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1. PREFACE

An overview of the results and metallurgical analyses of the

findings of impact tests conducted at the National Bureau of Standards

on samples of tank-car materials submitted by the Federal Railroad
Administration is presented. The submitted samples were taken from

tank cars which had been involved in service accidents during the

period January 1970 to January 1971. One of these tank cars had been

fabricated from ASTM A212 steel and the remaining four tank cars from

AAR TCI 28 steels. The impact test data were reported earlier in four
tank-car accident reports.

It is recognized that the analyses given here are based on only
a limited number of plates, which cannot be considered a sufficiently
large number of samples to justify a definitive comparison of the

impact properties of the various grades of steel from which the cars

were constructed. However, as a data compilation detailing the

characteristics of tank car steels, this report can serve as a basis

for further analysis and as an example of how impact data can be

handled to derive a general understanding of the fracture characteristics
of these materials. The data do allow a comparison of longitudinal,
transverse, and short transverse properties in these plates, and they

illustrate impact toughness trends as they relate to chemical composition,
grain size and cleanliness of the specific plates studied. Further,
they illustrate the comparative results that are expected from Charpy-
V-notch tests vis-a-vis those from Dynamic Tear tests for the steels
tested. When these various findings on the impact properties and on

the metallurgical factors affecting them are considered along with
the observed behaviors of those materials in service and with the

service requirements which can be developed from larger numbers of
service failures, reconwendations as to approaches to improved materials
and improved specifications for such materials can be formulated.
Although some general conclusions (based upon results of the program
and of the analyses of the available data) are given here, what is

needed are specific recommendations on materials requirements for
tank-car applications and on the various approaches that can be taken
to meet these requirements economically.

vi





Impact Properties of Steels Taken
From Four Failed Tank-Cars

2. INTRODUCTION

The Federal Railroad Administration (FRA) has sponsored research studies

aimed at the development of knowledge that could be used to prevent or

minimize the sometimes "catastrophic effects of tank-car failures. As part of

these studies, the FRA has requested that the National Bureau of Standards
(NBS) conduct metallurgical analyses on steel samples taken from failed tank

cars involved in four accidents. The results of the NBS analyses are given in

four reports n -4) , and in a summary report^ ' titled "Analysis of Findings of
Four Tank-Car Accident Reports". With minor exceptions, the summary report
analyzes all findings of the other four reports except for the results of

impact tests. The impact test results are analyzed in the present report on

the "Impact Properties of Steels Taken from Four Tank-Car Accidents" ^ and so

this report is complementary to the sumnary report.

This report deals with impact-test results of samples of six steel

plates and three weldments taken from four failed tank cars, each from a

different tank-car accident site. The six plate steels include four produced
to specifications of AAR-TC128 and two produced to specifications of ASTM
A212-B; three of these plates represent head plates and three represent
shell plates. The weldments represent shell-to-shell and head-to-shell
weldments of TC128-B steel plates.

Although the samples were taken from tank cars that had failed in

service, it is believed that the samples were judicously selected so that the
impact properties reported in the four reports that are here summarized and
reanalyzed are germane to the plates in the tank cars in service, except
where noted otherwise.
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3. IMPACT TESTS AND PROCEDURES

Two types of inpact tests were used in this investigation: standard

Charpy V-notch (CVN) tests and dynamic-tear tests, (DT). A sunmary of these

tests and the samples from which specimens were taken is given in Table 1.

Test methods used for the DT tests were those developed [6,7] by the Naval

Research Laboratory and the test methods for the CVN tests were in accordance
with ASTM Designation E 23-66.

The CVN tests were conducted on specimens from three head-plate samples
and three shell-plate samples taken from four accident sites. These six

plates represent three grades of steels: One head plate and one shell plate
of ASTM A212-B steel, two shell plates and one head plate of AAR TC128-B
steel, and one head plate of TC128-A steel. Additional specimens represent a

weldment of TC128-B steel plates taken from the Callao accident: These
include weld-metal specimens and weld heat-affected-zone (HAZ) specimens of
one head plate and one shell plate of AAR TC128-B steel.

The DT tests were conducted on specimens from one head and one shell

plate of TC128-B steel taken from the Callao accident.

For all sets of impact specimens, tests were conducted over a

temperature range selected to show the transition from ductile to brittle
fracture. In addition, the DT test specimens* were tested at elevated
temperatures up to 1300 F. This was done to simulate the response of the

steel to fracture under the broad range of temperatures likely to be
encountered when a tank car is engulfed in a fire.

The Charpy specimens were standard size of .394 x .394 x 2.165 inches
and they were machined from the quarterthickness location of the plate steel

or weld-metal, except for those from the HAZ of the Callao head- and
shell-plate samples, from which the specimens were taken from the midthickness
location.

Specimens for the DT tests were full-plate-thickness specimens
(nominally 11/16-inches thick for the head-plate specimens, and 5/8-inches
thick for the shell -plate specimens), with length and width dimensions of 7

1/8 and 1 5/8 inches, respectively, and with a saw-cut and cold-pressed notch
with a depth of 3/8 inch.

These specimens were at temperature for about 25 minutes prior to testing.



3.1 Orientations of Specimens

The orientations of specimens and the notch configurations used in

impact tests and the orientation codes for these various types of

impact- test specimens are given in Figure 1. Each type of specimen had

a 2-letter code. The first letter of the orientation code represents the long

axis of the test specimen and the second letter represents the direction of

crack propagation; the letters L, T, and S were used in these codes to

represent three orthogonal plate directions: longitudinal, transverse, and

short- transverse (or thickness) direction. The longitudinal direction is the

principal (or final) rolling direction and the standard longitudinal and

transverse configurations were therefore respectively designated LT and TL.

Thus, the LT specimen has its long axis in the final rolling direction of the

plate and the notch is oriented so as to produce crack propagation in the

transverse direction (perpendicular to the rolling direction) of the plate.

The LT and TL specimens are the standard longitudinal and transverse
orientations, and they were used for CVN tests of all head-plate, shell-plate,
and weld-metal steels* tested, as well as for the DT tests of head-plate and

shell-plate steels. Specimens of these orientations relate to the cases
involving through-thickness cracks that grow in directions parallel to the

plate surfaces, and the results of these tests are generally considered to be
most important.

The LS and TS specimens are, respectively, longitudinal and transverse
specimens that are notched to give crack propagation in the short- transverse
(or thickness) direction of the plate. CVN specimens tested with these
orientations include the Belle B-head plate of TC128-A steel and two TC128-B
steels, Callao A-head and shell No. 1. Specimens with these orientations
relate to cases involving cracks that propagate in a direction perpendicular
to the plate surfaces, such as in the initial rupture of a plate in a tank car
that is impacted by some external force.

In addition, TL specimens of the weld heat-affected-zone (HAZ) regions of
the head-plate and shell-plate TC128-B steels from Callao were tested. It

is noted in report No. 4 (ref. 4) that the HAZ head-plate specimens are not
of the true TL orientation as defined here; they are roughly intermediate
between TL and LT as is obvious in Figure 5 of that report (see "Impacts
HF" vis-a-vis "Rolling Direction").

3



The SL and ST specimens are short-transverse specimens with notches that
give crack propagation in the longitudinal and transverse plate directions,
respectively. CVN specimens with these orientations were tested only for the

"A" head-plate of TC128-B steel from the Callao accident. These orientations
may relate in a general sense to cases involving fracture along planes
parallel with the plate surfaces, such as occurred along the fracture edge of
Callao plate K-7--in reference 4, this is the edge of the area marked #7 in

Figure 9 and area N in Figure 26. This type of fracture is commonly called .

lamnellar-tearing.

3. 2 Data Analyses

The experimental data for impact tests were analyzed by a computer
method that calculates the curves of best fit for the available data using
least-squares analyses and then plots the calculated curves and the

experimental data using an incremental digital plotter.

These computations were made for a total of 20 different CVN data sets,

each of which represents only one specimen orientation for one of the six

steels tested. For these CVN tests, a complete data set includes results for

three fracture criteria: percent-shear-fracture appearance, energy
absorption, and lateral expansion. Computations were also made for four DT

data sets representing two of the six steels. For the DT tests, a complete
data set includes results for only the first two of the three criteria, as

lateral expansion is not measured in the DT tests.

The results of the computer analyses of all except four of the CVN data
sets were presented earl ierv2-4) . jhe four exceptions are analyses of the

Belle data. Thus, the results of the computer analyses of these four sets,

each having data for three fracture criteria, are presented here in Appendix A

Tables 1 through 4 and Appendix A Figures A, B, and C: Included are a complete
data set for each of four specimen orientations tested: LT, TL, LS, and TS.

Each of the Figures shows all data and results for one of the fracture

criteria. The scales used on the axes for these plots are those established
in earlier reports^ » in which computer analyzed data were presented.
Therefore, comparisons of the various data collected to date can be readily
made by overlaying two or more plots. The raw data* for these tests of the
Belle sample had to be reanalyzed for this report because the computer
method was developed after the previous report"' had been issued.

*
The raw data from lateral expansion measurement was not taken until this

computer analysis was made. Thus, it was not reported earlier^').

4



The 20 individual CVN data sets were combined in various ways to make

comparisons and analyses given in this report. Calculational methods used for

individual data sets are different from those reported here for combined data

sets. The calculational results of the combined data sets give the best-fit

curve based upon the weighted mean value for all data at each test temperature ,

whereas computed curves for individual data sets are based upon the

individual data points at each test temperature. This new method of

calculation using the weighted mean values is considered desirable for reasons

not germane to this discussion, but it is noted that this method was used

only when more than one data set was combined to make a new, larger set to be

analyzed by computer methods.

4. RESULTS AND DISCUSSIONS OF CVN AND DT IMPACT TESTS

The results of CVN tests of the 20 individual data sets and of 18 data
sets that include combined data from various of these individual data sets are
given in Figures 2 through ]4xcind in Appendices A through F.* The results of
DT tests were given earlier^^^. For individual data sets, the figures show

only the calculated curves that represent these data sets. For combined data

sets, the figures show both the raw data and the calculated curves; in

addition, the appendix tables give this same inforrration- for the combined data
sets. Appendices of previous reports'^"^) gave this information for the
individual data sets*.

A summary of the findings of CVN test results for the six plate steels,
one weldment, and two heat-affected zones is given as Table 2. In general,
trends observed in the energy absorption (E. A.) data are similar to trends
observed in the lateral expansion (L. E.) data, and the observations of CVN

test results are generally similar to those of the DT test results. Thus, for
brevity, the discussion to follow frequently will refer only to E. A. data of
CVN tests, with the understanding that similar behavior obtains for either L. E.

data of CVN tests, or E. A. data of DT tests (which are discussed near the end
of this report).

One exception to this is the presentation of the individual sets of
the Belle data. The plots of these data and calculations are given in

Appendix A.

5



Various comparisons of CVN test results are made in this report. These
include CVN studies of: (1) effects of orientation of specimen and notch--six
orientations were tested for one steel and four orientations were tested for

each of two additional steels; (2) the relationship between the longitudinal
(LT orientation) and transverse (TL orientation) test results for the combined
data for all six steels tested, for the combined data of only the three

head-plate steels tested, and for the combined data for only the three
shell-plate steels tested; (3) a comparison, on a plate-by-plate basis, of

the six steel plates; (4) a comparison of the combined data from the three
head-plate steels with that from the three shell-plate steels, (5) a

comparison of all data from the four MR TCI 28 steels with that from the two

ASTM A212-B steels; and (6) a comparison based on the three grades (according
to the ASTM or AAR specifications) to which the steels were produced. Almost
all of these are new calculational results that are tabulated in the

appendices. These include calculations for all results shown in Figures 4

through 6 and in 9 through 12 and for four of the eight sets of calculations
made for Figures 13 and 14. Summaries of these various calculational results
are given in various summary tables numbered 2 to 14 for individual and/or
combined data sets.

Each of the Figures represents a given type of comparison used in the

analyses and discussions of this report. Within each figure number, there are

three lettered frames, one for each of the three fracture criteria:
Percent-shear-fracture appearance is the A frame, energy absorption is the B

frame, and lateral expansion is the C frame. The same scale is used for all B

and C frames (of the B and C figures) in the body of the report. The scale

for all A frames is also held constant throughout the body of the report.

However, these scales differ from the scales given in the three figures of

Appendix A in whiehthe Belle data were plotted on the same scales used-in
previous reports ^ "

. In addition, it is noted that the scales used^ ' for

plots of E. A. data of DT tests were based on the understanding that these E. A.

values of DT tests are about 10 times the values obtained in CVN tests
(due principally to the larger areas of the fractures in the UT test
specimens). Therefore these energy values were divided by 10 so that they
could be plotted^^' on the same frame with the CVN data with which they were
to be compared.



Each Appendix gives the observed and calculated results for the figure

of the report that it represents. These results are given as a series of

tables. The sequence of presentation of the tables within an Appendix
corresponds to the sequence given in the corresponding figure. This sequence

is given in the figures under the words SPECIMEN IDENTIFICATION, shown in the

upper left-hand corner of each frame of the figure. The tables within an

Appendix are thus designated lA, IB, IC; 2A, 2C; etc., with the A, B, and C

letter designations representing the three fracture criteria (as discussed
above), and with the numbers 1, 2, etc. representing the various classes of

data that are listed (binder the words SPECIMEN INDENTIFICATION) in the

corresponding figure. Some appendices contains LT data from one figure and

TL data from the very next figure; for these appendices, the number sequence

in the appendix includes the list for the LT data sets and then the list for

the TL data sets of the second figure.

4.01 Transition Zone

The transition zone begins at the highest temperature an the lower shelf
and it extends to the lowest temperature of the upper shelf. The impact test
results for individual data sets and those for the combined data sets indicate
that within a given data set, the transition zone begins and ends at roughly
the same temperatures irrespective of the fracture criteria. This is observed
(in the figures) by comparing the plotted curves of the A, B, and C frames for

a given set of data. Further, it is noted that with increasing temperatures
in the transition zone, the magnitude of the values of E. A. in DT and CVN

tests (and of L. A. in CVN tests) is roughly linearly related to (nearly
proportional to) the magnitude of the percent shear-fracture-appearance (SPA)

values.

4.02 Lower-Shelf Behavior

The lower shelf extends from very low temperatures up to the temperature
of the lower limit of the transition zone. For all orientations of specimens
tested, the percent SFA on the lower shelf is zero or nearly zero, and the
values of energy absorption vary only over a very narrow range of low values
(i.e. low in relation to upper-shelf energy values) for either CVN or DT
tests. Similarly, in CVN tests lateral expansion values in the lower-shelf
region are low in magnitude and narrow in range.

4.03 Upper-Shelf Behavior

The upper shelf begins at the upper (temperature)l imit of the transition
zone, and it extends to all higher temperatures used in the tests. Along the
upper shelf the SFA is 100 percent, for both DT and CVN tests and for all

orientations of specimens and notches. The magnitudes of the upper-shelf
values of E. A. and L. E. are governed, in part, by the directionality of the
microstructure of the material, and therefore, the effect of this
directionality on impact properties can be assessed by tests with specimens
having various orientations of axes and notches.

7



4.04 Transition Temperatures

The temperature at which a given value of one of the fracture criteria
is met is called a transition temperature (TT). Three arbitrary transition
temperatures have been chosen for the purposes of the discussions given in

this report. These are the 15 ft-lb TT, the 15 mil TT, and the 50-percent SFA

TT. In metallurgical analyses, transition temperatures can be valuable for

characterizing significant differences in the fracture properties of steels,

and they have been used (on an emperical basis) for determining the

suitability of steels for various applications, in which fracture by impact

loading and in which rapid crack propagation are important. The arbitrarily

chosen transition temperatures mentioned above are not to be taken as

reconmendations of suitable criteria for tank-car steel specifications; They

were chosen arbitrarily for the purposes of the discussions of the results of

calculations based on the impact-test results of six plates taken from failed

tank cars.

4.1 Effects of Orientation of Specimen and Notch

Three of the six steels were tested in only the LT and TL orientations,
two steels were tested in four orientations (LS, LT, TS, and TL), and one

steel was tested with six orientations (LS, LT, TS, TL, ST, and SL). Figure 1

gives the orientation code. The results for four orientations of the Belle
sample are presented in Appendix A, as Figures A, B, and C and as Tables 1, 2,

3, and 4. The results for four orientations of the Callao shell-plate K-5 are
presented as Figure 2, and those for six orientations of Callao head-plate K-1

are presented as Figure 3. The results for the other three steels tested with
only two orientations were presented in earlier reports^^"^^

;

The effects of orientation of specimen and notch are similar for each of
the steels tested. In general, the orientation of the specimen and the notch

(1) greatly affects upper-shelf values of lateral expansion (L. E.) and of

energy absorption (E. A.), (2) affects the transition temperatures at which a

given level of E. A. or L. E. is obtained; and (3) has little affect on the

lower-shelf values of L. E. and E. A., or on the temperature limits of the

transition zone, or on the 50-percent- shear-fracture-appearance values.
Pertinent CVN test data (from the Belle sample and from the Callao head and

shell plates) in support of these findings are given in Table 3. In addition,
the plots of Figures 1 and 2 and of Figures A, B, and C of Appendix A are good

visual aids for understanding these behaviors, which are described below.



4.11 Upper-Shelf Behavior For Various CVN Orientations

The upper-shelf values for a given steel vary greatly with orientation

of the specimen and with orientation of the notch. As shown in Table 3, for a

given steel, the values for CVN tests decrease in the order LS, LT, TS, TL,

ST, SL, with the values for the ST and SL orientations being nearly equal.

For example, for the Callao head plate steel, these values are, respectively,

85.9, 54.0, 45.2, 37.5, 15.8, and 13.9.

As a function of CVN specimen orientation, the shelf-energy values thus

decrease in the order: longitudinal specimens, transverse specimens

j

short-transverse specimens. Similar results are shown for the DT tests; their

energy values decrease in the same order: LT, TL. This general behavior is

believed to be due principally to the morphology of inclusions in the steel.

An inclusion can be thought of as an orthogonal parallelepiped, with 3

orthogonal directions L, T and S as defined earlier. With this model, the

dimensions of the inclusion in these directions are greatest in the L

direction and smallest in the S direction. If the "plane" of the inclusion is

defined as that plane which contains the L and T directions (the two longer
dimensions), then the effect of inclusions on the observed results of these
impact tests is consistent with the following explanation for the energy-absorption
and lateral -expansi on data.

Fracture of short-transverse specimens (ST and SL orientations) occurs
with the least amount of energy absorption because the fracture plane in these
specimens is parallel with the "plane" of the inclusions (i.e. it contains the
L and T axes of the inclusions). In addition, when the steel is bonded the
fracture plane is parallel to the alternate layers of the banded
microstructure. These geometric realities detract from the energy absorption
in short- transverse specimens. In the other orientations, the fracture plane
is perpendicular to the alternate layers of the microstructure.

In transverse specimens (TS and TL orientations), the fracture plane is

perpendicular to the "plane" of the inclusions and it contains only the
longest and shortest (L and S) axes of the inclusions; thus, in these
specimens the progress of the crack front is damped more frequently with the
tough metal matrix which contains the inclusions, and energy absorption is

accordingly increased.

9



In the longitudinal specimens (LS and LT orientations), the fracture
plane is perpendicular to the "plane" of the inclusions and the fracture plane

must cut across (or bisect) the inclusions. Thus, the fracture plane contains

only the two shorter axes (T and S) of the inclusions, with the results of a

further comparative enhancement of the damping action from the tough metal

matrix and a concomitant increase in the energy-absorption value required for

fracture.

For a given specimen orientation, either longitudinal or transverse,
crack propagation in the short-transverse (S) direction requires more energy
than in the corresponding transverse (T) or longitudinal (L) direction , i.e.

LS compared with LT, and TS compared with TL. This occurs despite the fact

that the pair of inclusion axes contained in the fracture plane is the same

for both orientations (for LS and LT or for TS and TL). Therefore, this

effect is believed to be principally due to microstructural banding in the

steel. In a banded carbon-manganese steel, there exist alternate layers of
tough ferrite and a comparatively brittle ferri te-pearl i te mixture. Crack
propagation in the S direction, in the LS and TS specimens, occurs by fracture
which progresses through al ternate layers of brittle and tough materials, with

the net result of an enhanced damping action from the tough material in the

alternate layers; this phenomenon would be expected to give rise to greater
energy-absorption values when compared with the values for the corresponding
fracture along the T or L directions. Crack propagation in the T and L

directions occurs through all layers of the material simultaneously, and this

propagation of a crack would be expected to require comparatively less energy.

4.12 Transition-Zone Limits of Temperature for Various CVN Orientations

The results given in Figures 2 and 3 and in Appendix A indicate that,

for a given steel, the CVN transition zone begins and ends over roughly the

same range of temperatures irrespective of either the fracture criteria or the

orientations of either the specimen or the notch. This is particularly
evident in the percent-shear-fracture-appearance (SFA) plots, which
graphically show this behavior. For example, in Figure 3A, the Callao
head-plate steel shows this behavior, and in Appendix A the Belle sample shows

it. For the Callao shell plate, shown in Figure 2A, an exception to the above
behavior is observed for specimens designated STB, which have the LS

orientation (longitudinal specimens with crack propagation in the

short-transverse direction). The results for these specimens were so highly
variable that the transition curves could not be defined from the available
data sufficiently to render them meaningful.
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4.13 Effect on Notch Orientation on the CVN Transition Temperatures

As was discussed above, for a given steel the limits of the transition

occur at the approximately same temperatures irrespective of the fracture

criteria and irrespective of the orientations of the specimens or of the

notches. In addition, the values of the fracture criteria in the lower shelf

are relatively independent of the orientations. With this in mind, it becomes

apparent that for the steels tested, either the 15-ft-lb or the 15-mil

transition temperatures will tend to be in the inverse order of the

upper-shelf values of either energy absorption or lateral expansion. For

example, in Table 3, the shelf-energy absorption values for the head plate
K-1 decrease in the order LS, LT, TS, TL, ST, SL and the corresponding 15-mil

transition temperatures for these specimens are respectively 10, 41, 64, 170,

and 175 F. The transition temperatures for each of the other steels in the

table tend to follow this same trend for their various orientations of
specimens and notches, but the correlation is not as good due to the vari-
ability of test data and to the resulting variability in the curves calculated
to fit the data.

This variable behavior in the 15-ft-lb and 15-mil TT values is not

observed to occur in the case of 50-percent SFA TT values. In fact, the

50-percent SFA TT values are relatively invariant, even when the upper-shelf
E. A. and L. E. values vary widely. Table 3 shows that for a given steel,

each of the 50-percent SFA values for the various orientations tested are,
in general, within 10 F of the mean value. This invariant character of this
fracture criteria points up its fundamental character and hence its usefulness
an a guideline for determinations of real differences in behaviors of
materials.

4.2 Orientation Effects in Combined CVN Data

The combined data sets of the various longitudinal (LT) specimens and
transverse (TL) specimens are presented and compared in Figures 4, 5, and 6,

and in Appendices B. C and D. In Figure 4, all data for the six plate steels
tested are given, and in figures 5 and 6 are given the results for the three
head-plate steels and for the three shell -plate steels, respectively. The
same general effects of orientation discussed above for individual data sets
are observed to obtain for these combined data sets, and this supports the
validity of the practice of combining data sets for the purpose of making
comparisons of data taken from more than one individual data set.
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Thus, results taken from the tables of Appendices B, C and D are given

in Table 4. This table shows that shelf-energy absorptien^yal ues for the
steel plates taken from tank cars of the four accidents^ " ' are about 67 and

41 ft-lb, respectively, for longitudinal and transverse specimens. For

transverse specimens, the 15 ft-lb and the 15- mil transition temperatures
average 9 to 24 F, but as is indicated by the data points on the figures 4B

and 4C, the scatter in the behavior is very wide, and these fracture criteria
are not met even at 80 F in selected specimens taken from tank cars. The
50-percent SFA value for either longitudinal or transverse specimens is 68 F,

and here, too, the scatter in data taken on the six steels plotted on Figure

4A is very wide and is such that this criterion is not met even at 120 F for
selected data.

The data for head-plate specimens, given in Figure 5, vary more widely
than the data for shell-plate specimens, given in Figure 6. This wide
variance in test results of head-plate specimens gives rise to an unusually
shaped pair of curves in Figure 5A, where the SFA data is presented. The

analysis of longitudinal test results gives a curve of very steep slope while
that of transverse specimens gives a much more gentle slope; nevertheless,
the 50-percent SFA data for LT and TL head-plate specimens are similar, being
respectively 66 and 80. For the shell plate specimens these values are
respectively 59 and 48 for LT and TL specimens.

For either the head-plate data or for the shell -plate data or for
contined head and shell data, the 15 ft-Tb and 15 mil TT values are similar
for LT and TL specimens, with the values for LT specimens being only slightly
lower in general than those for TL. As would be expected from the shapes of

the curves and from the earlier discussions, for higher values of either of

these fracture criteria the differences between the transition temperatures
for the two orientations would increase.

4.3 Anisotropy Indices for Plate Steels

Anisotropy of plate materials is assessed by an anisotropy index
defined here as the ratio of the maximum shelf-energy absorption in transverse
specimens of TL orientation to the maximum shelf-energy absorption of
longitudinal specimens of LT orientation. Then a value of 1 represents a

completely isotropic plate and lower values represent the anisotropy which
may be present in partially cross-rolled or straight-away-rolled plate. This

index is given in Table 5 for each of three head-plate and three shell -pi ate

steels.
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The data of this table show that the anisotropy index from CVN tests of

the head-plate steels averages 0.68, and that the index for the shell-plate
steels is 0.50. These indices indicate that each head plate was cross rolled
more than any of the shell plates. The UT test results for one head and one
shell plate (both Callao) tend to confirm this finding, with indices of 0.65
and 0.51 for head and shell plates, respectively. Nevertheless, we note that

the axes for the head plates from Belle and Crescent City may deviate
substantially from true longitudinal and true transverse directions, and if

this is true for either of these steels, the index for that steel would be

increased with increasing amounts of misalignment from the true longitudinal

and transverse directions. Thus, it is concluded that the head plate of

Callao appears to have been cross rolled to a greater extent than were any of

the other plates (head or shell) and that the other two head plates (Belle and

C. City) may also have been cross rolled to a degree similar to that of the

Callao head plate.

The shelf-energy values for the six steels are plotted, for both LT and
TL specimens, as functions of their respective strength levels in Figure 15.

This plot shows that in general the shelf energy, whether longitudinal or

transverse, decreases with increasing strength level for the six steels,

reflecting the strength level dependency of ductility reported for these
steels^^). Further, the two plots show that the relationship between
longitudinal and transverse shelf energy is relatively independent of strength
level; i.e., by comparing the two plots at various levels of strength, it is

observed that the energy of TL specimens is nearly half that of LT specimens,
with only a slight tendency for an increase in the ratio TL energy/LT energy
as strength level is increased. Thus, it is concluded that the anisotropy
index is not strength-level dependent, but that head-plate steels may have

been cross rolled to a greater extent than were the shell -pi ate steels.

4.4 Results for Individual Data Sets Representing Six Steel Plates

The 12 calculated curves representing six sets each of LT and TL test
results are given as Figures 7 and 8, respectively, for longitudinal and
transverse specimens taken from the six steel plates. A brief summary of

transition temperatures and upoer-shelf energy values taken from the
appendices of other reports(2"^)and from Appendix A of this report is given as

Table 6.
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Marked differences are observed for these various carbon-manganese
steels. Because these differences are generally similar for the longitudinal

and for the transverse specimens, only the longitudinal results will be

discussed in detail. Shelf-energy values vary from 46 to 81 for LT specimens
and from 25 to 55 for TL specimens. The 15-ft-lb TT values vary (for LT

specimens) from -47 to +92 F and the 15-mil TT values vary from -4;^ to +72 F.

The 50-percent SFA values are much higher and they vary from -11 to 138 F.

The variation of shelf-energy values are shown in Figure 15 to roughly
follow the variation in strength levels of the steels, with the steels of

lower strength level having the highest shelf-energy levels. The effects of
the inclusion content and of the presence of vanadium on this behavior are
discussed later in section 4.8.

It is noted in Figures 7 and 8 that the axes of the head-plate specimens
for Belle and Crescent City may deviate from true longitudinal and transverse
directions of the plate from which they are taken. If, in fact, the axis for

either steel does deviate substantially, then it would be expected that the

longitudinal values would fall below the trend line of Figure 15 and the

transverse value would fall above the trend line. These two conditions are
not met for either steel, indicating that the nominal directions are not
substantially different from the true plate directions.

Except for the Callao head-plate (K-1), each of the TC128 steels tested
have lower TT values than do either of the two A212-B grades. The variable
microstructures of the Callao head plate, which had been hot formed and

stress relieved, are reflected in the relatively high transition temperatures
of this plate, as described and discussed in the findings report'^', and

they are illustrative of factors which can lead to departures from the

expected hot-rolled properties of plate steels. The attainment of the desired

fine-grained ferritic microstructure in the hot-formed plate is dependent upon

the use of an austeni tizing temperature in heating the plate for hot forming
that is high enough to obtain substantially homogeneous austeni te, but not so

high that significant grain growth occurs, and upon a cooling rate during the

hot-forming operations that is at least as rapid as the air cooling of the

plate after rolling. In this instance, the relatively coarse-grained micro-
structure indicates that the plate had been heated to an austenitizing
temperature somewhat above the grain coarsening temperature for this steel.
Furthermore, in steels containing vanadium, as this was, the vanadium
carbides, which are difficult to dissolve in austenite, will normally be only
partially taken into solution at temperatures below the grain coarsening
temperature, and the resulting strength would normally be lower, and the

impact properties correspondingly better than those of the hot-rolled
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product. In this instance, however, the high strength of this plate,

indicates that, at the presumably relatively high temperature to which it had

been heated for hot forming, significant amounts of vanadium carbides had been

dissolved in the austenite and had precipitated during cooling. The impact

transition temperatures of this plate are, thus, probably inferior to those

that would be expected in a hot-rolled plate, finished at a suitably low

temperature and hot rolled from the same heat of steel.

The steel with the lowest transition temperatures is the Belle sample, a

TC128-A steel. This steel also has the finest ferrite G.S. Number (8.5) and a

fine pearlite colony size, both of which may be attributed to the presence of

vanadium and the rolling practice. While the A212-B steels have low strength,

they also have coarser ferrite grain sizes (6.0 for the head plate and 7.0 for

the shell plate), and the pearlite colony size is coarse for both plates; the

head plate was not produced to fine-grain practice and it indeed has

transition temperatures that are higher than those of the shell plate, a

result that is expected. The other steel not made to fine-grain practice is

Callao shell plate K-5; this steel has transition temperatures that are

generally intermediate among the four TCI 28 steels tested. This result is

somewhat anomalous, as this steel would be expected to have comparatively high

transition temperatures; apparently, other processing factors for this steel

are overriding the effect of deoxidation practice on the impact transition
temperatures. .. .the steel does, for example, have intermediate pearlite colony
size indicating that the finish rolling temperatures were relatively low for

this plate.

4.5 Comparison of Results of Combined Head and Combined Shell Data

The longitudinal (LT) and transverse (TL) test results for combined data

from the three head plates and from the three shell plates are presented in

Appendices C and D and as Figures 9 and 10, respectively, for LT and TL

specimens. A summary of these results is given as Table 7. The results
indicate that the CVN impact properties of the three head-plate steels are
very similar to those of the shell-plate steels, but that the head-plate test
results are much more highly variable than those of the shell-plate steels.
This latter effect is apparent on the plots of the raw data, shown in the
figures. In assessing the high variability of results of the head-plate
tests, we note that the head-plate steels include a TC128-A steel which had
the lowest transition temperatures, and it includes the A212-B steel not
produced to fine-grain practice and this steel has the highest transition
temperatures. Because this latter steel was not produced to fine-grain
practice, it would be expected to have relatively high transition temperatures
compared to A212-B steels that were produced to fine-grain practice.
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The third head-plate steel is a TC128-B steel that contained more than the

0.02 percent vanadium needed to qualify it as a grade A steel, and this steel

also has an unusually coarse microstructure in the part of the plate from

which the CVN specimens were taken. The three shell-plate steels are less

variable and they include an A212-B steel made to fine-grain practice, and two

TC128-B steels, one of which contains sufficient vanadium to qualify for grade

A and one of which was not made to fine-grain practice.

4,6 Comparison of Four TCI 28 Steels and Two A212-B Steels

The longitudinal (LT) and transverse (TL) test results for combine data

from the four TCI 28 steels and from two A212 steels are presented as Figure 11

for longitudinal (LT) specimens, as Figure 12 for transverse (TL) specimens,
and as Appendix F. A sumnary of these results is presented as Table 8.

The results indicate that the TC128 steels have lower but highly
variable transition temperatures and that the upper-shelf energy absorption
values of the A212-B steels are significantly higher than those of the TC128
steels.

For longitudinal specimens of the TC128 steels, the 15-ft-lb and 15-mil

TT values are respectively -5.7 and 3.9 F. Taking the TT values for both LT

and TL specimens into account, we note that the TT values of the two A212-B
steels are 42 F higher than those of the combined TC128 steels. The 50-percent
SFA TT values are much higher, but the difference between the two sets of
combined data averages 45 F. Thus, the differences between the two types of
steel are similarly large by various criteria and they are believed to be

significant.

The generally lower transition temperatures of the TC28 steels, as

compared with the A212-B steels investigated, reflects primarliy the higher
managanese and lower carbon contents, and correspondingly higher
manganese-carbon ratios, of the TCI 28 steels which had a mean composition of

0.26 C and 1.27 Mn with a Mn/C ratio of 4.88, in contrast with the A212 steels

which had a mean composition of 0.30 C and 0.79 Mn and a Mn/C ratio of 2.63.

The relatively high transition temperatures reflect both their coarse ferrite
grains and their relatively large percentages of pearlite, which itself is due

to their higher levels of carbon. With its low manganese content, the ferrite
grain size of the hot-formed A212 steels is relatively large, particularly in

the heat which was not produced to a "fine grain" practice, and it is

therefore necessary to use a relatively high carbon content to meet the
strength requirements.
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The plots of the data on figures 11 and 12 indicate that the variability

in test results for the four TC128 steels is very large and much larger than

that for the two A212-B steels tested, reflecting that there are significant

differences in the transition temperatures among the TCI 28 steels tested.

These differences appear to reflect primarily differences in strength, with

the B-head steel from the Belle accident having the lowest 15-foot-pound
transition temperature of -46.5 at a tensile strength of 84 Ksi, which is just

above the minimum requirement, and the South Byron shell plate having a

transition temperature of 18 F at a tensile strength of 103 Ksi, which is just

above the maximum level of the specification. The Callao shell plate,

although it was made from a heat which was not produced to a "fine grain"

practice and had a somewhat larger ferrite grain size than the other TCI 28

steels, still has a reasonable low transition temperature of -5 F at its

realatively low tensile strength of 87 Ksi.

Another factor which must be taken into consideration in evaluating
these findings, although specific data is apparently not available, is the
fact that these tests were made on material which had been stress relieved
following a forming operation, so that the properties may differ from those
of the original hot-rolled plates. Variations in the stress-relieving
treatment could significantly affect the properties, primarily because of the
possible effect of the tempering on the strength. Thus, among these TC128
steels, the steels, with vanadium would, if the carbon content is not
correspondingly decreased, be expected to be higher in strength in the
hot-rolled condition than those without vanadium, because of the strength
increment from the vanadium carbide precipitation. The South Byron shell

steel which contained vanadium and had the highest strength of the TC128
plates tested, is illustrative of this expected effect of vanadium. The Belle
B-head steel which also contained vanadium, however, had the lowest strength
among the TC128 plates, and the low strength of this plate, therefore,
presumably results from tempering at a relatively high temperature in the

stress relieving operation.

The higher values of shelf energy of the two A212-B steels may relate to
their relative cleanliness; these two steels are the only steels of those
tested that have only moderate levels of inclusion content.
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4.7 Results of Data Combined on the Basis of the Grade of Steel

The six steels were produced according to three grades of steel:

TC128-A, TC128-B and A212-B. However, we note that the principal difference
between the two TCI 28 grades is the Grade A requirement of a minimum vanadium
content of 0.02 percent by weight. Thus, for the purpose of comparison of the

six steels according to the grade to which the steels were produced, the

steels have been grouped into four classes with the three TC128-B steels being

divided into two groups, one group with two steels containing more than the

0.02-percent vanadium and one group of one steel without the vanadium. The
plots of the data and calculational results for these four classes of steels
are given as Figures 13 and 14 and as Appendix G. A summary of these results
is presented as Table 9.

The upper-shelf energy-absorption values indicate that the steels rank
as follows, beginning with the highest values: two A212-B steels, one TC128-B
steel without vanadium, one TC128-A steel, and two TC128-B steels that contain
more than 0.02-percent vanadium: The inclusion content ranks^ ' for these four
classes of steels are, respectively, as follows: Rank 1.0 (ave.). Rank 2.0,
Rank 3.0, and Rank 2.5 (ave.). The results indicate that lowering inclusion
content can be helpful to improved upper-shelf energy absorption, but that

other factors may also affect upper-shelf energy levels.

On the basis of transition temperatures, the steel classes rank as

follows, beginning with the lowest TT values: TC128-A, TC128-B without
vanadium, TC128-B with vanadium, and A212-B. These differences are related to

differences in the ferrite grain size and to differences in the contents of
principally carbon, manganese and phosphorous of these steels.

