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The crosswind stability against overturning is a major national design criterium for high-speed railway vehicles. Due to the
increasing interoperability in Europe it has also become an important international task. Especially modern light-weight trains
are at risk to fail and counter-measures as for example wind-fences or adding extra weight in the underbelly are always very
expensive. In recent years efforts were made to derive an uniform rule in certifying railway vehicles. In this case especially
probabilistic methods were proposed. These probabilistic technics are common design criteria for wind turbines. This paper
presents a sophisticated method to compute the reliability of railway vehicles under strong crosswind. In consideration of
the given gust signal and the high-frequency, turbulent fluctuations of the wind the response of a simplified train model is
computed. The major failure criterium to determine the reliability is the lowest wheel-rail contact force of the railway vehicle.

1 Introduction

The intention of this paper is to present a method to calculate the probability of failure Pf of a high-speed railway vehicle
under strong crosswind. In this case failure means the exceedance of a critical value of the so-called wheel unloading. The

wheel unloading is defined as
δQ

Q
= 1 − Qdyn

Qstatic

, where Qdyn is the wheel-rail contact force in every time step and Qstatic is

the static contact force [3]. For the entire system a statistical analysis is needed because of the stochastic properties of the
excitations [1]. There are three important stochastic influences. The wind excitation is a stochastic process, the aerodynamic
coefficients C(side, lift, roll, pitch, yaw) are uncertain and the track has stochastic irregularities.

2 Modelling of the system

For such a complex system with multi degrees of freedom and sophisticated wheel-rail contacts it is almost impossible to
derive the equations of motion in an analytical form. Because of this the railway vehicle is simulated in the commercial
MBS-Code ADAMS/RAIL. The wind-forces and the wind-moments are modeled as concentrated forces and moments which
are acting on the centre of mass of the vehicle [3]. For the calculation of these forces and moments the density of the air ρ

L
,

the height h, the width w and the length l of the railway vehicle are needed.
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Fig. 1 a) Sketch of the system, b) Characteristic of the crosswind
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The magnitudes of the forces, of the moments and of the aerodynamic coefficients depend on the velocity of the crosswind
v(t) and on the driving velocity vo of the railway vehicle.

3 Modelling of the windloading

The model for the crosswind consists of a superposition of the mean wind, the gust characteristic and the turbulent fluctuations
as shown in figure 1b). The mean wind velocity and the gust characteristic are modeled according to a proposal of the
DeuFraKo-Project [4]. The superposed turbulent fluctuations v′(t) are computed by a spectral decomposition of the ”Von-
Karman”-spectral density function S(f) which is often used to describe turbulent flows [2]:

S(f) =
4xσ2

u

f(1 + 70.8x2)
5
6 )

, x =
fLux

uo
, v′(t) =

n∑
k=1

√
S(fk)fo

(
Ak cos(2πfkt) + Bk sin(2πfkt)

)
. (2)

In the equations (2) the term Lux is a function of the surface roughness, fo is the fundamental frequency and the standard
normal variables Ak and Bk describe the stochastic characteristic of the turbulent fluctuations v′(t). The whole set of the
stochastic variables of the system consist of the gust-amplitude A, the gust-length L, the aerodynamic coefficients C(...) and
the coefficients Ak, Bk of the turbulence.

4 Statistical description of the system

For the calculation of the probability of failure Pf it is necessary to evaluate the high dimensional integral

Pf =
∫

Ωf

p
Z∗ (z∗)dz∗ (3)

over the failure domain Ωf whereas z∗ is the array of all stochastic variables and p
Z∗ (z∗) are the corresponding probability

density functions. The probability of failure can be computed by using the law of conditional probability. The probability of
failure Pf is approximated by the conditional probability

Pf =
∫ uo,t

uo,d

P (z|uo)p(uo)duo ≈
N∑

l=1

P(z|uol
)p(uol

)∆uo, z = [A, L, C(...), Ak, Bk] (4)

wherefor an integration over the mean wind velocity uo has to be done. The major task in this case is the computation of the
conditional probability P (z|uo) as the dimension of this integral is very high and so classical numerical routines of integration
cannot be used. Furthermore the failure domain is not known explicitly but can only be computed pointwise by a numerical
simulation. Due to these restrictions the failure integral is approximated by introducing an estimator P (z|uo) and using Monte
Carlo Simulation.

P (z|uo) =
1
N

N∑
i=1

I (g(z)) , I (g(z)) =
{1, if g(z)≤0

0, if g(z)>0
, g(z) = 0.9 − max

(
δQ

Q

)
(5)

The so-called limit-state function g(z) = 0 separates the safe domain from the failure domain. The wheel unloading function
δQ

Q
does not exist in an analytical form. As the the failure domain is only known pointwise by a numerical simulation of

the system an indicator function I (g(z)) is introduced as shown in equations (5). A major drawback in using Monte Carlo
Simulations is the huge amount of independent simulations which have to be done to get a reasonable accuracy. The compu-
tation time rises up to a such a long time span (one month and more) that the method is not feasible anymore. The numerical
Monte Carlo computations of the probability of failure will be improved by using a FORM analysis and by constructing an
importance sampling density.
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