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Preface

The Favy Departient throurh the Bureau of Ships is distributing this
report to those agencies and irdividuals who were actively assoeiated with
the research works This report represents a part of the resesrch work
contradted for under the section of the Navy's directive "to investigate the
design and construction of welded steel merchant vesscls,"
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ARSTRACT

This report covers work done during the period June 25, 1947 to
February 1, 1942,

A survey was made of published and unpublished reports to agpraise the
various kinds of tests used to study strength, ductility, and transition tempera-
tures of welded joints in structural steelsﬁ. On the basis of this survey, the
Project Advisory Committee selected the tee-bend test, the longitudinally welded
and transversely nctched bead-bend tests (Kinzel and Lehigh types), and the
transvarsely welded and transversely notched tead-bend tests (Naval Research
Laboratory high constraint and Jackson types), These tests were used in a study
of steels "Bp" and "C" and to correlate resuits obtained with them with results
fram.the hatch corner tests made at. the University of California. It was thought
that if one of these fests were to give the same transition temperature for i

r

and C steels that the hatch corner did with these steels, then that test would
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be worthy of further study as a pgésible éécépﬁamce test of steel for ship plate.

The studies were made with préject steels Br and C because they pre-
viously exhibited z widely differénfxbehavior ih the full~scale hatch corner and
other tests. C(lass ﬂéOlOJ.Efjg—_and 3/1l6~inch diameter électrbdes were used to
make the sanples for the iﬁitial tesfsn ‘The specimens were tested al various
temperature levels to determine the transitiun vemperatures by means of the
fellowit.g criteria; absorbed energy;;ﬂeud angle, iateral contraction, and frac-
ture appearance.

The transition temperatures for the B,

¢ and’ € steels showed that all the

tests for both welded and unwelded specimens rated the two steels in the same
qualitative order as indicatec by the hatch cerner tests, The variations in the
actual transition temperatures were influenced by specimen design, welding con-
diticns, and the variocus methods of evaluatling transition temperature, It was
also believed that the orieated discontinuities in the By steel, caused by large
elongated complex'sulphide ihclusidns;'inflﬁénced fracture propagation, and hence
the energy absorption, the total bend angle, and the fracture. appearance of

specimens made from tnis steel,

INTRODUCTION

"Tris is ﬁhe first pfogfess fgport 6n Navy Uepartment, Bureau-of Ships,
Project SR~100, authorized byldohtfactlﬁbbs~h5543, entitled "Evaluation of Im—
proved materials and Methods of Fébricatién'for‘Mglded\ﬁteel.bhipsﬁn

The princi@al objective of ﬁnisrﬁroject is to evaluate the usefulness-
of various mechanical tests df small welded sfeel Speqimens for indicating the
performance of large wélded‘structures.. Another objeqpiye.is‘to study fundamental

ractors contributing to the performance of such welded laboratory:specimens.
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A survey was made of published and unpublished reports to appraise the
various kinds cf tesis used to study strength, ductility, and transition tempera-
tures of welded joints in structural steels. A summary of this survey and a
bibliography are included in this report, |

This repoft describes the details of the test Spécimens Seleqted for
use in studying the properties of projept steels%, the welding and:tesping pro=-
cedures used, and results‘obtainéd from £he initial phases of thé experimental
work. Discussions of the.influence of design on the transition te@peratures of
the specimens and of the criteria_used for determining them are given., Results
from limited tests of unwelded specimens are included and compared w.ith those

cbtained from welded specimens,

MATERIALS

Stegls

'Two semi~killed, as-rolled, medium carbon ship steels, designated as
B.. and C, were used in this phase of the investigation, Thése steels were se-
lected for this work because they previously exhibited differing properties when
us=d in the full-scale hatch corner and other tests to determine thoir mechanical
properties. A supply of the two steels, 3/& inch thick, waé received from the
University of.Caiifornia, The heat histories, mechanical properties, and ciiemical

compositions of these steels are as follows:

% The various heats of steel used in the'investigations, sponsaored by the Ship
structure Committee, have been designated alphabetically and are termed “project
steels", These include the University of California tests,



fechanical Prbberties (l) (2)

Steel Type Yield Jltimabe Elongation Red. Hardness
Code cf Steel Point, Strength, in 2 In,, in 8 In., 1n 4rea,  Rkw
Letter  Steel Condition psi psi % % % B
B. Semikilled As rolled 32,200 - 55,600 ~ L2=15,7 32.,5-35 58-71 58-63
' 34,600 58,600 ' ‘ :
G Semikilled  As rolled 34,500 - 61,500 3i4.5-h2.5 28-31,7 50-63 66-69
37,600 63,500
Steel (1)
Code Chemical Composition, & -
Letter  C fn ST P 5 Cr NT e Cu . AL R N
B, 0,18 0.73  0.07 0,008 0.080 0,03 0,05 0,006 0.07 C.015 0,012 0,005
C 0.2L 0.43 0.05 0.02 0,005 C.03 0,016 C.003 = 0.009

C.012 0.026 0.03

(1) Bcodberg, A., H. E. Davis, .. R. Parker, and 4. E. Iroxell, "Causes of Cleavage Fracture in Ship
Plate ~ Tests of wide Notched Plates", Jelding Journal, April 1948

(2) The data for the mechanicai propertiesxare the lowast and highest values obtained for each steel.
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The elect.,odes used throughoubt this phase of ©
5/32- and 3/1l6-inch diameter Class E6C10 elscirodes. The welding schedules used

for the various tests will be discussed later in this report,

PREPARATION COF TEZT SPECIM:INS

Plate Freparation

Plates 3 inches x 12 inches, were used for the bend specimens having
longitudinal welds and transverse notches (Xinzel- and Lehigh-type specimens,
shown by Figures 1 and 2). They were sawcut rather than flame cut sc that no
heat-affected ﬁetal would be along the edges of the specimens,

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

and Jackson-type specimens) were fiame cut to the size shown in Figures 3, 5,
nd 6. The heat-affected metal along the edges of these specimens was removed
by machining afcer welding.
The direction of rolling for all specimens was parallel to the longi-
tudinal direction of the finished specimen, as shown in the figures.
The plate surfaces weré_grit tlasted prior to welding te remcove mill
scale, rust, or other surface contaminators.

Welding Procedure

considerable recent work with them, were contacted to obtain the most receut

weldiﬁg and testing procedures for fhe various types of specimens before welding
was started on any of the test specimens. A suﬁmary of the welding condition for
‘cach of the five types of test specimens is.given in Table 1, Automatic welding

was used for all specimens except those for the tee-bend test. Automatic welding
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has been used in the past by some inveétigators for making tee-bend specimens.
On the basis of recent work, however, manual-arc welding was recommended to
obtain bettef control of the conditions éssential to the sucéess of this test.

A1l specimens were.welded at room.témperature (750F). Aftef welding,
they were set endwise on an.asbestos pad and ceoled in air to room temperature,
411 of the specimens were aged for exactly eight days at room temperature before
testing. During tuis period, they were machined to the final dimensicns for
testing.

After welding, the test specimens were machined ta the dimensions
shown in Figureé i, 2, 3, L, 5, and ég The sides of the specimens were finished
ty grinding to éid iﬁltaking accurate lateral measurements hefore and after
testing. Thé:transverse notches in both the longitudinally welded and irans-
veréely welded bend specimens were made with a flycutter to accurately obtain
the prescribed réot'radiUS. | B

The sideluotchés on the Naval Research Laboratory—typé Spécimen
(Figure 5) wore made by drilling a hole 1/16é 1nch in dlameter to accurately

.1ndex the width of notched weld maunl A l/a—;nch mllllnv cutter havxng an
1/8-inch tooth radius was then used to cut in from the side until thecirilled
hole was contacted, The side notches were inéorporated to impart higher con-
straint to the transversely welded ang notched type of specimen, |

In the weldment for the uee—bund test, the vertical leg was flame cut
to size so that 1t would flt a standard bendlng ng guide. To insure uniformity
for this test, fhe weldment was sawcut with the crater from ﬁhe weld increment
dbd start of the next increment cpntered in the t@st Spcc1men, as shown in
Figure 4., After grlndlng the Spe01men to the final w1dth of 1-7/8 inches, which

is a proportlonallty dimension based on plate thickness, the tensicn corners were
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broken with & file and the specimen was tesued in that condition.
THSTING _PROCEDURE

It was'necessary elther to heat or to ccol the test specimcns to
various temperature levels and to maintain the temperaturés during testing to
determine the temperature at which the specimens exhibited a transition from
ductile to brittle behavior, Conseguently, both the bending jig and the test
specimen were immersed in an agitated liguid medium and maintained at the desired
temperature for at least 15 minutes before applying the load, 4 mixture of
alecohol and dry ice wae used for all temperatures below about 80°F, Temperatures
ranging from about 80°F to 200°F were attained by using water heated with re-
sistance imnersion‘coils~ Above 2OOOF, a water-soluble guenching oil, having
350%F flash point, was used with the immersion.heaters to attain the desired
temperature,

The dimensions of tue bending jigs used for testing the various types
of specimené are schematically illustrated in Figures 1, 2, 4, 5, and 6.

The width of cach specimen was measurcd with a micrometer. The specimen
was then
Amsler hydraulic-type testing machine, using a loading rate of one inch per
minute free displacement of the movable platen; was used for all of the tests,

The load was usually applied untii the specimen fractured, but, if the specimen
did not fail, 1padingjwas coﬁtinued until the load reached a maximum and then
dropped tolé,OOO éoundé (2,00Q pounds for the llaval Hesearch laboratory specimen),
or antil the limit of‘the testing apéaratus had been reached.

