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ABSTRACT

This Peport covers work done during the period of July 1, 1942, to
October 15, 1950,

This program was requested by the Project Committee and the Committee
on Ship Steel to secure a true appraisal of the notched-bead bend test as a
test for evaluating performance of ship steels in large welded structures.
It was throught that a determination of the fracture mechanism should zccompiish
this by showing if welding makes the steel in the heat-affected zone of the
weld more susceptible to brittle failure or if some feature of the fracture
process makes the test unsuited to That purpose.

This investigation covers crack initiation and propagation in Kinzel-

type specimens made from ®Br® and "C" steels. It also covers miscellaneous
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studies of fracture in Lehigh épecimens; in special {inzel-type specimens taken
from "C" steel weldmeﬁts of the kind being invésfigated by Case Institute of
Technology (o5C Project Si~99) %%, and specimens of a steel containing 0.33
per cent carbon and 0,88 per cent manganese,

Crack Initiation

In unwelded and welded Kingzel-type specimens of "B," and "C" steels,
small discentinuous cracks or surface tears wefe preéent in the root of the
notch after the specimens were deflected by the small amcunt of 0,050 inch
at midspan, at-teméef;tureé either‘above.or beiow the transition range. In
welded specimens, these craéks or surface tears occurred across the entire
width of the specimen in the weld metel, heat-affected zone, and unaffected
base metal. In unwelded specimens, they also appeared all across the width
of the specimen. These superficial tears afe inconsequential and are discussed
here only for the sake of compleleness, although one of them, favorably situated
by chance, initiates the crack that develops into the Iracture,.

Crack Propagation

In any given specimen cross section, it was found that one of the
emall-cracks or tears usually grew faster than the others, and on furthef
‘deflection, actual propagation was confined to it. This tear elongated
and ultimately united with cthers to form the continuous crack,

In welded specimens of "8r" and "C" steels, a crack propagated
in the weld metal almost immediately after 0.050 deflection. In unwelded

specimens, the crack did not propagate until much larger deflection, theugh

¥* Superscripts indicate references listed in the Bibliography.



1-3 -

the initial tears opened up in the midwidth area of tne specimens. The test
temperature appeared to have bubt.little effect on the deflection al which
cracks began to propagate in both the welded and unwelded specimens.

The significant feature here is the finding that the crack initiated
in the welded specimen in the deposited weld metal at a very slight deformation,
whereas, the crack of the unwelded specimen was delayed until a much greater
deflection had been produced. This related to the behavicr in and above the
transition range. Specimens which failed in a cleavage fashion could not be
studied by the technique used.

Miscellaneous Crack Studies

Lehiﬁh—Type Specimen

In a few "C!" steel Lehigh-type specimens studied, cracks were found
to initiate in the heat-affected zone. The crack behavior was similar to
that described for Kinzel specinmens,

Kinzel-Type Specimens of a 0.33 Carbon Steel

Kinzel-type specimens prepared from a 0.33 per cent carbon and 0.88
per cent manganese steel cracked first in the heat-affected zone.

Correlation with Studies at
Case Institute of Technology

Speeciazl Kinzel-type specimens were made from deuble~vee butt-welded
joints of "C" steel similar to those studied at the Case Institute of Tech-—
nology (10). Case Institute has reported a zone of low notch ductility in
the outer regions of the heat-affected zones of the welds when specimens from

that locality were compared with specimens from adjacent regions. It was
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desired to determine if cracks would initiate in this'area when it was tested
simultaneously with other parts of the weld and heat-affected zones. . Although
surface tears were first observed in -the heat-affected zone and zone of low
ncteh ductility in specimens tested at -40 F and -80 F, the cracks which

propagatéd first were in weld metal,
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INTRODUCTION

This is the fourth progress report on the investigation entitled
UEvaluation of Improved Materials and Methods of Fabrication for wWelded .
Steel Ships", being conducted . for the Ship Structure Committee, under the
Navy Department, Bureau of Ships, Contract NObs-48015, Index No. H5-011-
067, Project SR-100.

The three previous reports have covered various phases of the
investigation which are described briefly as follows: (g)‘a_survey'of
_published and unpublished reports which was made to appraise the various
kinds of tests used in the past to study strength, ductility, and transi-
tion ranges of welded joints in structural steel (8), {b) tests made on
the project steels (B,, C, A, and W) with selected specimens and modifif
cations thereof, in an attempt to duplicate the transition temperatures
that were obtained for these steels from the full-scale hatch corner test
specimens studied at the University of California €, 9, 12), (c) a study
of all-weld-metal bend specimens made with E6010 and E6020 electrodes (9),
and (d) tests on "Bp" and "G éteels to determine the effect of preheat
'and postheat treatments on the transition ranges of Kinzel-type bend speci-
mens.(lz)

This report covers the detailed mééhanism-of crack initiation and
pfopagation in Kinzel-type Specihens 6f "Bg"'and nCr steels. Welded and
unwelded sPecimeﬁs werea tested"abové'and’beiow the fransitionltémperatures
as determined by previous work. The principal objective of this phase of

the investigation was to determine when and where cracks occurred, and how
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they propagated in the Kinzel-type specimein.,

MATERIALS

T

Steels
Two seﬁi;kiiléd, as-rolled, mediusecarbon ship steels, designated as
"3,." and "C“,‘wére‘used'in this phase of ‘the investigation, These steels were
sslected for this work because they previously exhibited differing properties
when used in thé full-scale hatch corner and other tests to determine their
mechanical pgsbéfties. K few tests were made with another steel which con-
tained 0.33 per cent carbon. This steel will bé discussed later in the report.
The dechéﬁical‘properties and chémfdél'compositions of the "B," and "C" steels

are givén in Table 1,

Llectrodes
”fhé electrode used throughodﬁ tiis phase of the investigation was
B/léiindh;diémétef Class E40L0 electrode. The welding schedules used Tor

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

il
Lt

SELECTICN OF TEST SPECIMEN

The Kinzel-type specimen was sglgcted for these-crack,studies in order
to permit correlation-with the results of eariier work with the Kingel-type
specimen.on this project (3,_?%_;?). Much was xnown apout the effegps of
modif;gd @qsign apd_thg uge of various preheats on testi?esults obtaiQ?d with
this specimen, . It was planned that thg information gained from the créég”stgdies
woulqughappl{edito thg_interpreﬁation of the pr%yious test data. |

{?@e Welq:beadags deposited on thi; sgeci@en_at~a normal welding Speed

using a standard current and voltage for Bflé—inch E6010 electrode, This



. TABIE 1, IMECHAWICAL IROPERTIES APD GHEMICAL
COMPCSITION OF PROJECT STEELS MB," AFD "CH
ilechanical Froperties (1) (2) .
Steel = Type Yield Ultimate Llongation Reduction Hardness,
Code of Steel Point, Strength, in 2 In., in 8 In., in Area, Rockwell
Letter Steel Condition psi psi % % - % B
By . Semikilled  As rolled 32,200 = 55,600 -  46e42 35-33 71-58 5863
34,5600 58,600
¢ Semikilled - As rolled 34,500 - 61,500 - 43=35 32-28 63=50 66=69
Steel , - :
Code : Chemigal Composition, %(3)
Letter C lin si P -5 Cr Mi lio Cu . Al Sn I
B, 0.18 0,73 0,07 0,008 0,030 0.03 (.05 0.006 0,07 0,015 .0,012 0,005
C 0;24 0.43 - 0,05 - 0,012 0,026 0,03 0,02 0,005 0,03 0,016 t"0.003 C.009

(1) Boodberg, A., H.,'E. Davis, E. R. Parler, and G. B, Troxell, "Causes of Cleavage Frocture in Ship

Plate - Tests of Wide MNotched PlatesV, Welding Journal, April, 1948,

(2) The data for the mechanical prdparties are the lowest and highest values obtained for each’steel,
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practice was beli@ved desirable, since’other tests, in which the weiding is
done under ébnormal conditions, are n&é typical of normal production procedures.
The O;O50—inch-déep notch in thé Kinzéi—type specimen imposes a stress concen-
tration and,'at ﬁhe same time, leaves some weld metal below the notch.

Inasmuch as the Qotch subjects‘the weld meﬁal heatéaffectéd zone, and
base metal to the sane stress condltlon when tested, it was believed that
knowledge of whlch of these zones cracked flrst in free competition would be-
valuable in understanding why the Kinzgl_type specimens behave as they do, and
would give the clue to the correct interpre;ation of the results,

For compa}ison with welded specimens, unwelded firzel-type séeciméns

, N _

of prime plate were included in the investigation..

PPLPARA* oN OF Thal SPLECIMEN

The details of the Kinzel-type:specimen are shown in Figure l. The
coupons for the speclmen were saw cut from the plates of NBp't and ”C" steels
and the surfaces were cledned Dy grit blastlng. The direction of rolllng for '
all specimens was parallel to the longltaalnal direct.on of the flnlshed
specimen.,

© For welded specimens, the wéldabeadé were erosited on the couponé by

autoratic welding using the following schedile:

AWS electrode classification - 5 E6010
Electrode diameter, inch ‘ 3/16
Anperes : , 175
Arc volts : " N 27
Speed, inch/minute _ - 6

Arc time," seconds ‘ 40
Length of weld bead, 1nches L

Heat input, Joules/lnch _ Ll 750,

411 of the specimens were welded at room temperature and cooled in air, -
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The aging time for all specimens between welding and testing was eight days at
room temperature, During the aging period, the final machining of the specimens
was done according to the sketch shown in Figure 1. The sides of the. .specimens
were finished by grinding and the notches were made with a fly cutter to accur-
ately obtain the prescribed root radius.
Unwelded specimens of the same dimensions were machined from prime
plate,
Criteria and Method Used in

Determining Testing Tempneratures
Above and Below the Transition Temperature

As the modes of fracture above and below the transition temperature
are shear and cleavage, respectively, it was decided to look for differences
in crack initiation and propagation characteristics for these two test con- .
ditions as nearly as possible. It would have been desirable to study specimens
for a range of temperatures, but the time and budget allotted for this work
1limited the studies to one temperature above and one temperature in or below
the transition range for each steel.,

o problem was encountered in the selection of a test temperature
above the transition range, which was xnown from previous work. opecimens
will behave ductilely as long as the temperature at which they are tested
is above the transition range. However, the sélection of a test tempe}ature
for brittle fracture was more difficult. If the temperature selected was much
below the transition range, the specimens would break abruptly in the bending
jig after a small amount of defleetion, and make it impossible to study the
pregress of the fracture. However, it was believed that if a low-test temper-

ature in the transition range were used, the origin of cracking could occur
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without complete brittle failure of the spéhimen.

