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ii
fbstract
This report summarizes the principal results of ths tests on wide
flat plates completed up to April 15, 1946, under the U.S. Navy Bureau of
Ships contract NObs-31222. The program of investigetion was begun under
OSRD contract OEMsr 1418 and iras originally designated as Project NRC 92,
The work of this and related investigetions has been coordinated with the

advice of the War Metallurgy Committce,

The investigational work which is the subject of the report is 3
concernad with the "Causes of Brittle (Clesvage) Fracture in Shin Plate,"
and specifically psrtains to that part of the investigation which has to

do with the failure of wide, flat plates at various temperatures.

The principal materials used in ths tests were three lots of sani-
killed, hull quality stecls., Two of these steels were of medium carbon and
manganese content, tested in "as-rolled" condition, while the third was of
somewhat lower carbon and higher manganese content and was tested in the "as-

rolled" condition and also after having received a normalizing treatment,

There were later included in the program of tests one lot of
nickel-alloy steel with a nickel content of 3,34 percent, tested in the"as-
rolled" condition, one lot of fully killed steel with a 0,16 percent carbon
and 0,85 percent manganese content, also tested in "as-rolled™ condition,
and one lot of fully killed 0.21 wnercent carbon, 1.05 percent manganese
steel that vras tested after it had been gquenched and drawn. The stesls
were furnished by the manufacturers in the form of 3/4 in, by 6 ft. by
10 ft. plates.

The specimens in the prineipal preogram of tests were tested in
tension in vidths of 72, 48, 24, and 12 in, The specimens all contained a
narrow, central, transverse slot having a length of one-fourth of the plate.
width, Tests were made 2t esach of a number of temperatures in order to
determine ths ranpe of temperature within which the mode of failure changed

from a ductile, shsar tyne to a brittle, cleavage type.
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In these tests, observations ﬁere nade to determine the maximum
load, failure load, strein distribution across the faces of the plates
over several gage lengths, energy absorbsd to maximum load, the mode of frac-
ture, and the reduction of thickness near the break, Whenever observations

could be made, the load at the development of cracks vras also recorded.

The tension tests of the sevarelysotched flat nlates indicated
that the transition temperatires for the semi~killed steels may vary con-
siderably, although they lai writhin the range of normel atmosphsric tempera=-
turs. Under the given conditions of test, for one lot of the mediwa carbon
steels the transition rangs was found to be in the region of freezing tem-
perature while for the other lot, which wras almost identical in chemical com=-
position, the transition range was above room temperature., The transition
temperature of the lor carbon semli-lrilled stesls, both in the normalized and
as=rolled conditicns, was fond to he in the region of freezing tempsrature,
The tests of 12-in, wide plates of fully-killed, quenched an¢ drawm stesl
indicated that the transition range of this steel also lies in the region
off freezing temperature, The transition range for the nickel alloy steel

vras found to be in the sub-zero region,

It was fornd that, regardless of the mode of fractire, the nominal
strength (average stress on net section of plats at maximum load) of the

plate decreased as the width of the plate incrsased,

£r

3|

or the semi-killed steels the reduction in thickness at the root
of the notch for plates that failed sither By shear or cleavage was of the
same order of magnituds, The reductior in thiclness at the. edges of the
plate, hovraver, differed marlkedlv for the two modes of failure; for specimens
failing by shear, the reduction increased to about four times ths reduction
at the notch while for the nlates with cleavage failures the reduction in

thickness desreased consicerably toward the edges of the plate,

A number of svoplemental studies were made to provide additional
information on certain guestions raissd by the principal tests; of these,

two are reported harein. Ons study was coneerned with the maximum strains



within the plate near the zone of fracture; a microhardness survey on
samples sectioned from selected fractured plates was used as the basis for
determining the strains, The second study w s made by the use of 3~in., wide,
edge-notched tensile bars, in order to develop a simple and rapid means for

investigeting the nobteh sensitivity of nlate steel over e wide renge of

eonditions,
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Introduction

The work covered by this report is part of the research pfogfam to
determine the factors which are responsible for the brittle type failure of
ship plate, a program started by the Office of Scientific Research and
Development, and nowr being continued under the auspices of the United States
Navy and coordinated with advice of the “ar lMetallurgy Committee. The work
undertaken by the University of California is divided into twé ?arts as

follows:

Part A: Tests conducted principally on flat-plates of different:
types of stoeel end of variocus sizes, containing notchss.

Part B: Tests conducted on built up sections, simulating a hatch

corner structure.

This report covers the experimental work performed under Part A--the tests

conducted on notched flat plates.

The work on this project was started at the University of California

in November 1344 upon authorization from the Office of Scientific Research



and Development and the general features of the program of investigation have
been developed as a result of conferences between the representatives of the
“ar Metallurgy Committes and repreéentatives f the University., At a meeting
of the Advisory Committes, held in October 1944, it was pointed out that
residual welding stresses in ship steel structures do not appear to be as
important a factor in causing the failure of welded ships as had been origin-
ally suspected. Consequently it was felt that an investigation of the notch
sensitivity of ship steels in the form of large pletes offersd & promising
approach to the ship fracture problem., The investisation proposed was to
determine the temperatures at which there occurs the transition from ductile,
shear-type failures to brittle, cleavage-typs failures, for various steels
and for various sizes of steel plates. The investigafion was to be confined
primarily to S/E—in. thick plate which would be tested in 72, 48, 24, and
12-in, widths., These specimens were to contain transverse notches at the
mid-sections. The stesls to be investigated were as follows: a rimmed steel,
two semi-killed steels, and a fully-killed steel. The two semi-killed steels
wers to be of such composition and microstructure as to exhibit different
transition temperatures. Subsequently a nickel alloy steel, a quenched and
dravm fully-killed steel, and a fully-killed steel of special compoéition

“were’ included in the test procram,

The Advisory Committee recommended that the part of the investi-
gation concerned with flat plates be divided into two parts - dne to be con-
ducted at the University of California (Project NRC-92), and the other to
be conducted at the University.of Illincis (Project NRC-93). The University
of California was to test‘the semi-lkilled steéls, and the University of I1lli=-

nois was to test the rimmed and the fully-killed stesls.

To determine the effect of notch geometry, a series of tests were
conducted at the David Taylor Model Basin. These tests served as a gulde
for ths design of the largse specimens. On the basis of these tests and also
a series of preliminary tests at the University of Illinois, the shape of
noteh and the ratio of notch width to plate width was chosen for the principal

tests on the large flat plates,



A pravious report (Cleavage Fracture of Ship Plate as Influenced
by Design and Metallurgical Factors NS-336, Part IT -- Flat Plate Tests:
OSRD No. 6452, Serial No. M-608, January 194 ) covered the progress of the
work on the semi-killed steels up to August 31, 1945, under the OSRD con-
tract OEM sr-1418. The results of the continuation.of this worlk to date of
April 1946, under United States Navy Contract NObs 31222, are deseribad in

this report.

Experimental “ork

Test Prozram

Scope. -- The principal thase of the work on this project involved
tension tests on notched flat plates of the several steels, in various widths,
each at a number of bLemperctures, in order to determine the trausition tem-
perature ranses at which the mode of failure changed from the ductile shear
Ltype to the brittle cleavage typs. In these tests the followinz was deter-
mined: the maximum load, load at failure,the mode of fracture,the amount
of energy absorbed up to the meximum load, end the reduetion of thickness
near the bresak, For a number of the plate specimens the strain distribu-
tion across the faces of the plates over each of the several of the gage
lengbhs was determinad, and whenever possible The 1load at development of

eracks we's recorded,

In conjunction with the principal series ‘of tests, various stand-
ard identification tests of the steels were performed, and also to provide
a basis for the interpretation and amplification of the data a number of
supplementary studies were made which included the microhardness survey of
some of the fractured plates, microscopic examination of the metal for
gseveral of the specimens, and a complete series of tests on three~inch wide
bars which irere made from plates of various thicknesses, having edges
firished in three varicus ways: 7plain flame cut edges, notched flame cut

adzes, and sheared edges,

Materials. -=- Three lots of semi-killed steel, one lot of nickel

T

alloy, one lot of fully killed, and one lot of guenched and drawn stoel were



used in the nrincipal series of plats tests. These were designated as steels
L, By, C, H, H, and Q in the ordsr named, Description of the steels and the

general program of tests are given in Table 1.

All plates from each of the six lots of steel obtained for this
investigation were made from the same hsat. The general nature of the steels

as indicated by the abstracts of the mill reports is given in Table 2.

These steels wera furnished to the laboratory by the manufacturers
in the form of 5/4 in, by 6 ft. by 10 £t, plates; the 10-ft., dimension was

in the dirsction of rolling,

Flat Plate Specimens, -- FPlate specimens were tested in widths of

72 in., 48 in., 24 in., and 12 in., All specimens were full thickness as

" rolled, i.e. 3/4 in,

The plates were notched at the mid-section with a slot having a
length equal to one-quarter of the plate width., The form of this notch is
shown in Fig. 1. The wider part of the notch was made by flame cﬁtting
between tio l/énin. drilled holes. By use of an ordihary hack saw straight
cuts wers made awward from the edgss of the drilled holeé, toward the edges
of the plate, for a distance of 1 in, ot each side. ZIach hacksaw cut was
then extended for an additional 1/8 in. by means of a jJeweler's saw having
a blade 0,010 in. thiek. For the 72-in., plates the overall length of slot

thus made was 18 in,

Identification Tests. -- To accompany the principal tests a pro-

gram of "identification" tests was . undertaken with the following objectives:

1, To obtain a representative descrintion of the materials used, in term

of "standard®tests, all made on comparabls basis.

2., To insure that an adequate indication of properties would be provided,
so that test results from special experiments might be tied back to

accepted indicator {ests.



3. To provide a means for detecting variation in the material supplied in any
one lot,

The results of the chemical analysis and the standard tension and
hardness tests are given in Tables 3 and 4. The results of the Charpy Impact

tests are given in Figures 6 to 11,

Methods of Testing.

Loading., —- The flat plate specimens were loaded in a three-million-lb,
Baldwin~Southwark testing machine. A typical arrangement for testing is shown
in Figure 3. The load increments during the test were usually small so that at
least 10 complete sets of strain readings were taken during the loading period.
This procedure coupled with the use of six continuous-recording SR-4 strain re-
corders -yielded sufficient data to allow the plotting of a load-elongation
curve, shown in Figure 2. By the use of this curve, the energy absorbed by the
specimen up to the maximum load (or in some cases to failure) could be calcu-
lated.

Gaging Methods, 72-in. Wide Plates., —= Both elastic and plastic
strains were measured so as to obtain a load-strain history of the specimens.
A strain-gage layout typical of that used for most of the plates tested is shown
in Fig. 4. SR-4 electric strain gages were used and readings were taken at a
number of loads within the elastic range of the material of the test specimen so
that the elastic strain distribution could be calculated., Since the results of
many. of the earlier tests showed similar stress distributions for the plates of
the various steels, in order to conserve time, the SR-l ‘gages were omitted from
several of the plates tested during the latter part of the program.

Plastic strains were measured over 2-in. gage lengths by means of
the c¢lip gages developed on Project NRC-75. These strain measurements, however,
were omitted for those plates on which no SR~/ gages were used, Plastic

strains were alsc measured over 24-in., and 54~in. gage lengths by means of re-
sistance~wire extensometers, These gages consisted of 0,008-in, diameter

manganin wire stretched between insulated terminals located at the ends of the

gage lengths. As the specimen stretched, the wires elongated and decreased in



diameter, thus causing a change in resistance, which was registered on ‘SR-4
strain indicators. Calibrotions were made on a special jig so that the indi-

cator reading could be directly converted to strain,

On one face of each specimen vvas punched a l-in., grid in the path
of the fracture, as shown in IFig. 5, A similar grid with 5-in. spacing be-
tween points wes nlaced on the specimen and extended to the 1limits of the
54-in, mags length, Measurements with a special mechanical za~e wers made
on the grid before the test and after fracture so that residual strein
measurements could be obtained. Readings were reproducible to within
$0,002 in. The rssults of these grid measurements for the various plates

tested are presented in Appendix A.

Gaging lethods, 46 In., 2% In., and 12 In. ide Plates, -- For the
48, 24 and 12 in. 1ride plates, streirmswsre measvred during the loading by
neans of resistance wire extensometers heving a nage length equal to three-
fourths of the plate widths., A few of the platas were ecuipped with SR-4
gages, laid in a pattern similar to that of the 72 in. plates, in order to

check the stress distribution in the elastic range.

