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1 Introduction 
This report deals with point source modelling of road vehicles. It summarizes the state of the art, the work 
carried out within WP 1.1 and and will in its final version also summarize the results and conclusions of WP 
1.1. 

2 State of the art of source heights 
2.1 Current European models 
All current European official models from Austria, France, Germany, The Netherlands and the Nordic countries 
use a point source at 0,3 – 0,75 m height, see e.g. [12]. The lowest height 0,3 m is to be found in the 1999 version 
of the French Mitra 4.0 and the highest 0,75 m from the Dutch model dating back from 1981 [1]. 

2.2 The new Nordic model 
In the new Nordic model, Nord 2000 the following source model is used: 

Table  2.1 Passenger cars. Source locations. 

 Height Frequency range 

Source 1 0,01 m 25-10000 Hz 

Source 2 0,15 m 25-10000 Hz 

Source 3 0,30 m 25-10000 Hz 
1) Often frequencies below 50 Hz and above 5000 Hz can be neglected. 

 

All sources are assigned equal strength, that is the total sound power is distributed equally between them. The 
horizontal directivity of passenger cars is given in table 2.2. The angle φ is shown in figure 2.1. 

 Table  2.2 Passenger cars. Horizontal directivity, see figure 2.1. 

 Height Frequency range Directivity 

Source 1 0,01 m 1600 - 10000 Hz -5 + 7 abs(cos(ϕ)) 

Source 2 0,15 m 1600 - 10000 Hz -5 + 7 abs(cos(ϕ)) 

Source 3 0,30 m 1600 - 10000 Hz -5 + 7 abs(cos(ϕ)) 

 

Ψ

ϕ

Source

Receiver

Horizontal plane

 

Figure 2.1  Sketch of angles of
directivity 
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Table 2.3 Heavy vehicles. Source location. 

 Height Frequency range 

Source 1 0,01 m 2 000-10000 Hz 

Source 2 0,15 m 25(250)-10000 Hz 

Source 3 0,30 m 25(250)-10000 Hz 

Source 4 

Vertical 
exhaust only 

3,2 m  50-200 Hz 

 

Table  2.4 Heavy vehicles. Horizontal directivity, see figure 2.1. 

 Height Frequency range Directivity 

Source 1 0,01 m 1600 - 10000 Hz -5 + 7 abs(cos(ϕ)) 

Source 2 0,15 m 1600 - 10000 Hz -5 + 7 abs(cos(ϕ)) 

Source 3 0,30 m 1600 - 10000 Hz -5 + 7 abs(cos(ϕ)) 

 

The sound power is distributed equally between all sources indicated within the frequency range specified. 

 

The vertical directivity is recognized but no corrections are made due to lack of data. 

2.3 The American TNM 
The American TNM model, [11], uses two source heights, one at 0 height and one at 1,5 m, with a distribution of 
sound power between them. The effective heights, which is a height weighted to take into account the power 
distribution, are given in table 2.5, [8]: 

Table 2.5 Effective source heights in TNM 

Vehicle Throttle Frequency (Hz) Effective height (m) 

Auto All < 800 

> 2000 

0,44 

0,06 

Medium Trucks 

6 tyres 

Cruise < 400 

>2000 

0,57 

0,13 

Heavy trucks 

> 6 tyres 

Cruise <800 

>1000 

1,38 

1,01 

 

2.4 Some recent references 
In [2] from 1999 it is concluded that the dominating noise sources from both passenger cars and heavy vehicles 
are located under the car body. Comparisons with propagation calculations indicate that it is not sufficient to use 
one source height only. As to engine noise it is indicated that the engine is well screened and the conclusion is 
drawn that the most important engine source is the image engine, which, accordingly, is located below the surface 
of the road. Measurements also show that, for passenger cars, the source is best located level with the nearest 
wheels, and, for heavy vehicles, on the centre axis of the vehicle. 
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In [4] from 2001 array measurements are reported, which indicate that the dominating source heights are about 0,5 
m below 500 Hz and about 0 m at 500 Hz and above. There is no significant difference between light and heavy 
vehicles. 

In [5, 6] from 2001 it is concluded that it is preferable to lower the source height used in the French NMTB from 
0,5 m to 0,05 m. 

In [7] from 2001 some measurements with barriers yield the conclusion that the equivalent source height is at 0,4 
m. 

