


A Bhort Thesis

on Arc-Welding

Duriang the past few years the attentlon of
architects,engineers and others engaged in or con-
nected with the building industry has been attract-
ed to the pogsibilities of the application of weld-
ing processes to the jolining of structural members.
As oxy-acetylene welding was developed before elec-
tric arc welding Dbecame perfected it was only natu-
ral that the gas torch should be first considered.
It developed however on examination of the two pro-
cesses that while acetylene welding gave better re-
sults in most cases 1t was only in the hands of ex-
perts that it could consistently outscore the arc
ag a welding medium. Arc-welding has the advantage
over the acetylene process,where each individual
operator must use his own judgement as to the prop-
er flame,in that a squad of arc-welders can work
under the direction of a single expert supervisor
who accepts the responsibility of fixing the cur-

rent value and of determining the proper size of

welding rod to be usged on any gilven type of work.



In order to ohtain a 1little first-hand infor-
mation on arc-welding,it was decided that a Tew
samples be worked up and subnitied to standard ten-~
gile tests. Mr.Frinke,of the MEQlintic Marshall
Steel Fabricating Company located in Los Angeles
and Pittsburg,very kindly gave us a good deal of
valuable assistance by lending us his personal
fileg on arc-welding and algo by furnishing us
an unlimited number of samples. Though
wag kept busy working overtime on the fabrication
of structural steel members for the Los Angeles
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ity Hall then being
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abricated in the companys
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shops,he managed to make our samples ag fagt as
we could test them. We are indeed greatly indebted
to Mr.Frinke and to the MEClintic-Marshall Co.for
their hearty and willing cooperation.

As ig usual with & thesis of this type an
ingufficient number of tests was made,both as con-

cerng variety and ag concerns extent. Some of ocur
conclusgionsa are thercfore hased on rather insul-

ficient data and thisg must at all times be kept in
mind.
In general the welds tested showed a siruc-

ture that was disappolinting. In many cases slag and

s i



a8 pockets cut down the aresa of cross-section as
much a8 twenty per cent. In other cases the area of
effectlve cross-section was materially decreased by

rusty test pleces.This was especlally true on the

lap and side welds.In the Tuture the difficulty
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but until thisg time comes it ig difficult to tell
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a good weld without testing 1t to failure. The

westinghouse Company is at present developing & pro-
cesgs they believe will revolutionize arc-welding.
They call the process the atomic hydrogen torch.

Regular molecular hydrogen passes through an
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his ig then directed at the Lot metal in the im-

great quantiity of heat. The molecular hydropgen

combineg with the oxygen of the alr and provides

an enveloping Tlame that has the effect of produci: ng
a reducing atimosphere and thus reducing oxidation.
Cur first lests were made on a set of butt

welds in order to determine the proper mebhod of

cTing the pieces to be joined. We tested double
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Single scarf
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Double scarf
ﬁ
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NO | SIZE | WELD | SCARF |MAX STRESS|STRESS IN */o" |STRUCTURE| FAILURE
) |2xYs | BUTT |SINGLE| 43300"| 43300 | M.C. | Ti00%
2 BROKE IN| FLEXURE TES
3 47700 | 47700 | MC [T607-5407
4 47100 47100 T 007
5 38000 38000 T907-5.107,
6 40050 40050 A0,
7 59500 |FAILED OUT|SIDE WHLD
8 49250 49250 M
9 43100 43100
|0 40300 40300 C
I 36000 | 36000
12 46600 46600 N
13 56400 |FAILED OUT|SIDE WELD
14 46500 49500 M C.
15 36700 36760 C
16 47800 47800
17 46300 46300
18 S2300 52300 MC.
Note -Test pieces were all torch scarfed.
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Single scarf

Double scarf
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NO | SIZE WELD |SCARF |MAX.STRESS|STRESS IN%a" STRUCTURE, FAILURE
19 | 3x' | BUTT [SINGLE | 59050°| 39400 | MC. | TI00%
20| - P - lasiso | 22100 M. .
2\ 45350 | 30250 £
22 . | 57000 | 38000 e
23 NONE | 59200 | 39400 .
24 57000 | 38000 3
25| - — | 62000 | 41300 | MC
26 | 3x /4 SINGLE| 40050 | 53300 C
27| - 34550 | 46000 | MC
28 35600 | 47500 C
29 48700 | ©5000 M
30 - 38350 51100 M.C. -
31 DOUBLE| 38000 50700 M T O S50}
3z 37300 | 49750 C »
33 44600 | 59500 M [T807- SZ07
34 34100 | 45500 - [T857-SISZ|-
35 - 43500 58000 M.F .
36| 2xVa 25100 | 50200 | MC
S 2xl SINGLE | 89500 | 44750 F.

