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Abstract: Highway bridges have often suffered accidents due to fatigue damage. This paper studies the influence of vehicle operating state on the fatigue performance of
bridges. Based on GMM method and K-S test in information statistics, this paper proposes an improved Gaussian hybrid modelling method, and studies the various
parameters of vehicle operating state on beam bridge fatigue, such as the impact of the damage and its fatigue life assessment. On this basis, the fatigue cumulative damage
formula of multi-vehicle upper bridge is proposed. The traffic load of Shandong JiNan-QingDao expressway has been GMMIy analysed by GMM. The Gaussian mixture
model is used to fit the vehicle load probability function by standard fatigue vehicle model. Based on the expressway, the vehicle fatigue has been established to facilitate
the fatigue load and evaluate the fatigue life. Gradually this paper helps to improve the accuracy and convenience of the probability model, which is conducive to the

establishment of a scientific and efficient load probability model for road vehicles.

Keywords: fatigue vehicle model; GMM; highway bridges; K-S test, Shandong JiNan-QingDao expressway

1 FOREWORD

As an important infrastructure in transportation,
bridges play an important role in transportation. The world
is actively studying the problem of bridge fatigue [1]. The
other is vehicle-related fatigue standards. As China is rich
in plateaus, plains, basins etc. that are affected by climate
and crust movements, it produced various road bridges [2].
Under these conditions, vehicles also have a greater impact
on the fatigue load performance of bridges in various
regions. Researchers in China have compiled some
specifications by analysing the overall transportation
industry, but they are less involved in the analysis of
highway bridges [3]. The existing highway reinforced
concrete bridge specification lacks rationality [4, 5].
Specifically, the reinforced concrete bridge has a large
scale and the corresponding fatigue research is slow. Under
this premise, the reinforced concrete bridge has significant
safety and reliability problems. Compared with the
international fatigue theory analysis, China's relevant
norms are relatively backward, and the actual value is
obviously insufficient [6]. The vehicle load of highway
bridges only considers the operation situation and directly
affects the accuracy of design.

In recent years, with the improvement of China's
national strength, the rapid development of modern
industrial construction, and the continuous improvement of
people's living standards, the demand for transportation has
been increasing, resulting in a surge in traffic volume and
diversification of automobile axle types. Due to the
particularity of our province, which is a coastal city, the
load type of the vehicle is compared with that of other
provinces [7]. The traffic characteristics not only show a
rapid increase in traffic volume, but also a significant trend
of heavy load and large-scale. Due to the surge in traffic
volume, the proportion of over-limit loaded vehicles has
risen sharply [8, 9]. With the repeated action of the axle
load, the cracks continue to increase, which may eventually
fail to meet the requirements for engineering accident of
safe use. Therefore, a series of problems caused by over-
limit overload will endanger the operational safety of
bridges and seriously threaten the safety of people's lives
[10-12]. It needs to attract the attention of researchers and

bridge operation management.

As China's demand for transportation increases sharply,
the fatigue of bridges is becoming more frequent.
Therefore, the highway bridge components have been
subjected to high frequency and strong load amplitude for
a long time, so that the fatigue life of the components has
been greatly reduced [13]. In this paper, the random fatigue
load model of highway bridge vehicles from GMM method
is used to analyse the vehicle load parameter statistics and
fatigue load spectrum respectively. The mechanical
method is used to analyse the distribution of axle load of
each axle under different load rates. On this basis, the
relationship between different overload rates of
representative vehicles and fatigue damage of simple beam
bridges is studied. The impact of vehicle operating
conditions is studied on the fatigue performance of girder
bridges.

2 RELEVANT THEORETICAL BASIS AND RESEARCH
WORK
2.1 GMM for Vehicle Load

The basic idea of GMM is to represent the color
represented by each vehicle load by M states. Usually M is
among 3 to 5, and each state is approximated by a Gaussian
distribution.
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Figure 1 Flow chart of Gaussian mixture model parameter optimization
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The vehicle load represented by sensor is a random
variable X. At each time T, the vehicle load is obtained as
a random variable X. Then the sensor distribution of
vehicle load for the state k£ (0 < k < M) can be expressed as
follows.

