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Abstract: The paving layer on the steel box girder bridge deck is widely used when constructing
pavements for steel bridges. Owing to the orthotropic feature of steel decks, a transverse clapboard
and rib can lead to a concentration of stress. Consequently, fatigue cracks are often identified in
asphalt concrete pavement layers due to re-compaction caused by heavy vehicles. This study aims
to derive an evaluation method of fatigue life for asphalt pavement based on the inhomogeneous
Poisson stochastic process in view of the highly random and uncertain working conditions of layered
composite structures. According to the inhomogeneous Poisson stochastic process, along with
Miner’s fatigue damage accumulation theory and the linear elastic fracture mechanics theory, the
fatigue life formula could be deduced. Meanwhile, fatigue experiments for asphalt concrete are
designed to investigate the correlation between the theoretical formula and the actual fatigue damage
life of the material. Compared with the test, the accuracy error is within 10%, which is better than
other traditional methods. Therefore, the fatigue life prediction model could better reflect the loading
order effect and the interaction between loads, providing a new path for the fatigue reliability design
of steel bridge deck asphalt pavement.

Keywords: asphalt pavement; steel bridge deck; equivalent load spectrum; inhomogeneous Poisson
stochastic process; damage estimation; fatigue life

1. Introduction

The large-span steel bridges, as the throat of the road network, are under continuous
construction with the rapid development of the urban highway network. The paving layer
on the steel box girder bridge deck has the main function of providing vehicles with a stable,
smooth, and safe road surface. The surfacing layer needs to satisfy the requirements of
high strength and durability, good abrasion and slip resistance, excellent high-temperature
stability, low-temperature crack resistance, and waterproof ability. It also needs to have
good deformation compatibility with the steel deck [1–3]. Orthotropic plate is not only used
as the top flange of the steel box girder but also as the bottom plate of the asphalt paving
layer. Because of the relatively small stiffness of the orthotropic plate structure, the paving
layer is more complex than the asphalt mixture surface layer on an ordinary highway and
is prone to being damaged by tensile force. Thus, the asphalt mixture pavement will crack
due to re-compaction caused by the heavy vehicles.

In recent years, fatigue damage and cracking of asphalt mixtures have become major
diseases affecting the use of bridges, especially large bridges, which are important hubs in
the traffic network. Traffic parking maintenance will seriously affect traffic function and
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cause adverse social impacts [4–6]. Therefore, the research on the pavement performance of
steel deck pavement systems, especially on the fatigue damage characteristics, has certain
theoretical value and engineering significance [7–9]. Fatigue performance determines the
service life length of steel-deck pavement structures under normal working conditions,
and the accurate prediction of fatigue life is crucial to the structural strength design [10,11].
During the service period, the asphalt pavement of the steel bridge deck is often affected
by the random vehicular load with variable amplitude. Tests showed that there were
interactions between loads during the loading of variable-amplitude loads and large errors
in the estimation of fatigue life if this effect was ignored [12,13]. The commonly used
fatigue life estimation method adopted the linear fatigue damage theory, Miner’s theory,
which has been widely applied in engineering practice because of its simplicity and prac-
ticability [14–16]. However, due to the significant simplification of the fatigue damage
mechanism, the changes in internal structure, degree of damage, and damage accumulation
and development processes caused by different loading processes cannot be considered.
Accordingly, the calculation results would be presented with large errors [17,18]. In con-
trast, fuzzy fatigue damage theory takes the actual situation of the fatigue damage into
account and considers that the load amplitude below the fatigue limit still contributes to
the fatigue damage. Based on the results, the fuzzy region has been delineated, but the
influence of load action sequence on the fatigue life estimation is still ignored, and the
accuracy is thus not high [19,20]. By studying the stochastic process, the fatigue reliability
of the distribution was found to agree with the Poisson stochastic process. The Poisson
random distribution function has been introduced to describe the dynamic reliability of the
parts and further proposes the probabilistic fatigue cumulative damage theory. However,
the interaction effect between loads cannot be considered, so its estimation of structural
fatigue reliability still has a bigger error [21].

