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NATTONAL ADVISCRY CCMMITTEE FCR AERCNAUTICS

'TECHNICAL NOTE NO. 1261

FFFECT OF VARTABIES IN WELDING TECHNIQUE CON THE STRENGTE CF
DIRECT-CURRENT METAI~ARC-WELDED JOINTS IN ATRCRAFT STEEL
I — STATIC TENSION AND BENDING FATIGUE TESTS OF
JOINTS IN SAE 4130 STEEL SHEET
By C. B. Voldrich and E. T. Arnstrong - ' _

( SUMMARY : | o

Arc-welded butt Joints in 1/8-inch SAE L130 steel sheet of alrcraft
quality, which were made under verlous conditions of welding and heat
treatment, were tested to evaluate the effects of specific welding—
tecknique factors on the strength of the joints. The results of the ten—
sile tests indicated that crater blowholes, or crater cracks, prcduced by
" interrupting the weld, had the most promounced influence cn the trans-—
verse tensilo strengtn of the butt-welded specimens; that position of
welding had no significant effect on the teneile strength of any group of
specimens; that prsheating producsd no increase in either the goundnees
or strength of the welds; and that welds made with alloy—siteel electrcdes
were strohger than those mede with plain-caybcn—steel electrodes. It was
found tkat the factor having the greatest influence on the plate—~bending
fatigue strength of the. welded specimens was the erternal stress~raiser
at the toe of wsolds in the reinforced specimsns. . .

INTRODUCTION

The increasing use of metsl—erc welding in the fabrication of ateel
aircraft structures, brought sbout by the desire fer increasad prcduction
and cther advantages inherent in the metal-arc-welding method, has also
brought into focus certain of its limitations. The level of weldebility
of aircraft steels, for example, is a very important factor, and the suit-
ability of various types of electrcdes for aircraft welding has been ex— _
tensively inveatigatsd. The development of proper welding techniques has o
_ also becn given much attention, since experience has shown that many of
the difficulties in the fabricaticn of welded airframes, such as dlstor—
tion, cracking, and certein types of weld defects, may hava their 6rigin
in faulty welding tachnique. . . o o
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The influence of weld penstration, ccnbtour, craters, undercutting,
and similar fectors on the structural intexrity of aircraft jolnts is
recogaized, but the degrees in which these factors affect the static and
dyneonic strength are not yet fuily understood. This investigation was
originally se®% up to study the effect of thoss factors and several others,
gsuch as hardress, grein sizse, and chemical—composition gradisnts, on the
gtrength of Joints im SAE W130 aircraft steel welded by the direct—current
metal~arc methcd. These factors ars influenced by the skill of the weld—
ing operator, type and size of electrcds, welding current, spsed and posi—
ticn of welding preheat, heoat troatment after welding, end the size, getm—
etry, degree of restraint, and surface ccnditions at the weld joint.

The investigatlon reported herein was conductsd under the sponsorship
and with the financial aselstance of the Naticnal Advisory Committes for

Aeronauntics,
MATERTALS AND EQUIFMENT

Stesl.— All metal-arc-welded specimens for the static tension and
bending fatigue tests described in this report were made from aircraft—
quality SAE 4130 steel sheet, 1/8~inch thick. The chemical composition
and strength of the material are given in table 1. .

Welding electrodes.—~ The electrodes used in the welding of the test
specimens were a plain—carbon-steel electrcde and an aircraft welding
elactrode which produces an alloy-steel weld metal. It was specified, on
the basis of a questionnaire sent to aircraft factories, that Wilson No.
220 and Lincoln Planeweld No., 1 electrodes be used.

Welding machine.— It was further specified that a direct—current
motor-generatcr welding machine, of the type designed for airframe weld—
ing, be used. The use of crater—eliminating devices (remote currént
control) was not desired. ' -

f
STATIC TENSION TESTS OF METAL~ARC-WELIED SAE 4130 STEEL SHEET

Preparation of Specimens

Welded tension specimens were prepared in 1/8—inch SAE 4130 sheet as
shown in figure 1 with welding conditions as given in table 2. For each
combinaticn of welding conditions (electrode, preheat, position, and heat
treatment after welding), eight tension specimens were made. Four of -
thess ‘spacimens had a weld made in a coptinuous bead With the arc break,
when required, outside the bomnderies of the tenslon €oupen. The four
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other specimens were made with disccotinucus welds; that is, the weld was .
etorped, the crabter clesned in ths usual mamner, and welding resumed at
definite pcints alcng the lergth of the weld groove. The tension speci—
mens were then cut to include the interrupted pcrtions of the wélds.

The wslds were mede manually in a single bead from one side only,
with current and sreed adjusted to obtain the maximum root fusion pessi—
ble without the specimen melting through. Neither metallic nor refrac—
tory strips were used to beck up the weld groove. The single-bead weld
was used, rather than a Joint welded frcm both sidee, because () the one—
side butt weld is often enccuntered in ailrcraft work and is more sensitive
to internal defects, (b) it wes desired to test a weld with no secondary
heat effects resulting from & root or reinforcing pass, and (c) the second
pass would have eliminated incomplete fusion.at the root, wiich was also
to be studied.

The face of the single—bead weld and irregularities on the rcot side
were ground approximately flush with the surface of the sheet, but no at~—
tempt was pade to remove undercuttlng or to cbtaln & perfectly flush or
smooth surface,

The amperage and arc voltage reportsd in table 1, as well as in
succeeding tables of welding data, were measurod as accurately as possi—
ble with sensitive meters. Preheat tomperatures were measured to +10° 7,
Welding speeds (arc time) were messured with a stop watch. AlLl stress—
relief and heat treatments of SAE 4130 steel specimens (including butt—
welded sheet and fillet-welded tube-plate specimens, reference 1) were
done in a salt bath, except that drawing of guenched specimens wag done
in an elsctric muffle furnace.

Radiographs of Weld Joints

After machining, all specimens were X—rayed to locate the interrupted—
weld areas and other defects. Prints of these X—rays are shown in figures
2 to 17, with the ultimate temsile strength of each specimen end the weld—
ing conditions used for each group of eight specimens. : )

Although the four specimens at the left of each radiogreph had con—
tinuous welds and were meant to be as sound and fully welded as pcssible,
there were numerous instances in which these welds had pronounced defects,
Principally lack of fusion at the root. With one or two excseptions, how—
ever, the presernce of these defects in the continucus welds did nct seri-
ously reduce the static tensile strength.

