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first dete~ming and then by controlling the pertinent factors

influencing the transition-temperature charaeteristiesl ship plate

could be produced with improved properties.

With the above objects in view, the Bureau of Ships on behalf

of the Ship Structure Committee under the guidance of the Committee

on Ship”Steel of the Na,tionalResearch Council established a

research project$ Contract NObs 50020, for the purpose of studying

the influence of chemical composition and deoxidatiol’1upon the

transition characteristics and tensile properties of the American

Bureau of Shipping Class A and Class B steels. For convenience

th~ readers~ the ABS classification of structu?~alsteel plates

is as follows:

Twldh ?3tJxmgtlljpsi.
Yieldpowt$ min.psi.
Elxm.gatiOnin 81~j( for3/4”plate)

min.per cent

Elongationin 211Smin~
per cent

$ Plate
shall

Since it

Class~

195m,cmo
Tensile
Strangth

22

sass B Class (+*

of

0.23 0.25
0.60to 0.90 O*6Oto 0.90

0.04 0.04
0.05 0.05

0.15to O*3O
1/’2’1to ltl.5 over111

in?z●
59,000/70300059,00q’7qQoo

32,,0CQ 329C00

l,~oo,om 329000
Tensfie Tensile
Strength Strength

22 22

steels produced to the requirements of Class C
be made with fine rain practicea

(1,25
had been shown that gage is an im!~ortant



REPRODUCI131_IJTYOF LABORATORY STEELS

commercial ship plat&. Aftex$the chargp was melted and the desired
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temperature was obtained~ the melt was partly deoxidized by an

addition of 9 pounds of silicomanganese per ton. This addition

was made to insure consistent recoverylof the subsequent ferro-

manganese and ferrosilicon additions made to obtain the required

chemical analysis. Carbon, in the form of graphite, was added

just prior to tapping to meet the specif}cation~ The entire

heat was poured directly into a 6 x 6-inch big-end-up mold and

the ingot capped with a steel plate when necessary. The longit-

udinal section of an ingot produced by this grocedure is shown

in Figure 1.

The ingots were processed by heating to 2250°F., followed

by forging to slabs 1-3!4 inches thick by 6 inches wideo After

reheating to 2250°F.~ the slabs were rolled to 7’\8-inchgage,

~7h~~ng redu.c~~o~ of approximately 1/6 inch per pass. In order

to insure a uniform finishing temperature the 7\8-inch sections

w~re immediately recharged in a furnace held at 1650°F. After

20 minutes or more in the 1650°1?furnace, the plates were reduced

to 3/% inch in one pass. Following this final pass9 th~ Plates

were placed on adge on a brick floor, with a brick separating

each plate? and allowed to air cool.

Drilling for chemical analysis were taken from the top

‘hese analyses areand bottom of each ingot following rolling.

shown in Table 1. The carbon contents of the Class

are in the range of 0.19 per cent to 0.26 per cent,

of the ten values falling between 0.20 and 0.24 per

A heats

with eight

cent. The
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l’ABLE1. CHEMICAL ANALYSIS OF CLASS A AND CLASS B TYPE

STEELS MADE TO STUDY THE REPROEIUCIBILITYOF

LABORATORY STEELS. FINISHING TEMPERATURE -

1650°F.

———-—

-. -

Identification of Steel
Grade Heat Location Chemical Analysis. ‘%

of Steel No. of Sample C MrLP s Si ‘N

O*21
O*21

0.52
0.52

0.026
0.028

0.04
0.03

0.004
0.004

Top
Bottom

0.47
0.47

0.08
0.o6

0 ● 004
0.003

0.23
0.26

().021
0.017

0.029
0.030

Top
Bottom

O.ok
0.04

0.48
0.46

0.013
0.013

0.029
0.032

0.003
0 ● 003

!i A-3rl Top
Bottom

0623
0024

!1 A-4
11

tl A-5
11

Class “BT’ B-2
11

0.44
0.%5

0.025
0.029

0.04
0.03

Top
Bottom

0.20
0.23

0.012
0 ● 014

0.003
0.003

0.49
0.4-8

0.024
0.o~o

0.04
0.03

0.004
0.003

Top
Bottom

0.19
0.23

0.013
O.olk

o ● 004
-00002

0.16
0.17

0.87
0.88

0.017
0.014

0.028
0.028

0.03
O.ol+

Top
Bottom

0.028
0.028

0.020
0.019

0.03
0.04

0.005
0.003

11 B-3
t!

Top
Bottom

0.17
0,18

0.93
0.93

0.18
0.18

0.018
0.0L7

il B-k
11

11 B;5

!1 B-6
II

Top
Bottom

0.91
0.89

0.029
0.029

0.03
0.02

0 ● 004
0.Ook

0.18
0.18

0.015
0.019

0.029
0.029

0.07
0.09

Top
Bottom

0.99
1.03

0.014
0.015

0.025
0.029

0.06
0.04

0.006
0.003

Top
Bottom

0.17
0.20

0.92
0.89



manganes~ contents of’these smrieheats all

of CJ.\k to 0.72 pe~ cent. The phosphorus

fall within the range

silicont and nitrogen

are compa~able with thL3seof

Duplicate standard

full thickness of the plate,

the Class A steels.

plate tensile specimens$ using the

were _nreparedfrom eachkeat. The

data Tron these specimens, together with tear-test data and the

transitidfltempe~taturedetermined from keyhole Charpy specimens$

are shown in Table 2.

It will be noted that the tensile properties of the Class

A steels are extremely uni~ormf with the ultimate strength falling

between 58$900 psi. and 61,600 psi.9 and the yield strength be-

tween 375 0~0 and 38Y800 psi.

T&e tensile strerigth”ofthe Class B steels falls between

‘571900Psi. and 63,900 psi. ~ and the yield strength between 36~200

and 42$800 psi. The dnctllity~ as indicated by the elongation

is essentially the same for both classes of steel and in the rage

expected for this type of steel.



TABLE 2. TENSILE AND TRAITSITTON-TE&lPERAT~E CHARACTERISTICS OF CLASS A AND
CLASS B TYPE STEELS IN REPRODUCIBILITY STUDY OF LABORATCIRYSTEELS
FINISHED AT 1650°F.

-. __.._z ———. . . . ..— — ——

Tensile Properties
Yield Tensile ElonE~

Grade Heat Strength, Strength, in 8fi,
of Steel No, psi. psi. $

Tear Test-Properties
Max, Energy (1) Energy to (If

-------...y..i.!—
Trans~tlon Chappy

Load~ Start, Propagate, Temperature, Im act
Lbs. Ft. -Lbs. Ft. -Lbs ‘F. (2~.Tran-

Sition
Temperat-
ure. ‘F.

A-1 37,050

A-2 38,800

A-3 37,700

A-4 37,650

A-5 38,600

B-2 35,700

3-3 yj,200

B-4 38,300

B-5 40,900

B-6 42,8oO

61,600

6;,000

59,m

58,900

59,100

57,9~~

61,500

59,900

63,9oO

63,2oO

21.5*

32.5

30.0

33*5

29.0

31.0

31.0

30.5

30.5

32.5

38,760 840

38,160 820

37,110 790

37,340 790

37,610 880

38,670 910

40,630 96o

i0,260 990

43,790 950

42,270 1000

790

840

590

660

6jO

700

700

710

660

690

50

45

55

50

Jo

40

40

40

40

c1

-2

-16

+16

o

+10

-16

-32

-2y

-34-

-38

Note:- *Poor surface quality.
(1) Av~’g~e energy of the four ductile specimens broken 10°F. above the transition temper-

(2] Temperature at which the impact strength is 20 ft.-lbs. Charpy Keyhole Notch.

,,
—— ,

-—



The transition temperature of these steels was determined

by two methods: firsts by using the Navy tear tbst$ and second,

from notched-bar impact data obtained frcm keyhole Charpy specimens.

The tear tests were made using the type of specimen and
(3,41

gmcedure described by Kalm and Imbembo , with the exception

that, in rating the appearance of the Specimen$ only the first

1-1/2 inches of th~afracture were Considered since the last 1/2

inch tends to be of the cleavage type, even when the remainder is

quite ductile. In no case3 however, did this change in procedure

alt~r the results of transition temperature-determinations.

The tear-test specimen, which is 3 x 5 inches long, the

latter dimension bein~ in the direction of rolling, utilizes the

full thickness of’tke plate. This test specimen is shown in

Figure 20 The specimen is subjected to tensile loading through

a pin-and-shackle arrangement while submerged in a liquid bath

for temperature con,t~ole The transition temperature was defined

as the h~.ghesttemperature at which one or more specimens exhibited

a fractuir~area of lGSS than 50 per cent of the ductile-shear type.

From Table 2 it will be noted that the tear-test transi-

tion temperature of the Class A steels is quite uniforms four

of the steels falling between 50°F.$ and 55°F.5 and one at k5°F.

In the case of the Class B steels~four have tear-test transition

temperatures of 4001?. ‘he fifth steely Heat B-6$ however is

entirely out of line$ having a transition temperature of O°F.

Subsequent examination of this heat revealed that the as-rolled

grain size was appreciably finerj as compared with the other heats

finthis series. A careful study of the melting, forging, and roll-

ing records failed to satisfactorily explain this difference.
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The transitim temperature was determined from the keyhole

Charpy impact data by taking the temperature at the point on the

temperature-Charpy impact curve where it crossed the 20-foot-

pound level. In using this procedure it was realized that it

is open to question; howevera no altogether satis~actory proce-

dure has “beenagreed upon by those working in this field. A

typical examp~e of the Charpy impact data is shown in Figure 3*

All Charpy sgecimens were taken with the long axis in the direction

of rolling and were notched in the direction perpendicular to

the original surface of the plate.

From Table 25 it will be observed that the Charpy impact
,.

transition temperatures of the Class A steels all fall between

‘2°F0 and -16°F.,with the exception of Heat A-23 which was -16°F.

This heat also had the lowest transition temperature of the group,

as determined by the tbar test. (See Appendix for complete data.)

The Charpy impaattransition of the Class B steels fall

between -16°F. and -38°F. Heat B-69 which has the lowest Charpy

trans~.tiontemperature also had the lowest tear-test transition

temperature. The Charpy test, howevera in this cases did not

indicate the marked difference between Heat B-6 and the other

heats in this group as the tear test did.

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

that 200-pound semiskilledlaboratory heats can be produced with
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sufficient reproducibility to justify their use in studying the

influence of chemical composition and deoxidation upon the character-

istics of ship plate.

lNTLUENCE OF FINISHING TEMPERATURE AND GRAIN SIZE

Since the fine as-rolled grain.siz~ of Heat B-69 2.S compared

with the other heats in this =?iesg B-2 to B-59 i~~~usivet ~~P=~~d

to kw a marked Influence upcm the transition temperature as deter-

mined by th~ tear test? it w~~ decided *C further investigate this

subject. In order to eliminate the possibi~.ties of variables

other than grain size, as established by the finishing temperature,

a heat o:~Class A steel was forged to a l-3/’%-inchslab and then

divided into three parts. These parts were then processed to 3/k-

inch plate$ as previously described with the exception that each

piece was heated to a different temperature prior to the final pass

through the rolling mill? these temperatures being 1650°F.~ 1750°F.~

and U3~0°F. The object was to vary the ferritic grain size by

clhangingthe finishing temperature. A heat of Class B steel was
..;.

processed in a similar manner.

The,chemical analyses of these two steelsf together with

other pertinent data~ are shown in Table 3*. It will be noted

that there is a fair correlation between the finishing temperature

and as-rolled grain Sizep as shown by the photomicrographs in

Figure k.



TABLE 3 e CHEMICAL AITALYSISAND PR.OP~IIITIESOF &I’EELSM&DE TO STUDY
THE INFLUENCE Ol?FINISHING TEMPERATURE ,—

Grade Heat Comnositiorl,%
~~ s SI N

A

B

A6%2~ 0,21 0.%2 o.oY+ oio29 0;02 0.004

A6365 0.19 0.9~ oeo2~ o.02~ 0006 oGoo4

Finishing Yield Tensile Yield Strength/ Elong, Tear-=Test
Grade Heat Te~;*s Strength Strength$ T~en;~e Strength in&8V’$ ;:~{~it~;n
of Steel Noe . psi. psi.., * o a. L 9 *

A A6k2b 1650 37$950 57Y200 66.3 :;:: + so
11 !! 1750 34,650 ~7,600 60.1 +~~
11 !t 1850 34~000 58,250 58.4 29:0 +95

B A6;65 1650 40,1’50 6%~OOG 62.8 29.0 +10
!1 1750 38,650 p;g;: 60.7 32.0 +20
II ?1 1850 38,150 59.8 31.5 +40

I
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(ClassA Sieel)

1650”F 68674

1750”F 68671

1850”F

FIGURE 4.

