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Bureau of Ships
Navy Department

from

13ATTELLEMEWiORIALIN5TIHJTE

by

R. “i.Bennett, P. J, Bie.ppel,and C. B. Vol.drich

ABSTRACT—-

This report covers work done duringthe pericd Jwie 25, 1947 to

February 1, 19!+8,

A sur~-eywas made of published and unpublished reports to a!>praisethe

various kinds (oftests used to study strength, ductility, and transition tempera--

ttiresof welded joists in structural steels., On the basis of this survey, the

Project Advisory Committee selected the tee-bend test, the longitudinally welded

and transversely nciched bead-bend tests (Kinzei and Lehigh types), and the

transversely welded and transversely notched bead-bend tests (Naval Research

Laboratory high cor.straintand Jackson types). These tests were used in a study

of steels l’Br!land !!C!land to correlate resuits obtained w~th them with results

frm the hatch ccrr,e~tests made at tlheUniversity of California. It was tho,lght

that if cne of these tests were to give the same transition tefflpe]”at.urefOr dr

and C steels that the hatch corner did with these steels, then that test would



be worthy of further study

The studies were

viously exhibited a widely

other tests. Class t6T~0,

-2-

,,
as a possible acceptance

made with project steels

test of steel for sk,ipplate.

Br and C because ti,eypre-

different Deha-,iortn the full-scale hatch ccrner and

5/32- and 3/16-irichdiameter electrodes were used to

make tinesanplcs for the initial tests. The specimens were tested at various

temperature levels to cktermine the transition temperatures by means of tk,e

followir.gcriteria: absorbed erlergy,,,bendangle, iateral contraction and frac-

ture appearance.

The trm.sition temperatures for the Br and C steels showed that all the

tests for both webied and unwelded specimens rated the two steels in the same

qualitative order a? indica,$eG,byti-,ehatch ccrner tests. The variations in the

actual transition?temperatures were influenced by specimen design, welding con-

ditions, md the various methods of evaluat.kg transition temperature. It was

also believed that the orie,tteddiscont,i~..uitiesin the Br steel, caused by large

elongated tori.plexsulphide inclusions, influenced fracture propagation, and hence

the energy absorption, the total bend angle, and the fracture appearance of

sP@o~ens made frolmti*issteel,

INTRODUCTION.— —

This is the first,progress report on Navy Department, ~urqau..of:Ships,

Project SR-100, ‘authorizedby Contract NObs-1+5543,entitled lTEvalga~ionof Im-

proved liaterialsand Met,hodsof Fabrication for .ieldedSteel.bhips~,. ‘

The principal objective of ti,isproject is to evaluate the usefulness

of various rnechaniciltests of small welded steel specimens for ir+dicafiingthe

performance cf large welded structures. Another objer+ti,veis,to study fundamental

tactons contributing”to the performance of such weiriedlaboratory.specimens.
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A survey was made of published and unpublidied reports to appraise the

various kiixis~f tests used to study strength, ductility-,and transition tempera-

tures of.weide~ joints in structural:sieels. A summary

bibliography are included in this report,

This report describes the details of the test

of this survey and a

specimens selected for

use in studying the properties of project steels+:,the welding and testing pro-

cedures u.sed~and resulLs obtained from Lhe initial phases of the experimental

work. Discussions of the influence of design on the transition temperatures of

the specimc.nsand of the criteria,used for determining them are given. Results

from limited test.?of unwelded specimens are

ob~ained from weIded specimens,

MATERIALS.——

Steels——-

TWO semi-killed, as-rolled, medium

included and compared ,;ith ti]ose

carbon ship steels, designated as

Br and C, were used in this phase of the investigation. These steels were sel-

ected for tkiiswork because they previously exhibited differing properties when

us?d in tne full-scale hatch corner and otl,ertests to determine their mechanical

properties. A supply of the two steels, 3/4 inch tl,ick,was received from the

University of Caiiforiuia, The heat histories, mechanical properties, and ci,em.ical

compositions of these steels are as fol.lows:

. ..-. —____

~, The various heats of steel used In th.~
Structure Committee, have been designated
steels”, These include the [Universityof

investigations, sponsored by the Ship
alphabetically and are termed !Iproject
California tests,



— .——

Whrmi.ai Pr&erties (1) (2)
Steel Type Yield Olttiate‘~.~at+ on Red. Hardness

Code of Steel Point, Strength, in21n, , ln81n. , in Area, h

Letter Steel Condition psi psi % % %“~

—— —.——

E’r Semiskilled As rolled

c Semi!ci.llecl As rolled

————
—.. — ———

32,200- 55,600- 1+2-&5..7 32,5-35 58-71 Y3-63
3L+,600 58,600

34,500- 61,500 34.5-42.5 28-31>7 50-63 66-69
37,600 68,500

——. —.— — .
-. ——. ———. -—

Steel.
Code Chemical Composition, %

(1.)

Letter 7’ vi’” S1 P S- cl- -—iY-—-—’— IQ1O Cu & ~n N

Br 0.18 ‘o.73 0.07 0.008 0.00 0.03 0,,05 0.w6 0.07 0.015 0.012 0.005

c o,2L 0.43 0.,05 c.012 0.026 0..03 0,02 0.005 G*O3 0.016 C.003 0.009

—.—- .._. .______________
——— —.,—.——-——.———. —..

(1) Bcodberg, A.,?i+,E. ilavis,J. il.Parker, and U. E. IYoxell, I!Causes of Cleavage Fracture in ship
Plate - Tests of ,~ideNotched Plates”, Jeldins Journal, April 194%

(2) ‘lk,edata for the mechanical properties are the low+st and highest values obtained for each steel.
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Electrodes—. —..

‘Theelect.’odes used throughout this phase of the investigation were

5/’32-and 3\16-.inc!ldiameter Class E6C1O electrodes. The welding schedules used

for the va.riou6tests will te discussed later in tk,isreport,

IWHJARATION CF TEST SPF,CIWNS———.— .— —-

Plate F~aratji on—— ———

Plates 3 inches x 12 inches, were used for the bend specimens having

longi.tucli;,alwelds and transverse notches (Kinzel- and Lehigh-type specimens,

shown by Figures 7.aod 2). They were sawcut rather than flame cut so that no

heat-affected mel:alwould be along t~e edgee of the specimens,

The pLates for the tee-bend test and the bend specimens having a

transverse bead and a transverse notch (Naval Research Laboratory High Constraint

and Jackson-type specimens) were flame cut to the size SkLOWfl in Figuree 3, 5,

~?d 6. The heat-affected metal along the edges of these specimens was removed

by machiaing af~er welding.

‘Me direction of rolling for all specimens was parallel to the lorigi-

tudinal direction of the finished specjmen, as

The plate surfaces were grit klasted

scale~ rust, cr other surface contaminators,,

= prOcedure

shown in the figures,

prior to welding to remove mill

The investigators,who originated the various tests or who have done

considerable recent work with them, were contacbed to obtain the most recei,t

we!..di,ogand testing procedures for the various types of specimens before weliing

was started on any of the test specimens. A summary of the welding condition for

each of the five types of test specimens is give~]in Table 1. Automabic welding

was used for all specj.mensexcept those for the tee-bend test. Autrrmatic welding



has been used in the pa+ by

On the basis et recent work,

obtain better control of the

ill1.specjmens were

-6-

some investigators for making tee-bend specimens.

bowel-er,.mamue.l-arcwelding was reco.mmeridedto

condit~.uns essential to the success of this test,

welded at TOOL temperature (75°F). After welding,

they were set endwise on an asbestos pad and ccoled in air to room tempe~ature.

AU of the specimens were aged for exactly eight.days at room temperature before

testing,, During tuis period~ ‘J)ey were ,machi.nedto the final dimens~Ons f0~

testifig.

Nachin-— ..

After wsldtig, the test specimens were machined to the dimens~ons

shown in Figures 1, 2, 3, 4, 5, and 6,. The sides of the spectiens were finishcd

kY grinding to aid in taking accurate lateral measurements before and after

test,ing. The transverse notches in both tke longitudinally welded and trans-

versely welded bend specimens were made with a flycutter to accurately obtain

the prescribed root radius.

The side :Iotcheson the Naval Research Laboratory-type specime~

(Figure 5) .wzremade by drilling a hole 1,/i6inch in diameter to accurately

index the width of notched weld me:+:l. A l/4-inch milling cutter having an

l/8-inch tooth radius w,?.sthen used to cut in from the side until the drilled

hc7.ewas contacted. The side notches were incorporated to impart higher con-

straint to the transversely welded and notched type of specimen,

In the weldment for the tee-bend test, the vertical leg was flame cut
. .

to size so that it.would fit a standard bending-jig guide. To insure uniformity

for this test, the weldment was sawcut with the crater from one weld increment

and start of the next increment centered in the test specimen, as slmwn in

Figure k. After grinding the specimen to the final width of 1-7/8 inches, which

is a proportionality dimensiofibased on plate thickness, the tension corners were



broken wit!la file aridthe

It was necessary

various temperature levels

-7-

specimen was testiedin

T~~T~(; pfiocjj~u:w
—-..— —..—. ,—-----

th~t condition.

either to heat or to CCO1 the test specinLns to

and to maintain the temperatures d~uringtesting tc

deter.m.inethe temperature at which the specime;m exhibited a transition from

ductile to brittle behavior, Consequently, both the bending jig and the t~.?t

specimen were immersed in an agitated liquid mediwn and.maintained at the desired

temperature for at least 15 minutes before applying the load. A mixture of

alcohol and.dry ice was used for

ranging from,about 80°F to 200°F

sistauce immersion coil.c, Above

350+ flash point, was used with

temperature,

all temperatures below about 80°F. Temperatures

were attained by using water heated with re-

200°F, a water-soluble quenching oil, having

the i.muexsionheaters to attain the desired

The dimer,eior[sof the bending jigs used for testing the various types

of specimens are schematicallyillustrated in Figures 1, 2, 4J 5, and 6.

The width of ca:h specimen was measured with a micrometer. The specimsn

was then placed orithe submerged jig and brought to the desired temperature. Ar

Amsler hydraulic-type t.esting machine, using a loading rate of one inch per

minute free displacement of the movable platen, was used for all of the tcsts.

The load was usually applied until the spectien fractured, but, if the specimen

did not fail, loading was centinued until the load reached a maxtium anclthen

dropped to 6,OOO pounds (2,000 pounds for the i~avalResearch Laboratory specimen),

or mtil the limit of tl:letesting apparatus had been reached.

A l.oad-deflection curve was made (~’igure7) and the maximum load applied

was recorded for each test. The contour of ti,iscurve after reaching maximum
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load, “t”hes.&e of bend at maximum load, and the fracture appearance were used

as the immed.iat,ecriteria f& selecting the temperature at which subsequent

specimens wou?..dbe tested.

Calibration curves were made fOr the variOus tYpes Of sPecime~ tes”~ed

in jigs haiing clifferent”dimensions. The bend angl.sof the testealspecimens

was obtained from tb.ece curves by measuring the displacement of the movable

platen~ ae shown on tl~~ load-d-fIection curvee.

CP.ITERIAUSED FOR evaluating TRANSITION TEMPERATIJRI?——------ -—— .— .—— -— ——,—

The term (transition temperature’!designates the temperature ( or

temperature range).at which the frac+:~rebehavior of the t+at sp.?cimenchanges

from ductile to brittle. This tr?nsitiOQ, in maqY ca$es, Occ~s O~er 9 temPera-

r,urerange.,rather than at a definite temperature and the test results may show

considerc.blescatter. For the more precise determination of the transition

temperature, statistical methods

contow ~ supplemented “bythe use

mathematical solution (deference

however, ie most cp~only used.,

is usually designated as,being:

to determine,the transition-tegpe~aturecuxve

oj the parallelogram method, have provided ~

142, jipp$md:x,C)..we average curye met.,od,

For average cwrves, the transition temperature

(..) ,tl,e,pcint of inflection;.(b) the upper ,or

lower limit of the transition range; (c) the point on the curv~ represented by

half the difference between the upper and lower liqits of.the curve; (d) the

point cn the curve represented by half of the maximum measured value obtained;

or (e) the temperature at which the frac?ure changes from a fibrous ductile to

a bright crystalline (brittle) structure, though it seemed appropriate here to

use a different point.

‘Thetransition.curves in this report represent averages of the slow-

bend test data and show the ccmplet.e transition-temperatureranges obtained for
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welded and unwelded Br and C steel specimens. The !ItransitiontemperatuPel!for

any test,included in.this report is defined as the hishest temperature at which

the first signifioact decrease ( or wid~ discrepancy) odcurred in the measured

property’(absorbed energy, bend angle, lateral cOntra@lOU, etc,){ Consequently,

tl,ispoint is generally located at, or slightly above, the inflection point.

‘Thecriteria used to evaluate tl.echange in behavior of bend-test

specimens,mwiefrom,B:,and C steels are discussed in the following pages.

Absorbed E~erg~—-. —-— .

‘Theamount of er.er~ absorbed by ‘eachspeciuen up to the point of

failure, “orby bending to the”Iimit of the jig, was determined by measuring the

area under the 1oad-d.efl.ectioncurves obtaihed for each specimen during testing.

Schematic diagrams of typical l,oad-deflection curves are shown in Figure 7. The

energy e“bsor’oedby a specimen up to the maximum load included the area uncler the

curve to a deflection indicated by the dimension ‘IIN. ‘T& energy absorbed after

maximum load, which either broke the specimen or bent it to the capacity of the

jig, was determined k,ymeasuring t.!learea under the curve from the point of maxi-

m-unload to the point of failure or where the load dropped to 6,000 pounds

(2,000 pounds for the Naral Researck ““.”Lab:,ratory-typespecimens ), as indicated

by dimension !!N!I.,Tinetotal enerCy, T, was determined by measuring the total

area under the curve, or lsbi!r+ !!N!!.

The shape of the curve aftir maximum load, usually indicated tkje type

of the f~acture surface that resulted, .LOthe slope was relatively fIat, smooth,

and regular, the specimen ufiuallybent to the capacity of the jig and had a

ductil.+type fracture surface. A sharp decline in the curve was usually accoro-

pcnied by varying degrees of brittleness,

The energy-absorptionvalues for the various types of test specti,]kns

‘~erebased on total energy and the energy absorbed after maximum load. The curves
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of the ‘1ener&y absorbed to max:uminload versus temperature!:for the various test

speci.mns !’wlabout the same relative contour as the curves showing total energy

absorbed afiie~lergyabsorbed aIter cmxxmm .
. ‘oad and indicated’similar transition

temperatures fcr the two steels. ‘Thisis +tmwn in Figure 8 fpr the Lehigh

specimen. Other tests showed the same condition to exist, consequently orly the

data for tct.alene.r.gyand energy absorbed ..fl,er.ms.ximumioad are given in this,——-

repor’.

Bend Angle..—. —

Tie deflection of a specimen at maximum load and.at the point’where

failure oc~urr~d, or.at ,themaximum d;flect.ionalloyed by the jig, was measured

from the l?ad deflection curve (~igure‘7). The amount of linear .tl+flection was
,., ,

then converted to bend-angle degrees from calibration curv~s for the given t~pe

of specimen tested and,bending jig used for thwt t~pe specimen.

Laieral Contrac.ticn

The lateral c.ontrac’~ionof the test specimens was obtained by meascring

the width of’the grou.nclspecimens in the test area,wzth a micrometer before and

after bending. The amount of contraction of the specimens, which were tested

at different temperature i.evels,was expressed on a percentage basis to eliminate

any variation that existed between the initial width of the specimens.

The widths of specimens, having a longitudfial weld bead and transverse

notch (Lehigh and Ki~,zelspecimens ), ,~eremeasured at about l/3~ inch below the

root of the notch before testing. After test~~g, the width of the teet specimen

was measured at about the same pcint adjacent to the fracture.

‘Thelateral contraction of specimens exhibiting a brittle- or transition-

typs (part brittle and ~,artductile) fracture was relatively easy to measuro.

The contractionmeasurements for the more ductile specimens, tested above the

transitio~ temperature, were less accurate and more difficult to make because of
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the excessive tearing and unevenness in tl’lefractured surfiiceand edges of the

specimens. Since the need for accuracy is frostessential for specimens tested at

about the transition temperature, it is ev~-dentthat the relative inaccuracy Of

lateral contraction measurements for 100 per cent ductile fractures is of little

importance for a proper ap~aisal of the over-all.test results.

lateral contraction measurements for the Jackson-type specimens were

made in essentiallythe same way as previously mentiOhed.

