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Abstract [276] The Harmonoise engineering method is developed for computation of long-term
noise indicators Lden and Lnight. Since sound propagation effects can strongly depend on meteorological
conditions, the method must be able to handle different meteorological conditions that occur during a
year. In order to obtain a more accurate description of the sources, a subdivision into subsources at
different heights is necessary, distinguishing different physical mechanisms: rolling noise, traction
noise and, for high speed trains, aerodynamic noise. Combining such comprehensive source and
propagation models into an integrated method for use in complex 3-dimensional noise maps, a balance
had to be found between the accuracy of computation versus computation speed, requiring
optimization and simplification of algorithms. On the other hand, for continuity of the model,
additional algorithms had to be developed to improve methods that have been developed merely for
‘academic cases’. The Fresnel-zone weighting principle, adopted from the Nord2000 method, can
even be extended to reflecting and diffracting obstacles with finite length. Algorithms have been
developed for transformation of meteorological data into an equivalent ray curvature, depending on
the direction of propagation and local geometry. The resulting engineering method is flexible in such a
way that it can be used both for detailed computations in case of noise assessment and for noise
mapping, requiring a higher speed of computations. This computation time is saved by reduction of
input data, using the same calculation engine.

1 STRUCTURE OF THE HARMONOISE PROJECT

The HARMONOISE projects consists of 7 work packages. Work package 1 has been subdivided
into WP1.1 for road sources and WP1.2 for railway sources. These work packages provide physical
models for an acoustical description of individual, moving vehicles. In work package 2, a reference
model for sound propagation is being developed, used for validation of point-to-point computations.
Work package 4 provides empirical data from different measurement sites for validation of the
engineering method in practical situations.
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The integrated engineering method is being developed in work package 3. Its task is to combine the
improved modeling of noise generation and propagation into an engineering method that can be
used for noise assessment, action plans and noise mapping. This means that the method must
balance between accuracy and efficiency.

2 THE ROAD AND RAILWAY SOURCE MODEL

In road and railway source modeling, one can distinguish vehicle models from traffic models. The
outcome of work packages 1.1 and 1.2 can be considered a vehicle model, describing the sound
power output of a single moving vehicle, distinguishing different physical mechanisms such as
rolling noise, traction noise and aecrodynamic noise.

Figure 1 shows a moving vehicle, passing over a road segment with length L.
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Figure 1: sound exposure from a moving source

a

Using vi(?) = dsy/dt, the sound exposure caused by a passing vehicle with sound power W; can either
be defined as a time integral or as a spatial integral [1]:

"D 40 dt_lolng(s) A(s)
W, W, (S)

where A is the total of all attenuation effects and L is the road segment length.

SEL, _101gj (1)

If we consider N events during a time interval T, road segment’s contribution to the equivalent
sound pressure level is given by:

N

Leq:IOIgI[ Z (S)

]A(S) ds 2)

In the integrated engineering method, the sound power of individual vehicles W; in the vehicle
model are combined into a traffic model yielding the equivalent sound power output W’(s) of a
traffic flow consisting of N vehicles per unit time.

v L Wils)
W'(s)= T,Z::‘ v, (s)
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The traffic model deals with the fact that on a certain road/railway-section, individual vehicles of
different types may move at different speeds and under different driving conditions. The traffic
model yields the sound power for the road/railway which is equivalent to the total noise emission of
individual vehicles. Especially for urban roads (near intersections) and railways (near stations) these
variations in vehicle speed and driving conditions can be significant.
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For the definition of propagation paths from roads or railways, the source lines need to be split up
into source segments, represented by mutually incoherent point sources. Such segmentation of noise
sources can be done in several different ways, yielding different results

The aim for the engineering method is to have an unambiguous method of source segmentation,
with sufficient accuracy, but without generating an unnecessarily large number of propagation
paths. A typical case to consider is when the receiver is in line with (a part of) the source. This is
illustrated by the example below, where a source line is segmented by a fixed viewing angle.

Figure 2: example of fixed angle source segmentation

Figure 2 shows that angular segmentation will lead to errors when a receiver is (approximately) in
line with the source. On the other hand source segmentation by a fixed length may lead to a large
number of remote point sources that have a small contribution to the total noise level. Therefore, the
integrated engineering method uses a variable segment length, based on the ‘optical length’ of the
source segment. This ‘optical length’ is a function of a standard viewing angle and the shortest
distance between the source segment and the receiver [2].

3 THE NOISE PROPAGATION METHOD

The total noise attenuation is primarily composed of geometrical divergence, atmospheric
absorption and excess attenuation. If reflected propagation paths occur, a correction is made for the
effectiveness of each successive reflection.

Primarily, all computations are done by 1/3 octaves, but reduction into 1/1 octaves is considered to
be an option for reduction of computation time.

The attenuation by atmospheric absorption is computed according to ISO 9613-1 [3], with ambient
temperature, ambient pressure and relative humidity as input parameters.

The computation of excess attenuation can be considered as the major ‘building block’ of the
engineering method. Although it is described in detail in [4], a brief outline is given in this paper as
well.

