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Abstract: - This paper presents methods for wave propagation through walls, modeled as non-inertial
elastic elements. Modeling results are presented for two types of wall with different thicknesses thus,
concrete wall in the frequency range of 0-35000 Hz and rubber wall in the frequency range of 0-500 Hz.
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1. INTRODUCTION

The propagation characteristics of sound waves
have a role in the distribution processes, attenuation
or amplification of sound energy. In acoustic terms a
simple wall is a building element that consists of
several parts linked together jointly such as at the
action of sound waves it can be characterized as a
unitary structure [1]. Sound insulation, in certain
limits, for partition walls modelled as elastic
elements is achieved through the following:
increased wall thickness, increased thickness of the
material layers that compose the wall, but also
increased number of layers. In this paper we
examine the wave propagation through simple
partition walls setting the acoustic attenuation of
materials used for the wall construction as parameter
of interest.

2. UNDULATORY PROCESSES OF THE
ACOUSTIC PROPAGATION

Propagation of sound waves through a simple
wall, consists of three successive media with the
characteristics p;c;, pacs, pscs, so that the medium
poc; can form acoustic structure for partition wall as
it is schematised in Figure 1.
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Figure 1. Propagation of sound waves through three
successive media [1]

The first separation plan occurs incidence of
direct wave with pressure p;; and reflection with
pressure p; as well as wave transmission with
pressure p,; and in medium p,c, occurs incident on
the surface of separation for x-1 with reflection p,,
and pressure transmission p,; in medium p;c;. Sound
wave pressures in the three mediums are the

undulatory functions, represented as complex
numbers, such:
Pin=Pi (@ 1=k2x) (1)
Po= P2 @
p
pzz — Ptzei(art—kzx) (3)
Poy= Py ei[(a}»t+k2 (x=1)] (4)
p
Pi=Pn ei[(wf—kz (x-D)] %)

Velocity of the air particle depending on the
pressure is of the form:
v :iei(w'l*kﬂ), where j=1,2,3,... (6)
Pic;

For the two surfaces of separation x=0 and x=1
are put conditions for pressures, such as:
- for x=0; p;=p, with conditions

P1=Piutpr1; @)
P2=Putpr; ®)
- for x=1; p,=p; with conditions
P2=Petpr; 9
D3=Putpe; (10)

Conditions for velocity are put so that to take into
account the fact that any point that is a separation
area must have a unique expression of speed in
oscillation movement, namely:
- for x=0; v;=v, with conditions

Vi=vi v,

(11)
(12)

Vo=Vt
- for x=1; v,=v; with conditions
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(13)

V3=V;3 (14)

Based on relationships for pressures and speeds

the relationship between pressure of the direct wave

P;; and pressure of the transmitted wave P, is
determined.

Denoting the relative impedances of the three

media with z,, :@, Zy3 =G :%,

P16 P26 £
Euler's formula under the trigonometric form of
complex numbers related to relations (1-6) we
determine the pressure of the direct wave P
Calculating the energy transmission coefficient
between medium p,c;, medium p;c;, and T and basis
under the relations for pressures (1,2) and for
velocities wall attenuation shall be established, such
as:

Vo=Vt

2

1+l@u+4Lf@%j

zZ
R=D=10lo 12
s 1+1g7k,1

,dB (15)

w . .
where k, =— is wave’s number for elastic

(&)

medium p,c,.

3. PROPAGATION OF ACOUSTIC
WAVES ON A PARTITION MONOLAYER
WALL, MODELED AS AN INERTIAL
MEDIUM (SOLID RIGID BODY)

In case of low frequencies when the wavelength

is large (/1:%) and wave number is small

2
(k= 77[), and the wavelength is much larger than

the wall thickness (A >> 1) particles in contact with
the wall move in phase. Wall motion consists of a
alternative linear translation so that it can be
modelled as a free material point under the action of
external pressure forces, as shown in the following
figure:
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Figure 2. Free material point under action of external
pressure forces [1]

where Fj - is the normal force exerted due to the
pressure created on the left front wall;
F,— is the normal force exerted due to the
pressure created on the right front wall;
m — monolayer wall mass.
We denoted by S the exposed surface of the wall,

with g =-— surface unitary mass and with

S

E
py=— and p, = ?zpressures on the both sides

S
of the wall. Based on the formulas for speeds and
pressures the coefficient of acoustic transmission, T,
determining the air noise attenuation index R or
attenuation D in terms of a direct acoustic is
determined and taking into account that the wall

U
2p,c

under the form:

thickness >>1 obtain the final equation by

HO 4B

R=D=20log
2p,c

(16)

known as masses law because attenuation is directly
influenced by the product uw.

