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ABSTRACT 

In the present paper, the fatigue behaviour of two Ductile Cast Irons 

(DCIs) is analyzed.  Both infinite and finite life fatigue tests are 

simulated by employing the Carpinteri et al. criterion.  Such tests, 

found in the literature, are related to DCI smooth specimens 

subjected to proportional and non-proportional constant amplitude 

cyclic loadings.  The theoretical results are compared with the 

experimental ones in terms of both fatigue endurance and fatigue 

life.  
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1. INTRODUCTION 

Cast irons are the most important casting materials (accounting for 

about 70% of the total world casting tonnage) due to their 

interesting combination of mechanical and technological properties.  

Moreover, the widespread use of such materials in several 

applications is also justified by their competitive price.  

Crankshafts, camshafts, pistons, cylinders, heavy sections of wind 

turbine components, railway brake disks, wheels are only a few 

examples of cast iron industrial applications [1]. 

Although cast irons have been used for thousands of years (dating 

back to 500 B.C. in China), the discovery of Ductile Cast Iron (DCI) 

occurred in the forties and gave a new lease of life to the cast 

iron family.  Until then, indeed, only long and expensive heat 

treatments had been performed on white cast iron (that is, cast iron 

containing carbides) in order to obtain the so-called malleable cast 

iron, characterised by a combination of good castability and high 

toughness values.  Since 1943, the simple addition of controlled 

amounts of magnesium or cerium to iron melt, prior to cast, made it 

possible to obtain a new cast iron containing nearly perfect graphite 

spheres (i.e. Ductile Cast Iron or Spheroidal Graphite Iron, SGI).  

Such a cast iron was characterised by both the same mechanical 

properties of the malleable cast iron and reduced production costs 

[2,3]. 

As has been previously mentioned, DCIs are able to combine the 

main advantages of cast irons (such as good castability and excellent 

machinability) with steel mechanical properties (e.g. high 
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mechanical strength, remarkable fatigue resistance, toughness, 

hardenability, ductility and hot workability) [4].  Note that the 

DCI mechanical properties depend on both the matrix microstructure, 

the graphite morphology (shape, dimension, distribution, volume 

fraction) and the presence of defects (inclusions, porosity, 

degenerate graphite). 

The matrix microstructure depends on the cooling cycles from the 

annealing temperature, and the matrix name is commonly used to 

designate the different types of DCIs (that is, ferritic, pearlitic, 

martensitic, bainitic, austenitic and austempered DCIs) [5].  As an 

example, ferritic matrix is characterised by high ductility and 

limited tensile strength, whereas pearlitic matrix gives the 

material very high strength, good wear resistance but moderate 

ductility [6].  Note that solution strengthened ferritic DCIs have 

been recently developed in order to improve their mechanical 

properties with respect to traditional ferritic-pearlitic DCIs.  The 

static and fatigue properties of such innovative DCIs, characterised 

by a very long solidification time, have been recently examined by 

Borsato et al. [7]. 

As far as graphite elements (also named graphite nodules) are 

concerned, it is well-known that their morphology has a significant 

influence on both the mechanical behaviour (see for instance Ref. 

[8]) and the thermal response [9] of DCIs, and also plays a 

fundamental role in the crack initiation and propagation processes 

[10].  Regarding the latter aspect, the analysis of the graphite 

nodule influence on DCI damaging mechanisms is not a trivial issue, 
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since such mechanisms depend on both the loading conditions (static, 

quasi-static, cyclic, dynamic loading) and the matrix microstructure 

[11].  Consequently, a lot of effort has been made by the Scientific 

Community to better examine the different failure mechanisms 

occurring in DCI specimens [12-14].  In such a context, the 

systematic experimental investigation performed by Iacoviello et al. 

[15-18] certainly deserves to be mentioned. 

