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mid-lengthof the platea the other placed the notches at the. .

ends of a centrally located reducedwidth. (See Fig. 9)

An exploratory program to determine the optimum width

of the test specimens preceded the testing of the 3/4gtthick

plates. The exploratory test specimens were made from 1/491

hot-rolled steel.plates.

EXPLORATORY TESTS

Since the overall objective of the project involves a

comparison of notch geometries to be directly useful in ‘the

design and inspection of shipsi hulls, the test specimens should

yield results which approach the full scale and bear the same

interrelationships as they would in the full scale. Tt was

therefore deemed desirable to select a minimum width for 3/4tf

thick specimens which would approach the behavior of an l,n-

finitely wide plate. This was accomplished by examining the ,

action of smaller and thinner specimens. All exploratory ten-

sile tests were made using 24” long specimens cut from l)+”

thick hot-rolled plates. The specimens fell

shown in Fig. 1. The type

with saw cut edge notches9

constant widths of 5~Jwith

in length. All tests were

75°Fe

shown in Fig. 1 ~

into two categories as

had variable widths$

while the type shown in Fig. 1 ~ had

the reduced width section variable

made at a room temperature of about

Specimens of varying widths (See Fig. 1 ~) were used to

determine an optimum width which was considered to be greater

—
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“%”
than the minimum width which would

mation to occur in the plate above

still permit plastic def~ .

and below the notched CrOSS.

section before fracturea and at,which the average unit tensile

resistance of the notched cross-section did not reflect localized,.

notch ~estraint. Table 1 lists the test results.for specimens

of varying widths. The first specimen listed9 X-1.5.U9 is an

unnotched specimen l~f~wide. All others are notched9,with widths

varying from l.~~~to 171’.The unit stress on the net-section for

th~ yield and maximum loads are plotted in Fig. 2. As the widths

of the specimens increased the average unit stress at maximum

load decreased. When the net width was about 880the stress at

maximum load was nearly equal to the yield stress of the unnotched

specimen. The strength impairment of notched bars is thus clearly

shown. The yield point stresses shown in Fig. 2 were based on

loads giving a 0.2% elongation over the 24t’gage length. Thes%

yield stresses are comparable with some variations to the yield

stresses based on general yielding throughout the notched cToss-

section. Restraining effects of the notch are clearly shown by

the high unit yield stress for the narrow specimens. It is also

important to note that the unit yield

lower than the unit maximum stress as

The volumes of the exploratory

stress was only slightly

widths were increased.

specimens undergoing plastic

strain is clearly shown in the photographs of Fig. 3. These scaling

patterns are those at the fracture load. The l.~o~and 2ttwide

specimens have a perfect circle pattern? whereas with increased



Specimen
No.

x 1.5

x 1.5

x2

x3

x4

x 51

x 52

X6

X9

x 17

1.5

1.5

2

3

4

5

5

6

9

17

inches
Net

mo’t,ched
bar
0.5

1

2

3

4

4

5

8

16

Net
rea
q.in.

.392

.l~

.275

.550

.835

1.1

1.1

1.37

2.2

k.h
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TABLE I.

Wplorat ory Tests1/4’1ThickHot-RolledPlates
VariableSwcimm Widths

,

Yieldand ~
Yield*
Ibs.

17,503

7,&~

13,503

20,003

43,000

51,500

55,0~

65,5C0

95,0~

75,0~

~

u#5@3

54,0~

49,2~

51,CQ0

51,500

46,750

50,OCO

47,8~

43,~

39,800

.imm Loads
Yield+* 1 kxil
lbs. psi. lbs.

17,250

6,503

15,m

27,8W

43,350

51,m

55,500

65;0+30

87,5W

,76,m0

44,200 23,3xI

L7,500 8,900

54@o 16,350

52,200 22,7m

.52,WQ 4AS4CC

k6,503 52,500

50,500 56,5oo

47,500 & ,000

39lgm 99,000

I!@,ooo189,000

ml

psi.

59J5m

65,mJ

59*5W

52,200

53>3W

47,7m

51,400

L9,6ciI

45,330

f&3,m

I

Ener~,
to

&x load

35,400

%5

925

2,700

5,2M)

10,2W

9,650

M+,250

36,250

Y+900Q

=

n. lbs. Remarks
to

Fracture

43,800

{

unnotched
bar. All

5~ others
notched.

l,4m

h,95fJ

11,000

18,200

19,070

29,680

73so~

188,COO

Snecirfens
KU srecimens2h’flong

* Based on unit strain0.2% Edge notches1/2’1deep made by jeweler!s
*+ %sed on gen. yield acrossnckch zone Hack Saw

Energyreportedover24” length.
Platesaveraged0.2?5 in. in thickness

TABLE1

.
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width the circular pattern is replaced by a diamond pattern with

Lu,deTlines extending into the general areas of the plate above

and belcw the notch.

The photographs of Fig. 4-represent the progressive develop-

ment of scaling for a St’wide exploratory specimen. An elliptj.cal

pattern is evident with an absence of scaling within the ellipse.

Thisq in genera19 is the pattern of development for all exploratory

specimens beyond a width of 311and was also noted in the 3/4” thick

specimens subsequently testwio As loads increased toward the maximuq

load the elliptical pattern disappeared and.scaling occurred through-

out the notched cross-sectiono Later7 after tests on 314” thick

specimens having a semi--circularnotch (Type V)$ a similar expl~ra-

tory type of specimen 1/4s1thick and !Y?wide was tested. photo-

graphs of progressive scaling are shown in Fig. ~. Similarity

of’patterns with those of Fig. 4 may be noteda although they occurred

at higher loads. The specimen having semi-circular notches had a

maximum load of 79.3 kips as compared to a maximum load of J4.4 kips.

(average of two tests) for the saw cut square notched explo~atory

tests of the same width. The maxim& loads for the l/@ thick

spec~.mensare in approximately the same ratio as the maximum loads

found for geometrically similar 3/kn’ thick specimehs$ Types 1 and

V? failing by shear.

The exploratory tests led to a

quent 3\%i’ thick specimens 15f’wideo

apparant fact that the 5!1width would

decision to make the subse-

This width was based,on the

permit the development of
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general yielding in~ above? and below the notched.cross-section.

