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ABST;

This repbrt covers work done during the period February 1, 1948, ﬁo
December 30, 1948, - |

During the early part of this investigation, s survey was made of
published and unpublished reports to appraise the various kinds of tssts‘used io-
study strength, ductility, and transition temperatures of welded joints in structur-
al steels, On-the basis of thls survey, the Projeet Advisory Committee selected |
the tee=bend test, the longitudinally welded and transversely notched beéd-bend
teats (Kinzel and Lehigh types),uand the trangversely welded and transversely
notched bead=bend tests (Naval Research Laboratory high constreint and Jackson
types}. The "Br“ and "C" gsteels which were known to be different in behavior were
to be used in studies of these tests, The results were to be compared with those
obtained from the hatehe-corner tests made at the University of Californis on the

same steels., It was thought by the Committee that, should one of these smallescale
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tests give the same transition temperatures for "By." and "C" steels as were

obtained with the hatchecorner tests with these steels, then the test would be
worthy of further study as a possible acceptance test of steels for ship plates
ﬂn)*

- P P . R . . f
1ln work described by the tirst report W17 » the transition 'temperatures

which were both above and below those obtained from the hmetch=corner tests; however,
those obtained by the Kinzeletype and tee=bend specimens were closex to the hatche
corner transition temperntures than those obtained by other speclimense.

On the basis of these results, the Project Advisory Committee recommended
that further studies with various modifications of the Kinzel-type and tee~bend
specimens be conducted in an attempt to match the hatch=corner test of the np." and
A" steels with a small~scale test. Also, 1
tomperature tests with the two steels using notched tension specimens.

The modifications of the Kinzeletype specimen used weres (a) E6020
electrodes were used Instead of E6010; (b) specimens 1«1/2 amd 6 inches wide were
used instead of the standard 3-inch wide specimen; and (¢) 2 noteh depth of 0,090
inch was uded instead of standard 0,050-inch notch. The change in weld metal had

1ittle effect upon the transition temperature. The 6-inch specimens and the stand-

- LS ; . LYo mpmma Aasaged b
ara o«~1lI11CI1 bpb‘cimﬁﬂb guvc LIS DUllg L

specimen had a transition temperature about Ad.F.lower for the "Bp" steel than was
obtained by staendard specimens. The increase in notch depth to 0.090 inch raised
the transition tempefature for the “Br" steel about 60 f, but had little influence
6n the transition témpergture of the "CH steei. .in addition to being deeper than
stondard, the C,090-inch notch left very little or no weld metal st the root of

the notchQ

* See bibliography
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Modifications of the tee=bend specimen used were: (a) modification of
welding procedure, and (b) modification of specimen width. The modification of
e from th
with standard specimens, The increase in width of specimen from 1=7/8 inches to
3 inches raised the transition tempsratures of both the "B." and "C" steels, For
the "Bn" steel, it was raised about 20F, and for the "C" steel, it was raised
about 60F,

Tegts with the modified Kinzel-type and tee~bend specimens showed,
generally, that the transition tempe;ature of a single steel could be shifted up
or down by modifications of the specimen., However, the "Bp" and "C" steels were
usually not influenced in the same way or to the same degree by any given modi-
ion temperature of "B," steel,
for example, should be matched by a certain modification of the Kinzel=type or
tee~bend specimens, there would be no assurance that the hatch~corner transition
tempereture of "C" steel or any other steél would be duplicated by the same test
specimen, On the basis of these results, it seems doubtful that specimens such

as the Xinzel~type and tee-wbend would be of much value in predicting the transition

temperature of large weldments such as a hatch corner made of varicus types of

steel.

Tests made with notched tension specimens differentinted between "Bp¥
A HON ad M 2 ek Ll e vemmececbme dlead T o d b b lam e Mlomn darm s d b oan
allll v P LeECl LIl dUVIE WHIT saldls Lol Wildb all ULLED LeSuh (Hvigy 42 wi'E@lilp Ll L1Vl

temperatures obtained for the two steels were considerably below those obtained
by the hatch-corner tests. This type of test speecimen did not have any distinet
advantages, for this work, over the bend~test specimens used previously, except,

perhaps, that it gave sharper transitions.
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A study of the alleweldemetal specimens (Kinzel-type) showed that
E6010 and E6020 weld metal have a much lower transition temperaiure when tested
alone than when tested as in a standard Kinzel-type (bead on plate)} specimen,

A few preliminary studies of fracture initiation in welded bend
specimens showed thet fracture started in the weld area at a little above the
Further

studies along this line are being conducted.

INTRODUCTION

This is the second progress report on the investigation entitled,
YEvaluation of Improved Materials and Methods of Fabricstions for Welded S¢eel
Ships", being conduected for the Ship Structure Committtee, under Navy Department,
Bureau of Ships, Contract NObs=455L3 (Project SR-100),

The principal objective of this project is to evaluate the usefulness
of various mechanical tests of small welded steel specimens for indicating the
performance of large welded structures, Another objective is to study fundamental
factors contributing to the performance of such welded laboratory specimens,

The first progress report on this project contained a summary of a
survey of published and unpublished reports which was made to appraise the various
kinds of tests used to study strength, ductility, and transition temperature of
welded joints in structural steels. Also, the details of the test specimens
solected for use in studying the properties of project steels®, +the welding
and testing procedures used, and results obtained from the initial phases of the

experimental work were described.

* The various heats of steel used in the investigation, sponsored by the Ship
Structure Committee, have been designated alpbabetically and are termed
"oroject steels®,
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This report covers tests made on the project steels using various
modifications of the test specimens employed in the work described by the first
progress report and with notched tension specimens. It was the object of these
modifications to obtain the same transition temperatures for the project steels
(“Br“ and "Ch) that were obteined from the fullwsecale hatchecorner test specimens
studied at the University of Californial243), Other tests of alleweldemetal
specimens and specimens welded with E6020 electrodes are included. 4 few prelimi-
nary observations on the initiation of fracture in the test specimens used are
described, 7 _.

A bivliography of all literature studied up to December 30, 1948, which
pertains to the subject of this investigétion ié included in the Appendix.;:

However, the first progress report, dated Mareh 30, 1949, is also listed.

WATERIALS

Two semi~killed, as-rolled, medium~carbon ship steels, designéted as
"By and "CY, were used in this phase of the investigation, These steels were
selected for this:work because they previbusiy éxhibited differing properties
when used in the full-scale hatch-corner and other tests to determine their
mechanical properties. 4 supﬁly of the two steels, 3/4 inch thick, was received
from the Univefsity of California., The mechanical properties and chemloal compoe

sitions of theése steels are as follows:



Mechanical Properties (1)(2)

" ¥ieid

Steel Type : ‘ Ultimate Elongation Red. iﬂ Hardress
Code of Steel Point, Strength, in 2 In,, in 8 In., Ares, Rockwell
Letter Steel . Condition psi psi B
B, Semikilled As rolled - 32,200 = 55,600 « JASLTN 35=33 71-58 58«63
: 34,600 58,600
c Semikilled  As rolled 34,500 = 51,500 = 4325 32-28 6350 6669
o 37,600 68, 500
]
G~
L
Steel : )
Code Chemical Composition, Per Cent(l
Letter C ¥n 51 P S Cr Ni Mo Cu Al Sn
B 0.18 0,73 0,07 0,008 0,030 0.03 0,05 0,006 0,07 0,015 0,012 0,005
c 0,05 0,012 0,026 0,03 0,02 0,005 0,03 0.015 0,003 0,009

OeR4 0443

(1) Boodberg, A., H, E. Davis, E. R, Parker, and G E. Troxell, %“Causes of Cleavage Fracture in Ship
Plate = Tests of Wide Notched Plates", Welding Journal, April 1948,

(2) The data for the mechanieal properties are the lowest and hiphest values obtained for each steel,



Electrodes
The electrodes uged throughout this phase of the investigation were
3/16-inch-diameter Class E6010 and E6020 electrodes. The welding schedules

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

{
i
!
b
¥
n,
{
&

-
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DEFINITION AND INTERPRETATION

& Oy W T ey

\

e

The term "transition temperature® hes been broadly used to mean that
temperature at which the behavior of a given material, in the shape of a specific

test specimen, changes from ductile to brittle behavior, Since, in most cases,

is-not
possible to assign a specific temperature to represent the change, except by
using an arbitrary definition., The use of different criteria for determining
the trangition temperature influences the actual numerieal transition temperaw
ture obtained for a material and a given specimen design, Also, in using a -
certain eriterion, different methods can be used to locate the transition
temperature, Because each eriterion represents a different aspeet of the
behavior of a specimen, no single standard criterion has been chosen for
universal uge in determining transition temperature.
The most commonly used criteria used in the determination of the
transition temperature are listed as followst
1. Energy absorbed by specimen.
ae Energy absorbed to ﬁaximum loada
be Energy absorbed after maximum load,
c. Total sbsorbed SneTEY
:2¢. Bend angle of specimene
a, Bend zngle at maximum load,

"~ bs Bend angle after maximum load.
ce. Total bend angle,
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3. Lateral contraction of spécimén at root of notch.

L. Fracture appearance,

Some definitions commonly used for "tronsition temperature" follows:

Type 1. The highest temperature ati which the first

significant decrease occurs in the measurew
ments of absorbed energy, bend angle, lateral
contraction, etc., obtained by testing a
series of speeimens of a given design and
material at various temperatures,

Type 2. The temperaturs on’the average curve at the
midpoint between the upper and lower limits
of the curve. B :

Type 3. The temperature coordinate of the point on
a transition-temperature curve which repre~
sents half of the maximum value of the clurve.

