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" THE BEHAVIOR OF FILLET WELDS
WHEN SUBJECTED TO BENDING STRESSES -

by Norman G. Schreiner*
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SYNOPSIS

The following report presents the results of teste

_of fillet welds under loadlng conditions to which they are

commonly subjected namely, those giving rise to- combined

'bending and shearing etresses in the weld. The welds in-

vestigated‘covered‘lengphe from 1-1/2 to 10 in. and fillet

>sizes of'S/Boand 1/2 in. Two types of lightlyecoated'and

| two types of heavily—coated electrodes were included in the

twenty-seven specimene tested. The loeds were applied in

‘sueh a manner that in approximatelf half the specimens the

welds were under pure bending'moment‘ ‘while the other spe-,
cimens, the duplicates of the first group, were loaded so

that the welds were subjected to bending moment and vertical

‘sheer, In addition-tensile tests on specimens cut entirely

“from the fillet welds Weie ﬁade;fffom_which.the physical pro-~

perties_and,epecific,ggevity of this depoeited metal were de-
termined.' The'ultimate beﬁding momeﬁts observed afe pletted
eg&inst the eectken modulus and are compared with the calcu—

lated resisting moments_of~the welds. It_is shown that the
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ratio of tse-modulss'of rﬁpture'of-tne'welds'to their ultimate
-strength as determined by the standard end-fillet qualifica-~
v"txon specinmen, averages 1. 8? for lightly—ceated electrodes and
1,61 for heavily-coated electrodes. The results ef the seeond
series,'in which the welds were subjected to average vertical |
shears up to eighty per cent of their ultlmste shearing strength
sshow very little decrease in bending resistance in comparison
with slmilar speeimens in whieh no vertical shear was present.

. The chief conclusions that ‘are drawn on’ the basis of
these results are. _ ,

,l. That the factor?safety, the ratio of the observed :
Aultimate strength to the designed strength of welds subject-“
ed to combined bending and shearing stresses in these tests
' is at least seven. - _
| 2. That the verticel shearing stresses in the weld
- are of small importance in comparlson to the bendlng stresses.
.As long as the weld is adequate to rssist the bending, it is -
adequate for vertieal shears of the magnituée allowed by pre-
~_sent sp601fications, and will still give a facter ef safety o
of seven. | o | -
| 3. That the’uSe of heavily-coated electrodes in-
cfeases‘the'eenéiné sesistanee ofvthe weld;in approximately
‘the same-preportien as the’tenS1le resistance is increased.

| 4. TFor the 3/8 and 1/2-in. fillet Welds tested, the
bending resistance 1ncreases directly as the increase in

) fillet.size. .



I, INTRODUCTION

‘1. Purpose: The investigation reported in this paper
érose-fram therdiffigulties in determining.the stresses in
the v}aids used in the seat angle investigation of 1934l* in
‘accordance with the observed data’ and the knowledge of weld
behavior then available. It ‘was carried on under the auspi-
ces of the Structural Steel. Welding G@mmittee of the American
Welding Socxety* in eooperation with the Fritz hngineering -
Laboratory at Lehigh University. The-steel used in the in-
vestigation was furnished through the courtesy of the Bethle-

Ahem bteel Company.

2 Acknewledgment. Acknowledgment is made to the

."Structural Steel Welding COmmittee, Messrs. L. Se Moisseiff
chairman, William bpraragen, secretary for their continued
iﬁteresth to the Bethlehem Steel Company for furnishing the
. steel, to the members of the laboratory staff for thelr val-
uable assistance in . the fabrication and testing of the spe-
cimens and to Inge Lyse, Research Associate Prefesser of

Engineering Materials, for his continued eooperation and

Valuable advica during the. progress of the investigation.

* These numbers apply to references given at the end. of this
report. ,

: / Pormerly Structural Stael Welding Committee of the Ameriean
. Bureau of Welding. : ‘



II. COMMON THEORETICAL CONSIDERATIONS:
| Fillet welds ﬁﬁder'tne influence of‘loadings'pro-fl'
_decing bendiﬁg.moments are'genefally‘deeigned by the‘use.ef~e'
the ordinary'theory'of flex&ie.' Let the rectangle ‘in Fig.
- la represent some longltudlnal cross-section of a fillet _
o lweld, We will then consider ‘the neutral axis, NA, coinci—
vdent with the gravity axis._ The 1oad npn is applied at an
Veecentricity~“e” from the weld. The section is now subject-_‘
ed to a bending stress ‘due to the moment Pe and to vertlcal
“shearing stress due to the lead P. The correet value to use
for "e* is not well established, it may be the dimension
- from "P" to: (a) the center of gravity of the weld cross- '
eeection, (b) the center-of the leg of the fillet, or (c) the
reot of fhe weid;' Whichever 1tvm&y be is of small importance,
"_unless the difference between the values is large in compari-
~ son to the total lever arm. |
Applyipg the_flexure formula, the beﬁding stress oy

may be evaluated: S
et pe

S pe o
gy B e W e oo (1)
- bd® . oo :
22 paR :
, .6 A
"and the averege‘ehearihg etreée 0s may be evaluated:
: §§~~*P o “,;f | B | _(2)
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If "b" is aésumed»offunit‘dimensiea;7the values for -
the internel'resistimg:forces wi;i be'givegiin:peunds'per -

linear ineh.



The common ‘method of analysis, simple in application
c‘and included here for these. reasons although admittedly an ;
.approx1mat10n, is to combine the two forces vectorily and

-caXl the resultant G, the maximum stress per linear ineh, or:

P /saeg P y@ae2+d2 (3)
dz

From the theory of combined stress, the maximum
principal stress G is given by:
o O"?‘ . 0'1;3‘ P 3e  V9e2+4?

S A Ay a“'a = @

| Ii will be noted that by éithér methcd the load P
depénds upcn the allowable unit wéldfstiess~a, the length
of the- weld and the eccentricity of the lcad. .Presént'de-
sign practice uses a value of o equal to the allowable .
stress in pounds per linear inch given by the welding codes,
and then assumes a factcr of safety of at least four based
upon the ultimate strength of the weld. “ |

The above formula-assumes that the bending stress

b'iin a fiber varies directly as its dlstance rrom the neutral

'caxis, commonly known as a triangular distribution of stress,:
Fig. 1b line aob. This is true below the yleld point of ‘the
material but as the yield-point stress on: the extreme fibres
is reached they stretch without any further application of
'load and. the stress distributlon diagram takes the form.of
Lcod. Not so the strain distribution which is planar through-c
ou£ the full loading range becausevof,the_necessity of the

pa:ts fittigé}tégather. The fibres néarer the neutral axis



.1§rogressively reach the yield-pointlétress and'the 11ﬁiting
,_gshdpe of the distribution eﬁr&e’is:ggggg., At thisvstage{the;rﬁ.
expréssion for the resisting moment is: ‘ |

_ . . _ .'A _ " » .

- MRyp = Oyp Z- . : {5)
~wh1ch is fifty per cent greater than the resisting moment
at the yield point before plastic yielding took place.‘

» When plastzc yielding ceases due -to strain harden-
" ing of the material the resisting power increases.»; The
shape of the stress distribution curve isAnot exaetly known
but must belsomewhétvsimilar to that indicated in'Fig.}lc
"while the strain diaﬁribuiidn‘is_still 8 straight liné;iThus‘
‘we st1ll have essentially a rectangul&r'diétr;butibn'of, o
' strngAand.the ﬁltimate fesisting moment.ﬁay be.expressaﬁ-‘rf
vy o | | |
MRylt = Oult .~ - (8)
In mechanics of materials the modulus éf rupture is
:a fictitioas measure of the ultimate unit stress on the ex-
;'treme fiber at the p01nt of maximnm mament. This Value qm;
as given by the f;egupg fermulg pased @n triangular'distris

.Vbution'Of stress is:

Om

o Bmax e o (g
42 v _ .
'henée'is'oﬁé and one-half times oyj4 given by equation (6)

which is based on the rectangular stress distribution.



III. TEST PROGRAM
| l Object - With these fundamentals in mind the
_test program was laid out to ascertain: '

(a) The factor of safety of welds in bending using pre-
sent methods cf design. |
- (b) The validity of the present design methods.

(c) The stress distribution 1n the welds.

(d) The. physical properties of the - weld metal and their
effect on weld behavior. ) | '

2. Specimens - The specimens may be divided into

three groups'7' ' | | t

(a) Fillet welds under pure external bendlng moment
hence under zgrq vertical shear.  These are’ designated as
| Series A (Fig;z) in whieh group4sixtéén speéimens,Were
tested. They,wére-made up of two main plafes and two
spiice plates rénging in depth from l.5 to 10_in;;'the i
‘welds beingﬁélééed élbng the full éepthisf'the splice
plates. The plates were déSigned SQ'ﬁhatithe unit stress-
es weuld be below the yield point when weld fallure oceur-
red.. Except for slight local yielding this requirement
'was maintaineé throughout the 1nvestigation. ’

. (b) Fillet welds under transverse bending. These‘Spef
cimens are designated as Series B (Fig 2) end were nine in
‘number. They were campani@n specimens to Series A, similar

'in material, size and fabricatlon..



-8

-~ This group also contained'two'speéimené designated
e ez'éha C 124 as shown in Fig. 3. The wing plates in each i.
specimen were so small in cross-seetional area ‘that failure
in the welds was impossible before the plates yielded to
such an extent as to be worthless as agencies for the
transferal of- the applied loead, | | 4 ‘

(c),The physical tests were carrie@ 6u£ on tensile bars
'éntirely of fillet weld méﬁél machined in accordance with
Fig. 4, The physicai‘ccnstants‘determined forAeach specimen
'consisted of thason's apparent elastie 1imit (the point on
"‘the stress diagram.at which the rate of deformation is fifty
'perxcent greater than: it is at~the origin), yield strength
{stress at which the matéfi&l»éxhibiﬁs a 0.2 per cent elong-
ation), ultimate stremgth, per éen; elcﬁgatioﬁ in two inches,
per cent reducti@niin aréa,-mndulus ef elasticity éﬁd’speei—
fie graviﬁy.A ‘ _ | , o _ , |

(d) The welds were electrzc arc welds using both lightly-
coated and heavily—coated electrodes.- Two types of each el-
ectrode were used, A and B lightly-boated- and C and D heavi- :
ly-caated. : S i , _

| All welding was done in the laboratory shop under ai- .A'

:eét supervision. The strength of ‘the . fillet welds of the
B lightly-coaﬁed electrodes was determined by medns of the
-standard 3/8-in. end-fillet welded qualification specimen
(Code for Fusion Welding and Gas Cutting in Building Construc-
tion - C@de l Part A - 1934, American WGlding Society, Appendix IT).