Currently, most studies on the fatigue characteristics of the steel bridge deck asphalt
pavement have ignored the loading sequence of cyclic loads and the influence between
loads [22–24]. When a combination of the design method based on the s-n curve with
fatigue cumulative damage theories has been adopted, it is necessary to more deeply study
the important topic of fatigue cumulative damage law [25,26]. How to reasonably describe
the load action sequence effect and the interaction between loads, establish a reasonable
fatigue analysis model, and conduct more accurate analysis and judgment of the fatigue
problems in the steel bridge deck asphalt pavement structure have become engineering
problems that require to be addressed [27,28].

In this paper, a novel fatigue life estimation method was proposed, combining the
Poisson stochastic process with associated theories and fully considering the interaction
effect of loads on fatigue damage so as to bring it closer to the actual situation and improve
the fatigue life estimation accuracy of the steel bridge deck asphalt pavement structure.

2. Poisson Stochastic Process Theory

Poisson stochastic process generally refers to the number of occurrence events over
a certain interval of time (t0, t), independent of the number of previous occurrences t0,
and the occurrence of events at each moment is random [29]. The mathematical model
of load inhomogeneous Poisson strength function parameters was established by using
the incomplete beta function, and thus the problem of path acquisition for the load micro-
amplitude variation process has been addressed.

2.1. Inhomogeneous Poisson Stochastic Process Model

Based on the inhomogeneous Poisson stochastic process theory, the number of load
occurrences over the period is assumed, and the following points are satisfied:

(1) N(0) = 0, that is t = 0, the occurrence times of load is 0.
(2) In any period 0 < t1 < t2 < · · · < tn, the occurrence of loads is independent of each

other, and the occurrence times N(t1), N(t2)− N(t1), · · · , N(tn)− N(tn−1) of loads
in this period are independent of each other.
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(3) For any time t > 0, and sufficiently small time interval ∆t > 0, there are

P[N(t + ∆t)− N(t) = 1] = λ(t)∆t + o(∆t) (1)

P[N(t + ∆t)− N(t) ≥ 2] = o(∆t) (2)

where, P(·) is the probability of occurrence.

(4) Based on the above conditions, within a small period ∆t of time starting from time
t = 0, the probability of loads at all levels of the engineering structure is shown below.

P[Ni(t + ∆t)− Ni(t) = 1] = λ(t)∆t + o(∆t) (3)

where λ(t) is the inhomogeneous Poisson intensity function; Ni is the cumulative frequency
of i stage load; o(∆t) is a high-order infinitely small quantity of the occurrence probability
of the load in a tiny time interval ∆t.

The inhomogeneous Poisson strength coefficient can be determined by the linear
model [30]

λ(t) = λ(1 + αt) (4)

where, α is the change rate parameter of the linear model, and λ is the corresponding
homogeneous Poisson strength coefficient.

2.2. Parameter Derivation of the Poisson Stochastic Process

According to the theorem of large numbers, the homogeneous Poisson strength coeffi-
cient is defined as the ratio of the number of load cycles at all levels in the sample to the
total number of load cycles in the sample, i.e.,

λi =
ni
N

(5)

where, N is the total number of load cycles in the sample and ni is the number of load
cycles at all levels in the sample.

For the step spectrum, the step loading process is the easiest to implement and can be
manually controlled. The hierarchical loading process can be regarded as a special random
loading process with a fixed event rate. The continuous load spectrum can be fitted with
a sufficiently dense step load spectrum. Additionally, the high-density step load spectrum
can be used as the analysis object to determine the mathematical model of the coefficient
of variation rates. Therefore, the inhomogeneous Poisson strength function of the graded
load loading process can be analyzed and solved. The conditional, inhomogeneous Poisson
strength function is obtained. The loading process, ranging from low to high, is shown in
Figure 1. Similarly, the loading process goes from high to low.
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At 0 < t ≤ t1, the occurrence probability of load σ1 is always 1, and the occurrence
probability of load σi ̸=1 is always 0; At t1 < t ≤ t2, the occurrence probability of load σ2 is
always 1, and the occurrence probability of load σi ̸=2 is always 0.{

