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ABSTHACT

Th&s report aupplementa the Final Report, ¢ OSRD No., 6U57,

[~ .Y

.Serial No, M-61k, "Cle"vage Frasture of Ship Pl ates ag Influ~-
encea by Size Effect,” (N8b33 ), dated Japuary 15, l9h6

g 1e & Progress Report of tesgts made eubsequent to that date

..‘.:.under ‘the direction of the Bureau of smps U. s/ Navy Depar‘_a-

ment. .
| The report contains a description of teete made to
kdetermine why ship plates crack in service, The tests were
based upon ‘the hypothesis that the eraoks begin at points where

.there,are eevere geometrical stress—raieere and that the ten-

ca tn nhnn'&r "o
CE Wi 430

dency for ¢ 4 1uer

the plat
“ricalicharacterietics, with an increase in the notch-sensitivity
- of the steel, o - | R
o Platee wlth nominal widthe of TB 48, 24 ana 12 1nchee
were tested. The 72-1n., Hsnin., and 12=1n. platee were made
of three kinde of eteel,‘ rimmed—eteel E ae-rolled killed;
steel D ae-rolled and killed~stee1 D normalized The ohin,
'platee were made of four kinds of eteel, rimmed-eteel E aa—a
‘rolled killed~stee1 D aewrolled killed-stoel D normalized,
and a low-oarbon 11led-stesl F ag~rolled,
All piates of eech klnd ef gteel were from theneeﬁe‘heat..rTeete
of both flat and round coupone were made to determine the ulti-
mate strength, yield point, elon&ation, and reduction of area,
Impact values, determined by teats of standard anotch speci~
mens, were obtained for all steels throughout the temperature

range covered by the testa of the wide nlatee.

1",‘ —-y
t . T

Y

-




The standard siress-~ralger, which was centrally located
An the plate, was a trangverse slot 1/2 in, wide with a
hacksaw cut at each end which terminated in a Jeweler g-saw cut
1/8 1n. 1ong, For a few ppecimens, the hacksaw cut termi-
.nateé iﬁ_a.Nb. 47 arill—ﬁole. For a few others, 1t terminated
[ Lang i 01 Bf.resa—ralsgr)

in a_1/4~;p..;dr111-hole. ~ The w; ratio YUTUAdth of plate

had values of 0.125, 0.25, 0.33, 0;50, and 0,75 for two geries

of tests, - For all other #series, *% was equal to 0.25., The

plates were tested at temperatures ranging from -73 to 141

. . dogrees F,

. -The .elongation at all loads of the wide plates at mid=
.length was measured by mechanical gages on & gage length equal
.:to 3/4 of the gross width of the .plate, . The elastie and early
plastic strains in the plate at mid-length were measured with
eleetric strain gages having ‘a8 13/16~-4in, gage 1ength-i
plastlc strain in the same¢ region was measured with mechanical
gagos of 1/4-in, and 1-in, gage lengths at loads up to the

ind3lal Fracture, - All strains were measured on both sides' of

ad ja

to the fracture was measured with micrometer calipers' and. the
mede of fracture, percentage of shear and cleavage in the
fracture, was determined, |
The ftests were planned to_determine:
o {1) The relative energysabsorbing capacity and -
g?rength-qf plates of the four kinde of éteei;

(2) The relation between the width of thé plates

and thelr atrength and energy-absdorbing capaeity,




(3) The relation between the temperature of the
plates and their strength and energy-absorbing capacity,

(4) The relation between the value of % and the
strength and energy-absorbing capaclity of the plates,

(5) The effect of the type of stress-raiser upon
the strength and energy-absorbing capaclty of rimmed-steel
plates,

" (6) The correlation of the V-notch impaet test and
the wide plate test with the jJeweler's-saw cut type of strese-
raiser; |

There was a total of 61 wide plates tested, Thers
were also two incidental plate failures, not planned but of
conslderable interest, that have been included in this reporst,
The details of the results are given in Appendix A, The
results are dlscussed on pagss ¢ to 25, and the conclusions

are given on pages 26 %a g,
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INTRODUCTION

wrey i
WL

to determ
cleavage fractures in ship plates, Because ship plates are '
much wider” than-plates that can be tested 1nid tesfin% machine,
teats were mdde on plates with nominal widthé of 72 in;; 4g in,,
2l in,, -ahd 42 in,, 4in order to obtain information on which
to base extrapolations that might indicate the behavior of .
wider'plates. The information obtalned relative %o the beham
‘vidr of wide plates contalning severe stress=ralgers may be
‘&iﬁiééd'into‘four major divisions, as follows® - |
o A, The atatibfatréngth. e

'BL The'enérgy;abeoﬁbing capacity.
- ¢, The v-notbh'impactftestﬁas.an;inﬂi#ator‘or

T ghe performance of the wide piate‘test.

‘E.' The distribution of plaatic deformation_at the

ends of the stresg-ralser -prior to maximum load.

The standard stregs-raiser conslisted of a transverse
slot 1/2 in, wide with a hacksaw cut at each end which termi-
nated in a jeweler's-gsaw cut 1/8 in, long, and which had an
% ratio ( Siath Qfenl;gg ) of 0.25, This standard
gtregg-raiser was used f;r all except two serles, For one of
the latter, the influence of the W ratic was being studied and
five values of % were usged, For the other, the type ¢f strecss-
ralser was the variable belng studied, Detalls of the fhree

types of stress-ralsers are shown in Fig., 2, Th

nhe speclmens
for the latter two series were 24-in, rimmed-steel E as-rolled
platos, and the tests were made at two temperatures, =4O

and 90 degrees F, , L i R




o
In order to determine the relation between the-behavior
of the. wide plates and the mechanical:-properties of the.-.
material, teste were made ori both flat: and round qoupons-cut
“-ﬁpom.the‘wk@e.platee to determine the ultimate strength,
,..yield point, elongation, and the reduction of aresa, Likewise,
inpact tests were made at variocus temperatuyres on stgﬁ@ard
V-notch specimens cut. from some of the plates,
. The following steels were used in this investigation, -
. Rimmed~Steel as-rolled, designated as Steel E As-Rolled,
Killed-Steel .as-rolled, Gesignated as Steel D As-Rolled,
K1l1led-Stoel normalized, Resignated as Stecl D Normalized?
Killed~Steel. as-rolled, designated as Steel F As-Rolled.
_Iiu_leq,_-ateé;.,!,as-rollaa,_ deaignated as Steel ¢ As-Rolled,
The mechanical properties and chemical composition of

theap steels are given in Appendix B, .. .

e
L

o
s
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* The rormalizing ‘treatmeht’ Is déscribed “in Appendlx B,
rage &b,
e
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....3...-!' ]
__EXPERTMENTAL WORK..

1, Procedure. .
The procedure followed 1n the tests described 1n

thie report 1s described on pages 3 %o 9 of the Final Report,
OSRD No. 6457, Serial No. Mp614 “Gleavage Fracture of Ship
'Plates as Influenced by Size Effect " (NS_336) dated

+n -F' nanNn
w4 IoY O

Q<‘
\.al'l
[
W
4= .

complete description of fhe menner in which it was obtained,

are preeented on pages 13 to el, 1nclueive, of the Final Heport.
o | A TE—in. plate mounted in the testing maehine s

shown 1n the photograph of Fig. 1. Figure 2 glves the general

dimensions of the wide plate epecimene and the three typea of

etreee-raieere. The 1ocation of the electric gages, and of the

b P
ueo LW

CS’

gage poin or _
Four widthe of epecimene were teetedé 72, 48, 24 end ;2‘1nehes.
2., pata. - o
o The teats 1ncluded 1n this report and those 1n the
above report are 1isted in Tables I and 11, There were a
lerge number of tests and the amount of data obtained for each
wag 80 great that the whole is quite voluminous, and its pre-
sentation in a brief but understandable form is quite difficult,
The data included in this report are presented in the form of
tables and graphs that either accompany the discussion of the
resulte or are given in Appendix A of thls report, The ten-
sile properties and the impact values of the.plates are given
in Appendix B,

The terms used 1# presenting these data are defined

s follows:




o

b

The average strength of 'the wide plates was expressed
as the average stress on the net section cofréqundihg to the
maximhM'idad. The energy-absorbing capacity was taken as the
area under the 1oad-stra1n curve for a gage 1ength equal to ::
z /U of the gross width of the plate. Two values are reported. :
One is the energy absorbed up to the maximum 1oad, the other
‘15 thé energy abgorbed up t0 fallure.

¥

' The percentage of cleavage, single shear, and double o
-éhaar'givéﬁ“iﬂ Tables III, IV V, V, and VI were obtained ny
maciésbbpic examination of the fractured edges 6f the wide
plates, - A microscoplc examinétion would undoubtedly reveal

amall amounts of cleavage 1n shear fractures or of shear 1n'

-,.,r,.
[ - B

claavage fractures,
- ¢ Unless otherwise designuted " the' term, impact test,

'was used to mean the Gharpy type 1mpact test of a standard

V-notch specimen made in accordance with A.S. T M, Speoifica-

tiéns. "The energy abaorption 1n foot-pounda of this test'was
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TARLE I,
-DESQR;ggzém'QF-§PEgngu§;
§§£§§g:§94§szz,_égyglgzugzggw Cutia oo DM 20425 . .. ..
" S$PECIMEN TEMPER ATURE KIND OF STEEL . NOMINAL
- NO. ~ OF BTEEL . . | .« . WIDTH OF
WHEN TESTED, | SPECIMEN,
., Degrees F, . Lo _ In,
184-1 141 Rimmed~-Steel E As-Rolled ffr‘72
1347 110 L -
&= - T Th | _ . .
g}:.?-‘— :q- .— -.‘ - —3§ -n -,-. - - -- Ll L . I B - . wm
174-7 31 Ky1led~Steel D As-Rolled, =~ 72
Bel 15 -
}7:7— L R I R ) 9 ————— o T T T R I S
15=7 32 Killed~Steel D Normalized = 72
-1 15 _ . o
-7 . 0
14=7 - =38
13-1 , 123 . Rimmed-Steel E Ag-Rolled. . .48
 TEeg e 118 - , | ed .- "
22-7 gl
228-7 _ 38
17B=~7 L3 Ki1led~Steel D As-Rolled 4g
18-2 39 .
Ralt - 32 '
B R X - S -
154-1 42 Killed-Steel D Normalized hg
Bdm2 31 . e
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Table I,
(Gontinued
SPECIMEN TEMPERATURE KIND oF S’I‘EEL NOMINAL
e, * OF STEEL . WIDTH OF
WHEN TESTED, : : SPECTIMEN,
Degrees F, N ) In,

20413 111 Rimied-Steel E Ad-Rolled 2l

‘2043 89 |

- 22-9 86

?-0:9-‘ - oas e wm em - :3§ - e - M wm me we e ma O ww M b W e YR We e e

17B=6 37 K11led~Bteel D As~Rolled 2l

17B-U 30 :

1785 10 |
3wl %o Kilied-Steel D Normalized 24
3=2 33 | '

