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Abstract: The purpose of this paper is to present a simple method for predicting the excess
attenuation of road traffic noise by detached houses. The Acoustical Society of Japan (ASJ) presents
one method; however, it cannot estimate noise levels at specific individual points in residential areas.
In this paper, therefore, an experiment is performed with a one-twentieth scale model and a new
empirical formula for excess attenuation, based on only five parameters, is proposed. The validity of
the formula is verified through additional experiments, a comparison with the current method, and
noise measurements in actual residential areas. This new and simple method is applicable to
evaluations of environmental quality standards for noise.
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1. INTRODUCTION

Since Japan is a small country, residential areas often

adjoin arterial roads. The residential buildings in these

areas are seriously affected by road traffic noise, and a

countermeasure to this noise must be found and imple-

mented as soon as possible. For this purpose, the Ministry

of Environment in Japan revised the ‘Environmental

Quality Standards for Noise’ [1] in 1999 and has been

enforcing it. The problem of environmental noise in areas

facing roads is evaluated by obtaining the numbers and the

rates of the buildings at which noise levels exceed the

environmental quality standards. The standards allow for

the estimation of noise levels, instead of requiring actual

measurements, in cases where taking the actual measure-

ments would be difficult. In order to estimate noise levels,

it is necessary to grasp the excess attenuation by the

buildings. However, it is very difficult to rigorously deal

with noise propagation in residential areas where more than

one complex-shaped building is located. Uesaka et al. [2]

introduced a method of estimating ‘average’ noise levels

behind buildings. It was adopted into the Acoustical

Society of Japan’s 1998 Prediction Model for Road Traffic

Noise (ASJ Model 1998) [3]. In addition to this, the

prediction of noise attenuation at ‘specific points’ and the

estimation of the distribution of noise levels in residential

areas are both significant and effective for evaluating actual

environments.

Considering the above information, the authors [4,5]

previously presented a method for predicting the excess

attenuation by detached houses in residential areas at

arbitrary points which have a height of 1.2m. In this paper,

an extended prediction formula is proposed in which the

height of the predicting points can be selected arbitrarily;

however, it must be lower than the height of the houses.

2. SCALE MODEL EXPERIMENT

2.1. Outline of the Experiment

A one-twentieth scale model of a residential area,

100m � 80m (original size), was set in a semi-anechoic

chamber, as shown in Fig. 1. The sound pressure level (Lp)

was measured at receiving points in the residential area as a

model vehicle ran along a straight road 100m in length.

The excess attenuation of the road traffic noise by the

detached houses was then calculated.

2.2. Model Houses

Each detached house was assumed to be a rectangular

parallelepiped, 8m � 8m or 8m � 16m according to the

ground plan and with a height of 4m, 7m, or 10m, and was

to be placed in the residential area at random. The model

houses were prepared in four patterns of arrangements, and

the ratios of the areas of the houses to the entire residential

area (hereafter referred to as the ‘covering percentages’)
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were 16.8%, 21.6%, 28.0%, and 34.4%, as shown in Fig. 2.

Here a symbol ‘T-xy’ shows a pattern of arrangements of

the model houses; x ¼ 1; 2, and 3 for which x is a number

showing the height of the houses (4, 7, and 10m

respectively) and y ¼ 1; 2; 3, and 4 is a number showing

the pattern number of house arrangement. The model

houses were made of polystyrene which was reflective of

the frequency range of the measurements.

2.3. Model Source and Receiving Points

Jet noise was used as the model sound source. The

frequencies of it covered a range of 200Hz to 1,600Hz

(original scale) for road traffic noise; and thus, it was

considered to be an omni-directional point source for those

frequencies. The height of the source was 0.5m from the

ground. The Lp was continuously measured while the

source was moved at a constant speed from R1 to R2, as

shown in Fig. 1. Assuming that the model source had a

spectrum of road traffic noise [6], the measured Lp at each

receiving point was converted into an A-weighted sound

pressure level (LpA) using a digital filter. The frequency

characteristics of the source and the compensation values

for the road traffic noise in the experiment are shown in

Fig. 3.

