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Pocm ycmanocmuoti mpewunst 00CMamoyHo XOpowio U3yuer u ONUCAH C NOMOWbI0 HECKOIbKUX
Mooenet, Haubonee U3BECMHBIMU U3 KOMOPLIX Aensiomcs ypasuwenus I[lapuca. Xoms npoyeccyl
UHUYUUPOBAHUA U PACHPOCIPAHEHUS YCINATOCMHBIX MPEWUH U3YYaiomcs: OMOenbHo, psio UCCIedo-
samerneil NOOPOOHO PACCMAMPUBAIOM B3AUMOCEAZL MEHCOY IMUMU O8YMA YCMATOCMHbIMU NPOYeC-
camu. B smom HanpasieHuu npeodiodCceHO HeCKONbKO Molerell pocma YCMAlOCMHbIX MPeujuH,
OCHOBAHMBIX HA JOKAIbHLIX NO0X00aX, 6 dacmuocmu mooens eounoco pocma (UniGrow). /s
HEKOMOopo20 dNeMEeHMAapHo20 00beMa Mamepuaila npoyecc pocma yCmaioCmHol mpewjursl MOJICHO
npeocmasums 6 gude nocie008amenrbHOCMU NOGMOPHO20 3APOHCOeHUs (UHUYUUPOBANUS) MPEUUHDL.
B nacmosawee spems Xapdman paspaboman konyenyuro niommocmu sxepeuu 0epopmayuis, 0CHO-
BAHHYIO HA YUKIUHECKOU OO0N208€YHOCIU U PA3GUMUL YCIMALOCMHOU mpewjursl no muny Boixepa.
Mooenv Xagppmana, dasupyowasca Ha I0KATbHOU NIOMHOCMU Oedhopmayuu, UCHOIb3Vemcs Ols
NPOCHO3UPOBAHUS UHUYUUPOBAHUS U PACNPOCMPAHEHUs YCManiocmuou mpewunsl 6 cmanu P355NLI,
NPUMEHAEMOU 8 COCYOax 8bICOKO20 Oasiienus. Jlannas mooenb couemaemcs ¢ 0000wenHol 6eposim-
HOCMHOIU MOOEbI0 YCMANOCMU, panee NPedloHCeHHOU 0OHUM U3 COA8MOpPO8, CYMb KOMOPOU COCMOo-
um 8 ceHepayu 8epOSIMHOCMHLIX NONEU UHUYUUPOBAHUA U PACIPOCMPAHEHU YCMALOCIHBIX mpe-
wuH. Tlonyyenvl T10KAIbHbIE HANPANHCEHUS U Oepopmayu 6 6epuilHe Mmpeujurbl, 00beOUHAIOWUE UX
JIUHEHO-ynpyaue U Ynpyeoniacmuieckue cocmasiawowue. Jns HecKOIbKUX 3HaueHuti Kodgduyu-
eHma acuMMempuu YuKna Hanpsiicenull R oyenenvl 6eposmuocmuble oA CKOpocmell pocma ycma-
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JIOCIMHBIX Mpewun ¢ yuemom napamempos nogpesicoenus, napamempa Cmuma—Bamcona—Tonnepa
(SWT) u sxeusarenmunuix napamempos amniumyost nanpsaxcenus. Cpagnenue dKCnepuMeHmanbHuIx
OaHHBIX NO NPUPAUEHUIO YCMATOCMHOU MPeujunbl ¢ NPOSHOZUPYEMbIMU 6EPOSMHOCTNHBIMU NOJAMU
ee pocma nokazvléaen ux MecHylo KOppersiyuio.

Knrouesvle cnosa: ycranocTb, WHUIMUPOBAHKE TPEHIMHBI, POCT TPEUIWHBI, JOKAIBHAS
sHeprus aedopmaiiu, 0000IICHHAS BEPOSITHOCTHAS MOJENb, PE3yJIbTaThl MCIBITAHUN Ha
BBIHOCITBOCTb.