I =) S (=)

Nk )=——F—5¢
P (x k) (215)"/2 |zk|1/2

(1)

Firstly, EM algorithm is introduced. EM algorithm is a
maximum likelihood estimation method for solving
distribution parameters from incomplete data or data loss
sets. The EM algorithm is usually used to estimate the
parameters in the following two cases. A density function

p(x| @) that depends on the parameter set @ and a set of
sample data X = (xl,n-,xN) of length N is known. The
joint probability density function of the sample data is

expressed as follows.

N

p(xl@)=]]pr(x|®)=L(@|X) 2)
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Function L(<D|X ) is called a sample's likelihood

function, which is a function of parameter @. In the
maximum likelihood problem, our goal is to find a

. *
maximum value @ for L.

" =argmax L(®| X) 3)
®

When p(x|@) is a single Gaussian distribution, the
parameters can be obtained directly by making the
derivative 10g(L(d5|X )) to be zero. For the mixed

Gaussian model, the likelihood function form can be
transformed into:

log(L(cD | X)):long(x | @)

=Zlog(2np (x |CD))

This formula contains the logarithm of the sum and is
difficult to optimize. However, if we assume that hidden
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data ¥ = { y,»}l.zl exists, it tells us where density function

data are generated from, so that the likelihood function is
greatly simplified. Specifically, it is assumed that for each
i, y; €l,..., M. If the i-th sampled data is generated by the
density function &, then y; = k. If you know the value of ¥,
the likelihood function becomes:
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For GMM, p,(x|¢) known as a Gaussian

distribution, the following results can be further derived:

N
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These three equations are iterative equations, and the
new parameter values are calculated using the sample

values and the old parameter values. 7;, 4 and Zi are

the newly estimated parameter values, @' is representing

the old parameter values, p(i |x,,@h) is indicating the

probability that X belongs to the distribution 7, which can
be calculated using the Bayesian formula:

. h
p(l‘|xl,¢h)=A;T"p(l—xl¢) 9)
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The above three equations are parameter estimates
derived from known N sample values. For real-time
calculations, we derive each expression. For the moment ¢
— 1, the formula is as follows.

i] p(k|xi,(17h)

-1 = IT (10)
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Then there is at time ¢.

N -(t—l)+p(k|x[,d5)
Ty = p

(11)
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2.2 Vehicle Classification

The vehicle consists of many different parts. In general,
the vehicle as a research object is inevitably difficult to
portray because it has no uniform nature. Therefore,
multiple parts should be separated first to facilitate separate
studies. That is, the type of axle group and the distance
among the axle sets are the key factors that determine how
the vehicle load is distributed on each axle, which affects
the magnitude and many cycles of the stress response when
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the vehicle passes [15]. In this paper, all the vehicles
monitored have been divided into 14 types of vehicles. In
order to ensure the final establishment of the GMM model,
fatigue vehicle load has strong practicability, the model
meets one of the following conditions, which will be
ignored, more than 90% of the vehicles weight is less than
30 KN. Through the above screening, light vehicles with
little impact on fatigue life and rare vehicles with small
probability are excluded. However, it is possible to make
the modelling object greatly simplify the remaining model
as the main body of the fatigue vehicle load.

The measured data of the system is huge and
complicated. According to Chinese vehicle classification
standards, the models include vehicles, B3 axle medium
trucks, 4 axle 4 vehicles and so on. The actual load of each
vehicle is different. Firstly, the measured data has been
screened and divided. Since the fatigue damage is related
to the stress amplitude and the number of cycles, the
vehicle load affects the magnitude of the stress amplitude
and the number of axles affects the number of cycles of the
stress amplitude. Therefore, the key basis for the
classification of the vehicle is the vehicle weight and the
number of axles [16]. Some models are listed to illustrate
the classification method of the vehicle. As shown in Tab.
1, the 2-axis type has the same number of axles and the
probability distribution of the vehicle weight is similar. The
2-axis medium-duty truck has the same number of axles as
the former two. The law of heavy probability density
distribution is quite different. The probability distribution
of the probability density of the 3-axis type vehicle and the
2-axis medium-sized truck is similar but the number of
axes is different. Therefore, the former two can only be
classified into the same class when the vehicle type is
divided. Since the sample number of the 5, 7, 8 and 9 axle
vehicles is less than 0.3%, the fatigue damage is limited, so
it is not listed separately [17]. According to the weight of
the vehicle and the number of axles, the models are
classified into five categories as shown in Tab. 1.

