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PREFACE
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FINAL REPCRT
on

EVALUATION OF IMPROVED MATERTAIS AND METHODS CF
" FABRICATION FOR WELDED STEEL SHIFS

to .

' BUREAU OF SHIPS,
NAVY DEPARTMENT

from
BATTELLE WMEMORIAL INSTITUTE
by

F. R. Baysinger, P, J. Rieppel, and C. B. Voldrich

¥

Sumparizing Work Completed on Project

SB=100 Under Contract NObs«45543, and

Contract NObs-48015 (1773) Index No.
NS=011-~067

INTRODUGTTON

This is the final report on Navy Department, Bureau of Ships,
Project SR-~100, authorized by Gontract N0b8~480¢5 (1773) Index No. NS w
011-067, entitled"Eveluation of Improved Materials and Methods of Fabri-
cation for Weldéd Steel Ships", This report Bummarizeé work 'done during
" the period Jume 25, 1947, to December 30, 1950, Progress Reports# prepared
‘under this contract are Ship Structure Committee Reports Serial Nos, S5C-23,
Mar. 30, 1949; S5C-33%*, Nov, 15, 191;9; 556=36, Dec, 20, 1950; $30-40, Oct.
1,1951; and 8SC~41, Oct, 1, 1951, |

¥#A paper "Evaluation of Tests for Steels for welded Structures" by P. J.
Rieppel, R. G. Kline and C. B. Voldrich, Welding Journal, Vol. 25, April, 1950,
pp. 1955-2165, also describes work completed under this contract.

#%An extensive Bibliography appears in Appendix "C" of this report.




-2 -

This project hed three objectives. The principal objective was
to evaluate the usefuluess of various mecharical tests of small welded
steel specimens for indicating the protable perforrmance of large welded
structures. Anothef objéétive was'éovstudy the fundameﬁtal factors
contributing to the performance of such welded laboratory specimens, The
last objective was to evaluate tﬁé;ﬁndéﬁﬁead qrack sensitivity of a geries
of steels made to American Bureau of Shipping specifications,

Work done toward finding a test for evaluating stesls for large
-welded structures started with a literature survey* of tests used pre-
viously to-study the qualities of.welds in steel gnd the weldability of
steels. From the results of the survey, five types of tests which seemed
most nrom131ng for further study were selected, Of the five types of

-tests selected and studied, the Kinze¢ test using notched weld=bead spaci-
men was used for the 8 jor: nart of the Work, partlcu;arly to determine
the transition~temperature ranges of proaect steels "B w, Bgu, MAM . and
"M and to determine the mlcrOmechanlsm ‘of fracture initiation and propa=
gation.as.a guide to.the interpretation of the results,

. :At.the start, a premise was set up for this investigation that,

LAf the¢$rgpsition~temperature‘range.whichAhad previously been determined
for the full-scale hatch-corner specimen was matched by that of a small
specimen of the same steels, the small specimen would be. useful in predict-

ing the performance of steels in large welded structures in general. To
this end, various modifications were made in the d651gn of the Kinzel~-type

specimen and in testing procedure,

* See Ship Structure Committee Report, Serial No. £5C-33, Nov. 15, 1949.
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A detailed etudy was made of orgck inibiation and propagat“on
in Kinzel=type specimens to obtain fundamertal information ofi factors
-contributing to the performdnce of the test. It was also tHesired Ho
determine why welded Kinzeletype spécimens always geve poorer’performance-
‘than unwelded Kinzel-type specimens of the same steels.-

On the third objective, work included a study of foityione heats
of ABS Classes B anfl C steels usitg the Battelle undetrbead crackiing. test.
Nine of these stéels were used in large tee joints designed to simulate

" ship-welding conditions; Thé effects of various test nmodifications on -
‘eracking in these tes joints were studied. : R

"The work done toward these objectives is summarized ihn this *o-..
report under the following headingss '

1. FEveluation of tests for rating steels. : ;

2, Studies with standard and modified XKinzel-type. specimenss’

3. Crack initiation and propagation studies of Kinzel-type -

specinmens,

4. Crack-~sensitivity tests and tee=~joint tests of ABS Classes

B and C steel.

EVALUATION OF TESTS FOR RATING STEEIS = .-

A survey was made of the prllshed 1iterature and unpubllehed
reports to uncover the varicus kinds of test Specimens that had already
been developed to study properties of weld Jo¢nts in steel and ‘the weld=

ability of steels, and to determine thelr appllcablllty to the ‘currents

*See Ship Structure Commlttee Repori Serial No. SO S8C~33, Nov. lj, 1949,
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investigation. . In choosing a. test for-evaluating the effect of welding
on medium~carbon hull steels and predieting.the behaviour of the welded
structure under service loads, a number of .factors had to be considered.
The speeimen employed in this test should be small,. economical, and:
conducive to easy.and rapid testing, The influence of manufacturing and
fabricetion variasbles, such as variations in steel analysis and process-
ing, welding procedures, electrodes, preheating, postheating, ete., must
.also be reflected by the response of the. specimen during testing. The
gervice conditions of a weldment, such as rigidity, loading, and tempera-
ture variations, should also be simulated by constraint developed by the
geometry -of the specimen, rate of loading, and testing the specimens at
different temperature levels. Therefore, the only tests considered
during this survey for further study were those in-which the test specimens
contained the components of a weldment, that ls, weld metal, heatwaffected
netal caused by welding, and base metal..

The types of tests were roughly divided into the following five
groupss:

l. Bend tests

2. Tension tests

3, Rapid-loading or impact.tests

Le Cracking or restraint-type tests

5. Fatigue_tests

The tests of Group 4, the eracking or restréint-type test, were

excluded from further consideration, because, in general, they were used
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“for détermining the susceptibility of a stesl %o cracking during or after

weiding and not fovvﬁuedictiné‘fhe performenee of a welded structure.
The fatlgue tests of Group 5 were also excluded because they did not
appear applacable to the investigation. While fatigue might play a pert

ih gome ghip failures, it was held to be subordinate to ‘the sudden brlttle

type of failure,

The-impact types of tests in Group 3 were considesed for various

agpects of the inuestiga tion, such as studjlng the trausitionwtemperature

 range of weld metal and selected neat zones. However, because of the
"exten51ve notched»bar tests mado by 1nvestigators engaged in other phages

of thls research p ogram, this type of test was not 1rcluded

To further classify the bend and-tension tests, they were eepsn
rated into two types, those usiug notehed'and unuobched test specimens,
The berd tests using spscimens without avmachinedynotcb‘or strees-raiser
included such tests as the guided bend, free bend,‘end siuéle aud double
tee-joinf bend. B o | N | -

Of these, the siuglewtee-joint beud test Was'cousideued‘eetis-
factory for this investigation because the test speolmen was gudged most

representatlve of a typical welded structure found in Shlp construction,

end because other investigators pad found that the test was practical for

rating the weld;ng quelluy of steele.
The bend epeclmensy eontalnlng machaned notches of va“ious +ypes
to impart a higher degree oP constralnt to the speclmens, hed been used

1

extensively by other 1nvestigators for evaluating the relative properties

of various steels to be used for eome spe01 1c type of weldmenta The type

of specimen having a longitudinal weld bead and transverse notch across the
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specimen and the specimen heving a transverse bead and transverse notch
_seemed to be most in lire with th@“stg@eg quect;ve qﬁ this regqa:ch._
o Uhnotched tension SpeCimeﬂS were glven llttle con51de“atlon

because most of these tests were used onlv for evaluat ng weld-wetal btrengbh

L

RN S

"m3££;01ency;‘ However one notched tcnsmon sP301men was usea to a llmlted
extent in the project. ‘ .  i _ ‘

