Lehigh University
Lehigh Preserve

Fritz Laboratory Reports Civil and Environmental Engineering

1935

The behavior of fillet welds when subjected to
bending stresses, M. S. Thesis, Lehigh University,

1935

N. G. Schreiner

Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-
reports

Recommended Citation

Schreiner, N. G., "The behavior of fillet welds when subjected to bending stresses, M. S. Thesis, Lehigh University, 1935" (1935). Fritz
Laboratory Reports. Paper 1173.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/1173

This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact

preserve@lehigh.edu.


http://preserve.lehigh.edu?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1173&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1173&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1173&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1173&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1173&utm_medium=PDF&utm_campaign=PDFCoverPages
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/1173?utm_source=preserve.lehigh.edu%2Fengr-civil-environmental-fritz-lab-reports%2F1173&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:preserve@lehigh.edu

¢ ,

FRITZ EIGHITIRTES LA30RATORY
LEHIGH UN'iVERSlTY i

- . _BETHLEHEM, PENNSYLVANIA




5

THE BEHAVIOR OF FILLET WELDS
WITEN SUBJECTHD TO BENDING STRESSES
| by o
Norman Qeaége Schreiner
Lehigh University
18358



This Thesis 15 resyeetfully submltted to

-ﬁhe &raduate Baard af Lehigh Qnivarsity in partial

‘fnlfillment of thﬁ requir@ments for tne degree of

ﬁaster af u@i&ﬁeﬂa

This Thesis is appreved and aeeeptad
in partial fulfillment of the requiremﬁnts for

- the degree orf gaster of bexenee.

. _ :  Head of the Qépartment
Date __ . of Civil Engineering -




TABLE _OF CONTENTS

SENGPSIS mmmimemermbmimm e mmrmmmmnerim e 1
. THTRODUCTION ==immmmmssmomsmmmememeioeeeee

2, AcKnOWledgment ---m=--em=mm=masmmmemmae 3
»‘II. cagasx'waﬁeaﬁwiesL CONSIDERATIONS =---memmmme= 4

III. TEST PROGRANM
1 . O.h Ject - - g . W --C—‘-Qﬂ‘tl.-—v‘ﬂ-"--ﬂ.lﬁﬁ;
- 8. apeeimens »-—q--a-ﬁ--—~-~4-o--—~y~--~f-b- 8

3. Test Hethods ==mewmmivemmmmmmommeeemee—ee 10 -

_ IV. TEST DATA |
| 1. Series & ¥4~-e--~--~-~f~~---- ----- ———— - 12_
2. Series Bf4--~---f--;-;~-¥~-Q------—-~—--- 19
84 Borled C ~--e-ommcommsmcmsocmceaccomeeon 2]

B

¥ DISCUSBION OF RESULTS |
Y. series & and B ==ceemns semees segmamsteees AT

2. ‘Specimens ce2 end C124 -- e 38

3. camments on sariea c Spa@imens ---“----_-,»sng-
.vz.-sﬂﬂﬁﬁﬁfjgxn-caﬁcLﬁszaﬁs;------;;,---,-----_-__-f 4

VII. LIST OF REFERENCES s=~e--=eeswescmcsmce—seeoemes 44

. PABLES =mmmmmeecesememmcmescesemsmeeeeee=e= 1 t6 7

- FIGURES ==-e---temmemesesmscocussneneaces 1 0 25



j: Fi${

 rig . _‘
-A_Eié{
Fig.
- Figs.

Fig:  &

Figs
FPigs

vFig;,
?ﬁg;
 Pla.

Fig.
- Fig.

¥ig.

Pig.
‘ $igi'

Fig.
- Fig.

10

11

18
19

20

N e

;o ®

LIST OF FIGUHES AND _TABLES

“}“Beﬁavier ef‘ﬁblds 1n Benéing _;'
‘ Test Program - aeries ﬁ and B N
7LSpeelmana:c.ﬁ2 and ¢ 124

_?est &pscimens - Series C

‘Hodified Qualification bpaeimen For

Haavily-ﬁeated Electrode Welds

“'Specimen.A 34 Set-Up 1in Pure Bending
' speeiman B 103 Set-Up In Transverse Bending

Set of Series A Specimens, Lightly-Coated
- Electrode S/B—in. Fillet Welds

"Set of Series A Specimens, Lightly~€oated

- Eleetrode l/” in. Pillel Welds

Set of Series A ﬁpecimens,~Eeavily-ceated
Blectrede ﬁalﬂa '

73haw1ng ﬂuetility af heavily~00atedvElﬁctrchA

¥elds, &pecimen A 13D
'$peeimen A 33C |

'~ Specimen A 64D IR _
- Typleal Curve, Bending Homent-Weld Strein

Specimen C 124 4t Total Load Of 240,000°1b. ~ .

ﬁoﬁposite-streésastrainAﬁurva}Offweld>ﬁetél

Typleal Stress-Strain Disgrams For Zlectrodes
S And Deposlited Weld Metal

3/16-1n. Diemeter Temsile ‘Specimens,
' Lightly-coated Electrode Valéa

g/lﬁ-in. Blamet@r Tensile, Speeimens,v
Lightiy‘éeated‘ﬁlectroﬁe ¥elds

Cross~Sections oft?ensile Specimens,
-Lightly-Couted Rlectrode ¥elds



Fig.

List of Teblesa and Figures

Fig.‘zl.- Cross-Sec¢tlons of TensileﬁSFQciména,

'Fig;,al

Pig. 2

Teble
Tabie
Taéle
Table

Table

Tabie

%able VII - Chemical Analye.is of Lleetmdas and

0
O
]

Heavily-ﬂoated Eleetrode~walﬁs

o
!

ﬁenﬁing M@mentr*gﬁctimm Hoﬁulub Eurves»i
_ Serles A

Eending Homent-Sectien‘Boéulus Curves-
, aeries B

4 - sxreSé ?ariatiéﬁ %£th5§-Rati§ by Common ?heary 

Stress Variation with %-ﬁatie Assuming ¥ull
Rectangular Distribution of Stress 

TABLES
I~ Test Results, Series 3
IT --Teat R&sults. Spacimens C 62 and ¢ 124 .
III Test Results, geries B
v - Physical Properties of ge&& Metal, 1eetrode A

v~ Physical Properties of Weld Metal, Electrode c~,»

VI - Phnysieal Properties of ¥Weld Metal, BElectrode D

ﬁeyasited Ketal



THE BEMAVIOR OF FILLET WELDS

~ WHEN. SUBJECTED 70 BERDING STRESSES
= © =00 == 0 = 0= 0 <= 00 = O ==

SYNOPSIS
_In yractically all pasitioas in whieh fillet welds

ars 31aeed they are subject@é to combined bending ané shear-'

" ing stresses. In an effort te understand their actien under
‘:Athese ceﬁditicns, the 1nvestigation descri@aé in the followa'

4 ing repart was carried aut in the Fritz Enginearing Labora~

tory of Lehigh Hniversity, during the school year of 1834~ -

: 1935. The filleb welds investig&tea ‘covered lengths from
l”l/m te 19 in. of 3/8 and 1/8~in. fillet siza. Two types
- of lightly»caated and twa types of heavily-eoateﬁ electreﬁes

were included in the twenty-seven sgecimens testeé. The

: loads were applled in ‘sueh a.maane:‘that‘1n.approximately )

half the speo1mens %he wslda were'ﬁnder pure bending moment;

© while the. ether specim@ns, the dﬁplicates of the firat group,

¥ere lcaded 80 that the welds ware subjaeted to beaéing moment
and vertical shear._}In adaition,testa on spgeimens cut en~
tirely from the fillet welds were made, from whiech the physi-

cal properiies and specific gravity of this deposited metal :

was determineds The ultimnte beﬁdlag memants observea are

~ plotted against seetlon wodulus and are compareé with the

. aalculateﬁ resisting mom@nts_af‘the welds. It is shown that



~ the ratio of the modulus of rupture of the welds to their
ultimate stieﬂgth; as determinéénéy'the standard'end-rillét'
* qualifieation specimen, averages 1.87 for lightly-coated

alecﬁredes ahd 1. 6l‘for heavily-éaated eleéﬁraaes. The fé~'

| sulta of tha seeand saries, in which the welﬁs were. subject-~g

eﬁ to average vertical shears up to eighty per cent ef their

"ultimata shearing strangth show very 1ittle deerease in

bending resistence in eemparisoa with similar syacimens 1n '

';shieh no vertical shear was gresent.

The ehief eanclusiana that are-draﬁn.én‘the basis of

'thase rasults are.:

1. That the facter of safety, the ratio ef the ob-

Jsarvsd altimnta strength o the designed strength, of velﬁa‘

(-

) subgectad to comhineﬂ bending end shsariag stresses in these

: taats is at lenst seven.

2. That the vertical shaaring stresses in the weld

‘are @r small 1&portamea 1n comparison to the bending straaa»

‘@8. As long as the welﬂ is adequate to resist the beadiug,

it is adequate for vertieal shears of the~m&gnitude allcwed
by presamt spacifieatiﬁnﬁ. and yiil still give a factor of
safety of seven. | | ‘ | |

3. @hat tﬁe uge af naavily~ceated electrodes in-

" crensss the henéing'resistanee of the weld in apyreximately

A:"the same_yropartien as the teasile resistanae is 1n¢raased.

’ 4. For the 3/8 and 1/2-in. fillet welds tested, the

_%ending resistanee increasea dmrectly as the incraasa in

fillet sia&.



I. INTRODUCTION L | .
1Q Fuggeses Iﬁlis #erﬁ‘ééldag,vone ﬁight alésst éay“"
: 1mpossihle, that f£illet welés are subject@ﬁ to loaé aon&1~ |
tlons whereiﬂ the internal forces are. @urely bending atr@ss-
es ervshesring stressss. Hnéer usual load eoaditiens tha
. internal forcas are a eombin&tion ‘of both nhe bendiﬁg and -
snearing Stresses. | |

| . This 1nvestigaticn arose rram the &iffiaultiés in de-
'térmiging the stiresses in tna weldaraged in—the se&t angle -
invesﬁigatienfor 1934;*, in aceérdance with the observed data
and the knowledge of ﬁalﬁ‘behaviér'than‘avail&ble.'%his thesis
.vill éiscués the t@sting'éné th@@re&%ﬁﬁl éansidatati@ns entgrb
ing’int@ the behavior of fiilét w@lds'iﬁ hendingiand shéar{x£
discussion of its ap?lieatiéﬁ'tc the»weiés conneeting the seat
- angles ta the eelgma will be presenteé under a separate title.

2. Aeknowledgment The specimens were fabricsted and.

E the tests were made in the Fritz Engineering Labozatary at .
‘:L&high Uhiversity. Aeknowledgéent is maée to variauS'mem- 
 bers gf thé %tructurai sﬁeel‘ﬂeléing-ﬁammittga of the Americar
¥elding Society for their continued interésﬁ; to thé Batﬁlehem
Steel Company for tha furnisning of ﬁhe material, and to Inge
'Lyae, ﬁesearch Aeseciate Professor of Ehgineering E&teri&ls
for his eontinuad caegeratian and valuable ‘advice during the

‘yrogress of the inveatigation.

* These numbers apply to referenees given at the end of this
‘ thesis. : _ .



11, CGM&QE Tﬂﬁeﬁﬁ”ibAL bQHSIDER&TI&ﬁS'-'

Fillet welds an&er the influence of loadings preduc-
1ﬁg bendigg mements are gener&lly designea by the use of the
"ordinary theery af flexura.‘ Let tha rectangla in Pig. la .
ﬁegres&nt some langitudinal crass-sactian af a fillet weld. 
We will theﬁ consider the neutral ax;s, HA, eainciéent with
the gravity axis. The load_“P“ is agglied at,an<eeeentricity
"e" from the weld. The section is naw-sﬁbjeeted.ta a bending
stress due to the moment Pe and to vertical shearing stress
due to thé\load P, 'The coéreet'vglue to use for "e" is mnot

well estahlishad' it may be the dimension from "P" tos

‘ (a) the canter of gravlty mf the welé erasn-sacti@n, {b) the o

center of tn& 193 of the fillet, or (e) the root of the walé.
hﬁhichever it may be is of small impertanee, unlesa tha differ-
ence hetwaen the values is large in comparison to the teotal

. lever arm. - o | |
A@plyiﬁg tne rlexure formula, the- bending stress ¢

may be evalusted:

and the average shearing stress og may bé‘eﬁaluafad;

TL wb" 13 assumed of unit éimﬁnsi@n. the values fer
the intexn&l resisting ferces will be given in pounds per

- linear inch.



~ The -common mmthed af«analyszs, simpia 1n applic&tian
{. and included here rar thase reasons although admittedly‘an
anpraximatian, is to eambine the two forces vecterily aadcali

' the resultant, Ty tha mﬁximum stress per linear inch, ar.,

P-Jdeeg+d2

(3) :
From the the@r?‘sf'ecmhineé.stress, tha5maximuﬁ
_prineiyal stress ¢ 1s glven by: PR |

- o2 P, 3¢ 4 9ePea®

it A e et BERTRL

g
o= oty g2 4
2 s

" It will be fnoteé? that by elther mma‘_ the load P
” éepeﬁﬁé upon the alioﬁéble.unit weld ﬁtreéa“gb_the length
'or the weld smd hheiegcentrieity of thsvléaé.j’Present de-
signlpfaetice uses a'valae'éf a‘eqﬁal_te'ﬁhe ailowable
stresé given by the welding eedéé, and %hén resumes a fac;
ﬁer of safety of a% least four baééd‘upén the_n;timate'
strength of the weld. - : _ '

The abcvé 'fdmula assumes that the hegﬁing 31‘:réés' in h
a fiber varies éiraetly as 1ts distance-fram the neuural axis,
cammaaly known as a triaﬁgular distribution of stress, F&g. 1b
 line aeb. This is true below the yielﬁ p@int of the material,ﬁ
hut as the yleld®point stress on the extreme fibres is reached,
they streteh without any further applieatien of load and the
.ﬁtrQSM distrihutimn éiagram takes the form of ced. N@t so the
strain distribution which is planar thraugﬁeug the full loading

~ range because of th@ nacessity of the parta fittimg tegaﬁher.



