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An
SBEF INVESTIGATION OF
WELDED SEAT ANGLE CONNECTIONS

by

Inge Lyses and Norman G.Schreinerus

of~—the_conneetiohr, The test specimens consistifof twé angles
welded along the ends of the vertical legs to either side of-
a plate with the load applied at three different positions on
the outstanding leg. The full size connections were built up
of stub columns With the seat angles welded thereon in the

manner described above, and a twenty-inéh I-beam supported on

O‘V

the outstanding legs being held in place by tack weld%&between

the flange and the outstanding leg.

The regults of the investigation show éhemmertoomitye
A? | N
a)ﬁ%ﬂ%, thickness of the angle, the location of the

resultant reaction of the beam, epes the length

of the vertical 162 of the angle eg=wrir==s the strength of the
N~ . -

weld dw—e¥adrmetinms the total resistance of the seat angle con-

nection. The high concentration of stress at the end of the

peam and its effect upon the effective lever arm is'pointed out.

% Research Associate Professor of Engineering Materials
Lehigh University, Bethlehem, Pennsylvania

#% Americen Bureau of Welding Research Fellow
Lehigh University, Bethlehem, Pennsylvania
in Immediate Charge of Seat Angle Investigation
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In general, the failure of this type of comnection %Agradual
and would merely cause excessive deflection of the beam-wEEGR
Fe=mpepp@Fls rather than a crash of the structure. While the
tests were stopped slightly beyond the load required to frac-

ture the weld at the hegl of the angle,

sddeped=tRab thfe’ﬂload is Wl\the maximum that this con-

nection can carry, butAis simply the maximum that can be car-

ried _with;_ut excessive-jd.efliec‘ition.

od :

Fre



I. INTRODUCTION

1. Acknowledgment - This investigation was carried

on as one of the projects of the Structural Steel Velding
Committee of the American Bureau of Vielding in cooperation
with Lehigh Unlversity, using the facilities of the Fritz
Engineering Laboratory. The- steel necessary was furnished
through the courtesy of the Bethlehem Steel Company aﬁd all
fabricatiog wFs.done in the.laborator& shop. Acknowledgmenty
m\;e ‘yeﬁ,to all members of the Structural Steel
Vielding Cbmmittee for their many helpful suggestions and
criticisms and particularly to the Chairman Mr.L.S.Moisseiff,
AZ; %%AH,Ewert‘z, H.H.Moss, H-.M.Pr-iest and W.Spraragerﬁ
AMr.C.H.Mercer; Consulting Engineer, McClintic-Marshall Cor-

poration and Mr.V.E.Ellstrom, Manager of zleZ‘Erfgineering,
Bethlehem Steel Company for bhetrjiz%e~support, to Mr.C.C,
Keyser, Assistant in the Fritz Engineering Laboratory and
Professor C.D;Jeﬁsen of the Department of Civil Engineering

for their 4¢valuable agsistance and cooperatisn, and to

Mr.D.M.Stewart, Research Fellow in Civil Engineerihg for

th tudies by means of photoelasticlty.

2. Purpose of the Investigation - .The investigation

of welded seat angles was made in order to obtain experi-

-

mental information from which a rational theory of design

could be evolvgd for thelr economic use in welded struc-

an@epning_gggh_dE§I€E25n=$e$b&; In general seat angles are

used in two ways in structures g
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(a) Ag*an érection seat, for the purpose of sup-
porting the end of ﬁhe beam during erection and prior to
the attachment of the web angles Wwhich carﬁy the end reac-
tion. ﬁsed in this way, the strength muet only be suffi-
cient to preclude construction failure ;f damage in transit.

(b) As a load carrying member,“transferring the end
reaction of the beam to the columm. Used thus the beam
which they suppért mﬁét be held against lateral as well as
vertical“displgéement. If the beam supports a rigid floor-
ing, such as alﬁoncrete slab, it may be considered as ade-
quately suppofted laterally.. However, if the beam supports

a mofe flexible floor or is a member of an open framework,

lateral support is necessary/s may be ac00mplis ed by

=34 @p@mr'y' Tate 1o Toirt b o

_oub—anj.connection.suitebie f@?‘?ﬁ@@pﬁfﬂg-aﬂwbe@¥$h@nﬁe%hnn

II. GENERAL STATEMENT OF THE PROBLEM

¥hile there are many varieties of beam seats, and
" structural welding engineers are & and using new
forms whénevef the opportunity presents,itse}f, this in-
vestigation has been confined to the simplest possible type,
and the one most widely used at present, namely'a>simpie
angle seat welded to.the colum by means of vertical fillet

weldsmgg\gach end of the vertical leg@.miﬁh ghe lower flange
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Awelded or bolted to the outstanding

leg of the angle. This type of beam seat is also in common

of the supported beeam

use in riveted structures, and the results of thé investi-
gation apply equally well to these angles, wlth necessary
corrections due to the different manner of attachment tb
the column.

_ The problem of theﬁseat angle -bppemsx’ connection
is illustrated in Fig.l, and may be divided into three parts.

SHEAR IN VERTICAL PLANE BENDING OF QUTSTANDING & VERTICAL LEGS
SHEAR IN WELD TENSION IN UPPER PART OF WELD

NOTE:-  SOLID LINES INOICATE
POSITION OF ANGLE UNDER.
NO LOAD; DOTTED LINES
INDICATE DEFLECTED POS-
ITION UNDER. LOAD.

BENDING OF ANGLE LONGITUDINALLY
TENSION IN UPPER PART OF WELD ; 3.

|
|
|
|

Fig.l. TIllustration of the Seat Angle Problem,

(éhMe to the reaction of the load on the angle, there is a
vertical shear imposed on the weld causing a downward de-

. @me o

flection, &
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the moment Wa (see Fig.24), the outstanding leg bends dovn-

ward and the verticdal leg bends away Ezgm,252~golumh at the

heel of the ang ':~ or a short distance €£mem the ends of

the angle thekyertica 1eg o

bending outward, introduces a warping

. This action of the vertical leg requires that
a correspoqding compressive reaction exist towards the toe
of this leg of the angle.. The compression between the back
of the vertical leg and the face of the column introduces

an upward frictional force fosetting part ‘of the vertical

load and reducing the downward deflection due to the ver-

tical shear strain in the weld.

@

angle acts as a short, stubby beam, elastically restrailned

at the ends by the weld. -This causes a greater deflection
at the center than at the ends and further modifies the

shape of the outstanding leg.
Cand w

,The be’am langes sup om -angle g bend under
the reaction(@;;;é=#€ﬁéekfo be concentrated on an area under
the web. The amount of this bending is determined by the
relative stiffness of the flange and the outstanding leg.
Since the flanges are also fastened to the outstanding leg,
the two act more or less as a unit and the state of stress

in the outstanding leg is altered.
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The stress condition in the weid itself is rather
complex and is a combination of vertical shear and bending
in two directions. The vertical shearing stress is of small
importance except in certain combinations of angle and weld,

while the determining factors are them

stresses set up by the bending moments,

III. IEST PROGRAM . W

od
(1) The test prdégtram consist@é%f twe types of speci-

mens designatedASeries A and Series B. Series A was de-

signed #FC5Hd®T to permit the study of each variable in turn

at & minimum of expense awx s while Series B con-
gsisted of full size~beém.§; colum commections, permitting

the correlation of the results on the pfet specimens with

eries 4 consisted of

those obtainable in actual practice
7l 4

(a) Series A - A simple, balanced test specimen
was prepared as shown. in Fig.2¢ ¢onsisting of a central
plate, on either side of which the angles were welded, care

. being taken to place them directly opposite to each other.
TheAangles were loaded symmetrically through rollers thus
avoiding the necessity of takigg care of any eccentricity.