λi(t) = λi(1 + αit) = 1 ti−1 < t ≤ ti
λi(t) = λi(1 + αit) = 0 t < ti−1 or t > ti

(6)

By deforming Equation (6) and introducing parameter β and step function h(β), it can
be deduced as

αi =
1
t

(
N − ni

ni

)βi

· (−1)1+h(βi) (7)

h(β) =

{
1 β ≥ 0.5
0 β < 0.5

(8)

Then the inhomogeneous Poisson strength coefficient is

λi(t) =
ni
N

(
1 +

N − ni
ni

)βi

· (−1)1+h(βi) (9)

LU et al. proposed a mathematical model to calculate the parameters in the load
inhomogeneous Poisson strength function, as shown in Equation (10) [31].

β(i) =

∫ x
0 xpj−1(1 − x)qi−1dx

B(p, q)
(10)

where β(i) is an incomplete beta function; B(p, q) is the corresponding beta function, whose
expression is

∫ x
0 xpj−1(1 − x)qi−1dx. x is the ratio of the occurrence times of loads at all

levels under the current number of cycles to the current number of cycles, i.e.,

x =
ni(t)
N(t)

(11)

where, N(t) is the current cycle time, and ni(t) is the occurrence times of loads at all levels
under the current cycle times.

Parameters pi, qi reflect the distribution of beta function, and their value is related to
the load distribution, which can be determined by Equation (12) [32].p = (µx−u)2(ν−µx)−σ2

x (µx−u)
σ2

x (ν−u)

q = (µx−u)(ν−µx)
2−σ2

x (ν−µx)

σ2
x (ν−u)

(12)

where µx is the mean of x, and σx is the variance of x; when the upper and lower limits of
beta distribution are u = 0, ν = 1 it becomes the standard beta distribution.

2.3. Calculation of Equivalent Load

All levels of loads have a certain probability of occurrence at all times t. Therefore, it
is necessary to carry out equivalent processing of the time t load to solve the value of the
time load, i.e.,

σe(t) = ∑ σiPi(t) (13)

where Pi(t) is the probability of each level of load appearing at a time; σi is the stress
amplitude of each level of load; σe is the equivalent load value at the time t.

3. Associated Damage Theory

There are potential neighborhood damage and associated damage between loads.
Therefore, the amount of damage caused by the load cycle consists of two parts. The first is
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the apparent damage that does not affect the subsequent damage but reflects the level of
the stress damage Di. The second is the coupling damage, which affects the subsequent
damage DCi. DCi is the damage caused by the current stress in the spectrum load and
affects the subsequent stress damage level. The value is related to the order of load action
and the damage caused by the current stress. Therefore, the amount of damage from each
load cycle can be expressed by Equation (14) as follows:

DA = Di + DCi =

 Di σ < 0.85σr{
1 + (−1)H(σi+1−σi)

[
1 − exp

(
−
(

σi−a
b

)2
)]}

Di σ ≥ 0.85σr
(14)

H(σi+1 − σi) =

{
1 σi+1 − σi ≥ 0
0 σi+1 − σi < 0

(15)

where, a = 0.85σr, b = (0.05 ∼ 0.4)σr, where σr is the fatigue limit.
Apparent damage Di can be calculated by Equation (16) as follows:

Di =
1

Ne(t)
(16)

where, Ne(t) is the maximum number of cycles corresponding to the stress amplitude at
the time t, which can be obtained through the S-N curve of the material [4].

4. Experiment
4.1. Raw Materials and Pavement Performances of Asphalt Concretes on Steel Bridge Decks

Epoxy Asphalt (EA) concrete is a common paving material used in long-span steel
bridge decks. In this study, EA concrete was selected as the material for the pavement. The
aggregate gradation and the optimum ratio of stone to oil for EA concrete are shown in
Table 1.

Table 1. Design of mixture proportions in the experiment.