The 5U8width also appears to be a threshold width where specimens

matiorl. The 15f1 Wide by 3/49’

tally similar specimens based

specbens.

Longitudinal sepa~ati~~ of the notches was arintk..ervariable

,imlQstigated. An exploratory series of tests were made using 1/4°1

thick specimens of the type sho~m in Fig. 1 Q. The specimens all

mum loads of the saw

mained approximately

increased in length.



TABIX2

ExploratoryTestsl/L’tThickHot-RolledPlates
Constantwidthandvariablereducedsectionlength.

Specimn Width,inches Lengthof Net Yieldand kximum Loada Enemy, in,lbs.
No.

reduced
Total Net reduced Area Yield* Yield~ Maximum to to section

sect ion Sq. in. lbs. psi lbs. pai lbs. psi Max.load Fracture lengths
inches in. lbs.

x 5-1/L 5 k l/L” 1.1 52,503 f47,7~ 51,000 46,500 63,002 57s~ 39,Wo 52,700

X 5-1/2 5 L
see note

l/2’t 1.1 52,000 &7,250 55,000 50,~ 65,0~ 59,2130~7J~ 58,m

x 5-1 5 1+ 1 1.1 51,500 L6,800 50,500 46,cm 65,5oo 59,503 51,600 61,030 12,200

x 5-2 5 4 2 1.1 51,009 46,500 51,000 ti,500 64,503 5~,500 48,000 62,cm 14,40a

x 5-L 5 4 4 1.1 49,5oo 45,~ 51,0C0 46,500 63,c0o 57,wo 39,503 52,700 21,503

x 5..6 54 6 1.1 1+7,00042,80u 48,5m AL,~ 62,5m 57,mo u, 6CQ —r--- 26,900

u- Based on Unit strain of 0.2%
M Baaedon generalyieldingin reducedsectionlen@.h Stecimerm

All suecimens24” lcw
Note

Energyin reducedsectionzoneta mximum load. Averave a~cimen thickness0.275”
Value not obtained for 1/4”and 1/2”reducedsectionlengths.

—.
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The energy to maximum load per CU. in. of volu-me

within the reduced section lengths is shown on Fig. 6.

absorbed

This energy

trend is towards an asymptotic value as the reduced section length

is increased. This is largely due to the elimination of notching

restraint at the ends of the reduced section. AccordingQ~ it

was reasoned that a reduced section length of S9~$i.e.? 1J81for

the 3/4~’ thick specimens would reduce notch effects on energy absorp-

tion to practically a constant value~ and as previously indicated

not affect maximum load capacity.

Figure 7 is a plot

and maximum loads for the

reduced section. (Values

of the unit tensile .shressesat yield

specimens having various lengths of

for a so-called ZHTO length of reduced

section were taken from the exploratory tests first discussed.)

As the length of reduced section increased> only a small difference

was noted between the yield and maximum stresses of the specimens

having a section of reduced width and the yield and maximum stresses

for an un-notched plate. This indicates that the impirment of load

capacity noted for the previous se~ies can be partially eliminated

by increasing the distance betwe~n notches.

Hence, the exploratory tests led to the adoption of 1~~’wide

specimens of 3\4~lthick steel with 1~~1as the reduced section length

for the types involving a separation of the notches.

GEOMETRIC VARIATION PROGRAM WITH 3\~+11TH~C~ PLATES

Specimens and Materials

With only one exception the sgecimens had flame cut edges and
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flarnecut edge notches. The edges and notches al~..showed the

usual burning variations and grooving. Figure 8 is a photograph

representing typical edge conditions after burning.

The steel used for’all specimens used in the program was a

fully killed steel normalized, designated as Dn. Dn steel is

fairly uniform in character and has been used in earlier investi-
1*

gations. The chemical analysis of this steel is, C-O.19, Mn-0.J4t

Si-0.197 A1-0.0197 Ni-0.lj.

The geometries of the test specimens are shmm in Fig. 9.

The types of specimen fall into three categories; (a) Types 1, 117

111~ IV and V with edge notches at the mid-length of the 4011long

specimens~ (b) Types X-1, X-2, X-3 were edge notched at the ex-

trementies of the l~i~long reduced width mid-section of the 40~1

long specimm, and (c) Type Y, a faired unrmtched specimen. fill

notches were flame cut, except for Type I which had jeweler’s hack

saw notches.

The specimens were cut from 6’ X 10 plates of 3/411thick

Dn steel, with the 4011length in the rolling direction. The

plate layouts are shown in Figs. 10 to 16 inclusive, indicating

the location of the specimens. Seven plates of steel were used

and were given the laboratory notation of plates A,B,C,D,E,F3 and

G. A test specimen is designated by giving its Type, a letter

identifying the 61 X.101plate from which it was cut, and a number

gitiingits location within the plate. For example, (IIA~) indicates

* Numbers showm as supe~scripts refer to references listed in the
bibliography.
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11 specimen cut from plate “Atl$location 4.

Figure 17 is a typical arrangement for the specimens.

The figura shows a Type I specimen welded to the pulling heads.

To determine t% effects of burning on edge and notch

hardness$ a hardness survey was made using a Rockwell Hardness

Tester.

Two samples were saw cut from a fractured Type 111 specimen.

%mple #l was 181wide and parallel to a flame cut notch surface9 and

Sample #2 was 31’ long and normal to & flame cut notch surface.

On Sample #lg the average of the hardness readings on the

flame cut surfaes was

IV?from the flame cut

was B-70.

B-92. On the saw cut surface parallel and

surface, the average of the hardness reading

On Sample #2, on a saw cut surface normal to a flame cut

surface? the hardness reading was B-80 at a distance of 0.1” from,,

the burned surface; at 0.2B’~ the reading was ,B-76;and from 0.75v’

to 311 the increased hardness due to flame cutting seemed to vanish.

Since the hardness measurements were made on specimens cut

from a strained plate$ additional

a cut surface of an unstrained Dn

these readings was also B-70. The

hardness readings were taken on

stael specimen. The average of

positions from which the hardness

survey specimens were cut from the fractured plate were regiohs

of very law unit strain.

