|
|

- 21.1 -

GENERALIZED STRAIN FATIGUE CRITERION FOR MATERIALS UNDER

MULTIAXIAL RANDOM LOADINGS

Ewald MACHA
Technicdl University of Opole, ul.ZSP 5, 45-232 Opole, Poland

Third International Conference on Biaxial/Multiaxial Fatigue

3-6 April 1989, Stuttgart FRG

Abstract:

A generalized fatigue criterion for materials under multiaxial
random loadings has been presented. The criterion has been Dbased
on the assumption that quantities of shear and normal strains in
the expected fracture plane - shear strain 1in one direction on
this plane is considered - determine the fracture plane. It Thas
been shown that the well known cyclic fatigue criteria of maximum
normal strain,maximum shear strain and the c¢riterion of maximum

shear and normal strains on the critical shear plane result from

+he fofmulated criterion.

1. INTRODUCTION

Formulation of fatigue fracture criteria for materials under
multiaxial random loadings by extension of the known criteria for
cyclic loadings is connected with various 1imitations} In case of
some criteria the limitations are theoretical. In papers [19,20]
five criteria for random triaxial stress state have been proposed
and some limitations making some other criteria under these
conditions impossible to use have been proposed.

From these five criteria three are based on stresses,one on the

elastic strain energy and one-—on strains. Then the stress criteria

were formulated as one generalized criterion of the maximum shear

and normal stresses at the fracture plane {[21]. Formulation of a

similar generalized strain criterion is a subject of this paper.



-~ 21,2 -

2.5TRAIN FATIGUE CRITERIA UNDER MULTIAXIAL CYCLIC LOADINGS

The fatigue criteria for materials wunder multiaxial cyclic
loadings are discussed in many papers (2,5:6,7,8,9,12,15,22].Let
us consider the criteria based on strains that are most frequently
verified by tests.The influence of the mean stress,notches and so-
me other factors is neglected. The valueénassumed in these criteria
as determining material fatigue are the most interesting for us.

Maximum normal strain criterion: it is assumed that e i.e.

1]
amax
the maximum amplitude of +the normal strain determines fatigue

fracture formation under both multiaxial and uniaxial loadings

£ =max{ei(t)}=ma§ . » ma?{eii(t)}=@ax N {e ,.,}=¢

amax 4 “Cat (1a)
i=x,¥,z t i=%,¥,z

‘ According to this criterion Aemax—the maximum range of the normal

strain cycle can determine fatigue fracture initiation, as well.

&Emax =_m2:§r§’§ {Aeii} = ﬁeﬁﬁ =A£f {1h)
where: g(t)—maximum principal strain(t—time),%Asf = Eaf—fatigue
limit under tension-compression and 0%y2 - system of axes with
extreme @mplitudes and ranges of normal strains {gaiiz Ea§§ p-
> Eagp) ~

According to this criterion a critical plane with the normal n and
the normal strain determining fatigue can be found:
Ataa
XX |
en(t) = Eﬁﬁ(t) =Ea§£81nwt = ———r—— sinot

Maximum shear strain criterion has been formulated on the

assumption that Yamax™ the maximum amplitude or Aymax - the

maximum range of the shear strain are critical gquantities for

fatigue of materials:

vamax=m:x{sl(’c)—sa(t)}={na:g s o o Max{e; (B)-e  (1))= o
1,J=X,y,z t
i#]
=max {e_..Fe_ .. I=(1+v)¢ (2a)
i,j—ﬁ,?,ﬁ aii "ajj arf
1#]
Y q =TAX W o S iBELF Aejj}=(1+u)Aef (2b)
1,])X,¥:2

where es(t)—minimum principal strain, v-Poisson’'s ratio.
The sign (-) in (2) concerns the case in which strains eii(t) and
£,.(t) are coincident, in phase and the sign (+) concerns the case

JJ
of antiphased strains.
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For other phase shifts a selection of two components of strains

£ (tl) and e..(tz) at different moments t and t2 in which

ii i3 1
Aymax reaches its maximum value is proposed {11,131},

The idea of the criterion can also be expressed by assuming that

fatigue fracture is determined by the shear strain:

Ay
ns
yns(t) = yaﬂ551nmt=———§ww~— sinwt
in direction s on the critical plane with normal 7;it is one of

two planes having the maximum amplitude Yans™ 1 {(formula (2a))

7 amax

and the maximum range of changes A Yns= A Tax (formula 2 D)) of
the shear strain. The unit vector s coincides with the direction
of the maximum range of the shear strain Ayma .