(b) Series B consisted of a 20" loading beam (I 20a
81.4 1b.) 18" 0-1/2" long resting on seat angles 8" long,

which in turn were welded to stub columns made up of 10" H
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sections (B 10b 54-1b,) 12" long./Figuse Zézshows a

Cg;:::;en ready for testrmhﬂﬂagFiéxgé shows the details of

hoté-down=bott e ECTIing on the -back~fiange=—cf=tirg=stub=cobumas=
@he-gap-bemmgsn‘®he-@ace"o@-&h&—ee&wmn'én@-%he-en¢=m§ﬂﬂﬁm-
bEaTTWESTS AT T/8%. The lower flange of the beam was
,welded or belted to the outstanding leg of the angle.

(¢) Welding - The welding was performed in the
laboratory shop under direct supervision. The operator
passed the qualification tests of the Structural Steel Veld-
ing Commiptee,LAmizéfag_Bur au of Welding. The welding

7

fod was’a 1ght§g-coated wire, confénning to AWS Specifica-
£Eq0
tion Class E¥&, of 5/32" and 3/16" diameter. The D.C. arc

characteristics were, voltage 17 to 19, amperes 165 to 200,
dependent, on thearod diameter and size of the work. The

”-m~1¢ﬂl&&4faaeéﬁké7

average strength of tthqualification specimens was 13,250

lb.per linear inch for-57€

J
_innh_inn—%ha‘i?%“—weéés—%estaﬁﬁ“corr?ctca'fOf oversized

dimensions. The required average strength per linear inch

fgi?‘ <VV¢441%( élvfﬂg;ﬂaf

Where miltilayer weldlng was speclfied the previous

was 12,000 1b. [P resrert v

layers were carefully cleaned of scale by means of a stiff
wire brush and file.
The welds were carefully gaged and without exception

were within the designcd limits of minus O, plus 1/8". 4

YAWS W%W/” //{é, WW/@M%@
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rigid specification and procedure control was laid out and
followed in consequence of which uniform results were ob-
tained. Some difficulty was encountered in obtaining péf-
fect fusion between the heelﬁéf the angle and the piate but

%@Md—m_mw , mﬁ_‘j&%&,ﬁw
(d) Angles - The angles were of stock size, cut
on & power saw to lengtl of 8" ¥ 1/16". The outstanding.i;g
in all cases was 4", while the vertical leg was 4", 6" or 8".
The thickness varied from 1/2" to 1". The angles were
clamped to the plate preparatory to welding, care being
taken so that the outstanding legs were parallel to the bear-

ing edge of the plate.

(e) Specimen Nomenclature - In designating the

specimens; a combination of letters and numbers was used
as follows:

Specimens of Series A used the series letter fol-
lowed by four numbers for identification, those of Series B
used the series letter followed by three numbers. For
example: A 444-2

/“@JQaigﬂ - indicates the series to which the specimen
be ongs .

72204Aﬁﬁ\4 - indicates the length of the vertical leg of
the angle in inches.

]11 MZ«J' 4 - indicates the thickness of the angle in eighths
of an inch.

ﬂ’&ﬁ 4 - indicates the size of the fillet weld in eighths

of an inch,
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2 - indicates the lever arm at which the test
was made, 1 indicating a 1.2" lever arm
while 2 and 3 indicate 2" and 3" lever arms
respectively. This final figure was omitted
in the specimens of Series B since the exact
location of the resultant load was unknown.
In this paper the term. lever arm will signify
the distance from the back of the angle to
the point of application of the load and will
be designated by "a". See Fig.2m= 2.,

(2) Pactors Studied - The following factors affect-

ing the behavior of the connection were studied) v
‘(a) Effect of the moment arm of the load,
both in longitudinal and lateral direc-
tion.
(b) Effect of the thickness of the angle.

(¢) Effect: of the length of vertical leg of
the angle.

(d) Effect of the size.of weld.

(e) Effect of the type of welding rod, '
M regctonssf o HBtmnns o

(3) Description of Loading Rig and Gaging Devices

(a) Series A -~ The specimens of Series A were
tested in the 300,000-1b. or the 800,000-1b. capacity test-
ing machines in the Fritz Engineering Laboratory. The load

fého’m/’) f""
was applied through an adjustable loading rig(consiséing of
a8 top section of two steel 9lates, the top one of which &g WeA
channeled to clear the bolt heads, . The lower plate s wed

slotted along the center line to provide easy adjustment of

the vertical legs on which it rest@. The vertical legs ame
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held in any desired position by means of cap bolts passing
through the slots in the piate above into the vertical legs.
(SeemBbgnlas . The load was applied by the head of tﬁe,
machine through a spherical bearing block resting on the top
plate. |

The method of holding the 1" diameter rollers through
which the ioad'ﬁés applied Was changed three times as require-
ments indicated. In the first type, Figjé{ used only on
Specimen A 4437F, the bottom of the vertical legs of the )
loading rig were plane and rested on the rollers,which were

/
thus free to roll, being restrained only by light spring

steel fingers. Due to the outward deflection of the out-
standing legs, the secondary horizontal force ﬁg:;ggégie
vertical legs of the loading rig apar?zthus increasing the
lever arm. To correct this defect, two 3/4" diameter bolts
were introduced as shown in Fig.é, ‘thus holding the vertical
legs of the loading rig in position until the welds fractured,
at which point the deflectidn of the outstanding legs in-
creased materially and the bolts generally yielded slightly.
The maximum increase in lever arm due to this affect aver-
age/AQ%, with a maximum incrcase of 16% in the case of speci-
men A 864-1, Below the load at which the weld fractured the
nominal lever arm was maintained as closely as could be ob-
served. ‘In this set-up the rollers were still free to roll
and the horizontal restraining force on the outstanding leg
of the angles was considered n?g}igible; This type of load-

P34 ALY 3"

ing was used on specimens/\A s44M8, A 645@, A 654¢f,and A 444aﬂ



e
L
Fig.§ - Side View of First Loading Rig and
Ames Dials.

12
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“oh

b

Fig.f£ - End View of Final Loading Rig Show-
ing Bolts Restraining the Vertical
Legs and V Grooves.
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i vEsawsed o all the remaininv specimens cf Serl es—ds
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In the third set-up, the rollers were restrained
lﬂ

‘ 4
in V's cut in the bottom of the vertical legs, This con-
struction prevented the rollers from;psﬁttag ;%d iﬁtroduced

6.

a'hofizontal restraining force counteracting the tearing
éffect of—vhe—moment—en the top of the weld,andThranging
She=&tsiFIntion ol _shLreas 10

agde .

The load was applied over the full 8" length of
the_gng}é}infﬁll specimehs except A 644X?§%d A644Y where
the“ioédihg waé through a roller 1 inch and 3 inches long
reSpeétiVely. These rollers were centeredvlongitudinally
on the outstanding leg and observations were made at 3, 2

and 1.2 inch 1éver arms.