Control Tests
,,.,

The uniformity of the various 61 X 10Wplates with r~gard to
,.-

.—...
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temperatur~ sensitivity was checked by the use of the small edge

notch~d tensile specimens shown in Fig. 180 The test specimens

were loaded to 1~5000 lbs. in one mlnutea and the temperature read.“.

at that load. The reduction in thickness at the notch after fracture

was obtained and the plot of these reductions against temperature is.-.

also shown in Fig. 18. Although scattering of the results is apparent,

the separate plates were deemed to be essentially uniform in notch

sensitivity. It is to be noted that control specimens were also

tested from a re-nt of plate No. 33. This plate was Pf Dn steel

and was used in Contract NObs-%55219 which dealt with 12ti~wide in-

ternally notched specimens. The control tests indicate that this

plate was quite similar

Elongation Measurements

The elongations

t~ the plates used in the-present prog~am.

of the t~st specimens with an increas~ng,-

tensile loading were measured on two gage lengths~ 16&1 and 4-W.

A modified clip gage utilizing two SR-4 bonded.bakelite

gages measured the elongations on the 16& gage length. The gage

length,was symmetrically located with respect td the mid-length

of the specimen. Four such gages were used on one faca of the

specimen. The 16&~ gage length

all of the localized elongation

be included.

was adopted so that all or nearly,..,

of the specimen at the notch might

The measurement of elongations on the 4081gage length was

accomplished by using a spool extmsometer. Although the terminal

polmbs of the ~x~ansom~~e~ mountings were placad on the pulling ‘~mdsy
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see Fig. 17$ making a length between attachments greater than

MY’9 the measured elongations were attrihuteda

thick head plates, to the test specimen alone.

tions were read to the nearest 0.005!1. Figure

.,

h view of thq

These elonga-

19 is a photo-

graph of a type IIT specimen with slip gages and spool extenso-

meter attached.

!&q3era’ture Control

The entire specimen was sur??ounded with an insulated

temperature control chamber with Plexiglass windows. Below

room temperatu~swere obtained by blowing air over dry ice placed

in a separate box and circulating the cooled air into and through

tha dhaniber.Above-room temperatures were obtained by placing elec-

tric strip heaters inside the chamber. Two thermocouples were

placed on each specimen near the notch to measure the temperature

of the steel.

Test Data

The detailed load elongation diagrams for each specimen are

given in Appendix ‘8Cflu.The data~ including temperature? loads?

energ-y~character of the fracture and elongaticm.s$are summarized

in Tables I-A %o 9-Aj inclusive of Appendix llA”. The loads are

tabulated,for tlme~ points on the loading curve: (a) the load

at which a visible ~ra~k was notad a’tthe notch or edge d? specimen;

(b’)

The

for

the maximum load observed; (c) tha load at eomplet~ f?acture.

ermrgies absorbed.(areas under load-elongation curves) are given,

the three loads for both the @O and kODtgage lengths.
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F1~.19 TypeIIISpecimawithClipGagesand Spool
ExtensaneterAttached



effects the data for average maximum loads: and average

for 100% and O% shear failures am given in Tabl~ ~ and

summarized in Fig. 200

DISCUSSION m? TEST REISUTT!!5
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TABLE3

SOA!MARYOF RESULTSOF WIDEPI.kTEDn STEELSERIXSWIT8NO WELDMENT

Transiticn Ave.Ener~ to Hax. Ave.Ener~ to Msx.
Temp,oF Ave.Loadto Load- inchklps Load
Sasedon

- inchkips
VisibleCrack AveJ&x Load-kips 16~r!gagelength l@’~KaEelength

Fracture 100%ShearO% Shear100%She.ar0% Shear100%Shear O% Shear 100$Shear O% Shear
Type ApParance Failures Failures Failures FailuresI%ilures Failures Failures Failures Remarks

I

II

III

IV

v
x-1
x-2

x-3

Y

*

42 377(4)

39 373(3)

53 371(2)

@ 381(3)

25 L16(lJ

42 368(4)

52 371(5)

42 415(3)

25

374(3) 443(4)+

381(2) 4@(3)

374(5) 455(2)

383(3) 508(2)

L26(L) 590(4)

4~(1) 502(4)

369(4) 508(5)

397(3) 563(3)

580(2)

Numbersin parenthesesindicate
the numberof testsincludedin
the average.

387(3)

397(3)

425(5)

438(3)

586(3)

445(3)

488(3)

553(3)

600(6)

242(4)

230(3)

255(2)

295(2)

658(3)

510(4)

425(5)

951(3)

2190(2)

92(3)

92(3)

m(5)

135(3)

591(3)

255(3)

378(3)

851(3)

1790(6)

420(4) 112(3)

410(3) 92(3)

L32(2) 215(5)

558(2) 262(3)

lUb5(4) 1109(3)

791(4) 390(3)

742(5) 677(3)

1505(3) 1264(3)

3190(2) 2930(6)

EdgesBurned;Notehas
JewelerlsHackSaw Cut

Edees& Notches!Amned

m H !1 n

11 !1 !! II

nlln ,,

1! 11 f~ W

ltnll !1

tl It 11 11
Net Width10~li;Values
Inflatedto Correspond
to 12” Net Width.
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capaeity of Types I and 11 are about the same although I had

a jeweler”s hack saw notch and 11 a burned notch. Type V shows

a load improvement of 32% over Types I and 11 for 100% shear

fai}ures and 52% for 0% shear failures. Types 111 and IV with

vee-type notches also show a slight improvement in load capacity

as compared with Type 1.

The results for Types X-1 and X-2 with the l~f~long reduced

width sections terminating in end notches indicate a general

improvement in load capacity over their edge notched counterparts

represented by Types 11 and III. However~ a comparison of Types

X-3 and V indicates V as slightly better.

~creasing the angle of the notches improved the strength

of specimens notched at mid-section. The less acute the notch the

greater the load improvement for specimen? failing in Of shear.

