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ABSTRACT 15 

16 

This paper proposes a generalization of the Castillo and Fernández-Canteli probabilistic fatigue model 17 

and shows how most fatigue models can be obtained as particular cases. Models that include mean-stress 18 

effects and multiaxial loading conditions are considered as examples of this general framework. Several 19 

fatigue damage parameters such as the Smith-Watson-Topper, the Walker-like strain, energy-based 20 

parameter in uniaxial and multiaxial loading conditions, and multiaxial critical plane parameters are 21 

proposed as reference parameters for the probabilistic model. It is shown that the Castillo & Fernández-22 

Canteli probabilistic approach can be successfully extended to these advanced fatigue models. 23 

24 

KEYWORDS: Fatigue, Probabilistic fatigue model, Fatigue damage parameter, Multiaxial fatigue, 25 

Mean-stress effects. 26 

27 

28 

1. INTRODUCTION29 

30 

Probabilistic fatigue models are very important as they are able to incorporate different sources of 31 

uncertainty arising in the prediction procedures such as material properties and microstructures (e.g. large 32 

inclusions or defects) or geometrical features of a component. Most of the current fatigue damage models 33 

have essentially a deterministic basis. However, their application for design purposes requires 34 

subsequently additional statistical arguments in order to establish appropriate safety margins, not always 35 

based on rigorous criteria. In addition, in order to carry out reliability analyses the fatigue damage must 36 

be established in an appropriate probabilistic form. As a consequence, failure prediction, engineering 37 

design and risk analysis in fatigue are not possible without the support of probabilistic fatigue models. 38 

39 
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Several authors have proposed probabilistic approaches to predict the fatigue life of materials and 40 

structural details using local models. Castillo and Fernández-Canteli proposed a probabilistic model based 41 

on Weibull or Gumbel distributions for constant and variable stress levels [1,2,3,4,5]. Using the same 42 

physical and statistical assumptions, Castillo and Fernández-Canteli extended their probabilistic model to 43 

the strain damage parameter [5]. These models were used to estimate fatigue life predictions for many 44 

applications, ranging from riveted joints of old steel bridges [6], structural details made of pressure vessel 45 

steel [7,8,9], and structural details made of old metallic materials [10,11,12]. Zhu et al. [13] proposed a 46 

probabilistic low-cycle fatigue life prediction based on the energy-based damage parameter using Bayes’ 47 

theorem. Other probabilistic damage approach was developed by Amraoui et al. [14] based on a 48 

combination of Chaboche deterministic method and probabilistic model proposed by Castillo and 49 

Fernández-Canteli [5]. A probabilistic high-cycle multiaxial fatigue approach using the weakest link 50 

concept was introduced by Koutiri et al. [15] to model the competition between the different 51 

microstructural heterogeneities and porosity coexisting fatigue damage mechanisms. A probabilistic 52 

formulation of the multiaxial fatigue virtual strain energy damage model was proposed by Calvo et al. 53 

[16]. Other applications of the Castillo and Fernández-Canteli model [5] were proposed to reinterpret the 54 

Miner’s linear damage summation [17,18]. 55 

56 

Castillo and Fernández-Canteli probabilistic model [5] was originally developed for uniaxial stress/strain 57 

loading conditions using stress and strain amplitudes (or ranges) derived from Weibull or Gumbel 58 

distributions. Some of the papers summarized above extended it to other fatigue parameters. The current 59 

paper aims to provide a systematic formalism for the original model to include various fatigue damage 60 

parameters. Fatigue models that include mean-stress effects and accounting for multiaxial loadings are 61 

considered as examples. 62 

63 

The mean-stress effect can be accounted for by using various damage variables, such as the one proposed 64 

by Smith-Watson-Topper (SWT) [19]. Correia et al. [7,10] proposed a probabilistic SWT model to 65 

describe the mean stress effects. Although not formally, the SWT damage parameter can be classified as 66 

an energy-based parameter. Certainly, Koller et al. [20] also provided an extension of the probabilistic 67 

Weibull regression model to describe the stress level effects on S-N fields, but despite the rigorous 68 

analytical derivation of the model and the highly satisfactory fitting of the experimental S-N fields for 69 

different stress levels, this general approach implies a significant number of parameters the estimation of 70 

which requires a complex identification procedure and demanding test planning. This is why the 71 

availability of a probabilistic fatigue model with a simpler structure though referred to a higher-level 72 

reference parameter is attractive for it to be used in the design of structural components. A number of 73 

other energetic parameters are proposed in the literature, some of which are included in this paper to 74 

demonstrate the capability of the generalization concept based on the basic probabilistic model [5]. 75 