- 6 |
Thé~fibres nearer the neﬁxralvsxié 9régressively reach the -
?i&lﬁ~pﬁiﬂt StrESS.and.thé limiting sﬁ&pe of the ﬂistriﬁﬁ—
‘tion curve is céafé{ At this stage the expression for: the
resisting moment ié* | | | -

2 o ' :
ﬁﬂm”%ﬂéé P A _“.'(5.’)

‘which is fifty per cent greater—than the’ resistiag moment
,at the yield point before plastic yiﬁlding teek plaee._
s ahen plastic yieléing geases dne to strain haréeniag

of the matarial the resisS1m¢ power increases. The shape

- of the stress dis%ributigs curve is nat ‘exactly knawn but

must be somewhat similar ﬁo that inﬁieaﬁ@d in Eig. le while
the strain daistrivution is still s stralght line. Thus we
still.have-essentially a reetangular'aistriﬁutian of stress

and the ultimate resisting moment'msf ba expressed hyé
BRule = ouls & . | (6)

' In mechanics of materials the modulus of rupture is ;
:a fictiﬁious-maasuré-bf‘ﬁhe‘ﬁlﬁimat&_aait stress on‘ﬁhé.ex;
tr@me fiber at the point of maximum mﬁment._ This value Onm,
&s 81Ven by the rlexure formula based on triﬁggular aistribu-

- tion of stress 1s:

¢, = Smex -
e |

_hence ls one and ene-half times qult given by equaticn (b]

.ﬁhiun 15 vased on the ractangular stress distribuﬁien.



Lo ms«r PROGRAM
S l. ijee% - with thes e fundamentals in mxnd the test .
:71 program was laid eut to aseertain’-*' E |  “
| (a) The ractar @f‘safety of welds in bending usxng pre- ’
. sent metheés af aesign." ) .
{b} mhu valiaity of the pr&s@nt design.methe&a.
ic} The stress &istribution in the walds.‘ ‘ .

(d} The physical yragerties of tke welﬂ metal and their ;
‘effaqt on weld behavior..‘f, B | . o |

© B Sgecimens - The specimans may he ﬁiviﬁed 1nto

'-thrae groupa"‘; ' | R | |
{a} ?illet welés under pure exsernal ben&ing mement
: hence ander zero. vertieal ahear. Thesa are ﬁaaignat&d as
* sariesv& (Fig .2) in which gr@up aixteen‘speeimens were
,.tasééd; They were maée up of two main platss and two
splice plates ranging in. &egth rram l 5 to 10 1n., the
welds belnabylaced-aleag the fall &epth of th@-spline .
?lﬁtas._‘Thmfplgtas ﬁgreldesigneé'sb that the unit stresses
:WGuld be bélew;ths ?1éléfﬁéiht“whéﬁ:wéi& faiiﬁre oéanrra&il
Except for aiight loeal yielding this req&iremant was main-
tained threugheut the . 1uvestigation. ’

(b} Fillet welds unﬁer»transvarsevbahﬁiﬁg. These . spg-»

icimens ar& designated as Series B {Fig.zl and’ were nine in }"'

:_numher, They were companion sg&cimena tn aeries A, similar

in materiml,lsize and fabrication.



o ThiékgréupgaISQ eéatéinéd:t%é'apeeimﬁﬁé dééign&téd
v‘-,c-ﬁéAand C 124 as shown‘iﬁ ?ig.'s. 'Thé_éiﬁg4platas‘ia each
 ‘speeimﬁﬁAwe£a‘so small 1n;crossé33ctibné1 araaAﬁhgt réilnre}
5iin the welds was imgoésibls befere.the platas“?ieléed éc :
'sueh an. ex%ent as to be warthless,as ageneiea far tbe
'tr&nsferal ‘of tne applied 10&@.

(c) The physlcal tests wsre earriad aut on tensile bars B

.\ entirely of fillet weld metal machined in accordanae with

Fig. 4. he physical conutants éatermineé for each sgeei- .
.xmen consisteé of Jehnson’s-apparent elastic limi% (the Qeint»
Vron the strcs& diagram at which the rate af defarmatian 13

'fifty per ceﬁt graater than it is at the arigin}, yielﬁ
:”strength (sttess at whieh the mat@rial exnibits a 0.2 per ‘
.cent elongation), ultimate streug%h, el@ﬁgatiaa in two ineh--f
'es, per eent re&nction in area, medulus of elastieity and
apaciric gravity. B o ' |
| {d} The welds were electric are welds using'both 1ightly-
 ;_eeated and neavily-ceated alectredes. ”wo types‘@r-a&eh_ ‘

*electreda were used wnieh are a@signated as tollcws-

9551@' ';“~f ' ,f PPBAE  nicmeter I
.nation - v?ype B Hamé Qi&meter §ﬁeﬁ'
A lightly-coated  Page B 5/32 and 8/16"

B. .lightly-co&ted' Stable Are  5/32
¢ heavily-coated Fleetweld  3/16 °
D 'naavily-eosﬁea. Murex Cresta 3/18



Al welding was dene in the 1abarat0ry shoy under

”;7direct aupervision. The atrength of the rillet welds at
the 1ight1y~coated»@lactrodas was deﬁe:mineé by means of
the sténﬁgrd 3/8~ia. enﬁ—rilief*éeléediqualificatiomiépéf,

'Vclmén {Code far Fuslion %él&iﬁg and'&aé~3utting’in éuilding
'Censtruction - CGGe l Part ﬁ - 1934 ﬁmeriean ﬂelding S@- i

ciety, Appendix Ix}.‘ The avera&e ultimate streagth for o

 E1eetrede a was i3, 803 1b per lia in, for Xlectrode B was
15,850 1v per 1in in. The B.C. are eharaeterlsties were:

”voztage 15-18, amperes 166-260¢

 The strength of the welés maﬁa with the heavily-

:ééaﬁéd alaezr@éa_was ﬁetermineﬁ by'means @f a ma&;f;ed egdyl

’riilet welded spéeimén.3h@wn.ia~Fig; 53*;@53 avefagé"ultim» :
"até>strgngt§ fér'béth typés éf eiectroﬂé:wéa ia;eéo 1bfper |

’lin in.v D;G. are-aharaétéristiés~wera:lﬁélﬁagé»zééﬂﬂ,

- amperes 209-320.

In mﬁltilayar velaing the mrevieus l&yers were eare-'~

}rully cleaneé ‘of seale and sl&g by~means af & chisel and .

stiff wmr& brush before adding th@ next 1&yer. The slag due

rta ‘the heavily—coated electrodes. was allowed to thsraughly
f;freeze and coal slightly befere being remﬁved, but in all .
' @3365 the succeeding passes were 1aid while the preceding

B pass was still quite h@%.tuw -

The welds were carefully gagaé and ﬂithout exception

_were within the ﬁ@ﬁl&ned limits of minus O plus l/a-in. ‘and

quite anifcrm reaults were obtaineé._"



3. Test %etheds - The syecimens of Series ﬁ ané B

 wer@ testeé 1& the 300, Oﬁo-lb. cagacity Olsen or 8QG,G$G‘ :
ib. cmpacity Riehle serew-pavar testlng maehiaes in tha

- Fritz Engineering L&baratery} The apeeimens of $eries C

~ were, testeé in a 50, Qaa-lb. capaeity Riehle and 30 @Gﬁ-lb.

';eapaeity Glsen serew~paﬁer tesﬁing m&chines.ﬁ The serews er

»:tme-300 GGG and 8@0 Goo-lb. machines wera motor driven, mov-

-~ ing the head of the machine at a speea Qf G.05 in per min.

'fThe smallar machines were ﬁrivem by hand—pewer, maving th@ =
3heaé a smaller and samewhat 1nﬂeterminate ammunt, alzhaugh
every effort was maﬂe to keep the syeed eeastant.}ﬂ

A The~loaﬁ was apglied to spsci&ens of Serias A and B
shown in Flg. 6 & 7, through a spherical beariag block and -
: aAléaﬁiﬁg beam té the'sgééiéén;;‘ﬁéllars were‘uéed‘ao'thai
‘there would be & ninimum of 1ateral or lgugitudinal reatraiat
.'&ue %0 the leading apparatus and especial care was takzeg?that
the loads were aecurately yl&cea. The syeeimen was @roteeteé
frem crushing and tha lead dlstriéﬂtea by"bleeks between the .
rollers and ﬁhe sgecim&n. e | |
| Observatxans on the specimens of SQries A consisted
of the determination of the paaition of the neutral axis by -
means of 10-in. ﬁhittemara atrain gag& obs arVations, an at-
B tem@t at determinxng the straaaas in. tne plates. bJ'the use
of Hnggenberger tensomsters, detarminatian of strains in the_

ten&ien enés of tne walés by the ase of ﬁug@enbergar tenae— vi

meters over a l/znin. gage length and determinations af the :



‘ 'I'.-':l.?l.

aenter deflaetiens Qf the nhcle specimﬁn by the wire-mirr@r-

" .seale method. The ebsarvaﬁions on Series B sp@cim@ns were

’conflaed ta the,mpasurament of cenﬁer defl&ctions because
the mathad af'loading ﬁxd not aIIOW'surricient clsaraaee far
-the plaeing of instrumenta. _ o . _ | _
, All specimens ef Series A& ﬁ, ¢ 6»,& G 124, wera
) ;eeateﬁ before the test with a thin layer ar hyérated 1ima  :
and. water uhich assistea matarially in the determination -
fef points of yield. ORI - |
© The determinatien of the strains fer the stress-
strain curve af ﬁhs Series ¢ speeimans aas made n;th the
| ‘ﬂnggenberyer tensamet@ra over .a ena-inch gage 1ength and
 each value is the &verage of éiamatrically‘oppesite ten&c- 1
. meter readings. ‘_ - o
“he specifie gravity of the elaetraﬁe and of the
'tensila spaﬁimans cut frﬂm the weld was aetermined‘fram ‘
.:their weight snﬁ valnme. The eleetrades were eleaned of
':lall coatimg an& polishea to a smacth surface, the tensile
| specimens were theraughly degreased by the use of various

solventﬁ. The weight was determiaeﬁ to the tﬁﬂ«thﬂﬂsandth

o of a gra@ on a chaiﬂomatic balance aﬁ& then rcuméed aff.

T&e velume was datexmineé by the éisplacement ar alceh@l :
in a stanaardlzeﬁ burrette to & hunﬁredth cf a cubic een~

| 'timater.- Alcahcl was used instead of water bacause 1t wet

. the specimen more easily and there was less likelihe@d of

) 1nc1uding air buhbles in the volumﬁ determinatien. “The-
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~ specific gravitiés.are thﬁs aceﬁrata'ta the first decimal
place or within plus §r~mi§ué five'pér'cent‘ H?hﬁ'wﬁights
varied from 7.70 to 18? 24 grams and the velu&es from 0 99
me4scseuem._ | B

In all tests aufficiently small 1ncrem@nﬁs of leaﬁ
_Were taken to assure a minimnm of six abservations belaw “
".the propertienal limit and as many p@ints thereartar as’ theAv

canditien of the speeimen or the range of the instruments

e would allow. |

IV. TEST DATA | | |
l. Series A ~ The test r@sults ef this series are
: presented in Table I, ﬂalumns 3 to 5. 7 _

~ column 8 was aatermineé from.abservatian @r_tha'
~séaling&ef the whitewash on tneiﬁﬁrfaee of the weld. With-
~out;exga§ti@n-%his oceurred on the ceﬁgressﬁbn side firs%,
ﬁear the end of the w@lé. Tna reas@n for this is not read-
',11y apparant since th& 1maaimg hlaeks were at a sufficlent
.fdistamce from. the W@ld to prevent local streas disﬁurbance
~and it is- generally c@nsiéered that the camprmaaion yield
gaint is at least equal to that in tensi@n. | )

' Gclﬁmn 4 was detarmined fram @bservatlon of the
‘peints on . thﬁ mam@nt-weld straim aﬁrvg dﬁSigﬂﬁ#ﬁd‘T or .
mgmant-center ﬁefl@ctian eurve aesignﬂted A, 8% which tha
inelinatien af th@ tangent to th@ eurve at that paint wae

Tifty pgr eent graat@r than the ini@lal inclimatian.
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‘ Sometines the sPécimén ga?e warniag of impanding
"f&ilure by Y drey of the hﬁam of the testing mashine at
'about 95 per cent of tha ultimﬂta load, but generally there