Under cyclic loading, the influence of both the graphite nodules 

and matrix microstructure on fatigue crack mechanisms has not been 

univocally determined.  Consequently, this research topic is still 

open and worthy of investigation [19-21].  For instance, by only 

analyzing the most recent published papers, Hosdez et al. have 

employed a projective digital image correlation method to identify 

a crack propagation law for DCI specimens under Mode I cyclic loading 

[22].  The fatigue damage mechanisms of a ferritic DCI under 

multiaxial non-proportional cyclic loading have been experimentally 

and analytically examined by Kachit and Verdue [23].  Further, the 

overload influence on crack propagation mechanisms of fatigue pre-

cracked specimens (made of a ferritic-pearlitic DCI) has been 

experimentally investigated by Iacoviello et al. [24].  The effects 

of both graphite morphology and ferritic nitrocarburizing on the 

corrosion-fatigue behaviour of a ferritic DCI have been also 

discussed in Refs. [25,26].  

In the present paper, the High Cycle Fatigue (HCF) behaviour of 

DCI specimens under both uniaxial and biaxial cyclic loading is 

theoretically examined.  In particular, several sets of fatigue tests 
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available in the literature [27-29] are hereafter simulated by 

applying the critical plane-based multiaxial fatigue criterion 

proposed by Carpinteri et al. (Ref. [30]).  Note that the fatigue 

behaviour of DCI smooth specimens has been recently evaluated through 

such a criterion for fatigue tests performed in the finite life 

regime [31,32].  The novelty of the present paper is to also model 

infinite life tests (where the number of loading cycles is considered 

“infinite” when it varies between approximately 1 to 100 million).  

Another novelty aspect of the present paper is related to the 

material investigated.  In more detail, the accuracy of the 

Carpinteri et al. criterion has been extensively assessed by taking 

into account steels, aluminium alloys and gray cast irons, whereas 

no simulations involving DCIs have been so far performed.  

The basic concepts of such a multiaxial fatigue criterion are 

outlined in Sections 2.  Then, the examined infinite and finite life 

tests are discussed in Section 3.  The effectiveness of the above 

criterion is evaluated in Section 4 and, finally, some conclusions 

are drawn in Section 5.  

 

 

2. FUNDAMENTALS OF THE CARPINTERI ET AL. CRITERION 

The multiaxial fatigue criterion here employed to theoretically 

examine the fatigue behaviour of DCI smooth specimens is that 

proposed by Carpinteri et al. [30].  Such a criterion, based on the 

so-called critical plane approach, allows us to estimate the fatigue 

strength or fatigue life of metallic structural components under 
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both proportional and non-proportional constant amplitude cyclic 

loadings.  The criterion is formulated in terms of stresses for High‐

Cycle Fatigue (HCF) regime.  Its flowchart is shown in Figure 1. 

First of all, some material fatigue properties have to be set: 

the fatigue strengths 1,af  and 1,af  under fully reversed normal 

stress and shear stress, respectively; the inverse slopes k  and *k  

related to the S-N curves under fully reversed normal stress and 

shear stress, respectively; the ultimate tensile strength u . 

 

Figure 1 

 

Subsequently, by considering the stress tensor at the material 

point P  of a structural component, the fatigue strength assessment 

is performed on a verification plane, named critical plane, which 

is determined by using a two-step procedure: 

(i) computation of averaged principal stress directions 3̂,2̂,1̂  at point 

P , by employing a suitable weight function; 

(ii) determination of the vector w , normal to the critical plane, 

which is linked to the averaged maximum principal stress direction 

1̂. 

Details on the procedure employed for critical plane determination 

are reported in Appendix A. 

Once the critical plane is identified, a local frame Puvw is 

adopted: 
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- the u -direction is represented by the intersection line between 

the critical plane and the plane defined by w  and Z -axis; 

- the v -direction forms an orthogonal frame with u  and w . 

The normal, N , and shear, C , components of the stress vector wS , 

related to the above local frame, are computed at each time instant 

of the fatigue loading history.  During a loading cycle, the 

direction of N  is fixed with respect to time and, consequently, its 

amplitude aN  and mean value mN  are readily evaluated.  Conversely, 

the amplitude aC  of the shear stress vector is not uniquely defined, 

since the direction of C  is time-varying.  In the present paper, 

the Maximum Rectangular Hull (MRH) method [33] is adopted for the 

computation of aC . 