A load-deflection curve was made (Figure 7) and the maximum load applied

was recorded for each test. The contour of tiils curve after reaching maximum
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load, the argle of bena at maximum load, and the fracture appearance were used
as the immediate criteria for selecting the temperature at which subsequent
specimens would be tested.
Calibration curves were made for the various types of specimens tested
in jigs having different dimensions. The bend:angle of the tested specimens
was obtained from these curves by measuring the displacement of the movable

platen, as shown on the load-deflection curves,

CRITERIA USED FOR ZVAIUATING TRANSITION TEMPERATURE

The term "transition temperature" designates the temperature ( or
temperature range) at which the fracture behavior of the tust specimen changes
from ductile to brittle. This transition; in many cases, occurs over a tempera-
ture range.rather than at a definite temperature and the test results may show
considercble scatbter. For the more precise determination of the transition
temperature, statistical methods to determine the transition-temperature curve
contou:r, supplemented by the use of the parallelogram method, have provided a
mathematical solution (Heference 142, Appendix C).. The gverage curve metiod,
however, is most commonly used, For average curves, the transition temperature
is usually designated as being: (=) . the pcint of inflection;r(b) the upper or
lower limit of the transition range; (c) the point on the curve represented by
half the difference between the upper and\lower limits of the curve; (d) the
poist ¢n the curve represented by half of the maximum measured value obtained;
or (e) the temperature at which the fracture changes from a fibrous ductile to
a bright crystalline (brittle) structure, though it seemed appropriate here to
use a different point,

The transition curves in this report represent averages of the slow-

bend test data and show the complete transition-temperature ranges obtained for
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welded and unwelded B, and C steel spscimens. The "transition temperature" for
any test included in this report is defined as the highest temperature at which
the first significant decrease ( or wide discrepancy) odeurred in the measured
property (absorbed energy, bend angle, lateral contraction, eté,)‘ Consequently,
tlis point is generally Iocated at, or slightly above, the inflection point.

he criteria used to evaluate the change in behavior of bend-test
specimens made from B.. and C steels are discussed in the following pages.

Absoried Energy

"Me amount of energy abéSrbed'bj Eéch specinen up to the point of
failure, or by bending to the'limiﬁaof'ﬁhe 5ig, was determined by measuring the
area under the load-deflection curves obtained for each specimeh during testing.
" Schematic diagrams of typical load-deflection curves are shown in Figﬁre 7. The
energy zbsorijed by a specimen up to the maximum load included the area under the
curve to a deflection indicated by the dimension "E", The energy absorbed after
maximum load, which either broke the specimen or bént if to the capacity of the
' jig, was determined by measuriﬁg the area under the curve from the point of maxi~
mum load to the point of failure or where the loadldropped to 6,000 pounds
{2,000 pounds for the Naval ResedrcH Laboratoryhtype specimens ), as indicated
by dimension "N". The total ehergy, T, was determined by measuring the total
area under the curve, or "' + "N',

- The shape of the curve after maximum load, usually indicated the type
of the fracture surface that résulted,' If the slope was relatively flat, smoocth,
and regular, the snecimen usually bent to the capacity of the Jjig and had a
ductils-type fracture surface, A sharp decline in the curve was usually accom-
pconied by varying degrees of brittleness.

The energy-absorption values for the various types of test specimens

iere based on total energy and the energy absorbed after maximum load. The curves
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of the.”energy absorbed to maximum load versus temperature” for the various test
specimens had ;bogt the same relative contour as the curves showing total energy
“absorbed ard energy absorbed after paximun load and indicated similar transition
'temperaturés fer the two steels, This is showa in Figure 8 for the Lehigh
‘specimen, Other tests showed the same condition to exist, consequently only the
data for total energy and energy absorbed 3§§§£,maximum load are given in this
repor” . |
ﬁend'Ang}g
o The deflection of a-spécimén‘at maximﬁm-ioad and. at the peint where
failure‘oc;urged, or at the maximun deflection ailowed_by-the"jig, was measured
' from the load‘égfle;tiqn curve (Figure 7). The“a@oun§ of linear deflection was
then convertéd to begd-angle:degreéé ffdmncaiibrétioq curves for the given £ype

~of specimen tested and vending jig used for ﬁhat‘type specimen,

Lateral Contracticn

The_lateral contraction of the test specimens was obtained by Measuring
the'ﬁidth of “he grqund specimens in the test érea_with a micrometer befbre atid
after bending. The amount of contraction of the specimens, which were tested
at different temperature levels, waé expressaed on a percentage basis to eliminate
any variation that existed between the initial width of the specimens.

The widths of specimens, having a longitudinal weld bead and transverse
notch {Lehigh and Kinzel specimens ), were measured at about 1/32 inch below the
root of the notch before testing., After testing, the width of the test specimen
was measured at about the same peint adjacent to the fracture.

The lateral contraction of specimens exhibiting a brittle-~ or transition-
type (part brittle and part ductile) fracture was relatively easy to measurc,
The contraction measurements for the more ductile specimens, tested above the

transition temperature, were less accurate and more difficult to make because of
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the excessive tearing and unevenness in tHe fractured surface and edges of the

specimens. Since the need for accuracy is most essential for specimens tested at

ala At
(e

out the it is evident that the relative inaccuracy of

s riden 12 1
lateral contraction measurements for 100 per cent ductile fractures is of little
impoftance for a proper apmaisal of the over-all test results.
lateral contraction measurements for the Jackson-type specimens were
made in essentialiy'the-same way as previously mentioned,’
It is more difficult to make lateral contraction measurements for the
teé—béﬁd test specimens than for the Kinzel and Lehigh~type specimens. Measure~

[P . |

ments of the width of the specimen were made on both sides of the f

the
points A and‘B, and on ﬁhe unfractured side at a point C, as shown in Figure 9.
This latter point was determined by the intersection of a line through the tce
of the fillet parallel to the stem and a line parallel to and about 1/16 inch
below the plane of the jeint., The point C, then, was Located in the heat-affected
zone where maximum contraction, without failure, usually took place. A com~
parison of lateral 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 he tee=ber
Accurate measurements could not be obtained on the Naval Research
Laboratory-type specimen after testing because thé deep-side notches made it
necessary to use special micrometers that were not available at the time the
tests were completed. Conseqﬁently5 this criterion was not considered for this

tast,

Fracture Appearance

The results obtained by different people using the fracture appearance
as a criterion of the ductile to brittle transition of a steel are arbitrary.

Confusion arises from the differences in fracture appearance that are probably
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caused by variations in the chumlca¢ compoqltlon, mechanical properties, prd—
05551ng history of the a,gel, and tes*mng prOCuduress‘ Erployment of the teims
"cleavage” anuﬂ'shear” fraﬂtuzec may also be m?sleadlng bevause the true mode
of fa11ure cannot always be de;acted macroscopically,

In orier to CLarlfy thé use'of fracture appearanc in.this répdrt
as a criterion for dctermwn*ng ductlle Lo brlttle tran51t10n a ductile fracture
is deZined =3 being a prO?PESSlve fallure dark gray in cdior With'a'ﬁobd}"or
cokey'appea“ance A brlutle frd“ture is dellned as an abrupt failure having a
oxlvht rysLalllnL—appeaLLng suy facu. Typical fractures are illustrated in
Figures 16 ard 17,

The transitidﬁltémpefaturé‘of the tée;bona séécimens was‘HSt determined

TR Y
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‘appearance, because variations in the fracture charac—

r—r,‘ :
4

fractur
ftérisf&éslbbﬁidrdbt.be ac;hféﬁely'appraisedc Spccimon;'héving duétile §roporties,
either deformed to tho caracity of the testing ééuipmcnt, or héd'incghpiete
failure 2s shown in Figures 18 and 19. Brittle fractures obtéihed.ét“iowér
' testlng temperatures’ Showed the tyolcal crvstalllne aopearlng surfaCL. An inter-
nediate ‘structure that would be representdtlve of thu tran31tlon range was not
apparent."uonsequuntly, *he appearance of Iractured tee-bend SpEClmbnS was not
used as a criterion for evaluating tfansiﬁion.temperéture,
Briergy Ratio

'This criterion fbr-tiéﬂSitiOL::‘mr¢-“-_ e
bend teést, Its appiiéafion'fof'eVal&éﬁing traﬁsition-temperatﬁre wili}jfﬁefefore,

be discussed in a later scction of this fepoftf

RESULTS AND DTSCUSSIONu

Thp tabu¢ated data obtalned from_tcstlng the VdrlOUS weldpd and unwelded

Qpcclmens made of Br apd C steels are contalnud in Tables 3 through 13, Appendlx A,
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The transition temperaturcs for welded Br and C stuels obtained from the various
tests are compared in Table Z. .The data obtained from the five types of bend
tests are shown by graphs in Figures 11 through 15. In these graphs, absorbed
energy, bend angle, lateral contraction, and fracture appearance are plotted
versus testing temperature,

The data in Table 2 and the transition-temperature curves based on
various criteria shown in Figures 11 through 15 indicate that all five of tihc
tosts rated the two steels in the same order as the hatch corner tests and other
steel had a lower

types of tests made by different“inve§tigatprs; i.e., the Bn

transition temperature than the C steel. However, none of the small tests gave
the same transition tempera@ures for the twe steels that were obtained from the
hatch corner specimens. In general, the transition temperature for the By stecl
hatelr corners was higher than the average temperature shown by the notched
specimens having cither 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 than fgr the small bend specimens, Tﬁe transition~temperature
curves fqr the tee-bend tests, however, were below the transition of the hatch
corners for both the B. and C steels, This rclationship would be advantageous
if the tee-bend specimens were modified in an attempt to raise their respsctive
transition temperatures to correspond with those given by the hatch corners.

The Relation

aiais LLOL U .

The test results and the shgpg of the transition curves obtained with
the spucimens used (Yigures 1 through 6) varied with the design of the specimen,
fhe difference in notch detalls and welding‘schedule between the Lehigh and
Kinzel specimens had no apparent effect on the scatter of test data nor the shape
of the transition-temperature curve, Ths curves determined by plotting the

various criteria versus testing temperature showed only a small amount of scatter
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and a well defined ductile to brittle Lransition, The difference in the measured
values between the upper anﬁ lower ¥knees ol the t?ansition range was of suf-
ficient magnitude sg that a trénsipéon_temperature could be ascertained with
reasonable acauracje |

The low transition temperatufs of the Lehigh specimens made from Bpr
-steel could have beén influenced eithe; bf the specimen design and/or by the
inherent pruperties of the stéel; Future gtudies may help to clarify this
point, - | |

ih addition to giving well defined transition curves of the steels
tested, the Lehigh~}dhd ninZel—iype tést specimens are easy to weld, machinc,
and test, A'furtherrposéigié'advantége of thQAKinzel specimen is the extra
depth of weld metal that fémains beiow therrpéﬁ of the notch., The influence .
of this weld metal on the test résults,.hqweﬁer, haslnot yet been investigated.

