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is also eXtended to the‘Weldability-CbﬁmittEE of the American Welding

iLaboratory“wére-aiso%yery,helpful when'lérger_testing;equipmentWas

needed.
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ABSTRACT

,ﬂ,_ \X

,Thfée_StQEIS in two, heat treated co?dltlons,Wére.eValuated to

determine the effect of'seCticn th

transition temperature. In add”tlon to the convent10nal transition
- .

'temperature-plots, the thlckness effect was also studled by utlllzlng

3

two emperical parameters-of'thiCRnessa By using these, stralght 11ne

relatlonshlps were obtalned and a p0531ble extrapolatlon to 1nf1n1te

,|th1ckness tran51t10n temperature ‘was suggested

A further study was conducted. to determlne the effect of varylng the

amount of crack starter weld material on the NDT in the drop weight

test. - In.conjunctioﬁ7withuthis, the‘lcadenecessary-to cause failure
f conj { H @s ne 7 LC

~

in drop weight specimens tested in slow bending WEre also observed.

P
R -

The: drop weight tests, ‘run o6n four weld conflguratlons Showed no

“variation of NDT’with'Varying-amountsiof'Crack:starter material. 1In

slow bending the loads showed a Sllght decrease for spec1mens with

two weld beads, but the drop was not 31gn1f1cant enough to: indicate




INTRODUCTION
" : X | = K A ® .. : ‘ ' s &
e | ﬁ o - L N
Briffle'fracturéfﬁnflargE,.fabricatengteelfstructures has been a

major problem for a long time. This problem was recognized prior to
World War TI, and several investigators did some preliminary work in

- trying to explain~the.phenomehon (1, 2, 3). Dﬁfing WorleWar.Ii ;hé:‘

brittle.féiLure;Oflfhe-LiBepty Ship§;cau3edfmuch;conc&rn both here

- cause and a solution to brittle fracture (4, 5).

Out of .all the work that has been doneé in this area in the last two

decades, tWO‘majOt.faCtOrszhave been'Sh0Wn?t0 be significant to

brittle fracture in large steel structures: 1) a metallurgical

effect, and 2) a geometric or size effect.

: e - S \)
'Withftheﬁpresent’emphasis onbuilding%larger,Structuregfmﬁ;avief

loads are encountered and, hence, heavier section steel plates are

required. Inherent in these thiCket_plates;are_metaliﬁrgical:effééts
“ ; i | a,Lurs g _

Which'arefnqt‘found-in'thinnef plates.  Bg¢ause of;the.higher finishing

temperature after’hot,rqilingjand~sléwer”cqeling~ratesaoffthesé;playésj

coarser grain sizes and more massive ferrite is formed. . In addition

to these factors, thicker plates undergo“less reduction in rolling,

and this results in a decrease in homogeneity. _Allpofz;hégabOVe

factors decrease the toughness of steel plates. Heat treatment of

P

N
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. these plates, which sometimes proves beneficial, is'also’hiu&ered by
the slower cooling rates. ItfiS'possible by lowerlng the carbon -

content and by adding benéf1c1al alloylng elements to mfnimize these

~—

effects. Itjmﬁst be.pointed out-thatrany.benefits achievedfby~these

Ny

methods are offset by an 1ncrease in manufacturlng costs. ~ These

..Q,

‘,effects of metallurgy on br1ttle fracture have - been extensively

~ studied, and the llterature contains a large volume of data on thlS )

',subJect (6 7 8)

:Itfhas,Iong_beenﬁkn0wn:that under identical test conditions-a thick
, | NS . - |

plate will show a greatwr-gegdé
thin plate. 'ThiS.dimenSiﬂnal"éSPEGt-Ofiplate thickness is associated -
. with the triaxial State of stress. .In a pﬁlate‘: under a triaxial state
of stress, théhStreSS'invthelfh{ﬁkﬁéséidirection,must'fallto:zero at
'the~tw0'freesurfaces.f'Bééause70fthé;surfacé'effect, the maximum'
degree of triaxiali ty that can be attalned will be greater the

greater the plate thickness. As this stress rises, the constraint

on plastic flow also rises and, hence, there is-a greater tendency
for brittle fracture,
- K

" The ratelat;wﬁich,the;triaxialistress rises with plate%thickness.ls*

e P

not CbnStanff,?On reachiﬁg a,given~p1ate:thickness,‘dependiug'on,the

teStTmethod and'steel,mthis4rate decreases andmeventaully goes. to zero.

