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Abstract: Inside schools there are numerous noise sources that may interfere with
communication processes affecting the transmission of sounds and decreasing student’s
attention, motivation and concentration. In general an activity which involves mental tasks
has reduced performances into a noise exposure environment. The application of the
indoor noise reduction methods in performance schools can ensure a superior acoustical
comfort that implies limitation of noise transmission between rooms.
This paper presents a study of the noise levels generated by a planetary mill used by a
group of students in research activities during the mechanical breakdown of solids into
smaller particles. Students working within the adjacent offices may be exposed to noise
levels that can damage their concentration and health. Therefore modern solutions for a
proper acoustic comfort and a general noise reduction exposure below acceptable limits
were proposed.
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1. Introduction
One of the six essential requirements of the European Construction directive is protection
against noise. In buildings, the noise levels perceived by the occupants must be kept down to a
limit that will not interfere with their health and work conditions. The most important physical
quantity defining the acoustical quality of a building is the airborne sound insulation
performance.
In this study the noise levels emitted by a planetary mill located into a school laboratory
are transmitted to adjacent spaces by airborne transmission paths through walls, floors and
ceiling causing disturbance of concentration and high level of stress. The airborne sound
insulation between rooms measured in situ can be characterized by the apparent sound reduction
index, defined in the international standard ISO 140-4 [4].
(1.1)

⎛S⎞
R ' = L1 − L 2 + 10 log⎜ ⎟
⎝A⎠

Where:
L1 – average sound pressure level in the source room;
L2 – average sound pressure level in the receiving room;
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S – area of the separating element in m2;
A – equivalent sound absorption area of the receiving room in m2/Sabin.
The equivalent absorption area A in m2 of the receiving room is expressed by the equation:
(1.2)

A=

0.163V
T

Where:
V – volume of the receiving room in m3;
T – reverberation time of the receiving room in s.
In order to obtain a single – number criteria, the frequency curve of the apparent sound
reduction index measured in 1/3 octave band will be compared with a reference curve, as in the
method presented in the international standard ISO 717-1 [3]. The reference curve is moved in
steps of 1 dB until the sum of the unfavorable deviations is not greater than 32 dB. If the
movement follows the mentioned procedure the value of the reference curve expressed in dB at
500 Hz is the weighted sound reduction index denoted as .
The weighted sound reduction index is generally used to describe the sound level
attenuation provided by a partition wall.
2. Field measurements of airborne sound insulation
This study was developed in order to ensure the needed indoor acoustical comfort in the
Mechanical Alloying Laboratory, Material Science and Engineering Faculty. The measured
values of the sound levels inside the room’s laboratory and finally solutions will be presented.
Airborne noise measurements were conducted within the laboratory space and adjacent
offices to determine the existing conditions. Measurements were made in accordance with the
ISO 140-4 [4], which describe the standard procedure of the apparent sound reduction index
determination and the main characteristics that should be fulfilled by the measurement
equipment.
2.1. Equipment
The sound level measured values were determinate by using the following equipment:
Pulse sound&vibration analyzer;
building acoustic software;
OmniPower Sound Source;
microphones;
power amplifier;
sound level calibrator.
2.2. Measurement description
The main transmission path of the mill’s noise from the source room to the receiving room
is represented by the partition wall between the two rooms. The wall’s dimensions are 6mx3m
corresponding to an area of 18m2 and a thickness of 24 cm. The wall is made of autoclaved
cellular concrete unfinished on both sides, fixed at the upper and lower part by monolith
reinforced concrete floors of 13 cm thickness.
The sound pressure levels in the source room and in the adjacent office are measured on a
1/3 octave band. In order to measure the airborne sound insulation between rooms the sound
source placed in the laboratory is turn on. The difference in sound levels between the source
room and receiver room represents the sound reduction through the wall.
All measurements were developed with one microphone moved successively in five
different points at 1.2 m height from the floor in order to obtain a good average of the sound
pressure level in each room.
The background noise levels were more than 10 dB below the level of the background
noise, therefore corrections were not necessary.
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The visualization of the recorded dates were achieved by Pulse software.

Fig. 1. Measurements in source and receiving rooms
2.3. Presentation of results
Experimental results of the noise level measurements in the source room and receiving
room are shown in tables below.
Table 1 – Noise levels in the source room, dB
31.5Hz 63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz
MI
45,82 73,26 71,65 66,00 68,51
64,82
63,78
70,82
76,21
MII
62,68 71,72 76,55 73,29 72,34
67,16
67,81
77,40
85,46
MIII
57,51 69,18 72,59 65,82 65,35
62,41
64,06
71,57
75,89
MIV
56,39 66,55 65,37 68,07 63,54
61,99
62,34
70,54
74,46
MV
59,96 64,12 72,69 67,74 66,25
63,44
64,60
70,43
75,74
Average 56,47 68,97 71,77 68,19 67,20
63,96
64,52
72,15
77,55