Types
Percentage of Particle Mass Passing through Different Sieve Holes (Square Sieve/mm) (%) Asphalt

Content
(%)16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075

EA 100 95–100 65–85 50–70 - 28–40 - - 7–14 6.5

The pavement performance, void fraction, dynamic stability, bending strength/strain,
low temperature anti-crack property, rutting resistance, and water stability of asphalt
concretes are examined according to the corresponding Chinese standard test methods of
bitumen and bituminous mixtures for highway engineering (JTG E20-2011) [33]. Table 1
shows the measured void fraction, dynamic stability (60 ◦C and 70 ◦C), ultimate flexural
strength/strain (−15 ◦C, 1 mm/min), indirect tensile strength (25 ◦C), indirect tensile
strength after the freeze-thaw cycle (25 ◦C), linear contraction coefficient (15–−15 ◦C), and
water stability. In addition, the technical standard requirements are provided in Table 2.

Table 2. Pavement performance of asphalt concretes.

Performance Test Condition, Unit EA Requirement [34]

Void fraction /% 2.2 ≤1.5

Dynamic stability 60 ◦C, 0.7 MPa, /round/mm 12,600 ≥800
70 ◦C, 0.7 MPa, /round/mm 9000 ≥300

Ultimate bending strength −15 ◦C, 1 mm/min, /MPa 18.3 ≥10
Ultimate bending strain −15 ◦C, 1 mm/min, /10−3 2.74 ≥2
Indirect tensile strength 25 ◦C, /MPa 5.39 -

Indirect tensile strength after
Freeze–thaw Cycle /MPa 4.15 -

Linear contraction coefficient 15~−15 ◦C, /10−5 ◦C−1 1.52 ≤3.00
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4.2. Fatigue Measurement of Asphalt Concrete Beam on Steel Plate

The SHRP report provides a comprehensive evaluation and ranking of the degree
of field simulations of different fatigue performance tests, the feasibility of each of the
test methods, the feasibility of the test results, and correlations with the test results. It
is considered that the cyclic bending test can represent the actual stress state of asphalt
pavements adequately, and the results can be directly applied to engineering design.
Therefore, this paper uses the bending fatigue test for beams to evaluate the fatigue damage
performance of the asphalt pavement. For each asphalt mixture, board specimens of
dimensions 380 mm × 100 mm × 50 mm were formed according to the optimal asphalt ratio,
and the compactness of the rut board was controlled at 98% of the Marshall compactness.
Three beams from each group are tested simultaneously, as shown in Figure 2.
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Figure 2. Test machine and beams.

The trabecular specimen prepared with an epoxy asphalt mixture was used for
a dynamic random loading fatigue test, as shown in Figure 3. The testing equipment
(MTS Industrial Systems (China) Co., Ltd., Nanjing, China) consists of three parts: the test
facility, the environment room, and the data control and acquisition system. The thickness
of the steel bridge deck motherboard and asphalt pavement is t1 = 14 mm, t2 = 50 mm, and
the width of the motherboard is W = 100 mm. The four stress amplitudes set in the test
were S1 = 0.85 MPa, S2 = 0.75 MPa, S3 = 0.65 MPa, and S4 = 0.55 MPa. During the test, the
load random loading program was set, and the dynamic cyclic loading was carried out
continuously until the fatigue failure occurred. Thus, the test life of the specimen and the
test cycle time of various stresses can be obtained, as shown in Table 3.

Table 3. Test parameters of random loading of the four-stage load. is the mean of x, and σx is the
variance of x.

σi/MPa µx σx

Distributed
Parameters Test Life

/×107

Number of Test Cycles Calculation of Cumulative
Fatigue Damage

p q /×107 Miner M-H This Paper

0.85 0.317 0.015 3.91 11.25
0.70 0.251 0.016 2.46 13.33

3.2732 0.6756 0.6381 0.563 1.3888 0.42 0.71 0.860.65 0.128 0.008 5.11 16.16
0.55 0.259 0.013 6.32 9.24

Note: M-H is Manson–Halford [35].

