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Summary 
From the acoustical point of view, the main purpose of floor coverings and/or floating floors is to 
reduce the impact noise of the bare floor, in order to normally comply with national regulations. It 
is widely known that the acoustic behaviour of homogeneous and heterogeneous floors differ 
significantly, mainly due to their structural properties. In this regard, when proposing materials or 
systems to reduce the impact sound transmission a doubt arises: same materials behave similarly 
in both types of floors? 
In this study, laboratory tests of impact sound insulation were carried out in order to study the 
acoustic performance of the same materials when disposed on homogeneous and non-
homogeneous floors. Four types of materials commonly used in Spain and Portugal, were 
considered. The acoustic characteristics of these materials were also investigated to compare the 
efficiency of those materials on the basis of using their dynamic or static stiffness. The two type 
floors selected for the tests were: i) a heavyweight concrete slab (14 cm thick), and ii) a 
prefabricated lightweight floor composed of two panels of recycled materials bonded with 
thermosetting resins, with a chamber filled with panels of XPS.  
Based on the work done, some important results were obtained and relevant conclusions were 
extracted, which ones could help to better evaluate the efficiency of impact sound reduction 
systems in accordance with legal regulations and applied standards. 

PACS no. 43.40.+s, 43.50.+y, 43.55.+p 

 
1 Introduction1 

The increasing demand for noise comfort by 
dwellers has promoted the analysis of regulations 
requirements and guidelines [1,2], as well as a 
clear increase in the number of works related to 
noise control in order to achieve the maximum 
degree of well-being for the occupants of 
dwellings. Between the two main types of noise 
that exist in building, this work focuses on impact 
noise. 
From the acoustical point of view, the main 
purpose of floors structures and/or floors coverings 
is to reduce the impact noise of the bare floor. In 
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fact, several studies stated floor impact sound as a 
major social issue in many countries, even related 
with human health, increased efforts have been 
reported aimed at reducing the noise level. To this 
regard, most European countries regulate impact 
sound noise levels. Therefore, one of the main 
concerns of architects and builders is to look for 
constructive solutions of floors for new existing 
and retrofitted buildings in order to normally 
comply with national regulations, so it will be 
interesting to check if the same constructive 
proposal has the same impact on different types of 
floors.  
A homogeneous floor is considered a single layer 
floor, with a uniform thickness plate, as it is the 
case of the concrete slabs, whereas a non-
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homogenous floor has a more complex geometry 
and it is generally composed by different solid 
elements which come in wide variety of solutions 
with endless design possibilities. In the case of a 
non-homogeneous concrete slab: beams, plate and 
the spaces between the beams are the three basic 
component elements. Some examples of 
heavyweight heterogeneous floors could be 
ceramic blocks and reinforced concrete slabs, 
while wooden floors are the example of a 
lightweight solution. Due to the existence of 
variety of layers, it is clear that non-homogeneous 
floor systems have more complex means of 
propagation than homogeneous systems, as there 
are more variables to be predicted by theoretical 
models [3].  
Another important concept in this study is the 
floating floor, whose behaviour can be 
characterized as a mass-spring-dampener system, 
where the rigid plate is the mass, and the spring is 
the resilient layer located between the floating slab 
and the base soil. This fact determines that floating 
floors are considered as a very efficient solution to 
reduce the transmission of impact noise. 
In pursuit of an improvement of the impact sound 
insulation of different floor types, several 
analytical models were proposed [4,5]. The 
effectiveness of different types of heterogeneous 
floors is also analysed, for example, by varying the 
finish covering [6]. Schiavi et al. confirm that 
resilient layers applied on the top of the structural 
reference floor effectively reduce the impact noise 
[7]. There are also studies that analyse the 
influence of the compression conditions in the 
acoustic performance of resilient layers of floors 
[8] or the evaluation of the long-term sound 
reduction performance in floating floor system, 
determining that a greater decrease in the sound 
reduction is found in soft resilient materials [9]. 
In the historical centres of many European cities, 
one of the main types of non-homogeneous floors 
most commonly used are lightweight non-
homogeneous floors. Some researchers focused 
their analysis on demonstrating variations in noise 
behaviour by wooden floors. Johansoson showed 
the increase in the floor stiffness did not 
significantly affect its impact sound insulation at 
low frequencies in this type of floors [10], while 
Ljunggren and Agren, determined that construction 
modifications, such as extra board layers, elastic 
glue between floor boards could improve the 
acoustic performance of timber floors [11]. Other 
techniques were also evaluated to improve the 

