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INTLUENCE OF SILICON AND ALUMINUM ON——
~ PROPliRTI~~O~OLLED STEE~—
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INTRODUCTION

There are both advantages and disadvantages in using semi-

skilledsteels in place of killed steels for structural applica-

tions. One advantage of semiskilledsteels is that they provide

a higher ingot to product yield. This is especially important

to shipbuilders in the time of national emergency. By using

semiskilledsteel for hull plates, a greater number of ships can

be built from the same ingot tonnage. However, unless these

semiskilledsteel plates do not fail in service, the advantage of

the higher product yield is of no importance.

The performance of hull plates is closely associated with

the ductile-to-brittle transition temperature, and this in turn

is dependent on the composition and degree of deoxidation of the

steel. A low transition temperature is desirable because it in-

dicates that the steel structure is less likely

multiaxial stress condition that can develop at

peratures.

to fail under

low ambient tem-

Killed steels are known to have lower transition temperatures

than semiskilledsteels. It is believed that the better qualities

of killed steels in this respect are due mainly to the low oxygen

contents of the steel. The principal deoxidizers, aluminum, sili-

con, and manganese, lower the oxygen content.
-.,,

Fundamental

studies(1g2) have shown that the oxygen content remai&g after
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the addition of one of these three elements is influenced by the

residual amounts of the other two present. In the

therefore, various amounts of silicon and aluminum

steels containing different manganese contents for

current study,
“.

were added to ~

the purpose ;

of studying the influence of silicon and aluminum on the notched-
,

bar properties of hot-rolled steels. ‘.

Eleven

.. tions shown

Charpy test

types of steels were studied of the nominal composi-

in Table 1. Both the Navy tear test and the keyhole

were used in this investigation. The temperature at
,

whichthe plates were finish rolled was carefully controlled at

1850 F, and all plates were rolled to 3/4-in. thickness, followed

by”testing in the as-rolled condition.

MATERIALS AND TE5TING METHODS

The total number of steels prepared in the laboratory for

this study was ninety-five. The charge consisting of ingot iron

and ferrosilicon equivalent to 0.10 per cent silicon was melted

in a 200-lb. induction furnace under an atmosphere of argon to

insure low, uniform nitrogen contents. After the charge was

melted and the desired temperature was obtained, the melt was

partlydeoxidized with either silicomanganese or aluminum.

Aluminum was used for this purpose in only those steels with

very low silicon contents, where the finished steel was to con-,

tain some aluminum. This initial deoxidizing addition was made

to obtain consistent recoveries of subsequent additions of

“



“3-

●

❉

TABLE 1. NOMINAL CCiMPOSITIGNSOF VARIOUS TYPES OF
STLELS STUDIKD

.

Type Nominal Com~ositiona per cent
No. c Mn Si P s N Al

I 0.25
II o.2i
III 0.21
IV 0.19
v 0.21

VIII 0.25
IX 0021
x O*21
XI O*21

O*45
0.60
0.75
1.00
0=75

0.45
0.45
0.45
0.75
0.75
0.75

Various
Various
Various
Various
Various

0.01
0.05
O*1O
0.01
0.05
0.10

0.015 0.025 0.004
0.015 0.025 0.004
0.015 0.025 0.00L
0.015 0.025 O.ook
0.015 0.025 0●004

0.015 0.025 0●004
O.olfj0.025 0●004
0.015 0.025 0●004
0.015 0.025 0●004
0.015 0.025 0.004
0.015 0.025 0●004

None
None
None
None
0.03

Various
Various
Various
VarioL.s
Various
Various
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ferromanganese, ferrosilicon, and aluminum. Carbon, in the form

of graphite, was added either just prior to tap or to the final

aluminum addition. The entire heat of 200 lb: was poured direct-

ly into a 6 by 6-in. big-end-up mold. The ingots of semiskilled

steel were capped with a steel

other hand, were poured with a

the total volume of the ingot.

The ingots were processed

plate. The killed steels, on the

hot-top containing 14 per cent of

by heating to 2250 F, followed by

forging to slabs 1 3/\ in. thick and 6 in. wide. After reheating

to 2“250F, the slabs were rolled to 0.9-in. gage, using reductions

of approximately 1/6 in. per pass.

immediately recharged in a furnace

utes in the furnace ~t 185o F, the

The 0.9-in. thick plates were

held at 1850 F. After 30 min-

plates were rolled to 3/4 in.

in one pass. Following the final pass, the plates were stacked

on edge on a brick floor with a brick separating one from another,

where they were allowed to cool in air.

Drillings for chemical analysis were taken from the plates

at locations corresponding to the top and bottom of each ingot.

Carbon, manganese, silicon, phosphorus, sulfur, and nitrogen con-

tents of each sample were determined. The averages of the two

analyses for each ingot are given in Table 2. The analysis of

each steel was carefully controlled, so that the contents of

phosphorus, sulfur, and nitrogen varied only slightly from aver-

age values of 0.017, 0.027, and 0.004 per cent, respectively,

for these elements. In some cases, as could be expected, carbon
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TABLE 2. C-HXIWIICALCOMPOSITION, FERRITE GIUIINSIZE, ANO
AUSTENITEGRAIN-COARSENINGTEllHJRATUREOF
EXPERIMENTALSTEELS

~—.— ~—
Number of Austenite
Ferrite Grain-

Heat Che~ical CompositionJ per cent’ Grains/ Sq. Coarsening, Number C Nn sT— —P_ s N A~fl)In. at 100X Temp, F

Type I (0.257 C, 0.45% Mn) Steels

A6602 0.23
A7663 0.22
A6650 0.22
A74490.20
A8132 0.23

0.51
0“4
O*4t
0.43
0●44

0.018
0.027
0.023
0.022
0.027

0.02
0.03
O*O4
0.04
0.04

0.010
0.015
0.012
O.OL!+
o.ol~

0.017
0.016
0.016
0.018
0.016

0.017
0.016
0.020
0.020
0.015

0.015
:*::2

0:021
0.015

0.003
0.003
0●004
0.004
0.005

71
84

‘1515
1505
l~lo
l’jag

1470

101
91
77

).65560.23 0.44
0●49
0.47
0.48
0.48

0.025
0●025
O*O4
0.027
0.021

0.004
0.004
0.003
0.003
0.004

103
85
88
79

A670~ 0.21
A6555 0.22
A6594 0.21
A66S7 0.23 73

0.26 0.!430.20
o.Lp+0020
o.)+~0.22
0.44 0.26
0.54 0.29

0.004
0.005
0.003
0.002
0.005

0.027
0.030
0.026
0.026
0.032

0.25
0.25
0.25
O*22

M;;;

B866
A8923
B867

0.2
0.2ii
O*22
0.25
0.22

0.54 O*31
0.44 0.38
0.54 0.38
0.49 0.48
0.55 O*54

0.023
0.030
0.031
0.024
0.030

O.oog
0.005
o.oo~
0.003
0.005

75
99
79
104
92

1540
1530

1;30

+ Type II (0.21% C, 0.60~ Mn) Steels.—

A81~l 0.20 0.57 0.10 oio16 0.0300.004 -* A9265 0.20 0.60 0.12 0.020 0.0290.003 -
A8375 0.21 0.60 0.17 0.015 0.0280.004 -
A9266 0.21 0.61 0.20 0●021 0.0310.004 -
A8376 0.21 0.60 0.26 0●015 0.028 0.004 -
A927~ 0.20 0.65 0.39 0.017 0.0330.004 -

82
64
68
83
79
73
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TABLE2. (CONTINUED)

Number of Austenite
Ferrite Graln-

Heat Chemical Composition per cent Grains/ Sq. Coarsening
I@mber C Mm Si P

—..—
s N A~[l) 1~* at loox Temp9 F ,——

Type III (0.21% C, 0.75? Mn) Steels

A6651
A6603
A7664

8
A66I
A658

0.19 0.74
;.:$

0:81
O*79

0.01
0.02
O*O3
0.0
0.0t

0.017
0.017
o.ol~
0.016
0.011

0.016
0.01

k0.01
0.017
0.018

0●ol~
0.022
0.017
0.015
0.018

0●ol~
o●013
0.016

0.023 o.oo~
0.022 0.003
0.026 0.003
0.0220.004
0.024 0.004

1505
1530
1525

72
85
83
71
64

94
92
78
85’
80

7
k
:7
69
7L

82
77
70

59
67.
73
79

0.21
0.10
Q.19
0.21

1$10

1525

0.22
0.20
0.21
;.::

●

0.07
0.07
0.07
0.12
0.13

0.025o.oo~
0.022 0.004
0.0250.004
o.021+0.004
0.0290.004

1525
1515
1540
15io

0.I.6
0s17
0.20
0.29
O*31

0.19
0.18

0.023 0.004
0.0280.003
0.029 0.004
0.023 oeoo~
O.O3O.0.006

0.20
O*19
0.19

A8730 0.20 0.72 0.38
B869 0.18 0.86 0.42
B870 0.18 0.86 0.52

0.030 0.001}
0.031 0.004
0.0300.006

1530
--

Type IV (0.19~0~ MII)Steels

A9271 0.18 1.06 0.06 0.017 0.030 0.003 -
A9272 0.17 1.02 0.15 0.016 0.0300.004 -
A9273 0.18 1.06 0.24 0.018 0.029 0.004 -
A927k 0.20 1.36 0.34 0.019 0.031o.oo~ -

1520
1530
1530

.

TJ-J&V (o.a~ (-J 0.75$ Mn, 0.03% A1(l)) Steels

A8904 0.20 0.72 0.02 0.017 0.0290.004 0.O26 84
A7319 0.18 0.81 0.02 0.017 0.022 0.004 0.032 :;A7662 0..200.75 0.0S 00016 0.028 0.003 0.033
A8905 0.20 0.74 0.08 0.018 0.029 0.003 ~=~~~ 89A8906 0.20 0.74 0.14.0.020 0.029 0.00,!L . ~7

1760

., -1!0’
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TABLE2. (CONTINUED)

Number Of Austenite
Ferrite Grain-

Heat Chemical Composition$ per cent Al~~, ~aig;/l:;~ C;;;sening
Number C Mn Si P s N ● P9 F

4

A8907 0.20 0.75 O*2O 0.018 0,0280.00So.03k 86
A8908 o~zo 0.77 0.20 0.018 0.028 o.oo~0.039 77# A8909 0.20 0.77 0.32 0.018 :.::: :*::L0.035

k
76

B871 0.19 0.86 O*37 0.018 0.042 77
B872 0.19 O*86 0.47 0.015 0:028O:OOS0.043 85

1770
1770
1750

1540
1540
1535
1670
1720

u;~

1705
1685
1785

l~lo
1665
1690

1;80

1655
1705

172S

1:90

1600

B873 0.18 0.87 0.57 0.014 0.0320.005 0.039 96

Type VI (0.25% C, 0.45% Mn, 0.01% Si) Steels

A6648
A8736
A8737
A6707
A9263

0.59
0.46
0.40

0.01 0.016 0.0210.004 0.001 yl
O*O1 0.019 0.02

i!
0.0040.002 77

O*O1 0.021 O*O2 0.00b0.006 85

0.27
0.22
0.20
O*2O
O*21

0.01 0.019 0.025 0.0030.027
0.01 0●020 0.028 0.0030.028

73
90

A926
kA670

A8142
A8143
A6709

o●47
O*52
0.46
0.46

O*O1 0.019 0.0280.0030.031 84
0.01 0.020 0.0250.004 0.046 93
O*O1 0.016 0.0280.0040.073 82
0.02 0.016 0.0300.004 0.038 91
O*O1 0.018 0.0250.004 0.127 87

0.20
0.21
0s21
0.24
0.21 0.53

Type VII (0.25~ C, 0.45%l!n,0.05jZSi) Steels

A7531
A8136
A7322
A7661
A8137

0.22
0.25
0.25
0.21

0.48
0.1+7
o.~1
0“45
o●45

0.05 0.016 0.0320.003 0.006 78
0.04 0.017 0.0270.004 0.019 68
o.o~ o.ol~ 0.023o.oo~ 0.030 83
o.o~ 0.016 0.0330.0030.034 88
0.05 0.016 0.029 0.0030,061 910.25

A7~29
A874~

0.25
0.25

0.41
O*52

0.05 0.016 0.028 0.0040.091 89
0.05 0.017 0.0260.0030.211 78

Type VIII (0.25% C, 0.45% Mn, O.1OZ Si) Steels

A8738
A83~o
A8739
A8351
A8740

0.4’7
0.46
0.46
0*49
0047

0.23
0.24
0.23
O*4
Oaa

0.10 0.018 0.0300.004 0.059 88
O*O9 o.ol~ 0.0280.003 0.099 75
O*O9 0.017 0.0310.0060.128 85
0.09 0.016 0.0290.0030.166 92
O*O9 0.018 0.031 0.0030.260 84
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TABLE 2. (CONTINUED)

Number of Austenit~
Ferrite Grain-

Heat Chemical Cormosition, per cent Grains/ Sq. Coarsening
Number C Mn Si P s N A1(l) In. at 100X Temp, F

Type 1X (0.21% C, 0.75% Mn, 0.01% Si) Steels
+

—— --

A6649 0.22 0.87 0.01 0.015 0.022 0.0040.001 91 1495 ,
A8145 0.18 0.72 0.01 0.018 0.0280.003 0.016 86 1625
A7320 0.20 0.85 0.02 0.016 0.025’0.004 0.019 74 1710
A8146 0.19 0.78 0.01 0.019 0.0280.002 0.064 85 1740

A7660 0.20 0.74 o.o~ :*g:~ 0.0320.003 0●004 8
A8144 O*21 O*79 0.04 0.0280.003 0.019 8t 1720
A7530 0.21 0.71 0.0S 0:018 0.027 0.0030.084 93 1765
A8141 0.19 0.77 O*O4 0.017 0.029 0.004O.1~0 95 1645
A8746 0.19 0.64 0.01 0.017 0.027 0.0030.192 84 1720

pe XI (0.217% Cy 0.75%Mn,0.10%Si)Steels

A8741 0.20 0.73 0.09 0.016 0.028 0.0040.062 7b 1775
A8352 0.20 0.74 0.09 0.018 0.029 0.004 0.093 92
A8742 0.21 0.77 0.09 0.018 0.0280.004 0.131 84
A8353 O*21 O*66 0.09 0●014 0.0270.004 0.167 73 1:40
A8743 0.22 0.76 0.10 0●019 0.028 0.0040.269 91

(1) Acid-soluble aluminum contents.
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and manganese were slightly above or below the nominal composi-

tion for a particular type of steel. Silicon and also,aluminuma

when present, were varied intentionally within a series of steels ‘

of a given type.

Duplicate standard st~ip tensile specimens? using full thick-

ness of the plate, were prepared from eack,heat. Using these

specimens~ the upper and lower yield strengths~ the tensile strength~

and the elongation values were determined. The upper yield strength

was taken as the highest strength obtained before the drop of beam,

while the lower yield strength was taken as the lowest strength

after the drop of beam and before the ultimate strength was reached.

The elongation was measured over an 8-in. gage length.

The tear tests were made using the type of specimen and proce-

dure described

from the 6-in.

center to give

by Kahn and Imbembo(3). The specimens were prepared

wide hot-rolled plates after cutting them down the

strips 3 in. wide. The specimens were taken parallel

to the direction of rolling and notched from the edge opposite the

cut surface. This was done to insure that the sections to be test-

ed had coaled from the hot-rolling temp~rature without having been

affected by the more rapid cooling of the edges. The plates had

been placed on edge and cooled in still air after the final hot-
.

rolling pass.

The tear test transition temperature was

ferent methods. One definition, developed by

defines transition temperature as ihe highest

defined by two dif-

Kahn and Imbexnbo(3),

temperature at which
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one or more in a group of four test specir~ensexhibited a frac-

ture area having less than 50 per cent of the ductile-shear type

of fracture. This transition temperatures referred to later as

the Kahn transition temperature can be det~rmined by as few as

five test specimens. Another definition of transition tempera-

ture, more suitable for research work but requiring more test

specimens7 is based on the 50 per cent probability of brittle

specimens. Here four specimens are tested at 10 F intervals

throughout the transition. In all casesy a specimen was classi-

fied as brittle if less than JO per cent of the fractured area

showed the dull, ductile-shear type of fracture.

Keyhole Charpy specimens were taken parallel to the direc-

tion of rolling and notched normal to the surface of the plate.

Four tests were made at intervals of 10 F, using a pendulum with

an available striking energy of 22o ft-lb and a velocity of 18.1

ft. per second. The transition temperature can be defined in

these tests as the temperature at which the average energy-tem-

perature curve crosses within the 12 or 20 ft-lb level. The

transition temperatures at both energy levels are reported in

the present investigation.

EFFECT OF SILICON AND ALUMINUM ON FERRITE GRAIN SIZE

The ferrite grain size of each steel was determined by the

(4)grain-counting method . The grain counts given in Table 2

show the average number of ferrite grains per 0.0001 sq. in. of
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.

steel. For steels with equal amounts of ferrite, the larger num-

bers indicate smaller ferrite grains. The average ferrite grain

count of the ninety-five steels studied was 82 ferrite grains

per 0.0001 sq. in. of steel. The maximum deviation from this

average for the ninety-five.steels was 24 grains, which is equiv-

alent to approximately 1/2 ASTM grain-size number. Silicon and

aluminum appeared to have no influence on ferrite grain size of

the experimental steels air cooled after a finishing pass at 185o F.

