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The  authors  proposed  a  propagation  model  for ground  efTect of  vehicle  noise.  Since it
was  given by  a  simple  formula and  related  charts,  rough  estimation  of  vehicle  noise

level at  a  read  side  could  be made  without  any  precise computation,  In this paper,  the

model  is revised  for wide  application  to a  prediction procedure  of  road  trafiic noise.
Numerical  expressions  are  given to the model  by introducing a  new  additional  paramer
ter. The  paraineter, which  is simply  determined frem the  heights of  a  source  and  a

receiver, is found to play an  important role  in .the propagation model  to determine the
property  of  yehicle  noise  over  absorptive  ground. The  revised  expressions  are  applied
to outdo6r  sound  propagation on  lawn field for A-weighted yehicle  noise.  Good  agree-

ments  are obtained  between calculated  and  experimental  results.  Calculation rules  are
empirically  specified  to apply  our  model  to a prediction procedure of  road  traMc  noise,
The  validity  of  the procedure  is checked  by  the  results  of  scale  rnodel  experiments  for
typical road  structures.
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           1. INTRODUCTION

  In prediction of  road  trathc noise  at a road  side,

ground  absorption  is one  of  the most  important
factors that affect  sound  propagation from a  high-
way  to  a  neighboring  site. The  authors  have pro-
posed a  modeli)  for estimating  excess  ground  attenu-

ation  for vehicle  noise. The  model  was  derived by
a computer  simulation  based on  theoretical con-

siderationt,S}  for sound  propagation with  a  repre-

sentative  spectrum  of  vehicle  noise.i}  A  mean

propagation  height was  introduced as  a parameter
to the development of  graphical  charts  fbr conve-

nient  treatment  in the prediction procedure. How-
ever, there were  still diMculties to get a  value  from
the graphs. It was  often  time-consuming  and

troublesome, because the charts  were  given by curves

of  complicated  shapes.

  In this paper,･ a new  parameter Z  is introduced in
setting up  their numerical  expressions.  The pa-
rameter  is expressed  in terms of  the  heights of  a

source  and  a receiyer,  and  it plaYs a  reasonable  role

to determine the property of  sound  propagation over

ground.

  The  validity  of  the expressions  is checked  by ap-

plying them  to experimental  results  of  outdoor

sound  propagation over  lawn. Comparison is
made  between calculated  and  experimental  values

for broad  band sound  propagation of  a  representa-

tive A-weighted vehicle  noise.  Next, calculation

rules  are  specMed  in order  to apply  the model  to an
actual  prediction procedure for highway noise.

Scale model  experiments  are  carried  out  for vehicle
noise  propagation over  absorptive  ground, by setting

up  several  standard  types  of  highway  structures.

The  experimental  results  are  compared  with  the
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values  calculated  from the proposed  prediction
procedure.

      2. NUMERICALEXPRESSION
        OF  GROUND  EFFECT  FOR

             VEHICLE  NOISE

2.1 BasicFormula'
  Basic formula for the excess  attenuation  of  ve-

hicle noise  in A-weighted sound  pressure level is

given by the fbllowing fbrmulai):

   E"t :[:33+Kiogio(r/r.)  Ig; :;::] (i)

where  M  denotes the  excess  attenuation  due to

ground and  r is the distance between a  source  and  a

receiver.  K  is a  coeMcient  and  r.  is a  specific

minimum  distance from  which  excess  attenuation

starts to  increase. Equation  (1) indicates that the

excess  attenuation  is a  constant  vglue  Qf -3dB  up

te a  specified  distance of  r. and  then starts  to in-

crease  with  K  dB  per ten times of  distance. The

values  of  r. and  K  are given by graphical charts.

2.2 Introduction of  
"Z"

 and  Numerical Expres-

    sion  of  
"r."