»Thé éveragé ultimate strength for Electrodé A/was lS 805 1lb
per lin: in; for Electrode B was 15 350 lb per &1n 1n. }The _
D. G. arc characteristics were: voltage 15-18 amperes 160-200.‘
The strength of the welds mede with the heavily-coated
electrode was determinéd by means of a modified end-fillet
weided'speqimen,shown-in Figg'55 Theraverége ultimate strength
for both types of électrode was 18,906 1b per lin in. D.C. -
atcféharécteristics were: voltage 24-30;'ampereé 200-220.
|  Iﬁ multilayer weldiné the p?évious layers were care-
fully cleaned of seale and slag by meéns of a chisel and
.stiff Wire brush before adding the next layer. The slag due
vto the heavily—coated electrodes was allmwed to thoroughly
freeze and cool sllghtly before being removed but in all .
‘cases theisucceeding passes wers laid while the preceding
~pass was s8till hot. . | :
7 The welds ‘were carefully gaged and without exception
were within the designed limits of mlnus O plus l/a—in. and

quite uniferm results were obtalned.

w

3. ‘Test MethquifiThelspec;mens of Series A and B
were tested in the SOG,God-lbi9cépa;ify75iéen'§r_800;000-lb1.
cépacity Riehle sCrew~power teSting~mae§ines.In;the Fritz
-Engineering Laboratory. The épecimens of Séries C were test-
‘ed in & 50,000-1b. cepacity Rishle and 20,000-lb. capacity
Blsen screw-power-teSting mechine. Thejscrews,of the 360,000
'énd 800,000~lb; machines were motor driven, moving the head

of the machine at a speed of 0.05 in per min. The smaller
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machines were driven hy“hand-ﬁover; moving the head & smaller

3_”and semewhat indeterminate amount, although every effort was

made +t0 keep the speed constant.

The load was applied to specimsns of Series A and B
_Shown in Fig. 6, th:ough_a sphericalubearing.block and a load-
:ling beam*to the'specimes. Hollefs:wefe used so that there
would be a minimum of lateral er lengitudinal restraint due
,'to the leading apparatus and especial care was taken so that
the loads wers accurately placed. The speclmen was pretected
from crushing and the load distributed by blecks between the
rollers and the specimen. ‘ "'

~ Observations on the speeimens,ef Series A consisted

.of the determinatios of the position'of~ﬁhe'neutral axisﬁby
mesﬁs of 10-in. Whittemore strain gage ebsErvaeiess, ah"as-
tempt at-detefmining'the stresses-ih the ‘plates by the ﬁse”
of Huggenberger tensemetere, determiaatlon of strains in the
tension ends- of the. welds by the use of‘Huggenberger tenso-
meters over a 1/2-1in. gage length and determinations of the .
_center defleetions of the whole speeimen by the wire~mirrer-~
scale method. The observations on’ Series B specimens Were
confined to the measurement of center defleetions becausefbe B
"method of loading did not allOW'sufficient clearance for the
‘placing of inetruments. ' ' o

A1l specimens of Series A & B, C 62 & c 124 were
eoaﬁed before the test>with,a thin layer of'hydrated lime
 and water which assiefed:materislly-in theidefermination

of points of yield.
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The determination of the strains for the stress—.5'
: 'straln curve @f the Series C specimens was made w1th the
.Enggenberger tensometers @ver a one-inch gage length and
'each value is the averaga of diametrieally oppesite ten-
'someter ‘readings, | |
| The specific gravity of the electrode. and of the ten-
Asile specimens cut frem the weld was determined fram their '
weight and volume, The electrodes were cleaned of all coat- 
ing and polished to a smooth surface, the tensile specimens
_ were thoroughly degreased by the use of various solvents.imeT
weighx vas &etermined te;the.ten-thousandth of a gram on a .
Chainomatic balance and then rounded off to the nearest hund-
_redth.'_The.volume was defermined*byithé ﬁisplaéement of al;
-éehol in a standardized burrette to a hundredth of a éﬂhie
centimeter. Alcohol was ﬁsed,instead Of water bécauée it wet
the speciman more easily and ‘there. was less likelihood of in-
c¢luding air bubbles in the velume determination. The speci-
fiec gravities are thus accurate to the second decimal place v

.

except in the smaller speclmens where the error may approach

. five per cent. The weights varied from 7. 70 tex187 24 grams

:‘ and the volumes from 0.99 to 24.66 cu cm.' |

In all tests sufficiently small 1ncrements of load
were.taken to assure,a minimnm pf six Qbservatione below -
the proportibnal lﬁnit and as many peints. theréafter as the
condxtion @f the specimen or the range of the instruments

would allow.
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. TEST. DATA | . |
' 'l,: Series A - The teat results of thls series are
'~presented in Table I Columns 3 to 5. ‘

. Column 3 was determined from obserVat&on of tha scal-
ing of the whitewash on the surface of the weld. without ex-_
eeption';his occurred on the cqmpression side first, near the
endlbf,the weld, The rééébnvfcr_thié is not readily apparént
sincahthé'loading.blocks were at a sufficlent distaaée‘fﬁamfw

Vthe'ﬁeld to prevent loéallstress disturbance and it is gener-

o 'ally considered that the compression yield point is at leaat

equal to that in tension. | .

COlumn 4 was detefmined from observation of the paints
on the moment—weld strain curve, designated v, or moment-cen-
 ter defleetion curve, designated A, at which the inelination
of the tangent to the curve was fifty per cent greater than
“the initial inclination. : V

_ Sometimes the spacimﬁn gave warning of 1mpenaing fail-..
ure by a drop of the beam of the testing machine at aheut 95
_ per cent of the ultimate lcad, but»generally there was no def-
1nité yield of the ’w'eld'metal without further addition of load.
The ultimate applied moment 15 given in column 5. A
| 6élumns 6 and 7 give respectively the calculated modu-
' lus ef rupture and the ultimate stress based on full rectangu--
. lar distribution. _
| " 1.(b)- It was with A 33 that the" investigation had its
“inception. The original specimen was made up as a standardvs/a

in. end-fillet weldéd qualification specimen and loaded to give



. pure bending across the welds as indicated in Fig. 2.
Measurements over a ten-inch gage length which in-
'v:cluded the main plates, welds and splice plates, were taken

xwitp a Whittemore gage. The average strain 80 measured was

. “sixteen per cent in excess of that calculated by the flexura;:”

formule.

r{_MSasureméhts,Were taken of the fenslle‘ana compres-
Siva strains in the main plates by means of tensometers
| placedvéslclegé‘tc the weld as was conveniéﬁtly possible.i
These measurements established the fact that the'néutrél'axis

“was coincident With the gravity axis in the parent metal very

(:elqse_to-the Weld} from'whidh it is safe to conclude that the

bneutral'axistf the weld is also itéigravity axis. From these
 meaéurémen£s an'indication of the high‘skin-stfess near the
'welés was noted. The measured strains on the main bar were

’ approximately seven per cent in excess. ef those calculated
.while those on the splice plates were twenty-one per cent

- less than the calculated.’ . ,

The stress in ‘the main bars soon reached the yield~

A point and great increases in vertical deflection occurred at .

e bending moment of enly 24 600 in-lb. Increa51ng the load( '

resulted in such greatly increased deflections that the testiﬂ
V, had to be abandoned at a bending moment of 30 600 in-1b. On.
the: basis of the common theory this corresponds to a. weld
,:stress of 20 400 1b per lin in. Ax thls point all welds
ushowed slight cracks at the root and some scaling of the -

.whitewash-on the surface.

i
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' ThetSpeeimen desigeeted A 33szwas then ﬁaée up using
V}d by 1-1/4 in.‘maln bars and 3 by 5/8: 1n.1splice bars.‘ ﬁead-
‘ings over the ten-inch gage 1ength again gave average strains
1n excess of the ealculated but again preved the lecation of
the neutral axis as 001ncident with the gravzty axis. Tenso-
_‘meters in the same locatien as 1n the: above %est showed sim-
ilar reeults, the strains in the‘main plates being almost
’coincident with those calculated while those on the splice
| plates were now 33 per cent . less than those caleuleted.
. In this specimen toe the spllce pletes yielded at
'about seVenty per cent of the ultimate load but they soon
hardened sufficiently that the load ceuld be increased to
’failure of the. welds witheut excessive yielding of the plates.i
third ‘specimen A és-é was then tested in which the
splice plates were 3/4 in. thick and no distress was evident
" in any of the plates at the ultimate lead, e Acco:dingly the
remainingvsﬁeeimens,wereﬁdesigned withfthe maximum bending
" stresses in the main pletesflimited"te'SO,boo 1b per sq in.
4The area of-theAsélice>plates‘was then‘meée approximately -
e{wenty:pef eent.greater then that“of“the main*ﬁlates; ‘With
: this design 1ittle difficulty was experienced due to yield-
" "ing of the parent metal. ' ' o '
| Tensometer reedings on the plates and with the- Whit-
temere gage were. again taken on this speeimen and it was felt
that the follewing was established.»‘ .' ” - |
(a) The coincidenee of the neutral axis of the weld with

“its gravity axis.
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- {b) The éxiéteneé ofrskin stféséés'of uhknpﬁh7magnit5dé )
in the parent.métal'adjaeenﬁ té;the weld, This finding was
' corroberated in. all-sﬁcceéding tests but no méans'ﬁereAtéken
to determine thelr magnitude. | | ‘

Fig. 4 shows a group of specimens with 1/2 1n.Afillety
‘welds from a lightly-GOated eleetrode. From tep to bottom .

they are designate@ A l4, A 34 and,A 64, A typical perfarm—
’aneé~éf,éil_speéim¢ns welded with a lightly—coated eleétfode
may be'déscribed‘as‘follows. Tﬁe<loads ﬁere slowly'applied‘
- and réadings dfﬁﬁhe imstr&mentSWﬁaken unﬁil the deflections

~ were beyond their range or failﬁre seemed 1mmineﬁt. ’Craekihg
_of the mill scale on the 1nside of the splice plates was ob-
served at loads of less than flfty per cent of the ultimate,
.:reveallng a high skin stress in this part of the plates.
‘Scaling of the whitewash was first noted on the surface of ‘
the weld under eompressive stress at abcut 86 per cent (Table
I,»ecl,;l) of the ultimate lead in the ease of the.speeimen54
1.5 and 3 in. deep. This occurred praétiealli}simnltanébusly
- over tne' full Ale'ngth of the welds. with only slightly greater
-'deflection the welds fractured suddenly."

