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This report aupplernent q the F1.nal Report ;“ Osm No., 6457,

serial M. M-614, U(jleavage Fraature of Ship plateO M ~nflu-
,. ,.;

enc.e& by Size Effeot, 11 (M-336), dated January 15., I_9”46,

~~ “,te a Progreae Report of testti made aubeequent to that date
,,, . ,..

(Y.:...iuiderthe dlr?eetltin of the Bureau of ‘%hLp&l ,U. S.’ Navy Depert-
,. {,, ‘,

‘.

rnent.
., ,,

The repor~ oont~lns adee~rlption of tests”””made to
,., . . ,, ..’ ,’

de~qrmlno why ehlp platee crick in’ecmrice. The tests were
. ..

ba;ed u~on the”hypotheele t~t the craiki begin at poln%s where

there, are severe geometrical strees-raisere’ and that $he ten-

dency ’ior”th;piitee Iii ok~ok”inoreaeett$ for; spolfiei geomet-
,.,..

,,,

rtoal charaotQilatic8, with bn lnCrea8e In the ‘no~oh-aen~ihl$lty
. ).> , ,.

,...

of the steel. ~ ‘“ ‘“ “

.. ,:,,~

,,, ,.:, .. . .,,, ,,, .,. .

P$itee with iom~nal wldth$ of ’72, kg, ~k and 12 lnoiiea
..,. ,.

we~e tesiea. The ~2-in., h’kln., “ha 12-in. plat;swere.~he
.... . ,,..

of tiree kinde of steel, ‘ rimmed-eteel E ae-rolled.j
:,~t.!

kLlle&-
...

et.eel. D as-rolled, and “kl.lled-”iteel D normall~ed”i The 24-in.
.,..,.., .,,

plwtea wetw rnade’of four kinds of’eteell ‘ri”mmed-eteel E as-
,,.

rolled, $illed-steel D as-rolled, killed-eteel D nobmallzed;
..,..,

and a low-oarbon, high..manganeee killed-steel P is-rolled.
.

All Qatee ~f eaih kind of steel were from the “s~b “heat. ‘Tests
,.

of both flat ancl round ooupons were ‘made to dete~lne the ultL-
,.,.

mate etreng$h, yield potnt, elon&’Mlon, ana recluc,tlon of areaw
,., . ,,

Impact values”} Cleterrnlnid’ by teate o; ““standard “V~’notch’epeol-

mensi were ob’titned for all steels throughout “the temperature

range covered by the teete, of the Wlae plates.
..,.,. .... . . ..... .,.,,,.,,.,,

,, .. .. .

———.



‘The standard

in the plate, was a

haakeaw cut at each

1/8 tn. long. For

atress+rc+laerp whloh was centrally looated

transverse slot 1/2 In. wlde,wi.th a

end whloh termlnatOcl in a Jeweler’e-saw cut

a few apeclnonat the haoksRw cut termt-

nate; In a’~o. 47 drill-hole. For a few othere, It terminated

In a l/4-Ln. drill-hole+
‘lengt~ of strese-rats*]

The ,: ratio (
~ w%dth of plate

had valuee of 0.125, 0.258 0.33, 0,50, and 0,75 for two ~eries

of tests, For +1 other berlee, # was equal to 0.25. The

plates were, tea+ea,at twmpertituree ranging from -73 ‘to 141

# .$egreqs F.

.The .e%ongation at all loade. of the wide plates at mld-....:,

...~e~:th wa,e meaeured by meohanl.oal gagee on agage length equal

.to 3fi of. *tie,.gross width of the plate, ..The elaa%fo ande”drly

plaetic etjralns in the plate at mid-length were m8aetie& with

el+trio strain gages having.a 13/16-ln; .gagb length; ‘ the

plastic strain in the. same region wa~ maasured with meahanloal

ga~a of 2./ll+n. and l.in. gage lengths at loade up to the

lni~~fil $rac~~re. All s$ralnewer.e meaeure& on both ii~esof

the p$atey .~ter failurk~ the thic&neea of the platb 6dJa&e’n’t

to the,fraoture w~e measured w$th micrometer cal.ipers’~d.t he’

mode ,offr,ag,ture,pe .roentage of shew aiid,~leavage in the
,.

fraotureawae aetemn$nea.
,,

The +eeta were planned to.,cl~+?tim!.ne:

t 1~. The rela$iw eaergyyabeorbing
..

etreng$h of plates of the four kinds of steel:

(2) The ~olatioii between the width of the’ plates ‘

and their etrer@h and eneSgy*abebrbing c.apaolty,

—. .—.—.—



(~) The relation between the temperature of the

plates and t,heir strength and energy-abeo$blng capacity,

(4) The relation between the ve.lue of ~and the

strength tind energy-absorbing capacity of the plates.

(5) The effect of the type of strees-raiser upon

the strength and energy-absorbing capacity of rimmed-steel

plates.

(6)

the wide plate

raiser,

The correlation of the V-notch impact test and

test with the Jeweler’a-saw out type of strese-

There was a total of 61 wide plates teeteti, There

were also two Incidental plate fa~lureev not planned but of

c.onslderable interest, that have been Included in this report.

The details of the results are given in Appendix A, The

results are Mscuesedon pa~~s oto25, and. the conclusions

are glVen on pagee 26 tQ2i3 ,

-iii-
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INTRODUOTION

The obJect of

wati to d.e$errnlne”%lie

the inve~tigation covered by thle report

factors. tbtlnfluenoe the’ fomati9n of

~leavage f“iacture~ In ship. plates, Because ship Pl@OFi are, ‘,,

,.

much ’w~der’’.thtin”,pla%ee. that canbe ,tested In.i testing mach@e,
1

tests iie$e:mdde oil ~latee withnomi,nal Wiflths of ‘7? In,i 48 In.,

24 lni,”:ahd.12”M~, In order to obtain ltiotirnat ion on whioh

to b~ie ek$?apolat~one that mighi Md$cate the “b~havlor Of

wider p14.tes. !Qiie iiformatlon obtaine& rel,ative ,to the be,ha-

v%dr ‘6f’rwid4’’kXatee nontalning eeyere’ “$tre8a-raleers ~Y be

.1..

‘divkd@ Into ’four
,,

.,.. ~, ~%e

.,,,
B; The

c, The

,“. .’....
the

“tie’ The

maJor”div1810ns, as.fallows~,’, ,

. .

static’strength. ‘.- ‘: ...

energydibeotib$ng capacity. .

V-not’eh”lmpact test~.a nlndicqtorof

pevfoi+rnance of the wide plate” test;

Mstr%bution of ptastio det’o~matlon. at the

ende of the stress-raiser prior to uvaxt~ytn load-

The standard stress-raiser Conelsted of a transverse

Blot 1/2

natea M

$ ratio

In, wise with a hacksaw cut at each encl which terml-

a jewelerts-saw cut I/g In, long, anti which had an

(-‘f ‘tr ‘e
e -r

w) of 0.25, This etandard
width of plate

stress-raiser was uses for all exoept two series, For one of

the latter, the lnfluonce of the $ ratio was betng etud.lecl and

five values of $ were ueecl, For the other, the type @f strose-

raiser was the variable being studies, Details of the ljhree

types of stress-raisers are shown In Fig. 2. The speclmene

for the latter two series were 24~ln, rlmmecl-steel E as-rollecl

plat”$b, ana the te$$s weremade at %Wotemperaturei, -40 .’
,.’ .,

and 9,0.degrees l?. ...
,,, ,, ..,.,,,,,
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In, Qr&er$o dete,~m$ne the p.e$atlon between the.behavior
.’,””

,,,~~rn,the,w i+e. platee to,d.eterm,$.ne the ultlma%e.8t,Pength, ; ...

,-:y$e&d,pp$ntg elongation, an.cl the’r.eductign of a%% L.tke!!iseg

Vqno;ch. specimens wt,@orn .eq,m? o,f.:th? p19te6, .

..’? ,, ,.,T,he.follow~ngs tee18v?re .ueed, in.thie Inyeetigatlon, ‘

.:,~irnmpd+~e~$ ~~rol$edad?s$,~nated as f3t,e.eZ,.? Aa~,Ro.T~e&.

Killed-gt,eel .ag-rolled, .designated. aa..Stael, D.Aa+iolled.
,,

Killed-St~el norma~lzed,, .ae+gna$fd M ,Steel D Normalized?
.. .. ..

‘ Killed-Steel. as-roiled,t, .d?q$.gnated,,as ,Steel F As-Rolled.

.,Kille~-Steel,as-rollqd, iie,eig~$ed.,ss S~eel, G As-Rolled,
..:, . . ,,

T~ mechanical. propertl~s apd ohemlcal composition of

thee@ .ate,~la are given in APPe,oa$x B,,:, ., : .,. . . ,,

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

# ,. ,,, ,,.,. :,4 ,,, ,

. . f ,. .,, ,., , ..:
,: .,. f, .,, .. .“,:. :.,

—



EXPERIMENTAL WORK ., ... ,..

l., .%oceduro,

The procedure followed in the tests degcrlbed in

this report 18 doeoribed on pagee 3 to 9 o%” the Final Repo?ta”

OS~ Nog 6457,” serial ~o, M-614, ucle”~va~: Fr~cture 0$’ g,hiP

‘P~~te8 &e T’nfluenced ‘by Size Effect,, 11 (~~336 ) ~“ dated
. . .

J~nu~y 15,”1946, The aata for,one test, together with a falrlY
..’ !“.

complete d.escrtptio’n of the manner in which it .wae obtalnefl,

ae:pres’ented”’~n @gee 13’to 21, inclueivej Of the F1.nti ?Fp?pta
.,.,:::.’ ,.. .,

A 72-in, plate moun~ed tn the teettng maohin?,l?
.. .

Ftgure 2 g%Ve8 the generaehown in ‘the photograph of Fig. 1. ,
.... .. ... .,,

tilrnkneions of the wl”de plate specimen8 and the tm,ee typee of
/. ., ,.,

etre”es-ralsir”s. The ‘location of the electric gages, and of the
,. ,.

gage points for the me~hanicial gagea are also shown in Fig. 2;
,.,,,... ;

Few” widths of”bp’ec~mens were tested; 72, kg, 24 ana 12,,in?hes.
,.

2* ~a.
,> ‘ -“

... $,, ,.
The tests lncluaed In thie report and thoee In th,e

above report

lhge number

was eo great

sentation in

are Listea in Tables 1 ~na Ix? There were a , ~
,.

,.,

of tests and the amount of aata obtained for each

that the whole is quite voluminous,” ard its pre-

a brief but understandable form 1s quite Mfficult,”

The data Includetl In thie report are presented In the form of

tables ma graphs that either accompany the fliscussion of the

reeults or are given In

sile properties ana the

In Appenclix B.

Append.$x A of this report. The ten-

Irnpact valuea of the plates are given

The terms used $11 preeenttng these data =e d.eflned

as follows;

_-



-k.

The average etrength of’’the wide” plates was expressed

aa the average stress on the net 8eGt101i COrre8pOndl@ to the

maximtim” load, ‘The energy-absorbing oapaoiiy was taken a8 the

a“rea under the load-drain curve for a gage length” equal to

,,,,

J/~ of the groak width of the plate, TWO values Fe reported. ~

One IS the energy ab80rbed’ up’to”the,maximw”loadj ‘the other

. .

‘~b ‘the; energ~’”a’beorbed u“p’~o ‘failui%e

,
Tlie peticbn~kge bf:”ol’kav.age, e$ngle .shear,’~nd double’

‘~~eb giv%n”’in Tabieb ~11~ TV, V, and VII were ob+jtifneil bg

,,

mcicrksctiplo exa’~nation of the fraotur~d edges of the wicle

pl’at~s; A“rni.cho8copi~ examination would undoubtedly reveal
,,..,,

small a“rnotinta”o? cleavage in shear f’rabture; or of shekr in

oleavage’ fraoturee.
$

.. .
Unleea o%hetiwi8e d6eignate&~ k~e”’term~ im~ot te6t4

‘wa8 uiea’to inean the Charpy type Linpact te~t”of a etandard

V-notoh specimen made in acoordanoe with A.S.T~M. 6peolfioa-

tione. ‘“The energy kbiorptlon in foot-pounds of t~i8 test wae
.,,,

called the VGnotoh irnpaot values or eimply the impa~t value..

, ,
.:..

,. ..:

,.

,.,,,

,.

,’ ‘: ,.

.
:.. ....4 ..

—
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TAELE I.
,,

,.,

DESGRIFTION ‘OF SPEGIMEN~
,.”

-f@ess-Raiser: ~ewiler’ e-Saw Cut&_~-e_~fl.S_~s~S_-_ ‘- “-------------- -------- ------------
---------------------------- ---------- ~----.-- ---------------------- ----

-------- s=--

$PEC IMEN TEMPERATURE KXNl) OF STEEL . NOMINAL

,,NQk. OF STEEL., . W~DTH OF

WHEN, TESTED , SPECIMEN,

Degrees l?.
,, ~ Zn,

.----..--+ -.---”--.,----------- -,-------..------.”- -------.- ----.=-.-= -------.!

l&Q1-1 141 Rimmed.Steel E As-Rolled ,72

13A-7 110

G&l “’ ‘“” ‘74””
,- .,. .... . . .

