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ABS7RACT——. —

why ship

This fins?.report contains a description of tests made to determine

plates crack in service, which were Rot included in the ,previods

*(l)(2)on”the same subject,
reports HCleavage Frac-k,u.reof Ship PllateS as b-

fluenced by Size Effect.!t The tests were based upon the hypothesis that the

cracks begin at points where”there are severe geometrical strese-raisers and

that the tendency for the plates to crac!<increases, for specified geometrical

characteristics,with ar~increase in the notch-sensitivity of the steel.

Plates with nominal widths of 72, 48, 24 and 12 inches were tested.

The ~2-in. and 48-in. plates were made of three kinds of steel,
-x-+-

rimmed-steel

E as_rolled, kil]-ed-steelD as-ro’lled,and kilLed-steel D nOme.Mmd. The

21+-i~.plates were made of the Same kinds of steel as the 72-in. and L8-in.

plates with the addition of kiiled-steel F as-rolled. The 12-in, plates,were

md.e of the same kinds of steel as the 24-in. plates with the addition of

killed-steel G as-rollei and rimmed-steel E normalized. The 12-in,.wide plates

were, therefore, made from six kinds of steel. All plates.WC-WC,loaded~rallel

to the direction of rolling except four of the 12-in. rimed-steel J plates,

which were loaded transverse to the direction of rolling. .Illlplates of each

kind of steel were from the same heat.

The mechanical properties of all steels were obtained from tests

of both flat and round coupon specimens. Charpy impact values, determined by

tests of stmdard V-notch specimens, were obtained for all steels, except

rimmed-steel linormalized, throughout the temperature range co-veredby the

* The numbers in parentheses refer to references in the bibliography, page 45
cf this report.

*+-Theletter designations and pro~ rties of all steels are given in ApperidixB.

i



tests

was a

nated

c.25.

of the wide plates.

The standard st.ress-raj.ser, whith was centrally located in the plate,

transverse slot l/2-in. wide with a hacksaw cut at each end which termi-

in a jeweier!s-saw cut l/8-in. long. For all tests, L/!/was equal to

The plates were tested at temperatures ranging from -73 to lf+~degrees F.

Tests of plates with other types of stress-raiser and with various

L/’Nratios were reported in the Progress Report.

The elongation of the wide plates was measured at all
(2)

loads with

mechanical gages, the gage length being 3/4 of the grOss width of the Plate.

The elastic and early plastic strains in the plate at mid-length were measured

with electric strain gages having a 13/16-im. gage length; the plastic strain

in the same region was measured with mec},afiicalgages of l/4-in. and l-in.

gage lengths at loads up to the initial fracture. All strains were measured on
,.

both sides of t,heplate. After failure, the thickness of the plate adjacent to

the fracture was measured with micrometer calipers; and the character of the
,)

fracture, Percentage of shear and cleavage, was noted.

The tests were planned to determine:

(1) The relative

of the six kinds of steei.

(2) The relation

(3) The relation

energy-absorbing capacity and strength of plates

between the

between the

strength and energy-absorbi.ngcapacity.

(L) The relation between the

capacity of the plates.

width of the plates and their strength.

temperature of the plates and tt,eir

type of fracture and energy-absorbing

(5) The correlation of the V-notch impact test and the wide plate

test.

/

ii



There was a total of 76 wide plates tested. The details Of the results

are given in Appendix A of this report and of the previous reports.(i)(2) The

results are discussed on pages 9 to 40 and the conclusions are given On .Pages

40 to L3 , inclusive.

iii
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INTRODUCTION——

fhe object of the investigation covered by this report was to de-

termine the factors that influence the formation of cleavage fractures in ship

plates. Because ship plates are much wider than plates that can be tested in

a testing machine, tests were made on plates witinnosdnal widths of 72-in.,

~8-in.,,24-in.,and i.2-in.in order to obtain information on which to base

extrapolationsthat might indicate the behavior of stilJiwider plates. ‘he
,.

information obtained relative to the behavior of wide plates containing severe

stress-raisersmay be divided into six major

A. ‘Theaverage static strength.

divi::ione,as follows:

B.

c.

n.- .

E.

F.

The

The energy-absorbingcapacity,

The V-notch tipact value of the steels as an indicator
of the performance of Lhe wide plate test.

‘!’hedistribution of plastic deformation at the ends of
the stress-raiserprior to maximum load,

The temperature-elongationrelation.

‘Thereduction in thickness of the plates.

standard stress-raiser consieted of a transverse slot l/2-in,

wide with a hac}csawcut at each end which terminated in a jeweler1s-saw cut
L *th, Of stress-rag

l/8-in, long, and which had an Z ratio ( ;Eazfim=’ ) of 0.25.

In order to determine the relation between the behavior of the wide

plates and the mechanical properties of the material, tests were rmideat room

temperature on both flat and round coupon specimens cut from the plates, from

which the specimens were made, to determine tne ultirrrate strength, yield point,

elongation, and the reduction of area.

various temperatures on standard Charpy

plates.

iikewise, impact tests were made at

V-notch specimens cut from some of the

.
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The following steels were used.i~].this investigation..

Himuned-Steel.as-rolled, designated as Steel E As-Rolled.

Rimmed-$teel normalized, designated as Steel d Normalized+~

Killed-Steel as-rolled, designated as Steel D As-Rolled.

Killed-Steelnormalized, designated as Steel D liormalized.*

Killed-Steel as-rolled, designated as Steel F As-Rolled.

Killed-Steel as-rolled, designated as Steel G As-Rolled.

The mechanical properties and chemical compositions of these steels

are given in Appeudti~B.

EXPERIMNTAI.,“WORK--—.-

1. Procedure.

‘ileprocedure followed in

pages j ‘W 8 , and the data for one

scription of the manner in which

to 21 , inclusive, of a previous

A 72-in. plate mounted

gvaph of Fig. 1, Figure 2 gives

it

‘. ,,

the tests of this report is described on

test, together with a fairly complete de-

was obtained, are presented on pges 13

repcmt.(1)

in the testing machine

the general dimensions

specimens and the location of the electric gages and of

mechanical gages. AU wide plate specimens were loaded

roiling except where noted.

2. Data—.— .

The teste included in this report and similar

reports(1)(2)are listed in Table 1, There were a large

is shown in the photo-

of the wide plate

the gage points for

in the direction of

the

tests in the previous

number of tests and

the amount of data obtained for each was so great that the whole is quite

vohuninous; and its presefitationin a brief but understandable form is quite

* The normalizing treatment is described in Appendix B, Table IIIb, page 7b.
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dif.ficult. The data are presented in the form of tables and graphs that either

accompany the discussion of the results or are given in Appendix A. The tensile

properties and the Charpy impact values of the plates

and in the t.xoprevious reports.
(l)(2)

‘I’heterms used in presenting these data are

are given in Append&

defined as follows:

B

The average strength of the wide plates is taken as the maximum load

divided by the original net section. The ener~:.absorbing capacity is taken

as the area under the ioad-strain curve for a gage length equal to 3/4 of the

gross width of the plate. Two values are reported. Cne is the energy absorbed

up to the maximum .Ioad,tti,eother is the energy absorbed up to failure.

The

shear, double

nation of the

percentages of the area of fracture that were cleavage, single

shear, given in ‘TableII, were obtained by macroscopic exami-

fractured edges of the plates. A microscopic examination would

undoubted y have revealed small amounts of cleavage in shear fractures or of

shear in cleavage fractures.

Unless otherwise designated, the term, impact test, is used to desig-

nate the Charpy type impact test of a standard V-notch SF cimen made in accord-

ance with A.S.T.LL specifications. Tne energy absorption in foot-pounds is

designated as the V-notch impact value, or simply the impact value.
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FIG. 1.

72-IN. SPECIMEN IN 3 000ooo-x.5.TESTING MACHINE.
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TABLE 1.

Stress-Raiser: Jeweler1s-Saw Gut. L/i~T= 0.25

- .-- .----- . . - .- . --” --------- ..-. .- .-- .---- .--- .----- .- . .---------- .-., -----------
---------------------------------- --------- .----------- .-------------------- --..-

SPEClYEJT TEMPERATURE KIND OF STEEL NUMTNA1.
“lo. OF STEEL lW:[DTHOF

WH3N TESTED SPECIMEN,
Degrees F. In.

--------------------------------------- --------------------------------------- . .

18A-1
13A-7

14.1
liO

Rimmed-Steel E As-Rol.1.ed 72

CG-1 7/+
23-”7 38
-------------------------------------------------------------------------------

18A-I 59 Killed-Steel D As-RoUed 72
22-1 59
17A-7’ 3i

5-1 15
~7-.7 o
------------------------------------------------------------------------------

12A-1 60 Killed-Steel D Narmalized 72
15-7
11--1 :;
5-7 0
1.4-7 -38
:=------:--:===::.:ZZ=Z=::.s--==::==::=:=:=~c::--=--:::==--:=Z:z=zz=:==:--===:=>=::=::.-.=--
13..7 123 Rimmed-Steel E As-Rolled .@,
18-8 110
22-7 81j
22A-7 38
------------------------------------------------------------------------------

17’B-7 43 Killed-Steel D ~.s-RoP.ed .@
18-2 39
5-L 32
M-1 1$3
------------------- ---------------.-----. ----.-- ------. ------ ------------------

15A-1 42 Kill.eti-SteelD Norma>;zed 48
5A-2 31
5A-5 15

-. ————.-. —.
.——— .-. —— —.- _., .——
+ All specimens stressed parallel to direction of rolling unless otherwise
noted.
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S1’ECIMKN TIiiPERATUl?K KIND OF STEEL
No.

NOVINAL
OF ST~L WIDI:EOF

WREN TESTED SFECNK2N,
Degrees F. In.

----------------------------------.-----------------.---.,-----------.---------

20A-13 111 Rimmed-Steel E As-Rol.l.ed
2CA-3 89

24

22-9 86
20-9 -36
-----.---.----------------.---------------------------------------------------

l,8j3-? 58 Killed-Steel D,As-Ro13.ed
1.7B-6 37

2f’,

17B-4 30
l~B,.5 10
--------..----=------------------------------------------”----------------------

,.. ,.

3-1 40 Killed-Steel D Normalized
3-2

24
?3

3-3 16
---.-..,.-.,.----------------------------------------------------------------------

A“4
A-2

50
32

Killed-Stee?.F As-Rolled 24

A-1 -o
A-3 -40
===:========..===:==========::======,==.,==,======,======:========.===========

1.Z-9A 128 Rimned-Steel E As-Rolled
2.3-3E

12
109

13A-5B
13A-5A
20-2A
---------------------------------------------------------- ------ --------------

18A-5 78 Killed-Steel.D As-Rolled 12
18A-3
18B-2 ;
17-6B 41
17-6A 40
22A-2 17
2,3. -,2 ..,, -2
17P-5A -50
-----------------------------.--”---------------------------------------------

—
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T.$JIE1. (Concl‘d)’
l)yy;~Ip~~ONOF SPECIMII?S.-—— ....— — —-. _..—

=.=.=.=...====.:X=:==.X===:.:=:.=:=:s::======::==x=======:s:==:=====s=====>=:===

SPECIWlil’ ‘TElipERATTJRE KIND OF STEEL
i~o.

NO!”lNAL
(>FSTEEL WIDTH OF

WHEN TESTED SPEOlMEK,
Degrees F. In.

---------------------------------------------------------------------------”---

15-5A. L]. Killed-Steel,I)Horrnalized 12
9-2
.15-6B 2
1OA-4 1
-.,-----------------------------------------------------------------------------

13A-10. Loo Rimmed-Steel E As-Rolled. 1.2
Stressed transverse to direction
of rolling

13A-9 140
3.&-Tti 121
l&7~ 81.
----------------------- ---------------------------------- -----------e---- --------

17-13 .p5 Rimmed-Steel E Normalized 12
23-3A 78
~~.~

i&4-3 g
------------------------------------------------.--------.---------------------

A-13 104 KilJed-Steel F As-RolJ.ed 12
A-12 55
A-6 20
A-yJ -22
-------------------------------------------------------------------------------
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3. ___— –...-.Discussion of %sults

a. Stre@~: - The strength of the specimens with a jeweler~s-saw.
&

cut ‘typeof stress-raiser and an N value””.of0.25, expressed as the average

stress on the net section at the mckimum load, is given in Table II, The re-

lation between the strength and the temperature for 72-in., 1+8-in.,and 24-in.

plates made of various kinds of steel;% is shown by the diagrams of Fig. 3,

and for 12-in. plates by the diagrams of Fig. l+. The numeral beside each

point of a diagram is the total percentage of the fracture that is of the shear

type. In general, the strength of the plates increased somewhat with an 5.n-

creaae in the portion of the fracture that was of a shear type. For plates

with an all-cleavage fracturo, changes in tauperature were not accompanied by

any significant change in strength.

The relation between the strength and the width of wide plates is

shown by ~;h,ediagrams of Fig. 5. These diagrams indicate that the average

sk’ength decreased with an increase in the width of the plate for all kinds of

steel, but the exact relation could not be determined. However, thc tendency

for the strength to decrease with an increase in width beyond a width of 72-in.,

would seem to be definitely established. Mo;-cover,the rate of decrease would

seem to be nearly as great for widths greater than L@ ins. as it is for widths.