(b) Obééfvationsb- Measurements of the downward de-

flection of the outstanding leg were taken at measured in-

‘tervals by two groups of four Ames dials, eachm gage

lines one inch in from each end of the angle. The plungers
of thewdials were extended as necéssary by means of hardened
steel pins. The two dials closest to the vertical leg read
to 0.0001-inch while the outer two dials of each group were
ézgzzﬁé;;:??i only 0.001 inch. Fig‘%ﬁshows the arrangement

of these ddals.
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The slope of the outstanding leg was &Bss measured

me by means of a level bar of 1-1/2" base

line, a micrometer reading to 0.000l-inch and a bubble sen-
sitive to micrometer changes of 0.0002-inch. The slope
readings, therefore, should not be in error greater than
one minute of arc.

Outward strains in the top end of the welds were
measured with Huggenberger Tensometers using the half-inch
gage iength on Specimens A 444‘, A 44% A 6434, A 6444
and A 654@. The weld,yvas first piled up slightly during
fabrication and thenfizwaieé off flush,with the outstanding
legs of the angle. One knife ed ef%gs set on the weld metal
and the other on the plate, the half-inch gage length being
divided equally between the weld and the plate.A

Five tensometers equally spaced along the toe of
the vertical leg of the angle measured the downward deflec-
tions of the angle with respect to the plate. Figure é;
shows a set-up ready for testing wifh tensometers on both
anglei)while in most tests the groups of Ames dials were
placed on one test angle uhé&e the five tenéometers ez

——pseedon ﬁhe opposite angle. _
(c) For Series B the 20" I beam was loaded at the

quarter points. A set of Ames dials measured the downward

deflections of the outstanding ieg of one of the test angles

S e

L R ey Y O oy

whidse five tensometers measured the total down-

ward deflections of the other test angle. Strains in the
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beam flange»and slip between the test angle and the beam
end were measured on both sides of each end over a 10" gage
length with a Whittemore strain gage readinglto 0.0001-inch,
The deflection of th® beam at the center was measured by the
mirror, scale and wire method. The tilting of the columns

was measured by a level bar of 3" base line at six gage

points on the back of the column flange.

In both series of tests the specimens were completely
coated with a thin mixture of hydrated lime and water in
order to petter observe strain lines and cracking.

4, Test Procedure

ta) Series A4 -

S

taken at three lever arms on each specimen, namely 3, 2 and
1.2" in succession, up to the yield point of the specimen as

determined by disproportionate deflection and/or by cracking

or scaling of the whitewash.f The increments of load W

such that approximately six points would be obtained below

the yield point. The load was applied at a'head speed of

0.05 inches per minuff;j/;; the case of the 3" and 2" Jlever

arms, the load was twen slowly release%a nd the rollers jue ,

moved in to the next shorter lever arm. In the case of the
1.2" lever arm H¥@6 the instruments were removed after the
yield point was reached'and the locad continuously applied
until the conclusion of the test. Observaticns were made
of the scaling of the whitewash on the angle and welds and
of the cracking of the welds at the top end. The test was

‘cmcluded when the specimen refused to take any further
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load without excessive, deflection, at which time the heel
of the angle héd&peen sént away from the_platé approximate-
1y 3/8 of an inch. Final observations were made as to the
location of the rollers, and the general appearance of the
welds and angle.

(b) Series B - Readings on the instruments were
taken from an initial Sﬁggggg-load in small increments up
to the final lcad. The speed of the head of the machine
was 0.05" per min. Observations were made with respect to

scaling of the whitewash in any part of the specimen with

particular attention paid to the behavior of the weldg.

IV. TEST DaTA

1. Physical Properties of Materials - Two tensile

specimens were cut from each angle used in the investigatiogj
and observations made of the yield point as détermined by
the drop of the beam, ultimate strength, elongation in 2%,
reduction in area and modulus of elasticity in accordance
with 4.S.T.M. Specification A 9-33: The results ére pre- -

sented in Tablé I. Each value‘is the average of the two

specimens mentioned above. 2?¢6£%é7

Vil (froms 5o e /A,M 7.w

é;érga%o /ﬁg‘/heu i;? 0/g;n-/ 6

- d



TABIE I

aPhysical Proberties of Steel in the Seat Angles

’ .

Size of| Yield | Ultimete| % Elonga-| % Reduc-| Modulus
Angle Point Strength| tion in tion of of Elas-
' 2 inches Area ticity
inchés | 1b./ir?| 1b./in.° " 1b./in.2
(1) (2) (3) (4) (5) (6)
4x4x1/2 | 32 400 | 58 510 37.0 69.3 | 29 650
4x4x3/4 | 35 750 | 64 700 38.0 | 62.0 | 28 500
6x4x1/2 | 37 105 | 62 075 36.1 66.3 29 075
6x4x5/8 | 33 500 | 56 650 34.5 67.9 29 000
6x4x3/4'| 32 175 | 63 225 37.5 62.0 28 730
8x4x1/2 | 41 460 | 66 800 32.0 60.5 29 100
8x4x3/4 | 32 450 | 57 415 40.8 67.0 29 250
8x4x1 32 000 | 60 780 40.6 65.3 29 000

2, Seat Angle Tests - Series A

- (a) The size and make-up of the test specimens is
shown in Table II, columns 2 to 5 inclusive. The test results

are given in the remaining portion of the table enmd—in-Table

III. AN tHESe SpeCiNMEns—wereweltded Wit & TIgAtly-coated.
wire7—whéch—is—knUWn?1zrwﬁfhknﬁr1nr4Hnnwrﬂnfﬁ?'.

‘,lli might be ﬁell
to point out the general procedure of observation. As men-
tioned previously the instruments were removed shortly after
the deformations became disbroportionate to the load incre-

ments, and either the loading rig was adjusted to the next
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succeeding tes%«er the loading was continued to the comple-

tion of the test. The first observation usually was a scal-

both angles simultaneously. These b -r : =.q } e HAoted in %
colum 6, Table II. The 1oadicou16;then be increased approxi-

mately 17% when scaling of the whitewash on the top end of

the weld; would be observed, generally on only one of

the welds, but% this m&:@ Qccurred in two or

more welds simultgneously.;/Ihese ebservations are presented
in colum 7, Table II. - \ ‘ Ty there was a redistri-
bution of stress and the lqad could tisen be increased approxi-
mateiy 20%, at which load, (column 8, Table II) one.or more

of the welds would show a visible crack at the top end ex-
tendihg from the.root of the weld outward (in many cases at

an angle of approximately 30° with the end of the angle rather
than directly across the throat section). From this point on
‘thq load 1increased slowly while the deformation was rapid,
Wit the weld slowly tearing with the increase in deformation.
There usually occourred sevezgl oints of yield when the head
of the machine could not follo 4fas e ough but these seemed
to have no significance. The final locad column 9, Table II

is that load at which the test was stopped and is significant
to the extent that the specimen refused to accept any further
load without excessive deformatloqyaaﬂéé;nizgll the gap7/y%2A%%z’

