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Abstract: In this study, the new road traffic noise prediction method applicable to Japanese and
Dutch various road surfaces was developed. Firstly, the A-weighted sound power levels of road
vehicles were measured for actual roads in the Netherlands paved with varjous surfaces. With regard to
the levels on dense asphalt concrete, the differences between Dutch and Japanese data were not
significant, therefore it was found that the common sound power calculation model can be used in both
Japan and the Netherlands. On the other hand, the levels for low-noise road surfaces in the Netherlands
were 1 to 7dB lower than those for dense asphalt concrete, therefore the different sound power
calculation models were required to be constructed for such surfaces. Secondly, based on the above
results, a sound power calculation model applicable to each road surface was developed. By
integrating the model with the dynamic traffic flow calculation model, the new road traffic noise
prediction method was constructed. Using the method, the road traffic noise in 32 urban areas
including low-noise road surfaces in Japan and the Netherlands was calculated. As a result, the
calculated levels correspond well with the measured levels (the differences between them were 1.3 dB

on average).

Keywords: Road traffic noise, Road surface, Simulation program, Transient traffic flow

PACS number: 43.50.Lj

1. INTRODUCTION

Recently, road traffic noise has been a serious problem
worldwide, and countermeasures for road traffic noise are
being actively examined, particularly in Japan and Europe.
Road traffic noise prediction models are useful tools for the
examination of countermeasures. Therefore, in Japan and
Europe, respective prediction models are being developed
[1-3]. To compare road traffic noise among various
countries, internationalize the noise reduction
measures, it would be effective to establish the road traffic
noise prediction model applicable to both Japan and
Europe. For this purpose, it is necessary to unify the
estimation model for road vehicle noise between Japan and
Europe. It is hypothesized that the tire/road noise greatly
depends on the road surfaces paved in each country.
Therefore, an examination of the effect of road surface is
very important.

or to
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Furthermore, noise pollution is a serious problem
especially in urban areas. As a solution, it is also desirable
to establish the prediction model that is applicable to
transient traffic flow in urban areas.

In Japan Automobile Research institute (JARI), the
road traffic noise prediction method has been developed
which combines the calculation model of transient running
conditions in urban areas and the calculation model of the
A-weighted sound power levels of road vehicles on various
running conditions [4-8]. Since the power-unit noise
and the tire/road noise of road vehicles are calculated
separately in the model, it is technically possible to
evaluate the effect of noise reduction by improving road
surfaces. For this evaluation, it is necessary to develop the
sound power calculation models applicable to various road
surfaces.

In this study, JARD’s road traffic noise prediction model
was modified in order to estimate the road traffic noise in
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urban areas paved with various types of road surfaces in
different countries.

Firstly, the sound power levels of road vehicles were
measured for actual roads in the Netherlands paved with
various surfaces. Using these results, the sound power
levels on the same type of road surface in Japan and the
Netherlands were compared, followed by an examination
of whether the sound power calculation model constructed
in Japan was directly applied to the Netherlands or not.

Next, the noise reduction effects of Dutch low-noise
road surfaces were studied, and subsequently the calcu-
lation model of the sound power levels applicable to each
road surface was constructed.

Finally, the calculation model was introduced to JARI’s
road traffic noise prediction method. By using this method,
road traffic noise in 32 urban areas including low-noise
road surfaces in Japan and the Netherlands was estimated,
and the accuracy of the prediction method was examined.

2. OUTLINE OF JARI’s ROAD TRAFFIC
NOISE PREDICTION METHOD

In the case of urban roads, traffic flow is interrupted by
traffic signals, and the vehicle noise greatly changes due to
vehicles’ transient running conditions. Therefore, it is more
difficult to predict the road traffic noise in such areas than
that in steady flow conditions. In JARI, the traffic flow
calculation model considering transient running conditions
and the calculation model of the sound power levels in such
running conditions was combined, and then the road traffic
noise prediction method which is applicable to transient
traffic flow as well as steady traffic flow was developed. In
this chapter, the outline of the road traffic noise prediction
method is described.

