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tory, New York Naval Shipyard. Herewith is a copy of the
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Academy of Sciences-National Research Council.
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NOTCH-TOUGHNESS PROPERTIES
PLATE STEELS

OF ABS SHIP.— —

ABSTRACT

This project is concerned with a survey of the notch-toughness

properties and other characteristics of mild steel ship plate as

procured by various commercial shipyards for new merchant ship

construction under the American Bureau of Shipping Rules. The

over-all objective is to determine the extent to which present-

day ship plate steels have been improved, based principally upon

a comparison of their Charpy V-notch properties with those estab-

lished at the National Bureau of Standards on plates from frac-

tured World War II ships.

Samples of Classes At B, and C plates are being furnished on

a continuous basis by the U. S. Coast Guard and represent scrap

rlaterialremaining from plates used in new ship construction.

Information relative to the background history of the samples is

meager. To date, 32 Class A3 80 Class B, and 16 Class C plate

samples (total 128) have been received.

On each sample, the Material Laboratory will determine the

chemical composition (C9 Mnq Si9 Al), ferrite and Mc~uaid-Ehn

grain sizes, static tensile properties notch-toughness prop-

erties as evaluated by Navy tear tests at selected temperatu.res~

and Charpy V-notch and keyhole-notch transition temperatures.

This progress report presents data obtained on 8 Class Al

-.
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~h Class B, and 8 Class C samples (total 60). On the basis of

comparison of the 15 ft-lb Charpy V-notch transition temperatures

with those established by the National Bureau of Standards, the

pre~iminary findings indicate that the notch-toughness properties

of ABS ship plate of current manufacture are considerably better

than those of plate made during World.liar11.

INTRODUCTION

Project SR-125 was established by the Ship Structure Commit-

tee at the Material Lab~ratory in September 19~2 for the purpose

of surveying the notch-toughness properties and other character-

istics of randomly selected samples of mild steel ship plate as

currently procured by various comz:ercialshipyards for merchant

ship construction under the American Bureau of Shippii~gP~ules

(Appendix I). The results of this survey will be analyzed to

determine the extent to which present-day skip pl~.testesls

have been improved relative to I;orldWar II steels, based prin-

cipally upon a comparison of Charpy V-notch properties of the

foi+merwith similar data obtained at the National Bureau of

Standards on plates from fractu.~edWorld War II ships (Project

SR-106). The work @f the National Bureau of Standards has been

(1,2)reported by Williams and Ellinger u

Project SR-125 parallels certain phases of a similar

investigation now under way at the Material Laboratory on ~ild

—---
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steel ship plate of the type being procured for Naval ship con-

struction upder Military Specification MIL-S-16113. Project

SR-125 also parallels certain phases of Ship Structure Committee

Project SR-139 recently established at the National Eureau of

Standards and which will be concerned with a study of the prop-

erties of samples of currently produced ABS plate steels selected

on the basis of a controlled sampling plan. This work has been

performed under the general advisory guidance of the Committee on

Ship Steel of the National Academy of Scienc~s-National Research

Council.

MATERIAL

Arrangements were made by the Ship Structure Committee with

the Merchant liarineTechnical Division of U. S. Coast Guard Head-

quarters to obtain samples of plate for Project SR-125. The

officer-in-charge of Marine Inspection in each of the various

Coast Guard Districts throughout the country was requested to

obtain samples, each between 2 to 6 square ft. in size, of AES

plate over 1/2 in. in thickness representing scrap material re-

maining fron plates used in new merchant vessel construction.

These were to be forwarded to the Material Laboratory, suitably

identified with the direction of rolling, steel manufacturer? and’

heat number if known. The samples are to be furnished on a con-

tinuous basis until such time as a sufficient quantity has been

.—
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tested and significant data established.

Table I represents an inventory of the number of sample

plates of each thickness and class received from various sources

from the inception of the program to December 1, 1954. This tab-,
o

ulation also indicates the corresponding number of plates on

which tests have been virtually completed and on which data wil~

be presented and discussed in this progress report. Tests on .

other plates are in progress. Very little information was re-

ceived relative to the history of the samples.

Some samples in plate thickness of 1/2 in. and below (Class

A) have been provided, although, as previously stated, the sam-

pling was to be confined to plate over 1/2 in. in thickness’

{Classes B and

the properties

with the Class

c; ● Howeverl it was considered desirable to study

of the Class A samples for purposes of comparison

B and Class C materials.