  The  specific  distance r. is an  important factor to
determine the  onset  of  the increase in excess  attenua-

tion. The  distance r. has been expressed  in terms  of

the smaller  value  of  either  the  source  or  the receiver

height, and  is given by several  curves  corresponding

to the mean  propagation height which  is denoted

by HL  and  given by H.==(H,+H.)12,  where  H,  and

"  are  the source  and  receiver  heights, respectively.

An  example  of  the chart  is shown  in Fig. 1, where

the effective  flow resistivity  of  the ground  is 3oo kPa ･

s/m2.  The  symbols  on  curves  are the data by which
the  curves  were  delineated. Since the chart  is given
by  various  curves  in }imited ranges,  we  have  to find

out  a  suitable  function to interpolate or  extrapolate

these  curves.

  After several  investigations, a  new  parameter  was

found to be applicable  to  solye  the problem.  The
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Fig.1 Previou$ly presented curves  of  r.  in

 the  case  of  the ground fiow resistivity  of

 3ookPa･s/m2.

parameter is denoted by Z  and  giyen by the fo11ow-

ing formula:

          Z=[HL-H.]/(Hg+rz).  (2)

  The  parameter Z  takes a  value  between O and  1,

inclusive, and  it expresses  the  function concerning  to

the geometrical arrangement  of  a  source  and  a

reoeiver  above  ground. For example,  Z  is equal  to

1 when  either  the  source  or  the receiver  locates just
on  the ground, i.e. H.==O  or  H.=O.  The  value  of

Zis  equal  to zero  when  H,!H,  (see Fig. 2).

  The  values  of  ro for 3oo kPa･slm2 are plotted in

terms of  mean  propagation height with  parameters
of  Z, the graph  of  which  is shown  in Fig. 3. The
data of  r. show  linear relations  with  mean  propaga-
tion heights on  a  logarithmic scale  for ea6h  value  of

Z. The relation  between  r. and  HL  is expressed  by

the fo11owing formula:

               r.kA(HL)",  (3)

where  A  and  B  are also  expressed  in terms  of  Zl

Hs=}ir

lHS
l' HrM

Fig. 2

     Z=1  Z=llk-Hrl!(HS+Hr)  Z=O

New  parameter  Z  and  the  geometrical arrangements  of  the source  and  reeeiver.
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 K. YAMAMOTO  et  al. :

The values  of  A and  B  are  determined by the  least
squares  method  and  then they  are  approximated  by
the third order  polynominal  of  the parameter Z  as

fo11ows:

   A=ao+aiZ+a2Z2+a3ZS,  (4)

REVISED  EXPRESSION  OF  GROUND  EFFECrr  FOR  VEHICLE.NOISE
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Mg.3  Reyised  chart  lines of  r.  for the

 ,ground with  effective  fiow resistivity of
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Table 1

   B==b,+b,(Z-b)+b,(Z-b)S+b,(Z-b)a,  (S)
where  ao.-vas  and  beNbs  are  regression  coeMcients

and  b is a  shift  value  in Z. These coefficients were
determined by  regression  analysis  and  the  results  for
three types of  ground, i.e. 75kPa.stme,  3ookPa･
slm2  and  1,250 k?a･slm2  are  shown  in Table 1 fbr

A  and  in Table 2 for B. As for the ground  with

1,250kPa･s/m2 and  for Hl<1.1,  the data of  r.

deviate from the linear relation  and  the exceptional

expression  is given  as  fo11ows,

           rb==A(1.1)BIOm(Ht-i･i),  (6)
where  m  is given by,

  m=05166-O.0592Z-1.2961Z2+1.1852Z3.

                                      (7>
From  Eqs. (3) .v  (7'), the relations  betvveen r, and  IEIb
are  ebtained  by using  the  parameter ZL They are

shown  with  the data of  r. in Fig. 3 A/  Fig. 5 for 30(}
kPa･sfmt, 75 kPa･s/mt and  1,250 kPa･s!m2, respec-

tively.

