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This paper studies the thermal effects associated with the propagation of a fatigue crack in a gigacycle fatigue regime. Ultrasonic fatigue 
tests were carried out on a high-strength steel. The temperature fields measured by infrared thermography show a significant and very 
local increase in the temperature just before fracture. In order to better understand these thermal effects and to make a connection with the 
initiation and the propagation of the fatigue crack, a thermomechanical model is developed. The fatigue crack is modeled by a cir-cular 
ring heat source whose radius increases with time. The numerical resolution of the thermal problem allows determination of the time 
evolution of the temperature fields in specimens and shows a good correlation with experiment. These results provide experimental proof 
that in a very high cycle regime, the propagation stage of the crack constitutes a small part of the lifetime of the specimen.
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1. Introduction

In the lifetime of mechanical structures, many elements
can be loaded beyond 107 cycles. Consequently, there is
interest in very high cycle fatigue (VHCF) regimes or giga-
cycle fatigue regimes. For several years, many researchers
have thus been exploring these VHCF regimes [1]. It has
been found and highlighted that the fracture mechanisms
associated with VHCF are partially different from those
known more classically in high cycle fatigue (HCF). For
example, it was shown that fatigue failure can occur at
more than 107 cycles and at stress levels below the conven-
tional HCF limit. Moreover, it has also been shown that in
a VHCF regime, and particularly in high yield strength
steels, the fracture does not occur on the surface but rather
internally in the material [2]. This fracture initiation is
* Corresponding author.
E-mail address: nicolas.ranc@paris.ensam.fr (N. Ranc).

1

characterized by the formation of a fish eye. The various
mechanisms are not currently very well known because of
experimental difficulties, such as very long test duration.
In the gigacycle fatigue regime, testing is carried out at
ultrasonic frequencies, in order to save time and to perform
109 cycles in a reasonable time. This means that the thermal
dissipation is higher than at low frequencies. One question
is also of interest: is it possible to use the temperature
growth to understand the fatigue initiation in the very high
cycle regime?

Many authors have been interested in using temperature
measurements at the beginning of the fatigue test (about
10,000 cycles) to understand, for example, the effect of
the stress amplitude on the temperature rise [3–7] and ther-
mal dissipation [8–10]. These studies were carried out in the
HCF regime and not in the very VHCF regime because not
many authors were really interested in the fracture stage.

Fish eye formation, i.e. crack propagation, inside the
material in the gigacycle fatigue regime is related to a local
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increase in the temperature. For this reason we have stud-
ied the temperature field, the thermal dissipation and the
mechanical damage during VHCF tests.

The main objective of this paper is to use thermal mea-
surement during fish eye formation in ultrasonic testing in
order to understand better the fracture mechanisms in the
VHCF regime. According to the experiments the tempera-
ture growth is small in aluminium alloys, and therefore
development of the fish eye is difficult to observe. Conse-
quently high-strength steel has been chosen for this study
in order to obtain good experimental conditions.

First we will detail the temperature field measured dur-
ing two VHCF tests. In order to understand these temper-
ature fields, a model is proposed of the thermal effects
associated with fatigue crack propagation. Finally, a com-
parison is made of the experimental results and the temper-
ature fields obtained with the model, and crack initiation is
also discussed.
Horn

Specimen

Computer

Fig. 1. Ultrasonic fatigue test: (a) geometry of the specimen and (b)
ultrasonic fatigue machine.
2. Experimental study

In this study, we carried out VHCF tests on a steel with
0.2% C and low alloyed with Mn, Cr and Si, each with less
than 1%. This steel is quenched and tempered in order to
obtain a yield stress of about 2000 MPa. Its microstructure
is martensitic with some residual austenite. In order to
carry out tests beyond 108 cycles in reasonable times, an
ultrasonic machine is used which allows high-frequency
loading (about 20 kHz). The geometry of the specimen,
which is shown in Fig. 1a, is axisymmetric. The radius of
the test section, noted R1, is equal to 1.5 mm. The radius
of the specimen ends was made equal to 5 mm. In order
to obtain a resonant vibration frequency of the specimen
at 20 kHz, the lengths L1 and L2 were chosen as 16 and
10 mm, respectively. The specimen is fixed at one of the
ends of the horn of the ultrasonic machine. The experimen-
tal device is represented in Fig. 1b. The specimen is loaded

in tension compression R ¼ rmin

rmax
¼ �1

� �
. The ultrasonic

fatigue technique is not detailed in this paper; however,
more information can be found in Ref. [2], for example.