On comparing steels on the basis of their vanadium content, it is noted
that the one TC128-B steel without vanadium has 15-mil and 15-ft-lb transition
temperatures that are about 22 F below those of the two TC128-B steels with
vanadium, but the 50-percent SFA TT values for the steel without vanadium are

about the same as the values for the two steels with vanadium, indicating that

the apparent differences attributable to vanadium may be marginal, and that

the effect of vanadium on transition temperatures in TC128-B steels is not
firmly established by the limited available data. However, the TCI 28 steels
have transition temperatures that are superior to those of the A212-B steels,
a fact which will be discussed later.
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4.8 Upper-Shelf Energy Absorption

The upper-shelf energy-absorption values for the six carbon-manganese

steels tested for these investigations are plotted as functions of the

ultimate tensile strength (UTS) in Figure 15 and as functions of the yield

strength (YS) in Figure 16. The correlation with UTS is reasonably good. The

correlation with YS is based not upon values for only carbon-managanesegx

steels, but upon val ues'obtai ned for a wide variety of steels reported^

from a major steel producer's general findings. This YS correlation is

poor for the steels investigated, and it indicates that the presence of
vanadium and increased inclusion content levels may tend to decrease the

shelf-energy of these steels. Shelf energy of the six plate steels and the one

weldment investigated are much more strongly affected by increases in YS

than are the various steels included^) in the solid trend line of Figure 16.

The dotted line of Figure 16 representing six steels tested, shows that for

these steels, with increasing YS values from 47 to 70 the upper-shelf
energy-absorption values decrease sharply from 81 to 46 ft-lb. It is noted

that the three steels with the lowest shelf-enerqy values each contain
vanadium. One is a TC128-A steel (Belle, B head) with a high inclusion
content and the other two are TC128-B steels (Callao K-1 A-head and the S.

Byron shell plate). These later two have the lowest shelf-energy values of

the six steels tested and their inclusion contents are intermediate (for K-1)

and high (for S. Byron). The other three steels do not contain vanadium and

inclusion contents are intermediate (for the TC128-B steel) or moderate (for

the A212-B steels) and they do not depart greatly from the published trend
line. These results indicate that increased inclusion content levels and the

presence of vanadium tend to decrease upper-shelf energy-absorption values.

Crack initiation and propagation at temperatures on the upper shelf
occur by a fracture mode known as dimpled rupture or normal rupture, which
proceeds as a result of the progressive formation and coalescence of voids at

or ahead of the crack tip. As inclusions are the main source of void
initiation in these steels, it is apparent that the inclusion content will be
a predominant factor effecting this behavior. Further, as the predominant
inclusion in each of these steels is manganese sulfide and as the rolling
practice for each of the plates is similar, although the head-plate steels
seem to have received more cross rolling than the shell -plate steels, it is

expected that the shelf-energy absorption of the steels will decrease with
increases in the inclusion content, due to the increased number of initiation
sites present in the steels with higher inclusion contents.
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Furthermore, on a microscopic scale, the void coalescence process
proceeds by the necking and rupture in tension of small elemental volumes

lying along, or ahead of the crack front, which is analogous to the process,
on a macro-scale which leads to the failure in the tensile test. The

susceptibility to failure of this type is therefore increased by (1)

a high yield stress which leads to a high flow stress for the initiation
of these plastic processes, and (2) a low strain hardening capacity
or a low uniform elongation prior to the necking which leads to the rupture.

4,9 Energy Absorption at Various Service Temperatures

In table 10, CVN energy-absorption values are given for various service
temperatures from -40 to +80 F, in increments of 20 F. Values are given both

for the individual data sets of each of the six plates tested and for combined
data for each of the three categories: three head-plates, three shell plates,
and all six plates. These calculational results indicate that, in general,
the transverse (TL) values of energy absorption for a given temperature are
slightly lower than the longitudinal (LT) values; at high values of energy
absorption the TL values are much less than the LT values. These findings hold

true for the individual data sets as well as for the combined data sets,

A table of this type, which is readily prepared from the appendices of
this report and previous reports(^"^) , is useful in making assessments the
probability of obtaining a given level of energy absorption for various
temperatures of service. For example, for transverse specimens, a 15-ft-lb
criteria is met at 80 F by five of the six steels tested, at 60 F and at 40 F

by three steels, at 20 F and 0 F by two steels and at -20 and -40 F by only
one steel

.

The results of the combined data sets are given in comparison with
averaged results of the individual data sets of each of the three categories.
For any service temperature, the results of combined data analyses do not
differ by more than about 5 ft-lb from those of the averaged data for
individual sets, and generally, the agreement is within about 2 ft-lb at any
given temperature. If the energy-absorption values were to include statistical
limits, the combined data sets would prove to be most useful for making
probability statements, but statistical limits of the type needed have not yet
been incorporated into the computer method used for these calculations.
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4.10 Behavior of Weldments of TC128-B Steel

CVN specimens of weld-metal and weld heat-affected-zone (HAZ) regions

were taken from samples of steel taken from a tank car designated GATX 94451

that failed in Callao, Mo. The weld-metal specimens represent shell -shell

weldments of TC128-B steel of this tank car. The specimens are of two

orientations, longitudinal (LT) and transverse (TL), as defined in Figure 1,

and they were taken respectively from Callao plate samples K-11 and K-8. The

weld-HAZ specimens are of the TL orientation, and they represent weld HAZ

regions of the "A" head plate and of shell course nunt>er 1; they were taken,

respectively, from Callao plate samples K-2 and K-8.

Test results for the weld-metal and the weld-HAZ regions are

respectively presented in the Callao report^''/ (as Figures 37 and 38 and as

Appendices F and G). A brief summary of these findings is presented here as

table 11, where along with these results, results are presented for the

unaffected base metal of the steels for which weldment data are given.

The results indicate that the impact characteristics of the weldments
tested are much more favorable than those of the base metals. In addition,

the results of the weld-metal tests indicate that the longitudinal and the

transverse weld-metal results are similarly favorable and the results of the
weld-HAZ tests are even better. The head-plate and the shell-plate steels
have 15-ft-lb TT values of 64 and 3 F, whereas the weld-metal values average
-37 F and those of the HAZ regions average -48 F. The upper-shelf values for

the head plate are +46 ft-lb for the unaffected base metal and +49 ft-lb for

the weld-HAZ region of this plate, and those of the shell plate are 38 and 45

ft-lb, respectively, for the base metal and the weld-HAZ region. Upper-shelf
energy of the weld metal is most favorable, being about 67 ft-lb. Thus, the
transition temperature values and the shelf-energy absorption values of the

weld-metal (LT and TL) specimens, and of the HAZ specimens of both the

head-plate and the shell -pi ate tests, are believed to reflect good welding
practice*.

We suspect that the CVN values obtained for the HAZ region might not
be representative of the behavior of the plate in service. This suspicion
is based on our finding that the shape of the HAZ region precludes the

placement of the notch uniformly along the coarse-grained region of the HAZ.

(This region is considered to be the most brittle region in many weldments).
For this reason it is believed that the DT test might be a more suitable test
method for determining the impact characteristics of the HAZ of weldments of
plate material of thickness levels similar to those of the plate materials
tested in this work. This belief is based on the presumption that while the
problem of the initial placement of the notch would not be alleviated for the
DT test, the crack path in the DT test is much longer than in the CV test.
Then, perhaps as crack propagation progresses, the crack front would seek
and follow the most brittle region along a weldment in a manner similar to

that which would obtain in the fracture along a weldment in a large plate
in service.
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4.11 Dynamic-Tear Tests

As was shown in table 1, dynamic-tear (DT) tests were conducted on

one head and one shell plate of AAR TC128-B steels taken from the

Callao accident. Both longitudinal (LT) and transverse (TL) specimens
were tested over the range of temperatures from -50 to +1300 F. Thus,

some of these tests were conducted at temperatures similar to those used

in the CVN tests of these steels, and the results of these tests can be

used to compare the behavior of impact loading under the two types of

test conditions. In addition, the results of the elevated-temperature
tests of DT specimens provide preliminary estimates of the behavior of

the two steels tested under short- time exposure (about 25 minutes) to air at

temperatures likely to be encountered in a fire. Although the significance
of the results of elevated-temperature impact tests has not been clearly
established, they indicate that the critical flaw size for rapid propagation of a

crack in a vessel at temperatures near 1050 F is smaller than that at lower
temperatures. The results of these various DT tests were presented in

the Callao report^^), (as Figures 34 to 37, 39, and 40, and Appendices B

through E)« Only Sunmary tables are presented here.

4.11.1 Ambient-Temperature Results

A comparison of the results of DT and CVN tests, given in Tables 12 and

13, indicates that the DT test gives higher transition temperatures but lower
values of upper-shelf energy- per- unit area. In addition, it is noted that the
nil -ductility- transition (NOT) temperature can be established from DT test
results, and the NDT temperature is about 40 F for the head-plate steel tested
and about 34 F for the shell-plate steel tested.*

As shown in Table 12, DT test results show similar TT values for
50-percent SFA and 50-percent of maximum energy absorption: for the head-plate
steel these transition temperatures are respectively 90 and 82 F, and for the

shell -plate steel they average 92 and 87 F.

*
The tank car from which these samples were taken apparently failed upon

impact with a part of a bridge and it is estimated that the temperature
of the steel of the tank car was about 15°F when this occurred. Steels
with NDT temperatures at and above this temperature would be expected to

fail in a fast, brittle-fracture mode under severe impact conditions.
Thus, brittle failure was virtually assured for these steels under severe
impact conditions at 15°F. However, the method by which these NDT
temperatures were determined are non-standard methods and the NDT values
of these particular steels are therefore somewhat open to question.
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A comparison of DT and CVN test results must take into account the

previously discussed microstructural heterogeneity of the head-plate steel.

This is particularly important because the CVN specimens were taken from one

side of the plate thickness whereas the UT specimens were full plate

thickness.

For the shell plate, the expected difference between TT values for

results of LT and TL specimens is shown in the TT values given in Table 12 for

each of two fracture criteria, one based on energy absorption and one based on

SFA. For the head-plate tests, these differences are much larger than

expected; this point is elaborated upon below.

To facilitate conparisons of DT and CVN tests results (i.e. transition
temperatures) an arbitrary energy level was selected for the DT results that

are to be compared with 15-ft-lb CVN results. This energy level is called the

DTEE, dynamic- tear equivalent energy. DTEE is a calculated energy level that

is the same fraction of the DT upper-shelf energy as the fractional energy
level that 15-ft-lb represents for the CVN upper-shelf energy level.

For the head plate, the difference between the transition temperatures
of LT and TL orientations for CVN specimens iS/as expected, but it is very
large for the DT test specimens. It is noted^ ' that the transition
temperatures of longitudinal DT (HDTL) specimens occur at unexpectedly low

values in DT tests of this headrplate steel. These low values of transition
temperatures are attributed(^»^^ to microstructural inhomogenei ty in the DT

test specimens of this head-plate steel.

Excluding the anomalous results of the longitudinal head-plate
specimens, it is observed that, for both fracture criteria given, transition
temperatures of DT tests average about 45 F higher than those of CVN tests,
indicating that, for these steels, the DT test provides more conservative
estimates of the impact behavior.

When compared on the basis of energy-per-unit area, Table 13 indicates
that greater energy is required for shear fracture of DT specimens than for

CVN specimens. For all results, except those for the anomalous longitudinal
head-plate specimens, the DT values are less than twice those of the CVN
values; for the longitudinal head-plate specimens, the DT value is slightly
more than twice those of the CVN value. These results indicate that the

CVN test gives more conservative estimates of upper-shelf energy required for
fracture.
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4.11.2 Anisotropy Indices for Plate Steels

As discussed earlier, anisotropy of plate materials may be assessed by

an anisotropy index defined here as the ratio of the maximum shelf-energy
absorption in transverse specimens of TL orientation to the maximum
shelf-energy absorption of longitudinal specimens of LT orientation. This

index is tabulated below for the head-plate and shell-plate steels.

Anisotropy Index

Head Plate K-1 Shell Plate K-5

38/54 = .70 38/75 = .51

420/650 = .65 377/746 = .51

It is apparent from the table that the head plate is less anisotropic
than the shell plate. However, the head plate was not fully cross rolled, as

its indices are less than one. The indices from DT tests compare favorably
with those from CVN tests. The DT results for the head plate indicate a

slightly lower index than expected, but this too might be related to the

anomalous effects attributed above to microstructural differences between the

longitudinal and transverse DT specimens.

4.11.3 Elevated-Temperature Test Results

The results of elevated-temperature DT tests show that at temperatures
of from the beginning of the upper shelf to 1300 F the fracture appearance is

100-percent shear, but the energy-absorption values are variable and the

energy-absorption plots have minimum values at temperatures near 1050 F.

These findings were presented as Figures 39 and 40 of reference 4 and they are

summarized here in Table 12.

For each of the four sets of tests conducted, a minimum value of energy
absorption occurs in the range of temperatures from 850 to 1100 F, depending
on the steel and the specimen orientations. For three of these sets, the

minima fall within a narrow range of 1000-1 100°F. The fourth set, HDTL,
has a minimum at 850°F, which may be misleading because a measurement was not
taken at 1100°F.

24



The results of tests of transverse head-plate specimens indicate that

the magnitude of the decrease in upper-shelf energy-absorption values at

elevated temperatures can be greater than 50-percent of the maximum energy
absorption that is obtained over the usual range of impact test temperatures.
Although the significance of these results has not been clearly established,
they indicate that TC128-B steels can be embrittled at elevated temperatures
in a manner that permits propagation of a crack at temperatures near 1050 F to

occur with relatively small levels of energy absorption. The cause of this

embrittlement has not been established and it is uncertain as to whether these

results may be relevant to the slow- deformation strength or to the

creep-rupture properties at these elevated temperatures.

5. SUMMARY

Results obtained from impact tests of two plates of ASTM A212 steel,
four plates of AAR TC128 steel, and two weldments of TC128 steel can be
summarized as follows:

5.1 Anisotropy of the impact properties of the steels tested was three
dimensional. The upper-shelf values and the transition temperature (TT)

values were affected by orientation of specimen and notch, but the 50-percent
SFA value was not affected.

5.1.1 For the six orientations tested, upper-shelf values of energy
absorption and lateral expansion varied widely with orientation and tended to

decrease in the order LS, LT, TS, TL, ST, SL; the corresponding values for

15-mil and 15-ft-lb transition temperatures also varied widely and they tended
to be in inverse order to the level of their upper-shelf values.

5.1.2 For the six steels tested, SFA values are not greatly affected by

orientation of specimen and notch; the 50-percent SFA criteria is shown to

have an invariant character for all orientations tested for a given steel with
the mean value for various orientations being generally within 10 F of the
value for any individual orientation.

5.1.3 The 50-percent SFA TT value for combined data of the six steels was
68 F for either longitudinal or transverse specimens, but this fracture
criterion varied widely for the six individual steels tested, as for example,
for longitudinal (LT) specimens the values range from -11 to +138 F.
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5.1.4 The temperature at which 50-percent SFA obtains was approximately the

same as the temperature at which 50-percent of maximum energy absorption
obtains. This was true for any individual data set as well as for any

combined data set. Consequently, the 50-percent SFA criteria was shown to be

generally satisfied at a considerably higher temperature than the temperatures
at which the 15-mil or 15-ft-lb criteria were satisfied.

5.2 For a given orientation of specimen and notch, upper-shelf energy-
absorption values for the six steel plates varied widely. The results
indicated that shelf-energy absorption tended to decrease with increases in

the inclusion content and the strength level of the steels, with this strength
level dependency reflecting the strength level dependency of ductility. In

addition, the shelf-energy absorption values for LT and TL specimens indicated
that the head plates were cross rolled to a greater extent than were the shell

plates.

5.2.1 Shelf-energy absorption values for the combined data from the six steel

plates were about 67 and 41 ft-lb, respectively, for longitudinal (LT) and

transverse (TL) specimens.

5.2.2 Shelf-energy absorption values for the six steels varied widely: For

longitudinal (LT) specimens they ranged from 46 to 81 ft-lb, and for

transverse specimens they ranged from 25 to 55 ft-lb.

5.2.3 When compared with a published trend line, three of the six steels
tested had relatively low values of shelf-energy absorption for their
respective yield-strength levels. These three steels were TC128-A and -B

steels that contain vanadium and have either high or intermediate inclusion
contents. These results indicate that increased inclusion content levels and

the strengthening effect due to vanadium tended to sharply decrease
shelf-energy absorption values.

5.2.4 The anisotropy index values derived from shelf-energy levels of CVN and
UT impact tests indicated that each of the three head-plate steels were cross
rolled to a greater extent than were any of the shell -plate steels. The
indices derived from DT tests compared favorably with those derived from CVN

tests

.

5.3 Transition temperatures of the six steels tested varied widely, due to

wide differences in the ferrite grain size and the contents of carbon,
manganese, and phosphorous. Only one of these steels was produced to TC128-A
specifications and it had fine ferrite grains and a fine pearlite colony size,

both of which may be attributed to the presence of vanadium and the rolling
practice. This steel had the lowest transition temperatures of the six steels
tested. Transition temperatures of the three steels producted to TC128-B
specifications were lower than those of the A212-B steels, and the A212-B
steel produced to fine-grain practice had lower TT values than the one that
was not produced to fine-grain practice.
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5.3.1 Transition temperatures of the combined data for the six steels tested

in both LT and TL orientations averaged 14 and 20 F, respectively for the

15-ft-lb and 15-mil criteria.

5.3.2 Transition temperatures for the six individual data sets of the six

plates tested varied widely, especially those for the head-plate steels. The

15-ft-lb (LT) values ranged from -47 to +92 F for the head plates and from
-5 to +32 F for the shell plates, while the values for the combined data

were similar, being +13 and +7 F respectively for the head plates and the

shell plates.

5.3.3 The six steels tested were catagorized into four classes of steels.

These classes can be ranked on the basis of transition temperature, beginning
with the class of lowest TT values: TC128-A, TC128-B without vanadium, TC128-B
with vanadium, and A212-B.

5.4 Results from combined data sets indicate that the two A212-B steels

tested had higher values of upper-shelf energy absorption but inferior
(higher) TT values when compared with the values for the four TC128 steels
tested. In addition, the variability in the test results for the four
TCI 28 steels was large and much larger than that for the two A212-B steels.

The higher values of shelf energy of the two A212-B steels may be attributable
to their cleanliness. Their relatively high TT values may be attributed to

comparatively less favorably levels of carbon to manganese when compared with
that of the TCI 28 steels.

5.5 The results of CVN impact tests of specimens taken from weldments of
TC128-B steels indicated that the impact characteristic of the weldments
tested are much more favorable than those of the base metals of these welded
steel plates. For example, the 15 ft-lb TT values of the steels averaged
38 F (for TL specimens) whereas those of the weld metal were -37 F and those
of the weld-HAZ region tests (TL) averaged -48 F. The transition temperatures
and the shelf-energy absorption values of the weldments tested were believed
to reflect good welding practice.

5.6 A comparison of results of DT and CVN tests results for a head-plate
steel and a shell -plate steel indicated that the DT test gives more
conservative estimates (by about 45 F) of transition temperatures and the CVN
test gives more conservative estimates (by a factor of 1/2) of the upper-shelf
energy-absorption per unit area. However, for the Callao head plate (k-1)

this relationship between the transition temperatures as determined by the
two test methods was not observed to hold, and this finding was attributed to

the microstructural variability of this head plate, which had fine ferrite on
one side and coarse ferrite on the other side of the plate thickness, and to

the fact that the CVN specimens were taken only from the coarse-grained
half of the thickness of this plate, whereas the DT specimens represented the
full thickness.
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5.7 The results of DT tests conducted at elevated temperatures indicated
that upper-shelf energy-absorption values for two TC128-B steels varied

with temperature (for 25 minute exposure time), and at temperatures near

1050 F the energy-absorption value can be less than 50-percent of the value
measured at temperatures near the ambient temperature. The results indicated
that the impact toughness of the steel at temperatures above that of the

ambient air, can be significantly decreased by elevated- temperature
embrittlement which occurs by a mechanism that has not been clarified.

6. CONCLUSIONS

6.1 The variability of impact properties of steels used as plate material in

tank cars and the factors that contribute to this variability should be given
consideration in specifications for steels used for plate material of tank

cars. Impact properties of these steels are principally governed by ferrite
grain size and the levels of carbon, manganese, and phosphorous, and the

content of inclusions in these steels.

Transition temperatures obtained from CVN tests of six plate steels
taken from four failed tank cars indicate that the variance of TT values of
these steels is large, with 15-ft-lb CVN longitudinal-specimen transition
temperatures that range from -47 to +92 F. This wide variability of

transition temperatures is variously attributable to variations in such

factors as the levels of carbon, manganese, and phosphorous, and the ferrite
grain size which itself is affected by the presence of vanadium, the
deoxidation practice, as well as other factors that can be governed by the

specification to which the steel is produced.

Upper-shelf energy-absorption values obtained from these CVN tests

indicate that the six steels tested vary widely in ability to resist failure
at temperatures at which the shear mode predominates. Various factors affect
this behavior and in the steels tested the upper-shelf energy-absorption value
appears to decrease with high inclusion content, which is related to the .

sulfur content of the steel, and with increased strength level of the steel,

which is affected by various compositional and processing factors.

6.2 The results of CVN impact tests of six steel plates and those of DT

tests of two steel plates indicate that these steels taken from failed tank

cars have relatively high transition temperatures and poor resistance to

failure under impact loading conditions. The relatively high transition
temperatures of these steels is demonstrated by the finding that a modest
fracture criterion of 15-ft-lb energy absorption in transverse specimens was

satisfied by only one (of six tested) steel at temperatures of -20 to -40 F

and by only three steels at temperatures of +40 and +60 F. The relatively
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poor resistance to failure under impact loading and the tendency for rapid,

brittle crack propagation at cormon service temperatures is supported by the

findings of the CVN and DT test results. The combined data for six plate

steels indicate that a 15-ft-lb CVN criterion was satisfied at 9 and 19 F,

respectively, for longitudinal and transverse specimens, but that the variance

was large: For longitudinal specimens of the six individual steels, these

temperatures ranged from -47 to +92 F. Further, for one of these steels (the

Callao shell-plate K-5), the 15 ft-lb transition temperatures were -5 and +3

F, respectively, for longitudinal and transverse specimens. The nil ductility

temperature for this steel, as estimated from the results of DT tests, is 30

and 38 F, respectively, for longitudinal and transverse specimens, indicating

that at many service temperatures this steel would have very little resistance
to impact loads and that failure would tend to be brittle with rapid crack
propagation.

With these considerations in mind, it would be desirable to use steels

with (1) greater resistance to brittle failure under impact loading conditions
and (2) greater resistance to rapid crack propagation under normal and abusive
service conditions. The need for steels with such improved properties should

be assessed.

6.3 The need for improved impact properties for head-plate steels and

shell-plate steels should be determined independently, since some of the

design alternatives might involve improved properties for the head plates,

the shell plates, or both.

The results of impact tests of three head-plate steels and those of

three shell -plate steels indicate that impact characteristics of the

head-plate steels tested were similar to those of the shell-plate steels

tested but that the impact properties of the head-plates tested were much more
highly variable than those of the shell-plates tested. Average transition
temperatures of three head plates are 13 and 33 F, respectively, for
longitudinal and transverse CVN specimens: Those for three shell plates are 7

and 23 F, respectively. The 15 ft-lb TT values for longitudinal specimens
cover a wide range from -47 to +92 F for the head plates and a narrower range
from -5 to +32 F for the shell plates.

6.4 The anisotropy of impact properties of steels used as the plate material
of tank cars should be assessed in relation to the design of tank cars, and
this should be done with the understanding that circumferencial failure of
tank cars is promoted by the current design. The anisotropy of these steels
tends to be such that upper-shelf energy absorption and transition
temperatures are affected by specimen orientation. Energy absorption values
tend to decrease in the following order of specimen orientations: LS, LT, TS,

TL, ST, SL, and the corresponding transition temperature values tend to be in

1
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the inverse order to that of the shelf-energy absorption values for various

orientations. Thus, longitudinal specimens tend to have the highest
upper-shelf energy absorption and the lowest transition temperatures, and

transverse specimens have significantly poorer impact properties. Hence,

failure is promoted in the direction of final rolling of the plate— this

was shown to be especially true for the shell-plate steels but it is also
true for the head-plate steels tested. The result is that fracture in the

circumferential direction of the tank car is promoted in shell plates and this

can and does sometimes^^'lead to rocketing of large tank car sections.

6.5 The elevated- temperature embrittlement demonstrated by TC128-B steel

should be studied further and the results should be interfaced with the
elevated-temperature requirements of steels used for plate materials of tank
cars. The results of elevated- temperature DT impact tests indicate that
upper-shelf energy-absorption values are a function of temperature and that,

at temperatures near 1050 F, the energy absorption in DT tests can be less
than 50-percent of the value measured at temperatures slightly above the

temperature of ambient air. These results indicate that at these temperatures
an elevated-temperature embrittlement of the steel occurs by a mechanism
that has not yet been established. The decrement in the energy-absorption
capacity at elevated temperatures has been observed for two TC128-B steel

plates tested after exposure at various temperatures for about 25 minutes in

air. The effect of time at temperature on this decrement is not now known,

and the susceptibility of MR TC128-A steels or that of ASTM A212-B steels or

other steels used as plate materials of tank cars is not known nor is the most
important effect of strain rate known. Thus the significance of this

embrittlement is now open to question.
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Table 2. Summary of Results of Calculations for Individual Data Sets of CVN Impact Tests

Specimen
Transition Temperature, F

50 percent Upper-
Head Identifi- 15 ft-lb 15 Mil Shear Shelf

Steel Plate or Orienta- cation Energy Lateral Fracture Energy

,

Specification Identification Shell tion**' Code't") Absorption Elxpansion Appearance ft-lb

AAR TC128-A-69 Belle B-Head LT D1-D16 -46.5 -42.8 -10.5 68.0
TL B1-B16 -48.8 -50.4 -20.7 40.2
LS C1-C16 -62.2 '45.3 -34.9 >120.0
TS A1-A16 -74.3 -62.1 -31,1 41.1

AAR TC128-B-65 South Byron Shell, 2 LT B1-B19 17.8 13.8 36.3 45.5
TL D22-B40 26.3 20.6 28.0 25.0

AAR TC128-B-65 K-1, Callao Head LT HLHl- 55.6 40.7 85.9 54.0
HLH19

TL HTF61- 72.0 63.9 98.1 37, 5

HTF76
LS HLI21- 4.0 10.1 83.0 85.9

HLI40
TS HTG41- 75.4 63.9 98.3 45.2

HTG58
(210.0) C^)SL SE1/SE35 175.0 80.0 13.9

(odd)
ST SE21 SE40 188.1 170. 3 86.7 15.8

(even) ( j

)

AAR TC128-B-65 K-5 Callao Shell LT STA21- - 4.8 - 4.4 60. 0 74.5
STA39

TL SLC41- 3 .

3

14 .

8

52 . 3 37 .

8

SLCS8
LS STBl- (c) (c) (c) >120.0

STB20
TS SLD61- - 1.8 3.0 ' 46.8 54.8

SLD7 7

A212-B-65 FRA-2, A-Head C56-C73 92.3 72.0 137.7 81.4
Crescent City TL<<i) C41-C55 84.4 69.4 143.1 55.2

FRA-2, Shell LT C1-C20 32.5 27. 5 83.5 76.2
Crescent City TL C21-C40 62.1 42.5 87.6 34.5

tVeld Metal K-11, Callao (e) LT WL1-WL19 -34.3 -30.0 CO.

3

74.7

K- 8 , Callao (f

)

TL WM2 1 -WH4 0 -39.1 -35.5 59.2 60.1

HAZ A-Head , Callao (g) TL<h) HJl-HJl" -t<*.i -52.0 -16.5 49.1

HAZ K-8, Callao (i) TL HK1-HK17 -45.6 -45.3 - 3.8 44.8

(a) Orientation Code is described in Figure 1.

(b) The letter-number code refers to the specimen numbers reported earlier

(c) This set of specimens has highly variable impact characteristics, and no valid estimate
could be derived from the available data.

(d) These head plate specimens are not oriented with respect to plate rolling direction. Longitudinal(L)

and transverse (T) mean, respectively, parallel and perpendicular to the axis of the weld only.

(e) Weld metal between shell courses 4 and 5.

(f) Weld metal between shell courses 1 and 2. »

(g) HAZ between the A-head and shell course 1.

(h) The orientation code for these HAZ specimen of the head-plate steel applies to the
direction of welding.

(i) HAZ between shell courses 1 and 2.

(j) Specimens 8, 10, and 26 not tested.

(k) Maximum value of 13.9 ft-lb occurs at 210 F.
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Table 3. Effect of Orientation of Specimen and Notch
on CVN Impact Test Results.

Specimen
Orienta-
tion (a)

Transition Temperatures, F
Specimen 15 ft-lb 15 Mil 50 Percent
Identifi- Energy Lateral Shear
cation Absorption Expansion Fracture

Energy Absorption
(ft-lbs)

Upper Approximate
Shelf Lower Shelf
Faximum Value at
Value -100 F

Callao Head Plate K-1

Longitudinal Specimens

LS
LT

HLI
HLH

4.0
55. 6

10.1
40.7

83. 0

85.8
85 . 9

54 . 0

6.2
2 . 5

Transverse Specimens

TS
TL

HTG
HTF

75. 4

72. 0

63. 9

63.9
98 . 3

98.1
45.2
37 . 5

3 . 0

2 . 0

Short-Transverse Specimens

ST
SL

SE
SE

188.1 170.3 86.7
(b) 175.0 80.0

Overall Ave. 88.6

15.8
13.9

2.1
2.5

Callao Shell Plate K-5

Longitudinal Specimens

1 LS
2 LT

STB
STA

[c)

4.8
(c)

4.4
Cc)

60.0
>120.

0

74.5
7 . 6

6.4

Transverse Specimens

3 TS
4 TL

SLD
SLC

1.8 3.0 46.8
3.3 14.8 52.3

overall Ave. 53.0

54 .8

37 .8

6.3
0

Belle Head Plate Steel

Longitudinal Specimens

LS
LT

C
D

6 2.2
4 6.5

45 .3
42.8

-34 . 9

-10.5
>120 . 0

68.0
1.0
3.5

Transverse Specimens

TS
TL

A
B

74.3 - 62.1 -31 .1

4 8.9 -50.4 -20. 7

Overall Ave. -24.

3

41 .1

40 .2
6.9
4.4

(a)

(b)

(c)

Orientation Code is given in Figure 1.

Upper shelf values for these specimens are
13.9 ft-lb at 210 F and
13.5 ft-lb at 160 F.
This set of specimens has highly variable impact characteristics, and
no valid estimate could be derived from the available data.
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Table 11. Results of CVN Impact Tests of Weldments

Specimen Transition Temperatures, F
Identifica- 15 ft-lb 15 Mil 50 Percent Upper-Shelf

Specimen tion and Energy Lateral Shear Energy Absorp-
Orientation Location Absorption Expansion Fracture tion, ft-lb

Steel From the "A" Head Plate of the Callao (Sample K-1)

LT HLH 55.6 40.7 85.8 54.0

TL HTF 72 . 0 63 . 9 98 .1 37 .

5

Average 63.8 52.3 61.3 4 5.8

Steel From Shell Course Number 1 of Callao (Sample K-5 )

Transverse Specimens

TL SLC 3.3 14.8 52.3 37.8

Weld Metal of Shell/Shell Weldments

Longitudinal Specimens From Callao Plate K-11

LT WL - 34.3 - 30.0 60.3 74.7

Transverse Specimens From Callao Plate K-8

TL WM - 39.1 - 35.5 59.2 60.1

Heat-Affected Zone of AAR TC128-B Steels Shown Above

"A"Head Plate of Callao Sample K-2

Tl(^) HJ - 49.4 - 52.0 - 16.5 49.1

Shell Course Number 1 of Callao (Sample K-8)

TL HK - 45.6 - 45.3 - 3.8 44.8

(a) The orientation code for these head-plate HAZ specimens applies
to the direction of welding. The angle between the specimen
axis and the principal rolling direction of the plate is about
45°, and thus these results would be expected to be intermediate
between those that would obtain for true longitudinal and true
transverse . specimens

.
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FIGURE 2^.

CVN IMPflCT TEST RESULTS F0R F0UR ORIENTATIONS OF RflR TC128-B STEEL SPECIMENS-

CflLLflO SHELL PLATE.

SPECIMEN rOENTIFICflTieN

LT« eRIENTflTieN. 3Tfl» CHflRPY SPECIMENS.

TL« 8RIENTflTI8N. SLC" CHflRPY SPECIMENS.

LS« 9RIENTflTt8N. STB« CHflRPY SPECIMENS-

TS« eRIENTflTteN, SLO« CHflRPY SPECIMENS.

(See Appendices of Reference 4)

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 280.0
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FIGURE 2E

CVN inPflCT TEST RESULTS F0R F0UR 0RIENTflTI0NS 0F flflR TC128-B STEEL SPECIMENS
CflLLfl0 SHELL PLATE.

SPECIHEN I0ENTIFICflTI8N

LT« eRIENTflTieN. STfl» CHflRPY SPECIMENS.

TL» eRIENTflTieN, SLC* CHflRPY SPECIMENS. '

LS« SRIENTflTieN. STB» CHflRPY SPECIMENS-/

TS» 8RIENTflTieN, 8L0» CHflRPY SPECIMENS./

(See Appendices of Reference 4) ^
.

•LS

180.0 Tso.o"^-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)
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FIGURE 2C

CVN IMPACT TEST RESULTS F0R F8UR GRIENTflTIONS 0F flflR TC128-B STEEL SPECIMENS-
CflLLfle SHELL PLRTE.

SPECrriEN lOENTIFICflTieN

Urn eRIENTflTI8N. STfl« CHflRPY SPECIMENS.

TL« et?IENTflTI8N. SLC" CHfiRPV SPECIMENS.

LS« 8RIENTflTI8N. STB» CHflRPY SPECIMENS-

TS« eRIENTflTI8N. 8L0» CHflRPY SPECIMENS.

(See Appendices of Reference 4)

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 Tso.o
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FIGUPI 3A

CVN IMPflCT TEST RESULTS FOR SIX 0RIENTflTI0NS 0F flflR TC128-B STEEL SPECIMENS-
CRLLfle HEAD PLRTE.

^ SPECIMEN lOENTIFICflTieN

A LT« 8RIENTflTieN. HLH« CHflRPY SPECIMENS.

O TL« ORIENTflTION. HTF« CHflRPY SPECIMENS-

0 LS" eRIENTflTISN. HLI« CHflRPY SPECIMENS-

Y TS>» 8RIENTflTIQN. HTG« CHflRPY SPECIMENS-

B SL» 8RIENTflTI6N. SE« CHflRPY SPECIMENS-

+ ST* eRIENTflTI0N. SE« CHflRPY SPECIMENS-

(See Appendices of Reference 4)

o
CsiJ

•320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 280.0
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FIGURE 3B

CVN IMPACT TEST RESULTS F0R SIX eRIENTflTI0NS 0F flflR TC128-B STEEL SPECIMENS-
CflLLflQ HEAD PLATE.

SPECIMEN lOENTIFICflTieN

LT» 8RIENTflTI8N. HLH« CHflRPY SPECIMENS.

TL« 8RIENTflTieN. HTF« CHflRPY SPECIMENS.

LS» 8RIENTflTI8N, HLI» CHflRPY SPECIMENS.

TS« eRIENTflTI8N, HTG« CHflRPY SPECIMENS.

SL« 8RIENTflTI8N. SE« CHflRPY SPECIMENS.

ST« 8RIENTflTI8N, 3E« CHflRPY SPECIMENS.

(See Appendices of Reference 4)

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

—I

1

180.0 280.0
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FIGURE 3C

CVN iriPflCT TEST RESULTS F8R SIX QRIENTflTIQNS QF flflR TC128-B ?TEEL SPECIMENS-

CflLLfle HEAD PLATE.

o

SPECIMEN lOENTIFlCflTieN

LT« 0RIENTflTI8N. HLHn CHflRPY SPECIMENS.

TL« ORIENTflTieN. HTF« CHflRPY SPECIMENS.

LS« 8RIENTflTI8N. HLI« CHflRPY SPECIMENS-

TS«> ORIENTflTIQN, HXQm CHflRPY SPECIMENS.

SL" ORIENTflTieN. SE« CHflRPY SPECIMENS.

ST« ORIENTflTIQN. SE« CHflRPY SPECIMENS.

(ScH- Appendices of Reference 4)

180.0 Teo.o""-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)
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FIGURE

C0MPflRrS0N 0F LONGITUDINAL AND TRANSVERSE CVN IMPflCT-TEST

RESULTS F0R SIX STEEL PLATES TAKEN FR0M F0UR ACCIDENTS.

SPECIMEN IDENTIFICRTIQN

106 SPECIMENS. LT 0RIENTflTIQN

.

+ 103 SPECIMENS, TL 8RIENTHTIGN

.

(See Appendix B, Tables 1 and 2\

o

-jp—

m

THE CflLCULflTEO CURVES WERE COMPUTED

FROM WEIGHTED MEAN VALUES FOR DflTfl

AT EACH TEST TEMPERATURE.
1 Tp m m GD—I—s-a

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0
1

280.0

- 53 -



FIGURE m

CQNPRRISQN QF LONGITUOINflL AND TRANSVERSE CVN IMPflCT-TEST

RESULTS FQR SIX STEEL PLATES TAKEN FR0M FOUR ACCIDENTS.