2.3 NumericalExpressionof"K"

  As  for the  coeMcient  K  in Eq. (1), Which was

given by  a  graphical chart  in, Refl 1), we  did not

revise the chart  itself, but gave  it a riumerical ex-

pression for computation.  The  curve  in the  chart  is
an  increasing function with  respect to the  mean  prop-
agation  height, and  it tends  gradually to  the  value

of  20. The  formula  for the curve  is given as  fo11ows:

CoeMcients in Eq. (4) for the value  A

Ground  property CkPa･s/ma) ao al a2 de
-

  75
 3eol,250

35.08S8
23.8182

18.6355

3.25821.6933O.9456-61.2349
-38.1740
-32.5215

30.3173
23.2773
32.2235

Table  2CeeMcients  in Eq. (5) for the value  B.

Ground property
  (kl?a･simt) b bo b, b, ba Range

75  oO.4O.82.09002.osoo1.9959
-o-1

   o.1243.7238     e
 O.711421.5839

       o
 -2.4719
-l89.3597

 O$z<O.4.
0.4Sz<O.8

O.8Szs!;1.0

3oo  oO.4 2.30002.3000     o
-O.3871

    oO.9196      o
-5.47co

 OSz<O.4

O.4mSzSl.O

1,250  oO.2 2.30002.3000     oO.1697     o
-1.3819

     o
-O.6479

 OSz<O.2

O.2EzSl.O
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CoeMcients in Eq.  (8) for the value  K,

Ground  property  (kPa.slm2) co el e2 Range

75 l5.0534
  20.0

3.9339
    o

O.08iO
    o

e.6SH.<1.5
    HLZ1,5

3oo  9.8545]6.0167

  20.0

6.2,97724g19

  o

-O.5374
-1.4242

      o

O･6$Ha<1･5
1.5$HL<4.0

    HL).4.0

1,250
15.3269

     See Eq, (9).
1.5282 -2.9404

O.6$Hk<3.0
    HL)3.0
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Fig.4 Revised chart  lines of  r.  for
  ground  with  efTective  fiow resistivity

  75 kPa･slm2.

the

 of

            K==co+ci(HL+c,)i12,  (s)
where  co, ci and  e2 are  regression  coeMcients.  The

coeMcients  determined by regression  analysis  are

shown  in Table 3. However,  to  get a  better fitting

curve,  the  expression  fbr the  ground  with  1,250

kPa･s!m2  and  for O.6<HL<3.0  is given by the  next

formula:

       K==  4.9917+4.9750HL-O.4722HL,:  . ( 9 )
The  curves  obtained  from Eqs. (8) e-  (9) and  Table 3
are  shown  in Fig. 6 with  the data of  delineation.

   3. APPLICATIONOFTHEMODEL

3.1 Propagation of  Vehicle Noise over  Lawn
  The  authors  have once  carried  out  measurements
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     Fig.6 Curves for the value of  K  The

      curves  are  given by numerical  expressions.

of  sound  propagation on  a  lawn field in Tsukuba

Space CenteT using  pink noise.  The  mean  value  of

sound  pressure level observed  with  nearly  zero  vector
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  K.  YAMAMOTO  et  aL:

wind  and  sound  pressure leyel deviation due to mete-
orological  conditions  were  investigated, and  the  re-

sults  were  published.5) We  tried to apply  our

revised  model  to the results  of  the  outdoor  sound

propagation.

  Broad band sound  propagation of  a  representa-

tive vehicle  noise  spectrum  (see Ref. 1)) was  estimat-

ed  from the  measured  data. A-weighted  sound

pressure  levels were  calculated  from  the  octave  band
sound  pressure levels at  frequeneies of  125 Hz  to
4kHz,  by adjusting  these components  to fit the
spectrum  of  A-weighted  vehicle  noise.
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REVISED  EXPRESSION  OF  GROUND  EFFECT  FOR  VEHICLE  NOISE

10 loe

  On  the other  hand, A-weighted sound  pressure
level at  a  reoeiver  is calculated  by the  fo11owing
fbrmula:

        LA==Lw-201ogio(r)-11-E,4･,  (10),

where  LA and  Lw  are  A-weighted  sound  pressure
level'and A-weighted  sound  power  level of  the

source,  respectively.  Equation (10) includes geo-
mdtrical  spreading  and  excess  attenuation  (EA) due
to  ground. The value  of  EA  was  ¢ omputed  from
Eq. (1) with  related  equations  and  tables. For the

ground  property, an  effective  flow resistivity  of  3oo

1000 10

Fig.7 Comparisdn of  the outdoor  sound

 sound  pressure･ leyel.

     
iop

Distanze  (m)

propagatlon

1000 10 1oo 1ooO

data  and  the calculated  A-weighted
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kPa･slm2  was  selected  in calculation  procedure,
because that of  the  test site  was  estimated  within

the range  of  2oo kPa.s/m2 and  3oo kPa ･slm2.

  The  experimental  data of  A-weighted  sound  pres-
sure  levels are  plotted as  a  function of  distance in
comparison  with  the  calculated  values  as  shown  in

Fig. 7(a)A,(1). The  solid  circles  in Fig. 7 are  the

mean  values  of  A-weighted sound  pressure level

out  of  five measurements,  the  bars centered  at  the

symbols  are  standard  deviations and  the solid lines
are  derived from Eq. (10). .

  Good  agreements  are found between the cal-

culated  and  experimental  values  in Fig. 7(a)tv(1).
The  differenoe between the experimental  data and

the ca!culated  value  is close  .to O dB  in average  and

the standard  deviation is 2.2 dB  for 144 data points
of  mean  values  shown  in the figure. However,

large sound  pressure level deviations are  observed

at  long distances. These  deviations are  due  to  the

meteorological  effects,  the  propefty of  which  was

described in Ref. 5).

3.2 Application Rules in a Prediction Procedure

    fbr Road  Traffic Noise

  The first procedure for the  prediction of  road

traMc  noise  is the calculation  of  a time  history of

A-weighted  sound  pressure levels from a  vehicle.

The  tirne history is produced  by a  single  vehicle

moving  on  a  highway. We  can  write  the following
formula  as  a  basic expression  fbr each  sound  level

component  of  the history: 
･

       LA=Lw-201ogto(r)-8+Cli+CU,  .(11)

where  terms C;U and  C. are  corrections  for diffraction

effect  and  ground  attenuation,  respectively.  Since
the expression  is formulated for sound  propagation
in hemi-free field, the  constant  value  of  -8  dB  is

given in the formula instead of  -11  dB. In order

to  apply  eur  ground  efTect  model  to the correction

term  Ck in Eq. (11), an  adjustrnent  of  3 dB  and  a

change  of  sign  are  made  to  E4  in Eq. (1). As  a

              J. Acoust. Soc. .ipn. (E) 15, 4 (1994)

result,  the expre'ssion  for Ck is expressed  by,

     Cli=I-KiogOto(r/r.) Ig; :SZ" `'2'

where  K  and  r. are  given in･ Eq. (1). On  the other

hand, the correction  term  Ch is generally  given as

the sound  attenuation  when  an  acoustical  obstacle

or  a barrier is presented along  the highway.

  In applying  the  ground  effect  to  the prediction

prooedure of  a  real  situation,  there are  some  rules  to

be specified.  One  is for the discontinuity of  ground
impedance and  the other  is for the  coupling  between

the ground efTect  and  the difftaction effect.  These

efTects were  theoretically treated  by Takagie) for the

calculation  of  noise  propagation  from highway

structures.  However,  we  wi11 have to set up  an

empirical  rule  to our  practical method  to deal with
these problems.
  As  fbr the discontinuity of  ground  impedance.  we

treated  the  sound  propagation  from acoustically

hard surface  to soft  surface,  i.e. from asphalt  to

absorptive  ground. Since asphalt  is regarded  as

a rigid  and  reflective  surface,  the broad band sound

such  as  vehicle  noise  does not  decrease by excess

attenuation  during propagation. The  attenuation

due  to ground  will  appear  after  transmitted  into the

absorptiye  ground  area.  We  specified  a  distanoe of
r. as  a  sound  path over  asphalt  (see Fig. 8), and

assumed  the next  conditional  formula  for correction

term  Cr,

  if r.>re,  then  .