Type 4. The temperature at which the fracture changes
from s fibrous ductile to a bright crystalline
(brittle) structure,

Figures 1 through 4 illustrate the variations in transition temperaturé
that are obtained when the same data are analyzed on the basis of the various
definitions of transiticn temperature given aboves

The transition tempersture determined from the curve in Figﬁre 1 ranges
from =G0F to 20 F depending upon which definition is used. The Type 1 trensition
could not be accurately located because the 1imited number of tests did not proper-‘
1y ectablish the seatter in the plotted data that indicate the beginning of the
ductile~to-brittle transition of a meterial, . - -

The bend angle (at meximm load) vs,. temperature curve of "Bp" steel for
unwelded Kinzel specimens, shown in Figure 2, shows the same general varigtions in
transition temperature when different definitions are used, Depending'on the
definition, the transition temperhtures ﬁéry from =75 F to 20 F, Although the
accuracy of the Type 1 transition is restricted by the small amount of test data,

it can be reasonably located at 20 F,
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The transition range shown by the curve in Figurs 3, which was based on
fracture appearance vs, temperature for the same type specimen and steel, was
considerably narrower than those shown by the curves in Figures 1 and 2, which
were established on the basis of absorbed energy and bend angle, From a practical
standpoint, however, the transition temperature from the curves in Figure 3 would
be the same regardless of the method used for determining it.

Figure 4 shows an sbsorbed energy vs. temperature curve for unwelded
Kinzel specimens of "C" steel, In this particular case, the Type 1 and Type 2
transition temperatures coincide. The transition temperature determined by
fracture appearance (Type 4) is quite different from those obtained by other

methods of establishing transition temperature. This indleates that transition

temperature determined by fracture appearance alone may be misleading., It is

-
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ture is usually higher than that obtained by the other methods., The transition

temperature of the fracture appearance ve, temperature curve for the unwelded

"C" gteel is the same when determined by all methods, as shown by Figure 3 (b),
In light of the above discussion, the transition temperature by Type 1

definition is used as extensively as possible throughout this report for con=-

sistency. The Type 2 and Type 4 transitions are used when supplementary data are

required for correlation with other tests. Type 3 transition is not used in the

report,
il i PREPARATION ON
TRANS ITIOH, TEMPERATURE QF "Bp" AND "C" STEELS
In the first progress report (172), the trensition temperatures of "Bp"

and "CY ship plate for several laboratory-size specimens were compared with re=-
sults of the hatch-corner tests mede at the University of California, as shown

in Figure 5, The tests of welded and unwelded specimens rated the two steels in
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the same qualitative order ams the hateh corners, i.e., the "B," steel hed a lower
transition tomperature than the #C" gtecl, On the basis of the results from
these tests, the Project Advisory Committee ~sked that further studies bé made

of various modifications of longitudinally welded and transversely notched beade
bend (Kinzel or Lehigh) and tee-bend specimens of "B,¥ and "C¥ stecls in an
attempt to find a small specimen to match the transition temperatures of hatch~
corner weldments made with the same steels.

The Kinzel specimen was chogen for further study, because the transition
temperature for the "Bp" steel cobtained with it, as shown by Figure 5, was closer
to]the hatch~corner ﬁransition temperature for "Bp" steel than that obtoined by
the Lehigh specimen. Furthormore, the weld on the Kinzel specimen was deporited
under normal conditions that produced a lrrger and more typicel weld with slightly
deeper penetration than the weld on the Lehigh specimen, For the "C" steel, howe
ever, the transition temperatures determined by the Kinzel and Lehigh specimens
were the same and, thus, dia not influence the specimen choice,

The immediate objective, then, was to modify the Kinzel specimen in an
attempt to raise the transition temperature of the "Bp? steel from 20 F to 40 F,
and lower the "CT gtoel transition temperature from 150 F to 120 F.

The tee-bend specimen was also chosen for further work because the
transition temperntures for the "BpM and "C" stecls obtained with them were
both lower than the respective hateh-corner transition temperatures, as shown
by Figure 5., Thus, it secemed feazible that a modifiecation of this type of
specimen could be made so that the hatch~corner transition temperatures could

be duplicated,

Transition-Temperature Studies Tith
Modified Kinzel-Type Specimens

Various modifications of the Kinzelwtype specimen were uvsed in attempts
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to find conditions by which transition temperatures obtained from the hatch=corner
tests could be duplicated with this type ofjtest specimen. The modifications
were in the type of weld metal used, width of specimed, and depth of noteh, The
detalls of the modifications in the wclding:ﬁrégedure and the specimen design,
end their influence on the tranéition #Qmperétuxe of "By' and "C? steels are

discussed in following soctions of the report.’

Preparation of S ns

“The .coupons for the test specimens were saw cut from the plates of "Bp"
and "C" steel and the surface was cleaned by grit blasting,

- The weld beads were deposited op the coupons by automatic welding using
3/16~inch-dismeter E6010 or E6020 olectrodes. All of the specimens were welded
at room temperature and cooled in sir, The aging time for ell specimens between
welding and testing was eight days at room temperature,

During the aging pericd, the finishing machining-of the specimens was
done according to the sketch shon in Figure 6,
Tosting Procedure

A mixture of alcohol and dry ice was used 1o obtain testing temperatures
dovn to -90F, Lower temperatires were sattained by cooling mwethyl cycldbexane with
liquid nitrogen introduced through a heat exchanger coiled around the inside and
bottom‘of the tank containing the test specimen and bending jig. Temperatures
above 80 F were obtsined by heating a water or oil bath with resistance immersion
heaters,

The loed was mppllied to the bend specimens at e rate of one inch per
minute, free displrcement ofiﬁhe platen, Load~deflection curves, latersl con-
traction measurements, and f;;cture apﬁeafanée appraisals were made for all

specimens,
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discussed in the following sections,

Influence of Weld Metnl on Iransition Tempersture

A series of standard Kinzel=type specimens, as shown by Design 4, Figure
6, was made using E6020 electrodes, to determine if the transition temperature
would be changed from that obteined when E6010 electrodes were used, The data
from standard Kinzel specimens welded with E6010 electirodes and those from
unwelded Kinzel«~type specimens were reported previously (172). These data are
ropeated in this report for comparison with those obtained from specimens welded
with E6020 elecctrodes.

The welding schedule used for the previcus series of specimens welded

with E6010 electrodes and that used for specimens welded with E6020 are shown

below for comparisons

E6010 E£020
Electrode diameter - in. 3/16 3/16
Amperes 175 198
Arc voltage 27 33
Speed = in,/min 6 8=1/4
Arc time = seconds 40 29
Length of weld bead -~ in. b 4
Heat input -~ joules/in. 44,750 44, 750

As shown by the above table, the heat input per inch of deposited weid
metal was made the same for specimens welded with the two types of electrodes.
This vardable wag controlled closely so that transitionetemperature changes
could be attributed to differences in type of wold metal.

The transition temperstures of unwelded Kinzel specimens of "B.M
steel, the standard Xinzel specimens of FBp" steel welded with E6010,
and those welded with E602C electrodes are shown in Figure 7. The de=~

tailed deta from these tests end those used for comparison are given in
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Appendix A, Tables A-1, A=3, and A=5, and are compared in Appendix B, Figures
B~1l4 and B-1B., In general, the transition temperature for "By" steel specimens
haviné E6020 weld beads ﬁaslabo;t 10 to 20 F higher than for specimens having
E6010 weld beads, This difference was so small that it was not considered
significant., | |

Teste were not made with "C" steel because only a small influence of
E6020 weld metal on the transition temperature of "Bn" steel was noted, and the
stock of ®C" steel was 1imited,

From Figure 7 and Abpendi; B, Figures B~lA and B~1B, it is apparent
that thg transition temperatures for unwelded "Br" steel are considerably lower
than for ;he specimens welded with E6010 and E6020 electrodes, Type 1 and Type 2
transitions are shown for unwelded "B." epecimens, but Type 1 transition is not
considered very relisble because the curves show no sharp drop off in abporbed
energy. Figures B=1A and B-1B also show that the amount of absorbed energy and
the ductility (bend angle and lateral contraction) are considerably higher for
the wunwelded specimens than for poth series of welded specimens, However, the
Transition temperatures of the unwelded and welded specimens on the basis of
frecture appearance were ﬁigﬁer than by any other criterias This further confirms
the statement made at the bottom of page 11, that transition temperatures deter-.
mined by fracture appearance are usually higher,

Influence of Specimen Width
on Transition Temperature

Two series of modified Kinzeletype specimens were prepared and tested
to determine the influence of variations in specimen width on transition temperae=
ture, The specimens of one series were 1-1/2 inches wide and the others were

6 inches wide, as shown by Figure 6, Designs B and C. All of the specimens were
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made from "Bp" steel and were welded with E6010 electrodes, The welding schedule
was the same as used for standéfd 3=inch Kinzel~type specimens,

The £ransitioﬁ tempérétures of standard 3~-inch-wide Kinzel specimens and
the modified Specimené 1-1/2 inches and 6 inches wide of "B," steel are shown in
Figure 8, The detailed dets from these tests are given in Appendix A, Tables A=-6
and A~7, and the éomparison of transition curves is given in Appendix B, Figures
B=24, B~2B, and B-2d;. A dégrease in width from 3 inches to 1~1/2 inches lowered

the transitlion temperature from $20 F to =20 F for the "B," steel with the three

. L4
critoriny with Ath
S e ks W N e d—l‘, Wk WL AV RV FE

by fracturetappeafanée, howaver,Awas 10 degrees higher than shown by the bther
eriteria., This further substaﬁtiates an earlier statement (pagell ) that tran=
sition temperature determiﬁed”ﬁy fracture appéarancé is usually above that ob=-
tained by the ;ther eriteria used,

