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by
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INTRODUCTION

The performance of ship-plate steel in welded shlp structures
is closely agsociated with the ductile to brittle tran51t10n tem—
perature of ‘the plate steel. A low tranSrtlon temperature is B
desirable. It indicates that a steel will exhibit greater toughu
ness at 1ower ambient temperatures.' The transition temperature,'
as deflned i this report, is the apparent temperature at which
the type ofF fracture changes from ductlle to brlttle for a SpéCl:
fic deSIgn of‘Specimen; Both ‘the Navy tear-test specimen and the
keyhole-notch Charpy Spe01men were used. For that reason, transi-
tion’ temperatures for both types of spe01mens are reported. It
should be remembered there are as many transition temperatures
as there are types and sizes of specimens.

‘tate in 1949, the Bureau of Ships, on behalf of the Ship



—- -

Structure Committee under the guidance of the Committee on Ship
Steel of the National Research Cduncil, established a research
project, Contract NObs.50020, for the purpose of studying the in-
fluence of chemical composition and deoxidation upon the transition
characteristics and tensile properties of semi-~killed ship steel.
In this investigation steels of two base compositions are being
studied. One of these contains approximately 0.25 per cent car-
bon and 0.45 per cent manganese and the other, approximately
0.21 per cent carbon and 0.75 per cent manganese. Since these
base compositions approximate those for hull steel supplied in
accordance with current American Bureau of Shlpping specifica-
tions under Class A and Class B, respectively, the steels in
this report are identified as Type A or Type B on the basis of . -
carbon and manganese content. . All plates prepared for this
study'were 3/% inch in thickness in order to permit direct com~ .
parison of propertiggf hThis thickness is, however, not char-
acteristic of commercial Class A steel. In practice, Class 4
steel is restricted to plates 1/2 inch or less in thickness.
Previous work, done on Contract NObs-50020 and reported
iﬁ Ship Sfructure Committee Report SSC—%9(5);vshowed that 200~
pound sgmikilled laboratory heats can be made with satisfactory
reproducibility for use in studying the influence of chemical
composition and deoxidation upon the transition-temperature

characteristics of 3/+~inch plate. This earlier work indicated



that the transition temperature was raised by increasing the
carbon, phosphorus, dnd.vanadium contents within the limits

studied. Limited data also indicated that increcsing sulfur
contents up to C.050 per cent did not affect the transition

tenmperature.

--Increased manganese contents were found to lower the transi-
tion temperature. However, the interrelationships between carbon
and. manganese contents and toughness were not explored. More
data were also needed to establish definitely the effect of sili-
con content. Prior data indicated that the transiticn tempera-
ture was lowered by decreasing the finishing temperature of the
hot~-rolled plate.

Work in. this same field was continued in 1951 under Contract

NObs-53239 and is summarized and reported herein.

PREPARATIGN AND TESTING OF LABORATORY STEELS

The laboratory steels were prepared from EOO—pbund induction-
furnace melts. The charge Waé meitgd under an atmosphere of argon
to insure low, uniform nitrﬁéen céhfents of the order found in
commercial ship plate. After fhe‘charge was meited and the de-
sired temperature was obtained, the melt was pértly deoxidized
by an addition of silicomanganese. This addiﬁién was made to
obtain consistent recovery of subéequent ferro-manganese and
ferrosilicon additions. Carbon, in the form of graphite, was

added juét prior to tapping to meet.the intended composition.
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The éntire heat wag poured directly into a 6 x 6-ineh big-end<up
mold .and the ‘ingot capped with a steel plate when necessary.’ “The
killed steels were poured with a hot-top containingAl# péf'cehﬁ
of the total volume of the ingot.

The ingots were processed by heating to 2250 F, ‘followed by
forging to slabs 1-3/%4 inchHes thick and 6 inches widé. After re-
heating to 2250 F, the slabs were Tolled to 0.9~inch gage, using
reductions of approximately 1/6 inch per pas§: The 0.9-indh<gage
- plates were immedigtely recharged in a furncce held at'lSSO F.

After 20 minutes or more in the furnace at 1850 F, the plates
were rolled to‘3/h'inbh in one pass, Following the final pass,
the plates were stacked on edge on a brick floor, with a brick
separating one from another. They were allowedjto cool in air.

Drillings for chemical analysls were taken from the top and

bottom of each ingot followlng rolling.

_ Dupllcate standard plate tensile spec*mens;’u51ng the, full

‘ thlckness of the plate, were prepared from each. heat.‘ Erom these
tests, the upper and lower yleld strengths, the tensile strength,
and the elongatlon were determined. The upper, yleld strength .

is the hlghest strength obtalned before the drop. of. the beam, while
the lower yleld strength 1s the lowest strength after the drop.of
the beam and before the ultimate strength is reached. The elonga-
tion was measured .over an 8 1ncb gage length. ‘

The tran31t1on temperature of the steels was determined by two

methodsu first, by using the Navy tear—test specimen, and second, ‘
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from notched~bar impact data obtained from keyhole Charpy speci-
mens.

The tear tests were made uslng the type of specimen and
procedure described by Kahn and Imbembod). The transition tem-
perature was defined as the highest temperature at which one or
more in a group of four test specimens exhibited a fracture area
having less than 50 per cent of the ductile-shear type.

For the keyhole Charpy tests, the trangition temperature
was defined as the temperature on the average temperature-
energy curve corresponding to the 20 foot-pound level. ALl
Charpy specimens had the long axis in the direction of rolling

and were notched perpendicular to the original plate surface.

REPRODUCIBILITY STUDY

At intervals during this investigation, "standard" Type 4
and Type B steels were processed to check the constancy of ex-
perimental procedures. They zrovide information on the repro-
ducibility of data for 200-pound semi-killed heats made and tested
in the laboratory.

Results for five such steels processed in 1951 are given in
Table 1 and additional data are recorded in Table 1 of the Appendix.
All of these materials had compositions and properties within ranges
expected from results obtained in 1950 and reported previously(S).

Table 2 summarizes the data obtained, during 1950 and 1951,
for eight Type A and seven Type B "stcndard" steels. Obviously



TABLE 1, CHEMICAL ANALYSIS 'AND MECHANICAL PROPERTIES OF TYPE A: AND TYPE B STEELS
IN REPRODUCIBILITY’ STUDY OF LABORATORY STEELS MADE IN 1951 ;

- Tensile Properiies TearTest E{ropett_‘i es . Charpy
. - Elon- Energy Energy to ", ' Kevhole
. . . Yield Tensile gation ) fo Start Propagate  Transition Transifion
Grade of Heat Chemical Andlysis, per cent ! Strength, psi  Strength,  in 87, Maximum Fr§Cfo‘3(:I); rrncfure( ) Temperature, Tempemfure(z)f
Steel No. C Mn P 5 Si " N " Upper Lower psi  percent Load, Ib -lb D HIE : F - F
Type A A6650 0.22 0.46 0.012 0.023 0.04 0.004 35,600 34,750 60,550 98.0 '36,740 D S 640 70 194
Type -A A6705 0.21 0.49 —9.016-' 0.025 0.05 0.004 37,050 35,900 63,000 24.5 36,340 - 760, - ' 580-— 60 +4
Type A A7663 0.22 0.44 0.015 0.027 0.03 -0.003 35,050 34,500 61,100 31.5 37,590 870 790 80 ] +23
Type B A6651 0.19 0.74 0.017 0.023 0.01 l:@_,OOS ‘37,200 35,700 62,300 28.5 39,090 480 730 70 ‘:—13
Type B A76I-64 0.18 0.69 0.015 0.026 0.03 0.003 36,100 34;800‘ 62,3{]0‘ 29.5 38,980 G40 740 80 -7

o

{N Average" energy of the four ductile specunens broken at 10 degrees F above the transition temperature

(2) Temperature at. wwhich the Keyhole Charpy energy is 2(} ft-lb*
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TABLE 2. SUMMARY OF PROPERTIES FOR “STANDARD* LABORATORY
. STEELS ROLLED AT 1850 F, SHOWING REPRODUCIBILITY

OF DATA
Type A Steel | Type B Steel
Proparty " Average  Standard Deviation{!)  Average  Standard Deviation(!)
"'Upia;r Yield Strength, psi ‘36,70(’) T 1900 86,500 540
',U‘l%imate S;rength, p-si- N 6'1,800’ '_ 1000 62,300 400
Elongation-in 8”, per cent 28.0 240 28.0 2.0
& "I'radsitiBn'Tc-erﬁp'erature, F 75 - 13 73 4.5
_ Tear Test
Keyhole Charpy T 14 ‘ 8.6 -15 7.1
:Carbon, per cent ‘ - 0.22 T 0.005 0.20 | '0.0-1-4
Manganese 0.465 0.017 0.76 0.037

(1) The standard deviation is the root-mean-square of the deviations of each observation from the

' average for that type of steel. The averages and standard deviations are for 8 Type A steels and
7 Type B steels made in the laboratory. Care was taken to secure reproducible results. Five
heats of each type of steel were made and tested in 1950, the others in 195]-
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the agreement was good for compositions and tensile properties
of different heats of the same type. The standard deviations
of the Ch-orpy transition temperatures are of the order expected
for this eriterion, according to Rinebolt and Herris(9)., 411
measurements on these heats fell within limits equal to twice
the standaerd deviations listed. This indicates the data were
obtained under "statistically controlled" conditions. The re-
producibility of the data appears to be satisfactory.

The Charpy data for the standard steels indicate that Type
B steelé are more resistant to brittle fracture than Type A steels.
The tear test, on the other hand, did not discriminate between
the two grades. ©Hince the differences in curbon and manganese
contents were expected to influence transition temperatures, this
point was studied intensively. Data in the next section indicate
that the difference in tear test transition temperatures between
Type A and Type B steels, expected on the basis of composition,

is within the limit of reprod¢ucibility of terr-test data.

INFLUENCE QF CaRBON AND MANGANESE

4 comprehensive study of the effect of carbon and manganese
on properties of ship-plate steel was made to supplement data re-
ported previously(2’5). Steels with manganese contents ranging
from 0.20 to 1.50 per cent, at each of five carbon levels, were
mede and tested. The steels were prepared by the standard pro-

cedures, thenforged and rolled in the usual manner to 3/4-inch
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plate. Chemical analyses of these steels are listed in Table 3.
Averages for the "standard" steels, discussed above, are listed
in the appropriaté places in the table.

Tensile properties and transition temperatures of the steels
used to establish the effects of carbon and manganese are listed
in Table 4. Since the carbon and manganese contents of the steels
were varied independently,; the series covers a range in tensile
strengths. PFigure 1 shows the effect of manganese-carbon ratio
on the tear~test transition temperature for seven steels with
tensile strengths between 60,000 and 64,500 psi. Data for
the other heats, except for two steels of entirely different
strengths, are plotted in Figure 2. Both graphs show that, at
equal strength levels, higher manganese~carbon ratios are desir-
able. This is also true, and the effect is more pronounced, in
Charpy tests.

Standard multiple correlation methods were used to develop
formulas for the various properties. These formulas and the

standard errors of estimate are as follows:

Upper yield strength, psi = 23,000 + 39,200 x %C + 7200 x %Mn

Standard error = 1500 psi

20,700 + 39,800 x %C + 8400 x %Mn
Standard error = 1300 psi

Lower yield strength, psi

Tensile strength, psi = 30,800 + 104,000 x #C + 13,000 x %Mn
Standard error = 2200 psi

38.2 - 32-6 X %C d 3.2 X %Mn
Standard error = 2.4%

Elongation
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TABLE 3. CHEMICAL ANALYSIS.:. OF 3/4-INCH LABORATORY STEEL PLATE
WITH VARIOUS CARBON AND MANGANESE CONTENTS

Composition, per cent

. Heat Number ¢ Mn, P 3 Si . N

0.15% Carbon Series ; ) . ‘
A7448 0.17 6.23 0.015 0.021 0.04 0.004
A6539 0.15, 0.41 0.017 . - 0.027. 0.02 ©0.004
"~ A6586 0.14 0.76 0.011 0.023 0.07 0.004
A7516 0.18 1.06 0.016 0.025 0.08 0.004
AT517 0.15 1.23 0.016 0.021 0.07 0. 004
i 0.20% Carbon Series L C
A6590 - 0.19 0.22 _ 0.015 0.026 0.05. .. . 0,003
A7532 0.19 0,45 7 0 0.015 0,031 0.03 0.004
Std. B steels 0.20 0.176 0.015n " 0.023 0.05 R 0.004
A7518 ©0.19 0. 96 0.017°~ 0.028 0.04 " 0.004
AT519 0.21 1.31 . 0.017 _  0.025 0.07 .~ 0.005
A6599 3,20 "e1.46 0 7 00015 0 T 0.022 0.06 0, 004
0.25% Carbon Series .
Ab589 0.25 0.23 0.016 0.024 0.08 0.004
. Std. A steels 0.22 - 0.46 0.014- - 0,024. 0.05 0. 004
A6547 0.21 0.83 0.015 0.028 0.05 0.004
..-A6554 0.18 0.93 - . 0.016 S0, 00 0.11 0.005
A6598 0.24 1.27 0.016 0.026 0.07 0.004
0.30% Carbon Series o
AT7520 0.27 0.21 0.014 0.027 0.02 0.004
ATE21 0.26 . 0.43- . 0.015 0.029 . 0.92 0.003
A7522 0,28 0.66 - 0.016 0.025 0.03 0.004
A7533 0.26 1.00 0.01s6 0.030 0,03 0.003
A?§24 0.31 -1.39 ) 0.018' . 0.026 - 0,03 1 0.005
o 0.35% Carbon Series
ATH27 0.31 2 0.21 0.016ﬂ 0.027 0.03 B 0.004
AR596 "0.34 0.49 o 0.015 - < 0.023 0.06 0.003
AB597 0.32 - (.80 - - 0. 017 0.024 0.06 0. 004
0 0 0. 004

AT525 0.31 .88 0.016 025 0.04




TABLE 4. TENSILE AND NOTCHED-BAR PROPERTIES OF 3/4~INCH LABORATORY STEEL
PLATES WITH YARIOUS CARBON AND MANGANESE CONTENTS

Tensile Properties , Tear-Test Properties Kevhole
Yield Energy to Energy io Charpy
Strength, Tensite Elongation Maximum Start Propagate Trans. Trans.
psi Stirength, in 8", Load, Fracture, Fracture, Temp, Temp,
Heat Ho. Upper Lower psi per cent fo ft-1b ft-1b F F

0.15% Carbon Series

A7448 33,300 28,700 50,700 35.0 33,510 950 670 50 +21
A6539 31,850 30,750 53,300 30.5 35,650 930 690 60 +10
A6586 33,000 32,000 54,400 28.0 38,490 1270 1130 40 -24
A7516 36,200 34,700 59,600 31.5 40,790 1220 840 40 -38
A7517 37,150 36,000 61,400 29.5 42,570 1180 870 30 -41
0.20% Carbon Series
A6590 33,100 31,450 55,100 30.5 34,110 840 T40 a0 +26
A7532 31,700 31,450 56,050 32.5 36,930 870 770 70 +12
Std. TypeB 35,350 35,350 62,250 28.0 39,460 870 750 73 -15
A7518 36,200 35,350 61,700 33.0 40,080 950 820 50 -21
A7519 37,700 37,000 64,200 29.0 43,570 980 810 50 -29
Ap599 43,850 43,400 72,350 24.5 46,820 970 850 60 -38
0.25% Carbon Series
A6589 34,050 32,800 58,400 29,5 35,180 820 670 100 +36
Std. Type A 36,950 35,150 61,900 28.0 37,030 780 660 75 +14
A6547 36,850 35,950 65,400 24.5 39,230 760 730 80 =27
A6554 38,550 37,100 64,900 29.5 40,920 890 800 70 -45

A6598 42,850 42,150 74,200 23.0 43,490 950 830 70 -60




TABLE 4. (Continued)

Tensile Properties Tear-Test Properties Keyhole
Yield Energy to Energy to Charpy
Strength, Tensile Elongation Maximum Start Propagate Trans. Trans.
psi Strength, in 87, Load, Fracture, Fracture, Temp, Temp,
leat No. Upper Lower psi per cent b ft-1b ft=1b F F

0.30% Carbon Series

AT7520 34,250 32,000 58,600 26,0 34,960 670 710 80 +67
A7521 36,450 33,900 62,300 30.0 36,800 720 710 100 +61
A7522 38,450 36,950 68,450 25.5 37,780 600 560 90 +22
AT533 41,900 39,250 73,600 27.5 43,240 700 640 80 -9
AT524 45,800 45,450 80,800 26.5 47,250 740 660 100 -4
0.35% Carbon Series
A7527 34,650 33,800 62,950 30.0 35,700 590 640 120 +90
AB596 41,300 38,550 72,900 21.0 36,470 520 570 120 +75
A6597 40,900 40,100 75,100 24.5 40,970 640 610 S0 +19

AT7525 40,500 40,100 76,250 27.0 43,790 670 540 90 +16
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Tear-test transition = +17 + 330 x %C - 23 x %Mn

temperature Standard error = 10°F

Keyhole Charpy

transition temperature = -19 + 349 x 4C - 7% x %Mn

Standard error = 15 F

These formulas indicate that manganese has a greater effect
on transition temperatures measured by Charpy tests than by tear
tests. The formulas for tensile properties of the experimental
steels agree quite well with those reported for commercial
steels(B).