Table 1 The axis classification of the vehicle

V?hwle. Sketch Axis classification Wel.ght
classification limit /t
2-axis Single-single 20
3-axis Single-double 30
. Single-single-
4-axis double 40
5 _axis Single-single- 50
three
6axis Single-double- 55
three

According to the above specifications and actual
conditions, this paper makes the following provisions for
the maximum total weight limit: 18 tons for the first type
of vehicle, 25 tons for the second type, 35 tons for the third
type, and 43 for the fourth type. The fifth category of
vehicles takes 49 tons, and the vehicles of the fifth category
have more than six axles. For each additional axle, the
maximum total weight limit is 10 tons.

2.3 Literature Review

The traffic survey of highway bridges in China started
relatively late. According to statistics, in 1988, statistics are
vehicleried out on two observatories in Qiuzhuang and
Wugiao County, Daqing, Wugqing County, Tianjin, and the
vehicle overload rate of the Jinuo Expressway was 40%. In
2012, a dynamic weighing system was set up on five
typical expressways in Guangzhou. The vehicle load model
has been obtained through field survey data analysis. At the
same time, the actual bridge load effect, the highway bridge,
culvert specifications have been compared, and the actual
load has been obtained. The effect is about 1.4 times the
design value. In 2012, Mustafa proposed a research on the
vehicle load model of the Beijing-Shanghai Expressway
(G2 > Xingiaohe Bridge) based on the dynamic weighing
system, established the probability distribution model
under the actual operating state of the vehicle, and obtained
the general operating status of the vehicle [18]. The
intensive operation states are single-peak distribution and
multi-peak distribution respectively, and the probability
distribution of the driving distance is subject to the Weibull
distribution. The left and right bridge loads are 1.06-1.34
times and 1.6-1, respectively 69 times, it can be seen that
the right-hand vehicle has a serious overload rate.

In view of the increasingly serious over-loading
phenomenon, the analysis of the damage caused by vehicle
overload on highway bridge and culvert structure and the
problem of overloading and over-limit of vehicle handling
has become a hot-spot problem in recent years, as well as
the random fatigue load model of highway bridge vehicles.
Liang [19] studied the fatigue reliability of orthotropic
bridge decks with long-span cable-stayed bridges under
consideration of vehicle and wind coupling. Niu Yutao [20]
combined the vehicle monitoring data with the reliability
evaluation of the Runyang Yangtze River Bridge random
finite element model to show the results of FEM and SHM.
Niu Yutao. (2018) obtained the reinforced degraded
specimens in corrosive environment by wet salt sand
rusting method, selected the fatigue stress level of highway
bridges under the load of vehicles, and analysed the
corroded reinforced concrete bars through the bending
fatigue test of 8 corroded reinforced beams [20]. Based on
theoretical analysis of sufficient mixing numbers, the
diversified models and the load factor of different vehicles
form a very complex vehicle load. Chen et al., [21] prove
that the Gaussian mixture model is gradually approaching
the probability density distribution function, which can be
described as a Gaussian mixture model in the probability
of distributed vehicle load samples. For the multimodal
hybrid model, the class label for training known samples is
seriously insufficient or cannot be observed, and it is
considered a typical incomplete evaluation data operation.
EM algorithm can scientifically deal with the typical
incomplete data likelihood problem. Shunlong Li et al.
proposed a Gaussian Mixture Model (GMM). Based on the
vehicle dynamic weighing data, the equivalent fatigue
vehicle load of Expressway was established based on the
equivalent fatigue principle [22]. The test results show that
the fatigue failure mode of the corroded beam is mainly
brittle fracture. L. Tian et al., (2018) study the probability
model of the load of a large bridge vehicle, select the
monitoring data of the Nanxi Yangtze River Bridge based
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on the dynamic weighing system (WIM) [23]. The model
parameters are estimated by nonlinear least squares
estimation. Compared with the foreign fatigue design
theory, China is still in its infancy, and lacks
comprehensive vehicle full load statistics, which leads to
the relevant specifications for the fatigue design of
highway bridges. However, the standard fatigue vehicles at
home and abroad are different, and the Anglo-American
standard fatigue vehicles cannot be a very good description
of the current vehicle operation situation in China. In view
of'the situation, this paper uses the Gaussian mixture model
to study the random fatigue load model of highway bridge
vehicles.