During a cyclic loading, a homogeneous increase in
specimen temperature is observed. Three different types
of heat sources can be noted. The first is associated with
the thermoelastic coupling [11]. As this effect is reversible,
it generates an oscillation of the temperature at each cycle.
The amplitude of this oscillation is in general very low
(about 0.6 �C in our case). The second is associated with
plastic dissipation of the mechanical energy into heat. This
phenomenon is not reversible and the dissipated energy
accumulates for each cycle. In our case, this effect is gener-
ally higher than that generated by the thermoelastic cou-
pling (a few tens to a few hundred degrees). Lastly, in
some materials, we can observe an exothermic phase tran-
sition during strain which creates an additional heat source
(latent heat associated with a martensitic transformation,
for example) [12].
2

In the experiment, the specimen is cooled by an air cir-
culation at 20 �C, in order to limit its heating. Thanks to
the forced convection on the specimen surface, we can
ensure that the average temperature of the specimen during
the test is between 200 and 300 �C. If we overestimate the
convection coefficient h to 200 W m�2 K�1, we can calcu-
late the Biot number Bi ¼ hR1

2k associated with the specimen.
If we choose a thermal conductivity k ¼ 52 W K�1 m�1, we
find a Biot number of 2:9� 10�3. As this number is small
compared with unity, it is considered that the temperature
is homogeneous over the specimen radius, in spite of the air
circulation.

In order to measure the temperature on the specimen
surface, and therefore to detect the associated plastic defor-
mation, an infrared camera is used. The spectral range of
this camera is in the near-infrared domain (between the
wavelengths 3.7 and 4.8 lm). The aperture time is 10 ls
and the acquisition frequency is 10 or 100 Hz. A 50 mm
focal length objective permits a spatial resolution of
0.12 mm per pixel. The entire width of the gage section
can be visualized thanks to the large size of the matrix
(64� 80 pixels). The camera is calibrated on a black body
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Fig. 2. Temperature evolution on the specimen surface during ultrasonic
fatigue test without fracture (Dr ¼ 315 MPa).
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Fig. 3. Temperature evolution on the specimen surface just before fracture
(Dr ¼ 335 MPa; NF ¼ 8:37� 107 cycles).
in the temperature range 50–400 �C. The specimen was
covered with a fine coating of a strongly emissive black
paint in order to limit the errors associated with emissivity
of the surface. This paint resists temperatures of up to
600 �C.

Two tests were carried out. Fig. 2 shows the temperature
evolution in the center of the useful part of the specimen
during the first fatigue test with a stress amplitude of Dr
of 315 MPa. This test was stopped at approximately 107

cycles without fracture. In Fig. 2, we can see an initial
increase in the temperature (until 3� 105 cycles) until the
first stabilization towards approximately 245 �C, followed
by a cooling and a new stabilization towards a temperature
of 228 �C after approximately 4� 106 cycles. At the begin-
ning of test, the mechanical energy dissipated into heat gen-
erates an increase in the specimen temperature. After a few
seconds, a stationary regime is reached in which there is a
balance between this heat source and the energy lost by
conduction and convection. The temperature remains
homogeneous in the specimen throughout the test dura-
tion. The first stabilization corresponds to a domain where
there is microplastic strain and a martensitic transforma-
tion that is exothermic. After approximately 2� 106 cycles,
this transformation ends and the dissipated power
decreases. The temperature decreases then slightly and is
again stabilized.

A second test was carried out with a stress amplitude of
335 MPa. During this test the fracture takes place at
8:37� 107 cycles. Fig. 3 shows the maximum temperature
evolution on the specimen surface near the end of the test.
It is noted that an abrupt increase in this temperature
occurs just before the fracture. The thermographs of Fig.
4 show the temperature fields on the specimen surface at
various moments from Fig. 3. The increase in the temper-
ature is and becomes increasingly heterogeneous when
one approaches the fracture.

