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Materials data for cyclic loading are becoming increasingly important as a
tool for materials characterization and engineering design. They can serve as
the basis for a comparative judgement of a material’s mechanical behaviour.,
Furthermore, knowledge of the stress~strain behaviour during cyclic loading 1is
required more and more frequently in finite element calculations of cyclically
loaded structural parts. Finally, such data are a fundamental input for the
fatigue life estimation procedure known as the Local Strain Approach or Notch
Strain Approach, In thias procedure, based on fundamental work by Manson, Cof-
fin and Morrow, the local stress—strain path for the elastic plastic bebaviour
in a noteh root is calculated. From a strain life curve the damage contribu-
tion of each load cycle can be evaluated and accumulated according to a damage )
accun_luiatvionrrule (e.g. that of Palmgren-Miner).

The Local Strain Approach was initially applied only for the estimation of low
cycle rat:l.gue lives. This led to early mplenentation of that procedure in the
ASME-Code. In the past few years, the procedure has been generalized to inclu-—
de the estimation of high cycle and random loading fatigue lif‘ez.'

In this handbook only a very rough presentation of the Local Strain Approach

-is given in the Introduction, perhaps too short for someone not already ac-
quainted with it. For more detailed information the reader should consult the
relevant literature. We intend to publish in the future a guide to the capabi-
lities and application of Local Strain Approach, to complete the large number
of data presented here, . -

Materials data for cyclic loading are now evaluated all over the world on un—
notched specimens, by measuring stresses, strains and fatigue life. This com— ~
bination of parameters, which differs from the traditional method by presen-
ting materials t‘at:lgué behaviour under cyclic loading only in stress life cur—
ves, led us to the idea of collecting such data and evaluating and presenting
the characteristic stress-strain and life curves in a unified way. L.

The initial concept of this compendium was discusased in a working group of
"Arbeitskreis Betriebsfestigkeit” of the German Society of Materials Testing
(DVM). The work was financed by the German Research Council (DFG) and sponso-
red- by various industrial companies. The aim of this handbook is to make the
collected data available to a large number of users. The reason why the expe-
rimental results are reported in all their details (stresses, strains, fatigue
life) is so that users may Jjudge for themselves how representative the con-
stants évaluated for the stress—strain and strain life curves are. Furthermo-
re, this enables the reader to compose datasets according to his own individu-
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al needs and to evaluate the stress—strain and 1ife curves according to equa-
tions other than those presented here. This latter possibility should also in-
spire researchers to deal with the influence of mean stresses, multiaxfality,
sequence, size, surface and environmental effects in fatigue life est;lmation.,

The data oollec;‘,ion contains about 600 datasets with over 4000 experimental
results in total. The majority of data have been taken from the literature.
Quite often the experimental values had to be measured from plots as they had
not been reported numerically. In this context we have to thank Mrs. I. Pilz
for her reliable coordinative work with regard to data groeessing, - computer
handling and datasheet output. Our thanks are also due to Mrs. I. Rettig and
G. Templin for carrying out the tiresome work of measuring the experimental
values from plots in the literature. ’

With such a large amount of data involved, some mistakes may have remained un-
detected despite careful proof-reading. Therefore the authors and publishers
can accept no responsibility for data that are subsequeﬁtly found to have been
erroneously recorded or inaccurately derived. They would nonetheless be glad
to hear from anyone who finds a mistake. -

Anyone interested in obtaining access to the computer database should contact
the authors. - : .

As materials data for cyclic loading are constantly being evaluated and pu-

blished, the collection of such data is still going on. We call upon all re-

searchers and scientists working in this field .to contribute their published

data to this data pool. We would also like to suggest that they test more spe-

cimens in low cycle fatigue as well as in the region of the endurance limit.

The stréss—-strain and life curves could then be regarded as really complete.

Darmstadt, May 1987

Chr. Boller - ’ - T. Seeger
Battelle-Institut e.V. Fachgebiet Werkstoffmechanik
Frankfurt /M. - ) Technische Hochschule Darmstadt
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Metal Fatigue has traditionally been related to stress. Since the works of

’ Manson .[1.1] and Coffin [1.2], however, it has become clear that as well as
" stress,. strains must be taken into account too. If this is-done, then we

can got. a fairly adequate picture of a material’s fatigue behaviour. The
reason for this is that in fatigue there is usually an elastic-plastic
correlation between stresses and strains, quite often in the region of the
endurance -limit. Therefore the traditional stress—strain -curves for
ponot.onic loading are completed by the stress-strain curves for cyclic

loading and the traditional stress life curves by the strain 1life curves -

for elastic, plastic and total strains. Mean stress effects are described
by so-called mean stress (damage) parameter life curves.

