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Chief,Bureauof Ships
Code 3/+3
NavyDepartment
Washington25, D. G.

Dear Sir:

Attachedis ReportSerialNo. SSC-41entitled‘tEvaluation
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ProgressReportof the work done on ResearchProjectSR-1OO
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The reporthas been reviewedand acceptancerecom-
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Sciences.
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)kirmanR. F. Mehl,C

Comnitteeon Ship%:el
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BureauofShips,Dept. of Nav~;Military Sea ‘I’ransportation Service, Dept.oj Navy; United States CoastGuard,TreasuryDept.;
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ABSTRACT—..,

This reportcoverswork donefromkrch 2, 1949,to 0cto3er15,

1950.

An investigationof the underbeadcrackingtendencyo? forty-one

heatsof

3attelle

from the

were not

directly

AES GlassesWYt and ‘tCtlhull steelswas conducted,usingthe

underbeadcrackingtest.
,-:,,.

One of the steelsstudiedwas a peening-projectsteelreceived

AmericanBureauof Shipping. It ras not cracksensitive.

EightA2S Class%wsteels

cracksensitive.

Ten Class‘Bt]steelsand

from steelcompanyA mere

receivedfromDavidTaylorModelBasin

eightout of ten Class‘lCr~steelsreceived

not cracksensitive. One Class‘)Cftsteel



gave 36 per

crackingby

-2-

cent underbeadcracking,and anothergave16per centunderbead

the standardBattelleunderbeadcrackingtest.

Six Class-FJB1~and five of stixClass‘ICfl,,stgelApurchasedfrom. .
steelcompanyB were not cracksensitive. One GradeW7!1steelfrom this

suppliercrscked15 per cent in the underbeadcrackingtest.

To studywhetherthesecrack-sensitivesteelswouldgive trouble

in service,largetee-jointswere preparedto simulateship-welding

conditi<ms.Nine heatsof cl~~ses‘JBIJand.~cllsteelsin ~ totaiof

thirty-fivetee jointswere tested;‘usingvarioustest conditions,

‘All of the tee-jointscramked”excep~one jointmade in 7/8-tnch-

thickClassllBl~steel,.‘Theamountof tee-jointcrackingappearsto in-

creasewith underbeadcracks%itiviiy. The tee-jointcrackingwas

reducedby a 400 F preheatand by a homogenizationtreatmentof the steel

beforewelding. When a balancedweldingsequencewas used in weldiilgtee-
,.

join% no crackingresulted. .,

Low-hydrogenIime-ferriticelectrodeswae used to weld tee-joints.
.... . ,, ? -. ,‘,,.,
]l~henthesee~e~trodeswere used,c~ackingin the tee-jointswas inm=sdx

.“ .,, ,, “.. .,’,. ,,,
insteadof reducedas was expectedon the basisof experiencewith low-

,, ;,,

hydrogenelectrodesand un~erbeadcracking.
... , .,,..,.,

In,anattemptto explainthe tee-jointcracking,otherstudies
..

were co~ducted.Theseincludeda studyof the tensilapropertiesnormal
.,”. !, ,,:

to the platesurfacein the ‘12!1direction,notchedbartests, and a study
,. ..,,.

of banding. There~as no correlationf’oundbetmeendata qbtainedby these
..,, ,,

testsand the crackingof tee jointspecimens.
., ,,,, ,. .:.JJ’

— -.



“.“3-

Furtherstudyof tee-jointcrackingis neededto proti.deinforma-

tlan fromwhichfieldcontrolprocedurescan be written,and to furnish

the fundamentalinformationmhich,isne.ceasary

type of crackingoccurs.

IMRXNCTI OH

This is the fifthprogress:eport.on

to understandwhy

the investigation

‘devaluationof ImprovedMaterialsand Wthods of Fabricationfor

this

entitled,

~~elded

SteelShipslI,beingconductedfor theShip StructureCommittee(Project

SR-1OO),underthe Navygepartment,Bureauof Ships,ContractifObs-43015

(1773),IndexUo. NS-OU.-O67. .,

The firstobjectiveof thisphaseof the investigationvrasto
,

determinethe uaderbeadcrackingtendenciesof forty-oneqhe@s,of AFS

Class ‘lB)land ‘Ctl@ll steelsusingtineBatte.lleunderbeadcrackingtest.

The second~bjectiveyas to determinewhether.themore crack-~ensitive

heatswouldgive trow.blein service,as measured,,~largetee-jointspeci-

menswhichsimulatedskipweldingconditions.;,

This reportdescribesthe detailsof the,crack-sensitivitystudies,

the tee-jaintt,ests..,and the supplementalstudieswhichwere conducted.,’ ,.

.,.,. . . ....
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One heat of ARS peening-proje~t

1/2 inchand 1 inchwas receivedfrom the

. . .

steel‘in

American

Eight heatsof AES Class ‘~B~fhullsteels

.........,,,, .,

., .,

platethic~es’sesof
,.

Bureauof Shipping.

in platethicknesses

of 3/4inchware receivedfrom the llavidTaylorModelBasin.

Twentyheatsof Classes‘fIB!tand”ilcllh~~ ~%eelswere purchased

directlyfrom steelcompanyA. Plate thickfie~seswere 1 inchfor ClaSS;JiBn

steelsand 1~1/g’”jnchesto 1-1/4‘kches for Class “CF’steels~

Twelve’heatsof d~asses“B’ts,ndltCfl”htillsteels~ferepurchased

directlyfrom anothersteelcompanyB. Platethic~nessesvariedfrom13/16

inch to 1 inchfor ClasslfBf’steelsand fro; 1-1/8to 1.-5/26inchesfor

Class ‘lCn”steels.‘“
...“,

All:-steels’:fromCompanies~LandB passedLavy inspectionprior

to beingsent to”~attdle. Thesewere’productionsteelsand were picked ““

!itrandom. Some we~e’selectedbecausethe””carbonand m~nganese”mere

consideredto be on the high s“~deof ‘theARS specificationsaridmight

,,.
‘giti’troublti-’inservice.“A c’ontrol”steel’de~ignatedas 2’-13,HeatN~-

ber @321;’:ivas“usedas a cofitrol“tboughout’thisinvestigation.T~s

steelhas been used in otherinvestigations,and was knownto be crack

sensitive. In pretiousvork, it cracked11 to 24 per cent in the dattelle

underbead-crackingtest.

The heat numbers,mechanicalpropetiies,and cheticalcomPo~i-

tionsof thesesteelsare listedin Table1.
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T.hBH31. STRENGTB, CFIEHICIL COPWX ITIW , MD UNIIERBIMDCFL$CKIIJG
DATAOITMM CUSSB ANDC HULLSTEEM

ultimate Carbon Average
Plate Yield Teneile Elonga-

%(1) “
Equi~lent,

AES Thi0kne95,Heat Sourceof
Underbead

S%rengtln, Strength, %ion, ChmnlcalComDOSition. c+~+~
class In. Ihmbr supply 100apsi 1000pi % c lb Si P s 44 cry$p’

B 1/2 5M740 AI?SPeening 3g 64 31 0.19 0.73 0.040 O.OE 0.032 0.39 1
B 1 512740 project 38 63 29 0.19 0.73 0●.!@ 0.012 0.032 0.39 1

cOntrol 7/$ BMI Z-13 0.18 1.18 0.28 0.017 0.033 0.55 6

B
B
B
B
B
B
B
B

3/4 .41T514-15
3/4 52vollF-15
3/4 52V011C-6
3/4 56T549-15
3/4 50T533-15
3/4 tiV025C4
3/4 46T5540-15
3/.4 46T55U-15