31.5Hz
MI
34,53
MII
43,79
MIII
44,85
MIV
41,56
MV
53,25
Average 43,60

Table 2 – Noise levels in the receiving room, dB
63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz
52,86 40,77 40,32 41,42
28,62
29,83
33,82
33,19
54,52 44,47 42,07 44,06
31,99
31,51
35,74
36,01
48,40 40,38 39,11 36,99
28,95
29,12
33,19
32,79
50,09 39,35 38,65 35,82
28,08
28,32
32,88
32,65
55,21 42,16 44,09 42,39
30,94
29,86
33,22
32,89
52,22 41,43 40,85 40,13
29,72
29,73
33,77
33,50

The measured levels have been averaged and the resulted values were compared with the
admissible noise curve limits. Romanian guidelines concerning admissible noise levels inside
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offices are presented in “Norms related to sound protection. General protections” [2]. In fig.2 a
comparison were developed in order to investigate the differences between measurement results
and admissible values of the partition wall. The horizontal axis is represented by the frequency
and the vertical axis by the noise levels.

Fig. 2. Noise levels compared with admissible noise curve limits in the receiving room
The results indicate that at medium and high frequencies the values exceeded the
admissible noise curve limits.
In order to evaluate the airborne sound insulation between interior spaces, the weighted
sound reduction index
were calculated in accordance with the international standard ISO
717-1 [3] by comparison of the apparent sound reduction index values
from 100 to 3150 Hz
with the reference curve. After a correctly movement of the reference curve, the obtained
value at 500 Hz was 37 dB which represent the amount by that the building element will reduce
the sound pressure level to cross from one side of the element to the other.
The comparison between the resulted value and the admissible value of the apparent
weighted sound reduction index
between adjacent offices is given in table 3.
Table 3 – Apparent weighted sound reduction index values, dB
“Norms related to sound protection. General
Offices - intellectual activity
protections”
admissbile value
46
calculated value
37
As it can be seen from the table above the partition wall is considered as unsatisfactory by
these criteria. The results indicated that improvements to the existing conditions would be
necessary in order to meet the indoor noise standard for offices spaces.
3. Proposed solutions
One of the most effective solutions that may be applied to reduce the sound transmission
from one room to another is the application of a lightweight gypsum board system on the
existing wall.
The advantage of this system is given by the possibility of providing high insulation values
with relatively little mass compared with a traditional masonry wall. To build this system, self
supporting steel structures are used. The system is fixed by using elastic elements in order to
prevent the transmission of noise through the structure.
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The air gap provided in this solution contributes to a superior acoustic performance
because the sound wave needs to pass through different mediums. Because the solid walls have
different impedance compared to the air, the propagation is reduced every time the sound waves
change the travelling medium.
To increase the insulation of the partition wall, inside the cavity can be provided absorbent
materials such as mineral wools that will absorb the sound waves transmitted across the cavity.
Despite the fact that gypsum board has low surface density, when it is used in multi layers
configurations with absorbent materials infill it may ensure reasonable sound insulation
performance. Sound absorbing materials are generally porous and control the sound by allowing
the sound energy to pass through them.

Fig. 3. Wall – acoustic system
The acoustical improvement ensured by this system is = 55dB >
.
Other advantages of this acoustic treatment are represented by the following features: good
thermal performance, lower weight compared to massive construction, easy and quick
installation, less transportation volume on a bulding site.
Supplementary for a better results, treatments for floor and ceiling system should be
considered. The principle used in the wall treatment can be applied to ceiling by building a new
ceiling system below the existing one. The sound insulation can be improved by introducing
sound absorbing materials into the ceiling cavities.

Fig. 4. Ceiling – acoustic system
Any vibrating machine can produce waves propagation along the structure causing noise
transmission into the other rooms. Therefore the floor surface finish will have an effect on
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reducing noise at a minimum level by introducing vibrating isolated floors such as carpet on the
concrete slab.
In conjunction with this solution, soft furnishings such as drapes can help in absorbing the
reflected sound within the space.

Conclusion(s)
In offices privacy against noise pollution is an essential design criteria. Measuring noise
levels is a necessary step towards the reduction of noise in the work spaces. Findings of this
research had shown that in the presented study the noise levels were high enough to adversely
affect the activities of the students. A primary target of the reported analysis was to reduce the
transmission of airborne sound through the implementation of several constructive solutions.
One of the solutions is the use of the lightweight gypsum board system which implies numerous
advantages because of their high performances and cost savings.
Therefore in order to achieve superior acoustic comfort and to reduce the noise exposure
below acceptable limits, analysis and respectively rehabilitation of the existing work spaces
according to rational and scientifically justified concepts are essential conditions that must be
met in every building.
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