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INTRODUCTION

Extensive research, conducted under the suspices of the
Ship Structure Committee, has revealed that the transition teie
perature of the plate steel, the temperature at which the steel
changes from ductile to brittle behaviecr, is associated with the
service performance of the steel in weided ship structures. Sub-
sequent studies have indicated that commercial steels produced
for the same specifications and made by similar processes can
differ widely in notched-bar properties, although their chemical
composition and tensile properties are similar. Further congide-
eration of this problem revealed the need Tor research te deber-

mine the cause for these differences ir behavior. It appears thay, by
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first determing and then by controlling the pertinent factors
influencing the transition-temperature characteristics, ship plate
could be produced with improved properties.

With the above objects in view, the Bureau of Ships on behalf
of the Ship Structure Committee under the guidance of the Committee
on Ship Steel of the National Research Council established a
research project, Contract NObs 50020, for the purpose of studying
fhe influence of chemical composition and deoxidation upon the
transition characteristics and tensile properties of the American
Bureau of Shinping Class A and Class B steels. TFor convenience of

the readers, the ABS classification of structural steel plates

g as follows:

Class A Zlass B Class d§
Carbon, maX. per cent - 0.23 0.25
Manganese, per cent & 0,60 to 0,90 0,60 to 0.90
Phogphorus, max. per cent 0.04 0.04 0,04
Sulfur, max. per cent 0,05 D05 0.05
$ilicon, per cent = - 0.15 to 0.30
Plate thickness, 1/2" or less 1/2" to 1", over 1V
_ inc,
Tensile strength, psi. 59,000,/70,000 59,000/70,000 59,000/70,000
Tield point, min, psi. 32,000 32,000 32,000
Elongation in 8%, ( for 3/4" plate )
min, per cent 1,500,000 1,500,000 32,000
Tensile Tensile Tensile
Strength Strength Strength
Elongation in 2", min,
per cent 22 22 22

* Plate steels produced to the requirements of Class C
shall be mgde with f%ne %rain practice.
1,2
Since it had been shown that gage is an important

PRI TR 3. 2., i S ‘ s 1y 1 3T e Ao T ST [ S
varishle sffecting transition tempersture, nlote thickness was 2 concstant
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in this investigation on deoxidation and composition. All steels
for this project were tested at a plate thickness of 3/4% inech.,

The terms "Class A type” and "Class B type" steels are used
frequently in this report to emphasize the fact that some of the
materials 4lffer in composition, strength, or thickness from the
ABS classificationis. The deviatioms exist because Class A steels
were tested as 3/b-inch plates and because carbor, gilicon, manganese,
phosphorus, and vanadium were varied outside the normal ranges,.

This report presents informstion obtained in experimental
work performed between October 1, 1949, and September 30, 1950,
It is the finzl or summary report for work done on Contract NObs

50020, The investigation is continuing under Contract NObs 53239,

REPRODUCIBILITY OF LABCRATORY STERLS

gince it was proposed to conduct most of this investiga-
tion in the laboratory, using small ingots poured from induction=-
furnace melts, it was first necessary to determine whether or not
semikilled laboratory heats could be produced having uniform ten-
sile properties and transition-temperature charscteristics from
heat to heat., To answer this gquestion, a series of five Class A
and five Clagss B steels were made and tested.

Thiis series of steels was prepared from 200-pound induction-
Turnace meltss; the charge was melted under an atmosphere of argon
to imsure low, uniform nitrogen content of the same order found in

commeraial ship plate. After the charge was melted and the desired
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temperature was obtained, the melt was partly deoxidized by an
addition of 9 pounds of éilicomanganese per ton. This addition
was made to insure consistent recovery,of the subsequent ferro-
manganese and ferrosilicon additions made to obtain the required
chemical analysis. Carbon, in the form of gravhite, was added
just prior to tapping to meet the specification. The entire
heat was poured directly into a 6 x 6-inch big~end-up mold and
the ingot capped with a steel plate when necessary. The longi-
tudinal section of an ingot produced by this procedure is shown
in Figure 1.

The ingots were processed by heating to 2250°F., followed
by forging to slabs 1-3/% inches thick by 6 inches wide., After
reheating to 22500Fn, the slabs were rolled to 7/8-inch gage,
nsing reduction of approximately 1/6 inch per pass. In order
to insure a uniform finishing temperature, the 7/8-inch sections
were immediately recharged in a furnace held at 16500F. After
éO minutes or more in the 16500E furnace, the plates were reduced
to 3/4 inch in one pass. Following this final pass, th% plates
were placed on adge on a brick floor, with a brick separating
each plate, and allowed to air cool.

Drilling for chemical analysis were taken from the top
and bottom of each ingot following rolling. These analyses are
shown in Table 1. The carbon contents of the Class A heats
are in the range of 0.19 per cent to 0.26 per cent, with eight
of the ten values falling between 0.20 and 0.24% per cent. The
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FIGURE I. LONGITUDINAL SECTION OF 200-POUND SEMIKILLED
LABORATORY INGOT OF CLASS A TYPE STEEL
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TABLIE 1. CHEMICAL ANALYSIS OF CLASS A AND CLASS B TYPE
STEELS MADE TO STUDY THE REPRODUCIBILITY OF

LABORATORY STEELS. FINISHING TEMPERATURE -
o]
1650 F.

Identification of Steel

Grade Heat Location Chemical Analysis, %
of Steel No. of Sample C Mn P 3 Si N
Clasg "A" A-1 Top 0.21 0.52 0,009 0.026 0,04 0.004
L Bottom 0.21 0.52 0,008 0.028 0.03 0,004
" A-2  Top 0.23 0.47 0,021 0.029 0.08 0,00k
" Bottonm 0.26 0.47 0.017 0,030 0.06 0.003
" A-3  Top 0.23 0.48 0,013 0.029 0.0% 0.003
M Bottom Q.24 o.4+6 0.013 0.032 0.0% 0,003
" A<+  Top 0.20 O.4% 0.012 0.025 0,04  0.003
" Bottom 0.23 0.45 0,01% 0.029 0.03 0.003
" A-%  Top 0,19 0.9 0.013 0.024% 0,04 0.00%
" Bottom 0.23 .48 0.014% 0.030 0.03 0.003
Clags "B" B-2 Top 0,16 0.87 ©0.017 0.028 0.03 0,004
" Bottom 0.17 0.88 0.01% 0.028 0.04 0,002
n B-3 Top 0.17 0,93 0,020 0.028 0.03 0.005
n Bottom 0.18 0.93 0.019 0.028 0.0% 0,003
n B_’)'*' TOp 0018 0091 00018 0.029 O-O3 Oa005
u Bottom 0.18 0,89 0,017 ©0.029 0,02 0,004
" B~5  Top 0.18 0.99 0,015 0.029 0.07 0.00%
" Bottom 0.18 1.03 0.019 0.029 0.09 0.00%
" B-6  Top 0.17 0.92 0.01% 0.025% 0.06 0.006
L Bottom 0.20 0.89 0.015 0.029 0.04+ 0,003




manganese contents of these same heats all fall within the range
of O.4% to 0,52 per cent. The phosphorus, silicon, and nitrogen
contents are comparable with those of commercial steels of this
grade.

The carbon content of all the Class B steels falls be-
tween 0,16 and 0,18 per cent, with the exeception of one value for
the bottom of cne ingot, which is 0.20 per cent. The manganese
contant of four of these heats is between 0,87 and 0.93 per cent,
while the £ifth heat is higher, being 0,99 and 1.03 per cent at
the tcp and at the bottom, respectively. The other constituents
are comparzbla with those of the Class 4 steels.

Duplicate standard plate tensile specimens, using the
full thickness of the plate, were prepared from eachleat. The
data from these specimens, together with tear-test data and the
transition temperature aetermined from kevhole Charpy specimens,
are shown in Table 2,

It will be noted that the tensiles properties of the Class
A steels are extremely uniform, with the ultimate strength falling
between 58,900 psi, and 61,600' psi., and the yield strength be-
tween 37, 050 and 38,800 psi.

The tensile strength'of the Class B steels falls between
57,900 psi. and 63,900 psi., and the yield strength between 36,200
and 42,800 psi. The ductility, as indicated by the elongation,
is essentially the same for both classes of steel and in the range

expected for this type of steel.,



TABLE 2. TENSILE AND TRANSITION-TEMPERATURE CHARACTERISTICS OF CLASS A AND
CLASS B TYPR STEELS IN REPRODUCIBILITY STUDY OF LABORATORY STEELS

FINTSHED AT 1650°F.

Tensile Properties Tear Test-Properties o
] Yield erisile Elong. MaX. Energy (L) Energy to (1) fTransition Charpy
Grade Heat Strength, Strength, in 8", Load, Start, Propagate, Temperature, Impact
of Steel VNo. psi, psi. % Lbs. Ft. -Lbs. Ft. -Lbs Op. (2) Tran-
sition
Temperag-
ture, °F,
Class "A" A-1 37,050 61,600 21.9% 138,760 840 790 50 -2
oW a2 38,800 66,000 32,5 38,160 820 840 L5 -16
wooom A-3 37,700 59,500  30.0 37,110 790 590 55 #16
H " A=Y 37,650 58,900 33.5 37,340 790 660 50 0
" n A-5 38,600 59,100 29.0 37,610 880 650 50 +10
Class "B" B-2 35,700 57,900 31.0 38,670 910 700 40 =16
" " B-3 36,200 61,500 31.0 h0,630 960 700 40 -32
" m B 38,300 59,900 30.5 40,260 990 710 40 -25
" " B-5 40,900 63,900 30.5 143,790 950 660 L0 -34
" " B-6 L42,800 63,200 32.5 42,270 1000 690 0 -38
Note:- *Poor surface quality.
(1) Average energy of the four ductile specimens broken 10 F. above the transition temper-

ature.
(2) Temperature at which the impact strength is 20 ft.-lbs. Charpy Keyhole Notch.
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The transition temperature of these steels was determined
by two methods: first, by using the Navy tear test, and second,
from notched~bar impact data obtained from keyhole Charpy specimens.

The tear tests were made using the type of specimen and
nrocedure described by Kahn and Imbembo (3’h), with the exception
that, in rating the appearance of the specimen, only the first
1-1/2 inches of the fracture were considered, since the last 1/2
inch tends to be of the cleavage type, even when the remainder is
quite ductile, In no case, however, did this change 1in procedure
alter the results of transition tempersture~determinations.

The tear-test specimen, which is 3 x 5 inches long, the
latter dimension being in the direction of rolling, utilizes the
full thickness of the plate. This test specimen 1s shown in
Figure 2. The specimen is subjected to tensile loading through
a pin-and-shackle arrangement while submerged in a liquid bath
for temmerature control. The transition temperature was defined
as the highest temperature at which one or more specimens exhibited
a fracture area of less than 50 per cent of the ductile~shear type.

From Table 2 it will be noted that the tear~test transi-
tion temperature of the Class A sieels is quite wniform, four
of the steels falling between 5OOFO, and 55OF9, and one at hSOF.

In the case of the Class B steels,fowr have tear-test transition
temperatures of 40°F., ‘he fifth steel, Heat B-6, however is
entirely out of line, having a transition temperature of OOF.
Subsequent examination of this heat revealed that the as=rolled
grain size was appreciagbly finer, as compared with the other heats
tn thig series. A careful study of the melting, forging, and roll-

ing records failed to satisfactorily explain this difference,
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The transition temperature was determined from the keyhole
Charpy impact data by taking the temperature at the point on the
temperature~Charpy impact curve where it crossed the 20-foot-
pound level. In using this procedure, it was realized that it
is open to question; however, ne altogether satisfactory proce-
dure hasg been égreed upon by those workiﬁg in this field. A
typical exampile of the Charpy impact data is shown in Figure 3.
All Charpy specimens were taken with the long axis in the direction
of rolling and were notched in the direction perpendicular to
the original surface of the plate.

From Table 2, it will be observed that the Charpy lmpact
transition temperatures of the Class A steels all fall between
wEOFO and wléOE, with the exception of Heat A;2, which was -16OF.
This heat also had the lowest transition temperature of the group,
as determined by the tear test. (See Appendix for complete data.)

The Charpy impa@ttransifion of the Class B steels fall
between —16OFe and -380Fo Heat B-6, which has the lowest Charpy
transition temperature, also had the lowest tear=test transition
temperature. The Charpy test, however, in this case, did not
indicate the marked difference between Heat B-6 and the other
heats in this group as the tear test did.,

From the above review of the data in Table 2, it appears

that 200=pound semikilled laboratory heats can be produced with
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sufficient reproducibility to justify their use in studying the
influence of chemical composition and deoxidation upon the character-

istics of ship plate,

INFLUENCE OF FINISHING TEMPERATURE AND GRAIN SIZE

Since the fine as-rolled grain size of Heat B=6, as compared
with the other healsg in this series, B=2 to B-5, inclusive, aopeared
to have a marked influence upon the transition temperature as deter-
mined by the tear test, it was decided fc further investigate this
subject. In order to eliminate the possibilities of variables
other than grain size, as established by the finishing temperature,
s heat of Class A steel was forged to a 1-3/U-inch slab and then
divided into three parts. These parts were then processed to 3/h-
inech pléte, as previously deseribed, with the exception that each
piece was heated to a different temperature prior to the final pass
through the rolling mill, these temperatures being 165OOF°, 17500F.,
and lBSOOFU The object was to vary the ferritic grain size by
changing the finishing temperature., A heat of Class B steel was
processed in a simila;mannero

The chemical analyses of these two steels, together with
other pertinent data, are shown in Table B*o It will be noted
that there is a fair ecorrelation between the finishing temperature
and as-rolled grain size, as shown by the photomierographs in

Pigure k4.