A possible diSadvahtage of both Specimeh$ is that they are purely test specimens
and are not neceséarily-repreéenta£ivélof a weided.structure.

The tee-berd test (Figurés 3 and A)Iis the only test in this serics
that empleys a specimer that is‘représéhﬁatiﬁe of typical welded Joints used in
ship building and structural welding. Thé specimens are also easily machined
and. tested. These factors, along with the Sharply defined transition range de-~
termined by measuring the bend angle-(Figure 128) end abserbed energy (Figure 11B),

and +he
@liid W

tages for this test, The transition temperatures for the B.. and C steels are
both lower than the respective hatch corner transition temperatures by about the
same amount (Table 2), This suggests that a modification of this type of specimen
should be attempted to duplicate the hatch corner trunsition temperatures,

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

in adhering to the welding requirements and the amount of discard lost after
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mechining, TFurtheimore, the criteria for determining the transition teupera-
ture are limited to sbsorbed-energy and bend=-angle measurements. The inade-
quacy of lateral contraction and frescture appearance appraisals from these
specimens will 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
specimen edges to increase the constraint (Figure 3), also proved to be a
satisfactory test for determining transition temperature., Figures 11C and 12B
indicate that complete itransition data were not obtained with this type speci-
men for the C steel, becavse adequate tests were not made at higher temperatures.
The transition curves for B, steel, however, show that the bend angle at
maximum load is not signifiecant, Although the pletted data for absorbed energy
and bend angle at maximum load have a limited emount, of scatter and define a
ductile to brittle transition, the differences in the amounts of energy and
of bending between the upper and lower limits of the curve are considerably-
smaller than sre shown by other tests. This condition would reduce the sensi-
tivity essential for an accurate rating of steels that had properties between
those shown by the B, and C stesels. Although other investigators using the
gside=-notched high-constraint type of bend specimen have made satisfactory
lateral contraction measurements, this criterion for evasluating transition
temperature was not used because of the need for special micrometers that were
not available for these measurements. In addition to the disadvantages appsr-
ent from the aforementioned discussion, the difficulty and cost of machining
are the most pronounced detriment to the use of this specimen. The only
apparent advantage is the relatively high transition temperature which obtaing

compared with those from the other types of. specimens.
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The Jackson~type specimens, having a transverse weld bead with a
machined notch (Figure 6), were made to check the actval influence that side
notches might have on transition temperature, as shown by the high-constraint
specimen. Consequently, tests were only made on Br steel. The plotted data
in Figures 11C, 1R2B, and 13 show some scatter gn@ were not satisfactery for
defining a transition curve., It 1s apparent from these plotted data that this
type sp:cimen i1s the least desirable of the five tynes of_tests uged for
evaluating the relative prouperties of steel on the bhasis of transition temper-

ature.

Evaluation of the Criteria for Determining Transition Temperatures

o R pp—

Absorbed Energy. The procedare used to determine the amount of

erergy required to produce failure in the bend specimens or bend them to the
1imit of the jigs was described on page 9. The transition curves for the B,
and C steels based on.absorbed energy are given in Figures_llA, 118, andrllc.
A survey of these cyrves indicates that_this‘criterion sharply defines the
-ductile to brittle transition for.all the tesis except the Jacksop type. The
tronsition temperatures obiained by the abscrbed-energy ﬁethod compare favor-
ably with the transition temperatures obtained for the steels by other
eriteria for a given test (Table 2).

Bend Angle. The degrees. of bending of a specimen up to maximum load
and to the point where the specimen broke (or.reached the bending capacity of
the equipment) were calculated from the‘deflectign shown on the load-déflection
curves., This procedure is mere fully described on page 10. The transition
curves for. the B, and C steels based on bend-angle measurements are given in
Figures 124 and 12B. From these curves, it appears that the total bend angle

provides a more accurate transition than the tend angle at maximum load., The
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transition temperature for each speecific test determined on the basis of total
bend angle compared favorably with the transiticn temperature evaluated by
other criteria,

Lateral Gontraction, 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 by Dr, A. B, Kinzel In his 1947 Campbell
liemoria. Lecture,: This criterion was included during the course of this inves-
tigation as snother method for evaluating the relative properties of welded
steels.,

The procsdure used for measuring lateral contraction is described
on page 10, The transition curves for the B, and C steels based on lateral
contraction measurements are presented in Figure 13,

The results of these tests indicated that the use of lateral contrace
tion measurements for evaluating transition temperatures is most useful for the
specimens having a longitudinal bead and transverse notch, i.e., the Lehigh- or
cimens, Lateral measurements for these specimens are easy to
make and are accurate as long as the fractures are relatively sharp and the
ductility is relatively low. When the fracture is ductile and very irregular,
it is extremely difficult to mske an accurate lateral measurement. Transitions
from duetile to brittle failure for the Lehigh and Kinzel tests were well
defined and compared closely to the ‘transitions of B, steel, as shown by other

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

Although the lateral contraction measurements were obtained for the
Jackson-type test, they did not clearly define the transition temperature.
The inadequacy of using contraction for evaluating the transition

temperature of tee-bend specimens by measuring the contraction at the fracture
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is appareni from Figure 10,
On,thé baa?s'of the data obtalned from these tests; the use of
lateral coniractinn measurements 1s most precticable for the Lehigﬂu and

Kinzel=type specimens. | "

Fracture Appearance. "WFracture eppearance® has beeﬁkused‘extensively
by many investigators for comparing the relestive physical andimetdllurgiéal
' properties of steels. The results obtained by thiz method déﬁénd to é'great
extent upon ths interpretation of the fracture made iy each person who examines
it. The procedure used for evaluating the percentage of ductile fracture in
this ‘work was discussed on page i2.

The transition-{emperature curves based dn.fracture appearance versus
tegting temperature are'éhown‘in Figure 14. The fracture éppedranéé'of the
tee-bend specimens was not useéd as a ériterion for evaluatihé transition
temperature., The reasons have been previously discussed on page 12, The tronsi-
“tion témperatures for Br and C steels on the basis of ffaéture appeéréﬁée are
essentianlly the seme as those shown by other criteria for a spécific test.
specimen conteining a weld.

v In addition to Getermining fracture types empirically, therec are
~other considerations which indicate that a macfoekominafibh of the fracture
might be misieading for'éfaluating the transition from‘dudfile to ériﬁtle be -
havior of o steel, Other investigators have suggested that a failura classed
as "shear" or "eleavage" on the basis-Of‘macroappearance is often erroneoﬁé;
Basic studies have indicated that some ductii&éppedriﬁg‘shear failures have
deformed plastically along slip Plancs, but torminal fracture has taken place
along o cleavage planc or in the gfain‘boundaries:'

" The iwost apparent feature of the fractures for the B, and C stecls

for all types of specdimens is the difference in the appeafance of the ductile-
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type fractures which werc obtained from the gpeclmens tosted at the highcst tem-
perature for ca~h geries, The By steel shows a fibrous woody type of ductile
fracture whizh usually terminated part way deross the speeimon end then propagated
along o longitudinal piane, o8 shown in the fractured Kinkzel-type specimen, Fig.l16,
speeimen 22~5, . Ag the testing temperature was l‘mx:ear‘ecljr the ductile portion of the
fracture gradunlly decreased. The remeining portions of the fractures in thesc
seses '2d a bright erystalline appearance which characterized brittle fracture

at the lower testing temperaturecs,

The ductile fracturcs of the C stecl specimens did not show the woody
fibrous siracturc characterized by the B, stecl., Instend, failures propagoted
acrogs’ the ¢ntire specimen producing a cordurcy or darkw-nppearing rough surfnéé,

28 chown in Figure 17, Unless the approximate transition temperature were knovn,
it was not uncommorn to i.*érpret this typc of fracturc as being of a brittle
nature., When the tests were made at relatively high temporntures ond oil was
used for the hcating medium, the dark oily surface further added to the eonfusion
&f accurate fracturc interprotation. The transition, snd low-tempcrature brittle
fractures appeared about the snme as those shown by the corrcsponding fracturcs
of Br stcel,

The longitudinally welded and transversely notehed specimens (Lchigh
rnd Kinzel type) exhibited an ellipticol~appearing frocture pattern in the tronsi-
tion-temperature range, as shown in Figures 16 rnd 17, The drrk-apocaring
structure was considercd to be .dictile and the bright structure was termed britile.
Tt 1s nlso of intercst to'note that where the duetile vein renched the notched
surfoee, there woas a pronounced ductile distortion in the plate surface. Tho
netucl cause for this s ructure fppeareance has not been definitely detormined.

Tt is rossible, however, that the stress conditions nnd loading charactcristics,
the outer heﬁtnaffected zone of the weld, or the inherent propertics of the stecl,

night hove been influencing factors.
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* Figures 18 ond 19 show réﬁrééenﬁative froactures of tee-bend specimens
made of B£ end U steels, rospectivelj,‘and tosted at different temperature levels.
Figurc 12 illustrates a;ductile—type frocture in By -steel that has broken part:
woy across the specimen and ihen chanped diveetion so that the frocture continued

longitudinally alchg a’seegregation or larse Figu
(=) o (=] (=3 o L=

re 19 shows that the

L4

direction of duetile fracturc of G stecl prieecds across the thicknéss of the
plate,

A factor that crentes suspicicn as to the wnlidity of this criterion:
is shown graphically in Figure 20Bs. From-a comprrison of the transition curves
on the basis of fracture appearance for welded and unwelded Kinzel-type specimens,
it appecrs thet the transition occursg at the same‘temperaturo for both speeimcns.,
This helds for cach steel, The figure algo shows that o trend exists in which
the transition tomperature for the unwelded speeimens is higher than for the
welded specimens. This condition is not consistent with the curves ghown for
the other eriteria..