It is supposed that just before the fracture, this local
increase in the temperature is associated with the propaga-
tion of a fatigue crack in the specimen. At each cycle the
plastic strain at the crack tip creates a mobile heat source
in the specimen which depends on time. The temperature
variation associated with this heat source is then observed
by the infrared camera. A postmortem observation of the
fracture surface (Fig. 5) highlights a fish eye which is char-
acteristic of the propagation of a circular crack during
VHCF fracture. In Fig. 5, it is possible to characterize
the position of the inclusion which initiated crack propaga-
tion. Fig. 6 shows an observation by scanning electronic
microscopy of the inclusion in the center of the fatigue
crack. From Figs. 5 and 6 we can then estimate, on the
one hand, the eccentricity e ¼ 0:81 defined as the ratio of
the distance between the center of the specimen and the
center of the inclusion which initiated the crack to the spec-
imen radius, and on the other hand, the average size of
inclusion aint ¼ 7:6 lm. We can also quantify the crack
radius aR ¼ 0:285 mm when the crack reaches the surface
of the specimen.
3

3. Modeling and discussion

The objective of this discussion is to predict the thermal
effects associated with the propagation of the fatigue crack
by using the crack propagation models available in the lit-
erature. Indeed, several recent works have modeled the ini-
tiation of fish eye fatigue crack propagation from an
internal defect (inclusion or porosity) [2,13–15]. The results
obtained for the temperature fields will be compared with
the experiment.

3.1. The model of crack propagation

In order to describe the growth of the fatigue crack in
the case of VHCF, the Paris–Hertzberg–McClintock crack
growth rate law [13,2] is used



Fig. 4. Temperature fields on the specimen surface just before fracture (Dr ¼ 335 MPa;NF ¼ 8:37� 107 cycles). (1) N ¼ 8:35890� 107 cycles, (2)
N ¼ 8:36500� 107 cycles, (3) N ¼ 8:36968� 107 cycles, (4) N ¼ 8:36996� 107 cycles, and (5) N ¼ 8:37000� 107 cycles.
da
dN
¼ b

DKeff

E
ffiffiffi
b
p

� �3

; ð1Þ

where E is the Young’s modulus, b is the norm of the Bur-
gers vector and DKeff is the amplitude of the effective stress
Fig. 5. Postmortem observation by optical microscopy of the fracture
surface: propagation of a fish eye fatigue crack.

4

intensity factor. This law is particularly well adapted to the
formation of a fish eye because it takes into account the
crack threshold, the influence of the R ratio and the short
crack effect.

This paper will not consider the short crack to long
crack transition and will use only the short crack growth
rate law. Ref. [14] showed that this assumption has a neg-
ligible influence on the prediction of the cycles correspond-
ing to the start of the fish eye crack growth.
Fig. 6. Observation by scanning electron microscopy of the inclusion in
the center of the fatigue crack.
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Fig. 8. Model of the crack propagation: (a) evolution of the crack radius
and (b) evolution of the disspated power per unit length of crack.
On the threshold corner (Fig. 7), we have

da
dN
¼ b and

DK0

E
ffiffiffi
b
p ¼ 1: ð2Þ

The crack growth rate law is thus written

da
dN
¼ b

DKeff

E
ffiffiffi
b
p

� �3

¼ b
DK0

E
ffiffiffi
b
p

� �3 DKeff

DK0

� �3

¼ b
DKeff

DK0

� �3

:

ð3Þ
By supposing a circular crack and neglecting the crack clo-
sure, we obtain

DKeff ¼ DK ¼ 2

p
Dr

ffiffiffiffiffiffi
pa
p

: ð4Þ

Therefore

da
dN
¼ b

a
a0

� �3=2

: ð5Þ

If at time t ¼ 0 the crack radius is a0, then

a0

a

� �3=2

da ¼ bf dt; ð6Þ

where f is the loading frequency (dN ¼ f dt).
Integration of the previous equation between a0 (t ¼ 0)

and a (time t) gives

bft ¼ ða0Þ3=2

Z a

a0

da
a3=2
¼ ða0Þ3=2 �2ffiffiffi

a
p
� �a

a0

¼ 2a0 1�
ffiffiffiffiffi
a0

a

r� �
:

ð7Þ
After inversion of Eq. (7), the evolution of a according to
time is

aðtÞ ¼ a0

1� t
tc

� �2
with tc ¼

2a0

bf
: ð8Þ

In the experiment presented in the beginning of this paper,
aint ¼ 7:6 lm and the estimate is a0 ¼ aint

0:94
¼ 8 lm [13].

tc ¼ 4:4 s is then obtained. The evolution of the crack ra-
dius aðtÞ is represented in Fig. 8a. This curve presents a ver-
tical asymptote for t ¼ tc. When a0 increases we assume for
long life that the stress must be smaller (at threshold DK0),
so the crack growth time gets longer.