This méans .that for a given set of ‘conditions there exists a plate

'thi@knegs,Which will behave as'though it-Wereﬁdn’infinitely thiék,

plate. Hence, for a plate of this thiCknéSSﬁ or thicker, the

-_transitionutéﬁperature should be.essentially-indEPen&ent of thickness.

né&;towardfbrittle:fgégture than a- 7 -
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Parker (9),’in_hisvwork on wide plates, indicated that this leveling

-y

off occurs at a plate th1ckness of one inch. for plates tested in
tension. T1pper (lO),_1n ‘her work on notched ten51le bars found no

ileVeling:Off-whenwgo;ngmup:to.4fin6h platés.-'Epstein (8), in

\reportingfdata”eollectEd'from Bagsar-tests- found a ‘marked rise in

transition temperature in g01ng from 3/4 1nch to 2 inch plates, but

then only a sllght rise was reported found between the 2 inch and 4

B . ) v‘ &
1nch plates.“ Agnew and Stout (ll) in théir work on the inter-
jrelatiqnships'between the dimensions of.bend‘speeimens, concluded

.o

o1 other geometrlcal varlables. Essentlally, they suggested that th

&y

effect of thlckness cannot be determlned unless the other dlmen81of§
in the;grossfseCtion be large enough so as-togapﬁgaS;thoughyit~were

infinite. » - o

x

In more recent work, Roper and Stout (12) have shown. with the usé of

"

the van der Veen test, Bagsar test, and drop we1ght test, that by

| 1ncreas1ng the;plate thieknessxfrom l/2rineh'to.Z'iﬁéhes,theﬁtranSitfonf
temperature will rise markedly, but above 2 inches the thickness has
/. . ' o ¢ . N

o P

-

'Very‘littlenefﬁeet on'the;tranSition‘temperaturefw,They:alSOQGOHfirmed

‘the“earliérhWOrk'of Agnew andistout_ show1ng that the thlckness effect

B

was; dependent on the other cross sectional d1menS1on.

TSN

In this investigation, it was dQCided7t0fuse the van der Veen test in
' o " . - S SV

testing plate thioknesses.up to 4 .inches. -To insure that the tFickness
effect was being observed, all test dimensions but plate thicknesses ;
were held constant. Also,'tozpreventgmetallurgical effects from

'masking,any size effects, all plate thicknesses, of a given steel,"

SRE 2 , i
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were heat treated to constant microstructure. 1In addition to this, the
effect of strength level én»transition-temperature~was observed byl

* e

using two different heat treatments on each steel. - “

‘&\

An additional study was undertaken to determine the effect of the

_ quantity of crack starting weld metal on the NDT in the drop weight

test. For thisfstu@zg»oneqinchgplatesuwith giffering'weld éonfigura:_

tions were studied. Furfﬁéthests,Weré?rungoﬁ:thépsame cdﬁfigqratioﬂsi
to7determine-the'loads-;eqqifedt0~¢ausewfailure«inétati¢ tests. It

was'hoped~£hatmtheidata‘thainedkromnthese tests éou1d bg compared to
.d;a'.ta‘ from the van der: Veen tests éh-r_ngh ‘the use of fracture meéhanics :

2
it = —
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’EXPERIMENTAL:PROCEDURE%ﬂ .

iSteels Used

———For the 1nvestigation of the” effect'of séction th1ckness“and strength
| level on transition temperature three steels. each‘in threéfthick¥

nesses,,Were'used~' Steel A517 grade F was used ia 1/2, l anddéﬂinCh
'thicknesses ‘A537 was used in l 2, andug 1nch:thicknesses;and.ABS:
classipgwas.used in.3/4ifnch,"Spiitnfromfifl/Z inch_plate,-l+1[2,..:°\
Jand 3\inCh;€hickneéses, iThe‘éHEMicgl Compositionsofthese steels
appear in : Table 1. 1t should be | noted that ‘the laboratory heat
treatments imposed;onithese steelstaused them to depart fromfgrade

| Specifications, A more detalled descrlptlon of these heat: treatments

appears in the next sectlon.

The drop Welght and slow bend tests- were conducted ognpormallzed A537.

This steel was tested in full th1ckd¥ss one 1nch plates.x The composi-

‘tion of thlS steel is the ‘same as g?ven in Table i

Heat Treatmentri»

Y

In order to study the effect of sectlon thlckness alone on tran51t10n ‘
temperature 1t was. necessary to hold_the metallurglcal strueture as

. . ’g - ‘
nearly constant as poss1ble in the three thlcknesses. iTo study the

effect of strength level’on transition temperature, the steels were

subJected to two different heat treatments such that two 51gn1f1cant1y

‘,dlfferent strength levels were obtained.’
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. -Because Qf'the physical size'of the Sfahd 4‘1nch platesv it was
decided to heat treat 1nd1v1dua1 spec1mens ra;her than larger plates.

