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ABSTRACT

We investigate the equivalent noise levd at 3() sites where the noise barrier has been built in highways, and develop 

the new prediction model of it in order to provide the reasonable guideline of construction of the noise barrier. We 

find the several interesting facts of many sided measurement and analysis.

요 약

합리적인 방음벽 설치지침을 제농하기 위하여 卫속도로변에 방음벽이 설치되어 있는 30개 소를 대상으로 소음도를 

조사하고, 그것을 사전예 예측할 수 있는 모델을 개발하였다. 방음벽의 소음도틀 다각적으로 측정 , 분석한 결과로부터 

여러가지 홍미있는 사실들을 발견하였다.

I. INTRODUCTION

This study is for the reduction of the traffic 

noise among all noise pollution which is serious 

m damage.

We measure and analyze the amount of sound 

reduced by character of the traffic noise of the 

highway and the noise barrier for the 3() noise 

barriers m all highways over the country in order 

to provide the guideline of construction of the noise 

barrier especially. We compare the noise level from 

the prediction model with that from the measur

ement. We make the prediction diagrams of the 

diffraction attenuation by the height of the barrier 

and the field insertion ioss by the ratio of the 

angle subtented by lines of sight from the observer 

to the ends of the roadway to that subtented by 

lines of sight from the observer to the ends of 

the barrier. We provide the materials for use when 

the noise barrier is designed.

II. MEASUREMENT OF THE EFFECT OF NOISE 

BARRIER AND VERIFICATION OF IT
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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 m Fig. 1 is installed 

m the study site location (with the noise barrier) 

and the microphone #2 in the reference location 

(without 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 simultaneously.

(d) The reference measurement location sh。니Id 

have as great 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

韓國苫警學會丄1()巻1號(1陽1)

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 0), the 

angle subtended by lines of sight from the observer 

to the ends of the barrier (如)and the angles 

exposed at the study site location甲A 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 (1 2,

The equivalent noise level, Leq is

Leq=L&T+z\W+M+△。一3, dB(A) (1)

where L is the base noise level.

L=-7+io log & + 22 log V, (2)

△T is the noise increment of the heavy vehicle,
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△W is the road width correction,

.二R is the distance <：idjustmeiiL.

一瑚 is the correcnon “ ； ! tie■ vicjw angle.

△D is the diffraction attenuation, and

V is the vehicle speed.

According to the grade of roadway, G the grade 

factor, F is

F=1 if G 冬2%,

F=1.4 if 2VGW6%, (3)

F=2 if G〉6%.

△T as a function of the vehicle speed, V is

△T=10 log {1 —(F , t)+9.82〉〈(F • t) (V/10

5)3 4 for V冬 56km/'nr,

△T=10 log {1-(F - t)+337x(F - t) (V / 1()

5尸 2} for V>56km / hr, (4)

where t is the percentage of the heavy vehicles.

△W is

△W = [L31 — 8U+log (O/R)：J / 3.54

for O / R W0.6,

△W=(0.51xO/R — 0n)(I/O)2-：5.17 (O/R)

-1.37}° 5 for O/R>0.6. (5)

where I denotes the distance between centerlines 

of inner lanes, 0 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 이ovation of noise source is

H is the elevation of the reception point, and e 

is the angle between the road surface and the top 

of the elevation of measurement at the center of 

the noise source, aR is

△R= —13.3 log(R/15)-(R-15)/150 for

△R= —10 log (R/15)-(R-15)/150 for 0W1O”.

(6)
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The correction to the view angle, is

“展-顼丿 log 0 . 18(J / 3 ,

The diffraction attenuation which depends on the 

path length difference, d、is

△D=—k)g(—d、)for —().2Wd、〈0,

△D=3 for d=().
△D=15.5+l() logj/1.2 耳 / 2 - tanh (1。/*)} 

for 03W0.2,

△D= 12+20 1。色"'3启 /2 • tanh }

for O20W2,

△D=14+12 log U/ 0.5泌 / tanh v/1.2^ } 

for 2<〈心4,

△D=22 (dB(A)) for ^,>14. (8)

B. The Prediction of the Fi이d Insertion Loss(IL) 

of the Noise Barrier ⑶

Suppose Leq is the noise level for the constru

cted noise barrier, the effect of the noise barrier, 

IL is expressed by Leq —Leq.

(1) The Noise Level at the Location with the 

Noise Barrier (Shielded Location, Study Site Loc

ation ), Le아 1

Leqi is determined by the way similar to the 

eqn(l) as follows

Substitute 血 into eqn(7) instead of e and 

becomes △o', Substitute d which depends on the 

height of the barrier into eqn (8) instead of(夕 

which depends on the shoulder of the roadway 

and D Wxxnes

△Dt= —10 log(1() ，io+ 10"tl /' id (9)

Therefore,

Leqi=L+z\T-X、W+^R — A。"一(10)

(2) The Noise Level at the Location without 
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ibt、Noist1 Barner (Unshielded Location, Reference 

Location), L,eq;?