On October 1, 1947, the va ious types of teats rev1ewed by the
11terature surve y were dlSCUS"ed wlth the SR-lOO Progect Adw¢sory‘00mmittee.
- It was dec1ded at th*u meetlng thats (1) speclmeﬁs hav1nc & 10ngitud1na1
weld bead and transvewJe not¢h= (2) sp601mens hav;ng a transver e bead
- and transverse notehy and (3\ tbe teewbond teat, represent¢ng a typical
| Welded ship joint, sh&u‘d be further 1nvestigated over a range of testing

ltemperatures to evaluate the strencrh, ductlllby, types of fractures, and
transltlonwtempexature ranges of the "Bt and nen shlp steels. It was

“-the thought of the committee ‘that, 1f one of these tests were fo give the
qsame trans¢t10nwtemperature "anges for "B " and "G" steels that the hateh-
corner did with these steels, then that test would be worthy of further
study as a possible acceptance test of a steel for ghip plate., The
compqsitidns ;f préject steeis ere given in Table B;Q- Appendix B.

The specific specimens included were the teewbend the Kinzelu
type, uehighrtype, Naval Research Leaboratory high—constraint, Jackson-type,
and notched tension specimens, The specimen designs are given in
_Aggppdix A, Figures A-llthrqugh A-9, The welding schedules are gi&en
"iHiApbendix B, Tablg_BQi. Bach of the specimeﬁs will be discussed,briefly
in the following sectlons except the Kinzel—type specimen, which is discussed

ina s&parate section of thla report.
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The studi s were made with.Project steels "B "and "C" ecause
they prev1ous*y exhablted a w1dely diffe ent behav1or 1n the full-ecaae
hauchwcorﬂer* and other testsa Clase E6010 5/32- and 3/16m1nehnd1ameter
elecurodes were ueed to make the eampaes for the 1n1tial tests. The, .

epeclmens were tested at varlous temperatwre levels to determlne the

]
PR

-traasitionmtemperature rangea for the steelss The transition-eemperatu:e

ranges were determined by the followieg exiterla. absorbed energy, bend

angle, lateral contraCuion, and fracture appearance. Of these, only aata

on absorbed energy will be presented i this report to conserve space and

since it has proved to be the most useful of the crlterla lleted above.

Tests With Tee-Bend Syecimen - -

| Tne‘main advan tage of the-tee—bend test is that 1t repreeents
a typlcal welded Joint vsed in ehip buildlng and structural Weldlﬂgg
The specimens ere eaelly machlned and test ted. The most apparent dleadm‘_
vantage of thas test is the dafflculby 1n adhering to the we1d1ng |
- reguirements and the amount of discard of specimen lost after macnanlng;
Details of the specimen are shown in Appendix A, Figures A-1 and A-R,

The standard tee-bend specimen was used to study "B " and "CM

steels. dCurvee for absoroed energy V8« temperature for this teet are_“
shown’in Fiéure 1u For both steels, the transitlon-temperature ranges_
were lower than thoee for tbe batchwcorner tests for the reepective

steels. Therefore, modlflcatlons of the teenbend epeclmen were made 1n'

an attempt to mateh the hatch-corner results,

* DeGarmo, Paul E.,p "Tests of Varlous Deeigns of Welded datch Gorner for
. Ships", Welding Journal, Vol 27; February, 1948,.pp. 50e-588, akso
Shlp Stracture Committee Report Serlal No. S5C-5, Uct 23 l9h6.



The first modification made in the tee=bend test was in the
weldsng prooedure used to make the epeclmenhn A 3/16~¢nchrdiemeter
electrode was used 1nstead of a ,/32-iechmdiemeuer e;ectrode, and a

welding schedule was set up to deposit 2 3/16-1nch fll+9t w1th'sllght4y

STt o A

1ess heat 1nput pmr Hneb of Weld tnan with the smal er electrode. It was

PN )
T

expected that this change in weldlng pfocedure WOU+d 1nf vence the trans-
1t10nwtempexature ranges of the steels being tested, Fowever, tes ts showed

that the cnange in weldlng schedule had only a minor 1nfluence on transi-

e v
Y

tion range as shown in Flgure 1ﬁ Co - IRV

o P

As the deslred increase in transitionntemperature ranée‘was
" not attained it was decided to use the ‘modified wel dlng schedule on
teeubend weldments for tee-bend speclmens of different Wldths. The
standard 1-7/8-inch width was inereased to 3. inches. The tests of the
wider spec*mens ¢nd40ated a slight 1ncrease in the transition ranges,
with the "é“ steeJ belng anected more then the "B." steels, as shown

T

by Flgure 1. No further modiflcatsons were stud*ed;

Slan oo - -Tegte with LehigheType Specimen

Deslgn deﬁalls of thé Lenlghwtype specimen are shown in sppenw
dlr A Flgure A=3, Absorbed energy:ﬁs. tempe“ature curves for‘“Br enﬂ

ngow, steels obteined with the Lehighmtype ePecimen.ere shown in Figure 2a,

The Lehigh specimen gave well-defineﬂ trensitionmtemperature ranges -for
the two steels, but bheae tempere&ures were 1ower than those indiguted
by the hatchycornar test. This- specimen was easy to weld, machine; and

test. waever, no further work was dcne 1ith 1t, because slightly better
twivyy .
results were obtained with the Klnzel-typewspeclmenrwhlch‘was similar in

1
1, p
R e
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many raspects to the Lehigh specimen@

Tgsts i&wzﬂavg _Egggarcg uamg gtorg Specimen -

The speclmen designed by the Naval Resea“ch Laboratory 1s ‘shown

3'in anure AwA of Appendlx L. Complete data for C steel were not obtalned

i w*tn this’ qpecimen, u% from‘the "B " steel data in Fﬂgure 2b, it was found,

L‘:that there was not enough dlfference oetween the upper and lower limits of
the curve to make the test very sensitlve for an accurate ratlng of steels.
"'Tberefore, no further work was done w1th thls specimen, since otner tests
gave somewhat better oerformance.‘ |

| Tebts Wlth Jacksoanzpe Sgecimen

The Jackson-~type specimens, having a transverse weld beéd With a
machined notch, as sbown in Flaure A-s of Appenalx A were made to. check the
efféct of side uotches on the transitxon!temperature range.ffppnﬁeqqent;y,
tests were only made on "B n steel. Data are shown in Figure 2b. MNo further
testing was done w*th thls Speclmen since 1t appeared to have no advantage
,gye?:pﬁher,bead~onmp1ate specimens. such as the Lehigh end Kinzel which were
easier to prepare. o

Tests Using Notched Tension Specimen

Tension specimens ranging in width from 3 to 72 inches, ang over,
had been used by investigators to determine the ‘transition ranges of various
ship:steels. It was believed that the tension test was more representative of
“the condition of loading foupd in.a sbip's hill or hatch corner than were the
shqgtfgpqn_nqtghed_bendrtype tests. Thereforey it was decided that the ﬂrans-
ition=temperature, ranges of welded and unwelded "B}"*and "C" steel should be
determined by using notehed tepsion specimens gimilar ‘ih design to those used
for the bend tests, and the results compared with the bend~test results and

the hatch=corner test results.
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The notched-tension speciméns used Wire of the seme:éesignkes

the Kinzel-type speciiiend; sxcept that the Width wes Feduced to 2-3//, inches
tc accommodate the testing equipment and to pfevent:%ﬁe possibilit§ of failure
away from the notched sedtion. Addpte? bars were welded to thé ehds of the
speciméns to save the project steel. Réfer to Figures'sié'end:A;7-:Aspendix.A