2.1. Calculation Model for Traffic Flow

Our prediction method adopts the dynamic traffic flow
simulation model which combines the acceleration and
deceleration patterns for individual vehicles with the car-
following theory. In this model, when there is sufficient
distance to the preceding vehicle, the following vehicle
runs according to the running pattern for the individual
vehicle. On the other hand, the following vehicle adjusts its
speed according to the car-following theory to avoid a
collision [7].

The acceleration and deceleration patterns for individ-
ual vehicles were measured using three types of vehicles (a
passenger car, a light truck and a large-sized truck). From
the measurement results, the approximate expressions for
estimating the running patterns were constructed [4].

As a car-following model, the model based on Bando’s
model was adopted [7]. The accelerations of following
vehicles are obtained as a function of the speeds of
preceding vehicles, spacings between vehicles, and so on:

)CH([ + A[) = d{voplinml(Ax) + Vjead(?) — 2vfollow(t)} (l)

acceleration (m/s?) of a following vehicle at the
time ¢ -+ At
At time interval (0.15s)

x'(t + Ab):

optimal vehicle speed (m/s) under the condition
Ax
Ax: spacing between a preceding vehicle and a

Voptimal -

following vehicle (m)
Viead: Speed of a preceding vehicle (m/s)
a: coefficient for a driver’s response.
For the parameters vopima and o in Eq. (1), the
measured values shown in reference [8] were used as
follows:

—b 4 /b — dafe — Ax)

Voptimal (AX) = - % @)
a=6.550 x 1073
b=1218
c=15.204
o = 0.290. 3

Figure | shows an example of the simulated positions
of vehicles in the vicinity of signalized intersections. The
large and small rectangles in the figure indicate large-sized
vehicles and passenger cars (or small-sized vehicles),
respectively. During the time when the red light is on, from
0s to 35 s, the number of vehicles waiting for the change in
the signals increases, and during the proceeding time when
the green light is on, vehicles start in order and traffic flow
gradually changes from a transient condition to a steady
flow condition. In this way, our simulation method

i

Time green lightis on | Time red light is on |

Fig.1 Example of simulated traffic flow.
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calculates the position and speed of each vehicle at every
moment.

2.2. Basic Calculation Model of Each Vehicle’s Sound
Power Level

The noise generated by running vehicles can be mainly
divided into two sources: power-unit noise and tire/road
noise. The contribution of each noise source changes
markedly with running conditions. In this study, by
calculating these two kinds of noises separately then by
combining them, the vehicle noise is estimated.

In order to develop the calculation model, a vehicle
noise measurement test was conducted using three types of
road vehicles on a test track. Its road surface conforms to
ISO 10844 [9]. The power-unit noise and the tire/road
noise were separately measured under various running
conditions. The tire/road noise was measured by using
the coasting test (in which the engine is switched off
and the vehicle runs under its own inertia). The power-
unit noise was obtained by subtracting the results of
the coasting tests from those of normal running tests (in
which the engine is operated normally). During the sound
power measurement test, the vehicle speeds, the engine
revolution speeds and engine loads were simultaneously
measured.

From the measurement results, the approximate ex-
pressions for estimating the power-unit noise and the tire/
road noise were constructed.

[Power-unit noise]
S
Lwe = Coro + Cori logg 5 + Cpe2T C))
Lwg: A-weighted sound power level of the power-unit noise
(dB)
S: engine revolution speed (rpm)
So: referenced engine revolution speed (1 rpm)
T: engine load (%)
Cpeo, Cpil, Cpra: regression coefficients.
[Tire/road noise]

1%
Lyt = Cpro + Cpri log)g A (5)
0

Lwt: A-weighted sound power level of the tire/road noise
(dB)
V. vehicle speed (km/h)
Vy: referenced vehicle speed (1 km/h)
Cpto, Cpr: regression coefficients.

Tire/road noise is calculated by substituting the vehicle
speed (which is estimated by using the traffic flow
simulation model described in the previous section), into
Eq. (5). On the other hand, the calculation model of power-
unit noise is given as a function of engine revolution speed
and engine load, as described in Eq. (4). Therefore, the
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Table 1 Regression coefficients in Eq. (4).