Introduction. Fatigue crack growth (FCQG) process is associated with the formation of
new crack faces. Formation of new crack surfaces need the activation energy. During
fatigue process, this energy can be delivered to the process zone due to work of external
loading. The dissipated damage energy is responsible for “jump like” fatigue crack growth.
This concept is reflected in several formulas and ideas of fatigue crack growth [1-8], where
the fatigue crack growth process is treated as a discrete process where the local fatigue
crack growth is associated with a specified “unit” of fatigue crack growth (see Fig. 1):

ES

da_d
NN, )

Generally, the fatigue crack growth can be postulated as a process involving the
following assumptions [2, 4, 5, 7, 8]:

(i) the material is composed of simple particles of a finite dimension, p, which
represents the elementary material block size, below which material cannot be regarded as a
continuum (Fig. 1);

(1) ahead crack tip exist two plastic zones; static and cyclic (Fig. 1);

(iii) the fatigue crack tip is supposed to be equivalent to a notch with radius, p;

(iv) the fatigue crack growth process is considered as representing successive crack
increments (after N , cycles) due to crack re-initiations over the distance, d *, P

Elementary material block

Plastic zone at K,

Fig. 1. Discrete nature of fatigue fracture process.

The mentioned assumptions are already reflected in several fatigue crack propagation
models based on low-cycle fatigue (LCF) data [9—14].

Another relevant aspect in these local approaches is the calculation of local stresses
and strains at the crack tip. The most commonly used local approaches are based on
Coffin—Manson & Morrow relationships [15—17] with or without the influence of the mean
stress effects. Glinka [2], Peeker and Niemi [18], Noroozi et al. [7, 8], Hurley and Evans
[19], among others, used in their studies the strain fatigue damage parameter. More
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recently, Correia et al. [20], Hafezi et al. [21], and De Jesus and Correia [22] have used the
Smith—Watson—Topper (SWT) local damage parameter [23]. The equivalent stress amplitude
damage parameter, o, , has been used for the fatigue crack growth modelling based on
local approaches by Correia and Huffman [12, 13].

In this paper, probabilistic fatigue crack initiation and propagation fields are presented
based on strain energy approach proposed by Huffiman [24] and considering the generalized
probabilistic fatigue model suggested by Correia et al. [25]. The Huffman fatigue crack
growth model based on strain energy density is analyzed considering several fatigue
damage parameter such as strain, Smith—Watson—Topper (SWT), and equivalent stress
amplitude. An analysis of results from the application of the fatigue crack growth model
proposed by Huffman using the different damage parameters and experimental data is done.
The generalized probabilistic fatigue model is used aiming at generating probabilistic FCG
fields, for the fatigue damage parameters under consideration. In this analysis, experimental
fatigue data of the P355NLI steel from the low-cycle fatigue and fatigue crack growth tests
are used [26-28].

1. Huffman Fatigue Crack Initiation and Growth Model. The fatigue crack growth
relations are established with the linear elastic fracture mechanics (LEFM) to evaluate the
stress distributions in a material. The variables such as the geometry and loading are
considered to obtain the fatigue crack growth rates. Glinka [2] was pioneer to relate the
local stress and strain at the crack tip, by relating the strain energy distribution with the
LEFM approach, and the fatigue failure of the material ahead the crack tip. This so called
local approach is used to generate the fatigue crack growth for several crack lengths and
calculating the stress or strain lives at the crack tip. These stresses and strains are used to
obtain the number of cycles to failure, N/, leading to the crack growth extension, Aa.

Huffman [24] proposed a fatigue damage parameter, D, based on strain energy
density concepts and calculated it from cyclic stress-strain properties as given by

(Ue ) U, | o ,
Udpc Udpc 2Nf, @

where U, is the elastic strain energy density, U; is the complementary plastic strain

energy density, p,. is the critical dislocation density, and U, is the strain energy density
that can be estimated by

Ud=

E . - 2
2(1+v)) b1 3)

where v is the Poisson’s ratio and & is the Burger’s vector. The value of |5 | is equal to
2.52-10'° m for iron, steel or similar metals as can be found in [24]. Finding the strain

energy density by integrating the Ramberg—Osgood stress-strain relationship, results the
damage equation in terms of materials parameters:

1+n'
1

2 n’ 1 2 n _
e o

2 2
Udpc

where 0, is the maximum stress and o, is the stress amplitude. This equation can be
used to generate the stress—life, strain—life, and fatigue crack growth curves from cyclic
stress-strain properties.
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The strain-life or Morrow parameters can be equated based on Eq. (3) resulting:

’
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where 0}- is the fatigue strength coefficient, £ is the elastic modulus, X' and n' are the
cyclic Ramberg—Osgood parameters [29], b is the fatigue strength exponent, e'f is the
fatigue ductility coefficient, ¢ is the fatigue ductility exponent, and the p_. parameter can
be determined by fitting the resultant strain—life curve to low-cycle strain—life data by
solving the Eq. (4):

, 1+n'
2(2Nf) n' 1 (1/n') s ( . )
= : — o o " 9
et [ ) IR ©)
Acording to [24], this parameter has been found between 1 100 < p. =3 10" m~2.
The Huffman fatigue crack growth rates using the Aa calibrator can be given by
A (1 ) aa
a n 2 w a a
— (o o = =, 10
T (1+n')(1<')( ma)00) " ==y (10)

In Eq. (10), the stresses, o, and o ., are the local stresses near the crack tip that
can be related to the load, geometry and fatigue crack growth parameters as proposed by
Noroozi et al. [7, 8]. The fatigue crack growth rate considering the driving force is given by
the following expression:

= =C(Ac), (an

where y is the fatigue crack growth rate exponent, Ak is the fatigue crack growth driving
force, and C is the fatigue crack growth rate coefficient that is given by

2 (4n'+2 1 1+3n'

(”',)<K’>1+n’ () L ) (;) (2,;)” (12)

1+n
The fatigue crack growth driving force can be calculated as

Aa

C=
Uip.

Ac=KP, (AK)'7, (13)
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Kmax =Kmax,applied +Kr9 (14)
AK = AI<applied +Krﬂ (15)
P 4 (16)
2460 =2 '
I+n'  b+c’ a7

where AK' is the total stress intensity factor range, AK ,, ., 1s the applied stress intensity
factor range, Ky gppiicq 1S the maximum applied stress intensity factor, and K, is the
residual stress intensity factor. The adjustment of the Huffman fatigue crack growth model
to the experimental results is made using the values of Aa and x as calibrators.

Several authors such as Correia et al. [20, 26, 27], Hafezi et al. [21], and De Jesus and
Correia [22] proposed the use of the finite element method to obtain the stresses and strains
fields based on linear-elastic and elastoplastic analyses. These numerical analyses to
calculate the stresses and strains ahead of the crack tip can be used for fitting the fatigue
crack growth model proposed by Huffman [24] to the experimental FCG data.

2. Probabilistic Fatigue Damage Fields. The probabilistic fatigue damage fields can
be obtained using the generalized probabilistic model for several fatigue damage parameters
proposed by Correia et al. [25]. Originally, the probabilistic model was proposed by
Castillo and Fernandez-Canteli [30] for stress- and strain-based fatigue damage parameters
using the Weibull or Gumbel distributions. These probabilistic distributions satisfy the
statistical and physical requirements of the fatigue data. Correia et al. [25] proposed the
generalization of the fatigue probabilistic model for several damage parameters, considering
the similarity between the power relations used for the deterministic damage representation
and the hyperbolic probabilistic fields proposed by Castillo and Fernandez-Canteli [30]:

Y=q(Ny), (18)
Y=K(2N )* +1y, (19)

where 9 is a fatigue damage parameter, 1 is the fatigue (endurance) limit, £ and « are
material constants, ¢ is the decreasing function of total fatigue life, and finally, 2N , or
N ; represent the reversals to failure and the number of cycles to failure, respectively.
The deterministic power-law model is shown in Fig. 2. Several fatigue damage
parameters based on stress, strain or energy criteria, describing the same schematic
representation of Fig. 2, can be used in Eqgs. (18) and (19).
Thus, fatigue damage parameters such as strain amplitude, ¢ ,, walker-like strain, ¢,,,

Smith—Watson—Topper, SWT, as well as the equivalent stress amplitude, o ,., among
others, can be described by the generalized fatigue damage parameter, :
Y=e,, (20)
b 1=y, on
= =& |— S
1/) w a l_RO.
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Y=SWT=0 pax€a>» (22)

Y=04 =0 m) (@), (23)
where the Walker exponent is defined as

1+n'

Y= i, (24)

According to [31], the main advantage of the y,, parameter is to describe the material
mean stress fatigue behavior sensitivity, where for the SWT-life model, this parameter is
equal to 0.5.

log v

log (2N)

Fig. 2. Schematic representation of the deterministic power-law fatigue failure criterion [25].

