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SECOND PROGRESS REPCJRT

on

m.”-Instigation ON ‘THE IJJFLUEJJCE OF DJjox~fJTIoN Am
,.

CHlOIICALCOKPOJITION ON NOTCHED-BAR PROPERTIES OF
SENiIKILLEDSHIP STEEL

,-
to

; : , “j,
SHIP’iTRUCTURE COMMITTEE

,,.

via
.:,

,,,.
Bureau of Ships

,’.

Department of the Navy ...

,. by,, “, , ,-

.. ;’..
.,

,,

INTRODUCTION ,;,,~:,., f.,t,,

The performance of ship-plate stee~’in’w’eldedship struckks
... .

is close~y”associated with the ductile ~0”’’~”pi~~let~ansitiori tern:
,,. 4-

peratu;e ‘of-theplate steel. A“low transition temperature is

desi;.~ble.
:..:

‘Itindicates that a ‘steel‘will exhibit greater t;ugh:
,:. :...

ness ‘aJtIow:erambient temperatures.”’The transition temperatu~ej“;
,,..,.’ .,, ,, ,,

as defitiedin’%iis report, i-stfie”apparenttemperature at which’
.,, ,,, .

the ty~e’-~~fracture cliangbsf’kernductile to brittle for a speci-’
“. .. .,+-

fic ddki’~n’’of’specimen. ““‘Bo~h:~~’e’””Natiytea;-test specimen and the,*
,..

keyE6~&-&tch Charpy sp~cim’en“wereused. i~r that ~eason, t~&si-

..- tion’’te’rnpb”ratures’for ‘bothtypes of speb”irnensare reported. It

should be ‘r’erneh~eredthere are a’smany tr”an”sitiontemperatures

as ther’eare types’:andsizes of specimens.

‘~a~~’in 1949, the Bureau of Ships, on behalf of the Ship
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Structure,Committee under the guidance of the Committee on,Ship

Steel of the National Research Council, established a research

project9 Contract NObs.500207 for the purpose of studying the in-

fluence of chemical composition and deoxidation upon the transition I

characteristics and tensile properties of semi-killed ship steel.

In this investigation steels of two base compositions are being

studied. One of those contains approximately 0.25 per cent car-

bon and 0.45 per cent man~anese and the Other$ approximately

0.21 per cent carbon and 0.75 per cent manganese, Since these

base compositions approximate those for hull steel supplied in

accordance with current American Bureau of Snipping specifica-

tions under Class A and Class B9 respectively, the,steels in

this report are identified as Type A or Type B on the basis of ~

carbon and manganese content.+,’All plates prepared far this

study were 3/4 inch in thickness in order to permit direct corn-.

parison of properties. Th~.sthickness is9,however~ not char- ,“,.,

acteristic of commercial Class A steel. In practice? Class,A

steel is restricted to,pl.a-ke,s1/2 inch or less in thickness.

Previous work9 done ,on,ContractNObs-50020 and reported,..

in Ship Structure Committee Report SSC-49(,5)Yshowed that 200-.)

pound semik$lled laboratory,heats can be made with satisfactory. ..

reproducibility for use in studying the influence.of c~emical

cornpositioiland deoxidat,ionupon the transition-temperature ,.

characterisi:.csof’3#)+-inchplate. This earlier work indicated

I



that the transition

carbony pho4phorus9

---- 3-

temperatuiewas raised by increasing the ‘

dnd.vanadiun coi~tentswithin the limits ~

studied. Limited data also indicated that increasing sulfur

contents up to C.050 per cent did not aff6ct the transition

:telbperature.

..,,,Increased manganese contents were found to lower the transi-

tion te~perature. However? the interrelationships between carbon

and.manganese contents and toughness wdre not explored. More

data were also needed to:establish definitely the effect of sili-

con content. Prior data .indicated.that the transition ternpera-

,. ture was lowered by decreasing the finishing temperature

hot-r@led plate.

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

NObs-53239 and-is summarized hnd reported herein.

of the

Contract

Pmwi-mmm Mm TESCING OF LABOIiATORY STEELS. -... . ,,
The laboratory steelg were prepared from 200-pound induction-

furnace melts. The charge was melted unde~ an atmosphere of argon
,,

to insure low, uniform nitrogen c~ktents of the order found in
,.

commercial ship plate. After the charge was melted and the de-

sired temperature was obtainedf the melt was partly deoxidized

by an addition of’silicomanganese. This addition was made to,.

obtain consistent recovery of subsequent ferro-manganese and

I ferrosllicon additions. Carbon, in the form of graphite, was

added just pri”o~to tapping to rneet.theintended composition.
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The entire’heatwa$ poii~eddirectly into a 6 x 6-inch big~end~tip ~
,.. .,,

mold”and the ’ingot capped with a“steel plate when nece$saiy;“’””~he

killed steels were poured with a hot-top containing’~% p&’c&~~

of the total volume of the ingot,
.-.. .,.:..,....,:

The ingots were -processedby heating to 2250 I?9“fbllowedby

forging to ’slabs1-3/4 inches thick and 6 inches widQ’. After re.

heating to 2.250F$ the slab’Swere ‘Folled”toO.~-inch gageY using

reductions of approximatelyl:/6 i’hchtierp~si~ The -0.9~ib~h-gage

-plates were immedi~..tslyiecharged ih’a furnace held &’t“18~0F.

After 20 mir~utesor’rnc.mein the furmce ab 1850 F$ the plate$’”
-,.,

,.,,
were rolled to 3/k in’chin one pass- Following tlie”final pa;sz

the plates were stacked on edge on a brick floor, with a“‘brick
.:-.,

.. “

“-separatingone

Drillings

bottom of each

Duplicate
“..’,.’

from anoth,er. They were allowed”to cool”in air.

for cheujicalanalysis were taken “i’r&-mthe top’’”and

ingot follow’i.ngrolling. ....,. ....’.’...1.,..,,,..
standard plate tensile specimen,s.9.using the:full,,,,-

thickness qf the plate9 were prepared from each.heat. l?r~mthsse.. .,,,..:,”-.;.’,,,.,.,, .,,F ,. ,.,., . .

tests9 th~ upper and lower yield strengths9.the tensile strength,.,..,,-..... ‘:’,’. .’.’. ,,.,,..,..,. >.:, ,..
and the elongation were determined. The upper,yiqld strength-;...-..>.,. .,,,. ..,:,.-., .
is the highest-strength obtained before the drop,of.$he baa~~ while

,. :, !.,.
the low~r yield strqngthis,,the lgwest strength..afterthe drop,of

!.. :,.. . . ..
the beam and before thq qltimate strength.is,reached.,,The .elonga-.. ..., ., ...-
tion was m~asured,over an’&,inch g,agelength. , .;.,.- ,.’.,,, , ,., . ... ., .,,

The transition te.rnp.eratureof,.. ,‘L.-.,.;!..’,..
methodsi first9 by using the Navy

the steels was determined by.two
,.-,

tear-test specimen, and second~

.-
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from notched-bar impact data obtained from keyhole Charpy speci-

mens.

The tear tests were made using the type of

procedure describedby Kahn and Imbemb~(l). The

perature was defined as the highest temperature

specimen and

transition tem-

at which one or

more in a group of four test specimens exhibited a fracture area,

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

For the keyhole Charpy tests, the transition t~mperature

was defined as the temperature on the average temperature-

energy curve corresponding to the 20 foot-pound level.t Ail

Charpy specimens had the long axis in the direction of rolling

and were notched perpendicular to the original plate surface.

REPRODUCIBILITY STUDY

At intervals during this investigation ‘{standard’?Type A

and Type B steels were processed to aheck the constancy of ex-

perimental procedures. They ~rovide information on the repro~

ducibility of data for 200-pound sem$-killed heats made and tested

in the laboratory.

Results for five such steels processed in 1951 ar@ giv@n in

Table 1 and additional data are recorded in Table 1 of the Appendix.

All ~f these materials had compositions and properties within ranges

expected from results obtained in 1950 and reported previcmsly(5).

Table 2 summarizes the data obtained, during 1950 and 1951,

for eight Type A and seven TyNe B ‘tstmdard!lsteels. Obviously

.
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TABLE I, cwwck mALisls :AND i4EciANIcAL pROp*Iul E5 OF ‘TYPE A hD~:TYtiE B &E~Ls i:

IN REPRODUCIBILITY; ‘STUDY OF LABORATORY STEELS h4ADE: IN ;~95~: “ ‘: ;., .. ,..,,, ..;. . ,...,

.,,.
T~usile Properties .Teor~;Test ~ropet~es,.. - Charpy. .-..

,. -.:. El on-
———

Energy ,~~erg~’to “. : Keyhole
:.:

,, ..’.”. .
. . Yiel++,, Tensile”’ gation fo %a~t Propagate Trarr~ition Transition

(~)j ~&ture( 1), Temperature,Grade of Heat Cherni,calAnalysi.;<” per cent “. Streng+h,” psi Strength, in 8“, Maximum Fracture Temperature,

Steel No; C Mn “’>–” S’ S N “upper Lower psi per cen~ Load, lb ‘, ft-1 b, ,’ ff-l,b: F F

Type A A6650 0,22 0.46 “.0.012 0.023 0.04 Q,004 35,600 34,25~ 4:60,550 28.0 36,740 ~,-Jo:

TypeA A6705 0.21 0.4!9 6.016 0.025 0.05 0.004 37,050 35,900 63,000 24.5 36,340 - 760,-.

TypeA A7663 0.22 0.44 0.01s O.Ofi 0.03 kO03 35,050 34,500 61,100, 31.5 37,590 870

Type B A6651 0.19 0,74 0.017 0,023 0.01 “0..005 ‘37, ~0 35,700 62,300 28.5 39,090 880

Type B A76k4 0.~8 0,69 0.015 0.026 0.03 0~003 36,100 34;800 62,300’ 29.5 38,980 940

““.640’ 70 +24

580” 60 +-4 ~

i
790 90 i-23 ~h

,.;
730 70 –13

740 8g -7

,, ,.... . . .
(1) Average energy of the four ductile specimens broken at lo-degrees 1? above th~ transition temperate. - : ‘ ~~~ :

..

,.:,.
E?)Temperatureat:whiihtheKeyholeCharpy.&ergyis20 ft-ii: ‘~:

,., -

,, .< ,...;.-.
.,.
. .

,.

., ,..
.: .-.:: ,. .,..,... . .,
,.. . . :,

,., ..;
,,- -

,A.... \:: <,,
.... . 1L.

:.... .. ..:> ,. >”.
,;;..:-i

.... ...“,
.,. .., ,,..::

..“.

,..

..”

,,.
.. ,.
.. . .. ~.:

.,, . .. .
,. ..-.”

..
,..

... :..
.5
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TABLE 2: SUMMAR; OF PROPERTIES FOR ‘STANDARD- LABORATORY
., STEELS ROLLED AT 1850F, SHOWING REPRODUCIBILITY

OF DATA
. . . ,.

——...
Type A Steel Type B Steel

Property Average Standard Deviation(l) Average Standard Deviation(l)

‘,
.,, ,

,.

.,.

.

.!, . ‘“”
r,. . ., .,,.- ,., .,
Upper Ileld btrength, psl

,~’”

Ultimate Strength, Psi .,

E] Pngation in 8*, per cent

Trarisition “Temperature, F
Tear Test

Keyhole Charp y “ ‘

:.
Carbon, per cent .

Manganese

36,700

,.~,

61,800

28.o

75

‘ 14”

0.22

0.465

,+ .,..
1200

,.

1000,,

!,

13

8.6

0.005’

0.017

36,500 540

62,300 400

28.0 2.0 “

73 4.5
).

– 15 7.1

.,”.
0.20 0.014

0.76 0.037

(1)Thestandarddeviationistheroot-mean-squareofthedeviationsofeachobservationfromthe
averageforthat type of steel. The averages and. standard deviations are for 8 Type A steels and
7 Type B steels made in the laboratory. Care was taken EOsecure reproducible results. Five
heats of each type of steel were made and tested in 1950, the others in 1951.

! :“,
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the agreement was good for compositions and tensile properties

of different heats of the same type. The standard deviations

of the Ch:.rpy transition ternperatxres are of the order expected

for this criterion, according to Rinebolt and Harris(u). All

meamrments on these heats fell within limits equal to twice

the standard deviations listed. This indicates the data were

obtained under ‘statistically controlledftconditions. The re-

producibility of the data appears to be satisfactory.

The Charpy data for the standard steels indicate that Type .

B steels are more resistant to brittle fracture than Type A steels. ~

The tear testz on the other hand, did not discriminate between
..

the two grades. since the differences inc;~.rbonand manganese

contents were expected to influence transition temperatures this

point was studied intensively. Data in the next section indicate

that the difference in tear test transition temperatures between

Type A and Type B steels, expected on the basis of composition,
I

is wtthin the limit of reproducibility of te:~r-testidata.

IKFLULNCE OF CAKEK.)NANI)MANG~\NESE.—— . -.— . . ——

A comprehensive study of the effect of carbon and manganese

on properties of ship-plate steel was made to supplement data re-

ported previously(.2,5)* Steels with manganese contents ranging

from 0.20 to 1*5O per cent? at each of five carbon levelsl were

made and tested. The steels were prepared by the standard pro-

cedures, thenfbiged and rolled in the usual manner to 3#4-inch

...
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plate. Chemical analyses of these steels are listed in Table 3.

Averages for the ‘tstandardllsteels, discussed above$ are listed

in the appropriate places in the table.

Tensile p~operties and transition temperatures of the steels

used to establish the effects of carbon and manganese are listed

in Table 4.

were varied

strengths.

Since the carbon and manganese contents of the steels

independently the series covers a range in tensile

Figure 1 shows the effect of manganese-carbon ratio

on the tear-test transition temperature for seven steels with

tensile strengths between 60YO00 and 64,~c)0 psi. Data for

the other heats, except for two steels of entirely different

strengths? are

equal strength

able. This is

Charpy tests.

plotted in Figure 2. Both graphs show that, at

levels~ higher manganese-carbon ratios are desir-

also true, and the effect is more pronounced in

Standard multiple correlation methods were used to develop

formulas for the vari~us propetities. These formulas and the

standard errors of estimate are as followsi

Upper yieid strength, psi . 23,C~~”+ 397200 x @ ~ 7200 ~ %Mn
Standard error s 1500 psi

Lower yield strength~ psi = 20J700 + 39~800 x ~c + 8koo x %Mn

Tensile strength5 psi .

Elongation =

Standard error . 1300 psi

30,800 + 104,000 X j;C+ 13~000 X %m
StanGard error = 2200 psi

38.2 - 32.6 x~c -3.2xfiMn
Standard error = 2.4Z
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; TABLE 3. CHEMICAL ANALYSIS OF 3/4-!NCH LABi3RAT0RY STEEL PLATE
WITHVARIOUSCARBON AND MANGANESE CONTENTS

.-

——...,— -—. .——”.. — -_—”.,,.,
Composition, per cent

Heat Number
.—.-

C kin , ,: ,P s Si N

A7448
A6539
.46586

~(516
‘47517

A659~

A7532
Std. B steels

0.17
0.15,
0.14

0.18
0.15

,,

0.19
0.19

.. ,,,

0.20

0.15j%CarbonSeries
0.23 0.015
0.41 0.017
0.76 0.011
1.06 0.016
1.23 0.016
0,2w~Csibo;Series
0.22 0.015
0,45,?.”~. ~ao15

0.76 0.015
A7518 0.19 ‘ ““’Y’’0.96

o.017i::!

A7519 0.21,
A6599 ‘0.20

A6589 0.25
Std.A steels 0.22

A6547 0.21
;A6554 0,18
A6598 0.24

A7520

,A7521
.A7522 :

A753$
A7524;.,.

:,,

A7527
A6596

...

A6597

A7525

0.27
0.26
0,28
0.26
0.31

0.31
‘0.34‘
0.32
0.31

1.31 0.017$,1;46‘,’,;~:015.’

0.25%CarbonSeries
0.23 0.016
().46 0.014”.
0.83 0.015

;,

0.021
0.027

0.023
0.025
0.021

0.026
0.031
0.023
o,o~8
0,025

0;022

0.024
. ().()24

0.028
0.93 0.016 .:’. ~o%017

1.27 0.016 0.026

0.30% C~rbon Series’.—”—
0.21 0.014 0.027

0.43 0.015 .. 0.029

ti.66 “ “ 0.016 (),rJ~5

I.. 00 0.016 0.030

1.39 0.018, ,,, ., 0.026

0.35% Carbon Series

, 0.21 0,016., 0.027

0.49 0.015 ‘“ < 0.023

0.80 “ ‘.0.017 0.024

0.88 0.016 0.025

0.04 0.004
0.02 v 0:.004
0.07
0.08
0.07
,,,, ,,,. .

0.05 .,
0..03’ ...

0.0.5 .
0.04 “-
0.07,
0.06

0.08
‘ 0.05
0.05
0.11
0.07,.. ,,., ,

0.02
0.42
0.03
0.03
0.03 “:

0.03
0.06
0.06
0.04

,.. .