68675

MICROSTRUCTURE

1650”F 68673

1750”F 68672

1850”F 68669

FINISHED AT 1650, 1750, AND
A AND CLASS B STEELS
1850°E X 100
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As would be @xpect@d$ the I%ifddng tampershme did~ in

the c$se of both graib of’s%eel~ influenee ihe yield strength-

tensile strength ratios this ratio decreasing slightly with in-

mzmfid!finishing temperatnra. ?ht~ effect ~a~ most noticeab~

in the Class A steel.

The most pronounced effect of varying the finishing temp-

erature was nolx$$iin thetransitio.n temperature which increased

as the finishing temperature was raised. Of the two steels% the

Class A appearad to bs the more sensitive; increasing the finish-

ing temperature from 16’~Q°F.to 1850QF. rais~d the transition

temperature 45°F. Uhder s$milar conditions, the transition tem-

perature of the Class B stsel was raised 30°F*

These results indicate’that the transition temperature
.

is influenced to a marked extent by the finishing temperature.

lt also appears that the Class A steel is more sansitive to changes

in the finishing temperature thap the Class B steel? but ac!ldi-

tional data are required to camfirm this point. A comparison

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

these two grades showed that the highgr finishing temperature,

1850°F.$ produced yield strength to ultimate strength ratios

most similar to those of the commercial

therefore$ to use the 1850°F. finishing

mainder of this investigation, protiided

could be obta”ined.

product. It was d@cided

temperature in the re-

consistemt properties



REPRODUCIBILITY OF LABORATORY STEELS
FINISHED AT 1850”F.

.

Before continuing this investigation, it was considered

desirable to repeat the series previously made to determine the

reproducibility of laboratory steels, using the same melting

and processing procedure as pre+vi,ouslydeseribeda with the ex -

ception that the finishing temperature was raisad from 1650°F.

to 1850°F. and a slightly heavier reduction was taken in the

final pass. The slabsvere reduced from 9\10 inch to 3/4 inch

in the last pass following reheating to 1850°F.

The chemical analysis of this second series of five Class

A and five Class B steels is listed in Table 49 analyses being

shown for the top and bottom of each ingot following rolling

to 3/4-inch plate.

k the Class A steels, We carbon content in four of the

heats is between 0.21 and 0.23 per cent, and the manganese in

all five heats is within the limits of O.~ and 0.49 per cent.

The carbon

tweem 0.19

‘lyo The

and manganese contents of the Class B steels are be-

and O*23 per cent and 0.74 to 0.83 per cent, respective-

remainlng elements, phosphorus sulphur~ s~.licon~

and nitrogen$ all fall within relatively narrow limits and are

present to about the same extent as in commercial steels.

The tensile properties of these steels$ together with

the transition temperatures, as determined both by the tear

test and from keyhole Charpy impact data, are listed in Table S*.

* See Appendix for complete data.

,... —
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TABLE 4. CHWICAL ANALYSIS OF CLASS A AND CLASS B
TYPE STEELS IWd2JETO STUDY THE FLEPRODUCI-
BILITY OF LABORATORY STEELS. FINISHING
TEMPERATU!3E*1850°F.

.—

Identification
of Steel

‘Grade Heat Location Composition, Z _.
of Steel No. —’r 1°_ of Sam~le._C s Si N

Class A A6555

Class A. A6556

Class A A6587

Class A A6650

Cl-assA A6705

class B A6557

Class B A6584

Class B A6588

Class B A6641

Class B A6651

0.22
0.22

0;2’3
0.23

Oopo
0.25

0.22
0.22

0.22
0.21

0.22
0.22

0.20
0.21

0.23
0.20

0.20
0.19

0.19
0.19

0.47
0.%8

0.016
0.017

0.025
0.024

0.07
0.06

0.004
0.003

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

0.45
0.44

0.025
0,025

0006
0.05

()● 004
0.005

0 “017
0.018

0.005 I
0.003

0.0s1
O.O11

0.023
0.025

0. 02k
0.022

0.45
0.48

0.04
0.04

0.005
0.003 -’

0.01-2
0.012

0.004
0.004 ..

0.49
0.49

0.016
0.017

0.025
0.025

0.05
0.06

0.006
0.004

I0.76
0.75

0 ● 017
0.016

0.025
0.025

0.07
0.07

0.014
oo~14

0.005
0.004 ~

0.78
0.75

0.021
0.023

0.07
0.07

0.o@+
o*02\

0.005
0.004

0.80
0.79

0.011
0.012

0.07
0.06

0.04
0.04

0.004
o*004

0.016
0.016

0.023
0.022

0.024-
0.023

0.01
0.01

0.006
0.005

0.75
0.74

0.017
0.017



,!
J,

TABLE5. TINSILE AND TRANSITION-TEMPERATURECHARACTERISTICSOF
CLASSA MD CLASSB-TYPESTEEISMADE TO STUDYTHE
REPB~IK?IBILIT’YOF LABORATORYSTEELS. FINISHING
TEMPERATURES- ~ SOW *

I
-—

I
Identificatlon TensileProperties Tear-TestProperties CharpyImpact(2)
0!/Steel ~- Tensile Elong- MaximumEnergy(l)Energyto(l) Transition Transition

Grade Heat Strew$h, psi% Strength, in W, Load, to Start, Propagatep Temp,$ Temp.~
of Steel No. Upper* L0m3r* psi. % Lbs. Ft.-Lbs. F1/w-Lbs. “F. “F.

Ck38J! A6555 38,850 36,050 62,700 27.5 37,920 810 750 !30 +12 I
I n N A6556 37,95o 35,000 61,600 31.0 38,230 790 690 70 +4 I

n u A6587 35,4oo 34,45o L650 29*5 35,920 690 680 100 +12
I

I n ~ A6650 35,600 34,250 60,550 28.0 36,740 820 640 70 %5 I ~
I

U ~~A6705 37,050 35,900 63,000 24.5 36$ZO 760 580 60 ‘5

ClassB A6557 36$Z00 35p500 618700 30.0 40,250 960 910 70 -13

n n A6584 36,35o 35,400 61,950 30.5 39$450 85o 700 70 -6

n ~ A6588 35,559 34,900 62,350 28.0 39,010 940 782 70 -20

n ~ A6641 36,550 35,35o 62,$50 24.0 39,910 890 660 83 -25

n ~ A6651 37,200 35,700 62,300 28.5 38,590 $8o 720 70 -24
.,— “—

I FootnotaEIon follomkg page.
I
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Footnotes for Table 5

Note:- Keyhole notch used in Charpy specimens.
* Upper yield strength - the maximum strength before

“drop of the beam”,

** Lower yield strength - lowest strength during “drop
of the beam”.

[1) Average energy of tests made at 10°F. higher than
transition temperature.

(2) ‘Temperatu~-eat which impact strength is 20 ftrn-lbs.

.

.
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The tensile properties of both classes are fairly uniform and “

in the range expected for steels of this composition.

The tear-test transition temperatures of the Class A steels

are all between 60°F. and 80*Fe with one exception, Heat A6J87,

which has a transition temperature of MXI°F. The data from the

keyhole Charpy specimens did no% show this difference in be-

havior of Heat A6~8y$ as indicated by the tear test. Using the

Charpy impact data, the transition temperatures of these Class

Of the five ~lass B steels~ four have a tear-testtransi-

tion temperature of ~O”l?.and oqe 80°F. The keyhole Charpy data
o

indicate transition temperatures from -6 F. to4?%°F.

FTomthe a“bovwdataa it may he safely concluded that 200-

pound s~mikilled ingots of both Class A and Class B steels can

be made in tlm laboratory with sufficient reproducibility that

they can be used for investigating the influence of chemical

composition and processing upon stx?d quality.

INFLUENCE OF CARBON, MANGANESE. PHOSPHORUS,

SULPHOR. SILICON, AND VANADIUM

The influencs of chemical composition in both Class A

and Class B type steels was studied by varying the carbon, mqn-

ganese~ phosphorus sulphura silicons and vanadium contents

within the limits shown in Tabl@ 6. Only one constituent in

each heat was varied from tha nominal composition as listed

in Table 69 so that the effect ccmld be readily determined.

.-



TABLE 6. \NOMINAL COMPOSITION OF CLASS A AND CLASS B TYPE

Nominal Composition of Class A and Glass B Tyue Steels

.—
,, ,
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AISCJ5 in order to continue the investigation of the ef-

fect of finishing temperature, while studying the influence of

chemical composition the first series of eight heats made to

determine the effect of carbon amd manganese contents was fin-
0

ished at 1650 F., while th~ rwnainder, including additional

heats for studying the effect of carbon and mangar~ese, was fin-

ished at 18500F.

The chemical analyses~ tensile properties~ and transition

temperatures of the first eight h~at~~ fi~i~h@ at ~650°F09 are

listed

B type

listed

in Table 7X.

Similar data for the fifteen Class A and fifteen Class

heats made to study the effect of the six constituents

above and finished at 18J0°F. are shown in Tables 8 to

113 hchstv=$ the heats “beingg~oup~~ in these tables accord-

~IIgtO the constituent being studied.

Carbon,

The effect of carbon content upon the tear-test transi-

tion temperature for Class A type steel is shown in Figure 5*

These data show that the transition temperature increases

rapidly as the carbon content is raised. For the steels finished

at 1.8Y.)*F.~an inc~ease in carbon content from 0016 to ~03J P@r

cent raised tha transition temperatwa from 60°F~ to 120°1?0

The carbon content has a similar influence upon the steels

* See Appendix for complete data.



TABLE7. COMPOSITIONAND Mechanical Properties OF*LABORATORY PLATES SHOWINGTHE

EFFECT OF CARBON AND MANGAt4ESE(1)- THE FINISHING TEMPERATURE WAS1650 F

Tensile Properties

Identification of
Tear Test Properties

Chemical Analysis
Yinld Charpy

$tee I Strength,
Energy Energy to Impact

Composition, per cent
Tensile Elong. Maximum Propagate Transition Transition

F~c?u;e~ ‘2) Fra;tur%(2) Te:p,Grade Heat Location
psi

Strength, in B’, Lwd, Temp, (3)
of Steel No. of Sample C M. P~s Si N Upper* psi percent lb, ft-lbs F

m

9

i

-1

m

r

r

m

(Carbon Series )

Class A A6293 TOP

Bottom

Top

Bottom

Tap

Bottom

Top

Bottom

0,12 0.49 0.019

0.12 0.48 0.015

0.025

0.025

0.04 0.005

0.04 0.004

35,600

43,450

41,150

50,650

36,000

45,800

36,550

45,55Q

51,7m

72,950

62,100

84,300

56,050

72,400

56,900

69,050

36.0

26.0

31,5

23.0

33.0

28.0

31.5

30.5

37,610

39,810

41,660

47,380

1280

620

980

690

1270

480

830

560

+10

+90

+20

+80

–9

Class A A6294 0.37 0.53 0.018

0.36. 0,55 0.018

0.024

0.025

0.03 0,004

0.03 0.004

+77

Class B A6155 0,22 0.87 0,022

0.18 0.86 0.019

0.35 1.02 0.019

0.33 1.02 0.020

0.028

0.025

0.024

0,024

0,02 0.005

0.02 0.006

0.04 0.004

0.04 0.006

45

ClassB A6292

(Manganese Series)

Class A A6295 690

720

760

8&3

TOP

Bottom

TOP

Bottom

Top

Bottom

Top

Bottom

0.20 0.29 0.0t8

0.20 0.29 0,018

0.19 1,30 0.020

0.22 1.27 0.019

0.25 0.37 0.021

0.18 0.38 0.015

0.025

0.026

0.024

0.024

B.026

0.023

0.03

0.03

0.07

0.05

0.01

0.01

0.004

0.004

0.006

0.004

0.005

0.004

35,810

47,390

37,480

47,800

790

1160

990

1310

+90

+m

+60

+20

+28

z

b-l

+

-1

c

•1

m

ClassA A6296 -66

Class B A6159 +21

-75Closs B A6306 0.t6 1.48 0.023

0.19 1.40 0.021

0.024

0.025

0.09

0.04

0.006

0.004

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

(1) Plates were hot ro!led to 3/4-inch thickness.

(2) Average energy of the tests mode at 10 F higher tfian transition temperature.