In this way, the generalized probabilistic model to describe the fatigue failure criterion
for several damage parameters was proposed by Correia et al. [25], based on Castillo and
Fernandez-Canteli probabilistic model [30], is given by

log(N ; /N o) log(y/1p)— 2]’
3 ,

P=F(Ny; 0, )=1-exp— (29)

log(N s /No)log(y/ )= 4, (26)

where P is the probability of failure, N, and 1 are values for normalizing, and f, 0,
and A are the dimensionless Weibull parameters. The normalizing parameters N, and ¢
are the threshold value for life and the corresponding value for the equivalent stress,
respectively. The maximum likelihood method is used to estimate the Weibull parameters,
where the details can be found in [30].

3. Application of the Strain Energy Density Based Crack Propagation Model to
Generate Probabilistic Fatigue Crack Initiation and Propagation Data.

3.1. Procedure to generate Probabilistic Fatigue Crack Initiation and Propagation
Fields. The procedure proposed to generate probabilistic fatigue crack initiation and
propagation fields may be summarized in the following steps:
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3.1.1. Probabilistic Fatigue Crack Initiation Fields:

(1) estimation of the Weibull parameters for the generalized probabilistic fatigue
model based on strain, stress or energy damage parameters (Section 2), using experimental
strain-life data from smooth specimens;

(i1) application of the Huffman fatigue crack initiation model to estimate the Morrow
constants (Section 1);

(iii) computation of the probabilistic Huffman fatigue crack initiation models for
several fatigue damage parameters.

3.1.2. Probabilistic Fatigue Crack Propagation Fields:

(i) the first step considered in probabilistic fatigue crack initiation fields (Section 2);

(i1) application of the Huffman fatigue crack propagation model based on strain
energy density with probabilistic fatigue damage models (Section 1);

(iii) Computation of the P—da/dN — AK — R fields.

3.2. Probabilistic Fatigue Crack Initiation Data. The parameters of the cyclic
elastoplastic stress—strain curves and elastic properties of the P355NL1 steel were collected
in references [26-28]. These parameters were obtained based on experimental low-cycle
fatigue tests of smooth specimens performed under strain controlled conditions carried out
according the ASTM E606 standard. In Table 1 the cyclic stress-strain properties for the
P355NLI steel are shown.

Table 1
Cyclic Stress-Strain Properties for P35SSNL1 Steel [26-28]
Strain ratio R, E, GPa v K', MPa n'
0 913.6 0.1459
-1 205.20 0.275 1022.3 0.1682
“—17 + “0” 948.35 0.1533

The Morrow constants obtained using the Coffin—Manson & Morrow relation [15-17]
are presented in Table 2. In this table the Morrow constants estimates according to the
assumption in the Huffman model [24] presented in Section 1 are also shown. This model
allows evaluating the fatigue crack initiation phase based on strain energy. Equations (5)—
(8) were used to estimate the Morrow constants and Eq. (9) used to obtain the critical
dislocation density. A good agreement for the Morrow strain-life constants between the
Huffman model and the Coffin—Manson & Morrow relation is verified (see Table 2). The
critical dislocation density, p,., estimated and presented in Table 2, is similar when
compared with other materials of identical mechanical properties (see [24]).

Table 2
Morrow Constants for P355NL1 Steel Calculated as per Eqs. (5)—(8)
Strain ratio Model off, b eff- c Pes
R, MPa m/m’
“—T1” 4+ “0” | Morrow equation | 1005.5 —0.1033 0.3678 —0.5475 -
Huffman model 959.0 —0.1050 1.08 —0.6850 7.0-10%°

In Fig. 3, the stress—life, strain—life, and SWT-life curves are presented, being
compared the experimental results with the Huffman fatigue crack initiation model
predictions. In these figures, a good agreement between the experimental results and the
fatigue crack initiation model predictions by Huffman [24] can be observed.
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Fig. 3. Stress—life (a), strain-life (b), and SWT-life (c) curves of P355NL1 steel.
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Figure 4 shows, respectively, the probabilistic fields for several fatigue damage
parameters as strain amplitude, SWT, and equivalent stress amplitude, using the generalized
probabilistic model [Egs. (25) and (26)] presented in Section 2 and proposed by Correia et
al. [25]. The Walker exponent for the P355NL1 steel is equal to 0.79 and was used to
generate the probabilistic field (Fig. 4c). These probabilistic fields were used to generate
the probabilistic Huffman fatigue crack growth fields.