Table 5 compares calculated transition temperatures for 25
commercial steels with sactual data obtained by Kahn(5) and
Battelle.  In all but one case, the actual and calculated Charpy
transition temperaturss agree within twice the standard error of
the formula. This indicates good agreement as do the group
averages for the actual and calculated temperatures.

On the other hand, only 1% of the 25 calculated tear-test
transition temperatures agree with actual values within twice
the standard error, 20 F, of the formula. Most of the calcu-~
lated temperatures are lower than the actual ones, probably be-
cause the commercial steels were rolled above 1850 F, the tem-
perature used for the steels on which the formula is based. As
will be shown later, increasing the rolling temperature 100 F

raises the tear~test transition temperature of commercial steel

20 F. The effect on Charpy transition temperatures is about 10 F
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TABLE 5. TRANSITION CHARACTERISTICS OF COMMERCIAL
SEMIKILLED, 3/4-|_NCH SHIP PLATE

Composition, B Actual Calculated
per cent Transition Temperature, F © Transition Temperature, F
Plate Code C - Mn Tear Test Keyhole Charpy ~ Tear Test = Keyhole Charpy
G-3 0.5 042 100 - 90 -
A 025 049 0 +10 89 L . 432
C 0.25 0.51 135 415 ‘8#.3 - +31
st om0 1w 417 TS
“ilse - 0w 0.58 100 S 414 71 © 410
$9 . 0.8 ;050 - 80 - +10 0 . 65 +7
5-10 0.19 0.54 90 0 68 . +8
S11 0 05 %0 +36 oon L +10
s&  om  oas o 1922 53 4
58x428 033 ° 0.55 130 ea3 SRRt 157
CLUBT79 - 025 0.4 - 80- . +20 91 IR T, i
‘ Avera‘g‘e“ . E‘ - E ) E +—19 E . : ;_*{_-h‘21. '
G-6. .. 018 - 0.9 50 - 55 . on. =i
5-2 017  0.60 110 . +7 | 60 . L~
521 0.22 0.81 70 | -5 71 =2
ge3 T 0 073 100 412 66 -5
§1 - 07 0.66 100 +19 © s g
~8:13 - - 0.17 0.68 90 ' -1 e 58 -10 %
0822 - - . 0.9 0.77 100 .. . 48 - 62 . =10 -
S20  0a8 0.73 80 +1 . 60 ~10
S0 019 o7 80 +10 e -10
S-18 017~ o043 © 100 -8 sz 14
"B 006 -- 076 - 60 Y Tt a4 - sz -19
.$-5 S 017 - 090 T . LHS T .53 : -27
50x42 021 ... 078 . 80 . .- .69, A
1046 020 077 50 =28 _66 =6

Average 0.18 0.76 81 -3 60 ~10
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for Type B steels and 5 F for Type A steels., If appropriate
corrections be made to the calculated temperatures, on the
assumption that the commercial steels were rolled at 1950 F,

the agreement is much better than indicated in Table 5.

VERIFICATION OF THE INFLUENCL QF 3ILICON

The first study(s) left some doubt about the effect of silicon,
in the range between 0.15 and 0.30 per cent, on the notched-bar
properties of the two types of steel. Raising the silicon con-
tent of Type A steels decreased the tear-test transition teumpera-
ture only slightly. On the other hand, the Type B steels showed
a significant decrease in transition temperature when the silicon
content increased from 0.01 to 0.15 per cent. Larger silicon con-
tents seemed harmful as shown by a steel containing 0.29 per cent
silicon which had a transition temperature 30 F higher than the
steel with 0.15 per cent silicon. Therefore, steels of each type,
containing about 0,21 per cent silicon were made and tested. The
compositions and mechanical properties of the two steels are listed
in Table 6.

Tear-test data for these heats are plotted in Figures 3 and L.

Tear-test properties of Type A steels are not affected ap-
preciably by changes in silicon content up to 0.30 per cent.
Figure 4 shows, however, that this is not true for steels with
lower carbon and higher mahganese contents. Apparently, silicon
contents between 0.10 and 0.20 per cent benefit steels with com-

positions otherwise meeting specifications for Type B steels. The



TABLE 6. TENSILE AND TRANﬂTKHLTEMPERATURE CHARACTERBTKS OF TYPE A AND TYPE B STEELS
OF VARIOUS SILICON CONTENTS(!). .

Tear-Test Properties

- Charpy

Tensile Properties . ,
Yield Strength Energy to  +. Energy to | - Keyhole
Grade _ rengtn, Tensile  Elong, . Max, Start Propagate Transition -Fransition
of  Heat Psi Strength, in Load, Fracture, Fracture, .Temperature, Temperature,
Steel No. Upper Lower psi 8", % b ft-1b ft-1b: ’ F ' F
Type A A7526 36,950 34,900 65,000 - 29,0 39,640 . 740 630 . 0. -12 I
i ) e ) i
Type B . A7528 36,350 35,950 63,630 32.5 41,920 980 - 750 50 -40

{1) Compors—'itidﬂs of. these steels were as follows:

iComposition, per cent ‘

¢ . Mn Si P -8 N
Heat A75206 0.30  0.43 0.20 0.618 0.027  0.005
Heat A7528 0.21 0:74 -0.21 0,018 0,030 0.004
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difference in behavior of silicon in the two types of steel suggests
an interrelationship between the effects of ecarbon, manganese, and

silicon. This possibility will be investigated later.

The influence of nitrogen in Type A and Type B steels was
studied by melting and rolling semikilled steels with various
nitrogen contents. These steels were made by adding caleium
cyanamide to the melt immediately before tapping. One additional
steel containing 0.017 per cent aluminum and 0.010 per cent nitrogen
was made to determine the combined effect of aluminum and nitrogen.
The chemical analyses of these steels are given in Table 7.

Duplicate tensile tests were made on all of the steels. A
summary of these tests is given in Table 8. The influence of
nitrogen on the tensile strength is shown in Figure 5. The Type
A steels and the Type B steels fall on the same trend line. This
shows that variations in nitrogen content have the gsame effect on
strength in both grades.

The addition of nitrogen raised the tear-test transition
temperature of both .gradesof steel. This is shown quantitatively
in Figure 6. Increasing the nitrogen content appears to be more
harmful in Type A than in Type B steels. The steel containing
0.017 per cent aluminum had the transition temperature expected for
aluminum-free steels with the same nitrogen content. This confirms

the tensile data indicating that in this type of steel the aluminum



TABLE 7. CHEMICAL ANALYSIS OF 3/4-INCH LABORATORY STEEL PLATE
WITH YARIOUS NITROGEN CONTENTS

Composition, per cent

Heat No. c Mn ... P . s Si - N,
- T
A6600 0.21 053 - .0.016 0,024  0.03 . .0.005
A7440 0.21  0.54 0.015 0.018 = 0.08 0.013
AT441 0.23 0.52 0. 014 0.018 .-0.07... 0.016
A6601 0.18  0.83 0.018 0.023  0.05  0.008

- AT439 0.18 - 0.84 - 0.015 ~ 0.0F7 - 0.0% 0.015
AT437 . 0.16  0.82 0.015 0,017  0.07 0.020

AT659% 0.16  0.76  0.016  0.031  0.05 0.010

*Contains 0.,01"7,1per cent alumirl_Lun:_



TABLE 8. TENSILE, TEAR-TEST, AND KEYHOLE CHARPY IMPACT PROPERTIES OF 3/4—INCH

HOT—ROLLED LABORATORY STEEL PLATE WITH VARIOUS NITROGEN CONTENTS(!

Tensile Properties Jear-Test Properties Kevyhole
Yield Energy to Energy to Charpy
Strength, Tensile Elongation Max imum Start Propagate Trans. Trans.
pPsi Strength, in 8", Load, Fracture, Fracture, Temp, Temp,
Heat Ho. Upper Lower psi per cent lb ft-1pb ft-1b F F
A6600 36,650 35,000 62,100 24.5 37,700 850 710 60 -8
A7440 40,250 3,750 67,250 28.5 37,280 630 530 130 +24 o
LS
AT441 42,200 39,350 69,350 26.5 38,520 5290 770 160 +42 |
A6601 39,650 36,950 63,250 26.0 38,470 880 700 .90 -30
A7439 42,700 40,650 70,700 29.0 40,500 710 710 130 +3
A7437 45,250 42,400 73,000 20.0 40,980 700 770 140 +20
* A7659 38,050 36,700 66,100 28.5 40,580 300 1100 100 -6

{1} Compositions given in Table 6.

*

Contains 0.017 per cent aluminum.
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did not combine with the nitrogen to reduce its effect.

The addition of nitrogen also raises the transition tem-
perature of keyhole Charpy specimens. Figure 7 indicates that
increasing the nitrogen content 0.001% increases the Charpy
transition temperature about 2.1 F. This holds for both types
of steel, The tear-test transition temperature was raised about
twice as much as the Charpy transition temperature for each in-
crease of 0.001l per cent nitrogen. The slopes of the lines in-
dicate that the tear test is more sensitive to the effect of

nitrogen.

t

FFLUENCE OF TITANITM, ZIRCONIUM, AND ALUMINUM

A i,

|

The influence of fitanium and zirconium was studied by adding
various amounts of these elements to semikilled steels of Type 4
and Type B composition. The amounts of these elements retained
in the final composition were below 0.10 per cent. The titanium
was added as ferrotitanium alloy immediately before tapping the
heat. The zirconium was added as a 40 per cent zirconium silicon-
zirconium alloy. Chemical analyses of these heats are listed in
Table 9.

The aluminum was added to steels with 0.01 or 0.05 per cent
silicon. In the case of the base steels with 0.0l per cent sili-
con, part of the aluminum (0.05 per cent) was added in plaée of
silicomanganese. This addition gave a total aluminum content in

the steel of 0.005 per cent. The remaining aluminum addition was
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added before tapping. The steels with 0.05 per cent silicon were
made by adding the aluminum at one time -~ immediately before
tapping. Complete chemical analyses of these steels are given
in Table 9.

The-tensile and notched-bar properties of these 25 steels
are given in Table 10. It will be noted that only titanium in-
creased the tensile strength of the steel plate; zirconium and
aluminum had no effeet on tensile strength. Along with the .
increase of tensile strength resulting from titanium, there was
a decrease in the ductility of the steel plate. The elongation
of the semikilled type of steel was not affected by the addition
of zirconium or aluminum. Aluminum additions to rimmed types of
steel seemed to increase ductility, as shown in the case of steels
of the low-silicon series.

The tear-test and the Charpy transition temperatures of both
grades of steel were increased by the addition of titanium. This
effect of titanium is shown in Figures 8 and 9. The tear~test
transition temperatures of the Type B steels with 0.02 and 0.0k
per cent titanium are lower than the average of the five standard
steels containing no added titanium, indicating that very minute
quantities of titanium probably lower the tear-test transition of
this greade of steel. The transition temperature apparently in-
creases, however, when the amount of titanium present exceeds

0,02 per cent.
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TABLE 9. CHEMICAL ANALYSIS OF 3/4-INCH HOT-ROLLED LABORATORY STEEL PLATE

Composition, per cent

Heat Number c Mn P S Si N Others

Titanium Series - Type A

AT667 0.23 0.45 0.015 0.028 0.07 0.004 0.03 Ti
A7668 0.23 0.45 0.016 0.027 0.09 0.004 0.08 Ti
A7665 0.23 0.47 0.016 0.020 0.10 0.004 0.10 Ti
Titanium Series - Type B
AT7669 0.19 0.76 0.020 0.026 0.04 0.003 0.02 Ti
A7670 0.19 0.76 0.019 0.027 0.05 0.004 0.04 1
A7671 0.19 0.79 0.020 0.028 0.10 0.004 0.10 Ti
Zirconium Series -Type A
AT7431 0.25 0.357 0.016 0.023 0.07 0.005 0.03 Zr
A6699 0.23 0.50 0.016 0.024 0.10 0.004 6.02 Zr
A7432 0.25 0.55 0.015 0.022 0.08 0.005 0.06 Zr
Zirconium Series -Type B
AT7433 0.19 0.85 0.018 0.023 0.05 0.004 0.04 Zr
A7434 0.21 0.85 0.015 0.023 0.12 0.004 0.05 Zr
A7435 0.21 0.87 0.027 0.023 0.17 0.004 0.06 Zr
Aluminum Series - Low Silicon = Type A
A6648 0.27 0.39 0.016 0.021 0.01 0.004 0.005 Al
AaT07 0.20 0.50 0,019 0.025 0.01 0.004 0.016 Al
A6708 0.21 0.52 0.020 0.025 0.01 0.003 0.027 Al
A6T09 0.21 0.53 0.018 0.025 0.01 0.004 0.075 Al
Aluminum Series - Low Silicon - Type B
A6649 0.22 0.87 0.015 0.022 0.01 0.004 0.005 Al
A7319 0.18 0.81 0.017 0.022 0.02 0.004 0.045 Al
A7320 0.20 0.85 0.016 0.025 0.02 0,004 0.060 Al
Alumipum Series - 0.05% Silicon -Type A
A7531 0.22 0.48 0.016 0.032 0.05 0.003 0.020 Al
A7661 0.21 0.45 0.015 0,033 0.05 0.003 0.045 Al
A7529 0.25 0.41 0.016 0.028 0.05 0.004 0.090 Al
Aluminum Series - 0.05% Silicon -Type B
A7660 0.20 0.74 0.017 0.032 0.05 0.003 0.015 Al
AT7662 0.20 0.75 0.016 0.028 0.05 0.003 0.045 Al

A7530 0.21 0.1 0.018 0.027 0.05 0.003 0.080 Al




TABLE 10. TENSILE PROPERTIES AND NOTCHED-BAR PROPERTIES OF 3/4-INCH LABORATORY
STEEL PLATE WITH VARIOUS TITANIUM, ZIRCONIUM, AND ALUMINUM CONTENTS

Tensile Properties Tear-Test Properties Keyhole
Yield Energy to Energy to Charpy
Strengtn, Tensile Elongation Max imum Start Propagate Trans. Trans.
psi Strength, in 8", Load, Fracture, Fracture, Temp, Temp,
Heat No. Upper Lower psi per cent 1b ft=1b ft-1b F F

Titanium Series - Type A

AT667 40,550 39,000 66,400 27.5 39,270 770 680 110 +41

AT668 39,560 37,400 66, 900 27.0 40,760 870 790 120 +51

AT665 43,250 40,800 69,650 23.5 42,320 850 770 160 +64
Titanium Series - Type B

A7669 37,500 35,850 62,050 29.5 40,340 990 760 50 -15

A7670 37,100 35,600 61,400 28.0 40,630 1050 780 60 -13

AT6T1 46,050 44500 70,000 25.5 44, 440 950 810 150 +37
Zirconium Series -Type A

A7431 34,550 31,350 63,250 28.5 40,480 890 790 60 -5

A6699 30,550 30,300 64,200 26.0 38,880 780 680 100 15

A7432 29,700 29,650 63,950 27.5 39,180 780 790 70 -17
Zirconium Series -Type B

A7433 31,700 31,000 62,850 29.5 41,630 1010 870 50 +2

AT7434 34,850 33,200 64,550 31.5 41,430 1010 720 50 -42

A7435 31,500 31,300 65,050 29.5 41,230 910 820 90 -43

Aluminum Series - Low Silicen - Type A

A6648 38,000 37,200 65,800 27.0 37,150 660 680 100 -14

A6707 35,400 33,400 59,000 28.5 36,400 870 720 50 0

A6T08 38,350 35,450 61,550 30.5 38,000 910 670 80 -2

A6T09 35,750 34,150 59,830 33.0 38,800 94.0 800 50 -40

—.Og_



TABLE 10. (Continued)

Tensile Properties Tear-Test Properties Keyhole
Yield Energy to Energy to Charpy
Strength, Tensile Elongation Maximum Start Propagate Trans. Trans.
psi Strength, in 8", Load, Fracture, Fracture, Temp, Temp,
Heat No. Upper Lower psi per cent Ib ft=-1b ft-1b F F
Aluminum Series - Low Silicon - Type B
A6649 37,700 36,850 64,700 24.0 39,490 800 730 80 -14
A7319 35,200 33,850 59,250 30.0 38,590 1040 840 80 =22
A7320 34,400 33,400 59,550 32,0 39,300 580 810 70 -20
Aluminum-Silicon Series - Type A
A7531 35,550 33,950 60,550 32.5 38,080 860 850 80 2
AT661 33,350 32,800 59,800 31.5 38,330 930 780 80 -6
AT5289 37,750 34,800 62,450 31.5 38,800 780 780 80 -5
Aluminum-Silicon Series - Type B
A7660 36,050 34,600 61,400 31.0 39,470 930 830 70 -20
AT662 36,300 34,450 62,450 28.5 40,600 1020 760 60 -29
AT530 36,600 35,400 62,550 31.0 41,140 930 630 40 -61

_Tg-
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Zirconium had no detectable effect on the Charpy notched-
bar transition temperature of Type A steel. The transition tem-
peratures of the Type A steels are all within the range of the
standard steels without zirconium. The Type B steels with low
zirconium contents have the loweyt transition temperatures. Wien
however, 0.10 per cent zirconium is added, the transition tempera-~
ture is higher than for steels with no zirconium. In this grade
of steel, the effect of small quantities of zirconium appears to
be not unlike that of titanium. Further studies are needad to
establish the effect the zirconium in the two grades of steel.