To 1nsure constant heatlng and coollng rates in the furnace used, an

equal welght of steel ‘was put 1n;the furnace each time. In-addition

“”*to:this. thermocouples were put in the furnace at several locatlons

and these were perlodlcally checked to insure an even.temperature in

matched as closely as possible for ‘each heat.

gv

;Thé-lbWer'strength.leVel-Wasidhtainedfby"using a full anneal on all
. A SEHEE , : . _
~ specimens.  This heat treatment was done in a large circulating air
N ' ‘ .

furnace. The~specimens,Were;putﬂinxa cddlifonace, he&téd tc
htemberaturéswheld'f0r¢oneﬁh0ur“pér inch ofhplate'thickness,‘and.then
fgrﬁace:CQQ;ed.:-A~Summary'qf the conditinHS-of this heat tréatment
'appearsiianagle 2, Because;all'piate.thicknesses?Wére~ccoled in.
this: manner, they had identical cooling rates.
The higher strength level was: ob tained by spray .qu-enchi'n‘gj the
Q.Specimens; In this heat treatment, choiing;rates had~F°‘be;mat¢hed'
to get a‘eonstantumicrostruCture in-the.thfee7thicknesses;’ To do )
T:ESis the thicRest=snecimen of:eachfsteel was spray.quenchethith'a”.
water deTivery:ratEQOfQ;3 cuhic”inches of water_ner sQuare inch of

- surface per side per second. The coollng ragg umlch th1s produced

uthen had to be matched in the two ‘thinner thlcknesses.

To measure the cqoling-rate,.a=thermocouple, in,a.éeramicaprqtection

tube, was‘insertedrin&a.drilled?hole’downfthe 1ength-ofﬁthe{specimenf |

t@ﬁits'center.',This thermocouple was connected to an .automatic

)




-recording potentiometer. In this way it was possible to record the-

‘rate curves were run in duplicate.

-4

‘half temperature time Cleing'rate’during.qﬁenching, All cooling"

v

A | . ?
Once-the cooling rate was established for the thickest specimen, it -
“Wasithen neeeesary-td‘mateh this cooling rate-in”thercenter of the
Lthiﬁne;speﬁimé; ..Jhes—wes—aeeempiishe&—by*aﬂjﬁsfiﬁé thé nozzle
;31ze‘ﬁhd water pressure for quenching to get the desired coollng
‘pate.n?%hereSultS~oftheseheattreatments.are eummarized.inj"
Table 3. o
fTo determlne ‘how effectrve theselheatntreatments were 1n prodﬁc1ng
a constant mlcrostructure photomlcrograﬁhs wete prepared as shown |
in Flgures 2 thré&gh.4 -In addition,'mechaniﬁal properties and ‘
fhardness traversei wemeudetermlned end these appear 1n Table’4
;and Figure 5 Are5peet1velyt
The vaﬁudér Veeﬁ test is a,SibW bend,tESt:on”agnotChed;Beamtype
} ?tegt.eeﬁpoh. Figure 6 showsth% dimenSipns an&.orientatioﬁ.qf~tﬁe
specimen. | o .
All“spec1mens were sawcut prev1ous to heat treatment, and all longl—'
tudlnal sawcuts wete-at least one inch from e.flémecut surface. The
loegltudinal dimension (9.5 inches) of tPe specimen was paralleljtg )

thickness. The height of 2.75 inches was thewsameefer;all specimens.

During all spray quenching_opefations, the two séWcut surfaceS“were

/

@ . T




1nsured a mote uniform cool1ng rate across the th1ckness d1mens1on.

After heat treatment the spec1mens were w1re brushed and then notched

prior to tﬁstlng;

’ThemspecimenS*WefErnotched by Bressing.autool steel die into the specimen.

The?noteh:was 118 1nches (3mm) deep, had-an.includedfangle?of*459,'and
I ) . o by

terminated in a O 0015 inch radlus.r,Thls notch ‘was. located—omeHE“Uf‘

the  sawcut surfaces at m1dspan and traversed the entire thlckness

»

-dimen51on‘of;the:spec1men, Because of this geometry, the.notchvwasr

perpendicular to the plate surface and the resultlng crack propagatedhi

parallel to the plate’ surfaces.