* Complete data in Appendix



TABLE 3. CHEMICAL ANALYSIS AND PROPERTIES OF STEELS MADE TO STUDY
THE INFLUENCE OF FINISHING TEMHLRATURE B .

Grade Heat Composition, %
of Steel No, C Mn P S 51 N
A a6kok 0,21 0.42 0.01% 0,029 0,02 0.00%
E A6365 0,19 0.95 0,021 0,028 0.06 0.00%
Finishing Yield Tensile Yield Strength/ Elong. Tear=~Test
Grade Heat Tegp, 3 Strength Strength, Tensile Strength 1in g . Transit%on
of Steel No.  "F. psi, psi,. Ratio, % g Temp,, "F.
A a6l 1650 37,950 57,200 66.3 31.5 450
" " 1750 34,650 57,600 60.1 31.0 +60
" " 1850 34,000 58,250 584 29.0 +95
B A6365 1650 40,150 6%,000 6$2.8 29,0 +10
" i 1750 38,650 63,700 60.7 32.0 420
" " 1850 38,150 63,850 59.8 31.5 +L40
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FIGURE 4. MICROSTRUCTURE OF CLASS A AND CLASS B STEELS
FINISHED AT 1650, 1750, AND 1850°F. X 100
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As would be expected, the rimishing temperature did, in
the case of both grades of steel, influence the yield strength-
tensile strength ratio, this ratio decreasing slightly with ih-
erased finishing temperature. This effect was most noticeable
in the Class A steel.

The most pronounced effect of varying the finishing tem-
perature was noteéd in the transition temperature, which increased
a8 the finishing temperature was raisged. ‘Of the two steels, the
Class A zppeared to be the more sensitive; increasing the finish-
ing temperature from 16"50°Fn to 1850°Fe raised the transition
temperature 45°F, Under similar conditions, the transition tem-
perature of the Class B steel was raised 30°Fa

These results indicate that the transition temperature
is influenced éo a marked extent by the finishing temperature.

It also appears that the Class A steel is more sensitive to changes
in the finishing temperature than the Class B steel, but addi-
tional data are required to comfirm this point. A comparison

of the data in Table 3 with results from commercial steels of

these two grades showed that the higher finishing temperature,
18500an produced yield strength to ultimate strength ratios

most similar to those of the commercial product. It was decided
therefore, to use the 18500F. finishing temperatgre in the re-
mainder of this investigation, provided consistent properties

could be obtained.



REPRODUCIBILITY OF LABOBAgORY STEELS
FINISHED AT 1550°F,

Before continuing this investigation, it was considered
desirable to repeat the series previously made to determine the
reproducibility of laboratory steels, using the same melting
and processing procedure as previously described, with the ex -
ception that the finishing temperature was raised from 16500F.
to 18'500}'*‘a and a slightly heavier reduction was taken in the
final pass. The slabswre reduced from 9/10 inch to 3/% inch
in the last pass following reheating to lBSOOF°

The chemical analysis of this second series of five Class
A and five Class B steels i1s listed in Table 4%, analyses being
shown for the top and bottom of each ingot following rolling
to 3/%-inch plate.

In the Class A steels, the carbon content iﬁ four of the
heats is between 0.21 and 0.23 per cent, and the manganese in
all five heats is within the limits of O.44 and 0.49 per cent.
The carbon and manganese contents of the Class B steels are be-
tween 0,19 and 0.23 »ner cent and 0,74 to 0.83 per cent, respective-

1y, The remaining elements, phosphorus, sulphur, silicon,
and nitrogen, all fall within relatively narrow limits and are
present to about the same extent as in commercial steels.

The tensile properties of these steels, together with
the transition temperatures, as determined both by the tear

test and from kevhole Charpy impact data, are listed in Table 5%.

* See Appendix for complete data.
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CHEMICAL ANALYSIS OF CLASS A AND CLASS B
TYPE STEELS MADE TO STUDY THE REPRODUCI-
BILITY OF LABORATQRY STEELS. FINISHING

TEMPERATURE ~ 1850°F,

0.004
0.003

0.00%
0.005

0.00%
0.003

0,005
0.003

0 .00
0.00k%

0.006
0.004

0.005
0.00%

0.005
0,004

O UOO)_“
0.004%

0.006

Tdentification
of Steel
Grade Heat Location Composition, %

of Steel  To. of Sample € Mn P 5 Si N

Class A A6555 Top 0.22 0.47 0,016 0.025 0,07
Bottom  0.22 0.48 0.017 0.C024 0.06

Class A A6556 Top 0:23 ©.45 0.017 0,025 0,06
Bottom 0.23 0O.44% 0,018 0.025 0.05

Class A A6587 Top 0,20 0.45 0,011 0.023 0.07
Bottom 0.25 O0.M45 0,011 0.025 0.06

Class A A6650 Top 0,22 0,45 0.012 0.02k O.04
Bottom 0.22 0,48 0.012 0.022 0.04

Class A A6705 Top 0.22 0.49 0.016 0.025 0.05
Bottom 0.21 0,49 0,017 0.025 0.06

Class B A6557 Top 0,22 0,76 0,017 0.025 0,07
Bottom 0,22 0.75 0.016 0,025 0,07

Class B A658k4 Top 0,20 0.78 0.01% 0,021 0.07
Bottom 0.21 0.75 0.014% 0.023 0.07

Class B A6588 Top .23 0,80 0,011 0.024% 0.07
Bottom 0,20 0.79 0.012 0.02% 0.06

Class B A6641 Top 0,20 0.79 0,016 0.023 0.0%
Bottom 0.19 0.83 0.016 0.022 0.04%

Class B A6651 Top 0.19 0.75 0.017 0.02% 0.01
Bottom 0.19 ©0.7% 0,017 0.023 0.01

0.005




TABLE 5,

TENSILE AND TRANSITION-TEMPERATURE CHARACTERISTICS OF

CLASS A AND CLASS B-TYPE STEELS MADE TC STUDY THE

REPRODUCIBILITY OF LABCRATORY STEELS.
TEMPERATURE, — 18

50°F,

FINISHING

Jdentification Tonsile Properties Tear~Test Propsrties Cherpy TImpact(2)
of Stes) Yield Tensile Flong. WNeximum Energy{l) Energy to(l) Transition Transition
Grade Heat  Strength, psi. Strength, in 8%, 1oad, %o Start, Propagate, Tempa, Tempa,
of Steel  No., Upper* Lower*® psi, % Lbs., Ft.-Lbs. Fty=Lbs, Fa °F,
Cless A A6555 38,850 36,050 62,700 27.5 37,920 810 750 g0 12
n o p6556 37,950 35,000 61,600 31.0 38,230 790 690 70 *4
noow 86587 35,400 34,450 61,650 29.5 35,920 690 680 100 12
®o® AG650 35,600 34,250 60,550 28.0 36,740 820 640 70 25
moow 26705 37,050 35,900 63,000  24.5 36,340 760 580 60 +5
Class B 46557 36,200 35,500 61,7C0 30.0 40,250 960 910 70 -13
noon a658, 36,350 35,400 61,950 30,5 39,450 850 700 70 -6
®oon A6588 35,550 34,900 62,350 28,0 39,010 940 783 70 -20
"o o664 36,550 35,350 62,850 24,0 39,910 890 660 8d -25
woomoa6651 37,200 35,700 62,300 28.5 38,590 880 720 70 =24

Footnotes on following page.

-_-,,6']:...
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Footnotes for Table 5

Note:- Keyhole notch used in Charpy specimens.
*  Upper yield strength ~ the maximum strength before
"drop of the beam".

** TLower yleld strength - lowest strength during "drop
of the beam".

(1) Average energy of tests made at 10°F. higher then
transition temperature.

(2) Temperature at which impact strength is 20 ft.-lbs.



The tensile properties of both classes are fairly uniform and
in the range expected for steels of this composition.

The tear~test transition temperatures of the Class A steels
are all between 60°F. and 80014"° with one exception, Heat A6587,
which has a transition temperature of 1000F0 The data from the
keyhole Charpy specimens did not show this difference in be-
havior of Heat A6587, as indicated hy the tear test., Using the
Charpy impact data, the transitidn temperatures of these Class
A steels range from hoFg to 25OF.

Of the five €lass B steels, four have a tear-test transi-
tion temperature of VOOFg and one BOOFQ The keyhole Charpy data
indicate transition temperatures from -6DFo tonéhpF.

: From the above data, it may be safely concluded that 200-
pound semikilled ingots of both Class A and Class B steels can
be made iﬁ the laboratory with sufficient reproducibility that

they can be used for investigating the influence of chemical

composition and processing upon steel quality.

INFLUENCE OF CARBON, MANGANESE, PHOSPHORUS,

SULPHUR, SILICON, AND VANADIUM

The influence of chemical composition in both Class A
and Class B type steels was studied by varying the carbon, ma¥i-
ganese, phosphorus, sulphur, silicon; and vanadium contents
within the limits shown in Table 6. Only one constituent in
each heat was varied frém the nominal compesition as listed

in Table 6, so that the effect could be readily determined.



TABLE 6. . NOMINAL COMPOSITION OF CLASS A AND CLASS B TYPE
STEELS AND RANGE OF COMPOSITION STUDIED

Range of Composition Studied fo Clags A and Class B Type Steels

Grade

Chemical Compogition, %
of Steel e Mn P S Si v
Class A 0,12/0.37 0.26/1.31 0.009/0.058 0.022/0.046  (,03/0.31  0.,06/0,20
filass B 0.14/0,35  0,22/1.48 0.015/0.054% 0,021/0.046 0.02/0.29 0,08/0.,20

T

Nominal Composition of Class A and Class B Type Steels

~ Grade Chemical Composition, %
of Steel c Mo P S Si N

€lass A 0.25 0.5 0,015 0,030 0,05 0,00%

Class B 0.19 0.85 0,015 0,030 0,05 0.00%




=2 -

Also, in order to continue the investigation of the ef-
fect of finishing temperature, while studying the influence of
chemical composition, the first series of eight heats made to
determine the effect of carbon amd manganese contents was fine
ished at 16500F., while the remainder, including additional
heats for studying the effect of carbon and manganese, was fin-
ished at 1850 F.

The chemical analyses, tensile propertiss, and transition
tempergtures of the first eight heats, finished at léSOoFu, are
listed in Table 7*.

8imilar data for the fifteen Class A and fifteen Class
B type heats made to study the effect of the six constituents
listed above and finished at lBSOOF° are shown in Tables 8 to
11, inclusive, the heats being grouped in these tables accord-

ing to the constituent being studied.
Carbon

The effect of carbon content upon the tear-test transi-
tion temperature for Class A type steel is shown in Figure 5
These data show that the transition temperature increases _
rapidly as the carbon content is raised. For the steels finished
at lBSOOFe, an increase in carbon content from 0.16 to 0,35 per
cent raised the transition tempersture from 6OOFo to 120°F,

The carbon content has a similar influence upon the steels

* See Appendix for complete data.
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TABLE 7. COMPOSITION AND MECHANICAL PROPERTIES OF«LABORATORY PLATES SHOWING THE
EFFECT OF CARBON AND MANGANESE!!) - THE FINISHING TEMPERATURE WAS 1650 F

Tensile Properties

Tear Test Properties

Charpy

Bottom 90.19 1.40 0.021 0.025 0.04 0.004

Identification of , . Yield
Steel Chemical Analysis Sirsngth Energy Energy to Impact
g! L3 . » P g '
] Composition, per cent psi Tensile I.Elong. Maximum to Start ropagate Transition Transition
Grade Heat Lecation Strength, in 8%, Load, Fracture, Fracture,{2) Temp, Temp, (3)
of Steel No. of Sample C Mn P s H Si N Upper* psi percent Ibs ft-1bs ft-1bs F F

{Carbon Series})

Class A A$293 - Top 0.12 0©0.49 0.019 0.025 0.04 0.005 35,600 51,750 36.0 37,610 1280 1270 +10 -9
Bettom 0.12 0.48 0.015 0.025 0.04 0.004

Class A A5294 Top 0.37 0.53 0.018 0.024 0.03 0.004 43,450 72,950 26.0 39,810 620 480 +90 +77
Bettom 0.36. 0.55 0.018 0.025 0.03 0.004

Class B A§155 Top 0.22 0.87 0.022 0.028 0.02 0,005 41,150 62,100 31.5 41,660 980 830 +20 -45
Bottom 0.18 0.86 0.019 0.025 0.02 0.006

Ciass B A§292 Top 0,35 1.02 0.019 0.024 0.04 0.004 50,650 84,300 23.0 47,380 690 560 +80 +43
Bottom 0.33 1.02 0.020 0.024 0.04 0.006

{Manganese Series)

Class A  A&295 Top 0.2 0.29 0,018 0.025 0.03 0.004 35,000 56,050 33.0 35,810 790 650 +90 +28
Bettom 0.20 0.29 0018 0.026 0.03 0.004

Class A A&296 Top 0.19 1.30 0.020 0.024 0.07 0.006 45,800 72,400 28.0 47,390 1160 720 +20 —66
Bottom 0.22 1.27 0019 0.024 0.05 0.004

Claess B A$15% Top 0.25 0.37 0,021 00286 0.01 0.005 36,550 56,900 3.5 37,480 990 760 +460 +21
Bottem 0.18 0.38 0.015 0.023 0.01 0.004

Class B A6306 Top 0.16 1.48 0.023 0.0624 0.09 0.006 45,550 69,050 30.5 47,800 1310 860 +20 ~75

* Upper Yield Strength - The maximum strength before “drop of the beam”.
(1) Plates were hot rolled to 3/4-inch thickness.
{2) Average energy of the tests made at 10 F higher than tronsition temperature.