Wdel Basin
Ditto
n
n
it
fi
w
n

42-44
35-37
35-37
35-39
3742
37-39

:$

6547
59-61
5941
58-62
64-66
61-62
67-68
6445

2549
26-29
24-30
28-31
27-30
27-29
2548
27-29

0.22
0.17
0.18
0.19
0.26
0.19
0.21
0.20

0.58
O.ia
O.(11
0.46
0.50
0.66
0.93
0.95

0.09
0.06
0.06
0.07
0.06
0.05
0.07
0.07

0.013
0.014
0.011
0.015
0.01.4
0.014
0.012
0.015

0.035
0.024
0.027
0.03$
0.035
0.041
0.046
0.CLL6

0.39
0.34
0.36
0.32
0.40
0.38
0.46
0.L6

cOrltrol 7/% BMI 2-13 0.18 1.18 0.28 0.017 0.033 0.55 8

B
B
B
B
B
B
B
B
B
B

c
c
c
c
c

c
c
c
c
c

Contrd

1
1

i
1
1
1
1
1
1

67P239-1
70P216-I.
7W2+1
71Y235-1
6-W59-1
73P229-1
66P245-1
73?221-1
66P243-1
2.&266-l

63
63
65

22
66
66
64
66
67

30
34
31
30
30
29
27
32
31
28

0.21
0.20
0.23
0.24
0.21
0.22
0.21
0.21
0.22
0.22

0.17
0.18
0,18
0.20
0.20

0.78
0.76
0.76
0.77
0.78
0.7’7
0.90
0.83
0.84
0.74

0.022
0.019
0.021
0.038
0.033
0.036
0.031
0.022
0.027
0.028

0.016
0.018
0.034
0.012

0.0.4!3
0.032
0.046
0.035

O.Q
0..4.0
0.43
0.44
O.a
0.4.2

U

I

DLtto
n
n
II
11

n

n

n

0.026
0.02.4
0.016

0.038
0.037
0,040
0.035
0.033
0.035

0.44
0.42
0.4
O.a

0.017
0.016
0.018

1-1/8
l-m
1-1/8
14/8
1-1/$

n

11

n
17

11

0.$0
0.90
0.$4
0.90
0.87

0.21
0.22
0.24
0.20
0.23

0.028
0.036
0.036
0.030
0.034

0.031
0.034
0.031
0.039
0.0?0

0.42
0.46
0.45
Old
0,47

0$0
1

n.zmm
7’IP207-I
69P232-I
6&0.L6-l
21P176-1

;
37
42
43

32
29
27
29
30

2
2
3

1-1/4
1-1/4
l-li~
1-1/4
1-1/4

0.4.6
O.&l
0.43
o.@
O.g

6&P192-1
72P19.L-1
19PlEC1-1
Zlw+l
66P193-1

H

n
n
tr

!I

43-
43
.@
42
3$

67
43
70
73
72

33
2$
26
27
xl

0.19
0.17
0.18
0.18
0.20

0.85
0.76
0.78
0.96
0.96

0.21
0.19
0.21
0.24
0.2L

0.034
0.022
0.030
0.020
0.030

0.031
0.029
0.036
0.030
0.034

7/8 BMIZ-13 ().18 0.2$ 0.017 0.033 0.551*IS



T.IBLE1. (Continued)

Ultimate Carbon Average

Pla%e ‘Yield Tensile Elonga- Equivalent, Underbead
J.* Thickness, Heat Source of Strength, strength, tion, Chemical_~onposition,$~l)_, ~ +@ += Cra Wag,

Clase In. Number supply 1000psi 1000 psi
,+
P c ml Si P s .L.4 ~t2)

B 13/16 69Yfa9 Cmlpmly 3$ 62 27 0.16 0,68 0.05 0.010 0.026 0.34 1
B

B 7/8 61Y:72 Ditto 35 61 28 0.17 o.n 0.05 0.016 0.027 0.36 0
B 7/’8 66Y:33 It 33 61 30 0.18 0.84 0.05 0.011 0.025 o.l@ o
B 7/8 mY?&6 tl 36 61 31 0.160.75 0.05 0.012 0.026 0.36 0

B 15/16 5!3Y59S M 38 65 26 0.180.75 0.05 0.012 0.021 0.38 1

B 1 ~3y57g 11 34 63 28 0.170.70 0..050.011 0.030 0.36 1

c 1-1/8 73Y596 II 39 64 26 O.-lk0.79 0..250.010 0.026 O.w
c 1-1/s 75Y592 !1 39 70 26 0.20 0.8’2 0.21 0.013 0.020 0.47 1!$9
c 1-1/8 nY354 11 .40 70 25 0.15 0.69 0.21 0.012 0.028 0.38 15;24

c 1-1/4 74Y590 !1 35 & 29 0.140.67 0.18 0.010 0.028 0.35 0
c 1-1/4 ny593 11 38 68 26 0.120,75 0.19 0,010 0.024 0.42 0

c 1-5/1673Y486 n 39 65 27 0.15 0.75 0.25 0.013 0;326 0.4.0 0 I
m

Control 7/8 BMI 2-13 — 0.18 1.18 0.28 0.017 0.033 0.55 14;6 ~

(1) Hill check analysis‘withthe except%onof the peening-projectsteel. !l’hLsanalysisis from ladle.

(2) O@icate values appearingin the columnrepresentthe averageumderbeadcrackingobt?inedin check tests.

(3) In initialtests, the averageunderbeadcrackingwas 36 per cent. In check tests, one series of specimenshad 1/16 inch machinedfrom the
plate surfme before welding. The averageunderbeadcrackingfor t!nlsserieswas 39 per cent. In a second series of check tests on this
steel, five spectnensvere welded on one side of the plate surfaceand five were welded on the oppositesurface. The averageunderbead
crackingwas 46 per cent.

(4)A series of spaciaensusing low-hydrogenelectrodescracked1 per cent. Another ser?es,homogenized5 hours Rt 2350 F ad followedby
normalizingat I@O F, cracked 5 per cent.
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,.

Electrodes

Electrodesused in this investigationincluded7./$-and 3/16-

inch-diameterClassE601o electrodes,and threebrandsof E7015 low-

hydrogenelectrodes.One of thesebrandsconformedto Departmentof

DefenseSpecification I!lIL-E-986(Ships)for low-hydrogenelectrodes.

TESTSWITH BATTFUE
lTNDERBEADCRACKIJ\.GSPXCIMEIJ-

A series of I?@ttelle underhead eraclcfng spec~mens v~as mac!!e~o~

each of the forty-oneheatscf steelsand the control

Strips long

the plates. The ~-

S ecimenF7eparation

enoughto make tellspeeimenswere

‘Dyj-inchtest specimenswere saw

steel.

flamecut from

cut from the strips

with the directionof rollir.gparallelto the +ir.chdimension.Specimen

surfaceswere gritblastedpriorto ir~ldin:to removemill scale5rust,or

othercontaminators.

VVeldinq

Weld beadswere depositedby automaticweldingalongthe longi-

tudinalcenterline,as shownin Figure1. The fol~owingweldirgschedule

AW3 electrodeclassification
Electrodediameter,inch
Amperes
volts
Speed,inch/minute
Effectivelengthof beadsinch
Weld timejseconds

-..
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.

a“

BATTELLE MEMORIAL INSTITUTE

I+“

‘4--
0 /

Under bead Cracks
>

Section A-A

FIGURE I . DETAILS OF BATTELLE UN DERBEAD -

GRACKING TEST SPECIMEN

0-15047



Duringwelding,all

of the top surfacein water

-9-

specimensvere immersedto within1/8 inch

at an iritialtemperatw?eof 70 F., No more

thana 4 F rise in watertemperate was p~rmitted.

,,
AEinRand StressRelievinq’.— —

Followingwelding,all specimenswere”agedat room temperature

($’5F td’85F) for twenty”fourhotisto permitcracksto develop. At

the’”endof the 2.4-houragingperiod,specimem were stressrelievedto
.,,.

stop ftitlnerunderbeailcrackfi.~so thatthe time’elementin crackingwas

held corsta~~. Specimens1 Znch or less thickwere stressrelieved1

hotiat 115’0’’F~’those

hozrsat 1150F. ‘All

over 1 inch‘thickwere stressrelievedfor 1-1/2

specimenswere furnace:’cooleclovernight.

