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Intreduction

Metal Fatigue has traditionally been related to stress. Since the works of
Manson ([1.1] and Coffin {1.2]1, however, it has become clear that as well as
stress, strains must be taken into aceount too. If this 1is done, theli we
can get 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 g.hé
endurance limit. Therefore the traditional stress—strain — curves for
monotonic loading are completed by the hstressvatrain curves for cyclic
loading and the traditional stress life ‘curves by‘ the strain life 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 parameter life
curves for cyclic loading are the components of "materials data for cyclic
loading”.

These materials data provide the basis for materials assessment by direct
comparison of data or characteristic values and for estimating the crack
initiation lives of structural parts under constant and variable ampljitude
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'z = Ktz'S'e (Kt = gtress
concentration factor, S = nominal stress, e = nomipal strain, mainly e =
S/E), and the stress-strain curve for cyclic loading of the material béing
studied. With the help of thé material’s life curve — and in_the case of
random loading taking damage accumulation into acoount - the crack
initiation lives of structural parts oan be calculated. To achieve
satisfactory accuracy with this evaluation method, called the Local Strain
or Notch Strain Approach,it must be assumed that the conditions of the
unnotched specimen for which the materials data have been determined akree
sufficiently with the local notch conditions of a structural part regarding
the definition of crack initiation, surface roughness or t‘*niﬂh'/iﬁd the
size of the highly stressed material volume.

The advantage of this method is a great reduction in the cost of evaluating
axperimental data. Regarding strengths, 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



* the materials data used and the validity of the damage acoumulation rule
splied.

r many years now materials data for cyclic loading have been published in
1e scientific literature. However, these data have been collected in quite
ifferent ways. In this book, theae materials data have been gathered
sgether, evaluated according to uniforn approach and nethods and compiled
n standardized data sheets,

n gathering the data, special attention was given to ensiring that as far
s possible the ‘'shape of the specimens and the experimental procedure
onformed to ASTM E 606-80 {1.3}. ASTM E 606 is recommended for further
valuation of data on cyclic loaded materials,

he data are now published for the first time in a handbook, suitable for a
ide range of applications and divided into the following sections
.ecording 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 “
tach data sheet takeé up a maximum of four pages. The firat page gives a
jeseription of the material and testing procedure. In the upper left eorn‘r
~he material designation is given in the follouing order:

- designation according to DIN 17 606 or DIN 1723

- designation according to DIN 17 007

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

‘he chemical composition is always given in weight percent. Tt corresponds
-0 the values given in the literature referred to.

the second and third pages show the diagrams for

- stress--strain curves for mopotonic and eyclic loading
~ strain life curve ’



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

Unless indicated otherwise in the plots, the experiments were carried ¢
at room temperature in laboratory air.

The diagrams for the stress-strain relationships cohtasn at the most thr
curves, one for monotonic and two for cycliec loading, the latter bel
evaluated from incremental step tests and constant amplitude tests. 4
three curves can be described approximately by am analytioal f‘unction, T
monotonic loading by the equation

-

g-ge+3psg+(;)1/n_ } . _ (1
and for cyclic loading by the equation

[
ta = %a,e * ta,p = 'Ea*' (‘E?"l/n - ‘ i a
The values of the constants K, n and K’, n’ are given in the data sheets. Th
were evaluated by regression analysis (minimim of the squares of the distanc'
rectangular to the regression line) from the values of the appropria
experimental data in the literature referred tc. For unellojed and low-dll
steels the analytical description of the etress-strain curve £ r monotop .
‘losding according’ to eq. (1dy 18 eomet:llee only neanixlsful for atraine beyo
‘2%, because’ yield strength and Lﬂder's area cennot be eocounted ror 1n t):
e¢quation. The stress-strain curvea for cyclic load:l.na were del:ern:lned ‘on t
basis of constant amplitude and/or incremental step test duta. linleas pot:
otherwise in thée data sheet, the results are valid for a stabilized state
half fatigue 'life, respectively. The atreu—strain ocurves obtained fr
constant amplitude tests are repreaented by a solid line in the experhentnl
proved part and by a dashed line in the remiining part. Their constants K’ a
n’ are denoted once more in the diagrams. The stress-strain curves obh:l.p
from 1ncrenental step tests are drawn up to the maximum s'irnn amplitw
tested. Irrespective of the number of curves drawn in the diagram, the legex
always contains the eynbols for all three curves.