;3:7-’”:”-’3giw-:giw--:- ----- ..- .-- ” --------- -

17 A-7 Killed-steel D As-Rolled.,

ij;l ~~ ;;

““ 72

17-7, .. ; : .---- ;-------- -----”:----- - - -. - -. -: ~

15-7 32 Killed-steel, D Normalize& 72

11-1

~-; ’’””’ ””’- l;. .:
?’- ~~ ‘-3i3 ‘

, ,,

.—

13-7 123 ,, .Rimm@l-Steel E As-Rolled. . ..kg

‘123+”” “’;““ 110

22-7 “ . E4’
.,

22 A-7 3$3
---- ---- ---- ---- ---- ---- ----- ----- -

17B-7 43 Killed-steel D A8-Rolled ~g’

1$-2 . .- .
564 ‘;;

~E!:l” -;,: -- -lg --r- ---- ---- --”.- -

15A-1 42”- - ‘K~l~ed-Steel D Normalized 48

,5A-2 ~~~ , 31 ,
. ..”.. ... . . ...

5A-5 15

.—. .—
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--------------------------- ------:- . ----. - < -------------------------------------- ---+.-----+- ---. ----., ----------- --------------- -

SPECINEN
.NQ, “.

TEMPERATURE KIND OF ST~L

OF STEEL

NOMZNAL

WIDTH OF
WHEN TE~EDj SPEC! IMEN ,

Degrees F. In.
-..----+- --------- -- .-----+ --- .----= ----------------- ----------------

.. “’, 20A-13 ~~~, 111 Rl@ed-St eel, E As-Rolled 24

~20 A-3 /39
22-9 ,

$0:9- . -;2
----- ------ . . . . . ----- ----- --”

.. ,. ,.17&6 Killed-Steel .D A,g-RoIIed. .“’~ ‘“.: 24

,.17B-4 ., ,,., ;; ,,

17B-5 10 ““
------ ----- ------ --””- ----- “--

,;-----

,,,, 3-1” :
,,.. . .. .

40 Killed-Steei D Normtilized 24

3-2 ‘:’ ‘ 33”’

-3Z3-----T-P1”-P------”- ---- ”-77::-.

A-2 32
.&i .,..

0

Kil$.ed-stml F As= R~lled ““ 24
,. ,..

A-3 “’”’
-~. ,

..

.—

23-3B 109 Rj.mme+SteeL E As-Rolled .,,,.,, J2

134-5B 74
~,.,””

. .

T3A-5A “
,’,

20-2A -73
------- ------ ------ ------ ------ --

,,..

~~ 23-3A , ~

., ,:
~g ,.

Rimmed-SteeIE Normalized ”.,.- 12
,. .,.

,.

... . -. ... .

.
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TABLE” 11; ‘:

~

.24-In. Rimmed-5teel E As-Roll-ad ,~ates. . . ~~

Fl,ve””Values of Lfl and Three Kinds of Stress-Ralser”s?

--w-. ---------" +.--. --- T-,---- .-'d&----,_c------ &.-- L-&----- p-?---

. . . . . . . . ----------- -.Y-”--.-- . . . . . . . . - .-.=----- ~---.”-- ---. -----------”

SPECXMEN TEJ#Eif;fm ,‘, .L/w

No;

~~.~ @

‘i3TRESS-IWSEFi

,WEN TESTED $ ~ :
“ Degrees F;’

----------- ---------- ----- ------ ----- ----- ----- --- +---- -- A---.--wq

2cIA-1 0;125

?O+ -3 ,.

20 A-3 89

22~9 . .
86

0,25

20-9 -36 ,,
-. ,’

2oA-k

20-10 -:;
0.33. JewOler,le-~aw Cut.:

.

2@+ ‘: “.
64.,.

0.50 .,4 .,
20411 ,, -35 . .....

20AR6 .. .,.,...

@-~2’ ~~
-z”

0.75 ‘ ~~
.

2CIL

. 3 ,“ . -iz ‘ ,Q’125 ‘“- : ‘20-1

20AA

20-14 -z
0,25

., .,,,.

20A..9 ““ ““ gl

20-15,
0.33

No 47 Drll,l#ole
,,-39 , :’*.

2OA?-10

2*7, -8 “
0..50:: ~~ ‘“

20A-15 ,,

20A-11 .:: O*75 “
. . ..

22 A-9

-20A-L4
0,25 lf4-~n. Drili-Hole

,,. . . . .. .

# T~~per,~~~re ~~creaeg~ to 95° F.’ dUe” %0 ‘PlG8t:~C

deformation.
.,.,.. ., ,,;!

,,, :..,,, ,,, ,:,,,. ,’, .,,.,.
,,,:,.::

, ““
,.,...,,.. . ...4 ...,. ..’ .

.—. —
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Results. ,,

The atiength”d the specimens with a

jeweler’e-saw cut type or,,etreee-raieer and an $ mue Of 0.25,
,, ,.

expreabed,ae the: ~Fer@g? stress on the n,et seotlon at the max-

Irniim Iotis”le;$lvt+r ln”’;Tablti;XI$.’ The’ riiitlon’between” the “
,..

etrbngth.ati the temperature for 72-in. and kg-tn”, plates made
,.

of,var~oue klnai! of, steel, *, La ehown by” $he dt”agrama of Fig. 3.

The relation between the $trengtii and the teinperature for 2hi,n”i

and 12-in. plates is shown by the diagram$of Fig, 4. For

oleavage fractures, thtire was no etgniftmnt change in the

average etrength of the platee.

The’ fi~re beelde each point Is t h’e ‘total amount of-

shear In the fracture of the wide pla$e, The percentage of the
,.

fraature that was cleavage, ei.ngle shear, or double shear le -

given In Table 111. In gen~~;’ the etrength was eomewhat ‘

greater for the epecimens represented. by the right-hand portiQn
,...

of the diagram. The right-hand point repreeents a 8hear-%ype

fracture in four inetanaeet and”a

turein five inst,~oes. A change
,.,..,

ture from cleavage to eheaz- would

in etrength.

part-cleavage-p~t-ehear fPao-’”

in the chracter “of the fr’Q~:”

seem to indicate an increase ::
, .,..,:

.

The r olat lon between the strepgth and the width. of ~ ;

wide plates ie shown by the diagrams of Fig; .5, These’difigtiktia ~

indioate that thi unit strength d.ecreaeed with an inorea8e In

the width o? the plate of all kinds of steel, but the” rel~tion

,,, ,,
-------------------- ---y----e-+ ---:---.:-- -+.--J.-L- +:------- 4--+-”-
i! The letter defji~nations ~d pr#pi3rtio’8 of alt””’6*&e1’8°

are given in Appenclix B,
-------=.. --------.--- -.---=--- -*....-=-.-”*-*. -“-----.--- --------

.
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STRENGTH OF WIDE PLATES..,

‘*,. .
Stre&e-Raiser: Jeweler ts-saw Cut. ‘“ L/t= 0.25.

LQais in 1000IS of lb8. ”, Stresses in 10001s of lb. per sq. in.; ;

Enqgy in ‘IOOO1sof. ln,lb.
-+...-.-.-”- ---------- 4-=------- ---------- ..--.--==== ========--- -------q-------- ---------- --..--!- ---------------------- --.”--..

:, SPEg i T~;P, ‘ COUPON

-T-n---- -

ULTI- FRACTURE~” ULTIMATE ENERGY

NO.

“*‘ -t. !~~ “+ ~T~;s A%-?

. .

., ”-,

SECTION “~ax;””’F all-
,.. Loa& .~e

m---..-”----- --.-’--------- “---, ------- . . . . . .. .. .-*-----”-- ..-+--+--+- ---”-

~:,, , 72-in. RZMMED-Sl!~”L E AS-ROLLED PLATES

:,,
72-;n. . KILLED-STEEL D ,Ai%ROL@JT PL/$lES ‘;,.“,;

,.17&:7 ji: 39.4 66 ●’o 6 64,

5-1 ,15 ~~..o 63.7” ;;: ~ ;% -!- ---
45.?. 3i2~ .!!+700

476 563

17-7 o“ 38.8 65,4 17$9 “1OO -:- ..~- g:? .17!+-,.” 22/3
.....

..:, . “’ 72-In. KI~LEIX?TEEL D I?_IZED PLATES ~,, ‘ ‘“’

‘~”: 15-7 : 4t?
..59;~

1750

11-1 ?; ;4:4 60,3
--- !5!5 19” ‘ k 2 ‘ 273ti; ,!%50

1507 100 --: ---

5-7 0 36.2 60,9’ 161k 100 . ---- -k..

33:4 ;;; 29f5

38.9 260
,..

lk7’” -y3 35.5 “59,7 1541 I(XI x:’,’ -?- 3t$.6 179{ 2T4

—

13-7 123 31,1’ ,59.1

M-8 L1.o 30.4
22-7 m !!!! ,2!& :2’. ~;f,:’’”g~’”. t6

22 A-7 ;:’ ;1:; 57.7 9E$3 .,100 --+ ---, 36.0
.gx. 73

.. . . . . --

17 B-7 43 39’.0
ltk2

..$; ,;~:; $?::’, ~% ““”~~ ;;
j:”’ ;?*;,’ “i%. %t

5-4 63, T ~207
lg-1 lE 39,1 “65.1

“ “’:;: .’:’ :;g lllr)
11/35 100 --- ::: ●z’ 304

l@LXn* “KILLED-STEEL ,,D NORM@ZED PLATES

15 A-1 .42’ 34.9 ‘, ,’‘“9:5,.,”&2~6 ,,’--:~l;+~ ~:gl , :.”;45.4

5&2 31! 34.5 2 ~
1340 2Y40

109E 100 ‘--’- ---
5h5 6:::

boo 207 227
15 34,5 1100 100 --- --- 40,0 lg5 229

*C = Clewr&gea SS
——

= Single Shear, DS = Bouble Shear

portion of width not 8ccounT@ for was flame-cut,
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Table III

(Continued] ..:

Stress-Raiser: Jew~lertg-~aw Cut. ,L/V:= 0.25.

Loads In1000’s of ’lo!@.;,”’ Stress.ee inlooots of lb. per sq. in.;
“Energy L,n 1000IS of Iri.lb, : .

=====’*=== =e*=’aal+ls==*====* =====*== ss=q=s==zs*a===s=G=========z===a

s~l?o , WIMP. . cou,Pod ‘
oF

UL!C3.
‘~ti~z. ULTZWTE

ENERGY

. ,’ STRENGTH MATE, ., STR@SS . ,@SORBED

●F* t.,’LoAD ,C~$”6N ‘&i ‘,c,lt
,. ,,, SECITIO~~ Max. ‘Fall-

{.. -’. ,, Lo~ ~g
.,--%-&-,q------7----------*----,7 ---*-,-L=-,-.,+>----------------------

,..

24-Jn, KILLED-STEEL F AS-ROLLED PLATES “ -,,

.,: ,A-2° .“’ 32 34.1. “60.6 “655 l.. :; 34 47.6

‘60.H” “675 $ “

2; -$ ~!~~ ‘6,0.~ “626 98 1

49.9 %,.: “:;2

: 1+5.lJ ‘““124 161

12-Xn, RIMNED-STEEL E A&ROLLED PLATES “.

23-3B 109. 32.2 59,9 31O.9” 13 76 11 ks.g 60,. 199

13A-5B 74 ~ “2S,7 .54.6’ 254. g Ltio --- --.., 40;,5 40 53

13&54 40. 28.7

20-2A -73 .29,3 ‘~~:i %$*2 ;%~~~ ~~~ ‘ ~j:$ 10’’”’12

17....17

,i,.?-h. RIMMED_ STiEL E NORM/iLX%2D PL~ES” , ‘:

2373A 78 306 --- 93 --- 47 ●5 .!3$ ~204

% = Cleavage, SS= Single Shear; D:S’’<DaubJe”@h~~, .... . ..
Portion of ~i~th not acqq~~t~&,f’~py+~ fl~e~~’y+e ,,,.

..- , ,,,’

...., ‘%,,,,...,., . ...’,
.. .,,-----.,., ,.,.

,,.
,,. .,. ,., ,’...., .,, ..,,

,. ... ;: ..’ . .

.—
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‘can” not b’e accurately d’etermi’ned. . %w&ver; the tendenoy for the

etrength to’ de~reaeu wit%’”an Mo’rease in w~dth” beyond a width of,.

72 in. t ,Wouid seem to be’ definitely ostabllehe&. %reover, the

rate:of decretise would ‘seem %0 be’,at least” neatlyqs great, for

widths greater thali &g in,. a8 it is’foti ‘WldtIhEI leSS than”b~ in.