It is apparent from this brief discussion that more fundamcntal under-
standing of fractures and their oceurrence is esscntial before an accurate
appraisal can be made by inis method on various stecels tcsted under varying
conditicns.,

Eqergy Ratio. Other investigators who ‘have used the:tee-bond test found
that a convénient methed for rating the performance of a welded steel specimen 1s
to compare the amount of energy it sbsorbs during -testing with the amount of
energy absorbed by a steel selected as a standard (Reference 43, Appendix C).

A mediuvm~carbon steel standard is used which has a tensile strength close to

60,000 psi and bends to the maxirum-.capacity of the vesting jig without any in-
dicatlon of failure. From tee-bend tests on tiis steel, it has been found that
the standerd total energy absorbed for 3/4-inch plate having a 5/16-inch fillet

o

is 42,700 inch-pounds. The transition curves for Br ana C steels based on the



- 2] -
energy—absorptipn ratio cbtained from tee-bend specimens, tested at the various
temperature 1evels and expregsed as per cent, are shown in Figure 15, The con-
tour of thess curves and the transition temweralures indicated by them are the
same as shown by the erergy-absorptlon cury s shown in Figure 11B. It is npossible
that a rating.system of this type can be applied to ship steels after a positive

criterion has been established and the procedure proven,

gend T sts cf Unwglded Srecinens

A series of bend tests was mede on unwelded specimens of Br and C
gtga@s,with a transverse novweh (Kinzel type, Figure 2), to compare the transition
temperatures of welded and unwelded plates. The testing procedure used for the
unwelded sp.nimens wes the same as for the welded specimens previously deseribed.
The tabulated data for these tests are given in Tables 12 and 13, Appendix A,
Figures 20A ard 20B graphically show that the unwelded specimens have a lower
transition temperature than the respective welded steels, Also, the abscrbed
energy, bend angle; and lateral contraction measurements on a specimen at a given
testing tempersture are higher for the unwelded specimens than for the welded
ones. These results are in line with those obtained by other investigators on
other steéls (Reference 131, Appendix C).

The transition temperatures for the unwelded Br and C steels on the
basis of fracture appearance are essentially the same as those shown by the
welded specimensn Thess. results indicate that fracture appearance might not be
an accuraﬁe criterion for comparing the transition properties of welded and
unwelded specimens. Further detalled diseussion relating to the subject has been
presented on page 190of this repert,

Metellurgical Observatisns _

Microsectiqns were made to determine the direction of rolling for the

By aﬁd c steels.and t§ cémﬁaré‘théir Qleanlinesqa 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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ierge stringers of complex sulphide inclusions shown in the B, eteel were of

sufficient magnitude to produce magnaflux indications along the ground edges of

the specimens. The planes;qf_thgéé & seontirvities, which are shovn in Eig. 21{a),

- influenced the propaggtionﬁof_frécture and tﬁqs the amovnt of energy absorption,

ben@ gngle, etc.; required to break‘mhe_gpepimén.l It was obgerved on many frac-

tured specimens made of B, §tee;,:that-theAfragture through the notch and into

the pla‘*e would stop abruptly and propagate by tagring Qlong.the;longitudinal

plane of the plete, as shoun by Tig, 1€, Specimeé.zéwﬁ,_ The besflcéﬁpgrisén of

_.ductile-tyﬁe fractures in B aﬁducigteels'basgd‘on this hypothgsis is_illgstra?ed

by the tee-bend specimens .shown in Figures 18 and 19. .When-the specimens were

tested below the toansition temperature, this longitudinal tearing was nqt.apparentu
- The inclusions in the C steel were small, round,_andruniformly

distributed in the stedl. The directional properties of the inclusions were

so obseure that it was dirficult to determine the rolling direction of the steel.

‘On the bagis of these limited observations, it is possible that large
inclusions .of ths type in the By steel probably reduce the réte_of_fractﬁre
propagation.

It is further apparent from ;hg ﬁoregoi@g discussiop#thatﬂthe inhgrent
properties-and structure of . the steel havean.iﬁgluénce,on_themode'of
fracture of the specimen and the resulting appearance of the broken surface,

- The macrographs . in Figures 22 and 23 show the ?elative difference
between the size of the weld bead and the depth of the.heat-affected zone
that obtains when the welding speed is_ipcrgased frqm;6_inches per minute for
the Kinzel specimen to 10 inches per minute for the Lehigh specimen. The
deptn of notch, cut tran;verse tc the bead, is alec indicated on the photo-
graphs, Dr. Stout has shown that with all conditicns constant, the transition

temperature of a given steel is raised as the welding speed is increased
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(Refercnce 131, Appendix C), In this investigation, the welding speed, notch
design, and notch depth varied for the Lehigh angd Kinzel tegts, The Kingzel
épecimen indicated & higher transition than the Leﬁigh specimens regardless

of the slowsr welding speed.ﬁnd more shallow notch. This indicatcd that the
sharper notch more than offsot the effect of the other'WO.variables which
tended to lower the transition temperature.

The'phbtogfaphs further show that the Kinzel specimens have moro
weld metal below the reot of the notch as woll as 2 wider heat-affected zone,
The exact infliuence that this weldlmetal has on transition temperature has
not been fully determined. There is some indication, however, that the weld
metal and hieat-affected zone have a transition temperature independent of that

exhibited by the base mstal. Further work is contemplated along these lines,
SUMMARY

1. A4 survey wes made of published and unpublished rcports to

* appraise the various kinds of tests used te study strength,
daetility, and transition temperatures of welded joints in
structural steel, On the basis of this survey, the Project

- Advisory Committeec selected the tee~hend test, the longl-

tudinally welded and transversely notched bead-bend tests,
and the transversely welded and transversely notched bead-
bend tests, lor study and corrclation with the hatch-cornocr
tests made at the University of California.

2. Tho transition teomperatures of wolded and unwelded bend
specimens of B and C steels tested during this investigation,
are in the samﬁ‘qunlitativé order as those indicoted by the
full-scale, hatch-corner,. wide~plate, and notched-bar tests.
(See Summary Table Z, page 28).

3, Bend tests of unwelded Kinzel-type specimens of B and C
steel had a lower transition temperature than the respective
welded steels, 4lso, the absorbsd energy, bend angle, and
lateral contraction at a given testing temperature were highcr
for the unwelded specimens than for the welded ones.
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There are indications that the metallurgical propertics and
tructure of the steel have an influence on the mode of
“ac+“rc, the appsarance of the broken surfoce. and the
absorbed-energy ond bend-srngle measurcments of the specimen.
Thls observation was most apperent when specimens of R,

‘steel weré tosted at or abore the transition temperaturo.

In the B, s%teel, the large stringers of complex sulphide in-
clusions observéd by microexamination were of sufficient
magnitude to produsce moghaflux indications along the ground
edpges of the specimens,

The different criteria (absorbed energy, bend angle, lateral
conf¢autjon, etn.) used for evaluating the transition tempera-
tures for the B, ahd C steels were more practlcab]e for some

bend specimens than others,
2. Total absorhed energy and total bend ongle
obtained from load-deflection curves showed
an chrupt and well=def'ined transition for =211
specimens except the Jackson type.

b, Lateral contraction measurenents were most
applicable to the specimens having o longi-
tudinal weld and transverse notch, {(Kinzel
~rd Lehigh typos) .

c. The use of fracture appearance as o critcerion
for evalvating transition temperatures is cpen
to question., An understanding and interpreta-
“tion of the mechanics of fracturc of a given
Type specimen with a specific grade of steel
soem nceessary before the fracture will give
. an accurate appreimal of the change from the
guctile to the brittle type of fracture.

The variations in the designs of the five speeimens influenced
the transition temperaturcs in different ways.

ne The data from the longitudinally welded ond
: ~ transversely notched Kingel and Lehigh specimens
and the tee=bend. specmens gave clear-cut tran-
sition curves, .o .

pe The transversely welded and transversely notched
Naval Research Lehoratory High-Constraint and
Jackson-type speecimens showed o small difference
‘in magnitudc of the measurcd criteria betwecn the
apper- ond lower limits of the transition range.

¢. The side notches added constraint to the Neval
Research Lahoratory specimen wiich raised the
tronsition temperature of the stesl cbove that
shewn by the other specimens,
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FUTURE_WORK

On February 26, 1948, the Advisory Committee for Project SR-10C,
Contract NOts-45542, "Evalﬁﬁtion of lmproved Matofiais and Methods of Fabri-
cation for Welded Steel Ships", met to revio#lthe pfogréss of the work being
conducted at Battelle Meﬁorial Instiiute~' The iﬁformation contained in this
report, describing werk authorized‘ﬁﬁ-the Committge on October 1, 1947, was

presented for the Committec’s wpproval.

After the current work had becn thoroughly discussed, the following
. program for future work at-Battelle Memorial Institute was discussed nnd

approved by the Advisory Commitiee.

;t_gg_;; Modifiod specimens of the Lehigh or Kinzel type are to be developed
and tested in an attenpt to:obtain a spceimen thot wili give the
xsame'tfansition temperatures.for Br and C steels that they show
in the hatch-corner tests. Specimeng having a notch decep enough
to climinate the effeet of weld motal are tec be ineluded in these
tests, |
Item 2., Tension tests arc to be made at various temperatures using a
specimen gimilar irn design to that developed in Item 1. The
transition curves; detcrmined for speeimens made from B, and
"C&stgqlg) will be compared with the bend test and hatelk-corner
- transition curves. |
Itom 3. A series of tests on the speeimen developed from Item 1 to
determine the relative transitions of several stcels ond

differcnt stesl conditions. The test conditicns are to be

}

BT T s
LOULILOUOWO e

fat

o

a. Stecls to be tested - A, By, C, D, and E,
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imons to be preheated Yo 4LO0PF prior to
ing. Tests to be made on Br and C sgteels.

