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Mixed-mode thermal fracture of cracked AISI 304 austenitic stainless steel
layers under severe thermal gradients of cryogenic and elevated temperatures is stud-
ied. Taking into account the variation of thermo-mechanical properties with temper-
ature, the Jk-integral method, incorporating temperature-dependent material prop-
erties, is used to determine mixed-mode stress intensity factors from the results of
finite element (FE) analysis. Effects of the convection heat transfer coefficient and
the temperature of the contacting fluid on the mixed-mode fracture of the steel layers
are investigated and it is shown that the mixed-mode stress intensity factors increase
nonlinearly with these parameters. Results indicate that for accurate determination
of crack tip fracture parameters when severe thermal gradients are present in the
material, it is necessary to consider the variation of thermo-mechanical properties
with temperature.
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1. Introduction

Austenitic stainless steels, due to their superior formability and weldabil-
ity properties, are among the most commonly used and known types of stain-
less steels. They are used in a wide range of operating temperature conditions,
i.e., from cryogenic temperatures of liquid gas tanks to the red-hot tempera-
tures of furnaces and jet engines [1]. For example, when referring to specialty
steel industry of the United States [2], it can be seen that the AISI 304 stain-
less steel type with extraordinary fracture and corrosion resistance behavior is
commonly used in a wide range of temperature variations for sever thermal
conditions such as very low or very high temperatures. This type of austenitic
stainless steel is used in the liquid natural gas (LNG) transport and storage,
and for other liquid gas barriers, fuel tanks and cryogenic vessels [3–5]. An ex-
plosion or an accidental impact may expose these structures to severe thermal
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loads caused by elevated and cryogenic temperature. Furthermore, critical com-
ponents of liquid-propellant engine of aerospace vehicles may encounter thermal
cycles between elevated and cryogenic temperatures [6]. The presence of thermal
stresses and the existence of defects or cracks in these structures can lead to
disastrous consequences [7]. Further thermal and mechanical loads may lead to
crack propagation, and, finally, leakage or failure of the structure [8]. Precise
analysis and prediction of the life of cracked structures in aerospace and other
industries can prevent loss of human lives and reduce the high costs associated
with maintenance and/or replacement of components working in such severe
conditions.

The thermal fracture problem has been of interest to many researchers. The
weight function method was used to compute thermal stress intensity factors in
homogeneous [9] and functionally graded hollow cylinders [10, 11] with circum-
ferential cracks. Analytical solutions based on the singular integral equations and
numerical calculations using the enriched finite element method were presented
in [12] to study the mixed-mode thermo-mechanical fracture of orthotropic func-
tionally graded materials. A finite element discretized symplectic method was
developed by Zhou et al. [13] for calculation of mixed mode thermal stress in-
tensity factors under steady-state thermal loadings. Recently, Li and Lee [14]
have considered the effect of thermal conductivity of air in a penny-shaped crack
interior in an elastic solid with uniform steady heat flux on mixed-mode thermal
stress intensity factors. A Hankel transform was used to transform the prob-
lem to a system of dual integral equations. In most of the studies concerning
the problem of a cracked structure subjected to thermal gradients, the variation
of material properties with temperature is not considered. In many engineering
materials including austenitic stainless steels, thermal and mechanical proper-
ties vary with temperature. Thus, when dealing with high thermal gradients in
a structure, it is necessary to include the effects of temperature on the varia-
tion of material properties. This is discussed by Chan et al. [15] in a report
on modeling and analysis of isotropic materials for harsh environment. Several
other researchers have also considered the effects of temperature-dependent ma-
terial properties on the thermal behavior of engineering structures. Noda [16]
discussed the effect of temperature-dependent material properties on stress fields
in plates, and found that consideration of temperature dependency of material
properties has a significant effect on the magnitude and distribution of stress
fields. Otto et al. [17] investigated the influence of temperature on mechanical
properties of a high entropy alloy (e.g., AISI 304 family) at low and elevated
temperatures, and they have shown that temperature has considerable effect on
tensile properties of this kind of materials. On the other hand, in many cases
the existence of thermal gradient in the structure is due to the contact of the
solid material with some cooling or heating fluid. Thus, for a precise estima-
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tion of surface temperatures in pressurized vessels and structures that transfer
heat to the surrounding fluids, the effect of convection heat transfer with the
contacting fluid should be taken into account [18, 19]. In this study, the ef-
fects of temperature-dependent material properties on the mixed-mode thermal
fracture of cracked austenitic stainless steels that are subjected to convective
thermal boundary conditions are investigated. A Jk-integral method incorporat-
ing temperature dependency of material properties is used to calculate mixed-
mode stress intensity factors from the results of finite element analysis. Mixed
mode stress intensity factors are obtained for the two cases of temperature-
dependent and temperature-independent material properties, and the results
are compared for these two cases. The effects of convection heat transfer co-
efficient and the fluid temperature on the mixed-mode fracture parameters are
also studied.