The relative strength of the ’khree k%nds of steel.is

shown by’ the cllagraiue of Figs. 6 and 7’0 &I “these figure s,. the

.etrengthe of ~2-in., 4&in,., and 2kin, ‘platee’are shown sepa-

‘tiatelyi For 611 three’widths the stren@h’cif the three kinde of

‘“”‘eteel ~ncreaaea fh the Ortler’, rimmed-steel E as.-roliecY ltil~ed-

‘steel D:”ndP;na’Y.lzed; ,ancl ‘kll.lea-ediebl D ‘ti8-rolled, For’ “2kl.n.

plat~s, ‘ktlliki-steel ‘F &a-rolZea huwea about the. same ‘etr’Gngth

.,

ae H.lied-iteel’ D’”as-rolled;.
:,, :

:;, ,..,. !

The, efkekgth”of ‘24-in.’rikea-~ttiel E as-rolled plates

,,,.
“with% jewel@r8i/eaw out type of str~ia-reisd? and. values of

,L
~ ranging itioin “0.~25 to ‘0.75, ‘te givep ‘In Table Iv., T*o series

of teats wktie tiade”,’oneat k temper~ture of awproxlmately ri40

a&gre”e8F4’hnd tHe’tl%ier at approxirnaliely 90 degP~ea F, The

relatlon be’tweon ~ke:etre’ngtiz ‘and”t”he value of L t%r theee
v

plates, Is ehown by the dl.agramwo?. Fig. ‘$3. Theee tests intil-

cate that $he aver~e etreias o“n’’the net seotion at failure was

L.
not grea%ly af$eat~d by the value’ of ~. They aleo Lndtcate

that the strengtt’:waa very near~y the s’hd~at -40 degrees F.

ae at 90 degreee F. ‘ ; ‘
,,..

.
“Test”t’similar to ’tho~e mbde “to”~etermlne the effect of

‘L
7

the value of
i

upon the etrengthg~ 2!4-in.r i&med-st”eb’l k ‘
,, ,.. ,..-

as-rolleci plates with” Jeweler’a-’saw” kut etrees-ra5,eer’e, were
.{ :,,., ,:” ~’. ‘,’

also made to de%ermlne the effeot of the value of -
,,*, W ‘Pen t.

~.. t + ‘
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similar, plates wit h. ~o,, b,7.dri;l-hol.e stress-~aie!ers, The re-

eults of theaet??te,are!g ~ven ,ln,Table V. The reilatlon, between

the e~r.eng.th, and the value, of ~ t% ehownby the d.lagraps of””

.

Fig, $,. ?heun&t, strength lnoreaeedwlth thevalue of ~, the

.@trengtk being approximately 20 percentg reaterfcman ,; of

0.75t@n for w; ofOg125. This was true For teats at both

-@ apd 90 degnees F ii The strength was coneletentl y about ~~

5*P?P:eE@ greater at. -40. degrees F. Viwn at 90..dtigreea F“.

.,, ..,A oo.mparleon..o,f the s.trength,and the Value of ,$ for,.’.:..:

.q;,.2~,ln.%r&rnrned~s$eeL:E as-rolled pl&lj@s with two types of,a.tre8e-

rg.leea?g, the jewel~r’g-saw outancl the No. 47dril,3.holej tested

at,~~and.90., degreee:,F~J. is..shown by. the dlagrame o! Flg~ 9,:

The increaee in etrength with the i~oreaee $n the; rtitio~ was,

g~,eatep,for the gpeclmena with a No. 47 drlll+ole. etress-raiser
,.

th~q it was for the specimens with a jewelerte~saw cut. stress-

.raiser.., T@;platee wlththe less, sev~re: etreqa-raieer had% he’.,.

greqtj.er,etrength, and the difference between,the ,streng~hs of

wld.e.,p$atee witht$etwo,,typ~s o<

the value ,o.f ‘$ ,, the di ff erenoe

the,,lesser for an L of CJ.75,. ,
1?

The strengthe cf2b-lni

stmss-ra$sers $ncreased with

being :@bout .25 percent df ~

..

.rhnmed-eteel E. se-rolled plates

with. three.typee Of .stress-&aiseta are showin T.tible ’VX.- All’”

Bw.clmens.had an ~,ratlo of 0,~5q The relatlveet~tingths of

the plates with the three types of stress-raleensm” sl$dvn by

the diagrams of Fig. lQ. The.upper curve ie for tes~.s at approx- .,

Imately -4.0 ~~re,ee FV8 and,the >:ower curve Is for teets at
.,..., ... . . ..... .

approxlmat~ly 90%d?gre.es ,.F,q, The8e diagrams indlcat~ that, fcjr, a
,.

value of,”~ ~,~”9,T25,~ .t$. jlales ~l,nore,ae,ea In etrength acoordi,ng

to their etreee-raleerg, in the following order: jeweler 1s-saw

cut, No. 47 drill-holeq and &/kIn, drill-hole~
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TABLE Iv, . . ,,,..

, 8TRENGTH OF 2~IN, RIMMED-STtiL E AS-ROLLED “~@TES.

.. ’,. Stregs-Rale +: Jeweler’ e-Saw Cut: Five Values of b/W~
f

Loads in 1000 s of lba”;,; ,Stresse6. in 10001s of lb. per Sq,tn.;

Energy In 100018 of In.lb,.,
,..--”--------- “----------- ------------ -----r---- -.----..--.+--- .-.---p--- -----------” ---------------- -----d------ ------------ --*----.-”- -------”---

‘ ~; &PEC, TEMP. COUPON , ULTI- .,FRAOIVJRE* ,,,ULTIMATE ENERGY

No.. OF,,.,.,:

‘#%lW%5 ‘&T%s PWR%D.,
,.,,.,,, SECT ION............... ..,-, of net

,.,.’.:.“: At At
Max ●

.,“~: “ ,.
Fail-

bad ure
-------------------...-.”- --------------------------- ------,-- --+----- --

L/w =0.L’2!$. ... ,,

.’ 20LT 97 .32.3” 55’.6 554.6 100 -i- --- 34.7 5;85 10.00

,“,,, 20-~ +4 “29,3 “ ,56, $ 576.0 300 --- ---- 36.0 0.97. 1.45

. .

L/W = o.2y.
.,

.... .

. ‘20A-3 ~9 32;3 59;6 483.3 ‘ICQ -T- :--; ‘“35’.1 ‘“5.7g :7,66
..

~. 22-9s, g6 33.9 60.5 4$6.4 LOO --- ---
...

20-9 -36 29.3 56,8 510;0 100, --- —- ““ ;;:i ~~ ;;;$ $x

L/v. = 0.33,

: 20 A-4

20-1o z

5 .6 463.8 100 --- ---

-:;”. %; ,. 5 ;8 451.,9 100 --- ----

3%3 8,18 ~.1~

37.5 o.1’~ 1.04

L~,i = 0.50”

20A-5 g4 32.3 59.6 347;2 100 -+ ---’ 3/3.0 4.%0 7.54

20-11 -35 29*3 56; g 327.4 160 .-+7 ,---”, ,3. o “ oeb o*@

Lpi = O*W ,,, ““”,
,.

20&6 30 32,3 59,,6 181,5. 5g .2x ---- 40.o ~.~o, g,42

.20-12 -39 29.3 56.3 174.0 100 --- -:; ‘, 3ELL “ O’;~O o,g9., ,..

% = Cleavage., SS = Single Shear$ D$ k’Double Shear:

~ortlon of width not accounted for wad flame-out,

~..—.



-1&

TASI$d ~.

. STRENGTH OF. 2~IN; RZMNEDTSTEEL. E AS-RO~~ PLATES.

, Stress.Raieer; Noq, 47 Drill, Hole. Five VaIU8Sof ‘~,

,,

. .
,,. .

,.. ..””

,.

LOEWIB in”lijot)~eof lbsl; ‘qtraesee. tn 1000’8 of lb. Per sq. in.;

Energy in 1000 e of in.lb.
,.

.-”” ------------------ ----------------------- -4----- -------------------
--------------------------- .---y=--- --”----------------------- ----------

SPEC ● ‘T~~; COUPON. ULTI- FRAOTURE~ u;;&!rrE ENERGY

MATENO, a STRENQTH “ WM _ ABSORSED

?*fb . SS DS” ON NET per Inch

SEOT TON of net

,,“
,. Max. FaIl-
.’,,,

Load ure
-.:--k"-'=--"ti-`--.-L"---------------------------------------------------

,Lfl ~, 0.125”. . ... . .

‘~0’~7 ’75 3.?;3, .5996 61~ loo -w- -}- 3g.g $*g6 1000O

2cH3 -4.2...29.3. 56. g 626 100” --- --- 39.3 4.67 4.67

L/v/ z, 0.25 .

2oAd3 $6 32, j” .59.6 j 4

20d4 -4o 29.3 56.6 5?.6

47 .3 39.0 k,6k 15.17

1%, --- --- 39.8 3-.k3 3.63

L/w ,= 0.33 “
.,.

20+9 i31 32.3 59.6 437 ’97 ‘ 3 -:- 5,15 11,80

20615 .-39 ,,29”.]” 56.,g 4!37’ TOO,’ -- --7 $;:: “’”2.69 7.14

JJ/W = O,!jO

20AA0 80 32,3 ~~-59.6 37g 100’ --- --- 41.7 6c6Z 7.oo

2Q-7 44 29.3 <56;$ 391 100. --- --- .....43.4 3;”37 3.76

L/w - 0.75

2oAd5’ dg”. 32;3” .6

.

2113 ~oo” .& ..- 4 6:”61 7.34

,20A-11 -42 32.3 ~~~~~.6 226. 100 ---- -P- 4;.:’; 4;6Q 5,0g

*C = C.lkifbvage, SS = Single Shenr. DS = Doub16”She~,
portion of width not acoounted for Wae fle+me-CUt,



- ,,$

45-

,; :,... .,:. . . .
TAB’iE ‘VI.

,.

,’., STE EL E’ AS-ROLT,ED PLA?CE~. .“

Thrae, Typss of, Stress-Rale,ere, ~/W = 0,25 ,.
2.,

!oads.in l!oots of .lb,s,; Stresses in 1000ts of lb,per sq,ln.;
f. . -. ‘ Ene~p In 10001s of in.lb.

-------------------- .----------- .----..-+- ------.----- -----.-=- ----
--%------ ---:=-- --------- --=-77- -7--------------- -,-------..---------7-----

SPEG . TENP. ,, COUPON ULT 1+ FRAOTUFW ULT ~ATE

;.80. ” ‘F* ““m ;;~ ~ P?;~De O;TRE;S ,Sk

.,... . . .. .. . . ,,, . .,$.2?..,. . . .-,: .7.
SEOT ION “’of net

---------------------------- -._-,,-, -T T:-.T ->--=,---7- -----7-

:,. :.’ “’:..’. “’”
-f--,-.7-<-----

JEWELER 1i-s~W CUT STiiEShRNSER:
:( ‘>:.” ,

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

20A3 !39 32.3 59.6 48303 lQO ---- ---,
1~-~! ~~:/36 33;9 &:05”-&~:& Id -~ “2-

35.4,

2

:i$,F,.....7.66

36.7 ‘.17- ‘-7.15

-3,6 .29.3 56:,8, .,51O.Q .100: --- a--.. 37.6 ;, ,0.92 ..,3.21
.,:. ..

;. ..:,, ,..,:,.- 4

tiQ.“ 4? Dti2Lti-HOLE STtiESS-RA19ti . ““’‘‘ ‘““’”‘

s&&g.;

,.

136 32.3 59’.6’

,,’.

““534 50 47 j , 39,(J ““””’5.+3 15.17

20-I.4’.,do, 29,.3.,56.8 ,546, LOO : -+- --$- ~~ 39Wg ~ ~~3-.w3 “;3,63

,,
,. -’’,.,’ .,

1]4XN.” ~DRXLL-HOti” iTRESS-Flfi SER.’

‘.,:.: ,)4:..“,:;

,. ,.
,,. ,, .:

.$ ’..’ :.. ,’ U,.’;, ,!: ‘, : ; ,!: .

22 A-9 ‘~3-95# 32*3 59.6 602 1~ ..,..79 ~ .45.4’ ,Lk,,9Q ‘r’:~?.$0

20A-14 -37 32.3’ 59.6 635 100 --+ _- 46.,0 ,,,.,),,9 .,?-O.;,,>,,?● 50,.
.’

.,.-. ‘,”.

*(J =,..,’ ‘ Cleavage, SS: + Single She&r D DS& Do”ubl~;:’Sheare
port ion of vfiilth not aocounted for wae f@6-C.u$. ,:~ ,,,<<:,,::.:

., ..., ...: .“~.,..:’ ,,.’- ~. :’

#Temperature increased to 95 ‘F. due to plae~l~:,,$e$~rrn~t~n.
.,,. ,..

—..



b, &@gy~ ;-The relation between the

energy-+baorbi~g,oapaolty wd the t@@e68tti8 ~Q,Y 72Tl~~s 4&-ln$;

24-ink, .m@ 12~ln. ,plate;’ madeof,varlous etee,lia and:w,lt~ a
:.’.

jewele~t s-eaw out hype of ~tresl%ra~ser ana:an, ,; .y@ue ,?f .o*25~
.... . .,.