0.004
0.004
0.004

0.003
0.004
0.004
0.004
0,-005
0.004

0.004
0.004
0.004
0.005
0.004

0.004
0.003
0.004
0.003
0.005

0.004
0.003
0.004
0.004



TABLE 4. TENSILE AND NOTCHED-BAR PROPERTIES OF 3/4-iNCi-l LABORATORY STEEL

PLATES WITH VARIOUS CARBON AND MANGANESE CONTENTS

.— .
Tensile Properties Tear-Test Properties ‘Keyhole

Yield
Strength, Tensile

psi Strength,

Heat Ho, IJpper Lowe r psi

A7448 33,300 28,700 50,700
A6539 31,850 30,750 53,300
A6.586 33,000 32,000 54,400
A7516 36,200 34,700 59,600
A7517 37’,150 36,000 61,400

A6590 33,100 31,.450 55,100
A7532 31,700 31,450 56,050
Std. TypeB36,350 35,350 62,250
A7518 36,200 35,350 61,700
A7519 37,700 37,000 64,200
A6599 43,850 43,400 72,350

A6589 34,050 32,800 58,400
Std. TypeA36,950 35,150 61,900
A6547 36,850 35,950 65,400
A6554 38,550 37,100 64,900
A6598 42,850 42,150 74,200

Elongation Max i mum

in 8“, Load,

per cent ib

0.15% Carbon Series

3,5.0 33,510
30.5 35,650
28.0 38,490
31.5 40,790
29.5 42,570

O.Z@??Carbon Series

30.5 34,110
32.5 36,930
28.0 39,460

33.0 40,080
29,0 43,570
24,5 46,820

0.25% Carbon Series

29.5 35,180
28.0 37,030
26.5 39,230
29.5 40,920
23,0 45,490

Energy to Energy to Charpy

Start Progagate Trans. Trans.

Fractu Ye, Fracture, Tern P, Temp,

ft-1 b ft-] b F F

950
930

1270
1220
1180

840
870
870
960
980
970

670
690
1130
840
870

740
770
750
820
810
850

50
60
40

40
30

90
70
73
50
50
60

+21
+10

-24.

-38

-41 L
y

+26
+12
-L5
-21
-29
-38

8Z0 670 100 i-36
780 660 75 +-14
’760 730 80 -27
890 800 70 -45
%0 830 70 -60



TABLE 4. (Continued)

——
Tensile Properties Tear-Test Properties Keyhole

Yield Energy to Chat-py

Strength,

ps i
Heat Ho, upper Lowe r

A7520 34,250 32,000
A7521 36,450 33,900
A7.522 38,450 36,950
A7533 41,900 39,250
A7524 45,800 45,450

A7527 34,650 33,800
A6596 41,300 38,550
A6597 40,900 40,100
A7525 40,500 40,100

Energy to

Tensile Elongation Maximum Start
Strength, in 8n, Load, Fracture,

ps i per cent lb ft-]b

0.30fZ Carbon Series

58,600 29.0 34,960 670
62,300 30.0 36,800 720
68,450 25.5 37,780 600
73,600 27.5 43,240 700
80,800 26.5 47,250 740

0.35% Carbon Series

62,950 30.0 35,700 590
72,900 21,0 36,470 520
75,100 24..5 40,970 640
76,250 27.0 43,790 670

.

Propagate Trans, Trans.
Fracture, Temp, Temp,

ft-1 b F F
—

710 90 i-67 ~
710 100 +61 y
560 90 i-22
640 80 -9
660 I 00 -4

640 120 +90
570 120 +7’5
610 90 +19
540 90 +16
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FIGURE 1, RELATIONSHIP BETWEEN MANGANESE-CARBON RATlO AND
TEAR-TEST TRANSITION TEMPERATURE FOR EXPERIMENTAL
SEMIKILLED STEELS WITH ULTIMATE STRENGTHS BETWEEN
60,000 AND 64,500 PSI
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Tear-test transition =
temperature

+17 + 330 x %C- 23 x @MII
Standard error = 10LF

Keyhole Ctiarpy
transition temperature . -19+349 xfic-74x@ln

Standard error =15F

These forqulas indicate that manganese has a greater effect

on transition temperatures measured by Charpy tests than by tear

tests. The formulas for tensile properties

steels agree

ste.els(8J●

Table 5

qui~~ w1l with those reported

compares calculated transi”tior~

commercial steels with ~~ctualdata obtained

of the experimental

for commercial .:

temperatures for 25

by Kahn(6) and

Battelle. In all but one caseq the actual and calculated Charpy

transition temperatures agree within twice the standard error of

the formula. This indicates good agreement as do the group

averages for the actual and calculated temperatures.

On the other hand, only 14 of the 25

transition temperatures agree with actual

the standard error~ 20 F, of the formula.

calculated tear-test

values within twice

Most of the calcu-

lated temperatures are lower than the actual ones~ probably be-

cause the commercial steels were rolled above 18s0 F, the tem-

perature used for the steels on which the formula is based. As
.... will be shown later,

raises the tear-test~.

20 F. The effect on

increasing the rolling temperature 100 F

transition temperature of commercial steel

Charpy transition temperatures is about 10 F
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TABLE 5. TRANSITION CHARACTERISTICS OF COMMERCIAL

SEMIKILLEQ, 3/4-lNCH SHIP PLATE .,, .. .,,. ,,. ...{ “.!: ~

. . . !- .,. ,
—

Composition, Actual Calculated

per cent Transition Temperature, F - Transition ‘Temperature, F
Plate Code “c ~~Mn Tear Test Keyhol~Charpy “ Tear Test Keyhole CharPY

G-3

A

c

0.25

0.25,-

0.25
.,

Oil

0.20

0,.18

0.19

O.XI

‘0.14

0.33

0.25’

.
0.42 100 — 90

700.49 i-10 89 ,.. ~,.:, +32
.,7””;”, .,, . ..;

0.51 135

120

+15 88 +31
,.-”

75’ +18
-,,., ,

s-7
.,

0.49

“’0.5$

+17

100 :;; S-6 ‘

$9 ,

s-lo

-1-14 71 -+10

65 +7

68 +8

,0.50 i-lo .:

0.54 90 0

S-n.. .. -,.

S-8’

0.55 , ,
. . :.’,

0.46

90 ,
. . . .. -

90

130 ‘“’ “

+36

+22

71 +10,,

53 –4
.’

i14 <5758 x 428

:,-5779 ~

Avera~,e, ,

+430.55

80- -’”0.44 “ +20

0.22, ~
.,. ,

0.18 :

0,.17,

0.22
,-..... .,

6:26

0.50 99 +19 ~ +21.:., ,.,

G-6 . .. 0.96

0.60

55 ‘,

60 . .

-..—

s-2 +7

-5

.- ..+ ~

S-21

“ “’”S-23’ ““ ““‘“

0.81 70

0.75 100

71

66+12 -5
‘.,~.,l..,

‘“–8 ‘‘“s-1 -“
,. ...’.

“’ 0.17

0.17

0.19

0.18,.

0.19

0.17

0.16

0.17 .

0.21

i-19 58”

58

62-

60

0.66 100

0.68 90’”

0.77 100 . J

_l(J‘. ‘–1 i!’

S-22...
S-20

.+81, . –10

0.73 80,,

0.78 80
..

0;73. ,.
100 “’

0i76 : ‘“‘ “60 “’ ; ‘: ‘“

““.!3,90,”: . “-. ‘ 70’.”,

,0.78 ,<., 80

0.77 _50—-

0.76 81

+1 –10

S-19

S.18

“B’””’

. S-5

50 x 426

1046

+10

-8 “’”

62

57 “

–lo

–14

– 19
_.34 “ 4.

53

““53 –27 ,

69

0.20 – 28 66 –6

Average 0.18 –3 60 -10
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for Type B steels and,~ F for Type A steels. If appropriate

corrections be made to the calculated temperatures, on the

assumption that the commercial steels were rolled at 1950 FY.

the agre~me~t is.much better than indicated in Table ~.

VERIFICATION OF THE INFLUENCE OF GILICON—..—.r.— —. — . —.

The first study(5) left some doubt about the effect of silicon,

in the range between O.1~ and 0.30 per cent, on the notched-bar

properties of the two types of steel, Raising tfiesilicon con-

tent of Type A steels decreased the tear-test transition teupera-,.

ture only slightly. On the other hand, the Type B steels

a significant decrease in transition temperature when the

content increased from 0.01 to 0.15 per cent. Larger sili

showed

silicon

con con-

tents seemed harmful as shown by a steel contai~~ng O.Zg per cent

silicon which had a transition temperature 30 F higher than the

steel with 0.15 per cent silicon. Thereforea steels of each type?

containing about 0,21 per cent silicon were made and tested. The

compositions and mechanical properties of the two steels are listed

in Table 6.

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

Tear-test properties of Type A steels are not affected ap-

preciably by changes in”silicon content up to 0.30 per cent.

Figure 4 shows, however~ that this is not true for steels with

I
lower carbon and higher mahga,nesecontents. Apparently, silicon

:
contents between 0.10 and 0.20 per cent benefit steels with com-

positions otherwise meeting specifications for Type B steels. The
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TABLE 6. TENSILE AND TRANSITION-TEMPERATURE CHARACTERISTICS OF TYPE A AND TYPE B STE&s ., “

OF VARIOUS SILICON CONTENTS(l). . . .

.. .

4. Tear-Test Properties
Tensile Properties . , Chaipy

Energyto ~’. Energyto
yieldStrength,

> Keyhoie
Grade Tensile Elong, .Max.

psi
Start Propagate Transition Transition

of Heat Strength, in Load; Fracture, Fracture, Temperature, temperature,
Steel No. Llpper Lowe r psi 8“, $ lb ft-] b ft-]b’ F F

:, :.
..

,.
...

Type A A7;26 36,950 34,900 65,000 , 2910 39,640 . 740 630. 70. ,- -12 :“.;
-.: ~

,,.
. . . a

Type13..A7528 S6,S50 ,,:,35950 63,650 32;5 $1,920 980 750 50 ~. -40 ‘“.
-., . .

. .-
,.. .; ,..
.,,. .,

.. ,; , (1)Composi~io&ofthesesteelswereasfollows:“’... .,. ,.
.

.,
,:;,- ,,

‘Composition, per cent
.

.,

c Mn ‘“ - - “’-—
.Si t’ - s, N

——

Heat A7526 0.30 0.43

Heat A7528 0.21 0:’74

,.

0.20’ 0.018 0.027 0.,005, “’
,.

,,
0.21’ 0.018 0.030 .0.004 ‘.

. .
,=

,..,,., :.,. ..”:
., .,
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FIGURE 3. INFLUENCE OF SILICON CONTENT UPON THE TRANSITION TEMPERATURE
OF TYPE A LABORATORY STEELS
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difference in behavior of silicon in the two types of steel suggests

an interrelationship between the effects af carbon$ manganese and

silicon, This possibility will be investigated later.

The influence

studied by melting

nitrogen contents.

INF1,UENCEOl?NITRLC”EN—!— — ..—

of nitrogen in Type A and Type B steels was

and rolling semiskilledsteels with various

These steels were made by adding cal.c~.um

cyanamide to the melt immediately before tapping. One additional

steel containing 0.017 per cent aluminum and 0.010 per cent nitrogen

was made to determine the combined effect of aluminum and nitrogen.

The chemical analyses of these steels are given in Table 7.

lluplicat~tensile tests were made on all of the steels. A

summary of these tests is given in Table ~. The influence of

nitrogen on the tensile strength is shown in Figure j. The Type

A steels and the Type B steels fall on the same trend line. This

shows that variations in nitrogen content have the same effect

strength in bo~~ grades.

The addition of ni,trogenraised the tear-test transition

on

temperature of both ,gradesof steel. This is shown quantitatively

in Figure 6. Increasing the nitrogen con@nt appm~s to be more

ha~mful in Type A than in Type B steels. The steel containing

0.017 per cent aluminum had the transition temperature expected for

aluminum-free steels with the same nitrogen content. This confirms

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

.-. -..
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iABiiE 7. CHEMICAL ANALYSIS OF 3/4-lNCFl LABORATORY STEEL PLATE

WITH VARIOUS NITROGEN CO~TENTS.’ ,.

1 .,,
.. . . .

.-
., .,

.+ ..:

—- .,”. —- ..—,

Composi+lon, pei cent
Heat No. c Mn ,,. P . . .,,: S., Si N.

I —

A6600 0.21 0.53.,,:0.01%50.Q24 .0:.03 .0.005. ,
A7440 0.21 0.54 0.015 0.018 0.08’ 0,013
A7441 ,0.23 0.52 0.014 0;018.0.07.,,,,0.016 ,. ,,.~,. .,
A6601 0.18 0.83 0.018 0.023 0.05 0.008
:A7439 0.18 0.84 - ‘0.015 o:~fy.,,O,.O*” 0.015 ‘“’”
A7437 0.16 0.82 0.015 0.017 0.07 0.020.\f ,! ;, ,,,..,.!,.,
i7659* 0.18 0.76 0.016’ ‘-’0.031 0.05 0.010

,. ,’,,-

Wmtai.ns 0.,017.,pr cent aluminum:. ,, .!::.: .. . . . ,. ..,,..

,,: ,.,.: : .7..
.. ,”,...,,”,., .!.

.,:, ,. .,. ,., -
.,’ ,. ... ,/, -, .

. ... . ..” , ,. ,.. .
‘,. : ,. ‘. ,,

,.
,:

.i”~,.. . . .,

.: ‘.’ .“; .,. ... I



TABLE 8. TENSILE, TEAR-TEST, AND KEYHOLE Ct+ARPY IMPACT PROPERTIES OF 3/4-lNCH,
HOT-ROLLED LABORATORY STEEL PLATE WITH VARIOUS NITROGEN CONTENTS(l)

Tensile Properties Tear-Test Properties Keyhole
Yield Energy to Energy to Charpy

Strength, Tensi Ie Elongation Max imum Start Propagate Trans. Trans.

psi Strength, in 8“, Load, Fracture, Fracture,

Heat Ho.
Temp, Temp,

Upper Low e r psi per cent lb ft-1 b ft-lb F F

A6600 36,650 35,000 62,100 24.5 37,700 850 710 60 -8

A7440 40,250 37,750 67,250 28.5 37,280 630 530 130 +24

A7441 42,200 39,350 69,350 26.5 38,520 520 770 160 +42

A6601 39,650 36,950 63,250 26.0 38,470 880 700 90 -30

A7439 42,700 40,650 70,700 29.0 40,500 710 710 130 +3

A7437 45,250 42,400 73,000 20.0 40,980 700 770 140 +2o

* A7659 38,050 36,700 66,100 28.5 40,580 900 1100 100 -6

(1) compositions given in Table 6.
* Contains 0.017 per cent aluminum.
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did not combine with

The addition of

46..

the nitrogen to reduce its effect.

nitrogen also raises the transition tesn-

perature of keyhole Charpy specimens. Figure 7 indicates that

increasing the nitrogen content 0.001% increases the Charpy

transition temperature about 2.1 F. This holds for both types

of steel. The tear-test transition temperature was raised about

twice as ~iuchas the Charpy transition temperature for each in-

crease of 0.001 per cent nitrogen. The slopes of the lines in-

dicate that the tear

nitrogen,

INFLUENCE GF—. .

test is more sensitive to the effect of

TITANIUM, ZIRCONIUM, AND ALUMINUM——

The influence of titanium and zirconium was studied by adding

various amounts of th~se elements to sernikilledsteels of Type A

and Type B composition, The amounts of these elements retained

in the final composition were below 0.10 per cent. The titanium

was added as ferrotitanium alloy immediately before tapping the

heat. The zirconium was added as a 40 per cent zirconium.silicon-

zirconium alloy. Chemical analyses of these heats are listed in

Table 9.

The aluminum was added to steels with 0.01 or 0.0s per cent

silicon. In the case of the base steels with 0.01 per cent sill.

con, part of the aluminum (0.0s per cent) was added in place of

silicomanganese. This addition gave a total aluminum content in

the steel of 0.005 per cent, The remaining aluminum addition was

,.

—
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added before tapping. The steels with 0.05 per cent silicon were

made by adding the aluminum at dne time -- immediately before

tapping. Complete chemical analyses ot these steels are given

in Table 9.

The tensile and natched-bar properties of these 21jsteels

are given in Table 10. It will be noted that only titanium in-

creased the tensile strength of the steel plate; zirconium and

aluminum had no ~ff~ct on t~nsi.lestrmgth. Along with the

increase of tensile strength resulting from titanium, there was

a decrease in the ductility of the steel plate. The elongation

of the semiskilledtype of steel was not affected by the addition

of zirconium or aluminum. Aluminum additions to rimmed types of

steel seemed to increase ductility as shown in the case ~f steels

of the low-silicon series.