2. Formulation

2.1. Jk-integral

Jk-integral is defined over a vanishingly small curve at a crack tip. Mixed-
mode stress intensity factors can be evaluated using the components of this line
integral. Referring to Dag [20], the expression for Jk-integral can be expressed
as

(2.1) Jk =

∫

γ0→0

(Wnk − σijnjui,k) ds,

where i, j, k = 1, 2, W represents the internal strain energy density, nk is the
component of the normal vector to the vanishing curve γ0 which encompasses
a crack tip, σij is the stress component and ui denotes the displacement com-
ponent (see Fig. 1). Plane stress/strain conditions are assumed in Eq. (2.1) and
u.,k represents differentiation with respect to kth coordinate. It should be noted
that J1 represents the energy release rate (J -integral) that was introduced by
Rice [21]. For an isotropic material with temperature-dependent thermal and
mechanical properties the elastic stress-strain relations are given by:

(2.2) σij = 2µεij +

[

λεkk − (3λ+ 2µ)

T
∫

T ∗

α(ξ) dξ

]

δij ,

where µ and λ are Lamé constants which depend on temperature and α is the
coefficient of thermal expansion which is also taken to be dependent on tem-
perature. T is the temperature at any point and T ∗ is the reference stress-free
temperature, and δij denotes the Kronecker delta. In addition, the strain energy
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density is given by:

(2.3) W =
1

2
σij

(

εij −
T

∫

T ∗

α(ξ) dξδij

)

.

In this study, it is assumed that a generic material property of the constituent
materials is dependent on the temperature as

(2.4) P = P (T ),

where P is any material property (except Poisson’s ratio which is taken to be
constant in this study). This function can be achieved by using experimental
data in variation of material properties with temperature. Substituting Eq. (2.2)
into Eq. (2.3) and using Eq. (2.4), it is possible to write:

(2.5) W = W (εij, µ, λ, ψ),

where ψ is defined as

(2.6) ψ = ψ(T ) =

∫ T

T ∗

α(ξ) dξ.

It should be noted that for the case of plane strain considered in this study,
the dependency of elastic strain energy density is only upon the in-plane compo-
nents of the symmetric strain tensor (i.e., ε11, ε22, ε12). Following the procedure
given by Dag [20], for a crack with traction-free surfaces the Jk-integral defined
by Eq. (2.1) on a vanishing small contour at a crack tip can be converted to
a combination of area and line integrals and is given by:

J1 =

∫∫

A

(σijui,1 −Wδ1j)q,j dA−
∫∫

A

(W,1)εxplq dA,(2.7)

J2 =

∫∫

A

(σijui,2 −Wδ2j)q,j dA−
∫∫

A

(W,2)εxplq dA(2.8)

−
∫

γS

(W+ −W−)q ds (i, j = 1, 2).

Area A and the contours γ+
s and γ−s are shown in Fig. 1.

Additionally, W− and W+ represent strain energy densities evaluated on the
lower and upper crack faces, respectively. Smooth function “q” for a circular path
around the crack tip can be expressed as [20]

(2.9) q(x1, x2) = 1 −
√

x2
1 + x2

2

R
.
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Fig. 1. Domain and paths of integration in the crack tip region.

The expression for (W,k)expl in Eqs. (2.7) and (2.8) is given by:

(2.10) (W,k)expl =
∂W

∂µ

(

∂µ

∂T

∂T

∂xk

)

+
∂W

∂λ

(

∂λ

∂T

∂T

∂xk

)

+
∂W

∂ψ

(

∂ψ

∂T

∂T

∂xk

)

.

Terms ∂µ/∂T , ∂λ/∂T and ∂ψ/∂T can be computed using Eq. (2.4). Other
terms in Eq. (2.10) can be calculated numerically during the finite element com-
putations by using the corresponding shape functions of the elements. Further
details on the FE implementation and numerical procedure can be found in [20].

