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Abstract

The absorbed energy per unit volume necessary for the fracture
consists of three parts: the energy of elastio deformation, the energy
of plastic deformation and the energy necessary for orack spreading.
In the case of the simple tensile test the energy necessary for crack
spreading is negligible.

Tt was supposed earlier that the energy necessary for fracture is
independent from the lattice defects, at leaat in first approximation.
This would mean, therefore, that the energy necessary for the appear-
ance of the first spreading orack is of a constant value. In order to
prove this supposal, low cyole fatigue tests have been carried out at
constant true mean stress amplitude. It was found that the absorbed
energy per unit volume absorbed before the appearance of the spreading
crack has always the same value independent from the stress level. The
energy determined by low cyole fatigue agrees within the limits of
goatter with the energy measured by the tensile tests.

1. Introduction

Phenomena and regularities encountered in course of low-cyole
fatigue are dealt with by extensive literature. The great number of
publicationa has been reviewed by geveral authors (1, 2 3) in recent
times through comprehensive gtudies, The majority of these publicat-
ions explain either constant load amplitude fatigue or constant strain
amplitude fatigue. Relatively few experiments have been performed on
true stress amplitude fatigue (4) . As far as practiocal applications
are concerned, only either constant load amplitude experiments or
oconstant strain amplitude experiments are, naturally, of any signif-
jicence. Experiments on constant true strain amplitudo are rather int-
eresting only from theoretical aspects as by thelr means the mechanism
of fracture can be studied.

In course of experiments conducted with constant strain amplitude
a correlation between the total plastic true gtrain of the sample and
its total elongation as determined under tension test oonditions could
be established (5, 6, 7, 8) . Accordingly,

m
N . 6p =cC (1)
Coffin and al, claim a value of 1/2 for exponent ng", Assuming

the statio tensile test conforming to N = 1/4 oycle, and a true strain
of £f at fracture as measured under static tensile oonditions, then

(6))
professor, Technioal University, of Budapest, Hungary
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the value of constant "¢" would amount to éi where £, may be determined
from the reduction of area /R/ value: 2 g
s dned g
&="Tr (2)
Subsequently, elongation and/or reduction of area values are always
éxpressed as absolute figures instead of percentages and, furthermore,

minimum cross-section of the sample, thus
Ao
£ =(n.-z
where Ao the initial cross-section while A represents the minimum mod-
ified cross-section value. Identically, normal or engineering strain
means L,-L
of < Sr=e
(-]
Bquation (1) developed entirely'empirically has been supported
recently by statistical considerations by Gittug (9) as well ag by phys-
ical findings by Gilman (10) .

Theoretically, it may be assumed that the true strain pertaining
to the N = 1/2 1/4 load under true stress amplitude experiment condit-

= Qe

Literature refers to a number of publications where the energy ab-
sorbed by the sample is indicated ag the criterion of fracture (12, 13,
14) . Feltner and Morrow (14) assumed that the energy absorbed during

Our experiments aimed at discovering by means of low-cycle fatigue
tests performed with true stress amplitude, the correlation existing
between the energy absorbed per unit volume during the static tensile
test and the energy absorbed under fatigue test conditions ang at verify-
ing that the terminal of the curve S-N plotted in true stress coordinates
is, at a load of N = 1/2-1/4, identical to the true fracture stress.

The comparison of tensile test data to low-oycle fatigue data, how-
ever, may only be accurate with an identical strain valocity

as both the tensile test results and fatigue test results are affected
by the strain rate.

Several authors discovered (e.g. 64 15) that fatigue strength de-
creases with the decreasing cycle rate. In our experiments, therefore,
a constant strain rate of U =2 mm/min has been employed and the fatigue
tests have been performed also by applying the same rate.

For this purpose, samples have been produced of 0,35% C-content
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carbon steel water-quenched from at 860°c and annealed for 1 hour at
500°C. For these experiments unnotched oylindrical samples of 10 mm
diameter and 25 mm gauge length have been made use of as well as notch-
ed ones of 15 mm unnotched and 10 mm nothed diameters. The bend radii
of notchings amounted to 6 mm for one sample type and to 0,5 mm for the
other. With these figures the stress concentration factors of the two
notched sample types have been within the elastic range 1,32 and 3,05

resp., /Fig.1l/

For these exppriments a very hard tensile machine having a spring
constant of £ = 10" kp/mm was used, ag, according to the results of
preliminary experiments, instrument rigidity affects measurement data
to a significant extent.