In the specimens 6 and. lO in. deep scaling on the ‘
_ccmpressive surface at the weld occurreé at apprexlmately 72
.per cent«of the ultimate load close to the end of the weld
and as the loadimg continued the scaling proceeded towards
7the neutral axlis. No great deflection waa possible 1n these '

v,§gegkgggs either and they too failed suddenly. Where the fusion
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.betwegn the weld and parént metal ﬁas perfth, fracture oc-
- curred tﬁrough the throat of thelWéld} where;fuéicn was im-
peffect the fracture was along the line which was:iﬁperféctly
‘ fused.' ‘ | | _ | - o ; - |
The photegraphs of a 14 and A 34 1llustrate very well
'}the type of throat fraeture on the right of the specimen, and
-the scaling of the whitewash on the left hand welds. A 64
illustrates ‘the pr@gxessive scaling of the weld surface on
the 1eft:and'the failure due to lack of fusion in the weld on _'
the right.v"ﬂepeat testévwere made<en-5pe¢imens showing lack
of fusion and the results of the original tests were discarded.
 8pecimens welded_wiﬁh the heaviiy-ceated eléctrode be-
- haved differentlygt The-sealing of thé whitewash on the weld
- surface oeeurréd'#t abogt'sixty‘per cent ef'the ultimate load
‘1 neér.the eompressiveEend of'thé weid, and generally along the
toe at the main,platé._"éhis_sealing,proceeded progressively
towaravthe neutral axis. Cénsiderébie dgflectidn was record-
- ed before the ultimate loadfwas reached (in Specimen>A iSD é‘
center deflection of &-1/2 in. in an lB-in. span) and the
fracture was very gradual the weld metal exhlbiting ‘great
'tenacity. The fracture proceeded frem the root of the weld
at a flat angle to the main plate.r The metal ‘was finely-
grainéd almestvﬁ$@@sfr0m inelusions and blowholes and the;
'fractured surface was silky in texture. , ]
. Fig. 8 is an example of the ductility of these welds.'b{
‘ This shows the tensibn ends»of the welds on Specimens A 13D.
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;.The'ﬁachinefféolﬁméfks wéréjoriginallj Stfaighﬁ;linés directly
across the specimen.‘ The-photegréph showé‘thé considérable
l distertion of the weld metal and only slight cracks at the
lroot of the weld.
- ”,_ The'tensomeﬁef readings acréss ﬁhe’wéld ﬁere.plotﬁe@
" as applied bending moment &gainst strain 1n the weld. Be-
‘ cause of the great amount ef data taken anly & typical curve
'ris presented in Pig.”9.. The eurve is of. the same type as the
' stress-strain diagram for the weld metal. The polnt at whieh‘f
the inelination of the tangent'becemes fifty per cent gréater
than. the initial inclination is d351gnated as the yield point.
"The moment sonresp@nding t0 this point is given in column 4
:?of Table I and in column 5 of Table 11I. - These values are
”1dent1fied by the = which follows the number. The moments
Faverage about fifty per cent of the ultimate moment. . Thé
stress at this yoint-determined‘by the-meésu;edstrain and
: the‘stresséétrain diagram of’the'welé metal aariesponﬂs“very
- well with the Johnson 1imit of the weld metal. Theﬂaverage
straln, calculated by the ordinary method discussed in sec-
tion 11, is also plotted and is always from 61 to 69 per cent
'u'grqater than-the»measured strain. “The ratio.qf calculated
strain to measured strain is given inAcbiﬁgn 8 of Tableiii'f:.
' The line determining the éalculated'straiﬁ intersects the
plotted measured strain at s point eorreépbndiﬁg to the unit
stréss given in column 9 Qf Table I. The applied bending

. moment cérrespondingﬁtd this point is given in column 10.



It w1ll be noted that these stresses of column 9 correspond'

‘.1closely to the yield strengths of the Weld metal and the cer-
vresponding moments or column 10 to the moments at which scal-
ing was first observed on the surface of the weld cclumn 3.

| | In Ssries B, tensometer readings of this nature were f |
“only taken on Specimens B 13 and B 33 where the average shsar-

1ng stress on the weld was small. Ths same type of curve was

obtained and the results correspondeé clesely to .the external

-observations noted above; | '

2. Series B - The test results of this series are
s@iyi&ed into Tables II and III. Table I presents the re-
sults from Specimens C 62 and C 124, It will-be noted that
. the wing plates are separated from the certer plate by a gap
"ef approximately 3/64-in..(1ine 2, Table II and Fig 3). As
the load was applied the gap elosure was measured W1th.a mi-
erometer, the contact of whichvwas dete:mineé by closure of
an eleetricsl cifcuit. The gap'elusufexwas found ﬁé be pro-
péftibnal‘td the applied losd.' It wés determined ﬁhst the
weld rotated about the center of its 1eﬁgth,asﬂlongsassths

' gap was open.. Upon closﬁre of fhe'gap-at one‘énd retation‘

,s,tcok placs about that end and practically the full length

”‘»of +hé: weld came into use in resisting the applied bending

moment, with subsequent great increase in strengthl
Early in the tests the wing plates started to scale
-due to high compressive and shearing stresses in the region

of the loading blocks. This yielding,beeame general long
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g Sefore;distress vas evident in the wéldé_(see’Fig}S);j At the
. final load the weidé ﬁere fraetured a maxiﬁumvof 3/8 1n; at'
lthe ends subjected td tension while only scaling of the white-
wash was ebserved to a depth of about one inch at the compres—
{asion ends, - i‘ _ o v' .;¥  ‘ | .
Lines- 4 to 8 inclusive of Table II present the obser-‘
ved 1eads while lines 9 to 12 nete the stresses in the members '
'iand the welds. Line 9 1s.ealcu1ated as the final~lcad divided
by the net shearing area of the wing plates, line 10 as the
: final load divided by the net. bearing area under the loading
blocks. Lines 11 and 13 use the values of lines 6 and 8 res-
'~fpactifely an&_are dalcuiated by the dpproXimate Vector”me;ﬁed. 
Fig. 10 exhibits very wéil the yielding due to the cémbined
compression and shear of speclmen C- 124 at a total load of
240 000 1b.
These specimens 1ndicated the high strengths of welds
‘in eembineﬁ bending-and shear. It became evident that com-
plete fracture ef the weld With this design and method of
loading was improbable, accordlngly the tests were disconﬁﬁmmL-'
Table I1XI presents the results of the tests on Series

,}B specimens. The first three eolumns present statistical data.

R

Columms 4, 5 ané 6 glve the ebserved bendlng moments at scal-

ing of the whitewash, yleld point frgm observation of the
fcurves and at the ultimate load. The‘léver arm used is to the

“*center of the parallel leg of the fillet weld. .The use of the,
distence te the center of gravity of the weld would increase  ‘

“the'ﬁltimate»bending momemt a maximum of five per cehg.and an
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average ei two ﬁer eent.with the type”of.ieading used, Celumn
7 gives the average shear éer‘linear‘ineh.baeed on ﬁhe total
"leaﬁ.&iv1ded by.thevtotal'iength of welé;; | | | |
'In colﬁmn 8 the ratio'ef the resisting moment of col-
umn 6 to that of the specimen of similar depth in Series A |
(Table I eolumn 5) 13 calculated correction being made wheie '
required because~af the difference in the strength of ‘the weld.
metal from the two electrodes. . | | |
3, Series{é - The physicai properties of the various

welding'electrodes and depositee.weld metal ere.presented in
Tables IV, V, and VI. The 'chemical cempositioﬁ of theweléiﬁg
-electrodes and the deposited metal are given in Table VII.

| Typical stress-strain dlagrams of the original elee-w
trode'andlof the~depcsited metal appear in Fig. 11, ‘The dia-
gram, Fig. 11, for-the'eleetr@de is typical of that of an
‘alley'steel;'a definiﬁe-straightAline to;a high unit stress
‘followe& by a graduai increaee‘in strain in proportion to ihe :
stress up- to the ultimate. Thelibhnsonllimit is high iﬁ pro-
portibg.to the ultimate (75%)>end the yieid strength 92 per .
'eenteef’the ultimate. The eleﬁgation in two igehes'is of
mediﬁm;ﬁegree,'tee reductien'ip area, medﬁlus of elestieity
'aﬁd specific gravity nermel in value. ,The{fractare:is of the
 ’ful1“eup and conekt&pe, ehowing-a finely—grained'structure.
» The stress-strain diagram for the deposited weld metal
made with the lightly-coated electrode is a straight line to a

limit of proportienality, fellewed by a gradual inerease to

the ultimate stréngth, wheﬁ.ffacture occurs suddenly with.ver& ,"
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~sllght necking. The'thnsdn limit is aﬁﬁréximately fifty per
cent of the ultimate strength and the yield strength seva@ty—
| 'three per @ent of the ultimate strength. “The elongation and
reductiaa in areaampvery small, The modulus cf elasticity
. has been decreased in the case of the single pass weld %o 84
per cent of that of the original electrode, while at the same
time the specifie grav1ty is only 96 per cent of the ariginal 
‘eléetfode.: When the weld is made in two p&sses the»modulua 
of elasticity is only reduced t@ 90 per cent of that of the
original metal while the spec1fic gravity drops to 92.5 per
cent of the original.
| ' When the weld is deposited in a multiple number ef

passes, in this case five, so that a. 1/2 1n. tensile bar can
be cut therefrom, the moduius of elasticity reaches 92 per
.cent of that of the original metal angﬁzpecific gravity 95.8
per cent. - ‘ ,

‘The average ultimate strength of the tensile tests is
| 54,500 lb per ‘8q in. comparing with 52,000 lb per sq Ain. on |
the throat area of the qualification speclmens. The average
vel@ngation in two 1nches, approx1mately six per cent 1s some-

what less%than is generally shown on the free bend test spe—

. j'uh ;‘,4 -

“:cimens..;hMP;ﬁ“”f - : ‘
The stress—strain diagram fer weld metal deposited
from the heavily-coated electrodes is similar in nature to
'that of mild steel. I consists of a straight line, followed
by a plateau at which the elongation increased without further

addition of,load, causing a distlnct drop of the beam of the
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testing maehine, followed by a steady climb to the ultimate

‘ after whieh considerable necking oceurred before fracture.