Substitut('们+气 Hilo eqn(7) instead of g and 景 

become 匕、w".

Le(h=L + z、T+z\WTYsR+△广—△!> (11)

Hence, the equivalent noise level after construction 

of the noise barrier, I.Jeq is

［皇q=1() log(1 Olw,. io+lOl四］(>). (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 Barrie^21

The prediction technique of the effects of 
the noise barrier which uses the calculation 
techuique 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, LeqAR C with the measured noise 

level, LeqAR. If the two values agree within ±1 

dB(A).

£>„ |LeqARC-LeqARlildB(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.

(3) Compare the calculated noise level at the study 

site location, LeqAs c with the measured noise level. 

LeqAs.
If the two values agree within ±2.5dB(A).

i. c., \LeqAs c — LeqAsl2.5dB(A) (15)

it can be assumed that the site has been correctly 

modeled.

(4) Calculate the noise level at the study site 

location, LeqBs-c as if the barrier has not been 

built.

(5) Compute the IL.

IL—LeqBs-c — LeqAs. (16)

(6) If the measured and calculated vahies do 
not meet the tolerance requirements in eqns 
(14) and (15) locate the source of the discr

epancies .
If the error still persists compute the IL as 

follows.

IL=LeqBs'c-(LeqAR-c-LeqAR)-LeqAs (17)

KI. 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 1. The equivalent noise level 거t the reference loca
tion.
Distance (m) Leq (5 min), dB(A)

1 79.0 〜84.8
20 57.8 〜83.4
40 53.7-69.7
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1 his results are different acconlmg io the road 

structure； tb；c traffic thu hieight of tlic i或 
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comparison is not easy. The results which analyz 

e the noise variation for each condition are as 

follows.

(1) Traffic Data and Noise Level

If the vehicle flow is over 120 vehicles / 5 mm 

and the percentage of heavy v산uele is over 15%, 

the equivalent noise level, Le이 exceeds 80 dB(A) 

at the shoulder and shows the distance atten너ation 

of the line sound source.

(2) Road Structure 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 is that the engine noise due to acceleration 

affects the noise level significantly.

When the elevated and the depressed road are 

compared with the level road, the closer the ele

vated road is to the sho니Ider and the farther the 

depressed road is from it, the more significant is 

the distance attenuation. It is resonable that this 

is that the diffration attenuation due to the sho

ulder edge of the depressed road is 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 recognized that this is due 

to the environmental condition b시】md !h(： noist.；

Table 2. The equivalent noise level at the study site loc 
ation as a function of distance

Distance (m) Leq (dB(A))
1 55.4 〜66.2

10 55.5-64.2
20 52.0-62.9
40 52.0 〜61.9

and t he yicw singles. The tleld t ransmissioi:

"：湾'足 the trfiffic noise range? frorri 18.2 U

：‘ ！.，dH■: A ■

3.2 Relation between the Meas니red and Calcu 

lated Noise Level

A. The Reference Location

(1) Correlationship

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 is ().972, which is called the 

correlation coefficient R. Therefore it shows a good 

correlation. The two values also agree within ±2 

dB(A).

(2) Distance Attenuation 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 

heights road surface height 十 0.5m). The results 

are based on the following conditions of the 

straight road:

Road gradient=0%

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=4.

I 2 3 4 5 7 1 0 15 20 30 5 0 70 100 150 200
Hnriwwtat distaice frn・ show Ider (B). ■

Fig. 2. Distance attenuation for the horizontal distance and 
reception height.
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When the reception height H is 0m which means 

that the height of reception is equal to that of 

sound and the road is level m 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- 

ruiatioiL For example the distance attenuation of 

the horizontal distance from the shoulder, D=20 

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

66.00

63.00

60.00

57.00

54.00

51.00

48.00 .
48.00 51.00 54.00 57.00 60.00 63.00 66.00

Measured noise level, r!B(A)
Fig. 3. Correlationship between the calculated and the 

measured noise level. 

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 conectly modeled.

3.3 The Effects of the IL by Other Factors ⑷

A. The Variation of the IL for the Structure of

Road

Fig. 4 shows the variation of the IL for the

A : Wvd road

B： titrated road (4m -height) 

C : dtprMMd road (4m-depih)

IL by ro«d condiiion 

barrier's IL

.s
s  으

 
든

-

」8읃
1

20 40 60
Distance frnm the shnuJder,m

1(a)

0
IL by road conrftiion B : *kvai«d road《8■시«허ghn 

barrier'i IL C : deprewd road depth)

(
-
-
.
%
-
u-ws

--

20-

A

20 40 60
Distance from the shoulder,m

(b)
Fig. 4. Variation of IL for 나height of the barrier=4.5 

m.
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F'ig. 4 a shows the IL for the horizontal distance 

and the natural loss of noise by the shoulder, 

whf're A denotes the level road, B denotes the 

elevated 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 is 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 IL 

of the only barrier for the depressed road is within 

25%, so that the effec ts of the construction of 

the noise barrier is not significant.