U D S B Y
LISV )

pecimens Lo be nosthea? Tress T
g. Tests to be made on

5 o
to 1M0FF after weldin
C steel only.

d. Moke speeimens using the water-guenching
tecimique employed by Dr., Eagsar, Thesc tosts
arc to be made on both welded and unwelded
specimens. The type steol will be determined
by the investigotors. :

A, A limited study to detérmine wore fundamental information

on the causes,.starﬁ; aﬁd appearaﬁce of fracturos.will‘be condugted
concurrently with the foregoing items. | |

B. A scrics of tests will e madej to determine the transition .
temporature of the weld metal.

C., Limited tests will be wade to devermine the effect of ngeing

on the speeimen develeped from Item 1. Unless some pronounced
ngeing effect is apparent, the ageing time of 8 days used for

nroard At kamts w177
Previous Tedls wWiid

Dota given in this rcport are recorded in Battelle Laboratory

Book No. 3240,

RWB:PJR:CBVivmics -
Jamvary 25, 1949



TABLE 1. WELDING CONDITIONS USED FOR THE BEND TEST SPECIMENS
Type TEST
NAVAL JACKSON
RES. LAB, TRANSVERSE
WELDING TEE HiGH NOTCHED
DETAILS LEHIGH KINZEL BEND CONSTRAINT BEAD BEND
ELECTRODE CLASS E6O10 E6010 E6Q10 E6010 E6O10
ELECTRODE DIAMETER, IN, 3/16 3/16 5/32 3/16 /6
AVG WELDING CURRENT, AMPS 175 17% 145 175 176
AVG ARC VOLTS 27 27 25 27 27
AVG WELDING SPEED, IN./MIN. 10 6 2.8 6 6
LENGTH OF WELD BEAD, IN, 10 4 2.7 6 6
LENGTH OF ELECTRODE PER INCH OF WELD .78 1.4 3.6 1.4 1.4
INIT1AL PLATE TEmP, F 75 75 7% 75 75
COOLING MEDIUM AIR AR AIR AIR AR

"LZ-
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TABLE 2, COMPARISON OF TRANISITION TEMPERATURES'!!; DE.
GREES F, FOR WELDED Bp AND C STEELS, FROM
VARIOUS TESTS

CRITERION
(A} (B) {C} (D) {E) (F)
APPEAR.
TYPE ABSORBED ENERGY BEND ANGLE ANCE
OF FiG, Max, LoaDp AT MAX, LATERAL OF
TEST No. ToTAL To FAILURE  TOTAL LOAD CONTRACTION  FRACTURE
STEEL Bp
LEHIGH 1 - 20 .20 -20 .30 =30 - 20
KINZEL 2 20 20 20 O 20 20
TEE-BEND 3,4 8] 4] o ? . -
NAVAL RES. LaB, 5 30 30 30 7 ? 30
JACKSON o 6 ? ? -10 ? ? 10
HaTCH cornerf?2) 40 ) . . . .
72" .W|DE PLATE
( INTERNAL NoTcuf3} 30 . . . . .
STANDARD KEYHQ&E
NOTCHED BaR! .30 ] . . ] ]
STEEL C
LEHIGH 150 140 150 160 110 150
KINZEL 150 150 150 140 120 160
TEE-BEND 100 100 80 40 .
NAVAL RES. LAE’ 18017 1807 180 ? ? 160
HATCH CORNER' 120 . . . .
72" .WIDE PLATE
{ INTERNAL NOTCH) 90 . . . - .
STANDARD KEYHR%E
NOTCHED BAR( 15 - - - . .

3

(n

(2)
(3)

(4)

TRANSITION TEMPERATURE 15 NOT APPARENT.

THE TRANSITION TEMPERATURE AS USED FOR TESTS INCLUDED IN THiS REPORT 1S DEFINED AS
THE HIGHEST TEMPERATURE AT WHICH THE FIRST SIGNIFICANT DECREASE (OR WIDE DISCREPAN-
CY) OCCURRED IN THE MEASURED PROPERTIES.

DEGARMO, E,P,, AND A, BOODBERG, "CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE; HATCH
CoaNER DESIGN TESTS"™, UNIVERSITY OF CALIFORNIA, REPORT NoO. S5C.16, DECEMBER 4, 1947,
pavis, H.E., G.E, TROXELL, E.R. PARKER, A, BOODBERG, AND M.,P, O°BRIEN, "CAUSES OF
CLEAVAGE FRACTURE IN SHIP PLATE: FLAT PLATE TESTS AND ADDITIONAL TESTS ON LARGE
TUBES", UNIVERSITY OF CALIFORNIA, REPORT NG, SSC.8, JANUARY (7, 1947,

GENSAMER, M., E.P, KLIER, T.A, PRATER, F.C, WAGNER, J.0. 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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26,000 Br STEEL ¢ STEEL
4 -
24,000 v \\
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22,000 y L il
/ \
20,000 ,l \
i \
18,000 ' ~
Ve
] /
16,000 I ¥
| T
14,000 ,' II
| g /
12,000 } N £
| ~L /
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- 80 -40 O 40 80 o 40 B0 120 160 200

TEMPERATURE — DEGREES F.

T — TOTAL ENERGY ABSORBED
M — ENERGY ABSORBED TO MAXIMUM LOAD
N — ENERGY ABSORBED AFTER MAXIMUM LOAD

FIGURE 8. TRANSITION-TEMPERATURE CURVES OF LEHIGH-TYPE SPECIMENS
BASED ON ABSORBED ENERGY AS SHOWN BY DIFFERENT PORTIONS
OF THE LOAD-DEFLECTION DIAGRAM. REFER TO FIGURE 7.
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LINE THROUGH 2 FILLET
TOE OF FILLET 16

AND PARALLEL

TO STEM A

FRACTURE

HEAT-AFFECTED
ZONES

A. TOE OF FRACTURED FILLET

B. BASE METAL ADJACENT TO
FRACTURED FILLET

C. UNFRACTURED SIDE

FIGURE 9. LOCATION OF POINTS FOR LATERAL
CONTRACTION MEASUREMENTS ON
TESTED TEE-BEND SPEGIMENS.

BATTELLE MEMORIAL INSTITUTE




LATERAL CONTRACTION -PER CENT
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FIGURE 10. A GOMPARISON OF LATERAL CONTRACTION

MEASUREMENTS AT THREE LOCATIONS ON THE
TEE -BEND SPECIMENS. REFER TO FIGURE 9.
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Puetile

Fracture
Specimen 22-5 £3780
Testing temperature 40 F
Transition
Fracture
Specimen 22-6 53783
Testing temperature =20 F
Brittls
Fracture

Specimen 22-4 53754
Teasting temperature -40 F

FIGURE 16, FRACTURED KINZEL-TYFE SPECIMENS MADE FROM B, STEEL AND
TESTED AT VARIOUS TEMPERATURES



Ductile
Fracture
Specimen 23-7 53733
Testing temperature 275 F
Specimen 23-9 53734 Transition
Testing temperature 120 F Fracture

Specimen 23.12 53753
Testing temperature 100 F

Specimen 23-11 53750
Testing temperature 20 F

FIGURE 17. FRACTURED KINZEL-TYPE SFECIMENS MATE FROM C STEEL AND
TESTED AT VARTOUS TEMFERATURES



Specimen 20-1 53756
Testing temperature 80 F

FIGURE 18, TEE-BEND SPECIMEN MADE FROM B, STEEL
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Specimen 13-4 53
Testing temperature 150 F

FIGURE 19, TEE-BEND SFECIMER MADE FROM C STEEL
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100X 54019
(a) By Steel
100X . 54023
(b) C Steel ‘
FIGURE 21, POLISHED UNETCHED SECTIONS OF By AND G STEELS SHOWING
THEIR CIEANLINESS AND THE MAGNITUDE OF THE INCLUSIONS
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7-1/2X
(a) By Stesl

7-1/2%

(b) € Steel

FIGURE 22, SECTIONS OF LEHIGH-TYFE SPECIMENS MATE FR

oM

SHOWING THE POSITION OF THE NOTCH ROOT WITH

FUSION ZONE OF THE WELD



(a) B, Steel

7-1/2X 54014,
(b) C Steel

FIGURE 23, SECTIONS OF KINZEL-TYFE SPECIMENS MADE FROM Bp AND C STEELS
SHOWING THE POSITION OF THE NOTCH ROOT WITH R_ESPECT TO THE
FUSION ZONE OF THE WELD
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APPENDIX A

Detailed Tobulated Tata

Tables 3 throvgh 13 in this Appendix contain the tabulated data

from testing various welded and unwelded specimens msde of Br and C steels.
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TABLE 3. RESULTS OF SLOW-BEND TESTS OF SPECIMENS MADE FROM Br
STEEL AND HAVING A LONGITUDINAL WELD BEAD AND TRANS4
VERSE NOTCH (LEHIGH DESIGN)