76 

There is a large number of multiaxial damage parameters proposed in the literature covering low-cycle 77 

fatigue, high-cycle fatigue, proportional and non-proportional loading conditions [21]. However, most of 78 

the work is based on deterministic models [21]. Many of the damage parameters are correlated with the 79 
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number of cycles to failure, by means of a power law. However, this type of representation can be also 80 

properly approximated by a hyperbolic function as given by the proposed probabilistic model. Therefore, 81 

this paper shows a simple way to integrate these multiaxial models into a probabilistic framework. 82 

83 

The software ProFatigue [22], initially developed for considering stress ranges or strain ranges as 84 

reference variables, can be applied straightforwardly to the fatigue data fitting using generalized fatigue 85 

parameters including energetic or multiaxial ones. 86 

87 

This paper is structured as follows: Section 2 details the proposed generalization model; Section 3 88 

includes examples of uniaxial models with mean-stress effects; Section 4 describes models for multiaxial 89 

loading conditions whereas Section 5 shows various examples. Last section presents some concluding 90 

remarks. 91 

92 

93 

2. GENERALIZATION OF THE PROBABILISTIC MODEL94 

95 

In the case of one-parameter deterministic damage representation, the life to initiate a macro-crack, which 96 

is generally termed the fatigue failure criterion, can be written as [16,21]: 97 

    (1) 

where  represents a fatigue damage parameter and  is a decreasing function of total life in terms of 98 

reversals to failure  or cycles . For example, Figure 1 illustrates the generic power law function 99 

used in the field, which can be written as: 100 

(2) 

where  is a fatigue (endurance) limit,   and   are material constants [16,21]. This deterministic power-101 

law model will be compared with the proposed probabilistic model for various fatigue damage 102 

parameters. Considerable amount of effort has been expended in defining a suitable empirical damage 103 

parameter  ; few examples include stress or strain-based formulations, plastic work, strain energy density 104 

or some function of these [21,23]. 105 

106 
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107 

Figure 1: Schematic representation of the deterministic power-law fatigue failure criterion, 108 

showing a damage threshold. 109 

110 

Using the above argument, a probabilistic fatigue failure criterion can be defined by three variables: 111 

probability ( ) of fatigue failure of a component when subjected to  reversals, the number of cycles to 112 

failure (  ), and a fatigue damage parameter ( ). In addition, material constants such as a threshold value 113 

of  (i.e. number of cycles for which the damage is theoretically infinite, denoted ) and a fatigue 114 

damage threshold (i.e. limit for infinite number of cycles to failure, denoted ) are needed to better 115 

define the correlation between the empirical damage parameter and the life to failure. 116 

117 

Employing the same rigorous statistical and physical assumptions of Castillo and Fernández-Canteli [5], a 118 

probabilistic Weibull regression model can be written in a compact form as: 119 

      (3) 120 

where   is a regression parameter and the function   has a logarithmic form: 121 

 (4) 122 

for  , , . These two constants can be determined from the experimental data using a 123 

constrained least-squares method. After this step, the set of values  (where  and T is the 124 

number of experiments) is fitted with a three-parameter Weibull distribution (Figure 2(a)): 125 

 . 126 

127 

For the determination of parameters of this distribution (  is the parameter defining the position of the 128 

corresponding zero-percentile hyperbola,  corresponds to the scale factor, and  is the Weibull shape 129 

parameter of the cumulative distribution function), the methods of maximum likelihood or probability 130 

weighted moments can be used [5]. It is noted here that the selection of Weibull distribution for variable 131 

 is not random but it is based on statistical conditions that such a model should satisfy as detailed in [5]. 132 

These conditions are: (a) weakest link principle, (b) stability, (c) limit behavior, (d) limited range, and (e) 133 

compatibility. Among them, the latter condition requires that the cumulative distribution function of the 134 

lifetime given the value of the damage parameter to be compatible with the cumulative distribution 135 
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function of the damage parameter given the lifetime. This condition translates into a functional equation 136 

which has only one acceptable solution, the 3-parameter Weibull distribution. 137 