"Residual strains were determined from a grid system similar to

that used on the 72+in, vide plates.,

Temperature Control. -- Except for tests made at room temperaturs,

the specimens rere enclosed during test in a chamber made of plywood, which
extended over the f1l1l length of the test plate. The temperature of the air
within this chamber was adjusted by circulating through it air which was
heated or cooled in a heat: exchanger set up near the specimen. Dry ice was
used for cooling, A view of a test sst-up in which a temperature-control
chaﬁber‘was employed is shorm in Fig. 3,

The temperature distribubion in a specimen was measured by means
of several thermoconplesspldered to the surface of the plate. The tempera-
ture was regulated manually through operation of a blower in the duct connec-
ting the heat-exchanger with the temperature-control chamber., A typical

thermocouple installation for a 72-in. wide specimen is indicated in Fig. 4.



Test Results

General Remarks

Pursuant to the primary purpose of the project, namely, to study
the causes of brittle failure of ship-plate, all the steels selected for
investigation were tested in tension in the form of notched plates. over ranges
of temperature so as to define within reasonable limits the transition from
the shear to the cleavage mode of fracture. The severity of notch employed
in the test plates was such as to cause the transition to occur within the
normal range of atmospheric temperaﬁures for the semi-killed steels of normal
composition - - the steels that were the principal materials of this phase of
the investigation., The subsequent inclusion of additional special steels

in the program of tests yielded data the general pattern of which differed
somewhat from that obtained from the semi-killed steels.,

In the semi~killed class the steels A and C were essentially

"identical chemically, containing about 0,25 percent carbon and 0.47 percent
manganese, The difference in these two heats of steel lies primarily in
the metallurgical structure. Steel C had a slightly coarser grain structure
than steel A, indicating that steel C had a higher finishing temperature.
Steel C was harder, stronger, and less ductile than its chemically similar
counterpart, steel A. Since steels A and C were made in different plants,
different rolling practices were probably used, contributing to differences
in the metallurgical structures of the two steels, It is perhaps fortunate
that these differences did exist because it emphasizes the importance of
metallurgical structure and minor variations in chemical composition in de-
termining the properties of the steel., Steels A and C were tested only in
the as-rolled condition,

Some of the plates of steel B were purposely heat-treated to give two
conditions of metallurgical structure for comparison; part of the heat was fur-

nished as-rolled and the other part was normalized. The normalizing treat-

ment resulted in different microstructure. The grain size of the



normalized steel was slightly larger than that of the as-rolled steel, but
there was otherwise little difference in the microstructure. The properties
determined by flat plate tests of the as-rollec and normalized steel B did
not differ as much as did those of steels A and C., The normalized steel
was slightly lower in strength than the as-rolled steel, Normaligzing may
sometimes benefit a coarse-grained as-rolled steel by refining the grain
structure, If, however, the as-rolled steel has a fine grain size, the
normalizing treatment may cause an increase in grain size and thus may be detri-
mental. In the case of the steel B the as~rolled structure was very fine
and was apparently slightly more suitable thsn the structure obtained by
normalizing., Steel A probably would not be improved by normalizing and
might even be made slightly worse, whereas the steel C probably would be im~

proved by. such s treatment.

One of the secondary purposes of the plate tests was to determine
the effect of plate width on relative load-carrying capacity and on notch
sensitivity. Tt should be noted, however, that the test specimens in the
various widths do not form a true "size-effect!" series because all the plates

were of the same thickness and were therefore not geometrically similar,

* Another factor which should be considered in the examlnatlon of the
results is that cracks usually formed at the root of the notch before the
max1mum load was reached. When the plates failed by shear, the ‘cracks pro~
pagated for some distance before the maximum load was reached; in the case
of the 7251n. wide plates, the maximum load was roached when the cracks had

progressed sbout 2 to 4 inches from the ends of the notch,

The notch geometry changcd when the first crack formed at the
base of the saw cut and changed continually as the fracture progressed. In
some cases the change in the notch geometry was sufficient to cause the type
of fracture to change from shear to clecavage during the prcgrcss of the
failure, It is also to be noted that not only the notch geometry but the
average stress, the local stress and in some cases the temperature at the apex
of the crack werc continually changing during the test causing changes in the

type of fracture.



Nature of Reported Results

Form of Data Presented. ~- The tes” results renorted hereinafter

showr primarily the strength and ductility of the plate specimensat various
temperatures and the amounts of energy absorbed by these specimens up to
maximum load. The principal rosults are presented in the form of tables,

diagrems, and photographs, as follows:

reneral Summary of Flat Flate Test Results Table 5, Figs. 12 through 21
Diagrams of Energy vs. Temperature fMzs, 12 through 14

Diagrans of Temperature Transition Range #gs, 15 and 16

Meximum Hominal Stress vs. "'idth and TemperatureFigs. 17 through 21

Typical Strain Distribution Patterns at Figs. 22 through 29

Various Loads

Elongations lMeasured by Tagss at Maximum Load  Fig. 30

Residual Elongations After Rupture Flgs. 31 throush 35

Tlongutions over 2-in,, 24-in. and 54-in, Gege TFigs, 36 and 37
Longths at Varicus Loads

Photo Diagrams of Micro-Hardness Survevs Figs; 33 through b4

desults of Supplementary 3 in, Dar Tesbs Figs. 55 through 683

Percent Elongations After Fracture Appendix A

vidual
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In the data swmarics the symbols used to designote

test specimens have the following msaning:

First symbol desirsnates lot or source of stesl.

A -- Carnegie-Illinois steel obtained in 1244 for manufacture of large tubes
on Frojasct NRC-75,

B ~= Dathlehem steel manufactured in December 1974 Tor use on Project MNRC-92,

Ta

¢ == Carnegie~Illinois steel menufactured in February 1945 for use on Troject
NRC=~92,

D -~ Lukens fully~killed sbeel used in Universityv of Illinois invesbtigation.
E -- Lukens rimmed steel used in University of Illinels investigation.

H == Bethleham fully-killed steel manufactursd in December 1945 for uss
in this investization,

W -~ Lukens nickel alloy steel,

ot
3

Q == Republic gquenched and dravm sbeel manufactured in Cetober 1945 for
N :
u

use in this investigation.
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Second symbol following the hyphen is the serial number {up to 10) that was
assigned at the laboratory to the 6-£t. by 10-ft, plate of each lot of stoal.
For numbers above ten, the first dizit, as ir the wrecedins case, desipgnates
the number of the plate, and the second di<it, together with the letter X,
designates the number of the extra specimen cut from the plate, Normally
only one specimen of each width tested was cut from any cne 6-ft. by 10-ft.

plate.

Third symbol desisnates the width of specimen cut from given plate.
-= 72 in. wide

A

B =~ 48 in, wide
~- 24 in, wide

D

== 12 in, wide

Examples: 1.) Specimen B~lA is a 72-in, wide test plate of steel B, from
a plate that has been assigned serial number 1,

2.) Specimen A-41XD is a 12-in, wide test specimen of steel A,
from the plate which had been assigned serial lo. 4 and is
the first extra 12-in. plate tested,

Basis for Calcuvlations of Strength, Ductility and Znergy., -~ In

order to have a convenient basis for stating the load-carrying ability of
the notched plates in various widths, refarence is frequently made to the
"nominal' sbrass or "nominal® strength of the plate., By this is meant the
avarage scress on the net section through the notch, i.e. the load divided
by the original net cross-sectional arsa. Due to the stress-concentrating
effect of a notch, the actual localized stresses were hizher at the base of
the notch than at other points alons a cross-section through the notch; an
indication of this variation may be seen from the strain distributions

plotted in Figs. 36 and 37.

In general, by “ductility™ is meant the elongation of the plate
up to meximum load or to rupture, within a specified mage lenzth. Unless
otherwise indicated, the slonzation measurements were mede at intervals
across both faces of a plate specimen over a gage length equal to three-
quarters of the gross-width of plate. By plate elongation is meant the

average elongation thus determined.
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The snergy absorbed un to maximum load was computed by integrating

graphically the load vs. elongation curves for sach of the specimens.

Discussion of Results of Tension Tests of ide Plates

The principal fracture data, -- strength, energy absorbed to maxi=-

mum load, mode of fracbure, and temperature of test~-are summarized in Table
9. Because the program of testing is still in progress, the data are frag-

mentary for some of the conditions of test,

Not shown in the table are the results of e test on a piece of
fully-killed steel (Steel D) on which complets tssts are being made in a
parallel phase of the investigetion at the University of Illinois. This
test was made on a 72-in. nlate at 33%0 35°F, The plate fractyred entirely
in cleavage at a neminal stress of 392.0 ksi. and to the maximum load absorbed,

360 k-in. of energy ir a 54-in. zage length.

Two criteria for defining ths range of transition temperature

have been used in this investigation, ~--energy absorbed to failure (maximum
load), and the percentage of {racturs in the shear mode, 100 percent shear
being at the uppsr end of the range and O percent shear at the lower. The
use of the Two criteria place the transition temperature in slightly differ-
ent ranges in some cases. However, it is believsd that in the present state
of kmowledge of the problen, it is desirable to record the results of each
method of defining the transition range, TFrom the structural point of view,
the energy criterion may be the more significant, but insofar as evidence

of physical action (even though localized) is concerned, the tvpe~of-frac-

ture criterion is basic,

Steels A, B (as-rolled), and B (normalized) anpear to have about
the same notch sensitivity, with steel C, the chemical counterpart of steel
A, being the more notch sensifive stesl of the semi-killed group. Steel N
is, as expected; the least notch sensitive of all, with steel Q having
approximately the same bransition range as steels A and B, No tests have

yet heen made on steel H,



Inergy vs. Temperature. -- Diagrams showing the estimated varia-

tion of the energy absorbed to maximum load with the test temperature are
shovm in Figs. 12, 13 and 14, Curves for th~. 48-in. and 24=-in, ride plates
have not been plotted as insufficient number of plates were tested in these
wwidths., Tor the 12-in. plates the transition tenwerature ranges have bean
fair1y we11 defined for all the steels tested to date.. With the exception
of o test plates 0-1D and N-4D the reswults are reasonably consistent,

For the 72=-in. plates the transition ranges have been established for, the

semi-killed steels and the wickel alloy stesl.

These data place the transition temperatures for hoth the A and
B steels in about the same range, while those for steel C are some 50° to
60°F. hicgher. This was found tc be the case with both the 12-in. and the
72-in, plates. i comparison of Figs,-12 and 13, .shows that the transition
ranges for 72-in, plates are from 10° to 30°F. higher than the transition

ranges for corrssponding 12-in. plates..

The transition renge for the nickel alloy steel is about =40° to
~500F. for the 72-in. plates and -60°% to -709F, for the 12-in. platess It
is of inbersest Lo note that the dron in energy with decrsase in temperature
is relatively abrupt for this nickel alloy steel, and further, that the
energy absorbed in the hrittle range is remarkably high as compared with

that absorbed in the brittle renge by the. semirkilled steels.

Attention is directed to ths unusual behavior of ons specimen of
the § steel (Fig. 14); the only explanation that can be offered at this
time is that the sample represented one of the extremes that are encountered
from time to time in random selection. .

Yrecture vs. Temperature, .-~ Figs, 15 and 18 showr

2

by diagraw for the veriocus tempsratures of test the percentage of the cross-
P S J. g

sectional area failing by shsar for the several steels. The transition

renses have been Dblocked as shown, even thouzh some points beyond the range

showr less than 100 percent shear, because the sxamination of the breaks for

these plates definitely showr that the small amount of cleavass resulted from

s secondary Leocrins action that ozcurred onlv on one edge of the plate,
o Y N j4o)
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Fizs, 17, 18, and 19 shor the variation

Strength vs. Plate " idth, -- Fig

in the nominal stren~th at mexirum load with ths width of the plete for threc
diffsrent temveratures and for ths tro modes of fracture. The vider plates
failed at lower nominal stresses than did the narrower plates, and this differ-
ence, with the exceptlon of stesl C, bscomes more apparent for specimens.

broken at 320}. than for spacimens brolen at higher temperatures. Fims, 20
and 21 show the varietion ir the nominal strength: at maximum load with the

test temperature for the 12-in. and 72-in. pletes.

Plate Elongations, -- Typical distribution of longitudinal elonga-

tion of the plates ot variouns loars are shovm in Figs, 22 to 29. Diagrams
are aiven for selected plate spocimens in each width tested and for sach

The

(n)

data represented by oven circles

=

type of fracture, shear or cleavags.
wWere obtained'from pairs of wire extensometers placed on opnosits faces of
the rlates, and given the change in distance between two points at the ends
of the longitudinal gage lirnss having, in all cases, lengths squal-to three=

several

)

quarters of ths nlate width. These elongations ars shown for each o

loads (stated in terms of nominal stress), and include the separﬁtion of a
plate across the nobheh and the ereck, when and if craclkin~ hegzan bhefore maxi-
mum load W&$ reached, for emziple - in some casss the crack may have progressed
several inches from the base of the netel before the maximum load wvas attained,
and in case the creclk has nrosrsssed farther on ons side of tha nlate than con

£

the other, a lack of symmetry of some of the diagrams would result,

In general, a%t the hizher lecads, the eleneation wvras greater in the

L)

+ 28, Thus, since the longitudinal

contrel portion of thz nlabte than at the ed
extension wras not uniform across the width of the specimen, it vas necessary
%o calculate from the slongatiorn readings an average elongation

which could be usad to estimatbte the enerzy ebsorbed by the specimen.