In no case was an upper yleld point,observed, possiblyfbe-

' cause of the slow applicatien of the,load. The Johnsen llmit .

';is at ‘$2 per cent and the yield strength at 65 per cent ef ‘
the ultimate strength. The duetility as 1ndicated by the re-' )

ductien in area . and the elongation in two inches inereas&d

A. markedly over that shown by the original'eleetrode. The mod-~

ulus of elasticity and specific gravity show the same values
as in the ariginal material. No variation in physical proper-
ties was observed beyond ordinary limits with respect to the
number of passes by which the weld was dep081ted.
7 The,average ultimate strength (64,060 lb_per-sq in)

shown by thege'spee;iaﬁs;comparesvwith 76,800 1b per‘sq.in
obtained.oﬁfthé ihréat‘géction,of the quaiificatidnlspécimens.
Reasons fof this discrepancy are'ndt definitely.known.'lehe
percentage of elongatlan in two 1nches cempares rather favor-
- ably with the results ‘obtained in the free bend test although
"the variability ef.repeated results may be eritielzes.;  This
: variability can be éoﬁdened when consideration Is givéa to
the many variables involved in depositing weld metal.. |

‘ Fig. 12 shows the condition of the 3/16~in. tensxle
bars cut from a weld made with a lightly-coated eleetrode
V(Blectrode A), Althongh the worst side was photographed, the
porosity is quite marked.. The.highest~stress naturally aesur-
‘red at thefmostfporous.section and the fraqtureléccu?ré&‘at”

‘that. point asAiﬁaioatéd in the'brokenlspecimgns.. specimens 1,
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2 and 3 eorrespond to those of like number in Table IV. An |
inspeetion ef the fractures surfaces showed perous patches,
blawheles and smali inclusiens. Inadvertently the solvent
used in cleanlng the specimens of grease preparatory te mak- '
;ring specific gravity determinations formed a sort of a dye

with the grease which was carried into tha interiar thr@ugh

- the blewholes on the exterlor, staining- the exterior and .

parts ef the interios and reVealing the-extent of the de- .
{fects, which in some cases cevered a considerable area.‘

: The 5/16-1in. dlameter specimans showad similar de-.
fects 59th-on ?he surface and throughout the interlor>althaﬁm
not to0. 80 greaﬁ an'extent as'did those previously diseusée&. ‘
'These ebservati@ns were verifiei by the higher specifie grav-}" 3
ity and m@dulus of elasticity._ o

Twe l/2-1n. diameter syecimens eut from the multipass
| weld;were notable 1n_the laak of blewholes appearing am-the
surfaée withinﬂﬁhévgage 1ength. The specific gravity actual-
' ly proved them te be more dense, but under lcad they revealed
stress- concentratians at blmwholes very near the surrace and
the fracture shmws a very coarse grain strueture, inclusions
. and porosity. ' . .

. #n effort was made to. determine the locatien at which -
the fillet structure was most;porogs_and‘there areAindicgﬁkms
that this occurs meét frequently oﬁ thefright'éngieilegznear
the root of the welé and in the surface layer. Hbﬁe%er;*eb- N

sexrvatiens on test spe@imens mest often indicated 1ack of fusion B
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o or-pérgﬁs‘st:uctdre'aldng the}paralieiileg near the root. The
enl?3faét definiﬁ?ly established is’that{laCR of peﬁétration
 and éorosity 1s‘ih.tﬁé area éboutAiﬁé root of the véld, and
porosity 1n the surface layer of weld metal |

. : In general the’ fracture of these specimens may be des-
ignated as of the flat cone type with a coarse crystalline '
;-itexture, or of the sheared flat corne type with partly crystal-
'~line‘anﬁrpartly silky texture. The fractured surface always

- exhlibited the porcus structure and some small inclusions even
to the naked eye.

- Fig. 13 111ustrates the cross-sections of the fractures

ebtainad on the speclmens from welds of heavily-coated elec-

trodes. The tensi}elbgrs themselves were-quite satisfactory ia

_éppggrance, clean:looking,‘solid'ana finely grained. ’The frac—
ture ﬁas generally full cup and cOne, with a fine—grained
structure and silky texture as illustrated in D 4 and D 5, and
"C 3 and C 4. Occasionally tha failure was of the sheared cone
type, eXhibiting a silky texture and slight inclusions. Very
probably theée iﬁclus1ons account for the tyﬁé of frac£uf§
rather than the usuél reason of eccéntrie 1oadihg cenéiﬁions.

Specimens D6 and D 7 show 1ens-shaped inclusicns and

blowholes due to a poor method of depositing the filler metal{¢5f7'

Except for this experiment the wel@ing meihods“fpllowggﬂthp.A
general,praciige of depOéiting straight-through'beaﬁéféidé by
side and layer by layer until the desired cross‘séétiéh.w&sob@

~ tained or by depositing_avStraight-through bead at the ?oot
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fellowed'by‘thé'suceeeding beads; each layer of which was

wévan'frem side'to»sidg’with_a semi;eircu;ar mbticn,‘the'oon-

LVex‘sidé of which was in the direetién of the advanéing elec~

'trade.- The importance of proper pracedure in dep@siting the

7f’ﬁiller metal cannot be better emphasized than by the results

,of these tests. It is to be noted heweverthat very sllght

;effect was shown ln the phy31cal results. ‘Gue to this impnoper

vmanipulation except in those related to ductility as indicat-

' ed by the percentage of elongatien and the reduction in area.

.3v.' DISCUSSION OF RESULTS

1. SerieS’A and B -. (a} Effect\of size of Weld. A&s

‘each depth of specimen was. duplicated with 3/8 and 1/2 in.

twelds the effect of increase in fillet size may be studied

‘under identical conditions. Theoretically a 1/2-in. fillet

:13 33 per ‘cent stronger than a 3/8—in. fillet and the average

?results show that this is true in the specimens of" Series A

under‘pure bending and in thase few cases of Series B where

?éomparisen is possible. Where the weld is under transverse, -

‘bending, the average shear load per inch should be equal to

'allowaor a true compariscn, From the results we may safely

“conclude'that the bending resistanee'1&&féaées_d§;€ctli with -

#tha increase in fillet size.

(b) Effect of Electrade Coating. The ratio of the E

'tensile quallfication test values of the heavily—coated el-n

| ectrodes ¢ and D to the 1ightly-eoated‘electrode Alis 1.37.
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The‘ratio of the tensile'qualificaiien test values of Elec-
trode 4 to Electrode B is'Q 90. Since the magority of the

= specimens made with lightly-coated electrodes used Elactrode

'A, the results from those speelmens on which Eleetrode B was

:-, used will. be reduced by ten per cent in - erder to place all

results fromxthe lightly-coated electrode welds on a compar-
'able basis., In cemparing the heavily-coated.witnthelightly-'
coated specimeﬁs a considerable diversity of raties is app-
arent from.which-it seems-thap.althoagh the heavily-eoated
welds &re sﬁrbnger they do‘nof give quite the increase im
strength that the qualification specimens indicate. Again in
the few spechmens that can be compared in Series B the results
at equal average shearing leads per inch must be used»andtmese

" do show an increase in favor of the heavlly-coated electrode,

E but slightly less than the tensile qnalification test results

indicate. While.here ‘the ratlio of the qualification test re-
sults 1is takepias the cfiterion,rthe rétié of the caleulated
.ultimate'stxess‘as given inAcolumn'?-Of Table Iﬁmay be used.
This ratlo is only i;‘]ﬂ.g, since the calculated "v{ltimate strength
| as dete&mined by bending is 25 per cent gréaber‘than that
given by the qualification test results 1n the case of the |
- lightly-coated electirode, and only 7 per cent greater in the Q
case of the heavily-coated elaetr@de. Including these facts
in theAcalculation it can be shown that the heavily-coated
A‘alectrcde increases the stremgth in bending 1n the same pro-’

portien as is shown by the tensile quallficatien test results.
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(c)'Fig; 14 shows'the'ﬁltimate bénding moménﬁs blot;‘,
_ted against the section modulus of the specimens of beries A
Th@se spe01mens made. with Electrode B have been reduced to
allow for comparison; The points for 3/8-in. fillet welds
‘fall on a straight linse, while the specimens with the halr
inch fillet fall on another line 33 per cent above the 3/8-

g

in. fillet specimens. The speeimens,made'wtﬁh‘thé'heévily-;fr e

coated electrode of 3/8-in. fillet size‘fallimi&way?beﬁwéen”.'
the above lines, It will be noted that the results for
lightly-coated S/B-ih}.welds lie cOnsiderahly above the cal-
culated curves even allowing for full rectangular distribu-
tion. Thejl/aéln. curve is similarly too steep by about 25
per cent. AOﬁ'the other hand the curve dflthelhea#ily—ceated
electrode is very nearly éoincident with ﬁhé caleculated as-
suming rec%angular:distributioﬁ. This is typical of the ac-
tibﬁ.of cbmparatlvely brittle and very ductile materials and
the>phenomena is explained in texts on:thé resistance of‘
materials.a, o ) -

In Fig. 15 the ultimate moment is again plotted a-
gainst the section modulus. The figures beside.each plottedr
,point are the average shear per inch of weld at the ultimate
{”‘lead. The calculated curve 1s that Bor a 8/8-1n. weld, as-

-‘suming,reetangular distribution. It wlll be noted that-even“.
;:thoughilhe averagé sheaf in'the weld was as high'as.aé per
ééni of the tensile Qualificatipn weld'sﬁrength, the résult-

~ ant bending strength did not fall below that of rectangular
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‘distribution, excluding shear, based on the tensile qualifi-‘
cation strength.» This is because of the large ratio between
the modalus of rupture and the ultimate strength. In'the
case of the heavily-coated electrodes giving more ductile '

-welds, the ratic 13 not so large and the points fall belcw -

_ the calculated rectangular dietribution stress, especially
. where the average sheerlng lead is high. »

_ (4a) Returning to Series A, and Fig. 9. -Photoelasfic.
:1nvestigation3 of stress distribution in the weld shows that
'therdirection of one of the principal stresses‘ls almest at
'right angles tejthe_taroat section. Hence‘theliensometers,

‘:since'chey‘were placed'parallel to the hypetenuse,.ahculd

measure the magﬂitude of the strain due to this stress. The

’..eame investigation showed that the stress across the throat

lwas almoe% conetant for abcut half the distance from the edge
',to the root and then 1ncreased rapidly te a magnitude of about
2-1/2 to 8 times as mnch as that at the edge., The tenecmeters'
,t.were placed about 80 per cent of the distance frem ‘the root of