Befo~esectioning,all specimenswere scribedalong’’thecenierline

of theweld. The saw cut was offsetfrom the’centefiso grindi~gwould”
,.

bringthe sur~aceto be examinedto

bead. Griudingwas carriedthrough

the

600

scribe’d’centerlineof th~ weld:

gritl Specime~swere btch;dwith
.. ---

5 per centFital to show the structureand fusionline. ~fter”etching,
,,

specimenswe&”Nagn&fluxed,and washedin carbtintetrachloridti%o~move
,,

ail excessoil:



“-lo-

‘“M&surinzUnderbeadCrackiti”q
,,

Stripsof cellulos~t~pe wei-e’pressedon

to the iflagnafluxcrackindications.These’tapes

to whiterecordcards. The projectedlengthsof
. .. .

eac,htape.transfqrvueremeastied,

cracksfrom the,s~artof the bead

the specimensto adhere

were the~transferred

crackindicationson

using.alom=powermicroscope.Only

to the centerof the cratermere con-,.

sidered. The totallengthof crackindicationswag ~egordgdfor each.’,

of the.tenppecimenecomposinga test series. The per cegtof ~derbead

crackingfm each heatwas computedby dividingtke.totallengthof ‘.“

cracksby the totallengthof meld accord,in.gto,,.?befollo~tingform~fia$. .-~ ..

%%wk%$~b ...Per cent{racking,= ,,.

.,
,..L’

:-. ,,,.InTable 1, g~ovped accordfilg to source. of Supplyjare listed,+,

the averageper cent underbeadqmlrtig yal@s fo~.,he forty-g~~i h=%

of steeltested. Also igcluded~re the craclfingvaluesfor the Z-1~.

cnntralsteel,which.mas.tested.wiiheach group@ h@l steels. : ,

PeeninE-Pro5ectSteels.,4, . . . ..- ,’

The AES peening-projectsteelshowedvery lovf,cTack~gtendencies

wzth 1 per cent crackingfor testsmade on both 1/2- and l-inchplates.

,—.. .
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Qavid T,ayl.orModel BasinSteels—t——

., .,,,,. ,
The Class ‘lE?~DavidTaylorModelBasinsteelsshowedvery low
.,,

underbeadcracking, The per cent of crackingvariedfromO to L per

cmt for the eight
. .

SteelCompanv A-.—

. . .

heatstested.

All Class lqYlsteelsfrom companyA ‘hada low crsck~ensitivity,
.. .

varyingfrom 1 to 7 per cent. The Cla5sW21rsteelsgavemderbead
..,,

crackingvaluesof O to 3 per cent,exceptfor two, HeatNumber2sP169-1
~.,.. . :,

and HeatNumber%P193=1, whichgave 16 and 36 per cent cracking,re=
.,.L,.:

spectively.Thesetwo steelshad justslightlyhighermanganese cm-

tents,carbonequivalents,and tensilestrengths-thansimilarsteels.,
..-,

whichwere not crack sensitive. This agreeswith resultsof previous
,.”’ ,“

investigations(1, 3] which indicatethatchemicalcompositionis not
.4 ,,,

the kyf actor to be consideredin judginga steelfor susceptibility
“.., ,,

to ~derbead cracking. r.,,, .“.
Checktestswere made on Steels66P193-1and 21P169-1,mitln

.“, “,
high cracking$and Steels71P200-1and 66P192-1,with low cracking,to

,.,.
see if the origimalcrackingvalueswouldbe duplicated.The results

, .. .,. .. .
from the crack-sensitivitychecktestsare givenin Table1.

,.-..,.
Two series-ofchecktestswere made on Steel 66P19~.1,which

.,- .’ ,,:’

gave 36 per cent crackingin previoustests. It was believedthatthe

weld beadson the originaltest specimensmight havepenetratedinto
,,..

a highly‘hndedarea of the steel, in mhichcasea weld beaddeposited
..’

in a differentareamightchangethe underbeadcracking. For thisreason,



in the firstseriesof

surfacebeforewelding

. -12-

testsj1/16 inch~yasmat]@@ ri~m

the ten sp~cimensjbut the average,... .

the pla?=

underbead

crackingfor this serieswas nearlythe sameas preciouslyobtained,

In the secondseriesof testsof this

specimenswere prepared,but fivewere weliied

and fivewere weldedon the oppositesurface.

!.., .,+.-.
steeljthe ten standard

on one sideof.theplate,’

Thiswas doneas a
t,’

furthercheckon the possibilitythat in the origtnalteststhe weld
,,-..

had penetratedintoa bandedarea from one sideof the plate. There
..,,. .,,.

was; howe%r,’littledifferencein underbeadcrackingbetweenthe two
. . . . :,”. .,.,.”,.,.’-+

groups&f”five”specimens,and the avera,gecrackingfor this serieswas
.,,,.-.-,-.. .’:,,’,,- .,, .,.. ,,... ..

46 per sent.“’
..

,:,.,.:..... .. .. ,,.. .:.,,...,,...... :,,,., ,,.,... -“. ,-. ,...: --,.,..
In the checktestson Heats21F169-1(16per centcracking)j

,, ..

71P200-1 (O per centcracking),and &Plg&l (1 per cent cracking),ten
,..”~,.

standardspecimenswere preparedand weldedunderstandardconditions.
.,.. . .’

The res~”t~’from tinechecktestson”Heats21P169-12&200-1, Hnd 66P192-I
,.

were 2!0,O, and 2 per cent>respectively.Theseresultsagreewith the,. ,... 1.,.. .,,, .,,---- ,{.
originalvalueswellwithinthe limitsof expectedwm?iation.

.. . ,,, ,. . .,“. ::
Previousinvestigations(S) have linkedmanganesesegregation

:, ., . .... .:,..,,
with underbeadcracking.As it was believed’thatthe crackingin these

..,,. ..; .1

steelsmightalso he a resultof manganesesegregation,two additional
.’.,

underbeadcrackingtestswere made on Heat 66P193-.13the 3A per cent
,. ,. ,,,

crackingsteel.
., ,. . .,.

For the firsttest,’one stafidardgroupof underbeadcr~.eking
.. . . .,.. ,., ,:.

specimenswas”preparedjbut weldedwith low-hydrogenClassE701s electrodes
,.. .. . ,,,.,. ,... .,,.. >...”



insteadof E60N electrodes.

wouldbe abaorbedby the weld

thisgroup was 1 per centjas

the E601o electrodes.).

,, -13 -.

Thiswas done to reducetke hydrogenwh:ch.

metal. The averageunderbeadcrackingfor

comparedto the 36 per centobtaine,dwith.

The secondtestwas made usingstandardweldingprocedureson

homogenizedspecimens.The urderheadcrackingspecimensw?re homogenized,.

by heat~g.$oq s.hoursat 2350F in a control~gd-~tm~spher~firnacey

followedby air cooling. The specimensmere nomalized bY.reheatingto.

.1600F for 1 hour and air cooling. Eomogene$tywas checkedby annealing

a pieceremoved.from @aogenized specimenat 1650F,,polishing etchings.,.

and examiningthe structure.A slot1~16 inchdeep and 1/2 inchwide

was machinedin the surfaceof each,specimento removeany surfacedece,r-,.

burizationwherewelded. Underbeadcrackingwas reducedfrom 36 per cent

to 5 per centby the homogenizingtreatment.The data for thesetwo tests
,“, ..,.

are shownin Table1. - I“:; ) ‘

SteelConiany!2

.Sp.class,,.

:,. ,.

,-, ..’,,.,

l~Btland four of the six Class ‘?C’)steelsfr:rnL,compaw~,. .. .

cracked.1per ceqt or lass. ,TmoClass‘lC’l,.,-

cracked,lland 15 per cent,respectively..,

steels,,Heats75Y592and 7JY35~~a

Heat75YS92had.slightlyhigher

!Iomeversthe ls:permentcarbonand.manganesethan.theothersteels.

crackingfor Heat 71X354was W.expl{inable,onthe bqis of ~~le~~ls

per cent carbonand o.& per centmangacese~as ?ePOrtedbY the,mili-,

checkanalysis.,,

h checktheseres@ts, unaerbeadcrackingtestswere repeatedon,.

.-.
,.,.’



