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FUNCTION INTEGRATED TRACK SYSTEM

Eberhard Hohnecker*

The paper discusses a function integrated tradersyshat focuses on the reduction of acoustic
emissions from railway lines. It is shown that tdeenbination of an embedded rail system (ERS), adou
absorbing track surface, and an integrated miningdobarrier has significant acoustic advantages
compared to a standard ballast superstructure.atbastic advantages of an embedded rail system are
particularly pronounced in the case of railway bes. Finally, it is shown that an ERS with track
integrated vibration sensors may be used as ap warhing system and for monitoring the structural
health of the railway infrastructure.

Key words. embedded rail system, mini sound barrier, tractegrated sensors, structural health
monitoring

1 Introduction

The paper reviews recent developments and designengiL-Rail system as a function integratedkrac
system.

A novel type of railway slab-track system consigtaf the 4 elements

. FiL-Rail ERS: continuously-elastically suppori@add embedded rail system
. FiL-Rail MSW: low-height sound barrier

. ERS-EcoTrack: sound absorbing plant-based tradlace

. LN-Bridge: low noise bridge system

is described in some detail below.
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Fig. 1:  FiL-Rail structure — elements and modules

Figure 1 shows the structure of the FiL-Rail projdte basic elements (first row) and their modules
(columns) are shown. The element LN-Bridge consi$tthe two subelements Slep-Bridge and ERS-
BridgeTrack. Combination of these elements in thheRail system has several acoustic, ride comfort,
and wearing advantages compared to standard batlaktb track systems.

Another line of research concerns the integratibapecific sensors into the railway superstructure.
Such devices could serve a multitude of additiduattions. For example, vibration sensors are uisefu
permanent and continuous infrastructure monitorftag, spot detection as well as avalanches and rock
fall detection, earthquake and unauthorised ace@mdg warning (see sect.6)

2 Element FiL-Rail ERS

The main function of the railway superstructuréisupply guiding and load support for the rail icéds.

The rails serve as guiding and load support devieasther load transfer is achieved by a system of
elastic layers with decreasing stiffness from tmpattom. This guarantees that the wheel loadmtjly

100 kN is distributed over increasingly larger are¢laereby reducing the stresses in each consecutive
layer.

In traditional ballast or slab track railway supmrstures the rails are discretely fastened onbscr
sleepers that are periodically placed along thektr&ihe fastening devices are usually elaboratesys
consisting of numerous components at each supmont, psuch as bolts, nuts, clamps. The sleepers
support and distribute the axle load of the vehigléhe ballast. In addition, they provide suffidi¢ateral
track stiffness so that a constant track gaugeaisitained.

On the other hand, a continuous rail fasteningesyguch as the FiL-Rail ERS does not employ any
of the usual rail fastening components. Insteadr#lile are placed in a concrete trough and fixedby
pourable elastomer material (polyurethane with g@ydaulate), called corkelast. The corkelast suntdsu
the rail foot, rail web, and part of the rail heddhe elastic pad is responsible deflection (see Eig
Special adhesives guarantee that rail, corkeladtcancrete form a tight and permanent connection.
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The complete embedding of the rails in the corketesterial provides continuous elastic rail support
both in vertical and horizontal directions. Thug tails are fixed and elastically supported oveirth
entire length and not only at discrete points astamdard railway superstructures. This has a nuwibe
consequences for the acoustic behaviour of themsybbth with respect to the ground-borne vibrasiod

airborne sound emissions.

2.1 Ground-borne vibration
Ground-borne vibration measurements at several E€RSsites have shown considerably lower vibration

levels than a standard ballast superstructureg3,Bs an example, we display in Fig. 3 the resofts
vibration velocity measurements made at an ERSaalallast reference track in Stuttgart, Germany [3]
The data were taken with geophones positioned@itah9 m from the track recording the vibrations i
vertical and horizontal directions. Comparing tbéds(ERS) and dashed (ballast) track, we obsdrae t
the ERS has considerably lower horizontal vibratiewels, e.g., at 80 Hz, the difference in vibratio

levels isAL(80 Hz) = 20 log (0.71/0.066) = 21 ¢B

ground-borne vibrations (horizontal)

0,80
Schmidener StralRe| Styttgart mn

0.9 m from rail !

s
[
L’E
{

0'002

=0'or
0'08
0'e9
0'08
0°00T
0'seT
0°09T
0'052
0'sTE

Fig. 3: Horizontal (orthogonal to the track) vibeat velocity v [mm/s] as function of frequency’f ZH
measured at 0.9 m from the outer rail. ERS (satigl) Iballast track (dashed-line)
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There are several reasons for the reduced vibramissions of an ERS. In contrast to standard
ballast track systems or slab track systems wahrdte rail support, an ERS with continuously sufgb
rails does not lead to vibrations with the discsipport frequency = v/a, wherev is the train velocity
anda the distance between the discrete support pogngs §leeper distance). Another reason is that the
continuous elastic support of the tracks allowsvtrk with rather soft rail-pads. This shifts thesfi
superstructure resonance frequency to lower frejasmmnd thus reduces vibrations above this resenan
frequency. Furthermore, the corkelast material joies rather effective vibration damping especiaily
resonance regions.