2.2. Mixed-mode stress intensity factors calculation

From the calculated J1 and J2, the following relations can be used for calcu-
lation of KI and KII , [20]:

(2.11) J1 =
K2

I +K2
II

E′
tip

, J2 = −2KIKII

E′
tip

,

where E′
tip = Etip/(1−ν2

tip) for plane strain in which Etip and νtip denote elastic-
ity modulus and Poisson’s ratio at the crack tip. To determine the correct signs
of the stress intensity factors from the Jk-integral values from Eq. (2.11), one
may refer to the method presented by Dag [20], in which the J2 expression is
calculated for two different choices of the γs line.

3. AISI 304 temperature dependent material properties (TDMP)

Chemical composition of AISI 304 typical stainless steel is reported by Kir-

illov [22] and presented in Table 1. To determine the coefficients of Eq. (2.4)
for a generic material property P (T ), the experimental data available in the lit-
erature on material properties of typical austenitic stainless steel AISI 304 as
a function of temperature for cryogenic and elevated temperatures are used.
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Table 1. Chemical composition of AISI 304 typical stainless steel [22].

Element concentration (%)

C Cr Ni Ti Nb Mo W

< 0.08 18 10 < 0.05 < 0.05 < 0.05 < 0.05

Based on experimental data for below room temperature of liquid nitrogen
temperature (77◦K) material properties of typical AISI 304 stainless steel [23–
25] and also its elevated temperature material properties [26, 27], temperature-
dependent function P (T ) for modulus of elasticity E(T ), coefficient of thermal
expansion α(T ) and thermal conductivity k(T ) are constructed. Based on exper-
imental data that is shown in Fig. 2, the function E(T ) (GPa) can be expressed
as follows:

(3.1) E(T ) = −2 × 10−8T 3 + 10−5T 2 − 0.0686T + 215.05.

Fig. 2. Modulus of elasticity of AISI 304 stainless steel as a function of temperature; points:
experimental data [23–27], dot-line: Eq. (3.1).

Using the experimental data shown in Fig. 3, the coefficient of thermal ex-
pansion (1/◦K) can be expressed as

(3.2) α(T ) = 10−8T + 10−5.

Coefficients of Eq. (2.4), for the thermal conductivity (W/m◦K), can also be
determined using the experimental data shown in Fig. 4, as follows:

(3.3) k(T ) = 4 × 10−8T 3 − 7 × 10−5T 2 + 0.0547T + 3.9525.

Due to the lack of experimental data, the Poisson’s ratio is taken as constant
with temperature, and equal to ν = 0.3.
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Fig. 3. Coefficient of thermal expansion of AISI 304 stainless steels as a function of
temperature; points: experimental data [23–27], dot-line: Eq. (3.2).

Fig. 4. Thermal conductivity of a typical 304 stainless steel as a function of temperature;
points: experimental data [23–27], dot-line: Eq. (3.3).

4. Finite element modeling and computation

A cracked layer made of AISI 304 austenitic stainless steel that is subjected to
thermal boundary conditions at its lower and upper surfaces is shown in Fig. 5.
As shown in this figure, the layer has a width of 2W and its lower surface at
y = −h2 is subjected to constant prescribed temperature of T0. Convective heat
transfer and thermal boundary conditions prevail at upper surface of the layer
at y = h1. The temperature of the fluid that is in contact with the upper surface
is T∞ and the convection heat transfer coefficient between the layer and the fluid
is denoted by hc. An embedded crack of length 2a is located at y = 0 and is
aligned parallel to the boundaries.

To determine the nodal temperatures and displacement field, a finite element
model of the layer is constructed and analyzed using the ABAQUS commercial
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Fig. 5. Geometry of the AISI 304 stainless steel layer.

software. To include changes of material properties with temperature, varia-
tions of thermal and mechanical properties of the layer with temperature are
implemented using the user subroutines UMAT and UMATHT. Based on the
definition of the Jk-integral in Eqs. (2.7) and (2.8), a post-processing routine is
also developed to compute the values of energy integrals and the correspond-
ing mixed-mode stress intensity factors from the results of the FE analysis, this
procedure is schematically shown in Fig. 6. Due to symmetry, only a half of
the layer is modeled and analyzed. Region 0 < x < W is considered for the
calculation of crack tip fracture parameters at x = a. For x = −a, mixed-mode
stress intensity factors (SIFs) can be calculated by using: KI(−a) = KI(a) and
KII(−a) = −KII(a). The generated FE model contains 9084 nodes and 3023
elements.