"”was no definite yield of the weld mﬁtal with&ut furﬁhar ad—

;aitian of laad. Tne ultimate applied m@ment in. givan in
column a.¢;j' o L N _
R calumns 6 and ? give rssyectlvely'the ealeulated
:mﬂﬁulus of rupture and tne ultzmate stress vased au rull ‘
’ .reeﬁaﬁgular distribution. :_~”' R A
2 (b) - It was with 4 33 that the 1avestigatian haé" ’
Aits inceptian. “The ariginal speciman was mada up as a<stand-
4are 3/8-1n. anﬁ-flllet welded qualifxcation speeimea and
leaﬁed to give gure bending aeross the welas as 1ndieat&d 1n
Fig. 2. o L o
e §§§§§;9§§§§§JOVe:’a'1Q-in; éag§~1enéth which in-
 cluded the'mainlglﬁiéa,”weiﬁé_aﬁﬁ‘spiieé plates, %era takéh
with af@hittembre gagé;f'”ﬁé average strain'sbAméaanred was
aixteen per cent in excess: of tnat c&leulated hy the flexure
farmula. | | |
‘Measurementis ware taken of thﬁ tensila and’ eompres-
Sivé strains in the main plates by maans.mf,tensameters:phﬁmﬂ_
"as close to the weld a3 was cenveniently gassible. These N
maasurements establisha& the fact that tha neutral axis was
<caincident with the gravity'axis in the parent matal very y
close te the weld, from which 1t s saf& to eonclude that thef

neutral axis of the weld is also its gravity axis. From these
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mﬁaaurements ‘an in&icaﬁion of. tha high 3k1n—stress near the
: w@lds.?aa noted, The maa&ured strains on the mainAbar‘wareA  -
-'appééximakely éeven,perfeent 1n exceas'ef-these ealaulatea" |
?:‘while\tﬁ@ae on the splice plaﬁea were twenty—one per cent
1.lass than the calculatad.Ai . j. _ R ) _
The stress in the: main bars ssen raaahe& the yield--‘:

gaint ané great inereases in vertical ﬁ@tl@eﬁi@n @caurr&d at -

BT ;| beﬁﬁiﬁg mnmenb of anly 24,600 in-lb. Iacraasiag the 1oad

:f'resnlted in suech greatly inereaseﬁ deflections tﬁat the test
haﬁ to ba ab&néoned &t a bending moment af 33 Gﬁﬁ in-lb, Gn
'the basis of the cammon thaory this carresponas to a weld
stress ef 20, Qﬂﬁ 1b. per 11& 13. At this point all welﬁs
_showed slight craek3~at the roat and. some. scaling of the ‘
whitewash on the surface. ‘

The specimen designate& A 33 2 was then mm&e u@ using

"8 by 1-1/4 iﬁo main bars an& 3 by 5/3~in. sgliee bars. Head-

ings over the tan»iﬂeh gage length aga;n gave averaga straina'
“in excess Qf the caleul&teé but agaia preved the leeatian of
_the'ﬁeutralAaxis.aa coin@id@nt with the gravity.axia. -Tonso- .
‘métérs'in the sane ;6catie§ és 1n‘$he1abeve test s&nWﬁé:éi&r
vilarwresults;:the strainé in the méi£\glates}bQing almgét CO=
| igeiﬁen§ with_those ealculated, while thﬁsé‘an‘the splice -
'ﬁlatééf&éré noi 33 ger-eent¥;g§§,th§n those ealanlate&.» |

Iﬁ this speéiﬁea'tad the épliée.§1atés‘yieléad at

abeut aeventy per cent of the ultxmate leaé but tney soan','
hardaned saffl@iently that the leaa caulé be incraaaed se'
,failure of the welé_is vri_tnou% excessive 'yialding of the plates.



A third specimen 3;33?3iﬁasjfhgh tested in whiéh the
._;apliae‘ﬁlatés weré 3/4f1n;~thickséné,hﬁ‘digtrass was ﬁvidént.
in any of the piatea.aﬁ'thé ﬁitimaté'léad;5 Adcorﬁingiy’the
remaiming specimens were designed ﬁith'tﬁé‘maximﬁm-ben&ingh
 stresse$ in the main glateﬁ limited to 30,000 1b° per sg 15,
The area of the ﬁ§§306 plat@s was then made appraxlmatsly
twenty per cent greater than that of the main platea. ¥ith
this design 1ittla difficulty ¥as experiancad éue to yielé—
{ing of the paren% metal. B : F
| | Tensemeter readiﬂgs on the glai@s and wzth ﬁhe %hit- ’
ﬁeéore gage were again taken,an this speeimeaﬁax& it was
felt thaﬁ the follawlng was sstahlishaé. o .

_ (&} The eaineiﬁenee of th& nentral axis of the welé.and
'its gravi%y axis. | | B ' H  | j' ‘
| (b) ?he existance or skin s%resses ef anknewn magnitude
in th& parent metal adjacent te the weld. This finding was
.caproberated in all succeeding testg buﬁ Aoﬂmeans»were takag '
te ﬁetarmine their magﬁikuéa. .,, | >'
o ~ Fig. 8 and. 9 ahow groups of specimans of 3/8~1n. and
"l/a'in. rillat welds m&ﬁe with the lightlyhcoate& eleetrede.
In each photograph the-spaeim&ns ar@ aasignaﬁed %mp to bot-
tom A ld,' A 33 ané & bﬁ; A 14, a.aq ané A &4 reeﬁaotivalya
& tyyieal perrarmanee at all speéimens walﬁad wiﬁh a 1ightly-~
.'cqatedvelaczrade udy be deseribaé.as rallowﬁ.»_fhe loads were

slowly epplied and readings of the instruments taken uﬁtii_.,
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fthé defleetiéna'wére Eeyhnd their iéngé or failu&e aeemed’
imminent.} cracking of tha mill scale on the insiﬁe af the

-.splice platas wae Qbserveé at loads or less than fifty per
- gent of the ultimate, reveaiimg a high skin atrass 1n this.‘
."yart of - ths plates._ ocaling of. the whitewash was first |
| n@ted on the sunface of the weld umder eomuressive straaa
»:‘at abauﬁ 86 per cent {T&hle x,eeihll} of the ultimat@ leaé |
 _1n tne case of the speeimaﬂs 1. .5 and 3 1n._ﬁeep. This o6~
| eurr@d graetically'SLmaltaneaualy over the fnll length ef
- the welds. ?ith anly slightly grmat&r aeflaction the. welds
Zw‘fracturad suédenly. | R :
In the spaeimens 6 and.lﬁ 1n. deep sealimg on the
'f¥e@mpressive surface at the weld,occurrad at apgraxzmately
A?a yer cent @f the ultima%e load clase ta the end of the welé
'and a8 the leading esntiﬁueﬁ the saaling proeeadsé.tawardsthe
- n&gtral axis. He great éefleetian was ﬁasaible in ‘these spe~
‘gimens either and they toe failed suﬁdenly. ‘Whers the fusisn
1batween the weld and parent metal was. perfect, fraeture ogcour-
,'reﬁ through the threat af the weld, where fuaion waS imperfect  3
“the fraetura was along the liae whieh was iw@erfeetly fuseé. |
" The phate&raphs of A 13, A 14, A 83 and A Jé illus~
trate very wall the type cf thrcat fracture OR the right of
45tha apecim@n, ané the scalzng ar t%elwhitewash em tne left :
-hané welds. - Those of A 68 and & 6& illustrata 3he progres--

sive sealing on the welﬁ surrace en the left an& tha failnre |
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* @ue to lack of fusion in the weld on the right. These spe-
“cimeaa were snbseqnantly retested to. x| camszderably hlgh@r |

'value directly in lime with the remaLnlng speclmens.

Fig. 19 ‘shows the resuits abtalneé on a graup of

'~,.heav11y~caat@é eleetreée welds., The spegimens from top to

batsam are 4 13D, & B3C and § 64D.  The sealiﬁg of the white-

- wash on the weld aurface eecurre& at about sixty par gent of
the nltimate leaé near ‘the @emyressive end of the weld, and

generally aleng the toe.at the mailn plates. This sealxng Pro-

ceeﬁ&& prégressively toward the—neutral axis, Congiderable
deflectien was reeerﬁa& befare the ultim&t@ load was reaehed
{in Specimen A 13D a center daflactian of.1-1/2 in. in an 18

in. spam)'and the fracture was very gra&ual, the weld metal

' éxhibi%@gﬁgreat'teﬁaeity,fiwhe fracture proeeeded frﬁm the
1 root of thé_ﬁelﬁ a£:&‘f1at engle to the main plate. The metal

" was finsly-grained, élmest tree from jnelusions and blowholes -

and tnm fraatureé surface was silky in texture._‘
: Tke photegraph shaws the sealing alang the tee of the
mel& §n.the left and the’ %ypieal rraeﬁurea on the right. 41l

thr@@Vayaeimené'are stillihelé together by small fi;am@nts of -

“metal near tha neutral axis.

Fig. ll,} 12 and i& are exngples of the ductility of N

‘these walés. Thaaa are the bension ‘ends of the wwlds on Spe-

eimens & 13D, A JJG anﬁ A ﬁﬁﬁ respeetiv&ly. The machine

L teel;aarks were criglnally strai?ht limas direetiy across the

apassmen."ﬁig, llvshewa,mueh éistortio&»at the ﬁelé and only
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;$1igh$‘era¢ks at’the rﬁoi ot tha weld, . ?ig;'lz and 13 3ﬁgw
considerable aistartion ané exhibit ‘the flat angle um: ‘the

|  ma1n plate at which fra&%ure oecurrad'

' Ths tensnmeter read&nga acress the weld.ware plett&d

- as applied benéing mowent against atraln in the Helﬂ. Bemmum

'  ar the great amount of. éata tnkanAanly a. typical curve is
fpresented in Fig. 14. The eurve is of the same %ypa aﬁ the
_stresq-strain diagram far the welﬁ mstal.. The peint at whidx
the inelination or the tangent beeames fifty per cent graat&r .
“than th@-initial inclination i; éeaignateﬁ.as the yield poirt.

The moment corresponding to this point is given in column 4
of Table I and in ecolumn 5 of ?ablé I1I. These values are

1dentifieé by ﬁke.f ‘which rallsws; The moments average about

‘?;fifty per cent of the ultimate moment.' The stresa at- this
,go;nt datarmineﬁ by‘the;measured strain and the-straSsést:ain |
 alagram of the ﬁem metal -eom@m ,v;_ar"y.. well with the Johm-
. Son limzt of the weld metal. The averége straiﬂ, ealcﬁl&tad
by th@ orainary mathod &iacuaseé in saction i1, 1s &lse ‘plot- o
.;_ted and is always from && to §9 per eeni greater than the

maasureﬁ strain. The ratiot af calcul&tad strain to measnred

strain is given in cclumn 8 of Table I. The line datermining

'_tha calculated strain intersects the plotted measured strain
- at p@intg serrespanaing to the nnit stresses given in aolumn -
. @ of Table I. The applied benélng momént:. corresponding to
='these yoznts is giv@n in column 10. It wlll be noted that

) these streSaes ‘of column 9 correspond. elssely to the yleld

‘3trengths of the'weldvmatalrané the corresponding moments of
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 ?.ea1nmn 10 to the moments at whieh scaling was first ebserv&d

4,; oR - the surface ot the walde ealumn 3,

L In baries B, tensmmetér reaainga of thxs natnra were

-~ only taxen on Spseimeas B 3 and B 83 where the averaga shear—
, iiﬂ% str&sa am the w&lé was small.‘ The same type ef‘curve was
fabtaineﬁ and tha results eorrespcnﬁeﬁ elosely t0 the external

.robservations nsted abev&.

2. Series B - %he test resulta of this serias &re di-

_«'viéed 1ata Tables II and III.; Tabls II pressnts the results,-'
- from Specimens c 62 and ¢ lzé.. It will be noted that tzhe
:: wing plates are seﬁarated from the cenﬁer 91&te by a gap of
f;appraximately d/a%~ia. (line 2, Table xz an@ Fig.3). . As the .
j 1aad was applied the gap clasure wes maasured with & micro-
.;Ameter, the contact of which was datermineé by Ql@aurﬁ of an
- eleetrical cireuit. The gap closure was feund to be propor-
- tional 0 tha_applieé‘lcaé;'{it'ﬁas determined th&t,the weld .
'fﬁéétatéévabadt.the aéatér:of‘its lengﬁﬁ as logg as the gap .

. was open. Uyéﬁ‘élosﬁré;or-ﬁhe_gap at one end, rotatlien took -

placé'aﬁdut tha%-enﬁavaad praetiéally the;full length-cf»thé

- weld came into use in—rssistiﬁg the appiied bendimg momeat,f

'with subsmquea% graat inarease 4in strength.

- harly in the tests the wing plates starteﬁ to scale -

due to high eampresaive and ahéaring str@useﬁ in tﬁe reglon

of the 1oading blocks,‘ This-yiglding'beeame gan@ral,&long
before diatress was‘evidant in the walds. 3t the final load :

th& w&lés were fractured & maximum of 3/8 in. at ‘the ends
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subjected to tensian wh*le emly aealing @f the whitewash
was ebserved t@ a &epth of abeut ane 1nch at the eampras-
sion ends..ﬁ_'  1= . A>' '

, Lin@s 4 ta 8 iﬁelusive af ?able II prasant the @h-,
Aservad 1eads while lines 9 t@ 12 nots %ha stresses in thaf‘
':members anﬁ the welﬁs._ Line 9. is ealcul&ted &s the finalu"
load &ivia9§ by tﬁe nat shearing,area ef the wing nlates'

- line 10 as the final laad éivxéaé hy the net baaring area‘
"1unﬁer the lcaélng)biocks. Lineayll'ané,ld aga‘tha valuaa .