“One half of test piece only scarfed.

Note. All test pieces were torch scarfed.
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the thinner material it made very 1litile difference in
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vere double gecarfed of

In the cage of

2"¢ 1/2",2"x1"and
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Tlerence wag

ran some ten per cent less or an averase of 43,4007 per

One note that the thinnsr weldsg
gre stronger per square inch than the
welds. While this is apparently true the increase of the
unit stressg 1s in & large part due to the follov The

1bly measured 5/16" throush the
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2 the half inch welds were more riearly
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a1/2" or 9/16" in thick T 47 -
S 2 r Z/107 1n thickness. Thus we see that the actual

gtress in the welds are 4/5 of 52,700;
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or the 1/4" welds

o3 R /o = 3 L - ot 1
and 8/9 of 48,100 for the 1/2" welds. In this lirht the
ght th



vle difference considering the extent of our tests
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11 was intended that a series of tests be run
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to debermine the efficacy of torch cut sgcarfe as con-

syared with sheared gcarfs. Due to a misunderstanding
we veceived all torch cub specimensg and were therefore
unahle to run this test which would have provided some

veluable data For future congtruction in the field.
That ig an oxy-acetylene torch can he used to cut mems

arc-welding.
Though we cannot say that torch cut specimen
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wre weaker than sheared pieces we can sgafel
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our data that welds on torch cub specimens show definite

planes of weakness along the scarfs. That is,practically
757 of the specimens tested failled in a fracture that
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of the effective area along the
torch cut scarfs. Twenty per cent of the remalining
25% showed from 5 to 15% exposed scarf.On three test
pleces practically the whole break occured along the

Mhile these pileces were not noticeably below
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the averase it is safe to say that unless the slag
e cubting process is not removed

5ility of obtaining the strongest weld

bhe removed
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thoroughly with a stiff wire brush
he next set of tests were desgigned to test

the strengith of a welded bead under siressges along

£
the axig of the bead and perpendicular to the axls
of the head, and to determine the difference of
strength 1f the strengths are different. For this
the lap welds shown in table III were tested znd

likewise the slde welds shown in tab
gide welds seemed to fall in shear of the bead
and falrly consistent resulisg were obltained.The
twenty~four samplee average 89007/per liméar inch
of 3/16" bead. The thickness and width of the
test pleces seemed to have very little effect
on the strength of the side welds

The lap welds in general averaged some
what higher in strength. There was a noticeable
difference in the strength when 1/2" pieces wcre
used and when 1/4" teet pieces were used. The
1/2" pleces gave an average of 15, 100# per lin.

in.for 3/16" bead. The 1/4" test pleces gave
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NO | SIZE  |MAX.STRESS |LENGTH OF BEADHEIGHT OF FILLET|STRESS % BEAD
| [3xe-1xY% | 14500 Z 20 7250
2 - 13200 . : 6600
3 | 6250 .75 9270
a 18100 2 9050
5 14000 {75 : 8000
6 - 18900 Z 25 9450
7 |3x%-2x4| 18700 - 20 9350
8 : 18700 225 8300
= 20300 5 9000
10 | 7800 213 EXE)
9 20000 e fO000
2 17500 s 10000

Note. |- Pieces failed in shear.
2-Pieces were shear cut.
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NO | SIZE |MAX. STRESS |LENGTH OF BEAD [HEIGHT OF FILLET|STRESS % BEAD
13 [3«ko-2x)%| 20000° | 2 20" 10000
14 " 18250 1.9 ¥ 9600
15 : 21000 2.3 . 0200
|6 . 20000 4 - 0000
\7 - 22000 1.8 25 12200
|8 . 21000 2 20 (0500
19 Blxsiloxlsl 27300 3 - 9100
20 |3x)e-1tx| 26400 28 25 9420
«| 21 [BxM-ikxlq| 20740 3.5 . 5920
22 . 20700 . : 5900
23 13x%4-1Voxls| 29300 38 2y - 7700
24 " 24300 . 3 " 8100

