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ABSTRACT 
High levels of noise directly affect well-being and comfort of the population, therefore, a concern 
about the environmental acoustic quality comes up. 
 
Recently the Brazilian Committee of Civil Engineering presented a proposal of a set of 
standards to be used in the evaluation of the performance of buildings up to five floors. 
Following those documents, the acoustic performance of buildings must comply minimum 
requirements, considering some topics: airborne and structural noise insulation, outdoor 
insulation, façade insulation, etc. Since the Brazilian standards are approved, professionals 
shall be certified to perform measurements in buildings, and measurements from different 
professionals should be compared as well as the uncertainties associated to measurements. 
 
In general two types of measurements are available: the classical methods, and new methods 
that obtain impulsive responses. ISO 140-2 proposes uncertainty estimations based in 
repeatability and reproducibility tests, but only for the classical technique. The impulsive 
response technique does not require laboratory conditions for the accomplishment of the 
measurements, but the uncertainties must still be determined. 
 
This paper presents a first experimental study of the uncertainty estimation of field 
measurements of sound insulation between rooms, according to the ISO Guide to the 
Expression of Uncertainty in Measurement. 
 
 
INTRODUCTION 
A set of Brazilian standards concerning the evaluation of the performance of buildings up to five 
floors is in phase of approval [1]. The standards consider a series of topics, and acoustic 
performance is one of them. The buildings must comply performance requirements and some 
minimum, intermediate and satisfactory acceptable values for sound insulation parameters are 
expressed. These parameters should be measured in accordance with the international 
standard ISO 140 [2] and the determination of the single number quantities should follow the 
procedure described in ISO 717 [3]. 
 
From the moment the standards are approved, professionals shall be certified to perform the 
measurements in situ and a method to compare results from different professionals and the 
associated uncertainties will be necessary.  
 
According to ISO 140-4 [4], the airborne sound insulation between rooms measured in field can 
be characterized by three parameters: standardized level difference - Dn; normalized level 
difference - DnT; and apparent sound reduction index - R’, given in Equations 1. If the 
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standardized level difference is being evaluated and the rooms are of different volumes, the 
larger should be the source room. 
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     (Eq. 1) 

 
Where A is the equivalent sound absorption area of the receiving room (A = 0,16 V/T); T is the 
reverberation time of the receiving room; V is the volume of the receiving room; A0 is the 
reference absorption area (A0 = 10 m2); T0 is the reference reverberation time (T0 = 0.5 s); S is 
the area of the separating element; and D is the sound level difference between the rooms, 
expressed by Equation 2. LS and LR are the space and time average sound pressure levels in 
the source and receiving rooms, respectively, in dB. They are obtained by the energetic 
average of the levels measured in each microphone position, Equation 3. 
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The second terms in Equations 1 are corrections for the room characteristics, but the 
parameters mainly depend on the level difference between the rooms, D. This difference can be 
obtained by two types of measurements: the classical and the new methods. 
 
The parameter considered in the Brazilian standard is the normalized level difference, DnT, and 
an uncertainty of ± 1 dB in field measurements of DnT,w between rooms is acceptable. 
 
Uncertainty estimates are available only for the classical technique, based in repeatability and 
reproducibility tests performed in laboratories, where the uncertainties can be “controlled” [5]. 
Field measurements present some characteristics that can contaminate the results, as time 
variance. For new techniques, there are even not repeatability and reproducibility tests to 
determine the uncertainty estimates of the results. 
 
This paper presents a first experimental study to estimate the uncertainty of field measurements 
of sound insulation between rooms evaluated in compliance with the ISO Guide to the 
Expression of Uncertainty in Measurement [6]. 
 
 
METHODS USED TO MEASURE SOUND INSULATION BETWEEN ROOMS 
 
Classical method 
The classical method, described in ISO 140-4 [4], consists in the measurement of the sound 
pressure level and the reverberation time using an excitation signal with stochastic distribution. 
The sound generated in the source room shall be steady and have a continuous spectrum. 
 