(See Fig. 2). :

hlac): circlss wrere obtained from

£

The data reprasented by ths soli
measurenents on the sracimens after failure occured. These values of resi-
dual elongatior do not include the dastic elongation, nor do they -include plate

senaration cdue to the openine of craclis; also the residual elongations were
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measured on one face of the specimens, so that the effect of distortion (if
and vhen anv existed) of the plate during rupture is inecluded in the wvalues

shown,

It mav bs noted from the diagrams thet the residuval elongations of
elements traversing the bass of the notch are less than the overall elonga-
tions detemined from the wire gagzes. The reason was, that as the crack
progressed outward from the notch, ths strssses weres reduced in the longitu-
dinal elerments which trere severed by the cracls, and plastic flow was lessened
or completely stovped. In the specimens whi¢h failed by shear, during the
progress of rupturs thoss wortions of the nlats outhoard from the advaneing
cracl sustained the entire load end continued to vield, so that the residual
{elongations at the edges of the nlate arc relatively large. In cleavage type
failures there was usually a small amount of shear type fracture near the
‘hase of ths notch, so thet hers alsc, the residval elongations_of the elemsonts
traversing the base of the notch are less than the elongetion indicated by
the wire extensometers. However, along clements across a cleavazs type of
fracture, the residual elongations were much closer to the over-all elonga-
tion., It is also to be noted that the magnitude of elongations are much
smaller for the spescimens that falled by cleavage than those that failed by

shear,

A ‘comparison of the residual elongation of spscimens that behave
in a ductile manner and 2 relatively brittle manner is gilven in Fig. 31. The
elongations are shovm in percent, and to compare specimens of differsnt sizes
the locations of the elsments on which the measurements were made are plotted
as fractions of the specimen ridth, The marked difference in magnitude and
distribution of the 'residual elongations between ductile and brittle sneci-
nens are readily apparent from this figure. It is of interest to note that
for the specimens failing by shear, the 12-in. specimens exhibited zgreater
ductility than those of greater width; however, this was net true for the

plates where cleavage fracture was predominant,
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A comparison of the elonration at maxinum load, as determined by
the vire extensometsrs, oY specimens which behaved in a ductile manner and
in a relatively brittle manner is given in B 3. 30. Trends similar to those

Jjust discusssd in connection with residual elongeticns are arparent here,

Figs 36 and’ 37 show ths elongation at various loads as measured
over 2-in., 24-in., and 54-in. =zage lengths on two 72-in. specimens. The

local elon=ation near the fracture was very high and decreased as the gege
lenzth vvas increassd. This 1s verv pronounced for the ductile specimen

B-d4, and less so for the brittle snecimen C-1A,

Nedvetion in Thickness alons Tine of Tracture. -- As o further aid

et AL S A s 0 e i < it i e ke A B . i A st

e

n judging tendency toward brittle behavior of the nlate specimens broken

at variouvs temperatures, plate thicliesses trare measured after rupture along
the line of fracture. By comrarison with = set of »late-thickness measure-
ments made before application of load %o a specimen, the rercentege reduc-
ticns in thickness were computed in each case. Ths thickness reductions are

surmarized in Table 8.

Although there are some sxcaptions, the gensral pattern of the data
for the semi-killed steels 1s as follows, For ths specimens vhich fracbured
entirely by shear ths reductions in thickness ware of the order of 5 percent
at a point a small disbancs from the notech and inecreased to about 20 percent
at the outsids edsme of the plate, The thickness reductions at the notch
varied counsiderably, wrobebly beinz zreatly influsnced by time of develovment

of the initial crack in the base of the notch,

For the specimens of semi~killed steels which fractured entirely
by cleavage, th2 thickness reduction was geunerally of the order of 2 tco &
‘percent at 1/2 in, from the notch and decreased to ahout 1 or 2 percent at
the edge of the plate., The thickness reductions ot the noteh also varied
considerably for plates havineg this mode of fracturs, sometimes heing much
higher a% the nobteh, and sometines reachins a zaximum for the vhele plate ab
a voint hetween the base of the notch and the 1/2—in. point., It is note-
worthy that even for 100 percent clsavaze fracture, the minimum reductions

thickness wers usually at least 1 percent.
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The 7 steel appcared to follow a pattern of behavicr somewhat
similar to that of the semi-killed steals, except that the maximum rsduc-

tions in thickness attained were aprrsciably gzreater.

The N steel did not follow the pattern of bshavior describad above;
compared vrith the semi-killed steels it tended to exhibit greater thiclmess
reductions where fracture occurred by clsavage, and sometimes showed less

thickness reduction tlan the semi-killed sueels whare ¢racture cceurred by

shear,

Surmary of Auxiliary Studies

Bardnoss Surveys of Fractured Plate Specimens

In attempt to obtain some indication of the localized strsss dis-
tribution in the wids flat rplates at fracture, it was considered desirables
to conduct some experiments in wwhich advantage would be teken of the strain-
hardening property'of stecl to indicate meximum shress lsvels. Accordingly,
some specimens vwers sectioned at intervals alons the surface of fracture
and hardness surveys "rsre made so as to determine the variation in hardness
throughout ths metal near the fractured surfaces as described in a previous
revort (Cleavarze Iracture of bhl‘ Plate asg Influenced by Design and 'etal-
lurzical Factors 1I'S-335, Part IT--"lat Tlate Tests; CSRD Mo, 6452, Serial
Vo, M=608, January 1946).

The true stress-natural strain curves for bars cut from specimens
B-1A (vhich failed in a ductile manner), C-1A (which failed in a brittle
manner), and C-24 (which failed in a brittle and partly in a ductile manner)
are shown in Fig, 52. In Tig. 53 are shown the hardness vs. natural strain
curves for the same specimens, I'rom these curves was calculated the energy
absorbed per cubic inch of strained material for various strains. The energy
in inch pounds per cubic inch is plotted against the Ynoop hardness number in
Fig., 54.

The locations from which semples for the hardness tests were taken

or
from the plates are indicated in Figs, 38, 39, 40 and 41, The samples
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used for determining the hardness were pieces about 1 in. long and 1/4 in,
thick. The facs that was polished and used for measurements was perpendicu-
lar to the face or plane of the specimen and parallel to the loading axis.

A large number of readings was taken on the face of each sample so that hard-
ness contours could be plotted. About six readings were talen at sach point
to give an averags hardness value for each location. The normal scatter in
the Knoop hardness number was ¥5, (The Knoop hardness number is very nearly

equal to the Brinell hardness number.)

The results of the hardness surveys for plate C-2A are shown in
Figs. 42 to 48, These results ere shown in the form of hardness "contours"

on sglected imaginary planes through the plates.

Frem the Xnoop hardness numbers shown in Flgs. 42 to 48 it is pos-
sible to determine the local distribution of energy af and near the fracture.
An example of energy distribution is showm in Fig. 42 for plate B-lA, in Fig.
50 for plate C-14, and in Fig. 51 for plate C-2A.

Snecimen C-2A failed by cleavage for about 4 ih. Then the fracturs
changed to the shear mode for 4 in., and then changed back to ths cleavage
mode. Large deformations occurred near the notch; then there.was little de-
formation for several inches. In the next few inches extensive shear distor-
tion occurrsd and then followed a regicn of cleavace failure with little de-
foermation out to the edge of the plate, At the base of the notch, the micro-
hardness survey indicated that much shear distortion had occurred. Ths re-
gion which failed by shear also showed evidence of great shear distortion,
while the region adjacent to cleavags fracture showred much less evidence of
plagtic flow,

The conclusions that may be dreawvm from the results of the micro-

hardness tests are:

(1) Txtensive deformation occurs at the hase of the noteh for
both shesar and cleavage fractures. The strain hardening which occurs in
this region is as zreat as that which occurs near the fracture of a stan=-

dard tensile test har.
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(2) Some local plastic flow takes place near the fracture during
the time that failure oeccurs. It should be noted that the volume of metal
subject to large plastic strain vas confined to a relatively localized
region, when the fracture was predominently cleavage, while in cases where
shear fracture occurred large plastic deformations tool nlace over very

extensive regions of the plate.

(3) It appears that more plastic flow occurs near the surfaces

of the plate than at points remote from thess surfacss.

(4) Cleavage failure may occur after varying amounts of plastic
flow have talken place., Cleavags fracture is not necessarily en indication

of lack of wnlastic flow,

&

Tests of Unnotched, Hotched, and Sheared Edge Three-Inch ~7ide Specimons

e o e o i . a1

An attempt was made to develop a simple, easily-prepared specimen
that would behave in the same manner as internally notched wide plates used
in the main part of this investigation.: The 3-in. specimen flame cut from
full thickness plate, does not require any machining and thus might be an
‘inexpensive ‘and fast method for determihing the transition ranges of ths

various steels,

The rincipal phase of this part of the investi;ratio_n involved

. P N x L o

tension tests on three t*;pes Ofll&‘t 3-in. specimenso* the various steels
o

in order to determine their transition ranges.

The three different types of bars used in this investigation are
showrn in Fig. 58. The plain, unnobtched bar was flame cut from the test
plate to a 4-in, width and the central portion reduced by cutting avay
1/2-in. from each edge on a Doall saw., The notched bar was made by flame
cutting from a plate and by making a cut, 1/ﬁ-in. deep, on each edge of the
bar with a hacksaw to produce a net width of 2 l/?'in. at the notch. The
shear-edge bar was similar to the unnotched bar except that one edgs was
made to include the longitudinal sheared edge of the large test plate. The
sheared edge bar was used in the tests in order to determine the effect of

the sheared edge of plates on ths transition range of the stesl.
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A& spscial cooling unit and & jacket for the specimens were developed
so that the temperature could be controlled within very narrow limits. Fig.

67 shows the cooling jacket in place about = specimen in the tensile machine,

wl

and Flg. 68 shovs a general view of the apparatus used in the 3-in., wide bar

Y

tests,

Results of the 3-In, Bar Tests. == Transition temperatures for the

various steels used in this investigation as well es for stesl D (fullyv killed)
and steel I (rimmed) are shown in Fig. 55. Transition temperatﬁres for the
various thickness of steel C are given in fig. 56, A comparison of the transi-
tion temperaturss for the n~lain, sheared edge and notched edge bars of steels
A and C are shovm in Pig, 57. Fiz, 52 through 65 show the fractures of the

test bors for the varicus steels,

Ths results of the 3-in, bar tests indicate that the steels tested
can be arranged in the same order as by the tension tests of the wider notchad

plates, althourh the transition temperatures mayv differ somewhat.
b 2 oy B
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Tentative Conclusions

Summary of Conclusions

The following statements swmmarize the principal conclusions that
mey be dravm from the tests to date., Upon completion of the entire investi-
gation, it is expected that some of the statements may reguire slight modi-

L

fication and that considerable amplification of the information will be possible,

1. Tor medium carbon steels of the semi-killed type, produced under
the current specifications for hull-quelity plate, the temperatures at which
the mode of failurs of sharply notched nlates chanmes from a ductile, shear-
type to a brittle, cleavage-type may vary from below freezing to well above

roon temperature (65°F to 70°F).

2. Steels of vresumably identical chemical compositlon may have

widely different transition ranges, as deterinined by flat plate test.

3. There was little differsnce in heshavicr betireen steol B ag-
rolled and steel B normalized. The metellurgical structures of plates for

the two conditlons werse substantially the same.

4, The indiscations are that the steels can be arranged in anpproxi-
mately the same order by the Charpy impact test as by the tension tests of
wide plates, although the trensition temperatures were considerably different

for the two types of tests.

5. DBoth shear and cleavage failures in the flat, notch plates
bagin with the formation of small cracks at the base of the notch midway
betweer the faces of the plate, It appears that hoth the shear and the
tensile stresses are a meximum in this region rather than at the faces or
surfaces of the plate. (Wote: This was discussed in some debtail in a pre-
vicus report--Clsavapge Fracture of Ship Plate as Influenced by Design and
and letallurgical Factors ¥M8336: Part II--Flat Flate Tests OSRD No. 6452

Serial }=-G08 January 1846)
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6. Ifcrohardness surveys mede on samples cut from fractured plates
indicate that even the most brittle specimens may undergc large amounts of
plastic strain at the base of the noteh, Th maximum degree of strain ap-
proaches that found adjacent to the freacturs in the necked ssction of a
standard tensile test bar., Away from the notch, the amount of plastic strain
in the plate may be very small and in some cases may approach zero.

