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Abstract

Using the classical two-microphone approach and a source-image nigl@aper investigates the
possibility of measuring sound reflection in two specific casesguairdirectional transducer instead af
classical loudspeaker or a point source (monopole). A first experimemgaimeasuring the sound absorption of
three materials at normal incidence in a reverberant room. A secpedre&nt is made in a hemi-anechoic
room for measuring the sound reflectioma honeycomb panel at oblique incidence. All obtained results depict
good agreement with theoretical predictiofise use of a parametric speaker proves to be a solution for limiting
influence of both room and sample dimensions, with satisfastmmd absorption measurement results even in
highly reverberant environments on small specimferirectional speaker also allows setting up tests under
oblique incidenceCombining these two possibilities provide a basis for the developaiént situ testsin
complex sound environments and for variable incidence angles.

Key words: directional speaker, sound absorption coefficient, reverberant environments
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Introduction

Standardized sound absorption measurements consider either a normal incidence
plane wave in an impedance tube [1] or a diffuse sound field in a reverberant room [2]
Arrangements or improvements of the impedance tube method so as to include oblique
incidence angles were proposed nearly a century ago [3] or more recently with a multi-modal
decomposition method [4]. On site (or situ) methods at normal or oblique incidence have
also been widely investigated for measuring sound absorption, reflection or impedance in
non-laboratory environments. A review published in 2015 points out in its conclusion that
pew methods need to be developed in order to measune-sita surface impedance under
more realistic conditions (e.g. in small cavities and under reverberant conditions, curved or
irregular surfaces, etcy[5].

The concept of directional (or parametric) loudspeaker was invented in the 60s [6],
and is based on using an array of ultrasonic transducers for producing a highly directional
audio beam using non-linear demodulation effects. Among other possible applications of this
technology, several authors have proposed to use directional speakers for measuring sound
transmission or absorption of materials&« DVW D JQ q G B] vtk th2 irst o use a
parametric loudspeaker for measuring absorption, transmission and dispersion of sound
absorbing porous materials in the time domain using a single microphone, with very
satisfactory results. Kuang et al. [9] then investigated the possibility of using a parametric
loudspeaker to derive the diffuse-field absorption coefficient from a series of measurements
made for different incidence angles. Plane wave propagation was assumed and the classical
two-microphone method was used [10], with satisfactory results in the 1000-2500 Hz
frequency range for a single test sample. A similar idea wehysSugahara et al. [11] for
characterizing materials under normal incidence in a hemi-anechoic room and in a conference
quiet room, and it was shown that room and sample size effects could both be reduced.
Finally, Romanova et al. [12] recently used a parametric loudspeaker with a sound intensity
probe to measure sound absorption of a living green wall with promising results.

Compared with previously cited works, the main contribution of the present paper is
to investigate the possibility of measuring sound reflection in a highly reverberant
environment or for very specific materials (here a honeycomb structure). Reference
measurements are all obtained using a parametric loudspeaker and the classical two
microphone method. Three different materials are first characterized under normal incidence
in a large reverberant room and a comparison is made with theoretical calculations and with
measurements made using a monopole source. The reflection coefficient under oblique
incidence of a honeycomb panel,purely reactive material according to theory, is then
measured in a hemi-anechoic room. The obtained measurement results are compared to
theoretical ones.

1. Theoretical background

/IHWTIV FRQVLGHU D SRLQW VRXUFH L H RPQL&LUHFWL
heightz; above a sound absorbing material of thickieesuch kind of acoustic source can be
characterized by its volume velocity(in m*s) or volume acceleratiom in m*/s%). Two
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microphones denoted M1 and M2 are placed above the material sample at hegluiz,,
respectively. Figure 1 depicts the general problem under consideration.

Fig. 1. Typical two-microphone experimental setup based on an image-source model

If the separation of the two microphones is small (so that the incidence angle is
approximately equal at each) and for large valuelg of (r; being the distance between the
sound source and microphoj)e the sound pressugg at microphone WM(j=1,2) at angular
frequency&can be written as a superposition of two spherical fields

Jor Jot
L:ad AL & M%FE4:aén%G (1)

where @is the air mass densityy is the acoustic wave number o, ¢o being the
speed of sound), arf( £X is the complex reflection coefficient at the surface of the sound
absorbing material. Using the measured transfer function between the two microptiones,
(EX=p( EXI! p( £X, and Equatiorfl) allows calculating the reflection coefficient for a
given incidence anglégand at angular frequenc¥[10]
4:aafiL — 550 poP (2)
Al a; 7 ? 3

From the result obtained with Equation (2), the sound absorption coefficient can be
finally deduced using the relatioff £X = 1 - R( EX>.

2. Test case #1: measurements at normal incidence in a reverberant room

A first series of tests was conducted in a reverberant room which has a wloime
approximately 140 M(7.5 m x 6.2 m x 3 m), and a mean reverberation fié5.5 s in the
200-1000 Hz frequency range. The reverberation radifis3}, for which the amplitude of
direct and reflected sound equal, is approximatively 2&m in this room for an
omnidirectional source (using B 9°°y. The Schroeder frequency fibove which
the sound pressure field can be considered diffuse [14], is approximately 400 Hz {&sing f
2000(T/V)f). A parametric transducer (Soundlazer mini parametric board) and a monopole
source (LMS mid-high frequency) were installed digeside at a heightzs = 2 m (see
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Figure 2) The parametric transducer board is composed of 50 ultrasonic transducers of 10
mm diameter each.

