inter-noise
| 83

SOUND ATTENUATION BY A VECGETAL SCREEN
EXPERTMENTAL MODELS
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An experiment was designed to determine how the interposition of a ve-
getal screen between a sound source and a recepticn site can modify
the acoustic level on this site. Its main results will be described
and the respective contributions of various metedrologicsel and dendro-
logical parameters on the observed modifications briefly analyzed.

Material and method

Two experimental settings were adopted : one to measure the acoustic
level on the site (EX1), the other to determine the effect of the ve-—
getal mass on the acoustic wave crossing it (EX2).

The vegetal screen is composed of 150 Thuya atroviregs {L/4.S m). The
site studied is an open plet of plane grassland. Two differently strnec-—
tured screers were tested : the first is formed with 5 jointed rows of
maximum plantation density (surface : 30 x 5,m°) ; the second has 9
alternated jointed rows (surface : 25 x 9 m").

The mean dendrometric caracteristics of the sereens were determined
with 5 randomly selected trees.

The signal, either a white or & pink 1/3 octave filtered noise, is
emitted 1 m from the screen end 2 m from the ground. The two chaanel
emission (2 x 80 W) covered a 100 - 10.00 Hz frequency band. The
screen and & b m distent space, directly in front of it, limited the
spot where the measures were performed (see Figure).

Sound levels were successively recorded on 21 different points of the
spot : in EX1, eimultanecusly with 4 microphones held on a movable
mast at 0.5, 1.2 and 4 m from the ground ; in EX2, with 3 microphones
fastenned 50 cm from each other on a square plywocd panel (side = 1 m,
thickness : 2 cm) lying on the ground and moved from point to point
right behind the screen.

If possible during the same day, the experiment with screen was com—
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pleted with the same paradigm without secreen the different output and
recording points being transferred on the same side of the screen.

For each recording points, acoustic memsures were completed with meteo-
rological readings. Six variables could affect the acoustic level on
the site : temperature : x{1) ; hygrometry : x(2) ; wind on site

x(3) ; wind projected on the acoustic ray : x(b) ;, geometrical weake-
ning and impedance of the ground : x(5) ; vegetal mass crossed by the
acoustic waves @ x(6)

The range covered by the meteorological variables during the whole ex~
periment (which lasted more than two years, I976-80), is given in the
following table :
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A multiple linear regression model has been chosen to determine the ef-
fect of each of these variables on the acoustic level of the experimen-
tal spot, the transfer function of the vegetal system ‘was used to stu-
dy the influence of the vegetal mass on the acoustic beam. .

Results
Effect of the variables on the scoustic level of the 51te {EX1)

If ¥ is the difference hetween the emltted an rec91ved sound levels of
the examined frequency band, the folleowing model can express its va-

riations
b
Y“[Q?]‘“°+%“i'
i=1

where Yo corresponds to the measures without the vegetal screen ; then

(i) + 06. %(6) + ¢

x(6) =

11 corresponds to the measures with the veégetal screen ; then
x{6) = 5

¢ = residue of the rule (0, q)

al1= coefficient ceracterizing the influence of x(1i} on Y.

- First note that the multiple correlation coefficient r, between the
x{1i), shows thaet ihe edaptaticn of the model is not constant functien
ol the frequency.

- The temoerature x(1} and the hygrometric x(2) effects on Yo start
being noticeable at 2.500 Hz ; this 1nf1ue§%f1ls moge impartant, but

also more irregular on Y1. In both cases, “Fu— % Are negative.
- The wind's influence on Yo is greater than“Y1 but, in both cases,

anemometric readings at 50 cm of the ground énhance the variability of

a3 and a b.
The effet bif 1{5) is always significant ;a 5 greatly varies for
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£30€ v £ 2.500 Hz {0.42I€a5£1.51) but @5 =1 for Vv >2,500 Hz.

- Its only from 630 Hz that the vegetal mass has an effect on ¥1 {the-
refore, this frequency constitutes the inferjor limit of our study, i-
nitially started st v = 100 Hz). Kotice that negative values fora €
were only obtained with the screen containing maximal plantation den-
sity and for v £ 1.600 Hz.

A linear regression of ab on the logarithm of the frequency gives a
sogd approximation {expla.med variance 3 92 %) of the variaticn rule
a (v

The coef)'ficients of the regression line for each of the two studied
structures are
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The following table gives the variation range of the ccefficients for

the 6 studied variables {and of r)
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ried : 20 kHz) where the trensfer delays of the wave accross the vege-
tal channel were corrected.
As the sound was reccrded on ground level only, the direct and the dif-
fusion waves, inside the screen, were considered.
Three transfer channels (A, B, C), with a respective_length of :'!-ETTm,
7.80 m, 15.m and vegetal mass factor of : 14.51 g/cm™, 21.87 g/em®,
37.2 gfcm ~, have been considered. The mean response ¢f each channel
was given by the responses of the 3 microphones on the plywood panel.
The autoregressive {AR) {all-pole) method was chocsen to model the
tranfer system. This method is based on the resolution of the following
temporal equation :

¥, tay Yo, £ ... + a. Yo G. 8
where ey and y,are d1scretevalues of the 1nput an gutput gignals,
G the ga:n of %he system and of . the transfer function : o

s (Z) = Afz) = 1 + a_‘E z2~1 +....+a =z
e, 's lack of whiteness has been corrected as follows :
a’'- computerizing the AR model on e, with a white input et
b - filtering y, with the inverse of the obtained model and,
¢ - identifying the investigated model on ¥ia previcusly filtered.
In this case, e, ,has B constant spectral density and the obtained
transfer functidn is equivalent to the spectral power density (S.P.D.)
of the filtered Y-
A linear regressian of the 5.P.D. on the logarithm of the frequency
for each octave band, between | and 8 klz, has given the following
results
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- Slope of the regression lines of the 5.P.D. by octave band, on the
frequency logarithm (within bkt : standard deviation of the regres—
sion ervor).
The values of the exceeding absorption coefficients (in dB/g/cm ), for
pach of the 3 examined frequency bandS,are then as follows

Foint A ] v Vean
1o 2] 0.057 | 3,832 C.070 0.473
2te +[ 1.7T19 | 1.229 1.293 1.351
Sto B 2210 | 2,877 [T 2,270

- These valuas are to be compared with the coefficient of the first
experiment (a = Q.41).
Results obtained in EXi are statistically significant for the whole ex-
perimental site and 2ll usual meteorological conditions met in the Pa-
risian district. However, those in EX2, are only reliable for the ve-
getal sereen with no consideration for meteorological conditions.
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