The.inéféase in specimen width from 3 inches to 6 inches had little or
no effect on the tronsition femperature of the "Bp" gsteel., It was sasier to test
the 3=ineh specimen than the eineh specimen, and better uniformity in test ree
sults was obtained with it than either 1=1/2 or 6einch specimens, Thercfore, no
further'tests.éf-tﬁé 1-1/§l§nd 6~inch specimens were planned because no apparent
advantagEHQaa obisined fram their.use,

Influence of Notch Depth on

Irsnsition Temperature

The third variable considered to have an influence on the behavior of & .
notechedw~head=-bend specimen was noteh depths Kinzel-type speéiﬁens 3 inches widse

of "B," and "C" steels having a notch dépth of 0,090 inch were prepared, as shown

* Total absorbed energy, total bend angle, and lsteral contraction,

#% Absorbed energy to meximum load, absorbed energy after maxlmum load,
bend angle to maximum load, and fracture appearance,
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in Flgure 6, Design D, These specimens were welded with 3/16-inch E6010 electrodes
using the welding schedule shown on page 16, It was desired that these specimens
have a noteh sufficiently deep to eliminate the weld metal, but not to penetrate
below the fusion line snd into heat-affected zones at the bottom of the weld.
Macrosections of several typical welds indiented that a notch depth of 0,090 inch
below the plate surface would be satisfactory for these specimens,

The transition temperatures of the modified Kinzel specimens of "B." and
"C" steel determined by various criteria are given in Figure 9. The detailed data
from these tests are given in Appendix 4, Tables A~8 and A=9, and the transition

curves are compared with those from standard specimens in Appendix B, Figures

in notch depth raises the transition temperature for both steels, The transition
temperature of the "Br" steel was raised from the O F to 40 F range to the 40 F
to 100 F range. The "C" steel, however, did not change so much as the "Bp" steel,
and the tronsition temperature was increased only slightly.

The accuracy of the transition temperatures for the "B." steel is
questioned beeause of great scatter in the test deta, as shown in Appendix B,

the plotted data shows that the transition

g
o
w
[¢]
[+§)

ch

[
(1]
Lo
1
5
fu]

characteristics on this type specimen cover a temperature range which is quite
wide. The scatter is greatest for the absorbed energy vs. temperaturs curves.
The transition temperature from these data established by the Type 1 definition
is 100 F, A possible explanation for the scatter in absorbed energy measured for
this steel and specimen is the normal variation in the location of the root of the
0,090=inch~deep notch with respect to the fusion zone, This might have an influe
ence on the amount of encrgy to initiate fracture.

On the basis of lateral contraction and fracture appearance, the
transition temperature for the "B, steel was lower than shown by the ot

criteria in Figure 9,
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Iransitio gzegggeratge Studies With
Nodified Tee=Bend Specimens

The tece~bend test was used previcusly during this investigation to
determine the transition temperatures of "Bp" and "C" ship steelss The dotails
and data of these tests have been reported(l72)o The transition temperatures
lower than those of the hatchecorner tests, as shown by Figure 5. The objective
of this phase of the investigation, then, was to modify the tee~bend specimen in
an attempt to raise the transition temperatures of the steels to those of the
hatch~corner tests.

Two types of modifications to accomplish this objective were considered,
The first was a modification of the welding procedure and the second was a modifie
cation of the width of the specimen, The general procedure used in preparing and
testing tee-bend specimens was followed for all of the tests of modified specimens.
The plates for the specimens were flame cut to the size shown in Figure 10, The
plate surfaces were grit blasted prior to welding to remove mill scale, rust, or
other contaminators, All specimens were manually welded and then cooled in air
to room temperature. The aging time between welding and testing was eight days.

Influence of Welding Schedule
on Transition Tempersture

adhering to the welding requirements. It waes not easy to produce the size of
welds required with the 5/32-inch electrode specified for the test. Consequently,
a 3/l6-inch=diameter electrode was used instead of a 5/32-inch-diameter eleectrode,

and a welding schedule was set up that would deposit a 3/16-inch fillet with
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slightly less heat input per inch of weld than that deposited by the smaller
electrode. It was expected that this change in welding procedure would influence

the transition temperatures of the steels being tested. The welding schedule for

the standard and modified tee=bend specimens follows:
Standard Modified
TeewBend ~ IgesBend
Electrode class o ' E6010 E6010
Electrode dismeter = in, 532 3/16
Average welding current = amp - 145 180
Average arc volts 25 S 27
_Average welding speed = in./min 2.8 4,0
Are time = seconds , L &7, 60
-Length of weld increment « in, Ra? A
Heat input = joules/in, 76,500 73,000

A weldment was made from "Bn" steel using the modified welding procedure,

It was cut into standardw«size specimens, 1«7/8 inches wide, and tested at various

the modified specimens was about 10 degrees lower than for the standard fee-bend
specimens, as shown by Figure 1l. ‘The‘getailed data for these tests and those used
for comparison are given in Appendix A, Tables A-10 and A~12, and are plotted in
Appendix B, Figures B-5& and B~5B,

| These tests showed that the change in the welding schedule had only a
minor influence én transition temperature, This did not accomplish the desired
1ncreése'in'transition temperature, but it was decided, on the basis of the re=

sults, to uge the modified welding schedule for tee-bend specimens of different

Influence of Specimen Width
on Transition Temperature

Other investigators have shom that an increase in the width of bend
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added constraint. Therefore, tee=bend speéimens of "Bp" gnd "C" steels were
made in which the width Was increased from lm?/S to 3 inches in an attempt to
increase the transition temperature. The modlfled weldlng schedule was also
used for this series of teste rather than the standard schedule, A‘comparative
series of tests using specimens 3‘inches wide end.weided with the standard
schedule might naye been dGSiréblé,tb determine the influence of specimen width
alone on transition temperature, However, the relatively small.influence of the
modified welding on the "B steel did not warrant_these tests since .the supply
of "C" steel was very limited, . -

The transition temperature of the WBp" steel from the. nodified tee=
bend specimens (B“inches wide) wee epout #20 F, as shown in Fignre 11: :fhis was
decidedly higner then“tne 0OF obtained previouely with the standard tee=bend
spec1mens of “Br steel, but was stlll below the tran51t10n temperature of the
"B," steel hatch corner. The nen steel however, Wwas influenced more by the

modified welding and increased width than the "By" steel, The transition temperas

CY steel hatch corner. These teets'indieated‘that the transition temperature‘of-
"C" steel tee~bend Specimens is more susceptible to variations in specimen design,
and p0551b1y welding procedure, than thet of the "Bp" steel Spe01mens, The
detalled data from these tests are given in Appendix A, Tables A=10, A~11 A-12,
A-13, and A-14, and are compared in Appendix B F1gures B=54, B~5B, B~6A, and

B“ 6B "

M AR TMTAR  TLRECYATY A MTTH

TRANSITION=-TEMPERATURE TESTS USING
NOTCHED TENSION SPECIMEIS

. - - PR
inches have been used by investigators (79, 101, 111, 125) 1o determine the
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transition temperatures of various mild-steel ship plates. It has been suggested
that the tension test is more representative than the shorteradius notched bend
test of the conditions that take place when a ship hull, deck, or hatch corner is
loaded, Therefore, it was recommended by the Projeet Advisory Committee that
trensition temperatures of welded and unwelded "B.” and "C" ship steels should

be determined by using notched tension speeimens similar in design to those used

for the bend tests, and the results compared with the bend~test results and the

hatch=corner test results,

A tension specimen, as shown in Figure 12, waes used for these tests.
Its design was the same as the Kinzeletype notchedebesd bend specimens (Kinzel
type) except the width was reduced to 2=3// inches to accommodate the testing
equipment and to prevent the possibility of failure away from the notched section.
The electrodes and welding procedure were the same a3 those used with the standard
Kinzel~type bend specimen. Adapter bars were welded to the ends of the project
steels to reduce the amount of the "B," and "C® steels required. These adapter
bars made the tension specimens long enough to reduce the influence of eccentrice

loading at the notch,
Testing Jension Specimens

The specimens were cooled by means of copper heat-exchanger blocks
clamped tightly against the surfaces of the test specimen, as shown in Figure 13.
A shallow groove was machined in one block to accomodate the weld bead., Cocling

~ o N T L 4 R ] s e
DIl vl SUEgss Ob LY Lol PDLeUc, GALSH

helped to maintain a constant temperature ocross the entire specimen, The
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desired temperature was obtained by pumping the cooclant or heated solution

constantan thermocouple welded to the specimen 1/8 inch below the surface adjacent
to the bead and slightly above the notech, as shown in Figures 13 and 14.

Tests showed that, at a temperature of =80 F, there was only an 8 degree
difference in temperature from the center to the outer edge at the noteh. This
difference became less as the tempsrature was raised, and, at about 50 F, the
specimen temperature was completely uniform,

The tension specimens were pulled in a 200,000~pound Baldwin«Southwark
hydraulic testing machine loaded at the rate of 0,02 inch per minute. The amount
of energy required to break the specimens was obtained by load=deflection curves
plotted from strain-gsuge measurements, Detsils of the clip=type compensating
strein gauges are shown in Figure 15, (This method of messuring strain in tension
specimens was obtained from the Staff of the Engineering Materials Laboratory at
the University of California.) The elips were fmstemed to tinner®s rivets which
were soft soldered to each side of the test specimen, ag shown in Figures 13 and
14. The leads from SR~/ strain gouges were connected to two Baldwin strain~-gauge
indicators, The indicator

d increments until
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the specimen failed, The load-clongation curves were plotted from these resdings.

esults of Tepsjon Tests

The eriteria used for determining the treonsition=temperature curves were:
energy absorbed to maximum load, lateral comtraction, and fracture appearance,
The transition temperatures of the welded and unwelded notched tension

" pon no wvaf oA Ty 4la
o [

specimens of "B." and "C" steels determined by re shown in

A Saa

Figure 16, The detailed data and transitionstemperature curves for the welded

and unwelded notched tension tests are conteined in Appendix A, Tables A~15,
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FIGURE 14. FRONT VIEW OF TENSION SPECIMEN IN TudT.NG
MACHINE WITH STRAIN GAUGES ATTACHED
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A=16, A-17, and A=18, and Appendix B, Figures B-7A, B~7B, B=7C, and B~7D, These
transition temperatures were considerably lower than those shown by Kinzel-bend,
Lehigh~bend, tee-bend, aﬁd hatch-corner tests of specimens made from the same
steels, The qualitative order of their transition temperatures, however, was the
same, |

The transition~temperature curves shown in Appendix B, Figures B-74,
B-7B, B~7C, and B-7D, are of sufficient interest to warrant some discussion.
The "Bp" steel in all tests has shown a more abrupt chinge in transition proper-
ties than the "C" steel.. In the tee-bend and notched~bead tension tests, however,
this condition was most pronounced. The "C" steel transition was more gradual and
was about the same as for the bend tests in general.