Regression coefficients Correlation
Vehicle type .
e CpE: Corz coefficients
Passenger car —14.22 30.52  0.0906 0.951
Small-sized vehicle 37.00 17.25  0.0490 0.890
Large-sized vehicle 23.39 2425  0.0396 0.984

calculated result of the traffic flow simulation cannot be
directly substituted into Eq. (4). Therefore in this study,
using the procedure described in the Appendix, engine
revolution speed and engine load are provisionally calcu-
lated from the speed and acceleration of each vehicle, then
they are substituted into Eq. (4), thus, the power-unit noise
is obtained.

The regression coefficients Cpgg, Cpgi, and Cpgy in
Eq. (4) are shown in Table 1. The correlation coefficient
for each vehicle type is greater than 0.89, therefore, it is
found that Eq. (4) precisely estimates the power-unit noise
of each vehicle. The discussion on the regression coef-
ficients Cptg and Cpry in Eq. (5) are described in the next
chapter.

2.3. Prediction of Road Traffic Noise

Figure 2 shows the flowchart of the road traffic noise
prediction model in this study. Firstly, by using the
dynamic traffic flow simulation model, the position, speed
and acceleration of each vehicle are estimated. Secondly,
engine revolution speed and engine load are calculated
from each vehicle speed and acceleration using the vehicle
motion equation described in the Appendix, then they are
substituted into Eq. (4), thus, the power-unit noise Ly is
obtained. Also, each vehicle speed is substituted into
Eq. (5) and the tire/road noise Ly is calculated. Then, by
introducing the vehicle noise directivity model [6], the
sound propagation from each vehicle to the receiving
point is calculated. In the calculation, each vehicle is
assumed to be point source located at the center of the
vehicle on the road surface [10]. Finally, by summing these
results, the time series of A-weighted sound pressure levels
at the receiving point are calculated, from which Laeq for
a certain time-interval is calculated.

3. IMPROVEMENT OF VEHICLE’S SOUND
POWER CALCULATION MODEL

In section 2.2, basic calculation model of sound power
level developed by using three types of road vehicles was
described. For actual roads, however, especially on various
types of road surfaces in other countries, there is a
possibility that the sound power levels are extremely
different. In this chapter, therefore the sound power
calculation model which is applicable to different countries
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Calculation of dynamic traffic flow
(Position, speed and acceleration of each vehicle)

———

Calculation of Calculation of
engine speed engine load

I

Table2 Number of vehicles for sound power level
measurements.

Passenger Large-sized

Road sutface type P, vehicles Total
Dense asphalt 355 211 566
SMA 0/6 286 30 316
Microlayers 343 15 358
2-layer porous asphalt 333 36 369

Calculation of Calculation of
power-unit noise tire/road noise

| |

Introduction of vehicle ‘ Introduction of vehicle

noise directivities noise directivities

[ |
|

‘ Calculation of sound propagation ‘

!

I Summation of each vehicle noise at receiving poinj

!

[ Calculation of road traffic noise (Laeq) |

Fig.2 Flowchart of the road traffic noise prediction model.

is developed. Firstly, pass-by noise of road vehicles was
measured for actual roads in the Netherlands paved with
various surfaces, then the result was compared with
Japanese data. Secondly, by using these results, the
improvement of the sound power calculation models
described in section 2.2 (expansion of target road surfaces)
was examined.

3.1. Measurement Method

In the vicinity of signalized intersections on urban
roads, the sound power levels of road vehicles greatly
change according to their engine revolution speeds and
engine loads as well as vehicle speeds. Therefore, in such
areas, it is difficult to examine precisely the sound power
levels. In this study, firstly, the relationship between
vehicle speeds and sound power levels was investigated
in steady traffic areas. The procedure for extending the
investigated results to the case of transient traffic areas is
described in section 3.3.

