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Modelling the propagation pathway of street-traffic noise: practical
comparison of German guidelines and real-world measur ements
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Abstract:

In Germany, several guidelines were developed tdalihie noise propagation pathway. The study comspghee
guidelines DIN 18005, RLS-90 and VDI 2714, all ofiethprovide some kind of sound object line sounaiées
to model street traffic noise. Differences betwélemse guidelines are explained, and their effecpiattical
calculations is shown in a real-world situation,tibiaal Road N4, in Arlon, Belgium. Calculated rdsuhre
compared to measurements made on critical pointggahe road. The paper emphasises the understgafiin
the inner workings of models. In order to avoideliénces in calculated results due to softwaregdesiethods
applied, all calculations are made using one singiamercially available simulation program. Addiidly, this
allows for a test of guideline sensitivity to chasgn input parameters.

1. Introduction

Increased use of noise prediction software impldmgmathematical models describing the noise pyapan
pathway outdoors led to a discussion on model acguand sensitivity. Previous model comparisoniseeit
intend to validate an original method against conwmé programs [1,2] or concentrate on model inter-
comparison, neglecting both comparison to real-tvoreasurements [3,4] and the model's intrinsiciteihsto
user specified input parameters. In addition, teer's experience and understanding of the modeltlaad
software used is generally left out, as are thieémice of design decisions made by the softwareldper, and
manipulation errors. The present paper shows betfeirsensitivity to input parameters (vehicle tgpel speed,
road surfacing and slope, ...) and coherence aftsasith field measurements.

Measurement and modelling is done for traffic ndieen a typical four lane road. Modelling practicemost
European countries and choices for ISO 9613-2 shefergnces for semi-empirical models. Therefore tand
avoid questionable comparisons physical models weteaused and focus is on classical semi-empircée
models. To clear out all disturbing external factanse single commercially available program IMMO 410]
was used and operated by the one single user, Wdwm anducted all real-world measurements. The
configuration of the software used for the pressmtly relies on calculation guidelines following r@an
standards: DIN 18005 (1987) [7], VDI 2714 (1988)48d RLS-90 (1990) [9].

2. Materials and methods

2.1. Model description

Classical semi-empirical methods rely on the follaywasic equation:

Li- Le+D 1)

with

L; the resulting sound level at the receiving point,

L. the noise emission level, and

D the sum of geometrical divergence, air absorptggound effect, screening, reflection and misceltarse
other effects.

In semi-empirical models a road is divided intomp@ources, each of which is both stationary andicoous.
Each point's sound emission level is relative toléingth of the line segment it represents. The rarmob point
sound sources required to properly represent sbuoece is determined by the distance criterion

1<=ps (2)

with
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1 the maximum length of each line segment,

faconstant< 1,

sthe distance from the centre of the segment tadbeiving point. Otherwise stated, the number gfired
point sound sources increases with decreasing sdon®ceiver distancg,may be different for each guideline.
In addition, calculation of pathway difference daescreening obstacles can significantly vary ah@wn in the
following table (Table 1).

2.2. Test case

The guidelines considered in this study provide sémd of sound object line source suited to modedes
traffic noise.

Table 1: Coefficients and differences in pathlength for different guides

Guideline DIN 18005 RLS 90 VDI 2714

B 0.7 0.5 0.5

Pathway Shortest pathway Pathway atop the Both pathways atop

difference difference atop or screen only and around the
around the screen screen

Namely, the paper deals with two ways of modelingad in the program IMMI: The first method is tlypital

way of algorithms that simulate road traffic by meaof a line sound source and calculate overalivatgnt
sound level from traffic characteristics. This ie tase for DIN 18005 with road traffic source STRat todels
the traffic flow on a lane by a line sound soummeated 0.5 m above the centre of the lane, anRIf& 90, with
road traffic source STRb that simulates a road withitiple tracks by assuming one line source atn®.&bove
the middle of each of the two outer tracks. The wjant sound level is then computed as the energetn of
the sources. Both models calculate emission Idvets relevant traffic density and associated portid trucks,
vehicle speed and road surfacing. The second meisesifrequency distribution on sound propagatidivgey,

by means of a general-purpose line sound souroe WDl 2714 guideline (noted LIQc).