In the compression phase a separate device was employed to prevent
sample deflection,

2, Strain rate variation during the tensile test

In course of the tensile test strain rate will stay constant only
until elongation will stay uniform, Under necking conditions elongation
rate will greatly vary. According to the experiments by Czoboly (16) ,
there may be three phases distinguished within the tensile test (Fig.z).
The figure presents the extension of the sample as measured on the
vertical axis in mm. The horizontal axis represents the reduction of
area as determined by the minimum oross-section, In the firat phase,
sample elongation appears uniform covering the entire length of the
sample whereas in the third phase there is only a local contrastion to
be observed. In the intermediate phase joint local contraction and
elongation involving the total sample length take place. The vertical
axis of Fig. 1 has the force variation also plotted, Maximum foroe
(» ) is produced within the seoond phase coinoiding, generally, with
its Terminal. With the force decrsasing (in the third phase ) , length-
ening due to contraction is proportional to area reduction, thus

AL’k.dg-(R"Rm) (3)

where d  is the sample diameter, "k" represents a proportion factor
being for cubic lattice metal types equal to 1 and R means the red-
uction of area caused by maximum foroe effeat, With lh extremely hard
tensile test machine, chuck displacement in the third phase is exactly
equal to the elongation given by equation (3) , Differentiating equation

(3) by time
d(AL) 4R _
2 - kd, gp =U
Acoording to the law of constanocy of volume:
. a4
4+J_4—_-ﬁ (5)

Differentiating equation(5) by time and substituting from equation
(4) strain rate is:

(»)
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c 4l 4 dR_ 4 U (6)
“qF " U-R? dfF T U-R? kdo

As equation (6) reveals, the atrain rate is rapidly increasing
with the increasing reduction of area even with a constant elongation
rate (U) . Due %o the specific elongation rate varying under necking
condition, the force value will gimilarly vary. The gtrain rate effect
has been expressed on grounds of theoretical considerations by the
following equation by Prandtl (7 :

F =F;+m.(n—% (7)

According to the Prandtl equation gpecific elongation rate cor-
responds to force F, whereas slongation rate o to force F_. Dividing
equation (7) vy orols-aeotion Am developed by %he meximum ~force

Cq
Spicd =5mo+a.ln-; (8)

The value of constant "a" as oalculaﬁed from the data rendered by
(18, 19 and 20) will amount to 1,2 kp/mm” for copper, 4,5 kp/mm? for
mild steel types and 1 kp/mm” for aluminium if, instead of the logenat.
in equation g) , common /Briggsian/ logarithm ig being made use of in
caloculations. According to the results of experiments hitherto conduct-
ed, the value of constant "a" is hardly affected by alloying (21) .

Dividing equation (7) by an optional oross-ssotion A, the equation
of the true stress - true sirain ourve may be written as follows:

S4=So+a-:”:£"‘-.ln% (9)

Bquation (9) permits in general the composition of the irue stress
curve equation (22) as at the beginning of contraction R= Rm with s,
representing the elongation rate necking is being started with:

. = 1 .u
° " (4-Rm) m (10)

thus

2
P 4—Rl_l! i (4"Rm)
S{ Sy"'a- /"’R /(n '4'_' R (11)
This equation describes the true stress - true strain diagram

with a great acouracy 22) .

1f, therefore, the fracture gtress as determined by the measur-
ement amounts in the moment of ffacture to S,,, then the fracture
gtress S pertaining %o the constant elonga%ion rate can be determined
by meanlogf equation (11) . The second term of the equation expressing
rate effect is, for material types of lesser reduction of area, not
very aignifioant as, for example, in case of a steel type where 3%f -
= 150 kp/mm", Ran- 0,15 and = 0,7 - the S, value as determined by
means of equati (11) will differ from the Reasured 3,4 value by not
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more than 5,5 kp/mm2 (Fig.}-u) . However, in case of material types of
great reduction of area such as, for xample, pure aluminium (Fige3-b),
the measured value of S8 is 31 kp/mm“ whereas Sof as calculated from
equation (11) only 17 KbFmm® (21, 22) .

It is seen, therefore, that in case of material types of great
reduction of area the elongation rate variation during contraction can
affect fracture stress value while for material types of lesser contract-
jon the elongation rate effect is negligible. In case of great reduction
of area substances it ought to be taken into consideration that the
atress distribution is not uniform all over the oross-section (23, 24,
25) but the peak stress produced along the centre line of the sample
exceeds the true mean rupture stress value.