between the plate and the heel of the angle was 3/8" A

LS
typical specimen at the completion of the test is shown in

Fig;?Z



TABLE II

Test Results of Series 4 Specimens Having Bare Wire Welds

Specimen| Size of Weld Data Lever Load Per Angle (Pounds)
No. Angles Fillet! Total | Arm at | Scaling Scaling Crack in{ Final
size | Length| Fallurg of Fillet} at Top End Top Bnd .° 10ag
inches inches! inches! incheg | of Angle | of Veld of Vield .
(1) (2) (3) (4) (5) (6) (7) (8) ! (9)
A 443-1 | 4x4x1/2 3/8 8 1.2" | 29 950 28 550 29 325 30 430 -
2 | 4x4x1/2 3/8 8 2.0" | 16 800 21 000 ~| 22 225 31 250
3 | 4xax1/2 3/8 8 '3.0" | 10 400 12 350- 13 470 13 470
A 444-1 | 4x4x1/2 1/2 8 1.2" - 32 000« 39 000 39 380
o |4x4x1/2 1/2 8 2.0" | 18 850 18 500 24 000 24 000
3 | 4x4x1/2 1/2 8 3.0" | 10 100 10 000 11 250 13 840
a-1 | 4x4x1/2 1/2 4 1.2" o= 35 900 : 45 8004/ 52 230
A 463-1 | 4x4x3/4 3/8 8 1.2" | 71 000 89 500 100 000 | 112 250
A 464-1 ! 4x4x3/4 1/2 8 1.2" | 73 000 91 000 101 000 | 133 835
A 466-1 | 4x4x3/4 3/4 8 1.2" | 67 500 116 250 176 500 | 185 500
x| A 643-1 | 6x4x1/2 3/8 12 1.2" -- 33 800 | 38 550 41 650
A 644-1 | 6x4%1/2 1/2 12 1.2" | 37 000 40 500" 46 000 67 305
X-1 |6x4x1/2 1/2 12 1.2" | 22 250 40 500 44 150 6" 500
’ Y-1 | 6x4x1/2 1/2 12 1.2" | 25 800 40 800 43 700 | 78 000
&1 A 654-1 |6x4x5/8 1/2 |12 1.2" | 53 675 60 550 74 700, 98 300
A A 655-1 |6x4%5/8 5/8 12 1.2" | 57.000 84 500 102 000 }: 116 000
A 664-1 |6x4x3/4 1/2 12 1.2" [100 000V %99~§ae~~ 136 300 | 183 200 -
& 7] & B : co .
A 843-1 |8x4x1/2 3/8 | 16 | 1.2" | 49 000 53 000 74 350 %98 375
A B44-1 |8x4x1/2 1/2 |16 | 1.2" | 53 000 63 000 74 030 | 82 050
A 864-1 |8x4x3/4 1/2 | 16 1.2" | 87 250" |112 500 | 132 000 | 174 100 .
A 884-1 | 8x4xl 1/2 16 1.2" (137 500, [145 000 {164 500 | 204 000
: -2 !8x4xl 1/2 16 2.0" | 55 000 ., | 84 000 120 500-| 140 150
-3 |8x4x1 1/2 16 3.0" "} 36,150 48 000 51 450 63 175
é}h A 886-1 8x4xl 3/4 16 1.2" |137 500 145 000 170 000 | 230 900

0g -
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|

Fig;ﬂ - Typical Specimen at
Completion of Test.

Specimen A 443-2

he deflection

‘

(c)
of the outstanding legnwere plotted)using total 1load as

ordinates and observed deflections under the load point as

abscissas. In all cases the resulting load-deflection curve
was a straight line up to a definite yield point when the |
ratio of the applied load to the deflectiondézgﬁggfﬁ;;;?%ﬁ;~*ﬂéir

smetler. COlumn 5, Table III showsthe loads at which the

slope of the abgve load-deflection curves was 50% greater

than the initial slqpe. It will noted that these figures
are somewhat below tho at which the whitewash on the angle
scaled (¢column 6) but in gengral consistently agree. The
ratio between the two is presented in column 7. Columms
3 and 4 present the deflections under the load point for

varying loads belew the yield point f»om which the initial




TABLE III

Test Results of Series A Speciﬁens (Bare Wire Vields)

Deflsction of Out-

Group| Specimen : : Yield Point Load
No. No: standing Leg Under. | __~ per Angle

! _Load Point - Inspec-| Scaling Ratio

i Load per Deflection| tion of| of Yhite- {Cal. 6

Angleé . Curves ! wash to.

lbs. inchies lbs. 1lbs. . Col.5

(1) (2) (3) (4) (5) (6) (7)
4x4 Angle o

_ A 443-1 20 000 ».0085 .- 29 950 -
1 | A 444-1 | 20 000 0059 7 | -- - --
A 444&-1 20 000 .0071 27 500 - -
A 443-2 | 14 000 .0175 -- 16 800  |(--

2 A 444-2 14 000 .0155 17 500 |18 850 1.08
: A 444a-2| 14 000 .0145 11 000 L --

e . 1o 15

| 4 443-3 | 6 000 . 0295 -- 10 400  |--

3 A 444-3 6 000 0260 7 000-}10 100 1.44
A 444a-3| 6 000 .0250 6'250 | - --

SRS | (15

A 46321 | 50 000 .0108 - {71000 |-

4 A 464-1-1 50 000 . 00580 60 000 - |73 000 1.22

A 466-1 50 000 . 0100 ?? 500 67 500 1.29

. 0 veo )
AI465-2, 25 000 .0118 26 000 -- --
5 A 464-2 25 000 . 0089 21 500 -- -
A 466-2 25 000 . 0087 23 000 | =-- -
23 Seo
A 463-3 | 10 000 0098 |12 400 | -- --
6 A 464-3 10 00O .C095 14 500 -- -
A 466-3 | 10 000 .0063 |12 000 | -- --
| oo .
Average 1.26




TABLE III (Cont.)

Deflection of Out- §

Yi2ld Pocint Load

Groupt Specimen ¢
No. No. standing Leg Under | __ per Angle
Load pPoint | Inspec- | Scaling iRatio
Load per|Deflection| tion of | of Yhite- Col.6
"Angle ' Curves: wash to
1lbs. ~inches lbs. 1bs. Col.5
(1) (2) (3) (4) (5) (6) (7)
6x4 Angles
A 643-1 20 000 .0059 - - -~
7 A 644-1 | 20 000 .0050 31 000 37 000 1.19
A 644X-1| 20 000 .0043 31 000 22 250 3
A 644Y-1} 20 000 .0045 26 750 25 800 3%
A 643-2 | 14 000 .014%7 - - -
8 | A 644-2 | 14 000 .0140 15 300 -- -
& SECE| {268 | 818 B8R | == ==
: A 643-3 6 000 .0230 -- -- --
9 A 644-3 6 000 .0205: 7 500 -- -
A 644X-3 6 000 .0160 7 500 -- --
A 644Y-3 6 000 .0222 7 500 -- --
10 A 654-1 35 000 .0061 39 000 53 675 1.37
A 655-1 35 000 .0039 44 000. 157 000 1.29
- 4 450!
11 A 654-2 | 25 000 .0160 20 500 - --
A 655-2 | 25 000 .0130 25, 500 - --
' SRR
12 A 654-3 6 000 . 0135 10 250 - --
A 655-3 6 000 . 0127 14 000 - --
“lA 664-1 70 000 {.0070 78 000 1100 000 1.28
13 A 664 -2 30 000 .0092 37 000 -- --
A 664 -3 20 000 .0245 20 500 -- --
Average 1.28

# Scaling of whitewash at low loads because of local yield-
ing due to short length of rollers. '
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TABIE III (Cont.)

