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Preface

The Havy Department through the sureau of Ships is distributing this report
to those agencies and individuals who were actively associated with the research
This report represents a part of the research work contratted for' under

the section of the- Navy's directive "to investigate the de51gn and construction
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ABSTRACT

The present report summarizés the work done on a series of
edge-notched tensile bars prepared from the project steels,

Evidence is presented to show that for the test specimen used,
reasonable agreement exists between the transition temperatures obtained
on the basis of per cent fibrous fracture and the transition tempera-
tures for the large plate tension tests,

It is further shown that there is lack of agreement between
transition temperatures based on fracture appearance and transition
temperatures based on energy absorption for this test,

Lateral contraction measurements and total elongation measure-
ments are given and show general conformity with energy absorption

measurements, although much scatter of the data precludes a strict

comparisen,
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INTRODUCTION

Among the warious tension tests developed at the Universify of

California for the study of brittle fracture in ship plate steelst

, one em-
ploying a 3-inch wide edge-notched flat plate bar appeared to offer definite
promise of correlation with the 72-inch wide plate internally notched tension

test, This test bar while quite small, was still relatively large for labora-

60,000 pound capacity. It appeared advisable to investigate this type of test
using smaller test section sizes.

In the original testsl the methed of determining transition temperature
was based solely on fracture appeérance. In the present testing program, it
appeared aavisablé to obtain load-elongation curves in addition, for from the .

data of Tipper?

change in length values remain nearly constant for the different
testing temperatures for sﬁeclmens of tinis type. This would indicate that the
enérgy absorption is little affected on passing through the transition tempera-
ture for this test bar, since the load does not decrease,

The following have constituted the staff contributing to the completion

of the work:

J. &, Low, Jr, Technical Representative
M. Gensamer : Technical Advisor
F, C, Wagner Lupervisor

L. I, Colteryahn . Investigator

E. P. Klier Investigator

D, &, Nulk Investigator

M. A, Bishop Research Assistant
E. Marks Research Assistant
E, Tevlin Drafting o

D, W. Pease. Technical Labob
H. Colyer Technical Labor

P, A, Vonada Technical Labor

1,2 - See Bibliography



Steels:
The project stecls studied have been listed and described in an earlier
reportB. A1l steels with the exception of F, G, and H have been studied in this
investigation. The notation Bn (2) in figures 7, 16, 25, 34, 43, 52 and Appendix
A is used because the plate of steel from which the specimens described herein
were taken had a higher transition temperature in the slow bend test than those

n steel which was first tested. The steel {rom this latter

from the 1S 11ch =

£ |
P2

late of

plate may then be desighated as Bn (1).

Testing Progiram:

Preliminary tests were conducted to determine the optimum specimen

machine, Figures 1 and 2 show the specimen finally adopted. Preliminary tests
of 3/4" thick plate specimens having 1/2n, 5/81, and 3/4" wide cross sections
indicates that the 5/8" was the maximum width which could be tested without ex~
ceeding the capacity of the available testing machine.

The effect of notch radius was not exhaustively studied, but a few
specimens having a 5/64" diameter round notch and also severél with O.0L" radius
V-notches were tested. The 5/8" width was maintained for all of these tests.

The experimental results in terms of fracture {ype were essentially the same as

were subsequently used exclusively because of the convenience with which this
notch could be machined,

Tests at various temperatures were performed on the steels mentioned
above for the sawcut notch and the transition range was determined according to
energy absorption, fracture appearance, elongation, and maximum lateral .

contraction,



Specimen Preparation:

As described above, the specimen type used for the majority of these
tosts was a symmetrically notched flat tensile specimen with a cross section
of 5/8v x the plate thickness {3/4"). .fhe sﬁééimenszweré'first shaped to the
outer dimensions of 6" x 2-3/u1 and were then laid out to allow the drilliné

of the 1" dlamater holes and the sawing of the noitches, The holes were reamesd

to size after drilling to _1oduce a slide fit on the hardeped steel supporting
pins,

Two 1/4" diameter holes ﬁith center to center distance of 1 inch wére
drilled in one cdge of the specimen, (see Fig, 1). These werc used for the:
attachment oi a wedge extensometer to the specimen., Figure 2 is a photograph
of a specimen shgwing an cage and a side view of an unbroken specinen ghd ;iso
g aide ﬁigw of a broken‘;pccimen 1llustrating the appréciable elongatioﬁ of the

nar bal 2o A, b
l—‘-l-l.l LIV E W0 LT [¥]

After Lachlnlnh, a two inch gage length was nmarked ofi on the center

ity

Jine of the flat side of the specimen for final elongation measurements,

Testing Equipment:

fa] i

~ e
pil and i

The e

(w3
I~
o
o
4]
1

of
for holding the specimen, an adaptor for attaching the wedge exten80m6ﬁef to the
edge of the 'specimen, and a conbainer for the coolant which could be lowered
tc allow removal or inscrtion of the specimen,