SPECIMEN IOENTIFICflTI0N

n 106 SPECIMENS. LT 0RIENTflTI8N.

+ 103 SPECIMENS, TL aRIENTflTieN.

(See Appendix B, Tables 1 and 2)

THE CflLCULflTED CURVES WERE COMPUTED

FROM WEIGHTED MEAN VALUES FOR DATA

AT EACH TEST TEMPERATURE.

"-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 ?80.0
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FIGURE

COnPflRISON 0F LONGITUDINAL AND TRANSVERSE CVN IMPACT-TEST

RESULTS F0R SIX STEEL PLATES TAKEN FR0M FOUR ACCIDENTS.

o
(NJ-.

SPECIMEN [OENTIFICflTION

n 106 SPECIMENS. LT eRIENTflTI8N.

+ 103 SPECIMENS. TL 0RIENTflTI0N.

(See Appendix B, Tables 1 and 2)

o
O-
CD

TEST TEMPERATURE (F)
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FIGl'PsE 5A

COMPflRISGN 0F LONGITUOINflL RND TRRNSVERSE CVN IMPflCT-TEST

RESULTS FQR HEflD-PLflTE SPECiriENS TAKEN FR0M THREE ACCIDENTS

SPECIMEN IDENTIFICATION

a 50 SPECIMENS, LT ORIENTflTieN.

+ 48 SPECIMENS. TL ORIENTflTieN.

(See Appendix C, Tables 1 and 2)

a—e B £B—EB

—

zS

THE CflLCULflTEO CURVES HERE C0MPUTEO

FR0M WEIGHTED MEAN VALUES FOR DATA

AT EACH TEST TEMPERATURE.

—I— ' q] CD CD—ffl—I a ( r
"-320.0 -220.0 -120.0 -20.0 80.0 180.0

TEST TEMPERATURE (F)
?80.0
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FIGURE 5B

CeriPflRISON 0F LONGITUDINAL AND TRANSVERSE CVN IMPflCT-TEST

RESULTS F0R HEflO-PLflTE SPECIMENS TAKEN rR0M THREE RCCIOENTS.

SPECIMEN lOENTIFlCflTION

D 50 SPECIMENS. LT eRIENTBTieN.

+ 48 SPECIMENS, TL OR lENTflT ION .

(See Appendix C, Tables 1 and 2)

2i

THE CflLCULflTEO CURVES WERE C8MPUTE0

FR8M WEIGHTED MEAN VALUES F8R DflTfl

AT EACH TEST TEMPERATURE.

"-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0
"1

280.0
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FIGURE 5C

C0MPflRIS0N 0F LONGITUDINAL HNO TRRNSVERSE CVN IMPflCT-TEST

RESULTS F0R HEflO-PLflTE SPECIhENS TAKEN FR0M THREE ACCIDENTS.

LO

o_

SPECIMEN lOENTIFICflTIGN

50 SPECIMENS. LT ORIENTflTieN.

+ 48 SPECIMENS. TL QRlENTflTieN.

(See Appendix C, Tables 1 and 2)

03

(0

o
LO_

THE CflLCULflTEO CURVES MERE CeMPUTEO

FR0M WEIGHTED MEAN VALUES FeR OflTfl

AT EACH TEST TEMPERATURE.

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 ?80.0

- 58 -



FIGURE 6A

C0MPflRIS0N 0F L0NGITUDINflL AND TRANSVERSE CVN IMPflCT-TEST RESULTS
F0R SHELL-PLATE SPECIMENS TAKEN FR8ri THEEE ACCIDENTS-

SPECinEN lOENTIFICflTiaN

a 56 SPECIMENS, LT ORIENTflTieN.

+ 55 SPECIMENS. TL eRIENTflTIQN.

(See Appendix D, Tables 1 and 2)

o
o
Cvl_

UJ

TEST TEMPERATURE (F)
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FIGURE a

C0hPflRIS0N 0F L0NGITUOINRL AND TRANSVERSE CVN inPflCT-TEST RESULTS

F6R SHELL-PLATE SPECIMENS TAKEN FR0ri THEEE ACCIDENTS.

SPECiriEN IDENTIFICflTI6N
o •

•

^-1 56 SPECIMENS, LT BRIENTflTieN.

+ 55 SPECIMENS, TL 0RIENTflTI0N.

o (See Appendix D, Tables 1 and 2)

o

'

o.

T 1 1 1 1
1

-320.0 -220.0 -120.0 -20.0 80.0 180.0 280.0
TEST TEMPERRTURE (F)
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FIGURE eC

C0MPflRIS0N 0F LGNGITUDINflL RND TRANSVERSE CVN IMPflCT-TEST RESULTS

F0R SHELL-PLATE SPECIMENS TAKEN fR0ri THEEE ACCIDENTS.

SPECIMEN IDENTIFlCflTieN

a 56 SPECIMENS. LT ORlENTflT leN

.

+ 55 SPECIMENS. TL eRIENTRTIBN.

(See Appendix D, Tables 1 and 2)

o
o_
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FIGURE 7A

CVN IMPACT TEST RESULTS F0R LQNGITUDINflL SPECIMENS-
SIX STEEL PLRTES FR0M FOUR TANK CARS.

SPECIMEN IDENTIFICflTION

flflR TC128-fl. BELLE HERO PLATE.

O flflR TC128-B. S9UTH BYR9N SHELL PLATE.

A flflR TC128-B. CALLR8 HEAD PLATE K- 1 -

+ flRR TC128-B. CHLLA0 SHELL PLATE K-5.

X flSTM A212-B. CRES-CITY SHELL PLATE FRA-2

Y RSTri R212-B.CRE3.CITY HEAD PLATE FRR-2

.

(See Appendix A and
Appendices of References 2-4)

SPECIMENS HAVE LT 0RIENTATI8N. BUT AXES

FQH HERD SPECIMENS F8R BELLE 4 CCITY

MAY DEVIATE FR8M TRUE L8NG.AND TRANS.

1 1—=— —T—=
1

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0 ?80.0
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FIGURE 71

CVN IMPACT TEST RESULTS F0R LQNGITUDINflL SPECIMENS-
SIX STEEL PLATES FRQM FOUR TANK CARS.

SPECIMEN I0ENTIFICflTI8N

B RflR TC128-fl. BELLE HEAD PLATE.

O RflR TC128-B. S0UTH BYR8N SHELL PLBTE.

A flflR TC128-B. CflLLfle HEAD PLATE K-1 .

-1- flflR TC128-B. CflLLfle SHELL PLATE K-5 -

X flSTM fl212-B. CRES-CITY SHELL PLATE FRfl-2

Y ASTM fl2l2-B. CRES-CITY HEAD PLATE FRfl-2.

(See Appendix A and
Appendices of References 2-4)

SPECIMENS HAVE LT eRIENTflTI0N. BUT AXES

F8R HEAD SPECIMENS F9R BELLE t, C-CITY

MAY DEVIATE FR8M TRUE L0NG.ANO TRANS-

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 280.0
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FIGURE 7C

CVN IMPACT TEST RESULTS F0R LQNGITUDINflL SPECIMENS-

SIX STEEL PLATES FR0M FOUR TANK CARS-

SPECiriEN I0ENTIFICflTI6N

B RflR TC128-fl. BELLE HERD PLATE.

O flRR TC128-B. S0UTH BYR6N SHELL PLATE.

A flflR TC128-B. CflLLfl8 HERD PLATE K-1

.

+ flflR TC128-B. CflLLRQ SHELL PLATE K-S-

X RSTh fl2l2-B. CRES-CITY SHELL PLATE FRA-2

A flSTH n2l2-B.CRES.CITY HEAD PLATE FRn-2

.

(See Appendix A and
Appendices of References 2-4)

o

TEST TEMPERATURE (F)
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FIGURE 8A

CVN IMPACT TEST RESULTS F0R TRANSVERSE SPECIMENS-
SIX STEEL PLATES FR0M F0UR TANK CARS.

SPECinEN IDENTIFICflTI9N

<0_ B flflR TC128-fl. BELLE HEAD PLATE.

O flflR TC128-B. S.BY|?8N SHELL PLATE.

A flflR TC128-B. CALLflS HEAD PLATE K-1.

+ AAf? TC128-B. CALLflB SHELL PLATE K-S-

X A8TM A212-B. CRES-CITY SHELL PLATE FRA-2

Y ASTM A212-B. CRES- CITY HEAD PLATE FRA-2

(See Appendix A and
Appendices of References 2-4)

j

MENS HAVE TL 8RIENTAT10N, BUT AXES

HEAD SPECIMENS F8R BELLE 4> CCITY

DEVIATE FR8M TRUE L9NG.flND TRANS.

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE IF)

180.0 ?80.0



FIGURE 8B

CVN IMPACT TEST RESULTS F0R TRANSVERSE SPECIMENS-
SIX STEEL PLATES FR0M F0UR TANK CARS.

o SPECIMEN IDENTIFICflTIQN

B flflR TC128-fl. BELLE HEAD PLATE.

O RflR TC128-B. S.BYRQN SHELL PLATE.

A flAR TC128~B. CALLA0 HEAD PLATE K-l-

+ AAR TC128-B. CALLA9 SHELL PLATE K-5.

X RSTM A212-B. CRES.CITY SHELL PLATE FRA-2

Y ASTM A212-B, CRES- CITY HEAD PLATE FRA-2

(See Appendix A and
Appendices of References 2-4)!

Y SPECIMENS HAVE TL QRIENTATieN, BUT AXES

FOR HEAD SPECIMENS F0R BELLE < CCITY

MAY DEVIATE FR0M TRUE L8NG.AND TRANS.

d1 T
•220.0 -120.0 -20.0 80.0

TEST TEMPERATURE (F)
180.0

1
280.0
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FIGURE 8C

CVN IMPACT TEST RESULTS FQR TRANSVERSE SPECIMENS-
SIX STEEL PLATES FR8M F0UR TANK CARS-

SPECIMEN lOENTIFICflTieN

B flflR TC128-fl. BELLE HEflO PLATE.

O flflR TC128-B. S.BYR8N SHELL PLRTE.

A flflR TC128-B. CflLLfle HEAD PLATE K-l-

+ flflR TC128-B. CflLLfle SHELL PLATE K-5.

X ASTM fl2l2-8. CRES-CITY SHELL PLATE FRA-2

Y flSTM fl2l2-B. CRES. CITY HEAD PLATE FRfl-2

(See Appendix A and
Appendices of References 2-4)

-320.0

SPECIMENS HAVE TL 0RlENTflTieN. BUT AXES

FOR HEAD SPECIMENS FOR BELLE 4. C-CITY

MAY DEVIATE FR9M TRUE LBNG-AND TRANS.

220.0 -120.0 -20.0 80.0
TEST TEMPERATURE TF

)

180.0 ?80.0
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F I PURE

CenPflRISQN 0F HERD-PLATE AND SHELL-PLflTE CVN IMPflCT-TEST

RESULTS F0R L0NGITUDINRL SPECIMENS Qf LT GRIENTflTieN.

SPECIMEN lOENTIFICflTieN

CI 50 HEflD-PLflTE SPECIMENS-

+ 56 SHELL-PLATE SPECIMENS-

(See Appendices C and D)

-ffl—a—-ffl

+/

I

I

+ (

;

/

/

I

I

I

+ ' +

/

' +

-320.0
^ m a—-ffl- I

1

+ +

m

CD

Gl

D

THE CflLCULflTEO CURVES MERE C8MPUTED

FReM WEIGHTED MEAN VALUES F8R DflTfl

AT EACH TEST TEMPERATURE.

220.0 -120.0 -20.0 80.0
TEST TEMPERATURE ( F )

180.0
1
280.0
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FIGURE 9B

C8MPflRIS0N 0F HEflO-PLflTE AND SHELL-PLATE CVN IMPflCT-TEST

RESULTS f0R L0NGITUDINflL SPECIMENS 0f LT GRIENTflTION.

o
CM.

o.

o.

CD .

_|in.

1

\—
u_

»—•«>

V—

Ql

COO
00 in.

>-

LUO

IxJco

o
lO.

SPECIMEN lOENTIFICflTieN

a 50 HEflO-PLflTE SPECIMENS.

+ 56 SHELL-PLATE SPECIMENS-

(See Appendices C and D)

ED

THE CflLCULflTEO CURVES MERE C8MPUTE0

FROM WEIGHTED MEAN VALUES F8R DflTfl

AT EACH TEST TEMPERATURE.

"-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0
1
280.0
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FIGURE 9C

CenPflRISQN 0F HEflD-PLflTE AND SHELL-PLflTE CVN IMPflCT-TEST

RESULTS F0R LQNGITUDINflL SPECIMENS 0F LT 0RIENTflTI0N.

o
1/54

SPECIMEN IOENTIFICflTI0N

a 50 HEflD-PLflTE SPECIMENS-

+ 56 SHELL-PLflTE SPECIMENS-

(See Appendices C and D)

THE CflLCULflTED CURVES WERE CSMPUTEO

FR8M WEIGHTED MEAN VALUES F0R DflTfl

AT EACH TEST TEMPERATURE.

"-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0 280.0



FIGURE lOA

CeriPflRIS0N er HEflO-PLflTE and shell-plate CVN iriPflCT-TEST

RESULTS 0F TRANSVERSE SPECIMENS QF TL CRIENTATieN.

o
03

SPEClriEN lOENTIFICflTION

48 HEflO-PLflTE SPECIMENS

-

55 SHELL-PLATE SPECIMENS.

(See Appendices C and D)

CQ 4"h -t-t 1

+ / +
/

+ + / m
/

+ + +/

THE CflLCULflTEO CURVES WERE CSMPUTEO

FR8M WEIGHTED MEAN VALUES F0R DATA

AT EACH TEST TEMPERATURE.

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 ?80.0
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FIGURE lOB

C0f1PflRIS0N 0F HEflD-PLflTE RNO SH£LL-PLPiT£ CVN IMPPiCT-TEST
RESULTS 0F TRANSVERSE SPECIMENS Gf TL 0RI£NTflTI0N.

SPEClnEN lOENTIFICflTieN

a 48 HERD-PLRTE SPECIMENS.

+ 55 SHELL-PLATE SPECIMENS.

(See Appendices C and D)

EQ

+ + THE CfiLCULflTED CURVES WERE CGMPUTEO

+ FReri WEIGHTED MEAN VALUES F8R DATA
± m

° AT EACH TEST TEMPERATURE.

-320.0 -220.0 -120.0 -20.0

TEST TEMPERATURE (F)
80.0 180.0 280.0
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FIGURE IOC

C0MPflRIS0N QF HEflD-PLflTE AND SHELL-PLRTE CVN IMPflCT-TEST

RESULTS 0f TRANSVERSE SPECIMENS 0f TL 0RIENTflTI0N.

° SPECIMEN lOENTIFICfiTieN
Q . .

O 48 HEflO-PLflTE SPECIflENS.

+ 55 SHELL-PLATE SPECIMENS.

(See Appendices C and D)o

O-

O

-320.0 -220.0 -120.0 -20.0 80.0 180.0 280.0
TEST TEMPERRTURE (F)
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FIGURE llA

RESULTS 0F L0NGITUDINRL CVN IMPACT TESTS F0R

flftR TC128 STEELS AND flSTM fl212-B STEELS.

SPECinEN I0ENTIFICflTI8N

a flflR TC128. 70 LT QRIENTflTIQN SPECIMENS.

+ flSm fl2l2-B.36 LT 0RIENTflTI0N SPECIIIENS.

(See Appendix E, Tables 1 and 2)

GMmD
m +

THE CflLCULflTEO CURVES WERE CQMPUTEO

FR8M WEIGHTED ME9N VALUES FOR Ofllfl

AT EACH TEST TEMPERATURE.

-320.0 -220.0 -120.0 -20.0 80.0

TEST TEMPERATURE (F)
180.0 ?80.0
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FIGURE IIB

RESULTS 0F L8NGITU0INflL CVN IMPACT TESTS F0R

RflR TC128 STEELS AND flSTM fl212-B STEELS.

SPECinEN lOENTIFlCflTieN

a flflR TCl2e, 70 LT 8RIENTflTieN SPECIMENS.

+ flSTn fl2l2-B.36 LT eRIENTflTieN SPECIMENS.

(See Appendix Tables 1 and 2)

+
t

GE ID

s +
%

THE CflLCULflTEO CURVES WERE CeMPUTEO

FR8M WEIGHTED MEAN VALUES F6R OflTfl

AT EACH TEST TEMPERATURE.

"-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 ?80.0
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FIGURE lie

RESULTS 0F L0NGITUDINflL CVN IMPRCT TESTS F0R

flRR TC128 STEELS AND flSTM R212-B STEELS.

SPECIMEN lOENTIFICflTieN

flflR TC128, 70 LT 8RlENTflTI0N SPECIMENS.

+ flSTM fl2l2-B.36 LT eRIENTflTIBN SPECIMENS.

(See Appendix E, Tables 1 and 2)

> -t-

THE CflLCULflTEO CURVES MERE CeMPUTEO

FR0M WEIGHTED MEAN VALUES F0R DflTA

AT EACH TEST TEMPERATURE.

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0 ?80.0
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FIGURE 12A

RESULTS 0P TRANSVERSE CVN IMPflCT TESTS F0R
flflR TC128 STEELS AND flSTM fl212-B STEELS-

° SPECIMEN IDENTIFICflTieN
O

flfli? TC128, 68 TL 8RIENTflTl8N SPECIMENS-

+ flSTM fl2l2-B.35 TL 8RIENTflTieN SPECIMENS-

(See Appendix E, Tables 3 and 4)
o
o

o
o
CM-

UJ

TEST TEMPERATURE (F)

- 11 -



FIGURE 12B

RESULTS 0F TRANSVERSE CVN IMPflCT TESTS F0R
PiflR TC128 STEELS AND RSTM fl212-B STEELS.

SPECIMEN [OENTlFICflTION

a flflR TC128, 68 TL 0RlENTflTI8N SPECII1ENS.

+ fiSTn 0212-8,35 TL eRIENTflTION SPECIMENS.

(See Appendix E/ Tables 3 and 4)

THE CflLCULflTEO CURVES WERE C9MPUTE0

FR8M WEIGHTED MEAN VALUES F9R OflTfl

AT EACH TEST TEMPERATURE.

-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERATURE if)

180.0 ?80.0
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FIGURE 12C

RESULTS OF TRANSVERSE CVN iriPflCT TESTS f0R

flflR TC128 STEELS AND RSTM fl212-B STEELS.

^ SPECIMEN IDENTIFICflTI6N
O •

^^-^ tD flflR TC128. 68 TL SRIENTflTieN SPECIMENS-

+ flSTM fl2l2-0.35 TL eRIENTflTIBN SPECIMENS.

(See Appendix E, Tables 3 and 4)

o
o_

o
CD IC-

IEST TENPERRTURE (F)



FIGURE 13A

RESULTS 0F IMPACT TESTS FQR THREE GRROES 0F STEEL

...CVN SPECIMENS 0F LT GRIENTflTIQN FROM F0UR HCCIOENTS

SPECIMEN lOENTIFICflTieW

a flflR TC128-fl. 16 BELLE HEAD SPECIMENS. ^^^^ Appendix A)

X flflR TC128-B. 17 CflLLflO K-5 SHELL (See Appendix D, Table 1 of Ref . 4)

o flSTM fl2l2-B. 36 CCITY HEflO < SHELL (See Appendix F, Table 1)

S 18 CflLLfle HEflO K-1 fiNO 19 S-BYRBN SHELL* (See Appendix F, Table 2)

—, W g m-^w-—r-^'-js r

-320.0 -220.0 -120.0 -20.0 80.0

TEST TEMPERRTURE (F)

fx / o

X / o

i(<^ ^ <^

flflR TC128-B SPECIMENS

THflT CeNTfllNED MORE

THAN 0.02X VflNflOIUM.

180.0 ?80.0
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FIGURE 13B

RESULTS 0F IMPACT TESTS F0R THREE GRADES 0F STEEL
CVN SPECIMENS 0F LT 0RIENTflTI0N FR0M FOUR RCCIDENTS

SPECIMEN rOENTtFlCHT[0N

a flflR TC128-fl. 16 BELLE HEflO SPECIMENS. (See Appendix A)

X flflR TC128-B. 17 CflLLfle i\-5 SHELL (See Appendix D, Table 1 of Ref
.

4)

<^ flSTM fl2l2-B. 36 C.CITY HEflO 4 SHELL (See Appendix F, Table 1)

S 18 CflLLfle HEAD K-1 AND 19 3.BYR0N SHELL* (See Appendix F, Table 2)

flflR TC128-B SPECIMENS

THAT CeNTfllNED MORE

THAN 0.027 VANADIUM.

-320.0 •220.0 -120.0 -20.0 80.0
TEST TEMPERATURE (F)

180.0 280.0
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FIGURE 13C

RESULTS 0F iriPflCT TESTS F0R THREE GRRDES 0F STEEL

.CVN SPECIMENS 0F LT 0RIENTflTI0N FR0ri F0UR OCCIDENTS.

SPECIMEN IDENTIFICflTiaN

flflR TC128-fl. 16 BELLE HEflO SPECIMENS. (See Appendix A)

X flflR TC128-B. 17 CflLLfle K-5 SHELL (See Appendix D, Table 1 of Ref
.

4)

<^ flSTM fl2l2-B. 36 CCITY HEflO < SHELL (See Appendix F, Table 1)
;

X 18 CflLLfle HEflO K-1 HNO 19 S-BYReN SHELL- (gge Appendix F, Table 2)

[3-

» flflR TC128-B SPECIMENS

THAT C8NTflINED M0RE

THflN 0.02X VflNflOIUM.

"-320.0 -220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0 280.0
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FIGURE I^IA

RESULTS 0F IMPACT TESTS F0R THREE GRADES QF STEEL
..CVN SPECIMENS QF TL QRIENTflTIGN PR0M P0UR ACCIDENTS.

SPECIMEN IOENTIFICHTI0N

a flflR Tci28-fl. 16 BELLE HEflO SPECIMENS. (See Appendix A)

X flflR TC128-B. 17 CflLLflO K-5 SHELL (See Appendix D, Table 1 of Ref
.

4)

^ flSTM fl2i2-B. 3S C.CITY HEAD < SHELL SPE (See Appendix F, Table 3)

s 16 CflLLfle HEAD K-1 AND 19 S-BYRBN SHELL* (g^g Appendix F, Table 4)

-320.0
T f X
•220.0 -120.0 -20.0 80.0

TEST TEMPERRTURE if)
180.0 280.0
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FIGURE l^B

RESULTS Qf [MPflCT TESTS F0R THREE GRADES 0F STEEL
..CVN SPECiriENS QF TL 0RIENTflTI0N rR0M fQUR RCCIDENTS

ib

SPECIMEN lOENTIFICflTieN

n flflR TC128-fl. 16 BELLE HEAD SPECIMENS. Appendix A)

X flflR TC128-B. 17 CflLLflQ l\-5 SHELL (See Appendix D, Table 1 of Ref
.

4)

flSTM fl2i2-B. 35 CClTY HEAD 4 SHELL (gee Appendix F, Table 3)

S 16 CflLLfle HEAD tt-l AND 19 S.BYR8N SHELL- (See Appendix F, Table 4)

* AAR TC128-B SPECIMENS

THAT CBNTAINEO M8RE

THAN 0.02X VANADIUM.

-320.0
T

•220.0 -120.0 -20.0 80.0
TEST TEMPERRTURE (F)

180.0 ?80.0
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FIGURE 1^!C

RESULTS 0F IMPACT TESTS F0R THREE GRADES OF STEEL

...CVN SPECIMENS 8F TL ORIENTflTieN FRQM FQUR ACCIDENTS

SPECIMEN IDENTIFICflTI0N

n flflR Tci28-fl. 16 BELLE HEflO SPECIMENS (See Appendix A)

X flflR TC128-B. 17 CflLLfl8 «-5 SHELL (See Appendix D, Table 1 of Ref . 4)

o flSTM fl2l2-B. 35 CCITY HEflO *, SHELL (See Appendix F. Table 3)

s 16 CflLLfle HEflO K-1 flNO 19 S-BYRBN SHELL* (See Appendix F, Table 4

o
o_





o
o
CM

O

o

— O
z
lU
tr

8"

UJ

o ^

o
<0

o

o

Q
U

W O
H m

M-H

O

o
•H
-P
U CO

Cm Eh

fO
—

'

U) rH

M 0
Q) -P

d
O

H
U -P

H W

•H e
rH O

U

rQ
•H ^3

-P
to

nci

<L)

-P

O
-P

04 CD

fd

O

0)

CO
I

5-1

04 Eh

0) C
^ -H
Eh

(U

>
-H
CP

s
> Eh

U W

iH

0)

U

H
Pm

0)

rH (U

U -P
U -P
•H O
U

-P Eh

CD

-P
W

5-1

(d

U
I

-p

•qi- U ' NOIlddOSaV A9y3N3 dlBHS HOION-A AdyVHO

- 87 -



5" APPENDIX A

CVN Results for Four Orientations of Specimens Taken from

the Belle Head-Plate Sample of AAR TC128-A Steel
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APPEijDIX A. FIGURE A

mm tnPaCT TEST RESULTS FOR THE BELLE
hei^o ^Invfe srtnj^iic* rtrtK Ycr2G-H steel.

At—O-

SPECIPIEN IDENTIFICflTION

O LT* eRIENTfiTI8N. D" CHflRPY SPECIMENS.

O TL«. 8f?rENTflTIQN. B« CHflRPY SPECIMENS.

+ TS« 8f?IENTflTI8N. fl* CHflRPY SPECIMENS.

^ LSm 8RIENTflTI8N, C« CHflRPY SPECIMENS,

TL

LT

CI

AXIS 8F THE BELLE SPECIMENS MAY DEVIATE

SUBSTflNTIflLLY FRSM TRUE L8NG. AND TRANS

-320.0
I

-160.0

-80.0 0^0 80.0 160.0 240.0 320.0

TEST TEMPERATURE if)
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AKPLNDIX A. hibUKL ii

CHflRPY IMPACT T£STaRESU/TS FQR THE BELLE
HEfiD PLATE SAMPLE. flfiR/TClZe-fi STEEL-

fiXIS @F THE BELLE SPeCIMENS MfiY OEVIRTE

SUSSraWTIflLLY FK8f« TRUE L8NG. RND TRANS.

-320.0

-160.0

•80.0 0.0 80.0 160.0

TEST TEMPERATURE (F)
240.0 320,0
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APPOIDIX A. FIGURE C

CHflRPY rriPflCT TEST RESULTS F0R THE BELLE

HEAD PLATE SAMPLE. AAR TC128-A STEEL.

SPECIMEN IDENTIFICflTieN

LT« eRIENTflTISN. D" CHflRPY SPECIMENS-

O TL« ei?IENTflTI8N. B« CHflRPY SPECIMENS.

»- TS« 9RIENTflTieN. fla CHflRPY SPECIMENS.

^ LS« ePIENTflTieN, CV CHflRPY SPECIMENS.

^20.0 3

-160.0

LS

LT

TS
TL

+

AXIS 8F THE BELLE SPECIMENS MAY OEVlflTE

SUBSTflNTIflLLY FROM TRUE L8NG. flND TRANS.

T
80.0 0.0 80.0 160.0

TEST TEMPERRTURE (F)
240.0 320.0
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APPENDIX A. TABLE lA

CHAkPY li^lPACT TF ST -hSiJiTS t-i >K THh BeLLF
iHh-A!) PLATt- SAMl-'Lh. AAr^ TCi/'i-A STeLL.
C ALTULAT in.v.^ FJ- SHFA< F'^ALTUKh APPtA^-ANCF OATA uF-

LT* U U FixJTAT . D* CHA-.PY SPFCI(«!FNS.

AXIS UF THF iFllE SPhCI^FJS MAY OFVIATF
SUniST ANT [ALLY Fi- GM TFU:. LOflG. \HD TRANS.

SFFCIMF^J TFr':PFPATuPb{h) .iftSFRVFD SHEAk CALCULATrO SHtAP
FKALTlJFt (I) FKACTOKF ( )

-3 20.0 • u 0 • 0

- i 2 u . 0 . 0 0 0

n 1 1 > -120.0 • 0 0 • G

1 J ? - I 2 o . 0 . 'J u • o

r"> 1 3 - 82 . 0 . 0 0 • 0

OH -8 2.0 . (.J 0 • C

13 -40. u b . ) 0 6. '-/

0 1 .? -40,0 S.JO 5 . ij

!

'
I- 1 -2 5.0 2 0 . u w 20. ij

13 -25. 0 3 o . J 0 20

.

5

09^_ _
-2.0 4 D . 0 0 71

.

4

0 1 ' -2.

J

0 -J . 0 0 71. 4

72. 5 1 0 0 . J J 100. 0

1 ) 7 72 . 1^0. 0 ) 10 0. 0

1 J 3 2 12.0 1 J J . 0 ioo

.

0

1 2 12. U loU . J J 100. 0

T . A v 1 C t r T ; V ,
11"' I

'

! K ;\ .'vi > i i i U J i\ r ^J I 1

.

L I- JL 1 ^ '
) V ft L 0 1 ^

SHFAf^ C ALlUL A] FO / T i- IPFh ATU^vt CALCU!.AT FO s

F Av, rui-' F T^T'PFkAI UKh ( F ) / 1 1- ) Fr. ACT'

?. 0 1 . 7 / - « 0 2.2
b . '

} -41 . > / 3. 7

l;).0 - 3 '^ . i / o . 0

I b , 0 -2 9.Z / - •i'J. )

50.0 - 1 .'J . -J / - 30. J 14.0
c, . 0 / - 2 . >J 20 . 3

0 . 0 7.t5 / -2u. 0 2'-^. 0

11.7 / -13.0
GH.O i 2 / - 1./. 0 1 . ?

/ - J . 0 o 4 . U

/ .0 7o. 0

/ -J. J 8r.. 1

/ 10..) 9 3.2
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APPENDIX A. TABLE IB

CHAPPY IMPACT TFST t^FSiJlT:> filH TM[- ;U'-LLE

Ht-AO PI ATt: SAN PLl", A < TCl;''^,-A STKtL.
CALCULAT IHfNjS Hf'hrU.Y A Su f: P T I ! )i\ fU T A JI-

LT* Cl^IFr.TAT (jx: CmAI- py SPFl Ii«il-,\iS .

AXIS OF THt- LiFlLt SPhCIMi'viS M\Y DFVIaTF
SIJHST ANT I Al L Y FF GM l^iJ;- L .ANO TR A:\iS,

SPLC I v.EN TGMPF PAl UPf ( r ) Quse^-tVFrj FNF ^-iGY
^Al /'111 \ Tt-i\ UMC-l'/ \'

• A JsOt-iPT 1 1;i;j(Fl-L3)

Dfa -320.0 I.JO 1 n

0 16 -3?0 . 0 1 .'JO 1 1

I » o

1) 10 — 1 if! 0 . J 2.0 0 1I * u

0? -120.

0

2. UO i • c

013 - b 2 .0 5 . (J 0 5. !

U8 5. 0 J

'f J • J 14.1^0 1 B. J

-AO. 0 15.00 IC. C

Dll -25.0 2 1 . J 0 26.^
-25.0 '"^

2 5.50 ?6. 4

-2.0 31 . 5 J 42. n

01 -2.0 6. 1 . J 0 42 . o

Ol') 72. 72 . 50 6 7 . s

0 7 72. 3 6 3. 5 0 c7. J

05 2 12.0 nc. 00 60. 3

0 u 212.0 61.5 0' 60 . d

TkANS IT I.j.j Fii I JH , CALCULaTLO VALUFS

fcNFPf.Y CAl.CULA 1 L i) / TmPFK^TUKf CALCULATFl) L^^FkGV
AbbHF PT I ^^J T F^iP -K ATUKt ( F ) / {F ) At:-bui' PT FT-LB)

5.0 -H2 .9 / -80. 0 5.5
10.0 -6 0. i / -75. 0 6.4
15. 0 -4 o . 5 / -7o .0 7.4
20.0 - i . v) / - 0 . 0 S . 7

25.0 -2 7.3 / -60 .

0

10.1
^0.0 - 1 • . J / -55.0 11.7
^5.0 -12.

H

/ -5u.O 1 3 . ^

hO.O — 1). 5 / - H J . 0 15.6
^5.0 1.3 / -40.0 18.0
50.0 cl.4 / -35..

J

20.5
55.0 16.2 / - 30. 0 ^3.4
60.0 25. ^ / -25.0 2 o . 4

65.0 3 . o / -^0.0 ?V. 7

/ . -15.

J

33.1
/ -10.0 36.7
/ -5.0 40.4
/ . ) '*4.0

/ 5.0 4 7.^
/ 10. 0 51.1
/ 15.0 54. 3
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APPEfiDIX A. TABLE IC

:U LL (-

Ht-ai< PL AT I-- SAMPLF . AAr lCl/\<-\ STf 1-
1 .

C aLC'JLAT ID^^ F;)P LATF'Ul F XP Ai^S 1 1 ).j OAT \ )F

LT* 1 n- N lay 111 , 0^-- CHAFFY Sl>FC I MLi\'S

AaIS nF THF HFl L E FC li^iF >j.S -lAY OLVIAT-
SLJKSTANT I ALL y f-^U(A TkUF Li;.nIO. ANU T F, A lis .

SPFC IMFN TLi-lfFPATUKFi F ) 'liSSLPVFiJ 1 n r r f M
t XPANS ID J ( ^1 I 1 S ) f" y o A r\i f

; I i !
*
J /Mil

0 6 -320.

0

1. • < i w 1

1) 1 o -32U.U 1L

0 10 - 120,

0

1
i.

D2 -1,?0.0 1
1

0 IJ -n?. c

r.r. -8?.0 b. 0 0
0 ^ : -to. J 1 1 ) 11(1 ! /•

i L,

1)1/ -40. 0 lf:>. 00 1

rii - b . > 1 u . ; 0 ^ '<

C. J

0 3 -?b. u 2 . b 0 ) 1t _'

09 -2.0 2^;. bO
01 -3.0 t ) . b u

.

30
!)lb 72. b 'J o . b 0

r>7 72. b b-<. jO b /

212.0 o . J a b7
-> 1 < ! .

^ 1. ^ . t . > 0 57

T..AKSITh;j kFGUJN, r.ALCULATFD \/ALJf-S

L ATFkAL CALuULMtu / Tf Mi'F ATtJ <F CAL CULuTFlJ
LX'-^ANSI(JN( MILS ) Tt MTF'. ATi;i< M F ) / (f- ) r-x-^A,. SIliKl

b. 0 -.M.o / - J 0 .0 b. 3

10.

0

- b 7 .

/

- 7b . 0 I

15.0 -42..} / - 7'j . 0 7.0
?0.0 -M / . u 'J. 1

? b . -2 2. J / - 60 . 0 3

30.0 - I 3 . .3 / - )
-) .0 lu.a

3b.

0

- b . 1 / - b J . 0 i2.H
40.0 3. I / -4b. J I *. 2

4b. 0 12.0 / -40 . 0 i b . 2

•30.0 2 2.4 / - 3 5 .0 i c. . 4

5 b . 0 38. b / - 30 . 0 20 . b

/ -2b . 0 2 3.4
/ -20 .0 2o. 1

/ - lb . 0 29.0
/ -10 . 0 3 2.0
/ .0 3 3.1
/ .0 3^}. 1

/ b .0 '» 1 . 1

/ I 0.0 43.9
/ lb • o 46 .6
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APPENDIX A. TABLE 2A

CHAPPY If^'^ALT TrST '^rsULTS FUn THE liTALL

HFAl^ PLATi: SAMPLE, AA-^ K'12m-A STFHL.
C. ALCUL AT ll '^njS Filr. S^1FA^ t-t-aCTUFt At- P t A^ A\ CF DATA UF
TL* IIRIF rUAT lurj, C.HAiPY SPFCIMFMS.

TPM^E PATUkF ( F ) u^vS F F;V tO SHEAR C Al (.OLAT L !' SHE A

FP AC TUkE ( o hRACTUKF ( )

R6 -3 20.

0

. (.1

0

• 0

-320.

0

. 0 0 • 0

010 -12J.0 . 0 0 « 0

B? -12 0.0 .00 • \J

B 13 -82. 0 .00 • 0

-82.0 . 0 0 • 0

-AO. 0 1 0 . u o 20. ci

-Au. J 1 -J . 0 0 20. .)

Hll -2^.0 30.au 43. 1

P 3 -2^. 0 43. I

ri9 - 2 . 0 70. 3 0 7o.
>

J

1 -2.0 d u . 'J 0 76.
^15 72. "-J loO. 0 0 100. 0

H7 7 2.') 1^)0.00 100. 0

2 12.0 I wU . ^ 0 100. 0

2 12.0 1 Of. Ou 100. 0

TPANSITION PEOIUN. CALCOLATFi^ \/ALuES

r AC' LALCULaT EH / ^ E'^:M"R ATU^E .
CALCUl.A r lO

TiJ-E Tf HPF'sAI Ursr ( F ) / (F ) FPACTijK i": (

2. 0 -6 2.U / — o o .0 2.8
5.0 - 5 T . ) / - 'j 5 . 0 5. 7

10. 0 - 4 0 . 6 / - 5 J . 0 ^.7
15.0 —H 4 . o / -45 .0 14.7
50.

n

-20.7 / -4U. 0 20. ri

c5.0 / - jt) . 0

'jO.O 13.3 / -30.0 5 5.3
S-?. 0 ? 3 . 2 / -25. J 4 3,1
<'*8 .0 3 4.4 / -20. 0 51 . 0

/ -15. J 5 w . 8

/ - 1 J . 0 w t: . 0

/ -b. 0 72. 7

/ .0 7«.5
/ t). 0 5 3.6
/ 10.0 7 .