{3) Temperature at which impact strength is 20 ft-lbs.

-
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TABLE 8. COMPOSITION AND MECHANICAL PROPERTIES OF LABORATORY PLATES SHOWING THE

EFFECT OF CARBON AND MANGANESE(!: THE FINISHING TEMPERATURE WAS 1850 F

T - Tear Test Properties Churp(g}

I aensile Properties I t

Identlfslicafllon of Chemical Analysis Yisld S Eneng(z} Eﬂerg‘!(z) Tran- m!}::"'

o ie trength, . . e .
- Composition, per cent psi Tensile  Elong.  Maximum to Start  toPropagate sition  sition
Grade Heat Location ’ Strength, in 8", f.ood, Fracture, Fracture, Temp, Temp,

of Steel Mo, of Sample C Mn P S 5§ N Upper* Lower* psi per cant ibs ft-lbs fr-lbs F F

{Carbon Series)

Class A A4539 Top 0.16 0.42 0,018 0.028 0.02 0.004 31,850 30,750 53,300 30.5 35,820 930 690 &0 +10
Bottom 0.15 0.41 0.017 0.027 <0.01 0.003

Class A A5596 Top 0.35 0.50 0016 0.023 008 0,003 41,300 38,550 72,900 21.0 36,470 520 570 120 +75
Bottom 0.34 0.48 0,015 0.023 0.07 0.004

Class B A&586 Top 0.14 0.77 0©0.011 0.024 0.07 0.004 33,000 32,000 54,400 28.0 38,490 1270 1110 40 —24
Bottom 0.14 0.76 0.011 0.023 0.07 0.003

Class B A&597 Top 0.33 079 0017 0.024 0.06 0.004 40,9200 40,100 75,100 24.5 40,970 5640 610 90 +19
Bottem 0.31 0.81 0.017 0.024 0.07 0,004

{Mangcnese Series)

Class A A&589 Top 0.22 0.26 0016 0.024 0.07 0.004 34,050 33,050 58,400 29.5 35,180 820 670 100 +36
Bottom 0,22 0.26 0.016 0025 0.0% 0.005

Class A A5598 Top 0.24 1.31 0.019 0.026 0.07 0.004 42,850 42,150 74,200 23.0 45,490 950 830 70 —&0
Bottem 0.24 1.24 0.014 0.026 0.07 0.004

Class B A6590 Top 0.1¢ 0,22 90,015 0.027 0.04 0.004 33,100 31,450 55,100 0.5 34,110 840 740 90 +26
Bottom 0,19 ©.22 0.015 0.026 0.05 0.003

Class B A6599 Tep 0.21 1.46 0.013 0.023 0.07 0.004 43,850 43,400 72,350 24.5 46,820 970 850 &0 -38

Botiem 0.20 1.47 0.017 0.022 006 0.004

* Upper Yield Strength - The maximum strength before "drop of the beam”.
Lower Yield Strength - Lowest strength during “drop of the beam™.

{1) Plates were hot rolled to 3/4-inch thickness.

{2) Average energy of tests made at 10 F higher than transition temperature.

{3} Temperature at which impuct strength is 20 ft-lbs.

532 -
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TABLE 9. COMPOSITION AND MECHANICAL PROPERTIES OF LABORATORY PLATES SHOWING THE
EFFECT OF PHOSPHORUS AND SULFI.IR(]) - THE FINISHING TEMPERATURE WAS 1850 F

) i Tear Test Properties Cherp
|dsntification of Chemical Analysi Tensile Properties {2) 2) I"‘Pﬂﬁé)
—_——Steel s bl Yield Sfrength, Tensile Elong Maximum E!nefs?’)' t t EFT:ETQY t T_l':!ﬂ' T:fn-
— - . o Star o Propagate sition
Grade Heat Location Composition, per cent pst Strength, in 8%, Load, Fracture, Ftaciﬁ:ri, Temp, 'Is're:::
of Steel No. of Sample C Mn P S Si N Upper* Lower* psi per cent ibs ft-lbs ft-lbs F F
{Phosphorus Series)
Class A A&135 Top 0.23 0.49 0012 0.022 0.04 0.004 34,750 33,100 59,100 28.5 35,380 710 700 80 -1
Bottem 0.22 0.47 0.009 0.025 0.03 0.004
Class A A6852 Top 0.19 0.49 0.038 0.020 0.02 0.007 37,350 36,250 64,000 23.5 38,730 850 580 110 +20
Bottom 0.24 0.49 0.038 0.024 0.02 0.005
Class A A&706 Top 0.28 0.47 0,058 0.028 0.06 0.004 39,650 38,500 67,250 21.0 38,120 730 640 110 +50
Bottem 0,22 0.49 0.04% 0.026 0.07 0.004
Class B A$438 Top 0.16 0.80 0016 0.018 0.05 0.007 36,000 34,150 61,650 28.5 38,820 940 690 60 —26
Bottem 0.18 0.75 0.015 0,022 0,05 0.004
Class B A6653 Top 0.20 0.76 0.046 0.023 0.06 0.005 38,600 36,550 64,750 25.0 39,710 880 750 20 -11
Bottom 0.1% 0.76 0.045 0.023 0,06 0.004
Class B Aé655 Top 0,13 0.81 0,052 0.016 0.10 0.010 40,800 38,250 67,450 23.5 41,150 880 640 110 +10
Bottem 0.1% 0.81 0.054 0.022 0.04 0.005
{High-Sulfur Steels)
Class A As647 Top 0.20 0.53 0.017 0.038 0.07 0.006 38,600 35,550 62,000 26.0 36,390 700 670 60 +10
Bottem 0.22 0.54 0.016 0.046 0.07 0.005
Class B Ab646 Top 0.20 0.83 0.017 0.046 0.08 0.005 37,400 36,150 62,150 28.5 39,090 900 720 50 ~24
Bottom 0.19 0.81 0.016 0.044 0.07 0.005

* Upper Yield Strength - The maximum strength before “drop of the beam”.

Lower Yield Strength - Lowest strength during “drop of the beam”.

{1} Plates were hot rolled to 3/4-inch thickness.

{2} Average energy of tests made at 10 F higher than transition temperature,

{3) Temperature at which the impact strength is 20 ft-1bs.

-92-
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TABLE 10. COMPOSITION AND MECHANICAL PROPERTIES OF LABORATORY PLATES SHOWING THE

EFFECT OF SILICON{!). THE FINISHING TEMPERATURE WAS 1850 F

Bottom 0.19 0.86 0.016 0.023 0.29 0.005

p Tear Test Properties Charp A

PR Tensile Properties = {mpact

ldentification of Chemical Analysis . Eﬂ€r97(2) EﬂEYQY(z) Tran- Tran-

Steel Yield Strength, T il ' Maxi i -
- - ] Composition, per cent psi ensile .E-on'g- aximum to Start  toPropagaie sition  sition
Grade Heat Location Strength, in B", Load, Fracture, Fracture, Temp, Temp,

of Steel No. of Sample C Mn P S Si N Upper* Lower* psi per cent ibs fe-ibs ft-ibs F F

{Silicon Series)

Class A A6602 Top 0.24 0.5! 001! 0.019 0.02 0.004 33,550 32,950 60,000 30.5 36,290 770 690 80 +14
Bottom $.22 0.51 0.01¢ 0.017 0.02 0.003

Class A A6594 Top 0.22 0.48 0.019 0.027 0.1t 0.003 37,100 35,700 62,450 30.0 38,270 810 830 80 -7
Bottom 0.21 0.48 0.017 0.027 0.11 0.003

Class A A6657 Top 0.23 0.48 0.016 0.021 0.15 0.004 34,200 33,650 63,350 26.5 38,140 840 650 70 ~2
Bettom 0.23 0.49 0.016 0.021 0.14 0.004

Class A A8696 Top 0.25 0.55 0.015 0.023 0.31 0.005 37,400 36,650 67,200 26.0 40,3%0 800 740 70 —~28
Bottom 0.24 0.54 0.016 0.023 0.31 0.005

Class B A6603 Top 0.21 0.84 0.016 0.022 0.03 0.004 37,550 36,850 64,900 - 23.0 39,090 870 730 80 —29
Bottem 0,21 0.84 0.018 0.022 0.02 0,003

Class B A6595 Top 0.20 0.83 0017 0.024 0.13 0.004 38,350 36,150 63,400 27.5 40,870 1020 720 40 —43
Bottem 0,20 0.80 0.017 0.024 0.12 0.004

Class B A$695 Top 0.20 0.84 0.016 0,024 90.16 0.004 38,450 36,700 64,300 26.5 42,120 940 710 30 ~57
Bettom 0,19 0.83 0.014 0.025 0.16 0.004 )

Class B A&697 Top 0.19 0.85 0015 0.023 0.29 0.005 39,050 37,800 66,950 29.5 42,390 970 730 60 -~29

* Upper Yield Strength - The maximum strength before “drop of the heam”.
Lower Yield Strength - Lowest strength during “drap of the beam”.

{1} Plates were hot rolleé to 3/4-inch thickness.
{2) Average energy of tests made at 10 F higher than transition temperature.

{3) Temperature at which impact strength is 20 ft-1bs.

A



TABLE 11. COMPOSITION AND MECHANICAL PROPERTIES OF LABORATORY PLATES SHOWING
THE EFFECT OF VANADIUM(!) - THE FINISHING TEMPERATURE WAS 1850 F
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. . Tear Test Properties Charpé)
fdentification of Chemical Analysi Tensile Properties @ @ Impact
Steal smice fnays® Yield Strength, Tensile Elong Maximum Efn.rsgfy tt E;"'GY H T;f"‘l' Tttﬂn.
e . . xi o dtart to Pro ate sition iti
Grads Heat Location Composition, per cent ps! Strength, in 8", Lead, Fracture, chf::, Temp, 'Fler:lopl:
of Steel No. of Sample c Mn P S Si N ¥ Upper® Lower* psi per cent Ibs ft-lbs ft-lbs F
{Vanadium Series)
Class A Ab8542 Top 0.22 0.50 0.014 0.022 0.07 0.003 0.06 44,950 40,850 67,900 23.0 39,080 650 620 80 +15
Bottom 0.21 0.49 0.015 0.023 0.09 0.004 0.10
Class A Aé8368 Top 0.21 0.48 0.019 0.026 0.04 0.003 0.09 45,300 44,450 68,000 25.0 40,760 640 670 100 +10
Bottom 0.23 0,49 0.016 0.027 0.03 0.002 0.09
Class A A8366 Top 0.19 0.49 0015 0.022 0.06 0,002 0.20 57,300 53,900 78,400 20.0 45,800 520 510 1460 +73
Bottom 0.23 0.50 0.015 0.028 0.04 0002 0.18
Class B A6643 Top 0.20 0.82 0.016 0.023 0,10 0,003 0,08 43,200 42,550 68,550 22.0 42,210 800 760 70 -25
Bottom 0.19 0.81 0.016 0.023 0.08 0.003 0.08
Class B Aé644 Top 0.18 0.83 0.016 0.021 0.08 0.004 0.12 51,250 48,900 73,200 18.5 44,100 4690 780 100 -20
Bottem 0,20 0.82 0.016 0.022 0.09 0.003 0.12
Class B A6645 Top 0.18 ©0.80 0.0l 0.023 0.1 0003 0.20 63,000 60,250 85,050 15.5 52,060 530 550 160 +70

Bottem 0.20 0.78 0.017 0.021 0.10 0.002 0.19

* Upper Yield Strength - The maximum strength before “drop of the beam”.
Lower Yieid Strength - Lowest strength during “drop of the beam”.

(1) Plates were hot rolled to 3/4-inch thickness.
(2) Average energy of tests made at 10 F higher than transition temperature,

{3) Temperature at which impact strength is 20 ft-lbs.

-g &
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finished at 16500F0; howeier, the lower finishing temperature
depresses the transition temperature about 300F° From figure
6, 1t will be noted that the carbon content has a similar ef-
fect in the Class B type steels, but apparently slightly 1es$

pronounced.,

Manganese

The influence of manganese content upon the transition
temperature is shown in Figure 7. It is significant to note
that increasing the manganese lowers the transition temperéture
by an appreciable extent in both thé Class A and Class B type
steels. Thiééfigufeﬂagain 11lustrates the effect of finishing
temperature.

The relationship between yield strength and transition
temperature in the Class A type steels where the strengthkleVel
was controlled by varying’the carbon content is illustrated in
Figure 8. These limited data indicate that increasing the yleld
strength 8000 psi. by raising the carbon content increasing the
transition temperature about BOOFQ, or roughly 1OOFO per 1000
psi.

Similar data are shown in Figure 9 for the Class A type
steels in which the yield strength was varied by changing the

manganese content. In this case, it will be observed that in-
| ereasing the yield strength 8000 psi., by ralsing the-manganese

o
content, lowersd the transition temperature about 40 F.
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While the relationship between yleld strength and tran-
sition temperature, as influenced by carbon and manganese con-
tent, 1s based on limited data, so that the absolute values are
not too significant, these data do indicate that the most de-
sirable yield strength to transition temperature ratio is achlev-
ed by obtaining a considerable portion of the required strength
from the manganese content and reducing the carbon content to a

minimam.

Silicon

It appears that silicon content has little or no ef-
fect upon the transition temperatures of Class A type steels
as illustrated in FPigure 10. From the data in Figure 11, it
appears, however, that increased silicon content of Class B.
type steels up to about 0.20 pner cent lowers the transition
temperature while additional silicon causes the transition
temperature to increase. In the case of killed steels,
Rinebolt and Harris(g)report that, as the silicon content is
increased above about 0.26 per cent, the transition tempera-
ture is raised., This appears to be in agreement with the results

obtained from the higher silicon Class B type heats.