It is more’difficult to make lateral contraction measurements for the,

tee-bend t~st specimens than for the Kihzel and”Lehigh-type specimens. Measure-

ments of the fi.idthof the specimen were made on both sides of the fracture at

points A and B, and on the unfractured side at a’point C, as shown in Figure 9.

This latter point was determfied by the intersection of a line through the tce

of the fillet parallel to the stem and i line parallel to and about 1/16 inch

below the plane of the joint. The point C, then, was located in the heat-affected

zone where maximum cont~action, without “failure,usually took place, A com-

parison of la~eral contraction measurements at points A, B, and C versus tempera-

ture is shown in Figure 10. These measurements did not show correlation of

sufficient accuracy to warrant further consideration as a criterion for evalu-

ating transition temperature for the tee-bend specimen.

Accurate measurements could not be obtained on the Naval Research

Laboratory-type specimen after testing because the deep-side notches made it

necessary to use special micrometers that were not available at the time the

tests were completed. Consequently, this criterion was not considered for this

test,

Fracture Appearance.—

The results obtained by different people using the fracture o.ppcarance

as a criterion of the ductile to brittle transition of a steel are arbitrary.

Confusion arises from the clifferences in fracture appearance that are probably
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caused by variations in the chamicai composition, mechanical pI>Opat,iG.5,pro-

cessing history of the steel.,a@ tes+.ing‘“’procedures.Empjoy~tlentcf the terms

!!cleavaget!~nu l:~~learufractures ~a,y~ISO t,~rni.sle~dingbecahs; the true mode

of failure cannd always be detected .macr~scepically.

In order to ciarify the use of fracture appearance in this report

as a criterion for det~rmining ductile to brittle tra;lsitionja ductile fracture

Is dcii.nedas being”a progressive f~ilure, aa~c gray in coLor, with a“wood”;”or
,,,:,

cokey appearance. A briktle fra:t”ureis define~ as””an abrupt failure having a
.,,,

‘alight, crystalline-appea~ing sw:face. Typical fractures are illustrated in

Figures :6 and 1.7,

The transit~.on t~,mperatur’eof the tee-bond specimens wa”s”riot“dete“rmined

on the b“asisof”f“%actureappearance, because variations “inthe”fracture charac-
,,,

teristics coo.ldnot be accurately appraised. fipecimenshaving ductile properties,

either deformbd”to thb &aFacity of the testing &quip&nt, or had &complete

failtireas showh in Figures 18’and 19. Brittie fractures obtained at lower

testing temperatures’ihow6d the typical”ciys’ta”lline-appearing “surface, An “inter-

mediate structure that’wcild be repreeeritativeof”the transition”range was not
,,,

apps.r&t,‘”Consequentlyj‘~heappearance of f~actbr~d tee-b&d specimens !~as“not

used as a criterion for &raluating transition temperature,

Erier&f Ratio—. ..—-—

Tnis“’cri’ier~onfor”transition temperature was used only”for the tee-

aPPl~-catiOnfOr @Jaluiting transition temperature will, therefore,

a later section of this iepoit.

RESUIITSAJNDDLSCUSSIONS——..——

The tabulated data obtained from testing the various We,ldedand,,~welded
,. ,,

specimensmade,of Elrand C,steels are contained in Tables ~ through 13, Appendix A.
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tests are compared,in Table
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for welded Br and C steels obtained from the various

2, The data obtained from the five typss of bend

tests are shown by grap!lsin Figures 11 through 15. In these graphs, ~“bsO~bed

energy, bend angle, iateral contraction, and fracture appearance are pl~ttx:d

versus testing temperature,

‘Thedata in Table 2 and

various criteria shows in k’igures

tests rated the two steels in the

tiletrarmition-temperaturecurves baaed on

11 through 15 indicate that all five of the

same onier as the F,atchcorner tests and other

types of tesbs made by diffe~.ent inve@igators; i,e., the Br Ste@.1had a b’)er

transition temperature than the C steel. However, none of the small tests gave

the same transition temperaturerifor the two steels that were obtained from the
,.

hatch corner specimens. In general~ the transition temperature for the Br steel

hatcl,corners was highdr than the average te.mperatln-eshown by the notched

specimens having either a longitudinal or transverse weld bead. For the C steel,

this relation was reversed, so that the transition temperature of the hatch

corners was lower tilanfor the small bend specimens. The tr2nsiti012-tefnperature

curves for the tee-bend tests, however, wert below the transition of the hatcl]

corners for both the Br and C steels. This relationship weal.dbe advantageous

if tk,etee-bend specimens were modified in an attempt to raise their respective

transition te,nperaturesto correspond with tl-,osetgivcnby the hatch corners.

The Reiation~ecirrren Oesato Tr:msition Properties.,—.— .—— —.—. . -—— —..—

The test results and the shape of the transition curves obtained with

the specimens used (r’igures1 through 6) varied with the design of the specimen.

The difference in notch details and welding schedule between the Lehigh and

Kinzel specimens had n.oapparent effect on the scatter of test data nor thtishape

of the transition-temperaturecurve. Th,?curves determined by plottiflgthe

various criteria versus testing temperature showed onl.va small amount of scatter
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and a well defined ductile to brittle tramitj.on. The clifference in the mejsured

values betwee;]the upper and lower knees of the transiticm range was of suf-

ficient.magnitude so that a transition temperature could be ascertaj.nedwith

reasonable accuracy.

The low transition temperaturesof the Lehigh specimens made from 13r:,,,

steel could have been influenced eithe~ b;,the specimen design and/or by the

inhe~ont pr~perties of the steel, Future studies may help t.oclarify this

point.

lb addition to giving well defined transition curves of the steels

tested, the Lehigh-’and iinzel-type test specimens are easy to,weld, machine,

a)ldtest. A further possible advantage of the Kinzel specimen is the extra

depth of weld metal that remains below the root of the.notch. The influence

of this weld metal.on the test results, however, .hgsnot yet been investigated.,

A possible disadvantage of both specimens is that they are purely test spectie~ls

and are not necessarily representative of a welded structure.

The”tee-ber.dtest (Figures 3 and &) is the only test in this series

that employa a specimer.that is’repr~sefita,tiveof typical welded joints used in

ship building and structuralwelding. The specimens are also easily machined

and.tested. These factors, along with the sharply defined transition range de-

termined by measuring the bend angle (Figure 12B) snd absorbed energy (Fi,qureI.lB),

and the small amount of scatter in the .p.lotteddata comprise the chief advan-

tages for this test. The transition temperatures for the Br and C steels are

both lower than the respective hatch come:- transition temperatures by about the

same amount (Table 2). This suggests that a modification of this type of specimen

should be attsmpted to duplicste the hatch corner transition temperat!uws,

The most apparent disadvantage of the tee-bend test is the difficulty

~n adhering to the welding requirements and ttm amount of discard lost after
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machining. Furthermore, the crj.teri.nfor determining the transition tempera-

ture are limited to ~bsorbed-ener~ and bend-angle measurements. The inade-

quacy of lateral contraction and frc.ctureappearance appraisals from these

specj.menswill be discussed later in this report.

The specimen, designed by the Naval Research Laboratory having a

transverse weld bead with a machined notch and also notches cut into the

speci.meaedges to increase the cOnstra.int(Fiwre 5), al.sOprOved tO be a

satisfactory test for determining transition tsmperatuxe. Figures llC and 123

indicate that compl..etetransition data were not obtained with this type speci-

men for the C steel, because adequate tests were not made at higher temperatures.

The transition curves for Br steel, however, show that the bend angle at

maxisnsnload is not significant, Although the plotted data for absorbed energy

and bend angle at maximum load have a limited amount of statter and define a

ductile to britt].etre,nsit~on,,the differences in the amounts of energy and

of bending between the upper and ;lo.werlimits of the curve are considerably

smaller than are shown by other tests. This condition would reduce the sens~-

tivity esseni.ialfor an accurate ratirjgof steels that had properties between

those shown by the Bp and C steels. Although other investigat.orsusf.ngthe

side-notched high-constraint type of bend spec~.menhave made satisfactory

lateral contraction measurements, khis criterion for evaluatin? transition

temperature was not used because of the need for special micrometers that were

not availabie for these measurements. In addition to the disadvantages appar-

ent from the aforementioned discussion the difficulty and cost of mschi.ni,ng

are the most pronounced detriment to,the use of this,specimen. The only

apparent advantage is the relativel.yhigh transition te~perature which obtains

compared with those frem.the other,types of~Specimens.
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The Jackson%t~-pespecimens, havinp a transverse weld bead with a

machined notch (Figure 6), ware made to check the actual influence that side

notches migkt have on transition temperature?,.asshown by the high-constraint

specimen,. Consequently, tests were only made on Br steel. The plotted data

in Figures ilC, 12B, and 13 show s~me scatter and were not satisfactory for

defint,nga transitirm curve. It is.apparent from these plotted data that this

type sp..oimen is the least desirable of the five types of tests used for

evaluating the relative propertj.esof et,eelon the .btmiSof transitiorrtemper-

ature,

Evaluation of the Q~te_ria for Determining-,Transition Temperatures—.

Qbsorbgd Ene~. The proc$dure used to determine the amount of

energy rsq,uiredto prodUce failure in the bend specimens or bend them to “t~le

limit,of the jigs was described on page 9. The transition curves for the Br

and C steels based on absorbed energy are given in Figures llf+,llB, and llC.

A survey of these curves indicates that this criterion sharply defines the

ductile to brf,ttletransition for.all the tests except the Jackson type. The

transition temperatures,~btained by the absorbed-energyaethod compare favor-

ably with the transition temperatures obtained for the steels by other

criteria for a given test (Table 2).

Bend An~le. ‘i’bedegrees,of bendj.ng~f a specimen up to maximum load

and to the point where the specimen broke (or reached the bendiug capacity of

the equipment) were calculated from the deflection shown on the load-deflection

curves, This procedure.is mory fully de$cribed on page :10. The transition

curves for.the,Br and C steels based on bend-angle measurements are given in

Figwes ,12Aand 12B. From these curves, it appears that the,total bend angle

provides a mo?w accurate transition than the bend angle at meximum load, The
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transition temperature for each specific test determined on the basis of total

bend angle compared fa.vorabl.ywith the transition temperature evaluated by

other criteria,

Ijo.teralto~tract-j The measurement of lateral contraction of a,— -

bend-test specimen as a criterion for determining the behavior of steels during

loading to failure was advocated b~ Dr. A. B. ‘Kinzeli.nhis 19/,7Campbell

IViemoriaLLecture. This criteri.o:~was included during thecourse of this inves-

ti.gationas %nother method for evaluating the relative properties of welded

steels.

The procedure used for measuring lateral contraction is described

on page 10, The transiLion curves fcr the Br and C steels based on lateral

contraction measwements are presented in Figure 13.

The results of these tests indicated that the use of lateral contrac-

tion measurements for evaluating transition temperatures is most useful for the

specimeii.she.ving a longitudinal bead and transverse notch, i.e., the Lehigh- or

Kinzel-type specimens. Lateral measurements for these speoimens are easy to

make and are accurate as 1ong as the fra.ctu.resare relatively sharp and the

d,lctilityis relatively low, When the fracture is ductile and very irregular,

5.tis extremely difficult to make an accurate lateral measurement.“Transition.s

from ductile to brittle faihre for the Lehigh and Kinzel tests were well

defined and compared closely,to the transitions of Br steel, as shown by other

criteria, For the C steel, however, the transition temperatures were lower

than shown by the other criteria which are given in Table 2.

Although the lateral contraction measurements were obtained for the

Jackson-ti;petest, they did not clearly define ‘thetransition temperature.

The inadequacy of using contraction for evaluat~.ngthe transition

temperature of tee-bend specimens by meastu’ingthe contraction at the fracture
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is apparent from Figure 10.

On,t;}+ba~is of’the data obtained from these tests$ tbe use of

lateral Coniraction measurements is mast pm.ct,icablefor the Lehigh- and

Kinzel-type specimens.

F?actcre A~arance, ‘!Fra.ct.{~reappearance’!.—-—— .._..— has been used exter,sively

“byISfiyilivestigatcrs for comparing the relo.tivephfiical and “metal,.lfigical

properties of .eteels. The’res~.ts’obtained trythii method depend to a great

extent upoa the interpretation of the fracture made ‘I)yeach person who examines

it. The ;:rocedureused for evaluating the percentage of ductile fracture in

th”is“workwas discussed on page Z?,,

The transition-ternparaturecurves based on frfi.ctureappearance versus

testj.ngtemperature are ‘shown”in Figure 14. The fracture appearance of tine

tee-bend specimens was iiotused as a”criterion for evaluating transition

temperature, The ‘reaiofis“have‘beenpreviously discussed OL?page 12~ The transi-

tion temperatures for Br ,andC“steels on the basis of

essentially tileSEUSGas those shown by other crit’6ria

specimen containing a weld,

fracture appearance are

for a specific test

,., ‘In addition to determining fracture’types empirically, there are

other considerationswhich indicace that a macroexomination of the fracture

might be misleading for ‘evalus.tingthe tra.nsi.tion from”ductile to brittle be-

havi’orof a steel, Other investigators have suggested that,a failure classed

as ns~,earuOr scleavageIIon the basis Or macro,~ppearo.nceis often erroneOus.

Basic studies have indicated thit some iuctibbppearing shear failures have

“deforrsedplastj.calIyalong slip planes,” but terminal fracture has taken place

along a“cleavage plane or in the grain“boundaries.

The most apparent feature of the frnctures for the Br and C steels

for all t.ypcs”of specimens is the difference”j.n‘theappearance of the ductile-
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type fractures which wore obtained from the spocimcns tested at the highest tem-

perature fo: eo.tbser~.es, The B+ skeel.shows a fibrous woody type of ductile

fracture which US,XI].Qterlnilmtedpart wdy ctcrossthe sp~cimon ond then propc.go.ted

along a longitmdi,~alplnnc, as shown in the fractured Kinzel-typs spQeimon, Fig.16,

specimen 22-5, ,As the testing tcmporature was lowered~ the ductile portion of the

fracture gradually decreased, The rem::ininq portions of.the fractures in thmc

C?SCS !.c.da bright crysta.llinoappearance which chnracterizod brittle frzctu-e

at the lowe: testing temperatures.

The d~ctile fr,act>,.rcs.of the C steel specim.ni did not show the ~uoody

fibrous str~cture cho.ractcrizedby the BI steel. Insterrd,failures propagb.ted

across th,ec:ntircspecLr,e~lproduciug a cordtrrdyor dark-appearing rough su.if~.cc~

?.sshorn?”<n Figure 17. Unlcss the approximate transition tcmpcraturc were known,

it was not hcommon to i,.tdrpretthis type of’fracturo as being of n brittle

~atme. Y@n the +,asts wero made at relatively high temporm.tureso.ndoil was

used for the hc~ting medium, the dn.r’koily surface further added to the confusion

of accumtm frrltituzinterprctn.tion.The tra”ns”ition,and Iow-temperature brittle

fracturos appeared about,the s~.mcas those shown’by the corrcspond.ingfrcct,urcs

of Br steel.”

The l.engitudinml.].ywc;ldedand transvcrs~ly notched specimens (Lehigh

cnd Kinzcl type) exhibited an e.llipticcl-o.ppe,tri,r]gfracture pattern .inthe t,rs.nsi-

tion-tumpornture range, as shown in Figures 16 [,.nd17. The dm’k-appearing

structure was considorcd to & .dtictilcciudtbe bright structure was termed lx-ittl~.

It is O.lSOof in.terostto ‘notethat where tho ductile vein rmched the notched

surfnco, there WO.Sa pronoumccd’duc’tiledistortion in the plo.tesurface. Tho

nctucl cause for this s’,ructure appearance hi-mriotbeen definitely detinw,incd.

It is ~ossible, however, that the stress conditions and loading charactcrist,ics,

the outw heat-afi’octedzone of the weld, or the inherent properties”of the stool,

might have been influenci]~g,factors.



-20-,

.,

Figures 18 o.nd19 shim r~proscn$ative fro.cturbs’of tee-bend specimens

made of Br end !;steels3 rcspcctively~and tested at,different”temperature levels.

F~gtire18 illustrates o.’ductile-type fracture in Bf steel +i:c.thas broken part

wny ‘acrossthe spkeimen and’~.hsr,’changcrldf.:ectitiriSo thatthe fractime oontinued

longitcdinfiilyal:inga”segiegcitionor laz’geinclusion; Ffgure 1.9shows that “the

direction o~ ductj.le‘fracture~f ~ steel @+r!eeds s.crosetihethickndss of the

,,
plate,

A factor that creates Fwpicicn m to the,validity:of’this criterion

is shown gr.iphicallyin Figwc 20B6 From a cotnpr.riscmof the tronsition curves

on the basis of fracture appearance .for woldod.and unwelded Ifinzcl-typespecimensJ

it ~ppecrs +.hr,tthe transition occurs at the same ‘temperaturefor both spocimons,

This holds for each steel. The figure also $hcms that a trend exists in which

the trcmsition temperatl~?efor the unwelded spe,cimcnsis higher than for the

weliod specimens. This condition is not co?.xistontwith the curves shown for

the other criteria.

