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. SEAT ANGLE BESEARCE

by .
_Norman G.Schreiner* ‘

January 2, lQSA
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A INTRODUCTION U - |
l@ Purpose of Investigatian - a prop@sed pregram for

. seét angle research has been submitted to tha Structural Steel
:ﬁelding cammittee of the American welding Society under date
_af Desember 11 1953. This repert will e@ncernfitself with
the fﬂndamental aspeets ef the pr@blem and the pregress made »
.fto date. . “ | o ,

2. This 1nvest1gation is beiﬂg carried on as one of
',the projects of the Struetural Stesl Welding Committee of the
-ﬁmerlcan Welding Soclety using the faeilitzes of the Fritz
Engineering Laboratory at Lehigh University. The steel is
'being furnished by the Bethleham Steel Gampany, and te-data.f
all fabrieatlon has been done in- the laboratery sh&p. The
author is indebted to Mr. charles He. Mercer, Gonsulting En~ B
,gmeer, MeClintic-Marshall Corporatian, ‘and the s-taff of t:ne.-'
Fritz Engineering Labcratory for their many crltleal and

constructive suggestions.

* Ameriean Welding SOciety Researeh ellaw
h in Civil Engineering o
Lehigh Unlversity, Bethlehem, Pennsylvania



'B. GENERAL STATEMENT oF PMBLm | : )
1. It was deemed advisable to - ccnflne the study for
: jthe present to the prcblem of the simple beam seat c@nnectlon,
wherein the beam is welded riveted or holted ta the suppor%~
,ing angle, which in turn is welded or riveted to the supp@rt-

‘ ing. msmber, which may"be elther a eelumn or girder Web‘ Each

: _variable will be stuéieé on 1ab@rat@ry speeimens, and supple~ f

' ;mentary tests Will be made en- full size cennectioms fabricateé"
“under field cenaitions.l _ _ _
2. A st&ﬂy of the literature reveals little or no im- =

'-f@rmatian reg&rding the &esign of beam seats. Such ‘design as .

L is being d@ne 1s by empirical formulae and rule af thumb

_methads, seemingly supperted,only‘by practical experienea.

Textbeoks and design manuals hurriedly p&ss‘over the subject.

"The Journal of the American Weléing Soeciety amd the Transact~ co

,iens of the American sgciety ef Civil~Engineers, references to.
: whlgh way - be found in he bibliegraphy appended, have furnish-f-
'AJeﬁ helpful infonmati@n Which 1t is hoged can be eorrelated |
_with the results of this investigation.'_ o
3. In the preliminary 1nvastigat19n the proposed prc~‘
vgram laid @ut by. ﬁr..Priest will be- fallawed supplemented by
photoelastie s%udi@s of bahelite m@dels ef the speeimens tes b=
‘J.aé@' The pregress to date has ‘been slaw due ta the time required
te make up the lcading and gaging rigs and the 1ntention to ob=

tain as mach data as‘pessgble,,in.or@er,ﬁ@*elimina;g.ﬁhat Whl@h
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welding.‘

-4

'313 itrele#ant. One 4 by 4 by %ﬁinch angle specimen welded at

the ends to a 7/8-1nch plate has been subjected to three de~

' formatlon tests and finally tested tO»destruction.. A model

of the seme connection has been shaped out of bahelite and :

studied undar polarlzed light in the pheteelastlc apparatus.

- GCe TEST PROGRAM

1. Deseription of Test Specimen - Two pieces 8 inches

~ long were cut from a length of & by 4 by l/2~inch angle and
‘ﬁeentrally placed on either side of an 8 by 7/8=-4nch plate, 12 -

inches lcng, which.was mnachined parallel on the lang edges.

. 'The outstanding legs ‘of the angles werevlevel,with the top

:i”edg@ of the plaue in Which positlcn they were clamped for

fhe welding was done at the Fritz Enginsering Labora-

"“tory by a qualified welder. A 3/8—1nch fillet weld, 4 inches
| long was run along each end ef the vertical leg of the angles;
| attaching them to the plate. At the same time a standard end
CPillet qualiriqatlog specimen_was made according to specifica—;
| ”tidns'in %he‘Réport'of “tructural'steel*E91ding COmmitteé; p.
' 109 Fig. 53. This specimen showed an ultlmate strength of

86 400 lb. or 14, 433 lb.*pev lineal inch of welﬂ. This is 20
per cent in exfess of that required by tha specifieatioa. The :