(See Table 3). M fact~ for Types V and X-3? each ha~~ng a ~Ot~h

burned to a radius$ the average maxim~ loads for either shear Or

cleavage failures are essentially the same,

The average unit stress at maximum load for the individual

specimens of various types with varying temperature are compared in

Figs. 21 and 22. Also~ on Figs. 21 and 22 the maximum unit

stresses have been plotted for 3\4-~jsquare un-notched tensile

bars of Dn steel. !lbse data agree with those on .JOJ1’diameter

tensile bars presented in the Final Report2

Illinois. Figure 21 also shows the results
3

sity of California for 3ri widep 3/kri thick

of Da steel.

of the University of

obtained by the Univer-

edge notched specimens
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Standard tensile bars show an increase in the ultimate

stress as temperature decreases. The 3~1wide tests follow this

trends with a discernible drop in value in the ~egion where the

transition from shear to cleavage fracture occurs, Notch effects

prevent the ultimate strength of the various 1~~’wide Types tested

from rising to the ‘rparIevelvtfor the urmmtched specimens.

The Type Y specimens also show an increase in maximum tensile

stress when test temperatures are lowered$ except for a drop in

value in the transition temperature range. Howeverl the maximum

tensile strength values are from ~ to 5 k.s.i. lower than those

for the ~/k~isquare unnotched s-pecimense Since previous k.ves-

3
~iga~ors have shown that maximum tensile strength ofmnotched

specimens is little affected by specimen sizet these lower values

for the unnotched Type Y series may be the result of edge hardness

and edge g~ooving due to burning. It should be noted too? that.

the 3/4~~unnotehed square specimens did not show a transition from

shear to cleavage modes of failure in the ~ange of test temperatures.

Specimens of the Type V series failing in the shear mode

exceeded the 9tparlevelDtof maximum tensile stress established by

the 3/kiJ square unrdched specimens by 1 to 2 k.s.i. For specimens

of the Type V series which failed in the cleavage mode$ the maximum

tensile strengths were 3 to \ k.s.i. lower than the ‘~parlevel~~.

There was a tendency for the specimens of the Type V series to show

increasing values of maximum tensile strength as test temperatures

were lowered,
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Ta determine the effect of the edge and notch grooving due.. .,

to burning$ one specimen of Type V was prepared with the notch sur-.,

f’a~esground smooth. This specimen was testd at O“l?a25DF lower.

than the transition temperature for the Type V seriesO The specimen..

did not fail at 616 kips$ the capacity of the t~s%ing nachine. This

was 8 kips highe~ than the maximum load on any previous Type V specimen.,---

The 616 Rip load produced an avsrage u~t ~t~e~~ eq~a~ to the unit

stress on the ~rparlevel~fat Cl°F.

A comparison of Type I and the California ~Buwide specimens,

is possible since eaeh had square saw cut ~~t~he~o pTeV’iOUSinves-,
233

tigations havs shown that for internally notched wide plates max-

imum unit stress is redueed by increasing width while maintaining a

constant thidmesso These findings probably account for the difference

in maximum tensile stresses between the 3f’ wide specinens and Type 1.

Finer~

The energy absorbed by the test specimens to visible crack

was calculated for all types except type Y. These energies ar~

tabulated in Tables 1-A thrcagh 9-A for energies absorb~d in the

16* and 40 in. gage lengths.

For all specimens of’types X-1~ X-25 X-33 the &lollgations

to visible crack and the energies tq visible crack are greater than

for their centrally notched counter-parts cm both the 16@ and 40’1

gage lengths. Xt was shown in a preceding section that for all

types of speeimens except types X-3 and V that tiheamrage unit
..
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stress on the IJV1width of specimens was 33.8 k.s.l. and on the

12~~width~ 41.2 k.s.i. Since a greater proportion of the lengths

of the X-la X-2 and X-3 Type of specimen are subjected to the higher

stress~ it is to be expected that the elongations would be greater. .

These increased elongations are reflected in higher anergies to

the visible crack load. The average energies to the visible crack

load are tabulated for all specimens in the Tables of Appendix A.

Energy to Maximum Load

Energy absorption to maximum load~ averaged separately far

100% or OX shear fractures is given for all Types in Table 3.

Specimen Types I to I?linclusive absorbed less energy than Types V7

X-ly X-2Y and X-3. This is true for.either the shear or cleavage

modes of failure. The above general statements are equally true for

the average energy determinations for both the 16& and 4011gage

lengths.

The average energies to maximum load as given in Table ~ may

be misleading. Whereas$ it has been generally expected that energy

would decrease for cleavage fracture and generally’be lower than the

energy found in the shear mc@.etsuch has not always been the case.

Two factorst load and elongation~ enter the determination of energy.

The maximum loads for certain of the Types were greater in the

cleavage than in the shear mode? and it was not unusual for elonga-

tions to be greater also. Broadlyj a trend toward a decrease in

energy for the cleavage mode was significant only for Types I to IV

inclusive$ and X-I. For the other typesy values for singls test

specimens generally show that energy in the cleavage mode can be as

great or greater than in the shear mode. (See Figs. 1-B to 9-B.)
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question but that the separation of

length improves energy absorption.

the edge

Increased

loads and increased elongations are each contributing to this improve-

ment. This can also be physically explained by

regions of high plastic strain$ one at each end

rather than the single plastic region developed

the mid-length only.

Ehergy to Fracture

the formation of two

of the~otted length,

when notches are at

Values for energy to complete fracture were calculated and

are tabulated in Tables 14 through 9-A, and are shown graphically

in Figs. 23 thTO~gh .25.

Energies to “fracture

mode are equal to the energy

Tor specimens failing in the cleavage

to maximum load. The values of energy

to fracture for specimens failing partly or totally in the shear mode

were greater than the energies to maximum load. The values for the

shear mode depended upon the readable elongations after maximum load.

There was a general trend for the loads at fracturet for

specimens exhibiting 100$%shear fracture surfaces~ to increase as

temperatures were lowered. b a few instances (Y-F12$ X1-C~~]

specimens tested near the transitiontemperature f’ailedsuddenly at

the maximum load but still exhibited 100% shear fracture surfaces.

The test temperature at which single specimens abso~bed the greatest

erwrgy to fracture was ~“ to IO*F above the transition temperature

for all types. (See Figs. 23 through 2~), At higher temperatures

there was marked tendency for the energies to be somewhat less than

this value. At lower temperatures, within the transition zone from

shear to cleavage modes of failureq there was a considerable drop in



-36-

1000

db 4k

800

I 1 4.