7. Under some conditions, cracks progress from the Base of the
noteh torard the edges of the plate during loading and may lengthen several
inches before meximun losd is reached, The presence of these cracks rather

than the original notch geometry may govern the final failure of the plate.

8; “Tith the seme sharpness of notch and a fixed notch-to-width
ratio, the nominal strensth of plates of constant thickness decreasss writh
ipcreésing plate width., This is true whether the failures are of the shear
or clea%agé typé. o

9. The maximur. loads are slightly lower for swecimens failing by
Eleavage than are the corrasponding loads fovr similar specimens failing by

shear,
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TABLE 1, -- DESCRIPTION OF STEELS USED IN IARGE FLAT PLATE T3ESTS

Note: All steels wore tosted a* temperatures selected so as to define the
tempsrature transition range within reasonable limits,

Code Letter for gg:lfigii ; oo i 3
: Steel and P £ - Type of Steel f 7 ts; o o f
Yenufacturer | ¢,7 | 1m,% ! 9st rrogram |
, D T : A
T O Largs cylinders_anﬂ
g A 0.25 | 0,47 | Somi-killeéd  |72,48,24,12and 3-in.
Carnegie=Illinois ‘ * As rolled notched flat plates
R 0.16 | 0.7 | Semi-killed  |72,48,24,124nd 3-in.
Bethelehem . ! i As rolled notched flat plates
D ) i - 7
B 0.18 | 0.7z | Semi-killed  |72,48,24,12am Z-in.!
Bethelehem * * Hormalized notehed flat plates |
- — -
A c- o 25 040 | Semi-killed ;’72,48,24,12511@4 B-in.
} Carnegie-Illinois ‘ ° Ls rolled {notched flat plates
' . . .
i ‘
|
N "o 13 | 0.ag | 3 1/4% Tickel 72,12 nnd 3-in,
Lukens * : As rolled notched flat plates
- — — e ——— e SO o
. |
. . !
H ‘ 0.16 0.85 FPully-killed 72,12, and S=in,j
Bethlehem ‘ * Ag rolled notched flat plates
T .i
a 0.23 | 1.05 “ater quenchedf 72,12, and 3-in,
Republiec DR and dravm notched flat plates
. o : i !
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TABLE 2 -- PROPERTIES OF PLATE ST

’
o -

.

. - : — .‘ : . o
i Steel A Steel B i Steel ‘C Steel N Steel Q | Steel H
w Carnegie-Illinois Bethlehem Carnegie-Illinois | Lukens Republig i Bethlelom m
. hemical Composition! ) m | , #
! : o | :

O OON@ . Oon .« Oem% 7 OQHW OQNH Os”—-m ”
| Mn 0.47 0474 ,_ 0.49 0.49 1.05 0.75 ”
W Si 0,02 0.03. W 0.043 0.22 0.05 0,17
i . i .

. P 0,011 0.011 0,015 0,018 0.011 0.010

S 0.042 0.030 i 0.033 0,027 0.030- 0.022

Ni -= -- - 3, 54 - -- ,
. One lot as rolled; M : < , Water Guenched
Heat Treatment As rolled one lot normalized at : As rolled As rolled|and drawn, at As rolled;

_ 1650° F. ! 1300°F,
Physical Tests: As rolled|Normalized
Yield point, psi. 37,950 35,800 34,800 39,000 49,800 pm.mooamohmoos. 39,800
!
Ult. strength, psi. 59,910 52,600 58,900 67,400 77,200 = mmmmoo|<wummou 63,100
, . 79,400 . -
Elong., % in 2 in. 3345 4= - - 25.5 45-53" -
Elong., % in 8 in. - 26.0 32.0 25.5 - - 27.0 1
_ ‘ _
1 1/3 1by=e 8 1/2 1b./ton of ferro- 8 lb. /ton of 80% |
Si‘ior in ladle manganese, 1 H\m wd\ﬁow ferro-manganese “
Deoxidation . ana H\w wd.\dos of ferro-silicon and and 2.6 Hd.\wos - - - i
Treatment of Al in mold 2 H\w 1b./ton of Al-Siy of 50% ferro=- w
small amount of Al - gsilicon added in w
added in mold ladle; 1/3 1b/ton i
of Al in mold '

. .77 Maximum and

minimum values from tests o

f 10 different plates.



. TABLE 3, -~ CHEICAL ANALYSIS OF SA" PLES FROI INDIVIDUAL PLATES

; Condition Chemical | Analysis
Flate and Type C A 1. MnZ
A~1 As rolled,semi-killed |  0.27 0.47
A-2 | " " 0,25 0,47
L3 " " 0,22 0.47
A4 LI o 0.25 0,48

. A-5 " " 0,24 0,44

 B~1 As rolled,semi-killed 0.17 0.71
B-3 " o ; 0.18 0,70
B-6 i " 0.17 0.73

[ B=T7 "o " 0.17 0.68
B-9 " " 0.17 0,71
3-2 Normalized,semi-killed 0.18 0,73
B-4 L " 0,18 0,73
B-5 " ik 0.18 , 0,71
B-8 L " 0.16 0.71
B-10 " " 0.17 0,71
C-1 As rolled,semi~killed 0.25 0.47
C=2 " " 0,26 ©0.49
C=3 " " 0.23 0.50
C-5 " " 0.26 0.46
C-6 " " 0.25 0.48
D=1 As rolled,fully-killed 0,17 0.82
N-1 As rolled,nickel alloy™ 0.18 0.48
N-2 " : " 0.17 0,48
N-3 | ¢ g 0.15 0,50 !

. , {

*
Nickel content - 3.34 percent



TABLE 4, -- RESULTS OF STANDARD TENSION
AND HARDNESS TESTS

(Sheet 1 of 2)

nype Platev Type orion. Teqsilé Propertiesrl Hardness,g
| of No of tation? Yi?ld Tensile | Elong. R?d. Roclwell ?
Steel * Bar® Point, | Strength, %C in B Numbers
: : psi. psi. Area, % !
| - .505 T 34,575 | 57,875 42,0 [ 57.3
; +505 L 35,650 | 58,800 42,8 | 60,8
AL 1 square L 35,070 | 58,460 50.5 | 62.0 61 ?
Flat L {34,510 | 58,320 5
5 .505 7 35,850 | 55,700 43.3 !
i 505 L 36,200 | 57,630 44,7
A A2 | souare L 34,380 | 58,190 53,2 60 ?
" Flat I, 32,950 | 57,860 ’
.505 T 36,500 | 58,500 42.0
| | .505 L 35,500 | 58,400 43.0 !
! AS Square L 36,620 58, 630 60-62
- Flat L 35,380 | 58,620 36.6 | 64.1
f .505 T 54,600 | 56,950 44.3 | 63,0 5
' .505 L 32,200 | 57,050 44.8 | 65,0 '
| Bl | square L 32,460 | 57,680 48.8 | 6€7.2 s
f Flat L ls2,210 | 56,460 55,0 | 65.5 !
{ ] 805 31,230 | 55,640 | 44.3 | 57.9 | g
| +505 . I 32,050 | 55,850 42.8 | 67.5 §
| B3 | square L 32,700 | 56,350 54.8 | 66.8 o8 ‘
B | Flat I 31,960 | 57,680 32.8 | 64.3
I &s | 505 T |83,500 | 56,950 | 42.0 | 62.2 ;
| Rolled | 505 L 30,350 | 56,680 45.3 | 70.1 :
j B8 1 square L 52,410 | 57,200 54,5 | 67.7 6o
3 Flat L 31,960 56,880 33.9 64,3 i
i . 505 T 33,500 56, 500 43.0 60.8 ;
; " .505 L 53,050 | 57,150 45,7 | 71.5 |
i ‘ Square L - - -— - Bl-63 |
f | Flas | R W - 4 -- == ] |

8 = 2505 = A,S.T.M. std. round 0,505-in, dia. bar; square = full thickness
of square cross section; Flat = A.S.TM. std. full-thickness flat bar,
b - L = axis of bar parallel with direstios of rolling, |
Tw " nm n perpendicular to " " "
¢ - Elongations measured on Z-in. original

sege length except on td.
bars for which gage length was 8 in, o g D s flat




TABLE 4. -- RESULTS OF STANDARD TENSION

AND HARDNESS TESTS (continued)

|

{ ; . .
T e ——
iSteel | Bar Point, | Strength, % . in fg Numbers
' | psi. psi. Area, %
| 505 T 36,370 | 58,320 41.8 | 60.4 |
+505 L 37,100 | 57,930 46.5 | 67.2°
B2 1 square L 34,140 | 57,440 64.0 | 65.5 60
Flat L 35,000 | 56,880 35.0 | 83.4
.505 T 33,480 | 56,710 41.8 | 62.7
. .505 L 33,410 | 57,260 45.5 | 65.4
Norm. B4 1 square " 31,080 | 55,470 54,0 | 6640 ®
Flat " 50,900 | 55,140 35,1 | 64.9 !
.505 7 37,150 | 58,530 43.2 | 60.6 f
.505 L 35,650 | 58,700 | 44.8 | 66.0 5
BS 1 square L 32,300 | 56,670 55,0 | 66.8 6 |
Flat L 33,870 | 56,940 34.8 | 64.9
.505 T 35,500 | 61,500 40,0 | 52,2
.505 L 56,330 | 61,810 41.5 | 59.6
! ¢l 1 square L 35,330 | 63,000 49,0 | 59.5 66
Flat L 35,300 | 64,600 51,6 | 57.4
.505 T 36,000 | 68,130 35,5 | 50.1
.505 L 37,130 | €8,500 38.0 | 57.0 |\
¢ 2 | square L 56,200 | 66,540 45.5 | 54.2 69
Flat L 55,650 | 66,170 50.0 | 53.0
.505 T 35,650 | 63,850 38.7 | 54.5 f
.505 L 34,550 | 63,850 42,2 | 60.8
© | square L 33,100 | 65,500 47.7 | el,0 | 87T
Flat L 36,260 | 64,500 51.7 | 60.1 ?
.505 T 61,000 | 76,850 37.8 | €2.0
.505 L 63,000 | 77,100 37.5 | 65.7
M Square L - - - - 83
| W Flat L — =S BN e !
1 .505 81,500 | 77,600 38.2 | 61.0 !
! «505 59,000 78,100 8.0 62.1 ’
{ Nz Square L - - - i 835-84 |
[ Flat L - - - - ’




TABLE 5 - SUMMARY OF PRINCIPAL RESULTS OF TENSILE TESTS AND WIDE — PLATE TESTS SHEET | OF 2

STD. 0.505-N TENSLE BAR | 3N EDGE-NOTCHED TENSILE BAR 12~ INCH TEST PLATE (D SIZE) 24-INCH TEST PLATE(C SIZE) 48-INCH TEST PLATE (8 SIZE) 72-INCH TEST PLATE (A SIZE)
pLATE
STEEL wo [reme | rs. | rs |reme. | rs |owmaclryver | ewp [iowmat | rvee | ace |enemer| 7eme |vowmac| 7vee | AGe | Eneroy| TEMR | NCMMAL| TYPE | GAGE |ENERGY| TEMP NOMINAL | TYPE | GAGE |ENERGY
| wst L wsi | Ew) | ks (Y80 \RaeTurel  F ) |k Si 1a) FRACTURE | LENGTH (o Sl F(p) |is1a) FRACTURE|LENGTH | KIV £ (o) |0 | rracTurE\LENGTH |1 N | £ (8) f{gﬁ”@’_’_ FRACTURE | LENGTH |y KN 1)

. o) 3% SH. - 77% SH 72% SH, o 90%5H | 36 935 BOE 5H | 29 /1034
3 a1 | 700 | 356 | 588 |worusd| 459 | 660 \I7n | 66° | 465 |Msxciil 9 98 | 37° | 436 |JEF) 18 | 2w 68° | 407 (99550 36| 838.| 75° | 365 |30% v 54 | 208/
S 2% SH 26%5H| 9 07 78 [ 336 2T o | 24 | 520
§ az| 7e 362 | 576 | s0° |434 |ewe 225 \5r35° 481 |25 00| soel| mow| B4 | 426 |100%H 5| zere)] IS ) s0°34°| 385 | 2R 27 520
g 10% SH. 9 26 18 k3 584
% a3 | 720 | 355 | sas \esmor | 425 |15 | it soe | 46s [ooxsu| 3| o8 Vrresd| sas looxc] ggu| 3 o] 487 | 410 \Gixam| 35w |idece] 467507 493 Dioml g2, 85,
3 y — 94% 5H . 5 163 2 73
N s 8 4-4 69%73°| 42.3 | 60.2 i 1 e | 39.3 |wo%cL o/w | Zi 100 | 358 |oomer] 2. | 3
N
PR :"é“ o go° | 431 | 561 |20 keoreo| 399 0OKCL| g4 | 45 432452 400 |95%5H, /5”{“_ £