1:ss than ~8 ins. The avwage strength of 72-in. wide pletes was somzwhat

greater than the coupon yield-point strength of the material.

“The letter deei~ations and properties of all steels are given in
Appendix B.

—
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TABLE II.

STRENGTR OF WIDE PLATES—.— — —.— —a
Stress-Raiser: Jewelerrs-saw Cut,, L/W = 0.25.

Loads in 1000!s of lbs.; Stresses in 10001s of lb.per sq.in.;
Energy in 1000ts of in. lb.

=,=====::==.=:==:=:=======:=====::=::===::.=::::=Z:=:ze=:===:=====:============:=====:==

SPEC. TFI!P. COUTON ULTI- FRACTUF@ UITIMATE K:{ZRGy

NO.. ‘F. STRJ.UWTR MATE Percent_- STRESS AYSORBED
Y.P. Olt.

-.-.&’—._—_
LOAD C SS DS O!iNET At At

SECTION Max. Fail-

Lwi-.lxG.------------------------ ------------ ::------------------. ---->--- ----e .

72-IN. RLMMED-STEEL E AS-ROLLED PLATES.
——,—..————-
18A-1 la.

.————..——.—”.. —---- .—----------
29s8 57.9 1730 --- 6 4$; 1898 35%

;&-: 110 28.$ 5,!+.6 1476 16 1; -- . 2361 3400
1290 100 -- --

——_-ux9&----

31.9 233 350
23 .7 1?60 “ 100 -- -- ?3.6 200120
-... ——.——.—-——. —,..—- —.-——.-—- .—..— —-—. —

72-IN. KILLED-STREL D,AS-ROLLED PLATES.

WA-1 59 /+0.0 66.9 1722 39 39 -- 42.1 481 2054
22-1 37.3 65.1 1;27 84 -- 1.6 ..46.0 21.63 2507

17A-7 :’ ““ 39.4 66.0 1890 -- 86 6 45.7 2024 4700
M 37.0 63.7 1730 :00 -,-, --

g-;
41%5 .I+76 563

0 38.8 65.4 1789 100 --- -- L3.1 174 228
__—-.. -.-_. _.__ .._...__.,__,_—-— —, —————. ———.—.. .—.—-_. ——_——

‘f2-Ii{.KILLED-STEEL D NORMALIZED PLATESe
—— ,.—_____ —.—— -
I?.A:-?L 60 34.8 59.8 1765 -- 81 1 42.L 2122 4550
.15-7. 32 34.8 59.2 1750 -- 55 2.9 43.2 2738 4650
~~11-1 15 $.$ 60.3 1507 100 --- -- 37.f+ 238 298

5-7 60.9 1614 100 -- -- 38.9 ao 260
14-7 .“3: 35:5 59.7 1541 100 -- -- 38.6 179 234

.— .——-- —-.——— ——.—.———-—— —.=-------------------------------------------------------------------------------.---—

48-IN. RIhT:ED-STEELE AS-ROLLED PLATES.
-———— ... . —————. — ———,—.—. —-——

..13-7 123 31.1 59$3. 1095 9 66 7 40.3 800 i68~. -

28-8 110 30.4 59,3 1008 22 58 -- 36,2 766 1446
22-7 84 33.9 60.5 987 100 -- -- ;:.; 245 361
22A-7 38 31.3 57.7 983 100 -- -- . 61 73
-—— .—. —.— — —————-—. ———,. -———-.-— ——.. —._—.——

K~–LED-ST3EL D AS-ROLLED PT<ATL’S.
-“—

48-IN.
-— — —. —

17’%7 43 39.0 65.4 1276 85 8 7 45.9 — 560 1081
18-2 39 39.1 65.1 11~5 96 22 43“5 288 416

5-4 32 37,0 63.7 1207 79 21. -- ~;.: E90 1110
18-1 18 39.1 65.1 1185 100 -- -- . 226 304

—-—-- .—— —.——.—— ——...—. ———. — —— ,._.———-..,,— .————
48-IN. KILLED-S.TEELD NORW,LIZED PLATES.

.-m—. —— ..——.—

15A-I 42 34.9 59”5 i216 --- -- 81 L5.4 1340 2540
5A-2 31 34.5 60.7 1098 100 -- -- 40.0 207 227

5A-5 15 3465 “ 60.7 1100 100 -- -- 4.0.0 185 229
-.—.——.— ——

*C = Cleavage, SS = Single ~hear, DS : Wuble Shear.
Portion of width not accouuted for was flame-cut.
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TABLE Ii :(Conttd) ~ :

STRENGTR OF WIDE PL.kT~S.
. Stress-Ra!.ser:‘“’~:;;l”~ ‘i~w-%,- L/M : 0.25.

Loads in 1000!s OJ?lbs.; Stresses in 1000l,so.flb. per sq. in.,;
EneV~. in 1000’s of in.lb.,,

m-------------------------------’-----”--------------------:-----------------------------.,----------------------.----------------.----------.-----------.---.----.,----

SPEC. TEMP. COUPON ULTI- FFW.CTURE* ULTIMATE
.Ncs.

E~~~Gy

‘F. . STIU3NGTH MATE Percent STRE.% ABSORREB
Y.P. LIT. LOAD. C SS.. DS !2!$NET ‘At At

. SECTTON rda.. Fail-
Load ure------------------------------------------------.---------.-------------2----------

2/+-IN. RI!!MED-STEF,IE AS-ROLLED PLATEs.
.—.. —— —-..y.

20A-13 111 32.3 $9.6 ““”563 ‘- 41*o 159 246
20A-3 89 32.3 59.6. 483.8 1:; -- -:
22-.9. “86

35.4 102 1?5
33.9 60.5” LJ36”.4100 -- -- 36;7 “ ‘“?&

20-9
125

-36 29.3 56.8 510 100 -- -- 37.6 16 “21
—.—..——~-—. —.—— _—l

2f+-.IX.KILI:KD-STEELD AS-RCI.LEDPLATES.
-. ——.——.. .— . —,.—— .—
18B-3 37.6 64.9 665 -- 95 -- /+9.7 286 717
17E+6 ;: 39,0 65./!+ 618 98 1 .1 45.7 112
17B-4 30 3930 65.4 653

14a’ ‘
--

‘17B-5 10 W<Q -65.4 6&3 .&.. ‘i. 2_ ,-—...,—-—. — ...iikj.... a $38 .
-.—.-——. ,. —.——

>~-~~~L~-~~ ‘~=+._D~__
——..———.

——.. _ ~. -——z—.

3-1 40 33.8 59.0 633 ..- 49 35 .46.4 3“09 795
3-2 33 33.8 59.0 637 1,9 49. 29 !+6.3 320 762
3-3 16 33.8 59.0’ 588 100 -- -- 42.~ 102 117

.._.. -_, ..——.———— —-.—.—.—.—— -—----- _--.-— ——
24-IN. KILLED-STEEL F .LS-RGLLEDPL.WES.

A-.4 3L.1 60G8 657 -- 78 3.5 4e.8 344 860,
A-2 z 34.1 60.8 655 17 49 34 47.6 351 86$
A-1 34.1 .60.3 675 81 10 9
A-3

49.9 4C0
..4: 3.4.1 60.8 626 98 1 1

496.
45.8 124 161

*C: Cleavage, SS = Single Shear, DS = Double Shear.
Portion of width not accounted for was flame-cut.
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TABLE 11 (Cent’d)

QRE~G~ OF WIDE PLATES——-.
Stress-Reiser: Jeweler~S-SSV Cut. L/’1= 0.25

Loads in 1000!s of lbs.; Stresses in 1000!s of lb.per sq.in.;
Energy in 1000!s of in.lb.

---------- -- ..--”---- ------.---..----- ------------------------------- --------------

--------- ------ . ------------------------- . ------- -------- -------------------------- -

sPEC. TEMP. .,,COUPON ULTI FRACTURE *
Ov

ULTIMATE ENERGY
NO. -. STP.SNGTH ~[ATE Percent 5TRESS

y.p.
ABSORBED

Ult. LOAD” C Ss Ds ON NET At P.%
SECTION Max. Fail-

Load ure
--------------------------------------.---------------.----------:-..--..------------

12-IN. REM!KED-STEELE AS-ROLLED PLATES.
.—-.—— ,.._____ __— ——...,—.——.—.—————.—. ——..

“ 18-.9A 128 30.4 59.3 32,!+.8 6 94 -- 49.5 66 214
23s3B 109 32.2 59.9 310.9 13 ?6 11

13fL-5B
48.9 60 199

74 28,7 5.L.6 25L.8
F 13A-5A

100 -- -- 40.5 40 53
28.7 5L.6 2?6.2 100 -- -- 37.6 17 17

2(3-2A -: 29.2. 56.8 245 100 -- -- 37.9 10 12
..—.— —, .——— .—.—. .—— ——--—.——... =—— —— ——,..—— —.,—. ———.-—.-

12-IN. KII,LED-STEEI>D AS-ROLI)EDPLATES.
—-., —._. ____._.., ,-.,___,__ .-.—-— —.. —

18A-5 78 “40;0 66.9 342.7 10 .- 52.9 $7.6 240
18A-3 59 ikcl.,0 66.9 350.8 25 ~ 26 “5.L.6 99 234
18B-2 ~1 37.6 64.9 312 100 -- -- 48.0 27 36.9
l?.~~ .Q 38.8 65.4 346.5 90 -- 53.4 85 224
27-6A 40 38.8 65.4 356.4 1~ -- -- , 54.3 50 56.5
22A-2 .37, ;:.; 64.0 37o.1 15 85 -- 54.8 ~~94.2 254
22E-2 -2 . ;:.; 31&.5 100 -- -- L8.i,. 25.1
17A-5A .-50. 39.4 ‘ 320 100 --- -- 47.8 1.3.4 2~!6
.——- —— ——————-.—. ,—.- .- _. ——--——.,—.———-——— ,—— ——

12-IN. KII.I,ED-S’I’EELE NOSMILIZED PLI.TES,
—-—.—._-. ——-—_.._——._— -..—-——.-.—— .——

‘15-5A 41 34,8 59.2 327.6 13 66 21 50.5
9-2

lCO 242
30 35.0.. 60.0 336.3 20 49 31 51.9 109 251

15-63 16 34.8 59.2 337.4 54 31 15 52.4 99 21;
1OA-4 1 35.0 59.4 316m3 100 -- -- 48.0 36,3 42.2
-—— —.-.— ‘..———-—.—.-. -—.—..-—— .—.. ..—

12-IN. RIMHED-STEZL E AS-ROLLED PLATES.
Transverse to direction of rolling.

.—. ———— — —“-,.——

13A-1.O 160 28.7 51+.6 304.7 -- 74 19 47.3 76 176
13A-9 140 28,? 54.6 294.5 25 L504 30 153
18-7B 121 30.4. 59.3 319.3 $ Z 27 47.8 S3 188
1~-7A 81 30.4 59.3 25?.9 100 -- -- 39.0 22 45

( _.______.___..—.— .. ..———-—.—— ——.. ———. ,—

*C= CZ.eavage, SS = Single Shear, DS . Double Shear.
Portion of widtlnnot accounted for was flame-cut.
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TAPLE II (Concltd)

STRE!JGTHOF WIDE PLATES-.—s — .,_ —— ‘
Stress-Raiser: Jeweler1s-Saw Cut. L/VJ= 0.25.

Loads in 10CO!s of lb.s.; Stresses.in1000!s of lb.per sq.in.;
Euergy in 1000’s .afin.lb.,

=:.=:=:z::=::===Z======:===:::=::-:==:===::::::.=:’:Z=:==’:=:=Z==s:=====:=======::==::==

SPEC. T~~p. COUPON ULTJ.- I’RACTURE*
NO. ‘F.

‘ULTIMATE ENERGY
~RZNGTR MATE Percent STRESS ABSORBED
Y.P. ‘, -ULt. 10AD C SS DS

.——
CINRET At At
SECTION h!ax. Fail-

Load-----------------------------.--.-.--------------,--------------.----.--.--.----g: -.

12-III. RIMMED-STF~ E NORMALIZEI)PLATES.
.—— —- —.—— ______________ ——.—

17-13 115 -- -- 307.4 -- 52 40 47.0 71 213
23-3A 78 -- -- 306.0 -- 93 --
16-5

,47.5 ?8 20&
50 35.1 57.7 291..4 98 --- 2 45.2

18A-3
33 .39.

30 -- .- 288.2 100 -- -- 4.4.0 35 u

~ .- —.-—-— ——.--—-—.