The sound power level of a running vehicle was
calculated from the FAST-maximum value of the A-
weighted sound pressure level during pass-by [2]. The
FAST-maximum value was measured by using a micro-
phone located 7.5m from the center of the running path
and 1.2m above the ground (according to ISO 11819-1
[11]). The vehicle speeds were measured using a radar-type
speedometer. For the measurement areas, Dutch roads
paved with dense asphalt concrete and three types of low-
noise road surfaces (SMA 0/6, Microlayers and 2-layer
porous asphalt), were chosen. The number of vehicles
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Fig.3 Comparison of sound power levels on dense
asphalt concrete (Passenger cars).

measured for each road surface is shown in Table 2, where
1,600 data were obtained. However, the data of small-sized
vehicles were not able to be obtained. This is due to in the
Netherlands, small-sized vehicles in the Japanese vehicle
category not being used as commonly as Japan.

3.2. Measurement Results

Among the road surface types investigated in the
Netherlands, dense asphalt concrete has a common char-
acteristic with Japan and its sound absorption characteristic
is negligible, therefore vehicles’ sound power levels can be
compared on the same condition between Japan and the
Netherlands. Firstly, the sound power levels on dense
asphalt concrete in Japan and the Netherlands were
compared, followed by an examination whether the sound
power calculation model constructed in Japan was directly
applied to the Netherlands or not.

Figure 3 shows the relationship between vehicle speed
and sound power level for passenger cars. In the figure,
black triangles indicate the results of sound power level for
dense asphalt concrete measured in the Netherlands and
gray circles indicate those measured in Japan (published by
the Acoustical Society of Japan [2]). The sound power
levels for dense asphalt concrete in the Netherlands and
Japan are almost the same.
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Table 3 Regression coefficients Cyo and Cy, in Eq. (6).

Dense asphalt (Japan)

Cvo 44.6
Cy| 30.4

Dense asphalt (Netherlands)

43.8
31.5

It was reported that sound power levels under steady
running conditions mainly depend on the vehicle speeds
and that they can be precisely calculated by the function of
vehicle speed [2]. Therefore in order to model the vehicles’
sound power levels on the road surfaces in Japan and the
Netherlands, the sound power levels were approximated by
the function of vehicle speed as follows:

|
Ly = Cyg + Cyilogy w ©)
0

Ly: A-weighted sound power level of running vehicle
noise (dB)
V: vehicle speed (km/h)
Vy: referenced vehicle speed (1 km/h)
Cvp, Cy: regression coefficients.

By using the data shown in Fig. 3, regression analysis
between vehicle speed and sound power level was
conducted. The results of the regression coefficients Cyg
and Cy, are shown in Table 3. The coefficients have a
similar tendency between Japan and the Netherlands (its
quantitative analysis is described later). Furthermore, the
coefficients Cy; which indicates the dependency on vehicle
speed, are approximately 30 for both of countries.

Figure 4 shows the relationship between vehicle speed
and sound power level for large-sized vehicles. The Dutch
data seems to be slightly higher than the Japanese data,
nevertheless the differences are not significant.

The regression coefficients in Eq. (6) were derived by
using the Japanese data shown in Fig. 4. As a result, the
coefficient Cy; which indicates the dependency on vehicle
speed is approximately 30 (29.1). This result is similar to
the case of passenger cars. Whereas in case of Dutch data, a
clear dependency of sound power level on vehicle speed
wasn’t observed, since Dutch data distribute within a
narrow speed range (in Europe it is impossible for most
large-sized vehicles to run faster than 90 km/h due to speed
limiters which have been introduced much earlier than
Japan).

Therefore, for simplification in this study, the regres-
sion coefficient Cy; is assumed to be 30 for both of
passenger cars and large-sized vehicles and for both of
Japanese and Dutch road surfaces. '

Table 4 shows the regression coefficients Cyg in
Eq. (6) when Cy; is fixed at 30. For both passenger cars
and large-sized vehicles, the sound power levels in the
Netherlands are slightly higher than those in Japan.
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Fig.4 Comparison of sound power levels on dense
asphalt concrete (Large-sized vehicles).

