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EFFECT’SOF ALUMINUl~ADDITIONS AND VARIATIONS IN FINISHING T~lPERA-
TURE ON FRORERTIES OF HoT.ROLL=~PERI~NTAL~p=WRTH STEELS—— —- .-— — ——

INTRODUCTION

~all amounts of aluminum are sometimes added to semiskilled

steel in order to control the evolution of gas during freezing

and the final structure of the ingot. Aluminum additions large

enough to suppress all gas evolution produce killed steels which

are characterized by their tendency to shrink on solidification

and to form pipe cavities. Even with devices such as hot-tops

which reduce piping$ killed steel ingots give lower yields of

usable product than do semiskilledingots. Furthermore$ the ca-

pacity of the United States to produce the more expensive killed

steel is consid~rably below the tonnage of ship plate that would

be required in an emergency.

The experimental work described in this report was done

principally on semiskilledsteels which could be manufactured in

sufficient quantity for ship plate in the event of an emergency.

The steels used were provided by three commercial producers of

ship plate.

The principal objective of the present investigation was to

determine the influence of small amounts of aluminum on the prop-

erties of hot-rolled open-hearth steels. A previous study(1)

showed that aluminum additions lowered the Charpy and tear test

transition temperatures of hot-rolled laboratory steels. Since

adequate quantities of the open-hearth steels were available? it
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was also desirable to study the influence of finishing tempera-

tures on these steels. This work was done on a laboratory roL&

ing mill.

MATERIALS

Each of three steel companies furnished eight 3/4-in. and

eight 1 3/4-in. thick plates for the investigation.

of each thickness was taken from each ingot made for

Two types of steely one containing? nominally? 0.257

One plate

the program.

carbon and

0.4571manganese, the other containing 0.21~ car”bonand 0.75fi

manganese, were studied. These corapositionsare typical of

steels currently supplied under specifications set by the Ameri-

can Bureau of Shipping for Classes A and B steels. The silicon

contents of all steels were within the normal range for semiskil-

ledsteels. Each company furnishing the steels added various

amounts of aluminum to the molds to produce four ingots from each

steel grade witihdifferent aluminum contents. The acid-soluble

aluminum content L-Kthe steels containing the largest aluminum

addition was intended to be approximately 0.020 per cent. Nor-

mally, an addition to give this amount of aluminum would be made

to the ladle instead of to the ingot in the mold. Because of

this variation from normal practiee~ all of the steels must be

classed as being of experimental rather than of commercial quality.

The 1 3/~-in. plates were rolled to 3/4-in.,plates in the

laboratory using finishing temperatures of 1650~ 1850, and .2050F.

.-
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..

Full-thickness strip

tensile properties.

tensile specimens were used to determine the

The notched bar properties were established

using the Navy tear test and the keyhole notch Charpy test.

The three steel companies who supplied the experimental plates

were major steel plate producers. Each had certain standard prac-

tices of steelmaking and rolling which were followed in producing

the experimental plates. The melting and rolling data for each

heat are summarized in Tables 1 and 2. The reported furnace and

ladle additions were made to give the desired steel compositions.

Company “V” also made an addition of ferro.silicon to the top of

the ingot containing no aluminum to

“Z’!found it necessary to add three

of steel to control the mold action

containing steel=

control mold action. Company

ounces of aluminum per ton

in ingots of low-aluminum-

The plates were rolled from various sized ingots, as in-

dicated in the tables. During their rolling~ therefore, the

plates received different rolling reductions which might have

some influence on their properties. Company ltZttreported that

some cross rolling was done on their plates. The reported fin-

ishing temperature of plates from Company WY? was about 250 F

lower than the average reported for plates from Company ltV1i.

The chemical analyses furnished by the steel companies are

shown in Tables ~ and 40 Two companies reported small variations

in composition between the 3/k-in. plates and the 1 3/4-in. plates~



“.&.,

TABLE 1. OPEN-HEARTH AND ROLLING
TYPE A STEELS (0.25~ Cy

DATA FOR THREE EXPERIMENTAL
0.45% Mn)

—

Steel Company~

Heat:

Furnace Additions:

Ladle Additions:

807 FeMn
50$ FeSi
Coke
coal

Mold Additions%

8hjlFeSi
Aluminum7

Mold Size:

Plain Top
Hot To

tFor 3\ ‘tPlate
For 1 3/kY~PIate

Cross RollingS
Finishing Temp for
3/h” Plates:

2025 lb/ton 10.9 lb/net ton 1.2.82lbiton
4.5 “ 3.4 “ 2699 “

None 1.4 W None
Name None 0.85 2b/ton

IvQne 004 lb* None
Various Various Various

Nat reported None soIne**

1700-1750 1? 1850-1990 F 1850-1890F

Footnotes:

~An addition of 0.4 lb. of 8k~~ferro-silicon was made
to the top of the ingot containing no aluminum.

*XThe ingots W12~~rolled straigk~tawayto slabs 60 in.
wide by 8 in. thick. To produce the 3/4-in. plates$
the slabs were Czbossrolled 112% to a width of 127 in.
before final rolling. To produce the 1 3/4-in. plates~
the slabs were cross r~lled 28.L% to a width of 77’ in.

t$ee Table 3 for aluminum additions.

.-
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TABLE 2e OPEN-HEARTH AND ROLLING DATA FOR THREE EXPERIMENTAL
TYPE B STEELS (0.21,%Cl 0075$ Mn)

Steel Company: & ~

Heat: 67C658 6354

Furnace Additions:

80%FeMn
20,%Spiegleisen

15f FeSi

Ladle Additions:

80~ FeMn
50~ FeSi
Coke

Mold Additions:

84? FeSi
A1urninumt

Mold Size:

Plain Top
Hot Ton

For 3\kf? P~ate
For 1 3/411Plate

Not reported None
Ditto 6.3 lb/net ton

ii None

9.1 lb/ton 16.9 lb/net ton
4.0 lb/ton 3.0 lb/net ton

None 0.4 lb/net ton

None 0.5 lb*
Various Various

~

73M393

16.5 lb/ton
None

12.8 lb/ton

6.16 lb/ton
0.62 lb/ton

None

None
Various

--
--
--

-- 22 l/2’fx 24 l/2t1 --

Cross Rolling: Not reported None Some**
Finishing Temp for
3/4’tPlates: 1700-1800F 1980-2000F 1810-1830F

Footnotes:

*An addition of Q.~ lb. of 84% ferro-silicon was made
to the top of the ingot containing no aluminum.

**The ingots were rolled straightaway to slabs 60 in.
wide by 8 in. thick. To produce the 3/4-in. plate$
the slabs were cross rolled 112% to a width of 127 in.
before final rolling. To produce the 1 3\4-in. plates,
the slabs were cross rolled 28.4% to a width of 77 in.

tSee Table 3 for aluminum additions.
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TABLE 3. CHEMICAL COMPOSITION OF EXPHRIMRNTAL OPEN-HEARTH
STEELS COMMERCIALLY ROLLED TO 3/4-IN. THICK PLATES

-.

COmpositiOn,per cent
Aluminum Aluminum

Steel Acid Acid Added,lb/
co● Steel C Mn P s Si sol. Insol. ton of steel

TypeA Steel

0,013 0.037 0.09
0.011 0.037 0.10
0.012 0.041 0.09
0.013 0.039 0.10

TypeB Steel

0.012 0.025 0009
0.013 0.O26 0.08
0.012 0.025 0.08
0,013 0.026 0,08

TypeA Steel

0.017 0.041 0.06
0.017 0.042 0.06
0.017 0.0L2 O*O6
0.018 0.042 0.06

w
w
w
w

w
w
w
w

z
z
z
z

z
z
z
z

v
v
v
v

v
v
v
v

w-1
w-2
W-3
w-4

W-5
T&6
w-7
w-8

;-:

Z-7
z-8

z-1
z-2
z-3
z-4

v-l
V-2
v-3
v-4

V-5
v-6
v-7
V-8

O*23
0.23
0.23
0,23

0.52
0.52
0.52
O*52

<0.003<0.003
<00003<0.003
<0.003<0.003
0.020 40.003

0
1/4
l/2

0078
0,80
0,80
0.78

0,23
0.22
0.20
0.21

<0.003<0.003
<0.003 0.006
<0,003 0.008
0.029 0.00$

0
1/4
l/2

1

0,27
0.27
0.27
0.27

00s0
0.51
0.49
0.50

<0.003<0.003
<0.003<0.003
0.006<0.003
0.043<0.003

3/16
3/8
3/h
1-1/2

TypeB Steel

0s012 00028 O*OL
00013 0s028 0-04
0s012 0.027 0,04
0qO13 0.027 0m04

TypeA Steel

0.008 0.032 0.09
0.009 0.032 0.07
0.009 0.032 0.09
0.009 0.032 0.07

TypeB Steel

00012 0.033 O*O7
0.011 0.032 0.07
0.012 0.033 0.07
0.011 0.033 0.08

O*19
0.19
0.18
O*19

0.67
O*68
0068
0.68

<0.003<0,003
<0.003 0.003
0.003do*oo3
0.027<0.003

3/16
3{0
3/h

1-1/2

O*26
0,27
0.28
0.29

0.45
0.45
0.46
0.45

~oooo3a.oo3
<0.003<0.003
0.005 0.011
00018 0.009

O*

O*O9
O*54
0.84

0.21
0.19
O*22
0.19

0.67
0.67
0.67
O*66

<0.003 0.005
0.004 0.006
04006 0.012
0.017 0.008

o*
0.09
O*54
0.84

*An addition of 0.4 lb. of 84% ferro-silicon was made to
the top of the ingot.
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TABLE 4. CHEMICAL COMPOSITION OF EXPERIMENTAL
STEELS ROLLED FROM 1 3/4- TO 3/4-IN.
LABORATORY

OPEN-HFARTH
PLATES IN

Aluminum
steel Composition,percent Added,lbl
co, Steel cMn P s Si ton of steel

Type A Steel

w
w
w
w

w
w
w
w

z
z
z
z

z
z
z
z

v
7
v
v

v
v
v
v

w-l
w-2
W-3
w-4

W-5
w-6
w-7
W-8

Z-5
z-6
z-7
z-8

z-1
z-2
z-3
z-4

v-l
V-2
V-3
v-4

V-5
v-6
v-7
V-B

O*23
O*23
0.23
0.23

0.23
0022
0.20
0.21

O*3O
0.29
0.29
0.29

0.21
0021
0020
0.20

0.27
O*26
Q.27
0.27

0.19
0.20
0018
0,19

0.52 0*013 0.037
O*52 0.011 0*037
0.52 0.012 0.041
O*52 0.013 0,039

TypeB Steel

0.78 0.012 0.025’
0.80 0.013 0.026
0.80 0,012 0.025
o~78 0.013 0.026

TypeA Steel

0.51 0.019 00051
0.52 0.018 0.046
0.51 0.017 04050
0.s0 0.01.80.048

Type B Steel

O*7O 0“013 0.030
0.71 0.013 0.036
0.70 0.012 0.028
0.68 0.013 0.027

TypeA Steel..—.

0.48 0.007 0.033
0.)480.007 0.034
0.48 0.008 0.034
O.’!ls0.009 0.031

TypeB Steel

0.68 0.012 0*034
0.69 0.010 0.034
0.68 o.cm 0.032
0.68 0.011 0.033

0.09
O*1O
O*O9
0,10

0009
0006
0.06
O*O8

O*O6
0.06
O*O6
0.06

0.04
0.04
O.o!l
o.f)4

0.08
0.07
0.08
0.07

0.07
0.06
0007
0.07

0
ljh
l/2

1

0
1/4
1/2

1

3/16
3/8
3/I!

1“1/2

3/16
3/8
3/4

1-1/2

*

0.09
0.54
0.84

*
0.09
0.54
0.NJ

*An addition of 0.4 lb. of 84% ferro-silicon was made to the
top of the ingot.
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although they were from the same heat of steel. All aluminum

analyses were made at Battelle. The carbon contents varied

from 0.23 per cent to 0.30 per pent in Type A steels and from

0.18 per cent to 0.23 per cent in Type B steels. Manganese

ranged from 0.45 per cent to 0.52 per cent in Type A steels

and from 0.66 per

of the steels had

value being 0.017

cent to 0.80 per cent in Type B steels. All

low phosphorus contents, the highest reported

per cent. SuZfur contents were within narrow

limits and averaged (I?OSPper cent. The silicon contents of

all stee~s were under 0.11 per cwk.

Each company used somewhat different a~uminum additions

to the mold to obtain

increasing amounts of

acid-soluble aluminum

was approximately the

the seve~al series of four steels having

acid-soluble aluminum. The recovery of

fr~m these mold additimas~ shown in Fig. Iy

same as that obtained from similar additions

to laboratory i~duction-furnace-melt~d steels of the same type.

The 3#+-in. plates produced by the steel plants were tested

in the as-received condition. The 1 3/4-in. plates were rolled

to 3#+-in. plates at Battelle using a laboratory rolling mill and

finishing at either 1650, 1850, or .2050F. Sections of the 1 3/4-

in.plate were heated to .2250F and rolled to 0.9 in. using re-

ductions of 1/6 in. per pass. After the initial rolling~ the

plates were placed in a furnace at the desired finishing tempera-

ture? held for thirty minutes, and then rolled to 3/h-in. plate
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in a single pass. The plates were placed on edge, separated

from each other by a brick, and allowed to cool in air. Test

specimens were then cut from these plates.

TENSILE PROPERTIES

Duplicate full-thickness strip tensile tests were made

from each commercially rolled S\%-in. plate. Test data for

each specimen are recorded in Table A-1 of the Appendix. The

average tensile strengths, shown in Table ~, vary from 59~700 to

70,900 psi. Only two groups of steels, Z-1 to Z-4 and V-5 to

v-8, had tensile strengths of less than 60,000 psi. These steels

were expected to hare the lowest tensile strengths of all the

steels tested$ since they had the lowest carbon and manganese

contents. The steels with the lowest strengths also had the

highest elongation values.

The tensile properties given in Table 6 were reported by

Company ‘fW1lfor their S/\-in. plates. The difference in the

average tensile strength of the eight plates, as determined by

the company and in this investigation, was only 325 psi, with

the maximum difference for any individual steel being 3750 p$i.

Similarly, the difference in average yield-strength values was

only 48o psi, with the maximum difference for any individual

steel being 4800 psi.
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TABLE ~. TENSILE PROPERTIES OF HOT-ROLLED
HEARTH STEELS CONTAINING VARIOUS

EXPERIMENTAL OPEN-
AMOUNTS OF ALUMINUM

Tensile Yield Elong
Composition,per cent Strength, Point$psi in 811,

steel c1 Mn Al psi Upper Lower $

0.23 O*52
0.23 O*52
0.23 0.52
0.23 0.52

0.23 0.78
0.22 0.80
O*2O ().80
O*21 0.78

0.27 O*SO
0.27 O*51
O*27 0.49
0.27 0.50

0.19 0,67
O*19 0.68
0.18 0.68
0.19 0.68

o.~b 0.45
0.27 O*)JS
0.28 0.)46
0.29 o*b5

0.21 0.67
0.19 0.67
om~p O*67
0.19 0.66

<0.003
<0.003
<0.003
0.020

<00003
<0.003
<0.003
0.029

<0.003
<o,r)f33
0.006
0.o!13

<0.003
<0.003
0.003
0.027

40,003
<0.003
0.005
O*OM

<0.003
0●!30b
O*OO6
0.017

65,650
65,9oo
65,750
65,600

70,900
70,550
67,650
67,6oo

64,)&O
65,250
65,75’0
66,000

61,050
61,450
59,700
59,750

63,950
64,050
65,000
6h,700

60,050
60,000
62,800
61,650

34,850
33,550
36,6oo
36,900

37,100
39,100
35,950
36,400

34,000
34,150
35,400
34,700

34,650
33,900
33,450
33,400

34,05’0
34,000
37,8oO
34,900

335050
34,300
35,400
33,150

34,100
33,050
34,400
34,000

36,65o
36,75o
34,95’0
35,450

33,100
33,100
33, m
33,700

33,200
32,8oo
32,)JO0
32,400

33,050
32,S00
3h,750
32,450

31,350
32,550
32,8s0
32,2s0

29.S
28.0
28*O
29.0

28.o
27.5
29.0
28.5

28.5
29.0
29.0
29*O

30*0
30.5
32.0
32.0

29.()
30.5
30.0
28.0

32.0
31.5
27.s
30.0
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TABLE 6. TENSILE PROPERTIES OF EXPERIMENTAL OPEN-HURTH
STEELS DETERMINED BY STEEL COMPANY ‘Wf~

hDDOSit~~~* Tensile
Cerlt

Yield
Strengths :;~;$b,

Steel C M Strength,
Al pSi psi $

w-1 0.23 OU52 .LO.003I&+ 0.23 66,40(1
OSJ2<0.003 65$800

362200 27
w-3 0.23 0.52 40.0(33 67,600 32,8oo 28
w-4 0.23 0.52 kl,40000020 66~200 27

397200 30
‘w-5 0.23 0.78@o003
w-6 0022

68++000.80<OOOO3 66,800 365500 29
W-7 0.20 0.80<0.003 67’$000 35,900 28
w-8 0.21 007’80.029 68,800 35,000

37,300
26
28

..

.-
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FEJ3R1TEGRAIN

The ferrite grain size of each

SIZE

plate was determined by a

counting method which had been described in an earlier publica-

tion(2]. Photomicrographs taken on both longitudinal and trans-

verse cross sections of the plates were used to obtain the aver-

age grain count given in Table 7. Variations in aluminun con-

tent did not significantly affect the ferrite grain size of the

hot-rolled,plates from a given series finish-rolled at the same

temperature. This observation was also noted in a study(1) using

laboratory induction-melted steels. Finishing temperature, on

the other hand, did influence the ferrite grain size of plates

rerolled in the laboratory> as shown in Fig. 2. A decrease of

400 F in finishing temperature reduced the ferrite grain size on

the average almost one ASTM (American Society for Testing Materi-

(3)als) grain-size number. Hod.geand.others found that a re-

duction in ferrite grain size corresponding to one ASTM number

lowers the keyl!oleCharpy transition 30 F. Accordingly, lower-

ing the finishing temperature from 2050 F to 1650 F, as was done

in the present study$ wo-uldbe expected to lower the Charpy

transition temperature almost 30 F. AS discussed later, the

actual change in transition temperature was 25 F over this range

in finishing temperature.