Stress-strain curves, strain life curves and mean stress paraseter life
curves for eyclic loading are the components of 'haterials data for cyclic
loading”.

These materials data provide the basis for mate;riala. assessment by -direct
comparison of data or characteristic values and for estimating the crack
initiation lives of structural parts under constant and variable amplitude
loading. ’

In the latter case, local stress—strain paths are evaluated by applying a
load notch relationship from finite element calculations or from
approximation formulas such as Neuber’s rule o°s -_Ktz'S'e (Kt = gtress
concentration factor, S = nominal stress. e = nominal strain, mainly e =
S/E), and the stress-strain curve for cyclic loading of the material being
.studied. With the help of the material’'s life curve - and in the .case of

. random loading taking damage accumulation into account - the crack

initiation lives of structural parts can be calculated, To achieve
ntinractory accuracy with this evaluation method, called the Local Strain
or Notch Strain Approach, it wust be assumed that the eond’itior;g Of the
unnotched specimen for which the nterials data have been deterlined agree
sufficiently with the local notch conditions of a structural part regaNing_
the definition of grack initiation, surface roughness or finish and the
size of the highly stressed material volume.

The advantage of this method is a great reduction in the cost of evaluating
experimental data. Regarding stremgths, the multitude of notch effects are
eliminated and transferred to the calculation of local stresses and
strains. Of course, the accuracy of the 1life estimation depends on the
accuracy of the local stresses and strains calculated, the transferability



of the materials data used and the validity of the damage accumulation rule
applied.

For many years now materials data for cyelic loading have been published in
the scientific literature. However, these data have been collected 1h‘qu1te
different ways. In this book, these materials'data have been gathered
together, evaluated according to uniform approach and methods and compiled
on standardized data sheets.. .

In gathering the data, special attention was given to ensuring that ag far
as possible the shape of the specimens and the experimental procedure
conformed to ASTH E 606-80 [1.3}. ASTM E 606 is recommended for further
evaluation of data on cyclio loaded materials.

The data are now published- for the first time in a handbook, suitable for a
. wide range of applications and divided into the follouing sections
according to material groups:

Part A: Unalloyed Steels

Part B: Low-Alloy Steels

Part C: High-Alloy Steels

Part D: Aluminium and Titanium Alloys

Part E: Cast and Welded Metals
Each data sheet takes up & maximum of four pagés. The first page gives a
description of the material and testing procedure. In the upper left corner
the material designation is given in the rollowing*order:'

~ designation according to DIN 17 006 or DIN 1725

- designation according to DIN 17 007

- usual commercial designation (e.g. ASTM, SAE, JIS)

The ohenfogiﬁ::ppoeition is always given in weight percent. It corresponds
to the value: “.ven in the literature referred to. : :

The n.coqdﬂhnd third pages show the diagrams for

- Btress-strain curves for monotonic and cyclic loading
- strain life curve



- mean stress (damage) parameter life curve according to the parameter
of Smith, Watson and Topper [1.4].

Unless indicated otherwise in the plots, the experiments were carried out
. at room tenperature in laboratory air.

The diagrams for the stress—strain relationships contain at the most three
curves, one for monotonic and two for cyelic loading, the latter being
evaluated from incremental step tests and constant amplitude tests. ALl
three curves can be described approximately.by an analytioal‘runotion. for
monotonic loading by the equation '

&= se + ep ;E + (‘;)lln , , '; R (1a)

“apd for oyclic loadipg by the edustion_ V
. N . e . "
= "-’a+ (5*3)1’“ : v )

&g T ‘e.e * &a,p
The values of the constants K, n and K, n’ are given in the ‘data sheets. They
were evaluated by regression analysis (minimum of the squares ‘of the distances
- rectangular to the regression line) from theé values of theé " appropriate
experimental data in the literature ret‘erred to. For unalloyed and low—a}loy
steels the amlyticsl description of the stress—strain curve for monotonic
‘ losdins acoording to eq. (ta) is sometimes only meaningf‘ul for strains beyond
.. 2%, because yield strength and Lider’s area cannot be accounted for in, that
. equation, The stress—strain cyrves ror oyolio loading were detemined on the
basis of constant anplitude and/or incremental step test data. Unless noted
otherwise in the. dsta aheet, the results are valid for a stabilized state or
half f‘etigue lif'e, respeotively. ‘The stress—strain curves obtained " from
constant amplitude tests are represented by a solid line in the experimentally
proved part and by a dashed line in the remaining pert Their constants K’-and
. n'. are denoted .9nece more in the diagrams. The stress—strain curyes obtained
from incremental step .tests are drawn up to the uaximum strain. amplitude
- tested. Irrospeotive .0f the number of ourves drawn in the diagnam, the. lzegend
always eonteins .the symbols for:all three curves..

