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ABSTRACT

This study presents an investigation on the fatigue analysis of four types of details on orthotropic steel decks
(OSDs) for a cable-stayed super-wide steel box girder bridge based on finite-element analysis (FEA) with vehicle
transverse distribution model (VTDM). A high-fidelity 3D FE model verified by the static load test is established
to satisfy the fatigue analysis accuracy. The stress behavior of super-wide steel box girders under the vehicle load
at different lane locations is investigated. Then, considering the effect of VTDM, the fatigue life analysis of four
typical details is performed using the Miner cumulative damage rule. The results show that the vehicle transverse
location has a great influence on the stress behavior of details with sharp influence surface, and the stress ranges in
the outermost lane are larger than those in other lanes, indicating that the details of OSD in the outermost lane
are prone to fatigue. The fatigue life analysis indicates that the diaphragm cutout is more prone to fatigue than
other details, which should be carefully treated in bridge maintenance.
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1 Introduction

Orthotropic steel deck (OSD) has become a standard component of major steel girders, particularly steel
box girders, due to its advantages of light weight, expedient construction, structural redundancy, etc. [1].
However, OSDs are prone to fatigue damage at the welded connections, and thus the fatigue cracking
may appear in fatigue-prone details (hereinafter called details) under long-term cyclical vehicle loads
[2,3]. The typical details include the rib-to-deck weld, the floor beam (FB) or diaphragm cutout, the rib-
to-FB or diaphragm connection, and the welded rib splice, etc. [4–6].

Many scholars have conducted the fatigue analysis of details on OSD in the literature. Kainuma et al. [7]
concluded that the cracking in the rib-to-deck weld may destroy the pavement of the deck and the corrosion
damage may also occur in the U-rib due to rainwater penetrating through the cracks, resulting in serious
consequences for the OSD. Fu et al. [8] performed several fatigue tests on the U-rib-to-deck weld, the
results demonstrated that the fatigue life of this detail can be extended with increasing penetration rate.
Although the fatigue test method has been widely adopted in fatigue analysis, it has the disadvantages of
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harsh condition requirements, long test periods, high test costs, and potential safety problems [9]. The
numerical simulation validated through experiments increasingly provides a reasonable performance
assessment for structural fatigue. Zhang et al. [10] investigated the influence of vehicle speed and road
surface condition on fatigue of steel bridge using the three-dimensional (3D) finite element (FE) model,
and the conclusion pointed out that the increase of vehicle speed and the deterioration of road conditions
could reduce the fatigue reliability of OSDs. Zhu et al. [11] compared the fatigue performance of two
different FB cutouts using FE analysis and field test. Moreover, the investigation on the fatigue damage
and stress distribution of OSD was continued by Tian et al. [12] using a 3D FE model.

Nowadays, in order to meet the increasing traffic demand, the steel box girders with larger width would
be designed, in which more traffic lanes could be set. Many super-wide steel box girders have been used in
the real bridge, such as Qingshan Yangtze River Bridge (girder width: 48 m) [13], Yunlongwan Bridge
(girder width: 48.5 m) [14], Linggang Bridge (girder width: 63.9 m) [15], New San Francisco-Oakland
Bay Bridge (girder width: 78.74 m) [16], etc. However, the spatial effects (e.g., shear-lag effect, complex
deformation effect) of the super-wide steel box girders are quite obvious [17,18], and the effects of wheel
loads on the welded details are different in each lane [19], which means the influence of vehicle
transverse location should be analyzed carefully. Based on the vehicle transverse distribution model
(VTDM) specified in the BS5400 fatigue design code, Battista et al. [20] conducted a fatigue analysis on
a steel box girder that has been in operation for 32 years. Similarly, considering the VTDM, Guo et al.
[21] proposed a probabilistic FEA approach and applied it in the fatigue analysis of a steel bridge. Zhou
et al. [19] concluded that the transverse location of the heavy vehicle could affect the fatigue damage for
typical details of OSDs. Cui et al. [22] studied the stress behavior of rib-to-deck weld located at the slow
lane (i.e., the truck lane) and proposed a framework for fatigue evaluation of OSDs. So far, limited
studies are focusing on the effect of vehicle transverse location on the fatigue performance of OSDs steel
box girders, especially for super-wide steel box girders with obvious spatial effects.

