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ABSTRACT

The present report summarizes 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 betitieenthe 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

comparison.
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Among the various

California for the study of

&YTROl)UCTION

tension tests developed at the

bribtle fracture in ship plate

ploying a 3-inch wide edge-notched flat

promise of correlation with the 72-inch

test. This test bar while quite small,

plate bar appeared

University of

steelsl, one em-

to offer definite

wide plate internally not,chedtension

was still relatively large for labora-

tory ,useand actually was too lar~e to be broken in a testing machine with

60,000 pound capacity. It appeared advisable to investigate this type of test

using smaller test section sizes.

In the original testsl the method of determining transition temperature

was based solely on fracture appearance. In the present testing program, it

appeared advisable to obtain load-elongation curves in addition, for from the,

data of Tipper2 change in length values remain nearly constant for the different

testing temperatures for specuens of t},istype, This would ind.icabethat the

energy absorption is little affected on passing through the transition tempera-

ture for this test bar, eince the load /doesnot decrease.

The following have constituted the staff contributing to the completion

of the work:

J. it.LOW, Jr,
M. Gensarrrer
F. C. ‘Wagner
L. E. Colteryahn
E. P. Klier
D. J. Nulk
M. A. Bishop
E, Marks
E. Tevlin
D. W. Pease..
H. Colyer
P. A. Vonada

,.,

Technical Representative
Technical Advisor
supervisor
Investigator “
Inveskigatcr
Investi~~ator “‘’
Research Assistant
Research Assistant
Drafting
‘lechnicalLabok’“’ ‘‘
Technical Labor
Technical Labor

1,2 - See Bibliography
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Steels:

The project steels studied !lavebeen listed and described in an earlier

report3. All steels with the exception of F, G, and H h,avebeen studied illthis

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

from the plate of Pm steel which was first tested. The steel from this latter

plate may then be designated as Em (1).

Testing Progi-am:

Preliminary tests were conducted to determine the optimum specimen

geometry with respect to adaptation of the test to a 60,000 pound capacity tensile

machine. Figures 1 and 2 show the specimen finally adopted. Preliminary tests

of 3/i+tlthick plate specimens having l/2!!,5/8u, and 3/4!lwide cross eections

indicates that the 5/8!fwas the maximum width which could be tested w,ithoutex-

ceeding the capacity of the available testing machine.

The effect of notch radius was not exhaustively studied, but a few

specfiens having a 5/64!!diameter round notch and also several with 0,Ol!!radius

V-notches were tested. The 5/8!lwidth was maintaj.nedfor all of these tests.

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

those obtained for a l/32u wide sawcut notch. Specimens with the sawc,~tnotch

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.
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SpecintirrPreparation:—

As described above, the specimm ?.ypeused for ihc majority of these

tcsttiwas a symmetrically notched flat tensile specimen with.a cro~s section..

of 5/8!Tx the plate thickness (3/4!f). The specimens were’first shaped tc tPLe

outer’dimensions OF 6!!x 2-3/41!and were then laid out to allow the drilling

o.fthe l,!diameter holes and the sawing of the n0tChe3. ‘Theholes were reamed

to size

pins.

drilled

after drilling to produce a slide fit on the hardened steel

‘T!Nc1/4” diamet:r holes with center to center distance of

in one edge of the specimen, (see Fig. 1). These v:ercused

supporting

1 inch wers

for tile

ahL.aclunentof a wedge extensometer to th~:specimien. Figure 2 is a photograph

o:!a SFasimen showing an edge and a side view of an unbroken specimen and also

a side ‘;~.ey~of ,abroken specimen illustrating the appreciable elonfiationof the

pin holz:~due tc deformation

After machinir]g,a

].ineof t!w flat side of the

~estin~{Equipment:

The eqdipment used

for holding MC specimen, an

around the pins..

two inch gage 1ength was marked off o*]t,h:ccnkcr
,,,

sp*Xlmcn for fin.alelongation IUMs,~rements,

,,

for testing conf~:istsdof pin and clevis connections

~daptor for attaching the wedge extensorrieterto the

cci,ge of thi:,spectien, ~hd a contauier for tilecoolant wtich could be lo,j{ered

t~ allow removal or insertion of the specimen.