:af lines & and(&}rsspae&;vely and are caleulated by the

‘apﬁreximate Yector ﬁeﬁﬁoa; 5?1@;-1& exhibits very'ﬁéll-ﬁha
A»yielding due ta the cambineé compress ian and shaar~@f spe- '
cimen € 124 at a tatal load of 2490, 000 . N

A These spec;mans indieat@& the hlgh s%r@ngths of

.welds ia eomblnaé bending and shear.i Tt became evident
:thaa\eemgle%e fracture of the weld with-this design an&_i
'.method of laading was impron&ble. aceorﬁinglg the taats;v
’wer& éiscantinu&ﬁ. | . A |
1 4. Table III preseﬁts tas results af the tests on berxesA
B specimens. 'ihe first three cslumns Ppresent stati@ﬁ;i@al ﬁsﬁa. .
6olumns 4, 5, an& & give the ohserved benéing momants at seal-‘
ing of the whitewash, yield point from bhservaﬁimn of the
eurves and at the ultimate load. The lever ars used is hﬁ |
: the eenter of the parallal leg of the fill@t weld. The use
of . tha ﬂistanee to the center af gravity of the wald waulﬂ |

increase tha ultzmate bending moment a maximum @f tive per
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'ﬁ“cen* amd an average of twa ﬁﬁr cent with the type of lmaaing
fuseé. Gclumn ? gives ‘the averag shear per llnear ineh based

ffan the total: 1gaa divideé by, the total lungth of weld.

In calumn 8 the ratia of the resisting ‘monment of

“ feo1umn 6 ta that of the SP@G&@Q& er aimiiar ﬁapth in S&ries ::ff;
_Aja (Table 1 calunn 5) is ealeulataﬁ. ;fﬁﬁff’ “ BRI
“ 3'-9§222§;§ - The-ghyvieal yroperties @f the vari@us.',,h';
’5.Tuelﬁing elactra&e@ and dspasitmd weld &etal are presanteé in?
- - Tables IV F, and VI. The ehemlcal compasitiaﬂ of the weXﬁ-ff~'”'
' f.*ing aleatrede», the depaaiteé.matal and the @laatroﬁe aoat— ]

' ings are given in. Tahlﬁ ?II.:

Tyﬁical strass-straiﬁ éiagrams of the arig;nal elec-f; f'

;f‘tr@de and of the depasitea mﬁtal app&ar iﬁ Fig.'lé and 1?.2-7~ :

_.; Tna éiagram ?ig. 19 for th& eleetraﬁe 13 typical of th&t er
'ian ali@y steel, é definite stralght line ta & high unit. o

- stress rollowe&‘by a gradual increase in strain in prop@r-;:ﬁ
~tion to the stress up to the ultlmate. The Johnson 1limit -is.

. high in propartxcn to the ultlmate (75%} and the yiela &trﬁngth

y{ﬁﬁa per cent cf the hltimate.f The eleugatien in twn inehea is

of madaum degree, the. reduat;en in area, mnﬁulus of elastiezty

; and speeific gravity aormal in value. ‘The fractnre is of ﬁhe

"”fall eup aaé ca:e tyga, shcwing a rinﬂly-grained structure.“mf

| ”he stress~atrain diagram far the aeyesitad welé mstal

‘Fig. .16 and l? &a&e uith the 1ight1y-c®at&é electrade is & L
l'Astraight line to a limit cr ?raﬂertionality, followad hy & -
;igraﬁual 1ner@as& to the ultimate $trength when tracturu 0C=.

icu:ﬁ suddenly with very sllght,neekinge‘ The thnsoa limit is
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‘Tappr@ximataly fifty per eent of tne~u&t1mata strength aud -
“-the yiel& strength sevenﬁy-tkree per cent ef the ulﬁim&te
latrangth. The el@ngatien and raduetiaﬁ in are& is very
sﬁall; The mcéulus of elastigity has been daﬁreasaa in thef |
- pase er tha aingla pass weld to B4 per cest of the Origimali
'Iwhile at tna same tim@ thﬁ speeiric gravity is only %6 per f
cent cf th& arigiﬁal eleetrede.‘ When the weld is made in
tum passes the modulus of alasticity is anly reauaaé to 90
per cent of the origi&al mﬁtal whil@ tha ayacifie gravity
draps to 97.5 per cent or the ariginal.._ :
- %hen tns walﬂ 13 deposited in a muitiple number of 5_

' pas$es, in this ease rlve, so that a l/Z—in. tenslle bar. can
_he cut therefram. the madulus of elasticity reaches 9& per

’:cent ef the arlginal met&l &né,tha spscifie gravity 95, B

. .per aent.‘

' The av&r&g& ultimate streagtﬂ af the tensile tests
:7ia 54, 5&9 1b per 8q in eamnarimg witn 52,000 1bv per 89 in
'.en the throatv&rea of the qualifieaﬁion_spaeimens. The av- -
, :araé@ elﬁngaticﬁ invﬁwb inches, éppréxigﬁt&i§'sixlger aeat'

: is ‘somewhat less thau is gen@rally shown on tne frse bend
_test specx&en&.

- The stress-strain diagram Fig. l? feor walﬁ metal
‘deyosited,from the heav1ly~eoataﬁ,elaeureées is slmilar in
nature to that of mild steel. It e@asi¢tg¢ @f e atraight-
1ine, foilcweé by & perlod at whieh the . elengatieﬁ inertasad

witnout further additjan af load, causxng a ééstina$ ar&p of
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the ﬁe&m'gfvtﬁe:%aétiﬁgiﬁaehiﬁe,fnliewéé by a sta&éyicliﬁb
toiﬁhé.ultimate-aft@r'ﬁhieh’éaésiﬁerablé~ﬁaaking oecurred
' baferévrraciuée; 'Zﬁ no eaéé wéé 8h ﬁp§ér7yiéié éaint aﬁ-
gerved, pahaibly because of the slow application of. the _:
'laaé. “he thnsaa 1imit is at 52 per cent of the ultimate

‘5_~amd the yiaid sﬁreﬂgth 2t Ga per cent af th@‘alt;mate. The

| dnctility as in&icatad by the reductien in area ané tha 8l-

' omgatian 1n twa inahes 1ncreaseﬁ markeﬁly aver that shown by:v 

:,_tke original eleatrade. ?he modulus af elaatieity and - 393- .
eifte gravity shmw the seme values as in the original ma- '
- terial. Ka v&riatian in phyaical praperties was @haﬁrveé
"beyoﬁﬁ erﬁlnary limits with respeet to the numbe; ef»passes.
'by whicb the welﬂ was éepoﬁited. _ '4_ | _. |

| The average ultimate streagth (64 200 1b per 8q in)
,‘shmwn by these speeiwens compares with ?@ 860 1b per 3q‘1n
"obtaiued on the ﬁhraat gee%ian of . the qualification speci~
mens. ‘Reasons forvthls éiser&yancy.arevnoﬁ éefiaitely
known. ;The percentage él@ﬁgaiiﬁn in two iﬁehés caﬁp&reé 4
réther fa%erabiy*with‘the resulﬁs'obﬁaiﬂéé ia‘ﬁhe fregfhpnd .'
iest althqugh tﬁé #afiaﬁiiity of réyeateé reﬁuits may be ‘
,eritiaisaé. This variability can be candaneé when eoasider-
- atien ia given ta the many v&riahlas 1nvalved in dapasiting )
weld metal. | |

Fig. 18 shows the aondition of the &/1&~1n. tansile

‘bars éut fram & weld made with a lightiy-eaated alectrods
{Electrode A). ﬁlthaugh tha warst side was ph&tographeﬁ

' the poreosity is quite morked, The nighest stress maturally



- 24
aecurre& at. the mest por@ua s&ctien and the. fractnre oceur—.
reé at that point as indicated in the brakan spacxmena. Spe» :
R clmens 1, 2 and 3 corr@spand ta zhasa of 11ke agmbqr in Table

v whil& the cress-seetiaas indie&tad 4, 3. anﬁ & are those

o depesit@ﬁ with g 5/32~iﬂ. dismeter electroﬁe and sa 1ah@1ed

- {n Table IV. The pcrOus patches ere in&icateé on the Cross=-"

‘sectians by 1e%ters and the extcat of them is snawn by their

-dark@r colar.r Inadvertently‘zhe solvent used in cleaning the

. speeimens of greaae preparatery to making speeifie gravity

'detexminatians rormeé a 8art of a dye uith the grease which

 was earrieﬁ into the 1nterior through tha blawhales on the

axteriar, staining tha exteriar ané garts of the interior
-;ané aeeeuating for tha~ﬁarker ealar of the phatographs af
| une rraetured s@ecimens. Specimen 8 which is genarally out
 @£ f@cus was quits porous over the thala aross—seatian with--u
‘omt giving any 1nﬁieati9n on the surfaee. _ . _

?13. 19 exhibi%s similar actieﬂ of the 5/1ﬁ~1n. ﬁi-  :
ameter spaexmans. Ebwever tne blewheles are not so apﬁarant,‘
and this is horne out by the higher speeifia gravity and mod-
ulus of elasticity._ - ' ' |

Two 1/3-in.Aéiamet@r speeimens eut fr@m the multi?ass--

walé were notabls in the lack of bl@?h@leﬁ &ppearing on the

' ~surfae@rwithin ‘the g&gﬁ length. The speeifie gr&vity actu—

ally grava@»them-tpibe.mqra.denae,‘but.under load'thay re-
-v&aled stress co&cé&ﬁtations at‘blowhales‘#éry~neér‘tha'sur~~'
face and the rraeture shuws a very coarse grain structure,

' ;imclusions an& porosity.
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An éffort'waé made to &etef&ine.the ia§atiaa at
which the fillet structure ¥as most porous ané'tkéreféré
indications that this aéear§ maét‘fréqueatly.aﬁ-tha ver- .
‘tieal leg n&ar the r@at of the weld and in the surfaee
f layer. anever ebservationa on test speeim@ﬂs west eften
jindieate& laek af faszen @r goraus strne%ure along the
harizqnt&;;lag,nsa:;the rgst.»»?he enly,faet_ﬁafiﬁitsly
estaﬁlishéd~igutﬁat'lack af'geﬁetiétian and yéresity'is in
$he & gres aheut the’ roet of tﬁe w&ld and ?aroalty in the sur-
’ faee layer of weld metal o '
” ‘In general the rraeture of- these spaeimans.may be
‘desigﬁateﬁ as or the rlat oane type with a eearsa erystal-
‘line texture as in Fig. 20a, No. 2 end 4 ena Fig. 20b, Wo.
. 1-&3&‘2,Aer of the'shégrééiflat eané-fy§e~with'§ar%ly erys-

“-jx%alliﬁe aﬁ&_pértly\silk? textﬂaauaéJin the remainder of the

_illustrasions.’ Thﬁ-fr&etarg&-ﬁﬁrfaﬁe»alsays.axhibited the
 porous structure ahdfséma»amailliﬁeluéiégﬁ'avg@ t@ the naked
'aye." . ___v' _ | : : : . » ,' ,

i Fig. 21 iliuétrates the cre$s~sé¢tianﬁ ofthe_frgé-
'tures7ob%ainsd on the éﬁeeimsns-fraﬂ weids ef"haév{ly-eaatéﬁ J
eléctraﬁes.- The tensile bars %h&mﬁexves w@re qu&ta satisfae-
tory 1n appeerance, elean looking, salié and rinsly grained.v
The fraetnra was gsmerally full cup ana cena, with 8 fin@- L
: graiaed sﬁruature an& silky texturewss illus@rata& in 3 2,
D4and DS, end ¢ 1, 3 endC 4 -@caas:oﬁally»the faiiure
was of the sheared,c@ne type as in 1, o8 and c2 ekhibit~"
‘ing a silky texture and nlight~inelasienss Very probably
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kheaa 1nclusians account for the tyne of fraeture rather |
than the usual r&a son of eecentrie lﬁadiﬁg e@ﬂditians.v"

Specimens B & ané B~7 show lens-shaped incluaicas |
 and blawhales due ta a year method of ﬁepsaxting the flllar |
mgtal. This may ﬁe deseribeﬁ as fellaws- ﬁith & welﬁiag
ourrent er 230 amperes and 30 valts using ths B eleetrade,;
a S/E-En. rillet vas built up in five PRuSes. The rirst
pass was deposited at the root nith the pla%es herizontal.