Tﬁe Charpy transition temperature was lowered by the addition
of zirconium.

Small additions of aluminum decrease the notched-bar transi-
tion temperatures of most grades of steel. Figure 10 shows the
tear-test transition temperatures of the laboratory steels treated
with different amounts of aluminum. Three of the four series of
steels showed increasing toughness as the aluminum additions in-~
creased. The Type A steels containing 0.05 per cent silicon were
an exception. The three steels of this base composition had the
same transition temperature even though the aluminum contents
varied from 0.02 to 0.09 per cent.

The influence of total aluminum content on keyhole Charpy
transition temperature is shown in Figure 11l. The aluminum con-
tents of the steel were determined spectrographically. 1In all
cases, the transition temperatures decrease somewhat with an in-

crease in total aluminum content. The Type A steels appeared to
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behave in an unusual manner. The transition temperature of the
0.05 per cent silicon steel appeared to decrease with small amounts
of aluminum and then remained constant. The transition temperature
of the 0.0l per cent silicon steel tended to increase slightly

on increasing the total aluminum content from 0.005 per cent to
0.016 per cent, but then decreased rather sharply up to 0.075

per cent aluminum.

The apparent difference in the effect of aluminum in the two
different grades of steel and at the two different silicon levels
suggests the need for additional work. Several heats have been
made to supplement the work already done and will be tested in
the continuation of the program.

An interesting comparison of the effects of titanium, vana-

2) aluminum, and silicon on the tear-test transition tem-

dium,(
peratures of the two classes of steels is shown in Figures 12 and
13. In Type A steels, small additions of the elements, titanium
and vanadium, tend to increase the transition temperature, while
small additions of aluminum and silicon have no effect on the tran-
sition temperature. In Type B steel, with its higher manganese
content, small amounts of titanium, aluminum, and silicon tend to
decrease the transition temperature. Additional amounts of ti-
tanium and silicon increase the transition temperature. Steels
with vanadium contents between zero and 0.09 per cent have not

been tested, so that its effect in very small quantities has not

been determined. For that reason, the curve for vanadium in
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Figure 13 shows no evidence of an initial decrease in transition

temperature with this element, if such a decrease exists.,

SPECIAL STEELS

The advisory Committee .recommended that steels containing
vanadium and phosphorus be made with reduced carbon ccntents so
that their tensile strengths would be approximately 60,000 psi.
Along with these steels, two steels containing 0.10 per cent moly-
bdenum with normal carbon sontents were also requested. Chemical
"analyses of these steels are shown in Table II.

The tensile properties and notched-bar properties of these
steels are given in Table 12, The tensile strengths of the vanadium
and phosphonus steels ranged from 59,000 to 60,600 psi. The addi-
tion of the 0.10 per cent molybdenum increassd the tensile strength
approximately 3,800 psi.

The tear-test and Charpy transition temperatures of the vanadium
steels are no different from the standard Type A and Type B steels.
The phosphorus steels had high tear-test transition temperatures
but had approximately the same Charpy transition temperatures as
standard Type A steels. BecausSe there was only one steel of each
class in which 0.1 per cent molybdenum was added, it was not possible
to establish, with any precision, the effect of molybdenum on the

transition temperatures.



TABLE 11. CHEMICAL ANALYSIS OF 3/4-INCH LABORATORY STEEL PLATE
(Special Steels)

Composition, per ‘cent

Heat Number C Mn P S Si N Other

Vanadium Series

AT446 0.19 0.48 0.014 0.017 0.07 0.004 0.03V
A7310 0.19 0.49 0.018 0.022 0.08 0.003 0.06 V
AT447 0.17 0.83 0.015 0.016 0.08 0.004 0.03V

A7311 0.14 0.86 0.021 0.023 0.10 0.003 0.06 V

Phosphorus Series

A7312 0.13 0.52 0.105 0.023 0.10 0.004 --
A7436 0.09 0.47 0.095 0.022 0.05 0.005 0.02V
A7442 0.14 0.48 0.099 0.020 0.05 0.004 0.06 Mo

Molybdenum Series

A7313 0.24 0.49 0.017 0.023 0.07 0.004 0.10 Mo
A7314 0.21 0.75 0,017 0.021 0.07 0.003 0.10 Mo




TABLE 12. TENSILE AND NOTCHED-BAR PROPERTIES OF 3/4—INCH LABORATORY STEEL PLATE
(Special Steels)

Tensile Properties Tear-Test Properties Keyhoﬂ:
Yield Energy to Energy to Charpy
Strength, Tensile Elongation Max imum Start Propagate Trans. Trans.
psi Strength, in 87, Load, Fracture, Fracture, Temp, Temp,
Heat Mo. Upper Lower psi per cent b ft-lp ft=1b F F
Vanadium Series i
AT446 36,000 34,850 59,000 33.0 37,920 930 690 80 +3 ﬁ;
A7310 39,500 37,750 60,600 28.0 37,770 760 740 70 +12 t
A7447 38,400 35,650 59,500 32.0 36,830 1080 770 60 -16
A7311 39,100 38,350 60,600 28.5 40,280 960 800 70 -36
Phosphorus Series
A7312 37,850 36,500 60,100 28.0 38,640 1050 770 120 +30
AT436 39,600 38,000 59,150 30.0 41,600 1270 710 100 -2
AT442 38,200 36,350 58,700 32.5 38,270 1140 680 1190 +12
Molybdenum Series
A7313 39,900 36,050 63,000 27.0 36,770 670 640 100 +20
AT314 38,900 37,500 64,900 25.0 40,160 940 630 60 +12




4.

GRAIN+SIZE MEASUREMENTS

deveral investigations(273) have indicated that ferrite grain
size influences the transition temperatures of low-carbon and ship-
plate steels. Therefore, grain-size measurements were made on
many of the steels tested during this investigdtion on d eoxidation
and composition. '

Various methods(”) of measuring ferrite grain size were in-
vestigated. . They included counting grains in measured areas,
counting grains intercepted by lines of fixed lengths, comparisons
with charts of standard micrographs, and visual comparisons of
fractured surfaces. All of these methods were used to determine
the ferrite grain sizes of a series of heat-treated samples from a
particular Type A ship-plate steel. This steel, designated by
earlier investigators as Project Steel "A", contained 0.25% car-
bon, 0.%9% manganese, 0.011% phosphorus, 0.04% silicon, ahd 0.045%
sulphur. The samples were prepared by austenitizing at tempera-
tures between 1400 and 2000 F and cooling them at different rates.
These treatments produced a wide variety of grain sizes and micro-
structures. This study indicated that counting grains within
measured areas was the most reliable method of determining ferrite
grain size. It was used, therefore, in evaluating the effect of
grain size on transition temperatures.

With the method used in this investigation, the amount of
pearlite in the microstructure affects the ferrite grain-size

counts. Therefore, the percentage of pearlite was estimated,
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by the point countiﬂgiMetﬁg&;ufortmost-of“the samples. Table 13
.shows that the staﬂﬁéraJTypéﬁkfaﬁd‘T&bé B ‘steeTs ¢ontained about
.15 per cent pearlite. -If theamount of peariite in'a steel varies
appreciably from this’vélue, %his fact: must bé' tonsidered in
“ comparing data obtained’ by dther methods. -1+

Figure 1% shows the relationship between ferrite grain size
and the tear-test transition temperature of-Prdject Steel "A"
cooled iﬁ air from various austenitizing temperatures. Loﬁef\
rnormalizing temperatures resulted in smaller ferrite grain sizes
and substantial improvements in toughness.- The ferrite grain
sizes of these specimens were determined by"avéréging counts
:made on specimens:taken paralled aMd fr&hé%@%%é‘féyfﬁe%%olling
diréction of the plate. « - . @ik SR

The effect of f£inishing température oh the’ relationship be-
“tween the tear-test transition temperature foi two steels is
illustrated in Figure 15. Thesé grain counts are for longi="
tudingdl sections and show.the same trend as those for normalized:
-specimérnis,. 'The graphs show a good correlatidn between grainﬁgfgg
.and transition témperature for either grade of ship plate."nbﬁer
finishing téfipefatures resulted in finer ferrite grain sizes and
lower transition temperatures. 1

Figure 16 shows the ferrite grain sizes and transition tem~
peratures for plates of Type A steel rolled at 1650 and 1850 F.

Figure 17 gives similar irformation ‘on Type®B steels. For both
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TABLE 13. TRANSITION TEMPERATURES AND GRAIN-SIZE DATA FOR
STANDARD EXPERIMENTAL HEATS OF TYPE A AND B STEELS

Keyhole Ferrite
Tear-Test Charpy Grain Size*,
Heat Type Finishing Transition Transition grains/sq in. Pearlite,
Numbe r of Steel Temp, F Temp, F Temp, F at 100X %
A-1 A 1650 +50 -2 134(140) --
A-2 A 1650 +45 -16 125(118) --
A-3 A 1650 +55 +16 128(125) .-
A-4 A 1650 +50 0 153(163) -
A-5 A 1650 +50 +10 143 --
B-2 B 1650 +40 -16 92(103) .-
B-3 B 1650 +4.0 -32 87 ** --
B-4 B 1650 +40 -25 118(113) --
B-5 B 1650 +40 -34 141(157) --
B-6 B 1650 0 -38 147*+*
A-6424A A 1650 +50 -- 119** 11
A-6424B A 1750 +60 -- 87+ 19
A-6424C A 1850 +95 -~ T3** 15
A-6365A B 1650 +10 -- 132%* 15
A-6365B B 1750 +20 -- 9g* 12
A-6365C B 1850 +40 -- TH** 13
A-6555 A 1850 80 +12 157 --
A-6556 A 1850 70 +4 103 --
A-6587 A 1850 100 +12 82 -
A-6650 A 1850 70 +25 91 17
A-6705 A 1850 60 +5 97 .-
A-6557 B 1850 70 ~13 93 --
A-6584 B 1850 70 -6 92(96) --
A-6588 B 1850 70 -20 7 17
A-6641 B 1850 80 -25 94 18
A.6651 B 1850 70 -24 73 14

* Determined by counting method; average values for counts on longitudinal and transverse
sections. Values in parentheses were obtained by a second investigator.

#* Counts on longitudinal sections only.

*** Questionable value; not plotted in Figure 16.
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grades, the trend is for lower transition temperatures and finer
ferrite grain sizes with lower rolling temperatures. The rela-
tionship between transition temperature and ferrite grain size
is general rather than precise when several steels are considered.
This indicates that the tear-test transition temperatures are
sensitive to small differences in the steels not reflected by
ferrite grain sizes.

Table 13 shows that the grain-size data for these steels gave
a better correlation with tear-test transition temperatures than
with Charpy transition temperatures. -

Figure 18 shows the influence of cooling rate from various
austenitizing temperatures on the grain size of Project Steel "A".
Faster cooling rates gave smaller ferrite grains. According té
the information on this steel discussed above, refinement of
ferrite grain size should improve the toughness. This suggests
that accelerating the rate of cooling from the hot-rolling tem-
perature may improve the tear-test properties of ship-plate steels.
This possibility will be checked in laboratary tests because it is
easier for commerclal mills to control cooling rates than finishing
temperatures.

Table 14 presents grain-size and notched-bar transition tem-
perature data for a number of laboratory steels varying in com-
position. The series contains steels with cdnsiderable variations

in carbon, manganese, silicon, phosphorus, and vanadium contents., -

Increasing the carbon or manganese content of a steel increases
the amount of pearlite. This reduces thie nuuber of ferrite grains

in a standard volume of metal independently of the actual size of
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TABLE 14. TRANSITION TEMPERATURES AND GRAIN-SIZE DATA FOR
EXPERIMENTAL HEATS OF TYPE A AND B BASE STEELS
WITH VARIATIONS IN CARBON, MANGANESE, PHOSPHORUS,
SULPHUR, SILICON, AND VANADIUM CONTENTS

Keyhole Ferrite
Base Tear=-Test Charpy Grain Size*,

Heat Composition Eiement Transition Transition grains/sq in. Pearlite,
Number of Steel Varied, % Temp, F Temp, F at 100X %
A-6539 Axe 0.16 C +60 +10 66(76) --
A-6596 A 0.35 C +120 +75 106 26
A-6586 B 0.14 C +H0 -24 84 6
A-6597 B 0.32 C +90 +19 111 23
A-6589 A (.26 Mn +100 +36 93 --
A-6598 A 1.28 Mn +70 -60 82 24
A-6590 B 0.22 Mn +90 +26 80(90) --
A-6599 B 1.46 Mn +60 -33 101 21
A-6135 A 0.011 P +80 -1 102(107) --
A-6652 A 0.038 P +110 +20 T4 20
A-6T706 A 0.054 P +110 +50 66 --
A-6638 B 0.016 P +60 -26 84 --
A-6653 B 0.046 P +90 -11 89 18
A-6655 B 0.053 P +110 +10 71 16
A-6647 A 0.042 8 +60 +10 82 13
A-6646 B 0.045 3 +50 -24 81 15
A-6602 A 0.02 Si +80 +14 72 14
A-6594 A 0.11 Si +80 -7 158 --
A-6657 A 0.15 Si +70 -2 7 19
A-6696 A 0.31 51 +70 -28 66 17
A-6603 B 0.03 81 +80 -29 89 16
A-6595 B 0,13 S1 +40 -43 100 16
A-6695 B 0.16 81 +30 -57 70 20
A-6697 B 0.29 51 +60 -29 91 18
A-6642 A 0.08V +80 +15 16 20
A-6368 A 0.09V +100 +10 104%* 19
A-6366 A )19V +160 +73 108** 21
A-6643 B 0.08 V +70 -25 92 12
A-6644 B 0.12V +100 -20 92 15
A-6645 B 0.20V +160 +70 92 17

* Determined by counting method; average values for counts on longitudinal and transverse
sections. Values in parentheses were obtained by a second investigator.

#* Counts on longitudinal sections only.