Then, the fatigue endurance condition can be quantified by 

equating the equivalent uniaxial stress amplitude eq,a  to the fatigue 

strength 1,af : 

2
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Finally, by exploiting the Basquin relationships for both fully 
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where 0N  and 0
*N  are the reference numbers of loading cycles under 

fully reversed normal stress and shear stress, respectively.  In 

practice, it is reasonable to consider 6
0 0 2 10*N N   .  The above 

equation provides the number of loading cycles to failure, calN , by 

performing an iterative procedure. 

 

 

3. UNIAXIAL AND MULTIAXIAL FATIGUE DATA EXAMINED 

The Carpinteri et al. criterion is here applied to some fatigue tests 

(Refs [27-29]) on smooth specimens made of DCIs, subjected to 

constant amplitude uniaxial and biaxial loading.  In particular, the 

data related to both infinite [27,28] and finite life tests [29] are 

examined in the following Sub-Sections. 

 

3.1 Infinite life fatigue tests  

Regarding infinite life tests, the experimental campaign reported in 

Refs [27,28] is characterised by a number of loading cycles mostly 

greater than 1·106 cycles. 

The investigated material is a commercial DCI, identified as EN-

GJS-700-2, with a pearlitic matrix and uniformly distributed 

spheroidal graphite nodules.  The metallographic examination was 

performed by using an optical microscope and a SEM, proving that the 

microstructure was fully pearlitic.  Moreover, graphite nodules, 

intercellular carbides and shrinkage porosity were also observed.  
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The formation of shrinkage porosity (i.e. metallurgical defect) is 

mainly due to the excess content of both molybdenum and phosphorus.  

Note that molybdenum is added to favour the formation of spheroidal 

graphite, whereas the addition of phosphorus allows to increase the 

fluidity of the molten state during casting. 

In order to improve the fatigue properties of DCI EN-GJS-700-2, 

a stress relieving heat treatment process was performed, thus 

eliminating tensile residual stresses left from manufacturing 

processes.  

The experimental data are related to constant amplitude uniaxial 

and biaxial cyclic loadings.  The sequences of such loadings were 

applied according to the staircase method [27].  Uniaxial fatigue 

tests, as well as biaxial ones, were conducted under load control 

on small cylindrical smooth specimens.  Such specimens, cut from 

large section of DCI, were characterised by different diameters of 

the gauge section, namely 7 mm for tensile tests and 16 mm for 

torsional and biaxial ones.  The geometrical sizes of the specimens 

subjected to torsional and biaxial loading are shown in Figure 2(a). 

 

Figure 2 

 

Regarding tensile fatigue tests, a Rumul machine with a maximum 

load up to ±50 kN was used, whereas torsional and biaxial tests were 

performed by means of a servo-hydraulic biaxial test system (Walter 

+ Bai LFV250–T2200, with axial load up to 250 kN and torques up to 

2200 Nm with a ±50° torsional angle).   
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The uniaxial fatigue tests were performed under fully reversed 

tension or fully reversed torsion (i.e., 1R   ).  In the biaxial 

tests, the specimens were subjected to a pulsating compression and 

an alternating torsion with a phase shift   equal to 90°. 

Each specimen was assumed to fail when a visible crack appeared 

during the experiment, whereas the run-out condition was defined in 

correspondence to a number of loading cycles equal to 107 cycles.    

The experimental data here examined are reported in Tables 1-3, 

where   and   are the applied normal and shear stresses, 

respectively.  Moreover, the subscripts a  and m  refer to amplitude 

and mean value of the above stresses, respectively.  The experimental 

number of cycles to failure, expN , for each specimen is also listed 

in Tables 1-3. 