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

t ,,
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TABLES. Composition AND MECHAN!GAL PROPERTIES OF LABORATORY PLATES SHOWINGTHE

EFFECT OF CARBON AND MANGANESE(l)- THE FINISHING TEMPERATURE WAS1850 F

Tear Test Properties

Identification of
Tensile Properties

Steel
Chemical Analysis

Yield Strength,
E:I:~) Energy(’) Tran- “’?{j~)

Composition, per cent
Tensile Elong. Maximum to Propagate sition

Grade Heat Location
psi s ition

a
Strength, in 8“, Load, Fracture, Fracture, Temp, Temp,

of Sfeel No, of Sample C M. P s si N Upper’ Lower’ psi per ten+ Ibs ft-lbs ft-lbs

>

F F

i
-1

m

r

r
m

(Carbon SeriesJ

Class A A6539 Top

Bottom

Top

Bottom

TOP

Bottom

Top

Bottom

0.16 0.42

0.15 o.4t

0,018

0.017

0.028
0.027

0.02
<0.01

0.004
0.003

31,850

41,300

33,000

40,900

34,050

42, 8XI

33,100

43,850

30,750

38,5WI

32,000

40,100

33,05$J

42,150

31,450

43,400

53,300

72,900

54,400

75,100

58,400

74,200

55,100

72,350

30.5

21,0

28.0

24.5

29.5

23.0

30.5

24.5

35,820

36,470

38,490

40,970

930

520

1270

640

690

570

1110

610

60 +10

120 +75

40 –24

90 +19

100 +36

70 –60

90 +26

60 –38

Cfass A A6596 0.35 0.50

0.34 0.48

0.14 0.77

0,)4 0,76

0,016

0,015

0,011

0.011

0.023

0,023

0.024

0.023

0.06

0.07

0,07

0.07

0.003

0.004

0,004

0.003

Class B A6586

Class B A6597 0.33 0,79

0.31 0.81

0.017

0,017

0.024

0.024

0.06

0.07

0.004

0,004

(Manganese Series)

class A A6589 Top

Bottom

Top

Bottom

Top

Bottom

Top

Bottom

0.22 0,26

0.22 0.26

0.24 1.31

0.24 1,24

0.016

0.016

0.024

0.025

0.07

0.09

0.004

0.005

35,180

45,490

34,110

46,820

820

950

840

970

670

830

740

850

Class A A6598 0.019

0,014

0.026

0.026

0.07

0,07

0.004

0.004
z

b-l

i

+

c

Class B A6590 0.19 0,22

0,19 0.22

0.015

0.015

0.027

0.026

0.04

0,05

0.004

0.003

Class B A6599 0.21 1,46

0.20 1.47

0,013

0.0?7

0.023

0.022

0,07

0.06

0,004

0.004

4

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

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

(1) Plates were hot rolled, fo 3\4-inch thickness.

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

(3) Temperature at which impuct strength is 20 ft-lbs.



TA3LE9. COMPOSITIONAND Mechanical Properties OF LABORATORY PLATES SHOWINGTHE

EFFECT OF PHOSPHORUSAND SULFUR(l) - THE F[NlSHlt4G TEMPERATURE WAS1850 F

Tear Test Properties Chari3v

Identification of
Tensile Properties

Steel
Chemical Analysis

Yield Strength, E::rg~~ Energy(’) Tram ‘“E$S)

m Grade Heat
Composition, per cent

Tensile Elong.

Locafian
psi

Maximum to Propagate sition

Strength,

P

in 8“, Load,
of Steel Ho. of Sample C Mn P s

Fract we, Fracture, Temp,
Si N Upper* Lower* psi per cen~ Ibs ft-lbs ft. Ibs F

sition

Temp,

F

+

80

110

110

60

90

110

60

50

+ (Phosphorus Series]

m

r Class A A6135

r

m Class A A6652

Top

Bottom

Top

Bottom

Top

Bottom

Top

Bottom

Top

Bottom

Trip

Botfom

0.23 0.49

0.22 0.47

0.19 0,49

0.24 0.49

0,28 0.47

0,22 0.49

0.012

0.009

0.038

0.038

0,058

0,049

0.022

0.025

0.020

0.024

0.028

0.026

0.04

0.03

0,02

0.02

0.06

0,07

0,004

0.004

0.007

0.005

0.004

0.004

34,750

37,39

39,650

36,000

38,600

40,800

38,600

37,400

33,100

36,250

38,500

34,1 m

36,550

38,250

35,550

36,150

59,100

64,000

67,250

61,6%

64,750

67,4%

62,000

62,150

28,5

23.5

21.0

28,5

25.0

23,5

26.0

28.5

35,380

38,730

38,120

38,820

39,710

41,150

710

850

730

940

880

880

700

580

640

690

750

640

-1

+20

3 Class A A6706

m

+50

z
Class B A6638

o
0.016

0.015

0.018

0.022

0,023

0,023

0.05

0.05

0.06

0.06

0,007

0.004

0,005

0.004

0.16 0.80

0.18 0.75

0.20 0.76

0.19 0.76

-24

m
Class B A6653

>

r
Class B A6655

0,046

0,045

–11

0,13 0,81

0.19 0.81

0.052

0.054

0.016

0.022

0.10

0,04

0.010

0.005

+10

z

(P

+

+

c

+

m

(liigh-Sulfur Steels}

Class A A6647 Top 0.20 0.53 0.017 0.038 0.07 0.006

Bottom 0.22 0.54 0.016 0.046 0.07 0.005

TOP O.~ 0.83 0.017 0.046 0.08 0.005

Bottom 0.19 0.81 0.016 0.044 0.07 0.005

36,390

39,090

700

900

670

720

+10

–24Class B A6646

* Upper Yield Sfrerrgfh - The maximum strengfh before ‘drop of the beam”.

Lower Yie!d Sfrength - Lowesf strength during “drop of the beam”.

(1) Plates were hot rolled to 3\4-inch fhickness.

(2) Average energy of tests made at 10 F higher fhan fransifion temperature,

(3) Temperature af which the impacf sfrengfh is 20 ft-lbs.

.,,
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TABLE 10. COMPOSITIONAND MECHANICAL PROPERTIES Or- LABORATORY PLATES SHOWINGTHE

EFFECT OF SILICON(l) - THE F!NKHING TEMPERATURE WAS1850 F

Tear Test Properties Charp

Identification of Tensile Properties 7

Steel
Chemical Analysis Energy(*) Energy

-— Impact 3)

Yield Strength,
(*) T,~~- Tran-

Grada Heat
Composition, per cenf

Tensile Eiong. Maximum

Location
psi

to Start to Propagate sition si*i On

Strength, in Bw,
of steel No. of Sample C M.

load, Fracture, Fracture, Tempt Tempt
P s Si N Upper* Lower* psi per ten? ibs fr-ibs ft-Ibs i= F

m

>

-1

+

m
i-
r

m

z

m

c

0

JJ

P

r

z

m

+

-1

c

•!

m

(Sil icon Series)

Class A A6602

Class A A6594

Class A A6657

Class A A6696

Class B A6603

Class B A6595

class B A6695

Class B A6697

Tap

Bottom

0.24 0.5?

0.22 0.51

0.01!

0.010

0,019

0,017

0.027

0.027

0,021

0.021

0.02

0,02

0,11

0.11

0.15

0.14

0.004

0.003

0.003

0,003

0.004

0.004

32,950

35,700

33,650

36, 6XI

36,850

36,150

36,700

37,800

33,550

37,100

34,200

37,400

37,59

38,350

38,450

39,050

60,000

62,450

63,350

67,200

64,900

63,400

64,300

66,950

30.5

30,0

26.5

26.0

23.0

27.5

26,5

29,5

36,290

38,270

38,140

40,390

39,090

40,870

42,120

42,390

770 690

810 830

840 650

800 740

870 730

1020 720

940 710

,,

970 730

80

80

70

70

80

40

30

60

+14

-7

-2

–28
I

;

-29

–43

–57

–29

Top

Bottom

0.22 0.48

0.21 0.48

0.019

0,017

Top

Bot+om

Tap

Battom

0.23 0.48

0,23 0.49

0.25 0.55

0.24 0,54

0.016

0.016

0,015

0.016

0.023

0,023

0.31

0.31

0.005

0.005

Top

Bottom

Top

Bottom

Top

Bottam

Top

0.21 0,84

0,21 0.84

0.016

0.018

0,022

0,022

0,03

0.02

0,13

0.12

0.004

0.003

0.004

0.004

0.20 0.83

0,20 0.80

0,017

0.017

0,024

0.024

0,~ 0.84

0,19 0,83

0.19 0,85

0.016

0.014

0,024

0,025

0.16

0.16

0.004

0,004

0.015 0.023 0,29 0.005

Boftom 0.19 0.86 0,016 0.023 0.29 0.005

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

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

(1) Plates were hot rolled to 3/4-inch tlrickness.

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

(3) Temperature at which impact strength is 20 ft-lbs.
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TABLE 11. COMPOSITIONAND Mechanical Properties OF LABORATORY PLATES SHOWING

THE EFFECT OF VANADIUM(l) - THE FINISHINGTEMPERATURE WASIB50 F

Identification of

steel

Grade l-l-at

of stoe I No.

Chemical Analysis

Location
Composition, per cent

of Sample c Mn P s Si N v

Tensile Propwties

Yiald Strength,

psi
Tensile Elong.
Strength, in 8“,

Upp*r* Lower* psi per cent

Tear Test Proper?ios

En*rgy(2) Energy(2) Tram

Maximum to Start to PrOpagat* s it ion

Load, Fracture, Fracture, Tampj
Ibs ft-lbs ft- I bs F

Charpy

Ire::;(’)

sition

Temp,

F

i
-1 (Vanadium Series)

m

Class A A6642 Top 0.22 0.50 0.016 0.022 0.07 0.003 0.06 44,950 40,850
r

r
Bottom 0.21 0.49 0.015 0.023 0.09 0.004 0.10

m ClassA A6368 TOP 0,21 0.48 0.019 0,026 0.04 0.003 0.09 45,300 44,450

Bottom 0.23 0,49 0.016 0.027 0.03 0.002 0.09

x ClassA A6366 ToP 0,19 0,49 0.015 0.022 0.06 0.002 0.20 57,300 53,900

m Bottom 0.23 0.50 0.015 0.028 0.04 0.002 0.18

L

o Class B A6643 TOP 0.20 0.82 0.016 0.023 0.10 0.003 0.08 43,900 42,550

m Bottom 0,19 0.81 0.016 0.023 0.08 0.003 0.08

> C[ass B A6644 Tap o,18 0,83 0.016 0.021 0.08 0.004 0.12 51,2WI 48,900

r Bottom 0,20 0.82 0,016 0.022 0,09 0.003 0.12

Class B A6645 TOP 0.18 0.80 0.016 0.023 0.10 0.003 0.20 63,000 60,2XI

Bottom 0.20 0.78 0.017 0.021 0.10 0.002 0.19

67,900

68,000

78,400

68,550

73,200

85,050

23.0 39,080 650 620 80 +15

25.0 40,760 640 670 100 +10

20.0 45,800 51U 510 160 +73

22.0
k

42,210 800 760 70 -25 ~

1

18.5 44,100 690 780 100 –20

15.5 52,060 530 550 160 +70

z .— .—L——

m
● Upper Yield Strength . The moximum strength before ‘drop of the beam”.

+ Lawer Yield Strength - Lowest strength during “drop Of the beam”.

+ (1) Plateswe,ehatrolled to 3/4. inch thickness.

c
~ (2) Average energy of tests made at 10 F higher than transition temperature,

PI (3) Temperature at which impact strength is 20 ft-[bs.

,
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depresses the transition

69 it will be noted that

feet in the Class B type

temperature about 30°F. From figure

the carbon content has a similar ef-

steels~ but apparently slightly less

pronounced.

Manganes@

The influence

temperature is shown

of manganese cmtent ~pon the transition

in Figure 7. It ik significant to note

that increasing the manganese lowers the transition temperature

by an appreciable extent .inboth ~ld$Class A and Class B type

steelsw Th&flg&,,#@@E i~~$~,~&es tlm effact ~f $in.iihiug

temperature.

The relationship between yield strength and transition

temperature in the Class A type steels where the strength level

was controlled by varying the carbon content is illustrated in

Figure 8. These limited data indicate that increasing-the yi~ld

strength 8000 psi. by raising the carbon content increasing the

transition temperature about 80°F.a or roughly 10°F. per 1000

psi.

Similar data

steels in which the

manganese content.

are shown in Figure 9 for the Class A type

yie~d strength was varied by changing the

In this casea it will be observad that in==

creasing the yield strength 800CIPsi.a by raisingt&y?mmgansso

content? lowered the transition tempmature about kO”F.

-/ .,,.,,
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While the relationship bstwwm yield strength and tran-

temperatur~, as influenced by carbon and manganese con-

tent, is based on limited datal so that the absolute values ar@

not too significant, these data do indicate that the most de-

sirable yield strength to transition temperature ratio is achiev-

ed by obtaining a considerable

from the manganese content and

miniimlmm

Silicon

It appears that silicon

gortion of the required strength

reducing the carbcm content to a

content has little or no ef-

fect upon the transition temperatures of Class A type steels

as illustrated in Figure 100 From the data in Figure 11, it

aypearst howevery that increased silicon content of Class B.

type steels

temperature

temperature

up to about 0.20 per cent lowers the transition

while additional silicc?ncauses the transition

to increase. In the case of killed steels,

Rinebolt and Harris
(5)

report that, as the silicon content is

increased above about 0.26 per cent, the transition tempera-

ture iS raised. This a~pears to be in agreement with the results

obtained from the higher silicon Class B type heats.