All these three ways of simulating street traffmige are applied on a real-world situation, nafionad N4,
passing straight in front of the Fondation Univiaise Luxembourgeoise, in Arlon, in the south ofgd@n. The
road is a 15m wide and has four lanes to accourtifh traffic load. Development is unevenly distried on
both sides of the road consisting of a supermad@ne buildings and several dwellings. A 825 migiita
portion of the road is digitised, longitudinallytine middle of a rectangular 900 x 500 m work area.

In order to be able to compare simulated resultegasurements, all buildings, walls and copsedigitsed, as
are terrain levels. To reduce the number of infleeparameters, it is assumed that the N4 road isrikeand
only sound source, which is justified as other sesitan be neglected with respect to traffic naisesh hour.

The present paper does neither intend to compamuabsoise levels computed by the various guidslimor
try to prove comparability of computer simulatiomdameasurements. It rather emphasises the unddirgjaof
the inner-working of models, and it compares retabehaviours only: sound equivalent level at 2Esmfroad
axis is ensured to be equal for all line sourcesyip free propagation conditions.

Average altitude is 405 m. At the centre of the kvarea, terrain is rather flat, growing up northid m level.
Ground exhibits a pronounced depression in thereeast.

Standard configuration chosen for the road is 3@icles/h, with 20% trucks, the surface is a simooastic
asphalt and the allowed maximum speed is 80 km/h.

Roads or line sources are idealised by means ait sources: automatic generation of 10 m line sastis
proposed.

Sound level is calculated for both single receivomints and a square grid of receivers with 10 nshm&de
length.
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2.3. Noise measurement

Field measurements are performed at 1.2 m abowsdrduring rush hour around 5 p.m. using a tripadimted
Briel and Kjaer, type 2231 equipped with a condemsirophone adapted for free-field conditions and
configured for A-weighted frequency response aisti gampling rate.

The equivalent continuous sound leuel, is integrated over 5min, which is considered aficant to average
the fluctuating noise from traffic during peak eti Vehicles are counted during each measuremeiotpe

3. Results
3.1. Comparison of algorithms

Fig. 1 shows isolines from 50 dB(A) to 75 dB(A)suéing from a simulation with STRa line sourcedyfjpom
guideline DIN 18005, using previously defined stamtconditions. That case will be considered ashtme
case. Isolines are overlaid on top of the situgpiam.

Attenuation by buildings is obvious, mainly in thieinity of the supermarket, where isophones arg e®se to
one another. When approaching free propagationitons], as is the case in the centre of the wodaar
isophones are more evenly distributed with lingtarauation of 3 dB(A) per distance doubling.

Ground depression at the centre right part of trmkwarea undoubtedly acts as attenuating element,
demonstrating the outstanding importance of togagran noise studies.

On the other hand the influence of copse on theagation pathway is small: actually, the relevaarnging
factor is only some 5dB(A) per 100 m.

Relatively small divergence among algorithms tesi@a be observed: sound level difference betwegrtvam
calculation methods never exceeds 5 dB(A) througtimiwhole work area. Definitely, most discrepasatan
be attributed to pathlength difference calculatimmdled differently by each particular guidelinéhere are
sensible differences between DIN 18005 and RLSvé@fkereas results from VDI 2714 completely differ.
Hatched portion of Fig. 2 represents the area whkimeimmission sound level calculated with STRa (DIN
18005) exceeds the one calculated with STRb (RLSI8@ddition, terrain level contour lines are shaw Fig.

2.