Fig. 4-b also shows the variation of the IL for 

the same condition as Eig. 4-a except for the 

height and the depth of 8 in rcspectiviely instead 

of those of 4 m. The feature mentioned in Fig. 

4-a is more distinct in Fig. 1 -b. The higher is the 

elevated road and the deeper is the depressed road, 

the more the value of the IL deerseases.Because 

the 마io니ider of the elevated road and the top edge 

of the depressed road take a part of the noise 

barrier. Even tho니gh the IL of the only noise 

barrier decreases, the natural loss by the road 

나ructure is added, so that the total IL increases 

compared with that m Fig. 4-a. Therefore it is 

necessary that the height of tlie nuisc bam&i not 

lxj extended but its length t* extended in 

to improve its effects for the elevated and the 

depressed roaci. This feature is distinct compared 

with Fig. 5.
Fig. 5 has the same condition as Fig. 4 except 

that the elevation of the barrier is 2.25 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.

20 40 60
Distance from the shoulder.m

s
s
-

U
u
-
E
으

-

(a)

Distance from the shoulder,m
(bi

Fig. 5. Vciri^ition of IL for the height of the barier=2.25 
m.

4.

B. The variation 하 the !l. for the Size of the 

Noise Barrier

Fig. 6 shows the variation of the IL for the 

diffraction attenuation,- zaD and the ratio of QB 

to 0. It is assumed that the trasmission loss of the 

barrier is 3() clB(A). The more the ratio of 伽 to 

0 increases, i. c., the longer is the barrier, the more 

the IL increases. For instance, should be over 

0.022 and the value of oR / e should be over 0.7
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0. 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
/ B 

Fig. 6. Variation of II, for 9^/9 and △【).

to get the value of the IL=5 dB. That the value 

of 9q/ e is 1 means that the length of the barrier 

is infinite. This is not realistic. Therfore reduce 

the value of 如 / 0, choose somewhat large value 

of zsD and plot the variation of the IL. It is 

necessary to choose the economical size of the 

barrier in consideration of the area of the barrier 

corresponding to those values 9b / 9,》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 4.5 m. R-D in 

Fig. 7 denotes the Horizontal 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 나］e 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

Distance from 
barrier center, m

harrierr
center

m 
CM

9

o

E
 
--

•-뜨

(a)

元

Insertion Loss, dR(A)

(b)

Fig. 7. Distribution of IL.

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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i.hat.  t.he- hi'ixiii of die ruception agrees with 

ihu iMi」.-jUi iciCC. If liic h<nght ui tile rcce|)t.ioii 

pHjini 「：、rnghcr ⑴ iov/f-i ! nun Nt rua(.l surface the- 

II., decreases. The farther the horizontal distance 

is from the barrier, the more the IL also decreases. 

This is that if the reception height is below zero 

the diffraction attenuation by the shoulder is 

produced. The pure IL for this case is the value 

subtracting the diffraction attenuation from the 

IL of the barrier of the level road where the 

reception height is zero. If the reception height 

is over zero the path length differennee, d、decre

ases. Hence the diffraction ^ittenuation by the noise 

barrier decreases and the IL decreases in the end. 

It is necessary that the heigth and the length of 

the noise barrier be decided m consideration of the 

road structure (for example the level, the depressed 

and the elevated road) of the site having the 

facilities to be shielded. When the noise barrier 

is proposed to be built it is necessary to investigate 

the character ol 나le road and traffic, and the 

factor of design of the barrier by the predicted 

IL and consider a counterpian for it.

IV- 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 follo

wing facts,

When 나18 traffic flow is over 120 vehicles / 5 

rniri and the percentage ut heav\' vehicle^ is()ver 

15% the noise level shows the distance attenuation 

of a line source of sound. It shows that of a simple 

soiree of sound for elsewhere.

The field transmission loss of the noise barrier 

ranges from 18.2 to 24.2 dB(A) and the IL of 

d ranges from ().2 Lu 16.2 dB(A).

I'hc coefficient of coirekitjunship tetween rhe 

-..fici.ii.-i!cd !'ne<iSiji<：d vahit for the field ins 

ertion loss is D 942

The level road has the best effects of the noise 

biirncr among the 3 kinds of roads and the next 

is the elevated road.

The effects of the barrier for the depressed road 

is below Hence, it is necessary to extend 

the length rather than the height of the noise 

barrier when st is 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 is plotted 

as a iunctson of the path length difference, c8 by 

the height of the barrier and the ratio of the view 

angle. / 9 by the length of it.
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