These plates had been heated to 2250 F before rolling; during

rolling they cooled to 185o F. There is little doubt that all of

the plates had a coarse austenite grain size at the end of this

rolling operation. All of the plates had a coarse ferrite grain

size after cooling to room temperature. Therefore, questions

arose concerning the effect of reheating and air cooling on the

ferrite grain size of the plates containing different amounts of

silicon and aluminum. For this reason~ the ferrite grain size of

seven ABS semiskilledClass B steels and seven aluminum-treated

Class C steels were determined before and after normalizing at

1650 F. There was no difference in the ferrite grain size be-

tween the two grades of steel in the as-rolled condition. For

both grades of steel, normalizing produced finer ferrite grain

sizes. On the average, the ferrite grain size of Class B steels

increased one AST1lnumber, while the grain size of Class C steels

increased 1.8 ASTM numbers. An increase in the ASTM number



-12-

indicates a smaller grain size.

Ferrite grain size is known to influence the Charpy transi-

(12)
tion temperature of the steel . Epstei~8) reported average

decreases of 38 F in keyhole Charpy transition temperature by

normalizing Class B steel and ~~ F by normalizing Class C steel.

The transition temperature of both classes of steel changed pro-

portionally with the change in ferrit~ grain size.

These experiments indicate that the major benefits of fine-

grained deoxidation practices are obtained in normalized rather

than in hot-rolled plates. Variations in deoxidation practice

do not seem to have a marked influence on the ferrite grain size

of plates in the rolled condition if they are rolled by identical

practices.

EFFECT GF SILICON AND ALUMINUM ON THE AUSTENITE
G.RAIN-COARSENIJTGTEMPEIIATUM

Specimens 1/2 by 5/8 by 5 in. were heated for four hours in

a temperature-gradientfurnace similar to the one used by Halley(5).

The hot end of the specimen was over 1900 F, while the cold end

was under 1500 F. This provided a temperature differential of

more tb.an400 F in five inches of specimen. All specimens were

oil quenched after the four-hour treatment. The specimens were

then sectioned longitudinally, polished, and etched. Knowing the

temperature gradient and the position of each specimen within the

furnace, the grain-coarsening temperature could be determined by

examining the etched surface for change in grain size.
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The grain-coarsening temperatur~s for a number of experi-

mental steels are reported in Table 2. Silicon had no effect

on the austenite grain-coarsening temperature.

The average coarsening temperature of the steels contain-

ing no aluminum and various amounts of silicon was 1524 F.

Aluminum contents over 0.01 per cent raised the coarsening tem-

perature approximately 200 F to an average temperature of 1725 F.

It must be remembered that, before rolling, the experimental plates

were heated to 2250 F; much higher than the highest grain-coarsen-

ing temperature determined. The experimental steels, therefore

probably had coarse austenite grains during and after the final

rolling reduction.

EFFECT GF SILICON Am AL~~I~~~ ON THE TENSILE properties

Duplicate strip tensile tests were made from the 3\~-in. plates

rolled from the ninety-five experimental steels. Test data for

each test specimen are given in Tables A-1 through A-n of the Ap-

pendix. A summary of the tensile properties is given in Tables

3 and 4.

Formulas given in Table 5, showing the influence of silicon

on tensile and yield point, were determined by multiple-correlation

methods. The data used to determine these formulas were corrected

for small variations in carbon and manganese of each steel in ques-

tion from the nominal composition of its type. The factors used

in making these minor corrections were derived from.a comprehensive
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TABLE3. PROPERTIESOFLABORATORYSTEELSWITl+VARIOUSSILICONCOITTENTS,’
s.

Cha~ ~ Tear-TestTransition
TensileProperties Emrgy Temperature,F

Silicon Tensile Yield lllong Absorbed Transition Probabilityof
Heat ContentjStrength, Point,psi in 8’1,at aO F, Te~erature~F
Number % psi Upper Lower % ft-lb l{ti ~OfiBrittle~ft-lb 20 ft=lb “Specimens ;

A6E02
A7663
A6650
A7~49
A8132

A655’6
A6705
A6555
M&;

A7526
A872B
A8922
A8747
B865

:;$;
B866
A8923
B867

A8151
A9265
A8375
A9266
A8376
Q27~

0.02
0.03
0.04
0.04
0,04

0.0;
0.05
0,06
0●11
O*U

0.20
O*2O
0.22
0.26
0.29

0.31
0.38
0.38

0..48
O*54

0.10
0.12
0.17
0,20
0.26
0.39

t%,ooo
61,100
m,sgo
ti,?w
61,000

6~,(%0
63,000
62,700
62,450
63,350

65’,000
66,@o
6~;900
66,100
66,850

6’7,200
73,450
68,500
70,400
70,(ho

62,300
6~,200
62;100
63,Coo
6h,300
67,350

33,%0
35,050
35,m
35,m
36,450

37,950
37,050
38,850
37,100
34,200

36,950
39,300
38,1c0
37,100
38,200

35,550
35>750
369650
36,700
37,050
40,100

32,9S0 30.5 31 0
34,50031.5 +2
34,25028.o % +4
34,2003105 31 -1
34,50030.5 29 +9

35,000.31.0 31
35,900 2u 31 -J
36,05027.5 32 -3
35,70030.0 33 -29
33,650 26.5 34 -28

3h,900 29.0 32 ;;;
38,400 28,5 30
35,900 27.5 30 -36
35,85’028,s 30 :$
36,20026.0 30

36,&o 26.0 32 -56
39;300 27.0 25
37,50027.0 29

-3(3
-40

39930028.s 28 -59
39,200 26.s 28 -64

Type11 (0.21$C, O.@j Mn) Steels

34,10030:5 33 -38
34,250 28.5 — -3.’?
3~,250 28.0 35 -37
35,400 29;0 - -33
36,200 28.o 36 -27
39,500 24.5 32 -51

.,

ah
+23
+25
+16
+33

:;

+12
-7
-2

-12
-1.2
-14
-17
-3

-20
+5
-17
-21
-33

=24
?5
:31
-18
-11
-22

70
63
68 ..
62
64

71
74
85
78
79

.,

. .
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TABLE3. (CONTINUED]

— ..— -- —— .——— —.———.. . —.
Charpy

——. — —

TensileProerties
SiliconT6&ile --–—-&T-------”” >;g. “Q;;::tion-- ‘e-~~;g:G~-Elong

Heat Conterit~Strengths PointjQsi in 811,at 80 F9 TemperatureFF 50;?Brittle
Number %

.——
psi Upper Lower $ ft-lb = ft.lb 20 ft.1~ Kahn Specimens

Type111(0.2tiC, ().75%lh)Steels

375’20035,700
37,%036,850
36,10034,800
36,%035,35’0
35J503b,900

36,20035,500
36,35035,400
35,0593h,200
30,35036,1S0
37,95035,250

38?45036,700
39,ooo36,250
36,35035,950
39,05037,800
40.20039,150

38,80037’,850
40,45039,200
b2,70041,700

28.5
23.0
29.5
2b.o
28.0

38 -32
“44
-19
-36
-33

A6651
A6&3
A7664
A6641
A6588

62,300
64,900
62,300
62,850
62,350

61,700
61,950
61,550
63,Lo0
& 800

6h,300
63,050
63,650
66,9S0
66,700

67,350
67,700
69,650

63,boo
6h~700
67,000
75>900

0.01
0.02
0.03
O*O4
0.06

O*O7
O*O7
0.07
0.12
0.13

0.16
0.17
O*2O
0.29
0.31

0.38
0.42
0.52

0.06
0.15
0.2)J
0s34

-24
-29
“7
-25
.20

70
80
80
80
@

37
34
38
37

A6557
AG84

~74m
A6fj9~
A8378

30.0
30.5
32.5
27.S
31.5

-33
-27
-26
-58
-46

-13
-6
=-13
43
.30

● .70
70
60
40
@

57
55
50
26

A6@5
A92&
A7528
A6@7
B868

39

I
h3
37

=-77 -57
-414
--40
-29
-6

30
50
g

70

2’7
251-x’

-55
-45

45
50
@-23

A8730
B8E9
B870

29.0
26.5
2’7.0

35
38
33

-2’7
-12
026

-n
+-l
-10

70
80
70

TypeIV (0.19$C, 1.00%Kin)Steels

37,350 36,250 29.5 42
373500 373050

“39
30.0 -ha

39,450 37,750 28.0 L -43
4& 250 45,150 24.5 — -55

A9271
A9272
A9273
A92T)J

-28
-3?
4’~
.40

40
50
60
90



Charpy Properties Tear-TestTransition
TensileProperties Energy Temperature,F

Silicon Tensile Yield Elorg Absorbed Transition Probabilityof
Heat Content,Strength$ Point,psi in O’tyat 00J?, Temperature,F 50%Brittle
Number $ psi &er Lower $ ft-lb 12 ft-lb 20 ft-lb Kahn Specimens

TypeV (0.2133G, 0.7Y~Mn,0.03~Al)Steels

A8904 0.02 63,100 36,25035J200 29.5 -29 -13
K

70 72
A’1319O*O2 ~;v;;: 35,20033,85030.0 -36 -24 80 &’
A7662 0.05 36,30034,450 28*5 38 -42 -29 60 %
A8905 O*O8 64;000 37375035,95028.5 36 -Sll -46 &l j;
JM906 0.14 64,950 38,10036,1S0 29.5 u -55 -42 70

A8907 0.20 64,@O 37,@O 36,350 29.0 40 -70 :% 63 45
A8908 O*2O 65,050 38,75o 36,750 3&.; u -77
A8909 0.32 66,COO 40,750 38,850 39 -86 :68 2$
B871 O*37 67,700 40,000 39,950 231~ u -88 -80 :
B072 O*47 @, b50 43,050 ~Q,800 26.0 $ -98 -73 5’8 &
B873 O*57 71,000 43,8~0 42,700 25.5 -93 -65’ 80 61

p

..—.
.
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TAEJIJ4. (CONTINUED)

—.—” —. - — .—. —

—. .— .- —

Charp.y Propertie5 Tear-TestTransition
TensileProperties XeGgy

....——
Temperaturej1?—.

Alu]fii.numTensile Yield Elong” Absorbed Transition Proba~ilityof
Heat !Conjent,Strengths Point,psi, in ~“~ at 80 FJ .&!QSl*15d—~. SO%Brittle
Numbeyl ~ psi Upper Lower % ft-lb“ 12 ft-lb 20 ft-lb Kahn Specimens——.. —.

A6594 0.000
M736 0.059
A8350 0.099
A8739 0.126
A8351 0.166
M740 o.2m

A6649 0.001
A8145 0,016
A7320 0.019
A7319 0.032
A8146 0,064

Avg2
steels0.000
A76f0 0.004
A81440.019
A76& 0.033
A7530o.08h
A81410.150
A87~6o.192

62,450
63,550
63,100
62,~oo
6J$;

9

64,700

59,5!%
59,950
.59,250
@, too

62,@o
61,~;OO
62,1S0
62,1$0
62,SS0
62,650
5’7,800

3’?,10035-,70030.0 33 -7
37,2503h,700 31.0 32 :% -lo
3634503L1800 30.0 34 -38 -20
36,70034,550 32.0 -32 -13
3425035,150 30.0 ;; -55 -30
36,35035,P50 29eo 35 -57 -34

we Ix (0.21yJ < 0075%~.@ SilSteels ‘—.—...— .-..—.-

37,7003qwl 24.o 36 -27 -19
34,55033,100 32.0 39 -15 -8
34,40033,400 31.5 Q .)J) -24
35;20033;850 30.0 u j; -24
34,75034,000 32.5 ~~ -42

36,0$0 3~,120 26.0 37 -3b -22
36,05034,63031*O 40 “34 -22
36,10033,850 2505 38 .36 =-25’
36,3oo3b,&O 28.s 38 -42 -Z?
36,@o 35,40031.0 42 -74 -61
37,950363150 28.s 40 -66
33,10032,h~O 44

48
33.0 “Q -58

80
80
90
&l
40
40

%

z
co

g
go
&l
40

$

;
67
52
45
40

75
75
70
@
56

$
55
55
w
15
30

.
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i.-—=-.—-—e,— .-—s ——.. —..—— z .——.—-—. —. — ——-— --...—-
Ch

.-— .—,
~ Properties Tea.r.TesjtTransition

TensileProperties Energy
_w!u?!era~~e9 L

Aluminum Tensile Yield Elong Absorbed Transition Probabilityof
Heat Content3Strengthj Pointjpsi in 81’$ at 80F$ TemperaturejF=- S02Brittle
Number _&____ ..—~si Upper Lower—. $ ft-lb 12.ft-lb 20 ft=Jb Kahn Specimens_

Avg5
steels0.000 62,080 36,7803S,28030.5 39 -38 -21 &l 47
A89050.036 6L,000 37,75035,95028.S 36 -5’4 =-46 h 51
A871Jlo.otQ 62,200 35,85034,20027.5 40 -48 -37 &l 54
A83520.093 63,40Q 37,35035,80032.5 36 =-60 -32 70 $
A87420.131 64,300 37,05036,4oo30.5 36 -76 -59 Lo

A83S3 0,167 63,100 36.500 35,40030.5 39 -83 =-60 20 19
A87.430.20 63J50 36,GO 35,35030.0 36 =-68 -64 80 80 9

:
-—— ——. —. .~ -—.—.-—. ~-.— .-.. z -——

,’
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5. EQUATIONS FOR CALCULATING THE TEiiSILESTRENGTH AND
YIELD STRENGTH OF HOT-ROLLED STliJiLSliITHDIFFERENT
SILICON CONTEil!TS

—.——-—.—. . ..-= —.. .———-—

Type of No. of Range of Silicon,
Steel Heats per cent Equation

—.- .——— —— ——.,

Type II

Type 111 18

Type IV

Type V

4

11

Type I 20 0.02-0 ● 54

0.10-0.39

0.01-0 ● 52

0.02-0.57

0.02-O.j7

Tensile Strength$ psi = 6&h6h +
15,311x $ S1
Standard Error of Estimate . 1385

Upper Yield Point, psi = 36q701 +
6g339 x $ Si
Standard Error of Estimate = 1579

pSi

psi

Tensile Strength3 psi = 59,336 +
2~~~14 x Y Si

St&dard Error of Estimate . 532 psi

Upper Yield Point, psi = 34237.2+
13,32k x Z Si
Standard Error

Tensile Point?
16~624-x Z Si
Standard Error

of Estimate = 57’8psi

psi = 62,476 “+

of Estimate = lk97 psi

Upper Yield Point, psi = 36:313 +
11,217 x ,%Si
Standard Error of Estimate = 1258 psi

Tensile Strengthq psi = 629586 +
21,865 x X si
Standard Error of Estimate = 647 psi

Upper Yield Point, psi = 35,429 +
20,T7T X % Si
Standard Error of Estimate = Iokk psi

Tensile Pointa psi . 62,96%+
IJ,637x ~ Si
Standard Error of Estimate = 920 pSi

Upper Yield Points psi = 36,233 +
13,475 x f;si
Standard Error of Estimate . 698 psi
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study(9) of the influence of carbon and manganese in semiskilled

steel. These factors were in good agreement with those deter-

(6,71mined by other investigators from studies of killed steels.

The factors were therefore applied to the high silicon and high

aluminum steels in ths present study. fi~chsteeis would also be

of the killed type.

The formulas in Table 5 for steels of Types 1~ 1112 and V

are in good agreement. The averages for these steels show that

O.O1 per cent silicon raises the ultimate strength approximately

155 psi and the yield point 130 psi. These values agree with

those reported for hot-rolled steel by other

Fewer steels of Types II and IV were testeda

for the apparently more pronounced effect of

steels is available.

(677)investigators .

and no explanation

silicon in such

Aluminum in the range studied had no effect on either the

tensile or the yield point.

EFFECT OF SILICON AND ALUMINUM ON CHARPY PROPERTIES

The silicon content was independently varied in five

of steelsg while tb.ealuminum content was varied in six.

types

Four

of the five types of steel with varying silicon contents had no

aluminum addeda while th~ fifth type contained approximately

0.03 per cent acid-soluble aluminum. This amount of aluminum is

normally found in steels made by fine-grained practice. The ef-

fect of alumirlumwas studied in steels containing three different
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amounts of silicon, each at two levele of manganese contents.

Test data for each specimen are given in Tables A-23

through A-33 of the Appendix. The average ener.gy-temperature 7,

curve was determined for each steel. From these curves, the

temperatures shown in Tables 3 and 4 at the 12 and 20 ft-lb

values were obtained.

The energy absorbed at room temperature is sl-.ownin Tables

3 and 4. Neither silicon nor aluminum in the steels affected

the energy absorbed in breaking Charpy specimens at room tem-

perature.

After adjusting the transition temperatures for small tm-

intentional variations in carbon and manganese? regression

eq~ations shown in Tables 6 and 7 were derived by multiple-

correlation methods. The small standard errors of estimate

for each equation indicate that these fOrmLllaSfit the data

very well. Figs. l(a) and 2 show the adjusted 12 ft-lb tem-

peratures and the trend lines calculated from the appropriate

equation. Fig. l(b) presents some supplementary data obtained

on two steels with other manganese contents.

