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as for pure copper. We may so suppose tliat for all states
on the curve B, the uniaxial and the non proportional



SYNTHÈSE:

Dans le cas d'une séquence de chargements cycliques à amplitude constante
contenant des surcharges, on propose une méthode de calcul de cumul de dommage en
chargement non radial applicable à un acier 316. Cette méthode utilise comme données
Tétat stabilisé cyclique en non radial et les courbes de fatigue, ou d'initiation de
fissure, en chargement uniaxial. Pour cela on dent compte de la dépendance de la
courbe d'écrouissage cyclique et de Ia microstructure en préécrouissage. On définit un
état stt»friïis£ non radial cycliquement équivalent à un état stabilisé uniaxial, à l'aide
d'un réseau de courbes d'écrouissage cyclique uniaxiales. Bien que le dommage et le
cumul soient linéaires on obtient un effet de séquence pour les matériaux à glissement
dévié difficiles (comme l'acier 316). On met en évidence d'autre part une différence
importante entre les essais à contraintes imposées et à déformations imposées pour
l'initiation de fissure. On propose d'autre part une méthode simplifiée de calcul de
dommage qui incorpore aussi le cas de chargements avec surcharge.
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EXECUTIVE SUMMARY :

For a sequence of constant amplitude cyclic loading containing overloads, we
propose a method for damage cumulation in non proportional loading. This method
uses as data cyclic stabilized states at non proportional loading and initiation or fatigue
curve in uniaxial case. For that, we take into account the dependence of cyclic strain
stress curves (C-S-S-C) and mean cell size on prehardening and we define a stabilized
uniaxial state cyclically equivalent to a non proportional stabilized state through a
family of C-S-S-C Although simple assumptions like linear damage function and
linear cumulation is used we obtain a sequence effect for difficult cross slip materials
as 316 stainless steel, but the Miner rule for easy cross-slip materials. We show then
differences between a load-controlled test and a strain controlled test : for a 316
stainless steel in a load controlled test, the non proportional loading at each cycle is
less damaging than the uniaxial one for the same equivalent stress, while the result is
opposite in a strain controlled test We show also that an overloading retards initiation
in a load controlled test while it accelerates initiation in a strain controlled test
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1. INTRODUCTION

During the last decade a lot of works have been concerned
with non proportional loading. Substantial progress have
been obtained in constitutive laws MCDOWELL [1987], in
crack propagation PEI & al.[1989], and in the study of
fatigue limit DANG VAN & al.[1989]. But this is not the
case for damage cumulation before crack propagation. In
this paper we are interested with the damage cumulation
in proportional and non proportional loading in view of
crack initiation prediction TAHERI [1991a]. The
initiation phase constitutes the essential part of
lifetime when the loading amplitude is small, but in high
amplitude cycling, the initiation may also be considered
as a condition of integrity of structures

The most important rule used in damage cumulation is the
Miner rule. In uniaxial case, and for a sequence of
constant amplitude loading, the damage cumulation is
given by:

D = ZiCn

N| is the number of cycles to failure at amplitude
Aai = A E I (resp.Aai =Aa±) obtained on Manson-Coffin (resp.
Wôhler) curve and ni is the number of cycles at this
amplitude. Failure is obtained when D = I. Fatigue damage
in nucleation may be treated separately KLESNIL & LUKAS
[1980], from the fatigue damage in crack propagation, and
so, a double linear summation can be used. We are here
just interested by nucleation phase and so Nf will
represent Manson-Coffin or Wôhler initiation curve
obtained for example by the French's method. In this case
D = I corresponds to initiation of a crack. In the
following, Nf is the number of cycles to initiation
in a strain or load controlled test, but for small
amplitudes where initiation constitutes the essential
part of life time it may be replaced by the number of
cycles to failure.

Miner rule does not produce the sequence effect (a high
low cycling damages differently from a low-high cycling)
SCHÔTZ & HEOLSR [1988]. So it has essentially been
modified to get this effect. For this non linear damage
functions and a non linear damage cumulation are used.
This seems complicated BUI-QDOC [1980] and depending on
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each particular case. So practically the Miner rule is
usually used in design of fatigue.

