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When choosing new machinery, equipment and installations, consideration must be given to the noise
disturbance that it could produce. Some manufacturers of noisy equipment demand good sound absorption
characteristics in workshops when installing such machinery. This requirement is set in order to reduce the
reverberant portion of the total  sound pressure level and thus to prevent high overall noise levels.  A low
reverberation time or a sufficient drop in the sound pressure level with distance is required, and this can be
achieved by properly setting up absorbing material within a room. However, noise reduction by sound absorp-
tion alone will seldom prove completely satisfactory, especially close to a noise source, since only the reverber-
ant portion can be reduced by placing absorbing materials on the surfaces of the room.

In this paper analytical investigations are given of some conditions under which the treatment of
workshops is still practical.
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0 INTRODUCTION

The  reduction of the reverberant field is
limited - as far as protecting personnel is concerned
- to cases where the noise reduction desired is not
great. Furthermore, the room must be reverberant and
the exposed person must be in the reverberant field.
Thus, it is often advantageous to be able to ascertain
what portion of the sound pressure is attributable to
the direct field and what portion is due to the rever-
berant field.  At points where the reverberant field is
considerable, the noise source can usually be regarded
as a point source. This investigation is based on fur-
ther analysis of the well-known equation:

 (1)

with symbols as follows:
sound  pressure level (SPL)  Lp in dB  re  2 × 10-5 Pa,
sound  power level, Lw in dB re  10-12 Watt, directiv-
ity  factor Q, distance from source to point of inter-
est r in m, room  constant R in m2 

.
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kjer pomenijo:
������#�	&�� ��������Lp v dB  glede na  2 × 10-5�)�(
������#�	&���$	&���Lw v dB glede na 10-12 W, faktor
usmerjenosti Q(�	����
��	���	��������	�������	����
�	&����r v m, sobno konstanto R v m2.
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The first term in the brackets indicates the
contribution of the direct field and the second term
is that of the reverberant field. The analysis presented
provides a simple means of estimating the relative
importance of these standard reverberant field and
direct field levels.

1 CHANGES DUE TO ROOM TREATMENT
BY ABSORBERS

In most industrial environments, the acous-
tic characteristics can be defined in terms of a room
constant. Consider the radiation of sound energy from
a noise source within an enclosed space with room
constant R1 and reverberation time T1. At distance
r, its sound pressure level  Lp1 is given by:

(2).

It is common practice to determine the room con-
stant by measuring the reverberation time and geo-
metrical properties of the room:

(3),

where S and V respectively denote the area (m2) and
volume (m3) of the room.

Assume that we want to reduce sound pres-
sure level to Lp2 at this point by using additional
sound absorption materials. The room constant must
consequently increase to R2 , which corresponds to
a reduction of reverberation time from T1 to T2 .
After this treatment we have the equation:

(4)

and

(5).

Upon subtracting (4) from (2), we obtain the decrease
in sound pressure level  L at this point because of the
treatment:

(6).

This equation enables one to estimate the noise reduction
when the room constant increases from R1 to R2 . Since
the reverberation time during acoustical treatment of the
room can be accurately measured, this procedure can be
used to verify the moment / time when a supposed reduc-
tion  ΔΔΔΔΔL at a given point is achieved. Taking the antiloga-
rithm of (6), this relationship can be solved to yield:

 (7).

)���� &���� �� 	�����
�� �	$���� ���������
���	������ �(���� �����	�$���� ��#�	&�� ���	�
��
)��&�
	&�� �����#�� 	$	 	&�� �����	��	� 	���	
�	$�$%�	���������������������	��

1 SPREMEMBE PRI UPORABI
ABSORBERJEV V SOBI

!�����&��� �����	���� #������� ��������
����
��	��	�	����&��	$���	��
�$	����	%�	��	������	����
#��
���$���#���
����$�������	��	������	%�	��	������	
R1����	�$����$�&��	$��T1�����	�������#�	&�� �
�������Lp1 na oddaljenosti r��	��
�$	�#����&%	*

�	%�	��	������	���
��&������	�	&�$	��#��#$��
��� �
	�$���� �� &���� ��� #������  �	$����&���� �����	���
��	��	��*

kjer S in V� 	#��&�
���� �	��
��	� +$2) oziroma
prostornino (m3) prostora.