2.2 Airborne sound emission

Different railway superstructures have differenau@cteristic emission spectra as clearly visiblehsy
different positions of the airborne sound emissmaxima in Fig.4. The spectrum of the ERS has a
maximum at around 600 Hz where its levels exceedetlof the ballast track by about 10 dB. On the
other hand, at higher frequencies above 2000 Herewthhe human ear has its highest sensitivityERS
levels are lower than the ballast track by abodB74]. This reduction at higher frequencies letathe
subjective impression that train passages oveRf tEack sound less annoying.
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Fig. 4: Comparison of airborne sound pressure $efdB] as a function of frequency [Hz] from ERS and
adjacent ballast track measured at a distance8ahSrom the ERS track at the Deutsche Bahn tesirsi
Waghéausel [2]

On the other hand, when summed over all frequeacygl$, the total airborne sound emission level
from an ERS is about 5 dB higher than the corredimgnballast track level. The reason for the overal
higher sound emission of the embedded rail slatktcampared to the ballast track is partly duehi t
very low sound absorption coefficient of the coterslab surface and partly due to constructive
differences (e.g. continuous vs. discrete rail supp Therefore, further improvements of the aciust
properties of the ERS are necessary.

3 Element FiL-Rail MSW

Considerable reductions of airborne noise emissgams be achieved by combining an ERS with low
height sound barriers (MSW). Low height sound leasrclose to the track (Fig. 5) are an effectivg tea
reduce the sound emission in railway traffic. Theffiectiveness depends mainly on the position with
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respect to the track, geometry, material, and sarfdructure. An acoustic optimization should atdee
into account the properties of the railway supacstire.
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Fig. 5: MSW position in the heavy rail track cleaza envelope

Up to about 250 km/h the rolling noise generatedh®s wheel-rail interaction is the major emission
source. The highest noise reductions are obtafrtté MSW is installed as close as possible testhend
source (track).

Fig. 6 shows multiple reflections of a sound ragnirthe track surface and the MSW. In each
successive reflection from these sound absorbinfgees the intensity of the sound ray is reduced. T
achieve high reductions it is important to adjint &coustic properties of the MSW and the trackasar
to the frequency spectrum of the noise source.ekample, in combination with the FiL-Rail ERS, the
track and MSW surfaces should have a high absaergoefficient in the frequency range around 630 Hz.
Table 1 gives a summary of the results.

Improved MSW geometry
leads to increased back reflection onto track surface
(e.g. blue ray) - further sound reduction

sound ray to receiver

N

MSW

spund source
track surface
sound absorbing

Fig. 6: The path of typical sound rays emitted friima wheel-rail source is shown. Multiple refleato
from the sound absorbing track and MSW surfacedtiea reduction of the sound levels at the receive
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Table 1. Calculated sound pressure level [dB] @ B2 at a height of 3.5 m above the track and a
distance of 10 m from the track for a rectangul&WIigeometry

surface material concrete grass
without MSW 97 dB 92 dB
with MSW 92 dB 85dB

In addition to its function as a noise barrier, MM8W may also increase the safety of inner-city
railway lines. The crossing of railway lines bysand pedestrians is a major safety problem. Ircéise
of a ballast superstructure, the track is usuatognized and respected as a separate tramwayeOn t
other hand, in the case of a slab track, unautbdrizossings by pedestrians are frequently obseAred
MSW is a clearly visible obstacle that prevents,dwample, crossings with baby carriages and kesycl
which have a major accident risk.

4 Element FiL-Rail ERS-EcoTrack

In the case of rail bound urban transportationesyst it is sometimes desirable to combine an ERIS avi
plant-based track surface (see Fig. 2). This do¢nly reduce the airborne sound emissions from th
track but has also other environmental advantages.example, a plant based track surface can bind
small dust particles and other air pollutants, tmg act as an urban air filter. In addition, derfaants

are able to retain and slowly evaporate the raiemthiereby reducing the amount of waste water iegter
the sewage system at a given time. These and etiodwgical effects of a plant based track surfdae |
FiL-Rail ERS-EcoTrack may considerably improve tinean micro climate.