Heats75Y15’32;73X354,and

‘t& ~rigina~test. Heats

“-u-

also on Heat73Y596”which gaveno cracking ii

,,..
7%592 and 71Y354~racked11 and 15 per cent>

,.
~espectively,on the original’testsj’and19 and z per cent in the chdck

tests.

a check

of this

to o.1~’
.,

The resultswere tn reasonableagreementfor”thetwo series. “

Inan effort”toexpltiinthe crackingtendenciesof Heat71Y354,

chemicalanalysi’swas made on the carbonand manganesecontent

steel. The’~ttell~””’~nalysisgave O.u per centcarboncompared

per cent~’an~ 0.79’percent”mangfieseco~s,redto”Oi6~per cent’

reyortedby the mill-checka?dysis. The Battelleanalysiscompareswell

with-thec~rbonand manganesecontentof Heat75Y~92,whichcracked11

per’cent. It is believedthe highercheckanalysisis a partialexplana-

tion for the c~ackingtendenciesof this steel. Otherfactorsmust also

b~ considered,

,,. .,;,., . .

Discussionof Results

Of the f~ty-two heatsof steelstestedfor underbeadcrack
,,,

sensitivity,four heatsof Claas ‘Wilsteelhad underbeadcrackingvalues
-,

over-10 per ceht. “Thechem~st~”andcarbonequivale~tsfor theseheats

~Jereslightly-’highe~tyan

steelybut;”thedifference

for hny of Wne nonhcls.sensitive heatsof

,...~.
doesHot explain’thewide:var~ationsin crac~-

ing. l~anganbsesegregations,”which’~avebeen rtilledout Iritabafids’:’”

parallelwith the direction’of~olling,are bb~ieved’tobe a fac~orin ‘

cracking.“As thesesegregatedareasof high~~n~anesealby[”lIRVeslo~~er

transformationcharacteristicsthan otherar~as~ as the temperaturedrops
,.

ferriteformsfirst’intie remdnitigareaslea~tingcarbon“fkeeto migrate

to the yet untransformedausteniticmanganeseareas,with the resultant
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manganese-richareas.

Thesesameareas>

last cm remainj~ partSE
,.

siderablehydrogen. ~jhen

coolingfron the heat of welding,transform

retainedaustenite,which can dissolvecon-

thismtai~ed austenltetransformsat rtiom

temperaturethe hydrogenzwhich ha~ lesservolubilityin the trans-

formatj.onproducts,is rejectedand producesinsolublemol~cfia~

hydrogen. This hydrogencan buildup severeaerostaticpressures,
,,-
which in additionto other

~’:eldbeads.
,..,

As demonstratedm
.,-

stressescaacause cold

Heat 66P193-1,lowering

crackingunderthe

the hydrogenavailable

to the weld by use of low-hydrogenelectrodespracticallyeliminated

the underbeadcracking. liomogenizatio~~,’~~tichdiffusesthe segregated
..:”,..

areas$also greatlyreducedthe cracking.
.,

Howeversto homogenize”c*ack-
.,. . .

sensitivehintsof steelis impracticalfroma productionstandpoint. .

At this point,it was not kno~~nwhethera steelsuchas Heat

66P193-1with 36 per centunderbeadcrackingwould give troublein

service.““T~Wa6 d~ci~e~ to test. some of the steels undersimulated

shipweldingconditionsin the farm of tee-joint~pecimens.
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TESTSWITH TEE-JOINTSPECIMEN

Originallylthreesteelswere pickedfor tee-jointtests. These

includedcompanyA,Heats66P193-1,2~169-1, and 711200-1with,,, ,.

36, 16, and O percent underbeadcracking. Later,six otherheatsof
..

,.
steelwere testedin tee-joints,for e totalof nine steels. The addi-

tionalsteelswere used,to determineif tee-jointcrackingcouldbe

producedin any ClassIIBI}or ‘lCtthull steelregardlessof underbeadcrack

sensitivity.

A seriesof testsusingvariousbrandsof low-hydrogenelectrodes

were made on Heat 66P193-1. It was believedthatexcessivemoistureIn
..

the coatingmightbe causingcrackingwhichoccurredwith the low-hydrogen
.; :,4,..,.,

electrodes~2~.Testswere madewith electrodesdriedSt 600F, and,4 .. .

electrodeswhich conformedto Departmentof DefenseSpecificationi~iIL-E-986
,,,, ...

(Ships),specifying0.4 per centmeximumcoatingmoisturecontent.
,.,. . ,’

Othertestswere made to determinethe effectof preheat,homo-
,,,.., 7.b.

genizationjand balancedweldingsequenceon tee-jointcracking.
,.

;(
,,

. . . . .
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~n~cimenPreparation

.Theariginaltee-jointspecinensconsistedcf

incheswide and 36 incheslong,to whichvas weldeda

bar for the leg of the tee. In subsequenttests?the

a baseplate12

36- by .4-inch

specimenlength

wafireducedto Z4.i~chesto conservematerial. Figure2 showsthe jcint

design. The directionof rollingof the base platewas parallelto the

12-i.nchdimensionand the directionof rollingof the tee-legwas parallel

to the L:.-inchdimension.Root openingsof O, 1/16,~.nd3/16inchwsre

tried,and the 3/16 inchroot gap ws.sfoundnecessaryto obtainfvll

penetrationin the rootweld pass. ,Sca,leon baseplate

removedby grindingbeforewelding.

StmdardWdding Procedure

I
Prior to melding,the base

at the ends and center. The joint

plateand leg of the

and tee-legwas

tee were tacked

was weldedmanuallyin the flatposition

at room temperatureand the specimenwas cooledto

tweensuccessivepasses. The weldiggscheduleused

Cl-ass of electrode
Size of electrode, inch

Root pass: Amperes
volts

Otherpasses;Amp@res.
volts

Speed,averageinch~minute
Ihmberof passes

E601o
3/16
160
25
1$0
27
6
6

Figure

at the

in the

roomtemperature

masasfollows:

?3713.5
3/16
160
25
200
27
7
9

2 showsthe standardweldingsequence. The last passwas

toe of the meld to developany possibletoe crackingthat

re-

base plate. It was not necessaryto completethe weld?as the side of

the jointmhichwas weldedfirstcracked,whilethe secondsidedtd not crack.
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7

) Direction of rolling
(

~-~

StcIndcIrd Welding Sequence

Direction of rolling

Balanced Welding Sequence

Typical Transverse Sections

FIGURE 2. DETAILS OF TEE - JOINT SPECIMENS SHOWING LOCATION
OF SECTIONS

0-1702S
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In several”tee:jointspecimens,the wdldingproce&re was mod- ‘ ‘“

if.iedfrom the originalconditionsestablished.’
!,-

!“, ,,.-.,,

z7015E1.ectrodm—— ,, . . .

.,

Threebrandsofl#701selectrodeswere’usedin weldingtee~joifltk

as followsl
CoatingI1oisturez

Brmd Per Cent++ Condition
,, .

(A)MxrexHTS

(A)MurexHTS

(13)F3eetweld

(C)P&H-12

* See llefer~nce

The low-hydrogen

depositthe weld

1.03

,.

0.18

LH-70 o*27

0.40

Storeds.t30 per cent
relative,humidity

Dried600F for 8 hours

As.received

Conformsto MIL=.E-9,86
(Ships)

2

electrodescannotbe weaved,

metalin 9 stringbeads, In

henceit was’iecessaryto

Figure2, passes3 and 4

of standardsequence,wouldrequire2 stringbeadseach,and passesJ
. .,,.

and 6 wouldrequire3 stringbeadseach.
,. ...’

Preheat

Tee-jointspecimenswere welded;similarto the standardprocedure,

exceptthat a 400”Fpreheatandinterpasstemperat.ukewas used.
,, . ,>. . . .

-.

..
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.,

.. A 12- by 12-inch:plate of ‘steelfrom Heat 6GP193-1(36 per cent

crncking)was homogenizedusi~”the same pracedureas describedpreviously

far homogenizingunderbeadcrackingspecimens.This platewas weldedto
,“

another12- by 12-inchplateto forma 12- by 2L-inchbase plate.
,.

“’Several

tee~joititsmere made ml thiscompositeplate. !Teldswere-interruptedat

the weld seam in the baseplateto preventc~acki~g through ~rom ’the as-

r,eceivedto the,homogwrized..s,i?~of the,specimen.,

. .