3 RANDOM FATIGUE LOAD MODEL OF HIGHWAY BRIDGE
VEHICLES BASED ON GMM
3.1 Detection Object

This paper selects the data about vehicle traffic
obtained by the Zibo Expressway toll station, which
provides fatigue load spectrum analysis. The layout is
shown in Fig. 2. The Zibo expressway is mainly composed
of three parts: the basic road section, the interweaving road
section, the ramp road, and the ramp connection point. The
traffic flow of Zibo expressway is completely continuous,
without any external factors, but in the process of entering
and exiting, the traffic flow still has the phenomenon of
confluence, diversion, and interweaving [24]. In this paper,
the finite element modeling analysis of the bridge upper
structure has been vehicleried out by the bridge
professional finite element software Midas/ Civil 2015.

The Ziboexpressway has four or more lanes and is
equipped with a central separation belt. All are three-
dimensionally intersected, and have perfect traffic safety
facilities and management facilities. All of them have been
controlled for access and designed for high-speed vehicles.

Finite element model

Figure 2 Structural calculation

3.2 Standard Fatigue Vehicle Modeling
3.2.1 3-Axle Trucks for Loading

The test uses 4 front, rear and eight rounds of a total of
3 axle trucks for loading. The general outline of the loading
truck is shown in Fig. 3. The axle load and wheelbase data
are shown in Tab. 2.

Figure 3 Schematic diagram of a common 3-axle truck

Table 2 Axle load and wheelbase data of common 3-axle trucks

NO Vehicle weight / t Wheelbase and track / m
) Rear axle middle axle Front axle Total Front-middle (A) Middle-rear (B) Track (C)
1 14.2 14.2 7.4 35.8 3.95 1.35 1.8
2 14.0 14.0 7.2 352 3.95 1.35 1.8
3 14.1 14.1 6.6 34.8 3.95 1.35 1.8
4 14.2 14.2 6.7 35.1 3.95 1.35 1.8
3.2.2 Vehicle Weight fi(¢). i=1,...,n is anormal distribution, it is called f'(¢).

Taking the 6-axis vehicle as an example, the method of
establishing the vehicle weight GMM model is explained.
The distribution of the weight of the 6-axis vehicle shows
that the vehicle weight of the model has obvious bimodal
distribution characteristics [25]. In general, resorting to a
mixed distribution model can ideally solve the fitting
problem of multimodal probability density functions. If a
population consists of n children, the mixing ratio and
probability density function of the corresponding children

are aj...,a, (zn:aizlj and f,(¢),... f,(¢) » Then the
i1

overall probability density function is
F()=a fi(t)+-+a,f,(t). f(t) is a general form of
a mixed distribution model characterized by the number of
children n and the distribution class of the child, if

The mixed distribution described is a remixed Gauss
distribution.

The research object here is the weight of a single
model, so the possibility of a double-peak distribution
caused by the vehicle including multiple load levels is
excluded. Because the vehicle weight distribution of light
vehicles has no double peak phenomenon, the vehicle
weight distribution of the heavy vehicles has a bimodal
characteristic. Firstly, it is assumed that the weight of the
6-axis vehicle includes 2 sub-body, namely the empty load
and the full load, and the probability density function fitted
by the double-mixed distribution model can reflect the
basic trend of the 6-axle vehicle redistribution. However,
in several parts, especially in the transition zone between
the two distribution peaks, the empirical density of the
measured data is quite different. Therefore, it is assumed
that the six-axle vehicle weight is generally composed of

964

Technical Gazette 27, 3(2020), 961-969



Hao QU et al.: Research on Random Fatigue Load Model of Highway Bridge by Vehicle Traffic Based on GMM

three sub-body weights: empty load weight, half load
weight, and full load weight. That is, using three sub-
distributions to fit the probability density function of the
double peaks. Selecting the triple-mixed Gauss distribution
to fit the probability density function of the vehicle weight,
then

S (¥)= 2t (x) (12)
Corresponding to the mixed Gauss distribution model.

_(x_ﬂi)z

2no; 20';‘2

(13)

In the formula, the weight parameter is «;, f,..., 1,

expresses the mean value of the normal distribution child;

0'12,..., G,f means the variance of the normal distribution

child, There are many ways to solve the mixed model
parameters. The EM algorithm is the most common and
effective algorithm. Practice shows that for the parameter
estimation problem of hybrid distribution model, the
application of EM algorithm can achieve satisfactory
results.