,:

ph~s~horus

The data in Figures 12 and Is show that the transition

temperature is very definitely raised by increasing the phosphorus

.
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content$ the effects being similar in both classes of steel.

The indications are that the range of phosphorus content that

may be encountered in commercial ship pkte is sufficiently

broad to have perceptible effect on the transition temperature.

Sulphur

The indications are, fmm the limited data, Vnat su~-

fur has little effect on~ or may possibly lower to a slight

extent~ the transition temperature of Class A and.Class B

~?lPestee~so From these dataa as illustrated in Figures 14

and 1~5 it appears that

commercial steels would

transition temperatu~e.

Vanadium

the range of sulphur encountered in

have no significant influence on the

Vanadium was found to have a pronounced effect upon the

transition temperate, especially with additions of more than

about 0.10 per cent. This effect of vanadium is shown in Fig-

ure 16, which ihdicates that the addition of 0.20 per cent va-

nadium raised the ‘transitiontemperature by about 80°F. How-

ever, the marked influence of vanadium upon th@ yield str@ngthy

as shown in Figure 17, must be taken into consideration when

evaluating vanadium as an alloy.

,. .-
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The data presented in this paper show that 200-pmiridsemi-

skilledlaboratory heats can be made with ample r~producibility

for use in studying the influence of chemical composition and

deoxidation upon the transition-temperature characteristics of

ABS Class A and Glass B plate steels.

The transition temperature of steels of the Class A and

Class B types was found to be progressively raised$ and to
.’

an appreciable extents by increasing the carbon phosphorus

and vanadium contents within the limits studied in this in-

vestigation.

Limited data indicated that increased sulphur did not

raise th~ transition temperature but possibly lowered it,

In the range in which.sulphw occurs in comercial steels$

it would not be expected to have a significant effect.

IM order to establish definitely the effect of silicon

Content$ more data are needed.

The transition temperature was definitely lowered by in-

creasing the manganese content in the range cove~ed in this

investigations The transition temperature was also lowered

by decreasing the finishing temperature of the hot-rolled

plateY the effect being quite pronounced.

This investigation is being continued under Contract

NObs ~~23$17Index No. NS-011-078. -,-,
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TABLE I-A TENSILE-TEST DATA FOR CLASS A AND CLASS B ~
STEELS IN REPRODUCIBILI~Y STUDY OF LABORATORY
STEELS FINISHED AT 1650 F~

Grade Yield Tensile Elon ation
of Heat Specimen strength Strength ill8 in.,

Steel No a N-timber Dsi. “Osi0
d;

—.—

A-1

A-2

A-3

A-%

A-5

B-2

B-3

B-%

B-5

B-6

~65800
37,-W

(51,poo
61,500

25.0
18.o

Class A

Class A

class A

Class A

Class A

Class B

Class B

Class B

Class B

Class B

31.5
3395

38,700
38,900

60,500
609700

31.0
29.5

37,200
38,200

60 ~100
58,700

1
2

58,900
58,900

37’530~
38~ooo

29.5
28.5

38,700
38,500

59,200
59,000

1
2

5?,800
58,000

3599~o
35,500

1
2

61,500
61,500

31,0
31.0

1
2

35$900
36,500

J9$600
60,200

31.0
30.5

42,700
40,100

63,300
64,500

30.5
30.5i’

4.3,000
42,600

63Y200
63,200

33.0
32.0

1
2



+.+.

TABIE1-B. NAVY TEAR-TESTDATAFOR CLASSA AND cL&S B
STEELSIN REPROI)UCIBIL1;YSTUDY OF LABOMTORY
STEEISFINIS~D AT 1650F.

—— —.—r.
Testing Wxirmm Ener~ to Energyto $ Shear

He8.t Specimen Tempemture5 Load start Prop8~ate in
~~~be~ Number ‘F. Pounds FraCtur~j Fracturej Fracture

Ft,-Lbs. Ft. -Lbs.
-..-.=,..— .—l———.— .—..

API AIT1
Alrrl
AIFI
Alol

AIP1
HN2
A152
AlR2

A1P2
mm
Alm
Am?

~~~
AIQ1
Km
A101

AIRl
ALU
AIQ2
Am

A-2 A2T2
A2c1
A2J?2
A2H1

A2H2
A2J2
QG2
A2B1

A2Jl
A2K1
A2B2
.42K2

30
30
30
30

.&O
40
40
l@

50

;:
50

60
60

~

Room
Room
Room
Room

30
30
30
30

&o
1+0
ho
@

50
50

$

3s,600
39,000
40,050
39,650

39,450
39$450
38,500
3’7,ft50

389150
39,150
37,550
38,100

4~,550
39,550
3’7,,4.00
39,450

37’,250
38,900
38,200
38,400

39,000
39,300
39,65o
39,050

38,100
3’7,750
38,400
37,950

.33,100
39,250
36$650
37,350

850
900
907
933

$33
933
8oe
925

807
890
807
774

mm
960
841
892

75$
900
865
$24

850
850
921j
e75

825
$30
816
800

950
908
’741
691

4-2
67
!58
58

158
557
159
625

649

6;:
633

750
592
1180
616

65L3
816
835
$07

58
17
25
17

6$
108
75

985
993
6!38
708

.

5
10
10
10

7;
5

100

85

10:
90

100
50
100
85
loo .>

100
100
100

;
5
5

10
100
5
5

100
100
100
100

.’

---

:

I
1“



TABLE1-B (Continued]

TESTING MAXIMUM ENERGYTO ENERGYTO % SHEAR
HEAT SPECIMEI?TEMPERATUBEY LOAD START PROPAGATE IN
NUMBER NUMBER ‘Fm Pom FRACTURE, FRACTURE, FRACTURE

FT. -LEE. FT. -LBS.

mtr.k
A2U2
A2N2
&2D2

A-3 !.331
Jim
A3F2
AyJ2

A3C2
43C1
A3%11
A3K2

A3Gl
A3H2
A3F1
A3D2

A3E2
A3Kl
A3T2
A3V2

A3WL
A3S1
A3R2
A3Rl

A-h A4U2
AfJ12
A@l
A4W

Al@
A+/JKL

A4G2

30
30
30
30

l+o
40
.40
40

50
50
50
50

E
60
60

Room
Room
Room
Room

20
20
20
20

3C
30
30
30

37@G
37,L50
37,150
3~,050

39,100
3$,150
3~,600
37,450

33,750
38,050
36,550
36,850

36,400
36,650
35,750
38,050

37,350
37,250
37,400
35,75~

35,550
36,050
36$000
36,450

37,350
3s,400
39,300
38,W20

38,900
36,650
39.150
3$,100

pa
77’5
783
808

800
$07
807
750

666
757
716
749

667
725
700
816

808
816
825
717

658
708
70$
700

816
$&?
925
$75

824
741
‘s00
841

433
650
683
675

17
33
100
17

5$
58
25
92

b;:

Lo$
75

55$
625
550
633

667
667
733
667

67
67
67
150

~

7%

100
100
100
100

2

2
2

5
5
5
10

10;
55
5

85
100
100
100

100
100
100
100

10
10
5
10

5
100
5

100
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TABLE1-B (Continued]

— ..$,—
TESTING MAXINUM ENEMY TO ENERGYTO :;;~SHEAR

HEAT SPECIMEN TEMPERATURE LOAD START PROPAGATE IN
NUMOER NUMBER 9. POUNDS FRACTURE, FRACTURE, FRACTURE

FT. -LBS. FT. -LBS.
.—.——

A-@-l
UG1
JL!@l

A4J2
A4VI
A4E2
JLLM1.

A-5 A5T1
A5K2
A5Vl
A5L2

A5H1
A5B2
A5J1
A5L1

A5PI
,AiQ
A5Vl
A5H2

A5Q2
A5P2
&~2
A5C1

I!@
4.0
40
L,o

50

%
50

z
60
60

Room
Room
Room
Room

20
20
~o

20

30

;:
30

40

E
40

50
50
50
50

36,600
36,250
383700
37,$50

36,550
37,650
35,~50
38,000

37,650
35,500
37,600
37,400

36,900
34,950
36,25o
36,6cftI

39,~50
39,100
3$,500
39,750

40,550
35,250
39,700
3$,700

37,950
36,350
37,150
38,200

36,500
36,9oo
36,75o
37,450

966
7,42
908
$25

757
815
:;;

833
675

F6

775
700
750
707

925
850
925
891

1024
683
;;:

907
766
m8
958

857
865
$07
947

666
350

6;??

607
616
8?0
a

615
70$
700
625

600
657
616
65o

42
67
75
67

17
325 ,
@
42

75

r;
642
.

33 ‘
725
644

100
ho
10
100

100
100
100
5

100
100
100
100

100
100
100.
100

10
5
5
5

3:
5
5

5
100
100
90

10
100
100
5

-.

.— —.
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TABLE1-B. (Oowbinued]

TESTING MAXJJWM ENERGYTO FJJERGYTO %SHEAR
HEAT SPECIMEN TEMPERAT~ LOAD STM3T PROPAGATE “
NUMBER NUMBER w. Pom FR{CTURE, FRACTURE, F&;TURE

FT. -LBS. FT. -LBS.
—

A-5 A5112
A5R2
A5B1
A5V2

B-2 B2Ml
B2TI
B2E2
B2P1

B2N2
B2F2
B2N2
B2NI

B2RI
B2S3
B2Q2
B2UI

B2V2
B2F1
B2Ql
B2Vl

B2S2
B2P2
B2M2
B2EI

B-3 B3S2
B3Q2
B3E2
B3S1

B3B1
B3K2
B3R2
B~Q1

36,550
37,150
37,~~u
y7,$@L

~o,,300
39,500
&,600
39,850

&o,loo
40,700
39,100
49,350

38,600
37,050
39,000
37’,600

36,550
33,000
3J9;;;
2

37,550
379000
373&5Q
37,500

.@,050
41,15(3
41,300
40,950

42,300
41,350
40,800
41,800

$25
g,~~
900
925

M&2
958
W@
3016

IOLJ
1082
925
1200

1o16
925
1075
924

W?
9.4s
900
907

94’2
908
’932
875

833
1050
1010
1025

1175
1000
957
1000

;flg

750
@

67
17
67
33

5;:
25
100

100
700
83
717

691
725
6’74
700

6$%
692
\@ ~~
W?

75
25
33
58

108
58
25
7’58

100
100
100

Llfj

5
5
5
5

5
90
5
10

5
100
5

100

100
95
100
100

100
100
100
95

5
5

;

5
10

10:
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TABLE 143 . (CONTINUED)

BEAT SPECIMEN TESTIN~ MAXIMUM ENERGYTO ENERGY.TO $ SHE.AR

N’WiBER NUMBER -W-, Lo~, START PROPAGATE TN

‘1?. POUNDS FIWTURE, IIW2TURE FR$CTURE

42,850
g, 100
41,750
~~,~~o

40,950
40,450
39,550
39,@o

39,40~
39,700
41,000
39,350

38,800
40,000
3q900
39,700

40,$03
40,750
~o,800
&?,700

38,6U0
42,450
41,200
41,700

40,S50
41,100
40,000
41,450

39,000
40,100
40,300
40,450

X217
1082
983
950

841
575
742
659

90
85

100
100

B-3 B3AI
B3D2
B3W2
B3U3.

30
30
30
30

40
@
./+0
40

50
50
50
50

Room
I!k)om
Room
Room

10
10
10
10

20
20
20
20

30
30
30
30

40
40
40
ho

583
100
683
200

7’0
5

100
25

1050
1026

933
965

100
100
100
100

875
957
1058
932

750
682
716
649

B3K2
B3T1
13302
B3Vl

w
707
$07
625

100
100
100
100

e75
1008
975
1032

1040
1000
lUO
u15

E
42
33

5
5
5
5

B-4 B4R2
B4J2
B4B1
B4B2

10
10 ,
5

100

875
1075
1050
105$

133
100
25
717

B4QI
W@
B4K2
B4GI

691
201
815
582

90
20

100
70

1232
1025
90$
1015

B@2
B@2
B@2
B4JI

90
5

2..
100

925
992
983

1025

64.2
75

6;:

134Q2
B4C91
B4G2
B&

-. .—.—



HEAT SPECIMEN TESTING MAXm ~VZRGYTO ENERGYTO $ -SHEAR
NUMBER NUMBER TEMPERATURE LOAD, START PROPAGATE IN

‘F, POUNDS FRACTURE, FRACTURE F~CT~
FT. -LBS. FT. -LBS.

——,—

B@l
B@l
BhTl
B.&?