In [13] a mathematical model is applied to pass-by data from 30 vehicles. It is concluded that a single low source 
gives a better agreement with real data than the Nord 2000 three source model with equal weighting between the 
sources. However, by using different weightings between the sources an even better agreement can be achieved. It 
should be observed that the data used refer to propagation across hard asphalt only whereas the Nord 2000 method 
relied on more sensitive propagation across grassland. 

In [26] array measurements are used to derive the source heights given in table 2.6. 

Table 2.6 A-weighted sound power levels LW in decibels re 1 pW, per octave band and per (partial)-source 
at height h, for five categories of vehicles, driving on motorways with a maximal admitted driving speed of 120 
km/h 

centre vehicle category
octave- passenger lorries motor-
band cars mean heavy busses cycles

f h Lw h Lw h Lw h Lw h Lw

[Hz] [m] [dB] [m] [dB] [m] [dB] [m] [dB] [m] [dB]

63 0,6 73 0,7 81 0,7 78 0,7 78 0,4 84
1,5 68

125 0,6 85 0,7 89 0,7 86 0,7 86 0,4 92
1,5 80

250 0,4 91 0,2 94 0,2 94 0,2 91 0,4 97
1,3 83 1,0 91 1,0 91 1,0 88 0,9 93

500 0,0 97 0,0 102 0,0 105 0,0 100 0,4 99
1,2 87 0,7 97 0,7 99 0,7 94 0,9 92

1000 0,0 104 0,0 105 0,0 106 0,0 102 0,0 94
1,0 92 0,7 96 0,7 98 0,7 92 0,4 94

2000 0,0 103 0,0 102 0,0 101 0,0 98 0,0 94
1,0 80 0,7 92 0,7 92 0,7 88 0,4 92

4000 0,0 94 0,0 93 0,0 92 0,0 89 0,0 89
1,0 71 0,7 83 0,7 83 0,7 79 0,4 87

8000 0,0 84 0,0 84 0,0 83 0,0 80 0,0 80
1,0 61 0,7 74 0,7 74 0,7 70 0,4 78
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2.5 Discussion and conclusions 
The most recent studies all point at locating the major noise sources below the body of the vehicle. The important 
tyre/road source is located very close to the road surface but it should also have some distribution in height due to 
vibrations of the tyre sides and reflections in the car body. It may be necessary to average over several heights. At 
low frequencies it may be necessary to add some source at a higher position. 

In order to find out the best combination of different source heights it is necessary to compare calculations using 
different models with well defined measurements. It will be difficult to find a perfect solution. Figure 2.2 shows 
an example. We can see that a 0,3m high source gives a good fit to measurements up to 800 Hz whereas a 0,01 
high source gives a reasonable fit at 2000 Hz and above. In between it is possible to get a good fit by weighting 
the two heights. As a comparison the Nord 2000 approach using 3 equally weighted sources are shown. 

Pass-by at 18,75m over grassland
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Figure 2.2 Pass-by measurements at about 70 km/h with two microphone positions at the heights 4,0 m and 
0,5 m respectively. propagation over grassland with the flow resistivity 160 kRayls. Horn effect is included above 
1250 Hz. 

3 State of the art of directivity 
3.1 Current official models 
At present there is none including complete directivity data. Nord 2000, which is not yet official, includes 
corrections for the horn effect, see table 2.2 and 2.4 in 2.2 and some corrections are also used in Japan, see 3.3.  

3.2 Tyre/road noise and the horizontal plane 
In [9] it is shown that the horn effect at 1000-3000 Hz increases the radiation in the forward direction by 5-10 dB 
relative the perpendicular direction. The lower figure is applicable for tyre without car body and the higher figure 
includes the car body. If distance effects are included the most important angle of radiation is 45º - 60º.  
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3.3 Complete vehicle 
In [10] A-weighted measurements are reported for actual vehicles. The results show that there is little directivity 
in the vertical plane up to about 45º to the horizontal plane. After that the sound power level decreases up to about 
5 dB. In the horizontal plane the radiation has its minimum, as predicted by the horn effect, perpendicular to the 
road. At 45º it has increased 3 (heavy vehicles)-5 (passenger cars) dB. The radiation is a little higher in the 
backward direction. Similar data are reported in [20] and octave band data have been made available by [19]. Two 
examples of data are shown in figure 3.1 and 3.2. The corresponding data are also available for light and heavy 
trucks. The reference for the two figures is the omnidirectional sound power level + 10 dB. The measurements 
took place at 40 km/h which means that engine noise is fairly important and that the horn effect is not as 
predominant. 