The Charpy transition temperature was shown by the data

to be lowered by sm,allamounts of silicon, except for Type IV

steels in Fig. l(b) where the data are few and indicate no

significant effect of silicon. After reaching a minumurnvalue,

the transition temperature remained constant or increased with

additional silicon. The silicon content at which a minimum
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TABLH 6. FORMULAS FOR CALCULATING ‘KEYHOLECHARPY TRANSITION
TEMPERATURES FOR HOT-ROLLED STEELS WITH DIFFERENT
SILICON CONTENTS

———
— ——

Type of Silicon Range,
Steel per cent Formula.

.—— ——-——————

12-Fnot-Pound Kevhole Char~.yTransition Temperature

Type I

Type II

Type III

Type 111

Type IV

Type V

Type I

Type II

Type III

Type III

0.02- O*54

0.10 - 0.39

0.01- 0.20

0.16- 0-152

0.06 - 0.34

0.02 - 0957

Trans. Temp F
296 x (~ Sij2

Standard Error

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Error

Trans. Tern, F
362 (z Si)3
Standard Error

Trans. Temp F
335 x (% LSik
Standard Error

= 15.57 - 274x$Si+

of Estimate = 10.6o F

= -22.25 - 48 x Z si
of Estimate = 10.10

-20.78 - 183 x % si
~f Estimate = 9.02 F

= -78.46 + 19 x % Si
of Estinate . 13.16 F

= -26.79 - 139 f Si +

of Estimate = 3.59 F

= -24.56 - 284x$Si+

of Estimate = 4.90 F

2&FoOt-PQund Kevhnle Chamv Transition Temperature

0.02 - O*54 Trans. Temp F . 36.55 - 263 x ~ Si +
333 x (% Si\2
Standard Error of Estimate = 11.05F

0.10 - 0.39 Trans. Temp, F = -17.98 + 8 x z Si
Standard Error of Estimate = 11.42 F

0.01 - O*2O Trans. Temp, F = -6.8o - 158 x ~ Si
Standard Error of Estimate = 9.03 F

0.16 - 0.52 Trans. Temp,.F = -61.34 + 159 X ~ Si
Standard Error of Estimate = 12.63 F
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TABLE 6. FORMULAS FOR CALCULATING ~YHOLE CHARPY TRANSITION
TEMPERATURES FOR HOT-ROLLED STEELS WITH DIFFERENT
SILICON CONTENTS [Continued)

—. ————— — .——
. .— . . — -.

Type of Silicon Range,
Steel per cent Formula.

Type

Type

20-Foot-Pound Kevhole Char~v Transition Temperature

IV 0006 - 0034 Trans. Temp, F
Standard Error

v 0.02 - ~~57 Trans. Temp F
429 x ($ fii~2
Standard Error

-25.22 + #iLx % Si
~f Estimate = 5.~0 F

= -8.46 - 308x~Si+

of Estimate = 5.69F
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TABLE 7. FORMULAS FOR CALCULATING KEYHOLE CHARPY TRANSITION
TEMPERATURES FOR HOT-ROLLLD STEELS WITH DIFFERENT
ALUMINUM CONTENTS

-—

Type of Aluminum Range,
Steel per cent Formula

—.

12-Foot-Pound Kev~l e CharDv Transition Temt)erature

Type VI 0.001 -0.127

Type VII 0.000 - 0.211

Type VIII 0.000 - 0.260

Type IX 0.001 - 0.064

Type X 0.000 - 0.192

Type XI 0.000 - 0.269

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Error

Trans. Temp, F
Standard Ep~or

pO-Foot-Pound Kevhole Char~v
.

Type VI 0.001 - 0.127 Trans. Temp, F
Standard Error

Type VII 0.000 - 0.211 Trans. Temp, F
Standard Error

Type VIII 0.000 - 0.260 Trans. Temp, F
Standard Error

Type IX 0.001 - 0.064 Trans. Temp, F
Standard Error

Type X 0.000 - 0.192 Trans. Temp, F
Standard Error

Type XI 0.000 - 0.269 Trans. Temp, F
Standard Error

= 12.47-363 x~A1
of Estimate = 7.16F

=-5.26 - 155x ~ Al
of Estimate = 7.52 F

-14 ● 71
1

- 157 x “OAl
~f Estimate = 7.3 F

. -16.29 - 3:58X8? y
of Estimate .

= -35.kl -211x~A1
of Estimate = 13.23 F

= -50.66- 117 x ~ Al
of Estimate . 12.03 F

Transition Ternnerature

= 32.09 -380 x~A1
of Estimate = 4.90 F

= 12.61 -175 xZA1
of Estimate . 5.89 F

6*61 - 147 x % Al
~f Estimate = 6.28 F

-3.47 -38h x Z Al
~f Estimate = 9.15 F

=-22.69 - 191 x z Al
of Estimate = 14.54 F

= -32006 - 143 x ~ Al
of Lstimate . 10.18 F
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TyPa ~ Steels

1

L Nominal @reposition
~ 20 ‘ Carbon, 0.2I “/0

Marqanese,0,60%5
E Noaluminum
a o

F
# .20 *

c
.:

* s
.-
2 -40 A ● \
~

-600 010,.0,200.300.40O.w 0.60
Shcon Content, per cent

40
Type J3Z Steels

Nominal Compodiin
L - 20 “ Carbon,

Mangarmq f%~
g

d -
No aluminum

g

e.
c ‘2a.=,-01
g ~4c - k

c

-60 ~
0.10

Silic%%on%% PY”cen?’o ‘“m

FIGURE l(b) EFFECT OF SILICON ON THE 12 FT-KIlKEYHOLE CHARPY
TRANSTTION TEMPERATURES OF TWO KINDS OF ALUMTNUM-
FREE STEEL.
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i
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transitim temperature occurred depended on other constituents

in the steel. For example, comparing the curves in Fig. l(a)

for Type I and Type III steels tineinflection point(or minimum)

was shifted to a lower silicon content when the mangan~se was

increased.

The chart for Type III steels in Figure l(a) indicates that

there is an optimum silicon content for this grade of steel.

The formulas in Table 6 for steels of Types I, IV, and V indicate

that their transition temperatures increase after some critical

silicon content is exceeded. The experimental data indicate,

however, that if this inversion occurs, it takes place at higher

silicon levels than those of interest in ship plate.

Data for the highest-silicon contents investigated did not

establish unequivocally whether or not high silicon contents are

deleterious. In order to choose the shape of the trend lines

plotted in

expressing

transition

analysis.

of the ‘tF~t

ting trend

Fig. I, equations for both straight and curved lines

the relationship between silicon and keyhole Charpy

temperatures were obtained by multiple-correlation

The equations fitting the data better, on the basis

test and smaller standard errors, were used for plot-

lines in Fig. 1.

The Type III steels give strong evidence that the effect of

silicon on Charpy transition temperature rev~rses at a critical

silicon content. Furthermore, the data for the Type I and Type V

steels fit the trend lines reasonably well up to silicon contents

.—
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where a point of inflection would be expected from the equations.

For these reasons, some speculations about behavior which

could account for a reversal in the effect of silicon seem justi-

fied. Small amounts of silicon tend to deoxidize the steel, while

larger amounts can serve as alloy additions as well. Iron alloys
.

with low oxygen contents are known to have low transition tempera-

tureJ13) , so that the first small additions of silicon to semi-

skilledgrades of steel may be expected to lower the transition tem-

perature. Additions of silicon large enough to have a difinite

alloying effect have been shown to raise the transition tempera-

ture. Hence, the minimum transition temperatures indicated ~

in the curves of Fig. 1 are expected to occur at silicon contents

where the alloying effect offsets the deoxidizing influence of

silicon.

h the presence of increasing

silicon is required to arrive at a

amiounts

minimum

of manganese, less

transition temperature,

an indication of an interrelation in the deoxidizing effects of

silicon and manganese.

Based on the results for aluminum-free steels, the 12 ft-lb

Charpy transition temperature was lowered approximately 2 F by each

increase of 0.01 per cent silicon up to about 0.20 per cent. In

the low-manganese steels this beneficial effect of silicon con-

tinued up to about 0.50 per cent silicon.

The presence of 0.03 per cent aluminum lowered the Charpy

transition temperatures of the steels studied. Figures l(a) and 3
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show that the change produced by this small amount of aluminum

depended on the silicon content of the steel.

0.03 per cent aluminum lowered the transition

in steels with 0.50 per cent silicon but cnly

The addition of

temperature 82 F

11 F in steels

with less than 0.17 per cent silicon. The data suggest that

there was an interaction between the efrects of silicon and

aluminum on the Charpy transition temperature. That is, the

optimum silicon content for minimum transition temperature

apparently depended on the aluminu~icontent as well as the

amount of manganese present in the killed steel.

Rinebolt and Harris(10,11)

silicon contents up to 0.62 per

flu.enceon the 15 ft-lb V-notch

concluded that variations in

cent had practically no in-

Charpy transition temperature

of aluminum-killed steels. Nevertheless, their data replotted

in Fig. k sb.ow~a drop of 36 F in the transition terlperature

by raising the silicon content to O.h5 I,ercent. Their tests

showed that larger amounts of silicon raised the tre.nsition

temperature rapidly. The trend line for their V-notch Charpy

data and those for the keyhole Charpy data obtained in this

investigation, as shown in the figure, were almost identical.

Fig. 2 shows that increasing the aluminum content lowered

the Charpy transition temperatures of the experimental steels.

The six types of steel used to study the effects of aluminum all

contained 0.10 per cent silicon or less. Formulas for calculating

the 12 and 20 ft-lb transition temperature for steels containing

various amounts of aluminum are given in Table 7. Transition
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tenperatures determined by both criteria responded similarly to

increases in aluminum. The transition temperatures of steels

containing 0.01 per cent silicon were reduced more by aluminum

than those of steels containing 0.10 per cent silicon. On the

average, each increase of 0.01 per cent aluminum in steels con-

taining 0.01, 0.05, and 0.10 per cent silicon lowered the Charpy

transition temperature 3.7, 1.8, and 1.4 F, respectively.

EFFECT OF SILICON AND ALUMINUM ON THE TEAR..TESTPROPERTIES

Four tear test specimens of each steel were broken at each

10 F interval throughout the transition zone. Data from each

specimen, given in Tables A-12 through A-22 of the Appendix, were

used to determine the transition temperature by two criteria. One

criterion, developed by Kahn, defines the transition temperature

as the highest temperature at which one or more of four specimens

breaks with a brittle fracture. A brittle fracture is defined as

one having lESS than ~0 per cent of the fractured area exhibiting

a dull, fibrous, ductile texture. A transition temperature by

this criterion is based on the performance of only one specimen.

This criterion sometimes gives an abnormally high transition tem-

perature. For research purposes, such as for this investigation,

a criterion based on the probability of 50 per cent brittle speci-

mens seemed more desirable. This criterion takes into considera-

tion the performance of every specimen tested. In the present

study, transition temperatures by both criteria were reported and
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in most cases showed the same trends. However, the standard

errors for the regression equations, based on the second cri-

terion, were much smaller than those for equations based on .

transition temperatures set by Kahn’s definition.

The transition temperatures shown in Tables 3 and k were

adjusted for small unintentional variations in the carbon and

manganese. Using the adjusted data and multiple-correlation

methods, regression equations for calculating the influence of

silicon and aluminum on tear

determined. These formulas,

to establish the trend lines

test transition temperatures were

shown in Tables 8 and 9, were used

in Fig. 5 and 6. The choice of

using either straight or curved trend lines was made on the

basis of the type of equation givin~ the smallest standard ~

error.

As in the Charpy tests, increasing the silicon content

in the range up to 0.20 per cent lowered tk~etransition tem-

peratures in tear tests. This was true for all types of steel

studied when the transition temperature was considered to be ~

the temperature corresponding to equal probabilities for duc-

tile or for brittle fracture. The use of the Kahn definition

suggested that the transition temperatures of steels, Types II

and IV shown in Fig. ~(b), were not improved by increasing

amounts of silicon. These two exceptions were not considered

important because the apparent changes in transition temperature

were either too small or based on too few data to be significant.
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TABLE 8. FORMULAS FOR CALCULATING TEAR-TEST TRANSITION
TEJiFLRATU~S FOR HOT-ROLLED STEELS WITH DIFFERLNT
SILICOITCONTENTS

—.
—

Type of Silicon Range,
steel per cent . Formula

—.—

Kahn Tear-Test Transition Tem~erature.—— .— ——

Type I

Type II

Type III

Type 111

Type IV

Type V

O*O2 - Oefi Trans. Temp F = 94.25 -83x$Si+
155 x (% si~*
Standard Error of Estimate = 11.35F

0.10 - O*39 Trans. Temp, F = 68.42 + 17 x .%Si
Standard Error of Estimate = 17.51 F

O*O1- O*2O Trans. TempY F = 83.85 - 191 x X Si
Standard Error of Estimate . 10.71 F

0.1.6 - 0.52 Trans. Temp, F = 33.82 + 112 x ~ “Si
Standard Error of Estimate = 9.80 F

O*O6- O*34 Trans. Temp, F = 31.70 + 171 x f Si
Standard Error of Estimate = 6.92 F

O*O2 - 0.57 Trans. Temp F = 79.34- 123 ~ si +
~249 x (j;Si 2 .

Standard Error of Estimate = 10.25F

Fiftv Per Cent ProbabiTitv of Brittle Svecimens Transition Temperature—. .—

Type I 0.02 - 0.54 Trans. Temp F . 87.50 - 93 x ~ Si +
~189 x ($ Si 2

Standard Error of Estimate = 7.69F

Type II 0.10 - 0.39 Trans. Temp F = 94.69 - 356 X ~ Si +
717 x ($ sip
,StandardError of Estimate = 9.66 F

Type III 0.01 - 0.20 Trans. Temp, F = 71.lk - 178 x ~ Si
Standard Error of Estimate = 9.88 F
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TABLE 8. FORMULAS FOR CALCULATING TEAR-TEST TRANSITION TIW-
FERATURES FOR HOT-ROLLED STEELS WITH DIFFEHH~T
SILICOBTCONTENTS (Continued)

Type of Silicon Range,
Steel per cent Formula

●

Fiftv Fer Cent Probability of BXittle Snecinens Transition Temperature

Type III 0.16 - 0.52 Trans. Temp, F
Standard Error

Type IV 0.06 - o*3k Trans. Temp F
916 x (jlfii\2
Standard Error

Type V O*O2 - 0“57 Trans. Temp F
~286 x (% Si 2

Standard Error

23..22+ 119 x ~ Si
;f Lstimate = 6.04 F

= 50.34- 196x$Si+

of Fstimate . 12.27 F

= 73.96 - 154x~Si+

of Estimate = 7.73 F
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TABLE9. FORMULASFOR CALCULATING
PLRATURES FOR HOT-ROLLED
ALUMINUM CONTENTS

——

TEAR-TEST TRANSITION TEM-
STEELS WITH DIFFERENT

—.

Type of Range of Aluminum,
Steel per cent Fornula

Type VI

Type VII

Type VIII

Type IX

Type X

Type XI

Kahn Tear-Test Transition Tem~erature

0.001 - 0.127 Trans. Te~p, F . 113.47-k16x .% Al
Standard Ertiorof Estimats

o ●000 - 0.211 Trans. Temp, F = 88.38-159
Standard Error of Estimate

o ●000 - 0.260 Trans. Temp, 1?. 98.93-23o
Standard Error of Estimate

0.001 - 0.064 Trans. Tenp, F . 85.86-207
Standard Error of Estimate

o ●000 - 0.192 Trans. Temp, F = 65.~6+241
Standard Error of Estimate

o ●000 - 0.200 Trans. Temp, F = 7\.71-258
Standard E~~or of Estimate

= 12.34F

xZA1
= 27.73 F

x%A1
= 12.80F

x%A1
= 9.85F

xZA1
= 11.11 F

x$A1
= i4.33F

Fiftv Per Cent Probability of Brittle &ecimenS Transition Temperature.— — —— —

0.001 - 0.127 Trans. Temn. F = 108.19-377X $ AlType VI
Standard E~~or of Estirna~e

Type VII 0.000 - 0.211 Trans. Temp, F = 86.50-222
Standard Error of Lstimate

Type VIII 0.000 - 0.260 Trans. Temp, F = 82,31-156
Standard Error of Estimate

Type IX 0.001 - 0.064 Trans. Temp, F = 81.15-203
Standard Error of Estimate

Type X 0.000 - 0.i92 Trans. Temp, F = 63.56-196
Standard Error of Lstimate

Type XI o ●000 - 0.200 Trans. Temp, F . 60.79-189
Standard Error of Estimate

= 8“.43F

x,%A1
= 6.93F

xfAl
= 5*81F

x~Al
= 7.67F

x~Al
= 8.55F

Xfifil
= 10.35F
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Increasin~ the silicon content over 0.2 per cent ssemed
.,

raise the transition temperature ir.the tear test.