“Results' 6f-this test are shown in Figﬁ;e'ze. The transitlon-temper-
‘gture ranges were lower than shown by the other types of specimenP studied and
lower than the hatch-corper results. However, the Qﬁalitative order was the
same; in other werds, the tests always raﬁedj"d"xsteel &8s being inferior to
"Bo" steel, e : - |

. The main disadvantage of the notched-tension fesﬁxsas the low

temperatures required to obtain the trensitien-fempereture data for the

.. bteels tested. -

'Discussion of Regults from Evaluation
Stud1es on Test Snecemens

With all test specimens, the "C" gteel had a higher. transition=-
temperature range than the "By" steel. This observation correlated, direc-
tly with results fpem fu;l-sgele‘hatcy-eorner,tests made on these two
ctoels, o AL A
- Of the spe01mens studied, +he transition~temperature ranges -
obtained from the Kingel specimen for "Br" and "C" steels were a little
closer to those obtained by the hateh=corner specimens than the transition-
-tempersture ranges obtalred by other specimens.. For this reason, and

because the Klnzel specimen wag_ easy to weld, machine, and test, it was

selected for further studies and evaluation. .,

-5‘,; Lo
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... STUDIFS WITH.STANDARD AND MODIFIED KINZEL-TYPE SPECTMENS

Thé‘Kih;élmtﬁpe sb;ciﬁéﬁ gévéygéﬁérally'wéilédefined transitions
'ﬁémpefétﬁreffénééé'faf the stéelé studied at temperatures not too difficult
“tazob%ain in testing. “The wel&ing'oﬁ the specimen wa s done ab éurrents and
travel spesds which are normally nséd #ith' 3/16-inch B4010 electrodss in
}acfuéi‘welding on 1érgé’ét£uétﬁrés,s When the specimen was no%&ﬁed;sébout
half of the weld metal was left under tie root of the notch, For those
reasoné, it was believed that this speéimen was more representative of actual
" welds than some of the other specimens studied, The specimen details are
showp in Appendix A, Figure £-8,

Therefore, this specimen was selected for use in further studies
of other steels. Various modification& of the spécimen“%efe mede in an
attempt to more’closely match the transition-temperature of the:haféh-corner
specimens and study factors contributing to phe performance of wslded labora-

tory specimens,

Evaluation of FProiect Steels

The original work with the Kinéel-tyﬁeVSPecimen was to rate’
"Bf“ and "C" project steeié, along with the other typé speciméns preﬁiously
discussed. At the December, 1948, meéting of the Project Advisory Committee,
it was decided that "A" and "M steels also be studied with the Kinzel-type
specimeh‘td Eomparé ﬁith‘thé'résults'obtaihed for'"Brﬁ and "C" “steels.

A welded and an uwelded Series of each of the project steels

"B, MAM, "W, and "C" were tested through a range of temperatures.



Absorbed-energy deta for these tests were plotted, and are shown in
Figure 3.. These tests rated the steels in order of increasing transition-
temperatins Tenges as Tollows: "Br",'"W"?'&A";Légd "GY,  Ths transitions
.temperature ranges for unwelded "1 and "A". steels. were -very -gimilar to

.- the .range for "By" steel, as shown by Figure 34, In the.welded:condition,
.. the. transitiop-temperature. ranges ferl“W“-and AW gtee}s.fall betwsen -
transitlon-temperature ranges for ﬂBrﬂ and,ﬂcv‘steelsw,fThe'weldeﬂ;UBf“
Bteeluabaovpedgmugh more energy than the MW", -UA", and "C" steelss ...

- The results obtained with the Kinzel specimen on these four:. .-
steels were comngred with the resuits of studies made on;them with:-several
-other specimens, such-as the Navy tear test, Charpy keyhole, Charpy-vee=
notch, and 72-inch center-notched plate specimens. The Kinzel specimen
rated the steels in the seme general order as.other welded and unwelded

specimens..

Variations from Standard Kinmzel=Type Sgégigens

Various modifications of the Kinzel-type specimen were used
in attempts to find conditions by which transitionetemperature ranges
obtained from the hatch—ébrner:teété éoﬁi&xbé;hore clogely duplicated
with this type of test specimen, and to obtain more -informaticn regard=
ing the factors which influenced the performance, of -the specimen. The
modifications used inecluded use of.E6020:gleetrodes instead of E6010,
& change -from 3-inch-wide specimens t@:1-1/2 and é~inch-wide specimens,

a change in-notch depth from 0,050 ineh-to 0.090 inch deep, and-the:use
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of Qarioue thermal treatments."'fneee niil bte discussed in turn,

Influcrce of B6020 Electrodes on Transition Range

e P— At o,

A series of Klnzelntype specimens was nade using BE02C enectrodes,
to determine if the tranqitlon range wonld be changed from that obtained
when-E6010 e;ectroaes were used. The heat input per 1nch of dep051ted
weld ‘metal waslmaae as nearly'as-00331ble the same for epe01mens welded
with' the two typee or electrodes, This variable was controlled as closely
as poselble 80 that ary-changee resulting in nraneltion-temperature range
could be attributed to deferences in type of weld metal,

Abeorbedaenergy date for these tests are shown in Tigure e
As can be natéé,%thé'chAﬁge'in eiectrodee hed little effect on the
transition temperature range although theenergy valuee were not 80 high
as those of the speclmene “welded with E6010 electrodesu Tests were not made
with "C" steel because of the small influence of EOOEO weld.netel on the
transition range of "B," steel, and because of a shortage of "C" steel.

Influence of Specimen Width on Transition-Temperature Range

T

Two series of modified Kinzel-type epecimens were prepared end ”
tested to determine the influence of jariatione in specimen width on
tran31t10n-temperature range, The specimens of ene series were 1*1/2
inches wide and the others were 6 inches w1de. Absorbedéenergy'daﬁa for
the l—l/2«1nch—W1de sneclmene of "B." steel are shown iw W¢ ure 4e The
decreage in width lowered the traneltlon\range slightly. For the 6m1nchr

wide specimens, the transition range was the same, but eriergy values were
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nearly deuble thoge-of the standard specimens{these data Vere not-incivded
in Figure 4.). No tests were made on "C" steel with modifications in width

of specimen,

T TeieL

o ) s
Inﬁ;uEQEEmpfxggpga Dgpﬁh on Trans%tlon—Teggeraﬁure Ranges,: e
s D O T e rE

Standard -Kinzel=-type specimens of “Bf"~and NG gteels having
a-noteh depth-of 0,090 inch were prepared. It was desired :that these. i
- epecimens.have a notch: sufficiently deep to eliminate the weld metal, ::
but not to. penetrate below-.the fusion-line 4t the bottom. of«thé. bead and
into heat-affected zones at the bottom. of the ‘weld, - Madrosections of . -
several typical welds indicated that a notch depth of 0.090 inch below the
plate gurface wonld eliminate.the weld metal and leave only:heat«affected
base metal-in. the wald area .of <the specimen. R N N
- Absorbed-energy data for "B," steel specimens-with 0,090~inch
notch depth are shown in Figure 4, and for "C" steel, in Figure &, °
Energy veluss were lowered, and the transiticn~témpérature. ranges for '

both steels were slightly raised,

(RS

Effect of Thermsl Tregtments on Kinzel-Tvne
Specimens of "By and WG Steels ’ ,

The effect of several thermal treatments on the behavior of |
Kinéél-type speciuens of "B," and "C" steels was studied to deferminé-
if the performence of the specimen would be improved in the same manner
that hatch-co;ger performance was improved by stress-relieving treatmenﬁa.
The -thermal treatments included:

a. The use of 10F, 70F, 150F, 250F, 4OCF, and 500F preheats
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on “B n and "C" steels,

" 'bs. The use of 70F-mpreheat ‘and a postheat ‘of 1150F for one
hour on "Bn' and "C" steels,

¢. The use of AOCF prehea+ and a postheat of 1150F fo; one
- hour on "B," sleel.

