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Abstract: This study develops a rapid algorithm coupled with the finite element method to predict
the fatigue crack propagation process and select the enhancement factor for the equivalent random
load spectrum of accelerated fatigue tests. The proposed algorithm is validated by several fatigue
tests of an aluminum alloy under the accelerated random load spectra. In the validation process,
two kinds of panels with different geometries and sizes are used to calculate the stress intensity
factor, critical crack length, and crack propagation life. The simulated and experimental findings
indicate that when the aluminum alloy is in a low plasticity state, the crack propagation life exhibits
a linear relationship with the acceleration factor. When the aluminum alloy is in a high plasticity
state, this study proposes an empirical formula to calculate the equivalent stress intensity factor and
crack propagation life. The normalized empirical formula is independent of the geometry and size of
different samples, although the fracture processes are different in the two kinds of panels used in our
study. Overall, the numerical method proposed in this paper can be applied to predict the fatigue
crack propagation life for the random spectrum of large samples based on the results of the simulated
accelerated crack propagation process and the accelerated fatigue tests of small samples to reduce the
cost and time of the testing.

Keywords: fatigue crack; crack propagation life; finite element method; random load spectrum;
accelerated fatigue tests; enhancement factor

1. Introduction

As the aerospace industries develop with demands for longer lifespans, higher reli-
ability, and shorter development cycles, accelerated fatigue testing has become integral
in full-scale aircraft fatigue testing. This method swiftly evaluates an aircraft’s lifespan
and reliability while reducing testing costs. Accelerated fatigue testing offers distinct
advantages, such as a clear understanding of fatigue failure mechanisms, straightforward
operation, and significant effectiveness. It possesses substantial engineering applicabil-
ity and economic value. Currently, researchers have conducted experimental, numerical,
and theoretical studies on the issue of the load spectrum for accelerated fatigue testing.
Many studies have established a solid foundation for applying accelerated fatigue testing to
practical engineering structures. Chowdhury et al. [1] applied load spectrum simplification
to decrease the number of fatigue cycles in aircraft composite structures for accelerated
fatigue testing. This method effectively shortened the testing time and reduced costs. In a
separate study, Lu et al. [2] developed a three-tier accelerated load spectrum based on a
uniform failure mechanism principle. Utilizing this method, they successfully predicted the
fatigue life of a large bogie through accelerated life testing. Zhang et al. [3] conducted crack
propagation tests on single-hole wall panel structures made of aluminum alloy, exploring
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the impact of the load enhancement factor on the crack propagation life. In another study,
Zhang [4] executed similar tests on multi-crack structures, employing numerical methods
to calculate and analyze the stress intensity factors under enhanced load spectrum and the
corresponding variations in crack propagation life. Drawing on the technical essence of
load spectrum enhancement and the acceleration principle of fatigue testing, Yan et al. [5]
established a technical framework for accelerated fatigue testing on military aircraft metal
structures. Additionally, Dong et al. [6] conducted accelerated fatigue tests on the air-
craft connection structure, examining the impact of the load enhancement factor on the
fatigue life.

Concerning crack propagation under a random load spectrum, researchers [7–9]
have explored the impacts of different percentages of overload cycles, overload ratios,
and sequences of random loading on the life of crack propagation. Huang [10] introduced
the notion of an equivalent stress intensity factor corresponding to R = 0 and a modified
Wheeler crack growth model. This approach addressed the high-load hysteresis effects
caused by overload and the accelerated crack growth resulting from negative overload.
Meanwhile, Wang [11] proposed a universal method to predict the fatigue life of smooth
circular hole specimens under a random spectrum. This method utilized the crack closure
model and the concept of an Equivalent Initial Flaw Size (EIFS). Ishihara [12] investigated
the impact of varying R values on the delayed crack growth life under conditions of
overload and high load. De [13] conducted numerical analyses of crack propagation
under a random load spectrum to examine the thickness effect in a plastic fatigue crack
closure. Carlson [14] proposed a mechanism explaining hysteresis following overload,
encompassing factors such as residual stress, crack deflection, crack closure, strain
hardening, and plastic passivation. Enrico and colleagues [15] examined the effects of
crack closure and residual stress on delaying crack propagation by applying various
load ratios.