Both sources were driven with a swept sine signal from 200 Hz to 3000 Hz, the 200
Hz cut-off frequency being linked to low frequency limitations of the sources. Two quarter
inch microphones were placed above the material surface, at heigh®% mm and z=
33.5 mm (see Figure 1). The data were acquired using a LMS Testlab system, eartstae t
function between the two microphones was post-processed so as to calculate the sound
reflection according to Eqg. (2). Small samples of three different sound absorbing materials
ZHUH GLUHFWO\ ODLG R ioWgedificureitmf)\conditiBrir (b thick gldss
wool, a thin compressed glass wool board and melamine foam with two thicknesses; the
materials non-acoustic parameters were measured at GAUS labs; see details in Table 1). For
the melamine foam of 1 in. thickness, two measurement positions were considered (see
Figures 2 c) and 2d), respectively)

Table 1
Characteristic of the tested materials in the @ nt room under normal incidence
Glass wool Compressed glass| Melamine foam
wool panel
Tortuosity (-) 1 1 1
Porosity (-) 0.99 0.96 0.98
Flow resistivity (Nsri) 4860 22200 7920
9LVFRXV OHQ 225 57 132
7TKHUPDO OH(Q 388 115 149
Foam mass density (kgfjn 10 66 6.1
Sample dimensions (lengt 1.3x0.7 x 0.025
it X thicknoss, ?n mg) 1.24x035x0.095 1.24x061x0.025 5y 0550013

In order to obtain a reference value for sound absorption under a normally incident
acoustic plane wave, numerical simulations were done using the Transfer Matrix Method
(TMM) [15]. Both materials are considered as laterally infinite layers of finite thickness on a
hard backing, and modeled as rigid porous materials. The equivalent fluid model thus
assunes that the skeleton of the material is rigid (the solid phase of the material remains
motionless). The Johnson-Champoux-Allard material model was used in all cases [15].
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Fig. 2. Pictures of measurements in the reverberant raajrnGlass wookb) Compressed
glass wool panet:c) Melamine foam, 1Ach thick (position 1)+d) Melamine foam, 1ach
thick (position 2)

Measurement and simulation results are presented in Figs. 3-6 in terms of sound
absorption coefficient for the glass wool, the compressed glass wool panel and the melamine
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foam with two thicknesses, respectively (values given in"Lti@ave frequency bands). For
each tested materialhdé obtained results with the monopole source present an erratic
behavior. Anomalous sound absorption values are obtained in a large part of the considered
frequency band. These are values that are non-consistent with the simulation target or even
negative, especially for a low sound absorption sample like the 0.5 in thick melamine foam,
see Fig. 6. This can be attributed first to spurious sound reflections in the room and also to
finite size effects of the sample (especialyG JH V. HIIHFW

When the parametric speaker is used, its directional properties allow focusing the
sound energy on the material surface (and not on edges) and limiting the adverse effect of
sound reflections. The sound absorption values obtained with the parametric speaker are in
good agreement with the simulation results from 500 to 3000 Hz. The discrepancy seen below
a frequency of approximately 500 Hz is attributed to the low-frequency limitations of sound
sourcesA larger microphone spacing would be also desirable so as to limit phase mismatch
in low-frequency [10] that might have non-negligible influence below 1000 Hz. Finally, it is
also known [10] that discrepancies are expected for low valuesrpsince Eq. (2) rely on a
spherical decoupling hypothesis which implies an approximation of the actual sound pressure
field above the material surface.

The method also shows to be robust to the microphone positioning, as illustrated by
the result given in Figure 5, with two measurement positions on the same sample, see Figure 2
c) and d). The results obtained at two positions using the parametric speaker are nearly
superimposed above a frequency of 500 Hz. Using the monopole source, the results obtained
are not coherent with the theoretical result, and not even coherent between the two
measurement points.

Fig. 3. Measurement and simulation results for the glass wool
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Fig. 4. Measurement and simulation results for the compressed glass wool panel

The discrepancy between measurement and simulation results in thelB00 Hz
range for the compressed glass wool panel and for the 1-inch thick melamine foam (25.4 mm)
LV DWWULEXWHG WR SRVVLEOH PRYHPHQW RI dvéiKtie PDWHU |
floor of the reverberant room with no back-adhesive (the rigid backing condition using in
simulation might thus be not fully verified in practice). As pointed out by Sugahara et al. [11],
this could also be linked to the 6D O O H G- B X @& MuRous signal generated by
nonlinearity effects), but this effect contaminated their measurements up to a frequency of 1.5
kHz. Nevertheless, the obtained results in this harsh acoustic environment and for such small
samples are very promising.

Fig. 5. Measurement and simulation results for the 1 in. thick melamine foam
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Sound reflection measurement using a directional speaker and two microphonapptieation cases

Fig. 6. Measurement and simulation results for the 0.5 in. thick melamine foam

3. Test case #2: measurements at oblique incidence on a honeycomb panel in
controlled acoustic conditions

In this section, a honeycomb panel is considered. Such structures are widely used in
the aeronautical industry, and typically combined with micro-perforated panels for designing
engine liners. It is known that the sound absorption of liners is highly dependent on both the
incidence angle and the sound pressure level [15], but measurements on these highly reactive
and possibly non-linear materials are usually challenging. A measurement technique that
would be robust to noise and environmental conditions and that could be applied for oblique
incidence characterization of such materislshighly desirable. A first proof of concept
towards this goal is briefly presented in this section, with a measurement of the sound
reflection coefficient under an oblique incidence angle (see Figure 7). The only difference
with the experimental setup described in section 2 is the source hgilgat now equals 1.2
m. Microphone type and separation, excitation signal and acquisition system are identical.
The honeycomb sample has a 13area and a thickness D = 31.75 mm.

The normalized surface impedance at oblique incidence for a layer of finite thickness
backed by an impervious rigid wall (an air cavity in this case) is theoretically given by [15]

\% Y
<L F pymolty %

From the surface impedance and under a plane wave hypothesis, the reflection
coefficient can be obtained using the relafidn (Zs cos E+Zg) / (Zs cos E+ Zp), with Z, the
air impedance (the product of the air mass density with the speed of sound).