The test conditions for the temperature are 15 ± 0.5 ◦C, and the test specimens were
retained for more than 4 h under the given temperature condition of ±0.5 ◦C. The fatigue
load level can be deduced from the equivalent stress method, and it was calculated to
be 12 kN and 16 kN by considering the action of standard axle loads of BZZ-100 kN
and BJ-130 kN, respectively [3]. The continuous partial sine loading mode controlled by
constant stress is adopted here, and the loading frequency is 10 ± 0.1 Hz. Under the
target load level, when longitudinal cracks are formed on the surface of the specimen, it is
considered that the specimen is damaged, and the loading test on the specimen is stopped.



Materials 2024, 17, 780 7 of 12

Materials 2024, 17, x FOR PEER REVIEW 7 of 13 
 

 

  

  

Figure 2. Test machine and beams. 

The trabecular specimen prepared with an epoxy asphalt mixture was used for a dy-

namic random loading fatigue test, as shown in Figure 3. The testing equipment (MTS 

Industrial Systems (China) Co., Ltd., Nanjing, China) consists of three parts: the test facil-

ity, the environment room, and the data control and acquisition system. The thickness of 

the steel bridge deck motherboard and asphalt pavement is t1 = 14 mm, t2 = 50 mm, and 

the width of the motherboard is W = 100 mm. The four stress amplitudes set in the test 

were S1 = 0.85 MPa, S2 = 0.75 MPa, S3 = 0.65 MPa, and S4 = 0.55 MPa. During the test, the 

load random loading program was set, and the dynamic cyclic loading was carried out 

continuously until the fatigue failure occurred. Thus, the test life of the specimen and the 

test cycle time of various stresses can be obtained, as shown in Table 3. 

 

 

 

Figure 3. Schematic illustration of the fatigue test for asphalt concrete beam. Figure 3. Schematic illustration of the fatigue test for asphalt concrete beam.

For the fatigue tests, three strain gauges were attached at the bottom of the midspan
of the composite beam to measure the strain, and the average of the three measured strains
was reported. In addition, the beam deflection at the midspan was measured by two linear
variable differential transducers (LVDTs) during the fatigue test.

The Poisson stochastic process was combined with the associated damage. This
method was introduced to estimate the fatigue life of the specimen. The effectiveness of
the method was verified by comparing calculated results with experimental results. The
fatigue life of the specimen was estimated as follows:

(1) According to the S-N curve of the epoxy asphalt mixture, the fatigue limit N of the
material under various stress load amplitudes could be derived. The homogeneous
Poisson strength coefficient of stress loads at all levels was obtained through the
calculation of Equation (3): λ1 = 0.317, λ2 = 0.251, λ3 = 0.128, λ4 = 0.259.

(2) Based on the distribution relationship of random loads in the test samples, the mean
value and variance of each level of load could be calculated, respectively, as shown in
Table 1. Then, the values of the parameter p, q in the inhomogeneous Poisson strength
function can be solved β(i) due to all levels of loads according to Equation (10).

(3) According to Equation (11), the equivalent amplitude of loads at all levels at any time
t could be deduced.

(4) The cumulative fatigue damage values of the material during sample fatigue failure
were calculated according to Equation (15). The parameter values calculated through
the above steps were replaced with Equation (15) for integral calculation, and the
number of test cycles was 1.7456 × 107 times. In other words, upon fatigue failure,
the cumulative damage to the sample material is shown in Table 1.
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When fatigue failure occurs in the specimen, the cumulative damage to the material
should be D = 1. The fatigue damage value was calculated by Miner’s linear fatigue
damage theory, and the cumulative damage D = 0.42 was obtained with an error of 58%.
According to the fuzzy fatigue damage theory, with the normal distribution function as the
membership function, the error is 29% and D = 0.71. According to the method described
here, the error is 14% and D = 0.86. It can be seen that the combination of the Poisson
stochastic process with associated damage theory allows interaction effects between loads
during variable-amplitude loading. Thus, the fatigue life estimation of materials is closer
to the actual situation.