In this paper we show first that in the uniaxial case,
with a C-S-s-C depending on load history a linear damage
function and a linear damage cumulation may gives us a
cumulation method which produces the sequence effect.
Through a microstructural analysis the method is then
extended to the case of overloading and non proportional
loading.
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2. PRELIMINARY REKARKS ON UNIAXIAL
CYCLIC CURVES

2.1 Hardening/softening curve.

For an alternated strain controlled test, figure 1 shows
the maximal stress at each cycle as a function of number
of cycles. We suppose that the number of cycles upto
stabilization Ns is negligible compared to Np, which shows
the end of stabilized state. As it has been already noted
PINEAD & PETREQUIN [1980], the presence of a real plateau
(AB) may only be remarked when the abscisse is N and not
LogN. This is the case for stainless steel KORN &
PLUVINAGE [1989], solide solutions PINEAU & PETREQUIN
[1980].

max
k
4

B

I

•s nP
FIGURE 1

Hardening curve in a strain controlled test.

The relation between Np and crack propagation is not
clear. Here we do not emphasise on the definition of
Initiation which through the literature may sometimes
looks ambiguous. In fact the aim here is to define a non
proportional state in relation with uniaxial one and so
if there is any ambiguity in the definition of initiation
in uniaxiai case It will be the same in non proportional
case.
In all cases we suppose that propagation begins closer to
Np than to Ng. This seems to be in accordance with the
analysis of VASEK & POLAK [1991] for which the
propagation begins near the midlife.
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2.2 Expérimental observation on cyclic strain
stress curves (C-S-S-C)

For easy cross-slip materials as pure copper or pure
aluminium C-S-S-C the is practically independent of the
load history (for copper when Ae > 0.002 FIGUER & LAIRD
[1981Î), while for a 316 stainless steel it depends on
monotonie or cyclic prehardening. Figure 2 shows the
result of an experiment on a 316 stainless steel at room
temperature. The curve A shows a C-S-S-C obtained by an
increasing incremental test on a single sample (pushpull
test) . The result is the same when we use for each
experience a different sample LIEURADE & al [1986] The
curve B is obtained by a decreasing pushpull test from
point M, and the curve C by an increasing one obtained
from point N. C and B are practically the same. This
experiment shows that the memory of a small amplitude
cycling is cleared by a greater one, and that the memory
of a great amplitude is perfectly conserved for smaller
ones. The experiment of figure 2 is a strain controlled
test. Experimental results show that TAHERI [1978] we
obtain the same curve A in a stress-controlled test. We
are not in possession of similar experiments to curves B
and C in a load controlled test, but we suppose that we
will get the same results in a load controlled test
TAHERI [1991].
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Figure 2.
Dependence of cyclic strain stress curve
on cyclic prehardening TAHERZ [1978].
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3. UNIAXIAL MODEL OF DAMAGE CUMULATION

3.1 A damage cumulation method using a linear
damage function and a linear cumulation,
producing a sequence effect.

We consider a sequence of constant amplitude loading, L
(low) and H (high) figure 3, where for each amplitude we
suppose that the number of cycles nL or nH are
sufficiently greater than the number of cycles to get
stabilization at each amplitude.

H , H

Figure 3a Figure 3b

a)Strain-controlled-test

Stabilization at load L, figure 3a, corresponds to the
point 1 on figure 4. The damage, using a linear damage
function is:

d^ = nL/Nf (A£L)

Applying then the load H, the stabilized point is 2. The
damage is

da = ng/Nf (AEH)

so the total damage using a linear cumulation may get by:

This linear cumulation seems here logical because the
memory of loading L is cleared at loading H. Now we apply
first H and then L. The points of stabilization on the
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figure 4 are 2 and 1 ' . The cumulated damage is :

Ae1.) + nH/Nf (AeH)

Nf (AEL) i s the number of cycles to in i t ia t ion for
the amplitude AeL but with cycl ic prehardening as
far as stabilization at point 2. This comes from the
fact that at each loading we supposed to have negligible
number of cycle at transitory case and important one at
stabilized state .

We compare points 1 and 1 ' , s t r a in amplitudes are
identical while the stress amplitude i s greater in I1

than in 1, so obviously:

This result is usually acceptad in literature BUI-QDOC
[1980] : in a fatigue experience a high low cycling is
more damaging than a low-high cycling. But these
experiements are generally the strain controlled tests.
We shall see that for a load controlled test we obtain an
opposite result.