Test temperatures chosen for "Br" steel were QO F and 80 F for both
welded and unwelded specimens. In Figure 2 are shown absorbed energy and
fracture appearance curves for "By steel, from data previously reported(12)
on this project, The test temperatures are indicated by dotted lines, The
O F temperature is close to the transition range of welded specimens but
much above that of the unwelded specimens. Had a temperature below the trans—
ition range of the unwelded specimens been chosen, the welded specimens would
have failed completely.byjcieaGAgé'éﬁ&:no fracture data could have been ob-
tained. as a result, the data for unwelded "B, steel specimens were nearly
identical for both test temperatures, these temperstures being in the ductile
range for hoth cases.

For (" steel, the test temperatures chosen were 40 F and 180 F for
welded and unwelded specimens. As shown in Figure 3, the lower test tempera=’
ture of 4O F was at the bottom of the transition ranges of both the unwelded
and welded specimens. In fact, some of the  welded specimens. failed by cleavage
at this temperature, |

- Ity was observed in this study that differences in crack initiation
of specidens tested above and below the trafisition range are negligible,
Temperature apparently had more influénce on how cracks propagated in these
specimens, -THEs compares with similar observations made previously by another:
investigator(ép;- However, as will be discussed later, it is more pertinent to
congider-the -difference between abisorbed snergy values for welded and unwelded

specimens at-a ‘given temperature.’ This study has given information which can
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be used to explain the lower absorbed energy values for the welded specimens
as compared with unwelded specimens. In this light, then, the importance of
differences observed between speciméns at twoltemperatures becomes secondary
to the ability to iﬁterpret why welded specimenslare inferior at a given test
tempergtureo |

TESTTIIG AND EXAMINATICHN OF SPECIMENS FOR
FRACTURE INTITTATION AND PROPAGATION STUDIES

The test specimens were bent to various deflections in the standard
bend jig (see Figure 1); the load was removed, and the specimens were sectioned
and examined in detail to determine where the cracks started and how they propa-
gated.

. .Testing Procedure

Tést specimens and bending jig were immersed in a liquid medium at
testing temperatures for at least five minutes before applying the load,
Temperatures above the transition temperatures were obtained by using water
heated with resistance immersion coils, A mixture of methyl cyclchaxane and
dry ice was used when specimens were tested below the transition temperature,

AlYl specimens were preloaded to 1000 pounds manually in an Amsler
hydraulic-type testing machine, and then an Ames-Dial Gauge "88", located at
the center of the specimens, was set at zero to measure deflection during
later loading., After preloading, the specimens were bent at a rate of approxi-
mately O.075~inch-per-minute displacement of platen. A load-deflection curve
was made, and the load-applied to produce the desired deflection was recorded’

for each specimen tested,
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Four series of "Bp! eteEi'Epecimeds and four series of "C" steel
specimens were tested at deflections rahgihg from 0.050 inch £ 1.25 inch,
The deflections used for each serids ef specimens tested are listed in Table
2. One series each of welded and unwelded “Qf" steel specimens was tested
at 80 F (above the transition temperature) and O F (below the transition
temperature); Similar groups of o steel spec*mens both welded and unwelced,
were tested at 180 F (above the treﬁeltlon temperature) and 40 F (below the
_trensition ﬁempereture)u For any given deflection, three specimens were
tested to allow for pqssible scatter in the test results. The deflections are
ziven in inches and bend angle, as shown in Table 2,

Sectioning Speclmens

Afper bending, the_notehed section of the specimen, including about
1/8 ineh of meterial on each side of the notch, was removed from‘the_specimen'
by saw cuttiqg.“_Sections were then cut transve?sely'to the no?eh by_meane of
a small P?W?T,haCk saw using thin bladee.:‘An*adjueteble screw stop attached
tqntbe saw made it possible to cut sectiens of vary%ng thiclness,

For welded specimens, the first sectien was cut in the base plate at
a distence ef approximately 0.1C inch from one edge oﬁ the weld. Successive
cuts were made every 0.10 inch across theiweyd bea@}aqdﬁﬁo 0.10 to 0.30 inch . .
into the base plate on the opposite side ol the weld bead. Pach section was
approximetely‘O:OSO inch iq teickness and roughly Og059'ipch_wae:gempqed_by the
saw cut. The method’ef‘Sectiqning is shown in Figure o

Unwelded specimens were sectioned at approximately 1/2~-inch intervals

across the 3-inch specimen width. 35ix sections were obtained from each specimen,
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TABLE 2. DEFLSCTICN AT WHICH EASH SERIES OF KINZEL-TYPE SPECIMINS WAS STUDIED

—

Nunber of Specimens Tested.

Deilection - Nyrl Hieel o Steel
Bend Angle, Wielded Unwelded Welded . Unwelded
Inches Degrees 80 F(1) O F(2) 80 F(l) OF(2) 180 F(1) 4O T(2) 180 F(l) 4O F(2)
0.050 19421 3 3 3 3 3 3 S
0.075 20321 2 3 3 3, 3 3 3 3
0,100 3% 3 3 - - 3 3 — -
0,125 4014 . - - 3 3 -~ - 3 3
0.150 5006! .3 3 3 3 3 ok 3 3
0,200 . 6048 ~~ -- - - 3 2 3 3
0.250 8930t 3 -3 3 - 3 3 = 3 3
0.300  10°12! — = -~ -~ - - 3 3 b
- ' . -
0.400 13932 - — e - -— R 3 3. ‘l’
0.500 169501 - - 3 3 - - 3 3"
0.600 20010 - - — - — e 3 3
0.700 239261 - — 3 3 - - — —
0.750.  25°04! -- -- 3 3 -~ _— - -
0,900  29°59" -- -~ 3 2 - - -~ --
1.250° 4390t - — =2 2 - - - -

{1) above transition temperature,
(2) Below transition temperature,
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as shown in Figure 5. The last section which contained the machined surface
of the Specigen was discarded because the lateral contraction, brought about -
by bending of the specimen, caused the notch to be deformed and it was be- | g ‘
lieved this condition would give erroneous results in the fracturé studigs '
of the specimen. BREach section was marked with specimen number and sectiég
number so as not to lose its identity.
Polishing

A11 secticns cut from welded specimens were mounted in Sakelite
before polishing. Sections cut from unwelded specimens were mounted when
the specimen ha& been deflected only a sﬁall amount, Sections from spécimen§
deflected larger‘ampunts were left unmounted. All sections from.boph welded}
and unwelded specimens were polished through 600-grit size. A final_wét;poliSh‘{ -,
was given all sections with Type B Linde polishing compound on billigrd clotﬁ.
After polishing, each section was given a light etch with 2 per cent,nitalo
Sections made from welded specimens ﬁere grouped together, according té steel,
specimen numﬁer, test temperature (i.e., above or below the transition temper-—
ature), and defiection. Unwelded specimens were grouped together in:the same

manner. All sections were stored in desiccators to preserve the polished surface,

Inspecticn and Record of Cracks -

A1l sections were examined under a microscope at 100X and 400X, starting
with those specimens tested at the lowest deflection. The magnification of

4LOOX was used for measuring crack depth, since all cracks were clearly visible

s L um

at this magnifiéation. Throughout this investigation, only the deepest crack
appearing in each section was measured by means of a mlcrometar eye piece,

I

The dEpth (1 upit = o. OOQ352 inch) and locatlon of the crack was recorded
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on especially prepared record sheebs, as shown in Figure 6. Also recorded were
the locataons of other cracks appearing in the notch radius, location of heat-
affected zone with respect to the notch, and the zones in which cracks were
located, The record sheets were used for both welded and unwelded specimens;
however, information pertinent to welded specimens only was deleted when un—
welded specimens were examined.,

Master tables for welded and unwelded specimens were made from the
record sheets for each series of specimens tested. A typical example of a
master table for unwelded samples is shown in Table A~l of Appendix A. A
typical table for welded specimens is shown in Table 4-5 of Appendix A.
Separate tables were made for specimens tested above and below the transiticn
temperature.

In the tables for unwelded specimens, as shown in Table A-1, records
were made of the specimen number, deflection of specimen, test load on speci-
men, Section number, average crack depth of middle three sections of specimen
(Sections 2, 3, and L), and average crack depth for edge sections (Sections 1
and 5).

Record tables for welded specimens were similar to those for unwelded
specimens, as shown in Table A-5 of Appendix A. However, additional coiumns
were included for recording the zone of the specimen in which cracks were
found, i.e., weld metal, heat-affected zone, and unalfected base metal. Average
crack depth was computed on the basls of zones of the specimens, instead of by
sections, as in the unwelded specimens. From the average data in these tables,

graphs were made in which crack depth for various parts of the specimens was
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plotted against deflection of the specimen.

TEST RESULTS

The results were studied to determine: (a) where and when the initial
cracks occurred; and (b) how cracks propagated.

Crack Initiation

In unwelded and welded specimens of both "B." and "C" steels, tested
above and below the transition temperatures of the steels, small cracks or
surface tears were present in the root of the notch after 0.050-inch deflection
of the center of the specimens. In both the unwelded and welded specimens,
these cracks occurred across the entire width of the specimen.

