plate
and |
(¢) on the column flange starting from the center of the -
‘ weld in lines parallel to the column web,
By the time failure occurred, yielding had progresééd 2"
into the web in tests F=1;, F=2, F=3, F=k, F=5, F=-9 and F-10
and had progressed across the web in tests F-12, F-13,F-1k
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and F-15. All specimens except F-1, F~9, F-li and F-15 failed
by the occurrence of é crack in the center of the butt wgld; -
the ffacture taking place after noticeable flange bending, Fél_
and F-9 cracked in the column fillet while F=ih and F-15 suffer=-
ed a tearing out which started from the outside of the column

flange and proceeded to its center, The tear pulled out part

~ of the column flange material, Table 4 presents the maximum

.loads obtained in the tests. Figure 24 shows F=it and F-15 at

failure,
TABLE 4,

PROGRAM OF TENSION CRITERION TESTS

. Test ‘ Column Plate Failure | Method of
No, Shape |Web* |Flange|Width|Thick load Failure
( * -ness| (kips) _
‘ F-1 [ 8WF31 [0.288[0.433 7" | 3/4"] 100 Crack in column fillet
F-2 .BWF31 0.288|0.433 7n 17/16M 95 Crack iﬁ center of
F-3 |12WF65 [0.390(0.606 | 83" | 5/8%| 149 Heds
F-4 |14WF68 (0,418|0,718 | 84" | 5/8"| 167 "
F-5 |14WF84 [0.451|0.778 |114" | 7/8"| 212 n
- F-9 |12wF657|0.390[{0,606 | 84" | 5/8"| 82 | Crack in column fillet
F-10 l#WF8¢q-O,h51 0,778 |114" | 7/8"| 325 Crack in center of
F-12|12WF65 |0.390[0.606 | 83" | 13| 189 Heuds
F-13|14WwFé8 [o.k18(0,718 | 83" | 13| 199 "
|  F=lh 8WF67 |0,575|0.933 .7" 3/bm 256 Crack at outside of
) F-15|14WF176|0,820| 12313 | 114" | 7/8"| Heuds |

. * Tndicates A,I.S5.C. Handbook Value

+ Column Flange Machined to 5/16"

++ Column Flange Machined to 3/8%




3.3 Eccentric Stiffener Tests,

In four-way connections the columns may;beA§tiffen§

ed;'opposite the compression flanges of the fléngemconnecteq
beams, by the support provided by the compression flanges or
the seating plates of the beams which frame into the column
web, In a connection such as specimen BB (Figure 15);'where
the flange-connected and web-connected beams are of different
depths, their compression flanges are not opposite% and the
degree'of such stiffening is questionable, To determine fhe
degree of such stiffening a series of tests were carried out
on 12WF40 and 14WF61l column stubs approximately 4'-0" long,

The columns were compressed between bars for cases of 0, 2",

4" and 6" eccentricity as shown in Figure 23 by means of the
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300k Baldwin machine, the tests being similar to the compress-

ijon criterion tests in Part 3.1. Included in the tests on the

12WFLO was one (E-3a) in which the compression region of test

BB was simulated - that is, a Tee seat was added to a stiffener

of k" eccentricity,

The results of the eccentric stiffener tests are given
in Table 5, As can be seen from both series the stiffeners of
eccentricity 2" provided aboﬁt 65% of the stiffening action

of the concentric stiffener whereas the stiffeners of

eccentricity 4" and greater provided less than 20% of the con-

centric stiffening action,




TABLE 5,

PROGRAM OF TESTS WITH ECCENTRIC STIFFENERS

Test Sfub Column - Stiffener . Eccentricity|Failure Load
| ~ (in) (kip) =
B-0 | 12WF%0  |10.75"x3.75"x1/4| 0 * 172
B2 L " 2 145 |
E-3 mo n it 113
E-3a " 10.75"x3,75"x1/4" 4 116
| +8"x3nx1 /4 Tee |
E=4 | n 10,75"x3,75"x1 /4" 6 104
E-1 " none * '102.5
E=9 | 14WF6L |12.5"x4,25"x3/8" 0 282
E-6 L " 2 232.5
er| v : \ 1676
E-8 n | . 6 142.8
E-2k4 " - " none * 137.5

* i.,e,, no stiffening used.
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PART B

DISCUSSION OF TEST RESULTS

1. Connection Requirements

In a beam column welded connection there are several
regilons which are subject to local overstress and therefore
it appears pertinent, before discussing the behavior of_the
tested connections; to define a satisfactory connection. It
is defined as one which is capable of developing the theoretical
maximum moment of resistance of the beams (the "plastic moment")
when working axial load is on the column. A desirable additional
quality of a satisfactory connection is that it maintain its
moment capacity for a considerable rotation at the ﬁltimate
load. The rotations required at plastic hinges (namely; the
"hinge angle") for a variety of practical structures have been:
determined 1n Reference 4 and its particular applicaticneto“
.this iﬁvestigation,is treated in Section 1.2 of the Appendix.

Two-waz Connection Tests

A significant feature of these tests was the ability
of the connections to develop the strength of the beams, In
all cases except two (A-1 and A-4) where column.web crippling
was responsible for failure - the beams were not only able
“to reach their predicted ultimate load, but were able to sus-
tain this load over considerable rotation,

 Local buckling is a factor ‘which might influehce the value
of the plastic moment of a beam.section and of its rotation
capacity. Haaijer'(é) has determined the properties of sections
that will buckle just at the onset of strain hardening, The
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width to thickness ratio of the beam”flangg; b/t2 mustvnqp_ﬂ
exceed 17; and;the_pat;o;“d/t'é (beam depth to web thicknggg)
must not exceed 55. The beam section chosen (16WF36)-wa§ just
within these values in both these respects; with the result
that local buckling, as predicted by Haéijer; coincided with
the beginning of strain hardening and was not detrimental to
the strength of the connection,

In comparing the theoretical and experimental moment-
rotation curves (Figures 8, 9, and 10) in the elastic range,
the connections are not as stiff as the 16WF36 beams. This
flexibility is of course due to strains in the column. These
were greatest in Specimen A-1, with A-k, B-6, B-8, C-9 and
C-11 also showing noticeable deviation from the theoretical
curve,

The structural adequacy of a particular type of welded
connection can be ascertained in part by comparing the moment
and rotation capacity of the beams with that for the column
with the consideration that the column must have equal or
greater moment capacity than the beam but it need nbt
necessarily be as sﬁiff. When.fhe"column has the requisite
strength the desired rotation capacity is supplied jointly by
the column and the end portions of the beams., Specimen A=1 with
its unstiffened, thin-web column section is a notable example
where column web buckling was the principal cause for the high.
rotations at low moments, In border line cases, as for example
Aﬁh, the buckling of the column web did not become exce§sive
and the deformations are due to a combination of high inelastic

strains in the column web in areas of both tension and compress-




ion and to éome web buckling. Thus thls investigation clear-
ly demonstrates the imﬁortance of the column web opposite the
compresSion flanges of.the beams, -

From observation of strain gage readings 1it éan be cal-
culated that the vertical plate stiffeners of Series C in the
~elastic range, each transmitted'only about 3/16ths of the
forces coming from the beam flénges and the web transmitted
5/8ths, waever, since the prime purpose of this type of
connection is to afford a éonvenient four-way connection, the
plate needs to be positioned flush with the edge of the column
flange, | | .

Although -there wefé high_stfess concentrations at the
centers of the butt welds in the Series A and H tests, it waé
- noted that no weld failures occurred until after excessive

-rotation had taken place.