Figure 4

b)Streas-coatrolled-test

As before, the sequence L-H gives the points 1 and 2
(figure 4) while the sequence H-L gives the points 2 and
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1". The damages are respectively:
D° (L-H) = nL/Nf(AaL) + nH/Nf (AoH)

and

D° (H-L) = nL/(Nf (AoL)+ nH/Nf (AoH)

^f (AOV1) *
s t n e number of cycles to initiation for

the amplitude Aa1, but with cyclic prehardening as
far as stabilization at point 2. If we compare 1 and
1", the stress amplitudes are the same when the strain
amplitude is greater in 1 than in 1". So we have
obviously:

DCT (H-L) <

3.2 Simplified method (upper bound} for damage
cumulation in uaiaxial case

We remarked that Da{H_!,) is overestimated by D^d^a) and
1^(L-H) ^ s overestimated by D8JH-L) • I n t n e other hand it
is not easy to find initiation curves with cyclic
prehardening. So we use the previous inequalities, and we
propose these over-estimating as a simplified method.
That means:

i) in a crack initiation experiment, for a sequence of
constant amplitude loading in a load controlled test if
we neglect the cyclic prehardening (we will see that it
is the same for un overloading) and use the Wôhler
initiation curve without prehardening we get an upper
bound for cumulated damage i.e a conservative result.

ii) in a crack initiation experiment, for a sequence of
constant amplitude loading in a strain controlled test
the use of on initiation Hanson-Coffin curve without
prehardening will give us a con conservative result.

iii) in the strain controlled case to get an upper bound
of cumulated damage, we may remark that 13E (H-L) ^ S greater
than D£(L_H) m So we propose a upper bound of cumulated
damage as following. We use a Manson-Coffin initiation
curve obtained after a cyclic stabilization at a ultimate
strain amplitude, to fix the idea, for a 316 stainless
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steel in nuclear components we may take for example AE =4%

iv) when C-S-S-C is independent of load history as for
pure aluminium, through the analysis made here there is
not any sequence effect and so there is no difference
between strain-controlled and load-controlled test for
damage cumulation before propagation.

3.3 Microstructural analysis in uniaxial case.

Figure 4 may be interpreted by a microstructural
analysis, in cyclic loading the mean cell size depends on
the inverse of the loading amplitude GROSSKREUTZ &
MUGHRABI [1975]. So the difference between curves A and B
may be attributed to the difference of the mean cell
sizes due to different amplitudes at which they have been
created. However at small amplitude the transformation of
persistence slip bands to cells is the essential reason
of this irreversibility. At high amplitude some authors
attribute this irreversibility to the formation of twins
NOUAILHAS & al [1985].

The cell formed at high amplitude is stable for lower one
LIEURADE & al [1986]. We neglect the very slow change of
cell size ERMI & MOTEFF [1983], obtained after a rapid
variation of cell size due to increase of the amplitude
and that for the following reason: it seems to us that
the error is of the same order as the one obtained with
the hypothesis of the existence of a real plateau (zero
slop) in figure 1. Because we think that after getting
stabilization a non zero slop corresponds to damaging of
material. The superposition of B and C may so comes from
the stability of the mean cell size obtained at a great
amplitude for smaller one (Figure 2). It worths to insist
on the fact that each point on the figure 2 is obtained
for a number of cycle less than 100, that may explain the
difference of analysis done here and in NOUAILHAS & al
[1985] .

The previous analysis helps us, through one hypothesis
described below to explain why for some materials as pure
copper or pure alximinium the C-S-S-C is independent of
prehardening. We suppose thai: a liait: (minimal) mean
cell size exists. This is suggested to us by the form
of the curves which show cell volume as a function of
amplitude of deformation GROSSKREUTZ & MUGHRABI [1975].
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We have already used this hypothesis to propose a
constitutive law to describe the obtention of ratchetting
at. some given stress TAHERi [1991b] it is obvious that if
at B the minimal cell size is got the curves A and B will
be supperposed and so for an amplitude of loading greater
than that for creating the minimal cell size, the C-S-S-C
is unique. We may also say that if the minimal cell size
is reached at a very low amplitude, C-S-S-C is
independent of prehardening for in service loading. This
explains the practical uniqueness of C-S-S-C for pure Cu
or Al.

4. NON PROPORTIONAL LOADING.

4.1 Extension to non proportional loadings.

For easy cross slip material as pure copper and pure
aluminium , C-S-S-C in uniaxial case and non proportional
case are superposed.

In non proportional loading we may suppose that for the
same equivalent stress or strain (in Mises or Tresca
sense) the cell size is smaller in a non proportional
loading than in a uniaxial one. In fact in non
proportional loading the secondary system is activated
easily, so the formation of obstacles are easier because
of more probable possibility of dislocation intersection
coming from different slip systems. So formation of cells
is more easy in non proportional loading than uniaxial
one (here cross-sliping is considered as a particular
case of secondary system as has been suggested in
HUGHRABI [1983]). For the same reason, we may suppose
that the limit cell size is obtained for smaller
equivalent amplitudes in non proportional loading than in
uniaxial one.

