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1-1 Attenuation factors of vehicle noise due to

drainage asphalt pavement

Hirofumi Ohnishi, Seishi Meiarashi, Koichi Takagi, and Kenichi Ishikawa

Public Works Research Institute, Ministry of Construction,
1, Asahi, Tsukuba, 305-0804 Japan

(Received 5 June 1998)

The drainage asphalt pavement contains consecutive pores and has the noise reduction effect.
We have analyzed the factors of the effect carrying out the site measurements and the
experiments related to the drainage pavement. As a consequence, we have derived the
sound power level equations of vehicles, which show the noise reduction effect of the
drainage pavement at a sound source. In fact, they give us smaller values of sound power
level compared to those of the dense graded asphalt pavement. On the other hand we have
obtained the flow resistivity of 1,250 kPa's/m? for the drainage pavement as the noise
reduction effect during propagation. This is smaller than that of the dense graded pave-
ment, 20,000 kPa s/m?, and generates the excess altenuation in the course of sound propaga-
tion. - In view of the aforementioned, we have proposed the calculation method of the sound
pressure level in the roadside area of drainage pavement on a basis of the A method of ASJ
Model-1993, taking into consideration these factors at the sound source and during the sound
propagation related to the noise reduction effect of the drainage pavement. The sound
pressure levels measured along the drainage pavement have verified this method.

Keywords: Drainage asphalt pavement, Noise reduction effect, Sound power level, Flow

resistivity, Road traffic noise

PACS number: 43. 50. Gf, 43. 50. Lj

1. INTRODUCTION

The drainage asphalt pavement has been used as
countermeasures for road traffic noise throughout
Japan in these days.. “Manual for asphalt pave-
ment"” was revised in 1992, including detailed
instructions of the drainage asphalt pavement. The
construction management of the drainage asphalt
.pavement has been improved and maintained in a
certain level since then. Furthermore, “Technical
guidelines of drainage asphalt pavement®” and
“General guidance of low-noise pavements®” have
been published based on technical findings obtained
afterwards. However the current calculation
methods of the road traffic noise, such as ASJ
(Acoustical Society of Japan) Model-1975% or ASJ
Model-1993,” do not take account of the, noise
reduction effect of the drainage asphalt pavement,

although the pavement has been commonly used to
abate the road traffic noise. Therefore we propose
the calculation method, in which the noise reduction
effect of the drainage pavement is reflected on a basis
of ASJ Model-1993, in this paper.

2. CONTENTS OF THIS PAPER

The drainage asphalt pavement has consecutive
pores because it dose not contain fine aggregates
which the dense graded asphalt pavement usually
has. The drainage asphalt pavement has initially
been introduced to enhance the traffic safety by
draining the rain water on the pavement surface
through its pores. The pavement, afterwards, has
been found to possess the reduction effect on the
road traffic noise and has been used to improve a
road . traffic noise -problem as well.. The effects
emerge at a sound source and in the course of sound



propagation. The first effect takes place for the
pores to refrain a air-pumping sound created by tires
and the pavement at the source. The second effect
arises when the sound propagates on a surface of a
sound-absorptive material, the drainage asphalt
pavement in this case. In addition, there is another
sound absorption effect in the multiple reflection
process between the porous pavenient and a lower
surface of a vehicle chassis, and this is to be sorted as
part of the effect at the sound source.

In view of the discussion above, we propose the
calculation method of the noise reduction eftects of
the drainage asphalt pavement composed of the two
phases, at the sound source and in the course of
sound propagation. The calculation method is
based on results of the following site measurements
and experiments conducted.

Firstly noise of vehicles running on the drainage
asphalt pavement laid on the actual road was
measured to obtain sound power levels of the vehi-
cles by category. At the same time equivalent
A-weighted sound pressure levels were also mea-
sured in a roadside area to verify the method to be
proposed for calculation of those on the drainage
pavement in.this paper. Secondly the sound emit-
ted from a speakers system placed on the drainage
asphalt pavement constructed on the test track in the
Public Works Research Institute (PWRI), Ministry
of Construction, was measured at several points on
the same pavement to obtain the sound propagation
characteristic of the pavement. On the other hand,
some acoustic characteristics such as a sound
absorption coefficient and acoustic impedance of the
drainage asphalt pavement have been measured
using the tube method. :

Based on data given by the measurements and the
experiments mentioned above, we carried out the
following analyses to investigate noise attenuation
factors of vehicles due to the drainage asphalt pave-
ment. We analyzed the vehicles noise on the drain-
age pavement and derived their sound power levels.
The power levels account for the noise attenuation
factor at the source.” The experiments using the
speakers system gave us the sound propagation
characteristics on the drainage pavement. In fact
we obtained a value of flow resistivity of the drain-
age pavement, which is converted to the normalized
acoustic impedance. This can account for the noise
reduction factor in the course of propagation.
Another approach was made to directly get the
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normalized acoustic impedance of the drainage
pavement by the tube method. Finally we have

- proposed the calculation method for the noise reduc-

tion effect of the drainage asphalt pavement using its
sound power level ' and flow resistivity. This
method has been verified by comparing the equiva-
lent A-weighted sound pressure levels calculated by
this method with those measured in the roadside
area.

3. EXPERIMENTS

3.1 Measurements of Running Vehicle Noise on
Actual Road

In order to obtain the sound power levels of threc
types of vehicles, passenger cars, small trucks and
heavy trucks, running on the drainage asphalt pave-
ment, we carried out some measurements of vehicle
noise on the pavement, which was laid on some
four-lane section of the prefectural road in
Shiraoka-machi, Saitama-ken in 1996. The mea-
surements themselves were conducted about one
year after the construction of the pavement. A
measurement site was in an open and plain area,

~ where there was no acoustically reflective object

nearby. A microphone was installed 7.5 meters
(m) away from the center line of the outer lane and
1.2 m high above the ground (see Fig.1). Many
samples of sound pressure levels of a separately
running vehicle were measured.  After all, the sam-
ples comprised 106 heavy trucks, five small trucks
and 75 passenger cars. At the same time, the equiv-
alent A-weighted sound pressure levels, traffic vol-
umes and running speed of vehicles were measured
in order to verify the method to be proposed for the
calculation of the equivalent A-weighted sound
pressure level on the drainage pavement using these
measured data. The main specification of the
drainage pavement is as follows: five centimeters
(cm) of surface course ; 20 percent (%) of pore ratio ;

Certer line of lana
: {30m

Dense pavement 7.5m

& Microphone (h=12m) _

-Fig. 1 Arrangement for vehicle noise measure-’
ment on actual road of drainage pavement.
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' Micmphone =1 2m)

Fig.2 Arrangement for sound propagation
experiment on drainage pavement.

and 5-13 millimeters (mm) of aggregate size.