A2 32 K11led-Stoel F As-Rolled 24

g 7 , ~Asmnollec
A-3 4o

23-3B 109 Rimmed-Steel E As-Rolled . 12

- 134-5B T+

"13A-54 4o
20=-24 -3 ‘
23=3A 78 R}mmed-steei;E Normalizéd™ ™ = 12
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TABLE IT,
| : DESCRIPTJON OF SPRCIMENG,
2lhwIn, Rimmed~Stecl E Ag-Rolled -Plates. .
Five Values of L/ and Three Kinds of Stress-Raisers,

e e S e e A SRR R P mIEIER
SPECIMEN  TEMPERATURE - LA . _KIND OF

NO. - OF STEEL ' STRESS"RAISER

. WHEN TESTED, . : | o .
Degreee F, o .
204-1 - - 93 - 085 ‘
. 20-8 =L ‘
204~3 g0 o
22.9° . . - 8 0425
20=9 ) -36
204-4 88 | Jewalar tandaw Cut.
50210 i3 . 0433 ewgler 's-8aw Cut
204G " T an ]
20«11 . =35 0.5
2086 20 B | o ST
o-12° -39 005 | |
— — - e 5 :
20-11 . 43 0.185
20A~8 36 . LD
20~14 4o 0425
208-9 - " &1 ' 0.3% | o
30-15  S ,f39 - '?j - ;ANo, 475 Drilk-Hole
204~10 g
20-7. -l 0.50
20A-15 a8
204~11 b2 0.75
22A"9 83“95# g’?_l: - M I - "'.’...". r_ = .
204~-14 ~37 2 1/4=+n, Driil-Hole
# Maoamrmanr a Inarmanaas '(—.-\-C)-_Eo o Abl‘lﬂ.*'ﬁ 4\1--\"4-';1"-
o Luy\hl. W oy hd%r kW CHRET W LA LR 7_‘) £ 8 LR VS _L.}-I-GDU e b
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Je Discués on of Results. 1
a., Strengihi- The strength of the specimens with a
Jeweler's~gaw cut type of stresa—raiaer and an ‘% value of 0.25,
expressed as the, gverﬂge streas on the net sepgtion at the max-
1mum load, 18" given in"Fable IIL, The relation between the

strength and the temperature for 72-1n, and 48—1n. plates made

The relation between the strength and the tenperature for 2hein,
and 12~1ﬁ. piates is shown by the diagrams of Fig. b, For
cleavage fractures, the “T'e Was no signiricant change in the
average strength of the plates. | )
The figure beside each point 1s the total amount of-
shear in the fracturs of the wide plate, The percentage of the
fracture that was cleavage, single shear, or double shear is )
given in Table 111, 1In general, the strength was somewhat
greater ror the specimens represented by the right—hand portiqn.
of the dlagram, The right—hand point represents a shear-ﬁype
fracture in Iour 1nstances, and a partwcleavage-part-shear fras—z
ture in five 1nstances. A change in the character of the frao-:'
ture from cleavage to shear would geem to 1ndicate an 1ncrease
in strength, _ ‘ _ _ ‘ ; ‘
The relation between the strength and the widtthf‘?j
wide plates is shown by the diagrams of Fig, 5. Theee‘diagfagﬁf
indlcate that thé wnit strength decreased with an inerease in" -

the width of the plate of all kinde of steel, but the reiation

* The letter designations and prOperties 'of alt-steels
are given in Appendix B,

S . g S VY D W S Bkl ek by Sk S g S S Gy S S Qe W S S G N g fpup Ty . Tt it DR Y A YO o SR MR P S R A VN S G P A T S S R Gy MO s B i g e e e
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Portion of Nidth not accounted fo

ok
wa,

m n

f?nmp_nnf

TABLE III,
_ STRENGTH OF WIDE PLATES,
I tTGS’E-P\é.i'EGP3 .JCWElu g=Saw Cut, J.J/W.-_-;'.-U.dlr),
Loads in 1000's of lbs,, Stresses in 1000's of 1b, per sq. in,
_ ' Energy in 1000's of .in.lb, : .

. ===========£=i=:==z== =:===========u========= :::::z::::::::-:::::.
.- 8PEG. TEMP, COUPON ~  ULTI~  FRACTURE® ULTIMATE  ENERGY
U NQ. °F. ._z§¥ggug1§_ MATE __percent - -~ STRESS ABSORBED

a | L. 1t, LOAD C 88 DS ON NET AT A
- L ' SEGTION " Max,” Pail-
e e e e e e et o e e e e e e O O, L U
Y | . 72-In, RIMMED-STEEL E. AS~-ROLLED PLATES '

18A-1 141 29,8 57.9 1730.--~— 73 .mé., 41,4 1898 3586
134-7 110 ' 28.8 24@6 1476 16 Z . 36 3 2;61 3400
GG"']- ?L" 30.5 ,l=3 12QO 100 m— J—v/ 5"33 350
237 38 . 32,2 .‘59;9 1360 < T00 —wm  mmm’ 33.6 120 200

B © 7e<In, . KILLED-STEEL DQAS—ROLLED'PLATES S
I7AT 3L 39.F 66,0 1890 <= 86 6 5.7 3024 5700
Bl 15 37,0 63,7 1730 100 wmm —w~ 41,5 476 563
27-7 0 3¢.8 654 1789 100 «w- -+~ W31 . 174 208

| L -7 72-In, KILLED*STEFL D NQRMALIZED PLATES - ..°

VS T IBeT 300 30,8 59,2 1750 -—= 5% 1§ 43-2' 2738 1 4650

11-1 15 Su.4 0.3 1507 100 === -—= 37,4 238 298
5-7 0 36,2 60,9 1614 100 mwm <t 38.9 210, 260
" 1Hs7 ~38 38,5 59,7 1541 100 we= —am 38,6 179 234
4g.In, RIMMED-STEEL E-AS-ROLLED PLATES . ?..
13-7 123 31,1 59.1 1095 - 9 66 .7  G0.3 800 1687
18-8 = 110 30,4 . 29.3 1008 22 58 - 76,2 7667 1446
22-7 gl 33,9 0,5 987 100 ==t e 5.7 2us 261
22A-7 38 31.3 57.7 983 1100 w=e --—- 36,0 61 773
| . Yg-In, KILLED-STEEL D AS-ROLLED PLATES -
17B-7 43 39,0 65,4 1276 & T T 45.9 560 1081
1&-2 39 39,1 65,1 1185 92 2 -g*f:_43.5 288 W6
5=k 32 37,6 63,7 1207 79 21 --- 43,77 &0 1110
18-1 18- 39,1 65.1 1185 100 === == h3.6 226 304
© beeIn, KILLED-STEEL D NORMALIZED PLATES | '
154-1 42 34,97 9,5 1216 . -u-.gg- Th5. 1350 2540
Sé~2 3L 3.5 60,7 1098 100 wwm o 40,0 207 227
ha=5 15 3U,5  60.7 1100 100 === =-- 40,0 185 229
* 0 = Cleavage, SS = Single Shear, . Double Shear
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Table IIIJ
' Gontlnued L
Stress-Ralser: Jeweler 's-Saw Cut. L/W’= 0.25.

Loads in 1000's of '1bsy ;" Stresses in 1000's of 1b, per sq.in,;
Energy in 1000's of in,lb, .

=====ﬂ-“.’:-—-ﬂ:_B=B§u=8====$====2-—=====$==—========.========== -3——=3-r—t-1-

SEEC, TEMP. - GOUPON ULEI—; FRAGTUBE* ULTIMATE ENERGY
: 0, oF, - STRENGTH =~ MATE ercent . STRESS .. ABBORBED
. o o ‘ B SEGTIGN . Max, Fall-
et e e e e i e e ;;; ______ ;__;ﬂ,_:l_; _____________ Load _urg

R -2u~5n, RIMMED~STEEL E AS-ROLLED PLATES
- 204~-13% 111 32,3 . K9, 6 63 98 wum 2 ul.g ‘152 246
20A-3° 89 32,3 g 100 —mm = 35, 1102 135
- 22-3 . .32? : .3-‘ Zo 5 usg 4 100 —<m e %E‘Z 74 125
L 20-G 1 36, 29,3 56,8 510 100 =wm === 37, 16 . 21

7 ..., 24In, KILLED-STEEL D AS-ROLLED PLATES
- I7BB T 37 39.0 65.F G198 1 1 .7 112 148
- 17B=H - 30 39,0 65.4 633 19 g1 —-~  Ug,3 260 656
17B-5 10 - 39,0 65.% 643 1 2 47,3 . 158 18¢

S 2leIn, KILLED-STEEL D NORMALIZED PLATES. N

B I hg sl & BE
3 12 33,8 59,0 588 100 mew —-- 4208 102 117

S 24-In, KILLED-STEEL F AS-ROLLED PLATES

T S TVC R 655 17 49 3 47,6 ‘351- 858

D1 To 3wl 60.E 67 & 10 9 49,9 . h0o.: 496
- Am3 ~-40 -%4‘1 " '60,8 622 98 1 1 45,8 124 161
' ~ 12-In, RIMMED-STEEL E AS<ROLLED PLATES e
23-2B 109 " 32,2 59,9 310.9 13 76- 11 k&9 . 60. 199
134A~5B T4 . 28,7 .54.6 254.8 100 —=w e 40,5 o - 53
. 134-54 Lo - 28,7 .54, 6 236,2 100 mme= =w 3746 17017

20-2A  -73 29,3 . 56.8 25 100 e e 3709 10 12

. 1g-In, RIMMEDFBTEEL E NORMALIZED PLATES. -
L e

*C = Cleavage, 8 '= Single Shear, DS = Double Shear, . . ... ...
Portion of width not accounted for was flamewcux :

,\. ,
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‘ean not be mcourately determined, However, the tendency for the
strength to decrease With an iné}egge in width beyond a width of
72 in,, would séem ﬁ0»5é~definiteiy established, Moreover, the
rateﬁpf'decrease would seem %o be at least nearly ae gréat-for
widths greater than 48 in, as it is for widths less than 43 in,

The relative strength of the three kinds of steel -is
gshown by the diagrams of Figs., 6 and 7., -In these figures, the
strengths of T8-in,, 48-in,, and 2l~in, plates are shown sepa=:
‘rateiyf. For all three widths the strength of the three kinds of
- ‘gteel increases in the order,  rimmed-steel E ag-rolled,.killed-

steel D normalized, and killed-stéel D as-rolled, Fort 2l=in,

as ¥illed-steel D' as-rolléd,.
SREE The sﬁréhéth'of'24-in.'rimmed-steel E as-rolled plates
With'a jewelér's-saw cut type of stréss-raiser and values of
\%”ranging from 0,125 to 0.75, s given in Table IV, Two series
of tests were made, one at a temperature of &pproximately =40
degrees F, and tHeWﬁhér at approximately 90 degrees F, The

~ L P tha
XL -

&= =y ative . aan
W A1 YV GAhd.Wy W W i U‘i L=

wmal addam
O Lk -LUL

plates, 1s shown by the dlagrams: of Fig, 8, These tests indi-
cate that the average stress on the net section at fallure was
not greatly affected by the value of %."They also lndicate
that the strengthWWas very nearly the same at =40 degrees F,
as at 90 degrees Foor

‘Tests similar o those made'td'&eterﬁihe the effect of
. A ) - | S . Y
the value of % upon th
as—rolled plates With Jeweler s~saw cut stress-raisers, Were

¥ g
also made to determine the effecot of the valua of % upon

dl'

he streng p 24-iﬁ.w?imméd~53661 E
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_similar plates with No, U7 drill-hole etress-ralsers, The re-
sults of these teste: are: given in Table V, The relation betwsen

4= 1~ =4 en 4
big shrengin

h an
Fig. 8. The unit strength increased with the‘Va}ue of we the
gtrength. being approximately 20 percent greater for an % of
0,75 than for an-% of 0,125, This was true for tests at both
~4o and 90 degrees F,: The strength was consistently about:
Swpercent greater at =40 degrees F, than at 90 degreea F, .