BEND ANGLE ABSORBED ENEmGY (2) AVERAGE FRACTURE
TESTING  MAXIMUM DEGREES AT anAKlqg TOTAL LATERAL (4) APPEARANCE ,
SPECIMEN  TEMP. Loap, MAX ) ENERGY 3] Energy (3) CONTRACT ION PER CENT
NUMBER F POUNDS LOAD FRACTURE SQ IN. IN,-LB Sg IN. IN.-LB INCH  PER CENT SHEAR
9.1A a0 15,500 27 65 4.53 10,100 8.24 18,500 0.138 5.0 100
-18 80 16,300 28 &0 4.14 9,200 8.20 18,500 0.141 5.1 100
-2A 32 18,400 3z 75 6.05 13,400 11.17 26,400 0.133 4.4 100
.28 o 18,900 3N 59 4,18 9,400 9.65 21,700 0,137 4.5 100
-3A =20 18,100 k)| 78 5.25 11,800 10,57 23,800 0,1% 5.3 100
-7A «20 18,100 25 as 1,87 4,200 6.08 13,700 0.113 3.7 15
.68 .30 19,500 29 29 0 0 5.15 11,600 0,084 2.7 2
.78 +30 16,700 13 12 0 0 2,00 4,50 0,041 1.3 2
-38 -40 18,000 22 22 0 0 3.74 8,400 0,076 2.6 5
-6A «40 19,700 27 27 0 0 4,78 10,700  0.081 3.0 2
-58 -50 15,400 7 7 0 0 1.02 2.300 0,031 1.0 0
-5A -60 18,300 i9 19 0 Y] 3.07 6.500 0.0%% 1.8 2
-4A -80 16,900 10 10 o] 0 1.64 3,700 0.032 1.0 0
.4B -90 16,400 7 7 0 0 1.00 2,200 0.026 0.8 0
(1) IF THE SPECIMEN DLD NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD HAS DROPPED TO 6000 POUNDS AFTER PASSENG MAXIMUM LOAD
{(2) ABSORBED ENERGY=MEASURED AREA UNDER THE LOAD«DEFLECT|ON CURVE TIMES 2 .250=INCH-POUNDS
(3) REFER TO FIGURE 7
{4) MEASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION (USUALLY 1/32 INCH SBELOW THE NOTCH AOOT) ON BOTH
S10ES OF FRACTURE WITH POINTED MICROMETERS,
TABLE 4. RESULTS OF SLOW.BEND TESTS OF SPECIMENS MADE FROM C
STEEL AND HAVING A LONGITUDINAL WELD BEAD AND TRANS.
VERSE NOTCH (LEHIGH DESIGN)
BEND ANGLE ABsoreeD Enercy (2) AVERAGE FRACTURE
TESTING  MAXIMUM DEGREES AT BREAKITS TOTAL LATERAL APPEARANCE ,
SPECIMEN  TEMP, LOAD, Max (1) ENERGY () EnerGy (3) CONTRACTION (4) PER CENT
NUMBER F Pounos LoaD FRACTURE 3§ IN, IN.-LB Sa IN, IN,.LD TNEE"QFEE'EEE? SHEAR
10.58 200 18,100 27 49 3.20 7,200 7.65 17,200 0,088 2.9 100
-5A 180 18,200 29 52 3,22 7.200 8,15 18,300 0,411 3.6 100
«7A 170 17,900 27 49 3.07 6,900 7.48 16,800 0.1 3.7 100
-78 160 17,900 23 a4 3.12 7,000 7.00 15,800 0.106 3.5 100
~6A 160 17,700 27 49 3.06 6,900 7.30 16,400 0Q.121 4,0 100
-6B 150 16,800 24 38 2.26 5,100  6.00 13,500 0,102 3.4 50
.38 150 16,900 21 45 3.33 7.500 6.28 14,100 0.114 3.8 80
-3A 120 15,900 17 N 2.43 5,500 4,60 10,400 0.106 3,7 25
1A 80 17,300 15 5 o 0 2,22 5,000 0.052 1.7 2
.18 80 16,800 12 12 0 0 1.91 4,300 0.043 1.4 2
J2A 32 15,700 15 15 4] 0 1.96 4,400 0.043 1.5 2
-2B 0 16,300 15 15 4] 0 2.05 4,600 0.043 1.6 <2

(1) IF THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT WS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD HAS DROPPED TO 6000 POUNDS AFTER PASSING MAXIMUM LOAD

{2)  ABSORBED ENERGYsMEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250 INCH-POUNDS

(3) REFER TO FIGURE 7

(4} MEASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION {USUALLY 1/32 INCH BELOW THE NOTCH ROOT) ON BOTH
SIDES OF FRACTURE WiTH POINTED MICROMETERS.



- 34-

TABLE 5. RESULTS OF SLOW-BEND TESTSOF SPECIMENS MADE FROM Bg
STEEL AND HAVING A LONGITUDINAL WELD BEAD AND TRANS.
VERSE NOTCH {(KINZEL DESIGN),

BEND ANGLE AESORBED ENERGY {21 AVERAGE FRACTURE
TESTING MAX | MUM DEGREES AT anam?g TOTAL LATERAL APPEARANCE ,
SPECIMEN  TEMP. LOAD,  MAX (1) ENERGY 13) Energy (3) CONTRACTION | PER CENT
NUMBER F PouNDs  Loab  FRACTURE  5Q IN, IN,-LB 50 IN, IN.-[B INCH  PER CENT SHEAR
22.1 75 16,100 30 58 3.34 7.500 7,95 17,900 0.134 4.6 100
.2 75 16,000 31 57 3,23 7.300 7.90 17,800 0,127 4.4 100
.11 50 16,200 28 60 3,83 8,400 8,00 18,000 Q.11 3.8 100
-5 40 16,300 27 62 4,30 9,700 8.30 18,700 ©.108 3.7 100
-7 30 161700 25 68 5.10 11,500 9.14 20,600 0.131 4.5 98
«9 25 16,500 23 65 5.15 11,600 8.50 19,100 0,102 3.5 100
-10 25 16,300 27 51 2.75 6,200 6.87 15,500 0.105 3.6 7%
A8 20 16,500 23 23 o] 4] 0.76 1,700 0,065 2.2 5
15 20 16,400 28 53 3.40 7,700 7.54 17.000 0.114 3,9 90
-12 10 15,900 25 60 4,17 9,400 7.90 17,800 0.119 4.1 90
«13 1¢ 16,600 24 24 0 0 3.60 8,100 0,064 2.2 10
-3 a 15,400 14 14 4] ¢ 1.91 4,300 0.0% 1.1 2
-i4 0 5,000 i1 ii 0 0 U.40 900 0.024 0.8 0
«8 «20 13,400 6 23 1.70 3,800 2.39 5,400 0,068 2,3 25
-4 +40 14,300 7 7 o 0 0,93 2,100  0.019 0.6 (¥}
(1) IF THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD HAS DROPPED TO 6000 POUNDS AFTER PASSING MAXIMUM LOAD
(2)  ABSORBED ENERGY=MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2.250= INCH.POUNDS
(3) REFER TO FIGURE 7
(4) MEASUREMENT MADE AT POINT OF MAXIMUM COMTRACT ION (USUALLY 1/32 INCH BELOW THE NOTCH RoOT) ON BOTH
SIDES OF FRACTURE WITH POINTED MICROMETERS,
TABLE §. RESULTS OF SLOW.BEND TESTS OF SPECIMENS MADE FROM C
STEEL AND HAVING A LONGITUDINAL WELD BEAD AND TRANS-
WVERSE NOTCH (KINZEL DESIGN).
BEND ANGLE ABSORBED ENERGY ') AVERAGE FRACTURE
TESTING  MAX|MUM DEGREES AT BREAKING TOTAL LATERAL APPEARANCE ,
SPECIMEN  TEMP, LOAD, MAX T} EnErGy +3) energy (3) CONTRACT 10N (4) PER CENT
NUMBER F POUNDS LoaD FRACTURE SQ IN. IN..LB  Sq 1N, IN,-LB  TNCH  PER CENT SHEAR
23.7 275 18,100 18 34 2,27 5,100 4,99 11,200 0,082 1.8 100
o6 230 16,800 23 43 2.72 6,100 5,96 13,400 0,067 2.3 100
.5 210 18,000 24 49 3,65 8,200 7.35 16,500 0.088 3.0 100
-4 190 17,500 26 50 3,25 7.300 7.30 16,500 0.083 2.8 100
-3 170 17,300 25 49 2.98 6,700 7.19 16,200 0,076 2.6 90
-2 150 17,800 27 34 1,45 3,300 5.67 12,800 0,082 2.8 30
.8 140 18,500 18 30 1,37 3,080 4,36 9,800 0.074 2.5 10
-9 120 17,000 18 30 1.60 3.600 4,30 9,700 ©.084 2.9 5
-10 izo 17,800 18 28 1,20 2,700 2,73 £,400 0,085 2.2 s
.12 100 15,600 13 21 1.14 2,600 2.87 6,500 0.049 1.7 S
-1 75 14,700 9 12 1.10 2,500 2.13 4,800 0,047 1.6 2
-15 70 15,500 12 12 o] 0 1.47 3,800 0,026 0.9 2
-14 60 14,800 10 10 0 s} 1.20 2,700 0.022 0.7 2
«13 50 15,400 11 1 0 o 1.47 3,300 0,027 0.9 2
.11 20 1,300 3 3 o) 0 0.26 500 0.019 0.6 0

(1} 4% THE SPECTMEN DID NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD HAS DROPPED TO 6000 POUNDS AFTER PASSING MAXIMUM LOAD

ABSORBED ENERGY=MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250= INCH-POUNDS

REFER TO FIGURE 7

MEASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION {
SIDES OF FRAGTURE WITH POINTED MICROMETERS,
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TABLE 7. RESULTS OF SLOW-BEND TESTS OF TEE-BEND SPECIMENS MADE
FROM BR STEEL

BEND ANGLE ABSORBED ENERGY_2} LATERAL GONTRACTtON, Per Cent (4
TESTING  MAX IMUM DEGREES AT BREAKING TOTAL —_FRACTURED S10€ ENERGY
SPECIMEN TEMP, Load, MAX ] ENERGY (3} ENERGY {3} UNFRACTURED ~ TQE OF BASE RATIO,tSJ
NUMBER F POUNDS Loar FRACTURE  Sg IN. IN.-LB  SQ IN, IN.=LB SIDE FILLET MeTal  PER CENT
20-1 80 13,000 . - . . . - 5.86 4.75 7.84 .
21-5 80 11,900 77 120 7.93 17,800 17,06 38,400 5.45 8.04 6.02 90
20.4 0 12,300 74 120 B.16 18,460 17,15 38,600 5,33 3.68 7.15 a
20.6 5 i2.300 72 120 8,78 19,800 17.55 39,500 .08 5.76 5,76 93
2141 5 12,200 75 12¢ B,35 18,800 17.34 39,000 5.268 .87 5.87 9
20-5 5 12,000 75 95 2.96 6,700  11.98 26,900 4,37 3.73 5.93 63
20-2 [ 12,700 77 108 4.80 10,800 14,54 32,700 4,32 4,95 6.77 77
21-3 [ 12,600 72 94 3.2% 7.300 12.16 27.300 4.10 4.70 6.72 64
21.4 0 12,500 77 106 3.58 8,100 13.05 29,400 4.42 6,15 7.20 69
21-2 =10 12,300 72 92 3.14 7,100 12.05 27,100 4.21 4,32 5,70 64
203 -20 t2,300 74 . - - - - 5.12 6,56 7.84 -

