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Abstract

This paper provides an original framework for the fatigue reliability analysis
of a road bridge; the framework is applied to the Venoge bridge, a com-
posite steel-concrete bridge within the A1 Swiss highway. Two critical de-
tails are selected by inspection: a longitudinal weld attachment and a cover
plate welded attachment. Weigh in Motion (WIM) data from Denges station
(1km far from the bridge) and a refined three-dimensional Finite Element
(FE) model of the bridge are used to get realistic time-stress response at
two critical locations. The fatigue failure probability of the bridge at two
selected locations under the long-term effect of highway traffic is calculated
for a 100 year-design life. The original contribution consists in computing
the failure probability as joint probability of two events: 1) the exceeding
of the constant amplitude fatigue limit (CAFL); and 2) the critical fatigue
damage accumulation. The results show that fatigue is not a concern for the
longitudinal attachment, while an inspection is recommended after 23 years
for the cover plate detail.

Keywords: Fatigue life, Reliability, Road bridge

1. Introduction

Fatigue life assessment of steel bridges asks for consideration of welded
joints; a common assumption in fatigue analysis of welded joints is that the
fatigue crack initiation phase is almost absent and that all the fatigue life

∗Corresponding author
Email addresses: luca.dangelo@epfl.ch (Luca D’Angelo),

alain.nussbaumer@epfl.ch (Alain Nussbaumer)

Preprint submitted to Structural Safety June 1, 2015



is taken by the crack propagation phase. Within this hypothesis the lin-
ear elastic fracture mechanics (LEFM) shows that the fatigue resistance S-N
curve is linear when plotted in the log(S-N ) plane [1]; S-N curve becomes
horizontal at the threshold stress range for crack propagation ∆σth, which
is referred as constant amplitude fatigue limit (CAFL). Since under variable
amplitude (VA) loads even infrequent CAFL-exceeding stress ranges con-
tribute to reduce the ∆σth [2], then a modified S-N curve having a reduced
slope below the CAFL is conventionally used in combination with linear
damage accumulation rule (Miner’s rule [3] ). It follows that the reliable
consideration of extreme loads which lie near the CAFL is of primary impor-
tance in the fatigue life assessment of motorway bridge. Weigh-In-Motion
(WIM) technology provides a powerful tool to face this problem. Prior to
recent years, probabilistic approaches were used to extrapolated short period
recorded data to long return periods (i.e. one recorded week extrapolated to
120 years) [4] [5]; however recent improvements in WIM technology allows
to use recorded traffic data of one or more years. In this research work WIM
measurements are coupled with FE analysis to provide realistic definition
of traffic-induced stress ranges at different fatigue critical locations of the
Venoge bridge, located on the A1 Swiss motorway between Lausanne and
Geneva. The Venoge bridge consists of two identical independent bridges
(one for each direction) with a 219 meter length divided in four spans (see
Figure 1). Each bridge was constructed in 1961 with two girders and then
enlarged in 1995 to four girders (see Figure 2). Due to the slow lane (heavy
traffic) location only the enlarged bridge section is considered in this study.
The bridge fatigue failure probability at the end of the 100-year design life is
computed by solving a reliability problem at two selected fatigue critical lo-
cations. The critical locations within the bridge are identified by inspection:
1) the weld attachment between the stiffener and the girder lower flange at
the middle of the first span (FAT 56 according to [6], where FAT indicates
the fatigue strength in MPa at 2 · 106 cycles); and 2) the cover plate welded
attachment at the middle of the first span (FAT 40 according to [6]). The
fatigue reliability analysis takes in account both the CAFL exceeding event
and the critical damage accumulation event : failure probability and related
reliability index at the end of design life are computed by estimating the joint
failure probability of these two events. Comparisons with target reliability
index values indicated in the Eurocode standards are made.
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Figure 1: In plane view and elevation
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Figure 2: The original bridge and the enlarged section
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Year Vehicles Axles

2006 3.863 · 105 1.391 · 106

2007 4.045 · 105 1.448 · 106

2008 3.988 · 105 1.439 · 106

Total 1.190 · 105 4.278 · 106

Table 1: Observed heavy vehicles

Type 2006 2007 2008 2013

2 Axles 27.4% 27.5% 26.4% 22.1%
3 Axles 9.4% 10.7% 11.0% 11.8%
4 Axles 35.8% 34.2% 34.1% 34.0%
5 Axles 19.3% 20.2% 21.3% 24.9%
6 Axles 1.1% 0.8% 0.7% 0.4%
N.C.a 7.0% 6.6% 6.5% 6.9%