A typical example of these cracks or surface tears is shown in Figure
7. As shown in this figure, several of these cracks were often found in the
root of one cross section. It may be held that these are not cracks, bub are
surface tears, which precede the true fracture. They occur in these specimens
in the superficial work-hardened layer caused by machining. However, cracks
of similar appearance have also been observed in specimens whose notches were
carefully lapped to a depth that was designed to go well below the work-hardened
layer., It has nolt been possible %o perform a more rigorous study cf these small,
irregular, and superficial cracks. uhile they undoubtedly play a role in the
fracture of these test bars, it is thought to be a minor one.

A LOQY magnification, some of the cracks, that is, those present after
the specimen was deflected 0.050 inch, were quite wide, as shown in Figures 8
and 9, and showed evidence that plastic deformation had taken place. Some

cracks were also sharp (Figure 7) and comparatively deep. However, at the
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lower deflection, there was usually evidence of ductility and the cracks
resembled tears in the metal surface, as shown in Figures 8 and 9. Very
often, as the specimens were deflected further, the cracks opened up at the
sides of the notch-root radius instead of in the center as might be expected.
Figure 10 is a good illustration.

In each of Figures 7, 8, and 9, there is evidence that a very thin
surface layer of metal at the root of the notch was cold worked by machining.
This is shown better in Figure 11, which is the cross section of a specimen
that was not bent or deformed in any way after machining, At this time, it
was believed that this thin layer of cold-worked metal contributed to the
early initiation of cracks or surface tears. However, since all previous
specimens were tested as machined, this condition was normal for all, The
layer might have been removed by lapping the root of the notch, but, since
this investigation was concerned with a normal Kinzel-type specimen, it was
decided to leave the surface of the notch in the normal as-machined condition.

In unwelded "Bp!" steel specimens, all of which were tested above
the transition temperature, there were only a few discontinuous cracks or
surface tears when the specimens were deflected 0.050 inch.

The unwelded "C" steel specimens deflected 0.050 inch behaved about the
same as the unwelded "ByY steel specimens, but the frequency of cracking was
somewhat greater in tests above the transition temperature than below. Average

values, as shown in Appendix A, Tables A-~9 and A-10, for each series of unwelded
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In ﬁelded s;ecimeﬁs of "Br? apd "C?nqteglﬁ deflected 0,050 inch, the
initial cracks were similar to those observed in unwelded specimens. However,
there.appeared to be more cracks. in the wglded specimens, especially in the
weld metal and heat-affected zone. No significant difference was observed
when compariqg the number of cracks in specimens tested above and below the
transition temperature for either series of specimens., The "Bp" steel speci-

mens contained more cracks or tears than the "C" steel specimens, but this

difference was small.

.

Crack Propagaticn

With an increase in deflection of the Kinzel~type specimens beyond
0.050 inch, one of the several discontinuous eracks or tears that were
present at 0,050-inch deflection increased in depth, or propagated. Two -
things were characteristic of crack propagation: first, the cracks beganl
to propagate at different deflections, and, second, once started, the cracks\
propagated‘at different rates. When and how cracks propagafe-will be dis—
cuSSed-SEparately.

When Cracks Propagate

Graphs of crack depth versus deflection were prepared for the several
series of tests. ihesé are presented in Appendix B, Figures B-1 through B-2i.
In crder to determine when cracks began te propagate, it was necessary to
distinguish between surface tears and true cracking.

Tt was necessary to define the depth to which a surface tear must
propagate before it could be considered a crack. An arbitrary depth of 0.005

inch was chosen to defire a true crack for convenience in measuring when cracks

v
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start to propagate. In Figures Bil, B—zgﬂB;a;“B-s,'849;13-10,'B;la, B-15, and
B-16, Appendix B, the deflectichs at which the 0,005-inch abscissd intercepted
the crack-depth curves were measured,: These- deflections were as follows:

Deflection at Which Cracks Started to Propagate, Tnch °

YL Sheel 0t shos)
80F QF ” 180F 4OF -
Welded Specimens
Weld metal 0.15 0.15 0 0.06
Heat-affected zone 0.8 0.7 0.17  0.08
Unaffected base metal ' - — - Oﬁ25 O.l3
(adJacept to weld area) ‘
Unwelded Specimens ‘
Center sections | _ _0.77 0.82 - ) 0.52‘ _0%55
Zdge sections : | 086 0.94 0.57  0.60

It can be observed u.at in the welded Specimens of both "Bp" and
ngn steel cracks started to propagate at a much lwwer deflection then in
the unwelded specimens. The use of this observation will be discussed in
a later sectlon. -

lhe cracks propagated sooner in welded "CY steel specimens than
welded "Br" steel ope01mens although tne dlfference 1n deflectlon was
small, Cracks in unwelded non steel specimens started to propagate at 0.52-
and Q. 55-1nch deflectlon, compared w1th 077~ and 0,82=inch defleetlen for
the "Br" steel 5p901mens.

Except in the case of welded "C" steel sp301mens . the temperature |

of testlng appeared to have but little effect on when the cracks began to
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propagate. It appears that temperature must have more effect on how cracks
propagate after they start,

How Cracks Propagate

In the Kingel~type specimens, where the cracks initiate in a line
of surface tears along the notch root radius, the cracks must, in some manner,
propagate from those line origins down into the specimens. In order to show
how these cracks propagated through the specimens, the isometric graphs of
Figures 12 through 15 were prepared, using data from Tables -9 through A-i2,
Appendix A,

A few words of explanation should make their interpretatlon easier,
Refer to Figure 12A. The X~axis on the graph corresponds to the noctch root
of the specimen projected in true length. The crack depth scale in the ¥
direction is magnified 100 times true depth. On the X-Y plane, the weld, heal-—
affected, and base metal zones are indicated in order to show in what zones
the crack lies at any deflection, Deflections are indicated on the /J-axis,

Numbers on the graph refer to planes which cut the notch root trans—
versely. The plane cubtting through weld metal in the notch root is identified
as (1), Similarly, (2) refers to planes cutting the heat-affected zone, and (3)
planes cutting the base metal. Cracks are identified by the zone or number of
the transverse plane in which they lie. 4 crack in piane (1) vhich started in
the weld zone had propagated into the heat-affected zone behe&th it when it
reached the depth of 0,04, the depth of the weld metal at that section.
Similarly, a crack in plane (2) starting in the heat-affected zone, propagated

into base metal at a depth of approximately 0.10 inch.
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As a further visual aid, the depth of cracks identified by number
are plotted on a grid at the right. These lines would be generated by the
transverse planes cutting the family of crack depth curves at the corres—
pending points, The curves on the grid represent the same curves that are
plotted in Figures B-1 through B-24 in Appendix B.

Graphs for unwelded specimens are similar, except that instead of
zones, points were plotted as center or edge sections. Figure 12-B is
typical of the group.

Several things about how cracks propagate are demonstrated in Figures
12 through 15. The early cracking of the welded specimens, compared with the
unwelded specimens, is evident., OCracks in the welded specimens propzgate in
the weld area, and not across the entire width of the specimen, as in unwelded
specimens, Figure 16 is a photograph illustrating a typical crack in the weld
ares of a Kinzel~-type specimen. In the unwelded specimens, the delay in crack
propagation is evident. Cracks become deep in the center sections before they
do in the edge sections.

Differences were observed in the depth of cracking between the specimens
tested at the high and low temperatures. Welded "Bp!' steel specimens tested at
O F had deeper cracks than specimens tested at 80 F, at 0.250 inch which wes
the maximum deflection used. Unwelded "Bp" steel specimens tested at O F had
deeper cracks than specimens tested at 80 F, at the maximum test deflection
of 1,250 inch. Unwelded "O'" steel specimens measured at a deflection of 0“600
inch showed deeper craciks in specimens tested at 180 F than in specimens tested

at 40 F. Thus far, it would appear that unwelded "C" resisted better crack
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FIGURE 16. CRACK IN A WEIDED "C® STEEL KINZEL-TYPE SPECIMEN
TESTED AT 190 F, AND DEFLECTED 0.200 INCH
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propagation at 40 F. However, abt slightly larger deflections, the 4O F
specimens would fail by cleavage, while the 180 F specimen would continue
to bend with a cductile crack.

There were several differences betwesn "By and "C" steel which might
explain why the "Byp" steel deflects more before cracks prepagate, The carbon
and nitrogen content of "Bu" steel are 0,18 and 0,005 per cent, respectively,
compared with 0,24 and 0.09 per cent for (W steel, The Y{! steel 15 some-
what finer grained than the "B," steel. Perhaps ths more important differences
in structure are the slag stringers and laminations present in "Bp" steel,
which act as crack arrestors,

General Ohservaticn on Crack Pronagation

L few general observations were made in the study of fracture character—
istics of Kinzel-type specimens. 4 typical pattern by which cracks propagated
in welded specimens is shown in Figure 17. The step~iike pattern asppearing on
the fractured surface represents progressive steps in crack propagation. The
erack-pattern iines were deepest under the welds for the early stages cf the
cracking and decreased in depth on either side of the weld through the heat-
affected gone and unaffected base metal.

In "By steel specimens, cracks occasionally opened laminations, if
present in the path of the fracture. Figure 19 shows a crack which opened a
lamination for an interval, and then propagated across it. When severe jami-
nation conditions were found, the specimen was not used in the crack-depth
study.

In welded "C" steel specimens, cracks had a tendency te foilow grain
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FIGURE 19. CRACK IN 4 "B." STEEL SPECIMEN
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boundaries in the coarse-grained part of the heat-affected zone, as shown in
Figure 20, In welded_"Br" steel specimens, cracks in the heat-affected zone
followed no pattern, with respect to grain boundaries. This might have been
caused by the higher carbon content of "C" steel, Hardness surveys of the
coarse, heat-affected zone of "C" steel show high hardness valqe§(12). It is
believed the harder islands of bainite or fine péarlite found in "C% steel
betber resisted cracking, and cracks, therefore, followed tine weaker ferritic
grain boundaries.