It is apparent from this brief discussion that more fundamcntal undcr-

standing of fractures and their occurrence is essuntial before an accurate

appraisal car,bc smde by t“flismethod on vo.riou,?steels tcstod under varyir,g

conditions. :

Enersy_Ratio. other investigators who hc.veused the :.toe-bondtest found—.-

that a convenient method for rating the performa,noeof .awclrlcdsteCQ.spscirnenis

to compa~e the amount of energy it ,abstirbs,during testing with the amount of

ener~ absorbed by a steel seleeted as a standard (Reference43, Appendix C) .

A medium-carbon’steel standard is usedwhich has a tensile strength close to

60~000 psi and bends to the maximumcapacity of the testing jig without any in-

dication of failure. From tee-bend tests on tnis steel, it has been found that

the standa.r?total energy absorbed for 3/4-inch ple.tehaving a 5/O.6-inchfillet

is 42,7’00inch-pounds. The transition curves for Br anriC steels based on the
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energy-:bsorptio~ ratio cbtai.nsdfrom tee-bend specir,ens,tested at the various

temperature levek and expressed as per cent, are shown jr?F’igurelJ, Ths”con-

tour of theS. curves and the t.ransiti,cntem~eratures inclicatsdby thssr:are tho

same as showr.by the energy-al~sorpzionc.qps ehown in Figure llB. It is “Imssible

that a ratir.g,sy~t.emof this type can be applied to ship steels after a positive

criterion has been established m-d the procedure proven,

dend T sts of “Uri,velded$pecinens-——--.-——x..——,

A series of ‘bendtests was ptde on unwelded speeinens cf Br and C

s,t.e=:1swith a transverse noteh.(Kinzel type, Figure 2), to compare the transition

temperatures of wslded and unwelded plates. The testing procedure used for the

unwelded sp.~imens wes th,esame as for the welded specimens previously described,

The tabuloted data for these tests are given in Tables 12 and 13,’Appendix A.

Figu~es 2(M ard 20E graphically

transition temperature than the

energy, bend angl.e$and laterai

show that the unwelded specimens have a lower

respective welded steels, Also, the abscrbed

contraction measurements on a specimen at a given

testing temperature are higher for the unwelded specimens than for the welded

ones. These results are in line with ~hose obtained by other investigators on

other steels (Reference 131j .4ppendixC).

The transition temperatures for the unwelded Br and C steels on the

basis of fracture appearance are essentially the sameas those shown by the

welded specimens. These.results ~ndicate that fragture appearance might not be

an accurate criterion for comparing the transition properties of welded and

unwelded ~pecimens. Ft@her detailed discussion relating to the subject has been

Presented on page 19Of this report,

kletdlurg&eal Obsenratims—. ~.. _

Microsections were made to determine the direction of rolling for the

Br and C steels and to compare their cleanliness. Fig. 21 gives a typical com-

parison of the size and shape of the inclusions found in the two steels. The
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ie.rgestringers of complex sulphide inclusions silownin the Dr steel were of

s.yfficientmagnitude to produce ma.guafluxindications along the ground edges of

the specimens. The planes of these d:scontir.uities,which are shctm in lZ’ig.21(a),

influenced the propagation of fracture and t,htisthe amount of efiergyabsorption,

ban~ ,angle~e,uc~~ required.tobmalk Em. spcinm. It was observed oq many frac-

tured specimens made of .Br~tee:,.,zha~ t~,e$ra.ytureth?ough the r+otchand into

tinepla~e wou!.dstop abrtipti;~and propagate by ;e.aringalong,the longitudinal

plane of the pi:,.te,as shown by Fig. 16P Specfmen 22-5., ‘ffiebest mnp”:riw~ of

ductiie-type fr,a~turesin Br and C,stee,ls~ased on this h~oth,esis is i.llustrq~ed

by the tee-tend specimenssh:xm in Figures 18 and 19. Wien the specimens y:re

tested beiow the.t;ansitiou temperatweJ this longitudinal tearing was not apparent. ‘

The inclusions in the C stee~ were small, round, and uniformly

distributed in “theotedl, The directional properties of the j.ncl.usiofiswere

so o“bscwe that it was ,difficult.tod:terrninethe rolling direction of the steel,

On the basis of +&ese limited observations, it is possible that :arge
.,,

inclusicm of the type.&. ~he B.rsteel,,probab~yreduce the rate of fractmre

propagation, , ., ,’

It is f~-ther apparent from the :oregoing discussion,that,the inhereni

properties and,,s~ructur~ of,the steel hqe an,influence..on the ,godeOf

fracture.of the specimenand, :he resultiqg appearance,of,th:br?k:n surface,

The macrographs,in Figures,2? and 23 show,the relative dif~erence

betmeen tinesize.of the weld ~ead,and,.the,depth,of tb.e,heat-a~fected zone

that.obtains when the welding.speed IS i,ncrease’dtrw. 6 indm per minute fOr

the Kinzel specimen to 10 inches per minute for the Lehigh specimen. The

depth of notch, cut tran;.versetr the besd$ is also indicated on the photo-

graphs, D;. Stout has shown that with all conditions constant, the tmns ition

‘temperature’of a given steel is raised as the welding speed is increased



(Reference 131.,App&dix C). In thie investigation, the welding speed? notcli

desi~n, and notch dr,pt,hvaried for the Lehigh and Kinzel tqsts. TineKirrzel

. . .
~Pe~lmen Indicated a higher t.r+ansit!on than the Lehigh specimens rega.roll.ess

of the slower welding speed rindmore shallow notch. This iiidicatmdthat the

sharper notch more than offset the effect of the other tiovariables which

tended to lower the transition temperature.

The ph6tograptisfurther show that the Ki:mel specimens have more

weld metal below the root of the notch as WOI.1as a wider heat-affected zone.

The exact infiuence that,this weld metal has on transition temperature has

not been fully d.et,ermined.There is some indication, however, that the weld

metal and heat-affected zone ‘rovec transition temperature

exhibited by the base metal, Further work is contemp?.nted

independent of that

rrlongthese lines.

1.

2.

3.

A survey was made of published and unpublished reports to
appraise the various kinds of tests used to study strength,
d~ctility$ and transition temperatures of welded joints in
structural steel. On the basis of this snrvey, the Project
Advisory Committee selected the’tee-bend test, the longi-
tudinally welded and transverseiy.notched bead-bend tests,
and the,t,ransversely welded and tra,nsverse].ynotched be8.d-
bend tests, l’orstudy and correlation with the hatc!l-cornor
tests inad.eat the University of California,

The transition tcmperaturr+sof welded and unwelded bend
specimens of B rmd C steels tested during tiij.s investigation,
are in the sam~ que.lftativ6order as those indioated by the
full-scale, hatch-corner,.wjcie-platb,‘andnotched-bar tests,
(See Summary Table .2,pa~e 28)c

Bend tests of unwel.uedKinzel-type specimens of Br md C
steel hrrda lower transition temperature than the respective
welded steels. 4.lso,the absorbsd.energy, bend angle, and
latercl contraction at a given testing temperature were higher
for the unwelded ,specimensthan fcm the welded ono,s.
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‘Thereare irxli.cationsthat the metallurgical properties and
stnicture of the steel have an i.nfl.uenceon the mode of
l’ractvrc,the.appsaranco of ‘t@ broken surface~ a@ the
abgo~’’bed-”elfergy;”untibsnd-i.fi~lemeasurements of the specimen.
This ~b~er~ation WpS must apparent when specimeas of Br

stee”lwerd te”ete~iat or abc?& the ti-ansitiontemperatur,o.
In tho Br stoei,.the lsrge st~,ingarsof complex sulphide in-
clusions observed ‘bymicroexaminat~.onwero of sufficient
magnitud~ to produce mo.gnafluxind~..gations along the ground
edges of the specimens,

The different critcriti(absorbed energy, bend angle, lateral
contraction, et:,,)}.,sedfor,evaluating the transition tempera-
tm?s for the Br ai~dC steels mere more practicable for some
bend specimens than others.

a .

b,

c.

Tcta.1absprbe~ energy and tote.1bend angle
cbtained’from load-deflection curves showed
an ~.b.up~g.ndwqll-defin~d transition for z.I.1
speoimeiisexcept the Jackson type.

Ls.ternlcontraction mcmaurer.lentswere most
applicable ~Gothe specimens havjng a lorigi-.
tucliricdweld and transverse notch. (Kinzel
:.ndLehigh typos).

The use of frnctuie appearance as a criterion
for evaluating trs.nsition temperatures is opeu
to question. An understanding and interpreta-
t.:.on”of the mechanics of fracture of a given
type speci.rncmwitlna spccific grade of steel
seem n:cessary.before the fracturo will give
ailaccurate “appraixalof the change fr“omthe. .
ductile to the brittle type of fractwe.

The variat”ioi’,sin the designs,of the five spccimcns influenced
the transition temperatures in cliffcn-entways.

a.

n.

c.

Ti,e data.from the longitudinally welded c.nd
tro.nsverselynotched Kinzel and Lehigh speci.men.s
ond the tee-bend.specimens gave clear-cut tran-
sition curves, .

The transversely welded and trmsverscly notched
Naval Research La.horatoryHigh-Constraint and
Jackson-type specimens showed a small difference
in magnitude of the measured criteria between the
Jpper o.nd10WGY iimits of the tr~nsition range.

The’”side notches’added constraint to the Naval
Research Laboratory specimen which raised the
t?nnsition temperature of the steGl P.hovetb.at
shown by the other specimens,
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FUTUIU3WORK—..-—.-. .

On February 26Y 1948, tho Advisory Committee for Project SR-1OO,

tlE.ioluationof improvod Materials and Ivlethodsof Fabri-Contrcct NObs-455i,?~ ,.

cation for Welded Steel Shipsn, met to review the progress of the work being

conchcted at,Battelle Memorial IrIsiitute. The iriformationcontp.inedin this

:-eport,dqscritilngwork s.uthorizedby the Committee on October 1, 1947, was

presented for tileCmmr.i.ttee[s approwa.1..

A,fberthe current work had been.thoroughly discussed, the,following

program for future work at Battelle Memorial

apprOved by the Advisory Committee,

Item 1..

Item 2.

Item 3,

Il!lodifiedspecimens of”the Lehigh’Or

Institute was discussed and

Kinzel type are to be developed

and tested in wn attempt to cbtain a specimen that will give the

snme transition temperatures for Br and C steels that they show

in the hatch-corner tests. Specimens having a notch deep enough

to eliminate the effect of weld metal s.reto be included in these

tests.

Tension tests arc to be ms.deat various temperatures using a.

specimen similar f.~.design to that developed in Item 1. The

transition curves$ determined for specimens made from Br and

C steels, will hc comparei with the bend test and hatctti.corner

transi.~ioncurves,

A ser~.esef tests on the specimen developed from Item 1 to

determine the relr.tivetransitions of several steels and

different st.csl

as ?C11OWS:

.a(,Steels

conditions. !Chetest conditions are ‘ccbe

to be tested - A, Br, C, Dn, and E.
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to be preheated tG 40&F prior to
Tests to be made on Br and C steels.

to be yosttnex+,ed(stress relieved)
after weldih,q, Tests to be made on

C steel only.

d, Make speaimens us~.ngt~m water..qu,enching
tecilniqueer:ployedby Dr, Eagsar, ‘i’hesotests
are to bo made Gn both.wol,ded.and unwelded
specimens, The type stool will be determined.,
by the investigs.tors,

Item 4. ~., A limited stuty to dettirminct~,orefundamental information

m tne Causesj start,’

concu.rren~,ly with the

,Q.,A sorics of testo

and appearance of fractures will be conducted

foregoing items<.

will ~Jcmade, to d?termino ,thetransition

temperature of tke we?.drLetjfl,

c. Limlt,xltests will be J;,ade

on the spccimcn dcvoloped from

,ngeingeffect is apparent, the

to dotgrrninethe effcC+ of ngelug

Item 1, Unl,ess.so~c pronounced

ageing time of 8 days used for

previous tests will be maintained,

.—— .——-—-—— —.— — —

Data given in this r~port are recorded in Bs.ttelleLaboraticry

Book No. 321+0. .
,,

RWB:PJR:CB-fivm$0S
.7anv.ury25, 1949



TABLE I . WELDING CONDITIONS USED FOR THE BEND TEST SPECIMENS

TYPE TEST

NAVAL JACKSON
RES. LAB. TRANSVERSE

WELO I NG TEE HIGH NOTCHEO
DETA I Ls LEHIGH KINZEL BEND CONSTRAINT BEAO BENO

ELECTRODE CLASS E6010 E6010 E6010 E601O E601 o

ELECTROOE D I AA4ETER. IN. 3/16 3/1 6 5/3 2 3/1 6 3/!6

AVG WELDING CURRENT, IV4ps 175 175 145 175 175

AVG ARC VOLTS 27 27 25 27 27

AVG WELDING SPEED, lN. /Ml N. 10 6 2.8 6 6

LENGTH OF WELD BEAO, IN. 10 4 2.7 6 6

LENGTH OF ELECTRODE PER INCH OF WELO .78 1.4 3.6 1.4 1.4

INITIAL PLATE TEMP, F 75 75 75 75 75

CooL ING MED i w AIR AIR AIR AIR AIR

I

$
I
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TABLE 2. COMPARISON OF* TRANsITIoN TEMPERATURES(l); DE-
GREES F, FOR WELDED BR ANO C STEELS, FROM
VARIOUS TESTS

CRITERION

(A) (B) (c) (D) (E) (F)—
APPEAR.

TYPE ASSORBEO ENERGY BEND ANGLE
OF

ANCE
FIG. MAX. LOAD AT MAX. LATERAL OF

TEST NO. TOTAL TO FA I LURE TOT AL LOAO CONTRACT 10N FRACTURE

LEHIGH
KINZEL
TEE. BENO
NAVAL RES. LAB.

ti~~ORNER( 2)
72*. WIOE PLATE

( INTERNAL NOTCH( 3,

‘~:~~72\E

LEHIGH
KIN2EL
TEE. BENO
NAVAL RES. LA

!HATCH CORNER( ~

72” -WIDE PLATE
( INTERNAL NOTCH)

‘;~&’~a’TE

1 - Zo
2 20

3,4 0
5 30
6 1

40

30

-30

150

1so
Icxl
180?
120

90

15

STEEL BR

-20 -20
20 20

0 0
30 30
1 .10

STEEL C

I 40 150

I 50 150
100 80
180? 180

-30
0
?
1

7

160
140

40
7

-30
20

?
7

110
120

1

-20
20

30
10

150
160

160

? TRANS 1710N TEWERATURE Is NOT APPARENT.
( I ) THE TRANSITION TEMPERATURE AS USEO FOR TESTS I NcLuOEO IN THis REPORT Is OEF lNEO AS

THE HIGHEST TEMPERATURE AT WHICH THE FIRST SIGNIFICANT OECREASE (OR WIOE DISCREPAN-
CY) OCCURREO I N THE MEASUREO PROPERTI ES.

(2) DEGARMO, E. P., AND A. BOOOBERG. “CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE; HATCH
CORNER DESIGN TESTS”, UNIVERSITY OF CALIFORNIA. REPORT No. SSC.16, DECEMBER 4, 1947.

(3) DAVIS. H. E., G.E. TROXELL, E.R. PARKER, A. BOODBERG, ANO M.p. O“BRIEN, “CAUSES OF
CLEAVAGE FRACTURE I N SHIP PLATE: FLAT PLATE TESTS ANO ADOI TI ONAL TESTS m LARGE
TUBES”, UNIVERSITY OF CALIFORNIA, REPORT No. SSC-8, JANUARY 17, 1947.