Cooling rates were recorded for esch conditiot of preheat, and hérdness
Surveys were made to determine the effects of the various thermal treat-

‘ments on both steelsu"

Lffect of Prehsats and Postheat on MBp! Steel, Absorbed~energy

daté for "Br“ steel Kinzel-type specimens given variqgs.prehegts are

shown in Figure 7. A preheat of 10F had ne effect on the trgnsi;iqp-_

' temperature; range q@,ﬂBr".steel. Preheats of 1503,K2503,‘4QQF, and 500F
successively_lowergd_the_transition range, but were.withip @helrgnge_o?
values shown-for 400F preheat in Figure 7, Specimens welded w;ﬁh;ppehgats
of 70F and AQOF, and posthgﬁﬁed‘for one hour at.ll5OF, gave gimilar‘values.
The fransition ranges were not lowg;éd below that of the AOOElpreheaﬁilbut
the abserbed-energy values werevpighér, In general, these ﬁhgrpal‘treatm
ments improved the p@rformance,qﬁ_the specimen in the same manner tha@

stress-relieving treatments improved hatéhycorner performance, e

Effects of Preheats and, Posthsat’on‘"c" gleel. Based on absorbed
energy, .10F. and 15OF-preh3ats had 1ifﬁle effect on:the_transitiqg_ﬁempera-
-+, ture range of "C" steel, alﬁhnugh.absorbed—enexgy va;ueé were lower.. .

‘Préheats of 250F, 4CCF, and 5OOF, howeﬁer, successively 1owared,§he\.
trapsition range, with the 500F pre@eéﬁ being the most effective. Absorbed-

energy deta for 10F, 70F, 500F preheats, and 70F preheat end 1150F poste
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heat on "C" steel are shown in Figure 6. The pestheef treatment did not

.‘L v __.\' B

lower the transition range belowvtnat of 50bFrp¥ehea%; tut, the maximum
absarbed. ¢nergy ‘was incneaaed,aboum;BQQQ,;nch_pounds“over‘that obtaired
-with 5OOF preheat, as shown by Tlgure 6,ﬁ“\’ | o

o Tbe coollng rates for each preheat were meaeured by.means of'”

By, rol

\a Cnromel-Alume; tnermocouple flash welded 1nto a small hole drilled in

the bottom side of the specimen. Average cooling curce; for the various

praheatSware;shpwgﬁjn"Figure;8. An examiqetéqp3e§5ﬁbeee‘epql;ng curves

shown thatthe-rate of cooling changed with preheat. .For a preheat of

10F; ithe. cooling rate was much faster than the rate for. 500F preheats .

In sixty seconds': cooling time, the end:temperstures for 10F, 70F, 150F,

' 2508 5. 400F; and 500F preheats were 350F,.450F, 500F, 550F, 70CF, and 800F,

- respectively, illustrating the effect of preheat in slowing the cooling rate.
Hardness .surveys, using a Vickers hardness tester, were macde.on

samples of "B, -and "C" steels welded at the various preheats and postheats,

In general,-as the prehea@ing temperature was increased, the hardness was

decreased in both the weld and the heat-affected zones of "B," and "C"

steels. The postheat treatment further decreased hardness in both steels.

This decrease in hardness appears to correlate with the lowering ef the

transition ranges with increased preheat temperature. IHowever, there

may have been other changes in the weld metal and heat-affected zone which

accompanied the preheating which was responsible for the lowering of the

trangition ranges of the specimens. - For example, the thermal- treatments

may have permitted hydrogen to escape.from the weld metal and heat~affected
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zones of the’ welds &nd taereby improved +he proPerties of this sree of ‘the

specimens and Thence the over—all performance of the specdmens.

GRACK INITIAPION AND. PROPAGATTON STUDTES OF -
lNZELwTYPE SPJCIMENS

At this point, the work on interpretstion of the test -results -
of the Kinzel-type specimens was started.w This consisted o? precise
determinations of the initiation of the fracture and i%elpfoeeéafion-through
the cross section.

_ Welded and unwelded Kinzelntﬁpe specimens vere prepared accords
.ing to standard procedure. Test temperatures selected were &0F and OF'
nxor "By" steel specimens, and, 180F and ALOF for "C" stesl speelmene. Two
or three speclmens were bent at each of several deflections ranging frOm
0,05 to_O.ZEO};neh,at midspan for welded specimens, and from 0,05 to 1.25
inch fof unwelded specimens. Following deformetioo, all specimens were
cut and sectioned transverse to the notch ahd depth of cracks was
measured. In welded sPecimens, cracks were identified by the zone in
the noteh root in which they originated. In unwelded specimens,_crecks
were identified by locetion, as center.or edge eecfions. Average crack-
depth data ﬁere tabulated and plotted egainst deflection. Figore 9

summailzes’ the crack-depth data for these series of specimens.

Crack Initiation

. At 0,050-inch deflection at midspan of "B o and "C" steel

.- specimens, both welded and—unwelded, small eurface tears were - observed

¥See Ship Structure Committee Report Serial No., S5C-40, October 1, 1951.
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. in the:gotchwrogt radius,,ﬂ¥hese tears were from O to 9 in number, and
were generally observed all acrogs the.width .of.the specimen. In welded
specimens, these tears were ohsarved in all zones, that is, weld metal,
heat~gffected zene and in base metal, Phere were no significant dif-
ferences:u:the tears obgserved in specimens tested above and below the

transition range.

Grack Propagation - .. TR RE

As the deflectlion at midspan of the Kinzel-type sp901mens was “
increased beyond O, 050 inch, one of the several dlecontlnuous ‘cracks or
tears that were preeent at 0.050 inch 1ncreased in depth or crcpagated.
| The increase in propagation oceurrad at different deflectione. An arbi_
trary depth of 0,C05 inch was chosen to deflne a crack. The deflections

at which cracke had attained a depth of 6 005 1nch rere meaeured, as

R Ce ke

followss:
Deflection in 1nches a‘t Wh-T ch Cracke Were O 005 .InCh _D__B Vo
T BT Steel. | ... . . MCY Steel .. .. e
...Welded.. . 0.35... ... Ql5.. . 0410 - 0,06
Unwelded ..  O0.77: - 0.82 . . ..0.52. . . 0.55

From these data, it was quile apparent that eracks started to. -

propagate beyond 0.005 inch depth in the welded specimens almost immedlately,

i5y

while the wnwelded specimens underwent considerable deflection before i
cracks propagated. .. It was-also obgerved that the "C" .steel cracked at

lower .deflections. then the "B,." and that temperature.differences appeared
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to have very little effect on when cracks sbarted to propagate,

To demonstrate kow cracks Dropagated ’1sometrac graphs were
prepared &s shown in Figures 10 and 11 for we1ded and unwelded "C! steel
at- 180F, These figures demcust“ate the early ;racture of the weld area of
the welded specimeﬂe, as compa“ed with the unwelded epec imens .. They are -
tvplcal of all the curves ootained from welded and wmelded "B, and "C"
steele tested at the temperatures shomm above.