1:: u ❑

600 ❑

I J

i b

Jh LEGEND \
400

1!

TYPE 1 0

TYPE = m
ii TYPE III A
ih

TYPE = A

Ak
200

ii
#.

Ik

i

I..

o
10 20 30 40 50 80 70 80

TEMPERATURE IN ‘F

FIG.23 RELATIONSHIP BETWEEN ENERGY TO FRACTURE AND TEST

TEMPERATURE OF NOTCHED EDGE SPECIMENS

SWARTHMORE COLLEGE

10 20 30 40 50 60 70 80

TEMPERATURE IN ‘f

FIG. 24 RELATIONSHIP BETWEEN ENERGY TO FRACTURE AND TEST

TEMPERATURE OF NOTCHED f:DGE SPECIMENS

.—



II , I

-30 -20 -10 0

NOTE: ‘

ENERGY VALUES INFLATED TO CORRESPOND TO _

IZ” NET WIDTH

10 20 30 40 50

TEMPERATURE IN *F

FIG.2!5 RELATIONSHIP BETWEEN ENERGY TO FRACTURE AND TEST

TEMPERATURE FOR t4hJhJOTCHED TYPE “Y’i SPECIMENS

SWARTHMORE COLLEGE



-38-

the energy values. The energies remained low on further lowering

of t~st temperatures~ except f’orTypes 111~ X-2$ X-3$ and 1?. The

results for these types indicated a tendency for the energies to

rise again to some higher level. However~ it cannot be established

from the limited data available whether this represents scatter or

a natural phenomenon.

None of the notched specimenswere capable of absorbing as

much energy as the unnotched Type Y? when the values for that speci-

men were expanded to correspond to 1211widths tb net width of the

other specimens. The closest approach to Type Y were the specimens

of the X-s series. The average energy to fracture for these speci-

mens was about ~Jz of the average of Type Y. The specimens of the

Type 1 series absorbed an average energy to fracture which was about

l~z of the average value for Type Y. All centrally notched types

wihibited average energies to fracture which were less than 20Z of

the average value for Type Y~ with the single exception of Type V

which was about kO% of the average Type Y value.

As in the case of the average unit stress and energy to

visible craek$ the energies to fracture for the X-lj X-25 X-3

types were higher than the energiesfcr their centrally notched

counterparts.
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Transition Temperatures

Transition temperatures for all types are summarized in

Table \.They have been determined as

and as temperature rangese

The basis for se$ecting single

is as follows: The mid-value between

single values of temperature

values of transition temperature

maximum and minimum values of

percent of shear? or energy to maximum load? Or energy tO fTactur@~

where the latter quantities were separately plotted against temper-

atures was first located. finintersection of the mid-value line with

the curve in question determined the single value of temperature de-

fined as transition temperature. Transition temperature ranges we~e

determined as the temperature zone within which there was a likeli-

hood of an abrupt change in energy level or a change in fracture from

a shear to a cleavage mode.

In general$ the transition temperatures and ranges fora given

Type of specimen were about the sam@$ regardless Of wh@ther theY were
,!

based on fracture appearance energy to maximum ~oad~ or energY tO

fracture, Minor va~iations of ‘th& dcqqr particularly for Type Y!

when the transition temperature was 10 to 12°F lower based on energy

than when based on fracture appearance.

All types except V and Y might be said~ with small error~ to

have a transition temperature of about k5°F. The effect of the less

severe notching of Type V is to lower the transition temperature to

approximately that of the unnotched TYPe yq 2~ to 2~°F~
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Type I having notches produced by jewelers hack saw cuts,

has essentially the same transition temperature as Type II ti$+h

burned notches. The acuity oftbd notch is definitely different

until the visible crack occurs at the notch. It may be postulated

that thm acuity of the visible crack is the controlling factor

Instead of the original notch. The visible crack should alsoestablish

the notch acuity for Types V and Y. This is apparently confirmed by

t-heirnear equality in transition temperature. The fact that these

Types show a lower transition than the others may be due to the higher

local strain in the region of the initial cracka th”tisshifting the

transition downward.

CONCLUSIONS

The following conclusions are based on an analysis of the
..

test results of tensile specimens made f~or~Dn steel. The specimens

and edge notches of varying geometry~ The edge not+hing variations

including square cut notches using a jeweler~s hack-sawa square

cut fkme cut notchesa f%ame cut Vee type notches with variations

in the notch angle frfi.m90° to 135°a and flame cut semi-circular

notches. All notched specimens had a net width of 1281e The

specimens wer~ either notched at mid-length or at the ends of a

15tvlong section having a reduqad”’kidthof 12110

The basis for selecting single transition temperature va,lues

is as follows: The mid value between maximum and rihimum values

* Except ~or unnotched specimens which were 10& wide and faired
to a 13&t width at the ends.
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~f; (a) the percentag~

surfaee$ (b) energy to

of’shear failure observed in the fracture

maximum load? or (’e]energy to fraeture~

wher~ the percentage of shear and energy values were separately

plotted against temperature.

(1)

(2)

(3)

For any of the criteria stated above, the transition

temperature does not appear to change significantly

with a change in the geometry of the flame cut edge

notches investigated~ except in the case of s&ni-

circular notches at mid-length. The transition tem-

perature for the latter form of notch is approximately

20 to 2s°F lower than the results for the other notch

forms$ and is approximately the same as the transition

temperature for flame cut unnotched plat~.

The transition t~mperature of specimens having flame

cut notches are approximately equal to the transition

temperature fmuadfor,specimens having jewelerVs hacks-

aw notchesa the semi-circular notch oxow~%edo

The transition temperature of 10& wide unnotched specimens

with flame cut edges is approximately 20 to 2J°F Icwer

than the transition temperature for the notc”hedspecimens$

except for the types having semi-circular notches at

mid-length; In the Iattar instancea the transition tem-

perature was essentially the same as for theummtitdied

s@ei’menss .



(k) The tensile strengths ar~ severely impaired by ~dgendikbg

but the impairment is less as the included angle of

the notch is increased. None of the notched specimens

excapt those with notches cut to a radius have strengths

approaching the tensile strength of unno%ched bars.