In fact, as the specimen size is limited, the crack reaches
its surface at time tf before the characteristic time tc. We
5

will thus limit the study of the crack propagation to the
time tf . The dotted lines in Fig. 8a represent the time tf

when the crack emerges on the level of the specimen sur-
face. By replacing aðtfÞ ¼ R1ð1� eÞ in Eq. (8), we obtain
a relation between tf and tc

tf ¼ tc 1�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a0

R1ð1� eÞ

r� �
: ð9Þ

In the case of the second test with a stress amplitude of
335 MPa, we find tf ¼ 3:6 s and a cycle number equal to
7:4� 104 cycles. This shows that the crack propagation
stage constitutes a very small part of the specimen life.

3.2. Calculation of the energy dissipated into heat during

crack growth

The relation to estimate the radius of the plastic zone in
the monotonic loading case of a long crack in plane strain
is

ry ¼
K2

6pr2
y

; ð10Þ

where ry is the yield stress and K is the stress intensity
factor.



x

y

z

linear heat
source

A

x

xc

a(t)

eR1

ycy

O
Oc A

R1

a

b

Fig. 9. Geometry of the thermal problem: (a) tridimensional visualization
and (b) geometry of the circular crack.
It is supposed that the plasticity at the crack tip always
has the same distribution of strains since it is surrounded
by the same elastic stress field. So, the energy dissipated
at each cycle per unit of crack length, noted E, is propor-
tional to the surface of the reverse plastic zone, rR, with
a radius of

ry

4

E ¼ gr2
R with rR ¼

DK2

24pr2
y

; ð11Þ

where g and DK are, respectively, a coefficient depending
only on the material properties and the amplitude of the
stress intensity factor.

By replacing the expression of rR;DK in Eq. (4) and aðtÞ
in Eq. (11), we obtain

E ¼ g
DK4

242p2r4
y

¼ g
a2Dr4

36p4r4
y

¼ g
a2

0Dr4

36p4r4
y 1� bft

2a0

� �4
: ð12Þ

We thus deduce the dissipated power per unit length of
crack

P ¼ Ef ¼ g
fa2

0Dr4

36p4r4
y 1� bft

2a0

� �4
¼ P0

1� t
tc

� �4
; ð13Þ

with tc ¼ 2a0

bf and P0 ¼ g
fa2

0
Dr4

36p4r4
y
.

Fig. 8b shows the evolution of the power dissipated per
unit length of crack P according to time with the values of
the parameters corresponding to the second test.

3.3. Modeling of the thermal problem

The useful part of the specimen is modeled by a cylinder
with a radius R ¼ R1 and a length 2‘. Further, consider a
circular crack in a plane perpendicular to the specimen axis
and located at the center of the specimen. The radius of the
crack and its eccentricity from the center of the specimen
are, respectively, noted aðtÞ and e (Fig. 9a). For symmetry
reasons, consider only one half of the specimen z > 0 (Fig.
9b).

The heat source associated with the fatigue crack is
located in the reversing plastic zone at the crack tip. This
zone is very small compared with the size of the specimen,
and the power is considered to be dissipated along the
crack tip, which is a circle centered on Oc and with a radius
aðtÞ. The dissipated power per unit length of crack P used
in this thermal model was expressed in the preceding
section.

The heat transfer equation gives

qC
oT
ot
¼ PðtÞ

2
dðrc � aðtÞÞdðzÞ þ kDT ; ð14Þ

where rc is the radius in polar coordinates in the reference
ðOc; xc; ycÞ; d is the Dirac function and D is the Laplacian
operator (not so in DK above). q and C are, respectively,
the density and the specific heat capacity.