 

 

 
 

3.4 Conclusions 
There seems to be little frequency band data available on the directivity of the sound power level emitted by road 
vehicles. There is, however, no doubt that the directivity due to the horn effect and to the shielding effect of the 

Figure 3.2 Directivity of
passenger cars at 40 km/h in the
vertical plane at a horizontal
angle perpendicular to the car,
from [19]. 

Figure 3.1 Directivity of
passenger cars at 40 km/h in the
horizontal plane at a vertical angle
corresponding to a microphone
height of 1,2 m at 7,5 m distance,
from [19, 20] 
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car body should be included in an accurate source model. At very high frequencies (>1250 Hz) the horizontal 
directivity seems to be assymetrical. The radiation is greater in the backwards direction. 

4 State of the art of source strength 
4.1 General 
The aim of Harmonoise is to separate emission and propagation completely and to work within a wide frequency 
range. This means that very much old information cannot be used, at least not without corrections. There are 
comparatively few data available complying with these two requirements. 

4.2 Nord 2000 
Nord 2000 describes the source strength as the sound power level as a function of speed for different vehicle 
categories. Frequency band data are available for the range 25-10000 Hz. The sound power levels have been 
determined from measurements of the SEL-level during pass-by and the source model has been used to calculate 
the equivalent omni-directional sound power level. For different vehicle categories the energy average of many 
pass-bys has been determined in steps of 5 km/h. Several thousands of measurements have been carried out. In 
figure 4.1 some results for vehicles of category 1a (normal passenger cars) are shown. In the first version of Nord 
2000 only 3 vehicle categories are used: Passenger cars, dual axle heavy vehicles and multi axle vehicles. The 
data bank includes road temperature and type of pavement but these data are not used at present. There is no 
separation between different sources and all the sound power is equally distributed between the different sources 
used. 
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4.3 The French NMPB 
This model, [16], has two vehicle categories: light and heavy vehicles. The starting point is A-weighted sound 
power levels as a function of speed. All vehicles are assigned the same speed independent sound power spectrum. 
The spectrum is the same as the one standardized in ISO 717-1 for rating of airborne sound insulation and EN 
1793-3 for rating of sound insulation of roadside noise barriers. 

4.4 Other current European prediction methods 
An overview of European methods is given in [12]. 

Figure 4.1 Examples of
sound power levels of vehicles of
type 1a on a road surface of type
2a. The parameter is speed in
km/h. 
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The French NMPB works with sound power levels in octave bands, 125-4000 Hz. As spectrum the standardized 
EN/ISO spectrum used in ISO 717/1 and EN 1793-3 is used. This spectrum is speed independent. 

The German RLS from 1990 uses LAeq 25 m from the lane at 3,5 m as emission index. It is given as function of 
traffic flow, speed and percentage of heavy vehicles.  

The Dutch model from 1981 uses the octave band (63-8000 Hz) sound power level per metre line segment. 4 
types of vehicles are used: Light vehicles, light trucks, heavy trucks and motorcycles. It is given as function of 
vehicle flow and speed. Revised, new data from [26] have been determined as shown in table 4.1. 

Table 4.1  A-weighted sound power levels LW in decibels re 1 pW, as a function of the logarithm of the 
driving speed v [km/h], per octave band with centre frequency f, to be applied in the prevailing more or less 
advanced Dutch Standard Calculation Scheme II. The values of a+ and b in LW = a+ + b×lg(v) have been 
determined from measurements performed in 1996 and in 1999, [26].  

f passenger car lorry motorcycle 

  mean heavy  

[Hz] 25<v<170 34<v<120 23<v<120 40<v<195 

 A+ + B·lg(v) A+ + B·lg(v)  A+ + B⋅lg(v) A+ + B⋅lg(v) 

63 75,5 – 0,5⋅lg(v) 80,3 – 0,2·lg(v) 66,0 + 9,8·lg(v) 26,7 + 28,9·lg(v) 
125 37,7 + 24,6⋅lg(v) 60,5 + 16,6·lg(v) 70,4 + 11,4⋅lg(v) 35,4 + 28,9·lg(v) 