Table 2: Heavy traffic composition

aN.C.= not classified

2. Traffic analysis

WIM recorded data of the Denges station (1km far from the bridge) for a 3
year period (1.01.2006 - 31.12.2008) were considered in order to get the time-
history of bridge crossing vehicles. Direction Lausanne-Geneva was analysed
due to the unavailability of complete data for the opposite direction. WIM de-
vices can capture static vehicle axle weights, which allow for characterization
of traffic demand in terms of: time of passage (T), vehicle speed (V), number
of axles (N), total length (TL), gross total weight (GTW),axles weight (AW),
and axles distances (AD). A Matlab code which reads recorded WIM data,
classifies vehicles according to GR03-EUR13 classification [7] and produces
the 3-year history of bridge crossing axles was developed. Only heavy vehicles
with GTW higher than 10 tons were involved in fatigue calculation because
lighter vehicles give a negligible contribution to the bridge fatigue damage
[8]. Tables 1 and 2 show that there is no significant evolution of traffic during
the observed period both in terms of number of observed heavy vehicles and
in terms of heavy traffic composition. In order to validate this hypothesis,
WIM recorded data from the year 20131 were analysed and compared to data
from the period 2006-2008. Table 2 and Figure 3 show negligible evolution of
traffic from 2006 to 2013 in terms of respectively composition and monthly
observations. The 3 year time-history of bridge crossing axles, which has
been used for fatigue analysis, is plotted in Figure 4.

1Complete data available from 1.03.2013 to 31.12.2013 since in first two months WIM
devices did not work continuously
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Figure 3: Monthly observations of heavy vehicles

Figure 4: Time history of crossing axles (may include double and
triple axles)
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3. Reliability framework

In this section the framework for the fatigue reliability analysis of the
Venoge bridge is defined. Due to the randomness of traffic loading and fatigue
resistance, a probabilistic model has to be established. Two critical fatigue
sensitive details have been selected by inspection: 1) the weld attachment
between the stiffener and the girder lower flange at the middle of the first
span (FAT 56 according to Eurocode standards [6] ); and 2) the cover plate
welded attachment at the middle of the first span (FAT 40 according to [6]).
Since welded details are subjected to VA traffic-induced loadings, fatigue life
assessment is done by using linear damage accumulation rule (Miner’s rule
[3]):

Dt =
1

exp(C)

∑
i

ni∆σ
−m1
i +

1

exp(C) exp(V )(m1−m2)

∑
j

nj∆σ
−m2
j (1)

where:

• Dt is the total accumulated damage

• exp(V ) is the CAFL, which is equal to 0.74FAT according to Eurocode
standards [6];

• ni is the i-cycle of the loading spectrum, which has nominal stress range
∆σi above the fatigue limit γ;

• nj is the j-cycle of the loading spectrum, which has the nominal stress
range ∆σj below the fatigue limit γ;

• m1 is the slope of the S-N curve for a nominal stress range above the
fatigue limit and it is equal to -3 according to Eurocode standards [6];

• m2 is the slope of the S-N curve for a nominal stress range below the
fatigue limit and it is equal to -5 according to Eurocode standards [6];
it allows to take in account the gradual exceedance of the propagation
threshold by lower stress range as the crack length increases;

• C is the log-intercept of S-N curve having slope equal to m1 and it is
a random variable, whose parameters are recommended in Tab. C1.10
of [9];
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The validity of Eq. 1 is conditioned to the fact that there is at least one cycle
of the loading spectrum which exceeds the CAFL:

∆σmax ≥ CAFL (2)

where ∆σmax is the maximum stress range of the loading spectrum.
Therefore the assessment of the fatigue failure probability of considered crit-
ical details asks for consideration of two events:

• E1: Critical damage accumulation

• E2: CAFL exceeding

To have fatigue failure, both events E1 and E2 must happen. From the
definition of conditional probability:

Pf = P (E1 ∩ E2) = P (E1|E2)P (E2) = P (E∗
1)P (E2) (3)

where E∗
1 = E1|E2 represents critical damage accumulation conditioned to

CAFL exceeding; definition of limit state equations related to E∗
1 and E2 is

discussed in Section 3.1.