In this study, a cable-stayed bridge with a 51-m-wide steel box girder is employed as the engineering
background, and a comprehensive framework for fatigue life analysis of OSD in super-wide box girders
is presented. Firstly, the FE model which is verified by field test is established to guarantee the accuracy
of the simulation. Secondly, the stress behaviors of box girders under the vehicle load applied in different
lanes are analyzed, and the most unfavorite lane for fatigue analysis is determined. Then, based on the
stress time history of typical details calculated by the FE model, the rain-flow counting method is applied
in the calculation of stress amplitude. Finally, considering the effects of the transverse location of vehicles
and the traffic growth, the fatigue life of four typical details of OSD is calculated. The objective of this
paper is to study the stress behaviors of super-wide steel box girders considering the vehicle transverse
location, and to compare the fatigue performance of typical details considering different VTDMs, which
help provide suggestions for fatigue design of OSDs.

2 Bridge Information

The Weier bridge (Fig. 1a), a stay-cable bridge with a span layout of 47 m + 86 m + 29 m, is located in
Hebei Province, China mainland. The steel box girder is used in the main span to reduce the self-weight and
the prestressed concrete box girder is used in the side span to balance the force transmitted from the stay cable
to the bridge tower. The transition segment with a length of 6.5 m is set at the connection between the steel
box girder and the prestressed concrete box girder, including a 2.5 m steel-concrete joint and a 4 m steel
stiffness transition segment. The bridge tower is a steel structure and the height is about 42 m. The main
span is arranged with 24 stay cables (12 pairs) named C1 to C12, respectively, and the side span is
arranged with 4 stay cables (2 pairs) named C13 and C14, respectively.
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The steel box girder at the standard segment is 51 m wide and only 1.9 m high, hence the height/width
ratio is quite small compared to a typical girder with a similar span length. The OSD system is used in the
steel box girder. Eight traffic lanes named Lanes 1 to 8 from northbound to southbound, respectively, are
arranged on the deck, as shown in Fig. 1b. The bridge is designed for a 100-year service and has become
the main trunk road connecting the city proper and the suburbs since it opened to traffic.

3 Finite Element Modeling

To investigate the stress behavior of details, a high-fidelity 3D FE model is established by using the
software ANSYS for fatigue analysis. A segmental model of the box girder with a length of 12.4 m is
established by using the Shell63 elements, as shown in Fig. 2. The segmental model contains five
diaphragms named D1 to D5, respectively, and the stay cables are anchored at the diaphragms of D1, D3,
and D5. The Young’s model, the Poisson ratio and the density of the steel are 2.06 × 105 MPa, 0.3 and
7850 kg/m3, respectively.
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Figure 1: Description of the Weier bridge, (a) Overview; (b) Cross section of steel box girder
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To find a balance between the computational efficiency and accuracy of the FE model, the non-uniform
meshing scheme is adopted, using fine meshes in the regions of interest, and coarse meshes in the other parts
[11]. As a result, the FE model includes about 460,000 elements and 417,000 nodes. To simulate the exact
boundary condition, the nodes in the diaphragms associated with the anchorage box are all fixed. In the
meantime, the nodes at the western end and the eastern end of the FE model are all restricted from
translations and rotations in the X and Y directions. According to Saint-Venant’s principle, errors that
result from the boundary conditions can be ignored due to the focused area is far away from the boundaries.

