The Noise of Highway and Counterplan for Reduction of it
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ABSTRACT

We investigate the equivalent nosc leved at 30 sies where the nowe barmer has been built in highways, and develop

the new prediction model of 1wt w arder to prevle the easonable gukdeline of construction of the nowse barncr, We

{ind the several interestig facts ol many sided meastieament and daoalysis,
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1. INTRODUCTION

This study is for the reduction of the trattic
nuise among all nose pollution whsch s serus
m darmage,

We measure and analyze the amount of sound
reduced by character of the traffic noise of the
highway and the noise barrier for the 30 noise
barriers in all highways over the country in order
1o provide the guidelne of constriuction of the nose
harrier especially. We compare the noise level from

the prediction model with that trom the measur-

ement, We make the predicthion diagrams of the
dif fraction atienwation by the height of the barrier
and tre Leld inserfwn foss by the ratio of the
sngle subtented by hnes of sight from the obsereer
to the ends of the roadwayv to that subtented by
lines of sight from the observer to the cnds of
the barrier. We provide the rnaterials for use when

the notse barrier 18 designed,

1. MEASUREMENT OF THE EFFECT OF NOISE
BARRIER AND VERIFICATION OF [T
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2.1 The Method and Contents of Measurement

A. The Method of Measurement

{1) Measurement Position

The measuement position is shown in Fig. 1.

The microphone #1 shown i Fig. 1 is installed
in the study site location {with the noise barrier)
and the microphone #2 in the reference location
{(withoul the noise barrier}). The method of me-
asurement is as follows,

{a} The microphone-to-roadway distance for
each location must be identical.

{b) The topography at each site should be sim-
ilar,

{c) The measurements are made at both loca:
tions simuitaneously,

(d) The reference measurement location should
have as greal an angle of view of the highway
as possible. An angle of at least 160 degrees is
recommended.

(2} The Period and Number of Times of
Measurement

The measurement period is 128 seconds and the

number of times of the measurement is 2.

B. The Contents of Measurement

{1} Speed and Flow of Vehicle

In order to grasp the variation of the noise level
for the vehicle speed, traffic flow and percentage
of heavy vehicles we measure the noise level, the
vehicle speed and the traffic flow.

(.2} Roadway Structure and Kind of Road
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Surface

In order to know the variation of the noise level
by the roadway structure, the kind of road surface
and the driving pattern we survey the number
of lanes, geometry of the roadway, the roadway
grade (G, %), and the sort of road surface, We
measure the angle subtended by lines of sight from
the observer to the ends of the roadway (g). the
angle subtended by lines of sight from the observer
to the ends of the barrier (ga) and the angles
exposed at the study site location(g, @) to get
the correction of the view angle,

\3) Noise Barrier

For calculating the field insertion loss (IL) of
the noise barrier we survey the length and height
of the noise barrier and the topography at the

measurement loaction in order to verify the follo-

wing equation of prediction,

2.2 The Prediction Technique of the Effects of
the Noise Barrier

A. Prediction of the Traffic Niose Level of
Hihgway ¢ #

The eguivalent noise level, Leq is

Leq=L+aAT+aW+AR+4a9—-4D, dB(A) (1)

where L is the base noise level,

L=—7+10log ¢ + 22 log V. (2)

AT is the noise increment of the heavy vehicle,

- — -

sver 160°

Microphone #1

Microphone #2

Fig. 1. The measurement position of the study site and the reference location.
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AW os the road width correction,

SR i the distance adjostiend,

CWf U e correction e the view gl
aD s the diffraction attenuation, and

V 15 the vehicle speed.

According to the grade of roadway. & the grade

factor, F is

F=1 if G=2%,
F=14 if 2<G=%6%. (3
F=2 if G>6%.

AT as a function of the vehicle speed, V is
aT=10 log {1—(F - )+982%(F - t) (V/ 16
5% % for V=56km / hr,

AT=10 log 11— (F - t)+33.7xX(F - t) tV/10
57" % for V>56km / hr, {4

where t is the perceniage of the heavy vehicles.

AW s
AW={131—8{1+log (O /R /354
for O/R =06,
AW=(051X0/R~011) (1" O¥F=1517 (O “R)
—1.37)" * for O/ RY0.6. (5)

where 1 denotes the distance between centerlines
of inner lanes, O denotes the distance between
centerlines of outer lanes, and R denotes the dis-
tance between the measurement point and the
centerline of the near traffic lane,

Suppose the elevation of noise source s (0.5m,
H is the elevation of the reception pont, and ¢
is the angle between the road surface and the top
of the elevation of measurement at the center of

the noise source, &R is

AR=—133 log{R /15)—(R=15) /150 for 10",
AR=—10 log (R/15)—(R—15/ 150 for §210".
{(6)

6.3

I'he correcuion to the view angle, Hg 15
a1 W0 @ [BUE (!