(4) GENSAMER, M., E.P. KLIER, T.A. PRATER, F.C. WAGNER, J.O. MACK, J.L. FISHER,
“CORRELATION OF LABORATORY TESTS WITH FULL SCALE SHIP PLATE FRACTURE TESTS’,
PENNSYLVANIA STATE COLLEGE, REPORT No. SSC.9, MARCH 19, 1947.
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FIGURE 1. BEND SPECIMEN W$TH LONG, T” C,, NAL

WELD BEAD aND TRANSVERSE NOTCHES

(LEHIGH DES IGNI

k–—- ,“-— -4
,.”.,.. -.,. ,,.,. s,0.$

F, G”RE Z. .9END SPEC, MEN w,TH LO NGITUO, NAL

WELD BEAD ANO TR&NSVERSE NOTCH

[K IN2EL DESIGN)

.,,,,,, SC”,. ”., ,,”,. ,“ ,,.,, ,.

z .,..”,., !.,,,,.,,

F,GUR6 3. WELDING DETAILS FOR TEE-BEND SPE,C IMEN

MADE FROM # PLATE

.,,0,,, SC.,,”w ,,”6” ,, ,,,,, ,.



FIGURE 4. MACHINING AND TEsTING DETAILS
FOR TEE-SEND SPECIMEN

30

~ -—.. ..— ,,_. .___.J

~.+

k---— ,“-—--

F!G”RE 5, BEND SPEUMEN WITH TRANSVERSE NOTCHED
WELD BEAD bND EDGE NOTCHES.
,PWWL RESE&RC.H LA BORATCRY DES!GNI

WELOIN, S.7.,, ”,, ,Ivw ,“ T.,.. b.

l-h

+ — ‘“-+ ‘01’” 0“”’”
.EN,,”o -,,, D! MS NSIONS

FIGURE 6. BEND SPECIMEN WITH TranSVerSe WELD
BEAD AND TRANSVERSE NOTCH
IWLKSON–TYPE SPECIMEN) S,529
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FIGURE 8. TRANSITION-TEMPERATURE CURVES OF LEHIGH-TYPE SPECIMENS

BASED ON ABSORBED ENERGY AS SHOWN BY OIFFERENT PORTIONS

OF THE LOAO-DEFLECTION DIAGRAM. REFER TO FIGURE 7.
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LINE THROUGH
TOE OF FILLET
AND PARALLEL \ r :“ FILLET

TO STEM

A.

B.

c.

FIGURE 9.

TOE OF FRACTURED FILLET

BASE METAL ADJACENT TO
FRACTURED FILLET

UN FRACTURED SIDE

LOCATION OF POINTS FOR LATERAL

CONTRACTION MEASUREMENTS ON

TESTED TEE-BEND SPECIMENS.

❑ ATTELLE MEMORIAL INSTITUTE
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0 -C STEELA -0, STEEL

FIGURE 10. A COMPARISON OF LATERAL CONTRACTION
MEASUREMENTS AT THREE LOCATIONS ON THE
TEE -BENO SPECIMENS, REFER TO FIGURE 9.
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}

}

~::; ENERGY AOSORBED AFTER MAXIMUM LOAD
REFER TO
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FIGURE 8

4_4e TOTAL EN ERGY AOSORBED

FIGURE II B. TRANSITION-TEMPERATURE CURVES FOR

9, ANO C STEELS BASED ON ABSORBED

ENERGY
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TEMPERATURE - DEGREES F.