(j) The tensile strength of specimens having the shear

mode of fracture axcseds that of specimens having a

cleavage mode of fracturep except in tifleease

notches cut to a radius. For these specimens

strengths are approximately equal for the two

of fracture.

(6) The energy absorbing capacity to maximum load

of

the

modes

and to

fracturei swerely imgairsd by edge notching. The

energy to maximum load absorbed by specimens fracturing

in the cleavage mode is less than the energy absorbed

in ‘theshear mode of fracture except for umnotehed

specimens and for those specimens with notch~s cut to

a radius~ where ‘theenergy to maximum load absorbed

in tha two modes of fracture may be nearly equala

(~] Specimens with notches cmt to a radius show less

impairmmt in load and energy absorbing C2apacity to

maximum load compared with unnotched specimens than

any other form of notch investigated.

(81 Specimens notched at mid-length show less strength and

energy absorbing capacity to maximum load than their

counterparts having a reduced width section 1591long.

-.
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TABLElA

DN St@@l- ‘fyIMI Specimens

FlatPlateTssts- Size:1511tidex 3/4‘tthickx 40” long

Two Fxtemsl Notches1P Long

Joweler~sHack-sawCut

Spec. Tap. % Shear bads in Kips
He.

Ener~ in InchKIPS EloMation in Inches*
Practure Visible Max. Fract. To Via.Crack To MaximumLoad To Fracture Uax.Load Practure

16& lan lb~” ho. My 40” 164” 40” 164” LO”

N

B3

m

A2

B2

*

A8

A3

Surfaces Crack

78 100 370,0

66 102 yh.o

60 1C?3 371.0

56 75 %5.5

45 lm 376.5

LO 25 366.3

35 0 390.0

w o %6.2

●Enerflend elongation
*unsymmetricalTear

Spec. Tamp.
No. OF.

A6 M

A5 w

135 w

M 40

&30

Mb o

%Shear
Ractbre
Surfaces

103

103

100

5

0

0

446.0

lL?6.o

L50*5

U-4.2

439.3

391.5

390.0

389.0

160.0

180●o

165.0

233.0

160.0

po.o

322.0

99.0

E!.0

66.0

32.0

20.0

66.0

13.0

11A*1

19.8

4L0

66.0

l@.o

24.0

52.0

32.0

35.0

245.0

208,0

W5*0

151+.o

205.0

110.0

114.1

73*O

givenfor 16~0and 40” CageLengths

434.0450.0

3m.o fhlo.o

500.0 IJ@.o

246.0 385.0

395*O 401.0

72.4 285.0

122.lb166.0

102.0 73.0

TABLE2A

DN Steel- TypeII S~clmen

FlatPlate Teats- Size:15U widex 3/4n thickX 1+0*lo=

Two Wternal NotchesI$n longwith1/16’!RootRadius

LYadaIn KIDS
Visible h. Fract.
Crack

36h.2 U.O 155.O

386.5 463.2 IL1.O

370.7 UJ+.O 165.0

374.8 415.0 415.0

388.0 40L.O 404.0

— Y7*0 ?a7.o

668.0

6E.O

677.0

495.~

602.0

344.0

%.0

FlameCut

Enerm in InchKius~
To Via.Crack Tokxlm,MILoad To Fracture
16~~ LO” 16*” w“ 16@ I@”

m .0 50.0 240.0 W.b 508.0 682.0

23.0 @.o 215.0 U5.O 5a.o 750,0

21*O %.0 2%.0 405.0 423*O 680.0

55.0 57.0 153.0 153.0 267.0 267.0

67.0 61.0 91.0 93.0 91*O 93*O

—— 85.0 85.0 85.0

0.620 1.075 1.125 1.65

0.540 0.945 l.o5o 1.60

0.750 1.225 1.NO 1.750

0.400 0.655 1.070 1.315

0.530 0.990 1.050 1.550

O,w 0.315 0,830 1,025

0.300 0.3500.450 —

o.2m o.3m — _

Elongationk Inche@
lb. bad Fractire
16~” 4on 16h” L@”

O.@ 1.030 1.20 1.75

a.53 1.04 1.!!0 1,85

0.5E 1.01 1.20 1.70

O*LO 0,70 0.40 0.70

0.265 0.275 0.265 0.275

0.250 -- 0.250

*Eher~ and elongationglrenfor 16~w and40n GageLmgths



Spec.
No.

Tamp.
%,

95

80

73

60

50

40

w

20

5

%Shear
FYmtum
Surfaoea

100

lm

90

90

90

25

0

0

0

- ‘:7 -

TABLE 3A

DN Steel- T= 111SPacimans

FlatPlateTe~t~- Sim: 15m widox 3/4m thickX 40n lonq

fib External W V Notches

Flanmcut

hada in Ktua
Visible MU. Fract.
Crack

365*O

373.0

370.0

375.0

378.5

368.0

371.0

371.o

375*5

U1.o
lm.8
U6.8

393.0

l@3.o

460.0

3s7.0

lb70.o

lQ5.o

w .0

170.0

3%.5

160.0

180.0

L@.o

3s7.0

470.0

425*O

40”

370.0

49.0

278.0

86.0

102.0

l@o.o

78.0

31.4.O

162.0

lllarmin InchKiPS Elongationin Inchefi
To Vis.Crack To I&d mum Load To Fracture Max.Lnad Fracture
16@ l@n @ 40” lild!”@U @l @

34.0

64.0

40.0

U*O

20.0

24.0

10.0

13.0

10.0

67.0

62.0

55.0

50.0

m .0

9.0

24.0

23.0

20.0

232.0

220.0

134.0

90.0

00.0

218.0

55.0

150.0

97.0

557*O

510.0

ti9.o

346.0

yo.o

3,40.0

55.0

150,0

W.o

651.0

702.0

654.0

324.0

470.0

524.0

78.0

31.4.O

162.0

0.57

0.56

0.36

0.25

0.22

O*53

0.15

0.38

0.25

1.00 1.40

1.075 1.?0

0.7L5 1.21

0.285 1.21

0.295 1.10

0.99 O.m

0.2L 0.15

0.775 0.%

0,L35 0.25

1.75

1.75

1.70

1.15

1.30

1.25

0.2)4

0.775

0.1+35

*EnerW and elongationgivenforI@n and 40W GageLengtha
+●l$n~~etricaltear

TARLE3A (a)