MISCELLANECUS CRaCK STUDIES

In additicn to the main fracture program, cother crack studies were
made. Studies were made on & few Lehigh-type specimens, on Kinzel-type speci-
mens made from a 0.33 carbon steel, and on Kinzelw-type -specimens from a weld-
ment similar to one stbudied at Case Institute of Technology(lo). The results

of these studies will be discussed in the followlng sections.

Lehigh-Type Specimen

Previcus to this work, quut had examined Lehigh-type specimens of a
0.25 carbon steel and found that cracks initiated in the heat-affected zone{3:7),
To check this, a few Lehigh~type specimens of "C” steel were prepared and bent
to ©.125 inch deflection. In the specimens tesied, the original results were
verified, The Lehigh~type specimen has but 0,015 inch average penetration of
weld metal below the notch, compared to 0,05 inch for the Kinzalntype specimens,
4 greater proportion of heat-affected zone is exposed at the notch reot, and this

heat-affected zone is perhaps harder than that of the Kinzel-type specimen
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because of lower heat inpub and higher cooling rate. The removal of most the

weld metal apparently shifts the initial crack to the heat-affected zoné,

'

Kinzel-Tyre Specimens of a 0.33 Carbon Steel

To check the possiéility-thét-increasing the heat--affected zone
hardaess might change thé crack origin fromvthe weld métal to the heate
affected z2one in the Kinzél—type séécimen, thrée'specimens were prepared
from a 0.33 per cent carbon, 0.88 per cent manganese steel. Thésé sPeciﬁens
were welded and machined with the standard proééé&ren Tha specimens were
nlaced in a testing machine and deflected a small amount. . The lcad was re-
leased, and the specimens were removed. The notch roots were examined with
a low-power microscope for evidence of cracking. The specimens were successively
bent to higher deflections and then examined until cracks wgre_obserVEda_ Figu;e
21 shows the crack origin in the coarse-grazin area of the heat~affected zone
of one of these specimens. The crack follows boundaries of coarse grains.

Tests to Correlate Results of Studies at

e Case Instivute of Technology With Resu.ts
of Cracik-Initistion Studies abt Battells

N

An-investigation was made to determine if results of crack-initiation
studies made at Battelle on Kinzel-tiype specimens correlated with.the findings
at Case Institute of Technology(%o)a A region-of low-notch ductility was
- found in the outer region of the heat-affected zone of a wsldment consisting
of a double~vee butt joint between two pieces of "C" .steel, 10.inches wide

and 24 inches long, made with ES010 electrodes, -as shown in Figure 22. Results -
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‘of ihe resesrch at Case showed the presence of a zone of heat-affected metal C.3
inch from the center of the weld joint which had low-notch ductility. This
metal had been heated below the lower critical temperature during the weiding
of the joint. .The first specimens tested were taken from the mid-thickness,
but these findings were later confirmed by tests of specimens at the surface
position.

% was believed, since this zone had lower notch ductiiity then any
other part. of the weld joint, that it might fracture first if it was bent in
free competition with the other parts of the weld, heat-af{ected zone, and
unaifected stock.

To study this.zone with respect.to. other parts of the weld joints,
two "CY steel weldments were made like tuose studied at Case Institute.
Special Kinzel-iype spe¢imens were prepared from each weldment, as shouwn in
Figure 22, and tested to determine if fracture would initiate in the zone of
low-notch, ductility. The root of the nolech in these specimens was located in
the central plane between the top and bottom surfaces of the plabe and was
transverse to the weld. joint, as shown in the enlarged sketch of a cross
section of the joint in Figure 22. This made it possiblie tc test all parts
of the joimt at the same time by bending the specimens,

The notch~root radii of these specimens were lapped to remove vhe work-
hardened metal and eliminate its influence on crack initiation. To lap the
notches, an 0,018~inch-diameter music wire was pressed into the notch roots
and rotated at high speed, using 600-grit valve paste for cutting. This

operation polished the root of the notch enough so that after etching {lightly
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with 2 per cent Nital) it was easy to observe the first cracks, and to determine
in which zone of the specimen they were located,

The specimens were tested by alternately bending them a slight amount
and then exdmining the root of the notch visually at 30X magnification. Two
of the specimens were tested at 75 F, one was tested at =40 F, and three
were tested at -80 F.

The test results for these six specimens are given in Table 3. In the
specimens tested at 75 F, surface tears were observed in all zones. &5 the
specimens were bent more,'the first cracks of any size occurred in the heat-
affected zone and weld metal, However, in the specimens tested at the low-
temperatures, although surface tears occured first in the heat-affected zone
and zone of low-notch ductility, the first-cracks occurred in the weld metal.

Two conclusions can be drawn from these tests, First, the milti-pass
weld has better ductility at room temperature than the bead weld of.the - -~
standard Kinzel-type specimen. Second, the zones of low notch ductility did-
nct contribute materially to the failure of these special Kinzel-type specimens,
even though surface teéars initiated in these zones at low temperatures, -

It is possible, however, that these surface tears could affect the”

/
behavior of small, notched specimens such as are used at Casée Institute\lo).
3

"In a structural failure, it is possible that 'a crack progressing parallel with

a welded Jjoint might follow the zone of low-notch duetility, but it is believed
doubtful whether this zone would act as a fracture ‘initiator in the sense that

weld metal does.



TuBLE 3. RESULTS OF CRACK STUDIES CF "CM STEREL KINZEL~TYPE
SPEC IMENS MaDE Fa0M DOUBLE-VEE BUTT-WELDuD PLATE

Origin of Surface Tears

Origin of Cracks

Total Total
Test Permanent Permahent
Specimen  Temperature, Deflection, Set, Deflection, oet,
Number F Inch{1l) Inch Zone Tnch(1) Inch Zone
AC~2293-2 75 0,050 ———== All zohes 0,100 == Heat-
: affected
#C0~229-3 +75 0.075 0,050 - All zones 0,100 0.023 Weld and
. heat=
affected
AC-232-1 =50 . 0.075 0.040 Heat-affected 0,075 0.040  Weld
AC-229-1 ~£0 04300 0.079 Heat-affected, low- (specimen fractured)
4 . notch ductitity
40=232-2 -£0 0,050 0.019 Heat-affected, low- 0,065 0.041  Weld
notch ductility .
4C-232-3 ~£0 0,065 0.021 Heat-affected, low- 0,100 0.081 Weld

notch ductility

{1} Deflection as measured from preceding perm&nentiset. For this reasoﬁ, total permanent set is

given.

Total permanent set 1s cumulative

from the successive bends,
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USE OF CRACK DATA TO EXPLAIN .
TIHAVIOR OF XINZEL~TYPR Gb 10 LHENS

The data presented here on the initiation and propagation of cracks
can be applied to the interpretation of previous test data on welded and un- |
welded Kinzel-type specimens. Using this information, it is possible to
explain, by differences in fracture Eehavior, the inferiority of welded speci-—
mens compared with unwelded specimens.

dbssawveet Differences in Welded
and Unwelded Kinrel-Type Specimens

In the past phases of this investigation, and in work conducted by other
investigators, it has gensrally been noted that a series of welded specimens
of a given steel, tested ovérl'a raﬂée of temperatures, usually has a higher
transition range than similar ﬁnWelded specimens of the same steel. The welded
specimens charaéteristically ébsorb less energy than unwelded ones at any
specific temperature, and especially at lower temperatures. This fagt is-
illustrated by the data listed in Tables 4 and 5, which were obtaingd from
welded and unwelded Rinzel specimens of "Bp" and "C" steels. Curves of absorbed
energy versus temperature are shown in Figure 23, These data were presented in
a previous report on this project(i2),

Energy déta.for the Kinzel-type specimens were originally obtained from
the autographic 1oad;deflection curves. The area under each loédwdeflection
curve to the point of maximum load was measured by é plaéimeter, and this area .

was multiplied by the scale constant to obtain the energy in inch pounds.
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TABLE 4. COMPARISON OF ENERGY ABSORBED BY UNWELDED ARD
WSLDED KINZEL-TYPS SPECIMENS COF "Bp" STEEL
TESTED AT VARIOUS TEMPERATURES
Test Absorbed Energy to Maximum Load, In.-Lbs
Temperature, Unwelded Welded
F Specimen Specimen
80 19,0C0 15,000
40 20,000 11,000
20 18,000 5,000
0 17,000 1,000
~40 16,000 1,000
TABIE 5. COMPARISON OF ENERGY ABSCRBED BY UNWLLIDED AND
WEIDED KINZEL-TYPE SPECIMENS OF "C! STEGSL TESTED
AT VARIOUS TEMPERATURES
Test Absorbed Energy to Maximum Load, In.-Lb.
Temperature, Unwelded Welded
F Specimen. Specimen
200 18,000 8,000
160 14,000 8,500
120 13,000 7,000
80 10,000 3,000
4,0 &,000 2,000
0] 7,00G 1,000
40 7,000 _—
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Division of Absorbed Energy

Tt is known from work described in this report at what deflections
cracks are initiated and begin to propagate in welded and unwelded Kinzele-
type specimens of "Bp" and uC" steels, These data make possible the division
of energy absorbed by the Kinzel-type specimen into two parts, (a) the energy
absorbed to start cracking, and {(b) the energy absorbed after cracking was
started. In this way, a quantitative study can be made of the tehavior of
welded and unwelded test specimens.

By using the start of crack propagation to divide the energy absorbed
by Kinzel=-type specimens, the effect on specimen behavior of the weld area
{weld metal and heat-affected zone) can be demonstrated. Figures 24 and 25
show average load-deflection curves for welded and unwelded "Bp" and "C" steel
specimens at each of the test temperatures used in the crack study. Thé dew
flections at which cracks are formed and then propagate are indicated. The
area under each curve to the point at which a crack 0,005 inch deep 1s formed
represents the energy absorbed to the point of crack initiaticn. These energies
have been determined and are plotted in Figure 26. Energy to maximum load was
obtained from éverage data previously'reported(9: 12).