BalancedWeld Semefice.

“.

Figure2 showsthe weld dequenceused in balancedWeld specimens.

Any root crackingwas chippedto solidmetaland checkedby
..

betweenpas~es2 and 3. The remainderof the procedurewas

standard.

(luttin~s Grindirw.and Inspection
;,... ,..

The tee-joint specimenwas reducedin size by flame

similarto

cutting.’

Three-inchsections~ieresaw cut as showninl?igure2, allowingan inch J

for end discard. One face of each sectionwas ground’tlwough600 grit,

etched,Magnafluxed,and cellulose-tapetransfersmade in the samemanner
.. .
.

as for the underbeadcrackingspecimens,describedpreviously.

Maximumcrackdepthwas measuredas the projectedtransverse

crackdepthyexcludingweld ove~lap. Averagecrackdepthwas calculated

as the sum of crackdepthsof the sectionsin the jointdividedby the

totalnumberof sectionsin the joint.
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Tes$,Resul..tsand Discussion——— “-—-

AppendixTableA-1 givesthe completedata for all tee-joint

teste.~groupedaccordingto heatnumbers. Figure3 iS a condensed

summaryof the sametestdata.~presentedgraphicallyfor easiercom-

parison. All of the te~-j~~~ts C~~&edl except ro~ one join%welded

in 7/8-inch-thicksteelsand thosetee-jointsmeldedwith a “mlanced

-ueldir,gsequence. The differencesin the amountQf crmking as in-

fluencedby varioustestconditionsare discussedin the following

sections.

Effectof TJnderbeadCrackSensitivity..————..

Steelswith a ‘highsensitivity

more in the tee-jotittesttih-msteels

to underbeadcrackingcracked

with low underbeadcracksensi-

tfvlty. Figwe 4 showsthe relationof underbeadcracksensitivitytO

tee-jointcrackingfor jointswdded withE601o electrodes.Figure5

is R similarcomparisonfor joints

Two thingscan be observed

in the underbeadcracksensitivity

weldedwith57015 electrodes.

Yrom thesegraphs. First,an increase

of the steelsis accompani~dby

~~c~ea~e~ inthe ~o~t of tee-jcirh crackin~- This is

dencethatthe samemechanismwhichcausesunderbeador

mny be influencingtee-jointcracking.

Cn the otherhand,the secondobservationwhich can be made is

that steelshavingno umderbeadcrackingin2y stillcrackin the tee-jctit.

Thismou.ldsuggestthat somefactorotherthan cracksensitivitymight



Elec-
trode
Glass

E6010

E7015

E6010

157015

E7015

E6010

E6010
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Varied Test

Gondit ion

Standardtest

Brarid B, moisture 0.27

Standard test

Brand A, dried to
0,18 % moisture

Brand A, moisture, 1.03!

4,00F preheat

Homogenized

BrandG,moistur~<0.4’

Standard test

Stondgrd test

Bolonced weld sequena

D8pth of Tee - Joint Crack, inch

o 0.1 02 0.3 0.4 0.5 06 0.7

(Maximum) I

.Wlgt h
)f Tee
inches4-

Heot Test

No. No.

.-

AG214 36

24

24

24

24

24

24

24

36

24

24

A1325[

66 P-183-I AG250

(36%f’ ‘

Cylss !UCI AGz52

A6233

AG253

IAG-2501

E7015f R)

E6010

E6010

; E6010

P27 I

21P169-I

L

-257

[16°/0){’)
Class “:ff=263

-274
’276

1

E7015(2)

E6010

E6010

E601o

E6010

E6010

E7015’2 )

AG-272 24

36

24

24

Wand G, moisture ~O.4”

Standard test

Stondard test

Balanced weld sequent,

71Y 354 E-247

(15%f”
CiaSS l’C’IAG284 m
>

E-256

71P200-I

(0%)’‘) -262

36

24

24

Standard test

Standard test

Brond C, rnoistureq4C
IClass ‘Tc,,

I k-270

I71Y593 IX-273
(0%)(‘)

c~~~ llfJll-e65

E
E7015(2 )

E6010

E7015(Z‘

E6010

E7015’~)

E6010

24

24

24

24

Wand G,moisture<0,4’

Standard test

Brand G,moisture-=0.49

Standord testT24P266-IM~67(7%)(1‘
ClassliB~ -25s

Elr72 P236-I 266

(t%)”)
class “B? AG-258

24

24

Brand G,molsture-=124%

Standard test

E
E70151&)

E6010

E7015(2)

E6010

24

24

24

24

Brand C,moisture-=0.4”

Standard test

Brand G,moisture< 0.4:

Standard test

I I I

[ I ) Underbead cracking

(2) Electrodes

FIGURE 3.

meet Department of Defense Specification MI L- E-986 @hip5)

SUMMARY OF TEE - JOINT TEST DATA, SHOWING HOW VARIATION IN
TEST CONDITIONS AFFECTS DEPTH OF CRACKING IN TEE-JOINT SPECIMENS

0-1702s
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conixx.buteto tee-jaintcracking. It has been suggefit~dthat tlnese
,.

cracksmightbe hot cracks..
.,.

H?Wever$withoutthe kmdedge of when thesecrac~~sform ~d

h~w the~propagate~wtig

prematur~, The fact to be

some of the observedfacts

do nOtn

,.

,...

to attribu$ethe crackingto sqme causeis

emphasizedis tht.,though.ou~,,thi?,Workj

pointto cracksensitivity$whileothqs ~,

~.,.

.,,

..- ,.

, ,,:.

,,.. , :.

.’
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Effect.ofDiffer~Eleatrodes——.... )L .. ,..,:,

As low-hydrogenelectrodeshad reducedunderbeadcraaing on ,

Heat66Plg3-1from 36 to 1 per cent?it was decidedfito.aeeif theywould

also>’reducetee-jointcracking...’Ebwever,it was fo~d,..th~.ttse-jofit:

crackingwas increasedsamewhatby useof the low.hydmganelectrodes:

A comparisonof averagecrackfngin tee-jointsJweldadwithE6010 and;

E7015 electzpadesis made “inFigure6. Similarly,maximumcrackingf~

the same tm-jdnis is ccmpamd in Figure7. A possibleexplanation

for this increasain toe-jointcrankingcouldbe the afiditianal number

of passesrequiredwith the low-hydrogenelectrodes,resultingin

higherstressesat the root of the joint.

With the E7015electrodeswith d3fferentcoatingmoisturecontsnt

used on Heat 66P193-1,therewas no relationbetweenamountof moisture

and cracking. Brand‘lAtt@Yi#kmdes$with 1.03psr centmoisture$gave

0.40 inchmaximumcrackd.epth$whileBrandIIB1l,with but 0.27per cent

moisture,gave 0,6%nch maximumcrackdepth. The latterwas the deepest

crackobservedin the 2&=-inch=-longtee-jointspecimens.

Theseresultswouldalso tend to confirmthe assumptionthat

tee-jointcrackingmay not be relatedto or causedby the samemechanism

as underbeadcracking. If the moisturecontentof the coatinghas no

influenceon cracking,thenthe role of hydrogenas a causeof tee-joint

crackingmay drop out.

-,

4:

. .-
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Effectof.Preheat—h—— ~..~< ;,):.-,, ..” ,, ,.. . .

A preheatand interpasstemperature d 4~~”F ~bd~ced the *~rnti--

depthof tee=jointcrackingin Heat 6.61KL93-1f%am 0.46 to 0=16i~cha~d

the averagecrackingfrom
,,.,

.“ .,, ....

0.33 inch to O.0~ inch.
,.,.,“,,,!.,. ~,,..

;..:.,,.>..,,,:.,,,., .. ,.. .

,..4

heat treatmentreducedthe maximtites=jdnt:&&

fr~rn’0,46’in6hto 0.11 inch,’andthe’ave~~g6}tke~Y
,..

0.3j inchto 0“.03”i’nch.Theseresults~ompar~““’

with’tl&:&&c&~& ih &d&b&ad cracksensitivityof thisheatfrom”’s6

I;Pe~:cbnt’~~dr:~#=r&ceiv~dspecimensto 5 per centfor homog~n~zed“sP~c~mefi~c

That homogenizationreduce,sboth tee-jointand underbeadcrackingis

strongevidencetoward

causedby segregation.

the assumptionthat the two may be a~fectedor
,.
,F ,.

