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Preface .

The Navy Department through the Bureau of bhlps is, dlsirlbntlng thls report

to those agencies and individuals that were actively associated with this research
program., This report represents a part of the research work contracted for under
the section of the Navy's directive '"to investigate the design and constructlon

of welded steel merchant vessels.” meL o
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Thié rebort summarizes the‘fesﬁlts of an investigaﬁiog'oﬁﬂﬁhe gglative
fatigue behavior of plates with (a) longitudinal ship wgiés{ (b) re}nfo?ped and
unreiﬁfﬁrced flame cut openings, énd‘tc) fléAé éuﬁuedgés. _Tﬁ¢ §p§cimens, of the
order of 12 to 17 inches wide and 7 feet lpng, w§?e coqs#fucﬂgd from 3/4" plate
of semi—ki}lgd shipbuilding steel and were:sﬁﬁjgcﬁeé fo zerqato—tepsion loading: _
in eSpeciaily buiit‘fatigue testiné maéhines. -The‘éﬁ;ess réngg Senergély waé u“;:
0 - 30,000 psi tension. n “

Specimens with longitudinal welids (total =25) were made with either
one, two or three passes on each side, and the weld surface was either as welded,

or ground flush with the‘plate.

that the net cross-sectional area across the test piece was equivalent to that
of the plate before cutting the opening, The inserts had either (a) a fillet
weld on each face, or (b) a full penetration weld.

Unreinforced, cireular (4 1/4" dia.) holes {(total of 19) were (a) flame
cut either by hand or by machine, or (©b) bored on a vertical mill. The surfaces
of the holes were (a) as cut, (b) ground smooth, or'(c) heat treated.

Fatigue control specimens were flat plates of tensile~coupon shape with
flame cut edges. It is concluded that for a stress range of approximately zero-
t0-30,000 psi tension the characteristics of the flame cut edge were not signi-
ficant in determining fatigue life within 500,000 cycles of stress.

In compariscn to the contrel specimens, longitudinal welds showed a
greatly reduced fatigue life, All fatigué fractures started in the weld metal
itself, usually in regions of porosity, deep surface ripples, poor root fusion,

etc., Improved fatigue life for specimens with ground weld surfaces indicates




thaﬁ surfaéé ripples, folds, or pits are incipient points of fatigue failufe.
The change in width from 12" to 16" is not believed to be significént

All specimens with reinforced openings had a very short fatigue life
(less than 30,000 cycles).

Unreinforced, as cut, openings had a greater fatlgue life than the
rein:orcéd openings. Treatuent of the surface by grlndlng or by heat treatment

markedly 1ncreased the fatigue life,



I, INTRODUCTION
| \ This report descxlbes an 1nvest1gatlon of the relatLVe fatlgue behavior,
under zero~to—ten81on loads, of certaln welded structures hev1ng residual stresses
of the nature found in welded shlps, The limited knowledge of the effect of
these factors in produ01ng early fatlgue frecture, and the occurrence in many
:Shlps of structural fractures after short perlods of SerV1ce, led to the estab-
'ﬂllshment of a subcommittee of the var Metallurgy Commlttee to formulate a program
fer this study of fatiguercharecteristics.of‘ship welﬁs, |
Under OSRD Contract COEMsr-1382, Cornell University was authorized to

undertake the'inrestigationlof "Fatigee Tests of Ship meids" known as Project
NRC~83. GSubsequently, the‘work was carried on under the aeepices of the U. Da
Navy under Contract NObs#312lS ‘Teehnical advice and aSSistenee was given by
a PrOJect Adv1eory Commlttee at flrst under the tar Metallurgy Commlttee and
later under the Lommlttee on bhlp Constructlon of the Natlonal Research Council,

’ Thls report contalns, in eddltlon to the reeults of recent studles a

comprehen51ve review of all the studles on fat;gue behav1or mede at Cornell

AR

under the above contracts, For specific detalis abproprlate reference is made
to earlier reports, o B -

Specimens with.signifieentlgeoeetrteei;tarietions“were fettgue tested
generally under a nomlnal stress range of 0 ~ 30 OOO pSl ten51on; a few specimens
were tested at 0 - 20 000 p51 tension, It would heve been d581rable to employ
a reversed range of T 20, OOO psr. elnee the spe01mens were full scale models,
'the appllcatlon of a compress;ve force wa.s out of questlon for reasons of bending
or buckllng. The ”2/5 rule 1 whlch stetes that a stress range of elther 0 -

: T

30, OOO pbl ten51on or 20 OOO p81 produces equlvalent results was suggested as

a Justlflcatlon ef the stress range employed It was recognlzed thet at stress



- 2.
raiser points the large upper limit stress would produce plastic flow affecting
the established elastic relaticnship upon which the rule is based:. ﬁonerer, it
 was finally agreedlthat "fatiguektests on aroycle of 0 to tension would produce
.hhe samelsegregauion of desirable and undesirable designs as obtained when
testing speC1mens under loads alternatlng from tens1on to compreSS1on."
| The type of electrode for all spec1mens and the stress range selected
for the repseetive %es groups were held consvant tnrouguouu the entire inves
éation° All Specimens werelnade.of j/L"-steel plates - semi-killed shipbuilding
steel of ABS quallty. N
The 1nvest1gatlon was dlv1ded 1nto.the follow1ng three major phases
Wlth all speelmens subgected to a cyollc tenslle stress.
| l. omall control spe01mens with machine flame cut edéesg‘ 7
| 2.P‘Plates w1th longltudlnal welds (stressed in the dlrectlon of the
| .weld) to study comparatlue ;aeléue behavior 1or sucn variables as:
ground and unground welds various number of weld passes (1 to 3)¥
-varlatlon in w1dth of the specimens (11 1/2" vs., 16 1/2”,. two heats
'of the same type of steel - :
3=. Plates w1th‘central openlngs havlng two main geometrlcal condltlons'lnr
order to note their relatlve eff1c1ency in fatlgue | w
‘a - Relnforeed.rectangular holes - collar insert (welded) to produce

i

a net cross-sectlonal area (across the test plece) equlvalent to _
. e R

the orlglnal net sectlon before the 1ntroduct10n of the openlng:

i
h 3 nr:ann-'—
Et A edde Sl W

H'placed on each slde of the plate, and (2) a full penetratlon weld.
bi;'Unrelnforoed 01rcular holes - in whlch further sub dJVlSlons of hole
preparatlon were studled such as: bored flame cut by'machlne or

by hand and the removal (grlndlng) of the flame cut surface in the
#*Throughout this report the number given as "nurber of weld passes" 1s the
number of passes made on each side of the symmetrical V-butt weld,




flame cut holes.

1T, Qﬁ?CRIPTION OF SPﬁQIMENS INﬁESfiQATED

The speéimens investigated’wgre of three general types with various
subdivisiqns as to geometric cornditions and_p@ysical.preparations as described
below., All test pieces were constructed from 3/ thick semi~-killed steel of
ABS quality3 of two heats ~ identified as "A" steel and Project Stegl (SR-89 ),
respectively. The methods employed in the constructién_of’the various specimens
is givcniig previous reports and in Appendices B and_Cn

l@;‘Longitudinal Jeld

~ Egch spgcimen was formed from two plates {length = 7111%) of
equal width joined by a symmeirical “Double-V buttr weld for their
gqtirgﬁlength.w‘The;use of two different widths of individual plates
produced specimens with 11.1/2" or 16 1/2" widths in the test length.
The procedure for holding the platgsidgr%ng welding, type of welding
 clectrode, current, etc., are all described in Appendix B, "Con-
struction of vpecimens with weldment', , . . .

a. bpecinLenS with, 11 }:/2” Jﬂ:dthﬁ: L(Fj_g . l)_

These specimens, twenty - two in number, had. either one,
them with either one or with two weld passes on each side, had
the weldment ground flush with the surface of the plates.

b, Opecimens with 16 1/2" Lidths (Fig. 1)

Three specimens of this width, with three weld passes on

each side of the plates were made, No treatmen@_was-apgliedlto

3 - Appendix A, Characteristics of Steels



-

the weld surface of this group.

Center Cpenings of Various Geometries

These specimens were made from 24" x 7'11" x 3/4" plates, The

central geometries were symmetrically.located at the intersection of

the transverse and longitudinal center lines of the specimen, (17"

wide in test length),

a
XY

The 4 1/4" dia, holes in the nineteen specimens studied were

constructed by several methods (bored, manually flame cut, and

machine flame cut). Similar openings were given different edge

preparations (hand flame cut and ground, machine flame cut and

' greuhd, and machine flame cut and heat treated). The procedurs

for the construction of these holes is given in Appendix C "Fabri-

cation of Specimens with Holes,"

Reinforced Holes (Fig, 3)
Four Speeimejs of thxe pe poseesseu a rectangular collar or

rlng w1th rounded corners symmetrlcally welded. at the intersection

of the plate's center 11nes A descrlptlon of the method of con~
'structlon of these Spe01mens has been glven previously.™

'btralght qpe01mens w1th Flame Cut_idges (Fige 4)

The slde edges of the four small spe01meqs (2” width) were machine

flame cut. No other treatment was given to .the edges.

6

*

Reference 1, pages 11 - 13



III. ANALYSIS OF TEST RESULTS

The test results for each class of specimens are summarized in five
appropria?g Tables, rumbers I — V inc. An explanation_o£ symbols will be found
adjaceqtftédTable T, ?eftinent infomation concerning.léégéion of cracks, etc.
are given iﬁ tﬁe tables.

‘ihelstfess ranges employed, where applicablé, are defined as“follows:

Average Stress Range: Average of stress valueé coméuted from strain

measurements at all gage peints, |

Critical Stress Range: The stress computed from straln measurements

- | at that gage 1ﬁngth of the specimen for which
the:strain w "as_greatest

Local Stress Range: - Average of stress values computed from strain

measurements at those gage poinfs‘ﬁéérest fatigue
“ecrack, and . on the same face of the specimen on
which the grack. appears. -
. A1l spe01mens were radlographed after testlng, cracks so détected cannot
be a351gned a value for “cycleSMto_fracture” o | '

The suriaces of fatlgue cracks: were made avallable for examination by
cutting out & small "coupon'' of material cont alnlng the crack and pulling the
coupoit to £ cture in an ordinary testin
surface cracks (identified by”the”suffix-"Tﬁ).Spénéd ﬁp which were too small to
detect by the oilﬁiighﬁ tééﬁhique during the fatigue test, and were not visible
in the radiograéh;

Photographs of the surfaces of -the cracks, radlographs, and other
graphic 1nformatlon for the majority of the spe01mers are given in previous

reports-.l’2 Illustrations shown in this report are for specimens recently tested.

