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Abstract 

Estimation of soundproofing of protecting structures 

is one of the most important issues of acoustical 

engineering. Acoustic environment attracts more 

and more attention of designers and building 

owners.  

This article demonstrates that the well-known 

equation of soundproofing by plate as a function of 

angle of arrival obtained on the basis of continuity 

condition of oscillating speed and sound pressure at 

media interface does not meet the requirements of 

continuity on plate surface and, thus, is 

meaningless. In addition, it is shown that the value 

of soundproofing by plate at any angels of arrival 

equals to proofing under normal impingement.  

Discrete models of sound transmission are 

proposed which vary as a function of sound 

frequency, their combination can be applied for 

practical calculation of soundproofing. 

Key words: oblique and normal 

incidence of sound, discrete models, 

reduced discrete mass, practical 
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1 Introduction 
Guaranty of acoustic comfort in human 

environment is one of the major tasks upon designing 

and construction of civil and industrial facilities. One 

of the most popular approaches to sound elimination is 

erection of soundproofing barriers such as walls, 

partitions, coverings, and so on, their designs should 

be based on calculations of soundproofing by 

protecting structures. 

It is known that soundproofing by separating 

plate decreases with increase in the angle of its arrival 

with regard to normal to the plate surface. Systemic 

error upon consideration of oblique sound 

impingement is that the ray path scheme of sound 

transmission is presented by lines without transversal 

dimension [1] which hinders violation of continuity 

conditions: mismatching of the surface area of beam 

trace with the surface area of plate which should equal 

to the surface area of beam transversal cross section 

according to the equation.  

 

2 Imperfection of soundproofing 

equation based on continuity 

conditions of oscillating speed and 

sound pressure at media interface 
The well-known equation of soundproofing [2,3,4] 

is based on continuity conditions of oscillating speed 

and sound pressure at media interface. 

R = 10lg [   (
   

  
      )

 

] dB, (1) 

where m is the surface density of plate, kg/m2; f is the 

frequency of sound oscillations 1/s;   is the density of 

medium separated by plate, kg/m3; c is the speed of 

sound, m/s; Θ is the angle of sound beam to plate 

normal, deg.  

If we assume sound impingement onto plate (cos 

θ = 1) and, neglecting unity, substitute into Eq. (1) the 

well-known expression of wave length λ = c/f, m, then 

we obtain the well-known expression of mass 

conservation upon soundproofing by one-layer 

protecting structures: 

R = 20lg 
  

  
 , dB, (2) 

As can be seen, the mass law is the ratio of plate 

weight per its unit surface area in the bulk restricted 

by the same unit surface area and wavelength (see 

dimensions of terms in Eq. (1)). Constant   is the 

factor of this ratio. Let us consider that the surface 

area of cross section of sound beam equals to the 

mentioned unit surface area of plate and, for clarity, 

assume that it will vary only due to variation of the 

beam width in the plane of the drawing. 

Figure 1a illustrates schematically transition 

and reflection of sound beam upon its normal 

impingement onto plate surface. 

It is shown that the widths B of transversal 

cross sections of sound beam and the areas AB of their 

contact match the plate unit surface area. Thus, it is 

possible to state that at any point of the considered 

surface area the continuity conditions of sound 

pressure and oscillating speed are satisfied and Eq. (2) 

corresponds to the process illustrated in Fig. 1a. 
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Fig. 1. Schematic view of transmission and reflection of sound beam: a - upon normal impingement onto plate surface - 

continuity conditions are satisfied, b - upon oblique impingement - continuity conditions are not satisfied at the interval B-C, 

c - upon oblique impingement - continuity conditions are satisfied. 