*** The finishing temperature during hot rolling was 1850 F for all steels.
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the ferrite grains. Increasing carbon raises the transition tem-
perature, but higher manganese contents improve toughness. There-
fore, the ferrite grain counts do not correlate closely with transi-
tion temperatures of‘steels differing in'cgrbon Or manganese con-
tents. ' | |

Varying the silicon content from 0.02 to 0.31 per cent did
not cause consistent changes in the grain size of the Type 4 or
Type B steels. Nevertheless, in both grades, there were sigﬁifi-
cant differences in Charp& transitioﬁ temperatures associated with
changes in silicoh conteﬁts. The tear tests also indicated that
the Type B steel, containing 0.16 per cent silicon, was signifi-
cantly tougher fhan the other steels in this series.

Increases in phosphorus contents were accompanied by coarsening
of the ferrite grain size and loss in toughness-as ﬁeasured by
either Charpy or tear tests. Conﬁersély, vanadium'additiops
lowered the toughness of Eoth‘érades of steel without affecting
the grain size.

In general, the data for these steels indicate tiat the effect
of ferrite grain size on notched-bar properties-is-often outweighed
by other effecté 6f changes in composition.

LNFLUENCE OF FINAL HOT-ROLIING TEMPERATURE
ON PROPERTIES OF COMMERICAL STEELS

A study(g) of two laboratory steels indicated that the transi-

tion temperature was raised by increasing the finishing temperature



-5

e

of hot-rolled'3/4-iﬁoh:steel plate. £ similar investigation was
made oﬁ commercial steel of siﬁilarﬁahelysis. Two ‘steel companies
cooperated by prOV1d1ng sectlons of 3/4-inch pléte"and 1-3/4-inch
plate. Each producer supplied plates of the two gages from the
same heat. Another steel company furnished a ?/H-lnch plate of
_rlmmed steel. Chemlcal analyses of these steels are shown in
Table 15. - :
| The 3/ﬁ—inch plete was tested‘ipfthe as-recived condition.
The 1—3/H-1nch plate was d1v1ded into two portlons and rerolled.
The steels were rerolled using flnishlng temperatures of 1650 F.
and 1850 F ' Steel Company'"ﬁ" shipped twice the quantity of 1-3/k4-
1nch plate as Company nyn, ThlS made it possible to reroll-the
mx steel at four flnlshlng temperatures.
- The 1-3/4—inch slabsmere heatéd to 2250 F and were rolled to
Q. 9—1nch gage,Lu51ng reductlon ‘of approximately 1/6 inch per pass.
The O. 9-inch-gagﬂ plates were 1mmedidtely rechargea in a-furnace.
held at the desired finishing temperature. After 20 minutes or
more iﬁ“this'furnace;Lthe,pletes:@ere rolléd to 3/4 inch in one
pass. FollgWihg'the final peSS,lthe3plates were placed on edge
on a brick floor, with & brick separating each plate, and allowed
to air cgol. This procedure is the same as that used for slabs
from heats made in the laboratofy,l ' | h
Dﬁplicate‘teﬁslleJtest épeciméﬂs“weré teken‘from’eech plate.
The tensile propepties‘éfeHShowﬁ{iﬁ:Tépleul6.' It will be noted

that the yield strength decreased with an increase in finishing
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TABLE 15. CHEMICAL ANALYSIS OF COMMERCIAL STEEL PLATES

Composition, per cent

Grade of Heat Manufacturing

Steel No. Company c Mn Si P S N
Type A 58 x 428 Company X 0.33 0.55 0.08. 0.009 0.032 0.005
Type B 50 x 426 " 0.21 0.78 0.08 0.010 0.033 0.006
Type A 5779 Company Y 0.25 0.44 0.02 0.007 0.0s1 0.005
Type B 1046 " 0.20 0.77 0.14 0.009 0.029 0.005
Type A 24666%* Company Z 0.23 0.40 0.01 0.021 0.031 0.005

** Rimmed steel.
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TABLE 16. TENSILE PROPERTIES OF COMMERCIAL STEEL REROLLED TO

3/, -INCH PLATE USING VARIOUS FINISHING TEMPERATURES

Yield
Stre“ch* Tensile Elongation
Heat Finishing psi Strength, in g,
No. Temp, F Upper Lower psi %
58 x 428 1650 40,250 39,200 69,550 27.0
1850 41,450 38,300 69,900 28.0
1950 39,700 37,700 69,800 26.5
1960* 35,350 34,250 71,350 26.0
2050 38,550 35,900 68,950 25.0
50 x 426 1650 39,650 38,700 61,000 31.5
1850 35,950 34,750 59,250 33.0
1950 35,350 34,400 61,550 30.0
1970* 32,700 31,000 59,050 30.5
2050 34,000 33,250 61,300 30,5
5779 1650 35,800 34,400 59,200 34.0
1700* 33,600 32,600 59,100 30.0
1850 35,100 33,600 59,500 32.0
1046 1650 39,350 37,450 61,250 34.0
1700* 36,950 32,800 60,900 31.0
1850 40,700 39,100 66,250 28.5
24666 1725* 31,300 29,200 59,450 27.0

* Commercial rolled 3/4-inch plate.
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temperature. The yield strength of the commercial rolled 3/4%-
inch plate is much lower than the laboratory rerolled nlate of

the same finishing temperature. This might be due to a difference
in cooling rates from the finishing temperature. The elongation
decreased as the finishing tempersture was incressed.

The tear-test and keyhole Charpy transition temperatures were
determined for each plate. These Temperatures are shown in Table
17. The effect of finishing temperature upon the tear-test transi-
tion temperature of Type A steel is shown graphically in Figure
19. For this figure, the transition temperatures of the Type A
steels were corrected to correspond to a 0.25 per cent carbon
and 0.45 per cent manganese steel. The corrections in transition
temperatures, for slight differences in carbon and manganese con-
tents, were based on the formulas given on page 14 of this report.
The Battelle steel is included for comparison. All Type A& steels
finished at 1650 F have approximately the same transition tempera-
ture. The transition temperature of the Battelle laboratory steel
increases lmmediately after raising the finishing temperature above
1650 F. The transition temperature of the commercial steels in-
creased only when finished above 1850 F.

Ihe effect of finishing temperature upon the tear-test transi-
tion temperature of Type B steel is shown graphically in Figure 20.
Here, the transition temperatures of all plates are corrected to
a 0.21 per cent carbon and 0.75 per cent manganese steel. The

transition temperatures of all three steels are alike when finish
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., TABLE 17. TEAR-TEST PROPERTIES, KEYHOLE CHARPY TRANSITION

L TEMPERATURES, AND FERRITE GRAIN SIZES OF
COMMERCIAL STEEL .REROLLED TO 3/4-INCH PLATE
AT VARIOUS FINISHING TEMPERATURES

Tear-Test Properties

Keyhole ‘

) - Energy to Energy to . Lharpy - Ferrite

Finishing Max Start Propagate Trans. Trans. Grain Size,
Heat Temperature, Loadé P Fracture, Fracture, Temp, ~Temp, '':gktdins/sq in.

Number F ’ 1b ft=1b ft-1b F F’ at 100X
58 x 428 . 1650 40,190 i, 60 - | 720 +.90 +17° 112
1850 39,440 630 590 90 127 89
1950 - 37,530 640 560 110 35 98
1960+ 40,040 550 580 130 +43 .66
2050 36,430 520 560 130 439 80
50 x 426 1650 2,70 1200 1070 50 .57 .93
: 1850 + - 39,040 " - 1260 1230 350 C 3 69
1950 . 40,630 - 1060 - 760 . .80~ .23 79
1970 40,640 1100 870 80 24 61
2050 39640 - 1130 740 90 -16 68
5719 . 1650 38,650 890 1110 80 21 113
©1700% - . 38,270 . 820 - 1120; - 80 120 106
1850 36,830 810 o180 0 +15 80
1046 1650 41,970 1130 2010 40 44 92
1700 41,000 1080 - 1090 500 .28 50
1850 . 40,920 1060 - 1170 . 50 . --:-49 73

24666 1725* 34,330, . 480 460 - - 80 +82 -8l

* Plates rolled commercially.
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rolled at 1850 F. The transition temperature of the Battelle
steel decreased with reduction in finishing temperature below 1850
F, but the commercial steels were unaffected by this change. The
transition temperatures of the two commercial steels increased
when the finishing temperature was increased above 1850 ¥. (Quali-
tatively, the laboratory and commercial steels respond alike to
increasing finishing temperatures, but the points of inflection
of the curves are near 1650 and 1850 F, respectively, for the
steels in question.

The influence of finishing temperature upon the Charpy transi-
tion temperature of Type A steel is shown in Figure 21. The tran-
sition temperature of Battelle steel and Company "X" steel in-
creased with an increase in finishing temperature; lThe transition
temperature for steel from Company "Y" changed very little with
finishing temperature, though the téndency seemed to he for the
transition temperature to decrease slightly with increased tem-
perature. 1t will also be noted that the transition temperature
- of Battelle steel was approximately 45 degrees higher than that
of the steel for Company "i".

The effect of finishing temperature on Charpy transition
temperature on Type B steels is shown in Figure 22. The effect
was the same for the Type B steels as it was for the Type A steels.

The ferrite grain size of all steels was determined by counting

the number of ferrite grains in a 2-inch square laid cut on a
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photomicrograph taken at 100 magnification. This count was divided
by four to give the number of ferrite grains per square inch at 100
magnifications. The results of this experiment are listed in Table
17 and are shown plotted against finishing temperature in Figure 23.
Although there is considerable scatter from the averagé curve,
nevertheless, there is a definite trend of smaller grain size with
decreasing finishing temperature. The commercial steel from Com-
pany "Y" showed the largest variation from the average curve.

Thé influence of grain size upon the tear-test transition
temperature is shown in Figure 24. These curves indicate that
there is a good correlation between grain size and transition
temperature for any particular steel. Steels from Company "X"
behaved somewhat differently than steels from Company "Y", the
fqrmer showing much greater changes in transition temperature
with grain size than the latter steels.

The effect of grain size upon the Charpy transition tempera-
ture is shown graphically in Figure 25. Both of the Type A
steels show the same change in transition temperature and grain

size.
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The indications were that the effect of grain size variation on
transition temperature was slightly greater for Type B steels

than for Type A steels.

SUMMARY AND CONGLUSIONS

Consistent and reproducible data were obtained on semikilled
laboratory steels made and tested at intervals over a two-year
period. This indicstes that considerable confidence can be
placed on laboratory data showning the effects of wvariations
in composition and processing on properties of ship-plate steels.

Variations in the final rolling temperzture affect the Navy
tear-test and Charpy properties of semikilled ship plate. In
general, lower finishing temperatures on steel prepared in the
laboratory give lower transition temperatures. The transition
temperatures of commercial plates rerolled in the laboratary
also tended to change with finishing temperature but not until
the finishing temperature was above 1850 F.

Formulas for calculating tensile properties and notched-bar
transition temperatures were developed from data obtained on a
comprehensive series o0f experimental steels. For a particular
strength level, steels with higher msnganese-carbon ratios have
19wer transition temperatures. The influence of nitrogen in
raiging the strength and transition temperature of semikilled
steel was studied. Increasing the nitrogen of both Type A and

Type B steels from 0.00% to 0.02 per cent increased the tensile
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strength about 10,000 psi and raised the tear-test .transition
temperature about 80 F and the Charpy transition temperature about
B F. L e

Heats treated with zirconium in amounts ranging from 0.06
.t0.0.10 per cent were made and tested. Results of Navy. tear
tests and‘Charpy tests do not justify conclusions on the effect
of this element.. In;this,respect, they agree with unofficial

reports from the steel industry, that the effect of zirconium is

. not established.

Small additions of aluminum to steels withr low silicon con-

.. tents usually lowered the tear-test and Charpy transition- tempera-
tures. The effect of a specific addition varied with the com-
position of the base metal, the effect being greater in steels of
Type B than in steels of Type A.

The presence of titanium in excess of 0.02 per cent seems
to increase the transition temperature of both Type A and Type
B type ship plate. In the range up to 0.02 per cent titanium,
the transition temperature of Type B steel appears to be lowered
by titanium.

Increasing the ferritic grain size of a particular steel by
austenitizing at increasingly higher temperatures raises the
transition temperature. The ferrite gralin size was also increased
by decreasing the raté of cooling from the austenitizing tempera-

ture. No correlation was found between transition temperatures and
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ferritic graln sizes determined by a counting method of ship steels
which varied in compositlon over a fairly wide range. Thls fs
-;particularly true when both manganese and carbon contents are
varied.~ Both elements affect the amount of pearlite in the
microstructure. As the amount,of pearlite changes, the number
of ferrlte gralns 1n a given volume of metal change, though the
size of the 1ndivxdual ferrite grains may remain unchanged. For
that reason the effect of ferritic grain size on tran51tlon temper-
ature is often out-weighed by effects from changes in comp031tlon.
Thls 1nvestiget10n is being .continued under Contract NObs
53239, Index NS~011-078 The influence of grain si%é and 'in-
terrelated effects of deoxidizing elements will be glven con-

-

tlnued attentlon.
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TABLE 1B. DUNAVY TEAR-TREST DATA FOR TYPE & AND
TYPE B STLELS IN THE REPRCGDUCIBILITY
STUDY
Energy to Energy to
Teating Mascimum Start Propagate # Shear
Heat Specimen Temperature, load, Frasture, Frasturs, in
Numbar Humber F Pounds Ft =Lb Ft -Ib Fracturs
TABLE 14, TaZ#SITE-TEST DAT4 FOR CLASS A& AND
CLASS B STEELS IN THE REPRODUCIBILITY 6650 W 7 37,550 7 133 5
STUDY 2 80 35,800 858 592 100
81 80 37,200 842 750 100
M2 20 36, 00 767 575 100
Pl 40 36,550 800 650 100
Yield
Strength, Tensile Elongation A-6705 P2 €0 36,100 817 66 5
Heat 3pecimen psi Strength, in & In.,
Humber Wurber Tpper Tower pei Lkl 70 35,600 733 16 100
R1 F0 37,000 817 600 100
A-BE50 1 35,300 34,100 £0,200 27.0 Q2 70 37,000 750 733 100
2 35,500 34,400 60,900 29.5 M2 70 36,000 700 383 o0
1-6705 1 35,700 35,800 62,500 22.0 A-T6E63 2 &0 37,950 790 5 5
2 37,k00 36,000 63,500 27.0
M1 0 37,500 775 650 100
A=7663 1 35,100 34,600 60,800 29.0 F1 70 37,700 TEE 142 10
2 35,000 3h,Lo0 61,400 33.5
B2 80 37,150 T30 50 15
A-B651 1 36,200 35,700 62,000 28.0
2 38,200 35,700 62,600 29,5 01 30 37,250 824 633 100
Q2 90 37,500 885 133 15
A-TESL 1 36,100 34,600 62,100 27.5
2 36,100 35,000 62,560 32.0 Rl 100 37,500 910 885 100
R2 100 37, €00 800 842 160
51 100 37,900 842 665 100
32 100 37,750 915 757 100
A-6651 ML &0 39,550 833 616 100
P2 €0 38,700 892 725 95
R1 &0 38,300 842 158 5
52 70 38,500 858 125 10
il 80 38,200 757 807 100
Q2 80 38,700 891 T30 100
R2 80 37,700 8&7 T4L 100
H2 80 39,100 992 600 100
A-7664 N2 &0 39,250 1,020 216 10
N1 70 39,150 935 T4HO 100
Pl 70 39,250 1,020 815 100
P2 70 38,750 950 S8 15
Gl 20 39,300 925 275 25
jard 90 39,400 361 784 100
R1 a0 38,700 950 T34 100
R2 90 38,950 875 T34 100
381 o0 39,100 G958 T07 100




CHARPY IMPACT-TEsT DATA FUR TYPE 2 AND

T4 =Ib

TABLE 16 TYPE B STEELS IN THE REPRODUCIBILITY
STUDY
Tosting Temperature Tm
Ngx:%:r . F F ! ot Togh 2nd Tont

