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ABSTRACT

Several estimates of Coffin-Manson’s parameters
have been proposed in the literature. However, ofote
existing methods for estimatingN parameters are based
on a limited amount of experimental data. In addifi
statistical evaluation of the popular rules of thuosed in
practice to estimate fatigue properties are scaite,
available. In this work, an extensive statisticahlaation
of the existing Coffin-Manson parameter estimates i
presented based on monotonic tensile and uniaiigjue
properties of 845 different metals, including &2dels, 81
aluminum alloys, and 15 titanium alloys. From the
collected data, a new estimation method which ukes
medians of the individual parameters of the 845enials
is proposed.

Keywords Low-cycle fatigue; Estimation methods; Strain-
life estimates; Statistical evaluation

INTRODUCTION

The eN fatigue design method correlates the number
of cyclesN to initiate a fatigue crack in any structure with
the life of small specimens made of the same nadtarid
submitted to the same strain history that loadsctitecal
point in service. This method models macroscopasta-
plastic events at the notch roots and uses thé $bcain
range (a more robust parameter to describe plaf&cts)
instead of the stress range to quantify them. Toezethe
eN method must be used to model low cycle fatigue
problems, when the plastic strain ranyg at the critical
point is of the same order or larger than the iglasinge
A&, but it can be applied to predict any crack ititia
life.
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The classical eN method works with real
(logarithmic) stresses and strains, uses a Ranbsggod
description for theAo Ae¢ elastic-plastic hysteresis loops,
and considers the cyclic softening or hardeningthef
material, but not its transient behavior from thentonic
oe curve [1-5]. Hence, a single equation is usedetsrdbe
all loops
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where E is the Young's modulusk’ is the hardening
coefficient andn’ is the hardening exponent of the
cyclically stabilizedAo/ e curve.

The relationship between the stress rahAgeat the
critical point and its fatigue crack initiation difN is
usually given by the classical Coffin-Manson eqoati
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whered';, €+, b andc are the fatigue strength and ductility
coefficients and exponents measured in fully alezd
tension-compression fatigue tests.

Assuming that Ramberg-Osgood’s elastic and plastic
strain ranges perfectly correlate with the corresient
Coffin-Manson’s ranges, then only four of the siaterial
parameters ', K’, 'y, €1, b, ¢} would be independent.
Thus, from Egs. (1-2),
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b. . 0% 3) Mitchell [9] stated that the exponettt is also a

n function of S, estimateds’s directly from the true fracture
ductility €+, and assumed proposed two universal slopes for
Note however that the Ramberg-Osgood and Coffin- ~ductile” or “strong” alloys:

Manson equations are not physical laws. Instead,(8q
must be regarded as a measure of the coherencedretw ot =S + 345MPa, €'t =&y, b:}bg%,

those equations. Therefore, such estimates shaufiche 6~ S +345
used to replace experiments. Whenever possiblesiall ¢ =-0.6 (“ductile”) or-0.5 (“strong”) (8)
material parameters should be independently oldéfiroen
actual measurements. Muralidharan and Manson [10] revised the Universal
Slopes idea, increasing both Coffin-Manson’s exponents t
However, for initial design studies it is desiralie b = -0.09 andc = -0.56, and introducing the parameter

estimate these si¥N parameters based only on readily g /E to estimate both coefficients; ande's:

available monotonic tensile test data. The mainmegton

methods proposed in the literature are discussed ne
o' =0623E (% )0832,

CLASSICAL ESTIMATION METHODS 1
£ =0.0196(Sy/ E) >3 [in( rA )] 0155,

Several estimates of Coffin-Manson’s parameters b=-0.09 c=056 9

have been proposed in the literature since Mor@jwjho o ' ©

in 1964 correlated théd and ¢ exponents of Coffin-

\ . . X . Baumel and Seeger [11] recognized the importance
Manson’s equation with the cyclic hardening expdmen

of separating theN estimates by alloy family, proposing
H _ different methods for low-alloy steels and for aluntmu
b= -1 Cc= L (4) (Al) and titanium (Ti) alloys in their Uniform Mati
1+5n 1+5ni laws. They also ignored any monotonic measure of the
material ductility (such as the reduction in a8 when
estimating the fatigue ductility coefficiest; :