3. Low-cycle fatigue tests with constant true stress amplitude

The low-cycle fatigue test has been performed by using unnotched
ag well as notched samples: of the two specified types in case of the
latter. Since the loading rate applied in these experiments was identic-
al to the rate employed in course of the tensile test, the experiments
have been carried out only up to a very low cycle number. Accordingly,
the alternating true stress amplitude appeared relatively high. Bxper-
iments have been performed with alternatigg true mean stresses of 3 =
= 72,5, 75, 85, 88, 95, 100 and 104 kp/mm®, respectively. On grounds
of the data rendered by & number of tensile tests, the true stressz
pertaining to the maximum foroce ocould be found o S = 89-95 kp/mm",
true mean fracture stress as S, = 122-138 kp/mn®, alld the true fract-
ure stress as = 0,94-1,02, ~“Some of the streass levels employed in
course of low-cyole fatigue appeared lower than S_ causing, consequent-
1y only a uniform elongation due to the firat loaging whereas, at stress
levels exceeding S_, contraction took place as soon as upon the first
tension. The experTmental results are illustrated by Fig.4. The horiz-
ontal axis presents the number of reversals while the vertical one has
the true stress plotted., The points shown by both unnotched and notched
samples are located on a straight line coinciding, at the load figure
N = 1/2-1/4 and within the margin of error, most precisely with the
true fracture stress sf determined by the static tensile test.

Suggestions differ whether the tensile test results should be taken
into consideration on grounds of N = 1/2 or 1/4. Essentially, however,
the findings are not affected by this problem.

Tt seems remarkable that the line of both unnotohed and notched
samples terminatea with an identical Sf value, This is in full agree-
ment with the olaim by Ludwik according to which the fracture stress
value determined by the tensile test is independent of notching. How-
ever, this finding by Ludwik is only true if the notohed diameter of the
samples compared 1g i{dentical. The fracture stress of notched samples
of different notched diameters made, however, of identical material may
greately vary (23) . This is why samples of identical notched diameter
have been used in the experiments referred to.

4, Absorbed energy per unit volume

The absorbed energy per unit volume is, in course of the tensile
test,
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.dL F.dL
W=fi—— - 5.de€ 2

ikt v e {2
where V represent an infinitesimal volume Seleocted within the oross-
section of the fracture, This is nothing else but the area enclosed by
the true stress - true effective strain diagram,

By calculating the integral, this work can be determined by means

of the strength oharacteristics usually employed in material testing
26, 27) . The total energy required to produce frasture oonsists of
three phases: that for elastic deformation W_, for plastio deformation
W_, and the energy required during orack proﬂngation (' ) o Wit a
stfioiently oconsiderable plastic deformation, the ener required for
elastio deformation ang orack propagation is, in tensile test, neglig-
ible as compared to that necessitated by the plastic deformation, that
is, W= w_,
P

Subsequently, it will be verified that the specific energy produc-
ed up to the moment of fracture is not struoture sensitive, that is, it
does not depend on lattice defects in practice.

The strength of metal types without lattice defeots has been first
estimated by Orowan (28) and Polényi (29) , respectively, Orowan assum-
od that the elastic deformation energy in perfect lattice whiskers is
equal to the energy of the surfaces developed following fracture, In his
caloulations, for simplicity’s sake, interatomio force variations have
been supposed to represent a sinusoid curve. According to Orowan, the
perfect lattice orystal strength is expressed by the following formula:

ey V%X_ (13)

where B represents Young’s modulus,
is the surface energy per unit area, and
d 18 the distance of the atomic planes.

Recently, some more detailed caloulations revealed (30) that the
values obtained by using the Orowan formula are Somewhat high, The true
situation is further approximated by the formula Suggested by Polényi,

acoording to which
2.
%= ()

Assuming that the energy absorbed in course of the plastic deform-
ation of very pure metals is identical to that absorbed by perfect lattice
whiskers up the moment of fraoture, a relation may be arrived at (31) .
a&cocording to which
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W.E
$=\7 (15)

Bquation (15) represents only a orude approximation b%i)moro acour-
ate calculations would also affect only the constant value'<’,

In order to verify the independence of specific fracture energy of
lattice defeots, the energy absorbed during the tensile teat by spectro-
dcopically pure silver, aluminium, copper, iron and nickel, respectively,
has been determined, Calculating from these data by means of equation