' the weld and the average ratio between computed and measured
strains was. l. 63. If we now assume a parabolic variation of |
strain and hence stress along the throat sectlon S0 that there
is a. balance between the average rectangular area and that
:bounded by the parabols which has its axis slightly beyond the
boundary of the section, the maximum stress at the root will
fbe about twice (l 96) the average calculated stress._ This cor—
»respcnds tc a ratic of 2. 44 shown in the photoelastic investi-

: gation,‘ The_fact that the strain at the so-called yield pclnt



- 29

of the weld corresponds to- that at the thnson limit of the :
weld metal tends to show that the stress-strain eurves: of - |
the weld-metal taken either from a tension speclmen (Series
C) or from the weld in place are - similar. The strain in the
) weld increases until the yield strength is reached at which
 point there is a general cerrespondence between the yield f
.strength the scaling of the whitewash on the surface of the»
weld and the oalculated strain, By this time the stress con-
“dition acrass the weld section musf be almost_ﬁniforﬁ fér”thé
-stress now increases vefy sloﬁly compared to the stréin incre-
ments. A. | v o | |
While the data are not complete the following facts
_ below the proportional limit of the weld metal seem to be -
B indicated: | .
(1) That the strain at the r@ot of the weld is about three.
" times that at the other end of the throat section and that’this
étrain is. éiso about twice the average stra1n3én the weld.
(2) That ‘the weld stress is proportional to the applied
"mément up to the thnson limit of the weld metal.
| (3) That scaling of the whitewash on the surface of the
weld occurs when the yleld strength of the weld metal 1s
_reached and at this poimt the stress ﬁistributﬁon over the
weld cross-section is practically un;form. , |
- (4) Thaf the ordinary design;fermulas will éive the aver-
age siress condition in the weld for stresses up to the yield

strength of the weld metal. B
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(e) Tt was poihted'eut that the specimene‘mede with
lightly-eeated‘electredee always fractures near ﬁhe throat
section while those welded with heavily-coated electrodes
had the plane ef‘feiiq:e’at'a~§ery flet,éngle to the main
Pl@teg,vTheee.eame types ef failure are common in the.end
fillet’weiﬂvqualifieéiion tests‘Wherewfhe w&ide ere"undeg_
teneien;v_Thefpheteelaetic analysis shows,‘and'it:is'eemewl
- what generally conceded-'that the stress elong the right |
..angle leg of the weld is almost pure tension, that that a-_
“eross the throat seetion or very near to it is alse in ten-
sion,-while‘that a;eng the-parallel~leg is at a maximpm in |
shear. This-shear plane 13'1.4l.timee as greaﬁ in area as
that of the throat section. Since the ultiﬁate ehearihg
stress is generally eighty per cent of the tensile ultlmate,
it is easily seen that failure should occur along the throat
plane.‘ For the lightly—coated eleetrede this shearing ulti-
| mate stress weuld be ab@ﬁt 42,000 1b per sq 1n. ‘Furthermere ,
should the ratio of the shearlng ultimate to the.eension ul- :
.timate decrease in the case of the- heav11y-coated electredes,
and should this ratio then be Iess than seventy per cent,
-rfailure would be due to shear and would be along the plane
of the main plate .or at a flat angle thereto.~

" The tensile tests give an average ultimate for Elec-
trode D of 61, 600 1b per sq in and including Electrode C the
grand average is 63,830 1b per :sq 1n. The shearing ultimate
‘'should therefore be about- 49,300 to 51,200 1b per.sq-in;-The
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qualiflcation specimens shewed an average ultimate on thel

l thraat section of the weld of 70 800 lb per sq in. although

the line of fracture was.at a flat angle to the main plate. .
Sinee the ratio of the shearing ultimate as determined'above‘
to the ultimate as given by the qualification specimsns is '
0. 69 to 0.71 1t is possible that this explanation accounts
for the failure of heavlly-caated electrode welds. ‘The ratio
of 0.7 between the ultimate strengths in shear and in tension
was reported by Professor H. Dustin®, Whether it accounts for
1t_or not, the'ﬁaci remains that kelds'wiih heavily-coated el-
ecircdes always exhibit this type of fracture as distinctive
from those exhibited by a lightly-coated electrode weld.

{f) Let us new consider the method used 1n calculating
stresses in the welds in Series B. If we consider formula (3)
and consider only the stress. set up -’ by bending, the stress ¢

will then be prcportional to %-and a factor §2»= Kl. ‘Ihe malue

- of K3 will them vary linearly with the ratio of & e This is

: plotted en Fig. 16.

. Considerlng the effect of shear the factor Ko becomes

v3663 + a2
d

80 plotted and. labled Vector Meﬁhcd. As stated prevlously

and the ralation between this factcr and 5 is al-i

this method is merely approximate. It will be noted that at

small values Of'E there is e considerable inerease in the'

~value of Kp over Kj and that for greater values the curve ap-

proaches the curve of pure bending asymﬁwtically.
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- If the yrincipal stress 1s determined by the general
”formula (4), Kg is represented by:

Gal )
Ky = 3 + Y% + d

| _ ————1r-——-.
d ané ‘the’ relatien betwsen K3 and a..may be plotted.» This de-

p.l

parts etill further from the eurve ef pure bending but again
appreaches 1t asymtotically. Above_35= 1.0 the euves as de-

" termined byrthe:Vector and Principal Stress Methods become -
almost coincident, | L | S

1If, 1nstead of considering the triangular distribu-
"tlon,_we plot curves on the basis of rectangular distributknz
of stress, there results Fig. 17. X4 for pure bending then

equal tewﬁ% while K5 = é& ‘Léé_ai_ﬁ_ using the Principal -

Stress Method. On this figure toa are plotted the.a raties

applicable to the specimens in this investigatlon and the
ratio of the strength which they develeped,in;shearvand bené-
ing'so that developed in pure behdingg; Gompariaen'is then
ﬁade with the ratio of the,caleulated'etreﬁgfhs, It will be
noted that the observed peints fall very close to the_eurve

determinedeby the Principal btress Method.

" The point for B 33D falls far to one side of thiscurve,""

whiehvis probably due to the fact that the leading blocks on .
A 33¢C tilted, decreasing the lever arm and h;encé in’efeaSing the
observed load at failﬁre.: Since the nominal lever arm was:-used

in eelculating the ultimate bending memeﬁt,,this would give an
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abnormally highAbending momént. This would adcount fbf the
low ratio of B 33D to A 33C which is the basls for the plot-
ting of tha points on Fig. 17. _ _

The point for B 63C 1is slightly high probably due te‘
poor metal along the toe of the welds, which evidently lacked
complete fusion with the ‘base metal.

The loading blocks used with B 3¢ tilted a measurable
amount thus shortening the leVer arm. Calculations were based
on the assumptian that one of the lever arms was shortened 7/8
| in, and the other 1/2 in. giving net lever arms of 0.43 and
- 0.81 in, respectivelya Since,failure occurred on the_welds
sub jected to the.O.Sl-ins lever arm, the e/d r;tio was calcu~
lated as .57, The ratio of the ultimate moments of B 13C to
A 13D is then 92.8 pe;'eent while the calculated ratlo is 86.0
per cent. The calculated moment is ver?;sensitive té varia¥
- tions in load distfib&tian. _ ,

In Specimens B 13 B 14 and B 33 the effect of the
_shearing stress should be negligible since the e/d ratio is
abeve two. The_ultimate bending moments should be almost
equal té those of thelr companion specimens in Series AQ'That
tiey do not thus agree is probably due to variatlens in the
" deposited welds. ‘It is generally considered that variations
of plus or minus ten per cent of the average in the results
of weld tésts are quite rgésonable.'~The ma jority 6f the re-
sults in this iﬁvestig&tion fall well within this range and

are generslly consistent.
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Here again the results tend to 1ndicate that full
rectamgular distribution of stress is reached in the welds
-at failure and that the ultimate strength may be.based on
_this method of caleulation. : . o _

L The curves sh@w thsu#ery small effect that & low av;
erage shearing stress has,upon_the_streggth of the'weld. Ths
‘bending strength wiil.hot be'dscieassdamore than ten per cent
.'sas‘long as the 1evérfarmiof fhé;léa& isfat'least'twice;the
‘length of the weld, Fsr'shortersiever.arms-in relation to
weld length it would be better~ts esnsidsr the effect‘or'Shssr.
There is also indicated the'smali‘différencé in the results |
'whether based on the Vector Method or Principal Stress Method~ ,
but tha Principal stress Method giVss more censervative and
probably more accurate values. ‘ |

(g) Turning again to Table K, the ratio of the aver-
age modulus of rupturs to the ultimate strength of the quali-
fication specimens is l 87 for both 3/8 and 1/a 1n. ‘lightly-
'csated electrode fillet welds. vThe»heavily-coated electrode~
WeldS'ShOW’& rstio of :only 1.61. Eroﬁ_these_figures the fae-
tor ofvsafety can be caieulated using'weld'stressés of 3,000,
©+4,000 and 3,750 ‘1b per lin in. for 348, ljz.sbare wireﬁ>and,
u13/8-in.‘hsavily~coated'sléctrede‘Welds:rsSPéctively. The fac- -

‘tors of safety, column 11, range from 6.5 to 10.3 including |
~all specimens. Discarding A 34-1, A 63-1 and A 64 with fac~
| tors between 6 and 7,because_they are dsfinitely low due to

poor fusion in the weld,'the 1o§est,factor-is 7.5.
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Gonsider Table III, cclumn 11. Here calculatians
based on the Principal Stress Methoa give factors of safety
Afrom 6.7 tp 9.1. Using ‘the Vector Method the.factors of
séfety would befslightly»lesé. ‘ ' |
“ (nh) It has been suggested that some variation in re- :.*
sults 1s reasonable and as far as possibla the causes cf these

'variations have been discusssd.‘:The strains in the weld meas-

" ured by the ténéoﬁateré showed particularly‘wel; any lack -of

jfusion'in the. weld long before failure.‘ Thése obser?atiohs’ |
 . were omitted 1n working up the average bending momentuweld
strain curves.