138 

In the end, the generalized damage probabilistic field can be written as: 139 

(5) 

where   is the probability of failure,  (A=  ) and  (B=   ) are normalizing values and  , 140 

and  are the non-dimensional Weibull model parameters. 141 

142 

143 

(a)             (b) 144 

Figure 2: Schematic representation of (a) the probability of regression parameter v, (b) generalized 145 

probabilistic  -N field. 146 

147 

The main advantages of the generalised model are: (a) it provides an analytical probabilistic definition of 148 

the whole damage-life field as quantile curves, both in the low-cycle and high-cycle fatigue regions; (b) 149 

deals directly with the total damage, without the need of separating its elastic and plastic components as 150 

happens with the classical strain based fatigue damage parameters; (c) gives explicitly the probabilistic 151 

damage-life (p–ψ–N) field; (d) accounts for run-outs and specimens of different sizes. 152 

153 

Figure 2(b) illustrates the p–ψ–N Weibull field, which is characterized by percentile curves showing 154 

hyperbolic shape with two asymptotes: the horizontal one, having a clear physical meaning, represents the 155 

fatigue limit; the vertical one, denoted threshold value of lifetime, has a more controversial meaning as a 156 

limiting number of cycles. It is noted here and it will be shown in the examples below, that these model 157 

parameters B and C are not required to be positive; therefore these percentile curves can intersect the two 158 

axes. 159 

160 

Equation (5) is used below for various damage parameters and the results are compared with traditional 161 

deterministic models which in most of the cases are expressed using Equation (2). In the original 162 

contributions of Castillo and Fernández-Canteli [5], the stress and the strain amplitudes (  and ) are 163 
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used as fatigue damage parameters and both the Weibull or Gumbel distributions satisfy the statistical and 164 

physical requirements. The Gumbel field is a limiting case of the Weibull field, when  or even for 165 

values of  higher than, say, 6; therefore the Gumbel distribution was not considered here. By applying 166 

the same model to describe the probabilistic stress and strain fields, the authors already implicitly 167 

assumed the possibility of generalization of the model, despite no combined/complex damage parameters 168 

were used. 169 

170 

171 

3. DAMAGE PARAMETERS FOR UNIAXIAL LOADING CONDITIONS172 

173 

A short overview of the stress and strain notations is summarized here for a complete presentation. As 174 

illustrated in Figure 3, for a cyclically varying stress,  and  are the maximum and minimum 175 

stresses, respectively,  is the stress amplitude,  is the mean stress,  is the stress range, 176 

 is the stress ratio and: 177 

 ; (6) 

Similar definitions are applied to strain:  is the strain amplitude,  is the strain range,  is the 178 

mean strain, and  is the strain ratio. 179 

180 

The stress and strain amplitudes ) have been proposed as basic fatigue damage parameters to 181 

handle respectively with high- and low-cycle fatigue behaviours and those parameters were also selected 182 

by Castillo and Fernández-Canteli for the formulation of their probabilistic model [5]. Despite being basis 183 

choices to tackle fatigue damage, quickly one may find various limitations that can be overcome with 184 

composed fatigue damage parameters which some will be briefed in the following sections. 185 

Figure 3: Constant amplitude cyclic stressing and definitions of stress variables [24]. 186 

187 

188 

3.1. Smith-Watson-Topper damage parameter 189 

190 

To account for mean-stress effects, Smith et al. [19] proposed the following damage parameter: 191 

(7) 

which can be related to the fatigue life by means of the deterministic Morrow-Basquin equation [25,26]: 192 

(8)
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The same SWT parameter can be used with the proposed probabilistic formulation. In order to compare 193 

the deterministic model (8) with the proposed probabilistic model given by equation (5) for 194 

(9) 

an example is included in Section 5. 195 

196 

197 

3.2. Walker-like strain damage parameter for uniaxial loading conditions 198 

199 

Another strain-life fatigue model with mean-stress effect is the Walker model which can be written as 200 

[23,27]: 201 

(10) 

where, , ,  and  are material parameters and  is called the Walker fitting constant. For a 202 

given set of experimental results, the constants  and  are obtained first by the stress-life data fitting 203 

as the first term of equation (10) corresponds to the elastic strain. The second term of equation (10) 204 

corresponds to the plastic strain amplitude, therefore a linear-least-squares fit is performed in order to 205 

determine constants  and . The main advantage of this model is that  parameter introduces the 206 

sensitivity of the material to mean stress, giving this approach a versatility that is not possessed by the 207 

other common mean stress methods [28]. SWT-life model is a particular case for  . 208 

209 

A probabilistic Walker model was proposed by Apetre et al. [24], using equation (5) as a framework. The 210 

model assumes that the damage variable is: 211 

(11) 