(15) , the strength (S,) of perfect lattice whiskers, a very good agree-
ment could be disooverea with either the values calculated by means of
equation (14) from the surface energy data or those hitherto measured

(32) for whiskers, The results are shown by Table I. Figures in the
first column of the Table are caloulated from the surface energy measur-
ed in 1iquid metal phase by making use of equation (14) » Data in the
second colum are rendered, similarly on the basis of equation (14) , by
surface energy figures obtained in solid state (33) . The third colum
presents strength values as measured in whiskers according to (32) while
the figures in columm IV are caloulated by means of equation (15) from
data on plastic deformation energy absorbed up to fracture. The agree-
ment among data determined by different methods appears very satisfactory
and, therefore, it seems Justified to assume that the plastic deformation
energy absorbed up to fracture represents a lattice characteristic in--
dependent, in first approximation, of lattice defects, It may be assumed,
furthermore, that a crack Spreading upon the effect of a mechanism not
being dealt with here would be started by the lattice defecta in the
material only in such cases when the energy absorbed in course of plastie
deformation has reached a value characteristic to the respective material.

5. Bnergy absorbed in low-cycle fatigue process

According to the findings by Coffin ang al,, the £~ N curve of low-
cycle fatigue performed with constant strain amplitude terminates in the
€, value determined by the static test. However, according to our pre-
vious statement, the S - N curve of experiments carried out with oonstant
true stress amplitude will terminate in the true fracture stresa vale
S, determined by the tensile test and defined above, These two discoveries
lead to the conclusion that the fatigue process, at least up to the appear-
ance of the first orack, is governed by the energy absorbed in course of
the process proper.

The statement introduced in Paragraph 4, according to which, in case
of extremely pure metals, the energy absorbed up to whisker fracture is
identical to the plastic deformation energy measured in the annealed poly=-
orystalline state of the respective metal leads to the conclusion that
the absorbed energy per unit volume is not structure sensitive., It follows

e o
2)The more accurate caloulatiens referred to
will be published later.
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that the process of fracture consisis of two phases: one is the plastio
deformation work represented by a value characteristio to the given
metal or alloy, and the other is the work required for oraock spreading.

To explain these, the plastio deformation taken place as well as
the absorbed energy per unit volume have been determined in each cycle
of the low-cyocle fatigue experiments. As emphasized earlier, true strain
wag determined by means of diameter measurements so as to always represent
the true strain produced within the minimum cross-section of the sample.
Some examples of the measurement results are i11ustrated by Figures 5 and
6. The horizontal axis of each Figure presents the number of loadings
whereas the vertical one the true strain, that is, the specific energy
produced up to the respective oycle number. Dus to experimental diffic-
ulties, the constant true siress could not be adjusted acourately in
each oycle. For cyoles where, due to experimental diffioulties, a true
gtress value other than the projected one has been obtained, the figure
adjacent to the true gtrain ourve represents the true stress value
actually arrived at. Apart from these exceptions, Erojeoted true stress-
es could be adjusted with an ascuraoy of +1 kp/mm" .

Fige. 5 praaents the results of experiments performed with a stress
of S = 72 kp/mm®, Up to the twelfth repetition, the true strain exhibits
an increasing trend both at the tension and compression sides with the
exception of the short initial section of the compression side where the
initial decreasing trend may be traced back to the true stress of 75
kp/mmz. Subsequent to the twelfth loading, the character of the curve is
obviously changed and between the fifteenth and sixteenth loadings there
ig a visually perceptible large orack observed to have developed. It
geems justified to assume that the modifioation of the strain ourve
character may be attributed to the effeot of the first spreading eraok,
Following the appearance of the crack, at least in each tension period,
the sample will exhibit a notched behaviour with its true girain de-
oreasing by each period of tension whereas the orack would exert an
evidently lesser influence on plastic deformation in each compressing

period.

A similar phenomenon is illustrated~nlthoughzmore markedly by the
test performed with a true stress of 5 ® 90 kp/mm° (Fig.6) « The orack
grew visible here as soon as by the fourth tension and, from then on,
the true strain displayed on the tension side & dxoreasing trend all

alonge

The true strain ocurve modification coincided, in each test, tom3
good acouracy with the specific absorbed energy of 100 to 120 mkp/om .
The Figures have an &rro¥ indicating the absorbed energy value cor-
responding to 110 mkp/on3. As revealed by Figures 5 and 6, it is the
specific energy value determined by the simple tensile tes?, within

the margin of error where the oharacter of the process will be modified
from, The difference beiween the two Oharacteristic ourves introduced
by Figures 5 and 6 may be explained by the fagt that, in course of the
test performed with a true stress of 90 kp/mm~, & considerable contract-
ion took place as soon as upon the first leading and the oon raoction of
the sample has 4noreased, up to the absorbtion of 110 mkp/ energy,
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to a considerable extegt whereas in experiments oonducted with a true
gtreas of S = 72 kp/mm“ the orack appeared in an- early phase of the
necking.