In the four specimens at the right in each radicgraph the number of
weld defects was considerably greater, end there were distinct Ilndicaticns
of crater blowholes, transverse crater cracking, end incomplete fusicn at
the start of the second pass. These defscts in the interrupted welds had
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an appreciable effect cn the static tensile strength. Tbe rresence of a
flaw in the interrupted weld did not in every case cause a reduction in
strength, but if the results are aralyzed by groups, it becomes evident
that the continucus welds were stronger than the interrupted welde, even
though the radiogrephs in some cases indicate that one group weas no better
than the other.

Statlc Tension Tests

The ultimate tensile strength for each gpecimen is shown in the
radiographs, and the average strsuogth for esch group of four specimens is
given in table 3A. Thegs data show clsarly that the effect of weld inter—
ruptiens is to reduce the static tensile gtrength of the immediate weld
area. It 1s interesting to note that the positien of welding had little
effect on the strength of the joints; indeed, in this series of tests the
everage strength of the overhsad welds was_slightly greater than the .
strength of the flat and vertical wolds. Preheat, likewise, had no dis—
cernible effect on the strength of the welded Joints. This might not be
the case, however, for Joints in material thicker than 1/8 inch.

The effects of heat treatment after welding are also given in table
3A. Thes welds made with plain—carbon—steel electrodes gained about 30
- percent in tensile strength, for both continucus and interrupted welds,
as a result of the heat treatment used. The welds made with alloy—steel
electrodes gained 40 percent (intorrupted welds) to 50 percent (ccntinu—
ous welds) in strength after heat treatment.

A summary of the static—tension—test data is given in table 3B and
shows the decrease in tensile stremgth caused by interruptions in the
weld.

An analysis of the location of tension fractures is given in table
3C with significant points as follows:

1. All heat—treated specimens made with carbon—steel electrodes
failad in the weld.

2, All heat-treated interrupted~bead specimens made with alloy-steel
eloctrodes failed in tha weld.

3. Most of the heat~treated continuous—bead apecimens made with
alloy—steel electrcdes failed in the weld.

h. All as-welded interrupted-bead specimens made with carbon-steel
electrodes failed in the weld.
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5. Over ocne~third of the as~welded ccntimicus—bead specimens made
with carboun-steel slectrcdes had weld jointe stironger than
the parent plate.

6. Three—fourths of the as-welded interrupted-besd specimens made
with alloy—esteel electrodes falled in the weld. - '

T. Only one~fourth of the as—welded continucus—bead specimens msade
with alloy—stesl electrodes failled in ths weld.

FATIGUE TESTS OF METAL~ARC-WELDED SAE L4130 STEEL SHEET

Preparation of Specimens

Metal-arc~welded fatigue—test specimens were made from 1/8-inch SAE
4130 steel sheet as showvn in figures 18 and 19 with welding ccnditicns
described in table 4. Normalized plates were used for all specimens, but
no heat treatment after welding was used.

The butt Joint was a 90o closed single groove. (See fig. 18.) The
weld was made either with two beads (root and face), or with a2 single~—
face bead, by using plain—carbon—steel welding electrodes. Some speci—
mens in each set were made with continuous manual welds across the entire
width of the plate, and others wers made with interrupted welds to pro—
duce & crater at the center of the specimen. (See groups 3, , 7, end 8,
Tig. 18.) After the first half of the interrupted face bead was completed,
the crater was wire—brushed but otherwise not disturbed. The remaining
half of the beed was then welded with sufficient pause at the crater to
Permit good penetration in that area. No attempt wes mede, however, to
fuse completely the crater cracks or blowholes. L

The plates were prehested to 3000 F before welding in order to ob—
tain easy starting conditicns and uniform penetraticn for the entire
length of the weld. In the two—bead specimens the root weld was made
first, so that the face weld could be deposited more easily with higher
heat input and maximum penetration without danger of melting through the
feather edge of the scarfed Jeint. The welding current, arc voltage, and
welding time were measured with autcmstic recording equipment and are
given in table k.

The welded specimens were then milled with the aid of a templet and
Jig to the contour shovn in figure.19. This taper contour provided for
& constant fiber stress in the .region of the weld when the specimens were
tested. in bending fatigue as cantilever beams. After contour milling,
half of the specimens were ground on both sides to a smooth surface with
no weld reinforcement (groups 2, k4, 6, and 8, fig. 18). The remaining
specimerns were left with the natural weld reinforcements (groups 1, 3 s 5,
and 7, fig. 18). ' '
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Radicgraphs of Weld Jolnts.

Prior to fatigus testing, ell welded srecimsns were X-rayed to bring
out internal defacts at the welds. Ths radiographs are sghowa In figures
21 to 28. The location of-fatigue failure is indicated in the radiographs
by horizcntal arrews and is discussed In the succeeding sections.

Fatigue Tests o R—

The plate~tending fatigue tests were carried out on & 100-pcund
capacity Krouse plate—bending machine with a maximum deflection of #1 inch.
The specimens werce gripped at ths wide taper end, and the load was applied
at the narrow teper end through & crank aim, the threw of which could be
adjusted by means of gn ecceniric rotor. A typical specimen ready for
testing is ghown in figure 20. - :

In order to cbtain the maximum fiber stress in the reduced sectlon
of the test specimen, several representative specimens were first cali—
brated by measuring the deflection at the lcad end for several increments
of dead-sweight loading. The stress fcr a given deflection was computed
from the cantilever-beam formula, end the testing machine was then adjusted
far deflections to produce the desired stress in the region of the weld.