A p0531ble cause .of variation 1s found in the second-
ary stresses to which the weld was subjected, the considera-
tion of which has been- entirely omitted in the discussion. One
- of these secondary stresses is. that caused by ‘the longitudiﬁal
buckling of the compression side of the splice plate due to
the eccentric compression load to which 1t was subjected. This
. phenomenon wés'quité‘notieeable in cértéin sﬁeéihens, notably

A 64D, A.63~2,’:ﬁ 103 and A 104, ' The result was a prying o
action at the root of the weld and may account for the scalingv
of the weld at the compression end before scaling-eccurred at
:théftenéioﬁ énd; In addition there are the secondary stresses
‘due to the necessity for the’ stress to foolow a broken path and
the 1nfluence of ‘localized stresses due to the leading bloeks,f
especially in Sefies B, These probably have enly & small ef-
feet oh the total strength of . the weld. .
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2; Specimens c 62 and C 124 - The tetal angle of ro-

tatlen of the welds on these two specimene was 0. 0125 and
.0 0075 radians respectively. At this point the ealeulated
' maximum weld stress was appreximately equal to the ultimate
strength ‘shown by the tensile tests (54 5@0 lb per sq in), }
and small cracks were noted in the tension ends of the welds.
" The plates were displaced due to the geuging qetion |
of the loading blocks 5/16 and 8/16 in. respeepively‘at the .
final load. It is inconceivable theﬁ this great distertion
of the wing plates could eceur witheut detrimentally affect-“
ing the weld etrength.
w The ratio of the thickness of the wing plates to the
total threat section of the welds wes respectively 0.93 and
l.32. In both these tests yielding oeccurred in the plates
berere any distress was evidenced by the welds themselves.

3. Comments on Seriee C Specimens - (a) The consider-

able porosity manifested in the lightly-ecated electrode welds

is net unusual and is well‘presented.in METALLURGICAL Bﬁ%ﬂ'ON ”

FUSION WELD JOINTS by 4. J. Momes - Journal, American Welding

v Seciety, Vol.l4, No.4, April 1935. - As the number of passes :
»increasee the porosity is reduced, prebably because the sub-
~sequent pass remeves the perous top layer and replaces 1t with

“.denser metal. With the decrease in pcrosity, ‘the medulue of
elasticity increases, there is a slight improvement in duetil- 
Jixy-and a slightly higher Johnson 1limit. The most 1nterestigg

phenomena 13 the relation of the mcdulus of elesticity to .the
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specifle gravity ef_the_speciméﬁ.‘ This isfas'fbllaws:' The
ratio ef tﬁermoguli:ef.éléstieité df thé;deﬁesited weld metal
and}the eléétfode'varies'direetly as the»feurth power of the
ratio of their specifie gravities. No explanation is offered
for this relation. - | '  }- o 'r

The specimens of éaéh,greuf é;d éslé th1e give;ré-"
markably uniform results eqnsidering_hhe-inhomogenéif& of the
metal. The decrease in the physiéal'properties of the depesib-,
ed weld metal camyared to those of the original electrode '
amounted to 33 per cent in ultimate strength 66 per. cent in
‘vvelongation in 2 in. and 78 per cent in reduction in area. -

(b) With the welds from heavily-coated electrodes the re-
sults are different.' The speelfic gravity and m@dulus of el-
aétieitybremained constant;ﬁ§he ultimate strength only showed
a decrease of 25 per cent in-thé extreme case of Electrode D,
compared with the eriginal électﬁode?properties. w'Ii}le':(«:*f.r‘ci)de c
- only showihg a 1@@3 9£ 18.4 per cen€ bf?the'original elédnﬁde .
strength. The.pereentage-eléﬁgatieﬁ‘wéé double that of thg '
origiﬁal electrode whilé-ﬁheireduetien in area was about con-
stant at 'approximatély 58 per cent. ’

| - Both electredes showeﬁ weld-thraat stresses in the
qualifieati@n testa of high arder,‘?i G@O lb per sq in. El-
ectrode C approached this with an average or 67,200 1b per
faq in in- the tensile tests, bnt hleetrada D persxstemtly'Shaweﬁ
‘ultimates~which:avenaged 61,600 1b P?r sq in. This is the re-
‘verse of the performance ofvtherlightly-céated electrode welds
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and no explanation is offered. The tests_ﬁéfé sﬁfficiently

conclusive and of uniform results to prove the facts as -

- stated above.

V1. SUMMARY ARD CONCLUSIORS

Based upon the observed behavior ef the specimens

_‘uAand subject to the llmltations 1mposed,by them, the fellow-

" ing summary and concluslons are presented.

1. The hending tests showed that the present design
methods are very conservative and give a factor cf safety of
at least 7 when based on the ultimate strength ef the weld.

2, The ordinary design formalas will give the streSS'

condition in the weld for stresses up to the yield strength

~of the material,, Thg,prineipal stress method for computing

eombined stress'is'found tc'be more conservative and prob-

’ ~ably more exact.

3. The stress conditlen 1n the weld may be summar-
ized as follows: | e a
(é) The weid stress is proportioﬁal‘tc thS apﬁlied'zn
load up to the Johnson limit of the weld material.‘ 7
{b) The. strain at the root of the weld is about twice

 the average strain- and ab@ut three times that at the freeu,'

" boundary of the weld.

(¢) The stress is practically unifonmly distributed

- over. the weld cross-section at the loading which causes

.:scaling of the whitewash on the surface ef the weld.
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_ 4. Despite the low ductillty of welds made with the_
lightly-coated eleetrode, the ductility is sufficient to al-
'lew for the development»of the full-rectangular dlstribution
of stress along the length of the weld..
' f5. Using this reetangular distributien of stress,

E the full resisting moment based upon the ultimate strength

o of-the qualifieation tests isldegeloped even though the

E*¢'51'eferza1gﬂa}s}‘aearing stress 1s as great as eighty per cent of
thia ultimate strength. ’ o
v 6@ The full theoretical- increase in strength is ob-
served 1n the comparison of l/z—in. fillets and 3/8—in. £ill-
ets in both the lightly-coated and heavily-coated alectrodes.
7. The use of heavilﬁ—coa@ed electrodes gives some
increase in stréngth,.approximateiyjin:the ratio of their"
tensilé ﬁltimate strengths, rather than in the ratio}of the
qualification tests.;r | L
| - 84 Welds of 1ightly-coated electrodes are rather
porous despite their good external appearance and‘mainten-'
ance of the ﬁrésnribediﬁltimate gtrength, 'This porosity |
decreases the specifié gravity and the modulus of elasti-
city in a rather unusual ratio. .
9. Multilayer welds with lightly-coated electrodes
tended to become more compact, with resultant increase in

specific gravity, modulus of elasticity anduductility.>,7



10{ Heavily-coated eiectrbdss gave physical prepera'f.
‘ tiés equailta or éxceeéing in all the items tested the usual
grades of structural ‘steel. | _ R
11, The tests 1ndlcated the necessity of determin~.
‘ing the shearing medulus and shearing strengths of weld
metal from both the lightly-coated and heavily-coated elec-

trodes.A;‘i

- QO = O = O =
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TABLE I - TEST REBULTS - SERIES'A~ ',

Bending Moment Per Weld At : R Intersection of . :} _
L Scaling [Yield Polint “{ Calculated and| Ratio racter"
Spﬁcimen Qggth of e by i Uit tnat uog?lus Ultimate m“]-atad to Observed stm Sealin Of A
Number | wejg |w¥hite- |Observation 8L Rupture| Stress g:sured_ | Bending T1tine Safety
i wash of Curves o oIt rass ~sﬁ?°’° Moment
SO0 ane | in-1b in-1b in-1b {1b/linin | 14/1in ‘in o lavkqin| in-lb |
(1) (2) (3) (4) | . {5) (6) (7) (87 . A a) (10) (11) |+¢a2)
A 13 1:52 | 8,424 4,428% | 9,435 | 24,900 | 16,600 | ~1.62 |38,000| 6,870| ‘89.5 | B.3
A 14 1,51 | 10,800 5,850% | 12,250 | 82,400 | 21,600 1,65 36,850 | 9,000f B88:2 8.1
1 p83-2 | 3u08 | 27,160| 22,800% | 35,400 | 23,200 | 15,500 - Sl L - vq.g S297.%
A'33-3 | 8.02 | 33,360 { 29,800*% | 38,500 {25,400 { 16,900 { - == = | == — 86.0 8.5
A 34-1 | 3,00 | 86,400 | 22,000% | 88,820 {25,800 | 17,800 | - 1.78 |85,900| 32,000| 93.5 | 6.5
A 84-2f| 2.94 | 44,000 | 25,600% | 54,800 {38,000 | 25,400 | 1.61 |37,400| 40,600 80.4 9,5
A 63-1,{ 6,00 | 92,100 | 69,000% | 117,500 |19,700 | 13,200 1.64 35,800 97,500| 78.4 8.6
A 63-2#| 5,91 |126,900| 81,500T |181,150 {31,000 | 20,700 1.63 |86,900| 1217850 70.0 | 10.3
A B4 | €.00 |117,250 | 68,5007 | 158,150 | 26,400 | 17,600 1.65 55,700 | 121,000 73.7 | 6.6
4103 {10.00 {325,000] 287,000 | 463,000 | 27,700 | 18,500 e SRs S o 708 | 9.2
4 104 |10.00 | 390,600 | B46,500A | 586,355 {35,200 | 23,500 - | - - 66.7 | 8.8
-1 a18p | 1.50 | 5,3701 ' 83,6807 | 10,530 | 28,060 | 18,800 | 1.8 |39,000{ 5,080| 51.0 7.5
483¢ | 3.00 | 27,520 | - 26,8007 | 50,780 | 33,700 | 22,800 1.69. | 40,8001 84,200 5¢.1 | 9.0
A83C | 5.82 | =--- | 98,0007 |188,350 {29,700 | 19,800 1,62 | 42,000 | 133,250| 79.4 | 7.9 {
A 64D | 6.00 |156,150 | 94,0007 | 261,400 | 43,500 | 29,000 1.81 | 41,000 | 149,750  59.5 [ 8.7

# Electiode B used. Qther ' specimens of Eleotrode A axoapt &a noted.
< From weld strain data by tensometers
* By strain gage over 10-in. gage length speoimen 1noluding telda