X
Criterion of maximum octahedral shear strains is often applied to

approximation of fatigue test results under in—-phase and .

antiphased multiaxial loadings [14,25,26]. It is assumed that .

fatigue fracture is determined by Yaoctmax the maximum amplitu~
de - or Ay —~ the maximum range of octahedral shear strain
octmax .
_ 1 _ 2 _ 2 _ 2.1/2
Vactmax —mix g{le (t)-e, (2D ] tle, () -e (£) 17+ [e (1) e, (177
smax E{le._(t)~e. (£)1%4(e, (t)=e, (£)1%4(e  (t)=e_ (£)17 +
t 3 XX ¥y NAY 22 ZZ XX
2 2 2 1/2_ 1 2 .2
+6[Exy (t)+eXZ (t)+£yz ()i = 3{(Eaﬁﬁ$ Ea§§) +(sa§§$ Ea%f) +
e e ohirz, DT (4a)
azz’ aki 3 a
or
21 2 2 2.1/2
AYOCtmaX —3{(A€}?{ﬁ$ Aei.rjar) +(D€§§_:F AE%%) +(AEE§¥AE§C}%) ?
_ (1+p) Y2 p ' -~ (4b)
3 £ |
Since octahedral shear strains are identifie oenn  the octahedral

plane as those in the direction of octahedral shear stresses (in
elastic range) it can be assumed that,according to this

criterion,fatigue fracture is determined by shear strains

in direction s on the critical plane with the normal . The unit’
vector 0 is inclined at the same angles to the axes p%y72 and the
unit vector s lies along the direction of the maximum vrange of

the octahedral shear strain Ay , and

coctmax

i -}
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v =Y —formula (4a) Ay =Ay

ans 'aoctmax ns~oct max formula (4b)

Criterion of maximum shear and normal strains on the critical

shear plane is based on assumptions similar +to +those made by

Stanfield [24] for his stress criterion. It 1is assumed that
fatigue fracture is determined by @'57anmax - the maximum
amplitude of shear strain and Ean ~ the normal strain amplitude

at the critical shear plane with the normal ﬁ.Brown and Miller [5]
assume that the plane on which shear strains reach their maximum
amplitude and the range is the critical shear plane. According to
Lohr and Ellison [16] the shear plane 1inclined at /4 to the
external surface of a material (its range of shear strain at a
given poiﬂt of the material is not always maximum) is the critical
one.Brown and Miller propose a non-linear function

1
ﬁyanmax "f(ean) (5)

for a canstant number of cycles to fracture. Function (5) 1is

assumed as

(=== J 4 (o (6a)

where g,h, j-constants (8.5 < j < 3.7) [71.

The criterion (6 a) can be written as

j b . .
= J J _
m2X{TU {(t)+ Sen {(t)}= Tanmax + S Ean = const (6b)
2g 3 . . '
- J J_ (6¢)
where 8=( N ) or Ay nmax + SAg n—const

Lohr and Ellison ([16] have obtained good approximation of

experimental results with a linear relationship
l x
7 Vanmax

*
+ k ena = const (7a)

x

%
where k-constant,% 7 -maximum amplitude of shear and

anmax’ Ean
normal strains respectively on the shear plane inclined at-mw/4 to
the external surface of a material,

Similarly to (6 b) and (6 ¢) the criterion (7 a) can be written as

l *x X 1 * *
mix {i ?U (t) + k en (t)} = 3 Yamax ° k ean = const (7b)
o1 * * (7¢)
or 5 A Ynmax+ k.AEn =const

The shear strain with the maximum range on the critical shearing
plane can be understood as the strain along the direction s on the

plane with normal 1, i.e.
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1 Tne
ens(t)=edn881nmt=§ yan551nmt = " sinet
b3
where 7aﬁ5= yanmax~accord1ng to (6b) or 7ans = Yanma& accor-
ding to (7b) anq ATQS=A7mnax according to (6c) or Ayns=67nmax ac—

ccording to (7c) respectively,depending on selection of the criti-
cal shearing plane.
The folfowing linear dependence {[10,23]

1
72 Tanmax * %an~ far (8)

is a specific form of (6). .

The presented review of mathematical models of strain criteria is
not complete;the discussed criteria are still verified by fatigue
tests. But it results from the review that a critical plane and
normal or/and shear strains connected with the plane may be
observed in case of each criterion. The maximum rangeé of these
strains determine directions along which strains change
sinusoidally. It can be said that strains normal to the critical
plane and/or shear strains along one direction on the plane

determine fatigue fracture.