Fig. 6 shows that the tear test transition temperatures

creased as tke alumimm ccntents of the experimental steels ip.-

creased up to 0.20 per cent. On the av~rage, a; increase of

0.01 per cent aluminum lowered the transition temperature in

tear tee.ts about 2.2 F. This factor was sli~l;-tiydifferent for

steels with different silicon.contentsfas shown by the varia-

tions between slopes of the trend lines in Fig. 6. Aluminum

seems to have had the most pronounced effect in steels with 0.01

per cent Silicon. These conclusions support ttiosebas~d on

Charpy data obtained cm tb.esame materials.

It should be noted that considerable amounts of aluminum

were required to produce appreciable changes in transition tem-

perature. Aluminum contents of about O.1O per cent seem to be

necessary to lower the transition ter.p~ratureabout 20 F from

the level for hot-rolled aluminum-free steel. This quantity of

aluminum is considerably larger than that of r,ostcommercial

steels. The normal aluminum content of ?’fine-grained”steels

would not be expected to si~nificantly improve the transition

temperature of hot-rolled plates. In this regard~ th~ data for

the Type 111 and the Type V steels in Fig. 5(a) are important.

The presence of 0.03 per cent aluminum in the Type V did not

signi.fimntly affect the transition temperature of steels eon-

~ainin~ l~ss than 0.2 per cent silicon” In fact, in tkis cases
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the tear test transition temperatures tended to be slightly

higher for the steels containing aluminum.

The transition temperatures for the steels with 0.21 per

cent carbon, 0.75 per cent manganese~ and 0.10 p~r cent silicon

(Type XI) are especially inter~sting. Fig. 6 shows that the

tl’ansitiOntemperature Of tkListYpe of steel appears tO have

been significantly higher when the aluminum content was 0.269

per cent than when it was between 0.09 and 0.17 per cent. The

trend line was drawn to indicate that the effect of aluminum on

this type of steel reverses at about 0.2 per cent aluminum. The

Charpy data for the same materials, shown in Fig. 2, lend some

support to this interpretation. Perhaps there is an optimum

alur,inumcontent which.produces the lowest transition temp~rature.

This is consistent with the data showing the effect of silicon

on transition tmrperature, but the data for aluminum are too

scanty to justify a strong opinion on this point.

CONCLUSIONS

This study on the effects of variations in silicon and

aluminum contents on the properties of steels riadein an induc-

tion furnace and.hot-rolled in the laboratory leads to the fol-

lowing conclusions:

1. Small amounts of silicon lowered the transition terp~ra-

“tures of the experimental steels in Charpy and tear t~sts. The

keyhole Charpy data indicated that the 12 ft-lb transitim tempera-

ture decreased about 1,.~F for each increase of 0.01 per-cent
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silicon up to th~ following silicon contents:

O.~0~ silicon in steels with 0.25fiC, 0.4-5fiMn~ no Al

0.40~ silicon in,steels with 0.21j~C, 0.75Z Nnz 0.C3% Al

0.177 silicon in steels with 0.217~C~ 0.75$ Mn~ no Al

Increasing the silicon content above 0.17~ tended to raise the

Charpy transition temperature of steels containing 0.21$ C and 0.752

Mn.

The data suggest that variations in silicon content within

the narrow range characteristic of semiskilledsteels have no sig-

nificant effect on their notched-bar transition ter,peratures.

2. Increases in aluminum contents up to about 0.20 per cent

lowered.the Charpy and tear test transition temperatures of steels

made and processed in the laboratory. In this range~ each increase

of 0.01 per cent aluminum lowered the transition temperature about

2.2 F in tear tests. The extent to which the Cha.rpytransition

temperature was lowered by adding aluminum depended on the silicon

content of the experimental st~els. In steels containing 0.03 per

cent silicon or less, each increase of 0.01 per cent aluminum lower-

ed the Charpy transition temperature about 3.7 F. Equal ar,ountsof

aluminum were only about half as effective in lowering the Charpy

transition temperatures of steels containing O.0~ to 0.13 per cent

silicon.

The quantity of aluminum normally present in steels made by

fine-grained practice did.not have a significant effect on the

transition temperatur~s of the experimental steels tested in the hot-

rolled condition.



3. For these hot-rolled

cent silicon raised the yield

.44-

steelsg each increase of 0.01 per

point approximately 130 psi and

the tensile strength approximately 150 psi.

4. Variations in aluminum contents up to 0.27 per cent did

not influence the tensile properties of the hot-rolled plates.

5. Neither silicon nor aluminum influenced the ferrite

grain size of tkiehot-rolled experimental steels. Apparently$

the ferrite grain size was controlled by the hot-rolling prac- “

tice. All plates were finished at 185o F.

6. Normalizing from 1650 F produced a finer ferrite grain

size in Class C ship plate steels (containing aluminum) than in

semiskilledClass B steels.

7. Variations in silicon c“ontentup to 0.~8 per cent had

no effect on the austenite grain-coarsening temperature. Alu-

ninum, on the other hand, had a pronounced effect on grain-growth

characteristics. The presence of 0.01 per cent aluminum, or more,

raised the coarsening temperature about 200 F. All of the exper-

imental steels, however, had coarsening temperatures below 1850 F?

the temperature of the plates during the final rolling reduction.
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TABLE A-1. TENSILE-TEST DATA FOR TYPE I STEELS WITH VARIOUS SILICON CONTENTS

r
Yield Strength, psl

Tensile Elongation in
Heat Spaclman upper Lower Strength, psl 8 Irmheg, %

A8728 38,600 37,400 66,600 29.0
: 40,000 39,400 66,600 28.S

Aa922 1 37,000 35,600
2 39,230

65,900 27.5
36,230 65,900 28.0

A8747 36,1OO 35, ma 46,100
;

29.0
38,100 35,900 66,100 28.0

B86S 1 30,300 35,250
2

66,9MI 25.5
38,100 37,200 66,830 26.5

A8729 39,900
41,400

38,600
40,000

72,900
74,000

27.5
26.5

B866 1 ;;,50: 37, s0
2

6a,Wo 27.0
# 37,s00 68,5W 27.5

A8923 1 39,900 39,400
2

70,400 29.0
39,800 39,200 70,400 28.5

0867 1 40,500 39,230
2

71,200
40,100

28.5
39,200 70,000 24.5

TABLE A-2. TENSILE-TEST DATA FOR TYPE II STEELS WITH VARIOUS SILICON CONTENTS

—
yield Strength, PSI Tensile

Hmmt $pecimen Upper Lower
Elongation in

Strength, PSI 8 Inchws, %

A8151 35,500 34,600 60,500
;

30.0
35,600 33,600 60,,100 31.0

A9265 1 36,300 34,500 61,400 28.5
2 35,200 34,000 61,000 29.0

A8375 37,230 35,600 62,300 28.0
; 36,100 34,900 61,900 28.5

A9266 36,4@3 35,400 63,600
1

29.0
37,000 35,400 63,600 29.0

A8376 1 37,500 36,500 64,400 28J3
2 36,600 35,900 64,200 2a.0

A9275 40,600 38,000 67,600 23.0
; 39,600 39,000 67,100 26.0

TABLE A-3. TENSILE-TEST DATA FOR TYPE Ill STEELS WITH
VARIOUS SILICON CONTENTS

Yield Strength, pnl Tmnsilo Elongation in

Heat SWc Imon upper Law-r Str.ngth, Psl 8 [nchns, %

A8378 1 38,400 34,800 61,800 33,0
2 37,500 35,500 61,800 30,0

A9262 38,400 36,400 63,000
:

27.5
39,600 36,100 63,100 27,5

B868 40,300 38,900
:

67,000 26.5
40,100 39,400 66,400 28.0

A8730 39,000 38,100
;

67,400 29.0
:8,600 37,600 67,300 29,0

B869 40,400 39,100
:

67,400 26.0
40,500 39,300 68,000 27,0

B870 43,000 42,400 69,500 27.0
; 42,400 41,000 69,800 27,5



-48-

TABLE A-4. TENSILE-TEST DATA FOR TYPE IV STEELS WITH
VARIOUS SILICON CONTENTS

Yield Strength, psi – Tensile Elongation in

Heat Specimen Upper Lower strength, psi B Inches, %

A9271 36,700 36,300 63,500 30.0
: 38,000 36,200 63,300 29,0

A9272 37,BO0
37,200

37,000
37,100

64,70C
64,700

30.0
30.0

A9273 39,700 37,100 66,800
:

29,0
39,200 38,400 67,200 27.0

A9274 1 46,300 45,300
2

76,600 25.0
46,200 45,000 75,100 24.0

.—” .—

TABLE A-5. TENSILE-TEST DATA FOR TYPE V STEELS WITI+ VARIOUS SILICON CONTENTS

Yield Strength, psi
Tansi lo

Heat Specimen U pp.r
Elongntien in

Lower Strength, PSI 8 Inches, %

A8904 36,200
;

35, mo
36,300

63,200
35,200

30.5
63,000 29.0

A8905 1 38,000
2

35,800
37,5ao

64,100
36,100

26.5
63,900 30.5

A8906 1 38,600
2

35,800
37,600

64,900
36,500

30.0
65,000 29.0

A8?07 1 37,300 ::,3::
2

64,400
37,900

30.0
, 64,800 28.5

A8908 1 38,600 37,000
2 38,900

65,100
36,500

31.0
65,000 30.0

A8909 40,700 38,W0
;

67,000
40,800

25.0
38,900 66,200 22.5

B871 1 40,900 39,900
2

67,300
41,100 40,000

23.5
68,100 24.0

B872 43,500
:

42,000
42,600

69,500
41,600

26.0
69,400 26.5

B 873
;

44,200 42,900
43,500

71,400 26.0
42,500 70,600 24.5

TABLE A-6. TENSILE-TEST DATA FOR TYPE VI STEELS WITH
VARIOUS ALUMINUM CONTENTS

Yield Strength, psi Tensile Elongation in

Heat Specimen Upper Lowmr Strength, PSI 81nches, %

A8736 - 33,000 32,500 58,200 25.0
: 33,700 31,900 57,400 27.5

A8737 31,700
:

31,200 56,600 31,0
33,400 31,900 57,600 28.5

A9263 33,600
:

32,700 58,600 32.5
35,300 34,000 58,200 31*O

A9264 32,81Xi
:

31,900 58,100 33.5
33,800 31,400 50”300 32.8

A8142 1 34,400 32,800 58,500 29.0
2 33,300 32,800 58,200 25.5

A8143 35,603 33,300 61,600
;

32.0
34,700 33,800 61,300 31,5
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TABLE A-7. TENSILE-TEST DATA FOR TYPE Vll STEELS WITH
VARIOUS ALUMINUM CONTENTS

y[eld Strength, psl Tansllm Elongatlcm In

Heat $p~lmmr upper ● Law.r Strength, PSI 8 tnchw, %

A8136 35,800 34,100
;

63,400 30,5
36,100 34,200 63,402 31.5

A7322 33,600
:

34,400 60,800 31,5
34,000 35,900 61,500 30.5

A8 137 35,700
;

33,700 IW,EIUI 31.0
34,800 33,200 60,800 31.0

A8745 1 36,700 34,700
2

63,900 26.S
36,930 34,700 63,600 29,5

TABLE A-8. TENSILE-TEST DATA FOR TYPE Vlll STEELS WITH
VARIOUS ALUMINUM CONTENTS

Yield Strength, PSI Tensile Elo-igatim In

Heat Spec Imen UppOr Leww Strength, PSI 81nches, %

A8738 37,800 34,500
:

62,800
36,700

33.0
34,900 64,300 29.S

AR350 36,100 34,900
:

62,700 32.0
36,800 34,700 63,500 28.0

A8739 36,400
:

34,400 62,500
37,000

32.0
34,700 62,500 32,5

A8351 1 36,800 35,100 63,700 31.0
2 35,700 35,200 63,500 29,0

A8740 36,300
;

35,600 65,000 29.0
36,400 34,900 63,600 29.5

TABLE A-9. TENSILE-TEST DATA FOR TYPE IX STEELS WITH
VARIOUS ALUA41NUM CONTENTS

—

Yield strength, psi Tensile Elnngatlon In

Heat $paclmen upper Lower Strength, psi 6 Inches, %

A8145 34,600 32,900
;

59,500 33.0
34,500 33,300 59,600 31*5

A7320 33,500 34,600 60,200
;

32,0
33,300 34,200 59,700 31,5

A7319 33,900
:

35,100 S8,900 30,0
33,800 35,300 59,600 29,9

AE146 3d,900
:

33,900 60,600 93.5
34,600 34,100 60,600 30.0



TABLE A-10. TENSILE-TEST DATA FOR TYPE X STEELS WITH
VARIOUS ALUMINUM CONTENTS

Yield Strength, psi Tensile Elongation in

l-led Specimen Upper Lower Strength, psi 81nches, %

A8 144 36,100 33,900 61,600 24.0
; 36,100 33,800 62,50C 27,0

A8141 37,800 36,300
; 38,100

62,800 28.0
36,000 62,500 29.5

A8746 33,100 32,500 58,000 34.0
; 33,100 32,400 57,600 32.5

TABLE All, TENSILE-TEST DATA FOR TYPE Xl STEELS WITH
VARIOUS ALUMINUM CONTENTS

Yield Strength, psI Tmnsile Elongation in

Heat Specimen upper Lower Strungth, P* I E Inches, %—

A8741 36,300 34,200
: 35,400

62,000 27,5
34,mo 62,400 27.5

A8352 37,700
37,000

35J300
35,8CUI

63,300
63,500

3L5
32,5

A8742 37,000
;

36,500
37,100

64,500 31,0
36,300 64,100 30,0

A8353 36,500 35,600
: 36,500

63, 20U
35, XJo

32.0
63,000 29.0

A8743 1 36,900
2

35,mo
36,400

63,000 ;%:
35,mo 64,100
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TABLE A-12. NAVY TEAR-TEST DATA FOR TYPE I STEELS
WITII VARIOUS SILICON CONTENTS

Testing Maximum Energy to Energy to % shear
Temperature, Load, Start Fracture, Propagate Fracture, in

Heat Specimen F pounds ft-lb ft-lb Fracture

A6602(”) A2
B1
B2

cl

C2

A7663(b) T1
T2

A665$’” x2

E;
W1
W2

i:

N2
Q1
RI
R2

60
60
60

70

80

90
90

60

70

z
70
70
70

80
80
80
80

90
90
90
90

:

60

70
70
70
70

80
80
80
80

70

80
80
80
80

90
90
90
90

100
100
100
100

110
110
110
110

50
50

::
60
60

36,950
3.5,850
36,700

37,000

36,359

36,350
36,450

37,400

36,100
37,650
35,950
35,993
36,753
36,250

36,550
36,250
36,300
36,000

35,300
3i3,1cil
37,650
37,450

37,400
37,350
36,650
36,650

36,700
35,550
35,850
37,650

36,700
36,000
36,CQ0
36,100

38,400

38,100
36,850
35,900
36,300

37,750
36,500
37,200
37,050

36,650
37,100
36,650
37,000

37,3m
37,550
36,850
37,750

37,600
37,700

36,950
3EI,250
39,350
37,400

842
833
750

866

58

1;;

2

;

5

10

100
15

45

100

8;
100
100

2

100
100
97
14

100
100

In

5
5
3
5

5
100
95
10

100
95

1::

5

1:
5
3

100

1::
15

:;
Iqg

67

B50

700
690

125

633
92

824

790
800
815
766
800
725

450

642

6:;
808
824

42

800
775
775
740

609
633
.930
133

$2

;;
U1

R1
R2
S1
S2

P2
Q1

::

M2
N1
;:

800
860
990
608

w
784
734

A7449 [08
824
725
784

92
167
50
83

790
734
740
709

6:
616
117

791
692
725
715

715
600
616
600

A8 132 K1

K2
B1
B2
cl

725

757
700
690
642

108

Al
A2
L1
L2

Ml
M2
N1
N2

P1
P2
Q1

A6556(”) ::
A2

600984
740
757
790

334
665
83

800
815
800
704

616
584
690
117

100790
800
757
866

650
700
600
609

100

M
3
5

3

9;
3

766
815

58
42

f31
B2
T1
F~

740
900

1050
734

33
83

508
83

.-
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TABLE A-12. (Contlnuod)

Testing Maxi mum EnOrgy to
Temperature,

Energy to % $hoar
Lou d, Stdrt ~~lfture, Propagate Fracture, In

Hat Specim* F pounds ft.1 b Fracture——

A6556(”) G1
L2

70
70

80
80
m
80

60

70

80
80
80
80

90
90
90

:

100
100
100
100

50

:

60
60
60
60

70
70

80

:
80

50

60
60
60

70

80
80
80

50
50
so
50

60
60

70

50

60
60
60
60

37,300
36,150

36,300
36,393
36,300
37,050

37,658

36,900

36,800
36,600
36,100
35,700

36,150
36,000
36,200
36,300
36,100

24,300
37,5ao
38,350
38,400

36,800
36,800
37,250

37,300
37,500
37,500
37,900

39,100
37,230

36,233
37,050
37,050
36,800

37,450

37,900
37,550
38,6(KI

37,900

38,150
37,700
37,850

39,400
39,900
39,150
39,600

39,150
38,050

38,000

39,800

39,500
39,050
39.500

775
650

83
625 ;

750
734
784
740

559
616
609
609

99
100
99
99

100

5

A6705(a) W2

L2

715 740

740 75

WI
Ml
N1
N2

740
790
66s
665

658
584
609

58

100
100
100

15

833
1%
100
100
49

E2
V1
V2
P1
Ql

625
665
690
m7
234

684
715
684

725R2 625
565
559
492

100

1;;
60

D1
D2
El

700
757
766

A6555(E) 83
234
a3

Al
A2
B1

775
700
775

90
85
70

4

B2
V2

866
833
707
808

600
600

Ml
$1

400
66

616
150

98
16

S2
T1

935
734

T2
U1

69U
975
885
757

650
642
690
675

100
100
100
100

U2
V1

A6594(a) B1 790 600 88

02
P1
TI

866
800
824

684
584
584

.