A comparison; of the strength and the value of .% for
~2lwin, rimmedw-steel E .as-rolled plates with two types of stresse
raiserg, the Jeweler'g-gaw cut and the No, 47 drill~hole; tested

1s shown

: étn—%g;agg;QQ_dgg_geg,Fgg n by the diagrams of Fig
The increase in strength with the lncrease in thg_% ratio; was
. greater for the specimens wiﬁh a No, 47 drill-hole stress-raiser
than 1t was for the specimens with a jeweler'smsaw cut stress--
.- relser,.. The,plates with the less eevere strega-railser had the.
greater strength, and the difference between, the strengths of
wide plates with the. two types of stress-ralsers increased with
the value of '%,,g the'differenqe being about 25 percent of
the lesser for an .% of Q.75

_‘The strengthe of 24=in; rimmed«steel E as-rolled plates
with three typés of -stress-ralsers are shown in TdbleiVIf; All”
specimens had an ‘%:ratlo of 0,25, The relative strengths of

the plates wilth the three types of stress-raisers are shown by
the dlagrams of Fig, 10, The upper curve ias for tests at approx-
imately 40 |

]DJ

- o

aor
ok

FIREN

ges F s 8nd the lowser curve ig fgh tests af
"'

approximatel 9 egrees F These diagrams 1ndicate that for a

value of.§ or 0 25,.the plates 1ncreased in strength according
to their stress-raisers, in the following order: Jeweler'g-gaw

cut, No. 47 drillehole, and 1/4win, drillishole,
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o ‘ TABLE IV .
. STRENGTH OF 24~IN RIMMED*STEEL £ AB—ROLLED PLATES,

‘Strega~Relseir! Jeweler's-Saw Cut, Five Values of LW,
Loads in 1000's of 1lbe.; Stresses in 1000's of 1b, per sq.in.,
L Energy in 1000 8 of 1n 1b,

- -8PEC, T TENP. COUPON Eimi- FRAGTURE* "ULTIMATE  ENERGY
« N0l OF.’ STRENG — MUE - pereant STRESS  ABSORBED
S t. LOAD - C- 88 - DS . ON NET per inch
o SECTION of net
: At At

Max, Fall-
___________________________________________________ ad ure

BoAT 93 32,3 5
5

: | 6 5548 100 mmm ww= .7 545 10,00
20-8°  -Wk 29,3 g

576.0 100 === === . 36,0 0,97 1.45

R T ————

e 2 33 B wed ’ B piE e
203 5 2.3 203 miole 100 - o loeed IR
o LM =0.33 |
 20A~4 g8 32, 6 463,38 100 mwm —en 3. 8,18 &.,18

20~10 ~43‘.39.§ N Eg;s 45%19 100 —r=  e—- %7.% 0.78 1.04
LM = o'.5o'
. 20A-5 g4k 32,3 59,6 3U7,2 100 -te --= 38,0 4, B0 7.54
20-11 =35 29,3 56,8

3274 100 --- --— 36,0 " 045 0,45

LA = 0.75

2046 8 32,3 59,6 181.5 . 58 Erp— 40,0 3.70  &.52
20-12 -39 29.3 56.8 174,0 100 f;-'1g+;v! 38.1  0.7C

*C = Cleavage, 88 = Single Shear, Ds = Double Shear
Portion of width not accounted for wae flame~-cut,




oL
. .  STRENGTH OF. 24-IN, RIMMED-STEEL E AS-ROLLED PLATES,
- 8tress Raigeri? No, U7 Drill Hole, Five Values: of L,

Loads in 1000's of 1lbs,; 8treeses in 1000's of 1b, per sq.in.;
Energy in 1000's of in,lb.

o, mgim. aomnon . OLTL. FRAGTORE® ULITAATE  ENERGY
“NO, " STRENGTH ° MATE __percent .. STRESS  ABSORBED
" C T,F, VUIt, loAD O S3 D8 ON NET per inch
' SECT ION of net
At At
Max, Fall-
o e e e e e e e e e o o e et e e e o s o e e oad__ure
204-7 75 32,3 59.6 616 100 =w= --- 38,8 &,86 10,00
20-13 ~42 . 29.3 56,8 626 100 -~ --= . .39.3 4,67 L.67
.. Lpis 0.5 ] |
204~8 @6 32,3 .59.,6 534 50 47 .3 39,0 5,68 15,17
20-14 b0 29,3 . B6.8 536 100 === = 39.8 = 3U3 3,63
L L= 0.33 | .
204-9 81 32.3 59.6 437 97 © 3 --= 39,4 5,15 11,80
20-15 -39 29.3 56,8 497 100 - -te M1 2069 3.1k
L/W = 0,50
'2oA_10- 80 38,3 59,6 378 100 =w= --— 41,7 6.61 7.00
20-7 <B4 29,3 56,8 391 100, e-= === W34 3,37 3,76

| | . Lpi= 075 L
BO0A-15 88 . 38,3 59,6 218 100 e == 47,5 B.61 [.3%
20A-11 =42 32,3  59.6 226. 100 === -== . L49u5 . U64 5,08

L]

*Q - Clsavage, - 98 = Single Shear, DS = Doubls ‘Shear,
Portion of width not accounted for was flame-éut,




. Three Types of Stress-Ralsers, L/W = 0,25

Loads Ain 1600 8 of 1bs,; Stresses in 1000 g of lb,per sg,in.;
- d - Energy in 1000's of in,1lb,

o4

SPEC. TEMP . COUPON UL'£§~ , FRACTURE* ULT IMATE . .ENERGY
N0, OF, ;Yﬁ%ﬁﬁﬂgiﬂg - M&: __percent STRESS ~ ABSORBED
.. *eF. V1%, 104D ¢ 88 DpS ON NET .  .per inch
« \ S O BECTION ‘of net
L | L, R . .. Max, Fail-
A . . ’ ' - oad  ure
‘“1‘177tjﬁf“f““*“‘""“"“"*“““"“*““‘”“"“**"”"“1*“?'””"*“?"““7“‘”“““
el T JEWELER' ~84% CUT STRESS-RAISER |
20‘%53 '39 . )C-o} . 59.6 483%3 1QO ‘ """':. X -—""' } 35.“‘4' o 2.78,_.,7.66
“22w9. 86 ©33.9 60,5 -886, 4100 -s- sme 36,7 E,177777.15
‘.‘.20-'9 . —36 _ .29 3 56.8 _5_]:_010 100 : wwm - 37 o;6 no,0.92 0 01,2)
..... ~ NO . 47 DRTLL~HOLE STHEsswﬂAISER o
ORE &6 32.3 55.6 534 50 W7 3 39.0  5.68 15.17
20-14 .- »HO 29,3 56.8 5H6 1007 —== L 39,8 T4 3,63

1/&-11\1 DRILL-HOLE STRESS—HAISER

224-9 83-95# 32 3 594 6 602 13.W,79 8 454 1%.80 37,80
20414 -37 32.3 59 6 635 100 === ~==. 6.0 9.10. 12.50

- *g ,,_cleavage, S8 = Bingle Shear, - D8 = Double" Shear,
Fortion of width not accounted for was flame-cut., . ..

#Temperature increased to 95 °F. due to plastig deformation,

wt
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b. Energy Ahgg;p;ign:u The relation between the
energy—abaorbing capacity and the temperature‘for 72—1n,, 4&=in,;

24—1&3, and 1a 1n. plaxes made of various steels and with a

uuuuuu

Jeweler s-gaw cut bype of stress—raiser and an‘% value of Oy 25,

18 shown by the dlagrams of Figs. 11, 12 13 and 14, These
diagrams 1ndieate that, for the 72~1n. plat o8 ; (1) The enepgy-

1n the normallized conditions was greatly reduced when the tem-

.wirperature wag reduced from 30 to 15 degrees E,_'(z) The energy-

abgorbing capacity of ;rimmed~stecl E 'platies In the as-rolled

4cond1t10n Was greatly reduced when ‘the temperature uas reduced

“frén 110 to so degrees Fi” (3) Killed~stbel - plates in the age

h r°119d and in the normalized conditions had very nearly the same

energy-absorbing capacity when tested at the same temperature

<7 :for: a temperature range from. O to 30 degrecs F" (4) Rimm9d~ _
steel 'E as-rolled plates had a much lower energy«absorbiﬁg-

capacity than killée

o

-stéel D as-rolled plates at temperatures
from 20 to 80 degrees F.j and the maximum energy &bsorption

for theée rimmed-steel E as-rolled plates corregsponded to a-

'temperature of the order-of 120 degrees F

The relation between the energy absorption and tempor~
ature fof thg_ﬁs-in. and 2%7;n, plates, was.quite erratic for
the kiliedQGteél D as-rolled but was more conslstent for the
killed-steel D normalized and the rimmed~steel E ag-rolled,

The transition temperature for eac

A ~

kind

of gteel was a
mately the same for the four widths of plate,

The relation between the energy absorption and temper-

ature for 12~in, rimmed~steel E ag-rolled and rimmed-steel E
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.. normalized plates 1s shown in‘Eig.-lh. The apparent improvement
-of this rimmed steel by normalizing as indilcated by one test
will be further studled jn-future tests,

‘The energy-absorbing capacity to fallure of 24-in,
rimmed-ateel E as~rolled. plates with jeweler's-saw cut st_ess-
ralsers and with five values of % » determined from the ares
under “the load-deformation diagram*and for a gage length equal
to 3/4 W, is given in the right-hand column of Table IV, The
- ‘pelation between the energy-absorbing capacity and the value of

L ,
"5 .for these platés, tested at temperatures of approximately

- =40 .and .90 degrees.F,, is shown by the diagrams of Fig. 15.

per inch of. net width was not appreciably daffected by the value

of.;. This was true for tests.at. both-temperatures,  However,

the energy absorption was many times .greater at 90 degrees F,
" than at =40 degrees F; Thle was true even though all‘fracﬁures
were of the cleavage type. = - BRI PR

].Similar tests were made of 2U-in; rimmed-ateel E:ase

h

47

k] 1 - i .

drilli=hole type of stress<rgiser,

— - Y o

rolled plates with a No,
The relation between the energy absorption to failure per inch

., of net widthrand the 'value of :% is ghown by the dilagrams of

; Fig, 16, . Por the tests at ~U0. degrees F,, the energy absorp-
tlon per inch of net width wdag lesa: fomW equal to 0,33 .than it
was for values of w of both 0.125 and Q.75; and it was very
nearly the same for the latter two values ofﬁw.' For the tests
at 90 degrees F,, the energy absorption per inch-of nét width

L
was greatest with 7 equal to 0,25, and had lesser values for

T St e o M e T i A S T i ke e Y T G T g S i S Y P e . o e S e T L S T e Bk e Wy R TR et . o e e e g T e S R e e e e e

* The load-deflection diagrams are given in Appendix A, Figures la
fo__ }}a‘ inclusive,
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-%'a of 0,125, 0,50 and 0,75, For the tests at 90 degrees F.,
the two highest values.of the energy absorption, the fractures
were cleavage~to-shear-to-cleavage, while for the three lowest
values, the fractures were all wholly cleavage, that 1is, the
variations 1in the energy'absorptions were consistent with the
types of fracturs, .. _

- A comparigon of the energy absorption and the value of
%afqr guein._fimmed-stegl E ag-rolled plates with two types of
stress-ralsers, the.Jeweler'sfsaw cut and the No.‘47 driil-hoie,
tested at =4O degrees F,, is shown by the diagrams of Fig. 17,
These dlagrama indlcate that the energy absorption was geveral

~ times greﬁ;er.fqr_the plates with No, 47,drill—hql¢s'than 1t was
for:the_plgtes.with_Jeweler'afsaw cuts, This was true for

all .values of %.._.In contrast with this, the diagrams of
Fig. 17 for tests at .90 degrees F. indicate that, for .valuea of
%.cf.o.so and 0.75; the energy absorption was less for the plates
with No, 47 drill-holes than it was Tor simllar plates with
Jeweler's-gaw cuts, For values of % equal: to 0.125, the

p;atea with the two types ofwstress-rayserq absorbed the -same
energy. T .