LAaA (3)
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Fig. 7. (left) Sketch of the measurement sett(middle) picture of the parametric speaker
and measurement microphones installed above the honeycomb strtigight) close-up
view of the honeycomb

The real and imaginary parts of the measured and theoretical reflection coefficient
are presented in figures 8 a) and 8 b), respectively. The considered incidence angle is 10
degrees, and a good agreement between results is seen on the whole considered frequency
range (limited to 1500-4000 Hz for this material). The results obtained fof m&6ence
angle in terms of real part (resistance) and imaginary part (reactance) of the surface
impedance are provided in Figures 9 a) and b), respectively. It is confirmed by measurements
that the surface impedance is nearly always purely imaginary on the tested frequency range.
Tests conducted for other incidence angl€saftd 20) also showed satisfactory agreement
between measurements and theory [16]. When the monopole was used in this controlled
acoustic environment, similar results were obtained between the two acoustics slurces.
point of interest when using the parametric speaker is that larger sound pressure levels can be
easily reached (above 100 dB), when a level of 80 dB is hardly attained for the monopole.
This could be an asset for testing such materials in complex environment and under high
sound pressure levels.

Fig. 8. Measurement and simulation results for the honeycomb paRedflection coefficient
for a 10 incidence angle
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Fig. 9. Measurement and simulation results for the honeycomb panel
Normalized surface impedance for & 8ttidence angle

Conclusion

This paper presented two application cases for sound reflection measurement on
materials that were first conducted in a complex environment, a reverberant room. The use of
a directional speaker proves to be a solution for performing measurements in such rooms. For
a normal incidence case, the obtained results are in overall good agreement with theoretical
predictions on the 500+ 3000 Hz frequency range when measurement made using a
monopole source provided largely erroneous results in the considered frequencyduanttl
reflection measurements were also conducted at oblique incidence in controlled acoustic
conditions (i.e. a hemi-anechoic room) on a honeycomb structure. Comparisons made with
theoretical predictions are satisfactory.

The technology of the parametric speaker that was still prohibitive in terms of price
ten years ago has now become affordable, and allows designing interesting measurement
apparatus. The high sound directivity provides large immunity to room effects and easiness to
reach high localized sound pressure levels and to perform measurements under oblique
incidence. These features are especially adequate for the development iof sén
measurement system. Further work includes possible improvements below a frequency of
approximately 500 Hz (using either other sensors, or specific post-processing), and testing the
proposed approach with other commercially available transducers that might offer improved
performance.
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calculation.

Key words:machine for cleaning root crops, dynamic modakitmal vibrations.
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About equidistribution of energy of random vibratis and noise

Kazakov L.I.
K. F.-M. N., leading researcher, Pacific
Oceanological Institute named after V. I. Il&shFEB RAS, Vladivostok 9

Abstract

Experimental and theoretical data confirming theiieléstribution of energy by degrees of freedom for
random vibrations and noises are presented. Theamdges of vibration excitation of ship structureg
broadband air noise are shown. Thus experimentablyablished coincidence of the spectra of vibration
accelerations of the plates and the sound presstithe noise, allowing inter-calibration of acoustieceivers.
The previously undetected equidistribution of kinehergy over excited degrees of freedom is stfowsingle
strikes on a string, a longitudinal rod, and a coles

Key words random vibrations, noisespatural vibrations of bodies, equidistribution ohexgy,
intercalibration of acoustic receivers.
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About equidistribution energy of random vibrationa & limited shell

Kazakov L. I.
K. F.-M. N., leading researcher, Pacific
Oceanological Institute named after V. I. Il&shFEB RAS, Vladivostok

Abstract

Forced vibrations of a thin bounded cylindrical Brexcited by arbitrary forces are considered. Due
to the finite size of the shell, standing wavegroper quasi-longitudinal, quasi-shear (torsionalpd quasi-
flexural oscillations are established in it. Eachch oscillation is associated with a concentratemustic
resonator. The simple approximate formulas for tlagural frequencies of the resonators are obtainEde
calculation established the equidistribution of tkimetic energy of oscillations in degrees of fremd- its
natural vibrations of the shell when it is excitb¢g multiple strikes. For stationary random vibrat
equidistribution is true for the natural oscillatis of the shell with close frequencies.

Key words limited shell, vibrations, natural oscillationgcoustic resonators, resonant frequencies,
equidistribution of random vibration energy.
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% )% % :
2
flp(’:—pcl -s"_p E, (28)
2L 2L\ ry
fpo=G - 1 E__ (29)
2R~ 2R\ 7,1 57)
B ) ( (29), ( & ..
) % % ) % & . *
' $ % ) ' %

# f,P° (28) % ) p
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: 23) ' X o / $
% ) % ! ) % ' N
' ' ' ( ) )
) % ' )
| UP"G ) & U
"% ) : @), + & ' $ (3)
. o
2.
* 23) % ) )
W=wR/c ' ' '
Vjpm(W): 'i'/"Ujpm(W)-
(23)
VW= V),
W Pj:)m(W)
V0 = o = Y R
\Nf)mr (30)
mt 0 / (24)
3 QuUHR™M +Q, (/)R (M) + Q5 (/)R (W)
PP"(W)= A, PP"(w) =" =) : ! . (31
0= AR Q) + Q1)+ Q1) &)
m=0
PP (W) = ] A RP (W),
Ay () $) (26);
W
1 W
Y (W W) = ——x—F (32)
tm, W
M/Emr
)
% % %
mer=/’(p’m),/ E . (33)
R r,@-s°)
#' S a(pttm?)>>1 (19) /,(p,m) » a(p* + m?)

(33) % % % %
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f = rmOn | E (34)
P 20R?*  \12r,@- s?)’