Phosphorus
The data in Figures 12 and 13 show that the transition

temperature is very definitely raised by increasing the phosphorus
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content, the effects being similar in both classes of steel.
The indications are that the range of phosphorus content that
may be encountered in commercial ship plate is sufficiently

broad to have perceptible effect on the transition temperature.

Sulphur

The indications are, from the limited data, that sul=-
fur has 1ittle effect on, or may possibly Iower to a slight
extent, the transition temperature of Class A and Class B
type steels, From these data, as illustrated in Figures RIS
and 15, it appears that the range of sulphur encountered in
commercial steels would have no significant influence on the

transition tempersture,
Vanadium

Vanadium was found to have a promounced effect upon the
transition temperature, especially with additicns of more than
about 0,10 per cent. This effect of vanadium is shown in Fig-
ure 16, which ihdicates that the addition of 0,20 per cent va-
nadium raised the transition temperagture by about SOOF. How-~
ever, the marked influence of vanadium upon the yield strength,
as shown in Figure 17, must be taken into consideration when

evaluating vanadium as an alloy.
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SUMMARY

The data presented in this paper show that 200-pournd semi-
killed laboratory heats can be made with ample reproducibility
for use in studying the influehce of chemical composition and
deoxidation upon the transition-temperature characteristics of
ABS Class A and Class B plate steels.

The transition temperature of steels of the Class A and
Clags B ﬁypes was found to be progressively raised, and to
an appre@iafle extent, by increasing the carbon phosphorus,
and vanadium contents within the 1limits studied in this in-~
vestigation.

Limited data indicated that increased sulphur d4id not
raise the transition temperature but possibly lowered it.

In the range in which sulphur occurs in commercial steels,
it would not be expected to have a significant effect.

In order to establish definitely the effect of silicon
content, more data are needed.

The transition temperature was definitely lowered by in-
creasing the manganese content in the range covered in this
investigation. The transition temperature was also lowered
by decreasing the finishing temperature of the hot-rolled
plate, the effect being quite pronounced.

This investigation is being continued under Contract

IIObs 53239, Index No. NS-011-078.
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TABLE 1-A TENSILE-TEST DATA FOR CLASS A AND CLASS B
STEELS IN REPRODUCIBILISY STUDY OF LABORATORY
STEELS FINISHED AT 16507F.

Grade Yield Tensile Elongation
of Heat Specimen Strength Strength in 8 in.,
Steel No. Number nsi. 081, %
Class A A-1 1 36,800 61,700 25.0
2 37,300 61,500 18.0
Class A A=2 1 38,700 60,500 31.5
2 38,900 60,700 33.5
Class A A=3 1l 3745200 60,100 31.0
2 38,200 58,700 29.5
Class A A=lt 1 37,300 58,900 3340
2 38,000 58,900 3.0
Class A A=5 1 38,700 59,200 29.5
2 38,500 59,000 28.95
Class B B-2 1 35,900 57,800 32.5
2 35,500 58,000 30.0
Class B B-3 1 35,900 61,500 31,0
2 36,500 61,500 31.0
Class B B-4% 1 38,100 59,600 31.0
2 38,500 60,200 30.5
Class B B-5 1 41,700 634300 30.5
2 40,100 6, 500 30.5
Class B B-6 1 43,000 63,200 33,0
2 42,600 63,200 32.0
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TABLE 1-B. NAVY TEAR-TEST DATA FOR CLASS A AND CLASS B
STEELS IN REPRODUGIBILIgY STUDY OF LABORATORY
STEELS FINISHED AT 1650 F.

Testing Maximm EBnergy to Energy to % Shear
Heat Specimen Temperature, Load Start Propagate in
Number  Number °F, Pounds Fracture, Fracture, Fracture

Ft.~Lbs. Ft. ~Lbs.

A~ ALTH 30 38,600 850 L2 5
AlGL 30 39,000 900 67 10
ATF1 30 40,050 907 58 10
Al01 30 39,650 933 58 10
A1P1 40 39,450 833 158 5
A1NZ 40 394450 933 557 75
A152 40 33, 500 808 158 5
A1R2 40 37,850 925 625 100
A1p2 50 38,150 807 649 85
A1BL 50 39,150 890 25 5
A1U1 50 37,550 807 616 100
41BR 50 38,100 U7A 633 90
AlER 60 40,550 1060 750 100
A1Q1 60 39,550 960 592 90
A1E1 60 37,400 341 1180 100
A101 60 39,450 892 616 85
AIR1 Room 37,250 758 658 100
A1AL Room 38,900 200 816 100
A1QR Room 38,200 865 885 100
AlA2 Room 38,400 824 807 100

A2 ART2 30 39,000 850 58 5
4201 30 39,300 850 17 5
A2FR2 .30 39,650 025 25 5
ARH1 30 39,050 875 17 5
A2HR 40 38,100 825 2 10
A2J2 40 37,750 800 657 100
A202 40 38,400 816 108 5
ARB1 40 37,950 800 75 5
A2J1 50 38,100 950 985 100
AZK1 50 39,250 908 993 100
A2B2 50 36,650 741 658 100

AZK2 50 37,350 691 708 160
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TABIE 1-B (Continued)

: TESTING MAXIMUM  ENERGY TO ENERGY TO % SHEAR
HEAT  SPECIMEN TEMPERATURE. LOAD START PROPAGATE N
NUMBER  NUMBER °F. POUNDS FRACTURE, FRACTURE, FRAGTURE

FT, -LBS. FT. =LES.

ABEY ook 37,400 750 633 100

o212 Room 37,450 775 650 100
A2N2 Room 37,150 783 683 100
A2D2 Room 38,050 208 675 100
A-3 4381 30 39,100 800 17 2
A371 30 38,150 807 33 5
A3F2 30 38,600 807 100 5
A302 30 37,450 750 17 2
A3C2 40 38,750 666 58 5
A301 40 38,050 757 58 5
A3D1 40 36,550 716 25 : 5
A2 40 36,850 749 92 10
A3G1 50 36,400 667 92 5
ASH2 50 36,650 725 650 100
A3F1 50 35,750 700 408 55
A3D2 50 38,050 816 75 5
A3E2 60 37,350 808 558 85
43K1 60 37,250 816 625 100
A3T2 ) 37,400 825 550 100
A3V2 60 35,750 717 633 100
A3 Room 35,550 658 667 100
A381 Room 36,050 708 667 100
A3R2 Room 36,000 708 733 100
A3RL Room 36,450 700 667 100
A=l ALTR 20 37,350 816 67 10
VA 20 38,400 842 67 10
£4E] 20 39,300 925 67 5
A4V2 20 38,100 875 150 10
ALAT 30 38,900 824, 17 5
ALNL 30 36,650 /%0 641 100
ALT2 30 39.150 800 42 5

ALG2 30 38,100 841 700 100
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TABIE 1-B (Continued)

_ TESTING  WAXINMUM  ENERGY TO ENERGY TO  +% SHEAR
HEAT  SPECIMEN TEMPERATURE  LOAD START FROPAGATE IN

NUMBER  NUMBER OF. POUNDS FRACTURE, FRACTTRE, FRACTURE

FT. -LBS. FT. =-LBS.

A=/ AT2 . 40 36,600 966 666 100
AJK] 40 36,250 Th2 350 40
AZC1 40 38,700 208 75 10
ALTL 40 37,850 825 608 100
A4HY 50 36,550 757 607 100
AK2 50 37,650 815 616 100
44T 50 35,850 757 800 100
AZA2 50 38,000 832 42 5
ALMR 60 37,650 833 615 100

VAl 60 35,500 675 708 100
ALG1 60 37,600 800 700 100
ALD1 60 37,400 866 625 100
ALJ2 Room 36,900 775 600 100
YA Room 34,4950 700 657 100
ALE2 Room 36,250 750 616 100
AN Room 36,600 707 650 100

A-5 A5T1 20 39,250 925 42 10
AsK2 20 39,100 850 67 5
A5V1 20 38,500 9R5 75 5
A5L2 20 39,750 891 67 5
A5HL 30 40,550 1024 17 5
AsB2 30 35,250 683 325 30
A5J1 30 39,700 934, 42 5
A5L1 30 38,700 875 42 5
A5PL 40 37,950 907 75 5
ABER 40 36,350 766 600 100
A5V1 40 37,150 808 - b4 100
A5H2 40 38,200 958 642 Q0
A5Q2 50 36,500 857 33 10
A5P2 50 36,900 365 725 100
A5K2 50 36,750 807 641 100

A561 50 37,450 947 42 5
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TABIE 1-B. (Continued)

TESTING  MAXIMUM  ENERGY T0  ENERGY TO % SHEAR

HEAT SPECIMEN TEMPERATURE  LOAD START PROPAGATE in
NUMBER  NUMBER OF, POUNDS FRACTURE, FRACTURE, FRACTURE

FT., =LBS. FT. -LBS,

A-5 A502 60 36,550 825 650 100

ASR2 60 37,150 250 64,2 100

A5B1 60 37,250 900 750 100

A5V2 60 37,400 925 566 853

B-2 B2 20 40,300 1042 &7 5

B2T1 20 39, 500 958 17 5

BRE2 20 41,600 1058 67 5

. B2PL 20 39,850 1014 33 5

B2K2 30 40,100 1041 92 5

B2F2 30 40,700 1082 501 90

B2N2 30 39,100 925 25 5

B2N1 30 49,350 1200 100 10

B2R1 40 38,600 1016 100 5

B251 40 37,050 925 700 100

B2Q2 40 39,000 1075 83 5

B2U1 40 37,600 924, 717 100

B2V2 50 36,550 8g 691 100

B2F1 50 38,000 948 - 725 95

B2Q1 50 37,350 900 67, 100

B2V1. 50 38,250 907 700 100

B2s2 Room 37,550 942 692 100

B2P2 Room 37,000 908 692 100

B2M2 Room 37,450 g32 HEg. 100

B2E1 Room 37,500 875 667 95

B=3 B3S2 10 40,050 833 75 5

B3Q2 10 41,150 1050 25 5

B3E2 10 41,300 1010 33 5

B3S1 10 40,950 1025 58 5

B3B1 20 42,800 1175 108 5

‘B3K2 20 41,350 1000- 58 10

B3R2 20 40,800 957 25 5

B3Q1 20 41,800 1000 758 100



TABIE 1=B . . (CONTINUED)

HEAT  OPEGIMEN TESTING WAXIVUM  ENERGY TO  ENERGY, TO % SHEAR
NUMBER  NUMBER TEMPERATURE,  LOAD, START PROPAGATE IN
op. POUNDS FRANTURE, FRACTURE FRACTURE
FT.=LES. FT. =LBS. :
B=3 B3A1 30 42,850 1217 841 90
B3D2 30 42,100 1082 575 85
B3W2 30 41,750 983 741 100
B3U1 30 40,750 950 659 100
B3A2 40 40,950 1050 583 70
B2E1 40 40,450 1026 100 5
B3I2 40 39,550 933 683 100
B3T2 40 39,600 965 200 25
B3K1 50 39,400 875 750 100
B3T1 50 39,700 957 682 100
B302 50 41,000 1058 716 - 100
B3V1 50 39,350 932 649 100
B3Pl Room 38,800 875 642 100
B3D1 Room 40,000 1008 707 100
B382 Room 38,900 975 807 100
B3R1 Room 39,700 1032 625 100
B=4 BABZ 10 40,900 1040 : 75 5
B4J2 10 40,750 1000 42 5
B4B1 10 40,800 1140 42 5
BLB2 10 42,7700 1115 33 5
B4Q1 20 38,600 875 133 10
BALHL 20 42,450 1075 100 10
BLK2 20 41,200 1050 25 5
BAG1 20 41,700 1058 717 100
B4D2 30 40,850 1232 691 90
BAA2 30 41,100 1025 201 20
Bjs2 30 40,000 908 815 100
B4T1 30 41,450 1015 582 70
B4Q2 40 39,000 925 642 SO
B4C1 40 40,100 992 75 5
B4C2 40 40,300 983 75 10

B4E2 40 40,450 1025 650 100



- "'—uu»h-}i -

TABIE 1=B, (CONTINUED)

HEAT SPEGIMEN TESTIRG MAXTMEIN ENERGY TO ENERGY TO %.-SHEAR
NUMBER NUMBER TEMP%RATURE 104D, START PROPAGATE IN
F, POUNDS FRACTURE, FRACTURE FRACTURE

FT. =-IBS. FT. =-LBS.

B4E1 50 39,650 - 1000 732 100
B4F). 50 39,950 1000 666 100
B4T1. 50 38,050 925 683 100
BLE2 50 39,600 1032 749 300
B=5 B5C2 ) 445850 1075 92 5
B5P2 0 45,100 1140 92 5
B5T1 0 L5800 1090 850 100
B5Q1 10 45,100 1124 58 5
B50U2 10 43,300 1000 33 10
B5P1 10 45,100 1065 50 5
B5S1 10 44,4250 1065 766 100
B532 20 Lh,L00 1058 92 15
B5VL 20 45,500 1150 675 95
B5F2 20 45,450 1140 575 80
B5R2 20 45,650 1158 175 10
B5G2 30 4l 4600 1000 125 5
B5QR 30 445300 1158 724, 100
B5E] 30 45,700 1072 867 100
B5B1 30 44,750 1099 833 100
B5D1 40 43,950 1117 508 70
B5E2 40 L., 350 1142 25 5
B5D2 40 Lk 4100 1142 75 10
B5F1 40 4y 4400 1158 1400 100
B5R2 50 41,300 1025 642 100
B5R1 50 40,950 892 742 100
B5G1 50 42,200 992 675 100
B5V2 50 40,550 891 583 100
B5NL Roon 41,750 925 8813 100
B5G1 Room 42,650 1091 742 100
B5U1 Room 41,800 891 767 100

B5K2 Room 41,600 833 867 100
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TABLE 1-B. (COITINUED)

HEAT SPECIMEN  TBSTING MAXIMUM  ENERGY TO ENERGY TO % SHEAR
NUMBER ~ NUMBER  TEMPERATURE LOAD, START PROPAGATE 1IN
op. POUNDS FRACTURE, FRACTURE FRACTURE

FI. =-LBS. FTI. =LBS.