Infundo embedded rail system

continuous  rail support

rails continuously supported rails continuously embedded in corkelast
by corkelast

concrete slab sound absorbing surface

Fig. 7. ERS EcoTrack

5 Element FiL-Rail LN-Bridge

When a train passes over a bridge there is iniaddib the usual rolling noise also the sound exditt
from the vibrating bridge structure. The latteithe main noise source. In the case of steel britlyes
sound emission is typically 20 dB higher compared tegular track section.

! plant-based track surface
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Fig.8: LN-Bridge — type SLEP-Bridge — ERS bridgghwow height sound barrier MSW

The frequency spectra emitted from a regular teawk from railway bridges are very different. lwsl
known that the rolling noise has its highest levelghe frequency range between 500-2000 Hz (see
section 2.1), whereas the sound emissions frowagibridges peak typically in the range between 50-
125 Hz.

The reason for the increased sound emission frohgds in this low frequency range is the
following. A train passage over a discretely supgmrirack superstructure leads to excitations \&ith
discrete support frequency f=v/a, where v [m/sihis train velocity and a [m] is the distance betwee
consecutive support points, i.e. the sleeper distaRor train velocities of v = 120 (260) km/h aad
sleeper distance of a = 60 cm one obtains f= 58)(Hz. However, in this range is not only the first
resonance frequency of the railway superstructure ddso the eigenfrequencies of various bridge
components. The close correspondence of the discsepport excitation frequency with the
eigenfrequencies of railway superstructures on lwened, and typical bridge components on the other
hand, leads to increased vibrations of these briciyaponents (e.g. box girder). This explains the
increased sound emission from railway bridges disieretely supported rails.

However, if a track system with continuous elasti€ support is employed there is no excitatiorhwit
the discrete support frequency. As a result one&sphat the sound emission from an ERS bridge wil
be substantially lower compared to a standard bridg

6 Continuous infrastructure monitoring

An interesting aspect of rail bound systems isgbssibility to integrate into the existing rail weirk
additional sensors and corresponding electricaingineeded for transmitting the sensor data ton trai
control centres.

For example, stationary vibration sensors (e.gelacometers) in the track can be used to monitr th
structural integrity of various railway infrastrucé components, such as the rails themselves dgdsi
In particular, the detection and continuous momtprof significant deviations in track geometry and
rail/wheel profiles (e.g. flat spot detection) abylrove useful for the infrastructure owners ad aglfor
railway operators.

Moreover, a dense network of track integrated &coeieters could also serve as an earthquake early
warning system. The high density provided by sudemsor network could increase the warning times
and improve the accuracy of the earthquake dameggictions. In order to avoid false alarms, it is
mandatory that the seismic P-wave signals recolgethese accelerometers be clearly distinguishable
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from train passage induced vibrations. This regqo@et can be satisfied because the characteristic
frequency spectra of seismic events and of tragsgges are rather different. In addition, suchna@e
network could prove useful for the early detectidravalanches, rockfalls, as well as unauthorizadkt
access.

Currently, the train control and protection infrasture of different European countries is redesign
with the aim of achieving technical interoperapiliietween different EU member states [1]. Therefibre
is timely to ask the question: How must the traonteol infrastructure be modified so that it canused
for continuous track state monitoring as well asgarthquake early warning purposes?

To answer this question, we are currently invesiigawithin a research project called “Early
warning system Transport” the feasibility of intetyng suitable sensors into the track [7]. In aosec
phase, it is planned to design and build a tesktsgction in order to test the infrastructure rammg
and early warning system in practice. For this pagoa continuously-elastically supported ERS tiack
particularly suited because it uses only few stmattcomponents compared to a standard ballast trac

7  Summary

In summary, one may say that an embedded railayst¢h sound absorbing plant-based track surface
and an integrated LSB has definite acoustic adgastaompared to a standard ballast and most sl tr
systems, both with respect to ground-borne vibnagiod airborne noise emission protection.

The acoustic advantages of an ERS are particymdgounced in the case of railway bridges. The
continuous elastic rail support of an ERS doeslead to discrete support frequency excitations ctvhi
are the main cause of noise emissions from stariaiges.

Finally, a railway network with integrated sensaray be useful for earthquake early warning and
permanent infrastructure monitoring purposes. Tifierdnt track components discussed here are not
merely a collection of disjointed parts but all fsashould be viewed as intricately connected both i
structure and function.
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