7

/ I') .0 ^.1.1

/ 2\J . 0 S 3. 7

/ 2:^. 0 <; 5 . 6

/ 30. 0 ^)7. 1
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APFEMDIX A. TABLE 2B

CHAi- PY IMPAC T TTST S JL T o fu^ THr rSt-lLL

HtAO PLATE SAf'.PLE. AA. TCl?o-A STlfL.

1 [ M 1 t- P A T
i , 1. r- ( h ) !

'

.

'. S F i/
r"

fj Li\'tKGY o Al ( IJ 1 AT 1 1) [ M f- H' (j

/' 1 1 \ i Ik Pill fHFT-L^t) A b 'jiJH '•'T I ;
' J ( F T — L L

— 3?(' 0 I . u 0 • d

i< 1 (> -3?0.

0

. b 0 • ii

hi i J i -120.0 2 . bO 2.0
-120.0 ;> .00 2.0

H 1 V — B? . 0 D . bO 6 . b

i.'I'b ' ." - B ? . 0 .bo t). 3

54 • -AO .0
, 1 . J J 17. 9

li 1 2 -40. 0 i 7 . u 0 17,9
bll -?t>.0

'

">

C. 1 J . bO 2 3. i

.

- :> . u 2t . !>0 2 3.3
6 9 -?.o 2.H . b 0 '^1 . 1

i5

1

- ? 0 .00
1^1' - 7?. :> '.2 • 'J J 40-1T W • J.

- 7?. 5
.

. )0

?12.0 ^2 . b J 40. 2

?1?.0 3j . 0

T^- ANS I r lUM F r GiriK'. r. ALGOL Af.iSJ VALUF.

r N f- P G Y • CAL C ULATFH / Tt-Mp t. t ; A T !J r! b

A F. S t i ^^ P T I f J M TtMPE*-' MUkL ( F ) / { F ) Ar\ Si "r P Tl 1 IN ( FT-
5.0 -9 0.S / — u .0

10-0 - t; 6 . J / -3b. 0 5 - Q

/ -oU . 0

?i) 0 -^4.1 / - ^ b . J

- i. 0 . 2 / -70. 0
^0. 0 -b.4 / - o b . 0

13.0 / — t> o . 0 1 1 -

64. -i / -5b. J

/ - 50 . 0 1 4- o

/ -4b. 0 1 . 2

/ - 40. ) 1 7 Q

/ -Jb.O 19.7
/ - ^0. ) 21.5
/ - 2 b . J 2 . 3

/ -2J . j ^5.1
/ - lb. 0 2o. 8

/ - 1 0 . w' 2c.

5

/ -5.0 ^0. 1

/ . J 31.6
/ b. J 3 3.0

- 96 -



APPENDIX A. TABLE 2C

r.HAfPY IMPACT TFST PhSJLTS M!^< THt HtrLLF

UFAO PLATL SAMPLt, AAR lC12c5-A STtEL.
CALrULATIGMS FOR LATEKAL FXFAMSIOi^ UATA OF
TL* CRIFMATI'JN, B- CHARPY S P FC I iV Esl S .

SPFCIMFN T FMPFRATUF F { f-
) ChbtRVFl) LATrrKAL CALCIJIATF'3 LATFPAl

F X P A N S I U ( K I L b ) I X*'' AnS 1 Ui\ t rll LS J

B6 -320.0 I . dO 2.5
Ml/H 16 —320.

0

2.50 2 . 5

D 1 0 —120.0 3.50 2 , ^
n '1

P> / — 12.0,0 6.50 2.5
b 1 3 - 02 . 0 5.0 0 4 . c

bB -82 .0 4.50 6
— 40. o 1 ( . . 0 0 13 . b

bl? -'0.0 19.00 1 a . .'i

1311 -25.0 2 c . 5 u 24. 0

B3 -25. C 20. oO 2 1 . 0

b9 -2.0 29. tjO 3 0. /

HI -2.0 35.0 J 3u. /

615 72. 5 43. 'j)0 42.0
fi7 72.5 37.50 42. 0

B5 212.0 50.00 44. 5

Bl^ 212.0 39.t)u 44. 5

THANSiriu.Ni P.FGIij;\, CAllULATEO \/ALUtS

LATFP AL CALCUL^\TtU / r FMPFPvATUi'.E CALCULATFD LATtRAL
K S I : } M ( M I L S ) TFMPFr ATUkfl F

)

/ (F ) hXPAf.SKlM
5.0 -80.'+ / -50.0 5.1

10.0 -64.3 / - 75. 0 6. 5

I 5. 'J -50.4 / -70.0 £5.1

20.0 -36.6 / -6D.0 9. 8

25.0 -21.8 / -6 J. 0 11.5
30.0 -4. 3 / -55 . J 13.3
35.0 16.7 / -50. 0 15.2
40.0 49 . 7 / -45 . J 17.0

/ -^0.0 1 b . h

/ -35.0 20.6
/ - 30.0 2 2.3
/ 0 24.0
/ -du,0 2 5, o

/ - 15. 0 27. 1

/ -10.0 2 d . 6

/ -5.0 30.0
/ .0 31.3
/ 5.0 3 2.5
/ 10. 0 33.6
/ 15.0 34. 7
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APPENDIX A. TABLE 3A

CHAkPY IMPACT TEST RESULTS FUR THE BELLE
HEAD PLATE SAMPLE. AAR TC128-A STEEL.
CALCULATIONS FDR SHEAR FRACTURE APPEARANCE DATA OF
TS* ORIENTATION, A* CHARPY SPECIMENS.

SPEC I MEN TEMPERATURE ( F) OBSERVED SHEAR CALCULATED SHEAf
FRACTURE {%) FRACTURE [%)

A 6 -320.0 .00 . 0
A 16 -320.0 .00 •0
A 10 ;

-120.0 .00 • 0
A? '/r, -120.0 .00 • 0
A 13 -82.0

; .00 • 0
A8 -82.0 .00 .0

,

V -40.0 40.00 28. 6

A 12 -40. 0 20.00 28.6
All -25. 0 50. 0 0 63.5
A3 -25.0 80. 0 0 63. 5

AS -2.0 90. 0 0 93. 3

Ai
;

-2.0 93.00 93. 3

A15 72.5 100. CO 100. 0

A 7 72. 5 100.00 100. 0
A5 212.0 100.00 100. 0

A 14 212.0 100.00 100. 0

TRANSITION REGION, CALCULATED VALUES

% SHFAR CALCULATED / TEMPERATURE CALCULATED Sh

FRACTURE . \ TEMPERATURE ( F ) / (F) FRACTURE

(

%)

?.o -5 5.3 / -50.0 8.3
5.0 -52.4 / -45.0 17.5

10.0 -49.0 / -40.0 20.6
15.0 -46.2 / - 35.0 40. 7

50.0 '-31. 1 / -30.0 52.5
85.0 -11.6 / -25.0 63.5
90.0 -6.6 / -20. 0 73.0
95.0

,
1.1 / -15.0 80.7

98.0 10.1 / - 10.0 86. 8

/ -5.0 91.3
/ .0 94.4
/ 5.0 96.6
/ 10.

0

98.0
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APPENDIX A. TABLE 3B

ChA-^PY IMPACT TFST I C S Jl T b Tilk Ti-lt r'.LLLf^

HhAP PLATT S-iNPLF. f.A- TCl/.-A STtCL.
CALCU'LATIINS hQK FivFf-''.;Y A o b-; !

- P T I 'IN ljM' A :1F

TS* I FNT AT hJ'M, A L^riAxPY :> ^ t C I E'. j .

SPFC I MEN Tf-MPERATURT: ( F- i JHS ERVt 1) 1: \r GY C AL (-ULA T F U E \ E

AriSn-^ "^T i

;

>\ ( F T-L U A 1 <".ir"\ i'T'Tj \ , / i"T"
*i I'T 1 I .

i\ ( F T -

Ah - 3 ?0 . 0 1 . uO 1 . u

A U. - J?0.

u

1 . u (J 1 . )

A 10 - I ? J . 0 f. . 0 J

A ? - 1 2 0 . 0 H . !3 0 4.7
A 1 ^ - b ? . v) i 1 . uu 12.4
A 8 i i . 0 0 12.4
A4 - AO . 0 2v. t>0 32. C

Al^ -'tO. vj 24.t>0 32.0
A li -?b.O 42.50 ^2. 3

Ai .)0 t2. 3

AS -?. 0 o 1 . 0 0 5 5. 7

A I 0 0 2 . J J 5 5. 7

Alb 72. 5 54.00 5o. 7

A J 72. 5 5 y . 0 0 5o. 7

hb 212.0 00 Ob. S

A14 212.0 •3 S , 0 J 56. S

Tr^ANSITIj^M FEbI.Ji\ . CALC ULATFij VALO"^ S

EiNERGY CALClJl AT to / T 1- '^Ph ^ AT^J'^c C M COL AT hO
AbSflKPT ION TFHPEKATU'-^F ( F ) / (F ) Ai^si;? "T la^^j

5.0 -117.7 / -1 10.0 6. I

10.0 -90. 7 / -105.0 6.9
15.0 -7 4.3 / -100.0 7.7
20.0 - c 2 . 1 / -05. 0 9.0
25. 0 -52.

u

/ -V j .0 10.2
^0.0 -4 3 . i / -85. 0 11.5
i 5 . 0 -35.4 / -dc. 0 13.1
40. 0 -2B .2 / -75. J 14. a

45.0 -21.3 / - 70. 0 1 b. o
50.0 -14.7 / -65.0 1 .i . 7

55.

G

^-3. 2 / — i o . 0 2 1.0
/ . -5t>.J 2 3.4
/ - 50.0 2 6.1
/ -45 . ) 2^.0
/ -40.0 32.0
/ -35.0 3 5.3
/ -iO.O 30.7
/ -25.0 42. 3

/ -20.0 40. 0
/ -15.0 4S.0
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APPF.NDIX A. TABLE 3C

lHARPY IMPA(.I It SI "l-bULT-S f (II.' THt F. FLL L

V\ t. A 1
1 PL A T t S ^ 2f<-A STFtrL •

C ALC UL A T I fiiNi S I AT F^' At. LAP ANS I Ul\ DAT A ..;F

T S* i r I F N T A T

I

P V hPFC i r'FiMS •

NiPEh atdm; ( H ) DHiFl-VFO LaTFKAL (".ALGOL A Tf 0 L ATF r

r xPAi\s I (j\ 1 I L S ) caPANSIiK ( /ULS )

-320 ,

0

4, 5 0 4. 9

A 1 o -32 0.0 2 , u 0 4

.

A io -120,0 •j . 5 0 5 .
^)

A/
,

', - 1 2-: , 0 > . 'vJ t

J

5

.

'>

A 1 B - f; 2 , 0 111 9 . I

A 8 -b2,0 . 5 0 ^ . 1

A 4
; „

— A 0.0 2 V , 0 2 7.

^'^^ 22 . 5 0 2 7. /

All -2^.0 J 7 , 5 0 3 9.

A '
,

• - .^ -2 5.0 4^.50
AO -2.0 '.7. 5 0 51 . o

A 1 -2,0 5 2.00 5 1. 8
A 1 ,.

'

72,5 trl.OO 49. 1

A? 72. 5 4 V . U 0 49. 1

2 U . L> 5 0. 50 46 . 4

AK 2 12.0 't2. DO 46. 4

TP AN Sir Il':-M RL-GI J.\i , CALCULATtO VALUFS

I A T E f A L Calcul ^^ FO / r F ,^,-'FF AT O.^E . CmLCl La tfu l.

r XP A r^si ( i^M M 1

1

UkF ( F) / (K ) FXPANS I Lih ( It

5,0 -147 .ij / -140 .0 5. I

U) . 0 - 7 ?. b / -1 35 . 0 5.1
. 1 ^> . 0 -C2, 1 / -1 ->u .0 J.

2

- 5 1 . H / - 125 . 0 5. 3

c'*? , 0 - 4 i . d / -120 . J r>.5

30.0 — 3 ci , > / -m . 'J 5. 7

3 b , 0 - u . o / -1 lu .0 5.9
-24. "5 / -1 . 0 5.2

4t>,0 - 1 2 / -loo . 0 '^•6

50,0 -11.3 / -95 .0 7. 1

b b • 0 - 2 . ^ / 0 7.H
/ - j -J .0 i> . 6

/ - ri O. 0

/ - 75 . J 1 ) . 7

/ -70.0 12, 1

/ -o5 .0 1 5. a

/ -60. 0 15.9
/ -rj5 .0 Id. J

/ - 50. 0 2 1,0
/ -h5 . 0 2 H . 2
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APPENDIX A. TABLE ^A

CHAPPY IMPACT TEST ^'Fi,IJlIS FuK THF BeLLK
HtAO PLATE SAMPLE, AA« rCl2S-A STEfcL.
CALCULAT IHNS FUR SHEAk E*-'ACTURE APPEAkA\CE lUTA OE
LS* nRIENTATiOM, C* CHAkPY SPECIMENS.

SPET. iMEN T EM r E h AT U H E ( E ) 1 1 f
. S E h V E U S H L- A R 0 A L L UL A T •

' S nt A

r r< A I, 1 U t* L A ( T 1 1 I, k \

r *>
I. o - 3 'J . U . U 'J . u
C 1 ^L i o — .1 U • ij . J U • J

L i U — 12 J.

J

. U J

CZ -120.0 . 0 . 0

C 13 -8?. 0 . 'JO . 0

C8 -82.0 . 0 0 . 0

C4 -40 . 0 1 0 . 0 0 1 o. 3

C 12 -40. 0 2 5 . 1 ; 0 16.3
C. 11 -25.0 1 .)0. 0 0 100.0
C 3 -25.0 luo . uO loo. 0

CS - ^ . 0 1 'J J . 0 0 100.0
r. I -2.0 100.0 0 100. 0

C 15 72. "3 100 . 0 0 100.0
C7 72. 5 100. 0 0 100.0
C5 212.0 1 0 0 . U 0 100. 0

r. 14 2 12. 0 1 \Jk) . O U i:^o.o

TRANSIT luM Rl:Gl^j^' CaLCULaTcO VALUES

% SHEAS CALC JL A I t 0 / TE?^.PE R ATlJKt CAL COL AT EO
Ff^ACTUw E TEMPE" ATuhf^. { E ) / (E ) feal rup El/,)

2.0 / -4u.O 16.3
5.0 -^4.6 / -3-3.0 49,1
10.0 - A 2 . 0 / -30.0 9 1 . 9

15.0 -40 . 3 /

5u. 0 - 3 4 . /

H 5 . 0 -31.1 /

90.0 -30.3 /

9 5 . 0 -29.3 /

9 P . 0 -20.3 /
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APPENDIX A. TABLE

CHARPY IMPACT TtST kF-SULFS f THC cjtLLe

ML AD PLATt: SAM CLE, AA.< 1 C 1 ^ri - A S T f F L .

CALCULATIONS KHK tNFRoY ABS^i^PTlJN L:AT'\ iJF

LS'*- CPIENTATinN. C=i^ CHAkPY SPtCMFMS.

SPFCIMF-N Tt.^PhPAT JKG ( F ) uBSfHVfcD L'^^LRGY CALCULATFO LMEkGY
AiSQKpTIOM (FT-Lii) AB S'JI- PT 1 CIN ( F T -L i5

)

C6 -•3P0.0 1 . uu 1 . 0
- 3 ? 0 . 0 i . 0 >j 1.0

CIO . -120.0 3. o 0 1 . G

C2 > -120.0 2. •jO 1.0
CI? - ' -B2.0 S . 0 0 1.0
C8 . -t2.0 2 J

.

0 0 1.0
C4 -40.0 3o. 0 0 o6. 4

• -40. vj 3 7 . > J

C 1

1

-25.0 I 1^. 0 0 8 . 7

C3 .
o -25.0 1 1 M . 50 V>'-), 7

CS V.,. —2.0 119. 0 0 1 0 b . 0

CI -2.0 109. u 0 100. d

ci3 '

:r„-^:- \ 72.5 120. »J 0 119. d

c 7
; 72.5 1 17. 50 119.3

c;5 .
• ; 2 12.0 120.00 120.0

CI 4 ....'••^^^
- . 2 12.0 120. 120.0

•
; V '

.

Tc- AN'S IT Ki'vl RFGI.J.N, CALCULATFI) \/ALJFS

L NFPGY C Al CilLA i e. J / TLMPt KATURL CALCOLATFO !i

AdSH^PT I TTMPFP :^ TUf<t ( F ) / (F ) A,-*SC^' l-'T i F

5.0 -J 7.2 / - d U . J 2 1 . 2

10.0 '

'

-64.3 / - 5 1) . J 3 3.4
15.0 ^ — o 2 . o / -50.0 to. 3

/^O.O ^> -bu. 5 / -^5.0 i" o . 4

?5. J
' -5n.4 / — 4U . 0 t . 6 . 4

HO.O -56.4 / -35.0 7 5.

3 5.0 -=^4.4 / -30.0 H 3 . U

40.0 -52.3 / -25.0 c ; . 1

^5.0 -50.2 / -20.0 S i> . 3

50.0 • ->e.o / - lo. 0 1 JO. 0

55.0 -45. 7 / -10. 0 10 3.9
cO. 0 / -5. -J 107.2
6 5.0 - 4 0 . d / . 0 109.8
70.0 -38.1 / 5.0 111.9
75.0 -3!>.2 / 10.0 113.7
S 0 • 0 -32.1 / 15.0 1 I 5. 0

H5.0 — 2 0 . o / 2 . 0 116.1
90.0 -24./ / 2 5 . J 117.0
95.0 -2 0.3 / 3u .J 117.7

1 00 .0 -15.0 / 3 5.0 1 1 d . 2

105.0 -8.5 /

110.0 . .4 /

115.0 14.3 /

- 102 -



APPENDIX A. TABLE K

CHAPPY IMPACT TEST PFSUITS FUK THF BFLLE
HEAD PLATE SAMPLE, AAR TC128-A STbbL.
CALCULATIONS FOR LATERAL EXPANSION DATA OF
LS* ORIENTATION, C* CHARPY SPECIMENS.

SPECIMEN T EMPERATUREt F) OOSEKVED LATHRAL CALCULATED LATERAL
EXPitNSION (MILS) EXPANSION (MILS )

C6 -320. 0 3.6 0 A.O
C16 -320.0 4. 50 . 4. 0

CIO -120.0 2.50 4.0
C2 -120.0 2.50 4. 0

C13 -82.0 b.OO 4. 0

C8 -82. 0 10.50 '4.0

C4 -40.0 28.00 31.3
C12 -40.0 30.50 31.3
CI I -25.0 69.5 0 64. 4

C3 -25. 0 62.00 64.4
C9 -2.0 06. 00 77. 8

CI -2.0 77.00 77. 8

C15 7?. 5 84.00 79.2
C7 72.5 71.00 79. 2

C5 " 212.0 89.00 79.2
Cl<^ 212.0 76.00 79. 2

TRANSITION REGION, CALCULATED VALUES

LATERAL CALCULATED >' TEMPERATURE CALCULATED LATE
EXPANSION(MI LS) TFMPFRATUPEi F) >' (F

)

EXPANSI(1N(M ILS)
5.0 -49.2 >

f -40.0 31.3
10.0 -47.0 >

f -35.0 45.3
15.0 -45.3 >' -30.0 56. 3

20.0 -4 3.7 • >' • -25.0 64.4
25.0 -42.1 /' -20.0 69.9
30.0 -40.4 >' -15.0 73.6
35.0 -38.0 V' -10.

0

75.9
40.0 -37.0 if -5.0 77.3
45.0 -3 3.1 >' .0 78.1
50.0 -3 3.0 >

55.0 -30.7 >

60.0 -27.9 >

65.0 -24.5 >

70.0 -19.9 >

75.0 -12.2 >
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APPENDIX B

CVN Results of LT and TL Specimens of
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APPENDIX D, lAULL

LCNG?TirufN4t ANO luPACT-TrST
fi '>l^ Sl'^a PLAfr^ ThKZ^i f^O" P0"*» *CCTP'""TS.

CALCOUTI JWS Fl'K -j'tFAH FRACTUrtC trTFIRtNCC 0»TA OF

106 SPECI-
THE CALCi'LATro ci >ivrs •'"RE
FROM »EIGmTEO *T^.4 VAUfS 1FOR PATA
*T CACH TlST tfvPt.RATU'J''.

Specimen TEMPCRATuRtlFJ ?«»S£RVEO Sh£AR CALCl'L»Tr" 5"rA»»

FOACTWE («) rRAC^I'f'E i%i

Do •32 (^« 0 AM
• do • P

016 *U|| • 0
010 •12**.^ An ~, 1

02 HA

Bio •12'^«0 AA•Uu 1

Cl5 •12P»n AA•UU . i

HLM-18 •100.0 AA
• UO

STA-W "1 00*0 AA•uu . J

013 AA•UU . 6

Da •62 • 0 Aa . 6
Cl "5*^ . n An 9 n

a •5P .0 A A• wu 2 0

C2 AA 9 n

B2 • 00 ? 0

C<*1 "5** • 0 • 00 ? . n

C'»2 •3U«U — • 00 2.0
Co3 •So • • 00 2.0
HLH-l •SO #0 • 00 2.0
HLH-2 •" • '1 • 00 2.0
B3 •31. • u • 00 2.0
STt-2l •5^ . 0 •00 ? . P

STA-22 _ . •Dn«u 00 2.0
Bl •50 • 0 • 00 2.0
012 •**r • 0 5a 00 2,0
Oh •**0» 0 5.00 o , q

03 •25.

0

n

n

. v u * . 8

Oil •25.0 20 .00 C* . A

BIO •10 • 0 2.00 7

BU "10.0 5,00 7 t' . n

STA-35 •10.0 S«00 ' . D
STA-36 •lo.n 5.00 '.6
01 -2.0 Q5.00 *3.7

09 -2.0 «5.00 0.7
Cm • 0 .00 . 10 .2
B7 12.0 25.00
Bo 12.0 30.00 1*. . 1

Mlh-8 is.n 5.00 15.5
HLM-7 IS.O .00 15.5
ST*-2a 15.0 s.oo 15.5
STA-37 15.0 5.00 15.5
Cll 25,0 2.00 20.0

25.

n

3.00 21.0
2'^.0 £•00 2C.0
25.0 2.00 21,0

R 1 1 30.0 S5.00 2?.

6

o 1 c 30.0 15. TO .?2.6
Bi 9 30.0 <t0.00 2?.

6

ST A~36 *»0.0 30.00 28.6

STA-39 •0.0 30.00 28.6
B16 50.0 SO. 00 35.1*
C2n SCO 30. PO 3-5. ft

815 so.o 10.00 3'i.ii

STA-29 60*0 35.00 1*3.1

TRAnSITZON RE^TONi» CALCULATED WAL'»FS

ft %HEM CALCULATED / TrMPEOATU^C CALCUL'TEI SHPAR
FhACTORE / (F) FPACTi;PE(«)

2.0 •5n • 1 / -50.0 2. ft

5.0 -23.5 / -"45.0 2.«
10.0 -.8 / -HO.O 2.«»

15.0 13.8 / -35.0 3.4
50.0 68. <« / -30.0 «.o
65.0 112.2 / -25.0 «.e
90.0 121.3 / -20.0 S.A
9S.0 13<<.0 / -15.0 6.5
98.0 )H7.5 / -10.0 7.6

/ -5.0 8.8
/ .0 10.9
/ 5.0 11.8
/ 10.

0

13.

S

/ 15.0 15.5
/ 20.0 17. *i

/ 25.0 ?o.n
/ 30.0 ?2.6
/ 35.0 25.5
/ 40.4 »8.6
/ ts.o 31. -»
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TCMPtRATUPLIr

1

nil ATf^ Cijriu'

FRACTURE t%) FR\CTilO£ (%)

STA-30 60.0 »0.C^
HLM-9 fcP.n 15.00 «3.1
HLH-IO 60.0 15.00 13.1
015 7?.«i inc.PO 5^.»
07 72.5 ino.OO 53.

«

Co 7^.5 3i).P0 S'l.n

C5 73.5 . 20.00 5<*.«

Ctu 73. «i 25.00 5'i.u

C<.5 73.

5

15.00 5'>.4

65 73.5 OS. 00 51*.

W

B<. 73.5 OS. 00 5ft.

»

HlH-S en.o 15.00 61."
STA-23 an.o 95.00 6^.0
STa-2<* an.n 80.no AP.r

80.0 20.00 6r.3
Clh 87.0 30.no 6f.. )

Cl7 87.3 55.00 66.

r

HLH-18 100.

0

100.00 76.

S

C<.9 100.0 UO.OO 76.
C6 100.0 oa.oo 7A.';

C9 . • 100.0 90.00 76.5
C>«3 lOn.o 35.00 76.?
HLH-16 100.

0

100.00 76.5
HLH-17 lon.o 100.00 7'..«
BIS 110. 100.00 53.5
B17 110.0 100.00 S^.S
HlH-19 120.0 ino.OO
STA-25 120.

n

100.00 eo.ft

STA-26 12P.0 OS. 00 ?Q.U
MLH-6 120.0 eo.oo 99.

»

C13 150.0 100.00 98,1
C52 150.0 60.00 9^,1
Cb3 150.0 5S.00 9a.

3

Cl2 150.0 100.00 98.3
STA-32 160.0 100.00 99.3
STA-33 160,0 100.00 09.^
HLM-11 160.0 . 100.00 9".

3

HLH-12 160.0 100.no 9Q.1
om 212.1 100.00 on,o
05 212.0 100.00 9T.q
BS 212.0 100.00 90.

0

Ch6 212.0 97.00 oq.q
Cft7 212.0 98.00 70.

q

C6 212.0 100.00 OQ, a
HLH-13 _ 212.0 100.00 90.1
HLH-IU 212.

C

100.00 OQ,9
C7 212.0 100.00 90.9
B9 21'.

0

100.00 90.9
C67 2H0.0 100.00 9').

9

ClB 275.0 100.00 90,0
C19 .275.0 100.00 QQ.q
CSft 275.0 100.00 90.3
CSS 275.0 100.00 90.9



APPDIDIX D, TABLE IB

CO"P*«ISO'J OF Lf'jGTTl'OINAL •NO TI!AMSVE9';E CVN ff'flCT-TF':!

BlSULTS FC '>l'< STTl PL*T''<; JtKFN rro" FO'IR A^C ' [""MTS.

CALCULATKSS KOP L'lriJiY ;>U<^or!|'TION OATA OF

l06 S>^ECI -EN<;. LT -^PIEfMATION.
THE CALCMLATFU CI'HVF<; W«t COVPliTEr«
FROV dEIGnTFD "E VALUE"; FOP ^ATA
AT EAC^ Tl?T T^mpEPATUOF.

SPtClME.'J TEMPFRATUPtIF) OqSERVEr FMC-RGY CStri'LATT F»TK
A9S0RPTI0*1(FT-LR) A"S0RPTI0N(^T"L

Oo "320 • C 1.00 . c

016 "320 •

0

1.00 . 0

010 "Icl' • u 2.00
—120 a 0 2.00 •

R 1 ^ "1 2*^ • 0 1.50
r 1 ^w 1

J

" 1 2 0 • 0 1.50 *<

~ 1 0 0 • 0 2.50 ^ Q

STA*34 ~100 • 0 6.00 . 9 •

•8? • 0 5.00 1 •

Os "82 • 0 5.00 1.6
•50 • 0 2.00 * . 0
"50 • 0 3.00 * . O

C2 "50 • 0 3.50 . 0

BZ "50 • 0 2.00 * . 0
C<*1 "50.0 2.00 . 0

"50 • C 2.00 . 0
C^J •5" • 0 2.00 • 0

HLH*1 "50 • 0 3.50 4.0
HlH*2 "50 • 0 2 . 50 4.0
B3 "50 • 0 2.00 ** . 0
ST A~21 "50 • 0 *l . 00 4.0
STA*22 "50 • 0 * . 00 . 0
R 1 "S'^ • 0 2.00 4.0

'2
' " 15.00 5.2

uv —HO • 0 1 . 00 5. ?
UJ "25 • 0 7 , q

Ui 1 "25 • 0 21.00 7,1*

BIO "1 0 • 0 (4 . 00
. . _ . . _ 10 .

3

Oil "10*0 . 50 10.3
STA—35 "1 0 • 0 27.00 1 'J . J
STA-36 "10 • 0 11.00 10i . o
Di "2 • 0 61.00 12.

1

09 "?• 0 31.50 12*1
Cm • 0 '•00 19 <^

B7 12.0 23.00 15.9
B6 12.0 1<».00 15.

e

m.4-8 15.0 6.00 16.7
HuH-7 15.0 11.00 16.7
STA-28 15.0 14.00 16.7
STA-37 15.0 2if.00

. . 16.7
Cll 25.0 18.00 19.0
CIO 25.0 10.00 19.9
C5n 25.0 i«.00 10.9
C51 25.0 5.00 19.

e

Bi3 30.0 ?7.S0 21.

t

B12 30.0 10.50
Bl<? 30.0 31.50 21.4
STa-38 1*0.0 30.50 25.0
STA-39 to.o 30.50 25.0
ai6 50.0 36.50 .. 28.9
C2n 50.0 35.00 29.9
815 50.0 36.50 29.0
STA-29 60.0 37.00 32.9

Spec iMEN TEmpFRATUPECF) onsFRVE'^ rr;''RGT

AgSORPTIOMFT"Ln)
caltulatt"
Arsfpt'T I

STA-30 60. C 45.50 •

"

HcH-9 6'<.0 21.50 3?."
HlH"10 60.0 19.50 3?."
015 73.5 72.10 3-'.o

07 72.5 63.50 37.

o

C4 73.5 :<7.50 30.?
C5 73.5 26.00 3".

3

C44 73.5 11.00 30 . «

C45 73.5 12.00 SO.?
B5 73.5 44.50 30. «

B4 73.5 41.50 3''.

3

HLH-3 80.0 28.50 40.0
STA"23 80.0 72.50
STA"24 80.0 63.50 Cjn . Q

HLH"4 eo.o 26. PO 40.°
C16 a'.o 41.00 4'».7

C17 87.0 "7,50 4?.-'

W.H"18 100.0 S4.00 49. -»

C49 100.

r

15.00 49."'

ce 100.0 74.50 49.7
C9 . _ . 100.0 62.50 4S.-»

C48 100.0 21. PO 40 .

HUH-16 100.0 55.00 UQ.7
HLH-17 100.0 53.00 49.7
BIS 11" .0 47.00 52.3
B17 110.0 44.00 5?.'
HlH"19 120.0 52.00 55.

u

STA"25 120.0 75.50
STA"26 120.0 72.50 55.11

HLH-6 120.0 42.00 55.4
C13 150.0 67.00 6?."
C52 150.0 50.00 62.4
C53 15P.0 37.50 6?.

4

Cl2 150.0 75.00 6?.u
STA"32 160.0 74.00 63.

P

STA"33 16n.O 74.00 63.9
HUH"11 160.0 52.00 63.0
HLH"12 160.0 51.00 er.p
014 212.0 61.50 66.6
05 212.0 60.00 66.6
86 212.0 45.00 66.6
C46 212.0 90.00 66.6
C47 212.0 81.50 66.6
C6 212.0 73.00 65.6
HLH-13 212.0 53.00 66.6
HLH"14 212.0 52.00 6=1.6

C7 212.0 79.00 66.6
89 212.0 44.50 66.6
C67 240.0 95.00 66.

e

cie 275.0 69.00 66.9
C19 . . 275.0 71.00 66.

S

C54 275.0 65.50 66.

n

C55 275.0 75.50 66.9

TRA'iSITION REGION. CALCULATED VALUE?

Energy CALCULATED / 'EMPFRATUPE CALCUL'TEn ENFfGY
ABSORPTIO'I TEMPERATURE (F) / (F) A9S0RPTI0N(FT-LS)

5.0 "41.6 / "40.0 5.2
10.0 "11.4 / -30.0 ' 6.6
15.0 9.2 / -20.0 B.3
20.0 25.7 / -10.0 10.3
25.0 40.0 / .0 12.6
30.0 53.1 / 10.0 15.2
35.0 65.5 / 20.0 in.

2

40.0 77.8 / 30.0 21.4
45.0 90.2 / 40.0 25.0
50.0 103.5 / 50.0 28.

S

55.0 1 19.6 / 60.0 32.9
60.0 137.7 / 70.0 36.9
65.0 171.6 / 80.0 40.9

/ 90.0 44.0
/ 100.0 48.7
/ 110.0 'i2.3

/ 120.0 55.4
/ 130.0 Sfi.2

/ 140.0 60.5
/ 150.0 62.4
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APPENDIX D, TAELr IC

CO«P*''I!;C'l or Lr»;j»Ti.>JIrjAL Ani» TRAN'<;vfi><;f: rVN Tvn»rT-TF<;T

RLSULTS F^n SH StTL nLAT"^"; T^•>N Cfv.^" F0'."5 ACT T.J''"''S.

CauCULAIIC'S L"^'"'<AL lV'J.SION PMA OF
luD SPrCI^F':Si LT -^O'tNTMIO'J.

TMt CALCI'LlTCJ rr'iVFS i<'"9c. COMPUTEO
F^OM .EIGMTr"* *TMJ VALli'^S FOR "AT*
At Each Tt'iT Tfv-iRATua^,

Specimen TEMPFi;ATuCc«F) ?°SE'9VD LATfRAL CSLCUI e^CP LATF ^Al. SPECIMEN TE-iPFRATliEE(F) OBSERVED LATERAL C«LCUL"''E- Lt.'F-n_

EXPANSIO'l (ITLS) EfAt^SIPN <KILS) — ftPANSION (MILS> EVF.n.M<;ioN

Ob -320,

r

1.00 .0 STA-30 60.0 37.00

016 -320.

1

1.00 .0 HLM-9 60.0 22.00
OlP -120.0 2.00 • P HLH-10 60,0 23,00
02 -120.

P

2.50 .0 015 7?,? 7^.3

81« -120.0 .00 .n 07 72.5 58.50 3* .
'

C15 — 12'^ . 0 2.00 _ .0 C« 73,

S

00.00 3«.~

Mlh-15 -100.

0

«.00 .? C5 73.5 30.00 3«;.-'

Sta-Sh -10".

0

3.50 .2 €<«>» 73.5 12.00 31,-

015 -8?.r 3.50 • 6 C<«S 7J,5 18.00 51,-*

06 -a?.? 5.00 • fi BS 73.5 U3.P0 3^.~

Cl -50.

r

2.00 2.6 B4 7?.

5

38.00 35.7

C3 -50. f> 2.P0 2.6 HLH-3 SCO 20.00 3^.?
C2 -50.0 2.00 ^,ft S7A-23 80.0 5b. 00 3".?

B2 -55.0 2.00 2.6 STA-21* 60 ,0 51.00 3'.?

Chi -50.0 1.00 2.6 HLH-t .80.0 25.00 3S."
-50.0 1.00 2.6 Cl6 67,0 05,00 «?.5

Ct2 -50.0 2.00 2.6 C17 87,0 07,00 0?.<>

MLM-1 -50.0 2.00 2.6 HLH-IS 100.0 06,00 0=.O
Hl.H-2 -50.0 1.00 2.6 Ci«9 100.0 18,00 05.0
B3 -50.

P

.00 2.6 CB 100.

r

67,00
STA-21 -50.

P

2, 00 2.6 C9 100.0 ... . _ . . 57,00 .05. ft -

STA-22 -50.0 . . _ 2.00 2.6 C<t6 lOP .0 27.00 05.

b

Bi -50 . ? .00 2.6 HLH-16 100.

c

06.00 05.4
012 -HP.P 16.00 3.6 HLH-17 100,0 05.00 01,

a

04 -HO.O 10.00 3.6 Bll 110,0 00. 00 0«.6
03 -25.? ?5.50 5.7 B17 110,0 00. 00 0"».f

Oil -2*1.0 16.00 •5.7 HLH-19 .120,0 50.00 51.5
BIC -lO.C .3,00 - . __8.5 STA-25 120.

P

50. 00 51,=

Bll -10,

n

<*,00 STA-26 120.0 50.00 5'.; 5
STA-35 -10.

P

l'»,00 8.5 HLH-6 120.

P

36.00 51.5
STA-36 -in.o 22.00 «.5 CIS 150.0 68.00 5". J

01 -2.0 •JS.SO 10.? C52 150.

P

50.00 5'.0
09 -2.0 29.50 10.3 _ C53 150.0 68.00 5"=.?

ClU _ _ . - .0 . - . 3.00 . 10.

n

C12 150.0 66.00 5".?
B7 12.