PROCEDURE

In the present plan of investigation, subject to possible

modification as the progra~,advances, the experimental work

outlined below is being performed on each sample plate.

Microsco~ic Examination. Microscopic examinations were

made to confirm or establish the direction of rolling and to

determine ferrite and McQuaid-Ehn grain sizes. For evaluation

of the llcQuaid-Ehngrain size, specimens were packed in a solid

— —
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44==
0:’cwlatsteelco. 6 k 2 2 4 4 2 1

7

Rm~&, Each Size 4 28 6 19 5 18 8 g 2 19 7 3 1 3 1
Tmtod, EachSize 1 7 3 10 4 ~a 6 () 1 9 l& 2 1 1 0

TOTAL 11 J

Reord., &h Clam 32 80 15

Tested,EachClaes 8 44 .8

TABLEI - NUMSIIlCF ABS PLATESAKPLFSREEKIViJDAND TESTBIBT
MATQUAL IAB(XATOKTFRQ4 INCH(N (F PROJEETSR-125
TO DIElMB12i1, 1954
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carburizing compound, heated to 17000F., held 8 hours at heat,

followed by furnace cooling.

Com~osition Analvsis. The samples were analyzed for car-

bon content by chemical methods and for manganese, silicon and

aluminum contents by spectrographic methods.

Static Tensile Tests. The static tensile properties

determined on a single specimen taken in the longitudinal

rection. Wherever possible, flat-type tension specimens

utilized. In the case of samples which may be too short

longitudinal direction to permit the preparation of flat

were

di-

tiere

in the

speci-

mens, or in the case of very heavy plate, cylindrical specimens

will be employed.

While the ABS Rules contain no requirements for rat~ of

loading in the tension test, the specimens were loaded at a

crosshead speed of approximately 1/10 in. per minute, which is

below the maximum values usually specified in the testing of

structural steels, namely 1/8 in. per minute for yield point

determination and 1 1/2 in. per minute for tensile strength

determination..

Charpv V-Notch Tests. In the evaluation of notch-tough-

ness properties by the Charpy V-notch test, longitudinal speci-

mens were tested in triplicate at each of a number of temp~ra-

tures so chosen as to define the lower portion of the energy-

temperature relationship required for the establishment of the

-.. .
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15 ft-lb transition temperature and if subsequently

the 10 and 20 ft-lb transition temperatures as well.

For plate s/~ in. in thickness and over, the Charpy speci-

mens were machined from a location approximately midway between

the

the

men

center of the plate thickness and one plate surface. In

case of lighter gage plate? one surface of the Charpy speci-

was located close ‘tca plate surfac~. The notches were cut

perpendicularly to the original plate w~rfaces. Tests were per-

formed in a 120 ft..lb.Amslerimpact testing machine under a

striking velocit4yof 16.5 ft. per second corresponding to the

maximum available kinetic energy of tb.Qpendulum.

The data obtained are intented specifically for comparison

with the 15 ft-lb V=,notchtransition temperatures established

at the National Bureau of Standards on plates from fractured

World War II ships (Project SR-106).

QQPY KEQQIS”ticcb. 2S~~~“0 Many investigators have used

and continue to use the Charpy keyhole-notch test for evaluating

the notch toughness of steely and for this reason? it was con-

sidered desirable to obtain the Gnarpy keyhole data for these

sanplese

In the evaluation of notch.tou~hness properties by Charpy

keyhole-notch test5 longitudinal specimens were tested in trip-

licate at each-of a number of temperatures selected so as to

establish the limits of the scatter regiorlcorrespond.in~to the



-8-

change from high to low energy levels. While various criteria

have been proposed for defining the keyhole transition tempera-

ture, it was tentatively decided in this study to select the

temperature at the middle of the scatter band as the transition

temperature. For comparison purposes the 20 ft-lb transition
.

temperatures were also established. The keyhole specimens were

prepared and tested in the same manner as the V-notch specimens.

m m =,0 In the evaluation of notch-toughness prop-

erties by the Nawy tear test, specimens taken in the longitudinal

direction were tested at one or two selected temperatures. It iS

believed that this may provide sufficient information to compare

the relative behavior of the samples among themselves and also

with the mild steel plate samples obtained under the Military

Specification. Specifically, tear tests were made initially at

700F. In those cases where the fractures of three specimens of

a plate t;sted at this temperature all showed predominantly

fibrous fracture appearance (50fior more), no further tests were

made. When the fracttireappearance of any specimen tested at

70°F was predominantly granular (cleavage type fracture), tear

tests were made at 90”F.