- E LS RS °
\ . S . = L. -
< \g e : .
Y .

A wvan" der Veen series con31sted of fifteen spec1mens of 1dent1cal

-d1men81ons tested over a temperature ranée .such that completely ductllei
(shear)kto -completely br1ttle (cleavage) fractures were obtalned }A:
tyPiCalztraHSitionliS:Shbﬁn.ih Figure 7. fﬁeispecimens,Were cOQIed_
tOrfhefdeSired temperatufe’by*immersing,them in an'ethyl alecohol bath

in wh1ch the temperature was controlled by dry ice additions. The -

spec1mens were held at temperature for a suff1c1ent time to produce

a constant'temperature,throughoutj

For testing, the specimen was removed from the bath, centered on the

testing Jlg, and- the load applied at the rate of one inch per m1nute

Cross head travel in a unlversal testlng machlne. It took approx1mately

mé%ﬂ;_l_llll_llllQlseconds_tombeg;nwtestlng affer~therspec1men*had'been.removed from

&'-P.,

Lthe bath Flgure 8 shows a spec1men ready torbe-tested- Durlng

:“ testlng, the deflectlon was recorded by means of an Ames dial gauge

load werepalSO'recorded@

4

.whlchwmeasured cross‘head'separationg_”Theﬁmaximumfload:and the’breaking




u .
Afte testlng the spec1mens were 1nspected to determlne the amount of

the shear occurrlng in the fracture and the deformation before fracture.g

4

The Crlterla-Wh;Ch'were~selectEd»to-establiSh-transition;temperatures=. :

” Were.50%*shear (fracture~appearance)-and 2% latéral contractlon

(dugtility); The 50/ shear cr1ter1a was obtalned by measurlng the
length of the ductlle (shear) fracture below the root of the notch,

and this was recorded as a percent of Eh total-:eightr ?The,lateral
. j ' cofitraction was obtained by measurlng the 1dth of the spec1mem at the

root of the notch, both before and after testlng

Charpy Tests
&

In addition to:the photomicrographs, mechanicaljproperﬁdes_yand hardd%ss ’

surveys, a. Charpy V-notch series was run on each plate thlckness and

.heat treatment used 1n the van der Veen tests. iTheLpurpose of "‘these
e | Atests was twofold .Flrst they proulded another crlterla by which' the -
unlformlty of the heatrtreatnents could be evaluated. Second, these
testsrwaId-prOVidee means for making first order corrections to
ivarlatlons 1n van der Veen resultsflntroduced by metallurglcal non-....
un1form1ty in-the plates. Thls,lastastatement“willhbe'explained'in:

,more.detail.in,a-latér_section,

All Charpy.Specimensﬂwerezcutvfromﬁthe quarter‘platelthickness

‘ k '»‘ ’ .
position and were parallel to the rolllng direction. The notch was

_ - —eut perpendicuiar"to”the plate surface. A Charpy”series consisted of
fifteen specimens tested over a temperature range to y1e1d data £or

both fracture appearance and duct111ty cr1ter1a. | . e

10
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“—““‘“““*"————_Ihewweld*‘fadeas—f}flﬁ——inch”ﬂurex“Hard‘ex*ﬂ covered electrode which “*“”*‘*’ e —

‘Dfop Weight Test (14) | | T

_drbp“weightéSpeéimen. | '” . f

and 1/8 inch deep, located in_ the center of the plate., The third‘”

The standard drop welght spec1men is a beam type test coupon which = .
has a brlttle weld bead depos1ted parallel. to the length ‘the weld

ibead is superf1c1ally notched for testlng Figpre 9 shows a standard*

{ :

The specimenslfor~these tests Were.sawcutfwith;theflongitudinglgaxig

\péﬁallel_to'thedrolling direction, and all sawcuts were at least one

Lo

inch from a flamecut edge. The thickness of the specimens corresponded

tO:the‘OHETinChgplate'thickness.and'theHWidth;was§3—l/2 inches. .

These tests'were_copdueted'on.threewﬂifferEhf weld?gonfiguratidns~
Th?.configuratiohs_differedﬁin.the=amountﬁOf‘Weld-mEEQdeEPOSitéd
- | S, . ;'. Y o £ T oy i
to act as a crackvstarter; The flrSt<SE£1ES,COnSLSted of,platEBleth

two ﬁeld beads, side'by side, located in the center of the plate.