- 120 33 35
fogesd 75 3l 32
40 a7 28

20 2L &

0 11 5

=40 3 3

= 7 32 30
et Lg 22 27
[ 18 20

=40 2 2

! g0 3l 22
1768 50 27 27
40 ik 25

30 24 23

20 24 20

10 19 2L

o 14 &

~ 75 38 37
A=6651 s o £
20 3 34

Q 31 a3

=40 3 4

=80 2 2

- -] a 37
e 40 34 33
30 EE] 26

20 30 28

10 25 3

0 26 20
~10 5 26

-20 16 10

=40 4 5
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TARLE 24,

TENSIIE-TEST DATA FOR STEELS IN THE
CARBON-MANGAWESE SZRTES

Tield
Strongth, Tenalle Blongation
Haat Spacimen R -I:F A Strength, in 8 In.,
Nomber Nuwbaz Upper Lowar pal %
0.15% Carben Serisa
A-7448 1 33, 600 21, 600 50,700 4.0
2 33,000 28,200 50,700 36,0
A=-6539 1 31,600 30,900 53,400 3.0
2 32,100 30, 600 53,200 30.0
4=-6586 1 32,300 31,300 53,800 28,5
2 23,700 32,700 55,000 28,0
A=7516 1 35, 600 34,800 59, 600 31.0
2 36,800 34,600 59,&00 32.5
A=7517 1 37,500 36,100 1,400 29,0
2 36,800 35,900 &1,400 30,0
0.20% Carbon Series
A~6590 1 33,100 32,000 55,200 30.0
2 33,100 30,900 55,000 31.0
A-T7532 1 31, 600 31,400 56,400 32,0
2 31,800 31,500 55,700 33.0
A=T7518 1 36,400 35,400 61,700 33,5
2 34,000 35,300 61,700 32,5
A=17519 1 37,800 37,100 64,400 28.0
2 37,600 36,900 64,000 0.0
4-~6599 1 44,000 43,500 72,400 24,0
2 43,700 43,300 72,300 25,0
0.25% Garbon Series
4-6589 1 33,900 33,100 58,100 29,0
2 34,200 32,500 58,700 0.0
A=65L7 1 36,200 35,600 65,200 27.5
2 37,500 36,300 €5, 600 25.5
A~655L 1 39,100 37,300 64,700 30.0
2 38,000 36,900 65,100 29.0
A-6598 1 43,2300 42,500 75,100 25.0
2 42y 500 41,700 73,300 23.0
0.30% Garbon Seriea
A=T520 1 34,000 31,400 58,200 25,0
2 34,4500 32,600 59,000 29.5
A-7521 1 36,500 34,000 €2,€00 32.0
2 36,400 33,200 £2,000 2.0
A=T522 1 38,400 37,000 68,400 26,5
2 38, 500 36,900 &2,500 23,0
A=7533 1 41,600 39,400 73,5900 28.0
2 42,200 39,100 73,300 27.0
A=T7524 1 45,300 44,900 81,000 27,0
3 46,300 46,000 20, €00 26,0
0,35% Carbon Series
27527 1 34,800 34,000 62,900 29.0
2 34,500 33,600 63,000 3L.0
A-6596 1 43,600 40,000 75,000 20.5
2 39,000 37,100 70,800 22,0
A-6597 1 41,5900 41,200 75, €00 245
2 39,900 33,000 iy 600 25.0
A-7525 1 40,500 40,200 76,500 26,0
2 40,500 40,000 76,000 2745




TABLE 2B.

THE CARBON-MANGANESE SERIES

NAVY TEAR-TEST DATA FOR STEELS IN

Energy to  Energy to
Testing Merimom Start Propagate % Shear
Heat Specimen  Tempereture, Load, Fragture, Fracturse, in
Number _ Number 3 FPounds Pt =Lk Ft -1y Fracturg
0.15% Carbon Serles
A~T448 Pl 40 34,350 1035 91 10
B2 50 34,050 1050 L5 80
a 50 33,750 084 325 35
Q2 &0 33,100 958 750 95
R &0 33,600 975 666 80
R2 2] 33,000 925 616 90
51 €& 32,750 950 559 85
A-6539 Bl 30 38,850 1150 108 15
T2 40 36,000 1018 666 100
L2 40 35,300 866 133 5
joat 50 35,300 B33 116 5
M2 & 34,900 875 50 100
cl &0 36,100 950 666 100
71 2y 35,850 1008 542 70
D2 €@ 36,350 892 158 10
n 0 34,900 925 584 85
M 70 35,400 983 &75 100
81 70 35,750 950 £50 100
Ll 0 35,050 858 866 100
82 a0 33,700 892 666 100
A-6586 M 20 39,250 1283 567 75
Pl 20 39,600 1408 208 10
R2 30 38,900 1350 292 25
QL 40 37,5900 1250 108 5
N1 50 37,500 1225 933 100
P2 50 38,150 1225 992 100
11 50 38,400 1375 1918 100
RL 50 38,200 1250 683 95
A-7516 M 30 41,050 170 833 95
M2 30 41,150 1190 550 55
N1 40 41,100 1250 850 100
Na 40 40,400 1100 325 25
Pl 50 40,500 1225 735 90
P2 50 40,300 1150 809 100
QL 50 40,950 12€0 875 100
o] 50 40,850 1240 Q40 100
A-T7517 il 20 43,350 1280 L2 10
N2 30 42,800 1240 875 100
jal 30 42,600 1175 910 100
P2 30 42 4 500 1170 150 10
[ 240 42,300 1130 915 100
{2 40 42,400 1170 850 100
Rl 40 4ty 300 1180 8D 100
R2 L0 42,300 1220 850 100
0.20% Carbon Serles
B-6590 Rl 90 34,150 800 TLZ 100
82 90 34,4700 825 750 100
HL 90 34,750 807 758 100
F2 90 34,800 875 83 15
81 100 33,150 807 650 100
R2 100 32,800 775 266 100
Fl 160 34,500 950 850 100
Gl 100 33,800 815 600 100
A=7532 M &0 37,600 950 900 100
H2 &0 37,850 950 58 5
] 70 36,8450 900 [2:x] 100
Pl 70 37,750 940 724, 100
P2 70 37,850 940 a2 100
QL 70 37,750 B25 917 10

TABIE 2B, (Continued)
Energy to Energy to
Teating Maximun Start Propagate % Shear
Hagt Specimen  Tempersture, Load, Fracture, Fractura, in
Rumbar Numbexr F Founds Ft -Ib Ft -Ib Fractura
ML g0 36, 600 500 842 100
Q2 20 36,450 850 775 100
Rl 80 35,150 825 842 100
B2 80 35,450 892 633 100
A-7518 N 50 40,600 1040 &75 100
N2 50 40,250 958 133 10
¥1 0] 39,700 975 800 100
P2 29} 39,750 940 734 95
Q1 &0 39,900 984, 1025 100
Q2 4] 40,250 958 T34 95
A-7519 Q1 50 45,000 1220 516 55
PL €0 43,000 915 262 100
Q2 €0 43,200 1000 800 100
R1 &0 44,250 1025 775 100
R2 &0 43, 600 990 809 100
b2 70 43,350 1000 €0 100
A-6599 ML 20 49,000 1292 125 2
N2 30 45,850 1es3 183 10
52 40 46,850 1108 92 3
Q2 50 46,700 925 258 4
R2 [2s] 46,700 1058 333 20
Pl &0 46,500 1118 550 50
N1 70 45,550 842 900 100
Ql 70 45,750 842 858 100
R 70 45,950 1042 758 100
M2 70 47,950 1150 292 100
0,25% Carbon Sarias
A-£589 A2 90 36,250 800 02 100
o2 S0 36,600 858 707 200
N 30 35,500 7461 650 100
M Q0 34,400 666 100 10
B2 200 33,900 700 708 100
M2 100 T,y £00 683 100 10
01 110 34,800 972 Ta5 100
o2 110 34,700 TR5 733 100
A 110 35,650 791 625 100
N2 110 35,450 T8 616 100
A-6547 N €0 40,330 910 117 1o
N2 70 40,250 900 52 95
Pl 70 39,050 875 125 15
] 80 38,800 740 700 95
Q1 80 39,450 784 €2 100
Q2 80 38,700 TS 108 20
R1 90 39,150 209 700 100
Ra 90 39,250 784 &2 100
s1 90 38,700 734 715 100
52 90 38, 00 715 815 100
A-6554, ML 70 40,300 866 150 10
M2 a0 41,350 935 833 100
n 30 41,150 410 110 100
Nz 80 40,150 790 665 100
Pl 80 42,650 935 590 70
A~6598 M2 50 45,900 1023 492 40
Ll € 46,450 114z i} 5
QL 70 46,800 925 925 100
R2 70 46,000 275 783 95
2 70 43,500 a92 400 30




TABIE 2B. ({Continued) TABLE 2B. (Continued)
Energy to Enargy te Enargy to  Energy to
Taating Maximum Start Propagate % Shear Testing Maxximum Start Propagate % Shear
Heat  Speciman Temperaturs, Load, Frasture, Frasturs, in Heat Specdmen  Temporatura, Lead, Fracture, Fracture, in
Number  Number F Pounda Ft ~Lb Pt -Lb- Fraeturs Number Numbar Pounds Ft -Ib Ft -Lb Fraeture
P2 g0 44,700 900 817 100 L2 120 36,650 500 308 49
2 80 46,150 1183 817 100
R1 an 44,930 817 892 100 Rl 130 35,250 525 533 100
N1 a0 45,000 917 800 100 M2 130 35,650 466 525 100
L 130 35,900 508 567 100
0,30% Carbon Jeriss R2 130 36,700 583 667 100
A=T7520 i 80 34,800 650 175 15 A=6597 ML 80 39,150 542 33 3
Rl 90 35,750 815 484, a5 N2 90 40,350 566 300 45
N2 90 34,800 715 535 65
S1 90 36,100 815 133 7 H 100 42,350 617 575 100
J2 100 42,550 700 558 100
Pl 100 34,500 675 809 100 M2 fkele] 40,500 £00 658 100
P2 100 34,500 635 675 100 X2 100 40,950 650 633 100
ol 100 34,900 692 575 100
Q2 100 34,300 666 84 100 A-T7525 ML 0 4dyy 750 650 83 5
A-T7521 M2 a0 36,350 666 75 10 M2 £0 Adhy 500 733 242 25
NL S0 36,650 700 125 15 1z 90 43,600 576 517 95
s 90 42,750 634 133 15
il 100 35,650 €00 566 100
N2 100 37,100 765 541 100 N2 100 43,350 625 592 100
Pl 100 37,850 765 566 90 Pl 100 43,450 08 584 100
F2 100 36,400 &2 416 A5 P2 100 44,800 782 08 a7
Q2 100 44,300 675 458 75
Q1 110 7,000 709 709 95
Q2 110 37,000 734 584 100 Il 120 42,650 €16 542 100
Rl 110 36,650 700 700 100 R ket e
R2 110 37,400 T40 840 100 T o o~
A-T7522 ML 30 37,750 584 150 20
2 100 37,750 592 592 100
N 100 37,200 560 550 100
N2 100 38,400 €16 550 100
jal 100 37,800 €16 560 100
A-T7533 P2 70 44,100 £83 100 <5
ql 80 43,450 715 583 95
2] 80 41,850 633 659 95
Rl 80 43,000 716 358 45
F 90 43,600 &2 675 100
R2 90 42,800 633 08 100
81 90 42,550 650 591 100
s2 90 4y 600 817 666 100
A=7524, N1 70 47,950 725 150 30
N2 80 477,050 &5 117 10
Fl 90 47,900 700 300 15
P2 100 47,200 7E 225 15
(=18 110 45,900 734 - 00
Q2 110 46,900 &7 €85 95
Rl 110 47,300 759 &59 100
R2 110 47,800 775 &2 100
0.35% Carton Series
A-7527 11 100 35,450 634 283 40
L2 10 35,700 576 250 30
Ml 120 35,050 576 500 100
M2 120 36,100 592 500 100
N1 120 36,000 592 516 100
Nz 120 36,150 €16 117 25
Fl 130 35,600 565 708 100
P2 130 36,050 616 &50 100
21 130 35,500 616 526 100
Q2 130 35,350 558 &9z 100
A-6596 Q2 Q0 37,700 08 100 10
N1 100 37,350 542 50 10
N2 1o 36, 600 558 183 15




TABLE 2C. CHARFY IMPACT DATA FOR STEELS IN

T, =} B
HE CARBON-MANGANESE SERIES TABLE 20, (Comtinued)

Heat Tegting Temperstura, Ch Impact Strength, Ft =Lb Haat Tasting T Cha I + Sk th, Ft -Lh
——Charpy Inpact Strength, Fb =Lb ____ g Temparature e CHATEY fmpact Strenpth, Bt oLb __ .
Number F 1st Togt  2nd Test  Jrd Toat  Lih Ted® Number ¥ ' T Tost  aad Test  3rd Tedt  4LA Temt

0.15% Carbon Series ©,25% Carbon Scrics

A-7448 80 50 38 —_

- 658 7 29 25 28 30
40 ¥ 2 = - 59 @ 25 2 2 26
30 kl 29 29 L 40 17 2 22 22
20 20 29 13 20 20 17 19 [ 18
o 2 & é 2 a0 4 i L 5
o 4 2 6 6 40 2 2 2 2
-20 3 § 4 A
26 80 8 36 - -
46539 73 42 32 37 19 ol 10 34 34 - -
40 3% 26 En 34 0 28 28 -- -
20 27 7 26 25 =10 28 a5 —_— -—
o & 19 2 8 -20 2/, 2% 2 2
- : g & 4 -30 19 17 19 #
40 3 3 3 3 -0 " L 17 3
~50 4 & A 3
A-6586 r 54 55 56 56 3 ‘
“ 46 50 57 B2 g 20 W & - -
0 49 Ly 51 56 55 40 38 39 -— -
-20 37 7 39 38 0 3 30 _ —
=40 4 6 5 5 40 2 28 5 2
-0 2 2 2 2 -50 4 2 26 27
wmsw T = R R
0 47 4“6 - — -~ =
3 By e = . -80 2 3
=20 39 35 38 35 - . 2 41
o 2 4 = - o 33 31 33 2
= 4 4 2 4 10 27 25 28 7
- 3 38 3 3 o 15 3 2 2
A-781T ig Zg gg - - 0,30% Carben Series
[} 40 42 - - = 00 27 26 _ _
e 4 20 40 & A=75R0 % 21 27 2 2
o K 35 6 37 70 22 18 21 20
=30 5 40 [ 37 &m 19 17 15 8
- H ? 5 4 50 23 15 18 2
-5 3 4 - - 0 N 5 17 5
0,20 Carbon Berias - 30 L] 9 _— —
24=5550 75 33 3z 3p 30 A=T521 80 23 o} 23 27
&0 23 3 30 30 &0 24 23 - 2—4
40 28 21 29 26 50 19 20 9
20 6 22 2 0 20 20 23 19
5 5
0 A 13 5 5 30 20 * 16 19 21
=40 3 3 3 3 20 17 12 6 17
[ 3 - —
A~7532 o) a8 3% - -
10 31 a7 - - A=T522 a0 28 28 - ”
30 29 27 12 19 40 2 E 17 2%
20 28 28 27 25 30 22 20 23 i
10 19 26 i} 7 20 22 22 22 2
0 5 20 5 15 10 13 15 18 11
-10 17 10 = - 0 13 17 10 1
-20 7 4 — — -10 15 5 -
A4-7518 0 43 41 - A4-7533 80 30 32 _— -
L0 39 36 — — 0 27 28 = vy
0 32 32 33 31 10 25 25 2
-10 28 30 30 28 0 20 25 23 Z
-20 24, 2% 5 6 -10 3 ig zg ¢
-30 5 5 - - -20
-L0 21 i - — -30 16 19 — -
-£0 2 3 3 3 -0 8 9 - -
A=T7519 80 51 50 — — A-7524, 80 36 2 - -
40 w0 43 - - 10 il 29 - —
Q 37 35 — - 20 28 27 30 2';'
-20 5 32 - - 10 23 29 16 2@,
-30 25 28 5 28 0 7 5 22 26
=40 30 20 4 é =10 25 4 26 2/
-50 5 5 3 3 ~20 25 20 4 24,
-£0
? ? ? ? 0,35 Carbon Series
A-8559 75 51 47 49 53
40 41 45 50 49 A-7527 120 25 L 2 gg
g 39 35 41 38 110 23 =3 2
=40 5 31 5 32 100 21 20 19 19
-30 2 2 ] 2 90 22 20 21 al
20 19 21 19 16
- T L) 16 12 - —-
FAY] n — —
1-6596 75 20 20 20 19
40 L, 16 1, 16
0 9 3 6 12.
=40 2 2 2
2=6597 75 27 26 25 26
40 23 22 25 25
20 22 20 20 20
0 5 10 9 7
-40 3 3 3 3
27525 80 28 32 - —
40 22 20 —_ —
20 23 24 21 22
20 22 20 23 19
0 20 19 8
-10 1L 6 18 .7
-0 15 4 JA 7