3. Four-way Connection Tests,

All thrée specimens passed the criteria by'both
possessing the strehgth to develop the theoretical béam“
plastic mdméht”énd by showing sufficient rotation capacity -
at peak-loads. |

Test AA, as shown in Figure 185'was stronger than its
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two-way counterpart, Test Ak, This_evidently shows that the o

stiffening'action prbvidéd by the two beams framing onto the

column web strengthens the connection more than it is weaken-

ed by cénsequences of the triaxial Stfesses.'In'bqth tests DD

and D-12 the split beam stiffeners effectivelyvprevented any

buckling of the connection, Teét BB cannot be compared with a

4




-twd—way test since it had no two-way counterpart,

4, Effect of Axial Load, |

In both the two and the four-way tests the column
axial loéd had 1little effect on the strength and rotation
capacity of the connection. The columns showed no particular
signs of distress when subjected to an axial load of 1.65 x
working load* except that specimen BB showed straining in the
web of tﬁe 12WF40 column. Since the strain lines were not
found throughout the cross-section it may be presumed that
residual stresses may have been at least partly responsible
for the appearance of these strain lines. Further, at the end
of each test, with the final beam loads still applied, twice
column working load was applied with no evidence of marked

distress in the column,

5. Correlation of Tests,

5.1 Tests to Determine Compression Criterion

‘These Series E'testé give much information about the
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actual resistance of the web of a column to local foreces applied

at the flanges and they are intended to simulate the compress-

ion region of a connection. However in so doing they neglect
1. the effect of the column axial load
2, the effect of the tension region of the connection on
the compression region
3+ the effect of the compression from the beam web,
* working load corresponds to an average axial stress of

14,5 k.s.i.
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| The discussion in Section L indicates'that coiﬁmn akial
load has negllgible effect whereas the stress concentrations .
caused on the tension and compression regions are so far apart
that any interaction would be small, If the tension region ofvm
the connection does not fail then'we can assume that its effect
on the conpression.region is negligible,.The compression'from
the beam web does have some effect and this probably‘causedd_'.
the difference in results in the following two sets of tests,
Test E-18 on a 12WF65 stub column failed at‘a simulated beam
flange load of 143 kips, whereas test A-W in which the 12WF65
section was used in an actual connection‘failed at a computed
'load of 110 kips from the beam flange together with a computed
beam web load of 140 kips.

Test BB showed much straining in the web of the 12WF4O
coiumn}at a beam flange load of'llO k whereas the simulated
test with no beam web force failed at a simulated beam flange
force of 116 k (See Test E-3a, Table 5).

5.2 Series F - Tests to Determine Tension Criterion -
‘The simulated tenSion side‘tests ignore
1. the effect of the column axial load
. 2, the effect of the_compression region of the connection
on the tension region.. |
For similar reasons to those in Section 5.1 both of these
effects should.be negligible. This is borne out by the results
of tests F-2 and H-1, Test H-1, in which an actual connection
was subject to axial load, suffered a weld failure at a beam
flange tension load of approximately 100 k while test F-2, a
simple tension test suffered the same failure at 95 k. All
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qf the tension failures oceurred because of exéesgiv§ strain~
ing in a region close to the column fillet andithé éentef of
the weld, as a result of the outward yielding of the column
flangés. The shear stresses resulting from the nary@wing‘of the
tension plates due to the Poisson effect may have influenced
the mode of failure in tests F-14 and F»lS.mThese two specimens

were under much higher unit tension than the other F specimens,

5.3 Eccentric Stiffener Tests.

Both series of tests showed a rapid deg}ipeAin_thé
effectiveness of the stiffener for eccentricitiesmgtéater than
2“; In the tesis on both the 12WF40 and 1MWPEL column stubs |
the stiffeners with 2™ eccentricity proved 65% as effective
as the concentric stiffeners while those with 4" eccentricity
weré only 20% as effective as the concentric stiffeners, Stiff-
eping with still greater eccentricity had virtualiy;no effect,
For design purposes it would probably be advisable to neglect
the resistance of stiffeners having eccentricities greater than

2",
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PART C,

ANALYSIS AND DESIGN OF CONNECTIONS.

1. Analysis of Connections

As stated in Part B a satisfactory connection is defin-
ed as oné which 1s cgpable of developing the theoreticgl'mggimum
moment of resistance of the beams when wofking axial 1daq is,m'
on the_cdlumn. It is also deéirable for the connection to have
sufficient rotation capacity as explained in Part B.

The analysis then should'determine those items which are
ngce§sary at the joint to ensure development of the plastic
moment at the connection and, if possible, adequate rotation
capacity, Potential items for investigation are:

(1) The strengfh of that region of the connection adjacent

to the beam compression flange.

(2) The strength of that region of the connection adjacent

to the beam tension flange. |

(3) The increase in the strength of the connection due to

"the presence of stiffehers. | | o E

'(h) The possibility of column failure due to a combin-
ation of axial and local stresses,

(5) The effect of the pair of beams framing into the .column

web on the connection of the other pair of beams onto |

- the column flange, | |

(6) The rotation required of connections and their capacity

. to rotate, | - |

Items (1), (2) and (3) will be discussed in Parts 1.1 and 1.2




and also in the Appendix., Items (%) and (5) have been discussed
in Part B;‘their effects having been deduced from the obgervf<_
ation of tests. It has been explained that the effects of column
axial load can be neglected and that the stiffening action

of the second pair of beams strengthens the connection more
than the triaxial stresses set up in the column web will weak-
en it. A conservative procedure would then be to analyze the
connection as if the second pair of beams were not present,
Item (6) has been investigated both analytically and experi-
mentally, The rotation required of connections can be found
from Reference L4, This of course varies with the beam load-
ing, size and span but in Section 1.2 of the Appendix there

is calculated a sample value of the required rotation which
will be greater than that required by most connections. For
purposes of comparison this value has been plotted on

Figures 8, 9, 10 and 20 which show moment rotation curves

of tested connections. Inspection does show that all tested
connections do have sufficient rotation capacity. Moreover

if the connection is made étronger so that it is much étifférw
than the beam at Mp theh the necessary rotatioh will occur in

the end of. the bean,

1.1 Analysis of Compression Region of Connection

The critical item in this region in an unstiffened
connection is the buckling of the column web, From experi-
mental evidence as discussed later (for illustration see
Figure 27) a conservative estimate of the strength of the

compression region of a connection could be obtained by
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assuming that the'resietance supplied by the column web in -
_ resisting the beam flange force 1is- 6 w(t4-5k) |
This implies’ that, as shown in Figure 25, there is a _
distribution of stress on a 2,5el-slope to the column "k-line"
so that the resistance ef the column web is equivalent to a

uniform resistance supplied over the length (t+5k). Hence;

for a connection with no stiffeners
QC~='0‘yw (t+5k) ooooo‘o'oooeeoooboo-'oooo'(i)

Now the force supplied by the beam flange when the beam
is under. plastic moment is th& so the minimum column web

thickness required is given by
bta—y=0-yw (t+5k) ooeooooooo‘oo'.ooobuono(2)
OI‘ | . w o= bt iﬂo'o-oaaoeouoeooooooeoaoooooo.'(3)
; 5% . |
In cases where w—_bt _and stiffeners are required
‘ oo ' t+5k _ '
formula (2) is modified to include the resistance of these
- stiffeners,
B0y = Oy W (B ST O Agy U 5
~Tn the case of horizontal plate stiffencrs Ast may be

approximated as
Al / : . - : - .
A5t = sb ;AL;:J\Cﬁijfﬁw

|
Hence,  ————— ST

s: bt- wb(t+5k) 00’;'0'00‘000...".‘..‘..“(5‘)

"As a further limitation (See Section 1.1 of the Appendix),




82. b" .oooopo'c-ooooooooooi-o~oo'odooo;;.(6)

. R . . R e . e e e m e e

Tests C-9, C-11 and D=12 indicate that the vertical plate
stiffqpers éarrY about half the stress that"thewgo;ﬁmn“web | L
does, Making this assumption, formula (h) beébmeé in the case

of vertiéal'plate stiffeners,
b0, = o v (t+5'k)+0’-. 25 (t+5k)
so that |
s= Bt =W ciiieeieciiecancincsnses(7)

t + k - . .
As a further limitation (See Section 1.1 of the Appendix),

S> dc .o...0.O.oo.ooooo.o‘ooc_-..oo....0(8)
— 30 . R

In those cases in which the beam flangeiwiéth is much
less than the column flange width these € type stiffeners would
qot be as effective as assumed and it would be inédvisable to
rely on their stiffening action when the column web 1is greatly
qéficient according.to formula (3).