The maximum load vs, temperature curve, Appendix B, Figure B«~7B, showed

a very significiant drop in the strength properties of the welded "B," steel at
the transition temperature, This property.was not so =pparent from the bend
tests of "Bp" steel, because in bend tests the specimen is loaded in an entirely
different manner (Appendix B, Figures B=-1A, B-1B, B-24, B=2B, and B-2C), This
also indicates that the over=all properties of the "Bp" steel are better than
those of the #C" steel only to a certain temperature, beyond which they abruptly
chenge to about that shown by the more notchwsensitive "C" steel. For the "C"
steel notch-bead tension tests, the curve was not well defined and the average
curve indicated a more gradual drop in load:

The lateral contraction vs. temperature curves for the tension tests
reflected the ductility properties of the steel in the same manner as the bend
specimens did, i.e., as the temperature decreased the dvetility decreased, As
with some of the bend specimens, it was not possi
transition temperature for "C" steel, wclded or unwelded, by the use of this

eriterion, The testing temperatures used were not low enough in all cases s0
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that the transitlon temperature coulﬁ be determined by the 1 per cent lqteral-
contraction cr1terion= |

In general, it seems thlt the notchedwbead tension tesf may have gsome B
advantages over 1ts bendwtest counterpart. The most apparent dlsadvantage_at |
present is the Jow temperatures requlred for testing, whgéh are well below operate

ing temperatures of ships.

TRANS ITION-TEMPERATURE STUDIES OF
E60I0_AND E6020 WELD METAL

During the carlier phase of this investigstion, there were indications

that the weld metal and heat=affected zone in the longitudinally welded and

exhibited by the base“metal(l72), ‘On the basis of these ohservations, the Pro=-
ject Advisory Committce recommended that further studies be msde to determine
the transition-temperature properties of mild=siteel weld metal and their influence

on bead~welded and tronsversely notched bend specimens.

Preparation and Tegting of Specimemg

The design of the specimens used for these tests is illustrated in
Figure 17, The weld metal was deposited by 3/16~inch~diametor, Class E6010 and
E6020 electrodes on "By" steel in atcordance with the reguirements set forth in
the Navy Department Bureau of Ships Interim Specification 46E3, dated November 1,
1945, This procedure ¢onsistéd of heating the tacked joint in boiling water for
5 minutes prior to welding, Within 1 minute after the completion of each layer,
including the last léye};'the assembly was immersed in boiling water and, within
one minute after the boiling had subsided, the specimen was removed from the

water and the subsequent layer was started immedistely, The first three layers



- 35 -

| t
[
— 12’ -
59
Y |
P i, . 5
e miv
Posses: 5T T l
3 Full Weave T f !j_‘:?
7 /
&5plit Weave o - Machine Reenforcement
. \ 4 ]-/‘ [ _520/ Flush With Plate
Notch
Radius,
0.0/’

Specimens Welded According To
Navy Dept Bureau of Ships Spec.

FIGURE 17. ALL-WELD-METAL BEND SPECIMENS

(KINZEL TYPE) HAVING A MULTIPASS
SINGLE -VEE BUTT JOINT AND A
TRANSVERSE NOTCH.

BATTELLE MEMORIAL INSTITUTE
0-12166




- 36 =
were weaved the full width of the joint and the next four layers consisted of
two split pssses each.

After welding, the weld reinforcement was machined flush with the plate
surface and a notch (Kinzel design) was cut in the weld metal transverse to the
longitudinal direction of the specimen, as shown in Figure 17. In most of the
cases, the root of the notch was in columnar grains of weld metal,

The specimens were tested in the same mamner as previously described
for the notched-bead bend tests, The lower testing temperatures required for
these tesis, however, were obtained by using liquid nitrogen and a heat exchanger
in the eccling bath,

Regults of Tests

A comparison of the transition temperatures of the bead=welded and all=
weld~metal notched-bend specimens is shown in Figure 18, The detailed data are
given in Appendix A, Tables A~19 and A=~20, and in Fipgure 18, The change from
ductile to brittle properties for both E6010 and E6020 weld metal occurred at a
lower temperature and covered a considerably wider range than the notchedwbead
bend tests of "B, and "C" gteel, Both kinds of specimens welded with E6010
electrodes, however, had a lower transition temperature than similar specimens
welded with E6020 electrodes,

Before these results could be correlated, it was necessary to determine
the cause for the wide transition=temperature range for the alleweldemetal
specimens illustrated in Appendix B, Figures B-84, B=8B, and B«8C, Microsections
of a sufficient number of repreéentative specimens, cut through the weld metal

ro

o
S 8 4

verse to the notch, shomed that =

root of notch were responsible for the wide trensition range. Specimens having

the notch cut in a heatwrefined grain structure, as shomn by Figure 19, showed
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higher energy absorption and duetility for a given temperature than those having
the notch cut in the coarse columnar, asedeposited, weld metal, &s shown by
Figure 20, The specimens having a fineegrain structure also had a lower tran-
sition temperature than the coarse=grain specimens. Figure 21 further illustrates
the significant influence that grain structure has on the fracture or behavior of
notched-bend specimens, This alleweld=metal bend specimen was notched in the heate
refined grain structure, but failed in the unnotched coarse~columnar weld metal
midway between the notch and the base metal,

This suggests that at low temperatures the coarse eolumnar structure of
"asedeposited” weld métal without a notch mey be more susceptible to fracture
than the heat~refined weld metal containing a noteh, In notched~bead bend
specimens, initial fracture occurs in the weld bead at the root of the notch. The
coarse<grainweld metal (along with other factors), in all probability, contributes
to the location of initial fracture and the transition temperature of the specimen.
This phase of the work is being investigated further in fracture initiation and
propagation studies, along with studies of impurities which may make the columnar

structure particularly susceptible to the initiation of a britile break,

PRELININARY FRACTURE INTTIATION STUDIES

A considerable amount of effort and time has been expended by many
investigators to develop a laboratory=size specimen for predicting the performance
of a material used in large welded structures. The ecriteria generally used for
ettempting to sstablish a qualitative relationship between laboratory specimens
of different steels and field structures aret fracture appearance, transition
temperature, ductility, and thc amount of energy required to break the test

specimen, Load-deflection curves have been widely used to determine mumeriecal
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Mag, 10X 57301

FIGURE 19. SECTION QF 4N ALL-WELD-MAETAL NOTCHED BEND SPECIMEN HAVING
THE ROOT OF THE NOTCH IN THE REFINED GRAIN STRUCTURE OF THE
AS-DEPOSITED E6010 WELD METAL. COMPARE WITH FIGUKE 20.
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FIGURE 20, SuCTIUN G+ AN ALL-WELD-MET
THE ROOT OF THE NOTCH IN T
THs &S-DEPOSITED E6010 WEL

AL NOTCHED BEND SP<CIMEN HAVING
HE COARSE COLUMNAR STRUCTUKE OF
D METAL. COMPARE WITH FIGURE 19,
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FIGURE 21. ALL~-WELD-METAL (E6010) BEND SPuCIMEN TESTZD AT =150 F SHOWING
& PREFERENTIAL FRACTURE IN THE COARSE-GRAIN STRUCTURE OF THE
WELD METAL ADJACENT TO THE MACHINED NOTCH
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values for these criteria so that the behavior'of different steels tested at
-definite temperature levels could be correleeed0 Ie arialyzing the test results
up to now, ‘the maximum load has been used as the point at which the specimen or
structure failed. Consequently, the deflection at maximum load and the absorbed
~energy were uged for evaluating the ductlllty and re51stance of the materlal to
initial failure, respectn.velye leew1se, the energy absorbed by the spec1men
after maximum load has prev1ously been regarded as the energy required to
propagate the fracture to complete failure, |

Previous notched~bead bend tests indicated the p0351bllity of the
deposited weld metals having a transition temperature independent of that of the
heat=affected zone or base metal of the specimen, Furthermore, the geometry of
“the specimen (location of Beeawand feieforCement of‘weld) was thought to be a
factor that might influence frecture'inifiation and propagation. A 1imited
number of bend tests were made, therefore, to obtain a better understanding of
the mode of failure of this type of"eﬁediﬁen so that a more accurate interpretation
eep}q_be made of t@e_test data,

The Kinzel~type specimen was selected for these prcliminary tests to

used most during this investigation, and il was hoped that the information, gained
from these studies could be.applied to the interpretation of previous fost data.:
Furthermore, the established schedule for dcpositing the weld bead wos mormal,
while tht 0.050-inch-docp notch wes Sufficienf-te imposc the noecssary stress
econcentration and at the gsame time leave somc Weld metal below tho notch,

A series of 18 welded Kinzel=type Speclmens was prepared from "B." steel
by the standard welding and machining procedures used in precious tests with this
specimen, Since the "B, " steel exhibived ductlle propertles ay AO F and brittle

properties at O F, two series of nine snecimens were bent various amounts at the
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two temperatures. The specimens were each bent a predetermined amount ranging
from below the ohserved yvield point to the point of maximm load, The load was
released and the specimené were removed from the testing jig and examined for
cracks, | |

These tests showed that fracture iniﬁiate@.in the weld metal and heat~
affected zone at the root of the notéh"aﬁd at'é vefy low bend angle ranging from _
3 to 6 degrees, This occurred at; or éiightly.abo§e, the yield poiﬁt of the
speclmen and far below the maximum load of ﬁhe specimen; Aé maximﬁﬁ load, the
fracture had propagated through a considéréble part of the éros; géction of the
specimen, | |

On the basis of these results, it was proposed that a thorough study be
made of‘the initiation and propagation of fracturss in the various test specimeﬁs
selected for study on this project, The results of that study.will be the subjecf
of a subsequéﬁt repoft.