TABLE 7* FERRITEGRAINSIZE OF 3/4-IN.EXPERIMENTALOPEN-HEARTHSTEELPLATES

AluminmI Commercially Ftiis~edPlate No.of F’erriteGrainsPer Square Inch
Added, No. of Ferrite at100Xt ofLaboratory-~inishe&Plate

CWnposition,%“* lb/ton FinishingCrainsFer~quare Finishedat Finishedat ~~s~ed ~~
Steel c m Al#* ofsteel Tempf~ l~chat100X~ 1650F 18S0F 20~0F

0,23 0.52<0.003
0.23 0052<0.003
0.23 0.52<0.003
O*230.52 0;020

O*23 O*78<0.003
O*22 O*8O<0.003
0.20 0.80<0.003
0.21 0.78 0.029

0.27 O.~0<0.003
0.27 Oe~l<O.OO3
0.27 0.49 0.006
0.27 0.S0 0.043

0.190.67<0.003
0.19 O*68<0.003
0.18O*68 0.003
0.19 0.68 0.027

O*26 O*45<0.003
0.27 0.45<0.003
0,28 0.46 0.005
0.29 0.4g 0.018

O.~ 0,67<0.003
0.19 0.67 O.ook
0.220.67 O.oc%
O*19 0.66 0.017

0
O*25
O*5O
1*OO

1700
1750
1750
1700

116
87
85
81

79
M
83
103

72
81

:;

%
88
75
79

66
94
79
107

0
0.25
0050
1.00

1700
1725
1800
172s

107
103
95
101

69
68
68
-71

18900.19
O*38
O*75
1.50

67
80
83
73

121
88
9’?
96

112
88
83
77

$
68
67

18:0
1855’
1890

0.19
0.38
0.75
1.50

1820
1810
1830
1830

67

0
0.09
0.54
0.84

1950
1965
1850
1990

69
115

78
88

:
78
82

0
O*O9
o●54
0,84

2000
1980
2000
1990

W-opposition of the commercially finishedS/k-in.plate
K*A~id_soluble a~uminum content

+Ferritegraincountis the averageof two determinations
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The Charpy transition curve for each steel was determined

from the average values of four specimens broken at each of

several temperatures 10 F apart. The specimens were taken from

the center of the plate thickness parallel to the direction of

rolling and were notched,normal to the plate surface. A bath

of ethyl alcohol cooled by dry ice was used to obtain the desired

temperature for specimens tested below room temperature. The

specimens tested at room temperature or a“bovewere heated in a

water bath.

The transition temperature used for interpreting the results

was defined as the temperature at which the average Charpy value

was 12 ft-lb. The 20 ft-lb transition temperature is sometimes

used in investigations of this type. However? because the Charpy

values of the ductile specimens from some of the steels in the

present study were not much higher than 20 ft-lb$ which would give

them abnormally high transition temperatures this criterion was

not used. Transition temperatures based on other Charpy value

criteria can “beobtained from tluadata given.in the Appendix.

The test data for each specimen are recorded in Tables A-2

though A-4 in the Appendix. The transition temperatures for

each steel rolled at each of four finishing temperatures are shown

in Table 8. Variations in acid=,solublealuminum contents up to

0.0k3 per cent had no consistent effect cm the Charpy transition
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TABIJ38. SUMMARY0??CHEMICALCOMPOSITIONSAND KEYHOZECHARPY TRANSI-
TTON TEMPERATURES* OF EXPERIMENTALOPEN-HEARTHSTEET&l

CorOmerciallyTinished Plate Keyhole Charpy Transition Te?uperatures

Composition.,% I?i.ishing ‘e~~;i%?y
of Laboratory-Fii-iishedPlate, F

Finished at Finished at Ftiished at
Steel C km Al(2)- Te~p, F Temp, F 1650 F 18~0F 2050 F

%1
w-2
w-j
w-4

W-5
%5
w-7
%8

Z-5
z-6
Z-7
z-8

z-l
z-2

::?

~T-~
v-2
T-3
v-b

y.~
v-6
V-7
V-8

0.23
0.23
O*Z3
0,23

0.52
0.52
0.52
0.52

0.78
0.80
0.80
0.78

0.50
0.51
0●49
0.50

<6.003
<0.003
<0.003
0.020

1700
1750
1750
1700

-19
-17
+2
-15

-8
-4
-43
-37

“34
-17
-33
-34

-lo
-lo
-38
-31

-~8

-14
-25
-22

0,23
O*22
O*2O
0.21

0.27
0.27
0.27-
0.27

=-5’0
J43
-63
-62

40.m3
<0.003
<0.003
0.029

1700
1725
18oo
1725

-23
-17
-b9
-40

-13
-5
-37
-ho

la9Q
185’9
1855
1890

40.003
<0.003
O.ockl
0.043

-1
+2
+9
o

-18
-lo
-16
-37

-lo
-7
+12
-lo

+8
+9
+21
+18

0.19
0.19
0.18
0.18

0.26
0.27
0,28
0.29

0.21
0.19
0.22
0.19

0.67
0.68
0.68
0,68

O.,bs
o.L5
0A5
O*M

0.67
0.67
0.67
0.66

<0.003
<0,003
0.003
0.027

1820
1810
1830
1830

-37
-31
-38
Aj

-12
-4
-h
-17

<0.0U3
<0.003
0.005
0.018

1950
1965
1850
1990

-14
--l
-15
-20

+22
+28
+n
+27

+2
+9
-5
“5

-3
+3
+8
-1

<0.003
0.004
O*OM
0.017

2000
1980
2000
1990

-4
0

.21
-16

-23
-30
-50
-64

-IQ
-27
-b
-3b

*Compositionof the commerciallyfi,nished3/4-in.plate
**Acid-solublealuminumcontent

~Thetransitiontemperatureis definedas the temperatureat whichthe averageCharpyvalue is 12 ft-lb
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plate rerolled in the laboratory. The amount of reduction during

the finishing passes may likewise be a factor. Slower cooling

of the plate has been shown(71 to result in

temperature.

TEAR TEST PROPERTIES

Four tear test specimens of each steel

a higher transition

were broken at each

10 1?interval in the transition range. These tests gave sufficient

information to determine the tear test transition temperature by

any one of three criteria. One criterion of the test, originated

by Kahn and,Imbembo(5)~isthe highest temperature at which one or

mare of four specimens will break with a fractured area having less

than 50 per cent of the dull~ fi’broustype of fracture. This transi-

tion temperature can be determined from as few as five specimens

and depends to a large extent on the performance of one specimen.

The other two criteriaq which are more reliable in research workz

base the transition te~p~rature on the performance of all specimens

tested. In one case$ the transition temperature is that tempera-

ture where the probability of brittle fracture? p, equals 0.5. In

the other case~ the transition temperature is that temperature

where the fracture shows ~0 per cent or nore of brittle texture.

Transition temperatures~ based on either of the two latter criteria? .~

(6]are in close agreement . The criterion used by Kahn and Imbembo
..

and the criterion based on the probability of brittle fracture$ .-

P= 0.S9 were the only ones employed in this investigation to obtain

.-. -.
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the transition temperatures from the tear test data.

The transition temperatures of the open-hearth steels used

in this investigation, based on the Kahn and Imbembo criterion,

are given in Table 9; whereas the transition temperatures based

cm the criterion defined as the probability of brittle fracture,

P = 005, are given in Table 10.

As was the case with the transition temperatures in the

Charpy test, the transition temperatures in the tear test were

affected only slightly by variations in the acid-soluble aluminum

contents of the plates up to 0.043 per cent. The indications are

that increasing the aluminum content above 0.01 per cent decrwased

the tear test transition temperature slightly.

The effect of finishing temperature on the tear test transi-

tion temperature based on the p = 0.5 probability of brittle frac-

ture is shown clearly by the curves in Fig. 4. A decrease in fin-

ishing temperature lowered the transition temperature appreciably,

the actual change being an average reduction in the transition

temperature of 8 F on decreasing the finishing temperature 100 F.

This reduction is slightly more than the 6 F shown in an earlier

section of this report for the change in Charpy transition ter,pera-

ture with a reduction of 100 F in finishing temperature.

For the same finishing temperature, plates finish-rolled on

commercial mills had tear test transition temperatures that were

higher than those for plates finish-rolled in the laboratory.



TABLE9. TEARTESTTRANSITIONTEI@ERATURESOF THEEXPEFDMWTALOPEN-KMRIH
STEEL?)BASEDON KAHNAND IM3?MIX3CRITERION

TransitionTemperatureof Laboratory
CommerciallyRolledPlate RerclledPlate,F

composition,% Finishing Transit~ Finished at Finished at Finishedat
Steel C jJl Al Tamp , F Temp,F 16s0F 1850F 2050F

0.23
0.23
0.23
0,23

0.52 <O*C03
O*52 <0.003
0.52 <0.003
(jaq 0.020

1700
1750
1750
1700

80
90

100
80

50
Lo
70
70

2
80
70

0.78 <0.003
O*8O 40.003
0..80 <0.003
o*78 0,029

60
60
60
Lo

0.23
0.22
0,20
0.21

17(X)
172S
1800
1’725

110
110
80
80

30
40
60
30

100
70
70
70

0.50 <Q*O03
0.5’1 <0.003
oJ19 0.006
()*FO o*ol13

1890
1850
18%
1890

0.27
0.27
O*27
0.27

90
110

90
80

90
90
80
80

110
90

ml
80

0.67 40.003
0.68 <0.003
0.68 0.003
O*68 0.027

O*19
O*19
0-18
O*19

1820
181o
1%30
1830

50
60
50
30

60
&l

E

100
100
90
90

0.26
0.27
0.28
0.29

0.45<0.003
0.45 <0.003
0.46 0.005
O*45 0.018

1950
1965
1850
1990

90
120
100
120

:.

60

100
90
m
100

I.lo
90
100
110

O*21
0.19
0.22
O*19

0.67 <0.003
0.67 0.004
0.67 0.006
O*66 0.017

2000
1980
2000
1990

50
30
40
30

50
m
70
80



TABLE10. TEARTESTTWSITION TEMPERATURESOF THEEXPERIHZNTALOPEN-HEARTH
STEELSBASEDON ‘lX23CRITEKK)NOF THE PPLEABILITYOF BRITTLE
FRACTURE,p, EQUALTO O.S

TransitionTemperatureof Laboratory
Commercia~lyRolledPlate RolledPlate,F

composition,% Finishing Transition Ftiishedat Finishedat Finishedat
Steel c Mn Al TemP,F Temp,F 1650F 1850F 2050F

T&~

W-2
w-3
~&4

W-5
W-6
-jm:w~
W-8

z.~
z-6
Z-7
2-8

z-l
z-2
z-3
z-!!

v.~

7-2
V-3
V-4

v.~

V-6
v-7
v-8

0=23 0.52 <0.003
0.23 0.52 <0,003
0.23 0.52 <0.003
0.23 0.52 0.020

1700
1750
1750
1700

40
40
L9
59

64
55
63
66

0.23 0.78 <o*~03
O*22 0.80 <0.003
0.20 0.80 <0.003
0.21 0.78 0.029

1700
1725
Moo
1725

108 %
65
57
40

75

g I
E

107
#

90
99
81

105

0.27 0.50<0.003
0.27 0.S1 <0.003
0.27 0.49 0.006
0.27 0.S0 0.043

1850
1850
1655
1890

85
90

%

90
100

90
75

76
83
62
54

0.19 0.67 <0.003
0.19 O*68 <0.003
0.18 0.68 0.003
0.19 0.68 0.027

1820
1810
1830
1830

65
57
55
38

45
62
42
19

61
75
59
50

92
89
80
83

0.26 0.45 ZO.003
0.27 0.45 <0.003
0.28 0.46 0.005
0.29 0.45 0.018

1950
1965
1850
1990

68
80

90
105
93
ILO

90
90
85
85

103
95
95

100

0.21 0067 <0-003
o*19 o*67 0.004
0.22 0.67 0.006
0.19 o*67 0.017

2000
1980
2000
1990

35
41

59
55
64
47

52
58
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Again the explanation may be that the plates finished cm commercial

mills were co@led from the rolling temperature at a lower rate than

plates rolled in the laboratory. The amount of reduction during ‘

the finishing passes may likewise be a factor. As mentioned

‘7) to raise the transitionbefore, slow cooling has been shown

temperature.

AUSTENITE GRAIN-COARSENING TEMPERATURE

The austenite grain-coarsening temperature was determined for

each of the 32 experimental steels after heating test specimens

3/8 by 1/.2by 5 in. in size in a temperature gradient furnace for

periods of one hour and four hours. The furnace used for the work

resembled the one described by

graident of 400 F from one end

specimens were quenched in oil

Halley
(4). Ithad a temperature

of the specimen to the other. The

immediately after being taken from

the furnace, after which they were sectioned and etched. From

an examination of the etched surfaces and the known temperature

gradient in the specimens, the temperatures at which the austenite

grains tended to coarsen after heating times of one and

could be determined.

The mean coarsening temperature for each steel is

Table 11. Austenite grains larger than 4.5 on the ASTM

considered coarse. The mean austenite grain-coarsening

four hours

given in

scale were

temperature

was lowered by increasing the heating tine from one to four hours,

indicating that the austenite grains still continued to grow after

holding at temperature for more than one hour.

.-
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TABLE 11. AUSTENITEGRAIN-COARSENINGTEMPERATURESOF
TWIN!TY-FOUROPEN-HEARTHSTEELSOF VARIOUS
ALUMINUM CONTENTS (Specimensheated one
and four hours:)

—.

Aluminum Mean of Austenite
Added, Grain-CoarseniruzTem~. F

Corn iti r cen lb/ton I-Hour %-Hour
Steel c Mn~ AI* of steel Treatment Treatment

0.67 0.04
0s68 0.04
O*68 0.04
0.68 0.04

0.19 40.003
<00003

1600
1675
1755
1840

1525
15850.19

0.18
0.18

0.003
0.027

1740
1800

0.50c.06
0.510.06
0.490.06
0.500.06

40.003
<00003
00006
o*043

16oO
1605

1530
1515
1640

0.27
0.27
0.27
0.27

0.19
0.38
0.75
1*5O 1740

0.450.08
0.%50.07
om460.08
O*45O*O7

1640
1640
1625
1760

v-l
V-2
V-3
v-4

0.26 <0.003
<0.003
0.00
0.01i

o
O*O9
O**
0.84

0.27
0.28
0.29 1796

0067 0.07
0.67 0.06
0.67 0.07
0.66’ 0.07

1535
1600

0021
0.19
0022
0.19

0
0.09
Oofi
0,84

1650
1695
1660
1765

E
w-3
w-4

0.23
0.23

<0.003
<0●003
<00003
0.020

0
0.25
0.500.23

0.23 1.00

0.780.09
0.800.08
0.800.08
0.780.08

;gg

1740
1850

1630w-5
w-6
;-g

0.23
0.22
0,20
0.21

<00003
<0●003

0
0.25
0.50
1.00

16ij
1685
1825

400003
0.029

—-

*Acid-soluble-.aluminumcontent.
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The effect of acid-soluble aluminum in the steels cm their

austenite grain-coarsening temperatures is shown in Fig. 5. An

increase in the acid-soluble aluminum content~ as would be ex-

pected, increased the grain-coarsening temperatures of the steels.

Halley(k) found the same effect of acid-soluble aluminum in

somewhat similar steels containing 0.23 per cent of silicon.

INFLUENCE OF NORMALIZING ON THE PROPERTIES
C)FKILLED AND SEMIKILLED STEELS

Sections of six of the plates finish-rolled on commercial

mills were normalized by heating far one hour at 1650-F and air

cooling. Three or the plates contained either no aluminum or

the minimum quantity used by the supplier. These plates were

therefore made from semiskilledsteels and were of Type B com-

position. They represented plate from each of the three sup-

pliers. The other three plates were also of Type B steel and

represented plate from the three suppliers. They, however$

contained

the three

killed.

the maximum

suppliers.

quantities of aluminum that were added by

Steels in the latter plates were fully

The ferrite grain size an& the Charpy transition tempera-

tures of the six steels before and-after normalizing are shown

in Table 1.2. Included in the table are data on the steels in

the as-received condition (as-rolled commercially] and after

rerolling from 1 3/4--to S/k-in. plate in the laboratory using

a finishing temperature of 1650 F.

..-

-. -.
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1900 ,

n

1800 n

o ●

m
I700

Steel Numbers
n

● Z5, Z6, Z?, 20
1600 0 21, Z2, Z3,Z4

■ VI, V2, V3, V4
o V5, V6, V7, V8
A Wl, W2, W3, W4

I500 - A W5, W6, W7, W8

o 0.01 0.02 0,03 0.04

Acid-Soluble Aluminum, per cent

FIGURE 5, EFFECT OF ACID-SOLUBLE ALUMINUM CONTENT
ON AUSTENITE GRAIN-COARSENING TEMPERATURE
OF THE OPEN-HEARTH STEELS

A- 12795
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TABLE12. FERRITE GRAIN SIZE AND KEYHOLE CHARPY TRANSITION
TEMPERATURES OF SIX PLATE STEELS IN THREE
DIFFERENT CONDITIONS

,=

Steels:
$emikil1ed Ste 1se Steels
z-l V-s w-y z-4 V-8 w-8

Composition*

Carbon. per cent
l!angan~s~,per cent
Silicon, per cent
Aluminum, per cent

No, of Ferrite Grains

Commercially Rolled

0.19 0.21 0.23 0.18 0.19 O*21
0.67 0.67 0.78 O*68 0.66 0.78
0.04 0.07 O*O9 0.04 0.07 0.08

ZO.003LO.003<0.0030.0270.0170.029

Per 0.0001 Sq. In.

