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1. INTROGUCTION

In the middie of the 1980s mounting public resistance to the ever-increasing amount of road traffic - for
exampla tha problem of the intemational goods transit via the Tyrol - led to the decision to promote
raftway traffic in general and to shift part of the volume of goods transport from road te rail. Thesa political
aims wete explained In more detall in the concapt "Neue Bahn" (New Rail} and in the General Traffic
Concept of Austria 1991 (GVK-0 1891) [1]. The first three guidetinas of the GVK-0O 1991 are;

* Guideline 1; Avoidance of unnecessary traffic.

*  Guidelina 2: Promation of the environmentally friendly railway lraffic, of Iransport by ship and of
non-motorized traffic.

* Guidsline 3; Application of stata-of the art lechnical facililies as early as pessible 10 avoid negativa
effects of traffic.

A number of studies have already shown 1hat as far as noise pollution Is concemed, railway traffic cannot
exactly be described as environmentally friendly and that measures alming at reducing raflway noise are
therefore urgenily required.

The *Microcensus” of March 1991 [2], a periodic survey of a representalive number of households which
were questioned on the environmental living conditions, has shown that the number of persons who felt
disturbed by noise in general dropped from 37.2 % In 1988 [3] lo 33.5 % in 1991. However, during the
same petiod the number of persons who felt considerably or greatly disturbad by railway noise during the
day or night rose from 4.5 % to 5.9 % and from 5.4 % 10 10.5 % respectively. These figures clearly show
that railway noise is regarded increasingly as a nuisance, which can ba attributed on the one hand lo a
growing sensibilisation of the population to railway noise and on the cther hand lo an Increase in railway
traffic {fig. 1).

In Juha 1991 - after the "Microcensus” - the “Neue Austro-Talt (NAT 91)°, a new Austrian logistically im-
proved timetabls, was introduced. This was the first step towards the integration of all branches of public
transport in Austria into one single timetable. This led 1o an increase In train frequency on many routes
which often gave rise lo capacity problems, making i necessary to transport goods during the night.
Studies of noise emissions carried out by the Federal Environmental Agency [4] In order 1o determine the
effects of the NAT 91 have indicated an increase of up to 3.4 dB in the A-weighted equivalont sound lovel

Laeq (fig. 2).
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Assuming that it will In fact be pessible to shifi at least a pan of the volume of goods transport to the rall
and that, dua 1o capacily problems, goods will increasingly be transported during the night, it is 1o be
feared that the population will cease 1o believe in the environmental friendliness of rallway transpont.

Until recently, in Ausiria raitway nolse was only a problem that concemed protective labour legislation.
Therefore
* (here was a lack of data conceming nolse emitied by rolling slock,

* not much about tha generation of noise was understood; consequently, it was nal known how to
effectively model train noise,

_* there are still no limits for either emissions or Immisions.

The Federal Environmental Agency is by act of law charged with environmental conlrol. In discharging fis
task tha Ageny launched in 1990 an extensive research programme that aims at cbtalning basic data and
at laying the foundations for effectively controlling railway nolse.

2. MEASUREMENTS AND DATA EVALUATION
For the purpose of taking the necessary measurements and evalualing Ihe data obfained, a new
measuring concept - the first of its kind in Austria - was daveloped. s axioms are:

* o real-time analysis, bul multichannel storage of the noise radiated by a passing train on Digital
Audio Tape (DAT).

* astablishmert of a clear time/position relation between sound pressure level SPL at a given time
and current train position,

*  gvaluation of recordings only by means of analyzers equipped with a PG interface,

*  further processing, l.e. calculations and the plotting of chaits for ali measured parai'natars (SPL,
loudnass), only dightally on PCs.

Tha recording of the passby train nolse on Digital Audio Tapa more or less preserves the noise event; the
fidelRy of reproduction is very high. Thus , the siored data can be evalualed in various ways without it
being necessary to amange large-scale and expensive train runs for each single measurement.