In summary, past research in accelerated fatigue life has predominantly focused
on understanding the effects of simplifying random load spectra and implementing
constant amplitude load spectrum enhancement on fatigue crack growth life. Research
on crack propagation hysteresis under random spectra employs experimental, numerical,
and theoretical approaches, particularly on scenarios involving single- and dual-peak
overloads. A significant challenge in exploring accelerated fatigue tests with random
load spectrum enhancement lies in the uncertainty associated with the stress state, stress
ratio, and loading sequence. Typically, empirical or semi-empirical formulas derived
from testing do not completely capture the inherent objective laws and may not accu-
rately predict the crack propagation life. Furthermore, the relationship between crack
propagation life and random load spectrum enhancement does not simply correlate
linearly with the load enhancement factor. Currently, there are a limited amount of
studies on the variations in stress intensity factor, critical crack size, and crack prop-
agation life before and after the application of random load spectrum enhancement,
and the corresponding relationship between structures with different sizes and constant
amplitude load spectrum weighting.

Based on the single-hole crack propagation test with random load spectrum
enhancement [16], this paper systematically studies the effects of random load spectrum
enhancement on the stress intensity factor, critical crack size, and crack propagation life of
wall panel structures with different sizes. We also establish a new empirical model for the
random load spectrum enhancement factor. Using our new model, the original spectrum
crack growth life of a random load spectrum and large-scale structure can be extrapolated
from the weighted data of a small-scale structure with a constant amplitude load spectrum
to reduce the cost and time of the test.
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2. Random Load Spectrum Enhancement Method
2.1. Crack Propagation Model

In the proposed damage program for enhanced load spectrum analysis presented in
this study, the model for crack propagation under a constant amplitude load spectrum
employs the Paris model as detailed by Paris et al. [17]. When considering the crack
propagation hysteresis under a random load spectrum, the Willenborg–Chang model is
employed as referenced by Willenborg et al. [18] and Chang et al. [19]. The Paris formula
is simple and widely used. It is more applicable to stage II but cannot describe the effect
of stress ratio R on the crack expansion rate. It can only describe the crack expansion
characteristics of the intermediate stage for a given stress ratio. Walker’s formula adds
the term considering the stress ratio R and the acceleration effect of compressive load
based on the Paris formula, which has higher calculation accuracy and a wider range of
applications [20]. Both formulas are suitable for transverse alternating loads, i.e., their
range of application is limited to the linear class of load spectrum. If there is a high
load in the transverse load, the crack expansion will be slowed down or even stagnated,
i.e., the high load hysteresis phenomenon. The Willenborg–Chang model is a kind of
residual stress model within the range of online elastic fracture mechanics, based on
Walker’s formula of crack extension under equal amplitude load and, at the same time,
considering the hysteresis effect caused by high load, the acceleration effect produced
by the load, and the interaction between the loads, and does not need to determine the
hysteresis constants, so it is widely used in engineering. Determining the hysteresis
constant by test is unnecessary, so it is widely used in engineering [21].

For a constant amplitude load spectrum, the Paris model is

da
dN

= C1((1 − R)Kmax)
n1 (1)

where Kmax is the stress intensity factor corresponding to the peak load of the constant
amplitude load spectrum, R is the stress ratio, a is the length of the crack, N is the number
of load cycles, and C1 and n1 are material constants, respectively.