1,2 See References.
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AP

Fatlgue Control Specimens (Table II_l

'Nd significant fractures cccurred in that Dortlon of the metal
surface which was typical of machine flame cutting. The two eracks,

which did appear, formed at geometrical discontinuities——one in a

deep flame cut notch, the other at a "dimple" on the surface of the
plate. Thus, for both the hlgh and low stress ranges employed, the

metal appears to withstand satlsfactorlly cycllc loading of the nature

investigated. Unfortunately, time did not permit subjecting the last
two speclmens to a longer cyclic test until fracture did develop, and
thus to note the relatlve fatlgue behav10ur.

Specimens w J.t_h Longitud 5l Welds

The locatlon and 1llustratlon of fractures not shown previously
are shown in Flgs. 5 7 1nc,, FlgS 23~47 inc., Figs. 35-39 inc.

a, Stress Range of 0 «30 OOO p51. ten31on (Table 1)

The follow1ng deductlons were errlved at §r1n01pally from previous

_ 2study, since only one eddltlonal spec1men (EE-B) wes added to this

| group sence the last report

'_(l) Orlndn 01 C«aoks

S b oot zdy of the nember of cracks vs. geomelric oriéin (ieside
orlsurfaﬂe of weld face of specimen——front or back and in
which generzl region or the test 1engtn~—upper, middle uwr lower
third) does not delcate any one oututanding source of weakness
in fatligue. Fractures started at reglons of p0h051ty in the
weld, of poor root fusion, and at deep rlpples in the weld
surface. This is as one would expect since these local weld

flaws accentuate the stress state.
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- with one, two and three weld passés cannct be made satisfactorily
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~ With the exception of one specimen, thoéejwith ground weld
surfaces, (types AB and AD) had a greater fatigue life than
those of the untreated groups (AE, DE, and EE). Additional
studies would be desirable to determine the extent of the
improvement to be expected by the removal of one source of

incipient failure, i.e. deep weld ripples.

Varigticen in Weld Passes

A comparison of the fatigue life for specimens constructed

.because of the several other varlables which were unavoidably

present. - In the two pass group, AA series, the plates warped
and tended to close the gap during welding, making it difficult
to secure a good weld. A different method of restraint was
employed:for the three pass group, see Appendix B, The AB and

AD series had pocr root fusion. Increased experience with the

- E6010 eleetrode resulted in smoother weld surfaces for the one

and three pass groups than for the two pass groups (the first

type constructed). - Accordingly, although the two pass group is

found to show considerably lower fatigue life (see Table I)
than either the one or the three pass groups, the lower fatigue
life is not believed to be related principally to the number of
passes.

The results given in Table II for specimens AA -6, !E-4 and

DE-3, could be interpreted to indicate a relationship between

constructed in identical fashion except for the nuwnber of weld

passes. However, the fazct that the two pass specimen, AA-6,
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fractured at the lowest number of cycles for any of the three
speclmens may well be guite accidental; many more tests would
be required to establish the effect of a variation in number of

weld passes.

Stress Range of O ~ 20,000 psi. tension (Table IT)

Three specimens were tested at the above stress range; the

' fourth one at a stress-range of 0-17,300 psi. tmnsion after it

had experienced a certain amount of over-load.

For comparative ﬁurposes, the 3 - pass specimens AF-4 (113%)
and DE-3 (16%“) maylbe grouped, since the fatigue behaviour
of the longitudinal weld was found in earlier tesfs to be
independént of specimen width for the two widths tested (113" vs.
16%“). The third specimen of the 3-pass type; AE-3 was initially

overstressed,®* and then cyclically loaded below the nominal

stress fénge of 0 - 20,000 psi. Since under such loading

conditions the residual stress pattern would be different and

less severe than the existing stress state in the two correspond-

ing specimens, a true comparison with the former two specimens

daﬁnot.b; méde‘

df éii thé'longitﬁéinal welded specimens lnvestigated, the
three specimens AE-3, AE-4 and DEfBJ experiénged the Iongest
Eyciid éérvice wiﬁhoﬁt §ignificant fractures~—DEf3 had & small

affested crack. Therefore, the endurance limit:ﬁor this partic-~

ular 3-pass type'of_weld lies in the approximate region of the

stfess’rahges empleoyed.

* Appendix F
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It is interesting to note that the only visible crack among
the lower stressed test pleces formed in the 2-pass specimen
(AA-6). It seems advisable to iﬁveétigate further the 2-pass
type a4t a stress range of‘O - 20;600 psi tension in order to

determine if this indication of less satisfactory service would
become a definite trend.

3. Spedimens with Openings

\as Un-reinforced holes
The fatigue eesults of all specimens with unreinforced
openings of 4% inch diameter are listed in Table V. Obviously,
all fractures -occurred on or.close to the transverse center line
of the specimen; the exact iocétion and details of the fractures
for specimens not previogs}yrréborted are shown in Figs. ¢ to 20,
'inc.g and certain pertinent gnd.£y§iéal fractures are shown by
photographs Figs. 28 to 34, inc:. o
© With the exception of the FY grotp, the fatigue 1ife of the

specimens in-the respective gr&upé-are satisfyingly consistent.

A relative study gf_thé FA (hand flame cut) and FD (machine
flame cut) groups proves the suﬁéribrity of the latter; evidently
the more irregular surface geumétry of the hand flame cut hole, as
.Edmpared.to the maqhine flame.éut.éurféce,”markédly lowers the
fatigue life of such opeﬁi;gs;- The reader may gain some idea of
the characteristics pfﬂﬁhesé Sﬁrfaées by comparing Figs. 28 and 29
with Figs. 31 and 32. :

A companisgn of #ﬁg fétigue behaviour of the specimens with

© ground surfaces withjthose ha;iﬁg‘unground‘Surfaces of the flame

cut hole illustrates the harmful effect of the as—cut surface for
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both the machine and hand flame cut groups. It is interesting
1o note th
surface in both the hand and machine flame cut groups (¥B and FE
reSpéctively) appears to produce for all practical purposes equiva-
lent life in the two cases.” Although only one specimen of the
ground, machine flame cut hole {(FE) was tested, this above result
is in general agreement with'the results of studies of flame cut
surfaces made elsewhere.5 The greater depth of heat affected metal
(because of longer cutting 5}
group would appear, from the results hereiy, to be of much less
significance than the change in surface geometry.
However, there are faétOré other than surface geometry which
" appear to be of considerable sigﬁificance in relation to the
fatigﬁe life undér £he pfesen£ test conditions. The hardness of
the metal increases very rapidly as the flame cut surface is
”épproadhéd;'(ipbendix;E'and'referéncé‘Sfj’gfiﬁdiﬁg, by removing
a portion of the heat affécted metal results'in lower hardness
‘values for the surface bf”fhe hole. ~Tt'1is known (see Page 228-s,
| :reféféﬁéelﬁf that the Tlame cut ‘edge is subjected to residual
stréss; péﬁﬁépé‘this*étfessﬁmaiﬁbé"of“tﬁe order of the yield point
ﬁéfufhé'éaéeriai;n'Withitheée‘féﬁféréiin'ﬁihdfitwié'interesting to
exsmine the foiidﬁithfésuiié;T‘Théfhééthf%eéimént*épplied to the
.fléme.cut holes (FF specimens, Aﬁpehdixf03'définitely decreased
the harcness¥ of thé matal adjacent to the hole; and significantly
increased their fatigue life as compared to the untrsated FD group.
Furthermcre, these heat treated holés:produce. results which compare

favorabiy:tdqﬁhé FB grdup'(ﬁahd flame cut and ground).

5 See Reference
% Appendix E
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Since groups FD and FF were prepéréd in identical manner,
(ﬁachine flame cut), the surface characteristics of the holes
were similar, see Fig. 31-33, and hence the results cbtained are
independent of this factor. Unfortunately, neither the magnitude

of the initial residual stresses nor the extent to which they are

‘reduced by the heat treatment is known. Microscopic examination

(see Figure 22, Appehdix H) éhows that some decarburization has
taken place‘in the heat treated Specimen, but that otherwise the

structure of metal is very similar to that in the other groups.

Hence it may possibly be that the change in fatigue 1life cbserved

may be caused to a considerable extent by a relief of high residual
stress.and. thus modificafion of end points of the stress range.
Spme knowledge of the fatigue characteristics for stress ranges
with upper limit at yield point, for specimens of different hard-
ness, would be of‘value in this connection. =

The FM specimens (machiné bdred with no heat input) were
selected éélthe group to possess the best fatigue behavior, and

laon o mma
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‘types of hole preparaticn; it was preSumed that these specimens

would produce the most consistent fatigﬁe values. However, the
spread of fatigue life for the FM group is both unsatisfactory

and puzzling. The results for the FA and FB specimens appear

to eliminate differences in the {nherent properties of the two

stesls as a cause for large spread betwoeni FM-1 and FM-3. Exten-
sive analysis was unsuccessful in establishing a major cause for

the wide discrepancies among the fatigue values of the FM specimens.
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Therefore, additional specimens of the FM type must be tested
to establish definitely the fatigue life for this type of edge
preparation.

In the majority of cases the initial fatigue crack, after
forming at one edge of the hole, propagated across the inside
surface of the opening to the opposite face of the specimen.
Howevér, the different preparations of the openings affected the
rate at which this inside fracture spread. For all holes in the
as—cut state (heat treated and untreated) the rate of propogation
was rapid. W¥hile the removal of the flame cut-surface decreased
the speed with which the fracture spread, the slowest propogation
was experienced by the machine bored holes (no heat input). Since
the sﬁrface finishes of the ground and bored cpenings were
ideﬁtical for all practidal purpeses, the difference in propoga—
tion can only be explained by the possible existence of residual
thermél stresses, and/or metallurgical changes in the metal, immed-
iétely adjécent.tc inside éurface in the group with the ground hole.

.The geomefricél location of the initial stage of the first
ffécturéLformafion at the édges of the hole {see Table V) indicates
a random origin with respect to the position assumed by the speci-
men in the fatigue machine. However, the initial formation of the
.firsﬁ fatigue crack in each specimen reveals that the majority of
the fractures (9 vs., 3) started at one of the two edges of tue
hole locaﬁed opposite‘td the fzce of the plate from waich the flame

cutting was conducted.
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To determine if any characteristic difference existed along

the treated surface of the hole from one face to the other of
the plate, a section of metal adjacent to the erack was removed

from six specimens, and a hardness survey was conducted across

. that face of the sectioned surface immediztely adjacent to the

crack. OSee Appendix E. The hardness traverse, which especially

. explored that area near and immediately adjoining the flame cut

surface, indicated that a relatively gfeater metal hardness existed
in that region adjacent to that surface from which the hole was

cut as compared to the corresponding local region removed from

the torch. Specimen FD-1 (machine flame cut) was the only excep-
tion, since in this case the hardness was approximately eguivalent
across the depth of the plate. Specimens FE~1 (machine flame cut
and grqund) and FF-1 (machine flame cut and heat treated) also
possessed this difference in hardness along the treated inside

edge from one face of‘the plate to the othero Therefore, it is

_apparent that the initial crack for the flame cut holes generally

,,started on, the softer edge of the flame cut surface, - i,e, that

face removed from the flame cuttlng torch. Ne¢ visible difference

in roughness could be detected in the surface of the hole adjacent

to either face of the plate.