67 64 66 65 58 107
Normalized at 16~0 F 95 99 128 . 232 166 204
Finished at 1650 F 91 97 107 114 88 101

Charpy Transition Temperature, F

Commercially Rolled -18 -4 -8 :;: -16 -37
Normalized at 1650 F -4 -15 ---: -82 :-;
Finished at 1650 F -37 -23 -53 -64

—.

.- —
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Normalizing from 1650F refined the ferrite grain size of all

the plates, but the change in grain size was much more pronounced

for the killed steels. The grain size of the killed steels changed

about one to two numbers on the ASTM scale. On the other hand, the

grain sizes of the normalized, semiskilledsteels changed less than

one ASTM number and were almost the same as those of plates fin-

ished at 1650 F.

Apparently$ when rolling was finished at 1650 F, air cooling

produced approximately the same ferrite grain size in both semi-

skilledand aluninun killed steels. This is because all plates

were heated to 2250 F or higher before rolling and therefore had

coarse austenite grains when rolling started. Probably this coarse

grain size persisted during rolling. As might be deduced from

Table 11, however, aluminum influences the austenite grain size

developed on reheating from room temperature to 1650 F. Table 12

shows that reheating to this temperature produces coarse ferrite.

grains in semiskilledsteel but fine ferrite grains in aluminum

killed steels. The final ferrite grain size is a function of the

austenite grain size and the cooling rate which characterizes the

normalizing treatment. A finer austenite grain size? other con-

ditions remaining the samef produces a finer ferrite grain size

in the steel.

The changes of ferrite grain size produced by normalizing

are also reflected by changes in the Charpy transition temperatures.



-30-

Plates having the finest ferrite grain sizes have the lowest

transition temperatures. After normalizing from 16J0 F, the

three aluminum killed steels had Charpy transition tempera-

tures below -8o F.

SiuMMmY

The results obtained in this investigation on experimental

open-hearth steels of ship plate composition justify the follow-

ing conclusions:

z. The Charpy and tear test transition temperatures of

hot-rolled plates were not changed significantly by

aluminum contents in the range up to 0.04 per cent.

2. Variations in the temperature of the final hot-

rolling pass in the range from 1650 F to 20S0 F

influenced the transition temperature of the lab-

oratory rolled steel. Each increase of 100 F in

finishing temperature raised the transition tempera-

ture 6 F in Charpy keyhole tests and 8 F in tear

tests.

3* The ferrite grain size of hot-rolled steels of ship

plate composition was independent of variations in

aluminum content up to 0.04 per cent. Higher fin-

ishing temperatures produced coarser ferrite grain

sizes.

.,~

....

..-—



4. ‘Steels containing more than 0.01 per cent acid-soluble

aluminum had higher austenite grain-coarsening tempera-

tures than semiskilledsteels. Therefore9 normalizing

aluminum killed steels from 1650 F produced finer fer-

rite g’rainsthan normalizing semiskilledsteels from

the same temperature.

~. Normalizing from 1650 F lowered the Charpy transition

temperatures of the ship plate steels investigated.
.,

The beneficial effects of normalizing were nore pro-

nounced for aluminun killed

steels.
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TABLE A-1. TENSILE-TEST DATA FOR EXPERIMENTAL
OPEN-HEARTH STEEL cOMMERCmLLY
ROLLED TO 314-DJCH PLATE

Teneile Elongation

Strength, Yield Stzen@, psi in 8

steel Specimen psi Upper Lower Inches, %

w-I

w-2

w-3

w-4

w-5

W-6

w-7

w-8

v. 1

v-2

v-3

v-4

v-5

v-6

v-7

v-8

z-1

z-2

z-3

z-4

z-5

z-6

z-7

Z-8

1

2

1

z

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

65, 700

65,600

66, 100

65, 700

65, 700
65,800

65,200
66,000

70,800
71, Ooa

70,””700
70,400

67,600
67, 700

67,500
67, 700

64; 90Q
63,000

64, 100
64,000

64,900

65, 100

64, 600
64, 800

59, 300
60.000

61,900
60, 100

62,900

62, 700

62, 100
61,200

61,000

61, 100

bl, zOO
617700

59, 700
59, 700

59, 700
59, 800

64,700
64,200

65,200
65, 300

65, 300
66, 000

65,900

66.100

34, 65o
35, 100

33,550
33, 600

37,400
35,800

36, 600
37, 200

36, 700
37, 500

38, 900
39, 300

35, 800
36, 100

36, 600
36, 200

35, 000
33, 100

34,200
33, 800

37, 800

37, 800

35,000
34,800

32, 600
33.500

35, 000
33, 600

36, 000
34, 800

33, 300
33, 000

34, 700

34, 600

33, 800
34, 000

33,400
33, 500

33,400
33,400

34,400
33, 600

34,400
33, 900

35, 000

35, 800

34, 300
35, 100

34, 350

33,850

33,200
32,900

34, 000
34,800

33, 800
34, 200

36,200

37, 100

36,200
37, 300

34, 700
35, zoo

35, 900
35, 000

34, 100
32, 000

32,200
32, 800

35, 300

34,200

32, 500

32,400

31,200
31.500

32, 900
32,200

32, 900
32, 800

32, 000

32, 500

33, 200
33,200

32, 700
32, 900

32, 700
32, 100

32, 700
32, 100

33, 500
32, 700

33, zoo
33, 000

33, 200
33, 300

33,400

30.0

29.5

28. o
27.5

28.5
27.5

29.5
28,5

27.5
28.0

28.0

27.0

29.0
29.0

28,5
28,5

28.0

29.5

30.0
3145

30,0
30,0

28.5
28.0

32.0

32.0

30.0
33.0

27.0
28.0

29.5
31.0

30.5

30.0

30.5
31.0

32.0
31,5

32,0
32,5

29,0

28.0

29.0
29.0

29.5
29.0

29,0

34, 000 29.0

TABLE A-2. KEYHOLE CHARPY TEST DATA FOR
EXPERIMENTAL OPEN+EARTH
STEELS FROM COMPANY W

Testing Gharpy Value, ft.lb
Temperature, First Second Third Four&

Steel F ‘rest Te6t Test Test

w-2

w-3

w-4

W-5

W-6

W-7

w-1 -50

-40
-30
.20
-10

0
80

-40

-30
-20
-10

0

10
20
80

-20
-lo

0
10
20
30

80

-40
-30
-20

-lo
0

10
20
80

-20
.10

0
10

20
30
40
80

.20
-lo

0
10

20
30
40
80

-70
-60
-50
-40
.30
-20

0

80

- bO
-50
-40
-30
-20

0
80

W-8

6W. I

Rolled in Commercial Mill

4
3

5
16
23
22
30

5
6
3

23
24
21

27
32

3

11
19
,21
22
23

2s

4
s

13

6
7

22
25
32

12

6
20
19

20

24
25
31

7
25
7

16
25
25
27
31

3
5
3
8

21
23
30
37

7
5

15

9
17
30

40

4

4

9
5

13
23

33

4

7
20
14
11
23
28
30

5
5

12
14

19
24
28

4
10
4
4

23
22
24
29

7
10
18
10

14

21
26
31

4
20

9
25

19
25
27
33

4
2
4

21
24
24

27
38

5

8
7

22
23

27
38

Rolled in the Laboratory Mill=~ 1650 =

-60
-50
-40

-30

.20
-lo

0
80

4
4

17

5
21
21
23
34

3
4

13

22

20
24
23
34

3
5

11
3

15
22

22

6
7

23
19

26

4
4
6

20

24
23

4

4
6

23

21
5

23

12

13
15
20

16
11
29

17
1>
7

20
11
25
26

14
4

20
23
26
24

4
6
6

15
21

3
4

4
6

22

20

4

13
4
6

19
26

3

9
4
5

10

21

6
7
6

20

16
23
21

11
20

14
22

20
20
24

4
21
21

9
15
22
26

4
10

5
5

25
23

4

3
10

9
26

3 3
14 3
5 3
4 19

23 14
23 26



TABLE A-2 (Continued)

Testing Gharpy Value, ft-lb

Ternpcrature, First Second Third

Steel
Fourth

F Test Test Test Test

-za -

TABLE A-2 (G ontinued)

Testing Charp y Value, ft.lb

Temperature, First Second Third Fourth

Seed F Test Test Test Test

6 w-2

6 w-3

6 W-4

6 w-5

6 W-b

b w-7

6 W-8

8 W-1

8 W-2

8 w-3

-40
.30

-20
-lo

0

10
20
40

-60
-50

-40
-30
-20

0

80

-50
-40
-30
-20

0

80

-70
-60
-50
-40

-30
-20

0
80

-60

-50
.40
-30
-20
-10

0

80

.8o
-70
-60
-40

0
80

-80
-70

-40
-50
.40

0
80

9
19

5
8
7

28
29
31

4
16

6
7

24

26
35

5
7

11
21

24
35

3
11
22

5

23
25
28

39

5
20
4

29
25

32
35
48

4

9
21

27
32
42

7
4

17
10
19
34
44

4
6

24
24

7
28
27
30

3
6

6
3

23

26
35

3
4

18
20

19
34

2
3

13
6

21
28
27

3
13
24
27
26
32
33

44

5
5

8
26
30

24
8

14
24
22
33
46

3
22
20

7
7

24
31

3
4
4

21
22

4
11
21

24
23

2
10
4

18

25
25

4
4

4
6

9
25

4

~9
8

28

3
10
20

7

29

3
4

22
18

23
26
29

3
3

7
20
20

5
B

17

20
23

6
11
19
10

24
28

3
16

11
26
30

33

3
5

12
24

2

6
19
18
29

8
6

20
18

20
13
30

4

7
18

24
26

21
6

22
7,5

20
26

28

40

8 w-4 -60
.50
.40
-30

-10
0

10
80

3
3
5

15

23
20
21
39

3
12

6
13
21
Zo
Z1
35

5
5

5
5

Z4
26
34

5
4

4
6,

27
13
36
43

4

b
21

9
25

25
26
28

39

11
4

15
24

8
29

31
43

4
4
6

16

21
18
25

3
4
4

18
29
24

4
5

b
20
31
33
36

4
8

22
3

25
16

19

3
3
5

18

29
30

5

5
7

10
20
21
22

3

4
5

13

23
27

4
4

33
11

9
34
36

3

9
3

25
20
25
32

4
7

10
19
27
30

3

8
10
20
21
26

4
4

22
10
20
28

4
a

15

23
25
26

6
5

la

24

9
25

3
22

8 W-5 .50
-40
-30

.20

.10
0

80

-40
-30

-20
-10

0
10
20
80

-70

-60
-50

-40
-30
-20
-10

0

80

-60
-50

-40
-30
-20
-lo

0

80

3

7
5

19
6

22
40

s w-6 4
5

21

17
31
30

34
42

8 W-7 2
3

5
27
23
25
29

26
38

8 W-8 5
10

22
29
27
31

30

43

Rolled in the Laboratory Mill at 2050 F

20 w-l -40
.30
-20
.10

0
10
40
80

b

4
7

20
18

17
28
33

3
b

19
10
5

24
29
36

4

19
4
6

19
23
29
32

3

9
18
22
24
23
29
34

5
11

26
28
29
20
38

4
13
20

6
25
24
33

4
9

3

3
14
17

6
24

Rolled i~ the Laboratory Mill at 1850 F

-30 4 5 4
-20 4 4 3
-10 18 6 3

0 18 19 17
10 19 24 25
20 22 27 21
30 27 26 28
80 35 34

-40 3 3
-30 4 4 3
.20 4 4 4
-lo 5 5 2Z

o 25 25 .5
10 22 24 27
80 33 33

-40 11 4 20
-30 4 5 25
-20 21 19 13
-10 18 19 22

0 10 21 Z5
10 30 27 22
20 27 27 27
40 2s 34
80 33 33 36

20 w-2 .40
.30
.20
.10

0
10
40
80

3
3
4

15
20
25

20 W.-3 -40 3
.30 3
-20 27
-10 24

0 28
10 29
80 37

3
6

25
21

15
30

20 W-4 .40
-30
.20

-10
0

10

80

4
5

14

24
24
24

34

3
8
7

14
21
25

20 w-5 -30

.20
3
5

3
22

.-
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TABLE A-3, (Continu.d)TABLE A-2 (Continued)

Testing Charpy Value, ft-lb

Temperature, First Second Thkrd Fourth

Steel F Test Test Test Test

20 W-5 -lo 9 7 24 23

(Cent) o 6 19 8 28

10 27 24 2a 26

20 29 25

40 31 32

80 36 3s

20 w-b .20 5 7 5 5
-.

-lo lb 20 5 7

0 9 6 8 19

10 31 28 11 28

20 34 33 30 30

40 35 35

80 40 38

20 w-l -60 3 3 7 3

-50 7 5 3 7

-40 27 23 3 7

-30 11 24 25 3

.20 31 2s 9 15

.10 8 31 30 28

0 26 36 33 29

80 44 44

20 W-8 -60 6 5 5 3

-50 10 15 3 4

.40 9 8 7 24

-30 22 26 24 6

-20 27 24 24 5

-lo 33 29 30 33

0 11 28 34 29

10 31 37 30 35

80 40 43

Testing Charpy Value, ft-lb

Tcmperatur@ First Second Third Fourth

Steel r Test ‘rest Test Test

Rolled in commercial Mill

v-5 3

9
4

7
31

30

4

5
7

2s
26

4

8
11

9
25
29

5

14
19

9

26

4

9
9

24
30

33

4

20
6

24
29

4

4
21
24

15
29

9
11
21

18

26

-30
-20

-lo
0

10
20

40
80

-20
.10

0

10

20
40

80

-40
-30
-20
.10

0

10
80

-30
-20

-lo
0

10
40

80

3 4

5 4

22 8

5 7

28 26

30 33

34 32
39 30

5 5

5 7

19 7

8 8

26 28
29 31
34 38

3 5
4 23
4 12

23 10
27 27
26 27

34 32

V-6

v-7

v-8 5 7

6 6
21 22

26 21

27 23

30 32
35 36

TABLE A-3 KEYHOLE CHARPY TEST DATA FOR
ExPERIMENTAL OPEN-HEARTH
STEELS FROM COMPANY V

Rolled i”thc L?.boratory Mjll at 1650 F

6v. i

6 v-2

-30
-20
-lo

0

10
20
80

5

5
20

19
25
25
23

5
8
4

22
21

21
27

5
12
19
20
22

3
10
17
18
21

Testing Charpy Value, ft-lb
Temperabare First Second Third Fourth

Steel F Test Test Test Test
32 30

Rolled uncommercial Mill
-30
-20
-10

0

10
20
40
80

-40
-30
-20

-lo
0

10
40
80

-30
-20

-lo
0

10
20

80

3
4

15
4

20
24
25
30

3
4
4

20

17
21
22
26

4

9
4

20

19
21

4

4
4
5

20
21

6
4
5

23
22
25

8
8

11
k7
20
21
23

3
4

9
7

17
21
22

5

6

10
17
13
23 A’
26

v-1 o
10
20
30
40

50
so

9
4

J3
23

23
22
27

3
5

22
22
22
23

34

5
8
7

20

19
23

19
27

4

9

9
17
17
10
24
26

b

13

9
9

11
26

23
26

5
6

20

9
11

23

4
4

6
20
13

22
22

3
4
5

20
12
17
20

4

8
12
21
21
21

24

6 v-3 5

3
4

21
20
19
26
28

4
17
3

20
18
24

26
26

4
5
4

22
21
20

3
5
8

16
8

21

v-2 o
10
20
30
40
50
60
80

4
5

d:
11
24
21
26

6 v-4 6
19
19
19
22

i3
32

6

9
18
19
18
24

32

4
12
19

18
23

5
12
20

18
23

v-3 -20
-10

0
10
20
30

40
80

0

10
20
30
40
50
60
80

4
4
8

10
20

24
20

25

3

6

16
15
11
18
15
27

v-4
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TAB LEA-3. (Gmtirmcd)

Testing Charpy Value, ft.lb
Temperature FiYst Second

Sbecl F
Third Fourth

Test Test Test Test

TABLE A-3, (Continued)

Testing Gharpy Value, ft-lb
Tempera turc First Second Third Fourth

Steel F Test Teat Test TeBt

Rolled ifi the Laboratory Mill at 1650 F
Rolled in the Laboratory Mill at 1850 F

6 V-5 -40

-30
-20
-lo

0
80

6 V-l) -50
-40

-30
-20
-lo

0
80

4

5
19

31
29

43

4
5

6
2a
29

45

4
25

5
7

26

4

5
25

29
29

4

5
6

27
31

5

9
21
25
27
31

5
5

25
7

2a

-1

4
4

17
21
23

4

4
4
s

6
21

4
12
19
21

22

4

6
11
19
22
23

-30
-20
-lo

0

10
20
40
80

5
25

9
7

20
15

35
3’3

6 4
5 25

26 6
a 2a

35 2a

36 33
33
46

8 v-5 25
6

6
a
.8

35

5
la
4

27

18
32

3

5
25
29

25

3
4

23
2s

3
3
4

21

19

5
15
14
21
20

4
6

16

9
22

2a

.

4

5
5

11
22

4
5
5

25
27
26
40

4
10
20
27

30
32
40

4

4
27

7
28

a V-6 -40

-30
-20

-lo
0

10
20
40

80

6

25
23

30
32
28

36
36
47

4 3
22 11
26 6

a 2-1
35 7

31 34
36
3a
40

6 V-7 .70
-6o
-50
-40

-30
-20

0

80

6 V-8 -80
-70
-60

-50
-40

0

80

3
3

24
27

26
32
30

42

4

4
5

21
28

29
34
44

3
4

4
22

5

31
s v-7

8 V-8

-60 3 4 3
-50 4 3 5
-40 4 22 a
-30 20 29 20
-20 27 28 30

0 33 29
80 44 43

3
14
4

16

22

32
39

3
24

3
23
26

32
46

3
5

6
24
25

-50 4 4 4
-40 4 4 6

-30 26 5 23
-20 27 2a 23

0 29 31
80 36 41

,...