In crder to check this method, a representative surface—greund speci—
men was equipped with electrical-resistance strain gages cn both surfaces,
spanning the weld zone, and the stresses at various deflections were meas—
ured. It was found that the stresses measured by the strain—gage methed
checked within 5 percent of the stresses ccmputad by the lecad—deflection

method. ’

The geveral groups of specimens were loaded at varicus stress levels
(see table 5) and the test was carried to failure, cr to not less than .
about 5 million cycles of completely reversed bgndiﬁg stress. All speci—
mens were tested in the as—welded condition. The fatigue strength of the
specimens is givep in table 5, and the data are graphed in figures 29 and
30. These figures also show reference S-N curves, taken from enother in—
vestigation on 1/8-inch SAE L4130 steel with ths same mechanical and chem—
ical properties, for unwelded specimens with no surface treatment and
with the surfaces ground smooth. '

Results of tests on two—bead weld specimens.— Figure 29 shows the
Tatigue strength of specimens with face and rsot beads, with continuous
and interrupted welds, and with full reinforcement and a sturface—ground
weld. The specimens with two—bead, continuous, surface-ground welds
(group 2) had the highest fatigue strength, which was appreciably higher
than that of the unwelded control specimens with no surface treatment
(1ine BJ, but belew that of surface—ground unwelded plate (line A). The
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fatigue strength of group 2 was probably inflhenced by the lower stremgth
- of the wald mesal (two spenikans fsiled On the weld and two in the fusion
line), although no inteimal weld effects were discermible in the radie—

graphs (figs. 22(a) and 22(¢)).

The varied location of the group 2 fatizue frabtuves also ;ndicated
thet the decresse in fatigue strength from the line A level could nct be
attriruted solely to welding effects. It is Pteileved that the surface
decarburizetion remaining in the specimens (the surfaces of which were
not machinad so deep as the lins A spscimens) ccontributed to the decrease-
in fatigue strength. It is also significant that the group 2 specimens,
wvhich had only a few thcusandths of an inch removed from the surfacs,
wers strongsr in fatigue than the line B unwalded specimens which had no
surface treatment. : S

Continuous “wo-bead weld specimens with full reinforcement (grcup 1)
had & much lower fatigue strergth than similar eurfaco—grcund specimsns
(group 2). In all cases the specimens in grcup 2 failed at the toe of
the larger (facs) bead and thus indicated the proncunced effect of the
st?eis)ccncentration at that pwint (See radiographs, figs. 21(a) and
21 (b

The interrupted-weld specimens with full reinforcement (group 3)
also failsd at the tes of the face bead. (See radiographs, figs. 23{a)
and 23(b).) Probably there were internal defects at the point of inter—
ruption of the weld, but they are net visible in the radiographs and, if
prosent, had ne chance to influence the fatigue strength Pecause of the
greater influence of the externmal stress—raiser at the tce of the face
bead. Figure 29 shows that the toe—of-weld stress—concentration effect
was greater for the interrupted-weld spscimens (group 3) than for the
continuous~weld specimens (group l). This 1s possible because the face
bead in the group 3 specimens was higher and fuller with incipient cver—
lapping at the weld interruption.

The surface—greund, interrupted, two—bead welds (group U4) hed a
higher fatigue strength than the compenion specimens with full reinforce—
ment (group 3). The redicgrsphs in Figures 24(a) and 24(b) indicete that
the locaticn of fatigue failure of the group 4 specimens was influenced
by the presence ef crater defects at the weld interrupticn, although the
fatigue strength of weld motal itsolf may have had an effect.

It is significent that the internal defects in the specimens of
group 4 had a less deleterious offect on the plate~bording fatigue
strength than the external toe—of-weld stress—raisers (which might well
be called dsfects as far as fatigue strength is concernod) in tho compan—
len group 3 specimsns. In bending, the surface of the spacimens is more
highly stressed than the internal fibers. In axial lecading the stross ie
nearly uniform acress the sectien, and interpal defects ef the megnitude



TECHNICAL LIBRARY

8 . - NACA TN No. 1261

shown in figures 24(a) and 2k(b) would nc doubt exert a greater influence
on fatigue strength. :

Results of tegts on single—bead weld specimens.— Figure 30 presents
the fatigue dats on specilens with continuous and interrupted single—bead
welds with and without weld reinforcement. There is no significant dif-
Terence in the fabtigue behavior of  the various types of welds (groups 5,
6, 7, and 8) so far as the S-I data are concerned. The omly group which
departed appreciably from the bass line B for unwelded specimens is group
8, in which large cratsr blcwholes were present at the weld interruption.

(See radicgrephs, fig. 28.)

The continucus single~bead surface—ground specimens (group 6) failed
outside the weld zone at the end of the tapered section because of tha
secondary stress concentration at the chenge of section at the grip.

(See fig. 26.) The two sets of spscimens with reinforcement intact
(grours 5 and 7) failed at the toe of the wald. Group T had internal
crater defects of corsiderable size (see fig. 27, particularly specimen
586-7), but these had no effect on the fatigue strength.

Typical fatigue fractures.— Figures 31, 32, and 33 éhow typical
plate—-bending fatigue fractures for the various typss of weld specixens.

DISCUSSION OF RESULTS

Static Tension Tests

The most pronounced influence on the trensverse tensile strength of
the butt-welded specimens appeared to be that cf the crater blowholes or
orater cracks, which were produced by interrupting the weld. In mest
cagses this condition caused a decrease in the strength from that of .com—
panion continuous-weld specimens which had no crater defects. :

Some of the continuous~weld specimens had cther weld defects (lack
of complete penetration to the root -of the weld), but these had less ef—
fect on the transverse tensile strength than the crater defects in Inter—
rupted—weld specimens.

The position of welding had no siénificant offect on the tensile
strength of any group of specimens, other conditions being equal.

Preheating of the plates to 300° F produced no increase in either.
the soundness or strength of the welds. This does not msan that preheat
is unnecessary in metal-arc welding of the aircraft structural steels.
It is often desirable to use preheat to prevent ctracking of the gtesl
adJacent to the weld. The present indications are, howsver, that
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Preheating is of dcubtful value as & means of improving the quality of
welds (absence of crater or root defects) in thin plates.

The welds mads with alloy—steel electrodes were strcnger than those
made with plain—carbon—steel electrodes. The degree asnd character of
veld defects were comparable for both types of electrodes, but the added
strength of the alloy—steel welds helped to nullify the effect of weld
defects. The alloy-steel welds also shcwed a greater increase in strength
when heat treated after welding. :

It is to be noted that all these data are for single-bead welds with
the face reinforcement removed. If the weld reinforcement had not been
removed, the increased cross section at the weld undoubtedly would have
caused more failures in the parent plate or at the fusion zone at higher
strengths. In such welds the effect of interral defects would be less
Pronounced than when the reinforcement is removed. '

Fatigue Tests

In the eight types of weld~joints testes (see fig. 18), there were
two principal differences:

1. The jolnts either had the natural weld reinforcement or were
machined flush with the surface of the plates. .

2. The joints either had a sound weld (continuocus bead) or a weld
with internmal crater defects (interrupted bead).

The factor which had the greatest influence on the plate-bending
fatigue strength of the welded specimens was the external stress—raiser
at the toe of welds in the reinforced specimens. The internal stress—
ralsers, caused by crater blowholes or cracks, caused failure only when
the weld reinforcement (end hence the external stress-ralser) was removed.
The probable explanatiocn for this was that in the plate~bending test, the
surface had a higher stress than the internal fibers. If a uniformly
distributed stress were used (axial tension fatigue} the influence of in—
ternal defects would be mors pronounced. However, the effect of externel
atress—raisers at the tee of reinforced welds would still be critical.