The analytical desoription f‘or the strain lit‘e curves corr'esponds to the
functions of uanson [1 s] and Morrow [1.6]): : -

et



ta, e(N) = ig‘_ - (2M)b 7 | -
Ca,pu‘) = 8;' (ZN)G (3,
‘a(u) - Ca.e(n). + “.p(") . ) . (4)

The number of cycles N characterizes crack initiation or rupture of the
apeciinen according to its loading conditions.

For datasets with no runouts, or only a few, the constants c,', b, 'f' and ¢
were evaluated on the basis of experimental a,-e -N data from the literature
by the aforementioned regression analysis for elastic strains and plastic
strains separately. If only a few runouts were available, they were neglected
as they give no reliable information about the endurance 1imit. There is no
" significant difference between these evaluations of the constants and those
obtained according to ASTM E 739-80 [1.7]), even though the types of” regression
analysis are slightly different.

For some data sets with a large number of experimental results in the region
of the endurance 1limit, the constants were evaluated by maximum likelihood
method. This was again done separately for elastic and plastic strain
accprding to a proposal made in ({1.8] for the evaldat:lon of S-N-curves. The
endurdhée limits obtained are denoted by horizontal straight lines in the
atrlin- life curves, The endurance limit for total strain was obtained
~ncoord1ng to eq. (4).In general, the endurance limits obtained here must be
seen as approximate values as they are based only on a few experimental
results of unbroken specimens (runouts).

One of the three equations (1b), (2) and (3) is dependent on the remaining two
equftions, Therefore a dependency of the constants exists in the form n’= b/d¢
and K'-oé/:'b/ ©, This dependency, however, has been neglected in this handbook
as it requires a large amount of calculation in the statistical analysia.
Comparative studies show that this dependency is sufficiently fulfilled ev_on
though the three equations are trgntad as independent.

Unless noted otherwise, experimental results with plastic strain amplitudes of
less than 0.01% have been neglected in the regression analysis, as they mainly



1e'ad to an unsatisfactory description of the life curve according to egs.

~(3)-(4) . in the low oycle regime. All three life curves for elastic, plastic
-and totel -strain are denoted with their appropriate constants in the diagrain.
The curves are solid in the part where experimental results have been taken
into account for regression analysis and dashed in the other parts.

In the diagram of the damage parameter life curve the parameter according to
Smith, Watson and Topper [1.4] a :

~

Psur = V(Ga * og) ta- E . (s)

was chosen. The analytical descg-ipubn of the damage parameter life curve is
obtained by using eqs. (2)-(4) in eq. (35) with o, = 0 leading to
. . 3 X ry

Psyr (K) =Vopl-(2N)25 + E-of-eg- (2) (070) - (6)

For reasonsof uniformity, datasets with experimental results e,#0 and of0 were
treated as if the regression line had been evaluated for o, #0. From the fdea
that Pgur accounts for mean streases, Pgyp—life curves evaluated from the
experimental results with ofo should be plotted into the diagrams with
experimental results om#o, leading to better coincidence between life eurve
and experiments. )

For uniformjty, the e‘xpgr:lnental results for high and low temperatures are
presented in a PSHT diagram -as well. How far Smith, Watson and Topper's
parameter is valid for high and low temperatures has not yet been proven.

The criteria for the solid and dashed paﬂ of the curves are the same :es 2or
the strain life curves. The endurance limit obtained by maximum 1ikelihood was
calculated aceording to eq. (3) and is indicated im the plout.

fhe results of atres}s- ‘and strain—controlleh constant amplitude tests are
Asted on the third and ‘if necessary on the fourth page, specifying the
‘6llow1ng: ’
- speciwen number

. - stress amplitude

' < mean stress :

‘ - amplitude of total atrain

}7 number of cycles
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Unless stated otherwise, stresses and strains are notéd iﬁ the data sheet for
stabilized material behaviour or half failure life. )

Blanks in the data sheets indicate that the 1nformation was not given in the
literature referred to.
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