The second sefles cons1sted of plates with two weld beads one ‘on

‘top'of theﬂothera laid im a channel 3 inches long, 1/2 inch w1de

series C0351Stedgof.four:we;d beads, two w1de and two deep, la1d in

a channel,3ginChes'long5'2/8 incﬁeS‘Wldé, and l/8 inch deep, located

in the center of the plate. Figure 10 shows-the cross sections of

these drop weight specimens,

A

All of the specimernis were weidedfunder*the same set of conditions.

was welded at l70(amps 22 volts and 11;25 ipm travel fShbSeqﬁent |

.,weld passes were not dep051ted untll the plate had cooled back to

7

roomitempératurex These-conditiOHS were sufficient tO'Peruﬂe?a

~ . . . i




‘After welding each spec1men had a notch cut in the weld bead at center

TThe.drop;Wéight*SerieS‘coﬁSiSte& of}five to ten identicalLSpecimensfh

specimen is one which is deflécted 0.3 inch, the weld bead is Cféckéd,

-hardness.of'Rockwell C 38 towdo in_theﬁweld.beadVWhichnwae:necessary to

initiate a brittle fracture. . | ; - | |

-

span. The notch was cut with a standard Charpy V-notch cutter so that

'the bottomwof-the*nOtch-WaS O/O inch above the surface of the plate.

The notch 1n1t1ates a brittle crack which either blunts out or propa—f

- s

gates.through the base:plate,_dependinggOn.its temperature.

-

tested over a temperature range to get the nil- ~ductility- tran81t10n

A:temperature (NDT) :The specimens wére cooledfinpan“ethyl_alcohol and';'
dry 1ce bath. The specrmen was removed from.the bath, placed on eupports
12 1nches apart with the notch down _and then 1mpactrloaded by a
:welght dropped on it from a height sufflclent to deflect it 0.3 inch.

- This deflectlon rs controlledzbyﬂmeans of a”stop-WhichpiSrinitialiyh

0.3 inch below the specimen at its midspan.

The test results are based on a Simpleﬂggoenofgo” basis. A:@go"

and the initiated.cra%k_propagateS-to.one or”both'of the-Specimenz

 edges. A "no-go" spec1men i's one which is deflected 0. 3 inch, the

j

'Weld bead is cracked but the 1n1t1ated crack blunts out. 1n the

.p M

base plate-beﬁore_rEaching a'specimen edge,:hThe7test:isninvalid if“

the Weld bend \does n-Q.t CT Ck or if the Speﬁmen dgegwngt——deflECjt fﬁ—'v-f“.*"-"-'“”"---

0.3 inch required. -On?this’basis» the NDT is deflned as the hlghest
temperature at Whlch there is at least® one %go;'specimen,provided

there are duplicate‘"nphgd"'specimens obtained at a temperature IﬁOF;

warmer.

12
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Slow Bend Test

rtests. In these tests only the load requlred for fallure was:

Slow bend tests were coﬁduCted, in dupfieatE, on specimens which

weré;identical to thegdrop weight specimens. * In addition , -tests

were run on spec1mens with a 31ngle weld bead and w1th three weld

”&“beads gide by 31de.' A specimen, without 3 weld bead was also tested

to- determlne the yleldlng load for a specimen tested in this manner.

UThese tests were conducted at two de51gnated temperatures ~959F,  and

}-lSOOF., selected because they should be far enough below the NDT

of the steel to give. completely brittle fallures. These spec1mens

were tested by the same technlque as that used for the van der Veen

-

i3
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A
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“As anaexampie of the ‘method used for adjustingivanu&et4Meen'temperatures,

The three steels were evaluated by the van der Veen test in the B

dlfflcult to press acceptable‘ﬂthheS into'it; and very high- loads
TN \\‘

'wefe required to~causeafailure- Therefore it ‘was dec1ded to omit

testing this materlal rather than to Jeopardlze the testlng equipment.

_The results of the van der Veen anH Chaypy tests are glven in Table 3.

et et S L L

W B

Typ1cal tran51t10n curves for these tests. appear in Figures 11 and 12.

'fThe values recorded for the adJusted van der ‘Veen transition temperature

were ‘obtained in the follow1ng manner. N e

If all thicknesses;forwa given steel did, in fact, have a constant

microstructure, the Charpy results for these plates would be identical.

 Since the transitiOH'ﬁﬁmperatureS'were~not fdentiéal it was assumed

that the dlfference was due to a metallurglcal effect since the Charpy

a .
R \

test is -a constant dimension test.