Tabled4 Regression coefficients Cyg in Eq. (6). (On
dense asphalt concrete in Japan and the Netherlands)

Dense asphalt Dense asphalt

Vehicle type

(Japan) (Netherlands)
Passenger cars e .1
& [1.3]
53.2 54.3

Large-sized vehicles [1.1]

*The numbers in brackets indicate the differences from the data
on dense asphalt concrete in Japan

However, the differences between Dutch data and Japanese
data are approximately 1dB. From the results, for the
simplification in the following analysis, the sound power
level on Japanese dense asphalt concrete is used as the
standard level.

3.3. Sound Power Levels Measured on Dutch Low-
Noise Road Surfaces

Sound power levels measured on Dutch low-noise road
surfaces were compared to the data measured on dense
asphalt concrete in Japan, and then the noise reduction
effects of Dutch low-noise road surfaces were studied.

Figure 5 shows the relationship between vehicle speed
and sound power level for passenger cars. Sound power
levels on three types of low-noise road surfaces (SMA 0/6,
Microlayers and 2-layer porous asphalt) distribute a
relatively lower range compared with those on dense
asphalt concrete.

These sound power levels were approximated by using
Eq. (6) and the regression coefficients Cyg and Cy; shown
in Table 5. In the same way as for dense asphalt concrete,
the coefficient Cy; which indicates the dependency on
vehicle speeds is approximately 30 for the low noise road
surfaces.
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Fig.5 Comparison of sound power levels on different
road surfaces (Passenger cars).

Table 5 Regression coefficients Cyy and Cy in Eq. (6)
(Passenger cars).

2-layer

Densc asphalt  SMA 0/6  Microlayers T ——
Cyo 44.6 39.5 35.0 41.1
Cy 30.4 30.9 33.0 28.8

Figure 6 shows the relationship between vehicle speed
and sound power level for large-sized vehicles. Noise
reduction effects of SMAO/6 and Microlayers are not
clearly observed in this figure, whereas it is seen that the
sound power levels on 2-layer porous asphalt are generally
lower than those for the dense asphalt concrete. Inciden-
tally, Dutch data doesn’t show a clear dependency on
vehicle speeds, due to distribution being within a narrow
speed range.

Therefore, in order to quantify the noise reduction
effects of the low-noise road surfaces, in the same way as
section 3.2, the regression coefficient Cyq in Eq. (6) for
each road surface was compared in the case when the
regression coefficient Cy, for all of the surface types is
fixed at 30 for both of passenger cars and large-sized
vehicles. The result is shown in Table 6. The levels for
low-noise road surfaces in the Netherlands are lower than
those for dense asphalt concrete in Japan. The differences
are 4.1 to 6.6dB for passenger cars and 1.1 to 5.3dB for
large-sized vehicles. In the case when the levels for the
low-noise road surfaces are compared with those for Dutch
dense asphalt concrete, the differences are 5.4 to 7.9 dB for
passenger cars and 2.2 to 6.4dB for large-sized vehicles.
From these results, it was found that the different sound
power calculation models were required to be constructed
for the three types of low-noise road surfaces.

o 130

=l

T 120

o

3 _'

T 100 B

3

3

2 90 - Dense asphalt (Japan)
_‘g) o SMAO/6

3 80T x Microlayers

3 a 2-layer porous asphalt
< 70 ' : ' :

20 40 60 80 100 120 140
Speed [km/h]

Fig. 6 Comparison of sound power levels on different
road surfaces (Large-sized vehicles).

Table 6 Regression coefficients Cyq in Eq. (6).

Vehicle

Dense SMA Microlavers 2-layer
type asphalt 0/6 4 porous asphalt
Passenger 464 423 41.0 39.8
cars [—4.1} [—5.4] [—6.6]
Large-sized 532 52.1 51.5 479
vehicles [—1.1] [-1.71 [—5.3]

*The numbers in brackets indicate the differences from the data
on dense asphalt concrete in Japan

3.4. Calculation Model of Sound Power Levels on
Various Road Surfaces

As described above, the vehicles’ sound power calcu-
lation model in this study estimates power-unit noise and
the tire/road noise separately.

The power-unit noise change can be neglected even if
the road surface changes. On the other hand, the tire/road
noise changes markedly with the difference of road surface
type. Therefore, in order to estimate vehicle noise on
various road surfaces, the sound power levels of tire/road
noise (which correspond to the regression coefficients Cpro
and Cpr, in Eq. (5)) were obtained as follows.