5. Estimated Fatigue Life of Epoxy Asphalt Steel Bridge Deck Pavement
5.1. Stress Ladder Load Spectrum of Steel Bridge Deck Pavement

The objective of this paper is to examine the Sutong Yangtze River Bridge and driving
speed. By calculating the measured load, the stress load data of the epoxy asphalt steel
bridge deck pavement could be obtained. It has been plotted as a stress–load spectrum, as
shown in Figure 4 [35]. Since it is difficult to analyze the continuous loading spectrum, the
continuous loading spectrum was converted to an equivalent stepped curve after hierar-
chical processing for program-controlled loading. The ladder spectrum could be divided
into ten loading stages, according to the non-equal interval method. The proportional
coefficients of each stage of load and maximum load were 1.000, 0.950, 0.900, 0.850, 0.725,
0.650, 0.575, 0.425, 0.275, and 0.125. In each load stage region, the load amplitude changes
were small, and the influence of the interaction between loads on the life estimation was
not considered. By using Miner’s equivalent rules, the equivalent stress amplitude of each
level of load borne by the steel bridge deck pavement could be calculated.
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Figure 4. Sample stress–load spectrum.

The equivalent stress amplitude of all levels of loads can be obtained as follows:

σiD =

(∫ σmax

σmin

f (σ)σm
i dσ

) 1
m

(17)

where σiD is the equivalent stress amplitude of all levels of loads; m is the material constant,
determined by the test; f (σ) is the distribution density function of the load; σmin is the
minimum value in all levels of load-interval; σmax is the maximum value at all levels of
load interval.
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The load on steel bridge deck pavement satisfies Weibull distribution, and its density
function is

f (σ) =
a
b

(
σ − c

b

)a−1
exp

(
−
(

σ − c
b

)a)
(18)

where σ is the load stress amplitude of steel bridge deck pavement; a indicates the shape
parameter, reflecting the load distribution shape; b is the scale parameter, representing the
overall level of load; c is the position parameter, indicating the minimum value of the load.

They were calculated according to Equations (17) and (18), and the load spectrum was
recomputed. There is an equivalent stress amplitude at all levels of load in Table 1 and the
stress ladder load spectrum of steel bridge deck pavement in Figure 5.
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5.2. Poisson’s Random Process Model Parameters of Steel Deck Asphalt Pavement

The ratio of the occurrence times at all levels of loads to the current cycle time is 0~1
under the current cycle time, so u = 0 and ν = 1. The expected value µx and variance σ2

x
can be determined by the calculation of the sample data. By substituting the expected and
variance values into Equation (10), the values of the stress parameters p and q at all levels
could be calculated, as shown in Table 4.

Table 4. Load parameters at all levels.

Level The Upper and Lower Limit
of Load/MPa

Equivalent
Load/MPa Frequency Probability µx σ2

x p q

1.00 0.8327–0.8876 0.7245 52 0.0433 0.0433 0.0002 4.8662 93.2657
0.950 0.8205–0.8327 0.7149 100 0.0833 0.0833 0.00045 18.3859 86.2846
0.900 0.7438–0.8205 0.6526 138 0.1150 0.1150 0.0068 12.9271 48.5651
0.850 0.6281–0.7438 0.5718 305 0.2542 0.2542 0.0027 18.9053 35.4544
0.725 0.6149–0.6281 0.4223 268 0.2233 0.2233 0.0059 6.9965 30.7919
0.650 0.4978–0.6149 0.3868 154 0.1283 0.1283 0.0013 5.4437 55.1447
0.575 0.3519–0.4978 0.3033 102 0.0850 0.0850 0.0016 6.3233 22.8270
0.425 0.2356–0.3519 0.1924 51 0.0425 0.0425 0.0044 0.1972 5.3709
0.275 0.1012–0.2356 0.1129 23 0.0192 0.0192 0.0019 0.1886 11.8640
0.125 0–0.1012 0.0558 7 0.0058 0.0058 0.00016 0.1556 34.2627

5.3. Equivalent Load and Fatigue Performance Curve of Steel Deck Asphalt Pavement

At the time t, all levels of load have a certain probability of occurring. After a weighted
equivalent treatment of the time t load, the time-equivalent load value could be obtained.