The appearange of the crack coincided in each test with the value
of the 110 mkp/cm~ total energy consumed which represented the value
characteristic to the material tested. The energy produced in course of
the spreading of a crack depends, to a great extent, on the streas level.
The lower the stress level fatigue has been effected at, the more energy
had to be consumed to spread the crack., While the energy oonsumed up to
the appearance of the first crack represented, within a range of +10
per cent, an identical quantitative value in all cases, the nature of
the energy consumed to spread the orack as increasing with the reduced
gtress level oould be unequivocally recognized but this exhibited a
considerable standard deviation. In experiments repeated at an ident-
ical stress level, the energy produced up to the appearapce of the
spreading orack amounted in each case to 110 + 10 mkp/om” whereas the
energies measured in course of the spreading of the orack revealed,
even at identical stress levels, a fluctuation of 20 to 40 per cent.

Due to experimental diffioulties and to the slowness of the teat, there
is an insufficient number of data available, as yet, to permit arriving
at an unequivocal conclusion concerning the energy required for orack
spreading., It seems, however, absolutely obvious that the energy re-
quired for the spreading of a crack although correlated to the maoro- §
scopio characteristios of the material is greatly influenced by loocal i
inhomogeneities.

Fig. 7 has the number of loadings indicated, on the ourve Ss-N
measured for unnotched samples, whence the subsequent fracture proceas
was governed by the extension of the orack, The measurement points are
located, in the co-ordinate system S - log N, with rather oonsiderable
accuracy along & straight line which, however, does not conclude to the
fact that this curve would continue to represent a straight line in
case of high oycle fatigue as well. I+ may be, however, safely stated
that the lines indicating fracture and orack spreading commencment,
respectively, oonverge again toward fracture stress point S, around
N = 1/2-1/4 loading which is in agreement with the fact thal, in course
of a simple tensile test, the energy required for the spreading of the
orack is negligible when plastio state material types are subject to
fracturs conditions. At the same time, this Figure indicates that the
lower the stress level, the higher the cycle number in course of the
spreading of the orack. This is, by the way, in full agreement with
the results obtained under high cycle number fatigue conditions (a.g.
34, 35, 36) .

According to Hempel and al. (34, 35) , high-oycle fatigue phenomena
show that in experiments performed near to the endurance limit the
traces of plastic deformation can be discovered by means of microssopic
methods as soon as with a very low number of loadings. This is followed
by the appearance of cracks of either non-spreading (36) or spreading
types. The process is schematically illustrated, after (37) by Fig.8.

The low-oycle fatigue phenomena are very gimilar in nature with
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the exception, however, that plastic deformation will take place here
within each orystallite necessarily as soon as during the first cycle.
The results obtained through low-cycle fatigue measurements show a good
agreement with the theory by Yokobori (38) .

6. Origin of the spreading

According to the results of low-cycle fatigue experiments, oracks
would start to spread when the energy absorbed by the sample has amount-
ed to a predetermined value characteristic to the material concerned,

In subsequent investigations some of the unnotched samples made of the
material used for low-cycle fatigue tests have been exposed to fatigue
at such a high stregs level where the energy absorbed could reach the
value of 110 mkp/om only after a considerable plastig deformation taken
plage. With the experiments completed followi g the absorption of an
energy quantity slightly exceeding 110 mkp/om”, the oracks oould be
clearly discovered on the samples,

Subsequently to a pre-fatigue process at lower stress lavels where
the snergy absorbed could not reach the value of 110 mkp/om3, the
samples were elongated after exposure to the pre-fatigue loading up to
the same deformation as that obtained in fatigue tests, Within the
latter, the énergy produced did not amount to the value of 110 nkp/cm3
and the samples could not exhibit cracks through a mioroscopio examin-
ation of 250-times magnification, either,

Pig. 9 p§csentl the results of a fatigue test performed at the
S =100 kp/mm“ stress level, By th, end of the fourth tensile loading,
the sample has absorbed 125 mkp/om” energy. The crack thus developed
is 1llustrated by the Figure in a wide open state, The true strain
following the fourth tensile load equalled £ = 0,26,