This equipment is illllstratedin Fi;.rres3 and 4, which show”the ixisting

assem.blywith the coolant container lowered for sp,?cimenchan~~eand”in ~ositiori

for testing, respectively.
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Testin,<Procedure:—.

The pins were inserted in the holss in the specimenwk!ilethe coolant

container was lowered as sttownin Figure 3. At the same time the extensome’ter

attackinent”was clamped to the edge of the specimen and ths extensometer werigewas

coi-mectedtc the drum-type record!er. The m olant container was then raised to

mu-round the specimen and filld wltliei(therwa”teror an acetone and dry ice

mixture, depending on the temperature of testing. After a period of ten minutes

at the testing temperature, the specimen was broken using a ,cross-head movement

of one inch per minute. Durin:~the test, the load vs. elongation curve was

autographical.lyrecorded on the drum type recorder.

After the specimen was broken, the coolant medium wae drained from the

container,and the container was lawered to permit removal of the specfilen. The

measuremen~s of lateral contraction in plate thickness at the fracture, elont;ation

over two inches, and percent fibrous ftiictur’ewere then m,de.

Representation of Data:

From the autographic load vs. elori~<ationcurves as illustrated in

Mgure 63~,vaiucs of yield load (defined h:re as the first dcpai-turefrom the

initial straight line portion of the curve), ,r,a.xim.umload, and total energy

absorption as determined from the area unler the curve, were o’btaiucd. These

values were plotted as a function of temperature, as were values of

change in plate t~,icknessat the fracture swrface, final elon{;ation

inch gage len,<t,halon~;the center line of the spccimcn, and percent

fracture,

maxtiunr

over a two

fikuwufi

curves were drawn only for the pcrcerk fibrous fracture data because

of the pronounced scatter existing in the other sets of data dcccribed above.

These curves were superimposed on the pluts of data for the lateral contraction
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measurements, the energy absorption measurements,

A transition temperature for each steel

and the elongation measurements.

was selected from the percent

fibrous fracture versus teirperaturecurves as that temperature which corresponded

to 50% fibrous fractu”re. l’hesetransition temperatures are listed in Table I in

comparison with transition temperatures for the 7211wide flat plate testo as

selected at

A

report.

Results:

50% of maximum ensirgyabsorption.

tabulation of all data is included in the appendix at the end of the

Transition curves (Figures 5-13) attained by visual estimate of the

percent fibrous fracture are only in fair agreement with those obtained in the

large plate tests, all of’the steels tending ‘tohave 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 w..th slow bend tests on this plate of

L
steel .

It is evident from an examination of Figures 11+to 22, that the energy

absorption vs. temperature data do not, for most of the steels, show transitions

in the same temperature regions as the per cent fibrous fracture vs. tenlperature
,,,

curves.

For the energy absorption values obta~ncd,

transition temperature coinciding with that based on

only stecl Br shOws a

fracture appearance, while

the

the

other data indicate energy transitions at temperatares considerably below

fracture appearance transition.

As mentioned previously, no spcc~fic values for energy transition

temperatures were selected because of scattered data.
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The discrepancies btitweenthe two mcdes of transition temperature

representstion are made evident by an examination of the data for Steels Dr and

Dn. For the fracture-appearance data the transition temperature is above }f+O°F

for both steels. From the energy absorption data the transition tamperature

w-s to be about -@°F.

The plotted data from lateral contractionm.easuremerrts(Figures 23 to

31) and elongation measurcmen~s (F’igures32 to 40) are for the most part in agree-

mc+ntwith each 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

specirmms for elongationmeasurements it is ‘believedthat the data for the elon-

gation measurements must be subject to much scabter.