- & By center deflection readlngs _




TABLE II

TEST RESULTS - SPECIMENS C 62 AND C 124
WELDS  OF ELECTRODE A

C 124

(1) Specimen-ﬁo. C 62
(g) | Averags Gap 0.089 0.045
(FiEte e el 0.886 | 0,330
> Scaling of ; 2
0
=)
General Yielding
‘ Ei (8) of Wing Plates D e e
° {6)|Cracks in Weld 140,000 250, 000
S” Ga ' b
p Closure. Com- R
': {7) plete at One End 152,000 271,000
E 3
g (8) | Final Toad . 180,000 271,000
L=}
, ‘gé’ﬁ (9)|Shearing 23,100 12,900
ola" o
0 ~ 0
a A g . | (10)|Bearing 48, 000 42,800
M| O
-5 TH=N
e en
<
IE
- 12,100 1%L,650
o 0 o : ,
A|=ga |(1) jCracks 51,000*% | 50,000%
olgay
Ol 15,600 12,650
: i ’ Il

*Stresses in pounds per square inch over
net throat section




TABLE III - TEST RESULTS OF SERIES - ELECTRODE B WELDS EXCEPT AS NOTED

Length |{Lever Arm| Bending Moment Per Weld At Average Ratio Rati rac£ r
Specimen| of |To Center Sealing (Yield Point : Shear At|JMR with Ratio Scalio Desi fp ‘
Number Weld Of Weld & by {Ultimate| Shear e/d S il Lo Q ,

- ewas i
in. in. in-lb | Of Curves | in.ip pb/lin in A
B T R BN (4) (6) (7). [(8Y [(9) (10 [(11) | (32)
B 13 1.48 3.56 8,010 | 4,850% 9,030¢ 1,710 |86.0 2,410} 88.9 | 308]| 8.3
B 14 1.48 3.50 ©.10,720 == 12,720 - 2,460 198.7 (2.360 84.3 416 | B.7
B 338 2.90 6.60 31,680 20,2007 38,4001 2,010 |93.8 (2.280 | 82.5 640 9.1
B 34 2.89 1.50 28,9590 29,0605  144,900 { 10,370 |82.0 (0,519 63.7 3,380 | 8.9
B 63 5.92 1.56 95,550 90,8504 | 118,000 | 12,600 | 65.1 ]0.264 ~81.0 8,530 8.8
‘B 103 | 9.96 | 3.81 | 324,000 | 269,0004 | 879,000{ 9,980 {73.9 [0.385| 85.0 [11,140] 8.9
B 13¢ | 1.42 | 1.31 9,500 7,2008 | 16,900] 9,120 |84.0%{0.922| 56.5 940 | 7.8*
B 33D | 2.88 1.88 27,000 19,3004 32,400 f 5,980 |64.5 [0.650| 83.1 2,600] 6,7
B 63C 5.92 1.81 123,000 105, 0004 151,000 14,150 |89.6 [0.309( 81.5 9,690| 8.6

* See discussion
7 Prom weld strain data by tensometers

& By center deflection readings




TABLE IV - PHYSICAL PROPERTIES OF WELD METAL - ELECTRODE A
- : Equivalent :
Specimen | Johnson | Yield |Ultimate | ¥longatton | Reduetion| Modulus of |gneeirie
Number Limit | Strength | Strength | 41, 2 4n. In Area | Blastiolty | Gravity
" ‘1b/sqg in | 1b/8q in | 1b/eq in per cent per .cent 1b/8sq in
(1) (2) - (3) (4) 4 R s L i s (8)
B N | 64,000 | 76,800 81,150 17,3 83,0 ~ 29,500,000 7.74
o9 .z 64,000 | 77,500 .| 80,340 18.0 0.8 29,500,000 7.72
ol 3 63,800 | 75,600 | 79,350 - 62.8 29,000,000 7.77
e 4 64,000 | 79,400 | 81,150 17.8 61,0 29,400,000 .
@ o> Aversge | 64,000 | 77,800 ‘| 80,500 | - 16.9 61.8 29,350,000 | 7.74
e f 3 : E ,
pot JEREES 25,500 | 36,500 49,500 4,60 13.8 | 24,400,000 7.49
T N S 25,500 | 87,000 | 51,560 6.7 15.8 24,500,000 7.50
598 8 26,200 | 41,8600 59,300 8.7 10.3 24,900,000 7.41
=& Average | 25,700 | 88,400 | 53,450 BT 13,1 24,600,000 | 7.47
;:4"8*« 4 30,500 | 43,600 | 52,000 7.8 17,4 25,200,000 | 7.32
e i 30,500 | 43,600 59,300 5.8 15.7 24,600,000 7.38
o §: [ 27,800 | 42,500 57,100 - 1.3 10.9 24,500,000 7.37
~ AR :
oA  Average 29,600 | 43,200 | 56,100 4.6 14.7 24,800,000 7.36
e, 1 26,000 | 38,200 | 55,370 5.2 8.3 29,200,000 7.55
bty St 27,500 | 39,200 [. 55,600 p— S 26,200,000 | 7.47
583 26,500 | 39,200 57,800 6.8 11.2 25,400,000 7.53
~as 4 26,000 | 37,200 50,500 4.2 15.7 24,700,000 7.52
W& Average | 26,500 | 88,400 | 54,800 5.4 11.7 | 26,400,000 | 7.52
o<
o § L ¢ 30,800 | 43,000 54,290 5.7 18.2 27,500,000 7.59
o9 2 29,500 | 38,600 51,760 7.7 14.9 26,500, 000 7.59
o
‘ng Average | 30,200 | 40,800 53,000 LB 14.0 27,000,000 7.59
= ' . '
* Weld deposited using electrode 5/32" diameter and suitable current
and voltage




TABLE V -~ PHYSTICAL PROPERTIES OF WELD METAL - ELECTRODE G

Equivalent

Reduction

"> Johnson Yield Ultimate Modulus of
°§:§é§§n Limit Strength | Strength E%gngizion - -In Area Elasticlity Sgecigic
Ib/sq in | 29/ sq in | 1b/sq in ¢ per cent | lb/sq in ingghiates
per cent
(1) (2) (3) (4) (5) {6) (7) (8)
X 1 60,000 | 73,200 | 79,890 16.0 55.6 29,200,000 | 7.75
§‘° ‘2 62,000 | 75,100 | 83,440 16.0 55.9 29,400,000 | 7.80%
3
8% 3 83,000 | 77,200 | 83,500 14.6 58.4 29,200,000 | 7.71%
Mo Average | 861,700 | 75,200 | 82,300 15.5 56.6 29,300,000 | 7.75
“ o ;
ol S 1 36,500 | 44,300 | 70,300 22.8 85.7 29,200,000 | 7.73
,‘ogg 2 32,400 | 44,300 { 69,400 22,0 44.4 29,500,000 | 7.75
~ 2N
S8 Average | 34,500 | 44,300 | 69,900 22.4 55.1 29,850,000 | 7.74
=3 .
Ch 1 82,100 | 40,400 | 64,500 - 26.8 65.0 29,200,000 | 7.79
@ 2 | 88,800 | 39,500 | @4,300 35.5 66.8 28,700,000 | 7.78
S8 Aversge | 88,000 | 40,000 |. 64,400 30.9 65.9 29,000,000 | 7.78

* Taken from same electrodes as the tension specimens

Specimen No.l taken from electrode picked at random




TABLE VI - PHYSICAL PROPERTIES OF WELD METAL - ELECTRODE D

. Equivalent
Specimen | Jobnson | Yield Ultimate Reduction | Modulus of
pecimen | “yinit | Syrength | Strength | joretia " | In Area | Elastioity | BEavity
Ib/sq in | 1b/sq in | 1b/sq in per cent | Per cent -1b/sq 1in
(1) (2) (3) (4) (5) (6) (7) (8)
0 o :

S 1 60,000 | 73,500 | 82,500 17.3 57.5 28,800,000 7.81
& 2 55,000 | 74,000 | 82,000 18,6 59.8 28,700,000 7.78
o 4 3 58,500 | 75,000 | 82,640 17.3 57.9 29,700,000 7.86
235 Average 57,800 | 74,200 | 82,380 17.7 58.4 29,100,000 7.82
3% 1 26,300 | 35,700 | 58,900 26.8 52.0 30,000,000 7.81
o - 2 41,500 | 50,600 | 64,100 24.7 56.4 29, 500, 000 7.75
zas 3 28,800 | 37,800 | 62,100 23.5 32.1# | 29,800,000 7.75

— : ’
S 87| average | 32,200 | 41,400 | 61,700 25.0 54,2 29,800,000 | 7.77
& 1 36,100 | 43,900 | 61,800 33.0 56 .8 28,800,009 7.77
oo 2 34,400 | 41,000 | 80,800 28.3 64.8 28,900,000 7.78
gt 3™ 29,000 | 38,500 | 59,200 15.2 43.8 28,700,000 7.75
2 §*g 40 28,700 | 89,600 | 61,300 21.6 35.2 28,900,000 7.79
dex 5 41,000 | - 42,500 | 63,470 32.8 53,9 28,500, 000 7.78
6] |8 34,500 42,500 | 62,520 32.0 57.1 28,500, 000 7.75
Average 36,500 | 42,500 | 62,150 81.5 58.2 28,700, 000 7.77

# 8light blowholes reduced ductility, omitted in average
* large blowholes on axis, omitted in average .
» Blowholes throughout fractured section, omitted ln average
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TEST PROGRAM

- SERIES /‘7 g8

} P/a/dg{’/'/

Fillet Welds

[ Plafe A 1]

[Plafe A |

Dlate B
PLAN

2P 4"
min.