If any predominantly cleavage fractures are encountered

in tests at 900F., and should sufficient material be available?

tests may be conducted at higher temperatures in an effort to

locate the start of transition. In addition> on plates over
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1 in. in thickness (Class C), it is planned (provided sufficient

sample material remains) to perform some tear tests after labora-

tory normalizing in the event that tests at 900F indicate granular

fracture appearance for the ltas-rolled”material. In this connec-

tion, it is to be noted that ABS Class C material is also of the

type specified in NIL-S-16113 for plate 7/8 in. in thickness and

over but, in addition, the Military Specification requires normal-

izing of plate in this thickness range.

The apparatus, experimental procedure, and method of evac-

uating results of tear tests have been fully described in several

(3J+;5)*papers by Kahn and Imbembo In the case of plate over

1 l/h in. thickness, the tear specimens were machined to a thick-

ness of I ~/k in. by removing material fror.or~eplate surface

only. This procedure was adopted in order to avoid excessive

deformation of the loading holes which usually occurs in testing

specimens greater than 1 1/4-in. in thickness.

RESULTS AND DISCUSSION

Results of experimental work on 8 Class A, 44 Class B, and

8 Class C plates have been summarized in Table 11. The grouping

of samples into these three classes was made on the basis of as-

rolled plate thickness in accordance with ABS Rules (Appendix I).

In each group of samples of a given plate thickness, the individu-

al samples have been arranged in order of decreasin~ 15 ft-lb



I COMIWSITION, ~
I

TENSILE PROPERTIES I
GRAIN

I
CHARPYTRAHSITION

SIZE TEMl?EWkTUFJE.‘F. I TEAR T

Xhss THICK
c Mm Si Al

Y.P., T.s,, ELONG.,$ McQ-

IN. CODE
FERR

8“ 2“ mm LB.;.m 70%1
I 7

A la=
91-53 0.18

1/2 91-49 0.21

91-41 0,17

91-33 0.17

~BS SPECIFI:LT’ION
CLASS A 1-

0.37 0.03 o.clo4 39500 60000

0.34 0.05 0.003 34600 M.Kioo

0.54 0.G3 0.006 24000 62400

f)a~”{ Q*QO “ . IJQ7 34eoo 58100

0.43 0.27 0.005 34400 55200

0.55 0.06 0.G04 35400 58000

O*57 Omiyj om1316 39400 627(30

0.73-10.G5 10.005 I 363001 61500

0.50 0.06 0.007 35700 5’3800

0.49 0.05 0.G06 [ SG200 59800

1-1- 13200C 58000-
ILIN. 71000

t m 1

39,5 8 2-3 44 -3 -15 S*,i
30,5 - 7-8 1-2 67 43 29 _
30..5 - 6-8 &~ 64 27 10 c

30,0 - 7-6 2-3 35 1 a o c
32*5 - 7-0 3-4 26 -5 -15 s

1 1 1 1 ) I I t

29.5 - 6-7 ?-4 25 -15 -30 s

20.3 - 7-C Z-4 20 -12 -20 s

?5. s - 7-8 3-4 1? -0 -20 st

29.6 - - - 36 5 -G --

‘29.6 - - - 37 4 -9 --

21.0 22.0IRIN, MIN. - 1- 1 - *1-1-1-1- ,

91-13 0.22 0.s1 0.G4 0.CC5 30500 (35290 20.0 - 7-E 2-4 45 0 -21 c

9/16 91-15 0.21 0.76 0.04 O.OCMJ 390C0 61500 31.9 - t! 1-3 15 6 0 s
91- 6 o.lc 0.80 0.03 0,009 34900 60200 - 50.0 7-6 2-3 10 0 2 s