For the computation of excess attenuation, the development of the Nord2000 prediction method [5]
has proven to be very valuable. Several principles have been adopted from this method and some
have been developed further. The method uses the model of Chien and Soroka [6] for computation
of excess attenuation over flat, homogeneous ground, based on the spherical reflection coefficient
Q. This principle has been extended to inhomogeneous ground by using Fresnel-weighting of
contributions from different ground segments.

3/7



Diffraction effects are taken into account by the Deygout-approximation [7]. If multiple diffraction
points occur, the convex hull is constructed over all diffracting edges. Secondary diffraction points
below this hull are taken into account to a limited extend. Much attention has been paid to
continuity of the model, e.g. in case of very low barriers on flat ground.

For convenience, the ‘curved ground-analogy’ [8] has been adopted by inverse curving of the
terrain rather than curving sound rays for assessment of meteorological refraction.

3.1 Meteorological module

In the meteorological module, the radius of curvature is determined for each propagation path,
based on wind speed, wind direction and a general description of the atmospheric stability in terms
of the degree of cloud cover and period of the day.

For assessment of the meteorological refraction, a combined linear/logarithmic sound speed profile
is assumed [9]:

c(z)=c, + Az + Blog (Zj (4)
2

in which both the linear coefficient A and the logarithmic coefficient B are composed of a thermal
and an aerodynamic component.

A=A4,+4

T w (5)

B=B,+8B,
The four terms Ar, Aw, Br and Bw have physical quantities such as the friction velocity,
temperature scale, and Monin-Obukhov length as their basic input parameters. For convenience,
default values are provided for (combinations of) 25 combinations of wind speed and atmospheric
stability.

The linear term and the logarithmic term in equation (4) are each represented by a radius of
curvature Ry and Rgp. These are determined by simple approximations, based on an estimation of
the maximum height of the ray path [10].
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Where cy is the atmospheric sound speed and Dy, is the horizontal distance between the source and
receiver. Both curvatures are combined into a single “equivalent ray curvature”.

1 1
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(6)

Obstacles such as buildings and forests disturb the sound speed profile in open terrain, given by
equation (4). Therefore, a correction is applied to the maximum ray path height for “mesoscale”
meteorological effects.
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3.2 Reflected propagation paths

For a reflected propagation path, the contribution to the noise level is corrected for the effective
energy reflection coefficient of the obstacle and for the size of the reflecting surface Seq relative to
the Fresnel-zone Sg,. The Fresnel-zone is defined by the intersection between the plane of reflection
and the Fresnel ellipsoid around the sound ray from the image source to the receiver.

Sre
A4, =101og(p, )+20 log(Sﬂ] (8)
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Figure 3: size of the reflecting surface relative to the Fresnel-zone

4 COMPUTATION OF LONG TERM AVERAGE NOISE INDICATORS

For the calculation of the yearly average noise indicators Lden and Lnight, the engineering method
must take the dynamic characteristics of both noise emission and noise propagation into account.
Simulations [11] have pointed out that for each source-receiver pair, variations in the excess
attenuation can be described as a function of the resulting relative sound speed gradient a as shown

in figure 4.
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Figure 4: typical behaviour of excess attenuation as a function of the relative sound speed gradient

This implies that if three representative values for the ray curvature can be found (strongly
favourable to sound propagation, strongly unfavourable and neutral), all noise levels can be derived
by interpolation. The long-term average noise level is obtained by combining the noise levels under
specific meteorological conditions with their relative occurrence and the corresponding sound
power output of the sources.
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5 VALIDATION OF THE METHOD

Validation of the method is done at different levels. As a major ‘building block’, the point-to-point
excess attenuation has been compared with reference computations in over 25,000 geometries for
homogeneous meteorological conditions. Using a standard road traffic source spectrum, the results
are evaluated on dB(A) level. Examples of validation results are shown in figures 5 and 6. A full
presentation of the comparisons is given by [12] and [13].
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Figure 5: Histogram of the difference between reference computations and P2P-results
for the ‘road embankment’ (reflective ground near the source)
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Figure 6: Histogram of the difference between reference computations and P2P-results
for the ‘railway embankment’ (absorbing ground near the source)

For cases with meteorological refraction, close to 900 geometries have been defined. Since these
geometries comply with those without meteorological refraction, the accuracy of the meteorological
module can be evaluated separately.

As the second level for validation, 20 three-dimensional maps have been defined for comparison
with the WP2 reference model. Not only direct propagation from the source to the receiver, but also
reflected contributions to the total noise level are taken into account. By averaging over a number of
meteorological events and by simulation of a traffic flow, the validation will be done by Lden.
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The validations that form the biggest challenge will be carried out based on empirical data from 7
test sites in Germany and France. Both railway noise and road traffic noise measurements will be
evaluated, making it possible to validate the source models as well. Again, the validation will be
done by Lden.

6 CONCLUSION

The HARMONOISE engineering method combines the physical description of road and railway
sources with a flexible and thoroughly validated propagation model. It includes a meteorological
module that is based on similar lin-log sound speed profiles as used in reference models.

Solutions have been chosen such that discontinuities in the computed noise levels, that may occur
by small changes in the geometry, are avoided.

The method is developed for both detailed studies and for large scale three-dimensional modelling.
Optimizations and validations of the method are still under study, in order to increase the
computation speed without unacceptable loss of accuracy.
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