Manson [7] proposed two different methods based on
experimental data on 69 metals to estimate theifirGo
Manson curve: the Universal Slopes method (5), liictv

b andc are assumed constant for all metals, and the Four- ¢+ = 1.8%, £+ = 0.59 #S,/E < 0.003 or 0.812745, /E,

Point Correlation method (6), defined through esties of b=-0.087, ¢=-0.58 (steels) (10)
the elastic or the plastic strain randes/2 or Ag,/2 at four

different lives N = 1/4, 10, 16 and 10 cycles). Both 0¢=1.613, £'1=0.35 b=0.095, ¢ =0.69 (Al &Ti)
Manson’s estimates make use of the ultimate stheBgt (11)

and the reduction in ard?A
Ong [12] proposed a few modifications in Manson’s

06 Four-Point Correlation method to better fit the
)} 1

experimental data of 49 steels from the SAE J1099

gy =1.9%, ¢, :O.76[EIn( 1
Technical Report on Fatigue Properties [13], estintadi;
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b=-0.12, c=-0.6 (5) in the same way as Mitchell proposed:
0 21255, (1+¢; )2° o =Sulll+ey), €' =&y, bzélog (S/E)°*,
6.250; / E
. _0-125[@”( 1 )}3/4 b= log(0.360%, /0% ) " f
=0 1-RA 56 c:}Iog 0.0074-0; (107)°'/ E (12)
4 2.074%¢
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0239In[1/(1-RA} Roessle and Fatemi [14], assuming the same constant

) slopes as Muralidharan and Manson did, while estimating

~ Raske and Morrow [8] proposed an estimate for the poth Coffin-Manson’s coefficients as a function of the
fatigue ductility coefficients's from o's, n’, and the cyclic Brinnell hardnessiB:
yielding strengtiS'y:

o'+ = 4.25HB + 225MPa,

¢'s = [0.32BB? - 487HB + 191000MPa] E,

b =-0.09, ¢ =0.56 (13)

€'s = 0.00Z(a' /S'y)*™ 7)



It is no surprise that'; can be estimated from the
hardnessHB, since S, and HB present a very good
correlation for steels: if§; is given in MPa andHiB in
kg/mnf, S, is approximately 3B with a (small)
coefficient of variationV = 3.8%, from a study on 1924
steels from th&/iDa software database [15-16].

Several works have been published since 1993
evaluating the life prediction errors associated wiilch of
the estimation methods discussed above [14, 17-20]. Ong
[17] evaluated Manson’s and Mitchell's original metkhod
based on properties of 49 steels. He concluded that
Mitchell's method resulted in overly non-conservative
predictions.

Brennan [18] compared all of Manson’s methods and
concluded that Muralidharan-Manson’s revised Universal
Slopes [10] resulted in good predictions, however his
analysis was based on only six steels.

Park and Song [19] evaluated several methods using
published data on 138 materials. They found that both
Manson’s original methods are excessively conservative fo
long life predictions, but slightly non-conservative §hort
lives. In contrast, Muralidharan-Manson’s method is
slightly conservative at shorter lives, but is non-
conservative at long lives, being selected as the besalb
estimation method together with Baumel-Seeger’s umifo
material laws. Park and Song also confirmed that
Mitchell’'s method leads to non-conservative predicion
over the entire life range.

Roessle and Fatemi [14] studied measured properties
of 20 steels plus the 49 steels from the SAE J1099
Technical Report [13], arriving at basically the same
conclusions as Park and Song did. In addition, no gtron
correlation was found betweeo's and the true fracture
strength. They also found that using the true fracture
ductility & to estimategs can result in significant error.

Kim et al. [20] presented an evaluation of all
available estimation methods, based on measured
properties of 8 steels. It was found that the best life
predictions were obtained using Baumel-Seeger’s, Reessle
Fatemi’s and Muralidharan-Manson’s methods.