'E’r

take the_annealedﬂA537QSteel.' In applylng the correctlon the thickest

~plate in the series was taken as the base 50 that 1ts result was not.

altered The correctlon applled was ‘the average dev1at10n of the 20

;mll and: 50% shear Charpy values.




Inspection of the one and 4 inch Charpy,resultstSHOWS ﬁhat they'até

. . . s : l '

identical within experimental error. Therefore, no correction was

applied to the one inch annealed A537 van der Veen result. Frbﬁf?“

”«Ccmparisdnfof'thé_2 and54 IhChJCharpy results, it is seen that for

both théwZ@tmil'andf5OZ sh§ar'tranéition temperatures the 4 inch

v .

plate=ex5151ts aflewer'trgnsitiontempefaturebyZSOF;'yberefore,'
it can bé s5&d that due to,metéllurgical effééfS’thé«4”inch plate
Will-exhibit.abettertfansition-temperagyre:than fhegQ'inchlpiateﬁ
$Qvgqmpensa§e for thié ZSQ?T;WaS:SubtractEd:from.tﬁe.2 inch annealed
.A537-Van der‘Veen result to give an adjﬁéted transitiongﬁemperatufe

of +409F, An'adjustmént faétgr;was applied wherever;jjStified,by_

£

the.Charpy results. .

o o The results of the drop welght tests appear in Table 67 The NDT for

the standard one inch A537 specimen was aﬁailable from Roper and Stout

-,

(13), who conducted a series of tests on the same heat. The results

of the slowaend:tests.Qnstﬁe'drqp<weight-spEEimens;appéarﬂin‘mable 7.

v (‘ 4
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zThe adJusted values from tne van der Veen tests were plotted and appear
in Figure- 12 It should be mentloned here that except for the 2 inch

annealed and spray quenched A537 omitting these correctlons would not

alter significantly the resulting conclusions.

It can be seen that;in_all-cases:theieffeotfof'increasing;platé>thiﬁk;V;

ness'is to;raise_theﬁtransftion-temperaturev In addition tovthis the

4

A w~*effect ~of plate thlckness tends to level off 1n the A537 above 2 1nches

PVERE SN

YR "l e,

h in the ABS class C above ﬂ—l/Z 1nches and in the A517 grade F above

one 1nch These results, then, agree*with~the,data,diSCussed earlier
"in.the‘text. "The_publiShed_data,indicate thatvchanges'ln thickness
below omne inch exert a strong influence on transition tempe rature,

‘while above 2“inches'in'thiCkness;the-éffeCtﬁofithicknesSiiS'moderate,

Inspection of the curves in Flgure 12 would suggest that a bett%r
e e 5 o

'?parameter mlght be used to express the plate thlckness. -From the shape
?of;these curves it would_seem;that,a_Pdwer funotiOn,mayfhe:apprOpriate;
SéVEfal parameters were tried and it was found that this behavior

could be better descrlbed if the plate thlckness were: expressed as a

b

(R D

”rQC1procal_square,root»Or»as a 1ogarithmic function. If ‘this is done

| for both the data from the llterature and the data obtalned from th1s

71nvest1gat10n plots such as Flgures 13 and 14 are. obtalned




:inSPectiOﬁrOI?thE éﬁrﬁes Shoﬁérthalia reasonably linear felation is-
obta;ned-fbr b9thyParéméters-for a variety of Stéels”bnd testinglmEthodSa
'Th181WOuid.indiCaté, for the reciprocal sgﬁarerOOtplot,‘thatxit méy
bé1possiblé”té extrapolate tﬁe-curVES:tOT;erdg ice.) infinipe*thick;e955
and obtain the-tfangition.temperature.fcf‘aninfinitelytﬁick.pxaté

- of the givéh steei-gﬁd testingaconditionsyfiénE@mpafing't£E'slépes in
Figure 13ito,§bbﬁé.iﬁ Figﬁrezl4,.itais séeﬁ that each't§3ting.method“

; ﬂ‘seems to give a.Characteristié slope. Tt is suggested here that this
slbpe.mayszPEHd oﬁ tﬁé'acuityzdf:notch andﬂtestinggﬁe%hod use&: If
this is'true, it would then be possible to correlate transition
'tﬁmpﬁratureS'Based on teétmethoaiandgnot¢h acuitys .BEfgre'apy%sucha'

| compérisoné can be méde,-however, more‘wqu,would;havg to be done in

L v : v 4o
this area.