A careful observation of immission levels in cortiat with the relief of the work area shows thaithwSTRa
algorithm, noise propagates better through flatiing ground than through depressions. However, Sl
sources from RLS 90 guideline seem to better acctamsound diffraction on crests, in a way thatseoi
propagates farther down the ground depression.

Besides specific features of formulas used to taewattenuation for each guideline, the sound ggafion is
also influenced by the frequency distribution af tioise source.

Spectral composition by octave levels of typicafftc noise exhibits a regular decrease from 108G060 Hz
[11]: high frequencies are less represented thasrlones.
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Fig. 1. Isophones simulated by STRa algorithm, from ginddDIN 18005.
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The general-purpose line source LIQc from VDI 2714degline allows the user to enter its own frequency
distribution.

We have tested, with equivalent global sound levedgsh a uniform emission distribution and a disition
favouring sharp sound in place of bass tones.dleiarly observed that the more the sound is shiagdess far it
propagates, chiefly through ground depressions.
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Fig. 2. Immission sound levels calculated with two "limeirse" objects suited to model street traffic noise
Hatched portion represents the field area wheréfittse one (STRa) exceeds the second one (STRb).
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3.2. Sensitivity analysis

It is difficult to determine the precision requirbg the program or the underlying model for estadadr even
measured values. Actually, some, like absorptioeffent for structured reflecting walls, can onbe
estimated. Others, like building heights, are rasyeto measure. Finally, for the sake of quick walions, it
can be desired to simplify the data set withoutothticing additional errors. Therefore sensitiviyalysis of
calculated immission levels to input parametepeigormed.

It was already mentioned that guidelines differ mhaby the formula used to calculate attenuatidiea$ of
barriers. The first parameters studied are thush#ight and the surface structure of the buildiwgdls. Here,
only one building is modified: the supermarket. Tifuence of its walls is estimated for three reg® points:

a first one located behind the building with reg¢pecthe sound source (x = 60m,= 100 m), a second one
located opposite the supermarket, on the otherdditiee road X = 340 m,y= 200 m), and a third one located at
400 m away from the building, to the norsth<90 m,y = 500 m).

Only the first receiving point is affected by thedification of the height of supermarket walls. F3gshows the
relative sound level attenuation due to the bugdiright increase, from 0 up to 15m for that paféicreceiver.

The above figures clearly show the suspected diftese between guidelines: VDI 2714 (LIQc) calculates
highest attenuation closely followed by RLS 90 (STRIfb), and a distant DIN 18005 (STRa) that seems
almost insensitive to building height increase. djeattention should be brought to another effeotind
reflection on the supermarket wall turned to threettdo not affect the receiver located on theratide of the
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road, at about 120 m from the wall. Varying thdegtivity of the wall surface from 100% reflectiyito highly
absorbing generates an appreciable effect onlyartiose vicinity of the building.

Parameters that have direct impact on noise emissi@ls, like vehicle speed, traffic density ahd percentage
of trucks affect the total absolute immission solgxkl rather than the transmission pathway. Famgde,

changing the portion of trucks from 20 to 100% esus uniform 6dB(A) increase of sound immissiorelend
reducing traffic density from 3000 to 1500 vehidteesults in a uniform 3 dB(A) attenuation.

Fig. 3. Relative sound level attenuation when changindh#ight of supermarket walls.
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3.3. Comparison with measurements

Considering the latter, measurements may be peefdenen when relevant traffic characteristics doexactly
match those specified in the model. Vehicle speedupposed to remain constant during one measutemen
period, but the average values of traffic densitgl portion of trucks are recorded each time andcalhosved to
vary from one measurement period to another. Suiesely, every equivalent noise level measurementhea
normalised to the same basic conditions, i.e. 3@blcles per hour and 20% of trucks.