Rolled in the Laboratory hfill at 1850 F

8 v-1 -20

-lo
0

10
20
30
40

80

5

8
10
21

23
25
25

29

3
16
18
19
15
23
25

31

3

3
4

20
19
24

25
29

5

9
a

20
20

24
2a

4

5
8

16
17
26
28

32

4

5
9
5

23
23

3
4
7
5

21
23

5
12
20
21
23

5
4
5

16
25
23

Rolled in the Laboratory M-ill at2050 F
..,.

20 v-l

20 v-z

20 v-3

20 v-4

-20 8 4 7
-lo 14 12 4

0 20 19 5
10 16 21 20
20 20 22 20
40 23 25
80 30 31a v-2 -20

-lo
0

10
20

30
40
80

3

9
20
19
19
22

25
29

3
6

16
la
21
24

31

-10 5 4 5
0 3 13 6

10 10 a 11
20 19 18 20
30 20 21 24
40 22 25
80 28 28

s V-3 -20

-10
0

10
20
40

80

-lo
0

10
20

30
40
80

6
14

9
22
17
21

28

3
7

17
20
24

23
2a

5
6

12
19
24

27
28

4
6

9
16
21
22

a v-4 -30
-20

-lo
0

10
20

40
80

5

10
4

17
19
21
25
28

-20

-lo
0

10
20

40

80

4
6

17
12
22

25

31

5
17
16

21
20

.- ..—.
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TABLE A-3. (Continued)
TABLE A-4. (Continued)

Testing Charpy Value, ft-lb

Temperature, Firrt Second Third Fourth

steel F Test Test Tbst Test

‘resting Charpy Value, ft-lb

Temperature Farst Second Third Fourth

Steel F Test Test Test Test

Rolled in Commercial Mill ,
(Continued)

-30 4 3 3

-20 6 4 5

-lo a 11 10

0 15 5 s

10 9 15 18

20 21 13 16

30 22 23 25
40 24 22 2.3

-30 6 3 4

-20 3 4 4

-lo 8 10

0 : b 5

10 18 16 18

20 9 10 20

30 18 20 20

40 21 21 20

-30 4 5 3

-20 3 11 4

-10 11 15 6

0 Lz 11 6

10 18 17 11

20 21 20 17

30 22 20 21

40 23 24 24

Rolled in the Laboratory Mill at 1650 F

Rolled in the Laboratory Mill at 2050 F
3
3

4
18
15
21
24
22

4

3
4
7

11
8

19
20

Z-b

z-7

z-a

6 Z-1

6 z-2

b 2.3

6 z-4

6 z-5

6 z-k

3
4

5
23
26

8

33
34

3
5

9
7

28

10
32

3
16
28
31
29

3

4
15
10
31

20 V-5 -40

-30
-20
.10

0

10
20
40

80

4

12
4
7

29
32

30
33
40

3
4

23
25

6
29

31
35
48

4
4

20
21

23
30
36
35

20 v-6 -50
-40
-30
-20

-lo
0

10

20
40

80

4
3

12
22

6
7

31

33
38
41

3

3
20

4

21
27
28

38
36
39

5
3

16
5

28
30

33

4
7

11

~8
13
21
2$

20 v-7 .30 7 4 4

-20 27 17 14

-lo 24 24 18

0 16 25 23

10 23 29 30

80 40 39

-40 6 5 3

-30 14 20 24

-20 22 30 26

-10 27 24 27
0 33 32 28

40 35 33

80 44 42

-50
-40
-30
-20

0
80

3
10
lb
25
27

37

3
5

24
26
30
39

4
4

21
27
23

33

4
10
18
18
31
22
--

3
12
20
18

20
24
37

3
3

19

22
18
21

3
4

17
15

16
22

20
19
20
25

5
22
22
25

.—

3
11
13
15
23

33

3
4

22
19
23
--
-.

3
6

16
22

21
22
39

6
8

10

20
18
20

4
4

11
17
16
19
21
24

22
-.

20 V-8

-40
-30
-20

-lo
0

80

5
13
19
23

26
35

7
21
24
19
24

34

-50
-40
-30
-20
-10

0
80

3
21
22
16
22
21
38

4
11
14

19
24
-.

TABLE A-4. KEYHOLE GHARPY TEST DATA FOR

EXPERIMENTAL OPEN-HEARTH
STEELS FROM COMPANY Z

Testing Charpy Value, ft-lb
Temperature, First Second Third Fourth

Steel F Test Te5t Test Test
-70
-6o

-50
-40
-30
-20

80

-30
-20
-lo

0
10
20

3
6
7

16

13
28
37

7
3

16
21
22

29
--

Rolled uncommercial Mill

z-l -30
-20

-lo
0

10
20
80

8
6

27
6

28
28
38

5
21
30
29

30
29

6
4

22
25

22
31

4

9
25
28

28

29
41

5
7
4
6

14
21
2.5

4

5
5
8

12
29

3
7
7

12
27
22

38

5
4

19
14
24
29

5
10
16
18
19
19

4

9
14
12
21
20

5
11
14
15
19
17
19
20
21

-40
-30
-20
-lo

0
10
20

6
7

6
19
21
26
26

6
11
4

9
7

26
25

5
14
15
19
22
21
25

z-2

-30
-20
-lo

0
20
30
40

50
60
80

i
16
17
16
18
17
21
21

24

z-3 -50
-40
-30
-20

-10
0

80

-6o
-50
-40

-30
-20

0

80

4
4

17
15
29
21

41

i
21

9
23
27
37

6

5
5

9
29
28
--

6

8
6
7

10
25
. .

4

4
20
18
25

. .

3
8

13
15
24

2.4

Z-5 -20

-10
0

10
20
80

4

3
20
19
24

27

5
8

10
22
21
--

6

9
5

17
20
--
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TABLE A-4. (COtitiu.ed) TABLE A-4. (Continued)

Testing Cbarpy Value, ft-lb
Temperature, Fir~t Second Third Fourth

Steel J? Test Test Test Teat

‘L’esting Charpy value, ft-lb

Temperature, 2?iret second Third Fourth

Steel F Test Test Tc$i Test

Rolled in the Laboratory Mill at 1650 F
(Continued)

Railed in the L~bor~tozy M$ll at 1850 F
(Continued)

6
14
6

15

15
15
16
20

4

13
13
14
16
16
18

L9
21

5
25
25

23
26
30

30

3
13
11
22

22
23

4
15

4
19
24

3
6
4

21
18
.-
-.

6
17
16
20
1s
22
22

3
5

16
18
17
20
21
21

b z-7 -30 4 4 3

-20 7 4 6

-lo 13 9 9

0 16 15 10

10 16 5 15

20 15 15 17

30 16 18 18

40 20 21 19

-30 8 4 4

-20 3 4 6

-lo 15 16 13

0 15 15 14

10 12 17 16

20 16 17 lb

30 16 20 L7

40 20 20 17

50 20 20 22

Rolled in the Laboratory Mill at 1850 F

-lo 4 4 4

0 11 8 10

10 6 10 12

20 14 13 . .

30 16 15 16
40 19 18 17
60 20 21 19

70 22 20 20

80 22 20 21

-20 4 5 4

.10 6 4 10

0 13 14 10

20 18 15 17

30 17 16 16

40 21 la 17

50 20 19 20

60 20 21 20

Rolled in the Laboratory Mill at 2050 F

8 Z-7

8 z-8

2.0 z-2

20 z-3

20 z-4

20 2-5

20 z-6

5

9
--
--

17

17
18
21

22

4
5

14
17
18

19
.21

3
5

13
23

9
25

6
8

13
21

22
18
--

5
7

lb
8

29
28
.-

5
5
4

6
2s
23
-.

4
12

9
17
18
22
20
-.

3
10
a

9
5

19
22

6 Z-8

-40
-30
-20
-lo

0
10
20

3
4

24
23

7

31
32

3
5

18
22

23
30
30

:

9
22
22
24

3
7

15

8
22

4
4
6

15
23
30
41

3
7
5

14
18
5

20
22

5

9
7

18
18
18
23

23

3
10
22
25
25
27

29

4
17

20
20
20
25

3
10
13
20

25

3
5

20
14
24
--
--

3
lo
14
14
19
19
21
22

3
8
6

18
19
18
23
26

-30
-20
-10

0
10
20

-20
-10

0
10

20
30
40

-30
-20
-10

0
. 10

20
80

-50
.40

-3U
.20
-10

0
80

-20
-10

0
10
20
30
40
80

.20

-10
0

10
7.0
30
40

80

4
4

17

25
23
23

4
14
13

13
28
21
28

5
4

10
30
30
30
39

3
7
3

15
2,Z

21
38

3
4

9
7

15
20
22
25

3
6

10
17

18
22
24
25

5
5

21
20
23
27

4
6

11
23
24
28
2s

5
6
6
8

28
30
37

4
3

11
6

23

27
39

5
7
6

8

19
14
21
25

3
3
8

14

19
9

22
27

7
15

5
16
25
25

5
8

10
22
22

30
-.

9
4
5
8

15
26
. .

3
3
4
5

9
26
.-

5

4
13
11

15
20
21
--

4
5

12
19
6

L9
24
-.

8 Z-1 20 z-1

a z-2 .30
-20
-10

0

lo
20

6
15
10

15
22
25

8 Z-3 -40
-30
-20
-10

0

4
5

14
17

24

3

9
3
4

26
29
36

3
5

14
17
17
18
21
22

8
6
4

17

19
20
22

22

8 z-4 .6o

-50
-40
-30
-20

0
80

8 z-5 -30

-20
-10

0
10
20
30
40

-20
-lo

0
20

30
40
50
60

8 z-6

.—.
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TABLE A-4. (Continued)

Testing Charpy, ft-lb

Temperature, First Second Third Fourth

Steel F Test Tl?$t Test Te5t

20 z-7

Rolled in the Laboratory Mill at 2050 F
(Continued)

o b 7 6 6

10 16 9 4 18

20 17 16 8 7

30 10 15 18 13

40 18 21 20 17

50 19 23 22 23

80 22 23 . . --

20 z-8 -lo a 5 3 4

0 4 14 8 5

10 5 7 7 --

20 14 9 10 14

30 15 17 18 14

40 18 20 17 19
50 19 19 18 22

60 21 21 21 20

80 22 22 --

TAB LEA-5. NAVY TEAR- TEST DATA FOR EXPERIMENTAL
OPEN-HEARTH STEEL FROM COMPANY W

Testing Energy to Energy to Shear

Tempera- Maximum start Propagate in

ture, Load, Fracinre, Fracture, i??acture,

Steel Specimen F“ pounde it- lb ft- lb 70

Rolled in Commercial MiU

w-1 241
C2
D1

Di

J1

$2
352
A2

Al
B1
B2
cl

w-2 P2

M2
N1

N2

P1

Ml
J2

G2
J1

Al
D2

G1
C2

AZ
B1

B2
c1

70
70

70
70

80

80
80
80

90
90
90
90

60

70
70

70
70

80
80

80
80

90
90

90

90

100
100
100

100

40,300
41,100
40,450

40,450

40, 050
40, 150

40,550

39, 600

40, 150

39, 950
40, 000

39, 700

39, 950

40, 300
40, 250

40, 800
40,400

40, 250
40,400
40,750

39, 65o

40,200
40, 200

39,800
40, 150

40, 350
40, 050

39,550
39,200

833
842
707

790

L,75
757

775
850

790

885
750

766

775
740

784
757

790
725
784

725

740
757
784

750

815
775
725
707

50
417

67
108

575

183
83

100

766
707
757

675

92

100
150

200

133

58
590

83
258

150
100
584

675

565

609
616
565

10
45

3
12

94
28
13
10

100
100
100

95

3

6
5

15
4

5

98
20

25

20
20

100

100

100
100
100

98

TABLE A-5. (Contimmd)

Testing Energy to Energy to Shear
Tempera- Maximum Start Propagate in

turt, Load, Fracture,
Steel Specimen

Fracture, Frs.ctnrej
F pounda ft- lb ft-lb %

w-3 M2

Al

L1

L2
Ml
A2

B1
C2
DI
D2

Hl
H2
J1

J2

w-4 N1

N2
P1
P2

L1
L2

Ml
M2

Al
HZ
J1
J2

B1
B2

G1
C2

AZ
D1

D2
H1

w-5 Al

42

L1
L2
Bl
J2

B2

G1
C2
D1

D2

H1
H2
J1

W-6 Al

N2

A2
Ml
M2
N1

L1
L2
B2

c1

Rolled in Commercial Mill
(Continued)

BO

80

90
90

90
90

100
100
100

100

110
110
~lo
110

50

50
50
50

60
60

60
60

70
70
70
70

80
80
80
80

90

90
90
90

60

80

100
100
100
100

110
110
110
110

120

120
120
120

70

80

90

90
90
90

100

100
100
100

38,300
39, 000

39, 050
38,300
38,450
38,300

39, 150
38, 100
38,300

37,650

39,200
38, 200
37,750

37,550

40, 150
40, 100
40,850

40, 050

38,500
39,200
40,350 -
41,650

38,600
38,700
38,950
39,350

39, 000
39, 150
38, 150
38,350

38, 000
38,700
38, 200
38,900

43,200

41,100

39,850
39, 850
40,200
40, 300

39,900
39, 100
39,750
39, 600

38,450
38, 800
39, 800
39, 300

42, 800

42,700

41,750
41,650
42,700

41,100

42, 100
41,450

40,950
42,200

757

734

800

665
69o
658

675
650
665
625

766

700
658
65o

734
757
85o

734

69o
665
750
824

69o
675
684
740

707

69o
658
616

65o

675
65o
100

815

707

725
740
715
700

559

700
684
609

616

675
707
700

815

824

775
800
850

757

808
750

734
784

15a

83

150
158
158
150

609
534

590
316

508

258
590
565

100
50

183
125

17

466
633
633

142
17

167
534

433
565
675

167

65o

550
707
584

133

67

292
225
250
167

358

658
450
316

616

690
633
650

75

25

208
58

158
100

757
216

734
225

16
12

16
15
21
18

100
100

99
40

100
50

92
100

9
3

20
4

4
70

100
100

15
13
10
75

87

100
100

13

100

80
100
100

7

15

40
18
33
20

52

100
57
32

92
100
100

100

7

5

25
4

19
4

100

14
100

17



TABLE A-5. (Cofitinu.d)

Testing Eaergy to Energy to Shear
Tempera- Maximum Start Propagate in

ture, Lead, Fracture. Fracture. Fracture.
Steel Specimen F“ pouudo ft-lb “ ft- lb % “’

w-6

(conttd) !;

J1
C2

D1

D2
HI
Hz

w-7 Ml

M2
N1
N2

L2

PI
P2

Q1

H1

Hz
D1
D2

L1
J1
J2
AZ

Al
B2

cl

G2

w-8 L1

L2
Nl
N2

Ml
M2

N1
Pl

N1
P2
Ql
Q2

AZ
L2
Ml
M2

JI
J2

Al
B1

E2

c1
G2
L1
K1

Al
B2

c1
C2

Rolled in Cnrmnercial Mill

(C ontinued~

110
110

110
110

120

120
120
120

50
50
50
50

60
60
60
60

70

70
70
70

80
80
80
80

90
90

90
90

30
30
30
30

40
40
40

40

50
50
50
50

60
60
60

60

70
70

70
70

80
80
80

80
80

90
90
90

90

41,500
42,500
40,450

42,250

40,200

40,650
41,000
42,450

46,500
44,350
45, 700
44,450

45,350
44,250

44, 800
45, 150

43, 550

43, 800
42,900
43,400

43, 950

44,200
44,050
43,400

43,650
42, 250

43,700
43,400

44, 65o
44,700
44,450
44, 050

44,250
43, 750
44,400
43,550

43, 800

43, 800
42, 800
42, 85o

42, 500
42, 250

43,600
44, 100

42, 800

42,550
42,600
45, 050

42,700
42,400
42,800
41,700
43,600

43, 65o
42, 250

43,750
43,400

715

750
684
715

707
665
750

775

1,225
1,240
1, 060

940

1, 090

900
915

1, 025

860

925
800
.S85

1,010

900
925
833

915
SOS

885
910

925

975
1, 000
1, 077

950
940
975
866

891
910
815
--

1, 033

891
925
961

900
875

891
1,100

910
815
833
790
935

915
808

885
910

565

609
334

325

516
734

65o
707

142

183
183

550
408

200

92

734

375
790
842

266
925
200
125

775
875

775
73’4

133

50
67

.292

400
242
183
584

684
541

150
.-

417
725
740

734

616
559

775
308

734

808
167
750
300

775
875

775
734

70
80
25
40

80
100

90
100

3
14
5

6

86

44
13
5

100

30
100
100

23

13
13

100

100

100

5

3
5

10

45
15
12

68

85
76

3
13

47
100
100
100

82
75

100
30

100
100

10
100

30

100
100
100

100

-&la-

TABLE A-5. (Continued)

Testing Energy to Energy to Shear
Tempera- Maximum start Propagate in

tur e, Load, Fracture, Fracture, Fracture,
Steel Specimen F pmmd B ft- lb ft- lb %

6 W-1 Pl

P2

Q1
Q2

N1
N2

Ml

M2

K1
K2
L1

L2

C2
D1

D2
H1

HZ
.71
$2
AZ

.41
B1
B2
c1

6 W-2 K2
D1

D2
241

RI
HZ
J1

J2

A2
B2
c1
C2

Al

6 w-3 S1

S2
T1
T2

P1
P2
R1
R2

N1
N2

M2

B1

K1
LI
Ml

K2

L2
AZ
B2

Rolled in Laboratory Mill d 1650 F

10
10

10
10

20

20

20
20

30
30
30

30

40
40
40

40

50

50
50
50

60
60
60
60

30
30

30
30

40

40
40
40

50
50
50
50

60

20

20
20
20

30

30
30
30

40
40

40

50

50
50

50

60
60

60
60

42, 550

40,650
41,250
42, 200

41,750

43,000

39,750

39,250

39,500

37,400
39, 100
38,450

3’8,950
36, 600

38,450
38,200

37, 850

36, 850
38, 100
38,400

37, 050

37,400
38,950

36,75o

40,600
40, 550

39,950

39,400

40,250
40, 350

39,600
39, 000

39,400
39,300
39,750
39,350

39,450

38,900
39, 150

39,600
38,350

38, 000
:38,550

39, 550
40, 000

37,950
39, 700

39, 550

39, 050

39, 000
39, 150
39,400

38,450

37,700
38,200
38,6oo

940

824
891
866

891
833

808
958

800
750
766

850

800

715
808
790

775
766
766
750

78.4
815
860
750

910,

808

734
842

850
775
015

757

850
850
85o
808

86o

885

950
910
775

833
915

940
975

860

961

940

815

866
925

740
860
86o

958

158

142
183
108

367
675

17
466

75
525

83

133

125
559

58
690

50
484

67
150

65o

616

616

200
142

108
158

92
541
534

92

784

609
45?
590

633

58

67
442
408

25o
208
658
108

275
459

65o

58

167
665
700

757
800

475

92

12
5

17
3

43

100

2

65

3
70

3
8

12
65

3
100

10
70
10

10

100
100

83

98

2
5

4

5

3

90
67
5

100
100
74

100

100

3
1

50
45

23
15

100
7

45

60

98

3
10
86

100

100

97
73

7

.