3.1. Definition of limit state equations

The limit state equation related to the conditioned event E∗
1 is defined as

follows:

g1(x1) = dt−
1

exp(c)

∑
i

ni∆σ
−m1
i − 1

exp(c) exp(v)(m1−m2)

∑
j

nj∆σ
−m2
j = dt−

sd
exp(c)

(4)
where dt is a realization of the random variable Dt (critical value of the accu-
mulated damage giving failure, =LogNormal(0,0.3) [10]), sd is a realization
of the random variable Sd (sum of m-power stress ranges over the 100 year
design life) and c is a realization of C (see section 3.1.1). Definition of ran-
dom variables C and Sd are discussed respectively in Section 3.1.1 and 3.1.2.
The failure event E∗

1 may be described in the following way:

E∗
1 = {g(x1) ≤ 0} (5)

where x1 = (dt, sd, c).
Having defined the failure event E∗

1 , the probability of failure P (E∗
1) =

P (E1 ∩ E2)/P (E2) may be defined as follows:

P (E∗
1) =

∫
g(x1)≤0

fX1
(x1)dx1 (6)
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where fX1
(x1) is the probability density function (pdf) of x1. The related

reliability index is:
β1 = −Φ−1(P (E∗

1)) (7)

Since the limit state function g1(x1) is not linear, the reliability problem is
solved using FORM with Hasofer-Lind approach [11].
The limit state equation related to the event E2 is defined as follows:

g2(x2) = zp − exp(v) (8)

where zp is the ∆σmax return level for the return period 1
p

and v is a realization

of random variable V = ln(CAFL).
According to [9]:

V =

{
Normal(3.59, 0.10) for (FAT40)

Normal(3.94, 0.11) for (FAT56)
(9)

The definition of return level zp is discussed in Section 3.1.2.
In analogy with β1 the reliability index is:

β2 = −Φ−1(P (E2)) =

∫
g(x2)≤0

fX2
(x2)dx2 (10)

where fX2
(x2) is the pdf of x2. The reliability problem is solved again using

FORM with Hasofer-Lind approach [11].

3.1.1. Resistance model

In this paper fatigue strength S-N curves from Eurocode standards [6] are
used. The CAFL is equal to 29.6 MPa for FAT40 detail and 41.4 MPa for
FAT56 detail (see Figure 5). The slope of the S-N curve above the CAFL,
m1, is equal to -3 while the slope of the S-N curve below the CAFL, m2, is
equal to -5. The natural logarithm of the intercept of S-N curve having slope
m1, C, is a normal random variable; according to recommendations given in
Tab. C1.10 of [9]:

C =

{
Normal(26.18, 0.37) for (FAT40)

Normal(27.25, 0.41) for (FAT56)
(11)
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Figure 5: Fatigue strength S-N curves [6]

3.1.2. Loading model

Three-year real traffic-induced time stress history of axle loads was gen-
erated using WIM measurements as described in Section 2 (see Figure 4).
Stress response influence lines at fatigue critical details were characterized
with a refined three-dimensional (3-D) FE model that takes into account the
effective transverse load repartition, the cracking of the concrete slab and
the elastic stiffness of stud connectors; the FE model was calibrated and val-
idated using experimental load-vs-strain results from bridge static tests [12].
MSC/Nastran [13] was used for the analysis. The ∆σ influence line (see Fig-
ure 6) of the nominal stress range in the lower flange of critical section (at
first midspan) and the loading axles time history were used to compute the
three-year ∆σ time history for both critical details.

Return levels of maximum stress ranges

The three-year ∆σ time history for both critical details was divided in
156 weekly blocks. From each block the ∆σ spectrum was computed us-
ing a rainflow algorithm and maximum stress range ∆σmax,k (for k=1:156)
was extracted (see Figure 7). Within the assumptions that 1) the sequence
of observed stress ranges in each block is a sequence of independent ran-
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Figure 6: Influence line for nominal ∆σ at first midspan for 1 ton
crossing axle

dom variables (or with limited long-range dependance) which have common
distribution function; and 2) the pattern of variation of max stress ranges
has stayed constant over the observation period (it seems a reasonable as-
sumption from Figure 7), the ∆σmax,k data can be modeled as independent
observations from the Generalized Extreme Value (GEV) distribution family.
The distribution function of the GEV distribution family is:

G(z) = exp

{
−
[
1 + ξ

(
z − µ
σ

)]−1
ξ

}
= Pr{∆σmax ≤ z} (12)

which is defined on z : 1 + ξ (z−u)
σ

> 0, with −∞ < µ < +∞,σ > 0 and
− < ξ < +∞.
Estimated of extreme quantiles of the weekly maximum stress range distri-
bution are obtained by inverting Equation 12:

zp =

{
µ− σ

ξ
[1− {− ln(1− p)}−ξ] for ξ 6= 0

µ− σ ln{− ln(1− p)} for ξ = 0
(13)
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Figure 7: Observed weekly maximum stress ranges during the 3-year
observation period

zp represents the −p return level, which represents the stress range that
is exceeded each week with probability p, or alternatively one time every
1
p

weeks. The parameters of the GEV family distribution (µ, σ, ξ) can be
estimated by maximizing the sample log-likelihood, which is:

l(µ, σ, ξ) = −156·lnσ−
(

1 +
1

ξ

) 156∑
k=1

ln

[
1 + ξ

(
∆σmax,k − µ

σ

)]
−

156∑
k=1

ln

[
1 + ξ

(
∆σmax,k − µ

σ

)]−1
ξ

(14)

for ξ 6= 0, provided that 1 + ξ
(

∆σmax,k−µ
σ

)
> 0 for k = 1 . . . 156.

When ξ = 0, the log-likelihood is:

l(µ, σ, ξ) = −156 · lnσ −
156∑
k=1

∆σmax,k − µ
σ

−
156∑
k=1

exp

{
∆σmax,k − µ

σ

}
(15)

The maximization of Equation 14 or Equation 15 with respect to model pa-
rameters (µ, σ, ξ) leads to the maximum likelihood estimates (µ̂, σ̂, ξ̂). It is
common to assume that the approximate distribution of (µ̂, σ̂, ξ̂) is multi-
variate normal with mean (µ, σ, ξ) and variance-covariance matrix equal to
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the inverse of the observed Fisher information matrix evaluated at maximum
likelihood estimates (I(θ̂) = −δ2

δθiδθj
l(θ̂)).

By substituting (µ̂, σ̂, ξ̂) in Equation 13 the ML estimate of the 1
p

return level
is:

ẑp =

{
µ− σ̂

ξ̂
[1− {− ln(1− p)}−ξ̂] for ξ 6= 0

µ̂− σ̂ ln{− ln(1− p)} for ξ = 0
(16)

Under the assumption of approximate normality of ML estimators, the ∆
method [14] provides the variance-covariance matrix for ẑp:

V ar(ẑp) = ∇zTp Σ∇zp (17)

Where Σ is the variance-covariance matrix of (µ̂, σ̂, ξ̂) and

∇zTp =

[
δzp
δµ

,
δzp
δσ

,
δzp
δξ

]
(18)

evaluated at (µ̂, σ̂, ξ̂).

Sum of m-power stress ranges

The three-year ∆σ time history for both critical details was divided in
156 weekly blocks. From each block the ∆σ spectrum was computed using
a rainflow algorithm; then the weekly sum of m-power stress ranges was
computed:

swk =

N1∑
i=1

ni(∆σi)
−m1+

1

(0.74FAT )m1−m2

N2∑
j=1

nj(∆σj)
−m2 for (k = 1 · · · 156)

(19)
Within the assumption that the weekly sum of m-power stress ranges is a
normal random variable with location parameter µSw and scale parameter
σSw , the observed sample swk can was used to make inference about distri-
bution parameters. Under the assumption of no-traffic growth, the sum of
m-power stress ranges over the 100 year design life is:

Sd =
100·52∑
i=1

Swi (20)

Location parameter µSd and scale parameter σSd were computed by making
use of the central limit theorem [15].
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4. Results

4.1. Event E∗
1: Critical damage accumulation

Observed weekly sum of m-power stress ranges and fitted normal distri-
bution for two considered details are plotted in Figures 8 and 9. Parameters
of the fitted normal distribution Sw are (µ̂Sw , σ̂Sw) = (3.08 · 107, 7.65 · 106).
Parameters of normal distribution Sd over the design life are:

(µ̂Sd , σ̂Sd) =

{
(2.82 · 106 · 52Ny, 6.90 · 105 ·

√
52Ny) for (FAT40)

(1.50 · 106 · 52Ny, 3.78 · 105 ·
√

52Ny) for (FAT56)

(21)
for Ny = 1 . . . 100 (number of years).
The probability and quantile plots for assessing the accuracy of the GEV
model fitted to the observed data are given in Figures 10 to 13.
The limit state function g1 (see Equation4) is completely defined with to
Equations 11 and 21; the resolution of the reliability problem defined in
Equation 6 gives the evolution of the reliability index β1 = −Φ−1(P (E∗

1))
over the bridge design life. It is recalled here that P (E∗

1) represents the
probability of having critical damage accumulation (E1) given that CAFL
has been exceeded (E2).