Lnterg_etation of the Behavior of Kinzel=Type Snecimens.

‘The crack-propegation data explained the inferiority of welded
Kinzelmtype eéecdmens compared with unwelded specimens. The enefgy absorbed-
vs.~temperature data,}dhich were used to study tranedtioﬁ“ianges;'Were
originally obtained from the area under she 1oad-defiectiéﬁacﬁf§ee for '
the test‘sﬁeciﬁehe,: By dlvicing the energy absored by the spe01mens
into (a) energy sbsorbed before cracking, and (b). energy absorbed after
start of cracking, it is possible to quantitatlve_ygdetermdne What has J
the greatest éffect on energy values. ( \

“In Figure 12, energy abeorbed to maximum load of Klnzel-type
specimens of "B," and."C" gteels is shown. This energy is divided into
erergy absorbed before and after cracking. Figure 13 compares the
energies absorbed after cracking. If the energies absorbed prior to‘;
crackihg‘fof delded specimens versus unwelded specimens are compared at-
any temperature, it is.found that there are large dlfferences between
the two, and that the welded specimens absorb very llttle energy up to
the start of cracking., If the energies after cracking are compared, 1t

can be observed that the differerices between-the welded and . unwelded
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specimens are.mngh'lesswthan‘g%e}d;ffgrencesvin.energies.oefore-cracking
for the tWQ,Sé?iQ? ogpsgeclgenegn ln other words%;hhenearly;frectureuof
the‘weld_eree:in”welded specimens contributed most to the low energy:
Qgipgswpg welﬁ?dzﬁiggelftype specimens,. as..compared to unwelded Kinzels.
type specimens tested at the same tempepaturey. .. o, e e Cn Dbyt
In.the cases in which_preheating_end:postheating improved the . v~
performance of Kinzethype specimens, this imgroyenent probably resulted !
directly_from_lpprowements in weld metal and the heat—affected zone,
#ﬁlhe_improye@ent}dn weld metal presumably allowed more. deformation before
the creck Started and‘thus better performance was obtained at lower
temperatures:thenhw}th specimens. not haying.the benefit- of- preheat or . ..

postheat treatments,, .

. CONCLUDING STATEMENTS CONCERNING SMALL..BLBED.TELT: SPRCIVENS -
AND FALTORb uONTplBUTIUU TO TidmIR DnLFORMANCE

I

At ‘the start of the prOJect the only speclflc deta avalldble‘
on the performance of large welded structures was that obtalned frdn
testing full—scele welded hatch corners made of several ship steels at
the Unlverslty of Callfornla * In the initial plannlng, it was desired
to determine if a test using a smell welded specimen w0uld élve the same
tran51t10nrtemperature ranges as those obtalned by'the fullmscale hatch—
corner Spe01mens on the same steels and electrodes. It Wa s belleved that
if such a test were found the small welded Spe01men mlght be useful 1n

=t i

predlctlng the performance of other steels of tne same grade when used in

'1‘-”.'( EUA S e R
large welded structures.

[ I
o s e H
AL AR L

#See Ship Structure Committee Reports Serial Nos. S5C-5, Oct. 23, 1946 and
S5C~27, Aug. 19, 1949,
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Tﬁe work done toward ilnclng k! speczmen for ovedicting the

perlqrmanue of s+ee¢s was as fo+lows' \f'

. . . _ . n
1. A 1iterature survey énd study of many tests employing

small specimens was made. On the basis of results from

. this survey, five small welded -bend specimens and one
tension specimen were selected for further study to
determine if one or. more of them would show the same :
qualities in steels that were brought out by hatchncorner
tests of the same steels. S

2. Two steels, "Bp" and "C", were used in.evaluation of: five
selected bend tests and one tension test.

The eliief results and conclusions from these studies are sumrarized

as followss

1. The transition~temperature ranges of "B " and "C" steels,

as determined by the Kinzel spscimen, matched those obtained
by the hatch-corner specimens. However, it was concluded

from the over-all study that it is probably too much to
expect that any one small welded specimen will glve the
same transition temperature for a series of steels that would
be obtained from a series of large weldments of various
designs made from the same steels, :

‘2. Much more important was the fact that all of the small test
specimens showed that "B." steel gave a better performance
at low temperatures than "C" steel, the same as was shown
by the hatch-corner specimens. This was true whether the
specimens contained welds or not. That is, specimens of
Drime plate showed the same trend in differepces batween
"B, " and "C" steels. This difference between "Byp" and
"Ch steels has boen shown by several other 1nvest1gat10ns
in which tests (Navy tear test, 72~inch-wide plate, 3=-inch

" edge=notched specimen, Gharpy Venotched bar, Charoy keyholew
notched bar, ete. ¥ of prims plate were used.

3., It appears, then, that any one of several specimens (welded
of prime plate) could be used to compare steels of these
. grades for use in large welded structures. However, it.

" would be necessary to correlate test resulis for many
‘steels of verying quaLi ty with service results of weldments
made with the steels in order eventually to build up back-

. ground 1nfo“matlon for evaluatlng the test results.

Kahn, N +A., and Imbempo, E.A., "Further Study of Navy Tear Test', the

Welding Journal, 29 (2), Research Suppl. pp. 84s to 96s’ (1950).

See Ship Structure Committee Report Serial No. 83C=8, Jan. 17, 1947.
See Ship Struecture Committee Report Serial No. SbC-9, march 19, 1947.
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. 4o * None of the welded test specimens slowed conziusively that
either "B, or "C" steel was more weldable than the other.
However, the welded specimens alweys gave poorer performance
than specimens of the_same type of prime. p’atg._

With the selection of the K¢nzel-type speclmen as tie most sultable
welﬂegﬂspggimen for,prealct;ng the peg@ormgnce.ofjstegls,‘the crack behavior
of the specimens was studied to determine why welded Kinzel-type specimens
gave poorer performance tban?gnweldedlgpecim;ﬁéf ”fhé-fésplps and conclu~

sions were as followss ; -
l. Results of the investigation on the initiation and propa- .
gation of cracks in Kinzel-type specimens of "B," aund "C®
steels showed that fractures in these gpecimens propeagated
first in the weld metal. The behavier of" these spécimens was
‘eontrolled primarily by the cracking of the weld metal at
" a very-low bend angle ‘as the specimens were Festeda

2, It was conecluded that, although the Kinzel-typé specimen
© . :oould be used to rate steels, more work is indicated bhefore
the specimen could be used as a weldability test. It is
believed the specimen could be used to study weldsmetal
properties and, with modifications, could also be used to
+oo o study the effects of the heat of welding upon steels.