1) For each vehicle speed, the sound power level of
the power-unit noise in steady running condition
is calculated by using the method described in
section 2.2.

2) For each vehicle speed, the sound power levels of
road vehicles are calculated using Eq. (6) for each
road surface (Cy, is fixed at 30 and the results of
Table 6 are substituted for Cyg).

3) The sound power level of the tire/road noise for each
road surface is calculated by subtracting the sound
power level of the power-unit noise calculated in 1)
from that of running vehicles calculated in 2).
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Table 7 Regression coefficients Cprg in Eq. (5).

Acoust. Sci. & Tech. 31, 1 (2010)

Table 8 Road surface types of measured locations.

. Dense SMA . 2-layer
Vehicle type asphalt  0/6 Microlayers porous asphalt
Passenger cars 44.8 404 394 38.2
Small-sized vehicles 443  39.9 38.9 37.7
Large-sized vehicles 52.0  50.9 50.3 46.7

4) By using the results in 3), the regression coefficients
Cpro and Cpr in Eq. (5) are obtained.

For small-sized vehicles, the sound power levels of
running vehicles were not obtained as mentioned in
section 3.1. Therefore Cprg and Cpr; in Eq. (5) for
small-sized vehicles are estimated by using the assump-
tions as follows:

a) The sound power levels for small-sized vehicles on
dense asphalt concrete are calculated by using
Japanese data [2] in the same way as passenger cars
and large-sized vehicles. Under this assumption, the
sound power levels for small-sized vehicles are 1.2 dB
higher than those for passenger cars.

b) The sound power levels for small-sized vehicles on
the other road surfaces are also assumed to be 1.2dB
higher than those for passenger cars.

¢) By using the assumption a) and b), and the procedure
1) to 4) in this section, Cprg and Cpt; for small-sized
vehicles are estimated.

Using the data for each vehicle type, the regression
coefficients Cprtg and Cpt; were calculated. As a result, the
regression coefficients Cpr; were approximately 30 (from
30.0 to 33.3). Therefore, for simplification in this study, the
regression coefficient Cpr; is assumed to be 30 under all
conditions. Table 7 shows the regression coefficient Cpro
in Eq. (5) when Cpr is fixed at 30. For each vehicle type,
the regression coefficients on the low-noise surfaces are
lower than those on dense asphalt concrete.

In this study, the difference in tire/road noise due to
road surface type is taken into account by using the
regression coefficients Cpro in Table 7.

4. VALIDATION OF THE ROAD TRAFFIC
NOISE PREDICTION MODEL

To examine the validity of our prediction method, the
road traffic noise for urban roads paved with various
surfaces in the Netherlands and Japan was calculated, and
the results were compared with the measured data.

4.1. Road Traffic Noise Prediction Areas

Twenty urban areas around Eindhoven,
’s-Hertogenbosch, the Hague, Tilburg and Beuningen in
the Netherlands, and twelve urban areas around Tokyo in
Japan were selected, and traffic volumes of each vehicle
type, road surface types and road traffic noise Laegq,15min
were investigated. The road traffic noise was measured

108

Distance from

Location traffic lights Road surface types
No. 1 40m SMA 0/6

No. 2 250m dense asphalt concrete
No. 3 180m dense asphalt concrete
No. 4 200 m dense asphalt concrete
No. 5 200m dense asphalt concrete
No. 6 200m Microlayers

No. 7 250m dense asphalt concrete
No. 8 180m SMA 0/11

No. 9 250m SMA 0/11

No. 10 180m SMA 0/11

No. 11 100 m dense asphalt concrete
No, 12 120m dense asphalt concrete
No. 13 >500m dense asphalt concrete
No. 14 200 m dense asphalt concrete
No. 15 150 m dense asphalt concrete
No. 16 30m dense asphalt concrete
No. 17 200 m dense asphalt concrete
No. 18 30m dense asphalt concrete
No. 19 250 m 2-layer porous asphalt
No. 20 150 m Microlayers