AvE3AGE 0.20 0.79 0.04 0.G07 37500 62300 30.0 - - - 23 2 -6 -

91-10 0.22 9.67 0.06 0.U08 359C0 57300 Li?.u - 5-6 1-3 55 7 -e s

91-:7 0.24 0.79 0.04 0.002 36200 64200 26,5 - 7-a 2-4 33 -;; -15 c

91-57 0.17 0.46 0.06 0.010 33200 58200 32.0 - 6-7 1 22 15 5 s

91-2A 0.19 0.78 0.05 0.010 35000 50500 26.5 - 7-.5 1-3 26 21 15 s

5/8 91-2c 0.21 0.74 0.04 0.006 32200 57800 32.2 - 6-7 1-5 23 21 20 s

91-i3B 0.18 0,80 0.05 0.C09 31600 58100 34,2 - 6-7 1-3 20 15 15 s

91- 7 0,22 0.76 0.07 0.010 40500 63600 29.6 - 8 2-3 18 -15 -20 s

91-22 0.18 0.72 0.04 0.018 32100 56900 36.5 - 5-7 1-3 16 -10 -15 c

91-16 0.25 0.78 0.05 0.009 38300 67600 26.3 - 6 2-3 15 -20 -30 s

91-26 0.19 0,77 0.03 0.002 32200 54400 35*5 - 6-7 2-4 12 -19 -20 s

AVERAGE 0.21 0.73 0.05 0.008 34700 597.00 31.5 - - - 23 -1 -5 -

+$S- Predominantlyshear fracture on all specimens tested. C- Predominantlycleavagefracturein one or m
w Temperature at middle of scatter band. specimens.

TABLE 11- SUMMARY OF TEST RESULTS OBTAINED ON
60 ABS STEEL PLATES OF CURRENT MANUFACTURE
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CLAS:

B

PLATE PLkTE COMPOSITION,$ TENSILE PROPERTIES GRAIN CHARPY TRANSITION
sIZE TEMPERATURE, %. TEAR TEST

THICK.
ELONG.,Z

Al ‘“p”’ ‘“s”’
McQ- 15 FT. KEYHoLE

IN. CODE c Mn Si ‘FERR
psi psi an Ztt Em LB.,V 2!;:” *’ 700F” ‘o%”

91-31 0.19” 0.72 0.05 0.021 40000 63700 25.0 - 5-7 2-3 32 2 -lo * -

91- 5 0.24 0.79 0,03 0.007 35900 65000 31*C . 7-0 2..4 26 -5 -17 s -
11/16 91-48 0.23 0,81 0.07 0.008 39400 67600 - 35*O 6-O 2-4 3 --15 -25 s -

91-19 0.18 0.7!3 0,08 0.0(37 39700 61500 31.7 - 5-7 $2-4 -lo -56 -57 s -
AVERAGE 0.21 0.75 0.06 0.012 38900 64500 2’3.2 - - - 13 -18 -27 - -

91-45 0.23 0.50 0.07 0.008 36400 65200 &Ll*o - 6-8 1.3 57 19 10 C* s
91- 8 0.21 0.50 0.02 0.005 38800 64000 20.7 - 7 2-4 55 20 0 G c

91- 4 0.27 0.73 0.14 0.(305 38800 73000 - 36.5 5-6 1-3 41 8 -5 c c

91-51 0,17 0.75 0.05 0,010 30000 55200 33*() - 6-7 3-4— . 31 5 0 c c

91- 3 0.22 0.71 0.06 0,010 37500 67s00 22.8 - 6-7 2-3 27 -5 -8 c c

3/4 91-40 0.21 0,76 O*O4 0.006 34900 64300 30.5 - 7-G 1-2 16 o 5 c c

91-32 0.17 0.85 Q.05 ().()07 32900 63300 31.5 - 7-G 2-3 13 0 -5 s -

91-47 0.19 0.70 0.05 0.(313 35200 61400 33,5 - 7-8 2-4 7 -6 -5 s -

91- 1 0.21 0.s3 0.05 0.005 40000 68100 - 36.5 7-3 2-3 4 -7 -15 c s

91-17 0.15 0.77 0.07 0.016 33000 54700 31.5 - 5-6 3-5 -4 -20 -30 s -

91-29 0.17 0.70 0.24 0.006 32800 fS1800 31.5 - 5-6 6-7 -20 -47 -55 s -

AVERAGE 0.20 0,71 0.06 0.008 35500 63500 31,0 - - - 21 -3 -lo - -

91-42 0,17 0.57 0.04 0.036 31600 57200 33.8 -6 7-8 47 15 15 c c

91-36 0.17 0.65 0,04 0.027 50700 5Fi600 39.5 - 5-6 f+4 37 8 5 c c

91-25 0,19 0.60 0.03 0.010 30900 54000 36.0 -16 2-s I 35 5 0 s -

13/16

AV?N—

15/16

— -
91-20 0.24 0.92 0.06 ().005 41200 69900

r
91-28 0.26 0.67 0.06 0● 003 32000 61400
91-21 0.17 0.74 ().c15o*012 31700 53400

?AGE 0.20 0,69 0.05 0.017 33000 58800

91-5El 0.24 0.60 0,05 0.005 33200 61500

29.81 - I

+433.8 -

30.5 -

7-0 1-3 1 31 7 -3 s -

5-6 2-3 30 -s -lo c c

6-7 1-3 28 6 5 s -

35 6 2- -

6-7 1-2 47 23 10 1 c c
t

~ S- Predorninanjlyshear fracture on all specimens tested. C- Predominantly cleavage fracture In one O+ more
M Temperature a+ middle of scatter band. specimens.