The characteristic time of the heat convection is written
for the case of a cylindrical specimen scv ¼ qCR1

2h and is equal
6

to 13.5 s. It is higher than the crack propagation time. The
losses due to the heat convection during the propagation
stage of the crack can thus be neglected and it is appropri-
ate to consider adiabatic conditions on the surface of the
specimen. Moreover, symmetry conditions on the plane
z ¼ 0 allows adiabatic conditions on this plane to be
adopted

k
oT
or
ðr ¼ R1Þ ¼ 0; k

oT
oz
ðz ¼ 0Þ ¼ 0; k

oT
oz
ðz ¼ ‘Þ ¼ 0:

ð15Þ

Just before the crack propagation, a homogeneous initial
temperature equal to T 0 was selected

T ðt ¼ 0Þ ¼ T 0: ð16Þ

In order to normalize dimensions in the problem, it is
noted r� ¼ r

R1
; a� ¼ a

R1
; z� ¼ z

R1
; t� ¼ kt

R2
1
qC

and t�c ¼ ktc

R2
1
qC

. This
gives



Table 2
Numerical properties of the material

Parameter Value

q 7800 kg m�3

C 460 J K�1 kg �1

k 52 W K�1 m�2

b 1:8� 10�10 m
R1 1.5 mm
f 20,000 Hz
oT
ot�
¼ R2

1

2k
P0

1� t�
t�c

� �4
d�ðr�c � a�Þd�ðz�Þ þ D�T : ð17Þ

If T � ¼ ðT � T 0Þ 2k
R2

1
P0

is taken as the non-dimensional tem-

perature, this yields the equation

oT �

ot�
¼ d�ðr�c � a�Þd�ðz�Þ

1� t�
t�c

� �4
þ D�T �: ð18Þ

The boundary conditions are

oT �

or�
ðr� ¼ 1Þ ¼ 0;

oT �

oz�
ðz� ¼ 0Þ ¼ 0;

oT �

oz�
ðz� ¼ ‘�Þ ¼ 0:

ð19Þ
And the initial condition is

T �ðt� ¼ 0Þ ¼ 0: ð20Þ
3.4. Numerical study of the temperature field

The thermal problem defined in the preceding section is
now solved numerically by the finite-element method. Only
the part located above the crack propagation plane is mod-
eled. The finite-elements used are linear and the integration
scheme is implicit. The mesh is more refined in the zone
close to the plane of crack propagation: approximately
100 elements are placed on the radius of the specimen.
The radius R1 of the specimen is taken equal to 1.5 mm
and its half length is taken equal to five times the radius.

Several calculations were made with various values of
initial radius of the crack a0 and eccentricity e. Table 1
sums up the calculations carried out with the values of
the various parameters and their respective non-dimension-
alized values. Furthermore, calculations were carried for-
ward from the time tf from which the crack emerges on
the surface of the specimen. All these values are calculated
by using the numerical values of the physical properties of
material and the geometrical characteristics detailed in
Table 2.

Fig. 10 shows the temperature field in the specimen at
various times just before fracture. These various times are
represented on the maximum temperature curve in Fig.
11. The value of a0 is 10 lm and the eccentricity is equal
to 0.5. The various temperature fields in Fig. 10 highlight
the thermal effects associated with the fatigue crack
propagation.
Table 1
Numerical simulation

Reference a0 in lm e tc in s tf in

S1 2 0.5 1.11 1.05
S2 5 0.5 2.78 2.55
S3 10 0.5 5.56 4.91
S4 20 0.5 11.11 9.30
S5 20 0 11.11 9.83
S6 20 0.25 11.11 9.63
S7 20 0.75 11.11 8.55

7

The thermal calculation also allows a study of the influ-
ence of parameters such as eccentricity and initial size of
the crack on the maximum temperature reached on the
specimen surface. Fig. 12 shows the effect of the initial
inclusion size a0 on the temperature evolution at point A
located at the specimen surface (see Fig. 9b) for an eccen-
tricity of 0.5. The increase in a0 creates an increase in char-
acteristic time tc and thus in the propagation duration of
the crack. The significant increase in the temperature thus
takes place later when a0 increases. It is also noticed that
the maximum temperature reached decreases when a0

increases. This is explained by the fact that when the crack
emerges on the specimen surface, it dissipates less energy
when the ratio tf

tc
decreases and thus when a0 increases.

Fig. 13 shows the effect of the eccentricity e on the tem-
perature evolution at point A for an initial crack radius of
10 lm. When the eccentricity increases, the time tf

decreases and thus the power dissipated by the crack
decreases. This effect causes a reduction in the maximum
temperature reached on the specimen surface.