' The energy absorption to failung of tests of 2lwin, .
rimmed-steel E aSerql;ed plgtes wipnqthree types of stregs~ralsers
is shown in Table vI, all specimens having an % ratio of 0,25,
The diagrams of Fig, 18 show that the plates increaged in
energy-abaqrbing_gapaq;ty_with a decrease in the geverity. of

the sfressg-ralser,. .

IR




in the IollOW1ng two ways'

shear type of fracture.

-19-
o Gorrelation of the VuNotoh Impact Test and the

Eiiﬁ _lﬁtﬁ.mﬁﬁi “he comperison of the results of the V-notch
1mpact test and of the wide olate test wlth the Jeweler S—8aw

cut type of strese reiser and an .% ratio of 0.25 will be made

'l. A oomparieon of ‘the manner 1n whioh ‘these
two teate segregate the varioue xinds of steels with reepeet to
the traneition temperature for a ohenge from a cleavage to a

| 2; A etudy of the correlation of the energy o
absorption of these two tosts for the various kinde of steel.

o
The relation between the energy abeorption to failure

-

end the testing tempereture 1e given for the wide platee 1n

Fige. 11, ld and 173, The 1mpoot valuee are ehown in Appendix B,

Fig, ub. A comparison of these diagrame 1ndicates that the

CLF

traneition temperature for the wlde pletc test and for the

V—notch 1mpaet test were epproximately the same.' In general,

the V-notch 1mpaet teet determined a wider temperature band of
mixed fraeturee, cleavage and shear combined then did the w;de
plete tests with the jeweler s-eaw out type of strese—raieer.
The kinde of eteel were eegregated ‘An tne eame order with e
respect to ftransition temper 'ture by these two types of teste.
vne question that has been raised is, whether or not
impact values of steel are a measure of the capacity of a notched
plate to absorb energy. The relation between the energy-absorb-
ing capaclty of 72-in, and 48-in, plates and the average Venotch
impact value of the stecl 1s shown by the dlagrams of Pig, 19,

and the sagme relation for 2U=in, plates ig shown by the diagrams
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of Fig, 20, 'Ihree kin&éfof steel are reported ‘for 72—1n. and
' rimmea-,-at.eel E as-rolled, killed-gteel D as~
rolled, and killed-steel D normalized These three and an
additional steel killed—steel F as—rolled, are reported for

the 24-1n. plates. In Figs, 19 and 20 the average impact values

and ‘the energy absorptions of the plates are for the same tem«

‘perature in each 1nstance.

v

The diagram of Fig. 19 1ndicates that for the three

v

.
‘

1mpa6t value and ‘the anergy—absorbing capacity of the 72-1n.
platea except for one rimmedwsteel E as~rolled plate tested at
a temperature above the transition temperature. The correlation
was fair for the #8-1n. plates made of three kinds of ateel. |
Moreover the correlation was fair for the 24—1n. plates or

rimmed-steel E as-rolled killed-steel D s~rolled, an 1lled-

steel D normaxlz-u, but no‘ for the
Pl b

where the 1mpact value for a given energy absorption Was two to

il e -steal F
e

PR T B Y- | .
as-roiled,.
§~ "

three ‘times as great as 1t was for the other three steels tested

It would aeem, therefore, that no correlation of the absolute
value of the energy absorpticn of the V-notch 1mpact test and

of the wide plata test 13 possible. )

o




1.

d, Distribution Across Plate of longitudinal Strain:-

The-diétripution-acroasithg plate oﬁﬂthé longitudinal strain

wasg discusseq.on_page 29 of .the Final Repbrt, OsRD No. 6457,
_Serial No, M-61k, January 15, 1946, 'Similaf studies were made

“h,duriqgvgpg tepts;gescriqéd in‘this.repopt.. Diagrams showing
VQphe.loQgitqq;hax strain aﬁ the transverse center-line, as mea=

sured with electric A-1 strain gages with a 13/16-1in, gage

lengtp, with mechanical gages of l-in, and 1/4=1n, gage iengths,‘

and with mechanical gages of a gage length equal to 3/4 W, are

given in Appendix A,Figures 3l to 99a,inclusiyg.i_ﬁi2pbthe

electric strain gagés, measurements were made only ih‘ﬁhé elastic

and early plastic range of the wide plate test, - Meésurements

" With the l-in, ‘and 1/dwin, mechanical gages were taken up %o

the load where the first gracks appeared at the ends of the

.gtrqssfhaxser.w Measurements w1th the mechanical gage having a

gage length of 3/4 W were taken at all loads including fajlure,

As noted in the report referred to above, thelmaximgmﬁgtra;q

for the electric strain gages on a 13/16-in. gage length, which

occurred at the outer end of the streas—ralser, Was many times

greater than the average strain over the whole width for elastic

and early plastic strains. Also, as stated in the above mentioned

report the strain at the end of the stress—raiser was ;ery mue h

greater on a l/h—in. gage 1ength than it was on a 1-1n. gage

1ength for loads up to the lecad at Whieh 1n1t1a1 fracture at the

end of the stress-ralser occurred. (see Appendix A Figures 100

to 132a, inclusive).. | \thmwfu o

The dlstortion at the end of the Jeweler s-saw cut

; .
at loads from Z2ET0 up to a load only slightly below the maximum,

\l}'
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1s shown by the photcgraphs of Fig. 21. The‘plates were of
killed-ste%} D nqrmalized. The fracture began ay mid—thickneas
of the plaﬁé and extended to the rolled surfaces, as shown in
the upper part of Fig. 22, The 1n1t1a1 fraoture for a rimmed-
steel E as-rolled pla.te with a 1/l|»-m. drill-hole stress-raiser,
is shown 1n the lower part of the same figure. §or this speclmen
also, the origin of the fracture wag at the mid-thickness of
the plate. Fracture in the other wide plate tests began in .
‘the same manner aa in these two tests with the first crack

appearing at the end of the stress~raiser at mid~thlckness of
_the Plﬁtee

e, Bﬂdmnn.n in Inickness of ﬂm The redacuon
in thickness of plates is described on page 32 of the Final
Heport, OBRD No, 6457, Serial No. M—614 January 15, 1946, The
thickness measurementa for the teats describad in this report .

are givenlnFi@wea 133a to 166a, 1nclusive of Appendix A
of this report.

o . Twp 1ncidental fallures. occurred during the testing:
program which, although not planned,‘wefe~of;ﬁufficient 1n$erest
Yo Justlfy thelr lincluslon in this report, These are:described
in the following sections, . L

3

o . Eragture of 8 Pulling Plate Wishout Artificial .
ﬁiﬂﬁﬁﬁﬁﬁﬁlﬁﬁ£§‘~ In.ordergto_avoid-the use of an.unnecessary
amount of the special steels being tested and setill have.& !
considerable d_is;tance between the pulling heads; two 'fulll

Y e ==

plates were welded to a Speoimen,’dne a% each end, as shown
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in the photograph of Fig, 23, *Theée'pulliné platés for the
l-in, speécimens Were 2k-in, x 7/8~in, steel in cross gection
and were without' ‘geometrical stress-raisers, The vertical edges

“of the twb.pulling,plates'had‘beéntshearé&“in'a étidcturai'shOP

.+ dn a large single-stroke platé shears. A length of about 2 feet

:.of each pulling plate extended beyond 1ts bolted end connection,
Thege 24-in, x 7/8~1
specimens, which had an actual sectlon of 234 4n, x 3/4 in,
~reduced . at the center by & stross-ralaer to an actual et sece
tion of l?% in, x3/4% in,

Specimen 13-9, & 2l-in, rimmed-steel E as-rolled plate
with a 1/4=in, drill-hole atress-raiser, was being tested at
8% degrees F, A very small amount of ‘shear  fracturc had

oceurred ' at both ends of the stréss~ralser

Cim
cr
[si}
+4
o]
r
O

maximun load,» At the maximum load, there occurred simultaneous
fractures with a loud report of the upperfpuliingaplate ahd of
the wide plate specimen through the stres§$faiéér;¢éé'shéﬁﬁ‘ﬁy
the photograph of Fig, 24, The cleavagé fracture'of the |
‘pulling plate:was -completé and the aimultaneous‘fraofﬁréﬁof fhe
specimen was complete except for a 5/8-in, width at the extreme
~left . edge, The fracture of the speclmen, wnlcn Was snear Drlor
to meximum load, ‘changed to cleavage at maximunm load, ‘The
average atress on the pullina plate corresponding to ‘the max1~
mum load was 28 300 1b, PEr 8G. 1h, The eorreSponding average
streas on the specimen with a severe geometrical stress-raiser

was 45 100 1b, per '5Q, 1n, of net section,
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A metallographic exaﬁiﬁafidn of thé:puliingplétg'i

Indicated that it was anraccéptablbtgrade.of semi-kilied'at;el,
~and that’the direction of tension in the pullihg plate was
nermal to° the:direotish of rolling, Thé puliing plate had been
- used for other tests.but no record had beén kept of their number,
.35 'te fair to assume that 1t had been used for six tests, That
..Would méan that 1t had been’ subJected to not ‘more than six
gevwere shocks, : Macrographs of ‘the fracture showed a herring—
pone pattern indicating that the origin of the fracture Was at
the left edge of the plate as shown fn Fig. au, |
Sabde - Thé . locatiod of V-notoh impact hardness, and tensile
specimens is shown in Fig, 25. Various meta110graphic studies
are reported in Pigs, 26 éid?27.- The hardening effect as shown

e

in Fig, 26 by the hardneas’ gradient for Line 1 penetrated

< approximately. 1/8 in, from.thé ‘sheared surface. ?1gure 27
shows: the microsdtructures of reglons in Sec. B-B or Pig, 26 N
which: showed plastic deformation and cracks due to the sheariﬁg
operation,” Thé impact teats of Venotched bars with their
length transverse to the direction of rolling and notch norﬁal
to the rolled surfades, gave an average “value of 9 9 ft lb. 'j
at 70 degrees.F, The mechanical pﬁoperties of the pulling pléte
material, as:given by & statib ‘test of two 7/E~1n. Square'