The tear-test and the Charpy transition temperatures of both

grades of steel were increased by the addition of titanium. This

effect of tttanium is shown in Figures 8 and 9. The tear-test

transition temperatures of the Type B steels with 0.02 and 0.0%

per cent titanium are lower than the average of the five standard

steels containing no added titaniuma indicating that very minute

quantities of titanium probably lower the tear-test transition of

this greade of steel. The transition temperature apparently in-

creases, however, when the amount of titanium present exceeds

0.02 per cent,

,.
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TABLE 9. CHEMICAL ANALYSIS OF 3/4-lNCH HOT-ROLLED LABORATORY STEEL PLATE

—..—. —— — ,..,.-
Composition, per cent

Heat Number c Mn P s Si N Others

A7667
A7668

A7665

A7669
A7670
A7671

A7431
A6699
A7432

A7433
A7434
A7435

A6648
A6707
A6708
A6709

A6649
A7319
A7320

A7531
A7661
A7529

A7660
A7662
A7530

TitaniumSeries -Type A

0.23 0.45 0,015 0.028 0.07
(3.23 0.45 0.016 0.027 0.09
0.23 0.47 0.016 0.020 0.10

Titanium Series - TypeB

0.19 0.7(5 0,020 0.026 0.04
0,19 0.76 0.019 0.027 0.05
0.19 0.79 0.020 0.028 0,10

Zirconium Series -Type A

0.25
0.23
0,25

0.19
0.21
0.21

0.27
0.20
0.21
0.21

0.57 0,016 0.02; 0.07
0.50 0.016 0.024 0.10
0.55 0.015 0.022 0.08

Zirconium Series -TypeB

0.85 0.018 0.023 0.05
0.85 0.015 0.023 0.12
0.87 0.027 0.023 0.17

Aluminum Series - Imw Silicon - l’ypeA

0.59 0.016 0,021 0.01
0.50 0,019 0.025 0.01
0.52 0.020 0.025 0.01
0.53 0.018 0.025 0.01

Aluminum Series - Low Silicon - TypeB

0,22 0.87 0.015 0,022 0.01
0.18 0.81 0.017 0.022 0.02
0.20 0.85 0.016 0,025 0.02

Aluminum Series . 0.05Z Silicon -Type A

0.22 0.48 0,016 0.032 0.05

0.21 0.45 0.015 0.033 0.05
0,25 0.41 0.016 0.028 0.05

Aluminum Series - 0.05% Silicon -T~~eB

0,20 0.74 0.017 0.032 0.05
0.20 0.75 0.016 0.028 0.05
0.21 0.71 0.018 0.027 0.05

0.004
0,004
0.004

0.003
0.004
0.004

0.005
0.004
0.005

0.004
0.004
0.004

0.004
0.004
0.003
0.004

0.004
0.004
0,004

0.003
0.003
0.004

0.003
0.003
0.003

0.03 Ti
0.08 Ti
0.10 Ti

0.02 Ti
0.04 Ti
0.10 Ti

0.03 Zr
0,02 Zr

0,06 Zr

0.04 Zr
0.05 Zr

0.06 Zr

0.005 Al
0,016 Al
0.027 Al

0.075 Al

0.005 Al

0.045 Al
0.060 Al

0.020 Al
0.045 Al
0.090 Al

0.015 Al
0.045 Al
0.080 Al

—.— ..--.—————__ ——



TABLE 10. TENSILE FF!OPERTIES AND NOTCHED-BAR PROPERTIES OF 3/4-lNcH LABORATORY

STEEL PLATE WITH VARlOUS TITAN!(JM, ZIRCONIUM, AND A~UM[k+UM ~ONTEHTS

Heat No,

A7667

A7668

.47665

A7669
A7670

A7671

A7431
A6699

A7432

A7433

A7434

A7435

.46648

A6707
A6708
A6709

Tensile Properties
Yield

Strength, Tensile

ps i Strengt_h,
Upper Lower ps. i

40,550

39,500

4.3,250

37,500
37,100

46,050

34,550
30,550

‘29,700

31,700

34,850

31,500

38,000

35,400

38,350
35,750

39,000
37,400
40,800

35,850
35,600

44,500

31,350
30,300
29,650

31,000
33,200
31,300

66,400

66,900

69,650

62,050
61,400
70, ()()0

63,250
64,200

63,950

62,850

64,550

65,050

Tear-Test Properties

Elongation Maximum

in 8“, Load,
per cent lb

Titanium Series - Type A

27.5 39,270
27.0 40,760
23.5 42,320

Titanium Series - TypeB

29.5 40,34(3

28.0 40,630
25..5 44,440

Zirconium Series -Type A

28.5 4.0,480
26.0 38,880

27.5 39,180

Zirconium Series -TypeI1

29.5 41,630
31,5 41,430
29.5 41,230

Energy to

Start
Fracture,

ft--lb

Aluminum Series - Low Silicon - Type A

770
870
850

990
1050
950

890
780
780

1010
1010

910

37,200 65,800 27.0 37,150 660
33,400 59,000 28.5 36,400
35,450

870
61,550 30.5 38,000 910

34,150 59,850 33.0 38,800 940

Energy to

Propagate
Fracture,

ft-1 b

680

790
770

760

780

810

790

680

790

870

720

820

d80

720

670
800

Trans.

Temp,

F

110
120

160

50
60

150

60
100

70

50

50

90

100

90
80
50

Keyhole
Charpy
Trans,

Temp,
~

+41

+51

+64

-15
-13

+37

-5
+5

-17

+2

-42

-43

-14

0
-2

-40
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TABLE 10. (Continued)

Tensile Properties Tear-Test Properties Keyhole
Yield

Strength,

psi

Heat Ho. Upper Lower

Energy to Energy to Charpy

Tensile Elongat ion Maximum Start Propagate Trans. Trans.

Strength, in 8~1, Load, Fracture, Fracture, Tern p, Temp,

ps i per cent lb ft-1 b ft-] b F F

A6649
A7319

A7320

A7531
A7661
A7529

37,700
35,200
34,400

35,550
33,350
37,750

36,850
33,850

33,400

33,950
32,800
34,800

Aluminum Series - lmw Silicon - TypeB

64,700 24.0 39,490 800
59,250 30.0 38,590 1040

59,950 32,0 39,300 980

Aluminum-Silicon Series - TyPe A

60,550 32.5 38,080 860

59,800 31,5 38,330 930

62,450 31.5 38,800 780

Aluminum~ilicon Series - TypeB

73(I 80 -14
940 80 -22

810 70 -20
I

850 80
“1

-I-2

780 80 -6

780 80 -5

A7660

A7662
A7530

36,050
36,300

36,600

34,600
34,450

35,400

61,400 31.0 39,470 930 830 70 -20

62,450 28.5 40,600 1020 760 60 -29
62,550 31.0 41,140 930 630 40 -61
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Zirconium had no detectable effect on the Charpy notched-

bar transition temperature of Type A steel. The transition tem-

peratures of the Type A stpels are all within the range of the

standard steels without zirconium. The Type B steels with low

zirconium contents have the lowest transition temperatures, When

hawever$ 0.10 per cent zirconium is added, the transition tempera-

ture is higher than foi’steels with no zirconium. In this grade

of steel.zthe effect of small quantities of zirconium appears to

be not unlike that of titanium. Further studies are needed to

establish the effect the zirconium in the two grades of steel.

The Charpy transition temperature was lowered by the addition

of zirconium.

Small additions of aluminum decrease the notched-bar transi-

tion temperatures of most grades of steel. Figure 10 shcws the

tear-test transition temperatures of the laboratory steels treated

with different amounts of alvminum. Three of the four series of

steels showed increasing toughness as the aluminum additions in-

creased. The Type A steels containing 0.05 per cent silicon were

an exception. The three steels of this base composition had the

same transition temperature even though the aluminum contents

varied from 0.02 to 0.09 per cent.

The influence of total aluminum content on keyhole Charpy

transition temperature is shown in

tents of the steel were d~termined

cases, the transition temperatures

crease in total aluminum content.

Figure 11. The aluminum con-

spectrog~aphically. In all

decrease somewhat with an in-

The Type A steels appeared to



-35’-

.

L-- Type A steel with <0.01 ‘/OSi

\x

\’ Type A steel with 0.05 °/OSi

\
‘+–=.0=%. -. *,

\

*
4

~Type B steel with -= O, Ol”/O Si
\

\
~

Type B steel with 0.050/0 Si J
I

I

1 .—.— —- .......- ... .. ...

0.050 0 “6?)



-36-

2[

Ic

(

-1(

-2(

-3(

-4(

-5C

Type A steel with 0.050/0 Si
/

1’
\

\+

I ‘ ~Type A steel with< O,Ol% Si

-. \
Type B steel with <0.01% SI

\ \

\

~
x

:

\ \

\
\

\ \
\

\ T
\

-Type B steel with 0.050/4

\
\

n ncn n Inn
w SUdu Urluu

Total Aluminum Content, per cent

FIGURE Il. INFLUENCE OF ALUMINUM, DETERMINED BY

SPECTROGRAPHIC ANALYSIS, ON KEYHOLE CHARPY
TRANSITION TEMPERATURE

A-1395

-.



“37-

behave in an unusual manner. The transition temperature of the

0.05 per cent silicon steel appeared to decrease with small amounts

L of aluminum and then remained constant. The transition temperature

of the 0.01 per cent silicon steel tended to increase slightly

on increasing the total aluminum content from 0.005 per cent to

0.016 per cent, but then decreased rather sharply up to 0.075

per cent aluminum.

The apparent difference in the effect of aluminum in the two

different grades of steel and at the two different silicon levels

sug~ests the need for additional work. Several heats have been

: made to supplement the work already done and will be tested in

the continuation of the program.

An interesting comparison of the effects of titanium, vana-

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

peratures of the two classes of steels is shown in Figures 12 and

13 ● In Type A steels, small additicms of the elements, titaniu

and vanadium, tend to increase the transition temperature while

small additions of aluminum and silicon have no effect on the tran-

sition temperature. In Type B steel, with its higher manganese

contents small amounts of titanium, aluminum, and silicon tend to

decrease the transition temperature. Additional amounts of ti-
1

tani~m and silicon increase the transitiofitemperature. Steels

with ~anadiruncontents between zero and 0.09 per cent have not

been testedl so that its effect in very small quantities has not

been determined. For that reason, the curve for vanadium in

—.
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Figure 13 shows no evidence of an initial decrease in transition

temperature with this element, if such a decrease exists.

The advisory ~mmittee ~ecommended that steels

vanadium and phosphorus be made with reduced ca~b~n

that their tensila strengths wouildbe approximately

Along with these steels, two steels containing 0.10

containing

C(x’ltents$0

60,000 p~im

per cent moly-

bdenum with normal carbon wcntents wers also requested. Chemical

analyses of these steels are shown in Table 11.

The tensile

steels are given

p~ope~ties and notched..ba~p~ope~ties of these

in Table 12, The tensile strengths of the vanadium

and phosph.onussteels ranged from J9$O00 to 60$600 psi? The addi-

tion of the 0.10 per cent molybdenum incr~as~d the tensile strength

approximately 35t$Dopsi.

Tiletear-test and Charpy transition temperatur~of the vanadium

steels are no different from the standard Type A and Type B steels.

The phosphorus steels had high tear-test transition temperatures

but had approximately the same Charpy transition temperatures as

standard Type A steels. Because there was only one steel of each

class in which 0.1 per cent molybdenum was addedq it was not possible

to establish, with any precision the effect of molybdenum on the

transition temperatures.



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

Composition, per’cent

Heat Number c Mn P s Si H Other

Vanadium Series

A7446 0.19 0.48 0,014 0.017 0,07 0.004 0.03 v

A731o 0.19 0.49 0.018 0,022 0.08 0.003 0.06 V

A7447 0.17 0.83 0.015 0.016 0.08 0.004 0.03 v

A7311 0614 0.86 0.021 0.023 0.10 0.003 0.06 V

Phosphorus Series

A7312 0.13 0.52 0.105 0.023 0.10 0.004 --

A7436 0.09 0.47 0.095 0.022 0.05 0.005 0.02 v

A7442 0.14 0,48 0.099 0.020 0.05 0.004 0.06 Mo

Molybdenum Series

A7313 0.24 0.49 0.017 0.023 0.07 0.004 0.10Mo

A7314 0,21 0.75 0.017 0,021 0.07 0.003 0.10MO



TABLE 12. TENSILE AND NOTCHED-BAR PROPERTIES OF 3/4-lNCH LABORATORY STEEL PLATE

(Special Steels)

Tensile Properties Tear-Test Properties Keyhole
Charpy

Trans.
Temp,

F

Yie Id

Strength,

psi
UPper Lowe r

Energy to Energy to
Start Propagate

Fracture, Fracture,

ft-]b ft-] b

Tensi Ie
Strength,

ps i

Elongation Max i mum

in 8“, Load,

per cent lb

Trans.

Temp,

FIieat Ho.

Vanadium Series

33,0 37,920
28.0 37,770
32.0 39,830

29.5 40,280

-!-3 ~

+12 I

-16

-36

A7446

A7310

A7447

A7311

36,000 34,850
39,500 37,750
38,400 35,650
39,100 38,350

59,000
60,600
59,500
60,600

930 690
760 740

1080 770
960 800

80

70

60

70

Phosphorus Series

A7312
A7436
A7442

37,850 36,500
39,600 38,000
38,200 36,350

60,100

59,150

58,700

28.0 38,640
30.0 41,600
32.5 38,270

1050 770

1270 710

1140 680

120
100
110

+3 o
-2?

-F12

Molybdenum Series

27,0 36,770
25.0 40,160

A7313
A7314

39,900 36,050
38,900 37,500

63,000

64,900
670 ’640

940 630

100

60
+20
+12

,,.,
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GRAIN&SIZE MEASUREMENTS—.

LWeral investigations(ZJ3) have indicated that ferrite grain

size influences the transition temperatures of low-carbon and $hip-:

plate steels= Therefore, grain-size measurements were made on

many of the steels tested during this investigation ondeoxidation

and composition.
.,

various methods(4) of measuring ferrite grain size were in-

vestigated. ~They included counting grains in measured areas,

counting grains intercepted bylines of fixed lengths, comparisons

, with charts of standard micrographs~ and v3.sualcomparison’sof

fractured surfaces. All of these methods were u$ed to determine

the ferrite grain sizes of a series of heat-treated samples from a

particular Type A ship-plate steel. This steel, designated by

earlier investigat~rs

bonq 0.49$ mang?n@sqS

sulphur. The samples

as Project Steel ‘lA”,eontai~ed 0;2J~ car-

O.011~ phosphorus, O.Ok% silicon~ and 0.04s% “

were prepared by austenitizing at tempera-

tures between 1400 and2KK10F and cooling them at different rates;

These treatments produced a wide.varietyof g’rainsizes and micro-

structure. This study indicated that counting grains within

neasured areas was the most reliable nethod of determining ‘ferrite

grain size. It was used, therefore, in evaluating the effect of

grain size on transition temperatures. ..

With the method used in this investigation, the amount of

pearlite in the microstructure affects the ferrite grain-size “

counts. Therefore, the percentage of pearlite was ~Stirnatedz
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Figure 14 shows the relationship between fertiitegr’ainsize

and the tear-test Imansiti-idfi“temperatureof Project Steel “Alt

cooled in air from various austenitizing temperatures. Lower’

finormalizingtemperatures-resulted in smaller ferrite grain sizes

and substantial improvements in toughness. The ferrite grain

sizes of these specimens we:r&de&niitied by’avbragi:ngcounts ‘

tween the tear-test.tra&i~~bfi;t’ernperature7~’fO~~~d’”‘st~elsis’

illustrated in Figure 15, These”grain coiint~aie foP long~-

tudin~lsections and show.the same trend ak those:for normalized:
.. ~.

‘“specim@s. ‘Thegraphs show a good correlation between grain;~~fze

am tra.fisitiontbmperaturq.fqr either,grade of ship plate. “~ower

finish’ing”tdti~pepaiu~esresult.qdiq,finer ferrite grain sizes and

lower tmansit’iontemperatures

Figure 16 shows the ferrite grain sizes and transition tern-

peratures for plates of Type A ste& rolled at 1650 and 1850 F.

Figure.1~ gives simil~’rififormati’on~on‘Ty&r’B’~teel”s.For both
-,,.“’ ‘. ;.I.,./

-. —
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TABLE 13. TRANSITION TEMPERATURES AND GRAIN-SIZE DATA FOR
STANDARD EXPERIMENTAL HEATS OF TYPE A AND B STEELS

Keyhole Ferrite
Tear-Test Charpy Grain Size*,

Heat Type Finishing Transition Transition grains/sq in. Pearl ite,
Number of Steel Temp, F Temp, F Temp, F at IOOX %

A-1

A-2
A-3

A-4
A-.5

B-2
B-3

B-4
B-5
B-6

A-6424A
A-6424B
.4-ti24C

A-6365A
A-6365B

A-6365C

A-6555
A-6556
A-6587
A-6650

A-6705

A-6557

A-6584
A-6588
A-6641
A-6651

A
A
A
A
A

1650
1650
1650
1650
1650

+50
+45
+55
+50
+50

-2
-16
+16

o
+1o

134(140)
125(118)
128(125)
153(163)

143

--
--
.-
. .
. .

B
B
B
B

B

1650
1650
1650

1650
1650

+4(J
+40
+40
+4(J

0

-16
-32
-25

-34
-38

92(103)
87**

118(113)
141(157)

147**

-.
--
--
--

A
A
A

1650
1750
1850

+50
+60
+95

119**

87**
73**

11

19
15

--
.-
--

B

B
B

1650

1750
1850

-!-10

+20
+40

132**
99**
76**

15
12
13

-+
--
--

1850
1850
1850
1850
1850

80
70

100
70
60

+12
+4

+12

+25
+5

~57***

103
82
91
97

A
A

A
A
A

--
.-
.-

17
.-

B
B
B

B
B

1850

1850
1850
1850
1850

70
70
70
80
70

-13
-6

-20
-25
-24

93
92(96)

77
94
73

--
--

17
18
14

—..