} 1
~~~~ENERGY AesoR8ED AFTER MAXIMUM LOAO

}

REFER TO
FIGURE 8

:=: ToTAL ENERGY ABSORBED

FIGURE II C. TRANSITION-TEMPERATURE CURVES FOR

B, ANO C STEELS BASEO ON AEISORBEO
ENERGY
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Ductile

Fracture

Specken 22+ 53780
Testing teiqwrature &O F

Treneitlon
Fracture

Brittle

Fracture

FIGUSE 16. FRACTURED KINZEIAWZ SPECIMENS MAD! FRCM Br ST8EL AND
TSSTZD AT VASIOUS lTWFMATURES
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.Specimen23-7 53733
Testing temperature 275 F

Specimen 23-9 5373.4
Testing temperature 120 F

Specimen 23-12 53753
Testing temperature 100 F

Specimen 23-11 53750
Testing temperature 20 F

Ductile

Fracture

Transition

Fracture

Brittle

Fracture

FIGURE 17. FRACTUREDKINZEL-TTFS SFECIMENS MADE FROM C STEEL AND
TFSTSD AT VARIOUS TEMPERATURES
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Specimen 18-4 53759
Testing temperature 150 F

FIG’URE19. ~-BEND SFiIC~ll MME FROM C STEEL
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7-1/2x 5fJn7
(a) B= Steel

7-1/2X 5@18
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FIGURE 22. SECTIONS OF LEHIG&’TYFE SFECIMENS MACE FROM Br AND C STEEIS
SHOWING THE P(ISITIONOF TIE?NOTCH ROOT WITH RESPECT TO TIDS
FUSION ZONE OF THZ WELD
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FIGURE 23. SECTIONS OF KINZEI.-TYFESPECIMENS MADE TRCM Br ANE C STEELS
SHOWING THE ~ITION OF T~ N~CH ROOT WITH ~SPEGT TO T~
FUSION ZONE OF THE WELD
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Qe@ailed T:bdated Data———

Tables 3 through 13 in this Appendix ccntain the tabulated data

from testing various welded and unwelded specimens made of Br and C steels.
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TABLE 3. RESULTS OF SLOW. BENO TESTS OF SPECIMENS MAOE FROM BR
STEEL ANO HAVING A LONG I TUO I NAL WELO BEAO ANO TRANS.+
vERsE NOTcH (LEHIGH OESi GN)

BEND ANGLE ABSORBED ENERGY ‘2) AvERAGE FRACTURE

TEST I NG MAXi MUM CYZGREESAT
SPF.C1MEN TEMP. LOAD. U4X~ SY;:j LB J%%:- , ;Hti%jc:: ‘Y=’

NUMBER F PWNDS LOAD FRACTURE SQ IN. ,- S0 IN.

9-1A
.19

80
80
32

0

15.500
16.300 2S 60
1S,400 32 75
16.900 31 59

31 78

27 65 4.s3
4.14
6.0s
4.1s
5.25

10.lQJ
9,2m

13Aoll
9 ,4C0

!1 ,800
4.200

S.24
8.20

11.17
9.65

!0.57

18.5W 0.138
0.141
0.133
0.137
0.1s2
0.113
0.084
0.04!

5.0
5. I
4.4
4.5
5.3
3.7
2.7

100
foil18:300

26.400
21,700
23 ,SCO
\3.7oo

.2A

.’3B

.3A
E
lW

15
2
2
5

-20 !s.100
18,100
19.500
16,704
18.000
19.7W
15.400

.7A

.6B

.79
.38
.6A
.@
.5A

-20
.30
.30
.40
.40
-50

25
29
13
22
27
7

35 t .s7
o
0

6.06
5.15
2.00
3.74
4.78
1.02

29
12
22
27

7

“o
o

11,600
4.%0
8,400

10.700
2 ,3C0
6,900
3,700
2,200

1.3
2.6
3.0
1.0
I .6

0
0
0

0;076
0.091
0.031
0.0%
0.032
0.02s

-60 IB.300
16,900
16.4C0

19
10

7

19
10

7

0
0
0

0
0
0

3.07
1.64
1.00

.4A

.40
-60
-90

1.0
0.8

0
0

(1)

(2)
(3)
(4)

I F THE 5PEC I MEN DID NOT FAIL. 7H Is MEASUREKNT WAS TAKEN Ar we w t NT ON THE LOAD.DEFLECT I ON CURVE
WHERE THE LDAD HAS DROPPED TO 6~ PWNDS AFTER PASSING NAXIWJM LOAD
ABSORBED ENERGY.MEASURED AREA UNDER THE LOAD.DEFLECT I EN CURVE T IMEs 2 ,250- I NCH-PWNDS
REFER TO FIGURE 7
kAsuREMENT P4A0E AT POINT OF 14AxlMJM CONTRAcTION (usuALLy 1/32 INCH BELOW TN6 t40T01 (Q37) W 30TH
SIDES OF FRACTURE V ITH POINTED MICROMETERS.

TABLE 4. RESULTS OF SLOW .BEND TESTS OF SPECIMENS MADE FROM C
STEEL ANO HAVING A LONG ITUO I NAL WELD 8EAD ANO TRANS.
VERSE NOTCH (LEHIGH OESIGN)

—

F3ENDANGLE ABSORBED ~E2GV (2) AVERAGE
TESTING MAXI!WM OEGREES AT

FRACTURE

SPECIMEN TEMP. LOAO. hMX
NUMBER

[1)
F pOUNOS LOAD FRACTURE— SQ;!??.LB SO%!!%;.!. ;~%k$+ ‘y&#

10-5s
.5A

2C0 18.100
180 16.200

27 49 3.20 7.200
7,2C0
S,9W
7,CC41
6.9co

7.6S
8.!5

17.2s0 0.066 2.9
0.411 3.6
0.111 3.7
0.106 3.5

!00
Ico
!03

100
lCQ

60
so
25

29 52 3.22
170 17:%X7 27 49 3.07
160 17.90cI 23 4% 3.!2
160 17.70.2 27 49 3 .C6
t 50 !6.800
150 16.900

lS.3W
16,600
15,600
16.40fJ
13, s00
14,100
10,4CO

5,000
4.3C0

.7A

.78

.6A

.fjB
. 3B
.3A
.1A
.10
.2A

7:4s
7.00
7.30 0.121

0.102
0.114
0.IC6
0.0s2
0.043

4.0
3.4
3.9
3.7
1.7

24 38 2.26
21 45 3.33
17 31 2.43
Is Is o
12 12 0
1s 15 0
15 !5 o

5;130
7.500
5.s00

o

6.03
6.28
4.60
2.22
1.91
!.96

I 20 t5;900
80 17.3cm
80 16, BC0
32 15,700

0 16.300

0
0
0

1.4
1.5
1.6

4.400
4.600

0.243
0.043.2B 2.05

(1)

(2)
(3)
(4)

I F THE SPECI NzN DID NOT FAIL, TH Is MEASURE~NT VAS TAXEN AT THE PO*NT ON THE LOAD.DEFLECTI DN CURVE
WHERE THE LOAD HAS OROPPED TO 6C03 POUNDS AFTER PASSING W Iw LOAD
ABSORBED ENERGY.hkASURED AREA UNDER THE LOAD-DEFLECT IOU cURVE T INS 2.250. INCU -PWN03
REFER TO FIGURE 7
kASURCMENT NADE AT POINT OF M4X IMUM 02ivTRAcT Iffl (USUALLY I /32 I NCN 8EL0w TME NOTCH MOT) ON BOTH
s I OEs OF FRkCTURE wi TH POINTED 14+cR0NETERs.
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RESULTS OF SLOW-BEND TESTS & SPECIMENS MADE FROM BR

sTEEL AND NAVING A LONGITUDINAL wELD BEAD AND TRANs,

VERSE NOTCH (K INZEL DESIGN] .

OENDANGLE ABSORBEDENERGY ‘2) AVERAGE FRACTURE
TESTING NAXlw DEGREESAT

SPECIMEN TEMP. E%%%
APPEARANCE.

LOAD. ~ (1) EN::% ) CDWT%T% ‘4) PER CENT
4AMBER F pOUNOS LOAD FRAcWRC S0 IN. lN. .& S0 IN. lN..~ INCH PER CENT SHE*

22.1

.;;
.5
.7

.;;
;8

,!s
-12
-!3
.3

-14
.6
.4

75
75
5D
40
30
25
25
20
20
!0
Ic
0
0

.20

.40

16,102
16, DDD
16.2CQ
16,300
!6?700
16.54D
16,3123
16,50Q
16.4C0
!5.900
16,6c0
15.4a3
15. CCQ
13.403
14.300

30 56 3.34
31 57 3.23
28 60 3,83
27 62 4,30
25 68 5.10
23 65 5.15
27 51 2.75
23 23 0
26 53 3.40
25 60 4.17
24 24 0
!4 14 0
11 0
6 :: 1.70
770

7.5C0
7.3C0
8.4CQ
9,703

ll,50D
t 1,6GQ
6.21YJ

0
7,7CU
9.4D0

0
0
0

3,iD0
0

7,95
7.90
6,C0
8.s0
9.14
8.50
6.87
0.76
7.54
7.W
3.60
1.91
0.4o
2.39
0.93

17,9DD
17,61X
18, CW
18.700
20.601
19.1 GII
15,50D

1,7C0
17. DOD
17,802
8,!00
4.309

KID
5 .4C0
2.lca

0.1%
0.127
0.1!1
D.106
0.!31
O.l D2
0.103
0.C65
0.114
0.119
O.oed
0.024
0.024
0.266
0.019

4.6
4.4
3.8
3.7
4.5
3.5
3.6
2.2
3.9
4.1
2.2
1.1
0.8
2.3
0.6

I 00
1C4
lW
100
98

!00
75

5
SQ
90
10
2
0

26
0

(1)

12)
(3)
(4)

IF THE SPK ,MEN D lo NOT FA, L . TH , s *AS”REMENT w TAKE,q A’r THE w ,W w THE LoAD.DEFl&c, , m aJwE

WHERE THE LOAD HAS DROPPED TO 60W POUNDS AFTER PASSING WAX1!WJA LOAD

ABSDWBED ENERGYJ.i2AsuRE0 A*EA uwJcR THE LOAD .DEFLEc71 ON CURVE TIMES 2.250. lNcH.pwDs
REFER TO F 1GURC7-.
h’2AsuRiiENT n4DE AT POINT OF MAxlww c0t4TRAcTION [USUALLY q/32 lNcn BELOWnic NOTcHRVT) ON BOW
S1DES OF FRACTUREWlTH PO1NTEo MICROMETERS.

TABLE 6. RESULTS OF SLOW-BEND TE3TS OF SPECIMENS MADE FROM C
STEEL ANO HAV ING A LONG ITUD INAL WELD 8EAD AND TRANS -
VERSE NOTCH [K INZEL DESIGN) .

8EN0 Mmu AByEO ENERGY ‘2) AVERAGE FRACUE

TESTING tA4Xl!4JM DEGREES AT LATERAL AIP6ARU4CC ,

SPEC 1MEN TE!# , LOAD, MAX (1) E%% ‘ $] ENE;5[3) COWTRACTIm“) PER C2NT
NUVBER F POUNDS LOAD FRACTURE S9 IN. IN..LB SO IN. IN..LQ INCH PER CENT SHEAR

‘23.7 275 16. ICO 18 34 2.27 5.100 4,99 It. zcil 0.062 1.8 Im
.6 230 16.600 23 43 2.72 6,100 5.96 13.4C0 0.%7 2.3 ICo
.5 2!0 18.CCO 24 49 3.65 8.21XI 7.35 16.500 0.068 3.0
.4

103
190 !7,5S0 26 50 3.25 7,3(X 7.30

.3
16.%30 0.D@3 2.8 120

170 !7.300 25 49 2.98 6,7C0 7.18
.2

16,2cW 0.076 2.6 90
150 17.8C0 27 24 1.45 3,300 5.67 12,303 0.032 2.6

.8
30

140 1.3.5C0 18 30 I .37 3.080 4.36 9.903 0.074 2.5 10
.9 120 17.020 !8 30 1.60 3.6CQ 4.30 9.700 O.c%s 2.9 5

-10 f 20 17.6DD 18 28 !.20 2,7LW 3.73 8,40D 0.C65 2.2 5
.,, ,M !5. NM la 2! 1.14 2.m2c 2.87 6.503 0.cM9 1.7 5..- --- ------ .-

.1 75 14.703 9 ;2 1.!0 2.5D0 2.13 i;mo 0.047 1.6 2

.!5 70 15a5D0 12 12 0 0 1.47 3,9@2 0.D26 0.9 2

-14 60 !4.3QU 10 10 0 0 I .20 2.700 0.022 0.7 2

.13 15.400 II 11 0 I .47 3.3C0 0.027 0.9
%’

2
.!1 11,320 3 3 : 0 0.28 300 0.019 0.6 0

(1 I If THE SPCCt MEN DID NOT FAIL, THIs Measurement WA6TAKEN AT THE POINT cu 7HE LOm-LwucTlcm CURVE

kliERE THE LOAD HAS DROPPED TO 6M0 PIX.W+DS AFTER PASSING WAXlt41U LOAD

(2) ABSCABED ENERGY. WASURED AREA UNDER THE LOAD. DEFLECTlcw CURVE TIMES 2.2* INCIi.P2tJW0S

(3) REFER TO FIGURE 7

(4) htASUREMENT MDE AT POINT OF MAXIM CGUTRACT la+ (USUALLY 1/32 INCH BELw THE NOTcN m) m mO~
SIDES OF FRACTUREWIW FQlN120MICRATERS.



4A -

TABLE ,. RESULTS OF SLOW -BENU TESTS OF
FROM 9. STEEL

S, CC, WN

W.BER

*&!

2,.5

20.4
20.6

2!.1
20.5

20.2

21-3
2!.4

21.2

?0.3

TESTING

T,.,
.

80

80

10

5

2
0
0

.1:

.20

W., MJM

LOAD

POUNDS

13, CQ0

11,900
12.303

12.3C.3
!2,2CC
12. mO

12”703
12.6c0
12,5CQ
!2,303

12.3CC

8END ANGLE
Os.., ss AT

MA. (!1
LOAD FRACT”RE

. .
(20

;: 120

72 120

120

z 95
77 Im
72

I ?0

: 92
74 .

TEE. BEND SPECIMENS MADE

.,.L_ —.— __
_——

.—

.,50,,,0 ENERGY [z) LATERAL .W4TRACT I ax. pEW CXT ‘~~ERGy

ORCAKING TOTAL — FRACTURE. S 10f

ENERGY (3) ENERGY [3) ~FR$;~ ~LL~ ~T~L

SQ !,. IN. .LB SO IN. IN. -L,
PC%l?(s)

. . .- 5,86 8.75 7.U .

7.93 17.800 ;;:fi 38,4m $:; ~“; ;:fi
8.16 18.4C0 38.600 :

8.78 19, Bw 17. S5 39.500 6.08 ;:: 5.76 ~

B.35 18.8w 17.34 39. ~0 ;:;
5.87

2.96 6.700 11.~n %6.9~J~7 3.73 5.93 63

4.80 !O.8C0 14.54 32.7L?O 4,32 4.95 ;:: ;

3.25 7.3W 12.16 27.300 4.!o ;.fi

3.58 8.l@3 ;;:: ~.;~ ;:: 4:32 ;:; ;
3.14 7,10Q

. . . . 5.12 6.56 7.84

(1 I

(2)

[31

(4)

[5)

I F W, w,c,.m 0,. NOT P,, L w, s MEMUREMEN, w TAKEN AT THE ,0, NT C+ TtiE LOAD-DEFLECTION CURW = THE LOAD HASDRO*PED TO

61XQ WUNDS AVTER ?ASS !NG MAX IWM L6hD

ABSORBED ENCRWNASURELI AREA UNDER W LOAD. DWCTI W CURVE T1t+Is 2.250. l. C.. PCWOS

RSFCR TO FIwRS 7

t.k&SJRCMEMTS M@ .,,” POINTED MI CFW4ETER5 REFEW TO FIGURE 9

ENERGY RAT!. . T- t lCC -,,, CENT. REFER TO PAGE U

TABLE 8. RESULTS OF SLOW-BEND TESTS OF TEE-BEND SPECIMENS MADE FROM
C sTEEL

FEND .4NGLE ABsom.m ENERGY [z’ u,,,,, CONTRACTLW. PERCENT “’
TEsT,NG MAxIWM JEWEES ~: g:’?%) FRACTUREDS IDE ~r~~

SPEC!MZN TF.W LOAD. MAX ENERW3) LNFRACWRED TOE w B.=
NUMBER F PWNnS LOAD FRACTURE FILLET %TALSQ ,N. ,N.. LL? so IN. lN. -LB SI.. PER CEN; ‘5)

4
.4

.2

150

! 30

! 20

t 20
1!0

ICfJ

80
[6) ,5

60
40

30

13.302

13,3C.3

13.200

13,400

13.202

14,4W
14”2’OQ
!3,300

14,1CCI
14. OCO

13,7(K?

18

79

:

80

2

79

76
63

63

120
! 20

r 20

120

119

119

In

! 04

63

63

8.97
8.90

8.17

9.02

7.10

8.10

2.77

6.50

4.90

0

0

20.2CW

20,0cm

18.400

20,202

16, CO0

18.2C0

6.202

12,403

1!, (D3

0

0

!9.16

19.20

18.80

!8.76

[7.30

18.36

13.35

16.97

15.30

8.50

8.CFI

34:4m

19. !W

18. OW

6.30

6.50
4.48
7.95

5.12
5.28

4.05
4,80

4.69
3.20

2.45

3.15
1.87
5.12
4.42

6.03
6.40
4.~6
6.41

5.65
2.83

3.09

7.!5

7.75

8.44

7.46

9.28

8.44

5.40
7.46

6.93

3.78

3.63

! Ot
!01

99

:?

97

70

90

~8

46

[ ! 1 I F THE SPECIMEN .,0 NOT FAIL, THIS ME MUREMENT KU TAKEN k, THE PO! NT ON THE LoAo.OEFLECT1 ON CURVE WHERE THE LOUI HAS DROPPED TO
6003 POUNDS AFTER PAS ,.. ... IWJM LOAD

(2) ABSORBED EN LRGY.W.REO AREA UNDER W LOAD-DEFLECT 10N CURVE T [MC5 2.250- lNCH-POUb DS

[3) REFER TO F,G”RE 7

[4) VCAS”IWMENTS MA E WI ,“ POINTED Ml CRW4ETER$ REFER TO F ,GURE 9
,5, ENERGY ,AT,O . h! ~~t7GY x,,.. ,,. CENT. REFER ,0 PAGE 44

[6)

.. . ,.”

SPECIMENWASTESTED.T A VERY SLOW RATE OFLo.. I NG TO DEVELOP A BEND ANGLE vs. DISPLACEMENT CALt BRAT ION CURVE.THESEDAT4 WERE NOT

PLOTTED 0. THE TRAN, I TION TEM, ERATUR, CURVES
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TABLE 9 RESULTS OF SLOW-BEND TESTS OF SPECIMENS MAOE FROM BR
STEEL ANO HAVING A TRANSVERSE NOTCHEO WELO BEAO ANO
EOGE NOTCHES [NAVAL RESEARCH LABORATORY. H I GH+cON -
STA INT-TYPE SPECIMEN)

ABSORBED ENERGY [2) FRACTuRE
TEST I NG MAXINVM BEND ANGLE

gg’?%
TOTAL APPEARANCE.

SPECIMEN TEMP. LOAD. MAX (1] ENERGY (3)
NUMBER F PCUNDS

PER CENT
LOAO FRACTURE SQ IN, IN. -LB SQ IN. [N.-LB SHEAR

11.1 80
60

60
32
30

7.500
7.600
7,603
6.wO
8.OW

lB
19

16
25
20
19
19
19
19
19
20
16
1?
17
15

42 I .30 2,900
2,7CQ
3.800
I .6W
1 ,4W

2.85
2.8S

6,400
6 .40Q

Im
Iw

Ilxl
15
45

103
Iw
lW

o
20

0
0
0
0
0

.2

.5

42 1.20
I .70

.70

.60

48
33
27

3.!7
3.0
2.42
3.0
3.78
3.30
I .75
1.69
2,48
1.47

7:lca
6.600
5.5W
6.OW
8.EOI

-9
.11
.15

.12

.14
-lo

.3

.7
.!3

30
20
20

7:9W
7.900
7.8W
6.1 CO

43 1.32 3.WO
4.700
3.4W

60
51
19
19

2.08
1.53
0

7:4W
3,900
3,8C0
5,6W
3,3W

10 0

10
0

8;(YI3
7,900
6,2CQ
8,4W
8,3W
8.3W

o

. S7
o
0

0
I .30026

16
17
!7
15

.20

.40

-40
.60

0

0

0

0

.6

.8

.4

1.65
1.65
! .32

3,700
3.7W
3.OW

o

0

(1 ) IF THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT wAs TAKEN AT THE POINT ON THE LOAO.

DE FLECTI W CURVE WHERE THE LOAD DRDPPED TO 2~ POUNDS AFTER PASSING MAXlhSJM LCIAD

[2) ABSORBED ENERGYJ+EASURCD AREA UNDER THE LOAD-DEFLECT I W CURVE TIMES 2,250- INCH- PWNDS
(3) REFER TO FIWRE 7

TABLE I 0, RESULTS OF SLOW -BENO TESTS OF SPECIMENS MAOE FROM C
STEEL AND HAVING A TRANSVERSE NOTCHEO WELD 9EA0 ANO
EOGE NOTCHES. (NAVAL RESEARCH LA!30RATORY , H [GH-CON.
STRAINT-TYPE SPECIMEN)

ABSORBED EWRGY (2)
~X IU.IM

FRACTURE
TESTING BEPKI -E

SPECIMEN TEMP. LOAD, WX (1) E=~’ ,, sQE#;;;;:LB ‘r~~o
WMBER F PWNDS LOAD FRACTURE S0 IN, . .

IZ.7 194 7,900 17 41 1.90 4,300 2.98 6.7W lcm
-4 180 7.8C0 17 23 .57 1.3m 2.05 4.6W

.14 180 7.6W 17 *2 .45 l.wa 2.W 4,3W %

-13 170 8.1 W 15 18 .27 6W 1.75 3.900 60
.15 160 7.!%20 !7 25 .77 1,70J 2.27 5,1W 60
.10 140 8.2W 19 24 .40 9W 2.15 4,8W 30

.6 I 20 7,9E0 17 20 .30 700 1.s0 4“300 30
.!1 110 8,3W t9 20 .15 3C0 !.95 4,4W 30

.2 lW 6.200 17 21 .40 9cm 2.00 4,500 20
80 8,203 18 18 0 1.60 3.800

::
s

60 8,300 17 17 ; o 1.50 3.4W z
.8 8,703 16 16 0 0 1.50 3.4C.U

:$’
0

.9 .S,2W 13 13 0 0 1.10 2.5W o
.12 10 7.9W 10 0 0 0.88 Z.m 0

.3 .20 8.5W 11 {? 0 0 1.1s 2.6C0 o

[1 ) IF THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT wAS TAKEN AT THE POINT ON THE LOAD-