' The plates were th@n tilted at en angle of 45 degrees sa
Vtha% the fillar mwtal vas éepaﬁited in a herizontal trangnv .
&inee the poel of matal was censidarable, the are was &i~
- rected s&eadily at the cemtar @f the trough and earri@é .
:aleng the length of the welds for the next twc passes. Tné.f
. fourth and £ifth passes were $hen 1&1& on either side of
the eenter with & sﬁraight forvard motion. The reasan fer
tha @oar showing in the nhyaieals 13 givsn in the mathad of
j‘d@p@siting the secenﬁ and thﬁré paSses. The metal on the

'e@gea freze befare full @caetration was @stablished, caus-

_ 'ing not omly a plana of weaknesg but alsc ﬁlewhalea and in-

-elusiaas by preventing the asca@e of gases and the flotation
'6? the. sl&g. Exaayt fer t&ia axperiment tke welding mathaés

_;falleaed the general practice of depeszting straight-ﬁhraugh

. beads side by sids aa& layer by 1ayer until the desired cross

. - gection was @btained or by depasiting a straighﬁ~threugh beed
- at the root rellowea by the sueceediag beaéa, eaeh layar of

which was woven from side to side with a sgmi-ctrcalarzgathny»
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lthéjconﬁe; éiﬁg of which was in the Qiﬁaétibm>of'the ad-
4vaneiaévela¢trcdé._‘§paiimportgnce of gfapér'praseﬂuré ia
:ﬁayasiting ihe;rilléa mé;&liaanaat ve bétigr em@haiiz§ﬁ4
than ﬁi'thé resuité:efithéae7teéts. _It'is té be néta& how-

. “ever that very slight efracﬁ‘was SMan‘in'thé §hy$iéa1“ra--_»
- snlts due to this improper nsnipulatlon exeepﬁ im those
related ﬁo ﬁuctility as indieated by the nereentaga of e1— 

oﬁﬁatien dnﬁ the reéuetlaﬂ iﬁ area. ;

V. PISCUSS IO oF RESULTS |
| ‘1. Beries A*and B;ﬂf5

(a) Effect of Szze @f ‘Weld. ﬁs eaah<de§th of speci—‘-
men was dupliaated with 3/8 an& 1/2-in. welds the effeet of
inérease in fillat size may be studied &ndar identieal con- :
- ditions. Theoretically a,l/z-in. fillet ia 33 per cent
'stronger than a 3/&-13. flllet and the averaga resulta show "
}that this is true in the specime&s of 5@ries A under pure
beﬁding ané in those few eawes of aerias B whera eom@ariaon f
s pessible. ¥here the walé is under %ransverse bending, the
._avcrage shear load per inch snoumﬁ ba equal to allow for e

_trua\eomparion. - ¥rom the resuits we may aafely eoncluﬂa that .
‘the bending resistanue 1nereases diraetly‘with the 1nerease
"13 fillet siza. TR S . e '
" (b) Effect of Electroae GGaﬁlng. Tﬁé fatia of thé
,teasile qualifieﬂtian test values Of tha heavily-caateé el-

| ectrodes C C and D to the ilghtly-coated electrode 4 is 1.37.
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‘The ratiﬁ af the tensile qualirieatlon test valuea of Blec~

~ trode A to Eleetrcde B is 6.98. binge the ma3ority of the
-syecim@ns~maﬁa,yitﬁ,ligntlyécaaﬁe&_aleezraéea$uséa_E;gstrﬁde
A, fhe.rééﬁltSQYrax'thasefspseimens‘oﬁ whieﬁ Eléétr@&é‘ﬁEwaﬁ

*useé will be reduaeﬁ hy’t@ﬁ per. eent in arder ta placa all

’mr&sults rram the Iightly—eaated wlentrada %alds en a eemyar-“
able basis. In esmparing the heavily-caateé with tﬁs lightly-
_eoateé apeclmens a esnsi&er&ble &1ver31ty of ratiog is a@par-

Y ent rrem nhieh 1t seems that &ltbaugh the heav;ly*coataé welds

are. stronger they do not give quxte the ineraass in. strength

" .that %he qualificatiun speeimsns indieata. Agelin in the few

':sgeoimeﬁa,thgt,ean he;eoﬁpared ia:SQrias B»thé resalts at

'1_ogaalAaverag&sshearing.ioada gér'iaéﬁjmmgt be used and these
j'ae.ahev an'inérease in favér of the ﬁéaviiy-eoateé elﬁﬁirade,
but slightly less than the tensile quallfieatien test results
1naiaata. ¥hile here ths ratia of the qualification teat re-4
.suits is taxen as the criteriaa, the ra$ie of the ealeulated

ultimnte stras& as givan in cﬁlnmﬁ 7 of Table I may be used.

" This ratio is only 1.19 siﬁee the ealculateﬁ ultlmate 5srength‘

as ﬁet&rmiaed by bending is 25 per cent greater than that
given by the qualifieatiea test reaulta in the case of the
light1y~enated electrode and nnly 7 per eent greatﬁr in‘tna
ease of the haav11y-¢oatea electrods. Inelmding these facts
in the ealculation it can ba shewn that the he&vily~ceatad
electrode ineresases the s%reﬂgth in bending in tne sama pro-

portion as is shown by the tensile-qualifieation tesﬁ results.

Rt



R
{e) Pig. 22 sh@fﬁ'ﬁﬁe-ultimate-beﬁéiﬁg maméﬁts plot-

ted agalnst the section m@&ulus of the s@eeimens of beries A.

. "These syeeimans made with Eleetrode B have been reduced to

B allaw for eampﬁrison. ?h@ painta far 3/8»1n. f&llet welda
fall on a straight 11ne, ﬁhile the spacimans witn %he nalt |
:ineh fillet fall en~anether line 33 ger eent abave ths 3/8-(@k;

: 1n. rillet sgecimens. The specimens maﬁe with tha—heavily- ;

->eeataé eleetrsde of a/B»zn. fillet siée fall midway between

'<-the.absve lines. It will be unoted that the rasults for light~

' 1y-e@é$eﬁ 3/8%in; welds_lme,oensiderabiy ab@vs.zhe ealeulatad

X earves even allowing for fﬁll reetaagular'distribu&ien. - The

'! 1/u~in. curva is similarly too steey by aheut 25 per eant.,'

on tne othar hand ths emrva of the heavily-caated elaetroda

‘is very nearly eaineident.with the ealeulated assuming rec-
tangular éiétributian."?his'is typical of thé actian of com-

' _parativaly brittle and v@ry auctile mat@rials and the phemam—*’
“ena is explaine& in texts on the r@&issanea of ma%erials.z

| In Fig. 83 the ultimate moment is asain~§&@tted a~-  _

o gainst_tha Séetion»m@dulusf Thc~tigureslbesiéd é&@giylcttgé |

Tgointlare'thé averagaAsheaf'per ineh eof #alﬁ-at t&a:aitimﬁta-

"»1eaé; “fhe. calculateﬁ curve 1s that far B d/®~im. weld, aﬂsum- t

!ing reetangalar distribatien. It will be noted that even tnx
*though the average -shesr. in the weld was_as high as 82 per |
cent et the tensile qualeicatian wel& 5tr@ngth the result- |
»iant hanaing strength did net fall bele@ that of r@atangular
| ﬂistributien, excluding shcar, based on the teasila qualifi-

cation strength. This is because of the large ratis betwean



the mndnlus of rhpture and the ultimate strengtho Ia th&
ease of the heavily~eoa%ed electrades~giving mere~ductile -
wel&s. the ratis 1s not so larga aad the points fall belcu .
tne caleulated rectangular diatrxbntien stress, especially }ﬁ
here the. .aversge shearing laa& 13 high. ’

- {d) Hetuzuing te beries &, and Fig. 14. Phetééiaéticﬁ?ﬁ,:x

‘:“ investlgatianﬁ of str@ss éistrihutlen in the weld shew that

‘the~ﬁireetion of one of tha,principal stresses 1s &lmast a%
- right anglea te the throat section._ Hene@ the tensn&aters,
,3inea they were §1aeed garalzel tc bhe hypotenu&a, shauld

“:mmasure the mﬂgnituée ar this strﬁss. The some investigatimn_t 

B vshewed that the stress aerass tke %hraat was almost canstant

| ffor about half the distance frem tha edga o the root and then

: Ainureasea rapidly to a magnimude or a%cat 2-1/3 to 38 times a&_
much as that at the adge. The tensemetera aviésntly mmasured
approximataly the atrain aer@s& the threat section. The ten- )

;sometars were plaaaﬁ abaut 80 per’cent mr the distanee frem S

. the root ef the weld anﬁ the averaga ratio betteea.camputed |

and measured strains vas 1 6&. Ir we now aasumﬁ e p&rabelﬁc

f'A;dia@ribution af streas alang the throat sectlon so that therev.~

-13 a b&lance batﬁsﬁn thevaverage reetangular area anﬁ.that f
'Tbounded by the Farabala which has 1ts, axis sllghtly bayond

'tne baundary of the secﬁion, tha maximum_strass at th@ reat
will be about %wiaa (1. 96) %he average calculated stress.’?his
i‘eorresgands to a ratia cf about 2.44 times the avsraga stress - 4;~
as shcun in,tna photoelastic investigatian. The fact that |
 ~the strain at th& sa-callad yiel& gcint of the walﬁ earrespen@s :
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-'ta the thnsﬁﬂ limit or the weld metal tenﬁa to show th&t
 the str@ss~strain curves &t tha weld—metal taken either fram
Ia tensien;speeimen (3erios~€} or fram the weld 1ﬁ place are
'azmxlar. Tha strain in the wgld inereases until the yzeld
L atrength is reacheé a% which peint there is a g@neral aar~
1%;'re§pon&enea aatween the yielﬁ strengt&, the sealing of the . ,j'

‘ whitewash on the surface of -the weld and the ealeulatea

. ;fstrain. By this time the stress cgnditien aeress ‘the welﬁ '

'--g;”seetian must be &lmﬂs$ unifarm for the streag How - increases ‘

very ﬁlawly eamgarad to th@ sﬁrain increm@nts.

‘ #hile the dats are a@t ammpleta %ha faliawiag facts
. seem to be iméicated, ‘
(l} That the stress at the roat of the weld is abaut
.»fthres ﬁim@s that at the @ther~eaa ef the thraat section anﬁ_:

. that this stra&s 13 also about twice the average stress on 3

' ‘the weld.‘

(2) That the wel& stress is prﬂportianal to tha applieﬁ'

1lfvmﬁment up to Sha thason 11m1t of the weld metal.

- {8) That sealing of the whitewash on the surface @f the*j-
‘weld sceurs when the yield streﬂgth of the weld metal 1a
resched and at this point the stress-éistr;butien over the
weld cross-section is practically naiiarmole IR
(4) ?hat the ordinary d&sign formulas ﬁiil givé the ave
i~erage stress eandxtian in the weld far strasaes up to the .

_ vyield str@ngth of the welﬁ metal.
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'(e} It was pbinteé aut‘that;the-speaimﬁns'made‘with h
ligktly-emaﬁaé‘el@ctreﬁes always fractured near the tnr@mt
seetian while those welﬁeﬁ with haavily-caated eleetrﬁdes
r'haé the §1ane of failﬁra at a very fla% angle to the main 
"plata. Th@s@ samﬂ types af failure are eam&an,in thﬁ and}v

fillet wel& qualifieatian ‘tests where the gel&s are under.~d
téﬁsiea. The~yh0toelastie ﬁﬂ&lYSlS shovs, ané'it is some~
,;what generally'coneed@d that tha stregss &lang the ayliee
: glate leg of the weld is almost pure tcnsisa,}that that
aerass the thr@&t saction or varg’naar te it 15 alse in ten-
- gion, while that along ‘the mein plate leg is at & m&xim&m 1&5
shear.» This shsar Qlana is 1.41 tlmes a5 great in area as
.thét of the throat aectiﬂn.‘«aincefthe ultimgte shearing
“stress. 1sﬁgaﬁerally'éighty/pér'éent‘af tﬁé‘teﬁSil& ﬁltimatﬁ, 
it is easily seen that failure should oceur alang the throat
plane. rar the light&y«@aa%&ﬁ alectraée ﬁhis ah@aring ulti~
| ‘mate stress mum be mbout 42, 000 1b per sq in. E‘ur?;harmere
Ashould the ratierof tne shearing &ltxmate to tha teaéien ul—_
‘timate dacr@ase in the case of thé haavily-ceatad electrodes,
’ and shoulé this ratio tnen be less thaﬂ seventy per cent,
.failure would be due tg ahear and would be along the plane Qt ‘
1_.the ‘main plate or at a flat angle thereto.. | | |
" The tensilettests giva an avar&ga nltlmate fox Elec-
fnra&e B of 61,600 lb per sq in and 1neluéing Ilectrode C the
’ ;graad average : is 63 830 1b per sq in. ?he shearing ultimatef:
.3hcu1d tnerefere be abaut 4,,JOG to 51,200 lb per sg im. The



qnalifiaatian~spee1mens shcwed.én average ultiﬁatmfoﬁ»tﬁé
’ '-ﬁhxéaxfseetiéa-ef‘the ﬁglﬁ of 70,800 1b per sq in although
‘théfiiﬁé.of fraetﬁ:e wéa at a flat angle to the é@in plate.
 -31nee the xgtie‘atlthé shaaring'ulﬁimate 8s deterninedva%oie’
th the ultimate as given by the qualifieatieﬁ speﬂimehé_ is
&,6§fténd.?llit-islpoasiblé.that tais:explanatian accounts
for the failure of heavily-coated é;eetredé‘walds; 'The.ratia
| ef 0;?'betwsen the ultimate atrengths'ia'sheér'and in teﬁéioﬂ
- _was reported by Professor H. Dustind. ﬁhether it accounts for
1% or nat the tact remains that walds with heavily-eaateﬁ el-
'ectredms always exnibit this type of frqcture as éistinctivo |
from. &hose exhibita& by & lightly—ceated elaetr@ée weld,
) Let us now consider the method used in calculating =
stresses in'thé ielda in Series B. 'Ir ue gahsiéar fbrmnlé (3)-
and eamsider @ﬁly the stress set up by bending stresa will

tnen be ?roportianal to g'and & fae%@r §~ = K1. The v&lﬂé of

K, wiil then,vary 1inear1y with the ratio or<g. This is plot-

1

"tea ﬁm ?13. 4.

Conaiéering the effeet er shear the factor Kg becamesh

Vaéez + g%
B - |

and the ral&ti@a between thisAfaet@r amﬂ 3 is al-

' 80 platted ané 1abaled ?aea@r a&thﬂﬁ.,
A% stated previously this method is

quastiémgble. It will be moted that at low values of & there
BTy . a
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is a eansiderable iaere&se in the value af K, over Kl and -

fi,tnat the earva appr@aﬁhes the curve ef pare bending asym- B
1t@tienlly. |

~If the primeipal strﬁss is det@rminea by the general

- formula (4),_ is representad bys:
R «[—75———ir
K@ - gg Se” + 4

ané %he relatien between K3 and £ & may be 9lotted. Thié ﬁe—

_garta still further fram the curve ef pure benaing but aaaia ,
o agpraaches it asymt@ticallg. Above & g = 1.0 the curves as =
'éetermlne& by the ?eeter aad,?rﬁneipal.ﬁtrasa Eethada be-
! asma almosn coinei&ant.
, | If. 1nataad of cansidering tha triangular distribu~‘
'%1@&, ve plat curves an th@ basis of rae%aa@ular aiaﬁrihutlem

- of stress, there results Kig. 25. Ka far pure bending then =

2e ‘J4e3 + g?
a

3 using‘the Principal Stress ﬁeth@d.i

dg - .
~— wghile X =
4

on this figure too are plattea tha.a‘ratiaa &ﬁpliﬂ&bl@ to the

x

1sgeeimena in this imvestigatian and the rati@ 03 the strength
B which %hay develmpeﬁ in shear amd banding t@ that d&velapa&
‘1n pure bending. beﬁparison ia then maae with the ratio of
the caloulated strengths. It ¥ill be Eetaﬁ thet the observed

'paints fall very close to the curve aeterminad by the Eriaei-

Vpal stress ﬁeth@ﬁ. ~‘
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| Thc point for B 335 falls far to one slde of this curve,
‘J,whieh is probably ﬁue ta the fuCt that the 1oa&ing hlocks on

. A,aac tilted, deereasing tha lever arm and h@nce inerea¢iﬁg the
obgerved load at failure. 1nce the nemiﬂal 1ever &rm was used

: 1m caleulating the ultimate benﬁing momen%, this would give an

: Fmbnormally high hending mcment. This would. aceounh fcr tha 1ow )
) ,ratio of B 33D te.a.ssc which 1s the baais for the glettxng of
" the poimts on Fig. 25. SR o
R  The point for B 630 is slightly high prcbably due to.
poor~métal along the toa af the welds, whinh evidently laeke&

"a_ _eamplete fusion with the base metal.