No specimens were tested in this series which were heat treated
after welding. Results of tests on other plates of welded specimens (ref-—
erence 1) indicate that while the fatigue strength may improve if the ten—
sile strength is increased by heat treatment, the effect of stress concen—
trations arising from geometry of the joint is very great and all dbut
vitiates any improverment derived from heat treatment. '
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The present tests show same evidence that surface decarburization
exerts a marked influence on fatigue sgirength. This is indicated by the
tests of surface~ground specimens and as—rolled specimens (see fig. 29),
but the test data for the mstal—arc-welded spécimens are insufficient for
conclusion. However, the results of other investigations of the fatigue
strength of SAE L4130 stsel show quite conclusively that decarburization
mey be an important factor. Thie hkas 1little to do with welding tecknigue,
but is mentioned hers because mcst of the commercially supplied aircraft
steel of the 4130 type is decarburized to some dsgrse at the surface.
Since the most critical stress concentrations in weldsd aircrafi steel
parts are often at the surface, adjacent to welds, the added influence of
the decarburized layer with 1ts lower inherent fatlgue strength should not
be everlooked in a consideration of fatigue behavior.

Battelle Msmorial Institute, o L
Colunkus, Chio, May 194k,

REFFERENCE

1. Voldrich, C. B., Armstrong, E. T., ard Jackson, L, R.,: Effect cf
Variebles in Welding Technique on the Strength of Direct—Current
Metal-Arc-Welded Joints in Alrcraft Steel. II — Repoated Sitress
Tests of Joints in SAE 4130 Seamless Steél Tubing. NACA TN No.

1262, 1947. .
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TABLE 1. PROPERTIES OF 1/8-INCH SAE &130 STEEL SHEET (1)
USED FOR METAI~ARC BUTT WELD TENSION AND FATIGUE
TEST SPECIMENS

Chemical Composition, Per Cent (Mill Analysis)
[ Mn P s si Cr Mo
0.31 | 0.47 | 0.023 | 0.017 | 0.25 {0.9% | 0.2
.32 47 .023 +020 .26 .95 .23
Mechanical Properties
Yield Strength, | Ultimate Tensile Elongation, | Rockwell B
p.s.i. Strength, p.s.i. % in 2 Hardness
81,400 97,500 22 92

(1) Hot-rolled;normalized and drawn to strength shown.

11
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TARLE 2, WELDING DATA FOR SINGLE-BRAD BUTT WELDS
IV 1/B-INCH SAE 4130 SHEET FOR STATIC
TENSION TEST
Electrode Used Initial Welding Heat
- |Core Plate Direct Current, Speed, Treatment Radjograph
Test Diam,, Temp, Welding Electrode Negative In./Hin. After Shown in
Fo. Kind Inches °F. Position Amperes | Arc Volts (1) Welding Pgure:
419 | Wilson 520 (2) 1/8 70 Flat 110-115 19-21 7 ¥one 2
k20 Ditto 1/8 300 Flat 105-110 20-22 « 8 " 3
421 n 3/32 70 Vert. (up) 70-75 21-23 6 o y
ho2 n 1/8 70 O'head 105110 19-21 - * "5
419 r 1/8 70 Flat 110-115 19-21 7 Qp(L) 6
420 N 1/8 300 Flat 105-110 20-22 8 i 1
- |u21 . 3/32 70 Vert. (up) 70-75 21-23 6 " 8
422 U 1/8 70 O'heed 105~110 19-21 - U 9
425 | Planeweld #1 (3)| 1/8 70 Flat 105-110 20-22 6 None 10
26 Ditto 1/8 300 Flat 90-95 20-22 7 r 11
he " 1/8 10 Vert. (up) 85-90 18-20 6 " 12
k2 n 1/8 70 O'head 95-100 18-21 1 g 1
h2g " 1/8 70 Flat 105-110 20-22 6 () 1
426 * 1/8 300 Flat 90-95 20-22 1 L 15
uzg . 1/8 70 Yort. (up) 85-90 18-20 6 " 16
) L 1/8 70 0'head 95-100 18-21 1 " 17
{1) Ml gpeclmens welded menuslly, =
(2) AWS class E6013; plain carbon steel deposit. s
(3) Mlloy atrcraft type; alloy steel deposit, -
(4) Quenched in oil after 30 min, at 1600-1650°F,; drawn 30 min. at 1000°F. =
Under each of the 16 welding conditions above, eight flat tension specimens were prepared. Four specimens had 6”
a vweld made in a contimons pasg, and four were made with a weld inbterrupted 'by a prolonged arc bresk in the center °
of the weld. {pee detall, Figure 1) B
j5>]
[}
o, r
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(1) Average UTS of unwelded plate, as received condition, was 97,500 p.s.i. (Mill).

107,300 p.s.i. (BEMI)

-
>
Q
-
|
- =
=
TABLE 3A. ULTIMATE TENSILE STRENGTH OF CONTINUCUS AND INTERRUPTED f_’
SINGLE.-BEAD BUTT WELDS IN 1/8-INCH SAE 4130 SHEET e
(Data from Figures 2 to 17, inclusive) a
r—-_———=——=
Average Ultimate Tensile Strength, p.s.i. (1)
Position Carbon Steel Electrode Alloy Steel Electrode .
of Preheat As Welded Quenched and Drewn As Welded Quenched and Drawn|
Welding oF, Cont. Tnter. Cont, Inter. Cont. inter. Cont, Inter.
Flat 70 103,600 | 88,800 | 131,900 113.200 9,700 | 101,200 | 1%8,600 148,100/
Flat T 300 102,100 | 82,900 | 125,200 123,300 98,900 103,300 153,700 136,600
Vertical T0 102,200 | 83,600 | 1%0,100 | 132,300 | 103,100 99,200 | 143,600 130,7
Overhead 70 105,400 938,400 | 1h0,800 9g,000 108,400 98,100 160,500 145,100 '
VNS S e A R ek e B S P e o e e s e S ——— L

et
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‘TABLE 3B, SUMMARY OF TENSILE STRENGTH DATA
Positlons | Joints with { Jointe with | Per Cent Decrease
Heat and Continuous | Interrupted | in Tensile Strength
Electrode Treatment | Preheat Welds Welds of Interrupted Welds
Carbon Bjeel As welded All 103,300 88,400 15
Carbon steel Q&D All 137,000 116,700 15
Alloy steel As welded All 102,300 100, 500 2
Alloy steel Q&D All 164,100 139,600 9
Both As ‘welded A1l 102,800 94,500 8
Both ) Q&abl All " 146,600 128,200 12
Both Both All 124,200 111,300 10
===$—~—-—JW___—__====E—_—.:__~.._W:

TABLE 30. LOCATION OF STATIC-TENSION FRACTURES
IN BUTT-WELDED SPECIMENS IN 1/8«~INCH

SHEET

(See also Pigures 2-17, inclusive)

Number | Relative Number|Relative Percentage,
Heat . of of Fracturegs -of Practures;
Character Treatment | Tension in - in *

of Electrode| After Tests | Parent in |Parent in

Weld Used Welding Made Plate Weld| Plate Yeld
Carbon AW 16 6 10 38 62

Cont- Steel Q&Dd 16 0 i 16 0 100
fmous, |MTey "1~ " [~ T[N RS
steel | a&p_ | u | 2 | 28 82
All conditions 59 20 39 3 66

Carbon AW 16 0 16 0 100

Inter- Steel Q&D 15 0 J 15 0 100
- e o o q WS G M W wE M G WS R GRf WS W wh W - s aslee oo o o s s o> en o=
rupted Alloy AW 16 b [T 12| 25 75
Steel &D | 16 0 ! 16 0 100

k 6 gk
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TABLE 4, VELDING DATA FOR OONTINUOUS AND IMTERRUFTED-BEAD HPT-WELDA
IE 1/6-INUH BAF 1130 BIRIT (1)

; Direct Carrent
Elaptrads Nagative) Approximate Badlographs
Tont fype of Weld : Weld Xleotrode Yelding Spued, in
Puxber Joint (2) Reinforgement Bead | Diem.,In. Axpares Aro Volts In,/Nin. Figuroe;
| : Root #1 5/6% Lo-45 20-22 8 21
KAl (-1 to -6) | Two-bead, contimiouns, Flush ¥aon §2 1/8 8590 20-22 T
- _ . Boot §1 5/64 Lo-h5 20-22 g a0
58l (-7 to -12) | Two-bead, contimous, Full Tace 2 1/% 85-00 2-22 7
sontimous root Root 1 5/ 1o-l5 20-22 : 5
585 (<1 t0 ~6) | Tvo-bead, Interrusted face,|  Fiush Tace $2 | 1/8 B5-90 2022 6 3
contimous root Root 1 5/ 6k 40.-l5 20-22 B 22
565 (=7 to ~17) | Two-bead, Interrupted faae, Full Fase §2 ije 85-90 20-22 6
586 (1, 2, 1) Single-bend, contimucus, Tull Face #1 1/8 10-1%5 20-22 Y1/2 24
{4, 5, 6) 9ingls-bead, continmoue. Ylash Face f1 1/8 70-75 20-22 he1f2 25
566 (7, 8, 9) Single-besd, interrupted, Fall Faco $1 | 1/8 70-15 20-22 .t 26
pet (10, 11, 12) | Single~besd, interruptad, Flush Tace §l r/e 10-75 20-22 4 a7 -
(1) Tor chemicel analysis smes Table 1,
(2) ALl welding mamsl matel-arc, using Wilson 520 electrodes (AWS Glaas EG0L3); .
welds mads in flat positlon, with inltial plate tempersturs I00°F,
All plates normelis=d before welding: no heat trasimant afier welding,
Yor groove detalls esee Figure 19.
. . ;
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TABLE 5. PATIGUE STRENGTH OF CONEINUOUS AND INTERRUPTED BUPT WELDS
IN 1/8-DNcH SA§ B30 SHRE?

)

Weld I-Bay
Tent ‘Type Seation, Reversed Bending Cycles to in
Fo. Weld Flg. 19 Stress, p,s.1, Tallure Looatlon of Fallure Figure:
5847 57, 500 69,000 foa of 2nd weld bend,
- | Continuous, 51, 96,000 Ditto
=12] 2-head, Group 1 51,800 121,000 " a
=9 | reinforced, 45,300 1Gg,ooo .
-10 37,000 » 000 v
-11 28,600 29,000 "
5846 62,000 255, 000 Uneffected plate (2),
-5 | Continuous, 57,500 L2y, 000 Fusion sons {2nd bead),
-1 | 2-besd, Group 2 h1,800 175,000 Center of weld, 22
=2 | flush, Ls, 300 500,000 _ Fusion mpe (2pd bead),
-3 37,000 2,116,000 Center of wald,
< . 28,600 7,283,000 Ko failure,
585-9 62,100 30,000 Poe of Znd veld bead.
- ~11] Interrupted, 57.500 Ho record(l) Ditso
-7 | 2~bead, Group 3 1,800 60,000 ' 23
-8 | reinforced, 5,300 56, 000 "
-10 37,000 To record(l) .
~12 28,600 51,000 ’
585-6 57,500 123,000 Caniar of veld.
:E Interrupted, Ell)_mo 155,000 Ditto
2-baad, Group U L300 138,000 . 2h
=3 | f1iush, 37.000 368,000 .
-l 28,600 £36,000 o
-2 19,00 4,778, Yo failure,
586-2 | Contimuoua, EL,SOO 100,000 Toa of weld bead,
-1 | 1-bead, Group 5 5,300 147,000 Ditto 25
-3 | reinforoed, 28,600 2,994,000 s
586-6 | Contimuons, Zlg.aoo 100,000 Uaaftected plate(2),
4 | 1-bead, Grouwp 6 ,000 200,000 Ditto 26
«5 { fludh, 5. 000 226,000 .
586-8 | Intermapted, 2;.200 11:%.000 Toe of weld bead,
-9 | 1-bead, oroup T , 200 ,000 Mito e7
=7 | reinforced. 37,000 61k, 000 "
586-12| Interrupted, , 700 3, 000 Center of wald.
~10| 1~ R . Group & E.Om 148,000 Ditto 28
~11| fiush. 24,700 1,004,000 -

(L} Testing machine kept rymning after failure,
{2) A%t change of secstlon from taper to radius.