TABLE II- CONTINIJED



PLATE

cuss THICK,

IN.

B 1

PLATE COMPOSITION, $ ‘- TEIW31LI!PROPERTIf13
GRAIN CHARPY TRANSITIC!!
SIZE ~jL~pEF~~RE, oF. TEAR TEST

I
Y.P*, T.s,, ELG?W.,$

CODY2

McQ- 15 FT.
c Mn Si Al

KEYHOLE
‘FERR. ~ FT 700F.

psi psl 8“ 2n
90%’.

EHN LB., V ~~m “ *4}
.

91-14 0,24 0.67 a
0.07 0.008 37900 63500 31,8 - 7-8 1-3 51 20 5 c++ sJ:-

91-30 O*2O 0.76 0,04 0.033 28300 54100 33*O . S-6 2-4— . 47 5 0 c c

91-52 0.19 0.65 0.08 0.006 39200 60G30 ,- 47.0 6 2-3 46 38 29 c s
91-12 0.22 0.64 0.36 0.006 32’?9062800 31.8 - 7 2-3 45 24 15 c ~:

91-44 0,16 0.60 0.04 0.007 27FLKI54200 31.4 - 5-6 2-3 45 18 10 c c
91-50 0.19 0.70 0,04 0.905 52300 58200 35.5 - ,5-7 z-4 45 26 15 c c
91-11 0,18 0.71 O*P5 0.01.531900 57100 34.7 - 5-6 2-4 39 20 Is c 2+‘
91-46 0.16 0.?3 0.04 0.012 2’390057603 32.5 - 5-’? 2-3 37 10 5 c c
91-34 0,13 3.35 0.C4 fl.cno30100 56500 >3.2 - E-7 1-3 23 20 15 c, c

LVERAGF, 0.19 0.71 0.05 0.008 32:)0058200 33.1 - - - 42 20 n - -

CLASS B 0.20 0.72 0.96 @*olo 34700 fj~goo~1,~ - - - 28 3 -4 -1-

CLASS B

T11/s$
ADs sPECIFICATION O*2J

MM,

91-15 0.19
91-56 0.19

91-24 0,22
91-35 0.19

I AVERME o,~o

c

91-33 0,15

GR&NDAVfG., cuss c 0.19

A2S SPECIFICATION 0.25
cI&%s c MAX.

* S- Predomlnmtly 9h
w Temper~ture at midd

+ Shall be made with

E&5&a&

0.66 I 0.19 10,01013100Q

0.73 ~ 0,21 10.049132700

0,70 I0.20 10.030j32300

0.61 [0.20 10.040136300

0.62 I0.23 10.025133600

0.70 I 0.22 ~0.030132900

0.60- 0.15-+W* 32000
0,90 0.30” MIN.

ar fracture on &ll specime
.eof scatt~r band.
‘Inegrain practice.

5Booo- 21.0 22.0 - - - .
71000 M1:J. h!M .

61300 34.2 - 4-5 7-0 -3 -2C -20 c s
58000 34.1) - 6 El -13 -24 -50 c c, I I
5:500 33.0 . 5-6 5-7 -16 -37 -5.5 s -
5EOO0 32.0 - 5-6 8 -18 -44 -40 c c

59200 35.3 - - - -12 -31 -41 - -

57400 32.6 - 5 5-7 10 -25 -27 c c
59000 21.7 - 5-6 8 -2 -40 -45 c c

58200 32.2 - - - 4 -33 -36 - -

59200 27.3 - 5-7 7-8 -:_ 4 1 1

61000 29.2 - 4-6 8 3 -20 -35 c c

- - - -8 -32 -41 - -

22.0 - -
!?1IN●

A
k PredomhlantpJ chavage fracture in one or more

specimens.

+=

59200 31.8

58000- 21.0
71000 h41N.

19 te9ted.

1

G
I

TABLE II- CONCLUDEO
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Charpy V-notch transition temperature.

