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ESTIMATION OF FATIGUE LIFE UNDER UNIAXIAL RANDOM
LOADING WITH ZERO AND NON-ZERO MEAN VALUE BY MEANS
OF THE STRAIN ENERGY DENSITY PARAMETER

The paper contains a comparison of the results of calculation and experiment
for the 10HNAP alloy steel. Specimens made of this steel were subjected to uniaxial
constant-amplitude and random loading with both zero and non-zero mean values
of loading. For determination of the steel fatigue life, the energy parameter includ-
ing the mean value of loading was proposed. Under random loading, cycles were
counted with the rain flow algorithm, and fatigue damage was accumulated with the
Palmgren-Miner hypothesis. For the registered stress histories, elastic-plastic strains
were calculated with the kinematic hardening model proposed by Mréz.

1. Introduction

There are stress, strain and energy models which can be used for the
analysis of fatigue test results including the influence of the mean loading
value. At present, the energy models [1] are often used to describe multiaxial
fatigue. However, in these models the influence of the mean value on fatigue
is not examined in detail. The aim of this paper is to develop the energy model
including the influence of the mean stress and its verification in fatigue tests
of 10HNAP steel. The influence of the mean value for IOHNAP steel was
analysed previously according to the stress models formulated by Goodman,
Gerber [4] and Dang-Van [4], [5].

2. The tested material and specimen geometry

Plane specimens (Fig. 1) of IOHNAP steel [6] were tested on a fatigue
test stand SHM 250. This stand enables tests to be performed under controlled
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Fig. 1. Specimen geometry
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Fig. 2. Stress characteristics

force, displacement or strain of cyclic or random loading. Chemical compo-
sition of the tested alloy steel was as follows: C = 0.115%, Mn = 0.71%,
Si=0.41%, P =0.082%, S = 0.028%, Cr = 0.81%, Cu = 0.30%, Ni = 0.50%
in wt. and Fe = balance. Static properties were the following: £ = 215 GPa,
oys = 414 MPa, ors = 556 MPa, v = 0.29, Eljo = 31%, RA = 35% and
cyclic properties were the following: oy = 1136 MPa, b = -0.105, &} =
0.114, ¢ = -0.420, n’" = 0.156, K’ = 853 MPa. Under cyclic loading, the
tests were performed for five different stress amplitudes and three levels of
the mean loading, o, = 75 MPa, 150 MPa and 225 MPa. Under random

