TABLE 3C, CHARPY IMPACT-TEST DaT4 FOR STEELS
TABLE 34, TIWSILE-TLST DuTA FOR STHELS 3 IN THE SILICCH SERTES

IN THE SILICON SCRILS

Heat Testing Temperature, Charpy Impact Strength, Ft -Lb
Teld : . : Munber F Ts% Test __2nd Test _ 3rd Test  Lth Test
Heat Specinen St-rezgth, Szens%}el ?lorgg_la;:mn
im ) El Treng n ' - _— -
Humber tiunber Tower Tower psi £ A-7526 b 3 o = =
2 21 22 21
A-T526 1 37,100 3,400 65,000 29,0 a0 ;ﬁ o 5 b
2 36,800 35,ho0 65,000 29,0 20 20 18 19 19
~30 1 1 T
A-7528 1 36,300 35,900 63,500 31,0 3o p H 1; !
2 35,400 36,000 63,800 3,0
A=7528 80 h3 L5 - —
Lo 35 ho - -
0 33 30 - -
~Lo 27 2k 26 L
TABLE 3B, NAVY TRAR-TEST DATa FOR STEELS 50 25 3 1z 23
I§ THE SILICGN SERIES -60 22 5 3 4
~70 I L 3 k
~A0 5 2 - —_—
. Energy to Energy to
. Testing Maximum Start Fropagate % Shear TABLE hA, TENSILE-TEST DATA FOR STHELS
Heat Specimen  Temperature, Load, Fracture, Fracture, in IN THE NITROGEN SLRIES
Humber Humber F. Pounds Ft -1k Ft.-Lb Fracture
A-7526 11 70 Lo,L50 782 100 10
il 8o 39,700 700 &2l 100 :
Yield
gi gg ﬂg’ ggg ;;H; Egg 1(9)8 Strength, Tensile Elongation
P2 80 hO,BOO 766 566 100 Heat Specimen psl Strength, in 8 In,,
! Number Number Upper Lower psi %
TYPE & Steels
i’S 38 §S’ 223 3,%2 %% }gg A-6600 1 38, 200 35,400 62,600 25.0
! - 2 37,100 3k,600 61,600 2h.0
L
* 100 38,200 733 566 100 A-7hho 1 40,800 37,800 67,200 28.0
A-7528 M2 ho k2,000 961 193 10 2 39,700 37,700 67,300 29.0
6.0
nl 5o 2,800 1000 72 100 A-Thin 1 41,600 39,ho0 69,400 26.
W2 50 1,600 920 150 10 2 é{}?l,:g:ODB Stee{z,BOD 63,300 27.0
- 63,300 26.5
m 60 hl, Loo 990 e 108 A~B601 1 hO,lOO 37,100 3
gi 20 ﬁl’hso 9om 708 160 2 39,200 36,800 63,200 25.5
0 3,300 1090 692 100
A-T1439 1 h2,ho0 ho, 200 70,700 23,0
“ éo k050 915 766 100 2 143,000 11,100 70,700 29.5
4-Th37 1 L, 600 42,300 73,400 21,0
2 5,900 Lz, 500 72,600 1%9.5




TABLE LB, NAVY TEAR-TuST DATA FOR STELLS
IN ™E NITROGRY SERIES

Energy to Energy to

Teating Maxdmm Start Propagate % Shear
Heat Specimen Temperature Load, Fracturse, Fracture, in
Numher Humber F Pounda Ft Lb Ft -Lb Fracturs
46600 i 0 38,950 933 &7 3
a2 &0 37,700 13 1z 8
L2 70 38,400 815 800 100 TuBLY LE, CHARPY IMPACT-TEST DATa FOR STEELS
2 70 36,650 363 533 10 L L e FLIROGE SLATES
Pl 70 37,750 900 825 200
Rl 70 36,750 783 683 100
47400 m 110 37,950 708 833 20
y 7 e Charpy Impact Strength, Ft -Lb
= 120 36,800 = 22 3 NE:;:r fosting Fampera e let Teagt 7nd iegt 3rd Test % Test
N1 130 37,400 550
' i 300 ko A-6600 79 33 32 23 gg
ne ko 37,500 sl 53l 100 ko 28 2 §§ 25
r 1o 375100 659 Bax 100 0 2 2 A i
P2 Lo 37,200 551 313 100 =20 16 N 8
w 140 37,000 a1 Ty, 98 -hao 3 : 3
M 5 -7LLo 8o 30 25 - -
A-7hl1 130 38,600 25 167 20 A=l i 25 7 23 g
e 0 22 22 12
4o 38,b50 600 192 20 . 56 33 20 22
n 150 39,L00 eu 650 7 10 20 @ ﬁ a
N2 150 38,050 h2 266 30 o e §
-10 1 -- - -
iz 160 8,750 B0 Q
38, 9 35 s . I 2 ” - =
22 170 39,350 éo9 1060 100 fo & 2 o 2L
o 170 377600 18h 2050 100 50 2 “ b 2
@ 170 38,500 uss 51 1oo 10 % 18 21 1
1 170 37,950 &Ll Lzt 70 20 5 [ 18 17
A-6601 rp 70 38,200 883 833 100 7 10 33 Lo Lz
W 70 39,550 800 175 12 A-G601 K 3% 39 37 38
0 3b En 31 31
52 8o 38,900 58 100 12 20 27 23 22 29
Lo a9 8 1 E)
m 90 10,050 517 258 30 _20 2 2 2 2
Q1 100 38,000 892 858 100 A-T039 80 3L 35 — -
51 100 37,950 856 683 100 Lo 27 28 = =
M2 100 37,500 858 625 100 20 28 27 25 26
F1 100 37,600 908 625 100 10 26 2l 23 &
o 35 25 23 26
A-TlL3S El 100 k1,200 861 so S -10 L It — -—
=20 3 3 2L L
E2 1i0 41,250 895 133 20 30 3 3 - -
Fl 120 0,600 A= 80 28 30 - -
Lo, 759 266 26 L37 1o 26 25 25 g%
Fz 130 40,000 76 1300 100 30 a2 2 22
el 130 10,820 8sg Ti50 100 e 2l 13 2 2
o2 130 10, 250 765 7i1 106 0 z x . 4
130 00 0 -3 2
3 Lo, 2 765 366 L5 -0 3 i 3 2
nz 1o 39,950 710 666 100 -
a 10 10,500 73L 825 100
Jz2 1o Lo, 500 700 710 100
el 140 140, 200 491 650 100
A-TL3T Iz 120 41,800 785 148 15
El 130 140,750 73k 216 20
F1 ko 41,300 778 o3k 95
F2 140 11,100 675 367 35
al 150 39,750 665 759 100
az 150 L1, 750 651 58l ap
H1 150 12,000 775 1175 75

H2 150 39,L00 68L 550 100




TABLE 5A,

TENSILE-TLST DATA FOR STHELS IN THE
TITANIUM, ZIRCONIUM, AND ALUMINUM

SERIES TABLE 5A, (Continued)
Tield Yield
Stirength, Tenzile Elongation Strength, Tensile Elongation
Heat Specimen 31 Strength, in 8 In,, Heab Specimen 31 Strength, in 8 In.,
Number Number pper Wer psi Number Numbaz Upper. Lower pai %
Titanium Series ~ pypet A Aluminum Series - 0.05 % Silicon - Type A
A-7667 1 Lo, koo 38,600 66,300 28,0 A-7531 1 35,700 33,300 60,500 32.5
2 Lo, 700 39,400 66,500 27,0 2 35,400 3L, 600 60,600 32,5
A-7668 1 39,400 37,k00 66,00 27,0 A-P661 1 33,200 32,600 59,800 n.s
2 39,600 37,Lo0 67,L00 27,0 2 33,500 33,000 9,800 3l.0
A-7665 1 k2,700 40,900 70,200 2.0 A-7529 1 36,500 36,200 62,900 31,5
2 43,800 10,700 63,100 23.0 2 39,000 33,k00 62,000 31.5
Titanium Series - Type B Aluminum Serles - 0.05 # Silicon - Type B
A-7669 1 37,500 35,600 62,300 31,0 A-7660 1 35,900 3L,200 €1,300 20,0
2 37,500 36,100 61,800 29,8 2 36,200 35,000 61,500 32.5
A=T670 1 37,500 36,200 62,000 29,0 A-T662 1 36,000 3L,500 &2,600 29.0
2 36,700 35,000 60,800 27.8 2 36,600 30,400 62,300 28,0
A-7671 1 146,300 Lk, 600 70,000 25.5 A-~7530 1 36,400 35,h00 62,600 30.5
2 15,800 Ll hoo 70,000 26.0 2 36,800 35,l00 62,500 3.5
Zirconium Series - Type A Alumdnum = 0.05 % Silicon - 0.010 % Nitrogen - Type B Stoel
A-7h31 1 3k, 500 31,100 63,000 30.0 A-T659 1 37,700 36,400 6,000 29.0
2 b, 600 31,600 63,500 27,5 2 38,Lo0 37,000 66,200 28.0
A-GE99 1 30,800 30,600 6l, 500 26.5
2 30,300 30,000 63,900 25,0
A-Th32 1 29,700 29,700 63,200 26.0
2 29,700 29,600 6h, 700 29.0
Ziveanium Series - Type B
A-7433 1 31,800 31,200 62,900 29.0
2 31,600 30,800 62,800 3040
A-Th3L 1 35,200 33,400 &L, 700 31.5
2 3L,500 33,000 6L,400 31,5
A-7L35 1 31,500 31,300 65,100 20.5
2 31,500 31,300 65,000 29.5
Aluminum Series - Low Silicon - Type A
A-&ELB 1 38,200 37,500 65,300 30,0
2 37,800 36,900 66,300 2L.5
A-6707 1 35,600 33,200 58,800 29,0
2 35,200 33,600 59,200 28.5
A-5T08 1 38,200 35,100 61,500 30.0
2 38,500 35,800 61,600 31.5
A-6709 1 35,400 3L,300 59,607 32,0
2 36,100 3h,000 60,100 .o
Aluminum Series - Low Silieen - TYP® B
A-66h9 1 38,100 37,100 64,800 23,0
2 37,300 36,600 6li,600 25.5
A-7319 1 35,100 33,900 58,900 30.0
H 35,300 33,800 59,800 30.0
A-7320 b1 3L, 600 33,500 £0,200 32,0
2 3k,200 33,300 ©9,700 31.5




TABLE 5B, NAVY TEAR-TEST DATA FOR STLELS IN TE
TITANLUM, ZIRCONIUM, AND ALUMINUM SERIES

TABLE 5B, (Continued)

Heat,
N¥umber

A-TE6T

A-7668

A-TEES

A-7569

A-T670

Energy to Energy to
Testing Maxd mum Start, Propagate % Shear
Specimen  Temperature Load, Fracture Fracture, in
Numbar °F. Pounds Ft Lb Ft Lb Fracture
Mtapium Series - Type A
jund 60 39,800 910 92 5
N2 70 39,850 790 83 5
Q 80 38,500 8Lz 83 g
FL 50 39,500 82l 650 100
P2 90 58,850 766 625 100
Q2 90 39,350 860 108 10
Rl 100 4o, 000 766 92 10
R2 110 39,250 8h2 92 5
51 120 38,900 784 800 100
52 120 38,650 78k 633 100
T1 120 39,750 57 665 100
T2 120 38,800 757 609 95
m 70 Lo, 800 846 125 5
M2 90 l1,000 975 g2 5
W1 100 11,050 1033 178 10
N2 110 140,500 833 L2 10
Rl 120 Lo, 700 866 83 15
Pl 130 LD, 500 757 1020 100
P2 130 1,350 250 665 100
o8 130 Lo, Loo B75 &l 100
Q2 130 10,500 891 Blz 100
M 70 L2,650 $00 67 S
M2 80 142,500 833 83 1
N1 20 L2,650 833 100 1
w2 100 L3,000 961 158 g
Pl 130 13,100 815 67 5
P2 120 1,700 750 58 5
Q 130 2,950 78L 50 10
Q2 150 11,750 808 234 20
R1 160 11,650 800 Bog 100
R2 160 11, 650 757 665 100
al 160 Lz, 800 a7s 715 100
52 160 142,100 781, 2l2 20
T1 170 L2,600 866 784 100
T2 170 111000 786 885 100
n 170 L2,Lao 833 681, 100
Uz 170 L2,680 9Lo T8 100
Titsnium Series -Type B
Mz Lo © Lo,550 525 67 5
Lz 50 1,Ls0 1020 6L2 85
v 50 40,700 361 757 100
N1 50 39,950 961 750 98
w2 4] Lo, 500 958 100 7
L1 40 Lp,300 950 766 100
7 60 11,150 1077 750 100
P2 60 Lo,250 950 806 100
Q1 60 Lo,150 1000 700 95
it jile} Lo,100 1025 775 100
Qa 100 38,650 961 78k 100
ea 60 40,800 1077 75 10

Epergy to Energy teo
Testing Maximum Start Propagate % Shear
Heat  Spacimen Temperature Load Fracture Frocture, in
Number  Number r FPounds Ft Lh Ft Lb Fracture

7] 70 ho,300 10Lo 808 100

H1 70 11,600 1087 Boo 100

"2 70 41,200 10ko 790 loo

a 70 11,200 1050 L0 100

F2 80 Lo, koo 1120 700 100

F1 100 38,900 961 700 100

A-7672, 1 80 b, 100 500 17 5
K2 100 kb, 050 1020 92 g

Ll 120 Lk, 700 990 92 15

L2 140 43,300 950 Bog 25

ML 1L0 Lk, 900 950 éh2 95

M2 1ho L5, 350 1160 218 20

N 150 Lk, 850 975 367 14

N2 160 L, 850 984 757 100

Pl 160 uh, koo sLo 700 100

P2 160 LhL,000 9L0 1060 160

Q1 160 L, 350 940 i+ 100

Zireonium Series - Type 4

A-7h31 K2 Lo Lo,900 950 150 lo
Kl 50 Lo, 50 910 675 200

L2 50 Lo, 600 950 208 15

ML 60 1,150 758 500 Lz

Jz2 70 Lo, 600 850 815 100

M2 70 39,650 $10 &3¢ 95

NL 70 40,600 885 750 100

Nz 70 4o, k50 925 760 oo

J1 90 39,950 868 750 100

A-6699 51 30 39,650 708 92 2
R1 ho 39,700 117 33 2

U2 So La, 200 he 100 5

T2 60 38,550 717 83 3

T1 70 39,250 808 675 100

Q2 70 39,400 858 2 5

F1 80 38,800 775 58 15

52 20 39,200 863 683 95

P2 920 38,6800 833 733 100

R2 20 39,000 833 a3 100

A 20 38,600 900 &7 20

vz 200 38,000 700 167 15

i 110 37,600 750 863 100

W 110 38,100 767 £33 100

w2 110 38,200 767 683 1o

i} 110 39,000 850 £33 100

A-Tl32 J2 60 39,750 900 358 L5
s 70 38,800 8oy 158 15

K2 80 38,850 7ho 833 100

1 80 38,550 750 850 100

L2 8a 39,550 850 725 100

m 80 39,100 765 Tho 100

J1 20 39,550 8L 766 100




TABLE 5B, (Continued) TABLE 5B, (Continued)