The

chemical

missible

following deviations from ABS specification limits for

composition and tensile properties were considered per-

in order to arrive at a practical assessment of conform-

ity of the samples to ABS requirements:

* Carbon content--O.O4f above maximum limit
* Manganese content--0.04-~below and above minimum

and maximum limits, respectively
** Yield point--1000 psi below minimum limit
** Tensile Strength--zooo psi below and above minimum

and maximum limits, respectively

* ABS Rules are based on ladle analysis. The
variations indicated represent accepted
deviations (from ladle analysis) in check
analyses of individual pieces made from a
heat. (See ASTM Specification A131-.5ST)

** ABS Rules require two tensile tests per heat
and permit a retest if values obtained are
within the indicated variations.

On the basis of the above? the number of plate samples which

do not fully conform to ABS requirements either because of chemis-

try or tensile property deviations (underlined in Table 11) is

as follows:
% of Total

~ No. of Sam~les
\

Class A 12.5
Class B 1; 2905
Class C 12.5
All Classes 1; 25

From the data presented in Table II, the following general

observations may be made:

..— —
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1. class A -

Using silicon and aluminum contents as criteria, all

plates appear to have been rolled from semiskilledin-

gots.

All plates showed low residual aluminum contents and

correspondingly coarse McQuaid-Ehn grain sizes.

Two plates showed manganese contents acceptable for

Glass B plate.

It is interesting to note that those samples in which

the manganese content approached 0.60~ or was within

the 0.60/o.90firange, exhibited Charpy transition

temperatures at the lower end of the over-all range

for the Class A plates.

11. ~ B Plates

1. Judging from the silicon and aluminum contents, the

great majority of the plates are semiskilled,but it

will be noted tb.atplate 91-29 (jik in. thick) contains

0.2kfiSi and plates 91-31 (11/16 in.), 91-~2 (13/16 in.)~

and 91-s6 (ls/16 in.] contain between 0.021 and 0.0j6fiAI.

These plates (with the possible exception of 91-31) are

sufficiently deoxidized that they are either killed or

are approaching the killed steel type of practice.

2. All plates were classified as being of the coarse-grain

type by the Mc@aid-El~n test with the exception of sample

— .
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91-29 (3/4 in. thick) which was silicon killed and

sample 91-42 (1s/16 in. thick] which showed an

aluminum content of 0.036~. I-tis unusual that plate

91-29 showed a fine McQuaid-Ehn grain size and yet a

low aluminum content, since silicon killing (without

aluminum) would normally produce a coar”segrain steel.

Although plates 91-31 and 91-s6 showed rather high

total aluminum contents, the McQuaid-Ehn grain size

was coarse. Plate 91-29 exhibited the lowest Charpy

transition temperatures of all Class B plates, while

those of 91-42 were relatively high.

3* In those cases where the manganese content was well

below the specified minimum of 0.60~, the Charpy

transition temperatures were at the upper end of the

range for a particular plate thickness group.

III. Class C Plates

1. All plates were fine-grained on the basis of the Mc-

Quaid-lihntest and$ in general~ showed high aluminum

contents, as would be expected from the requirement

that Class C plate shall be made with a fine-grain

practice. In addition, all steels were fully killed

with silicon.

Graphs showing typical Charpy energy-temperature relation-

ships are presented in Figs. 1 through 5.

..>,.

These graphs also

. . .
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indicate the methods of defining the transition temperatures.

It is to be observed that the width of

keyhole test varies considerably. For

the three 3/4 in. thick Class B plates

the scatter band in the

example, in the case of

(Figs. 1, 2, and 3) the

widths of the scatter band are 50, 20°, and 500F, respectively.

In view of the wide scatter in energy values in the keyhole tests

it may be difficult at times to locate accurately an average energy-

temperature curve

of the transition

such as 20 ft-lb.

and; accordingly, this might affect the validity

temperature selected at a particular energy level,

It was therefore considered more desirable to

define the transition temperature for keyhole-notch tests as that

temperature corresponding to the middle of the scatter band. Eow-

ever, transition temperatures based on a 20 ft-lb level have also

been included for comparison. Wide scatter in the energy values is

sometimes encountered in the V-notch test, as illustrated in Fig. 5,

but this generally occurs at temperatures above the resion of irrme-

diate interest, namely, the 15 ft-lb transition ter,perature.