T2 842 575

609
625
633

100

U1
U2
F2

850
775
824

100
100
100

A6657(a) B1
02
cl

842
875
815
850

142
150
100
58

5
7
5
3C2

R2
$2

815
766

117
484

600 100T1 815

A7526(b) R2 715 83

1!;
142
283

15

Q1
Q2
R2
Al

715
675
715

3

1:
25
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TABLE A.12. (cmtimod)

Tasting Maximum Energy to Energy to % Shear
Tompuraturo, Load, Start Fractur~ Propagate Fracture, In

Heat ~ecl men F pounds ft-lb ft-lb Frcrctura

A7526(’) A2
Bl
B2

;:
70

60

;:
60

70
70
70
70

::
80
80

90
90
90
90

;:
70
70

80
80
80
80

90

:;
90

39,200
39,800
39,850

39,750
39,800
39,900
39,500

38,8Y3
38,550
39,300
39,150

37,950
38,100
38,600
38,550

38,000
37,700
38,200
39,230

37,600
40,000
39,400
39,650

37,850
38,150
38,000
38,49

38,300
37,500
38,100
38,600

37,850
37,100
38,050
37,700

37,250
37,300
37,900
38,250

38,850
39,000
39,100
38,850

38,700
38,100
388150
37,200

3a,750
37,550
37,650
3B,900

37,900
37,500
37,050
36,950

37,600
37,500
37,400
37,050

183
616
142

A8728 Al
A2

;l’

757
707
715
815

158
133
75
50

K2
R1
T2
J2

775
707
725
750

193
575
s~
117

K1
R2
S1
S2

117
584
658
609

684
707
725
707

k%
100
100

PI 642
642
559
650

715
700
775
950

100
100

1:;

P2
Q1
Q2

A8922 Ml
T1
T2
IJl

690
757
725
725

417

6$
158

62
10

100
15

M2
N1
U2
VI

675
6~
642
700

584
108
9

225

N2
82
P1
V2

675
684
700
766

616
584
200
725

100
100

1::

P2

:;
R1

R2
51
S2
B1

U1
U2
V1
V2

665
642
665
665

59
575
633
250

100
100
100
45

100
100
100

110
110
110
110

60
60
60
60

70
70
70
70

80

:
80

90

;;
90

100
100
100
100

100
100
100
100

616
642
700
757

642
642
575
665

A8747 665
690
675
690

466

2:;
133

150
684

370

675
665
707
684

C2
M2
N1
N2

100

1::
25

725
650
684
757

633
565
600
150

P1
P2
Q1
T2

700 584 100
100
37
33

690
690
665

575
258
200

Q2
R1
R2
T1

100
lW

707
700
650
642

633
633
525
600

100
100



TABLE A.12. (Continued)

Testing Maximum Energy to
TOmp*rature,

Energy to % 5hear”
Load, Start Fracture,

Heat Specimen F
Propaga$l[racture, in

pounds ft. Ib Fracture

B865 Al
Q1
Q2
RI

60
60
60
60

70
70
70
70

80
80

:;

90
90

;:

100
100
100
100

50

:

:;
60

70
70
70

70
70
70
70

80

:;
80

90
90
90
90

40,2~
41,050
40,9730
40, B50

39,550
40,100
42,150
39,850

39,700
40,200
40,650
40,400

39, a30
39,950
40,400
39,900

39,800
38,950
39,750
39,850

41,550
41,500
41,450

40,350
41,500
40,450

39,750
39,150
39,400

41,000
42,000
40,450
41,200

40,350
39,600
39,950
40,550

40,400
40,500
40,200
40,400

39,500
39,900
39,400
39,800

41,500
40,600
41,150
40,600

41,600
41,550
41,950
42,000

40,300
41,250
40,750
40,350

790
910
860
842

18

;
3

A2
El
P1
P2

750
784
91s
815

750
92

150
75

100

1:
7

E2
F1
N1
N2

790
808
800
875

600
150
715

100

1::
85625

F2 757
775

575
584
609
208

100
H1
H2
J1

100
800 100

20

100

800

J2
K1
K2
R2

746
757
790
842

600
600
616
665

100
100
100

A6696(a) cl
C2
D1

833
815
961

100
100
83

S2
B1
B2

790
875
757

125
616
609

10:
100

815
725
750

575

1::

100
10
15

A8729 Al
A2
V1
V2

83 10
15
45
10

183
375
150

Q2
R1
R2
J1

541
100
258
158

100

N
15

J2
Q1
51
52

158
584
650
541

665 15
690 100
675
665

100
100

K1
K2
Ml
M2

El
H2
J1
J2

A2
E2
F1
F2

$;

G2
H1

100 684
684
642
658

616
665
534

100
100

.
100
100
100

50
50
50
50

::
60
60

70
70
70
70

100
508 100

Be66 108

lK
83

824
850
800
875

559
650
367
100

1;;
43
3

784
750
740
734

584
665
625
609

100
100
100
100
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TABLE A-12. (Centlnwad)

Testing Maximum Energy to Energy to %,fiheor
Temperature, Lead, Start ~:~ture, Propagate Fracture, In

Heat Speclman F pounds” ft.i b FPacture

A8923 so 38,000 690 83 13
Y1 80 40,230 757 42

80
10

40,950 707 292
:; m 41,050 658 225 :

$1 90 38,650 725 108 18
Ml 90 39,950 690
M2 90

650
40,000 65a 650 ;%

N2 m 40,800 743 250 25

P1 100 39,600 675 633
S1 100

100
39,750 775 576

52 100
100

39,150 675 565
P2 100

100
40,000 684 316 42

Q1 110 39,100 57s 584
Q2 110

100
39,150 684 690

R1 110
100

39,600 658 616
R2 110 39,150 650 600 1;;

0867 Al M-1 41,350 815
A2

117 7
60 42,X30 833 83 7

01 bO 42,750 850 108
B2 60 41,800 7W 67 ;

L2 70 42,050 775 117
T1 70 41,400 740 133 1:
T2 41,300 750 208
K1 E 42,300 015 590 1:

L1 80 40,950 7s0 565 100
Q1 41,200 808
S1 :;

225
41,85U 775 750 1:

S2 80 42,0S0 82A 715 100

K2 90 41,050 757 534 100
92 41,750 740 575

;:
100

R1 41,450 734 734 100
R2 90 41,700 734 625 100

(a) Test data for other spoclmens fr.am this steal wmre repwtad In the Appendix of the First Pragross Report on ‘An Investiga:
tlon Of the Inf Iuance of Dmoxidation and Chemical Composition on Notched-Ber Pr~perties of Semlkll led Steai”, Ship Structure
Rape.rtNo.49.

(b) Taat data for other specimens from this steel wore repc+tod in the Appendix of the Second Progress Report on - An lnvestiga-
ticm of the Influenca of Dooxidation and Chemical Composl}ion on Notched-Bar Propertlos of Semlkilled 5t0el=, ship Structuro
Report No. 53.*
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TABLE A-13. NAVY TEAR-TEST DATA FOR TYPE II STEELS
WITH VARIOUS SILICON CONTENTS

Tasting Maximum Energy to Energy to % Shear
Tempa~atum, Load, Start Fracture, Prupaguh Fracture, In

Heat Specimen F pounds ft. lb ft-lb - Fracture

A13151 cl
C2
D1
D2

30
30
30
30

40
40
40
40

50
50
50
50

60
60
60
60

70
70
70
70

80
80
80
80

40

50
50
50
50

60
60
60
60

70
70
70
70

80
80
80
80

90
90

;:

100
100
100
100

40
40

::

50
50
50
50

60
60
60
60

39,400
38,900
39,000
40,000

39,150
37,600
39,750
40,150

.
38,100
37,750
36,700
38,800

38,750
38,250
40,000
38,7(KJ

38,900
39,600
38,050
38,950

38,050
38,000
37,100
39,250

37,100

39,000
38,230
38,500
38,550

37,400
38,400
38,300
38,450

37,200
36,800
36,550
37,900

37,500
37,450
38,050
39,050

37,350
37,450
38,750
38,300

37,250
37,000
37,350
36,500

38,600
38,700
38,550
39,450

39,350
39,800
39,350
37,750

38,700
38,500
39,000
39,250

925
935
940
961

940
850
915

1000

5
3
3
5
5

:
98

10
100

s
33

100

10:
25

la
100
100

100
100
100
100

5

3
4

1:

32

10:
100

100

108

El
02
T1
T2

Al
AZ
B]
R2

S1
S2
U1
V1

L1
V2
W1
Yi2

108
75

915
815
790
935

900
860
975
842

910
935
875
866

885
842
790

1067

8U8

100
684
75

325

790
100
665
325

208
900
707
700

684
790
700
784

A9265 67

T1
T2

860 1::
167
158

842
875
990

U1
J2

KI
A2
El
E2

842
824
866
808

292

6::
700

808
824
824
866

642
658
667
75

100
ioo
12

12

1::
100

100
38

;:

100
100
100

M2
61
B2
cl

935
891
050
961

17
600
658
715

815
860
935
961

725
125
790
757

S1

x
D2

824
815
833
790

665
633
757
700

A8375 Al
A2
VI
V2

940
1080
824

1060 133

W1
L2
l-l
T2

875
950
900
766

616
92

133
616

U1
U2
L1
Ml

833
860
910
891

642
408

6~
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TABLE A-13. (continued)

Testing Maximum Energy tO Enmrgy to % Shaar
Tamperatwe, Load, $tartf~;;ctwe, Propagate Fracture, In

l-feat SpecImm F pcwnds ft-lb Frmcturm

M1375 f.1:

S1
S2

70

;:
70

20

;
30
30

::
40
40

50
50
50
50

60
60
60
60

70

!:
40
40

50
50
50
50

60
60
60
60

;;
70
70

80
80
80
80

40
40
40
40

50
50
50
50

60

::
60

70
70
70
70

80
80

38,900
39,700
40,050
39,400

42,750

42,300
42,350
41,600
42,250

40,900
40,400
40,250
40,350

40,850
40,700
40,900
40,200

40,550
40,350
40,000
39,800

40,400

39,550
40,150
40,650
40,150

36,900
39,000
40,750
40,150

41,350
40,300
41,200
40,550

39,700
40,300
40,150
40,450

39,900
39,650
39,200
39,400

43,800
43,450
43,000
42,250

42,700
42,400
42,600
42,250

42,100
41,100
40,550
41,300

41,400
40,500
41,050
41,500

40, 2.54)
41,150

590
1020
lom
915

650
690
665
665

100
100
100
100

3

3

:
20

;
5
2

21
100
100

17

100
100

z

100

5

1:
10

a

10:
50

100
100

:

25
100
100
100

100
100
100
100

;
7
2

72
37
5
3

100
100
96

3

100
100
100

7

I&

El 935 158A9266

E2
U1
U2
V1

$2

Ji
51

958
950
866
975

83
100
125
258

910
891
842
900

V2
T2
L2
Ml

885
925
925
850

200
684
600
225

891
875
860
860

900

950
891
885
850

935
950
935
875

95a
891
975
866

665
650
534
534

K1 790

A8376 132
El
E2
F1

l%
242
216

175
117
725
408

L2
M2
R2
VI

690
625
108
575

915
875
891

216
675
633
658875

S2
T1
T2
U1

925
940
950
860

1080
958

1010
800

684
633
65a
665

A9275 142
125
200
58

J2
K2
F2
Tl

525885
958
940
866

400
142
a3

860 800
690
658
100

775
842
915

Ml
M2
R1
R2

925
800
860
910

700
824
690
167

51
52

833
910

408
824

A9275 N1 42,100 842 800 100
N2 : 40,550 775 658 100
P1 90 4&600 958 690 100
P2 90 42,700 866 700 100
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TABLE A-14. NAVY TEAR-TEST DATA FOR TYPE Ill STEELS WITH VARIOUS SILICON CONTENTS

Energy Energy to
Testing Maximum to start Propagata % Sh.ar

Temperat we, Load, Fr;+:~e,
Heat Specimen F

Fr;ac:e, In
pounds Fracture

A6451(a) S1

X2
Q1

wl
W2
xl
M2

T1
T2

;;

50 39,250

39,6oO
38,700

39,100
39, XI0
38,150
38,950

40,550
40,700
42,750
42,400

39,750
40,400
39,100

37,900
38,9S0

38, MO
38,910
38, 2tI0

37,mo

37,700
36,900
3-8,330

39,8s3

40,mo
38,050
3!4,7KI
38,650

38,450
39,750

38, ~0
38,653
39,950

38,500
38,900
41,230

39,759
40,300

40,600

40,150
40,450

39,M0
39,100

38,300
38,650
40,353
39,3s

38,950
40,250
37,&o
39300

38,400
39,59
38,253
39.2S

935 565 85

100
100

100
100
100

8

7

1:
12

9

7:

97
7

100
100
100

100

100
100
1)0

100

25

2:
49

s
92

100
35
20

10:
100

95
95

12

10:

100
100

1::
20
20

100

1;:
m

100
100
100

10

60
60

715
866

740
891

%
70
70

1000 766
953
860
910

7%
734

83

A6603(”) 875 167
100
142
167

915
1191
1080

B1
B2
cl

C2
D1

D2
El
E2

!zl
50
50

885
950

1000

183

5%!

60
60

800 766
1751010

833
935
950

690
750
824

A7664( b) Lll 70 824 725

S2
T1
T2

824
790

734
715
740866

A6641(a)

A6588(o)

x2 80 1077 665

40
40
40
40

984
815
935
915

308
133
250
475

50
50

900 133
658lom

Al
M
B1

%’
60

815
990
990

910
400
250

A65!7(”) 02
K2
51

50
50
50

975
850

1025

58
1358
808

A2
B1

Al

60
60

70

860
950

818

1077 15a

A6584(a) xl
x2

125
675

1040
984

715
707

40
40
40
40

790
825
950
866

850

%J

833
875
791
868

400
725
192
242

Nl
P2
V1
V2

Q1
m
R1
R2

50 675
117
734
258

so
50
50

%
60
60

833
900
692
125
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TABLE A-14. (Continued)

Energy Energy to
Testing Maximum to start Propagate % sheer

Temperature, Load, Fracture, Fracture,
Heat

In
Specimen F pounds ft-lb ft-lb Frdcture

A7450 M2
T1
51
52

A6595(a) Ltl
U2
V1
V2

B1
L2
P1
R1

Q2

T1
T2
B2

El
E2
F1
Ml

L2
M2
F2
G1

L1
R1
R2
51

S1
T1
T2
U1

VI

;;
W2

A6695( 0) Q1
N1
Q2
P1

S1
T1

A9262

T2
Lll
U2

G2
H1
H2

F1
F2
g;

KI
E2
U1
U2

2
70
70

10
10

;:

23

;
20

30

40
40
40

20
m
20
23

30
30
30
30

40
40
40
40

55
50
50
w

60
60
60
60

10
‘0
‘o
TO

10
10
10
10

20
20

30
30
30

10
10
10

:

;

30
30
30
30

37,65C
40,300
40,000
39,800

41,550
41,850
41,950
42,550

42,800
40,650
4J ,450
41,450

40,600

41,350
41,850
42,350

41,350
40,950
41,755
41,600

41,800
39,500
41,99
40,550

41#l!ll
41,300
40,100
40,200

40,850
41,600
40,7W
40,250

40,000
40,700
40, mlo
39,600

41,25!I
39,350
40,000
39,400

42,000
42,000
41,850
41,500

41,850
42,850

42,600
42,230
42, mo

42,000
42,650
41,7s

41,600
41,400
40,800
41,500

40,100
40,300
40,300
40,000

809
900
915
850

1020
l~oo

1000
1077

1077
958
990

1025

935

1025
1060
108O

1033
1025
9%3

1010

1140
958

1067
1020

1033
1125
1067
1067

1100
1175
1110
1077

990
1033
1040
lom

1220
1033
1033
1020

940
900
935
935

975
1040

1020
;Clg

1077
T033
1025

1025
1033
1077
990

900
961
975
975

709
692
650
766

133
225
715
92

550
594
117
142

158

I 5a
833
715

:;
108
100

815
2B
158
83

a33
800
642
3m

715
757
625
167

83
1915

7::

392
940
734
675

125
258
175
142

125
442

117
675
133

158
83

910

258

$:

100
650
658
625

100
10Q
100
100

3

1!;
3

?!
3
5

2

9
100
100

:
3
5

100
m

:

100
100
95
35

100
100
95
10

10:

10:

99
100
100
100

:
12
3

5;

9:
3

;

100

25

9;

8
100
100
88
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TABLE A-14. (Continued)

Energy Energy to
Testing Max imum to Start Propagate % Shear

Temperature, Load, Fracture, Fracture, In
Heat SpeelmOn F pounds ft-lb ft-lb Fracture

A9262 W
V2
T2
K2

L1
W
S2
L2

A7528(b)

A6697(0)

B868

w
N1
N2

B2

Al
A2
B1
R1

R2
S1
S2

11
IJl
T2

61
E!2
c1

C2

D1
02
S2

P1
p2
Q1
Q2

Ml
M
N1
N2

Al
A2
J2
HI

El
E2
H2
J1

AE730

F1
F2
Gl
G2

i
40
40

50
50
50
50

60

:
60

m

30
30
30
30

40
40
40

30
30
30

40
40
40

50

60
60
60

::
40
40

:
50
m

:;
60
60

70

;:
70

80
80
80
80

Xl
m

2

60
60
60
60

40,900
41,350
39,65!3
39,300

38,830
39,100
39,150
39, E40

39,300
39,300
39,500
39,200

42,700

42,400
44,000
42,450
41,200

41,350
41,600
40,752

44,753
4d,7XI
45,300

43,150
42,900
44,000

43,800

43,250
43,000
41,250

42,000
41,650
42,550
41,900

42,900
43,100
43,100
43,250

40,8.W
43,250
42,000
44,800

42,1 W
41,2flo
41,000
42,500

41,400
41,650
41,500
41,700

42,600
43,150
42,100
42500

41,500
41,350
42,000
42,600

93s
1033
885
833

875
891
925
910

’891
950
915
950

1040

950
1025
984
866

950
875
033

1080
1090
1077

961
984

1067

1110

1077
1067
975

1033
1010
1120
1050

975
1040
1010
1010

1040
1020
940

1250

1010
900
910

1010

975
961
958
950

891
940
850
925

900
~85
885
950

183
734
650
408

658
740
658
83

725
684
725
675

167

1150
208

83
475

658
757
559

142
150
175

690
158
133

658

675
715
300

92
108

z:

117
117
175
642

684
75

142
700

675
183
633
575

b42
715

;0?