SUMMARY

A sumpary plot containing the transition temperatures of all specimens
studied is included in Appendix D. The important peints of the findings of this
investigation are as followss

- 1. Generally, modifications of the various specimens
shifted the transition temperature of the two steels
up or down depending upon the modification, However,
the same change in speclmen design or procedure of
producing the specimens did not produce shifts of
similar magnitude in the transition temperature of
the #B." and "C" steels. Therefore, it appears quite
unlikely, on the basis of information available, that
any one type or design of small specimen will give

" the same transition temperature for "B, and NC"
steels, and other steels that was or might be obtained
by large specimens, such as the hatche~corner specimens.

2., The transition ﬁémpefatures for Kinzel-type unwelded
notched specimens of "B." and "C" steel, tested in
tension, were considerably lower than those for similar

l
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welded specimens, The "Bp" steel had a lower irensi-
tion than the "C" steel, ps in all other tests used,’
The transition temperatures obtzined from the welded™' -
"By" and "C" steel tension specimens were -considerably
lower than the transition temperﬂuures of hatch—ccrner
specinens. .

Trensition=temperature studies of E6010 and E6020 weld
metals, which were made with all-weld-metal specimens
similar in design to Kinzel specimens and tested in
bending, showed that the transition temperatures of
these weld metals were much lower than those obtained
with standard (bead on plate) Kinzelw~type specimens, -
The trensition temperature of the E6010 welds ranged"
from -13C F to =40 F and varied with the location of.
the natchy i.e., 1f notch was in columnar structure,

the trensition was high, and if it was in the normalized
structure of the weld metal, it was low, The trensition
temperature of E6020 weld metal renged from -7C F to OF,

Welded Kiuzelﬁtypu specimens of,"Brﬁ steel welded with
E6020 electrodes had a transition temperature gbout

10 F.t0 20 F higher than that of similar specimens welded
with E6010 electrodes. Tests were not made on "C" steel
with the E6020 electrodes because only a small difference
was obtained on the "B." steel,

Welded Kinzel=type specimens of "By" stesl, 1=1/2 inches
wide, had a transition temperature of about «20 F,
compared to 20 F obtsined with at-nderd 32einch K'Inve'lm

type specimens. (Hat;i~corner tronsition EééﬁeESEEQe
for "Br" steel was 40 F.)

Telded Kinzel-type spec1mens of 'Br steel 6 inches wide
had very nearly the same tronsition temperature (20 F)
as the standard 3«inch specimen. (Hatch-corner transi-

tion temperature for "B," steel was 40 F.)

Wielded Kinzel-type specimens of "B, steel with 0,090~
inch~deep notch had a considerqbly higher transition
temperature, 40 F to 100 F, than standard Kinzel-type

*specimens {(transition temperature O F to 20 F)} of the

same steel with.a standard 0,050-inch~deep-notch. 4

gimilar nhnnun Ain noteh for "CP gteel gsnecimens had very

Healilatis alllipT oaild L LLL T T Py SR L b -

1ittle influence on transition temperature, which was..
140 F to 160 F, (Hatchecorner transition temperature
for "C" steel was 120 F,)

Tee-bend specimens of standard size (1~7/8 inehes wide)
made of WBy" steel with a modified welding procedure
had about the same tr-nsition temperature as. standard
tee-bend specimens,
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Tee=bend specimens, 3 inches wide, of "B," and 707
steels had higher tronsition temperatures than standard
1-7/8~inch-wide specimens. For "Bt steel, the transi-
tion temperature for 3-inch speclmens was about 20 F
compared to ~10 F for standard specimens, but was lower
than the 40 F transition temperature of hatchecorner
specimens, For the "CY steel, the transition tempera=
ture for 3~inch specimens was about 160 F compared to
110 ¥ for standard specimens and 120 F for hatche~corner
weldments,

A few preliminary tests of fracture initiation and

propagation in the Kinzel-type specimen showed that
fracture appears to start in the weld metal and heatw
affected zone at the root of the notch of the specimen

- -~ - |
slightly above the yield point of the specimen, and,

at meximum load, it has propagated through a part of
the cross seetion of the specimen,

The study of published and unpublished literature on
the various kinds of tests used to study strength,
ductility, and transition temperatures of welded joints
in structural steel was ¢ontinued, Literature on this
subject published, or otherwise obtcined, and studied
since the date of the first report was added to the
bibliography, and a complete bibliography is inecluded
in this report for convenience,

FUTURE FORK

This report describes work recommended by the Project SR«100 Advisory

Committee at its meeting of February 26, 1948, and presented for the committeeis

approval at its meeting December 7, 1948,

The following program of future work at Battelle Hemorisal Institute was

discussed and approved by the Advisory Committees

e 3

b

Studies are to be made to determine the effect of
preheat and Postheat on Kinzel-type bend specimens
of "Br" and MC" gteel, These studies are to include
the Tollowingy

a, Preheats of 10, 70, 150, 250, and 400 F on
" both "Bp" and "C" steelse

b. Preheat of 70 F and postheat of 1150 F on
wnAaw __ 1 um 1

' SR
“wodnd "Dr SULEB L,
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¢ce Preheat of 40U F end postheat of 1150 F on
nBI‘“ steel.

2, Tests are to be made on unwelded and welded "A" and
Mt gteels to determine their transition temperatures.

3, Fracture initiation and propagation studies are to be
maede of Kinzel, Lehigh, and tee~bend specimens of "Bp"
and "CY steels, These studies are to determine where
and when the fracture starts and how it propagetes
through the various types of specimens, In addition,
tests are to be made to determine the effect of the
following factors on fractures

as Type of weld metal
be Multipass welds

¢s Power input

d, Aging after welding
es Geometry of specimen

Data given in this report are recorded in Battelle Laboratory Book
Vo, 3856, pp. 1 to 38, and Book No, 3240, pp. 40 to 100.

RWBsRGK s ifF s PTR$CBV/vm
September 16, 1949
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TABLE -1, RESULTS OF KINZEL.TYPE SLOW-BEND TES ?PECIM'BB OF UNWELDED "B, STEEL
SPECIMENS HAVING 4 TRARSVERSE NOTOH!L

Berd Angle, _mm_h%#) Ayerage
Teating Energy te EInergy A Totel Lateral Fracture
Specimen Temp, Maximm Mexcimam — Gomplete _W_ ORI -7 . SN _foptraction Appesrance,
Fusber F Loed, Ib Load Failuxe ) 5q In. .-Ib 33 In. In, iz 8qg Im. In.-1b Tn, b % Ductils
AR4-1 80 19,100 47 57 TokS 16,7% 1% oy 300 9.35 21,090 0.142 4aT5 100
AQRL=R a0 19,200 47 57 7452 16,9% 2400 45 500 9.52 21,420 1220 405 100
ACR4~T1 ] 19,500 51 66 Baib 19,400 2,90 6,500 11.% 25,900 1390 4.65 100
AR4-12 20 20,000 i 46 8.15 18,330 0 [ 8.15 18,33 0.2 3,74 5
AR5 0 20,500 43 43 751 16,900 0 0 7e51 14,900 0.105 3,50 5
ARL-6 =40 21,30 iR 42 7,69 17,300 o 0 7.69 B0 0,02 3.0 5
ARA=10 50 21,30 7 37 6,80 15,300 0 0 6,80 15,300 Q0.085 2,84 5
AG LN =80 20,400 27 27 48T 10,990 o 4] 487 n 0,068 2427 2
AG24-8 ~100 17,400 A 4 0.53 Ll 0 o 0.53 1,1% 0,011 0.3 0
AR 49 -100 20,900 31 3 4490 11,820 0 ] 4090 11,020 0,059  1.95 0

(1) Data from the First Progress Report recsleulated'l72)

(2) If speoiman did not fail, this measurement was taken at the point on the lasd-deflection curve where the loed had dropped to 13,000 pounde after
passing mximm load (6000 pownds was used in first report).

(2) Absmorbed energy = memsured area under the locad—deflection curve times 2,250 inch pounds,
(4) HMemsurement made at point of maximm contraction (usuzlly 1/% inch below the notch root) on both sides of frasture with pointed micromeiers.

TABLE A-2. RESULTS OF KINZEL-TIFE SLOW-BRND smcm:ﬁ F ONWELDED "G*
STEEL, SPECIMERS HAVING & TRANSV.JSE NoTeR(L.