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

** Cowts on longitudinal sections OnlY.

*** Questionable value; not plotted in Figure 16.
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grades? the trend is for lower transition temperatures and finer

ferrite grain sizes with lower rolling temperatures. The rela-

tionship between trahsitiop temperature and ferrite grain size

is general rather than precise when several steels are considered.

This indicates that the tear-test transition

sensitive to small differences in the steels

ferrite grain sizes.

Table 13 shows that the grain-size data

temperatures are

not reflected by

for these steels gave

a better correlation with tear-testtransitiontemperatures than

with Charpy transition temperatures.

Figure 18 shows the influence of cooling rate from various

austenitizing temperatures on the grain size of Project Steel ‘tA1f.

Faster cooling rates gave smaller ferrite grains. According to

the information on this steel discussed above, refinement of

ferrite grain size should improve the toughness. This suggests

that accelerating the rate of cooling from the hot-rolling tem-

perature may improve the tear-test pro~erti.esof ship-plate steels.

This possibility will be checked in la”boratmy tests because it is

easier for commercial mills to control cooling rates than finishing

temperatures.

Table 14 presents grain-size and notched-bar transition tem-

perature data for a number of laboratory steels varying in com-

position. The series contains st~els with considerable variations

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

Increasing the carbon or

the amount of pearlite~ This

in a standard volume of metal

manga,nes.econtent of a steel increases

reduces the number of ferrite grains

independently of the actual size of

.-
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TABLE 14. TRANSITION TEMPERATURES AND GRAIN-SIZE DATA FC)R. . . .—. .
EXPERIMENTAL HEATS OF TYPE A AND B BASE STEELS
WITH VARIATIONS IN CARBON, MANGANESE, PHOSPHORUS,
SULPHUR, SILICON, AND VANADIUM CONTENTS

Keyhole Ferrite
Base Tear-Test Charpy Grain Size*,

Heat Composition Element Transition Transition grains/sq in. Pearl
Number of Steel Varied, % Temp, F Temp, F at IOOX %

te,

.4-6539
A-6596
A-6586
A-6597

A-6589
A-6598
A-&590
A.J6599
A-6135
A-6652
A-6706
A-6638
A-6653
A-6655

A-6647
A-6646

A-66(I2
A-6594
A-6657
A-6696

A-6603
A-6595
A-6695
A-6697

A-6642
A-6368
A-6366

A-6643
A-6644
A-664.5

A,..
A
B
B

0.16 C

0.35 c
0.14 c

0.32 C

+60

+120
+40
+9(I

+10 66(76)
+75 106
-24 84
+19 111

--

26
6
23

A
A
B
B
A
A
A
B
B
B

0.26 Ml
1.28 Mn
0.22 h
1.46 M
0.011 P
0.038 P
0.054 P
0.016 P
0.046 P
0.053 P

+100
+70
+90
+60
+80

.t~lo

+110
+60
+90
+110

+36
-60
-!-26
-38
-1

+20
+50
-26
-11
+10

93
82

80(90)
101

102(107)
74
66
84
89
71

--

24
--

21
.-

20
--
--

18
16

0.042 S
0.045 s

+60

-I-5(I
+10 82
-24 81

13

15

A
B

A
A
A
A

0.02 Si
0.11 Si
0.15 Si
0.31 Si

+80
+80

+70

+7(3

+14 72

-7 158
-2 77

-28 66

14
--
19
17

0.03 Si
0,13 Si
0.16 Si
0.29 S1

-29 89
-43 100
-57 70
-29 91

16
16
20
18

B
B
B

B

+8Q
+40
+30
+60

+15 76
i-lo 104**
+73 108**

20
19
21

A

A

A

0.08 ~
0.09 v
).19 v

+8(I
-!-100
+ltjO

-25 92
-20 92
+70 92

12
15
17

B

B
B

0,08 V
0.12 v
0.20 v

+7o
+100
+160

——..— —

* Determined by counting mthml; average values for counts on longitudinal and transverse

sections. Values in parentheses were obtained by a second investigator.

** Cowts on longitudinal secticms OnlY.

*** me finishing temwratwe during hot rolling was 1850 F for all steels.
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1 the ferrite grains. Increasing carbon raises the transition tem-
. .

perature, but higher manganese contents improve toughness. There-

fore.,the ferrite grain counts do not correlate closely with transi-
.“

tion temperatures of steels differing in carbon or manganese con-

tents,
.,

Varying the silicon content from 0.02 to 0.31 per cent did

not cause consistent changes in the grain size of the Type A or

Type )3steels. Nevertheless, in both grades, there were signifi-

cant differences in Charpy transition temperatures associated with
.-

changes in silicon contents. “Thetear t~sts also indicated that

the Type B steel, containing o*16 per cent silicon, was signifi-..

cantly t~ugher than the other steels in this series.

Increases in phosphorus contents were accompanied by coarsening

of the ferrite grain size and loss in toughness as measured by

either Charpy or tear tests. Conversely, vanadium additions

lowered the toughness of both ’gradesof steel without affecting

the grain size.

In gene~al, the data for these steels indicatetbt the effect

of ferrite grain size on notched-bar properties is often outweighed

by other effects of changes in composition.

INFLUENCE OF FINAL HOT-ROLLING TEMPER/iTUl?@
~ PRO~R=@%~~=L STEELS

A study(2) of two laboratory steels indicated that the transi-
1 .

tion temperature was raised by increasing the finishing temperature ‘



.. “9+-
,,+, ,.

.’ -. .,.-, .!

of hot-rolled”3/%ir~ch stee”lplate. ‘l&”simiIar inve~tigation was
.,, . . ,.. .

made on commercial steel of iimilar.’analysis’.Two Usteelcompanies
.,,

cooperated by ’pro~iding’sections of 3/4-inch pl~te ‘and l-3/4-inch
,.: ~- ,, ,.

plate. Each produce’; supplied plates of the twogages from the
I

same heat. Another steel company furnished a 3/\-inch plate of
i, ,.,* I

Chemical ’ana’lysesof thkse st”eelsare:’show~ inrimmed steel. ‘ ‘
I

.,”, , .,,,. , ,. -,’

Table 15.
. ... -, ,..’ .

. .,. . .. ,.
The 3/4-inch ‘platewas tested ifi’th~as-recived condition.

,’

,,.’,
The l-3/4-inch plat’~was divided into t’wo’’po’rtionsand rerolled.

.“.:.- ,’;..

The steels were””rerol~ed using “finishingtemperature” of 16~6 F.
.,,-

. . . .. .. .. . . . .
a’& ~850 F j~

Steei Company‘ ~~~li~hippei.twice the quantity of’i-3/4-
.:, . .: ,.‘...:!; ‘“:- ;,, ,:.!

inch plate as Company”“Y”. This made it possible to reroll-the
.. .. ,,........ :..4...--’!:.

“X” st”eel at four fin’i”shingte~’peiatures.
.,. ,.
The l-3\\-inch’~labsware heated to”:Z?jO F and wer’enrolled to
,:::, ,!,+-,..,;..,’ ..

O.g-inch gage”,’u“sing’;e’duction’ofapp~oximately 1\6 inch per pass.
;,.,.., ..

The 0.9-inch-gag;”plat;s’were’:immedia.tel~’tiechargedin afuinace.
~

I

held at the desired finishing temperature. After20minutes” or ‘
,,.,.. ,.

more in this ‘furnace,‘the piat”eswere relied to 3/4 inch in<one
,&

pass. Following ’thefinal pass~ ~he;plates were placed on &dge ‘“

on a brick flocr~ with a.brick sephiat~ng each plit~,.and allowed

to air cool, This procedure is the same as that ~sed for slabs:.,, .. ,, .,‘. I

from heats madtiin the laborato~y~ =:.- .
.;, .’.:

/’, ::’:,, .. ,,..

Duplicate tensile test speciti&s were taken frGm’each plate.
,,=

.,,.
The tensile propel’kies’i~*e”’S~~~]ri:i~~;’T~~~~’J~~oIt ~~~~1be fioted -

that the’yield strength decreased with an increase in finishing

-—-.



TABLE 15. CHEMICAL ANALYSIS OF COMMERCIAL STEEL PLATES

_ —.— ...— -—.— ---

Grade of Heat Manufacturing Composition, per cent

Steel No. Company c Mn Si P s N

Type A 58 x428 Company X 0.33 0.55 0.08, 0.009 0.032 0,005

Type B 50x 426 !1 0.21 0.78 0.08 0.010 0.033 0.006

Type A 5779 Company Y 0.25 0.44 0.02 0.007 0.0;1 0.005

Type B 1046 n 0.20 0.77 0.14 0,009 0.029 0.005

Type A 24666** Company Z 0.23 0.40 0.01 0.021 0.031 0.005
— --- . —-

** Rimd steel.
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TABLE 16. TENSILE PROPERTIES OF COMMERCIAL STEEL REROLLED TO
3/; -iNCH PLATE USING VARIOUS FINISHING TEMPERATURES

Yield

Strength, Tensile Elongation
Heat Finishing psi Strength, in 8“,
No. Temp, F Upper Lowe r PS i $

58x 428 1650 40,250 39,200 69,550 27.0

1850 41,450 38,300 69,900 28.0

1950 39,700 37,700 69,800 26,5

1960’ 35,350 34,250 71,350 26.0

2050 38,550 35,900 68,950 25.0

50x 426 1650 39,&50 38,700 61,000 31.5

1850 35,950 34,750 59,250 33.0

1950 35,350 34,400 61,550 30.0

/ 1970* 32,700 31,000 59,050 30.5

2050 34,000 33,250 61,300 30,5

5779

1046

1650 35,800 34,400 59,200 34.0

1700* 33,600 32,600 59,100 30.0

1850 35,100 33,600 59,500 32.0

1650 39,350 37,450 61,250 34.0

1700’ 36,950 32,800 60,900 31.0

1850 40,700 39,100 66,250 28.5

24666 1725* 31,300 29,200 59,450 27.0

* Connercial rolled 3/4-inch plate.
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temperature.

inch plate is

The yield strength Of the commercial rolled Sik-

much lower than the labmatory rmolled plate of

,..

the saue finishing temperature. This might be due to a difference

in cooling rates from the finishing temperature. The elongation

decreased as the finishing temperfiturewas increased.

Ihe tear-test and keyhole Charpy transition temperatures were

determined for each plate. These temperatures are shown in Table

17. The effect of finishing temperature upon the tear-test tirausi-

tion temperature of Type A steel is shown graphically in Figure

19 ● For this figuret the transition temperatures of the Type A

steels were corrected to correspond to a 0.25 per cent carbon

and 0.45 per cent manganese steel. The corrections in transition

temperatures, for slight differences in carbon and manganese ccm-

tants, were based on the formulas given on page lk of this report.

The Battelle steel is included for comparison. All Type A steels

finished at 165o F have approximately the same transition tempera-

ture. The transition temperature of the Battelle laboratory steel

increases immediately after raising the finishing temperature above

1650 F. The transition temperature of the commercial steels in-

cr~ased only when finished above 1850 F.

The effect of finishing temperature upon the tear-test transi-

tion temperature of Type B steel is shown graphically in Figure 20.

Here, the transition temperatures of all plates are corrected to

a 0.21 per cent carbon and 0.75 per cent manganese steel. The

transition temperatures of all three steels are alike when finish
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,., ,,.. ,, ,,,. !.

!,

.,., ,.
,.

:,, i.
.,‘,

,, ~ABLE 17. TEAR-TE5T PRO~ERTIES, KEYHOLE CHARP.Y TRANSITION,.
TEMPERATURES, AND FERRITE GRAIN SIZES OF
COMMERCIAL STEEL REROLLED TO 3/4-lNCH PLATE “
AT VAR1OUS FINISHING TEMPERATURES

. .. ..

Tear-Test Properties
—. Keyhole

Energy to Energy to ktiarpy Ferrite ,,
,,..- 1

‘Finishing h!a~’ ‘ Start Propagate Trans. Trans. Grain Size,
Heat Temperature, Load:, ; Fracture, Fracture, TemP, .TernP, “cjr~ins/sq in.

Number F lb’ ‘“ ft-1 b ft-.lb F F at IOOX ..
,. ,, I

..’

58 X 428

..,,

50 X 426

,.

,.

5779 ~

1046

24666 ,

.+

1650 40,190 ., 760 :,,
1850 39,440 630

1950 37,5io 640

1960’ ,40,040 : 550

2050 36,430 520. .. . ,, ,, “:,
1650 41,710 1200

1850 ‘“ 39,040 “ “1260

1950 40,.630 106OI,,,.
1970” 40,640 1100

2050 39,840 ““ 1130 ‘

1650 “ 38,65’0
&

1700* 38,270, 8~~.,’ a,,-

1850 36,830 810

1650 41,970 1130

1700* ‘ 41,000 1080 ‘;

1.850 40,920 1060

1725* 34,330, 480
.: .. .

720

590

560 “

580

560 ,.

1070

1230 :

760

870

740

1110

1120: ~

780

2010

1090’

1170

.460

f

.90 +17

90 +27

110 +35

130 +43

130 +39,,.>,

50 .,, -57

50’ ‘“ ‘::37
~(y, -23

,,80 -24
,’.,,,

90 -16

“80’ +21

80 +2o

70 +15

40 -44
,.,50”” :28

5fJ , ‘,-49

80 +82

112

89

98

: 66

,80

93

69

79

61 .,,
68

113

106

80

92

50

73

81

* Plates rolled cotnnsrcially.
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rolled at 1850 F. The transition temperature of the Battelle

steel decreased with reduction in finishing temperature below 1850

~a but the commercial steels were unaffected by this change. The

transition temperatures of the two commercial steels increased

when the finishing temperature was increased above 1850 F. Quali-

tatively~ the laboratory and commercial steels respond alike to

increasing finishing temperatures, but the points of inflection

of the curves are near 1650 and 1850 F, respectively, for the

steels in question.
.-

The influence of finishing temperature upon the Charpy transi-

tion temperature of Type A steel is shown in Figure 21. The tran-

sition temperature of Battelle steel and Company ‘lX1tsteel in-
. .

creased with an increase in finishing temperature. The transition

temperature for steel from Company “Yf’changed very little with

finishing temperature though the tendency seemed to ‘befor the

transition temperature to decrease slightly with increased tem-

perature. It will also be noted that the transition temperature

of Battelle steel was approximately 45 degrees higher than that

of the steel for Company lfktf.

The effect of finishing temperature on Charpy transition

temperature on Type B steels is shown in Figure 22. The effect

was

the

the same for the Type B steels as it was for the Type A steels.

The ferrite grain size of all steels was determined by counting

number of ferrite grains in a 2-inch square laid out on a
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photomicrograph

by four to give

magnifications.

taken at 100 magnification. This count was divided ‘

the number of ferrite grains per square inch at 100

The res,ultsof this experiment are listed in Table - [

Although there is considerable scatterfr~m the average curve,

nevertheless~ there is a definite trend of smaller grain size with

decreasing finishing temperature. The commercial steel from Com-

~f‘fshowed the largest variation from the average curve.pay Y

The influence of grain size upon the tear-test transition

temperature is shown in Figure 24. These curves indicate that

there is a good correlation between grain size and transition

temperature for any particular steel. Steels from Company

behaved somewhat differently than steels from Company liY1l,

former showing much greater changes in transition temperature

with grain size than the latter steels.

The effect of~ain size upon the Charpy transition tempera-

ture is shown graphically in Figure 25. Both of the Type A

steels show the same change in transition temperature and ,grain

size.

,.,

.
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The indications were that the effect of grain size variation on

transition temperature was slightly greater for Type B steels

than for Type A steels.

SUMNL4RYAND CONCLITSIOIUS—.

Consistent and reproducible data were obtained on se~ikilled

laboratory steels made and tested at intervals over a two-year

period. This indicstes that considerable con~idence can be

placed Qn laboratory data showning the effects of variations

in composition and processing on properties of ship-plate steels.

Variations in the final rolling temperature affect the Navy

tear-test and Charpy properties of senlikilled ship plate. In

general, lower finishing temperatures on steel prepared in the

laboratory give lower transition temperatures. The transition

temperatures of commercial plates rerolled in the laboratory

also tended to change with finishing temperature but not untiz

the finishing temperature was above 1850 F.

Formulas for calculating tensiie properties and notched-bar

transition temperatures were developed from data obtained on a

comprehensive series of experimental steels. For a particular

strength level, steels with higher manganese-carbon ratios have

lower transition temperatures. The influence of nitrogen in

raising the strength and transition temperature of semiskilled

steel was studied. Increasing the nitrogen of both Type A and

Type B steels from 0.004 ta 0.02 per cent increased the tensile

.,

.—
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strength about 109000 psi and raised the tear-te,s.ttransition

temperature about 80 F and the Charpy transition,t~uperature about

40,F. ., ,., .;.(’$’

Heats treated with zirconium in amounts ra~g~ng from O.O6

}~,0.10 per cent werernade and tested. Results of Navy,t,ear

,testsand Charpy t~stS do not justify conclusions on the effect

of this element., Inuthis,respect, they.agree with unofficial,-

reports from the steel.indu@try,~that the.,effectof zirconium is-..

not established. , ,-. ,,
,.. .,..,

mall additions of aluminum to .steelstithlow silicon con-,.

tents usually lowered the tear-test,and Charpy transition tempera-.,

$ures~ The qffect of a specific.additionvaried with the com-

temperature of both Type .

cent seems

A and Type

range up to 0.02 per cent titanium,

of Type B steel appears to be lowered

position of the base metalj the effect being greater in steels of

Type B than in steels of Type A.