; L RN lelrwie el e - LR .z A, - BN C - N PRI ML L o M PR PRI B LTI ce e A e

From the results obtained it is impossible to draw .any conclusions
concerning the effects of strength level on the transition temperature.
' The ABS class C results indicate that the stronger spray quenched plate
ekhibitsfagmpchAbettex.trénsition temperature than the annealed plates.
transition temperature over the spray quenched material.

4

fqup‘Weight Testﬂ’

From Table 6 it can be seenthat varying the amount of crack starter

material did not change the NDT of.the steel. The 10°F. difference

between the single weld bead and multiple béad specimens is within

@

thé,agceptable,scattef.Band.

U'It,i§ ﬁot.surprisingrto:findfthat the NDT did not change,with¢varying

- amounts of crack starter material. In all cases the width of the crack.

17




staftervzone.waSoonIypincfEasedfby-one weld bead. This would not

| Seriouaiy Changéztﬁé:rafiofof weld bead width to plate:widthfbr the

‘distance that thé initiated crack has to propagate to a specimen edge:

~ - 7There£0r¢; thiS~smallﬁincreaSe,in crack starter width should not .

alter the test results appreciabiy} |

The results in Table 7 indicate that the loads causing failure in the

R . ) _ R : - *"U‘ . o ‘ .
slow bend. drop weight speciméns did not change appreciably with. volume

~;qf‘the.crackAstartingweldmétal. ;orfthe IWO’weld:be;JS:siAE'by
:sidg+;hE,lQad:fellidfo81ight1y, but not enough to indicate any major
:differenceé; The speciméns'with,thr¢e~or four weld beads had fréCture
surfaces vhich vere considerably rougher thar' the other conf igurations,
S iiﬁdie&tingftha£~these were sligﬁtly highef.enérgy ffaCtureé.AThisﬁﬁéy”

~ 'be attributed to the annealing and dilution effects that the additional

weld passes+had on the prEViouslyllaid~we1d"beadsn

- In essence, the results of the tests on crack starter volume were

o

1 . -
Mmmwmmlmmelmﬁtﬂ" AT RNTION ey moyeaere - o3
-

 neg@tive;iiIt*wasfhoped thaﬁlthe efféét'of flow size could be demon—
‘stratqg~atftempetatures below the’NDT; but all failures occtirred close
to the load required to produce yielding. iApparently'mﬁéhflower |
temperaturesbwould:beiheeded,qr cracklike‘fiows raihér~than brittle

weld metal should be used to initiate the fracture.

18
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| def1n1te increase in tran31t10n temperature with 1ncrea51ng

‘ABS class C, and after l 1nch in- the A517 grade F

mjor a logarlthmlc functlon,mstralght line plots- are'obtained for

level bnﬁtransiticn"temperature.

~material.

The loads requlred to cause fallure 1n the slow bend drop'welght

CONCLUSIONS .

AIlﬂthrEefstEEISg ifn the two heat treated COnditions~shdwed’a

s 7

-plate thickness.

This increase in tran51t10n temperature ‘was contlnuous but.ﬁended
to level off after 2 1nches in the A537, after l 1/2 1nches in the

°

When the thlckness parameter is expressed as a rec1procal power

The NDT is-nqt;chénged?by'varyingthe:amount of crack starter

spec1mens are not 81gn1f1cantly changed by varylng ‘the amount of

crack starter materlal

19 -
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| Thicknessl

o 1-1/2"

gn

A537

- Thickness
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. TABLE 1

|ro

W

Lev

.78 012

.82 .- 010

.027 . ‘ .21

l'ﬁ'w
VAL

4

«19  1.23

A517 Grade F

C M

. 014
.018 -

. 014 -

029+ .19 .19

22

.12

- 012

© .10 0,025

e




| _TABLE. 2 -‘
. INFORMATION ON ‘THE ANNEALING OF TEST SP‘ECIMENS L *
y
| - a 'AustenitiZing 4;Time At  Half Temperature
Steel Thickness' Temperagpre - Temperature Time Cooling Rate
ABS.Class C ‘ 3/4" 16750F 45 minufés | .080°F/sec.
1-1/2"  1675°F 90 minutes  .0800F/sec.
3" 16759F ° ;180wmiﬁutes, ffOBQQF/seQw
A537 . 1" 1700°F 60 minutes  .080°F/sec.
2" . 17000F 120 minutes  .080°F/sec.
AR ."'1’7-0.0'0_1?: | 180 mi"n'gft;e}s, .0809F/sec.
A517 Grade F 2t 1'7-0'0'0F~ 30 minutes .080°F/ sec.
170097 60 minutes  .080°F/sec.
2" . 17000F 120 mlnutes .0800F/sec.
. N
Y.