From the evaluations in the literature, it is possible
conclude that the best estimation methods are all barsed
constant values of the exponebtandc, while in general
o't is well estimated (directly or indirectly) as a linea
function of the ultimate strengtB,. It is also suggested
that £+ does not correlate well with any monotonic measure
of the material ductility, such aA or & Comparing to
the existing estimates fof';, from a statistical point of
view assuming it is a constant would result in better
predictions. Based on these conclusions, a gi¢wstimate

called the Medians method is proposed in this work. A
statistical evaluation of this method and all others
discussed above is presented in the following sections.

MATERIALS DATA

The tensile andN properties of 845 materials have
been collected from the literature, totaling 724fedent
steels, 81 aluminum, 15 titanium, 9 nickel alloys, d6d
cast irons. These materials were tested under several
conditions or heat treatments, at temperatures vafyamg
21 to 806C, according to the ASTM standards E606 and
E8 [21-22]. This sample included only the metals which
reportedly had fully measured Coffin-Manson, cyclic
Ramberg-Osgood, and monotonic tensile properties among
the more than 13,000 different materials listed an\iba
software database [15-16], a powerful PC-based academi
program developed to automate all traditional local
approach methods used in fatigue design, including the
SN, the IIW (for welded structures) and tblé for crack
initiation, and the da/dN for crack propagations It
comprehensive materials database has been compiled from
several sources in the literature and carefully fideto
avoid suspicious data. In particular, all materials
considered in this study can be found in [11, 13-84,20D,
23-25], and their experimental Coffin-Manson curves a
shown in Figures 1 and 2.

— 540 steels (21°C)
184 steels (high temp.)
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Figure 1. Coffin-Manson curves of 724 steels under
temperatures betweenZland 806C.



AE 1 only an indication that among the 12 considered
distributions this is the one that most likely produdtiee
specific data sets used in this analysis. The best-fitted
distributions and their mean, median, and coefficient
variation V (defined as the ratio between the standard
deviation and the mean) are shown in Figure 3.

— 81 Al alloys
15 Ti alloys
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Figure 2. Coffin-Manson curves of 81 aluminum and 15

titanium alloys.

From the large size and diversity of the steel and
aluminum samples, they may be considered representative '
of the behavior of these alloy families. Among thed72  °$
steels, 540 were tested at room temperature, while the of——s— s e S T e e e TED
other 184 were tested under temperatures betweear0 ) f ) ” lc
80C°C. As suggested in Figure 1, temperature does not Figure 3. Probability density functions and {mean grae,
influence decisively on the scatter of the Coffin-Man coefficient of variation} of Coffin-Manson and Ranrge
curves of the analyzed steels, therefore the low gl h Osgood parameters of 724 steels and 81 aluminum alloys.
temperature data are evaluated together. However, t
high-cycle fatigue resistance is significantly lowetettier It has been found that all 845 metals hawe/S,
high temperatures (Figure 1). Part of this tempeeatur 'atios between 0.5 and 10, with average 1.65 andamed
effect can be accounted for by all discussed estimation 1.5 for steels, suggesting that Manson’s estimate=
methods, because the lower values of the ultimategttren 1.9y is potentially non-conservative for these materials.
S, or the Brinnell hardnegdB found at high temperatures ~ The fatigue ductility coefficient's has the greatest scatter
always result in lower estimates of the fatigue resistanc Of all studied properties (coefficient of variatidghup to
coefficientd’s . In the next section, the Coffin-Manson and ~ 179%), with values ranging from 0.001 to 400. It mist
Ramberg-Osgood parameter estimates are statistically noted thate's values much greater than 2.3 are very likely a

evaluated. result of bad fitting of the Coffin-Manson curve, hase
such values would imply in a reduction in af®RA much

STATISTICAL EVALUATION OF &N PARAMETER greater than 90% atN2= 1. Also, all considered metals