'''' |
Group | Specimen Deflection'of_Out—‘w¥igld Point Load per Angle
No. No. ~standing Leg Under | Inspec-! Scaling Ratio
.—boad Point | tion of| of Vlhite-iCol.6
Load per Deflec- Curves wash to
Angle tion lbs. ‘1bs. Col.5
lbs, inches
(1) (R) (3) (4) (85) (6) (7)
8x4 Angles
14 A 843-1 | 40 000 .0093 42 000 | 49 000 1.17
| A B44-1 40 000 . 0078 45 000 53 000 1.18
15 | A843-2 | 20000 | .0197 |24 000 | -- -
_ A 844-2 20 000 L0176 23- 000 - --
16 A 843-3 | 6 000 | .0230 10 000 -- --
, A 844-3 "6 000 .01956 11 000 - --
A 864-1 | 50 000. .0031 87560 | 87 250 1.00
17 A 864=2 | 30 000 .0095 31 250 -- --
A 864-3 | 15 000 .0285. . 20 000 - -
18 A 884-1 [100 000 . 0077 125 000 }137 500 1.10
A 886-1 J100 000 .0054 11?1339 137 500 1.16
. . . 2 . . .
‘19 | 884-2 |60 000 | .0127 63 120 | 55 000 0.87
A 886-2 | 60 000. .0099 @6'359 - -
. ; : : N ] ]
o0 | A 884-3 [20 000 | .0100 22 500 | 36 150 1.61
. A 886~3.. 120 000 . 0095 27 500 - -
. ; W 000 .
~Average @ 1.16
e 1




slope of the 10 These re-

sui;i%iifiifzﬁggodzi ps_in which only the size of the
we § varied enabling a compariscn is effect.

() The cbservations of the strains in the top end

e obtained.

of the welds by means of the tensometers were not entirely |,

~

satisfactory because i it (14.5%)

thaaf—functlonﬂag due to the’zongestlon Teabiig-tretramente—

--£u§<at this location There was some spread.

between the readings of the individual tensometers on the
same specimen, (71% of the readings were within 20% of the
average ), giving some indication of the localized nature of
the strains and possibly the locked-up stresses due to the
welding. No correlation between these results and the méthod
of welding seems possible. It was noted that as the lcad was
increased to the yield point the portion of the load assumed
by eaoh weld, as measured by the tensometers, became nearly
equal. It was further noted that when the fouf tensometer
readings were averaged and plotted as abscissas against the

""load as ordinates, see Fig. Z s resultant curves were again

A
straight linesrup to a yield point.

(e) The observations of the five tensometers on
the lower edge of the vertical leg.cf the angle were plotted
against the load per angle. Figure ?‘, a typical curve shows
the downward deflection of the ends of the seat angle under

lever arms 1.2, 20and 3finches, and the center deflections

under a lever arm of 1.2 inches. The "p" and "q" intercepts

&hew&:nfﬁﬁ%?é?nmy indicate cegrtain friction lo ds.
Tt el Sl P B2 S o TP
oyt g M&WJ%W
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fore Table IV has been prepared showing these values Afor

3 - €
all teéts. The slopes of the straight portion of £he curve
‘are also\included. An explanation of this form/é; curve

will be attempted in the discussion to follow.

TABLE IV ,w/é

TEST RESYLTS OF DOWNWARD DEFLECTICN OF ANGLE
See also Fig.z//

\\ Total ,/Bownward Deflection

Specimen aﬁ\Ends of Aﬁ%le at Center of Angle
No. "p" §iope "q" Slope
# Load per m;dlionths # Load per | millionths
Angle /mer Kip Angle per Kip
(1) (2) ){ (3) (4) (5)

A 443-2 3 200 X\\27.3 1 800 108.0
444-2 C . 20.0 2 000 93.0
443-3 1l ﬁ?@ 2083 1 400 117.0

A 463-1 2%/@00 45.8 12 900 85.3
464-1 . 26 000 43.2 4 300 ‘ 7 71.8

466-1 18 500 32.0

11 200 88.0

A 655-1 14 000 23.2 O 000 65.0

A 664-1. 21 000 29.2 FAILED
843-1 20 000 19.5 \, FAILED
844-1 11 000 16.0 42.8
864 - 0 24,5 50.4

%7&-1 66 250 56.95 27 000 \\\ 48.2

g86-1 60 500 34.6 45 600 N55.8




3. Full Size Tests B '{’S‘éjries B. / 7te§ts héasre—

under this sérles as follows

B 444 Test No 1 in Which the beam was 1oaded at

the center with a concentrated load. The yleld point_of the
beam was reached at 85,000 1lb. total load, corresponding to
a<maximum uﬁi% stress of 31, 360 1b. per sq.if. in'ﬁhe bean.
'Since no dlstress was evident at the beam séHts and it was
not desired £o harm the loadin§%2222% the iodd wasg released
and quarterspoint ;oading was pfovtﬁeété%;his set—np is shown
in Fig 2. ' | ]
' B 444 Test No,2 was the -same set-up as Test No.ll
except that the loads were applied at the quarter points and
the loading was carried on until the welds failed.

4 B 643 was a similar test with quarter-point loading
uging the same loadlng beam but replacing the stub columns

and ‘seat angles (/3 R | 552%¢’%zf qfi4étz

Ames dial observations of the doanard deflection

of the outstandlng leg were plotted against the applied load.
The resulting load deflection curves are straight lines up to

the_load at which the whitewash on the beam web at its Junc-

tion with the lower flange scaled, Fdzj?zzas abeveifggﬁ
deflection increased more rapidly than the load, TebleggéQQL

‘lines 5 and 6 present sePpespeonding—values It is
necessary here to considenéizf-relatlve stiffness of the bea%:

'and ﬁhe angle. In th@g;ease the beam was very Stlff
angle f¥exible, so that while the reaction at the beginning .

of the test was supposedly uniformly distributed over the
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outstanding leg, upon the application of the load the slope
of the outstanding leg of ;%gdangle was greater than that of

the end of the beam, &aqqthe reaction became concentrated

near the end of the be This increased the vertical shear-

ing stresstéiqﬁhéﬁqsec pn which soon reached the yield
mx//%z Ao S5d, | _sek by /e

poi %ﬁ b@;m@wzzégéﬁ%?at ial negsrer—thre—Ttenterovf~the—-boam

\
to carryAthzélgad/ahd thus mov;g;the line of the resultant
reaction further out on the angle tewerds—theoenter of-the
+egg. Thils increase in the lever arm agcéun s for the dis-
proportionate deflections
The tensometer measurements of the downward deflec~-

tion of the angle obtained at the other ecadgwhen plotted

/ - v
against the load(showed a/similar to that of Fig.

YUK 1 '
Phevaluwes—ef—the—IntarTeTt 7 —and—Fhe—stope—of—thestratght~
_—
— !im‘ii‘r_;y‘s" = '.-.v_\__
A

The deflections of the center of the beam checked

with the calculated deflections within one per cent, thus
~showing the negligible stiffening effect on the beam of the
outstanding leg of the seat angle.