insulation that include the increase in mass or 
damping, such as the addition of ceiling layers 
[12,13].  
It has been proven that the compliance with 
national regulations is not possible to achieve just 
with the bare floor. For the purpose of helping 
reach the values set by the acoustic regulations, a 
research that studies the behaviour of the different 
materials against impact noise in correlation with 
the base floor is required in order to provide 
proposals that reduce the impact sound 
transmission. In this regard, it is needed to use 
floor coverings or floating floors systems. In this 
study, a group of comparisons were analysed and 
various materials were arranged as floor coverings 
or floating floor systems on homogeneous and 
heterogeneous floors. In this context, it is unknown 
whether the acoustic performance of the same 
materials behaves similarly when disposed on 
homogeneous and non-homogeneous floors. In 
order to investigate this aspect, laboratory tests of 
impact sound insulation were carried out 
considering two type floors and four types of 
resilient materials. Moreover, the acoustic 
characteristics of these materials were also 
investigated to compare its efficiency on the basis 
of using their dynamic or static stiffness. 
 
2 Methodology 

Laboratory tests of impact sound insulation were 
carried out in order to study acoustic performance 
of the same materials when disposed on different 
floor systems, both homogeneous and 
heterogeneous floors. In order to develop the 
study, four resilient materials commonly used in 
Spain and Portugal, were considered and were 
arranged as floor coverings or floating floor 
systems. The dynamic or static stiffness of these 
materials were also investigated to compare their 
efficiency and to evaluate the weighted reduction 
of the impact sound transmission of the selected 
materials. Stiffness measurements were performed 
on a robust basis, with the aim of avoiding the 
influence of external vibrations. All tests were 
carried out in the National Laboratory of Civil 
Engineering (LNEC), in Lisbon (Portugal). 

2.1 Samples 

All samples (M1-M4), shown in Figure 1, were 
commercially available resilient materials 
commonly used in floating floors from Spain and 
Portugal for impact sound insulation. M1 and M4 
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M1 M2 

M3 M4 

were flexible and low-density samples composed 
by high porosity fibrous material coupled with 
protective plastic sheets. M2 y M3 were low 
porosity compacted grains sheets made of cork 
(M2) and cork mixed with rubber (M3). Samples 
description and properties are shown in Table 1. 

Figure 1. Samples of materials 1-4 used in the study. 

Table I. Main properties of the materials.  

Material M1 M2 M3 M4 

Density (kg/m2) 0,36 1,3 4 0,38 
Thickness (cm) 0,9 0,5 0,7 0,9 

2.2. Impact Noise Measurements 

The measurements were performed in the impact 
noise chamber of the LNEC according to ISO 
10140-3 [14]. Requirements of equipment were in 
agreement with ISO 10140-1 [15]. The noise was 
generated in the emission room using a standard 
3207 Bruel & Kjaer tapping machine, while three 
microphones were used to acquire the data in the 
receiving room with a volume of 120 m3. Results 
were obtained at one-third octave frequency bands 
in the frequency range from 100 Hz to 3150 Hz. 
Six positions of the impact machine were adopted 
and two positions per microphone per test were 
selected. The process was repeated 3 times per 
configuration. The signals were processed in an 
eight-channel Pulse TM Bruel & Kjaer multi-
analyser.  

The two type of floors selected for the tests were: 
i) a heavyweight concrete slab of 14 cm thickness, 
and ii), a prefabricated lightweight floor composed 
of two panels of 15 mm thickness of recycled 
materials bonded with thermosetting resins, with a 
200 mm chamber filled with two panels of XPS 
(100 mm + 100 mm).  