Is bhown ’by,the diagrams af’”Flga. lZ, 12, L3 and ~~,. Thqee
..:”

‘diagrame lndloate.that,,for the 72_Sn. ’plate?:’,,(l) The e~ergy-
,,< . .

: %bdarbingka~clty of killed-steel D platea In the as-rolled and
, :,

...-.”.;..::...,..’-.,,.,.
! In the normalized conditions... was greatly reduoed when the tem-

~,::!,- ,

,..,:,.pe~~t~e was” reduoed from 30 to 15,~f,~??e ?... (2), Thp energy?

abeorbing capaolt~o~??i~m~a-”ateil E“@iVee’’Sn. the se-rolled

,,. . ... ..

cond,itibnW as,@eatly rbduoed whiin’the~’~%$erat~e,,wae reducetl
. ‘.*,

..*. .,.,.
.

.:“‘froih’~lo to, do. tiegrqes F;- {j){ Killed-st%$l D, plat e~ ,$,nt h<: ~s-
,., , “,,
.....

,,.... . . . ..
,., , .

rolled and in, $~e norm~lze.d,co,ndltione htivery. nearly the 8ame

energy-abeorblng. oaphcity when tibe%ei::itt the same temperature
.,

;:: ,:,~or!a:tiemperatwe range’ from.Q”to 30 degrees Fi ~(4) R~imed-
,,.

-.. .
‘ ete”el’E aa-rolled plate$ h~~’k~,muah.lowor energy-abso;blng

,.

capaolty than kllle&-.s6eg&’D tis-tiolle~ pla~ee at temperatures

from ,20 to t30 degreee F;j aqd the ,maximum eneP~y’& bsorpt’ion’””

for these rimmed-eteql E,a.s-rolled plateq oorqespontldd tea:

“temperature of the orderof 120”degreee F;’
..,., ,,,,.

,.,

,, The r<l,itlon betwee~:,,~he ene~gy,:a~eorptlon and tempcr-,:,,

atu,re for the 4S-in. and 2ktn. plates, ,,yae:,qu%$e,erretlc”for
: ,’,: .,

the killed-steel D se-rolled but was more consistent for the

klllod-eteel D normalized and the rimmed-steel E as-rolled.

The transition temperature for each

mately the came for the four widths

The relation between the

ature for 12-inv

kind of eteel wae approxl-

of plate,

energy absorption and temper-

rimmed-steel E as-rolled and rimmed-steel E



.,

$ ‘i.

.

-r/-

normalized plates”ls shown In” Fig. 14,

“of this rimmed steel by nor!nallzlng as

The apparent,lmprovement

Indloated by one test

wI1l be further atud~qd j.n,.$uture teets.

The.energy-abaqn~lng capacity to failure of 2b-$n.

rlmmeci-atetil E ae-rollefi:p$atee with Jeweler’e-saw cut streas-

raisera and with five v81UeE of $ t tietermtneCi from the area

:Under”’the load-deformation diagrameand for a gage length equal

%07/4 W; ia @ven In the rlgnt-hand column of Table IV, The

‘Pe.latloti between the energy-absorbing capaci$~ ancl the value of

L
‘~,for theeeplatees tested at, temperatures of approximately

-~0 ,and 90 degrees. F. , 1s shown “by the. diagrams of Fig. 15.

Theee’ diagra~e indid%te that “the energy abgorptlon o.f the platee

per Inch of.net width wae nota$preci.at)ly.a ffected by the value
.

‘f :“ This was true for tests.a t.b.oth~.temperatures. However,

tkmener’gy abaorptlon was manytime~ ,greatec at 90 &egrees” Fe

than at ,-@ degrees F: This was trueeven $hough ~~ ‘fractures

were of the cleavage type. ;, ’.,, ,,, ,,

.Slm$lar teats, were mafle of”’’2&in; rlmmed-.sWeelE:,ae-

rcllckl plateewltha No. 47 dri~~-hole type of etress+~di.aer.

The relation between the energy absorption to fallureper$nch

‘~ ie shown by the .&tagrams ofof net Jildth”)aild &he Value of

Fig. 16., Focthe tset~ @ -4C1.degree6 F.,, the endr?g~.abdorp.

tion per Inch o.f net width was”lesa?i’or ‘$ equal to 0,33 .th.cin It
,

was for values ’of ~ of bath 0.;125 Wd Q.7~; ’and It’wai” ve”tiy

nearly the same for the. latter two’.valuea of; .“
$

FQ.r,the teets

at 90 degrees F..a the energy ab80rptlon per.lnchof n~t”wliith

was greatest with $ equal to 0.25a and had leseer values for
-------------------- ------” ------------------ --r----- .---=______ -

e The load-defleob$on dlagrame are given in Appendix At Figpre8 1A

@-~~ga inclusj,ve..-------- -“------ -------- -------- -w------ -------- -------- -

.— —



\

~+-

&lg
of 0.125, 0..50 and ~.7,5J., ,For the tests at,,90 degrees F.,

w

the two highest values.of the .ener@y absorption, the fracture?

were cleavage-to-shear-to-cleavage, while for the t~ee,loweat

valu,eg, the fraotures were all wholl$? cleavage, that is, the
..

v,ariatlone In the energy abaorptlons were oonalatent with the

tXpes of,fraoture, .

,, A comparison of

~fOr 2*ln .,rlmmed-steel

the. energy absorption and the v~ue of

E .aF-rollea plate.e with two;types of

etre,eg-ralsers$ the jeweler’s-eaw cut and the. ~o. 47 arlil-holes

test,ed at:~.~egreee F., is shown by the dlagrarns of Fl,g. 17P.

The8e diagramti indioate that the energy absorption wa8 ~ever~’
..

tlrnee greater, forthe plates with No. 47,dri11-holes than it wae.,

for the, plates.with Jeweler’s-saw cuts. This was true for

~.,valuee of :~,.. .~n c?etraat with this. the dlagm.qs of ,.

Fig. 17for te,ets at:.9Cl

L“
~ of Q..5O and 0.75, the

with lfo. 47 drill-holee

degreeeF., lndieate thatsfor. valuee of

energy absorption was less for the plates

than It was for similar platqa. with

Jeweler le-sgw outs. , FOF valuee o! $ equal to, ,0.1?5, the

plate? with the two types o$.stress-ral;sers abeorbe$.:%,~e ecwce

energy, f .,,

.Tiie energy absorption to ,fti~~? of tests of 24-in.
..

rimmed-steel E as-rolled plates wi~h:,thlwe types of stress-raisers
. .

1s shown in Table l?~, all apeoimens having an
t

ratio of 0.,25.

The $ilagrams of ~lgi 1? .ehow that the plates i,no~eaeed in,..

energ~-absorblng, ,~apaclty with a deoreaee in the,peverlty.~f
,,

,.the s$ress,-raiser.. ,. ,:
.’., :’ ‘.

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

,.. ,.. ,.,
., ,.’,. .

, ‘ ,.,i:’

.—



-i?
.. .

c. Correlation of the V-Notch Impact Test and the—.. — ———

tiu”mi - ““

,.. ,

The com~r~eon of the results of ’theiV-notoh
., ,.

impact test and”of $he wide ~late test with the ,Jbelerta-siw

cut type of’ itress-”rdse$ and an + ratio of 0.25 wI1l be mke
,,:. ,, ,..

in the following twd ways:; ‘“ “
. ,..

,’, ,. .’,.. ,.,,,:,

“1. A comp;r~eon.of;the m~ner In which ’these
,.,

two teats segregate the varioue kinds of steels with,respect to

the transition temperature for a change’ from a cleavage to”a
.,:,!

, : ~~ :.
shear type of +r&cturb;

,.,. ,,
2: A study of the correla~ion of the energy

.. , “~”:
,,, ,,

,,, .
absorption of these two tests for the “v&lous kinds of steel.
. . . . . ,’

.
,. ..:.1,

The relation between the’ energy absorption t~failure
.,., ., ... ,.,.. ... ,

and the te;tlng ’temperature 1s” giv;n for”’the wide pl~tee::~n
,.,,; ,.. , ,:., ,...,;

I?ika.” 11, 12 tuqd 13, The lmpf~c$ v~ues$’~e’’ehown In Appendix B,
,. ,,, ,.-:.,.l.,,,,

Fig, 4bv “A ~o~parlson o; these di’a~~me indlc~$ea’”that the
‘. .;,: .. :,’,.

,,
,, ‘-

transl$lon ~emper~ture for the w~tte ~~a%e test and”for the’
.~.!,. ,

-,, .’, ,: ..., ,:

V~no~~h’’l~pa~t’”’~e~~ ’”Were’ &pprOxlmatiLy tie ;~e. Tn g9neral’,
~...,,,,i. ,.. ,

the V-notch impaot”%eet doterrnlned a wider temperature band’’,of
,,.,.,. ,$ . ,,,,,’, ., ::. f,?

,., ,,,

mixed f’r?ict~e~$””cleavage an~ shear comblned$ thn dld the w“$~e

~~ :.[,i::~
,..,-.,.-

plate, tests wtth the jewelerls-eaw cu~’type ’of’’streeb-r~ skri
,.. .: $ . . . .. . .,.. .. . .,, ,. ,;.

The k~n~~ of stee$”wer~ eegrega$kd’in the’ same b~tter””w~th’”
,>

A

reepect to transition temperature by these two types of tests.

One question that hae been raised ls$ whether or not

Lmpaot ve,luee of steel are & meaeure of the capaotty of a notched

Plate tO absorb energy. The relat ton between the energy-absorb-

ing Capaolty Of 72-in, and 4g-in. platws and the average V-notch

impact value of the steel,

and the sqme relation for

te shown by the diagrams of Fig. 19,

24-in, p3.wtes is 8hown by the diagrams



.,
.’

of “Fig; $0. “Three kinde”:of eteel’” are reported ”’for 72-in. and
.,. ,.

4t3-ii: ,,plates, rimmed-at eel E as-rolled, kill ii-st 001 D as-

rolled$ and ktiled-8teel D normalized. These three and an
,,,,: .,

additional steei, killed-steel F as-rolled, are reported for
:., ,.

the 24-in, plates. In Figs. 19 and. 20 the average ‘impact values
,.,. ,!.

and the energy abaorptlons of the plates are f“or.the same tem-
., ,,. ,,.,, , ,.

:,.:”...’,’:
perature in eaoh lnstanoe. “’

,,, ,,.. ,.

The di~gram of Fig; 19 lnd~c~te; that, for the three

.:

steels there reported; thoro was a good correlation between the
,. ,, t ..,, .,., ‘. ~~

Imps’ct’’value and th”o 6nergy-ab80rbing iapaolt~of the 72-lIL
‘. ... . . . .

pl’tes except for one’ rlrnmed-st’eel E se-rolled plat~ tested at
,.,

a temperature above thb transition temperature. The correlation
;,, k ,,. ;, , ., .]..,.,., , ,,

.. ’:.

was ““fair’ f’or” the’’4tl-ln. “blatei made ‘of three ~inis of it~el.
.. },,, .. . ,, ,., ., ,,. $’ .,.:

‘Mo+kover. the ‘~orrelatlon”w~s f~lr ’for the ~4-in; plat’as” of
. . . , ..,.!,.,. ,. :,.

ri.mrnb’d-eteel E as-roil”ed,’” ki”lled-st’eel ‘D ae-roll~d, and”’’kllled-
.,,, . . . . .. . .. . ..”.., .,, .,., ;, .:,”

,, ,,,

steel D- normalizede but not for the killed-steel F as-rolled,
.?[..;:. ~,, ,’ :: “~ .~.f,:-: .... . .. ,“

wh’ere the impact value for a given energy absorption was two to
..,., : ,,, .: F..,.: .:.,,, :,

three ‘tlmes”k8 ~rkat as” it was’ for the ot”hbr thre~”’eteele tested.
,..., :; .,:.,-

It would seem;the%efori,’’that’”nocorrelation o~ the abgolute”’
,.. ,>

value o$’~he”;ner~ ~beorptlon of th; V-notoh lmpaot” test and

—
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d. Dlstri.butlo.n Across plate of bongitudin~ Strain:-
. —— .. .

Thed%stri$utlon” acroe@,,:he Plate of,””:the,10ngltUal,?ti strain

w~e dlsoussed, .on,page 29 of,,,yhe, Final Reports OSw ~. 6457$

,?e~,$~al No,., M-614, ,January l?, 1946. Similar etudl.ea were made
,.

.durip,g,t,he te,ets,$escrlbtitt in this .repo~t.. Diagrams Ehowlng
,, ..