 

Table 1 

Table 2 

Table 3 

 

From uniaxial data (Tables 1,2), the fully reversed fatigue 

strengths (that is, 1,af  and , 1af  ), computed through the method of 

Hodge-Rosenblatt (for more details, see Ref. [27]), are reported in 

Table 4.  Since the ultimate tensile strength u  was not measured 

during the experimental campaign, its value (listed in Table 4) is 

taken from Ref. [34]. 
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Table 4 

 

After fatigue tests, all surfaces of the broken specimens were 

examined by means of SEM, observing that fatigue cracks nucleated 

from the largest surface of the shrinkage porosity, which behaved 

as a stress riser.  Then, cracks propagated towards the specimen 

surface.    

 

3.2 Finite life fatigue tests  

Regarding finite life tests, the experimental campaign reported in 

Ref. [29] is characterised by a number of loading cycles between 104 

and 3·106 cycles.   

The investigated material is a commercial DCI, identified as EN-

GJS-400-18, with ferritic matrix and spheroidal graphite nodules.  

From the microstructural investigation, the following averaged 

properties were obtained: nodule count equal to ≈50 nod. No./mm2 (x 

100), nodularity equal to ≈80÷85%, average nodule size equal to 

≈50μm, and ferritic content equal to ≈90%.  Accordingly, the quality 

of the investigated DCI was considered sufficiently good, as is 

proved by the high ratio of the graphite nodularity. 

The experimental data are related to constant amplitude uniaxial 

and biaxial cyclic loadings.  In particular, both uniaxial and 

multiaxial fatigue tests were performed under load control on small 

cylindrical smooth specimens, with a gauge section diameter equal 

to 12.5 mm (see Figure 2 (b)).  Such specimens were produced by 
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coring a very large structural component in a potential critical 

zone. 

For tensile fatigue tests, a MTS 810 servo-hydraulic testing 

machine with a 250kN axial load cell was used, whereas torsional and 

biaxial tests were performed by means of a MTS 809 servo-hydraulic 

biaxial testing machine with a 100kN axial load cell and a 1100Nm 

torsional load cell. 

The tensile fatigue tests were carried out by considering both 

positive and negative mean values of the applied stress (that is, 

0 5 0 3R . , ,  ).  Moreover, fully reversed tensile loading (i.e. 1R  

) was also applied.  In the torsional fatigue tests, the loading 

mean value ranged from a positive value (for 0R  ) to zero (for 

1R   ).  Finally, in the biaxial tests, the specimens were subjected 

to both fully reversed tensile and torsional loading with a phase 

shift   equal to 0° or 90°.    

Each specimen was assumed to fail when its complete separation 

occurred during the fatigue test, whereas the run-out condition was 

defined at a number of loading cycles equal to about 3·106 cycles.     

The details of the experimental loading conditions are reported 

in Refs [29,32].  Moreover, the material fatigue properties (listed 

in Table 4) were computed from uniaxial data, whereas the value of 

u  was adopted according to the DCI designation. 

After fatigue tests, no clear and unique evidence was obtained as 

far as the crack nucleation direction was concerned, since it 

strictly depended on both microstructural properties and local 

defect distribution (for more details, see Ref. [29]). 
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4. CRITERION VALIDATION: DISCUSSION OF RESULTS 

In order to assess the Carpinteri et al. criterion accuracy in 

estimating fatigue endurance, both infinite and finite life fatigue 

tests (described in Section 3) have been simulated.  In particular, 

the fatigue endurance condition, given by Eq.(1), is illustrated by 

the aC  against eq,aN  diagram, reported in Figures 3 and 4 for infinite 

life tests and in Figure 5 for finite life tests. 

Accordingly, each point ( )eq,a aN ,C  in these diagrams represents the 

stress level associated with a given experimental test, whereas 

Eq.(1) defines the ellipse with semi-axis equal to 1af ,   and 1af ,  .  

Fatigue failure occurs if point ( )eq,a aN ,C  lies out of the elliptical 

domain, whereas the safe domain is located inside the elliptical 

domain. 