The measurement procedure, whose phases are 
shown in Figure 2, was developed as follows: 
firstly, the two uncoated floors were tested and 
non-normalized impact sound pressure levels (Ln) 
were obtained. Then, in order to measure the 
impact sound reduction level and to compare the 
acoustic behaviour of floating floors with different 
resilient materials, one square metre of the samples 
of each material were placed on both floors and 
under a mortar slab of 1 m2, 4 cm of thickness and 
100 kg/m² of mass per unit area. Regarding the 
size of the mortar slab and test samples, Miškinis 
et al. [16] carried out a study which concluded that 
the size of the test specimen has significant 
influence on the test results. Moreover, according 
to ISO 10140-1 [15], when the floor tested 
includes a rigid homogeneous surface, the 
specimen shall cover at least 10 m2. However, 
defining a floating floor system is not significant 
in this paper since it is the comparisons that are 
analysed. Finally, the four samples of materials 
were tested as floor coverings, using a sample size 
just large enough to support the whole tapping 
machine, according to ISO 10140-1 [16]. 

Figure 2. Impact noise measurements of homogeneous 
(H) and non-homogeneous floors (NH): a)-d) uncoated 
floor, b)-c) floating floor systems, c)-f) material 
disposed as floor coverings. 

2.3 Dynamic stiffness measurements 

As the efficiency of a floating floor could be 
obtained by knowing the dynamic stiffness of the 
under layer, it was decided to characterize the 
dynamic stiffness of the materials in order to 
compare the accuracy of this type of calculation 
with the real measurements in terms of impact 
sound reduction, in accordance with the EN 
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12354-2. Dynamic stiffness was obtained in order 
to determine the damping behaviour the four test 
specimens used in the study. The tests were carried 
out following the procedure described by ISO 
9052-1 [18] that exposes the determination of the 
apparent dynamic stiffness per unit area (s’) by 
measuring the resonant frequency (f0).  

The procedure was based on fundamental vertical 
vibration of the mass-spring system in which the 
mass of the resonance method was the load plate 
(200 kg/m2) and the spring was the sample of the 
material (200 x 200 mm) that was placed between 
an inertial basis and the mass. In order to obtain an 
average of the vertical vibration generated by the 
impact of a hammer at the geometric center of the 
load plate, two Bruel & Kjaer 4383 accelerometers 
were located at two opposite corners of the plate. 
Figure 3a) shows the dynamic stiffness 
measurement set-up described.  

The resonance frequency f0 of the different 
resilient materials were determined from the 
theoretical analysis of the free vibration of the 
material, which allows to identify the parameters 
of the system, such as the quotient of two 
consecutive maximums of oscillation (xM1 and 
xM2), being T the period of oscillation. After these 
parameters are known, ωο2 (rad/s) the square of 
the natural resonance frequency of the mass-spring 
system can be obtained from Eq.(1), where m’ 
(kg/m2) is the mass per unit area of the loading 
mass. Three overlapped samples of the same 
material were used in each measurement to 
facilitate the experimental data collection, so that 
the result turned out to be a third of the total value 
of s’. The values obtained were compared the 
resonance frequency f0 determined from the Fast 
Furier Transform (FFT) by processing the signals 
acquired through the accelerometers. Once FFT 
resonance frequency f0 were determined the 
dynamic stiffness of tested materials is calculated 
from the following relation Eq. (2), where f0 (Hz) 
is the measured resonance frequency and m’ 
(kg/m2) is the mass per unit area of the loading 
mass. 

��� =	�� + ð� = (�	/�)� + ð� = ′
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�′ 	��							                           (2) 

 

 

2.4 Static stiffness measurements 

As many designers have no possibility to obtain 
the dynamic stiffness of materials, they commonly 
use the static stiffness. So, in order to compare the 
impact sound reduction of a floating floor obtained 
by both type of stiffness it was decided to 
introduce this parameter into the current analysis. 
Static stiffness values were calculated in order to 
be compared with dynamic stiffness results. 
Measurements were performed from deflection 
tests in which various loading plates were disposed 
on the material samples. Two dial gages were 
located at two opposite corners of the plate in 
order to obtain an average of the short-term 
deflection of the resilient material. In addition to 
the 8 kg load plate, the weights of the extra-
applied mass were 0,4, 0,8, 1,2, 1,6, 2, 2,4 and 2,8 
kg. Static stiffness results were calculated from 
force-displacement linear curves that were possible 
to obtain after the application of loads. Figure 3b) 
shows the static stiffness measurement set-up 
described. 

Figure 3. Measurement set-up: a) dynamic stiffness, b) 
static stiffness. 