DN Steel- Typ 111 Speclmana

FlatPlateTests- Sise:15”mldex 3/I+nthickx I@n lorq

TWO =arnd 90° V Notchen

Flamecut

SF. T~P. % Shear
No. Wacture

Surfacem

0s60 100

C7 50 s

C9 40 0

C6 m o

-a in Um I&mm in Inch ISiDa Elorwatlcm in Incha#
1* MM. Fract. To ‘?1s. Crack To MaximumLoad T Fracture I&x. Imad Fracture

C~aek l@ w. IQ. 40” 16~” WM 16~” W“ 164” 40”

370.5 454.0 365.5 Loo 46.0 2M.O 436.0 485.0 693.0 0.70 1.085 1.2 1.675

377.0 42L2 75.0 35.0 50.0 177.0 275.0 365.0 k70.O 0.45 0.725 0.45 0.725

375.5 m.o m.o I&o 55.0 ll@.o 29.0 3-42.0 230.0 0.36 0.61 0.36 0,61

380.0 465.0 465.0 U*O 23.0 3.48.0 285.0 ML8.O 285.0 0,36 0.70 0.36 0.70

●EIIerg.yati dorgation SLvenf~ ).64”~d 40” @KE L~tha
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Spec. Te#.
No. .

*4 7’8

C5 60

C2 50

BI.2 45

C3 40

c1 10

Spec.
No.

EJ.2

ES

F2

Rll

Gll

F1

G12

Elo

TARLR4A

DN Steel. TypeIV Specimene

FlatPlateTests- size:15Wwidex 3/4n thickX 40” lo%

Two External1350V Notches

FlanmCut

%%ear Laadsin Kipa Enerm inInchKips EloMation in Inches*
Fracture-Visible I&m. Fract, To Vis. Crack TO Maximumkad To Fracture Max.Load
Surfacea Crack M411 4QW 164fi w“

Fracture’
16~u L@ 164” LO 16@ 40,,

ma 348.0 L@o.o 105.0 M.o 52.0 287.0 480.0 677.0 920.0 0.70 1.215 1.70 Z.?n

lCO 390.o 51.4.O 235.0 54.0 70.0 305●o 575.0 631.0 935.0 1.X 0.70 2.10 1.U

10Q 386.7 501.0 165.0 92.0 100.0 288.0 540.0 6L6.O 932.0 0.69 1.31 1.50 2.20

0 390.0 4E2.0 482.0 85.0 94.0 210.0 L40.o 210.0 Ulo.o 0.53 1.10 0.53 1.10

0 3f$5.Q 4Q7.Q 407.0 81.0 100.0 112.0 199.0 11.2.o 199.0 O*3O 0.55 0.30 O*55

o 375.Q U7.O 427.0 13.2 25.0 120.0 lA5.0 81.0 1115.o 0.21 0.39 0.21 0.39

●Ener~ and elo~atlon#mn fm 163”and I@”GageLengbhs
*Umymmetrlcal Tear

TABLE5A

DN Steel- TTP V Specimns

FistPlateTests- Size:15” tide x 3/4IIthick~ L@ long

1 1/2H RadiusNotcb

FlameCut

Tap. % Shear Loadsin Kius Energyin IrmhKlps
Fracture Visible Max. Fract. To Vis.Crack To MaximumLoad To Fracture
.S&face9 Crack 16J“ 40,, 16311

40 lm lb25.o 590.2 210.0 — 125.0 --

35 100 /&J.o 604.0 235.0 75.0 107.5 791.0

w 100 U3.5 602.5 235.0 122.5 165.0 722.5

25 lm 391.5 563.8 335.5 E7.5 127.5 L60.O

25 0 U2,0 564.0 56L.o 1.12.5 237.5 492.5

15 10 &m.o 607.0 607.0 66.5 92.5 707.5

15 50 437.3 567.8 331.0 150.0 Y35.O 490.0

10 0 L34.O 587.5 5W,5 145.5 2h7.5 57L.O

*Energyand elongationgivenfor 16irfand l+O~t&ge Lengths

/Qn lb+ir

1,135.Q —

1,292.0 1,001.5

1,290.O 1,007.5

867.5 735.5

977-5 492.5

1,286.0 707.5

977.5 802.5

l,ti5.o 57L.O

~otl

l,l&o.o

l,L92.O

1,590.0

1,172.5

977.5

1,286.0

L262.5

1,065.0

ElonEation in Inches+
Max.bad Fracture
16+” I+o” 16b” W“

1.115 2.25 2.w 2.91

1.23 2.21+2.ti 2.89

1.L1 2.55 2.23 3.18

.% 1.SL51.50 2.&5

1.05 2.09 1.05 2.09

1.34 2.1+71.34 2.k7

1.05 2.09 1.71 2.67

1.10 2.16 1.10 2J6



Spec. T~.
No.

cl 60

C3 50

D5 lb5

k 45

C2 Lo

W 35

JW 20

TABLE6A

DtJSteel- Type 1.1 Spechens

FlatPlateTests- Size:15”tide x 3/Ln thickX 40W lon,q

0-0 °;d=15m; b= 12”

Flamecut

Imadsin KiPa Eier u in Inch Kius ElongationIn Inches+
% Shear V.&~ M. Fraet. TOl~; . Crack To ~ hd To Fracture
Fracture