Crack propagation under a random spectrum can be categorized into two distinct
categories. The first category encompasses situations in which variations in the load
are negligible, thus diminishing the significance of load interactions. In such instances,
crack propagation is quantified using the Paris model. Conversely, the second category
pertains to situations characterized by significant fluctuations in load, necessitating the
consideration of load interactions. Applying the high-load hysteresis model is appropriate
for estimating crack growth for these scenarios. The Willenborg–Chang model, renowned
for its straightforward application and high accuracy, is extensively utilized in engineering
as a high-load hysteresis model.

This model becomes particularly relevant in the presence of a substantial overload,
denoted as σOL

max, within the random spectrum (refer to Figure 1). Such an overload leads to
the formation of a high-load plastic zone ωOL at the crack tip. After the unloading process,
a significant residual compressive stress remains within the plastic zone, whereas residual
tensile stress develops in the adjacent elastic zone, resulting in self-balance. Subsequently,
when the load reaches the next peak value, a new plastic zone, denoted as ωi, forms at
the crack tip. If the cumulative extent of the crack growth, represented by ∆a and ωi, falls
within the bounds of the high-load plastic zone ωOL, the residual compressive stress from
the high load acts to mitigate the tensile stress. This reduction decreases the amplitude of
the effective stress intensity factor and the crack growth rate.
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Figure 1. The diagram of Willenborg–Chang crack model with a random load spectrum. The crack
with full lines is the old crack with a length of aOL, and the dash line crack is a new one with a length
of aOL + ∆a.

The Willenborg–Chang model is

da
dN

= C
(

Ze f f Kmax,e f f

)n
(2)

where

Ze f f =


(1 − Rcut)

m Re f f ≥ Rcut(
1 − Re f f

)m
0 < Re f f < Rcut(

1 − Re f f

)q
Re f f ≤ 0

0 Re f f = 1

(3)

where Rcut is the cut-off value of the stress ratio, Re f f is the effective stress ratio, and C, n,
m, and q are material constants respectively.

Kmax,e f f = Kmax − Krs (4)

where Krs is the residual stress intensity factor,

Krs = Φ

[
KOL

max

(
1 − ∆a

ωOL

) 1
2
− Kmax

]
(5)

where KOL
max is the maximum stress intensity factor of overload, ωOL is the size of the

overload plastic zone, ∆a is the crack growth increment after overload,

Re f f = (Kmin − Krs)/(Kmax − Krs) (6)

Φ = (1 − Kth,max/Kmax)/(γso − 1) (7)

where Kth,max is the threshold value of stress intensity factor, γso is the overload cutoff ratio,

ωOL =
1
π

(
KOL,max

σs

)2
(8)

where σs is the yield stress,
Kth,max = ∆Kth/(1 − R) (9)

∆Kth = Kth,0/(1 − R)η (10)

where ∆Kth,max is the threshold value of the stress intensity factor at any R, Kth,0 is the
threshold stress intensity factor at R = 0, and η is the material constant

ωOL,e f f = (1 + Re f f )ωOL (11)

where ωOL,e f f is the effective size of the overload plastic zone.
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2.2. Random Load Spectrum Enhancement Method

According to the random spectrum crack propagation model Equation (2), the stress
intensity factor is calculated using the following equation:

Kmax,e f f = βσmax,e f f
√

πa (12)

In this equation, β is the dimensionless stress intensity factor determined by the
structural configuration of the crack, a is the length of the crack, and Kmax,e f f is the effective
size of overload plastic zone. Therefore, when the crack propagates from a0 to ac through
N load cycles, by separating the variables in Equation (2), it can be obtained that:

C
N∫

0

(
Ze f f σmax,e f f

)n
dN =

aN∫
a0

(
β
√

πa
)−nda (13)

Let:
I = C

∫ (
Ze f f σmax,e f f

)n
dN (14)

where I is spectral strength. For a given material (c, n), given a load spectrum block (i.e.,
Ze f f , including peak stress σmax and hysteresis effects caused by load sorting ϕ and number
of load cycles N), I is a constant value, reflecting the basic characteristics of the load
spectrum and material crack propagation, characterizing the degree of damage caused by
the studied load spectrum block to the crack propagation of the component. The larger the
I value, the greater the damage caused by the load spectrum block to structural cracks. Let:

1
d
=

aN∫
a0

(
β
√

πa
)−nda (15)

where d is specific damage, which refers to the amount of damage under a given structural
configuration and crack form per unit spectral intensity. It is only related to the structural
configuration and crack geometry and is independent of the spectral type. Therefore,
Equation (13) can be expressed as

Id = 1 (16)

In practical engineering applications, when simplifying or converting the load spec-
trum of crack propagation tests, d can be set to a constant, which is called the damage
equivalence criterion. According to the damage equivalence criterion, for a structure under
any given load spectrum, the crack propagates from a0 to ac through Ni load cycles. If the
spectrum remains unchanged, the peak and valley values of the load are proportional α
enhanced to each other, i.e., the stress ratio R remains constant, and the crack propagates
from a0 to ac after Nk load cycles, resulting in

αn
Nk∫
0

(
Ze f f σmax,e f f

)n
dN =

Ni∫
a0

(
Ze f f σmax,e f f

)n
dN (17)

If a spectral block contains T load cycles, let:

Nenhancement = Nk = aT (18)

Noriginal = Ni = bT (19)

If a and b are much larger than 1, then we have:

Nenhancement
Noriginal

=
a
b
= α−n (20)
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where Nenhancement is the life corresponding to the fracture of the structure with the aggra-
vated spectrum load, and Noriginal is the life corresponding to the fracture of the structure
with the original spectrum load. If all peak and valley values in the fatigue crack propaga-
tion test load spectrum are increased by an equal proportion of α times before conducting
the crack propagation test, the test time can be shortened, and the crack propagation life
of the structure under the reference spectrum can be analyzed by Equation (20). If the
required test life N is increased, the required load increase factor can also be determined.
When Ze f f = 1 − R, Kmax,e f f = Kmax, the crack propagation model is a constant amplitude
load spectrum, which can be considered a specific case in the random load spectrum.
The formula for aggravating the load spectrum is derived similarly.

Based on the above load spectrum enhancement method, the crack propagation
program for random load spectrum enhancement is compiled as shown in Figure 2.

Figure 2. Flow chart of random load spectrum crack growth enforcement calculation program.

(1) Input load spectrum, weighting factor, fracture material parameters, initial values, etc.
(2) The weighted load spectrum is scaled up by α factor of equal proportions and then

processed by the rainflow method to obtain the weighted load spectrum.
(3) Finite element simulation and analysis of the structure to obtain the stress intensity factor.
(4) By the Kc fracture toughness criterion for determining whether the crack continues to

expand, if it continues to expand, go to the next step; otherwise, terminate the cycle
and output the results.

(5) Determine whether the crack cycle undergoes hysteresis according to if hysteresis
is calculated by substituting into the crack hysteresis model; if not, substitute into
the Paris grain extension model to calculate the crack extension length increment a
calculation, a = a + ∆a, N = N + 1.

(6) Repeat Step 3 until the cycle is terminated.
(7) Output the results, specifically α − ac curves, a − N curves, and α − Nenhancement

Noriginal
curves.
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3. Creating Calculation Model
3.1. Creating Finite Element Model