This equipment is illustrated in Plawf 3 and A; wﬁich show:the testing
ass bly w1th the coolant centainer lowurcd io; opOClmcn change and’ in pouLklon

for testing, respectively,
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Testing Procedure:

The pins were inserted in the holss in the specﬂnen-ﬁﬂiie the coolant
container was lowered as shown in Figure 3. - AL the same time the extensometer
attachﬁent‘was clamped to the edge of the specimen and the axtensometer wgdge Was
connected te the drummfype recorgeﬁ.' fhé o olant COntainef waslthen raised to
surround the sﬁecimeﬁ'aﬁd filled witﬁlei%her water or an acetone and dry ice
mixture, depending on the tempsra
at the testing temperature,‘the specimen was Droxen using g,c;oss—head movenent
of one inch per minufe.' Durin:.; the test, the load vs. elongation curve was
autographically recorded on the drum type recorder,

Afﬁer.the specimen was broken, the coolant medium was drained from the
COntaihéf,‘and thé‘container‘was luwered to permit removal of the specimen.. The
measuréménbs of latefal coﬂtraction in plate thickness at the‘fracture, elon:ation

over two inches, and percent [ibrous fracture were then made..

fepresentation of Data:

From the autographic leoad vs, elorgation curves as illustrated in
Figure 63, valucs of yield load (defined here as the first departure from the
initial straight line portion of the curve), maxdmum load, and total energy

absorption as determined from the area under the curve, were obtaimed. These

change in.plate thiékness at the ffacture.Surface, final elongation over a two
inch gage length along the cencer line of the speeimen, and percent fibrous
fracture, | |

Gurves were drawn only for the porcent fibrous fracture data because
of £he pronounced scatter existing iﬁ the other sets of data deccribed above.

These curves were superimposed on the plots of data for the lateral contraction
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measurements, the energy absorption measurements, and the elongation measurements.
A transition temperature for each stee; was selected from the percent
fibrous fracture versus temperature curves as that temperature which corresponded
to 50% fibrous fracture. These transition temperaturcs are listed in Table I in
comparisen with transition temperatures for the 72" wide flat plate tests as
selected at 50% of maximum energy absorption,
A tabulation of all data is included in the appendix at the end of the

report.,

Results:

Transition curves (Figures 5-13) attained by visual estimate of the
Qercent fibrous fracture are only in fair agreement with those obtained in the
large plate tests, all of the steels tending toc have a higher transition tempera-
ture in the present test with the exception of the results for Steel Br and
Steel E. It can be noted here that the transition temperature for Steel Br is
exceedingly low, which is in agreement with slow bend tests on this plate of

It is gvident from an examination of Figures 14 to 22, that the encrgy
absorption vs, temperature data do not, fo;lmost of the steels, show transitions
in the same temperature regions as the per éent fibrous fracture vs. temperature
‘curves. | -

For the energy absorption values obtained, only steel Br shows a
transition temperature coinciding with that based on fracture appearance, while
the other data indicate energy transitions at temperatures considerably below
the fracture appearance transition, |
‘eviously, no specific values for cnergy transition

temperatures were selected because of scattered data.,
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The discrepancies between the two modes of transition temperature
representation are made evident by an examination of the data for Steels Dr and
bn. For the fracture-appearance data the transition temperature is above %AOOF
for both steels, From the energy absorption data the transition temperature
appears to be about —4001-"‘i

The plotted data from lateral contraction measurements (Figures 23 to
31) and elongation measurements (figures 32 to 40) are for the most part in agree-
ment with cach other. Certain discrepancies do exist, however, as is evident
from an examination of the elongation curves for Steels C and Dn. Because of the
nature of the fractures and the difficulty experienced in matching the broken
specimens for elongation measurements it is believed that the data for the slon-
gation measurements must be subjeet to much scatter,

Graphs showing yield point versus temperature and maximum joad versus

no+ o B
L V) L b L)

G

S envraa ~ B
LEUYCS o [ I

In both cases, the lcad valuc shows a tendency to increase as the temperature
decreases. There was no instance of a sharp decrease in load on yiclding at

any temperature with this type of test,

oI o e O AT orl cmie 3 anl
GlUo adl’'c oIllOWIL oldivlicibloal

b
1y

1

-

the drawings of Figures 59 to 62. The sequence illustrates the generzl pattern
of change of fibrous fracture surface as it increases on a percentage basis from
a "thumbnail" pattern at the edges of the specimen as shown in Figure 59, through
successive "hourglass! pattgrns as in Figures 60 and 61, tc a nsarly completely

fibrous fracture as in Figure 62,

Discussion of Hesults:

(ne aspect of the dbove resulis is of particular intersst, This is the
iack of agreement between the energy absorption and lateral contraction results

and the fracture type results. In gencral it is accepted that a grgaular appearing
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fracture is not assaciated with appreciable toughness, But the above data
indicate the exact contrary. This is particularly truc for those steels which
indicate appreciable encrgy absorption at the lower temperatures of testing,
namely Steels H, Dr and Dn. It is evident that a basic inconsistency exists in
these test data unless a factor not considered is operative in these tests.
Such a factor may be the effect of strain on: the transition temperaturc. It has
been shown that prestrain markedly elevates the energy transition temperature
in the standard Charpy keyhcle testB. It has been shown further that this pre~
treatment is not essentially a strain aging process., That is, the alteration
of the metal in the process of straining is such as to lead to an appreciable
elevation of the transition temperature with little or no elapsed time between
straining and testing. It is believed that this effect is operative in the
present test.

Thus the possibility of three different test results exists, depending
on the temperature range, First at high temperaturcs, ductile behavi or (with
attendant high enerzy absorption) and fibrous fracture are obtained. Second,
in an intermediate temporature range, ductilc behavior is still obtained, but
the plastic strain during the course of the test elevates the transition tempera=—
ture for cleavage failure, so that when fracturc finally occurs it is of the
cleavage type. The third casc occurs when a temperature is reached which is
low cnough for cleavage fracture without pricr strain. At this temperature,
brittle behavior with low energy absorption, and cleavage fracture are obtained,
Conclusions:

1. For the =dge-notched bar tension tests twe transition ranges are
observed - nne assoclated with change in fracture type, the other with drop-
off in energy absorption. The transition temperature determined from fracture

appearance is in approximate agreement with the 72~inch wide plate test results,
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while that determined from energy absorption is not,

2. The discrepancies between the transition temperatures given by
energy absorption and fracture appearance data have been indicated as being due
to a displacement of the fracture appearance transition to higher temperatures
through prestrain arising during the course of initial loading of the test bar,

3. The transition temperature obtained for Steel Br is consistent

with that obtained for the slow bend test,
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Table I

Comparivon of Estimated Transition Temperatures of ddge-Notched Tension Tests

and 72" Wide Internally Notched Tension Tests

(ll—o"3 . )

Transition Transition Temperature - °p
N Specimen Temperature : Stecl .
Type of Test Orientation Criterion E c A Dr Dn - Bn Br Q. H N
l, 72" Yiide Tension - = 50% of max, 100 90 35 30 28 31 32 - 20 =45
energy ab-
sorption
Ref., 1 & 5
2. Bdge~-Notched Longitudinal 50% fibrous 100 125 g5 75 L0 95 ~30 L5 75 -
Tension fracture
difference 0 A5 460 Ah5 A2 A6l 62 -— 455 -
(2.-1.)
3. 12" YWide Tension n Lowest Temp. 106 116 58 - 20 25 iy —— —_ -
( Swarthmore Data) for 100%
Fibrous Fract.
4« Edge-Notched " " 1.0 130 110 80 £0 100 -20 80 100 -
Tension
difference I 14 52 - 20 75 =34 — —— -
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Photograph of Test Specimens
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Testing Assembly, Coolant
Container Lowered

Fige 3

Testing Assembly in positien
for Testing

Fig. 4
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TYPICAL LOAD-ELONGATION DIAGRAMS FOR EDGE
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Max.
Load

35,600
36,050
36,100
36,250
37,050
38,550
38,450
38,800
39,250
39,975
4G,500

34,000
35,000
34,000
37,600
37,650
36,350
36,400
39,700
37,050
40,900

34,100
35,400
36,790
36,000
35,200
38,350
37,750
41,050
41,950
42,750

18,500
18, 500
23,500
22,000
23,200
26,500
26,000
28,000
39,800
29,000

244,500
24,600
16,000
21,000
29,000
23,500
27,500
25,000
30,600
32,500

24,,500
20,800
20, 500
22,500
20,000
22,200
21, ,C00
29,000
22,000
37,500

APPENDIX A

SJULGARY OF DATA

. -

Latgral
Contragtion

steel A
194
200
2169
173
« 130
<099
109
.088
« 120
US4
LU66
steel EE'
» 181
19
206
.iga
.199
120
«140
L1118
.098
I Bn{2) .
218
214
w134
153
137
o143
135
W19
L086
095

<. Fibrous
Fracture

100
100
100
160

35
15
1C
2
20

]
o

100

00

100
102
100
10
25
5

0

100
100
25
25
10
15

10

Uoum

Lnergy

Absorption

L7
515
323
536
356
374
203
149

66
390

391
275
47¢
49

568

638
292

719

258
501

519
527
563
510
342
545
378

(2.

637
237

Spec,
Ho.