Effectof B+armed W~dinE Seq’uen&az-’—.——-

.

Tee-jointsusinga balancedweldingsequencewere made with Heats

21FlG9-1and %lyM4Y hating,16and 15 pe~ cent underbeadcracking,re-

spectively Checkteetswere made~also. IJo&rackingwas foundin ~

of the four tee-jointsmade. Althoughthis seemslo be an easyway of

eliminatingtee-jointqracking,.itis doubtfulthat sufficientcontrol

.oouldbe exercisedoveryardweldingpracticestoprecludethe possi~
,7 ,..

bilityof an .unbalan~edjointfrom,gettingbuiltintoa ship. stress, ~~~,,
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undoubtedlyplayBan importantpart in tee-join~cracking,hut other., ,,

factorsare also involved.
. .... .,.,

!. ..... QJ03R TESTS&13STLmIl?S:,::. ‘

, .,, ;i,;‘7

Additionalstudioswere made in an effortto expiainthe dif-

ferencesin cpackingbatweensteels. It was thought.-jthatsame,waakneqs’:’.,,,.,,,

In the ‘Z’tdirectionnightbe the causeof this cracking.Standard
:)::’’:’”

tensilespecimensmere made to test severalsteelsin the ‘Z~ldirection
J,.. ,,,~.r, :’:{,.! ,

normalto the platesurfaces. Keyhole’Charpybars were alsomade and “
,)’; .,

tested. Metallographic
.,

were made. Thesetasts
,,,.!..-’......, ..!,’.

,.

>,,

,.
,:. ”

,.,

studiesof the cracks,banding~and inclusimw
., ..

and resultsare describedin the followingsections.
.!,.> ,’

Z-DirectIonTemfk R@bs.—m.**-— —w-—
,,

,,.

Mve steelswere selectedfor testing. TheseincludedHeats

66P193--J. (36per centunderbeadcr~cking),21P169-1(16per cent),and

71P200N-1(O per cent],whichhad been testedin tee joints: In addition,

Heats21P176-1(3 per cent)and 66P046-1(2 per cent)were included

becausetheyhad chemifit~andcarbonequivalentssimilarto Heats66P193-I

and 21P169-z~the two crack-sensitiveheats.

Blocksof the test steels3 ~ 6 incheswere flamecut. To these

test blockswere weldedtee-legsof mnganese-molybdenumsteel. hkmganend

2M electrodeswere usedwith a 400 F-paeheatand balancedweldingsequence.
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The specimendesignand locationof tha standardO*5g5-inClltens~~eWeci-men

is showm$n Figure8. Bothbeforeandeftermackiming,all specimenswere

Magnafluxedfor cracks. No crackswere observed,even h the 36 per cm%

crackingsteel.

The tensilespeuimenswere testedat 80 Y usinga crossheadspeed

of 0.02 inchper tin’dte~Yieldpointwas determinedby dividers,and

elongationsmere measded for a 2-inchgaugelength.

TestResultsand Discussion.——.-—m——

In ~ppe~dfi Table 2, the aompletetestdata are givenfor the Z-

directhm tensiletests.

The followingtalilegivesthe averageresultsi

..— .- —*..-—

. . .— —.— ——— ..— —,

Tee=-
Underbead Joint Reduction Eield ultimata

Heat Cracking~ Cracking~ of Area, Strengthj strmgth~
Number $ ill. $ psi psi

66P193-I. 36 0.70 6 48,700 60,000

21P169-1 16 0=55 12 49,200 67,000

21P176-1 3 s- 9 50,900 623200

66P046-1 2 .. 6 48,000 57,000

71.P200-1 O O*3O $ 49,400 59,500

—- *———
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FIGURE 8. SPECIMEN USED TO TEST PROPERTIES NORMAL
PLATE SURFACE DOTTED LINES SHOW LOCATION
STANDARD 0.505- INCH TENSILE SPECIMENS

0-17034



Thesetestsestablished

Therewas no particular
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the fact that no Z-directicnweakne~sexisted.

relationbetweenunderbeadcracking,tee-joint

cracking?and Z-directiontensile

, This led to the idea that

mightbe due to notchsensitivity

strength.

perhapsthe crackingin thesesteels

in the Z-plane,

Keyhole~hamy-~a~ Tests

KeyholeCharpybarswere preparedto test the notchsensi%ivit~

bead cracking)in the same directionas the crackwhichoccursin the

tee-joints.Six barswere preparedfrom each heatjas shownin Figure

9. Test restits were as follows:

. . . ..).—————-—— ““”— ——
—7—— .-

E+w .gyRkor”bed&.~Lt”Lb,-1- .——..—
75~9jf,..” 21P169-1 7Lm3j~..;’

..
Test 36Per Cent 16Per Cent O Per Gunt

TemFeraturej Under’bead Underbead Underbead
F Crackimg Cracktig Cracking

75 46 47 45

0 28 2tl 36

%/&o 27 26 30

-80 17 17 20

-100 3, 19 3, 21 8.&

..
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..

FIGURE 9. SKETCH SHOWING LOCATION OF STANDARD KEYHOLE
CHARPY SPECIMENS WITH RESPECT TO PLATE SURFACES
AND THE DIRECTION OF ROLLING

0-1703s
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Tlmrewas no significantdifferencebetweenthe steelsin

r.etch-lxmproperties,Thesedata wouldindicatethat thereis more

to considerin tee-jointcrackingthanthe simpleresistanceof the

materialto a stressat the root of tinenotch. As both the Z-direction

testsand Gharpy-tes+sgave similarvaluesbetweensteels,tt is

reasonableto expectthat the amountof the tee-jointcrackingdue

to stressset up by weldingshouldbe equalfor each of the steels.

It doesnot explainwQy thereis a differencein amountof tee-joint

crackingbetweensteels.

MetalloqraphicStudies

Severalmetallographlcstudieswere made in an attemptto find

an explanationof why the tee-jointscracked. Thesestudiesincluded

microscopicexam~.nationof the crackslstudyof ba~d~g in the stee~sy

and a briefstudyof inci~sions.Thesestudiesare discussedin tks.

followingsections.

In the earlypart of the investigation,it had been observed

that only one side of the tee-jointcracked. See Figure10* The first

side of the tee-jointweldedalwayscracked,but the secondsldewelded

did not. Hence,it was necessaryto weld but one sideto producecrack-

ing. Root chippingwas stoppedbecauseit destroyedany evidenceof the

crackorigin.

—.
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FIGURE10. TYPICALCWCK FOUNDIN TEE401NTS. SPECIMENAC-214
IN HEAT 66P193-1,(36%UNDERBEADCWCKING)JUSING
E601OELECTRODES
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Figure1.1is a macrographof a typicaltee-jointcrack. The

crackoriginis at the end of the weld overlapwherethe weld fuses

with the base plate. From its originit goes in the heat-affectedzone

justbelowthe fusionline. This crackexhibitsa step-likeappearance,

whichis typic-alof all of the cracks. Inclusionsare parallelwith the

crack,but in FigureXl, inclusionscan be observsdwhichthe crackcuts

vertically.FigureM! is a view of a typicaltee-jointsectionwhich

has beenbrokenopento exposethe crack. The cracksurfacewas oxidized

when the specimenwas stressrslieved.

VJ%snthe crackforms,and how it propagatesare not known.

Severalweldershavemade the observationthat more angularrotation

of the tee-legoccursduringweldingthe coverpassesthan occursduring

the meldingof the fillerpasses. No measurementsotherthanwith a

rulewere made,however. It is believedthat tineangularrotationof

the tee-jointmightbe connectedwith the amountof cracking. However?

to demonstratethe growthof the crack,it wouldbe necessa~ to run

a seriesof tee-jointsof the same steel~in which eachsuccessivetee-

jointhad an additionalpass. Comparisonof the crackdepthsof these

jointswouldperhapsshowwhen and how the crackformed. Similartests

for differentsteelsmightdisclosesomedifferencesin crackpropagation.