250 37,4 + 27,6⋅lg(v) 92,5 + 2,5·lg(v) 92,9 + 2,6·lg(v) 41,8 + 28,9·lg(v) 
500 44,3 + 26,1⋅lg(v) 51,4 + 26,6·lg(v) 62,0 + 23,2·lg(v) 44,4 + 28,9·lg(v) 

1000 50,1 + 26,8⋅lg(v) 62,2 + 22,3·lg(v) 68,1 + 20,8·lg(v) 40,9 + 28,9·lg(v) 
2000 56,2 + 22,5⋅lg(v) 69,8 + 16,6·lg(v) 74,7 + 15,0·lg(v) 41,2 + 28,9·lg(v) 
4000 48,7 + 22,2⋅lg(v) 64,0 + 16,2·lg(v) 72,7 + 12,4·lg(v) 37,8 + 28,9·lg(v) 
8000 58,7 + 11,7⋅lg(v) 89,1 – 1,9·lg(v) 92,7 – 3,1·lg(v) 31,6 + 28,9·lg(v) 

SRMI 16,9 + 27,6⋅lg(v) 38,1 + 19,0·lg(v) 43,0 + 17,9·lg(v) 14,8 + 28,9·lg(v) 

 

The Nordic model, last updated in 1996, uses the sound exposure level LAE at 10m during pass-by of light and 
heavy vehicles respectively. In addition the maximum levels are used. 

The UK method uses LA10 at 10m from the carriageway edge, adjusted for traffic flow and speed. 

4.5 The American TNM 
This model, [11], uses the maximum sound pressure level (expressed in energy form) during pass-by at 15 m after 
propagation across generally absorptive terrain. This means that there is no complete separation between emission 
and propagation effects. TNM uses the A-weighted levels as starting point and include equations to calculate 
spectrum as a function of the A-weighted level. The following vehicle categories are used: Automobiles, medium 
trucks, heavy trucks, buses and motor cycles. Two operating conditions are given: Cruise throttle and full throttle. 
In addition two different road pavements are used. 

4.6 Mathematical models 
The ideal situation would be to have a complete description of the sound power emission for each of the major 
sources, that is for power train (engine, transmission, exhaust), tyre/road and, if relevant, aerodynamical noise. 
Some efforts have been made to create mathematical models describing the effects. These models have normally 
been based on empirical measurements and used regression analysis to obtain formulas like 

)lg(, vbaL iiiW +=  (1) 

where i indicates a frequency or a specific source. Thus we will get a very large number of coefficients.  
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Eq. (1) would probably work rather well for tyre/road noise. However, for power train noise, the situation may be 
different, particularly at low speeds where gear changes make things more complicated. 

4.7 Conclusions 
Most emission data does not exist in a suitable form to be used in the Harmonoise project. The only exception is 
Nord 2000 which uses exactly the same concept as the one planned for Harmonoise. However, as detailed sound 
power data can be used to calculate any other measure it is possible, at least to some extent, to use available data 
to verify new Harmonoise models. 

5 Result of work carried out in WP 1.1 
5.1 Vehicle categorization 
This is described in [21] and the result, with some supplements from a later discussion at a WP 1.1 meeting, is 
given in table 5.1. 

Table 5.1  Summary of vehicle categories to be used in HARMONOISE 
Main type No Example of vehicle types Notes 

1a Cars (incl MPV:s up to 7 seats) 2 axles, max 4 wheels Light vehicles 
1b Vans, SUV, pickup trucks, RV, car+trailer or 

car+caravan(1),  MPV:s with 8-9 seats 
2-4 axles*, max 2 wheels 

per axle 
 1c Electric vehicles  
 1d Hybrid vehicles  

2a Buses  2 axles (6 wheels) 
2b Light trucks and heavy vans 2 axles (6 wheels)(2) 

Medium heavy 
vehicles 

2c Medium heavy trucks 2 axles (6 wheels)(2) 
 2d Trolley buses 2 axles (6 wheels)(2) 
 2e Low noise design 2 axles (6 wheels)(2) 

3a Buses 3-4 axles 
3b Heavy trucks(3) 3 axles 
3c Heavy trucks(3) 4-5 axles 

Heavy vehicles 

3d Heavy trucks(3) ≥6 axles 
 3 e Low noise design ≥3 axles 

4a Construction trucks (partly off-road use)(3)  Other heavy 
vehicles 4b Agr. tractors, machines, dumper trucks, tanks  