: Reinforced Holes

As can be 1nferred from the data in Table IV the fatigue

..strength of the four spec1mens w1th relnforced openings is very

greatly reduced from that of the parent plate and conpares

unfavorably to the unrelnforced hole w1th a ground or machined
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surface. Specimen B—BI(Fig. 8) verified the former results®.

It is believed that the difference.between the three specimens
of B group is characteristic of the statistical spread to be
expected for specimens in which the fillet geometry significantly
affects fatigue behavior,

The cne specimen of C group, different as to the type of
fillet (full penetratlon) but smmllar to the B group with respect
to the geometry of the relnforcement tends to verify the fatigue
-results of the B- sp901mens.. However, Iurtner_study with this

- full penetration flllet for the collar 1nsert would be of value,
begause: this the ellmlnates the gap, and the dangerous stress—
raiser associated therewith at the under31de of the weld, as always
created by the fillets of the B type Sp901men Such eritical
notch-like effects tend to cloud a study of thé geometrical effects
as formed by thls partlcular relnforcement.

Because of the 51m11ar locatlon of the cracks, and the direc-

ticn and rapid rate of the fatlgue fracture propagatlan in these
four specinens, it is apparent that a severe stress concentration .
occurs at the rounded corners of the reinforpement where the local
geometrical character of the ring forms a detrimental, three-
dimensional state of stress. Since the excessive stiffness of the
ring does not permit a deformation sufficient to distribute the
stress over a large region, the study of special treatments is
required to arrive at that design of reinforcement which does not

offer large local restraining forces.

See Reference
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CONCLUSIONS

The conclusions set forth below must be considered somewhat tentative

in view of the relatively few numbers of specimens that have been studied,

The investigators have taken into consideration various factors

in the construction and test of the specimens which it is believed have a

significant effect on the fatigue life; these considerations are reflected

in certain of the conclusions.

L

Fatigue Control Specimens

The presence of notches or onﬁer forms of stress-raiser appears, for the
high range of stress cycle applied, to be the chief factor in determining
fatigue behavior within a 1life g} 500,000 cycles. It is interesting that
the characteristics of the "gégé“ machine flame cut edge seem not to be
significant in determining the fatigge 1ife within approximately 500,000
cycles. |

Longltudlnal Welds

Tn comparison to the control sp601mens subjected to high stress ranges,

“high- quall-ty-longl‘tudlnal welds (c:omparable with the AE, DE, EE:seriles; '

had a greatly reduced fétiéué lifé;.ﬁrobably not over one-third-as long;
and at 0-20,000 psi. had an equ1valcnt or better cycllc serv1ce. This
conclusion applies especially to” Spec1mens in wnlch the flame cut edges
are lightly ground. .

For stress-ranges of zero to'ténéion, a de@fease of the upper 1limit .
increases fatigue life. |

In specimens with longitudinal welds, all fatigue fractures start in the

weld nietal itself and not in the parent material adjecent to the weld.
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Starting points are regions of high poresity, deep ripples, poor root
fusion, etc, In some cases, fracture does not start at points of poor

root fusion, as one might expect, (See Fig. L6-54 of reference #2).

For the hignh and low stress ranges employed in these studies, stress-raisers

in the form of surface folds or pin-holes in the weld metal are ineipient

points of fatigue failures.

The back-step method of welding, by insuring good fusion when the one

bead joins the one previously placed, reduces the possibility of fatigue
fracture at these points. This conclusion is based on the results obtained

L - LL1L J LS R ANE =1l el . i £ A, il

for only one "continuously" welded specimen; the first one constructed.

- It has been previously concluded that the number of weld passes (one, two

or three each side) has no significant effect upon endurance life. Although

the result of the test on one specimen, AA-6, recently tested, see Table II,
is.inconsistent with the above conc¢lusion, it is belisved many more tests
would be necessary to determine if a relationship between weld pésses and
endurance life truly exists.

The increase in width of specimen from 114" to 164" makes no difference

in the fatigue behavior of Tongitudinal welds in tension. B

In certain cases, small (1" to 3") fractures occur within the wéid inl‘

such a manner or in a location suck ‘that the cracks become ar?ested before
they extend into the parent metal., The reason for this is ﬁot éleér.. A
crack vhich has extended into theforiginal plate‘meﬁaf.haé in hé case

become arrested.

Openings — Reinforced

For members with discontinuity in cross-section, i.e. welded reinforcing

ring at edge of hecle, it appears that such forms of reinforcement need
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Reinforcements of the type employed in this study, in which the net cross-

rather than beneficial because of the relatively rigid insert.

The insertion of a "rigid" reinforcement in a flame cut hole is not as
efficient as grinding or heat treating the inside surface of the hole as
a means of increasing fatigue life,

Openings - Un~reinforced

Early fatigue fracture occurs in the flame cut surface of the hand and
mechine f"ame cut holes—-—machine ’1ame cutting is slightly better.

The degree of surface roughness of the cut edge, such as the inside
surface of a hole, is one significant factor in.creating early fatigue
failure. (See #15, 16, below).

Removal {grinding) of the irregular flame cut surface in both the machire
ard hand flame cut holes greatly lncreases their fatigue life——grinding
creates almost equal fatigue life for both cases.

Hezt treatment, i.e. flame softening, of a machine flame cut hole reduces,
but not te that of the parent plate, ths hardness of the flame cut surface
and

nereases its fatigue 1life to nearly that of th

'_J-

For all practical purposes, the fatigue life of the heat treated machine
flame cut openings and the ground flame cut holes are equivalent.

Rapid propagation of fatigue fractures occurs in the hardened metal surface
of the hole in both the heat treated and untreated states; slower propaga-
tion occurs in ground or bored surfaces.

Flame cutting through a steel plate causes a gradient of hardness across

which the cutting was done.
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General

From the results of the tests orn specimens with un-reinforced holes, it .

" is concluded that for practical purposes the fatigue behavior is independent

of the two steels used (Type A and Project Steel SR-89), These steels
were both semi-killed shipbuilding steel of ABS guality, but were rolled
in two separate heats,

Premature fatigue failure in the end connections of longitudinal weld

- specimens, where "cover plates! or "doublers!" are employed to increase

the thickness of the metal, may be eliminated by the combination of the

- following factors:

See Figure 41
a, The boundary of the cover plate, where the stress flows inte
the main plate, approximates one and one-half periods of a
sine wave.
b, The fillet weld bebweeén the cover plate bélindary and the main
plate is ground to a smooth contour to minimize the stress

ralsers present in this region.
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V. ERECOMMENDATIONS FOR FUTURE STUDIES

Inasmuch as the investigation reported herein has of necessity been of a

iimited scope, it seems appropriate to set forth, from a broader point of view,

studies of fatigue behavior of additianal types of structures, the results of

which may not only be cof value to the design engineér, but may add to our basie

- knowledge of fatigue phenomena.

A.- Fatigue Control Specimens

"In order to segregate the effects of different résidual stress

mentel stress-raisers caused by geometrical factors, it is believed

'desirablé'to-invesfigate additional tensile control specimens (Fig. h;

probably wider than 2") under the several conditions noted below.
1. Flame cut by hand
2, Machine Flame Cut

(a)* as eut. -~ - - ‘ . -

'(b) flame cut edges lightly ground.

(¢} flame cut edges heat treated.

(d) flame cut edgss peened,
3, Sheared edges.-
L, Variation in width for certain of above.
These specimens may be tested at the following stress ranges:
1. 0-30,000 psi. tension as done in the present study.
2. From the results of (1) above, certain types may be tested under

stress ranges in which the upper 1limit is decreased in magnitudle

(0-25,000 psi. tension, 0-20,000 psi. tension, etec.).

5
3

15 which have been stud

verification.
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3. Likewise, the lower limit may be varied while the upper limit is

held at 30,000 psi.
eld at 30, psl.

Longitudinal Vielded Specimens

A pertinent consideration in studies of fatigue 1ife of a weld-

‘ment is the nagnitude assumed by the residual stress in the wecld once

ecyclic loading is applied. Different initial loads will definitely
preduce different magnitudes.of stress relief in the welds and
correspondiﬁgly affect cyciic performance.:

Since a state of tensile residusl stress of yield point magni-
tude exists in the lengitudinal direction of a weld pass, the first
application of external tensile force to the member produces a certain
agount of local yielding of the weld metal. and adjacent heat affected
metal., As‘a-reéultpof this plastic flow, the internal stress state

is reduced by the amount of applied stress uponithe total release of

 the external lead.  Yot, upen the second cycle of Ioad, the internal

stress onceragain assumes & value of yield point magnitude. Thus,
for an external lcad of zero to tensicn, the weld and ‘sssociate metal
is streséed‘from.a tension to yield point stress.

Thié situation where tne upper limit of ‘thie gtress range is

always at yield point stress is an interesting one to explore. From

"an elementary point of view, it should be possible to apply to the

specimen load ranges of different end points but which produce exactly

the samé stress range in the weld metal, ‘Fur example,-if”a'residual
stress of 50,000 psi. tension is assumed in-the weld, an applied

stresslrange of 0-20,000 psi. tension will oreate;s.stréés~raﬁge of

30,000 psi. to 50,000 psi. tension in the weld. 'However, the same
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stress limits in the weld may result from an applied stress range of
10,000 psi to 30,000 psi tension. The results of a few such tests
may give more information on the effect of weld stress on fatigue life.
It is expected that the stress renges p%oposad beiow would be
modified by the results of the initial results.
1. CO-Tensieon
Increase the upper limit of thé,stressvrange frcm 10,000 psi
in 5,000 psi steps until a final stress range of 0-30,000 psi is
-reached.

2. Tension — Maximum

l{aintain the upper limit at & maximum value of BQ,OOd psi and

set the lower limit at various magnitudes (5,QOO,‘lO,QOO psi.,

ete, ) for each of several stress ranges. |

In addition to studies of longitudinal welds in the aé-weided
conditien, cther variables mey be introduced, such as |

. {a)  weld .surfece shot-peencd |

{b) specimen given low temperature stress-relief

(¢) maintain elevated interpass temperatures

(@) -weld surface ground smooth

It may be that grinding the weld surface produces greafer increase

-in fetigue life than is demonstrated. by the studies reported herein,

since certain of the specimens tested had abnormal weld flaws which
likely contributed to esrly fracture. Hence it is considered desirabie

to test a few additionsl 5pec;m®ns of type "d", above.