The diffraction attenuation which depends on the

path length difference, ¢ is

aD=—log(—d) for —(1L.2=40,

AD=3 for 6=,

AD=155410 logf,"12 ¢ /2-tanh (10,79 )}
for 0602,

AD=12420 logl. 28 /2 - tanh /1278 |

for 0.2(8=2,

AD=14+12 log i, 0576 /tanh ,/1.276 )

for 2¢ =14,

aD=22 (dB(A)) for 6314, (8)

8. The Prediction of the Field Insertion Loss{IL)
of the Noise Barrier

Suppose Leq is the noise level for the constru-
cted noise barrier, the effect of the noise barrier,
1L 15 expressed by Leq—Leq.

(1) The Noise Level at the Location with the
Noise Barricr (Shielded Location, Study Site Loc-
ation), Leq,

Leq, is determined by the way similar to the
eqni{l) as follows
Substitute ge inte eqn(7) instead of g and &g
becomes 2g”, Substitute ¢ which depends on the
height of the barrier into eqn(8) instead of ¢
which depends on the shoulder of the roadway

and D becomes AD

AD=—10 log{10 A w4+ 1071 710 (9}
Therefore,

Leqy=L+AaT+aW+aR—o0g"—AD,. (10)

(2) The Noise Level at the Location without



.1
ihe Nowse Barper {Unshielded Location | Reference
Location i, Le.
Suhstitite w4y, tnto eqni) mstead of g and og

become g,
Leqp=L4+aT+aW+AR+a¢"—aD. (1n

Hence, the equivalent noise level after construction

of the noise barrier, Leq is
Leq=10 log{10t.. 1t 100w - ). {(12)

{3) The Field Insertion Loss of the Noise
Barrier
The effect of the noise barrier, IL is

IL=Leq—Leq.” (13)

2.3 The Verification of the Effects of the
Noise Batrier?

The prediction technique of the effects of
the noise barrier which uses the calculation
techuigque of the field insertion loss recomme-
nded by Federal-Aid Highway Act{(FHWA)
is described briefly,

{1) First compute the calculated noise level from
the predication model at the reference location and
at the study site location.

{2) Compare the calculated noise level at the
reference location, LeqsR with the measured noise
level, LeqsR. If the two values agree within 1
dB(AY.

i e.. ILeqa® ©—Leqafl=1dB(A) (14)

it can be assumed that the emission data in
FHWA prediction model correctly represents
the traffic for this site and that the site aro-
und the reference location has been correctly
modeled.

ORI - N (U I AR 21 )
13 Compare the calculated nose level at the study
site location, Leqa® ¢ with the measured noise level,
Leqa’.
{f the two values agree within £2.5dB(A),

i o Leqa® C—leqpai=20dBIA) {15)

it can be assumed that the site has been correctly
modeled.

(4) Calculate the noise level at the study site
location, Leqes< as if the barrier has not been
built.

(5) Compute the iL.

IL=Leqgs S ~Leqas. (16}

(6) If the measured and calculated values do
not meet the tolerance requirements in egns
(14) and (15) locate the source of the discr-
epancies .

If the error still persists compute the IL as
follows,

IL=Leqs®“—(Leqa® ¢ —Leqa®) —Leqs® (17)

[. RESULTS and DISCUSSION

3.1 The Noise Status

A. The Reference Location

The equivalent noise level which depends on
the road structure and the traffic data, Leq is

shown in Table 1.

Table ). The equivalent noise level at the reference loca-

tion,

Distance (m) | Leq (5 min), dB(A)
i 79.0~848
20 57.8~83.4

40 53.7~69.7




Ping resules are different according 1o the toad
structore, fhe traffie Jaba the Rl of e o
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comparison is not easy. The results which analyz
¢ the noise variation for each condition are as
follows,

{1t Traffic Data and Nose Level

If the vehicle flow is over 120 vehicles /5 min
and the percentage of heavy vehicle is over 15%,
the equivalent noise level, Leq exceeds 30 dB(A)
at the shoulder and shows the distance attenuation
of the line sound source,

(2) Road Structurc and Noise Level

The noise level of the concrete road is higher
by 1 dB(A) than that of the asphalt road. The
more the gradient of road increases, the more
distinct is the noise level at the band above 1 kH
z, This 1s that the engine noise due to acceleration
affects the noise level significantly.