This study employs finite element modeling to analyze two different sizes of wall
plate structures. The geometric dimensions and loading methods are based on those
used in the random spectrum accentuated crack growth test as detailed by Yan et al. [5].
The finite element model is depicted in Figure 3. In the larger wall plate, the loading
holes at both ends are specifically designed to distribute the load evenly across the central
section. The total number of model cells is 3815, and the cell type is CPS4R. Automatic
crack expansion and mesh delineation are realized by writing Python scripts. Based on
the Saint Venant principle, the stress distribution around the loading holes predominantly
affects the immediate vicinity of the loading area, exerting minimal impact on the stress
distribution near the central hole crack. Consequently, the loading holes are omitted in the
modeling process. In the case of the smaller panel, loading is applied directly at both ends,
with its geometric dimensions remaining constant throughout the modeling phase. The
total number of model cells is 1461, and the cell type is CPS4R. automatic crack expansion
and mesh delineation is realized by writing python scripts. The lower end of the panel
is fixed, and the upper end is loaded with displacement. As the thickness of wall plate
is much smaller than the length and width, plane modeling is carried out. Selecting 1/4
singular unit at the crack tip, r/W = 10−5 at the radius of the first layer unit at the crack
tip and circumference θ = π/18, the unit length increases with the distance from the crack
tip as recommended in the literature [22,23] and shown in Figures 3 and 4. The loading
and unloading processes are under stress control, and the load spectrum is introduced in
Section 3.2.

(a) (b)

Figure 3. (a) Small wall panel, (b) big wall panel. The yellow lines highlight the mesh layers drawn
at the crack tip, r is the radius size of the first layer of the mesh, and θ is the angle size of the mesh
divided around the front of the crack.

The two panels are made of LY12-CZ aluminum alloy. The fracture parameters are
shown in Table 1. In Table 1, E is Young’s modulus, µ is Poisson’s ratio, and the other
parameters are introduced in Section 2. The half-crack length a is the sum of the radius of
the hole and the crack size at the edge of the hole. The initial half-crack length a0 is 5 mm.
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Figure 4. Crack tip finite element stress.

Table 1. Fracture parameters of LY12-CZ material [3,24].

E µ Kc σS C n m

6.8 × 1010 (Pa) 0.33 100 (Mpa
√

m) 336.9 (MPa) 3.29 × 10−11 3.46 0.56

q Rcut Kth0 η γso C1 n1

0.13 0.75 2.73 (Mpa
√

m) 0.46 2.4 1.43 × 10−10 3.302

3.2. Loading Original Spectrum and Enhanced Spectrum

In this paper, based on the fracture test of large and small wall plate [25,26], the stress
intensity calculation, critical crack and crack extension analyses under constant amplitude
spectrum and random spectrum are carried out, the load spectrum used in the simulation
analysis is the experimental spectrum, and the weighting coefficients are selected by follow-
ing the guideline of consistency of the main damage site and damage mode, the criterion of
damage equivalence, and the criterion of the finite objective.

For the constant amplitude spectrum, the maximum stress is 56.72 MPa, the stress
ratio R is 0.074, and the weighting factors are 1.2, 1.3, and 1.4 as recommended in the
literature [27].

For the original spectrum of random load spectrum as shown in Figure 5, a program
block has 6405 peaks and valleys, maximum stress 119.36 MPa, minimum stress 1.26 MPa,
and aggravation factors 1.06, 1.1, 1.15, and 1.2 as recommended in the literature [27].

Figure 5. Crack propagation spectrum under random load.
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3.3. Finite Element Model Validation

In order to verify the finite element model, the random spectrum crack propagation
life of large and small wall panels is simulated and compared with the test results as shown
in Figure 6. The error between the numerical simulation results and the experimental
average value is within 10%. Therefore, the modeling method and parameters applied by
the program are accurate and can well predict the random spectrum crack propagation life.

(a) (b)

Figure 6. (a) Load spectrum a − N curve of small wall panel. (b) Load spectrum a − N curve of big
wall panel.

4. Analysis and Discussion
4.1. Stress Intensity Factor

The stress intensity factor is used to characterize the stress field at the crack tip. It is
an important parameter for crack propagation life and enhancement analysis. For large
and small wall panels, the stress intensity factor K is calculated by the following equation:

K = β
P

BW
√

π · a (21)

where B and W are the thickness and width of the wall panel, P is the applied load, a is the
half crack length, and β is the geometric influence factor.