In this method, time and spatial averaging is necessary to reduce inherent uncertainties, which 
is normally time consuming. The method also requires a great number of microphone and 
source positions. 
 
New methods 
In the new methods, described in ISO 18233 [7], the room is excited by a known signal and the 
sound level difference and reverberation times are obtained processing the impulse response of 
the room or its frequency response function or transfer function obtained by the Fourier 
transformation of the impulse response. The new methods apply deterministic excitation 
signals, and can be accurately reproduced, enhancing the repeatability of the measurements. 
The excitation signals described in the standard are the MLS and the sweep sine. 
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MEASUREMENT PROCEDURES AND EXPERIMENTAL RESULTS 
The airborne sound insulation between two adjacent rooms was measured with the classical 
method from 100 Hz to 10000 Hz. The source room volume is 57 m3 and the receiving room 
volume is 27 m3. The rooms are illustrated in Figure 1.  
 

 
Figure 1.- Adjacent rooms 

 
The number and positions of microphones and source are in accordance with part 4 of ISO 140 
[4]. Five microphone positions and two source positions were used, as shown in the figure, 
where M points are the microphone positions and F points are the source positions. The tests 
were repeated three independent times, always calibrating the measuring system before each 
measurement, with a 1000 Hz sound level calibrator. 
 
The excitation signal was a pink noise with emphasis of 30 dB at 100 Hz. The source used was 
a dodecahedron loudspeaker with subwoofer to excite the rooms in all frequency range of 
interest. The time and spatial sound pressure level average was obtained averaging the sound 
pressure level during 30 seconds and between the five microphones positions in both rooms 
with two sound source positions. The reverberation time of the receiving room was measured 
with the interrupted noise method, with two source positions and six microphone positions, two 
measurements each. 
 
The total time of a complete measurement was about an hour. The environmental conditions 
kept constant during measurements and the background noise levels were more than 10 dB 
below the level of signal and background noise combined, as required in ISO 140-4. Therefore, 
corrections were not necessary.  
 
Figure 2 presents the mean values of the normalized level difference, the standardized level 
difference, and the apparent sound reduction index obtained. 

 
Figure 2.- Dn, DnT and R’ 

 
 

SOURCE 
ROOM RECEIVING 

ROOM 



 

 
 

19th INTERNATIONAL CONGRESS ON ACOUSTICS – ICA2007MADRID 

4

FIRST UNCERTAINTY ANALYSIS 
 
ISO GUM 
The uncertainty of the results were evaluated in compliance with the ISO Guide to the 
Expression of Uncertainty in Measurement [6]. The result is an estimate of the mensurand 
calculated as a function of the estimates of the input quantities. The first step in evaluating the 
measurement uncertainty is to specify the mensurand y and its relation with the input quantities 
(X1,…,Xn). The next step is to list the estimates (x1,x2,...,xn) of the input quantities and the 
possible sources of uncertainty, quantifying the uncertainty components. Then, the total 
uncertainty of a measurement result, called the combined standard uncertainty, uc(y), can be 
calculated. It is defined in ISO Guide as an estimated standard deviation equal to the square 
root of the total variance obtained by combining all the uncertainty components, using the law of 
propagation of uncertainty, Equation 7. 
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Where i ic y x= ∂ ∂  are the sensitivity coefficients, which are the partial derivatives of y with 

respect to xi, and u(xi) are the standard uncertainties associated with xi. 
 
The expanded uncertainty U of a measurement provides an interval within which the value of 
the mensurand is believed to lie with a high level of confidence. It is the product of a coverage 
factor k and the combined standard uncertainty of the measurement:  ( )cU k u y= . The factor k 
is chosen based on the desired level of confidence. For example, for an approximate level of 
confidence of 95%, k is 2. 
 
The uncertainty of a measurement comprises many sources and many components. The ISO 
Guide divides these components in two classes: type A or type B estimations, depending on the 
method used to estimate their numerical values. Type A evaluation of standard uncertainty is 
obtained from statistical analysis of the results of series of experimental measurements, like 
standard deviations. The best estimate xi of an input quantity Xi is given by the arithmetic mean 
of n statistically independent observations in repeatability conditions. The associated standard 
uncertainty ui(xi) is given by the average experimental standard deviation, ( ) ( ) i iu x s X n= . 
 