DEFLECT 10N CURVE WHERE THE LOAD DROPPED TO 2~ POUNDS AFTER PASSING MAXI WM LOAD

(21 ABSORBED ENERGY .& ASURED ARCA LJWDER THE LOAO. DE FLEcT I ON CURVE TIMES 2,250.1 NCH. PWNDS

(3) REFER TO FIGURE 7
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TABLE t t. RESULTS OF SLOW -!3END TESTS OF SPECIMENS MADE FROM BR

STEEL AND HAV ING A TRANSVERSE WELD 8EAD AND TRANSVERSE

NOTCH ( JACKSON-TYPE SPECIMEN) .

BEND ANGLE ABSCRBED ENERGY ‘2) AvERAGE FRACTURE
TESTING hhX I MUM DEGREES AT OREAK I NG

SPECIMEN TEMP. LOAD. km (11
NLMBER F

ENERGY ‘3 J EN2’RTYAL( 3 J CONTk%h ‘4) ‘p;ZERA%~TE ‘

pOUNDS LOAD FRACTURE S0 IN. IN.. L6 sa IN. hN., LB lNCH PEW CENT SHEAR

19-2
.14
.13
.10
.!1

78
75
75

15,0X
15.300
15.100
15.4CQ
!5,4CQ
15,5C0
!5.5C0
15.4cm

66

68

63

66

69

66

66

65

64

66 3.2 7.20Q 14.15 31,800 0.122

0.149

0.117

0.119

0.136

0.130

0.125

0.117

4.0

4.9

3.8

3.9

4,5

4.3

4.1

3.6

3.5

!02

100

100

100

lCO

!03

!CO

15

83
34
95
89

E
74

2.98
3.60
4.40
3.65
3.25
3.30

[5)
6,%3
8,1C0
9,W
6.2CHI
7,3WI
7,400
4.5(M

!3.62

15.20

!6.60

15.30

14.88

14.40

30,7ce

34.203

37.400

34,4c4i

33,520

32.400

29. 7LW

30
25
20
20
20
10
0
0

.10
-20
.40

.8
.12

.9
.7
.1
.6
.5
.4
.3

15:500

15. m

15,7CQ

15,600

15.800

!6.2cm

2:CQ
3.80
3,03
3.05
1.98
0.60

13.20
!6.20
!4.67
14.60
14. WI
11.70

0:106

0.122
0.117
0.112
0.107
0.097

10

70 93

60

80

77

64

6; 600
608CJ3
6,9-W
4.SCO
1.300

36:400
33,003
32. 9CKI
31,500
26.3CKl

4.2

3.6

3.7

3.5

3.2

100
5

5

5

0

65
65
67
62

(1)

(2)
(31
(4)

(5)

TA9LE

1F THE SPEC , MEN 0,0 NOT FA , L TH , S MEASUREMENT ‘#AS TAKEN AT THE PO, NT ON THE LOAD. DEFLECTION CURVE

WHERE THE LOAD H&s DROPF. EO TO 6000 POUNDS AFTER PASS! NG MAX I MJM LOAD

ABSORBED ENERGY+ ASURED AREA UNDER THE LOAD.DEFLECTION CURVE T ,MES 2 .2%. bNG+POUNOS

REFER TO F I GUM 7

&AsuRE142NT MADE AT POINT OF MAX IWM CON~ACTI ON (U SUALLy !/32 INCH BELOW THE NOTCH KUT] m 90TH

S 1DES OF FRACTURE W IT. PO lNTEO M ICRWTERS

SPECIMEN WAS TESTELI AT A VERY SLW RATE OF LOAD lNG TO QEvELoQ A BEND kNGLC vs. D ! spLAcE=NT

CAL IL2RATION CURVE. THESE DATb !#ERE NOT PLOTTED ON THE TRANs 1T 1M-TEMPERATURE CURVES.

12. RESULTS OF SLOW. BEND TESTS OF UKWELDED B STEEL SPEC.
?IMENS HAVING A TRANSVERSE KIN ZEL- TYPE NO CH.

BEND ANGLE

MAx 1t.uM 0EGREE5 b.T

LOAD. MAX (1)

PWNDS boAD FRACTURE

A950REED ENERGY ‘2) AVERAGE

?
LATERAL

E~R& ‘ ‘] ENE~GY( 3 ) CCNTRkCT!IM

30 IN. lN. -LB sa IN. IN.. LB lNCH PER CENT

FRACTURE
APP EARANcE ,

PER CENT

SHEAR
SPECIMEN

NUMBER

TEST ING

TEM?,

F

11.63

11.64

15.20

6.16

7.50

7.70

6.90

4.90

0.65

26,700
26,200
34.20Q
18,4WJ
16,900
17,3CQ
!5,500
11,000
! .500

0.142

I .220

1.390

0.112

0.105

0.102

0.085

0.068

0.01!

4.75

4.05

4.65

3,74

3.50

3.40

2,34

2.27

0.37

100

lW

10)

5

24.1
.2
.11
.!2
.5
.6

80
80

2

.4:

.60

.80
.103
.100

19,103

19,20D

19,503

20, m

20,500

21 “3C0

47 79
47 75

51 99
47 47
43 43
42 42
37 37
27 27
44

3t 31

3.97
3.70

8,900
8.303

13,700
0
0
0
0
0
0

6.07
0

5

5

5

2

0

0

0

0

0

0
.

.10
“?

.8

.9

2! ;300

20.403

17,400

20, 9C0 i i 4.60 10:8OO 0.059 1.95

(1 ) IF THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LoAD-Deflection cuRvE

WHERE THE LOAD DROPPED TO 6@30 POLNDS AFTER PASSING MAX lt.UM LOAD
[2) ABSORBED ENE!?GY.ME&SURED AREA uNDER THE LO& D. DEFLECT! ON CURVE T lMEs 2,250.1 NCH.POUNDS

(3) REFER TO FIGURE 7

(4) VSA5UREMENT MADE AT POINT OF MAXiWM CONTRkCT I ON lu5uALLy 1/32 INCH BELOW THE NOTCH R007) ON 80TH

s 1DES OF THE FRACTURE W I TH PO 1NTED MI CRGUCTERS .



TABLE 13. RESULTS OF SLOW-BEND TESTS OF UNWELOED C STEEL SPECIMENS

HAVING A TRANSVERSE KINZEL.TYPE NOTCH.

TEST I NG MAx I MUM OEGREES AT
SPECIMEN TEMP , LOAD, MAX (1) g:~[’i’$) ‘cENERGY ‘3]

NUMBER F POUNDS LOAD FRAcTURE S0 IN. [N.. LB SQ IN. lN,.1.B INCH PER CENT SHEAR

BENO ANGLE ABSORBEO ENERGY ‘2) AVERAGE FRACTURE

OTAL. . AppearanCe,
CONTWT’1% (4) PER CENT

25.10 !90 18,800 33 55 3.28 7.4W 8.68 19,500 . 100
.6 160 21,100 33 48 2.96 6,700 9.~ 20.300 0.100 3;33 50
.11 140 20,600 37 46 1.90 4,300 8.69 19,500 0.097 3.23 25
.5 120 21,400 35 43 I .97 4.400 8.48 t90100 0.{00 3.33 25
-1 80 20.000 31 31 0 0 5.20 11,700 0.074 2.47 5-
.2 80 20,800 33 33 0 0 5,75 13,000 0.081 2.70 5
.9 60 18,8(N 24 24 0 0 3.80 8,500 0.055 1.83 2
.3 40 19,600 25 25 0 0 4.50 10,100 0.056 1.87 0
.12 20 19,0c@ 19 19 0 0 3.45 7,800 0.045 1.50 0
.4 0 19,200 19 19 0 0 3.15 7,100 0.050 1.67 0
.7 .40 19.300 20 20 0 0 3.60 8,100 0.042 1.40 0

(1) IF THE SPECIMEN DIO NOT FAIL, THIs MEASUREMENT wAS TAKEN AT THE POINT ON THE LOAD. DEFLECTION CURVE

wHERE THE LOAO OROPPED TO 15000 POUNOS AFTER PASSING MAxIMUM LOAO
(2) ABSORBEO ENERGY=MEASUREO AREA uNOER THE LOAO.OEFLECTION CIJRVE TIMES 2.250- INCH. POUNDS
(3) REFER TO FIGURE 7

(4) hKASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION (USUALLY 1/32 INCH 8ELOW THE NOTCH ROOT) ON BOTH

SIOES OF FRACTURE WITH PO INTEO MICROMETERS
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AppENDIX B—— —

T-:te~~tu~e Sur”eVh .———— ....

The objective @f this research ~.sogram5..sto evaluate the useful-

ness of various small mechanical tests for indicating the performance of large

welde: s‘Lruct,ures.A survsy ma.smade of the p~blished literature and unpub-

lished repprts to uncover the various .kiqdsof test specimens that hqve already

been deveioped, and to.determine their applicability to,the,current investig~-

tion.

the pas-i

ManY test ePecimens.qndtesting procedwes have been developed during

decade in an attempt to.provide designers and @ngineers w~.tha method

~oz selecting tii.epmpey inater~.al and weldingprocedures for usc in welded

structures, The specimens illustrated in this Appendix have bean successftily

used for determining (.1)the effects o.fwelding on the ductility and suscepti-

bility .~fa sLee: to.ciecking, (2) the mechan~.calprope~ties and over-all

efficiency oi’welded:joints, (3) the strength and soundness d weld metal, anti

(4) the

loading

sidered

~elding

expected servic~ life of a structure under different conditions of

and te~.perature.A large majority of the tests was, therefore, con-

not applicable to:the ~.esent proble,rns,

In choosing a specimen for quantitatively cval..uatingthe effect of

on medium-carbon,,hull steels and predicting the behavior of the welded.

Structwe, under service loads~:a,large number of factors had to be considered.

The specimen should be small, economics.1,and conducive to easy and rapid

te.ting, Tno influenc:>of manufpacturi.qgand fabricatiorivsriables, such as

variations in steel aualysis and processing welding procedures~ different

sources and types of electrodes; preheating;:postheating; etc., must also be
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reflected by ‘he response of the spec?.meuduring testing, The service re-

igid.itylloading, and temperaturequizwrnentsof the welineni, sll.c!ras r

variations~ slwuld .sJscbe simdq.ated by c: rjstrainideveloped by the specimen,

a predetermined rate oi’loading, and te”:tng *he epecimens .atdiffer~m~

temperature level$~ Therefore} the Oli-’y%pecirne~isconsidered.duririgthis

surv.y for Surther etudy were those that contained the coi}lponentsof a weld-

mentj i.e., weid metalj heat-af@cted metal.caused by welding ~ld base metal,

Sc.hematicand cletail.ed.drawings of .Teprcscmtativetj,pesof specimmw

and testing details are shown in Figures 24 through 61, l~aet Of the illustrated

specimens htivebeen ‘weldedand tested by varyjng procedurc?so.ndusing diffev

ent thicknesses CJfmaterial. For some tests, proportionality factOrs have

been used to determine welding and testing requirements for correl.ati.ngthe

properties of a given steol of any th,ickwes.sof material. Since th~ stee1s tO

bo used for this investigationwere all 3/4 ing~ thick, all the drawfi~gsin

this Appendix were dir.ensionedon that basis. It is also essential that the

references for each specific test should be consulted for a more detailed

explanation of the welti~.ngand testing proced~~s advocated by the various

investigators, The reference nwmbers beloy the title on each drawing refer

to the numbers of specific reports listed in the.bibliOg?’aphy?which is con-

tained in Appendix C.

T’hetypes”of Specimens contained hwein

into the followihg five g?oupsb,ased.onthe method

1. Bend tests ~~~

2.’ Tension Tests

3. Rapid loading or impact-type t~sts

.4* Cracking or rcstraint-type tests

5. Fatigue tests

can be roughly divided

used for testing them:
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The epecimcns undeti~roup 4 and bhown in Figures”54 through 59

w~re e,xclu?.edfrom further CdnSideration, Le.cause;in general~ tineyare used

for determining the susceptibility of a s:eel to craelcj.ngduring or after

welding and not.for predicting the performance of a welded etructure. The

fatigue tests ,i~Group.5 (Figl:l:es6Q and 61) were o.isoexcluded esaentiall.y

beta..jeof +be long time and excessive cost of testing.

The irirpcttype of tests i~ Group 3 (Figures 50 through 53) were

seriously consideredfcr ~-ar.ioqsaspects of the investigaticm, such ..seval-

uating the transition properties of weld metal Qnd selected.heat zones.

However, because uf the extensive notched-bar tests made by investigators

engaged in other phases of this research program, it was believed that this

type of test need not be investigated he:e.

To further aiialyzethe bend.and tension specimens, ti~eywere sepm-

ated into types having notches and thoee without notches. The bend specimeus

without a machined rmtch or stress raiserare shown in Figures 24 through 31.

Of these, the tee-bend test (Figures 24 and 25) was considered cppl.icableto

this investigation because it was most representative of a.typical fabricated

welded structure foumd 5n ~hip construction and because other investigators

have found that the test was practical for rating steels to be fabricated by

we]ding.

.The bend specimens, containing machined notches of various types to

impart a higher degree of constraint to n specimen, are showm in Fi.g~es 32

through 39. Most of these specimens hcve keen extensively used by ot!lerin-

vestigators for evaluating the relative properties of various steels to be

used for come specific type of weldment. The type of specimen having a

longitudinal weld bead cnd transverse notch across the specimen (Figures 32
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or 33) and the specimen’’hav~.nga transversebetidand trane’versenotch

(F@res 31,.and 35) were i!ko cotisj.deredas showing promise for a,c}ieving

the objective of this re~es.rch.

The unnotched,tension specimens tire’shown in Figures“40 through 44,

Since most of these tests are only uee.?’ulfor evalk~.tingweld-rnetnlefficiency

don=, no filrtherattention was given to them.

The tiotc~edtension specimens are shown in Figures 45 through 49. Of

these tes,is, the specimen shown in Figure 45, or a“modifi’cationof it, “WCM

considered to show possibilities which ‘warrcnteda,ddi.tions.lstudy. The other

specimens shown were excluded from further attentior..

On October 1, 1947, the various..types of tests ~covered by this

literature survey were cliscussedwith the SR-1OO Pi-oject Ad”vis&y Committee.

Ib was decided at this meeting tl?at$(1) specimens having S longitudinal weld

bead and transverse notch, .(2)specimens having a transverse”bead and trahsverse

notchj and (3) the tee-bend’tee.trepresenting “atypical welded Ship “joint,,

should be further”investigated over k range of testing temperatures to eval-

uate the strength; ductility t~es of fractures, and transition temperatures

of the Br and C types of ship ‘steels;

Further details of the “welding’”afidtesting procedures of the various

specimens used for this investigation and the results obtained have beefi

discussed in th~ body of the report.

,.

,,
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FIGURE 24. wELDING DETAILS FOR TEE-9EN0 sPEC{ MEN

.,,,.,.,,s ,,, .4. ,,,,,, ,,, 42,43, 47, 74, ,,

CE..E8. INE m m. W. CIMEN

,S LOCATED AT T“, ,,.., OF ,.c H
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FIGuRE 25. MACH, tlNG ‘IND TEST(NG DETAILS

FOR TEE-BEND SPECIMEN. REFER
To FIGURE 2.4.

..,,...! .=...,.. ,.,,,, ”,=

k====t====z

Ml
FIGURE Z& SPECIMEN FOR FILLET-WELDED DOUBLE -TEE

JOINT BEND TEST.

RE,,RENOC, ,,.
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FIGURE 32. BEND SPECIMEN WITH LONG ITUDW4C. L

WELD BEAD AND TRANSVERSE NOTCHES
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FIGuRE 34. BEND SPECIMEN WITH TRANSVERSE NOTCHED
WELD BEAD AND EDGE NOTCHES,
NAVAL RESEARCH L& BoRAToRY 0,s,6, )
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FIGURE 35. BEND SPEC( MEN WITH TRANSVERSE WELD BEAD
AND TRANSVERSE NOTCH, SEE F,GLIt7Z 36 FOR
NOTCH DETblLS,
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FIGURE 37. .9EN0 SPECIMEN HAVING A LONGITUDINAL WELD
AND A TR,MSVER$E N OTC”.

RCFERENC,: 09.

e.”. LL. “....,.. ,.”””,

+“.,,, ,s .,,...,,

E!!!Eirti”
“-..,0! v- .0..”

,,,,, ~,o,

P!!!!Ei’A”
,.”... . ...” ,..,”. MOT,”

&E
v- “m.” .,,” .0., “...,..,.
:,,nLf 0, .,,.

F,GURE 36. VARIOUS NOTCH CES,8NS USED WITH THE

TRANSVERSE NOTGHED BEAD BEND SPECIMEN,
FIGuRE 35,

.,,,., ”,,,, 2,, 42, ,0, 7,, ,2, se ,0,, ,,+.

u-n ‘[H

~–,’’---~ L(4

(Mm” “,,,,,,0.9 ,, .0,.” .,,.,,, ,“, LCC,,)3. 0,