3.2 Propagation Experiment of Speaker Sound on
Test Track

In order to obtain attenuation characteristics of
sounds propagating on the drainage asphalt pave-
ment, we measured the sounds of the speakers system
at several points on the drainage pavement and the
dense graded asphalt pavement, which were laid on
the test track of PWRI. The speakers system was
placed on the pavement surface and the microphone
was set 1.2 m high above the pavement (see Fig.2
for details). The system is made of six full-range
speakers, each of which is 10 cm in diameter and has
the maximum power of 15 Watt. The main
specifications of the drainage pavement and the
dense graded pavement are as follows: Scm of
surface course for the both pavements ; 20 % of pore
ratio for the drainage pavement and 2% of pore
ratio for the dense graded pavement ; and 5-13 mm
of coarse aggregate size for the both pavements.

3.3 Measurements of Acoustic Characteristics

Using the tube method, the acoustic characteris-
tics such as normal incidence absorption coefficients
and normalized acoustic impedance of the drainage
asphalt pavement and the dense graded asphalt
pavement were measured. Two test core samples
were prepared respectively for the both pavements
by cutting the pavements, which had been open to
traffic for a year. One was 30 mm and the other
was 100 mm in diameter. Both of them were 50
mm in thickness. These samples were placed in the
tube with narrow gaps between the samples and the
inner surface of the tube filled with clay.

4. RESULTS OF EXPERIMENTS

4.1 Sound Power Levels of Vehlcles Runmng on
~ Drainage Pavement
The sound power levels of the vehicles running on
the drainage asphalt pavement are derived from the
A-weighted sound pressure levels measured on the

actual road using the peak method.® Excess
attenuation during propagation is considered to be
neglected in this case since most of the length
between the sound source and the microphone is
covered with the dense graded pavement. The data
of the small trucks have not been analyzed because
they are few. Therefore analyses have been done
for the data of the passenger cars and the heavy

trucks. The following equation is used for this
calculation.

Lw=Lp+8+20logo » (1)
where

Lw : sound power level
L, : peak sound pressure level
r : distance between a sound source and a receiv-
" ing point, 7.5 m in this case '
Figures 3 and 4 show the relationships between
the sound power levels derived and the vehicle speed

130
— Drainage Pavement
3 a0l Lw=178102(V50) + 934
é — Dense Pavernent
= Lw = 23.1 log (V/50) + 973 7
g 1o
3
5 Rt
ng' 100 o :b. ..o_.oo-o
B .- % y o
a -
g 90 0P Q)
a0 1 [ I 1 1 L £
200 30 40 S50 6 70 80 30 100
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Fig.3 Relationship between sound power level
g p po
and vehicle speed (Passenger cars).
130
— Drainage Pavement
3 20 Lw= 45102(vis0) + 1013
é — Dense Pavement
S Lw= 1371og(V/50) + 1033 7
—§- 1o
B ‘
3 100~
e
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20 30 40 S50 .50 .70 . 80 90 100 ..
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' Flg 4 - Relatlonshlp between sound povo.er fevel
and vehicle speed (Heavy trucks). . :



V of the drainage pavement for the passenger cars
and the heavy trucks respectively. Provided that a
type of function is Ly=alog,, V+b, regression
functions of the sound power level and the speed are
derived as follows:

Lyw=17.8 logio V/50) +93.4 |
o ~ (2)
for the passenger cars ,
Lw=45logi(V/50)+101.3
for the heavy trucks

(3)

When we use the above functions to calculate the
equivalent A-weighted sound pressure level near a
road of drainage pavement, we need to modify the
above functions as follows: The sound pressure
levels measured are converted to those at a speed of
50 km/h and are averaged in sound energy. Then
Egs. (2) and (3) are shifted parallelly so that they
pass the averaged points of sound pressure level at a
speed of 50 km/h. These modified equations differ
in constant terms from the original ones and are as
below :

Lw=17.8 logi(V/50)-+94.0

o (4)

or the passenger cars

Lw=45 log.o( V/50)+ 102.1
for the heavy trucks

(5)

Figures 3 and 4 also indicate the regression func-
tions, which Uesaka ef al have proposed for the
dense graded asphalt pavement commonly used as
road pavement.” They are as below:

Lw=23.1logi(V/50)+97.3 (6)
for the passenger cars

Lw=13.7 logio( V/50)+103.3
for the heavy trucks

(7)

Compared to the sound power levels of the dense
graded pavement, those of the drainage pavement
are smaller by 2.7-4.7 dB for the passenger cars and
by 0-3.3 dB for the heavy trucks in the speed range
of 30-70 km/h. ‘ , ‘
The noise reduction effect of the drainage asphalt
pavement on the passenger cars is larger than that on
the heavy trucks, and the higher the speed becomes,
the greater the effect becomes. This is because that

the effect emerges more in a case that the tire-road -

noise, which is effectively reduced by the drainage
pavement, dominates in the total noise generated by
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the vehicles. Furthermore, this is why the sound
power levels of the heavy trucks depend less on the
speed compared to those of the passenger cars. In
the case of the heavy trucks the noise reduction effect
of the drainage pavement is relatively small in the
low speed range, where the engine noise dominates.
The higher the speed of the heavy trucks becomes,
the larger the portion of the tire-road noise becomes,
and therefore the noise reduction effect of the drain-
age pavement emerges remarkably.

4.2 * Excess Attenuation of Sound Propagating on
Drainage Asphalt Pavement

We can see the attenuation of the speaker sound
propagating on the two types of pavements, the
drainage asphalt pavement and the dense graded
asphalt pavement, in Fig.5. The sound pressure
levels measured have been modified by the weights
of the A-characteristics and of the sound spectra of
the road traffic noise® The sound power level of
the speaker is to be 0dB in Fig.5. The sound
attenuation in the course of propagation on the
drainage pavement is similar to that on the dense
graded pavement up to 5 m away from the sound
source, and however beyond there the difference
between those of the two types of pavements can be
seen. The difference of the sound attenuation is
about 2 to 3 dB at a point of 10 m and further. The
line of the dense graded pavement in Fig. 5 appears _
parallel to that of 6 dB attenuation for a double
distance, and therefore we can regard the difference
as an excess attenuation effect of the drainage pave-
ment. . B :
In ‘addition, the frequency characteristics of the
sound attenuation during the propagation are
shown in Fig.6. The lines in Fig. 6 indicate the

0 7
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Fig.6 Frequency characteristics of sound
attenuation during propagation.
* The vertical axis shows the difference in the
sound pressure level between the drainage
pavement and the dense pavement.

difference in sound pressure levels measured by
propagation distance between the two pavements.
The excess attenuation of the drainage pavement
takes place in the frequency range of 500 Hz and
over, and this is more clearly observed at a point 40
m away from the sound source. The maximum
attenuation goes up to around 9 dB in the frequency
range of 800 Hz.