212 

Using this variable with equation (5), the following percentile curves are obtained: 213 

(12) 

214 

A comparison of classical model (eq. (10)) and current model (eq. (12)) explains the difference between 215 

them. Both are based on five parameters and the left sides of these equations have the same expression. 216 

Nevertheless, the classical model separates elastic and plastic terms and their corresponding log-log 217 

variations are assumed linear, whereas the current model deals with total strain and the corresponding 218 

log-log variation is non-linear. Because these two equations are different,   and    are similar yet different 219 

(in other words, for a given data set,  and    cannot be compared).  An example is included in Section 5 220 

to illustrate this distinction. 221 

222 

223 

224 

225 
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3.3. Energy-based parameters for uniaxial fatigue loading conditions 226 

227 

Energy-based criteria can be classified into two categories depending upon which of the following 228 

hypotheses is used: the total absorbed energy to fracture is (1) constant and independent of the number of 229 

cycles to failure or (2) dependent on the number of cycles to failure, the latter being the most plausible 230 

hypothesis. Different energy-based parameters have been proposed within the framework of the second 231 

hypothesis; among them, the plastic strain energy range, W
P
 [29] and the total strain energy range per232 

reversal, [30] are mentioned here.233 

234 

In order to include mean-stress effects, Golos and Ellyin [31,32] defined an alternative version of the total 235 

strain energy range, , resulting from the superposition of the plastic strain energy range,  and 236 

the elastic strain energy range associated with the tensile stress, : 237 

(13) 

where  is the plastic strain range,  is the stress range,  is the cyclic strain-hardening exponent, 238 

and   is the elastic modulus. 239 

240 

Inspired by Morrow’s relation, a deterministic fatigue failure criterion can be written as: 241 

(14) 

where  and  , are material constants. Section 5 includes an example that 242 

compares the deterministic Equation (13) with the proposed probabilistic model Equation (5) for: 243 

(15) 

244 

245 

4. FATIGUE DAMAGE PARAMETERS FOR MULTIAXIAL LOADING CONDITIONS246 

247 

In this chapter a few representative damage parameters are included to illustrate a generalization of the 248 

Weibull field to describe multiaxial fatigue. 249 

250 

251 

4.1. Energy-based damage parameters 252 

253 

4.1.1. Proportional and biaxial non-proportional loading 254 

255 

For multiaxial fatigue, Ellyin [21] proposed a model based on a modification of energy density associated 256 

to one cycle of the strain history , which is a summation of plastic strain energy , divided by a 257 

multiaxial constraint ratio and the positive elastic strain energy , which allows the inclusion of 258 

mean stress effects: 259 
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(16) 

where     and  are the stress and plastic strain tensors,  and   
  are the principal stresses and the 260 

principal elastic strains,  is the period of one cycle and  is the Heaviside function (  for 261 

  and        for  ). The multiaxial constraint ratio    is defined as: 262 

(17) 

263 

where    is an effective Poisson’s ratio calculated from: 264 

(18) 

265 

and where    and  are the principal in-plane axial and transversal strain parallel to the free surface, and 266 

 is the radial strain (perpendicular to the free surface), given by: 267 

(19) 

The multiaxial constraint ratio  demonstrates the importance of the orientation of the free surface with 268 

respect to the imposed principal strains and for the following particular cases is defined as: 269 

(20) 

270 

A deterministic fatigue failure criterion can be written as: 271 

(21) 

where  ,   and   are material parameters to be determined from appropriate tests and     is the number 272 

of reversals to failure. To allow the generalization of the probabilistic Weibull model for multiaxial 273 

fatigue, the damage parameter       should be computed using Equations (16) –(20). 274 

275 

4.1.2. Non-proportional loading 276 

277 

The application of the energy-based parameter proposed by Ellyin to non-proportional loading requires 278 

the following modification of the multiaxial constraint factor,    [21]: 279 

(22) 

This means that the    parameter is evaluated using a ratio    taken at the instant when the shear strain in 280 

the direction 45 to the surface reaches its maximum value. 281 

282 

Section 5 includes examples that compare the deterministic equation (21) for proportional and non-283 

proportional loading with the proposed probabilistic model, Equation (5), with damage parameter defined 284 

as:  285 
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(23) 

where the two energy densities associated to one cycle of the channels of the strain history are given by 286 