The presence of titanium in excess of 0.02 per

to increase the transition

B type ship plate. In the

the transition temperature

by titanium.

Increasing the ferritic grain size of a particular steel by

austenitizing at increasingly higher temperatures raises the

transition temperature. The ferrite grain size was also increased

by decreasing the rate of cooling from the austenitizing tempera-

ture. No correlation was found between transition temperatures and
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ferritic grain sizes determined by a counting method of’”shipsteels,,,,...?.;,..h,.& .,..
which varied in composition oyer a fairly wide range. This is..-

“particularlytrue when both manganese and carbon contents”are

varied. Both elements affect the amount of pearlite in the
,. ..:“

microstructure● As the amouqt,:ofpearlite changest the n’&ber

of ferrite grains in:a given vol~me of metal change, though the
.,i:“!,“ ~. ..

size of the individual ferrite grains may remaifiunchabged. For... ‘...,~-..
that reason the effect of ferritic;.g.mlfisize on transition temper-

,,.)::,.~.,. .,....
ature is often out-weighed by effects from chang’esin composition.

This invest~ga~ion,is being :.continuedunder Contract NObs
!. :,,’.,.

.5323$~’’IndexNS-011-0784
: ‘,,.

The i@luence of ~iai~”ii~~’’andin-
,; .’,,... ,,.,

terrela{ed effects of deoxidizing elements:wil’l”b~g~vtk con.
~~.;..!,

tinued attention.
,,,,,,,,...:..: ,,.,,,’+...,’;,;,.,.:,,:..!,\-:.!... ,’,, .,

!.,.

,. .,, T .,”
., , ,..,
. . .

. ..”

,-,
!-;,, ,,

:,‘r
,.”,. ..-,.

. .
,., . )., .’

,-
:,,.$

,’:,
.,
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.
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TABLE lA. TZLSIIE-TZSTDATA FOR CLASSA AND
CLASS B STEEMIN~~EREPROtIUCIBILITY
STUDY

—.
Yield

S~Tength, TensileElon~x~ion
Heat Specimen psi- - Strength, in 8 In. ,

INumber Number Upper Lffaer psi %

&6650 1 35,300 3L,1OQ 60, Km
2 35,900

27.0

31J, MU .50,900 29.5

Ik-6705 1 36,700 35,800 62,5oo
2 37,boo

22.0
36,ooo 63,S00 27.0

A-7663 3. 35,100 3b,600 60,800
2 35,000

29.0
314, LO0 61,400 33.5

A-6651 1 36,200 35,70062,000 28,o
2 38,2oo35,70062,6oo 29.5

A-766L 1 36,1oo34,60062,100
2

27.5
36,10035,00062,5WC 32.0

TABLElB. NJLVYTWIR.TEJTi)AT~FOHTYPEA ANO
TYPEB STILLL~I,qTHEHEPHOT)UCIBILITY
STUDY

Energy to Energy to
Testing Maximum

Heat
start propagate $ Shesr

Specimen Tem~rature, Load, Frast,ure, Fracture, In
Wnbar Number ‘F Pounds Ft-Lb Ft -Lb Fracture

——. .— —-c

A-6650

A-6705

A-7663

A-6651

k766L

N1

Q2
S1
M2
P1

P2
L1
R1
Q2
1’2
ti2

Nl
P1

P2
Q1
Q.2
Rl
52
S1
S2
m
P2
Rl
S2
Nl
w
R2
N2

N2
N1
PI
P2
Q1
w
R1.
R2
sl

70

80

80

s?

Lo

70
70
70

70

4)

70
70

80

9Q

$Q

100

100
100

100

&

60
&l

70

80
80

80

80

M

70
70
70

80

90

x

9Q

37,550

35,J300
37,200
36, tOO
36,550

36, ml

35, &o

37,000
37,000
36,OOO

37,950

37,500
37, 70Q

37,150

37,250
37,500

37,500
37, &m

37,90a

37,750

39,550
38,700

3B,300

38,5m

3$,200
38,700

37,700

39,100

39,250

39,150
39,250
3fl, i’50

39,30Q

39,400
3t3,700
38,950

39,100

917

058

W?
767
8m

H7

783
817
750
700

790

775

765

790

82L
885

910

800

%

833
892

W

858

757

891
86?

992

1,020

935
1,020

950

925

96I.
950

875

95$

133

592
W

575
65o

66

616
too
733
383

75

650

w

50

633
133

885
i9.&!
665
757

616
725
158

125

807
757
741
Ei30

216

7L0

815

58

275

784

73ai

73.&
707

5

100
100

100
100

5

100
100
100
100

5

100

10

15

100

15

100

100
100
lm

100

95

5

10

100

100

100
100

10

100
100

15

25

100

100
100
100

—.... ._—



TABE?2A, TEN9HJ.TE$TDATAFOR2,TEEL3INT~
CARBON4WGANESZ mimg

TABLEIC. CHARPY IMPAC!C-ThtiTDATA FUR lYPL J Am
TYPE B STLLLSIN ‘IKERlPRODUCH31LITY

H.&t TestingTemperature,__ rmuec~ M -Lb
Nmbm F ~TOBt m ‘19&”.J~t t

A-6650 120 33 37 35
75 31 % 31 29

40 27 28 2L 28
20 21 6 21 22

11 5 9 la
-L: 3 3 3 3

d-6705 75
Lo
0

-LO

32 30 32 31
22 27 27 25
lE 20 19 19
2 2 2 3

A-7663 80 31 22 — .-
27 27 — —

; 11 25 29 25
30 24 23 24 20
20 2L 20 b 18
10 19 21 10 21
0 16 6 L 14

A-6651 75 3s 37 39
40 38 36 35 :?
20 33 3.4 35 35

31 33 32 31
-4: 3 L 2.0 17
-s0 2 2 2 2

A-766L 80 31 37 —
.40 34 33 . —

30 33 26 —
20 30 za — —

10 25 31 25 27
0 26 20 25 30

-7n 5 26 10 20
-ii 16 10 — —

-40 4 5 — .

——

—-.—— .—.——
Yield
Strength,

neat
Tensile

Spectmn
)SlOn@ion

—_4?s.i — Smugth, h 8 In.,
Number Number Upp.? LOl.lor pBi $

A-7448

A-6539

A-65~6

A-7516

A-751’Y

A.6590

A-7532

A-7518

A-7519

A-6579

A-65~9

A-65L7

A-655L

.!-6596

A-752o

A-7521

A-7522

A-7537

A-752L

A-7527

A-6596

A-6597

n-7525

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

0.15,!Cnrbm SerieO

33,@o 28,600
33,000 28,800

31,@o 30,900
32,100 30,60D

32,300 31,300
33,700 32,7oO

35,tm 34,800
36,8oo 34620

37,500
36,s00

36,100
35,900

0.20YCarbonSeriee

33,100 32,000
33,100 30,900

31,600 31,LO0
31,800 31,500

36,Lo0 35,400
36,000 35,300

37,800
37,too

37,100
36,900

44,000 L3,500
43,700 h>,300

0.25;CarbonSoFies

33,900 33,100
3L,2W 32,500

36,200 35,600
37,500 36,3oo

39,100
3E,om

37,300
36,9oo

L3,200 42,600
4.2,500 L1,700

0.30%carbonseries

34,000 31,LO0
34,50C 32,&o

36,500 3&,000
36,LO0 33,800

3’s,Loo 37,000
3~,500 36,9oo

.0,W 39,400
L2,200 39,100

45,300 lJ.,900
L6,300 L6,0m

0,352CarbmS,ries

M,800 3L,000
3L,500 33,6oo

/J,tDo 40,000
37,000 37,100

LI,700 &l,200
39,900 39,000

Lo,500 40,200
40,500 Lo,oou

50,700
50,700

53,Lcc
53,200

53,6U0
55,000

59,too
59,630

61,LO0
6L,.400

55,200
55,000

56,400
55,700

61,700
61,700

&,Loo
6L,000

72,LO0
72,300

58,100
58,700

65,2oo
65,600

Q,700
65,100

75,100
73,300

58,200
57,000

62,600
62,OOO

&,400
68,500

73,700
73,300

81,000
80,600

62,900
63,OOO

75,000
70,800

75,EO0
74600

76,500
76,OOO

34.0
36.o

31.0
30.0

28.5
28.0

31.0
32.5

29.0
30.0

30.0
31.0

32.0
33.0

33.5
32.5

28.0
30.0

2L.O
25.0

29.0
30.0

27.5
25.5

30.0
29.0

23.0
23.0

29.0
29.5

32.o
28.0

26.5
25.0

2s.0
27.0

27.0
26.0

29.0
31,0

20.5
22.0

24.5
25.0

26,0
27,5



!rAKlJ228. NAVY“LZM-TX4TDATAF3RSTEELSIN
TWSCASK!N-KLNGANESESERIXS TABLE2B. (Continued)

—
-----R

Enerw to Etmrgyto Eoerw b Ener~ to
Teflting M@xLmum start Propagate % shoal. TmtJng lm@mlll start

Haat Sp3c~.3n
~oPa8ati ~ Shear

Tempwntui-e, Load, Framtum, Fracture> h Haat Specimm ‘hmpr~tuxe, Imd, Fracture, Frnctuw,
Nuhr

ill
Nurhr F Paunds m -Lb Ft -L~ Fractwq Numbar Numbsr F Po!md~ Ft -Lb Ft -Lb FraOiura

-- --
0.15%CartonSerle8 Ml

Q2

E
N1.
N2

Pl
P2
Q1
Q2

Q1

FL
@
Rl
R2

22

m

N2

S2

Q2

R2
Pl

N1

%
N2

AS
02
N1.
N1

B2
m

c1
D2
Al
N2

n

N2
PI

P2
Q1
Q2

sl
R2
SI
S2

m

M2
N1
N2
P1

klz

80
80
80
80

50
50

.52
&
co
61

50

&
65
Lo

70

20

30

40

50

63
to

36,Loo
36,450
35,150
35,450

900
85o
825
692

1040
95g

975
940
9$.4
958

1220

915
loco
1025
990

loco

1292

1183

11o8

925

1058
3.11s

w

842 100
m
100
100

100
10

100

l%
95

55

100
ma
100
100

100

2

10

3

8

20
50

100
100
100
100

100
100
100
10

mo
10

100
100
100
180

10

95
15

l%
20

mu
10C
100
100

10

100
100
3.00
70

40

5

100
95
30

Lo

50
50

La
63
65
@

30

40
Lo

50

m
65
to
a

70
70
70
70

80

20
20

30

40
50
50
50
50

30
30

LO
40

50

%
50

20

30
30
30

40
40
LO
LO

34350

34,050
33,750

33,103
33,600
33,mo
32,750

38,85o

36,OOO
35,300

35,300

34,900
36,100
35,850
36,350

34,900
35,400
35,750
35,050

33,7@5

39,250
39,@o

38,%0

37,900
37,500
3s,150
38,.400
38,2oO

4,050
.U,150

.&loo
40,400

40,500
40,300
.40,950
40,850

43,350

.L2,800
42,m
L2,5CG

42,300
42,400
IU,300
42,300

1035

1050
98.4

9%
975
925
950

1150

1018
866

833

875
950
1808
892

925
983
:2

892

1263
WE

1350

1250
1225
1225
1375

.9.-7443

A-6539

L-6586

A-7516

A-7517

A-6590

A-7532-<

Pl

P2
Q1

:
R2
sl

81

T2
Ii?

D1

M2
c1
Tl
112

Al
Ml
sl
Ll

S2

N1
Pl

R?

u
N1
P2
ILL
U

m
N2

N1
N2

PI
P2
a
02

N1

N2
PI
P2

a
Q2
F.1
K!

FCL
S2
ml
F2

sl
m
F1
Gl

m
N2

91

715
325

750
666
616
659

lot!

666
133

116

650

?;
158

584
675
65o
866

666

567
208

292

108
933
992
1918
683

833
550

850
325

735
809
875
91io

U2

875
910
150

915
85o
E@
85o

742
750
758
83

65o
866
85o
(00

9CQ
58

?;
842
917

10

80
35

95
80
90
85

1.5

100
5

5

100
100
70
10

85
10+I
100
100

100

75
10

25

J
100
100
95

95
55

10+3
25

90
100
100
log

10

100
100
10

100
100
100
100

10C
100
100
15

100
100
100
100

100
5

100
100
100
10

A-7518

A-7519

A-6599

A-6589

A-65L7

A-6554

A-6598

40,.@
L0,250

675
133

39,700
39,750
39,900
40,250

800
734
1025
734

45,0m 416

43,000 863
43;200
44,250
/i3,630

Suo
7“?5
8U9

L3,350

Ii9,000 125

L6,85o

46,S50

183

92

25846,700

fbf+7ca
46,900

333
550

70
70
70
70

45,550
.L5,750
L5,950
47,950

900
858
758
S92

lob
1150

0.252CarbenSarian

90

z
90

36,250
36,t00
35,500
34,4m

800
858
741
666

700
693

972
725
791
775

910

‘?00
875

740
g:

809
784
734
715

866

935
910
790
935

10E3

U.&

925
e75
892

3250

Zl?o
1190

1250
1100

1225
1150

100
100

33,900
34,&o

708
100

110
110
110
110

3L,800
34,700
35,650
35,450

725
733
625
616

1260
12L0

1280

1240
1175
lJ.70

1130
1170
1180

63 40,350 117

70
70

LO,250
37,050

E92
125

80
80
80

3s,800
39,450
38,700

39,150
39,25o
38,700
38,650

700
6L2
10E

90
90
90
90

700
L92
715
815

0.20$cartonSeries
90
90
w
90

3L,150 800
3!L,700 825
34,750 807
3.L,800 875

70 40,300 150

60
80
80

/+l,350
41,150
40,150
41,650

833
111o
665
590

100
mo
100
100

33,150 807
32,tO0 775
31b,9Go 950
33,800 815

37,600 990
37,850 950

36,85o 900
37,750 9L0
37,850 940
37,750 B25

80

50 45,900

46,.L5o

L92

LJ. 63 75

Ql
R2

70
70
70

46,800
46,000
L3,500

925
783
400

m
P1
P2
U

70
70
70
70

L2 —.—



TABLE2B, (Continued) TAOIE2B. (Continued)

——. — ——.——. . .. ._ —- .. . .. .—

Ermrgyto Enwr~ ta
Tedlng MsximItm S’bwt ~waga*o .%Sheer

Enmrgy“w Enw-gy‘to

Heat Speoimsn
Tinting Maximum Start

Temperature, bad, l+aature, Fraoture, in neat Swoimen
pr.pawte Z Shear

Temperature,
Numbnr Number F

laad, Fxactua,
pounaa F% -Lb Ft -Lb

Frnoture, in
FractureNumber Number F Poundfl Ft -Lb Ft -Lb Fr@ture—-..— —-—

P2
Q2
RI
N1

m

u
N2
S1

P1
P2
Ql
Q2

M2

N1

m
N2
Pl
P2

Q1
Q2
R1
R2

Ml

m
In.
N2
P1

P2

Q1
Q2
m

Pl
m
S1
S2

N1

NJ

P1

P2

u
Q2
RI
R2

Ll

L2

,)n
M2
m
N2

P1
P2
Q1
Q2

w

N3.