Fig. 6. Calculation procedure of stress intensity factors.
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To obtain steady-state temperature distribution in the FE model, the follow-
ing nonlinear differential equation for two-dimensional governing heat transfer
equation can be used:

(4.1)
∂

∂x

(

k(T )
∂T

∂x

)

+
∂

∂y

(

k(T )
∂T

∂y

)

= 0,

where k is the conductivity coefficient defined in Eq. (3.3), which is dependent
on temperature. The above equation should be solved considering the following
boundary conditions:

k(T )
∂T

∂x

∣

∣

∣

∣

(±W,y)

= 0,(4.2)

k(T )
∂T

∂y

∣

∣

∣

∣

([−a,a],±0)

= 0,(4.3)

k(T )
∂T

∂y

∣

∣

∣

∣

(x,h1)

= hc[T∞ − T (x, h1)],(4.4)

T (x,−h2) = T0.(4.5)

Equation (4.2) represents adiabatic surfaces at x = ±W and Eq. (4.3) states
that the crack faces are also considered to be isolated. Equations (4.4) and (4.5)
state the prescribed thermal boundary conditions on the upper and lower sur-
face of the layer as mentioned before. In this study, the temperature distribution
is determined by implementing the temperature-dependent conductivity coeffi-
cient in the FE model by using the user subroutine UMATHT. The temperature
distribution is then calculated by performing a heat transfer analysis in the FE
environment with 2975 quadratic quadrilateral elements of type DC2D8 plus
48 quadratic triangular elements of type DC2D6 at the crack tip in peripheral
direction.

Displacement field is determined by implementing temperature-dependent
material properties in the FE model using the user subroutine UMAT and per-
forming static analysis with full integration options of used elements with 2975
quadratic quadrilateral elements of type CPE8R and 48 quadratic triangular el-
ements of type CPE6M around the crack tip in peripheral direction. In Fig. 7,
the steady-state temperature distribution in the deformed configuration of the
FE model for T0 = 77◦K, T∞ = 1000◦K and hc = 5 W/m2◦K is shown. Note
that since the crack faces are adiabatic, temperature distributions along upper
and lower crack faces are not the same.
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Fig. 7. Temperature distribution and element configuration in a deformed generated FE
model (T0 = 77◦K, T∞ = 1000◦K and hc = 5 W/m2 ◦K).

5. Numerical results

In this section, the numerical results of mixed-mode thermal stress intensity
factors for the AISI 304 austenitic stainless steel layer (Fig. 5) with temperature-
dependent thermal and mechanical properties are presented. The layer is initially
assumed to be at the reference temperature of T ∗ = 27◦C (300◦K). Lower side
of the specimen is then cooled down to cryogenic temperature of liquid nitro-
gen, T0 = −196◦C (77◦K). This temperature can be reached by exposing the
lower surface of the specimen to liquid nitrogen. As mentioned before, the up-
per surface of the layer at y = h1 is assumed to be in contact with a fluid of
bulk temperature T∞, which is assumed to take different values from −73◦C
(200◦K) to 727◦C (1000◦K). The convection heat transfer coefficient, hc, is also
varied from 0.5 W/m2 ◦K (almost insulating surface) to infinity (conducting sur-
face) to investigate its effect on the mixed-mode fracture parameters. All other
surfaces, including crack faces, are considered to be insulated which leads to
a two-dimensional temperature field near the crack faces. Dependency of mate-
rial properties on temperature is considered using Eqs. (3.1)–(3.3).

Because of the symmetry, only half of the model shown in Fig. 5 is simulated
and analyzed in the FE analyses. In this study, the region 0 < x < W with
a = 1, W = 10a, h1 = a, and h2 = 1.5a is considered and modeled for the
calculation of crack tip parameters at x = a.

To investigate the influence of variation of material properties with temper-
ature on steady-state temperature distribution across crack surfaces, material
properties are once considered to be temperature independent and then depen-
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dent on temperature. Figure 8 illustrates the steady-state temperature distribu-
tion across crack surfaces for various values of the heat transfer coefficient hc of
a fluid with bulk temperature of T∞ = 1000◦K in the two states of temperature
dependent material properties (TDMP) and temperature independent material
properties (TIMP).