B=6 BEE2 =10 4,y 750 990 75 5

B6D2 0 4447700 1017 1334 100
B6VL 0 42,050 916 742 100
B&UL 0 42,000 841 142 5
BéDL 10 44,4400 1060 666 100
BEC2 10 444250 966 716 95
B6X1 10 43,100 1040 733 100
BEWL 10 42,500 925 658 100
B6V2 20 41,550 208 684 100
B631 20 42,550 1000 734 100
BGOEL 20 42,900 942 "7R5 95
BEF2 20 Lliy 650 942 766 100
B6TR 30 40,550 833 867 100
B6X2 30 40,650 775 667 100
B6L1 30 44,4450 1050 966 100
B&CL 30 44,300 1040 807 100
BAEL 40 42,250 933 766 100
BEK2 40 42,150 907 733 100
BEF1 40 43,250 983 716 100
BEHL 40 42,100 941 692 100
B6G1 50 41,250 o2/ 800 100
B6W2 50 39,250 1025 633 100
B6H2 50 41,900 933 890 100
B6G2 50 42 4500 990 783 100
B&S2 Room 39,650 817 683 100
B612 Room 39,500 833 732 100
B6T1 Room 40,100 883 683 100

B6T2 Room 40,550 942 633 100




ans b-a‘; driez

TABIE 1-C CHARPY IMPACT DATA FOR CLASS A AND CLASS B STEELS IN
REFRODUGIBILITY STUDY OF LABORATORY STEELS FINISHED

AT 1650 F.

Heat Testing Temperature, Chearpy Impact Strength, Ft.-Lbs.
Number F. lst, Test  2nd.Test  3rd Test Lth. Test

Al 80 34 35 34 34

L0 29 25 28 28

20 24 27 28 27

0 5 5 6 24

=20 4 19 5 21

=40 < 2 5 3

a2 g0 28 38 32 32

40 27 27 27 32

20 _7 25 24 21

0 23 17 22 25

=20 18 20 24 21

=40 5 17 15 12

A3 80 30 27 28 28

AQ 29 27 27 25

20 23 21 21 . 21

0 4 5 5 23

-20 4 4 17 3

=0 5 2 2 2

A 80 : 31 33 30 31

40 28 26 : 24 25

20 24 23 23 25

0 20 21 16 22,

=20 5 4 19 3

=40 2 4 3 3

A5 80 35 34 33 33

40 25 28 30 30

20 11 25. 27 26

0 7 8 21 6

20 19 18 19 4

=40 3 3 3 3

B2 20 38 46 40 42

- 40 30 36 36 37

20 27 34 33 33

=20 16 . 30 7 17

=40 3 5 4 3

~60 2 2 2 2



Table 1-C.

-52a

Heat

Number

Testing Temperature,

B-5

g0

40

20
=20
=40
=60

g0
40
20
=20
2,0
=60

£0
40
20
=20
=0
~60

80
40
20
=20
=40
=60

(Continued)
Charpy Impact Strength, Ft, =Lbs,
1st Test 2nd Test 3rd Test 4th Tegt

42 39 39 40
35 38 36 42
33 35 30 29
25 27 3 28

3 18 15 25

2 2 2 2
40 42 35 37
35 35 37 35
40 33 32 29

é 25 9 29

5 21 5 26

2 3 3 2
48 38 42 43
43 42 37 38
34 33 40 35
27 30 33 .28
31 25 32 26

3 3 3 3
39 40 42 40
38 35 40 34
38 35 33 32
33 29 29 33
25 23 25 4
A 2 3 20




TABLE 2-B .

o

TEAR-TEST DATA FCR CLASS 4 AWD CLASS B STEELS

MADE TO STUDY THE INFLUENCE CF FINISHING

TEMPERATURE
Testing Energy to Energy to
Specimen Temp. , Maximum Start Propagate % Shear
Heat No. No. o, load Fracture Fracture, in
Lbs, F&, =Lbg, Ft,-Ibs, _Fracture
A~6421, A2402 40 36,850 1025 150 5
(Class &  AR4A2 50 36,250 259 133 5
finished
at 1650°F.) 424C1 60 36,700 907 675 100
- ARABY 60 36,350 893 859 100
ARADZ 60 37,400 975 641 100
A2JA7 60 37,400 975 659 100
A-BL24 BR4C2 50 36,500 933 125 5
(Class A
finished B24A2 60 37,200 1050 © 608 100
at 1750°F, )B24D2 €0 36,350 983 75 5
B24B1 70 35,450 216 €41, 100
BE24D1 70 36,350 1008 616 95
B2/01 70 35,800 983 741 95
B24B2 70 36,250 967 200 100
L-6l24 G242 50 35,700 916 108 5
(Class 4
finished gaLe2 60 34,900 858 117 5
at 1850°F.) ‘
c24D2 70 35,750 893 125 5
C3401 80 35,900 907 117 5
CR2441 0 35,850 1008 750 100
C24B1 90 35,500 1033 625 100
C24B2 90 35,000 793 233 25
C2/D1 20 35,150 807 708 100




-

TABIE 2-A. TENSILE~TEST DATA FOR CLASS A AND CLASS B
STEELS MADE TO STIDY THE INFLUENCE OF
FINISHING TEMPERATURE

FINISHING YIELD
GRADE HEAT SPECIMEN TEMP. , STRENGTH TENSIIE
OF STEEL  KC. No, oF, psi. STRENGTH ELONGATION
Upper Lower psi. IN 8 IN,%

Class A A=6l24, 1 1650 38,000 34,80C 57,200 31.5

2 37,900 35,000 57,200 31.5
Class A A=6424, 1 1750 34,300 32,800 57,600 31.0

2 35,000 33,100 57,600 31.0
Class 4 A=6424 1 1850 34,300 33,300 58,800 29,0

2 33,700 32,300 57,700 29.0
Class B A-6365 1 1650 40,000 39,600 64,000 29,5

P 40,300 39,700 64,000 28.0
Class B A-6365 1 1750 39,000 37,300 63,700 325

2 38,300 37,700 63,700 32.0
Class B A=-6365 1 1850 38,500 35,900 63,500 32.0

2 37,800 36,700 64,200 31.0
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TABIE 2=E. (Continued)

ENERGY TO ENERGY TO
TESTING  MAXIMUM START PROPAGATE % SHEAR

SPECIMEN TENP. , LOAD, FRACTURE, FRACTUHE in
HEAT KO, NO, Op_ 1BS, FT. =-LBS. FT,-LBS. FRACTURE
A=-6365 A65D2 10 42,100 1075 125 5
(Class B
finisheg A65B2 20 42,000 1209 825 100
at 1650 F.)
A65D1 20 41,850 1090 757 100
A65C1 20 41,600 1159 566 10
A65A2 20 42,650 1124 791 100
ABAAL 30 41,400 1150 708 100
A65B1 40 40,450 1108 692 100
46365 B65B1 20 43,100 1181 142 5
(Class B
finisheg B65G1 30 41,650 1075 791 100
at 1750°F.)
B65D1 30 41,450 1100 833 100
B6582 30 41,800 1033 816 100
B65D2 30 41,800 1108 0916 100
A=6365 CH5C01 20 40,7700 1033 158 5
(Cless B
finisheg CoER2 30 40,800 1108 302 50
at 1850 F,)
C6542 30 40,200 1158 18% 15
CH541 40 39,850 1140 A08 L5
C6s5EL 40 40,550 1075 142 5
C65C2 50 40,250 1008 708 95
C65B1 50 39,450 1018 608 90
C65D1 50 404250 1008 633 95

C65D2 50 40,150 1033 591 90
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TABIE 3-A, TEFSILE-TEST DATA FOR CLASS A AND ¢LASS B STEELS MADE
TO STUDY THE REP%ODUCIBILITY OF LABORATORY STEELS
FINISHED AT 1850°F.

YIEID STRENGTH TENSILE

GRADE HEAT SPECIMEN psi. STRENGTH, ELONGATION
OF STEEL _ NUMBER _ NUMBER  UPPER ILOWER psi v g IN.,%
Class A  A6555 1 37,500 36,100 62,80C* 28.0

2 40,200 36,000 62,600 27.5
Class A A6556 1 37,300 34,800 61,500 32.0
2 38,600 35,200 61,700 30.0
Class 4 A6587 1 35,300 34,200 61,200 30.0
2 35,500 34,700 62,100 29.5
Class A  A6650 1 35,300 34,100 60,200 27.0
2 35,900 34,400 60,900 29.5
Class A A6765 1 36,700 35,800 62,500 22,0
2 37,400 36,000 63,500 27,0
Glass B L6557 1 36,100 3%,300% 61,600 30.0
2 36,300 35,700 61,800 30.0
Class B Lé58/ 1 36,400 35,500 61,900 31.0
2 36,300 35,300 62,000 30.0
Class B A6588 1 35910-00 34, 800 62,100 2835
2 35,700 35,000 62,600 28,0
Class B L6641 1 36,100 34,800 62,900 28,5
2 37,000 35,900 62,800 19.5
Class B AG651 1 36,200 35,700 62,000 28,0
2 38,200 35,700 62,600 29.5
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TABIE 3-B, NAVY TEAR-TEST DATA FOR CLASS A AND CLASS B STEELS
MADE TO STUDY THE REPRODUCIBILITY OF LABORATORY STEELS
FINISHED AT 1850 F.

Energy to Energy to

Testing Meximum  Start Propegate % Shear
Heat Specimen Temperature, Load Fracture Fracture in
Number _ Number oF, Pounds _ Ft, ~-Lbs, Ft. -Lbs. Fracture
A6555 Gl 50 37,700 75 33 3
El &0 38,950 750 186 15
Kl 70 36,500 591 616 100
M2 70 38,500 716 75 10
F1 &0 28,500 908 725 100
L1 20) 37,600 716 635 100
K2 &0 38,500 7863 117 10
12 g0 36,900 725 660 95
E2 90 38,000 875 89 100
Fz2 30 38,150 858 725 100
G2 90 37,800 200 708 100
A6556 Ei £0 38,700 865 50 5
G2 60 38,400 783 241 15
M2 70 37,000 675 583 100
H2 70 38,500 583 42 10
E2 &0 38,500 808 542 100
F2 &0 38,250 757 516 95
Ll 80 38,200 733 g15 100
Hl 80 38,250 50 &75 100
46587 Sl 50 36,450 725 42 3
R2 60 36,900 633 583 90
P2 60 37,800 883 117 5
M1 70 37,200 858 58 5
Q2 80 37,300 &00 592 100
82 80 35,700 733 133 10
Rl 80 34,900 558 692 100
Nl 90 35,950 784, 670 100

QL 90 35,950 733 167 10
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TABLE 3-B. (Continued)
ENERGY TO ENERGY TO
TESTING MAXTMUM START  PROPAGATE ¢ SHEAR
HEAT SPECIMEN TEMFPZRATURE  LOAD, FRACTURE, FRACTURE, IN
NUMBER_ _ __NUMBER ) POINDS _ FT.=LBS. FT. -LB3. FRACTURE
A6587 Pl 100 35,050 625 650 100
M2 100 35,300 658 633 100
N2 100 35,600 700 133 15
#1 110 35,400 725 717 100
#2 110 35,150 675 650 100
#3 110 35,400 633 658 100
#L 110 34,750 692 683 100
A6650 N1 70 37,550 017 133 5
Q2 80 35,800 858 592 100
s1 o0 37,200 842 750 100
M2 80 36,600 767 575 100
Pl &0 36,550 800 650 100
46705 P2 €0 36,100 817 66 5
L1 70 35,600 783 616 100
Rl 70 37,000 817 600 100
QR 70 37,000 750 733 100
M2 70 36,000 700 383 100
L6557 Fl 50 40,400 992 108 5
K1 60 41,050 975 716 100
Gl €0 38,700 866 133 10
s1 70 40, 300 960 725 100
Jl 70 40,400 875 683 100
H1 70 0,600 900 125 15
F2 80 40,350 1073 707 100
H2 80 39,250 892 42 100
G2 80 40,750 1060 1050 100
J2 80 40,650 815 1124 100
A658/ M2 50 39,550 917 792 100
P2 50 40,550 950 100 3
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TABLE 3=B. ¢CONTINUED)

ENERGY ENERGY TO

TESTING MAXIMUM — TO PROPAGATE % SHEAR

HEAT NUMBER SPECIMEN TEMPERATURE,  LOAD  START FRACTURE, 1IN
NUMBER °F. POUNDS  FRACTURE, FT.=LBS. FRACTURE

FT. -LBS.