' ' The loadiag blaeks used with B 13¢C tilted a maasurable,‘ |
'."amgunt thus shortening the 1aver arm. »Galculations were based
.on the assuﬁption that one of the laver arms was shcrtened 7/8
1n. and the other 1/3 in. giving nat levar arms. of 0 43 aﬂﬁ 0.81
in. respeetively. Since failure occurreﬁ on the welds subjected
to the 0 81~1n. lever' arm, ‘tlie e/d ratio was caleulated as 0.57.
"“The ratia of the ultlmate momenta of‘B 136 to—& ldD is thsn 92.8
per cent Whllé the calculated ratxo is 86. ﬂ per cent. The cal—
'culated moment is very sensi%ive ta variations An laa& distribu-
tion. | ' |
‘- L In 3§e§iiéﬁ§ B 13, .B 14 and,s 33 the effect of- the
shearing stress ahould ba negligible eiﬂca the e/d ratio is |
above two.’,?hg ultlmate bendiag~moments ‘should be almost_equél
4"te those of their eampanioa spécié@nS'in Séﬁies 4.  That ihey”‘
1do not ﬁhus agree is probably due te variations in the denasit~ 

ed welds. It is generally consiﬂered that varzations of Dius



or minus ten per cent of tha averaga in the results ot wveold

5}tests are guiﬁ@ reasonahl¢, The majority of the results in
this 1nvestigatian fall well within this- ran@a and are gen»u
'arally consistent.

Here agaln ths results tend to iaéieata that rull ree-

tangular ﬁistributicn of stress 13 reaeheé in the welds at
*.failure &né that the ultimate strength may be based on this
"methcd of caleulation.

| The enrves show the very small effect that a low aver-
hge shearing ﬁtrﬁss‘hag'uyen thelstreﬁgtglﬁf the neldﬁl The
;bending strength will not be decressed more than ten per cent

_‘as 1ang as the lever aronf the laad is at least twice the

. length of the weld. For shsrter l@ver arms in relatiem to .

- weld langth it wsnlé be bettgr to ecnsiéer'the efreet of shear.
There is alsc indicated the small difference in the results
_whether based on the- ?tcxar amtheﬁ or ?rinaigal Stress Method; |
::but the Principel 8tra:i ﬂaﬁ&aa gives more eans&rVative and e
Qrabably mare accurate valuus. - L '
| (g} Turning agaia to’ ﬁable I, tha rgil@ @f tﬁa average mod-_f
ﬁlﬁs of. rupture to the wltimate s%rengtn sf the gualirieatian
specimans is 1.87 fer both 3/8 and l/d—in. lightly~vaated elﬁe~_ _ 
- trode fillet weldu. The haavily»@aatae aléatqueﬁuelﬂmvﬁh@w_a
ratio of ealy l 61. Ffaéltheée figurés the faétﬁr of séfety
ean be calculated using weld atrasaas of 3,000, 4,000 end

| :3,7&3@ 1b per lin in. for 3/53, 1/2 "bare wire" and 3/8-in.
‘heavilj-c@ated electrede welds respeenivalj. The taatara &t -

safety;aolumn ll,range from 6,5 to lG'dfinelad;ng'all syeeimsnsi
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-

- Discarding A 34¢-1, A 63-1 and A 64 with faetars betﬁeen $ and -
»? becau&a they wara ﬁerinitely 1@@ due tﬂ p@ar fuaien in ﬁhe :

- weld the lewest factar is 7.5.

Consider Table ITI, column 1l. Here caleulations based

- on the Pmﬁmxigal ﬁ%raas Ea&&mﬂ.g§vg faetors of safety from 6,7 |

to Q.l. Eslng the E&$%gw~£wﬁmw§the factors. ef sa?ety would be -

» eligﬂtly less,

{h) I% has been suggesteé that same varla%ian in res&lts is
reasonable and as far as. posaible the uauses,ar these variations

have been aiscussed,  The sﬁrains»ia the weld Mﬁasﬁred by the

Atensameﬁéré showed particularly well any lack of fuslon or por-

csity'in the weld lsﬁg beférs.raflare, Thesé ébaervatians wére,

‘ omitted in working up the a?grage banding momant—welﬁ straiu

curves., |
A p@ssiblg.cauSa of variatiénﬁis'foﬁné in the sae@ﬁéary‘

stresses to which the welaﬁm@szaabﬁebtea;»thg.eaﬁai@éraﬁ;@n of

,wnic& ﬁas been entirély omitted 1n’the éiscuésion. Gnebéf these

_seeandary stresses 13 tnat eauséd by the 1ongitud1nal buckling

of the compression s:ﬂs ef the sp&ise plate &ae 50 the. e&@emtr1e 
campresai@n 1@&& te uhich ;t was sabjeeteﬁ. This nhenameaon was
guite notieeabl@ 1n eertain spectmens,; atably A 640, 3 5&-2

A 193 and & 104. The resultﬁ~u was a prying aetion at ﬁha reot C

“.af the weld and may aseeﬁat far the scaling gf the weld at the
-'camprassien end hsfera~scaling occurred at the t&nxiam end. In
| addi@ion there are the secandary'stresses due ko the necessity

"far~the str@ss to follow a brokan path and the 1nfluence cf lo-

ea;izeﬁ $tressms due to the laading plocks, especially in Series
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B, Theae prabably have small effect on the tatal sﬁrength or
the welﬁ. )

2. Spaeimans H 62 and C 124 -'The total a&gie of rote-

Jtien of the walés on’ these two speeimans was 0.0125 and 0.0075
raﬁiams respectivaly. Ab this pcint the caleulated maximum |
:5w@16 stress was ap@roximately equal to the ultimata strangth
‘shown by the tensile tests (54 5&6 1 ger sq 1n}, and small
'craeks wara noted 1m the teﬂsian ends of  the velds. o
Ths ylates wsre displacad due to the gouging aetion of
the loading blocks 5/16 and 3/16 ‘in. respectively at tho final
m load. It 13 &ncaneeivable that this grﬁat aistartien of the
'ﬁwing plates cauld oceur witheut detrimentally'arrecting the
: weld strength. o '  ‘ |
‘ ’ The ratio of the thlckness @f the wing plates to the
'}tatal threat aaetian of the welds aas respectively 3 gs-anﬁ
-'l 32. In both these tesis yielding @aeurrad in the plates be-
fars any distress was evi&anceq by the walés thamselvas.

B cemments en Senias 6 Sgeeimens -

| | {a) The ean&iébrable @arosity‘maﬁifesteé 13 the ;,‘V
" 1ight1y-eeaﬁea electrode welds is not unuaual and is vmll L
- presented in METALLGRsIcAL maﬁa oK yusxaﬁ WELD JﬁIﬁTS by a.s.»
' .hosas - Jourﬁal americen W&ldiﬁg 3aeiaty, vbl.lé, ﬁc 4, Apfii
1955. 3s the number @r passes increases the pH ﬁbsity is re~
- auﬁeé, pr@bably beeausa the subsequent pass xgmoves,the par@ms
: téﬁ‘layér"an&’reél&ces‘it vith ﬁ9n$é§5métai}"withbﬁhe éeeréﬁsé

" 4n peroaiﬁy, the mmdulua or elas@icity iner@ases.,there 13 a .

'1 alight imprcvement in auctglity and a slightly higher thnsan
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limit, The most interesting phenamena is the relatian of the
i moémlus &f elaakicity to the specitic gravity of the speeimen.
This is as‘fallggs: The ratio of the meduli of elastielty of

therﬁepesiteﬁ'uélﬁ metal and tﬁe eleectrode variea-directly as

‘,_tﬁe faurtn_pewer of‘the ratio of their specific gravities. Ko |

T

‘axplan&tian is effereﬁ fer this relatian,

The-syeeimeﬂs~ar eaeh.gfau@ and as & whole give remark-

o ably aniform results cansia@ring the 1nhamﬁgeaeity of the metal.

The aacrease in the physieal pr@perties ar the deposited weld
metal camparaﬁ t@ those of the original eleatr@de amounted to
33 per cent in ultiﬁate sirength, 66 per cent in el@ngation in
“2 ixi. ana ?a ger ‘cent inm reéuctian in ares. .
(b) ﬁith the welds rram.haavil*-eaateﬁ alectrsﬁas the ren
sults sre different. The 3@@31?13 gravity and meﬁulus of el—
asticity remalned constant; the ultimate strength only showed
a,&eerease of 25 per cemt in the wx&rema case of Eleaﬁraﬁ ”
‘camyare& with the ariginal alectr@ée preyerties. Eleetréde‘ﬁ
only shawing a lcss of 18 4 par cenz of the ariginal elaetr@de
strangth. The @ereentaga el@mgati@n vas ﬁmuble,that of the -
original electrode while the r@ﬁucﬁi@n in area was ahcut aaa—,
stant at approximately 5@ per cent. - .’
_ | Bota electrodes anowed gelﬁ thraat stresses“in tha
quelirication tasts-ef.hlgh:oréer, ?1,339 lb‘parAsq 1&,“ Elec-
tra@éfg;appraaehad %his‘wiihvan av&rﬁgéf@f 5?,2&0,15\@er43q in
iﬁ‘the fenéilgteéts, butAXAQcﬁrqde b pérsisﬁently sh@ﬁeﬁ ul- :
timates whieh avéraged 61;609 1b per. sq in. 'Thi.si' is“,t‘he reverse

' @f:the'pﬁrferm&nee of the lightly-coated electrode welds and no
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'explanation is offered. The tests were sufficiently conclu-
.siva—and of unzfarm results ta preve the faets as stated
above. . | |

(e) Gbaervations of cur”en% end VGItage ROTOSS the arc were
%ak@n éuring wslding and an efrort made to ma%ntain them at a
constant value. An exact rate of wald deposit was rather dif-
ficultlta théin becansa of the short lengths Qf many of the
welds but with the lightly-eoatéé‘aleéﬁrade erfﬁflﬁ in. dia-
, meter'iéyvalté‘énd 180 amgefes, 3/§-£ﬁ; fillet welds wa?e.de—
?a@ite&:ah”theiréte of aggréximately 4.5 £t per hcur as&umingv
_continuous welding and allowxng for renew&l of el@etreées. The
‘rate with the 3/16 im. diameter heavily-co&ted elaetrgdes at
28 volts aﬁﬁ 220 amperes was apgroxima%ely 23.5 f%t per hour
made by one elactrode 18 in long with the Vee in e harizantaln
- p&sit;enaj - A ‘ A S
| . Some dirficulty was encountered in the hanéling of
vEleetrade G whieh at first caused mueﬁ spattér and undersut- .
ting. This was overcome by hﬁldiﬁg 2 much sherner arc (1/16 )

te 1/& in. length},‘the eleetreaa ceatimg being almsst immer-

. sed in the molten pocl. The current eould be maintained at

210 amperes while tke deerease in arc voltage frcm oa ta 27
gave wuch better ccﬁ%rol no undexeuttimg anﬁ litﬁle spatter. o
- The slag Qf ﬁleetrod& c Was much tbimner ané denser

than tn&t from 1ecurode D and was slightly more difficult tc
remave alth@ugh upcn ther@ugh coelimg 1t ehippﬁé off easily.
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Tha coatiﬁg-af Eieeﬁre&e é-hréka off upox bénélng'eri.
- the . alectrvde, the resnltaat bara spa& Lausad trouble in
handling, spattsr ana extinguisnment of the are. Tne eeating‘
- glves off. neavy, white fumas whieh are rather eheking, hence »
; glanty of ventilatien was requireé. 4 ’
| . Rlectrode D performed heat also when the arc was kept
guite shert &né the end of the caating was almmst dragging in.
: the.mnlten yeol. Tha alag prsauaed was vary velumineus, para
~9ﬁs.aﬁd glas3yQ "It was so brittle that it ceulé easily bg
.chipped offt immediately the pass was finlshed. A g@ad weld
could be 1dentified by the smooth even appearamee of the pur“]
- fed up slag, cavegang all the deposited metal..
| An &gb@stés cord spi:alléﬁ around the electrode, was
embedded in the»edatiag éeéurely gyiﬁg 1t to the el&struda;~’
henee ailewing 1t to be beﬁt vithéut sp1itting'5ff and caus-
iﬁg bara spots. The fumes given off are slight and mild and
require mo special ventilaﬁian. | '

It is not the purpose af ﬁhis thesia te suggast one
electreﬁe in preference to the @ther._ E@th give an axcell@m%
-quality of deposited metal, both are equally easy to handle
'éaéi@auée slight spaiter loss or loss of ﬁiméﬁin siééarbmmvaf?“f e
'Théir‘ehlef ﬁifrsreneeérin behavior 8% shown in'thefnémﬁing or
the électrnéé and tha:fumes‘giveﬁ Q£f ffea ﬁﬁs“buxnimg‘csating!
vI. aﬁﬁﬁ&ﬁ? AKD CONCLUSIONS .