     Cor=[mKlogO,,(r/n,) :l: ;;::' (13)

  This equation  is obtained  by replacing  r.  in Eq.

(12) by r.,  which  means  tha,t the onset  of  ground
attenuation  is shifted from  r. to r.. As  fbr r.<ro,

the correction  is given by Eq.  (12).
  The  coupling  between the ground  and  diffraction
effects  is generally a phenomenon  that the sound

attenuation  due to ground  is replaced  by the attenua-

               t
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Receiver

       (a)Sound 
'ptvpagation

 at  grazing angle  (b)Sound propagation from  
`t
 air  to ground"

Fig. 9 Change  itt sound  path for the cases  with  and  without  a  barrier. Case (a) has
 effect due to ground,  while  the ground  effect.is decreased by the installation of  the

 in case  (b).

T{b)

 Ekynted road  on  a  bank

-
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-
se7eooseuasoco10nooso-

a  largebarrier
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Hsth
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m

        vrithont  bartict with bariicr

    Fig.10  Spectacation of  efTeetive  source

      height for representatiye  road  structures

      with  and  without  harrier.

tion  due to acoustical  barriers or  obstacles. bet us

suppose  an  installation of  an  acoustical  barrier at a
side  edge  of  a  flat road.  The  barrier installation

will  change  the direction of  sound  propagation  from

grazing  angle  to, so  called, 
"air

 to ground"  (see
Fig. 9). It is obvious  that installing a  barrier gives
increase in noise  attenuation  due to shielding  effect,

while  the  ground  attenuation  is reduced  because the

effective  height of  the source  is raised  to the  top  of

barrier. Censidering this coupling,  we  may  specify

the  effective  height of  a  source  fbr the calculation  of

ground  attenuation.  Typical examples  are  shQwn

in Fig. 10 for the  effective  source  height in the  yari-

ous  cases  of  road  structures.

3.3 Scale Model  Experiments for Various Types of

    Highway
  In order  to investigate the validity  of  the  calcula-

tion procedures mentioned  above,  scale  model  ex-

perirnentsT) were  carried  out.  The  scale  factor was

:t
g
:ssoco1070oosocoso2010

 <c)Depressed road

AVza3.5diB

 SDr4.2dB  
'

 N=tlas

      
---

.riX.:e
･

v

 (ijDeFressed Toad

 AVvaO.4dB
 SD=2,3dl]
  N=la5

        L 
-"

 `"`'
 

-xulE2

lo 2o 3o 4o so 6o 7o lo 2o 3o 4o so 6o 7o go

             th1culated Valve (dB)

Fig. 11 Comparison  of  the data from scale

  model  experiment  and  the calculated  A-

  weighted  sound  pressure level. The  term

  AV  and  SD  denote ayerage  and  standard

  deviation of  the differenoe between the'

  calculatedandmeasuredvalues.  Theterm
  N  is the nuiriber  of  the data,

11SO. Three types of  road  structure  were  con-

sidered.  They  were  a  fiat road,  an  elevated  road  on

a  bank with  a  height of  2.3 m  and  a  depressed read,

which  is 7 m  below the ground, with  45 degree in-.

clined  retaining  wall.  The  ground, outside  of  the

road  surface  of  25 m  in width,  was  simulated  a$  an

absorptive  surface  with  an  effective flow resistivity

NII-Electronic
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of  3oo kPa･s/m2.