,,,,,,~he. lon.gltud~a+ strain

sured wtt.h electric A-1
., .,.,,..

leng$h., With mechanical
,. ,

at the transverse center-line, as mea-

strain gages with a 13~6-lP. gage

gages of l-in. .and l[b-i,n, gage l?ngthsl

and,w>$h m.echanic@,l gagee of a gage length equal,,to 3/4 WI are

g$ven @ ,App~ridix Aj.F@r@a 34a to 9$%tlnclu81ve,~ ,W\tih,:The
.,

electric strain ,gag~es measurements were made only In the elastic

and early plastic range of the wide plate test. v Measurements

‘“t$lth”the l-in; ;and l.[~in. mechanical ga@ti..were taken,up to

‘the loa~ where the flrat oracke appeared at the ends 9f the
. .

qtre,se-r,aiser. Measu~~ents with, the mechanical gage h~v~ng a
,. .,

gage length of 3/4 W were twen at all loads lncludlng ~,a~lure,,,,

As n@e~ in the,repoyt r?ferrei? ’to above, the ,me.ximuma$~fll,~

for the electric etraln gages on a 13/i6-in. g~@$,eogthj:wh~h

occurred at the outer end of the strefis-ra%ser$ W8S m?ny times
~)’,,:.’

greater than the average etrain OWP, the whole wldthsfor elastlo
,“

and. early plastic etralns. Aleo$ as stated in th; above mentioned
,, , ~~ ‘:,..

report, the strain at the end of the stress-raiser was very mmh
,,, ,,, ,.,...

greater on a 1,/~in, gage length than It wae on a 1-Iv. gage .“

length forloads up to the load at
,,

end of the strese-rai8er occurred,.

to 1~~~ tnclus$ve)..

The d$stcttion at the end of the Jewelerte-saw cut

/, \,
.,., ;..,,:,,.:,. ,..:,

at loads from zero up to a lQad only slightly below the maximum,,,
,,, :, , ~ :’.,’:):7 ,$),,,,,,.:: ;,,,:.

.—
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la shown b.y the pho~ographe of Fig.:. ~,l.,
,.

killed-steel D normalized. The fracture

The- plate6 were of

began at
,.

of t’he plate ancl extended to

the upper part of Fig. 22.

steel E as-rolled plate with

the rolled s~faoes;

The Init$al f’raoture

a l/4-in.drill-hole

rnld-thl.o,kness

as shown In

for a rimmed-

strese-ra%ser.;

1s shown In t,hp lower pmt of the ,eame flgur!?. ‘Fpr thle epeoimen

also, the,orlgln,,,of. the fraoture wa,s at the tifi~thl.cknese o!
. !’

the,, plate., Fracturo in the other wide plate. taste began .in .

,,. . -

the saqe manner ae in these two tests with the .firet crack,, . .
1’.; ,/ ...., .!’

appear+ng,at.the end of the -stres:,-~aieer at mid-thickness .o? ,.
.:.,,. .

the plate!
:;, . .

:,” ,.i,

e’. EQUQ.WM u Wdu.uw $s h!aIG- The r~au;~lon
,., ... , ,: ..’

in thickness ‘of platee t? deaorlbed o,n Nkg. 32 or the Fin+ ,,
:.’:

Report, OSRD No. 6457, Serial” No* M-614, January 15, 194~.g T~e.
.

thlckn;ss measurements for the tests +escrlb@ in this report
.,,, ,.

are given in Fi~e8 133fi to 165a! in~lye~v? ,of ep~enfiix 4 . .

of this report.
,...

4* I~.~. “’ ‘. ~~ :“ ‘“ “’.,.

TWO l.nciden~al fal~uresooourred. durlngt,he teeting
,“..

program whloh, although not planned, ‘w%reof:. eu$fio,let@ln. tere8t

to Ju.etlfy the.lp. inclusion. in this report, The8~.are:d escribed

in the followtng sections.
:.

. .,,-!”!:. “’

,a; . @@W2a.4*k!li@.~’~

:- ~n. order,to,avotdthe uae ofan.unnecessary

amount of the special steels beliag teeted and’ettll;ltate.;ti”;~~

considerable distance between,, t,hepulli,ng heacls~:two{pulling

plates were welded %0 a epeclmer+a” one @teach ends a8 ahcwn

—



In the

24&l.n;

i3-.4

photograph of Fig? 23; These pulling

epeclrnens’ ti6r6”2&ln* x 7/$-in. steel

andwere w“~thiut geometricti” strees-ral”eers.

~litbs for the

In cioss “de~tlofi
,, ,,

The”ver%ioal” edges

., of the two pulling’.platee ‘had been “’8h&ar~d in ‘~ ktrtictural chop

,.:im a large single~stroke $Iate”” tiheara. A

:of eaoh pu12ing plate extended beyond Its

These 2kLn. x ~/$-in. platee tranernttted

-epectmans; which had. an actual sectton of

length;oT ~bout2 “feet

bolted end connection.

the load to the 2k-in.

23*ln. x 3/4’ In,

.“.reducedat the center by a“eim~ss-raiaer to an actuai net” seo-

tton of 17$ M; x.3/4 ini

specimen 13~9,a24-tn. rimmed-eteel E se-rolled plate

with a. 1~4-in’. ’drilhole””streeaeraleerJrJ was beiti te”eted tit

,, ‘&3 tmgrem’ Fy Avery”,@mall am’;un% ’of”ehtia~fracturo had

occhrtie~:at both ende of theetrbse-ra”ieer ~u’et before’the

maximurnloiid. B

fraoturee w.lth

the wide plate

the .photogreph

At the maximum loafia ~here ocwrred” efmultkneous

a Ioqd report of thti upper :puli$ng’pltite and of

..,,..,.,! ,:.,,
epecimen throughthe stre”ee-ral’eer;” aa .sh;~fl’by f

of Fig. ~4,” The cleavtige ’’frac~ure’of:~lie ““

,,..
‘pulling platewae-cofiplete and the elmult%neous’?rtio?ure’”of the

speclrnen wae ctimple%e exceptfor a ‘5/i3-ln; wlctth at the extreme

Ieftedge, The fractiure oft he”’$pec?men, whl~~ ~ae “sli6aI””;p;~or

to mtiimvm Ioad’$’’tihanged’to cleiv”agi’’”at m~xf~urn “load.’ “TIi’e’

average strees on the pulllxlg plate .correepofi~lrig”’t’o ’~’he m~i”

mum load was 26 300 lb+ per eq. fti; !t~e c~rrei~in(ilng average

etress on the specimen with a 8evere geometrlcr+l btress-raiser

was 45 100 lb. p~r”eq, iii. of net section.



,..

A metiallographlc exti’irfat’io’n of t he $ull;ng plat e ‘”
. . .

tndloated that it was anaoceptable:g rade’of a~mi-killed’ st’eelj

‘ .,

and that:tlie &lPeo$iion of timsl~nln the ‘pulling plate”’waa “’

normfkltb ttie’~&lreo%$on ofrollin’g. T~ht’’pulYlnppl atk”had been
..

used forother’ke ktia.but “no reoord had”been kept of’ their Wmbere

~$ie fair to akske that’lt hac” been used for slx’tests, That..

. ‘,

.:.WQuld mtltul ‘that It had been’ sub~ect~d to”hot”rnore than SIX

@ev~Pe “ehooksi ~ ti6.crographe ’of’the ‘fracture showed a’herrln~

knthe pa$tcir ti’indioatlng that the ’origlnof the fraiture was at
,.. ,.

the left edge of the plate as shown tn Fig. 24;

:;J..:.’ ,?’!’”Pti&lo&atio”h”of V-ngtch’impabte h&rdness, and tensile
,,,,

ape’tiimenii i’sehotin j.npfg; 2~’q “:’”’”Vf&iOU6 ti;tallo~aph~c” studies
,.;

are re~orte& an Figs”. 26 ~clY27,’” The hardening ef’fea~ aa 8hoh
... .,, ;,-,,

in Fig.,” 26’by thd “~ccr&neae’’’@aclentent for Line z ~ne~ratea

:a.ppro.xktiutely 1/8 in. from the” aheai”e’d surfaoe.. kiguri 27
?,,.,

ehowgth e’’mi.croskructurei of regicne”ln See, B-B of “Fig. 26
,,,,,. .....

w!@chshow’ed @rtitl’6 akformatton and:oraoke due to the shearing’
,.

operation. :’ The” lm@ot teetk of”V~notched bar8 witi”thelr

length t??atieve$eetothe dlrectioti’of rolllng &nd notch normal

... .. ....>

‘o ‘he ro12ed e~rf~~e% “~a~e an average Wuei’i+ 9;9’ ft.’l~g.” :
., ,~-: ?..: .:

at 70 degreee.~. The tuech~$cal p$oper~”lee””of “th~’puiiin$ plate

Jf ;::’”..””.’?‘.’
material,, aq@@n. b’y.$ ~tat~”ti’”:t~st’or ftio 7/kiin. ““square

coupqn speetmena-a wet% &a folldw’s”: ~~‘“‘:
;:i:,,.’’’”J’.”J

,,.

~llillriate :6trength:. s .,.:. 66 050 psi. “:’”” “’’’’’”““’”’”’
Yield point:

J44y&?p3ti;.: ,, , !
: Percenp Elcjng&tlon.~”n’ 2 $n;

percent Reduction of Area:. “4g:~,$ .!:. “’

—
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b. Fracture of Narrow i3trl~ ~ Killed-SteelF
——. —.

~:- A test was made to determine the welding rod to be

used with the klxled-steel F’ a8-rOll@.a The specimen of

Steel F wae approximately 3 in. wide by 12 In. long parallel to

the d.lreotlon of rolling. One longitudinal edge w.aa 8heared

and the other was flame-cut. Pulling ple,tes of the same width

as the specimen and each about 6 in. Iong,.were welded to the

specimen, thus producing a pieoe about 3 In. wide and 24 in..

long with two transverse butt welds. A sketch of thle specimen

appears in Fig. 28. Inasmuch as the SOl& purpose of the test

was to determine whether or not the welde were as Strong as the

plate, no measurements were taken of the plate before the test.

The test was made at room temperature..

The photographs of Fig@(a) taken at an average

stress of 63 600 lb. per sq. in.j indicate that there was no

evidence of impending failure on the flame-cut edge but that

craoks were beginning to open up on the eheared edge. The

photographs of Fig. 29(b] taken after failure d an average stress

of 65 700 lb. per sq. in.8 chow a large number of cracks on the

shewed edge. 80 craoks in the flame-cut edge are, apparent

from the photograph but a oareful examination of the specimen

itself revealed minute oracks In a few of the deep transverse

flame-cut grooves.

The effect of the eheared edge upon the character of

the fracture Is all the more interesting as the V-notch Impatit

vs.lue of this steel at room temperature Ie of the order of

100 ft.lb.
-------------- -..--=------- --?------ ..r----------- . . . .. . . . ----------------

W The mechn$caJ. and otiemioa propertied We given $nAppendixB.

-W-*----- --------- ------------------- .--T ------------------ ---------- . -----
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CONCLUSIONS,
,,,.

‘,.%$., ,. .

The results of the tests of wide
,,,.

wi.th”eevere etrese-r;i.s~rk”’described in

plates 3/4 Ih, thick
.,

this progress report
,, ., ,; ,, $>”,

wpetm to justify the?ollotii~g concluatone.

,. }’,:,,

,.~,.’:. ..

1. For anyone width b%’itle:plate and for the clff~
,,

ferent steels tested, vm~ations””{~’t~~perature w~th~n the
.. .“

temperature ranges in which tests were made, tiid not have a

significant effect upon the average strength of the wide plates

..>,.., .’
“L

with a jewelert”s-saw cut type of stress-raiser and an
w

ratio
,.:..

of 0,25 except as the ternpetw%ure, affected the character of
...

the fracture.” ln general$ plates that ”failed with a she~ fYac-
. . . .

ture or with a fr’acture that was partly shear and partly
. ,..

cleavagej had a somewhat greater average ‘strength than “sim”~hir
,,, .,, ,,,,,,:,

plates that failed with u cleavage fracture,
,$” ,’

2. For 72_~n* wide plates with a Jeweler1s4sRt’’ cut”

type of stress-r’siser and. an ~ ratko of 0.25’g”tiio civerage

stre&th &the p~ates was generally somewhat gredteh(!thanw”’”the
,,,

,,.,, !,

coupon yteld?~oint etrength of the material. , :(.’”

.,- .,.,

30 ‘For’w5.de plhtee with a Jeweierii-aaw ciik <ype
,... ,,

“~a~lo OT 0.258 the Avere.g’e strengthof stress-raiser an~ an’’”’;

for the same typ~’of’ $r~ctur~’:l~crea$bd as ’$hetiX&’ti” h,?’”tfie” !“’
,,,,, ,

,,,!

~late decreased’from 72 In. to”12 ‘in.
i. .,,’,,,

4. The average streng~h ‘“of”wide pla~;~ ‘was somekhat

greate”r for kllied-at;el D as-rolled; liillei-etedl D“’noz%<llzeti,
i,

and killed-steel F as-rolled than for rhumed-st6el E as-rolledt
,.

where ’all wide plates were of the sa~e’W~dthi The f$rst thre~”’

steels mentioned ’had approxim~tely th@:’:d@me”’’a~er&ge ”6trength”for

wide plates of, th.e.came width?
-.