Eccentric Stiffening

Since the testing done on eccentric stiffehers_was very
limited, any results derived from this testing concerning their
action cannot be very éonclusive; howéver; sinée,vary light
columns were used, then these results should if'anyfhing.be'
conservative, | , | _

Tests have indiéated that horizontal plate stiffeners
of eccentricities greatef than 2" have very little stiffening

actioh} A conservative design procedure then would -be th:
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‘neglect the stiffening action of such stiffeners, Testsmyayé
also indicated that another conservative assumption would be
to consider stiffeners of eccentricities of 2" or less és 60%
effective as compared to concentric stiffeners, In this case;

equation (4) becomes
= +0_.0.6
bta'y Q"yw(t+5'k) O'yO sb
which reduces to
S: 102 I:bt = W (t+5k):| oooooooooooooo.(9)
b

vhere again

! (6)
S> b 0000000 OGD0DO0O03 6060006066606 000S6O6CS S .

— 16
Two other methods of analysis of the compression region
of the connection have been suggested in the Appendix but the

above, the Modified A.I.S.C. approach, is advocated for use.

1,2 Analysis of Tension Region of Connectioh

The mechanism of failure in this region is as follows -
a column flange acts as two platesy, each of which is fixed
along three edges and free along the other together with a
central rigid portion, the whole being loaded by the beam
tension flange, The load remains more or less uniformly dis-
tributed until the "plates™ reach their ultimate carrying
capacity. At this stage, the "plates" deflect at their outer
edges causing excessive straining in the central portion of
the butt weld, in the column flange adjacent to the weld and

in the column fillet, Failure then occurs by cracking in one
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of these regions, The '"plates" are under bendingvaction so;théir"
ultimate capacity depends on the square of their phickness.'ﬁ
Analysis in the Appendix (Section 1.6) illustrates that a =
conservative estimate of the capacity of this "plate" for

5 .
wide flange columns is 3056& t The central rigid part of

e °
length 'm' adjacent to the column web will be highly strained
and hence will carry a force corresponding to its area at

yield stress. Hence

2
Qt= 0_y tm+ 70_y tc oooeooooooooooooaoo(lo)

The force in the beam tension flange when plastic moment
is on the beam is btU&, To give 20% conservatism in this region
of the connection to correspond approximately with thé\average

conservatism in the compression region we have

.
ver,= 0.8[) tmt+ 70y 7] Leeeiiiiii)

This reduces to
2 : _ _
tc-_— l:)_:g_ 1025’9_2 oooo'ooaooeonoooi.’o.(l2v)
7 ‘b ' o
t, being the required column flange thickness,
If beam and column sizes are taken from the A,I.S.C. hand-
book then the value of m for all those connections in which
b
formula (12) is approximately satisfied varies from 0,15 to

0.20, Making the conservative assumption m = 0.15 (12) re-
b

duces to

tc-—— O°)+ bt oooooooooeooooooooeoooooo(l3)
In cases where to,< O bt and stiffeners are required

:'"uO;TEff



we havé equilibrium configurations exactly the same as those
in the compression region of the connection, Hence stiffening
requirements will be given by equations (5)9 (6), (7) and (8).
While (6) and (8) apply only to compression members it 1s re-
o commended that, as a practical measure, they also be used in

the tension region of the connection,

1.3 Relative Strengths of Tension and Compression

Regions of the Connection,

Equation (3) states that a connection will’be.on the

verge of needing stiffeners in the compression region if

W = bt
t+5k .

or bt=w <t+51{) oooooo’ooooeooooooooooooe_(_l)"')

Erog_eQuatiqns (13) and (lh) this connection will or will

not need stiffeners in the tension region according to whether

?c~§' 0.k Jw (t+5k)
ise.,

t W oy | '
__C;§ \5+t/k 00‘000000000000.0‘0.‘0.(;‘5)

Since for all practical connections in which (12) is
approximately satisfied

| - 0.2< t/x<0.8
then by taking t/k = 0,2 it can be seen that this connection

will need stiffeners in the tension region if

.Eg<0091 oooqooooooooooe.ooeo00000.000(16)

[k

41,



42,
and by taking t/k = 0,8 it can be seen that this connection

wlll not need stiffeners in the tension region if

f_g_>0096 006000000000000000000000000‘0‘(1‘7)
\/wk ‘

Figure 28 shows a plot of the values of ‘¢ for all 8"

< ?
Jwk '
10", 12" and 14" deep columns of the wide flange series. It
can be seen from this figure that in most cases the critieal
region of the connection depends only on the column para-

meters, For values of tc/\[ﬁ§7between 0,91 and 0.96 the need

for column stiffening will depend on the bean.

2., Comparison of Test Results with Analysis,

2.1 Compression Region of Connection,

As explained in Part B the connection tests gave
somewhat different results from the anaiogqus compression
tests because the former involved the additional.compression
supplied by the beam web., As can be seen from Table 7 the

assumption of a length of (t+7k) of column web at yield stress
| resisting the force applied through the simulated beam flange
in the compression tests (Series E) is conservative., Also as

sean from Tahlzs 6 the use of the compression design criterion

’

W: bt ooooooo.oooooooooo0000'00600(3)
t + 5k ’

advocated in the last section leads to conservative results
when compared with connection tests. The results from-Table 6

are summarized as followss

1. For test A-1 formula (3) requires that the column web
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be 0,666" thick, The actual thickness was 0.,284" and the column
web failed at a load slightly in excess of working load as
shown. in Figure 7, )

2, For test A=2 the formula requires a web thickness of
0.428" and as would be expected the thickness of 0.587" prov-
ed satisfactory,

3. Connection A-l requires a web thickness of O,470", With
an acfual thickness of 0.%17" the connection attained over
80% of the required moment,

4, The formula shows A-5 to be entirely adequate without
stiffeners and 1% so proved to be,

5. The formula shows H=1 to be slightly inadequate buf it
did take the maximum moment reached in the test, this moment
being 95% of the plastic moment, There was some straining in the
column wéb but failure did not appear to be imminent in the
compression region,

6, The formula shows AA té be inadequate but probably
because the stiffening action of the secoﬁd pair of beams was
not considered in the analysis the connectidn proved satisféct;%ﬁ_
OTrYy. |

7. For R-f. B-8 and BB the formulas shbw thin stiffeners
to be required, In the tests there was no evidence of over-
'stress in the stiffeners actually supplied, except for a few
strain lines in the B-8 stiffeners,

| 8. The formulas showed the C, D and DD connections to be
adequate and éo they proved to be. By the time the beams had
failed however there was some buckling in the column stiffen-

ers.



TABLE 6.

-ﬁh;

COMPARISON OF MODIFIED A,I,S.C, COMPRESSION REGION CRITERION

WITH CONNECTION TEST RESULTS.

SpéCié

i Req'd

bt | k Hand- |Meas=|Req'd Actual| Remarks
men ' book [ured :
W_ W W s s
in? | in [in [ in | in | In In
A<l |2.99]|0.812]0.666|0.288 |0, 28 Column web buckled
a2 |2,99|1.3120.428{0,575|0.587 Colum web 0.K,
AL 2.,99(1.188{0,470({0,390 0,417 Column web weak
A5 2,9911,500]0,378]0.58010,580 Column web O.K.
B-6 |2.99[0,812 10,288 |0.284]0.25% {0,437 |Stiffened connect-
: : : : - ions: - .
B-8 2.,99|1.125 0,294 {0,300{0,25% | 0,250 satisfactory
c-9 |2.99|0.812 0.288 [0.28%|0.382 | 0,437 | Connections 0.K.
’ but some stiffen-
C-ll' 2.99(1.125 0.29%{0,300|0,34%** 0,250 | er buckling
D-12 2.99(1.125 0,294 0.39**| 0,606 | Connection O.K;
H-1 2,99(0.812 (0,666 0,600 Column web 0.K, up’
- to 0.95M, when B
failure 8ccurred in
tension region of
connection,
AA 3.,0211.188 0,474 10,390 |0,395 Connection_05K.
BB 2.89|1.125 0.29% |0.316(0,25% [0,5 |Seat 4" above. ***
: compression flange
connection. 0,K.
DD 2,91(1.125 0,294 [0,317{0,34**[ 0,6

‘| Connection O.K.