4.3 Estimate of Flow Resistivity of Drainage
Asphalt Pavement

In this section we will derive flow resistivity
values of the drainage asphalt pavement and the
dense graded asphalt pavement, which are needed to
calculate the attenuation effects of sound propagat-
ing on the pavements, based on the sound propaga-
tion characteristics on the pavements mentioned in
Section 4.2. Firstly a unit pattern of the speaker
sound has been obtained using the sound reduction
measured in the speaker sound propagation experi-
ments carried out on the both pavements (see Sec-
tion 3.2 for details). Secondly the unit patterns of
the speaker sounds have been derived applying the
weights of power spectra of the speaker sound to the
sound pressure levels of 1/3 octave bands, which are
calculated by the A method of ASJ Model-1993%
assuming some appropriate values of flow resistivity
of the pavements. . The following conversion func-
tion proposed by Mlkl"” is applied to calculate the
pavements normahzed acoustlc 1mpedance values
from lhelr ﬁow r&slstmty values

) l/B l+55(6/f)°632 s (8)
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Fig.7 Fitting of measured and calculated unit
patterns of sounds propagating on drainage
and dense pavements.

where

B : normalized acoustic admittance (inverse of g is

normalized acoustic impedance)

o : flow resistivity

f :frequency.
These unit patterns obtained for the both pavements
are shown in Fig. 7. In order to estimate the flow
resistivity values of the pavements, we compared the
measured unit pattern to those calculated. We
made much of the fitting in the distance range near
the peak level because the flow resistivity is used to
calculate the equivalent A-weighted sound pressure
level. As a result, the unit patterns fitting the most
to those measured give the values of flow resistivity
as follows: ¢=1,250kPas/m? for the drainage
pavement ; and ¢=20,000 kPas/m? for. the dense
graded pavement. According to some flow resis-
tivity values for some types of ground proposed by
Isei'” and Takagi et al.” the representative bear
ground possesses 1,250 kPa s/m? of flow resistivity,
which is identical with that of the drainage pave-
ment derived herein. - The flow resistivity of 20,000
kPa s/m? for the dense graded pavement, which we
have obtained from the speaker experiment, is equal
to that proposed by Isei.'” - Since we have already
had the flow resistivity value for the drainage
asphalt pavement, we can now calculate the ground
attenuation effect dunng sound propagation on the
dramage pavcment :
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44 Acoustic Impedance and Absorption
Coefficient of Drainage Asphalt Pavement -

The experiments as stated in Section 3.3 give us
the acoustic characteristics, such as the normalized
acoustic impedance and the normal incidence
absorption coefficient, of the drainage asphalt pave-
ment and the dense graded pavement. They are
shown in Fig.8. The drainage pavement, which
was constructed a year ago, still possesses a large
absorption coefficient of 0.8 in the frequency range
of 600 Hz. This absorption characteristic is consid-
ered as that of resonator type since its absorption
coefficient shows a high and-sharp peak below 1
kHz. . On the contrary, the magnitude of the nor-
malized acoustic impedance of the drainage pave-
ment above is much smaller than that of the dense
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Fig.9 Sound attenuation during propagation
on drainage pavement.
* Calculated from the normalized acoustic
impedance measured for the drainage pave-
ment.
**Calculated from the flow resistivity esti-
mated for the drainage pavement.

graded pavement throughout the overall frequency
range; and however its phase of the normalized
acoustic impedance is 60 degrees from 700 to 1,200
Hz and minus 60 degrees below 300 Hz. Since the
dense graded pavement scarcely contains pores
inside, its normal incidence absorption coefficient is
very small, only a few percent, and the magnitude of
the normalized acoustic impedance shows a large
value more than 100 from 200 Hz to 1,200 Hz on the
contrary.

Figure 9 shows the measured and calculated
sound attenuation during propagation on the drain-
age asphalt pavement. The calculation was made
in two manners. One used the flow resistivity of
1,250 kPa s/m? for the drainage pavement, and the
other adopted the normalized acoustic impedance
measured in Section 3.3." Both of the calculated are
in good accord with that measured. This indicates
that the flow resistivity estimated and the normal-
ized acouslic impedance measured are appropriate
to account for the propagation characteristics on the
drainage pavement. As to the second manner, we
note that the acoustic characteristics tend to be
affected by a small size of the samples and therefore
it is desirable to derive them from expenments using
several samples.

5 COMPARISON BE’I‘ WEEN CALCU-

LATED AND MEASURED VALUES OF

'SOUND PRESSURE LEVELS IN ROAD-
SIDE AREA OF DRAINAGE PAVEMENT

5.1 - Calculation Melhods of Sound Pressure Levels
In order to calculate the equivalent A-weighted

e,
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sound pressure levels along the roads of drainage
asphalt pavement, the following three methods have
been tried to adopt : .

a.calculation by the B method of ASJ Model-
1993% using the sound power level of the dense
graded asphalt pavement usually used ;

b. calculation by the B method of ASJ Model-
1993 using the sound power level of the drain-
age asphalt pavement constructed in some road
section in Shiraoka-machi (see Section 4.1);
and ,

c.calculation by the A method of ASJ Model-
1993 using the sound power level and the fre-
quency characteristics of the same drainage
pavement as stated in “b” above and the flow
resistivity of 1,250 kPas/m? for the drainage
pavement estimated in Section 4.3.
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Fig. 10 Comparison of measured and calcu-
lated Laeq of drainage pavement.

N

5.2 Comparison between Calculated and Mea-
sured Values

The equivalent A-weighted sound pressure levels
calculated by the above mentioned methods in the
roadside area of drainage pavement in Shiraoka-
machi are shown in Fig. 10 in addition to the
measured levels, as mentioned in Section 3.1.
Table 1 indicates the road traffic conditions, which
were observed in the roadside area in Shiraoka-
machi and were used to calculate the roadside sound
pressure levels.

The five sound pressure levels calculated in
response to the five traffic conditions by the methods
mentioned in 5.1 are compared with the five mea-
sured levels by method. - The values by “a” method
above, using the sound power level of the usual
dense graded pavement, are larger than those mea-
sured by about 2.5 dB on an average. In the case of
“b” method, using the sound power level of the
drainage- pavement, the calculated values exceed
those measured by approximately 1.6dB on an
average and the difference has decreased. . Further-
more, in the case of “c” method taking account of
the acoustic propagation characteristics as well as
the sound power level of the drainage pavement, the
gap between the calculated and the measured has
further declined to around 0.7dB on an average,
where the calculated values are smaller than the
measured. In view of the above mentioned, the
third calculation method can make us accurately
and analytically predict the noise reduction effect of
the drainage asphalt pavement. It has given us the
total noise reduction of 3.2 dB, which is divided into
two aspects, 0.9 dB and 2.3 dB of reduction at the
sound source and during the sound propagation
respectively, in the case of drainage pavement and
the road. traffic conditions as mentioned earlier.
The noise reduction effect at the source is smaller

_Table 1 Traffic conditions of prefectural road in Shiraoka-machi.