- $ ) % Y %
") ' L R, % ' ' ) [14,
.301]. * % + ) !

dN(fpns) _ 24/30RL

df hc, (39)
% % ' ) _
$ @O,
$ ( p m' m?0 ( ' m=o0-
(30) % pmr-
) ; 8) D Vm(t)
' ) Ppm(t) ') (3),
( + ( pmr- %
T () = RE M "(t)]° cod? _%Zcosz my +b/2$m(t)]2sin2%sin2 myj + (36)
h/ "(0)]’ sin? pzcoszrry Ydzg = B/ ") |
M = 2CRLm, 37)
% .
3 ) ) + ) |
Ty =lim = 1’ pmr(t)olt——nm— B/ ") dt (38)
3.
! , % ( Nk )
% ' (zx,50):
F@M)=F (t)(cosglk € +CO0gy €, +CO0gy, Q)! (39)
cos B — ' X k- , =8, e =g,
e, =€ ' ) .t
P2/ D=L F()cosg,dz- 2)d0 -/ ). (40)
F Fo & % %) G )

& PP(®), ) ) " %) : (8)
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PP"(m) + & ¥ ) ( ' &
F ()
¥ .
F.(W) = Fk(t)e'”dt. (41)
0
R 9 0 —+
G, : G <<1, . .
% $ % .+ (41)'
Iy
F(wW» F(t)dt=1,, (42)
0
|, #< ' F (t),#. ' &
% % . # ' Pjpm(W) I
(31) (30), % ' V" (w)
% pmr- , D
V(L) + o+ ) [15, . 421, 10]
¥ line™ * wsinut
dw= -2 ———dw=pcosw,_t. 43
¥M/2pmr_ VVZ 0 M/zpmr_ VVZ ’0 i ( )
) (42), (43),
t M 0
V) =, Q, (/) cosgy, cos T cosmy, +
M QUi
i=1
ji2U g SIN R Slnm/k+Qj3( ;) cosgy, sin R cosny ;. (44)
* + (38),
3 Ny 2
em_ Ik{}
Ty (1) = , (45)
T eM[Qu( ) + Q1) + Q)]
) % - $, (44).
)
% . ' + %
%
1 L2p
Ly=—  ..dzd/,. (46)
< > 2/1_0 0 “

1 ) ,
<CO§Ek> =1/3.* ) ) (45)’I
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O
LN 22\ 33\
! $
oy = * Q) QR (W) +QLW) 8
QW) + Qu(WP) + QW)
> %
Y PM(WE) =1+ ZJlez((\)\A;)) : (49)
J,=Q,+Qy +Qu, (50)
J,=Q, + Q" +Qpy - QuQr - QuQus- Qs
) (12) - (14),
Qu(W)Qu, (W2) - QA (W?) = D(WP)(ay, - W),
Qu(W)Quu(WP) - Q4(W?) = D(W)(ay, - WP), (51)
Qu (W2)Qs5(WP) - Q2,(W?) = D(WE)(ay, - W),
$ (50) (13)
3,(WP) = D(WP)(3WE - ). (52)
* ) WE=/2 ) )() ) )  DWA)=0,
/) (51), (52) (49) ) pmr- (¢ m?0) "
QL(/2) =Q,(17)Qu(1?),
QA2 =Qu(17)Qu(/?), (53)
Q2 (/2)=Qu(17)Qu(/2),
3,(/2)=0, (54)
y () =1. (55)
* m=0&=1) / (55) $ "))
yRUDE (WA A A AL A
( (25) - (27),
yR3) =y (/%) =1. (56)
/ (55) ) %

( (% ) p=1,2 ..AHIJEO, 1, 2, .. AHIKILIMNIONIPNI
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(% % % . "))
) ) % ) - (55 ' %
) + & aj(p,m) (10),  $(
% & & ' Lij (2)
/( 1) % . :
/) (53) — (55) —+ / %
9) + & =g )
# (48), (55), (56) (47) :
Ny |k2
<Tpmr(t)> =4_8—M =invar. (57)
% % $ %
' + % ' % $ ")
% .3 ) , %
. % | $) %
' X+ $ (%
% %$ % % )
% | ;) (
% %% ) ) ) %
* $
' % ' ) (46) (57).* +
N, $ % % /
> % $ % ) % &
‘&, ) ) (38)
" QR [16, .164]
T 0="R % oy dw (59
2E'm o =
W), A+ ' ' & Vi, /.
- i (W) %3$ (
Ger'(w) ) / [17, .374]:
(W) = Y (W, Wy )| GEP(W). (59)
1 ( (32)) & ( +
% , 6 ' E@L 9, S=9;) -
+ & ' & ' [18] $
% &

* +

W

h(w) = dw), a(-wn)=a(n) <<l

pmr
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% (

)
)

%$ (

3

%
_ 1 W
Y (W, W,,) = x 7 . (60)
Y Y g
M/f)mr pmr
$) (59) (60) (58),
%
T = P o Comm du (61)
M/smro ) l/l/2 + l/l/2 0'2(W) =1
M/;mr M/imr
" & Pt /1 , (61)
- I ( . ! ) ’
) % ( ; pmr
& Wo » Wy ' (
) , I /
[15, . 312, 3.257]
¥ 2 P
(1 X )2+x20’2 d
p?RL [Prm(owy)
- -
Ton O = muidu) (©2)
U=T;/; o— ) / ' %( )
( . ) (
%$ ( o ' T, .
%$ ( pmr- ) )(0) (30) &
P, () % b / (31).*
PP Lt o+ & P,
, % $ ) (5) R (z/ ,t) (40),
3 % ) -
[P = “h U FAD QAUA)cog g, co§%co§ vy, +
PR QU T
(63)
Q5 (/})cos’ g, sin? p; sin’ny  + Q55(/7)cos’ gy, sin® —~ pz" cos’ ny , +