=18
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NACA TN No. 12861 Fig. 1

4“

g
g % g
8 z z z
m — —— —
] 2 2 2
- W W w
= = =
CONTINUQUS WELDS INTERRUPTED WELDS
X=FINISH AND START OF WELD
80°-90° (CRATER)

SAE 4130 SHEET &\, SINGLE PASS WELD

(REINFORCEMENT
it [

GROUND FLUSH)

! CLOSED ROOT

WELD JOINT DETAIL

FIGURE | -

BUTT-WELDED SPECIMEN FOR STATIC TENSION TESTS
OF JOINTS WITH GONTINUOUS AND INTERRUPTED WELDS.
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Figure 2.—Radiograph of metal-arc-welded static tension specimens in 4-inch SAE 4130 sheet.

Four specimeng at left made with continuous weld. Test No. 419:

Four specimens at right made with inferrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.

Ultimate tensile strength, p. 8. i., shown for each specimen. Electrode: 14-inch carbon steel; 110-1156 amperes; 19-21

Transverse lines indieate location of fracture. ) volts; negative direct current.
. Speed: 7 inches per minute,

Position: Flat.

Initial plate temperature: 70° F.

Heat treatment after welding: As welded.
Reinforcement ground flush.

1921 'ON N.L VOVN
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Figure 3.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet.

Four specimens at left made with continuous weld.

Four specimeng at right made with interrupted weld (in-
cludes finish and start of weld bead).

Ultimate tensile strength, p. &. i, shown for each gpecimen.
Trangverse lines indicate location of fracture,

Test No. 420:

Weld joint: Single-layer weld in 90° single-vee groove; no
root clearance; no backing; manual weld.

Electrode: 14-inch carbon steel; 105-110 amperes; 20-22
volts ; negative direct current.

Speed: 8 inches per minute.

Position: Flat. .

Initial plate ternperature: 300° F.

Heat treatment after welding: As welded.
Reinforcement ground flush,

1981 "ON N&IL VOVX
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Figure 4.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet,
Four specimens at left made with continuous weld. Test No. 421:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance ; no backing ; manual weld.
Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: ¥,-inch carbon steel; 70-75 amperes; 21-28
Transverse lines indicate location of fracture, volts ; negative direct current.

Speed: 6 inches per minute,

Position: Vertical (up).

Initial plate temperature: 70° ¥,

Heat treatment after welding: As welded.
Reinforcement ground flush.

T93T 'ON N.L VOVN
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Figure 5.—Radiograph of metal-are-welded static tension specimens in 14-inch SAE 4130 sheet.

Four specimens at left made with continuous weld.

Four specimens at right made with interrupted weld (in-
cludes finish and start of weld bead).

Ultimate tensile strength, p. 8. i., shown for each specimen.
Transverse lines indicate location of fracture.

Test No. ;£2:

Weld joint: Single-layer weld in 90° single-vee groove; no
root clearance; no backing ; manual weld.

Electrode: 14-inch carbon steel; 106~110 amperes; 19-22
volts ; negative direct current.

Speed: Not recordad.

Position: Overhead.

Injtial plate temperature: 70° F,

Heat treatment after welding: As welded,
Reinforcement ground flush.
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Figure 6.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4180 sheet.
Four specimens at left made with continuous weld. Test No. 419:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead), root clearance; no backing ; manual weld.
Ultimate tensile strength, p. 8. i., shown for each specimen. Electrode: 14-inch carbon steel; 110-115 amperes; 19-21
Transverse lines indicate location of fracture. volts ; negative direct current,

Speed: 7 inches per minute,

Position: Flat.

Initial plate temperature: 70° F.

Heat treatment after welding: Quenched and drawn,
Reinforcement ground flush.

- T93L "ON NI VOVN
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Figure 7—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet.

Four specimens at left made with continuous weld.

Four specimens at right made with interrupted weld (in-
cludes finish and start of weld head).

Ultimate tensile strength, p. s. i., shown for each specimen.
Trangverse lines indicate location of fracture.

Test No. 420:

Weld joint: Single-layer weld in 90° single-vee groove; no
root clearance; no backing ; manual weld.

Electrode: 14-inch carbon steel; 105-110 amperes; 20-22
volis; negative direct current.

~ Speed: 8 inches per minute,
Position: Flat.
Initial plate temperature: 300° F.
Heat treatment after welding: Quenched and drawn.
Reinforcement ground flush.

1981 'ON NL VOVN
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Figure 8.—Radiograph of metal-arc-welded static tension specimens in 34-inch SAE 4130 sheet.
Four specimens at left made with continuous weld. Test No. 421:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.
Ultimate tensile strength, p. s. i.,, shown for each specimen. Electrode: 34,-inch carbon steel; 70-75 amperes; 21-23
Transverse lines indicate location of fracture. volts; negative direct current.

Speed: 6 inches per minute,

Pogition: Vertical (up).

Initial plate temperature: 70° F,

Heat treatment after welding: Quenched and drawn.
Reinforcement ground flush. )
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Figure 9.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet.

Four specimens at left made with continuous weld. Test No, 428:

Three specimens at right made with interrupted weld (in- Weld jofnt: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.

Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: 14-inch carbon steel; 105-110 amperes; 19-22

Transverse lines indicate location of fracture. volts ; negative direct current.

Speed: Not recorded.

Position: Overhead.

Initial plate temperature: 70° F.
Heat treatment after welding: Quenched and drawn. =
Reinforeement ground flush.
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Figure 10.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet.
. Four specimens at left made with continuous weld. Test No. 425:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.
Ultimate tensile strength, p. 8. i., shown for each specimen. Electrode: 14-inch alloy steel; 105-110 amperes; 20-22

Transverse lines indicate location of fracture. volts; negative direct current.
- Speed: 6 inches per minute.

Pogsition: Flat.

Initial plate temperature: 70° F.

Heat treatment after welding: As welded.
Reinforcement ground flush.
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Figure 11.—Radiograph of metal-are-welded static tension specimens in 14-inch SAE 4130 sheet.