- Backstep Welding .

‘In one specimen constructed by the "continuous" method of laying

down weld beads, all fractures started in ripples where consecutive
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beads joined one another. It is not clear if such regions are

necessarily places of inherent weakness in fatigue. Hence it may be

desirable to test additional 3-pass specimens constructed by each of

the two technigues.

Specimens with Openings

When structural members in which openings have been cut are sub-
jected to cyclic stress, an important considerstion involves means of

preventing or minimizing early fatigue fractures which 2re initiated

- in the weakened region of the structural member, In consideration of

the magnification of stress created by the geometrical form of the

opening, common design practice has dictated the use of one of several
types of reinforcement. On the.other hand, it is entirely possible

that only an epplication of a simple edge preparation to the inside

- surface of & flame cut opening may be sufficient to produce satisfactory

fatipgue life. Therefore, the fatigue performance of the reinforcements
¢ .treated hole would be of interest.
1. -Reinforced: .
In order to compare the efficiency of yarious types of reinforeing
“inserts, it is ‘desirable that fatigue tests be carried out at
0-30,000 psi tension, since a stress range oﬁ‘phis magnitude
explores regions of mejor geometrical weakness with their various
inherent residual stress states, and thus provides a basis for
further studies.
(a) Ring Insert - A type of reinforcement identified as Group C
- in this investigation,  In this case the fillet around the
- ring-and -on-both sides:of the specimen was designed to have

full penetration through the plate in order to avoid the
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' notchulike.effect‘ipherent in the fillet weld.of‘Specimens B
of this report.

Since only one specimen with full penetration welds was tosted
it may be desirable to test additional specimens in order to deter-
mine if the-fatigue.lifg of this type is relatively sﬁorf comparad
" to other methods of reinforcement.

(b) Douklers - Sccondary plates are symmetrically mounted on

. both fzces of the plate with the hole 'ih order to roinforce
the opehing. A heayy weld bead is reguired on the periphery
df the doubler to transmit stress; a light weld on the inside

of the hole is adeguate to seal the contact surfzcoces of the

=5 ot

doublers Eﬁd the main plate.

(l). Bound
(2) Diamond — "Rhombus" with the major:diagonal coinciding

with tﬁe direction of loading or a '"SqusreY in which
one diagonal‘ig in the direetion of ‘pull." Rounded
points on fhe diamond form an intcresting varietion,
ﬁoubierg méy be studied in which the outer, heavy weld
he's b(,;en\‘tlrea.tec.:‘a_ _als follows: . (1) in the as-welded conditicn,
(éj gfound émqégh, (3). shot. peened, (4) anncaled.
‘¢lrfﬁé‘g;inding forms a smooth surface trensition from plate
to doubler; the latter twoﬁtreatments;rﬁdude‘the residual
gtrESS end thereby provide means for investigsting its
'J'_m.portaﬁc:e‘in faltigue life., Although it is believed that the
'.doubiérukginfofcgment will minimize or cven prevent fatigue

failure.éﬁ the hole, the rigidity of the ring doubler plus
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the abrupt change of section which introduces a severe
3-dimensiocnal stress state mey well create a fatigue fracturc
in the region where the periphery of the ring intersects the
aiis of pull, A solution to this mey b¢ the diamond shaped
doubler which is known to possess an efficisnt stress trans-
fer distribution—here the zbsorption of stress from the
parent piate to the doubler is morc uniform. Although an
abrupt change of scction exists at the peaks of the doubler,
the local stress-raiser may be sufficiently low to reduce

the tendency for failure at this point. Under such stress
conditions it is exceedingly doubtful as to whether the
initial crack will form at the peaks of the periphery or at
the hole——and certainly so for the diamond in which the psaks

are rounded and the weld is ground.

Un- reinforced

The spread of fatigue 1life observed for the machined bored
circular openings ﬁas too great to be satisfactory. dore tests
of this type are desireble.

It i1s net believed essentiai to conduct more tests of unrein-

forced flame cut holes since the informetion at hand will serve

for a2 comparison with varlious types of reinforcements.
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Explanation of Symbols used in Table I and II

WH ~ Width of specimen in inches
P - Number of weld passes each side
AW ~ Weld surfaces in the as-welded condition
G — Weld surfaces ground smecoth and flush with suriaces

of specimen

Restraint I

[

No clamps, weld passes on alternate sides
Restraint II - Beads placed on alternate sides

Restraint TIT

Clamped to “hold-down" table, see Text, Section IIT

S —~ Crack started at surface

[an]
i

Crack started inisde metal
v — Crack detected visually

p.6 -~ First seen in radiograph
T

—~ Appeared when section subjected to tension

F — Front side of specimen, See Text
B ~ Back side of specimen

U — Upper third of test length

M — Middle third of test length

L — Lower third of test length

By - Beyond test length, top

E, - DBeyond test length, bottom

#  Symbol employed in Tables I - V to denote specimens tested
since the last pregress report.

NOTE: All specimens were subjected to 300,000 cycles of stress
unless noted otherwise under "Remarks" in Table I,
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FABRICATION OF HOLE

TaLe- Y/

SUMMARY OF ALL DETAILS FOR THE FABRICATION AND FiNISH OF MHOLES

INITIAL GRINDING

FinaL GRINDING

MEANS OF 7ip |ACET T OXV " [PREVEATILACE FROM paryrar oUT TING , ReEmMarKs
SPECIMEN] ¢y 1omve soce| APPARATUS |3,z7g | PRESS | PRESS prusRess) wirer 100y Fimes | Equement |Tree or WieeL | EQUIPMENT|TYPE 0F WHEEL | 5 ¢ ¢ rext rom FumTHER DETAILS
_ TORCH CUT AIRCO RIPPLES CREATED BY FLAME
FA-I ) Manvar | corBinaTion| 1 3 35 BACK LT TING ARE VERY IRREGULAR
STYLET 9900
~2 » ] 3 3 35 FRONT ”
I-MIN | 2 A
-3 . » 3 4 40 BACK | 45-5FC | 2- SEC. "
&- MiN
-4 » » 3 4 a5 v 50-5£¢. | 20- SEC. "
HAND GRINDER NORTON MANUAL NORTON GRINDING PROCUCED A SMQOTH
- 2 K AT B4 AC DECKER| ARO - GRINDER o SURFACE, HONED EDGES TaQ
F8-1 " : i 4 35 RO LAck &0 416 P4 85 P 436-QB | IURFACE. ONEL
-p . Pnsgrg;w&f_o 2 “ “40 " " “ » " "
AIRCO _ MANUAL
-3 " comsinaTion| 3 4 40 BACK 21 TAUN. j_;’w " - HIPP-MADISON K’Pﬁ”“;a’i""f. "
STYLE *9500 &-56C | & £C. MODEL-VTEAIR) T Y FE THASH
- MIN. - N
-2 » ) 3 4 40 FRONT zé_ ,SEZ ; ‘;_ ?EC. " i > ar "
- TORCH CUT AlRCO AtRco 1 MM » X g
FE-L} guromaric |poanccrapu®oliet e |+ 49 2o 8ACK | s 5-5e¢ | 58-5EC. » " :
TORCH CUT AIRCO "
MANUVAL COMBINATION ' 3 35
FC- 1 TO 3" pra. | >Tr. £ ¥9s00
BORED vER ricaL VERY SMOOTH FINISH. EDGES
TO 44 D1a | FOLING HONED TO REMOVE BURRS.
. THESE FIFPFLES [MACHINE FiLAME
_ TORCH CUT AV RCO AIRCO I~ MIN CUT) ARE SMALL AND REGULAR AS
FO-1 | adromaric lruanosrapnio |ies*e| # 40 | 20 | BACK | ;5. sec | ss-seC A A s g £
1- AMin
-2 " " n “ w | 2o " J5-see | se-sec v
1-MIN
3 " ” » <4 40 20 ’ 15 - 5£C | 58-s£C. "
HEAT TREATMENT oF HoLE
ACET OxXy, [iNtTIAL| SWEER
APPARATUS TP PRESS|PRESS\HEAT | HOLE
23 | Ps._|Temel| TimE* :
- RIPPLES SIMILAR TO FD GROUR
- " . A/ RCO WHEATAG TORCH 80 3 2NN AT TREATMENT DID NOT DE-
FF-1 ’ 3 40 | 30 | BACK |3s5.s5c | 40-56c |RADMGRAPH O im o33 " 13 |15SEC 1 sec 4T A ey SumiacE SeomtETay
R I~ MIN AIRCO ) 2-MIN "
e » " " 3 40 | 30 | FRONT | ;5. sic | 55-sec. ' u 15 leo-secl il :
V-1 BORE Borine )< PREHEAT TIME
- o BORING ) - EH v
’ AMILL SURFACE FINISH O @ SPECIMENS FA AND FB -TimE TO BURN A MHOLE THROUGH THE CENTER OF PLATE AND TO MAKE A4 CUT TO THE FPGE OF
2 THE HOLES WERE THE HOLE IN THE (ONGITUDINAL DIRECTION (EX CEPTION FA-] - CUF TARKEN T EDGE OF HOLE IN TRANSVERSE
T » » VERY 3MOOTH. THE DIRECTION, .
EDGES WERE HONED b SPECIMENS FO,FE, FF ~ TIME TO START CUT AT " DIA. HOLE AT CENTER OF 44" DIA. HOLE AND TGO MAKE.CUT
" TO MEMBVE THE TO EQGE OF HOLE IN LONGITUDINAL DIRECTION.
- 3 » - BURKS, 2-CUTTING TIME~ TIME TO CUT THE HOLE ITSELF

SEE TEXT

& SPECIMENS FA, FB, FC ~ DONE ih TWO OFERATIONS, ONE CUT ON EACH SIO0E OF THE HOLE,
b, SPECIMENS FD FE, FF- ENTIRE HOLE DONE IN ONE OPERATION.
I~ INITIAL HEAT TIME~ TIME FO GBYAIN CHERRY RED NEAT OF LOCAL METAL. ONCE ACHIEVE O, RADIAGRAPH OPERATED

- SWEEP HOLE TIME - TIME REQUIRED TG ROTATE THE TORCH QVER THE ENTIRE MOLE FOR THE HEAT TREATMENT

e
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f1) .m r
) e PPl &0
" " SECTION A-A

Q- SPECIMENS HAVE 1,2,0R 3 WELD
PASSES ON EACH SIDE

b- CERTAIN SPECIMENS HAVE

t b WELDS GROUND FLUSH WITH

A

PLATES

N
N
10"

GROUPS TESTED

I~ GROUP AA -115WH, 2ZP-AW,PROV. STEEL
2- « A8 2P-G "

3- ” AC » I1P~-Aw »

4= » AD » P-G »

& w AE n  JP-AwW "

& s FE » 3P-AW TYPE-A-STEFL
7- » DE »  3P-AW PROLSTEEL

SrmBOLS
WH-WIDTH OF SPECIMENS IN INCHES
P - NUMBER OF PASSES ON FACH
N S/IDE .
Z \ o AW - WELD SURFACE N THE
e AS- WELDED CONDITION
& ~ WELD SURFACES GROUND
SMOGTH AND FLUSH WITH
SURFACES O0F SPECIMEN.