CRACK-SENSITIVITY TESTS AND TEE~JOINT
TESYS  OF A_E§ CLA§__§¢ B AND G _STRRL,

The flnal phaae of work on this project was dlstinct and separate
from the original obJective of f1nd1ng a test specimen suitable for rating
steels,* The objective of thls phase of tne 1nvestigation wag to determine
the underbead crack sensitivity of forty—one heats of steel made to new
American,Bureau of Skipping speciflcations for Class B- and C steel,

A second obJectlve wag to determlne whether the more crack-sensitive

heats would glve trouble in service, as measured from cracklng in large

+See Shlp Structure Committee. Report Serlal No. 5SC-41, Oct l 1951
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teorjoint specimens which simulated ship-welding conditions.

Underbead CrackmSensitivity Tests

The forfy—one heats of steel studied for crack sensitivity
included one heat of ARS Peening Project¥steel, eight heats of Class B
steel from David Taylor Modsl Basin, thirty-two heats of Class B and C
steels directly from two steel milis. 4 control steel, designated as
Z=13, was useC throvghout this investigation. The control steel was
known to be crack sensitive.

The standard Battelle underbead cracking specimen was used in
determiring crack sensitivity of the steels. The underbead cracking speci-
men consisted of a 2~inch by 3-inch biock, on which a weld bead was

deposited by automatic welding, according to the following schedule:

AWS electrode classification E&010
Electrode diameter, inch /8
Amperes ' 66=100
Volts 2426
Travel speed, inches/minutes 10
Length of bead, inches 1-1/2
Weld time, seconds Q

Following welding, specimens were aged for 24’hours then stress
relievéd to stop further underbead cracking. The specimens were sectioned
down the longitudinal centerline of the weld bead, polished, and transfers
made of Magnaflux indications. These indications were measured, and
recorded. Average per cent underbead cracking was obtained from the ten
specimens used for esch heat of steel,

Of the forty-one heats tested, oﬁly—three steels had values

of underbtead cracking more than 7 per cent. These three were Class G

*Project under the Welding Research Council of the American Welding Society,
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steels which eracked 16,-15 and 36 per:cent. -

Two additional aeries of underbead cracking tests were made,
using the 36 per centcracklng steel. One serles was prepared from i
blocka thCh had been homogenized atZBﬁOF for 6 hours and ncrmalized T
at 1600F, Another series was Welded using low-hydrogen lime-ferritic
eléctfodes. The homoganized series gave 5 per cent cracking, while use
of “the 1cﬁ-hjdr0éen éléctfodes reduced cracking to 1 per cent. These
tests confirmed the belief that thc underbesad cracking in these steels
was & rasult of microsegregations of manganase rich areas parallel with

" “the direction of r01ling. '

Tee=Joint Tests
e —— e

At this point, it was not known whether atctecl éﬁch as the
one which gave 36 pef cent underbead cracking would give frouble in
service. It was decided to test some of the ateels inder. simulated ship-
welding conditions, in the form of tee-joint specimens. Originally,
three steels were picked for tee-Joint tests which gave 36, 16 and O
-“bér cent cnderbead:cracking. .Latcf, six other cects cf steel were fested
in tee~joints. -The adcitionéi cféels were used to_determine if, in cracke
ing, tee-joints coﬁld be prodﬁced in-aﬁy Class B cr C hull sﬁeel,_regard-
less of underbead crack sensifivity. A serics of t4sts ucicg various brands
of low=hydrogen electrodes was nade oﬁ tﬁe steel which gave 36 per ccﬁt
underbead cracking. Testc were also made with 1ow-hwdrcgen~type electrodes
dried at 60CF, apdjéléctrodes uhic#.cqnfofmed;co Department .of Defeﬁse Spec=
ification.MILéEiééécshipa), speeifying 6.4% paximm coating ﬁoistﬁfe

content, Other tests were made to determine the effect of
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prehéaﬁ,ihomogenization, and a balanced wélding séquencé,on;cracking in

tee~joints.

zggxgpigt Sgecigen and Pgoggdure

‘The original ﬁee~joint-sﬁecimens cdnsisted of a Base plate 12
inches wide and 36 inches long, to whlch was welded a 36-inch by 4-1nch
bar for the leg of the tee., The connectang weld was a AS-degree double=
bevel weld, with a 3/16=inch root, opening ahd no land. The specimen
design and welding sequence are given in Appendix &, Figure A=Q,  In™ '
subsequenb tests, . the specimen lerigth was reduced to 24 inches in order
to conserve materlal. o

The welding schedule used was as follomss

AWS electrode class E6010 E7015
Size of electrode, inch  3/16 3/16
Root pass: amperes 160 160
Volts 25 .25
Other passes; Amperes 180 200
Average speed, inches/ o
minute 6 7
Number of passes - 6 9

. Followming welding, sections were taken transverse fo-fﬁe-weld,'
poliéﬁed aﬁd Magnaflux Inspected. Cracks found in these Specimens started
at the root of the welds below the fusion llne and propagated down into
the heatwaffected zone in a stepwise path, apparently following banded
structure, Maxlmum crack depth was measured as the projected transverse
depth of crack, excluding weld overlap. Averagé\crack depth was determined
by dividing the sum of crack depths of the sections in the joint, by the

total number of sections of the joint.



+ f
. Lt

Results of tee-aoint tests are summariaed in the bar graph of
Flgure 1l4e

Relation ;—-.59% en Ungel:'beag. Crack Sensiti vity -\':Lnd C1’.gst_'g;_1.{‘:'1“3_,'\“1;:~ in »ES&‘L‘E—%"E

Stee]a w1th.hjgh underbead crackinu cracked more, in the tee- )

. .-“‘.‘ 2
ialt LI ‘. " PR

j01nt than steels with 1ow underbead crackcng. Thoae steels with O per

cent underbead cracking had a maximum tee-joinu crack O. 3 inch deep,

compared to 0 7winch deep for the 36 per cent ateel.

Relation- Befﬁeen Tiectrode: TZR g _and Crackirg “in: Tee-Joints

Steel $6P193-1 g@ychcn}y ;‘pcp_cent_unde:bcgd cracking-whenﬂl‘
low=hydrogen electrodes were used, compared to 36 per cent cracking which
resulted when 1*“60 0 electrodés were*uscdy__It was believed, therefore,
that less cracking wouvld result if low-ﬁjdrogen eiectrodes were used on
tee-joints. However, it was found that cee-joihthcracking wag increased
by the use of the low-hydrogen electrcdes.

«  With the E7015 electrodes with different coating moisture content
vsed on Héét“ééPIQB-l,'thére'waS'no relation between the amount of moisture
and dracking: Brand 4 electrodes, with 1.03 per cent coating moisture gave
0.40-inch maximum crack depth, while brand B, with but 0,27 per cent coating
noisture, gave C,.68-inch maximum crack depth. The latter was the deepest

crack obsérved in the 2/-inch~long tée-joint specimens.
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Bffect of Homogenization and Preheat on Cracking in lee-Joints

" A homogenizing heat treatment (2350F for 5 hours, normalized at
"1600F) prior to.welding reduced the maximum crack depth in Heat 6€P193-1-
(36.per cent underbead.cracking) from 0,46 inch to 0,11 inch, and -the -
ave;age crack depthﬂfrom 0.32 inch to 0.03 inch. These results compare .
with the reduction from 36 to 5 per cent in underbead cracking which: .
accompanied the homogenization of the steel. A LOOF preheat élso produced

'

a marked decrease in this type of cracking.