Uax.Iaad Fracture
40” 163” L@ 16& L@” 163” 40” 16~” @tt

Surfaces

lCO 375*3 97.5 -* llf!.o 172.S 558.8 870.4 --= --** 1.31 2.05 — —

100 385.0 510.3 510.3 159.6 199.6 566.~ 648.h -- 1,302.01.35 2.1353.82 3.115

lCQ 375*O 488.0 Mbo.o 1111.o l&6.o l&!o.o 66L.O 76o.o 1,088.01.05 1.6351.90 2.650

lCQ 340.0 503.5 244.0 31.2 51.2 492.8 782.0 8q2.O 1,141.01.16 1.87 2.05 2.775

0 4U.O 476.0 L76.O 177.k 237.3 331.O 559.3 331.0 559.3 .88 I.u .88 1.41

o— L71*5 — 98.4 101.8 333.0 k30.o 333.0 430.0 .84 1.350 .8L 1.350

o— 3a6.o 386.0 — — 108.1 193.0 m8.1 193.o .30 .55 .m .55

..
~ Unsyrunetricaltear
* !?mer~and elongationgivenfor 16~nand @n GageLmgths

TABLE 7A

DN Steel- TypeX2 SPcimcns

FlatPlateTests- SiZe:15”wide X 3/Ln thickx 40H lonq

e - MO; d - 15”;b -12”

FlameCut

Spec. Temp.
No. ‘F

D1O 74

E2 60

El 55

Dll 50

D3 50

W@

D2 40

D1 Y

m 15

$ Shear
Fracture
Smfacen

100

103

100

0

10

100

100

0

0

Loads in KiPS

Visible Max. Fract.
Crack

35o.o k97.0 160.0

Enerm in InchKius Elow?ationin Inchesn
To Vls. Crack ‘To Uaxtmom Load To Fracture Max. Load Fracture
161” Lo” 164” 40” 16~H 40” 16&” 40” 16+” 40”

81*6 82.0

355.0

375.0

350.0

376.0

LLQ.o

3Q.5

378.0

375.0

486.o

507.3

501.0

493.0

517.o

452.0

502.5

511.0

363.o 102.4

37o.o 107.2

501,0 40.0

491.5 86.8

293.5 120.0

307.0 90.0

502.5 80.k

511.0 91.2

154.4

130.4

68.0

1C6.4

162.0

108.8

105.2

110.8

449.6

UO.8

512.0

404.8

U8 .0

k77.6

268.4

355*4

423*O

8L9.2

725,6

842.0

701.6

720.0

818.8

470.Ib

624.2

709.6

76$.o

838.0

866.0

404.8

487.6

933.2

616.h

355.4

4.2!3.0

1,187.2

1,1s7.6

1,277.2

701.6

854.0

1,274.8

92k.8

624.2

709.6

1.07 1.E!21.815 2.77

I..002.OO 1.795 2.85

1.18 2.05 1.99 3.00

.95 .95 1.67 1.67

1.70 1.I.41.725 2.M

1.08 2,05 1.845 2.91

.69 1.55 1.225 2.3Q

.83 1.475 .83 1.475

.98 .98 1.65 1.65

wherm and elongationgivenFor 16i18and @n GaseLengths
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TABLE 8A

DN Steel- Type X-3 S~clmen#

,-

FlatPlateTosts- Size:ljn nldaX 3/4n thickX LOW long

R - I+n;d ~ 15H;b - 12H

Flamecut

Loadsin KiP8 ~erm ti InchK~s Elcmpationin Inche@

Spec. T~p. ?%hear VisibleUax. Fract. T;6#ai Crack To MaxLmumIoad T Fracture
!

W. Load Fracture
NO* . Fractura Crack LO” til!” ho” 16 n U“ Mbfl 40. ~6@ . u.

Surfaces

w 55 lm 422.o 568.1 325.0 167,0 249.0 1,096,0 1,620.5 1,483.5 2,~.5 2.20 3.33 3.09 4.285

D12 L5 100 #2.O 581.8 356.o 192.0 2L2.o L272.o 1,932.0 1,632.o 2,3M.O 2.70 3.77 3.53 L.7’5

E5 40 0 361.0 535.0 535.0 100,0 111.5 611.5 995.0 611.5 995.o 1.% 2.2551.36 2.255

E7 @ o 379.2 531.5 531.5 112.5 147.5 570.0 9m.o 570.0 900.0 1.28 2.04 1.28 2,0L

E3 30 100 @Lo 540.0 329.0 llb.O 210.0 484.0 991b*o 915.0 1,/+96.01.30 2.22 2.~ 3.W

Q 20 0 1+22.O592.0 592.0 154.0 2CQ.O 1,371.0 1,897.5 1,371.0 1,897.5 2.50 3.6552.50 3.655

w E5 20— 388.0–———— —— —--- -

● mer~ and elongationgivenfor M!!”and 40” Gase ~nstha
z WFailadin Weld before~ load

TABIJ39A

DN Steel- TypeY Spectinn

FlatPlateTests- Size:134Hwidex 3/Ln thickX @ n 10I’IK

Unnotched

FlameCut

Spec.Tanp.
No. oF.

Cl LO

F12m

F13 20

G3 o

G1o O

G2 -lo

m -lo

w -YJ

%Shmr
Fracture
Surfaces

lm

100

0

0

0

0

0

0

Loada in KiDU

Visible M. Fract.
Crack

— 508.0 112.o

— 507.5 507.5

-— 511.fI 502.5

— 500.0 500.0

-— 530.5 5?Q.5

— 535.0 535.0

— 529.0 525.0

-— 545.0 5k5.0

mler.uin InchKipa Elcmuaticnh Inches*
To Vis. Crack To UaxlnumLoad To Fracture
16~~ L@ 16~”

Fracture
~n 16~* Lo” z: %W @. ~“

—. 1,620.0 2,525.M 2,775.0 3,430 3.596.~5 6.32 7.58

—- — 2,220.0 3,060.0 3,210.O 3,480.0 4.856.7756.80 7.575

— —- 1,833.0 2,@7.O 2,@3.O 3@59.O 3.94 5.75 5.18 6.685

—— 717.5 1,447.5 717.5 1,447.5 1.753.4251.75 3.U5

—- — 1,835.0 3,19D.O 1,835.0 3,190.0 3.806.71 3.8o 6.71

—- — l,W.O 3Jm*o 1,900.0 3,C03.O 3.986.325 3.98 6.325

— — 1,375.0 2,595.0 1,590.0 2,960.0 2.93 5.58 3.35 6.28

— — 1,745.0 2,565.0 1,71+5.O2,565.0 3.555.35 3.55 5.35

*Ener~ and elongationgivenfor 16~”and I@n GageLangtha
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