As would be anticipated the Charpy 15 ft-lb V-notch transition

temperatures were invariably higher than the keyhole transition

temperatures. The following tabulation indicates differences be-

tween Charpy V and keyhole transition temperatures as previously

defined:

..—
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Difference between Difference between
15 ft-lb V and 20 ft-lb 15 ft-lb V and Middle
K Transition Temperatures of Scatter K Trans. Tem~erature

Steel - Avera~~ Ran~e Avera2e

Class A 20 to 470F 33“F 32 to 59°F 46‘F
Class B 2 to 460F 25OF 3 to 66°F 32OF
Class C 11 to 38°F 24 OF 17 to 43oF 33‘F

These data indicate that the difference between Charpy V and

keyhole transition temperatures varies over a considerable range.

Perhaps part of this variation is associated with the inherent

difficulty of precisely determining the transition temperatures.

fiowever, the average differences shown in the column at the right

aPPear to be in line with those indicated by other investigat.ors~

A preliminary study of the data of Table 11 did not reveal

any well defined correlation between Ch.arpytransition temperature

and carbon or manganese contents. In Fig. 6 the 15 ft.-lbCharpy

V-notch transition temperatures have been plotted against the

manganese-to-carbon ratios for the ABS-Class A and Class B steels

as well as a number of other rimmed and semiskilledriildste~l

plates. Although the scatter is rather high, the over-all tre~d

indicates a lowering of transition temperature with incr~ase in

manganese-to-carbon ratio.

The 1~ ft-lb Charpy V-notch transition temperatures have

been plotted against plate thickness in Fig. 7. While tinedata

show considerable scatter? there is an indication of an increase

in transition temperature with increase in plate thickness of the

— . . ...
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Class B steEls. It is to be also observed that the Class C

steels, despite the heavier plate thickness, showed transition

temperatures

B plates and

plates. The

which are well below those of the l-in. thick Class

also, on the whole, well below those of all Class B

average transition temperature of the Class C plates

was -80F as compared to an avera~e of +28oF for the Class B plates.

These figures indicate a definite advantage to be derived from the

use of a fully killed, fine grain practice in the manufacture of

heavier gage plate. Fig. 7 also shows that the transition temp~ra-

‘hdresof the Class li plates are, on the whole, higher than tl-iose

of the Class B plates in thicknesses of 9/16 in, and 5/8 in.

(6), the l%terialIn a previous report to the Eureau of Ships

Laboratory’covered results ~f tests on 28 AES-B and 4 ABS-C plates

representing the initial sampling. With r~spect to 15 ft-lb Charpy

V-notch transition temperatures, the following tabulation sho~;s

little change in the initially indicated trends by the results ob-

tained on the additional sampl~s rencrt~6):tested since the pr~vioi;.s .

Glass A class B class c

First Group of Plates Tested
(32 Total)

No. in each Class o 28 L&
Range of Trans. Tenp. -. -20--+55oF -231E~;OoF.
Average Trans. Temp. -- +250F

First and.Second Group of Plates
Tested (6o Total]

No. in each class 8 44 8
~nge of Trans. Temp. +12--+67DF -2C--+57OF -23--+1COF
Average Tr~.ns.Temp. +36‘F +28‘F -~o_j’

,.
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The relative fracture behavior of the plates in the Navy

tear test has been summarized in Table III. In the case of

the Class B plates, the data clearly show that fewer plates

exhibit shear fracture at 700 and ~OOF as the plate thickness

increases. This means that the notch toughness, as evaluated

bY this fracture appearance criterion, decreases with increas-

ing plate thickness. A comparison of the data for the Class C

plates and the Class B plates indicates that t,heClass C plates

have only slightly better notch toughness than the 1 in. Class

B plates and are actually poorer than the Class B plates 13\16 in.

and under in thickness.” It may be seen in Table II and Fig. 7,

however, that according to the V-notch Charpy tests, the Class C

steel has a 50~F lower Charpy V-not~h transition ter~peraturethan

the l-in. Class B plates and a 310F lower Charpy transition tem-

perature than even the 5/8 in. Class B plates. It is very apparent~

therefore? that the Charpy tests and the tear tests rate these two

steels quite differently.