With the hypothesis of existence of a minimal cell size
we can state that for the usual amplitude of loading (AEP
>0.002 for pure Cu) the cell size is stabilized at its
minimal size for easy cross-slip materials. So in the
uniaxial and non proportional loading we have the same
cell size and so that the same C-S-S-C. It has been shown
for pure Cu and Al DOONG & SOCIE [1989], that the

27

1989 DANGVAN, A., GRIVEAO, B., MESSAGE,O. "On a new



14

microscopic structures and c-S-s-c in non proportional
and uniaxial loading are similar which justify our
analysis. For this statement we neglect the effect of
anisotropy once cells formed (for example softening at
uniaxial loading after subsequent hardening at non
proportional one BENALLAL [1989]). This is natural as far
as we use in non proportional loading C-S-S-C which are
defined using equivalent stress or strain. Finally we may
conclude that:

easy cross slip

uniaxial C-S-S-C independent of prehardening

UIt
cell size stabilized (at minimal size)

{(non proportional C-S-S-C <=> uniaxial C-S-S-C)}

When comparing mild steel to a 316 stainless steel
(DOQUET & PINEAU [1989], CAILLETAUD & al [1989]) the C-S-
S-C is less dependent on load history than a 316. In
another hand experimental results (DOQUET & PINEAU
[1989] ; CAILLETAUD & al [1989]) show that the
microstructure of the mild steel is nearly the same in
uniaxial and non proportional loading when compared to
results about a 316 stainless steel. These may be
explained by the fact that the cross sliping is more easy
in the mild steel than in a stainless steel. The cell
formation is so more easy than in the case of stainless
steel, and it is probably the same for the formation of
ceil of minimal size. So in the following compared to
316 stainless steel we place the mild steel in the same
category as pure copper.

4.2 A non proportional stabilized state cyclically
equivalent to an uniaxial stabilized state.

For a 316 stainless steel, the limit cell size is not
reached at usual amplitudes, the microstructure and C-S-
S-C depend on prehardening. But as shown on figure 2
curve B, the cell size is stable on curve B for all
amplitudes smaller than the amplitude at point M. So for
a metal defined by curve B we are in the same situation
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as for pure copper. We may so suppose that for all states
on the curve B, the uniaxial and the non proportional
C-S-S-C are superposed. This brings us to the following
definition.

We define a non proportional stabilized state as
cyclically equivalent to an uniaxial stabilized
state vhen the mean size of cell structure are
identical in both cases. Practically this means that
for a 316 stainless steel a non proportional stabilized
state defined by (Aeeq, Aaec). point N figure 5, is
equivalent to a uniaxial stabilized state defined by
Ae11 = Aeeq and Aan = Aoeq with a cyclic prehardening as
far as stabilization at the point M.

REMARK

It is obvious that with such a definition for the case of
a unique C-S-S-C, the cyclically equivalent state is the
same as the equivalent state previously defined by the
Mises or Tresca formulas.

B

cell size

AE/2

Figure 5
Non proportional stabilized state cyclically

equivalent to the uniaxial one.

(Aeeq/2,A0eq/2) <z> (Ae1 !/2,ACr1 !/2) + prehardening at M as
far as stabilization

0
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4.3 K damage cumulation method in non proportional
loading.

When C-S-S-C is independent of load history, we suppose
that the damage created at each cycle at stabilized state
are identical in uniaxial and in non proportional cases
(we neglegt the anisotropic aspect as mentioned before) .
In fact for these metals, fatigue curves are not very
different in uniaxial and non proportional experiments in
comparison with 316 stainless steel (DOQUET [1989];
DOQXJET & PINEAU [1989] .-CAILLETAUD & al [1989]). For a 316
stainless steel for which fatigue curves are very
different in uniaxial and non proportional loading the
analysis of §3 suggests us the following hypothesis. The
damage created in non proportional loading for each
cycle at stabilized state (Aeeq# Aaeq) is identical
to the one obtained at each cycle of a cyclically
equivalent uniaxial stabilized state. Through this we
give a method of damage cumulation calculus analogous to
the uniaxial one. This is described by the following
example.