Another sample 8xposed to repeated loadings at a lower 8tress level
Wwas subjeot to tensile deformation up to the same true strain value, The
total energy absorbed during the fatiéue process and the subsequent
tensile loading amounted to 85 mkp/om’, The mioroscopioc examination of
similarly 250-times magnification did not discover any cracks, In order
to verify that the initiation of spreading crackes depends on the quantity
of absorbed energy characteristic to the material concernsd, thers have
been some simple tensile and compression loadings carried out. Mylonas
and al, (b.g. 39, 40) pointed out earlier that Pre-loading compression,
bending, etec. combined with the notohing effect would cause brittle
fracture, Mylonas presented his paper summarizing the research results
obtained by hig working group in this field at the 1964, Prague Confer-
ence of the International Institute of Welding (41) . The following two
paragraphs are quoted verbatim:

"Sufficient precompression at room temperature exhausts the ex-
tensional duotility to such an extent as to result in fracture after
extensions of the order of 0,01 (1’) « The reduction of extensional
duotility 4is not proportional to the amount of Precompression, A narrow-
1y determined limit of compressive prestrain exists the exhaustion
limit at which the ductility suffers a rapid reduction, Prestraing
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gmaller than this limit have 1ittls sffect on the extensional ductility,
Larger prestrains cause complete embrittlement,"

It is a fact well known long ago that the tensile and compression
true stress - true strain curves, respectively, of a material are not
congruent ( Fig. 10) . '

In subsequent studies, tensile tests following a single compression
loading have been performed. The data on the ltegl material used for these
tests are as follows:_yield stress § = 70 kp/mm“, maximum force true
stress 3 = 110 kp/mm“, fracture striin £ = 0,43 and absorbed energy per
unit volume in simple tensile tests W = 4§ mkp/om3, Samples were pre-
compressed in such a manner as to have the energy per unit volumg absorb-
ed during compression amount to a lesser quantity than 49 mkp/om”’ in one
case and to a higher one in the other. The sample havipg absorbed under
compression conditions an energy amount of 72,5 mkp/om’ exhibited, in
course of ths subsequent tensile test performed at a stress level of
S =19 kp/mm“, a full brittle fracture. Thus the stress bringing about
fracture in the tensile test appeared inferior to the virgin yield stress
proper,

Another sample having absorbed in gourse of a deformation process
up to a true strain of € = 0,48 under compression broke at a true strain
value of €= 0,19 in tensile test where the energy absorbed amounted to
10 mkp/om” adding up to a total energy absorbed Bnder tensile as well
as compression oconditions amounting to 54 mkp/cm’,

These tensile tests following a single compression loading also
reveal that, if the specific emergy absorbed in course of the compression
test amounts to the value charaoterizing the material ooncerned, cracks
appear and the sample will break in the tensile test although it could
have been compression loaded to a considerable further extent.

7. Conclusions

(1) - Axial tension and compresaion, respectively, initiates a
ocrack spreading in the sample, if the energy absorbed during plastic
deformation has amounted to a oertain value characteristic to the material
tested,

(2) - In the simple tensile test, the energy absorbed over the
perlod from the initiation of the orack, that is, from the formation of
cavities to full fracture is of an extremely low quantity whereas in a
compression teat this energy is considerable. In either tensile or com-
pression tests, however, the plastio deformation energy absorbed prior
to the appearance of the spreading oraok is identical, if the testing
conditions are identical.

(3) - The energy per unit volume absorbed until whisker fracture
is identical to the plastio deformation euergy oconsumed by & very pure
metal of identical material type up to the moment of fracture,

(4) - The energy produced up to the appearance of the spreading
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orack in a low-oycle fatigue test performed with constant true siress
amplitude 1s identical to the value determined in the tensile test,

(5) - The above statementis apply, as expressed in such a gimple
manner, only to axial tension, compression, or tension and compression
loading.

(6) - The above statements are not given evidence, as yot, as far
as the high-oycle fatigue £461d is ooncerned. The statistically ident-
ical deformation of all crystallites assumed in low-oycle fatigue tests
causing extensive deformations as well as in simple tenasile or compress-
ion tests, and the energy absorbed by individual orystallites in case
of a high-cycle fatigue may differ oonsiderably. In order to clear this
latter problem, investigations to extend the fracture oriterion de-
soribed above to the high-cycle fatigue fiegld are under progress.
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