In this connection, it is to be noted that under Military

Specification MIL-S-16113, plates 7/8 in. in thickness and oier

are required to be of the ABS-C composition and practice but, in

addition, are required to be normalized. Results of tear tests

on ttj.ismaterial indicate that there are advantages to be derived

in the way of improved notch toughness by extending the Class C

composition and practice requirements to plate,of lighter gage
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TAELE III

BEHAVIOR OF PLATES IN NAVY TEAR TEST

Test Tem”~.: 70~~ Test TemC.: ~~ oF*

Plate Total Shear Fracture Ehear Fracture
Thick _ No. of

Class In. No.Plates _ ~— Noo % Total

A 7/16 to 1/2 8 5 6: 7 88

9/16 to 11/16 17 14 82 17 100

3/+ to 13/16 27 7 4-1 9 53

B 15/16 to 1 10 0 0 3 30

All 44 21 48 29 66

c 1 118 to 1 1/2 8 1 13 3 38

*While plates which developed shear fractures at 70@F
were not actually tested at 900F5 it was assumed that their
fracture behavior at 900F would be in ths shqa~ mode.

.

.... . . . . .—. ..— ._ ___ .
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than that specified in the ABS Rules and by normalizing

The graphs i.nFig. 8 show frequency distributions of t-he

15 ft-lb Charpy V-notch transition,temperati~reof the +4 AES-B

plates from the commercial shipyards and 38 fracture source

plates investigated by the Naticmal Bureau of Standards under

SR-106(17*)● The vertical bars indicate the number of plates

in each 100F interval of transition temperature.

observed that the transition temperatures of the

were all below the lowest (620F) of ths fracture

The two distribution graphs show no overlapa and

It is to be

4\ ABS-B plates

source plates.

the graph for

the Class B plates is displaced to a ragion of considerably

lower temperature as ccxnparedto that of the fracture source

p~ates of World War 11 manufactu:w. This improvement in notch-

toughness prop~rties may be attributed to the fact tkat present

ABS Rules impose a maximum limit.on carbon content, and specify

r~anganesein th~erange of 0.6G/O.~0~~ wh~reas Lhs Fkles irl

existence during World War 11 contained no requiremer.ksfor

chemical compositicm.

It is expected that frequency distribution graphs si~ilar

to those of Fig. B will

as soon as a sufficient

be developed for Class A and C plat~s

number of these have been tested.

,.

GQNCLUSION6

On the basis of the data presented in this pragress reports

it may be tentatively concluded that the notc”h-tou~hness

,— .
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properties of ABS ship plate of current manufacture are con-

siderably better than those of plate made during World War 11.

Final conclusions are being deferred until such time as all

samples involved in the program have been investigated.
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APPENDIX ~

ABS SPECIFICATIONS FOR STRUCTURAL STLLL FOR hTLLS

(From “Rules for Building and Classing Steel Vessels,” Amer-
ican Bureau of Shippingq 1952)

Chenical Com~ositio~--- Anal~SiQ

(a) Except as specifieq in Paragraph (b), the material
shall conform to the requirements of Class A as to
chemical composition.

(b) Plates over 1/2 in. and up to 1 in., inclusive, in
thickness shall conform to the requirements of Class
B as to che~ical composition. Flates over 1 in. in
thickness shall conform to the requirements of Class
C as tc chemical composition.

--

Class B—. .

0.23
0.60--0.90
0.04
0.05
--

0.25
0.6y;@90

0:05
0.15--0.30

*Plate steels produced to the requirements of Class C
shall be made with fine grain practice.

~x]~ere Steei is made by the acid process the ~.~xi~.u~
percent phos~hortls permitted, may be O.OG.

Tensile Fro nertles

(a) The material, except as specified in Fara~raph (b),
shall conform to the followin~ r~quire~ents zs to
tensile prop~rties:

Structural Rivet Steel and
steel st~el for cold flanring

Tensile strength, psi 58,COO--71,000 553000--55,000
Yield points min$ psi 32,000 30,0:;
Elongation in 8 in., rein,Z 21
lllan~ationin 2 in., ~int Z 22 --
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APPENDIX I (Continued)

(b) Flat-rolled steel 3/16 in. and under in thickness~
shapes less than 1 sq. in. in cross sections and
bars, other than flats~ less than l\2 in. in thick-
ness or diameter? need not be subjected to tension
tests.

(c) For material over 3/4 in. in thickness or diameter,
a deduction from the percents e of elongation in

?)8 in. specified in Paragraph a Gf 0.25Jj~ shall be
made for each increase of l/32 in. of the specified
thickness or diamet~r above 314 in. to a minimum cf
18$.

(d) For mate~ial under 5/16 in. in thickness Gr diameter,
a deduction from the percentage of elongation in 8 in.
specified in Paragraph (a) of 2.@O~ shall be made for
each decrease of l/32 in. of tilespecified thickness
or diameter below 5/16 in.


