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Abstract

With respect to fatigue damage of heavy traffic on the bridge structure, this paper
studied on load spectrum and fatigue simulation. The author used manual recording, live
cameras, vehicle dynamic weighing system (WIM) to conduct traffic investigation in a
continuous 24-hour period. Basing on these data in Hebei province, we established
typical vehicle load spectrum using probabilistic and statistical methods, and deduced a
standard fatigue vehicle model on this basis. Then we prepared random load spectrum by
MATLAB and realized loading it on a finite element model (FEM). Next, the paper
assessed the fatigue life of in-service highway bridges that in Hebei by comparing typical
vehicle load and random vehicle load. Results showed that vehicle speed has significant
influence on fatigue damage under typical vehicle load. Equivalent stress amplitude is
small in two operational states under random vehicle load, the general operation state
and intensive operation state. Fatigue damage to bridge under general operation is
obvious. After verified the applicability of the standard fatigue vehicle model, we can
believe that this model developed in this article can be further used as a reference to
check highway fatigue damage in the entire Hebei province. Moreover, all the results
showed that the bridges wouldn 't get fatigue failure under a normal operation state when
there is no impact of environmental factors.

Keywords: Heavy-duty traffic; Random traffic flow; Fatigue damage; Finite element
modeling

1. Introduction

With rapid development of transportation, fatigue damage of bridges under heavy-duty
traffic occurs frequently. The actual service load at present has far exceeded the designed
load of bridges at the time they were constructed. So it is necessary to study fatigue
damage of old highway bridges under current vehicle load [1-2]. So far bridge fatigue
load has been studied a lot in countries such as the United States, the UK and Japan [3-5]
etc.

Standard vehicle load spectrum and fatigue vehicle model, which are based on
domestic traffic situation [6-9], are contained in their bridge design specifications.
UK BS5400 specification provides a good example. However, our region, Hebei
province, has not established any vehicle load spectrum that suits for highway and
city road bridge fatigue design. Although Tong Lewei [10], Zhou Yongtao [11] and
Zhu Hongbing [12] etc. have carried out relevant research on load spectrum and
fatigue vehicle model respectively, their research only adapt to local traffic, which
cannot can reflect the national situation.
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In this paper, manual recording, live cameras, vehicle dynamic weighing system
(WIM) was used to conduct the traffic investigation in a continuous 24-hour period.
By combining on-the-spot traffic survey data, we built a separating entity finite
element model (FEM) about a 16-meter prestressed reinforced concrete hollow slab
girder via finite element analysis software [13-14] and realized loading random
traffic flow produced by MATLAB on this model [15-16].

2. Modeling

2.1 Typical Vehicle Modeling

Current specifications of China divide vehicle load of urban bridges into urban-
level A and urban level-B as well as highway bridges into road-level | road-level II,
which does not reflect the actual highway bridges load operations. By referring to
domestic and foreign research achievements "1 our research group selected
highway sectionsG4 and G45 of Hebei in November 2013, carried out traffic
surveys and axle load statistics. We used the principle of fatigue damage
equivalence, obtained corresponding typical vehicle load spectrum (Table 1).

Table 1. Typical Vehicle Load Spectrum

Number Graphical representation Gross Relative

NO. of axles (Axle load: kN; wheelbase: n) weight frequency

(kN)
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Many fatigue computations show that the fatigue damage brought about by 6-axle
vehicles for bridge is most common. Thus, we mainly use 6-axle vehicles as a
prototype to deduce corresponding standard fatigue vehicle models. By consulting
the way to establish standard fatigue vehicle models about highway bridges in
southwestern mountainous areas '*”), the research group built a standard fatigue
vehicle model about highway bridges in the section based on VC5 vehicle type in
Table 1 and kept wheelbase the same as that of VC5 vehicle type.

According to W =(ZfiWi3)%, gross weight of a standard fatigue vehicle is

W=575KN. By distributing the weight to each axle of a 6-axle vehicle in proportion,
a schematic diagram about the standard fatigue vehicle model was got, as showed in
Fig. 1.

86KN 9 3KN 9 3KN 101KN 101EN 101KN

(——o) © © ©

2. 6m 2m Tm 1.35m | 1.35m

Figure 1. A Schematic Diagram of Standard Fatigue Vehicle Models on
Highway Bridges

There f is the frequency in which the ith type of typical vehicles appears and
Wi denotes gross weight of the ith type of typical vehicles.