To start with, nine measurements were performecuasigfree field propagation conditions, placing soeind
level meter on the meadow located in the centthefvork area, west of the road< 500m). Fig. 4 shows the
relative noise attenuation for the various algonghand for the measurements when moving away ftem t
roadside. Fig. 5 shows that on the other side®fdlad, where ground drops by 10 m per 100 m distasimilar
noise level attenuation can be found.

Due to diffraction on the ground depression edg#salgorithms generate attenuation curves whiehrauch
more undulated than the smooth one in Fig. 4. Heweall of them tend to overestimate real valuesasared
levels decrease systematically faster than the hredalts, when moving away from the roadside. Mueg,
below a certain distance (about 50 m in this ca&S€Rb algorithm fits the measured points better #tranother
one; but farther away STRa is closest to measuneglsleOne may conclude that RLS 90 guideline (STRb,
LIQb) overestimates the sound diffraction effecicossts.

In order to judge the ability of equations to hantie attenuation and the reflection effects ofibes, the model
results are also compared to measured levels foe seceiving points located just behind buildingiéhough it

is awkward to compare absolute immission level egluhe various measurements are normalised in such
manner that emission level were similar to thadusesimulation. Results show that for receivingnp® located
behind buildings, measured values are always fram4B(A) below simulated ones. The methods usethéy
various guidelines to calculate the sound transomistirough obstacles seem thus slightly overestimpahe
sound level, especially DIN 18005 guideline (STRd&)jolw give rise to the highest immission values behi
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buildings. Finally, the influence of traffic lightsn the sound level is tested. Indeed, at the ggint230m,y =
25 m), on the south of our work area, the main roadses another one and the two roads are coadnext
traffic lights. In the model, traffic lights arengply considered as an additional single sound sowrbich, in
our case, adds 3 dB(A) to the emission level ofrthea at this point. Some measurements performetien
vicinity of the traffic lights show, on the contyaia decrease of the sound level with respecthergioints at the

roadside.

As long as this kind of situation is considereagsing of a high traffic road with a low traffic@y the decrease
of sound level due to vehicles slowing down whepragching the traffic lights seems thus prevailorgthe

noise increase due to cars moving off after thp.sto

Fig. 4. Noise attenuation in free field conditions whenving away from the sound source. Comparison

model/measurements.
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Fig. 5. Noise attenuation when moving away from the raadaiground depression. Comparison model/
measurements.
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4, Conclusions

The comparison of the three German guidelines amdethl-world monitoring for the test case of natiomad
N4 in Arlon shows that street objects, as defmedbBy 18005 and RLS 90 guidelines are well suitedttaly
the noise in the vicinity of a road.

Regarding input parameters of all models, specigd should be taken to describe the terrain imibri-area as
accurate as possible. The frequency distributicth@sound source is also of paramount importance.

Building and barrier height and width have a gehiefuence on the sound propagation pathway. Altffothat
influence is obvious when analysing real-world nuneasents, DIN 18005 guideline does not attach cefiily
importance to it. Other guidelines (RLS 90 and VDIL2) account better for obstacle influence, butudated
attenuation never reaches the measured one.

As for surface structure of walls, its modificatiganerates only slight effect on sound immissiavelleexcept
for the immediate vicinity of the buildings.

As a matter of fact, RLS 90 guideline is closer ¢ality than other ones, as long as similar tesecase
considered. However, it overestimates the sourfdadtfon effect on crests, for which the DIN 180fifideline
method is perhaps sufficient.

At last, it appears that it is quite difficult tqo@reciate and to compare absolute sound immissoald.

Moreover, the greater part of studies concern metative behaviours than absolute levels deternainat
Therefore, input parameters which modify only thebgl emission level and consequently, which caude &
uniform increase of sound immission level, requé®s accuracy in their assessment than those vomaaltify

the relative immission field.

These parameters are for example the traffic dertbigyportion of trucks, the vehicles speed, tharsurface
material. Although the knowledge of their accunzie would permit to situate the global immissievels, the
model user would probably prefer to know how tlvairiation influences that sound level.
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