Energy to Energy to ) Energy to Energy to
Testing Mazxd mum Start Propagate % Shear Testing Macci mum Start Propagate 4 Shear
Heat Specimen  Temperaturs, Load, Fracture, Fracturs, in Heat Spcelmon  Temperature, Load, Fracture, Frocture, in
Number  Number F Poinds Ft -Lb Ft -Lb Fracture Number  Number ¥ Foundsa Ft. Ib Ft Lb Fracture
Zireonium Series - Type B A-6708 Q2 &C 39,100 985 ¢} 10
A-7L33 K2 Lo L2,000 950 53l 60 F1 76 38,200 519 6oL 100
Rl 70 38,500 1035 Q 8
K 50 Lo, 200 865 700 90
Il co 141,350 950 575 % 3 [ils} 38,600 919 6oL 100
L2 50 Lz, 000 1050 860 100 3] 8o 38,500 1035 701 100
M S0 k1,450 950 L3k 51 B2 8o 38,200 935 0 il
M2 &0 42, Bon 10k0 984 100 51 90 37,800 88 A35 100
N1 60 11,250 965 900 100 52 90 37,200 852 668 100
N2 60 1,600 1028 734 95 Tl $0 36,600 585 635 100
F1 &0 11,850 1020 868 100 2 90 37,200 902 752 100
A-7h3k 11 30 2,450 1110 Log 55 A-6709 jul 2 Lo, 200 967 100 7
K2 Lo Lz,750 1082 833 100 R2 30 39,800 972 125 7
L2 Lo 11,850 1100 117 10
P2 Lo 39,900 1000 82l 100
K 50 41,600 1020 709 100 Rl Lo 39,050 923 708 100
ML 50 Lo, 850 950 158 10 51 Lo 39,000 955 92 3
a2 & 11,300 1050 709 100 1 Lz 38,100 919 618 99
2 60 Lo,h50 98l 7285 100
[} 60 1,300 1035 725 100 M2 50 39,200 208 1210 100
N2 60 Lo, 300 98L 709 100 jat s0 38,800 969 £51 100
Q2 50 38,750 867 692 95
J1 8o 1,400 990 7ho 100 52 5o 39,250 962 128 10
A-1h3s K2 Lo 42,150 965 150 10 N2 60 38,600 1619 635 100
L 60 38,500 930 675 100
jial 50 L1, 700 98L 683 100 ) 60 38,L50 9es5 716 100
L1 50 12,600 1000 32 Ls 3 60 37,750 B7g 1175 100
U2 60 37,250 833 73k 100
J2 [l 1,300 1600 635 %0
Lz &0 111,200 940 900 100 m 10 38,Loa 952 718 100
M 60 Lo, Boo 910 158 15
Mz 70 12,100 5L0 709 100 Aluminum Serica - Low 8ili - Type B
N1 70 uo:mo a7% 150 18 een B
a=66L9 F1 se k2,450 1108 75 3
J1 8o 1,300 1077 958 100
N2 B8O 12,050 98l 875 100 L2 €0 Lz, 600 1108 175 15
1 80 k2,800 10ko 128 So
w2 70 38,900 858 67 10
P2 90 41,300 925 Loo L0 v 5
3%,000 Bh2 583 100
n 100 39,850 868 800 100 Q@ 8o 39,050 800 83 10
T2 100 40,000 900 Bog 100
n 100 140,650 965 860 100 Q 90 38,650 883 706 100
Uz 100 40,500 B9l 800 100 pas 90 38,550 Bl2 775 100
Rl 50 37,700 708 The 100
¢+ aluminum Series - Low Silicon - Type A M 90 38,500 758 6 100
A~66L8 K2 ) 39,900 925 67 3 A-7319 a il 38,800 9ho 1010 15
L2 &0 35,300 825 &7 3 Jz 90 38,950 1100 1210 100
v %0 38,850 1oko i3 100
i 70 37,050 750 92 3 K2 90 38,450 1040 860 100
5 50 37,800 990 885 100
jx 80 36,100 380 33 g
33 s A-T7320 J2 &0 Lo, 000 1050 208 10
12 90 37,300 570
» J1 70 Lo,350 1090 850 100
M2 100 36,850 675 2%0 20 o 70 39,350 1000 715 8g
66 16 100 k2 70 Lo, 050 1082 126 7
M 110 36,0850 o 1
N2 110 36,050 &75 650 100 Ll 8o 39,100 990 77% 95
oL 110 36,h00 683 The 100 Lz 8o 38,600 965 B7s 100
P2 110 36,500 575 700 100 Ml 8o 38,3350 990 800 4f
\ - 0 M2 8o 38,600 934 784 95
aa0 jo0]
A-6707 @ 70 37, Alurdaum Series - 0.05 % 8ilicon - Type 4
s1 8o 26,500 567 67 2 A-7531 B2 60 29,100 866 17 7
2 90 35,500 900 616 95 B2 80 38,750 888 625
Q2 90 36,100 950 125 20 gz 80 36:350 850 73k 133
jul 100 35,300 063 650 100 L &0 38,250 Bl2 757 100
RL 100 36,600 950 7 100 =) 80 37,350 815 L7 LS
L plas] 36,700 783 700 100
Pl 160 37,400 883 800 100




TARLE 5C, CHARPY IMPACT-TEST DaTa FOR STEELS IN THE
TITANIUM, ZIRCONIUM, AND ALUMINUM SERIES.

Heat Testing Temperature, Charpy Impact Strength, Ft -Lb
Number F Tsv Test 2ng Test 3rd Test Ltn Tost

Titanium Serics ~ Type A

TAELE 5B. (Continued)

A-7667 80 28 27 - -_—
60 25 22 22 26
Energy to  Energy to 50 2l 23 25 23
Testing Maaclman Start Prowagate % Shear Lo 5 20 16 1L
Hoat  Specimen  Temporature, Load Fracture, Fracture, in 30 20 22 13 20
Number  Number F Pounds Ft_Lb, Ft. Lb Fragture ig lﬁ 10 8 g
3 — —
L2 90 37,650 808 725 100
M %0 38,000 958 1810 100 A-7668 80 28 27 28 27
M2 90 37,150 800 757 100 70 25 25 27 25
Nl 90 38,100 866 07 100 &0 25 23 2k 12
go 22 216. 23 19
A=T661 12 60 8,750 933 92 10 0 1 20 12
T 30 20 S 10 s
L1 70 37,100 792 658 100 .
ML 70 38,700 917 17 10 A-T6635 100 2l 25 26 26
90 26 26 27 25
Mz 80 39,050 975 83 10 80 22 22 23 2L
70 22 20 18 20
N 90 37,850 900 a7 plale} 60 15 13 16 an
] 90 38,500 967 758 100 o L 7 - o
F1 90 36,200 8ET 758 200
P2 90 38,L50 975 178 100 Titanium Seriag - TYPE B
A-TS29 ML 60 38,600 750 83 7 A-7669 80 i1 38 - -
Lo 3k 33 - -
M2 70 39,350 850 50 1o 0 30 26 - -
-1 26 2
n & 9,200 782 158 20 o § 26 2 7
w2 90 38,550 762 838 100 3 ¢ ? 2 A
Pl 90 39,000 [ilo:} 775 100 Tdo 5 s - -
P2 90 38,550 782 658 100
a1 90 38,350 766 828 100 A=7670 80 hll 1 - -
Lo b — -—
Alumnom Series - 0.05 % Silicon - Type: B 5 35‘ 31 - -
<10 2k 23 25 22
A=7660 M 70 39,350 B&T 100 10 ey 4 )ﬁ : 15
o] 80 39,000 891 700 100 -30 5 b b
NL 0 35,050 891 783 100 -gﬂ 5 5 L L
N2 80 39,950 968 1000 100 =60 3 4 - -
PL 80 Lo,000 958 8l2 100 A-TETL 80 27 31 . _
A-TE62 N1 60 La, 950 1loo 183 1o 50 25 27 27 29
Lo 2h 22 2 23
Nz 10 40,700 1000 800 100 30 c 15 12 9
Fl 10 Lo, 200 1050 891 100 20 s L 12 9
¥z 70 La,L50 1020 602 75 10 b g b L
Q1 70 Lo, 700 1010 758 95 0 3 3 — —
A-TS30 m Lo 1,550 950 216 20 Zirconivm Scries - Typg A
M2 ' 50 1,500 958 &66 95 A-TL3L jile} 37 36 - -
NI 50 1,200 sho é50 99 Lo 30 33 - =
5 A 155 0 s 7 %o 2 H % H
0 20 o] 2 2
PL 50 L1,35 e lg lg Ei 2
0,850 893, 150 100 ~10 1 2 17
- £ 10 -20 5 2l s L
L1 o} Lo,Loo 873 766 100
i ’ £-6699 s 3 3 3 36
3 - 0. ERER - 0.010 § Nitrogen -~ TYFL B 0 3L 3 31 30
Aluminum - 0.05 % Sildcon i . X ko i 3 2g 2;
- 0 9,800 850 ¢} 21 21 2
A-T659 M ki 39, e : 7 8 z
Mz 8o Lo,0%0 891 282 35 -80 2 2 3 2
L %0 L0, 700 il &7 g A-Th3? Ao 36 Ak - -
Lo 32 31 - -
Pl 110 41,000 891 1330 100 0 26 26 27 28
P2 110 L0,350 4567 1230 100 =10 16 25 25 2h
Q1 110 10,350 8483 1150 100 =20 sz 22 10 15
0z 110 40,500 558 683 98 ~30 9 1 1 L
Lo 13 13 10 3
Zirconium Serias - TYDPE B
A-7L33 80 L Lo - -
, Lo kI 37 — -
20 30 33 -— -—
i0 22 23 27 28
[ 26 27 19 25
=10 & [ H 1L
-20 9 5 L 6




TABLE 5C, (Continued) TABLE 5C, (Continued)

Heat Tenting Temperature, Chaypy Impact Strength, Ft -Lb Heat Testing Temperaturs, Charpy Impact Strength, Ft -Lb
Number F ToF Tegt _ 2nd Test _ 5rd Test _TH Test  pupber P Tt Togt ——Fnd Teat o 3rd Tart — T TSt

A-Th3L 8o 13 43 - - A-7529

80 31 - -
Lo bo ko -— - Lo 3% 25 - -
0 35 37 - - 20 10 23 - ~—
-20 kN 27 - - 10 23 23 25 26
=30 30 b 29 28 0 21 21 21 20
<50 27 18 29 26 ~10 20 20 20 20
~50 8 L 8 L «20 10 19 1k 19
~60 7 10 11 15 -lo 6 7 -- -
A=Th35 8o 1 L6 - - Aluminum Series - 0,05 % Silicon - B
b 3 ue = - ] o TYPE
[’ 33 38 w— -= A-T7660 8o kLo Lo - -
«20 3 33 29 3z Lo A ki - -
=30 31 28 31 26 o 30 32 - -—
Lo L 25 10 28 20 L & — —
-50 b 7 13 25 =10 9 20 5 23
-60 3 9 - - -Lo I 25 & 21
Aluminum Series - Low Silieon « TYPE 4 _gg lg s -Z _.J.
A-6648 1715 3? 22 32 22 fo : 2
0 2 2 2 2 . - -
20 21 22 18 15 A-7662 28 %2 32 - -
a 17 n [ 16 Lo 38 35 - -~
=Lo L 3 3 3 0 32 30 - -
-20 30 2 - .
A=6707 75 38 35 37 36 -30 21 g 20 21
Lo 29 3z 30 33 o 25 17 22 N
o] 25 17 19 18 -850 12 3 n L
-Lo 2 2 3 3 -80 2 2 ~— --
A-6708 75 36 3L - - A=7530 80 L2 b3 - --
40 32 30 - - Lo 38 35 - -
o é 28 2l 26 Q 33 32 - -
20 h L L 2. -ho 26 27 - -
-50 25 2k 23 23
A-6709 75 L5 o -— - -60 L 17 2z 27
Lo 36 35 -— - =70 22 23 17 20
0 30 30 28 32 -Bo 3 12 b4 4
=20 2L 25 26 28
b0 25 27 7 ne

Aluminum ~ 0.05 % Silieon - 0,010 % Mitrogen - L1Lf5 B

5 3 A=7659 Eo 38 3 - -
7 37 0 3 29 - -
A-66L9 I 7 33 3 2 o 28 7 25 23
9 27 28 27 H 10 2e 25 26 3
20 23 20 2k 3 =20 L 25 L "
T 3 L 5 _io 13 g 12 3
) - —
12 L1 - - 60 3 3 - -
A-7319 3 37 3 - pos
- 1 EH 34 7
10 32 e 3 -
= 3 o
T s 2 a S
-50 3 3
140 L3 - -
A-T320 8g 32 2 - -
10 33 3 25
- 7 27 3
3 § 2 1 2
=ho a8 20 1 3
5o 10 22 3 2
60 3 3 -
Aluminum Series - 0,05 % Silicon - TYFE B
3 kX - =
e io L3 -z
2 2 2 2 P
10 28 2 2 21
o & 25 23 1
10 5 1 5 e
e i 10 -
80 32 31 - -
A-7661 s 32 gg - -
27 -
T 2 28 z %
0 20 i 27 10
-10 a 10 B b
20 9 e ot




TABLE 64, TENSILE-TEST DATA FOR SFECIAL STEELS
Yield Elongation
Strength, Tenails in 8 In.,
Haat Specimen 1 Strength, %
Number Numbexr Uppar Lovar pai.
Vanadiun Series
A=T446 1 35,500 34,500 59,000 3.0
2 36,100 35,200 59,000 33,5
A=7310 1 39, 600 38,000 61,100 28,0
2 39,400 37,3500 0,100 28,5
A-T44T 1 39,400 36,100 59, 600 320
2 37,400 35,200 53,400 32.5
A-7311 1 39,000 38,300 60, 600 30,0
2 39:200 38:400 &0, 600 29.0
Fhoaphorua Sarles
A=7312 1 38,100 35,900 59,600 26,0
2 37,600 37,000 £0, 600 30.5
A-7436 1 39,400 37,900 59,100 30.0
2 39,800 38,100 59,200 30.5
AThA2 1 38,300 36,400 58,900 32,0
2 38,100 36,300 58,500 33.0
Molybdenum Saries
A=7313 1 £0,200 36,200 3,200 27.0
2. 39,600 35,500 &2,800 27.0
A=7314 1 38,400 37,400 64,400 25.5
2 39,400 37,600 65,400 2h.5

TAPIE 6B, NAVY TEAR-TEST DATA FOR
SFECTAL STEELS
Energy to  Energy to
Tastiog Maximum Start Propogate % Sheur
Heat  Speoimen  Temperature, load, Freoturs, Frecture, in
Numbor Tmber F Poundp Ft -Ib Ft Lh Fracture
Venadium Saries
A=T4L6 El 70 38,200 950 125 5
E2 20 38,550 900 175 15
F1 90 38,450 1067 650 100
F2 90 37,450 925 700 100
8 30 37,350 842 &65 100
c2 20 37,700 885 a7 100
A-T310 L1 &0 38,350 874 133 15
2 70 37,800 800 75 10
M 80 16,350 700 757 100
M2 40 38,350 Bos 733 100
N1 20 37,350 708 692 100
N2 80 38,400 800 766 95
A-T4LT Fl 50 40,500 1140 92 5
E2 50 32,400 180 757 o5
F2 &0 39,500 1020 750 90
[+2] & 40,150 1140 128 10
H1 70 39,250 1050 808 95
H2 70 40,450 1100 790 95
J1 70 39,550 250 790 S0
E1 70 39,450 1173 707 90
A=7311 K2 7 41,4350 1090 193 20
Ll 40 40,750 1080 125 10
K1 42 43,200 1100 900 100
L2 50 40,250 1025 333 15
M &0 39,800 1010 166 10
M2 70 29,250 1020 891 100
NL 70 40,300 1000 858 100
hi-3 10 40,000 1085 75 10
Pl 20 40,550 1020 817 100
P2 20 40,050 1020 817 100
QL 20 40,050 916 B24 100
Q2 €0 39,750 942 750 100
Phoaphorus Series
A=7312 K1 120 38,900 117 125 40
J2 130 38,650 124 807 100
K2 130 38,650 1040 200 100
11 130 38,000 99L 733 100
2 130 38,000 1040 708 100
J1 140 40,650 1240 742 100
A-7.36 K1l 70 43,200 1380 392 55
k2 20 43,500 1310 825 95
1 80 43,350 1530 650 (0!
12 20 41,900 1430 725 95
ML 80 42,330 2410 100 15
M2 90 42,200 1470 534 50
N1 100 41,200 1350 915 5
n2 110 40,050 1325 675 100
Fl 110 40,000 1310 £33 95
P2 110 39,900 1200 725 10C
ok 110 39,900 1260 759 95
A-74d2 F2 100 38,550 1150 833 15
FL 1o 37,750 1100 740 S0
Gl 110 32,700 1210 659 95
G2 110 28,500 1140 100 15




TABIE éB. (Contimed)
Energy to  Energy to
Teating Meoxcimm Start Propagata % Shear
Hast  3pecimen Temperatura, Losd, Frasture, Fraoture, in
Hunher Numbaxr F Pounds Ft «Lb Ft -Lb. Fraoture
El 120 38,200 1120 1535 100
E2 120 38,300 1040 1820 100
Hl 120 38,550 1295 €75 95
H2 120 37,750 10%0 267 25
J1 130 38,100 1125 675 100
g2 130 38,550 1135 &é 100
.48 130 38,000  1.& 650 100
K2 130 38,300 1070 591 100
Molyhdenum Series
AT313 1 70 38,200 833 50 10
12 a0 38,750 200 17 15
)i 90 36,350 ns &63 10¢
NL %0 36,500 750 168 20
s 100 36,700 715 633 1a0
N2 100 36,800 750 &l2 100
F2 100 37,000 750 225 20
P1 110 36,050 691 650 100
QL e 36,200 &83 €17 100
Q2 110 36,100 650 625 100
Al 110 36,200 633 657 100
AT31L LL 60 40,500  Pen did not record curve 10
a1 10 Lo,300 968 625 95
a2 70 Lo, h50 9l2 608 90
v 70 Lo, 000 967 600 95
k2 70 33,550 900 708 100

TABLE &C.