‘ Band Angls, sboorbed Enepgy(d Averugs
Testing Degreap pt Ensrgy to Energy ifter Total lataral Fracturs

Spscimen Temp, Maximum Maodmm  Complets Jaxipm Ioad Eoerzy (4) Appearance

Number ¥ Load, b Load Pallurel?)  8q In, Toom 3qTn, el S hmehs mated ¢ Duetile
402510 190 18,800 33 4 5.36 12,880 2,20 5,000 .46 17,080 . - W0
102526 160 21,100 3 i 5,12 1,70 2.5 5,600 8.62 19,1 0.100 3,33 50
1¢25-11 140 20,600 kg 45 6,58 1,880 1.85 49200 8.43 19,000 0,097 3.23 25
AQR25w5 120 21,400 35 41 6,22 14,900 1.60 3,600 .82 17,600 0,100 3,33 25
AC25-1 20 20,000 Eil k51 5.16 11,610 o o 5,16 11,610 0,074 247 5
AC25-2 9] 20,800 33 33 5,60 12,600 0 [ 5,60 12,600 0,081 2.0 5
ACR5-5 50 18,800 24 24 3,78 8, 500 0 0 3.78 4,500 0,055 1,83 2
4G25-3 0 19,600 25 25 438 9,850 0 0 4ho38 9,850 0,056 1.87 0
AC25-12 20 19,000 19 19 .12 7,020 ] [} 3,12 7,020 3.045 1,9 +]
AG25-, 0 19,200 19 19 3.1 7T, 080 0 0 3.1 7,000 0,050 1,67 0
16257 =40 19,500 20 20 3.23 T 290 0 0 3.23 T2 0042 1.0 ]

(1} Data from the First Progress Report rucnlculnted(172).

{2) 1f specimen did not fail, this measuremsmt was taken at the point on the load-deflection curve where the losd had dropped teo 13,000
pounds after passing maximm load {6000 pounds was used in first report).

(3} Absorbed emergy = measured area under the load-deflection surve times 2,250 Inch pounds,

(4} Wf. made et point of meximm contrastion (usually 1/32 inch below the notsh root) on both pides of Fraoture wdth pointed
CTOTMABTATE .
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TABLE A-5. RESULTS OF SLOW-BEND TESTS OF SPECIMENS MADE FROM "B " STEEL AND HAVING

A LONGITUDINAL E6020 WELD BEAD AND TRANSVERSE NOTCH r(Klnzal Design)

Berd Angls, sbgorbed Zgergv(?} Avernge
Testing Dogreeg at Ensrgy to Energy After Total Lateral Fracture
Specimen Tenp, Maxd mm Maximm Gomplet.tl) Mexiang Load || _Mewimun Load Energy Contra (3) Appearance,
Mumber r Lead, Lb Load Failure 8q In. Inslb 8q In, In.Lb 8q In, InsIb E"‘Jﬁf % Ductile
4G33-14 120 16,100 27 W0 3.95 8,50 2,20 45900 6,15 13,800 0,149 5.0 100
AC33-1 !l 16,800 ] 38 495 11,000 1,15 2,600 6.10 13,70 0.129 4e3 60
403313 bl 16,600 0 41 5.30 11,900 1,10 2,500 6,40 14,400 0.4 47 100
AG33=2 0 16,800 n 43 LeT5 0,70 2,15 4,800 6.90 15,500 0,122 .l 90
AGI3-11 &0 16,500 1 4 4480 10,800 2,20 4,300 7,00 15,700 0,137  Lb 80
AC33=12 X 17,300 A [ 5.0% 11,300 2,25 5,100 730 16,400 0,145 4e8 95
AG3I-LS 0 16,600 1% 19 2,73 6,200 0 a 2,73 6,200 0,055 1.8 5
40335 20 16,000 25 25 .90 8,800 0 0 3.90 2,800 0,094 3.1 40
AGE3-10 20 16,000 16 k- 2.3 5,300 1.20 2,700 3.95 8,000 0,066 2.2 5
AG3-3 ¢ 14,000 20 20 2450 5,500 0 o] 2.50 5,900 0048 2.3 5
AG 3-8 ¢ 13,400 3 12 0.62 1,400 .85 1,900 1.47 3,30 0,038 1.3 5
A 3~b <0 14,500 & L] 0,50 2,200 0 ] . 2,200 0,022 0.7 2
AR 3T 20 13,50 5 5 0,88 2,000 @ ] B 2,000 0,016 0.5 0
AL 40 1, 3 6 0.7 1,600 0 0 0 1,600 0016 0.5 0
@35 15,200 5 5 Dok’ 1,0 0 0 45 1,000 0,011 0.4 0
(1) If the specimen did not fracture, this measurement was faken at the point on the lecad—deflecticn curve where the load had dropped to 13,000 pounds
after pasging maximm load.
(2) Absorbed energy = measured area under the losd-deflection curve times 2,250 inch pounds.
{3) Msasurement mads at point of maximm comtraction {usually 1/% ineh below the noteh root) on both sides of fracture iith pointed nierometers.
TABIE A—6. RESULTS OF SLOW-BEND TESTS OF 1-1/2-TNCH-WIDE KINZRL-TYFE
SPECIMENS MADE FROM "B M STEEL HAVING A LONGITUDINAL WELD
BEAD AND TRANSVERSE NOTCH (Modified Kinzel Design}
Bend Angls, Absorbed Boergy(®) Average
Testing Lnergy to Enargy After Total Lateral Frocture
Specimen  Temp, Moximm  Foximm  Canplety Megimm lged = MexlomLend . Energy mmmﬁ( ) Appesranes,
mbaz r Load, Lb Load  Failuretl’ 3q Im, In-lb  8q In. Ine-Ib  5q In, In,-1&  In, % Ductils
2
ACIR-] 75 8,800 20 37 2.40 5,400 0.7%C 1,600 3,10 7,000 -_— — 100
AR 0 7,300 37 60 318 7,200 2,27 5,100 545 12,00 @~ - 10
Al Q0 9,100 28 3 2,33 5,200 1.05 2,400 3.38 7,600 0.111 Toky 100
AG .30 20 9,500 34 ] 2,95 6,600 0.75 1,700 3,70 8,300 0,128 8.5 100
AC32.3 a 10,400 37 a7 3.5 7,900 o 0 3.50 7,900 0,099 6.6 8
AR 0 3,100 ® 43 2,78 6,20 1.0% 2,400 3.83 8,600 c.084 6.3 100
AC 3R-7 20 7,500 6 [3 0440 900 0 [+ 0.40 900 0,019 1.3 0
AC32.8 =20 8,400 1w 1 0,80 1,800 0 ] 0,80 1,800 0.0 K 2
AG32-12 -20 9,900 £ 65 3.00 6,800 3,30 7 400 6.0 14,200 - - hT55)
ACT26 -0 F, 500 22 22 2,00 4,%0 0 ] 2.00 4,500 0,062 42 5
AC Ty ~0 2,800 1 1, 115 2,600 ] 0 1,15 2,600 0,066 4ol 2
ACp5 -80 9,70 12 13 L1 2,%0 0 0 1,10 2,500 0,035 2,3 2

(1) If the specimen did not fracture, this neasurement was taken nt the point on the load-deflectlon curve vhere the load had dropped to 13,000
pounds after passing mewioum load,

{2) Absorbed energy « measured area imder the load-deflection curve times 2,250 inch pounds.

{3) Memsurement made at point of maximum contraction (usually 1/32 inch hslow the noteh root) on both sides of fracture with pointed micrometers.
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TABLE A-1). RESULTS OF SLOW-BEND TESTS OF TEE~BEND SPECIMENS M%D?
FROM "C7 STEEL AND USING STANDARD WELDING SCHEDULE(L

Bend Angle, Depgrees

sbeorbed Frnergyld)

Testing at After «t Energy to Energy After Total
Specimen Temp, Maximum Maximim Meximm Comple i Load Meximaen Load Ener
Number F Load, Lb Load Load Feilure $q In. In:lb 3q In. In.-Lb Sq In. InsLb
AC18~, 150 13,400 20 40 120 3,67 21,800 8.96 20,200 18,63 42,000
AC18-3 1% 13,3% e 41 120 924 20,80 9,69 21,800 18,93 42,600
ACl3-2 120 13,200 a0 43 120 9,75 22,000 8.03 18,000 17,78 40,000
ACl8=5 120 13,500 L 40 10 9edR 21,200 10,20 23,200 19462 4k, 400
ACIB=t 11U 13,000 86 n 119 9,30 20,900 7.5 17,000 16486 ¥7,900
ACIZ~l 100 13,400 78 41 19 9.3 21,000 8,68 19,600 18,00 40,600
ACL7—6 80 14,300 76 18 9/, 9475 22,000 3,15 7,320 12.90 29,300
ACL7=1 75 13,300 ] 7 116 3.18 20,600 7,50 17,000 16.68 37,600
ACL7=-5 €0 1,100 76 28 104 9,00 20,300  5.95 13,300 1495 33,600
ACL7= 40 14,000 63 0 63 7.23 16,300 1.22 2,70 8.45 19,000
AC17-2 30 13,650 63 0 63 2,35 18,800 ) [+ 8,35 18,200
AGL7~3 0 13,900 0 0 0 8.65 19,500 2.93 6,300 11.48 25,800

{1) Tata from the First Progress Report rECalculated(ln).

(2) If specimen did not fail, this measurement was taken at the point on the load-deflection curve where the lead had
dropped to 9,000 pounds after pessing meximm load {6,000 pounds was used in First Progress Report).