To validate the FE model, the comparison between the measured values in the static load tests and the
calculated values in the FE analysis is performed. The schematic diagram of the static load condition is
shown in Figs. 3a and 3b. The details among Rib11 to Rib14 (hereafter R11 and R14 in short) in
diaphragm D3 are adopted as the analysis objects, and the arrangement of strain gauges is illustrated in
Fig. 3c. The parameters of the test trucks are shown in Table 1, and the calculated and measured results
are summarised in Table 2. It is seen that the maximum relative error is about 8% and the calculated
results are in good agreement with the measured results, indicating the FE model has sufficient accuracy
to meet the requirements of the stress analysis of girders later.
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Table 1: Parameters of the test trucks (Unit: kN)

Truck number W1 W2 W3

T1 66.6 118.3 118.3

T2 65.2 115.2 115.2

T3 76.0 109 109

T4 75.8 109.9 109.9

T5 64.7 108.4 108.4

T6 59.2 119.7 119.7

T7 68.2 116.7 116.7

T8 62.6 121.1 121.1

1.
8 

m

2 
m

4.0 m 1.4 m
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4 Stress Behaviors Analysis of Steel Box Girder

To investigate the stress behaviors of the steel box girder induced by the vehicle loads, the typical details
of the OSDs, including the rib-to-deck weld (Detail 1), the diaphragm cutout (Details 2 and 4), and the rib-to-
diaphragm weld connection (Detail 3), are evaluated in this study, as shown in Fig. 4. It should be noted that
the width of the steel box girder in the case bridge is very large, which results in the deformation of the girder
under the vehicle load would be obvious, so the stress behaviors analysis should be conducted before the
fatigue performance analysis.

To study the effect of the vehicle loads on the steel box girder, the test truck T1 in Table 1 is selected as
the loading vehicle, and stress-time history analysis of the details at D3 is performed, as shown in Fig. 5. For
stress analysis of details, the most unfavorable loading locations corresponding to four lanes are selected. In
addition, the transverse (i.e., Y direction) stress, the in-plane stress, the vertical (i.e., Z direction) stress, and
the in-plane stress are selected as the concerned stress at the check point for Detail 1, Detail 2, Detail 3, and
Detail 4, respectively [8,11,23]. To avoid the influence of stress concentration, the position of the check point
is defined at 6 mm away from the weld toe or cutout edge [24,25].

Table 2: Comparisons between the measured value and calculated value

Gauge number Measured value (MPa) Calculated value (MPa) Relative error (%)

12-R1 6.86 7.16 8

12-R2 10.53 9.87 6.26

12-R3 27.18 24.97 8.13

12-L1 5.24 5.12 2.31

12-L2 7.60 7.97 4.88

12-L3 49.77 46.38 6.81

12-L4 17.32 18.22 5.19

12-L5 47.60 51.43 8.04

13-R1 12.39 11.83 4.52

13-R2 25.48 23.95 6.01

13-R3 9.26 9.15 1.18

13-R4 5.87 6.36 8.38

Average 5.51

Detail 2

Detail 1 Detail 3

Detail 4

U-rib

Figure 4: Typical fatigue-prone details of OSD
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It can be observed from Figs. 5a–5c that the stress response of each axle load is obvious, which
demonstrates that the zone of the stress influence line in longitudinal direction for Details 1, 2, and
3 would be small, and the maximum stress amplitude caused by the loading vehicle occurs on Lane 1. As
for Detail 4, as shown in Fig. 5d, one peak is discovered in the history line as the load moves, and the
maximum stress amplitude also occurs on Lane 1, which indicates that Lane 1 (i.e., the outermost lane)
would be the concerned location of fatigue analysis. In the meantime, to demonstrate the structural
response under vehicle load, the analysis of Y-component of stress, Z-direction displacement, and two
principal stress (i.e., 1st and 2st) at different lanes are performed, respectively, as shown in Figs. 6–9.

It is apparent from Figs. 6 and 7 that the effect of the wheel load on the junction of the deck plate and
U-rib is significant. Due to the lack of vertical support at the center of the U-rib, the wheel load produces
vertical deformation at the center of the U-rib, resulting in tensile stress at the junction of the U-rib and
the deck plate. This phenomenon is more obvious at the junction of the U-rib, the deck plate, and the
diaphragm. At the same time, it can be seen that the influence zone produced by the wheel load at the
deck plate is small, which means the local effect of OSDs is obvious and the zone of the stress influence
line in transverse direction is small.