Plate
surface

s

I

FIGURE II

—

71471
lox

MACROGRAPH OF TYPICAL CRACK FOUND IN TEE JOINT. CRACK IS 0.45
INCH LONG. SPECIMEN AC-247-6, IN HEAT 71Y354, (lS”/e UNDERBEAD

CRACKING ) USING E 6010 ELECTRODES

,urfoce

L

0-17054



73511
Bottom, looking into base plate

1. Ama fracturedwhen specimenwas brokenqen.
2. Teo-joistcrack. Surfacewas ofidizeddnring1100F strassreli#ving.
3. ~erlap of rootpassIen baae plate.

FIGURE120 VIEW OF A S=TIOl!lOF TEE-JOINTWHICHHAS BEEllBROKEROPENTO SHOWTHE CMOK

—
,.,



-38-

Studv af Band-

In an effortto furtherunderstandthe crackingtendenciesof

the steels,a studyof bandingwas made in Hsats66P193-1,21P169-1,

and 7U%Y30-1,whichhad been used in the othersupp].ementarytests.

A sampleof each steelwas obtainedin the as-rolledcondition.

A secondsampleof eachsteelwas annealedat 1650F to developband-

ing, and then studiad. Figures13, 1.4,and 15 show the photomicro-

graphsof eachof the threesteelsin the as-rolledconditionand in

the annealedcondition.

that steel71PZO0-1had

threeu

encies,

explain

Steels21F169-1

Comparisonof Figure13 with L$ and 15 shows

the leasttmdencytowardvisiblebandhg of the

and 66P193-1showedseverebandingtend-

as shownin FigureslQan.d15*

why Steel 66P193-1 shouldorack

The differencein the amountof

Thereis no visiblereasonto

more thanSteel21P169-1.

pearlitein the bandsof Steels

71P200-1 and 66P19S-1appearedgreaterthanthe differencein the carbon

contentof thesetwo steels,as shownby the mill-checkanalyses. TQe

mill-checkanalysesand Battelleanalysesfollow:

Heat
Number c “ Mn Si--” ‘ P-””-””-”

.-
S

66P193-I [::j) 0.20 0.96 0.24 0.030 0.034
0.23 0.99 0.23 0.020 0.030

71P200-1(Mill) 0.17 0.80 0.21
{B~)

0.028 0.031
O*I8 0.71 0.20 0.019 0.033

I_



FIGUREI-3. BANDIJJGTE~~~Nc~sOFco~ANyA
STEELHEATNUMBER71P200-1IVHICHCRACKED
O PER CENTIN STANDARDTEST5



100X 66519
As rolled

FIGURE14. BANDING TENDENCIESOF COMPANYA STEEL
HEATNUMBER21P169-1WHICHCRACKEQ16
TCI20 PER CENTIN STANDARDTESIS
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100X 66515
Annealed

.,.

100X 66518
As rolled

FIGURE15. BANDINGTENDENCIESOF COMPANYA STEEL
HEAT NI.JMBER66P193-1tiHICHCRACKED3~
TO 46 PER CENT IN STANDAHDTESTS
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Steel 66?193-1, with the g:~eate~’&o&t of pearlite,had 5 pointsmore

carbonand 28 pointsmore ~ganese tham the othersteel,71?200-1. The
,,”:’. ..

higherchemistryand greaterbandingwouldappearto correlatewith the
. . ,,

greaterap+uitof und&”@ad ckdking.” However,when the bandingof
,.! .-. ., .-,

6GPI$+j-~and %JP16g-1are cornp~red,,,thp~eis no visiblecorrelationwith,.,-, ,.,, .1..
underbeadcr~cking~ Thas&sameobserva~ionshave beenmade for other

steels--inpre~’lous’ikvestigdt~otis~jj.“
!..., . .. ~

Asp~eviousiy.discussed,nnnganeseSegregationplus hydroge~is

att~i~te~’tobe the causeof’tid$rbeadcr@~ing. The difficultywith a,..’ . . . ,“
microstudyof bandingis’tfit the‘bands’:donot’”g~veany CIUSas to what

,,
the co~osition.gradientsarern
.,,1,

be;done”bef&e~he variationin

explained.,

,,”.

.,
,.

..
..-,,,

j. /, i ....,,, ;.

,.!...

,! ..,.
-. ., ,.. ,

.“

!.
,,

..,,, :, ,.

... ,,

i, ”,..
. .

., ,..,

,,

This’veryimportantfundamentalwork must,,, ,..

crackingbetweensteelscan be thoroughly
.,

,,1.,$, ., .
,!

,,,

..

,,! i“... ., ,,, ,

~,, -....;..,;.” :

,.,
‘1 .:. . . . ,: ..,’, “.: ,,-”

..’ .?. . . . ...... .. .?:, ... ”“,, ” ,.,
.,, ., ,.. ,,. ,;,, , ,,- r.. :..( ,,.. .,, ,. . . .

L ..- ~
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sulw!nlmY-mmmwrm-

,..,,, ..,. Crack Sepsitivitv.-.., .,-

,1
1. Ilorty-oueheatsof A13 ClassesltBl~and lICI1~@~ steel “

were’testedtii”ththe‘Batt&letidsrbeadcrackingtest.‘~,’

a.

,,

,,b,,

i , ,.,..

“, ‘ 2;

1.

23

3.

c.

A peetiing-prtijectst+elreceivedfr~m the ~.erican- .,
Bureauof Shippingwas not cracksensitive..4,-.. ,.,
EightABS .Class‘BitmteelsreceivedfromDatidTaylor
UodelBasinwere not cracksenSitive,

Ten Glass “B’tsteelsand eightoften Class‘!C~l~,:
steelsrecuivedfrom companyA were not crack
sensitivd;~‘Thetwo crack-sensi~iv~heatsga~’,
16 and 36 per centunderbaadcracking.

,.,,. ,.‘. ,.,. ,,. “,
d. Six ClaSs‘lBIIand five of six Class‘CiJcorripanyB

,., ...

staelswere not ‘&&ck,sbnsitive.OneGlass “C[’.:,,:?,!,
steelcrackedlS per cent in the underheadcracking
test. ,)’,,::,

Onlyone of’the’forty~oheheatsc~ackedseriouslyin
this test.

Tee-JointTests

Nine heatsof steelwere testedin thirty-fivetee-joints
simulatingshipweldingconditions. All of the tee-joints
cracked,whetherweld~dwithE601O or E70J,5electrodes,
exceptone jointof 7/~-inchplate.

Preheatof 400 F, and homogenizationat 235GF9 each reduced
crackingin the tee-joints,but did not eliminateit.

A EalancedweldingSequenceeliminatedtee-jointcracking~
This suggestsweld shrinkageas the sourceof the strasses
whichproducecracking. The technique5.sthoughtto be
too complicatedfor commercialwelding.

The amountof lme-joimtcrackingincreasedwith underbead
cracksensitivityof the steelused in the joint. ThisWclS
tru~for tee-jointsweldadwith eitherE601O or E7015electmd=8.
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ottier”Tests

1.

2*

3*

,.. ,

NCIconclusiveresultswere obtainedfrom tensiontests
of severalcrack-sensitiveand noncrack-sensitiveheats
testedin the directionnormalto the platesurfaces.
No steeltestedhad a Z-directionweakness.

KeyholeGharpytestsof threeheatsindicateda transition
rangebelow-80 F. Theseresultsdid not correlatewith
the tee-jotittests.

Severepearlitebandingwas observedin two of thee
heatsstudied. Thisbandingis believedto ~ tlw result
of manganesesegregation.Eandingdid not correlatewith
crackingin tse-joints-

CONCLUSIONS

This studyhas confirmedthe beliefthat steelswhichc~ck

severely in the underbeadcrackingtestwouldlikewisetendstronglyto

crackin shipweldingwhen the sameelectrodeis used. Such steels

shouldnot be usedfor importantor criticalcomponentsunlessthe

well-knuwnremedialmeasuresare adopted.