Four specimens at left made with. continuous weld. ~ Test No. 426:

Four specimeng at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.’

Ultimate tensile strength, p. 8. i,, shown for each specimen. Electrode: 14-inch alloy steel; 90-95 amperes; 20-22 volts;

Transverse lines indicate location of fracture. negative direct current.

Speed: 7 inches per minute,

Pogition: Flat.

Initizl plate temperature: 300° F.

Heat treatment after welding: As welded.
Reinforcement ground flugh.

T921 'ON N.L VOVN
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Figure 12.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet, 11460
Four specimens at left made with continuous weld. Test No. 423:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finigh and start of weld bead). root clearance ; no backing ; manual weld.
Ultimate tensile gtrength, p. s. i., shown for each specimen. Electrode: 14-inch alloy ateel; 85~90 amperes; 18-20 volts;
Transverse lines indicate location of fracture. negative direct current. '

Speed: 6 inches per minute,

Position: Vertical (up).

Initial plate temperature: 70° F.

Heat treatment after welding: As welded.
TRteinforcement ground flush.

T92L ON N.L VOVN

gl '3rq




[ECHNICAL LIBRARY - T -

1921 'ON N.L, VOVN

e ik e el

Figure 13.—Radiograph of metal-are-welded static tension specimens in 14-inch SAE 4130 sheet.

Four specimens at left made with continuous weld. Test No. ,8):

Four specimens at right made with interrupted weld (in- Weld joint: Sinple-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing; manual weld.

Ultimate tengile strength, p. 8. i., shown for each specimen, Electrode: 4-inch alloy steel ; 95100 amperes ; 18-21 volts;

Transverse lines indicate location of fracture. negative direct current.
' Speed: 7 inches per minute.
Position: Overhead.
Initial plate temperature: 70° F.
Heat treatment after welding: As welded.
Reinforcement ground flush.
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Figure 14.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAE 4130 sheet.

Three specimens at left made with continuous weld. Test No. 425:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no bacling; manual weld.
Ultimate tensile strength, p. s. i,, shown for each specimen. Electrode: 14-inch alloy steel; 105-110 amperes; 20-22
Transverse lines indicate location of fracture. volts; negative direct current.
Speed: 6 inches per minute.
Pogition: Flat.

Initial plate temperature: 70° F.
Heat treatment after welding: Quenched and drawn,
Reinforcement ground flush.

19T 'ON N.L VOVN
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Figure 15,—Radiograph of metal-arc-welded static tension specinens in 14-inch SAE 4130 sheet,
Four specimens at left made with continuous weld. Test No. 428:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.
Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: 14-inch alloy steel; 90-95 amperes; 20-22 volts;
Transverse lines indicate location of fracture. negative direct current.

Speed: 7 incheg per minute,

Position: Flat.

Initial plate temperature: 300° F.

Heat treatment after welding: Quenched and drawn.
Reinforcement ground flush.

T93T "ON N.. VOVN
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Figure 16.—Radiograph of metal-arc-welded static tension specimens in 14-inch SAK 4130 gheet.
Two specimens at left made with continuous weld- Test No. 423:
Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° single-vee groove; no
cludes finish and start of weld bead). root clearance; no backing ; manual weld.
Ultimate tengile strength, p. s. i., shown for each specimen. Electrode: 14-inch alloy steel; 85-90 amperes; 18-20 volts;
Transverse lines indicate location of fracture. - negative direct current.

Speed: 6 inches per minute.

Position : Vertical (up).

Initial plate temperature: 70° F.

Heat treatment after welding: Quenched and drawn.
Reinforcement ground flush.
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Figure 17.—Radiograph of metal-arc-welded static tension specimens in 34;-inch SAE 4130 gheet.

Four specimens at left made with econtinuous weld.

Four specimens at right made with interrupted weld (in-
cludes finigh and start of weld bead).

Ultimate tensile strength, p. s. i., shown for each speciman.
Transverse linea indicate location of fracture.

Test No. 424:

Weld joint: Single-layer weld in 90° single-vee groove; no
root clearance; no backing ; mannal weld.

Electrode; 14-inch alloy steel ; 95-100 amperes ; 18-21 volts;
negative direct current.

Speed: 7 inches per minute.

Pogition: Overhead,.

Initial plate temperature: 70° F,

Heat treatment after welding: Quenched and drawn.
Reinforcement ground flush. ’
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NACA TN No. 1261

CONTINUOUS FAGE BEAD (2)

.............. L ]

CONTINUOUS ROOT BEAD (i)

INTERRUPTED FACE BEAD(2)

——m —

GONTINUOUS ROOT BEAD (1)

CONTINUOUS FACE BEAD(1)

NO ROOT BEAD

INTERRUPTED FACE BEAD (!)

J SEICE T TR

. NO ROOT BEAD.

[

-

Fig. 18

GROUP |- WELDED BOTH
SIDES,CONTINUOUS BEADS,

‘WITH REINFORGEMENT.

GROUP2: SAME AS
GROUP |, WITH SUR-

FACES GROUND SMOOTH.

GROUP3: WELDEDBOTH

SIDES,INTERRUPTED

FACE BEAD,WITH REIN-
FORCE MENT.

GROUP 4: SAME AS
GROUP3,WITH SUR-
FACES GROUND SMOOTH.

GROUPS5: WELDED FROM
GROOVE SIDE ONLY,CON-
TINUOUS BEAD ,WITH
REINFORGCEMENT.

GROUP 6:

SAMEAS GROURS ,WITH
SURFACES GROUND
SMOOTH.

. GROUP. 7: WELDED FROM

GROOVE SIDEONLY, IN-
TERRUPTED BEAD ,WITH
REINFORCEMENT.

GROUP 8. SAME AS GROUP
7, WITH SURFACES
GROUND SMOOTH.

FOR ALL GROUPS, JOINT WAS 90 -DEGREE SINGLE~VEE BUTT,CLOSED ROOT,WITH
ALLWELDING DONE IN THEFLAT POSITION. FOR JOINTS WELDED FROM BOTH SIDES
THE ROOT BEAD, |, WAS WELDED FIRST, FROM THE ROOT SIDE.