No. A 25m

No. B 25m

No. C 100 m

No. D 60m

No. E 50m

foal 2500m dense asphalt concrete
No. G 30m

No. H >500m

No. I >500m

No.J >500m

No. K >500m

No. L 180 m

1.2 m above the ground at the roadside. The road surface
types at the measurement areas and the distance from the
nearest traffic lights to the measurement points are shown
in Table 8. Locations No. 1 to No. 20 are the areas in the
Netherlands, and locations No. A to No. L are those in
Japan. The number of road surface types measured in the
Netherlands was five: dense asphalt concrete, SMA 0/6
(maximum chipping size: 6 mm), SMA 0/11 (maximum
chipping size: 11 mm), Microlayers and 2-layer porous
asphalt. All the road surfaces in Japan were dense asphalt
concrete.

The investigated results of road traffic noise Lacg,15min»
total traffic volume and the traffic volume of large-sized
vehicles are shown in Fig. 7. The rate of occurrence of the
large-sized vehicles and the total traffic volume in the
Netherlands are commonly lower than those in Japan.
Therefore, road traffic noise in the Netherlands is generally
lower than that in Japan. One of the reasons for this might
be the sufficient provision of expressways or by-pass roads
around city areas and physical distribution systems, such as
truck terminals, in the Netherlands.
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4.2. Calculated Results

The traffic conditions, road width, the numbers of
lanes, positions of traffic lights and road surface types of
the investigated areas were introduced into the road traffic
noise prediction method and Laeq,15min Was calculated. In
the investigated areas, there are three roads paved with
SMA 0/11. To predict Lacg,15min for SMA 0/11, the sound
power calculation model on dense asphalt concrete was
used, because it was reported that the sound power levels of
road vehicles on SMA 0/11 are similar to those on dense
asphalt concrete [12]. Figure 8 shows a comparison
between the calculated and measured Lacqismin. Grey
circles in the figure indicate the results for Japan, and the
other marks indicate those for the Netherlands. In the
figure, the calculated levels for Dutch dense asphalt
concrete (white circles) tend to be distributed in slightly
lower range than the measured levels. It is considered that
this tendency is mainly caused by the assumption in which
the sound power calculation models for Japanese dense
asphalt concrete is directly applied to the case for Dutch
dense asphalt concrete. However, for both roads in the
Netherlands and Japan, the calculated values generally
correspond well with the measured ones. The average of
the differences (the absolute values) between the calculated

the Netherlands and Japan.
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Fig.8 Relationship between measured and calculated Lacq,t5min-
and the measured levels is 1.3dB (standard deviation is

0.9 dB). In particular, it is found that this prediction method
is also applicable to the urban roads in the Netherlands
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paved with low-noise road surfaces such as SMA 0/6,
Microlayers and 2-layer porous asphalt. From the results, it
is found that the prediction method developed in this study
has the possibility of being applied to road traffic noise
prediction for Dutch and Japanese urban roads paved with
various surfaces.

5. CONCLUSION

In this study, the road traffic noise prediction method
applicable to urban roads paved with various surfaces was
examined.

First, the sound power levels of road vehicles were
measured for actual roads in the Netherlands paved with
various surfaces. With regard to the sound power levels
on dense asphalt concrete, the differences between
Dutch and Japanese data were not significant, there-
fore it was found that the common sound power
calculation model can be used in both of Japan and
the Netherlands. Whereas the levels for low-noise road
surfaces in the Netherlands were 1 to 7dB lower than
those for dense asphalt concrete, it was found that the
different sound power calculation models were required
to be constructed.

On the basis of the results, the calculation model of the
sound power levels applicable to each road surface was
constructed. Then, the model was integrated with the traffic
flow calculation model considering the transient running
condition of road vehicles, and the new road traffic noise
prediction method has been developed.

Using the prediction method, the road traffic noise in 32
urban areas including low-noise road surfaces in Japan and
the Netherlands was calculated. As a result, the calculated
levels correspond well with the measured levels (the
differences between them were 1.3 dB on average). There-
fore, it can be expected that there is a possibility that the
prediction model developed in this study is applicable to
Dutch and Japanese urban roads paved with various types
of surfaces.
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APPENDIX: ESTIMATION PROCEDURE
FOR ENGINE REVOLUTION SPEED
AND ENGINE LOAD

In this study, the engine revolution speed and engine
load of each vehicle were calculated from the vehicle speed
and acceleration using the vehicle motion equation [13,14].
The estimation procedure is as follows.