When the elevated and the depressed road are
compared with the level rcad, the closer the ele-
vated road is to the shoulder and the farther the
depressed road is from it, the more significant is
the distance attenuation. I{ is resonable that this
is that the diffration attenuation due to the sho-
ulder edge of the depressed road i1s added.

B. The Study Site Location

The equivalent noise level as a function of
distance behind the center of the noise barrier is
shown in Table 2. It is recogmzed that this is due

to the environmental condition behind e noise

Table 22 The equivalent noise level at the study site loc-
ation as a function of distance

Distance (m) Leq (dB{A})
] 55.4~66.2
10 55.5~64.2
20 20~629 |
40 52. iiﬂvhlf)

35}
basnier and 1he view angles, The Deld transmssior
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3.2 Relation between the Measured and Calcu
lated Noise Level
A. The Reference Location
(1} Correlationshup
The correlation between the measured and the
calculated noise level at the distance of 10 to 90
m from the highway edge and at the reception
height of 7 to 12 m 1s 0.972, which is called the
correlation coefficient R. Therefore it shows a good
correlation, The two values also agree within 2
dBlA).
{2) Distance Alteouation for the Reception
Height
Fig, 2 shows the predicted distance attenation
for the reception height and the horizontal dis-
tance from the shoulder based on the sound
hewht{ road surface height + .5m). The results
are based on the following conditions of the
straight road:
Road gradient=(%
Total traffic flow=200 vehicles /5 min
Heavy vehicle flow =30 vehicles /5 min
Mean speed of traffic =100 km / hr,
Number of road lane=4g,
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Fig. 2. Distance attenuation for the horizontal distance and
reception hemght,
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When the reception height H is (}y which means
that the height of reception is equal to that of
sound and the road is level in Fig.2, the lower is
the reception height{; ¢.. the higher is the elevated
road} and the closer the reception point is to the
shoulder, the more significant is the distance atte-
nuation, For example the distance attenuation of
the horizontal distance from the shoulder, D=2(
m and the reception height, H=—10m is lower
by about 9 dB{A) than that of H=0 m and D=
20 m, and it is lower by about 5 dB{A) than that
of H=0 m and D=50 m. This is that the diffr-
action attenuation by the shoulder of the elevated
road is added. When the noise barrier is built over
the shoulder, the IL of it is the value subtracting
the IL by the shoulder from the total IL. This
feature is similar to that of the depressed road.
Therefore it is necessary to extend the length
rather than the height of the noise barrier to
reduce the noise level for the elevated and the
depressed road.

B. The Study Site Location

Fig, 3 shows the correlationship between the
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calculated and the measured noise level at the
hori-zontal distance farther than 10 m from the
noise barrier, The coefficient of correlation, R is
0.942, which shows a good correlation. The two
values agree within 2%. Therefore, it can be
assumed that the prediction model is reasonable
and the site has been correctly modeled.

3.3 The Effects of the IL by Other Factors

A. The Variation of the IL for the Structure of
Road

Fig. 4 shows the variation of the IL for the

Al Yevel rond
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Fig. 4. Varation of TL for the height of the harrier=45
m.
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Fig. 4-a shows the [ for the horizontal distance
and he natural loss of nowse by the shouider,
where A denotes the level road, R denotes the
clevated road with the height of 4 m and C
denotes the depressed road with the depth of 4
m. It is assumed that the transmission loss is 35
dB(A). While the IL of the only barrier for the
level road 1s about 15 dB{A) irrespective of the
distance, the closer the elevated road is to the
barrier and the farther the depressed road is from
it, the more the IL decreases. Especially the (L
of the only barrier for the depressed road is within
25%,. so that the effec ts of the construction of
the noise barrier s not significant.

Fig. 4-b also shows the variation of the IL. for
the same condition as Fig, 4-a except for the
height and the depth of § m respectiviely mstead
ot those of 4 m. The featurc mentioned i Fig.
4-a is more distinct in Fig. i-b, The higher iz the
elevated road and the deeper 15 the depressed road,
the more the value of the L decrseases Because
the shoulder of the elevated road and the top cdge
of the depressed road lake a part of the noise
barricr. Even though the IL of the only noise
barrier decreases, the natural loss by the road
structure is added, so that the total IL increases
compared with that in Fig. 4-a. Thercfore it i1s
aecessary that the height of the nomse bainer wiot
Ie extended but s jength be extended e order
to improve its effects for the elevated and the
depressed road., This feature is distinct compared
with Fig. 5.