The Whittemore gage readings téken to show'stresses
in the lower flange of the loading beam and the slip, if any,
between the seat angle and the loading beam, showed much
greater strains than the common beam formila leads one to ex-
pect at these points. These rgadings are plotted against -
the load in Figﬁg7and an explanation is given in the discus-
sion to follow. The level bar indicated that the columns

tilted toward the center proportionally as the load was ap-
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plied. This slope was 0.0379 and 0.0402 from the vertical
for B 444 Test No.2 and B 643 respectively, at a total load
of 120,000 1b., B 444 Test No.l showed a slope of 00,0430 at
90,000 1b. total load,

The load at which the angle yielded is given in
line 7 of Tablef®, the yield point and the load at crack of
the weld in lines 8 and 9, and the final load at which yleld-

ing of the whole end connection became general 18 given in

¢olum 10. e ———————

V. DISCUSSION 77'ééﬁb4°4’éhér'

1. Control Speclmens - =] shows the results

of the tests of the tensile specimens cut from the different
sizes of angles which were used in the investigation. It is
noted that the material in all the angles complied with the
requirements for structural steel (A.S.T.M. Specification A9-33)
The yield point stress varied from 32000 to 41460 lbs. per
square inch and the ultimate strength from 56650 to 66800 1lbs.
per . square inch. |

The results of the gualification tests of the welds

re given in Section III-lc and indicate that the results ob-

nal reguirements.

A /[ Series A - The relaticnship of the variables as
stated in section III-2 will be discussed in order. These
factors affect both the angle and the weld and the effect m

each will be evaluated.




TABLEZ%%ZC::

RESULTS OF TESTS - Series B (Bare Wire Welds)

- 32

Line
No .
' B 444 B 444 :
(1) !Specimen No. Test No.l |Test No.2|B 643 l%”é
(2) |Size of Angle in. | 4x4x1/2 |4x4x1/2 |6x4x1/R2
(3) |Weld| PFillet Size in. | 1/2 1/2 3/8
(4) |Data| Length in. 8 8 . 8
(9) {Scaling of Web of Beam v A -
at Tension Flange 1bs. 30 000 40 000 19 500
(6) |Yield Point from Inspec- . |
tion of Curves lbs. | 27 750 45 000 22 560
(7) |Scaling on Fillet of '
Angle 1bs. | "45 000 51 500 |28 000
(8) |Scaling at Top End of : ‘
Weld lbs. | 40 000 48 500 |33 500
(9) |{Crack in Top End of Weld |1bs. - 54 500 |59 000
(10) |Pinal Load lbs. | 45 000 | 60 000 |62 500
S11-{1p! Toad—per-tngTe 3 Bm5O@==T= 200l
(12) {Slope———mistlionthe .
R L. F ) -- N 1515 1y
1

(a) Figure/!shows the relation between the lever

arm and the yield point strength of the angles, using the

yield points presented in columm 5, Table III as ordinates

and the lever arm as abscissas.

The parabolic shape of the

curves shows that the outstanding leg may be considered as a

cantilever beam whose 1ength is the distance from the junction

of the fillet of the angle with the lower surface of the out-

standing leg to the point of application of the load, providing
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that the load point is out béyond this Junction of the fillet'
. and the outstanding leg by at least'the.thickness of the angle.
If the load point is within the above limits, the assumption.
of cantilever action no longer holds trué and yield point .
stresé occurs on the fillet of the angle at a lesser external
léad than that which would cause yield point stress due to
'bantileﬁgp bending alone. The photoelastic analysis shows

ad
that this,is a maximum principle stress composed of the bend-

A Ve
ing and vertical sheé¢4?g stresses &nd—ptﬁgesqihe point of

maximum stress&approx1mate1y one-thlrd of the distance around
the fillet measuring from the Junction of the fillet with the
outstanding leg. Observation of the gcaling of the whitewash
on thé fillét of the angle substanﬁiates this conclusion.
Figure é%/;hgws the effect of the lever arm oh the
strength of the weld. The ordinates are the values in colum 7,
Table II. Here the product of the load times the lever arm
tends to remain constant, assuming the effeqfi#e-levgr arm. as
thé distance from the bgck pf the angle to the center of the
roller minus half the &4 _ ~wel ' '. It is ék

. ) N \ )
matter of observation that Ehe neutral axis is consideérably

above the midheléht but it was not practical to measuré\the‘

A

location of this point. It is prcbable that its location

varied somewhat with the lever arm and with the load itself.



YIELD POINT LOAD PER ANGLE (Kips)
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LOAD PER ANGLE (Kips) AT YIELD POINT OF WELD
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(b) Avcompafisoﬁ of specimans A 644-1,:A'644X—1
and A 644Y-1 all with lever arms of 1.2 incheg?gn whiéh the
load was applied respectively over the full length of the
angle, through a roller one inch long éentered on the out-
standing leg and through a rollef tﬂfée inches long centered
on the outstanding leg, shows negligible effects on the
streﬁgth of the weld due to this concentration of ;oad.
Neither was the GOWHWard deflection of the ohtétanding leg
nor the observed yield point of the angle greatly affected;
but there was considerable local yielding immediately under
the shorter rollers. From this test we may assume that varia-

tions in the bending moment in the longitudinal direction

introduces but small changes

1>
(c) Figure ¥4 shows the effect of the length of the

vertical leg on the yield-point load of the angles. The ob-

served { a-’e-'#he yleld—-pmnaare corrwor variation

in the value of the yis 1do901ntzx§s g§ven in Table I. In

general the carrying capecity of the angle did not increase
directly with the lenzth of vertical leg and in some cases
there is a decrease in the vield=point load for the longer
vertical legs. The trend is not\zxe®y well marked and it seems
ZPelat that the 1ength of the vertical leg has only a small
effect if any on the yield=point load of the angle.

Figure'%g/shows the effect, of the length of the
vertical leg on the ’ of the weld. Only
the 1/2" angles with the 3/8 and 1/2 inch welds and 3/4"

vangles with 1/2 inch welds are available for comparison and



in all cases the inerease in the strength of the weld is
| noticeable with the longer vertical legs. It should be noted
that this increase in. carrying capacity of the &HEg¥ss is not
proportional to the increase in the length of the vertical
leg. LS' |

(d) PFigure ﬂﬁ shows the relationship between the
thickness of the angle and the load carried at the yielad
poinipagzj% corrected for variations in the yield point of
the material. These curves are e nearly parabolas of the
second degree again showing that the outstanding leg acts
very>near1y as a cantilever beam, |

Figure 14 shows the relationship between the strength
of the weld and the thickness of the angle The curve for the
6x4 angles 1s a second degree parabola while that of the 8x4
angles varies by aporoximately 12711&“7 ”Q‘%? 44{j;VAgg L

In this discussion attention should be called to
the effect of the thickness of the angle on the type of weld
failure. The vertical leg of the angle will bend outward in
the top part thus causing a large amount of tension In the
top end of the weld and the weld will fracture soon after
the angle yieles. However with heavy angles and light welds
at the 1.2 inch lever arm a different kind of fallure occurs.
Tﬁe engle will yield as before and the weld will fracture at
the top end, but the addltional load necessary to continue
deflection of the angle is so great as to overstress the weld
in shear and the final failure will be one in shear throughout

the full length of the weld. There are good indications that
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*

the ultimate strength of the weld is first reached in the
top inch but failure over the full length occurs suddenly.
Specimens A 463-1, A 464-1, A 664-1, and A 884-1 failed in
this way at weld stresses of 14,030, 16,700, 15,270, 12,870 1b.
per linear inch respectively. Specimen A 466-1 is a border<
line case, being on the point of failure in shear at a stress
of 23,200 lb.per linear inch. It will be noted that in these
which was
cases the weld stress at final load,obtained simply by divid-
ing the final locad by the total length of weld, approached and
in some cases exceeded the ultimate strength ordinarily as-
signed to those welds. Figure/ shows A 844-]1 a typical
example of this type of failure.