5a Mopeds, scooters Two-wheelers 
5b Motorcycles 

Include also 3-wheel 
motorcycles 

 
(1)  3-4 axles on car & trailer or car & caravan 
(2)  Also 4-wheel trucks, if it is evident that they are >3.5 tons 
(3)   If a high exhaust is noted, identify this in the test report. Categorize this as 3b', 3c', 3d' or 4a' 
 

5.2 Road surface characterization 

5.2.1 Reference surfaces 
For comparison with measurements in other countries it is recommended to carry out measurements on the 
following reference road surfaces: 
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Stone Mastic Asphalt (SMA): SMA 11-13, SMA 14-16 

Dense Asphalt Concrete (DAC): DAC 11-13, DAC 14-16 

The numbers refer to the max. chipping size. 11-13 means that it could be any max. chipping size between 11 and 
13 mm 

 

5.2.2 Road surface characterization 
Measure or description Example Notes 

Basic surface type (incl type of binder) Dense asphalt concrete, porous asphalt concrete, cement 
concrete, surface dressing, stone mastic asphalt, hot rolled 
asphalt, paving stones 

Man 

Maximum chipping size 11 mm, 16 mm Man 

Grading curve of mix (Percent passing by sieve size) Opt 

Age of the surface 4 years Man 

Total traffic exposure (No. of axles passing) 3 300 500 axles Opt 

Composition of traffic (% of heavies, % of 
studded tyres) 

11 % heavies, 55 % of tyres are studded in wintertime Opt 

Posted speed limit 70 km/h Man 

Type of road, measured lane Motorway, 2x3 lanes, rightmost lane Man 

Grade (longitudinal slope) 2,5 % Opt 

Condition of surface (subjective, incl 
homogeneity) 

Surf in partly worn cond., tracks visible but not deep, lateral 
variation clearly visible, binder worn away in wheel tracks only

Man 

Surface texture -  MPD (ISO 13473-1) 

Surface texture -  LT63 (ISO/FDIS 13473-2) 

Surface texture -  LT4  (ISO/FDIS 13473-2) 

1,03 mm 

0,87 mm 

0,57 mm 

Opt 

Opt 

Opt 

Sound absorpt coeff as a function of freq 
(ISO 13472-1)* 

(sound absorp coeff versus frequency) Opt 
(porou
s surf)

Unevenness (CEN prEN 13036-x) 2,2 IRI Opt 

*  Applicable only to potentially porous surfaces 

Man = Mandatory 

Opt = Optional   

 

5.3 Source heights 
In [22] TRL and TNO reports some array measurements clearly indicating that the source height of tyre/road 
noise is very close to the road surface and that the engine noise has its origin close to the bottom of the car body. 
Two examples are given in figure 5.1 
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In [18] TUG reports CPX intensity measurements in the laboratory on tyres rotating on drums. These 
measurements also indicates that the main source is close to the tyre/drum interface. In addition it is shown that 
there is little difference between the wheel alone and the wheel mounted in a wheelhouse.  

 

 
Figure 5.2 Intensity measurements on a tyre rotating on a drum indicating a low source height, from [18]. 

 

In [23] SP shows that a source height of 0,01 m for tyre/road noise and 0,3 m for engine noise gives a good fit 
between measured and calculated sound propagation patterns. Some of the results are shown in figure 5.3 where 
measured results are compared with calculations according to Nord 2000. We can see that a source height of 
0,01m gives a very good fit above 400 Hz. At 1250-2000 Hz the fit improves if the horn effect is taken into 
account by carrying out the calculations corresponding to a LpFmax  maximum at 45º in stead of for at the shortest 
distance. At low frequencies it looks worse. For very low frequencies background noise may have influenced the 
measured levels. At 200-250 Hz the measurements indicate a lower level at 4 m than at 0,2 m. This could possibly 
be explained by a low frequency source at the bottom of the car body or higher. We can also see that there is a 
significant difference between the heights 0,3m and 0,5m. It is obviously not possible to draw any further 
conclusions until a more elaborate source model for the weighting between engine noise and tyre/road noise is 
available. The results are not 100% consistent with those of figure 2.2 but they are probably more reliable as the 
propagation path is much better defined. In figure 2.2 there was a ditch and sloping ground whereas here it is 
perfectly flat with a runway perfectly level with surrounding ground. 