(1) Estimation procedure for engine revolution speed

The engine revolution speed is calculated from the

vehicle speed and the vehicle specification as follows:

s=PP v 60

2nr S0

S: engine revolution speed (rpm)

pi: gear ratios on gear position i (i = 1,2,...)
pr: final gear ratio

r: radius of tire (m)

V: vehicle speed (km/h).
(2) Estimation procedure for engine load

From the vehicle motion equation, the relationship

between the driving force and the vehicle acceleration is



K. TSUKUI et al.: ROAD TRAFFIC NOISE PREDICTION TO LOW-NOISE SURFACE

W+ AW, dv

- i F-R (A2)

W: vehicle weight (kgf)
AW;: equivalent vehicle weight of rotating parts at gear
position i (kgf)
acceleration due to gravity (9.8 m/s?)
vehicle speed (m/s)
driving force (kgf)
running resistance (kgf).

The driving force F in Eq. (A-2) is calculated from the

engine torque T as follows:

*9?.1.:03

1
F= ;Piﬂ/ﬂTE (A-3)
7. transmission efficiency
Ty: engine torque (kgfm).
The running resistance R in Eq. (A-2) is calculated using

R =W+ upsAV? + Wsind (A4

wu,: coefficient of rolling resistance
wa: coefficient of air resistance
A: frontal projected area (m)
@: inclination angle (rad).
From Egs. (A-2), (A-3) and (A-4), the engine torque Tg
is calculated from the vehicle speed and acceleration as
follows:

Tg =

r W+ AW, dv )
—————— — 4+ W W+ uaAV + Wsind
pipEN g dr

(A5)

The engine load T is calculated from the engine torque
T using

Tg

T= % 100 (A-6)

mnax

T engine load (%)
Tmax: maximum engine torque (kgfm).
The parameters in Eqgs. (A-5) and (A-6) for the test
vehicles are shown in Table A.1.
(3) Estimation procedure for engine revolution speed and
engine load of vehicles on actual roads
There are many vehicles running on actual roads and
their specifications are diverse. In this study their specifi-

Table A.1 Parameters in Egs. (A-5) and (A-6).

Passenger Small-sized Large-sized
car vehicle vehicle
W [kgf] 1,629 3,205 18,185
1st 2,769 4,968 —
2nd 880 1,474 28,187
AW; 3rd 326 641 8,365
[kef] 4th 163 288 3,637
5th 133 239 1,637
6th 116 — 1,296
n 0.92 0.92 0.92
1st 3.874 5.146 —
2nd 2.175 2.780 4.389
3rd 1.484 1.509 2.495
pi 4th 1.223 1.000 1.592
5th 1.000 0.830 1.000
6th 0.869 — 0.792
OF 4,100 4.875 6.833
r 0.304 0.360 0.508
hr 0.015 0.013 0.007
A 0.0020 0.0027 0.0032
A [m?] 1.8 2.7 7.5
Tmax [kghin] 22.0 19.2 143.0

Table A.2 Speed range for each gear position,

Speed range [km/h]

Gear position -
Small-sized Large-sized
Passenger car

vehicle vehicle
Ist 0-27 0-18 —
2nd 27-42 18-34 0-18
3rd 42-50 34-54 18-33
4th 50-60 54-60 33-46
5th 60-75 60— 46-60
6th 75— — 60—

cations are assumed to be represented by those of the three
vehicles used in the noise test (see Table A.1). The values
pi and AW; in the Tables vary step by step with changes in
the gear positions. Therefore, the variance of vehicle speed
at which the gear position was changed was set for each
vehicle type. Table A.2 shows the averaged speed range for
each gear position obtained from the investigated results of
the running patterns on actual roads. Using the results, the
gear position for arbitrary vehicle speed is calculated.
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