'welds gaged 7/16 by 3/8 inches, giving a throat area of 0.384«
-inch and e unit stress at failure of 50 700 lb. per sq.in. or
' 12 7 per eent in excess of that required by speelfication.»
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'2; Descriptien of Loaﬂing Apparatus - In order t@ .

gobtain flexibllity an& ease 1n applying the laads at vary—n

: 1ng lever arms, the leaaing rig: showa in Flg. la, ib, and

le, was designea.' This OOnsith ef two herizental steel

iplates eaeh 10 by 1-5/8 1nche@-by 11 in@hes long. The tap
| plate, immediatel; under the spherical bearing block is '

ehanneled te clear the adjusting bolt heads, the lower B
plate is sletted te allGW*for adjustment ef the vertieal

legs. The vertieal 1egs are also 1-5/8 ineh plates, 6

inches lang ané 8 inches wide. A holt passes through the

'slot in the bett@m plate 1nto a tapped - hole 1n the vertl- A
‘, eal leg, all@wing for easy aéjustment of the vertical 1egs - -

t@ amy aesired,lever arm. The lead is transmitted tc the

.speeimen thrcugh 1-1nch diameter roll@rs, held laosely in
" plaee by light steel fingers. Suffleient elaarance is pro- j

'vided for Huggenberger extensometers to be bfidged fram the

ends 0f th@ angle to the plate.

'-5¢. Desaription @f Gaging Deviees - It was desired

to ebtain the elastie eurva of thﬁ @utstanding 1eg and the :c‘~i:

defleetion at the heel of the angle. The fermer was ob-
tained by m@ans of four sets of Ames Dials set on 6ninch

gage lines as shewn in Fig. 1&, lb and le. The plungers

- of the dials Were extenﬁed as neeessary by means of hard-

~ened steel pfns. ~Theiinner twe‘dials.ln,each-r@w read to



0.0001 inches, the‘otéers‘to 0.001 ihéhes.' Bécause:ofl
'elearanceﬂlimiéations;fiﬁ was poésiblexto plaeé oﬁly'
three dials under‘one of the angles. J

The deflection at the heel of the. angles was meas-‘
rured by Huggenberger extensameters, uslng a l/a-ineh gage
‘length ane on each end of each angle as shown in Flg. 1b,
and le. -

and

”he 1aeation of the gages/identifying ncmenclature /

iS‘ShOWﬂ én Fig. 2.

A 4. Desgeription of the Tests - Three tests were nade

with' this speoimen before 1t was tested to destruction. The

© load was placed at 1.2 1nch,,2.1nehes,Aand 3 inches respeeté

ively from the heel of tﬁe.&hgles.~ The SOO,doo-lb; Olsen

testing machine usiﬁg'a head speed of 0.05-inches per minute

applied the loé&svin increments-of»éocqlb._foril;zllever-

"arm and 2000 1b. for 2 and 3-inch arms. Readings Were taken

-on a1l Ames dials and each Euggenbefger for each load incre?._

: ment.‘ Befcfe;the final test toidesﬁructicn; for which the

" lever amm was 1.2 inches, the welds and theifiilet of the

angle were whitewashed in order to better obscrve str&in lines.
Befcre testing, the welﬁs were gaged. They were _

found to average 7/16-ineh 1n the longitudinal ﬂirection

of the plate by o/B—inch perpendicular to the plate. This

gave a throat dimansion,of O 284=-inch as agalnst 0 265 for

a nominal o/B«inch fillet. ‘
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Fig. la - Specimen 1 in Testing Machine Showing
Spherical Bearing Block, Loading Rig,
and Gages. South Face




Fig. 1b - West Face, Specimen 1

Lever Arm 1l.2 inches




Fig. 1lc - East Face, Specimen 1l
Lever Arm 3 inches
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B, Description of the Test to Obtain the |

Ultimate Load --In testing the specimen tc ’

destruction, all instruments were removed and the load

was steadily applied without any szgn of distress until

a load ®f 57, 100 1b._was reaehed when a»crack appeared _'

in the whltewash at: weld C at the heel of the angle,

_accompanied by a dr0p of the beam of the testlng machine.