ESTIMATES have cyclic hardening coefficientk’ ranging between

E/1000 andE/20, cyclic hardening exponents between

The Coffin-Manson and Ramberg-Osgood 0.01 and 0.6, fatigue strength exponentsetween-0.35
parameters and their estimates are individually stugied ~ and-0.01, and fatigue ductility exponentsoetween-1.5
this section based on the data of the 845 metals dedcrib and-0.1. More specifically, 93% of the steels have 0.06 <
above. For the statistical study, each data set is sorted n’ < 0.35, 92% have0.2 <b <-0.05, and 94% are in the
ascending order, and then each data point is assot@ted range-0.9 <c < -0.3. In addition, 94% of the aluminum
its mean rank. Then, each data set is fitted using 12 alloys have 0.03 €’ < 0.2, 91% have0.2 <b < —0.08,
continuous probability distributions: Beta, Birnbaum- and 88% presentl.0 <c <-0.4.
Saunders, Gamma, Inverse Gauss, Logistic, Log-Logistic,
Normal, Log-Normal, Pearson, Gumbel (extreme value), The coherence between Coffin-Manson’s and
and Weibull [26-27]. The chi-square and Anderson- Ramberg-Osgood’s elastic and plastic strain ranges is
Darling tests [28-29] are used to evaluate the gooeofess  verified from the evaluation of the correlationssmeted in

fit of each of the considered distributions for each be Eg. (3) for the considered steels and aluminum allsgs,
particular, both tests show that the Log-Logistic Figure 4. From this study on 724 steels, it is found tha
distribution [27] is the one that best fits the Coffitanson there is a reasonable (but not exact) correlatiowdssi the
parameterd, ¢, and¢&'s, the cyclic hardening exponent, cyclic hardening exponemt’ and the ratiob/c, with a

and the ratior's /S, andn’/(b/c) of the considered steels  coefficient of variationV = 15%. The cyclic hardening
and aluminum alloys. This does not necessarily mean that coefficient K’ estimate based om’ and on Coffin-
these variables follow the Log-Logistic distribution,is Manson’s coefficients is also fairly good for steels, despi



the somewhat significant scatter in the experimenaa,d
V 15% as well. However, for the considered 81
aluminum alloys it is found that Eqg. (3) tends to
overestimate botim’ andK’, see Figs. 3 and 4. This is an
indication that the coherence between the stressistrad
strain-life relationships used in the traditiortdl method

is better verified in steels than in aluminum alloys.
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Figure 4. Coherence between Coffin-Manson and
Ramberg-Osgood parameters for steels and aluminum
alloys.

As seen in Figure 5, Manson’s estimate for the
fatigue strength coefficiend’s is non-conservative for most
steels, while Mitchell’s method results in better values.
However, due to the 345MPa offset in Mitchell's estieya
O't is overestimated in materials with low ultimate stitbng
Sy, such as steels under high temperatures (Figure 5).
Muralidharan-Manson’s method provides a much better
estimate for steels, however it is overly conservative f
aluminum and titanium alloys. Also, it is found that
Muralidharan-Manson’scg’s estimate for steels can be
successfully approximated by I35, a much simpler and
equally effective expression. Interestingly, the fadd® is
also the median value of tl; /S, ratio for the 724 steels.

30009 G 5 (MPa) .
f * e Muralidharan;
Y 0.0116¢/E <% Manson
2500+ s xX ™ G xy %
x 0.008 x X e X7 x
20004 g X g* XX s
g - R X i X XX
XMitchell %08 X ¥
1500+ Sy+345 %
0.004 - by
1000 724 steels x XX
p- x room temp.|  0.0024 x ¥
5001~ X a high temp x 724 steels
0 S - 560 10-00 15-00 20-00 0 0.0‘02 0.604 0.606 0.0‘08
Sy(MPa) Su/E

Figure 5. Estimates of Coffin-Manson'’s coefficiesf .

The correlations between the fatigue strength
exponentb andRA or S, are poor for all studied metals:
Manson’s Four-Point method underestimabegor most
materials, while Mitchell's correlation has a largetsaa
(Figure 6). Even thougb andc correlate fairly well with
the hardening exponemt, estimating these exponents as
constants results in a smaller coefficient of variatibn
compared to the available estimates. In addition,rMe's
b estimate is non-conservative for almost all studied
aluminum and titanium alloys. It is found that better
predictions are obtained from constdrandc estimatesb
= -0.09 andc = -0.59 for the 724 steels, ard= -0.11
andc =-0.66 for the 81 aluminum alloys (Figure 7).
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Figure 6. Estimates of Coffin-Manson’s expondmendc.
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Figure 7. Coffin-Manson’s exponerttsandc for 724 steels
and 81 aluminum alloys.