12-IN. KILLED-STEEL F AS-ROILED PLATES. :
—————— — — .— .——

A-13 1;; 34.1 —60,8 ?39.6 -- 17 73 51.5 107 295
A-12 3.4.I 60.8 348.0 20 49 31 52.3 117
~.~

290
;~~ j~ri 60.8 362.1 72 8 20 55.3 114 217

A-10 ..22 34.1 A 60.8 331.0 100 -- -- 50.0 49 57
,.....—.-.-._ ~— —.— - —....-.———..z . —..——

KILLED,=. G AS-ROLLED PT.ATES.
—-— —— ——

B-10 54 4L3 70.1 366.0..”’”10 22 68 58.o ’81
B-5 ‘;-; 41.3

243
70.1” 377”.7’.’80 --‘ 20 60,4’

~..9
106 “ “162 “’

70,1 381.7 93 60.4
-.i7 ::;

85
336;2 100 -! ~:

95
B-6’ 70.1 53.2 23 32

——. —.————. .—— — —.—————

*C = Cleavage, SS = Single Shear,:.DS = Double Shear.~~”
Portion of mldtk not accounted for was flame-cut.
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The relative strengths of tinevarious kinds of steel are shown in

Figs. 6, 7, and El. In these figures, the strengths of 72-in., !-+8-in.,24-in.,

and 12-in. plates are shown separately.

The average strength of wide plates was somewhat greater for killed-

s’ceelD as-rolled, killed-steel D normalized, and killed-steel F as-rolled

than for rimed-steel E as-rolled, all plates being of the same width. The

first three steels above had approximately the same average strength for wide

plates of the same width. The average strength of wide plates of ki.Ucd-steel

G as-rolled was somewhat greater than the strength o.fthe plates of other steels.

‘Theaverage strength of plates of rioxsed-steelE normalized was approxhately

the sane as for risuned-steelJ as-rolled.

Plates of rimmed-steel d as-rolled, 12-.in.wide, iested both parallel

and transverse to the rolling direction sho-~edno appreciable infiuance of the

rolling directica upon the average:strength..
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b. Distribution Across Plate of’@Qtuflinal Strain: ‘Thedistribution..— .— — —. .-.-—. ..— .—.—.. —

across the plate of the longitudinal strain was discussed in previous re-

~ort@(2)# Similar studies were made of the data obtaind from the tests

descrf~ed in this report.

Diagrams showing the longitudinal strain at the trarisverse centerline,

are given in Append& A, ‘pages 12ato 36a, inclusive, Leaeurements were made

with 13/16-.in.electric strain gages in the elastic and early plastic ranges;

with l-in. and l/~l-in,mechanical.gages up to the load where the first cracks

aPpeared at ‘theends Qf the stress-raisers;and with the mechanical gages

hatinga gage lengtliof 3/41::at all loads and after failure. As noted in the

reports “referredto above, the average strain on a 13/16-in, gage Iengtn was

many times greater at the end of the stress-rs.iserthan at the edge of the plate.

Moreo wr, as stated in the above mentioned reports, the unit plastic strain at

the efidc:o ‘tik!estrsss-raiser was very much greater on the l/~-in. gage length

,
thail“itwas on the l-in. gage length, for loads up to the load at which initial

fracture at the end of the stress-raiser occurred, but the unit strains on the

two gage lengths were very nearly equal at the &dge of the plates. The strain

cm the gage lines equal t6 3/4 W was quite uniform acress thleplate at iow

loads, but in generalj it was greater near the central portion than at the

edges of the plates at loads near the ultimate.

e“ EnerHy Absorption: The energy absorbed to failure by a

plate has been taken as the area under its ioad-elongation diagram.*

showing the relation between the temperature and the energy-absor’ofig

wide

The coxve

capacity

of steel plates is made up of three parts: (1) A nearly horizontal por~ion at

the 1eft”,which correspends to a low-energy abso~oing capacity. (2) A nearly

‘f The load-elongation diagTamS are given in Appendix A of this report and of

previous reports.
(l)(2)



horizontal

capacity.
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portion at the rigt,t,which corresponds to a

(3) A traI15iti0nportion extending upward to

high-energy-absorbing

the right and con-

necting (1) and (2).

The relation between the energy-absorbing capacity and the te.mper-

ature for 72-in., 4$-in., 24-in., and 12-im plates made of variOus steels is

shown by the diagrams of Figs, 9, 10, 11 and 12. All specirnenshad a jewelerts-
L

saw cut type of stress-raiser and an - v5.lueof 0.25, These diagrams.indicate

that, for the “72-in,plates: (1) The energy-absorbingcapacity of k$lled-

steel D plates in the as-rolled and in the normalized conditions was greatly

reduced when the temperature was reduced from 32 to 25 degrees F. (2) The

energy-absorbing capacity of rimmed-steel E plates in the as-rolled condition

was greatly reduced when the temperature was reduced from 110 to 80 degrees F.

(3) Killed-steel D pl.at~sin the as-rolled aud in the normalized conditions

had very newiy the same ener~-absorbing capacity when testealat the sane

temperature for a temperature range from O to 30 degrees F, (4) Rimmed-steel

E as-rolled plates had a much lower enqrgy-absorbing capacity than either
.:.:.

killei-steelD as-ro%led plates or killd-steel D normalized plates at temper-

atures from 32 to 80 degrees F. The maximum energy-absorptionfor the rimmed-

steel E as-rolled plates corresponded to a temperature of the order of 1.20

degrees F.

As stated above, the killed-steel IIplates in the as-rolled and in

the normalized conditions had very nearly the same energy-absorbtig capacity

when tested at the same temperature for a temperature range from O to 30 degrees

F.. But for the killed-steel D normalized plate.,the energy absorbed was approx-

imated the same at 60 degrees F. as at 32 degrees F., whereas, for the kil.lei-
,,,

steel D as-rolled plate the energy absorbed was very much less at 59degrees F

than at 31 degrees F. ‘Thislatter result was so unu~ual that Charpy notch
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impact spectinenswere cut from the unstressed portion of the killed-steel D

as-rolled plate which had been tested at 59‘F, The resuiting Char~J notch

impact value, the average of four t ests, was found to be in line with the values

obtained from other kil~ed-steel D as-ro.Ued plates from the same heat. Aliotner

72-in. specimen of killed-steel J as-rolled plate was then tested at 59°F., and

t,heresults from this test ~werevery nearly the same as for the previous tests

at the same temperature. Charpy impact values for the plate of this spccimen

were aiso in line with correspondingvalues of other plates from the sae heat.

It would seem, therefore, that the relation bebween the tem~erature and the

energy absorbed by 72-in. killed-steel as-rolled plates was quite erratic.

‘Theresults of tests of 48-in., Z&-in., and 12-in. killed-steel as-rolled

~~ate~, given by the diagr~a on Figs. 10, il.and ].2,indicate that the same

statemen,tapplies to plates of this steel for all widths from 22-in. to 72-in.~

inclusive.
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The temperatil]re-ellerg$,,absorption relation shown by The diagrams of

Figs, 9 to 12, inclusive, indicate that this relation was quite erratic for

the killed-steel i)as-rol.iedfor all plate wi.ckhs,but was fairly consistent

for the killed-steel J normalized and the rimmed-steel E as-roll.erl.

The transition temperature for each kind of steel was app~oximxtely

the same for the four widths of plates except for plates of kil.lecl-steel.D

normalized. For the latter, the tran”sition temperature was lower fo~ the 12-in.

than for the 72-in., ~8-in. and 2&-in, wide plates. This is the only evidence

indicating that the transition te.mperature-rarigefor wide plates with the type

of stress-raisersused in these testsj was materially influenced by the width

of the plate.

The relation between the energy absorption and temperature for

various i2-in. rimmed-steel X plates, is shown in Fig. 12. The irrr!x’’ovement

of this rinmcd steel by normalizing is indicated by the accompanying s~,ift of

t!letransition portion of the diagrm to a lower temperature range. Tests of

12-in. rirmed-steel ‘Eas-rolled plates, some loaded parallel and others transverse

to the direction of rolling, indicated, as shown in Fig. 12, that the trane-

iticm temperature is somewhat

plates loaded parallel to the

Tests of 2k-in. and

higher for plates loaded transverse than for

direction of rolling.

12-in. m~ideplates of killed-st,eelF as-rolled

indicated that, for these widths, this steel had a greater energy-absorbing

capacity and a lower transition temperature range tiqankiLled-steel D”and

rimmed-steel E as--rolled. This is apparent from the diagrams of Figs. 11 and

12. These diagrams also show that, of all the 12-in. wide plates tested, those

of killed-steel G as-rolled had the lowest transition temperature range. More-

over, the maximum energy-absorbing capacity of 12-.in.wide plates of killed-steel

G as-rolled, was nearly as great as the maximum for any of the 12-in. plates
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E as-rolled in that it lowered the

-27-

improved the 12-in, plates of rimmed-steel

transition temperature about 3O°F., as

shown in Fig. 12. These diagrams also indicated that the trans~.tiontemperature

of this steel was a’oout10°F higher when tested transverse than when tested

parallel.to the direction of rolling.

It was observed that the energy absorbed by the wide-plate specimens~

increased witinthe amount of shear present in the fracture. This is shown by

the diagrams of’Figs. 1.3,I-4,15 and 16. Moreover, the energy-absorbingcapacity

was many times greater under conditions that,produced a shear-type fracture

than it was under conditions that produced a cleavage-type fraCtUre.

The various energy diagrams indicate that, for the steels used in

these tests, the relation between the energy absorbed and the percentage shear

jm the fracture, did not vary greatly for any of the four plate-widths tested.

This was trcw even though the temperature correspending to a given percentage

.,ak,ear in the fracture. differed,greatly for the various steels. The results

are,especially interesting for the steels tested in the 72-in.and 12-in. widths,

shoyn in Figs..13 and 16, since all three steels were tested at temperatures

high enou@ to giv,ea percentage of shear in the fracture of the order,of 80 to

90. And, at these percentages, of shear fracture as well as at lower values,

the energy absorption for the three steels, was approximately the same for

these two extreme widths. It would seem. therefore, that the type of fracture

is a fairly accurate indication of the energy absorbed by the steel.up to the

ttie it faileds ‘I’hissuggests that a visual inspection of a field fre.cture

will make possible

failure occurred.

,,,,.:.,

a fairly acc’urateestimate of the energy absorbed before

,,
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d. Various Methods of Det.erminin&the Transition Tem~erature-RanKes:.-——.-— --- -— . —..

Four rdat ions for determining the transition temperature-range of the various

steels were used. Three of these relations are based upon the behavior of wide

plates with jeweleris-saw cut stress-raisers, and one is based upon the Charpy

V-notch impact values. These reiations are described in the following para-

graphs.

(1) ~mature-fnerpv Absor~tion Relat@: The relation——

between the temperature and energy absorption of wide plates of

various widths and made of various steels, is presented in Section

3c, and is shown by the diagrams of Figs. 9, 10, 11 and 12.

(2) Ternperature-PercentageShear in the Fracture F.elation:——

The relation between the temperature of the wide plates and the

percentage shear in the fracture is sho-wnin Fig. 17 for the 12-in.

wide plates of various steels.

(3) Temperature-flongatior,Relation: The relation between

the twperature and the average elongation to failure is shown by

the diagrams of Figs. 18, 19,20 and 21. In tlnesefigures, the

ordinates represent the average elongation across the plate on a

gage length equal to 3/4 W, and the absiccas represent the te.npera-

ture of the plate when tested.

(4) Temperature V-notch Impact Rela~: The relation be-

tween the temperature and the V-notch impact value for the various

steels is shown by the diagrams of Fig. 22.
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Each of these four methods utilizes a diagram similar to the diagram

described in the last sentence of the last paragraph on page 21. The tempera-

ture ranges of the intermediate portion of each of these ciiagras, have been

taken,as the transition temperature-range. The transition temperature-ranges

the

‘the

two

and

various Steels, as determined by all methods, are somwhat indcfirlite.

The vaheS of the transition temperature-ranges,as determined by

four methods, are listed in Table III. These values are of interest from

view-points: first, as absolute values of,transition temperature-ranges,

of

sedond, as values determintig the order in which the stee]..sare segregated.

The absolute values of the transition temperature-rangedetermined

by the Charpy V-notch impact tests differed considerably from the values de-

termined by the wide-plate tests. In general, however, the absolute values

determined from the wide-plate tests by the various methods did not differ

greatly from each other. The values detcrud.nedfrom the temperature-elongation

relation agreed most nearly with the values obtained from the temperature

energy-absorptionrelation. The range of the transition portion of the diagrams

was much less as determined by the wide-plate tests than as determined by the

Charpy V-notch test.

‘Thesegregation of the steels by the Charpy V-notch-tipact test and

by the wide-plate tegt is shown in Table IV. The segregation from the wide-

plate test is based upon the temperature-energy-absorption relation. In this

table, the steels are indicated by the letters i),DN, E, F and G as noted at

the bottom of the table. The sequence of the steels in the order of their

transition temperature-range, is indicated by the order in which the steels are

listed. There are two lines for each plate width. The steels are listed

according to the results of the wide-plate tests in the upper line, and accord-

ing to the results of the Charpy V-notch-impact test in the lower line. ‘The
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arrangkment of the steels in this table indicate that, for 72-in., 48-in., and

Z+-in. plates,.all steels tested are segregated in the same order by the wide-

plate test and the Charpy V-notch-fipact test, but for bh+ 12-in. plates, the

F and G steels and the DN and D steels are segregated in the reverse orders of

sequence by the two +,ests.

e. Reduction in Thickness of Plates:—, —_.._..__ The reduction of thic}cness

of the wide plate testsMay be found for part of the tests in the previous

reports(1)(2~, and for the remainder on pages 37a to 53a inclusive of

Appendix A of this report.