11} IF THE SPECIMEN 01D NOT FAIL. TH1S MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD -DEFLECTION CURVE WHERF THE LOAD HAS DROPPED TO
65000 POUNDS AFTER PASSING MAXIMUM LEAD
{2) ABSORNED ENERGY=MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250= |NCH+POUNDS
(3) ReFer TO FIGURE 7
{4) MEASUREMENTS MADE WITH POINTED MICROMETERS, REFER TO FLGURE 9
|

(5) ENERGY RATIO = W k 100 = pER CENT. REFER TG PAG

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

¢ STEEL
BEND ANGLE ABSORBED ENERGY (2) LATERAL CONTRACTION, PER CENT 4
TESTING  MAXIMUM DEGREES AT aﬁzaxi‘?g TotaL FRACTURED SIDE ENERGY
SPECIMEN  TEMP, LoD, MAX m ENERGY () ENERGY '3} UNFRACTURED — TOE OF  BASE RATIO,
NUMBER F POUNDS LoaD FRACTURE  SQ IN. IN,sLB  5Q IN. IN,-LB SIDE FILLET MevaL  PER CENT is)
18-4 150 13,300 78 120 8.97 20,200 19,18 43,100 6.30 3.15 7.15 101
] 130 13,300 79 120 8.90 20,000 19,20 43,200 6.50 V.87 7.75 101
.2 120 13,200 80 120 8.17 18,400 18.80 42,300 4.48 5.12 8,44 a9
-5 120 13,400 77 120 9,00 20,200 18.76 42,200 7.95 4.42 7.46 99
.6 110 13,200 80 19 7.1Q 16,000  17.30 39,000 5.12 6.03 9.28 al
-1 100 14,400 78 119 8.10 18,200 18,36 41,400 5.28 6.40 8.44 97
17.6 80 14,200 76 94 2.77 6.200 13.35 30,000 4,05 4,16 5.40 70
R LT 13,300 79 16 6,50 12,400 16,97 38,200 4,80 4,47 7.46 90
<5 60 14,100 76 104 4,90 11,000 15,30 34,400 4.69 5.65 6.93 81
.4 40 14,000 63 63 0 0 8.50 19,100 3.20 2.83 3.78 48
-2 30 13,700 63 63 0 o 8,00 18,000 2.45 3.09 3,63 46

1) |F THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD<DEFLECTION CURVE WHERE THE LGAD HAS DROPPED TO
6000 POUNDS AFTER PASSING MAXIMUM LOAD

(2) ABSORBED ENERGYsMEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2.250=iNCH-POUNDS

{3) REFER TO FIGURE 7

(4} MEASUREMENTS MADE W1TH POINTED MICROMETERS, REFER TO FIGURE 9

{S1 ENERGY RATIO = %%%M_Y X 100 - PER CENT, REFER TO PAGE 44

[6) SPECIMEN WAS TESTED AT A YERY SLOW RATE OF LOADING TO GEVELOP A BEND ANGLE Y5, DISFLACEMENT CALIBRATION CURVE. THESE DATA WERE NOT

PLOTTED ON THE TRANSITION TEMPERATURE CURVES
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TABLE 9. RESULTS OF SLOW-BEND TESTS OF SPECIMENS MADE FROM Bgr
STEEL AND HAVING A TRANSVERSE NOTCHED WELD BEAD AND
EDGE NOTCHES (NAYAL RESEARCH LABORATORY, HIGHICON-
STAINT-TYPE SPECIMEN)

ABSORBED ENERGY (2) FRACTURE
TESTING MaX § MUM BEND_ANGLE BREAKH?% ToTaL APPEARANCE ,

SPECIMEN  TEMP, LoaD, MAX 1) ENERGY \=) encrgy (3) PER CENT
NUMBER F POUNDS LOAD FRACTURE 5Q IN, IN,-LB  S5Q IN. IN,.LB SHEAR
11.1 [:T4] 7.500 18 42 1.30 2,900 2,85 6 .400 100
-2 80 7.600 19 42 1,20 2,700 2.85 6,400 100
-5 60 7.600 16 48 1.70 3,800 3.17 7,100 100
-9 32 8,000 25 33 .70 1,600 3.0 6,800 15
-1 30 8,000 20 27 .60 1,400 2.42 5,500 45
.15 30 7,900 19 43 1.32 3,000 3.0 6,800 100
=12 20 7.900 19 60 2.08 4,700 3,78 8,500 100
=14 20 7.800 19 51 1.53 3,400 3.30 7,400 100
-10 10 8,100 19 19 v} 0 1.75 3,900 0
.3 10 8,000 19 19 o o] 1.69 3,800 20
-7 o) 7,900 20 26 .57 1.300 2,48 5,600 0
«13 +20 8,200 16 16 o] o 1,47 3,300 0
-6 .40 8,400 17 17 0 0 1.65 3,700 0
.8 +40 8,300 17 17 0 o] 1.65 3,700 0
.4 -60 8,300 15 15 0 o 1.32 3.000 o

{1} 1F THE SPECIMEN DID NOT FALL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-
DEFLECTION CURVE WHERE THE LOAD DROPPED T 2000 POUNDS AFTER PASSING MAXIMUM LOAD

12) ABSORBED ENERGYMEASURED AREA UNDER THE LOAD-DEFLECTION GCURVE TIMES 2,250= INCH-POUNDS

(3) REFER To FIGURE 7

TABLE 19, RESULTS OF SLOW.BEND TESTS OF SPECIMENS MADE FROM C
STEEL AND HAVING A TRANSVERSE NOTCHED WELD BEAD AND
EDGE NOTCHES. (NAVAL RESEARCH LABORATORY, HIGH-CON-
STRAINT-TYPE SPECIMEN)

ABSORBED ENERGY ‘2! FRACTURE
TESTING  MAXIMUM BEND ANGLE BREAKI?E TOT.M.t APPEARANCE ,

SPEC IMEN TEMP. Loap, MAX (1} ENERGY 7! ENERGY 3) PER CENT
NUMBER F POUNDS LOAD FRACTURE S0 IN, IN.-LB S0 IN, IN.-LB SHEAR
12.7 194 7,900 V7 41 1.90 4,300 2.98 6,700 100
-4 180 7,800 17 23 .57 1,300 2.05 4,600 60
.14 180 7.800 17 12 .45 1.000 2.00 4,500 60
-13 170 8,100 15 18 .27 600 1.75 3,900 60
<15 160 7.900 17 25 .77 1,700 2.27 5,100 60
«10 140 8,200 19 24 .40 900 2,15 4,800 30
.6 120 7,900 17 20 .30 700 1.90 4,300 30
-11 10 8,300 19 20 15 300 1.95 4,400 30
-2 100 8,200 17 21 .40 900 2.00 4,500 20
. 80 8,200 18 18 0 0 1.60 3,800 5
.5 &0 8,300 17 17 o} 0 1.50 3,400 2
-8 50 8,700 16 18 o} o} 1.50 3,400 0
-9 32 8,200 13 13 0 0 1.10 2,500 0
.12 10 7,900 10 10 o} 0 0.88 2,000 o
.3 .20 8,500 i i [v] o 1.15% 2,600 ]

(1) 'fr THE SPECIMEN OID NOT FAIL, TH1S MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-
DEFLECTION CURVE WHERE THE LOAD DROPPED TO 2000 pOUNDS AFTER PASSING MAXIMUM LOAD

(2) ABSORBED ENERGY=MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250% INCH.POUNDS

(3) ReFER TO FIGURE 7
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TABLE 11, RESULTS OF SLOW-BEND TESTS OF SPECIMENS MADE FROM Bg
STEEL AND HAVING A TRANSVERSE WELD BEAD AND TRANSVERSE
NOTCH (JACKSON-TYPE SPECIMEN).