+

I
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%

%

o ' (63) (46)"
%) ) 39, $
) (55), (56),
Ny >
3 <[P pm(t)]2> a em ot I:k (t)
1 ir 6p2R2L2 '
+ (62),
Nkz—
F.(Dw;t)
T _ PG (np)
<Tpmr(DM/7 t)> - - y (64)
24RLmu.ad(w,) b 12Mw,a(w,)
N —
FZ(Dw,t)
Ge (Wo == Dw B
) % :
T, .
T, % % , . U<< 1.
+ H $ TN %
, pmr V; % v ( % p, m, r
' ) $ % % %
( : : % ). #' ) %
L=, R=1,h=0004 =4 c. = 5400 /, p = m =40,
a(f +m?) =3,7 >>1,U=0,1" (34), (35) : fomz =3176 W& T = 318W&
TN = 503. : (64) +
% % $ % ,
) % &
% & % $ - 3
« ' », « %. ( » (57).
$ - : ' $
' $ % +
+ % '
/ ( +
I) 1 +
%$ % % ) (% & %
' %$ . - ) I '
, / ;oG <<l * &
% &) % ' ' ) %
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M > B34.833.522
OECD 01.03AA

JZkq_| wnn _dlb\ghklb rmfhaZsblguo wdjZgh\ *ey fZeh
"beuo aZkljh_d m~Ze gguo hl Z\Ih~hjh] ~h f

Dmjp_ \ ¥ F_a\ _joz§y ?
l g ijhn_kkhj dZn_"ju ©Wdheh]by b [_ahiZkghklv "bag_*
FZ]bkljZzgl dZn_"ju ©Wdheh]by b [_ahiZzkghklv "bag_"~_yl
14.=LM ©<H?GF?02 bf > N Mklbgh\z
] KZgldll_j[mj] nyeDjZkghZjf_ckdzy ~*

D
2

:gghlZpby

< jZ[hl_ ijh\_"~_g yhoKAEbdZehwlZ ghc "behc aZzZkljhcdb KZgpdlhjh”_ ]
[_1_j[mj] ijb\_~_gu fzZl_fZlbg_kd&bb”r"Zhfhwenn_dlb\ghklb rmfhaZsblgh]lh wdjZg
ljb\_~ gu agZqg_gby gZlmjguo baf_j gbc mjhlg_c¢c rmfZagKljhcjijjlolhjbb “betl
mklzZgh\e_gotifhazZsblgWwfljZg_ <uiheg_g jZkq_l h ' b~rZ_fhc Zdmklbg_kdhc wr
rmfhazZzsblguo wdjZzghW3 fukfmifhe5 f ey "behc azZkljhcdb m“ZAkhfddhbéd\hl
Ahjhlb gZ jzZkklhyéb_ljh\_~_gh kjzZ\g_gb_ ihemg_gguo jZkg_Ilguo agZ«
wdki_jbf_glZevgufb

Kjz\g_gb_ jzZzkg_lguo wnn_dlb\ghkl_c ih jzZaguf fzl_fzZzZb@ekdbf fh~
jZkoh ™~ _dby*m jZaebqgufb f_IKkhbdZfbb h~gzZ f_lh*"bdZz g_ ~"ZeZz koh ~_ gt
gZIlmjgufb baf_j_gbyfb wnn_dlb\ghklb mklZgh\e_gddh rimfhadtsbddb]hew dinx
koh”bfhklv ihdZazezZ f_Ih"bdZ jZzkq_IZ h b*Z_fhc wnn)\ &Ih KgIeR3R2-2005 *klZ\e_gg
Kr_ezZg \u\h”® h g_h[oh”bfhklb mkh\_jr_gkl\h\Zgby kms_klI\mxsjizkdgZIZfZlbqg_Kk
wnn_dlb\ghklb rmfhaZsblgtocwldppgsh\c ghjfZllm\gthg kdhc "hdmf_glZpbb Z IzZd"
g_h[oh”~bfhklb ijh\_~ gby ~hihegbl_evguo rmfhazZsblguo f_jhijbylbc

Dexq_\u_ kehkihfhazZsblgu_ wdjZgu wnn_dlb\ghklv fh2l_dgBlbg_kdb_
Zdmklbg_kdh_ aZ]jyag_gb_

Calculation of the effectiveness of noise barriers for low-rise residential buildings,
remote from highways up to 200 m

Kurtsev G.M., Bezverkhaya E.A.
'Ph.D., professor of Environment and Safety chair
?Master student of Environment and Safety chair
12BSTU "VOENMEH" named after. D.F. Ustinov, St. Petersburg, 1st Krasnoarmeyskaya,

Abstract

The paper analyzes the growth of low-rise residential buildings in the subfirBs Petersburg;
Mathematical models of the expected effectiveness of the noise screens are given. There uementasf
noise levels on the territory directly adjoining the residential buildings, witlinatalled noise screen. The
expected acoustic performance of noise protection screens 3 m, 4.5 m andrbwashialculated for territory
directly adjoining residential buildings, which are remoted from the highway mstande of 20 m. The obtained
calculated values were compared with the experimental ones.

Comparison of calculated efficiencies for different mathematical models of indications of
discrepancies between different methods up to 5ndBe of these methods gave 100% convergence with real
measurements of the effectiveness of the installed noise screen, however the mathematickdserdzed in
GOST 31295.2-2005, showed the greatest convergence. There was maudguaiao about the need for
improve the existing mathematical models of calculating the effectiveness of noise screen ofeguianry
and technical documentation, as well as the need for additional noise protectioureseas

Key words:noise screens, efficiency, mathematical models, acoustic pollution.