K] | £400 /e) |
239 ¢ laanx 7.8° | 387 ooxcL| 9 /9
Joeel
S 442X 19° | 385 |ooxct| 9 15

o &% SH. % SH. 12 . ] T ]

81| 730 | 39 | 571 feorewd| 387 | 658 | S| s20 | ca9 |BEE B fEw| 20| 483 S8R50 TS Ul 320 | 385 | JEo0| 27 S
k3
83| 700 | 320 559 |6-9° | a05 | 655 |S535 | 7onra| 461|223\ 55| 163e)| 72° | 433 |too%sH| 18 | 566 ree | 400 \JEESL) 25 | [
z
g6 | 74° | 304 | 567 | 22 | 378 | 635 |BE 5050 | 493 looxsH| G| he 450967 az6 |GE| 35 | e Neswsi| a0z (20520 | 3 |
3 2 390 ‘ 9 2/ o 36 177 24 209
. g 8-7 33°39°| 377 | 59.4 I00%SHYISHIF| 400 |100%CL. ) Sow g 352 |ooger| e N7 | gege | sas |wowce| 5, | 32
36
§ . 593les (79469, 418 |100%CL| 5 0| 38
Yo N § X
¥ Ty
ES s wd
QO X TN
I%%
° 13% SH. o300 78% 5H. 9 134 3 0% SH| /8 405 o 24 /40
g-2 | 720 | 371 | 579 Yezwe) 431 | 648 |grygy | 3296°| 481 |22%5m 401e| Zeawe| 27337 46T \jo% am| 95 | 457 33%357| 352 |/I00%CL| 55 | i54(g)
N o 300 1 3/% SH. o 94% SH. o 9/% SH. z7 477
g-a | 700 | 335 | 573 |eawo7)| 428 | 627 |ozo | 897 | 456 ez | 9 | /38 97e | 4.5 |woxsH| 18 | 384 rec | 379 |GEEM | s | 2050
o o, 94% SH. o 9 12/ 24 7138
85 | 70° | 370 | 585 |34240°| 418 | 605 %552l |50%51°| 459 |100%SH| s4.6)| 1520 49°52°| 395 |oo%sH| 51, |i2g,
< e s5° | 415 | 58.6 \wogslzrod| 365 |0o%cL| LB | Gew
Q
x W N a7y sH| a2 /16
g 8 o Eald 10%15°| 48.7 75800 | 76(e) | 212 tor
Jen § T sanx 0° 90132
NS SO / 42.2 OOZCL\ 77() | 70(e)
R 88
[OI TH
s
c-1 | 700 | 363 | 618 3935 229 | 649 |ZESH|52033°| 400 jio0meL| 9 134 |erar | 370 |woxor| §7)| GG 30°3/°| 370 |wogcr| 2% | 199
. . . 3% SH. B 3% SH . | % 5| e 141 o 72 |ooxcr| 36 | 56 o 9% sH| 24
c-2 | 75° | 360 | 688 | 49° | 425 | 644 |FFEl| 84° | 428 ok o 9 | 203 | s8° | 409 | B 80 sz |woger| 36 1 e | zec | s7s |9 om| 22 |,

° 4% SH 51% SH. 9 85 - 83% SH. 36 717 25% SH. 24 223
¢-3 75| #6638 lesxal| 107 | 511 |wszcr | 45 te) 13216 101° | 449 | ix et | (350 ezoe)|/00%0F] 432 |mx i | g1, |18
ca os2108°| 907 | 622 |75% zrezge| a7z |woxed| 3| 52 Neowsee| 557 joozar| i | %

: . )
- . o 6% SH. 21459 91 % SH. g 78 - a6% SH. 24 47z
c-5 87°| 407 638 g;zc}” 1412145% 547 Co% ol | aate)| 1190 e 430 |, 2% 5| 3 | 5550
3 N g6°| 202 | 619 [35E0" 32° | 370 00%CL| 30| S3re
h Qy _sx] - 95% SH. - E] 93
s gi“ c-5 126°| 421 | 635 |95 M lizrizz] 457 |00%sH| 5075
Sy
§3 5 R ¢ [oon 124 | 221 | 615 ooxs] 900 | 466 |SE X | i sl
Vs v
36 348 foum a3 532 "R | b6 | o5
AS)

FOR NOTES SEE SHEET 2
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. _ THICKNESS REDUCTION ALONG FRACTURE LINES
TABLE 6 OF NOTCHED FLAT PLATES SHEET 1 OF 2
STEEL\PLATE|SPECIMEMTEST ING DISTANCE FROM NOTCH, INCHES.
wipTH|  NO TEMP
W, °r LEFT SIDE OF PLATE RIGHT SIDE OF PLATE
26 16 8 4 2 / % % % Ya 0 0 % % % 4 / 2 4 8 16 | 26
A-IA 75" 786 S5|200 S./95 S|i70 S| Mo s$|/2.5 S 115 sl 130 slies s 20 S| 80 S 90 &|/05 S|loo s|i2o S|135 5,160 slr9.0 sleos s
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TABLT 7, == RECORD GF LOADS AT "THICH CRACKS 3TARTED DURING TESTS

OF LARGE FLAT PILATES

D;velopment of Crack

S%z;zﬁin Tomp., Load, “Ne@miral Max, Nom. Break,
oF Kips Stress, Stro§s, nercent
. ksi ksi shear
A3A 49 1320 3246 20,3 100
Adp 10 1300 32.1 35.8 0
A1B 8 910 337 40,7 100
A3B 48 950 35.2 41,1 100
AZC -8 508 37.4 28.1 0
A3D 50 250 23,0 48,1 100
ASD -8 220 32.6 39.9 0
B7A 9 1250 30,8 34.6 0
B6B 45 900 33,3 42,6 100
BSD 50 240 35.6 45,9 100
B6D 50 325 48,1 49,3 100
B7D -34 270 40,0 40,0 0
B9D -7 240 35.6 41.8 .0
B1OD 12 265 39.3 48,7 87 !
B21X7 10 275 20,0 42,2 o
C4h 81 1320 32,6 35.7 0
C5A 152 1350 33,72 43,0 98
cip 32 257 z8.1 40,0 0
C3D 101 270 40,0 51,1 51
CSD 143 275 40,8 54,7 91
C51XD 121 290 43,0 48,7 100 i
C52XD 90 270 40,0 46,6 10
N1A -53 1650 £0,7 64.2 4
u2s -2 2250 55.5 609 13
N3A 2 2000 49,4 59,8 73
N1D -29 385 55.6 69,3 g4 |
N2D -60 435 64,4 75.9 6 !
N3D 72 360 53,3 66,4 100
N41XD -45 430 63.7 69.9 81
} ozp 154 590 57.8 61.0 100 |
{ Q12XD 86 385 57.0 60.7 100

o - am o



1 i

OWG. 44E1T

e .

STEEL PLATE

JEWELERS HACKSAW CUT
WIDTH APPROXIMATELY 0.0/0

RsGULA/? HACKSAW CcUT
wi.

TH APPROXIMATELY 0050

—— 1" DIAMETER ORILLED HOLES

FLAME QUT 506557
/

v
\

A
/ \

— 5

i

4

or,

4 PLATE wiOTH

STEEL  PLATE

FIG. |-DIMENSIONS OF NOTCH

USED IN FLAT PLATE TESTS




500

400

300

LOAD, KIPS
Ny
Q
Q

/100

0o

FlG. 2

\I§\§§ LOAD
:
ST T
/| | N
: | /
_ AN
[
_
1
_ -
“ \hw\%w%m
AREA UNDER |
THE CURVE 15 |
| EQUAL TO THE ,
ABSORBED T
ENERGY |
o |
|
_
|
I
|
|
_
|
0 ol 02 03 04 05 06 07
ELONGATION, IN.
TYPICAL SHEAR TYPE FAILURE

TYPICAL LOAD—-ELONGATION CURVES FOR OBTAINING ENERGY
ABSORBED By THE SPECIMENS UP TO THE MAXIMUM LOAD.

500

400

(1)
3
Q 200
N
~J
100
0

)
l

maxmum to4ap |
IN-FracTURE

AREA UNDER THE
CURVE IS EQUAL 70

THE ABSORBED ENERGY |

0

TYPICAL CLEAVAGE TYPE FAILLRE

002 004 006 008

ELONGATION, IN

|

|

|

_

1
010

-




48-INCH SPECIMEN /12-INCH SPECIMEN

FIG 3 VIEW OF PLATES FOR TESTING UNDER CONTROLLED TEMPERATURE
CONODIT/IONS



| 1 | | | ' | | ; | |
® [0} ® %J ® @ ®
e 5 —f f—5" - S
*/® ® ® ob| —
LEFT EDGE NEAR RIGHT EDGE
19 0 & 0 o o) g .,
i A B Tl o
st el 7'+ 7':{ : L 6”4-5‘5",-
-<—5"
54"
o ® © ® ® ob| L
-~ 2t (4 —-— O
o O] [©] (] 0] (o] ®
LEGEND
o 54" Wire exfensomelter e Thermocouple
® 24" Wire exlensomeler } SR-4 Strain gage
o e Clip gage N SR-4 Rosette sirain gage
NOTES

Gages on both near and far faces
at Jocations shown
Thermocouples on near face only

5(}3_‘_0 o o)
'L/”-L/"-L-—z'—-«——' | 3"

FIG. 4-TYPICAL GAGE AND THERMOCOUPLE LAYOUT FOR 72-INGH-WIDE SPECIMEN

OWG 44E 45 16 4




5 o/ 2/3ve ON ‘amQ

‘NIWIDIDS FOIM HONI-ZL LNOAYT Q149 TVIIHAL -G 9l4

TINIT Y¥IUANIO 7VNIdf)_L/9NO7 LNOBY TVIUNSLINWAS LNOAYT FLON

Ilgg "63 " EZ Hz/ N l/ II6 " £\ 3 Il£‘

S
N
o

"9 H 9 “9 "9 "Z’ 119 "9

LY

b4

Q
8
Ao

el —ymta— :lQ

_—..T
9
N

w041

-

SHHYW
HONId
LHIIT

1o
©

1
G
'y

W

P,

p—ir

[S)

T

~

-
b

286

-
—teat— ) — | f} et~ O

o
©




LONGITUDINAL BARS
@
~
'\
k
>~\ 4
: A
g =
Lu 4
3
& 20
@ PLATE|A3
<
0 -80 80
TEMPERATURE, °F.
6
TRANSVERSE BARS
Q
~J
Ry
N
40
S
§
Q
Q
N »
gQg 20 e
Y PLATE Al L= T——PLATE A2
< >
PLATE] AJ-E/ 4
Z ) -
O——p =) 0 70 0

TEMPERATURE, °F

FIG. 6-RESULTS OF CHARPY IMPACT TESTS-STEEL A.

DWG, 44E44 FIG. ©




]
LONGITUDINAL BARS /./
S ' A
[ / pr
"L ./4/ — —®
): 4o }'/ /‘,- /”/’
® ’///‘ /
5 RATE B7—| ’ .// /Q—PLAITE 8/
y y |
a / fo—/—— pPeare 83
|
a / L ptaze as
Q 20 7 /
o ’ L /
Q / /
< / /-
*-— -
=
o 1»—/ ==
8o -40 o 40 80

TEMPERATURE ,°F

60
TRANSVERSE BARS

8

PALATE B7

o
3

ABSORBED ENERGY , FT-L S

TEMPERATURE ,'F

FIG.7-RESULTS OF CHARPY IMPACT TESTS-STEEL B IN THE
AS-ROLLED CONDITION

DOWS. 44£35 ' Fle7




ABSORBED ENERGY , FT-L8 -

ABSORBED ENERGY,FT-LB

60
L ONG/TUDINAL BARS
| »
/ //
/./’ PLATE B5
’/.—’/
7
rr
’l
PLATE B2 ,’
20 / !
‘ !
!
/ [~—PLATE B#4
/ [_--
e -80 -40 o 40 80
7EMPERATURE ,°F
60 I T | L
TRANSVERSE BARS
40
» . — -
/,/" - *
‘ d /,/r/.
PLATE ez—a —‘K—PLATE 85
20
/L——PLATE 84
17}
/
/
(o]
-80 ~40 [o] 40 80

TEMPERATURE

°
, F

[

FIG. 8-RESULTS OF CHARPY IMPACT TESTS-STEEL B IN THE
NORMALIZED CONDITION.