The number of receiving points was twelve, as shown

in Fig. 1. The perpendicular distances between the receiv-

ing points and the straight road (d) were 20m, 30m, 40m,

or 50m, while the height from the ground (hp) was 1.2m,

5.2m, or 8.2m. As mentioned above, the height of all the

receiving points here was lower than the height of the

houses.

2.4. Excess Attenuation

The sound exposure level (LAE) was calculated from

the unit pattern that was time-changed from the noise level

measured at the receiving point, while the source moved

from one end (R1) to the other (R2) along the straight road.

The excess attenuation by the houses (�LAE) was defined

by the subtraction of LAE1
from LAE0

, where LAE1
and LAE0

were the values of LAE measured under the conditions that

houses were placed and not placed, respectively. It should

be noted that the excess attenuation defined here has a

contrary meaning to the usual definition.

Fig. 1 Outline of the model experiment.

Fig. 2 Arrangements of model houses.

Fig. 3 Frequency characteristics of A-weighted road
traffic noise and jet noise.
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3. DERIVATION OF THE PREDICTION
FORMULA

3.1. Parameters for the Prediction

Since this study aims to find a simple method for

predicting the excess attenuation of road traffic noise by

detached houses, the following simple five parameters were

introduced. Two of the parameters are based on an

isosceles triangle with a vertex angle of 2�=3 (hereafter

referred to as a ‘base triangle’), the vertex of which is the

predicting point and the base side of which is the road, as

shown in Figs. 4 and 5. The first of the two parameters is

the summation of the angles determined by the roads that

are visible from the receiving point, as shown in Fig. 4

(hereafter referred to as ‘open angle’ �). � is 2�=3 when no

house is placed and zero when the road is not visible at all.

The second of the two parameters is the rate of the total

housing area in the base triangle to the base triangle area,

as shown in Fig. 5 (hereafter referred to as ‘house-occupied

rate’ �). These two parameters were introduced to under-

stand the influence of direct sound and the obstruction of

noise propagation by the houses in the path from the sound

source to the receiving points. The other three parameters

are the distances between the receiving points and the road

(d), the height of houses (H), and the height of the

receiving points (hp).

If a receiving point is higher than a house, a case which

is encountered when the road is visible over the house from

the receiving point, the above-defined � may be unable to

present an exact open angle. In this research, therefore, the

height of the receiving points is limited to being lower than

the height of the houses.

3.2. Relation between �LAE and � or �

Since excess attenuation is not affected so much by

houses when the road is visible [4,5], the relation between

�LAE and � was firstly examined when � was not zero. The

results are shown in Fig. 6, in which the dots are

experimental values and a solid line shows the regression

curve obtained by the least square method. This figure

shows only some results when H ¼ 10m and hp ¼ 1:2m

due to limitation of space. Careful observation of all the

results, however, shows that �LAE decreases as � decrea-

ses, and its relation depends on H, hp, and d. The relation

between �LAE and � was expressed with

a log10ð3�=2�ð1 � bÞ þ bÞ for each d, H, and hp, and the

regression coefficients were calculated by the least squares

method. Coefficients a and b were then expressed with

functions of d, H, and hp.

Next, the difference between �LAE and

a log10ð3�=2�ð1 � bÞ þ bÞ was expressed by �LAE;� and

the relation between �LAE;� and d, H, hp, and � were

examined. As a result, it was found that �LAE;� decreases

as � increases as shown in Fig. 7, and any other relations

were not distinctly found [4,5]. Hence, �LAE;� was firstly

expressed with the equation u�þ v, and then regression

coefficients u and v were calculated.

3.3. Empirical Formula

Thus, an empirical formula to predict excess attenua-

tion of road traffic noise by detached houses was obtained

as follows:

�LAE ¼
a log10

3�

2�
ð1 � bÞ þ b

� �
ð� 6¼ 0Þ

a log10 bþ u�þ v ð� ¼ 0Þ

8<
:

ð1Þ

where

a ¼ pþ q log10 d

p ¼ 2:03H � 2:63hp þ 4:64

q ¼ �1:10H þ 1:47hp � 1:21

b ¼ 10ðsdþtÞ=a

s ¼ �0:0023H � 0:009hp � 0:123

t ¼ �0:29H þ 0:94hp � 3:74

u ¼ �20:0

v ¼ 6:59

Fig. 4 Base triangle and open angle �.