Effect of Balanced Weldine Sequence on Crackine in Tee-Joints

- Four toe-jolnts were made using a balanced welding sequence on
Heats 21?169—1 and 71¥354, whiph gave 16 and 15 per cent underbeed crack-
ing, respectively., By this sequence, the root weld and the gecond . pass
were made on one side of the joint, and then the other side of the joint
was completed, after which the first side was completed. No cracking was

found in any of the four tee-joints made.

Additionsl Tests to Study Cracking in the Joints

Additioral studies were made in an effort to explain the differw
ence in cracking between the steelis. It was felt that some weakness in the
"Z" direction might be the cause of the cracking observed in the joints.
Specially prepared.Q,505-inch tensile Speéimens were made to test several
steels normal +o thelplate surface. o cdrfeiation’was found between crack-

ing in the tee~joints and the propeities of the steels in the "Z" direction.
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Keyhuole Cliarpy bars were méde to test the notch sensitivity of
several of the steéels. The specimens were locsted so that the notch was
para11el with the lonwitudinal direction of the tee~401nts, 80 that stress
Would be applled in the same directlon as in the tee-301nts.’ All of .the

steels gave high 1mpact values above =100F,

Digcussion of Results - '@ - *

Deflniée causes for tée;301nt c&acklnﬂ are not known.‘ If stress
-alone were’the cause, then the tee-joint cracking would not have been
reduced by preheat and homogenization. On one hand, tee-joint cracking
appears to be'influenéed by the same mechanism-aéﬁundefbeaa éracking;
because homogenization reduced the cracking in both; and tee-joint
craéking iﬁcreased with an increase in tlre underbead cfack sensitivity
of the steels, On the other hand the use of 1ow-hydrogen electrodes
With low moisture content Wthh produce no underbead cracks increased,
rather than decreased uhe amount of tee«joint cracking,

It is believed that the cracking 1s somehow assoclated with
bending in the steels, However, mo?e‘work of a fundamental nature is

needed to definitely determine the causes of this type of cracking.

CONCLUDING. STATEMENTS_CONCERNING UNDERBEAD
CRACKING AND_TEE-JOINT CRACKING

‘The following conciusions were drawn concerning underbead

cracking and tee-joint cracking:
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1. On:the basis of .the.test results, it appesrs that there
© s 11ttle danger from underbead crackiug in the AB3 Class
. B steels. Gracking can occur under some Welding conditions
ir some heats of ABS steels which are on thé high side of
. the chemigiry range, - Most heats should give no trouble
Munder any . no“mal weldlng conditlonsL

2. Ifa balanced weldlng sequencg is tiged With proper inspecs=
tion and chipping of root weldd, it appears that root weld
. cracking. in tee~joints made in both ABS Class B and C steels
- can be controlled,. ‘

RECONNENDATIONS FOR FURTHER RESEARLH
ON TE =JOINT CRACKING

x

A study of the results show that the futurs work in tee-joints
ghould be div*ded into two phases with objectives as follows: .

ggﬂmm_;_ - Study the practical adjustments that cdn be
. made immediately in steel chemistry and
.welding practices to eliminate this type of
cracking in ABS steel of present, qualitjn

Phase IT - Study fundamental, mechanﬂsms of this type of
... cracking.

The. fdliowing Work was propoéed'fOf'Phaéé I3

1. Determine uhe ‘effect on cracklna of a 150F préheat and
,interpass temperature. 4 éteel which gives relatively
high cracking would be used with E6010 and E7C15 elsc~
trodes,

2. Determine at what time in the welding sequence {(first,
second, third pass, etc.) the cracking starts. A steel
which gives relatively high cracking, and one which
gives low cracking would be used w1th.E6010 or 37015

“'electvodes. o o —— R

3., Determine the effect on cracking in tee olnts of weld—

ing with E6010 or E7015 eléctrodes.at’ OF. and’ cooling at

that ambient temperature. (The seme steel used in (1)

and (2) would be used,)
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Qtudy the effects of ‘normalization of plates ‘before _
welding tee jomnts on cracking., (Use the same steel

‘as in (1), (2), and (3), with E6010 or EWOIS elecurodes.)

‘Make large tee joints: with E601C and E?O 5 using large

fillets instead of 100 per cent penetration welds to
determine if eracking results. (Use the same steels
as in (1), (2), (3), and (4).)

Compare a crack-sensitive steel and a noncrack-gensitive
steel by the nick-break to determine if this test might
be useful for checking steels for this type of crack
sensitivity.

Study the crack tendencies of an ABS Class A steel by
using the tee-joint specimen with E6010 and E7015
electrodes.

following work was proposed for Phase II:

It is proposed that composition gradients in banded
steels be determined by some suitable method (nicro-
rad10graphy3 electron microscope, etc.), and the
correlation of the composition gradients in the bands
of the steels with their tendency to crack in lerge
tee~joint specimens be attempted,

It is also proposed that exhaustive studies of the
nonmetallic inclusions in the steel be made to
determine 1f cracking correlates with the presence
of certain concentrations of nonmetallic inclusions.
Along with this siudy, fractional vacuum tests, deep
etch, strain aging tests, etc., would be run to

" determine the metallurgical pr0perties of the steels.

Data given in this report are recorded in Battelle Laboratory Books

Numbers 3240, 3856 4698 and 5390.
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FIGURE S. DEPTH OF CRACKS IN WELDED AND UNWELDED KINZEL~TYPE

SPECIMENS OF "Br" AND "C" STEEL, TESTED AT VARIOUS
TEMPERATURES, AND VARIOUS DEFLECTIONS AT MID-SPAN.
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FIGURE |Q CRACK PROPAGATION IN WELDED "C" STEEL KINZEL-
TYPE SPECIMENS TESTED AT I180F.
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AFFECTED ZONE 1S MAGNIFIED
I00 TIMES AS SHOWN.



Notch root—e

0.07

0.06

0.05

Average 0.04

Crack
Depth,
inch

(100X)

0.03

0.02

0.01

{Notch root) 000

Location of crack in notch root:
(D) Center sections

@ Edge sections

® ® ©
%
\ 0.2
)%
\\\\\
\\\\\
\\\\\
\\\\\
S TR
2 \ '__,i
0. ™
0.2 N V \\\
Deflecfion,o'4 0.8 " M —
INCH, 08
TO START CRACK. o3

Deflection,
inch

Y
L
\ ~
I

b

f

.
S S S S S

[ LSS S

FIGURE lIl. CRACK PROPAGATION IN UNWELDED ‘C" STEEL KINZEL-TYPE SPECIMENS

TESTED AT 180F.
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FIGURE 12. COMPARISON OF ENERGY TQO CRACK-
ING AND ENERGY AFTER CRACKING
ABSORBED BY WELDED AND UNWELD-
ED KINZEL-TYPE SPECIMENS OF "Br"
AND 'C" STEELS.
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FIGURE 13, ENERGY AFTER CRACKING ABSORBED
BY WELLDED AND UNWELDED KINZEL -
TYPE SPECIMENS OF "Br"aND "C"
STEELS.
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Heat | Test Elec- |Length Varied Test

frode [of Tee, Depth of Tee - Joint Grack, inch

No. No Class inches Gondition
] [oR} 02 03 04 015 06 07
T T T

AC-214 E60I0 36 Standard test
AG231 E70I5 24 |Brond B, moisture 0.27%

66 P-193-| |AG-250 EGOIO0 24 Standard test

(36%?,“,,, AG252 | E70I5 o4 |Brond A, dried fo

CLASS'C 0.18 % moisture
AC-233 | E70I5 24 Brand A, moisture, 103%
AC-253 E6010 24 400 F preheat
AG-250H E60I0 24 Homogenized

