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Railway-induced ground-borne vibration is an undesirable nuisaffeeting residents close to
railway lines. Although invariant properties are assumed along the lomggtiudirection of the track
for most typical problems (high-speed lines, metro lines, etc), this hypetiseigivalid for the case
of localized defects (e.g. rail joint or turnout, usually encountered tarunetworks). Ground
vibrations of this form are the result of the interactions between the raiwhigle and track defects.
At low vehicle speed (e.g. light transit vehicles, like trams or metros), thardintrack deflection
dominates the ground wave generation meaning that the quasi-static excitatioing load effect)
can be neglected. It is therefore reasonable to consider a singleaftting at the wheel/rail defect
contact point as the only source of railway vibration. Based on thisideraion, a fast approach
is described, which combines the time domain simulation of vertical wheel-dedetact, with
track/soil transfer functions in the wavenumber-frequency-domaia.dtter is defined using a 2.5D
coupled finite element/boundary element (FE/BE) model for the track/soileffeet of defect type
and train speed is investigated.

Keywords: urban area, rail joint, ground vibration, scoping apgrp2é&D FE/BE model

1. Introduction

Numerous environmental technical challenges are assddatrailway infrastructure, including the
assessment of urban railway vibrations. A detailed evanaif mitigation methods dedicated to track
and soil systems was recently conducted(in [1], with the afrfif@-cycle performance analysis. To
understand the nature of railway ground waves and theicagsd characteristics, prediction models are
unavoidable. Figurgll indicates the major source of vibratiriginating from the passing of trains. In
addition to the moving load effect, track and wheel surfacparfections generate additional vibrations.
Most often, complete numerical prediction models inclusta®se of these effects (e.g. track rail joint [2],
wheel flat [3]).
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Figure 1. Cumulative effect of different sources of railwiaguced ground vibrations.

Compared to other forms of railway network, urban area impasee technical track sections, e.g.
turnouts, rail joints, switches, foundation transitiompssing, deducing that the main contribution in
urban railroad is the dynamic excitation born in the whedlgontact. This explains why much of re-
search has been recently performed in this [4-9]. Thavimur of the soil and the subgrade also
plays an important role [10]. As shown in Figlie 2, the comipyen a prediction model involves some
conditions: the vehicle/track and the track/soil intei@ttimposes some numerical constraints| [11].
In addition, building amplifies the vibration levels in somgecific structural frequencies |12]. Vehi-
cle/track/soil/building interaction needs ideally to bedelled using multiple, yet coupled, sub-domains.
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Figure 2. Wheel/rail and sleeper/subgrade interactions.

In [13], a model was presented, based on a rapid calculafitmeonheel/rail forces and track/soil
transfer functions in a separate way. This provides onlydgheamic contribution of a localized defect
on track surface, without considering the moving load effdis was based on a previous approach,
involving experimental data for the transfer functions,[14]. A first validation was proposed in [13],
showing the high potential of the proposed approach, coea@ more complete and rigorous develop-
ments [16, 1i7]. The aim of this paper is to compléte [13] byspreing additional validating results and
the possible types of results obtained, including the etiedefect type and train speed.

2. Basic concepts of the proposed prediction model

The proposed prediction model is based on two successicalaabns. Complexity required the
problem to be split. This approach allows the most wellesiinodelling approach to be used for each
subsystem (Figurd 3):

e Step 1 is based on coupled multibody/finite element mod&ds/alg a realistic assessment of the

wheel/rail force acting during the contact of a localizededeé This subdomain is a part of the
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prediction scheme proposed in [18]. Bounce and pitch motibiear bodies and bogies are taken
into account in the vehicle modelling. The track is define@logil modelled by an Euler- Bernoulli
beam, discretely supported by the sleepers. Railpads afaktate represented by spring and
damper elements. The vehicle/track coupling is definedguia Hertzian law where any kind of
surface track artefacts can be included such as switchessiogs, joints and changes in rail height.
The vehicle speed, is assumed to be constant. The wheel/rail contact forcesadealated

theel/rail,n = Kp. (theel,n - Zrail(xj) - hdefect)3/2 (1)

wherezypen IS the vertical position of the' wheel and:..; () the vertical displacement at the
rail at coordinater;. K. is the Hertz’s coefficient anbls.r... the geometry of the imposed defect.
A pre-processing step is used to solve the three-dimernistoméact problem and to tabulate the
different values of(y . as a function of the wheel position with respect to the desbape, before
considering the contact stiffness. The forces from Eg. ¢t pathe defect location and are more
accurate when taking into account the track/foundationtikty and are saved as inputs of the
evaluation process. In this case, the discrete Fouriesfivam (DFT) is used to calculate the
frequency content’;(f) of the wheel/rail contact force set at the defect location.

e Step 2 provides the point source transfer function betwherdefect location and any point of
the soil surface. A 2.5D finite element/boundary element/BH} model is used to predict the
track and free field vibration5 [19]. A domain decompositioethod is used to solve the problem,
separating the track and the soil in different subdomairtse Joil is modelled as a horizontally
layered half-space. FE and BE are coupled by imposing equitibof forces and compatibility of
displacements at the interface between both subdomairsedtilibrium equation for the dynamic
soil-track interaction problem is formulated in a variatd form [20]. A DFT is then applied to
obtain the transfer mobility function®/;;( f) at different receiver locations

Combining step 1 and step 2 results, the velocity respongseaityfiobtained

Vi(lf) = My (f)F;(f) (2)

in the frequency domain. An inverse Fourier transform tHewe for time history representation.