3.GENERALIZED CRITERION OF MAXIMUM SHEAR AND NORMAL STRAINS ON THE
FRACTURE PLANE

Let us assume that a random strain tensor is a six—dimensional
stationary and ergodic Gaussian process with the expected values
equal to zero (;ij =0) and frequency spectra of a low -band type.
The criterion is based on the assumption that a fatigue fracture
plane is a result of the presence of random values and directions
of the principal strains. The plane is a reaction of material +to
random fatigue loadings. Estimating fatigue life of a material we
will use the term ‘'expected fracture plane position"., It is
assumed that magnitudes of shear and normal strains on +the
fracfure plane determine the occurrence of fracture -but only shear
strains in. one direction on the plane are taken into
consideration. Weight participation of normal and shear strains in
fatigue fracture formation is dependent on a kind and condition of
material (elastic-plastic or elastic-brittle state). In the case
of elastic-brittle materials,a bigger contribution is due +to
normal strains,

Since directions of principal strains determine the Ffatigue



- 21.6 -

fracture plane position and these directions randomly change,the
mean directions of principal strains are introduced and the ex-
pected fracture plane position is determined in relation to them.
Problems of averaging the principal directions and of estimating
the expected fatigue fracture plane position are discussed in many
papers [1,3,4,19]. Three methods are especially interesting:ithe
weight method [1,19], the variance method {3,4] and the damage
cumnmulation ﬁethod [17]. At a given fracture plane +the shear and
normal strains are dependent on all random components of strain.
The detailed assumptions of the proposed criterion are the
following:

1. Fatigue fracture occurs under the influence 0of normal strain
Eﬂ(t) and shear strain ens(t) in the direction s on the fracture
plane with the normal 7.

2. The direction s on the fracture plane coincides with the mean
direction of the maximum shear strain Ensmax(t)'

3. For a given fatigue life the maximum value of a linear combina-
tion of strains Ens<t) and en(t) under multiaxial random loadings
satisfies the equation

max{be__(t) + ke (t)} = max{ W(t)l}=q (%)
t ns n t
where b,q,k - constants used +to select a particular form of

equation (9).

The normal and shear strains sn(t) and ens(t) on the fracture
plane are presented in Fig.1. Results of thelir action depending on
the maximum values that occur with time are shown in Fig.2. The
strain sum W(t) is a stochastic process as well and can be
understood as a function of the fatigue effort of material.The
expression m?x { W(t)y shouid be read as 100% quantile of a
random variable W,

If the maximum value of the effort function m?x { W(t)}exceeds the
limit value q, then damage will accumulate in the material
resulting in fatigue fracture. In the case of any fixed fatigue
fracture plane position,directions of the unit vectors n and s can

A ~

be defined by the respective mean direction cosines ani’ aﬂj and

Bsi’ st y(1,J=x,y,2z) in relation to the system Oxyz.

~

7 =qnx i+ any J o+ GDZ I3 s = Bsx i+ Bsy J o+ BSZ k

— versors of the axes @xyz,

=1

where 1, 3,

The strains ens(t) and es(t) are calculated according to
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transformation laws for components of the strain tensor:

€¢?V = C(bi CVj Eij, ((I),V = T}y, 8, z; 1:J = X;}’pZ)

where c-cosines of rotation angies of axes.

e (t) = a_, . €., (t

n( ) nm %nj 13 (t) (1e)
Ens(t) = Bni st Eij(t) ’ (11)

Fig.1 Normal and shear strains Eﬂ(t) and ens(t) respectively in
the fracture plane. Oxyz - system of axes connected with the

material, 0894 - system of axes along which normal strains have

AN A

extreme ranges (Asxx b Asyy p-3 AEZZ), %123 - system of axes deter~

mining mean position of principal strains (sl(t)z ez(t)z es(tﬂ.