Analysing masses law the following are

ascertained:

1) noise attenuation index R or D increases with
increasing the frequency, in case of a wall with
determined mass, it results that high-frequency
sounds are attenuated more than those with low-
frequency;

2) noise attenuation index can be increased in case
of low frequency sounds if the wall mass is
increased, meaning that if this is realized a
massive wall, for which the product uw is
significantly increased;

3) noise attenuation index for a certain frequency,
but constant, increases with the mass unit of
surface u; we remark that at constant frequency
noise attenuation index increases with 6 dB for

every mass doubling.

4. PROPAGATION OF ACOUSTIC
WAVES ON MONOLAYER PARTITION
WALL MODELED AS AN INERTIAL
ELASTIC MEDIUM

One considers a partition monolayer wall
modelled as a homogeneous plate reported to a
system of axes Oxyz and which due to normal direct
wave gets into a vibratory motion in the direction of
the axis Ox simultaneously with bending wave
propagation, as shown in Figure 3.
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Figure 3. Propagation scheme [1]

It was previously shown that sound insulation
depends on sound frequency f [Hz] and mass per
unit of surface m [kg/m2] [2],suitable relationship
(16). A sound-absorbing partition panel, under the
action of the sound pressure, is subjected to
vibrations and possible state of resonance,
phenomena that can influence the acoustic behavior.
Thus, in areas of high and low frequency
soundproofing loss may occur due to the resonance
frequency or coincidence; frequency where the loss
starts to occur is defined as critical frequency (f.)
and, its value can be calculated when propagation
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Figure 4. Curves of critical frequency for concrete wall

Table 2. Values of critical frequency for rubber wall

. . . Rubb 11
speed of sound in the material is known. S oo Srom —
The values established for f;, according to the N | VAl e | YO on | PO uen
thicknes, modulus, coefficie
relation: L W E Y | P o oy, fur
: ’ [kg/m’] ’ ¢, m/s ’ [Hz]
T 375 153
5 5 2 75 216
(f)o = c 12(1-v")u (17) 3| 250102 | s 2#107 54 0.5 305
eramm s Eh 4 22,5 374
5 30 431
where E is Young modulus for the materials being 6 375 4
used, v - Poisson coefficient, u - specific mass, 7 i 75 i 76
. . . 5%10° 2#10 54 0.5
h-thickness of material, c-propagation speed of the 8 15 108
sound through wall. ? 225 132
Table 1 and Table 2 present the values of the 10 30 153
critical frequency for concrete and rubber at L 375 19
different wall thickness and specific mass. 12 7.3 el
13 10¥107 15 2%107 54 0.5 38
14 2,5 4
Table 1. Values of critical frequency for concrete wall 15 30 54
Concrete wall 16 3,75 10
Critic - s "
P 1 :
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cn. thicknes mass, [ modulus, speed. o coeffici ne 19 75 25
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Figure 5. Curves of critical frequency for rubber wall
5. CONCLUSIONS

On the basis of the physical models adopted for
the simple wall, with a soundproofing layer made of
two different materials and numerical and
experimental data (see Figure 4 and Figure 5), the
following conclusions can be synthesized:

- critical frequency 1is the physical parameter
indicating that above this value the acoustic
pressure, on the frequency band, is not isolated;

- for a good isolation, points of interest must be
included under the plotted curves, parameterized
by the material thickness, /;

- the curve families for concrete and rubber
highlight the influence of material density, a
specific surface mass and the thickness of the
plate made, both at low and high frequency;

- low frequency sounds are effectively insulated
with materials that have high thicknesses and
high frequency sounds can be well insulated with
materials that have small thickness (thin). The
research results can be used to determine
technical solutions intended for anti-noise panels
on the roads with intense and fast traffic.
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