Equation (16). 287 

288 

289 

4.2. Critical plane-based damage parameters 290 

291 

Another group of damage parameters for multiaxial fatigue is represented by the critical-plane 292 

parameters, among which two are presented here. Fatemi and Socie [33,34] and Fatemi and Kurath [35] 293 

proposed a shear-strain based multiaxial fatigue criterion that uses the following fatigue parameter (FP): 294 

(24) 

where      is the shear strain amplitude,         is the maximum normal stress on the critical plane,  295 

is the yield stress of the material and   is a material constant. Equation (24) defines the critical plane as 296 

the plane associated with the maximum shear strain amplitude. However Jiang et al. [36] defined the 297 

critical plane as the material plane where the fatigue parameter (  ) expressed by Equation (24) reaches a 298 

maximum. Jiang et al. [36] demonstrated the suitability of a power fatigue failure criterion to predict 299 

multiaxial proportional and non-proportional multiaxial loading paths: 300 

(25) 

where the model parameters         are determined by fitting experimental data. Section 5 compares 301 

this power-law deterministic model with the proposed probabilistic, model Equation (5), where the 302 

damage parameter is defined by: 303 

(26) 

304 

305 

5. APPLICATIONS306 

307 

In this section several sets of experimental data are used to demonstrate the accuracy of the proposed 308 

probabilistic framework to correlate distinct types of fatigue parameters with lifetime, covering uniaxial 309 

and multiaxial fatigue loading [37, 41-43]. The five models summarized above and used here are: SWT 310 

Equation (9), Walker-like Equation (11), energy-based for uniaxial loading Equation (15), energy-based 311 

for multiaxial loading Equation (23) and critical plane-based Equation (26).  312 

313 

The parameters of the probabilistic       fields (B, C, , , ) are estimated using the procedures 314 

proposed by Castillo and Fernández-Canteli [5], namely the constrained least square method (B, C) and 315 

the maximum likelihood method (, , ).  For each damage parameter, the probabilistic field is presented 316 

using the percentile curves corresponding to probability of failures of 1%, 5%, 50%, 95% and 99%.  317 

318 
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In addition to these percentile curves, the deterministic fitting curves described above are included [37]. 319 

Although shown on the same plots, the deterministic and the probabilistic models cannot be directly 320 

compared as they represent different mathematical expressions. Nevertheless, both models are included in 321 

the same plots for a pictorial comparison. As both models are based on fitting-data algorithms, these 322 

curves can be improved by using additional experimental data, for example in the very-low and very high 323 

cycle fatigue regions. 324 

325 

The fatigue experimental data used in this section were collected from the several references 326 

[10,21,23,28,29,36,37,39,40]. All experimental data were obtained at room temperature in laboratory air. 327 

The material from Eiffel bridge, ASTM A516 Gr. 70 and S460 steels were tested under constant 328 

amplitude loading, whereas the 2024-T3 aluminium was tested under variable and constant amplitude 329 

loading. 330 

331 

5.1. Smith-Watson-Topper damage parameter 332 

333 

Figure 4 illustrates the probabilistic fields correlating the  parameter with the 334 

number of cycles to failure,  for puddle iron from the Eiffel bridge [10,40]. Experimental data was 335 

obtained from smooth specimens tested under strain-controlled conditions (R=–1). The figure also 336 

includes the deterministic fitting according to Equation (8). Both models correlate well with the data in 337 

the range of the experimental data, however they diverge for very low-cycle fatigue regimes, the 338 

probabilistic model producing more consistent results. 339 

340 

Figure 4: p-  -Nf field for the puddle iron from the Eiffel bridge.
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5.2. Walker-like strain damage parameter 345 

346 

The probabilistic fields using Walker-like strain damage parameter Equation (11) was applied for the 347 

fatigue experimental results of the 2024-T3 aluminium alloy that were collected in reference [37] and 348 

used in various references [23,28,38,39]. Figure 5 presents the probabilistic fields of the Walker-like 349 

strain amplitude with the fatigue life, , and shows a very good correlation with the experimental data. 350 

The value for the Walker-like strain damage parameter    is equal to 0.60 for the range of data between 77 351 

and 2.7×10
6
 cycles to failure. This data set illustrates the importance of the model as the    value is not 0.5 352 

as in the Smith-Watson-Topper model [19]. 353 

354 

355 

Figure 5: p-ψ-Nf field for 2024-T3 aluminium, where 356 

357 

5.3. Energy-based parameter for uniaxial loading conditions 358 

359 

Figure 6 shows the probabilistic field correlating the energy-based fatigue damage parameter , 360 