P

21.00 13.9 STA-32 160.0 SO. 00 5?.o
Bo 12.0 15.00 13.9 STA-33 160.0 60.00 5O.0
HLH-8 IS.P 7.50 1*».S HLH-11 160.0 06.00 59. «

HLH-7 15.0 10.50 It.B HLH-12 160.0 07.50 5«>.a

STA"26 IS.C 12.00 1<».9 Dl"*. 212.0 _ 09.50 62.5
STA-37

. . 15.? 20.00 , lu.e 05 212.0 65.50 62.5
Cll 2S.0 20.00 17.9 Be .- 212.0 53.00 6i».5
CIO 25.0 13.00 ... 17.9 CH6 212.0 71.00 6;>.5

C50 25.

n

6.00 17.

o

C47 212.0 71.00 62.5
C51 25.0 11.00 17.9 C6 212.0 70.00 62.

s

B13 3O.0 27.00 10.1 HLH-13 212.0 08. 00 6'.

5

B12 30.0 10.00 19.5 HLH-lt 213.0 50.00 62.^
619 30.

o

24.00 J9.5 C7
. 212.

P

71.00 62.5
STA-38 40.0 30.00 23.

C

B9 212.0 03.00 62.5
STA-39 40.0 33.00 23.0 C67 240.0 78.00 62.a
B16 5<).P 32.00 26.7 C18 275.0 75.00 62.9
C20 50.

P

38.00 26.7 _ C19 275.

P

69.00 - 62.9
BIS 50.0 33.00 26.7 est 275.0 66.00 62."
STA-29 60.0 30.00 30.5 C55 275.0 52.00

_ •
-

62.0

TPA'lSITION REGION! CAtC'JLATED VAL'tES
— -

LATERAL CALCULATED / TE-PEOATURF CALCULATEP I.ATc-pflL

EXPAmSIO.jC •ILS) TE-'P^rSATUREtF) / (F) EXPA(jST0fl("IL5)
s.o -29.7 / -20.0

10.0 -3.3 / -15.0 _ 7.5
15.0 15.7 / -10.0 e.5
20.0 31.

«

/ -5.0 9.6
25.0 US.

5

/ .0 tO.P
30.0 58. f» / 5.0 12.0
35.0 71.7 / 10.0 13.

U

HO.O / 15.0 . . 14.9
•5.0 / 20.0 16.3
SO.O ll<t.7 / 25.0 17.9
55.0 / 30.0 19.';
60.0 165. >• / 35.0 21.?

/ UO.O 23.0
/ ts.o ?.!*,•>

/ 50.0 96.7
/ 55.0 2B.^
/ 60.0 30.5
/ 65.0 ^P.t
/ 70.0 T4.^
/ 75.0 36.3

•
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APPENDIX B, TADLE 2A

CO'fA'tTSON Of I n |GTTI'JIN*L «N.> T'A-jSVEP'lE '"V^ »>T>.\rT-T»"'^T

RLSl'LTS FO" Six r.TTL PLAT"""; FAkTU fro*' FO'! A^T T)'"«'f S.

CALCLlL*rKiN'«i b'lF^K FRACT'iur »K'prAH4NCf ri&Ii oF

IJ.^ SPECIMF'J?.. TL ^-'UltlNTATTON.

SPtCI^EN TEMPFRATt)Pt-(F) mSERVFD SHE*"'

F7ACTU9E iXi

Specimen

Tfwpro/vj.iRc

TReNSITION BEGIOfJ. CALCULATED V<L'JES

C".LruL"TE" SHi^'P

TEMPFRATUrE(F) ""StRViED ";nEA9

F-PACTURE (%)

Bu -320.0 > .00 .0 B39 5P.0
B16 -^20.

P

,00 .p Citn bP.P
BK -12?.

P

.00 l.p HTF-70 6P.r
B^ -120.0 .00 1 .p SLC-m 60.

P

BiT -i2n.p .00 l.p SLC-U2 6P.P
CJ5 -120.0 .00 l.p HTF-69 6P.C
SLC-5-* -100.0 .00 l.T 87 72,?
Bo -S.^.n ,00 7. > 615 72,5
B13 -3->." .00 2.<K C2<» 73,';

B^2 -50.

0

.00 ft.

2

C25 73,5
C21 -50.0 .00 6.2 825 7?. 5
C2? -51.0 .00 «..2 C59 73,5
C;;; -SCO ,00 6.2 C60 73.'^

B«:3 -50.0 ,00 5.2 82b 73.5
CSe> -50. P ,00 6.2 SLC-U7 an.r
C57 -50.

n

.00 6.2 HTF-63 E0,0
CbP -51.0 .00 6.2 HTF-e"* BP.P
HIF-61 -50.

P

.00 6.2 SLC-i^b 80.0
HTF-62 -50.

P

.00 6.2 Cbu 100,

P

SlC-"*^ -50.

r

.00 6.2 C29 -.100.0
SlC-'«5 -5C.0 .00 6.2 C2e 100.0
Bc-t -50.0 .PO 6.2 HTF-7S 100.0
Bu -"CP 10.00 7.8 HTF-76 ICO.P
812 -UO.O 35.00 '.0 C63 100.

0

Ell -25. C 50.00 10.8 BUO 110.

P

B3 -2'^.P <»5.00 IP.

8

SLC-<»9 120.0
B36 -15.

P

2.00 13.2 HTF-65 120.

P

BJ5 -15.0 5.00 13.2 HTF-66 120.0
SlC-56 -10.

P

5.00 11.6 SLC-i^a 12P.P
SLC-56 -IP.O 5.00 1'*.6 C39 125.

P

B9 -2.C 70.00 17.0 C3e 125.

r

ei -?.o 00. 00 17.0 C70 150.0
633 15.00 17.7 C3<» 150.0
C3S .P 3.00 17.7 C33 15P.0
B3-* .0 10.00

. 17.7 C69 15C.0
B31 10. P- 15.00 21.2 HTF-72 160.

p

B32 10.0 . 20.00 21.2 5LC-52 160.

P

SlC-51 I'^.n 20.00 23.1 SlC-53 160. P

HTF-67 15.0 5.00 23.1 HTF-71 160.0
HTF-68 IS.P 5.00 23.1 HTF-7<* 212.0
S..C-50 15.

P

20.00 23.1 BlU 212.0
C31 25.0 30.00 27.3 B5 212. C
C37 25.

C

5.00 - 27.3 829 212.0
C65 25.0 2.00 27.3 . C26 212.0
Ctb 25.0 2.00 27.3 C61 212,0
Cii, 25.0 5.00 C62 212.0
B28 33.0 55.00 31.0 C27 21?.

P

B27 33.

P

B5.00 31 .n B30 212.0
SLC-57 •iO.P 20.00 - 3".

5

HTF-73 212.0
Slc-sb >»o.c 20.00 3".

5

C73 2<i0.0
B3^ 50,

P

^0.00 39. f> C71 275.0
-C72 275.0

IF) Fo*CTL'''E('»)

-90.0 2.3
-80.3 3;.0

-70.0 3.0
-60.0 H.o
-50.0 6.?
-<»0.0 7.fl

-30.0 9.7
-20.0 12.0
-10.0

.0 17.7
10.0 !»1.2

20.0 25.2
30.0 ?9.6
lO.O »«>.5

50.0
60.0 "5.5
70.0 Jl.tt

UO.O •57. !
90.0 63.

S

100.0 69. <•

% SHEAR
FRACTURE

2.0
5.0

10.0
15.0
50.0
85.0
90.0

. 95.0
98.0

CALCULATED
TE''PE«ATUKE(F)

-95.1
-50.5
-28.7
-8.7
67.7
13C.8
11*1*.

2

163.5
1B5.7

85.00
20.00 30.

p

10.00
60.00
70.00
10.00 •*?.=

100,00 5',n
100, PO "^-.0

:«o,oo
30,00
05.00 5>.'.

30.00
25.00
05.00
85.00
25.00 5"".t.

20.00 ^•.ii

00.00 S'.i*

25.00
50.00 69.11

65. PO
50.00 6?.i*

UO.PO 6°.u
UO.OO

100. PO 7'^. 0

98.00 P.C.I

00.00 81.

!

BO.PO ^f"
. 1

ICO. 00 S'. 1

09. 00
Q8.00
55.00 91.8
05.00 01 , p

100.00 91 .P

1*5.00 Tl.o
08.00 QU, T

100.00 OU . T

100.00 OU.3
03.00 QU.T
100.00 QO, 9

100.00 90.2
100.00 90.?
100.00 90.

2

100.00 99,2
05.00 QO.p

07.00 90. 2

ICO. 00 90. ?

ICO. 00 00, 2

100.00
09.00

1 00.00 00, c

100.00 90.5
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APPCriDIX TADLE 2B

CO^iPA'^ISO J or Lf^'iuTTl'JItjiL TRANSVERSE CVN I JP ITT-TfST
RlSULTS for six STTL ^L4Trs TAKFN "O" FO"B *CC!r'=-NTS,
Calculations fr\c E'T'^jy »i)<;->9(JTinN "ata of
103 S^'ECI'.E.lS. TL '<RTtNT«TI->N.

SPECIMEN TEyf'"RATiit;£(F) OPSF.RVE" FNF9GY C^LCllLAT^P r;r^r,r SPECIMEN TEMPrpATlict(F) OnSFRVE*^ FNf^SGY CALri'LAT "

^PSOKPTTO«ltrT-L'^) f aSPRPTTPNl«"T-LP) AflSPKPTIO'ftPT-LP) An^f^OPTT 1 1 '^T-L

Bo -32". 0~ 1.00 .C B39 SP.O 21.00 \n,n

B16 -320.

P

.50 .0 C40 . 53.P 11.00 19.

S

BIO -12".

n

2.50 1.5 HTF-70 6*^.0 10.50 21.

1

B<: -12"." 2.00 l.S SLC-<»1 60. P 27.00 21.'.

B37 -12"." 1.00 1.5 SLC-H2 60.

C

^3.50 21.1
C3S -12".

n

1.50 l.S HTF-69 60.9 12.00 2! .<*

SlC-S* -10".

0

2.00 2.5 B7 7'.

5

39.00 23.

u

Ba -8'>." <«.S0 3.f B15 . _ 72.5 '»2.P0 23.1.
B13 -6?.Ci tj.50 3.6 C2(t 73.5 12.50 23. f.

BZZ -5" . " 2.00 6.2 C25 7?.S 18.50 23. ft

Oil -5?.0 2.00 B25 73.

S

?<».50 2».S
CZZ -50.

n

2.00 6.? CS9 73.5 15.00 23.6
CZl -5cr 3.00 6.2 C60 73.5 9.00 2^.6
B23 -sr.? 2.50 6«r B^b 73.5 ?'*.50 2'».6-

Cbo -sc.!) 2.00 6.2 SLC-U7 SO.P 31.00 'ii.fi

Cb7 —5n , n 2.O0 flm? HTF-63 80.0 19.00
Cb8 -5? . P 2. 00 6.2 HTF-6"» 80.0 16.00 2U,fi

HTF-61 -b".r 3.50 6. 9 SLC-oib 80.0 32.00 2a.

5

HTF-62 -50.0 <t.50 6.2 CbU 100.0 23.50 27.

T

Si.C—'*'* -5".P 6.00 6.2 C29 100,0 22.00 27.7
SLC-itS -so.r 2.50 6.2 C28 101.0 24.50 27.7
B^ii -sn.o 2.00 6.2 HTF-75 100.0 2<t.00 27.7
B>« -no." 13.00 7.3 HTF-76 10" .0 19.00 2"'.

7

B12 -un.n 17.00 7.3 C63 100.0 18.00 27.7
Bll -25.0 26.50 9.C B<»0 110.0 26.00 2° »P
63 -2S.0 20.50 o.n SLC-H9 120.0 36.50 30 .f.

B36 -IS. C <«.00 10.2 HTF-65 12" . ^ 32.00 3".

6

B35 -IS." 5.00 10 . ? HTF-66 120.1 27.00 30 . fl

SlC-55 — 1" . " 11.00 ip.e SlC-OS 120.0 "^S.OO 3" . fi

Si.C-56 -IP. " 13.00 in.o C39 125. 0 31.00 31.2
B9 • 23.50 11.9 C38 125.0 3"*. 50 . 3' ."

Bl -2." Sli.PO H .o C70 150 • C U3.00 3"* . 2
B33 .0 11.00 12.2 C3U 150.0 33.50 30. '

C36 .0 8.00 1?.2 C33 150.0 34.00 70.2
B3U ." 6.00 12.2 C69 isr,.n 31.00 30.9
831 10.0 9.00 13. HTF-72 160.0 37.50 35."^

Bi2 IC.O 11.00 . 13.6 Sue -52 160.0 38.00 35.
SlC-51 IS.O 18.00 10.14 SLC-53 160.0 37.50 35.3
HTF-67 15.0 7.00 lu.u HTF-71 160.

C

35.00 35.3
HTC-68 15.0 7.50 10.

U

HTF-7'4 212.0 37.50 39.

'

SlC-50 15.0 18.00 10. to Bl<t 212.0 »5.50 39.1
C31 25. fl 15.50 15.

o

BS 212." U2.50 30.t
C37 25." 11.00 15.

O

829 212.0 JO.SO 3^.1
C65 25.0 3.50 IS.o C26

. 212.0 35.00 30.1
Coo 25.0 4.50 15.9 C61 21?.

0

55.00 30.1
CJ-i 25.

n

7.50 IS.o C62 21?.

0

56.00 3".!
BiR 33.0 15.50 17.1 C27 212.0 ^u.oo 30.1
B27 33.

n

19.00 17.1 830 212.

C

2'*. 00 39.1
SlC-57 <*n.o 22.00 18.2 .

HTF-73 212.0 37.00 30.1
SlC-53 to.P ?5.00 IB.

2

_ C73 53.00 00.2
B3=? 50.0 22.00 19.

e

C71 275.0 St.OO 01.0
C72 275.0 53.00 01.0

. •TPAmSITION REGIDfJ. CALCULATED VALor*;

CALCULATED / TrMREPATUPt C'LCULSTET En^oor
^SORPTION TE"°ERATiJRE(F) / IF) AbSOPPTIO'KFT-LP)

s.o -63.5 / -60.0 5.3
10.0 -16.5 / -50.0 6.2
15.0 1°.3 / -00.0 7.3
20.0 51.1 / -30.0 8.0
25.0 P?.o / -20.0 9.f
3C.0 115.9 / -10.0 10. <S

3S.0 157.3 / .0 12.?
00.0 233.0 / 10.0 . 13.6

/ 20.0 15.1
/ 30.0 ie.6
/ 00.0
/ 50.0 19.

q

/ 60.0 21.0
/ 70.0 23.0
/ 80.0 PH.f,
/ 90.0 26.2
/ 100.0 27.-'

/ 110.0 39.2
/ 120.0 30.
/ 130.

C

_ 31.9

- 109 -



APPEriDlX D, TABLE 2C

R- m-lts f.c sttl fLsT'-«; Foo>' FO'W Arcii;F*"'s.

FtOA'.'SIOv! (MILS) E»r'»fjCT'>N ("I'.*:)

Bo l.'-O ,f
2.50 . r

eic -12''.'!' 3.50 l.C

8t -izr ,

0

6.50 1 .0

B3' -12" .

P

.00 1.0
C J*- -12"." 2.00 '..r

-100.

n

l.'.O 1.7
63 -ar.f <».50 r.fi

815 -67. 0 5.ro . ?.f-

BZi -55. p .20 5.0
CZl -5P." 1.00 5.P
C^2 - —51.0 l.PO 5.0
C£; —5? . n 2.00
6t3- -sr.r l.PO ^.P
C&e -sr.r l.PO 5.0

50 ^ 0 1.30 5.0
C33 -5"." l.PO ^•0
HTF<-61 -b^ . '' l.PO 5.0
HTF-62 -^1 , p l.PO ... .5.0
Si.C-'*'* _5r , p 4.50 5.0
SlC-45 2.00 5.C
Bi-* — S'* . 0 .00 "•.n

Bt — ** r . 0 16. PO 5. 0

B12 19. PO 5,n
Bll —25. P 26.50 7.7
B3 -2** . ^ 20.00 7,7
Bit — l** . 0 2.00 • u
6^5 — 1 T . ^ f.OO Q n

SlC-55 — J n , n " ' 1.30 0 7
St.c-56 • 1 . P 1.20 ^.7

29.50 _ . 10 .

n

61 —< . P 35.00 1 .

B33''- ,
*

1 1 .

1

CJo V • 0 12.00 11.1
n^uOJ'^ .0 6.00 11.1
B31 IP.O 13.00 12.
S32 IP.C 12.00 12.7
ScC-Sl 15.0 16.00 13.5
MTF-67 15.

D

7.00 13.5
HTF-69 1?.P 8.00

, 13.

S

SuC-50 1?.P 15.00 13.5
C3! 25.0 17.00 15.2
CJ7 25.0 15.00 . . 15.2
C65 25.0 7.00 IS.?
C06 25.0 6.P0 15.2
C30 25.

r

12.00 1'=.2

82!? 33.

n

16.00 16.7
Ea7 3-'.n 21.00
s^c-57 2'».00 l?.P
Si.C-56 20.00 1".P
B3a 50.

n

24.00 1°.9

TFifSITIO'l REOTOM. CALCULATED VSL'IES

LATFREL CALCULATED / TF."PERATiJRE CLCUL^TF? L
EXDANS10:j( "ILS) T£"PFRATUPF(F) / IF) E''PAM5IC':C«T

5.0 -sn.n / -50.0 5.n
10.0 -7.5 / -1*0.0 6.C
15.0 23.7 / -30.0 7.1
20.0 50.3 / -20.0 8.3
25.0 7U.9 / -10.0 9.7
30.0 99.2 / .0 11.1
35.0 t2<*.P / 10.0 12.7
<»0.0 15U.3 / 20.0 lu.t
<»S.O 19U.7 / 30.0 16.1

/ '0.0 IP.O
/ 50.0 19.

0

/ 6C.0 21.9
/ . 70.0 2a.

0

. / BO.O ?6.1
/ 90.0 28.1
/ 100.0 30.2
/ 110.0 32.2
/ 120.0 3it.I

./ 130.0 35.1
/ liiO.O 37.7

SPECIMEN TEHPFRATUBEIF) OnSERVCO LATFRAL. CALCUl ^'^f' LA'^'^PAL

EtPANSICM (MILS) EXPlN<;in;, (MIL^)

BJ9 51.

0

22.00
C4n 50. r 16.00
HTF-70 60.

n

11. PO 21.9
SlC-<»1 - 60.

P

76.00 31.0
SlC-'»2 6n.P «t.0tf 21.

0

HTF-69 60.0 14.00 71. 0
B7 72.5 37.50 ?<».s
BIS 72.5 63.50 24.5
C2i» 73.5 16. PO ?4.7
C25 73.5 23. PO 24.7
B2S 73.5 26.00 24.7
C59 73.5 22.00 24. •»

CoO 73.5 11.00 24.-
626 73.5 27. CO 24.7
SLC-<«7 63.

P

.32.00 26.1
HTF-63 80.0 32.00 2fi.l
HTF-6H a'^.p 19. PO 2^.1
SlC-<»6 B?.P 32.00 Sf-.l
C6tt 101.

n

26.00 3".

2

C29 100.0 24.00 30.2
C2a lOP.P 32.00 31.2
HTF-75 10?.

0

27.00 30.2
HTF-76 lOP.P 21.00 3P.2
C63 lOQ.O 26.00 3D.2
Bto IIP . p. 27.00 32.2
SLC-'»9 120. C 37.00 34.

1

HTF-65 121 • n 23.00 O*. . 1

HTF-66 120.

C

28.00
SLC-aa 12" .

"

37.00 All 1J** . 1

C39 125. C • - 16.00 35 . r
C38 125. P un. 00 3"^. 1
C70 150.0 46. 00 3°. 3
C3<t 15P • r a4. 00 3°. 3
C33 15?.

C

50.00 30.
C69 150,0 us. 00 J .J
HTF-72 16?.

P

37. PO 4 1 • R
SLC-52 16".

P

39.00 41,

p

SLC-53 16P.0 39.00 40.8
HTF-71 161.

P

35.00 41.

B

HTF-7<» 212.

C

38.00 45.4
Bit 212.0 39.50 46.4
Bb 212.0 50.00 46.4
B29 212.

P

25.00 45.

u

C26 __212.P ._ U7.00 4C,.l,

Cbl 212.

P

59.00 46.

4

C62 212.

f

61.00 46.4
C27 212.

P

•iS.PO "5.4
B3n 212.0 27.00 46,

u

HTF-73 212.0 39.00 46.4
C73 2tO.C . 64.00 43.0
C71 275. P 63.00 40.1
C72 275.0 74.00 4'.0
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APPENDIX C

CVN Results of LT and TL Specimens of Combined

Data from Three Head-Plate Steels
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comparisoti of urad-plate amh 5hell-platf cvn impact-test
results for loflgituninal spfcimens of lt orientatiom.
Calculations for smfar fracture appearance data of
50 HEAD-PLATF. SPECT'TNS.

THE CALCULATED CURVFS WEPE COMPUTED
FROM WEIGHTED ME«N VALU^iS FOR OATA
AT EACH TEST TEMPtRATURF.

SPECIMEN TEMPFRATiipe(F) OBSERVED SHEAp CALCULATFn SHFAR
PRACTURE (K) FRACTUPE («»

^fy£. -Q6 -.120.0 .00 ,0
016 , 00 .0

-120.0 • • 00 .0
02 -120.0 ,00 .0
LJI LJ^ i t^ -lOf.O .00 .0

-82.0 ,00 .n
013 ' -82.0 ,00 .0
C42 -50.0 ft n.00 .0
C<+3 -Sfi • 0 .00 .0
HLH-1 -50 . 0 .00 .. .0
nLH"Z —50 .

0

ft ft
. no .0

cm —50.0 ft ft

.0
UH —•0.0 C ft ft

.0
— *t i| . u ^ nn

• 0
n 1

1

ft on nn
. nmWW — fc J . u ^n - fin
« 0

«^ ft II ^ n n
• 0

^9 ft a(\ nnV J . uu . 0
•i. on ft

Hi M—7nun 1 ,00 n

CM 9 . nn . 0

I- Dil OCt ft ^ . U U . 0

nLn^l

U

on , n 1 <^ nnX 3 . u u

nLH"9 60 . 0
_

• c n ft1 D . Ul) 15» 0
n 1 cUlb 7? . 5 1 ft n nn1 0 U . uU 90.

0

P7, 72.5
1

100,00 90.0
C«»5 73.5 « ft A15.00 93,

s

73.5 25, 00 93.5
HLH-** 80.0 20 .00 99.8
HlH-3 80 ,n 15.00 99,8
C'*9 100,(1 . 00 99.*'

inn ft - nn

HLH-16 100.

0

100.00 99.

q

HLH-17 100,0 ino.no 99."
HLtl-18 100,0 100.00 99.9
HlH-6 ' 120.0 80.00 99.
HLH-19 I2n,0 100.00 99.9
Cb? 150,0 60.00 99."
/* "1

' 150,0 55.00 99.9
HLH-12 160,0 100,00 99.

o

HLH-11 160,0 100.00 99."
HLH-l"* 212,0 100.00 99."
D5 212,0 100.00 99."
C<46 212,0 97.00 99."
^ ii *v 212,0 90.00 99."

212,0 100,00 99."
HLH"13 212,0 100.00 99.9
to7 2'* 0,0 100.00 9",

9

C55 275,0 100.00 99,9
C5^ 275.0 100.00 99,

n

TRANSITION REGION CALCULATED VALUES

X SHEAR CALCULATED / TFMPERATURE CALCULATED SH
FRACTURE TEMPFRATURE(F) / (F) FRACTUPEC*)

2.0 53.2 / 60.0- 15.0
5.0 56,0 / 65.0 11.5

10.0 5fl."» / 70.0 77.0
15.0 60.0 /

50.0 66,2 /
65.0 71. *»

/•

90.0 72.5 /

;

. 95.0 7«».0 /

1

98.0 75.7 /
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APPEMDIX C. TADLI IB

COMPARISO'J OF HrAO-PLATr AM" 3HELL-ni ATr CVN rir«CT-TECT
RESULTS FOR L0NPIT(IPINI\L SPrCIMEMS OF LT ORIENTATION,
CALCULATIONS FOn E'lF^aY ABSORPTION r>ATA OF
50 HEAD-PLATE SPEC! MS.

THE CALCULATED CUKVFS WERE COMPUTEPl
FROM rtEIGHTFD MEAM VALUES FOR HATA
AT EACH TEST TFMPtRATURE.

1 LnKt KA 1 llf' L t r 1

AobOKP 1 I ON I r ' —L"

'

Cai nil ATrn rurp
A nc rtOOT T Alil # CT 1APbOKPI IMNIr T —

L

06 -320.0 1 . 00 1.0
U16 -320 . 0 1 . uo 1.0
01

0

—12n .

P

2.00 1.7
.. - 02 _ -120.0 2.00 „ .. 1«7

HLH-15 -100.0 2.3U 2.3
DS -82.0 5.00 3.1
013 -82.0 5.00 3. 1

042 -50.0 2.00 5.5
C«»3 -50,0 2.00 5.5
HLH-1 -50.0 3.50 - 5.5
HLH-2 -50.0 2.50 5.*;

C'H . -50.

0

2.00 5.5
D>« -to.o liJ.OO 6.6
012 -"0.0 15.00 6.6
Oil -25.0 21.00 8.0
03 _ -25.0 . .. 25.50 Ji.U
09 -2.0 31.50 12.1

. 01 -2.0 61.00 12.1
HLH-8 15.

n

6.00 15.5
HLH-7 15.0 11.00 15.5
Cbl 25.0 5.00 17.7
C50 -25.0 . •t.OO 17.7
HLH-1

0

60 . n 19.50 2^.0
. . _ HLH-9 60.0 21.50 27.0

015 72.5 72.50 30.7
07 72.5 63.50 30.7
045 73.5 12.00 . 31.0

73.5 11.00 31.0
.HLH-f 80.0 26.00 33.0
HLH-3 . . 80.0 28.50 33.0
C«f9 lon.o 15.00 39.2
C^S 100.0 21.00 39.2
Ml U*1 A 100.0 55. 00 39.2
Ml U— 1 7 100 . 0 53.00 39.2
HLH-1

8

100..n 54.00 39.2
. HLH-6 120.0 42.00 «t5.5

HLH-1

9

120.0 52.00 45.5
C52 150.0 50.00 53.9
C53 150.0 37.50 53.

o

HLH-12 _ 160.0 51.00 56.4
HLH-1

1

16".

0

52.00 56.4
HLH-lf* 212.0 52.00 65.4
05 212.0 60.00 65.4

. CH6 212.0 80.00 65.4
C«»7 212.

n

81.50 65.4
DlU 212.0 61.50 65.4
HLH-1

3

212.0 53.00 65.4
_ C67 240.0 flS.OO 67.8
C55 275.0 75.50 69.0
C5i» 275.0 65.50 69.0 .

TRANSITION REGIONt CALCULATED VALUES

ENERGY CALCULATED / TEMPERATURE CAI CULATEn Er."^''GY

ABSORPTIOH . ^TE^'PERATURE(F^ / <F) ABSORPTIOM(FT-LB)
5.0 -55.7 / -50.0 5.5

. . 10.0 -14.5 / -40.0 6.6
15.0 12.8 / -30.0 7.8
20.0 34.4 / -20.0 9.2
25.0 53.2 / -10.0 10.7
30.0 70.3 / .0 12.5
35.0 86.5 / 10.0 14.4
40.0 102.4 . / 20.0 16.6
45.0 118.5 / 30.0 18.

O

50.0 135.5 / 40.0 21.4
55.0 154.2 / 50.0 24.1
60.0 176.6 / 60.0 27.0
65.0 208.4 / 70.0 ?9.9

/ 80.0 33.0
/ 90.0 36.1
/ 100.0 39.?
/ 110.0 42.4
/ 120.0 45.5
/ 130.0 48.4
/ 140.0 51.3
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APPENDIX C, TADLE IC

COMPARISOri OF HFAO'PLATE AND SHELL -PI ATE CVN ivpact-te«;t
RESULTS FOR LOr'GITItniNAL SPECIMENS OF LT ORIENTATION.
Calculations LATERAL EXPANSION DATA OF
50 HEAD-PLATE SPrCI<."-NS.

THE Calculated curves WERE COMPUTED
FROM *EI GHTrn "FAN vALU<:«; for DATA
AT EACH TEST TFMPERATURE.

SPECIMEN TEMPFRATUR£(F) OnSERVEO LATERAL CALCULATED LA^roAL
EXPANSIOrj (MILS) EXPANSION fMIL";)

Of> —320 .

n

1.00 l.n
016 X . uu 1.0
DlO —120 .

0

5 n nc . u u 1.5
02 — —120.0 2 . 50 _ 1.5
HLH-15 —100.0 4 . 00 2.0
08 -82 . 0 5.00 2.7
013 —8?. . 0 3 . 50 ?.7
CtZ -50.0 1.00 4.7
Ci»3 „5n , n 4.7
HLH-1 —50 .

0

3 ft A 4.T
HLH-2 -50 • 0 1 . ftn 4.7
Cm —50 .

0

1.00 4.7
01 —HO.O 10.00 5.6
012 -40.0 16. 00 5.6
Oil -25.0 16. 00 7.3
03 -?S.f> 25. 50 7.3
09 -2.0 29.50 10.7
Dl -2.P 49 . 50 .10.7
HLH-8 . , 15.0 7.50 13.

P

HLH-7
'

15.0 10.50 13.

A

C51 25.0 11 .00 16.0
C50 "

25.0 6.00 16. C

HLH-10 60,0 23.00 24."
HLH-9 60 . 9P - nn^c. . u u 24.8
015 79f ^ . J 3D . ^ U 2n.4
07 72.5 58 .50 28.1*

Ct5 73.5 1 A nn1 o . u u 2A,"'

# J . J 1 o . ftnX £ . u 2".

7

HLH~1 80.0 ^ J. uu 30.7
HLH-3 An n 24 .00 30 .

7

C19 100.0 18.00 36.7
C«»8 100.0 27.00 36.7
HlH-16 100.

0

46.00 36.7
HLH-17 100.0 45.00 36.7
HLH-18 100.0 46.00 36. 7

. HLH-6 120.0 36.00 42.5
HLH-19 120.0 54.00 42.5
C52 150.0 50.00 50.2
C53 150.0 68.00 50.2
HLH-1

2

160.0 47.50 52.3
HLH-1 I 160.0 U6.00 52.3
HLH-1 212.0 50.00 59.
05 212.0 65.50 59.3
CUf, 212.0 71.00 59.3
CH7 212.0 71.00 59.3
DIU 212.0 49.50 _50.3
HLH-1

3

212.0 48.00 59.-^

C67 2t0.0 78.00 60.8
C55 275.0 52.00 61.4

275.0 66.00 61.4

TRANSITION REGION » CALCULATED VALUE?

LATERAL CALCULATED / TE"PEPATURE CflLCUL'TE" LATrR'\L
expansion(mils) te*'°e:rature(f) / (F) EXPANSTONC'IL*;)

5.0 -•6.6 / -40.0 5.6
10.0 -6.2 / -30.0 6.7
15.0 20.5 / -20.0 fl.P
20.0 "41.9 / -10.0 9.4
25.0 60.6 / .0 11.

n

30.0 . 77.6 / 10.0 12.°
35.0 94.5 / 20.0 14.
40.0 111.3 / 30.0 17.1

12°.

0

/ 40.0 19.

S

50.0 IHT.I / 50.0 22.1
55.0 17«*.7 / 60.0 24. «>

..^ 60.0 .222.3 / 70.0 27.7
/ 80.0 30.7
/ 90.0 33.7
/ 100.0 ^6.7
/ 110.0 39.6
/ . 120.0
/ 130.0
/ 140.0 U7, 0

/ 150.0 50.2
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APPENDIX C. TABLE 2A

Co'-.PARISOi; -)F MFAD-PLATF ^HELL-PI.ATF CVM IMP "v.Ct-TCIST

RESULTS Ot- TRAM';"E''S'- SPFCT'iFNS OF Tl_ or> I F'-IT (MT An

.

CaLCULATIuMS FO" SHF^R FRACTiirf APPFARHNCE OAT'V f^r

Ifc HEAO-PLATF SPECU"^i>jS.
THE CrtLCULATrO C'JHVPS WERt COMPDTEP
FROM rtEIGHTFD ^'f.ON VAUIFS FOP ''STA

AT EACH TtST TF^PERATU-'F

.

SHfCIvifn TFMPFRATiit!E(F) OPSERVFD SHEAR rALCHl'TF'^ SHi^li^

PRACTURE («) r"/iCTUR£ ( !l )

Bb .00 . p

B16 .on . r

RiO -120.0 .00 ?.i"!

-12^ ,

n

.00 ? .

"

B13 -8? • f . 00
B6 -6'.

"

.00 '1 . c

Cbe> -bn.n .00 '.4
Cb7 -51, r .00 0 , "

Cb'^ -b" . r .00 ''.U

HTF-ftl -bn.n .00 '
.

HTF-62 -bn.n .00 n . '1

Bl? — if O ^ ^5.00 1 " . r)

B-i 10. no 1 ' . 0

B3 -2'^.f. ub.no l->,o

Bll ^O.OQ t
-3 , 0

81 -? .
"I 'lo.no 1. . 4

B9 — ^ • n "'0.00 1 .
'1

HTF-67 IS.P 5. 00 ?.''.'

HTF-b8 IS.n 5.00 . 1^

Co^ 2S.n 2.00 2'^'.'^

Cbfj 2= . n 2.00 >f^ . '1

HTF-^9 6" .

"

1 0.00 4 .

HTF-70 60 . ^ 1 0.00 ij n . n

B7 7?.= 1 no . 00 (( t ,

Bis 7''

.

1 no . 00 y r. . c.

CSP ^0.00 (( - . r

CdO 7"'.'-- '5. on 4"". n

ti'^ . 0 'b.OQ S*"- . r

HTF-GM 60 . f '0."0 Sn . 1I

Ct? IQO.n 40.PO . S
Cot 100.

n

->5.oo
HIF-75 loo.n SO. 00 5".'-

HTP-7t> IQO , n 40. no s^ . r

H1F-6S 120.

p

c'o.on .

HrF-6o 120 .n «o.oo n
.

Co" 160,

n

"b."0 T1 . T

C7ii 15'^.

0

sb.Oij 1 .
•»

HTF-7i 16^.0 ''d.no 3"
HTF-72 160.

n

'18. Of) r 'I .
>

BiU 21?. 0 loo.oo OA . 1

Rb ?l?.r 11-0.00
HTF-73 ? 1 ? , 0 ) oo.Po ne., ?

HTF-?"* 21'.

0

inc. 00 O'-.-. 1

Cfal 21?.

0

05. ^lO f^F. 1

Co?. 212.0 "7.00 1

C73 240.0 19. no 9P,ii
C7? 100. no 90.7
C71 .?7S.n 1^0.00

TPAriSTTTur' RL'^Tn.j r rALCHLATEU <'/<LMt-c,

* SMEAR CALCULATED / TfTMprpftfllf^f CMTlll "TF'^ '-,1

fk.;CTUre TE''P'^i(ATURi="(F) / (F)
2 • u -1 1 '^.2 / -nn.o
5.0 -77, n / -95. n

lu.n — . o / -rin.ii 4 .

IS.O / -b'-i.n f<.

50.0 7Q.9 / -so.o P . 4

as.n / -35.0 1 P ,
-«

90.0 170.^ / -20. 0

95.0 'O-^.s / -s.o 17.

0

98.0 ???.6> / 10,0 •>
1 ^ 0

/ 25.0
/ 40.0 '?.'^

/ 55.0 'P..''

/ 7U.0 iJ S . 4

/ fiS.O '^r .

"

/ 1 00.0
/ 115.0
/ 130.0 7 7. , T

/ 145.0 -n . a

/ i^,n.o 04.7
/ 175.0 oq, ->
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APPEflDIX C. TABLE 2B

Cu'iPAPISOh: OF HFAO-'"! ATE AMO SHELL-PLATF CVM l-^^HCT-J^"''

Rt-SULTS OK TRAM^VK-Sr SPECTmfTMS OK T| OP lENTAT TOM,
CaLCULATIO"S fop L - I i5Y AbSORPTIOfJ DATA OF
Id HEAO-PLATE SPrC^ i;\lS.

THE CALCULATEb i kVES VFPE CO'lPIITEn

FROM .VEIfiriTFT I "U VALUES FOP TATA
AT EACH TEST 7 - ( EPATUPf

.

SPrflMFfJ TFMPFRaT ' LfD ORSFRVEn FNFRGY •Rl.'"! 'lATT 'yfyr-'y

AnbORPTTONfFT-L") Arr^nrPT TON ( F'^-L''-

>

-32'' 1 • u

Bib -32^ ^

BIO -12n , ( 2 • ^0
>*

1

132 -121 .
1' 2*00 P . 1

Bl ^ 8 • 50 3 . A

Bb —8?

.

U • ^0 3 .

—50 •
'| 2 • Oo ^'1

-5"

.

2 • 00 2' '

r (J —5n

«

^ 2 • 0
^•^HTF—61 -5n , n 3 • SO

m F -50.0 4 • So •

BlP 0 , n 1. 7 • 0 0

—Un , 0 1 3 • f^O

oO •So
R 1 1 -2"^ . n ?6 • So

"•'"7

R 1Dl • n • 0 1 n

.

B9 • n So in,"'

H T^~b 7 1 « 0 7*00 1 , '4

HT F—6B 1'?.'' 7- SO 1 . 't

25.

"

3 • SO 1 . f*

Coo 2S

,

4 • SO 1 ''

.