2.2 Compiling Random Load Spectrum

Representative vehicle distribution concluded by related investigation and statistics in
China is shown in Table 2 [21].

Table 2. Distribution Law about Traffic Flow and Load Statistics

Random vehicles Capacity Dist:;t\),\lljtion Distribution parameter

Gross vehicle weight (t) 12462  Lognormal £ =1.666697 & =0.816272

Axle load (t) 31836  Lognormal 42 =0.633925 & =0.922265

Distance Generaslt;)tp;eration 12462  Lognormal i =4.827692 4 =1.115751
headway -

Intensive A A

(m) operation state 389 Lognormal £ =1.561165 & =0.279707

_ General operation 12462 Gamma 4 = 0.904286 7~ 0.039451
Time state

interval . N
© imenve 38  Gamma ¥=12907330 77555810

operation state

Distance headway distribution obtained by traffic flow statistics for a highway
under a general operation state is illustrated in Figure 2.
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Figure 2. A Histogram about Distribution of Distance Headway under a
General Operation State

According to distribution fitting, the distance headway under a general operation
state obeys the log-normal distribution with parameters u=4.7115 and

o =1.0702. By comparing parameters in Table 1, the author has concluded that the
distribution of distance headway is closer. Thus, #=1.561165 and o =0.279707

were selected under an intensive operation state of vehicles. Random distance
headway was simulated by MATLAB according to these two distributions, as
showed in Figure 3. The random traffic flow-generating program compiled by
MATLAB makes vehicle load equivalent to axle load in the form of concentrated
force. Then, we exported data files in txt, which prepares for the situation of loading
random vehicle load on a bridge structure using finite element model (FEM) [22-
23].

The procedures of the MATLAB program are as follows:

a. According to the data, generate N random vehicle type and N random distance
headway.

b. For each typical vehicle axle and wheelbase is identified, we assign the
corresponding load to each axis.

c. Record the initial position of the random traffic each axis on the bridge. Then
output axle load in the corresponding position.
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Figure 3. Distribution of Random Axle Weight and Location
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3. Fem Establishment

To establish a FEM of prestressed reinforced concrete bridges, the author selected a
16-meter simply supported prestressed hollow slab bridge on the highway. Besides, the
author used Solidé5 to simulate concrete and Link8 to steel and prestressed
reinforcement, and utilized falling temperature method to realize pres-tress application.
Figure 4-5 displays bridge design data. Considering wheelbase features of model vehicles,
simple support constraint was implemented to beam-ends in order that random vehicle
axle load could be applied conveniently. Figure 6 shows unit division methods.

In order to realize loading of MATLAB random traffic flow, APDL language was used
to program JIAZAI. As can be seen from the load simulation that MATLAB program
may generate random vehicles that comply with designated situations and demands, and
make adjustments based on vehicle types in different regions. Thus this program gets a

nice versatility.
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Figure 4. A Cross Section of a Hollow Slab Bridge
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Figure 5. Sectional Dimension of a Hollow Slab and Reinforcement Drawing
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Figure 6. FEM Mesh Generation
4. Fatigue Damage Analysis

4.1 Typical Vehicle Modeling

Depending on Table 1, the author divided each model vehicle into 6 working
conditions (Table 3) and defined two variables including vehicle speed and distance
headway. In the process of loading, we also considered motor vehicle loading
coefficient and influence line coefficient of lateral distribution.

4.1.1 Dynamic Response of Girders: The author applied the foregoing working
conditions to FEM, carried out transient dynamic analysis, extracted stress time-history
data about midspan concrete and prestressed reinforcement under each working condition,
performed counting by rain-flow counting method and obtained corresponding stress
amplitude and cycle index. As a 2-axle vehicle and 6-axle ones account for 83% of typical
vehicle load, only time-history curves for midspan nodes of the two types of vehicles
under different working conditions are illustrated here, as showed in Fig. 7-10.