3 Results 

In this study, a group of comparisons were 
analysed in order to better understand future 
proposal of constructive solutions of floors that 
help to meet requirements set by acoustic 
regulations. In this regard, four resilient materials 
were arranged as floor coverings or floating floor 
systems on homogeneous and heterogeneous floors 

3.1 Uncertainty of impact sound tests 

Before assessing the results obtained in the impact 
sound tests, it is of interest to analyse the 
uncertainty values of the measurements carried 
out. In Figure 4 is depicted the standard deviation 
values in order to determine whether or not there is 
a significant correspondence with the type of floor. 
Only two materials were represented in the figure 
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(M2 and M4). In the light of the results, it cannot 
be determined that the type of floor has a direct 
relationship with the uncertainty of measured 
results. In most cases, the greater values are 
observed at low frequencies, showing a decrease 
as the frequency increases. However, as it can be 
seen, the type of material has a significant 
influence, since in the case of M2 tested on non-
homogeneous floor, the tendency of the values 
increases with frequency. 

3.2 Homogeneous, non-homogeneous and 
reference floors 

In Figure 5 values of impact noise insulation of 
uncoated floors selected for the study are depicted 
in all third octave frequency bands. Curves of 

values of reference floors, both homogeneous and 
lightweight, which were obtained from ISO 717-2 
[18], are also shown. It is useful to consider the 
information observed in Figure 5 when assessing 
the differences between the values of impact sound 
reduction discussed later. 

On the one hand, it can be observed that 
homogeneous floor values have a close 
relationship with the values of the reference floor, 
with the exception of a peak in 250 Hz. The values 
are slightly lower in the reference floor though, 
especially in high frequency bands. On the other 
hand, the trend of non-homogeneous floor values 
is comparable to those of the lightweight reference 
floor, however, it is important to point out large 
variations in values at the mid-frequencies. 

Figure 4. Comparison of standard deviation values of impact sound measurements: a) M2, b) M4. 
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Figure 5. Values of impact noise insulation (Ln) in uncoated homogeneous and non-homogeneous floors obtained 
from test. Values of reference floors according to ISO 717-2 [18]. 
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3.2.1 Comparison of impact sound reduction 
obtained from lab tests 

Table II and Figure 6 shows the variations 
obtained from the lab tests between the values of 
reduction of impact sound level when the materials 
are disposed on homogenous and non-
homogeneous floors. Three types of comparisons 
are established between the two type of floors: i) 
differences between values of the floors measured 
with and without coating (∆Lnw w/o); ii) 
differences of comparisons with values of 
lightweight reference floor (∆Lnr1 RLF, type 1) 
with the same coating and iii) differences of 
comparisons with values of homogeneous 
reference floor (∆Lnr2 RHF) with the same coating. 
All these results are compared in turn between the 
tests as floating floor and as floor coverings. 

Despite the fact that the acoustic behaviour of both 

type of floors varies significantly, it was unknown 
if the efficiency of impact sound reduction 
analysed individually for each case would be 
different. In the light of the results, it is interesting 
to note that same materials, and therefore, a same 
constructive solution of floating floor behave 
differently depending on whether the base floor is 
homogeneous or heterogeneous.  

When comparing both types of floors, with and 
without the floating system, impact sound 
reduction values on homogeneous slab are more 
than three times higher than non-homogeneous 
prefabricated floor. In fact, in all three cases the 
difference obtained on the homogeneous floor is 
higher than the sound reduction on heterogeneous 
floor; however, especially significant differences 
are observed when the comparison is made in 
relation to the reference floor (∆Lnr2 RHF). 

Table II. Resume of impact sound level values (Lnw, Lnwr,1 and Lnwr,2) and impact sound reduction values (∆Lnw, 
∆Lnr1, ∆Lnr2). 

Comparison    
Lnw (dB) ∆Lnw w/o  Lnwr,1 (dB) ∆Lnr1 RLF Lnwr,2  (dB) ∆Lnr2 RHF 

NH H NH H NH H NH H NH H NH H 

With slab – floating floor system 

M1 78 61 7 23 65 62 7 10 77 56 1 22 

M2 79 62 6 22 68 65 4 7 82 59 -4 19 

M3 78 60 7 23 66 62 6 10 79 56 -1 22 

M4 78 62 7 22 65 63 7 9 76 57 2 21 

W/o slab – floor coverings 

M1 56 44 29 40 47 46 25 26 54 40 24 38 

M2 78 63 7 21 70 68 2 4 67 59 11 19 

M3 73 60 12 24 66 66 6 6 63 56 15 22 

M4 57 45 28 39 48 47 24 25 56 41 22 37 
H = Homogeneous floor; NH = Non-homogeneous floor 
RHF = Reference homogeneous floor; RLF = Reference Lightweight floor 
 