It is apparent from Figs. 8a–8d that the stress concentration at the cutout of the diaphragm is obvious,
and the maximum tensile stress is about 40 MPa. The influence of the wheel load is mainly found in the 1 to
3 U-rib near the loading position. Similarly, it can also be seen from Figs. 9a–9d that the maximum
compressive stress at the cutout is about 70 MPa, and the stress influence range is also limited to the 1 to
3 U-rib near the loading position.
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From the analysis hereinbefore, it can be concluded that Lane 1 is the most unfavorite lane under the
vehicle loads. Considering the heavy trucks, the main fatigue vehicle, often drive in it, the typical details
at Lane 1 are selected as the object for further fatigue analysis.

Figure 6: Y-Component of stress in different lanes (Unit: MPa) (a) Lane 1 (b) Lane 2 (c) Lane 3 (d) Lane 4

Figure 7: Z-Component of displacement in different lanes (Unit: mm) (a) Lane 1 (b) Lane 2 (c) Lane 3
(d) Lane 4
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5 Fatigue Life Analysis Integrating the VTDM

5.1 Vehicle Transverse Distribution Model (VTDM)
Considering the vehicle trace is dispersed in the lane and the stress of details is sensitive to the vehicle

transverse location [26], the effect of vehicle loads location is investigated in this study. Compared to the
abundant research achievements concerning VTDM given in many standards, such as British Standard
[27], European Standard [28], and American Standard [29], the body of research on the VTDM in
Chinese standard is far from complete.

Figure 8: 1st Principal stress at different lanes (Unit: MPa) (a) Lane 1 (b) Lane 2 (c) Lane 3 (d) Lane 4

Figure 9: 3st Principal stress at different lanes (Unit: MPa) (a) Lane 1 (b) Lane 2 (c) Lane 3 (d) Lane 4
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Considering the case bridge is located on the main road between the central city and the suburbs, with
many trucks passing through, the VTDM proposed by Cui et al. [30], which is suitable for Chinese traffic
conditions, is adopted in this study. The proposed VTDM is based on the statistical vehicle data of
Humen Bridge, hence called HVTDM. In the HVTDM, the normal distribution of vehicle trace is
considered, and the vehicle transverse location is distributed within 0.6 m on both sides of the lane
centerline. The histogram of the frequency distribution of HVTDM is shown in Fig. 10.

5.2 Fatigue Vehicle Model
In this study, due to the measured traffic volume data of the Weier bridge is insufficient, the fatigue

vehicle model and traffic volume data from the studies by Li et al. [31], which could partially represent
the traffic situation of Chinese suburbs, is adopted, as shown in Table 3. The determination of the fatigue
vehicle is based on the analysis of the actual traffic volume. The average weekly traffic volume of a
single lane in the design life of the bridge is 8,708, and the proportion of each type of fatigue vehicle is
shown in Table 3.
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Table 3: Classification of fatigue vehicle

Vehicle
type

Axle
number

Graphic illustration Traffic volume
(7 days)

Frequency
(%)

1 2 105kN50kN

5.0m

2,667 30.63

2 3 55kN

4.0m 3.0m

110kN 135kN 917 10.53

3 4 40kN

3.3m 6.6m

80kN

1.3m

80kN 80kN 3,696 42.44

4 5 60kN

3.2m 6.9m

115kN

1.6m

80kN 80kN

1.3m

90kN 959 11.01

5 6 60kN

2.9m 6.9m

110kN

1.5m

115kN

1.6m

80kN 80kN

1.3m

90kN 469 5.39

SDHM, 2021, vol.15, no.4 307



During the loading process of the fatigue vehicle, the effect of the thickness of the pavement, 50 mm in
this study, on the load area is considered. Therefore, the design load of the single-wheel, as shown in Table 3
with the gray color, distributes over an area of 300 mm (in the longitudinal direction) by 400 mm (in the
transverse direction). Moreover, the design load of the double-wheel, as shown in Table 3 with the cyan
color, distributes over an area of 300 mm (in the longitudinal direction) by 700 mm (in the transverse
direction).