Table 3. Working Conditions of Typical Vehicle Loading

Working ~ Condition1  Condition2  Condition 3 g{:ondmon Condition 5 Condition 6
condition s=20m v=60km/h
VC1 v=20km/h v=40km/h v=80km/h s=10m s=20m s=40m
VC2  v=20km/h v=40km/h v=80km/h s=10m s=20m s=40m
VC3  v=20km/h v=40km/h v=80km/h s=10m s=20m s=40m
VC4  v=20km/h v=40km/h v=80km/h s=10m s=20m s=40m
VC5  v=20km/h v=40km/h v=80km/h s=10m s=20m s=40m
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Figure 7. Time-history Curves about Midspan Nodes of 2-axle Vehicles
under Working Conditions 1-3
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Figure 8. Time-history Curves about Midspan Nodes of 2-axle Vehicles
under Working Conditions 4-6
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Figure 10. Time-history Curves about Midspan Nodes of 6-axle Vehicles
under Working Conditions 4-6

Foregoing figures show working conditions 1-3. They indicate that maximum dynamic
response and response amplitude of midspan nodes increase with vehicle speed for 2-axle
vehicles. Working conditions 4-6 state maximum dynamic response and response
amplitude of midspan nodes tend to grow as the distance headway increases. However,
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the trend is not clear. For 6-axle ones, maximum dynamic response and response
amplitude of girders under each working condition are approximate.

4.1.2 Calculation about Fatigue Damage: S-N curve general formula:
IgN = A-blg S (1.2)
Under the effect of n; the cycle index of S; random amplitude stress, the damage that
structures or components suffer is:

Dzz;:l_iileAlzn( s f (1.2)

The following formula shows fatigue life of structures or components under general

S
stress cycle —©9:
10%

= (1.3)
"y

. . n. .
Then, under cycle index of equivalent stress level Z ', we may describe
structural damage as:

(S.)"

D= Z—= or 2" (1.4)

Let Formulas (1.2) and (1.4) be equal. Next, we may deduce the expression of
equivalent stress amplitude Seq

b %

By consulting experimental study of Li Yonggiang
about concrete is:

IgS =0.0089-0.0299IgN S >0.78

{ IgS =0.0888—-0.054IgN S <0.78

From Formula (1.5), the expression related to equivalent stress amplitude Seq of
concrete is:

(2425 et al. S-N rectilinear equation

(1.6)

—0.0299

Zn 334448
Seq
Zn | s=078 .
zn 198413 700504 5 < .78 (L.7)
S =
eq an

By referring to research of China Academy of Railway Sciences on twisted steel and
steel strand, S-N rectilinear equation of steel is:

{Ig N =15.1348-4.3827lgAc N <10’

IgN =18.8471-6.3827IgAc N >10’

S-N rectilinear equation about prestressed reinforcement is:
IgN =13.84-3.51lg Ac 1.9

Calculated equivalent stress amplitude of steel Ao-eq (unit: MPa):

(1.8)
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. . . A
We may describe equivalent stress amplitude of pres-tress

Ao,

Aoy,

Ao

'Z n, (Si )4.3827
20,
Z n, (Si )6.3827

N,

Zni(si )3.51

—0.2282

N <10’
N >10’

0.1567

170-2848

eq Zni

Teq as:

(1.10)

(1.11)

According to the foregoing equivalent stress level and equivalent stress range
formulas, we used node stress time-displacement dates which were treated by rain-
flow counting method, got the damage of midspan nodes in the bridge when each
typical vehicle drives on an outside lane. Results are listed in Table 4-8.

Table 4. Fatigue Damage of Midspan Location when VC1 Vehicles Drive
under Different Working Conditions

Working Concrete et Reinforcemer;ta e Prestressed reinfortl::(;rt?gelr](te
condition Seq damage Oeq N damage Ao N damage
Con(iition 0.163 2.378e1 1.470-17 1%.7 1.8§)e1 Z.ige— 862 35910 1.13&
congiton 176 >% sote1s seo 0T O 530 190en M0
Conc:j;ition 0.163 2.477e1 2 02e-17 1%.9 9.113e1 4.31’223e- 927 278610 1.Elige-
conditon o170 LTl 396e17 908 29 LI 7sg sesern 13
Con(éition 0.157 5.2;3e1 1.09e-17 129.4 7.013e1 S.ige— 962 244010 Z.iie—
Con((jsition 0.154 7.2;3e1 114e-17 1%.7 1.024e1 7.51)§e— 870 3.48¢10 Z.iz)e—

Table 5. Fatigue Damage of Midspan Location when VC2 Vehicles Drive
under Different Working Conditions