Figure 6. Values of impact sound reduction of floating floor systems measured. 
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3.2.2 Comparison of impact sound reduction 
obtained from lab test and stiffness values 

Table 3 shows the calculated results of dynamic 
stiffness (s') obtained from the resonance 
frequencies (f0), and the static stiffness results 
obtained in the tests whose methodology has been 
described previously (ss’). Likewise, impact sound 
reduction of the floating system has been 
determined according to the indications established 
in Annex C of the ISO 12354-2 [19]. 

Firstly, regarding stiffness values, it is observed 
there is a direct and close relationship between the 
results of dynamic stiffness and static stiffness, 
where values vary between 2 and 17%. Although 
the variations are small, the material of greater 
stiffness determined by each test method is 
different, being M3 in one test and M2 in the 
other. On the other hand, as expected, stiffness 
values showed relationships with the density of the 
materials, with M1 and M4 being those of lower 
density and lower stiffness. Secondly, when 
comparing impact sound reduction of Table 2 and 
Table 3, it can be said that estimated efficiency of 
the floating system, obtained from dynamic 
stiffness values, is greater than the results provided 
by lab tests. The differences vary a range between 
4-9 dB with respect to the comparisons with 
homogeneous reference floor values (∆L RHF) 
with the same coating. This fact may be influenced 
by the size of the floating slab (1m2), since the 
energy transmitted to the receiver room can vary. 

4 Conclusions 

In this study the acoustic performance of the same 
materials was analysed when disposed on 
homogeneous and non-homogeneous floors. A 
total of four resilient materials were selected to 
develop an understanding influence of floating 
system behaviour with different type of base floor. 

Based on the work done, the extracted conclusions 
can facilitate to determine the proposal of suitable 
constructive solutions and the evaluation of the 
efficiency of impact sound reduction systems in 
accordance with regulations and standards. 

Generally, the efficiency of floor coverings and 
floating floors is obtained in lab conditions using a 
homogeneous floor, taking the obtained values 
directly as market results. According to this study, 
it can be stated that the acoustic behaviour of 
homogeneous and heterogeneous floors differs 
significantly when it comes to assess the impact 
sound reduction, in some cases up to almost four 
times higher. In other words, when the 
corresponding material is applied on a lightweight 
floor their efficiency could be different leading to 
errors of project. This paper clearly addresses this 
important problem. Taking into account the results 
obtained in the study, it can be determined the 
following points: 

- When characterizing the stiffness of a material, a 
variability of static stiffness results is observed 
as a function of the time interval of application 
of the load on the material. Therefore, it is more 
advisable to use dynamic stiffness data which 
are not significantly influenced by this aspect. 

- Special attention must be paid to the type of base 
soil that has been arranged, since the impact 
noise reduction results can be significantly 
influenced. In a floating floor system, when the 
base floor is homogeneous, the reduction can be 
four times higher than with the non-
homogeneous floor, therefore, it is necessary to 
carry out acoustic measurements in the 
laboratory. In the case of non-homogeneous base 
soils, it is recommended that materials of less 
dynamic stiffness be placed as coverings to 

Table III. Resonance frequency, dynamic and static stiffness of the tested materials. Impact sound 
reduction of floating floors according to ISO 12354-2 [19]  

Material 
Dynamic stiffness tests Static stiffness tests % diff. 

s’ - ss’ 
s' f0 ∆L ss' ∆L 

M1 17,8 67,5 29,8 14,7 30,8 17% 

M2 34,4 93,8 25,3 39,2 25,4 -14% 

M3 36,0 96,0 25,1 36,8 25 -2% 

M4 15,0 61,9 30,1 13,1 31,2 12% 
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obtain similar results to those of homogeneous 
floor. 

- It is observed that the estimated efficiency of the 
floating floor in relation to the dynamic stiffness 
of the material is slightly higher than the 
efficiency obtained in the laboratory tests for 
homogeneous floors. However, this fact can be 
influenced by the use of non-normalized values. 
In any case, it is advisable to check the results by 
performing laboratory tests. 
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