N
' ' WELDING SPECIFICATION
| FLECTRODES - £ 6010

PN @ LS O0R3 WELD PASSES
% ) ROOT PASS - &

15
i
L
' Y
e
10"
6.6
u”

<
4!
7

’

o

~

o
~ OTHER PASSES % @
_L_]L_ b- | PASS-4%"¢

BEVELED EDGES AND NECKHED
PORTION OF SFPECIMENS WERE
FLAME CUT BY MACHINME

? X ALl SPECIMENS ¥ THICK
~t

114" anvo 164" Wiorw

LownerrvoinaL WELD SPECIMENS
r ] faricue TESTS or Srip Wee o2

6% — - DIMENSIONS FOR
-~ ‘J-_ -
94 - 9# | /6% Wios SPrcimens

Fiaure



3o a4 04—
, ? "

o 35 =

"

3

Z

.

LONGITUDINAL 2

S

F3

TRANSVERS

&
APPROX,

Oi1A-+4"

o

NI

& W

&~ N

H s

r

E-—

.
4-7"

:‘,/n

7

/!II

[

»

1@ =

B

I

PREPARATION OF HOLES

/- GROUP FA4
FLAME CUT By HAND

2- GROUVP FB
FLAME CUT BY HAND, AND
THEN £ROUND

J- GROUP FC
MHAND FLAME QUT 70 3"0IA
AND THEN MACHINED 70 346"
DOIA.

4- CROUVP FD
FLAME CUT Sy
AMACHINE

I GROUFP FE
FLAME CUT BY FPANTOGCRAPH
MACHINE , AND THEN GROUND

é- GROUP FF
FLAME CUT BY PANTOGCRAPHM
MACKHINE  AND THEN HEAT7T
TREATED THE INSIDE SUR-
FACE OF 7HE HOLE

7 GROUR FN

MACHINED ~« NO MEAT NMPUT

-
-

NECKED POR TION OF SPECIMEN
FLANME CUT BY MACHINE

N P

ALL OSFPFECIMENS AMADE F,
Y4 THICK PLATES

oi7

SerIES F
SPECIMENS wiTH
Un-REINFORCED HMHoOLES
FAarieus TESTS oF SwiPp WELDS

Freure €
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N N FLAME CUT BY MACHINE
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SECTION A-A
GROUP-C

fd
g

2"

,,
£-7"
YA M

HOLES IN PLATES WERE

W
»
N\
' MANUALLY FLAME CUT
‘ ALL SPECIMENS 3 THICK
b

\ , WeiLoive SreciricaTion REFERENCE
_.b. 5, A 5.’.55790"55" ££ﬂ10

- vhN Lai X J . L 4 :' - T
- RieoT Pass 5 ¢
I 2" Pass %'¢
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Appendix A
CHARACTERISTICS OF STEELS

A Steel

[

Yield Point

H

37,900 psi.

Ultimate Strength

59,900 psi.

33.5%

nl

Elongetion in 2 inches
Chemical analysis, deoxidation, charpy impact data and other inoorma-
tion concerning this steel may be found in a separate reporth.‘

Projeet Steel SR-89

For 1/2" x 2", (.505), test specimen:

Yield Point (lower) = 35,000 psi. -

It

Nominal Tensile Strength 65,300 psi.

Elongation o L= - 39%
_ Reduction of Area =, . 6LE
Hardngss = 15778

For 3/4" x 1 1/2% x 8" rectangular test specimen:

Yield.Point (lower) = 34,200 psi.
Nominal Tensile Strength = 64,500 psi. -
Flongaticn = 45%

Hardness = 15779

Charpy impact tests werc perforemd on the Project SR-89 stecl by
Professor M. Gensamer of the Penn State College in the same manncr as he tested
other steelst for the War Metallurgy Commitiee. The followlng results have

been transmitted to the authors by private communicatien.

hSee Reference,
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Four sets of specimens were tested, these being (1) standard
Charpy-keyhole notched bars, (2) standerd Charpy-V-notched bars, (3) 5%
prestrained specimens with standard keyhole notch, and (4) 10% prestrained

specimens with standard key-hole notch.
-+~ Three specimens were tested 2t ecach testing tempefature, and the

encrgy absorption curves drawn approximately through the average of these values,

Listed below are the estimated temperatures for 50 and 25% energy

absorption.

Specimen Type ~ Temp. of 50% E.A. Temp. of 25% E. A.
Std. Keyhole . o 0%F " =10°F
Std. V-notch 60°F 30°F
Keyhole-5% Prestrain ' CLO°F Co . 20°F
Keyhole-10% Prestrain 45°F 250F

An examination of the ‘energy absorption curves as a function of
temperature indicates for the two stcels ne outstanding difference in their
energy absorption characteristics.

The analysis of this steel, which hes been submitied Yy the manu-
facturer, is as follews:



Appendix B
CONSTRUCTION OF SPUCIMENS VITH. VELDMENT

Although the procedure for the construction of specimens with weldment
I e .‘1.‘.} : o 1:2- s ata .. f L. . N
ven in deteil in previous reports a brief resume of the welding tech-

nigues is given here as a basis for evaluation of the rcsults shown in Tables 1,

2 2nd 4,
. Review of Vlelding Procedure
A Tincoln Avc Welder., Tvne SAE 300--L0 NEMA AN Amrmmvsa Anmand dor a7 a0
‘ a dmdei .n.a. FhL W wc.&uy.l., _;&Jy‘!? Un..LJ“J\.IV .H-\.g"Fw._L.l..'.llu':t, )uv SN T LT Ladpabd U 3 (J’)J..Cb—

trode_E6QlO,;gnd;diregp:qurrentjw;th the elecprqge positive, were employed on all
welded specimens. .

5o . ALl longitudinal welds were of symmetrical double-V type with equal
numper of passes.en each side. The "continucus" method. of laying beads was .
employed only in specimens. AA-1.and 2, .All others were made with the "back-step"
technique. In general, each pass on-a given specimen started at.the same end.
The laying of weld beads to.join the.edges.of two, six inch wide, plates
nearly 8 feel long causes, if the plates.are unrestrained, severe‘bgwiqg,
climbing of one beveled.edge over.the other, and similar distortions undesirable
in a test speeimen... Such over-riding of beve;ed_edges resulted in poor reot . :
fusion and slag-inclusions.in some .six or seven specimens constructed during the
early phases of the project.. Simple cglamping of the ends of the:plates to .steel
horses (Restraint I} did not contrel the distortion. Three C-shaped:clamps .
bearing on channsls separated from.the specimenmby.rpllers,(Restraint II), plus
the judicious placing of weld beads on alternate sides so as to control the
discarded as centrary to industrial practice in which a pass is completed on

one side at a time.

1’2See Reference
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Experimentation and study resulted if a technique identified as

table and heavy clamps, wereupermipted_to move only in- the plane parallel to
their surfaces. This technique,;plus extensive chipping of the first pass,
resulted in nearly perfect welds as may be seen from radiographs and photographs
-of sections shown previouslyz. Figs. 23-27 inc. illustrate welds vhich are
typical of the quality of the welds obtained with this technique.

Review of the OSRD Report33 on‘ihvestigations of the effect of various
welding procedures cn r351dual stresses in ship welds and dlSCusSlOﬂs wlth
representatives of the Bureau of Shlps and the Var Metallurgy Commlttee, con-—
firmed the conclusion that specimens constructed under Restralnt III would have
residual stresses very llttle, if any, different from those constructed before
Restrdaint III was employed. From these reports it was concluded that for
6! x &' panels "considerable restraint caused practlcally no change in the
magnitudes of the stresses cveelis.o! considerable varlatlon ;n welding sequence
did not produce any great différence in reSiduel uelding‘ofresées....”

Hence, although the three restraints involved superficially different

identical basically to penni{'adeouete'ooubarieoujof fatigue behavior.

The four specimens with reinforced cehtrei:openiugs involved.oniu minor
construction difficulties such'és‘the'fabrication of the ooilar insert“and its
proper positioning. Care was ‘exercised to space the consecutive sequenoe of

each weld bead so that no craters occurred at the rounded corners of the insert.

2.3
oee nelerence



-l -
Appendix C

FABRICATION COF SPECIMANS WITH UN-REINFORCSD HOLAS

The dimensions of these specimens are shown in Figure 2,
The equipment used and.general fabrication information is. given in
Table VI, A discussion of pertinent procedures as related to each group of

specimens is given in the following sections.

Fabrication of Hole

‘Groups FA, FB, FC (Hand Flame Cut) - At the intersection of the center lines of
‘the specimens, cifcles of the proper diameter (FA - 4 1/8" dia., FB = 4" dia.,

" FC - 3 1/4" dia,) were scribed and punch marked to produce a pronounced path

along which the hand flame torch could be directed manually.
Flame cuttihg'(startéa'from'a fiamé:pierced opening.through the plate
at thé center Efxthe'hole)ﬁwas:pe;formed albhg the longitﬁdinal‘center line.
to the upper edge of the cifcle and con&inubuslj was carried clockwlse around
the”punch marks to cut ha;f,of the scribed path, ‘" The second éuétiﬁghopéfatféﬂi
iniﬁigpg& at the upper point, progressed counter-clockwise £0'completéitﬁé o
construction of the hole,‘.This_relative'sequenoe‘offered-an'uﬁihﬁerfﬁptéd'fighé
pass at the sides of the opening where the greatést stress soncentration ccours
under longitudinally‘applied load, - o
The only gxpaétion to this:established- procedure for the fanual flame
cutting wéélﬁhe first specimen (FA-l) where the flame cut was diféc%éd éiohg
the tréﬁgverse qenpgp.line¢t9pthe.rightaanducontinaed‘eouhtef;CIoékWiééxaiohgrh
the circle to produce three-quarters of the hole--all iﬁ“bné:opéréﬁiéh. Tﬁé
remaining quadrant was removed by starting the flame out of the transverse
center line and traveling in a clockwiseldirection. This procedure resulted

in a slight notch on the inside of the hole (at the transverse center line)
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where the second flame cutting opersztion was initiated. However, the surface
was not excessively rough as compared with the ripples or grooves formed by.

the manual operation of the torch.