Working Concrete i Reinforcemer'lta e Prestressed reinforlc::tzlrtr;;lrlte
condition S N damage Adeq N damage Adeq N damage
Con(iition 0.619 6.157e1 7 41e-16 1%9 1.62061 S.Se— 888 3.2361 1.39e-10
Congition 0.719 5.759e1 5 18e-16 127.0 8.71561 3.11126— 10.09 2.0(?61 1.45e-10
Congition 0.018 3.561e1 1910-16 1i.0 2.11561 1.€1)?e— 1201 1.1(&)361 3.90e-10
Coniition 0.218 2.8§e1 1.30e-16 12.3 7.413e1 5.2421e- 9.80 2.2§el 1.64e-10
Con(éition 0.318 2.4§e1 2 016-16 1?1.1 5.117e1 Q.ge- 10.22 1-90761 253010
Con(éition 0.318 2.4§e1 2 576-16 122.3 7.619e1 8.£e- 9.42 2-60361 2.37e-10
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Table 6. Fatigue Damage of Midspan Location when VC3 Vehicles Drive

under Different Working Conditions

. Concrete Reinforcement Prestressed reinforcement
Working Fatigue Fatigue Fatigue
condition S, damage Ao N damage Ao N damage
Condiion 010 2332 1 18601 1722 % 424em 3% 53460 607e10
Cong'“on 00 O a7ge1s 1762 (Nt aarens M%7 55200 634010
Cong'“on 0'2?2 5'5fe1 6.75e-15 19.16 4'53‘31 9.25e-11 11'8 533¢9 8.91e-10
CO”T“O” Ogl 9'65‘31 3.38e-15 17.34 8'653‘31 3.75e-11 1‘(‘)'3 6.08¢9 5.34e-10
CO”%'“O” 0'50 2'557 el 127615 1875 5'25 el g16e-11 15;'0 5.05¢9  7.43¢-10
Condition 020 404el 1 spe1s 1738 501 e72emn 3% 73000 7.78e10

Table 7. Fatigue Damage of Midspan Location when VC4 Vehicles Drive

under Different Working Conditions

. Concrete Reinforcement Prestressed reinforcement
Working Fatigue Fatigue Fatigue
condition S N damage Ace N damage Aceg N damage
Con(iltlon 0.221 1.356e1 406e-15 12.86 5.8I1e1 1.03e-11 1(;.0 2.1(())e1 2 86e-10
Congmon 0.221 1.3;e1 4856-15 13.25 4-8f91 1.45e-11 1%-1 2-053‘31 3.39-10
Cond3|t|on 0.39 4.652e1 1956-15  14.00 3.Sfe1 2 14e-11 1(()).6 1.761e1 4.17e-10
Conditon 0.20 - 2.48¢1 950015 1288 >7P*' 108e11 968 % 282010
Congmon 0.50 4.1;e1 188e-15 14.69 2.511e1 3.990-11 1%.0 1.5(())e1 5 15¢-10
Con%ntlon 0.819 5.4é)e1 190e-15 14.32 2.915e1 3.480-11 1%.2 1.9§e1 5 32¢-10

Table 8. Fatigue Damage of Midspan Location when VC5 Vehicles Drive

under Different Working Conditions

] Concrete Reinforcement Prestressed reinforcement
Working Fatigue Fatigue Fatigue
condition S N damage A0 N damage A%a N damage
Con(iltlon 0.522 4.2:)e1 187e-14  13.40 4.5;)e1 5 00e-11 1(;.2 1.9(&)3&1 4.05e-10
Congmon 0.52 6.4je1 117e-14 13.78 3.716e1 5 13e-11 1(()).2 1.9(&)9&1 4.026-10
Cond3|t|on 0.520 2.7§el 1376-15 14.68 2.512e1 5 98e-11 1}3.1 1.4(;1&1 4.33e-10
Coni'“on 0-51 0%l gs0e1s 1367 P°PT 177011 1?3'1 2'001"1 3.49¢-10
Condition 0.21 7.91el 569e-15 1431 2.95el 237011 109 1.53el 4.25e-10
5 8 4 1 9 0
Condition 0.21  7.47el 107e-14 13.76 3.7%1 250e-11  9.96 2.16el 4.40e-10
6 8 4 1 0
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Calculated data in each table states that fatigue damage of concrete is the smallest but
that of prestressed reinforcement is the largest under all conditions in the comparison
among concrete, reinforcement and prestressed reinforcement. For concrete, its fatigue
damage tends to increase when vehicles with 2-6 axles pass the bridge under the same
working condition and the fatigue damage caused by 6-axle vehicles for concrete is the
largest.