* Failed outside of weld
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NO SIZE  [MAY. STRESS |LENGTHOQF BEAD [STRESS/. BEADHEIGHT OF FILLET |STRUCTURE
) | 2xY | 20750 X 9850 3/e F
2 - 16600 0 9330 ; M
3 14250 225 6330 /e
4 | 7500 " 7770 2/ e F
5 21000 2 | 0500 - M
6 17500 - 8750 3
7 25100 | 2550 .
8 | 2x | 21500 1.8 NEEL 8 M.
9 : | 8650 B 17000 V4
10 24250 1.4 | 7300 3/ e F
¥ 22500 .5 15000 . M C
12 30400 2 15200 Ly &
13 26100 1.8 14500 e F
14| 2xI' | 87300 25 23000 3/g ~
15 [3%x3l| 43350 3" 14450 Va M




an average of 10,100 per
bead.Thus we see that the
affects the strength of a

effect on a gide

linear inch Tor a 3/16"

thicknesg of the nmaterial

lap weld and does not

weld. Moreover the lap

weld is in general stronger than the
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The next set of tests was t

nroper method of joining angles.e could draw

few conclusions from our data because as T

failed the weld tacks nearest the center

w

of gravity
of the system would give way first due to the con-
gection.

centration of stress in this Thus our

average bead stress of 7,000# per linear ineh of
3/16"bead neither agrees with our other data nor
does it mean very much. The only conclusion to be
drawn from this test is a quite obvious and logical
one,namely that the proponderance of the weld metal
should have been placed on the lap weld portion of
he splice. In general then the weld metal must be

proportionally placed around the axis of the applied

forces.
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NO | SIZE |MAX. STRESS |LENGTHOF BEAD |STRESSABEADHEIGHT QF FILLETISTRUCTURE
| |2x2x\y’| 29000* 35 8300" 3/é —
2 « 24500 3" BiL70 . M
S 27000 3% 7800 M.F
4 21750 . 6170 .
5 28750 4 7190
6 25250 35 7210
7 23300 : 6650 ]
8 25800 4 6450
=) 23000 375 6130 "
10 29000 4 7250 .
¥ 26150 375" 6070 "
(2
13
14
5
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n order to obtain information on which
to base an opinion as to the stability of an
arc-welded specimen under a large number of re-
versale four test pleceg were subjected to a
reversal of stress test., The test essentially
consisted of subjecting the specimen to a con-
stant bending moment and then revolving the
specimen so as to reverse the stress on any
glven fiber once each revolution. Owing to

the high speed at which the specimen turns it

fte
2]
@
[}
0!
0]

ntial that 1t be well machined, for any
vibration introduces a whip in the welight pro-

ducing the moment with a consecuent impaect,

The machine shop of the McClintic-Marshall Co.
did a2 very good job on the sgpecimens as only
one of them showed any noticeable amount of
vibration.

In order to obtain a value of stress
that would permit the apecimens to run over
100,000 revolutions and yet not to exceed
1,000,000 repetitions, which would take some

ten hours, we took a value from a table by



NO | B mirrcey u- | REPETITIONS | SZRE3%/a .- | REPETITIONS
n 23000 1250 — —

2 23000 1 00000 25600 13850

3 23000 1 00000 25600 26900
4 23000 | 00000 25600 58100




Moore and SBeely that would break an unwelded
gtructural steel specimen at 1,000,000 re=-
versals. The table is

part of the Proceedings of the American

Society for sting Materials for 19216 and

ig a curve solving the cqguetion § =

where 5 1
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he ehress at the extrome fiber in

poundg per scuere inch( cowmputed b

one cycle of
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s repctitlon to the madximum gtress QuIrlng

the cycle, in our casge = =1 + B ls8 a constant

table a stress of 23,000/ per eg.in. corresponds

to 1,000,000 reversals o
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structurel steel

speclinen.

r seen Trom the table
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nd from the formuls that & smell reductlon in
the intensity of stress greatly increases
number of repetitions possible. From the data

of ifoore and
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1e sampleg Lo run aboulb 100,000 reversgals.

Test piece number one was the Tirst

Thie semsini:

-

to a reduction of