3.3. Probabilistic Fatigue Crack Propagation Data. The fatigue crack propagation
data of the P355NL1 steel collected in [26-28] were used to evaluate the fatigue crack
growth model based on strain energy proposed by Huffman [24].

Fatigue crack growth (FCG) rates for several stress R-ratios under constant amplitude
loading conditions were obtained using the ASTM E647 standard and considering the Paris
law [32]. The CT specimens of P355NLI1 steel were built with a width ' = 40 mm and a
thickness B = 4.5 mm. For the P355NL1 steel, the FCG tests were carried out for stress
R-ratios, R, =0,0.5, and 0.7. All FCG tests were carried out for stress R-ratios, R, = 0,
0.5, and 0.7, in air at room temperature under a sinusoidal waveform at a maximum
frequency of 20 Hz.

In this research, the results from the linear-clastic and elastoplastic finite element
analyses ahead of the crack tip of the CT geometry are required and were generated by De
Jesus and Correia [20, 22, 27]. In those analyses, the cyclic elastoplastic curve obtained
experimentally was considered by De Jesus and Correia [20, 22, 27]. The residual stress
intensity factor results, K, , are presented in Fig. 5 against the applied stress intensity factor
range, AK ,,ji.q, for CT specimen built in P355NL1 steel, which were calculated by De
Jesus and Correia [20, 22, 27]. The numerical model of the CT specimen was highly refined
at the crack tip region in order to estimate the crack increment, Aa. De Jesus and Correia
[20, 22, 26, 27] in their investigations estimated the Aa parameter as equal to 4.5- 1073 m.

This value was used in this research.

The fatigue crack growth model based on strain energy proposed by Huffman [24]
with the generalized probabilistic model for several fatigue damage parameters was applied
to CT specimen geometry made of P355NL1 steel. The fatigue crack growth rate constants
for several fatigue damage parameters, such as, strain amplitude, SWT, and Walker stress
amplitude, were obtained from Egs. (10) and (11)—(17) are shown in Table 3.

The probabilistic Huffman fatigue crack growth rates based on strain, SWT, and
Walker stress amplitude fatigue damage parameters for the P355NL1 pressure vessel steel
taking into account several stress R-ratios, are shown in Figs. 6—8. Figure 9 shows that the
models appear to be more sensitive to stress ratio effects compared to the measured fatigue
crack growth rates. It can be seen that models which demonstrate high levels of stress ratio
sensitivity show particularly poor correlation at high stress R-ratios, R, for materials
which seem insensitive to stress R-ratio effects. When compared to the stress-life or
strain-life, however, these models don’t demonstrate to be so inaccurate. Although the
P355NL1 steel was tested at 2 strain R-ratios, R,, the stress R-ratios, R,, were not
drastically different. Because of this, differences in the stress-strain behavior of the material
at different stress R-ratios may not have been observed even if they exist. If the material
demonstrates stress ratio-sensitive stress-strain behavior, it could make a difference in how
the residual stress would be calculated at a crack tip. A difference in the behavior of the
residual stress would influence the residual stress intensity factor, K., and therefore would
influence the calculated stress ratio dependent fatigue crack growth rates. This would
appear as a lack of stress-ratio effect in a material, when it could in actuality be the same
stress ratio effect as far as what the material itself goes through at the crack tip, but it would
be disguised by a change in cyclic stress-strain behavior influencing the residual stress
profile differently at different stress-ratios.

136 ISSN 0556-171X. IIpobnemu miynocmi, 2018, Ne 4



Probabilistic Fatigue Crack Initiation and Propagation Fields ...