In each case prior to cracking, the welded specimens absorbved much
less energy than the unwelded specimens of the same steel. The welded specimens
of "Bp" and "C! steel absorbed about the same amcunts of energy to cracking,
except for the welded "C" steel at 40 F. which absorbed less.

Figure 27 compares the energy after craciing in Kinzel-type specimens

for the two steels at the various test temperatures, Welded and unwelded "C"
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steel at 4O F, and welded "Br" steel at O F, represent cleavage failures,
These comparisons are made to demonstrate that relatively little of the
difference in energy absorbed by welded and unwelded "By" and "C" steel
Kinzel specimens was the difference in energy absdrbed after the crack was
started, - In the over-all effect on Kinzel-type specimens, the difference in
energy absorbed to start cracking between welded and unwelded specimens of

the same steel was greater than the difference in energy absorbed after crack-
ing started. In other words, it was the early fracture of the weld meta; that
contributed most to the poorer performance of tﬁe ﬁeldeé-séeéimens-as measured
by the energy criverion. Therefore, the weld-metal is-a-moré-dominant factor

in controlling the performance.of the specimens than the steel in the specimen.

Comparison .ith Results of Other Investigators

The results of this crack étudy have confirmed cuantitatively what other
investigators have observed qualiﬁatively;L-The extreme sensifivity of columnar
weld metal was observed in early work at Ba£telle(l) and has been reported by
Professor Earl‘Parker in bend tests of welded tubes(S), Of fenhauer and
Koopmanié) observed that in Bead-walded bend specimens, a crack was formed in
the early stages of the test which was sharper than any'néﬁchlwhich could be
machined. Stout(7) has stated that weids—may provide a read; origin-éf crack
formation. Graf(h) has reported the crack origin in weld metal of weld bead
bend specimens, He aléo shows a test girder in which transverse éraeks were
found in the heat-affected zone of web-to-flange welds on the tension flange
after some deflection. Flanigan(z) and Offenhauer and Kbopman(é) have ob-

served that the start of fracture in welded bend specimens is independent of
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test temperature,

Flanigan{ll) has already done considerable work in demonstrating that
the ihprovement observed in welded bend specimens from preheat and postheat
were due to better weld metal properties. He has atiributed the gain in weld
metal ductility to slower cooling rates, which in turn affect the quantity. and

distribution of hydrogen present in the weld area.

SUMMARY

1. In welded and unwelded IfGnzel-type specimens of B!
and "C" steel, small, 'discontinuous surface tears were
observed in the notch roots after the specimens were
deflected 0.050 inch at midspan. These discontinuous
tears were present across the entire width of the speci-
mens, and were found in specimens tested above and below
the transition range.

2. With an increase in deflection of the [ingel~type speci-
mens beyond 0,050 inch, one of the surface tears increased
in depth or propagated. The deflections at which cracks
.began to propagate were measured. It was found that cracks
started at different deflections, and that cracks propagated
at different rates. Cracks started in the weld metal of - .-
welded specimens and began to propagate at very small
deflections, while the cracks in unwelded specimens did not-
propagate until much larger deflections. Test temperature
apparently had 1little effect on the deflecticn at .which
cracks started. OSpecimens of "C" steel, both welded and
unwelded, cracked abt lower deflections than "B,." steel
spe01mens.

3. In "B steel Sbe01nens, laminatione acted as crack arrestors,
C welded "G sveel specimens, cracks tended to follow the
grain boundaries of the coarse, heat-affected zone.

L. Cracks were found to originate in the heat-affected zone
“of Lehigh~type specimens,

5. Kinzel-type specimens prepared from a 0.33 per cent carbon

and 0.88 per cent manganase steel cracked flrst in the
heat-affected zone. :
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6. In Kinzel-type specimens of "C" steel taken from a weld~
 ment similar to those studied at Case Institute of
Technology, surface tears criginated in the heat-affected
zone and zone of low-notch ductility in specimens tested
at <40 F and -80 F. However, it was in weld metal that
cracks propagated in these specimens,

7. The energy absorbed by welded and unwelded Kinzel-type
specimens was divided in two parts: (1) energy absorbeq
by specimen prior to cracking, and (2) energy absorbed by
specimen after cracking started. .hen these energies were
compared, it was found that the difference between energies
prior to cracking absorbed by welded and unwelded specimens
was greater than the difference in energies abscrbed after
cracking. The early fraecture of the weld area contributed
most to the pocrer performance or low-energy absorption
of welded specimens.

CONCLUSICNS

Tests of ship steel with the Kinzg—type specimen have demonstrated
that the main reason for the poor performance of welded specimens, as compared
with prime plate specimens, is the early propagation of a crack in the weld
metal, This finding points to the siructure and character of the weld metal
as the critical feature of the test, in the same way that the notch is the
critical feature of a notched bar test. After the start of the crack, the
response of the test bar depends on the notch behavior of the material of which
it is made, The betper performance of the "Bp" steel in these tests reflects
its superior notch toughngss, as compared to tpel"C" steel,

This finding points to the possible use of the Kinzel test specimen
for appfaising weld‘metal and welding tgqhn;qug._ Since, in ship plate of the
grade which was used here, it is the weld metal that appears as the weak link,
the performance of the specimen might be materially improved by improving the

weld metal,
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It shoulq be recognized that even when using the nge élegtrbde, but
on different steels, différent résults‘wi;l'bg_obtained'in’weld:metal crack
propagation; as a function of the different base metals, But théiweakness
of the weld metal oversha@pw; effects of the base plate, With modification,
that is bygremoving'allfﬁhe Weld'metal at the notch robt,‘fheVSpecimen might‘

be used tdhstudy'the effects of thé heat of welding on the steel,
~ FUTURE WORK

This report describes work recommended by the Project SR-100
Advisory Committee at its meeting of June 2, 1949.

The following program of futufe wofk at Battelle lMemorial Institute
was discussed and approved by the Project Ad?isory Committee meeting of March
9, 19504

1. Influence of weld-metal propertiesgon fracture initiation and

propagation. ’

2. The influsnce of normal mild-steel weld metals as
normally used in making typical jeints in welded
ships will be studied. Samples of these welds will
contain intérdendritic fissures and low duciility, ‘

resulting from rapid cooling and procedure common
" to ship welding. Other samples will have the bene—
“Fit of preheat, slow cooling; and postheat sometimes
used "in ship construction.
b. The influence of wéld metals having special prop- .

erties will ve studied, These weld metals may have °
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exceptional ductility, or a combination of exceptional
duetility and high strength (100,000-psi yield strength).
2. Influence of various regions in the heat-affected zone-

adjacent to bead, fillet, and groove welds on fracture

behavior of specimens tested at various temperatures
and in various directions (e.g., transverse, longitudinal,
and "side bend").
3. Correlation of laboratory work with behavior in service,
a. Fracture data from tests at Naetlonal Bureau of
standards, and those obtained by personnel of the
Bureau of Ships and Model Basin by tests and
observations on ships will be consuited.
b, Infiuence of artificial notches and strustural
. notches ﬁill be studied.
¢. BSamples from actual welded-structures (both failures
and satisfactoryxggétiogs) will_bé studied in some
detail and the findings correlated with éﬁd inter-

preted by the assistance of the laboratory findings.

Data given in this reportiare recorded in Battelle Laboratory Book
No. 3240, pp. 94~97; Book lio. 3856, pp. 42-52; and Book No. 4698, pp. 19-41,
46-51, 60~70, 89-97.

RGK:FRB:PJR:CBV/mb
December 20, 1950
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TABIE A-1.

DEPTH OF LARGEST CRACKS IN UNWELDED "Bp" STEEL KINZEL SPECIVENS

TESTED ABOVE THE TRAMSITION TEMPERATURE AT 80 F

Depth of Crack ~ Unlts at A00Y (1 Unit = 0,000352 Inch)

Maximm Average of Average of

Specimen Deflection, Load, Section Sections 2=3=4 Sections 1-5

Number Inch Pounds 1 2 3 4 5 Units Inch Units Inch
AC-289-10 0.050 9,800 1 0 1 Q 2
40-220-1 0.050 10,000 0 o 4] 0 0 0.11 0.0000387 0.50 0.,000176
AC-220-2 0.050 9,500 0o o © 0 0
40-220-3 0.075 10,500 0 1 1 0 1
AG~220-/ 0.075 10,450 o 0] 0 4] 0 0.22 0.0000775 0.33 0.000116
AC=-220-5 - 0.075 10, 0 0 o o 1
AC-189-7 0,125 10,800 3 1 1 2 3 .
A4G~189-8 0.125 11,000 1 2 20 2 2 3.44 0.00121 1.83 0.,000645
AC-189-9 0,125 10,900 1 1 i 1 1
AC-220~6 0.150 12,750 3 1 0 1 0
AC-220-7 0.150 11,900 o 1 1 2 i 0.89 $.000313 1.16 0.000409
AB-220-8 0.150 13,400 1 ¢ 1 1 2
AC-189-/ 0.250 12,900 1 2 0 1 1
AC-189-5 0.250 12,650 2 5 1 6 1 3.22 0.00114 1,16 0.,000409
AC-189-6 0.250 12,900 1 3 4 7 i !

|_I

AC=155-2 0.500 15,800 1 ¢ 1 4 1 P
AG-155-3 0,50 15,000 3 1 3 4 1 3.55 0,00125 1.83 0.000645 !
AC=155-4 0,500 15,800 3 & 3 4 2
AC-189-1 0,700 17,100 4L 10 9 5 17
AC=-189-2 0.700 17,100 8 8 I 3 4 5,78 0.00204 6.16 0.00217
40-189-3 0,700 17,250 2 4 4 5 2
AG~155=5 0.750 17,900 5 11 15 10 4
AC-155-6 0.750 18,100 3 4L 16 4 4 8.23 0.00290 4,17 0.00148
AC-155-7 0,750 17,950 L 4 6 4 5
AC-155-14 0.800 18,300 11 20 g 15 1o
AC-155-15 0.800 18,450 iy 20 18 22 10 18,11 0.00638 11.0 0.00388
AC-155-15 0,800 18,300 10 2% 22 13 8
AC=155«11 .85 18,500 4 9 20 27 7
AC<155~12 0.850 18,400 5 35 45 20 1 22,55 0.00793 7.33 0.00258
AG-155-13 0.850 18,400 7 12 20 5 1o
AC-155-8 0,900 19,050 18 4 38 33 28
AC=155-5 0.900 18,600 13 18 28 42 18 35.88 0.0126 18.00 5.00633
4C-~155-10 0.500 18,900 15 40 57 25 15
AC-155-17 1.250 19,500 80 137 330 174 118
AG-155-18 1.250 19200 57 136 217 213 &1 100 0.0479 52.66 ©.0185