S Up direction Down direction

‘No.of * "Trafic  Ratio of Speed Traffic  Ratio of _Speed

measure-  vyolume = - heavy ' Heavy Passen- Volume heavy ' Heavy Passen-
ment - . (Vehichs . truck truck ger car (Vehicles truck -~ truck ger car

/10min) . (%)

(km/h) (km/h) /10 min) (%)

(km/h) (km/h)

No.l =7 154 . 7 422 440

: 485 186 435 342 384
- -No.2 - <177 . 418 - 386 424 188 - 429 - 333 396
< No.3. " IS5 -: 412 . (406: 434 . 228 425 ° 350 31 -
- Nod - 171, 397 396 . 462 207 415 317 389
o No.S . 169 . 424 372 . 436. 194 394 357 _ 415



than that during the propagation in the above case.
This is mainly because the speed of vehicles was
slow, about 40 km/h, which reduces the sound
power levels of vehicles a little, only 2.8 dB for the
passenger cars and 0.3dB for the heavy trucks
according to Eqs. (4) to (7). If the speed goes up to
70 km/h, the sound power levels are reduced by 4.7
dB for the passenger cars and by 3.3 dB for the heavy
trucks compared to those of the dense graded pave-
ment. Then the noise reduction effect at the source
will increase. We have found the third method,
which takes into consideration the acoustic charac-
teristics of the drainage asphalt pavement at the
sound source and in the course of propagation, gives
the most accurate prediction of sound presstire levels
for the drainage asphalt pavement. ' Although we
substituted the flow resistivity value derived from
the experiment on the drainage pavement at PWRI
for that of the pavement for which the sound pres-
sure levels were calculated, this is not considered to
undermine the applicability of the third method
since both of the pavement specifications are identi-
cal and both of the pavement surfaces were well
maintained.

6. CONCLUSIONS

We carried out the site measurements of the vehi-
cle noise on the drainage asphalt pavement and the
speaker sound propagation experiments on the
drainage pavement. The results of the measure-
ments and the experiments have given us the acous-
tic characteristics of the drainage pavement at the
sound source and in the course of propagation.
Taking into account the acoustic characteristics, we
have proposed the calculation method for the noise
reduction effect of the drainage pavement on a basis
of the A method of ASJ Model-1993.  The follow-
ing findings have been derived through the measure-
ments and experiments above, and their analyses.

a. The equations for the relationship between the

sound power level and the speed of the vehicles
running on_the drainage asphalt pavement,
which has been open to traffic for a year, have
been derived (see Egs. (4) and (5)). Thesound
power level of the drainage pavement is smaller
than that of the dense graded asphalt pavement

by 2.7-4.7 dB for the passenger cars and by 0- -
3.3 dB for the heavy trucks in the speed rangeof
» dramage pavement decreases chronologically and to

30-70 km/h.
b. The excess altenuation emerges during the
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sound propagation on the drainage pavement
when the propagation distance exceeds 5m,
and it is about 2 to 3dB. o

c. The flow resistivity of the drainage pavement
has been derived through comparison of the
unit pattern given by the speaker sound propa-
gation experiments on the drainage pavement
and calculated ones, and ifs value is 1,250
kPas/m®% The value itself is the same as one
proposed for the representative bear ground by
Isei, and Takagi et al. In addition, the flow
resistivity of the dense graded asphalt pavement
has also been derived in the same manner as
mentioned above, and its value is 20,000 kPa s/
m?  This is identical with what Isei proposed
for the dense graded pavement.

d. We have obtained the normal incidence absorp-
tion coefficient of the drainage pavement
through the acoustic experiments by the tube
method. The coefficient has a high peak of 0.8
in the frequency range of 600 Hz. This shows
the absorption characteristics of resonator type.
On the other hand, as to the normalized acous-
tic impedance, its magnitude is much smaller
than that of the dense graded pavement
throughout all the frequency range. lis phase
is about 60 degrees from 700 to 1,200 Hz, about
minus 60 degrees at a frequency of 300 Hz and
below, and zero degree at 500 Hz, where the
absorption coefficient shows the peak value.

e. In view of the aforementioned, we can calculate
the sound pressure level along the roads of
drainage asphalt pavement on a basis of the A
method of ASJ Model-1993 taking into consid-
eration the sound power levels and the flow
resistivity of the drainage pavement. This cal-
culation method has been verified by the sound
pressure levels actually measured near the road
paved by the drainage pavement.

The drainage asphalt pavement generates the

noise reduction effect with its pores inside. The

findings stated above are related to the drainage
_pavement, which has been open to traffic for a year

and has the enough noise reduction effect because its
pores have not been clogged so much. It is well

~ known that the drainage pavement gradually loses

its noise reduction effect as time passes. We are
required to clarify how much a pore ratio of the

what extent the decrease influences the acoustic



H. OHNISHI et ol : NOISE ATTENUATION FACTORS OF DRAINAGE PAVEMENT

characteristics of the drainage pavement at the
sound source and in the course of propagation.
Once we know a change of the acoustic characteris-
tics of the drainage pavement corresponding to its
pore condition, we will be able to calculate the noise
reduction eflect of the drainage pavement applying
the calculation method proposed herein.
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Regarding the reduction of road vehicle noise by drainage asphalt pavement, two kinds of
experimental investigations were performed. Firstly, sound propagation was observed on
two types of drainage asphalt pavements and a dense asphalt pavement. In this experiment,
an omnidirectional sound source was located under the body of a passenger car and a heavy
truck. As a result, it was found that the excess noise reduction on drainage asphalt
pavement can be attributed to the sound absorption during multiple reflection under the
vehicle body and this effect depends on the vehicle type. Secondly, pass-by tests were
performed on the three kinds of pavements using the same test vehicles. In this experiment,
tire/road noise was measured on each pavement and by comparing the results, the reduction
of tire/road noise due to the porosity of drainage asphalt pavement was estimated. Based
on the results of these investigations, a calculation model for the prediction of vehicle noise

propagation on drainage asphalt pavement has been proposed.

Keywords:
propagation, Excess reduction

PACS number: 43.50. Lj

1. INTRODUCTION

Recently, it has been known that drainage asphalt
pavement is effective for the reduction of road traffic
noise and this type of road surface treatment is often
applied to highways and roadways. Regarding
this acoustic performance, a lot of researches have
been made until now and acoustic characteristics of
the pavement and sound propagation property on it
have been clarified to some extent.!"® However, in
order to establish a precise prediction model for
road vehicle noise propagation on drainage asphalt
pavement, further examinations are - necessary to
know the acoustic phenomena in the vicinity of the
noise source in detail.  In this study, these points
have been investigated by the field experiments using

Road vehicle noise, Drainage asphalt pavement, Prediction model, Sound

an artificial sound source and two types of road
vehicles. From the results of these experimental
investigations, a calculation model for the noise
propagation from a road vehicle on drainage
asphalt pavement has been proposed.

2. EXPERIMENTAL INVESTIGATIONS

2.1 Conditions of the Field Experiments

" “The field experiments were carried out at the test
track of Public Works Research Institute. - The
road surface of the test track is paved with various
types of surface treatments. Among them, three
kinds of pavements wete chosen for the experiment.
Table 1 ‘shows the data of their composite (the
maximum chipping size of aggregate, void content
and thickness of the pavements). Figure I shows
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Table 1  Test road surfaces.
Maximum Yoid .
Test road chipping size .. content Th(lckr;ess

(mm) (%) e

Dense asphalt pavement 13 s 5
Drainage asphalt pavement A 10 20 5
Drainage asphalt pavement B 20 20 5
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Fig.1 Macrotexture of the test road surfaces.
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Fig.2 Sound absorption characteristics of the
test road surfaces.

the macrotexture of each pavement measured using a
laser profilometer, in which it can be seen that the
profile of the drainage asphalt pavement much
varies with the difference of chipping size.