OWG, 44E33

FI1G6. 8




Dwe. 44£56

60
LONGITUDINAL BARS
x
~
R
N
;40
®
g
R —
l“ »
Q e
Q?O X T
) - PLATE C2
3 // AR
] ’:/ —71.47.1‘6 cr ‘.
/ .
. fe—— PLATE C3
4.@‘-._—4
o ‘ i
-80 ~to : o . <0 8o
TEMPERATURE ,°/
6o
TRANSVERSE BARS
g
~
0
\'\40
S
v
4
Y
2
4
Q PLATE ¢35
y R - s
qQ 20 | )
N PLATE c2—» bl e
X
<
SR N
o

-80 -40
TEMPERATURE ,°F

FIG. 9-RESULTS OF CHARPY IMPACT TESTS-STEEL C

Flg 9




é0
LONGITUDINAL BARS
»
e
I vd
N 7
L\ 40 ,/
- re
x =
L
; %
rd
”
rd
Y PLATE N2 —— ™ ,L— PLATE N1
8 g /]
S 2 ~
g P /
rd
L7 f
oz
./
2335 &0
23 pr =180 /60 %0 760
TEMPERATURE , °F
60
TRANSVERSE BARS
©
3
NI
g —"
g ,A"
Q PLATE ~/7 < prLaATE N2
N 9
€ -~
& 2 -/l S
/L“;
P
(o
-340 -260 -/80 -100 -20 +60

TEMPERATURE , °F.

FIG 10- RESULTS OF CHARPY IMPACT TESTS-STEEL N

44 £8F FIG /0




44£48

60
LONGITUDINAL BARS
Q |
~ B
N B-STEEL
W NORMALIZE, pAE
A 40)
g - -
3 ‘ o — -
W » I
g
2 ]
Q 20 ~ /V
@ yal
R B-STEEL y f‘\c STeEL
2 AS ROLLED) / / AS ROLLED
. _lda ErEEL
am- 1 = “:715 ROLLED
T - o 40 80
TEMPERATURE, °F
60
TRANSVERSE BARS
Q |
~
~
Q
)¢40F
&
W
S 4
B -STEEL
& NORMAL/IZED
§20 A" | ":::_’_ a
9 AS%SI:E% 57
s 1 £/ N
< | }’ - /A
P “~AS ROLLED
> o) BT J
-80 -40 0 40 80

TEMPERATURE, °F

FIG. || COMPARISON OF RESULTS OF CHARPY IMPACT TESTS
FOR STEELS A8 ANDC

FOR EFACH STEEL.

DIAGRAMS SELECTED TO REPRESENT TYPICAL RESULTS

Fie. 11




SNIWIDIJS FOIM HONI-SL &HOS
avo71 WIWIXYW OL A9HINT 40 FHNLVYIINIL HLIIM NOLLYIYVA J3L YwW/LSF -3/ Ol

Ao ' FYNLYYIINIL

ol ol ool 08 09 or oz 0o oz- ot- 09- 08-
O, (3 o - ||0
\mdl-ll-lll%lo 7T 190is-v
/ \ ) ||@ .
.\ l ..\ 000'006
% \ 1
~_ . 7 / .
13
// / 1 .\x- ‘000/000'1
TS T~ __ o5y —s ]
Y ¢ -ug l \
i/ ;
/

000°005°1

1} ]

[l /

/i |
/ ; 000'000'2

s ] ~_| o1

o

Por—ape,. P+ 2/

Y S e ) .

J99jS 4% %lﬁr 199;S -N -

ooo'oos'z

037708 SV 133IS — N == ——
GITION SV TIILS — O cmlpe oo sl
aIZITYNYON 133LS — Yg —=C> o amnd PP
GITI0Y SV TTILS M el oo i e Ko 000000

a31104 Sv 13348 - ¥V —-gr=——————{]—-

HYIHS UNFOHIS FLYIION! SINIOd H3ANN S3NTVA

000°006'

‘G1-NI ‘A9YINT




180,000
e ———— —o-— A-STEEL AS ROLLED
—&— -~ B STEEL AS ROLLED
160,000 —o— o B STEEL NORMALIZED
- C-STEEL AS ROLLED
\ALUES UNDER POINTS INDIGATE PERCENT SHEAR
140,000 _
SETT
120,000 -
mmw -—-10Q [ ___a A yosTERL
S 100 e T
;T Tl
100,000 \. Lm_m\ - —
3 g-sreee——_ | |/ | 160 7 oo
y |
X o m 1 I
L 0000 A ol ¥
a\ ’ \ ) ® g/
I3 I tA-STEEL
m \\ -T\\ 10
)
60,000 \ __ f
\ __ [
7 -
| T\\\\m STEEL
40,000 _“ \
L ° L __ '
g . J
20,000 4 3 = b s
o 128~ g e —t "
-—0—=7T -0 |
==}
-60 40 -20 0 20 %0 60 80 100 120 r 160 180
TEMPERATURE °F.
TO MAXIMUM LOAD

FIG /13- ESTIMATED VARIATION WITH TEMPERATURE OF ENERGY
/2-INCH WIDE SPECIMENS

£7 D/

DWG. 44EES

FOR
SEMI!- KILLED STEELS




»!°9/4

180,000 T T T
———————— -o-— A~STEEL AS ROLLED
. «— N-STEEL AS ROLLED
160,000 — A A Q-STEEL WG 8 0
VALUES UNDER POINTS INDICATE PERGENT SHEAR
140,000
a
. 100
120,000 g’ ~=g - &/ P
a ~—..l
7 1001~~~ ;5% 0 100
Q E 84 o— . \\L I 0 .
N e~~~
Y 100,000 - y —= ~—
s ' I, \ H 3 j ~—— D
00 T~ T~
!
§. 17 “N-STEEL ] 100 r
] !
g 80,000 +
’ . Q-STERL
e 00 a— !
F—/a N ,‘ ‘A - STEEL
i N
60,000 +
/ ,
]
i
40,000 ;
___“__J I‘ A
0 [l 4
20,000 T L
-
g1
~40 -20 7] 20 40 60 80 100 720 140

44£65-/

160

-80 -60

TEMPERATURE ,°F.

FIG. |4 - ESTIMATED = VARIATION WITH TEMPERATURE OF ENERGY TO MAXIMUM
LOAD FOR /2-INCH WIDE SPECIMENS '




227 ¢

5 9/

SNIWIDILS FAIM  HONI-EZ ;79/\/!7’6’ L FHLVEIINTL  NOILISNVY.L-SI D1+

oz

o IAUESTANIL

or o9~

07—~

or

oz/ oo/

oy

oy

Q-STEEL
WARTER QUENCHED)
AND  DRRWN

PERCENT SHERAR
TYPE FRACTURE

=

N S

N- STEEL
RS ROLLED
34—’ NICKEL

PERCENT SHEAR

TYPE FRACTURE

=

) S

C-STEEL
RS ROLLED

PERCENT SHERR
TYPE FRACTURE

-~

S Q

By - STEEL
NORMARALIZED

PERCENT SHERR
TYPE FRACTURE

=

° S

8y STEEL
A5 ROLLED

PERCENT SHERR
TYPE FRACTURE

~

o S

A - STEEL
RS  ROLLED

PERCENT SHERR
TYPE FRACTURE

=

~ S

N\

A\

NN

N

N\

\\

N

A\




09/

- 3ivId 40 3903 INO LY ONIENOOO NOILOY ININVIL JO ENOIS MONWS SNIWIDIdS 3LONw

SNIWIDILS FOIM HONI -2/ FINVY IFENLYYTINTL NOLLISNVEL -9/ 9i4

Y IFINLBHFINIL

N i
BEEl 0 L

(1Ll




70,000
S oL a-s7eeLl as roLLED
——&— - ——t--— Bp-STEEL AS ROLLED
—o—————0—— B, - STEEL NORMALIZED
\ —e-——-———C- STEEL| AS ROLLED
6g 000 |- A \
< SN
p \\
\\\
\\
‘\ NOTE: VALUES FOR $~INCH PLATE WIDTH ARE FOR
\ STANDARD .505 UNNOTCHED SPECIMENS.
\ VALUES FOR 3~INCH PLATE WIDTH ARE FOR
3 \ EDGE NOTCHED SPECIMENS.
\
iy 50,000
0
4
K
0
4g000
30,000
0 10 20 30 %0 50 60 70 80

PLATE WIOTH, IN,

FIG.17A-VARIATION IN NOMINAL STRESS WITH WIOTH
OF PLATE—TESTS AT ROOM TEMPERATURE(70°F)

44E76 FIG. 174




80,000

NOTE: VALUES FOR 3-INCH PLATE WIDTH ARE FOR
EDGE NOTCHED SPECIMENS.

70,000

@ ] oo —o-— A-STEEL AS ROLLED
% 60,000 |— —t—— = ———2—§, -STEEL AS ROLLED
@ \ L+ A-STEEL —o—————0—§, -STEEL NORMALIZED
8 /
& A
» >
\
\
\
\
\
50,000 \
\
Ny \<-£af STEEL
~N- - \ \ _
RAEIN
B, STEEL \N\ A
T~ -X?‘_ — ]
40,000 =
30,000 L
0 /10 20 30 40 50 60 70

PLATE WIDTH , IN

F1G.178 - VARIATION IN NOMINAL  STRESS WITH WIDTH OF
PLATE — TESTS AT 50° F.

OWG. 4478

80

FiG.178




70,000

e RS o - A-STEEL AS ROLLED
—t-- e -STEEL AS ROLLED
. ' —o——————0—— B, -STEEL NORMALIZED
—-——-o—— C. STEEL, AS ROLLED
)
2\
66,000 A\
3
\
NOTE: VALUES FOR 3-INCH PLATE WIOTH ARE
FOR EDGE NOTCHED SPECIMENS.
.
(Y
Q
o 50,000
‘&4 .
N~
(5}
40,000
30,000
(7] 10 * 20 30 40 50 60 70 80

PLATE WIOTH, IN.

FIG.1 7C-VARIATION IN NOMINAL S TRESS WITH WIDTH
OF PLATE—TESTS AT 32° F.

44E77 ’ FI6. I7C




80000

70000

60000

S7RESS , PS/

50000

40000

3Qo00

P -u-—AI- STEEL AL‘ ROLLED
——=-———-—5— Bor-STEEL AS ROLLED
—O————————0— B,- STEEL NORMALIZED

T¢——=-———-%—(C - STEEL AS ROLLED
’ ~———-——-8— N - STEEL AS ROLLED

\/—- N-STEEL b ————— A-Q - STEEL WQ 80

l 1 I

\ NOTE: VALUES FOR #-JNCH PLATE WIOTH ARE FOR
STANOARD .505 UNNOTCHED SPECIMENS
VALUES FOR 3-INCH PLATE WIDTH ARE FOR

EDGE NOTCHED SPECIMENS

\‘\\
\_\
\\\
\)
~~a
——C -STEEL
M~ B, ~STEEL
=or——_~===
—~
N\~
= P e
’\\\ \\\
Dt ——
I e e

/0 20 30 40 50 60 70 &0
PLATE WIDTH, IN.

F1G /18 - VARIATION IN NOMINAL STRESS WITH WIDTH

44E75

OF PLATE FOR SHEAR TYPE FRACTURE.
THE SFEC/MENS WERE TESTED A7 7HE LOWEST

TEMPERATURE THAT GAVE /000 SHEAR FRACTURE. FIG.18




STRESS, PS/

44£52

{
o
1
h ~o————o-—- A-STEEL AS ROLLED
#6000 '\\ —o——— —o—— By STEEL, AS ROLLED

—o—————o0—— B, "STEEL NORMALZE]

\\\ — N-STEEL >~ - —= C-STEEL AS ROLLED
\ \/ ———= N-STEEL AS ROLLED
'\\ \ A — A Q-STEEL WQ & D

\ \

V)

\

7Q000 +
—_— |
\

\ /—_Q-S TEEL
\

v NOTE: VALUES FOR 4-INCH PLATE WIDTH ARE FOR

I\ STANDARD 505 UNNOTCHED SPECIMENS
VALUES FOR 3-INCH PLATE WIDTH ARE FOR

EDGE  NOTCHED SPECIMENS .

50000
\
\\
\ — BorSTEEL
/ | — C-STEEL
40000 ~ . A
—“g“\‘ibé
e aan o ‘\‘t—b _
Bp-STEEL — —— R S
4 ]
A-STEEL —/ o1
30000
0 /0 20 ) <0 50 €0 70 rZ

PLATE WIDTH, IN.