As seen in Figure 8, the fatigue ductility coeffidien
£+ does not correlate well with the reduction in aRgaor
the true fracture ductilits. Mitchell’s and Manson's's
estimates are non-conservative. Also, there’s a lardgtesca
in  Muralidharan-Manson’s and Baumel-Seegers;
estimates to justify a suitable correlation wB/E. One
limitation of Baumel-Seeger's method is that it isyonl
valid if the ultimate strengthg, is much smaller than
2.2GPa, otherwise negative valuesegfmay be obtained.
Raske-Morrow's £; estimate has also a large scatter,
because it implicitly assumes a perfect correlatiomwéeen
the elastic and plastic strain ranges in Ramberg-Osgood
and Coffin-Manson.
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Figure 8. Estimates of Coffin-Manson’s coefficieht
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Manson’s method based on fixed points also results
in poor estimates for the studied materials. The elastit
plastic strain ranges in Manson’s Four-Point Correlation
are overestimated & = 1/4, 10 and 10cycles for steels.
The only fixed point with a fair correlation i = 10
cycles, where the elastic strain amplitude is slightly
underestimated by O0.4R/E. The Coffin-Manson
coefficients d's and £ are overestimated from the Four-
Point Correlation method, the exponenb is
underestimated, and for 93% of the steelesults in the
narrow range -0.7 < ¢ < -0.5. Ong's proposed
modification to the Four-Point Correlation methabults
in better average estimates fgr, b andc, however, as in
Mitchell's method, it overestimates.

Roessle-Fatemi’s method results in a fair correlation
betweencd's and the Brinnell hardne$$B. From the good
correlationS, = 3.4HB for steels, thiso's estimate can be
rewritten as 1.2, + 225MPa, an intermediate function
in between Manson’s and Mitchell’'s. However, Roessle-
Fatemi’'s estimate fog’s does not correlate well with the
analyzed data, see Figure 9.

3000 1G¢(MPa) M % 500 = E-s;(GPa)
% xX 724 steels
2500 % 400 ""x§ 2 x
X X ¢ x
2000 X %

300 4
1500 4
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x Xx

- 2: xRoessle-
500 A 100 x x% Fatemi
; 724 steels 0 . x
0 T T 1 0+ e P
(i 200 400 B 600 0 200 400 HB 600

Figure 9. Roessle-Fatemi’s estimates for Coffin-Manson
coefficientsg’s and&s based on the Brinnell Hardness
HB.

Therefore, from a statistical viewpoint, sophisticated
equations surprisingly tend to increase the dispersiaf.in
The least scatter in those cases was obtained assuming a
constant value such as its median 0.45 for steels orf@.28
aluminum alloys (Figure 3).

Based on the above conclusions, &N estimate
called the Medians method is proposed, which estimates
J'¢19y, €1 b andc as constants equal to their medians for
each alloy family:

Ae

= = 1.5%( 2N)"009% 045[72N)70%0  (14)
(from 724 steels)
% :1.9%(2N ) 011+ 0.2872N) 7066 (15)

(from 81 aluminum alloys)

Interestingly, the Medians estimate for steels is
almost insensitive to the operating temperatures dhly
parameter with a significant temperature dependenttes
fatigue ductility coefficiente's : the median value for 540
steels at room temperatureds= 0.51, while 184 steels at
temperatures between 4@ and 808C havee&'; = 0.35.
Using these values, separate Medians estimatethearbe
proposed for high and low temperature steels. Bhigue
strength coefficiento’s has also a significant temperature
dependence, however the median of tbe /S, ratio
remains unchanged.

Other Medians estimates foro¥§, &£r, b, ¢} are
obtained for three alloy families: {1%,, 0.50, -0.10,
-0.69} from a study on 15 titanium alloys; {I®, 0.04,
-0.08, -0.52} calculated from 16 cast irons; and {&4
0.15,-0.08,-0.59} from 9 nickel alloys. However, these
three estimates should be used with caution, bectney
were based on a very limited sample.