. -

PR

coupon spe¢imens, Were ds followa'

Vltimate Btrengths- + - 66 050 psi.
Yield Point: o . 34 300-psi,.n:
Percent‘Elong&tioniin 2 Int T 46,4 %

Percent Reduction of Area:. U49.7.% .
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b, Fracture of Narrow Strip of XKilled-Steel F

As-Rolled:~ A test was made to determine the welding rod to be
used with the killed~steel F as-rolled,® The apecimen of
Steel F was approximately 3 in, wide by 12 in, long parallel to

the direction of roiling.

m
o
e
aQ
5
£

and the other was flame-cut. Pulling plates of the same width
as the specimen and each about 6 in, long, were welded %to the
specimen, thus producing a plece about 3 in, wide and 24 in,.
long with two tranaverse bult welds, A sketch of this specimen
appears 1n Fig, 28, Inasmuch as the sold purpose of the test
was to determine whether or not the welds were as strong as the

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

The test was made at room temperature,.

stress of 63 600 1b, per sg., in.,, indicate that there was no
evidence of impending fallure on the flame-cut edge but that
cracks were beginning to open up on the sheared edge, The
photographs of fig.29(b§ taken after fallure at an average atress
of 65 700 1b, per e&q. in., show a large number of cracks on the
sheared edge, No cracks in the flame-cut edge are apparent
from the photograph but a'oareful examination of the specimen
1tself revealed minute cracks in a few of thé deep transverse
flame~-cut grooves,

The effect of the sheared edge upon the character of
the fracture 1s all the more interesting as the Venotch impatt .

value of this steel at room temperature is of the order of

q--..-.--—---:nq--p-.._———..———-—-,-—_-p“-p--p T e A T S A Y R P TS oy e Y S S o s Gy Y e T S el ek e oyen
* m, Jacy o d o v . '
The mechanical and chemical properties are given in A ndix B.

D e vy iy Uk A ey oy e S A g - S o vy o T T v i o g e M S A B v vy S8 frve T A o e W Nk g S rUP e TS Ak
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CONGLUSIONS

The results of the teete of wide platee 3 /4 1in, thick
} \
with gevere etreee-raieere deeeribed 1n this progress report

1
L VRN

appear to justify the“?oIloWing concluaione.‘
.1, For any one ‘width bf‘wide plate and for the dif-
ferent eteele teeted, variatione iﬁ temperature within the
temperature ranges in which tests were made, did not have a
significant effect upon the average strength of the wide plates

witﬁ a-Jewelerfe~eaw cut type of stress-raiser and ah.# ratio

of o 25 except as the temperature affected the character of
the fraeture.‘ In generel, platee that failed with 8, ehear frac-
ture or w1th & fracture that was partly shear and partly

oleavage, had a eomewhat greater average etrength than eimllar

plates that failed with a cleavage fracture.
2. For 72 ~1n. wide nlatee with a Jeweler S 9AM cut

type of etrese-raiser and an % ratio of 0.25, ‘the avarage

strength af the platee was generally somevwhat greater 'than' the

coupon yield-nolnt strength of the material, :'GJ

- KN

'E‘A-u- & A - "I ,..4- A vrd 'ln - ¥~ 1".'3
I‘U-L wJ-u JLAwD W..l. Vil a4 Junwovaw

)-W
of etreesmraiser and an %_‘ratio of 0. 25, the average etrength

k,\‘\

for the same type of'rracture 1ncreaeed 88 ‘the width oF tHe 0
plate decreaeed from 72 in. to 12 1n. A

L 4, The average etrength of wide plates was eomewhat
greater for killed-steel D ee-rolled, killed~eteel D normalized,
and killed-eteel F as-rolled than for rimmed-steel E as—rolled,
where all wide platee Were of the eame w1dth The firet three-
eteele mentioned 'had approxinately the’ eame average ‘strength for

wide platee of the same width.
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5, For 2lwin, rimmed-steel E as-rolled wide plates
tested at temperaturos of =40 and 90 dsgrees F, and with three
differént types of stress#raiéers,’aﬁﬁwhﬁﬁ% ratio of 0,25, the -
average strength increased with a décrease in the severity of
‘the stress=ralser. The severity of the stréss-raiaer decreased
in the following order: ' the jeweler's-saw cut, the No, u7
arill hole, and the 1/4=in, drill' hole, -

N 6., The energy-absorbing capacity to either maximum
Toad or-failure of the wide plates with severe stress-ralsérs’
was many timés greater under conditions that produced a shear-

4Lt§pe”frdcﬁﬁre'£han 1t was under Gonditions that produced a
cleawage;type fracture, - The type of fracture appears to be &
deﬁenaable 1ndldétloh of ‘the energywabsorbing capaclity of'thé
wide plate. ' B SR | S

n -'74 When in the form of Widé‘pihéeé'witH'BeVGre

atfééé—f&lsersf'all of the steels tested except eteel F as=
rolled had a 1owmenergy#absorbiﬁ§“bapaeity'Qf'the sub=zero
temperatures which may be endountered in ‘ship navigation,

&, In the tests of 2hwin, rimied-steel E as-rolled

‘plates with two types df streéé—faiéérs;'the jeweler's-saw

cut and the No, 47 drill hole; thére was no apparent relatisn
between the energy absorption t6 fallure per inch of plate
net width and the .%‘fatio, which varied from 0.125 to 0,75
- 9. Tests of 24415;'rimmgdésteel”ﬁlas—rolled plates
"wiﬁh'three tyﬁes"bf‘stréss-rdiéérs, ﬁhe'jewéier's-saw;cdt, the

No, 47°ar1ll hole, and the 1/4=in, drill holé, and all with an

o '

w Tratlo of 0,25, showed that the "energy ﬁbsorption to fallure
increased with & deerease in the severlty of the stresswralder,
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The seyerlity of the stress-ralser - decreaged in the following
order: the jewpler.!s-saw dut, the No, 47 drill hole, and the
1/4=in, drill hole, -

10, For wide plates with a jeweler 's=saw cut. type
of strgss#raissr made from the steels tested in this program,
the anqtch impact test gave an approximate indication of the
tr?ngitipn_temperatgre of the wide plate for the change of the
gg@e(g;-fragtura from a cleavage %o a .ghear type of fracture,
The Vénotqh impact test also segregated the different kinds of
steeljtegtgdhwith respect to.transition temperature in. the same
ordegraa thaLwlde‘plate tests.; .

R b N It appears that no correlation exists between

the abaalute values of the energy absorbed by the V-nqtch  impact
test and by.the_wige plate test with a jeweler's-sgaw cut ‘type .
of strees—raiser, _ | S
S ' 12.‘ The unit strain at the end of the stress-raiser
was many times greater than the average strain over the net .
n fgr 19&@3 tp t th lo @ where fracture atarted. 7$h;s
was true Ror bo th the elastic.and the plastic strains.h,, :“; :

13;_ Most of the elongation near the end of fhe ?;_ .
stress~raiser oecured on a 1/&-1n. gage length for loads up to_
the load where fracture atarted. . A .

14. The fracture of all the wide plates started at
the end of the stress-ralser at the mid-thickness of the

plate,
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RECOMMENDATIONS FCR' FUTURE WORK:- .Plans for future

work ineclude a group of taste to give more complete knowledge
relative to the relation between the temperature of steel -
rlates and their energy-abeorbing capacity, The curve showing
the relation betwsen the temperature and the energy-absorbing
capaclty of steel plates 1s made up.or.three partaf' {1) &
nearly horizontal portion at the left, which corresponds to-a
1ow~energy;absorb1ngIcapaeity. (2)?Atﬂearly horizontal portion
at the r;ght, which corresponds to a high energy-asbsorbing
capacity. (3) A nearly vertical transition portion connecting
(1) ana (2), The testa necegsary. to define the threec parts

of thig dlagram for 12-in, and 72-in, plates of rimmed~stecl E
ag-rolled, .~ killed-steel 'D as~rolled, and kilied-steel D '~

normalized,'will”be made. under the preseﬁt-cdntract.

e

Considerable work hag already been done to eatablish
the temperature energy-absorblng capacity of Ek-ln. and
48-1n, plates mads of the1hree steels designated above butr o
time will ot permit the completion of th\a work. It s
desiﬁable that the necessary tests be made to complete the?:'
temperature -énergy-absorbing curves for 2&-1n. and hs-in.
ot

plates of the three kinds of steel, rimmed~steel E as-rolled,
killed—steel D as-rolled, and killed—ateel D normalized. B
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(41 200 psi.) (L4 000 psi.)
Specimen 3%-7% Jvecimen 3¢
Temperature 16° F. Temperature 33°F,
Cleavage Fracture Shear Fracture With
Slight Cleavage
Average Stress on Net Section Average Stress on Net Section
at Maximum Load U42 800 psi, at Maximum Load UE 300 psi,
FIG, =Z21.
DISTORTION AT END OF JEWELER!S-SAW CUT STRESS-RAISER,
24-IN. KILLED-STEEL D NORMALIZED PLATES, L/W - 0,25

STRESS ON NET SECTION INDICATED.



West (42 000 psi.) Eagt

Weat (44 000 psi,) East

Jeweler 's-Saw Cut Stress-Ralser, Svecimen 3.2
K{lled-8teel D Normalized at 330 F.

Average Stress on Net Section at Maximum Load L& 300 pei,
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Eagt
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Eagt
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1/4-In, Diameter Drill-Hole Strese-Raiger, Specimen 22A-9
Rimmed-Steel E As-Rolled at 830 F, to 9KO F,

Average Stress on Net Section at Maximum Load Ls 400 psi.

FIG, 22,
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Average Stress at Fallure in Pulling Plate’ 28 300 psi,
(Temperature &g F,)

FI1G, 24,

SOUTH ELEVATION OF 24-IN, x 7/8-IN, SEMI-KILLED STEEL
PULLING- PLATE AND SPECIMEN 13-9
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View AA of Fig. 25 showing Section B-B
used for micro-examination and hardness
swrveys. Fracture is along bottom edge,
sheared edge of plate faces reader.
Original magnification 25x.
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was cut,

Vickers hardness gradient from sheared edge

to base plate along line 1 of Section B-B

approx. 7 inch from fracture.

2

Section B-B. Polished surface etched
with 5% Nital. The fractwe is along
bottom edge, sheured edge at right side
which appears white. Location of hard-
ness swveys shown by arrows. Original
magnification 2zx.

Photographs reduced 1/4 in reproduction.

View C~C of Fig. 25 before Section B-B
The fracture swface faces
Teader, sheared edge is at left side.
Original magnification 25X,
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=

Vickers hardness gradient from fractws
to base plate along line 2 of Section B-B
approx. ; inch from sheared edge.

Fig. 26  Macrographs and Hardness Surveys of Fractured Pulling Plate.
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B

Photographs reduced 1/4 in reproduction.

T, L

rig. 27 . dicrostructures of 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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LIST OF DATA
FIG. NO.