408

;2
193

707
800

6~2

10:
06
45

100
100
100

5

100
100
100
100

7

100
10

5;

100
100
97

5
3

15

100
5
9

100

100
100

22

3

}:
95

5

1:
90

99
5

10:

100
10
97
93

98
100
100
100

47
17

;:

1::

9:
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TABLE A-14. (Continued)

Energy Energy to
Testing Maximum to Start PropngatO % Shear

Temperature, Lo.d, Fracture, Fracture, In
Heat SpOelmOn F pounds ft. Ib ft-1 b Fm cture

A873 o RI
S1
K2
L1

41,WI0
41,200
41,950
41,200

935
950
875
875

753
734
6’65
400

K1
L2
Q1
R1

41,150
41,050
40,850

. 40,850

900
885
860
800

684
600
665
584

100
100
100
99

B849 HI
tt2
J1
J2

50

?0
50

43,300
43,650
44,050
43,950

’715
1025

984
1060

108
200
108
133

1;
3
5

F1
F2
G1
G2

60
60
60
60

43,600
43,600
43,050
43,350

1050
1160
990

1077 5,

458
62.5

4:;

93
98

4;

100
25

1::

10:
100

VI
V2
W1
W2

42,500
41,900
43,000
42,100

940
900

1060
935

707
258
150
690

42,450
42,900
42,850
42,750

950
950
915
915

83
740
740
665 100

M2
R1
R2
51

90
90
90
90

41,900
41,000
42,100
41,400

915
850
961
900

524
616
658
675

97
97

100
100

B870 44,000
44,300
44,600
45,000

1040
940

1033
1090

92
75

175
125

3

1;
J1
J2

El
G1
G2
HI

44,400
43,600
43,5S9
43,900

42,150
43,900
45,000
43.350

42,300
4~800
42,300 ,
43,350

43,700

975
1010
935
915

107
658
784
83

891
1000
1100
958

7P-t
940
891
940

1::
100

15

208
600
650
292

734
609
684
757

100

1;:
100

940 658 100

(a) Test data for other spaclrnons from this steal were repwtad In the App~ndlx of the First Progress Report en “An Investigation

of the influence of Dmox[datlm ond Chemlccil Composition on Netchod-Bar Properties of Sumikllled Steel”, Ship $fructuro

Report No. 49.

(b) Test data fw other specimens from thir steel were reported in the Appmndlx of the Second Progress Report en “An lnvestiga-

tlen of the Influence of Dooxldotion and Chemical Composition on Notched-Bar Properties of Semlkilled Steel”, Ship Structure

Report No. 53.



-62-

TABLE A-15. NAVY TEAR-TEST DATA FOR TYPE IV STEELS WITH VARIOUS SILICON CONTENTS

Energy Enemy to
Testing Maximum to Start PrOpagutO % Shear

Temperature, Load, Fracture, Fracture, In
Heat SpOclmOn F pounds ft.lb ft.lb Fracture

A9271 W2
El
E2
F1

10

;;
10

20
20
m
20

44,650
45,600
45,500
45,600

43,600
44,050
43,500
43, MO

43,250
42,400
42,600
43,230

42,8CI0
42,300
42,700
42,250

42,050
42,000
40, W0
40,700

45,250
44,mo
46,350
45,900

44, z410
44,150
43,400
43,900

44.750
42,750
43,35G
42,750

42,500
43,250
42,859
42,450

43,200
43,050
43,4S3
42,750

44,600
45,900
44,800
46, Wo

44,600
45,100

44,750
43,700
4h650
42,850

43.858
44,550
45,500
44,950

43,700
43,700
44,500
44,600

1125
1180
1150
1175

1170
llm
1067
10m

1110
1040
1060
1077

1030
1020
1080
9W

1023
1010
885
860

1175
1154
1258
1433

1033
lom
1033
1125

1240
904

1060
925

5’61
1110
1025
1033

lom
1040
1125
1025

900
1150

1 ;5

1033
1100

1025
935

1067
891

1025
1100
1159
1067

10233
1000
1100
1067

442

1;:
108

766
92

40
2

;

100
2

28
3

1;
5
5

100

:;
27

100
100
100
100

i
2
5

:
100
49

9;

:

100
100
100
28

100
100
100
100

1;
3
8

100
12

98
4

V2
U2
V1
W1

300
150

142
815
67

125

815
3s0
534
334

860
824
842
833

125
117
150
167

1:’5
183
740
442

117
750
153
150

824
757
790
316

.s50
757
766
734

142
150

l-m

860
283

715
125
784
750

175
775
392
842

M2
to
N2
S1

30
30
30
30

K2
L1
L2
Ml

A9272

E&

F2
K2

40
40
40
40

S2
T1
L2
Ml

M2
N1
N2
51

%’
60
60

A9~ S2
T1
U1
G2

:
20
20

J2
51

30
30

J1
:
40
40

50

a
50

M2
R1
R2

100
100

10:
40

100

100
42

100
10

K1
E2
F2
G1

!=1
U2
T2
K2

!300
442
800
167
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TABLE A-1 5. (continued)

Energy Enqjy to
Testing Maximum to start prOpagdh % Shear

T.mperatute, Load, Fracture, Fr;tcre, In
H-at $paelmwn F peunds ft.lb FrOc!ur*

.-

A9 273 LI 43,3U3 935 815
!!

100
43,mo 961 860 100

g 43,0s 958
;

808 100
43,9s 1050 833 100

A9 274 K2 50 49,600 llm 67 5

L1 60 49,800 1130 216 13

L2 m 49,350 llm 125 10

Ml 80 48,450 1000 42S
Al

35
80 48,9~ 707

M
167

80 52,400 1067 ?5
Bl 80 50,250 11O+3 1:: 15

B2 90 49,450 1222 833
M2

103
48,8S3 935

;;
790 100

N1 47,750 940 815 100
N2 90 49,150 1000 325 20

51 100 49,700 1080 833
100

100
47,300 910 800

: 100 49,050 1060 ;:
T2 ‘loo 49,150 1090 ;2 100

.

.—

.

.—



TABLE A-16. NAVY TEAR- TEST DATA FOR TYPE V STEELS WITH VARiOUS SILICON CONTENTS

Energy Energy to
Testing Maximum to Start Propagate % Shear

Temperature, Load, Fracture, Fracture,
Heot specimen F pounds f+lb ft-~b Fra’~ture

A8904 Q2
R2
51
K1

40,300
38,400
38,900
39,530

961
824
866
915

1067
975
958
866

985
984
900
925

1067
925

1020
935

1033
940

1000
1020

875
925
910

158
500
30a
125

H
25
10

;:

10:

90
90

1::

15
7

30
2

60

:
5

95

9;
15

100
100

1::

100
100

1::

26

46

100
5

10;

10:
100
32

100
100

1::

100
100
100
100

20

100
26

100

2:

70

;:
70

40, mo
39,200
40,150
39,500

39;200
39,500
38,400
39,300

93
142
75

675

K2
L1
L2
Q1

600
600
653
675

A8905 Al
A2
V1
V2

30
30
30
30

42, IWO
41,700
42,500
41,400

200
183
258
117

T1
T2

41,650
41,700
41,400
41,600

590
117
108
125

U1
U2

40,500
41,200
40,500
40,XI0

65a

6;;
133990

J2

:;
S2

L1
L2
Ml

39,700
40,7.0
41,2W
40,150

lu
1060
915

910
975
935
900

950

891

961
1000
10s0
940

1077
875
935
891

950
915

::

842
915
925
915

958

915
875

975
961

1050

665
675
117
7s0

40,400
41,050
40,200
40,300

654
642
625
675M2

A8906 L1 30 41,000 300

L2 40

m
50

;

60

::
60

70
70
70
70

!33

80
80

40,850 392

B1
02
U1
U2

41,30
41,850
42,000
41,150

665
142
125
665

Al
A2

41,500
40,250
41,000
40,650

12%
665
234

T2
K1

Q1
Q2
K2
-rl

41,000
40, mo
40,900
40,450

38,600
40,750
39,800
39,550

658
690
158
725

R1
R2
S1
S2

616
616
675
625

A8907 J2 20 41,950 250

J1
L1

30
30

42,830
42,700

675
275

40
40
40

4z2Ed
42,350
43,300

700
100
208

— . .—
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‘tABLE A-16. (Continued)

Tasting
Energy Energy to

Maximum to start PrOpagata % Shear
Temperature, Load, Fracture, Fracture, in

Heat SpOclmen F pounds ft.lb ft-1 b Fracturo
—

A8907 K2
Q1

50
50
50
50

41,850
41,750

915
915
900

66s
665
833
142

283
715
625

1225

648
1410
750
650

142

80a

1&

734
866
541
234

242
150
425
725

1;:
100

15

1:;

1;:

100
100
100
100

10

Q2
RI

42000
41,450 900

41,650
41,500
41,400
42,100

958
925
940

1025

1010
935
958
961

975

1077
885

10Z3

875
915
915

lom

900
910
935
1000

961

990
1023

805

866
990
900
900

961
1000
9a4
950

910
1010
1077
1040

990
866
958

1080

940
984
935
940

1060
::;:

984

1100
1000
925

1050

1040
1077
1170
1067

112
T1
T2
B2

60
60
60
60

Al
A2
S1
S2

70
70
70
70

41,350
41,3111
41,750
40,900

K2 30 42,850A8908

K~
Q1
Al

42,253
41,950
42,200

41,150
42,200
42,210
43,000

100

10;

;:
76

7

20
8

1:;

100

1%
36

100
100

1;;

10
23

Ii

85
10

i

9a

:
3

27
15
95
93

100
100
100
100

90

:;
5

x

1:
10

60
60
60
60

41,900
40,900
41,500
42,400

B1
B2

R2

51
52
T2

7P

70
70
70

41,650

41,450
42,0K0
40,750

690

609
824
400

U1 80
80
80
80

41,100
41,900
41,4543
41,250

775
900
633
757

193
308
216
234

584
133
75

266

U2
V1
V2

A8909 23
2L
20
20

45,250
45,000
44,950
45,0s3

T1
T2
Lll
U2

30
3r
30
30

44,350
43,350
44,900
45,000

40
40
40
40

43,750
42,650
43,150
44,400

700
142
125
12s

316
92

757
675

658
707
715

H1
R2
S1
S2

50
50
50
50

42, fi50
43,100
42,850
42,650

H2
K1
K2
L1

43,500
44,900
43,850
42,700 508

J1
J2
K1
K2

:
40
40

45,200
44, mo
42,850
42,550

584
266
408
133

216
700
757
193

B871

G2
H1
1+2
Ml

50
50
50
50

43,500
43,950
42,900
44,100



TABLE A-16. (Continued)

Energy Energy to
T.sting Max Imum to Stott Propagate % Shoot

Temperature*, Load, Fracture, Fr;+c~m, in
Hat Speclma F pounds ft-lb FraeturO

—.

Ba71 G1
M2
VI
V2

60
60
60
60

44,450
43,750
43,500
42,7S0

1077
990

1020
984

242
67

25
10

984
75

100
7

U1
U2
R1
R2

43,1 5U
42,700
42,000
43,100

42,700
42,653
43,000
43,650

1025
961
958
984

1040
990
940

1033

740
108
715
193

51
S2
T1
T2

88s
961
725
658

100
100
100
100

L1
n
L12
U1

0872 50
50
50
50

60

::
60

43,700
44,950
45,050
44,750

43,430
43,700
42,700
44,400

1000 175

1:;
200

1110
1067
1100

950
10XI
940

1033

12

h;
M2
R1

R2
S1

815
740
915
425

100
100
100
42

70
70
70
70

30
30
30
30

43,7s
44,300
44,000
43,150

44,900
45,200
44,8)0
45,900

990
1000
975
990

707
690
700
684

100
100
100
100

52
T1

0873 860
950

1160
1170

133
108
117
325

5
i
3

27

L1
Ml
V1

40
40
40

46,400
45,200
45,450

1025
990

1010

650

2:;

99
5
7

M2
R1
J2

50
50
50

46,100
45,350
45,000

1077
1050
958

642
292
100

100
33

3

R2
S1
J1

44,800
45,550
43,850

1020
1053
860

650
lM
293

100
15
30

S2
T1

70
70
70
70

45,700
45,550
44.650
45,100

10s0
1050
961
935

1000
842
935

990
940
891
935

534
642
940
158

1::
100

15
T2
U1

80
80
80

45,400
44,050
44,050

mo G
100

234
707

F1
F2
G1
G2

90
90
90
90

44,300
44,350
43,750
43,750

725
808
775
725

100
100
100



TABLE A-17. NAVY TEAR-TEST DATA FOR TYPE VI STEELS
CONTAINING VARIOUS AMOUNTS OF ALUMINUM

Testing Maximum Energy to Energy tO % Shear
Temper.dtura, Lo ad, Start Fracture, Propagate Frgeture,

H*at
In

SpOclmOn F pounds ft.i b h-l b Fracturo

A664fj(a) P1
Q2
T1

38,100
37,650
37,600

36,950
36,950
36,250

35,650
36,350
36,850

33,650
34,600
34,650
35,000

35,150
36,750
36,600

35,350
34,400
34,150
35,600

35,950
33,900
34,450
34,600

34,750
33,750
34,700
34,950

33,950
35,700
35,700
36,400

35,700
35,150
31,950
35,950

32,150
34,350
35,150
34,750

34,050
33,300
35,150
34,800

35,100
34,350
34,950
33,800

33,450
33,400
33,000
35,150

36,000
37,750
37,050

37,500
37,750
35,850

824
815
70.7

92
92
42

12
10
15

T2
U1
U2

100 675
658
734

559
590

42

95
mo
100

100
10

D2
El
E2

715
775
824

42
50
92

A8736

80
80
80
80

684
707
790
757

609

2:
67

70
10
15
3

C2
L1
V1

:-90
90
90

757
961

1210

50
75

690
1:
75

L2
V2
W1

100 891
925

1033
1125

75
824
975
833

100
100

W2 100 100

Ml
T1

110
110
110
110

940
950
95a

1020

183
824
775
925

T2
V2

M2
RI
51
S2

120 915
940

1067

684
866
757

100
100
100
100

12U
120
120 775

A8737 80
80
80
80

707
766

58
50

775 100
775 33

J1
J2
Al
C2

90

E
90

100
100
100
100

110
110
110
110

1060
910
633

609
42

658
83808

A2
U1
U2
K2

541
8B5

1067
915

242
842
885
417 49

975
891
900
900

99
100
87
m

Ml
M2
RI
R2

120
120
120
120

990
940
975
885

650
690
750
475

100
96
96
49

51
S2
TI
T2

130
130
130
130

866
850
891

1150

850
940
961

1000
950
885

784
1::
100
95

075
833
715

B1A6707(a) 70
70
70

cl
C2

132
P2
R2

80
80
80

100
135n
700

8
100
100
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TABLE A-17. (Canthued)

Testing Maximum Energy to Energy to
Temperature,

% shear
Lo@d, Start Fracture, Propogpte Fracturu, in

Heat Spmclmon F pounds ft-1b ft.lb fracture

A6707(o) S2
U2

w)
90

60
60
60
60

;:
70
70

80
80
80
80

;
90
9D

70
70
70
70

80
80
80
80

;:
90
90

50
50
50
50

60
60
60

70
70

80

50
50

60
60
60
60

70
70
70
70

80
80
80
80

70
70
70
70

866
81S

675
695

100
85

4
3

43
5

67
8

10
8

1;;
15
10

1;:
100
100

6
5
8

15

100
100
47
10

100
100
98

100

;
5
3

10:
8

12
6

100

4!