1.0E+00
P=1% (1)
—P=5% (2)
—P=50% (3)
1.0E-01 | ——P=95%(4)
E —P=99% (5)

. o Experimental Data: R;=0
: A Experimental Data: Rg=-1
E 1.0E-02 :
= [
£ [

g t B=-2.5839
‘® 10603 4 C€=-9.0883
3 | B=32779
I A=35.6368
+ 8=4.9092
1.0E-04 Ly Ly L Ly Ly L
1.0E+01  1.0E+02 1.0e+03  1.0E+04  1.0E+05 1.0E+06  1.0E+07
Cycles to failure N,
a
100
5 P=1% (1)
i —P=5% (2)
I —P=50% (3)
H —P=95% (4)
—P=99% (5)
g 10 E o Experimental Data: R;=0
= 4 Experimental Data: Rg=-1
7 L
1 T B=-6.1538
C=-5.1876
| B=2.5947
|l A=76.6475
8 =6.7955
0.1 L “‘lui 1 \\\i L Lo \\\\Hi L \\\\Hi L Lo
1.0E+01 1.0E4+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
Cycles to failure N;
b
1000 r P=1% (1)
—P=5% (2)
o I —P=50% (3)
s —P=95% (4)
s —P=99% (5)
Sy & Experimental Data: R;=0
e A Experimental Data: R=-1
2
£
£
@©
a
<
= B =-4.5177
= C=4.7346
o)
2 B=1.9274
= A =14.1570
g 8=0.95042
200 ““i L "“Hi 1 “““i L L w\\wi L ““Hi
1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07

Cycles to failure N,

c

Fig. 4. Probabilistic ¢, -N, (a), SWT -N; (b), and o, —N;(c) fields of P355NL1 steel.
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Table 3
Fatigue Crack Growth Rate Constants from Eqs. (10)—(17) for P355NL1 Steel

Fatigue damage Stress Aa, X, C, y p
parameter ratio m m MPa - m?/2~!
RU
Strain amplitude 0 45-1073 0.7-1073 8488-10~ 1! 2.606 | 0.210
8[1
0.5 7927-10"'" | 2.627 | 0.210
0.7 700410710 | 2.665 | 0.210
SwT 0 45-107% | 3.0-107° | 2872-107'% | 2,571 | 0210
0.5 2774-10710 | 2.582 | 0.210
0.7 259810710 | 2.602 | 0.210
Walker stress 0 45-107% | 25-107° | 1609-107"" | 2.611 | 0210
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Fig. 5. Residual stress intensity factor K, as a function of the AK applied for the CT geometry made
in P355NL1 steel.

It is interesting to note that the strain amplitude probability field appears to be less
sensitive to stress ratio. This could be evidence in support of using strain-life based
calculations preferentially over stress-life based calculations under certain circumstances,
though much further investigation would be necessary to determine that. These results are
also evidence that care should be taken when selecting a mean stress effect, as overly
sensitive models can lead to over-designed structures or under-designed structures depending
on the expected load cases.
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Fig. 6. Probabilistic prediction of the fatigue crack growth for P355NL1 steel based on Huffman FCG
model and P—¢, —N field for R, =0 (a), 0.5 (b), and 0.7 (c).
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Fig. 7. Probabilistic prediction of the fatigue crack growth for P355NL1 steel based on Huffman FCG
model and P—SWT —N field for R, =0 (a), 0.5 (b), and 0.7 (c).
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Fig. 8. Probabilistic prediction of the fatigue crack growth for P355NL1 steel based on Huffman FCG
model and P—o, —N field for R, =0 (a), 0.5 (b), and 0.7 (c).
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Fig. 9. Fatigue crack growth rates for the probability of failure equal to 50% based on Huffman
model and P—¢, —N (a), P—SWT —N(b), and P -0, — N (c) fields for several stress R-ratios.
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Conclusions

1. The strain energy based fatigue crack initiation model proposed by Huffman can be
used to estimate the Morrow constants giving good results when compared with experimental
results.

2. The fatigue crack propagation model based on strain energy density proposed by
Huffman can be used with results from the linear-elastic and elastoplastic numerical
analyses and a good agreement is observed.

3. The Huffman model uses the calibration parameters, Aa and x, which are required
for the fit of the Huffman FCG model to the experimental FCG data.

4. The combination of the Huffman fatigue crack growth model with the generalized
probabilistic model allowed to generate the probabilistic fields for the fatigue crack
propagation rates.