Other useful estimates based on median valuek are
= 205GPa (median value of 3157 steels at room
temperature from the ViDa database [15-16], with a
coefficient of variationV = 3.1%),E = 71GPa (from 551
Al alloys, V = 4.0%),E = 108GPa (139 Ti alloysy =
7.4%), E = 140GPa (22 cast iron¥, = 24%), andE =
211GPa (376 Ni alloys/ = 3.4%).

STATISTICAL EVALUATION OF
LIFE ESTIMATES

eN FATIGUE

In the previous section, all fatigue estimates were
evaluated by treating theN parameters as independent
random variables. However, for fatigue life estiioat
purposes, Coffin-Manson’s coefficients and exposare
not independent. For instance, it is possible t@iabfair



life predictions using a method that overestimaties
fatigue strength coefficieny’s while underestimating the
corresponding exponerd, since both errors may cancel
each other. Therefore, to validafd estimates, a statistical
study must be performed comparing the predictedsliv
(and not only the individual Coffin-Manson paranisje
with the experimentally measured ones.

From measured Coffin-Manson data on 724 steels
and 81 aluminum alloys, it is found that the scaittethe
eN specimen lives for the different materials is immiom
between 1000 and 3000 cycles. This is perhaps d goo
reason to continue estimating Wohler's curve udig
10° cycles as a fixed point in the SN methodology.oAls
the average strain amplitude at’I€ycles in both steels
and aluminum alloys is approximatehe(10°)/2 = 0.8%.
Even though the scatter is minimum around 0.894,
specimen lives varying from less than 50 cycles &dew
wet welds) up to A0" cycles (for a hot-worked H11 tool
steel) can be obtained at this strain amplitudes Tifgh
scatter observed at lives greater thandy@les is expected,
due to the large variation in the fatigue resistard
several steels and aluminum alloys.

The performance of each fatigue estimate is now
evaluated through the life prediction ratio (LPRgfined
as the ratio between the life (in cycles) predidigdany of
the presented methods, ,Nices and the observed
experimental life, Bhserea Therefore, LPR values between
zero and 1.0 are a result of conservative estimathde
values greater than 1.0 are non-conservative. l$trbe
noted that all mean values and standard deviatbrise
LPR will be calculated based on the logarithmic
representation of NogiceedNobserved iN Order to give equal
weight to, e.g., ratios 3 and 1/3, since both impfy a
factor of 3 in the life estimation error.

The probability density functions (pdf) that beistet
theeN specimen LPR of the 724 steels are shown in Eigur
10, obtained under the strain amplitude/2 = 1.0%.
Under such strain amplitude, Manson’s Universalp&o
method results in average non-conservative predicti
errors of 97% (since its mean LPR is 1.97), Baumel-
Seeger’s in 38%, and the Medians method in 3%, with
similar standard deviations. Except for Mitchelrethod,
which presents a high scatter in the LPR, it imfbuhat
all studied estimates result in roughly the sanaadard
deviations when represented in the logarithmic escatl
each strain range level. However, these standarndtms
do vary with the strain amplitude level, presentiag
minimum nearAg/2 = 1.0%. The poor performance of
Mitchell’s method in this study is mainly a resuait its
non-conservativeg's estimate, since the great majority of
steels and aluminum alloys hage much smaller than the
true fracture ductilitye .

conservative 4—|—> non-conservative

pdf Medians Manson’s U.S.

1.2 4 mean: 1.03 mean: 1.97
median: 0.94 median: 1.85
1 Biaumel Mitchell
-Seeger mean: 4.86
0.849 mean: 1.38 median: 4.65
median: 1.32
0.6 1

10

Npredicted/Nobserved
Figure 10. Statistics of the life prediction ratiotained by
a few estimation methods for 724 steels, obtainatkuthe
strain amplitude\e/2 = 1.0%.