B-5 B5C2
%5?2
B5TI

B5Q1
B5U2
B5P1
B5SI

B5S2
B5%l
B5F2
B5B2

B5G2
B5Q2
135El
B5B1

B5D1
B5E2
B5D2
B5F1

B5R2
B5R1
B5GI
B5V2

B5N3.
B5G1
B5U1
B5N2

;:
50
50

:0
0
0

10
10
m
10

20
20
20
20

30
30
30
30

40
.!@
ho
Lo

;:
50
50

Room
Room
Room
Room

39,65CJ
39,95~
38,050
Y9,600

44935(3
45,100
&,800

45,100
43,300
45,100
44,250

44,400
45,500
45,450
45,650

44,@30
44,300
45,700
44,750

43,9’50
44,350
U,loo
44,400

41,300
40,950
42,200
40,550

41,750
42,65o
41,800
41,600

1000
1000
925
1032

1075
I.I&o
1090

XL24
1000
1065
1065

1058
1150
1140
1158

1000
1158
1072
1099

1KL7
m
1L!+2
115$

1025
892
992
891

925
1091
891
883

732
666
683
749

92
9.%

850

5~
33

72:

6?;
575
175

125
724
$67
833

50$
25

U;:

642
742
675
5$3

883
7L2

100
100
100
jgo

5

10:

5
10
5

100

;;
80
10

5
100
100
100

70
5
10
100

100
100
100
100

100
100
100
100

.-
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TABLE 1-B. (COilTINUED]

HEAT SPECIMEN TESTING MAKMIM ENERGYTO ENERGYTO z SHEAR
~~u!~~ER NUMBER TEMPEMTURE LOAD, START PROPAGATE IN

‘F. POUNDS FRACTURE, FR4CTURE FRACTURE
FT. -LBSJ. FT. -LES.

.

..

B-6 B6E2 990 75 5“10 44,750

1334
742
m

100
100

5

B6D2
B6Vl
Mm

o
0
0

4.?+,700
42,050
42,000

1017
916
$Ll

1060
966
1040
925

666
716
733
65$

100
95
100
100

10
10
10
10

44,400
449250
43,100
42,500

80$
1000
942
94”2

6$4
734
72-5
766

100
100

1%
B6V2
B6Sl
B&l
B6F2

20
20
20
20

41,550
42,550
@, 900
44,650

867
667
966
807

100
100
100
100

B6TR
B6X2
B6LI
B&l

30
30
30
30

40,550
~o,650
44,45~
44,3Q0

833
775
1050
lo~o

766
733
716
692

100
100
100
100

42,250
@, 1.50
43,250
42,100

933
907
983
941

800
633
$90
783

100
100
100
100

B6GI
B6W2
B6H2
B6G2

50
50
50
50

41,250
39,250
41,900
42,500

924
1025
933
990

817
$33
$83
942

6$3
732
6$3
633

100
100
100
100

..

B6S2
B612
B6T1
B@2

Room
Room
Room
Room

39,65o
39,500
40,100
40,550
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TABLE 1-C CHARPYIMPACTDATAFOR CLASSA AND CLASSB STEEISIN
REPRODU~IBILITYSTUDYOF LABORATORYSTEEIL!3FINISHED
AT 1650F.

Heat TestingTemperature, chn~.
Number

Y Imuact Stren~th.Ft.-Lbs.
F. lst.Test 2nd.Test 3rd.Test 4$lLTest

Al
$
20
0

-20
-40

A2

A4

A5

B2

:
20

0
“=20
-=I!+o

E
20

-20
.40
40

30
29
23
4
4
5

E
24
20
5
2

35
25
11
7
19
3

34
28
28

6
5
5

32
27
24
22
24
15

28
27
21
5
17
2

30
24
23
16
19
3

33
30
27
21
19
3

40
36
33

;
2

34
~’g
27
24
21
3

32
32
21
25
21
u

28
25
21
23
3
2

;;
25
24,
3
3

42
37
33
17
3
2

.--. —. —
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Table l=. (Continued)

Heat TestingTemperate, Ghn.r~

Number

B-3

B-4

B-5

B-6

E
20

-20
-40
-6o

42 39 39 40

35 38 36 @

33 35 30 29

25 27 31 28
18 15 25

z 2 2 2

80 ho 42 35 3?

ho 35 37 35

20 ;: 33 32 29

-20 6 25 9 29

-40 5 21 5 26

-60 2 3 3 2

48 3$ ,42 43

: 43 42 38

20 3L 33 ;: 35

-20 27 30 33 ’29
-~o 31 25 32 26

-6o 3 3 3 3

39 m a 40

E ;8 33 ~o 34

20 3$ 35 33 32

-20 33 29 29 33
-/!&o 25 23 25 L
-60 4 2 3 20

.—
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TABLE2-B . TEAWTEST DATAFOR.CLASSA AND CLASSB STEELS
MADE TO STUDYTHE IKFLUFJW3OF FINISHING
TEMPERATURE

Testing Energyto Ener~ to
Spec5men Temp., Maximum Start Prbpagate ~ Shear

Heat No. No. OF. load Fracture Fractme, in
Lbso Ft, -Lhs. Ft. ‘~bS. Fracture.——,—,,.———

A4.$24 A24C2
(class A A24A2
finishd
at 1650°F.) A24CI.

A24BI
&?4D2
A21@.

~-6424 B24c2
(ClassA
finished B2J&2
:.t1750°F.]B2@2

B241?1
B24J)1
B24C1
B24B2

~“uh ti”24A2
(ClassA
fintshed C24c2
at 1850°F.)

C24D2

c 34C1

c24Al
Gq,Bl
C24H2
C24D1

40
y3

50

60
60

70
‘7CJ
70
70

50

60

70

90
90
90
90

36,850
36,250

36,700
36,35o
‘37’,400
37,4.00

3(5,500

37~200
36,350

35,45@
36,350
35,800
36,250

35,700

34,900

35,’750

353900

359~5~
35,W0
35,000
35,150

1025
859

907
e93
975
97’5

933

1050
983

?l~
1008
983
96?

916

858

893

907

10W3
1033
793
807

150
133

675
859
641
659

125

608
75

6/!1
616
;::

108

L17

125

117

750
625
233
708

5
5

100
100

100

5

lCO
5

100

;;
100

5

5

5

5

100
100
25
100
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TABLE2-A. TENSIL&~ST DATAFOR CLASSA AND CLASSB
STEELSMADE TO STUDYTHE INl?LWNCEOF
FINISHINGTEMPERAT~

FINISHING YIELD

GRADE HEAT SPECIMEN TEMP., STRENGTH TENSILE

OF STEEL No. No. %. ‘oSi. STRENGTH
Upper Lower psi.

ELONGATION
IN 8 IN,%

Class A A-&2b 1 1650 38,000
2 379900

ClassA A.6&~ 1 1750 34,300
2 35,000

CSaseA A4&2.$ 1 1$50 34,3Q~
2 33,’700

ClassB II-6365 ; 165o 40,000
40,300

ClassB A-6365 1 1750 39,000
2 38,300

classB A-6365 : 1850 38,500
37,800

3L, 80C
35,000

32,800
33,100

33,300
32,300

39,600
39,70C

37,300
37,700

35,900
36,7oo

57,200
57,200

57,6oo
57,630

58,800
57,700

64,000
&,ooo

63,700
63,700

63,500
@,200

31.5
31.5

31.0
31*O

29.0
29.0

29.5
28.0

32-5
32.0

32.0
31.0



TABLE2-B. (continued)

ENERGYTO ENERFITO
TESTING M4XIWM START PROPAG.4TE% SHEAR

SPECIMEN TEMP., LOAD, FRACTURE, FRACTURE “
HEATNO. No. OF DS. FT. .L~. FTO-L~. FRA&E

A-6365 A65112
(GlassB
finishe~ A65B2
at 1650F.)

A65D1
A65cl
A65A2

10 4$2,,100

42,000

43.,850
‘JJ, m
42,650

41,400

‘@, 450

43,100

41,650

4~p45Q

41,300
41,$00

40,700

40,$00

40,200

39,850
40,550

40,250
39,450
40,250
40,150

1075 X25 5

20 1209 825 100

xi
20
20

1090
1159
1X24

757
566
?91

10CI
10LI
100

A65A1 1150 ’708 100

A65Bl 69240 100

A6365 B65131
(ClassB
finj.she~B65GI
at 1750F.)

E65D~
B65B2
B65D2

20 11.81 1.42 5

30 1075 791 100

11.00
1033
1108

$33
816
916

100
100
100

A-6365 C65cI
(ClassB
finj.she~c65E2
at 1~50F.)

c65A2

20 1033 15$ 5

392

30 15

c65AI
c65EI

1140
1075

45
5

c65c2
c65Bl
C65D1
C65D2

50
50
50
50

1008
101$
1008
1033

95

E
90

.—
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TABIE 3-A. TETSILE-TESTDATAFOR CLASSA AI!DCLASSB STEELSMADE
TO STUDYTHE REP~ODUCIBILITyOF LABORATORYSTEE~
FINISHEDAT 1850F.

YIELDSTRENGTH ~NSI~

GRADE HEAT SPECIMEN Psi. STRENGTH, ELONGATION

OF STEEL lml’MBER NUMBER uPPER LOWER mi n- $ IN..%

.

,1

A6555

A6556

A6%!7

A6650

A67Q5

A6557

A65g4

A65zW

A(6Q

A6651

37P500 36j100
40,200 36,000

28.0
27.5

ClassA

ClassA

ClassA

ClassA

ClassA

GlassB

ClassB

ClassB

classB

clphssB

61,500
61,700

32.0
30.0

37,300 34,$00
3$,600 35,200

1
2

30.0
29.5

61,200
62,100

35~300 34,200
35,500 34,7~o

27.0
29.5

35,300 34,100
35,900 3L9400

60,200
6Q,900

1
2

62,500
63,!500

22.0
27.0

36,700 35,~oo
37,4oo 3630@0

1
2

..

61,600
61,300

30.0
30.0

36,1oO 35~300;r
36,300 35)700

1
2

31.0
30.0

61,900
62,000

36,4oO 35j500
363300 35,300

1
2

35,400 34,~o
359700 35,000

62,100
62,600

1
2

62,900
62,$00

2$.5
19.5

36,1oO 34,@o
37,000 35,900

62,000
62,630

28.0
29.5

369200 359700
38,200 35j700

1
2

— —



TABLE3-B. NAVYTEAR4ESTDATAFORGLASSA ANDCLASSB STEELS
MADETO STUDYT% REPRODUCIBILITYOF LABORATORYSTEELS
F1~~IS~l)AT ~350F.

Energy—to Energyto
Testiw Maximum Start Prop~~ate % Shear

fjo

I@

70
70

80
80
@l

90
90
90
90

50

60

70
70

80
80
$0
80

50

60
60

70

80
30
80

90
90

Heat Specimen Temperat&e, Load Fracture Fr~c~ure in
Number Number ‘F. P~~d~ Ft. -Lbs. Ft. -Lbs. Fract~e
A6555 GI 37,700 775 33

El

H
Mz

F3
LI
X2

L2
E2
F2
G2

A6556 El

G2

M2
H2

E2
F2
Ll
11:1

A65i37 S1

R2
P2

IvII

Q2
S2
RI

m
Ql

38,950

36,500
38,500

3$>500
37,600
38,500

36,900
38,000
38,150
37>800

3$,700

3$,LO0

3’7,000
38,500

38,500
3$,250
3$3200
383250

36,45o

36j900
~73300

379200

37,30G
35,?00
34,700

35,950
35,950

750

591
y~~

908
71’6
783

725
$75
ss~
Wo

865

783

675
583

808
757
733
850

725

833
%33

858

eoo
733
55$

784
733

3

15

100
10

100
100
10

95
100
100
100

5

15

100
10

100
95
100
100

3

90
5

5

100
10
100

100
10
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TABLE3-B. (Continued”)

ENERGYTO ENERGYTO
TE~‘r~jG MAXIiUM START PROPAGATE % SHEAR

HEAT SPECIMEN ‘YEMFZIULTUE LOAD, FRAGTUREY FR!lCTURE, IN
~~ER ~~t~]~E~ POUNDS FTO*L=. FT. .~ . F~CT~
A6587 Pl 100 35,050 625 65o 100

M2 100 35,300
N2 100

g 110
110

#3 110
#& 110

A6650 NI 70

.46705 W! 60

LI 70
m 70
Q2 70
m 70

A6557 F1 50

F2 80
H2 go
G2 80
J2 80

A6584 M2 50
P2 50

35,600

35940~
35,150

37,550

35,800
37,200
36,600
36,550

36,100

35, @Q
37,000
37,000
36,000

40,400

41,050
38,7’00

40,300
40,400
ho, 600

40,350
39,250
ho,750
40~650

39,550
40,550

65$
7’00

725
675
683
692

y~y

858
W@
767
800

817

783
$l?
750
700

992

97’5
866

960
875
900

1073
g92
1060
815

917
950

633
133

7L7
65o
65$
6$3

133

592
750

575
650

66

616
600
733
383

108

71.6
133

725
6g3
125

707
742

1050
1X24

792
100

100
15

100
100
100
100

5

100
100
100
100

5

100
100
100
100

5

100
10

100
100
15

100
100
100
100

100
3

.. I

.-



TABm 3-B. ~CONTINtJED)

—-——.
ENERGY ENERGYTO

TESTING hMXIMUM TO PROF.AGATW%SHEAR
HEAT l!JUILBERSPECIMEN Temperature LOAD START FRACTURE, IN

NUMBER ‘F. PCUNDS FRACTURE, FT.-LBS.FRACTURE
FT.-&ES.