Figure 5.1 Array measurements indicating the source height for engine and
tyre/road noise respectively, from [22]. 
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Figure 5.3 Cruise-by propagation pattern for a passenger car at 90 km/h. LFmax was measured. The ground 
impedance corresponded to a flow resistivity of 100 kRayls according to the one parameter model of NT ACOU 
104. 

 

5.4 Source strength 
Many measurements, see [24], have been carried out on vehicles in real traffic. CPX measurements have been 
used to separate different noise sources from each other. Some examples of measurement results are shown in 
figure 5.4-5.5. 

 

 
Figure 5.4 A-weighted sound pressure levels at 1,2m/7,5m as a function of speed and acceleration. 
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green= rolling noise, blue = engine noise, red = exhaust noise 

Figure 5.5 A-weighted sound pressure levels at 1,2m/7,5m as a function of speed and acceleration. 

 

Measurements of the type shown in figure 5.4 and 5.5 will be analyzed in 1/3 octave bands and transformed into 
equations yielding the sound power levels for the different conditions. 

The sound power level of power train noise is given by 
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where 

m = vehicle category index 

i = 1/3 octave band index 

z = height index (normally values refer to z= 0,3 – 0,5 m but there may be high exhausts with z = 3,5 m) 

 

and for rolling noise 
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where 

z = 0,01 m (at least for high frequencies) 

5.5 Influence of road surface wetness 
In [14] it is shown that a road surface with a film of water increases the A-weighted sound power level up to about 
4 dB. For passenger cars the increase is highest at low speeds while the opposite is the case for multi-axle heavy 
vehicles. The report also contains frequency band data. In [17] procedures for determination of the correction 
factors are given. An example of measurement results is given in figure 5.6. 

Car with diesel engine Sports car
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5.6 Influence of interrupted traffic flows 
In [25] some simulations have been made to show the effect of interrupted traffic flow, e.g. in crossings. The 
rsults are summarized in table 5.1 which shows that the SEL-level is affected insignificantly although the mean 
speed decreases by a factor 2. The indication is that it might not be necessary to make any noise corrections at 
crossings, at least not when the traffic is moderate. 

Table 5.1 Some examples of the difference between free and interrupted flow. 

LAeq [dB] 
VEHICLE Free-flow 20m/s

(25 s) 
Interrupted 

(54 s) 
Interrupted 

normalized to 25 s 
Free-flow 

9.2 m/s (54 s) 

FORD MONDEO 73.9 70.2 73.5 62.8 
VOLVO S40 75.5 70.1 73.4 63.8 

VOLVO S40 Diesel 75.2 70.4 73.7 64.8 
FORD Ka 73.1 68.3 71.6 62.6 

TOYOTA PREVIA 74.7 69.5 72.8 64.0 
TOYOTA Hi-Lux 74.5 70.2 73.5 64.8 

MITSUBISHI PAJERO 75.5 71.1 74.4 66.3 
MC - BMW 650 75.6 71.8 75.1 64.6 

 

5.7 Tyres and road temperatures 
No specific work is planned to deal with different tyres and road temperatures. Tyres are dealt with in the EU-
project SILVIA and some results are expected during 2004. With the exception of winter tyres, tyres are assumed 
to be dealt with indirectly by the use of regional noise emission data which will include statistically representative 
tyres. Most likely temperatures will be dealt with in the same way although it is known that the sound power level 
will increase by about 0,1 dB per degree air temperature and by about 0,06 dB per degree road temperature. 

6 Proposal for source model 
At the date of the current version of this report a provisional proposal for source model is summarized as follows: 

Figure 5.6 

LpAFmax during cruise-by by a
passenger car as a function of speed
and dampness. 
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6.1 Vehicle categorization 
See 5.2. May be passenger cars should have one category for petrol engines and one for diesel engines. 

6.2 Road surface characterization 
See 5.3. 

6.3 Source strength 
The frequency band sound power level of a specified vehicle category under specified driving conditions is either 
taken from a data bank as in Nord 2000, see 4.2, or calculated from equations describing the sound power level of 
each vehicle sound source. These equations will be in the form shown in 5.4. 

As to the Nord 2000 data bank it may have to be adjusted a little at high frequencies if the source model of 
Harmonoise becomes different from that of Nord 2000. However, this is easily done by calculating a new transfer 
fuction between SEL and LW during pass-by and then correcting for the difference between the new and old 
function. 