Type B quantities are those for which there is no experimental data from a set of measurements 
to statistically evaluate their standard uncertainties, but probability distributions based on 
experience or other information, like calibration certificates, manufacturer’s data, or the result of 
a previous uncertainty evaluation. 
 
Uncertainty estimation for the classical method 
Figures 3 are the cause and effect diagrams of the measured parameters, relating the 
parameters with their input quantities and uncertainty sources. 
 
The measurement uncertainty considered in this work was for the parameter DnT, the 
normalized level difference, because it is the one required in Brazilian standards related to the 
acoustic performance of buildings up to five floors [1]. 
 
The individual uncertainty components were established by two methods: from experimental 
estimation of individual uncertainty contributions, measured from repeatability experiments and 
quantified in terms of the average experimental standard deviation of the measured values, and 
from estimation based on data from calibration certificates. 
 
Table II presents the results and their standard uncertainties as functions of the frequency for 
DnT. As it can be seen in the table, the values at low frequencies are higher than the accepted in 
the Brazilian standards, which is 1 dB. To calculate the uncertainties of the single values, Dnw, 
DnTw and R’w, as described in ISO 717-1 [3], simulation techniques, like Monte Carlo, can be 
applied [8]. 
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                                                                        Figure 3.- Cause and effect diagrams for Dn, DnT and R’ 
 
 
 
 
 
 

Figure 4 shows the contributions from the components for DnT measurement results, at 1000 
Hz. It can be seen that the sound pressure levels contribute more to the total uncertainty than 
the reverberation time, so this component should be carefully analysed. 
 

Table II.- DnT and its uncertainties 
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Figure 4.- Uncertainty contributions (values of ( ) ( )i iy x u x∂ ∂ ⋅ ) in DnT results at 1000 Hz 

 
Figures 5 and 6 present the time and spatial average sound pressure levels, LS and LR, and 
their standard deviations, sLS and sLR, for the source and the receiving rooms. The sound 
pressure level in the source room presents slightly higher standard deviations. For this reason, 
this input quantity contributes more to the total measurement uncertainty as shown if Figure 4. 
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Freq (Hz) DnT (dB) u (DnT) (dB)
100 15,2 1,4 
125 17,4 1,5 
160 16,1 1,1 
200 19,4 0,9 
250 22,4 0,8 
315 20,5 0,9 
400 22,8 0,7 
500 26,1 0,7 
630 27,6 0,5 
800 29,9 0,5 

1000 31,6 0,4 
 

Freq (Hz) DnT (dB) u (DnT) (dB) 
1250 33,2 0,4 
1600 33,1 0,4 
2000 32,1 0,4 
2500 32,1 0,3 
3150 31,3 0,3 
4000 31,6 0,3 
5000 32,7 0,4 
6300 33,3 0,4 
8000 33,9 0,4 

10000 34,9 0,4 
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Figures 5 and 6.- Time and spatial average sound pressure levels and their standard deviations 

in the source and receiving rooms 
 
 
CONCLUSIONS 
For the Brazilian buildings certification, the measurements shall be performed in field. This work 
presented field measurements of sound insulation and a first study for a methodology for the 
calculation of the standard uncertainty of the measurement results. 
  
It must be noted that only the measurement uncertainty does not validate a result. Prior to the 
measurement uncertainty estimation of a result, a methodology to evidence its metrological 
confidence should be applied. 
 
To obtain repeatability values, a set of independent measurements were performed. To obtain 
reproducibility values, measurements with different equipment, sound source and different 
professionals can be done. 
 
The uncertainty estimation needs more detailed studies to be well established. More field 
measurements with several repetitions are being performed to continue this research, including 
changes in environmental conditions, as temperature and wind speed, in order to investigate 
signal to noise ratio and time variance in the obtained results. The next step is to obtain the 
measurement uncertainty for the new methods and then to compare data obtained with both 
methods. 
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