S2

N1
Q2
IQ
N2

60
60
60

70

.s0

z
so

39, 55Q
38, ?00
38,30G

383200
%3?’(I0
37,?00
39,100

616
725
158

3..25

!307
757

?&l
6(x)

—— .—



TABLE/$-B.NAVY TEAR-TEST
STEELSJMJ)ETO
AND MANGANESE.

-60-

DATA FOR CLASSA AND CLASSB
STUDYTHE INFLUENCEOF CARBON
FINISHINGTEMPERATURE- 1650°FO

Enqg to Energ to
speci- Testing Start Propagate

Heat men T mp.$
%.

I&lxinmlm Fracture, Fracturet % Shear in
No, No. had. Lbs. Ft. - Lbs Ft. -Lbs. Fracture

A6293 Cl

S1
.H2

In
Al
T1
E!

K!_
m
S2
G2

W?
W
T2
D2

m
:Hll
D2.
A2

M294 ~

RI
A2

DI
U2

(CarbonSeries’
393Wc 1540

389200 1308
399000 566

38,650 lJ#08
35,450 1040
38,500 U26CJ
39,35~ U31

369$50 1125
38,450 1375
37,250 1..23O
38,250 1275

36,850 li90
;;,;;; 1420

1240
39:050 2465

36,700 L210
37,000 X218
37,950 136o
33,000 940

40,200 533
.@,?00 !,.~F~,..’~lQ
40,700 691
409’750 691

39,050 633
39,450 675

33

8$3
1010
792
2400

900
1225

790
840

915
7’30
790
915

800
815
860
933

192
175
153
125

33
108

Lob
100
100
100

100
100
100
90

100
100
100
100

100
100
100
100

12
5

15

10
20

.



TABLE 3=B (Continuad)

ENERGYTCI ENZJ%GYTO
TESTING l!MXMM START pROPAGAm ~SHEAR

HEAT SPECIMEN TEMPERATURE~ LOAD~ FRACTURE FUCTURE, IN

NUMBER %. POUNDS FT. - LI?SqFT. - LN. FWCTURE

A658.4 PI
Ml

S?
R2

:

@
N2

A65%3 Q1
lIJl

R2

G2
K2

F2
‘lx!
K1
#l

60
60
60
60

qm
T(J

80
80
80
80

60
60

70

80
$0
‘%3
80
w

50
50
jo

60
w

70
70

!30
$0

90
90
90
90

39,6w.
.@,300
&0910(l
40~450

39,’850
39,750

3$,2%0
37,800
38,800
38$i+oo

39,0W
38,65’0

39,500

38,150
39,0!20
39,15~
>9,100
39,50~

lJ,550
.41,050
4.2,550

39,7W
40,100

40,6~o
40,900

%:;::

38,900
38,150
3$,500
38,900

933
975

:pi~
‘99.2

~zz‘5
;933

.9%
7’92
908
900

10 y)
925

958

%2
975

MxM
925
833

Z1OO
1083
1058

95~
992

m75
1o5$

825
90$

933
792
900
925

767
67

800
675

‘?5C
r rq,’JL

742
692
667
700

‘ 633
75

175

%7
742
708
‘W5
817

’775
533
117

133
73.7

883
X25

842
67

642
$17
550
633

100
5

10Q
95

IDO
65

130
100
100
100

10G
10

8

100
100
100
100
100

100
y:
5

10
100

100 ~
8

100
15

100
100
100
100

d
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TABIX3+. CHAWY IMPACTDATAFORCLASSA ANDCLASSB STEEE IN
REPRODUCIBILITYSTUDYOF LABOFWTO~STWJISFINISHED

HEAT !I!ESTII’JG TEMPERAT~ , CH&RPYINPACTSTRENGTH.FT.-LBS.

NUMBER ‘F. lst. Test 2nd Test 3rd Test Lth Test

A6555 75
60
40
20
0

-40

32
32
29
26
5
3

32
30
29
8
23
3

32
27
25
25
3
3

30
2$
22
9
3

;;
28
22
1$
3

31
25
19
3

42
39
35
33
6
3

39
36
30
8
2

32
31
29
24
24

3

33
30
29
28
23
3

30
28
27
25
3
3

33
24
23
19
3

37

E
21
9
3

32
27
19
2

0
37
35
33
24
8

39
37
9
20
2

n
28
27
24
4
3

A6556 75
60
~o
20
0

-40

A6587 30
27
25

9
3

30
29
23
23

4-40

35
32
28

6
5
3

120
75
40
20

,.4:”

A665G

30
27
20
2

32
22
1$
2

A6705 75
./+0

.4;

39
~o
35
34
25
3

ho
37
@
32
11
2

A6557 75
60
ho
20

-20
-60

40

;:
3
2

4.6584 75
40

.4:
+o

. . .— —.



Heat TESTINGTEI!JIFERATURlj~ CHARPTIMPACTSTRENGTH,_FT. =-LEE
Number ‘F. lst.Test 2nd Test——” 3rd Test 4th Test

A65W 75 3$ 36 38 38
@ 34 36 36 42
0 28 28 30 3CI

-20 27 27 22
“ho ,3 8 2 4
-80 2 2 2 2

.46641

~~ 38 37 39 39
40 38 36 35 37
20 33 34 35 35

31 33 32 31
-L; 3 $ 10 17
“$0 2 2 ~

..—— —- .....-—
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TABIE4-A. TENSILE-TESTDATAFORCLASSA ANDCLASSB
STEEISMADETO STUDYTHEINFLUENCEOF
CARBONANDMINGANESE. FINISHINGTEMFEILiTURE-
1650%.

Yield
Strength Tensile

Grade Heat Specimen rsi Strength, Elongation
of Steel Ho. No. Upper Lower psi.. in~In. J $

A-6293

A-6294

A-6155

A-6292

A-6295

A-&9~

A-6159

P.+:06

{CarbonSeries)
clam A

classA

ClassB

ClassB

m?.ssA

GlassA

Glass B

ClassB

1
2

1
2

35,700 32,900
35,500 32,700

~o,800 40,000
41,500 39,800

50,000 49,500
51,300 49,300

51,800
51,700

72,900
73,000

62,100
62,100

84,300
$4,300

36.5
35.5

25.5
26.5

32.0
31.5

23.0
23.5

(Manganese Series]

36, mo 34,100
; 35,800 34,000

I 46,000 U,800
45,600 4.4,700

1 36,400 35,600
2 36,7oo 35,500

1 45,800 45,200
2 45,300 44,900

56,1oO
56,000

72,400
72,400

56,800
57,0cQ

69,000
69,100

34.0
32.5

28.0
2$.0

31*5
3135

31.0
30.0

—.. —



SPECI- TESTING START PR~pAGA~

WSAT MEN TEMP.$ rJAxIm FRACTURE, FRACTURE ~ SHEAR IN

NO. NO. w. LOAD. LBSi, F’T.-LR9* _FT-ZES. FRACTURE_

B2
D2
T2
Id

A-6155R2
c1

B2

?31
m
In
P2

‘a
la
D2
Bl

A-6292IX?
A2
n
P2

PI
x2
F2

El

xl
S2

100
100
100
100

10
10

20

30
~o
30
30

40
I@
ho
40

!50
60
60
60

75
’75
75
75

60
60
60
60

75
75
75
75

80
m

37jooo
39,950
3990G0
39,2.X

~~y~o~

42,350

@3,590

43,W0
@ ~300
4.1,150
h].,700

.42,000
Q,600
1+1~150
42,100

.&2,800
42,~oo
41,100
&2,200

Lko,150
&o,350
1+13300
41,750

4~,250
4?,900
47,800
48,350

@,7’jo
465500
4$,150
49,400

45,200
469800

600
641
658
r!m

10s3
1050

1225

@l
1000
1000
1017

900
IW3
11OCJ
1075

Ul_20”
1250

975
1060

1025
1015
J-215

957

775
707
725
$33

$50
700
715
815

75$
691

100
100
100
Mm

3
5

3

100
100
100
YJO

loo
100
100
100

100
IQO““

100
100

100
100
100
100

15
10

22

63
100
15
15

10
50



-66”

TABLE4-B. (Continued’)

-—
Ener~ to Energyto .,

Speci==Testing st@?t Propagate

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

No. No. ‘F. Load.Lbs. Ft.-Lbs. Ft.-Lbs. Fracture

U2

:
S1

90
90
90
90

50
so
50
50

6Q
60
60
60

7’5
’75
75
7’5

90
90
90
90

100
100
100
100

m
10

20

30
30
30
30

46,300 666
46,250 700
#45’?,2Qo 675
&Loo 733

(ManganeseSeries)

37,250
36,700
36,450
36,100

37,400
36,600
36j~50
36,2oo

35,500
35$900
35j200
35,$50

35,000
34,900
35,250
‘35,600

34,650
34,200
36,15o
35,100

49,100
4$,$50

49,100

47,400
4$,150
48,250
47,7~o

&33
865
925
765

950
936
w 5

1000

833
933
$33
900

741
683
g:

760
7%
$16
808

XL@
1250

1190

lo@
1218
u?o~
1150

566 100
591 100
525 100
550 100

33
108
25
83

67
750
708
I-4.2

592
425

67
800

666
5e3
7&o
790

158
242

125

791
575
783
733

10
100
100

20

2

10:
100

100
60

10;

100
100
100
100

3
10

5

100
85

100
100

,



-..~~ _,,

TAME 4-B. (Continued’)

Energy to Energ to
Tssting start Propagate

Heat. Specimen Temp.~ Maximum Fractura Fractwea ~ Shear in

No. No. ‘F. Load.Lbs. Ft.-lbs. Ft.-Lbs. Fracture

40
40
@
@

60
60
60
60

75
75
75
75

J!@
40
J!@
~o

~o
50
50
50

60
60
60
60

75
75
75
75

0
0
c1
o

45#$oo
475’750
&83200
4~,im

Mi,loo
48,35~
47,150
479650

;;;::;

&i,l$iQ
46,9$0

37#o
3$,000
37,050
~g,800

3$,000
3$3750
3@$500
37,050

37~ooo
37,000
37,150
37,$50

37,250
36,000
37,900
36,000

4S,6Q0
499500
47,700
50,500

708
6>$0
sj~,~
690

690
8-75
707
690

692
725
725
766

92
92
5ti
92

708
7$
58
916

$5$
,333
765
707

6$0
960
690
690

1050
192
766
158

100
100
Km
Wm

100
3.00
~og
100

100
100
100
100

3

;
5

100
5
5

100

90
5

100
100

100
100
100
100

100

10:
5
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TABIJ?I4+3 . (Continued)

Energy to Energy to
Speci- Testing Start Propagate

Heat men Temp.~ lfaximum Fracture Fracture, % Shear in

No. No. w. MadP Lbs. Ft.-Lbs. Ft.-=Lbs. Fracture

B1
V2

10
10

49,550
L$$ 800

I@o
135$

10$
75

3
20

c1 20 48,350 1300 5

/@,900
48,300
46,250
47,950

IJ+25
1350
1290
1175

1000
825
~16
791

100
100
100
100

$
30
30

48$000
46,800
46p800
46,7oo

120s
GM
120$
1258

1000
$@
.875
867

100
100
100
100

C2
X2
vJ2
x2

$00
875
775
775

100
100
100
100

U2
Gl
4%2
xl

60
60
60
60

4~,250
48,500
48,300

107’5
1350
X%0
110046;/450

G2
ZI
H1
T2

L7975Q
47,500
46,2oo
46,700

U2Lpo
1320.
1080
3.2/$0

1050

E
907

100
100
mo
100
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TABLE4<. CHMPY IMPACTDATAFORCIASSA ANDf!LASSB
STEEISMADETO STUDYTHEINFLUENCEW CARBON
ANDMANGANESE.FINISHINGTEMFERAT@E- 1650%.

. Tasting.,
Teyp.> &~ ~m~ ct Strength. Ft.-Lbs.