Material properties in the temperature-independent state are set to P
(300◦K) by using Eqs. (3.1)–(3.3). Since no heat flow is assumed on the crack
faces, the temperatures of the upper and lower crack surfaces are not equal.
T (x, 0+) represents the temperatures of the upper crack surface and a point on
this surface has a larger temperature than the temperature of a corresponding
point on the lower crack surface, which is indicated by T (x, 0−). These two tem-
perature profiles merge at x→ a. It can be seen that in the state of TDMP, for

a) b)

c) d)

Fig. 8. Steady-state temperature profiles across crack surfaces for various amounts of hc in
two states of TDMP and TIMP, T∞ = 1000◦K and T0 = 77◦K.
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all values of hc, temperature values are higher than their corresponding values
in the state of TIMP.

Furthermore, as the value of hc decreases, difference between temperature
profiles of crack surfaces in the two states of TDMP and TIMP increases. This
can be explained by considering that the crack surfaces are assumed to be iso-
lated, which intensifies the effect of input heat flux on the upper crack face.

In Fig. 9, temperature profiles of upper and lower crack surfaces for various
values of hc in the state of TDMP are shown. The effect of convective heat trans-
fer coefficient of a fluid with bulk temperature of T∞ = 1000◦K on temperature
profiles of crack faces can be investigated from this figure. As the hc increases,
all temperature values in both upper and lower faces increase, and this increase
is bounded by a maximum value when hc → ∞. Also it can be concluded that
the effect of hc on temperature profiles is nonlinear.

Fig. 9. Temperature profiles of upper and lower crack surfaces for various amounts of hc in
the state of TDMP, T∞ = 1000◦K and T0 = 77◦K.

In order to verify our results for stress intensity factor computation, the
problem of an edge cracked specimen as described in [28] is considered here. The
geometry of the problem is shown in Fig. 10. A single-edge-cracked specimen is
subjected to a convection heat transfer at its edges, and the mode I stress inten-
sity factor values are to be evaluated under this thermal boundary conditions.
In this example, h1 = 2, h2 = 2, W = 1, a = 0.1 ∼ 0.8, T0 = 273.15◦K (0◦C)
and T2 = 274.15◦K (1◦C), E = 1.0× 105 Pa, v = 0.3, α = 1.67× 10−5 ◦C−1 and
the material properties are assumed to be temperature-independent.
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Fig. 10. Geometry of the problem reported in [28].

In Table 2, a comparison between the results reported in [28] and those
computed in this study using the present method are shown. A good agreement
between the results of the two studies is observed.

Table 2. Mode I stress intensity factor computed by the FEA [28] and the
current study.

a/W

KI (Pa·m0.5) (plane strain conditions)

FEA [28]
Jk integral,

(current study)

0.1 0.6454 0.6416

0.2 0.7760 0.7733

0.3 0.7951 0.7980

0.4 0.7527 0.7534

0.5 0.6705 0.6697

0.6 0.5601 0.5611

0.7 0.4288 0.4280

0.8 0.2825 0.2810

Another verification example is considered for TIMP, in which the mixed-
mode stress intensity factors of the problem shown in Fig. 5 are directly calcu-
lated using ABAQUS built-in formulation for the calculation of stress intensity
factors. The results of mixed-mode stress intensity factors directly obtained from
the FE analysis are compared to those computed using the Jk integral formula-
tion of the current study in Table 3.

The geometric and thermal properties corresponding to definitions given in
Fig. 5 are assumed to be: h1 = 1.5, h2 = 1, W = 10 and a = 1, T0 = 77◦K,



322 M. Rajabi, N. Soltani

Table 3. Mixed mode stress intensity factors computed with ABAQUS and Jk

integral method in current study in the state of TIMP (plane strain conditions).

hc (W/m2 ◦K)

KI (MPa·m0.5) KII (MPa·m0.5)

ABAQUS
Jk integral,

(current study)
ABAQUS

Jk integral,

(current study)

0.5 6.7333 6.7332 44.3876 44.3878

1 12.3037 12.3034 81.1033 81.1034

5 36.0367 36.0356 237.7068 237.7067

10 47.1575 47.1578 311.1011 311.1012

25 57.4033 57.4023 378.5030 378.5032

50 61.6099 61.6062 406.2021 406.2026

100 63.8001 63.8033 421.0111 421.0078

a) Mode I stress intensity factor as a function of hc

b) Mode II stress intensity factor as a function of hc

Fig. 11. Thermal mixed mode stress intensity factors as a function of hc, in the two states of
TDMP and TIMP, TIMP (300◦K) for material properties at 300◦K and TIMP (538.5◦K) for

material properties at Tav= 538.5◦K.
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T∞ = 1000◦K and hc = 0.5 ∼ 100 W/m2 ◦K. All material properties are set
to be constant at P (300◦K). Excellent agreement between the results of the
current study with those reported by ABAQUS is observed.