Equation (15), with the number of cycles to failure, using the experimental data obtained for the Eiffel 361 

bridge material [40]. The original deterministic relation proposed by Ellyin [21] underestimates the 362 

fatigue lives in the medium region and overestimates fatigue lives for the low and high-cycle fatigue 363 

regimes. The 50% percentile curve of the proposed model fits in between the two deterministic lines for 364 

very low-cycle fatigue. For very high-cycle fatigue, the 50% percentile curve falls below the two 365 

deterministic fitted lines, suggesting a lower fatigue limit. However, the probabilistic model is able to 366 

correlate the fatigue limit region if adequate data, including run-outs is available for this region. Only one 367 

data point falls outside this band, proving the accuracy of the probabilistic model. 368 
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Figure 6: p- -Nf field for the puddle iron from the Eiffel Bridge. 369 

370 

371 

5.4. Energy-based fatigue damage parameters for multiaxial loading conditions 372 

373 

Figures 7 and 8 represent the probabilistic fields correlating the  energy-based fatigue 374 

damage parameter, Equation (23), and the number of cycles to failure, using the multiaxial experimental 375 

data available from the ASTM A516 Gr. 70 [21]. Figure 7 includes only proportional data whereas Figure 376 

8 includes both proportional and non-proportional data. In both cases, the comparison between the 50% 377 

percentile curve and the deterministic line of Equation (21) shows good agreement below 1×10
6
 cycles. 378 

However, a deviation is observed above this fatigue life, with the 50% percentile curve falling below the 379 

deterministic line which seems to have a fatigue limit plateau. 380 
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Figure 7. p- -Nf field proposed for the A516 Gr. 70.381 

382 

Figure 8. p- -Nf field proposed for the A516 Gr. 70 including non-proportional383 

loading data. 384 
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5.5. Critical plane based fatigue damage parameter for multiaxial loading conditions 389 

390 

Using data from tubular specimens made of S460 steel tested under pure tension-compression and pure 391 

torsion and trial-and-error procedure, Jiang et al. [36] identified the model parameters (   , 392 

 ) and obtained the following power law: 393 

where 

(27) 

(28) 

394 

Jiang et al. [36] demonstrated the suitability of Equation (27) to predict multiaxial proportional and non-395 

proportional multiaxial loading paths. Figure 9 shows the probabilistic field correlating the critical plane 396 

fatigue parameter, Equation (26), proposed by Fatemi et al. [34,35] and the number of cycles to failure 397 

obtained for the S460N structural steel grade. This figure shows a good agreement of the model with the 398 

experimental data. The experimental data has a very narrow scatter band with one exception point 399 

corresponding to the lowest fatigue life. Censoring this lowest lifetime data point, the probabilistic field 400 

of Figure 10 shows an even better fit of the model with the data. In both cases, the 50% percentile line 401 

and the deterministic power relation show a good agreement. 402 

403 

Figure 9. p-  -Nf field proposed for the S460N.
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Figure 10. p-  -Nf field proposed for the S460N with one experimental data point censored.

405 

406 

6. CONCLUSIONS407 

408 

A generalization of the Castillo and Fernández-Canteli probabilistic model is proposed in this paper by 409 

considering a generic fatigue damage parameter ψ and obtaining a family of Weibull percentile curves, p–410 

ψ–Nf. This proposal opens new perspectives for the application of the probabilistic model to a number of 411 

very general problems for estimating fatigue life of structural components. In particular, the proposed 412 

probabilistic model can be used as a suitable alternative to replace existing deterministic approaches to 413 

fatigue relating a damage parameter with the number of cycles. The model is applied to uniaxial fatigue 414 

damage parameter with mean-stress effects, and to uniaxial and multiaxial fatigue energy-based and 415 

critical plane based parameters. The model gives excellent results for various alloys (steel, puddle iron 416 

and aluminum) and can deal with the experimental scatter. 417 

418 

With this proposed generalized approach a straightforward probabilistic procedure is made available for 419 

fatigue problems were probabilistic approaches still have little penetration, which is the case of multiaxial 420 

approaches, which have been more concerned with new damage parameters development than tackle 421 

fatigue scatter in an appropriate way. Also, the model generalization to account for a diversity of fatigue 422 

damage parameters can also be extended to deal with size (scale) effects and non-uniform damage 423 

parameters fields, which is a topic to be addressed in forthcoming publications. 424 

425 
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