Basea upon the cbservwd behavior af the sp@camans and

subgect to the 1iaitations imposed by them, the fallawing sum-

‘mary and conclusicns are preuanted.
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o 1. The bending tests showed that the pr@sent design

methaﬁs are very @onsurvative anﬁ give a facter of safety
of at Ieast 7 when based o6n the ultimate streagth ‘of the weld.
B The @réinary d631gﬂ formalas ¥ill give the stress
. aandition in the wela for stresses up to the yielé str&ngth
‘ Qfﬂ%h& material. ,The_principalvstress.methad for computing
eegbinad'stress is found to be more conservative and probably
‘maze exact. : ‘ ' “ n |
» 3 The stress condition in the ﬁeiﬂ m&y be summariz&d
"as fall@wa: .
(a) The weld stress is prcportienal to the applied load
up to the Johnson 11&1% of the weld material.
- {b) The stress at the root of the weld is about twice the
'avargge stress and about three times that at the rree beund- '
ary of the weld. |

(e) The stress is gracticaily unifermly distributeé over

the weld crass-saction at the loading which causes - scaling of

' © the whitew&sh on the surface of the weld.

4. Despite the low duetility or walds made with the
lightly~eoated alectreﬁs, the éuctility is suffieient to al-
low for the developnsat of the full rectangulat dzatribatien |
~'ef stress along the length -of tha veld. ' :
5. Hsing this raetangular digtributicn of strsas, the
- full resiﬂting mmment hasaé npan the ultimate strength of the
qualifzaation tests 1is dawelaped even though the averaga shaar-i
iﬂg stress is as great as eighty per_eant.of this ultimﬂ%a‘d

strengtih.



6. The full theoréticail increase in strength is

. obuerved 1n the eampariscn @f 1/2~in. f;llats anﬁd3/&~iﬁ.

V fill&ts in %ath the 1ight1y~coatea and heﬂvily-ca&uad el- -
 eetrodes. - - .
'. - ﬂ,ﬁv. The use. ar heavily—ceated el@ctroues glives some
- increasa in sﬁrehgth, anpraximataly in the ratio ef tn@ir
tanﬂil@ ultim&ta strengths, rathar than 1a the ratio of the
.'qualifieatian tests.
| . B. . Welds af‘lightly-caatﬁd electraﬁas are rather
,'yor@us ﬁespite their geod external appearsnce and malntenance
mf ths pr&seribed ultimate strength. Thia paresity daereases‘
the sgaeirie gravity and the m@dulus of ela&tleity 1n a rathar
) unusnal ratic.' - S o R
;'”91' ﬁultilayer welﬁs with lightlyhﬂeateﬁ elec%rades
'tenﬁeé to becoue mmre eampact, u1sh resultanﬁ increase im
sgecifie gravity, mc&ulua of slaaticity and ﬂuet*lity.
10. ﬁeavilyhceat&u elactrodes gave pnyaical pngﬁerties' 
‘equal to or excea&ing in all the ltems tested %he usual graa333 
of struetural steel.' - e ‘ |
1l. The tasts inaicatea the necessity af ﬂéterminins
thﬂ $hearing modulus and shearing strengths of weld metal
j‘fram_bmth %ke lighﬁly—coataé and hﬁavily~caataﬁ-el&ciraﬂes.f'
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TABLE I -

TEST RESULTS - SERIES A

Bending Moment Per Weld At

I

Ratio Cal-

Intersection of

: " : Calculate %
Sneatme Leg%th ch%in& YieldbPoint Modglus Ultimate |culated to Obsegved gnnggg Sﬁgligg Eag;or
Number g M Ultimat = Stress | Measured »
Weld | %#hite- |[Observation G‘Rupture ; Bending |Ultimate|Safety
wash | of Curves Stress | Stress | yoment
in. |in-1b in-1v in-1b |1b/linin | 1p/1in in 1b/sqin [ in-1b
(1) (2) (3) (4) (5) (6) (7) ~(8) {e): i {10} (11) (12)
A 13 1.52 8,424 4,425§ - 9,435 || 24,900 | 16,600 1.682 36,000 6,870 89.5 8.3
A 14 1.51 | 10,800 5,850° | 12,250 [|32,400 | 21,600 1.65- |36,850 9,000| 88.2 8.1
A 33-2 3.03 27,160 22,800* 35,400' 23,200 15,500 -- -- -- 76.9 7.7
A 33-3 3.02 38,360 29,800* | 48,500 {25,400 16,900 - - -—- 86.0 8D
A 34-1 3.00 36,400 22,000% | 38,820 |125,800 17,300 178 35,900 32,000 93.5 6.5
A 34-2#| 2.94 | 44,000 25,600t | 54,800 (38,000 | 25,400 1.61 37,400 | 40,600| 80.4 9.5
A 63-1,| €.00 | 92,100 69,0007 |117,500 (19,700 | 13,200 1.64 35,800 97,500' 78.4 6.6
A 63-2#| 5.91 [126,900 81,5007 {181,150 {31,000 | 20,700 1.63 36,900 | 121,850| .70.0 10.3
A 64 8.00:31X7,250 68,500% | 158,150 | 26,400 17,600 1.65 35,700 | 121,000 o B g 6.6
A 103 10.00 325,000 237,0004- | 463,000 27;700 18,500 - -- -- 70 .2 9.2
A 104 [10.00 390,600 | 346,500A | 586,355 |35,200 | 23,500 - - -- 66.7 8.8
A 13D 1.50 5,370 3,6607 10,530 || 28,060 18,800 1.63 39,000 5,030 51.0 765
483077 1+:8.00 27,520 26,8007 50,730 | 33,700 22,600 1.69 40,800 | 34,200 L e 9.0
A 63C D82 - 93,0007 | 168,350 || 29,700 19,800 1.62 42,000 | 133,250 79.4 72
A 64D £.00 {156,150 94,0007 | 261,400 || 43,500 | 29,000 1.61 41,000 | 149,750| 59.5 8.7

4 Electpode B used.

Other specimens of Electrode A except as noted.
7 From weld strain data by tensometers
* 3y strain gage over 10-in. gage length specimen including welds
A By center deflection readings




TABLE 1II

TEST RESULTS - SPECIMENS C 62 AND C 124

WELDS OF ELECTRODE A

(1) | Specimen No. C 62 - C 124
Average Gap
(2) dvi : 0.039 0.045
[ s 0.336 0.330
+$ Scaling of ;
Kl (4) | Ying Plates 53,700 130,000
]
Le)
General Yielding £
Ei (5) of Wing Plates 128,000
9 (6) |Cracks in Weld 140,000 250,000
-3 Ga
p Closure Com- §
- (7)|plete at One End 152,000 271,000
4+
g (8) | Final Load 180, 000 271,000
= :
ggﬁ (9) | Shearing 23,100 12,900
EEENS]
ol o'
njrd—~ @
o (F o (10)| Bearing 48,000 42,800
® = K
t4| &0 © i
f}; 5&4 2y
i
Lo
2 S 12,100 11,650
o 0o 2
3= 87 (1) |Cracks 51.000* 50, 000*
o g w B '
e 15, 600 12, 650
°lEnA (12}| Final Load 85, 700* 54,200%
=

*Stresses in pounds per square inch over
net throat section
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TABLE III - TEST RESULTS OF SERIES - ELECTRODE B WELDS EXCEPT AS NOTED

| Length |Lever Arm| Bending Moment Per Weld At JAverage |Ratio Rati Fact
Specimen of To Center Senlth Yield Point : Shear At| R withjkatio |, alio Design acfor
Number | Weld | Of Weld 8. by - Ultimate| Shear| e/d [2222218 | 1o0ad |, 9
' "an ng LRk Bhasrvat ba Ultimate Load | MR Ultimate Safety
in in whitewash ik o i : 1b. :
. : in-1p - | Of Curyes | ip-1p- jib/iin in ~ '
(LEsidel (3) (4) . (5) _(8) V%) - 8y 9] (10} 111X} (12)
B 13 1.48 34956 - 8,010 4,R50% 9,010 1,710 |86.0 |2.410 88.9 306| 8.3
B 14 1.48 | 3.50 10,720 -~ 12,720 2,460 |93.7 |2.360 | 84.3 416 | 8.7
B 33 2.90 6.60 31,680 20,2007 38,400 2,010 "} 9348 12,280 82.5 640 | 9.1
B 34 2.89 1.50 28,590 29,0604 44,900 10,370 [82.0 [0.519| 63.7 3,380 8.9
B..€3 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 3.81 334,000 269,0004 | 379,000 9,980 |73.9 0.385| B5.0 |11,140]| 8.9
B 13¢ | 1.42 1.81 9,500 ° 7,206A 16,900 | 9,120 |84.0%|0.922| 56.5 940 | 7.6*
B 33D | 2.88 | 1.88 27,000 19,3004 32,400 | 5,980 |64.5 [0.650| ©3.1 | 2,600| 6.7
B 630A 5.92 1.81 123,000 105, 0004 151,000 || 14,150 |89.6 0.309 81.5 ¢,690( 8.6

* See discussion
7 From weld strain data by tensometers

A By center deflection readings




TABLE IV - PHYSICAL PROPERTIES OF WELD METAL - ELECTRODE A

and voltage

Equivalent
Specimen | Johnson | Yield Ultimate Eggnggtion Reduction| Modulus of | gnecific
Number Limit | Strength | Strength | i, 5 in. In Area | Elasticity | gravity
1b/sq in | 1b/sq in | 1b/sq in per cent |Per cent 1b/sq in
(1) (2) (3) (4) (5) (6) (7) (8)

B 64,000 | 76,800 | 81,150 17.3 63.0 29,500,000 | 7.74

815 2 64,000 77,500 80,340 16.0 60.3 29,500,000 9.2

FEg 3 63,800 75,600 79,350 - 62.8 29,000,000 ik

vo. 4 64,000 | 79,400 | 81,150 17.3 61.0 29,400,000 #

@ oy Average 64,000 | 77,300 | 80,500 16.9 61.8 29,350,000 7.74
K]
e -y 25,500 | 36,500 49, 500 4.6 13.8 24,400,000 7.49
z ;;g o 25,500 37,000 01,560 6.7 15.3 24,500,000 7.90
5gs 3 26,200 | 41,600 59,300 8.7 10.3 24,900,000 7.41
»& Average | 25,700 | 38,400 | 53,450 6.7 18,1 24,600,000 | 7.47
<o
zggt; 4 30,500 43,600 52,000 TS 17.4 25,200,000 732

o 5] 30, 500 43,600 59,300 5.3 157 24,600,000 7.38
Leee 27,800 | 42,500 | 57,100 1.8 10.9 24,500,000 | 7.37
—~ 3R
S8 Average | 29,600 | 43,900 | 56,100 4.6 14.7 24,800,000 | 7.36
Ne 26,000 | 38,200 | 55,370 5.2 8.3 29,200, 000 7.55
S 27,500 | 39,200 55, 600 dae o 26,200, 000 7.47
& g‘; 3 26,500 39,200 57,800 6.8 11.2 25,400,000 7.53
qg«ﬁ . 5 26,000 37,200 50,500 4,2 15.7 24,700,000 7.92
nQ Average 26,500 38, 400 54,800 5.4 11.7 26,400,000 7 <D
@ o
",;3,_, Ll 30,800 43,000 54,290 L5 W 13.2 27,500,000 7.99

;;3 2 29,500 38,600 51,766 Tu? 14.9 26,500,000 7.99
: 00
Q%s Aversage 30,200 40,800 53,000 647 14.0 27,000,000 7.59
~ A

* Weld deposited using electrode 5/32" diameter and suitable current




TABLE V- - PHYSBICAL PROPERTIES OF WELD METAL - ELECTRODE C

Equivalent

. Johnson | Yield | Ultimate | .| Reduetion | Modulus of
“g:;ég;n Limit Strength | Strength Lignggtion In Aresz Elasticity Sgecigéc
| 1b/sq in {1/ sq in | 1b/sq in e Sk per cent | 1b/sq in oo b
: per cent
(1) (2) (3) (4) (5) (6) (7) (8)
L3 ¥ 60,000 73,200 | 79,890 16.0 55.6 29,200,000 | 7.75
g 2 62,000 75,100 83, 440 16.0 55.9 29,400,000 | 7.80%
: ‘gfg 3 63,000 | 77,200 | 83,500 14.6 58. 4 29,200,000 |. 7.71*
=\ . ; : A
K Average | 61,700 75,200 82,300 15.5 56.6 29,300,000 | ~ 7.75
oo . ; e : 3
oc o A ACER skl | 36,500 44,300 70,300 22.8 65.7 29,200,000 | 7.73
w”gg 2 32, 400 44,300 69, 400 22.0 44.4 29,500,000 7.75
~ 2= = A v
S&  Average | 34,500 44,300 69,900 22.4 55.1 29,350,000 7.74
b ’ ' o
vad 1 32,100 | ‘40,400 64,500 26.3 65.0 29,200,000 7.79
- 33,800 | 39,500 64,300 35.5 66.8 28,700,000 | 7.78
%g"s Average | 33,000 | 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 Johnson ﬂYield Ultimate Elongation Reduction | Modulus of |g eci{%c
Nunmber Limit | Strength | Strength | 3, 5 in. In Area | Elasticity ravity
Ib/sq in | 1b/sq in | 1b/sq in per cent |Per cent 1b/sq in
(1) (2) (3) (4) (5) (6) (7) (8)
[ B
g;; 1 60,000 73,500 82,500 173 b7 D 28,800,000 81
4 itk 55,000 74,000 82,000 18.6 59.8 28,700,000 7.78
o 3 58,500 | 75,000 | 82,640 17.8 57.9 29$,700,000 7.86
£§ Average 57,800 | 74,200 | 82,380 17.7 58.4 29,100,000 7.88
o ! 26,300 | 35,700 58, 900 26.8 52.0 30,000,000 .81
'U::g 2 41,500 50,600 64,100 24.7 56.4 29,500,000 R
v gz; 3 28,800 37,800 62,100 230 32.14 29,800,000 7515
A= st
:;g“ﬂ Average 32,200 41,400 61,700 290 54.2 29,800,000 7
-y 3 36,100 | 43,900 | 61,800 33.0 56.8 28,800,000 v L
;;8r4 2 34,400 41,000 60,800 28.3 64.8 28,900,000 718
e 3* 29,000 | 38,500 | 59,200 15.2 43.6 28,700,000 7.75
4 Sf", 4° 28,700 39,600 61,300 A B 35.2 28,900,000 7.79
J ez 5 41,000 42,500 63,470 32.8 53.9 28,500,000 7+ 76
u>8 6 34,500 42,500 62,520 32.0 Dile Lt 28,500,000 AT
Average | 36,500 42,500 62,150 U153 o8.2 28,700,000 A5 T