Couse

* Determined by slendernéss limitation, Equatiqp (6) .
.** Determined by slenderness'limitation; Equation (8)
* %k Stiffening also included a plate perpendicular to

the seat - See Figure (15). '




TABLE 7

COMPARISON OF FORMULA, Qp# G&,w (t+ 7k) WITH COMPRESSION TESTS

Test|Column Bar |Column w ~k |Computed Test

Thick-| Web Qe Qe

Boss Lol ¥ T T kip %ip
E-1 |12wF40 | 4 | w0.2  |0.29%|1.125| 99 102,5
E-1%| SWF48 | 4 | 34.4  [0,405]|1.063| 110,1 137
E-15| SWF58 3+ | 36.2 |0.510{1,188| 162.6 | 202,.5 |
B-16{104F66 | 4 | 0.0 |0.457[1.25 | 169.0 | 175.7
E-17| LOWF72 3 | 35.0 |o.s10|1.313] 173 190
1-18 | 12WF65 T 37.2 0,390{1,188| 129 143
B-1912wr85 | 4 | 37.8  |o.495|1.375| 190 | 2u7.5
E-20{14WF61 | % | 36.2 [0.378|1.25 | 127 137.5
E-21| 14WF68 3 | 38.3 |o,418|1,313| 155 16k
E-22|14WF8L + | 39.3 |o.u51]1.375] 180 221
BE-23|14wrlod 4 | 38,5 |o.u95|1.438] 201 250
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The theoretical restraint provided by horizontal stiff-
eners in a connection is given by ¢& bs (refer to Formula (4)).

| Comparison with tests show - ‘ :

(a) Test E-1 in which an unstiffened 12WFL0 was compress-
ed failed at 103 k whereas test E=O in which the same column
~was stiffened with two " horizental stiffeners failed at 172 k,
The difference of 69 k compares'favourably with the calculated
difference of 63 k .

(b) A similar examination of tests E<9 and E-20 on a
IIMWFélishow an experimentally determined difference of 144 k
3 comparad to the calculated difference of 115 k
B There 1s some inconsistency in the above compression region
analysis since a length of column web of (t+7k) is assumed to
be effective in the simulafed tést whereas an effective length
of only (t+5k) is assumea in the connection tests, Formula (24)
given in the Appendix is possibly a more rational approach'to
the analysis of the compression side, This formula

w,: bt.+3_n5kt' o....eoo..o...........‘.o.(z)"') |
' t+7k '

is consistent when applied to the eonnection tests and to ﬁhe
simplified tests. In the simplified tests of course t'= O,
However formulas (3) and (24) give very close results when ap=-
plied to practical connections, it being preferable to use (3)
since it is simpler,

2,2 Tension Region of Coqggction,

The only connection specimen in which the primary

cause of failure was in the tension region was test H-1 where




48,

failure occurred at approximately 95% of the beam plastic moment .,
The actual column flange thickness in this case was 0,43"
while that required by formula (13) is.0.69"‘ Hence‘in this
case formula (13) appears consefvative. |

Table 8 compares the tension tests with the analysis by
means of two methods - first through the ultimate capacity
equation (10) and then through the final design equation (13).

The comparison with equation (10) shows conservatism in
all éases except test F-15, However in this case the plate was
strained into the straln hardening range and failure was pro-
bably caused by shearing stresses at the ends of the weld due
to drawing down of the plate, A further indication of this is
that the weld failure began at one end of the weld, This type
of failure would not océur in an actual éonnection since the
beam flange 1is not stressed above yleld stress, ) N

The second comparison, between actual column flangé thick-.
ness and fhat required by equation (13) is mainly 6f statis-
tical interest, The last column shows the ratio of tensionqw
plate stress at'column failure to tension plate yield streés
and 1llustrates that in all but three tests (F-%, F-14% and
F-15) the tension plate was much stronger thaﬁ would have
been sufficient to cause column failure at or prior to tension
plate yleld. Considerable conservatism in equation (13) is
illustrated in the cases of F-k and F~-l4, This is probably
due to the 20% conservatism introduced in equation (11).
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TABLE 8

COMPARISON OF TENSTON REGION ANALYSIS WITH TENSION TEST

tacenacen

h : o :
Test | Column | Yield Stress|Ultimate Av,Plate| Flange aT
No. | Stub : _ Capacity.t[Stress Thickness,te a
Column| Plate|Com- |Test|at Test |Com- [Actual| g5y
Flange Ty puted Ult.,0. | puted
from @ | from
(10)*x (13)**

F-1 8WF31 | 37.0 [38.9 81 |[100 19 0,94 | 0.43 |o.49
F-2 8WF31|37.0 [38.9 | 68 | 95 ! 0.72 | 0.43 [0.80

F-3 | 1owF65 | 36,0 [31.6 | 123 |1k9 | 28 0.86 | 0.61 {0.89
F-t | 14wré8 | 34,2 131,6 | 155 |167 32 0,89 | 0,72 |1.01
F-5 | 14wF8L | 34.2 |31.9 | 191 |212 21 | 1.27 | 0.78 |0.66

F-9 | 12wré5|36.0 [31.6 | 55 | 82| 15 | 0.86| 0.31 |0.47
F-10 | 1WWF8k | 34,2 [31.9 | 80 [125 12 1.27 | 0.38 [0.38
F-12 | 12WF65 | 36.0 |31.8 | 167 |189 15 . | 1.35 | 0.61 (047
F-13 | 14WF68 | 34,2 (31.8 | 200 (199 | 16 1,37 | 0.72 |0.50
F-14+ | 8WF67 | 33.5 |38.9 2k2 1256 45 0.99 | 0.93 |1.16

F-15 |14WF176 36.0 |31.9 | W56 [uub | 4u | 1,24 | 1,31 [1.38

Dimenéions of the specimen are given in Table k4,

o,

* Measursd irem coupon tests,

*k Adjusted for variation in yield stresses from 33 ksi,




50,

3. Limitations of This Investigation

The investigation has considered two and four-way con-
nections in which every beam of the connection has been }Qadeq
equally and gradually to failﬁre. Detrimental effects could be
caused by:

(a) Repetitive Loading., A sufficient number of cycles of

loading and unloading could cause premature failure but this
- 1s unlikely since much of the load in a building is dead load
and any variation would be of small magnitude.

(b) Unequal ILoading of Opposing Beams, In this case shear

- stresses would be induced in the column web. However when the
beam loadings are approximately the same as would be the case
when beams of the same size framed into the column flanges
it WOuld be.expectéd that the above design formulas would be
valid, They wouid probably not.be valid in the extreme case
of a beam framed into oniy one column flange, This problem is
one for further research,

(¢) Wind Loading.This would tend to causé moments in thebr
same direction and hénce high shear stresses in the éolumn ﬁab,

As with (b) this is another problem for further research,

4, Advocated Design Methods.

There follow examples of connection design using the

proposed formulas,
/

‘4,1 Connection in Which no Stiffening is Redquired.
Consider a two-way connection in which 16WF50 beams
frame onto the flanges of a 12WF99 column.From formula (3)

‘required W= bt
t +5k
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| = 0.546n

Actual w = 0,580"

Hence no stiffening is needed in the compression region
s\

" of the connection,

From formula (13)

required ﬁtc== O.h\/bt
| = 0,842
Actual to, = 0.921"

Hence no stiffening is needed in the tension region of
- the connection, The computation for tension stiffening could
have been omitted by inspection of Figure 28 which shows that
the compression region of the connectlon for a IQWF99 is the

critical one regardless of beam dimensions.