46651 L 60 39,550 833 616 100

P2 60 38,700 892 725 95

R1 0 38, 300 42 158 =

sz 70 38, 500 858 125 10

N1 86 38,200 751 807 100

QR g0 38,700 891 757 100

R2 &0 37,700 867 741 100

N2 80 39,100 992 600 120
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TABLE 4-B. NAVY TEAR-TEST DATA FOR CLASS A AND CLASS B
STEELS MADE TC STUDY THE INFLUENCE OF CARBONO
AND MANGANESE., FINISHING TEMPERATURE = 1650 F,

Energy to Energy to

Speei- Testing Start Propagate
Heat nen ngp., Meaxzimum Fracture, Fracture, & Shear in
No, No, g load, Lbg, Ft, = Ibs Ft. =Lbs. Fracture

(Carbon Series)

86293 €1 0 39,800 1540 83 ‘ 10
S1 10 38,200 1308 By 5
HR 10 39,000 566 67 p
Bl 20 38,650 1408 883 10U
Al 20 35,450 1040 1010 100
T1 20 38,500 1260 792 100
c2 20 39,350 1431 2400 100
al 40 36,850 1125 900 100
Gl 40 385450 1375 1225 100
S2 40 37,250 1230 790 100
G2 40 38,250 1275 840 90
) 60 36,850 1190 915 100
B2 60 37,350 1420 730 100
T2 60 36,850 1240 790 100
D2 60 39,050 165 915 100
i} 80 36,700 1210 800 100
Hl 80 37,000 1218 815 100
D1 80 37,950 1360 860 100
A2 g0 33,000 940 833 100

A629),  E2 80 40,200 433 192 5
F2 80 40,700 458 175 15
R1 80 40,700 691 158 5
a2 80 40,750 691 125 15
D1 90 39,050 633 33 10

U2 90 39,450 675 108 20
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TABLE 3B (Continued)

ENSRGY TO ENERGY TO

TESTING MAXTMUM  START PROPAGATE % SHEAR
HEAT SPECIMEN TEMPERATURE,  LOAD, FRACTURE FRACTURE, IN
NUMBER NUMBER °F, POUNDS __ FT, = LBS, FT. - 1BS, FRACTURE
46584, Pl 60 39,600 933 767 100
: M 60 40,300 975 67 5
R1 60 40,100 1042 800 100
S1 &0 40,4450 992 675 25
82 70 39,850 1025 750 100
R2 70 39,750 1023 550 65
Q1 80 38,200 808 T2 100
W1 80 37,800 792 692 100
ge . 80 38,800 908 667 100
N2 80 38,400 900 700 100
46588 Q1 60 39,000 1050 * 633 100
M1 60 38,6350 925 75 10
R2 70 39,500 953 175 8
12 80 38,150 942 767 100
M 80 39,000 975 742 100
R 80 39,150 1018 708 100
R1 80 39,100 925 875 100
Pl 80 39,500 833 817 100
A6641 Gl 50 41,550 1100 775 100
L2 50 41,050 1083 533 75
J1 50 42,550 - 1058 117 5
G2 60 39,750 958 133 10
K2 60 40,100 992 77 100
L1 70 40,650 1075 883 100
H1 70 40,900 1058 125 8
F1 80 38,350 825 842 100
J2 80 39,500 908 67 15
F2 90 38,900 933 642 100
“H2 90 38,150 792 817 100
K1 90 38,500 900 550 100

#1 90 38,900 925 633 100
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TABIE 3-C. CHARPY IMPACT DATA FOR CLASS A AND CLASS B STEELS IN
REPRODUCIBILITY STUDY OF LABORATORY STEEILS FINISHED

AT 1850°F.

HEAT TESTING TEMPERATURE, CHARPY IMPACT STRENGTH, FT.-LBS.
NUMBER °F. 15t. Test_ 2nd Test _ 3rd Test _ Ath Tesk

A6555 75 32 32 33 3R

60 R 31 30 30

40 29 29 29 29

20 26 24, 28 8

0 5 24 23 23

~40 3 - 3 3 3

46556 75 31 31 30 32

60 28 28 28 27

40 27 27 27 25

20 24, 24, 25 25

0 10 4 3 3

=40 3 3 3 3

A58 75 30 30 33 30

40 29 27 24 28

20 23 25 23 22

0 23 9 19 9

=40 A 3 3 3

A6650 120 33 35 3T 35

75 31 32 31 29

40 27 28 24, 28

20 21 6 21 22

0 11 5 9 18

50 3 3 3 3

A6705 75 32 30 32 31

40 22 27 27 25

0 18 20 19 19

/0 2 2 2 3

46557 75 40 39 VAl 42

60 37 40 37 39

40 36 35 35 35

20 32 34 33 33

=20 11 25 24, 6

=60 2 3 g 3

L6584 75 37 40 39 39

40 34 35 37 36

0 23 30 9 30

=40 3 3 20 8

-80 2 2 2 2



TABIE 3-C.  (CONTINTUED)

Heat TESTING TEMPERATURE , CHARPY IMPACT STRENGTE, FT. =LBS
Number °F, 1st, Test  2nd Test  3rd Test  Ath Test
AB588 75 38 36 38 38
40 34 36 36 42
0 28 28 30 30
=20 27 27 5 22
-40 3 8 4 4
-80 2 2 2 2
26641 75 40 Lt AY 3¢
40 35 a6 37 3¢
0 26 2 30 34,
/) 21 3 23 4
-80 2 2 2 2
A6G6H5] ] 38 37 39 3G
40 38 36 35 7
20 33 34 35 35
0 31 33 32 31
=40 3 . 10 17

~80 2 2 2 2
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TABILE 4-A. TENSILE-TEST DATA FOR CLASS A AND CLASS B

STEELS MADE TO STUGDY THE INFLUENCE OF

CARBON AND MANGANESE. FINISHING TEMPERATUBE -

1650°F.
Yield
Strength Tensile
Grade Heat Specimen psi Strength, Elongation
of Steel Ko. No. Upper Lower psi.. in 8 In., %
(Carbon Series)
Class A A=6293 1 35,700 32,900 51,800 36.5
2 35,500 32,700 51,700 35.5
Class A 4=629 1 42,200 40,800 72,900 25.5
R 43,7CC 41,200 73,000 26.5
Class B A-6155 1 40,800 40,000 62,100 32.0
2 41,500 39,800 62,100 31l.5
Class B A-6292 1 50,000 49,500 84,300 23,0
2 51,300 49,300 &4,,300 '2305
(Manganese Series)
Class A A=6205 1 36,200 34,100 56,100 34.0
2 35,800 34,000 56,000 32.5
Class A A-6296 1 46,000 Lt 4 800 72,400 28.0
45,600 4es 700 72,400 28.0
Class B 4-6159 1 36,400 35,600 56,800 31.5
2 36,700 35,500 57,000 31.5
Class B £=6306 1 45,800 45,200 69,000 31.0
2 45,300 44,900  69,1C0 30,0
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TABIE 4=B. (CONTINUED)
ENERCY TO  ENERGY TO
SPECI-  TESTING START PROPAGATE
HEAT  MEN TEMP.,  MAXTNUM FRACTURE, FRACTURE % SHEAR IN
NO, NO, °F. LOAD, IBS.  FT,=IBS. FI=135, FRACTURE
B2 100 39,000 600 491 100
D2 100 39,950 641 483 100
T2 100 39,000 658 475 100
L1 100 39,250 &00 483 100
A=6155 R2 10 42,800 1083 100 3
Cl 10 42 4350 1050 50 5
B2 20 40,500 1225 83 3
M1 30 43,300 &90 825 100
2 30 40,300 1000 783 100
QL 30 414,150 1000 950 100
2 30 41,700 1017 750 100
Pl 40 42,000 900 765 100
E2 0 41,600 1068 1132 100
Il 40 41,150 1100 885 100
o) 40 42,100 1075 757 100
D1 60 42,800 1120 840 100
El &0 42 3400 1250 1000 100 -
Ul 60 41,100 975 807 100
P2 60 42,200 1060 75 100
vl 5 40,150 1025 $00 100
R1 75 40,850 1015 725 100
D2 7 41,300 1215 683 100
Bl 75 41,750 957 80C 100
A=6292 D2 60 48,250 775 284 15
A2 &0 475900 707 58 10
V1 60 47,800 725 108 3
P2 60 48,350 833 217 20
Pl 5 48,750 850 375 63
X2 75 46,500 700 565 100
F2 75 48,150 715 125 15
Bl 75 49,400 315 125 15
yal 80 45,200 758 200 10
S? 80 46,800 691 308 50
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TABIE 4=B. (Continued)
Energy to Energy to
Speci~ Testing Start Propagate

Heat men Temp., Maximum  Fracture Fracture, % Shear in

_No. No, °F, Load, Lbs. _ Fto-Lbs. Ft.=Lbs. Fracture
U2 90 46,300 666 566 100
Ul g0 46,250 700 591 100
D1 90 477,200 675 525 100
s1 90 46,400 733 550 100

{Manganese Series)

46295 B 50 37,250 833 33 5
G2 50 36,700 865 108 5
Ul 50 36,450 925 25 3
2 50 36,100 765 83 3
F2 60 37,400 950 67 10
Bl 60 36,600 916 750 100
H2 60 26,150 875 708 . 100
We 60 26,200 1000 12 20
82 75 35,500 833 33 2
ML 75 35,900 933 33 5
Gl 75 35,200 833 633 100
Al 75 35,850 900 633 100
A2 90 35,000 741 592 100
i 90 344900 683 425 60
Ti 90 35,250 758 67 3
Fl 90 35,600 867 800 100
51 100 34,650 760 666 100
R 100 3445200 784, 5¢3 100
c2 100 36,150 816 740 100
HL 100 35,100 808 790 100

A-6266 N1 10 49,100 1140 158 3
c2 10 48,850 1250 242 10
Z1 20 49,100 1190 125 5
B2 30 47,400 1083 791 100
D2 30 48,150 1218 575 85
Tl 30 48,250 1208 783 100
X1l 30 47730 1150 733 100



TABIE 4-B. {(Continued)

Energy to Energy to

. Testing Start Propagate
Heat. Specimen Temp., Maximum Fracture Fracture, % Shear in
No, No, OF, Load, Lbs, Ft.=bbs,  Fto=Lbs,  Fracture

Bl 40 45,800 1015 708 100
m 40 47,750 1210 £40 100
El 40 484200 1218 323 100
X2 A0 48,000 1140 €90 160
A2 60 45,100 950 690 100
L 60 48,350 1350 875 100
W2 €0 47,150 1110 707 100
z2 60 474650 1160 £90 100
i 75 454550 916 692 100
01 75 45,100 1166 725 100
T2 75 46,150 1060 715 100
B2 75 46,950 1166 766 100

A-€159 Nl 40 37,400 950 92 3
E2 40 38,000 930 92 3
R1 40 37,050 925 58 3
Pl 40 38,800 1240 92 5
E1 50 38,000 1075 708 100
C1 50 38,750 1015 75 5
2 50 38,500 1230 58 5
T1 50 37,050 1040 916 100
Dl 60 37,000 833 858 90
By 60 37,000 333 333 5
Ql 60 37,150 983 765 100
R2 60 37,850 1100 707 100
B2 75 37,250 940 680 100
Ul 75 36,000 1020 960 100
D2 75 37,900 1020 690 100
81 75 36,000 980 690 100

A=6306 W1 0 48,600 1381 1050 100
Ul 0 49,500 1425 192 5
22 0 477,700 1300 766 100
B2 0 50,500 1415 158 5
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TABIE 4~B . (Continued)
Energy to Energy to
Speci~ Testing Start Propagate
Heat men Temp., Maximum Fracture Fracture, % Shear in
No. No, OF. Load, Lbs. Ft.~Lbs. F%.<Lbs. Fracture
Bl 10 49,550 1400 108 3
2 10 48,800 1358 75 20
c1 20 48,350 1300 67 5
Al 30 48,900 1425 1000 100
Vi 30 48,300 1350 825 100
71 30 46,250 1290 816 100
Wl 30 47,950 1175 791 100
c2 40 48,000 1208 1000 100
12 40 46,800 1218 858 100
w2 40 46,800 1208 875 100
X2 40 46,700 1258 867 100
02 60 45,250 1075 800 100
G1 60 48,500 1350 875 100
A2 60 48,300 1260 775 100
X1 60 46,450 1100 775 100
@ g0 47,750 1240 1050 100
71 &0 477,500 1320 - 800 100
H1 8o 46,200 1080 683 100
T2 80 46,7700 1240 907 100
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TABLE ,4=C., CHARPY IMPACT DATA FOR CLASS A AND CLASS B
STEELS MADE TO STUDY THE INFLUENCE OF GARBON
AND MANGANESE. FINISHING TEMPERATURE = 16509Fe

Testing
Temp. , @harpy Iwpact Strength, Ft.=Lbs.
Heat No. P, 1st. Test 2nd Test. 3rd Test 4th Teat
(Carbon Seiries)
46293 75 43 L7 39 50
40 40 45 7] 41
.20 L5 40 43 40
=20 33 7 7 6
=40 25 4 5 5
=60 3 3 3 3
A=629/ a4 ig 21 21 20
40 17 18 20 19
20 16 3 - 17 15
0 13 15 15 14
=20 9 4 5 4
=40 5 3 3 2
A=6155 75 43 45 L 44
40 43 a7 40 45
20 L1 26 35 39
=20 33 - 29 30 30
=40 27 - 28 5 28
=& 22 A 26 3
=50 2 25 3 2
A=6292 75 26 26 27 27
40 26 9 23 21
20 23 6 23 23
e} 15 20 13 20
=20 17 18 6 19
=40 8 17 3 6
(Manganese Series)
26295 75 32 .29 24 12
40 13 32 23 22
20 5 24 25 18
0 JA 3 3 4
. =20 3 6 3 3
A-6296 75 40 L 42 L2
40. 41 39 45 40
26 39 38 36 40
=20 40 32 36 33
-60 . 28 . 25 16 27

=80 , 2 3 24 . 2
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TABIE 4~C. (Continued)

Testing
Temp. , :
Heat. No. °F. Cha. S Ft .-
1st. Test 2nd Test 3rd Test 4th Test
(Manganese Series)
A-6159 75 36 34 34 35
40 31 30 30 31
20 5 27 9 24
0 5 5 26 6
=20 4 3 4 3
A-6306 75 47 55 49 49
40 41 44 50 48
20 43 46 43 40
-20 L7 38 43 38
=60 33 4 36 4
=80 37 37 3 28

25 2 35
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TABLE 5-A, TENSILE-TEST DATA FOR CLASS A AND CLASS B
STEELS MADE TO STUDY THE INFLUENGE OF CARBON,
AND MANGANESE. FINISHING TEMPERATURE = 1850 F.