5
4
6
8

100
100
100
45

100
100

1::

:
3
4

A9263 UI
U2
VI
V2

37,500
36,750
37,100
36,500

915
940
891
885

83
25

417
75

S2
y

T1

36,200 .
35,600
37,000
35,800

860
815
990

525
50
92
92842

L1 36,050
36,100
36,300
36,100

860 600
625
175

L2
Ml
T2

885
866
940 100

910
915

K1

M
Ml

36,500
36,600
36,000
36,550

766
1100

866
915

700
590

A9264 S1 36,800
36,800
36,650
37,300

900 75
92i2

T1
-r2

U1
U2
L1
Q1

860
940
940

58
75

36,650
37,350
36,000
36,650

958 725
600
433
100

1050
910
900

L2
Q2
RI
R2

35,150
36,350
36,850
36,600”

815
860
975
891

725
1125
658
625

A6708(a) T1
T2
U1
IJ2

36,600
37,600
39,000
38,900

790
950
940

83
92

193
75900,,

Ui 37,650
40,100
38,150

866
I 140
900

100
02
cl

665
92

C2
VI

38,300
37,100

915
875

92
92

V2 36,900 784 1160

A8142 T1
K1

38,650
36,500 %

900
833
940
850

815
850
891
935

850
900
940
961

“ 117
358

K2
P1
T2
P2

38,000
37,050
37,750
36,750

67
75

100
100

37,400
37,250
37,250
37,550

725
766
715
292Ml

J1
M2

35,000
37,600
37,E50
38,350

690
775

N1
N2

650
690

A8143 L2
Ml
M2
N1

36,750
36,950
36,600
36,300

757
734
725
784

58
417
75
75
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TABLE A-17. (cenihed)

Testing Maximum Energy to Energy to % Shear
Temperature, Loud, Start Fracture, Propegat, Fracture, in

Heat SpeclmOn F pounds ft-lb ft.1 b Fracture

Aa 143 N2 ao 36,2i10 766
PI

2:;
80

30
36,650 734

P2 80
1s

38,000 891 142
J2 Bo

15
35,800 815 92 10

A(j709(a)

J1 90 37,700 842
K1

690
90

100
37,250 860

:;
516

90
73

38,200 600
90

658
37,250 824 508 1::

B1 20 39,850 950 108 3

B2 30 39,150 925 2
cl 39,500 940 ;:
C2 :; :3El,&30 900 100

.
(a) Test data [or other specimens from this steel ware reported in the Appendix of the Second Progress Report on ‘“An lnvostl-

gation of the influence of Deoxiddtion and Chemical Composition cm Notched-Bar Properties of S*mikilled Steel=, Ship
Structure Report No. 53.

.

.
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TABLE A-18. NAVY TEAR-TEST DATA FOR TYPE WI STEELS
CONTAINING VARIOUS AMOUNTS OF ALUMINUM

Testing Maximum Energy to Energy to
Temperutur*,

% Shear
Load, Start ~~l~turm, PrOpaga;;l~racture, in

Heat Specimen F pounds Fractur.

A7531(d) 52
B1
B2
cl

38,750
39,450
39,350
39,100

37,800
38,000
38,500

38,150
37,750
38,150
37,900

38,750
38,000
3S,250
37,500

38,000
37,250
37,350
37,500

3s,500
39,000
37,800
38,200

39,050

38,850

38,550
39,600
38,200

41,100
38,350
38,450

38,500
37,300
38,500
38,050

37,700
3E,200
37,500
38,400

37,850
38,350
38,050
39,700

39,150
30,700
38,750
38,200

37,900
37,550
37,800

38,200
38,500

37,800
37,850
38,600

39,350
38,100
39,000
38,600

842
850
850
935

108
100
92
83

790
850
850

167
33
67

15
3
2

C2 808
790
815
815

1140
690

67
108

100
96
5

T1
T2
U1

Ml
RI
R2
51

5

A8 136 650
734
766

58
108
238
50700

M2
S2
Q1
Q2

766
734
734
766

15
100
i5
12

Ni
;;

P2

850
940
790
910

935 100
800
665
650

100
100
100

100
100

40

50

60
60
60

70

;:

80
80
80
80

90

;;
90

100
100

A7322 HI 984 100 5

H2 915 150 10

J1
S1
S2

C2
J2
K1

875
891
815

108
58
58

5
8
3

1077 684
990
167

100
868 100
934 10

100K2
l.1
L2
Ml

940
833
910
833

1010
659
709

75

100
100

10

M2
Ml
N]
C2

833 641
691
250
707

860
809
950

Al
A2
B1
B2

868 709
725
675
875

100
100
100

915
875
950

100
100

50
50
50
50

60
60
60

70
70

80
80
80

50

?0
50

100

A7661@ IJl
U2
V1
V2

940
915
950
958

83
83
83
58

4
5
5
4

Al
A2
B1

866
750
866

885
866

67
67

642
1:
97

B2
51

734
675

100
100

S2
T1
12

A8 137 K2
Q1

866
885
958

915
824
885
850

1210
690

100
100

1292

50
42
58
75

Q2
U1



TABLE A-18. (Continued)

*

.

Testing Maximum Energy to EnOrgy tO % Shear
Temperature, Load, Start Fracture, PrOpaga~ ,~acture, In

Heat SpOclman F pounds ft.lb . Fracture

A81 37 K1 60 39,450 850 665
Ml 60

100
39,400 900

M2
600 98

60 39,450 1077 5B
U2 60 38,400 808 609 9;

N1 70 38,900 808
N2 70

642 100
38,500 875

V1 70
200 20

39,050 910 92
V2 70 38,150 824 193 X

L1 80 38,450 88s
L2 80

625 100
38,100 866

PI
690

80
100

38,400 900
P2

575
80

100
37,450 850 616 100

A7529(”) V1 50 39,230 885 5a 3
50 39,400 815

;:
108 5

50 39,400 784
W2

92
50 39,350 740 158 :

Q2 60 37,450 734 133
U1 60

10
39,250 808

L12
142

60
10

39,100 784 559 86

R1 70 37,450 766
R2

665 100
37,400 715 584

51 ;:
93

38,300 808 83 7

S2 80 37,350 725 584
T1 80

100
37,450 707

12 80
833 100

36,950 675 734 100

A8745 Al m 39,900 750 316
J1 m

37
39,750 740 75 3

H2 30 39,500
J2

833 609
30

100
39,500

A2
734 292

30
25

40,900 833 3
T1 30 40,000 B15 2;: 33

H1 40,050 824
52 ::

584 100
39,600

N1
800 575

40
90

39,950 860
T2

175
40 39,750 860 665 1::

N2 39,000 750
P1

565
: 37,950

P2
800

39,750
616 1;:

915
Q1 ;: 38,65G

158
815 550 10?I

Q2 60 38,90G 850 508
RI 60

100
38,550

R2
784

60
650

38,650 808 541
51 60

1:;
37,600 850 690 100

.

(a) Test data for ether specimens from this steel were reported in the Appendix of tho Socnnd Progress Report en “An lnvmstl-
gaticm of the Influencu of DnaxidatiOn and Chemicel Composition en Natchad-Bar Properties of Somikillad Steelw, Ship
Sfiucture Report No. 53.

—.-
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TABLE A-19. NAVY TEAR-TEST DATA FOR TYPE Vlll STEELS
CONTAINING VARIOUS AMOUNTS OF ALUMINUM

Tostlng Maximum Energy to Energy to % Shear
Temperature, Load,

Hoot
Stcrrt ~~l~tur., Prmaga:;l[racture,

Sp*clmmn F
in

peufids Fractur.

A873B Al
A2
B1

::
60
60

70
70
70
70

:
50
50

::

::

70
70

;:

80
80
80
80

93

:
90

100

39,400
39,900
39,300
39,800

815
885
833
875

100 5

1:
6

108
167
142B2

34,450
36,2.10
34,2U0
35,850

650
1350

675
684
757

100
100

707
790

100
675 100

A8350 38,050
38,050
39,600
39,900

750
775
800

32
4

100
2824

38,800
38,500
38,500
39,950

850
790
790

616
866

100
100
10100

117860 4

L1
Ml
cl
C2

38,450
38,000
38,250
38,700

RI
775

92
616
625
650

l;?I

lRI808

D1
D2
M2
Nl

38,000
37,500
38,550
38,700

750
750
775
842

915
633
392
625

100
100
48

100

L2
N2
P1

38,050
38,400
3E,W0
37,850

800
800
800
784

675
722
665
234

/00
100
100

P2 25

37,750
38,100
39,200
38, 15b

766
7$0

609
616

100
100100
100
100

A8739 39,300
39,450
39,900
40,500

891
915
940
915

133

142

39,650
39,400
;:,;::

I

950 175
559
117
67

900
866
790 3

cl 38,650
38,350
3a,350
38,050

833
842

142
100

800

36,950
38,400
37,600
38,600

766
860

466
1::
100

3

616
990
108850

K2 37,750
37,550
37,950
36,900

833
808
784
715

609 100
L1
L2
Q1

600
616
658

a3

616

58

K2A8351 40,350 790 12

41,300
39,700
39,650

866

7;4

100

:

—— —
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TABLE A-19. (Continued)

Testing Maximum Energy to Energy to % Shear
Temperature, Load, Start Fracture, Propaga;+el[racture, in

Heat Specimen F pounds ft-ib Fracturm

A8351 30 39,800 800
:;

150 4
39,500 740

U1 :: 39,700 800
L2 30

2;: 3;
40,700 833 100 2

A8740

Ml 40
;; 40

40
V2 40

50
:i 50
N2 50
PI 50

30,500
39,500
39,250
39*250

!39,550
40,000
35,750
39,500

700
885
824
842

757
784
815
757

650 100
450 100
550
625 lW

Al 30 41,650 984
A2

117
30

3
39,900 800 150 5

T2 30 38,600 734 100 3
R2 30 39,550 790 283 28

51 40 39,000 775
S2

334
39,200 750 584

T1 :!!
1:;

39,750 790
L1 40

675 100
40,100 775 50 4

K2 50 39,400 833
Q1 50

665 100
38, ~0 784

Q2 50
417 100

39,100 766
RI

633
50

100
39,150 559 565 100
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TABLE A-2Q. NAVY TEAR-TEST DATA FOR TYPE IX STEELS
WITH VARlOUS ALUMINUM CONTENTS

Energy Energy to
Testing Maxi mum to Start Propagate % Shear

Temperature, Lead, Fracture,
Hat

Fracture, in
Sp.c imen F paunds ft-lb ft-lb Fractur.

A8145

A7320

A7319

VI
WI
V2

N1
R2

N1
N2
P1
P2

-r2
D1
D2
T1

C2
B1
B2
cl

J2
N2
P1
P2

J1
K1
K2
N1

L1
L2
Ml
M2

El
E2
D1
132

B1
B2
cl
Q

L2
Ml
M
N1

J1
N2
P1
P2

60
60
60

70
70
70

80
80

::
60
60

70
70

;:

%
80
80

%
90
90

40

:
40

50
m
50
50

60
60
60
60

;:
70
70

80
80
80
80

:
50
50

60

E
60

;;

;;

80
m
80
80

3a,450
37,900
38,650

40,400
39,650
39,450

40,350
39,750

38,450
39,200
38,750
39,4s)

39,400
37,753
37,950
38,2SI

38,050
38,550
38,750
37,250

37,900
38,400
38,050
38,500

40,500
41,500
40,1 m
40,000

40,750
41,400
41,400
41,450

40,000
40,550
41,200
39,850

40,350
39,350
40,050
39,600

39,100
38,600
38,391
38,600

41,650
41, mo
40,600
40200

41,900
40,450
40,150
40,450

39,750
;;,;::

39:000

38,800
38,800
39,100
39,400

700
715
725

885
842
833

1025
950

9?5
1077
1010
1090

1025
910

1000
984

915

1:%
940

935
915
990
950

1040
1080
984

1060

1000
1125
1140
llM

1050
1080
1190
1025

1090
1000
1082
10KI

990
965
990
934

1225
1258
1180
1040

1400
1210
1080
1200

1067
1080
1010
1033

940
1110
1050
1077

%’
75

650

1;;

642
673

;:

1::

117
142
725

42

760
784
133
707

750
808
790
833

125
108
108
1s0

642

;:
83

208

1;;
67

850
715
125
117

775
875
800
784

100
125

83
133

13m
117

1L2

475
766
125
750

1010
860
766
961

;
3

00
10
12

00
98

3
4
2
5

10

10:
3

98
99

;;

100
100
100
100

s
5

;

94

1::
8

10

:
5

100
85

1;

1::
98
95

5

:
3

100
7

Ii

45
90

1:;

100

;:
100



TABLE
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A-20. (Continued)

Energy Energy to
Testing Maximum to start Propagate

Temperature,
% Sh.ar

Load, Fracture, Fracture, In
Heat Specimen F pounds ft-lb ft-lb Fractur.

A8146 VI
V2
WI
W2

L2
Q2
RI
R2

L1
Ml
M2
Nl

40
40
40
40

50
53

z
60
60
60
60

70
70
70
70

39,750
37,850
39,950
39,400

40,000
39,250
39,300
38,700

39,400
39,050
39,100
37,600

39,250
39,650
40,150
39,750

1000
940

1040
1025

1020
940
885
875

984
1MO
’940
891

975
950
990
975

50
175
167
83

100
408
367
757

408

8;;
167

715
707
715
SW

2
7
5
2

4;
25
88

45

10:
12

95

;;
75

(u) T*stdata for ether specimens from this steel were repcwtod inthe AppendixcIf the Secmrd Proqr.ss Reparten ‘An Irwestiga.

tion of the influence of Daoxidation ”and Chemical Composition on Notched. Bar Prnpartiasaf Semik!iled Steel=, Ship Structur.

Report No. 53.

.

.
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TABLE A-21. NAVY TEAR-TEST DATA FOR TYPE X STEELS
CONTAINING VARIOUS AMOUNTS OF ALUMINUM

Testing Maximum Energy to Energy to % Shsm
Temperature, Load, Start Fracture, Propagate Fracture, in

Heat Spoclmeri F pounds ft.1b ft-1b Fracture

A7660(a) T]
Bl
B2
cl

50
50
50
50

60
60
60
60

70

;:

40
40
40
40

:
50
50

60
60
60
60

fG

;:

50
50
50
50

60
60
60

::
30
30

40
40
40
40

;;
10
10

20
20
20
20

20

;
20

30
30
30
30

40
40
‘fo
40

40,700
39,900
40,100
40,600

39,850
40,000
40,450
40,200

40,100
40,500
40,950

41,100
40,850
40,150
40,450

40,550
40,350
39,750
42,100

40,000
40,850
42,030
41,093

40,050
40,000
40,150
40,350

40,000
40,100
40,300
39,150

39,300
39,800
39,750

41,700
41,300
41,700
41,600

41,450
40,300
40,950
40,700

42,500
41,150
43,3130
41,350

41,900
41,650
41,500
41,500

41,350
39,400
38,500
39,450

39,600
38,750
39,200
39,550

35,600
39,000
38,300
38,350

975
984
958
984

4
5
3
5

3T2
UI
IJ2
V1

961
940

1033
990

7::
117
167

100

1:

100
100

V2
WI
W2

940
990

1060

850
750
757 100

P1
N2
P2
Q1

950
910
891
875

A8144 100
266
242

75

4
14
3

;
30
5

92
80

100
100

30
5

12
10

9;
94
2

100
12

Q2

RI
R2
L2

940
935
850

1025

;6?
334
117

Li
Ml
M2
N1

1000
984

1040
1010

633
565
740
915

A7662(=) V1
U2
VI
V2

990
1010
958

1025

425
100
300
175

92
RI
R2
S1

990
940
990
900

885
935
975

940
,)75
735
R75

9B4
885
935
940

150
684
740

75

690
158
766

83
167
167
117

75

1:
125

52
T1
T2 100

A7530(a) P2
Q1

4
3
5
3

;
3
3

24
32
10
3

76

Q2
R1

A8141 K1
N1
N2
L2

1060
975
950

1000

316
358
183
58

J1
J2
K2
L1

1067
950
990
990

609
935
633
860

100

1::
4;

8
34

100
100

:;

100
100
100
100

J1
S1
R2
52

J2
K1
K2
P2

A.S746 1280
1100
1000
1125

67
383
100
425

1100
8;0
609
500

1077
1110
1170

A8746 PI
Q1

1090
ioao
1090
1120

784
790
790
625

(o) Tastdatafer other specimens from this steel wararapsrted irIthe Appendix of the SecOnd Prugress Repmt On”An Investigm
tionof the Influence of Dac.xidatien and Chemicmi Cmnpositian en Nntched-Bar Properties of Semiskilled Steel”, Ship
Str.cture Report Nu. 53.
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TABLE A-22. NAVY TEAR-TEST DATA FOR TYPE Xl STEELS
CONTAINING VARIOUS AMOUNTS OF ALUMINUM