TABLE A-5. (Continutd)
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TABLE A-5. (Continued)

Testing Energy Lo Eaergy to Shear

Tempera- Maximum start Propagate in

tur e, Load, Fracture, Fracture, Fracture,

steel Specimen F pmmd B ft. lb ft- lb %

Rolled in Laboratory Mill at l~50 F
(Cbntirmed)

6 W-3

(COhtz d) ~i
C2
D1

,.
D2

Hl
H2
11

6 w-4 N1
N2
P1

P2

K2
L1
L2
A2

K1
B1
B2

Al

C2
Dl

D2
cl,

b w-5 Hl
Jl

J2

cl

6 W-3

(cent 1d) ?2
D1
D2

B1

A2

Al

k W-6 D2
H1
H2

B2
J1
J2
K1

G1
C2
D1
B1

A2

Al

b w-7 342
K2
Li

L2

D1
D2

H1

AI

70
70
70
70

80
80
80
80

40

40
40
40

50

50
50
50

60
60
60

60

70
70
70
70

80
80

80
80

30

30
30

30

40
40
40
40

50

60

70

30
30
30

40

40
40
40

50

50
50
50

60

70

40
40
40

40

50
50
50

50

38.,500
3a, 450

38,6oO
38,750

37,200
37,550
38,900

36,550

39,700
39, 850
40, 850
40, 000

40, 050
39,000

39, 500
42,400

39,550
38,950

39,750
39,600

38,850
38, 500
38, 800
3s, 800

38, 100
38, 550

38,800
37,900

42,050
41, 800
41,900

42,350

42, 050
41,500
41,500
41,950

41, 150

42,400

41,700

44,550
44,600

44,750

43,200

42,250
43, 100
43,650

43, 000
43,750

43,250
43,400

43,900

43, 100

42, S50
43,300
43,400

42,550

42,250
42,550
41,950

43,900

850
808

975
833

s60

808
950
866

875
891
975
900

824
757

750
1,170

875

833
850
875

775

775
790
766

766
757

842

775

915

891
935

984

910
84z
910
915

900

935

910

1,170
1, 140

1,120

13090
958

1, 033
1, 140

1,125
1, 140

1,025
1, 120

1,090

1,040

891
975

1,080

915

1,090
990
990

1, 175

824
700

633
108

690

684
707
642

100

133
158
266

108

67
500
292

584
891

108
616

58

725
642

740

600
815

565

866

158

234
108

534

658
625

609
684

642

69o

684

150
133

83

150
100

125
158

665
684
740
715

734

684

142
58

142

142

700
715
815

125

100
100
100

3

100
100
100
100

7
20

8

30

7
4

79
33

100
100

6
100

27
100
100

100

98
100

97
100

10

15
3

60

100

95
95

100

100

100

100

3
5

3

6
5
4
5

100
100
100
100

100

100

3

3
4

4

100
100
100

10

Te~ting Ene?gy to Energy to Shear
Tempera- Maximum Start Propagate in

tire, Load, Fracture, Fracture, Fracturej
Steel Specimen F pounds it-lb ft. lb %

6 W-7

(COIltl d) ~i

J1

$2

131
B2
c1

C2

6 W-8 Kl
K2

L1
L2

i32
H2

$1
J2

N1
Bl

c1
G.3

A2
D1

D2
H1

Al

SW-1 R1

R2

8 W-1

(contr d) ~~

Q1
Q2

K1

K2
L1
L2

N1
N2

Al
AZ

B1

B2
c1

G2

Ml
M2
D1
D2

H1
H2
J1
J2

8 W-2 K1
K2
L1
L2

Ml
HI
D1

D2

60
60

60
60

70
70

70
70

10
10
10
10

20
20
20
20

30
30
30
30

40
40
40
40

50

42,400
42, 300

40,950
42, 700

42, 150
42,300
42, 100
41,950

43,850
43,900
42, 750

43,700

43,700
43, 050
44,200
43,400

42,300
42, 750
43,500
42, 950

43,450
42, 900
41,900

43,050

42, 100

935
915
950

940

1, 020
940

1, 040
910

975
1, 000

910
1,010

1, 020
1, 020
1, 080
1, 025

975

975
1, 077

990

1, 033

1, 000
910

1, 020

961

Rolled in Laboratory Mill at 1850 F

30

40

50
50
50
50

60

60
60
60

70

70

70
70

80
80

80
80

90
90
90
90

100

100
100
100

50
50
50

50

60
60
60

60

41,650

40,800

41,650
41,150
41,200
41,900

37, 350

38, 050
37,700
37, 950

40,700

39,850
38,700
38,650

37, 500

37,500
37, 150

38, 100

39, 750
40,350
36, 200
37,500

36,400
37, 150
35,200
36, 000

40, 100
40, 600
40,250
41,800

40, 150

38,700
39,750

39,900

850

842

961
950

961
961

790
833
s42
750

875
790
891
775

808

100
790

750

824
891

734
725

757
725
707
642

866
915
910

1, 060

8s5

866

1, 000

935

292

750
740
860

910
633
875

633

534
193

392
417

283
808
300
740

690
675
707
35s

69o
750
766

750

740

466

325

334
117

142
508

125

167
492

75

700
750
450

83

508

665

665
100

725

665
675
200

700
633
650
684

150
342

50
125

584

500
58

125

23
100
100

100

100

91
100

98

60
5

30
43

30
100
28

100

100

97
35

100

100

95

52

28

35
5
8

75

4
18

69
3

100
100
70
12

80

99
100
20

100
100
100
23

100
96

100
100

7
29

2

3

93
79

b

7



TABLE A-5. (Continued)

Testing Energy to Energy to Shear
Tempera. Maximum Start Propagate in

ture, Load, Fracture, Fracture, Fracture,
Steel Specimen F pounds ft. lb ft-lb %

Rolled in Laboratory Mill at 1g50 F
jContinued~

8 W-2 H2
(contI d) J1

J2
Bl

A2
B2

c1
C2

,A 1

8 w-3 Rl

R2

51
S2

P2

al

Q2

NI
N2

P1
M2

L1
L2
Ml

B1

K1
K2

AZ
B2

Al

J2
c1
C2

D1
D2
Hz

J1

8 W-4 K1
K2
LI

L2

C2
D1

332
HI

Hz
J1
J2

Al

AZ
B1
B2
c1

8 w-5 P1
??2

C21
Q2

K1

K2
L1

L2

70
70
70
70

80
80
so

80

90

30
30
30

30

40
40

40

50

50
50
50

60
60
60
60

70
70

70
70

80
80

80
80

90
90
90
90

50
50
50
50

60

60
60
60

70

70
70
70

80

80
80
80

30
30
30

30

40
40
40

40

38, 75o

39,750
39,200
39, 850

39,350
39,350
38,650
38,900

40,000

41,300
40,450

38,400
38, 150

39, 000
37,050
39, 900

40, 000

37, 850
38, 100
40, 000

37, 950
38,400
39, 800

38, 850

38,35o

36,800
38,300
37,600

37, 200
36,750

36,550
37,400

36,350
37,600
36,600
36,700

36,500
39,250
40, 200

39,400

39,250

39,250
39, 800
38,450

37, 500

38,350
38,25o
39,550

39,750

37,800
39, 000

38,250

35, 150
37,500

37,000
35,700

41,200

41,150
41, 150

40, 850

935
891
842

824

850
842

815
784

935

940

866
915
790

990
950

975

1, 010

860
891
925

775
833

925
866

940
757
860

775

815
757
766
764

784

842
766
757

766
a15
950

850

866
833
925
86o

750
800
842

852

935
866
860
808

766
775
715

625

833
875

833

833

500
700
142
108

734
700

609
65o

700

417

150
200
275

665
734
700

69o

358
658
125

100
684
133
108

100
234

69o
108

665
625
690

92

750

734
642
750

75
58

142
117

466

92
400
10s

775
158
550
108

633
866
534
590

609
616
658
625

590
675

665

500

00
100

17
10

100

100
100
100

100

75
20
20
23

100
100

100

100
40

100
4

3
100

11

5

4

28
100

h

100
100
100

15

100
100
100
100

4
3

12
4

70

3
48

5

100
18

96
10

100
100
87

100

100
100
100

100

80

100
100

67

TABLE A-5. (Cnfitinued)

Te~ting Energy to Energy to Shear
Tempera- Maximum start Propaga!ce in

ture, Load, Fracture, Fracture, Fracture,
Steel Specimen F pounds ft. h ft. lb %

ROl~ed 111Laboratory Mill at 1850 F
jCantinued~

8 w-5 M]
(cork, d) Nl

N2
H1

H2
JI
J2
c1

C2
D1
D2
B2

131

AZ

Al

B w-6 R2

D2

H1
Hz

c1
C2
Dl

131

A2

Al

8 w-7 Kl
K2

L1
L2

8 W-7 Hl
Hz
J1

J2

Al
C2
D1
D2

A2
B1

B2
c1

8 W-8 Kl
D1
D2

HI

Hz
J1
J2
B1

AZ
B2
cl
C2

Al

20 W-1 N1
N2

P1
D1

50

50
50
50

60
60
60

50

70
7U
70
70

80

100

110

60

60
60
60

70
70
70
70

80

90

40

40
40

40

50
50
50

50

60

60
60
60

70

70
70
70

30

30
30
30

40
40
40
40

50
50

50
50

60

35,550

36,200
37,700
41,350

40, 250

40,900
40, 85o
42, 050

39,200
39, 800
39,600
41,200

40,450

40,300

40, 250

42, 150
42,700
41,750
42, 300

41,950
42, 000

42,400
42,200

41,400

42, 000

42,900
4.2, 250
43, 000

43, 100

42, 150
41,600

41,750
42,500

42, 750
40, 200

41,750
41,450

40,900
42, 050

41,450
41,650

41,600
4i,900

40,300
43, 500

41, 000
41,200
40,600
41,350

41,450

41,950
41,100
41,900

41,250

715
750

790
860

633

860
885
925

784
790
900

866

833

891

1,175

1, 190
1, 077
1,100

1, 080
1, 077
1, 175

i,130

1, 025

1, 140

961
1, 067

958

1, 150

958
1, 067

990
1,100

1, 040

1, 050
990

1, 020

975

961
950
961

.—

9.51
800

1,7,00

891
95a
866
958

990
984
935
975

900

616
600
625
725

700

658
690
316

715

675
675

675

707

684

350

334
242
133

1,130
707
684

675

1,275

790

142

92
117

133

158
108
625
125

400

891
150
642

590

675
757
675

392
316
292

784
559
433
167

790

784
734
784

784

Rolled in Laboratory Mill at 2050 F

20 37,850 750 425

20 38,350 790 67

20 37, 850 790 100

20 36,800 935 42

100
100
100

100

100

ioo
100

25

100
100
100
100

100

100

100

40
28

15
5

100

100
100
100

100

100

5
4

3

3

8
5

99
5

55
75
10

90

75
100
100
!00

3
45
28
12

100

80
45

6

100
100
100
100

100

53

2

3
2

,...

.-.
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TABLE A-5. (Continued)

Tenting Energy to Energy to Shear

Tempera- Maximum Start Propagate in
ture, Load, Fracture, Fracture, Fracture,

Steel Specimen r pounds ft. lb ft- lb %

20 w-1 M2
(cent , d) D2

H1
C2

Ml

Gl
H2
.71

52
Ll~

L2V
J2

L1
L2
K1
Bi

K2
Ml

M2
AZ

Al

20 W-2 L1

L2

Ml
MZ

K1
K2

B1
M2
J1

J2

20 w-2 H2
AZ

c1
G2

Al
D1
D2

H1

20 W-3 L1
Liz

L2
G1

K1
B2
C2
K2

B1

$2
D1

132

AZ

H1
H2

Jl

Al

20 w-4 Ml
M2

Ml,
M2 I

Rolled in Laboratory Mill at 2050 F
~Contirmed[

30
30

30
, 30

40
40
40

40

50
50
50
50

60
60
60
60

70
70
70

70

80

40
40

50
50
50

50

60
60
60

60

70
70
70

70

80
80
80
80

40
40
40
40

50
50
50

50

60
60

60
60

70
70

70
70

90

40
40
40

40

37,900

37,250
37, 200

34,800

37, 000
36,800
36, 000
35,600

34,400
36,750
35, 000
35, 100

37,650
36,400

35,400
35,800

33,800
35,900

36,500
34, 100

35,800

39,600
39,500

39,300
39,400
38, 500

38,800

37,850
38,300
37, 700

3EII:0. .

38,600

37,950
39, 050
37,700

37,500
36,900
37, 050
38,650

37, 150
38, 600

37,800
38,200

36, 230
36, 730
37,400

37,300

36, 850
37,650
37, 300

37,300

36,700
37, 250
36,300

36,750

37,300

38,700
38,6oo
39,450

39.400

784

866
784
642

775
784

508
675

700
725
.525
734

658

750
658
734

665
800
766
625

684

910
900

875
875
775

775

734
815
734

885

860
766
940

808

790
757
725
866

750
915
900
950

766
850

1, 077
885

850
940
a91

910

824

925
850
860

910

790
808
915

915

69o

684
125

642
650
658

117

633
342

642
609

665
600
258
658

609
565

609
623

65o

50

83

63
92

266
117

492
108
275

325

550
541
575
183

625
650
534
600

133

92
367
108

300

665
283
75

665
590
541
358

700

642
665
616

658

167

142
133
183

100
100

7
100

100
100
100

2

100
48

100

100

100

100
22

100

100
100
100
100

100

4
3

3
3

27

5

80
5

30

33

99

95
98
12

100

100
80

92

6
4

46
7

30
100
31

3

100

97
74
35

100
75

100

93

100

15
7

10
18

TABLE A-5. (Continued)

Tti.ting Energy tO Energy to Shear
Ternpera- Maximum Start Propagate in

ture, Load, Fracture, Fracture, Fm.c’mre,
Steel Soecimen F D.mnd ~ ft. lb ft- lb %

20 W-4 K1

(cnntt d) L2
K2
L1

Hl
HZ
J1

J2

C2
D1
D2

AZ

Bl

J32
cl
Al

20 W-5 S1
S2

AI

P1

P2
RI
Kl

K2
L2

M2
R2

N2
AZ
B1

Nl
B2
c1
C2

L1
Ml

Q1

Q2
D1
D2

H1

H2
J1
J2

20 w-6 L1
L2
Ml
M2

K2
J1
J2

K1
. B1

B2
H1
HZ

c1
C2

DI
A2

Al

Rolled in Laho~atory Mill at 2050 F

(G ontinued)

50

50
50
50

60

60
60
60

70
70
70

70

80

80
80
80

60
60

70

70

70
70
70

70
70

80
80

80
80
80

90
90

90
90

100
100

100
100
100

100

110
110

110
110

50
50
50
30

60
60
60

70
70

70
70
70

80

80
80

80

90

38, 000
38,350
38,65o
38,300

37,750
37, 000
37, 25o

37,650

37,300

37,500
38,35o
38,350

37, 100
37,400
37, 800
35,800

35, 000
36, 150

41,600

33,900

35,500
35,400

39,950
40,400
42, 100

40, 100
35, 200

35,200
40,550

39, 050

34, 750
39,950

39, 000
39,900

40,200

39,900
33,900
33, 050

39, 000
39, 000

39, 100
38,900

39, 150
39, 000

41,900
41, S50
42,350
41,700

41,900
40,200
41, 800

41, 150
41, 250

40, 65o
41,350
41, 150

40, 100
40,950

40,750
41,300

39,950

790

815
784
800

808
784
790
800

775
784
860

833

140
757

824
684

65o

675

1,125

584

734
725
875

910
1, 050

860
725

69o
860
815

633
842
808
860

900

-815
684

609
875
800

915

833
925
833

1, 140
1, 060

1, 120
1, 033

1, 150
1, 020

1,170

1,o8O
1, 125

1, 033
1, 077
1,060

1,100
1, 033
1, 050
1, 077

975

675

544
266
375

508
400
600

575

125
700

216
242

442
725

707
684

665
658

158

658

584

665

92
383
75

283
633
625

658
142

616
625

675
208

740

750
584
625
757

208

725
266

675
775

142
442
100
10s

100
642
208

390
658
367

133
117

715
675

665
715

675

100

78
15
74

70
50

97
94

5
100
17

25

60
100

100
100

100

100

10

i 00

100

100
4

48

3

25
100
100

90
12

100

95
97
20

97
95

100

100
100
25

100

35
100
100

8
45

3
5

4

90
8

72
73

35
b
5

100

98
95

100

100

.
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TABLE A-5. (Continued)
TABLE A-6. NAVY TEAR-TEST DATA FOR Experimental

Tcoting Energy to Energy to Shear
OPEN-HEARTH STEELS FROM COMP~Y v

Ternpera- Maximurn start Propagate in
‘cure, Load, Fracture, Fracturti, F,acture,

Steel Specimen F
Testing Energy to

pounds ft. lb
Emrgy to

ft- 1* %

Shear
Tempera- Maximum Start Propagate in

ture, Load, Fracture,
Rdledin Laboratory Mill at zo50 F

Fracture, Fracture,
Steel Specimen F pounds ft-lb

(C ontirmed~
ft-lb %

Rolled in Commercial Mill

20 W-7 Ml

K2
L2
M2

Ll
D1
DZ

Hi

K1
N1

Jl
J2
Al

H2
Bl
BZ

c1
C2

20 w-e P1

P2

Q1
S2

Q2
R1
R2

S1

N2

Al
Ll
K1
K2
M2

AZ
B1

H2

H1
B2

N1
Ml
L2

c1
G2
D1
D2

50
50

50
50

60
60

60
60

70
70
70

70
70

80
80
80
80

80

30

30
30

30

40

40
40
40

50
50
50
50

50
50

60

60
60

70

70
70
70
70

so
80

80
80

40, 700
40, 900
42,300
41,550

40,650

39,950
41,150
41,750

40, 850

41,900
40,650
40, 000
40, 250

40, 900
40, 550

39,700
40,400
38,70~

42,400
42,250
40, 200

41, 000

41,450
41,600
42,350

42,500

40,400

39,750
40, 300

41>000
40, 500
39,700

40, 700
40, 150
40,200

40, 800
40, 700
41, 750

39,700
41, 150

41,400

39, 900
39,500
40,400

935
-.