Figure 2 shows the sound absorption coefficient of
each pavement measured using a reverberation
chamber of 1.65m® air volume. The absorption
coefficient of the dense asphalt pavement is less than
0.2 in the frequency range from 500 Hz to 8 kHz,
whereas in the case of the two drainage asphalt
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pavements, the coefficient peaks in the frequency
range from 500 Hz to 1kHz. The peak value is
about 0.7 for the drainage asphalt pavement A and
about 0.4 for the drainage asphalt pavement B. In
the frequency range above 2 kHz, a tendency that the
absorption coeflicient gradually increases is seen in
both cases.

2.2 Experiment Using an Artificial Sound Source

Road vehicles have almost all dominant noise
sources under their body and therefore it is necessary
to examine the sound propagation from the lower
part of a vehicle including the shielding effect and
multiple reflection between the body and the road
surface. In order to investigate these problems, an
omnidirectional sound source (a hexagonal loud-
speaker of 40 cm in diameter) shown in Fig. 3 was
placed at the positions of engine and tire under the
test vehicle and the sound pressure level (S.P.L.) was
measured around the vehicle. . Based on the results
of our previous experiments,” the main source posi-
tions of a vehicle were assumed to be on the road
surface just under the engine and near the contact
patch of each tire. - In this experiment, two types of
road vehicles, a passenger car (2,000 cc engine swept
volume) and a heavy truck . (8 ton gross vehicle
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weight), were used to examine the effect of the
difference of vehicle shape.

The measurements were carried out under the
following sound source positions as shown in Fig.
4,

Case 1 : without the vehicle

Case 11 : under the engine of the test vehicle

Case HI : near the contact patch of the left front
tire

Case 1V : near the contact patch of the right front
tire

As shown in Fig. 5, the measurement of sound
pressure level was made at 30 points in the vertical
plane including the front axis of the test vehicle.
From the measurement results around the test vehi-
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cle, S.P.L. contour maps were obtained. Figure 6
shows two examples of the measurement results for
Case I and Case Il in 1/3 octave band of 630 Hz, in
which (a) and (b) indicate the results measured on
the dense asphalt pavement and on the drainage
asphalt pavement A, respectively. On both of the
pavements, the contours are much different between
the results for Case I and Case II. This fact indi-
cates that the shielding effect by the vehicle body is
very serious for the sound propagation from the
sound source under the body. To see the results of
Case I, the contours are much different between the
results for the passenger car and the heavy truck.
This fact indicates that the shielding effect depends
on the shape of vehicle.

Figure 7 shows the S.P.L. contour maps around
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Fig.7 S.P.L. contour maps in 630 Hz band in cases 11, 11l and 1V (passenger car).
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the passenger car on the dense asphalt pavement (a)
and the drainage asphalt pavement A (b), respective-
ly. These results indicate that the shielding effect
much differs by the difference of the position of the
sound source. In these results, however, the pat-
terns of S.P.L. contour map in each case of source
position are very similar both on the dense asphalt
pavement and on the drainage asphalt pavements.
Therefore, in case of incorporating the shielding
effect into the vehicle noise calculation model on
drainage asphalt pavement, the vehicle noise di-
rectivity on dense asphalt pavement based on the
results of our previous investigations can be used as
the shielding effect.” In this paper, however, to
construct the simple calculation model on drainage
asphalt pavement, the shielding effect is not includ-
ed in the consideration of the calculation model
mentioned below.

From the S.P.L. contour maps as shown in Fig. 6
and Fig.7, the S.P.L. values on the straight line
from the center point under the vehicle body to the
point of 7.5 m and 1.2 m above the ground (see Fig.
5) were obtained by interpolation. Figure 8 shows
two examples (cases of the passenger car and the
heavy truck in Case 1l, 630 Hz in 1/3 octave band).
In these results, it can be clearly seen that there are
level differences between the results for the three
types of pavements. . To see the S.P.L. decrease in
distance on each pavement, the slope of the S.P.L.
decrease was examined. ' In case of passenger car, it
is 4.0 dB/d.d. (double distance) for the dense asphalt
pavement, 44dB/d.d. for the drainage asphalt

pavement A and 4.3dB/d.d. for the drainage
asphalt pavement B, respectively. Thus, the slopes
are almost the same. These tendencies were found
in all other cases. From these results, the following
conditions were assumed.

1) The slope of S.P.L. decrease in distance on the
two kinds of drainage asphalt pavements is
equal to that on the dense asphalt pavement.

2) The differences between S.P.L. distributions on
the drainage asphalt pavements and that on the
dense asphalt pavement are caused by the
sound absorption during the multiple reflection
under the vehicle body.

Next, in order to see the extent of the effect of
sound reduction due to sound absorption during the
multiple reflection on the drainage asphalt pave-
ments, the S.P.L. differences between on the dense
asphalt pavement and on the two types of drainage
asphalt pavements at a point of 1.5m from the
sound source were obtained from the results shown
in Fig. 8. The results are shown in Fig. 9 (passen-
ger car) and Fig. 10 (heavy truck). In this calcula-
tion for the sound propagation from the tire posi-
tion, the energy-mean value of the results for Case
III and Case IV was calculated for each pavement
and S.P.L. differences were obtained by the same
procedure.

) 2 3 Vehlcle Pass-by Teats

As the second field experiment, the tire/ road noise
generated when the test vehicles run on the three
kinds of pavements was measured at the test track.
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In this experiment, the value of FAST maximum
S.P.L. was measured at a point 7.5 m apart from the
running path and 1.2 m above the road surface when
the test vehicle passed by under the condition of
engine switched off (inertia running) and almost
constant speed of 60 km/h.

The results for the passenger car and the heavy
truck are shown in Fig. 11 and Fig. 12, respectively,
in which the A-weighted values of S.P.L. in each 1/3
octave band are shown. : In each ﬁgure the solid
line indicates the result obtained on each drainage
asphalt pavement and the broken line mdlcates that
on the dense asphalt pavement. R

From these measurement results, the reducllon of
tire/road noise due to the porosnty of the drainage
asphalt pavement’ was esllmated under the followmg
assumptlons R S et REE

1) The effect of noise reduction - by dramage

“asphalt pavement consists of the reduction of

~ tire/road noise (the sound directly generated

from the tire being excited by the road surface)

and that caused by the sound absorption during

- the multiple reflection under the vehicle body.

2) The dense asphalt pavement has no effect of

- sound absorplion and therefore there is no

reduction by sound absorption during the
multiple reflection under the vehicle body.