Together with the speclal course in data processing and microgloctronics at the Hohere Technischa
Lehranstall {College for Higher Technical Educalion) in Vienna, the Federal Environmental Agency has
developpad an elecironic controlling device which makes possible remote conirol and synchronisation of
up to 5 DAT Recorders and thus a 2°5-channel recording. In our measurements, three DAT Recorders
wera inlegrated in the system (fig. 3).
The remote control has two modes of cperation:

*  ramote control as such, operating over long distances {up to 150 meters) and

*  local contral, operaling over distances of up 1o 3 meters between the individual units.
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Over long distances the DAT recorders are controlled by means of oplical data transmission. For each of
the recorder functions "play”, “record + play" and "stop” a specific bit map is created within the central
control unit and then transmitied 1o the decoder via fiber optics. The decoder interprels the data
packages it recelves and activates the corresponding circuit of the remote control that Is a standard-typa
part of the recordar.

The transmisslon range of the system Is Iimited by the beam power of the optical transmitter. Al the
present stage of development it amounls to a fitile more than 150 meters. This was sufficient for our-
applications up to now and had the advantags thal the electric charge of a 9 volt alkaline battery was
powarful enough to operate the remete/decoder unit all day long. The control mechanism also functions
at a distance of more than 150 meters; in these cases, howaver, optical fransmitters with greater beam
power have to be used which requires the application of a powerful external energy source, e.g. a car
battery.

The local control mechanismn is applied in all cases in which the points of measuremant ara located close
together and the DAT recorders are therefore operated in the immediate vicinily of the central control
unit. In these cases the data are not transmitted via flbre optics, but the standard-type remote control of
the recorder Is activated directly by the control unit,

When the local control mechanism is used, the operator is working near the recorder. In this situation
therefore the mest important thing is not to swilch the recorders on and off but rather to synchronize the
individual DAT recaordars and to mark specific points on the DAT.

Apart from the acoustic signal as such, varous subcodes can also ba recorded on the DAT. One of ihese
subcodes Is tha index thal makes it possible to locate exacily a particular point marked on the tape. At
the moment when the [ront of the train passes the point of measurement, a light barrier gives an impulse
to the central control unit and the DAT is indexed. A list of the type of rolling stock involved and the
velocity measured by means of a radar pistol are necessary to establish the time/posiion relation in the
profiles and thus to perform a seleclive analysis and to locale exactly individual nolse sources, such as
wheel flats. '

The interface batwaan the operator and the central confro! unit is constiluted by the keyboard and the
display of a Sharp 1403 pocket calculator. A lapiop could be used as well and woukd make the whole
systam more professional. However, the Sharp 1403 serves the same purpose while being considerably
lass expensive.

Tha recordings are analyzed in the laboratory on a Corex Audio Workstation. This is an acoustic
evaluation method which permits various kinds of analyses, such as third band, octave band, loudness or
FFT analyses, with sampling rates of up to 2 ms in real time. The dala obtained are available in standard
PC form and are processed by means of specially devaloped software or commarcial software packages.
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3. APPLICATIONS AND RESULTS

In the first two series of measurements that were part of our research programme, wa took only dual-
channel measuremants and ihe remote contro! was tested with regard 1o the *indexing® function. The first
series of measuramants dealt with the noise emisslon of passenger coaches. The SPL and sound-power
level of passenger coaches of the newest typs jolerating speeds of up to 200 km/h were compared with
those of alder coaches [5]. The results showed 1hat the okler coaches were about 3 to 4 dB louder at 140
kmvh than the new ones at 200 kmvh.

Figure 4 shows how sansiiive the system is. In one of the trains that the (BB, tha Austrian Fedaral Rail-
ways, madae avallzble speclally for our measurements, there was a car with a wheal flal. The damaged
bogie, the rise of the SPL caused by the wheel flat, and iis impact can be accurately located in the char.