Heat No. ~. 2nd Test. 3rd Test 4th Test

.,,

A-4293 so

$
6
5
3

20
19
15
u
4
2

&
45
39

;:

:

27
21
23
20
19
6

32
22
18
4
3

42
40
40
33
27
2

A-6294 1$
17
M
13
9
5

A-6155 43
4.3
:;

27
22
2

A&292 26
26
23
15
17
8

75
40
20

J

-40

27

13
6
3

(Manganese series)

A-6295 32
13

i
3

24
23
25

3
3

A-6296 ::”
m

-20
-m
-80

40
42.

;
Zg
2

&
45
36
36
16
a

.—
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TABIZ 44. (Continued)

Testing
Temp.f

Heat. No. ‘F. Charm Imnact Stxewth. Ft.-Lbs.
lst. Test 2nd-’Test Srd Test 4th !l!@t

-

(IVbgamse Series}



-71-

TABLE5-A. TENSILE-TESTDATAFORCLASSA ANDCUSS B
STEEIS MADE TO STUDY THE INFLUENCE OF CARBONO
AND NANWWSE. FINISHING TEMPERATURE -1850 F.

Yield
Strengths Tensile

Grade Heat
of Steel NO. No.

(31.msA

Class A

Glass B

class B

Class A

Class A

Class B

@lass B

A-6539

A-6596

A-6586

A-6597

A-6589

A-6598

A-6590

A-6599

(Carlmu Series)
313600 30,90 53,4~o
32~Ioo 30$6po 53,200

u,@o 40,000 ;:s~
39,000 3?,100 9

32,300 319300 53,m
333700 32,700 55,000

~:~ 41,200 75,600
39,000 74,600

(ManganeseSerim]

33,900 33,3~ 58,100
34p2m 32,$00 5$9700

43,200 42$600 75 ~loo
4.2,500 qmo 73 #300

33,100 32,000 55,2~
33,100 30 ,’w 55,000

44:4 43s500 722400
43, m 72>300

31*O
30.0

24,5
25.0

29.0
30.0

23.0
23.0

30.0
31.0

24.0
25.0



TABLE5-E. NAVYTEAR-TESTDATAFORCLASSA ANDCLASSB
STEELSMADETO STUDYTHEINFLUE1/JCEOF CARBON
AITDMANGANESE,FINISHEDAT 18!50F.

Energyto Energy to
Speci- Testing Maximum Start Propagate $ Shear

Heat men T mp.~
%

Load~ Fracture~ Fracture~ ill
No. No. o Lbs. Ft.-Lbs. Ft.-Lbs. Fracture

A-6539 BI

T2
L2

Dl

M2
Cll
T1
D2

Al
Ml
SI
Ll

A-6596 Q2

N1

~~

12

J31
M2
Ll
R2

A-6586 Ml
PI

R2

Q1

30

@
f!Jl

50

60
60
60
60

70
70
70
70

90

100

110

120

130
130
130
130

20
20

~o

40

3q850

36,100
35,300

35,300

34 ~900
369 10CI
35,850
36,350

34,900
‘35,400
35,750
35,050

373700

37,350

36,60o

36,650

35,~5~
35,650
35,900
36,7oo

39,250
39,600

38,900

37,90Q

1150

101$
$66

833

8’75
950

mm
$92

925
983
950
$58

608

542

558

500

525
466
508
583

12$3
IJ#o$

1350

1250

108

666
133

116

584
675
650
S66

100

50

1$3

533
525
567
667

567
208

292

100
5

5

100
100
70
10

85
100
100
100

10

10

15

40

100
100
100
100

75
10

25

5

.1
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TAB~ 5-B. (Continued)

EnerD to Ener~ to
Te~ting Ms2mUm star% Propagate $ Shear

Heat Specimen Temperature Load? Fracturej ~c~~$ fn

Number Number %. Pounds Ft.-Lbs. ●- Fracture

m.
P2
L1
m

3A6597 Ml 30

40P350 566 300 “4’5N2

No
100
100
100

@,35~ 617
09550 7’00
40,500 600
40,950 650

7’75
55e
65s
633

ManE&meae Series

800
$58
741
666

700
‘ 6$3

972
725
791
775

lo@

925
875
892

m
1183

t317
917

692
707
650
100

ml
100
100

la

363250
36,6Q0
35,500
3A#4~

A65g9 A2
C2
m
Ml.

70$
100

100
10

B2
M2

100
300

725
733
625
616

100
100
100
100

34@g
34,’mo
35,65o
35,450

4049250

Li 75 560 469450

100 ‘
95
30

46,800
-46,000
43,500

925
7$3
400

Q1
m
u

70
70
’70

$17 100
100
100
100

P2 so
80
So
80

. 817
392
800

w
m,
m“



{-7) ,_ / ,..,._

TABLE ‘5-PB. (Continued’)

Energy to Ener~ to
Testing Maximum Start Propagate X Shmr

Heat Specimen Temperature Load$ Fracture, Fracturea in
Number Number OF ~ Pmnd~ Ft.-Lbs. Ft.-Lbs. Frmture

A6590 R1 ‘w 34$150 $00 742 100

S2 90
90
90

825
$07
875

750
758
83

100
100

15
HI
F2

$07
775.
950
S15

650
866
850
600

100
100
100

33j15~
32,600
34,900
33,$00

100
100
100
100

2A6599 Ml 20 49,000 X292 125

46,850 1183 183 10N2

S1 i#o 46, S50 110$ 3

46,700 258Q2 50 925

R2
PI

1058
111$

333
550

20
50

N1
Q1
RI
M2

70
7’0
70
70

45,550
45,750

842
842
1042
1150

900
$58
75e
892

100
100
100

45,950
47,95~

.
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TABLE 5-0. CHARPY IMPACTDATA FOR CLASSA AND CLASS B
STEEISMADE TO STUDYTHE INFLUEfiTCEOF CARBON

. AND MANGANESE,FINISHEDAT 1850°Fo

TestingTemperature, CUlarPYImpactStYen~th,Ft.-Lhs.
Heat Number oF. lst.Test 2nd. Test 3rd.Test .$thTest

A65J9 75
40
m
o

-20
+o

G
34
27
6
5
3

A6596 75
Lo

‘4:

m
l-$

2

20 ‘
16

3
2

20
u

6
2

y5
62
56
38
‘“5
2

56
57

A65% 75
Lo
Q

-20
-40
“so

54
“46
49
37
4
2

55
50
44
7
6
2

52
39
,5
2

26
25
20

7
3

27
23
22
5
3

26
22
20
10

3

25
25
20
19
3

A6597

Manmnese Series

25
24
24
19
4
2

A6589 29
23
17
17
4
2

2$
,24
22

.:
2

%
22
1$
5
2

75
60
40
20

-4:

/!+1
3$
33
28
2

A6598 41
37
33
27
15



TABLE5<. (Continued.)

TestingTemperature CharnYIwnactStren~th.Ft.-Lbs.
Heat Nmber %. lst.Test 2nd. Test 3rd. Test 4th T.est

●
✎✌✎

A6590 75 32 35 30
60 “’;; 31 30 30

A6590 ho 2$ 21 29 26
20 6 22 25

4 13 ;
.4: 3 3 3 i

A6599 75 47 49 53
40 : 45 50 49

39 35 1+1 3$
.4: 5 31 5 32
“80 2 2 2 2

-.
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TABLE6-A. TENSILE-TESTDATAFORCLASSA ANDCLASSB STEEM MADE
TO STUDYTHEINFLUEITCEOF FH~PHORUS AND SULPHUR~
FINISHEDAT lg50°F.

L

Yield

Grade Strength Tansile
& Heat Specimen PSi Strength Elongation

Steel Nurkmr Number Upper lkwer psi. in81n. ~ %

.29.9
2s.0

Class A

Class A

Class A

class B

Class B

Class B

GlassA

Class B

A6135

A6652

A67C!6

A663$

A6653

A6655

A6647

A6&X5

34950~
359000

33,200
339000

59JWJ
59,000

36,500
369000

(%$,000
f5Lyooel

23.5
23.5

37,800
36,900

37,W3
39@o

67,300
67,200

22.0
20.5

397400
39,930

36,500
35,500

34,400
33,900

28.0
29.0

36,400
36,700

649700
64,800

24.5
25.5

39,100
38,100

ho,800
40,800

67,500
67,boo

24.0
23.5

383400
38,100

35,500
35,600

61,900
62,100

27.5
25.0

39,000
38,200

26.0
3100

37,800
37,000

36,400
35,900

62,400
63,900



TABLE6=B. NAVY TEAR-TESTDATAFOR CLASSA AND CLASSB STEEIS
MADE TO STUDYTHE INFLUENCEOF PHOSPHORUSAND
S~HUR, FINISHEDAT 1850°F.

Ener~ to Energyto
Testing MaXinlm start Propagate % Shear

Heat Specimen Temp&ture, Loadj Fracture, Fracturea in
Number Number . pounds Ft. -Lbs. FT.-Lbs. Fracture

A6135 D1

A6652 Hl

D2

E2

??2

D1
G1

32

El
HZ
Fl
J1

A6706 $

A663% N2

.

$0

90

:
90

60

70

m

go

100
100

110

120
120
1.20
no

110
no

120
120
y.

30

40

50
50
50
50

35,W

35,300
35,333
34,500
36,250

3’?,850

39,250

39,800

38,450

38,900
38;350

37,800

38,600
38,200
40,400
33,400

33,200
38,000

379000
38,200
33,100
39,200

39,100

39,100

39,250
40,450
39,350
39,550

&jo

7(H3
“;:;

750

717

850

96?

817

750
742

863

850
767
933
$50

$00
$00

667
;7;

733

825

log

933
3275”
1133
lo~:,

100

683
675
6’75
758

92

67

67

67

758
67

167

550
533
550
700

616
133

650
567
567
7e3

150

I-25

717
625
600
400

10

100
100
100
100

5

3

5

5

85
10

30

95
100
100
100

100
15

100
100
100
100

5,

10

100
100

E



-79-

TABJ.E6-B. (Contimed’)

Energy to Energy to
Testing Maximum Start Propagate % Shear

Heat Specimen Temperature, Load~ Fracture~ FractnreJ in
Number Numlxw ~. Pound3 Ft.-Lbs. Ft. - Lbs. Fracture

A6638 N1
Ml

P2
RI
QI
(S2

A6653 TI

N2
S2

Ql

PI
R1
T2
m

“!32

El
w

A6655 @

In

N2

F2

S2

In

Ql

Tl
R2
PI
T2.

60
60

70
70
70
70

50

60
60

70

80
.!30

;