- Then, the effect of reduction of tire/road noise
due to sound absorption in each 1/3 octave band
shown in Fig. 9 and Fig. 10 was added to the results
measured on the’drainage asphalt pavements A and
B. The résults are shown by the dotted line in Fig.
11 (the passenger car) and Fig. 12 (the heavy truck).
In these figures, Zone A indicates the eﬂ'ect of sound
reduction diie to sound absorption. From these
results; it can be considered that the difference
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between the broken line (the results measured on the
dense asphalt pavement) and the dotted line corre-
sponds to the reduction of tire/road noise due to the
porosity of the drainage asphalt pavement under the
assumption mentioned above. - In case of the drain-
age asphalt pavement A’shown in Fig. 11(a) and
Fig. 12(a), the difference is positive (in Zone B) over
a wide frequency range. .. In this case, the tire/road

noise is reduced by the drainage asphalt pavement.
On the other hand, in case of the drainage asphalt
pavement B shown in Fig. 11(b) and Fig. 12(b), the
difference is negative (in Zone C) in the frequency
range up to 1.6kHz or 800Hz. In this case, the
tire/road noise is increased on the drainage asphalt
pavement, and this might be aitributed to the fact

. that the chipping size of aggregate of this pavement



is larger than that of the drainage asphalt pavement
A and therefore the power exciting the tire might be
increased.

3. CALCULATION MODEL FOR THE
VEHICLE NOISE PROPAGATION ON
DRAINAGE ASPHALT PAVEMENT

Based on the results of the investigations mention-
ed above, a calculation model of vehicle noise
propagation on drainage asphalt pavement was
assumed by separating the engine noise and tire/
road noise as follows. '

Regarding the engine noise ;

Lps(7)=Lwe—20log »—8— AL (1)

where,
Lyx(r) : S.P.L. by the engine noise at a point r(m)
apart from the running path, _
Lye :sound power level of the engine noise
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where,
Lpi(r): S.P.L. by the tire/road noise at a point

Lyy:

ALwy:
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measured on the dense asphalt pavement,

AL : excess attenuation for engine noise due to

sound absorption during the multiple
reflection under the vehicle body on the
drainage asphalt pavement.

Regarding the tire/road noise ;

Lm(r)=Lwr"‘det—2010g7'—‘8*AL1 (2)

r(m) apart from the running path,

sound power level of the tire/road noise
measured on the dense asphalt payemem,
reduction of sound power level of the tire/
road noise by the effect of drainage asphalt
pavement,

ALy : excess attenuation for tire/road noise due

to sound absorption during the multiple
reflection under the vehicle body on the
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drainage asphalt pavement. _

In these'equations, Lyg and Lyt are measured on
the dense asphalt pavement. That is, Ly is
obtained by the pass-by test under the condition of
engine switched off and Ly is obtained by subtract-
ing the value of Ly from the sound power level of
total noise measured under the running condition of
engine switched on.

The S.P.L. ofthe total noise from a vehicle under
stationary running condition Ly(r) is calculated as
follows under the assumption that vehicle noise
consists of engine noise and tire/road noise.

Li(#)=10log (104=7104 jgtenne) (3

In order to confirm the validity of the calculation
model mentioned above, the values of S.P.L. on the
two types of drainage asphalt pavements at a point
of 7.5 m from the running path and 1.2 m above the
road surface calculated by the model and those
actually measured were compared. The results for
the passenger car and the heavy truck are shown in
the form of time history of pass-by noise (unit
pattern) in Fig. I3 (the passenger car) and Fig. 14
(the heavy truck), respectively. In these figures, it
can be seen that the calculated and measured unit
patterns are fairly in good agreement in almost all
cases.

In order to estimate the change of vehicle noise
due to the difference of such road surface characteris-
tics as chipping size of aggregate, void content and
thickness of the pavement, it is pecessary to make
further experimental studies and improve the calcu-
lation model.

4. CONCLUSIONS

In order to investigate the noise propagation from
road vehicles on drainage asphalt pavement, field
experiments using an artificial sound source and two
types of vehicles were performed on a dense asphalt
pavement and two kinds of drainage asphalt pave-
ments. Based on the results obtained in these exper-
iments, a calculation model for the vehicle noise
propagation on drainage asphalt pavement was
considered. From these results, the following con-
clusions have been obtained.

1) The S.P.L. distribution around a vehicle is
much different between a passenger car and a
heavy truck due to the difference of vehicle
shape.

2) The rate of S.P.L. decrease in distance can be

considered equal both on the dense asphalt
pavement and on the drainage asphalt pave-
ment. -

3) The reduction of engine noise on the drainage
asphalt pavement can be attributed to the
sound absorption during the multiple reﬂecuon
under the vehicle body.

4) The reduction of tire/road noise on the drain-
age asphalt pavement can be divided into two
factors; one is the reduction of noise radiation

. itself due to the porosity of drainage asphalt

surface and the other is the sound absorption
during the multiple reflection under the vehicle
body similar as in case of engine noise.

5) The calculation model assumed based on the
findings mentioned above is proper for the
prediction of vehicle noise propagation on
drainage asphalt pavement.

This study was performed only on two kinds of
drainage asphalt pavements and hence the exact
effects of sound absorption and reduction of tire/
road noise on each drainage asphalt pavement have
to be examined for each case. The reduction of
tire/road noise was examined only for the running
condition of 60 km/h in this study and it should be
examined under different running speed condition.
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1. INTRODUCTION

Recently there are great needs to reduce the community noise from traffic. They
use several noise countermeasures to reduce it; e.g. drainage surface paved
road, noise barriers et al. Especially noise barriers, several new types of them
were developed as passive control method. The noise reductions mechanisms
of them were classified as follows;

(1) By installing some particular shapes on the barrier edge"
(2) By installing sound absorptive materials on the barrier edge?
(3) By installing acoustical 'soft' condition on the barrier edge®

With respect to (1), when they design more insertion loss of the barrier, the
bigger shapes will be needed. Regarding (2), there is not so much noise
attenuation in the frequency range below about 500Hz. About (3), Fujiwara et
al used the surface of the 1/4-wavelength long acoustical tube as acoustical
'soft' condition (sound pressure reflection coefficient = -1). They indicated if they
limit the frequency range (say, each acoustical tube was assigned to the restrict
frequencies which are resonance ones) to reduce using acoustical 'soft' condition
on the barrier edge, there was 5 to 10dB noise reduction at intended frequency
range compared with rigid barrier in the simulation. @~

We are developing the Active controlled acoustical Soft Edge (ASE) devices
which are installed on the barrier edge to reduce the diffracted sound. ASE
has compact size, is controlled surface sound pressure reflection coefficient
as -1 in the wide frequency range using active noise control technology. We
will show the basic concept of it and the simulation results of several ASE devices
installing patterns on the barrier edge. We also refer a way of designing the
sound pressure reflection coefficient at the surface of ASE combined with passive
control methods like absorptive materials.
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2. BASIC CONCEPT