Different tyres will not be dealt with specifically with the probable exception of winter tyres.  

6.4 Point source model 
Cars are to be represented by two sources, one very close to the road, 0,01 m, and one at about 0,3 m. They are not 
necessarily both active within the whole frequency range. The low source is primarily above 500 Hz and the high 
source mainly below 2000 Hz. For heavy vehicles the high source should be raised to about 0,75 m and it may 
also be necessary to add one more source at a higher height, at least for construction equipment using a high 
exhaust.  

6.5 Directivity 
The point sources should be assigned both horizontal and vertical directivity. When integrated over a pass-by the 
integral of the directivity function should be close to zero. The horn effect has its greatest effect around 1250-
2000 Hz. 

6.6 Corrections for interrupted traffic flow 
No corrections are required for crossings without traffic lights. The calculations should be carried out like the case 
wit an uninterrupted traffic flow. 

7 References 
[1] P A Morgan, P G Abbott and P Nelson, Noise Calculation Models for Roads & Railways – 

Interim Advice, TRL report from 2000 

[2] Hans G. Jonasson, Measurement and Modelling of Noise Emission of Road vehicles, SP 
Report 1999:35 

[3] Hans G. Jonasson & Svein Storeheier, Nord 2000. New Nordic Prediction Method for Road 
Traffic Noise, SP Rapport 2001:11 

[4] Johan van der Toorn, Sound emission by motor vehicles on motorways in the Netherlands 
1974-2000, Internoise 2001 

[5] Besnard & al, Validation and evolution of the road traffic model NMPB-96- Part 1: 
Comparison between calculation and measurement result, Internoise 2001 

[6] Defrance & al, Validation and evolution of the road traffic model NMPB-96- Part 2: 
Improvements based on theoretical methods, Internoise 2001 

[7] Kurt Heutschi, New Swiss source model for road traffic noise, Internoise 2001 



HARMONOISE Technical Report 

 
Doc.number: HAR11TR-020614-SP05 Source modelling.doc  Revision number: 00.05 

Author: SP Page 19 Date: 2003-06-13 

[8] Personal communication with Chris Menge, Harris Miller Miller and Hanson Inc. 

[9] Wolfgang Kropp & al, On the sound radiation from tyres, Acustica 1999(?) 

[10] Y. Mori & al, Noise directivity of vehicles on actual road, Internoise 1999 

[11] FHWA Traffic Noise Model, Technical Manual, FHWA-PD-96-010 
[12] P.A. Morgan & P. Nelson, Selection of interim EU computation methods for road and rail 

transport noise, Project report PR/SE/116/00, TRL 

[13] Gunnar Taraldsen, On the representation of a vehicle by an array of incoherent point sources, 
Informal paper from October 2002 

[14] HAR11TR-020301-SP-02 Test method for the whole vehicle 

[15] HAR11TR-020901-TUG02 Influence of road surface wetness on tyre/road noise Part 1: 
Evaluation of measurements 

[16] Road traffic noise – New French calculation method including meteorological effects, NMPB – 
1996 

[17] HAR11TR-021030-TUG02 Influence of road surface wetness on tyre/road noise Part 2: Proposed 
procedure for calculation of the correction factors 

[18] HAR11TR-020701-TUG02 Localization of tyre/road noise source and relation between sound 
pressure and sound power measurements 

[19] Yasuo Oshino, Japan Automobile Research Institute, Personal communication 

[20] K. Tsukui, Y. Oshino, H. Tachibana, Road traffic noise simulation model taking account of 
vehicle noise directivities, Internoise 1998 

[21] HAR11TR-030108-VTI01 Vehicle Categories for Description of Noise Sources 

[22] HAR11TR-021231-TRL02 Comparison of methods for measuring power train noise 

[23] HAR32MO-030415-SP01 Some comments on Fresnel weighting 

[24] HAR11TR-030116-MP01 Background data for source description 

[25] HAR11TR-030419-TUG01 Noise emission from free-flowing versus interrupted traffic 

[26] J.D. van der Toorn, W.J.A. van Vliet. TNO-report HAG-RPT-000048, 18 May 2000. 
Emissiekentallen motorvoertuigen 2000, gebaseerd op metingen uit 1996 en 1999 (Emission 
characteristics of motor vehicles 2000, based on measurements performed in 1996 and 1999; in 
Dutch). 