After an evident redistribution, the specimen picked up |

more ‘lead until 58, 650 lb.,was reached, the eradk in L

"'This Was also accompanied by a drcp of the beam. };At

59,900 1b. the whitewash scalea off. the fillets of the '

‘angles’ and welds'B and’ D opened up. The angles continued
0 deform and the welﬁs to tear, upon contlnued motion of

the head of: the maehiné, the maximum load reached being

60, 860 1ib. - Fig. 5 shows the condltlon of speclmén at

" the end of the test.4,

- weld C oPened visibly and one crack appeared in Weld Ad
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CD.. R}e,sst
1. Observatiens -~ No difflculty Was experienced

'in the operations of the Ames aials, tha readings on each

dial being in good agreement With the others of the same

set. The agreement between sets cf readings varied wzth—"

in ten percent and it was found that thig could be ceru'

: ’rectea by accurately centering the loaéing rig with the'

" angle in the long direction, an error. of l/B-inch in‘cen-

| %éring causing approximately a ten per cent variation in o

.deflactlon between the ends of the angle..

o

The Huégenberger extenoometers because of their'
'a‘:, short range, had to be reﬁet appreximately every second _
fincrement of load. Their readings show a wider variaﬁion

: than the other 1nstruments, although the average curve is

"a,straight line. _
. Upon 1ncrease in load it was found that the ver-

tieal legs of loading rlg spread 1/4-inch at 60 000 lb.

" and tberefere two belts have been introduced to keep the ,

legs vertical.

'2. Plets - The elastic curves fer each loading

_.ara pletted en Fig. 3. It will be noted thatrthe center}

_‘ef rotation seams to be at the heel ef the angle. Fig._

shows the horizontal @efl@etions at the heel- af the

‘angle as measurea by the Huggenberger extensqmeters.
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Fige 5 - Condition of Specimen 1

at Ultimate Load
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) '}E:., PHOTOEMSTIG STUDIES

o half-81ze transparent bakelite model was made

IO ?5 in@hes thiek and l@aded in a mamner simllar to the

"abeve tests, Fig. 6a, 6b, 7, and 8 show the . appearanee

ef these 1@&&@& mcdels under palarized light.l A quanti~ .

.tative analysis has not. yet been made but~the c@ncentra- .

tions of stress abaut ﬁhe fillets of the angles amd the o

}small magnitude ef the stress in the vertical 1egs ef
- the angles and the plate is easily dlseernible frem the '
'» photegraph. ’
Fig. 6a aﬂd 6b show that the stress dzs%ribution
in the outstanding 1eg ia cumplicated by the lecalized

utresses ‘under the 1oad applied through a short lever arm..

Fig. 7 and 8 1nﬁicate that with l@nger lever arms

. the stress in the autstandlng leg more nearly appraabhes

'pure bending._-"



55,/,\7' ﬂNqL £S
4x4% 3"
Lever Arm /2"
from back of Angle

MooEL HALF ScALE

No. /1 S2

Fig. 6a - Photoelastic Model Showing Isochromatics

(lines of equal difference of the principal
stresses)



OSEAT ANGLES
‘4.K‘41X‘2”
Lever Arm 12"
Jrom back of Angle
MooEL ffALF ScaLE

No. /53

Fig. 6b - Photoelastic lModel Showing Isochromatics

18



JEAT /q/\//GLES
4x4xz"
Lever Arm 2°

Jrom back of Angle
CALi8rATION BEAM /

NMODEL fTALF JCALE
No. is/

Fig. 7 - Photoelastic Model Showing Isochromatics




Fig. 8 - Photoelastic Model Showing Isochromatics



F. FUTURE PROCEDURE

;wltfié propeséd'tafeén%inas W£th ﬁr.’Priast{s _
program, modified somewhat by results. The following
projeets Wlll next be studieﬁ 4 ' Ce

| (1) Effect” of length af‘vertical leg

(2) Effeet of thickness of angle

?(3) Effect of size of weld, both in length
o ..«' and’ cress—se@tion

(4) Effeet of lo@atien of weld _
(5) Tall-sized actual connections te be made

and tested alengside the tests
propesed by mr. Priest.-’

It is proposei 0 centlnue measurzng the deflee~‘

. .tion of the outstanding l@gs @f the angles, using Ames ,

dials only between the loaﬁ and the heel of the-angle,
and measuring the tangent to the deflectlen eurve with
a level bar. - 4

It is prOposea te l@cate the pcsitien of the
neutral axis of the weld, since this seems to be the '

' deteﬁminant af the strength ef the conneetlon.. 5:

; oy -3“-‘-" -- 11 i "ﬁ--—
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