The construction of ASE is shown in Figure 1. Each ASE device consists of
an ASE cell and an ASE controller. The ASE cell consists of the components;
a microphone, an actuator, an enclosure and surface material. The ASE controller
consists of the components; a mlcrophone amphf‘ er, a controller and a power
amplifier. _

The specific acoustic impedance ratio {.’ / at the surface material of ASE and

Magnify] <& fv":sg ’
1 cell pil Surface

Material

o C |
Microphone Mic. Amp.
4 >
Enclosure r | | Controller
Vibrating —
: Power Amp,
Noise Barrier| Fanel y

with ASE | Actator e el

Fig.1 Composition of the Active Soft Edge

sound pressure reflection coefficient , are given by following equations®;
where R, is flow resistance of the surface material, ¢ is the distance from the

R, 1
g’—E-G —i(1-G)tankt 0

C;—l

{,+1 @

microphone to the vibrating pahel G is the loop gain of the ASE control system,
k is wave number and pc is the specific acoustic lmpedanoe of acoustic medlum

When |G| - « and R, has very small number, Equation (1) becomes; |
Using Equation (2) and (3) we get Equatron (4); the surface sound pressure

g=0 i e

reflection coefficient is -1.
Plural ASE devices are installed around the edge of the noise barrier and each

r=-1 @
ASE cell is controlled individually. The size of each ASE cell is recommended
to sufficiently shorter than the wave length of the noise intended to reduce to

avoid phase mismatch on the surface of the cell. This concept can be realized,
for instance, using the methods suggested by Nishimura et al®.
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3. SIMULATION OF SEVERAL INSTALLING PATTERNS ON BARRIER EDGE

Several ASE devices installing patterns on the edge of the noise barrier were
considered to confirm the noise attenuation performance related the number
of cells in the cross section of the barrier. We use 2-dimensional Boundary
Element Method (BEM) to calculate noise attenuation of each pattern. Calculation
condition is shown in Figure 2. We set a point noise source, 2000mm height
barrier and receiving points in the BEM simulation. The ASE installing patterns
on the edge of the barrier were shown in Figure 3. Each pattern has the same
height to the top of the barrier edge. The thick solid lines in Figure 3 mean
the locations of changing boundary conditions (e.g. place where ASE device
installed, rigid surface or absorptive) Calculation frequencies were 1/3 octave-
?and center frequency from 125 to 500Hz. The boundary conditions were as
ollows; :

(1) Surface acoustic impedance = 0 (Surface sound pressure = 0) [ASE]
(2) Surface acoustic impedance = pc [Perfect absorption)
(3) Surface acoustic impedance = (Partlcle velocrty 0) [Shape effect]

The calculation results (nonse source posmon A, at 250Hz) are shown in Frgure
4. The results are sound pressure level attenuations against "Shape 1-0(normal
barrier, rigid)" averaged at the black square receiving points in Figure 2. We
picked up top 5 cases of ASE attenuation amount.

Sound attenuations by ASE against Shape 1-0 were superior to "Perfect
Absorption™ or "Shape Effect” in all cases in Figure 4. The maximum ASE
attenuation was obtained by Shape 3-1. Nevertheless, Shape 3-1 is afraid to
exceed the road construction limit. Other 4 cases (Shape 2-2, 5-1, 5-2, 6-2)
have ASE attenuation 11 to 12 dB alike. In these 4 cases, Shape 6-2 has largest
ASE attenuation performance per unit length of ASE boundary corresponded
to the number of ASE cells in the cross section of the barrier. Therefore Shape
6-2 can reduce cost of ASE per cross section of the barrier. For Shape 6-
2, we calculated for another noise source position. The results (noise source
position B, at 250Hz) are shown in Figure 5. ASE attenuation against Shape
10 is 5dB st|II superior to "Perfect Absorptlon by 3dB."

4. DESIGN SOUND PRESSURE REFLECTION COEF AT ASE SURFACE

If we apply ASE for higher frequency noise, we should make ASE cell smaller;
it means a lot of ASE cells are needed, and the countermeasure cost will be
raised. Considering the cost performance of countermeasure for noise reduction,
it is better to apply passive control method for higher frequency. A way of
designing the sound pressure reflection coefficient at the surface of ASE
combined with passive control methods is shown in Figure 6. The lower and
the upper ASE control frequency range are f,, f,. These are related to the noise
spectrum pattern at receiving points. The lower frequency f, is also related to
the performance of the actuator; may be 100 to 200Hz for o dmary traffic noise.
The upper frequency f,’ is also related to the size of ASE cells and the
performance of the _contzroller may be 500 to 1kHz for ordinary traffic noise.
In the frequency range over for the passive control method Ilke absorptive
materials will be applied.

In case drainage surface is. installed on the road the dominant frequency of
diffracted noise after the noise barrier will be shlfted to lower frequency under
about 500Hz. Absorptive nolse barrier is not effective in that frequency range
ASE will be effective particularly in lower frequency range like it.
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5. CONCLUSION

ASE, the new type noise barrier with the active controlled device on the edge
of it, has been studied. The device is controlled the surface sound pressure
reflection coefficient to be -1 with wide frequency range. ;
We showed the basic concept, the results of the simulation comparing absorptive
noise barrier and cost effective Installing patterns of ASE devices on the edge
of the noise barrier. In the simulation, the attenuation of ASE was proved to
be 3 to 6dB superior to absorptive one.
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1. INTRODUCTION
It is well known that the drainage asphalt pavement possesses a
reduction effect on vehicle noise, tire/road noise at a source as well as the total
vehicle noise during propagation, due to its consecutive pores. However the
effect decreases as time passes, because the pore ratio becomes smaller. One
of its issues to be solved is how to improve sustainability of its noise reduction
effect. For this purpose we need to know how much the initial effect is and how

long the effect lasts. In this paper we report results of the measurements and
analyses of vehicle noise on the dralnage asphalt pavements.

2. EXPERIMENTS

We measured pass-by vehicle noise near actual roads of drainage
asphalt pavements, which had been constructed in different years, in order to
know their noise reduction effects and how it changes. The selected drainage
asphalt pavements have the same specification but were laid in the different
years, about one to five years earlier. The main specification of the pavements is
as follows: about 20 percent of pore ratio; 5 cm of surface course; and 5 to 13
mm of coarse aggregate size. The measurements were carried out in five open
and plain sites and there were no acoustlcally reflective objects in their vicinity. A
microphone was placed 7.5 meters away from the center of the outer lane and
1.2 m above the ground surface. Traffic volume and vehicle speed were

INTERNOISE98 . . Christchurch New Zealand 16-18 November
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measured by category, passenger cars, small trucks and heavy trucks, at the
same time.