4,2 Connection in Which Stiffening is Required in

‘Compression Region Only,

Consider a two-way connection in which 16WF58 beams
frame onto the flanges of a 1OWF89 column,
From formula (3)

. required w= 0,792"

"~ But Actual w = 0,615".
| Hence stiffening is required in the compression region
of the éonnection. The required size of horizontal plate stiff-
enérsvié given by équations (5) and (6).
From equation (5) -

required s= bt - w (t+5k)
b

= 0, 1khn
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But from equation (6)

s> b'
16

= 0,25"
Hence in compression region of connection use 4" horizon-
tal plate stiffeners, welded along three edges,
From formula (13)

required tc=='0.934"
But actual te = 0,998"

Hence no stiffening is required in the tension region of

the connection,

4,3 Connection in Which Stiffening is Needed in Both

Iension and Compression Regions,

Consider a connection in which 18WF105 beams frame
- onto the flénges'of a 12WF65 column, Equations (3) and (13)
indicate that stiffeners are required in both the tension and
compression regions of the connection.

If horizontal plate stiffeners are to be used equation (%)
gives

s = 0,487n

which satisfies equation (6),

Hence use $" horizontal plate stiffeners in both tension
and compression regions of the connection,

If fertical plate stiffeners are to be used equation (7)
gives |

required s=__ bt - W
' t +5k

=0,636"
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From Equation (8)

Hence use 11/16" vertical plate stiffeners flush with the

edges of the column flanges,

Y 4 Eccentric.stiffening.

Consider the same connection as in Section 4.3 With;
in addition, two 16WF36 beams framing into_opposite sides of
the web of the 12WF65 column, If the tension flanges of the
bgams are éflthe same level then the seating plates of the
16wfjédgéam§ can be used aé‘stiffeners of approximafely 2n
~ eccentricity for the 18WF105 beams,

The required thickness, s, is given by equation (9);

sz;L_g_’Z_[bt-w(t 5k)]

= 0,828"
This satisfies equation (6)
Hence use 7/8" seating plates for the 16WF36 beans,




APPENDIX

1. THEORETICAL ANALYSIS

1.1 Limiting Slenderness of Stiffeners.

The slenderness limits for the stiffeners are diffi-

cult to establish becéuse - | S

(a) The restraint provided by welds at the ends of stiff-
eners is not known,

(b) The stress distributions in the stiffeners are not
known, |

The assumptions made in the following analysis probably -
lead to conservative limits, The calculations for the limit-
ing sienderness of stiffeners are taken from formulas and fig-

ures in reference 6,

Horizontal Stiffeners_ - B Type

o
Lhidd {y—Simply Supported -

bl

Fixed —— “~Free
| | Thickness , s

.
SRREEE — Simply 5U/D/DOI’fBG{

Ocr

As shown in the Figure, consider the stiffener as fixed

along the edge welded to the column web and conservatively
assume it simply supported along the edges welded to the

column flanges,
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Using formula (3.15) of Reference 6 and the constants

Dx

Dyy =16,000 ksi
Dy = 31,000 ksi

8,000 ksi

Gy = 2,400 ksi  (Ref. 6)
2
Jcr = (%v) ) 7820
For q¢r = 07y = 33 ksi
bl =15.5
S
To round fig-::r‘s‘t?n ___‘_ = 16 R R R I I S R R e (6)
s
Vertical Stiffener - C Type
Thickness, s
. . — N '
Simply supported——s };_l—slmp/y suppor fed
(\}] —
0. : :% __GZr.
—] —
de

As shown in the Figure, consider the stiffener simply

supported along the edges welded to the column flanges.

- _ M3
D Qe = 2,
12(1-7 )

&)

.For Gpr =0y = 33 ksi
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ig = 30 ooooceo000090000000000(8)
S

1,2 Rotation of Connections.

Examination of Figure 13 of Reference L shows that
the "hinge angle" or rotation at plastic moment required at
the ends of a fixed ended beam uniformly loaded along its
length, so that it will be able to form a mechanism, is given

by

= e 8enH» O®HpO e OO0 0 SO O0S 8
H — % ¢Iﬁ" (18)
M. L

Of H = ocaoooooooooocoo(lg)
6 EI ,

Taking a practical case of a 16WF36 beam of span 24' the

required rotation is calculated to be

H= 7.2 x,lo“3 radians

Here a particulér case is taken but the above value of the
rotation will be greater than that required of most connections,
Considering a 12" gage length spanning across the column the
average rotation required across this length is 1.2 x 10=3

radians per inch. This value 1is plbtted on all figures show-

ing connection rotation characteristics,

1.3 Elastic Distribution of Stress on Column 'k' Line.

E. W, Parkes5 developed a theory giving the stress
distribution.juét inside the flange of a columh-(in this case
the column 'k' line) for either a tension or compression load-
ing on fhe flanges while the stresses are still in the elastic

range, For purposes of our case we will make the idealizations
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that - | -

1. The load applied to the column flange can_be consider-
ed as a line load perpendicular to the column web,

2. The moment of inertia of the beam flange about the .
axis through its own centroid can be considered as infinite,

3. The distance between the column ‘k' line and the cen-
troid of the column flange can be considered as negligible
compared to the depth of the column,

4, As far as stress analysis is concerned the web of the
colﬁmn can be considered as'infinitely wide so that the stress
distribution at mid wi&th is uniform,

Farkes analyzes the case mentioned above and also the
realistic case where the above idealizations do not apply. For
the case of all wide flange columns as used in practice however
the deviation in the elastic stress distribution between the
idealized and the realistic cases is less than 5%. Being based
on the idealized case then the non dimensionalized curve as
drawn in Figure 27 represents to 115% the elastic stress dis-
tribution along the column 'k' line for all wide flange shapes
used in practice. The scale of Figure 27 has been made so that
the area beneath this curve represents the ultimate load as
obtained from tests. For purposes of plotting this figure
Parkes used the non dimensionalizing parameters Xo and (o
which were functions of the column dimensic;ns° The curve, of
course,.is not the stress distributibn at failure since yield-
ing will have taken place. However by the use of the appro-
priate vertical scale factor this curve will represent the

stress distribution until the first yielding occurs.
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1.4 Probable Inelastic Distribution of Stress on Column

'k! Line,

The area under the elastic curve discussed above can be
compared with the assumed resistance offered‘by the column web
in the development of the compression criterion in Section C.
This resistance is represented by the corners of the rectangle
in Figure 27 which show yield point stress distributed over a
distance (t T5k) for the 'A' Series Tests and over a distance
(t +7x) for the 'E' Series Tests,

As illustrated in the figure it does so happen that the
non dimensionalizing stress, 0o , as used by Parkes causes the
ratio U&/@; to have values very close to 0,1 for all the spec-
imens tested except the column section 12WF65 as used in test
A-4, Hence the actual ineléstic stress distribution at failure
for all the test cases except A-L4 is represented closely by the
plot on Figure 27 which includes the horizontal line at yield
stress representing the inelastic resistance and the oblique
line representing the elastic resistance, Since the area under
this curve is greater than the area under the curves represent-
ing the assumed resistance of the column webs-then the assumpt-
ion'of a distribution of yield stress over a distance of (t+ 5k)
or (t+7k) as the case may be is conservative, '

It is also interesting to note the stress distribution at
various stages of loading. In the elastic stages of the tests,
the distribution of stress is similar to that shown by the
elastic curve., After a little yielding has occurred, a plat-
eau will develop at yield stress. This plateau will become

wider as the load increases until at failure the distribution
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is as shown,

1.5 aiternavive Design Formulas For Compression Region

of Connections

The Modified A,I.S.C. method of design has been describ-

ed in Section C. Two other approaches are however worthy of note .

1.51 Plastic Analysis Approach,

This approach assumes a stress distribution in the
beam, loaded to its capacity Mp, as shown by Section a-a in
Figure 26, The corresponding stress distribution in the column
web at the end of the flange-to-web fillet is shown by Sectioh
b-b. This procedure results in the following analysis -

(a) Unstiffened Columns. (Series A). Assume the beam is

developing its plastic moment, M For the compression flange

p L]
the pressure against the column will be approximately as shown
in Figure 26,
2
and Qy = Ty W [%4—3%]

If the compression region of the connection is just satis-

factory without stiffeners
W = Qy

OI' G-YW (%*—31{): %bo—y oooooooooaooo.-(zo)

thereforew: Ab » 00000000000000000(21)

d + 6k
(b) Columns with Horizontal Plate Stiffeners (Series B).