: 4 =4
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Fig.¥X® - Typical Example of Weld
Failure in Shear
Specimen A 884-1
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(e) Effect of Size of Weld. (1) Specimens A 443

and A.444 may be compared under this heading. The ultiﬁate
load per inch of weld was 33% greater for the 1/2% than that

of the 3/8" weld which 1s the nominal increase due to ncreased
fillet size, while the ratio of the yleld=point loaj mht—-f
1y less. However, this was only so at the 1.2 lever arm. At
the 2" lever arm the 1/2" weld was only 8% stronger while at
the 3" lever arm this difference disappeared entirely.

(2) Specimens A 463, A 464 and A 466 may likewise
be compared. The specimen with the 1/2" weld shows an increase
in strength of 19% (should be 33%) over that with the 3/8"
weld; the specimen with the 3/4" ﬁeld shows an increase in
strength of 39% (should be 50%) over that with the 1/2" weld.
In each~case the final loads ére compared since the type of
failﬁre‘was similar.

(3) In comparing specimens A 643 and A 644, the 1/2"
weld shows a superiority of only 15%}(shou1d be 33%) over the
3/8" weld at 1.2 lsver arm.

| (4) On the other hand spécimens A 654 and A 655 the
5/8" weld shows a superiority of 37% (should be 25%) over the
1/2" weld.

(5) A comparison of specimens A 843 and A 844 shows
2 19% (should be 33%) increase in load at the yield point of
the 1/2" weld over the specimen with the 3/8" weld. For some
unexplainablé reason both the 3/8" and 1/2" welds cfacked at
the same applied load, while the final 1oad'on the specimen
with the 1/2" weld was even less than that on the specimen

with the 3/8" weld.
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(6) Specimens A 884-1 and A 886 1 showed no marked
difference in either the yield point or ultimate strengths,
whereas A 886-1 should have been 50% stronger than A 884-1.

A 886-1 failed prematurely due to poor fusion at the top ends '
of the welds for a depth of approximately three-eighths of
an inch. ° | | :

| Summing up the data concerning the effect ef weld
éize,.it<appearé that the results are rather scattered. It
seems safe to say that wéld size>does effect the strength'of
the connection but not in "direct proportion to the increase
in size. |

If is‘evident from the economic standpoint that
the weld size ghould be kept as‘small‘as possibie. .Co@pari-
son of the 1/2 inch with the 3/8 1nch’&e1ds shows that while
the strength increaSes 33% both méterial and labor increase

about 78% for the larger weld.

(f) General Remarks - It is to be noted 1n Table 1T

-that the results obtainod from speclimen A 443-1 are somewhat
low as compared to those of later specimens. This is due-tp
the outward deflection of the vertical arms of the loading -
rig allowing the lever arm of the load to increase and éaus‘

ing a lowered carrying capacity over thaﬁ normally expected.

A 444a is a special specimén having a length of wéld
of only 4", two inches at each end of the angle. These welds
cracked at the top iﬁ the accustomed manner and upon further °
addition of load continued to tear until the shearing area was

so reduced that one of fhe angles split off entirely. Figure
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[

;p shows the result of this test, the upper part of the weld
near the heel of the angle exhibiting the typical tension
fracture while the lower part exhibits the silky texture of

shear failure,

€
Fig.éﬂ - Failure of Specimen
A 444a-1

The high values of A 843-1 and A 844-1 are due
primarily to the high yield~point strength of the material.

Refefring to Table TII itywill noted, that the
weld é € has a _definfite in engé t vtif s of the
; e
gomection, Thig is also shown—ir Table IV where the-«15pe

Sy "
of the curve and-hemce the_deflection decreases-With an in-

4

cnaaﬁ?’ih the size of the\anglé.

An explanation for Pig# is as follows, It is be-

lieved that the para on of the

curve is due to the act the frict orces which are

me as the load increases. These fric

gradually o

s are of two types.




reaction/An the loWgr part of the verticaﬁ
. creases/ directly as the load. The$e forces may/be considered
as equal to between two-tgnths/and three-tenths of the com-
face{ of the column. )
(2) Those which axe c¢fuseld by the locked up

f

strgsses in the weld, Asf/the weld \ls mAde, the metal ié

heated and expands. As&éhe weXd and dthe metal cools ﬂé con-
trdets and tends to‘d:7 the’ parts C17Fe' together,

larly in the region off the weld. Hence we\should e

graater frictional fgptes in the feg?on of t weld and if
we {take the intercegt on the Y axis as a measu f this
forge we find thgf fit 1s greater henye than at the\center of

the {specimen, € /should also expect a greaterfamount of

frictional gbrecefin the larger specimens  siyce the mytal

is mere h)ghly Heated and thus the Cooling strains are

greatér/and this too is the case. Finally this frictional

force/'ghould pe of less significance lever arm of the
logd increades and this too is the case as nearly as can be

sscertained,

2. Series B - In discussing the results of the few
tests made<to=debs in this series certain general phenomené
will be pointed qut which are nop entirely explalnable. Con-
sideration must first be given to the action of the beam end
in transferring@he load to thé seat angle. Figure l? shows .

the strain lines of a typical failure of this type. Since
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the beam flange 1is quite heavy relative to the outstanding
leg of the angle, the reaction was concentrated near the very
eﬁd of the beam causing a rapid increase in shearing stress
at the jupction of the flange and the web and subsequent yield-
o s
in Aat a 1®V load. At the same time, the outstanding leg of
the seat angle deflected downward as under the action of this
load concentrated near the end of the beam, being restrained
only to a slight degree by the fillet welds connecting the
flange to the outstanding leg. The toe of the angle at the
center pulled away from the bottom surface of the flange to
such an extent that at 100,000 1lb. total load it was possible
to insert a feeler 0.640 inches thick petween the flange and
the toe of the angle for a distance approximately}1—1/4 inches.
This threw consideréable stress in the tack welds and as=tlsks
o= slight cfadks were noticeable in the near ends of them.
As thg web yiélded near the end of the beam, it borrowed on
adjacent web and flange material for assistance and the=eeRERyr
dfsgra#$$#>cf the r;éction tended to wmove &eward—%he-eentap_aﬁ—a
<EelDeiam tﬁus inbreasiﬁé %he deflection of the outstanding leg
considerably. The point at which this deflection ceased to be
proportional to the appliéd load correSponds‘generally with
the observed yielding of the beam web, while the yleld point
of the anglg as-determined by a slope of the curve fifty per

cent greater than the original slqpe,corresponds generally

with the observed scaling of the whitewash on the angle fillet.
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Fig.f? - Series B Specimen Showing
Strain Lines and Typical
Failure
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Figurelga shows the strains set up in the lower
flange of the loading beam as detefmined by the Whittemore
gage. The strains measured in this manner ére greatly in
excess of those which would be expected at the center of the
gage length by the common beam theory. A possible explana-
tion is that the yielding of the beam web referred to above
had the same effect as a slit in the web of the beam, thus
causing thils section to act independently of the main body
of the beam and increasing the stress in the lower flange.