Each estimation method is further evaluated
follows through the average values of the LPR piodlig
density functions obtained under several strain lanues
Ag/2, see Figure 11. Mitchell’s method is not repnesé
in this figure, because its average LPR is gretitan 4.0
in the entire life range.
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Figure 11. Average life prediction ratios obtairmsd
several estimation methods for 724 steels, undainst
amplitude levels between 0.2% and 5%.
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0.5%

Both Manson’s Universal Slopes and Four-Point
Correlation methods are non-conservative for slioes,
with average life prediction errors of over 100%ls@
these two methods are highly conservative for |bwes,
underestimating the elastic strain amplituble/2 at 16
cycles using 0.4%,/E or 0.43%,/E. A better correlation
for the 724 steels is obtained from the Mediansrege

(16)
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Even though  significantly = non-conservative
predictions may be obtained at strain amplitudes?2
below 1.0%, Muralidharan-Manson’s and Roessle-
Fatemi's methods result in reasonable average L&IR f



steels (Figure 11). Baumel-Seeger’'s and Ong’'s naistho
also result in fair predictions, however they alighdly
non-conservative at highe/2 levels because of the poor
estimates forg's, which does not correlate with,/E or &;
for the 724 steels. The lowest average predictioorg are
obtained from the Medians estimate for steels, Wi#R
very close to 1.0 in all strain amplitudes betw8e4f6 and
5%, and conservative errors below this intervalweleer,
this could be expected as the parameters from thdidvi
method were calibrated using the same material deta
used in the comparisons.

It is found that better predictions are obtaineairr
the Medians method for aluminum and titanium alloys
followed by Baumel-Seeger’s Uniform Material lavery
likely because both are based on constayfS,, £+, b and
c. Also, Baumel-Seeger’'s estimate = -0.69 may be
appropriate for titanium but a little low for alumim
alloys. Therefore, it is always a good idea to @bers
separate estimates for each alloy family, sepagathre
aluminum from the titanium alloys such as in thedidas
method.

CONCLUSIONS

In this work, the existing Coffin-Manson parameter
estimates were statistically evaluated, based onotoaic
tensile and uniaxial fatigue properties of 845 rsetBrom
this analysis it is concluded that, in averageglstpresent
significantly higherb andc exponents than aluminum and
titanium alloys. Therefore, different estimates ftre
Coffin-Manson parameters should be considered &mhe
alloy family. Also, correlations between Coffin-Mson’s
b, ¢ and £ and the monotonic tensile test properties are
poor, however the fatigue strength coefficiehtpresents a
fair correlation with the ultimate strengtly,. The
relatively large scatter in this correlation doext justify
the use of non-linear estimates such as Muralidirara
Manson’s, or linear estimates with offsets such as
Mitchell’'s or Roessle-Fatemi’s, which overestimate for
low values ofS; or HB. Constant estimates for the ratig
/S, were found to better agree with the studied data.
addition, the correlations betweefy ando; and between
£rande; should not be used.

From the studied data, it is found that better life
predictions are obtained simply from constant estés of
the parameterb, ¢, d's /S, and¢&'y, such as in the proposed
Medians method. Other estimates that resulted iodgo
predictions are Roessle-Fatemi’'s, Baumel-Seegers]
Muralidharan-Manson’s methods for steels. Howetlee,
estimates of the fatigue ductility coefficieat in these
three methods are not very good. The main reasothé
good performance of these methods is the combimatio
constant values for thie andc exponents and reasonable

estimates for the fatigue strength coefficient. ®mgethod
also results in reasonable predictions, despit@ity o'
and €' estimates. It must also be noted that Muralidharan
Manson’s method should not be applied to aluminum o
titanium alloys, which present significantly lowlerandc
exponents. Manson’s Universal Slopes and Four-Point
Correlation methods are very conservative for staelong
lives, as pointed out by Park and Song. Also, Imoéthods
result in average in significantly non-conservatilie
predictions at short lives.

Finally, for future work, improved Medians estimate
could be obtained for both uniaxial and torsioratigue
properties using larger samples of material data.
Nevertheless, it must be pointed out that all thesented
estimates should never be used in design, becauserhe
materials even the best methods may result in
prediction errors of an order of magnitude. The afssuch
estimates, even the proposed Medians method, ig onl
admissible during the first stages of design, atisr all
fatigue properties should be obtained experimentall

life
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