It can be highlighted that different tests carried out at the 

same stress level are represented by only one point in the aC  against 

eq,aN  diagram, according to the Carpinteri et al. criterion.  

Moreover, if such tests experimentally show both failures and run-

outs, the criterion should predict the most conservative condition 

(that is, failure of the specimen) in order to be regarded as a 

powerful engineering tool in fatigue design. 

For uniaxial fatigue tests at infinite life (see Figure 3(a) for 

tensile loading, and Figure 3(b) for torsional loading), the above 
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criterion estimates failure for tests No. T1 and No. T4, in agreement 

with the experimental observations (see Tables 1 and 2). On the other 

hand, the experimental data points corresponding to tests T11 and 

T16-T18 fall inside the elliptical domain, in agreement with the 

experimental run-outs.  The data points corresponding to tests T5-

T6 and T12-T15 should be located outside the ellipse, since failures 

were observed.  However, such points lie very close to the failure 

curve and, consequently, the criterion allows to estimate a condition 

of incipient failure.  Finally, for tensile tests T2-T3, T7-T8 and 

T9-T10, which experimentally showed both failures and run-outs 

(Table 1), the criterion is able to predict the failure condition 

only for test T2-T3.  However, data points corresponding to tests 

T7-T8 and T9-T10 are very close to the ellipse within the error band 

equal to 20%  (see the dashed lines in Figure 3(a)). 

 

Figure 3 

 

For biaxial fatigue tests at infinite life (Figure 4), the above 

criterion estimates run-outs for tests No. T35 and No. T36, in 

agreement with the experimental results.  For biaxial tests T19, 

T20-23 and T24-26, the data points lie very close to the ellipse, 

that is to say, the criterion does not estimate the experimental 

failures, but rather a condition of incipient failure.  Note that, 

since tests T20-23 are characterised by a large dispersion in terms 

of expN  values, the accuracy of the result obtained by means of the 

criterion is difficult to be discussed.  Finally, non-conservative 
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predictions (that is, run-outs) are obtained for tests T27-T30 and 

T31-T34, even if failures of some specimens were observed. 

 

Figure 4 

 

For uniaxial and biaxial fatigue tests at finite life (Figure 5), 

the criterion estimates failure for almost all tests, in agreement 

with the experimental outcomes.  The data points falling inside the 

elliptical domain correctly represent experimental run-outs. 

 

Figure 5 

 

Regarding the finite life fatigue tests, the Carpinteri et al. 

criterion allows to estimate the number calN  of loading cycles to 

failure.  In particular, calN  is calculated through Eq. (3) for all 

fatigue data presented in Sub-Section 3.2, with the exception of 

those related to run-out conditions. 

The comparison between experimental, expN , and estimated, calN , 

fatigue life is shown in Figure 6.  Note that the dashed lines 

correspond to scatter band 2x, i.e. 2cal expN N   and 1 2 , and the 

dash-dot lines correspond to scatter band 3x, i.e. 3cal expN N   and 

1 3. 

From such graphs, it can be observed that: 
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(i) for tensile fatigue loading (Figure 6(a)), 82% of the results 

fall within the scatter band 2x, whereas 100% of the results fall 

within the scatter band 3x; 

(ii) for torsional fatigue loading (Figure 6(b)), 60% of fatigue 

life calculations are included into scatter band 2x, whereas 90% of 

such calculations are included into scatter band 3x; 

(iii) for biaxial fatigue loading (Figure 6(c)), 36% of the 

results fall within the scatter band 2x, whereas 100% of the results 

fall within the scatter band 3x. 

 

Figure 6 

 

Further considerations on the accuracy of the Carpinteri et al. 

criterion in estimating the fatigue life can be also made by 

examining the values of the mean square error defined as follows: 

10 RMS
E

RMS
T   (4) 

where RMSE  is given by: 

 2

1

log
j

exp cal ii
RMS

N N

E
j




 

(5) 

 

being j  the number of fatigue data being examined.  According to 

Eq. (4), if all the calculated results fell within the scatter band 

3x, the value of RMST  would be lower than 3. 