We choose a sequence of cyclic loading at constant
amplitude. The stabilized states are denoted successively
by (As1^, Aa1Sq). (Ae2eq. àxs2^), (Ae3eq, Aa

3
e q). For each

state the number of cycles are ni, n2, n3. We bring the
above points on an uniaxial C-S-S-C diagram, figure 7.
These points are on the curves Bi, B2, B3# so the damage
is:

D = H1/iÇ + na/4* + n3/^

where rig is the number of cycles to initiation in an
uniaxial case for the amplitude ASu = Aeeq (resp. A<Jii =
AOeq) in a strain controlled (resp. in a stress controlled
test ), prehardened as far as stabilization at mi- If the
curves Bi, B2* B3 are not in the relative positions shown
in the figure 6, some of them may be considered as
superposed TAHERI [1990]. Through this analysis, as
explained in §3, we find that:

a) in a stress controlled test a non proportional
loading is less damaging than the uniaxial
equivalent one (in Mises or Tresca sense). In this
case the use of an a uniaxial Wôhler initiation curve
without prehardening will give a conservative result.
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b) in a strain controlled test a non proportional
loading is more damaging than uniaxial equivalent
one (in Mises or Tresca sense). In this case the use
of a uniaxial Manson-Coffin initiation curve without
prehardening will give a non conservative result. To
get a conservative response we need an initiation Manson-
Coffin curve obtained after stabilization at a large
strain amplitude as explained in §3.

i

A011/2

Ac/2

N Bl
^**^ ' mi —

Ac1 /2
eq

AE1 /2
eq AE/2

Figure 6

There is not any experiment in crack initiation available
to confirm or to cancel this analysis, but some fatigue
experiments are in accordance with our analysis. Fatigue
experiments comparing non proportional and uniaxial
fatigue curve in the case of a 316 stainless steel show
DOQDET [1989], that in strain controlled test as has been
usually noted, lifetime is smaller in non proportional
loading than in uniaxial one for the same equivalent
strain in Hi ses or Tresca sense, however we have an
opposit result in load controlled test, figure 7a and
7b. While for a mild steel they are nearly the same in
comparison with 316 stainless steel DOQXJET [1989].

Remark

In the case where the experiment of figure 7 a shows not a
load controlled test, but the strain controlled one where
stabilized stress amplitude is plotted against the number
of cycle to fatigue, the figure 7a may be explained in
exactly the same manner as before. Because the stabilized
point for non proportional loading is placed always upon
the uniaxial cyclic strain stress curve without
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O Torsion

• Traction

*> Traction torsion

S 10' S

N cycle
FIGDKB 7a STAINLESS STEEL: LOAD CONTROLLED TEST
Comparison of fatigue lifes under uniaxial et non
proportional loading for the same Mises equivalent

amplitudes, DOQUET [1989]

A E / 2 (Mises)

O Torsion

+ Traction

Traction-Torsion $=90

ISr
N cycles

FIGDBB 7b STAIHLBSS STEEL: STRAIH CONTROLLED TEST
Comparison of fatigue lifes under uniaxial et non
proportional loading for the sane Mises equivalent

amplitudes, DOQDET [1989]
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4.4 Simplified method (upper bound) for damage
cumulation in non proportional loading

From the above analysis a simplified method (upper bound
for cumulated damage) may be proposed as in §3.

In a stress controlled test. «Ç may be replaced by Nf
where Nf is the number of cycles to initiation (Wôhler
curve) without any prehardening. It means that Nf is the
usual Wôhler curve used in literature, in this case a
conservative response is obtained.

In a strain controlled test, nf may be replaced by N?3*
where N?" is a Manson-Coffin curve obtained after a cyclic
prehardening at a maximal strain amplitude, for the
example of Figure 6, AE3. In this case a conservative
response is obtained.

5. A SIMPLIFIED METHOD FOR DAMAGE
CUMULATION TAKING INTO ACCOUNT

OVERLOADS.

Some uniaxial traction-compression tests show an increase
in life after an overload in traction. This has been
explained by the presence of a residual compressible
state of stress BDI-QUOC [1980] . Here we give an
explanation based on initiation mechanism.

We suppose that the cell size is predetermined by the
maximal stress supported in the load history: the greater
the value, the smaller the cell size. The presence of
cell structure after uniaxial traction has been shown in
the case of easy cross slip materials as pure Copper
KLESNU. & LDKAS [1980] and pure Aluminum. For a Iron
samples, submitted to deformations from 2.5% to 7%, the
structure obtained after recristalisation has been
related to the existance of cell structure before
recristalisation. In addition the same experiment show
that the cell size decreases with increasing strain
BENARD & al [1984].