{3) Abgorbed energy = measured ares under the lsad-deflection ourve times 2,250 inch pounds,

TABIE A-12, RESULTS OF SLOW-BEND TESTS OF TEE-BEND SHECIMENS MADE
FROM "Br" STEEL AND USING A MODIFIED WELDING SCHEDULE
B I Absorbed @ergy(z)
Testing at after at Energy to Energy After Total
Snecimen Temp, Maximm  Maximm Meximum — Comple Ene;

Nunber F load, b Load Load Failure 5q In, In,-Ib 5q In, In.-Ib Sq In. Inglb
4C70-1 70 13,70 57 43 100 L~ 16,100 6.1 13,800 13,3 29,900
ACT0=2 0 14,000 e 28 100 7.8 22,100 b 3,900 14.2 31,900
AC70-3 0 14,200 53 &7 100 6,8 15,300 6ol 140 13,2 29,70
ACTO-5 =10 13,600 57 ¥ 57 722 16,100 0 C Tal 16,100
AG70-10 =10 12,300 48 a 48 5a4 12,100 a 0 5.4 12,100
ACT70-8 =20 13,800 59 5 64 7.6 17,200 1.0 2,200 8.6 19,400
ACT0=4 =40 14,300 48 0 4A 5.7 12,800 0 0 a7 12,800
ACHO=5 ~60 14,400 &0 0 4] 8.1 18,100 0 0 8,1 18,100
AG70=7 —£0 13,400 42 0 42 £S5 12,300 0 0 5.5 12,300
ACTR-6 =20 12,800 28 0 28 3.4 7,700 0 Q 340 7,00

——e

—
[
——

if speciman A4

- v

n did not part,

pacime
had dropped te

L
this

Emespuremeni Was taken at the point on the load deflection curve where the lasd

9000 pounds after passing maximum loed.

(2) absorbed energy = messured area under the load-deflection ourve times 2,250 inch pounds.



TABLE A-13, RESULTS OF SLOW-BEND TESTS OF 3-INCH-WIDE TEE-BEND
SPEQIMENS MADE FROM ﬂB 1 STEEL AND USING &4 MODIFIED

SCHEDULE
2o Aagde, Degesn Absorbed Energy(?)
Tasting At After Energy te Energy After Total
Specimen Temp Moximam Maximm  Maximue Gample Jaximm Loed Jeximm Load
KPmber r ’ Load, Lb Load Lond ttl) 5q Ins Inelb 8¢ In, In.Ibd S5q Ine IneId
40956 120 21,100 73 2 115 1..80 33,400 11,10 25,000 25,90 58,400
AC94-1 80 21,300 & 53 115 12,50 28,200 12,80 28,800  25.30 57,000
AC94-3 40 22,900 68 47 115 e 33,300 13,20 29,700 28,00 63,000
AC954 40 22,500 63 4 115 12,80 28,700 14.10 31,800 26,90 60,500
AC95=2 20 22,800 ZS g ZS 16.433 326,4738 g g ﬁ.ﬁ) %,Zgg
19?5-5 29 E?’ﬁ _-:.S- ~ n:j %.nn ")d’rm tED T LW ﬁeom ra’ﬁnr\
e 3 X 5 X oS B G S S
ACO5- = . » \ . »
ACOS-1 =20 22,900 54 0 54 10,80 24,300 0 0 10.80 24,300
iois oo cme o= o a2 g o o 0 T e
4094=6 ~30 24,100 L6 g 46 10,00 22:500 0 0 10.00 22 ,500

} If spasimone 4Aid not part, this mesagurement was taken =t the pr_ﬁ t on the load-daflaction curve wvhere the load

o [irs A -
AN ATLIAT VA ANA Al 2 Bt

nad dropped to 9000 pounds after pessing maximm lead,
{2) Absorbed energy = measured area under the load-deflection curve ti es 2,250 inch pounds.

..yl-



TAELE A-1/., RESULTS OF SLOW-BEND TESTS OF 3 -INCH WIDE TEE-BEND
SPECIMENS MADE FRCM "C* STEEL AND USING A MODIFIED
WELDING SCHEDULE
Bend Angle, Degrees Absorbed, Erergy(z)
Testing At After At Ernergy to Energy After Total
Specimen  Temp, Maximun Maximm Maximm Gomplet? Mazinup Tozd Mexirm Load Energy
Number F Load, Lb Load, Load Pailure 1) Sg In, In.-Lb S5q In. In.Ib 5q In, In.-Lb
ACO6=6 200 11,700 64 51 115 12.40 27,900 11.5 25,900 23.90 53,800
AC97=1 190 21,800 68 47 115 12.90 29,000 11.2 25,200 244,10 54,200
ACOTR 130 21,600 7 43 115 14,20 31,900 10,70 24,100 24N 56,000
AC96-5 160 21,700 0 15 85 13.70 31,300 4e00 3,000 17,70 £0,300
AC97=3 160 20,600 71 4, 115 13.60 0,600 9,70 21,800 23,1 52,400
AC97=6 160 20,600 70 45 115 13.10 29,400 10,60 23,800 23.70 53,200
AQ 74 140 20,600 64 34 98 1.7 26,200 7490 17,800 19,60 44,000
AC9T-S 140 20,500 67 48 115 12,60 28,300 11,10 25,000 23,7 53,300
AQO6md, 120 21,700 59 10 63 11.20 25,200 2.60 5,800 13.80 n,000
A096=1 80 21,700 55 0 55 2.90 22,300 0 o 9,90 22,30
L0962 480 23,100 56 0 56 11,00 24,700 0 ¢ 11,00 24,70
AC96-3 0 22,500 50 0 50 F450 21,400 0 0 9. 50 21,300

(1) If specimens did not nart, this measurement was taken at the point on the load-deflection curve -there the load
had dropped to 9000 pounds after passing maximum load.

(2) Absorbed energy = measured arca under the load-deflection curve times 2,250 inch vounds.

_08_
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TABLE A-15. RESULTS OF TESTS OF NOTGHED TENSION SPECIMENS OF UNWELDED "Bn.® STEEL

Elongation Energy
Testing at Max Absaorbed to Lateral Fracture

Specimen  Temp, Maximum Load, (1) Area, Maximum Load,(z) Contract.iong ) Appearance,

Number 2y Lead, Ib 4 5q In. In.-Ib 4 % Ductile
011816 =2h0 1h9,200 0.031 13.8 145300 0.2% 0
AC118-1, =220 135,L00 0,034 11.60 L, 600 0.29 0
AC118-17 =200 127,600 0.061 18,50 7,400 1.38 2
AC118-7 -200 150,000 0.337 116.20 L6,500 8,50 3
AC118-% -180 148,000 04253 85.30 34,100 11.00 2
AC118-13 7o 142,000 0.280 §9.30 35,700 8.08 L
AC118-8 =170 142,000 G. 2442 77.30 30,900 10,70 11
AC118-12  -1%0 143,000 C. 346 115.60 h6,200 10,80 15
AC118~-11 ~150 141,000 0.h03 127.30 £1,000 10.50 25
AC118-6 -140 136,600 0.328 97.60 39,000 10,20 100
AC118-3 - 60 135,000 0.340 8L.70 33,900 12,20 100
AC118-4 = %0 135,000 04250 B3.50 33,400 11.%0 100
AC118-5 - 20 132,000 Q.3h0 97.20 38,800 11.30 100
AC138-2 - 0 129,650 0,305 85.00 34,000 10.40 100
AC118-1 + 20 128,000 0.32L 89.00 35,600 10.80 100

{1) Elongation taken on 1-31/L4~inch gauge length.
(2) Absorbed energy = measured area under load-deflection curve in inches times 400 inch pounds.

(3) Measurement made at point of maximum contraction (usually 1/32 inch below the notch root,on both
sides of fracture with pointed micrometer.

TABLE 4=-16. RESULTS OF TESTS OF -‘NUTCHED TENSIOW SPECIMENS OF WELDED “Er“ STEEL

Testing ¥longation Energy Ahsorbed Fracture

Specimen Temp, Max i mem at Maxi Area, +to 3 Load Lataral Appearance

Number 4 Load, Ib [oad, ¢ 531 Sq In. In,-Ib * Gontrection, 2(3) ¢ Ductile
4G111-2 =50 90,400 0.0294 £.05 2,420 0,87 4]
4C111-15 =40 102, 500 0.0568 11.45 4,580 1,53 0
ACIi1-11 40 107,000 0,0678 15,00 6,000 1.74 3
ACI11-16 =30 92,300 C.03%0 7450 3,000 0,91 1
AC1ll-1 =30 130,000 0.165 45,00 18,000 ledb 5
ACl111-14 =30 13¢,800 0,.2165 61,00 24,4400 9.10 100
AGI11-4 =30 131,800 0,230 65.40 26,200 8,76 100
ACI11~17 =20 127,200 0,192 52,20 20,800 8,18 100
AC111-10 =20 129,600 0.1945 53440 21,400 8,84 100
AC111-12 0 126,700 0,1935 52,50 21,000 9,38 10¢
AC111-3 0 127,000 0,194 52,60 21,000 8,53 100
AC111-13 20 124,500 0.205 55.1 22,000 8,64 100
AC111-20 20 125,000 0.175 4646 18,600 8,40 100
AC111-3 40 122,500 0.166 A3l 17,400 850 100
4C111-9 60 124,200 0.2125 5647 22,600 9.05 100
AC111-18 75 120,200 0.210 5447 21,800 8,25 100
AC111-6 72«80 121,600 0,2025 53.0 21,200 8.15 100

————

(1) Elongation taken on 1-3/4~inch geuge length.
(2) Absorbed energy = measured area under load-deflsction curve in inches timea 400 inch pounds,

(3} Mesaurement made at point of maximum contraction (usuaily 1/32 inch below the noteh root) on both
sides of fracture with pointed micrometer.
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T4BLE 4~17. RESULIS OF TESTS (F NOTCHED TENSION SPECIMENS OF UNWELDED "g" STEEL

Energy

Testing Elongetion Abporbed te Fracture
Specimen Temp, Maximum at laxim?l Aren, Wt oo . Lateral Appearamo
Numbser F Load, Ib Load, %(I} 8q In, ]'_n...zbhrﬁ Gontraction, £03)g Ductile
ACLL7-19 =160 134,800 0.130 37.0 14,800 3082 Q
AC117-1# =120 133,400 0,139 38,3 15,300 3.71 0
AC117-17 =100 132,400° 0,140 38.0 15,200 3.64 0
ACL117-16 -8 139,500 0.236 0.6 28,200 I VA 0
AC117-15 - 50 132,200 0,177 48,0 13,200 L4 0
AC117=13 = 4D 132,400 0,181 48,6 19,400 7% 0
ACL17-10 0 130,900 0.165 442 17,700 8248 0
AC1L7-T 20 127,800 C.167 43,3 17,300 8.62 1
AC117-8 40 128,900 0,214 £7.5 27,000 €,30 8
ACL17-9 60 125,500 0,199 51.3 20, 500 5490 &
ACl17-12 60 133,270 0,182 9.6 19,300 4695 11
ACI17-14 70 128,000 0,200 52.5 21,000 bodd 100
ACL17-11 80 125,600 0.234 61,8 24,700 6,80 100
401176 80 125,200 0,227 60,6 24,4200 6,87 100
ACLY7=1 0 122,660 0.192 49.6 19,800 6.70 100
ACL117-4 120 124,200 0,224 59.3 23,600 Tod 100
A0117=2 140 124,000 0,189 49.0 19,600 6.80 100
AC117-3 160 125,800 0.1 52,1 20,800 £.87 100
AG117=5 180 1444200 0,141 38.9 15,600 Not poasible 10C

(1) Flongation taken on 1=3/4 ineh-gauge length,
(2) Absorbed energy = measured area under load-deflection curve in inches times 40D inch pounds.