H f F-b9 60 • [. ^ 2 • 00 1 . "^i

Hi r —71' 6^ . '1 I J .SO 1 ^

.

P 7 7'."-" 10
Bis 7?

.

2 ' .

Cb^ 7''
• H 1 5* no ?1 .f^

CbO 7'"

.

21 .

H f ar-

,

t9» no . 1.

8'"

,

1 b» CO ?3. '

Co.'. 10''

.

1 8t 00
CbU ICr .0 '^3. so
HI F-75 1 p f' , a ?4 .00
J"' rF""7G 1 U if' 1 • 0 0
HTP--65 12--^.f' 32.00
HTF-66 '7.P0 3n.'3

lb' . 3i.no
C70 1 b • r '13.00 . 1

HTF-71 1 6 ''^ . 1 35.no ^ ? , p

HTF-72 16*^

«

37. so , T

•5. HQ '4 'J .
"

Bb 21''

.

'42. SO 1*'* . '

HTF-73 J>1P . 37.00 'lU.''

Hir-7t PI ">

.

37. SO U'l .

Cot Sb.OO ''I .

Co2 21^.^ Sb.PO .
">

C7.1 ^'n . r S3. 00 4A, t

C7? 27"^.- S3.no 'i7, (I

C71 27"^. Si+.i^O 47. 'i

>J^ j Ph. t Ot 1 . CAl CI!LATED VVL

EIjERGY C ALCi

!

LA TEO / TE"PE''ATi iPi^ Q f^f r 1 ji ^ TFn r
AbSORPT lOi

.

/ (K1
5.0 — r-,T / -50.

n

s s
10.0 / -1*0.0 fS •

15.0 •\ -X. / -30.

n

7 .

20.0 / -20.0 P .

25.0 1- o , q / -m.p Q o

30.0 ) 1
^

. 0 / . 0 1 0 . "r

35.0 1 U ' .11 / 10.0 1 1

4C.0 .? / 20.0 t3.'
1*5.0 / 30.0 1 (4 ,

/ 40.0 16.1
/ 50.0 17.7
/ 60.0
/ 70. n '1 .•»

/ 00.0
/ 90.0 SS. 0

/ 100.0
/ 110.0 ?n , 0
/ 1 20.0 30. a

/ 130.0 3?.<^
/ 140.0 3i».i4
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APPENDIX C. TABLE 2C

COMPARISOrj OF ri^V^-PI ATF AMn SICLL-Pl. AT"^ CVIj I »••«(: T-Tf.eiT

RESULTS OF T9^; '"^,r SnFCflF;!? OF TL O" lE'JTOTT"''.
CALCULATIOMS F'^' L'Tr,(AL LXPAMSIOh PATA OF
•t) HEAO-PLATF CTMrrlS.

THF ChLCUl ' I Clir<VFS WFRE COMPUTEO
FROM ACIGnf: , MF/ilM VALUFS FOR OATA
AT EACH TcfT fvPEPATOPF.

SPFCIMFN TF,-'^'^ ATIi'^e(F) OPSF.nVU LATERAL C 'VLrui. TCr^ LATFoAL
^ypAnsior' (MILS) t^r)''.

1.50 0

2.50 9.0
BIO 3.50 'I .

>

6.50 4.9
5.00

tin '.50 <^.^

Cb5 -Sf ,0 1.00
Cb? -b^i.n 1.00 ".4
Cat- -5''.n 1.00
HTF-61 -bn.n 1.00
HTF-62 -bn.n 1.10 ".'»

B12 -4" . n 19.10
Bit -4" . 1 16.00 -I

Bj 90. 00 10.

O

en -2«^.n 96.50 10,

o

Bl , f- ^5.00
By • 99.50 1->.I=.

HTF-67 7.00 1 5.0
I'.n 8.00 IS.'-

CoS 7.00 I"'.

4

Cob 6.00 I 7. 'I

HTF-6'J 14.00 1

HTF-70 o'^.n 11. CO 9'.. 1

BV 17.50 9 *^
•

'1

Bib 7".^ 1*3.50 >''.

Cb^ 92.no 95, «

Cofi 7-'.^- 1 I. no n r

HrF-f.3 >,f.n ?2.nn 9'
,

HTF-64 , 1 19.10 95.''

Cci > U f"' . " ?6.00 3-^.S
Cb'l i 0 "

.

96.00 30,'.

HTF-7h ?7."C
HI P —76 91.10 3 ^ ,

riir-bb I if . n ?3.''0 "^4.-^

Hf^—ftb
1 i > . r. 93.00 3't .

'

1 b"i.n 148.00 70 ^ Q

C7„ 151.

r

146.00 ^ 3, r

HTr-71 1 1 . 1 '5.00 U1 .-^

H|T-7^ »7.00 41.5
Bx'! ?l'.n 39.50 4" .

Bb ;!l'.n 50.00 . 40 ^ r;

HTF-73 »9.00 40 ^ n

HTr-7'* 1 9 . r 38.00
Co) 5J.10
Cc, r-.i.oo '4 * .

C7^ '»

.

<-,4.no 51 .•
C7, 7'^.r. '4.'~0 5'J . r

C7' =.3.10 5'. .

;

. CM. r'iLATKU ^^^^_l\r<-

LATFRAL -MLrCLATEO / 'F "P'^PAT! il'F CM r;jl 'TK-' 1
\'

EXt ANSIOI,(- ILJ' i:- -r> r(ATURF(F) / (F )

5.0 -1 ri .
.^ / -1 00.0 6.

1

10.0 . 3 / -05."
15.0 " .6 / -70. T

20.0 41 .' / -55.0
25.0 / -40.0 Q . T

30.0 Q^.M / -2b.

C

10.'^

3b.

n

' 27 . " / -10.0
iO.O 1 SI / 5.0 ' 4 . ^
Ub.'J ' / ^o.r, 1 , r.

5U.0 / 3b. 0 1 r . '

/ bO.U 91 . -1

/ 65.0 94 ,

"

/ 30.0
/ 9b . 0 9f) , ^.

/ 1 1 0 . C "^2.'.

/ 12b.0 ir ^ 0

/ 140. Ci 'F.I
/ 15b.O •J f> . ^

/ 170.

P

"3. 1

/ 105.0 '15.4
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APPENDIX D

CVN Results of LT and TL Specimens of Combined

Data from Three Shell-Plate Steels
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APPENDIX D. TADLE lA

Comparison of hfao-plate amp shell-platf cvn iwh/ict-tect

RESULTS FOR LONOI TUp l. JAL SPi^TC I'-'EMS OF LT OPIpnTATIOm.
CALCULATIOMS FOP SHCAK FRACTURF APPFARArjCE DATA OF
56 SHELL-PLATE SPEC I '"ENS.

SPECIMEN TEMPFRATUnE(F) ORSERVFD <;hEA9 CALCULATF" S"FflR

FRACTURE («) FRACTURE (*)

-120.0 .00 .0
CIS -120.0 .Do .0
STA-3«» -100.0 .00 .0
Bl -50.

n

.00 .0
CI -50.0 .00 .0
C2 -50.0 .00 .0
C3 -50.0 .00 .0
B2 -50.0 .00 • c

STA-21 -50.0 .00 .0
STA-22 -50.0 .00 .0
B3

. -50.0 .00 .0
BIO -10.0 2.00 3.U
Bll -10.0 5.00 . . 3.'»

STA-35 -10.0 5.00 3.U
STA-36 -10.0 5.00 3.U
Cl«f .0 .00 ft.

2

B7 12.0 25.00 11.2
B6 12.0 30.00 11.2
STA-28 15.0 5.00 12.fi
STA-37 15.0 5.00 12.

P

Cll 25.0 2.00 19.2
CIO 25.0 3.00
B19 30.0 40.00 22.

a

B13 30.0 35.00 22.9
B12 30.0 .. . 15.00 22.9
STA-3a »0.P 30.00 31 .£»

_ STA-39 40.0 30.00 31. t»

B15 50.0 80.00 41.1
B16 50.0 ftO.OO 41.1
C20 50.0 30.00 41.1
STA-29 . 60.0 35.00 51.4
STA-JO • 60.0 40.00 51.

U

B5 73.5 98.00 65.2
B<4 73.5 95.00 65.2
CH 73.5 30.00 65.2
C5 73.5 20.00 65.?
STA-2'* . 80.0 80.00 71.4
STA-23 80.0 95.00 71.4
C16 87.0 30.00 77.5
C17 87.0 55.00 77.=
C8 100.0 98.00 86.8
C9 100.0 90.00 Bfi.P
B17 . _ 110.0 100.00 92.0
B16 110.0 100.00 92.0
STA-26 120.0 P5.00 95.5
STA-25 120.0 100.00 95.5
C12 150.0 100.00 99.6
C13 150.0 100.00 99.6
STA-32 . .160.0 100.00 _ 99.8
STA-33 160.0 100.00 9P.fl
89 212.0 100.00 100.0
B8 212.0 100.00 100.0
C6 212.0 100.00 ... 100.0
C7 212.0 100.00 100.0
CIB 275.0 100.00 100.0
C19 275.0 . 100.00 100.0

TRA^4SITI0^J REGION. CALCULATED VALUES

X SHEAR CALCULATED / TEMPERATURE CiLCULATED 51-

FRACTURE TEMPFRATURE(F) / (F) FOACTURE(«)
2.0 -17.2 / • -10.0 3.4
5.0 -3.6 / -5.0 4.6
10.0 9.5 / .0 . .- 6.2
15.0 lfl.7 / 5.0 8.0
50.0 5fi.7 / 10.0 10.2
85.0 97.1 / 15.0 12.

n

90.0 105.8 / 20.0 15.

B

95.0 118.3 / 25.0 19.2
9a.

0

132.0 / 30.0 22.9
/ 35.0 27.0
/ 40.0 31.4
/ 1*5.0 ^6.2
/ 50.0 41.1
/ • 55.0 46.?
/ 60.0 51.4
/ 65.0 56.6
/ 70.0 61.7
/ 75.0 66.7
/ 80.0 71.4
/ 85.0 75.
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APPEriDIX D, TAELE IB

Comparison or hfad-plate amd shell-platf cvn i"pact-te«;t

RESULTS Fuf LONOITiipirJAL STCIVENS 0^" C^IENTATION,
Calculations fop E'lri^cy ausorption oata of
56 shell-plate specimens.

SPECIMEN TEMPrRATURE«F) OPSFRVEP tTNFRGY

ABSORPTION{FT-Ln)
CALri'LATFP ''FRP*
Ansrr'PTION(FT-L">

BXt ..--120.0 1.50 1.5
C15 -120.0 1.50 1.5
STA-31* -100.0 6.00 1.5
Bl -50.0 2.00 ?.7

..... CI . . -50,0 2.00 2.7
C2 -50.0 3.50. 2.7
03 _ -50.0 3.00 2.7
B2 -50.0 2.00 2.7
STA-21 -50.0 4.00 2.7
STA-22 -50.0 4.00 ?.7
B3 -50.0 2.00 2.7
BIO -10.0 4.00 9.4
Bll -10.0 4.50 - 9.4
STA-35 -10. n

,

27.00 9.4
STA-36 -10.0 11.00 9.4
ClU .0 4.00 !?.«=

B7 12.0 23.00 16.

P

B6 12.0 14.00 16.

P

STA-26 . _ -15.0 14.00 13.1
STA-37 15.0 24.00 in.l

. Cll 25.0 18.00 2?.

4

CIO 2"5.0 10.00 22.4
B19 30.0 21.50 24.3
B13 30.0 27.50 24.0
B12 30.0 . . 10.50 _ 24.3
STA-38 "0.0 30.50 29.7
STA-39 HO.O 30.50 ' 2^.7
B15 50.0 36.50 3-4. o

. . B16 50.0 36.50 34.=
C20 50.0 35.00 34.°
STA-29 60.0 37.00 41.1
STA-30 60.0 45.50 4".l
B5 73.5 44.50 47. ?

73.5 "1.50 47.

C

cn . 73.5 37.50 47.0
C5 73.5 26.00 47.0
STA-2<t 80.0 63.50 50.1
STA-23 80.0 72.50 50.1
Cl6 87.0 41.00 53.3
C17 87.0 47.50 53.3
C8 100.0 74.50 5«».6.

C9 100.0 62.50 59.?.

B17 110.0 44.00 . _ 62.

C

BIB 110.0 47.00 62.

n

STA-26 120.0 72.50 64.8
STA-25 120.0 75.50 64. <1

C12 150.0 75.00 6°.P
C13 150.0 (i7.00 69.9
STA-32 _ 160.0 »4.00

. .. . 7n.3
STA-33 160.0 74.00 71.
B9 212.

P

44.50 72.2~ B8 212.0 45.00 7?. 2

C6 212.0 1 73.00 72.2
C7 212.0 79.00 72.2
C16 275.0 69.00 72.2
C19 275.0 71.00 72.2

TRANSITION REGIONf CALCULATED VALUES

CALCULATED /

TE"PFRATURE(F) /

-30.6 /

-R.O /

7.? /

19.6 /
30.5 /

up. 6 /

50.2 /

59.8 /

69.5 /
79.7 /

90.9 /

104.0 /
120.9 /

150.5 /

_ _ . /
/
/
/
/
/

TEMPERATURE
(F)

-30.0
-25.0
-20.0

• -15.0
-10.0
-5.0

.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0

CiLCUL«TEn FIJFPGY

APSORPTIO'KFT-LB)
5.1
6.0
7.0
8.1
9.4

10.''

12.5
14.2
16.1
18.1
20.2
22.4
24.8
27.2

_ 29.7
32.3
34.0
37.5
40.1
42.7
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APPENDIX D, TABIC IC

COMPARISON or HFAO-PLATE ANO SHELL-PLATE CVfJ IMPACT-TEST
RESULTS For LONGITl'niNAL SPFCIMEMS OF LT ORIENTftTIPN.
CALCULATIONS FOP LATTHAL EXPANSION DATA OF
56 SHELL-PLATE SPECIMENS.

SPECIMEN TEMPERATURE (F) OnstRVED LATERAL CALCULATED LATFR
EXPANSION (MILS) EXPANSION (MILS)

Bi"» -120.0 .00 1.0
CIS -120.0 2.00 1.0
STA-a"* -100.0 3.50 l.P

. 81 -50.0 .00 2.5
. Ci -50.0 2.00 2.5
C2 -50.0 2.00 2.5
to -50.0 2.00 2.5
B2 -50.0 2.00 2.5
STA-21 -50.0 2.00 2.5
STA-22 -50.0 2.00 2.5
63 -50.0 .00 2.5
BIO -10.0 3.00 8.3

_B11 ..
•. -10.0 4.00 . ... a.

3

STA-35 -10.0 14.00 8.3
STA-36 -10.0 22.00 B.3
cm .0 3.00 10.8
B7 12.0 21.00 14.4
B6 12.0 15.00 14.4
STA-?n , -15.0 . . 12.00 15.5
STA-37 15.0 20.00 15.5
Cll 25.0 20.00 19.1
ClO 25.0 13.00 19.1
B19 30.0 24.00 21.1
B13 30.0 27.00 21.1
Bl? 30.0 10.00 21.1
STA-38 40.0 30.00 25.3
STA-39 40.0 33.00 25.3
B15 50.0 33.00 29.7
B16 . 50.0 32.00 29.7
C20 50.0 38.00 29.7
STA-29 60.0 . . 30.00 34.4
STA-30 60.0 37.00 34.4
B5 73.5 43.00 40.6
Bt 73.5 38.00 40.6
C* 73.5 40.00 40.6
C5 73.5 30.00 40.6
STA-21 80.

0

51.00 . .. 43.5
STA-23 60.0 56.00 43.5
C16 87.0 45.00 - 46.5
C17 87.0 47.00 46.5

_ _ -C8 100.0 67.00 .51.6
100.0 57. 00 51 .6

ax 1 - - - 110.0 44 .00 - _ 55.

1

R1 fiDXo 110.0 44. 00 cc \30. 1

J 1 M CO 120 .

0

54 .00 58. 0
STA-25 120.0 54.00 58. 0
C12 150.0 66.00 63.6
C13 150.0 68.00 63.6
STA-32 „ .._ 160.0 64.00 64.6
STA-33 160.0 64.00 64.6
B9 212.0 43.00 66.2
"B8 212.0 53.00 66.2
C6 212.0 70.00 66.2
C7 212.0 71.00 66.2
C18 27';. 0 75.00 66.2
C19 275.0 69.00 66.2

TRANSITION REGION. CALCULATED VALUFS

LATERAL CALCULATED / TE'/PEPATWRE CALCULATED LATrRfL
EXPANSION (MILS) TEMPFRATURE(F) / (F) EXPANSIONC'ILS)

5.0 -27.8 / -20.0 6.3
10.0 -3.1 / -15.0 7.3
15.0 13.7 / -10.0 8.3
20.0 27.3 / -5.0 9.5
25.0 39.4 / .0 10. <)

30.0 50.6 / 5.0 12.3
35.0 61.4 / 10.0 13.8
40.0 72.2 / 15.0 15.

S

45.0 83.4 / 20.0 17.2
50.0 95.6 / 25.0 19.1
55.0 109.8 / •30.0 21.1
60.0 128.5 / 35.0 23.1
65.0 166.2 / 40.0 25.3

/ 45.0 27.5
/ 50.0 29.7
/ 55.0 32.1
/ 60.0 34.4
/ 65.0 36.7
/ 70.0 39.0
/ 75.0 41.3
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APPDIDIX D, TABLE 2A

COMPARISON OF HrAD-PLATF A'jn SMELL-PI.ATE: CVN IMPACT-TEflT
RESULTS OF TIUN«:,VE'?S': SPFCIMfflS OF TL OflF.'ITftTTON.
Calculations fo" shfah fractukf APr-FARANce data of
55 SHELL-PLATL SPECI::ENS.

SPECIMEN TEMPERATURL(F) OPSERVFD SHEAR CALCPLATr" SHFAR
FRACTURE («;) FRACTURE <*)

B37 -120.

C

.00 .0
C35 -120.0 .00 .0
SLC-St* -100.0 .00 • .0
B22 -50.0 .00 .0
C2l -50.0 .00 .0
C22 -5n.O .00 .0
C23 -50.0 .00 . - .0
B23 -50.0 .00 .0
SLC-«»<» -50.0 .00 .0
SLC-U5 -50.0 .00 .0

. . B2<* -50.

n

.00 .0
B35 -15.0 5.00 2.0
B36 - _ -15.0 2.00 2.9
SLC-55 -10.

n

5.00 1.5
SLC-56 -10.0 5.00 it.5

C36 .0 3.00 «.l
B3i» .0 10.00 9.1
B33 .0 15.00 9.1
B32 10.0 20.00 15.5
B31 10.0 15.00 15.5

_ . SLC-51 15.0 20.00 19.2
SLC-50 15.0 20.00
C31 25.0 30.00 27.8
C37 25.0 5.00 27.8
C30 _ 25.0 5.00 .. __ 27.8
B27 33.0 85.00 35. tt

B2B 33.0 55.00 35. "»

SLC-57 40.0 20.00
SLC-58 to.o 20.00 «t2.U

833 50.0 90.00 52.

u

B39 50.0 85.00 52.1*
50.0 20.00 5?.H

_.. SLC-«>2 60.0 70.00 62.0
SlC-**! 60.0 60.00 62.

n

B26 73.5 95.00 73.6
C2I* 73.5 30.00 73.6
C25 . 73.5 30.00 73.6
825 73.5 95.00 7:^.6

_ SLC-«»7 80.0 85.00 78.1*
SLC-itfe 80.0 90.00 78.

U

029 100.0 50.00 8°.

6

C28 100.

C

65.00 89.6
8«*0 . 110.0 100.00 93.2
SLC-49 120.0 48.00 9*^.7
Slc-'^s 120.0 100.00 95.7
von 12S.0 98.00 9^.7

. - C39 . 125.0 99.00 96.7
C3i» 150.0 95.00 9''.1

-_ C33 150.0 100.00 99.1
SLC-53 160.0 100.00 99.
SlC-52 160.0 100.00 99.5
829 212.0 100.00 99.

Q

C26 212.0 100.00 99.9
C27 212.0 100. 00 99.9

'
. B30 212.0 100.00 99.9

TRANSITION RE^JION . CALCULATED VALUES

S SHEAR CALCULATED / TE '"PER ATI IRE CALCUL'TE'> SI-

.... FRACTURE TEMPrRATURE(F) / (F) FRACTUREC*)
2.0 -IB.U / -10.0 U.5
5.0 -8.7 / -5.0 6.6
10.0 1.6 / .0 9.1
15.0 9,1* / 5.0 12.1
50.0 U7.6 / 10.0 15.

S

. . . 65.0 90.6 / 15.0 19.2
90.0 101.0 / 20.0 23.'*

95.0 116.7 / 25.0 27.3
98.0 13M.7 / 30.0 •S2.5

/ 35.0 37. «»

/ <»0.0 1*2.

H

/ «»5.0 17.4
/ 50.0 52.1*

/ 55.0 57.1
/ 60.0 62.0
/ -65.0 66.5
/ 7a. 0 70.fl

/ 75.0 71*. >^

/ 80.0 78.'*

/ 85.0 s . 81.7
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APPENDIX D, TABLE 2D

Comparison of MrAD-PLATt Arn shell-platf cvn i«'pact-te^t
RESULTS OF TRAMSv/fS- «;pECI'<r'>S OF TL OOJEMT ATIO*.!.

Calculations yc^" Efjrrey ab'".opption hata of
55 SHELL-PLATE SPEtl^tNS.

SPrCTMFN TFVPFP ATI IDI." f P 1 v n* ji n V 1 ^ i.r. u 1 CAI nn ATFP TMr

AnjvKr* 1 1 Urj 1 r i —

'

D07 -120.0 1.00 1.3
Jb -120.0 1

.

1 . !^

—100.0 9 nn 1.3
Q O O —50 • 0 9 fl n

—DU.D 9 - On

—or . I)
9 . nn

—OU.l' 3,00 J.H
n9T —50 . 0 O • *

—50 . 0 A_ nn X fl

"—50 .

0

9 <^n ^ fl

n9fi -50.0 9 n n 3.U
Dob —15.0 c n n3. UO 7.7
DOo — -15.0 11 n nH . UU _ 7.7
Cl ^_cc3LC—DO -in.o 11.00 fl.5

SLC-56 -10.0 13.00 H.5
C36 .0 8. 00 10.3
B34 .0 6.00 10.3
B33 .0 11.00 10.3
B32 10.0 11.00 12.2
831 10.0 • 9.00 12.2
SLC-51 15.0 18.00 13.2
SLC-50 15.0 18.00 13.2
C31 25.0 15.50 15.4
C37 25.

P

11.00 15.4
C30 25.0 . . 7.50 15.4
827 33.0 19.00 17,1
828 33.0 15.50 17.1
SLC-57 "O.O 22.00 1«».7
SLC-58 HO.O 25.00 18.7
d38 50.0 22. 00 20.

o

839
. 50,0 21.00 _ 20.9

cuo 50.0 11.00 21.0
SLC-U2 60.0 33.50 23.0
SLC-**! 60.0 27.00 23 , r.

826 73.5 2**. 50 25.7
C24 73.5 12.50 25.7
C25 73. S 18.50 . 25,7
825 73,5 2'*.50 25.7
SLC—U7 80 ,

0

31 .00 26.9
HO 60.0 12 .00 26.

C9Q 100.0 9 9 n n 30.0
C28 100 ,

0

2** . 50
8<»0 110,0 26.00 31.3
SLC-U9 120.0 36.50 32.4
SLC-«t8 120,0 38.00 32.4
C38 125.0 3'*. 50 3?.n
C39 125.0 Sit.OO 32,9
C34 150.0 33.50 34. >5

C33 _. 150,0 3t.OO ... _ .34.5
SLC-53 160.0 37.50 34.

o

_ SlC-52 160.0 38.00 34,

o

829 212.0 2t.50 29.4
C26 212.0 35.00 . 2".

4

C27 212.0 3<t.0O 29,4
B30 212.0 24.00 29,4

TRANSITION REGION. CALCHLATEn VAL'JES

ENERGY CALCULATED / TFWPERATURE C«LCUL«TEi EN'^'^GY

ABSORPTION TE''PERATURE(F) / (F) Ae50RPTI0':(FT-LQ)
5.0 -34.2 / -30.0 5.5

_ 10.0 -1.5 / -25,0 6.2
15.0 23,3 / -20.0 6."
20.0 . . .. 46.0 / -15.0 . 7.7
25.0 70.0 / -10.0 8.5
30.0 99.7 / -5.0 9.4

/ .0 10.3
/ 5.0 11.2
/ 10.0 12.2
/ 15.0 13.2
/ 20.0 14.3
/ 25.0 15.4
/ 30.0 J6.5
/ 35.0 '7.6
/ 40.0 ie.7/ 45.0 19.'?

/ 50.0 20. t»

/ 55.0 ?l,o
/ 60.0 23.0
/ 65.0 24.0
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APPENDIX D. TABLE 2C

COMPARISOri OF HrAD-PI ATF: Ann •jHELL-PI ATr CVN rrr>ACT-TC<;T

RESULTS OF TRAMSVCSr SPECtvENS OF TL ORIE'ITATIOm.
CALCULATIONS FOR LATTHAL EXPAUSION riATA OF
55 SHELL-PLATL SPECIMENS.

SPECIMEN TEMPFrATURE(F) OBSERVED LATERAL CALCULATEP LATFc?AL

E»PANSIOM (MILS) E<P/>N«;iON (MIL*;)

B37 _ -120.0 .00 1.0
035 -120.0 "2.00 l.O
SLC-5«» -100.0 1.50 l.r'

B22 -50.0 .20
C21 -50.0 1.00 l.ti

C22 -50.0 1.00 l.ii

C23 _ __-50.0 2.00 l.ii

B23 -50.0 1.80 l.U
SLC-«»1| -50.0 "f.SO l.tt

SLC-«t5 -50.0 2.00
B2U A , ,

-50.0 .00 l.U
B35 V -15.0 «».00 S.f,

B36 ._..._-15.0 2.00 5.6
SLC-55 r -10.0 1.30 6.6
SLC-56 .t . -IC.O 1.20 6.6
C36 .0 12.00 8.7
B3t .0 6.00 8.7
B33 .0 11.00 8.-»

.832 10.0 ... .-12.00 _ 11.2
B31 10.0 13.00 11.2
SLC-51 15.0 16.00 12.5
SlC-50 IS.O 15.00 12.
031 25.0 17.00 15.2
037 25.0 15.00 15.?
030 25.0 12.00 .. 15.2
827 33.0 21.00 17. t»

B2fl 33.0 16.00 l-'.u

SLC-57 <»0.0 2**. 00 19. .-^

SLC-58 «»0.0 20.00 19.
838 50. P 2«».00 22.1
839 . . 50.0 22.00 . . 22.1
CHo . 50.0 16.00 22.

t

SLC-42 60.0 3U.00 2U.7
SLC-«H 60.0 26.00 21.7
826 73.5 27.00 28.1
C2H 73.5 16.00 2f».l

025 .._ . - 73.5 -.- 23.00 .28.1
825 73.5 26.00 2R.1
SLC-«t7 80. 0 32.00 29.6
SLC-f6 80.0 32.00 20.f.
029 100.0 2«*.00 33.6
026 100.0 32.00 33.6
BIO

110.0

27.00 35.3
SLC-ltg 120.0 37.00 36.7
SLC-'*8 120.0 37.00 36.7
038 125.0 U8.00 37.

u

039 125.0 «*6.00 37. i»

03U 150.0 HH.OO 39.

R

033 .. ._. .150.0 .50.00 39.8
SLC-53 160.0 39.00 <40.i»

SLfj-52 iftn.o .18.00 uo.o
829 212.0 25.00 36.6
026 212.0 17.00 36.8
027 212.0 18.00 36.8
830 212.0 27.00 36.8

TRAIJSITION RERTON. CALCULATED VAL'JES

LATERAL
'

CALCULATED / TE"PrRATI)RE CALCULATEn LATrPfi

EXPANSION (MILS) TEMPERATURE (F) / (F) EfPANSIONfVTLS)
5.0 -18.

2

/ -10.0 6.6
10.0 5.3 / -5.T) 7.6
15.0 21.1 / .0 8.7
20.0 12.5 / 5.0 9.9
25.0 61.0 / 10.0 11.2
30.0 81.

B

/ 15.0 12.

S

35.0 10ft.

1

/ 20.0 13.8
10.0 153.5 / 25.0 15.2

/ 30.0 16.5
/ 35.0 17.9
/ 10.0 19.?
/ 15.0 20.7
/ 50.0 22.1
/ 55.0 23.1
/ 60.0 21."'

/ . 65.0 26.0
/ 70.0 27.3
/ 75.0 28.5
/ 80.0 29.6
/ 65.

0

30.7
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APPENDIX E

CVN Results of LT and TL Specimens of Combined

Data on Four TC128 Steels and Combined Data of

Two A212-B Steels
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APPENDIX E, TABLE lA

RtSULTS OK LOnGT rUnit'AL CVN I>1PACT TFSTS FOR
AAf TC128 STEttT, AMH AST'^ S'la-B STEALS.
CrtLCULATIOMS FOP SHF^rt FRACTURF APPFARAMCE DATA nF
AaR TC128. 70 LT O^IFMTATIOI^ SPECIMFMS.

THE CALCULATED CliKVFS VERE C^MPUTEI
FROM WEIGHTED "E^U VALIIF<; FOR "ATA
AT EACH TtST TrMPeRATUR"^.

SPfCIMEN TEmPFPATiii-E(F) onSLRVED SHEAR rALCHLATFO S'I'"AR

FRACTURE (*;) FfJACTIiPE {»,)

Ob -32n.r .00 . 0
D16 -321.

n

,00 .0
Dill -121^. f. .00 ,3
D^ -12C.^ .00 .3
em -i2".n .00 .3
HLH-IS -100.

n

.00 .6
SI -101.

n

.00 .6
Do -82. f .00 1.2
Di; -a?.;P .00 1 .2
Bi -50.0 .00 3.5
HLil-1 -50.

n

.00 3.5
HLil-2 -50. n .00

-50 .

0

.00 3.S
STA-21 -50.1 .00 3.5
STA-2.' -50,

n

.00 ".^
Hi -5C.P : ,00 3.5
04 -40.

P

5.00 'l.fl

012 • . --itb.n 5. on 'l.n

Dll 'O.oo 7.6
DJ •^0.00 7.6
BH -10." 5.P0 1 1 .7
Bill -10. r; 2.00 11.7
STA-3'j -ir-.n 5.00 11.7

.-IP.p 5.00 11 .7
09 -'.1 15.00 l'1.5
Dl -? . 0 15.00 I'i."
87 12." 25.00 20, •»

17.0 30.00 20.7
HLH-8 l-^.P 5.00 2P , 7

Hl 1-7 1=^.0 .00 2*'.

3

ST/' -2d IS.n 5.00 2'.

3

STA-37 5.00 22.3
Bl 30 .

" 35.00 31.5
B12 30.

n

15.00 31 .5
B14 30.

r

"40.00 31 .=
STA-3rt o.n 30.00 3'>.o

5TA-39 no . n 30.00 3P.''
Bl(=> 50.0 <^0.O0 ^'.0
Bib 50.0 no. 00 If.O
STf,-2y 60.

0

35.00
STA-30 bO." '40.00 55.

n

Hlh-9 o^.o 15.00 55,1
HLH-10 60 ,0 15.00 5=;.p
07 T.S lOO.PO 67.0
Dl5 72.5 100.00 6-».o
Bt( 73.5 15.00 r,-».o

Bo 73.': I'i.OO 67.

0

HLH-3 00.0 15.00 73.4
STA-23 bo , 1 ""S-OO T^.t
STA-2'+ 30.

n

= 0.00 73.(4
HLH-"* 80,0 20.00 7^.(1

HLH-17 100.

p

100.00 37.9
HLH-li3 100.0 110.00
HLH-16 100.0 100.00
B17 110.

n

100.00 Q9 . n

Bi3 110.0 1 00.00 9'' .1
HLH-iy 120 . o 100.00 96.
STA-25 120,0 100.00 96.^
STA-26 120.0 95.00 06. •»

HL.I-6 120,0 fio.oo 15. •

STA-32 16".0 100.00 100.0
STA-33 160.0 100.00 100.0
HLH-U 160, n ino.oo lon.o
HLH-12 160.0 100.00 lon.o
HLH-13 212.

P

100.00 100.0
HLH-l"* • 212.0 100.00 100.0
05 212.0 100.00 100.0
Be 212.0 100.00 100.

P

B9 212.0 100.00 100.0
Oil* 21?.

0

100.00 lop.n

TR«t!STTION REfilOMt CALCULATED VALHFr

K SHEAR CALCULATED
FRACTURE TE "Pi-RATIIRF ( F

)

2.0 -66.9
5.0 -3R.9

10.0 -15.5
15.0 -.7
50.0 53.

«

85.0 I'^.t

90.0 IP3.0
95.0 115.7
98.0 ISn.P

TFMPF9ATURF C'lCUL'TEO SllE«R

(F) (;p(irTii''EC'

-60.0 Z.''-

-55.0 3.0
-50.0 3.5
-'5.0 4.1
-"0.0
-35.0 5.6
-30.0 6.6
-25.0 7.6
-20.

0

F."
-IS.O 10.1
-10.

0

1 1

-5.0 13. 'I

.0 15.3
b.O 17.'i

lO.C 1 Q. -7

15.0 "53
.

20.0 '5.

'

25.0 TP, ^ 0

30.0 >! ."^

35.0 '5.1

- 126 -



APPENDIX TAELE IB

RESULTS OF LOiirTTUni'lAL CVN IMPACT T^STS FOR
AAR TC12Q STfrLf; A-in ASTM S'12-B STEELS.
Calculations fop emfrgv absorption oata of
AaH TC12«. 70 LT QRirMTATlON SPECI"F'IS.

THE CALCULI "^ED CURVES WfRE COMPUTEO
FHOM .vEIGHTFO "EAN VAL'rES FOR TATA
AT EACH TEST TFuptRATUCF.

S>rCI'-;EN TEMPFRATURe(F) ORSFRVEP fTNERGY

AnSORPTIONCFT-LF')
Db —320 «

n

1.00
D16 —320 • n 1.00
DlO -12^' . f 2.00
D2 -i2n.n 2.00
B14 -120,

n

1.50
HLW-lb -100 . f 2.50
STA-3it -100.

0

6.00
Do -82,0 5.00
ui; -82. ft 5.00
Bl —50 • n 2.00
HLrl-1 -50 . n 3.50
HL-l-2 -5P •

"

2.50
a^ -50 .

0

2. 00
SV-Zl -50.0 <».00
STA-22 -50.

n

4.00
-5"." 2«00

Dt -i*n , r 14.00
Di? -'+'^ • f' 1 5 . 0 0
Dll -2<;.n 21.00
T)i -^•^.^ 25.50

-10.

n

4.50
HK -10.0 4.00
SI,-,-33 -10.

p

'7.00
SI ,\-3b -io . 0 11.00
09 -5 , n "M .SO
Dl -•>,o '^l .00
87 1'.'' ?3.00
Bo I'.r 14.00

6.00
Hi.-,-7 IS. '

1 1.00
ST,-.-211 14.00
sr,-,-37 l''>.-i '4.00

30.

r

'7.50
812 30,0 10.50
til-- 30. '^ 'l.SQ
ST, -3fl 40.0 "O.so
ST/',-I9 «0.50
B16 bO.r "^6.50
Rl'"- . n ^6.Sf)

STA-29 o".o '7.00
ST/.-30 60.0 115.50
Hl-I-9 oO.o '1.50
Hli.-UI qO . T 1 3.50
D7 53.50
Di.-, •'2.50

'tl.so
T-" 44.50

HLM-3 bO . 0 '8.50
ST A -2

3

bO.-i '2.50
STA-2'* dO.O <^3.50
HLH-i* <)o,n 'b.oo
Hlh-1 7 100.0 53.00
HLH-IH 1OP.0 54.00
HLh-lo 100.

0

Sb.OO
B17 Uo.n 44.00
Blii 110.0 47.00
HLH-1 -) 120.

r

52.00
STA-2b 120.0 75. so
STA-2b 120.

n

72.50
HLH-6 120.0 42.00
STA-3i l-bo.o 74.00
Sr.'.-33 Ib^^.o 74.00
HLM-U IbO.O 52.00
Hlh-12 160.0 51.00
HLH-13 ^12.0 53.00
HLH-l"* 212.0 52.00
D5 219.0 ftO.OO
B6 212.0 45.00
B9 212.0 44.50
014 212.0 61.50

TRAnSTTION REfiIOfJ» CAl CULATEO vnu'irs

CALrULATFP ruFRfiV EUER^Y CALCULATED

ARsoROTTONtFT-L") AdSORPTIOlN TE^'PFKA TURF ( F

)

\ .0 5.0 -60.

0

l.o 10.0 -26.4
1
."' 15.0 -5.7

1.7 20.0 10.3
1.7 25.0 23.fi

'

.

30.0
2.3 35.0 47.4

40.

U

p.

6

^ .

'

45.0 70.3
50. 0 R3.0

0 .

'

55.0 Q0.6
f-.2 60.0 124.2
f-.P

5.2
5.' TpMPFPATURF C'Li^UI 'Tf^'^

5.2 (F) -T-l -1 )

-60.0 S.f

7.f -55.0 5.S
)'•.•" -50.0 6.'
10.-^ -45.0
I'^.'l -40.0 T.t'

-?5.0
I'." -30,0
1'. " -25.0 1 0. T

I'^.l -20. n 1 I

U .