The presence of the stiffeners modifies.equation (20) to
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Ap Cy= 0y w [@+3kH 0. s b
50 Uy y [2 y
therefore s= 1 [Abm (d+6k‘)] W anoonoosos(22)
2b

s is again subject to the limitation that s;:h% as shown
v ’ 1
. in Part 1 of the Appendix.

(c) Columns with Vertical Stiffeners (Series € and D). The

presence of the stiffeners modifies equation (21) to
| = Q+ 9
Since the stiffener plate is at the edge of the flange it
will not be as effective in resisting the beam compression as
is the column web, Strain readings on web and stiffenér indicate
ﬁhat the stresses in the stiffeners are approximately one half
those in the web,

Assuming the latter

QS: 2&5 (t +6k)
2

Hence %b 0y = (]‘y W (%+3k)+ O'y s (t+ 6k)

therefore, s= 1A = w (H6K)| cervenccess(23)
2]  t+6k

The stiffener thickness is again restricted by the in-
d
c

equality, s>
- 3

1.52 Modified Plastic Analysis Approach

. - : The preceding analysis assumes that at failure a

length of (d+ 3k) of web is at yield stress (See Figure 26).
2

However in most connections the beam web is thinner than the

column web so that near the horizontal centerline of the con-
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nection where the effect of the beam flange force is pegiigib}e
the colwun web merely resists the beam web force and.so is not
at yield stress.

If we assume as we have done in the Series E tests and
as shown in Figure 26 that the length of column web effective
in resisting the beam flange force is (t+ 7k) and that the beam
web force outside this region is resisted-by the column web
immediately adjacent to it then equilibrium over the length
of (t+ 7k) gives | |

(a) Unstiffened Connection.

bt G“y+ t, %lgo'y= w<ry (t +7k)

or W = bt+305 ktV 000000000000(21{')
- t+ 7k

By going through an analogous procedure as that in
Section C we have the results

(b) Horizontal Plate Stiffeners.

s = 1 l:bt+3.5,ktv - (t-+‘7k):| teeeeneeees(25)

where s is again subjecf to the limitation that s > g%
— 1

(¢) Vartical Plate Stiffeners,

S = bt+3.5 kt' ""W oooo.oooeooooooocooooo(gé)
t+7k

where s > d

c

30 ‘
Table 9 compares the results of these two methods with

the Modified A.I.S.C, Approach for the connections tested,
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COMPARISON OF THE THREE COMPRESSION SIDE CRITERIA

Stiffener Thickness, s

Speci Web Thickness, w Remarks
-men ' -
Mod., |Plas-|Mod. |Act= |Mod, |Plas-{Mod. |Act=
ATISC tic |Plas- |ual ATISC |tic Plas<|ual
tie ‘ tic

A-1 |0.666(0.,504{0,624%(0,28% Col,web buckled

A-2  |0.428 [0.440|0,450|0,587 Col,web 0,K.

A-4 o700, 453({0,480]0,417 Col.web weak

A-5 |0.378]0.420{0.412[0.580 |col.web O.E.

o *
B-6 0625 |0,326]0,297| 0,437 |Stiffened
* * connections -
B-8 0,25 |0,261{0,25 |0,250|satisfactory
c-9 0,382]0.4290,340[ 0.%37|Connections 0.K.
‘ R k| kx| but some
C-11 0.3% @.39 0.3% 19.250|stiffener
) ' buckling
* %k * * ok
D~12 0,34 0034 0.3% | 0,606|Connection O.K,
H-1 |0.666]|0.504]|0,624%0,600] Col. web 0.K.
lup to O,95Mp
when failurg
occurred in
{tension region
of connection
Ar  |o.w74 04450, 47910,395 /" |connection 0.K.
* * * ’

BB 0,25 |0.25 0,25 [{0.,5 |Seat 4" above***
compression
flange., Connect-

: ion O.K.:v..
* % * % %k
DD 003)‘*’ 003)+' 003)"“ O°6

Connection 0.K.
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* Determined by slenderness limitatiéns, Equation (6)?
* % Determined by slenderness limitationsa Equatien (8).

**% Stiffening also included a plate perpendicular to

the seat - see Figure 15,

1.6 Analysis of Tension Region of Connection.

Figure E illustrates the action of the column flange
in the tension region of the connection., The column flange can
be considered as acting as two plates both of type ABCD., The
beam‘flange is »3sumed to place a 1line Ioul un wvach of these
plates. The effective length of the plates are assumed to be.
12t, and the plates are assumed to be fixed at the ends of this
length, The plate is also assumed to be fixed adjacent to the
column web, Analysis of thie plate by means of yield line theor;
leads to the result that the ultimate capacity of this plate is

P, = oy O, t,°

where ¢y = H8t+ B/m

2. = WA
, “ | | p—
and n = B/ Msﬁ 81 —8]

B = p/a (refer to figure A)
A= 1/q (refer to figure A)
For the wide flange columns and beams used in-practical
connections, it has been found that cq varies within the range
3.5 to 5,

As a conservative approximation, take ¢y = 3.5
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Then Pu_ = 3.5 ‘ry. tc
Hence capgeity of twd plates is given by

2
2P, = 1-7()"}, te

Force cafried by central rigid portion
=gytm

Hence Qt_ﬁ Ty 1:'m-1'7(7"y t,

2

- 65,



2. APPENDIX TO TWO-WAY TESTS.

2,.l§ummarj of Coupon Tests.

'G'y_L

fult

|suE674 tr

133.2

61.3

section*'j Hark | kzi ﬁ?? GEii ksi| ksi in/in
7/16"plate| 59E/8/3 t |30,000 - |35.6(34.8[59.2 1.5 x 107
59E/5/3 t |29,500| - |35.8|34.2|59.6 B
|59E/2/3 t |30,200| - ‘35;6 34,6160,0 -
1/2" plate 68E/6/3 t 130,000| - |33.1]32.156.0 -
5/16vplate |48 /9/3 t |29,900| - |38.2 [37.2|62.5 -
48 /3/3 ¢ |31,700| - |38.2[37.8[61.3 -
{1/2" plate|688/6/1 ¢ 29,800|2%.1|32.8] - | - -
| 68E/6/2.¢. 30,600(26.,7(33.6 B -
1WF40  [386/1 e 35.2|36.9 [37.3[62.0 | 1.66x 1072
| 3862 tf 3.3(36.3[36.5|61.7 | 1.7
1386/3 tw 42,8 (.0 42,8 [65.1 | 2,02
38G/4 ‘tf“ 36.6 38.3.[37.6161.9 {1.9
8WF31  |S4E31/1tf 34.7139.4 [37.8 |63+ |1.72
|sE31/2t8 [36.3] - [38.1]63.0 [1.9%
S4E31/3tw 35.%4[39,7 [38.3(63.0 [1.98
| 16WF36 53E939/1tf 33.5|40.8 4+0,0161,7 |2,16
| - |538939/2t: 8.2 - [39.5(61.8 |2.22
53E939/3tw 414 (43,5 H2,7 |64.5 |2.17
C |53m939/mes - [39.6[39.2 [61.2 |1.9%
BUF67  |SHE67AL tf| - 32,4 [32.2 61,k |1.18
S4E67/2 tf| 28.5(35.2 [34.6 [61.9 |1.25
54E67/3 tw - 38.8 [37.7 [60.6 |1.9%
- 3.1 1.4k
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Summary of Coupon Tests ( Cont'd,)

- E st

Eotes:

¢ = compression coupon

For WF members E is in range

 tf:# tension,flange coupon

tw = tension web coupon. '

25,000 < E < 30,000 ksi.