Groups FD, FE, FF (Machine Flame Cut) - The 4 1/4" diameber holes in the

specimens of these groups ﬁefe fiame cut by means of a planograph flame cutting
machine w1th a magnetic tracer whlch automatlcally traversed the outline of

the opening. A 7/16¢ dlameter hole drilled through the plate at the inter—
section of the longitudinal and transvé};e center lines, facilitated the initial
flame cut. The mounted torch was manually directed in the longitudinal direction
to the upper edge of the hole where thé machine ﬁas placed under automatic control
& radius c;t of the desired dimensiozn.

The resultant surface of‘these holes was mu;hbmore even and regular

than those openings cut by hand; the flame cut ripples were small and evenly

spaced with no abrupt or Jagged interruptions of the surface.

iechine operaticiis ﬁ ere performed’
in which no heat input was experiernced by the specimeﬂs.=\A seriés of 1/4"
diameter holes were drilled very close to each other on a LV diémetef, éhd the
remaining narrow strips of ﬁetal between the l/h” holes were cut with a fine
chisel to remove the greater portion of thecore constituting'the‘oﬁéning.

With two heavy passeS, a vertical boring mill cut away most of the:femaining
metal. The third pass was light and for the 1lhst cut tﬂé-tool was carefully
ground and an exceptionally light pass (.005" to .OlO") wés taken to produce

very smooth machine flnlsh.
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Treatment of Surface and.

Edge of Holes

GrpuperBifFE (Ground) ~ In these two groups, the ihéide'suffaEé of the héles
ﬁefe initially rough ground to remove the grooves ereated b& flame cﬁtting.
The final grinding, accomplished with & fine grit wheel, elimina£ed the faint
scratches of the first rough grinding and produced a smooth surface. In both
cases, the hand operated grinders were rotatgd concentrically with the hole
to prevent the'formatidﬁ df'gcratches across the depth of the plate on the
inside surface and to assure roundness of the opening. Bj visual examination
the resultant surface appeafed‘aé smooth as that of the machine bored hole
described above. o -

For group FB, tﬁé éfinding‘removgllprccesstdid not involve over a
1/16" depth of thé nbtél. Since the single specimen of the FE series had very
small flame ripples (machine flame cut), if ﬁéce§sitated.less,removal of burned

metal than those of the FB grow.

Group FC (Semi-bored). — The 3 1/4"-diamster hole {manually flame cut) of the
only specimen in this series was enlarged to 4 /40 diameter By means of a
vertical boring mill. The finishing or last cut was péfformed much in the

manner of that employed in completing the Bole in the FM series.

5 t
P

Group FF (Heat Treated) — Thé iésidé surface of the hole in the two specimens
of this group were heat treated to soften the flame cut surface. This result
was achieved by producing a cherry red heat of the metal but yet not destroying
the surface geometry cf the small flame cut ripples (machine fleme cut) through

the excessive application of heat. A special type of torch, whose tip had many




-cly -

perforations to produce a wide flame and whose tip diameter was that required
for a 3/&” thick plate, was mounted onma radlograph machine in such a manner
that the flame was directed perpendlcularly upon ‘the surface to be softened.
When placed into automatic operation, the radlograph caused the special torch
to sweep evenly the inside surface of the hole.

Initially the flame cut surface of the upper edge of‘the hole on the
longitudinal axis was heated to the required cherry red. Once achieved, the
radiograph was placed inte automatic operation; and, its rate of travel was
such that as the. torch moved beyond the local heated zone, the metal immediately
cooled sufficiently to cause the cherry red color to disappear. The process

was performed once around the hole to create the softening effect. At no

regiontio the two specimens were the characteristic ripples destroyed.'

Group FB, FE, FM - Both the grinding and borlng proceSSes formed small burrs

of metal at the edges of the holes in the specimens of these groups, To
ellmlnate any detrimental effects whlch mlght result as a product of serrated
edges, the burrs were carefully removed by means of a burring tool, consider-
able care was employed to hold the tool flat w1th the surface so as to minimize
tool marks.; -As an added:precaution, the burred areas weré iiéhﬁly honed with a
fine stone to. produce a barely discernible radius on the edgeS'of'the holes.

E‘In_al;,epecxmene which entailed flame ‘eutting, the specimen plate vas
situated in the horizontal position with the cutting flame in the vertical
plane. Proper precautlon assured aatlsfactory oerpendlcularlty of the cuttlng
torch to the surface of the plate. :

All holes were measured along four axes (transverse longltudlnal and at

two planes AE degrees te the forner two-dlrectlons) to verlfy ‘the roundness of the

opening. No dlmenstione varled beyond approx1mate1y % or ~2%.

-
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Flame Stresses

In a previous rqport2 mention was made of the possible residual
stresses which may be created around a flame cut hole in a plate, Additional
interesting evidence has been observed in the flame cutting of the holes in
the FF series under ideal fabricating conditions; planocgraph type of {lame
cutting machine which traversed the outline of the opening at an even rate of
torch travel,

In this case (Specimen FF-2, Fig. 40) the radial "lines", where the
scale has been removed, were more pronounced and also formed a more definite
pattern (outlined by a dotted line in the photograph) than the previously
described specimen. All holes cut in this manner experienced the symmetrical
pattern on both faces of the plate. Along the transverse axis, the lines are

the longest; at the 45 degree planes, the effect is almost negligible; and on

the longitudinsl center line, an intermediate magnitude of this effect prevails.

These shear lines, which appeared as the holes were machine flame cut,
are believed to be evidence of the existence of considerable residual stress
in the local region about the hole. The additional heat treatment of the two
specimens in the FF series did not alter or augment this initial pattern

to any observable extent.

ZSee Reference
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Appendix D

~TEST -PROCEDURE AND § TRESS

L

'Aii spécimens wére tesﬁed}éﬁé,the}sbpegses to which they were subjscted
weré.deterﬁined in the manﬁer;desﬁribeq_inﬂdetail_iq previous reports.

With the exception of thg MB group, g}l specimens were tested in one
of two 400,000 lbs. machineé which apply cyclic ranges of tensile. loading
(zero to ténsion, or tension to tension}. The geometric. capacity of these
machines enables £he testing of specimens 2 ft. wide by 8 ft. long with
approximately 6 gt: bétween grips. The small control specimens (four test
pleces, MB grbup) wére investigated in & much lighter but basically similar
fatigue machine. | |

By manual control the temperature of the laboratory in which the tests.

were carrled out was meintained between 729_and 76°F, cept
1nstanCes when the temperature fell as low as 68 F, or at other times reached
BOOF‘ However, both the two extremes never occurred within a 12 hour period.

It is-belleved that such gradual fluctuations of temperature had no effect

upon fatigue life of the specimens.

Stfesé'Rénges""“

. Tne majority of ‘tne spec1uens were subgected to a nomlnallstress fange“
of 0-30,000 psi. tension;" four others experlenced a stress range of approxi—
mately 020,000 psi.: tenslon-—values of stress ranges for all spec1mens are
given in Tebles I to V' "Sumnary of Test Results“ R -

Once “the desired load”upén‘fhe test piece had been aftained tusqéll&

was placed inkto cont

&

with 1700 cycles -or less), tHe ‘fatigue machin

operation until fracture occurred or untilfBQQ;QOQ“¢ypl¢§;ﬁ§$,at£ained“: .

(unless otherwise noted in Tables I to V).
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A visual examination for cracks, anploylng a strong light and thin
cil, was made every 2,000 cycles, or oftener as advisable. Strain readings
and stress computations were made about every 45,000 cycles until a crack
became visible, at which time strain readings were taken immediately. Radi-
ography was done after the specimen was removed from the testing machine.

.To determine the load on the large specimens, a 10-inch Whittemore
Strain Gage with a ten—thousandth dial was employed; for the small (MB group)
specimens, an 8-inch Berry. Strein Gage was used. In all cases, strain

measurements were taken at many judiciousl,

N

the specimens. Such locations wefe shown previously.™’ The ”averagg
stress range" is defined as that stress range determined from the average of
the strain readings at all gage points for the maximum, or the minimum load,
respectively. 1In the casé of the longitudinally welded specimens the most -
highly stressed gage length was determined and is defined as the "Critical
Point",.%. Once the fatigﬁe fracture was definitely established, it was possible
to- compute the psrticular stress range (local zverage) at the gage Jlocations
adjacent to the crack.: |
Since the Yield Poimtof the steel in the parent plates is

above 3Q,OQO,psi,,_qaré wés‘exercised in loading the longitudinally welded
specimens so pha@fthg gﬁresglaf.tﬁélCritibal Point* was as close to the 30,000
.psi. gtress rangelaslpéssibié“bﬁt did not‘éxﬁeed this walue,

- One pf the fp#f ééeciﬁenérﬂééﬁed at the lower stress range was loaded in
a manner discussed in Appéndﬁx E, ‘?Br‘théhdther*three‘Specimens, it was then
decided that a more practical procedure from the viewpoint gof dgsign<would'be

a loading such that the Average Upper Limit would be + 20,000 psi. In the

applicdtion of this load it was unnecessary to check the stress performance

 ¥3ee definition, Sec. III

l’ZSee Reference
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of a critical gage length as in the fommer procedure. Instead, the strain
at all gsge points was recorded and averaged f
The load was then increased in steps until the Average Upper Limit was as
close to + 20,000 psi., as practical.

The load on the specimens with reinforced holes (B and C groups) was
increased until the stress at the "Critical Point" was equal to or very
slightly above 30,000 psi. according to the same procedure as followed for
the longitudinal welds.

For specimens with un-reinforced holes the load was so adjusted that
the stress range (applied load divided by net area) at the net cross-sectional
area of the hole, v d only nominally from
was determined from the average of the strain measurements at twenty locations
distant from the heole,

For the reinforced holes (B and C), the local average stress was
evaluated from readings on the face of the plate adjacent tc the fracture~—four
posgible areas could be considered {front and back of either the top or
bottom end of the specimen). For the un~reinforced holes the local average

stress range was computed from all strain measurements tzken on the same side

of the plate as that for which 1nitial failure occurred.