() ] § it
qp - ——==" T q a&E - — f1— — 1 — -
o A Al AL
O%%L’ 0; 0 MV V"
mox{WﬁH<q mgx{Wﬁﬂ =q mQX{WHH >q
fatigue fracture imit state fatigue fracture
does not occur OCCUrS

Fig.2 Effect of strain W{(t) with varicus maximum values.
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The criterion (9} can be expressed as

mle{b Bni st eij(t) + k «

Assuming specific fracture plane positions and values of +the

~

ni %nj Fij (t)y = ¢ (123

constants b,k,q we obtain various particular forms of (9) or (12)

1° If b=@,k=1 and q=€ ¢ and if we assume that the normal to the
expected fracture plane n coincides with a mean direction 1 along

which the maximum principal strain occurs (Fig.3),i.e.

g 3 + n, k

the criterion (9) becomes

N = 11 i 4+ m

mix { en (t) } = €. f (13)
where
e (t) = 1 2e__(t)+m, 2e ()+n,%c  (t)+ 21.m, e (t) +
n I Txx 1 “yy 1 "zz 171 "xy
+ 2 11 lsxz(t) + 2mlnlEyz(t) (14)
11, Myy 0y o- expected values of direction cosines of strain El(t).
£
ﬂﬂ

Fig.3 Directions of unit vector 7

and normal strain en(t) when the
fatigue fracture plane is perpendi-
cular to the mean direction of the

maximum principal strain sl(t).

If under multiaxial sinusoidal loading we denote strain components
to have the direction of +the % axis prescribed to the

longitudinal straim with maximum amplitude,i.e.

Eﬁﬁ(t) = € sinot

A n
axx

and further if we assume il = 1,then,according to (13) and {(14),we

obtain
m:x{en(t)} = mix{ea%%51nmt} = ea§§ = Eaf {15)

Thus it is shown that under sinusoidal lcoading the maximum normal

strain criterion (1) results from (9).
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2° For b=1,k=0 and gq=1/2 (1+v) €,p We assume that the expected

fracture plane is determined by the mean position of one of two
planes of the maximum shear strain yl(t)=€l(t)—£3(t). On this

plane we choose a direction s coincident with the mean position of

strain yi(t)} Thée unit vectors n and s— according to Fig.4 - are
equal to

- 1 -~ ~ — -~ -~ ~ ~ _.'

n = —;é—m—{(ll+l3) i+ (ml+ m3) j + (nl+ n3) K (16)
— 1 ~ -~ — had ~ — -A " —

s = H;;%‘__ [(11—13) 1 + (Tﬂl‘" m3) J + (nl"" I‘l3) k] (17)
where 13, Mg, Ng= expected values of direction cosines of strain
ss(t).

A
# L 2 Fig.4.Directions of unit vectors 1,
5|3 s and normal and shear strains

Lz En(t), ens(t) in a plane determi-

-3

ned by a mean position of one of

two planes of the maximum princi-

pal shear strain 7l(t).

A required component of the tensor ens(t),according to (11),(16)

and (17) is given by

T2 72 2~ 2 ~ 2~ 2
Ens (t) = 0.5[(1l - 13 )Exx(t) + (m1 - Ty )eyy(t) + (nl - n, )
Ezz(t) + 2 (llm1 - 13m3)sxy(t) + 2 (llnla 13n3)exz(t) +
+ 2 (mlnl - m3n3) eyzl(t)] (18)

In the limit state corresponding to fatigue strength the maximum

value of the shear strain m?x{ans(t)} is equal to a corres -
ponding amplitude of the maximum shear strain under sinusoidal
tension-compression with the amplitude €af" Hence, according to
(9) we obtain the following form of the criterion of the maximum

shear strain in the fracture plane
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m:x{ens(t)} = 0.5 (1+u)€af or m2X{7nS(t)} = (1+u)€af (i)

where ens(t) is determined from (18) and 7ns(t)=2€ns(t).

In the case of multiaxial sinusocidal loadings let us denote the
components of strain state so that the direction of axis 0% is
assigned to the normal strain with the maximum amplitude and +the
direction of axis 8% - to the strain with the minimum amplitude.
Let us also assume that il=£3=1. Then,according to (18) and (19),
we obtain

max{yns(t)} = max{eii(t)meéi(t)} = m:X{Eaiﬁ sinwt - ea%ﬁ31nwt} =

= £ - E_aan = (1+4p) Ea {2@)

A 8D
axx azz f

When strain Eéé(t) is antiphased in relation to Eﬁﬁ(t) we have

+ € = (1+u)saf ’ (21)

mix{wns(’c)} = € ab s

A A
axx
From (20) and (21) it results that the known maximum shear strain
criterion under sinusocidal loadings (2) results from the criterion
of the maximum shear strain in the fracture plane (9).