σe(t) = ∑ σiPi(t) = σ1λ1(t) + σ2λ2(t) + · · ·+ σ8λ8(t) (19)
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As a composite material, there was no obvious fatigue limit in the asphalt pavement
material. The S-N curve continued to downtrend after cycles of 107 times under small
stress. By replacing the S-N curve with the empirical formula, the cycle times Ne(t) of the
equivalent stress at all levels were calculated.

ασe(t) + lgNe(t) = b (20)

where, σb is the static strength of the material, σb/B = 9.88, α = 1/B; σe(t) and Ne(t)
indicate the corresponding stress level and the number of cycles during failure. Take the
asphalt mixture material σb = 0.3231 MPa, stress ratio r = 0.45, the conditional fatigue
limit of 0.5804 MPa. Substituting the obtained data into Equation (20), the value of cycles
of equivalent stress at each moment can be obtained.

5.4. Comparison of Calculation Results and Precision

Based on the above studies, the total damage to asphalt pavement on steel bridge
decks could be derived as follows:

D =
∫ t′

0

{
1

Ne(t)
+ (−1)H

[
1 − exp

(
−
(

σe(t)− a
b

))2
]

1
Ne(t)

}
dt (21)

When the total damage value reaches 1, i.e., D = 1, fatigue failure occurs on asphalt
pavement. Therefore, as a condition D = 1, the parameters calculated above were added
at the same time, and the inverse solution of Equation (21) was obtained. By substituting
the material parameters into Equation (21), the theoretical fatigue life expectancy of the
bridge deck pavement can be obtained for different loading levels. The calculated results
are listed in Table 5.

Table 5. Comparison between the test loading times and theoretical calculation results.

Load Level (kN) Exp. Equation (21) Difference (%) M-H Model Difference (%)

12 >30,000 773,414,253 - 78,041,000 -
16 18,133,000 19,023,927 4.91 20,189,000 11.34

The total cycle time of steel bridge deck pavement was t′ = 19, 023, 927 when fatigue
failure occurred, meeting the requirement for the design life of steel bridge deck pavement
(≥12 million times) [34]. Compared with the experiment, the accuracy error is 4.91%, which
is smaller than that of the M-H model [35]. The reason for this is that the effect of load
interaction on fatigue damage has not been fully considered.

6. Conclusions

In this paper, a fatigue life prediction model for the layered asphalt concrete pavement
structure on the steel bridge deck is established based on the inhomogeneous Poisson
stochastic process, and the feasibility of the model is verified by fatigue tests. The following
findings were obtained:

(1) The Poisson stochastic process theory was used to model and analyze the occurrence
probability of loads at each moment. The mathematical model of load inhomogeneous
Poisson strength function parameters was established by using the incomplete beta
function, and thus the problem of path acquisition for the load micro-amplitude
variation process has been addressed. The fatigue design of steel bridge deck asphalt
pavement with certain accuracy was effectively carried out.

(2) The Poisson stochastic process and associated damage theories were combined to
analyze and solve problems from the microscopic variable amplitude process of load.
The influence of the interaction between loads on fatigue damage has been fully
considered. The results showed that the fatigue life under random load could be more
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accurately estimated by this method than others. Compared with the experiment, the
accuracy error is 4.91%, meeting the needs of engineering design.

(3) The parameters involved in the fatigue design mode could be calculated and ana-
lyzed by themselves according to the stress level of the variable amplitude load to
avoid excessive parameters. This method can be directly applied to address practical
problems with the steel bridge deck pavement.

(4) The higher the load levels, the more obvious the effects on the stress ratio. The fatigue
design of the model can well consider multistage loading sequence effects and the
environment. In the future, to avoid only considering the loading sequence effects
due to the resulting insufficient accuracy of reason analysis, more reliable analysis
results should be given to ensure the effectiveness of fatigue analysis and the design
of asphalt pavement structures.

It is worth explaining that only epoxy asphalt is considered in this paper, and the rest
of the asphalt material for pavement needs to be further studied in the future.
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