 

Figure 1b illustrates schematically transition 

and reflection of sound beam with the width B of cross 

section surface area as in Fig. 1a upon its 

impingement at the angle θ to normal to the plate 

surface. It can be seen that the surface area of contact 

AC of sound beams is higher than that of unit surface 

area of plate AB. This is not considered in Eq. (1). In 

order to satisfy formally the continuity equations, it is 

required that the surface area of beam cross section 

would decrease to the size when the contact surface 

area matches the plate unit surface area, or, provided 

that this beam surface area is constant, it is necessary 

to increase the plate surface area to the contact 

surface area. Figure 1c illustrates the ray path scheme 

when the continuity conditions are satisfied but cross-

sections of beams are decreased to         It means 

that Eq. (1) loses cos θ and coincides with Eq. (2).  

It follows from the obtained result that Eq. (1) 

does not provide the continuity conditions upon 
oblique impingement of sound, thus, it is meaningless.  

Two important consequences follow:  

1) soundproofing by plate is determined by the 
law of mass upon normal impingement onto plate and 
is constant upon any angles of arrival of sound. This 

significantly simplifies calculations in the problems of 

sound transmission eliminating variant of oblique 

impingement as unnecessary. 

2) validation of Eq. (1) by determination of 

volumes and masses of media involved in the sound 
transmission made it possible to present them 
virtually as closed system and to apply the 
conservation laws of mechanics, in particular, 
conservation of momentum and conservation of kinetic 
energy. 
 

3 Application of discrete model 

upon calculation of soundproofing 

by solid plate 
In order to virtually present media portions 

involved into sound transmission by closed system, the 

acoustic medium, where wave propagates, should be 

presented by a certain object with localized mass 

parameters, its action is equivalent to the action of a 

discrete body with effective speed of oscillating wave 

motion. It has been proposed in [5] to specify this object 

as localized reduced mass or, for short, reduced mass 

and present it as follows: 

µ= S /2  =  Sc/2 f,  (3) 

where S = 1, m2, is the surface area of beam 

transversal cross-section upon its normal 

impingement on plate. 

Let us denote the effective oscillating speed in 

the falling wave as , in the reflected wave - as , and 

in the transmitted wave - as , where  and  are the 

coefficients of reflection and transmission of oscillating 

speed. Thus, sound transmission across a plate can be 

presented by discrete model of elastic interaction 

(impingement) of point masses: µ, m, and µ, forming 

virtual closed system where before the interaction 

overall momentum is localized in the falling beam: µ1, 

after the interaction – in the reflected beam: µ1, in 

the plate unit surface area and in the transmitted 

beam: (m+µ2).  

Then, the law of momentum conservation can be 

presented as follows (4): 

µ1 = µ1 + ( m + µ2). (4) 

The second equation for determination of 

unknown coefficients of oscillating speed is the 

equation of conservation of kinetic energy: 

µ12/2 = µ12 /2 + (m + µ2)2/2. (5) 

Since the considered plate separates one and 

the same medium, then µ1 = µ2 = µ, and further on we 

will not apply indices for the reduced mass.  

Combined solution of Eqs. (5) and (6) provides 

the following form of the coefficient of transmission of 

oscillating speed: 

 = 
  

 
. (6) 

The soundproofing, in dB, is as follows: 

R = 10lg = 20lg 
 

  
 = 20lg 

   

   
   (7) 

As can be seen, substitution of Eq. (3) into Eq. 

(7) made it possible to obtain the well-known Eq. (2) of 

soundproofing by solid plate. 

Now the wave propagation in medium can be 

presented as consecutive elastic interaction 

(impingement) of reduced masses which can be 

described by conservation laws of momentum and 

kinetic energy. Contrary to the continuity equations 

which describe state of the considered objects upon 

wave transmission, the conservation laws describe 

state of the objects before and after termination of 
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transmission. Hence, it is not difficult to satisfy the 

continuity conditions in this case.  

In order to develop an efficient practical 

technique of sound transmission let us expand the 

notion of waveguide for bodies where wave motion can 

occur at the considered frequency and in the direction 

of wave propagation. The frequency, at which in a 

body with the size b the wave motion is possible in the 

direction of wave propagation at the speed c, is 

determined as follows (8): 

fb =c/2  b, Hz  (8) 

Therefore, the reduced mass depending on wave 

direction and oscillating frequency can present both 

the medium and the body (waveguide) where wave 

motion occurs.  