)����	�����$	(���������$	����	�	&�����	&��
��	��	���#�������������#�	&�� ����������������	���Lp2
#���	��%	�#�	&�	��%�	����
�����$�������	���"��	�
�
���%���	��&���������	����	%����	�����������R2 (����
�����#��#�����
��	�$���� ��&������T1 na T2 ��)	
���
��$��	�� �����
�����&%�*

in

,��	�
��
�$	����&%	� +-.� 	�� +/.(� �	%�$	�#�����
�
������#�	&�� �� ������  L���� ��
� �	&����	���	������	
���
����	�����*

'�� ���&%�� 	$	 	&�� 	���	� #$��

��
�� ������ ���

�	��&��
���	%����	��������#������	��� R1 na R2 .
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�� ΔΔΔΔΔL���
����� �	&����"� �����	 ����$����
�$� ��� �����������
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After inserting (5) for R2 , the highest ac-
ceptable reverberation time which satisfies the speci-
fied reduction  can be expressed as:

(8).

2 LIMITATIONS

The next practical question which may be
useful concerns the determination of the smallest dis-
tance r’ from noise source at which room acoustical
treatment is still reasonable. If attenuation of at least
ΔΔΔΔΔL’ is required, all critical points must lie at distances
larger than r’. Upon rearranging (7), this distance may
be written as:

(9).

The fact that ΔΔΔΔΔL’ > 0 implies that 10 110

Δ ′

>
L

and the
numerator is consequently positive. In order to ensure
real values for r’ only, the denominator must be posi-
tive as well, which leads to the following inequality:

(10).

If this inequality does not hold, r’ becomes
imaginary. This means that there are no such points in
the room  where the required reduction in  SPL can be
achieved. In other words, if high reduction of SPL is
required, this would be very hard to realize by using
sound absorbent material only, since the room con-
stant cannot in practice be increased infinitely.

On the other hand, even under ideal acous-
tical treatment of the room, the reduction of SPL can-
not exceed the value which is dictated by the pres-
ence of a direct sound field. In order not to overesti-
mate this kind of reduction, we consider its maximal
possible attenuation, when R2 → ∞ . In this limit case,
equations (6) and (9) take the following form:

(11),

(12).

Of special importance is equation (11), as it
predicts the maximum possible noise attenuation at
given points using only sound absorbent material in the
room:  r’ is the smallest distance from the noise source
at which acoustical treatment is still reasonable.

These are the expressions applyed when the
source is in free field conditions, i.e. no reflecting
surfaces are present, a condition to which the situa-
tion outdoors is an approximation (the only reflect-
ing surface is the ground).

)	� ���$��
���� +2.� ��� +3.� ����	� �#��#�$	
$����$���	� �����	��� 	�$���� �� &���(� ��� 
�
	$	 	&��#�������	�#$��

��
�������*

2 OMEJITVE

4������
��������&�����	��%�����
���������#���
����
�� ��� �	�	&����� ��
$��

�� 	����
��	���� r’� 	�
������ ������(�#�������	�
��	%��������	�#$��

��
�������

���	�� �
��	��,��#���evamo zmanjšanje ravni hrupa vsaj
ΔΔΔΔΔL’�(�$	��
	����������&����	&�������������	����
��	����(
��&
���	���	�	&���������	��� r’. S preureditvijo (7) lahko
zapišemo izraz za to oddaljenost v obliki:

Iz ΔΔΔΔΔL’ > 0 izhaja, da je 10 110

Δ ′

>
L

, zato je števec
pozitiven. Ker nas zanimajo samo realne vrednosti
za  r’(�$	���%�����	#�������������$��	�����(��#�&����
�#��
���������
�������&%�*

,�� ��������&%����� �#�	��
���(��	������ �r’
�$� �������� '	� �	$���(� ��� ���
��� �� ��	��	��� ��
$	 	&�� �	��&�� #�������� �� #�����
�� ������� "
��� �$�� %�����$�(� ��$	� #� ��	��%	� #�	&�	
�%�	����
����� $�������	�� ��� $	��$	� �	��&�
	%&����

���#�����
������������(������	%����	�������
���$	 	&���	��&����������������$�
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�	%���)�� tem je   r’ najmanjša oddaljenost od hrupnega
vira,  pri kateri je takšen poseg še primeren.
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3 SOUND PRESSURE GRADIENT

We will now proceed to the determination
of the gradient of sound pressure level in an enclosed
space as a function of r. Although this is a vector
quantity, we are mainly interested in its value x in a
radial direction in accordance with the fastest ex-
pected decrease on SPL. Differentiating equation (1)
with respect to r, we get:

(13),

where M = log e = 0.43429.
It will prove to be more advantageous to trans-

form the differential of argument r into a logarithmic
form, where doubling the distance means an increment
of 3 dB on a distance scale. At distance r, a drop of x dB
can be expected when doubling the distance:

 (14).