o
3 f

fracture plane is determined by a mean position of one of 1iwo

For b=1, k=1 and q=e_ we assume,as in 2°, that the expected
planes of the maximum principal! shear strain yl(t) and the
direction s agrees with the mean direction Vl(t) (Fig.4). The
normal strain en(t) can be calculated - like sns(t) - with (19)
and (186)

€ (t) = 0.5 [(1.+ 1.)% € (t) + (m.+ m)2 € (t) + (n,+ n,)>

n - 1 2 XX 1 3 vy i 3

Ezz(t) + 2 (11+ 13)(m1+ mB)EXy(t) + 2 (11+ 13)(nl+ na)exz(t) +

+ 2 (ml+ m3)(nl+ n3) € (t) ] {(22)

VZ
The criterion (9) has now the following form:

(23)

max { Ens(t) + Eﬂ(t) 3 o= Eaf

t
where Ens(t) is expressed by (18) and En(t) - by (22).
Under multiaxial sinusoidal loading and on the assumption that

~

1 =n3=1 from formulae {18),(22) and (23) it results that

1
'Cﬁﬁ(t) - Eﬁf(t) EQﬁ(t) - Eﬁé(t)
max{ans(t) + en(t)} = max { - 5 - L }
t t
= max {¢ sinet + ¢ sinwt} = ¢ + € =
% ans an ans an
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= - 5= +  annaalE (24)

Relationship (24) will also be right when €Zz(t)=£azzsin(wt—ﬁ).
Thus it has been shown that under sinusoidal loading a linear form
of the criterion proposed by Brown and Miller (8) results from the
criterion (9).

4° Let us assume that b=1,k=1 and the expected fracture plane is
equally inclined to the mean directions of the principal
strains,i.e. coincides with a mean position of the octahedral

prlane (Fig.5).

A A

The unit vector 7 »inclined at identical angles +to the axes @123

in the coordinate system ©xyz can be written as
1 -~ ~ ~ -~ ~ Eal _— " -~ A —
= m;;m {(11+ 12+ 13) i-+ (ml+ m2+ ms) Jj + (nl+ n2+ nB) k] (25)

Hence, the normal sirain En(t) is equal to

s i i?
en(t)_ 3'[(11+ 1.+ 1

- - ~ 2 A ~ ~ 2
5 3) exx(t) + (m1+ m.,+ m3) eyy(t) + (nl+n2+n3)

2

~

azz(t) f 2(11+ 12+ 13)(m1+ .+ m3)exy(t)-+ 2(11+ 12+ 13)

(n1+ n,+ na) sxz(t) + 2(ml+ o, + m3)(nl+ n,+ na)eyz(t)} (26)
Let us assume that in the plane ABC (Fig.3) the unit vector s is
inclined at an angle ¢ to the direction of axis 6’ (1).

In the coordinate system 0xyz the vector s can be written as (18]
- = 3

- 20 - 2,1 _fj_ . hoor s o

s = {/fﬁ (11+12+13)cos¢] i~ /fg (icos¢ - 73 81n¢)(m1+m2+m3)3 -

- /f% ( % cos ¢ + Vg‘sin ¢ )(£l+ £2+ 53) k (27)

Therefore,the strain Ens (t) is equal to

ens(t) =—§—{[(11+ 12 + 13) cosd] exx(t) + 6.5 (m1+ m., + m3)

(/3 sing - cosd) e (t) - 0.5 (ﬁl+ £2+ 53)2 (/3 siné + cosd)

€, (t) + @.5(11+ 12+ 13)(m1+ Mo+ mg)(/§ sing + cos¢)exy(t) +

+ @.5 (11+ 12+ 13)(nl+ o+ n3)(c05¢ - ¥3 51n¢)sxz(t) -

($1+ &2+ 53)(£1+ £2+ 53)(oos¢)syz(t)} @8
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>

/s
e, SN

Eps¥

Fig.5 Directions of unit vectors 7 and s ,normal

/

and shear

strains Eﬂ(t) and Ens(t)‘ respectively in the fracture prlane

determined by a mean location of the octahedral plane.