(3) L?a urement made at point of maximum eontrastion (usually 1/32 inch below the notch root) on both sides
[+) Fracture with pointed miercmeter.

TADLE A-18, RESULTS OF TESTS OF NUTCHED TENSION SPEGIMENS OF WELDED "C" STEEL

C - NOTCHED TENSION ~ WELDED

Ener

Srecine T;st:l.ng Elongation Ab,.rbegyt, Fracture
racimen amp, Mexdmum at Maxim Are Lateral Appearance,
Nunber F Load, LB  Load, 5(1) Sq 15, %Lﬁ?’ Contraction, %(3} % Daotile
ACL04-14 0 104 ;600 0.0464 10.45 4,180 1,38 1
ACLO4~15 o] 107,400 Q.0557 12,85 39140 1.8 1
AC104=12 20 100,600 0.0446 11,15 4y 460 1,42 0

C104-13 20 110,000 0.0617 14.70 5,880 1,%0 2
4C104-10 [iy 119,400 0.0788 20,60 8,240 1.8 5
ACLO4-11 40 127,600 0.1037 27.90 11,150 3,1 5
AC104~8 &0 107,600 0.587 13.50 5,400 2,0 3
AC104~9 60 120,200 0.0922 23.20 9,280 3.1 5
AC104-2 20 122,400 00,1090 27.90 11,1%0 3el 8
AC104=3 20 119,000 0,1021 26,75 10,700 2.0 5
AC104-1 100 121,000 0,1131 29,10 11,600 3.7 15
ACLO4=5 100 119,600 0.1286 33,50 13,400 —_— 8
ACl04=4 220 120,800 0.1384 34,30 13,700 5.57 100
AG104=6 120 119,400 C.1280 31,90 12,800 5.6 100
AC104-7 140 120,400 C,.1213 29,40 11,800 — 100
AC104-20 160 121,000 0990 24,20 9,700 3448 100
AC104=17  18C 135,000 0.0780 20430 8,100 5023 100

{1) Elongation teken on l-3/4i-inch gauge length,

(2)  absoveed energy = meesured area under load-deflection curve in
inches times 400 inech-pounds.

{(3) Measurement made st point of maximum contraction (usually 1/32 inch
balow the notch Toot) on both sides of freeturs with pointed
micrometer,
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TABLE 4-}9. RESULTS OF TESTS OF ALL-WELD-METAL KINZEL-TYPE
SPRCIMENS OF BE0I0 WELD METAL

Bepd hngle, _Ahm_hm_ﬁr___(z) Lynrage

Testing Degreen ot Enargy to Lateral Fractare
Specimen  Temp, Farimm Werimm  Compledy "mt‘fi m(” Appearance,

Hombar ¥ Load, Ib load  Pailnve't & In, - 8 In. = Is. £ Puotile
ACK 120 18,800 0 36 4o 6,03 12,600 0,099 L.% 100
AC3 7 20,500 37 4 6,70 15,100  7.91 17,80 0,101 ™ 100
1635 1] 19,300 » » 5.60 12,600 6495 15,600 0,102 3.40 95
ACLD 20 20,600 » ¥ 5.0 7.9 16,200  0.095 317

AC4L =0 20,300 2 % 5.81 13,100 6,66 15,000 0.09% 327 20
AC42 -0 21,100 3 yis 652 1,76 822 18,500  0.09 3,20 3
AC36 0 19,000 21 2 2.5 2,000 3.5 8,000 008 1.7 5
ACHE i 21,000 34 » 6,50 14,600 7.80 17100 0,103 343 25
1043 40 17,600 T 12 1.8 4300 1.8 4,100 0,030 1.00 8
4047 —£0 22,000 3 @ Tebd, 17,100 o.89 20,000 _ — 25
1048 -0 20,300 o) 7 5.58 . 7.08 15,900  0.104 3.4 25
iC37 -0 21,100 24 24, 435 9,00 4,38 9,0 O, 2,00 0
1046 -0 22,000 33 &0 5,80 15,30 8.3 18,700 0,110 1,66 15
ACLL -105 23,000 33 » bulb 1,50 8.5% 19,300  0.109 1.63 20
4045 -15 23,200 33 35 7.30 16,400 7.0 16,900  0.100 2,33 15
085 -120 25,900 3 0 EX 8,700 10,20 23,000 0.2 2,40 25
A085 ~120 24,600 28 n 6,51 L,70 7,9 16,400 0,083 2,77 20
ical B 4200 18 18 370 g, 3.7 8, 0,052 1.67 0
Ao -1 22,30 5 5 1.00 2,25 1.0 2,250 0,011 8.37 0
Acs7 150 24,400 17 17 3457 8,000 3,57 8,000 0,033 110 0
ices 165 23,800 8 g 1.2 7,600 L. 3,600 0.024 0.80 0

{1) It the specimen did not fracture, this measuramant was taken at the polnt on the lead-daflection curve where the load hed drepped to
13,000 pounds after passing maximm load.

{2) Abswrbed energy » measured arsa under the load—deflsotlen curve tlmes 2,230 inch potmda.

{3) Measurement made at point of maxrimm contraction {usualiy 1/% inch below the notch reot) on both sides of fracture with polnted nlcremeters.

TABLE A.20, RESULYTS OF TESTS OF ALL-WELD-METAL KINZEL-TYPE SPECIMER OF

E020 WELD METAL

Bend Angle, Absorbed Euerev'?) Avernge
Teating Dogresg al Energy to Total Lateral Fracture

Speoimen Teup, Maximm Max imos Gmnpleh(l) Xnergr Qmﬁm% Appearanes,
Mumber ¥ Load, Lb Load Failure Sq In. In.<b 8q Ta. Ins~Ib In. £ Dustila
ACSL 80 17,300 21 26 340 7,700 430 9,70 0,055 1.9 100
ACSY “H 19,200 25 = 4% 10,100 5,95 13,400 0071 2,33 100
ACED i 18, 600 25 2 4,20 9,430 5.60 12,600 007 2.40 100
AC49 20 19,400 28 » 470 10,600 6,00 13,500 0,069 2,90 100

20 17,400 19 - 300 7,000 F-33 9,600 0,044 2.13 k]
acsy 4 16,100 12 18 1.48 3,100 2,55 5,700 0.a27 0,90 n
AED o 18,000 16 16 2,70 6,100 2,70 6,100 (¥ 1.27 [}
ACS3 4D 19,900 27 k2 495 11,100 .20 1,200 0,080 Q.64 1
ACS -4 17,200 10 10 1,80 4,050 1,% 4,050 0,023 0,77 ]
AC92 &0 23,500 28 *» 5,75 ,300 7.60 17,100 0.077 2.9 o
ACS5 -0 17,100 7 7 1.2 2,250 1.00 2,250 0,017 0,57 0
AC58 40 18,200 K 9 1,40 3,15 L4 2,150 0.019 Q.63 0
AC56 =80 18,100 8 3 1.25 2, 1.25 2,800 0,020 0.67 0
] -0 20,000 17 17 3,20 7,200 3.20 7,200 0.042 1.0 [
ACS4 -105 18,800 7 ki 0.95 2,100 0.95 2,180 0.430 0.33 -]
ACE2 =105 18,800 [} ] 0.95 2,100 0,95 2,100 0,012 L] 0
ACS9 ~120 20,600 & 4 0.8% 1,500 0.8% 1,900 0.013 0.3 0
AC90 -1 23,400 12 2 2.60 5,850 2.60 5,850 0,030 1,00 <]
Acas 140 21,000 2 2 0.25 560 0,25 560 o [1} o
A0 =145 23,000 ] B 1,80 4,050 1,% 4,050 0.018 0.60 o]
4093 -165 23,800 g 8 4,050 1.80 4,050 0,017 o.57 [*]

(1} If the spesimen did not fracturs, this measuretent wns teken at the point oo the losd-deflection curve vhers the lowd lmd dropped to 13,000 pounds
after pusaing mxXimm load,

12} Absorbed anergy = maamured ares under the load—deflection curve times 2,250 inch poumnde,

(3) Moeasuremsnt made at point of maximm contractlon {usually 1/ inoh below the notch root) on bath sides of fracture with pointed micrameters,
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121 "c" STEEL WAS NOT TESTED
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FIGURE D-l. A SUMMARY OF TRANSITION TEMPERATURES OF "Br" AND "C" STEELS DETERMINED BY VARIOUS CRITERIA AND USING
VARIOUS SPEGIMEN DESIGNS
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