4.2. Event E2: CAFL exceeding

Fit of GEV distributions family to observed ∆σmax leads to the ML esti-
mate:

(µ̂, σ̂, ξ̂) = (35.593, 4.351,−0.518) (22)

The probability and quantile plots for assessing the accuracy of the GEV
model fitted to the observed data are shown in Figures 14 and 15. The
approximate variance covariance matrix of the parameter estimates is:

Σ =

 0.0020 −0.0082 −0.0060
−0.0082 0.0785 −0.0353
−0.0060 −0.0353 0.1400

 (23)

ML estimates of ∆σmax return levels,ẑp, are computed by substituting ML
estimate of GEV distribution parameters vector into Equation 16 ; Figure
16 represents ẑp against observed values (empirical return levels).
Variance matrix Σ allows to compute confidence intervals for return levels
zp, using Delta method (see Equation 16); 95% confidence intervals of return
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Figure 8: Fitting of observed m-power stress ranges (FAT40)
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Figure 9: Fitting of observed m-power stress ranges (FAT56)
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Figure 10: Probability plot for the Normal fit to observed m-power
stress ranges (FAT40)
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Figure 11: Probability plot for the Normal fit to observed m-power
stress ranges (FAT56)

15



1 2 3 4 5

x 10
6

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10

6

Empirical Quantile

M
od

el
 Q

ua
nt

ile

Figure 12: Quantile plot for the Normal fit to observed m-power
stress ranges (FAT40)
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Figure 13: Quantile plot for the Normal fit to observed m-power
stress ranges (FAT56)
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Figure 14: Probability plot for the GEV fit to observed ∆σmax
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Figure 15: Quantile plot for the GEV fit to observed ∆σmax
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levels of return levels zp are shown in Figure 17.
The limit state function g2 (see Equation 8) is completely defined with Equa-
tions 9,22 and 23; the resolution of the reliability problem defined in Equa-
tion 10 gives the evolution of the reliability index β2 = −Φ−1(P (E2)) over the
bridge design life. It is recalled here that P (E2) represents the probability
of CAFL exceedance.

4.3. Combined analysis: detail fatigue failure

According to Equation 3, the probability of fatigue failure is given by
the product of probabilities P (E∗

1) and P (E2); the fatigue reliability index
β = −Φ−1(P (E∗

1 · E2)) has been computed using results of Sections 4.1 and
4.2. The evolution of the fatigue reliability index β over the 100 year design
life is shown in Figure 18. Following reliability indexes are also plotted in
Figure 18 for direct comparison:

• βEN1990
target , based on an annual failure probability equal to 1.3 ·10−6 (Reli-

ability class RC2, assuming independency, [16] Annex C, Chapter C6)

• βJCSS
target, based on an annual failure probability equal to 1.3·10−5 (Normal
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Figure 17: Return level plot: median and 95% confidence interval

relative cost of safety measure and moderate consequence of failure,
assuming independency [17])

In order to check the accuracy of the FORM approach, the reliability index
β for the FAT40 detail was computed after 18 and 100 years,using SORM
approach. The reliability indexes based on FORM and SORM approaches
are compared in Table 3.

5. Discussion

In this study the fatigue failure probability, Pf , of two critical details
(classified as FAT40 and FAT56 [6]) and related reliability index, β, were
computed for a 100 year-design life. Failure probability Pf was computed as
product of P (E2) (probability of CAFL exceeding) and P (E1|E2) = P (E∗

1)
(probability of having critical damage accumulation conditioned to CAFL
exceeding).
Assessment of P (E1|E2) and P (E2) asks respectively for definition of limit
state equations g1 (see Equation 4) and g2 (see Equation 8).
Concerning the limit state function g1, the random variables C and Dt, which
represent resistance terms of function, were defined according to [10] and [6].
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Figure 18: Evolution of reliability index β over the design life