Yield

Strength, Tensile
Grade Heat Specimen _ Psi Strength, Elongation
of Steel  No. No, Upper Lower  psi. in 8 In.. %

(Carbon Series)

Class A A-6539 1 31,600 30,900 53,400 31.0
2 32,100 30,600 53,200 20,0
Class A A=-6596 1 43,600 40,000 75,000 20,5
2 39,000 37,100 70,800 22.0
Glass B A=6586 1 32,300 31,300 53,800 28,5
2 33,700 32,700 55,000 28,0
Glass R A-6597 1 41,900 41,200 75,600 24.5
2 39,900 39,000 74,600 25,0
(Manganese Series)
Class A A"’6589 1 33,900 33,300 58,100 2900
2 34,200 32,800 58,700 30,0
Glass A A=-5598 1 43,200 42,600 755100 23.0
2 424,500 41,700 73,300 23.0
Class B A-6590 1 33,100 32,000 55,200 30,0
2 33,100 30,900 55,000 31.0
Glass B A=6599 1 44,000 43,500 72,400 24,00
2 43,700 43,300 72,300 25,0
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TABIE 5-B. NAVY TEAR-TEST DATA FOR CLASS A AND CILASS B
STEELS MADE TO STUDY THE INFLUE%FE OF CARBON
AND MANGANESE, FINISHED AT 1850°F.

Energy to Energy to

Speci- Testing Meximum Start Propagate % Sheer
Heat men Temp. 5 Load, Fracture, Fracture, in
No. No. SFD Lbs. Pt.=Lbs. Ft.=Lbs. Fracture
A-6539 Bl 30 38,850 1150 108 15
' T2 40 36,100 1018 666 100
L2 40 35,300 866 133 5
D1 50 35,300 833 116 5
M2 60 - 34,900 875 650 100
Ccl 60 36,100 950 666 100
T1 €0 35,850 1008 B2 70
D2 €0 36,350 892 158 10
Al 70 34,900 925 584 85
M1 70 35,400 - 983 675 100
S1 70 35,750 950 650 100
L1 70 35,050 858 266 100
A-6596 Q2 %0 37,700 608 100 ¢
m 100 374350 542 50 10
N2 110 36,600 558 183 15
12 120 36,650 500 308 40
Rl 130 35,250 525 533 100
M2 130 35,650 466 525 100
L1 130 35,900 508 567 100
R2 130 36,700 583 667 100
A=6586 ML 20 39,250 1283 567 75
Pl 20 39,600 1408 208 10
R2 30 38,900 1350 292 25

Q1 40 37,900 1250 108 5
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TABIE 5-B. (Continued)

Energy to Energy to

Testing Maximum Start Propagate % Shear
Heat Specimen Temperature Load, Fracture, Fracture, in
Number Number °F. Pounds Ft.-Lbs. Ft.=Lbs. Fracture
N1 50 37,500 1228 932 100
P2 50 38,150 1225 932 103
11 50 38,450 1375 1838 e
R1 50 38,200 1250 €83 5
A6597 ML 80 39,150 542 33 3
N2 90 405 350 566 300 45
Hi 100 42,350 617 575 100
J2 100 42,550 700 558 100
M2 100 40,500 600 658 100
K2 100 40,950 650 633 100

Ygnganege Serieg

A6589 A2 90 36,250 800 692 100
62 90 36,600 858 707 . 100
il 90 35,500 741 650 100
ML 90 34,400 666 100 10
B2 100 33,900 . 700 708 100
w 100 34,600 1683 100 10
cl 110: 34,800 972 725 100
D2 110 34,700 725 733 100
4 110 35,650 791 625 100
N2 110 35,450 775 616 100

A6598 M2 50 45,900 1083 - 492 L0
11 60 46,450 112 75 5
QL 70 46,800 925 925 100
R2 70 - 46,000 875 783 95 .
2 70 43,500 892 400 30
P2 80 44, 5700 900 817 100
QR 80 46,150 1183 - 817 100
Rl 80 44,4950 817 892 100
N1 80 45,000 917 800 100
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TABLE 5B, (Continued)
- Energy to BEnergy to
Testing Maximum Start Propagate % Shear
Heat Specimen Temperaturs Load, Fracture, Fracture, in
Number  Number oF, Pounds Ft.=Lbs. Ft.-Lbs. Fracture
A6590 R1 90 34,150 800 Th2 100
' s2 90 34,4700 825 750 100
H1 90 34,5750 807 758 100
F2 90 34,800 875 83 15
S1 100 33,150 807 650 100
R2 100 32,600 775, 866 100
F1 1060 34,900 950 850 100
Gl 100 33,800 815 600 100
A6599 M 20 49,000 1292 125 2
- N2 30 46,850 1183 183 10
Sl 40 46,850 1108 _ 92 3
Qe 50 46,700 925 258 8
R2 60 46,750 1058 333 20
Pl €0 46,900 1118 550 50
N1 70 45,550 842 900 100
QL. 70 45,750 84,2 858 100
R1 70 45,950 1042 758 100
M2 70 47,950 1150 892 100
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TABLE 5-C. GCHARPY IMPACT DATA FOR CLASS A AND CLASS B
- STEELS MADE TO STUDY THE INFLUENCE OF CARBON
AND MANGARESE,FINISHED AT 1850°F.

Testing Temperature, _ @harpy Impact Strength, Ft.-Lbs,
Heat Number OF. - 1st. ‘Test 2nd. Test 3rd. Test Ath Test

Carbos Series

46539 75

42 32 37 3%
40 34 26 34 34
20 27 7 2& 25
0 6 19 21 3
=20 5 5 4 4
=40 3 3 3 3
L6596 75 20 20" - 20 19
' 40 L. 16 14 16
0 9 3 6 4
=40 2 2 2 2
A6586 75 54 55 56 56
40 - 46 50 57 62
0 49 4dy 51 56
=20 : 37 7 39 38
=40 4 6 5 <5
-80 2 2 2 2
46597 75 : 27 26 25 26
40 ' 23 22 25 25
20 22 20 20 20
0 5 10 19 7
=40 3 : 3 3 3
Manganese Series
A6589 75 29 25 28 30
60 23 24 24 26
40 17 24 22 22
20 17 19 : 5 18 .
0 4 : 4 4 5
=40 2 2 2 2
46598 75 41 . 42 41 A0
40 37 38 38 37
0 33 31 33 33
=40 27 R5 28 _7

~80 - 15 3 2 22
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TABLE 5<C. (Continued.)

Testing Temperature Charvy Ippact Strength, Fg.-Lbs,
Heat Number op, I1st. Test 2nd, Test 3rd. Test 4th Test
46590 75 33 3R 35 30
60 . 28 31 30 30
A6590 40 28 21 29 26
20 6 22 5 25
0 4 13 5 5
=40 3 3 3 3
46599 75 51 AT 49 53
40 41 45 50 49
0] 39 35 41 38
=40 5 31 5 32

-80 2 2 2 2
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TABLE 6=A. TENSILE-TEST DATA FOR CLASS A AND CLASS B STEELS MADE
TO STUDY THE INFLUENCE OF PHOSPHORUS AND SULPHUR,
FIIISHED AT 1850°F,

Yield
Grade Strength Tensile
of Heat Specimen psi Strength Elongation

Steel Number Number Upper Lower pBi. in 8 In., %
Class &4 A6135 1 34,500 33,200 5%,200 29,9

2 35,000 33,000 59,000 28,0
Class A  A6652 1 37,800 36,500 64,,000 23.5

2 36,90 36,000 44,000 23.5
Class &  AGT706 1 39,400 37,900 67,300 22,0

2 39,900 39,100 67,200 20.5%
Class B A6638 1 36,500 34,400 61,400 28,0

< 35,500 33,900 61,900 29,0
Class B A6653 1 39,100 36,400 64,700 2445

2 38,100 36,700 64,800 25.5
Class B A6655 1 40,800 38,400 67,500 24,0

2 40,800 38,100 67,400 23.5
Class A  A664LT 1 39,000 35,500 61,900 27,5

2 38,200 35,600 62,100 25,0
Class B 46646 1 37,800 36,400 62,400 26.0

2 37,000 35,900 61,900 31.0
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TABLE 6é-B, NAVY TEAR-TEST DATA FOR CLASS A AND CLASS B STEELS
MADE TO STUDY THE INFLUENCE OF PHOSPHORUS AND
SULPHUR, FINISHED AT 1850°F,

Energy to Energy to

Testing Maximum Start Propagate % Shear
Heat Specimen Temperature, Load, Fracture, Fracture, in
Number  Number OF. Pounds Ft. « Lbs, FT,~Lbs. Fracture
46135 Dl 80 35,400 650 100 10
Fl 90 35,300 708 683 100
K1l 90 35,350 716 675 100
El 90 34,500 683 675 100
C2 90 36,250 750 758 100
A6652 H1 €0 37,850 717 7 5
D2 70 39,250 850 67 3
E2 20 39,800 967 67 5
F2 90 38,450 817 67 5
Dl 100 38,900 750 758 85
eal 100 38,350 Th2 67 10
J2 110 37,800 863 167 30
El 120 38,600 850 550 95
H2 120 38,200 767 533 100
F1 120 40,400 933 550 100
Jl 120 38,400 850 700 100
46706 Ql 110 33,200 800 616 100
N2 110 38,000 800 133 15
2 120 37,000 667 650 100
Rl 120 38,200 733 567 100
N1 120 38,100 800 567 100
_ Pl 120 39,200 733 783 100
A6638 N2 30 39,100 825 150 5
Pl A0 39,100 1042 125 10
51 50 39,250 933 717 100
R2 50 40,450 1275~ 625 100
M2 50 39,350 1133 600 70
Q2 50 39,550 1042 400 45
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TABIE 6-B. (Continued)
Energy to Energy to
Testing Maximum Start Propagate %4 Shear
Heat Specimen Temperature, Load, Fracture, Fracture, in
Number Number oF. Pounds Ft.-Lbs. Ft. = Lbs. Fracture
46638 N1 60 38,700 992 600 100
M1 €0 37,650 892 267 20
P2 70 37,700 925 75% 100
Rl 70 38,500 963 666 100
Q1 70 38,400 867 625 100
52 70 38,100 g75 691 100
L6653 71 50 39,650 825 150 a
12 &0 40,850 217 808 5
52 60 38,600 950 67 3
Q1 70 40,300 1033 83 3
Fl g0 38,900 850 667 g0
Rl €0 40,400 992 200 100
TR 80 39,550 942 67 5
N1 90 40,650 908 150 5
R2 100 38,900 917 583 100
P2 100 39,450 258 775 100
S1 100 39,5350 908 967 100
Q2. 100 39,850 863 683 100
A6655 Q2 50 41,600 817 67 3
RL 60 41,000 883 67 3
N2 70 41,650 842 158 3
P2 80 41,400 833 75 3
s2 90 40,300 833 67 3
N1 100 40,950 833 100 10
QL 110 41,600 950 230 10
71 126 39,800 833 667 100
R2 120 40,800 833 667 100
Pl 120 42,000 933 750 100
T2 120 41,600 933 466 55
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TABLE 6-B, (Continued)

Energy to Energy to

Testing Maximum = Start  Propagate % Shear
Heat Specimen Temperature Load, Fracture, Fracture  in
Number  Number Op Pourds Ft.- Lbe. Fracture
A6647T Q2 50 35,550 825 515 100
P2 50 27,650 863 550 100
iy 50 36,500 616 58 5
Ll 60 38,050 817 100 g
K2 70 36,300 717 675 100
11 70 36,000 75 600 100
P1 70 35,300 €75 642 100
QL 70 35,800 717 750 100
L6646 Rl E0 39,500 842 708 100
QR 50 39,800 75 583 70
i) 50 38,800 850 108 8
Q1 60 38,600 00 733 100
¥l 60 38,700 900 725 100
R2 60 38,900 817 742 100

Ll 60 39,350 983 683 100
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TAEIE 6-C. CHARPY IMPACT DATA FOR CLASS A AND CLASS B
STEELS MABE TO STUDY THE INFLUENCE OF PHOSPHGRIS
AND SULPHUR, FINISHED AT 1850°F.

-Test:_lng Temperature, Gharpy Impact Strength, Fi.-Lbs.