4 Soundproofing by plate as a 

function of frequency range  
Let us consider the case of soundproofing by 

plate as a function of frequency range.  

The frequency range is: fb  f  fbord.  

In this frequency range the plate can perform 

transversal oscillations in the form of bending waves. 

The plate in this case is simulated by the localized 

mass m. Soundproofing can be determined by Eq. (2) 

presented by the dashed line in Fig. 2.  

 

octave 

 
Fig. 2. Frequency property of soundproofing by plate. 

 

The frequency range fbord  f  flim. Here flim is the 

upper limit frequency of existence of bending waves for 

this plate.  

 We consider the frequency range of wave 

coincidence when the trace of wave falling at the angle 

θ coincides with the length of bending wave in the 

plate. Therefore, in the considered frequency range the 

plate is a waveguide and is simulated by reduced mass 

µred = m и/2µ. According to the second consequence at 

any angles of arrival the soundproofing is determined 

as follows: 

R = 20lg 
    

  
 .  (9) 

Equations (9) and (2) differ by 2 , which equals 

to about 16 dB.  

In Fig. 2 the calculated soundproofing according 

to Eq. (9) are illustrated by the lower line . 

Calculations of soundproofing by solid plates 

with surface density in excess of 50 kg/m2 in the 

frequency range of wave coincidence according to Eq. 

(5) provide the best coincidence with the field and 

experimental calculations obtained by all known 

techniques. 

At frequencies below the limit of wave 

coincidence (f  fbord) practical values of soundproofing 

are always lower than the calculations according to 

Eq. (2). It was demonstrated in [6] that the 

soundproofing deterioration can be attributed to 

resonances of plate bending oscillations. 

Soundproofing deterioration depends on average 

values of the reflection coefficients avg of bending 

waves with regard to plate edges. 

For conventional designs of walls and coverings 

with surface density above 100 kg/m2 made of uniform 

stone materials at the width ratio of adjacent element 

not higher than 5/1, the soundproofing according to 

Eq. (5) in the frequency range f  fbord varies, 

respectively, by 92 dB which in average is about 6 

dB. Solid line in the figure of the considered range 

reflects this soundproofing deterioration. Transition of 

the calculated soundproofing from the frequency range 

below wave coincidence to the range of wave 

coincidence is described by straight line in the range of 

octave band including the border frequency fbord. 

In the frequency range flim  f the transversal 

oscillations of plate are performed due to shear waves 

the speed of which does not depend on oscillation 

frequency, thus, its ratio to the speed of longitudinal 

waves in medium is constant. This circumstance leads 

to the fact that the soundproofing in the considered 

range does not depend on frequency. In Fig, 2 it is 

illustrated by horizontal line. The angle of coincidence 

of the falling wave trace with the shear wave in this 

range is constant. The soundproofing in this range will 

be determined depending on the plate reduced mass 

upon propagation of shear waves µпс as follows: 

R = 20lg 
   

  
. (10) 

Therefore, each of the three frequency ranges of 

soundproofing by plate is described by respective 

discrete model including the corresponding reduced 

masses. 

The calculations of soundproofing according to 

the proposed technique and regulatory approach on 

the basis of statistic data are compared with 

experimental data on soundproofing by plates made of 

solid material in [6,7]. The comparisons demonstrated 

high accuracy of the proposed technique for plates 

with surface density higher than 50 kg/m2. 

 

5 Conclusion 

1) Soundproofing is an efficient tool to suppress 

noise in the direction of its propagation, this is 
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implemented by erection of soundproofing structures, 

including solid plates. Herewith, major portion of 

sound energy impinging on such structure is reflected, 

only its minor portion passes through.  

2) This article demonstrates independence of 

soundproofing by plates on angle of arrival of sound. 

3) The technique of soundproofing by plates is 

proposed on the basis of discrete models of sound 

transmission as a function of frequency ranges. 
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