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This work shows the model for determining the fatigue life of block loads. The proposed
model is a kinematic model that can be used using a linear fatigue characteristic, i.e. in the
range of a large number of cycles. The model has been developed on the basis of the previous
hypotheses of cumulation of damage by Palmgren-Miner using a weighted amplitude of
m-degree. The final version proposes calculation of the variable amplitude of the average
based on these two models.
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1. Introduction

For a long time, a hypothesis of accumulation of fatigue failures has been sought by which it
could be possible to accumulate fatigue damage in the case of non-constant-amplitude loads,
often referred to as random ones. Palmgren (1924) first published a proposal for cumulation of
fatigue failures, which was then improved and disseminated by Miner (1945). Over the years,
many hypotheses have been created regarding the accumulation of damage, e.g. Bathias and
Pineau (2010), Serensen et al. (1975) and Liu and Zenner (1993). These hypotheses describe
relatively well the phenomenon of accumulation of fatigue damage for stationary runs. It is com-
pletely different for non-stationary loads such as block loads of different amplitudes. One of them
is a two-level program called High-Low (H-L) and Low-High (L-H). Based on this, a further hy-
pothesis was created by Marco and Starkey (1954) which distinguished between the load blocks,
the number of cycles and the material constant characteristic of the material. All subsequent
hypotheses of the accumulation of fatigue injuries were based on the idea of Palmgren-Miner,
which was an improvement. Recent hypotheses have emerged, which take into account the mem-
ory of a material that remembers the history of charges. This solution is taken from a field far
from the scientific sciences, namely psychology, the Ebbinghaus model (Ebbinghaus, 1913). The
works (Böhm et al., 2014, 2016, 2020) describe the models in which the material memory is taken
into account. On this basis, two models were developed: the exponential and the power one. The
above new models relatively well describe the results of experimental studies. Unfortunately,
these models cannot be used to predict fatigue life without knowing what fatigue life will be
because the total number of failure cycles Nf is required for calculation.
For many years, a model for presentation of test results is sought which could be used for

loads other than those with fixed amplitudes. The first such a proposal was the Gassner model
(Gassner, 1954), which took the characteristic maximum amplitude as its amplitude. However,
on this assumption, waveforms of different statistical characteristics, including sinusoidal tests,
could not be compared with each other. The recently intersic work on this subject was published
by Skibicki et al. (2014). As a result, many authors proposed different models for determination
of the substitute amplitude (Palmgren, 1924; Miner, 1945; Gassner, 1954). A more complete
overview of different models for displaying variable amplitudes can be found in (Łagoda and



516 J. Obrał

Sonsino, 2004). This paper presents eight methods of presenting the results of fatigue tests for
variable and constant amplitude loads. Some methods have proved to be suitable for presentation
of variable- and fixed-amplitude studies, some of which have not. One of the promising methods
is the average element of stage n method, where n is selected experimentally.
This model is characterized by the sum of all cycles that are greater than the amplitude

limit of σak in the power of the Basquina characteristic

σan = m

√

1

Nb

∑

i

σmai for σai > aσak (1.1)

here, in the case of loads applied by the sum of blocks

Nb = n1 + n2 (1.2)

is the total number of cycles.
In view of the above, a model can be proposed that will remember the load history as the

amplitude weighted from the time history to time and, therefore, accumulate damage on the
ongoing basis. The aim of this work is, therefore, to propose a model that can be adopted as a
kinematic model and used in a large number of cycles, where we have a linear fatigue strategy.

2. The pattern of cumulation using a weighted amplitude

Using the form of the Basquina characteristic (linear double logarithmic), the basic stress fatigue
characteristic can be recorded as

σa = σ
′

f (2Nf )
b (2.1)

where: σa – stress amplitude, σ
′

f – fatigue factor of plastic strain, 2Nf – number of load turns,
b = −1/m – fatigue strength exponent.
According to linear summation of damage, the sum of the damage in the first block with the

number of cycles n1 and the amplitude of the strain σa1 is given by the relationship

d1(n1) =
n1
N f1
= 2n1

( σ′f
σ1a

)m

(2.2)

According to the Palmgren-Miner hypothesis, the second block is obtained as

d2(n2) =
n1
Nf2
= 2n2

( σ′f
σ2a

)m

(2.3)

Bearing in mind partial damage (2.2) and (2.3), finally, the degree of the damage can be saved
as

D = d1(n1) + d2(n2) = 1 (2.4)

The formula determining the weighted amplitude of the stress amplitude according to Eq. (2.3)
is as follows

σaeqi =
m

√

n1σm1a + iσ
m
2a

n1 + i
(2.5)

In addition, a second model may be proposed, in which the arithmetic mean of the current
amplitude σ2a and the weighted amplitude of the degree m, σaeqi, Eq. (2.5), after the second
level i cycle can be used to accumulate the damage

σaeqi ,mean =
σaeqi + σ2a
2

(2.6)
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Therefore, the damage rate after the i-th cycle is assumed as the expression for the weighted
amplitude

d1,2i = 2n1
( σ′f
σ1a

)m

+

n2,cal
∑

i=1

2
( σ′f
σ1aeqi

)m

(2.7)

and the average amplitude

d1,2i = 2n1
( σ′f
σ1a

)m

+

n2,cal
∑

i=1

2
( σ′f
σ1aeqi ,mean

)m

(2.8)

In summary, if the severity of the S1,2i damage reaches the value after the i-th cycle at the level
two, according to the Palmgren-Miner (PM) rule

d1,2i = D = 1 (2.9)

the expected number of cycles in the second block is expressed by

n2,cal = i (2.10)

Figure 1 shows the interpretation of the equivalent amplitude variation for the H-L load as
the number of cycle changes. As can be seen, the mean amplitude is between the amplitude
obtained by the Palmgren-Miner hypothesis and the weighted degree m.

Fig. 1. Interpretation of the change in the amplitude equivalent to the load type (a) H-L and (b) L-H
with a change in the number of cycles

3. Conclusions

• The proposed kinematic pattern of accumulation of damage uses the history of stress
amplitudes, weighted amplitude over a given time, and the current peak amplitude.

• The model described must be verified on the basis of available and own experimental
studies.

• It appears that the model can be determined for loads with linear characteristics, that is,
for a range of high cycles or a small number of cycles with a small range of amplitude
variations, where the characteristics can also be recorded in a linear pattern.
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