FigureA@b shows the relative motion between the
flange and the outstanding leg of the angle. The end of the
beam pulled‘away from the heel of the angle thus inducing
considerable‘stress in the tack welds between the flange.and
the outstanding leg. The_restraint‘offeréd by these welds
may also account for the high measured strains in the beam
flange. This pull towards the center also accounts for much

of the tipping of the columns in this direction., ®Brts Tipptmg~

¥ &accoun g ¥ higher

velues—that—were—obtTinied when comparison is made WithsimiIzy
specimens—ofi-Sories—ai |

If B 444 is compared with A 444-1, its companfon,
we note the following:. Yielding of the angle in the Series B
test occurred at 45,300 lb.las compared to -approximately 30,000
1b. in the test of Series A at 1.2“‘1evef arm. This 1s due to
the fact that'the resultant reaction of the beam acted closer

to the heel of the angle than 1.2 inches. From Fig. wé con-
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clude that load carryihg capacity increases rapidiy as the
lever arm ié decreased, hencevthis”iésultant reactlion probably
acts somewhere between 1 and 1:2 inches from the heel of-the
angle. Similar reasening will account er-the high strength
of the welds. | A
Specimens B‘645 and A 643-1 may also‘be compared.
Yielding of the angles occurred at & load of 28,000 lbs. in
Series B test .and at approximately 29,000 1lbs. at -the 1.2"

lever arm. in Series A test. Scaling of the whitewash on the

o OB 8 v

top end of the welds. first occurred at a load of 33, 500 1lbs.

in Series B tests. correspondlng to a like phenomenon on the

companion specimen at 33,800 1lbs. in Series A, e—remaplkeble~ dﬁ”“Pou/
<~

‘gﬁinetﬂenee.' From the above comparisons it seems safe to as-

sume that the position of the resultant reaction was quite
-close to 1.2 inches from the heel of the ang1e.

lThe end of the beam was set 7/8 inch from the face
of the column in order to get the worst condition probable in
practice.” This figure was arrived at in the following manner.
Specifications permit beams to be cut to the detailed length |
plus or minus 3/8 inch. Design préétice allows for a clear-
ance of 1/2 inch between each end—of the beam and the colum.
Any deviation from detailed length should be taken up syﬁv«
metrically in laying out the beam; thus a maximum gap of 11/16"
is possible. However, the layout ié often made from one end

which gives a pessible gap of 7/8" at the other end,



'Froﬁvthese‘testsg the‘following
‘may be made: A | | |
| , 1 The strength of a seat anglewconnection with welds
at the ends of the vertical 1eg of ‘the angles varie@{roughly
'as the. square of the thlckness of the angle, directly ‘as the
effective lever arm of the resultant reaction, andnggyinflu-;
'enced by the length of the vertical leg of the angle, and the -
size of the weld Any—design—methednshould—takemtheseuﬁaetersaw
"zints_eensideraesen s S o o ‘
| el Vertical shear haé{dnly a.slight effect on‘the
strength of the weld unless the anglemigithick enough so that
the bending deflection of the vertical leg’ﬂgﬁreduced to a
-minimum, in which case the vertical shear 1s a criterion
'However, even in thls case the tops af the welds were found
,to be most hiphly stroascd and failed first. | ‘
' 3, The centerﬁ of rotation for the\calculation of .
the réé;stance of the weldqﬁgge not Yocated in these testsP -
but it was evident that—theyaaré hot at the midheight of the
weld Tﬁég.pnehablﬁ?%ary with the effective 1ever arm of the
;applied 1oad and with the load itself | '
‘ 4 No effect on the strength of the connection s
dnoted‘with respect tcuconcentration of load 1ongitud1nally
over varying 1engths of the outstanding leg)except a local \
yieldlng directly under the 001nt of application of the load
The outstanding 1eg seem to distribute the cOncentrated load

| S0 that the resultant moment hag/the same effect on the welds

as if'the load were,spread over the full length of the angle.
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- 5. The outstandlng leg act%ézs a cantilever beam
g0 1ong as the loadqggzgpplied near the toe The weakest
section/gaﬁ{herefore at the Junct1on of the fillet of the
angle and the outstanding leg As the load moved?in toward
the heel of the anvle, true cantllever actlona{gwreplaced by
a combinatlon of bending and vertical shearing stress giving
a point. of maximum principle stress on the fillet of-the angle’
-‘6."InCPease'1n-slze of weld increaseépthe‘strength
of the' connectlon but not in proportion- to the gain in weld
strength9 éﬁ;thermore, the added strength of the connection
s “far less than the increase in welding costs. Economically
then it would‘be'desirable to\keep the, weld as snall-as pos-"
-sible. o o - .
7. 'The strength of the connection dges not increase
markedly with the 1ength of weld lt te—-prebabie that the
we ld needﬂénly be sllghtly longer thanf%ggiecessary to prevent

shear failure, figured simply as the total load divided by

length of weld. It-appears.evident ths#atnaében&éngnmememts

gset;&p—&dd~&e-appre&iable—stmesses;te—the—lewem—pentionueE.

pend ool

8. The. fallure of thm&atype-eﬁ connection~@§ gradual’

dhe=welds.

unléss the lever arm kﬁ”so small that shear and not bending
predominategf The weld gradually pulﬂ%(away from the top al-
lowing the angle to bend outward and downward at a rapid rate.

: 9. The principle lever arm for.Series A was 1.2
1nches, which was estimated to be a proper value from consider-‘,
' ations of the maximum possible gap between the beam and the

colum face and the prebable position,ef.the resultant reaction.



‘between the loading beam and seat_angle. This assumption

of a lever arm was rather closely substantiated in the sga

tests of Series B. . ; 7@
/HZJ.*' The position of the resultant reactlonégs(de— ‘é#’

pendent upon the relative stiffness of the beam flange .and
tne.angle If the flange is.heavy compared with the'out—
standing 1eg of the angle the resultant reaction will be near
the end of the beam and will move-tgmards_the_aenter-ef—the

=~heam-as the web yields. If on the other hand the flange is
light as compared to the angle, the reaction will be concen-
trated near the toe of the angle setting up hlgh stresses in
the outstanding-leg and in the weld in comparison to the

appl‘ied load. Asmm-b"fﬁ—eﬁmd-t He—amete~to=ytekd,.

-%he~effeebfve~ieﬂer armaeﬁmtheﬂrdsﬁiﬁaﬁt reactf%nmﬁ?ﬂldwﬁﬁﬁww
trrb§_d€E?€ased~an__the_s$resses—in—thewa&g%e—and—inuthemwefds*

woul:d™n g ¢ (o} G increasahigﬂproportionﬁtamwhe“Tbadsw

7. WMM
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