The random variable Sd , representing the loading term of limit state equation
g1, was defined by fitting Normal distribution Sw (weekly sum of m-power
stress ranges) to 156 weekly observations and then applying central limit
theorem in order to switch from Sw parameters to Sd parameters. The accu-
racy of the Normal fit to observed sw sample can be assessed by looking at
following graphs: 1) the density plot (see Figures 8 and 9); 2) the probability
plot (see Figures 10 and 11); and 3) the quantile plot (see Figures 12 and
13).
Diagnostic plots above provide support to the fitted Normal model for both
considered details.
Concerning the limit state function g2, the random variable V , representing
the resistance term of the function, was defined according to [9]. The ∆σmax
return level ,zp, representing the loading term of limit state function g2, was
defined by fitting GEV family distribution to 156 weekly max stress ranges
and then computing quantiles of fitted distribution. The accuracy of the
GEV fit to observed ∆σmax sample can be assessed by looking at following
graphs: 1) the probability plot (see Figure 14); 2) the quantile plot (see Fig-
ure 15); and 3) the return level plot (see Figure 16).
Diagnostic plots above provide support to the fitted GEV model.
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Failure probabilities P (E∗
1) and P (E2), and related reliability indexes β1 and

β2 were computed for both considered details using FORM approach. Com-
parison of FORM-based and SORM-based reliability indexes for the FAT40
detail, after 10, 50, and 100 years (see Table 3), shows that the difference in
the β value is negligible and there is no need to use SORM approach. Figure
18 shows the evolution of reliability index β = −Φ−1(Φ(−β1) · Φ(−β2)) over
the 100-year design life: for both FAT40 and FAT56 details the reliability
index is greater than βJCSS

target and βEN1990
target over whole bridge design life.

Number of years βFORM βSORM
10 10.67 10.66
50 7.31 7.31

100 5.87 5.86

Table 3: Comparison between FORM and SORM approach, FAT40 detail

6. Future work

The fatigue strength characterization of the considered details based on
Eurocode standards is affected by lack of accuracy. Indeed the Eurocode
approach for the definition of S-N curves from experimental data has sev-
eral limitations: 1) run-out points are neglected; 2) the CAFL is arbitrarily
assumed to begin at 5 million cycles; and 3) characteristic curves are based
on fatigue data scatter in finite life region (N < 106cycles) resulting in less
accuracy in the high cycle fatigue region (N > 106cycles). These limitations
may lead to inaccurate characterization of random variables C and V . Fur-
thermore the Miner’s rule approach has two limitations: 1) the parameters of
random variable Dt proposed by Wirsching [10] can not be generally applied
to all details (Tables C1 in [1]); and 2) general application of the S-N curve
slope below the CAFL, m2 = −5 ([2]), needs experimental validation based
on VA fatigue experimental tests.
In order to overcome these limitations, a novel probabilistic approach for es-
timation of VA S-N curves using experimental results is under development.
Random variables V,C,m1,m2, and Dt are included in the parameters vector
of the stochastic model that relates the applied stress range to the number
of cycles to failure.
Fatigue strength characterization of critical details based on novel approach
will allow to improve the confidence in the fatigue reliability analysis.
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For the considered study case of the Venoge bridge, the influence length of
the considered structural elements is higher than 52 m; Brüwilher et al. [18]
suggested a load dynamic amplification factor equal to unity for influence
lengths longer than 40 m: for the specific case the issue of the load dynamic
amplification effect has not been addressed. However, for a generic case, this
effect has to be taken in account for the definition of loading spectra.

7. Conclusions

In this paper a framework for the fatigue reliability analysis of a highway
bridge has been formulated in terms of the joint probability of two events:
the CAFL exceeding and the critical damage accumulation. The framework
has been applied to the Venoge bridge, within the A1 Swiss Motorway. Three
year-continuous registration WIM data and FE analysis were combined to
compute the time-stress response at two different fatigue critical locations.
ML technique and extreme value theory have been used to define the param-
eters of loading terms of limit state functions. Fatigue strength of critical
details has been defined according to Eurocode standards. Finally the fatigue
failure probability and related reliability index are calculated over the 100
year-bridge design life for both critical details. The results show that fatigue
is not a concern for both FAT40 and FAT56 details, according to EN 1990
and JCSS PMC, which is evident by a reliability index greater than βJCSS

target

and βEN1990
target at the end of the fatigue life.

The reliability analysis framework set up in this paper constitute a powerful
tool to perform fatigue reliability analysis of road bridges using WIM-based
realistic characterization of traffic loadings. Current analysis uses 2006-2008
WIM data and is based on stationary load sequences; however any additional
WIM dataset can be used to update estimated model and to take in account
possible future traffic growth (non-stationary loading sequences). Moreover,
future advances in better characterization of the fatigue strength curves of
critical details, will give a more realistic view on the real reliability index
calculation over bridge design life.
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