The second saries of measurements, in tha course of which the affects of lateral skirtings on the car body
were to be tested [6], damonstrated the Imis of the accuracy of measuremants and alse revealed the
extent to which slight changes in the noise profile can actually be detected. The measurements followed
the prescribed standards, 1. 8. the Individual msasurements for each train velocity and for each type of
car make-up (with and withoul skirls} ware repeated twice. When evaluating the data, { was found that
the deviations between the three measurements (one with and two wilhoul skirts) taken under the same
conditions were of a similiar magnitude as the alleged effects of the skirts and furthermore that tha oclave
bands showed to some extant contrary irends (fig. 5). | will deal with this aspect in greater detall later on
in the conclusion.
! i

The following tesls wera concemed mainly with the noise emission of goods wagons, these being
considered the greater and more pressing problem. A series of measuraments, performed In May 1991
and again supported by the Ausirian Faedera! Rallways, was uhdertaken 10 determine how much the noisa
emisslon levels of different types of wagons differed al spesds of up to 100 kmv/h.

in these tests 2*3-channel measurements were made for the first time. Four microphones were arranged
in keeping with the Austrian standard, ONORM S 5024 (7], on an area approximating a quarter circla
around the emission peint E (fig. 6). The emission characteristics ¢f cars of different types vary quite
distinctly, not only with regard to emission lavels, but aiso as far as source directivity is concemed (fig. 6).
The highast fevels wera registerad for bogie high sided wagons of the type "Eaos®. However, there were
deviations of about 1.5 dB betwean different wagons of the same 1ype. Loading can reduce the emission
level of hoppers of the type "Fds" by about 1.8 to 2.5 dB as compared 1o emply cars of a similar type
(Tds). The fafl-off of the amisslan level comelates with the angel ¢ , which'indicates that cargo muffles the

car body.

Pallet box vans with sliding doors of tha type "Hbils* had the most salisfaclory emission properties of all
the cars that were tested. Still, thair emission level Is about 13 dB higher than that of modem passenger
coaches! Car inspections {Ghs-neu) reduced the emission levels of the box vans that were tested at
about 1 dB.
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On the whole, the results of our measurements show that the car body construction of goods wagons has
a greater influence on the total emission level than is generally assumed (see ORE [8]). This is also
indicated by measurements Iinvolving a noise barrier [8]. The 6 microphones integrated in the system
were mounted at two distances from the track axis and in three tiers above ground level behind a
2.8 meter noise barrier (fig. 7). Another DAT recorder, mounted outside the noise barrier in order to make
reference recordings of the free propagation of sound, was not integrated in the system.

The motorized inspection troliey with an overall height of about 2.5 meters registered the greatest de-
crease of the emission level in regard to the reference point outside the 2.8 meter noise barrier, the bogie
hopper train the smallest (Table 1).

4, CONCLUSION

The concept of measurements and data evaluations presented here has riot only made our work more
efficient and expanded the knowledge about the mechanisms of the train noise in Austria, but has also
shown us the limits of analytical methods. The digital processing of the data obtained from our
measurements yields large data matrices containing lots of high-definition information. This high infor-
mation density can be distinctly heard, but not visually distinguished. The two graphs of fig. 8 will illustrate
this, All we see is a "muddle”, we cannot perceive the substantial differences between the two noise
events.

The conventional and easiest way out of this dilemma is the determination of a mean value, whether of
frequency (A-weighting) or of time (Leq). By using an integral method such as averaging, however, a lot of
information is lost. Therefore, we will try in future to apply statistical methods that are more sophisticated
in order to be able to make better use of the data obtained for the purpose of noise control. However, we
have only just begun our work. | cannot yet present any results, but maybe the next time.
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Fig. 1: Annoyance by Noise Source
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] * Fig. 3: Remote control and synchronisation system
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Fig. 5: SPL for coaches with/without skirts
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Fig. 7: Noise behind a 2.8m barrier
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Tab. 1: Noise reduction behind a 2.8m high barrier in dB

distance/height| 7,5m/3,5m | 25m/8m | 25m/3,5m
bogie hopper train 13.9 9.4 10.5
motor. trolley 14.5 13.5 19.2
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Fig. 8: Rail noise (a) - music (b)
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