3. RESULTS AND DISCUSSION

Noise reduction effect of drainage asphalt pavement

We have obtained sound power levels of vehicles from pass-by noise
measured for each vehicle separately running on the drainage pavements
above. Figures 1 and 2 show the relationships between the sound power level
and the speed for the drainage pavements, which are about one and four years
old respectively, and the dense graded pavement (1). The regressional functions
of the sound power level and the vehicle speed are indicated for the both types
of pavements in the Figures. We can ses the noise reduction effect of the
drainage pavement, which is about one year old, in Figure 1. The sound power
levels of vehicles on the drainage pavement of one year age are smaller than
those on the dense graded pavement by 2.7-4.7 dB for the passenger cars and
by 0.0-3.3 dB for the heavy trucks in the speed range of 30-70 km/hr. It is also

observed that the sound power levels of the heavy trucks are less dependent on
the speed than those of the passenger cars.
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Figure 1 Relationship between sound power level and vehicle speed
for drainage asphalt pavement of one year age
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Figure 2 Relationship between sound power level and vehicle speed
for drainage asphalt pavement of four years age
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Nevertheless Figure 2 shows that the drainage pavement and the dense
graded pavement have almost the same sound power levels for both the
passenger cars and the heavy trucks. This means that the drainage pavement of
four years age has almost lost a noise reduction effect. Furthermore, the sound
power levels of vehicles on the drainage pavement of five years age are higher
than those on the dense graded pavement for the both types of vehicles. This is
partly because the traffic volume is very heavy on this road.

Change ln noise reductlon effect :

We can see a chronological change in the sound power levels of
vehicles on the drainage pavement and the dense graded pavement at a speed
of 50 km/hr in Figure 3. The sound power levels on the drainage pavement are
initially smaller than those on the dense graded pavement for the passenger
cars and the heavy trucks; and however the difference gradually decreases and
becomes nil about four years after construction of the pavement.

110

-
-
[~

Passenger cars Heavy trucks

3

-
Q
[3)]

idndes | SEICRE SRS

&
&

o Drain pave. x Densa pave.

90 —t — 1 X . .
0 50 100 150 20( 50 100 150 200
Months after construction Moriths after construction
Figure 3 Change in sound power level by pavement type
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Frequency characteristlcs of nolse reductlon affect -

Figure 4 shows one third octave band spectra of pass-by vehlcle noise
on the both types of pavements. Compared to the spectra of vehicle noise on the
dense graded pavement, those on the drainage pavement of one year age Is
smaller in the frequency range of 800 Hz and over for the passenger cars. The
spectra on the drainage pavement of four years age has become slightly larger
than those of one year age, but is still smaller than those on the dense graded
pavement in the frequency range of 1,200 Hz and over. The spectra of vehicle
noise on the drainage pavement of five years age increase further and are larger
than those on the dense graded pavement in the overall frequency range.
Similar frequency characteristics of the drainage pavement are also observed for
the heavy trucks.

4. CONCLUSION

We have measured the pass-by vehlcle noise on the drainage asphalt
pavements, which have the same specifications but were constructed in the
different years. The findings about the sound power levels of vehicles on the
drainage pavements are as follows:

- The drainage pavement of one year age has a reduction effect on pase-by
vehicle noise, 2.7-4.7 dB for the passenger cars and 0.0-3.3 dB for the heavy
trucks in the speed range of 30-70 km/hr.

- The noise reduction effect gradually decreases as time passes and is finally
lost about four years after construction of the pavement.

- The spectra of sound power levels of vehicles on the drainage pavement is
initially smaller than those on the dense graded pavement in the frequency
range of 800 Hz and over; and however they increases in the range as tlme
passes and the noise reduction effect is gradually lost.

- Materials of the drainage asphalt pavement, bituminous binder in particular,
have been significantly improved nowadays and the pavement can maintain its
pore ratio longer than ever. This makes us expect a longer life time of noise
reduction effect of the pavement. We need to mvestlgate the effect of the latest
dralnage pavement further. :

HEFEHENCE

(1) K. Uesaka H. Ohnishi and T. Nasu, “Sound power level of automoblles
running on roads”, Proceedings for Annual Meeting of Acoustical Society of
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[ABSTRACT)

This paper discusses sound diffraction effects by a reflective wide barrier, an absorptive wide barrier and
double barriers through model experiments. Firstly, we show the difference of the attenuation by the
three sorts of noise barriers with the results of the model experiments of 1/10 scale, and study the cause
of it. Secondly, we propose the calculation methods for the attenuation by the reflective wide barrier and

the double barriers giving continuous calculated values in all receiving points, and verify the methods by

comparing the values with the results of the experiments.
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[ABSTRACT])

In order to predict road traffic noise for environmental impact assessments, future sound power
levels of the vehicles must be estimated. In this paper, the formulas of future sound power levels
that were estimated based on the past regulation of accelerated running noise are compared with
the ones based on sound power level data measured in 1996. As a resuli, the validity of the
formulas has been partly verified. Further, we have estimated the future sound power levels with
our proposed estimating method based on the regulation of steady running noise and with the usual

one based on the regulation of accelerated running noise, reflecting the latest regulation for motor

vehicles noise. Consequently, the future sound power levels calculated by both the methods are

smaller than those obtained from the data measured above by 0.8-1.5dB.
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The Noise Barrier with Active Acoustic Soft Edge
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Keizo OHNISHI, Mitsubishi Heavy Industries, LTD., Takasago R&D Centcr. Takasago, Japan

Masaharu NISHIMURA

Hirofumi OHNISHI, Ministry of Construction, Public Works Research Institute, Tsukuba, Japan

Katsumi UESAKA

Recently there are great needs to reduce the community noise from triffic. Especially noise barriers,
several new types of them were developed as passive control method; e.g. absorbing materials on the
edge of it, some particular shapes on the edge et al. But the former is effective over S00Hz or the
latter usually has big size. In case drainage surface is installed on the road, the superior frequency of
noise after the noise barrier will be shifted to lower frequency under S00Hz.

We are developing the new type noise barrier with the active controlled device on the edge of it. The device
is set the surface sound pressure reflection ratio -1 (Acoustical soft condition) with wide frequency range.
We show the basic concept and the results of the simulation comparing absorbing type noise barrier. The
attenuation of the new concept noise bamier is 3 to 5dB superior than absorbing type one under SO00Hz.

Key Words: Active Noise C‘onlrol, Road Traffic Noise, Noise Barrier
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A Study on Improvement of Bus Operation and Road Traflic with Reducing Bus Dwelling Time

ABR 8 RESGET AR 5

Nodoka Oshiro, Fumihiko Nakamura and Izumi Okura

This paper focuses on the effect on lmprovcmenl of bus opcrallon and road traftic wnlh reducing bus dwell time.

At present, bus bay is established as a measure for improving road traftic. But cstablishing bus bay raise a
problem that bus dwell time increases due to confluence loss. First, "total delay time of road traffic" as an index
indicating delay time of bus transit and road traflic is proposed. Second, It is explained quantitatively that
reducing bus dwell time is ofien more effective to reduce "total delay time of road traftic” than establishment of
bus bay through simulation of bus stopping at a bus stop between two signalized intersections. The simulation
model is based on Shock-wave theory. Finally, efliciency of reducing bus dwell time measure is shown by cost-

benefit analysis.

Keywords : Bus Dwelling Time, Bus Operation Improvement, Simulation, Total Delay Time of Road Traftic
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