,.



TABLE III.

TRANSITION ‘IZUPEf#LT~3-~M2iSOF VARItiJ~STE3LS AS DETERMINED BY DIFFERENT MILATICNS.— . . _ —.. -.—.— — . —— ——.— .
___.. ______ ---___ --.___------_ -_-__ .__.___-_____--..~:__.________-__-__-_-___________ -______ -_,____

Relation Used Transition Temperature Range, L2egreesF.
for B Killed D%illeT E Rimmed E–RlGiZ5?I- E Rimmed

Determination
F Ki~&i G-Kiile~-———

As-F~olled Normalized As–P,olled Normalized As–Rolled As-Rolled Ae-Rolled

12-IN. PLATES

V-Notch Imp. Test -40 to 100+ -40 to 110, 20 t. 140+
Temp.–Energy A.bsorp. 38 to 42

-’70to 110 -40 to 120
0 to 30 80 to 120 50 tcl io $0 to 140 -20 to 55 -40 to 40

Terap.-Percent,.Shear. O to 60 0 to 30 75 t. 120 50 to 100 80 to 160 -20 to 55 -4o to 60
38 to 42Te~. -Elongation o to 40 60 tO 11O LO tO 60 60 to 120 AO_t~O_-20_>2_~0——_.—

24-IN. PLATES.
—

V-3!otchImp. Test

—.—

-40 to 100+ -40 tt~110+ 20 to 140+ -70 t. 110
Temp.-EnergyAbsorp. 28 tti 37 30 to 40110 to

I
-50 to 35

Temp.-Elongation 30 to 50 15 to 40 85 to 105
u

-50 to 50 z-

48-lN. PLATES

V-Notch Imp. Test -40 to 100+ -Lo to 11O*2O to UC)+
Temp,-Energy Absorp. 30 .tti 36.+ 30 %0 42 90 to 115
Temp.-Elongation 30 to 36* 30 to 42 80 to 120

72-IN. PIATFS

V–Notch Imp. Test -40 to 100+ -40.to 110+ 20 to 140+
Teimp.-Energ Absorp. 25to 3? 28 to 32 80 to 110
Temp.-Elcmgati,,n 20 to 58 15 tO 32 70 tu no
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TABL3 IV.

Segregation Q! &YYYS Y{ WIDJ-PLATE TEST Ahm

CHAIRPYV-~JOTCHIMPACT TEST—.— ..— — .

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

Plate Kind of Steel —.—.. —
Wid~*~ Steels Listed in order of Increasing ‘fransiti,on
In. Temperature-Range from Left to Right.
----------------------------------------------------..-.-----------------------

D IN E
7’2 Sequence the seine

D DN E by both tests

—— .—.
D DN ‘ 11 —

——

l@ Sequence the same
II DE E by both tests

24 Sequence the same
F D DN E by both tests

—. —..—
G .F n~

—.———
T E

12
F G D DN E

-. -—________ —-—

Upper line based up~n wide-plate teSt. Temperature-energy
e.bsorptionrelation.

Lower line based upon Charpy V-notch-j.mpacttest.

D .=Killed-Steel D As-Rolled.

DN = Killed-Steel D iiormalized,

E . Rimmed-Steel E As-Rolled.

F = Killed-Steel Y As-Rolled.

G . Killed-Steel G As-Rolled.
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Tests of Piates with Punched Holes and of ?iates with Sheared Edges4. -—.- —,,—— ,.—.._—-— —— .—— ,—.—.-.——. -. ,_—

‘2) there was reported theAs Stress-Raisers:-..————. — In the “previousProgress Report,

fai.lureof a puil.ingplate and of a tensile specimen, both ilavingsheared edgas.

To further determine the effects of s!learingaud, in addition, punching,two

21+-in.wide plates of rfied-steel E as-rolled with 13/16-in. punched holes, and

one 2&-in. wide plate of the same steel with sheared edges were tested. The

holes were punched and the plate edges were sheared in a bridge shop to insure

standard fabricating conditions, and were tested in the %-received condition,

but after being stored in the laboratory for several months at a temperature of

’70 h 80 degrees F. The parallel edges of the plates with punched holes were

,machinedto remove possible cracks which would act as stress-raisers on the

edges. Tne details Of tinese plates are ehown in tl’wupper

and 2&.

The results of these three tests and of previous

parts of ?igs. 23

testszof comparable

speii.menswith other types of stress-raisers, are given in Table V and she],.m

in Figs. 25 and’26. The energy absorbed per inch of net vidth was obtained

by dividing the total energy absorbed to fractu-e by th~ net width of the

specimen on the section through tinestress raieer. The net width of the sheared

edge plate was its fuli width,. lhe method of obtaining the energy per inch of

net width for the sheared ~dge plate is explained”on pagcs 39 and LO.

The load-elongation

shown on page. Ila - z of

thickness after fracture, for

diagram for the plates with punched holes arc

Appendix A of this report. ‘Thediagrams of

the plates with punched holes and for those with

sheared edges, are shown on pages 53a to 51+a inclusive, of Appendix A,



TABLR V. .

TESTS 0? 24-IN. RIMYED-Sll%L E .&S-ROLtEDPLATES——.— . ..— —— .
— — ~ Types cf Stress-Raisers.

Loads in lCOO!s >f lbs.; Stresses in 1CY30!slb. per sq. in.; Energy in 1000IS of in. lb.
---------------------------------------------------------------------------------------------------------________________________________________________________________________________________________ --——

SPEC. TEMP. COIJPON L ULT13AIW ULTIMATE STPi2SS FRAC‘lTJK,Y
No.

ENZRGY ABSOFLBED
STRENGTH‘F. V LOAD ON ~fiTSECTION percent

Y.P. ULT.
per inch of I?etLldth*-

7 ss ~ At ktiX. At
Load Failure

-------------------------------------------------------------------------------------------

13
~-IN . DIMETER PUNCHED HOLE STRESS-5.AISER.

17–9 +79 30.1 6 0.291 69L.o 51r5 91 6 3 M+.8 15.5
1?-8 -38 30.1 ;6;; 0.303 644.0 51.3 100 - - 7.5 8.0

SHEARED EDG3 STRESS-RAISER

17–12 -L3 30.1 56.3 - 792,0 Lk.7 l(JO’ - - - lo”o# &

— ——. - —.—.—. __. ——— I
JEWELER1S-SAW CUT STRESS-PJJSZR

—. ——
20A-3 89 32.3 ~:.; 0,25 L83.3 ;~e; 100 - - 5.78 7.66
22-9 86 33.9 0.25 l+e6,1+ 100-- 1+.17’ 7.15
20-9 -36 29.3 56:8 0.25 510.0 37;6 100 - - 0.92 1.21

NO. 1+7DRILL-HOLE STRESS-RAISER

20A-8 86 32.3 59.6 0.25 531+.o 39.0 50 1+7 3 5.6$ 15.17
20-14 --40 29,3 56.8 0.25 546>0 39.8 100 – – 3.43 3.63

——..
l/L-IN. DRILL-HOLE STRESS-RAISER,.

22A-9 83-95+ 31.3 57.7 0.25 602.0 45.4 13 79 8
20A-14

11.90 37.80
-37 32.3 59.6 0.25 635.o L+6.o 100 - - 9.10 12.50

—..— _—.. ——
+:c = Cleavage, SS = Single Shear, DS = Double Shear

W“ Gage Lengths shown on Figs. 23”and 24.
# Refer tJ page 39.
~ Temperature increased to 95° F. due tO Plastic deformation.
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‘he

at the bottom

sheared edges,

3? -

strain distribution across these plates after fractuz-e,is shown

of Figs. 23and 2~. It is notable that, for the plate with

the unit,elongation on the gage lines ‘bridgingthe fracture is

of the same relative magr~tude as the elongation on gage lines in the portion

of the plate away from the fracture, and is,of the order of 2.3 percent, Failure

of t~ls plate occurred at a temperature’of -43@. witi’hno appreciable reduction

.ofthickness and with a 100 percent cleavage fraCture.

The strengths of plates with the following types of’stress-raisers,

13/16-in. punched holes, sheared edges, jewelerIs-saw cut, No. 47 drill-hole,

and l/4-in. drill-hole, are plotted in Fig. 25. The temperature at which a

test was made is indicated by the numeral adjacent to the small circle repre-

senting the results of the test. The average strength of the plates with

punched holes was greater t!mn the average strength of plates with other types

of stress-”:aisers~ while the average strer.gthof the plate with sheared edges

was about the same as the average strength of the plates wikh the l/4-in.

drill-hole stress-raiser.

The energy absorption of tineplates with different types of stress-

ra.isersare compared in Fig. 26, The energy absorption of the plates with the

punched holss is of about the same rmgnitude as the energy absorption of’the

plates with No. 47 drill-hole stress-raisers and.less than that of the plates

with l/4-in.drill-hole stress-raisers. The low energy absorption of the plates

with punched holes my be attributed to the

plates had O percent and 9 percent shear in

tures of -38°F. and 79°F., respectively.

type of fracture, since these

the fracture for t csts at tempera-

The energy absorption of the plate with sheared edges was not measured.

However, if it is assumed that the ratio of the product of the maximum load

and the elongation at failure to the energy absorption was the same for the plate



with sheared edgss as

the energy absorption
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it was for the plate with ponched holes} the value of

at failure for the plate with sheared edges would be

237,000 in/lb. which is equivalent

The ener~ absorption of the plate

magnitude as the energy absorption

to 10,050,in/lbs. per inch of net width,,

with sheared edges is of about the sae

of the plate with the punched holes and of

the plates with the l,f~-in.drill-hole stress-raisers.

‘Ihus,the plates with 13/16-in. diameter punched holes had a higher

average strength than the plates with the other types of stress-raisersbut had

a low energy absorption. The plate with sheared edges had approximately the

same strength and approximately the same energy absorption as the plate with,

l/4-in. drill-hole stress-raisers.

COItCLUSION~

Tests of 3/4-in. plates with widths of 72-in, L8-in., 24-ir].,and
&

~-in. containing a jeweler(e-saw cut type of stress-raiser and with an ,,

(1)(2)reports. The resultsratio.of 0.25, are described in this and previous

of these teets appear to justify the follo-wingconclusions.

1. For all kinds of steel, the average strength decreased with an

increase in the width of the plate, Loreover, the tendency to decrease in

strength with an increase in the width beyond 72-in., would seem to b e definitely

established. The average strength of 72.-in.plates was somewhat greater than

the coupon yield-point strength of the material.

2. lhe strength of the plates increased

in the portion of the fracture that was of a shear

all cleavage fracture, changes in temperature were

significant change in strength.

somewhat with an increase

type. For pLates with

not accompanied b~,any

an
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3. The avere.gestrength of wide plates was somewhat greater for

killed-steel D as-rolled, kfiled-steel D normalj.zed,and k~~ed-steel F as-

rolled than for rimmed-steel E as-roll.ed~ all plates being of the same width,

‘he first three steels above had approximately the same average strength for

w,ideplates of the same width. Tineaverage strength of wide plates of l$il.led-

steel G as-rolled.was somewhat greater than the strength of the plates of other

steels. The average strength of plates of rimmed-steel E normalized was

WprOX.htdy the same as for rimmed-steel F,as-rolled.

k. Tests of 12-in. rinmed-steel t as-rollexlplates indicated that,

for this steel, the direction of rolling had no appreciable effect upon the

average strength.

5. The energy-absorbing ca~~acity of plates with severe stress-raisers

was many times greater under conditions that produced a ehear-typefracture

than it was uc.d.erconditions that produced a cleavage-typefracture. It would

Seen],t,herefore, Urlatthe type of fracture is a dependable indication Of t~!e

energy-absorbingcapacity of plates.

6. hhen in tne form of wide plates with severe stress-raisers, all

of the steels tested, with the possible exception of killed-st,ee?.F as-rolled

and,killed-.steel G as-roiled, had a low energy-absorbing capacity at the sub-

zero temperatures which may be encountered in SMP navigation,,

7- The transit~.ontemperature-range of rimmed-steel.E as-rolled

plates ~as slightly higher when tested transverse than ‘whentested p.arallelto

the direction of rolling.

a. Values of the transition temperature-range of the various steels

were determined from four relations. The absolute values of the transition

temperature-rangesdeter,minedby the,V-notch Charpy impact t@sts differed
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considerably from the values determined by the wide-pl.ate tests. In general,

however, the absolute tialuesdetermined from the wide-plate tests by the

various methcds did not differ greatly from each other. The values determined

from the temperature-elongation relation agreed most nearly with the values

obtained from the temperature energy-absorptionrelation. The ra~,geof the

transition portion of the diagrams was much less as determined by the wide-

plate tests than as determined by the Charpy V-no}ch test.

9. The range of the transition portion of the diagram was much

less as determined by the wide-plate test than as determined by the Charpy

V-notch impact test.