Introduction

Since it is known that a flame cut edge of mild gteel plaﬁé‘isfcoﬁ—
siderably harder than the body of the plate, the question wés réiséd if consid~_
ereble variations of hardness at the surfaces of the bgrngd holes Jﬂisted.ffém
specimen to specimen, and if so, could a correlstion Ee ésﬁéﬁlished'ﬁifh-fhé
spread in the cbserved cycles-to-fracture for various spécimens. The observa-
tions of hardness and of metallurgical structure reportéd herein were rmade to
determine if a more thorough survey would be desirable.. Accordingly specimens
to study were chosen which, from the information at hand, appeared most‘likely;to
show interssting results,

Since specimens FM-1 and Fif
were undertaken for these specimens; instead, microscopic examinations

were made of sections adjacent to the hole,

Location of samples for Hardness and .ilcroscopic study

A prism was milled from the region cleose to the hole and was later
lightly ground to final dimensions (2" x 3/4" x 3/8") suitable for Rockwell

Superficial "15T" hardness measurements. These measurements were made on

see Filg. 21, and which extends, at one end, to the edge of the hole. More
specifically, this surface is bounded on opposite sides by the front and back
of the specimen, on one end by the inside surface of the hole, and on the other
by a saw cut so as to moke the surface approximately two inches long. The

"right corner" of the prism surface is defined zs the intersection of the



- g2 =
edge lying in the flame cut surface of the hole. In two cases, prisms were
also cut from the top of the hole in order to find if a detectable amount of
work hardening had occurred at the transverse section,
Prisms for microscopic examination were obtained in the same manner, but
were logated along the circumference of the hole about 1/2" from the fatigue
fracture.

Results of Hardness Measurements:

Rockwell Superficial hardness values obtained for several specimens are
given in the following table, The numbers in parenthesis are Brinell values
obtained from a conversiun table, The plate metal 1 1/2 inches from the flame

“cut surface had an average hardness of 15T8l.



Sample from
Specimen No.
(See Fig. 21)

FAL
FD1
FD3
FEL

FFl

FAZ
("Top of Hole")

FF1

("Top of Hole")

Hardness valueé‘acrOSS a section and as close
to the flame cut edge of the hole as is possible.

(136)

(139) -

At "Left , At "Right
Corner® "Center! Corner" :
15T 88,2 15T 87.8 15T 87.0
(164) (160) (153)
15T 88.3 15T 89.0 15T £9.0
(166) (172) (172)
15T 89,0 15% 87.2 15T 85.5
(172} (155) (141)
15T 87.2 15T 86.3 15T 84.9
(155) (1u8) - (136)
15T 86.0 15T 85.6 15T 85.0
(Lib) (141) (137)
15T 87.7 15T 85.0 15T 87,8
(160) (137} (160)
15T 84.8 15T 85.2 15T 84.3
(132)
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.Mbgsurements on a portlon of the flame cut surface, see Figure 21,
after llghtly sanapaperlng the surface, gave values up to 15T90, but are not
entirelyjsgtiéfactory bépause the unevenness of the surface (ripples, etc.) made
the obserﬁa£ibns difficult, Tt is clear from the microscopic examination and
from othefrconsiderationé‘that the hardness of the surface is probably greate;‘
than any qf the values given hére.

‘Tﬁo conclusions ma& be madet

(e) Significant hardening of the metal at the surface of the hole
resulits ffém.ﬁhe flame cutting operation.

{b) Ihe flame softening operation performed on specimehiFF—l has re—
duced the“ﬁérdneés probably more than is shown b& these measurements and may be
responsible for the greater fatigue 1ife observed., Decarburizatlion has occurred
as seen in Figure 22,

Since residual stresses of the order of yield values may result from

flame cutting operations5

s it was thought desirable to determine the yield and
ultimate strength for material similar to that found at the surface of the flame
cut hole in these specimens,

After considerstion of the values given in the ceding table; a
hardness of 15T89 was arbitrarily chosen as representative of the state of the
material at the edge of the hole. A modified Jominy bar, prepared from a sample
of the steel, was employed to estimate the proper guench to attein the above hard-
ness in a test specimen.

Two 0.505 tensile coupons six inches long between grips and with an
extra cylindrical section 1% inches long were heated to 1600°F in Houghton

liquid bath No. 168, and then quenched in a water bath at the temperature given in

the table below. The long axis of the bar was parallel to the water suwrface when

DSee Heferences.
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plunged into the water, The cylin&rical stub was cut off and prepared for micro-
scopie examination, Hardness measuremeﬁts were made on both the stub and portions
of the test length of £hé 0,505 coupon., ‘Procedures were such that it is felt
confident that the measureménts taken are ih&icétiﬁe of the velues throughout

the bar, The results of {he two 0.505 coupons, so prepared, &re given below:

Physical Property ' qugon #1 ) o Coupon #2
0.2% yield strength . 61,200 psi. 54,000 psi,
Nominel Tensile Strength 102,400 psi. _ 98,300 psi,
Elongation « S 11% on 2" T ¥
Reduction of Area 32%, . L. 39%%
Hardness & 15T 89 15T 87.5
fuenches in water at © 100°F 50°F

#Specimen ruptured outside gage length

-.Photomicrogfaphs 6f sections from each of the two tensile coupens,
and from each of two fatigue spe;imens are shown.in Figure 22. No significant
difference in structure is seen between the coupons aqd specimen FD-33; likewise
for FA-i, see next section.

Tensile tests on 3/K" x 1 1/2" x 8" rectangular bar prepared from 2

piece of the 3/4" plate stock give the following values:

Yield poinfz(lower) 34,200 psi.
Nominal Temsile Strength 64,500 psi.
Elongation o "r”r L5%
Hardness | - 15T 79

EBElsevwhere in this report evidence is presented of plastic flow in the
plate as 2 result of flame cutting the central hole. It appears that the stresses

assoclated with the flame cut edge mey be very large.
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Mlcroscoplc Examlnstlons

Ccmments concernlng the sp301mens are glven below-

Spec1men FA L

Specimen Fb 3:

Hand Flame Cut Hole - 12 OOO cycles @ «LOO to 30 700 p51
Metal is cleun. Body of metal has structure of ferrlte snd 7
pearllte with very sllght bandlng Thls bandlng is not detr1~

mental., Cut edge is pearlltlc due to rapld cooling from abost

eritical tempersture, UNo free ferrite at edge. Heat affected
 region approximately 3/6.4 inches thick.

Maching Flame Cut Hole — 21,500 cycles @ O to 30,300, ietel is

clean, Body of metal has same siructure as FA 4 with somewhat

- more banding. It is again unlikely that this degree of banding

is detrimental. Heat affected region is narrower than FA 4, being
approximately 1/32 inch thick, It appears that the cooling rate at

the edge of the hole was moré rapid than in FA 4. Cut edge is

‘ pearlitigﬁ_ No ﬁree ferrite at edge of hole._

e NN aTars -~ -

- Macnlne rLame buB note, torch qrawn - 95 000 cyCleS @ p‘

29,900 psi. Body of plbte is sllghtly banded structure of ferrlte

and pearlite. Same as FD 3 and neariy same as FA A* Edse of hole

| 1s sllghtly decarburlzed to deptn of less than O Ol 1nch Sce

Figure 22, rCoxsersaof.bqu are th'deqsrbur;zed and exh;b%t fineg
pearlitic.structure. Heat affﬂcted region generally made up of
coarse ferrlte and peerllte 1n Wldmanstattsn pattern extending to

approx:unate depth of 5/32 J.nch

The following two obgervations show that the differences in the two

steels are of small megnifude and are inadequate to explain the spread in results

of FM-1 and Fl}-3.
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Specimen FM-3: Machined Hole 42,000 cycles @ -350 to 30,100 psi.
Same steel as previocus specimens.
Same siructure as previous specimens,
Same slight banding, but no noticeable defects.
Specimen FM-l: Machined Hole 133,000 cycles @ ~200 tq 30,400 psi.
Same structure as Fl~3 with less banding. No significant differ-

ences from FM-3.
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Appendix F -
" THE APPLICATION OF LOAD TO SPECTMEN AE-3

Since specimen AE-3 was the first of four specimens to be subjected to
a nominal stress range of 0-20,000 psi tension, a cértain amount of specula~
tion was raised as to the manner in‘which to stress this test piece, Prior
to this time all specimens had been loaded at a nominal stress range of
0-30,000 psi tension and a definite loading procedure had been established.

As one might gxpgct, the minor local‘irregqlarities in a.specimen created
local stresses of different magnitudes when load was applied, and thus all

gage poipts could not simultapepusly be raised to exacﬁly +30,000 psi, Since
it has begn predetermined not to stress any local region of the test plate
beygnq +30,000 psi. (explained inyﬁppendix D), that gage point which indicated
the largest strain at an applied stress slightly below operating load was
employed as a control. Then, the mechanism of the fatigue machine was success-
ively adjusted until the strain at the controlling gage length corresponded

to a stress of 30,000 psi tension or only slightly above. (See Table 1).
Obviously, the applied average stress for the entire specimen would be slightly
below the 430,000 psi.

Initially, it was decided to employ the above procedure for lcading the
specimens to be studied at the lower stress range, wherein the most highly
stressed gage point would be subjected to an upper limit of 20,000 psi. How-
ever, since this was the first time that the ratigue machine was adjusted to
operate at light lcads, the desired stress of 420,000 psi at the critical
point was exceeded by approximately 6,000 psi for about 3 cycles of loading.

Af'ter dome discussion concerning this Specimen; it was decided to decrease

the applied lcad so that the control gage point would experience an upper limit
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of 420,000 psi, For this specimen, the local_abnorﬁalities were such that
the average load on the specimen was reduced to 417,300 psi; one of the widest
spreads observed in the entire program.

It was recognized that, since this over-loading prior to the cyclic test-
ing relieves the severe residual stress state in the weld and since the lowering
of'the applied load reduces the limits of the stress range equally, this par-
ticular specimen Shoula offer a more satisfactory length of cyclic service than
if it had not been subjeEted to the overload. However, it was thought that
| ecimen would be interesting and could serve
as a guide in future phases of the.investigation, Although this specimen was
operated to 3 1/2 times the cycles at which fracture occurred in similar
specimens which weré loaded at‘a stress range of 0-30,000 psi tension, it is
now believed that it would have been more valuable if the specimen could have

been operated until a fracture had developed,
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Appendix G

'OBSERVATIONS CONCERNING THE ‘CONSTRUCTION OF

INDIVIDUAL WELDED SPECIMENS

.
o e oy

rcport.

A - Longitudinal Welded Specimens.

Restraint IIT was employed.

Snecimen AB3e:
peclmen Ab—~2: we

in the previous weld passes in order to build
bead.

Specimen AA-b:

#5 and #6, the electrode was weaved

4 mommsnaos
v prlOgleos

up the resultant

A1l the weld passes were of a satisfactory nature. -

The welder found it difficult to control 2 considerable amount

of Marc-blow" (especially at the ends of the specimen) which

occurred during pass #1.

during pass #2; various relative locaticns of

A more pronounced arc-blow occurred

the "ground clamp"

were investigated to eliminate this phenomenon without complete

success, Pass #3 had considerable arc—blow.