The effect of convection heat transfer coefficient hc on the mixed-mode stress
intensity factors is depicted in Fig. 11 in which the bulk fluid temperature is
considered to be T∞ = 1000◦K. In those figures, the results are illustrated for
two cases for which the material properties are considered to be: (i) dependent
on the temperature, and (ii) constant with the temperature.

For the case in which the thermo-mechanical properties are considered to
be independent of temperature, the properties are computed at T = 300◦K
and T = Tav = (1000 + 77)/2 = 538.5◦K using Eqs. (3.1)–(3.3). The results
indicate that temperature dependency of material properties has a considerable
effect on the mixed-mode stress intensity factors of the specimen. Comparing
mixed-mode stress intensity factors calculated with TIMP at T = 300◦K and

a) Mode I stress intensity factor

b) Mode II stress intensity factor

Fig. 12. Effect of fluid temperature T∞ on thermal mixed mode stress intensity factors (in
the case of TIMP).
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Tav = 538.5◦K reveals no significant change in KI and KII , which means that it
is the temperature dependency of the material properties that affects the values
of SIFs when compared to the state of TIMP.

Mixed mode SIFs only change up to 5% in the case of TIMP when we choose
to compute the material properties at Tav = 538.5◦K instead of T = 300◦K,
while by comparing SIFs in the two states of TIMP and TDMP an up to 80% in-
crease in KI and a 27% increase in KII values are observed. Neglecting variation
of material properties with temperature can result in underestimation of stress
intensity factors and non-conservative estimations of the fatigue life of the struc-
ture. It is also evident that the mixed-mode stress intensity factors monotonically
increase with the convection heat transfer coefficient in both considered cases.

Figure 12 indicates the effect of fluid temperature on the mixed-mode thermal
stress intensity factors of the layer when the material properties are considered
to be dependent on temperature. It is evident that the fluid temperature has an
increasing and nonlinear effect on the mixed-mode stress intensity factors and
effect of temperature is more pronounced for mode II stress intensity factor.

6. Conclusions

In this study, the effects of TDMP on the mixed-mode fracture of AISI 304
austenitic stainless steel layer subjected to severe thermal gradients of cryogenic
and very high temperatures were investigated. Mixed-mode stress intensity fac-
tors were calculated by performing the FE simulations and using the results
of the FE analysis with the Jk-integral formulation. A suitable form of varia-
tion of material properties with temperature was assumed and the coefficients of
the resulting expression were determined using the available experimental data.
A comparison of crack tip fracture parameters for the two cases of TIMP and
TDMP reveals the following results:

• The convective heat transfer coefficient and the bulk temperature of the
fluid have considerable effect on the distribution of the temperature in the
layer. Mixed-mode crack tip fracture parameters are also strongly depen-
dent on the convective fluid properties.

• Mixed-mode stress intensity factors calculated considering variation of ma-
terial properties with temperature are higher than the corresponding values
evaluated with constant material properties.

• In the state of TIMP, no significant change in mixed-mode SIFs is observed
when constant material properties are evaluated at room temperature or
Tav which is mean value of temperature gradient applied on the layers. Dif-
ferences between mixed-mode SIFs in these cases is up to 5%, while consid-
ering temperature dependency of material properties in formulations, SIFs
change up to 80%.
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• Differences between crack tip parameters calculated in the two states of
TDMP and TIMP become bigger more pronounced when temperature gra-
dient applied on the layer is increased.

Since evaluation of stress intensity factors with constant thermo-mechanical
properties of AISI 304 stainless steels result in non-conservative results, it is
necessary to include the dependency of material properties on temperature for
the design and the fatigue life evaluation of engineering structures that are sub-
jected to extreme thermal gradients such as those operating in cryogenic or high
temperature environments.
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