As for regular reinforcement and prestressed reinforcement, the fatigue damage caused
by 4-axle vehicles is the largest under all working conditions. Besides, fatigue damage
increases with 4-axle vehicle speed. Equivalent stress level of reinforcement and
prestressed steel strand is lower than 20Mpa. When stress amplitude is less than 30Mpa,
fatigue life of twisted steel is a little longer than that of prestressed reinforcement under
the same stress amplitude. When stress amplitude is larger than 30Mpa, fatigue life of
prestressed steel strand is much longer than that of twisted steel with increase of stress
amplitude, as showed in Figure 11. Accumulated fatigue damage is much smaller than 1
after the cycle has lasted 2 million times under each stress level. Thus, the bridge has
adequate fatigue life under normal service period.
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Figure 11. S-N Curves of Reinforcement
4.2 Fatigue Damage under Random Vehicle Load

4.2.1 A General Operation State: Random vehicle load sequence produced by
MATLAB was loaded on the FEM. Meanwhile. The author extracted stress time-histories
data about concrete, reinforcement and prestressed reinforcement in midspan pressure
zones, performed counting by the rain-flow counting method and calculated fatigue of the
bridge when random vehicles passed the bridge under a general stage. Random traffic
flow simulated by this thesis under a general condition is that random vehicles on two
lanes drive at 60km/h. In detail, there are 50 random vehicles on each lane and 100
vehicles pass the bridge in all. By lateral distribution influence coefficient, random
vehicle load was loaded on the FEM to do transient dynamic analysis. Stress time-history
curves of midspan nodes and stress cycle statistics are showed in Figure 12 and Figure 13,
respectively.
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Figure 12. Time-history Curves of Midspan Nodes under a General
Operation State
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Figure 13. Stress Cycle Statistics of Midspan Nodes at the Bridge under a
General Operation State
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From above results, under a general operation state, stress amplitude of both
reinforcement and prestressed steel strand is below 15Mpa and that of concrete is below
3Mpa. Besides, stress level mainly concentrates on 0.06~0.2. Formulas 1.8 and 1.9 show
that under cyclic action of 15Mpa stress amplitude, fatigue life (N) of reinforcement is
greater than 2.19*1011 and prestressed reinforcement is greater than 5.13*1009,
respectively. In addition, fatigue life (N) of concrete in the pressure zone is greater than
4.26*1017 under 0.2 stress level. Thus, the structure has adequate fatigue life.

4.2.2 An Intensive Operation State: For comparison, random traffic flow produced by
MATLAB under an intensive condition also simulated two lanes with 50 random vehicles
for each lane. Lateral loading position was as under a general operation state. The
intensive operation state usually appears when there is a traffic jam. Distance headway is
shorter and vehicle speed is lower in this case. Thus a speed of 20km/h was used to pass
the bridge. Figure 14 shows time-history curves that correspond to the midspan position
under an intensive operation state. And Figure 15 indicates the stress cycle statistics after
applying the rain-flow counting method.
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Figure 15. Stress Cycle Statistics of Midspan Nodes at the Bridge under an
Intensive Operation State

Calculated results under an intensive operation state tell that most stress amplitude of
reinforcement and prestressed reinforcement is less than 5Mpa and stress amplitude for
concrete is 1Mpa. They are all about 2/3 time lower than that under a general operation
state. Stress level of concrete in the pressure zone is mainly between 0.25 and 0.35, which
is greater than that under a general operation state. When S=0.3, the corresponding fatigue
life is N=1.369*1012, being 0.4 million times smaller than that under a general operation
state.

Table 9 lists the summary data for the two conditions. With respect to the twisted steel
and prestressed reinforcement, the fatigue damage under a general operation state is 9.91
times and 12.55 times higher than that under an intensive operation state, respectively.
The fatigue damage caused by vehicles for the bridge is smaller under an intensive
operation state

Table 9. Fatigue Damage at Midspan Position of the Bridge under Effect of
Random Traffic Flow

_ Concrete Reinforcement _ Prestressed reinforcement
T s o R R o
ﬁp%f;ﬁgﬂ 0.921 Bolel 128 175 g5, 1.087e- 1208 ML 7770
state
Agp':rt:trl‘;'r:’e 0.31 7.214e1 4.Eliée- 14;.1 313611 1.098e- 264 5.4§e1 6.196.9
state
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The reason is belonging to this scenario vehicle speed is low and equivalent stress
amplitude caused to the bridge is high when vehicles drive at a higher speed. If 12,000
vehicles pass the bridge averagely each day, fatigue life (YY) of the bridge under a general
operation state will be 139 years. Thus, under the current operational load condition, we
can provide the bridge will not get fatigue failure.