3.3 Data Source

This topic is derived from the project "Study Group on
Fatigue Test in Jinan-Qingdao High-speed Railway of
Shandong Province". The data is selected from the data of
Zibo Highway exit Toll Station in Jinan Qingdao
Expressway. The time is from January 1, 2013 to January
1, 2016. The data of 6400008 vehicles, vehicle weight and
axle load recorded in the vehicle weighing data at the
entrance of Zibo Expressway. Bridge and structure load
test system using equipmentRS-QLO6E made in Japan.
Dynamic strain acquisition and analysis system uses
instrumentsINV3060S made in the United States. Dynamic
strain sensor is HY-65DJB3000B by England. Since the
load of the overloaded over-limit vehicle far exceeds the
design load of the road and the bridge, the road surface is
damaged and the bridge is broken, and the service life is
greatly shortened. Usually the highway load design is
much larger than 3T. Since vehicles with a weight of less
than 3t have little effect on the fatigue damage of the bridge,
such vehicles can be ignored and meet the British BS5400
specification. Therefore, the types of vehicles that can
ignore the effects of fatigue damage on bridges are listed in
Tab. 3. The total number of vehicles after the number of
vehicles in Tab. 3 is 2169587.

Table 3 Axis classification of Jinan-Qingdao high-speed vehicles

Axis type NO. Type NO. Ratio
2 712092 1-1 712090 100%
1-2 19123 15%
3 131010 1-1-1 111887 85%
1-1-1-1 3667 3%
1-3 46 0.1%
4 121308 1-2-1 356 0.3%
1-1-2 117239 96.6%
1-1-1-1-1 5812 4%
1-2-1-1 384 0.3%
1-1-2-1 998 0.7%
5 143834 1-1-1-2 2490 4%
1-3-1 33 1.8%
1-2-2 7546 52%
1-1-3 126571 88%
1-1-1-1-1-1 20511 1.9%
1-2-1-1-1
1-1-2-1-1
1-1-1-2-1 8122 0.8%
1-1-1-1-2
1-2-2-1
6 1061345 1-2-1-2 4818 0.5%
1-3-1-1
1-1-2-2
1-13-1 1837 0.2%
1-3-2 78 0%
1-1-1-3 445922 42%
1-2-3 580057 54.6%

For the sake of analysis, this paper describes a vehicle
according to the position of the single shaft or the coupling
from the front to the rear of the vehicle, which is called a
shaft type. For example, a 3-axis vehicle with a front
single-axle rear twin-axle can be called a "1-2 vehicle"; for
example, a 6-axle vehicle with a front single-shaft, a
double-shaft, and a rear triple-link can be called "1-2 -3
type vehicle", and so on, the vehicle axle types listed in this
paper are listed in Tab. 3.

According to the above content, the shaft type, quantity,

and percentage of vehicles that can cause bridge fatigue are
shown in Tab. 3. It can be seen that the total number of
vehicles that can cause bridge fatigue (referred to as fatigue
vehicles) is 2,120,435 vehicles, accounting for the total
number of vehicles. 33.1%.

3.4 Fatigue Load Spectrum of Zibo Expressway

For the vehicle weight distribution of a single vehicle,
due to the different load conditions such as full load, no
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load, and half load, the general Gaussian distribution, 12

-

logarithmic distribution and other models cannot be used
for parameter estimation. Therefore, the Gaussian mixture }
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traffic volume of Zibo Expressway. And there are more
over-limit vehicles, accounting for most of the total
monthly traffic of the same model. The first 1-axis obeys a
unimodal distribution, and the probability of occurrence of
a peak region on 1-axis is 4x107*. For multi-axis models,
the two peak probability intervals are between 1.2x107*
and 0.3x107%.

Since the distribution of vehicle weight is greatly
affected by the lane and time zone, the vehicle weight
distribution in each lane is compared, and the vehicle
weight distribution in the same lane is compared in the
longitudinal direction. The horizontal comparison of the
cumulative probability density of each lane and the
cumulative probability density of the longitudinal
comparison lanes in the 1-minute period are shown in Fig.
5.

The proportion of different vehicle types in the main
traffic volume, because the vehicle weight is relatively
small compared to other trucks, you can ignore its fatigue
damage to the bridge. In this paper, the total weight of the
vehicle model and the weight of each axis are statistically
analyzed, and the probability density cube map is obtained
using numerical software. The probability density
histogram is numerically fitted with a Gaussian mixture
model to finally obtain its probability density distribution
function. From Fig. 5, it is found that the 2 axis and 3 axis
are the smoothest, directly hit the maximum probability
density, and enter the fatigue state fastest. The other multi-
axis has two probability densities, and it enters a fatigue
state after a buffer time.