TABLE A-2, DEPTH OF LARGEST CRACKS IN UNWELDED "B," STEEL KINZEL SPECIMENS
TESTED BELOW THE TRANSITIOKN TEMPERATURE AT O F

Dopth of COrack -~ Units st X (1 Unit = C,000 1

Maximm Average of Average of
Specimen Deflaetion, Load, Seetion Sections 2=3=4 Segtions 1-5
Fumber Inech Pounds 1 2 3 4 5 Units Inch Unite Inch

AC-188-8 0,050 11,100 3 1 2 1 1

AC-215=1 0,050 10,900 0 o o 0 0 0.55 0,000194 0.67 0.000246

ACR2]5=2 0.050 11,200 ¢ 1 0 0 0

AC=215=~3 0.075 11,250 1 1 o 1 1

AC-215~4 0.075 11,450 0 0 o 0 0 0.44 0.000156 0.67 G.000246

AC-215-5 0,075 11,300 0 0 ¢] 2 2

AC-188-5 0.125 12,000 0 1 2 1 2

AC~188-6 0.125 11,800 0 o 0 0 0 Q.78 0.000274 1,00 0.000352

AC-188-7 0.125 12,000 2 1 1 1 2

AC=215<6 0.150 12,600 2 1 0 2 c

AC-215-7 0.150 12,650 o 2 1 2 2 1.20 0.000423 1.00 0,000352

AC-215-8 0.150 12,800 1 1 1 1 1

AC-156=1 0,250 14,000 1 1 1 1 1

AQ=156-2 0.250 14,100 2 4 1 1 1 1,40 Q.000453 1.20 0.000423 :0

AC=156~3 0.250 14,300 1 2 1 1 1 »
t

AC=156-4 0,350 15,300 2 1 1 1 1 1.00 0.000352 1.50 0.000528

AD=156-5 0,500 17,100 1 1 1 2 1

AG=188-1 0.500 16,350 4 5 7 9 7 '

AC-188=2 0,500 16,400 5 4 7 3 4 4.38 0.00154 3.7 0.0013%0

AC-188-] 0,500 16,600 3 3 3 4 4

AC-188- 0.500 16,250 4 6 n1) (1) 4

AC~156=12 0.650 18,350 2 8 4 7 2

AC-156-6 0,700 20,000 3 g 4 8 7

AC=156-7 0.700 18,800 8 7 25 5 3 8.66 0.00305 5.00 0.,00176

AC-156-8 0,700 18,900 5 5 10 6 4

AC-156-9 0.750 19,250 8 9 13 5 15

AC=156-10 C.750 19,000 6 g 11 L4 7 9.77 0.00344 6.66 0.00234

AC=156~11 0.750 18,900 2 9 1 8 7

AC-156=14 0,900 20,150 9 18 25 40 g

AC-156-15 0.900 2000% 10 27 30 20 g 266 0.00939 8.7 0.00308

AC~156=16 1,250 21,200 90 132 156 123 71 10.00 0.0

AC=156~17 1,250 21:250 80 T132 132 165 118 40 493 9475 0.0334

— —— - = . ]

{1} L ~ laminationm.
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TABLE A-3, DEPTH OF LARGEST CRACKS IN UKWEIDED "C" STEEL KINZEL SPECIMENS
TESTED ABOVE THE TRANSITION TEMPERATURE AT 180 F

—— e —

 Depth of Crack - Units at 400X (1 Unih = 0 ,000352" Inch)
Maximms Lverage of Average of

Specimen Deflection, Load, Segtion Sections 2=3=4 _ Sectiona 1-5

Humber Inch Pounde 1 2 3 A 5 Units Inch Units Inch
40-199=-1 0,050 9,500 0 0 0 1 2
AC=199=2 0.050 10,000 0 0 1 0 1 0.56 0.000197 0.50 0.000176
AC-139-3 0,050 9,50 0 1 0 2 ¥
AC=216~/, 0.075 16,500 1 1 1 1 1
AC=216~5 0.075 10,500 0 1 2 1 0 1,00 0.,000352 0.50 0,000176
AC-R16-6 0.075 10,600 0 0 1 1 1
AC=199-4 0.125 11,800 1l 1 1 3 l
AC=199-6 0.125 11,700 0 1 1 0 1
AC-216-1 0.150 12,800 1 1 7 2 0
AC-216-2 0.150 12,850 3 2 2 1 1l 1.89 0.000665 1.00 0,000352
AC-216-3 0.15%0 12,900 1 1 0 1 0
AC~-185-1 0.200 13,300 1 1 i 1 2

AC-185-2 0,200 15,000 1 1l 2 2 1 1.33 0,000468 1.33 0,000468
AC-185=-3 0.200 14,800 2 2 1 1 1l
AC-216-=8 0,250 15,650 3 2 2 3 A 2.66 0.000936 2.50 0.000820
AC-216-9 .250 15,450 2 2 2 2 1
AC-185~4 0.300 16,300 2 1 1 1 2
AC=185-5 0,306 16,100 3 1 3 2 1 1.66 0.000584 2.16 0.000760
AC-185-6 0,300 17,200 1 2 2 2 4
AC~-185~7 0.400 18,650 2 4 4 2 2
AC=185-8 0.400 19,000 2 2 5 4 3 2.7 0.00098R 2.50 0.000880
AC-1859 0.400 17,000 3 3 1 1 3
AC-185-10 0,500 20,000 6 & 18 5 6
AC-185-11 0,500 19,600 L 2 20 14 4 10.10 0.00356 450 0.00159
AC=-185-15 0.500 18,600 3 5 7 14 4
AC~185-12 0,600 21,000 75 112 115 TR 4b
AC-185-13 0,600 22,300 45 T U5 95 N 85,80 0.03%02 50,00 0.0176
AC-185-14 0.600 21,650 28 40 63 6 35

S

..'eg..



TABIE A-4. DEPFTH OF LARGEST CRACKS IN UNWELDED "C" STEEL KINZEL SFECIMENS
TESTED BELOW THE TRANSITION TEMPERATURE AT 40 F

Depth of Cragk ~ Units at 400X (1 Unit = 0,000352 Inch)

Maximam Average of Average of
Specimen Deflection, Load, Section Sections 2-3-4 —>ections 31-5
Fumber Inch Pounds 1 2 3 4 5 Units Inch Units Inch
cu 0 ¢] Q 0 0 0 o 0 0 C 0
AC=200-1 0.G50 10,300 0 0 1 0 1
AC-200-2 0.05% 10,300 1 o 0 ¢ c 0.11 0,0000387 0,50 0.000176
AC-200=3 0.050 10,100 0 0 o ¢ 1
AC~217-1 0.075 11,900 1] 3 0 1 1
AC-217-2 0.075 13,200 2 2 1 1 1 1.67 0.000588 1.16 0.,000408
AC=217-3 0.075 11,200 2 3 3 i 1
AC-200-4 0.125 12,000 2 1 1 1 1
AC-200=5 0.125 12,800 2 1 1 1 1 1.00 0.000352 1.33 0.00046%
AC-200-6 0.125 12,000 2 1 1 1 o]
AC=217<4 0,150 12,800 3 3 2 1 1 !
AC=217-5 0.150 12,900 1 1 1 1 1 1.54 0.,000542 1,43 0.000645 &
AC=217-6 0.150 12,500 4 1 2 2 1 .
AC-184«1 0.200 14,300 1 1 1 2 1
AC-18L-2 0.200 15,800 1 1 1 1 1 1.33 0.000468 1.00 0.000352
AC<184=-5 0.200 14,200 1 2 2 1 1
AC=217-7 0,250 14,800 2 3 2 2 1
AC~-217-8 0.250 14,500 2 1 1 2 3 2.00 0.000704 1.56 0.000550
AC-217-9 0.250 14,800 & 3 2 2 2
AC=184-3 0.200 16,300 3 2 1 i 4
AC-184~4 0.300 18,100 1 1 1 2 1 2.11 0.000743 2.16 0,000760
AC-184~7 0,300 17,200 3 5 4 2 3
AC=184-6 0.400 19,600 2 2 3 2 1
AC~184-8 0,400 19,200 3 3 2 2 1 2,78 0,000980 1.83 0.000644,
AC=184-9 0.400 13,200 2 4 4 3 2
AC-184-1D 0,500 19,800 1 13 1 9 4
4C=184~11 0,500 19,500 4 8 3 % 3 9.42 0.00332 4,84 0,00170
AC-184-12 0,500 20,800 3 5 4 2 4
AC-184-13 0.600 21,200 1 0 1 15 4
AC-184~14 0,600 22,000 20 29 25 25 15 25,80 0.00909 1n.16 0,00
AC-1B4-15% 0.600 20,500 4 0 22 4K 23
- - —— L —— o — — —— ————— —— — ——




