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SUMMARY

It is important w evaluate the differences in nodse impact thoroughly when decisions between passible alter-
natives (o projects that deal with city planning are dicussed, An bmponiant step in this evaluation process is the
caleulation of nolse maps for the regarded whan areas The procedure is demonstrated without algosithms and
formulas, because these depend on the national standards and other regulations, The calculation may taks inlo
aecount screening and reflection by ohjects like buildings and screens and other opographic properties. With
the noisc maps or respectively the cormesponding data [les the possible aliematives can easily be ranked with
respect 1o the lowest nodsc imgact for all given altemnatives. If such a data fife of a city or a part of i1 exists, this
can be used in all decissans thar may influence the nolse situation.

INTRODUCTION

A noise map 15 the basic wool to minimize the noise impact on pepulation when planning aliernatives ara re-
garded. The expression , neise map™ is used in this context for all the project data files of & city or o purt of it
and all the possible outputs of a prediction calculation. The well known caloursd protures are anly one possible
method of presentation

The data acquisition and the depth of description of the real world by geometric and acoustic data determing the
owarth” of the resulting praject file. If it shall be used for the detailed analysis of noize levels in a reflection
determined backyard, the input dats must be more accurate and more detailed, as if the colovred picture of the
noige distribution in large aress is the only wished ruit of the prediction cileulation

If 2 noise map shall represent the real noise disiribution for a given situation, screening | shsorption and reflec-
tion have 1o be taken into acoount. For ranking of planning aiternatives il i5 often suflficient to caloulate only
first order reflections. In screened areas surmounded by buildings it may be neceszary to sum up all relleclions
1l the |0th arder.

Tha calculation of mean sound pressure levels on a grid and appropriate interpalation Eeliniques lead o a nolse
map presentstion. If such a nose map exists for all regarded alternatives, these can easily be ranked with re-
spect fo moise levels and mumber of persons that are annoved.

CALCULATION OF NOISE LEVELS FROM EMISSION DATA

The calculation algorithms are described in national and interational sandards and shall not be dizcwssed
here. The basic calculation elemenl determines the sound pressure level at a given paint from the noise
cmission of 2 point source 3t another given point. It is therefore necessary as a first siep of such a calculation 1o
subdivide extended sources like roads into o small elements, that (wese can be simulated by point scurces
without lack of accuracy.
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Figure | Subdivision of the ouwler tracks of a road in elements and calculated
pachs from ese elements (o e immission point
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For the calculation of noise immmission from a road it is sulicient 1o regard the two outer tracks and to replace
the existing traffic flow by these two sources with hall of the waffic on each,

Figure 1 shows the subdivision and all the paths from the element midpeints to the immission point, for that
the scund contribution is calculated in the given situation, The elements are smaller near the immission point
and larger at greater distances.

Similar procedures are used when calculating the noise impact from extended area-sources.

Theoretically the intersection of each path with each object has to be caleulated whea screening and reflections
have to be laken into account. In practice it is necessary (o make some approximations, because otherwise the
exploding numiber of calcalations would reduce the chance for an acceptable calculation time to zero, The
problem in screening calculation is ot the vsually discussed screening algorithun for one or mors screens with
different heights, but the proper approximation for the shortest path through 3 3-dimensional arrangement of
objects like a city with thonsands of complex shaped buildings.

Objects like buildings or walls can mise noise levels by reflections. This has to be taken into account, if no
direct {unscreemed) path exists from the source 1o the region of inerest,

The calcalation of reflections can be carried out by using the mirmor image method, Figure 2 shows the
pronciple of this method with three walls W, W, and W, and a third order reflection berween source and
receiver. If the original source is mirrored at wall Wy, this mirror image Q at wall W and the new mirror
image Q) at wall Wi, we get the position of image €, The distance between Oy and receiver [P is equal 1o the
length of the real path Oy - Py = P2 = Py - IP. With the absorption coelicient o of the walls, the sound intensity is
weakened by a factor (1-u) at each reflection point. If one or mere objects M are crossed by the reflected ray,
screcning has to be taken into account additionally by one of the described methods,

SHL
_,.--:‘Et.-" 3

W, b
,
WL 2
y
i
o b
4
[
P

Figure 2 Calculation of a reflection of third order from source Qy
al the receiver TP with the image source method

Figure 2 explains the principle of the calculation with a point source. When the source is extended like o road
(line source) or a parking area (area source) this extended source must be subdivided into sufficient small
elements and these are replaced by point sourcas for the calculation, Two sleps are necessary to make no fault
in thiz subdivision,

In & first step the extended source is subdivided by lines projecting all objects to it Then in a second step each
resulting element is subdivided further, if it's distance to the receiver point is smaller than twices the largest
dimension of the element. -

This subdivision is another one for each receiver point, because otherwise the smallest recsssary extension
defines the general extension of all elements. The dynamic subdivision is necessary to keep calculation times
for extended sources like rads acceptable.