FIGURE I8 —[.)ETAIL OF WELD JOINTIN l/8-- INCH STEEL PLATE SPECIMEN FOR
BENDING - FATIGUE TESTS.
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NACA TN No. 1381 ‘ Fig. 19
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FIGURE 19— SPECIMEN AND TEMPLET FOR PLATE BENDING-FATIGUE TEST
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NACA TN No. 1261 _ Fig. 20

P s

Figure 20.—Krouse plate-bending machine with welded specimen in place for fatigue test.
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All fatigue failures at toe of face bead;
no internal defects.

Figure 21.—Radiograph of two-bead, continuous, reinforced welds in 14-inch SAE 4130 steel sheet (Group 1).
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Failure in weld ; Failure in fusion zone; Failure in weld ;
no internal defects. no internal defecta. no internal defects.

Figure 22a.—Radiograph of two-bead, continuous, flush welds in 14-inch SAE 4130 steel sheet (Group 2).
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No fatigue failure;
no internal defects.

[ECHNICAL LIBRARY

Failure in fusion zone;
no internal defects.

Failure in plate;
no internal defects (black apot
at left is film defect).

Figure 22b.—Radiograph of two-bead, continuous, flush welds in 14-inch SAE 4130 steel sheet (Group 2).
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29134

All failures at toe of face bead ;
no internal defeets vigible.

Figure 28a.—Radiograph of two-bead, interrupted, reinforced welds in 15-inch SAE 41830 steel sheet (Group 3).
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ATl failures at toe of face bead;
minor sidewall blowholes or slag
inclusive ; no crater defects visible.

Figure 23b.—Radiograph of two-bead, interrupted, reinforced welds in 14-inch SAE 4130 steel sheet (Group 3).
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29138
Failure in center of weld: No fatigue failure; Failure in center of weld ;
crater blowhole with one gidewall pit; * crater blowhole.
transveras crack, small crater crack
(three black spots at left)
are film defects).

Figure 24a.—Radiograph of two-bead, interrupted, flush welds in 14-inch SAE 4130 steel sheet (Group 4).
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20141

Tailure in center of weld ; Failure in center of weld; Failure in center of weld ;
crater blowhole. crater defect and crack. minor crater defect.

Figure 24b.—Radiograph of two-bead, interrupted, flush welds in 14-inch SAE 4130 steel sheet (Group 4).
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Alj failures at toe of weld bead;
no root defects or lack of pene-
tration visible.

93

Figure 2b.—Radiograph of single-bead, continuous, reinforced welds in 15-inch SAE 4130 steel sheet (Group b).
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All failures in plate;
no root defects, except
one minor defect in No. 6.

Figura 26.—Radiograph of single-bead, continuous, flush welds in 14-inch SAE 4130 steel sheet (Group 6).
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29132
Failure at toe of weld; Failure at toe of weld; Failure at toe of weld;
elongated crater blowhole and small erater hole and transverse crater blowhole.
longitudinal erater crack. crater crack.

Figure 27.—Radiograph of single-bead, interrupted, reinforced welds in 14-inch SAT: 4130 steel sheet (Group 7).
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Failure in center of weld; Failure in center of weld; Failure in center of weld ;
crater blowhole and crack; crater blowhole. crater blowhole,
minor root defect (X). Crater blowholes not visible on surface.

Figure 28.—Radiograph of single-bead, interrupted, flush welds in 14-inch SAE 4130 steel sheet (Group 8).
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Fig. 29

A:REFERENCE S-N CURVE FOR UNWELDED l/8"S.A.E.4»l30 STEEL
SHEET(NORMALIZED)SURFACE-GROUND BOTH SIDES TO 0.08"

THIGKNESS TO REMOVE ROUGHNESS AND DECARBURIZED
SURFAGE LAYER,

n
B: REFERENCE S-N GURVE FOR UNWELDED l/3 S.AE.4130 STEEL
SHEET (NORMALIZED) TESTEDWITH AS-ROLLED SURFACE.
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B 2-BEAD INTERRUPTED, REINFORCED w- CENTEROF WELD..

LOCATION OF FAILURE
p-UNAFFECTED PLATE

f- FUSION ZONE
t—TOE OF LARGE WELD BEAD.

FIGURE29-BENDING - FATIGUE TESTS OF TWO -BEAD METAL-ARC

BUTT WELDS IN '/8-INCH SAE. 4130 STEEL SHEET.
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NACA TN No. 1261 | _ ~ Fig. 30

A REFERENCE S-N GURVE FOR UNWELDED IIB S.A.E. 4130 STEEL
SHEET (NORMALIZED), SURFACE-GROUND BOTH SIDES TC 008"
THlGKNESS TO REMOVE ROUGHNESS AND SURFAGE DECARBURI-
ZATION.

B. REFERENCE S~N GURVE FOR UNWELDED'/ S.AE. 4I30$TEEL

10 SHEET(NORMALIZED), TESTED WITH AS- ROLLED SURFAGE.

70

M \‘\~¥
Ny
60 X% P H60
N ) \\‘ .

_ \ <
‘n N
a AN N‘X—--- -t
o 50 > 50
8 AN
e L pp
)
@ w \\
E 40 N 40
[4p] N
g il
% N
& B |

30 30

v
¢
&
20 20
104 105 106 ‘ o’
CYCLES OF REVERSED STRESS
WELD TYPE ) LOCATION OF FAILURE _
Y FBEAD CONTINUOUS, FLUSH. p— UNEFFECTEDPLATE
2\ BEAD INTERRUPTEDR FLUSH. t—- TOE OF WELD BEAD

W |-BEAD CONTINUOUS, REINFORCED. w - CENTER OF WELD
A 'BEADINTERRUPTED,REINFORGED.
FIGURE 30 -BENDING - FATIGUE TESTS OF SINGLE-BEAD

METAL —ARC BUTT WELDS IN |/8- INCH SAE.
4130 STEEL SHEET.
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NACA TN No. 1261

Continuous single-bead weld Interrupted two-bead weld
(face side). (face side).

Figure 31.—Typical plate-bending fatigue fractures at toe of weld bead (face-weld views).
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NACA TN No.

Continuous single-bead weld Interrupted two-bead weld
(root side). (root side).
Failure at toe of face bead. Failure at toe of face bead.

Figure 82.—Typical plate-bending fatigue fractures at toe of weld bead (root—weld_ vie__ws) .
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A—Interrupted two-bead weld (no failure).
B—Continuous two-bead weld (failure in plate at change of section).
C—Continuous two-bead weld (failure in center of weld).

FIGURE 88.—Typical plate-bending fatigue fractures in welded specimens with no
reinforcement
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