~y,~py,,y,~,c::s).,,, TO , “, .,LC ,,, ,“0.,

1

*

.,s,,! 4.3 .ET.IL$

F,GuRE 38. SPECIMEN FOR LOW-TEMPERATURE
NOTCHED-BAR BEND,NG TEST.

RE,EFI,NGES: 97, 112, (le.
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FIGURC 39, NICK-BREAK TEST OF WELDEL7 JOINT.
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F,GURE 41. CYLINDRICAL ALL-WELD-METAL AND TRANSVERSE
TENSION SPECIMENS

REFERENCE% 2,15, El, 14.

,.,TZLL. . . . . . .. . ,.s,,, ”,,

T~1.4.

~ ‘“

A

J

‘+~$

F,WRE 40 SPECIMENFORTRANSVERSETENSIONTEST
OF WELDED40tNTS.

.,,,,,..,, Is.

=]

*
—,. + 8,

F,G”RE42 FILLET-WELDEDcmu8Ls-TEEJOINTSPECIMENFOR
TENSIONTEST,

,,,,,,,.,s. 2,. ,2, m, 40, 4,.
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FIGURE 43. FILLET-WELD SPECIMEN FOR TRANSVERSE
SHEAR TEST.

RF,m,w,s 15, m 36, 40. 12.

[

“m,,,,. ,07,” To
,,.., SURFACE

. 4
J ..,.‘-f

FIGURE 45 SPEaMEN FOR u3NGITUDINALLY WELED
NOTCHED TENSION TEST.

,,,,,,,0,: NO, ,“s,, s”,..

L - w“-eo”~

k-

FIGURE 44. SPECIMEN FOR LONGITUDINALLY WELDED
TENSION TEST.

R,, CRENC.E.31.

FIGURE 46, SPECIMEN FOR STATIC NOTCHED-BAR
TENSION TEST.

,wERENCFS! 127. 1E8.

..-=... .=..”!.. !.”47.
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Ill IIm.
F1OURE 47. TYPICAL SPECIMENS FOR TENS,• N-

IMPACT TESTS

FiEFERENGEs 8, 13a.

,..,”7-

<11

(

I

-&-

(1

FIGURE 49. FILLET-WELD SPECIMEN FOR LONGITUCMNAL
SHEbR TEST.

REFERENCES 13,15,21,36,40,12.

..,, .... .,..S”,. L ,Wm,,.,,
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;
F,WW 5,. SCHEM.T,C D,ALXAM5 SHOVING THE VARIOUS LOCATIONS OF NOTCHED- BAR

i SPECIMENS MACHINED FROM WELDED GROOVE JOINTS. ( REFER TO FIGURE

i
50 FOR NOTCH DETAILS.)

7 REFERENCES 9, 16, 24, 29, 31, 105, 106.125, 137.
~

FIGURE 52. 5PECIMEN FoR FILLET-WELO BREAK 7E5T.

REFERENCES 46 ,j47.

II

e,,
TESTING .,,.1,s

FIGURE 53, MC.- BREAK FRACTURE TEST.

RE,mmwc. 7s.

----- . ..-!.. !“”.
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FIGURE 5+. REST RAINEO SPECIMEN FOR

CRAW(NG TEST.

.,,, ,,,,.s 47, -. 73.

SECTION A-A

,!3URE 56. CIRCUL&R GROOVE SPEC,MEN FOR RESTRNNT-
TYPE T EST.

REFERENCE NOT PuBLISHED.

— ..,, . . . . . . . . . . . !.”,7

F(GURE 55. RESTRAINED FILLET-WELDW SPECIMEN FOR
~R~,NG .<s., ( REEVE TEST I

RLFERENC. ES: 23, 25, 47, 59, 68, 72.73.

F(GURE 57. FIN SPECIMEN USED FOR RESTRAINT-TYPE TESTS

,s,,.,”,,s, 9% 102, ,,0.

I

..r.LL. . . . . . . . . ,M,m.”r.



- (4B

DH 7 T~ A .$ ,,

. ‘-l
‘“+ 1
tv

q@

T
$$

:

,,.780” A-&

FGuRE %. SPECIMEN FOR RESTRAINT-TYPE TEST

R,,,*EW , ,02,

.

J=+ar ,,,” .

0000
000

0000

s“ R. *,”,,,. ”

,“,,.,,,

VARIATIONS1“ ,,,.,.,” DEW, ,“, WELD,,,
,Kx,,w,,s m,,,,,,,“ ,“, REFERENCES.

F,6”RE 60. ;~~ySMEN FOR PLATE BENDING FAT,GuE

REFERENcEs: 28, 44, *5, 52, 50, 99.

..”.LL, . . ..”.u ,..,””,
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FIGURE 59, F!LLET-WELD DUCTILITY TEST,

REFERENCE: 93.

-
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~<

FIGURE 6,. SPEC,MEN3 FC+7 ROTATING BEAM FATIGUE TESTS.

REFERENcES: 34, 53.

s.”..., “.”.. !.. !.”m”T.



APPENDIXC



1. Ewrstal.~,A. F., llTe~t~of Welding and.Weld “~etaland Their Inte?preta-
tiontr,Metal.Indu~ (L&iion), “Vol.’40, 1932, pp. 153} i~~, 195.—- .—..

7‘.,, Henry, o. H., ~!Staticand Impact Tsnsile Properties of SOme ~!eldsat
Ordin@ and Low Temperatures”, Welding Journal

,,,.,.
—._..-, October 1937, PP. 41-46.

3. t,arson,L. J,, NWeId l[eta~~~ an Engineering llatefial and Some MethOds Of
Testingr’,Proc. of”the ASTM L937, p. 22.-.—— --

.. SChtiSterjL. W,,i IITbe lelati~n Between the Mechanical Propert~es of

Ferrova Maze?ials anclthe Liability to Breakdown in Servioe!l,Metallur~ia,
Vol, 17, January 1938,,pp. 81-W.’

5, Denaro, L. F.; !’Fatigue’Resistance of Welded J?,ints:)Transactions of Wfle> —— ..——.
Instit,ukecf Welc13.nz,Vol. 1, Ja-x,mry1938, PP’ 52-58.

6, Swinden, T., and L. Reeve,’!lMetallurgicalAspects of the Welding of LOW
A1.lcyStructural Steelsn, Transactions of the Institute of Weldl&, Vol. 1,— —..—
January i938, pp. ?-24. ‘

7. Gardner, E. P. S., ,tReglfiat,ion6 and Specificatj.ons for’lteldedSteelworkt[,

Transactions of the .:nstituteof Weldin?, Vol. 1, April 1938, P. 104.

8, Hecryj 0, H,, ~rTen\ileTmgact Tests on Welds at Low Temperaturerr,
Weldi.n~Jmx~nQ, August “1938,pp. 23-26.

9. Spraragen, W.~ and G. E. Claussen, llImpaetTests,of Welded Jointsft,

A Review of Literatur@ From January 1, 1936, to January 1, 1938,
Weldiha Jouruai, September 19j8, pp. 8-27.

1.0, Stecker, W, W., nEf~ect of Eci,eIltrlcitY on the Strength of Welded JOintsll,

Weldin~ Jburm.1.,November 2’338, @p. 8-11.

II., Kl~ppel, Dr. Ing, K., llTheBehm~iOr of Longitudinally Stressed Welds and

the Combination of Load end Shrinkage Stressestr~ Translated from QX
Stak.lbsu,,1938,WOS. 14 znd 15 by the American Institute Of Steel COnstru~-
tionj inc., June 1941.

12. ~ardner, E. p. s,, llBeha~iorof Sids and End Fillet Nelds Under LOad

and Their Ultimate St,rength~!,~ansact,iorw!of the Institute of Welding,
Vol. 2, Je.nuary1939, pp. 45-59.

13. Rosenthal, D., and P. Levrajr,I)Elmstic Be.hav.iorand Strength of Side

Fillet Welds’!,~leldingJournal, April 1939, PP. l@s-~9s.



1/+,

15.”

16.

17,

1.8.

19.

20.

21,

22,

23.

24,

25.

26.

27’.

2t3.

Schuster, L. W;, !l~~amimationand Tests for Fusion Welded Boiler DrUmS’t,

---of, the Institu&of lfel..din~,Vol, 2, April 1939, pp. 151.-161.

Ke”nry,”O. H..,?nd G, E. Claussen, llTe~’tin~thd Physical.prOFJerties‘f

Welds”, Welding”Journal, May 1939, p~i 288-294.

Jackson, C. E.,’and E. il.Rominski, llNOt~hedBnr Test Behavior of some
Welded S“teels”,V!eldiwgJournal, September 1939, pp. 312s-318s.

Houdremont, E., K.”Schonrock, qnd H, Wiester, llTheBead-Bend weld Test
and Its Suitability for Testing Stpctural .Steels’r, Stahl fmw~ (4’7)J

1939, pp. 1268-1273.

Walcott, W. D., llTbe,ip!e~~ni~aland Pbysic?,lProperties o.fl~~eldBidal”,
weld,in~Journal Janu.nry19L0, P, 21-.>

hiiantj L; B:, and J. E. Ennis, tlInmstigation of the Fatigue Strength
of Weld Metal and Welded Butt Joints.& “theAs-1’!eldedand Stress- Relieved
C,onditj.~n!f,Welding Journal~ Fetrua.ry1940, pp. 61s-64s—. ~

Wilson,,Ii!.,,]1.,llFa.tig,~e~e~t~ CIfWelded Joints in Structural pl.a{e~i’~
Weldin&urnal, ““i&ch 1940, pp. 100a-108s—.

Godfrey, H. J,, and E. H. Mount, llPil.otTests on Covered Electrode !Teldsi!,
Welding Journal, April 1940, pp. 133s-136s.

Abstract Symposium on Weldability, W.inc Journal, April 1940, PP. U6S-
159s.

Reeve; L.,nA Summery of Reports of Investigations,On Selected Types Of
High Tensile Steels’t,Transactions of the Institute of I!elding,VOI. 3,
October 1940, pp. 177-202.

Jacksori,C. E., and G, G.,Luther,,“A,Comp~rison of Tests for Weld~ility
oflTwenty Low-Carbon Steels~!,,Weldi.ng Jou.rnal~October 1940., pp. 951s-?64s.

Dearden, J., and Hugh O!Neil].,I!AG~de to the Selection and Welding Of

Low Alloy Structural Steel!!,Transaction of the Instj.tuteof Welding,.C
VOI. 3, October 191,0,pp. 20.3-214.

Sharp, H. W., nThe He19,tionof Micro~t,ructureto Appka.ranceof Fricture

““asFetid in the Nick ,BreekTest of Wel,dedPlateli,Welding Journal,
July .1941.,pp, 306s-309s.. ,,

~k.nlove,A. W., !~lnvestigationof the’single Bead Weldability Teet”,

Welding’‘Journe.l$July 1941, pp. 324s-3?8s..

Wilson, W. M., W. H. Bruckner, J. V. Coombe, and R.
Tests of Welded Joints in Sturctural Steel P1.ates[!,
August ].941,pp. 352s-356s.

A.”Wilde, ‘!Fatigue
We].di.ngJournel,



-3c -

29.

30,

31.

32.

:,; .

34.

35.

36.

3?.

38.

39.

40.

[,.1,

IJ

43.

Spraragpc, W,, and G. E, Clausseo, Wel.dability; Cracks and Brittle-
ness ‘ii~derExtcrcal Loadr),.Uart11 - ‘L&M For Cmckirg Under Externnl
Lord; ~wnd Tests[’~ Welding kJn&& :eptember 1941, PP. 369s-4~1s.

He~sj lfilen,deI~’!~~valwting ‘weldedJoi.]is!’,Weiding Jou?nai, ~ctober 1941,

PP, 453s-458s~
—..

Jackson, C , E., -nd G..G. Luther, llWeldabi].ity Testa of Nicke’1Ste,elS”j

‘~e~2g &UE,a~j, October 1Y41, PP. 4?7s-L5~s.

,lpraraS3n~ W., and G, E. Claus.sen,‘WleJ.dabilityCrocks and Brittlemes~
UnJ.erExternal Lticd,Part 111 - TfiPactand Tensf.leTestsfi,Weiding
Journal, November 19419 pp.,522s 55;2s.

Bruckner, V!.H., IfThe ll{elda~il,ityof Steelsf!,- journa?..!

JaIuxzw 1942, pp,.55s-59s.

Daa,sch,Ho L., Il!iotcbSensitivity of Welds Under Repeated LOad.ing”,
Wcl.di,rJour:jal.Jamu.ary1942, pp. 60s-64s....—. —... 9

Weld@ Resewch Committee, lrcalculationand Graphical Representation of

the Fatigue,Strengtliof Structural Jointsl!,Welding Journn1 Felrw ry 1942,——..— ~
pp, 87s,93s.

Spraragen’yW.and G. E. C1.aussen,!lSta,ticTests of Fillet and Plug welds”,

Welding Jour=, M.arcn1942, pp. 161s-197s.

Ellinger, G, L., A. G. Rissell, and N. L, Williams, ‘r’TheTee-Band Test tO
compare the Welding Quality of Steels”, W~lding JOl~rnal,March 1942,
pp. 132s-160s.

Vatchags,ndhy,J. S., and G. P. Contractor, ‘W!eldabil.,ityof Some Low
A.ZIOjSteelst!,~~~cti~ns $~fthe Institute of Welding$ Vol. 5,
April 1.542,pp. 55-56.

Henry, 0. H,, and T.D, Coyne, !,TneEffect on the Endurance Limit of

Submerging Fatigue Specimdns in a“Gold chamber”j”, Eeung @22@,

May ?.942, pp. 249s-254s.

Ro~, MO, l!st,ati,~ and Dynamic Strength of Structural Steel Welds”7,
]flay1942, pp. 254s-2%s.M’eldingJOL”Z ,,

Hrxder, C. E“, and C. B. V“bidrich,l)ffeldabilit~of Carbon-Manganese

Steels’i,Welding Journal, October L942~ PP. 450s-466s.

.J.lcksor,,C, E,, G,,~~,ther,l!Weldability Tes“A3OfM. A. PI~ZaCZ7and G.
Carbon-Manganese Steels}!,‘WeMlin~ JotinaY; October 1942,
pp. L77S-484S.

I?ibbar,L. C., and Julius Heuschkel, t!Report of Tee-.Bend Tests OD

Carbon-Manganese Steelst’,TleldingJournal October 1942, pp, f+85s-490s.—— >



:~c.

2+L, Wil.so!], W. M., Vatigue Strerigthof Cox&LercialButt Welds in Carbon-
Steel ?iates,fi Cctober i9i+2,pp. 4?1s:-496s,., lW&ld:g Journal.,

46. Welding Handbookj Americac Welding Society, 1942 Edition, Chapter 33.

L7. Bill, ‘J.”G.’;”“A Cons~deratibn of Tests to Determine the ‘:!eldabilityof
Steels .frrALrcWeldbg~l, Transactions of the Iostitute of Telding;
vol. 6, January 1943, pp,-~~-;:b.

—.—— -—

48. l?ergusori~H. B. llStren&h ~,f~)leldedT-Joints for S~:ips~ BuliiheadP].atOS”9

Weldi,)oJournal, February 1943, pp. 57S-625.—2.
,,

L9. Doan~ G. E., and R. E. Stout, wGl~~deto “lj~eld~bi].ity’of St,eelst!,National

Resewch Council, OSRIIP.eportNo. 1276, Serial No. M-53s, March 11$ 1943,
~inal Report. Also WJelclingJc.rrna.l.,August.1943, pp. 33b -352s.--

50. Hess, IW.F., L. J. lM~rrill,E.”’F. Nippes, and A. P.”Buik, “Evaluation of
Wel&a:pilityby Direet,Measureqept of Cooling Rates; The,Measurement of
Cooling Rates”Associated.”V!it.hkrc Welding aud Th6ir Application to the
Selection of Opt,im,,unWel&ing Conditions11~ OSRD Report No, 1.405,“Serial,.
No. M-68, Apr].11943. Also Welding J@urnal September 194.3,pp. 3’77s-l+2~s..—— !

‘ 51. DoazjG. E., J. H. Frye, R.”D. Stout,,and .S. S. T~r, “Eval.udion of
we~dability by Direct W@lding TeStS!~,OSRD Report No. IJ!+27,Serial
No. M-64t April 1?/+3,.,Finai Report.

52. “WeldingResearch Cwncil~ llFa~igue“Strengthof Butt”Welds in Ordinary
&riage steelr~ !JeldingJournal, May 1943, Pp. 189s-211s.> ~.

53, Hen~, ‘C. H., and A. Stirbp, ‘lTheEf’fect on the Endurance Limj.t of Sub-
merging Fatigue fipe~:lmensin a thld Ohemberlt,Welding,Journal,
August 1943~ p. 372s,,

54. Stout, R. D., S. S. T& ~kd G. F“.l)Qan.,“A Tentative System for Pre-
serving Ductil.i-tyin’We”ltments”,WeldifigJournal, JUIY 1943, PP. 27@-
299s, and September 1943, PP. 423~=~=

-—.

55, Wilson, W; M., W. H. Bruckner, T. H. McCrackin, Jr., eindH, ~. Beede,
ll~atigueTests ~f commercial Butt Weids in Structural Steel plClteS~’,

University of Illinois Fmginesring Experiment Station Bulletin,
Series No. 344, October 1943.

56, Ma.lisius,R., ~1Increa,sein Effici,encyin Naval Construction by Means
~f New Methods,Of Weldi”ng!!”Prepared at Finsterwalde, ]~ainOffiCe of

.$,
Naval Construction (German , November’26, 1943,

57. Voldricnj C. B., end R. 2,,lWilliamsjIr{weldabilit,yTests of Aj.rcraft

Structural Steels’!, Weldino Joarnal, November 1943, pp. 545s-554s.
,.



58.

59.

60.

61.“

62,

63.

64,

65.

66.

67.

68:

69.

70,

71.

72.

73.

-5c-

Wilson$ W. M., l!T-@ patj.,glleStrength of”Fillet-Weld Joints Connecting
Steel Si~.lctura,lMembersfi Weiclin~l~~aQ~ December 1943, pp. 605s-@L2s.$ -.—.-

Zeyenj K. L., llThe I,weI.dCra&~.bilft,yf,<!Weld Sensitivity}, ~Nelded

Seam Cracka?sility!,and the Test MetJNds for Determination of these
Defects”, Luftfahrt-Forschung,Vol. 20, 19L3, pp. 231-241.

liuell.el-~R. A.”,1. H. CarIsonj and E. R. Seabloom, nWe~dabilit,yof 27%
Chrome Steel Tubingl~,~e?tii.r<Jotrmal, January i9~+4,pp. 12s-22s.

:ackson, C, E., G. G. Luther, and K, E. F~-itz3Wi’eldabilityTests of
Si:.i,cOn-lJar,ganeseSteel.sn.,Wo].dingJournal, January 1944,,pp. 33s-42s.

Herres, So A., !IDis~~~ssiOnof Means for Evaluating Weldabi.lityOf A11oY
Steels’l~ Weldi,nEJourml, January 1941+,pp, 43s-49s.

Spraragen, P., and J!l.A. Cordovij !lBeha,viOrof Welded Joints at LOW

Temperatures”, Weldintiournal, February 1944, pp. 97s-120s._.—. ——.

~oo.rI,G. E., R. D. Stout, and S S, T&, llEvaluationof WeldabilitY by

Di~ect Welding Tests’!,OSRD Report No. 3537, Serial No. M-201$ April 7,
19&4, Supplement..t~Final Report.

Bissell, A, G., 11ATeSt of Longitudinai Weided Joints .inMedium and High-

‘TensileSteelt!,WeldinE Journal, Aprii 1944, PPi 185s-190s.-- -.

Seyt, Martin, ‘Weld.abilityof Steel.i!,Welding Journal, April 1944,
pP. 200s-205s,““

Dom”!,G. E., L. J, IJcGeadyJR. D. Stout, and S. S. T~r, !!Methods of