TABIE A-5, DEPTH OF LARGEST GRACKS IN WELDED "B." STEEL KINZEL SPECIMENS
TESTED 4BOVE THE TRANSITIOR TEMPERTURE AT 20 F

Depth of Craok - Units at 400% {1 ¥nit = 0,00035 Inchi

Maocimam Seetion Ssotion Seotion Sectlon Section Sectlon Ssciion Section Section Section Average, Unaf- Average, Hamb~ Averags,
Specimen  Deflsotion, Load, 3 2 3 4 5 <] Vi 2 9 10 o Bege Yets Affected Fome Weld HMatal
Humbex Inch Pounds Zone Depth Zone Depth Zons Depth Zone Depth Zone Depth Zone Depth Zone Depth Zone Depth Zone Depth Zone Depth  lnita Inch Units Inch Unite Inch
AG-183-1 0,050 9,900 B ¢ H Q H )3 W 1 W qQ W 1 H 1 B ] -_ - -—
AC-183-2 0.050 9,700 B 1 H 1 W 1 ® 2 W 2 W 1 H 1 —_ — - - - — 0,30 D.000106 0,90 0,000207  1.20 0.000437
AG-183-3 0,050 11,000 H 1 H 1 _ -_ u 1 " 3 K 2 H 1 -— -_— — - - —
AG-183-13 0,075 11,200 B 1 n 2 W 2 i 2 2 W 1 a 1 B 2 B -
AG-1B3-1) 0,075 20 & 3 0w 2w 2w 2w 2 M 2 u 3 B 2 B z - = k40 0.000493 2,20 0.000775  2.60 0.0O0TD4
AC-183-4 0,100 12,200 H 1 H ] W & i 5 W 3 1 4 B o B 1 B 1 -— —
AC=1B3-5 0. 100 11,70 B 1 H 2 L) 2 W 1 | 1 H 2 i) 1 B g b 1 B 2 1.20 0.030423 2,70 0,000905 3,30 0.00116
AG-183-4 0,100 12,100 B 1 H 2 W 3 E) 4 W 1 W 2 K 2 B 2 )i 2 1) \]
LO-1B3=7 0.1%0 12,900 — -_— H 1s — _ k) 10 W 15 W & H 1 B T B 1 —_ —_—
AL-183-8 0,150 13,300 H 2 H & W hls] L 15 w 15 H 3 B 1 B 2 B 1 _ -— L.87  0.000658 3,82 0,00137 10,10 000356
AG-183-89 0,150 13,100 " 2 R 2 W 2 " 8 -— _ H 2 B 1 B Q B 2 - —
AC-183-10 0,250 14,300 B 1 LS 4 I’} ¥l k] 25 i 20 W k1l i1 3 i ) B 3 B 2
AG-183-11 0.250 14,900 H 5 o 40 W i) W Pl W 50 H 4 B 2 B 2 B 2 —_ -— 311 0.00120 48.% 0,017 7246 0.0253
AC-182-12 0.250 14,400 H 43 ;) 142 W 228 W 142 W 142 n 12 B o B 5 B 2 - -—

{1} L - Lamination
H = Bane plate
H = Heat-affected zons
¥ = Held mefal

- = -



TABLE A=6, DEPTH OF EARGRST CRAGYS Til VEIAED "By STEEL KINZEL SFECDES
TESTED BELY'! THL TRMBITION TEIFERITUHE AT O F

Depth of Crack — Unito at 400K (1 Unit = 0,000 ch

asrimm Ssetion Section Saction Section Seotion Seotion Section Section Seotion Saction Average, Unaf- Average, Heat- Averags,
Specimen  Deflectlon, Load, 1 2 & 5 & 7 g 9 10 fected Bage Mstal Affected Fons ¥eld Vatal
Tumber Inch Pounda Zone Dspth Zone Depth Zone Depth Zone Depth Fone Depth Zone Dephh Zona Dapth Zons Depth Zone Depth Zone Depth Unitsz Inch Unita  Inch Units Inch
AC-153-13 0,050 11,500 It 1 i 1 u 2 W o 9 W 2 " a q 2 —_ - - -
M-153-14 0,030 11,500 H Q H kS W ¢] bl 1 o 1 W 1 s 3 B o) -— - -— - 0,00 0,00000 1.00 0.000352 1,10 0.000387
4G-153-15 0.050 11,400 i 1 H 1 ) 1 W 1 W 1] W ol H 1 H o _— —_
AC~153-1 0,075 12,300 il 2 W 3 W & W H 3 H 2 B 1 — — -_— —_ . _—
AC-153=2 0.075 12,500 H o H o W 1 W 1 W 1 i 2 B 1 B 1 - _ - —_— 1,00  0,000352 1.90 0,000670 3.60 0.,001270
AC=153=3 0.07% 12,100 H 2 H 2 W 4 W ¥ W A I 2 s 4 B i - -— -— —_—
LCm153=4 0,100 11,900 q 1 I ) W 1 W 1 W 2 H 1 B 1 B 1 — —_— — -—
AC=153=5 Q.10 12,300 i 1 ! ki " 8 ] g W 7 H 2 B 1 B 2 —_ —_ — - 1,20 0000423 2,70 0.u00505 3,30 0.,C01160
10-153p 0,140 12,750 -— - H 1 ¥ 3 W 2 ) 3 W 2 H 3 B 2 B 1 B 1
£0-153-7 0,150 13,900 B 3 H 3 A1 w20 W 8 H 2 B 1B o - - - - .
AC-153-8 0,150 13,100 B ol — — o 3 ] 4 I 17 H Q B i B g - -_— —_ - 1.1 0.,000391 4,42 0.00156 10,00 0.003520 o
1C-153-2 0,150 14,100 B 0 H 3 W il I} 5 1 5 4 1 B 1 B 1 -_ - - —_— !
4C=153-10 0,250 15,006 B 2 i 71 u 118 W 189 W 61 i 2 B 15 B 8 -_— — -_— —
40-153-11 0,250 15,450 B 0 q 47 u 2 W 71 W 66 i & B 3 B 2 - - — -_— 6,42 0.002260  107.5 0037800 17L.4  0,060300
AS-153-12 0,250 15,100 B 5 b 228 g AT b 356 W 28B4 ks 284 g 117 _ - —_ —_ -

8 = Base matal
H = Heat-allected zore

W~ Weld metal



TABLE A=T7.

DEPFTH OF EARGEST CRACFS IN WELDED ™" STEEL KINZEL SPECIMENS

TESTED ABOVE THE TRANSITION TEMPERATURE AT 180 F

Dapth of Crack = Units at ¥ {1 Onit = 0,000 Inch
Haxdmm Seotlon Section Seation Sestion Section Seotlon Swotion Section Seetion Section Average, Unaf- Average, Heat~ Avarags,
Spepimen Deflection, Load 2 & 5 ) ¥ g 9 1] focted Hase Metnl Affscted Zons Wsld Matal
Ruzber Inch FPounda Zone Depth Zome Depth Zoma Depth Zone Depth Zone Depth Zone Hepth Zone Depth Zene Depth Zone Dspth Zone Depth  Unlts Inch Unlts Inch Units Inch
AC=182-1 0,050 3,300 B ul H 1 W 0 W 2 W 4] ) ¢ H ¢} B 4] B Q B i} ~
AC-182-2 0,050 10, 400 B g )i o ¢ W 2 W (1] W o W 0 1 0 H 2 B o B o 0,18 0,0000644 0.50 0,00017% 0.8 0.000225
AC-182-12 0.050 9,70 B q H ] ) 1 ) 1} L) 2 H o] i 1 B Q B 1 B 1 .
AC-218-1 0,075 11,200 B 2 B 1 H 2 H 15 W 5 W T W 15 H ] B 1 B 1
402182 0,075 11,700 B 1 H 3 H 1 q n o 1y W [ H 8 B 3 B 3 B 1 1,33 0.000468 7.00 0.000246 13.6  0.004790
AC=218-3 0.075 13,750 B 2 B 1 i 13 K 13 W 13 W 35 H 16 H ] B 0 B Qo
AC-182-) 2,100 11,800 B 1 i 2 L) a W 3 u 10 W 2 H 2 B 1 -— —_— -_— -_—
AC-182-5 0,100 13,75 B b3 H 1 W 1 W 40 ) 22 W 5 i 1 B 4 -_— _ —_ —_— 1.5¢ 0,000528 1,50 0,000528 11.30 0.003380
AC-182-6 0,100 13,400 B 0 H i ) 3 ) 25 W 20 W 5 H 2 B 2 — — — -_—
AC~182-7 G,150 14,100 B 2 B 1 W 10 ) L0 W 7 ¥ 40 H 3 B 2 —_— - -_— _—
AC-182-8 0.150 14, B 2 H 5 W 20 u R W 33 H 33 B 5 _ —_— -_ - —_ - 2,83 0.000995 7.66 0.002700 23,70 0,008350
AC-1B2-9 0,150 14,400 B 2 H 2 W 12 W 32 W 35 W 10 H 2 B 4 — -_ _— _—
AC-182-10 0,200 16,400 B 5 ¥ 5% 0w n2 W 13 W 15 H B W 1 B 4 B 1 - -
AC-182-71 0,200 16,400 B 5 H 12 ) 107 W 120 ) 125 W BO K 4 B 2 -_— _— — —_— 3,7t 0.001310 30.8  0.010850 117.4 0.041I300
AC-182-13 0.200 16,900 B 3 -_— - W o5 W 128 W 90 1 2B B 6 —_ —_— —_ —_— —_ —
A0-182-14 Q0,250 16,100 B i H 50 ) 150 W 155 W 135 id 7 B 25 B 1 B 4] _— —
AC-182-15 0,50 16,700 B 10 i 55 W L0 L) 215 W 200 )iy 17 B L B B B 15 - — 159 0.00596 7.8 0.,025700 182,0 0,064200
AC-182-16 0,250 18,900 B A4 H 110 W 200 W 230 W 212 H 134 B 53 B 7 B 6 i 6