Relation Between Load and Average Elongation
on a Gage Length Equal to 3/4 W ¢+ » o e+ s+ la e« 333

Strain Distribution Aeross ‘Plate o on Gage
Length Equal to 3/4 W . & v 9 & 4 & o . 348 - 66a

Strain Distribution Across One-Half of Plate
From Electric Strain Cages ¢« v e e

. e 673 - 99a
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From 1/4-In. and 1-In, Gage Lines , . . . , 100a - 132a

Thickness of Plate at Specified Distances From Fracture
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' APPENDIX A,
EXPERIMENTAL DATA FROM WIDE PLATE TESTS,

" ABSTRACT

Experimental data from the wide plate tests described

in this report are given in tHe following pages.f:

DESCRIPTION OF SPECIMENS.

- K11 'of the specimens, 'the tests of which are described

““in’'this ‘Progress Heport, are described in‘Tables I and II,

pages &, 6, and 9, réspectively, ST

©  RELAYION BETWEEN LOAD AND AVERAGE
. ELONGATION ON 4 GAGE LENGTH EQUAL TO 3/4 W,

' ‘The relation between total load and avérage’elongation
on a gagé length equal to thres-quarters of ‘the width of 'the
specimen, is éﬁownyfor all specimens in Figures ~la-td 33ay .
finelusive, ’Thé aresa under the total load~-average élongation
¢urve 18 'thé energy absorbed by the specimens, '

STRAIN DISTRIBUTION ACROSS
- PLATE ON GAGE LENGTH EQUAL TO 3/4 ¥,

" 'The stréid distribution across the platé as measured
by mecHanlcal strain ghges oh a gage length equal to-threé-
quarters of the actual width of thé dpedimens is shown " iR~
Figures 24a to 66a, inclusive, for the tests described in
this report,

~1ig=-




STRAIN DISTRIBUTION ACROSS
PLATE FROM ELECTRIC STRAIN GAGES,

The strain distribution’ -aerogs one~half of the plate
as measured by - SR~4 electric strain. gages is shown in
Figures 678 t0 99a, inclueive, for the tests described in thig"
‘report; -All electric strain gages had a gage length of
13/16-4n,., except one gage. of .1/h=1in, gage length located next
tOTtheastress—raIser!oh'Ehéin; specimens. Strain feadiﬁgs
with (ke ¢lectric.strain gages 'Were taken only in the elastic

and early plastic ranges of the- ‘specimen, S

PLASTIG DEFORMATION ACROSS PLATE
ON 1/4~IN. AND 1<TN, GAGE‘LENGTHS

'The plastic “strain distribution across one-half of the
rlate as measured on 1/4-1n, ahd’ 1—1n. gage lengths by ’
mechanical strain gages is Shown.h1F1gu%s 100a to 132&, ﬂ
inclusive, for the tests of thig report These mechanicai L
ga8€ readings were taken up to the‘load‘étJWHiﬁﬂ¢¥he»inifldl‘
crack at the end of the stregs—rqiggr appeared,

£
.

| THICKNESS OF PLATE AT FRACTURE,

The thickness-and ‘profile of the plate at the fractured
edge is shown in Figures 133a to 1663, 1nclusiVG, for the

speclmens of this Peport. Ce o ere

~» . . e e Y .." “ .
e LI B it V. v
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Load im 100,0005 of Lb.

Lood-Stram Relotior
SE-ITr. Gage Length
Specimerr 184-1 £ As-Rolled
Temp. = /4/°F
Ernergy Absorbed :
70 Mox Looo= 4, &98,000 1. /b
7o Arocture 3,586,000 . /4

Load in 10Q000s of Lé.

4 & 2 6 20 24 28
Strom orr 54-In Goge Length 1m O./In.
Flg fa

2

/0

Lood- Strowr RPelotorn
4| 36-27 Goge Length

Spec/mern 178-7

Tema 93°F

Energy Absorbed :
'3 7o Max Lood= S60Q000 Znlbh
To Froctyre= LO08,000 Znth
D As Poliec/
4
2
2 £ € & /0
Strain on 17%In. Gage Length i1r O.1Ir.
Fry. S

Load w» /80, 000's of Lb

load 1» 100 O00s of L&

/&
74
10]
-]
! Load-Stram Relatiof
36-I7 Gage Lengrth
5 Specimen /5-7
Temp= /23°F
Energy Absorbed.
70 x Load = &0Q 000 Inlk
4 7o Fraocture = /683, 000 In L
E As-FPollecf
2
£ & /2 /6 20
Stram on 36-Ir7. Goge Length 11 O./Zn.
Fp Za
2
0
3 P
Loprt - §7ratsry Aalariiory
A6-In Gage length
Spaciman /8-2
6 ma 407
D APt
Ene;:g gy Sbsarbed’
ok Laad s
¢ 248, c00 I»
Td Apyoture =
4/4 000 In il
2

] 2 3 ¥
Strow ar 36-12-6193 Length w Al
7y




Looa 1m 104 000s of Lb.

/2|

2

Lood~Strawm Pelotier
36-In Goge Leng*h
Specimen S—+4

D As Rollad
Temme. 32°F

Lood 11 1000005 of Lé

Lrergy Absorbed .
7o Mox. Loao = 89G 000 Inld |
Vo Fracrture = [ /0,000 ZInlé

a2 o4 0.6 o8 7.0
Strom orr I6-In. Gage Lengtth n /.0 Zr
/’7'7 Ja.

Load-Stroun FPelarior:
F6-2r. Gage bLength
Specimen IS4~ D Normalrzed
Temp 42°F
Energ; Absordecr.
70 May Load = /3%0,000Tn tlkL
75 Frocture = 285 ¥4 000 I Lb

P~ & /2 6 20 ze 28
Strowr orn /7 %-2n Gage LengPh 1 O./ZF7
Ao 7a.

Load 1n 100,0005 of Lb

laad /r 100,000 oF Lb.

0

Lood-Strawm Felotior
36-1n Goge Lerng#r
Specimer /8-/

Temp. /8°%F
D As-Tolled

Energy Absorbeco
7o Mok Lood =
zas,o00 Irilé
7o Fracture =
Fof OO0 L2 L&

g /6 24 T3z
Strom on 36-In Gage Length in 0.0/

Lood- Strawr FelsFror

36-Irn Gage Lerng?th

Soecimen SA-2

D Normo/rzed

Temp. 3/°F

Energy Absorbed :
To Max Lloag = 207,000 Ir. Lé
To Fracture = 227,000 Zr. lh

& a 2z - /6 20
Stram on 36-Ln Gage Leng?h w7.2.0/ Zrr
g 8a.




Load i1rn 100,000's afLb

q  Lood- Strow RBe lotrer
17 %-Ir2 Gage Length
4 Spoecimer /78-6
Temp. I7°K~
Energy Absorbed .
7oMax Load = 112,000 |Znsé
7o Frocture= /48000 I lé
D As- Polles

- /6 24 Iz

Stram on I7BIn Goge Length 111 O.0/Z7.

Fg. la.

Lood 1n 100,000's of LA

)]

A

N

3a

1]

g +

~

&,

9

“§ 4 Locd- Strovy Felarsorr

Q 17%-In Goge Length

g‘ 4 E As -Rolled

N Swecimen 204- /3

R 3 7&me. " =

~., Ernargy 4bsorbac:

? To Mok Loos/ = /89 000 T lb

~N 7o Frocture = 298 000 Inlb
2

/y

a /6 I3 32 o @8
Strowz orr 17%-In. Gaage Leng#h w OO/ Zr
/‘-",_7 foa.

Lood-S#raim FPel/otior
178In Goge Leng ¢
Specimer /784 D 4s-Folle!
Temmp. = FO°F
Lnergy 4bsorbed:
70 Mor Load/= 260,000 Zrih
7o Fracture = 656 OO0 Ir. Lb

2 +~ (2 8 /0 /2
Strowr on /7%~In Gage Lernghty 1 0./ T7s.
/c/'j Ra.




load 1 108000 of Lb.

Load in 100,000 of L&

3 D Norsmo/rzad

Lood-Stroin Felotion
17%-Ir7, Goge Leng+h
Soec/men /78-5
Temp. /10°F D As-Folled
Frergy Absorbed :
76 Moy, Loaod/s /159,000InlLe
7o Frocture = A8 000 Zn. LA

-4 /6 24 32

Strawr orn /7% Tn Goge Length . 0.0/ Lr.
g /3a.

Looo/-S*rom Fe lotior

17%-In Goge Leng?h

Jpecimen 3-2
Temp 38°F

Ernergy Absorbed:
To Max. Looa =328 00 Inr-i
70 Fracture = 762000In

o4 o.a 2 1.6
Stramr on 17%-Irn.Goge Leng?h w O.1
Fy VAT A

Load 1» 100000's of L&

Load Strovr Relodror
1758 L7 Cage Length

Soecimers -/ D Normo/rzed
Temp = #0°F

Energy Absorbed:

70 Mok Lood= 308,000 Zrnlh
70 Froctyre = 795,000 Zr. Lb

2 4 6 8 o

Stram on (7%-In Gage. Length 117 0./ Ip.

/:/f /.

L4
LY

Load-Stram Relation
17%-2n Goge Lerng+h
3 Specimer 3-3 D Normolized
Temp. 16°F 7.
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s
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+* 8 2
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0

A

Lood - Stroim frelo Frorn
7% InGage Lerngh
Soecimen A2 I As-Folle
T@rmpe. I2°F
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&+ s 2 /6 2o
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2 F As Polled

LD Zrlb
Znléd

/ 2 3 <
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Speciiner A-/
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Stromr or 17%-In Goge Length i 0.1 Ln.
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&% Gage Lengtt °
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E5-InGoge Lengtt
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Energy Absorbed Fo Max. Lood\s 1800 17 Lo
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Load- Strow FPe/atrorr
/7%-—.1'/7. Gage Leng?h
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7y 28a
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% To Freeture = 43,200 T Lb.
E o5 £E As Folleo
o
N
£ & 2 /6 g0
Stram on 17%-2n Goge Lerngrh > .0/
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&%-In Gage Leng#h 8% Gage Leng?h
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APPENDTIX B,

-ABSTRACT .

- Goupon tests of the. steels uged- in this investiga-

tion have been made as Tollows®

1.

.2,

. '3<.

¢

Tensile coupon ﬁests from g1l plates

at room temperature,

V-notch impact tests at various tempera-
- tures from one plate of each kind of steel,

- and additional -tests of other plates where

deemed necessary,

Meriam tear tests at various temperatures

‘from Killed-—Steel D As—Rolled Killed-Steel

D Normalized, ‘and Rimmed-Steel E. As-RolYed,

-ivb-




1b.

MECHANICAL PROPEBTIES OF MATERIALS,
TENSILE COUPON TESTS.

Tensile coupons were tallen from each plate used 1in this
investigation for the'purpose of determining the mechanioal
properties of the material. Duplicate tests were made of
ld=in, x 3/4~1n, A S.T.X, standard flat tensile goupons 1in
the direotion of rolling and 0 505—1n. diameter A,S.T,M,
standard ‘round tensile coupons both parallel and normal to
the direction of rolling. The results of these tests are
ghown in Tables Ib oad IIb. The mill chemioal analyses of

these various steels are glven in Table IIIb,

- V-NOTCH IMPACT TESTS OF KILLED-STEELS F AND G,

’ PP

1, 'Enzzgdngﬁigni— The relation between energy. and
temperature as given by V-notch impact tests was determined
for Steele F and G. The tensile properties for these two
steels are given in Table IIb and their mill chemical analyses
in Table Illb,

o2, Prgocedure:~ 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 deternine the energy~temperature curve as 1s
described in detail on page 1lb of Appendix B of the Final Report,
OSRD No, 6457, Sertal No, M-61l, January 15, 1946,




, 2b,
TABLE Ib,

MECHANICAL PROPERTIES OF MATERTAL, ™

Standard A,S,T,M, 13-in, x 3/b=in, Flat Tensile
Coupons Tested in Direction of Rolling. ...