5. The probabilistic crack propagation fields generated using several fatigue damage
parameters such as strain, SWT, and equivalent stress amplitude, allowed to conclude that
the strain damage parameter is the most suitable for the P355NL1 steel, taking into account
the comparison that is made with the experimental crack propagation data, showing that
this material is not sensitive to the mean stress effects.
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Pe3ome

Pict TpimmHM Big yTOMIJIGHOCTI JOCTaTHHO J0OOpEe BHBYCHO W OIMMCAHO 3a JOMOMOTOIO
JICKITBKOX MOJIeNiel, HalOUIbIT BITOMUMHE cepell sikux € piBHsHHS [lapica. Xoda nporecu
IHIIIFOBaHHS 1 MOMIMPEHHS TPINIUH BiJ YTOMJIEHOCTI BUBYAIOTHCS OKPEMO, AESKi JOCHij-
HUKH JICTATBHO PO3IILIIAIOTh B3a€MO3B’SI30K MK MMM JIBOMa YTOMHUMH ITpoliecamu. Y
LOMY HaIIPSMKY 3alPOIIOHOBAHO JEKIJIbKa MOJENIEH POCTY TPILIMH Bl YTOMIJIEHOCTI, IO
0a3yIoThCS Ha JIOKATBHUX IIXOAaxX, 30kpeMa Monenb e€aumHoro pocty (UniGrow). Jlms
JIIKOTO eJIeMEHTapHOro 00’eMy MaTepiajly MpOoLec pPOCTy TPILIMHU BiJl YTOMJICHOCTI
MOYKHA TPEACTABUTH Y BHIJISII ITOCIIJOBHOCTI MOBTOPHOTO 3apojKEHHs (1HII[IFOBaHHS)
TpimuHN. Ha croromni Xaddman po3poOHB KOHIETIIIIO TYCTHHH €Hepril nedopmarii Ha
OCHOBI IMKJIIYHOI JIOBIOBIYHOCTI 1 MOLIMPEHHS TPIIIMHK BiJi YTOMJIEHOCTI 1O TUIy Boi-
kepa. Mogens Xaddmana, mo 0a3yeTbcs Ha JIOKaIbHIN TycTmHI eHepril aedopmarii,
BHKOPHUCTOBYETHCS ISl IPOTHO3YBAHHS 1HIMIFOBAHHS 1 MOMIMPEHHS TPIOIMHA BiJ yTOMIIE-
Hocti B crani P355NLI1, sika BUKOPHCTOBYETHCS JIsi BUTOTOBJICHHS ITOCYJIHH BHCOKOTO
THCKY. /laHa MOZENb MOETHYETHCS 3 y3aralbHEHOK IMOBIPHICHOIO MOJICIIIIO YTOMHM, PaHi-
111 3aIPONOHOBAHOI0 OJIHUM 13 CIIIBABTOPIB, CYTh SKOI IOJISIra€ B reHeparlii iIMOBIpHICHUX
NOJIIB IHIIIIOBaHHS 1 TOIIMPEHHS TPIIIUH BiJ yTomiieHOCTi. OTpUMAaHO JIOKalIbHI Harpy-
JKeHHA 1 nedopmarii y BEpIINHI TPIKUHY, M0 00 €IHYIOTh 1X JIHIHHO-TIPY)KHI i MPYKHO-
IUIACTUYHI CKJIajoBi. J{JIst AeKiIbKOX 3Ha4eHb KoedilieHTa acuMeTpii MKy HanpyXeHb R
OIIIHEHO 1MOBIPHICHI TOJIS MIBHAKOCTEH POCTY TPIIIMH BiJi YTOMJIEHOCTI 3 ypaxyBaHHSIM
rapameTpiB NOMIKOKeHHsI, mapameTpa Cmita—BaTtcona—Tonmepa (SWT) # ekBiBaneHTHUX
rapameTpiB aMILTTy (1 HanpyxeHHs. [IOpiBHSHHS €KCIePUMEHTAIPHUX JIAHUX LIO0J0 MPH-
pOCTy TPINIMHH Bifl YTOMIIEHOCTI 3 TPOTHO30BAaHMMHU IMOBIPHICHHMH TIOJISIMH 1i POCTY
CBITYMTH TPO iX TICHY KOPEILIIO.
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