" Section | Mark T E | OpL| Ouy| OyL |0ult
| | o ksi | ksi| ksi| ksi| ksi in/in
12WF99 | 55E/2 . £ | [31.3[3%.63.5]62.5 [1.31
N s .3(36.7[35.8 63,7 [1.81
11owr6s  |uoE/1 tf - |37.2|36.4 62,0 |1.61
| WoE/2  tf - 136.4(36.1 [62.1 |1.55
| w2E/3  tw - |%0.6|38.861.5 |1.143
| weEM tf - [37.1(36.1(62.2 |1.18

67,



2,2 Calculation

‘Columns

Assume

B

= 72

~ Then from A,I.S.C. Manual

68.

s for Design of Specimen :

P = 17,000 - 0,405 (Ly°
A T

Column Working Stress==l§.5 ksi

Structural Section peta;;gv

Cgigx;n Area " gggguizd P, kips i.65 Py| 2%Py gest .No.'.‘
8WF31| 9,12 9,01 | 132 218 |26% | AL,B6,C9
BWF67| 19.70 19.9% | 286 _| up2 572 A2

12WF40|" 11,77 11,31 | 171 283 |34k 38,c11;D12

1owr65| 19.11 | 18.66 | 278 | 459|550 i

12WF99  29109-' 28.45 | 422 696 800;* A5

* A,I,5.C. Handbook Value,

** Testing'Machine capacity = 800k

Analysis of Beams and Beam-golumn Flange Welds:

= 20ksi

w= Tws
L

A1l dimensicn of sections as
'Beams: 16WF36 0,
Bendings -
Mw= G&§’= vV, L
L

V= 39-,6'5: 56,4 —

measured on speclimens

20x56,4 23,5 kips-

46,5 kips

L8 use 2¥kips

Ty (avg. for 16WF36)= 39,6 ksi




e

Vu= .2 Z = plastic modulus
—%— .

— 32!6 X 63,26 = 52.5 kips

Elastic Analysis of Welds at Working Beam Load°

69.

Design butt welds to carry applied moment, and fillet weld

to carry applied shear,

Mw = 24 x 48 k" , dw= 15.91 - 0,43 = 15,48"

Fo- M, _ 24 x4 = 74.5 kips
v 3, 15,48 |
o= F?  74,5 - = 24,k ks1> 20ksi(overstressed)
-G 9 xokn o
Vv, = 2+ k
“ Length of welds = 26",
/ ‘  Try 1/4" fillet weld
rx_zh- = 0,922 k/Mm
, AN fillet)= 9,6D = 9,6 x 1 = 2.4 kips/in
allow - Tk o
Sheariv
' , (3)
( in plastic range) = 18 wd
= 18 . (0.29) 15.91
=83k 52.5k
Vy, (predicted) = 52,5k
(in elastic range) = 13 wd

=13 , (0.29)_ 15-91
= 60 k724 k (0K)

Influence of shear on V,, may be neglected if
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Vi< 0:% Aﬁ
leeey Z < A
. | 3 -
| - | 6%%26 (14, 9%) (0,29)
. o 133 < 2.5 (0K)
Latéral Buqkling: | | N
(in the elastic range) Ld — _96 x 15,91 —500<600 (OK)
' : bt  7.09 x O.431
whence ~ Sallow = 20 ksi

"Local'Buckling: elastic range - See Clause 18(b») of A.I.S.C.

~ spec,
Actual b — 7,09 = 16,4532 (0K)
t 'lo:E:‘ES. 3L'1 ’ »

- To reach strain hardening b < 17( )
L t

r , ‘ S . °
' o Therefore beams critical for local flange_buckling in
plastic‘range.

> (6)
To reach strain hardening 4 <:55 for web
S BN .

d = 15,91 = 5%,8
w o 0,29

Therefore beams critical for local buckling in plastic

range,

Deflections:  Selastic = VL3 - assuming complete restraint,

| ET

Sy = \_IX_L_3 o U, = 46.5 kips

3EI I, = L&»

. E = 30 x 10> ksi

| I = 448,96 in*
_ 46,5 (u8)°

'— 3.x 30 X’lo3 X 4&8.96




7L
= Ool27" ) ) e e e e
y Sult.. - ggg x 0,127 = 0,1k44" assuming ide,alized (&

0 -¢£ and M - ¢ relationship.

‘In nondimensional form:

At yleld V_- 1-
© At ultimate Vy _ E‘%‘% = 1.13=- ¢,
| Ty . §y

Beam Rotations:

The rotation of the béam can be expressed as a change in
slope of thz paint of load application with respect tc the |
-conne'cti'on assuming the latter to develop complete restraint,

Applying the moment area theorem:

. ) X
e =& L VL = VL
end | % BEI SET
. 2 - )
1erefore eyi‘eld=vll and Vy 2EI1 Qy
oEI L
"But V= 23EI
JA S 3._2 § y
o L
Therefore 8 = 3EI § . L_z_ 3 4
y 2 7 SEI 2 %

0,031 Jy radians
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2.3 Material imensions and Pro érties ~ average values

164P36;

BWF3Ls

Column

Column

(A-1)
(B-6)
(C-9)

?

r—jz———ﬂ

0. 485" 0377

F

591"

tapered flanges

i _ |
R ff parallel flanges
o. 430" -
8458"
- 0.284"
J 7

Y Wl

809"

oy L

—l lg—0-587"

EAES

$

¢ 03" .
parallel flanges

—[—-H

83e¢"

_ a1l
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12WF65: (A-4)

Column "
. - f N 4
0.594"
" 2:13" ' oo
—p{}a— O-
< e parallel flanges
| JL | i
Lﬂ* /1'88" - -l
12WF99: (A=5) | b
. Column — } ~— ]
0-.92/"

parallel flanges

la— 0-580" "
™ /2-80

- 1

)|
o N
/2-00" |
10WF401 (B-8) R —
Column (C-11) t ki
0-498"
—#{¢~¢rsoo“

parallel flanges

Fan
-

©

-

A

I\ ‘]
. . —8as” ol
Plate thickness: average values - from coupon and measure-
- ments on specimens

B-6 - 0,439 (7/16) b= 3.9"
B-8 0,264" (1/%) =3.9"

C-9 0.305" (5/16) d = 22




o1 Section Properties.

7o

2
16WF36 Beamss »
| Beams: | oo
A= (340377) = 1,283 i
083
(.145)(7.96)
A
2
Ixx = (1.283)(7.766)
1 (o;_l8l+)(7.‘51+2)-§
(ol,:éhz)(7.955)
(1.155)(3.978)°
Ixx = 448,96 in"
S = Ixx _ 44B,96 =56.k in.d
T e T 7.9?5
Z = (1.283)(7.766) = 9,96
R =iz
_ 3 [
z = 63.76 in.
y = 15,94 = 6,08" y"\ !
= ‘532. 22 ) ‘ T
'Y°= 7096" 7
-6,08" '
= 1..8. gn | ] i |
BWFIL Column: A = (2)(0,430)(8,09) = 6.9 K
(7.22) (0, 284) - = 205
' v 9.010'.'
BWF67 Column: A = gg){gg%)gg%é) = 15.77
. . . - ___;_19.9E D“
12WF65 Column: A = (2)(,594)(11.88) = 14,10 -
' (10.942)(0,417) = _k4.56
i 1 o O ﬂ"
12WF99 Columns A = (2)(0,921)(12) = 22,10
(10.958)(0.58) = _6,3



12WF4H0 Columns:

= (2)(0.498)(8,05)