# Slight blowholes reduced ductility, omitted in average
¥ Large blowholes on axis, omitted in average
omitted in average

° Blowholes throughout fractured section,




TABLE VII - CHEMICAL ANALYSIS OF ELECTRODES AND DEPOSITED METAL

Electrode A Electrode C Zlectrode D
W] okt Electrode | Deposited Electrode | Deposited Electrode | Deposited
e ; Metal Metal Metal
per cent | per cent per cent | per cent per cent | per cent
c 0.16 0.15 0.138 0.11 0.14 0.08
Mn 0.42 0.25 0.50 0.62 0.51 0.31
¥ 0.017 0.014 0.012 0.015 0.015 0.020
S 0.022 0.030 0.023 0.023 0.029 0.030
Si 0.01 trace 0.01 0.28 ——- 0.10
Mo none none mone none —— 0.02
Ni - - - none - 0.05
Cr - - - none - none
Cu - - - 0.12 - 0.05

CHEMICAL ANALYSIS OF ELECTRODE COATINGS

Compouhd Electrode C Electrode D
Sioz 28.94% 37.96%
Feg03 4.63 28.52
Al203 0.54 5.30
Mn 0O 10.22 20.01
Ca O L.3H 4.74
TiOg 13.98 0.05
Mg O 6.64
Mo03 0.48

Ignition
Loss 29.46 3.42

96.24 100.00
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F1G.2 ~ TEST PROGRAM - SERIES A ¢ B

Plate B, it Welds

A
| Plate A . |

T P A )
- are

~Plate B
PLA
2P 4 ver
men.
i
A E{ ¥
| B

T : 1%" except as T
272" Specimens | noted
A/03 s /04

£LEVATION
Showing Loading of Series A Specimens

ZPi 2P

/! "min. fo edge of /111 i l | 7

Loading Block
T
|
N
|

|

t Spon ]

LELEVAT/ION
Showing Loading of Serres B Specimens

NOTE - Bearing surfaces fo be machined plane & parallel.
We/ldipg fo be on machined edges.

SPECIMEN SCHEDULE ~ SERIES A

Spec| Weld Dafa |Depth| - Two (2) of each Lever
No. |Size |Type | d Plates A Plates B |Arm
Al3| Is"|Bare| 15| 14x 1l x 10" | Hx1 x40 37
A33| 8 | » | 3 |/4x3 x//"|%x3x45"| 47
Ac3| 3 | 6 |/5x6 x/3"| Igx6x55"| 5"
Ar03| 25 | » | 10 | 1% x10x/8"| Texiox 7" | 10"
Al o | v |15 [1%x15x10"] | x15%x44"] 3"
A34| 72 | » | 8 (1% x3x//"| 1 x3 x44"| 47
Ac4| 7 | < | 6 | 2 x6 x 13" 14x6x5%"| 5
Arog| %% | | 10| 2 xtox/8"|14x/0xT" | 11"
A130| 2% \watd| 1% | 1 x 15 x 10" Zax 1%x45"| 37
A33C| 28 | 7 | 3 |[1x3 x//" |Zax3 x4k 47
A63C| %8 | " | 6 |/4x6 x/3" | x6 x55| 5"
Ac4D) 72 | v | 6 | 2x6x/3"|/hx6 x557| 5
SPECIMEN SCHEDULE ~ SERIES B

Spec.| Weld Data |Depty Two (2) each of s

No. [Size [Type | d | Plates A | Plates B | P77
B3| 28" |Bare| 15" 154 x 15 x 10° | Fax1%x45"| 12"
B33 Y8 | » | 3 |14x3x11" |%x3 x4h"| 18"
B63| | » | 6 | 2x6x/3"|14x6x5%"] 9°
Bl103| Y8 | ~ | /0 | 2x/0x/8"|1%4x/0x7 |15
Bl1a| 7 | 7 | 15 | 15x15x107|1 x15x45"] 12"
B834| 7% | - /Sx3 x| 1 x3x45"| 8”
B/3¢| Y8 |Coatd 15 |15 x1% x 10" 1 x 15 x 457" | 75"
83300 6 | » | 3 |14x3 xn" | %x3x45" |85
Be3C| % | » | 6 | 2 x6 x /1371 4x6x55"(9)"




o S FW- 554 fightly- coated
Bar A, / electrode- Suitable current & volfage.

Bar B 4 - b fo 4"
ar B8] _ e ‘ fer weld);
U g - afte 79
A—H|H-—A |
r % —; ’U \!.\50/‘5
HH s
loading | o—F—T= V= | ¥7%s aimepsion 7o CTION A-A
[ Blocks—<"F @ | ‘e De not less than 2
wE : half of 8.
2P 2P
ELEVATION
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Specimen Length ¢ Lever Bearing| . Bar A Bar B
’O/yo. Weg{ ; / Ar M €\B-in | Main Plate Wing Plofes
c62 | 625 | 2 3 |IP-6xp'x8%" |2 P5-35%x%'x64"
Cl2d |2 4 3% |/P-8xI4x/4” |2 P5-6%xVg'x /2"
l/eoK
|
i
| B
\\
DN 5

e A e 5 ?
- 80X : 80X

APPEARANCE OF SCALING OF
WHITEWASH - C /24 - LOAD /60 Ajps
Scale /50

FIG. 3 - SPECIMENS C62 & C/24




fillet Size | X
3" plus 7/ ] s ‘i FLATE SCHELDULE
\Fillet Size g 8| W Weld |No. of | Size of
" olus 4" R L S/ze Al Reg| Plofes
:9\ :‘\‘ 2, el 6 |%x3x9"
A SNew S Bt 6 | HHx3x9”
‘ Bl Ll ax

WELD DEPOS!ITION PLATES

NOTE:- Welding electrodes, both bare” and heavily-coated fo be Y dia
Discard approx. /" from each end of fillet Weldmg fo stort of
one end and finish of opposite end. Crafers 7o be JNed.

o N
;_] o+ :\\; /; \\\\\\\\ \
N © o 7 \\ \
> 2 i ‘fa\\\\\\
Bare Llectrode- Single Poss Two- Pass S/x - Pass
Heavily-Coafed ~ Three Foss Six- Pass
Diamefer o v 5/ p ,
Jensile Bafr T 76 //2 05057

LOCATION OF TEST BARS IN FILLET WELDS (Ful Size)
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e — e |
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) e ¥
Rzd /  Reduced Seclion
15" min
e~ Overall Lenglly sk ]
LLENSIHE " TEST SEECIPTEN
DIMENS/ONS
/Vozp/oa/ Dia. af Dia. af fillel| Goge |Redvced\Dia at |Threaaed\Threads |\Overal/
Srze | Cenfer-d & Length-l |Section End~e Uengh-T | per mch|Llengt
e Vo/8Braoor] o vooor |G ) ik Tt 20 | 2%
26" 1031320002 d+oooz | 14" | /L | %" %" | /6 35"
V" 050010005 o +0004 o9 b el A /0 L
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HEAVILY-COATED ELECTRODE WELDS.
2 Regd for each fype of electrode.




Flg. 6 - Specimen A 34 Set-Up In Pure
Bending in 300,000-Lb. Machine
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Fig. 7 - Specimen B 103 Set-Up In Transverse
Bending In 800,000-Lb. Machine



¥Pig. B ~ 8et Of Serles A Speclmens

Lightly~Coated Electrode - 3/8" Fillet Welds



I« 9 = Set Of Serles A Specimens

Lightly-Coated RElectrode - 1/2" Fillet Welds
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Plg. 12 - Specimen A 83C
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Fig. 13 - Specimen A 64D
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BENDING MONMENT PER WELD —~ /INCH-K/PS
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Fig. 15 -~ Specimen C 124 at Total lLoad
of 240,000 1lb.
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< All Electrodes—

3 80

"

S Weld Metal from Llectrode C

X /Q

R Weld Metal from AR P

S 60 Llectrode A =

/

* L G / \ :

((’!)) /

W 40 : : : FPHYS/ICAL PROPERTIES

N Deposited Jeta/

9 Llectroge |Flectroae A |Electrode C

Averages _ightly-coated \Weavily-coated,
Johnson Limif | 61,200 27,700 | 33700
20 Vield Strepgth | 75,600 40,200 | 42 /00
Ultimate 81,800 54,500 | 67,000
Llongation n 2| /6.7 7 587 26.5%
Redvction ipAred  59.0 )b P e 5 60.5%
0 | | ‘ ' | ] i |
0.04 - Q08 0l2 0/6 0.20 o4 028 Q32 0.36

ELONGATION in inches per inch.

F/G. £f = TYPICRL ~STRESS ~STRAN DIAGRANMNS O ELECIRODES ANG
DELPOSITED WELD IMETAL
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Fig. 18 -~ 3/16" Diameter Tensile Specimens
Lightly-Coated Electrode Welds
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Lightly-Coated Electrode ¥elds



e
d

VALUES "OF -

1.2

/.0

o8

06

04

0z

j‘/ K

s j.z . 8 330

i |

'l

/ ~ ; . o Qbserved lVoles

#

J | | L

70 Calcvlate WELD STRESS ‘o’
Bending without Shear o= FP Ay

Bending with Shear o=« 5—’,0 As

05 A, 15 20 P A 30 J5 40

VALUES OF /g,-_ff ond K- %€.+$/4e;fd

FIG. 25 - STRESS VARIATION WITH £ RATIO ASSUMING
FULL RECTANGULAR DISTRIBUTION OF STRESS.

45




l2

L0

e
ad

/
Ar | 5 A Colculafe Weld Stress o ”4//,,, .
, ~ 58’)4/”‘7 w/ﬁau/ 5&5’0/‘ - =-0—,p—/(/

Beooﬁﬂy with Sheor
« Approxtmalte (Vector) /'7ethod - 0’7,5 X

VALUES OF

2 Pr/'/?C//'a/e Stress Mebvod - J:a/.ﬁ/(3

2 P 4 iy 6 7 8 9
; 6e V36e*+d? 3e \J9ez+d?
VALU[S OF /\;‘—‘T) /(2= ——7——-— 000’ /\‘/3.—: d B d—

F1G. 24 - STRESS VARIATION WITH = RATIO BY COMMTON THEORY




300

250

200

o | [

LEGEND

o 3" Fillet 'Me/a’} ‘Bare "’

—  x 2" Fillet Weld) Electrode
— ——— Rectangular Distribution

—-— /33 fimes rect. a’/s/r/éa//ofz
Calculated for %" Weld

: 0'#‘/5\350 //CO

x

_ 4
)’/
A

/
s B81035:/6.5) |

figures beside pornts g/'VV
Ave. Shear per inch.

/|

7 folls on Hs lie.

7 Shear /0,000 ¥

Q
S
2
.é
a /5532 ¢
141%0 7,7
S /50 _ i
A
S // o V26007
. g
&y /00 /. va ¥ L
g / //
Q v
§ 10370%/ 7
50 : - S
7/
‘(20/0/‘/7
2,4/50/, NB330- 60007
7/
8/36#“—75’/,7/0%
91200
‘ 2 4 6 8 /0

SECTION MODULUS OF WELD ~ ips.>

/12

F1G. 23 - BENDING MOMENT - SECT/ON MODULUS

CUEI/EJ SERIES B.




600

T r 7
LEGEND . /
o %" Fillet Me/a’} ‘Bare "
x b" Fillet Weld )Electrode /
GO0 s Triangular Distribution :

- — Rectangular Distribuvtion ’
" Calculoted for %" weld /
2 | ¢,-/3800 %4 /
S ,
S 400 Vi
Q .
X / ' /
’ £
E 300 7 - / . /
» A64D /
Q = . P
b / i gt

7 oz

W 200 - -
83 ok e
Q 4 #7]
Q T Low dde o Foor Flision

8 /2 /6 20
SECTION MODULUS OF WELD ~ /s’

fF1G. 22 - BENDING MOIMENT - SECTION 17000LYUS
CURVES - SERIES A










	Lehigh University
	Lehigh Preserve
	1935

	The behavior of fillet welds when subjected to bending stresses, M. S. Thesis, Lehigh University, 1935
	N. G. Schreiner
	Recommended Citation


	tmp.1349491368.pdf.HNIaR