The comparison of the regularized stress intensity factor (K/KC) from the finite
element and formula calculation is shown in Figure 7. The results show that when the
half-crack length is less than 8 mm, the finite element and formula calculations for large
and small wall plates have good consistency with an error of 10% or less, which verifies
the correctness of the finite element calculation method; when it is greater than 8 mm,
because the stress intensity factor formula calculation does not take into account the
boundary effect of the finite plate, the formula calculation value is relatively conservative,
and the longer the crack, the larger the error. As the crack length increases, the stress
intensity factor of small wall panels grows faster and has a larger value than that of
large wall panels. This is because when the crack length is relatively large, the boundary
constraints of width and height have a greater impact on the stress at the crack tip for small
wall panels. As the crack length increases, the stress intensity factor increases as shown in
Figure 8. Therefore, the application of finite element for stress intensity factor calculation
has a higher calculation accuracy, which can provide a data basis for the random load
spectrum aggravation program.
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Figure 7. a − K curve with different calculation methods.

(a) (b)

Figure 8. a − K/Kc curves with differnt enhancement factors of (a) small wall panel and (b) big
wall panel.

4.2. Critical Crack Length

In the residual strength analysis of the structure, the fracture toughness criterion is
used as a damage criterion

K = Kc (22)

where Kc is the fracture toughness. The expression for the stress intensity factor is

K = βσ
√

πa (23)

where β is the geometric influence factor. At a fracture toughness of Kc, the critical crack
size ac at structural damage is

ac =
1
π

(
Kc

βσc

)2
(24)

where σc is the stress of structural failure.
When structural failure occurs, the stress intensity factor reaches its critical value Kc,

and the corresponding critical crack length is denoted as ac. This condition satisfies the es-
tablished failure criterion, marking the completion of the calculation for crack propagation
and damage program under an enhanced load spectrum. Utilizing the methodologies out-
lined in Section 3.2 for constant amplitude and random spectrum loading, the critical crack
lengths for the original spectra of both large and small wall panels are calculated. These
calculations consider varying enhancement coefficients. The results are then presented in a
normalized α − ac/W curve as illustrated in Figure 9.
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(a) (b)

Figure 9. (a) Constant amplitude spectrum enhanced regularized α− ac curve. (b) Random amplitude
spectrum enhanced regularized α − ac curve.

For the constant amplitude spectrum, the ac calculated by the crack extension and
aggravation procedure for the small wall plate coincides with the experimental values;
with the increase in the aggravation factor for the loading spectrum, the regularized critical
crack size of both the large and small wall plates becomes smaller; under the same loading
and aggravation factor, the regularized critical crack size of the large wall plate is smaller
than the critical crack size of the small wall plate, and the rate of decrease of the critical
crack size of the large wall plate is relatively fast due to the fact that, as shown in Figure 8,
with the increase in the crack length, for the same crack length, the stress intensity of the
large wall plate grows more slowly, the stress intensity factor is smaller, and the critical
crack length is larger, but the ratio of the critical crack length to width, i.e., the regularized
critical crack length, is smaller.

For the random spectrum, similar to the law for the constant amplitude spectrum,
the regularized critical crack size of both large and small wall plates becomes smaller with
the increase of the weighting factor of the loading spectrum; under the same loading and
weighting factor, the regularized critical crack size of the large wall plate is smaller than the
critical crack size of the small wall plate, and the critical crack size of the large wall plate
decreases at a relatively fast rate.

4.3. Prediction of Original Spectrum Life and Selection of Enhancement Factor

Applying the random spectrum aggravated damage program, we input the above
mentioned constant amplitude spectrum and random spectrum loading and aggravation
coefficients, and the stress intensity factor calculated by the finite element. The crack
extension life N corresponding to the critical crack size under the original spectrum of the
large and small wall plate and different aggravation coefficients are calculated. Noriginal
is the life corresponding to the fracture of the structure with the original spectrum load,
Nenhancement is the life corresponding to the fracture of the structure with the aggravated
spectrum load, and Nenhancement/Noriginal is the spectrum ratio. Nenhancement/Noriginal ratio
and the α− Nenhancement/Noriginal spectrum ratio curve is plotted as shown in Figure 10. The
results show that when the enhancement factor is less than 1.25, the Nenhancement/Noriginal
ratio coincides with different spectral types and sizes with the increase in the enhancement
factor.The fitting formula is