10. For 72-in., 48-in., and 24-in. plates all steels tested are

segregated in the same order by the wide-plate test and by the Charpy V-notch

impact test, but for the 12-in. plates, the F and G steels and the Dn and D

steels e,r>segregated in the reverse orders of sequence by the two tests.

11a The unit strain at the end of the stress-raiserwas many times

greater than the average strain over the net section for loads up to the load

where fracture started. This was truefor both the elastic and the plastic

strains.

12. The unit plastic strain at the

much greater on the l/4-in. gage length than

end of the stress-raiser was very

it was on the l-in. gage length,

“forloads up to the load where fracture started.

13.“ The fracture @f all the wide plates started at the end of’the

stress-raiser and at the mid-thickmess of the plate.

Tests of 24-in. wide rimmed-steel i?as-rolled plates 3/4-in. thick

with punched-hole, and others with sheared-edge stress--raiders,ap;oearto justify

the followihg’conclusions for this steel.
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1.. Punched holes and sheared edges were apparently severe stress-

raisers, causing some reduction of strength and a very great reductiorlin the

energy absorption.

2. Rimmed-steel E as-rolled plates with 137~6-in. pufichedhOles

as stress-raisers,failed at room temperature with a brittle fracture and

with a very low energy absorption.

RECOb!MENDATIONSFOd FUTURS WORK—. —, —-. —.. ..

Plans for future work include a group of tests to give more complete

knowledge relative to the relation between the temperature of the steel plates

md their energy-.absor’oingcapacity. The curve showing the re~.ationbetween

the temperature and tileenergJ absorbing capacity of stecl pl,ates is made up

of three parts: (l.) A nearly horiionbal portion at the left, which corresponds

tO a ~.c~.,,..e:::rgy..absorbing capacity. (2) A nearly horizontal portion at the

rj.g!lt,which correspon.dsto a high energy-absorbingcapacity. (3) A nearly

vertical transition portion connecting (1) and (2). The tests necessary to

define the three parts of this diagram within a somewhat limited range of

temperature have been made for 12-in. and 72-in. plates of rimmed-steel E

as-rolled, killed-steel D as-ro~ed, and killed-steel D normalized.

Considerable work has already been done to eetablish the tempm?ature

energy-absorbingcapacity of 24-in. and 4L3-in.plates made of the three steels

designated above but time will not permit the completion of this work. It iS

desirabh that the neceesary tests be made to complete the temperature-energy-

absorbing curves for 24-in. and 48-in. plates of the three kinds of steel,

rimned-steel N as-rOlledj killed-steel D as-rolled, and killd-steel D normalized.

Tests of killed-steel G as-rolled in 72-in., 4$3-in.,and 2)+-in.widths
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and killed-steel F as-rolled in 72-in. and 48-in. widths were not made amd

would appear desirable because of the high energy-absorbingcapacity and low

transition temperature range of these steels.
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Relation Between
on a Gage Length

Page

Load and Avei-ageElongation la - 11.a
Equal to3/4!ll . . . . . ...*.
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APFTllDIXA—.—

EXPERIMENTAL DATA FROM ‘;;IDEPI.ATET8STS.

ARS’IRACT

Experimental data from’the wide plate tests described in this

report are given in the following pages. ‘

---- ---- ---- ----- . . . . . ---- ---- ---- ---

DESCRIPTION OF SPECIhfENS.—...——.—...—-—-

,Jl of the specimens, the tests of .wklich:aredescribed in

Report, are described in Table I, pages 6, 7 and 8, respectively.

The relation between total load and average elongation on

---- -

this Final

a gage

length equal to three-quarters of the width of the specimen, is shown for all

specimens on pages la to lla , inclusive. The plastic elongation on a gage

length equal to 3/4 !J{was mea:suredwith a mechanical strain gage with conical

points at both extremities, which engaged No. 54 drili holes on the inner

faces of pins projecting from the specimen on the gage lines 3/4 W apart.

The elongation was read on five gage, lines on each side of the specimen, as

shown on page 13~. ‘Theelongation thus measured includes

the two parts of the plate after fracture had begun. The

elongc,tiondiagrams thus determined represents the energy

length of the plate equal to 3/4 ‘fJ.

the opening between

area under the load-

absorbed over the

The unusual shape of the load-elongation diagram, page la,

specimen 184.-1,steel D as-rolled plate 721!wide, tested at 59°F., would

iia



seem to call for some explanation= The corresponding diagram for specimen 22-1,

page 2a, steel D as-rolled plate 721’wide, tested at 59°F. is more typical.

The difference is the more unusual because the two specimens were geometrically

identical,were made of the same steel, were tested at the same

the energy which they absorbed to failure di.ffered by only 20%.

in the shape of the two load-elongation diagrama is believed to

temperature, and

The difference

be due ‘tothe

difference in the fractures. For speciz,en18A-l,page la , the load increased

steadily up to 1,722,000 lbs. and then there was a sudden drop in the load

accompanied by a cleavage fIW2tUre approximately $.5 incileslong at @ckl end

of the stress raiser. The load was then increased and each portion of the

fracture was extended as a shear fracture until the load reached a second maximum

of lj250,000 lbs. after which the shear fracture was extended and the load fell

off; as shown by the diagram on page la,

T;lel~ad-~longationdiagrm,page 2a , f’orspecimen 12A-1, a 72-in.

steel 0 normalized plate tested at 600F., had a somewhat different shape. For

it, the load increased gradually up to 1,76~,oo0 lbs. when shear fractures

aPPrOx~telY 5.5fi.lW?,formed at the ends of the stress-raiser, AS the

testing-machinepulling-heads were still further separated, the shear fractures
,..

extended, the load fell off and the extensions of the

on page

steel D

2a.

The load-elongation diagram, p ge & , far

as-rolled platetested at 40°F., is shown on

fracture was 103% cleavage, the

fracture occurred and there was

load was reached. Fracture was

and

plate increased, as shown

specimen 17-6A, a 12-in.

page 4a. Although the

elongation increased considerably before

an abrupt increase in load just oefore the maximum

sudden and cleavage fractures extend simultaneously

instantaneouslyfrom each end of the stress raiser to the adjacent edge of

iii.k



the plate.

STRAIN DISTRIBUTION ACROSS“,—.
pmTd ON GAGE i,.iNGTHJQUAL TO 374 ?/.

‘Thestrain distribution across the plate as measured by mechanical

strain gages on a gage length equal to three-quarters of the actual width of

the specimens is shown on pages i2a to 20a, inclusive, for the tests 6escrf0ed

in this report.

The strain distribution across one-half of the plate as measured by

SF.-Lelectric strain gages is shown on pages 20at0 28a, inclusive, for the

tests described in this report. All electric strain gages had a gage length

of 13/16in. except one gage of l/4-in. gage lenbtihlocated next to the stress-

raiser on 24-in. specimens. Strain readings with the electric strain gages

were taken only in the elastic and early plastic ranges of the specimen.

PIASTIC DEFOPUiATICINACROSS PLATE—.
O~i~. AND 1-IN. CAGE Lfi;G~ .

‘Theplastic strain distribution acress one-half of the plate as

measured on l/4-in. and l-in. gage lengths by mechanical strain gages is

shown on pages 28a to 36a , inclusive, for the tests of this report. These

mechanical gage readings were taken up to

at the end of the stress-raiserappeared.

the load at which the initial crack

THIG~ESS OF PLATE AT FRACTU~

The thickness and profile of the plate at the

on pages 37a to 54a, inclusive, for the specimens of

fractured edge is shown

this report.

iva
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Distance Awn Fractu.e A
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Sec. ~
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APPENDIX E.

MECHAiiICALPROPERT~dS AND

CHE!;IC}.J.ANALYSES OF i&JTERI.4LS.

,.

TENSILE .COiJ?ON~F~..—— —.—

Tensile coupons were taken from each p?.ateused in this

investigation for the purpose of d.etermi.ningthe mechanical

Dropertilesof the material. Duplicate tests were made of 1~-in. ~

x 3/4-in. A.S.T.~:,.standard flat tensile coupons in’the direction

of rolling and O,sOj-in. ~iameter A.s.T.M. standard round tensile

cou~ons both ~arallek and normal to the direction of rolling.

‘I:he,r.e~ultsof “tilesetests are shown in Tables Ib and IIb.

The chemical compositio,nof these various ,steelsare

Table IIIb.

The meche,nicalprctiertiesfor plates not given

given in

;.n.this

(1,2)
appendix have appeared previously in previous reports ,
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TABLE Ib.

l~Aw P~ON3!!~~ 0~ j~ATERIALS,*

Standard.A.S.T.M. 1$-in. x 3/4-in. Flat Tensile [Coupons
Tested in Direction of Rolling.

--------------------------------------------------------------------------------------------------------------------------------------------------------------
PLATE STR3NGTH. ELONGATION RED”[JCTION

No. Jb_.aag_?g~~!s IN 8 In., OF idlFd,
ULTIMATE YIEITJ Percent Percent

POIIft
-------------------------------------------------------------------------------

16

Av.

18A

Av.

M

).V.

18A

Av.

18B

Av.

22

Av.

22A

Av.

22B

Av.

RIMJ:ED-STEELE AS-ROLLEO

55800 30000 33.5 59,6

*—SLOL ,—.q4—_-.__*_*
30 100 . .

58000 29 900 33.1, 5L.7
57700 ,?9800 - ~~ 30.9 ——.=
57900 29 900 32.2 .

RJM!IED-STEELE }~Oi+A!ALIZED

5? 300 3/+800 30.9 55.8
‘ ‘“loo 35 Loo~6_= ~o.~ -—:*
57 ’700 35100 30.9 ,

KIiIID-STEEL D AS-ROLLED
1.

67100 39 zoo

66700
29.7 52.0

40 800 29.~-—.-
66900

;;.;
40000 29.6 *

65400 38600 29.’7 52.9
64.400 36 Y20 —_..._Q.~.~ 52.7
64900

_. —- ——..-—-—
37 600 30.2 52.8

65 500 37700 30.7 54.6
64700 36 800
65100

_.._—.—g+—___ 55.6
37 300 . 55.1

64100 37 iOO 32.7 53.4
fi 800 36100 33..0 .__$~
64000 36600 31.9

65 300 36700 30.0 51.8
53 500 36 .~QQ-—.——___ 29.3 <t.~

—-..-—— A.
64400 36 500 29.7 54..1

-------------- --------------------- -------- -------------------------- -------------

* Mechanical prope $j.e~2~fPlates
previous reports7- > .

not appearing in this report are given in the
The normalizing treatments are described on page 7b

of this appendix,
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TABLE Ib. (Concl’d)

- “------------------------ ------- ------------------------------- --------------- -

------------ ------------------ - . --- .-”----- ----------- -------- ” ------------------- -

PLATE S:UiENGTH, ~.O!JGATIOIJ REDUCTIO!T
NO. IN 8 In., OF AREA,

Percent Pertent
POINT

-------------------------- -------------------- .-------- ------------------------

KILLED-STEEL E NGFUWALIZED

3 9? 700 34300 32.5 59.0
g 2& 33 Loo 32-4-_._._._._.._.._58.8.

Au. ~~ 33900 32.5 59.4

9 60 10C 35 100 30.7 58,4
59900 800 60.271.7 ...__—-.

Av. 60 000
;; 000 .._--,-&—

31.2 59.3

Iofi 59400 34600 29,9 6003.
52.AQL.._s.ao__.___,_”_..*6____ .–.--JJS+

Av. ;9 i,~JO 35000

l~i~ 59900 35 Loo 31.8 5$.5
59600 34200 ?eQ ,,-_,,--_&.L

J!v. 59800, 34 8c0 ‘-——’—;% ..4 57.1+

KILLED-STFE F AS-ROLLED

A a 000 33650 ‘30.8 62.4

Qx?Q_.A..+——~1 L50 —a&_______ . 6-. —-A.
Av. 60 ’750 3.4050 62.4

KILI.ED-STEELG AS-ROI.,LED

F! 69800 41 500 27.7 55.0

*--O J-DO 28.o 56.>6.-——
Av‘ Q 300 27.9 55.8

------------ --------------------------- ------------------------------ -----.-.-



TABLE IIb.

l,;ECHANICALPROPERTIES OF NAT~R?IAIS.*

Standard A.S.T.M. 0.505-In.‘DiameterRound Tensile Coupons.

---------------- -------------------------- ..------------------ ,.------------------------- . -- . ------ . ------ x-------- ------v-- ------------ m-u-------------------------

PLATE ROLJ,INC,* STRENGTH, ELONGATION R~,ucTI~N

No. DIRECTION lb. uer sq.in. IN 2 In., OF AREA,
ULw yI~D Percent Percent

POINT
----------------------------------,------------------------------------------------

RIMhFI1-STEELE AS-ROLLED

1.6 P 59800 31 900
P

36.o 59.0
60000 -_&Z&.- ;:.:

Av. 59900
*

. .

16 N 59800 31200
s

33.5 56.6

Av,
y&..wc!L__&!L-.-.-Al

31 200 33.3 56.7

18A P 60400 31400 35.5
P

59.4
60 100 31 8oo_ 3L 5

Av, 60 300
—-*+

31600 35:0 .

18A ii 59800. 33100 35.0 57.L
N A9 600 24_9QQ_-:* g.;

Av. 59700 32 600 . .