AG-271 | E70i'?' | 24 | Brand G,moisture <0.4%

2I1P169-| |AC-257 E60IO 36 Standard test
(|6°/°)(”
cLasdc" [AC-263 | E60I0 24 |Standard test
g:g;g ¢ E6010 24 Balanced weld sequence

AC-272 E TOIS( 2 24 Brand G, moisture <0.4%

7IY354 |AG-247 | ESOIO 36 | Standard test
(15%)""?
CLASS T AC-284 E60I0 24 Stondord test
-7
o275 | Esol0 | 24 |Bolanced weid sequence
AG-256 ESOI0 36 Standard test
71P200-
(0%) ' ! |AC262 | E60I0 24 | Standard fest
CLASS'C"

ac-270 | E7015%' | 24  |Brand G, moisture<Q4e

71Y593 |ac-273 | E7015'2) | 24 | Brond C,moisture<04%
0%)"?

cLASS'G" [AC-265 | E6010 24 Standard test

24P266-1 |ac-267 | E70I5'?' | 24  |Brond C,moisture<04%
(7% ! '

CLASS'B"|AG-259 E6QI0 24 Standard test

72P236-1 [0C-266 | ETOIS'2) | 24 | Brand G,moisture<Q4%
(l%&vl)
CLASS'B"[AG-258 E80IO 24 Standard test

83Y578 |aG-269 | E7015'°' | 24 | Brond G,moisture<04%

LA
cLASSp" |AG-261 E&010 24 Standord test

66Y583 |nc-268 | E7O0I5'®)| 24 | Brand G,moisture<04%
(0%}
CLASS'B" [AC-260 | E60IO 24 | Standard test

|
=
i
E}
=
-—

(1) Underbead cracking
(2) Electrodes meet Department of Defense Specification MIL-E-986 (Ships)

FIGURE 14, SUMMARY OF TEE-JOINT TEST DATA, SHOWING HOW VARJATION I[N
TEST CONDITIONS AFFECTS DEPTH OF CRACKING IN TEE-JOINT SPEGIMENS
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o ~INCREMENTS TO BE DEPOSITED DISCARD
o IN THE FLAT POSITION IN
THE SEQUENGE SHOWN
1
14 15 16 17 1 - <13 >
Tore N F____—_{ 1
K) e 4" ]
DIRECTION OF WELDING
ALL INCREMENTS
Y ]
. 2" N T

FIGURE A-l. WELDING DETAILS FOR TEE-BEND SPECIMEN MADE FROM %' PLATE
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CENTERLINE FOR EACH SPECIMEN
IS LOCATED AT THE START OF
EACH WELD INCREMENT
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FIGURE A2. MACHINING AND TESTING DETAILS
FOR TEE-BEND SPECIMEN
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FIGURE A3 BEND SPECIMEN WITH LONGITUDINAL WELD BEAD
AND TRANSVERSE NOTCHES (LEHIGH DESIGN )

0-8642



-2- '
T T hae TR Aemran T 1
D.R. f\/\ DISGARD | I
N WIDTH OF T -
N !~ NoTcrep A
DETAIL B Q SECTION, |+
'\
N/ l
X |
| j@/_ DISCARD
L _ o
— (2" -
DETAIL A\f\ &

BENDING — JIG
DIMENSIONS

- .
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FIGURE A-5. BEND SPEGIMEN WITH TRANSVERSE WELD
BEAD AND TRANSVERSE NOTCH
(JAGKSON —TYPE SPECIMEN) 58529

WELDING SGHEDULE GIVEN IN TABLE B-i
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FIGURE A-7. DETAILS OF CLIP-TYPE COMPENSATING
STRAIN GAUGE SHOWING ATTACHMENT
TO TENSION SPECIMEN (DEVELOPED AT
UNIVERSITY OF CALIFORNIA)
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Direction of rolling Direction of rolling

Standard Welding Sequence Bolanced Welding Sequence
Typical Transverse Sections

FIGURE 4-9.DETAILS OF TEE -JOINT SPECIMENS SHOWING LOCATION
OF SEGTIONS
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TABLE B~-l, WELDING CONDITIONS USED FOR THE BEND-TEST SHECIMENS

Type Test -
Naval Jackson
Res. Lab. Transverse
Ca o Tee High Notehed
Welding Details . ~ Lehigh Kinzel . Bend Constraint Bead Bend
Flectrods class - 'E6010 .- E6010 E6010 E6010 . EeUl1C
Electrode diameter, in. T 3160 3/16 5/32 3/16 3/16
‘Average welding current, amperes . 175 175 145 175 175
Lverage arc volts ' : - R7 - R7 25 v . 27 _
Average welding speed, in;/ﬁin 10 6 2.8 6 6
_Length of weld bead, in.. 10 A 2.7 6 6
Length of electrode per inch of weld ,78 1.4 3.6 14 1.4
Initial plate temperature, F 75 75 ' 75 75 75

Cooling medium - Adr dir Air dir Adr




TABIE B-2.

MECHANICAL AND CHEMICAL PROPERTIES OF PROJECT STEELS "B, "GW, MAM, AKD wyn

Mechanicel Properties

gzgzl Ti-?‘e Tl};i:l;- Steel gi?l-% (I}J‘%’bimal:;al — EIllongatiog - feduction Hardness
s in Streng in n., in n. in A R 1
Letter Steel In, Condition psi ’ - psi ’ ’ ; ’ %Teﬂ, Oclgwe..l
1 s “ -
Br( )(2) . Semikilled 3/4 4s rolled 32,200~ 55,600~ 43 33 7153 58-63
34,600 58,600 ‘ :
1)(2 AP | . -
C( )(2) Semikilled 3/4 As rolled 34,500~  61,500- 4£3=35 32 63=50 6669
S . 37,600 68,500
1}{2
A( Ha) . Semikilled 3/4 As rolled 35,400- 57,600~ 45 37-32 6253 58-62
. N 36,700 62,900
W(B) Killed 3/4 As rolled 37,200 62,500 - 30 - -
Steel Cods Chemical Composition, % . 7
Letter C Mn 51 P ] Cr i Mo Cu 4] Sn N
Br(l) 0,18 0,73 0s07 0,008 0,030 0,03 0,05 0.006 0.07 0,015 0.012 0,005
G(l) 0,24 0.43 0.05 0,012~ 0.026 0,03 .02 0.005 0.03 03‘916 0,003 0.009
A(l) 0.26 0,50 0,03 0,012 0.039 0.03 0.02 0,006 0.03 '_0..012' 0.003 ©.004
.W(B} 0.20 0,52 0.23 0,013 0,010 0,07 0,10 0,010 0,17 0.006 0,035 0,005
1) Boodberg, A., H. E, Davis, E. R. Parker, and G. E. Troxell, MCauges of Cleavage Fractufe in Ship Plate -
Tests of Wide Notched Plates", Welding Journal, April 1948, = L e,
) The data for the mechanical properties arg the lowest and highest values obtained for-gach steel.
) Kabln, N. A., and E. A. Imbembo, "No*ch Sensitivity of SteeliEvaluated by the Tear Test", Welding

A 1
w N

Journal, April 1949,