"E-mail: kate_next d@mail.iy;, _a\_jozZy ? :
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<\_"_gb_

JZa\blbb m\_ebqg_gb_ igbRapgh ghli(pzklgh]l]h “beh]h k_dlhjz
fZehwlZ ghhzkhijh\h " *"Zxlgyba[_ "guwf\_ebq_glbtbéb ihy\le gb f
bgnjZkljmdImju Z ke_"h\Zl_evgh b m\_ebq_gb_byhtngklbg_ kdh
K_]h~rgy kbimZpby aZrmked[ggoklZdImZBeh@!|Z gdiroll _~"guo
ihk_e glbyd | \g¥kiheh _gyebdafb |Zihebkh\ 1Zdbo dZd Fhkd\zZ K.
I 1 _j[mj] b *j \"hev ZbldBhyhy_ ihkj_~kI\_gghc [ebalklb hl gb
kms_klI\_gguc ZximbidZgkihjlguo iklZdi\bhkygbf ba ij \Zebjmxsbo
bklhggbdh\ rmfz

\ ]
Jbk.>bgzZfbdZ jZza\blby fZehwlZ guo azZkljh_d >

GZ jbkmgd _ ij_""klz\e _gZ "bgzZfbdZzZ jhklZ fZehwlZ guo dh
aZkljh_d gZqbgZy k ] ih ] <u” fekfgfhu]rh[azZkMzgguc
\j_f _gghc bgl _j\Ze ijhbahreh kms_KkI\ _ggh_gZjZsb\Zgb_ fZehwl
ijblhjh”r_ K4gWdlj[mj]Z Ihfbfh jZajZklZzgby "beuo aZzZkljh_d jzZ
bgnjzZkljmdImjy\lreZkv ~“hjh]Z kjzZ\gbl_ kgbfdb ©zZ2 b ©[?2
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JZkq_| wnn_dlb\ghklb rmfhazZsblguo wdjZgh\ *ey fZehwlZ guo °
m~"Ze gguo hl Z\Ih~hjh] ~h f

1. FzZIl_fZlbg_kdb_ fhkMmsbkl\mxsbo f_Ih~bd jZzkq_|Z h 'b*Z 1
wnn_dlb\ghklb rmfhaZsblguo wdjZgh\

JZaghh[jdBbdoh” pXkq_WAhn_dlb\ghklb rmfhaZsblguRWwvdjZgh\
\_ebdhh™jh[guc ZgZeba gzZb[he__ jzZkijhkljZzg _gguo f_Ih”bd jZkqg
wnn_dlb\ghklb JRWijh\_~ g h~rgbf ba Z\lhjh\ [2Egghc klZIvDb

<wlh¢_ klIZIv_ [m ml ijb\_~ gu ebrv fZl _fZlbg_kdlk_ fh”_eb
mihj k~"_eZg gZ hjdkq _Ifhc wnn_dlb\ghklb RW 7ey fZehwlZ gu«
aZkljh_d Z azl _f kjzZ\g_gb_ ihemg_gguo jgamidviiziaémgZlggulfd k
ijb ijh\_~ _gbb gZlmjguo baf_j _gbc mjh\g_c rmfzZzk\NZdghkéZg ]"_
rmfhaZsblguc w@zdbdghe  jZkijhkljZzg _ggu_ fzZIl _fZlbg_kdb_ fh~ _
h b~rZ fhc wnn_dlb\ghklb RW ijb\_"~ gu \ |Z[ebp_

LZ[ebpZz

GZb[he__ jZkijhkljZg_ggu_ fzl_fZlbg_kdb_ fh~_eb jZkq_|l
wnn_dlb\ghklb

GhjfzZzlb\guc ~hd NhjfmeZ jZkg_|Z wnn _dlb\ghk

H > F218.2.013-2011 [3] é aiol szat E yA% A Erta ~;:

=N AtjZaghklv “ebg iml_c a\mdh\h]h emqZ

¢ aiol trZ%&:RR Ewigb R Frat”";:
“Lwaj 1]IN<-0,2,
="N +*tqbkeh Nj_g_ey

K1276.1325800.2016 [4]

=HKL -2005 [5] L SrZ% > BE;:7086,?2";

=N % +dhgklZglZz mqgblu\ZxsZy wnn_dl hlj
% +tdhgklZglZ mgblu\ZxsZy “bnjZdpbx gZ
a £ "ebgz a\mdh\hc \hegu k gzZk
kj_~g_l_hf_ljbg_kdhc gqzklhl_ hdlz\ghc ih
V = jZaghklv “ebg iml_c jZkijhkljZg_g
"bnjZdpbhggmx djhfdm djhfdb f

“agc * dhwnnbpb_gl mgblu\Zxsbc
f | _hjheh]bgq_kdbo mkeh\bc

2. F_Ih~bdZ ijh\_~_gby wdki_jbf_glz

21.Baf_j _gby mjh\g_¢c a\mdZ gZ k_ebl _[ghc | _jjblhjbb

Baf_ j gb_ rmfZ gZ k_ebl _[ghc | _jjblhjbb ijh\h~"behkv \ Kk
=HKZ23337-2014©0F |h”~u baf_j gby rmfzZ gZ k_ebl _[ghc | _jjblhjbb \ i
"beuo b h[s_klI\_ggud8p~Zgbc?