Nenhancement
Noriginal

= 6.94917 − 8.91763α + 2.97061α2 (25)

The error δ is

δ =

∣∣∣N f ormula − Nprogram

∣∣∣
Nprogram

(26)
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where N f ormula is the life corresponding to the fracture of the structure with the formula
spectrum load, and Nprogram is the life corresponding to the fracture of the structure with
the program spectrum load. When the enhancement factor is 1.25, the maximum error is

δ1.25,max = max(
|N1.25 − N1.25|

N1.25
) =

0.4437 − 0.50035
0.50035

= 11% (27)

When the enhancement factor is less than 1.25, a maximum error of 11%, the error
meets the scope of the engineering application. Therefore, the crack growth life of the
original spectrum can be quickly predicted by Equation (20), and the enhancement factor
can be quickly selected by shortening the time of the accelerated fatigue test. In addition,
when the enhancement factor is less than 1.25, the relationship between the load spectrum
enhancement factor α and the fatigue life accelerated ratio Nenhancement/Noriginal is consis-
tent under the two different kinds of spectra and specimens investigated in the current
study. This conclusion holds significant applicability in life prediction for the original
spectrum and determining the appropriate enhancement factor for the load spectrum.
Additionally, it can be utilized in computing the constant amplitude spectrum for smaller
samples and extrapolating test results. This approach facilitates the prediction of necessary
parameters for the random spectrum of larger samples, thereby reducing the cost and
duration of testing.

Figure 10. Load spectrum enhancement α − Nenhancement/Noriginal original spectrum curves.

5. Conclusions

Drawing upon the accelerated crack propagation test under an enhanced random
load spectrum, this paper conducts a study through numerical modeling analysis and
calculations using the random load spectrum damage program. This research focuses
on the stress intensity factor, the critical crack length, life prediction, and the selection of
load spectrum enhancement factors for both large and small panel structures. The study
culminates in the following key conclusions:

1. The numerical modeling for the two different panels is carried out, and the crack
propagation life of the original spectrum is calculated and verified with the experi-
mental results. The results show that the numerical model can predict crack growth
life conservatively. On this basis, the stress intensity factor of the small and large wall
plates is calculated; with the increase in crack length, the stress intensity factor of
the small wall plate is larger than the value of the large wall plate at the same crack
length, and the stress intensity factor calculation by the finite element can provide
technical support for the aggravation program of the random load spectrum.

2. For the constant amplitude spectrum, the critical crack length calculated by the crack
extension aggravation procedure of the small wall plate coincides with the test value:
with the increase in the aggravation coefficient of the load spectrum, the regularized
critical crack sizes of the large and small wall plates become smaller; under the same
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loading and aggravation coefficients, the regularized critical crack size of the large
wall plate is smaller than the critical crack size of the small wall plate; for the random
load spectrum, the rule of change of the aggravated critical crack length is similar to
that of the constant amplitude spectrum.

3. For a flat plate center opening structure similar to the one in this paper, under different
spectral loading and different sample sizes, when the enhancement factor is less
than 1.25 (corresponding to the maximum error 11% in Equation (27)), with the
increase in the enhancement factor of the load spectrum, the fatigue life accelerated
ratio, Nenhancement/Noriginal tends to be consistent after normalization, which can be
combined into a formula. According to this conclusion, we can quickly predict the
crack growth life of the original spectrum or shorten the time of the known fatigue
accelerated test and select the enhancement factor. It can also be applied to calculating
the constant amplitude spectrum of small samples and the test results to predict the
relevant parameters required by the random spectrum of large samples, reducing the
cost and time of the test.
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