These various results show that the thermal effects asso-
ciated with the crack propagation are more significant
when a0 and e are small. In this case, the technique of mea-
suring the temperature field on the specimen surface will be
much better at detecting, for example, crack initiation.

4. Discussion

One simulation was carried out with the parameters
measured during the experiment presented in Section 2
(a0 ¼ 8 lm and e ¼ 0:8). A minimization via the least-
squares method of the difference between the evolution of
the maximum temperature measured in experiments and
the temperature obtained in the model allows the power
dissipated by the crack, noted P0, to be calculated. It is
found to be P0 ¼ 1:269� 106 W m�1. In addition, Fig. 14
s a�0 t�c t�f
tf

tc

1:33� 10�3 7.16 6.79 0.948
3:33� 10�3 17.89 16.43 0.918
6:67� 10�3 35.78 31.65 0.885
1:33� 10�2 71.57 59.88 0.837
1:33� 10�2 71.57 63.31 0.885
1:33� 10�2 71.57 62.03 0.867
1:33� 10�2 71.57 55.04 0.885



Fig. 10. Numerical simulation of the temperature field in the specimen for various times before fracture (a0 ¼ 10 lm; e ¼ 0:5). (1) t� ¼ 29:65; a� ¼ 0:227,
(2) t� ¼ 30:23; a� ¼ 0:277, (3) t� ¼ 30:59; a� ¼ 0:317, (4) t� ¼ 30:89; a� ¼ 0:357, (5) t� ¼ 31:15; a� ¼ 0:397, (6) t� ¼ 31:36; a� ¼ 0:437, and (7) t� ¼ 31:55;
a� ¼ 0:477.
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Fig. 11. Numerical simulation of the temperature evolution at point A on
the specimen surface (a0 ¼ 10 lm; e ¼ 0:5).
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Fig. 12. Effect of the initial radius of the crack on the temperature
evolution (e ¼ 0:5).
shows the comparison between the model and the experi-
ment. It can be seen that the model predicts correctly the
shape of the temperature evolution curve. Moreover, the
8

model gives a good estimation of the cycle number corre-
sponding to fish eye formation.

These results confirm the idea that around the flaw the
temperature increase is very small for a very high number
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of cycles due to dislocation multiplication and permanent
slip band formation with large heterogeneous mechanisms,
up to a crack length a0. From a0 to af , the plastic deforma-
tion is localized around a uniform circular crack tip. The
thermal dissipation is quite small at a0 but it grows faster
depending on DK4.

Fig. 15 represents a close up of the experimental curve of
the temperature evolution. The noise of the camera is
about 0.4 �C. In order to obtain a weaker noise of
0.07 �C, the temperature signal was filtered. If crack initia-
tion is experimentally defined as an increase in 0.07 �C of
the filtered temperature (a variation in the signal/noise
ratio of 1), the experimentally determined crack initiation
occurs between 8:361� 107 and 8:363� 107 cycles. This
corresponds to a cycle number associated with crack prop-
agation ranging between 7� 104 and 9� 104 cycles. The
thermal model shows that a temperature variation of
0.07 �C corresponds to a crack of radius a of 0.02 mm
and a formation of only 7% of the fish eye. These results
show clearly that an experimental determination of propa-
gation of the fatigue crack in a VHCF regime corresponds
to a very small part of the life of the specimen.

5. Conclusion

This paper studies the thermal effects associated with the
propagation of a fatigue crack in a gigacycle fatigue
regime. Ultrasonic fatigue tests were carried out on a
high-strength steel. The temperature fields on the specimen
surface were measured by infrared thermography. Just
before fracture, the thermographs show a significant and
very local increase in the temperature. In order to better
understand these thermal effects and to make a connection
with the initiation and the propagation of the fatigue crack,
a thermomechanical model is developed. The Paris–Hertz-
berg–McClintock law was used to describe the evolution of
the growth rate law of the crack. The fatigue crack is mod-
eled by a circular ring heat source whose radius increases
with time. The numerical resolution of the thermal problem
allows determination of the time evolution of the tempera-
ture fields in the specimen. Comparison between test and
model shows a good correlation. In particular, the propa-
gation duration of the crack is accurately estimated by
the model. These results give an experimental proof that
in a VHCF regime, the propagation stage of the crack con-
stitutes a small part of the lifetime of the specimen.
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