Baf j _gb_ rmfz gz |, jgblihjkb "kl\ ggh ijbedZXseuf
"hfzf ijh\h~"behkv gz jZkklhypgEZbrZxsbo dhgkljmd i \akhybc

“ fgzZ” mjh\g_f ih\_joghklb

AgZg_gby A“jm]bo f_ | _hjheh]bg_kdbo izZjzthahhmm AN _ jZImju
g_ \uorbddz jZfdb ij_~ evguo agZq_gbc ijb\_~ gguo \' | _ogbqg_kdl
b& jbl _evghc ZiizZjblimjfu Ihlhaf_jbl_evgZy ZiizZjZImjzZ g_ ih"\_j]z
\ha”_ckl\bx \b[jZpbb we _dljbg_kdbo b fZ]gblguo ihjd\c b 7|
mdZaZg{gho \

Lzd _ khhI\_IkI\§8), Rebl_evghklv baf_jbl_evgh]lh bgl _j\ZeZz
f g fbg Z dhebqg_kl\hgbaf_g-gbdz "hc baf_jbl_evghc Ihgd_
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<h \j_fy ijh\_~_gby bafi jjAbh¢ gZoh”beky gZ jZkklhygbb
05f hl baf_jbl_evgh]h fbdjhnhgZz

F_""m baf_jbl _evguf fbdjhnhghf b bklhggbdhKlnhphfgZgbo [ueh
ij_~f_Ih\ b ebp

Baf_j_gby rmfh\hc 0Zjzdl_jbklbdb hl Z\Ih~hjh]b

Baf_j gby rmfh\hc RO o02ZjzZdl_jbklbdb ijh\h*behkv \ kh
= H K20444- ©ORmMf LiZgkihjlgu_ ihlhdb F _Ih~u hij_~ e _gby
oZjzZdl_jbklgdb2a >

F_klz ~ey ijh\_~ gby baf_j gbc rmfh\uo ozZjzZdl_jbklibd ZzZ\I|
ihlhdh\ [ueb \u[\jZdhI\_Tki\bb k img[@lhfzkklhygbb g_ ffg_
hl i_j_dj_kldh\ [IjZgkihjlguo iehsZ” ¢ b hklZgh\hqguo imgdlh\
h[s_kI\_ggh]lh ljZgkihjlZz

Baf_jbl_evgzy ZzZiizjZlmjz g_ ih”\_j]l]ZeZkv \ha”_ckl\b»
we _dljbg_kdbo b fZ]Jgblguo ihe_c¢c b ~jm]bo iZjZf_I|jf®. mdZaZggu

<j_fy ijh\_~ gby baf_j gbc [ueh i\ypjroh fZdkbfZevghc
bgl gkb\ghklb ~"\b" gby ljZgkihjtgado \ildhd\g\n _ 1Zd b \ ghggh_ \
kmlihd qlh hiI\_gzZ_1 Ij_[h\Zd¥x imgdlZ

Kj_"kI\Z baf_j_gbc

Khl]ezkgh imgd9m baf_j gmyh\g ¢ a\mdZz wd\b\Ze glguc
fzdkbfZevguo mjh\g_c a\mdz bjgl\h}bjeksbfb] "gyxsbfb
rmfhf_jzZfblh dezZkkzZ khhl\_IklI\mxsbfb=Ij{KE1B3G2010 [1].

< khhI\_IklI\bb k [9], kj_~kI\Z baf_j_gbc ij_"gZagZg_ggu._
baf j gby rmfz gz fhf_gl ijh\_~ gbegbbatkj\mbBebbf k\b” | evkl\Z

h ih\_jd_

I j_" gZgZehf dzZ "hc k_jbb baf_j gbc b ihke_ ijh\h”be
dZeb[jh\db kj_~kI\ baf_j gby \ khhiI\_IklI\bb k jmdh\h”~klI\tZfb ih bo
hi\_qZ_ _[h\Zgbyf3iBlgdlZz

3. Hp_gdZ wnn_dIlb\ghklb RW mklZgévVvefZgeghyhZz ghc @ A

31.HibkZgb_mkeh\bc b j_amevlZlu baf_j gbc

F | _hjheh]bg_kdb_ mkeh\by Z 1Zd"_ mkeh\by jZkiheh™ _gb
BR b I_jjblhjbb g_ihkj_"~kl\_ggh ijbe_]Zxs_c d "behc lazZkljhcd_
ijh\_~ gby baf_j gbc iyH¥[%®bgpu

LZ[ebpZz
F I _hjheh]bg_kdb_ mkeh\by b jZkiheh  gb _
1 ZjZf | ?"bgbpZ baf j AgZq_gb_
JZkklhygb_ hl BR ™[ f I f 20
JZkklhygb hl BR ~| f Ij f 14
L fi_ jZImjZz ( +8 K
>Z\e gb_ ffjl Kkl ff jl ki
<eZ ghklv % 89%

Khl]eZkgHKL J -2005[7@ RW fh | [ulv mklZgh\le_g g_ [eb _
25f hl Z\Ih*hpgibggh_ mkeh\b_ kh[ex”™ _gh
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JZkq_| wnn_dlb\ghklb rmfhazZsblguo wdjZgh\ *ey fZehwlZ guo °
m~"Ze gguo hl Z\Ih~hjh] ~h f

Rmfh\Zy ozjzdl_jBklbAdZih]lb baf_j ggZy gZ jZkhkllhygbb
[eb Zcr_c ihehku ij_~klzZ\e _gZ \ IZ[ebp_

LZ[ebpZ
RO zZ\lh~hjhlg \gh_ b \ ghggh_\j fy kmlhd

Mjh\gb a\mdh\h]h ~Z\e_gby #; \ hdlZ
ki_~g_]_hf_ljbg_kdbfb qZKkINIZfl vawd mafzd

< .
Ihqa '1Pf-aZolk A A
31,5| 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
< "g_\gh
) 75,9| 75,7| 71,9| 67,5| 66,2| 67,3 | 62,8 | 57,4 | 60,1 | 71,0 | 855
\j_fy kml
JL
< ghaghl g1 51679 61,8 60,3| 593| 61,6 | 57,6 | 49,5 | 453 | 62,7 | 752
\j_fy kml
GZ jbkmgd _ ij_""klzZ\e&kogZZdgjH¥Z ~ gby gZlmjguo baf_j_