After each of these

weld passes, the weld metal was very carefully chipped out to

remeve any possible flaws in the weld.
experienced in pass #4.
satisfactory.

No comment.

Spcecimen DE-3:

Specimen EE-3: A certain amount of arc-blow prevailed during

the arc-blow was greatly diminished on subsequent passes.

Very little arc-blow was

From this point on, all the beads were

pass #1. However,

In

pass #5, the clectirode was weaved more than normally Lo aid in

the bulld-up of the bead where thae groove was

deep.
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B - Specimen with Reinforced Hole ' ,

1
3
to

AWS]

The last specimen (B-3} in this series was fabricated in the

+ ATh i

menner of the specimens of this grpup‘previously described. In
pass #2 some difficulty was encountered in building up the verti-
cal leg of the fillet, because of the 1/8" gap that existed
between the ring and the plate. At no rounded corner of the ring
was there a creter which might initiate fatigue cracks.

C - Welding Informaticn

- *HPormation s

The infommatio th pepard to the welding details for each specimen

85(..-. L Ll W itlllli
(tested since the last report) is given in the following table. For all speci-

mens Vertex E6010 electrodes were employed.
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Face on
Pass which Flectrode
Specimen Number made Amperage Vultage Size
AL-1 1 Back 125 28 5/32
2 Back 190 28 3/16
3 Front 150 28 5/32
L Front 220 28 3/16
5 Back 210 28 3/16
é Front 210 28 3/16
AL-2 1 Back 135 28 5/32
2 Back 200 28 3/16
3 Front 150 28 5/32
I Front 200 28 3/16
Al-3 1 Front 145 26 5/32
2 Back 160 26 5/32
3 Back 220 28 3/16
L Front 220 28 3/16
5 Back 220 28 3/16
6 Front 220 28 3/16
FE-3 1 Back 130 28 5/32
2 Back 200 28 3/16
3 Front 150 28 5/32
4 Front 200 28 3/16
5 Front 200 28 3/16
b Back 200 28 3/16
DE-3 1 Back 130 28 5/32
2 Back 220 28 3/16
3 Front 145 28 5/32
L Front 210 28 3/16
5 Back 210 28 3/16
6 Front 210 28 3/16
B-3 1 Front 150 28 5/32
: 2 Back 150 28 5/32
3 Front 140 28 3/16
L Back 140 28 3/16
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Appendix H

DESCRIPTION OF FATIGUE FRACTURES
The fatigue fractures on each of the three types of specimens recently .
described with references to ‘diagrams ‘znd photographs which present pertinent

information.

Longitudinal Weld Specimens

' The cracks discovered in a given specimen were assignediconsecutive
numbeps;y the letter following the number indicztes the method of discovery--sece
"Explangtion of Symbols'", Table I.

In all photographs the lower edge cof The fractured ares is the front
facejdf the specimen.

 The words "topﬁ'and'”bottom” refer respectively to the upper and lower

faces of the transverse fractured ares of the specimen as it underwent test in
the fatigue machine.

h photograph of ‘the weld surface is shown only for those ds—welded
surfaces in which the fatigue ¢rack was visible at the surfacé, ' The photograph
is also ofiehﬁéd so that its top is toward the ﬁop of ‘the specimen.

The fadiogféphs of the welds are typical of the quality of the welds.

Specimgns with Openings

Where_neceﬁsary, brief comment ié.made con¢efning fheée frectures.
However, the major portion of the informetion is given in Figureé 35-3G incl.;
salient points are brought out éither‘in_the_photographs or dfawings of the
various specimens. - . |

The 1ower edgg of gll the photogpgphslis £h§ bottom.end of.the specimen;

whether it 1s the front or back face 1s indicated on each photbgraph.



Specimen AA-6:

Lecation of Crack, Figure 5

Crack I-V, 583,000 cycles, back face, middle third of the test length.

Specimen DE~3:

The fracture, which started at a small pin hole in a crater,

propagated slowly since at the end of the test (665,700 cycles)

the crack extended only across the weld surfacé and 1/8" into

the parent plate on one side of the weld. The fracture (rig. 35)
definitely shows incipient failure at the surface with propagation
from the pin hole i
Ducing the fatigue test no evidence of fracture developed which

could be visually detected. HoweVer, Radiographs of the test

length showed slight evidence of one small fracture.

Location of Crack, Fig. 6.

Crack I-X. The sectioning of the weld corroborated the existence of

‘the smell fracture on the back face, lower third of the test

5

small pit hole in a crater initiated fracture. At

._
=
.
=
-

the end of the tes£'(8h0,600 éyclés) this fracture (Fig. 36) was

very small, From the very dark oil steined sppearance of the

crack, a definite possibility existed that this fracture was

arrested during the test. Had the crack oceurred slightly

before the test termination, the frocture surface would he

-+~ 1ight «colored in appearance,

© . Location of Cracks, Fig. 7.

Crack I-V, 151,000 cycles, front face, middle third of tsst length.

The crack appeared adjacent to the edge of a crater at a small-

ripple in the weld metal. &t 193,000 cycles.the propagation of
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the fracture extended tc the back face; and, it became 3 inches

long by the end of the test (215,000 cycles). The frecture

. (Fig. 38) reveals that its incipient stage occurred on the front

Crack

Crack-

face of the weld,

2-V, 180,000 eycles, lower third of the test length of the front
face. A smell ripple at the end of a crater created the danger
point for fracture,.

At 201,000 cycles the crack was 1" wide on the front face; and
by the end of the test, it had reached the rear face of the
specimen. The fracture (Fig. 39) indicates initial failure at
the front face. | |
3-X, Middle third of the test length. . Radiographs of the weld
indicated a fracture which was verified by the sectioning of the
weld (Fig: 37). Poof root fusion initiated the fracture which
then propagated outwerd toward the two fages. Although this
fracture was not detected.dﬁfing the fatigue test, it started

after crack No. T-V since it is a smaller crack.



- hiy -

Group_ FA

Specimen FA-3, Fig. 28; Locatioh of Cracks, Fig. 9.

Specimen FA-4, Fig., 29; Location of Cracks, Fig. 10.

T
4

o)
o

were similar to each other and eguivalent to those previously reported

(FA-1 and 2). A jagged ripple on the left side of specimen (FA~3) initiated
failure on that particular region of the hole. stever, it could not have
been an excessively severe condition for the crack on the opposite side of
the hole appeared at approximately the same number of cycles.

Both specimens evidence rapid propagation.of fracture across the inside
flame cut surface of the hole after the cracks had‘sta:ted at one of the
holes! edges.

Speéimeﬁ FBwB, ' Location of €racks, Fig. 11

.Specimeﬁ'Fégh,‘Fig. 30, Lecation of Cracks, Fig., 12

o A thotograph of only ene specimen (FBei) is presented to indicate the
tybicai'éﬁaractér”of'the test surfaces in each of these twe specimens. Two
test’ pieces (FB-1"and 2) tested previously had similar surfaces.

These specimens éxperience ‘somewhat slower propagation of the fatigue
cracks, as compared to the FA group, across the depth of the holes once they
had formed

n the edges of the o

Group FD
Specimen FD-1, Fig. 31; Location of Cracks, Fig. 13

Specimen FD-2, Fig. 32; il n " Fig. 14

Specimen FD-3, o i n Fig. 15a.
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The two photographs indicate the ééheral character of the flame cut
surfaces as produced by machine flaﬁewéu££iné. The flame ripples were
. ‘small:and-regular in forﬁ as.;ompgrea to ﬁhe product of the menually flame
cut_openings,(Group FA).
Once initiated, the fatigue cracks spread rapidly across the flame cut

surface—approximately equal to the propagation experienced in the FA group.

No photographs of elther the 1n51de flame cut surface of the holes or
of the fatigue cracks are shown, since ‘these characterlstlc features were
~simllar to those possessed by the FB series.

In this case, the crack propagatlon across the ground surface of the

" hole was slow.

Specimeﬂ FF-1. { Location of Cracks, Fig. 16
Specimén FF;Z; Fig. 33, " o1 Fig. 17 .
o TheIOne‘phOtograph (FF-2) is typical of the inside surface.geometry of
the holes for both specimens, since their fiame qut}?éundarigé werélidentical

in physicai character, Vhen compared to the FD group of specimens, their

Travel of the fatigue fracture in these two specimens was mbderately
rapid and was approximately éQuél‘to the rate of propagation undergone by

the FB and FC group of specimehs.

Group ¥l . ..
Specimen FM-1, Fig. 34, Location.of~€raqk,.F;g?:Lga‘ )

Specimen FM~2, " Moot - Fig. .18b.
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Spegimen Fi&-=3, Location‘qf Crack; Fig. 19.
Specimen Fli-l, ! "___ﬂ " Fig. 20.

. The §n§ photograph‘(FM—l) is indicative of all four;épééimeﬁs as to the
type of surface finish and to the form assumed by £he fétigue cracks. In
this group, all the fatigue cracks propagated slowly across the surféée of
the hole——a characteristic similar to that found for Specimen FE-L.

Many of these specimens with.unureinforced openings presented an inter—
esting aspect a3 to the form or shape assumed by the fatigue fracture in its
propagation across the inside surface of the holes. In a few of the test
pieces, in which the inside sﬁrface boundary remained as flame cut, the

~crack generally pursued thé pgthrcrsated by the bottém.of a rippie. However,
at certain points in its travel; the fracture'propaéated in é path perpen-
dicular to‘the pre¥iously formed.bortion of the:crackﬁand subsequéntly
progressed to the adjdining rippie Gﬂere it would continue to spread in
the normel fashion along the ripple itself. 4 portion of the specimens

TR PN
V)

W T B VA A

| T, U T TAPF L, (SR . vard o mirmdt Towm s
1 elcu G gIOoulil [IVLIeES Lo PUOUMLCU O Ollllddl’ PHELIWVEILCLIWIL,
both interesting and odd; Tor the common conception and experience presupposes
the formation and spread of these fractures to occur at right angles to the

applied stress. Yet, the phoﬁographs-presentéd hergin definitely reveal this

peculiar path of fracture at local regions.

Group B
Specimen B-3, Location of Cracks, Fig. 8
No photographs cor radiographs wefe takeﬁ of this;épééimen siﬁéé records
of the twe specimens formerly testéd did not reveai:;nj'important‘information.
Therefore, it was felt that the information to be cbtained did not warrant

the expenditure of time and money.
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A1l fractures were similar to those which appeared in specimens B-1