Fig. 5 has the same condition as Fig, 4 except
that the elevation of the barrier 1s 225 m. The
IL for the level road decreases significantly and
that for the elevated and the depressed road does

not change too much compared with that of Fig,
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Fig. 5. Variation of IL for the height of the barier=325
.

8. The vanation of the U for the Size of the
Noise Barrier

Fig. ¢ shows the variation of the IL for the
diffraction attenuation,- &D and the ratio of Qg
1o 9. I is assumed that the trasmission loss of the
barrier is 30 JBtA}. The more the ratio of gg to
2 Increases, 1. .. the longer is the barrier. the more
E‘lc‘ IL increases, For instance, ¢ should be over

0.022 and the value of g/ ¢ should be over (0.7
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to get the value of the IL=5 dB. That the value
of 95 /4 18 1 means that the length of the bairier
is mfinite. This 1 not realistic, Therfore reduce
the value of gg/ 4. choose somewhat large value
of AD and plot the variation of the IL. 1t is
necessary to choose the economical size of the
barrier in consideration of the area of the barrer
correspondmg to those values gg /¢, ¢ and IL, and

the cost of the foundation work.

C. The Distribution of the Noise at the Study
Site Location

Fig. 7 shows the distribution of the IL for the
horizontal distance and the vertical height when
the road is infinitely straight, the length of the
barrier is 200 m and its height is 45 m. R-D in
Fig. 7 denotes the norizontal distance from the
noise barrier.

Fig. 7-a shows the distribution of IL for the
horizontal distance from the barrier and the dist-
ance from the center of the barrier along it. The
closer the location is to the center of the barrier
and to the barrier for the horizontal distance, the
larger is the IL. The farther the location is from
the center of the barrier along it and from the

barrier for the horizontal distance, the smaller is
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Fig. 7. Distribution of 1L,

the IL. For instance, the IL at the point of 50
m along it and of 10 m from the barrier for the
horizontal distance is 10 dB(A),

Fig. 7-b shows the distribution of the IL for
the vertical elevation from the surface of road,

We can see the maximum at the height of 0 m
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that the heiglhit of the reception pomt agrees with
Wie dedia sailace 10 o sl o the recepliob
TRAl g tnEcl o ew ine Deotoad surface tin
[i. decreases. The farther the horizontal distance
15 trom the bartier, the more the IL also decreases,
This i= that if the reception height 1z helow zero
the diffraction attenwauon by the shoulder s
produced. The pure IL {or this case 1s the value
subtracting the diffraction attenuation lrom the
[L of the barrier of the level road where the
reception height s zero, [f the reception height
is vver zero the path length differennce, ¢ decre-
ases, Hence the diffraction attenuation by the noise
barrier decreases and the 1 decreases in the end.
It s necessary that the heigth and the length of
the noise barrier be decided m consideration of the
road structure ({or example the level, the depressed
and the eclevated road) of the site having the
facilities to be shiclded, When the noise barrier
1s proposed to be built it is necessary to Investigate
the character of the road and traffic, and the
factor of designe of the barmer by the predicted

IL and consider a counterplan for it,

V. CONCLUSION

We investigate the equivalent noise level at 30
sites where the noise barrier has been built, develop
the new predition model of it and find the {ollo-
wing facts.

When the traffic flow 15 over 120 vehicles, D
mun and the percentage ot hoavy cehicles s over
15% the noise level shows the distance attenuation
of a line source of sound. It shows (hat of a simple
source of sound for elsewhere,

The field transmussion loss of the noise barner

ranges from 182 to 242 dB(A) and the 1L of

a5
i tanges from (.2 w 16z dBiA).

The wecfficient of correlationsing  between the

tui the ficid ins

abciiren aried inednonod
ertion loss i« NHY7

The level road has the best effects of the noise
tarrier amoug the 3 Rinds of roads and the next
iz the elevated road,

The effects of the barrier for the depressed road
is below 207, Hence. it 15 necessary to extend
the length rather than the height of the noise
barner when it s designed for the depressed and
the elevated road.

The horizontal distribution of the IL at the site
behind the noise barrier has the feature of a sine
function. The higher is the reception height or the
lower is it, the more the vertical distribution of
it decreases.

The effects of the noise barrier ranges from 5
to 10 dB(A) and the diagram of the IL 1s plotted
as a lunction of the path length difference, 6 by
the height of the barrier and the ratio of the view

angle, gg © 9 by the length of it
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