RIMMED-STEEL E NORMALIZED

16 P 62600 L1 800 34.5
P

59.5
Q_2Qo Lo 700 .—..fiQ._-._.—_”_”.— 60.1

Av. 62400 Q 300 34,8 59.8

16 N 62 200 42300 37.0
N

57.4

-~~... ~25 0 —*
Av. 62 200 40 500 36.o .

. -------- ----------------------------- ------------------ ---------- ----.------.---

* Mechanical properties of ~1a not appearing in this report are given
in the previous reports (L~~~s~. The normalizing treatments are described
on page 7iiof this appendix.

--------------------------------------------------------------------------------
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TABI.EIIb. (Con.tld)

WECIIANICALPROPERTIES Q }[ATIERIALS.

. -------------------------------- ---------------------- -------------------------
-------.- --------. ------------ ---,. ----------- ----------------- . . . . . . . -----------

PLATE ROLLING STRENGTH, ELONGATION RiiDUCTION
No. DIRECTION* lb. per SQ,in. IN 2 h., OF AMA,

ULTIMATE YIELD Percent Percent
POINT

............---------------------------------------------------------------.....

KILIED-5TEEL D AS-ROLLED

18A P 6$200 g 700 33.5 55.6
P Q8 200 –_&@&__

Av.
+~

68200
—.—_259F:..

. .

..18A-., ,,.,N,,. . 67200 Q 800 31.5 53.9
N 6’?500 ._.44*_.~.._—_._ ._. Q@_

Av. 67400 32.3 54.0

18B P 67200 40800 36.5 63.1
P 67600 /.1~o——”*–-.—_—.ti_

Av. ‘“”

610

67400 Q 100 . 62.5

18B N 6’7300 Q 200 3.4.5 53.4
if 67 500 ,!J700 .2JS5 ~%

Av. 67400 ‘ 41 500 34●o 54.6

22 P 67900 LO 600 3&.6 61.9
P 68000 ——7=. 33.5——..—.— 61.6

Av. 68 000 34.0 61.8

22 N 67500 38 L,00 32.5 57.5
N 67 500 3~ 800 33.0 56 0

Av.
——-.

67500 38100 32.8 56.8

22A P 64500 37800 35.5 65.5
P 6G-6f+zoo ; ~. ++————,

AT. 64400 b3.5

22A N 64 500 39000 35.0 57.4
N 54700 37 500 ––—*

Av. 64600 -38300 3;:: .

22B P 67100 38300 35.0 61.0
P 67100 38100 - 35 60.0

Av. 67100 38200 35% 60.5

22B N 66900 38400 35.0 57.7
N 67100——~~z .0 .—-5=

Av. 67000 38 300 33.5 57.8

.----- ”.- ---------------- --------- -------- ---------------- . . . . . . ---------- ------
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TABLE IIb (Conc17d).

MECHANICAL PROPERTIES OF MATERIALs..—— —.— —

------------------------------- ------- ------------------------------------------

KII:LED-STEELD NOFW:AI)IZED

9

Av. .“

9’

Av.

10A

Av.

10A

Av.

12A

Av.

12A

Av.

------------

P 63400 38400 36.5 63.3
P 63 700 ~, 700—______._J.z@_

63600
+

3~ 6@o 36.8 .

N 63200 37 200 37.0 61.8
N 63 LOO 37 800 _ f$?+- 63..3

63“300 37 500 . 61.6

P 6j 600 ?? loo 35.0 61.6
P 62 500 37 300 .J+—”— 60~

62600 37200 . 61.0

N 62 700 37 600
N

34.5 57.0
62700 J)L(iQ._ ~—— - 58.0
62700 37 500 57.5

P 62900 37 500 35.0 62.5
P 63 000 37600 xi&-_–..-IxL-

63000 37600 35.0 62.9

N 6L 200
N

37 800 36.o 59.0
63100 7900L_..++ _.__.-55L
63 700 37800 . 57.9

,---------.---------------------------------------------------------

.,.



TABLE IIIb.

CHEMICAL ANALYSES OF PLATE STEELS.*—— ..—

_________________________________________________ ———-.----—.---. -—-------- —----—-——----—---—-
—.__-———— --—_ ——-__._...—__-----------------------------------------------------

KIND OF STEEL CHEMICAL ANALYSIS - Per Cent
cMn Ps Si Al NiCu CrMo SnV AsN

_—_-_— . ...____ —-—.—___—-—— —--. — ————...---.-—--——--————

RimmedSteel E
As-Rolled .20 .33

Killed+teel D
As-Rulled .22 .55

KilledSteel D
Normalized .19 .5L

KilledSteel F
As-8olled .18 .82

Killed4teel G
As-Rolled .20 .86

.013

,013

.O11

.012

.020

,020

,02!+

,024

.031

.020

.01

.21.

.19

.15

.19

-—- —.-

.009 .15 ,18

.020 .16 .22

.019 .15 .22

.054 . 01+ .05

.045 .08 .15

.09

,12

.12

.03

.04

.018 .024 .02 .01 .005

.022 .023 .02 .01 .005

.021 .025 .02 .01 .006

-1
u

.008 .021 .02 .01 ,006

.018 .012 .02 .01 .006

---_ —-__-_ —-_______ -_ —--—--——

HEAT TREATMENT ~ NORMALIZED STEELS.

Killed-steel D normalized was normalized at the rolling mill at a temperature of

165o degrees F. The length.~f time at the normalizing temperature is not knowm.

Rimmed-steel E normalized was normalized at the Unit”ersityof Illinois. It was

held at a temperature sf 1650 degrees F. for one hour and then ccaled in still air.

* Data furnished by Dr. S. Epstein, Bethlehem Steel Corporation.
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AF’PENDIXC..—.— .

TE!JSIJJPROPERTILS OF MATERIALS.—.—. —. —, ————. .
AT DIFFERENT TiNPJRANRiS——

In AppencltiB are described tensile coupon tests at room temperature

made with O.505-in, diameter A.s.”f.M. standard round tensile speci.mens. Tests

of the same type al’specimens at different tenipiiraturesranging”from approxi-

mately 150°F. to -1OO”F. are described in this appendix. The tensile coupons

for these tests were taken Irom one ,platefor each kind of steel and were made

for all the kinds of steel covered in this Final i?eport.

1. Procedure: Specimens tested below room temperature were immersed———

directly in the refrigerating liquid, while specimens tested above room temper-

ature were hea’i,edwith infra-red lamps. The specimens were brought to the

teStiW tewera+.ure, mounted in the testing machine, and then kept at the

testing temperature for about twenty minutes to insure uniform distribution of

teinperature. A Vnermocouple’in intimate corr~actwibh the specimen was used

to measure the specimen temperature. An atta[:heclextensometer with an initial

gage iength of 2-in. measured the elongation.

2. Data: The mechanical properties of’ the different kinds of

are tabulated in Table lC and plotted in tinediagrans of Figs. lC to 5c,

steels

inclusive, The fractured specimens are s!w.vnin Figs. 6C, ?C and 8C,
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TABLE Ic

TESTS OF 0,505-IN. DIAWETER TLIISILECOUPONS AT DIFFERENT— .. .— —— ——. .-

TEL!PER.Yl’URE,3FOR THE ‘JARIOUSKINDS OF STEEL.

------------------------------------------------------------------- ------------------------------ ------------------------------ ------.---~ -,--- G--- ------------------ -----

P?:ATE TFNP. STRENGTH, YIEID POINT Ei,ONG.k- 8EI)JCTICN
No. ‘F.

,—,
lb Der sa.j.n. ULT. STRENGTH TIOF 11!—- OF ,LYEA,

ULTIMATE YIELD 2 In.,
POINT Percent Percent Fercent

-----------------------------------------------------------------------------------

RIMMED-STEEL E AS-ROLLED

20A 151 63.600 34000

_-–pi_:~ 33800

55.2 34.0 56.7

~ —.—* . ..._._.A.L_. -6..<9.2
AV. 33 900 33.5 5~.1

20A 71!4 65000 3.4900 53.7 35.5 60.6
..75 :&&__,._-_% 900 L2__– *;.._+

Av. 74.5 35 900 55*L . .

20A o 67800 36 000 53.1 36.0 59,4
*1 68490 z 800 52.L 3L. O 55.8

Av. ?0.5 6?’100 35900 52.8 35.0 57.6

20A -49 ‘7o 800 40 200 56.8 39.0
*lo@--._LwL..

55.1
61.0 —..~p. ~

Av . . 70 700 41 700 58.9 . .

20A -93 75 500 48600 6.4..!+ 36.5 52.4
-102 75900 _-..3g&_ _&&_––_.$:+_ *

Av . -1oo 75 700 . .
-------- -------- ------ ----- ----- ----- ----- ----- --

KILLED-STEEL D k3-ROLI.rED
18 146 63 500 39000 61J+ >4.0 62.9

U& 63500 Lo100 63.z 36.0 66.0

Av. 63 500 39 600 62.z?- 35.0 63,5

18 39600 59.8 36.5 60.8
; ;2 Lo 500 _60.9 25A.- ~z.~

Av. 72.5 4.0100 60.[, 35.8 61.6

18 -1 70 200 &,l200 5$.7 37.0 61.5
*K. 69900 **. 6-0 6cA@-60.7 L-.______–

Av. +2 70 100 59.7 36.5 61.2

18 -&7 72 900 4L LOO 61.0 39.5 62.9

a 71 900 L.8 100 :::; 3L.O 61.1
AV. -48.5 72400 1.6100 39.0 60.9

18 +101 77600 51 600 66.7 39.5 62:.4
-103 7? 300 50 500 65.3 .—— 38~

Av. -102 77 500 51200 66,1 39.0 &9
----- ----- .“--- ----- ----- ----- ----- ----- --
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TARLE IC (Cont!d)

TESTS OF 0.JQ5-IN. DIAMETER TENSILE CCHPON< A’l!DIFFERENT~. .. . —.— ___ _ ._._ ._.._ .,_.._

TEHPEF.ATURESFOR TRE VARIOUS I(IHDSOF STEEL—.— —..— —.. — ,.—,— -.._ _ -.—. .

PLATE !rLIrP. STRENGTH, YIELD POINT
No. ‘F.

mJcNGA- RKDUCTION
_lb. per sa. in. ULT’.S’I’RENGTT TION IN OF AREA,
ULTIMATE YIELD 2 In.,

p[>INl ?erccint. Percent Percent
---------------------,--------------------.--------------.-----.--------------------

KILISD-STEEL D NORWALIZ.EO
5A lk$ 60 100 36800 61.2

_lQ
36.0 67.3

60 000 *-_— ------60.6
AV. 146.5 60 100

3L.-.-..-A,7A.
60.9 36.0 67.3

5A 62 000 ?7.0 64.5
_;; 62000 ~t E ._._.; hi,______ 36s@ _..-_&$&$

Av. 74 62 000 37000 59.7 36.5 .

5A ~~ o 66 ’700 41700 62.5 37.0 64.6
-2 66 700 64.0 Lo.5__,_..~~&.-—— —_-,__

Av.
‘& 700

-1 66 ‘/00,, 42 100 63.3 38.8 65,1

5A -.!:.9 69300” 42 500 61.3

—.~yo+”_.&@o

fj,l.o 56.2

&9. 6&0 20 () 62 5
Av. -&9

_ ,_+.A~________ .,,,+
44100 63.2 35.0 59.4

5A -1oo 74400 51 700 59.6 1>1.0 61,9

‘-99 7:900 ~ g; -&-.——--+$~—---=Q-
Av; -99.5 74 poo . 60.9
------ ----- ----- ----- ----- ----- ---.- ----- --

A

Av.

A

Av.

A

A’?.

A

Av.

A

Av.
---

KII.LED-STEELF AS-ROLLED
151 58 400 34600 59.3 38.0 69.o

~5— 58 loQ_. 35 700 61.,4—-. 6L.8A&-.. __...._
. 58300 35 200 60.4 — 38.5 66.9

61 300 3[,.900 56.8 36.5 62.9
60800&—___ 36 500 60.1 7.

75,5 61 mu
++

35700 5$.4 3’7.0

-4 6ijLOO 35 700 55.4 37’.5 63a7

_+2 p&- 36 E!OO
-1!