~VPVECVRY. - DI PRSI Sy
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Steel

Plate

TABLE 3

———

VARIOUS PLATE THICKNESSES

Orifice

Water

Pressure

Delivery

~ Rate

 ABS-C -

A517

" Thickness

3/4"

1-1/2"

3
wwi;_wm,”
AL

. l/ 2.!;'?

A1/163
3/16"

15/32"

1/16"

15/32"

‘lf8n
3/16"

l5/32"4

Diameter

- 15 psi.

: 36 §31!

18 .psi.

15 psi.
Io'pSit

22 psi.

e T

Aﬁsgal./ﬁin,“*
1.0 gal./min.

46 galr/min' .

| | , . 2
'INFORMATION ON QUEWCHING PROCEDURES FOR THE -

1.5 gal/min.
| 6.0 .gal.f. /mln.

246 gal,]min.

ORI R —

mif.

T4 89F sec.

~Mtd-Thickness

Cooling Réfg
To 1/2 Temp.

7.7°F/éec,
7!3°F%S§9r

%

1.5 gal./min, k,5F/sec.

Ay6oF/SQCQ

10.80F /sec.

11.09F/sec.




. TABLE 4

- IN VAN DER VEEN TESTS

' - -Heat

LIreatmenp

J5Sfeel Type*

o

. ABS-Class C

4537

Annealed

Nl

ii
Spray Quenched
wo "

T '

"Anneaied

ness

Yield

(psi)

MECHANICAL PROPERTIES OF STEELS USED

“ Tensile
Thick- Strength Strength ™
Apsi)

% EL.

3/4"

1-1/2"

3"

3 1" é

l"'

34,200
35,000

. 33,900

47,700

44,300

43,600

.58}860»
58,800
” 59;3dCf
69,200
69,400

65,500

71,800

45

45

45
42

39

39

39

“/68

67

74

78

63

A517-F .

T

Spray Quenched

Annealed

o

4

| ln

i 2;![

4"

1/2"

,:37,390
42,800
55,600
Gb,sod’

55,600

72,240

-72,000:

90, 600

109,700

39

33

34

22

3

63

“ 64

65

65

65

58-5f

48

1" | 78,500 114,400 19

I T "o 2T 82,000 116,100 16 - 51

* Steels do not meet grade specifications with these laboratory
heat treatments. =~ | ’ |
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|

Heat

TABLE 5

Veen

V}Notch“CharpX'
mil - 50% - 507
’ Shear Shear

. - Van der

Vah der

Veen

Adjusted

IT

;asteel.gype*

‘Treatment

ABS Class C Annealed

Ty

L

" Spray Quenched

Y W

3 1n

3"

'»T | __TIT _TT

+650F

i (20 to 0 #60 to 80 + 40OF

-90°F  -35°F - 550

;QSQF .{;ZSQF; - SSQF

~100°F =40 to ~60- 350F

4537

A517-F

35 " ;"x

Annealed

N3

"

treatment}s‘.,

1"

zw

4"

a+i70°F

+850F 4 650F

+60°F + 70°F

+2450F
+180°F +235°F

" #500F  + 250F

+60°F + 500F

+7§aE‘ + 559F

+ZQOPF

ﬁ.+2509F.

+ 1008

+ 350F

+ 400F

- 65°F

- 650F

~ 359F

+ 250F
+ 4OOF
+ 500F
+500F 4 4508\ + 150F

+ 450F

+ 55°F

+250°F

+270°F

- gpecifications With;the&&?Iaboratqprheat,i

----- S i s
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TABLE 6

L:iResults-of the Drop Weight TeStS

Configuration

S;andardTest (15)
Two Weld Beads (side by side)
 defWeld Beads.(aheign téb,of;the gther) 

Four Weld Beadsf(twefwideuandthO deep)

s . - TABLE 7

NDT
’—4OQF
50
,l._sgdf

-50°F -

Configuration

Results of the Slow Bend Tests

Temp. (OF)  Load (Lbs.)

. One Weld Bead
TWO led éeads (S‘ide by Si de)

iwofwel&Beads”(oﬁe'onftop=@f‘ﬁhe other)

Four Weld Beads (two wide;and'tWOddeeP);

Three Weld Beads (side by side)

>
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- 95°9F
- 95OF

~1500F

~150°F

- 95°F

-150°F
| *'950F

.-;1500F

- 959F
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, Yield at 26,400
20,400

21,900
© 20,000

20,000
20,500

-zialsﬂ‘

’ ‘22;890
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