1,100

975

950
925

1,000
1, 077

1, 025

1, 060
1, 067

940

940

1, 090
1, 020

891
984
891

958
1, 020

842

842

1, 010

990
1,o6o
1, 050

958
910
935

935
910
790

915

940
850

875
1, 033

1,020
842
850

1,200
1,0$0

935
1.025

250
--

266
484

715
508

250
715

358
775
609
775
142

700
815
757

775
842

:2
158
15.9

100
650

316
150

800
417

69o
133
158
725

35$
67

833

800

342
715

466
734

700
784

740
750

24
47

32
62

100
70

22
100

43
100

70
100

10

100

100
100
100
100

3
53

5
43

5
85

35
10

100
40

97
4

15
95

68
2

100

100

25
100
46

100

100
100

100
100

v-1 Al

Kl

AZ
J1

‘ J2

B2

G1
C2
HZ

B1

D1
D2
H1

v-2 Al

AZ
Ml
N1

K1

B2

M2
L2
R2

Q1
Q2
R1
B1

cl

C2
N2
P1

D1
D2
Ill

H2

J1
J2
LI

P2

v. 3 Al

AZ
K1
L1
L2
Ml

M2
D2
H 1
HZ

K2
J1
J2
B1

B2

c1
C2
D1

v-4 Al

AZ

B1

70

80
80
80
80

90
90

90
90

l~o
100
100
100

70

80
80
80
80

90
90

90
90

100
100

100
100
100

llo
110
110

120
120
120
120

130
130
130
130

70

80
80
80
80
80

90
90

90
90

100
100
100

100

110
110
110
110

50

60

70

38, 100

38, 100

37, 550
38,700
3E, 300

37, 65o
37,700
37, 900

37, 300

36,8oo
37, 500
37, 050
37, 550

38, 600

37, boo

38, 150
38, 100
38, 300

37, 800
37,450

38,000
38,850

37,750
37, 850

38,450
39,800
37, 750

37, 550
37,350
37, 300

37, 25o
38,450

38, 200
37, 150

37, 650

37, 750
36, 600

36, 600

37, 600

38, 850
38,25o
39,350
39, 100
39, 000

3s, 550
38, 750

38, 55o
38, 75o

38, 300
38, 000

37, 900
37, 150

38,400
37,250
37, 950

37, 600

40, 000

38, 55o

38, 500

707

. .

740
740

684

734
734

775
707

725
775

725
69o

69o

642
690

69o
700

633
707

757
707

715
715
684
950

69o

675
658
658

700
725
800

684

658
665
665

642

609

740
700
766
740
750

740
734
69o
800

707
69o
750
665

757

600
69o
658

675

642

684

108

--

58
25

92

525
565
117

183

559

534
5,25
824

133

83
67

100
25

108
208

541
484

734
183

117
484

92

167
150

609

1, 258

590
575
175

600
875
609
’350

175

58
193
158
234
133

425
975
541
100

925
550
575
183

715
707

600
625

108

50

92

5

2
5
4
5

98
100

8
22

100
100
100
100

5

5
4
3
5

12

12
100

87

100
20

15

99
15

20
19

100

100
100

100
20

100

100
100

70

10

10
lb
15
25

6

60
100

97
10

100

99
100

35

100
100
100
100

5

3

4

-.
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TABLE A-6. (Continued)

Testing Energy to Energy to Shear

Tempera. Max$mum start Propagate in

ture, Load, Fracture, Fracture, Fracture,

Steel Sp.cim@n F pounds ft. lb ft. lb %

TABLE A-6, (Continued)

Te sting Energy to Energy co Shear
Tempera. Maximum Start Propagate in

ture, Load, Fracture,, F&t&, F=atture,
Steel Specimen F pounds ft. lb ft- lb %

Rolled in Commercial Mill

(Continued)
Rolled in Comrntrcial Mill

(Continued)

v-4 B2

(Cantt d)
P1
P2

01

Q2

c1
L2

N1
N2

C2
D1
332
H1

Ml

L1

M2
322

K1

K2
J1
J2

V-5 Ml
Nl

N2
P.?

AZ
K2
M2
PI

Al
B1
R1
R2

Q1
Q2

L2
B2

G2
D2
K1
Ll

H1
132
S1
J2

V-6 $2
B1
P1

P2
K2
L2

N1

N2
A2
B2

K1
Al
c1
.C 2

80

90
90
90
90

100
100
100
100

110
110
110
110

120
120

120
120

130
130

130
130

30
30

30
30

40
40
40
40

50
50
50
50

60
60

60
60

70
70
70
70

80
80
80
80

30
30
30
30
30
30

40
40
40
40

50

50
50
50

38,000

38,400
37, 550
37, 150
37, 750

37, 950
38, 500
37, 500
37, 85o

37, 65o

38,250
37, 700
38,050

37,300
36, 85o

38, 950
37, 700

37, 050
37, 600
37, 450
37, 850

40, 500
41,000
39, 500

39, 950

39, 300
38, 900
39, 600
39, 700

39, 050
39, 550
39, 700
40, 150

38, 600
39, 200

38, 100
38, 800

38, 350
38,450

38, 250
39,400

39, 100
38,750
38,350
37, 600

39, 750
40, 050
40, 25o
40, 400
40, 350

41, 100

39, 900
39, 600
39,900
40, 000

39, 500
39, 100
40, 000
39, 500

69o

766
69o
815

64z

700
775
700

633

616
684
607
675

616
600

8.50
609

684
658

609
633

958
1,033

1, 000
1,077

961
958

990
958

975
1, 060

891
1, 000

885

784

885
910

885

900
940
940

984
875

1, 020
85o

900
784

915
891

1,000
684

915
875

940
961

915
866
875
875

58

125
250
108
100

308
108
575

559

590
559
675

50

600
633

559
20s

575
584

65o
642

193
67

316
117

234
83

534
67

584
466

100
125

117
275

642
125

633
100

1,258

609

65o
665
784

65o

417
575
367
167
167
125

125

67
658
117

725
950
633
108

3

12
14

10
7

30
15

97
100

100
100
100

15

100
100

100
20

98

100
100
100

10
3

28
4

20
5

10
3

78
51

5
7

5
10

85
8

98
5

100

95

100
100
100
93

22
54
40
11
8

5

3
2

92
3

100
100

100
4

V-6
(Cent, d) !:

Ml
M2

60
60

60
60

70
70
70

70

50
50
50
50

60
60
60
60

70
70
70
70

80
80
80

80

50
50

50
50

39, 750
39,350
39, 200
39, 700

39, 000
39, 300
38, 150
38, ?,00

40, 500

40, 050
39, 350
39, zoo

39, 750

39,450
39, 150
40,450

37, 950
38, 85o
38, 100

38, 900

39, 350
39, 600
38, 350

38, 150

40, 250
39, 700

39, 000
38, 400

958
875
910

900

85o
925

808
875

85o
790
775
833

958
950
85o
925

815

915
784

891

875

975
833

850

950
833

790
766

275 28
642 81
325 33
350 40

1,483 100
616 98
684 100
707 100

417 45
83 5

266 3
200 11

100 5
92 5

940 100
325 41

534 75
150 10
50 5

334 30

642 100
750 100
684 100
757 100

316 35
125 5
150 8
193 15

D2
H1
HZ

J1

v-7 Klt
K2*
Ml
Al

J1
A2
K1
K2

El
B2
I-n

242

c1
C2
ni

D2

V-8 Al

342
J1
J-2

60 38, 55o
60 38, 800
60 40, 100
60 38, 85o

70 39, 200
70 39, 850
70 38, 500
70 39, 650

AZ
D1
D2
HI

25
100
50
37

100
100

100
100

3
2
2

4

100
4
4
3

4
4

40

7

100
100
100

100

3
2

3

12

784 466
808

425
325

891
1, 040

B1
B2
c1
C2

808
958
766
958

700
65s
734
715

Roiled in Laboratory Mill at 1650 F

6V. I K1

K2
L2

M2

AZ
D1
D2
232

50
50

50
50

60
60
60
60

70
70
70
70

80

80
80
80

60
60
60

3s, 400
38, 350

39, 100
39, 85o

715
734
757
725

725

665
715
750

684
715
740
625

83

92
83

183

658
83

117
75

150
108
492

100

675
700
633

1,508

83
50
83

100

39, 200
37,500
38, 050
38, 75o

J1

J2
Al
L1

38, 250
37,350
39, 000
37, S50

B1

B2
cl
C2

38, 000
37, 900
38, 050
37.400

740

750
784

707

6 V-2 L2

Ml
342

A2

36, 500
38, 100
37, 900

700

715
700

95860 40,000

-..
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TABLE A-6. (G oniimmd) TABLE A-6. (Continue d)

Testing Energy to Energy to Shear

Tempera- Maximum Start Propagate in

tul. e, Load, Fracture, Fracture, Fracture,

Sterl Sp*cimen F pounds ft.lb ft- lb %

6 v-2

(COntl d) ;;
B2

6 v-3

6 v-4

6 v-5

B1

cl
K1

C2

D1
D2
H1

?42
HZ
J1

$2

L1
B1
Kl
K2

L2

AZ
H2

B2

J1
J2

G1
G2

Al
DI
D2

Hl

D2
HI
Hz

Bz

cl
C2
D1

B1

AZ

Al

B2

Paz
A2
B1

c1

N1
Al
C2
L2

K2
M2
H2
D1

132
Ill
J1
J2

Rolled in Labmatnry Mill at 1650 F
(Continued)

70
70
70

80
80
80

90
90
90
90

100

100
100
100

60
60

60
60

70
70

70
70

80

80
80
80

90
90
90
90

60
60

60
60

70
70
70

70

80

90

20

30
30
30
30

40
40
40
40

50
50
50

50

60
60

60
60

37,400
37, 300
38, 000

37, 800
37, 150
37, 550

36, 600
3-1,000
37,450
37, 350

36, 600
37, 350

38, 000
38, 600

39, 000
38, 500
39,450
38, 900

38, 35o
40, 200
38, 250

38, 65o

38, 75o
38,450

38, 300
38, 350

38, 25o
38, 000

37,550
38, 600

39, 150
38, 200
39, 65o

39,400

38, 700
38, 200
39, 000

38, 700

38, 350

38, 600

40>200

39, 500
41, 000
40, 350
41, 300

39, 950
40, 600
40, 000
40, 150

39, 750
40, 150
40, 600

39, 300

40, 200
38, 700

39, 050
39>100

734

675
715

707
700
750

700
65o
734
715

665
750
757
833

740
715

850
833

790

875
808
800

800

766
784
833

700
775
740
824

757
715
808

766

824
750
766

775

69o

Soo

1, 033

1,000
1,080
1,020
1,175

1,o67
1, 060
1, 080
1, 050

866
1, 050
1, 080

1,080

1,190

961
1>067

i, 000

108

633
167

633
175
50

633
707
665

50

584
1, 525

700
642

75
50
54

150

75
1,342

550
158

625

642
675

92

675
1, 383

775
1, 190

75

158
50

167

1,367
1,516

675
1,050

775

541

125

150
675
69o
100

684
784

565
1,817

2, 030
790
784

158

1, 641
815
766

790

5

100
15

100
10
2

100

100
100

15

100
100
100
100

2
3
2
4

5
100

98
15

97
100

100
10

100
100

98
100

4
10
3
7

100

100

100

100

100

4

7
100
100

4

100

100
7

100

100
100

100
5

100

100
100
100

Testing Energy ?O Energy to Shear

Tempera- Maximum Start Propagate in
ture, Load, Fracture, Fracture, Fracture,

Steel Specimen F pounds ft. lb ft. lb 70

6 V-6 D1
L1
L2

H1

B2
c1

G2
J2

D2
Hz

J1
B1

A2

B1

6 V-7 M2

7+1
L1

L2
Ml

H2
.J1
J2

K2

B1
D1
D2
Hl

A2
B2
c1

C2

Al

6v.8 L1
L2
Ml
K2

K1
H2

JI
J2

Bl
B2

D2
H1

A2
c1
C2

J)l

Al

8 V-1 K1
K2

L1
Ml

Rolled in Laboratory Mill at 1650 F
(Cont,nuecl)

’20

20
20
20

30
30
30

30

40
40
40
40

50

60

10

20
20

20
20

30
30
30

30

40
40
40
40

50
50
50
50

60

10

10
10
10

20

20

20

20

30
30
30
30

40
40
40
40

50

41,400

40, 700
40, 750
41, 050

40, 25o
41, 000
41, 350

42, 050

39, 100
40, 350
40,000
40, 65o

39, 200

39, 850

40, 600

40, 900
40, 850

40, 600
41, 100

39, 950
40, 100
39, 700
40, 450

40, 300
39, 000
39, 000
40,400

39, 200
39, 800
40, 050
40,400

39, 950

41, >s50
42, 150

42, 850
41, 65o

41, 900
41, 600

41, 850
42, 150

41, 700
41, 200
40, 600
40, 85o

40, 85o

40, 750
41, 050
42, 300

40, 100

1, 170

1, 130
1, 077

. .

1, 080
1, 025
1, 125
1,267

975
1, 090
1, 060
1, 150

1, 025

1, 040

1, 010

1,o67
1, 025

1,000
1, 09p

958
940
958

975

1, 060
915
915

1, 040

915

990
1,010

940

990

1,020
1,120
1,100
1, 025

1, 077
1,080

1, 067
1, 090

1,080

990
961
990

1,o25
1,010

1,033
1, 200

984

108

350
216

800
800
690
150

824
766
565

1, 000

l,q88

1, 300

308

92
625
75

108

833

242
684
117

193
790
815
584

1, 62o
815
808

1,425

740

175
67

200
167

757

83

67
275

516
766
700
108

766
961

1,792
1,o8o

833

Rolled in Laboratory Mill at 1850 F

70 37, 350 684 100

70 37, 750 734 92
70 37, 800 784 100

70 38, 100 700 133

3

31
11
10

100

94
94
12

100
100
74

100

100

100

20

5
75

3
3

100

14

98
3

13
100
100
58

100
100
100
100

100

7
2

1s

5

100
2

2

27

58
100

99
7

100

100
100
100

100

7
5

6
4

,-,

..

.- —



T~LE A-6. (Continued)
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TABLE A-6, (Continue d)

Tt sting Energy to Energy to Shear
Tempera- Maximum start Propagate in

tur e , Load, Fracture, Fracture, Fracture,
Steel Specimen F pounds ft-lb ft-lb %

av-1 Al .
(Gontl d) LZ

8 V-2

$ v-3

8 v-4

.9V-5

Ml!
AZ

B1
B2

c1

G2
D1
J2

D2
2+1
HZ
J1

H1
HZ
J1

$2

Al
C2
231

D2

AZ
B1
B2

G1

AZ
C2
D1
D2

Al
B1
B2
c1

B1
L2
K2
Kl

AZ
B2

C2

Al
cl
Ml

Ll
M2
J-2
D1

D2

321
322
J1

Pl
P2
Q1

H1

N1
N2
C2
D1

Rolled in Laboratory Mill at 1850 F
(Continued)

80
80

90
90
90

90

100
100

100
100

110
110
110
110

80
80
80
80

90
90
90

90

100
100
100
100

80
ao
80

80

90
90
90
90

70

70
70
70

80
80
80

90
90
90

100
100
100
100

110
110

110
110

10
10
10

Lo

20
20
20
20

37, 150
36, 500

37, 550
36, 800
37, 500

37, 000

38, 300
36, 600
35, 900

37, 300

36,400
37,450
36, 35o
37,450

37, 300
37, 300
37, 150
37, 150

36, 800
36, 150
35, 800

36, 900

36, 350

36, 050
36,400
36,000

37, 000
37, 800
37, 500
37, 65o

38, 600
38, 250
38,400
37, 800

37, 800
37,500

37, 750
37, 100

36, 500
37, 150
37, 200

37,400
37,450
36, 850

36,900
37, 200
36, 650
37, 500

36,9oo
36, 95o

37, 050
36, 85o

39, 200
40,350
39, 85o
41, 050

39, 950
40, 000
40, 350
40, 100

715

665

700
715
715

642

815

665
609
784

69o
775
707

833

658
725

69o
725

665
616

633
684

665
707

675
590

750
707
740
750

757
808
000
725

734
-.

aoo
715

642
707
715

715
734
715

675
700
69o
7a4

740
725
734
700

1, 060
1, 080
1,040
1, 160

1,025
808

1, 130
1, 160

150
1,367

108
565
642

208

633
1, 267

216
633

1, 500
633

1,716
684

75
108
133

83

158
158

600
534

609
625
642
707

167

108
100
117

642
600
541

565

50
.-

600
142

1,025
1,367

100

1,562
75

700

242
633
625
108

590
1,267
1, 55a

65o

72
108
92

150

63

58
684
117

10
100

7
100
100

25

100
100

12

100

100
100
100
100

10
8

10
7

10

12
100

100

100
100

100
100

15
7

10

10

100
100
100
100

4
4

100
4

95
100

8

100
15

100

17
100
100

12

100
100
100
100

3
3

3
10

3
2

95
4

Testing Energy to Energy to Shear
Tempera- Maximum Start Propagate in

t!m-t , Load, Fracture, Fracture, Fracture,

Steel ,%ecimen F nounds ft -lb fi-lb 19

8 V-5 M21

(Contl d) D2
AZ
J2

Ml!
Al
B2
M2

RI
cl
J1
Ml

K1
X2
L1
L2

8 v-6 K1
D1
D2

.72

H1
HZ
J1
B1

AZ
B2

c1
G2

Al

a v-7 PI
P?.