Assuming that under uniaxial sinusoidal loading we have

exx(t)=eaf51nwt; eyy(t): -p exx(t); ezz(t)= —p exx(t);

exy(t)=exz(t)=eyz(t) = 0

~

and that 11=&2=ﬁ3=1, from (26) and (28) we obtain

Y2 vZ -

(29)

ens(t) = [—5 (1+u)oos¢}exx(t)=[——§ {1+p)cosg ]eafsinwt (30)

It is clear that expression (30) reaches its maximum
when ¢=0, Therefore,the maximum value of the strength

according to (9) is

) 1-2p
m2X{€ns(t) + Eﬁ(t)} = sz{ ——3~ (l+p)e_csinet + ———3——
1+(1+0) V2 -2
Eaf51nmt} = 3 € ¢

For a general case of loading the criterion (9) has the

amplitude

function

(31)

following
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form
1-2p 4+ (1+p)VZ
mix { Ens(t) + en(t) Y o= 3 i (32)

where ens(t) is expressed by formula (28) and Eﬂ(t) - by (26). The

angle ¢ determines a mean position of the maximum strain € psmax
in the discussed fracture plane.
Under multiaxial sinusoidal loading when normal and shear strains

~ ~

are coincident in phase and on +the assumption +that 11=é2=n3=1,
from (26) and (28) it results that

e (B)=g (le, (6) + e (8) + &, ()] + 20e, (1) +e ()4 (1)1} =

3

1 . .
=3 { [ea £ o Eazz] + 2[Ea + £ + € 23}31nmt = ean51nm t

xxt ayy Xy axz ay _
(33)

Y2
Ens(t) = gmm[(cos¢)£xx(t) + 0.5(/3 sin¢ -~ cos¢)eyy(t) -

1

2.5 (y3 sing + cos¢) £, () + 8.5(y3 s5ind + COS¢)€xy<t) -

9.5 ( Y3 sin¢ - cos¢) £,,(t) - (cosd) eyz(t)l =
Y2

‘mmgm [(cosd) éa#x + 0.5(y¥3 sing - cos¢) Sayf -

1}

0.5 (¥3 sin¢g + cos¢) €,, * 0.5(y3 sing + cos¢) vy =

A Xy

0.5 (y3 sin¢ — cos¢) ¢

y —(cos¢)£ayz}sinwt = € sinwt (34}

ax ans

From (33) it results that the strain Eﬂ(t) includes two terms! one
is the mean or octahedral normal strain which is wusually assumed
as equal to zZero on reaching the yield 1imit; the second one
includes components of shear strains which are not equal to =zero
even after exceeding the yield limit. This is a result of choosing
one mean position of the octahedral blane. In fatigue tests the
octahedral plane usually changes its position and the second term
df expression (33) is omitted -when describing test results.

Formula (34) is very interesting,too. From this formula it results

that the strain Sns(t) is considerably dependent on a value of P
determining a mean direction s of the maximum shear strain Ensmax
in this plane,

Under multiaxial sinusoidal loading and with formulae {33) and

(34) taken into consideration equation (32) can be written as
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max {[1+ yZ cos¢) e . (t) + [1+ 0.5 Y2 (/3sing - cos¢)]
¢, t .

eyy(t) + {1 = 8.5 ¥Y2Z (/3 sin¢ + cosd)] ezz(t) + [2 +
+ 0.5 Y2(¥3 sin¢ + cos¢) } exy(t) + 2 - 0.5 Y2 (Y3 sing - cos¢)

e, (t) + [2 ~/2 cosd] eyz(t)} = [1-2p + (i+v) y2 ]saf ‘ (35)

Now it is clear that the maximum value of +the left side at a
constant frequency of loading is dependent on ¢, amplitudes of eaij
and phase angles of strains.

4. CONCLUSIONS

From the analysis presented,the following conclusions can be
drawn:

1. From a review of strain criteria for multiaxial cyclic fatigue
it results that the critical plane and normal or/and shear strains
connected with the plane may be observed in case of each
criterion. The maximum ranges of these strains determine
directions .along which strains change sinusoidally.

2. A new fatigue criterion for multiaxial random loading is
presented on the assumption that an expected fatigue fracture
plane is a result of the occurence of random values and directions
of principal straiﬁé. The fracture plane is determined by the
maximum value of a linear combination of shear and normal strains
in this plane. Only shear strain in one direction s on the
discussed plane is considered, The equation

mix {b ens(t) + k en(t)} = q

is a mathematical expression‘of the criterion.

A Jocation of the expected fracture plane is determined by mean
direction cosines of principal strains.

3., In special cases from the formulated generalized c¢riterion of
maximum shear and normal strains in +the fracture plane three
classical criteria for multiaxial «cyclic 1loadings result as
special cases: criterion of the maximum normal strain, criterion
of the maximum shear strain, criterion of the maximum shear and
normal strains in the critical shearing plane.

4. The criterion is theoretical and it will be verified by

experiments.
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