CHARFY IMPACT-TEST DATA FOR
SPECIAL STEELS

Testing
Heat Temp., Cha, Impact Strength, Fi-1b
No. F Tst Test  2nd Test  Jrd Test  LLh Test
Vapadiym Series
AThUS g0 30 39 - -
Lo 30 33 - -
0 25 28 23 26
10 20 22 26 23
o 10 19 22 23
-10 5 L 11 N
-20 g b ? 3
ATR0 80 36 3h - -
Lo n 30 28 29
0 28 30 - -
20 2l 26 5 27
10 25 26 2L 23
o 5 [ 20 22
-10 N 18 1% ]
A7LL7 80 L7 L7 - -
Lo 39 32 - =
20 35 38 38 38
0 3a 9 Z Z
20 n 28 30 3o
10 30 9 26 7
Lo L 5 -
50 3 3 - -
80 2 3 - -
A7311 i} L2 L2 - -
0 31 31 - -
=10 32 AL - -
-20 N 25 3h 29
-30 25 28 - -
-Lo 25 25 23 7
-50 L 3 3 3
-60 3 - - -
Phozpherus Series
8o 28 38 - -
A7312 i iy s % a2
30 33 32 26 g
20 & 7 7 7
o N It - -
ATL36 80 Lo Lo - -
Lo 33 a - -
10 25 31 3L 22
o 27 i L 28
-10 3 L 3 3
-20 3 3 3 3
=40 3 H - -
ATLL2 8o 21 4o - -
Lo 33 35 - =
0 28 35 8 8
10 3 12 & 5
o 3 0 ) 26
-10 I 20 5 L
-z0 I 3 L b
Molybdenum Series
8o 3 29 - -
AT Lo 26 2l 2 26
30 21 25 - -
20 19 23 21 20
10 19 20 &6 19
0 L 7 13 13
=15 9 7 9 S
L 80 35 3k - -
A 30 27 0 29 27
20 27 10 27 28
10 28 25 25 9
a 15 % 7 6
-10 15 5 6 20
-20 12 N - -




TARLE 7B, NAVY TEAR-TEST DATA FOR COMMERCIAL $TCCLS
FINISHED AT VARIOUS TEMPERATURES

Enerpy to Energy to
Testing Maximum Start Fropagate  § Shear

Heat Finishing Specimen Temp. ’ Load, Traeture, Fracturc, in
Nomber Tomp., F Number F Fownds  Ft -Lb Tt -Lb Fracture
SBxL28 1650 J1 60 Ll,300 708 92 2
Jz2 80 Lo,zs0 757 258 20
n 90 Lg,300 483 400 100
THBLE 74, TEVSTLE-TEST DATA POR COMMERCTAL STEELS 1 %0 M350 g 17 18
FINLSHLD AT VARTOUS TEMPERA Kz 100 39,600 919 601 100
L2 w00 Lo,oo0 TIo 609 100
M 100 Lo,150 751 110l 100
M2 100 39,550 676 516 100
Strontn, Tansile  Clongation sexkob 1850 n 6  lo600 8o 58 2
Weat  Fimishing  Specimen __psi . Stromgth, in Bm., b g
Nu:,ber Tim] F Number Tpper Tower. pad Jz 80 39,100 67 83 E
0 69,600 27.8 e 50 37,950 625 200 20
B0 1650 : gg;ggg B0 s 27.0 ; N ’ 6l ses Y
2 00 39,700 2 5 0
8,00 69,800 26.0 1 1o 39,250 609 575 100
Shckod 1850 : T8 330 Tlo00 30.0 1z loo  lojloo &35 éol 100
M 100  39,Lk00 617 601 100
37,300 69,600 26,0
sEde8 1950 : b 3o o 2ns Sexi28 1950 1 10 oo ses 56 2
0 71,500 26,0 T 80 37,500  1o23 13
SOxles  1960% 1 gg:ggg i Wi 26.5 ’ ! 5
fird 90 38,150 593 100 15
g 1 38,200 26,000  66,l00 25.5 ’
Shoeli2f 2050 : 38,500 35,800 69,500 25.0 H W0 37,850 goa 700 log
[ w00 37,850 00 117 20
6 1650 1 39,600 9,00 60,600 32.0 ’
Soxk2 o0 38,L00 61,400 3.5 K2 120 37,050 Tho 625 106
2 39,5 ’ n Lo 36loo 525 &7 20
¢l
35,000 59,300 33.5
I - B
s o 5 0o
200 3h,200 61,500 32.0 M2 120 37,500 533 166 100
Soxh26 1950 ! gg;m Jieo0 61,600 28.5 m 120 36550 8 583 100
31,100 57,000 30.5
Soxbi26 1970 % %iggg 30;900 %5100 3008 S8aliz@ 1960w A 70 1,100 451 ol 5
A2 80 42,lLo0 835 0 25
1 33,800 32,900 62,300 30.0
sosh2e 2050 2 Blj200 33,600 61,300 30.5 B2 50 koo 666 0 8
6,200  3b,600 59,100 k.9 ) loo  l2,000 601 0 8
5179 1650 % gs:sm 200 59,300 33.8 '
sl 110 39,700 567 83 15
5119 1700% 1 33,600 32,800 59,000 gg‘g ’
2 33,600 32,h00 59,200 . oz 120 Lo,Loo gSS LEL 95
D2 120 39,750 0 12 1
5779 1850 1 36,000 33,900 59.500 e »r ) g ’
> 3b,200 33,300 59,500 . Jgjl 11,310 39,250 287 sgg 100
2 0 39,600 3 2 30
37,200 61,000 35.0
10k8 1450 TR Mim ansm 30 B fo w0 s 505 100
r2 0 3%,h00 3 7 100
2,700 60,900 3l.0 1 1o 35,550 575 609 100
1006 17004 % gz;%gg 32:900 60,900 31.0 2 o Lp,000  &oo 53k 95
8,800 656,500 32.5 5Bxli28 2050 HL 80 38,350 458 g0 s
1046 1850 % hg’ Sgg gg: Lo 66,000 2La5
! 1.0 J 120 36,600 550 150 20
00 29,200 59,700 '
66 1725% 1 3,3 200 59200 27.0 B B0 36,7% 53 65 95
2 3,300 B, : 7 130 36kSo G2 300 it
i} o 36,150 575 S75 1oo
i IKJ2- %!ﬁo 32,200 15.7§ goo 100
shed in a Commereial Mi 0 15,500 1. 91 100
* Fanished in I2 Lo 36k 53 it 55
soxki2é 1650 42 £ k2,700 192 125 5
a1 60 42,250 1245 818 100
B 60 Liioo 1135 878 00
2 60 42,100 1278 8Ll 100

a1 60 hikoo 115 1748 100




TABLE 7B,

{Contdnued)

TARLE 7B,

{Continuad)

Energy to Energy to
Testing Mawcimum  Start  Propagate ¥ Shear
Heat Finishing Specimen Temp., Load, Fracturs, Fracturs, in
Number _Temp., F Number Pounda Tt ~Ib Ft ~Lb Fracture
Soxh26 1850 ol S0' 39,500 1308 583 bo
A 60 39,100 1277 1277 100
A2 60 38,750 12hh 1560 00
B &0 38,750 1295 960 90
B2 &0 39,100 1220 1110 100
50xh26 1950 il 80 l1,550 1182 184 18
H2 90 Lo,250 1075 7ho 100
J1 50 39,250 950 900 100
a2 90 Lo,600 1090 &59 90
.o %0 41,500 1125 750 95
50xi26 1970% B2 70 ho,200 1119 0 10
AL 76 140,900 1zba 718 100
A2 80 Lo,900 1069 1269 90
Bl do 3,200 119 518 100
c2 80  Ll,200 1219 0 5
0L 0 Lo,600 1202 768 100
Dl 20 ho,Loo 1086 152 100
D2 %0 ho,000 1p52 86 100
El 90 Lo,hoo 1069 Boz 100
S0xli2é 2050 H? 60 ho,000 1070 61 20
g 70 39,200 958 67 s
HL 8o 38,800 1010 750 100
Jz2 80 39,hs0 1000 92 10
e 90 39,700 1390 67 50
jiv) 100 Lo,200 1140 725 100
Ll 100 Lo,200 167 725 1oo
Lz 100 kLo,950 1140 750 100
M loo  ho,100 1077 750 100
5779 1650 A 60 Lo,300 816 50 2
A2 80 38,250 75 33 10
Bl 90 38,350 893 1210 100
B2 90 39,550 951 960 160
c1 90  37,L00 838 159L 100
] 90 38,050 878 01 100
s179 1700% c1 50 38,800 969 0 10
A2 60 38,500 1019 700 90
Bl &0 39,l00 935 835 100
B2 60 39,100 952 635 100
c2 60 38,800 919 0 5
A 70 38,100 768 180k 100
DL 70 38,600 902 1388 100
2 70 38,800 969 [+} 10
El 80 38,100 835 1536 100
E2 8o 38,900 902 1820 100
F1 B0  38,L00 885 618 50
F2 90 37,600 919 585 100
Gl 90 37,100 818 1645 100
a2 90 36,550 826 1570 100
H, 90 136,950 726 667 100
5779 1850 Ji 60 37,600 892 165 3
K 70 37,600 817 165 0
a2 80 36,350 768 685 100
K2 Bo 36,550 94 1237 50
L1 80 37,150 860 sh3 90
17 Bo 35,700 8oz 660 100
10L6 1650 K ko 12,950 1173 108 8
J2 S0 h1,300 1019 2370 100
K2 50 11,950 1128 2lgo 100
A 50 11,700 1151 860 300
12 50 L2,L400 1228 2320 100
q 60 42,200 1160 1400 100

Energy to Ensrgy to
Testing Muximum  Start  Propagate #% Shear
Heat Finlehing Speciman Temp.,, Load, Fracture, Fractura, in
Number Temp,, F Number F Pounds Ft -Lb Ft ~Lb Fracturs
10Lé6 1700% cL g0 Lo, 800 1035 0 3
a2 &0 11,400 1119 651 95
Bl &0 41,000 1035 1971 100
B2 60 I1,200 1086 835 100
c2 6o +L00 1086 919 100
AL 70 o200 1038 468 100
10k 1850 F1 S0 11,500 1090 100 3
n 60 Lo, 600 1102 2235 100
D2 60 10,650 960 960 100
8 60 1,080 1119 626 100
E2 &0 10,800 1070 8Ll 100
2L666 1725 H Bo 3k, 250 555 Lhé 85
H2 ] 33,800 Lés 100 10
J 90 33,600 559 Ls50 95
J2 90 3h,500 59 Lko 100
o 90 33,150 L8l Ly 98
jivd 90 3h,300 Lo8 L1 100

# Finished in a Commercial Mill



TABLE 7C. CHARPY IMPACT DAT4 FOR COMMERCTAL STEELS

FINISHED AT VARIOUS TEMPERATURES TAELE 7C. (Continued)
Finlahing Teating Finishing Testing
Heat Temperature, Temperature, Charpy Impact Strength, Ft -Lb Heat Temperature, Temperature, Charpy Impact Strength, Ft -Lb
Numbex F F Tst lcat  end Test  3rd lest Dtk Test Number. F F Ist Test ond Test  3rd Test Lith leat
58xh28 1650 80 2k 26 - - 5779 1650 80 36 33 - -
Lo 22 20 22 23 20 23 22 7 -
20 20 21 21 20 10 5 6 20 5
10 20 23 19 - [+] 18 21 19 19
0 18 19 14 5 ] 9 6 - —
15 16 N 18 Ed -10 18 20 16 g
=30 3 3 3 - -20 g 9 3 L
-30 1k 7 - e
G8xh28 1850 8o 2h 26 - -
Lo 23 23 20 20 5779 1700% 8o 29 31 — .
30 21 21 21 21 60 26 26 — -
20 20 20 16 21 Lo 27 28 28 27
10 18 20 20 13 30 20 22 2L 25
0 16 9 - - 20 23 23 9 25
w15 16 [} 1 g 1o 1L 21 19 Fal
] b)) 18 - -
58xl28 1950 -lo] 26 25 -— -
50 22 23 2l 23 5779 1850 8o 35 3l - -
Lo 2L 22 17 20 20 23 20 — -
o0 20 20 20 12 10 1% 21 oo &
20 16 19 16 a o] 16 1) 18
10 B 15 17 8 0 20 19 — -
0 i} 10 - -- -10 5 L 13 19
-2
58xh28 1960% 15 23 22 20 21 -38 g ﬁ 2 .E
60 21 22 23 27
50 25 2l 23 2l 1oké 1650 8o 50 50 - -
ko 19 18 19 20 0 36 36 - -
30 21 22 T - ~30 33 32 32 32
20 9 22 1 L «40 27 7 19 3
=50 28 5 22 N
56x428 2050 8o 27 23 - - =60 5 23 |4 16
60 22 25 =] 25 70 3 3 2 I
50 2L 22 17 2l
140 23 20 20 19 1046 1700% 75 ut Lo - --
30 20 17 20 19 Lo L1 ke - —
20 15 17 b 20 0 30 35 31 ab
5} L g - - -10 ki a0 36 -
) -20 a 6 28 30
Soxl,26 1650 8o 50 Ly - — =30 3k 26 & 13
[° ) 38 - - Lo b L 8 28
40 36 26 28 3
=50 0 n 27 22
= & u 3 2 06 1850 %0 % s - -
=70 Fl 3 7 2 0 35 33 - -
=30 33 28 a7 37
S0xL26 1850 8o L6 L9 - 40 28 25 27 27
o] 38 3 -— -— =50 b 3 25 2
-20 33 29 [ 25 -60 25 15 5 9
=30 19 27 28 s
-0 n 29 L 5 Lé66 1725% 100 23 21 20 20
=50 s L 8 L 70 22 20 15 20
=50 3 L 3 3 15 20 15 17 20
70 18 19 2 19
Soxho6 1950 80 L8 M - - 0 19 18 20 17
ko b1 38 . - Lo 1A B - -
0 32 31 34 27 0 3 3 - -
10 25 a1 26 27
-20 b 21 5 5
=10 23 18 9 23
-ko 3 b L 7 % Finished in a Commercial Mi11
S8 1970 75 L8 Ly - -
ho i1 43 — -
0 37 28 3 9
-10 27 [ 28 -
20 12 31 29 33
=30 T 5 13 15
=40 b 12 b1 26
Soxh2é 2050 a0 35 [l - -
Lo Lo ar - -
i 33 31 - -—
-10 33 29 23 12
20 20 [ 27 1,
~30 9 U b 5
=40 13 1k 6 9
=50 3 3 - -