Y +(step 2 — transfer mobility calculation

~ -

Figure 3: Modelling approach for ground vibration from lbsaurces of excitation.
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3. Model validation

The proposed validating case is based @2%km /h intercity train (AM96) passing over a track with
a localised defect. The vehicle consist0f 3 similar cars with articulated bogies. The leading wagon
is equipped with motorized bogies. The track is a classiaihbted track with an embankment (L161
line in Brussels, Belgium). Vehicle, track and soil configimatare given in detail in [2]. The considered
defect is a rail joint, modelled as a positive pulse of hefgbf 1 mm and a lengthi of 6 mm. To model
the analytical expressioi...; related to this shape, the vehicle wheel radius is takenaotount.

Figure[4 presents the results obtained with the proposeplified approach. The passing of each
wheelset is visible on these trace velocities. In additiwg additional datasets are presented: one
obtained from a complete model (Figlte 5), taking into aotail the sources of vibration, including the
moving load effect, but requiring excessive CPU time; andther one related to experiments presented
in [2] (Figure[8). A similar shape is obtained, with maximumglitude agreement, validating also the
hypothesis of wheel/rail interaction force at localizeded#s as the main contributor to ground vibration
in the presented case. Compared to the complete simulatioicl{Mincludes a 3D FE representation of
the ground wave propagation), the proposed model needs adave of CPU time (instead of a few

days).
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Figure 4: Time history at different distances from the trggnerated by an AM96 train running at
125 km/h a track with a localised defect: results obtained with treppsed simplified approach.
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Figure 5: Time history at different distances from the trggnerated by an AM96 train running at
125km /h a track with a localised defect: results obtained with theglete method described inl [2].

FigureT presents peak particle velocity and root mean squawes as a function of the distance from
the track. In addition to the data collected during an expental campaign (red line), additional results
are presented, obtained from complete method: one withhalsburces of vibrations (Figuré 5), one
without considering the localized defect (called statintabution) and one obtained by subtracting the
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Figure 6: Time history at different distances from the trggnerated by an AM96 train running at
125 km/h a track with a localised defect: experimental results preskin [2].
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Figure 7: Numerical and field measured results level vermiartte from track.

static contribution to the all the contributions in orderotatain the same working hypothesis than those
from the simplified model (called dynamic contribution). eTtesults show that the correlation between
the proposed simplified model and the field measurement epéaisle. Moreover, it is shown that the

ICSV26, Montreal, 7-11 July 2019
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moving load effect is negligible compared to the dynamiedfigenerated by a wheel the passing over
a localized defect. This point is relevant because it védisithe assumption that underpins the proposed
simplified model.

4. Sensitivity analysis

Two sets of analysis are performed. The first is into the efiédefect type on ground-borne vibra-
tion. The second is into the effect of train speed on groumtidy. The same track and soil configuration
than previous section is retained. Figlire 8 presents thekfods of shape retained in this analysis. The
values of defect lengthand heighth were selected according to those found in practice (125 mm
andh = 1 mm).
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0 — —— —
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Figure 8: Mathematical modelling of singular rail and wheetface defects.

Figure[® presents the level of surface ground vibrationsiged by these different defect shapes at
various distances from the track. Although there is sintjfdretween the studied defects and dimensions,
the presented results show some discrepancies betweendgvdaration levels. More particularly, a
difference of results is obtained between the step-up amdbwn joint cases, even if the geometry is
symmetrically identical. This is due to the non-linear eféeat the wheel/rail contact where climbing and
dropping do not represent the same dynamic effect. Higheesdor positive pulse are also observed,
due to the cumulative effect of step-up and step-down fonstdefining the positive pulse. Finally, the
decrease of level with the distance is not identical for edefect; different decreasing rates and some
small local increases iR PV are seen with the distance.
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Figure 9: Peak particle velocity as a function of the diséaftom the source and the defect type for an
AMO6 trainset running at20 km/h.

Figure[10 presents the variation in ground vibration levéhvthe speed, front0 to 150 km/h,
considering the negative pulse. It is shown that there istrimg positive effect of speed on ground
vibration level, as usually observed for the moving loaee&if Although track displacements typically
increase with train speed (e.g. critical velocity), hehe, bwest speedi() km/h) generates the highest
peak response. This is because the vehicle eigenmodesotiitaibate to the vehicle/track interaction

6 ICSV26, Montreal, 7-11 July 2019
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forces when passing over a singular defect are dominargpemtently of the vehicle speed, with the
effective non-linearity on the defect contact.
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Figure 10: Peak particle velocity as a function of the dis&afiom the source and the train speed for an
AMO96 trainset running on a negative pulse.

5. Conclusion

A rapid computation approach was proposed in this paper atuate the impact of localized ralil
surface defect on neighbour environment. A distinctioomeenn the static contribution (moving load
effect) and the dynamic contribution (interaction betw#envehicle and the rail defect) of the passing
of a railway vehicle allowed the establishment of a 2-stepusation taking into account the interaction
of rail vehicles with a singular defect: each of these stapsiges an independent information to cal-
culate the resulting ground vibration. The numerical rsswiere validated with experimental data and
other numerical data provided by a complete simulation rhotl@s shows that accurate results can be
obtained even if the attention is only paid on the dynamiectfof localised defects.
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