'

-lb. 'J ' 2.S
20.5 -10.0 1^.0
'O.f. -5.0 15.'
2 ! .

" .0 \f-,-7

21.7 5.0 IS.'
2' .7 10.0 1 0 , 'I

21 15.0
'"'.'- 2>U.0 '3.S
27.

s

25.0 25. s
^''

. 5 30.0 '7,s
, n 35.0 '9 . S

31.0

3<^.'

"0 ,A

40. r.

40. A

4 0 . c,

4S.O
4S. n

4r,.-'

'f-.

4 a . 0

40,1
40 . 13

40.-1

5s.11

SS.H
ss.ii

57. ->

5"'.

7

50.5
50.5
5".

5

5". 5
62,0
5'.0
fi'.O

62.0
5'.-»
5'.-'

S'.-"
5'.-'

5'.

7
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APPENDIX TABLE IC

RtSULTS OF LONf^TTUnitlAL CVN IMPACT TFSTS FOR
AAR TC128 STEE.L5 AMD A^ITM A?12-B STFFL^;.
CALCULATIONS Fno L'*TFH/>L EXPAIISION DATA OF
AAR TC12a, 7n LT uP IFNTAT in-^l SPECI^FNS.

THE CALCULATED CURVES i-iFrjt COMPUTEO
FROM wFIGriTFD '^FAIJ VALUFS FOR PATA
AT EACH TEST TFwr'EPATURF.

SPrCIMEN TEMPr.)ATur>E(F) nPSERVEO L'^TERAL

FfPANSIOM (MILS)
Db -12"." 1.00
Dlb -321 .

1

1.00
Dl 11 -12".

f

2.00
Di -121.0 2. so
Bit -12".

1

.00
HLH-15 -10". ri 4.00
STA-S"* -ion .

"

3. SO
oa -QP .

"

5.00
Dll -ti""." 3. SO
Bi -b" . 1 .00
HLH-1 2.00
hl:i-2 -5".[- 1.00
B'i. -b" . " 2.00
STA-21 -!i"." 2.00
STA-22 -5" .

"

2.00
Bj -b*" . n .00
D"* -4"." 10.00
01? -tn." 16.00
Oil -2S.1 16.00
Oi -2^,1 95.S0
Bil -1"." 1.00
Bid -1" . r. 3.00
ST A~3S -1*" .

"

1 . "0
ST M~3b — 1 " . fi

D9 5q*sn
Ul 3*0 Ii9 so
67 1 ' • '1 . "0
Bb 1 ' . 1 5 . " 0
HLi;-f< IS , " 7. SO
HlH-7 IS, " lU . SO
STA-26 IS , o 1 2 . "0
STA-37 IS , r ?0 . "0

3" .

"

?7 . 00
B1P_ 3" .

"

1 0.00
Bl'i 3 n n 14 , "0
S t ''>-3H 4" . r- TQ , OQ
SI A-39 " . p ^3.00
B16 5" • n ""2 . "0
BIS ^3.00
ST b" . n "10 • 0 0

S T/ -30 "* 7 . " 0

'"'r
'
n '2.00

HL! i~l 0 d"'*" '3 . "

0

0/ 7'.s sa.so
01', 7',f So. so
BH •^8.00
B5 M3. "10

HLH-3 d" .

"

"t.OO
STA-23 6".n S6.00
STA-24 a".n SI. 00
HLH-t 6"." 'b.OO
HLH-1

7

10"." Kb. 00
HLH-lO 10"." H6.00
HLH-16 10"." U6.00
B17 11"." UH.PO
BIB 110." 41*. 00
HLM-1<? 120." S4.00
STA-25 12". C S't.OO

ST (,-26 12"." S4.00
HLH-6 12"." 36.00
STA-32 160.

p

S4.00
STA-33 160." su.oo
HLH-1

1

16"." U6.00
HLH-12 IfaO." 47. SO
HLH-13 21'." 48.00
HLH-14 21?." SO. 00
Ob 21?." •SS.SO
BB 21'." S3. 00
(^^ ? 1 ? . " 43.00
Ul'i ? 1 ' . r 49. SO

CALCUI ATEr> LATFRAl
EYPANSTON 'MILS)

1 ."
1 .n

! .?
1

1.2
1 .S
,^c; TRAr'SITTSM RESIQtJ. CALCULATEO VIL'iFc

,, [f, LATERAL CALCULATED

4!^ EXPANSIONC'ILb) TE"PFRATUR'^I'^)

4. A 5.0 -If..?

-i.fS 10.0 -16.1
M.f, 15.0 3.9

20.0 20.1
c.p 25.0 34. i»

S.3 30.0 47. «J

r.o 35.0 61.5
r,^ 40.0 7?.fl

11.4 45.0 99.5
11. 'I 50.0 116.0
11 .'I

11.4
1 1. l

1 1.4
l"-.,, TF"PfrPATIIRF C«l ("Ul 'TE" I A^^oii

I'.'i (F) ryod't'^TOMC'TL'^l

-40.0 S."
I".' -35.0 6.S
l".' -30.0 7.-«

I".' -25.0 R."
^'.'i -20.0 °.'

-15.0 '0.''
^'.u -10.0 n."
2"'." -5.0

.0 13.''
^"'•'^ 5.P 15.^

in."
J"."^ 15.0 IB."*
"'.s 20.0 ?n,o
^'"."^ 25.0 21.
311. 30.0 '3. It

3"'." 35.0 '5.?
30." 1*0.0 ?7."
3".? 45.0

50.0 'O.'
tl-3 55.0 -^2.6

4' .3
41
46.

n

46. o

46.

o

49.0
50.6
50.6
5".

6

50.6
S3. A
53. f
S'.6
S'.S
54 .

;

54. r

S4.f)

54."
54.0
54.0
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APPEIIDIX E, TABLE 2A

RtSULtS OF LONGITUn,H.L CVN ,HP.CT TtST^ ^0"

«AR TCUe STEEL? fI" JtiSr «?«W«*'CE D«T^ "F

SPECIMEN TEMPCRATiipEIF) onSERVEO SHEA"

FRACTUAC («>

C15
C3
C2
CI
C<»1

c**z

C«*3

ClU
Cll
CIO
CbO
C51
C20
CHU
Ci»5

C<t

Cb
Clf>

C17
cue
C«»9

CB
C9
C12
C13
CbZ
C53
C46
C«»7

Cb
C7 ^
Co?
C19
C5H
CbS
cie

•120.0
-50.0
-50.0
-50.0
-50.0
-50.0 .

-50.0
.0

25.0
2'»."

2'».0

25.0
50.0
73.5
73.

«

7:^.5

e7.o
87.0

100.

0

100.0
100.0
100.

0

150.0
150.0
150.

0

IbO.O
21?.

0

21?.

0

21?.

0

?l?.o
?uo,n
275.0
?75.0
275.0
J!75.o

.00

.00

.00

.00

.00

.00

.00

.00
2.00
3.00
2.00
2.00
30.00
25.00
15.00
30.00
20.00
30.00
55.00
35.00
MO. 00
96.00
90.00
100.00
100.00
ftO.OO
5'j.OO

97.00
90.00
100.00
100.00
100.00
inn. 00
100*00
100*00
ino*oo

FRACTl»R£ <»>
.0
• 0

.0

.0
•0
.0
•0
*0

2.3
^,^
2.. 3
2.3

13. «V

31.2
31.2
31 .2
31 .2
•3.0
143.0

50.U
5«».<»

87.

1

87.''

07.1
67.1
99.0
99.0
90.0
99.0
99.

P

100.0
100.0
100.

0

100.0

TRANSITION RE«XON» CALCULATED VAL'lF*;

% SHEAR
FRACTURE

2.0
5*0
10.0
15.0
50.0
A5.0
90.0
95.0
96*0

CALCULATED
TEMPfRATUI*€<F>

?3.9
33.5

52. «»

OH, 9 ,

1U5.1
157.6
I7ft.3
197.7

TCMPERATURK
if)
30
35.
i»0.

H5.
50
55
60
65
70.0

75.

.0

.0

.0

.0

.0

.0

.0

.0

\

.0

.0
>0

.0

.0

.0

.0

.0

.0

__-*0
12&.0

80 <

85.
90,

95.
100.
105.
110.
115.
120.

CALC01 <\TEn 5MFAR

FPACTIOFJ"*'
3.7
5.6
7.n
10.5
13.
16.7
20.3
2M.?
26.3

32.5
36.9
U1.3
•5.7
50.1
5i».U

' 58.6
62.7
66.6
70.3
73.7



APPENDIX E, TABLE 2D

RESULTS OF LONGITUniNAl. CVN IMPACT TrSTS FOR
AAH TC120 STPtLS AND ASTM A-sia-R STE'^'LS.

CALCULATIONS FOR ENE"Gy ABS'^PPTION DATA OF
-B#36 LT ORIENTATION SPFCIMFNS.

SPECIMEN TEMPFPATKREiFI OPSFRVEn enfrgv CALCUl AT^D rnrRCY

A8S0«PTl0N(rT-i.R) AncnDPTTOhitrTt^i ni

-120.

P

i.so t c
• .3

r •« -50.

n

3.00 Z.Z
»•« -50.0 3."^0 C.2
v* -50,

P

2.00 2.2
• -50,

n

2.00 2.. 2.

-50.0 2.00 2.2
-50, p 2.00 <..2Cm .0 ^.oo ft. CI

tlx 2S.0 18.00 la.?
c t nV X U 2*5.0 10.90 I C . 2

2^.0 U.OO 19 9

Cm
. 2'S.O 5.00

Vc u 50 ,

0

:s5.oo
Cm* 1 1.00 90.9

71.5 12.00 90 9

CH M,'>0 90. 9

C5 2f».00 cy .

C 1

6

67,0 ui.oo 15->
C17 fl7.0 '»7.'>0 35.9
C>48 100.

n

?1.00
C((9 100.

n

15,00
Ch 100.

0

7<*,'50 ill .

9

C9 100,0 <E.2,*)0 U1 .9

150.0 75,00 * <i9 II

Ibo.n ^7,00 ft9 .fl

tar 150.0 50.00 A9 a.CP
V.JJ 150,0 17.50 A9 . A

219.0 AO. 00 ta q

Cut 21?,

0

»1.50 7ft.

9

Cb 21?,

0

73,00 76. J>

C7 21?.

0

79.00 76.

P

C67 2U0.0 '^5.00 78.;>

ciq 27^.0 71. no 70.J
C!jU 27S.0 f.5.50 70.3
CbS 27«?,0 75.50 70.3
CiA 275,0 «S9.00 70.3

TRANSITIO^I REGION* CALC«H-ATE0 VAL'^TS

CALCULATED
TEMPFHATUR^(F>
-13.6
15,8
35.1
50,3
63.5
75. «»

86.6
97, «»

108.1

119,0
130,3.
1«»2,5

156,2
173,0
197.1

T^MPCRATURF
(F»

-10.0

I

' 10.0
j

20.0
30.0
<»0.0

50.0
I

60.0
70.0
80.0
90.

d

• 100.0
110.0
120.0
130.0

I 1«0.0
150.0

'] 160.0
'I 170.0

160.0

- 130 -

CALClrt ATfin FNFPGY
AnSOHPTI0tl(FT-l.»n

5.5

0.8
11.0
13.5
16.5
19,9
23,6
?-7.7..

3?,0
J6.6
•U.?
U5.9
50.5
54.P
59.0
62.8
66.?
6<).2

71,7



APPENDIX TADLE 2C

f<tLS0LT5 OF LOWGTTuni*!AL CVM I-IPACT T^STS FOP
AAN TCl2t STEEL? A'>" ASTM fl-'ia-b STFi^LS.

CALCULATIOMS FGP L'^T'^RAL EX^A. iS I ON HflTA OF
AbTM A212-R»3o LT op itiNTAT T^N SPFCI^^-NS.

SPrCPiENJ TF'Tri AT'jr'cKF) oq^ERvCD LATF^Al. C^L^JI ^"Ef" L^TroM
fXPAr!SIC^ (^^TLS)

CIS 2.00
C3 -50 .

0

2.00
C<; -50.0 2.00 ?.o
Cl -5".i 2.00 ?.n
C+l 1.00 ?.n
Cit? -50.0 1.00 '.0
C43 -5".o 2.00
cm -.r 3.00 'J .7
Cll 2=.o ?0.00 n.^
cin 2S. ^3.00 in.

9

C jii 6.00 10.?
C51 25. 11.00 1 l.r
C2vj 5n.O 38.00
ChU 12.00 "''.^

Ch5 7"».5 Id. TO
Ch '0.00
C^ ^0.00
Cin 67. r- "5.10 ^"'.1

C17 '47.10
Ci+n lO'^ .

"

'»7.oo U'i .-^

Ch^) 1 0 . 0 ta.no nil ,r

Co 1 0 . 0 'S7.00 i 'I , r

Cv 100. ri •=7.10 'i 'J
.

ci<-> ISO. 'I «io.00
Cl3 150.0 f-.J
Cb? 150.0 =0.00
Cb-> 150.

n

6-".
'I

C'+r. P.l^.i- •'l.'^G ""I . '1

C^-7 21?.^ -'i.^n 71 . U

Co 70.00 71 .'-^

C7 21.''. '1 '1.00 71 ./I

C67 24".'- '6.00 7?.-
CIO 27"^. 0

Cb'i fSo.OO
Cj'. =2.00
C18 27^.

n

TP'- iSTTIQM ot'^ln^ » CAi.r IfTtn V/SLUFS

RAL CALCi'LAfED i-TQAT' ICJS; C

MSI0|J(-IL£,) TE"PrHftTUl<r(F) /

b.O 2.2 / 10.0 6. 'I

10.0 / 15.0 ^.'^

15.0 / 20.0
20.0 51 / 2b.

0

10.''

25.0 / 30.

n

11.7
30.0 7?.

5

/ 35.0 13.^^
35.0 « . 3 / 40.0
40.0 / 45. 0 17. ->

45.0 102.1 / 50.0 19.-^

50.0 1 1 ."'
. P / 5S.1

55.0 12"."^ / 60 . 0

60.0 1
3f..3 / 65.0

65.0 tRf^

.

/ 70.0 op. -7

7C.0 1 . 7 / 75.0 "^1

/ 80.0
/ 85.0 36."
/ 90.0 38.

o

/ 95.0 41.

S

/ 100.

0

'14.0

/ 105.0 46.4
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APPENDIX E, TABLE 3A

RtSDLTS OF TRAi'SVERSr CVM IMPACT TESTS FOR
aar Tciae steels amo astm a212-b steels-
calculations FOR SHEAR FRACTURE APPEARANCE DAT' OF TRANSTTION REfilON. CALCULATED VAL'irs

AAR TC128. 6S TL ORIENTATION SPECIMENS.
THE CALCUL/'TEO CURVFS WERE COMPUTED
FROM wFIGHTEO 'FA.>I VALUES FOP DATA
AT EACH TEST rEliPERATURF. IK ^HPAR rai nil A TED

Fracture te^pfratur
TFMPFRATURECF) OBSERVED rfl|_C'LAT^o S^'FftR 2,0 "99,1

FDACTURE FRACTIIPt 5,0 "65, fi

B6 .00 . P 10,0 "37.

U

-Itin , n .00 0 0 lb,0 "19,

1

eio -121.(1 .00 1 . I 50.0 (9,7
92 -12".

1

.00 1.1 65,0 105.1
B37 -120.

n

.00 I . 1 90.0 116.6
SLC-54 -101.

n

.00 1.0 95,0 132,7
Bn -a?." .00 ^.2 98,0 1'40,9

Ba -82. n .00 7.2
B2<4 -50." .00 "».'»

B22 -50 . n . 00 7,1* TEMPERATURE C"LCU(."TEn <;nF«n
HTF-61 -bo.o .00 ^. "

(F) FOArTii''F(r)
HTF-62 -50.0 .00 7,H -90.0 2.<^
SlC-'*'* -50.0 .00 f.'t -80.0 3."*
SLC-t5 -bo.n . 00 '.u 1-70.0 «.5

.00 7, '4 "60. 0 5.0
612 -HO.I 15.00 o.'» -50,0 7.K
81 -"40 . r, 1 o.oo

. -UO.O 9.'|
B3 -2'^.n tb.OO n.2 -30.0 11.^
Bll -2'^.o ^0.00 1^.2 -20.0
B35 -IS.'-. 5.00 If..

3

-10.0 18.1
B36 -l-^.o 2.00 15, .0 '2.1

JO.O 26. <^SlC-55 -10.

P

5.00 n.l
SlC-56 -10 . n 5.00 I . 1 20.0 'l.-"
Bl -?.o AO. 00 21.2 30.0 '7.ii

B9 -'.0 70.00 21 .

'

1*0.0 u^.ft
633

.

. 0 15.00 22.1 50.0 50.2
B3'* .0 lU . 00 22,1 60.0 57.
B31 m.c 15.00 2fi,6 70.0 63.
B32 In.i ^0 • Oo 25 . ft 80.0 "'0.5

90.0 'f.-'SLC-51 20.00 2". 1

HTF-67 IS.r 5.00 ' 100.0 52. '1

Hi IS.n 5.00 20. 1

SLC-5n 15.0 ?0 . 00 'o. I

Bc.7 33. P 05.00
P,_(! 3-^.o 55.00 ^0 . r>

SlC-57 •n.r 20.00
SLC-Sti !t1.,0 20.00 '*''.5

B39 50,0 fl5. 00 50.2
Bia SO.O '50.00 50.2
HTF-7n 60 .

0

I 0.00 57.0
SlC-'H 60.0 f.O.OO 57. 0

SLC"42 60.0 "'O.oo 5-^.0

HTF-69 60,0 10.00 5"'.fl

07 7?.

5

100.00 55.5
Bl'^, 7?,

5

100.00 65.

S

7-«.'^ 05.00 66.2
B26 7-5. -- 05.00
SLC-t7 80.0 B5.00 70.5
HTF-63 80.0 25.00 70.5
HTF-6M ao.o 20.00 70.5
5LC-46 60.

0

^0.00 70.5
HTF-76 100,0 40.00 82. U

HTF-75 100.

n

50.00
110.0 100.00

SlC-49 120.

0

08.00 91 .2
Hrt-6b 120.0 00.00 91.2
HTF-66 120.0 no. 00 01 .2

120.0 100.00 91.2
HTF-72 160.0 18.00 9» . n

SlC-52 160.0 100.00 ,'3

SLr.-53 160.0 100.00 90.0
HTF-71 160.0 08.00 90.9
Bir 21?.

0

1 00.00 9Q.Q
212.0 1 00.00 90.

0

hb ,?l'.o 100.00 99.

Q

HI F-7 3 212.0 100.00 00,9
H 1

K-74 21?. 0 100.00 99.0
B<;9 212.

n

100.00 99,9
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APPCriDIX TABLE 3B

RESULTS OF TRA'TvERSE CVN T"PACT T«-«;TS POR
AaR TC12B 'JTC£L'"> A^'O A<;Tm A'U-il STF«-LS.
Calculatioms t-of ENPnoY ah'^opption rata of
AAR TC128» 6.T Tl 0«»irijT6TnM 'jfEC

THE CALCHLATETU CUKV«'«; (^Pc COMriJTEf>

FROM nElfinrro "If^U VAL'IFS FOR PATA
AT EACH TEST TrvFcRATU-^F.

TRANSITION REGION. CALCULATED VAU'F?

SPECIMEN TEMPEf»ATUPt«F) OflSFRVEr e-NERGY

ftBSORnTlOf'(FT-LP)

CALCIII ATrp r.irnnr

APS'>rPTT'^>;('^T-LP»

B6 -32".

n

1.00 .4
B16 -320.0 .•»o

810 -12P.0 2.50 1 .4
82 -12'».n 2.00 1 .U

837 -120.0 1.00 1.4
SLC-5* -100,0 2.00 2.3
813 -82.0 8.^0 3.5
88 -82.0 4.50 3.5
82« -50.0 2.00 ft.

6

822 -50.0 2.00 6. ft

HTF-61 -50.0 3.50 6. ft

HTF-62 -50.0 4.50 6.6
SLC-*"* -50.0 6.00 6.6
SLC-<»5 -50.0 2.50 6.6
823 -50.0 2.^0 A.

6

812 -•0.0 17.00 7,9
-*0.0 13.00 ''.9

89 -2^.0 20. •'O •.9
811 -25.0 ?6.50 <».'»

83S -15.0 5.00 11.9
836 -1^.0 H.OO 11.5
SLC-55 -10.0 11.00 12.2
SCC-56 -10.0 13.00 12.2
81 -2.0 34.00 13.5
89 -2.0 28.50 13.5
833 .0 11.00 13.0
B3<t .0 6.00 13.

o

831 10.0 9.00 15.9
832 10.0 11.00 15.5
StC-51 15.0 18.00 16.4
HTF"67 IS.O 7.00 16.
HTF—6a 15.0 7.50 16.4
SLC-50 15.0 18.00 16.4
827 33.0 19.00 l<».5
B2S 33.0 15.50 I'*.

5

SLC-57 40.0 22.00 20.7
SLC-58 •>0.0 25.00 20.7
839 50.0 21.00 22.3
838 50.0 22.00 22.3
HTF-70 60.0 10.50 23.9
SLC-*1 60.0 27.00 23,9
SLC-42 60.

n

33.50 23. «»

HTF-69 60.

P

12.00 23.4
87 72.5 •^9.00 25.8
815 72.5 42.00 25.8

_ 829 73.5 24.50 26.0
826 73.5 24.50 • 2ft.

0

SLC-H7 80.0 ^1.00 26.9
HTF-63 80.0 19.00 26.4
HTF-6'* . 60.

0

16.00 26.9
SLC-*6 30.0 32.00 26.4
HTF-76 100.0 19.00 29.5
HTF-75 100.0 24.00 29.5
B<»0 110.0 26.00 30.

A

SlC-'»9 120.0 36.50 31.5
HTF-65 120.0 32.00 31.5
HTF-66 120.0 27.00 31.5
SLC-<*e 120.0 38.00 31.5
HTF-72 160.0 17.50 34.3
SLC-52 160.0 38.00 34.3
ScC-53 160.0 37.50 34.3
HTF-71 160.0 35.00 34.3
830 212.0 24.00 35.
8li» 212.0 35.50 35.8
85 212.0 42.50 35.8
HTF-73 212.0 37.00 35.8
MTF-7H 212.0 37.50 35.8
829 - . -2X2.0 24.50 35.8

ENER6Y
ABSOAPTlO.i

5.0
10.0
15.0
20.0
25.0
30.0
35.0

TEMPFPATU4E
(F)

-60.0
-50.0
-40.0
-30.0
-20.0
-10.0

.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
<»0.0

100.0
110.0
120.0
130.0

CALCULATED
TE"PrRATUHE(F)

-6U.7
-24.6

ft.

A

36.0
ftft.o

lO't.a
176.6

calculatet rNF"!",*

AB£ORPTIO'1(FT-LB)
5.5
6. ft

7.4
9.2

10."'

12.2
13.0
15.5
17.1
19.0
20. "»

22.3
23.4
25.5
26.4
28.2
29.5
30.6
31.5
32.4
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APPDIDIX TABLE 3C

RESULTS or TRM'C-.vEP^r cvN V'PACJ TFSTS fOH
aar TCi2fl «;teli'; a ip a';tm >?i2-m stfels.
Calculations hop latthal Ly°'»N*;iori dat* op
AAR TC128. oS Tl. O'^I'^r^TftTr'^" SPtCI'^-NS.

THE CALCUL'TEL) CURVES vh'^oE CO-^fU^En
FROM wEIGHin "FAN VALI'^s PCR TATA
AT EACH TE.ST TfvPERATURF,

SPECIMEN TFNiPr ^ATUPE(F) "T^tlPVEO LATpi^AL OLCtJl ATEr LAT«-nAL TRANSITION REGION. CALCULATED VALKFS
FXPANSIOV <MILS» E><t»AM'-.I«ll (MIL«=)

66 -320.0 1.50 ?.o
B16 -320.0 2.50 ?.o
BiO -12".

0

3,50 LATERAL CALCULATED
82 -120.0 6,50 3.5
837 -l2C.n .00 3.5 9. U —H ^ , 0
SLC-5«» -ico.o 1.50 4.3 1fl.f1 —

813 -8?.0 5.00 •=.2 n a 7X9 . u n ,

'

86 -82.0 U.50 5.? 50 - 0 tn T

82U -50.0 .00 CO , U O r , 1

822 -50.0 .20 7.7 - - . . .tSV , U 98 , 1

HTF-61 -50.0 1.00 7,7 U 1 He .

V

HTF-62 -50.0 1.00 7.7
slc-*»<* -50.0 4.50 7,7
SLC-«»5 -50.0 2.00 7,7
823 ? -50.0 i.to 7,7
8X2 ,

' -HC.O 19.00 ttmf)
TEwPFRATl'REBl -UO.i^ 16.00 fl,6 C'LCUL'TP'^ L'Trp.M

89 -2S.0 20.00 10,3 (F

)

c. r ^ rj o ; v^i 1 l^— '

Bit -2S.0 26.50 10,5 -BO.O S.I
835 -15.0 4.00 11 ,f>

-70,0 6.0
836 -15.0 2.00 11 ,6 -60.0
SlC-55 -10.0 1.30 12,2 -50.0 7.7
SLC-56 -10.0 l.?0 12.2- -40.0 8.6
81 -2.0 35.00 13,4 -30.0 9.7
89 -?.o 29.50 13,4 -20.0 10."

B33 - .0 11.00 13,' -10.0 12.2
B3H .0 6,00 13.7 .0 13.7
9iX 10.0 13,00 15.? 10.0 15.?
832 10.0 12,00 15,? 20.0 16. A

SLC-51 15.0 16,00 16,0 30.0 16.

5

HTF-67 15.0 7,00 16,0 40.0 '0.2
HTF-68 15.0 6.00 ' l^.C 50.0 22. 0

SlC-50 15.0 15.00 16,0 60,0 ?3.fl

827 33,0 21.00 19,0 70.0 ?5.'>

B28 33.0 16.00 19,0 fl0,0 ?7,2
SLC-57 HO.O 2<t.00 ?0,2 90,0 ?6.8
SlC-58 •O.O 20.00 20.2 100.0 30.3
839 50,0 22.00 22,0 110.0 31,6
830 50.0 24.00 22.0
HTF-70 60.0 11,00 23.0
SLC-«H 60.0 26,00 21.
SLC-U2 60.0 34,00 23.

n

1

HTF-69 60.0 14,00 ?3,A
87 72.5 37.50 25.9
815 72.5 43,50 25,9
825 73.5 26.00 26,1
826 73.5 27,00 26,1
SLC-U7 60.0 32.00 27,2
HTF-63 80.0 22.00 27,2
HTF-e** 80.0 19.00 27,?
SLC"*»6 80.0 32.00 27,2
HTF-76 100.0 21*00 30,3
HTF-75 100.0 27.00 39,3
810 110.0 27,00 31,

A

SLC-*? 120,0 37.00 32,8
HTF-65 120.0 23.00 32.

A

HTF-66 120,0 26.00 32. <»

SLC-iia 120,0 37.00 32.0
HTF-72 160.0 ^7.00 3ft. 1

SLC-52 160,0 36.00 36.1
SLC-53 160,0 39.00 3A,1
HTF-71 160,0 35.00 36,1
830 212,0 27.00 3"',

4

81H 21?,

0

39.50 37,4
85 21?,

0

50.00 37,4
HTF-73 212,0 39.00 37,4
HTF-7'* 21?,

0

36.00 37,4
B29 212,0 25.00 37.4



APPENDIX E. TAELE ^lA

RtSULTS OF t^a' «:veo«;f: cvn T'^PACT Tr<^T3 PQR
AAR TC12r3 A212-B STF'-L'--.

CALCULATIC^•S FC^ S'-'rrH FRACTii;<r APPFAP^"C£ '^^T« OF
ASTM A212-f»3!D TL '^PTEMTATIOfJ <;prci'"'-js.

SPeCIMEN TfypFQATUf E { F) o''SE''VFO <;mea'»

FRACTURE C") cPACTtint («)

C35 _ 1 o rt n
""Ic'' . I) .no .n

C22 "•DU . O .00 .2
C23 —D'J • n .00
C21 .00 .P
Cb6 ~3'

' . u .00 .2
Cb7 — . u .00
CS>8 —3'

' . ') .00
Cib ft 3.00
C30 CO*'' 5.00
C31 «T . n 30.00
C37 5.00 «>.'

C65 2.00
C66 2t . 0 2."0
C>iO 50 . 0 ''O.CO 1 <^,^

C59 73.5 30.00 31

C60 73.'' 95.00 3'

C25 73,5 30.00 31.*-.

C2«* 73. 'O.no 31

C63 100 .

0

to. 00 SO.

7

CoU 100.0 ?5.00 50.7
C29 100.

P

so. 00 SO,

7

C28 100 *>5.no SO,

7

C3a 125.0 98.00
C^9 125.0 09.00
C3U 15^.0 «>5.no

C33 150.0 100.00
C69 150.0 U5.00
C70 150,0 S5*P0
C61 21?.

0

Pb.PO
C62 212,0 O7.00 9«».f,

C27 212.0 ino.OO
C26 212.0 100.00 9". ft

C73 2«»o.o 'J9.00

C72 27'i.n 100. 00
C71 275.0 100.00 on,

9

TRANSITION nE«TOfJ » CAl CHL^TEO VAL"F?^

X SHEAR CALCULATED / TrupEOATUPr CrLruL'TE'^ "^HFAR

FRACTURE TE*-1PFRATUHE(F) / (F) F^ACTL'^FC^)
2.0 -12.0 / -10.0 2.2
5.0 / .0

10.0 29.2 / 10.0 5.1
15.0 <42.8 / 20.0 7.1*

50.0 99.1 / 30.0 10.2
85.0 150.9 / <i0.0 13."
90.0 162.6 / 50.0 1A.2
95.0 160.1 / 60.0 93.

u

96.0 202.0 / 70.0 29.

U

/ 80.0 36.

n

/ 90.0 '3.2
/ 100.

b

50.7
/ 110.0 S8.U
/ 120.0 65.
/ 130.0 72.

n

/ ItfO.O 79.1
/ 150.0 •I.

6

/ 160.0 99.0
/ 1.70 .

0

<'2.S
/ 180.0 95.0
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APPENDIX E. TABLE

RESULTS OF TRAMSVEPS^: CVN IMPACT TFST^, ro'?

AAR TC128 STEEL"^ A^'H ASTM A?12-B STE'^i-';.

CALCULATIONS FCP E'^POV AOSOPPTION OAIA OF
ASTV A212-R.3b Tl '^RIEVTATIOm SPFClvrtjC;.

SPECIMEN TEMDrpAnjPE{F) OnSFPVEr r>^ror,Y CiVL^'Ul .»Ti-n r.
f-

ABSORPTTC'C^T-L'^

)

fln50PPTI"*l('""^-

C35 1 . 50 1 . s
C22 -bo • 2.00 ^ .2
C23 -50,

p

3.00 2.2
Cdl -50 ,

0

2.00 ?.2
C56 -50.0 2.00 ?.?
C57 -50.P 2.00
Cbfl -50." 2.00 ?.?
C36 , p 8.00 '* .0
C30 7.50
C31 2*5 .

0

15.50
C37 25.0 11.00
C6*> ' \, 21.0 3.50
C66 7, S
ClO 50, n 11.00 P . 4

C59 7^.«i 15.00 1 c,
, 4

C60 » • 9,00 l*> . 4

C25 7"^ .*> 18. "^C 1- . '4

C2'+ 7"^ . 5 12.50
C63 inn 1 18.00
C6'* 1 n 1 n r 'J * ' 'J c ' .

C?P inn r ?P . 0 f) T . •

inn n ? 9' . r

. 50 - - . c

wJ 1 n '^u nn

C3U 1 SO - n ^3.5U 37, n

C33 15".

n

I'*. 00 3-'.o

Cb*? 15".

0

31.00 3-'.C

C70 150. r> '3.00 3''.0

C61 21?.

n

55. PO
C62 21?." 56.00
C<:7 212. 34.00 ^7.7
C26 21?.

0

•^5.00 47.7
€73 2H0.O 53.00 uo,

C72 27s.n 53.00
C71 275.0 54.00

TPAriSITloN RE'^Torj. CALCULATED "^L'TS

ENERGY CALCULATED / TEMpPRATlJRr Cft rui.JT'^'" FnFPGY
ABSORPTIO.i TE"P'^rtATURE(F) / (F) APsoHP-'io-'frT-Ln)

5.0 2.4 / 10.0
10.0 42.0 / 15.0 6."?

15.0 67.5 / 20.0 6.

a

20.0 88.1 / 25.0 7.'^

25.0 106.5 / 30.0 8.

'

30.0 124.1 / 35.0 8.«
35.0 142.2 / 40.0 9,-'

HO.O 162.5 / 45.0 10.5
«»5.0 189.1 / 50.0 ' 1.4

/ 55.0 12. 'I

/ 60.0 13. I*

/ 65.0 14.1
/ 70.0 15,6.

/ 75.

P

16.7
/ 80.0 17.

0

/ 85.0 19.?
/ 90.0 ?0.5
/ 95.0 21. «1

/ 100.0 23.2
/ 105.0 24.6
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APPENDIX TAELE ^.C

RESULTS OF TP<U'S\/E°SF CVM T'VACT JT^'r^ FOR
AAR TC120 STElLS A^'^ A?TM A-^l^-B S-^^^FLS.

Calculations f-^" l^tfral t.vp/»;,siorj n/\Tft of
ASTM A212-'^»3L) IL '^RIEMTATI'^M SFECTvrf^<;,

SPECIMEN TEr':PFSATUPt(F) mSEHVED L'TE^AL C-OLCUl aTE"^ L ATFpAL
EXPAMSIOrj (MILS)

CiS -120.0 2.f^0 2.0
C22 -50.0 1.00 3.3
C23 -50.0 2.00 3.3
C21 -50.0 1.00 3.-^

C56 -50.0 1.00 3.3
Cb7 -50.

n

1.00 3.3
CSS -50.0 1.00 3.3
C36 .0 12.00 7,2
C3n 25.0 12.00 10.

P

C31 2's.n 17.00 10.

o

C37 2*;.c 15.00 10.

a

C65 25.0 7.00 10.

q

Cb6 25.0 6.00 10.9
C40 5".0 lb. 00 l^i. 1

Cb9 7.'^.=i 22.00 2?.

4

C60 73.5 11. OO 2?.

a

C25 73.5 ?3.00 ??.ti

C2t* 73.5 16.00 2 '

.

C63 100.0 26.00 30 .f)

Cb4 100.0 ?6.00 30 .f,

100,

P

91*, 00 ^0.6
C2H 100.

n

32.00 30. ^•

C38 125.0 U8.00 3*^.8

C3<) 125.0 <I6.00 3'».n

C3a 150.0 ^«.no U5.'i

C33 150.0 50.00
Cb9 150.0 ua.oQ
C70 150.

0

•6.00
Cbl 212.0 59.00 5".

6

Cb2 21'.

0

51.00 50. ft

C27 212.0 as. 00
C26 212.0 a7.oo 5«.ft

C73 240.

0

6<*.00 60.6
C72 ^75," 7a. 00 61 .5
C71 275.0 63.00 61 .5

TRArjSITION RE'jIOrj.

LATERAL CALCULATED /

EXPANSION(VILS) TE 'PFRATUH*: ( F ) /

5.0 -21.6 /

10.0 19.6 /
15.0 45.1 /
20.0 65.0 /
25.0 82.3 /
30.0 9fi,2 /
35,0 113.5 /
«»0.0 128.9 /
«»5.0 ia5.1 /
50.0 163. a /

55.0 186.6 /
60.0 229,5 /

/
/
/
/
/
/
/
/

LCULA'^ED VALUES

TF'^PE^ATURtr CALCUl nE"> LATFf^AL

(F) EVPftri<;iON('-'IL?)
-20.0 5.1
-10.0 6.1

.0 7.9
10.

0

8.5
20.0 10.1
30.0 11. ft

HO.O 13.'=>

50.0 16.1
60.0 18.7
70.0 21.

a

80.0 ?a.3
90.0 27.

a

100.0 30.6
110.0 ^3.9
120.0 37.1
130.0 "o.a
lao.o US.

5

150.0 '6. a
160.0 49.1
170.0 51.6
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APPENDIX F

CVN Results of LT and TL Specimens of Combined Data

of Two A212-B Steels, and of Combined Data of Two

TC128-B Steels that Contain Vanadium
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APPENDIX F. TABLE lA

RESULTS OF T-'HACT TESTS ^0<l TMRTF G^nrjE*". '^F '•.TrTL

...CVM SPLCI"t.f'f Of^ l.T uHlF^-'TATION A':CT JF^'TS,

CALCULATIO'IS FO" S'-'«^'^r< FRACTil.jr APpr a a- iqu q^j^ SPECIMFNS.
ASTM A21?-P» 3f) C.CITY HEmO R ?HELI

specimen TEMPrPATlir.t(F) O^SERVFD SME^" '"M CI'L^TF'* «;mT.p

FRACTURE (*) FDACTiipfT (V)

C15 -12'^.