Upon expanding the differential in the denominator:

 (15)

and substituting (15) in (14) we obtain:

 (16).

Upon equating (13) and (16) we find:

 (17)

and

   (18).

This provides a physical basis for assessing
the strength of the reverberant field at a given position.
The negative sign indicates that SPL decreases with
distance. For points situated close to a source (but far
enough so that the near - field effects can be neglected),
a drop of -6 dB when doubling a distance can be ex-
pected if, from these points outwards, the sound field is
assumed to be homogeneous. On the other hand, at long
distances, where the reverberant field predominates, this
attenuation clearly approaches  zero. Taking the sec-
ond derivative of (1) with respect to r, we obtain:

(19).

This allows a description of the speed with
which the sound field changes its characteristics in
its transition from a direct to a reverberant field. Close
to the noise source ( )r → 0 , these changes are con-
siderable, while when they are far away ( )r → ∞ ,
they become insignificant.

6�78!59�4'�"�0,4�7!�':!;!

4����
�
$	����	 	�#��	�	&����
	� ��������
������#�	&�� ����������#�����$���	��	��(���	�����	���
	��	����
��	����r. ,������ ���#������	���	��	��&��	(
�����������������#���$���
� 	��������	���x v radial��
�$���(����������#���
�����

�$����&��	����$������$
������#�	&�� ���������"�	���
��
�$����&%��+�.��	�r,
dobimo:

kjer M = log e = 0,43429.
)�����$�����#��������$���	����	%���	���
�

��������������� �$�����r����	 �����$��	�	%���	(��
��
�	��	
����� 	����
��	���� �����#�� ���������� 6� �<� ��
�	�������� 	���� 4�� 	����
��	���� r� ����	� ���	
���&���
�$	�������x dB pri podvojitvi oddaljenosti:

Razrešimo diferencial v imenovalcu:

in vstavimo (15) v (14), kar da:

"��#���&����
	�+�6.����+�1.��	%�$	*

in

'���#��#��	$������#�����	�	��	�	�#��	���	

��	���� 	�$���� ���	�
�� ��� ��$�$������4� ������
����#���� �	����
�� ��
���	(� ��� ��� ������ #�	&�� �
������#����
��#�	����
��	��
	��"���	&���%��#�������+�	��
�	�	�
� 	����
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�����	����
��	�����4����������	����
��	����(
�
��� ��������
�� 	�$���	� �	�
�(� ��� �	� #$��

��
�
	&���	����%����
����&����Z dvakratnim odvajanjem (1)
po r dobimo:

'��	� ����	� 	��
�$	� ����	��� ����$�$%

#�	&�� �� �	�
�� ���� ����	��� �#� ���	������ �� �

	�$���	��	�
���<��#������� ( )r → 0 so te spremembe
nagle, medtem ko na velikih oddaljenostih ( )r → ∞
postanejo zanemarljive.
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4 INVERSE PROBLEM

Here we are looking for such points in the
rom, where the sound pressure level gradient takes
the value of x’ . Solving the quadratic equation based
on (18) gives:

 (20)

and

 (21).

Which enables the location of points with
the required acoustics properties, i.e. , the determi-
nation of distance r’ where the sound pressure level
tends to drop x’ dB per doubling a distance. Since
the domain of the function r’(x’) lies within the in-
terval [-6,0], its range attains only real values. As in
equation (9), only the positive solution makes sense.

5 CONCLUSION

The equation (1)  is often used for rooms
with an approximately constant reverberant level,
especially for spaces with normal proportions. In this
case, the set of equations given above provides an
opportunity for some predictions of noise behavior
at given locations within such an enclosed space.
Since the equations discussed are frequency depen-
dent, this procedure must be repeated for each fre-
quency band of interest. Using a simple computer
program this can easily be performed. These equa-
tions can be used in working locations and in noisy
equipment design, in the planning of noise reduc-
tion, or when acoustic changes in the workshop are
expected. This can be a useful tool for assessing the
efficiency of sound absorbing materials. It is worth
noting here that in these estimations, no data about
sound power levels are necessary.
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4 NASPROTNI PROBLEM

����
��	�
&�$	��	&�������	��	��(����������
�$��  �������� ������ #�	&�� �� ������ �����	���x’�� "
��#��
����
	� ���������� ���&%�(� #���	����� ��� +�?.(
�	%�$	*

in

'	� 	$	 	&�� �	�	&�����$�	����� �	&�� #
#��������$�� ������&��$�� �����	��$�� 	#��	$�
�	�	&����� 	����
��	��� r’� (� ���� �������� 
�� ��������
�����
�� ������ #�	&�� �� ������ x’ dB z vsako
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