Withoutfurthertesting,the causesfor tee-jointcrackingcan

not be definitelystated. The amountof tee-jointcrackingincreases

with the underbeadcracksensitivityof the steels,and homogenization

reducesbothkinds of cracktng;thsseindicatethat the samemechanism
, ... .. .. ......... , , .

couldcauseboth types. On’thsotherhand,t~e-jotitscrackedin ste81s
:“,,, ,

havingno underbeadcrack
... .,,,,

1, ,’::”

availalilel@rogen had no

Thesedata wouldir,dic!ate

dependon the presenceof

sensitivityand increasingor decreasingthe

effecton the amountof tee-jointcracktig.

that the

hydrogen

te-joint crackdoesnot altogether

or retainedaustenite+-Also,stress

—
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alonecannotbe the cause,for str,esseswars. ................ ..
presentin the homogenized

tee-joint, whichcrackedvery little. Thus,it must be concludedthe

.,, , !.:. . ,: 4...,.’ !.

. . . ., ..’..’.‘, ,.*
:,-. .,,,’. -. ::. ,

. . ,AQ tesk~qg ks,he~fi.,comp~@’@d.,,Ho,&th& work,willbe done,.,
)’

on the presentcontract.
.,

,-

., ! .“.

,,. , ,, .,), ,. ...

. .
. ..-

,.,

.:, -.. ,.. ,.,

. .,.

,.? .“ .“:’” ‘,, .

~.,. ,.
,,

,.,

,, ..., :,,,... ,,. -,,. !

,. ,,,. .-, .,, ;.,.? ,,,J,,, ;

.,. ,.,., ‘“
.! .,.., ,’

, .,.
.:,,

,.,, ,,

,.’. .

.,”

.“ ,:’:’, “: ? ,..,

,:.. ,“J,, ,

Data given~ this-report’are’~ecordedin B~ttelleLaboratory
,,

., , .<....,.<: ~ ... . ...
‘1300kko.3856, pp. 5%-59, ’$0-85, 94-99; BooiNo. 4698, ppkl~~~, 41-42,

-. ,,

72-89, 9@9;andBookNo: 5390,pp. 1-5. ‘
,;i,,.;-‘+.

,,,
FRB:RGK:PJRsCBV/mt “-“-”“’ “’”’

‘F’!,.’:J# -,,;,;,.

,IWemberw, 1950 , .~::,.:.,:, +,,. .,,,, .1
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TAFILRh-1. TESTDATAFOR TEEHOIWTS OFA13SCLASSTS“B” AND “C”HTLLSTEEL

Wderbead Electr&ee Spochn CrackFrequency
Heat m Thiclmess,

CrackDe~th
Cradcingj specimen AWS Im@h , SOct,ionsSectionsWith ff=b, Average,

Number e12sa Inches Per Cent Number class Brad Inches Vnried Test Condition Examined Ho cracks Inch Inch

AC-197
AC~Ol
AC-21&

AC+233

AC-2m
AC+?%-H

kc-251

AC-252

AC-253

ACd54

AC-196
AC4257
AC+263
AC471.

AC-27.4
AC-276

AC-247
Acd64
AM272

AC275
ACd77

AC-198
ACd56
AC262
AC-?70

AC<65
AC-273

E&?10
IIQlo
E4)1O

GE W-22
GE W-22
GE W-22

36
36
36

36

24
24

24

24

24

24

36
36
2.4
2.4

24
24

36
24
24

24
24

36
36
24
24

24
2.L

No root gap
l/16-inchrootgap
3/16-inchroot gap,
standardtest
ElectroiecoatingIuoisture,
1.03%
Ste?damitest
Homogenized2350F,
normalized1600F
Electroiecoatingmoisture,
o.2%
Electroiedr%ed&Kl F;
0.18$moisture
@C F preheatand interpasa
temperature

Rootbead onlydeposited

10
11
10

0
1
0

0.65
0.%
0.’73

0.50
0.31
o.&

0.%

0.33
0.03

0.57

0.20

0.08

0.01

0.10
o.3~
0.23
0..46

0.00
0.00

0.34
0.15
0.47

0.00
0.00

0.03
0.15
0.12
O.u+

0.01
o.I.6

11 1 0.Q3ETM5

6
5

0.A6
0.11

E631O
E6010

o
33666?193-1 C

0.68E7015 Fleetweld
M-m
hiorex
HTS
GE W-22

5 0

E7015 6 0 O*45

E6C1O 5 0 0.16

5 2 0.02E&10 GE w-z?

E&10
Ekmo
EM1O
E7115

I.1
u
7
7

0.3)
o..@
0.35
0.55

GE M-22
GE w-22
GE W-22
P&H-12

No root gap
Standardtest
Stiardtest
Electr&eco~t~ngmoisture,
<0..4%
Balancedweldingsequence
Bnlancedweliingsequence

16

15

moo-l c 1-1/8 o

‘71Y593 c 1-1/4 o

1-1/421PM-1 c

0.00
0.00

GE w-22
GE w-22

0.46
0.25
O.m

EEQ1O
E&310
E~15

GE w-22
GE w-22
PM-E

Stalxkla test

stmxkrd test
Electraie costingnoisture,
fQ.4%
Balancedweldingsequence
Balancedweldingsequence

12
7
7

0
0
07H35.4 c

E601O
EM1O

a
8

0.00
0●CQ

EEQ1O
EEQ1O
Ealo
E7015

GE W-22
GE W22
GE W-22
P&H-12

No root gap
Stmdard test
Standardtest
Electrde coatingmoLeture,
<0.4%

11
11
7
6

4
0
1
1

0.05
0.25

E601O
E7015

GE w-22
P&H-12

Sterdard teat
Electroie coating mobture,
<o..@

5
2
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TABLE A<. TENSION-TESTDATAF2RSTEELSTESTEDIN “Z”DIRECTION,NORML
TO THE PLATESURFACE,LTIHSTANRARDO.N5 TENSIIESPECIMFJJ5

Underbead Rductlon Yield Ulthte
Specben Heat Cracking, Elongation, of Area, Stiength, Strengti,
Number Number p= cent Per Cent Per Cent psi pd

. AC4 %1 66P193-1 % 2.5 6.0 43, W 61,400
AC-23%?(~) 66P193-1 36 2.5 4.5 46,~ 58,@0
ACG39-3 66?193-1 36 2.0 5.4 53,1D0 EQ,loo
AC439-4 66P193-1 36 2.0 7.0 49,W 5$,200
AC439-5(1) 66F19+1 - 1.5 6.1 54,m 58,600

AC+?40-1(1) 21P169-1 16 ~e~ 6.0 49,330 66,000
AC-240+ (1) 21”P169-1 16 7.0 6.1 49,W 67,2~
AC<40-3 2W169-I 16 7.0 8.0 50,X0 67,@3
ACJL!@+ 2W169-1 16 14.8 m, 100 67,@Q
A&240-5 21Pl@-1 16 ::: 13.0 47,000 66,@0

ACd41-1 21.P176-1 3 2.5 9.0 63,202
AC+/Jd 21F176-1 4*O 11.0 ::RJ 64,2cQ
AG-241-?J 21P176-1 ; 3.0 7.8 61,6m
ACd41-4 21P17bl 1.5 ;.: 57;5Q0 59,’PO
AC-241-5 21Y176-1 ; 2.0 ● w,m 6?,60a

AC-242-1 nnoo-1 o 11.0 43 ,mo 55,5QQ
AC-2424 71P200-1 o ::: $.0 46,500 58,W
AC&@-3 71P200-1 o 3.0 0.0 5Q,1OO 57,200
AG?42-4 71-P200-1 o 3.0 6.1 50,000 57,300

. AC-242-5 71m30-1 o 1.5 6.1 51,000 55,9X

AC-243-I 66FWS1 2 2.0 5*5 48,600 55*W
AC~434 66P046-I 2 l.~ ti,m 56,7t30
N=?43-3 66F046-1 2 3.0 u 51,mo a,wo
AC+?43-4 66PQ4&l 2 1.5 7.8 45,mo 55,200
AC~43-5 66K)46-1 2 1.5 6.0 51,700 57,500

(N Smy$@EdJmdfailedh weld Imtal. These dah werenotusedwhenaverageresultswere
●

.