Figure 7 shows the RMST  value computed for the different loading 

conditions here examined.  In particular, such a value is always 

lower than 3, proving that the agreement between experimental and 
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calculated fatigue lives is satisfactory, independent of the loading 

condition (that is, both proportional and non-proportional uniaxial 

and biaxial loading). 

 

Figure 7 

 

 

5. CONCLUSIONS 

In the present paper, the HCF behaviour of DCI smooth specimens is 

theoretically examined.  In particular, several sets of uniaxial and 

biaxial fatigue tests available in the literature have been simulated 

through the critical plane-based fatigue criterion proposed by 

Carpinteri et al. [30]. 

The experimental results herein analyzed are related to both 

infinite and finite life fatigue tests performed on DCI EN-GJS-700-

2 and DCI EN-GJS-400-18 smooth specimens, respectively.  Both 

proportional and non-proportional cyclic loadings have been 

investigated. 

By means of the above criterion, an accurate evaluation of the 

fatigue endurance condition is achieved for both materials here 

examined. 

Moreover, regarding the finite life fatigue tests, the results in 

terms of number of loading cycles to failure are satisfactory, 

falling into scatter band 3x and being the mean value of RMST  equal 

to about 2.11. 

Based on such encouraging results, it can be pointed out that the 

above criterion correctly simulates the fatigue behaviour of DCI 
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specimens.  As future perspectives of this research work, the 

influence of metallurgical defects, dislocated in DCI specimens, on 

the definition of the proper fatigue strength values will be 

assessed. 
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NOMENCLATURE 

aC  amplitude of the shear stress component on the critical 

plane 

k  inverse slope of the S-N curve under fully reversed normal 

stress 

*k  
inverse slope of the S-N curve under fully reversed shear 

stress 

aN  amplitude of the normal stress component perpendicular to 

the critical plane 

calN  calculated number of loading cycles to failure 

eq ,aN  equivalent normal stress amplitude 

expN  experimental number of loading cycles to failure 

mN  mean value of the normal stress component perpendicular 

to the critical plane 

0N  reference number of loading cycles under fully reversed 

normal stress  

0
*N  

reference number of loading cycles under fully reversed 

shear stress 

Puvw local frame attached to the critical plane 

P123ˆ ˆ ˆ  averaged principal stress frame 

R loading ratio 

RMST  mean square error value 

w  normal vector to the critical plane 


 

phase shift between normal stress and shear stress 

  applied normal stress  

1af ,   
material fatigue strength under fully reversed normal 

stress 

eq,a
 

equivalent uniaxial stress amplitude 

u
 

material ultimate tensile strength 

  applied shear stress  

1af ,   
material fatigue strength under fully reversed shear 

stress 
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Subscripts  

a  amplitude 

m  mean value 
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Appendix A – Critical plane orientation according to the Carpinteri 

et al. criterion 

The determination of the critical plane orientation according to the 

procedure proposed by Carpinteri and co-workers [30] is here 

explained. 

Let us consider the stress state at point P  of a generic 

structural component, for a generic time instant t of the fatigue 

loading history.  The principal stresses 1 , 2  and 3  (with 1 2 3   

) and the corresponding principal stress directions 1, 2 and 3 

(identified by means of the principal Euler angles  ,   and  ) can 

be computed.  Since the principal directions are generally time-

varying under multiaxial fatigue loading, Carpinteri et al. 

suggested to evaluate the averaged principal stress directions 1, 2ˆ ˆ  

and 3̂ by averaging the principal Euler angles on one cyclic loading 

period T : 

 

0

1ˆ ( ) ( )

T

t W t dt
W

    

(A.1) 

0

1ˆ ( ) ( )

T

t W t dt
W

    

0

1
ˆ ( ) ( )

T

t W t dt
W

    

 

where  W T  is the weight function expressed by 
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 (A.2) 

 

being 1,max  the maximum value achieved by  1 t  during T . 