Graphs showing yield point versus temperature and maximum load versus

temperature are presented in Figures 41 to ~+9and Figures 50 to 5S respecti.,,ely.

In both cases, the load value shows a tendency to increase as the tei~perature

decreases. There was no instance of a sharp decrease in load on yielding at

any

the

temperature with this type of test.

Typical examples of mixed,fracture surfaces are shown

drawings of Figures 59 to 62. The sequence illustrates the

sch mwtic ally in

general patkern

of change of fibrous fracture surface as it increases on a percentage basis from

a IIthumbnailtlpattern at the edges of the specimen as Shown in Figure SY, throwh

successive IIhourglass!!patterns as in Figures 6C and 677,tc a nearly co.mpl.etd y

fibrous fracture as in Figure 62.

Discussion of Results:.—

One aspect of the ibovc results is of p,~.-ticul~r interest. This is the

lack of agreement between the energy absorption and lateral contraction results

and the fracture type results, In general it is accepted that a g~aular appcartig
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fracture is not associated with appreciable toughness. But the above data

indicate the exact contrary. This is particularly true for those steels which

indicate appreciable energy 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 effeet of strain on the transition temperature. It has

been shown that prestrain markedly elevates the energy transition ternperabure

in the standard Charpy lceyholetest~. 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 SUC12 as to luad to an appreciable

elevation of the transitIon temperature with little or no clapscd time betwecn

straining and testing. It is believed that this effect is operative in the

present test.

‘thusthe possibility of tlnwe different test results exists, depending

on the temperature ran~e. First at high temperatures, ductile behavior (with

attendant high energy absorption) and fibrous fracture are obtained. Second,

in an intermediate tempcratmo range, ductile behavior is still o’otained,but

the plastic strain during the course of the t,cstelevates the transitIon temperat-

ure for cleavage failure, so that when fracture finally occurs it is of the

cleavage type. The ti]irdcase occurs when a tempcratuiieis rcachcd which is

low enough for cleavage fracture without prior str~in. At this te,mpcrature,

brittle behavior with low energy absorption, and cleavage fracturtien obtained.

Conclusions:

1. For the edge-notched bar tension tests tvo transition ranges are

observed - one associated with change in fracturc t]pe, the other with drop-

off in energy absorption. The transition temperature determined from fracture

aPPearanCe iS in approximate agreement with thz 7;2-inchwide plate test results,



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 appeaqapce 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

Compari~on of Estinated Transition Temperatures of idge-Notched Tension Tests
and 72” Wide Internally Notched Tension Tests

Transition Transition Temperature -
Spectien

‘F
Temperature &tecl

Type of Test Orientation Criterion E c A Dr Dn Bn Br’ Q H N
_-

1. 721’~“iideTension - -

2. Fdge-Notched Longitudiml
Tension

difference
(2.-l.)

3. 12’1‘fideTension M
(S,warthmoreData)

4. Fdga-Notched It

Tension

difference
(4.-3.)

50% of max. 100 90 35 30
ener~ ab-
sorption
Ref. 1 & 5

5% fibroue 100 125 95 75
fracture

o +35 +60 #+5

Lowest Temp. 1.06 1.16 58 --
for 100%
Fibrous Fract.

!1 llo 130 110 80

4 U+ 52 --

28 31 32 - 20 -45

40 95 -30 45 75 -

+L2 +64 -62 -- +55 -

I

20 2511+ -----;

40 100 -20 80 100 -

20 75 -34 -- -- -
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Photograph of Test Specimens

Fig. 2



Testing Assembly, coo~t
containerLowered

Fig.3

TestingAssemblyin POsiti~
forTesting

Fig.4
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TYPICAL LOAD- ELONGATION DIAGRAMS FOR EDGE

NOTCHED TENSION TEST — STEEL DR.
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L’J;iCCl
40,950
41,l(Jo
45,400
43,750
y)o
.j , 600

~+‘?, mu

25,000
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30,800

25jjCJ0
2’?,500

29,000
&a, Goo
28,500

40,350

21/, am
N),500
3C,500
13,CKXI
25,000
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24,500
26,500
2?,’020
30,5cn
42,0C0

47,800

21+, 500
26, CX)0
22,500

2s,000
26,200
25,000
24,500
31,003
29,500
34, ~>~

3L,500

~~t..~c~
Cor:c ra c t,i o.n—..