Q1
Q2

Ml
M2
N1
N2

K1
L2

AZ
L1

Al
B1
B2
cl

K2
C2
D1
D2

H1
Hz
J1

.T2

8 V-O R1
R2
S1
S2

L2
Ml

-. 11.,. . . . . . . . . . . ., . . . . . . -

30

30
30
30

40
40
40
40

50
50
50
50

60

60
60
60

30

30
30
30

40

40
40
40

50
50

50
50

60

30
30
30
30

40
40
40

40

50
50

50
50

60
60
60
60

70
70
70
70

80
80
80
80

30
30

30
30

40
40

39,900

39,450
40,400
40, 050

40, 100
39,450
39, 100

39, 350

38, 800
39, 050
39, 200
3a, 700

3a, 700

3a, 800
39,400
38, 200

39,500
39, 000
39, 200
39, 700

40, 000

40, 500
39, 900
39, 600

37, 300
39, 450
39, 450
39, 750

39, 250

39, 600
41, 050
40, 050
39, 900

40, 500

39,300
39, 750
39,400

38, 000
38, 500

38, 500
39,300

38,450
39, 550
38, 700
38, 500

37, 100
37, 250

38, 65o
37,400

37, 200

36, 950
38, 500
37,450

40, 000
4!3,500
39, 250
39, 700

39, 600
40, 150

1, 080
1, 100
1,o67

1,047

1,020

1,020
1,020

990

975
975

1, 077
950

990
1, 020
1, 040

950

990
975

990
1, 040

1,010

1,060
1,077
1, 040

915

990
1, 050
1, 020

1,o6o

900
1, 050

86o
984

1, 050
915
961
950

961
915

958
9a4

940

1, 000
1,010

961

--

aa5
1,010

910

833
885
940
935

984
1,020

935
940

1,010

125
5a4
734

142

125

745
367
108

1, 190
757

950
133

700
534

1, 534
675

67
142
183

100

142
824

484
4a4

757
a15
a60
6a4

766

225
150
175
133

616
766
3oa

83

50
815

50
800

850
707
790

58

7a4
715
216

a15
a42

1, 675
815

125
75

500
67

665
990 150

7

a4
73

5

5
100

32
4

100
100

95
7

100
85

100

99

2
6

12

4

6
100

56
45

70
100
100

97

100

15
8
4

10

90

95
20

3

5
100

3

100

100

95
100

5

100
100
97

10

100
100

100
100

8
6

55
3

a5
10

-. -
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TABLE A-6. (Continued) TABLE A.& (Continued)

Testing Energy to Energy to Shear
Tempera- Maximum start Propagate

ture, Load, Fracture, Fracture, FraA.ture,
steel Specimen F pounds ft-lb ft-lb %

Testing Energy to Energy to shear
Tempera- Maximum Start Propagate in

ture, Load, Fracture, Fracture, Fi. actw-e,
Steel Specimen F pounds ft-lb ft-lb %

Rolled in Laboratory Mill at 1850 F
(Continued)

Rolled in Laboratory MIII at .3o5o F
(Continued)

8 V-8

(C.nti d) fl~
40
40

39, 700
39, 100

900

850

940
1, 000

1,010
1,033

1, 000

833
935

1,010

915
925
885
875

961
958
891

L$OIO

915
1,040

910
875

133
150

Loo
842
866
425

866
2,067

175
757

757
790
740

67

1,07.0
866
833

25

775
1,267

824
740

5

6

3

100

90
43

100
100

6
100

100
100
100

7

100
100

100
10

100
90

100
100

7
10
10
12

100

100
10
22

100
100
100
25

100
100
100
100

10
10
10
7

100
100
100
100

2

5
2
3

10
10

97
10

100
100

95
35

20 V-3 c1

(Gonti d) C2
D1

D2

20 v-4 L2 ,

Ml
M2

N1
K1
K2

N2
B1
L1
L2

Llr
B2
AZ

$2

Al
J1

cl
C2

DI
D2
N 1
Hz

20 v-5 U1
U2
vl
B1

B2

c1
C2
AZ

T1

T2
Al
2+1

R1
.91

S2
HZ

Q2
D1
D2
$1

Pl
P2

Q1
J2

N1
N2
L2

M2

K1
K2
L1
Ml

110
110
110

110

80
80
80
80

80
80

90
90
90
90

100
100
100
100

110

110

110
110

120
120
120
120

30
30
30
30

40

40
40
40

50
50
50
50

60
60

60
60

70
70
70
70

80
80
80
80

90
90
90
90

100
100

100
100

36, 35o
36, 700

3,6,550
3;6, 150

36, 900
37, 200
36,850
37, 500

36, 000
37, 350

36,750
36, 100
36, 600
36,450

36, 500
36, 200
35, 650
36, 100

38, 300

36, 150

36, 250
35,900

35, 800
36,800
36,400
35, 600

39, 85o
39, 600
39, 25o
37, 85o

37, 600
37, 85o

38,450
38, 500

38, 95o
39, 100
3a, 450
38,450

38, 800
38,400

37,250
37,450

39, 000
37, 500
36, 950
37, 350

37, 950

37, 750
37, 100
37,000

36, 800
37, 550

36,000
36, 600

36, 500
36, 400

36, 85o
36, 75o

665
616
609
584

92
67
42

100

92
92

575
167
75

541

125
133
950
.—

5s4

225

700
142

650
642

675
665

225

117
142
100

358
665
715
642

1, 040
1,599

590

92

790
1,966

715
75

1, 841
875
784
100

1, 333

715
1,234

108

766
725
350

740

1,425

1,867
715
850

700
707

658
684

734

734
734
784

69o
766

725

65o
750
69o

725
707
642
.—

940
665

734
715

707
707
740
675

1,110
1,025
1, 025

935

915
900

1,010
1, 040

1,000
1, 000

990
1, 100

1,040
1,077

740

958

1, 110

1,010
950
975

1,033
1,020

984
958

915
958
875

940

910
866

910
a91

100
100

100
100

5
3
3
7

5
4

100

10
15

100

13
13

100

99

100

27

100
15

100
100
100
100

15

5
12
3

30
79

94
97

95
100
82
3

100
100

100

4

100
100
100

7

100
100
100

4

100
100

31
100

100
100
100
100

Q1

Q2
Al
B1

P1
P2
B2

c1

N1

N2
K2
C2

L1
D1
D2

H1

K1
342

J1
32

K2
L1
L2
AZ

K1
Al
B1
J2

H1

Hz
J1

50
50
50

50

39, 100
39, S50
39,950
40, 750

..

60
60
60
60

39, 100
38, 65o
39,700
40, 150

70
70
70
70

38, 65o
38, 65o
38, 600

38, 600

80

80
80
80

38, 75o
39, 350
38, 55o
39, 550

90
90

90

90

38,450
39,400

38, 700
38,450

Rolled in Laboratory Mill at 2050 F .

.

20 v-l 90
90
90
90

100
100
100
100

110
110
110

110

120
120
120

120

90
90
90
90

100
100
100

100

80
80
80

80

90
90
90
90

100
100
100
100

36, 600

35, 100
36,300
36,35o

36,300
35,850
34,250
36,050

36, 100
36, 150

35,800
36, o5o

35, 100
35, 900
35, 25o
36, 300

35, 900

35, 65o
35,900
35,900

35, 250
35, 600

35,450
35, 050

37, 200
37, 600
37, 250

36, 700

37, 300
36, 550

37, 500
36, 800

37, 050
36, 900
37, 750

37, 150

150
675
740
684

715
715

665
707

707
725
700
740

700
740
69o
725

675
684

675
658

665
700
642

65o

766

775
757
750

740

715
808
725

725
740
790

757

117
75

125

92

584
800

67
193

616
665
633
250

616
700
675
642

108
83
75
67

541
600
609
684

83
100

58
67

58
83

559

92

1,160
590
559

358

c1
G2
D1

DZ

AZ
C2
D1
D2

Al
BI
B2
cl

L1

L2
Ml
M2

Al
Hz

J1
J2

Hl
AZ
El

B2

20 v-2

20 V-3

------- .—



TABLE A-6. (Continued)

-17a-

TABLE A-7. NAVY TEA= TEST DATA FOR EXPERIMENTAL
OPEN-HEARTH STEELS FROM COMPANy Z

Testing Energy to Energy to Shear
Tempera- Maximum Start Propagate in Testing Energy to Encrgyto Sh.zar

ture, Load, Fracture, Fracture, Fracture, Tempera. Maximum Start Propagate in

StCel Specimen F pounds ft-lb ft- lb % ture, Load, Fracture, Fracture, FractuYc,

steel Specimen F pounds ft- lb ft.lb %

20 V-6 P2

Ql
Q2
Rl

Kl

K2
L1
Ml

N1

N2
P1

M2

L2
Al

$1
J2

AZ
B1
B2

cl

C2
D1
D2

H1

20 V-7 K1
1<2
L1

L2

.20 V-7 H1
(Control) H2

J1
J2

C2
D1
D2
Al

A2
B1
B2

c1

ZO V-8 L1
L2
Ml
K2

K1

Hz
J1
J2

D1
D2

Hi
B1

B2

G1
C2
A2

Al

Rolled in LaboratoryM ill at 2050 F
(Continued)

30

30

30
30

40

40
40
40

50
50
50
50

60

.50
60
60

70
70
70

70

80
80

80
80

50

50
50
50

60
60
60
60

70
70
70
70

80
80
80
80

30
30

30
30

40
40
40
40

50
50
50
50

60
60
60
60

70

38, 950

39,300
39,450
39, 550

38,400
38, 600

38, 650
38, 950

39,000
38,450
39,400
38, 400

38, ?.00

39, 200
38, 600
37, 900

37,400

37,450
37, 650
37, 300

37,450
37, 700
37, 700
37, 200

37, 500

36, 700
37,950
38, 100

37, 250
38,300
37, 800
38, 000

37, 65o
37, 600
36, 900

37,050

36, 800
37, 65o
37, 85o
37, 800

38, 950

39, 300
39,450
38, 85o

39, 200
37, 400
37, 700

38, 200

37, 950
37, zoo
37, 900

3?, 300

38, 150
38,450
38, 25o
37, 200

36.200

990
1, 050
1,o6o

1, 090

984
1, 040

885

1,040

1,000
950

1, 033
975

1, 000

1, 040
961
915

935
940

950
950

1,000
984
958
935

734
85o
875

958

891
915
900
891

935
891

860
833

824
875
8s5
885

900
1,020

984
740

958
860
833

875

910
808

875
1, 120

925

958
1, 020

866

158

67
100
83

75

559
1,090

175

534

565
292

885

75
25o
392
750

766
800
833
125

975
900
850

770

125
316

167
125

67
750

58
750

725

658
766

42

766
750
815
833

92
125
183
442

616
100
142
534

234

375
715

92

740

550
734
808

1.100

7
3

3
3

5
75

100
12

55
75
25

100

3
10

35
97

100
100
100

5

100
100

100
100

12

30

9
5

4
100

3
100

100

90
100

5

100
100
100
100

3
7

10
32

89
2
3

5s

7
33

96
3

100
70

98
100

Qs

z-1

z-2

z-3

z-4

El

E2
Fl
F2

Al

C2
D1
D2

A2
B1
B2

G1

K1

K2
Li
L2

E2
D2
)31
F1

A2
B1

Al
B2

c1
C2
D1
F2

N1
N2

F1
P2

K1
K2
L1

D2

L2
Ml

Al
A2

M2
B1
c1
D1

El
E2
F1
F2

N1
Ml
M2
N2

K1

K2
L1
Al

L2
AZ

F2
Bi

B2

G1
G2
D1

RolIerlin Commercial MiU

50

50
50

50

60
60
60
60

70
70
70
70

40
40
40
40

50
50
50
50

60
60
60
60

70

70
70
70

40

40
40
40

50
50
50
50

60
60
60
60

70
70
70
70

80
00

80
80

20
20
20

20

30

30
30
30

40

40
40
40

50
50

50
50

39,350
38,900

41, 000
39,350

40, 000
38, 950

39,200
40, 100

39, 500
39, 100
39, 100
39, 300

39, 500
38, 150

38,900
40,400

37, 100
36, 200
37,950
38, 050

36, 250
38, 050
37, 450

37, 150

37, 350
35, 800
37, 550

36,900

38, 400
3s, 600

3s, 200
37, 850

39, 050
38, 700

38, 600
38, 200

38, 500
38, 550

37, 700
37, 800

38,450
37, 750
38, 000
37, 100

36, 75o
37, 100
37, 050
37, 150

41,900
39, 050
39, 950

39,450

39, 100
39, 250
39, 300
3s, 000

39, 050

38, 65o
37,300
38, 400

37, 900
38, 700

38, 100
38, 500

875
833

1, 080
940

1, 220
89I
984

1,040

961
984
935

990

790
725
800
958

650
616
734
715

590
815

69o
642

725
590
--

734

910
925

875
860

1, 090
740
875

89I

900
935
866

866

875
990
990
842

800
800
750
850

1, 250
1, 077

915
900

875
8.50

808
842

875

875
734
900

885
915

891
910

358
100

100

50

92
150
100
142

734

633
490
650

100
316

108
100

658
158

158
258

425
175
367

65o
665

609

-75
216

92

684
183
100
133

684
125
565
167

433

584
665
292

642
650
658
625

433

133
193
117

92
358
650
275

625
466

675
125

675
500
665
300

35
10

5
5

10
8

10
13

100

81
100

99

5

30
8
4

100

12
10
20

100

65
10
47

100
100
100
100

86
3

22

3

100

15
8

13

100

13
73
23

62

96
37

100
100

100
100

53
5

20
3

3
42

96
25

100

65
100

10

100
70

100

38

.—
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TAB LE A-7. (Continued) TABLE A-7. (Continued)

Testing Energy to Energy to Shear

Temper. - Maximum
Teatiug

start Propagate in
Energy to Energy to Shear

ture, Load, Fracture, Fracture, Fracture,
Tempera- Maximum start Pr.pagate ~

ture>
Steel

Lead, Fracture>
Specimen F pounds ft-lb it- lb %

Fracture, Fractured
steel Spec:men F poundn ft- lb ft-lb %

D2

(~l~t’ d) E2
F1
El

Z-5 El

.E2
3?1

2?2

C2
D1
D2
A2

Al
B1
B2

cl

z-6 Ml
M2
N1
N2

K1

K2
L1
AZ

L2
Al
B1
??’2

B2
El
E2
FI

c1
G2
D1
D2

z-7 El
E2
F1
F2

D1
D2

C2
Al

&?
B1
Bz
cl

z-8 K1
K2
L1

L2

F2
A2
E2
F1

El
Al
C2
D1

J32
El
B2
cl

60
60

60
60

80
80
80

80

90
90
90
90

100
100
100
100

80
80
80
.30

90
90
90
90

100

100
100
100

110
110
110
110

120
120
120
120

80
80
80
80

90
90
90
90

100
100
100
100

60
60
60
60

70
70
70
70

80
80
80
80

90
90
90
90

Rolled in CommercialMill

38, 200
38, 200

38,300
37, 800

38, 250

37, 550
38, 100

373450

38, 100
37,900
38, 65o
38, 150

37, 800
38, 250
37, 850
38, 200

38, 35o
38, 55o
38,350
37, 900

38,350

38,300
39, 500
39, 200

40, 150

38, 500
38, 100
37,950

38,350
37>650

38, 100
37’, 650

37, 600
36, 950
363600
37, 000

37,450
37, 050
37, 550
36, 800

37, 450
37, 500
36, 100
36, 750

37, 800

36, 600
37, 200
36, 100

38, 500
39, 100
3s, 200

38,900

37,250
37, 800
37, S50
37, 750

37>450
37, 500
37, 150
37, 150

37, 000
37,650
37, 150
36, 900

885
815
842

833

734
650
690

684

715

658
725
650

675

700
684
--

700

700
707
.—

740

734
750
725

690
665
707
6s4

684
633
665
625

675

609
590

625

625
616
658
559

625
616
625
590

658
541
600
584’

609
642
590

675

550

633
590
600

584

625
565
616

575
600

609
559

675
642
508

715

142
242
100

75

492

484
125
108

565

534
559

117
75

193
-—

125

58
292
234

142
550
300
175

266
534
575

590

559
590
590
575

283
67

225
100

516
475
142

175

+84
466
584
524

100
275

266
75

383
158

17
266

65o
575
541
108

565
550
541
941

100

100
100

100

15
30

5

10

81

90
25
20

100
100

100

5
5

18
23

15
15
35
35

20
100
48
23

47

95
100

100

100
100
100
100

40
12
30
12

84
75
39
23

99
96

100

98

6
30
34

3

55
15
5

35

100
100
100
13

100
100
100
100

6 Z-1

62.2

b Z-3

6 z-4

K1
K2
L1

NI

Al
AZ
J1
Y2

L2

B1

B2
c1

G2
D1
D2

I-22

Al

K2

AZ
J1
J2

H2

D2
H1
B1

B2

c1
G2
D1

P1
P2
R1
R2

AZ
K1
K2
L1

Al
B1
B2

C2

D1
N1
N2
L2

D2
HI
322 4
J1

NI
N2

Pi
P2

K1

K2
L1
L2

J1

J2
HI
HZ

Rolled in Laboratory Mill at 1650 F

30
30

30
30

40
40

40
40

50
50

50
50

60
60

60
60

40

50
50
50
50

60
60
60
60

70
70
70

70

20
20
20
20

30
30
30
30

40
40
40
40

50

50
50
50

60
60

60
60

0
0

0
0

10
10
10
10

20
20
20
20

41, 800
41,050

41, 050
40, 850

40, 800
40, 950

40,200
40,600

40, 900
39,950

39, 200
40, 950

39, 050
40>200

39, 600
38, 850

40, 250

38,400
39, 500
3a, 500

39>150

38, 350
38, 200
3s, 500
3S, 850

38,600
38,450
38,400
37, 750

40, 100
39,450
40, 700

39, 000

39, 950
41, 200
.41,350
40, 100

39, 600
38, 300
39, 250
39, 400

3E, 000
39, 250
38, 700
40, 100

38,850
39,450

39>150
39, 000

42, 300
42,250
41, 750

42, 100

41, 800
41,950

40,700
40, 650

39,800
40,300
39,650
41, 500

1, 025

925

891
885

1, 040
975

1,010
940

1, 033
1,010

875
915

824
1, 060

900
815

a50

750
766
790
a15

707
700
757
775

790

766
715
700

984
775

1, 033
750

875
950
961
910

875
734
875

885

885
875
590

915

885
866
815
815

1, 150
1, 040

1, 010
1, 010

1, 033

984
885
860

850
86o
.350

961

133
142

117
125

650
108
258

92

1, 225
65a

808
200

658
684
800
925

316

308
400

92
242

642
400
300
400

565
707
707
725

83
342
225
142

292
715
234
459

65o
757
715
193

425

616
408

92

707
475
734

725

125
133
150
117

-/07
225
541
150

534
790
609
308

3

4
3

5

95
6

20
5

100
100

100
10

95
95

100

37

18
42

5
18

85

35
20
50

80
100
100
100

2
30
17
1

30
100

14
55

100
10CI
100
11

47

93
45
4

100
60

100
100

4
7
7
5

100
14
70
4

70
100
77
25

...,.
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TABLE A-7. (Continued)
TAB LE A-7. ( Gontinucd)

..

