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Abstract. This study builds on experiments with differentmimnations of tension and
torsion pre-stresses which were published in [hp Tesults were particularized by new tests
for combined pre-stresses in normal and shear coemts. The ratio between normal and
shear pre-stresses was 3:2 in agreement with #ffiatent k.. The same material structural
low carbonCSN 41 1523.1 steel after normalization annealing wsed for specimens. The
results were compiled and displayed in a three-dsiomal Haigh diagram with normalized
coordinates and interlaid by corresponding termlinak.

Introduction

There is no doubting the importance of mean valustress during a damage process. It
changes the value of fatigue lingt and corresponding fatigue life (cycle count ongfae
limit) N, [1]. In spite of that fact, the investigation af anfluence of stress mean values is
very expensive and time consuming because eveny pothe Haigh diagram represents one
S-N curve. If a S-N curve should be determined ating to standard, it is necessary to use at
least 10 specimens. [2] The situation is more carafgd for values in both stress
components of combined loads because it belongsngmmsolved problems due to
insufficient information on material behaviour this loading type.

At zero mean stress, the allowable stress amplitsdbe effective fatigue limit for a
specified fatigue life. As the mean stress increade permissible stress amplitude decreases.
The allowable cyclic amplitude is zero at a meaasst equal to the ultimate tensile strength
limit of the material. [3] If the mean value is hgy, the damage produced by maximal
stresses in a cycle would be higher too [4], ardetfore the positive mean stress decreases
the fatigue limit. The lifetime should prolong ihet case of negative normal pre-stress
because of its closing effect on the crackfrontisTiypothesis was published in [5] without
an experimental confirmation.

State of the Art

The following analytical function seems as a gopgraximation in certain occurrences
for regression of the Haigh diagram:



= s{l—i} B (1)
S

where s_ is so called fictive stress and coefficigqf is used to determine experimentally.
For k,, =1, the previous function becomes a straight lin¢ ¢joes through the point®,s, )

and (s; ,0), wheres. is often defined as strength linfith, If the safe area of tenseness could
be obtained, it would be necessary to accomplig#rsaction of this line with ling,, + s, =
R., where the amplitude is done 5= (Smax - Svin)/2. The constructions proposed in this way
should not show any fatigue failure.

The possibilities how to apply loading as a comtiameof tension and torsion are based on
the general equation for complex damaging stress

o,(t) =o, +ik 1, +0,sin(27f,t) +ik r,sin(277f,t + @), 2)

where the constatt is a ratio of fatigue limits in tension-pressure an shear without mean
values, o, and r, are normal and shear mean values,and z, are normal and shear
amplitudes,t is time of loading and; is loading frequency and is a phase angle. The
direction of the crack propagation is controlledydoy the character of the stress component
[6]. The static component has an influence on craopagation speed because in the case of
positive pre-stress crack front opens and it adféoe overall life.

Experimental Program

The experiments were carried out on an electrolwidraomputer-controlled testing machine
Inova ZUZ 200-1. The specimens were tubular withn8@ diameter, wall thickness 2 mm
and a notch in the shape of one-sided transverlediadiameter 3 mm positioned in the
middle of the specimen. The specimens were madgraftural low carbol®SN 41 1523.1
steel after normalization annealing. The Americgniwalent of this material type is ASTM
A623 [7].

The results published in [8] provide information ginusoidal in-phase stress components
and tenseness distribution. The conception of éxgets was to find out a biaxial fatigue
limit with static pre-stress in both stress compuseand with one dynamical sinusoidal
component with frequency 10 Hz.

This study builds on experiments that have beeropeed at the workplace of the
Institute of Thermomechanics in Pilsen. The step teethod similar to [9] was used for the
evaluation of the fatigue limit with a 90 % bandrefiability. The value of fatigue limit in
tension-pressure was experimentally establishedahge 120 MPa and 80 MPa in torsion.
The ratio of these values gives the coefficigpt= 1.5 that informs on damage effect
distribution between normal and shear componertig. ean values in normal and shear
components were proposed in the same ratio. Thssstnean valuegn = 150 MPa andm =

100 MPa were chosen for the first tests which ledithe level of fatigue limit on 85 MPa.
Another experiment with mean valugs = 200 MPa and,, = 133.3 MPa was performed at
the level of fatigue limit about magnitude 45 MPa.

A new experiment with stress mean valdgs= 90 MPa and,, = 60 MPa provided the
level of fatigue limit on 90 MPa from 5 specimeX/cle count on fatigue limit (breaking
point from slant to horizontal branch in Fig. 1)rresponds to 4 201 458. The shape of
straight line equation of slanted branch for coralipre-stress is defined by an equation that
was found by probabilistic approach as



logN, =209795-7.3461og0, . (3)

If the slanted branches of all three curves with-giresses are compared, it can be found
out that the directions are considerably diffeiargpite of the fact that herein [10] the results
are mentioned on the basis of the hypothesis lieadirection is a material constant.
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Fig. 1. S-N curve for low carbon ste&SN 41 1523.1 with applied combined pre-stress imabcomponent
om= 90 MPa and in shear componegt= 60 MPa.

Evaluation of Results

Results from the previous experiments published [In 6] were used for the
complementation of the three-dimensional Haigh miagwhich is displayed in Fig. 2. All
coordinates are normalized therefore it was necgdedind only one parametek, of the
regression curve. The fitting curve coefficientsrevebtained by a Fletcher's version of the
Levenberg-Maquardt algorithm for the minimizatioh ® sum of squares of equation
residuals. The program was created in numericalpcimgy environment and programming
language MATLAB. The vector of residuals was ddfires an anonymous function in the
program. The gueg® of a number 0.5 was selected as starting solufibae.final result was
obtained in three iterations as a parampterultiplied by starting guess. The final value
for coefficient k, of curve in the Haigh diagram for points of condan pre-stress
components was computed as 1.0585.

Function “cm(”m"m) - normalized coordinates

Fig. 2. Haigh diagrams for shear and tensile méasses and for their combination in ratio ef 30 2r,
that are plotted in normalized coordinates in tire¢-dimensional graph.



Conclusions

The results from the field of uniaxial and multiaixpre-stresses were summarized in this
paper. Structural low carbdlSN 41 1523.1 steel after normalization annealing used for
specimens. A three-dimensional graph was constiwantd all points of Haigh diagrams were
interlaid by terminal lines in the form of an artadgl expression of equation (1). Terminal
lines were determined by using the Fletcher's warsif the Levenberg-Maquardt algorithm
for the minimization of a sum of squares of equatiesiduals. Numerical computations were
performed in the environment and the MATLAB progmagilanguage.

A new experimental point for Haigh diagram of comdd pre-stresses was added. The
ratio 3:2 between normal and shear pre-stresses pa@sosed in agreement with the
coefficientk.. A new experiment with stress mean valdgs= 90 MPa and,, = 60 MPa
provided the level of fatigue limit on 90 MPa froB specimens. The final value for
coefficient k,, of curve in the Haigh diagram for points of condainpre-stress components

was computed as 1.0585.
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