—
Testinq Maxi;;m Energy to Energj to % Shear

Temperature, Load,
Heat Specimmn F pounds

!jtart Frticture, Propagate Fracture, in
ffilb ft-lb A Fracture

A8741 A2
B1
B2
c1

41,650
A1,400
40,500
41,000

975 150
961 367
984 125
940 75

8
32

7
3

J2
Q2

50
50
50
50

40,550
40,050
40,050
40,150

875 133
900 642
900 684

11
100
87
95

Ill
R2

J1
PI
S1
52

K1
K2
P2
Q1

D1
D2
El
E2

c1
C2
K1
Al

L1
A2
BI
B2

60
60
60
60

39,100
39,850
3’?,650
39,100

38,400
38,900
39,850
39,100

41,000
41,050
40,900
41,250

40,300
40,400
41,500
40,550

860
940

675
125

92
10

,

915 600
833 707

90
98

70
70
70
70

824 650
833 690
975 625
891 690

100
100
100
100

A8352 950 790
915 525
891 260

1025 133

100
80
20

7

40
40
40
40

958 707
95a 58
940 342
891 633

100
2

45
90

50
50
50
50

41,150
39,400
39,750
40,700

900 216
784 984
842 75
910 633

20
100

io
100

K2
L2
M2
IJl

60
60
60
60

41,050
40,800
39,850
40,400

39,450
39,600
40,100
41,150

40,050
40,400
40,100
39,750

935
940
940
875

466
500

42
75

65
70
22
5

MI
Ml
N2
U2

850
875
850
935

707
242
784
658

100
22

100
9270

80
80
80
80

866
915
866

593
690
750

1::
100
100875 684

L2

:;
R1

30
30
30
30

A8742 39,200
38,300
39,550
39,550

915 92
866 266
900 283
891 133

2:
28

3

R2 40
40
40
40

39,700
40,750
38,850
39,150

900 175
885 616
800 484
910 17

10:
49

5

S1
$2
J2

J1
K1
K2
L1

50
50
50
50

39,650
39,600
40,150
39,400

910 590
940 625
940 633
92s 725

97
98
93
88

El
E2
R2
51

A8353 10
10
10
10

42,200
41,500
40,600
41,650

990 292
875 616
885 559
866 108

27
74
85

2

52
T1
T2
P2

41,450
42,000
40,550
41,600

900 167
940 108
842 234
961 125

5
4
9
8
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TABLE A-22. (Continued)

Testing Maxi mum Energy to Energy to
Temperature, Load,

% Shear
Stort ~l~ture, Propagate Fracture, in

Heat Specimen F pounds it-] b Fractura

A8353

A8743

30
30
30
m

41,350
41,750
40,650
41,2730

8~
990
850
885

757
658
725
757

100
95

100
100

1o11

100

49

100
5

100
100
48

49
46

32
20
20
23

K2 40 41,800 915 784

K1

J1

50 41,500 866 784

20 42,400 875 484

30
30

J2
K1

42,150
41,850

975
975

704
100

40
40
40

41,350
41,400
40,600

1025K2
L1
L2

642
684
417

950
935

Q1
Q2

50
60

45,6S3
40,450

8B5 442
35B900

70
70
70
70

40,450
39,500
39,900
39,700

8ti3
833
875
1350

)7s
117
158
mo

R1 80 39,5CUI 800
R2 80

675 97
40,050 833

C2
392

80 38,500 757
52 m

700 :
38,450 704 325

D1 38,700 833
D2

584
;:

96
39,000 824

T1 90
642 95

39,750 940
12

590
90

?5
.39,700 833 600 97
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TABLE A-23. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE I
STEELS WITH VARIOUS SILICON CONTENTS

——.. ~———..
Testing Temperature, Charpy Impact Strength, ft.lb

—-

Haut
.—

F 1s+ Test 2nd Test 3rd Test dth Test

AR922

A874?

A6657(0) -30
-10

A8720 80
0

-10
-20
-30
-40
-50
-60

ao
o

-10
-m
-30
-40
-50
-60
-70

80
10

-1;

::
-40
-50
-60

BB65

A669&~

A872?

AO923

0867

-70

80
xl
o

-10

3
-40
-50

-s0
-60

80
30
20
10

-1:
-20
-40
-50
-60

80
20
0

-10
-20
-30
-40
-50

eo
o

-10
-20
-30
-dO
-50
-60
-70
-ao

00
-30
-40
-50
-60
-70
-00

2:

31
24
17
18
17
15
4
3

. 32
22
23
17
17
16
7
6
3

29
24
23
22

;;
8
3
6
4

30
26
18
21
19

1$
16

17
20

26
m
19
18
19
17
20
18
12
4

31
24
23
21
21
4
4
3

2:
16
5
4

31
21
18
18
17
10
5

H
30
m
22
21
17
16

:

;!!
19
19
17
19

:
2

32

21
22
18

1:
6
d
d

30

;;
22

12
4
3

8
8

25
23
21
ZQ
m
19
18
6

z

28
25
23
22
20
20

1:

27
22

?0
20
m
18

1:

31
21
18
3

M

1;

21
26

;3
20
21
15
4
3
3

;2
21
21
11

1;
5

m
22
16
19
16
9
4

2;
19
19
4
4
3

18
5

:!
20

:;

2;

i

2:
m
18
3

2:
22

;;
lB

12
7

20
19
12
11
14

18
25

:1
19
17
17
10
2

G
19

1:
4

:

24
m
22
lR
18
11
6

;3
5

:
3
3

27
m
19
20
19

1;

;

G
18
16
19

;:
19
m
19

;;
6

G
19
10
18
2

(a) Test dat~fmr Otharspeclmens from this steel were reported lnthe Appendix of fhe First PrOgress RapOrton -Anlnvestlow
tionef the Influence of Dcmxldation rmd Chemical Compcwitinnm Netched-Bar Properties of Samikilled Steel”, Ship
Structure Repmt No. 49.

—. -.
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TABLE A-24. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE II
STEELS WITH VARIOUS SILICON CONTENTS

Testing Temperature, Chcmpylmpact Strength, ft-lb

Heat F 1st Test 2nd Test 3rd Tast 4th Tn,t

A8151 80 33 33
0 . 25 2

-10 ;:
G

24 24
-20 22 24 22
-30 4

E
12 21 14

-40 3 8 9 7
-50 13 3

A9265

A0375

A9266

A8376

o
-lo
-20
-30
-40
-50

8:

-lo
-20
-30
-40

25
21

4
20

3
3

22
5
5
4
5
3

x
23
:.7
17
4

22
19
5
4
4
3

23
23
17
22

3

22
24
23

3
3
3

80

-1:
-20
-30
-40

38
25
27
17
8
4

:
25

6
23

4

2:
24
15
4

22
23
21
20

A9275 80 32 32
23 22

-2: 21 20 2> 2;
-30 s 22 18 22
-40 16 lB 19
-50 19 1; 18
-60 : 4 3 3

— —

*

,..— —.
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A6695(8)

A9262

TABLE A-25. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE Ill
STEELS WITH VARIOUS SILICON CONTENTS

Testing Temperature, Charpy Impact Strength, ft-lb

Heat F 1st Tost 2nd Test 3rd Test 4th Test

A8378 80 36 42
0 20 32 3; 30

-lo 24 26 24
-20 :: 26 30 26
-30 4 23 21 28
-40 24 25
-50 2: 26 22
-60 3 3 2:

-60 7 25 25 24
-70 25 9 2 14
-90 17 2

0 29
-40 :; 27 16 2a
-50 23 14

If
4

-60 3 4
-70 8 3 16 2;
–80 3 2 2
-90 ; 2

A66ti(a)

B868

A8730

0869

B870

-50 6
-60 24 ; :;

80 37 38
20 29 26

18 23
-1:

24 2-3
25 18 22 7

-20 9 21 19 8
-30 4 17
-40 4 3 ! :

80
1:

-10
-20
-30

2:

80
20
1:

-lo
-20
-30
-40

37

%
25

4
4

If!

40
24
17
11
13

;
4

34
30
29
25
19
11
17
s

36
23
21
21
16
10
4
a

;;
6

20
4

21
4

31
15
24
24
12
23
3

22
lB
25
5

80 33 33
20
0

28
i: 24 21 2;

-lo 21 ;; 23 14
-20 24
-30 5 14 1: 2:
-40 4 3 6 5

(a) Test data forotfler specimens framtflisstael were rWOrted inth=ApPendix Ofthe First Progress Report en “kilnvestig-
tionofthe lnfluencoof DeoxidatiOn Ond Chemical ~WOsition on NOtched-Bar Properties Of$emikilled Steel", Ship
Structure Reprt No. 49.
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YABLE A-26. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE IV
STEELS WITH VARIOUS SILICON CONTENTS

Testing
Temperature, Chatpy impact Strength, ft.lb

Heat F 1st Test 2nd Test 3rd Test 4th Test

A9272

A9273

A9274

80 39 42
0 2s 31

31 23
::

;0
24

1;

-40
20

4 2:
-50

::

;
4

-60
2:

: 3 5

29 26
-; 2a 26 ;0
-30

co
28 20

-40 26 ;;
-50

2:
2

-60 2 3 ;;
-70

1;
3 3

*
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TABLE A-27. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE V
STEELS WITH VARIOUS SILICON CONTENTS

.

Testing
Temperature, C!mrpy impact Strength, ft-lb

Hat F 1st Test 2nd Test 3rd T.st 4th Tast

A8904 20 33 31

A8905

A8906

A8907

A8908

A8909

B871

0872

0873

80 37 36
0 30 28 ,~,.1

-30 25
-40

2s
;:

;5
26 25

-50
23

23 22 16
-60 3 .3 ‘1; 3
-70 4 3 3 2

80 37 46
0 31 33

23 25
::

27
14

G
23 24 22

-50 8 23 7
-60

19
8 m

-70 3 6 ii 1?

80 43
0 :: 30

-30 25 25
-40 24 19 ;:
-SC

::
23 13

-60
22

15 :
-70 1: 22 21 2:

80 42 41
0 28 28

-40 22 25
-50 25 2d 1; 27
-60 20 21 21 21
-70 lB 19 21
-80 1: 3 2 3
-90 4 7 a

80 38 41
29

-4: z 25
-60 23 22 22 2:
-70 21 19 13 15
-80 20 18 13 8
-90 2 20 13 15

-1oo 3 5

40 43
-:: 2? ;5
-70 ;: ;; 22 23
-80 21 1: 20 22
-90 16 9

-1oo : 15
-110 8 4 ; :
-120 2 2

41
-:

42
24 ;4 2?

-60 24 ;;
-70 3 24 2< i
-80 22 21 22
-90 13 10 19 2;

-100 17 4 6 15
-110 8 11 4 6
-1 Xl 7 3

38 42
-: 26 19 26 24
-60 22 24
-70 21 6 G
-m 19 7 21 27
-90 18 6 8

-100 5 1! 22
-110 8 8 19 :
-120 14 2’

.-.-- — —— —.
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TABLE A-28. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE VI
STEELS WITH VARIOUS ALUMINUM CONTENTS

Testing Tnmperaturo, Charpy Impact Strength, ft-lb

Heat F 1st Test 2nd Test 3rd Tast 4th Test

A8734 80 35 35
40 30 28
30 28 1;
20 2! 31 19
10

z
5 5 16

0 5 z 5
-lo 4 4 : 7

A8737 80 32 32
30 28 34 37 ;6
20 23 23
10

27
;; 13 15

0
8

15 12 4 9
-10 4 9 16 5
-40 3 3

A9263 80 35 33
20 26 24
10
0

-lo
-20
-30

25
22
10
11
3

23
23
16

1;
19
8
3

Zti
d

A9264 80
20
10
0

-10

35 37
26

;4
: 20
7 12

25
23
22
7

24
21

9
-20 4 7 9
-30 6 : 3 10

Eo 38 35
1: 29 28

23 24 2; 2<
-lo 4 20
-20 2: Ii 21
-30 !: 17 5
-40 3 ; 4 4

31 30
% 23 23 25 ;6
20 23 19 22 17
10 10 18 12 21

21
-1:

7 10 11
7 6 11

-20 8 1;

———.. .-—. — —

TABLE A-29. KEYHOLE CHARPY lhlPACT-TEST DATA FOR TYPE Vll
STEELS WfTH VARIOUS ALUMINUM CONTENTS

— ———
Tasting Temperature, Chmpy Impact Strength, ft-lb

Heat F 1st Test 2nd Test 3rd Test 4th Test

AB 142

Aa 143

A8 136 80

:
10
0

29
26
24

30

3
22

5

28 30

23
21
19

21
13

.

h

A7322 80
10
0

-lo
-20
-30

33
28
21
22
23
13

38
2a
23
14
18
6

27
14

27
25
25
23

9
1:
5

Aa137 80 34 33
20 28
10 23 ;’ 2;
o

;4
23 18 13 5

-lo 20 15 20 21
-20 19 5 12 8
-30 3 6 4 5

A8745 80 33 35
0 26 26

-20 24 24 24 ;0
-30 22 22 22
-40 4 6 1! 19
-50 5 13 6 10
-60 7 14 7 7

-—. .—-— ——————



TABLE A-30, KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE Vlll
STEELS WITH VARIOUS ALUMINUM CONTENTS

Testing Tompwature, CharpYlmpact Strength, ft-lb

He& F 1st Test 2nd Tad 3rd Tast 4th Tmst

A8738 80 33 31
10 26 24
0 24 % 1;

-10 ;: 22 20 19
-20 18 7 20
-30 5 12 1: 7
-40 8 6 9 7

A8350

A8739

A8351

80 35 34
0 24 23

-10 25 ; : 23
-20 19 18 1‘? 20
-30 . 20 18 1.5 21
-40 16 9 14
-50 ;

80
0

-10
-20
-30

33
26
21
22

7

33
23
18
21
11

;7
m
21
19

-40 4 14 5 n
-50 3 4

80 32 34
40 30 30 37

0 24 24
-20 2s 24 :3 <2
-30
-40
-50

21
20
20

22
15
6

2;
11

-60 11 3 3 2

A8740 80 36
3

-2: ;: 23 2; G
-30 21 22 20 22
-40 10 21 19 20
-50 15 17 14 18
-60 3 7 20 12

—————.. -.— .. ——-—. -— —. ———. -—

TABLE A-31. KEYHOLE CHAR PY,lhiPACT-TEST DATA FOR TYPE IX
STEELS WITH VARIOUS ALUMINUM CCINTENTS

— ——. ..—
Testing Temperature, Charpy lmpacr Strength, ff-lb

Heat P 1st Te,t &d Test 3rd Test 4th Test

A8 145

A7320

A7319

o
-10
-20
-3C
-40

80
0

-10
-20
-30
-40
-50
-60

38
32

:

2:
3

40
32
33

7

2:
10
3

40
29
20
24
7

:

43
2A

2;

E
22
3

i
29
19
6
4

37
11
7
3

2i
2a
6

1:

80 42 41
10 37
0 14 :: 34 36

A8146

34
-;0

32
32 R 3>

-20
37

31
-4C 6 2: 27
-50 3

i
3 a

80 45
0 : 30

-20 27
-30 27 2:
-40

1;
12 ;: 20 24

-50 4 6 4 5
-60 5 6 5
-80 ! 3

—— .-——. —___ --. — “——. ———-— —. —— —-- ——



TABLE A-32. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE X
STEELS WITH VARIOUS ALUMINUM CONTENTS

Testing
Temperature,

Charpy Impact Strength, ft-lb

Hamf F 1st Test 2nd Test 3rd Test 4th Test

A8 144 80

-1:

::
-40
-50
-80

A8141

A8746

39 3a
31 27
27 29 2: ;8
25 26 29 11
18 16 22
5 : 9 19

7
; 4

80 39 41
29 32

-.4 26 ;4 G
-50 : 22 5 25
-60 20 23 13
-70 2; 4

;
3

-80 3 9

90 43 4.5
39 35

-~ 30 26 3; 3:
-50 25 28 28 7
-60 7 26 2d
-70 1; 24 12 20
-80 8 3 3 3

TABLE A-33. KEYHOLE CHARPY IMPACT-TEST DATA FOR TYPE Xl
STEELS WITH VARIOUS ALUMINUM CONTENTS

.
Testing Temperature, Chorpy lmpacf Strength, h-lb

Heat F 1st Yost 2nd Tesi =rd Tast 4th Test

A8352

A8741 80 39 41
29 30

-; 22 27 2; i7
-30 25 20 26 25
-40 24 22 10
-50 1; 5 4 5
-60 7 4 6 5

80 37 35
0 2a 27

-20 27 2-1
-30 24 ; 5 $
-40 4 4 24 5
-50 21 16 20
-60 2: 10 11 13

A8742

A8353

A8743

80 38
28 ::

-4:
-50 ; #
-60 22 20 20 27
-70 11 3 3 4
-80 5 5 7 17
-90 3 2 13 3

80 41
x 31

-4; 23 26
-60 21 24 25 ;4
-70 21 14
-80 ;; 1: 11 11
-90 12 2 8 3

7

;
14
20
3

28
26
22

24

:
5

28
23
26

*

*

.—