The unit vector w , normal to the critical plane, is assumed to 

be linked to the 1̂-direction through an off-angle  , computed by 

the following empirical expression: 
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  (A.3) 

 

Such a rotation   is generally performed in the 13ˆ ˆ plane, where 1̂ 

and 3̂  are the averaged directions of maximum and minimum principal 

stress, respectively. 
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Figure 1. Flowchart of the critical plane-based criterion by 

Carpinteri et al. [30]. 
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Figure 2.  Geometrical sizes (expressed in mm) of specimens 

subjected to: (a) torsional and biaxial loading at infinite life 

[27,28]; (b) uniaxial and biaxial loading at finite life [29]. 
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Table 1. Infinite life fatigue tests: tensile loading condition 

[27,28]. 

TEST NO. 
a  [MPa] m  [MPa] expN  [cycles]  

T1 260 0 2.46·106 Failed 

T2 240 0 1.20·107 Run-out 

T3   1.39·106 Failed 

T4 220 0 7.29·105 Failed 

T5 200 0 8.09·106 Failed 

T6   2.03·105 Failed 

T7 180 0 4.18·106 Failed 

T8   1.19·107 Run-out 

T9 160 0 2.72·106 Failed 

T10   1.20·107 Run-out 

T11 140 0 1.20·107 Run-out 

 

Table 2. Infinite life fatigue tests: torsional loading 

condition [27,28]. 

TEST NO. 
a  [MPa] m  [MPa] expN  [cycles]  

T12 190 0 9.76·105 Failed 

T13   8.80·105 Failed 

T14   7.77·105 Failed 

T15   1.66·106 Failed 

T16 165 0 1.00·107 Run-out 

T17   1.01·107 Run-out 

T18   1.00·107 Run-out 
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Table 3. Infinite life fatigue tests: biaxial loading condition 

[27,28]. 

TEST NO. 
a  [MPa] m  [MPa] a  [MPa] m  [MPa]   [°] 

expN  [cycles]  

T19 300 -300 150 0 90 1.34·106 Failed 

T20 250 -250 125 0 90 1.00·107 Failed 

T21      9.11·105 Failed 

T22      3.91·106 Failed 

T23      2.71·106 Failed 

T24 225 -225 150 0 90 9.93·105 Failed 

T25      1.12·106 Failed 

T26      1.40·106 Failed 

T27 200 -200 100 0 90 9.17·106 Run-out 

T28      9.32·106 Failed 

T29      1.00·107 Run-out 

T30      1.00·107 Run-out 

T31 187.5 -187.5 125 0 90 1.00·107 Run-out 

T32      5.94·106 Failed 

T33      2.58·106 Failed 

T34      1.02·107 Run-out 

T35 150 -150 100 0 90 1.00·107 Run-out 

T36 150 -150 75 0 90 1.01·107 Run-out 

 

Table 4. Static and fatigue properties of the two DCIs examined. 

MATERIAL
 

u  [MPa] , 1af   [MPa] , 1af   [MPa] k  
*k  0N  [cycles]

 
DCI EN-GJS-700-2 689 197 178 - - - 

DCI EN-GJS-400-18 460 173 167 -0.078 -0.099 2·106 
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Figure 3. Fatigue endurance assessment for infinite life fatigue 

tests under: (a) tensile loading; (b) torsional loading [27,28]. 
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Figure 4. Fatigue endurance assessment for infinite life fatigue 

tests under biaxial loading [27,28]. 
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Figure 5. Fatigue endurance assessment for finite life fatigue 

tests under: (a) tensile loading; (b) torsional loading; (c) 

biaxial loading (R=-1) [29]. 
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Figure 6. Comparison between experimental and computed fatigue 

life: (a) tensile loading; (b) torsional loading; (c) biaxial 

loading (R=-1) [29]. 
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Figure 7. Mean square error computed for finite life fatigue 

tests [29]. 
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