FIG. /9 - VARIATION IN NOMINAL STRESS WITH WIDTH

OF PLATE FOR CLEAVAGE TYPE FRACTURE,
THE SPECIMENS WERE TESTED AT THE MHIGHEST
TEMPERATURE THA7T GAVE f0Of CLEAVAGE FRACTURE. [ 9




02 "914

70,000

—tt— — — ——o—Bgr STEEL AS ROLLED
60,000 P —a— — —4—Bp STEEL NORMALIZED
—— —— ——C STEEL AS ROLLED
—e—— o N STEEL AS ROLLED

./ ,ﬂzllm TEEL —o—— o A STEEL AS ROLLED

50,000

NOMINAL STRESS , PSi
[y ]
1
@
N
™~

By~ STEEL /
PN

40,000

30,000

$

- 60 -40 -20 0 20 40 60 80 100 120 140 160

TEMPERATURE, °F

FIG.20 VARIATION IN NOMINAL STRESS WITH TEMPERATURE FOR 72-INCH WIDE SPECIMENS

DWG 44EI165




SN3IWIOIdS 3AIM HONI-gl HO04 JYNLVYIdNIL HLIM SSIHLS TYNIWON NI NOILVIMVA 12 914

o091

Jo

ov! oai [ele]] (¢1] 09 or

*FYNLIVYIING L

o (] oc- or-

09-

000°‘0t

— f. 9
-1
/D”
/
/

~— 737LS -
iy
P

/
- o\‘ >~ /
733{5 o) y Z\ g ~d Y
‘ / YEETE T4 Vot T

00006

; . -
,,/ : ‘\4/ : F /

/ 73315 - “°g—

A
L

i 4,4‘
Vo T~

b /
73315-0

00009

.—\‘_\

000°04

aeom 7934 O -+————-=-
370 S 13ILS N ———*—
g37704 Sv 733LS 9 —— ————

73315 -A

aIZITVWHON 13318 Y8 —o— - —o—
a3aTiod Sy 19ALS g - —————o-
g3TI08 SV 133LS Y —o————o—

Ot

00008

9913 ¥ ¥ ‘IMQ

FiG. 21

1Sd ‘SSIHLS TYNINON




50 |
e
' I
Ré!.szowu. ELONGATION
| AFTER RUPTURE
MEASURED ON ONE FACE ONLY
|
{ |
40 N |
] | ' i
| |
| |
, |§ |
[
. 20 N 3|
S0 VR
3 |y g
N \ b oy /
S | l |
3 l
W 2 |
I |
| |
J9500 PS/ |
-~ “ \T 7 \
/ J8,900 Ps/ |
/ | 38300 Ps/ _\\o
0 | —
| i I
| I
| 32/00 pPs/ |
oLo—t"" | — ° —o0
40 30 2o /0 ¢ /0 20 20 <0

DISTANCE FROM ¢ PLATE, IN.

FIG. 22-TYPICAL ELONGATIONS AT VARIOUS STRESS LEVELS,

SHEAR TYPE FAILURE, 72-INCH WIDE SPECIMEN

GAGE LENGTH—-T‘;PLATE WIDTH
(SPECIMEN B-5A)

d4EIS5 FlG 22




ELONGATION , IN.

X5

Jo

25

20

L5

10O

o5

/

I
|
|
l
|
i
|
|

AFTER RUPTURE

RESIDUAL ELONGATION
MEASURED ON

ONE FACE ONLY

I

EDGE OF NOTCH
EDGE OF NOTCH

|
|
42,600, PS/

'./

b —

1

}
4,500, PS/ l f
i I

40,000 Ps/

/1]

1]

H

L\ \1 \
T

I

I
——9—_

38,500 Ps/ il

—_9—-———

|

|

|

|

20 /0 ¢ /0 20
DISTANCE FROM ¢ PLATE , IN.

Fl6. 23-TYPICAL ELONGATIOMS AT VAR/IOUS STRESS LEVELS,
SHEAR TYPE FAILURE, 48-/NCH WIDE SPECIMEN

F4E/I56

GAGE LENGTH — —3- PLATE WIDTH
(SPECIMEN B-68)

Fl1G.23




ELONGATION, IN.

44 £/57

20

LO

[ I
. | |
’ T
| |

| |

RESIDUAL ELONGATION
AFTER RUPTURE

MEASURED ON ONE FACE ONLY
T ' *

/{/‘

1 4

EDGE OF NOTCH
EDGE OF NOTCH

|

|

|

|

|

[T

|

L
o \
I

!

|

|

|

|

[N

r2 8

OISTANCE FROM ¢ ALATE, IN.

FIG. 24-TYPICAL ELONGATIONS AT VARIOUS STRESS

LEVELS, SHEAR TYPE FAILURE,24 -INCH WIDE SPECIMEN
GAGE LENGTH —

PLATE WI/DTH
(SPECIMEN 5-3C)

F/6. 24




| |
| |
| . |
R | |
RESIDUAL ELONGAT/ON
AFTER RUPTURE
MEASURED OW ONE FACE ONLY
' |
' |
L0 | !
l
I ' |
It |
IR N /
08 :2 2|
b N 'S
. Q
R l ! :l
3 3!
[N Q ‘% l
2 |
N a6 i l
3 | o
S | | |
N | |
04 \ % |
| B
| |
60700 PSI
02 — T I 60000 ps/ T~
' [ —Y 0=
| 57,800 PSI | \\3
o7 ————————0—
l 52,600 pS/ I
o o T Y o —o0
17 | |
é P 2 Q 2 P 6
DISTANCE FROM § PLATE, IN.
FIG. 25-TYPICAL ELONGATIONS AT VARIOUS STRESS LEVELS,
SHEAR TYPE FAILURE, 12 -INCH WIDE SPE CIMEN
GAGE LENGTH- -f-PL_ArE WIDTH.
(SPECIMEN @-2D)
DWG. 44E162 FIG.25




ELONGATION, IN.

T 1
BB
|

L2

RESIDUAL ELONGATION
AFTER RUPTURE

MEASURED ON ONE FACE oMLY

I
| I
L0 { I
| |
I BN
I3 ' S
Qg (8 'Gl
iz <
I% %I
] Ly
O O
| 3 3
a5 i
| I
| I
| I
I

>

64200 PS/ 4 :
N

T
|

N,

/

i/

6/, 700 /
0/ / ‘I 5,900 PSs/ :
AR s a/ma R
| I
o I
40 g0 20 /0 ¢ /0 20 30 40

DISTANCE FROM ¢ PLATE, IN.

FI6.26-TYPICAL ELONGATIONS AT VARIOUS STRESS LEVELS,
CLEAVAGE TYPE FAILURE, 72-INCH WIDE SPECIMEN

I4E 158

GAGE LENGTH - PLATE WIDTH
(SPECIMEN N-/A4)

F/6. 26




o/

N
S
S
R
:
N
i

05

0

L

| 1 |

RESIDUAL ELONGATION
AFTER RUPTURE
MEASURED ON ONE FACE ONLY

| |

2 N
W

3 Q|

2 W |

|

|

P
IWAR
¢

f

L

v

A
I
!
|

N\
O\
—

/ST

I \J
AL LT D
— 25200.[ i{"p——\\
|
i L NG
| |
| |
| |
I l
] ]
20 /0 ¢ /0 20

DISTANCE  FROM § PLATE, IN.

FIG. 27—TYPICAL ELONGATIONS AT VARIOUS STRESS LEVELS,
CLEAVAGE TYPE FAILURE, 48-INCH WIDE SPECIMEN

44E/59

GAGE LENGTH - -'-3— PLATE WIDTH
(SPECIMEN C-48)

F16.27




] |
; e
I ! '
| |
/?Eé/DUAL ELONGATION
AFTER RUPTURE
MEASURED ON ONE FACE oMy
| e
| I
z , |
B x|
§_ ' R
|2 2
E §!
|y W,
2 g Q|
\\ .// !‘u ! a' N
S | | ~
™~
> | 38/00 PS//L_‘
3 \/ LN
c‘J o/ // Y ] o
o | |
| |
s\ | 37400 P51 | L~ o
,/ an I~
~ | R
e 36,300 £S/
_o— /M
o 35, P, R
Pl gl Bas
o1 L l '
| 1
0 | 1

2

DISTANCE FROM G PLATE ,IN.

FIG. 28-TYPICAL ELONGATIONS AT VARIOUS STRESS LEVELS,
CLEAVAGE TYPE FAILURE, 24-INCH WIDE SPECIMEN

24F/60

GAGE LENGTH— <3~ PLATE WIDTH

( SPEC/IMEN A-3C)

F16.28




az

oz

ELONGATION, IN.

al

| |
l ! I
| |
1

RES/DUAL ELONGATION

MEASURED ON

AFTER RUPTURE

' i |

ONE FACE ONLY

|
| |
I I
X 3|
g 3
:2 | 2'
-
Wy
18 q
|§ %l
I |
652 PS/
L7 EAN

63,700 PsS/

//°
NG

(K
%

/L /LN

L

3
3

3
¥:K—.

4
7
]
_—

/]

8
Uy
]

/o

4 2 ¢ 2
DISTANCE FROM ¢ PLATE, IN.

4

FIG.29-TYPICAL ELONGATIONS AT VARIOUS STRESS LEVELS,

CLEAVAGE TYPE FAILURE,

S4E/e/

(SPECIMEN N-15X0)

12-INCH WIDE SPECIMEN
GAGE LENGTH - % PLATE WIDTH

F/6.29




owe. 44E24

ELONGATION, PERCENT.

5.0

|
OUCTILE SPEC/IMEN

BRITTLE SPECIMEN
i

A

v

e

40

o\o/Q

g;_i
T

84D

\»540

=S

20 N ] |68
B84A
7 ~
// I \\\ \C2D
- c24
1o
o‘\ — “~
‘"(L—’ \\ i .
~e o b ———0c2c
|
,,4.,—-4-———-+——-+-———-+——-——+--_.+__
0 e | ———¢ jC28
sw 25w ¢ 25W 5w

DISTANCE FROM &, FRACTION OF PLATE WIDTH.

FIG. 30 -ELONGATION AT MAXIMUM LOAD, ILLUSTRATING INFLUENCE OF
PLATE WIDTH ON DUCTILITY AT MAXIMUM LOAD

SPECIMENS 84A AND C2A ARE 72-IN. WIDE
SPECIMENS 868 AND C28 ARE 48-IN. WIDE
SPECIMENS 84C AND €2C ARE 24-IN. WIDE
SPECIMENS B4D AND C20 ARE 12-IN. WIDE

GAGE LE»vcrH—g- PLATE WIDTH

ELONGATION MEASURED BY RESISTANCE WIRE EXTENSOMETERS

i
~Fla 30




| [
/5.0, |L i
IR
I DUCTILE SPECIMEN
BRITTLE SPECIMEN — — — = —
| !
140 } |
|
-40 | |
| I
| | B8-4D
\
) f\'
2 | | |
| |
| |
8-40 l | —ac
A 't tl /,\.9
I R
; |z zI /
S \
: U T
W | §| : . pa-s4
Q a a
2 I I
9 a.a } |
~
B | |
2 ' |
Q
3 B-54 | | ‘
| 1 _
|
6.0 1
I I 1
} ' | 8-68
aol l /)
. | |
| |
| |
|
D20 AEZ-Q-A\\
2 == ] | o d >~
> O0X 3 — T i X - =
/DSZA—Q/ AN\, W/ /-—;:ffé%
\n / ///)f’ c_z—a--l-
k,,+£'—2—é-v~~\g g{;{/
} .
*sow 25w ¢ 25w Sow

DISTANCE FROM @, FRACT/ION OF PLATE WIDTH.

F1G. 31 - RESIDUAL ELONGATION AFTER RUPTURE, ILLUSTRATING
INFLUENCE OF PLATE WIDTH ON DUCTILITY AT FAILURE.