Fig. 5 Base triangle and house-occupied rate �.
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�LAE: excess attenuation by detached houses (dB)

�: open angle (rad)

�: house-occupied rate (|)

d: distance between receiving point and road (m)

H: height of houses (m)

hp: height of receiving point (m).

Due to the experimental conditions, the formula is valid

only when d is within 50m of the road, � is less than 0.4, H

is within 10m, and hp is less than the height of the houses.

A comparison between the experimental and the predicted

values by Eq. (1) is shown in Fig. 8. The correlation

coefficient between them is 0.95, and the differences

between them are within �3 dB. This proves that the

prediction formula has sufficient accuracy.

3.4. Comparison with the Previous Prediction

Formula

Equation (1) was compared with the prediction formula

previously proposed by the authors in 2000 [4,5], and is

shown in Fig. 9. In the previous formula, the height of the

receiving points was limited to only 1.2m and the height of

the houses was not considered. Thus, on the whole, the

previous formula tended to yield intermediate values in

comparison to the calculated values using Eq. (1) in which

the height of the buildings is now considered as a

parameter. Although the influence of the experimental

errors is recognized when observing the data in Fig. 9

Fig. 6 Relation between �LAE and � (H ¼ 10m, hp ¼ 1:2m).

Fig. 7 Relation between �LAE;� and �.

Fig. 8 Comparison between experimental and predicted
values by Eq. (1).
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individually, the differences between the calculated values

by the previous formula and the values by Eq. (1) are

generally less than �3 dB. It can be concluded, therefore,

that Eq. (1) presents almost the same values as the previous

formula.

3.5. Properties of the Prediction Formula

Figure 10 demonstrates some examples of �LAE

calculated by the prediction formula. It is found that the

excess attenuation increases as hp increases and increases

as H decreases at specific receiving points.

4. EXAMINATION OF THE VALIDITY OF
THE PREDICTION FORMULA

4.1. Verification by Experiments

In order to verify the validity of the proposed formula,

two kinds of additional model experiments (A and B) were

performed.

In the first experiment (Experiment A), the experi-

mental conditions were set to be the same as those in the

experiment in Section 2 (‘the former experiment’) except

for hp. The arrangements of the houses in the former

experiment, namely, T-x1 and T-x3 (x ¼ 1; 2, and 3), were

employed as shown in Fig. 2. hp was 3.2m when H was

4m, 3.2m and 6.2m when H was 7m, and 3.2m, 6.2m,

and 9.2m when H was 10m. An example of the

comparison between the experimental and the predicted

values is shown in Fig. 11. Although the results for only

one receiving point among twelve points are shown in

Fig. 11 due to limitation of space, other results show a

similar tendency. The results show that the differences

between them are all within �3 dB. This verifies that the

proposed formula has sufficient accuracy even when hp is

varied.

Fig. 9 Comparison between the previous prediction formula and the new formula.

Fig. 10 Properties of the prediction formula.
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In the second experiment (Experiment B), hp and the

arrangements of the houses were changed. The newly

employed arrangements are shown in Fig. 12. The covering

percentages were 24.8% for T-x5 (x ¼ 1; 2, and 3) and

32.8% for T-x8 (x ¼ 1; 2, and 3), which were in the

coverage of the prediction formula. The hp was 1.2m and

3.2m when H was 4m, 1.2m, 3.2m, 5.2m, 6.2m, and

7.0m when H was 7m, and 1.2m, 3.2m, 5.2m, 6.2m,

8.2m, and 9.2m when H was 10m. An example of the

comparison between the experimental and the predicted

values is shown in Fig. 13. Although the results for only

one receiving point among twenty-four points (in two

patterns) are shown in Fig. 13 due to limitation of space,

other results show a similar tendency. As a result of the

examination, the differences between them were roughly

within �3 dB. This shows that sufficient accuracy was

maintained, although the level of accuracy was slightly

lower than that for Experiment A. It was also verified that

the formula has sufficient accuracy even when both hp and

the arrangements of the houses are varied.