5.3 Influence Surface Analysis of Stress
To accurately apply the wheel load on the most unfavorite location of OSD corresponding to the fatigue

details while considering the HVTDM, the influence surface analysis of stress is performed, and the unit load
(1 kN) is applied on the OSD. With this analysis, the study will focus on these details near the junction of
Rib11 and D3, which is underneath the wheel load in Lane 1. The analysis result is shown in Fig. 11.

Fig. 11 presents the influence surface of stress at the examined location of details. The following
observations can be drawn from these influence surfaces: (1) For influence surface of Detail 1, the tensile
stress is mainly observed, as shown in Fig. 11a. The stress is significantly decreased when the loading
location is away from the measured location, and the influence of the load distributes over an area of
4.2 m (in the longitudinal direction) by 1 m (in the transverse direction); (2) From Fig. 11b, we can see
that the tensile stress is mainly observed in the influence surface and the stress increases gradually
near the examined location, where the influence of the load distributes over an area of 5.4 m

Figure 11: Influence surface of stress on the details (a) Detail 1 (b) Detail 2 (c) Detail 3 (d) Detail 4
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(in the longitudinal direction) by 1.1 m (in the transverse direction); (3) As shown in Fig. 11c, the bimodal
state of stress is observed for Detail 3, which means the stiffness far away from the diaphragm is small and
large deformation would be obtained. Moreover, the influence of the load distributes over an area of 5.6 m (in
the longitudinal direction) by 1 m (in the transverse direction); (4) For influence surface of Detail 4, the peaks
of tensile and compress stress is obvious, as shown in Fig. 11d, and a loading location further than 5.6 m in
the longitudinal direction and 1.2 m in the transverse direction has a negligible contribution to the effect.

In general, the influence of the load on details distributes over a small area (about 5.6 m in the
longitudinal direction and 1 m in the transverse direction) compared to the whole area of the deck, and
the loading location has a great influence on the stress of details. It also should be noted that the wheel
load instead of axle load could be considered in the transverse direction, and the effect of the multi-axle
load should not be ignored in the longitudinal direction.

5.4 Calculation of Fatigue Life
The BS5400 standard [27] defines many S-N curves to describe the fatigue life of metals. Each curve is

determined according to the relationship between the stress range and the life cycles, and corresponds to
different Category details. The empirical formula for the S-N curve is:

N � Sm ¼ K2 (1)

where N is the fatigue life in cycles; S is the constant stress range; m is the slope factor of the S-N curve; K2 is
the detail category constant.

Considering the details undergo variable amplitude loading, the Palmgren-Miner linear damage rule
(PMLDR) is adopted to quantify the accumulative degree of damage at the details, and the damage index
D is defined by Eq. (2).

D ¼
X ni

Ni
(2)

where ni is the total number of cycles in the ith constant stress range Si; Ni is fatigue life in cycles under Si.

Based on the PMLDR and the HVTDM, the equivalent constant-amplitude stress range Seq, which
represents the same fatigue damage caused by a stress range spectrum, is determined by Eq. (3).

Seq ¼
X

Pj

X niðSiÞm
Ni

� �1=m
" #

(3)

where Pj is the probability density of wheels traverse distribution.

According to the BS5400 standard [27], the ni should be reduced in proportion ðS2i
�
S20Þ, when the Si is

lower than the stress range S0 which is given by Eq. (1) for N = 107. Therefore, the revised equivalent stress
range Sreq should be used instead of Seq:

Sreq ¼
X

Pj

X niðSiÞmþ2

ðS0Þ2Ni

 !1=m
2
4

3
5 (4)

According to the PMLDR, the fatigue failure will occur when D ≥ 1, hence the fatigue life of details can
be calculated by Eq. (5).
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D¼
XY
i¼1

nyi
Ni

¼
XY
i¼1

nyiðSreqiÞm
K2

� 1 (5)

where Y is the fatigue life (year); nyi is the average number of cycles of the ith year; Sreqi is the revised
equivalent stress range of the ith year.