N2

Su LL .700 qoo 817
817
$92
Rcu

175

h84
535
133

~o

575
7$L

75

125

566
5U
566
416

709
58b
700
$40

150

572
550
550
565

100

583
659
35$

675
&8
591
666

150

117

300

225

G5

E

2R3

250

500
500
516
117

708
650
526
692

100

50

183
——

100
ma
100
2.00

15

85
65
7

100
100
100
100

10

15

100
100

R

95
100
Loo
100

20

100
100
100
100

<5

95
95
45

100
100
100
3.00

30

10

15

15

3.00
95

100
100

Lo

30

100
100
100
25

100
100
100
100

10

10

15
——

E? 120 36,650 500 308 40
80 i< i50 lii3
60 44.950 817 R2. 130

130
130

35,250
35,650
35,900
36,700

525
466
508

533
525
567
667

100
100
100

80 45;000 917

0.30%CarbonSeries

w
Ll
R2 130

80

583 100

80

w
90
90

lCO
100
100
100

80

90

100

34,800

35,750
3&80a
36,100

34,500
34,500
34,900
3A,300

36,350

36,650

35,65o
37,100
37,85o
36,Lo0

37,000
37,000
36,650
37,400

37,750

37,750
37,200
38,400
37,8oo

44,100

b3,L50
41,850
43,0~

43,620
L2,80Q
42,550
44,Em

L7,950

.L7,050

47,900

L7,200

45,900
L6,900
/L7,300
L7,800

65o

615
n5
815

6?5
635
692
666

666

700

630
76j
765
642

709
734
700
7’io

584

592
5E0
616
&L6

683

77.5
633
716

692
633
650
$L7

725

675

700

775

:&4

759
775

A-7520

A-7521

A-7522

A-7533

A-752A

A-7527

A-6596

A-6597 m 39,150

b0,350

542 33

300

3

L5N2 ‘?0 566

H1
J2
M2

100
100
100

42,350
42,550
Lo,500
40,950

617
700
too
65o

575
55s
65$
633

100
100
100
100K2 100

70A-7525 m 44,750

/&,500

65o 83

242

5

2580 733

L2
1N2

90
90

43,too
42,750

576
634

517
133

95
15

N2
Pl
F2
Q1

100
100

43,350
43,L50
44,800
44,300

6?5
Eo$
782
675

592
5$!,
508
458

100
100
87
75

100
100

110
110
110
110

90

100
100
100
103

70

80
80
80

90
90
90
90

70

80

90

100

110
110
110
110

100
100

L2,65oLl 120 542 100
——.. -— -... ——... ——---- . .——. —-. .. ... . .—.——-..—.—. ..,—

0.35%Oartm Seriem

100 35,L50 634

ILO 35,700 576

120 35,050 57’6
120 36,100 592
120 36,OOO 592
120 36,150 616

130 35,mo 565
130 36,o5O
130 35,500 M
130 35,350 558

90 37,7oo @8

100 37,350 5L2

llo 36,LOO 558



T48LE2C. CiiAWYjlPACTj9ATAFORSTEELSIN
TiECAS.BON.MANGANESESEMIS

TABLE2C, (Contimd)

—— _.—..—

Peat ‘lestinsTemper.t!me, ChrmpY IurxctStrermth.Ft -Lb
Mulbr F ~t Test

neat TestingTompernturo,
2ndTeot 3rdTcot Lth~ N~ber

~m .Tt @.,q~&-mcth ,F.<-Lb
F 2naTest 3rdTest .LthTest

.—— —

0.25$CurbonSeries

A-74L8 80
lx
30
20

50
3L
9

20
22

:

38 A-6589

A-65L’?

A-655,4

A-6598

A-7520

A-7521

A-7522

A-7533

P.-752.4

L-7527

75

E
20
00

-ho

80
LO
o

-lo
-20
-30
40
-50

so
LO
o

-40
-50
-60
-70
-80

::
0

-Lo
-80

I.oo
80
70
cm
50
40
30

80
62
50
Lo
30
20
0

80
Lo
30
20
10
0

-lo

80
LO
10
0

-lo
-20
-30
-Lo

80
.@
20
10
0

-10
-20

lr?o
110
100
90
20
70

29
23
17
17

25
z.
2A
19
4
2

38
3L
28
25
26
17
L
6

~
39
30
28
21
22
3
3

L2
38
31
25
3

26
27
18
17
15
*

9

22
23
20
20
16
9
11

28
2L
20
22

;;
5

32
28
25
25
22
18
19
9

32
29
27
29

:
20

u
23
20
20
21
18
4

2s
u
22
5
L
2

.
--
.-
—
2L
19
:7
L

--
.—

?
26
3
3
—

*
38
33
28
2

—
24
21
19
18
17
—

23

;
23
19
b

—

—
17
23
22
1s
10
—

—
—
21
23
23
5

—
—

—
—
30
16
22
26
L

24
21
19
21
19
—

30
26
22
18
5
2

—
—
—
.
22
23
3
3

—
—
.
2!3
27
3
3
——

.0
>7
31
27
22

—
22
20
8
2!
5

—

27

z
19
21
17
.

.
2L
17
26
11
11
—

—

z
23
6
8
--
.

—
.
27
25
26
26
2L

25
22
19
21
16
—

32
29
29
6
27
5

G
20
%
6
L

39
34
25
E
4
3

56
62
56
38
5
2

29
13
6
6
L

10
0

-20

.4
2

A-6539

A-6586

42 32
26
7

37
X
26
21
4
3

3A
27
6
5
3

2!,
19
7
.4

-20
-40

75
40
0

-20
-Lo

55
50
44
7

56

z
39
5
2

Ll
38
3b
2L.4

2
6
240

A-7516

L
3
3
2

80 57
47
10
39
31.
32

55
L6
L6
35
6

.LO
0

-20
-30
-40
-50
-a

—

;;
M
—

4
3

.-
38
41

Ll
37
33
27
15

4

3:
L 33

33

A-7517 00 58
k8
Lo
43
9

56
55
42
20
35

0.302Carbo>sC~iC3
Lo
o

-lo
-20
-30
-LO

—

E
37
37
43
—

30
30
26
25

;

G
25

1;
—
—

—
—
31
28
6

—

;

.

—
Lo
6
6
5

27
21
22

1>0 19
23
lL
5

5
4-50

23
24
19

#.-65$o 75
63
LO
20

33
28
2a
6

32
31
21
22
13

20
20o 4

3 17
3

-Lo 3 3

A-7532 80
Lo
30
20
10
0

-lo

34
27
27
28
26
20
10

28
24
22
22

3.2
27
17
5
—

13
13
15-20 7

30

x
20
6
7
16

A-7518 m
Lo
o
-lo
-20
-30
-LO
-m

L1
36
32
30
2.L

2
3

.
—

—
8

A-7519
8
0

-20
-30
-40
-50
-m

50
L3
35
32
2a
20
5
3

—
—
--

28
6
3
3

53
h9
38
32
2

25
25

0.35 C-bon SOrie~

25
23
21
22
19
16
11

A-65$9 75
LO
o

-LO
-s0

—.-—

L7 49

q

2
———

.65
35
31
2

..—-— .

A-6596

.!-6597

75
Lo
o

-Lo

75
LO
m

-4:

E
20
10
0

-lo
-20

20
16
3
2

20
u
6
2

25
25

19
16
4
2

26
25
20
7
3

2627
23
22
5
3

2B
22
23

22
20
10
3

32
26
2A
20
19
6
k

20
19
3

A–7525 —
22.
23
6
18
.L

2-?
19
8
u
7

22
20
U
15



TABLE 3A, TUJSILE-TLST DnTk FOR S THZLS

Ill THE SILICON SLRILS

Yield

Strength, Tensile Elongation
Heat Specimen @ Strength,

Number
in 5 In,,

— Number UDCJW Lower ~-

A.7526 1 37,100 JJ,lloo69,000
2

29,0
36,800 35,40065,00t 29,0

A-7528 1 36,300 3.5,900 63,500
2

31.0
36,1Jo0 36,000 63,800 3M

TABLE 3B, NAVY ThAR-lxsT DATA FOR STLLLS
IN THL SILICC$TSLRILS

Energy to Energy to
Testing Msximun

Heat
Start

Specimen Temperature,
Propagate $ Shear

Load, Fracture, Fracture,
Number

in
Number F. Pounds Ft -Lb, Ft .-Lb Fracture

h-7526 L1 70 bo,l!so 782 100 10
m 39,700
tJ2 : Lo,bo

700 62b 100

P1 80
774

ho,100
750 100

P2 80
733

40,800
566 90

766 566 100
M2
L2

90 38,800 716
90 38,650 675

641
782

100
100

L1 100 38,200 733 566 100
A-7528142 40 42,000 961 193 10

b2,800 1000
% @,600 920

illl 60 41,booP2 990
60

8z4
41,450

10B
Q1 60

92n
43,300

725 100
Q2

1C90
60

692
L1,050

100
915 766 100

. ——.

TABLE 3C. CHARPY IMPACT.TMT DATA FOR STEELS
IIJTHE SILICON SERIES

Heat Testing Temperature, Clumpy Imwot Strength, Ft -Lb
Number F 1st Teet 2nd Test 3rd Test 4thTest

A-7526 80 33 31 . . -.
Lo 26 27 .-

24 21 22

.1:

21

24 20
-20 20 2 : 19
-30 h 19 17
-Lo L

7
3 12 —

A-7528 80
40

-i
-5’3
-60
-70
-80

%
33
27

25

22
4
5

3
5’
L
2

. .
--
--
26
12

3

3
-.

-..

-i
23
4
b

--

—.

l’!iBLE 4A, ThNSILE-’iF..STDATA FOR STJXI.S
IN l13FilIITRWiENSMIES

Yield

Strength, Tensile elongation

Heat Specimen psi Strength, In 8 In,,

Number Number Upper Lower psi %
TYPE iiSteels

A-6600 1 36,200 35,MO 62,600
2 37,100 3b,600

25.0

61,600 24.0

A-74L0 1 lIo,800 37,8~ 6?,200
2 39,700

28.0
37,700 67,300 29.0

A-7LL1 1 L1,600 39,boo 69,LOO
2

26.0
4z,Bo0 39,300 69,3oo 27.0
TYPEB Steels

l&6601 1 JJo,loo37,100 63,3oo
2

26.5
39,200 36,800 63,2oo 25.5

A-7439 1 l!2,boo bo,200 70,700 29.o
2 43,000 41,100 70,700 29.S

A.7MT 1 4~,600 112,30073,boo 21.0
2 45,900 b2,500 72,600 19.5

,. i



Energyi.o Energyto
TintingMaximmm start

Hent
Fropacate

Spec$m.enTemperatureLoad,
% Shaar

Fracture,Fracture, ill
Number Nmbei” F Poundu Ft Lb F+ -Lb Frachm-

“. A-6600 R2

Q2

w
ii2
P1
R1

m

}!2

N1

N?
rl
P2
Q1

m

Mz

Nl
N2

PI

P2
Q1
Q2
RI

P2
N2

S2

Pu.

Q1
51
M2
F1

El

E2

F1

F2
GI
G2
HI

HZ
J1
J2
la

L2

50

60

70
10

E

110

120

1.30

Ma
MO
lLO
111o

ly

Uo

150
MO

MO

170
170
1’70
170

70
70

aO

90

1O(I
100
100
100

1.00

ILO

120

L30
130
130
130

lLO
lk
140
Uo

120

130

140
1!40

150
150
150
150

30,950

37,700

38,1Joo
36,65o
37,750
36,750

37,950

36,8oo

37,LD0

31,500
37,100
37,200
37,000

38,620

3BJJ50

39,LO0
38,05’0

38,750

39,350
37,600
58,500
37,950

38,200
39,550

38,900

11o,05’o

38,000
37,950
37,500
37,6oo

L1,200

lJ,250

LO,600

w
hO,25o
L0,200

39,950
ho,500
ho,500
Lo,200

U,Boo

JJ0,750

41,300
IJl,loo

39,750
h,750
L2,000
39>hoo

933

8b2

875
863
W&

708

591

650

61+1
659
591
FJll

62S

600

6112
6L2

609

609
;:;

5111

803
800

950

917

092
858
B5a
908

861

095’

759

7EL
855
765
?65

710
7311
700
691

725

7311

775
67<

665
;%

6811

67

125

000
533
825
6B3

833

2L2

300

::;

516
53L

167

192

65o
266

350

1060
1090
5111
425

833
175

100

258

858
683
625
625

50

3.33

266

Uoo
1150
7111
366

666
825
710
65o

lLB

216

5311
367

759
5811
1115
550

3

B

100
1(IO
100
100

20

30

Lo

100
100
100
95

20

20

;:

b5

100
100
100
70

TI,ELEltC, c?imrrIKFAcT-TEsTDATAFoRs=
IN !EIENIIROi~SI!RIES

Heat TestinflTemp.raturo, Char~yImpactStrerwth,Ft -Lb
Number F lotTeat 2ndtest 3rd!’est Mh Test

A.71JlI0

A-6600
G
o

-Zn

33
28
22
16
3

32
29
23
16
L

25
7

H
20

6
--

211
23
21
20
lB

5

38
39
3L
23
a
2

33
29
25
a
3

33
29
25
l)
0-40

A-71A1 A-’UO 80
Lo
30
20
10
0

-10

--
23
1?

--
23
23
22
21
21
—

A.7M1 00
60
50
1,0
30
20

23
211
24
19
5
9

-- --
23
211
23
17
1?

22
2.!I
20
21
18

A-6flol Ig

37
31
26
15
2

A4601
;:
0

-20
-m
-80

L7L39 ‘?0
Lo
20
10

I@
34
311
27
22
2

15

12

30

100
100
100
100

5

20

2C

100
100
100
b5

100
100
100
100

15

20

;;

100
80
75
100

3
2

35
29
27
214
25
)1
3
3

30
25
26
13
20
19
b

--
--
26
6
26

—
--
25
23
230

-10
-20
-30

A.71J39

3 --

A.71L37
$
30
20
10
0

-20

..
21
23
23
l!
-—
2

-.
25
22

--
3

A-71437

El

F1
F2

G1
G2
!11
H2



TABLE5A. TLNSILE-TLSTDATAFORS’i!4ELSIN ‘llM
!SITAN3XlN,ZIRCONSRJl,MD ALUMINUM
SBRIFS 7ABLEqA. (Gonthmd )

Yield
Strengthj Tensile Elongation

Heat Specimen pgi Strength, in 8 Tn.,
Number Iiumbmr Opper Lawer psi %

A-7667

A-7668

A-7665

A-7669

A-7670

A-7671

A-71J31

A-6699

A-71132

.A-7L33

L7L31J

A-71135

.@iw

A.6707

A-6708

A-6709

A-6649

A-7319

A-732o

Tlt.4niumScfries. Type!A

LO,IIOO 38,400
40,700 39,400

39,LO0 37,JJO0
39,6ao 37,JJO0

112,700 40,900
l@,800 Lo,‘loo

TitaniumSeries- Type B

37,500 35,600
37,500 36,1oo

37,500 36,2oo
36,700 35,000

h6,300 lJ!4,600
h5,800 lh,lloo

ZirconiumSeries. Type A

311,500 31J100
31i.600 31,600

30,800 30,600
30,300 30,000

29,700 29,700
29,700 29,6oo

ZirconiumSeries- Type B

31,800 31,200
31,600 30,800

35,2oo 33,400
311,500 33,000

31,500 31,300
31,500 31,300

66,300
66,500

66JIO0
67>lJo0

702200
69,100

62,3oO
61,800

62,000
60,800

70,000
70,000

63,OOO
63,s00

611,5’00
63,900

63,2oo
6h,700

62,900
62,800

64,700
64,4cu

65,Ioo
65,000

Akminum Series- LowSilicon. Type A

1 38,200 37,s00 65,3oo
2 37,800 36,900 66,3oo

1 35,600 ;;,&o. 58,800
2 35,200 , 59,200

1. 30,200 35,100 61,500
2 3B,500 3<,800 61,600

1 35,M0 3!I,300 S9>607
2 36,100 311,000 60,100

hIMLIUM SEmS . LOW Silicon. ~Pe B

1 38,1oo 37,100 6L, 800
2 37,300 36,600 6h,600

1 35,100 33,900 SB,900
2 35,300 33,800 59,600

1 311,600 33’,500 60,200
2 3L, 200 33,300 59,700

28.0
27.0

27.0
27,0

24.o
23.o

31.0
29.5

29.0
27.5

2s.$
26.o

30.0
27.5

26.5
25.o

26.o
29.o

29.0
30.0

31.<
31,5

29.5
29.5

3$;

29.0
?8.5

30.0
31.<

32.0
JL.O

23.0
25.5

30.0
30.0

32.0
31.5

— .-

Yinld
Strength, Tensile

Heat Specimen
Elongation

Psi Strength,
Nmnber

in8 In.,
Number Upper Lower psi x

Aluminumseries-0.05 % Silicon- Type A

A-753L 1 35,700 33,300 60,500
2 35,LO0 3h,600

32,5 .,
60,&o 32.5

A-766i 1
2

33>200 32,6oO 59,8oo
33.500 33,Ooa 59,000

31.5
31.0

A-1529 1 36,5oo 36,200 62,900
2 39,000

31.5
33,LO0 62,000 31.<

AluminumSeries. 0.05% Silicon- Type B

A-7660 35,900 3’k, 200 61,300
36,200 35,000 61.500

30.0
32.<

A-7662 1 36,OOO 3JJ,500 62,6oo
2 36,6oo 34,400

29.o
62,3oo 28,0

A-753o 36,JJo0 35,JJO0 62,600
36,800 35,1100 62,s00

30.5
31.5

Aluminum. 0.05% .W.ic,m- o,OIO$ Nitrogen- TypeD .3trml

A-7659 1 37,700 36,1Jo0 66,000
2

29.0
38,1100 37,000 66,200 28.0



TABLESB. NAVI11211.T72?,TDATAFORSTLEhiIN ‘B!E
TITANIUM,ZIRCGNIUM,ANDJLUf!TmSG?XF5 TiLBLL5B, (Continued)

... Energyto Energyto
Testing Maximm start Prnpagata % Sheai-

Snargyto
Testing

Energyto

Heat Specimen Temperature Load, Fracture
Maximum

Fracture, . Heat specimen
start

Number Number ‘F.
Temperature

~OP~ga*e $Shtiar

Founds Ft Lb Fi-a&re
Load

Ft Lb Number
Fracture

Number
Frzcture,

F Pounds
in

Ft Lb,— Ft Lb Fi-a,ctue

A-7667

A-76.5a

.-

A-7665’

A-7669

A-7670

m

N2

u.

F1

;

R1

R2

S1
52
T1
T2

Ml

N2

N1

N2

R3.