..

Testing Encr gy to Energy to Shear
Testing Energy to Energy to Shear

Tempera- Maximmn start Propagate in
Tempera- Maximum start Propagate in

tnr t, Load, Fracture, Fracture, Fracture,
ture,

steel
Load, Fracture, Fracture, Fracture,

Steel Specimen F pounds it- lb ft.lb %
Specimen F pounds ft-lb ft-ib %

Rolled ifi Laboratory Mill at 1650 F

h Z-4 D1

(CO+ d) D2
C2
AZ

Al
B1
BZ

c1

6 Z-5 N1
N2
P1
P2

K1
L1
2.2
AZ

K2
Al
B1

B2

Y2

cl
C2
D1

D2
I-H

HZ
J1

6 Z-6 N2
P1

P2
R1

N1
KI
K2
Al

L1
L2
AZ
J2

D2
H1
J1

Bl

B2

c1
C2
231

6 2.7 541
H2
J1
JZ

G2

AI

A2
Bl
BZ

cl

6 Z-8 K1

K2
L1
A2

30
30
30

30

40
40
40

40

60
60

.50

.50

70
70

70
70

80
80

80
.30

90

90
90
90

100
100
100
100

60
60
60

60

70

70
70
70

80
80
80
80

90
90
90
90

100
100
100
100

50
50
50
50

60

60
60
60

70
70

70
70

40

40
40
40

40,450
39, 500

39,900
38,450

38, 300
38, 850
39, 100
39, 050

38,450
39,450
38, 550
38, 550

38, 800
38,700
38,900
38, 550

38,300
38,250

38, 300
38, 250

38, 450

37, 650
38, 050
37, 100

37, 450
37, 900

37, 250
373050

38, 300

39,950
39,250
39,900

39, 100
38, 55o
39,350
37, 900

38, 000
39, 150
38,300
37, 350

38, 100
37,450
37,400

37, 150

37, 000

37, 100
37, 150
36,250

38, 150
37, 400
37, 250
37, 750

37, 500

38, 100
37, 550
36, 800

37, 450
36, 600
36, 85o

36,450

40, 400

38, 200
38, 300
37, 800

860
800
842
--

766

860
815
824

609
642

665
625

675
675

690
650

700
700

707
584

690
650
684
590

658
642
642
600

633
684
707
775

734

565
609
584

590

b$4
650
590

590
584
590

609

616
559

559
584

575
609
565
575

534

584
550

1, 000

575
508
565
541

700

550
484
565

492

334
208
-.

690
700
725
690

83
67

117

92

590
575
67

83

466

541
550

108

575

565
565
225

590
559

550
600

75

125
92

125

483

234
442

58

633
83

133
167

408
158
193
193

342
516

383
484

150

258
50

367

575

75
183
225

534
550
525
565

83
167
250

83

55
27

5

5

102
100
100

100

3
3
5

3

98
95
10
10

75

95
99
15

100
100
100

30

100
100
100
100

3
5
5
5

65
27

65
10

100
25

12
20

60
20
25
30

50

92
55

87

8
35

2
47

92
20
12
42

100
99

100
100

2

9
26

2

62.7

(Cent’ d) H
Bl
B2

E2

J1
J2
c1

C2
D1

D2
El

8 Z-1 El
E2
F1

I?2

D2
i31
B2
Al

AZ
c1

Gz
D1

8 2.2 2’2
K2
L1

Dl

L2
E2
F1
F2

Bl
B2
c1

C2

Al
A2
D2
El

8 z-3 Ml
N1

N2
AZ

KI
K2
B1
B2

P1
Al

cl

C2

M
L2
J2
D1

D2

H1
Hz
J1

B Z-4 R1
R2

w
S2

Rolled in Laboratory Mill at 1650 F

50 38, 500 508
50 37, 250 541
50 36, 75o 541
50 37, 550 559

60 36, 650 508
60 3-1,400 565
60 37, 500 559
60 37,400 684

70 37, 850 575
70 37, 050 584
70 37, 550 575
70 37, 600 559

Rolled in Laboratory Mill at 1850 F

50
50
50
50

60
60
60

60

70
70

70
70

60
60
60

60

70

70
70
70

80
80
80
80

90
90
90
90

40’

40
40
40

50
50
50

50

60
60
60

60

70
70
70
70

80
80
80
80

20
20
20
20

38, 400
38, 700
38, 200
38,300

38, 250
39, 150

39, 100
40, 250

38, 800
38, 800

37, 550
38,750

37, 750
38, 600
37,900
37, 200

38, 300

37, 850
36, 500
37, 400

36>650
37, 100
37, 500
36, 55o

37, 050
37, 100
37, 450

36, 800

39,250
40, 150

38, 65o
38, 900

39, 250
36, 50D
3.9,200

38,450

39, 500
37,350
37, 400

38,700

36, 850

37, 750
37, 500
38, 050

38, 150
36, 65o
37, 600
37, 550

40,450
40, 750

39, 600
40, 200

833
1, 020

935
860

815
891
900

1, 100

935
961

775
975

740

784
790
725

740
740

757
784

650
725
707

b75

866
707

824
516

940
1, 033

784

866

875
808
784
775

915
734

757
915

700
750
815
824

850
757

790
7b6

958
1, 033

885

975

200
600

534
125

65o

584
575
175

534
600

590

133
466

58
50

559
750

117
150

715

642

808
925

i 67
83

383
75

334
58

342
658

757
408

633
417

740
750
534
550

142
300

334
341

108
292
642

350

92
750
550
208

715
700

69o
275

707
707
700
725

150
200
100

75

7

98
100

5

100

100
100

15

57
100
100
100

5
45

5

3

62

97
5

10

87

99

Loo

100

5
4

30
5

30

15
40

100

100
55

78
34

100
100

63
80

4
30
25
25

5
27

90
30

5
100

65
20

100

100
100

28

100
100
100
100

7
5
3
2

.-—.-.
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TABLE A-7. (Continued) TABLE A-7, (Continued)

Te sting Energy to Energy to Shear
Tempera. Maximum start Propagate in

ture, Load, Fracture, Fracture, Fracture,

Steel Spe cimm F pounds ft-lb ft -lb %

Testing .Enez-gy to Energy to Shear
Tempera- Maximum Start Propagate

~

wrc, Load, Fracture, Fracture, Fracture,
steel Specimen F pounds ft-lb ft-lb %

Rolled in Laboratory Mill at 1850 F Rolled in Laboratory hiill at 1850 F

90 35, 150 459
90 35, 500 459

90 34, 850 459

90 35, 500 525

83
100

442

8 Z-4 Q1

(Cent’ d) Q?
Al
A2

Ml
M2

N1
B1

30

30
30
30

40
40
40
40

50
50

50
50

60
60
60
60

70

70
70
70

70
70
-?0
70

80
80
80
80

90
90

90
90

100
100
100
Loo

70

80
80
80
80

90
90
90
90

100
100
100
100

110

60
660

60
60

70
70
70
70

80

80
80
80

40, 200
39, 850

39,900
39, 550

40, 000
39, 900
39, 850
38, 700

40>600

38,850
37,900
38, 500

40, 050

38, 150
38,400
37, 600

38, 5B0

37, 850
38, 250
37, 300

37, 65o
38, 800
39, 500
37, 700

38, 150
38, zOO
37, 800
38, 050

37, 150
38, 100
37, 650

37A6.50

38, 000
38, 000
35,950
37, 700

38,300

37, 200
36,350
35, 850

36, 050

35, 000

35, 650
36, 150

36, 100

35,450
35, 550
35, 750
35,400

36, 400

37, 000
36, 200
36, 150
37, 000

35, 550
36, 000
36,400
36, 100

35, 200
36, 100

35, 500
35, 850

990
990

975
940

1, 050
1,020

941
866

1, 020
910
833
833

984
842

833
833

940

900
800

808

642
625
600

658

725

690
590

590

404

616
65o
600

625
600
500
642

665 “

565
609
590
550

550

609
650

541

534
584
584
541

559

550
516
516
541

550
534
516
565

559

559
508
484

3
3

60
22

73
15
42
32

10
40

100

34

35
22
10
30

100

100
100
100

2
3

19
6

100
15

15
12

100

92
20

48

100

100
87

100

10

7

40
60
12

!00
S5
20
23

100

97
100

100

100

3
2

15
2

87
85

100

32

95
100

100
20

8 Z-7 Al

(Cant’ d) Cl

G2
D1

590
575

534
525

100
100 L-
100
100

550
133
408

325

158
358
715
316

316
258
158
266

715

725
766
700

67
117

242
92

5s4

67
193
125

.-

550

108
316

8 Z-8 N1
N2
K1
K2

50 37, 600 541
50 38, 500 658
50 36, 500 525
50 36,700 541

42

75
208
42

1
15 ,-
25

3

F2
N2
B2
c1

P1
C2
JI

J2

L1
L2
Ml
M2

60 36, 850 559
60 37, 250 584
60 36,950 508
60 37, 300 534

408
258
200

616

67
3$
10

100

A2
J1

,J2
HZ

70 3b, 600 500
70 36,450 508
70 36, 800 541
70 36, 000 633

534
565

516
175

83
100

85
25

HI
H2
DI

IJ2

Dl
D2

H1
Al

80 35,900 559
80 37,250 590
80 36, 900 508
80 36, 300 534

565
550

559
183

100
100

100
15

8 Z-5 N1
M2
Ml

LL

B1
B2

G1
G2

90 35,350 508
90 34, 600\, 541
90 35, 750 565
90 36,350 516

584
541
541
575

100
100

100
100

L1

82
J1
J2

Rolled in Laboratory Mill at 2050 F

70

70
70
70

80
80

80
80

90
90
90
90

100
100
100
100

110
110
110
110

70
70

70
70

80
80
80

80

90
90

90
90

100

100
100
Qo

38, 050
37, 850
38, 400
37, 650

37, 900

38, 35o

38, 850
38, 150

38, 550
38, 050
37, 100
36, 550

37, 650

36, 600
38,350
37,950

37, 050

36, 650
37, 300
36, 35o

36, 500
38, 300
37, 150
37,700

38, 000

36,300
37, 900
36,600

37,200
38, 300

37, 150
36, 850

37,900
37, 100
36, 600

36, 250

833
833

875
800

808
833

915
925

891
833

790
784

842

775
910
833

757
790

808
766

757
833
800

734

808
725
824
707

766

866

808
784

815

808
69o
715

225

75
193
158

665
193

234
33

83
684

20 Z-i Ml

M2

Nl
N2

K1
K2

15
3,

10
G1
G2

Nl
Bl

AZ
EL

c1
C2

8 z-6 Kl

K2
E2
k“1
F2

DI
D2

El
A2

Al
BI
c1

C2

B2

71’
77
10’

-Y

790
516
584

67

75
275

367
75

559
484
142
193

575
525

516
559

525

67
58

193
33

303
500

565
208

508
525

516
216

L1
B1

20
7

L2
AZ
B2
J2

13
91
30
25258

675
725
740
459

466
508
784
700

67
83

167
75

92
766
334
250

350

625

600
50

700

484
775
350

Al

c1
C2
D1

82

96
100
50

D2
H1
H2
J1

60
53

100
100

20 Z-2 Ml
M2

N1
N2

2
5

12
I

2

8 z-7 Isl
1<2
L1
L2

B1
Ysl
K2
L1

L2
.+2

El
E2
F1
D2

35 i
78 I

B2

c1

Al

C2
D1
D2

80
10

F2
A2
B1
mz

100
55

100

35
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TABLE A-7. (Continued)
TAB LE A-7. ( Continued)

Testing Energy to EneYgy to Shear
Tempera- Maximum Start Propagate in

ture, Load, Fracture, Fracture, Fractnre,
Steel Specimen F pounds ft- lb ft.lb %

20 Z-Z Hl

(Cent’ d) HZ
J1
J2

20 Z-3 N1

I-12
P1
P2

L1
L2
Ml
M2

331
H2
.71
J2

D1
D2
Al
A2

B1
B.Z

c1
C2

.. 20 Z-4 K1

X2
L1
AZ

L2
Al
J2
BI

H1
132
B2
J1

c1
C2
D1
D2

20 Z-5 Kl
K2
L1
L2

DZ
HI
HZ
A2

Al
BI
J1
J2

B2
cl

G2
D1

20 z-6 K1
I-H

HZ
J1
J2

K2

Rell@d in Laboratory Mill at 2050 F

110
110
110
110

60
60

60
60

70
70

70
70

80
80
80
80

90
90
90
90

100
100
100

100

70
70
70
70

80
80
80
80

90
90

90
90

100
100
100

100

90
90
90
90

100

100
100
100

110
110
110
110

lZO
120
120
120

70
70

80
80
80
80

36, 850
37, 250

36, 550
36, 100

38, 200
38, 500

38, 000
38, 100

35, 65o
38, 600
36,250
38, S50

35,500
37, 500
36, 050
37, Soo

36,400
38, 250
363100
37, 650

36,750
37,050
35,950
37,350

37,950
37, 800
38, 250

38,350

38, 200
38,450
37, 600
38, 050

36, 75o
36,350
37, 500
36, 900

37, 850

36, 550
36,350
36,900

38, 300

37,600
37, 750
37,700

38, 800
36, 35o
37,250
35, 900

36, 600
36, 500
36, 400

36,350

36, 050
37, 050
35, 900

36,750

36, 550
36, 400

36, 800
37,400
36,400
37, 150

766
815
700
824

833

875
850
842

609
950

665
910

684

935
734
900

766

915
665
975

766
808

715
900

808

815
866

1,000

875
984
935
925

935
875

1, 040
875

975
842

815
1>033

700
725

734
675

665
650
633
534

625
633
633

565

609
633
575

665

584
575

650
700

625
665

707
584
766

675

117

92
83

100

550
642
550
308

408
75

350
684

775
633
525
83

775
800
790
707

92
125

92
350

525
590
500

83

658
75

525
642

734
675
725

69o

117
117
117

92

442
316
193
425

609
242
216

193

609
633
484

575

83
142

67
83

92

100
85

100
100

7
5
3
2

60
80

62
25

45

12
35

95

98
85
65
15

98
100

99

92

10

10
7

40

68
16
68
15

97
20
60

90

100

97
100
100

10
20

15
lZ

65
35
15
43

95
35
20

20

98
100
70

100

3

10

3
5

15
5

Testing Energy ta Energy to Shear
Tempera- Maximum Start Propagate in

ture, Load, Fracture, Fracture, Fracture,
Steel Specimen F uounds ft-lb ft-lb %

20 Z-6 G2

(Contt d) D1

D2
AZ

Al

B1
B2

c1

20 z-7 A2
HI
H2
J1

Al
J2
B1
B2

cl
C2
D1
D2

20 z-8 Hl

Hz
.T1

J2

D2
Bl

C2
D1

Al
&!
B2

c1

Relkd in Laboratory Mill at 2050 F

90
90
90
90

100
100

100
100

90
90

90
90

100
100
100
100

Llo
110
110
110

70
70
70
70

80
80

80
80

90
90
90
90

36, 600
36, 100

36, 200
36, 500

35,750
35,450

36, 900
35,350

36, 850
35, 300
37, 600
35,750

36, 500
35,950
36, 300
36, 300

35, 65o

36,400
36, 500
36, 200

36,350
35, 200
36, 100
36, 200

36, 600
35,950

36, 550
36, 100

36, 400
36, 800
36, 850
35, 300

675
600

609
665

600
600

715

609

700
541
766
525

541
650
65o

590

559
650
675
616

525
541

550
508

559
508

559
534

541

559
565

590

450

633
225
266

665
525

633

609

108
175
133
283

534
525
575

250

575
584
550
516

58
100
92
67

508
133

83
33

417

658
525
508

.55
100

25
30

100

82

99
80

15
20
15

30

85

90
95
40

100
100

92
97

3
10
3
5

70
12

8
10

65
100
97

100

, .—. ., ..._—