Heat Nember oF. 1st. Test 2nd Test 3rd Test A4Lth Test
- Bhopphorus Serjes
46135 75 E 3 30 31
40 29 28 25 29
.0 22 22 22 23
. =20 5 A A 5
<4 3 3 3 6
AbH52 120 3R 32 32 32
75 28 27 28 29
pAG 26 23 27 23
20 20 18 19 22
0 10 17 17 19
240 2 2 2 2
A6706 ' 75 29 27 28 21
40 g 22 19 22
0 16 10 4 4
=40 2 3 2 2
A6h38 75 40 . 39 40 38
: 40 3% 37 3 - 37
D 33 31 2 31
=20 26 2 2 28
=40 3 3 5 3
A6653 120 40 40 .45 41
75 36 38 38 39
40 33. 33 k78 35
0 2/, 26 28 26
=20 24, & 24 4
=40 . 3 3 A 3
46655 120 35 40 39 37
75 35 32 34 33
40 15 - 31 27 29
20 26 22 23 28
0 ~k 20 21 18
=40 2 2 3 3.
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TABLE 6-C. (Continued)

Testing Temperature, Charpy Impact Strength, Ft.=Lbs,
Hest Number . OF, 1st Test 2nd Test 3rd Test 4Lth Test

Sulphur Series

L6647 L] 31 30 31 29
40 26 26 28 27

20 25 23 25 23

0 21 21 6 6

=40 3 3 4 3

A66L6 75 30 L0 37 41
40 39 33 33 32

0 27 30 30 30

=40 23 5 21 5

-80 3 2 2 2
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TABIE 7-A. TENSILE-TEST DATA FOR CLASS A AND CLASS B STEELS MADE
TO STUDY THE INFLUENGE OF SILICON, FINISHED AT 1850°F,

Yield
Grade Strength, Tensile
of Heat Specimen psie Strength, Elcngation

Stee)l Number Number Upper Lower pei. in 8 In., %
Class A A6602 1 33,800 33,200 60,400 31,5

2 33,300 12,700 39,607 30,0
Class A  A6594 1 37,100 35,500 62,400 A3\

2 37,100 35,500 62,500 30,0
Class &  A6657 1 33,990 332,600 43,400 2545

R 343500 33,700 63,300 18,0
Class L A6696 1 3,000 36,300 575100 29,0

2 37,400 37,000 67,300 25,5
Slase B L5603 1 38,200 37,600 65,800 21,0

2 36,900 36,100 64,000 25,0
Class B A6595 1 38,500 36,100 64,100 27.5

2 38,200 36,200 62,700 27.5
Class B  A6695 1 38,400 37,100 64,600 27.0

2 38,500 36,300 64,000 26,0
Class B AGE97T 1 38,800 37,800 67,000 29.0

2 39,300 37,800 66,800 30.5
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TABIE 7-B. NAVY TEAR-TEST DATA FOR CLASS A AND CLASS B STEELS MADE
T0 STUDY THE INFLUENCE OF SILICON FINISHED AT 1850°F,
FHEY gy G0  LROergy oo
Tegting Moximm Start Propagate % Shear
Heat Specimen Temperature Load, Fracture, Fracture in
Number Number F. Pounds Ft.-Lbs. Ft.=Lbs. Fracture
A6602 R2 50 37,800 850 167 10
Q1 €0 36,950 900 92 3
N1 70 35,400 750 658 100
12 70 37,000 g25 533 65
Q2 70 36,350 &25 133 10
Pl g0 36,400 767 658 100
MR 80 35,900 784 692 100
L1 80 36,750 817 58 8
Rl 90 36,500 716 617 100
, M1 90 35,150 708 833 100
N2 90 35,900 850 642 100
B2 Q0 35,350 792 670 100
A659/ E2 . 50 38,650 934 92 10
QR 60 37,900 950 25 8
N2 70 38,650 £33 600 100
R2 70 39,200 825 £00 100
Q1 70 38,500 867 67 15
Fl €0 37,500 867 200 25
N1 90 38,650 866 950 100
R1 90 37,000 825 750 100
P2 90 38,100 775 858 100
El 90 38,600 775 758 100
A6657 M 60 38,650 1600 125 100
R 60 38,300 717 100 10
S1 70 38,550 692 gog 100
T2 70 37,650 800 a25 100
P1 70 38,300 858 166 10
R1 80 38,700 g3 733 100
N2 g0 37,900 783 583 100
Ql 80 37,750 807 650 100
PR 80 37,450 875 650 100
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TABIE 7-B. (CONTINUED)
Energy to Energy to
Start Propagate % Shear
Testing Maximum Fracture, Fracture, in
Heat Specimen Temperature, Load, Ft.-Lbs Ft.-Lbs. Fracture
Number  Number oF, Pounds
46696 T1 40 40,700 733 Ef) 3
1 50 40,850 767 100 10
Pl 60 39,900 708 £y 5
R2 70 40,250 &5 150 15
S1 80 40,100 &7 653 100
Ql &0 40,400 833 775 100
R1 80 40,200 808 750 100
2 80 40,750 800 757 100
A6603 P2 50 39,850 383 158 10
ML 60 39,900 1058 658 100
B2 60 49,900 1058 67 5
Ql 70 37,700 842 683 100
1 70 38,700 1033 742 100
N2 70 39,700 1108 692 100
M2 70 38,350 825 83 10
Rl &0 38,700 a875 133 10
2 90 39,500 950 700 100
Q2 90 38,800 950 758 100
Pl 90 38,500 17 733 100
N1 90 38,500 750 742 100
46595 P2 30 424050 1068 616 85
Q1 30 40,700 900 792 100
N1 30 40,900 863 100 10
M2 40 41,250 1000 58 3
R2 50 414,200 1150 783 100
ML 50 38,500 858 633 100
N2 50 41,400 1025 gog 100
L1 50 41,000 1042 675 100
A6695 Rl 20 424550 €92 558 75
52 20 42,950 942 92 3
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TABIE 7-B, (CONTINUED)
Energy to Energy to
Testing Maximum Start Propagate % Shear
Heat Specimen Temperature, . Load, Fracture Fracturs, in
Number  Number OF. Pounds Ft.~Lbs., Ft.=Lbs. Fracture
A6695 T2 30 42,150 858 480 45
F2 . 40 42,100 1025 716 100
R2 40 41,050 825 808 100
N2 40 42,400 991 616 100
1 40 41,650 908 691 100
A6697 N1 20 44,5150 892 125 3
P2 30 42,800 863 83 3
R1 40 43,050 917 100 5
2 50 41,800 942 633 100
QL 50 43,100 1016 775 100
N2 50 42,500 883 208 5
s1 60 42,300 933 100 5
T1 70 41,650 883 741 100
QR 70 41,350 975 71 100
R2 70 41,550 983 758 100
Pl 70 42,050 1025 675 100
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TABIE 7-C. CHARPY IMPACT DATA FOR CLASS A AND CLASS B STEELS
MADE O STUDY THE INFLUENCE OF SILICON, FINWISHED
AT 1850°F,

Testing Temperature, Charpy Impact Strength, Fi-Lbs

Heat Number op, 1st. Test 2nd. Test 3rd.Test 4th Test
46602 75 32 2% 31 33
40 28 24 27 23
=0 12 25 20 7
0 10 20 20 17
=40 2 3 3 3
A659/, 75 - 33 33 2 23
60 32 32 30 Eal
40 20 28 30 30
20 28 26 29 26
=20 19 19 3 29
=60 3 4
AG6sT 120 40 40 40 38
' 75 34 31 34 36
40 30 28 28 31
0 23 24 25 R3
=20 g 15 &) 22
=40 5 4 5 Z
A6696 75 31 33 32 3R
40 27 27 31 28
0 23 24 24, 22
=20 21 23 20 22
=40 15 16 19 17
=30 2 -3 3 - 2
A6603 75 33 38 38 36
40 ‘ 34 35 36 33
0 30 29 27 26
=20 25 25 26 24
=40 22 20 A 3
=80 2 2 2 2
A6595 75 38 45 45 42
40 38 37 37 39
0 31 29 32 31
=0 24 28 28 5
=80 3 2 2 2
46695 75 39 39 39 40
40 35 38 36 37
0 31 31 31 31
=4,0 29 27 28 27

=80 19 6 5 5
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TABIE 7-C. (CONTINUED)

Testing Temperature, Charpy Impact Strength, Ft.«Lbs,

Heat Number oF. lst, Test 2nd. Test 3rd.Test Ath.Test
AGGY7T 75 A5 Al 42 bbs
40 37 37 40 A0
0 33 31 29 %30
=20 28 26 24 23
=40 20 5 13 5

=80 2 3 2 2
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TABLE 8-A. TENSILE-TEST DATA FOR CLASS A AND CLASS B STEELS

MADE TO -STUDY THE INFLUENCE OF VANADIUM, FINISHED
AT 1850°F. '

Yield _
Strength, Tensile Elongation
Grade Heat Specimen psi. Strepgih, in 8 In.,
of .Steel No, No, Upper Lower 581, %

Class A A-66/2. 1. 44,800 40,000 66,900 22,5
2 45,100 41,700 68,900 23.5
Class & A-£368 1 45,000 44,500 68,400 25,0
2 45,600 Li,L00 67,600 25,0
Class A A=6366 1 57,300 53,700 78,400 20.0
2 57,300 54,100 78,400 20,0
Class B A=-6643 1 Lk ,600 42,600 69,100 23,5
2 43,200 42,500 68,000 21,0
Class B A=66L4 1l 51,800 49,500 73,700 18,5
2 50,700 48,300 72,700 19.0
Class B A-6645 1 63,100 60,700 85,100 16,0
2 62,900 59,800 85,R00 15.0
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TABLE 8-B NAVY TEAR TEST DATA FOR CLASS A AND CLASS B STEELS
MADE TO STUDY THE INFLUENCE OF VANADIUM, FINISHED

AT 1850°F,
Energy
Energy to
Testing Maximum to Start Propagate % Shear
Heat Specimen  Temp. Load, Fracture, Fracture, in
No. No, °F , Lbs., Ft.-Lbs, Ft.-Lbs, Fracture
A~-6642 K1 70 39,700 625 67 3
H1 80 39,400 663 125 5
J2 80 40,100 767 517 95
K2 80 39,050 600 58 10
Jl %0 38,850 708 750 85
F2 90 38,450 658 642 - 100
G2 90 37,500 608 575 90
2 90 39,600 633 508 100
L-6368 E2 80 42,100 716 150 5
N2 90 40,800 691 641 100
B2 90 41,000 666 175 5
F2 100 40,050 L75 416 50
Pl 100 39,500 625 557 100
N1 100 40,850 733 716 100
€2 100 40,100 617 617 80
p2 110 40,100 675 618 100
ELl 110 41,400 600 641 90
A2 1o 41,000 591 808 100
Cl 110 1,400 700 600 100
A-6366 EL 80 48,250 641 167 0
F2 90 46,750 700 75 3
c2 100 47,250 650 75 3
N1 110 46,550 550 50 1l
B2 120 45,650 541 92 5
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TABLE &-B, { Contimued )
Energy to Energy to
Testing Maximum Start Propagate % Shear
Heat Spegimen Temperature, Load, Fracture, Fracture, in
No, No. °F, Lbs, Fto~Lbs, Ft.-Lbs, Fracture
D2 130 45,700 658 75 5
N2 130 46,850 608 83 10
Pl VEs 15,700 608 7 5
Fl 150 45,800 650 150 15
B2 160 45,400 558 541 8%
Dl 1.60 45,250 Th2 £00 73
P2 160 46,100 59L 125 i0
A2 170 44, 000 566 608 100
c1 170 45,650 557 Lb2 75
Al 170 43,250 L67 450 100
Bl 170 44,700 500 5k1 100
A-6643 Pl 70 42,600 950 625 i
QL 170 40,500 883 Th2 a5
Ul 70 42,800 S0C The 100
T2 70 41,600 850 67 10
yul 80 41,600 833 750 100
PR 80 43,050 767 842 100
R2 80 43,100 908 800 100
S2 80 42,150 708 658 100
JIINN jul 80 Ly 4350 675 650 90
N2 &0 Liy, 600 675 75 2
P2 Q0 44,400 708 67 2
N1 100 L4, 750 792 250 10
Fl 110 43,300 725 725 100
R 110 43,700 717 817 105
S2 110 L2,750 583 a75 100
ML 110 Uil 4 550 The 717 100
A=6645 N1 100 54,300 667 107 3
2 110 51,700 667 133 3
52 120 49,200 667 333 25
P2 130 54,200 700 83 0
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TABLE 8-B,

( Continued )

Energy

Energy to #
Testing Maximum to Start Propagate Shear

Heat Specimen Tgmp. Load, Fracture, Fracture, in
No. No. ¥ Lbs, Ft.-Lbs, Ft.-Ibs, Fractare

Rl 140 53,200 833 133 3

N2 150 52,700 650 117 5

T1 150 51,800 600 100 10

T2 160 49,950 483 550 100

Fl 160 53,800 400 33 10

Ul 170 49,900 517 517 100

S1 170 . 52,800 617 600 100

U2 170 51,500 L67 583 100

R2 170 51,700 517 517 100
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TABLE 8~C., CHARPY IMPACT DATA FOR CLASS A AND CLASS B STEELS
MADE TO STUDY THE INFLUENCE OF VANADIUM, FINISHING
TEMPERATURE - 1850°F.

Testing
Tgmp., Charpy Impact Strength, Ft.-lbs.
Heat No, F. lst Test 2nd Test 3rd Test Lth Test
( Vanadium Series )
A-6642 75 30 29 30 29
L0 26 28 25 24
20 21 22 23 23
0 17 18 18 4
=40 3 3 3 3
A=G388 75 28 27 28 28
40 25 26 20 2L
20 22 22 21 22
0 17 17 19 16
=20 3 L 3 11
=40 2 3 3 2
A-6366 90 22 22 18 22
75 20 20 20 20
60 17 17 17 19
40 7 8 16 7
0 3 2 3 3
A=6643 75 40 39 L5 40
L0 39 38 Lo 38
0 28 31 28 32
=20 27 26 22 28
=40 24 11 I 8
=80 3 2 3 5
A--6644, 75 35 35 33 34
LO 32 34 28 32
0 22 26 23 27
=20 17 20 22 24
~40 5 L 5 7

~80 2 2 2 3
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TABLE 8-C. ( Continued )

Testing
Temp., Charpy Impact Strength, Ft., -Lbs,
Heat No, °r, Ist Test  2nd Test  3rd Test  Lth Test
( Vanadium Series )
A=6645 120 25 27 21 27
75 21 20 24 21
60 17 13 11 21
Lo 9 6 8 19
0 3 5 4 3