Testing Weldability“ofSteel Plates and Shapes”, OSRD Report No. 3702,
Serial No; ,:1,1<243,May 25, 1944, Final Report,,Part 1.

Ball, J. G., llArcWeld~ng L,JWAlloy High Tensil.eStructural Steel”,
Weldinp, ‘Jo.l.12, l!Iayi?ti, PP.”223-232.—.

Hess, ‘W.F., E. F. Nippes, L. L. Merrill, and A. P. Bunk, ‘redetermination
of Cooling Rates of Butt and Fillet Welde as a ReSti(tof Arc Welding With
Various Types of Electrode on Plain Carbon Steel)t,Welding ;ournal,
August 194Z+,pp. 376s-391s.

Brooks~ W . B., and A. G. lb!aggoner,l:SomeObservations on the Welding of
Manganese Steels’r,Welding Journal) October 1944, p. 511s.

Jackson, C. E., and G. G. Luther, ltTheBead-weld, Nick-Bend Test for

Weidabilityl’,Welding Journalt October 1944, PP. 523s-535.

Tremlett, H, F., nThe Arc welding of High Tensile Steelsll,Weld.inp,
TT016, U, November 1944, pp. 493-500.

Reevey L., wFactors Controlling the Weldabil.ity of stee~.l!,we~dins,

Vol. 12, Noverti>er1944, Pp. 521-530.



-6c” -

’74. Bibber, T..C,~ and Julius Heuschkel, tlTheMea.swernentof Energy Absorp-
tion in the.Tee-BeRd Test”, Weidic.gJourl&, November 1944> pp. 609s=632s

75. Stout, R. D., S. S. Tlr, L. J. McGdady, and G. E. Doar,Y‘Viethocisof
‘Testin&Weld,abilityof Steel Plates ar.dShapes”, OSRD Report No. 4529,
Serial No,,hi-398,.Janua~ 2? 1945, Final Report, Part 2.

76. lrF~+j@tle St,ren@h ~f Butt We:ds in Opdina.cyBridge Steel - Ila.ximumStress
Compressj,veti~ WRC,Committee Rpport$ WelclinszJournal, January 1945, pp. 7s-
9s.

77, Deflorest,.4,V., and P. R. Shepl&r$ uInves~Lgation of Factors Reducing
the Effective Ductility of VtsldedSteel Membersj!, OSRD Report No. 4674,
Serial No. M-432, february.6, 1945, Final Report~

78. Herres, S. A., W!leldability!l,Welding Journal March 1945 pp. 129s-152s.—$

79, Biblmr,”L.,C., OA.stu,dyof the,Tension Properties of Heavy, LOngitud~.nallY
\?eldedpya.teSpec:imellsSj.mulatingDeck and Shell Joints”, Welding
Journa~, April 1945, pp. 193s-226s,

.—. .

80. Hollomon, J. H., !lTheNotched-Bar Impact Test!t,~~n~ JO~rnal,
April 1?!+5,pp. 23us-.24l+s.

81. Luther, G, G., F. H. Laxar~ and C. E. Jackson, IIlfileldabilityof Manganese-

Silicon Hi@ Tensile Steels~!,Welding Journal, April 1945, pp. 245s-254s.

82, Smith, Cmmnand.arG: L.~ LlM,3delTests of Weld Reinforcements fOr Hatch

Corners of Welded.Ships”, Welding Journal, Nay lY+J, pp. 257s-267s.

usunplementaryReport of Model Tests of Wreld83. Smith, Commander G..L.~ ,
‘Reinforcementsfor Hatch Corners of Welded Ships[r,Welding Journal,
Jum? 1945? pp. 321s-?30s.

84. Blodgett~ Omer, UT~e Re~t~ietion of E6012 Electroderl,Welding JOurnal

July 19/+5,p. 651.

8s. Eckel, John F., and’R. J. Ra.udebaugh,l!The Impact Strength of Some

Metallic Arc Weld Metal Deposits at Ulevated Temperature!!,Welding
Journal, July 19A5, pp. 372a-?7i’s.-.—

86. Welding Research Council, “Fatigue Strength of Fillst, Plug, and Slot
Welds in Ordinary Bridge Steei’!,Welding JcWna~, JUIV 1945J PP. 378s-
/+00s .

——-—-

87 Genaamer, M., Iii.T. Lankford, T. A. Prater, E. P. K.lier,J. T. Ransom,
and J, Vajdaj ‘Co~relation of Laboratory Tests With Full Scale Ship
Plate Fracture Testsi~~ OSRD l?eportNo. 6?04,Serial No. M-612, October 21+;
1945, Final Report

. ,.



m.

69.

90.

93.

9&.

95.

96.

9?.

98.

95.

100.

loi .

1.02.

Dean, C.,E. llv~e’~dabi].ityof Steel For liti~lConstruction[!,OSRD Report
No,,6263, Seriai No. MI-6112$October 30j 1945, Final Report.

Kennedy, H. E., T,someCauSe5 Of Brittle Failures in !NeidedMii.dStee]

Structuresr’,?k~ili~ Joanal, .Navambi~194~,,~pi 588B-59%s.

Davis. [~.E.~ G. E. Troxell, E. R. ?qrker, and M, P. O!Brien, l!Cleavage
Fracture of Ship Plate m InfI.ueocedLt.Desi~n and Metallurgical Factors:
Part 11, Flat ,PIataTestsi!,OSRD Report No. 6452, Serial No, 11-608,
Jbnna:ry10, 19,46,~i~dl ~eport.

Hollister, ~. G., !!pa~i~tle TeSt S of Ship.Welds’!.and J. Garci~, . Osl”m
Report Na, 05,44,Serial No. Ni-bOL~Jan&Iy 17, 1946, Final Report.

VOidrAch, C. B., P..W: Bennett, and D. C, Itiartinj‘!PreliminaryStudy of
t,heN~*.ci.ed-&adSlow-13end Test for Weldability of S’teelstt,Welding
Joumal,, February 191,.6}pp. 77s-90s.

O iNeDl, lltighjIl]yletallwoicalj.eatue~ in Welded Steelsf!~ Transactions..
of the Institute of “Weldap~ Vol..9, February 1946, pp, j-~~- ‘——’-—. .—

Smith, Captain, G. L,,,‘ISupplementary Report of Model Tests of \~!el.d
Reinforcements fOi-Hatch Corners of Welded Ships”, Welding Journal,
March 194.6,pp. 163s-170s.

Norton, J. T,~ D. Rosentha.11,and S. B. Maloof~ I!X-RaY DiffraCtiO~ Stdy

of Notched-Bend Test!!,Welding Journal, May 1946, pp, 269s-276s..----.——-.

Stout, R, D,, L, J, McGeady, C. P. Suqi J. F, Libsch, and G. E. Dean
LEffeet C.fTreldingon Ductility snd’Notch Sensitivity of Naval StaelS”,

Final Report, Navy Contract No.,6e-31.220 (1721) , June 30, 1946.

Shepler, P. R., llD&pofe~~Brittle Te~,peratureResearchV, l!leldj.neJour,]sl,

June ]?46, pp. 321s.332s
——

Luther, G. G., C, ~:.Jackson, and C, E. Hartbower, “A Review and SUXIInaI’Y
of ~~e~dafiilit)-,Testing Carbon and Low Alloy”‘St,eelslt~ Welding ,Journal~

July 1946, ~)p.376s-396s. ‘
——.——..—-

ltEffectof ~~etallwgi~al,ChangesDue to Felding Upon the FDtigUe Strength
of Carbon-Steel Plates)!,WI?CCommittee Report; Welding Journal, August
3.946,pp. 425s-4.5e.

Busch, H., and 1”.Reuleke~ !Iznvestigationof Failure6 in a Welded BridEer’?

Welding ,Toui-nal,,August.1946, pp. 463s-466s .

l?avis,H. E., W, E, Troxelli A. Eoodberg, E, R. Parker and 1!,P, O~Brien,
nCau~es of cleavage FractWe in Ship Plate; Flat Plate Tests”, Bureatlof
Skips R~port$. serial No. SS~,-2,Aygust 23) 1946.

Stout, F!.D., S. S. T&, L. J. MeGeaciy,And G. E. Dean, “Quantitative
Measurement of tinecre.ckjngTendency in Welds”, Weldin~ Jol~rnR.1.,
Sept=mber 19L6, pp. 522s-531.s.



104. Gersh?n.ow,H, J,, Snd “G.G, ~~ther, ‘iAnInvestigatiotiof the ~henomenon
of Cleavag’cType Fracturss ~.n‘iox-,A1.Tio,yStructural Ship St,ee].sfi,
Weldjn~rnal., 9ctober 1946, pp.,611s-61ss,- —. -

105. Luther, G. G,,““C,.E, Hartbower, R. R.’l~etiu~,and F. H. La~ar~ IIAD

Investi.gation of the Effect cf We~.dingon the Transition Temp&rat~we
of Nevy High-Tensile Low-Alloy Steelsrt,Weldj.iqJournal, October 1946,
pp, 6,3Ls-6L5s.

.. —- —

i06. “l~ippes,“E.F.,“and l?.l?.Savage, I!The ~~e].dabilityof Ship Steel’),

ll!eid~.npJourrwl, November i9A6, pp..776s-787s,— ...A.-—.

107. Andersoa, A. R., and A. G. Waggoner, !llnfluenceof Geometrical Restr~int

and Temperat.1.meon the Toughness and Mode of Rupture of Struotui’al
Steel”, ~elding Journal, November 19L6, pp. 789s-801s.

108, Hcliister, S, C., J. Ga,r,sia,ad T. R. ,Cuykend.all,~Fatigu.eTests of
Ship WelCIS~l,Bureau of Ships Report, Serial No. SSC,-7,December 13,
1946.,Progress Report.

109. Parker, E. R., H. E. Davis, a~ldA, E. Flaniganj ‘IAStudy of the Tension
Test~~,@c. ~w, 19.L6,pp,,1159-1174.

110. Sachs, G., L, J’.Ebert~ and Y!,F. Brown? ~!Comparison of Vari.o,us
Structu:-alAlloy Steels by Mean$ of the Static Notch-Bar Tensile Test!!,
~ietalsTeeh&l@~ Decernheyi?~6, T: P. 2110. .”

,..
lil. Davis, H. E., G, E. Troxell,’E. R. Parker, A, B60db&rg, and M, P.

o !Brie~,:lcau~esof Cleavage Fracture in Ship Plate: Flat plate

‘Jes’tsend”Additional.Tests on Large’T~be’s”,B~e,aw of Ships Report,
Serial No. SSC-8, J.amary 17, 1947.

i12. MacGregor, C’.1~”,,1?.Grossm:mY “aidP..R.-”,S“hepler’,!’CorrelatedBrittle
Fracture Studies of Notched Bars’and Simple Strictties”, Weldlnq
Jotu-nal Janue.ry1947, pp. 50S-56S,—— Y

113. Gensamer, M..,E, ,P. Klierj T,:“A.’”PT@tQ:,’F.’G,.Wagner$ J, “O,Mack,
and J. L. Fisher, !lCorrelationof Laboratory Tests with”Full Scale

Ship Plate Fracture Tes’tsit,Bureau of Ships Repor”t,””Serial No. SSC-9~
March 19, 1947.

11.4. Fianigao, A, E., !lAnTnve~tigation Of “theInfl”tien’ceof Hydrogen on the

Ductility,of Arc Welds in Mild s“teelf!.,.Wel.dinsJournal April 1947,.—.
,ppo.,193s-!314s, ,. ,,.,.

115. Hari.ngx,3. A,, nThe Motche’dBar Impact Test According’to Schnadt”,

~~din~ ;ournal, May ,1947,p. 294s.,,.



~ ‘w -

nThe EffBc,tof !!leldingTechnique on116. Grcesm.a!,,ii.,and P. Shepler,
BrPutle ‘Transition‘Ieqperaturell,jjeidingJournal, June 1947,

PP. 32is-33~s.

117, Stout, R. D., L, J. McGeady, C. P, ?wnj J.”F. Libsch, and G. E. Doa:I
!)llffectsof Veld.ingon lluo~iiityand,Notch Sensitivity of Some Ship

stee~~”> !Ielding~~ur~a:, June 19/+7,PP. 335s-357s.

m. Graf Otto, ~~Thejlvaloationof Mechanical Properties of High-Tensile

Ste5i fci Welded Structures[l, ~elding Journa,i,June 1947,— .-.
Pp. 367s-368s.

120 . Krefel:i,W. J,, and E. C. Ingallsj liAnInvestigation of Beams ?it~hButt-
We~~LedSplices Under Impact!],WeldinR J“ournal,JuQ 1947) PP. 3’~2s-40~s.

— .——.

121. Luther, G. G., Ii!.E. Ellis, C. E. Eartbower, ‘fAuxili.a,yTests on the
Stc.eLs6P I-.B@,msTested in Flexural.Impact at,Colwnbia.University”,
Weldinz Journalj July 1947, W. 400s-40Ss.——...,—.— —

122. Gensamer, M., E. Saibel, and J. T. R~nsom,.“Report on the Fracture of
iletalsi!, Welding Journal$ ]. UgUSt 1%’7, pp. 443S‘4S4S...—.

123. Kahn, N. A,, and E. A. Imbembo, TIRep~rtof Investigation On tile

Applicatiojiof the Tear Test to the”Eva.lua.tionof Sv.sceptibili.ty’of
Medium Steel Ships Plate”to C1.cave.geFracture’l,Report NO. 4936-6,
hShips SRD NO. 926147, September 18;““2.947,Final BeFOrt.

124. Voldricti7c. B., p. C. !,iartin,a.fidO. &. Harder, l!Fotched-Bea.dSlow-
Bend Tests of Carbo”n-knganese Steels”, Tel.dingJo”urnal,Septem:’er19~+’~,
pp; lJ39s-5Q7s.

1.25. Graf, Otto, !lT~leStrength of ,,zreidedJ~int~ at,LOW Temperatures and the

Selection “and‘Tr-itmentof Steels Suitable.for Welded Strictures}],
Weld~Journal ,Septe,mber1947, pp. 5@8s-51’7s.—. Y

126”, Stringham, L. R.,”llFa,ll,~e~in Gl,jd6d Bend Qua,lifieaiions Test Often

Due to High-Tensile Pipe”,.“WeldiwsJournal, September 1947, PP. 784-785..———

G?7 . Mown, W. F.,“L..J. Eberti,and “G:.Sachs> !!Di~t,ributionof Strength and

I@ti.lity in,!!VeLdedSteel Plates as Revealed by the Static Notch B?.r
Tensile Test’t,Welding Journal, Octiober~%7, PP. 545s-554s.

123. Brown, T. F“.Y L. D. Ltibahn$“’andL. J; Ybert, ‘!Effects of Section Size
,,on the Statiq,J@tch,Bar.Tensile PTOIYrties Of Mild Steel plate”,
~~l~~]g Journalj October..194’7;pp. 554s-559s.—.

129..‘Bennett,“R.Y1..,T..D. ‘.lillisms,arid’C.E. Vol~rich;ilStudi.esoilthe
Effects of Red Lead ‘Ptiiitson the Quality of Metal-Arc welds in
Structural Steel!i,Welding Jollrnal,l\!o.,.ember19~/9 pp. 653s-663s.

———. —



130,,

131.

132.

133.

134.

135,

136,

137.

ly30

139.

140,

- 30C -

StGut, P,,,D., S. S,,T&, L. J. l!lcGeady,and G. E, Dcan$ llSome
Additional ‘fe.stson tileLehigh Restraint Specimen”,,~Hin,9 ;ournal,
i~cvsnrberl?.!+’7~pp. 67’3s-682s.,

.,..+ —--S-

tout, R. D., ,,l,etallzlzgicalFactors iIltheand L. J. McGeady} ;
Emhrittlt?meut‘ofWelded Pla.te’l, We].dingJourn&alJNovember 1?4’7,
Pp. 683s-692s.

Jackson! C, E., K. R. Kcopman,,C. M. Offenh~.ue~,and W. J. Goodwj.r~,
I]YactorsA~fe~iing Welds’niiityof Carbon and A1l.oYStk?ek”. Paper
pres=nted at the Annual Mfet.ingof the American Welding Soc~ety,
~ctober 1.947.

Boo3kr#, A., H. E. Davis, E. R. Porker, snd G, E. Troxell, ‘)Causes of
Cleavag’e Fracture in Ship Plate - ‘Testsof ~TideNotched Plates’!,
W@#inK Journal, Preprint of 1.948.

Wilson, IJ.M ,, R, A. He.chtmn.n,and 1?.H. Eruckner, !!Cleavage Frac+ure of
Shp Plates as Influenced by Size Effect}t
of 1948.

, Welding Journcl,~ Propr5.nt

Kahn, N. A., and E. A. Imbembo, 11AMethod Of .EVP lua.tingllsusitfion

From Shear tp Cleavage Failure in Ship Plate and,Its Correlation
With Large-Scs.lePlate Testst!,_.Illel,@g,Tdurne.1,Preprint Of 1?~8.

Thomasj H, R., rrndP. F. Windenburg~ l!AStudy of Slotted Tensile

Specimens for Evaluating Toughness of Strue,turalStecl’!,~~d~
Journd, preprint of 1?/+8.

Klier, E. P,, F, C. Wagner, and 1!1,Gensamer, 11Th,eCorrelation Of Lab-

oratory Tests With Full Scale Ship Plate Frb.eture”Testalf,Welding
Journal, Pre&rir,tof 1948, ako ~ldiw Jour@j February 1.94.8,
Pp. 7?.s-96s,

Kahn, H. A., and E. il.Imbembo, nRcPro~ocibi].ibYof the Single-BlO~

Chzu-pyllotched-BarTest!’,LS7M ‘Bulletin,May 1947, pp. 66-74..-.—

Barr, W., and C. Tipper, llBritt~eFra~t,We in Mild-Steel pkte S1l,

Jcurnal of the Iron and Steel Institute, October 1.947,pp. 223-?38..——— —.

Barr, !“.~ and A. J, K. Honeyman,,,/Effect of the Carbon-~enganese F.atio

on the Brittle Fracture of Wild Steelit,Journal Of the Iron and St&~
Institute, O,cto@ 1947,pp.239-~42.

Barr, W., Uso=e Fcctore Affec-Lingthe Notchd-,andA. J. K. Honeyman$
Bar Impact Properties of Kild Steelit,JoLm@_Q the Iron and Steel
Institute, Octcber 19!+7,..pp.20-246.

Boop, Wendell P., llTemper~tmes Transitions in Ductility Of StJ3e111,

Welding Journfil,December 1947, pp. 748s-75&.



- Ilc -

X43. NlacGregor,C, W.~ onrlIi.Grossman\ ItThe ~,ff~~tof bomb:.ned Stresses

on the Tre.nsi.tier,Temper aLm’efor Brit,+2eFracturell,Wcid.n.pJournal,—, -- ,>.— —
Janwry 1.948,pp, 7s-1.6s.

144, NiacGregor,C. W., and N. G140SMJMIIj““AComparison O? the Brittle
Transition Temperatures as Petermi,nedby the Charpy Impact and the
M.I.T’,Slow Bend !ff?sts’i,TiekiinJ!T ._,ournal ~-arrtl[i~~1.91@~ ppi 16s-19s.---

lI,s. Troxel..l.,G. E.~ E. R, Porker, H. E. 1~~’~is~and LO BOOdberg~ h’fhe

Effect of Temperature and Tleki@, Conditions on.the Strength of Lsrge
Wel.de3Tubes”, we~d~ Journalj February 1948, pp. 34s-49s.—. —-—.-

146, Inspection Handbook for Wnual Metal-.P.rcWelding, AmerT.canWcl.ding
society, 19/,.5,