.
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,,

5, For 2k+.lni rimmed-steel E as-rolled wide plates

tested a% “ternperaturoe of -40 and 90 “ti~:grees $+ and with three

different typek of stre~ekra~ee+ej’a~ti~h’~ Patio’of 0;25~’the

average et~ength inareased”wtth a:de:a”rease In thesever~ty of

‘the strasb=raleer.” ‘The e’evirlty”of the f3trQ08-rtileOr deCrOReed.

in the f’ollowlng’ order: the ~ewelorle-baw out, the No. 47

drlli” hole, and th’e I+ifi. drill’ hole. ~~

6. ““The energy-absorbing capaelt y to’ e~ther “rn&mum

~oad o~”’failufe of ‘the wide plates wltii severe stress-rale~s’

. .
was’ nahy tlmee ‘greate?? undgr’”oo”nditione th~t produced a hear-

“’”type’’fraoture than it was under condltioni that p’roducbd’ 8

cleavage-t ype fracture. The

dependable Indication of”the

wide plate.

type of fracture

energy_ab80rblng
.

,’

7* When In’the form of Vildd”pltitee

appetia to be “a

capacity of the

with’ severe

streis-raisere; al’1 of the “steels tested exc’ept’e:eel F M-”

rolled”had a Ioiv-energy-”abaorbl.ng”’oapacity ‘at”the sub-zero

. ,,
temperatures which may be enbount’ered lti:shlfi niwigetlon,

g. 1~’the tegta O; 2&in~ ‘rlmrned-steel E as-rolled

@.ate’S with two typee” ‘tif.etreis-ra%#W$; the Jeweier 1 s-s’aw

cut ma the No. 47 drill “hole’; therk”w”a’~ no apparent ‘re~$tl<n

,.

between the energy iba~rption to failure par Inch’of plate’’’[;:

L ‘ t~ot whiOh:’vwlea from 0.125 to 0*?59net wiath ina the ~ ra

‘ 9. Te8ts of 2hln. rirnmecl..steel% as-relied plate’s
,.

with” three typee’””of” stress-raiieras the’ Jewe~er4s-eaw “cut, the

No; 47’”:arlll hole, and the”l~in. ~111 h~l~;’ arui al~,tiith an

+“ratlo of 0.258 showea that’ the’~e”nergy <&iorptlon”to fal?.tie

lncreaeed with a aecreaee %n the’ s’everity of the;”strea@rtiXSe$.
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The Beyerity .of the.,~tresa-raiser ‘decreaged In the followl.ng
.,.,. ,.

order: the Jewpler!s-qaw out, the.No.. 47 drill hole, and the.

l/&in~ drill ho?e..

Jop For w~d.e: Plates w~th a

of etr,~sa-~ai.eer made from the steels

Jeweler’ e..eaw cut, t ype

te,eted in thle program,

the V-notch +rn~act test gave an approximate, indication of the

tr~n~ltlon Sernperature of,the wide plate for the ohange of the

rno,d~,of fracture from,a cleavage to a shear type of fraoture..
,.,

The V-notqh Impact testalso segy.egatied ?,he different klnde of

eteel .teatgd with re~pe.ct to.%ransi!ion $emPera$ure in.the e=,,, .,..

order a.e.the.,wld,e plate te8ts.q .. , V. .

It aPPeW8 t~t, no correl~tion exists.,~etwe,en ‘
.,,,.>...?l. ”. . .

the abmlute, yalues of the energy abeorbed by the V-nQtch:imP~ct

test and by,the.wl$e plate test with a Jewelerte~saw,cut%ype’ .

of stress-ralserq ,.,

,..
12. ‘The unit striln at the end of the etress-raiser.

,.

was many tlrnee greater than the average stre+ln over the,, ne,t:
.,..., .-..

section-for loads up to the load where fracture etart?ap .Thifi

:*j’.
.. .

.“”” “
wae true For both the elastic and the Plaetic s~rain~.,,,.,..,,,.:,r,~.;

... ,,.

130 ‘N~at ‘of the elongation near the end of .thp ,,;<:

etreei-raiser ociured on a l/4-in.

the load where fracture started.

14. The fracture Of all

gage length for loads .upto.

,.,,., ,:,- ”.,,::.

the wide platee started at

the end of the etress-raleer at the mid-thickness of the

plate,
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RECOWNDATXONS FOR FUTURE WORK:- ~:plans ~or future.— —

work lticlu~,e “a group of teats to gtve more &omple%e kncxrledge

relative to the relation between the ”tempera$ure of’kteeL “ ‘

plates and thei.~ energy-absorblhg oapacity. The curwe showing

therelatton between the temperature anti the energ$-absorbing

oapaolty of steel plates ‘is made up .o~ t~ee parts: .(I) <k

nearly horizontal portion’at the left’ whfch oot??eejonds tea’”

lo~energy-absorbing capac%ty. (2) “A :fiearly horliofltal port I“on’

at the rlghtj wb.i.ch corresponds to @high energy-absorbi’ng”

oapaotty. ‘{3): A nee.??ly ,ver.tical, “transltlon pcmtion “tionneoting

(1) and (2). The teate neaeasaryto define the three part~

of thl.wtl+agr’am’ for 12-ln~ and72-in. p~ates of’ rimmed-steel E

aa-rolled’~.’ -k$llea”teelel ‘D ati-rolled, and ’”killed-steel

nomallzeda wll%he made under’’tlie pre8en’t contract,

Coneiclerable work has already been ‘done’to

D
,,..

.,

establish

.,.
the temperature energy-abeorblng capacity of 2h-t.n; “and

,, .:,,,,,.,,.. ,

kg-fn. plates mde of the~ee steels dkslgnated ‘above but ‘‘”
.. ‘::>‘.::

time will not permit the completion of th$s work.’”’ It’ie
.“;,“,’,’

...,,:,,, :. ; ,.!. ?,..,

desltlable’that the neoessary tests be made to compl;te the
,...

,,..,,, .:

temperature -energy-absortiln g”cdrv;e For 2~-’ln. an~’%%ln.

.. . ,.

platee of the three klnde of steelt rimmed-steel ‘; aa’’kollid,

killed-steel D se-rolled, and. killed-steel

. .

D normalizefi,

4.

...,.

.I’;;



The mem~ers of

tho experimental work

followsl
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-J3QAMQWU@M21L

the englneer$ng staffj who aided in

in this progress Report, were as

W. F. Lytle

W, J* Craig

J* s. Dobrovolny

J- L. Burke
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FIG. 1.

72-lN. smcIMEN IN 3 000 000-15. TE9TING MACHIWJ.
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(N. gtre~~)

(40 000 pel.)

(41 ,gO(] psi.)

Specimen 3-3

Temperature 16°

Cleavage Fracture

Average Stress on Net SectIon

at Maximum Load 42 $00 PSI.

(41+ (-)0[)PSI..)

Specimen T-2’

Temperature ?3°F.

Shear Fracture ~~lth
Slight Cleavage

Average Stress on Net Section

at Maximum Load 46 ;OO pal.

DISTORTION AT END OF

24-IN. KILLED-STEEL

STRESS ON

FIG. 21.

JEWELERtS-SAW CUT STRESS-RAISER.

D NORMALIZED PLATES, L,m - 0.25

NET SECTION INDICATED.
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Jeweler’s-saw Cut
Klllefl-gteel

Average Stress on Net

Weet

(43 goo psi.)

Eant

000 psi.) East

000 psi.) East

Stress-Raiser, SDeclmen 3-2

D ‘ormallzed at 33° F.

Section at, Maximum Loti 46 300 psi.

East

(44 800 psi.)

Eaet
(45 000 psi.) (44 600 PsI. after

max. loi.d of 45 400 ~s~.)

l/4-In. Diameter Drill-Hole Stress-Raiser, Specimen 22A-9
Rimmed-Steel E As-Rolled at g30 F. to 950 F.

Average Stress on Net Section at Maximum Load
45 400 pal.

FIG, 22.

pROpO;~;;N OF CR~K AT ENDS OF STRESS-RAISER.

L/i .- 0.~5
STRE~S ~~AT~~”SECTIO INJICAT~D.
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YIG. 23.

24-IN. SPECIMEN IN 600 000-LE. TESTING MACHIh!E.
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Average ~tress at Failure. In %lltng ~~te: 2g 300 psi.

(Temperature lf@ F.)

FIG. 24.

SOUTH ELEVATION OF 24-IN. X 7/&IN* SEMI-KILLED STEEL

PULLING- PLATE ~ SPECIMEN 13-9.
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12

view AA of Fig. .?Y ~~owing Section B-B

used for micro-examination aildhardness
surveys. Fracture is along bottom edge,
shesred edge of plate faces reader.
Original magnification2%X.

SectionB-B. Polished surface etched
with 5$ Ni.tal. The fracture is along
bottom edge, sheared edge at right side
which appears white. Locabion of hard-
ness surveys showriby arrows. Original
magnification 2$x.

Photographs reduced 1/4 in reproduction.

view C-C of Fig. 2? before Section B-B
Wss cut. The fracture surface faces
reader, sheared edge is at left side.
Original magnification2XX.J?

Vickershardnessgradientfrom shearededge
to base plate along
approx.~ inch from

Fig.

line 1 of Section
fracture.

26 Lkicrographa

B-B- Vickers hardness gradientfrom fracture
to base plate along line 2 of Section B-B
approx. ~ inch from sheared edge.

and HardrMss Surveys of Fractured pulling Plate.
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Photographs reduced 1/4 in reprodwtion-

SIg.27,. l’~licrostructwesof regions in Section B-B which showed plastic
deformation and cracks at the junction of sheared edge and base metal..
Original magnification 100x.
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, - APPENDI,XA. ‘“
EXnRIMEN’i’iiL ;JU A’FiOM WIDE PL&E TESTS.

,, ,,.4. +
‘ABSTRACT’ ‘“ “’ ‘. “ ‘

,., -
Exp6rtmental data from the wide’plate tes$~ ~escrib’ed

,,..
,.

in this report &e given in ttiefollowing.pages,” : ‘ ‘“
... . II- - * - ‘.--,- - - - - - - -,- --- - - -’-’.-- d-- b-.-,- --

.’ DESCRIPTION

.<.,. .,.’, All;of the spe,citiens$athe

OF SPECIMENS, I f ‘
.—

te.sts’’ofwhich tie described

; /’./

;,., RELATTON BETWEEN LOAD ANQ AVERAGE
!,, ..... -— —
,. EWWTIW $ .&jG&E ~~GTH Win/4 w,—... ... ... .-. ..,,

,! ‘The’’relationbetweeritotalload and’~vdbage’felongation

on a gag~len&li’equal’to three~quarters of.%hewidth ‘bf’.the

dtirveIs”the energy absorbed by the specimens: ‘ r “’
,.,.,, .,, !, .,

STRAIN DISTK!3UTION AGROSS

PLATE ON GAGE LENGTH EQ~~ 3/4 w,—.——... ,$
,, .,. .’ . The ’str&i~distribution across the plate as’measured

bytieclianical.strain gb.gesotia g~ge’length’equal to’thr&-

quarters of the actual width of th&spetiiri6nsis show’n:’’~ri”

Figures 31tato 66Q, Inclustve, for the tests described in

this report.
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STRAIN DISTRIBUTION AOROSS
- ~ .-.

PLATE FROM ELECTRIC!STRmN. G~G~Sq ~~
- ,.* ~~

Figures6Ta to gga$ inc~uqive $.for.the.testsde’scribedin thj,a’

Zwport<i““~~1’f3~eCtriC$traingages had ~’gag~’lengthof ‘“”,, ,,

13/16~.in.,except ~ne”~age.of’,1~~.in.ga@ length located next

to~.ther.stress-raleeroh‘240in~specimens,
StrAin readings

with ~k~ Electric.strain gn~es ‘fiQret&efi only in the ‘el~stic“

,.,+ ,... . . .. .

.,The thickness-and prof~le ‘of {he p~a~e at“’thefractured

..,’,: .,edge 3$ ~howriin Fi@res 133a’to”166d, inclus~ve~for the ‘

-. ,, ., ,., ,,.,., ) ‘~; ‘w:..,., “’ . j ,:z ~: .,,,-: 7 ,.
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!, +BSTRACT ,

Coupon tests of the.steels u~ed-in this,3.nvestiga-

tton have been made as “follows:
t

1~ Tensile coupon tests from .qll,pl.qtes ,

..,. at room t,emperat.ure.

., 20 V-notch impact tests at

tures from one plate ot

. :,,..,.and addltionnlte,sts of

deemed necessary.

.,.

various ternper.a-

~ach ktnd of,,steel,

other ‘plateswhqrre ~,

W9ri& tear.tests at ‘various temperatures,3* ,. . ,“, ,.
from Killed=Steel D As-Rolled’,“Killei~S~eel

D i~or’malized$~andRj.mmed-Ste@lE.As~RoLled.
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lb.