With this analysis an overloading has to decrease the
cell size. It means that the cell obtained at some cyclic
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amplitude after overloading will be smaller (or at most
equal) than the one obtained at the same amplitude
without overloading. In §3 we showed that C-S-S-C
obtained for small cell size is upper than the one got
for a large cell size. We can so suppose that after an
overloading, figure 8a, at Omax or Emax» C-S-S-C will be
placed, between the C-S-S-C without any prehardening and
the C-S-S-C obtained after cyclic prehardening as far as
stabilization for Aa = 2 oinax (load controlled test) or
AE = 2 Emax (strain controlled test). Figure 8b.

5.1 effect: of a single overload on the lifetime.

When C-S-S-C depends on the load history, an upper bound
of damage may be given.
We may evaluate the effect of a single overload through
the figure 8b. This figure shows that in a load
controlled test damaging at each cycle is less important
for a prehardened material (point p") than for a virgin
material (point A). This means that in a load controlled
test the initiation is retarded by overloading BUI-QUOC
[1980], while in a strain controlled test we get an
opposit result (points p1 and A) . According to the
precedent analysis in a load controlled test the damage
at each cycle at point p" may be overestimated by each
cycle at point A, while for a strain controlled test
damage at point p" may be overestimated by the point A1.

That means:

for a stress controlled test , i f we use the
initiation Wôhler curves without prehardening, a
conservative result i s obtained when we neglect the
overload.

for a strain controlled test, if we use initiation
Manson-Coffin curves without prehardening we get a
non conservative result when we neglect the
overload. To get a conservative response, we need
an initiation Manson-Coffin curve with cyclic
prehardening as far as stabilization at A£s2Emax*

Remark:

Through the previous analysis, when C-S-S-C is
independent of the history, an overload has not any
effect on damage cumulation.



5.2 Effect of a periodic overload on the lifetime

In the case of a stress controlled test for a periodic
overload, we show that, when the period is great (great
number of normal cycles between two overloads), the life
time increases, while for a small period i t decreases.
This result is in agreement with some results of crack
propagation OHRLOF & al [1988], even if here we talk
about initiation, a crack propagation may be considered
as a set of initiations at the tip of the crack.

In fact for each cycles, figure 8b, we have:

damage a t P * * < damage at A < damage a t B

We consider a total number of n cycles. With np« cycles at
P" and nB cycles at B (overloading), so as np. + nB = n
From the previous relation we may obviously conclude that
there exist nliBl so as, for nB < nlim the total damage (np«
cycles at P " " and nB cycles at B) is less important than
the damage produced by n cycle at A, while for nB > nlim we
have an opposite result.
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6 . CONCLUSION

A modified Miner Rule for damage cumulaion before
propagation is proposed.

Metallic materials have been divided in two groups A and
B:

A: Easy cross-slip materials as pure Al, pure Cu or mild
steel characterized by relative independence of cyclic
strain stress curve to the cyclic or monotonie
pr ehardening -

B: Difficult cross-slip materials as 316 stainless steel,
characterized by the dependence of cyclic strain stress
curve to the cyclic or monotonie prehardening.

Simple assumptions like linear damage function and linear
cumulation is used. For damage cumulation in non
proportional loading this method uses as data cyclic
stabilized states at non proportional loading and
initiation or fatigue curve in uniaxial case. With this
méthode we get the following results.

For A

* No sequence effect.
* No difference in damage cumulation between uniaxial
case and equivalent non proportional case.
* One overload has neither direct nor indirect effect on
the damage cumulation.

For B

* Modified Miner Rule causes sequence effect.
* A low-high cycling is more damaging than a high-low
cycling in a load controlled test, while the result is
opposite in a strain controlled test.
* in a load controlled test, the non proportional loading
at each cycle is less damaging than the uniaxial one for
the same equivalent stress, while the result is opposite
in a strain controlled test. So in a load controlled test
the use of uni axial Wôhler curve without prehardening
gives a conservative result while in a strain controlled
test the use of uniaxial Manson-Coffin curve without
prehardening gives a non-conservative result.
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* For damage cumulation in non proportional loading this
method uses as data cyclic stabilized states at non
proportional loading and initiation or fatigue curve in
uniaxial case.
* An overload retards the initiation of a crack in a
load controlled test while it accelerates it in a strain
controlled test.
* In a load controlled test, a periodic overload with
small period retards the initiation while a great period
accelerates the initiation.
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