4.2. The ASJ Model 1998

The prediction formula proposed here was compared

with the method for predicting the attenuation by buildings

shown in the ASJ Model 1998. The arrangements of the

houses shown in Fig. 2, namely, T-x1, T-x2, T-x3, and T-x4

(x ¼ 1; 2, and 3), were used for the comparison. The ASJ

Model 1998 was used to predict the ‘average’ value in the

evaluating area; and consequently, it represented the same

value when the distance from the road was constant. On the

other hand, the proposed formula predicted the attenuation

at specific points. For the comparison, the attenuation at

point intervals of 1m on seven lines (from 20m to 50m at

intervals of 5m) parallel to the road were calculated by Eq.

(1). Then, the arithmetic average value for each line was

compared with the value predicted by the ASJ Model 1998.

An example of the results is shown in Fig. 14. Compared

with the ASJ Model 1998, Eq. (1) represents slightly lower

values when the receiving points are off the road, but the

differences between them are small.

As mentioned above, the prediction formula provides

an individual value for each predicting point, while the ASJ

Model 1998 only provides an average value for the entire

target area. The degree of agreement between them

strongly depends on the arrangement of the houses.

Therefore, Fig. 14 implies that Eq. (1) yields, on the

whole, almost the same or lower values compared with the

method of the ASJ Model 1998.

4.3. Noise Measurements in Actual Residential Areas

Road traffic noise was measured in two actual

residential areas and was compared with the predicted

Fig. 11 Comparison between experimental and predicted values (Experiment A, d ¼ 20m).

Fig. 12 Arrangements of model houses (Experiment B).

Fig. 13 Comparison between experimental and predicted values (Experiment B, d ¼ 40m).
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values calculated by Eq. (1). The two areas (A and B) were

selected along roads with heavy traffic in Fukuoka City. An

outline of the areas is shown in Table 1, and the

arrangements of the houses in both areas are shown in

Fig. 15. The number of traffic lanes was four for area A and

two for area B, and the width of the roads was 20m for area

A and 10m for area B. Almost all of the houses located

there were two-story detached houses. The values for noise

level LAeq by the roadside were approximately 69 dB to

81 dB.

In order to obtain the excess attenuation by the houses,

LAeq,20s was measured simultaneously at points by the

roadside and in the residential areas. The number of

measuring points by the roadside was two for area A and

three for area B. The number of measuring points in the

residential areas was fifteen for area A (9: hp ¼ 1:2m and

6: hp ¼ 5:2m) and twelve for area B (9: hp ¼ 1:2m and

3: hp ¼ 5:2m). The distances from the measuring points to

the road were from 30m to 68m, � was from 0.0 to 1.24,

and � was from 0.13 to 0.31. Thus, the measuring points

fulfilled the conditions of the prediction formula.

Excess attenuation �LAE was calculated by the

following formula, namely, �LAE ¼ LAE;d � LAE;d0
þ

10 log10ðd=d0Þ, for which LAE;d was the measured value

in the residential area and LAE;d0
was the measured value by

the roadside, and d0 and d were the distances between the

measuring points by the roadside and in the residential

areas and the center of the road, respectively. Figure 16

shows a comparison between the measured and the

predicted values using Eq. (1). The differences between

them were within �5 dB when hp was 1.2m and within

�3 dB when hp was 5.2m. On the whole, they are in good

agreement. It can be guessed that the measured values

tended to be moderately lower than the predicted ones

when hp was 1.2m, because guardrails, walls, and/or

garden plants are not typically drawn on maps.

4.4. Comparison with the Survey Data by the Ministry
of Land, Infrastructure and Transport

Uesaka et al. [7] reported many data on the excess

attenuation of road traffic noise by houses which were

Table 1 Outline of the noise measurements in two actual areas.