MECHANICAL PROPEZYPIESOF MATERIALS,

TENSILE COUPON TEST 8c

Tensile coupons were taken from each plate used in this

investigation for the purpose of determining the mechanical

properties of the material. Duplicate tests were made of

l~in, x 3/4-in. A.S.T.M, standard flat tensile coupons in

the direction of rolling a~d 0,~05-1.n.diameter A.S.T,M.

standard”roundtensile coupons both parallel and’normal to.
i ..

the direction of rolling. The results of these tests are
!,.

qhown In Tables ~b and lIb. The mill chemical analyses of

these various steels are give~ in Table IIIb.., ., ,
. .

V-NOTCH IMPAGT TESTS OF KILLED-STEELS F AND G.—— —.
!..

9.” ‘. .4-.

1, ~ o- The re’lationbetween energy~and,

temperature as given by V-notch impact tests was determined

for Steels F and G. !llhetensile properties for these two

steels are given In Table IIb and their mill chemical analyses

in Table IIIb.

2. procedure:- All specimens were cut in the direc-

tion of rolling of the plate with the notch normal to the

rolled surface. The same procedure was employed in making

these tests to determine the energy-temperaturecurve as is

described In detail on page lb of Appendix B of the Final Report,

OSRDNo, 6457, serial No* L614, January 15, 1946,

—



2b.
TABLE Ibt

MECHANICAL PROPERTIES OF MA!TERIALO*

Standard A.S,T,M. Uj-in.”x 3/!-in, Flat Tensile
Coupons Testedi.n Direction of Rolling. ,..,

=E==s=======m=a8#a=*q===Z==z=q===zs=S=s===as-s.--.zzUsz=a=m===%j==n----
PLATE ‘STRENGTH, ELONGA- REDUC. CHARti IMPACT ‘VALUEIN
No. Uer SqQil10 TION IN TION OF FT. LBS. FOR STANDARD

,ULTIM.ATE YIELD ~ In, AREA, V-NOTCH SPECIMEN FOR
... , POINT percent Percent ‘TEMPERATUREOF “’”

-40 0 +40 +go +110--------------------------------------------------------------__---,
. RXMMED-STEEL E AS-ROLLED

17 52 ~(j):’30l~o 31,9 5;.1.“. -30000” T1.g
‘+, 56 250 30o?5 31*9 56:3.,
.’/

,,

KILLED- STEEL D JM%ROLLED
. ljB 65 020 ~ 29,6

65800’39000
59.2 4729.2 55.6 .,

Av. 65 410 29.4 57.4

ld 6 ‘ 500 39 000 31,2,- 5&7
6?700 39 100 27.2 5&2 51

& 65 100 3,9050,. .29.2 5ff,5’:

KILLED. STEEL D NORMAL1ZED

.

w 60 700 34400
60700 34700

g{f .~~”,.g.

&Vo 60700 34 550 35:7. “. 60:1

l~:A 59 500 34 gtiO““’”’32;( “’’”’,61.4” I
. !59 500 35 000 32.3 61.3 ,:

Av. 59 w ,34 900 32*4 .61.4
.

KILLED- STEEL F AS-ROLLED
f., .

‘..

A 61000 33 650 30..f$ 62,4 23 53 ~3 log 115
60500 34450. 30.3 62.k

At, 60750 34050 30.6, 62.4..------------------------------------..,-------------------------------..
*Mechanical properties of plat”esnot included in this Table
am given in Table 1,

H
age.lba of Appe@iix ii of .th@ Final

Report, OSRD No, 6+57, o. ~-61.4,”January 15, :946-
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PLAT$ ROLLING sTmG9?ii’,,’“*., ELONGti “’‘ REDUCTION
NO, ,DIRECTIOlt’ lb. per.$qq.in: ‘ ‘“T:OIJnI~ OF AREAw

..... ultimate -‘“”-yield
‘ Polfi$ ‘perce;t” Percent

-----------~--.---’-P..--*~*.4,.----“-4”+--”------------------------
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.

AV..,
20. .,‘ ‘

AVe-.t
20A .....

Ay,”.;’

20A”

22 ‘.’

Avg.:

22 ‘%’
.’

AV.”

w.

23

AV,,

4

:

N
N

‘P
P

1!

.,

P
P

1!

P
P

N
N

P
P

N

,
. 60 9oo- 33’00 3.5

,?, - 2 2
9.5

60 ~00 “33 00 3 .5 ?.2

60700 33400 35.0 ‘“ 60s9
., 61 500 3f.: 56.3

61 100 y$,c)
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. 6 000 ~~ j;: 60.6
6? 500

3 ●5
?3,*5 56.5

u 800 ,35900 35.0 5%6
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. .64”600 : ’35 200.“ 3303 54+2
*.

., ;~ ;;; .36200 34.0 57.8*. ~38600 .33*5 55A
66 Joo ‘‘37’’400 ~‘jj:tf—-”” ‘56.8

‘ 66 Loo
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37 lQO 30~Q ‘
Z

:0
36 200 30.5 “..3

, “ 66200 36 700 30,3 53*7

609c)0
60700 $

3 900 35.0 “’
3 000 37.0

60.0
57”;8

. 60 f500 34 ObO ’36,0 51M

;; ;:; 34 200 30.5 5 ●7
34”200 36.5 25,2

61 100 y 200 33*5 55,0
.,

64600 3410Q’ 33.0 5$,“~
65 000 ,31600- 31.5 5592
64 Efoo 32 900 32,3 55.*5

65200 -Y4600 32.5 5?.,8
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Jb.
Table IIbo”(dontd)

Mechanical properties of Matetiial,
------- -?----- -.-----, --------------- ---------------------- ---------
$------.., -------------- -------------------- ----

PLATE RWJLING
---------------.*-------
ELONGA.- REDUCJTION

NO* .DIREQTION
‘;O~n$~“’“‘:“~F-~$$w...

.$* .>J .../...

.. . . .,’:“,,po~~~ Per~ej~ ‘~e~~ent .--’-....---..0-”-------------.U*-AW+&&.zq.-+*’-&&----------------------,.,
., KILLED+TEEL- ~ llORMALIZED+’.. ...,,. ......... ... ,,,,, ,. . .

A~ :

3,,:’;:““--;“ ‘

*.:
+“ F’.. ... .,., .,. ..

.’. . P
AVe
5,-“,’: ;
...:””’<’”

5A. ,
r, .:

Av# “’5““
5A. N

,. N
AV’”● ..,.-...*.*-,*

AV.,~:

ii ““”“ ‘“N“ ““
N

A~;
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Av;

lJ”. P
* P

15 N
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Av,

15A P

15A
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. 6b
Table IIb (Contd)

.,

Mechanical properties of Matertals ,.
==szas=s========--,._. --!---= ~=---- ------- ----
PLATE ~OLLING

--------------~==------------ ------ -----~ ====-- ------ -
STRENGTH,

------- ---

No. ELONGA- REDuC!TION” “DIRECTION “ TION IN ~or WAREA~-..

-Pcl~~t
2 Zn,
Per~~nt Percent-------------------------------------------------

......-.-y.------

5

AV.

5

AV,

17.“

AV,

17

Av●

17A

Av●

17A

AV.

17B

AV,

17B

AV●

KILLED AS-ROLLED STEEL 1)

. .65 600
656500

3t3400
37 ~oo

3~.; 64.5
63,0 ,..

5 00~ 34:0 63.~
64“600
64 200

38 m: 36.5 60,0
61.4

64 kOO 37 600 >4:j 6007 ,z.
67 500 42 300
6g 2(IO - 39$100 35*~ 58.9

67 900
35.8- -@2 ...._..<.e.<...

41 100
67 300

35,tl
40 000

59*7

67 700 39 700
33.21
37.0

55.6

67 500
57,2

39 900 35.4 56A

6g200
67 500

3t?900
39 600

37*5 63.5
35.~ 63,5

67 900 39400 36.7 63.5
67 500 40 1(30
67 100 42 200

33*5 56.~
67300

35*5 57.~
41 200 34.5 57*3

6 700
62 gOO

4-0600
42 800

3;,5 63.6
62.5

G6300 41700 33:5 63.1

?
~ mo 33*5 56,2gi:% ~ ,g(,)()2 700 29.o

66~oo
56,7

31.3 56.5~
66200

to,00
9 600 36.5 60.8
4CJ100

.
35*$ 6:,6

1~ 66500 42500
65900 39600 35’.5 56.6

35*5 59.8
AV, 66200 41100 35*5 5~.2--------------.+-------------------------------------------_”----

—
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Table IZb
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Properties of
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Materi.al,,t
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PLATE ROLLINtl ~~~STRENGTHg ELQNGA- REDLJGTION
NO, I DIRECTtON lb, per sq. in, ~1~~ TN OF AREA.. . .

~ltlmate Yield
P

Point Pert~nt Percent
--------------------------------------------~---------------------

4

.’

A“
‘.’

Ave..

A,

Av. .
- - -“-

.,
,,

B’

Av.

Av,

P “
P,

P ‘,
‘P

N,
N;

KILLED-STEEL F AS-ROLLED.

6i 300 34 t?oo 36.5 62,9
60 goo 36 boo 37*5 67.5

6~ 100 35 700 36.0 65,7

60 600 34””ooo 34.0
70600

5795
35 600 34.5 5ff*5 .._

65 600 34 goo 34.3 58.0 ;,
----- ----- ----- -’ ----- *

KILLED-STEEL G &3-ROLLEI),

75 7o0 42 ~(lo ,.34,0 59.2,
72 400 42 900 3*O 62. ~1
74100 42 TOO 33*5

. .

72 400 44 mo 3?.0 51,1 ,
72 100 43200 30.0 52.7, .. .
72 300 44000 30.0 51.9

.,,.,.
. . .

. .’,.,

; ,“.

!

,.

,.

i ..-
;.’.

.

.,
..

‘, .,.
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1 ,..
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.
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.,- GmiICq ANALYSESOF tiLtiE“STEELS-———
ABSTRACT‘OF MILL REPORTS. ~ I

~, ,.,
uGamuEus*ese=EsSS5aEwi=0=mz==’=ntEm=a =U==”*=-====M= ============= -=======

KIND OF STEEL - CHEMICAL ANALYSIS
:“

C& Mn SI P’ s Cu Sn,,..,---------’4:---=:-’-+----*---.-.-+-.-----------------4---------.--”....--..4--”-----

Rirmaed=Stee,lE.
0!23As-Rolled ,, 0039 0.008. 0.019 o*oy 0.19,...,...,

Ki~led_SteelD
Asa~ol~&~ O*I8 0,55 0,23 (),()15’“0.028 0,20

.,
:,!.,,W .,, .:... . ..’

~illed-steel F
As-Rolled ‘“ 6,15di0410,f32’0;’17 0.014 0.030 “ 0,016

., .. . ,,. ‘.,,,
Kllled_st~el(J “ ‘

As-Rolled , .:0,2.0..0+045 0J36 ‘0;19 ~0i020 ‘Oi@ti ● 0.012
# 7,<,.,,3:,, .....,.,. ,.,,, +.

., ... ,
,....,,..,.,.:,,,--u----4b7_m,--“--------,----------“q-e----------------+-4..._-.&----—-

,,, . HEAT TREATMENT‘OFNORMALIZEDST’EE@.“ “J”‘“~’”’~“. —— .
.......“ Kllled~~teeiD’nor~ali’zedwas nor~ai”i~~d~~i’~~{’‘“””“

. ....-.,,,,+,,,,,,..
rolling mill at a temperature “of1~50 degrees “’~;

,-
The ~engt-h’
.,. .’.,.

of time at the’‘normalizingtempebdtur’e3.snot known”.““
..

.,,.. . -,.,:.,:
Rimmed-steel E normalize~’was normalized ‘atthe

!, ..,..,.,
University’qf Illinois. It was held at a temperature of

.,,. ...,,,,:,
1650’degrees I?gfor one hour and then cooled in still a~r.

. . . —
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3c Q&W obtaine&&.= The Impact values obtained at
?,..... ....

the various temperat~res.~e given in $ab~? $vb* The curves... ... .. ...,.. .+.’.,.,.,:” ,.”
of Figs. lbt 2b~ jb$’a;;d.jb t3h0~w:,jiii $j@ct-tmperature

,,.

curvesfor Steels F and G+ In Figs. lb and 2b the t~ee ,,.,”. ,. .... ....
. . .. .

curves “g~iveri for Steels F and G show the maximum,
,..,.

average, .,..., .,......’
and minimum .V~notchimpact,vqJue’s. In’Fig.”~b the averag?

V-notch impact values for Steels F and G are compq~e~.,,with
..,. .. , .’

the aieragb k~yhole-notch ifipact+alues for”~he same ste:ls~

as r,oportedby S..Epstetn,.ofthe Bethlehem Steel Cornpa~y.!,.,..,. .,.

In Fig. 4b the averago lfqio~ch ~rn~act Values for steels F

and G are ,comparedwith the V-notch.impact:values for the’
. . .. . .‘.,’ .:.”,

rimmed and killed steels previously reported~

: , ,. .., 4* .-~~q am xtaad;.7*i.i@~c jm~w:”’’”’-$;:”....