PLATE 'STRENGTH,  ELONGA- REDUC-  GHARPY IMPACT VALUE IN
‘NO. _ib,per sq.in. TION IN TION OF FT,LBS, FOR STANDARD
ULTIMATE YIELD & In, AREA,  V-NOTCH SPECIMEN FOR

POINT Percent Percent TEMPERATURE OF © =
. 40 0 4o +80 +110

P L Lot e b Ml o (W ke b A S s P A S S B G R T B W e WP g Se S-ee WA e WD TG G e Ginp G W Mert i W P S S i e Wt T B wan Roy SN W U S S Bt s S e e e a ¢

. RIMMED-STEEL E AS-ROLLED
17 56 300 30 150 31,9 56,1

56 200 30 000" 31,8 56.5
CAv. 56 250 30 075 31,9 56.3
) . KILLED-STEEL D AS~ROLLED -
17B 65 020 : 29,6 59.2 47
. - 65 800 39 000 29,2 55.6
Av, 65 410 v 29.4 574
18 65500 39 000 31,2 . 58,7
6l 700 39 100  27.2 58.2 | 51
Av, 65100 39 050 . 29.2 58,5
) . KILLED-STEEL D NORMALTZED
5A 60 700 34 400 . 33.5 NTIER
. 60 ;oo %u 700 33 E 6033 :
Av, 60 700 34 550 35 5 60.1
(154 59 500 34 800 2L 7T 61.b4
: 59_500 35 000 32.3 61,3
Ay, 59 500 34 900 3204 61.4
' " KTLLED-STEEL F  AS-ROLLED.
A 61000 33650  30.8 62,4 23 53 g3 108 115
.. 60 500 34 450 . 30,3 . 62,4 -
v, 60 750 34 050  30.6 62,4

ST T T i e e o S Mt S S e S S N S i e S s iy s Ty e e e ot A G B et S e D i iy 4eit P o B 0 S s U W i S P AP o S e O S S iy T T n S A e e S

*Mechanical properties of platés not included in this Table
are given in Table 1, age 1ha of Appendix A of the Final
Report, OSRD No, 6457, Mab1l, anuary 15, 1946,




. . “Table %Ib(contd’
Mochaqicq] Proneruies of Material,

N T
- o —— i ~.~-—--—~————-—--~ﬂ‘b --~‘b~-—r-‘~-t—— Vo St S SN g AP S W Sk NS WD Gy Sy — - -— ——
-.-=..====..--.q.=—.p-.—-q—--—-.-_...._.-.._ ————..-—-----'—-2_-—-.-—---.--.——.-'_'-...‘_'..::-

PLATE  ROLLING. . STRENGEH;, ' ELONGA- - REDUCTION
NO.. DIRECTION 1b. per sq.. in‘r' 'TION IN OF AREA .
N ' o Ultimate field .2 In.. .

e FoAnE | Percemt Percent_
20 . P . 60900 33500 .5 9,
C P - 60 500 -%% 00 %R.% 22.2
AV, . , 60 700 73 400 35,0 60,9
20-.+ ' N -~ 61 500 600 8.5 56,
I N 61 goo %g 200 %n.o 58.8
AV, . . 61 300 = 3 900 = 36.3 57.2
204 P . 65000 - 34900  35.5 60.6
I 62v5oo 36 900 34,5 56.5
AV,.,© . B4 g0 35 900~ 35.0 58.6
20A N - 64 l4oo 36 300 75,5 54,7
.- N 8L goo 34 000 31,0 53.7
Ay, - .. 6h 600 ' 35 200 33,3 54,2
22 . P . 65 900 36 200 4.0 7.8
- P 62 700 «%8 600 %3.5 25.6
AV, . 66 300 37 400 33,8 56.8
22 .- N 66 100 37 100 0.0 0
LN 66 200 %Z 200 %0.5 23,3
Ay.:~ | = 66i200‘:’ 36 700 30,3 53.7
pen © P 60 900 00 35.0 60.0
P 60 700 % goo‘ '%;.o 578
AV, .~ 60 800 34 000 36,0 58,9
224 N o 60 900 4 200 30. .7
3 N 61 300, gu-aoo> | %6.% g‘.2
v, ‘ 61 100 34 200 33.5 55.0
23 P 64 600 34 100 33,0 55,8
' P 65 000 31 600 21.5 55,2
AV, .. 64.800° 322 900 - 32.3 5545

23 N 65 200 - 34 6000 32.5 52,8




5b,
~ Table IIb, (Gontd)

Mechanical Properties of Material,

T 0 o o . " W Suis (es s St M et ) M T W 20 s St S N S i W WND Y e T G G T S T e Wkt W BT e S A W

PLATE  ROLLING STRENGTH, ELONGA~ REDUCTION
NO, . .DIRECTION' : b, 'pék @g,4f% = TION IN-- ~ - “OF-AREA™
- . . ltimate ield - 2 In, o e

L SRR ~.*;-?oin£;gulbw33rcent : Percenf;;_-_
- | KILLED-STEEL D NORMALIZED

- p | 61 900 9 300 6 63,2
’ . P 61 200 . - gé goo %s:g 65.0
AV, '61 800 ..+ 37 700 37.5  62.6
3, e N w1900 3T OO L 5.5 61.1

cen N ‘61 800 " 38300 Eo.o 61,1
AY, - 61 900 *T38300 - 37.8 61.1
50 o LLP L 63 700 -i-38900 © - 36,8 61.7

- P 63300 " %9 700 ' - - 329,58 63,3
Av, 63 500 . 39 300 . . 38,2 - 62,5
5 N 63 4oo ‘.. 38 000 " bo,0 7 59,3
SRIREIEEER 6% 300 - g Loo - ;39,3 2,8
Avy 63 Boo 38200 39.7 61.1 .
54- P 62 000 ! 36900 37,0 .. 64,5
oo B 62 000 «-wg?~1oo- fx~-~»§6.o 65.5
AV, " 62 000 37 000 36.5 65.0
54 . 62 700 ; - 36 900 -. . 37,0 59.1

. N ~g§§ 300 -, 37 800 - 27,0 . §0.5
AV e s e s o020 509~ - FFHOO T 27,0 59.8
11 63200 . 36 80 . . .0 4,

-k DR e R 2
Mer L .. 0637300 TT36 70007 L2355 65.0
i1 - N -63 400 "7 35 300 7 35,5 60,

. N . 6l 000 35 600 .. %6,5 . 68.3 .
AV 63700 135500 . . 36,0 64.6

: P B4 900 " 3& Log 6.5 62,8
Av, - 65 000 " 3& 300 N 36,3 T 62,9
.7 N £5 500 39 hoo 7 . 3g.0 i 61;3

oo N 64100 . 39 Yoo 36,0 62,4 .
AV, 6l 800 39 ko0 37,0 62.0
- P 62,700 - 38000 38,0  62.7
R 62400  "37 80. .. Lalg 61.9
AV, . 620600 37 900 %0.3 62,3
15 N . 62 500 - 600 . .0 g.6

~ N 62 hoo %g 600 %;;o 28;0
Av, 62 500 38 100 37.0 58,3
15A P 61 900 200 . 63,

. P - 82000 -3k oo . --3fp B3]
Av, 62 000 37 700 36,8 64,6
154 N 62 300 38 700" 32.5 59.5
W N 2 000 38 600 . 36,0 62,2

——— e BE200 38100 . 2008 __ €0.9_ _____.




6b
Table IIb (Contd)
Mechanical Properties of Material,

;LATEROLLINSTRENGTHELONGAREDUCTION
NO. ° DIRECTION ‘%b.pgz sq]%n.  ' TION IN "OF AREA, ™ -
ltimate Yield 2 In,
) ) Point Percent _ Pefcent ______
L KILLED AS-ROLLED STEEL D
P 65 600 g 4oo .5 6k.5
° P 65,500 %7 800 %&.5 63.0
v, 65 600 3% 100 3,0 63,8
5 N 64600 38 o000 36.5 60,0
N 64 200 . 37 200 . - 33,0 61,4
Av, 64 Loo 37 600 24,8 60,7
17 . P 67 500 L2 300 35,8 58.9
AV, 67 900 41 100 35.8 59.7
17 N 67 300 40 000 - 33,8 55.6
N 67 700 39 700 37.0 57.2
Av, 67 500 39 900 35.4 56,4
17A P 68 200 g 900 .5 63,
| P 67 500 %9 800 %g.s 63.2
AV, 67 900 39 L4oo 6.7 63.5
17A N 67 500 Lo 100 . 56.8
N 67 100 L2 200 ?%.? 578
AV, 67 300 41 200 34,5 57.3
17B P 65 700 4o 600 1, 63,6
P 62 800 42 goo %s.g 63.5
AV, 66 300 41 700 33,5 63,1
178 N 67 000 8 800 . 56,2
N - 6% 600 22 ?oo 53.8 56.7
AV, 66 800 4o "800 31.3 56.5 -
18 P 66 200 39 600 36.5 60.8
P 66 500 Q0 500 35.0 62,k
Av, 66 Loo Lo 100 35,8 61,6
18 N 66 500 42 500 35.5 56.6
N 65 900 39 600 35.5 59.8

--‘—----..-.——--—-..--.—-,..-——-—-.-—--.——-;-..—..-—..u--—-—-——..—-——--s-—.ou——-——-—...-.--—.——...————.-——--n-




7b.

Table IIb
(Con01UdedI -

Mgchanical Properties of Material,

PLATE  ROLLING ' STRENGTH,  ELONGA- REDUGTTON
~ NO,'  DIRECTION . 1b,.per sg, in, - - TION IN - - OF AREA
~ Ultimate Y1ela £ In. '
- " Point ercent Percent
KILLED-STEEL F  AS-ROLLED, .
A P 61 300 34 800  36.5 62,9
P 60 800 36 500 37.5 67.5
Av, . 61 100 35 700 36.0 65.7 |
A N . 60 600 347000 34,0 . 57.5
| N 70 600 35 600 34,5 585 -
Av, . 65 600 34 200 3.3 58.0
KILLED-STEEL G AS-ROLLED,
B P . 75700 42500  3ho0 59,2
A | 72 400 42 900 33,0 62,3
Av, _ 74 100 42 700 33.5 60.8
B . N © 72 400 U4 800 30,0 51,1
‘ N ¢ 72 100 4% 200 30,0 52.7 .
Av 72 300 44 000  30.0 51.9




gb,
TABLE IIfb, L .
CHEMICAL ANALYSES OF PLATE STEELS-
ABSTRACT OF MILL REPORTS, - °

. . . . R - N . ' . : .
MO ONES S R S S R S S R R YT AR TS ERURE S S SR E e R EE S E D

KIND OF STEEL , CHEMICAL ANALYSIS

Rimned-Steel E -~ . o ' T ~
As-Rolled 0,23 0.39 0,008 0.019 0,032 0.19

Killed-Steel D o , o o
As~Rolled 0,18 °~ 0,55 0,23 0,015 '0.,028 0,20

Ki11ed-Steel F

As-Rolled ' 0.15 0.0410.82 0,17 0,01k 0,030 0,016
Ki1lled-Steel G | | L
As-Rolled . 0.,20.0,045 0,86 0,19 :0,020 0:020 - 0,012

HEAT TREATMENT OF NORMALIZED STEELS.