Outline of roads

Areas Numbers Number Width of Noise level � (rad) � d (m) H (m) hp (m)
of points of lanes roads (m) at roadside

LAeq (dB)

A
9

4 20.0 68.7–80.7 0.0–1.24 0.13–0.30 30–68 5.9
1.2

6 5.2

B
9

2 10.0 70.0–78.7 0.0–0.40
0.24–0.31 34–49

9.5
1.2

3 0.27–0.31 36–45 5.2

Fig. 14 Comparison between the ASJ Model 1998 and
the prediction formula.

Fig. 15 Arrangements of houses in two actual areas.
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measured by local governments throughout the country

under the guidance of the Ministry of Land, Infrastructure

and Transport. The data were compared with the predicted

values by Eq. (1). Eight residential areas where detached

houses are located were randomly selected from thirty-

three areas published in this report.

The five parameters (�, �, d, H, and hp), which are

necessary for calculating Eq. (1), were read from the

attached map. Here, the � were between 0.0 and 0.35 and

the � were between 0.12 and 0.35; this fulfilled the

conditions of the prediction formula. In addition, the power

levels of the acoustic line source were adjusted so that the

predicted noise levels at the roadside gave the same values

as the measured ones.

Figure 17 presents two examples of a comparison in

which the black dots show the measured values at each

measuring point, the solid lines show the predicted values

by the ASJ Model 1998, and the white circles are the

predicted values by Eq. (1). In general, the predicted values

by Eq. (1) were slightly higher than the measured values, in

other words, the noise levels did not decrease, but the

spatially-averaged values at a distance from the road seem

to have approached the calculated values by the ASJ Model

1998. It can eventually be said that the prediction formula

moderately agrees with the ASJ Model 1998.

5. APPLICATION OF THE PREDICTION
FORMULA

In order to confirm the application of the prediction

formula, simulations of the noise level distribution in a

residential area were performed. The arrangement of the

houses in the former experiment, T-32 (H ¼ 10m), was

used for the simulation. Figure 18 shows some examples of

the noise distribution. In the ground plan, the height of the

receiving points is 1.2m. Here, noise level LpA at the point

with a distance d from the center of the road was calculated

by the equation LpA ¼ LWA � 8 � 10 log10 d þ�LAE þ
�Lg, where LWA showed the A-weighted sound power

level of the road traffic noise (dB/m) and �Lg was the

compensation for the effect by the ground surface. That is,

LpA showed the relative level by substituting 0 dB/m for

LWA and 3 dB for �Lg, as a semi-free sound field. Since Eq.

(1) can predict excess attenuation at arbitrary points which

are lower than the houses, the noise level distribution for

the fixed height as well as for the perpendicular direction

could be grasped.

Figure 19 presents an example of the noise distribution

when the houses were not randomly arranged. In this

simulation, the height of the houses was 7m and the height

of the receiving points was 1.2m. The equal LpA contour

lines calculated by the ASJ Model 1998 were parallel to the

road in the plane distribution chart. On the other hand, the

prediction formula provided a reasonable noise distribution

corresponding to the arranged houses, because it can

predict an individual value for each predicting point. In

particular, in the zone with a wide view of the road, a

remarkable difference was recognized between them.

6. CONCLUSION

A one-twentieth scale model experiment was per-

formed and a simple method for predicting the excess

attenuation of road traffic noise by detached houses was

proposed. This method can predict excess attenuation at

arbitrary points below the height of the houses. The validity

and the accuracy of the proposed formula were verified by

two additional experiments, a comparison with the ASJ

Model 1998, and noise measurements taken at actual

residential areas. It was shown that the proposed formula

can indeed provide a distribution of noise levels that

corresponds to the arranged houses. Since the five

parameters used in the formula, namely, the open angle

(�), the house-occupied rate (�), the distance between a

receiving point and the road (d), the height of the houses

Fig. 16 Comparison between measured and predicted
values in an actual area by Eq. (1).

Fig. 17 Comparison between measured and predicted
values by the Ministry of Land, Infrastructure and
Transport by Eq. (1).
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(H), and the height of a receiving point (hp), can easily be

determined at the beginning stages of the planning of

residential areas, the formula can be applied to the planning

of housing arrangements in residential areas by considering

the effect of road traffic noise.
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