100
100
~~~
100

50

60

70

$0

‘w

100

110

12e
120
120
J20

3$,700
37,650

37,700
3~, 500
38$400
38,100

39, ~50

40,850
38,600

40,300

3$,900
40,400
39,550
40,650

38,900
39,450
39;350
39,~50

41,600

41,000

41,65o

41,400

do, 300

40,950

41,6ao

39,~o
40,$00
42,000
41,600

992
892

925
983
$67
975

825

917
950

1033

850
992
942
908

917
$58
908
863

817

883

w

833

833

’933

950

$33
833
933
933

600
267

75’%
666
6%5
’691

150

80$
67

@

667
800
67
150

583
775
967
683

67

67

158

75

67

100

230

667
667
750
466

100
20

~~{)
~[JQ

100
loo

5

5
3

3

w
100

5
5

100
100
100
100

3

3

3

3

3

m

10

100
100
100

55

—.— .-



Energyto Energyto
Testing Maximum Staxt Propagate ~ Shear

Heat Specimen Temperature Load, Fracture, Fracture “
Number Number ‘F Poumds Ft.- Lbs. Fr;~ture

A6@7 Q2
P2
IQ

50
50
50

35,550
37,650
36,50c

825
$63
616

515
550
58

100
100
5

60L1 38,050 817 100

K2
Ml
P1
Q1

36,300
36,ooO
35,300
35,s00

717
675
675
717

675
600
@
?50

100
100
100
100

70
70
70
70

A6646 R1
Q2
It2

50
50
50

39,500
39~800
38,800

100
70
$

:
60
60

32,600
38,700

Q1
m
R2
L1

900
900
917’
983

733
725
7&2
683

100
100
10CJ
-&-Jo

38,900
39,350

— . — ..—



,

-a.

ZJLEW @. C13AEPYIMPACT DATA FOR CLASS A AND CLASSB
S- MADE TO STUDY THE INFLUENCE OF PH~PHW~
@ SUIIHUR, FINISHED AT 1850%.

e,

Tesking Teaperatur@~ ImmYY mm et Stie@h; Ft.=-Lt@.

H-t I#omber w. W. Test 2nd Test %d Test 4th Test

‘. A&706 75
40

-4

A6653 Eo
7’5
40
0<

-2(3
‘-40

46655

K!
34
33
26
3

35
35

27
22
“10
3

33
’26

.

—.— --.-—....
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TABLE64. (Continued)

Testing Temperature, Char~v Impact Strength. Ft.-Lbs.
Heat Number oF. 1st Test 2nd Test 3rd Test I+thTest

A6647 75
/!+0
20

.4:

A6646 75
40

.4;
“80

SuJ.~hurSeries

30
z 26
25 23
21 21

3 3

30 l&o
39 33
27 30
23 5

3 2

29
27
23

6
3



.>? 3
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DATAFORCLASSA ANDCLJL3SB STEELSMADE
INFLUENCEOF SILICON,FINISHEDAT 1850%0

TABLE 7-A= TWNSIIX-&T
TO STUDY THE

Yield
Grade StrengthJ Tensile
of Heat Specimen ~ stm@th, Elongation

Steel Number Number Upper Lower psi. in$ In., %

ClassA A6@?

ClassA A6594

classA A6657

~lzlssJ. A6696

..Ekasa1? ~6603

1
2

389200 37,600 65,$iio
36,900 36,100 6&OO0

21.0
25.6

class ?3 A6595
..

38,500 36,ZOU 64,200
3$,200 36,200 62,7’00

27.5
27.5

38,400 S7,WI 64,600
38,500 36,300 64,000

27p
26.0

38,~0 37,800 67,oOO
39,300 37,$00 66,800

1
2

29.0
30.5

,..

,—–



TABLE 7-B. NAYY TEAR-WEST DATA FOR CLASS A AND CLASS B ST!lWSMADE
TO STUDYTHE INFLUENCEOF SILICoNFINIS~D AT ~500F.

~
Testing Maximum :q*art Propagate % Shear

Heat Specimen Temperature Load, FracturajFracture h
Number Number %. Pounds Ft.-Lbs. Ft.-Lbs. Fracture

A6602 R2

Ql

m
L2
Q2

Pl
m
LI

El
I Ml

E

A6594 E2

w

N2
R2
QI

F1

N1
RI
P2
El

A6657 N1

Q2
S1
T2
P1

R1
N2
Q1
P2

50

60

70
70
70

m
80
80

90

g
90

50

60

70
70
70

80

90
90
90
90

60
60
70
70
70

30

%
80

37,800

36,95o

35,400
37,000
36,35o

36,400
35,900
36,75o

36,500
35,150
35,900
35,350

3$,650

37,900

38,650
39,200
3$,500

37,500

3$,650
37,000
38jloo
3$$EQ0

38,650
389300
38,550
37,65o
38,300

3~,700
37,900
37,750
37,450

850

900

750
825
825

767
784
817

716
70$
850
792

934

950

$33
825
867

867

866
825
775
775

Moo
717
692
800
853

167

92

65~
533
133

658
692

5$

617
833
642
670

92

25

600
Wo

67

200

950
750
~58
75$

125
100

g;

166

733
583
65o
65o

10

3

100
65
10

100
100
8

100
100
100
100

10

8

100
100
15

25

100
100
100
100

100
10
100
100
10

100
100
100
100



TABLE7-B. (GONTINUED)

Energy to Energyto
Start Propagate ZShear

Testing Maximum Fracturej Fractmre~ in
Heat Specimen Temperatures Load, Ft.-Lbs Ft.-Lbs. Fracture
Number Number OF. Pounds

A6696 m

m

l%?

A66Q3 P2

Ml.
B2

Q1
L1
N2
M2

I-2

‘w
P1
N1

A6595 P2
Q1
N1

R2
Ml
N2
Is

A6695 R1
S2

L@

q)

60

70

$0
%3
m
$0

5iJ

60
60

70
70
70
70

$0

90
90
90
90

30
30
30

L@

50

;:
50

20
20

~o,’ym

40,850

39,9Q9

&l,250

Ao,300
.!@#o
4oj200
@ ,750

39,850

39,900
40’,900

37,700
38,700
39,700
38,350

3$,700

39,500
38,$00
38,500
3$,500

42,050
40,700
40,900

41,250

41,200
38,500
413400
41,000

42,550
42,9!Y3

~y y

767

7U8

.525

7%7
833
80$
800

883

lo5~
1058

842
1033
3108
8?5

‘m

950
950
817
750

1068
900
$63

1000

1150
358
1025
1042

892
942

100

58

7$3
633
808
675

558
92

~

10

~

15

100
100
100
100

10

No
5

100
100
100

10

10

100
100
100
100

85
100
19

3

100
100
100
100

75
3



-86-

TABE 7-B, (CONTINUED)

Energ to Energ to
Testing Maximum Start Propagate xShear

Heat Specimen Temperature, Loadj Fracture Fracture, in
Number Number ‘F. Pounds Ft.-Lbs. Ft.-Lbs. Fracture

A6695 T2 30 42,150 $58 4$0 .45

42,100
41,050
U,m
41,65o

1025
$25
991
90s

716

E:
691

100

100
100
100

P2
R2
N2
T1

40
40
40
40

$92 125 3A6697 N1. 44,150

$3P2 30 u,~ 3,

917 100 5R1 40 43,050

633
775
208

100
100
5

41,800
43,1~
4.2,500

9@
1016
883

T2 “,,
Q1
In

50
50
50 ,:”

60 42,300 933 100 5S1

41,650
41,350
41,550
42,050

883
975
983
1025

741
741
758
675

100
100

70
70
70
70

T1

w
R2
P1

100
100

..

..

.——.. —.



TABLE74. CHARPYIMPACT
MADETO STUDY
AT 1S50%.

-~~m

DATAFOR CLASSA
THE INFLUENCEOF

MID CLASS B STEELS
SILICON,FINISHED

-—
TestingTemperature, CharpvImuactStremth,Ft”Lbs

H8aiNumber oF~ lst. Test 2niLTest 3rd,Test4t=st

A6594

A6657

A6696

A6603

A6595

..

A6695

Em
75
40

0
-20
-.lpo

75
40

0
-20
-40
-80

75
40
0

-20
-40
-80

75
40

-J
-$0

75
40

-4;
“$0

32
28
18
1(.)
2

L@

34
30
23
8
5

31
27
23
21
15
2

38
34
30
25
22

2

39
35
31
29
19

?%
~:~

25
20

3

33
32
28
26
19

4

40
31
28
24
15

4

33
27
24
23
16
“3

38
35
29
25
20

2

45
37
29
28

2

39
3~
n
27

6

31
py
20
yJ

3

~~
39
30
29

5

J!@
34
2$

25
6
5

32
31
21.,
26
19

3

38
36
27
26
4
2

45
37
32
28

2

39
36
31
2$

5



TABLE74. (CONTINUED)

TestingTempera-hrrs~Chamm Impact StrenEth.Ft.-Lbs.
Heat Number OF. lst.Test 2nd. Test 3rd.Test 4th Test

—— -



TABLE&A. TENSILEMTESTDATAFOR CLASSA AND CLASSB STEELS
MADE TO STUDYTHEIWLUENCE OF VANADIUM, FINISHESI
AT 18500F.

Yield
Strengthy Tens<le Elongation

Grade Heat Specimen psi. Wr’eugi.izj 5,.:1 s ho y

af..Steel MOo ND. Upper Lower’ $~~~o

Class A A-6642 1. 44,800 40,000 66,900 22.5

2 45,100 41,700 6$,900 23.5

ClassA A-636$ 1 45,000 44,500 6$,400 25.6
2 45,600 44,4Q~ 67, 6CQ 25.0

ClassA A-6366 1 57,3~o 53,700 7$,4~o 20.0
2 57,3W 54,100 78,400 20.0

classB A-6643 1 44,600 42,600 ;;,~: 23~s
2 43,200 42,5~ # 21.0

ClassB A-6644 1 51,800 49,500 73,?OQ 1s.5
2 50,700 48,300 72,7W 19.0

Class B A-6645 1 63,1m 60y’7m 1353J.oo 16.0
2 62,900 59,800 85#lm 15.0

—
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TABLE8-B
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NAVY TEARTESTDATAFOR CLASSA AND CLASSB STEELS
MADETO STUDYTHE INFLUENCEOF VANADIUM,FINXXED
AT 1850°F.

Energy
Energy

Testing Maxhum to Start Prop$ate % Shear
Heat Specinen Temp. Load, Fracture, Fracture, in
No. Noo %. Lbs. Ft.-Lbs. Ft.-Lbs. Fracture

A-6642 KI.

Hl
J2
K2

Jl
F2
G2
E2

A-636$ Z?

N2
B2

F2
P1
N1
C12

P2
El
A2
c1

A-6366 IIL

F2

C2

N1

B2

70

80
w
80

90
90
;;

eo

90
90

100
100
100
Mm

110
SLo
Xlo
110

80

90

100

llo

120

39,700

39,400
40,100
39,050

38,850
38,450
37,500
39,600

42,100

40,800
/!J,ooo

40,050
39,500
40,850
40,100

40,100
lJ,400
U,ooo
41,400

4$,250

46,750

47,250

46,550

45,650

625

663
767
600

708
65e
608
633

716

691
666

475
625
733
617

675
600
591
700

641

650

550

5U

67

125
517

5$

750
642
575
508

150

LJ6
557
716
617

&l$
64J-
$0$
600

167

75

75

50

92

3

9;
10

85
100

90
100

5

lm
5

50
100
100

80

lm
90

100
100

0

3

3

1

5

,!

.’

-,

-’

.,
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TABLE 8-B . ( Continued ]

ihergy %0 %ergy ~o

TestinR Maximum Start PropagateZ Shear
Heat L~adj I’racturejFr;c{ure~ in
No.

SpepirwnTemp~~tUre~
NO. Lbs. Ft.-Lbs. Ft.-Lbsa Fracture
D2 130 k5.,?~o 658 75 5
N2

F1

F&2
Dl
P2

442
c1
Al
m

Tl,

z
S2

&-66.4h m
N2

R2

m.

A-6645 NZ

CR

S2

46;850

L597m

459eoo

4<5$400
45,250
!&5#100

L&cKM
45,m
L3,2,50
44,7’00

Lk2,600
40,500
42,800
,LJ>,m

41,im
.I13,,qio
43,Mo
L~2~450

44,350
LA,600

L+l+,&oo

44,750

43,300
43,W
42,?50
44,550

54,300

51,700

49,200

60$

m

650

55$
~L@

591

566
55’/
L&
500

950
8$3
900
850

$33
yq
908
708

675
675

708

792

725
717
583
742

667

667’

667

e3

~..:~

ljc

&
1-,<..L,..,.,

60G
442?
l+50
54J=

625
742
742
67

750
84,2
800
65e

65cI
75

67

250

725
817
$75
717

1.07

133

333

P2 130 54,200 Too 83 0

.. — -. -..—...—-.. ———..— —...-..—.. -—
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TABLE$-B. ( Continued)

Energy
Energy to %

Testing Maximum to Start Propagate Shear
Heat Spectien Temp. Iaad, Fracture, Fracture, in
No. No. ‘F. Lbs. Ft.-Lbs. Ft.-Lbs. Fracth.re

ItL 140 53,200 $33 133 3

N2 150 52,700 65o 117 5
T1 150 51,800 600 100 10

T2 160 49,950 483 550 102
P1 16o 53,eoo 400 33 10

U1 170 49,9~ 517 517 100
S1 170 52,8U) 617 600 100
U2 170 51,500 467 5G3 100
E 170 51,700 517 517 100

.——,____ .. ___ — —

..
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TABLE$-C. CHARPYIMPACTDATA FOR CLASSA AND CLASSB STEWS
MADE TO STUDYTHE INFLUENCEOF VANADIUM,FINISHING
TEMPERATURE- 1850°F.

Testing
T~mp., Charpy Impact Strength$ Ft.-Ibs.

Heat No. F. 1st Test 2nd Test 3rd Test 4th Test

A-6642 75
40
20

.4;

A-63$11 75
40
20
0

-20
-40

A-6366 90
75
60
40
0

A-6643 75
40
0

-20
-40
-$0

A-66U
;:
o

-20
-40
-s0

( Vanadium Series )

30 29
26 2e
21 22
17 18
3 3

28 27
25 26
22
17

:

3
2 ;

22 22
20 20
17 17
7 8
3 2

40
39 ;:
2$ ~
27
24 11
3 2

35 35
32 ;;
g

20
5 4
2 2

30
25
23
1$
3

2e
24
21
19
3
3

45
40
2e
22

?

33
28
23
22

5
2

29
24
23

i

2$
24
22
16
u.

2

22
20
19

;

34
32
27
214

;
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TABLE&C. ( Continued )

Testing
Temp., Charpylupact Strength, Ft. -LbS.

Heat No. ‘F. 1st Test 2nd Test 3rd Test 4th Test

k=6645 120
75

( VanadiumSeries)

25
21

27
20

27
21

.,..

60 17 u U a
40 9 6 19
0 3 5 : 3

...

.

,.