4.3 Fatigue Damage under Effect of Standard Fatigue Vehicle Models

By consulting the way to load standard fatigue vehicle models in British specifications
[3], we put the standard fatigue deduced vehicle model (Figure 3.3) and Liaoning standard
fatigue vehicle models [11] into the same speed for comparison. Loaded them on the
model at 60km/h for fatigue analysis. Results are indicated in Tables 10-11.

Table 10. Fatigue Damage at the Midspan Position of the Bridge under
Effect of Fatigue Vehicle Models

Acting Concrete Reinforcement Prestressed

- reinforcement

working Fatigue Fatigue Fatigue

condition Seq damage Oeq damage Ao N damage

Standard

Fatigue 0.31 4.37el 16.9 1.02el 9.73e  9.45e-
vehicle 8 1 2.01le-11 2 1 9.43e-11 12.50 9 10
models

Liaoning

standard

fatigue 0.31 5.55el 1 666-11 16.8 1.04el 9.82%e-11 12.32 10.3e  9.75e-
> 4 1 6 1 9 10
vehicle

models

Table 11. Comparison about Equivalent Stress Amplitude under Effect of
Fatigue Vehicles and Practical Running Vehicles

Reinforcement Prestressed reinforcement
Vehicle load effect Ratio t_o equivalent s_tress Ratio to eql_JivaIent
Ao amplitude of practical Ao stress amplitude of
traffic flow practical traffic flow
A general operation
condition 17.52 1 12.03 1
An intensive. 16.92 0.97 12,50 1.04
operation condition
Standard fatigue
vehiclesonasingle  10.38 0.59 7.67 0.64
lane
Liaoning standard
fatigue vehicle 16.86 0.96 12.32 1.02
models

Comparative results indicate equivalent stress amplitude caused by the fatigue vehicles
loads assigned in this study is next to that under a general operation state. If we follow the
situation that standard fatigue vehicles are loaded on a single lane in British specification
[3], the ratio was 0.59, which was lower than 0.97. Thus, we may know that the loading
method in this thesis considers vehicle situations on different lanes, which are more
practical. Meanwhile, it is consistent with the fatigue effect that has been proposed in
Literature [11] and that is appropriate for highway bridges in China under standard
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fatigue vehicles. Therefore, we could conclude the model proposed in this thesis was
reasonable and may be used further for fatigue analysis.

4. Conclusion

1) Vehicles on the road bridge have strong randomness. Vehicle type, speed,
distance, load and so are constantly evolving over time. Research on random load
is still insufficient. In this paper, manual recording, live cameras, vehicle
dynamic weighing system(WIM) were used to conduct a traffic investigation for
24 hours continuously. Via these surveys, typical vehicle load spectrum was
established. After that, we used MATLAB to compile a random vehicle load
generating program and simulated practical operational states of the bridge. The
results show that the MATLAB programming with parameter control has
universality.

2) The paper used a separation method to establish FEM and realized loading of
produced random traffic flow on the model. Besides, we adopted Transient
dynamic analysis method was adopted to get solutions, extracted stress time-
history and analyzed fatigue damage. Such a simulation is more realistic. The
comparison between calculated results under different working conditions of
typical vehicle models demonstrates that dynamic response amplitude of the
bridge increases as vehicle speed grows. Impacts of different headway distance
are minor for vehicles with 2-5 axles. Considering 6-axle vehicles, influence of
changes in both vehicle speed and the headway distance is inconsiderable.

3) The comparison between a general operational state and an intensive operation
state shows equivalent stress amplitude and fatigue damage under the latter
condition are relatively smaller. By calculating fatigue damage and life of the
bridge without influence of environmental factors, we may believe that fatigue
failure won’ t occur under a normal operation state.

4)  Pass the contrast, verify the standard fatigue vehicle model in this thesis may act
as reference for fatigue computations.

5) All the work above can facilitate examination of in-service bridges, calculation
and prediction of their fatigue life. Also it can provide reference for perfecting
bridge load design specifications.
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