Pl

::
Q2

m

M2

Nl

N2

PI

P2

Q2

Q2

R1
R2
S1
52

n
T2
UI
U2

M2

L2
PU
W
N?

L1
P1
P2
Q1

K2

n

G1

titaniumSeries- Type A

60

?0

80

;;

100

llo

120
120
120
120

70

90

100

110

120

L30
L30
no
Vo

70

80

90

100

Zlo

120

230

1s0

160
160
160
160

170
170
170
170

39,800

39,850

30,s00

39,500
j8,850
39,350

40,000

39,25o

36,900
38,650
39,7s0
38,800

110,800

h,Ooa

Ill,050

40,500

40,700

1,0,500
lLl,350
$,%
,

L2,650

k2,500

112,650

I13,0cu

I13,100

&l,700

k2,950

111,750

M,650
L1,650
b2,Boo
112,100

b2,600
Ill,000
L2,1100
112,650

910

?90

8L2

824
766
860

766

8112

78JJ
784
757
757

8!56

975

1033

833

866

757
?50
’975
891

900

833

833

961

815

750

7811

808

800
7s7
87s
78L

866
766
833
9L0

ho L0,550 925

L1,L50 1020
$ bo,700 961

: 39,950 961
L0,500 958

60 bo,300 950
4L,150 1077

2 L0,250 950
60 IIOJ50 I.000

80 Lo,loo 1025

Loo 38,650 961

60 40,800 1077

92

83

83

650
625
108

92

92

8ca3
633
665’
609

125

92

175

112

83

1.020
665
;~

67

83

100

158

67

55

50

23A

808
665
715
2112

7Rli
885
684
715

67

6L2
757
750
100

766
750
806
?00

775

78L

75

5

5

s

100
100

10

10

15

100
100
100

95

5

5

10

10

M

100
100
100
100

3.

1

1

5

s

5

10

20

100
100
100

20

100
100
100
100

5

85
100

98
7

100
100
100

95

100

100

10

A-7671

A-7U1

A-6699

A-71132

02
$11
H2
m

F2

iv

n

U2

IL

L2
m
Iv

m

N2
Pl

E

K2

K1
r,2

Ml

J2
M2
NI
N2

Jl

$1

RI

U2

T2

;

P1

52
P2
Rz
Q1

72

vl

E
ol

J2

n

K2
u
1.2
m

J1

ho,300 10LO
z U,600 1067

4L,200 Iol!o
F u,200 1050

80

100

80

103

120

140
1110
1140

150

lio,floo LJ.20

38,9oo 961

IllJ,Loo 500

M,050 1020

UJ, 700 990

b3,300 950
1111,900 950
L5,350 1160

M,850 975

160 Lb,850
160 Lb,IIoo

98k

160
9110

Ibll,ooo
160

91Lo
lIll,350 9110

Lo

60

70
70
70
70

90

30

Lo

50

60

70
70

80

90
90
90
90

100

rLo
110
110
110

60

70

80
80
80
80

90

JJ0,900

40,I150
bO,600

111,150

bO,600
39,65o
IJ0,600
40>1150

39,950

39,65o

39,700

L0,200

38,550

39,25o
39,1400

38,8oo

39,200
38,8oo
39,000
36,600

38,000

37,600
38,100
38,200
39,000

39,750

30,800

30,950
38,55o
39,550
39,100

39,550

950

910
950

358

850
910
885
925

068

708

717

71+2

717

808
858

775

063
033
833
900

700

750
767
767
850

900

809

7110
750
%50
765

7f311

808
800
790
7110

700

700

117

92

92

80C
61L2
216

367

757
700
1060
725

150

675
208

500

815
83<
750
76o

750

92

33

100

83

675
142

58

683
733
883
67

167

863
633
6R3
533

358

158

833
850
725
7110

766

Loo
100
Im
m

100

100

<

5

15

;2
20

M

100
100
100
100

10

100
15

L5

10C
95

100
100

100

2

2

5

3

100
5

15

95
100
100

20

15

100
100
100
100

115

15

100
100
100
100

100



TABLE@. (Continued) TA8LE5B, (Cmtir,ued)

Frmgy to Energyto
Testing NkLYimum Stm-t

Heat
Fropagato

Spccimon Temperate,
% Shear

Lo&, Fracture, Fracture, in
Numbei-Number F Pounds Ft.Lb Ft Lb Fracture

Energyto Energyto
Testing Maximum sk-t

Heat Specfmcn Temperature,
Propagate $ Shear

Load, Fracture, Fracture, in
Number l$wnbe: F Pmmds Ft-Lb Ft-Lb Fracturo

Zirconium Series - Type B A+6708

AJj709

A-6649

A-7319

A.732o

A-7531

Q2

PI
RI

E
R2

SI
52
T2.
T2

m

R2

E
31

91

N2

;:
S2

N2
il.
T2
n
U2

Ml

P1

L2

N2

P2
92

Q1
Ll
R1
m

J1

J2
n
K2
L1

J2

Jl
Q
1(2

L1

E
w

6C

76
70

ao
Bc
80

90
90
90
90

2C

30

Ilo
40
ho

lJ2

50
50
50
50

60
60

z
60

70

39,100

38,2oo
38,500

:;:%

38,2oo

37,800
37,2oo
36,6oo
37,2oo

140>200

39,800

39,9C0
39,050
39,00C

38,100

39,200
30,800
38,75o
39,250

30,6oo
38,500
38,L50
37,750
37,2~0

38,1100

905

919
1035

919
1035
935

885
852
985
902

967

972

0

601
0

601
701
0

635
668
635
752

100

125

6211
708
92

618

1210
651
692
125

635
675
716
1175
7311

718

10

ho

50
50

K

60
60
60
60

30

Lo
Lo

50
50

60
60
60
60

80

M

%

63
60
60

70
70

80
80
80

90

Ma
lm
100
100

L2,000

11o,200
l!l,3go
112,000
111$650

&2,600
1,1,250
L1,600
Ll,850

lJ2,1J50

42,750
ill,a50

~,~

0,300
40,450
U,30C
ho,300

ILl,lJoo

42,150

lLl,700
41,600

~,g

Lo:aoo

U,1OO
&o,700

111,300
b2,05’o
L2,8w

L1,3CU

39,050
40,000
L0,650
40,5m

950

865
990

l;%

10LO
965

1025
1020

1110

1082
1100

A.7L33

A-7b3h

A-71135

k66116

A-670?

K2

xl
L1
L2
m

N?
N1
N2
P1

Ll

R

:

k
112
N1
N2

J1

K2

:

:
Ml

142
N1

Jl
N2
P1

P2

n
T2
LIZ
U2

60

90
75

100
L5

100
100
95
100

55

100
10

100
10

100
100
100
100

100

10

100
b5

90
100
15

100
15

lot
100
50

ho

100
100
100
100

3

3

3

5

5

20

100
100
100
100

10

20

95
20

100
100
100
lm

100
a

100
100

8

98),
900
7311
R68

100
100
100
100

lIo9 7

833
117

7

1000 100
100

3
923
955

919

908

950

1050
981.1

1035
98L

990

965

98L
1000

1000
940
910

9ho
075

1077
9U

10I4O

925

868
900
v65
091

709
72$
725
709

99

100
100
95
10

669
.h6i
962?Iio

1019 100
930
925
.99:

100
100
100
100

683
3t12

625
900
158

709
150

958
875
125

9<2 100
..

hmitmm Sei”ltia. LOWSilicen- Type B

5C

60

L2,h50 1108 75

175

67

6~;

708
775
71J2
716

1010

1210
815
860
885

205

850
715
125

775
875
800
7811

5

15

10

h2,600

38,900

1108

70 858
Loo

39,000
39,050

8112
800

100800
009
860
890

10

90
90
90
90

38,650
38,550
37,700
38,500

083
8!12
70;

100
100
100
1003 AILminumSeries- LowStliCOn- TYPe A

K2 50

L2 60

39,900

39,300

925 67 80 38,800 9140

825 67 90
90
90
90

38,950
38,85o
38,JJ50
37,8oo

1100
Lollo
1040

990

100
100
100
2.00

37,050

36,100

37,3CU

36,850

750 92N1 70

n 80

L1 90

580
60

70

E

ho,000 1050 10
67o 33

1090
1000
1082

100
85

7

675 25oM2 100

36,o5o
36,o5o
36,1100
36,500

616
675
683
675

616
650
7h2
700

m 110
N? 110
Q1 110
P2 110

00
60

%

39,100
38,6oo
38,350
38,6oo

Q1 70 37,0ca

36,5oo

900 117

S1 80 767
P2 60 39,100 866 117

35,500
36,100

616900
950

863
750
783
883

R2 80
a2

30,750
80

885 625

RI
38,350

80
850

38,25o
73JJ

LI 80
81L2

37,350 8X
757
L75

125 90
100
100
h5

65o
717
700
800

Ln 100 35,3C0
Rl 100
T7.

36,6c0
100 36,700

37,4CUP1 100



TABLESC. OHARPYIMPAC’ZLTESTDATAFORSTKEISIN IHE
TIM.IIIOX,ZIRCON7UM,ANDALW3WM SJWFS.

TA~Z SB. (Continued)

Enw-gyto Energyto
Testing Maximum stort Prooagate $ Shear

mat Spccimcn‘k,lpcyatllm, Load Fracture,Fr.ckure, in
Number Number F Pound, Fh Lb, F+..Lb Fractur.

TitmiumSeric.. TypeA

A-7667

A-7668

80

E
Lo
30
20

28 27
25 22
211 23
5 20
20
h ?0
L 3

—-
;2
23
lb
20
<
-—

:;
12
19
12
5

26
25
2L

:!
.-

--
--
--
27

:

.-

--
.-
--

2

i
..

;;
23
9
?
II
..

——
—-
27
29

:?
L

36
31
27
25
19
2

-—

;;
2L
15

i

..

.-
-.
28
25
Ill
6
--

10
L2 37>650 808 725

38,000 958
37,150

1210
800

38,100
757

866 70?

100
80
70

;:
ho
30

m 100 28 27
25 25
25 23

21
:2 6
20 $

28
27
%L
23
20

M2 100
m 100

10

100
10

10

100
100
100
100

‘1

10

38,750 933 92L2 60

L1
la

M2

N1
N2
m
F2

m

M2

Nl

N2
PI
P2
91

m

M2
w.
N2
PA

N1

W
PI
F2
Cl

m

70
70

37,100 792 650
30,700 917 117 .A-766S I.oo

90
80
70
60
1’0

21J 25
26 26
22 22
22 20
15 u
h 7

27
23
18
16

00 39,050 775 83

37,850 817
38,500 ;; 756
38,200 867 758
38,L50 975 ?75

--
TitaniumSerie,7. TYPE Q

A-7529 60 36,600 750 83

39,350 850 50

39,200 782 158

h-7669 80
ho
o

-10
–20
-30
“k

—-
—-

70

80

--
29
27
211

20

90
90
90
70

38,550 ‘/82 838
39,000 808 775
36,550 762 658
30,350 766 858

100
100 .00
100
100 A..767O

2
n

-.
--
--.klwnw Series

70

- 0.05$ Silicon-Type,B

37,350 867 3.00 -li
.20
-30
-Lo
-no

25
5

7.0

100
100
100
100

10

Loo
100
75
95

20

80
80
80
80

39,000 891 700
39,050 891 783
39,9s0 96S 1000
Lo,ooo 958 81J2

A.7b71.,
A-7662

80
50
I1O
30
20
10
0

60 llo,?50 1100 183

ho, 700 I.000 800
Im,zoo 10s0 891
L0,1J50 3.020 603
ho, 700 1010 758

70
70
70
70 --

4VX0 950 216.!-7$30

50 kl,500 9s8 666
50 U, 200 9110 650
50 hl, ooo 908 675
50 lllJ50 920 $112

60 L0,850 B7L 750

70 Lo,boo 873 766

95
90
95
70

100

100

M2
N1
N2
P1

L2

L1

..
25
28
25
2L
5

-1:
.20

A-6699
E
20
0

d 0
.ao

35
SJ x

27
21 21
II 7
2 2

A-7659 m 70 39,800 050 75

m 00 L0,050 891 202

Nl 90 ho,700 091 67

Pl llo M,ooa 871 U30
m no 10,350 Ml 1230
Q3. 110 ho,3so 803 1150
Q2 LLo h0,900 9s8 603

5

35

5 A-7@2 00
1!0
o

36 3L
32 31
26 26
16 25
22 22

27
25
10
lk
10

-10
-20
-30
-Lo

9 11
1? 3.3

ZirconiumSeI-;.s- ~yp~ B

A.7h33 2
20
10
0

--
.—

-10
-20
-ho



TASLE5C. (Contimmd)

Heat TentingTemperztwe, Charw ImpactSirengtb,Ft -Lb
Number F lHt Teet 2ndTeat 3rd Teat lithTast

TASLESC. (Continued)

,—

Hmat TestingTempnrxture, ctlAxpyImpactStrm@b, Ft -Lb
Number F lot TBaJL M Test 3rd Test hth Test

A-7434 80 b3-

$=
27 -.
h 29
18 29
1! 0

.-
—

28
26
L

15

--
--

jj

28
25
--

29
26
19
16
3

36
33
3.8
3

--
--
2&
21

.-

j:

..

36
29
28
9
3

.-

..
32
31
..
6

--

--
..-

;;
26
4
3
.-

-.
--

i;
22
21
19
..

--
..
..
26
20
111
II
-.

A-7529
;;
10
0

-10
-20
-ho

m 31 -.
27 25 . .
10 23
23 23 %
21 21 21
20
10 :;
6

::
7 --

--
--

26

lLo

.2:
-30
-ho
:$

20
20
197 10 11

41
ill

116 -
lJ -

)hminumseries- 0.05% Silicon- Typ~ B

o
Lo ho --
311 34 --

30 32 -.
M 6 .-

9 20
h 25 f

18 6
5

7
3 --

2 2 ..

-20
-30
-ho
-50
-60

.-
—
.-
..

0
-2a
-30
-ho
-go

‘1
9

23
--

AluminumSoriea- LOWsilicon. np~ A
40
-80

-.
--L66L8

A-7662! 60

t
0

-20
-30
-no
-50
-80

3P’ 39 --
--

;: :! --
32 ~ --
30 --

8 20
2 17 22
12 3 u
2 2 .-

--
--
..
..

A-6707

Ii.6708

A-6709

38
~;

35 37
29 32 ~

-k:
25 17

2 2 3 --
36

:2
311 --

32 30
6 20

-2: II
~

h

A-7530 112
i%

43 --
38 --

-h:
33 ;; --
26

-50 25
-&

24 ii
JJ 17

-70 22
-80

23 :
3 12 II

--
--
--

l! b5
36 %;
30 30

-20 211
-40

2s 26
25 7? 7

Aluminum

A-7659

- O.0~% Silicon- 0,010% NitroEe”- Ty~L B
mmimm Ser$e~- LOWsil@on - HPE B

i%
o

.10
-20
-30
-40
.60

35
32
28
25
U

--
75 37 37 36

llo 31 33 31

27 28 27

-2: 23 20 22

-ho 3 Ii

80 112 111 --

2.0 37 36
14 35 j

-1: 32 E

-20 31 6 -.

-Lo 6 25 21

-50 3 3 8

80 bo u --

0 32 2! --

-10 33
-20 7 27 ;

-30 6 Zb 13.

-ho 28 20 T

-50 10 22 3

-60 3 3 --

A-661L9 --

A-7319 ..

A-7320

Alhnm Series- 0.05% Silicon- TXPE B

80
ho

35 33 --

311 ;; -.

27 --

27 22 21.I

20 211 26

6 23

5 :; 5

4 10 --

“L-7531

30
20
10
0

.10
-20

80 32 37 -.

Lo 32 26 -.

20 27 29 --

10 2b 26 29

0 20 211 27

-10 21 10

-20 9 21 ::

-Lo 4 4 -.

A-7661



Tm23 E& TENSILE-TESTDATAFORsPECIALSTEEL5

Yield Elongation
Strength, Ten8tln in 8 In.,

Meat specimen Usl_ Stlwlgth, %
Num~r Number Uppr Imver pni

VanadiumSarias

A-7446 1 35,903 34, 5~ 59,000 33.0
2 36,100 35,200 59,000 33.5

A-731O 1 39, too 38,000 dl,loo 2s.0
2 39,Lm 37,500 6J,1OO 28.5

A-7447 1 39,400 36,1C0 59,Eoo 32.0
2 37,.400 35,200 59,400 32.5

A-7311 1
2

39,000 3E,300 69,Eao 30.0
39,200 38,.4W to,ao 29,0

Phoephorua Sahs

A-7312 1 38,100 35,900 59, mo 26. o

2 37, m 37,000 m,mo 30.5

A-7L36 1 39,.400 37,%u 59,100 30.0

2 39,80U 38,100 59,200 30.5

A-71J.2 1 38,30C ?6,@0 58,W0 32.0
2 38,100 36,3c0 56,500 33.0

!$alykdmum Serloe

A-7313 1 ,$0,200 36,2oo 63,200 27.0
2. 39,@o 35,900 62,800 27.0

A-7314 Y. 38,400 3’7,400 64,400 25.5
2 39,4C’3 3?,EOo 65,400 2L.5

TABLE6B. NAVYTW+TEST DATAFOR
SPECIALsmr.s

—.