Stekl C-
.-

.i48

.172
----
.llJ
----
.075
.082
.067
.093
.050
.051
.026

.137

.134

.122

.12j

.108

.104

.062

.074
Sbel. Em

..299
“.”1%

: .“M3”
.195
.198
.121
..105
.092
-~g~

.092

.091

~Fi.brous
Fracture

100
100
100

50
35
Lo

100
100
10

100

MC
15

5
2
0
5

10

f’llsrg:.

Absorption

4~7
326
---
354
209

L22
649
L+61
435
350
LL8
3 b4
593
310

472
498
530

472
531
5rl
538
2jlI
560
676
658

Spec.
&

C-17
C-12
c-~
C-15
C-20
C-ii
c-8
C-13
C-6

..C-11.
r--~f.

C-2:
C-22

Dr-%
jnr.~

01=1
.31--5
U--12
I)r+
Dr-6
i)r-2
L)l.-7
.Qr-3
Dr-li
,~r-13

Dn-10
Dn-6
Drl-5
Dn-2
Dn-11
Dn-1
Dn-7
Dn-4
Dn-12
Dn-14
Dn-1.3



Temp.
‘F

138
122
no
97

;
50
34
32
14
-4

2L2
U31+

;;

;!
14
-4

-22
-40
-58
-76

82
47
14

-i;
-40
-40
-40
-70
-70
-76

Elong.
~.

.22

.18

.21
.12
.15

.ti

.12
.13
.16
.09
.16

.21

.22

.18

.18

.19

.19

.16

.19
,15
.14

.16

.13

. lb

.15

.13

.I.l

.09

.ll
.08
.09
.09

:Z

I&lx .
Load

26,600
34,350
35,050

35,1~
35,65o
36,250
36,700
38,000
35,250
37,500
38,600

36,550

39,300
39,950
40,450
40,500
41,550
42,450
41,750
43,0.30
42,900
43,5C0
1+5,200

48,300
47,500
49,9m
49,750
49,9C0
51,850
52,600
53,650
54,200
57,300
54,8C0

Yield
Load

17,500
19,500
20,5~
19,500
23,500
18,500
27,600
19,500
25,~o
23,500
30,0C!0

20,500
22,500
21,7(2O
20,GO0
19,500
2+,000
27,000
25,000
26,0G0
28,000
28,000
29,000

31,000

34, @o
37,5m
27,500

49, 4~
38,500

1+2,000

43,500
44,500

44,500
41,500

Lateral
Contractj.on—..—

Steel -
.225
.210
.22L
.104
.103
.117
.135
.lll+
.150
.097
.034

jteel H
.247
.224
.167
.175
.169
.155
.160
.151
.157
.137
.126
.079

Steel Q

.198

.u+6

.119

.1o9

.100

.106

.077

.063

.070

.076

.071

% Fibrous
Fracture

100
100.
. .do
10

5
5
5
5

15
2

10

100
100
40
40
50
20
15
10
15
15

5
0

100

z;
25

8
10
0
0
0

10
3

Energy

Absorption

527
537
555
4bl+
405
396
328
363
355
219
375

487
560
643
743
508
585
510
577
429
442
510
609

594
---
516
403
---

4;;
728
4CC
523
244

Spec.
,No.

E-3
E-16
&12
E-1o
E-2
E-13
E-r.

+4
E-15
E-5
E-14

H-lj
H-10
H-13
H-IA
H-12
H-5
H-1
H-4
H-2
H-6
H-3
H-13

G5
Q-6

E
G3
&lo
Q-13
G-U
C&ll
Q-u
Q-4