3.5 Fatigue Load Spectrum Analysis

The load is divided into two categories: static load and
dynamic load. Due to the uncertainty of random loads, this
spectrum cannot be used directly and must be GMM
processed. The processed load-time-history is called the
load spectrum. The load spectrum is a graph with GMM
properties that can essentially reflect the load changes of
the part.

3.5.1 Fatigue Load Spectrum

In this paper, the GMM analysis of vehicle load
parameters, the distribution type and GMM law of load
parameters of each vehicle are obtained, but the actual
project needs a more direct expression. This section
combines the K-S test and the linear cumulative damage
law to simplify the distribution model. The principle of
simplification is to assume that the fatigue damage caused
by the n model vehicles to the structural system is the same
as that of the n equivalent model vehicles.

3.5.2 Loading Condition and Observation Section

According to the requirements of appearance
inspection, on-site test convenience, contract and bidding
documents, the first span, and the second span are the test
spans of this load test, and the test is vehicleried out in three
working conditions. The specific load conditions and
observation sections are as follows.

Strain measurement point marked in Fig. 2, which we
can see. At each observation section, the measurement

points are arranged at the bottom plate of each girder and
part of the web position. The layout is shown in Fig. 6.
Deflection point: The deflection point has been arranged at
the center of each beam of the A-A and C-C sections, and
the settlement point is arranged at the top of the pier. The
Measured time domain curve and frequency domain curve
are shown in Fig. 6.
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Figure 6 Measured time domain curve and frequency domain curve

The K-S test is a method used in GMM analysis of a
set of data in statistics. It is a method of comparing the data
that needs to be GMM analysed with another set of
standard data to find the deviation between it and the
standard data. Generally, in the K-S test, the cumulative
distribution function of the two sets of observation data to
be compared is first calculated, and then the maximum
value D among the absolute values of the differences of the
two cumulative distribution functions is obtained. In this
paper, the K-S check is performed on the maximum
frequency for Fig. 6, and the measurement points of the
high-speed pavements 1#, 2#, 3# and 4# are selected for
verification.

0 . 1 . )
=== Real value ==fll== Real value by K-S

2 ‘\——/
o -\-_-/-
-6

1# 24 3# 4

NO.

Figure 7 Reinforcement stress curve of mid-bottom edge of C2-C3 standard
fatigue vehicle crossing bridge

Stress deformation

The measured time course and frequency domain
curves are shown in Fig. 7 below. Finally, a table lookup is
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made to determine if the fatigue D value falls within the
required confidence interval. If the D value falls within the
corresponding confidence interval, it indicates that the
detected data meets the requirements.

4 CONCLUSION

In this paper, the influence of vehicle operating state
on the fatigue performance of highway bridges has been
taken as the starting point. The influence of various
parameters of vehicle operating state on the fatigue damage
of beam bridges is studied. At the same time, the traffic
load of Jinan-Qingdao Expressway Zibo section has been
investigated and analyzed Fatigue life assessment. The
relationship between the axle load and the axle load of
different axles is calculated. Based on this, the relationship
between vehicle overload rate and beam-bridge fatigue
damage is derived. The speed of the vehicle, the distance
between the train and the span of the bridge are analyzed.
Based on this, the fatigue cumulative damage formula of
multi-vehicle upper bridge is proposed. The traffic load
statistics of Jinan-Qingdao Expressway is calculated by
Gaussian mixture model, and the vehicle load probability
function is fitted by Gaussian mixture model. The fatigue
reliability of analysis framework of Reinforced concrete
Highway Bridge considering traffic volume is established.

The main results of paper innovations are clarified as
follows. This paper adopts random fatigue load model of
Highway Bridge by vehicle traffic based on GMM. The K-
Sanalysis results show the feasibility of the method. In
addition to traffic volume and axle weight, parameters such
as vehicle speed and road surface flatness also have a
certain impact on the fatigue stress analysis of Reinforced
concrete highway Bridge. In addition, the results of this
paper are subject to further reconciliation with stress data
based on long-term health monitoring. It can be applied to
build fatigue vehicle load models under various traffic
conditions or provide a reference.
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