Since the location of the details near the R11 is the most unfavorite location of Lane 1 under the wheel
load, these details at D3 are selected as the objects for fatigue investigation. For this purpose, the fatigue
vehicle loads which include two types of wheel are applied on the deck plate, as shown in Fig. 12. In the
transverse direction, the wheel loads start from the loading case LC1 in the northern side, then moving to
the southern side of the deck till reaching the loading case LC9, as shown in Fig. 12a. Meanwhile, in the
longitudinal direction, the front of the axle group starts at D1, and moves to the eastern side until the axle
group leaves the deck completely, as shown in Fig. 12b. Hence, there are a total of 9 × 63 loading cases
to simulate the moving of fatigue vehicles along Lane 1.

After the analysis of stress time history is performed, the stress range spectrums of monitored stress
records at four details under fatigue vehicles are calculated by the rain-flow counting method [32]. The
result of loading case LC5 is adopted as an illustration, as shown in Fig. 13. It can be seen from Fig. 13
that the most of stress is concentrated in a certain range, such as 12.5~15 MPa for Detail 1 and there is a
single apex for the distribution of the stress range.

To improve the accuracy of the traffic flow simulation, the annual traffic growth rate of 4% is considered
in calculating the fatigue life of the details [33]. The calculation process of fatigue life is shown in Fig. 14,
and the fatigue life analysis is performed according to the following procedure:

1. Validation of the FE model. In order to improve the accuracy of the analysis results, the data obtained
by the field test or health monitoring system are adopted to compare with the finite element
calculation results. The verified FE model is constructed as the benchmark model for fatigue analysis.

2. Applying a unit load to the FE model, after k load steps, the influence surfaces for different details are
obtained, and the most unfavorable influence area is determined. In order to consider the influence of
vehicle transverse distribution, a certain range is selected on both sides of the most unfavorable
loading position in the cross section. The stress time history of each position is calculated for the
subsequent fatigue life calculation.

3. Determine the fatigue vehicle model and the traffic volume. These two parameters can be obtained by
on-site traffic volume survey, weigh-in-motion system, and reference, etc., but it should be noted that
these two parameters have a great influence on the fatigue life calculation results, and they should be
chosen carefully.
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Figure 12: Wheel loads arrangement in (a) Transverse direction; (b) Longitudinal direction
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4. The rain-flow counting method program is written using the Matlab software package to calculate the
stress range spectrum of details. Then, considering the effect of VTDM, the parameterD is calculated
using the PMLDR. Finally, the fatigue life of detail is calculated by Eq. (5), and the corresponding
index (e.t. m, K2, and S0) are shown in Table 4.

It is apparent from Table 4 that the fatigue life of Detail 2 is significantly lower than that of other details,
mainly because there is obvious stress concentration in Detail 2. Fig. 15 shows the development of
accumulative damage in each detail with the increase of time. It can be seen that the accumulative
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Figure 13: Stress range spectrum (a) Detail 1 (b) Detail 2 (c) Detail 3 (d) Detail 4
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Figure 14: Flowchart of fatigue life analysis
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damage of Detail 2 presents a linear relationship with time, and its fatigue life is about 18 years, which is far
less than the design fatigue life. Considering the actual traffic flow and FE calculation error, the fatigue life of
Detail 2 may be different from the result, but this detail should be attended to carefully during bridge service.
Moreover, other details (i.e., Details 1, 3, and 4) show a nonlinear relationship with the increase of time,
which indicates that the longer the bridge operation time is, the faster the growth rate of D is. This
phenomenon also indicates that the details will accelerate the damage without repair intervention, so the
routine inspection of the bridge is very important.

6 Parametric Analysis of Fatigue Life

6.1 Effect of the Axle Weight
Considering the possibility of overloading vehicles during bridge service, the effect of axle load on

fatigue life is investigated, as shown in Fig. 16, and five levels of growth rate, including 0%, 20%, 40%,
60%, and 80%, are performed. It can be concluded that the fatigue life decreases linearly with the
increase of axle load. The average fatigue life from Details 1 to Detail 4 decreases by 14%, 35%, 13%,
and 14%, respectively, when the axle load increases by 20%. In addition, the fatigue life from Detail 1 to
Detail 4 decreases by 41%, 85%, 42%, and 52%, respectively, when the axle load increases by 80%,
which indicates that the overload vehicles have a great influence on the fatigue life of details.