The annlytieal description for the strain life curves cory uponds to " A3

functions of Manson {1.5] and Morrow [1.6]: . vy




ta, o) = féf - (2M)b (2)
sa,p(N) = ef- (2M)° o (3)
33(“) = la.e(") + la.p(“) ; (4)

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

For datasets with no runouts, or only a few, the constants of » b, ’f and ¢
were evaluated on the basis of experimental oo -N data from the literature
by the aforementioned regreasion analysis for elastic strains and plastic
strains separately. If only a few runcuts were available, they were neglected
ae they give no reliable information about the endurance limit. There is no
significént difference between these evaluations of the constants and those
ot_:ll;l_.:l.ned according to AS'm E 739-80 {1.7], even though the types of regreasion
analysis are sluhtly du‘reregt.

For some dnta acts uith a largo number of exporinental rosults in the ros:l.on
of tbe endurance lilit. the eonetants vere evaluategd %mhym likolihood
lethod. 'rh:l.s vas min done neparately for elaatic and plastic strain
acoording %o a proposal mde in 1. 8] for the evaluation of S—N—eurves. The
enduranoe 1init.s obta:lnod ‘are denoted by horizontal straight ljines in the
strain life curves. The sndurance limit ror total strain was obtained
.ooording to eq. (4) In geqergl, the endurance. limita obtained here must be
mn as approxi.ate valnea as they are basgd only on a fey. expermental
Manlts o!' unbrokcn apeeinoua (rnnouts).

Oie of the three equatfons ub). (2) and (3) is dependent on the renaining twp

ejuations. Thereford’ a dependency of ‘the constants exists :l.p the fom n'= b/e

and !'-o'/t'b ©. This dependenty, however, has been neglected in this handbook

as it requirea a large ulount of cllculation 1n the statistical lnalyaia.

Comparative studies show that this dependency is suf?ieiently t‘ulfilled evep
* though the three equations are treated as indépendent.

" -Unless noted otherwise, ox.pormntal results with plastic strain amplitudes of
: less than 0.01% have been negleoted in the regression analysis, as they mainly

¥



lead to an unsatisfactory description of the life curve according to egs.
(2)-(4) in the low cycle regime. All three life curves for elastic, plastic
‘and total strain are denoted with their appropriate constants in the diagram.
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]

Psyr =Vl{oag + op)req° E v (5)

was chosen. The analyt:léal description of the damage parameter life curve is
obtained by using eqs. (2)-(4) in eq. (5) with o, =0 leading to

Poyr (M) =Vor2- (2N)2D + E-op-eg- (2N) (DF0) (6)

For reasonsof uniformity, datasets with experimental results emaﬁo and ofQ were
treated as if the regression line had been evaluated for du#O. From the idea
that Poyr accounts for mean stresses, PSH'I‘_life curves evaluated from the
experimental results with o,=0 should be plotted into the diagrams with
experimental results o #0, leading to better coincidence between life curye
and experiments.

For uniformity, the experimental results for high and low temperatures are
presented in a Pgynr diagram as well. How far Smith, Watson and Topper's
parameter is valid for high and low temperatures has not. yetl been proven.

The criteria for the solid and dashed part of the curves are the same as for
the strain life curves, The endurance limit obtained by maximum likelihood was
caleulated according to eq. (5) and is indicated in the plot.

€

The results of stress— and strain—controlled constant amplitude'tests are
listed on the third and if necessary on the fourth page, specifying the
following: .

‘= specimen number

- stress amplitude

- mean stress ;

- amplitude of total strain

~ number of cycles
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Unless stated otherwise, stresses and strains are noted in the data sheet f¢
stabilized material behaviour or half failure life.

Blanks in the data sheets indicate that the information was not given in tt
literature referred to.
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Ag elongation related to 5x diameter of specimen

LYY elongation related to 25x diameter of specimen

b fatigue strength exponent

[« fatigue ductility exponent

E Young’'s modulus

[ strain

e ‘true fracture strain

ef fatigue ductility coefficient

K monotonic hardening coefficient

K' cyclic hardening coefficient

N number of . cycles until rupture
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amplitudes for 10% and 90% probability of survival
z vreduetion of area
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