Killed~steel D normalized was normalized at the
rblling mill at a temperature of 1650 degrees ? The 1ength -
of time at the normalizing temperature 1s not known. N '

Rimmed-steel E normalized Was normalized at the:
University of Illinols, It was held at a temperature of |
1650- degrees F., for one hour and then cooled in still arr,



9b.

3. gggg_gpggln%g;r The impact values obtained at
the various temperaturesﬂere.giyeh in Table IVb, The curves
of Figs, ih, 2b,ijo,oaho;ibh‘eho%mthe-igpéct~temperature
_curyes for Steels F and G, In Figs. 1b and 2b the three
_ curves~gi&eﬁrfor?Steeis”F end G show the me;}mum;'average;
‘“"’_.',and mihimum_.V;thch impact values, .Inf'F’.i.g..jb the average .
V~notch 1mpact values for Steels F and G are compared with
the average keyhole-notch 1mpact values for’ the same steels,
as reported by 8.. Epstein of the. Bethlehem Steol Company.

In Fig. 4b the average V-notch impact values for Steels F

-...and G are compared with the V—notchtimpect;values_for the

rimmed and killed steels previously reported,

4,  Examination of Fracturgd Impact: Specimens:-
Figure 5Kb 1s a photograph of the fracture surfaces typlcal
_of the impact specimens of killed-steel F. The fracture .
surfaces shown_qre for gtrehgePof temper?tﬁfijf 110 degrees
F, %o ~100 degrees F.‘ Two specimens are shown for the frac-
turesqeth,70 oegrees,F, since two ofbthelfourvspecimens tested
had a sliéhtlj,lower 1mpact‘Va;ue,end,e.larger area of ery s~
talline fracture than the other two specimens from the OppO=
site surface of the plate, The fracture for one specimen_ _
broken at 70 degrees Fo, shown at the 1eft side 1n Fig. 5b,..
is typical of the two specimens which had the lower impact
value, Specimens 3 and 4, shown in Table IVb, Micro-
examination of a polished and etched cross-section of the
plate revealed no distinguishable difference in microstructure

of elther side of the plate, A Rockwell B hardness test




. 100,
TABLE IVb,
IMPACT-ENERGY IN FOOT--POUNDS ABSORBED IN FRACTURE OF

ST ANDARD V~NOTCH SPEGIMENS CF KILLED-STEELS F AND G,

B e e

_--ag.-a.::&a

SPE

KILLED-STEEL F AS~-ROLLED

==-==s=.--u.=:aam= |IBIR TR

>

===a==—=p=-=-a=a===_uds:-a_na

EMPERA@HRE =$N oF,

NO. =100 -60  -lo 110 150 215 312
1 5.8 7.9 19.8% 67.8% 2,1 111.5 116.5 106.0°110.07 94,8
2 5.3 89 11.8* 78,2 91.5% 113.0 1145 106.0 103.5 98.0
3 ‘4{9 6,2 32, 4% 50,2 5%,8 91,8% 115.5 116.0 107.0 10l.2
L b7 141 28,5  69.3* 85.5% 99.5 115.5 107.0 1112 101.2
Av, 5.2 9.3 23,1 § ~115.5 109.0 107.9 98.9

66.4  79.5 103.8
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SPEC., .. . TEMPERATURE IN °F,
NO, =100 =60 -l4o 0 ‘32 70 “120: 200
1 3.7 5.1 11.0 24;7 49.8  73.5% Rl g88.5
2 L9 6.9 7.6 13,6 29.2% 70.6* 91.0% '95.8
3 3.5 5.7 &0  2h0* 39.2% shg* ohd 886
3.8 3.4 12,6 184  65.0 66.0% '9&{5*"“37.0
Av, 4.0 5,3 9.8 20,2 L5.g 66,2 92,3 .- 89.9

" Penotes specimen which was not completely broken
after impact test,

Specimens

opposite the rolled surface from which Specimers % and.U.
were removed, ’

1 and 2 were removed from the rolled plate surface
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showed the‘side of the pldte for'“hich the impact test values
weré"loﬁer; to have a one point higher Rookwell B hardness

A

than the opposite side.

- Figure 6b 1s a photograph of the fracture surfaces |

. typioal of the impact specimens of killed~steel G, . .The frac-

“tdfeisuffacés‘shOWn are for a range of temperature of 200

- degrees F to =100 degrees F,

A micro»examination was made dt 200 X of the fracture

v fsurfaces“shown'in”Figs. 5b and 6b. The results of the exami—

i“jnation are given In ‘the statement that some part of the frac-

+

ture surface for specimens of killsd—stoels F and G showed
cleavage fracture when tested in impact at temperatures of

70 degrees F, or lower, Impact test specimens broken at

_ _higher temperatures, 110 degrees F, and higher for killed~ L

steel F  and 120 degrens F, and higher for killed-steel G ;1“
shOWed no trace of oleavage on the fracture surface, .

Upon completing the micro-examination of the impadt
fracture‘Surféces;-afpollshed and etched surface was prepared
By cutting the fréctured impact specimens ,shown in .Figs.. 5b
and, '6b on a horizontal plane perpendicular. to the plané of
the paper and "thHrough the Eenter of the spédimen. ~An” éXami-
gatisn st'ﬁod X showed cisafago cracks in the ferrite gf;1né‘f
of the specimen of killed-steel F broken at 32 degrees F, The
specimen of killed~sﬁeé1 F broken aﬁ'osdegrees-F..sﬁoﬁed
cleavage cracks and twins 1n the ferrite, Ths examination of
specimens of killed—steel G showed cleavage cracks 1n ‘ghe
specimen broken at 70 degrees F, and both cleavage cracks and

twing in the specimen broken at 32 degrees F,
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5. Discussion of Data from Impact-Testsi~ The evidence
as to transition temperetures for killed-steels F and G 1is
given in thelr respective impact-temperature curves in
Figs, 1b and 2b, If the transition temperature is defined
as the temperature at which the impact value is 10 f4.,lbs,,
then for killed-steel F the transition temperature ls approxe
imately ~60 degrees F, and for killed-steel G it 1s approx-
imately =40 degrees F,.

The micro-~-examination of the fractured impact speclimens
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 higher testing temperatures‘of
110 degrees F, for killed—stecl F and 120 degrees F, for
killed-steel G, there was no evidence of cicavage on the'
fracture surface. Iy 1s probable that at some temperature
between 70 degrees F..and approxicately 110 degrees F. and
at higher temperatures, the V—notch specimens fractured with
lOO percent gshear deformation, Ir the transition temperature
is defined as “the highest temperature at which cleavege occurs
in any part of the impact specimen then the trensition temper—
atures for the tWO steels lies between 70 degrees F and
some higher temperature which 1s below 110 degrees F. or'ﬁ
120 degrees F, ‘for killed~stee1s F and G, respectively. '
This 1s indicated also by the coneidereble spread which still
remains at 70 degrees F, between the minimum and maximum '
impact curves for the two steels in Figs. lb end 2b | A rough

estimation of the area of the impact frecture surface repre-‘

sented by the shiny cleavage facets in specimens broken at
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70 degrees F,, showed . 10 percent.to 15 percent for the
kilied~steel F, and 35 pércent to’50 percent for killed-steel
¢, However, ~the high impact values for the two steels at

70 degrees F. showa that the gimultanedusly occurring shear

deformation was large,
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MERIAM TEARvTESTS{

A specimen of the type described on page 15 of the

Final Repcrt NDRG Research Project NRC.g2, ObRD No. 6387, .
Serial No. M—607 "Cleavage Fracture of Ship Plate as Infiu—
enced by Design and Metallurgical Factors (NS—336) Part I,
Hatch Gorner Specimen Tests," dated December 4 1945, Wa?,i
made from killed—steel D as~rolled, killed—steel D nofmalized,
and rimmed— teel E as-rolled for the purpose of studying with
a simple specimen, the change in the nature of the fracture
with chengeiin Femperature. This epecimen is shown in Fig. 7b.

| The specimens were_mounted.@ipectlypin thepgripswcf o
‘the testing machine.} The_temperepure"fcr_eacp test W@S,Kept
consgent and,the nature of ;he fracture noted, Difgereptn ‘
testshwere made at different temperatures!'startinngith a
tempera%ure,,which,ppodgced a full cleavage fracture, and .
increasing in steps to & higher temperature, which prodccea
a full”sgeer fracture, A comparison of the results\of these
tests.yithdﬁhe results of the wide plate tests, having a

jeweler 's-gaw cut stress-raiser, 1is shown in Fig, 8b,

oyl iy o : . Tk T
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An examination of Fig, &b will indicate for both the
wide plate tests with a jeweler's-saw cut stress-raiser and
the Meriam tear test that there 1s a temperature band in
which the nature of the fracture is one of mixed cleavage
and shear, Above or below this teﬁperature'band the fracture
1s wholly of one type,cleavage or shear, Not sufficient
wide plate tests ha&e been méde 80 that the upper and lower
limits of this temperature band, in which fracturés of mixed

cleavage and shear appear, may be dotermined as closely as a

few degrees. On the basis of the number of tests made, 1t

appears that the Meriam tear test determines a narrower

temperature band of mixed fractures than does the wide plate
test wlth the jeweler‘é—saw cut stregs-raiser, However,
the narrower temperature band of mixed fractures determined
by the Meriam tear test does fall within the same band
determined by the wide plate tests.
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FIG. 5b

FRACTURE SURFACES OF XILLED-STEEL F SPECIMENS
Top to bottom fracture ftemperatures:

110°, 70°, 32°, -40®, -60°, and -100° F,
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FIG., €b

FRACTURE SURFACES OF KILLED-3TEZL G SPECIMENS

Tep to bottom fracture temneratures:

o

2000, 120°, 70°, 22°, a®, —Lp®, -60°, ana -100° F,
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0.125, 0.25, 0.33, 0.50, and 0.75 for two series of tests. For all other series

L/W was equal to 0.25. The plates were tested at temperatures ranging from -73

to 141° F. The elongation at all loads of the wide plates at midlength was

measured by mechanical gauges on a gage length equal to 3/4 of the gross width

of the plate., The elastiec and early plastic strains in the plate at midlength

vere measured with electric strain gages having a 13/16" gage length; the plastic

strain in the same region was measured with mechenical gages of %” and 1" gage

lengths at loads up to the initial fracture. All Starins were measured on both

sides of the plate. After failure, the thickness 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

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 plates and their strength and energy
abgorbing capaeity.

(3) T™he relation between the temperature of the plates and their strength and
energy absorbing capacity.

(4) The relation between the value of L/W and the strength and 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 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 details of the results are given in Appendix A. The resulis are

discussed on pages 8 to 25, and the conclusions are given on pages 26 to 28.