BEND ANGLE ABSORBED Energy 2 AVERAGE FRACTURE
TESTING  Max)imum DEGREES AT BREAK ING TaTAL LATERAL APPEARANCE ,
SPECIMEN  TEMP, LoAD. MAX m Energy (3} EneRgy (3] ConTRACTION (4} PER CENT
NUMBER F POUNDS  LOAD FRACTURE SQ IN. IN..LB 3G IN. IN.,LB INCH PER CENT SHEAR
19.2 78 15,000 66 86 3.2 7,200 14,15 31,800 0.122 4,0 100
B E 5) 75 15.300 68 - - . - - 5,143 4.5 100
RER 75 15,100 63 83 2.88 6,700 13,62 30,700 0.117 3.8 100
<10 30 15,400 66 84 3.60 8,100 15.20 34,200 0,119 3.9 100
-1 25 5,400 69 85 4,40 8,900 16.60 37,400 0,136 4,5 100
-8 20 15,500 66 89 3.65 8,200 15.30 34,400 ©.130 4.3 100
.12 20 15,500 66 89 3.25 7,300 14,86 33,500 0.125 4.1 100
.9 20 15,400 65 82 3.30 7,400 14,40 32,400 0.117 3.8 15
7 10 15,500 64 74 2.00 4,500 13.20 29,700 0.106 3.5 10
-1 0 15,800 70 93 3.80 8,600 16.20 36,400 0.12¢ 4.2 100
«6 Q 15,700 65 80 3,00 6,800 14,67 33,000 O,11% 3.8 5
-5 -10 15,600 65 80 3.05 6,900 14.60 32,900 0.112 3.7 5
-4 -20 15,800 67 77 1.98 4,500 14,00 31,500 0.107 3.5 5
-3 ~40 16,200 62 64 0.60 1,300 11.70 26,300 0.097 3.2 0
(1) IF THE SPECIMEN DI® NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD HAS DROPPED TO 6000 pouNDS AFTER PASSING MAXIMUM LOAR
{2) ABSORBED ENERGY=MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250 INCH-POUNDS
(3) REFER TO FIGURE 7
{4} MEASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION (USUALLY 1/32 INCH BELOW THE NOTCH ROOTI ON BOTH
SIDES OF FRACTURE WiTH POINTED MICROMETERS
{5) SPECIMEN WAS TESTED AT A VERY SLOW RATE OFf LOADING TO DEVELOP A BEND ANGLE VS, DISPLACEMENT
CALIBRATION CURVE. THESE DATA WERE NOT PLOTTED ON THE TRANS)TION-TEMPERATURE CURVES.
TABLE 12. RESULTS OF SLOW.BEND TESTS OF UNVELDED Bp STEEL SPEC.
IMENS HAVING A TRANSVERSE KINZEL-TYPE NO?CH.
BEND ANGLE ABsORBED ENERGY (2) AVERAGE FRACTURE
TESTING MaAXIMUM _ DEGREES AT BREAKITG ToTa%a) LATERAL APPEARANCE ,
SPECIMEN TEMP LOAD, MAX {n ENERGY 3) ENERGY CONTRACTION PER CENT
NUMBER F POUNDS LOAG  FRACTURE  SQ IN. IN,-LB  5Q IN, IN,«LB IncH  PER CENT SHEAR
24.1 80 19,100 47 79 3.97 8,900 11.83 26,700 0.142 4.75 100
N 80 9,200 a7 75 3.7C 8,300 11.64 26,200 1.220 4,05 100
.11 40 19,500 5§ 99 6,07 13,700 15,20 34,200 1.3%0 4.65 100
R 20 20,000 17 47 0 0 B.16 18,400 0.112 3.74 5
-5 0 26,500 43 43 0 0 7.50 16,900 0,105 3.50 5
-6 -A0 21,300 42 42 0 0 7,70 17,300 0,102 3.40 5
-10 -60 21,300 a7 a7 0 0 6.90 15,500 0.085 2.84 5
-7 -80 20,400 27 27 0 o] 4.90 11,000 0.068 2.27 2
) .100 17,400 4 4 0 1] 0.65 1,500 0.011 0.37 [
-9 -100 20,900 31 31 0 0 4,80 10,800 0.059 1.95 o]

{1} IFf THE SPECIMEN DID NOT FAIL, THIS MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD DROPPED TO 8000 POUNDS AFTER PASSING MAXIMUM LOAD

{?] ABSORBED ENERGY-MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250=INCH

{3} REFER TO FIGURE 7

{4) MEASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION {USUALLY 1/32 INCH BELOW THE NOTCH ROOT) ON BOTH

SIDES OF THE FRACTURE WITH POINTED MICROMETERS.



TABLE 13, RESULTS OF SLOW-BEND TESTS OF UNWELDED C STEEL SPECIMENS
HAVING A TRANSVERSE KINZEL-TYPE NOTCH.

BEND ANGLE ABSORBED ENERGY (2) AVERAGE FRACTURE
TESTING  MaxiMum DEGREES AT BREAK ING TOTAL LATERAL ., .  APPEARANCE,

SPECIMEN  TEMP, LOAD., MAX m Energy (3} enerey (3) CONTRACTION (4} PER CENT
NUMBER F POUNDS LOAD FRACTURE 59 N, iN.+LB SG IN. IN.-LB INCH PER CENT SHEAR
25.10 190 18,800 33 55 3.28 7,400 8,68 19,500 . . 100
.8 160 21,100 33 48 2.96 6,700 9.00 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 1.97 4,400 8.48 19,100 0,100 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 0.08% 2.70 5
.9 60 18 , 800 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 19,000 19 19 0 0 3.45% 7,800 0.04S5 1,50 o
-4 0 19,200 19 19 0 0 3,15 7,100 0.050 1.67 0
0 0 3,60 8,100 0.042 1,40 0

-7 .40 19,300 20 20

(1} IF THE SPECIMEN DID NOT FAIL, TH1S MEASUREMENT WAS TAKEN AT THE POINT ON THE LOAD-DEFLECTION CURVE
WHERE THE LOAD DROPPED T0 6000 POUNDS AFTER PASSING MAXIMUM LOAD

(2)  ABSORBED ENERGY=MEASURED AREA UNDER THE LOAD-DEFLECTION CURVE TIMES 2,250=INCHePQOUNDS

(3) REFER TO FIGURE 7

(4) MEASUREMENT MADE AT POINT OF MAXIMUM CONTRACTION {USUALLY 1/32 INCH BELOW THE NOTCH ROOT) ON BOTH
SIDES OF FRACTURE WITH POINTED MICROMETERS
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Iiterature Survev

The objective cf this research program is to evaluate the useful-
ness of various small mechanical tests for indicating the performance of large
welde® structures. A survey was made of the published literature and uwnpub~
1ished reports to uncover the various kinds of test specimens that have already
been develioped, and to determine their applicabkiliiy to the curren' investiga~-
tion.

WMany test specimens and testing procedures have been developed during
the past decade .ir an attempi to provide designers and engineers with a method
for selecting the proper material and welding procedures for use in welded
structures, The specimens illustrated in this Appendix have beosn successfully
used for determining (1) the effects of welding on the ductility and suscepti-
bility of a steel %o cracking, (2} the mechanical properties and over-all
efficiency of welded joints, (3) the strength and soundness of weld metsl, and
(4) the expected service life of a structure undor different conditions of
lcading and temperature. A large najority of the tests was, therefore, con-
sidered not applicable to- the present problenms.

In choosing a specimen for quantitatively cvaluating the effect of
welding on medium-carbon hull steels and predicting the behavior of the welded
structure under service loads, a large number of factors had to be considered.
The specimen should be smell, economical, and conducive to easy and rapid
teoting. Thoe influencz of manufacturing and fabricaticn variables, such as
variations in steel analysis and processing, welding procedures, different

gources and types of electrodes, préheating; postheating, ete., must also be
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reflected by “he response of tne specimen during testing. The service re-
quirements of the weldment, such ag rigidity, loading, snd temmerature
variastions, ghuuld alge be simulated by c¢onstraint develoﬁed by the speeimen,
a-predetermined‘faﬁeIOf loading, and terting the specimens at diffecrent
temperaturé levels,w Therefore, the dn‘y uﬁecimens considered during this
'sﬁrﬁuylfor Furthef study'were those that countained the components of 2 weld-
mont, i.e., weid metal, heat-affected metal caused by welding and base metal,
Sehematic and detailed drawings of representative types of gpecimens
and testing details are shown in Figures 24 through 61, Most of the illustrated

gpecimens have been welded and tested by varying procedurcs and using differ-

veen used to determine wolding and testing requirements for corrclating the
properties of a given stecl of any thickness of material. Since the stecls to
- be used for this investigaticn were all 3/4 inch thick; ail the drawings.in
this Appendix were dirensioned on that basis., It is also_ossential that the
references for each specific test should be consuvlted for a more detailed

explanation of the welding and testing procedures advocated by the various

to the numbers of gpecific reports licted in the,bibliography, which is con-
tained in Appendix C.

The types of specimens contained horein can be roughly divided
into the following five goups based on the method used for testing them:

1, Bend tests

2, Tengion Tests

2P

. .
3. : Rapid loadin

ng or impact-typc tusts

4+ Cracking or restraint-type tosts

£. Fatigue tests
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The specimens under Group 4 and shown in Figures'54 through 59

for determining the susceptibility of a sieel to cracking during or after
welding and not for predicting the performence of a welded structure; The
fatigue tests in Group 5 {Figures 60 ard A1) were nlso excluded essentislly
beca..se of the long time and excessive cost of testing.

The impact type of tests in Group 3 (Figures 50 through 53} were
seriously considered fer verious aspects of the investigation, such ns eval-
uating the transitiocn properties of weld metal gnd selected heat zones,

However, Lecause of the extensive notched-bar tests mcde by investipators

type of test need not pe investigated here,

To further analyze the bend and tension specimens, they were separ-~
ated into types having notches and those without notches, The bend specimens
without a machined nrotch or stress maiser are shown in Figures 24 through 31,
Of these, the tee-bend test (Figures 24 and 25) was considered npplicable to
this investigetion because it was most representative of o typiecal fabriecated
welded structure found in ship construction and because other investigators
have found that the test was practical for rating steels to be fabriecated br
welding,

. The bend specimens, containing machined notches of various types to
impart a higher degree of constraint to a specimen, are shown in Figures 32
through 39, Most of these specimens have been extensively used by other in-
vestigators for evalucting the relative properties of various stezls 1o be

used for some specific type of weldment. The type of specimen baving &

longitudinal weld bead ond trensverse noteh acroes the snecimen (Figures 32
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or 33} and the specimen‘having a transverse Beéd ahd tranevérse notch
(Figures 3/ and 35) were also corsidered as sh&ﬁiﬁg ﬁréﬁiée for ochieving
the objective of this resesrch,

The unnotched tension specimens are shown in Figures 40 throush 44.
Since most of these tasts are only useful for evalunting weld-metal effiéiencf
alone, no further attention was given to them,

The rotched tension specimens are shown in Figures 45 through 49. Of
these tests, the specimen shown in Figure 45, or a modification of it, was
considereld to show possibilities Which‘warrantéd'additional'sfudy; The other
specimens shown were excluded from further attention.

On October 1, 1947, the various types of tests uncovered by thds
litersture survey were discussed with the SR~100 Project Advisory Committee.
It was decided at this meeting thats (1) specimens having a longitu&inal weld
bead and transverse notch, (Z) specimmens having a transverse bead and transverse
noteh, and {3) the tee-bend test representing a typical welded ship joint,
should be further investigated over a range-of testing teﬁperétufesrto-eﬁal—
uate the strength; ductility; types of fractures, and transition témperatures
ol the B, and € types

Further details .of the welding and testing procedures of the various
specimens used for this investigation and the results obtained have been

discusced in the body of ‘the report. -
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FIGURE 27. TESTING DETAILS FOR FILLET-WELDED
DOUBLE-TEE JOINT BEND TEST. {SEE
FIGURE 28.)
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