mjh\gy rmfZ gZ |_jjblhjbb @A

Jbk.DZjtRo _fZ jZkiheh  _gby JL b Z\lh~hjh]lb BR ijb ijh\_~
wdki_jbf_glh\

J _ameviZlu gZimjguo bgh\g gbemfz \ jZkg_lguo IhqdZo

J_amevlZlu baf_j_gbc ij_"klz\d_guZXglgheblZ[eblp JUL
jZkihezZ]zZxlky aZz RW gZ f\bkblfZogZ mjh\g_ k_j _~bgu hdhg i_j\h]
\lhjhlh wilz Z khhiI\_IkI\3ggH aRWL JL+ rmfh\Zy oZjzdl_jbklbd
Z\Ilh~hjh]lb gZ jZkklhyl@ghe. f
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JL b JL jZkiheh' _gu gZ jZkklhygbb \  f hlfZAlhFhjh]b RV

klhjhgm ~hjh gh]h ihehlgz | _ \ f hl Z\Ilh~hjh]b
RmfhaZsblguc wdjZghlukihVficheg g ba hpbgdh\Zgghc klZeb
LZ[ebdpZ
J amevlZlu gZIlmjguo baf j gbc \ JL
JZkq_Ilgzy Ihf MA \ JL \ ghqgh_ \j| MA \ JL \ ~g_\gh_ \j|
J'=0f 62,7 71,0
JL3
(15) 59,7 68
JL3
(4.5) 58,9 66,5
TH 48,9 57,4
TH 55,6 63,2
JL2
(15) 50,4 57,5
JL2
4.5) 57,1 64,3

KhlezZkghgguf 1Z[ebpjulur_gby gZ[ex"Zxlky dZd ghggh_ 1Z
Ag \gh_\j_fy g _kfhljy gZ rmfhaZsblguc wdjZg

Ih j_amevlZlgiebiZmqg_gguo gZlimjguo puwebj\ghe gu
ij_ \ur_gby \ ghggh_ \j _fy Kmlhd ~g_9 *h

4. JZkg_I h'b”rZ _Wwmmn_dlb\ghklb rmfhazZsblgh]l]h wdjzZgZz
fZehwlZ ghc "behc azZkljhcdb

HIf Ibf qlh fZehwlZ gu_ "beu_ aZkljhcdb jZkiheh  _ggu_ \’
hljez~zZx!| jy*hf hkh[_gghkl_c gZzZijbf_j fhlml jZkihezZ]Zlvky dzZd
[ebahklb hl Z\Ih~hjh] b Z\IhfzZ]bkljZze ¢ 1Zd b gZ<my*Zre fgghf |z
kemqZ_ @A jZkiheh  _gZ oZhinBRe gbb

J_amevlZlu jzkq_1Z h b~rZ_fhc wnn_dlb\ghklb \nnkfth&Zsblgh]
3f;45f b f [ueb ijh\_~ gu ~ey \ukibluf ihH>F -2011 [3],
K1276.1325800 [4@ b =B1R85.2-2005 [5]b ij_"klz\e\ ¢z[ebmhp IZkqg_lu "ey
JL ZgZeh]lbqgu jZzklg _Izf JL

LZ[ebZ
H brzZ fwgn_ dlb\ghklv RW
JZkq_lg GL> H b~"Z fZy wnn_dlb\ghklv RW A,
lhqdz : 25 A
K 12,0 17,2 185
1325800.2016 ’ , :
JL1 H>F
f 2.013-2011 14,5 18,6 19,6
=HKL
2005 11,5 14,5 15,4




Dmjp_\=F ;_a\_jozy ? : 70
JZkq_| wnn_dlb\ghklb rmfhazZsblguo wdjZgh\ *ey fZehwlZ guo °
m~"Ze gguo hl Z\Ih~hjh] ~h f

JZkq_lg GL> H'b2Z fZy wnn_dlb\ghklv RW *;:
lhqdz f 45 5.0
K| 59 9.0 114
1325800.2016 ’ : '
f 2.013-2011 7.5 117 14,0
“HKL
Al 3.7 8.0 115

Khl]ezkgh 1Zpbelpgb h~rgz fzZIl _fZlbg_kdZy fh” _ev g_ ihdZaz
koh~bfhklb k wdki_jbf_glZevgufb baf_j gbyfb kbhgBEthikigZbemq
baf j gbyfb ”~ey mklZgh\le _ggh]8BfRYWebukhfzd¢ ¥ZIbg_ kdhc fh"_ el
ij_"klzZ\e gghtK®R1295.2-2005 [5].

AZdexq_gb _

JZkq_| wnn_dlb\ghklb rmfhazsbilghVk_fwdjZigith~bdZfb
ihdZzazZe qlEyY&ZiggdZ RNkgb Zrmfgb \ h”rghc ba jZkqg_lguo Ihqg.
jZkiheh  _ggZd_jjblhjbb bkke_"m_fhc fZehwlZ ghc "behc aZkljhcc

Djhf_ Ih]h ijb\_~_ggu_ f_Ih”*bdb jZkqg_lZ h b~Z_fhc wr
rmfhazZsblgh]lh wdpdggZkoh ~_gby \ jZkqgzlsad';\iadkbZzdi gb ih
hrghc ba f_Ih*bd g_ ~hklb]Z _Iky g_h[oh”bfhc wnn_dlb\ghklb RW
fZehwlZ ghc "behc azkljhcdb qglh ]h\hjbl g_ Ihevdh h g_h[oh
dhjj_dlbjh\hd \ fZI_fZIlbqgq_kdb_ fh”_eb ij_"klZ\e_ggunb\gh™_ckl\m:
| _ogbqgq_kdhc [Za_ JN gh b h g_h[oh”bfhklb ijh\_~_gby
rmfhazZsblguo f jhijbylbeecb bg h[oh”~bfhklb baf g _gby iheh”
rmfhazZsblgh]h vhdghgBl_evgh bklhqgbdz\haff ghklb i_j_f_klblv
RW [eb _ d.BR
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