B = Bass metal

f = Heat—aflaoted zone

W - Weld metal

-® -



TABLE A-8, DEPTH OF [ARGFST CRACES IN WELDED "C" STEEL KINZEL SPECIMENS
TESTED BELOW THE TRAMSITION TEMPERATURE AT 40 F

De Crack ~ Unity at i it} = 0,000
e Jection Segtion Seotion Seetlon Seotion Seotion Saotlon Section Saetion Sectlon Average, Unaf- Averags, Heat- Average,
Specizen Dsflsction, load, 1 2 5 ] i 8 ] 10 fected Bane Matal Affsoted Zone Wald Metal
Humbar Inch FPounds Zone Depth Zome Depth Zone Dapth Zone Depth Zone Depth Zons Depth Zone Depth Zone, Pepth Zone Depth Zonme Depth Unlta Inch Units Inch Unita Inch
oW o (] B 0 I o ) o W o W Q H Q B ol _ -_— -— — - —_ o (] Q
AC-181-1 0,050 10,500 B 4] H 1 W 3 H 1 'l a W G H 4] B Q —_— — -
AC-181-3 0,050 10,000 B 1 H ol ) 1 W 2 ) 2 H 2 H g B 3 —_ —_— —_ - 0,25 0,000088 0.57 0.000201 1.99 0.000384
AC-181-6 0.05% 10,300 B o i a ) Q 4] 2 W s} ) 1 H 1 B 4] _— - -_ -—_—
AC-219-1 0.075 11,750 B 2 H 1 H 23 u 3 W 3 w 5 2 H 1 B Q B 1
A0-219-2 0,075 12,400 B 1 i 1 H 1 1 & " 3 W 2 H 1 B 2 B 2 B 1 0.90  0.000317 15.1 0.005320 58,4 0.0200600
AC-219-3 0.075 12,000 B 1 H 2 H 45 5 150 W 195 W 160 H 105 I o B o B ol
AC=181-2 0,100 12,500 1 2 W 1 W 1 W 2 H 1 B 1 B 1 —_ —_ —-—
AG-181-4 0,100 13,400 B 1 H 1 L) 1 - -_ ! 1 i 1 B 1 B 1 —_— -_— -_ -— 1,00 0.,000352 1,17 0000412 1,11 Q,000387
AC-181-7 0,100 14,400 B 1 H 1 W i W 1 1 W 1 H 1 B 1 _ -— — _—
AC-181-5 0,150 14,000 B 1 i 2 L) 2 ) ) 2 H 4 B 0 B 1 — -_— —_— —_
AC<181-10 0.150 16,300 B 1 H B% W 195 W 220 W ¢ H 240 B 3 B o - - - = 22,90 0,0080 105.0 0,037000 130.0 0.0
AC-181-11 0,150 16:500 B 1 i 7 W 4 W 15 W 12 W 4 il 2 B 1 - —_ - - : 50 5 03 X -045700
AC-181-13 0,150 16,900 B 1 H 140 W 265 L) 240 ) 295 W 355 H 360 B kel -_— -_— _ -—
AC-181-8 0,200 15,900 B 1 H 2 W 15 W 5 W 45 H 10 H & B 1 B 1 B 1
Ag-181-12 0,200 16,500 B H 1 I 20 W D W 75 W 0 B 20 B o B 1 B g 10O 0.000352 0.6 0.003720 41.66 0.014700

B = Bage metal _ -
H = Heat-affected zone

W = Wald matal
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TABLE A-9, SUMIARY OF AVERAGE CRACK DEPTH IN UNWELDED "B," STEEL
KINZEL SPECTENS TESTED ABOVE (80 F) AND BELCH (0 F)
PHE TRAISITION TEMPERATURE
Test ‘ 1 Aversge Crack Depth
Temperature, . Deflection, =~ Section 2=3m)= Sections 15 A
F Inch Tnits\ Inch _ UnitstL) Tnch
0 0.050 0.55 0.000194 . 0.67 0.00026
20 0.050 0.11 0.0000387 . 0,50 0,000176
0 0.075 0.4 0,000156 0,67 0.000246
g0 0.075 0.22 0.0000775 0.33 0.000116
0 0.125 . 0.78 0,000274 1,00 0.000352
£0 0.125 2,44 0.001210 1.83 0,000645
0 0.150 1.20 0.000423 1.00 0.000352
80 0.150 0,89 0.000313 1,16 0.000409
0 0.250 1.40 0,000493 1.20 0.000423
80 0.250 3,22 0,001140 1.16 0.000409
0 0.350 - 1.00 0.000352 1,50 0.000528
0 0. 500 Le38 0.001540 3,70 0,001300
80 0.500 3.55 0.001250 1.83 0.000645
o 0,650 6.20 0,002180 2.50 0.000880
0 0,700 8.66 0.00305 ' 5,00 0,00176
80 0,700 5,78 0.002040 6,16 0,002170
0 0.750 0,77 0.003440 D 6.66 0.00234
g0 0.750 8.23 0.,002900 Lo l7 0.001480
g0 0.800 18.11 0.00638 11.00 C.00328
80 0.250 22455 - 0.00793 7.33 - 0.00258
0 0,900 26.66  0.009390 8.75 0.003080
380 0.900 - 35,88 0.012600 18,00 - 0,006330
0 1.250 140.00 0.049300 %475 0.033400
80 1.250 136.20 0.047900 52,66 0.018500
(1) 1Herometer eyepicee units at 400£. 1 unit =« 0,000352 inch.
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TABLE AFlO. aUMMARY OoF AVERAGE CRACK DEPTH IN UNJELDED "C"™ STEEL
KINZEL SPECIMAHNS TEST:D ABOVE (180 F) AND BELOW (40 F)
THE TRANSITION TEMPERATURE -

Test - - .. ... awerage Crack Depth
Temperature, Defilection, Sectlo?S 2-3=ly “‘Sectio?i 1-5
F Inch ‘Units “L) Trich Units (1)  Inch
40 - 0.050 0.11 0,0000387 0.50  0.000176
180 . 0.050 - 0456 0.000197 0.50  0.000176
4O 0.075 1,67 0.000588 1.16  0.000408
180 - © 0,075 1400 0.000352 0.50  0.000176
Lo 0,125 . 1,00 0.00C352 1.33  0.000368
180 0.125 . 0,89 0.000333 0.83  0.000292
L0 0,150 1.5 04000542 '1.83  0.000645
180 0.150 1.89 0.000665 1.C0  0.000352
40 .+ 0,200 1433 0.000468 1.00  0,0C0352
180 © 0,200 © L33 0.000468 1.33  0.0C0i68
LO o - 0,250 - 2400 0.000704 1,56 0.000550
180 0.250 2.66 0.000936 2.50  0,000880
4O 0,300 2,11 0.000743 ‘2,16 0.000760
180 0,300 1.66 0.000584 2,16  0.000760
40 0.400 2,78 0.,000980 1.83  0.000644
180" o 0.400 2.79 0.000982 2.50  0,000880
L0 04500 9.42 - 0.003320 L8l  0,001700
180 - 04500 - 10.10 0.003560 4,50  0,001590
LO 0.600 25,80 0.009090 11.16  0.000408
180 - 20,600 85.80 0,030200 50,00  0,017600

(1) Licrometer eyépiece units at 400X. 1 unit = 0,000352 inch,
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TABLE A=11. SUMMARY OF AVERAGA CRACK DEPTH IN JELDED "BriSTEEL
KINZEL SPECIMENS TESTED ABOVE (80 F) AND BELO, (O F)
THE TRANSITICON TEMPERATURE
Average Crack Depth
Test . Unaffected _
Temper- Deflection, Base lietal Heat-Affected Zone  leld Metal
ature, F Inch Units (1) Inch Units (1) Inch Units (1) Inch
o 0,050 - 0.00 ° 0.000000 1,00 0.000352 1.10  0.0C0387
80 0,050 0.30 0.000106 0.90 0.000317 1.30 0.0CC457
0 0,075 - 1.00 0.000352 1,90 - 0,000670 3.60 0,001270
80 0.075 1.40 0.000493 2,20 0,CC0775 2.00  0.000704
0 0.1C0 1.20 0,000423 2.70 0,000905 3.30 0.001160
80 0.100 1.20 _O.OOOLLZB 2.70 0.000%05 3.30 (0,0C1l80
0 C.150 1,11 0.000391 L.AZ 0.001560 10.00 0.003520
80 0.150 1.87 0,000658 3.88 0.003i370 16,10  0.003560
o 0.250 b2 0,002260 107.5 0.037200 171.4 0.060300
80 0,250 3.11 0.C011.00 48,30 0.0L7C00  72.46 0.025300

(1} lMicrometer eyepiece units at LOOK.

1 unit = 0.0G00352 inch.
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TALBIE A-12. SULNARY OF AVERAGE CRACK -DEPTH IF WELDED "CU" STEEL
KINZEL SPECILE'S TESTED ABOVE (180 F) AlD BELOW (4C F)

" " rHE TRAVSITION TELPERATURE

Average Crack Depth‘

Test Unaffected _
Temper- Deflection, Base lietal Heat-Affected Zone Weld ifetal
_ature, F Inch Units\l).  Inch Unitsit) Inch Tnits\l)  Inch
40 0,050 0.25 C.000088 0,57 - 0.000201 1,09 0.000384
180 0,050 0.18 0.000064.  C.50. - 0.000176 0.6, 0,000225
40 0.075 0,90 0.0003170 15,10 - 0,005320 58,40 0,020600
180 0,075 1.33 0.000468 7.00 -+ 0,000246 13.60 0.004790
40 0,100 1.00  0.000352 1,17  0.000412  1.11 0.000387
180 0.100 1.50 . 0.000528 . 1.50 0.000528 11,30 0.003980
40 0.150 22,90 0.008050 105,00 0,037000 130,00 0,045700
1.80 0.150 2.83 0.000995 7.66 0,002700 23.70  0.008350
40 0.200 1.00 0.000352 10,60 0.003730  41.66  0.014700
180 0.200 3.71 0.001310  30.80 0,010850 117.40 0.041300
40 0.250 (Complete failure of specimens) |
180 0.250 16.90 0.00596 72.80 0.025700 182.00  0.064200

(1)

Ilicrometer eyepiece units at 400X,

1 unit = 0.000352 inch.
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APPENDIX B
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