Ennrm ‘LO Enera to
Taotlog liaxiIAuInstart Propngate % she02

Heat Smnhm Tomwrakure, kid, Frnsture, Fr.sctn-a, in
Numbr limber F PFuoda Ft -Lb Ft -Lb Fyacturw

A-74.L6

.4-7310

A-7447

A-7311

A-7312

A-7L36

A-?&

El

E2

F1
F2
G2.
C2

Ll

Ii?

Ml
M2
N1
N2

F1

E2
F2

G2

H1

E
El

K2

L3.

Kl

L2

m

M2
N1
N2

PI
P2
Q1
w

K1

E

E

J1

K1

K2
L1
L2
m

MS

N1

N2
Pl
P2
Q1

F2

P1
Gl
G2

VwadiumSmriSB

70 35,200

80 38,550

90 38,.A5o
90 37,450
90 37,150
93 37,700

W 3s,350

70 37,800

80 36,35o
?0 3s,350
80 37,350
80 38,1,00

50 40,900

m 39>400
40 39,500

M 40,150

70 39,25o
70 Lo,450
70 39,550
70 39,450

37 41,350

40 .A0,750

42 a, 200

50 L0,250

Eo 39,.8C0

70 39,250
70 Jio,300
70 L0,W3

80 Lo,550
80 L0,050
80 60,050
80 3?,750

Phonphmw k-iea

120 3s,900

130 38,650
130 38,650
130 38,OOO
130 38,000

lko 40,650

70 b3,200

80 /+3,5@3
80 43,350
so 4L,900
80 42,350

90 42,200

lco 41,200

llo L0,050
110 40,0W
llo 39,900
no 39,900

100 38,550

Llo 37,750
llo 3R,700
110 38,500

950

930

1067
925
al,2
885

874

800

700
608
708
aoo

lqo

1080
1020

11.40

1050
1100
990
1173

1090

1080

1100

1025

1010

1020
1000
1025

1020
1:;:

91G?

1117

1124
10LO
991
10LO

1240

1380

1310
1530
1430
2.410

U70

1390

1325
1310
1200
126Q

1150

1100
1210
1140

125

175

6’30
700
665
707

133

75

757
733
692
766

92

757
750

125

808
790
790
707

193

?-25

900

333

166

891
858
75

e17
817
82L
750

125

S07
800
733
ms

742

392

g25
65o
725
100

534

915

675
@3
725
759

S33

740
659
100

5

15

lco
lm
100
100

15

10

100
100
mu

75

5

95
90

10

95
95
90
90

20

10

100

15

10

100
100

10

100
100
100
100

40

100
100
100
100

iCC

55

95
70
95
15

50

5

lCU
95
10C
95

15

z
15



TABLE6C. CSARFTIMPAcT-TESTMTA FOR
SPECIALSTEELS

TAME 6B. (Continued)

.EUerw‘CM Energyta
‘lksbing UExim start

Haab Specimen
Propngato % Shear

Temper&tme, kad, Fra*tuTe, Fr.06ure,
Nxnbor

in
Number F Poundn Ft -Lb, Ft -Lb, Fraotilre

El 120 38,2CC 1120
E2

1535 100
120 38,3CU lolio

H1
1820 100

120 30,550 1275 675
H2

95
120 37,750 1090 267 25

J1 130 38,1oo 1125 675 3.00
J2 130 36,553 1185 6L6 100
KL 130 3s,020 ll(m 65o 100
K2 130 38,3CU 1070 591 100

MdybdmmlmSerim

A7313 LJ 70 38,200

12 80 38,75o

M2 90 36,35o
N1 90 36,9oO
Ml 100
N2

36,900
Mu 36,800

P2 lW 37,CO0

P1 no 36, o5o
Q1 Uo 36,2oo
Q2 no 36,1oo
m Zlo 36,2W

A731k Ll 60 L0,50U

833 50 10

800 17 15

716 603 10C
150 168 20
775 633 100
750 6b2 100
750 225 20

691 650 100
603 617 Mu
;g & lCO

100

Pendidnotrecordcurve 10

Jl 70 110,300 908 625 95
J2 70 40,L50 9b2 608 90
m 70 llo,sao 967 600 95
K2 70 39,550 900 708 100

TestinE
Heat Twnp,, CharpyImpactStrength,Ft-lb
No. F k.tTcet 2ridTeat 3rdTest W Tesi

A71M

A731O

A7hb7

A7311

A7312

A71136

.4711b2

A7313

A73iJ

~
10

-1:
-20

B
30
20
10

0
-lo

R
20

0

:
Lo
60
80

80
0

-lo
-20
-30
-Lo
-50
.60

Ho
ko
30
20

0

)%
10

0
-lo
-20
-ho

80
Lo
20
10

0
-lo
-20

E
30
20
10

-12

80
30

E
o

.10
-20

311 39
30 33
25 28
20 22
10 19

5 4
5 b

36 311
31 30
28 30
211 26
25 26

5
2 18

117
39
35

:!
30

L
3
2

Ilz 112
31 3L
32 :;
L

25 2E
25 26
h 3
3

PhosphOiUSSerieE

28 38
31J 28
33 32
6
h i

ho ho
3a 37
25 31
27 31
3 b
3 3
3 2

MolybdenumSeries

31
26
21
19
19

II
9

29
2L
25
23
20

7
7

35 311
27 30
27 10
2a 25
15 26
15 5’
12 L

23
26
22
11

9

28

-6
24

E

38

;0
26

31

23
3

30
26
7

i
4
3
3

i
6
6
5
L

211

21
6
13
9

29
27

7
6

26

29

38

3;

29

;
5

22
9
7

22
28
3
3

i
5

26
II
l!

26

20
19
13
5

20

.-

—



TAELZ 7B. NAW TFJR.TB$TMTJ FORCOMMERCIALSTEELS
FINMIEEAT VARIOUSwEp,A~Es

5BxlJ28

<8XL2B

58ti2~

58xl120

Wxh28

50xh26

1650

1650

1950

196c+

2050

1650

0

J2

E

K?
L2
la
M2

J1

J2

m.

K2
L1
7,2
Ml

H2

J1

J2

m
la

K2
L1

L2
Ml
M2
N1

Al

A2

B2

c1

D1

C2
D2

El
L2

Fl
i+2
1
2

m.

Jl

H2
J2

la

:
L2

.42

Al
U
B2
c1

60 )bl,30D 70!?

757

683
Ilb

919
710
751
676

806

67L

625

61J2
607
635
617

56s

1023

593

600
600

7L0
525

583
690
633
658

651

835

660

601

567

585
600

567
583

568
53L
575
600

6S8

550

51L?
525

575
IJ75
515
5X

1292

12115
1135
1278
L3.!15

92

258

600
117

601
609
1101
576

58

83

200

585
575
601
601

58

67

100

700
117

62S
67

603
565
),66
583

0

0

0

0

83

L811
125

567
258

585
576
609
5311

50

150

565
300

515
600
591
51$

125

818
878
Bl!.!l
17L8

2

2080 40,250

L0,300
L0,350

100
M

100
m
100
lca
60

80

90

39,600
Lo,000
h0,150
39,550

100 ,
100
100
100

Yield
Strength, Tensile !30n@im

Heat Finishng Spe.imn p$i StronEth,in8$ln.,

Number Tmnp, F Numb.. Uppez. I,ower psl

2

39,mC

37,950

39,700
39,250
&o,lCC
39,1J00

3Q,IJO0

37,50o

38,150

58xJJ2a

58xh20

5BxIJ28

58XL2S

58xb28

50xL26

50xL26

50A26

50xI126

50xI126

5779

5179

5779

10IL6

1o116

10IJ6

b666

1650

18<0

1950

196w

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

L0,500
Lo,ooo

IJ0,700
li2.2m

39,LO0
Lo,ooo

35,6oo
35,100

38,200
3a,900

39,800
39,500

36,000
35,900

3<,200
35,500

31,800
33,600

33,800
3~,2W

36,100
35,500

33,603
)3,~o

36,000
3h,200

39,200
39,5C0

37,200
36,7C0

L0,600
Lo,800

31,30C
31,300

39,200
39,2CQ

36,LO0
30,200

37,300
38,mo

311,300
31h200

36,0cu
3S,800

39,000
30,1JO0

35>000
314,500

31J,200
3L,600

31,1C0
30,900

32,900
33,600

31i,600
3h,20a

32,800
32,hO0

33,900
33,300

37,200
37,700

32,700
32,900

38,000
39,h00

$!9,200
29,200

69,6oo
69,~00

69,8oo
70,CCU

27.5
27.0

26.0
30.0

26.0
27,5

26.o
26.5

25.5
25.0

32.0
31.5

33.5
33.0

32:;

30.5
30.5

30.0
30.5

3L.S
33.5

20

10U
100
100
100

69,600
10,000

71,500
11,200

70

80

90

2

5

68,1JO0
69,~00

15
2050

100
3.00

no
110

,37,850
31,850

100
2060,600

6L,IIW
1650

1850

19;0

197G+

2050

1650

1700*

100
2059,300

59,200

61,500
61,6c0

120
120
120
120

>7,800
37,800
37,500
36,55o

100
100
100
100

~9,000
59,100 70

80

90

100

2.10

Ll,loo

L2,JJO0

Lo, Loo

hl,ooo

39,7CU

613300
61,300

59,100
59,3oo

59,000
59,200

59.~00
59,5o0

61,o0o
61,500

60,900
60,900

66,$00
66,000

;;:;:

30.0 ls
30.0

120
3“20

Lo, boo
39,750

95
15

100
30

)1.$
33.0

35.0
33.0

31,0
31.0

32.5
24.5

27,0
27.0

1850

39,550
39,6~0

1650

1700*

M50

1725*

39,80o
39JIO0
39,550
Lo,ooo

100
100
10J

5

20

80 30,350

36,600120

Uo
130

36,750
36,h50

MO
lIJO
MO
MO

$0

60

2
60

36,150
35,000
35,500
36,600

100
3.00
100
95

<

100
100
100
100

1,2,70o

h?,250
Ill,:oo

W



‘MBLF 7B, ( Continued)

Enmrgy to brgy to
‘kstine MmzLlium start Fronaeate % .5haar

Heat FIIAHMKS Specimah Tsmp., Load, Fraot&, Fr;ct&e, in

Number ~., F Number F Pounds Ft -Lb Ft -Lb 11.acture

50ti26

50xh26

501M6

50xM6

5779

5779

5719

10L6

1850

1950

197w

2050

1650

1700+

18s0

1650

c1

Al
A2
m.
B2

m

H2
Jl
J2
Kl

B2

Al

A2
Bl
c?

c1
D1
D2
EL

Ii2

J1.

20.
J2

sl

K2
u
L2
m

Al

A2

m
02
c1
C2

c1

h2
B1
B2
c?

AL
D1
D2

El
E2
F1

F2
G1
02
m

Jl

n

J2
KS
LL
J12

n

;2
L1
L2

J3

60
60 y;ii
6c
60 39,100

80 4L,550

70 40,200

76 L0,900

&o,900
% U, 200
80 4L,2m

90 Lo, 6Q0
Ilo,hoo

1
90 b&o

60 ho, coo

70 39,2oo

38,000
R 39,JJ50

90 39,70a

100 40,200
MO L0,200
100 Jlo,950
100 Ilo,lw

60 Ilo,300

60 38,2S0

90 3B,350
90 39,550
90 37,1@
90 36,0s0

so 38,8ca

60 38,9oo
6U 39,403

39,100
% 3a,8cQ

3Ei,120
: 38,6oo
10 38,820

Bo 38,1oo
.90 38,9oo
80 38,1xa

90 37.600
90 37;100
90 36,55o
90 36,95’0

60 37,6oO

70 37,600

80 36,350
00 36,SS0
80 37,150
BO 35,700

40 41,950

lll,3m
;: kl,950
50 u, 700
50 h2,@u

60 42,200

Km

1277
121111
129$
1220

1182

10’I5
950
1090
3.12r

1119

Mb?

1069
1319
123.9

1202
1086
1052
1069

1070

956

10LO
1000

1390

mo
1167
1111o
1.077

816

775

893
951
835
076

969

1019
93s
952
919

768
902
969

835
902
.985

919
EM
826
726

892

817

768
79b
660
802

1173

1019
1128
11<1
1228

1160

583

12?’7
1560

96a
Luo

lab

7110
9co
659
750

0

718

1269
818

0

768
1152
706
aoz

67

67

75J

67

725
725
;%

50

33

1210

1;$
701

0

702
635
63!5
o

1604
ly36

o

1536
1020
618

585
1645
l[~;

165

165

685
1237

5113
660

108

2370
21190

86a
2320

1400

ho

100
100

90
lca

10

100
100

90
95

10

100

90
m

5

100
3.00
100
100

Zo

s

100
10

50

100
100
100
100

2

10

100
100
100
100

10

IN
100

5

100
MO

10

100
100

50

10U
Mu
100
100

3

10

100
90
90

100

8

100
lm
100
100

100

TABLE 7B. ( Cantimmd)

Energy to Eoorgy to
Te~ting Maximum start Fropagate % Shear

Heat Finiuhing Spaolmnn ‘Te~., Load, Fracture, Fracture, in
NumberTemp., F Numbm FoujuhlFt .Lb Ft -Lb Fracture

lo&6 1703. c1 50

A2 60
m 60
B2
C2 “E

Al 70

loh6 1850 F1 50

m 60
D2 60
El 60
E2 60

211666 172g* H1 80
X2 8Q

m.
J2 E
n 90
E? 90

L0,800

41, Loo
4L,000
41,200
Ll,lLm

ho, 200

u,5m

g%

IIL:050
Lo,floo

311,2s0
33,806

33,6oo
3h,9m
33,150
3L,300

1035

1119
1035
1086
10B6

103<

1090

11o2
96o

1070

559
IJ66

559
l!59
lJ811
L08

o 3

651 95
1971 100
835 loa
919 100

668 100

102 3

223< 100
96o 100
626 100
m 100

U6 85
100 10

1150 95
440 100
475 98
L91 100



/’

T.BLE W. CSASPY Ii4PACT DATAFOR CMIEM7AL .5T.EUS
FINL5W4DAT VARIOUST13”IPLRATURLS TABLE 7c. (Continued)

————

Finj.ablng Teatirg Finiahtig

Heat

Testing

Temperattme,‘2ertperaturc, marpy ImpactStren@h,W -Lb Heat Temperature,Temperature, Charpy

Number F F 1stlkst 2ndTest 3rd Test~
ImpactStrength,Ft -Lb

Number F F )-d ‘lest2ndTest kd Test hth lest

58xl128

58XL28

5’8xl128

58YJ28

58ti2B

5oxhz6

50%426

5oxlr26

Sti26

5cxl126

1650

1850

1950

lg6m

2050

1650

1050

1950

1970E

2050

80
ho
2C
10

-1;
-30

&
30

::

.1;

80
g

30
20
10

0

75

2
40
30
20

E

z
30
20

0

80
0

$

4=3
-70

00

-2:
-30

g

E
o

-10
-20
-30
40

75
Lo

-1:
-20
-30
-40

~

-10
-20
-30
~

2L!
22
20
20
18
16

3

Ml
23
21

;:
16
16

26
22
211

2
8

11

23
21

H
21

9

27
22
211
23
20
1:

5C
Lo
36
m

2
8

116
3a
33

q

3

IL8
Ill
32
z~

23
3

48
u
37
27
3.2

7
4

39

:
33
20

2?
3

.-
22

:;
16
18

3

. .
20
21
16
20

i:

i
11
20
16
17
--

20
23

;;
7
7

-.
22
17
20
20
II
--

--
.-
28
27
3
..
7

-.
5

28
;

3

33

5’
9
II

--

3j

29
L3
lb

--
—
--
23
~1
l!
6

--

.-
23
20
. .

s
9

.-

. .
20
21
21
23
.-

<

;;
2C
12
23.

8
--

21
27
2h
20
--

II

.-
25
Zll
19
19
20
.-

-w

~

29

i

;$

;
3

. .
-.

:;

2
7

--
--

9

~

26

. .
--
. .
12
U

5
9

--

S779

5779

S779

10L4

1046

10.!L6

11666

1650

l?ook

1850

16S0

170m+

1850

1725*

80
20
10
c

-1:
-20
-30

80

1%
30
20
10
0

Bo
20
10
0
0

-10
-20
-30

80
0

%
~

-70

E

-1:
-20
-30
-Lo

00

-3:
-40
-50
-60

10IY
90
75
70

::
5

18
9

18

lt

29
26
27
20

:;
111

35

:;
5

20
5

:

50
36
33
27
28

!

117
U
30
311
M
3~

50
35
33
28
U
25

23
22

!:

33
22

6
21

6
20

9
7

31
26
28
22
23
21
18

?.4

:
16
19

II
l!
b

50
36
32

i
23
3

49
ho
35
30

6
26

b

52
33
28
25

6
15

21

%
19
18

--
--

..

.-
5

19

-j

. .

.-

;;
25
25
21
--

--
--

6
18

19
h

--

-..

ii

:
16

5

--

;;

x
u
28

--

;;
27
2h

9

20
20

E
17
..
--