  Microphones were  located in a  straight  line at
Om,  10 m,  20 m,  40 m,  80m  and  160m  from the

road  edge  and  their heights were  1.2 m,  3.5 m  and

7m  above  the  ground. A  point source  ofjet  noise

type  was  used  in the  scale  model  to simulate  a  single

vehicle.  The  source  was  placed at  a  height of  O.3 m                '

above  the road  surface  and  rnoved  along the center

line of  the road.  The  source  positions were  at O m,

12.5 m,  25 m,  50 m,  100 m,  2co  m  and  300 m  from
the  intersection of  the  center  line of  the road  and

the  line of  microphone  arrangement.  The  sound

received  at each  microphone  was  analyzed  to  obtain

IX3 octaye  band  sound  pressure levels. Relative A-

weighted  sound  pressure level was  obtained  by

adjusting  the power  spectrum  of  the  source  to that

of  the  representative  vehicle  noise.i)

  The comparisons  between  the  experimental  results

and  the calculated  values  are  shown  in Fig. 11(a)A.

(f), where  the figures (q)N(c) are  for the  cases

without  barrier and  the figures (d)ev(f) are  with  a

barrier of  3 m  height. The calculated  yalues  were

obtained  by setting the power  level to  that  of  a

vehicle  noise  source  in the experiment.  The  term

Cd was  calculated  from Maekawa's charte)  by speci-

fying the representative  frequency as 7oo'Hz. The

frequency was  selected  as  a  predominant  frequency

in the  representative  spectrum  expected  behind a

barrier.

  The experimental  results  show  good  agreements

with  the calculated  values  for all types of  road  with

barrier and  for elevated  road  without  barrier. How-

ever,  a  little deviation is.seen in the data for flat and
depressed road  without  barrier. The  deviation in-

creases  at  the area  fatr from the source,  where  the

calculated  sound  pressure levei is comparatively  low.

It seems  that  the  disagreement appears  where  the

ground  attenuation  is relatively  dominant over  the

attenuation  due  to diffraction effect.

             4. DISCUSSION

  The  results  in Fig. 7 show  the  validity  of  the

revised  expression  in the  estimation  of  ground  effect

fbr vehicle  noise.  However,  the standard  devia-
tions of  the experirnental  data increase with  distance.
Since outdoor  sound  propagation  is strongly  affected

by meteorological  conditions  as  well  as  ground  prop-
erty,  the amount  of  the sound  level yariation  has
to be investigated and  reasonably  taken  into ac-

count  in the  prediction procedure in the  future.
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 Moreover,  a  limit of  excess  attenuation  has to be

 introduoed for reasonable  prediction.
   The  term  Cli in Eq. (11) is estimated  from

 Maekawa's experimental  chart.  Since it is given

 fbr diffraction effect  of  a  thin  screen,  the use  of  this

 chart  seems  unreasonable  to apply  to wedge  diffra"

 tion in the case  of  elevated  or  depressed roads  with-  

'

 out  noise  barrier. The wedge  diffiraction effect

 depends strongly  upon  the acoustical  property of

 wedge  surface.

   In the case  of  a  reflective  wedge,  experimental

 data, which  are  not  shown  here, showed  l dB  higher

 than  calculated  values  in average  for an  elevated

road  and  4.5 dB  higher fbr an  depressed road.  ,In

 the latter case,  sound  built-up dge to multiple  re-

fiection between retaining  walls  might  become  an

additional  effect  to wedge  difTraction. The  reason

why  the experimental  yalues  in Fig. 11 agreed  by
chance  with  the  calculated  values  by a  thin  screen

might  be due to the absorptive  property of  the

wedge  surface.

  Considering the good  results  in Fig. 11, we  may

say  the specification  of  the empirical  rules  is reason-

able,  i.e. the treatment of  the asphalt  to absorptiye

ground  propagation, the  specification  of  the effective

source  height in Fig. 10, and  also  the treatment  of

the diffraction fbr read  structures.

'
       5. CONCLUDINGRErmRKS

  By  introducing a  new  parameter  of  Z  which  rep-

resents  the  geometrical arrangement  of  a  source

and  a  receiver  above  ground, a  revised  model  of

ground  effect  has been derived for vehicle  noise.  It
was  applied  to  the  outdoor  propagation of  A-
weighted  vehicle  noise  over  lawn and  reasonable

agreement  has been obtained.  The  application

rules  have  been empirically  established  fbr the dis-
continuity  of  ground  impedanbe  and  the coupling

between  ground  and  difftaction effects.  The  validity

of  the rule  has been checked  by applying  the pro-

cedure  to the  results  of  scale  model  experiments  for
representative  road  structures.