—-__J!J$_._ .....JZJL
36 30~ 5::5 . 65.7

- -L9 67 000 39900 5!3,6 3i,..0 61.9

*5 67200 ~000 . 5~.o 40,0 66A
W’i&r- 39.900 5:?.9 37.0 6&:..O

-100 70700 45400 64.2 3~.o 64.4
99 71 500 44300 6&$L_ Q.O 65.L
:9?.5 71 100 44900 63.2 37.7 65.0
--c- ---m ---- ---- ---- ---.” .-
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T.4EM Ic (Concl.’d)

TEST’SOF O.505-IN. DTANETER TENSILE CO~~PONSAT DIFFERENT—— . —— .—- — .-—

~,FJ~pERATLRESFOR ~E VARIOUS KINDS OF STTdL.-—. - — —— —— — ..—

------------------------- --------- ---------------------------------------------------------------------------------------------------------- . . . . . . --------------------

PLATE T~:P. STRENGTE, YIELD POINT E Oi!GA- REDUCTION
,,~.’.0. ‘F. lb. pe~ sq. in. ii~S=G”~ TION IN OF AREA,

ULTIMATE YEILD 2 In.,
POINT Percent Percent Percent

-----------------........-.------..-.--,--------------------------------------------

KILLED-STRIILG AS-ROLLED

B 150 68700 43.400 63.2 34.0

_x&—.— 68900
64.0

__.&~--..–..- &+_3 1.5 62.2

Av. 151 68 800 . 32.E 63.1

B 75 75 700 42 500 56.2 34.0 59.2

-z&5-_ 72 LOO ,L2900 ,-. .._”5%.2_...2u.—.———— 62A

Av. 7/!$100 42 700 57.7 33.5 60.8

B. -lo 7’6800 45 200 59.0 34.0 60.0
+2_.-,_ ._,--__,,M. ,400 -. 45 100 _ 59.8 ’33 61.2

Av. -,:b 76100 45 200 59.4 33:: 60.6

B -49 78 800 49 500 62.8 38.5 61.2

_*—a400 _.__–-gs&—-Ji:____ ~–..50.800
Av. 79 100 50 200 . 6y4

B -1oo 84100 56 000 66.4 36.5 57.0

-102 831~ 51 100 61.2 60.2

AT,. -2.01 83 800 53600 -“”win” 35:; 58.6

---------------------- -------- ---------------- ----------------------------------- ---
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3. Qscussion of Data: As shown in Figs. lC and 2C, the nominal

ultimate strengths of all five kinds of steel iucreased about 22 percent when

the temperature was reduced from approximately 150%. to -lM°F., while the

yield points increased between 27 and 1~0percent for the same reduction of

temperature. The ratio of the yield point to the uomind ultimate strength

increased as the temperature was decreased as shown in Fig. 3C. ‘Thepercentage

elongation in 2-in. was aba.xt the same for all temperatures while the reduction

in area decreased slightly with decrease in temperature.

The nature of the fracture changed as the temperature was reduced,

The shear cone present in the specimens tesbed at room temperature gradualljj

disappeared until at -lOO°F. no evidente of a shear cone was visible.

——



RINMED-STiZEL E AS-ROLLED

KILLED-STEEL D AS-ROI.UZD

FIG. 6c.

FRAOTURES OF TENSILE COUPON SPECIMENS TESTED

STEELS E AS-ROLLED AND D AS-ROLLED.

AT DIFFERENT TEMPEWM’URES .
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FIG. ~co

FRACTURES OF TENSILE COUPON SPECIMENS TESTED AT DIFFERE!i~ TEMPERATURES.

KILLED-STEEL G AS-ROLLED.
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APPJNOIX D.—.—.

The fact

HARDNtiSSSU1tVi~YSAND E:(LRGY-ABSORPTION—.- — ..-..+.-.-__,__. —
A!JALYSESOi FRAC’NJ.R&D>IDE PLATJS.—— ——— .—.— ,——J—

SYNOPSIS—,.——

that plastic.elongation of a metal.increases its hardness

i.s well known. Moreover, the greater the plastic deformation, the higher the

ixirdness. rurti,ermore,since energy must be expended to produce plastic de-

formation, and thereby an increase in hardness, it is possj.bleto determine

the relation between the amount of energy absorbed and the increase in hardness.

This”relation between energy absorption and increase in hardness has been used

to study the distribution ana total amount of energy absorbed by permanently

strained plates.
+t

The method outlined in the previous paragraph has been used to de-

termi.riethe energy absorbed by three wide-plate specimens with jeweler!s-saw

cut stress--raiserswhich were tested statically to failure in tension. ‘.rhe

three specimens were all from the same heat of killed-steel D as-rolled, The

thickness was 3/l+!Jand the length of the stress-raiserwas one-fourth of the

width of the plate for all specimens. The application of this method involved

the following studies:

Part I - Hardness surveys of wide plates tested to failure in tension.

Part II- Hardness surveys of control specimens and energy absorption
determination of wide plates.

It was of intereet to compare the maximum hardness near the fracture

for the wide plate specimens and for the tensile coupon spccimens. This com-

parison is made in Part III, Vickers hardness studies of fractures in wide-plate

* me suggestion that the energy absorption of a wide plate could be studied
in this manner was made by Dr. E, R. Parker, University of California.
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spectiens and stamiard tensile specimeils...,

PART I. ~rlaeas Survey of ‘iide. _________plates Tested to Failure in ‘Tension

The specimens used in these t~s~s were made of 3/.4!!killed-steel.D

as-rolled plates and all were from the same heat. Ttleyall had a jeweler!s-saw

cut stress-raiserwith a length equal to one-fourth the width of the plate.

The specimen numbers and widths were as foll.ows: 17A-5A, 121!wide tested at

-.50°F.;H&l, 48!!wide tested at 18°F.; and 17-7, 72” wide testeiiat 0%,

These plates had all been tested in the series of wide-plate tests and the

energy absorption to failure had been determined from the measured elongation

of 8 gage lines over.a length equal to 3/1+h (width of plate). The energy

absorption to failure for these three wide-plate specimens, as determined from

the elongation on a gage length equal to 3/4 W, had valuee of 23,600 in./lb.,

304,000 in./lbs., and 228)000 in./lb., respectively. All three plates failed

Values of the energy absorption of the same plates, based on a hardness

s,urveyof’one-quarter of each specimen, were determined in the following manner:

Tne four quarters into which each plate is divided by longitudinal and trans-

verse centerlines are geometrically similar and were similarly loaded. A

general hardness survey was made of one-quarter of each epecimen, using a ,

Rockwell B indenter, The hardness indents were made on planes normal to both

the plane of fracture and the rolled surfaces of the pla~e. One quarter of

each wide-piate specimen was sawed into strips as shown in Figs. ld, 2d, and

3d, for specimens 17A-5A, 18-1, “and17-7 respectively. Tine

were ground with a coolant and finished by polishing with a

metallographic polishing paper.

sawed surfaces

No. 1/2 grit
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Before the hardness tests were made, the

plate specimens were heated in water tc,212’%. for

strips sawed from tinewide-

two hours. Tnis procedure

was followed in order to age the plastically d.efOi-medmetal to a condition in

which no further change in hardness would occur at room temperature.

‘lThestrips cut from the wide-plate specimens in the manner descri’oed

were then tested for hardness as indicated by the indents shown in the iower

part of Fig. f+d. These indents are on a plane normal to both tk,efracture and

the rolled surfaces of t)heplate. The location of the indents relative to both

the fracture and the rolled surfaces O: the plate is shoon in tt,eupper part of

Fig. l+d. The hardness indents on a line perpendicular to the rolled surfaces

gave closely similar hardness values, and the average of the three was taken as

representative of the region, Hardness indents similar to the ones shown on

Fig. /+dgave the hardness at points ab various distances”from the plane of the

fracture cnd at various distances from a longitudinal plane normal to the rolled

surfaces of the plate and tangent to the outer end of the stress-raiser. The

hardness variation from the fracture to the outer end of the 3/4 W gage lengths

is shown, for each of th,>various strips of the 12-in. plate specimen 17A-5A by

the.diagrams of Fig. 5d. There are six of these diagrans. The numeral in the

circle at,the right of each is the distance in inches from a longitudinal line

tangent to the outer end of the s’rress-raiser to a longitudinal plane on which

the hardness was measured. The upper left diaowam labded 1!-1/2!!is for a

longitudinal plane 1/2!!inside of the outer end of the stress-raiser. The

distante of any point on a digram from its left end is the longitudinal distante

from the fracture to the indent from which the hardness in question was determined.

‘Theiso-hardness contours for specimen 17A-5A, shown in Fig. 6d, were

determined from the hardness diagrams of Fig. 5d. Tk,eiso-hardness contours for

specimens 18-1 rind17-7, shown in Figs. 7d and 8d were determined in a similar

manner.

—
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PART 11. Hardness Survevs of Control Specimens and inergy Absorption-“- .== 4.,— -.—— —.
Determlnatlon of dlde Plates

—
.—.—.

In order to translate hardness increments into energy absorption, it

was necessary to lmew the relation between a hardness increment due to plastic

deformaationand the energy required to prOduce that plastic defOrml~tion. BOth

tension and compression tests were used in this determination, and in the follow-

ing manner.

For the compression tests, the

high witi!axis parallel to the direction

specimens were 3/4’scylinders 314‘f

of rolling. The flat ends of the

cyl.iriderswere made parallel planes by surface grinding, Their length and

diameter were carefully measured with micrometer cali+pere before and after

loading. For the tension tests, standard 0.5051!round specimens were used.

A series of fine sPecfiens were pulled to give pre-determined residual Plastic

strafis rangj.r,gfrom 1% tO 3°% After straining a specimen, a piece about 3/4rT

long ws.scut from its center and the Rockwell B Hardness was determined on one

flat end after the ends had been prepared as previously described for the com-

pression tests, The cylinders were then aged for two hours at 212°F. and the

hardness was determined on the end opposite to the end used for the “as-strained!!

hardness test.

The load-strain for these small cylinders are given

the compression tests and in Fig. lld for the tensile tests.

in Fig. 10d for

The corresponding

hardness-strain curves are shown by the dash lines in the same figures.

The hardness-energy curves for the compression and tensile calibration

tests are shown in Fig. 12d and were derived as follows:

1.

lected on the

2.

A strain corl:espondingto a particular hardness value,was se-

hardness-strain curve.

The area under the load-strain curve was integrated with a plani-

meter from zero strain to the selected strain. This area was the energy
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absorbed @ inch pounds in the volume of the speci,menbounded by the initial

gage leng~h.

3. This energy was

specimen volume.

4. The hardness in

converted to inch pounds ~o,ercubic inch of<.

step 1 was plotted against the energy per cubic

inch and a point on the hardness-energy curve was thus deterrrined.

~ repetition of this procedure determined the other points on the

curve.

The energy absorbed to fracture in lj4 of each of the wide plate

specimens 17A-5A, 12 inches wide; 18-L, 48 inches wide, and 17-7, 72 inches

wide, was determined by integrating the area between consecutive iso-hardness

centour lines, converting the area to plate volume, and multiplying the plate

volume by the energy absorption correspend.ingto tineaver”agehardness as de-

termined from the curves of Fig. 12d. The total energy absorbed in one.

quar:,er of a wide plate specimen surveyed was then multiplied by 4 to give

the energy absorbed in the whole specimen. This procedure was based on the

ass-umptionthat the energy absorbed in one-quarter of the specimen was 1,’4of

the total energy abmrptim.,

Tables Id, IId, and IIId give the total volumes plastically deformed

to each of several diffwent hardness levels and the ener~v absorption corres-

spendingto these total volumes and hardnesses. The corresponding energy ab-

sorbed,,given in Tables Id, IId and IIId, is based on both compression and

tensile tests. The total energy absorption is shown at the bottom of each

of the two right-hand columns. These energy values are compared in Table

with the corresponding values obtained from the

The data in Table IVclindicates thfit,

tests made, the energy absorption determined by

strain gage rsadings.

for the limited number of

means of hardness surveys

IVd

and
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by meam of strain gage rcmdings differed considerably. For the i2-inch

specimen, the energy abso~ption determined by hardness sur’veyswas less than

the energy

and 72-irL.

absorption

absorption determined”from strain gage readings, while for the 1+8-in.

sPecMens the reverse was tr~e.

A review of the possible sources of errors in determining energy

by means of hardness surveys shows the following to be of -signti”icance.

1. For Specimen 17A-5A both the width, 12 inches, and the testing

temperature, -jO°F., were such as to produce an extremely small region Of Fligh

energy absorption. The Rockwell 3 hardness indentations could not be spaced

sufficiently closely for the 12-inch specimen to record higher values than

the maximum of 82 Rockwell B. If a Vicker’s hardness tester had been used, a

more accurate h&rdness survey could have been made in the regions of greatest

energy absorption.

2. The uncertain y of extrapolations of the iso-hardness contours,

as shown by the dotted lines in Figs. 6d, 7d, and 8d, may have contributed

large errors to the energy absorption evaluation. For the 72-inch specimen,

No. 17-7, the largest contribution to the total energy absorbed was made by

the large areas of low hardnsss for which the hardness values were determined

largely by extrapolation.

3. The assumption of.symmetry of plastic behavior with respect to

the vertical and horizontal central axes of the specimen may not be entirely

correct. For the 12-inch specimen 17A-5A, the quarter portion taken for hardnsss

surveys had a somewhat lower elongation as determined from strain gage readings

than the portion on the other side of the vertical centerline, as shown by

the diagrams ,onpage l~a. It would, therefore,”be expecteclthat the energy

evaluation from hardness surveys might be low for this 12-inch specimen.