Ans -
=12
i~10

A~y

e

A1
a7
A2 -

A8

A9
4=11

Br=3-

31‘—:.]: :

Br-1 -
Br-d,

Zr-10
Br-1%
Br-2

Br-l15
Hrel?
Br-1%

Bn-1

Bn-56
Bn-5 -
B3
Bn=7""

Br=2 7

B~/

By-11 "

In~12
Bn-13

1



- Temp. Tlong. ©oMax) 7isld " Labural @Fibrous LOGT Y Spea
on oRGLL, Load Load Contraction Fracture Absorption No,
i : steel C
158 22 37,650 21,000 T - 100 L7 Cc-17
140 T 15 38,750 25,000 S A 85 326 _ C-18
126 T.16 38,800 000 —————= A72 1CC e C-7
113 .1 39,750 25,000 e 15 354 C-15
‘133 .13 37,900 20,500 © 115 15 209 - 0-20
7 .15 40,300 30,800 D e i5 465 C-11
75 .12 41,200 25,500 Q75 10 376 o
- 50 13 41,400 27,500 .082 5 500 C-13
32 05 41,950 mmmeee .067 o 142 e
- 32 09 42,500 29,000 .093 20 287 C-14
32 "7 41,95C 40,000 050 2 U5 £-1%
4G 09 3%,900 28,500 © 051 0 307 (~-21
=70 .08 40,450 40,350 - W026 c 183 - £-22
‘ - Steel Ur :

134 .18 40,900 24,000 - 190 100 L22  Dr-I5
104 19 42,100 19,500 L2l 100 4 Dr-Lt
79 15 46,500 30,500 156 100 461 Dr-1
7 21 42,500 25,000 w137 35 350 Dr-12
50 A5 4y, 200 2l , 500 134 40 L8 Dr~9
32 Jz2 42,950 24,500 122 10" 36l Dr=6
14 Jg Ly, 600 26,500 < L,125 25 593 Dr-2
-4y .10 45,600 27,000 .108 107 310 Dr-7
-40 09 47,500 - 30,500 W10k 5 308 . Dr=3
-58 .6 47,200 42,000 w062 0] 58 . Dr-1i
-70. .08 . L7 ,600 47,800 NesA 0 4,01 Dr-13

- T Steel . Dn ' :

104 .20 38,800 24,500 199 100 L2 Dn-10
74 18 37,250 26,000 V19 100 498 D=t
50 i 39,400 22,500 B - 10 530 on-5
37 a8 40,100 28,000 195 100 L72 Dn-2
32 g7 40,950 26,200 .198 10C 531 Dn-11
1L .17 41,100 25,000 L121 15 511 Dn-1

-37 <17 L5,400 Rl 4 500 R 1O CHE 5 538 Dn-7

-58 .08 43,750 31,000 092 2 254 D=y

-50 .10 43,900 29,500 T L0%hT 0 560 Dn~12

-60 .12 46,800 34,000 092 5 676 Dn-14

=70 .09 47,000 31,500 <091 10 658 Dn-13

Z 15



40

rlong.
2nG.I.

.22
.18
.21
12
015
A
.12
.13
16

.10

21
e22
.18
.18
.19
19
.16
.19
w15
1
.16
.13

.16

o13
11
.09
.08
.09
09

.09

Max,
Load

26,600
34,350
35,050
35,1C0
35,650
36,250
36,700
38,000
35,250
37,500
38,600

36,550
39,300
39,950
40,450
1,0, 500
41,550
42,450
41,750
43,000
42,900
43,500
15,200

48,300
17,500
49,900
49,750
49,900
51,850
52,600
53,650
51,200
57,300
54,800

Yield
Load

17,500
19,500
20, 500
19,500
23,500
18,500
27,600
19,500
25,000
23,500
30,000

20, 500
22,500
21,700
20,000
19,500
21,,000
27,000
25,000
26,000
28,000
28,000
29,000

31,000
34,000
37,500
27,500
49,400
38,500
42,000
43,500
lily 500
lidy 500
41,500

Lateral
Contraction

3teel o

Steel H

Steel

0225
.210
221
. LO4
«103
o117
2135
<114
«150
.097
L34

247
o 220
167
175
169
155
160
151
157
1137
126
079

.198
146
.119
109
.100
.106
L 077
063
070
.076
071

% Fibrous

Fracture

100
100
220
10
5

5

5

>

Energy Spec,
Absorption No.
527 E-3
537 E-16
555 12
Lok E=10
405 B2
396 B-13
328 E-11
363 Sedy
355 E-15
219 E-5
375 E-ik
487 H-15
560 H-10
643 H-13
743 H-1
508 H-12
585 -5
510 H~1
577 Hely
429 H-2
b2 H-6
510 H-3
609 H~13
594 Q-5
- Q-6
516 -1
403 W2
—— Q-3
79 ¢-10
455 13
728 Q14
400 Q11
523 Q@-12
RLdL, Q4

e