ELONGCATIONS MEAJSURED ON ONE FACE ONLY
GAGE LENGTH-3F PLATE WIDTH

DWG. A4E23 £r6 3/




20

/0.0

80

ELONGATION, PERCENT

60

A-/A /\ A-/A
4.0

| 75 [ \ /
20 /
327‘"
32°F ¢__.A--—-—ﬁ———b———‘
,_A—--A/"A-- / A-2A
A-2A
.50W 25W 3 25w 50W

DISTANCE FROM €, FRACTIONS OF PLATE WIDTH

FIG. 32-RESIDUAL ELONGATION AFTER RUPTURE IN
72-INCH WIDE SPECIMEN, ILLUSTRATING EFFECT

OF TEMPERATURE ON DUCTILITY AT FAILURE

ELONGATION MEASURED ON ONE FACE ONLY
GAGE LENGTH -g PLATE WIOTH

OWG. 44E15/ Fl16.32




20

/00

o
(o]
ELONGATION Y%

67-68°F

A-18
\ 6.0 67-66°F
\ / 4-18
4.0
a . c-48
\ 2 A /
\ o < ' 20 v
w W/ ’ ‘A..\ 7/
100%104°F K >
100-104°F
.50W 25w Z 25W .50W

DISTANCE FROM &, FRACTIONS OF PLATE WIDTH

FIG. 33—RESIDUAL ELONGATION AFTER RUPTURE IN
48-INCH WIDE SPECIMEN, ILLUSTRATING EFFECT

OF TEMPERATURE ON DUCTILITY AT FAILURE

ELONGATION MEASURED ON ONE FACE ONLY
GAGE LENGTM - g PLATE WIDTH

OWG. 44EF152 Fl6.33




120

/0.0

ELONGAT/ION , Yo

7q°- 80°F 74°-80°F

A-2C - [/ A-ec

o

.20
Y d
(8 )-(-5)°F -8 )-(-5 )7
b— — & — b -~ e o~ L ——A'
A-3C = ol A-3C |
Sow 25w ¢ 25w Sow

DISTANCE FROM & , FRACTIONS OF PLATE WIOTH

FIG. 34 - RESIDUAL ELONGATION AFTER RUPTURE IN
24-INCH WIDE SPECIMEN , ILLUSTRATING EFFECT

OF TEMPERATURE ON DUCTILITY AT FRACTURE

ELONGATIONS MEASURED ON ONE FACE ONLY
GAGE LENGTH -3- PLATE WIDOTH

d4E/53

F16.34




/2.0

/00

{\(-37} -(-32)°F
&0

(-37)-(-32)°F
N-4D /
6o ‘
\ | N-40D

ELONGATION, %

/

40 -
-79°F
.\
~79°F Lo —5
A N-@XD
N-4XD /
/
/
| 4
Sow 25w ¢ 25w Sow

DISTANCE FROM ¢ , FRACTIONS OF PLATE WI/IDTH

F16. 35 - RESIDUAL ELONGATION AFTER RUPTURE IN
/E-INCH WIDE SPECIMEN , ILLUSTRATING EFFECT
OF TEMPERATURE ON DUCTILITY AT FRACTURE

ELONGATIONS MEASURED ON ONE FACE ONLY
GAGE LENGTH - j’ PLATE WIOTH

Q4L /54 F16,.35




06

o5

o4

PER CENT

03

ELONGATION,

oz

o/

40

20

e

8.0

PER CENT

60

ELONGATION,

4.0

20

ﬁ ; 35.0
| 22,200PS/ j
? T
{
L 300
_ _ .
! i
| /9,800 PS/ |
2 3 250
N | _ 3
|
\ i L “
I ! ®
! | W
. { L 200
29600 PS/I \ \ , /7300 PSI il o 25,600 Ps/ .
! ES
i i\ N
T I 3
I \ M
| | S /50
| _ b
L 74,800 pst f
| I
| | I
—+ f | _ 10.0
27,200 \2\4 \ _ ! /ﬂmumg PS5/
] } : 1
_ _
_ |
} 50
| | N
| d.l/b\||n <
4900 P51 =3
b—otol " " Moo
3 2 0 o 0 20 30
DISTANCE  FrROM £ PLATE, IN.
A) SR-4 STRAIN GAGES
T T
_ i
T I
! ﬁ ; \ 90
R _, “
I ! \
il | 80
RESIDUAL___ ELONGATION
—— AFTER RUPTURE ~—1—~_
/A , { %
l |
NN
w " A 60
_ { \\ / [
| | b
m _ ﬁ N
39,500 FPSI | | m -
; qQ
_ I
! £
| | 8 40
| | 38,900 Ps/ | 3
| I 3
V . [ N
\ \, 38,300 PSI | 30
1
v, | / \
\ / \ | m /o/, 20
\\ _ k /,/ M
4 | | N o
| 32,/00 FSI_|
_ _
! 0
30 20 0 0 0 20 30
DISTANCE  FROM  § PLATE, IN.

C) 24- INCH EXTENSOMETERS

1

70 |

!
I
i
|
|

38,300 s |

\
!
|
|l
Q i
L
]

|
/|

m 29,600 \,_r/Irf//o/
=i IPoh

N

30 20 0 o 0 20
DISTANCE FROM £ PLATE, IN

B) 2-INCH CLIP GAGES

20

L %

[

T
|
|
f
|
, |
|
|
i

g -+ T
RESIDUAL  ELONGATION

AFTER RUPTURE
i '

.

39,500 PS5/

//

— )i
- | 38,900 P51
, 1 38,300 PS/

1L/

|
| o] 32,100 PS/ |

L R m\ JaN
l

1 1 i :

30 20 0 o 0 20
DISTANCE FROM § PLATE, IN

Jo

D) 54~ INCH EXTENSOMETERS

FIG. 36-COMPARISON OF ELONGATION MEASURED OVER VARIOUS GAGE
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F16. 38

VIEW OF FRACTURED SPECIMEN B- /A SHOWING
OF SAMPLES

FOR MICROHARDNESS SURVEY

STEEL: O.17 CARBON, 071 MANGANESE, AS ROLLED
SPECIMEN: 72 IN, WIDE 8Y 2 IN. THICK

FRACTURE % IN. SHEAR, REST CLEAVAGE

TEMPERATURE OF TEST:@H J2 F

AVERAGE STRESS AT FAILURE: 38,000 PS/

LOCATION




F16 39-VIEW OF FRACTURED SPECIMEN C-/A SHOWING LOCATION
OF SAMPLES FOR MICROHARDNESS SURVEY

255 CARBON, 047 MANGANESE, AS ROLLED
72 N WIDE 8Y 5N THICK
oL EAVAGE TEMPERATURE OF TEST 32°F

STRESS AT FAWLURE 37,000 FS/
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FIG4O0-VIEW OF FRACTURED SPECIMEN C-24 SHOWING LOCATION
OF SAMPLES FOR MICROHARDNESS  SURVEY

STEEL: Q.26 CARBON, 049 MANGANESE, AS ROLLED

SPECIMEN: 72 IN. WIDE 8Y g N THICK

FRACTURE: 93% SHEAR,90.7 % CLEAVAGE TEMPERATURE OF TEST: 76 °F
AVERAGE STRESS AT FAILURE. 37,800 PS/
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F1G 43-HARDNESS  CONTOURS ~ SPECIMEN  C-24
SURFACES 10 THROUGH 18



FIG 4 4- HARDNESS CONTOURS —SPECIMEN C-2A, FLANE A
PLANE 4 IS INGHES FROM 'NEAR® FACE OF SPECIMEN
SEE FIG.40 FOR SECTIONING DIAGRAM



FIG 45 - HARDNESS CONTOURS—SPECIMEN C-2A, PLANE B
ALANE B IS 45 INCHES FROM "NEAR' FAGE OF SPECIMEN
SEE FIG40 FOR SECTIONING LAGRAM



FIG 46- HARDNESS CONTOURS -SPECIMEN C-24, PLANE C
PLANE C IS 3 INCHES FROM "NEAR' FACE OF SPECIMEN
SEE FIG.40 FOR SECTIONING  DIAGRAM



FIG 47- HARDNESS CONTOURS - SPECIMEN C-24, PLANE D

PLANE D /IS ,wm INCHES FROM “NEAR" FACE OF SPECIMEN
SEE FIG. 40 FOR SECTIONING DIAGRAM



WVHIVIG  ONINOILDIFS &HOF Ot 94 335
NIWNIOFLS 40 FoV4 ,HVIN, WONHS SITHON/ \N\ S/ 3 IS

J IVWTd V-0 NIWIDISS-SHNOINOD SSINAHYH -8t 9/4




i
£

v A

T ——
\\ ,
\

’{1 ‘

- -
e
a7
{:} ot
i

&;i‘ i

e
P

s
s
'W,f‘""
e

WYYOVIT ININOILDIS Y04 8f ‘914 3F3IS
NIW/DIJS H0 3FoVS HVIN, WONS STHINI -#i s 3 INVId

7 INVTS VI-8 NIWIDIFIS -SHNOLNOD A9HINIT -6F

914

B




FI16.50 - ENERGY CONTOURS- SPECIMEN C-IA, PLANE E

NEAR' FACE OF SPECIMEN

L INCHES FROM

PLANE E IS 7%
SEE FI6.39 FOR SECTIONING DIAGRAM



FIG &/ - ENERGY CONTOURS — SPECIMEN C-2A, PLANE
PLANE E IS \w\ INCHES FROM ‘NEAR" FACE OF SPECIMEN
SEE FIG 40 FOR SECTIONING DIAGRAM
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KNOOP HARONESS

44E8/
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BARS FROM
PLATE C-2A ~
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NATURAL STRAIN

FIG. 83 - KNOOP  HARDNESS VS. NATURAL STRAIN , TENSILE
BARS FROM SPECIMENS C-IA,C-2A AND B/A.
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FIG.54- KNOOP HARDNESS VS ENERGY ABSORBED DURING  STRAINING,
TENSILE BARS FROM SPECIMEN C-/A, C-24 AND B /4.
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TEMPERATURE,F -15° 30° 5/°
% SHEAR 3% 2% 10%

A-STEEL

TEMPERATURESE  —/9° 6° 22° 39°

% SHEAR 6% /6% 39% 100%
Bor -STEEL

FIGS9 EDGE NOTCHED SPECIMENS, 3-INCH WIDE, %/NGH THICK,

SHOWING  EFFECT OF TEMPERATURE ON TYPE OF
FRACTURE



TEMPERATURE ,°F -16° -/° 40°
% SHEAR /3% 3% 94%

Bn-STEEL

TEMPERATURE,F  34° 49° 75° 87° 96° 106°
¥ SHEAR 2% 3% 1% 6% 36% 98%
C—STEEL

F1G. 60 EDGE NOTCHED SPECIMENS, 3-INCH WIDE, g-‘/NGH THICK
SHOWING EFFECT OF TEMPERATURE ON TYPE OF
FRACTURE



TEMPERATURE, F 28° 5/° 60° 70°
% SHEAR 3% 100% 100% 100%

D—STEEL

TEMPERATURE,’F  44° 67° 90° 110° /128° /54°

% SHEAR 3% 5% 3% 7% 20% 98%
E-STEEL

FIG.6! EDGE NOTCHED SPECIMENS, 3-INCH WIDE, "g—-/NGH THICK

SHOWING EFFECT OF TEMPERATURE ON TYPE OF
FRACTURE



TEMPERATURE,°F -39° -6° /° 15° 29°
% SHEAR. 5% /1% 1% 2% 98%

N-STEEL

-13°
8%

TEMPERATURE, °F
% SHEAR

Q-STEEL

FIG62 EDGE NOTCHED  SPECIMEN, 3-INCH WIDE , %-/NGH
THICK , SHOWING EFFECT OF TEMPERATURE  ON
TYPE OF FRACTURE
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TEMPERATURE, °F /° 14° 25° 3
% SHEAR 6% 5% 5% 98 %

TEMPERATURE, °F 55° 74° 80° 85°
% SHEAR 100% 100% 100% 100%

FIG 63 EDGE NOTCHED SPECIMENS, 3-INCH WIDE, z’—-//vcy THICK
SHOWING EFFECT OF TEMPERATURE ON “TYPE OF
FRACTURE



TEMPERATURE,°F 39° 73° 89° 100°
% SHEAR 4% 4% 96% 10%

g-./NCH THICK

TEMPERATURE,F 34° 49° 75° 87° 967 106°
% SHEAR 2% 3% 4% 6% 36% 98%

g-/NCH THICK

FIG. 64 EDGE NOTCHED SPECIMENS, 3-INCH WIDE,g-/NCH THICK
AND 2-INCH THICK , SHOWING EFFECT OF TEMPERATURE
ON TYPE OF FRACTURE
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TEMPERATURE, °F 4/° 100° 137°
% SHEAR 2% 2% 8 %

TEMPERATURE, °F 144° 147° 16/°
% SHEAR 97 % 97% 100%

FlIG. 65 EDGE NOTCHED SPECIMENS, 3-INCH WIDE,!-INCH THICK

SHOWING EFFECT OF TEMPERATURE ON TYPE OF
FRACTURE



TEMPERATURE , °F 77° 118° 134 °
% SHEAR 0% 4% 96 %

TEMPERATURE, °F 139° 152° 162 °
% SHEAR 99 % 97 % 100%

FIG 66 EDGE WNOTCHED SPECIMENS, 3-INCH WIDE, /8—/-//VCH THICK
SHOWING EFFECT OF TEMPERATURE ON TYPE OF
FRACTURE



FIG. 67 EDGE NOTCH SPECIMEN,VIEW OF
COOLING JACKET AROUND A 3-INCH EDGE
NOTCHED BAR
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APPE