           ACKNOWLEDGEMENTS

  This work  was  performed  in the  working  group  of

the Technical Committoe of  Acoustical Soc. Jpn.
to supplement  the data available  to establish  a  road

tr'aMc noise  prediction  model  for LA.,. The authors

would  like to express  their gratitude  to each  member

of  the  Technical Committee  of  Acoustical Soc. Jpn.

NII-Electronic  



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  of  Japan

K. YAMAMOTO  et al. :REVISED  EXPRESSION  OF  GROUND  EFFEcr  FOR  VEHICLE  NOISE

for yaluable  discussion.

  We  wish  to thank  Prof. J. Igarashi for careful
reading  and  criticizing  the  manuscript.

               REFERENCES

1) K. Yarnamete  and  M.  Yamashita,  
"A

 simple  model

   for estimating  excess attenuation of  road  traMc

   noise,"  J. Acoust.  Soc. Jpn. (E) 8, 13-22 (1987).
2) S. I. Thomasson,  

'`A
 powerfu1 asyrnptotic  solution

   fbr sound  propagation  above  an  impedance bound-

   ary,"  Aeustica 4S, 122-125 (1980).
3) Y. Miki, "Acoustical

 properties of  porous  materials

   -Modificatiens  of  Delany-Bazley model-,"  J.

   Acoust. Soc. (E) 11, 19-24 (1990),
4) H. Tachibana, T. Iwase, and  K. Ishii, 

`'Sound
 power

   ･levels of  road  vehicles  measured  by a  new  method

   using  a  reverberant  tunnel," J. Acoust. Soc. Jpn.

   <E) 2, 117.125 (1981).
5) K.  Yomamoto  and  M. Yamashita, "Measurement

   and  analysis  of  sound  ,propagation over  lawn," J.

   Acoust. Soc. Jpn. (E) 15, 1-12  (1994),
6) T. Matsui, K,  Takagi,  K. Hiramatsu, and  T. Yama-

   moto,  
"Sound

 propagation  over  a  barrier on  the

   plane or  wedge-shaped  ground,"  J. Acoust.  Soc. Jpn.

   (J) 46, 24S-2SO (1990) (in Japanese).
7) M.  Yamashita and  K. Yarnamoto, 

"Scale

 model

   technique  for the prediction of  road  traMc  noise,"

   Appl. Acoust. 31, 185-196 (1990).
8) Z. Maekawa,  

"Noise

 reduction  by screens,"  Appl.

   Acoust. 1, 157-173 (1968).

Kohei Yamamoto  was  born in
Takarazuka, Hyogo  in 1950. He  re-

ceived  the B. E. degroe from Kyushu

Institute of  Design in l974. He  has
been working  fbr Kobayasi Institute
of  Physical Research and  belongs to

a  group of  the sound  and  vibration

research  section.

directer and  the

In 1979, he reoeived

the University

  Mitsuyasu Yamashita was  born in
  Roppongi, TokYo  in 1938. He  ob-

  tained the B. Sc, and  M.  Sc. degrees

  in physics from Gakushuin-Uniyersity,
  in 1962  and  in 1964, respectively,

  From  1964, he  belonged  to  Koba-

  yasi institute of  Physical Research,
  and  his present position is the head

 president of  the Institute, additionaliy.

     a  degrec of  Ph. D. of  Eng. frorn
of  Tokyo.

Tadashi Mukai  was  born in To-

yama,  Japan,  on  August  30, 1943. He

received  the B. E. degree (1966), and

M.  E, degree (1968) in Civil Engineer-
ing from the University of  Tokyo.
Since 1968, he has been working  at

Nihon  Doro  Kodan.

'

NII-Electronic

    241
Mbrary  