0

.00 .0
C2 -50.0 .00 .0
C3 .00 .0
CI -50.0 .00 .0
cm .00 .0
C42 -5n.n- .00 .0
Ch3 -50.

n

.00 .0

cm .0 .00 .0
Cll 25.0 2.00 '».3

ClO 2*^.0 3.00 '.3
C50 2S.n 2.00 2.3
C51 2'5.n 2.00 2.3
C20 50.0 30.00 13,

a

Chu 73.^ 25.00 31 .?
C«45 7^.5 15.00 31 .?
CH 7-^.=i 30.00 .?
Cb 73. S 20.00 31.?
Clt> 87.

n

30,00
C17 87,

n

55.00 '3.0
CHfl 100.

n

35.00 5'.|.t+

C19 100.

n

00.00 5'i,i;

Cb 100,

C

08.00 su. u

C9 100,0 oo.oo 5u,u
C12 150.

p

ino.OO
C13 15",

n

100.00 B7,l
Cb2 f.0.00 fl7. 1

C53 150,

n

55.00 '^7.1

C(t& 21?.

0

Q7.00 90.

0

C47 212.0 '^8.00 90,0
CD 21'.

n

100.00 QO , "

C7 212.0 100.00
C67 2«*'^.0 iro.OO
ClO 27"5.0 100.00 lO*!.?
Cb4 27«;.r 100. CO inn.^
C5S ?75.0 1*10.00 ino.f)

Clfi 275.

P

100.00 10".

0

» CAl CMLrtTED VAUft;

X SHEAR / TFvprPArilor C/^i.CUl 'TF"» «;h<=''>R

fkacture TE^PFH A TUME; ( F ) / (F) FPA'"TU'^EC>'>
2*0 23.9 / 30.0 3.7

33.5 / 35.0 5. ft

10*0 UU . 2 / »»0.0 7.«»

15*0 52.4 / H5.C '0.5
9U .9 / 50.0 13.

U

1 *»5. 1 / 55.0 lf>,7

90 • 0 157.6 / 60.0 20. •»

95 « 0 I7f,.3 / 65,0
98 • 0 197.7 / 70.0

/ 75.0
/ 60.0 36."
/ 85.0 '*1.'

/ 90.0 '*5.7

/ 95.0 •=.0.1

/ 100.0
/ 105.0 *^8,f>

/ 110.0 52,7
/ 115.0 66. ft

/ 120.0 70.3
/ 125.0 73,7
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APPENDIX F. TABLE IB

RESULTS OF I»''PACT TESTS POR jm<^F GnAO^S OF STEFL
...CVN SPLCr-1c.M«^ OF LT OPlfNT*TION «^Oo*' FOI"' ACC TOf^TS.
CALCULATIG'.'S FOP E"c:p&Y AbSOqPTION n«TA OF
ASTM A212-B» C.CITY HEAO 5 SHfLL SPECIMENS.

TF-OFDATIIDCfFl
1 ti'il t K A 1 UK t I r J OPSERVE-^ F'JFRGY Chi n '1 ATC*n frMf-t?cv

APSOPPTIO^(^T-L") A n ^ A n T V A k. I / ^Y 1 n \A^SOpr'TlvNi rT_(_"

)

C15 -12C.0 1.50 1.5
C2 -50.

0

3.50 ?.2
C9 -50.0 3.00
CI -50.0 2.00 ?.?

-50,0 2.00 ?.2
cnz -50 , f> 2.00 2.P
CH3 -50,0 2.00 '•2
Aliicm •0 U.OO 6."
Cll 25.0 18.00 1 ? . ?
CIO 2S.0 10.00 1?.?
C5n V 25.0 <».oo 1?.?
C51 2S.r 5.00 1?.?
C20 50.0 35.00 10,

n

Chi* ' 73.'^ 11.00
C<+5 73.5 12.00 ?'^,?

cn 7"^,«^ 37,50
Cb 77.

S

26.00 2'».P
C16 87,

n

«»1,00 3'"i.9

Cl7 87,0 (7.50 35.
CHH 100.0 ?1.00 41 .?

100," 15.00 '41,9

Cfa 100,0 7^.50 U ! , ?

C9 100,0 62.50 4' .?
C12 150 ,

0

75.00 6'>.n

Cl3 150.0 67.00
Cb2 Ib*^. 0 «;o.oo f, n

C53 150.0 ^7.50 6'. •I

C<46 21?.

0

AO, 00
C«+7 21^.0 p,l,«^0 7«..o

C6 21?.

0

73. TO
C7 212.0 79,00 7««.o

C67 240,0 «?5.00 7(^,0

C19 27S.r 71.00 70.3
Cb«+ 275,0 65. '>0 70,

1

CSS 275." 75.50 70.

cin 27*^.0 69.00 7^.3

TPAjSITION R£-TOi;. CALCIMLATET V'AL'irr

Energy CALC'LATEJ / TrwprpftTiiPr C'L'"JL''TFr r-jFray

ABSORPTIOM TE'-PErtATURT (F) / (F) !^nt;riRPTIO'l(FT-l )

5.0 -13.6 / -10.0 5.S
in n I5.fi / .0 6.f'

1 n
1. D . u 35.1 / 10.0 P. A
9n ncu . u 50.3 / 20.0 U.O

63.5 / 30.0
ou.u 75. < / 40.0 16.
•33 . u 86.6 / 50.0 19.

Q

HU . U 07. / 60.0 ?3.o
n*TJ . u lOP.l / 70.0 27.-'

bu . u 110.0 / 80.0 *2."
33.0 130.3 / 90. n •6.6
iLn AoU . U ia?.«> / 100.0 tl
65.0 156.2 / 110.

0

a5.o
70.0 173.0 / 120.0 50.

S

75.0 197.1 / 130.

0

5U.n
/ mo.o eg. ft

/ 150.0 62.
/ 160.0 66.?
/ 170.0 69.2
/ 180.0 71.7
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APPENDIX F. TABLE IC

RESULTS or If^ACT TfSTS FOR THRrE! GPaOE'^ '^'^Zn

...CVN SP£CI'-''k:r"=; of i t OPI^'JTATIOM roO'" F0"0 A'"CTjrvTS.

CALCULATIOriS FOn L'T'-«AL tVPAf.SION n^^T^ OF
ASTM A212-lf J6 C.CIir HFA^ S SHELL SPFCIMEN5.

SPECIMEN TEMPr9ATUOE(F» OBSERVED LAT^IPAL C^LrUl 'TEr 1
^Trp/<L

EXPANSIOr' (MILS)
CIS Ic'J . 'J

9 . nn

C2 —3" * n 0 nnc • u u 2.0
C3 —DO . " 3 on '.0
Cl "•311 • U ? . fin '.0
C«*l — O'l . U 1 . fin 2.0
CU2 —3V . 1 . on 2.0
CH3 — f\ 9 . nn 2 .

0

C11 ^ - on

Cll 9n .on 10.2
CIO * ». IT. nn 10.2
C50 9<% n A. on 10.9
C5l 5C nc~ . U 1 1 nn 10,9
C20 31.' . U ^fl . nn I'*.

*

C<*(| T\ C
/ 3 • r 1 9 . nn 30. c;

C«»5 / " . ^ 1 A nn 30 . s

Ch tin nn

C& "sn - on

Ci6 O ' • 'I iis • nn

C17 O ' . u

CIS 100 . G o 7 n n U'l . o

W ^ 7 ic . n
4 Q OA
1 8 . "0 UU . 0

Ca lOn.n ',7.00 . 0

100.0 57. 00 uu . 0

C12 150." 66.00 6"^.u

15" , 0 68. 'lO

C52 150.0 SO. no
Cb3 15<i.O 68.00 6"».U
C46 212.0 71.00 71.(1

WH r 212.0 •'1. 00 71.1-

C6 21'.

0

70.00 71.

U

C7 212.0 71.00
C67 2'*n.C "Td.oo 72 . r

Ci9 27'^.

n

ft9.00
Cb** 27^.0 66.00 6=.S
055 27S.n «^2.C0

Clfl 275.

n

'S.OO

TRA,mSITIOM RE'^rON » CALCi'LOTEo V^L'if*;

LATERAL CALCULATED CirUL'^TEO LaTe-R"

EXPANSIONCILS) TE'^PTHATURE(F) / (F1 t:yP/«M<",TOM(«'TLT)

5.0 2.2 / 10.0 6.U
10.0 2«».3 / 15.0
15.0 3«3.3 / 20.0 8.«
20.0 51.5 / 25.0 to.

9

25.0 62.

U

/ 30.0 11.7
30.0 72. "5 / 35.0 13.

U

35.0 82.3 / «»0.0 15.3
^0.0 <»?.l / H5.0 17.2
i»5.0 102.1 / 50.0 19. :^

50.0 112.

A

/ 55.0 21.6
55.0 12U.5 / 60.0 23.9
60.0 13fl.3 / 65.0 26.^
65.0 156.3 / 70.0 28.7
70.0 186.7 / 75.0 ^1.3

/ 80.0 ^3.0
/ 85.0 ^6.U
/ 90.0 38.9
/ 95.0 U1.5
/ 100.0 Utt.O

/ 105.0 U6.if
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APPENDIX F. TAELE 2A

RESULTS OF IMPaCT TESTS FOR ThRFF gRaoES Op STFEL
...CVN SPECIMENS OF LT ORjeNTATjON FROM fOuR ACCIDENTS.
CALCULAT\lONS\ FOR SHEAR FRACTURE APPEARANCE DATA OF
18 CALLAO HEAD <-l AND 10 S. BYRON SHELL SPECIMENS
OF AAR TC12e-D STEELS THAT CONTAIN VANADIUM,

SPECIMEN TEMPFRATUPE(F) Of^StRVED e;M£ftO CALCItLATr'^ S-^i^AR

FRACTURE (*,) FOACTIIOl (»)

B14 -120.0 .00 .0
HLH-15 -100.

P

.00 .0
B3 -50.0 .00 1.0
Bl -50.0 .00 l.p
HLH-l -50.

0

.00 1.0
HLH-2 -50.

n

.00 1.0
B2 -50,

n

.00 1.0
BIO -10.0 2.00
Bll -10.0 5.00
B6 12.0 ^0.00
B7 12.0 25.00 n.?
HLH-fl 1«:.0 5.00
HLH-7 IS.C .00
B19 30,0 40.00
B13 30.0 :«5.oo
B12 30.0 15.00
BIS 50.0 «o.oo 3".l
316 50.0 RO.OO
HLH-l 1) 60.

C

15.00 '»<*,'

HLH-9 60.0 15.00
65 7-?.'5 08.00
bn 73. «^ 05.00 ft'. •«

HLH-'* 80.0 20.00
HLH-3 80.0 !5.00
HLH-16 100.0 100.00
HcH-17 100.0 100.00
HLH-l

8

100.0 100.00
B18 110.0 100.00 Q1

B17 110.

c

100.00 51 .0

HLH-6 120.0 flO.OO

HLH-19 120.0 100.00
HLH-l

2

160.0 100.00 100.0
HLH-11 len.p 100.00 100.0
B8 212.0 100.00 lO'^.O

HLH-l

3

> 21'.

0

no. 00
'

100.

n

HLH-IU 212.0 100.00 10".

0

B9 212.0 100.00 100.0

TPA'JSITIOM RE'"'TOiJ. CALCULATED VAL't"^*:

% SHEAR CALCULATED / TrvprpATU'^E C.'LCUL^TF'^

FRACTURE TE'-'PCRATUHTf r) / (F) POArTl'^f (
")

2.0 -35.2 / -30.0
5.0 -11.2 / -25.0 3.2

10.0 U.O / -20.0 3.0
15.0 15.9 / -15.0 U.o
50.0 61.3 / -10.0 5.0

. 85.0 98.8 / -5.0 7.2
90.0 106.6 / .0 8.7
95.0 117.6 / 5.0 10. «*

98.0 129.2 / 10.0 12.3
/ 15.0 m.6
/ 20.0 17.1
/ 25.0 20.0
/ 30.0 23.?
/ 35.0 ?6.7
/ 40.0 30.

S

/ 1(5.0 3U.7
/ 50.0 39.1
/ 55.0 '»3.«

/ 60.0 U8.7
/ 65.0 53.7

V
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APPENDIX F. PDI.E 2D

Results of impact tpsts for thRff nRAors of stffl
,,,CVN SPECIMENS OF LT ORirNTATjON FROM fOuR ACCIDEMTS.
calculations FOR SHEAR FRACTURE APPEARANCE DATA OF
18 CALLAO HEAD K-1 AND \<i S. BYRON SHELL SPECIMENS
OF AAR TC128-3 STEELS ThaT CONTAIN VANADIUM.

SPECIMEN TEMPERATU''£(F) ORS«^RVEn r 1LCI 'l.rtTt-p rf|r^(?Y

ABSORPTTONC^T-L"

)

inrrpDTTOMC^T-LP'
-120.0 X . ~u 1.5

MLH-15 X v/ V . t .s

—50 .

0

9 ft n ? . 3

Bl —50 ,

0

2 . 'JO 2

.

HLH-1 -50 .

0

T C nO. 30 ? . 1

Hi vt—^ •^ . . 2.50 9 .

•3 u . u 2. 00
R 1 n — in !>— X *' . I 4.00 7.
R 1 t 4 . DO 7-

DO 19 nX ^ • I' 14.00
R7 19 f>X ^ . 1 2 J • t? 0 1 . 1

Hi l-l— flocn o X 1 • l> 6.00 1 U 1X ^ • 1

HI 1-1—7 1 «^ nX D . I' 11.00 X . 1

R 1 Q . 21.^0 1 a ^X . n
R 1 27 . SO 1 o t

10.50
BIS 9 7

, q

B16 50.0 97, 1

HLH-10 60 .

0

• ~u 3-' . 0

HLM-9 60 .

0

9 1 S n .

85 73.5 'H . DU T

B>i 7"^. 5 ll t ^. n•* I . 'U

HL)-i-*<^ 80 .

0

On
/; O . '- 'J

HLH-3 fiO . P /^O . ~ U 50, 7

HLH-16 10'^ . 0 55.00 4S ,

HLH-17 j^QO , n S3.no 4S .

HLH-18 100.

n

S4.00 'iS.f^

Bl A 1 1 n nX X <
' . n "7.00

B17 lin.n 44.00 4-'.-'

HLH-6 120.0 42.00 u<^.

HLH-19 120.0 52.00 4a.
Hi u— 1 3

i on • i» 51.00 S->,o
Hi U—I 1 160.0 S2.00 52.0
Ra 212.0 45.00 s?.-«
HI 1-1—1 ^ 21??.

0

53.00 59.
Hi 1-1— 1 U 21?.

0

52.^0 59. T

no 212.0 44. so 5?.1

TRANSIT ION RL'5 TOfJ» CALCULATED VftL'"-<i,

ENERGY CALCULATED / TE^'PEOATUPF CflLCUL/'TE'^ rW^^GY
ABSORPTlO.i TEMPErUTUHECP) / (D /^Qc;rRPTio>'(rT-n)

5.0 -22.3 / -20.0 5.4
10.0 1.4 / -15.0
15.0 17.5 / -10.

0

7.T
20.0 31.0 / -5.0 8.4
25.0 43.2 / .0 9.'S

30.0 55.1 / 5.0 11.0
35.0 67.4 / 10.0 12.

S

40.0 80.9 / 15.0 14.1

45 .

0

97.7 / 20.0 15.0
50.0 125.8 / 25.0 17.7

/ 30.0
/ 35.0 ?1.6
/ 40.0 23."'

/ 45.0 25.7
/ 50.0 27. fl

/ 55.0 29.

n

/ 60.0 "^2.0

/ 65.0 34.1
/ 70.0 36.0
/ 75.0 37.
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APPENDIX F. TABLE 2C

RESULTS OF IMPACT TESTS FQR ThRFE GRAOES OF STFEL
...cvN specimfns of lt orifntation from four accidents.
CALCULATIONS FOR SHEAR FRaCTURE aPPFARaNCF DATA OF

18 CALLAO HEAD <-l AND 1<? S, BYRON SHFLL SPECIMENS
OF AAR TC128-B STEELS ThaT CONTAIN VANADIUM,

SHcCIMEN TEMPFRATUr'£(F) OnSEPVFO LT^'AL C^LCJI ATE"" LATr-AL
EXPANSIOfi (MILS) tvPAri^ir!) (MIL^^)

OX'* —icc .

n

nn. V u • U
Hi u» 1 Minn f> u fln

• C

DO — O'J • ('
nn •

— ji' . " . nn• w U
HLH-t ? . On
HLH-2 1.00
Ba -50 • 0 2.00
Bin — 1 0 . n 3.00
Bll — I n , 0 4.00
Bo 12

.

15.00
B7 12.0 21.00 12.7
HLf1-8 1*1 . n 7. SO
HLH-7 1 *i . n 10. SO

n p(4 , OQ ion
L • *

Rl ^ ^n n*Ju . u 97 . on 10 0X •

R t 9 J" . 1) 1 n . 0 n 10 U

3'J . I'
^ nn

Rt e.Ol b Sin n ^3 n n OA. ti

nLH— 1 'J 60 . P ^ \ r\ fi2 J . U j'^ • n

nLn-9 S*! . 0 • 0
QC;DD 73.

D

J** • n
OH 73 , *) '^8.00

rlLH-U - 80 .

0

23. UO 3n. S

HLH-3 an.n 2'+. 00 ^ft.S

HLH-16 100.

T

t»6. 00 1*1 .s
HLH-17 100.

P

«i5."0

HlH-15 lOP.n <*6. 00 «n .s
B18 110.

n

tm.ou
B17 110. u^.oo '3.3
HLH-6 120.0 •^6.00

HLM-19 120.0 s«+.no
HLH-12 160.0 U7.S0 !*7.a

HLV4-11 Ibf^.O 1*6. '^0

Bb 21^.0 S3. 00 a 7 .
q'

HLH-13 212.0 U8.00 47.r>

HLH-14 212.-^ so. 00 a7.o
B9 212.

C

U3.00 U7,Q

TRAfJSITI0^4 REGTONr CAICHLATEO V.Liir';

LATERAL CALCULATED / TE^^P^^ATURE C^LCU! "Trn LaTro/M_

EXPANSION(^'ILS) TE'-PERATuRF (F) / (F) EyP»fJ*"Tr'J('-TLS)
5.0 -17.4 / -10.0 6.^

10.0 3.1 / -5.0 7.P
15.0 / .0 a.l

20.0 32.'' / 5.0 10.
25.0 46.3 / 10.0 12.1
30.0 59.9 / 15.0 13.7
35.0 7<*.<? / 20.0 15.

u

f»0.0 93.2 / 25.0 17.1
(»5.0 122.1 / 30.0 18.

0

/ 35.0 90.0
/ UO.O '2.f.

/ 45.0 24.

S

/ 50.0 96.4
/ 55.0 ?fi.2

/ 60.0 30.0
/ 65.0 31,5
/ 70.0 33.4
/ 75.0 35.0
/ 80.0 ^6.5
/ 85.0 ^7.9
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APPOIDIX F. TABLE 3A

RESULTS OF r"OACT TFSTS F0,< TuRpr GRADE*; np •"TEfl

...CVN SPLCV^E.'" TL 0RIF^•TATIO•J roov FOUR ACC^o'^r'^s

CmLCULATIOMS FOO s^'^^R FOACTinr ^pr^^n^^)CZ ^ST
R. 35 C.CITY HEAO « SHELl

TEi-iPFf?ATUR£(F) OPSERVF_0 SHEA'' CniC'LATF'^ SHrA(>

FRACTURE CD A ^ Tl IP r
I > 1

-120.0 n n A

^ o —Dn • n n n• V u . ?

(•23 —DP . U f\ n
. u U

•%

c n r\—Dn . n . ' J u

""DD . ri . UU
^ c ^ —3" . n . L' U

c rt n f) n• u u

t36 . f) J • ' U . I*

s - nnJ . '
' u A 7. /

vol 25 . n ^ U . 'J U " »
'

*»0 f
n

• I'
s . On

V>OD 2S, 0 3 n n^ . <J u 1 7

25.

0

0 on Q 7

S'l »

0

1 »

xn nn J 1 . ^

(•ou 3 • . U J 1 • f 1

roc 7^,5 t ft f\f\ 0 1 • n
r ill 71 , => U . U U

(•00 100.

0

»» U » " u C A T

vol 10".

1

7*3. "0 50.7
C29 10".

0

C A A A50.00 50,7
C28 100 .

0

^ C ArtftO. DO 50.-'

C38 125.0 •58. "0
C39 125.0 «>9. 00
cm 15'^." Q5.00 Q'4.ft

C33 150.

n

mo. 00 84.*^

Cb9 15P.P as. 00
C70 15".

n

•^5.00

Col 21?.

n

f^S.OO

C62 21?.

0

07.00
C27 21? • 0 1"0."0

21?." ino."0
C73 240 .

0

19.00 9'5.

1

C72 275,

n

100.00 9n.,->

C71 100.00 99.?

transitiom regiom » CALCltL'TEO VftL'iFc:

X SHEAR CALCULATED / Tr..pFOAT'JPF

Fracture TE^PFRATURF(F) / (F) FFArTU^EC)
2.0 -12.

n

/ -10.0 2.?
5.0 P.U / .0 3.4

10.0 29.2 / 10.0 5.1
15.0 <I2.8 / 20.0 7,4
50.0 9Q.1 / 30.0 10.?
85.0 150.

0

/ 40.0 13.0
90.0 162.6 / 50.0 Ifl.?
95.0 180.1 / 60.0 23.4
96.0 202.0 / 70.0 ?9.4

/ 80.0 16.0

/ 90.0 43.?
/ 100.0 50.7
/ 110.0 •^8.4

/ 120.0 65.8
/ 130.0 72.8
/ 140.0 79.1
/ 150.0 84, C
/ 160.0 89.0
/ 170.0 02.5
/ 160.0 95.0
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APPENDIX F. TADLE 3B

RESULTS OF I»'r>ACT TFSTS POH THHFF G^^OES OF STE^L
...CVN SPtCI^iE'"'. 0^ ORI='MTATIO'i F^o*" FOl"P ACCTOf^fJTS,
CALCULATlO'lS 1-0^ E'!F'-5Y AB<^OPPTIO 4 0«TA OF
ASTM A212-nr 35 C.CITY HEAD i SHELL SPECIMENS.

SPECIMEN TFMPFRATUP£(F) OBSFkVE ? '^NE^GY CALCUI.ATfp F»'rRRY

ARSOK'JTTO'i(FT-L'^) (Vp^oRPTI'^MCrT-L'^

)

C35 -120.0 l.*^0 1.5
C22 -50.0 2.00 ?.?
C23 -50.0 3.00 '.?
C21 -50.0 2.00 2.?
C56 -50.0 2.00 2.?
C57 -50.

0

2.00 ?.?
C5a -50.0 2.00 ?.?
C36 .0 8.00
CiO 2*^.0 7.50
C31 2'=i.0 15. "^O 7.S
C37 25.0 11.00
C65 25.0 3.50 7.?
C66 2«5.0 7.=;

CIO 50.0 11.00 11.1
Cb9 7^.'=' 15.00 16.1
C6n 73.

S

9.00 l«!..1

C25 18. "^0 l'=..u

C24 12. "^0 If .4
C63 100.0 18.00 ?'.?
C(><* 100. n ?3.'^0 ?3.?
C29 100.

0

22.00 2^.?
C2B 100.0 2'.?
C3ft 125.1 31.50 30.2
C39 12'>.0 31.00 30.2
C3U 150.0 33. SO 37.0
C33 150,0 •<i.oo 37.0
C69 150.0 31.00 37.0
C70 150.0 13.00 3-'.n

C61 21^. 55.00 17.7
C62 21?." 56.00 1-'.7

C27 212.'' 11.00 17.-'

C26 21?." 35.00 17,7
C73

.
2Hn.o S3. 00 10.3

C72 27'=;. f> 53.00
C71 275.0 51.00 1P.Q

TRANSITIOM RE'"-TOlJ» CALCi'LATED VflL'"'^';

EMFR6Y CALCULATED / TF..prPATUR<" CLCtJL'^Trn r(-r'^r,Y

ABSORPTlO-i TE"PFRATUR=" (F) / (F) A"^'^«PTIO'i(FT-Ln)
5.0 2.U / 10.0 5.7

. 10.0 12.0 / 15.0 6.7
15.0 67.5 / 20.0 6.fl

20.0 9fl.l / 25.0 7.5
25.0 106.5 / 30.0 8.1
30.0 12U.1 / 35.0 8.''

35.0 142.2 / 10.0 9.7
•O.O 162.5 / 15.0 10.5
<»5.0 IflO.l / 50.0 M . 'i

/ 55.0 12.1

/ 60.0 13.1
/ 65.0 11.1
/ 70.0 15.6
/ 75.0 16.7
/ 80.0 17.

Q

/ 65.0 19.2
/ 90.0 20.5
/ 95.0 21.8
./ 100.0 23.2
/ 105.0 21.6
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APPENDIX F. TA:JLE 3C

RESULTS OF I^'PACT TrSTS FOR THRFF G'J'VOf:*; '>F <;tf«^L

...CVN SPtCIMt.»'c TL ORIEMTATlOr-J Fdo'^ FO''^ ACCTOFMTc,
CALCULATICMS fop L'TFKAL EVP'^'iSIOM DATA QF

ASTM A212-B» 35 C.CITY HEAD H SHELL SPECIMENS.

SPECIMEN TFMPFnATiirtCF) onSEPVFD L'TF^^AL CM-CUI.' "'T" LA-'foAL

EXPAMSIOfi f.lILS)

C35 -120.

r

2.00 ?.n
C22 -50. ri 1.00
C23 -50.0 2.00 1.3
C21 -50*0 1.00 1.3
C56 -50.0 1.00 *.1

C57 -50,

n

1.00 1."^

Cb«^ 1.00 ^.3

C36 .0 12.00 7.?
C3fl 2*^.0 12.00 10.9
C31 2S.P 17.00 10.

o

C37 25.0 15.00 10.9
C65 2S,n 7.00 10.9
C66 25.0 6.00 10.

a

CtO 51.0 16.00 16. 1

Cb9 71.

5

22.00 22, i\-

C6n 73.*; 11.00 ?''.u

C25 71.

S

'>3.no 2?.

a

Cat 7?.

5

16.f>0

C63 100.

n

26.00 3". ft

C64 100.0 ?6.00 in. ft

C2P 100.0 2«*.00 3'>.ft

C2d 10*^.0 12.00 ir>.ft

C3B 12S.0 as. CO
C39 12';.

0

a6.oo I^.P
C3U 150.0 aa.OQ aft.

a

C33 150.0 ^0.00 aft. 'I

C69 15*^.0 as. 00 aft.

a

C70 l5P.n a6.no uft.a

C61 212.0 59.00 S^^.ft

C62 21?.

n

f.1.00 S'^.ft

C27 21?.

0

as. no 5n.6
C26 21?.

0

U7,00 5«.6
C73 2**'>.'5 fia.no 6n.ft

C72 275.0 7a. 00 61
C71 27*^.0 63.00 61.5

TRANSITION PJc.r,\0U, CALCULATED VAL'IF*;

TCRAL CALCULATED / TF'«PF''ATIif?E C'LCUI '^TE'^

PANSIONCf'ILS) TE"P«"RATURE(F) / (F) EXPArjSTCNt
5.0 -21.6 / -20.0 5.1

10.0 19.6 / -10.0 6.1
15.0 as.l / .0 7.2
20.0 65.0 / 10.0 8.5
25.0 fl2.3 / 20.0 10.1
30.0 96.2 / 30.0 1 l.ft

35.0 113.5 / ao.o 13."
ilO.O 12B.9 / 50.0 16.1
5.0 ia5.1 / 60.0
50.0 163.'* / 70.0 ?l.a

55.0 186.6 / AO.O ->a.3

60.0 22P.5 / 90.0 .?7.a

/ 100.

0

10. ft

/ 110.

0

33.

o

/ 120.0 17.1
/ 130.0 ao.a
/ lao.o «i3.5

/ 150.0 U6.a
/ 160.0 a9.1
/ 170.0 51.6
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APPEIIDIX F. TABLE k^

RESULTS OF T«H-A':T fFSTS fOH THMF^" GflOE*; OF'^^t^d
...CVN SPLCI'-'L^'*=; 0^ TL OPI^'ITAT lOf J m.y^ ponp arcT^jr.'T^,

CALCULATIONS FOP SHF.«..< PRACTijr^F APPP .•,'^VICE P^T* nr

16 CALLAO HEAD K-l AMD 19 S.BYRCn Shi-lL SPFCIMENS.

SPECIMEN TFMFrPATU''c.(F) OOSEPVFD '•^mEA" C ai.Ci 'I » f'^ S^rAH
PPACTURE (If) PPACTIici; {\)

B37 -120.

C

.00 .0
B23 -50.0 .00 .0
8214 -50.0 .00 .0
822 -50.

n

.00 .0
HTF-61 -Sn.n .00 .0
HTF-62 -50.0 .00 .0
B36 -15.0 2.O0 1.5
B35 -IS.o 5.00 1 .?
Bin .0 10.00 11.0
B33 .0 15.00 11.

0

B32 10.

0

20.00 I'^.l

B31 10.

n

15.00 l". 1

HTF-67 15.0 5.00 23.3
HTF-68 1*1.0 5.00 2''.^

B28 33.0 ^5.00 30. «.

B27 33." "5.00 30.

B3fl 50.0 PO.OO 52.1
B39 50.

n

"5.00 52.1
HTF-69 60.0 10.00
HTF-70 60.0 10.00 5°. 1

826 73.? 05.00 67. «;

B25 73. <?5.00

HTF-63 80.

P

25.00 71 .1

HTF-6'+ en.c 20.00 71 .1

HTF-7b lon.n «50.00 '^o.s

HTF-7fa lOO.O 40.00
B«*0 110.0 100.00
HTF-65 120.0 00.00 >^"'.0

HTF-66 12P.0 qo.oo fl''.0

HTF-71 160.0 •^e.oo Q'l.r

HTF-72 160.0 08.00 9U,f^

HrF-73 21?.'^ 100.00
HTF-7'* 212.0 100.00
829 212.0 100.00 '"^.'^

B30 212,0 100.00

TRAr:STTIOM REGTOiJ* CAl CDLATEO VflL"^S

% SHEAR CALCULATED /

FRACTURE TEVPFRATURE(F> /

2.0 -13.9 /

5.0 -8.6 /

10.0 -1.3 /
15.0 5.1 /
50.0 'f7,2 /

65.0 113. «» /

90.0 132.2 /
95.0 162.0 /
98.0 19fl.2 /

/

/

/
/
/
/
/
/

/
/
/

TCMPFOATURF CLCUl 'TEn <;.<P/«q

(F) FPrCTtifEC*
-10.0 4.1

.0 11.0
10.0 19.1
20.0 '7.6
30.0 ^6.1
40.0 44.4
50.0 •=2.1

60.0 59.1
70.0
60.0 71.1

90*0 76.0
100.0 10.3
110.0 ««3.'>

120.0 87.0
130.0 P9.5
140.0 °1.6
150.0 03.3
160.0 04. ft

170.0 05.

9

180.0 96.8
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APPENDIX F. TAELE

RESULTS OF IMPACT TFSTS FOR ThRFF TRADE'S OF STFEL
...CVN SPFCIMENS OF LT ORlFNTATrON FROM fOuR iCCIHENTS.
CALCULATIONS FOR SHEAR FRACTURE APPEARANCE CATA OF
16 CALLAO HEAD <-l AND 1 «> S. B^RON SHELL SPECIMENS
OF AAR TC128-B STFELS ThaT CONTAIN VANADIUM,

SPECl^-EN TFi.rnATUf'ECF) mSFRVEf' F-.jFRGY

ARSOPPTJOM ( FT-L^

)

/• ngoonj T '^fl (FT.

1 . OO 1.0
2.50 P .'^

2.00 9 . <1

2.00 ? , p

> • 1 r OX —sn . p 3.50 ? . M

n 1 r vfc 4.50 5
, f\

Bib -1*5, ri 1.00
B35 -15. P 5.00 5.7
B34 6.00 '.ft

B33 11.00 7, ft

832 11,0 11.00
831 10,0 9.00 o.p

n 1 r o » 7.00 Q , 0

n 1 r DO 1

0

7.50 1 , e

A 1 So 1 ^ . ^

R97D£ r 19.00
so 0 9? .DP 1ft 9

DO" j'j . 'I 5 1 . no< X . V U 1 f> 9

n 1 r o 7 AO 0 19.10 1 1

n 1 r ' u OV . 'I 1 0 . So IP 1

7'<.K . 50 '»n , 7

825 73.

S

?<*.50 20,7
HTF-63 80.0 19.00
HTF-6'+ 80.-) 16.00 29.

P

HTF-75 100.0 21.00 25. 'I

HTF-76 100.0 19.00
110.

P

?6.P0 2ft. '1

HTF-65 120.

P

32.00
HTF-66 121. ?7.00 .

2«."^

HTF-71 160. P 15.00 31 .ft

HTF-72 160.1 17.50 31. ft

HTF-73 21?. 37.00 3r.p
HTF-7'* 212.0 ^7.50 52."!

629 212.0 21.50 39.
B3n 212.

P

?1.00 32.0

TRANSITION REr,TO?lf CAl.CiJLATED V'AL'l«-c;

ENERGY CALCMLATED / TEMPFOATURe C^LCui. "^Trn

AbSORPTIOM TE"P«="HATUft^<F) / (F) A'-SORPTIOM
5.0 -21.6 / -20.0 5.9

10.0 1ft.

1

/ -15.0 5.7
15.0 11.0 / -10.0 6.^
20.0 6°.

7

/ -5.0 6.9
25.0 97.3 / .0 7. ft

30.0 136.1 / 5.0 8.-?

/ 10.0 9.0
/ 15.0 9."
/ 20.0 10.6
/ 25.0 11.5
/ 30.0 12.1
/ 35.0 13.3
/ 10.0 11.2
/ 15.0 15.2
/ 50.0 16.?
/ 55.0 17,1
/ 60.0 18,1/ 65.0 19.1
/ 70.0 20.1
/ 75.0 21.0
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APPENDIX F, TABLE i!C

Results of impact tfsts fok thRcc craofs of stfel
,.,CVN SPFCIMfNS Of LT ORlFNTATlON fKOM pOuK ACrjDFNTS,
CALCULATIONS FOR SHEAR F»ACTUPF APPEARANCE DATA OF
16 CALLAO HEAD K-\ AND 5, 8YR0N ShFLL SPE''IMENS
OF AAR TCl2e-B STEFLS ThaT CONTAIN VANADIUM,

SPECIMEN TEviprnATUDE(F) ^f^SuOVEJ L'TFDAL CLCUI •"'Ci^

FXr»A''SIOr' (VTLS)

t — i t 'J • 1

'

On . 11

RP 1 . An •J

—J" •

'

nn

DC C — 3'
' •

I

. 9n. c u

n 1 r —O i . • — ji' » n 1 nn

n 1 r ""Oc 1 n n

DOfa -15 .C c c
. ri

n ACL 1 C ft * . ''U c c

Dot n o . u u o ^T • 7

Boo #0 11.00 " . !^

f n nID • 0 ic • UU
d51 10.

n

1 3 . ''0 I 0 ,

n 1
h -b r It « 0 / . " U 1 1 .

.~

UT C

A

n 1 r ~t)0 1^ • C o . uu 11 V11.^
O ^ J .1 , ft

9 £^ ft A10 . "0 1 T . 0

'
\ T ft P.L » "U 1 tr ft

RAO Cft ft 1 Q t

R Cft ft •3 o rt n2<s . UU 1 O Y
1 T . ^

n 1 r o" 6n , c
« II ft n Oft .

n 1 r ~ f u ii. ft r 1 X . I' u c " . I

Oco ' ' • '
97 n

n

R'>e;
' ' •

nn 30 ^

n 1 p ~D J Qft ft

HTF-64 80.

0

19.00 23.

U

1 > T ^ CnTF-7b loo.n ?7. ''0 2*t. t

HTF-76 100. 0 91.00 ?<=..!

110.

0

*v ft ft 2.2
HTF-65 120.

r

93. (^0 ?n.T
HTF-66 120.

P

?8.00 ?<'.3

HTF-71 160.0 ^5.00 31 .2
HTF-72 160.0 37.00 31.2
HTF-73 39.00
HTF-71 21?. r, 38.00 ^9.9

21?.

0

25.00
B30 212.*^ ?7.00 39.0

TRANSITION R£ ''lOiJ* calcmlateo VAL'JPf,

LATERAL calculated / TE^PPOATIIRE C^LCUI "Tn LATP-R/«|

EXPANSION(MILS) TE'"P- r<ATUK':(F) / (F) EVPANSTOMC^ILS)
5.0 -17.6 / -10.0 6.1*

10.0 A.

6

/ -5.0 7.1
15.0 33.2 / .0 P.

3

20.0 5Q.6 / 5.0 9.3
25.0 91.fi / 10.0 10.
30.0 lUO.fl / 15.0 11.3

/ 20.0 12. ••

/ 25.0 13.-*

/ 30.0 1U.4
/ 35.0 15. 'I

/ <*0.0 16.3
/ 45.0 17.3
/ 50.0 IP. 3

/ 55.0 19.9
/ 60.0 20.

1

/ 65.0 20.'?

/ 70.0 21.

P

/ 75.0 22.6
/ 80.0 23.1*
'/ 85.0 ?«».l
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