A = 8,03
(10.944) (.300) = 3,28
11 0.31 [ =] "
3. Appendix To Four-way Tests.,
3.1 Summary of Coupon Tests.
Section Mark E GUy-v 6yl |Ost yj6ﬁlt.' €Est
| Ksi Ksi | Ksi | Ksi | Ksi |in,/in,
1/4"Plate|233/P | 30,900{%0.65{39.87 l62,00] 0.01725
25 100| 41,02 |39, 74| 61,54 0.01775
1WF65 | 23301 30,400|42,57 |4+1.81 67.74/0.015
233/W1} 29,700138,37 |38. 54 67.7%410,00675
233/F1} 30,100{%0,63 (40,07 65.5710,01875
233/F1| 30, 600 L4y 28 40,46 64,860,200
12WFL40 233/W2{ 31,200 47.17 Ly 16(39,85 68,930,021
' 233/wzi3o 700} 50,00 |48,86 {4+3,60 |70,87
233/F2| 31,300{43,47 |41.77{37.86 |68,00|0,0175
1233/F2| 29, 7500 42,90 41,51 37,67 |68.45|0,01875
16WF36 233M3|29,50050,58 [48.95 63.63
' |233/W3| 30, 7600 47,00 (45,66 61,64
1233/F3| 30, T400 |41 .86 40,25 61.18{0,0185
233/F3130,200 40,58 |38.98 59.99(0.0215
12WF27 233/W4|31,200 |{43,70 |4+3,70 138,81 [61.62|
_ 233/Wk{31,100 45,14 |4+1,.89]37.83 161,02
233/F%|31,100 40,36 138.65 |3k, 74 61.24 10,0175
233/F4 (29,800 |39.36|38.17 |33.79 (60.03{0.02075
Notes:‘
W - Web
F - Flange

75.
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3.2 Calculations for Design of Specimens

Columns:
As in Section 2.2 of Appendix -
Column Working Stress = 14.5 ksi

Structural Section Details:

Test [Column|A¥ea in°*|Area as P, |1.65P,|2P
: Size measured '

AA [12WF65| 19.11 |19.00 [276|455 1552
BB |1aWFk0| 11,77 [11.70 {170/280  |340
DD (12WFh0| 11.77 [11.+9 |167|276 |33k

o

. st g P
!

* A,T.5.C., Handbook Value

Analysis of Beams and Beam-Column Flange Weldss

A1l dimensions of sections as measured on specimens
6w = 20 ksi

Bending:
MW = 6w§ = VWL Vw:: QEE
: L

<3
I

A
n

V. = 6.2 5 Z : plastic modulus

| The calculations are similar to those in Section 2 of this
Appendix, Lateral Buckling, local buckling, shear, deflections
and beam rotations were investigated and calculations are

similar to those found in Section 2.
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Analysis of Welds for Specimen BB

12WF27 Beams: -
Use working load and allowable working stresses_for the
design of welds, seat, stiffener, etc,....§ then check for

ultimate load,

vV, = 19 kips M, = 19 x 36 =684 in-kips
T = c l_g% = 57,2 kips
Spec. section (26h) A.I.S.C.3
R = 24 ksi
t{n+k)
19 L Mo G, 0% {n+ 0,813)

n =19 - 4,68 = 2.5 inches required bearing length
5.7

From Table 25 in the A.I.S.C. text of Structural Shop
. Drafting Vol. 2, the choice is:
4" wide seaty 1/4" Fillet Welds; L= 7"
Plate Thickness 1/2"
Top Plate Weld Designs

" Required plate thickness = _ 57,2 = 0,3"
20 x 9,7

At ultimate load the unit stress will be 125 = 42,7 kips
0.3 x 9475

Use 1/2" Plate

PRt

The length of weld available is 9,75 + 2 x 3,75 = 17.25"

Using butt welds on the plate

125 = 7.25 k/in
17.2

250 = 14500 psi. This is K.
1x1/2 ‘
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Weld connecting Ton Plate to Beam FlangeS°

The riilel weids are limlted to 3/8“ size,
Working stress for 3/8" fillets is 3600 pounds/in,
Using the factor of safety of 3, we use for design
3 x 3600
= 10,800 /b /in
-Required length of weld

= 125,
10

= 12,5 in
Length of weld available = 6" overhead fillets.6 - 1/2" fillet
on top of flange,
Chéék on Tee Seats

From Grover's "Manual of Design for Arc Welded Steél»Structures",

page 123
R= 23,04 DL2
L +16e
where D=3" L= 8n e = 3,27
%

= 23,04 x 38 x &4 = 18.3 kips

B4 + 16 (3.2) -
Predicted ultimate R = 3 x 18,3 = 54,9 K

Ihis is ntcsly i excess of 4l,ly the predicied ultimate load.

3.3 Material Dimensions and Properties,_
In the figure below the average values of all the
dimensions of the WF sections used in the tests is‘shown. The
calculations of the section properties are similar to that

presented in Section 2 of the Appendix, In the Table below the



different section properties are shown:

Test
AA
BB

DD

Beam Size
|
16WF36

16036
12WF27

16,WF36

SECTION PROPERTIES

10,28/

10,29|
7.83|

10,24

5559

54,20
32,60

B, 06

Area ‘Section Modulus

Plastie Modulus
62,73

61,52
36,56

61.37

79



TEST AA

TEST BB

TEST DD

WF SECTIONS - average values

Y4
: 0-602"
/2/3"
—eile— ©-395"
L
C |
ka /2" J
=
2 WFES
o4ﬁf
0'5/5“ .——j q———jl
- ~ -
/585"
/20
—fes [a— 0‘3'6" —p —
‘Q————a—“——__4 A C_’_‘J gl

/2 W& FO ‘ﬁ 7.0" ‘
§ 9% nFze

) L———«r—qu

—lg— 0 3/7"

‘Lﬁk—|

W LO

WF_SECTIONS, ACTUAL DIMENSIONS

FOUR-WAY CONNECTIONS

80.

0.4858"

V|
osert A

—w

/597"

le— 0:282"

r'_‘_‘_)___L__!__]L

/6 WS 26

0-348"

O-#26"  0-326¢

i ‘*mw’f—é

792"

Y — —

~gar

0348" 0. 481" /2W27

e

/5-836"

-l la— 0.296"

/6

W36



FIGURE 1 - GENERAL VIEW OF TWO-WAY TEST IN PROGRESS.,
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FIGURE 13 - GENERAL VIEW OF FOUR-WAY TEST IN PROGRESS.




,(j///'//’;'l;/i’ A .c.’i’ // /1’ (“/I//// I/I/ //»”’ .(‘/Z ///r//////

|
1} 3
- DYNAMOMETER JACK &
DYNA%QMETER
| fd—-uncK < e AT \4
?"-:‘{-_:3) . E ! ) Q! e ‘? 3
. . {aam . 8 \ = [y L?
o A &E . IBW3E | A
\ s | I i
// ' F
SMALL CUTQUTS |
12 W 65
¥
| SRR - - t
P
; dl |
! T i
u

SECTION A-A

FIG.14 - TEST ARBANGEMENT: FOUR WAY CONNECTIONS




ARt ARIR ARV AR T e s wnw s W O

S EXARX T EMAE

88

):0.9.0.0.0.¢

1767030, 0.9:4.0. 99,0,

TEST DD

TEST

TEST AA

THE FOUR-WAY SERIES OF BEAM-COLUMN CONNECTIONS

9)

FIGURE




s

A- Iw
N\‘L@

B
2
<23

16 W= 36

FIGURE 16 -

ELEVATION

INSTRUMENTATION PLAN: TEST AA

FOR GOLUMN ALIGNMENT ] 12 WEE5
ROTATION INDICATOR PLAN
e SUPPORTS
r—"\__/——
I | : \| | & TENsION FLANGE
— . = .
| 4" | | T |
(o, -~ = m s = T i B s e =
7 - ¢ 1y [2 ol ¢ ?
| 1 ¥, : [ !
M : | 3 | | |
| ] |
an : bl
/ \\\ | e T |
! ! ! 1
| -t l !
L / J G -~ I\ ? 4 l é
be e < - = 11 T | | e - t
! |
\ ,,4;, ! 2" v 3 2 '
FLANGE BUCKLING 6 32 COMPRESSION
INDICATOR FLANGE
™™ ]



FIGURE 17 - SPECIMEN AA AT END OF TEST.
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FIGURE 19 - FAILURE DETAILS - TEST DD.
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FIGURE 2% -~ PHOTOGRAPHS OF TESTS, E-1 AND E-8
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FIGURE 24 (Cont'd,) - PHOTOGRAPHS OF TESTS F=5 AND F-15
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