Khil,ethe ,s,traingage measurements on the wider plates, ’48and 7Z inches wide,
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show essentially uniform elongation on both sides of the vertical axis of “~h,e

specimens, these strain readings’gave no indication of the symmetry of plastic

behavior above and beiow the horizontal axis of the specimen.

k. The reproducibility of Rockweli B hardness values in uniform

material is considered by the man~+acturers of the hardness testing machine to

be ~ 1 Rockwell B number. It was possible with careful a,ttentlonto testing

details to obtain a reproducibility of E 1/2 Rockwell B hardness cm ‘thecheck-

blocks for hardness testing supplied by the company. Tineaverage base hard~iess

of our as-rolled plate may vary as much as 2 ~r 2* Rockwell B ‘numbersover

portions of a large plate of killed steel’as-rolled. Loreover, all three wide

plate specimens were from different parent plates. Inasmuch as the increment

in hardness due to the plastic strain was small, a small.error in the basic

hardness would cause a relatively large error in the energy absorbed as de-

termined by hardness increment.

5. The three wide plate specimens could not he sectioned and surveyed

for base hardness values before being tested. The assumption, t~leref’Ore,Of

the same base hardness, 73, Rockwell B after aging 2 hours at 212°F., for the

three w:.deplate specimens may have been in error.

A determination of the energy absorbed by a wide plate plastically

deformed would seem to be possible from a study of the hardness increment.

However, so many factors appear to be involved that the procedure to be followed

should be developed in tests under conditions which permit of a careful control

of all the factors that affect the results.

Although the energy evalua~ion by means of hardness surveys did not

produce a successfulmeasure of the total energy absorbed, the iso-hardness

centours neverthelesssare of value in showing the manner in which the strain

is localized at the stress-raiser.
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PART 111. ViclcerHardness Studies Q! Fractures In Wide-plate Sr)ecimensand

Standard Tensile Sp~~eW.

Tests were planned to determine the hardness nea~ the fracture of

steel.specimens that had been loaded to failure in tension. Two types of

specimens were used. (1) Plates with severe geometrical stress raisers that

had been used in the wide-plate tests. (2) Standard round O.505T’tension

specimens. Specimens of both types were studied which had been tested at

various temperatures ranging from -100° F.”to t150°F. The hardness tests

were made with a Vickers hardness tester in order that the hardness could be

measured st points near the fracture. With this instrument, using a load of

10 kilograms, the hariinesecould be determined with confidence at a distance

from the edge of the plate of 0.02 in.

The wide-plate specimens used in these studies mere: &ll of killed

steel D as-rolled, the plates for all specimens being from the same heat.

These specimens were as follows: 17A-5A, a 12-in. plate tested at a temper-

ature of -50° F.; 17-7, a 72-in. plate teeted at a temperature of 0° F.;

and 18-1, a 4P-in. plate tested at a temperature of 18° F.

Vickers hardness studies were made on longitudinal planes normal to

the ro?led smfe.ces of the plate and 1/16 inch outside of the outer end of

the jeweler!s-saw cut stress-raiser. The selected planes represented a

surface having for its width the full 3/4.-inchplate thickness and a lerigth

of about 1-inch measured from the fracture surface. This surface wss given

a metailographic polish and lightly etched. The hardness tests were made

with a load of 10 kilograms on lines parallel with the rolled surfaces.

The first line was spaced 0.02 inch from the nearest rO1l.ed .?uI’face ~d the

lines thereafter were spscsd 1/16 inch apart. on each of these mutuallY

parallel l.inee,the indents were spaced 0,02 inch from the fracture and

thereafter 0,02 inch from each other up to a distance of about 1/2 inch

—.
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from the fracture. Beyond the,:@ inch dj.stance from the fraoture the indents

werespaced at I/16inch i.nterval.s.

The 0.505-i.nch dj.ameter tensj.lespecimens+-mere prepa~,edfol.hardness

tests by cutting the cjlindkical specimens in half along”the dismetral plene

in t,heIongitlldinaldirection with a thin, slitting eaw. Each specimen was

heated for 2 hew-s to 212° F., to promote rapid eging. After being mOun~ed

in a block of Wood!e metal, these longitudinal eecti.onswere then ground and

pol.iobedfor Vickers hardness tests. The hardness indents were made along the

centerline of the flat, polished surface at intervals of 0.02 inch from the

fracture to a distance of about 1/4 inch from the fracture; beyond this point

the indents.were spaced at 1,116inch intervals.

For the five 0.505” tensilespecimens, the variation in Vickers

hardness with distance from the fractme i-sshown in Fig. 13d. The maximum

hardness on the centerline of the specimen occurred at a distance of approxi-

smtel.y0.08 in. from the fracture. The maximum hardness increased slighil.y

with a decreasing tempere.tureof the statio test. The actual vd.ues were aa

shown below:
------------------------------------+------------“-----------------------------..

Temperature of 146°F. 75°F. -1° F. -500F. -100°F.
Static Test

------ ----- ----- ----- ----- ----- ----- -----
~j?~im~
Vickers 215 215 216 222 224
Hardnese
----------------------------------------------------------------------------,----

llw average minimum hardness of all specimens in the p~rtion surveyed

was approximately 180 Vickers.

The results cf Vickers hardnees tests made as previously described

are given in part in the iao-hardness contours shown in Figs. Ud ~ 15d, and 16dc

——.—.————

*bee Appendti C

—. — —
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The maximum hardness values found were as foll.ows:

..-. ———— .____, _
hA.xIMuM

SPtCIbiiN YIDTi~, TEfiPERATuREOF VICKETS

.—!L.._- -iN FRACTURE TEST—A—— .—. HARDNESS—— —..

17A-5A 12 -50°F. 211
17-7 0%. 206
18-1 $ 18°F. 21J.1

..—.. ——.. ——.—. -—. — _,________ ,..-— -

For the tensile specimens shown in Fig. 13d, the maximum hardness

occurred at a small distance from the fracture,

A comparison of the maximum hardness.of the wide plates with that

of the 0,50511tensile specimens shows that, for the 12-and 72-inch wide

Specimens,the maximum hardness foond was about ten Vickers h.srdnem numbers

lower than,for the O.5051!tensile bars at correspending temperatures. However,

the 1+8-inchspecimen ilad a maximum hardness value of ~L Vickers, which is

considerably above the maximum hardness of any of the 0.505!1tensile bars.

The iso-hardness contours across the thickness of the plate given

in,Figs. ~d, 15d, and 16d, show the contour line for 170 Vickers hardness

at a progressively greater distance from the fracture as the testing temper-

ature of the wide plate specimens was increased, and thereby indicate,that the

volume of plastic deformation at the end of the notch increased directly as

the,testing temperature,,
.,
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TABLE Id

RESIJLTSCI~HMMESS SURVEYS AND ENERCY EVALUATION—.— . . _ —. —.... —

OF 12-INCIIWIDE PLATE SFECIMLN ~ 17A-5A—. -. ,.-,.- .—._ .Z _._,_ —d

-------------a- . ------------- ----------- ----------- -------- -“------ --------- ~----------------------- ~------- ----------------” -------- ----------.-”------------ --..---------

ROCIT;ELL ‘5 voLIXJEOF ENFFWi ASS07fiCL~,_~p~h.Po~ds -

H},3.DNESS
— .—.—._—

PLATE CONPRE,SSION TENSION
3.LWGE HARDE!$ED CALIBR.ATI(N C,lllBN.TION

cu. ins,
-----------------------------------------------------------------------------------m-

81-82

80-S1

79-80

78-79

?’7-78

‘76-77

75-73

74-75

73-7[,

0.55

0.73

0.59

2.23

6,66

9,92

$.!24

6,08

.29.64

67o

874

562

1650

3296

3/+70

19fJ+

’730

‘7Jjl

776

1056

668

14’72

3068

4460

3012

1520

.&NM

.— .—-— ------

T OT]lL 65.24 14137 20 220

--------------- ---------------------------------------------- .--------- ---------.---
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TABLE IId

RESULTS OF F2iHDNESSSURVETfSfJtiFNER~I EViLU4.TION— —. .— —. — ..— —

~ .@-INC1:WIDE PLATE SPECIMEN NO. ~81.—— —- .——

------------ ----------------- ,=------ --------------- ------------ ----------------------
------------------ -------- ------ . . . . . ------- --.--- ------ -----------------------------

ROCKfXLL B ,. ,VOI.W!EOF ... ENERGY A?3SORFED Inch Pounds
H;;RDNESS

.—...——A.+—
PT.,ATE COMPRESSION

RANGE
TEN51ON

HARDENED, CALIBRATIO?J C!U,IFRATICN
cu.inse

-------------------------------------------------e----------------------------------

~o. + . 0.12 1730 1360

89-90 0.12 1086 1043

.28-89 0’.16 1214 11.60

87-88

86-$7

c5-F36

84-t?5

83..8~

82-83

81-82

80-81

79”F30

7C-79

0.16

0.39

~~25

1+.71

4.05

5.34

L.98

20.55

31.65

1.07.40

977

1853

4540

13830

8980

9720

9330

2/$670

30060

796oo

976

2030

5130

15040

9tloo

10240

8.@o

29800

35750

70900

77-78 201.90 105800 92800

76-?7 62.22 21750 28000

75-76 40.79 9000 13860

74-75 122.22 14660 30500

73-74 149.25 3730 20900

TOTAL 757.26 340 530 377769

----------- ---------, ---------- -------------------------------- -------------------- --
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TARLE IIId.

RES1lLTSOF H.ARD?JESSSURVIKS AND ENERGY EV.iZ~JATX?l—...— ,.—. ..——. .—..— — ——— —.—.

OF 72-lNC!!WIDE PLATE SPECI!;ENNO 17-7.— -.— — —.- -..— .,—.-—., - ..—

------------------- --------------------------- --------- -------------- ---------------------------------- ----.-----------.--.--- -----------------------------------------------

RCCN?ELL B VOI.:ONEOF “ENERGYAESO?J3XD Inch ?ounds
HARDNESS

-.—-. --—L--- —- .-.,..-.,-—
PLATE COMPRESS1ON TENS1ON

RANGE HARDEN~D, CALIBRATION ML13RAT I(YJ
cu.ins.----.:-----~m-:--q-------------”-----------w----------------.:-----------..----,------~-

87-89 .08 55’7 541

85-87 .28 l15k 1300

8L-85 .35 1029 1120

83-84 ““ ‘“ .69 1532 1670

82-83 1?09 1970 2100

81-82 I>4? 2110 24.30

80-81 2.51 3015 36,40

79-s0 32.40 30800 3660Q

78-79 91.20 67500 50200

77-78 135.90 nkoo 62500

~&77 159.30 55750 71700

75-76 252.90 56800 8590~

74.-75 1233,00 I,,@orx! 308000

73-7L 696.00 17400 97400

——.. ——

TOTliL 2607.13 459 017 735 101

----------------------- ------------- ---------- ----------- ------- ----------- ---------, --
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TABLE IVd.

COMPARISON CIFEliERGYARSORPTICJiDETl;RViNATIONSN3R

REGION B@UNDED BY GAGE LENGTH OF ~~ .—.— —.. — —

--, -------------------- ------------------------------------------------------------------------------------- -------------------- ------.----------.-. -------------------- ---

SPECIMEN WIDTH OF ENERGY AESOR3ED. Inch PouncIs
NO. SPECIMEN COMPPWW.C!N TENSION STIWN

TEST TEST GAGE
CAX13RA.TION CALIBRATION

-------------------------.?==,=e.r,r------------------------------------------------------

17A-5A 12 In. lb 137 20 220 23 600

18-1 [,8 In. 340 530 377’769 304000

17-7 72 In. .L59 017 735101 228300

--------------------- ---------- ------------------------- ------------------------ --,..

DIFFERENCE BETWEN EITERGYA.BSORPTIf)NDETER!”INED FROM—. .— ..— —— —

STRAIN GAGE VAL~& AND HARDNESS TESTS.

---------------- ----------- --------- -..----------a------ ------ -------------------- -.
------- ------------- ------- --.------ .. :---- ------- ---------- ------- ----------------

SPECIMEN WIDTH OF COMPRESSION TENSION
No. SPECIME\T TEST TEST

CALIBRATION CAII!3RATION
-----------------------------,--------------------------------------------------------

17A-5A 12 In. -40 % - 114.3$

17-7 72 In. *101 % *202,2 ?>

--------- ---------------- --------------------------- ------------------------ -------
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SUMMARY.— .

Iso-hardness contours based on Rockwell.B hardness surveys were

drawn for three wide plate specimens. The evaluation of ener~r absorbed

obtained by integration of the iso-hardness contours and based on hardness-

energy calibration curves did not correspnc? with tb.evalues of energy

absorption obtained from strain gage readings.

Although the energy evaluation by means of hardness surveys did

not produce a successful measure of the total energy absorbed, the iso-

hardness contours nevertheless are of value in showing the manner in which

the strain is localized at the stress-raiser.

Vickere hardness surveys on a longitudinal plane normal to the

rolled surfaces of three wide plate speoimens 1/16inch outside of the

outer end of the stress-raiser gave hardnese maxima which were compared

with herdness maxima for O. 5051! tensile epecimens tested at temperatures

in the range of -100° F. to 146° F. For t~~oof the wide plate speCimenS

the maximum Vickers hardness was only slightly below the maximum hardness

of the tensile specimens tested at corresponding temperature, while for

the other the maximum hardness exoeeded the maximum value obtained in

any of the tensile specimens.

—