2 ver
Arm

————
e —— — |

00)‘ea’

1 1% 'exce,o/ as T
25" Specimens _
A/03 & /104

LELLEVATION Vﬁ T/ON
Showing Load/ng of Series A Specimens

27 2P

! min. fo edge of
Loadjng Block

A

E

E

J

ELEVAT/ION

Showing Loading of Series B Specimens

NOTE - Bearing surfaces fo be machined plane % paraflel. :
We/lding fo be on machned edge.s

SPECIMEN SC/‘/EDULE x 55@/55 A

Spec| Weld Data |Depth Two (2) of . each Leve.
No. | Size |Type | & P/a/es A | Plates B_\Arm
Al3| 3" |Bare| 15°| 14x15 x 10" | Fxtx4"| 3"
NA33[ 38 | » | 3 |14x3 x11"|%x3x45"| 47
A63| 3B | 6 |l5x6 x/3"| Ygx6x55"| &5
Ar03| 2 | » | 10 |1 x10x78 | Taxiox7” | 10°
Aldl Y | » (15 |15 xt5x10°| | x1hx4l'| 3°
A3l 2 | » |13 1% x3 xl1"|1x3 x45°| 4°
Ae4| /> " e .2 X613 /Zxéxﬁ%” 5"
qArog) %2 | | 10| 2 xtox/8"|14x/0x 7" | 11"
A130| 28 l@atd| 1% |14 x 1% x 10" Yax 1% x45"| 3"
A33C| Za ” 3 |(/x3 x/"|Zax3 x4k 4°
A63cl Y8 | » | 6 |[1%x6 x/13"|%x6 x55| 5
Weqp| 72 | » | 6 | 2 x6 x/3"|/4x6 x55°| 5°
SPECIMEN SCHEDULE ~SERIES B
Spec.| Weld Data |Deptt Two (2) each of s
No. | Size |Type | d Plates A~ | Plates B par|
B13| 28" |Bare| 1%"|14x 1/ x 10” | xi%x45"| 12"
B33| 78 v | 3 [14x 3 xU" |Yx3 x4k"| 18"
B63|7% | + | 6 | 2xe6x/3"|l4x6x55] 97|
Bl103| Y8 | » | /0 | 2x/0x/8"|1%x/0xT7 | /5"
Bl4| % | » | 15 [1%x15x10"|1 x15x4%"] 12"
B34 % | »~ | 3 /ux3x1"|1 x3x4%"] 8"
B13c| Y6 |coatd 15 |15 x1% x 10" 1 x 1 % x 25" | 75’
B33 ‘% ” 3 |1 /4x3 xNn” %x3 x45”" 81/2' :
Be3c| % | ~ | 6 | 2 x6-x/13"|14x6x55"|95"




4P

2F W- %' lightly-coated -
electrode- Suifable current & volfage.

FlG. 3 - SPECIMENS C62 & Cl24

APPEARANCE OF SCALING OF

50/'4)"}-
4 - bz to 43"
Bar B, g e affer welding
A—dil.=8 |
TEHEE e
5 ‘B -
Loading | o—F—T—F—~ This d/k»eos)bn fo | C 7-\/0 TP P
Blocks— § e | e’ Je not less fhan i . : -
' half of 8.
2P 2P
ELEVATION
TABLE OF SPECIMENS
Specimen L6197 Ff |Lever | Begring Bar A Bar B
p/Vo. % eé,,f ‘/ Arm =€ \B-jn | Main Plafe. Wing Plafes
c62 | 6.25 2 3 |/IP-6xp'x8%" |2 Ps-35%x%x64"
C/24 | 12 4 3% |/P-8x1%x/4" |2 Ps-6'xTg'x/2"
160%
é i
n
§
]!
4
\ :
‘ 4!/ 4”
80X

WHITEWASH - C /24 - LOAD /60 Kijps
- Scale /150




. filtel Size. | ¥
3" plos| % R ~ 3\ PLATE SCHEDULE
(Fillet Size e ael e Weld |No.of | Size of
oS 4 e8] & Size \Pl Regl Plafes
, , :‘Q\ :‘\‘ 2 “e'l 6 |%x3x9"
iR ‘ N SN Ny %*| 6 | F%x3x9”
‘ : il 2 1 RI% T

WELD DEPOS/TION PLATES ‘ |
heavily-coated fo be " ara

NOTE:- Welding eléctrodes, both bare” and
Discard approx. ! from each end of fillet Weldipg fo start af
one end and finish of opposite epd. Crafers fo be filled.

=
- ~N
e - 75 '
LN
S N s
_w 2

Twe - Pass

Bare fLlectrode- Single Fass
Heavily-Coated ~ Three Fo5s Six- Poss
- Diomefer of % p % p

LOCATION OF TEST BARS IN FILLET WELDS (Full Size)
FIG. 4 ~ TEST SPECINENS ~SERIES C |

"
\_ Gage Length-1 Tl o
T Jn |
2 B T TR
Rzd . Reduvced Section
1% " min. '
Overall Lenglth
- TENSILE TEST SPECIMEN
DIMENS/IONS
Nominal |Dra at Dia. at Fillt| Gage |Reduced\Dia. at |Threaded|\Threads Overall
Size | Cenfer-d d’ Length-L | Section | £nd~e. llengh-7 | per ich|Llenglh
| %" |0/88%0001 d+ooor | ' | 1% | W | %" | 20 | 2%
%" |03/320002] droooz | 14" | 1% | BT | W | /6 | 3%
72" |0500t0005 dr0004 | 27 °h 1N 7 /0 55"




22 " Fillet Welds -3 Passes
with 52" heavily-coafed
clecfrode — 3" Long

b

%
3

— - — ——
e — — — — ]

|
9’ 21 9"

Note - First Foss with
plotes horizontal. for
subseguent passes, plafes

! Lr ) =
|t R
R | ' downward.
3x/3x9 PZ J 7L o
: :\3:
% I T 5 Zsi/lio'p

3xFx45" #s

F1G. 5 - /TOD/FIED QUALIFICATION SPECHITEN FOE

—

HEAVILY-COATED ELLECTRODE WELDS.
2 Regd for each lype of electrode.

|
|




Fig. 6 - Specimen A 34 Set-Up in Pure

Bending in 300,000-1b. Machine




Fig. 7 - Set Of Series A Specimens
Lightly-Coated Electrode - 1/2" Fillet Welds
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Fig. 8 - Showing Ductility Of Heavily-Coated Electrode Welds
- Tool Lines Originally Straight - Specimen A 13D
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L 99
PN ‘§J §
§§ . i ! & ASSUMED STRESS
W § ‘oo 7 T DISTRIBUTION ON
S84 \mf vl e ORT SECTION
3R 0.80 Ave. _I .OF WeLD
,eag! 7 . 050 | L00 - Face
Weld - of e

1 3 | T
Ultimafe = 9435 in-tb. * ‘

: | /ﬂferscc/mfl of C‘a/ca/ai‘eo’ and
5 : Observed Straips
MMoment = 6,8 70 n-1b.

Stress-36000*
7
' 7
. /o// s
R 3 7 |
YIELD POINT
Moment = 4425 in:1b.
| Stress = 27,000 %in*®
4.5 2
. SPECIMEN AI3

Scoling of Whitewash = 8420 /ﬂ-/b
Vield Strength of Weld = 38400%*

: Calkuvlated
S Kaf/o Observed Strain = 162 -

W |

E&oyé Poipts| |
|

Tensometer Locations |
on £nd of Wejds. X

BENDING MOMENT PER WELD ~ INCH-KIPS

500~ 1600 /500 2000 2500 3000
- AVERAGE STRAIN IN WELD ~ millionths inch per inch

FIG. 9 - TVPICAL CURVE - BENDING MOMENT ~WELD STRAIN.

R S



Fig. 10 - Specimen C 124 at Total
Load of 240,000 1b.




/100

All £ /ec/radas7

®
0 A

& | |
$ ik |
9 Weld Metal from Electrode C.
Y . e | \
Weld Mefal from T e
';% 60 Llectrode A // i \Q"\
i o - Bl P i / )
‘8 // / | | B
e / | PHYSICAL PROPERTIES
E Deposifed Meta/
o Llectroge \Flectrode A | Flectrode C
Averages hgg/z//y-coaﬁd avijy-coated,
. Johnsen Limif | 61,200 27,700 | 33,700
20 Vield Strength| 75,600 40,200 | 42 /00
U/timate 8/,800 54,500 | 67,000
Elongation in 2| /6.7 T 587 | 2650
Reduetion indred = 59.0 Jo /3.37% 60.5%
0 : | ] ] b I
- 0.04 008 0/2 0/é6 0.20 024 028 032 0.36

ELONGATION in inches per nch.

£1G. /] - TYPICAL STRESS ~-STRAIN DIAGRAMS FOR LLECTRODES AND
DEPOSITED WELD METAL




Fig. 12 - 3/16" Diameter Tensile Specimens
Lightly-Coated Electrode Welds

Fig. 13 - Cross-Sections x 2-1/2 - 5/16" Diameter
Tensile Specimens - Heavily-Coated Electrodes




600,

500

T : A
LEGEND
(o) 3/8” ﬁ//C/ We/dz) Bafe »

x %" Fillet Weld)Elecfrode

e e —— Triangular Distribution

— - — Rectangular Distribution
Calculated for ‘% " weld
7= 13,800 %y
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BENDING MOMENT - Kip-inches
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SECTION MODULYUS OF WELD~ irs.

3

20

F1G. 14 - BENODING MOMENT - SECTION /7000LUS
CURVES - SERIES A




300

250

200

/150

/00

BENDING IMOMENT ~ Kip-inches

B/3C a-

9120}0

— X

|

LEGEND

o 3/5 "Fillet Weld | Bare"

— ——— Rectangulor Disiribution
—— /.33 /imes rect. d/S/r‘/éU//oa

%" Fillet Weld) Electrode S BN

Calevlated for
ap=15350 Y.

f' Tgures beside poinls give
Ave. Shear per inch.

i

%" Weld i
5/0.3,6 /6.5) |
/ 5660/‘ /10,000 Y |
/o//.s on Hus line.

7
/s

Be3C P

14150 %, 7
- L

7
&

2600 % S

2460,
i

/

zg 4710 7in

/0370 7/
Y, r

’20/0 5
A K5B30- 6000%

i

2

4

65 o - /O 4

SECTION MODULYS OF WELD - ips”

FIG. 18 - BENDING MOMENT - SECT/ION MODULYS

CURVES ~ SERIES B.
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o Coleulate Weld Stress &%, i
Bending withovt Shear - J.dﬁ A, ‘
Bending with Sheor

/1 Approximate (Vecsor) /Veéfod o= - 2K f

0.4

\i\
AN

Pr/r;C/pa/

Vec/or/( Stress 2 Principle Stress Metod ~ o= 5’8 Ky
Methaod g Method
0z ./ / '
0 5
J ;. 5 6 ' 8 9
6e , JJee*rd* Je [Se?, q?
VALUES OF /(/ £ /(2 ey and /Y'j.: r + = .~ A

F1G. 16 - STRESS VARIATION WITH d-g RATIO BY COMTON THEORY
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VALUES OF

7o Calcvlate WELD STRESS ‘o
Bending withovt Shear o - Ze Ky

Bending with Shear o~ 0—’,0 As
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> R 1 o Observed Volves
!
| :
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VALUES OF Ky=“8 ond Ks= 28 4¥e td”

FIG. 17 - STRESS VARIATION WITH £ RATIO ASSUMING

FULL RECTANGULAR DISTRIBUTION OF STRESS.
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