6.2 Effect of the Thickness of the Deck Plate
In order to investigate the effect of the deck plate thickness on the fatigue life of OSDs, five levels of

plate thickness, including 10, 12, 14, 16, and 18 mm, are performed, as shown in Fig. 17. It can be
concluded that the fatigue life increases nonlinearly with the increase of plate thickness. When the plate
thickness increases from 10 to 16 mm, the fatigue life is improved significantly, but when the plate
thickness is greater than 16 mm, increasing the plate thickness has almost no effect on the improvement

Table 4: Fatigue life analysis of four details

Detail Category m K2 S0 (MPa) Y (years)

1 F 3.0 0.63 × 1012 40 76.5

2 D 3.0 1.52 × 1012 53 17.8

3 F2 3.0 0.43 × 1012 35 33.8

4 D 3.0 1.52 × 1012 53 37.6
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Figure 15: Development of accumulative damage at four details
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of the fatigue life. The change in plate thickness has the largest effect on the fatigue life of Detail 1 and the
smallest effect on the fatigue life of Detail 2. This is mainly because the change in plate thickness has a direct
influence on the stress response of the details at the junction of the U-rib and the deck plate, while it has less
influence on the diaphragm cutout.

6.3 Effect of the VTDM
To study the effect of different VTDM on fatigue life, four conditions are adopted in this study, including

considering the HVTDM, the VTDM in BS5400 (i.e., BS5400 model), the VTDM in Eurocode 3 (i.e.,
Eurocode 3 model), and without considering VTDM. As shown in Fig. 18, compared to the condition of
considering VTDM, the fatigue life under the condition of not considering VTDM is significantly
reduced, which indicates that the real fatigue life would be underestimated if the VTDM is not
considered. In addition, the fatigue life calculated by HVTDM is close to that calculated by the
BS5400 model, and there is a big difference between the calculation results of the Eurocode 3 model and
the HVTDM, which means that the HVTDM and BS5400 model are more suitable for the simulation of
vehicle transverse distribution in China. Considering the probability distribution curve of the Eurocode
3 model is sharper than that of the HVTDM and BS5400 model, so the result of accumulative damage
calculated by the Eurocode 3 model is different from those calculated by other models.
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Figure 16: Effect of axle weight on fatigue life
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7 Conclusion

The effects of VTDM on the fatigue performance of typical details in super-wide steel box girders are
investigated quantitatively based on the high-fidelity FE model revised by the field test. The main
conclusions are as follows:

1. The fatigue analysis of typical details demonstrates that the diagram upper cutout (i.e., Detail 2) is
more vulnerable to cracking initiation than other details, and fatigue damage of the rib-to-deck weld (i.e.,
Detail 1) is significantly lower than other details during the bridge service.

2. The stress behavior analysis of the super-wide box girder in different lanes shows that the stress
generated by the vehicle in the outermost lane (i.e., Lane 1) is greater than that of the other lanes.
Considering the outermost lane is usually arranged as the truck lane, the fatigue analysis should be
carefully performed in this area.

3. The influence surface analysis shows the vehicle transverse location has a great influence on the stress
behavior of details with a sharp influence surface. The loading strategy, where the wheel load is applied in the
transverse direction and the axle group load is applied in the longitudinal direction, is recommended when
simulating the traffic-load effect.

4. The parametric analysis revealed that the overloading vehicles could result in a remarkable decrease in
fatigue life of details, and the influence of the plate thickness on fatigue life gradually decreases with the
increase of the thickness. By comparing different VTDMs, the BS5400 model and HVTDM are
determined to be more appropriate than the Eurocode 3 model for the simulation of vehicle transverse
distribution in China.
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Figure 18: Effect of VTDM on fatigue life (a) Detail 1 (b) Detail 2 (c) Detail 3 (d) Detail 4
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5. Since the VTDM and the traffic volume data in this paper are not obtained based on the field test, the
calculation results of the fatigue life may be different from the actual situation. For future work, the measured
traffic data will be adopted in the fatigue life analysis, and the fatigue reliability assessment will also be
performed.
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