Figure 5b 3.sa photograph of the fracture surfaces typical

,. of the.~~pact specimens of killed-steel F. The .$rwtur~......

surfaces sh,ownare for :?rangq:,,oftemperature of 110 degrees
, ...‘. ,“-.,. .... ...... .

F, to,.-100degr~es,F, TWQ ~pscimeos ‘areshoWQ,for the frac-,.’.. ,, ., “...- ..

tures,.jat.70d,egrees,F. sinqe tw? of thy,fqur specimens tested..., ,.
. . ...4 .’ - ), :

had a slightly,lower Impact value an$l,q.l~lrgerarea Of crys-
,., ,,. ,,,,, ...

talline fracture,.thanthe,other two speclmeqs $’rcxnthe oppo-
:. ...’ .,.,

site surface of the plate, The fracture for ~ne,spe,cimen-,.,: ,>,.- .. 7.. ‘.’‘.,””

broken at 70 de$rees F.t,shown?t the left,side Zn F+g,i,5~$,,.,.‘.. ., ..’.

is ;ypical of the two specimens which had the lower Impact

value~ Specimens 3 and 4, shown in Table IVb. Mlcro-

examinationof a polishedand etched cross-~ectl.onof the

plate revealedno distinguishabledifferencein microstructure

of either side of the plate, A Rockwell B hardness test
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TABLE ~Vb.

IMPACT-ENERGY IN FOOT-POUNDS ABSORBED IN FRACTURJ3o~

STANDARD V-NOTCH SPECIl@NS OF KILLED-STEELS F AND G,
i>,

KILLED-STEEL F AS-ROLL~, :

------ -, ------- -q----. ------------- ------ ------ ------ ------- -------- -------

4,9 6.2 32.4* 50.23 %<.,: 56.8

4 ‘4.7 14.1 2~.5 69.3* 85.5*

lil.5 116.5 io6.0-llo.o’$94.~

113.0 114,5’106.o 103,5 $)g.o

‘91.8* 115.5 116.0 107.0101.2

99,5 115.5 lo~oo 111.*2.101.2
,,.

,. ’.,, ‘,
,. .,. . .

Av ● 5.2 9.3“23.166.4 79.52.03sS:115.5109.0107.9,9~,9

,.. ,.
.,

.*, ,.,, , .,, ,,
,,. ,

KILLED-STEEL G A$-ROLLdd ‘“ “ ‘:; “ - *
-------- --.--%-4 ------------------- --?------- --------- --------------------------------------------- ---m!.q-.- ---------- -.---..-” ------- --..M-,*&”,- -y~+.-.- -.---9

SPEC. TEMPERATURE IN ‘F. ““”‘“ “ “ ““
NO. -100 ~60 -40 0 0 32 70. :,120....:200

------4. .---- +-- ------------------------ ----...-- ---...--- . ------- ------------

1 3.7 5.1 11.0 24.7 49.i 73*5*’ ‘&&;&“ g&5 f,,:’,,”

2 4.9 6.9 7,6
,,.,

1306 29*2! 70.6~ ?l.O’”
:g5bi ;,4

,!
39e2dt 54.@ 94.#

+6. ,,:
3 ..3:5’ 5?7 , W, 2400* ~~~ , ,. . j,> .,,,

4 3.g. 3,.4. 12,.6 1~.4 66.0* 94,@65*O ~ ,:,.!700.’,,

Avj 4.0 “5*3 g.~ “20.2 ‘ 45.g- 66,2. 92;7 g9~9

* Denotes specimen which was not completelybroken I
after impact test.

Specimens L and 2 were reaoved from the rolled plate surface
opposite the rolled surface from whicl”$Specitians’3 a@,Y~
were removed,

b.. ” ,,,,., .’,,,,, ,{>...,, ,,,.,’,,;,,’”,!!,:



llb,
r

showed the side of the plate for ““:hichthe impact test values
... ..,

to have -aon~-poi~~t~igher Rockwell B h~rdnesswerk’iower~
A

thin the opfiositeaide. ‘
.,

. . . .,.

F’ig”ure6b is a ph~’togr~phof the frac”ture’,@rfaces ,
..

typical of the impact specimens of killed-steel Go ~The fra~-

ttir’efiurf%ces”shown are’ for a range of tempe’rature’of200
,,,.

degrees F,’to -’100degrees F. ‘

. A ‘microtiexaminationwad made dt 2C)0X of t~e fracture

s@+faces’”shown*inFigs. ~b &d 6b. The restiltsof the exarni-

nat”l’unare given In the statemt?ntthat some part of the frac~.. ,,. ,. ,
ture surf’acefor specimensof ‘killed-steelsF and G hhowed

.,
cleavage fracture when tested in impact at temperatures of

70 degrees F, or lower. Impact test specimens broken at

higher temperature’s;110 degrees F. and higher for ki,lled-.... . . ... ,. ..... , .. . . . .. . ..

steel F wid 120 degrees ’Fohnd higher for killed-steel G .,. ,J-.
... .~howe~,notrace of cleavage on the fracture ~urface. .., .,

Upbn completing the micro-emminat’ion of the im~a~~t ‘

fracture %urfaces~~ei’polishedand etched s,urfaceW+S pr~p~red.

by ,cutting.thefrtic.turedImpact specimens ,shownin.Figsi,5b j

an~’~b on a -horizontalplane perpendicular.to the .pland’a“f

,,.. the-papefi’ahd-tmotighthe’’center”ofthe spec~rnerio””’-””~’-$~~rn~-
.,,

nation at 4“00X sho”wedcleavage cr”acksin the ferrite gr’sins’., . ,. ,,, ..

of the specimen of killed-steel F broken at 32 degrees F. The,,
specimen of killed-ste~l F broken at O .degrees.F,,.how,ed

cleavage craoks and twins In the ferrite. The examination of
-.... ..

specimens of killed-s~eel’G showed cleavage cracks in:the

specimen broken at 70 degrees F. and both cleavage cracks and

twins In the snecimen broken at 32 degrees F,



as to transition temperatures for killed-steels F and G is

given in their respective impact-temperature curves in

Figst lb and’2bq Zf the transition temperature Is defined

as the temperature at which the impact v,alue,.%s,.10ft.lbs.t

then for killed-steel F the transition temperature is approx-

imately -60 degrees F, and for killed-steelG it is approx-

imateely -10 degrees F.. ., ~

The micro-examination of the fractured impact specimens

indicated that some parts of the Specimens of the two steels
* ..-

had a cleavage fracture when broken at or below 70 degrees ’F.
,,

(room temperature). At the hi,ghertesting temperatures of
,.

110 degrees F. for killed-steel F and 120 degrees F* for

killed-steel G’,there was no evld;nce of cl~avage on the.. .‘..
It is Pr’obablethat at some temperature

.
fracture surface,,., !, .

between 70 degrees F, and approximately 110 degrees F. and.,., .,

at higher temperatures the V-notch specimens fractured with
‘.,,

100 percent shear deformation, If ‘the transition temperature
,,

Is defined as,the highest

in any part of the Impact

atures for the two steels
,.’

.. .

temperature at which cleavage occurs.4,.,,’:, ..,.,, ,.. .“!
specimen then the transition temper-

,,.. ,’;;.,’.
lies between 70 degre~s Fv ‘~nd’

,. ;,. /...,.’
some higher temperature which is below 310 degrees F, or

,.. ,,..,,

120 degre’esF. for killed-steels F and GJ respect~vely,
,: . ..,:.,..

This is indicated al~o”by the considerable spread;”~hichstill
.“,..:;,.,,.. ,,,:,,. ,L.

remains at 70 degrees F. between the minimum ~d maxtmum
,,.! .. .,“.”.;,::-“’: ,., .

impcict curves for the two steels in Figs. lb and 2b, A rough1,..’ f,---;,-.. ,,.‘..
estimation of the m?eq of the impact $rncture surface repre-

sented by the shiny cleavage facets in specimens broken at



‘TO degrees l?o~ showed 10 percent .tolb “per.ce”n% for the

kil~ed-steel F, and 35 pi?rcentto~50 percentfoi”klll~d-steel

G. However,”“thehigh impactvalues for the ~wo steelsat

70 degrees F. shows that the simultaneouslyoqcurring”shqar

deformation fiaslargei ‘“’” ‘

.. .. . ‘;”’.

,.,. ,... . ... !
.1

MERIAM TEAR TESTS* ;—. —
,. ..e, .,.,.,

A specimen of the type described on page 15 of the,-, .

Final ~eport, NDRC Research Project NRC-92, ?S~ No. 6387j . ,.’i..
Serial No. M-607.1 ‘tCleavageFracture of Ship Plate as Influv,.

enced by ~esign and Metallurgical Factors ~NS-336), part 1,

Hatch Coiner Specimen Tests)’t dated December 4: 19451 ,,was,
-., L,

made from killed-steel D as-rolled$ killed-steel D normalized.. .;A..
and rimmed-ste~l E as-rolled for the purpo6e’of studying w~th

.“ : ., ., ,,

a simple specimen$ the change tn.the nature of the fracture., .!.’, :,.-’ ,., .,,.. . . :..
w~t~ change in tf?mper~turt3. Thts ~pecim$n is shown ln,F~g...lbo
1, ., .,. . . : ,, ., .

The s~~c~me~$ Were,,,rnpunted, directl~. in the. @tPp., OF ‘“,,., ,,..... . ,.

thq t~s.tingmachine. The,tempfir~ture,.foreach test w?s,kppt,.,,. ., ‘!,,,..,’

const,a,ntand,the nature of the fracture noted~ Dif,fe~ent.,.
. . ,’.

tests were mqd,eat differ~nt temperatures, starting with a,,’:0 “.. .. > ,.

temperature .whlch.produoedQ full cleavage fractu?’efan!.. . ..,.
increasing In steps to & higher temperature, which produced

a full,f+,earfracture, A comparison of the results of these
... “i ,,,

tests with .theresults of the wide plate tests~ havtng a..,,. ●-1,,:,,,

Jeweler$s-saw cut stress-raiscr~,~.~s.shown in FU$,,O~~~, ,
... ....’...,.-,,:,’,-.;,.’:’ .. .

1, . . . . !,,. , .’ “’:.,. ,-;y~s,. .:::7 ., ‘,, .. .,.. .,



ub .

An examination of Fig, gb will indicate for both the

wide plate tests with a jewelerls-saw cut stress-raiser and

the Meriam tear test that there is a temperature band in

which the nature of the fracture is one of mixed cleavage

and shear. Above or below this temperature ‘bandthe fracture

1s wholly of one type,cleavage Or shear. Not sufficient

wide plate tests have been made so that the upper and lower

limits of this temperature bands in which fractur~s of mixed

cleavage and shear appearj may be d~termined as closely as a

few degrees. On the basj,sof the number of tests made, it

appears that the Meriam tear test determines a narrower

temperature band of mixed fractures than does the wide plate
,,

test with the jewelerls-saw cut stress-raiser. However,

the narrower temperature band of mixed fractures determined

by the Mer$am tear test does fall within the same band

determined by the wide plate tests,







I7b

FIG. ~b

FRACTURE SURFACES OF KILLED-STEEL F SPECIMENS

Top to bottom fracture temperatures:

Slo”, 70~, 32°, -40°, -600, and. -100° F.
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FzG. 6b

!?RACTIJRE SURFACES OF KILLED-STEEL G SPECI!!ENS

~Ci7 to bottom fl?aC~il~~ temperatures:.
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0.125j 0.25j 0.33, 0.50, and0.75fortwoseriesof tests.Forallotherseries
L/Wwasequalto 0.2’j.Theplatesweretestedat temperaturesrangingfrom-73
to 141°F. The elongationat all loadsof thewideplatesat midlengthwas
reasuredby mechanicalgaugeson a gagelengthequalto 3/4of thegrosswidth
of theplate.The elasticandearlyplasticstrainsin theplateat midlength
werexreasuredwkthelectricstraingageshavinga 13/16”gagelength;theplastic 1
strainin thesamsregionwasmeasuredwithmechanicalgagesof +1 and 1“ gage
lengthsat loadsup to the initial fracture. AllStarins were measured on both
sides of the plate. After failure, the thickaess of the plate adjacent to the
fracture was measured with micrometer calipers and the mode of fracture, percent-
age of shear and cleavage in the fracture was determined. The tests were planned I
to determine:
(1) The relative energy absorbing capacity and strength of plates of the four

kinds of steel.
(2) The relation between the width of the @lates and their strength and energy

absorbing capacity.

(3) me relation between the teml?eratureof the.~latesandtheirstrengthand
energyabsorbingcapacity.

(A)The relationbetween the value of L/W and the strength ~d energy absorbing
capacity of the plates.

(5) me @ffect of the type of strew raiser upon the strength and energy
absorbing capacity of rimmed steel @lates

(6) The correlation of V-notch impact test and the wide palte test with the
jewleer’s saw cut type of stress raiser.

There were a total of 61 wide plates tested. There were also two identical plate
failures, not planned but of considerable importance, that have been included in
this report. The detatls of the results are given in Appendix A. The results are
discussed on pages 8 to 25, and the conclusions are given on pages 26 to 28.