Fig. 3 shows all the rays that have been calculated to get the sound pressure level at an immission point in a
backyard with Buildings of 25 m height at every side, where the rays can only penetrate this region by two
openings at Lthe front and the right side. The pessible sound rays from the road in front have been calealated
with reflections from 1st to 20th order (for reasons of visibility only rays till Sth order are shown in figure 3).



EVALUATION OF A NOISE SITUATION USING A NOISE MAP

Such detailed analysis as shown in figure 3 can be extracted” from the noise map data file for a limited region
only, because otherwise the caloulation times would raise dramatically. For usual noise maps it is sufficient to
take first order refllections into account.

When a noise map shall be produced, the caleulation is reapeated for an automatically generated prid of
immission points. The time needed for the calculation of noise levels at cach of this points depends on many
conditions like the concept used o the subdivision of extended sources, order of reflections, the hardware used
and nol at least the cleverness of the pragramuner who had developped the software,

Frgure 4 shows 2 calculated noise map for a little town, where the inbabitants suffer under (he poise oad (rom
ghout 16000 carsf24h, that drive through the porthern part of the village,

Such a noise map is a very casy to use information system for consultants, planners and authorities. The
existing situation can thoroughly be investigated and possible alicrnatives and improvements can be assessed.
The complete region is subdivided in different areas and for each of these areas the number of persons living
there is defingd. This distribution of inhahitants can also be estimated from the noise map file by scanning over
the chart and summing up the people in all houses by using the dimensions and the height of each house.

In the exampie fipure 4 such a calculation leads to 925 houses and about 3000 inhabitanes.

There are some key numbers for the evaluation of such a situation. One of (hem is the number of people living
in an area with equivalent noise levels more than 63 dB(A), because this has prooved to influcnce well-being
and healih By scanning over the map we learn that 1072 persons suffer under such a noise load by day and
even 173 persons by night

It shall now be evaluated, what an improvement could be achicved, if a planned perimeter road would be built,
For this situation a further noise map is caleulated. Figure |7 shows this situation with the maim traffic on the
new northern mng road.

If different situations shall be compared in regard to the noise load of the inbabilants, two area-specific
variables should be encluded in such a consideration. This two variables are the number of inhabitants P, and
the noise level L; for each area element i. An important parameter value s the limiting value Ly, for the
maxinm equivalent sound pressure level.

An adequate evaluation formula for the total noise load of a region is

NL=T P x 1014t

where the summation is carried out for all area clements of the region, The constant k defines the steepness of
the function and should be derived from the increase of annoyance with increasing noise level.

With

k=log(2) =003

an increase of 10 dB doubles the value of ML, Although this appreach scems to undersstimate the increase of
annovanoe with increasing noise level, it is ofien used and shall therefore be applicd for the noise map of figure
4. (It 15 not possible 1o discuss the fundamentals of noise evaluation lurher i (his paper),

373



54

Figure 4 MNoise map of a litle wwn of 13000 inhabitants - caleulated with a grid of 10 m and with 23000 points

The noise map of figure 4 has been caleulated with a 10 m grid, When the stated Tormula is evaluated, the
given expressian is calculated for each 10 m x 10 m element and summed up, The result is

NI.W = 9485
and
NL 5, = 10987

The sitwation at nighttime is therefore mores severs than at day.

The evaluation scan over the map with a planned alternative with a new perimeter road (not shown here) gives
the following results:

11 persons live with 2 noise level over 65 dB(A) al day and 2 persons at night.

The noise load is now

NL;, =572

ML, =658

n

The situation will dramaticslly be improved with this planned traflic concept. This conclusion might seem o be
trivial in this case, but the demonstrated technique of cvaluation with a enc number raiing works also in much
more complicated alternatives.

CONCLUSIONS

Traffic is the main reason for noise load in residential areas. With inodern software toals it ks possible to calcu-
late the noise levels by taking into account the parameters of (he traffic flow, the 1opographie of the environ-
ment and screening and reflections caused by buildings and other objects. Such a noise chart gives a quick
averview to the complete noise situation of a city and allows o go into 2 very detailed analysis where this is
necessary, When different planning alternatives shall be evaluated, this can easily be done by calculating and
summing up the noise load for defined regions. Noise maps are a highly efficient information system for city
planners and all those, who have to deal with noise abatement In residential areas.
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