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Introduction
The acoustic quality of floor constructions is described
by the normalised impact sound level measured in the
receiving room using a standardised source (tapping ma-
chine, bang machine, etc.). Depending on the floor con-
struction, the single number quantity, however, does not
always show a good correlation with the annoyance of
impact sound. Several other parameters play an im-
portant role like the type of source (walker, jumping
children), time of day, current activity etc. Instead of
listening tests using time consuming recordings in real
buildings, an auralisation of the receiving room signal
would be preferable. For practical use, the auralisa-
tion should be based on the typically available data of
a construction. In a first approach, an auralisation al-
gorithm is developed using the normalised impact sound
level and geometric dimensions of the construction. The
dynamic interaction between source and structure is ne-
glected. Thus, only heavy-weight constructions are valid
for this model. To demonstrate the effects of different
sources and impedances, however, constructions with low
impedances are taken into account, too.

The Model for Auralisation
The sound propagation between the force source in the
source room and the listener’s ears in the receiving room
can be described by an impulse response. The objec-
tive of the model is to calculate this response which can
be considered as a room acoustical binaural impulse re-
sponse describing the path between a source and a re-
ceiver. It contains a direct sound part which travels di-
rectly from the sound emission points in the receiving
room to the listener. Furthermore, it contains reflections
from the walls which form the reverberant part of the
impulse response. The force source in the source room
excites the radiating walls in the receiving room. The
sound emission points are considered as point sources in
the middle of the radiating walls. The ”reverberation
tail” represents the room acoustical properties of the re-
ceiving room. The expression ”binaural” means that an
impulse response for both ears of the listener is calcu-
lated. This takes the direction of the sound sources into
account and results in a natural hearing impression.

In short, the sound pressure in the receiving room can be
obtained by

1. dividing the normalised impact sound level by the
force spectrum of the tapping machine

2. multiplying the result with the force spectrum of the
chosen force source (e.g. a walking person)

3. modelling the sound field in the receiving room (re-
verberation etc.) in an appropriate way

The modelling of the receiving room and the necessary
equations for modelling the force sources is described in
detail in [1].

Auralisation
To carry out the auralisation, the force of the tapping
machine and the sources to be auralised must be known.
For the measurements, a set-up was used consisting of a
15x15cm honeycomb sandwich slab resting on three force
transducers which are mounted on a solid ground. The
advantage of the honeycomb sandwich slab is the small
weight and extremely high stiffness. This is necessary
since resonances of the slab in the interesting frequency
range can spoil the measurement result. With this set-
up, the first resonances arise at frequencies beyond 2 kHz.
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Figure 1: Measured forces
of the tapping machine, the
modified tapping machine
and the Japanese rubber
ball in one-third octaves

Figure 1 shows the one-
third octave spectra of
the measured forces of
the tapping machine,
the modified tapping
machine, and a rubber
ball according to prEN
ISO 140-11. The spectra
of the tapping machine
and the modified tapping
machine are equal at
low frequencies. Then,
above 125Hz the force
of the modified tapping
machine gets significantly
smaller due to the rubber
layer between hammer
and floor. It should
be remarked that due

the elasticity of the used sandwich slab’s surface, the
measured force of the tapping machine seems to be too
low above 1kHz. For use in auralisation of common
sources, this is not a problem since this frequency range
can be neglected.

For the auralisation, a force-time signal of the neces-
sary length is constructed from a few force signals of the
source. As an example, from two or three force pulses
of one hammer of a tapping machine, a force-time sig-
nal is constructed by appending the pulses at an interval
of 0.1 seconds. To make the signal sound more natu-
rally, jitter in time and amplitude can be introduced. In
a first try, an auralisation of the four room situations
shown in figure 2 was carried out. The situations were
modelled in a building acoustics software which delivers
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the normalised impact sound levels to be used for the
auralisation. The impact sound levels of the auralised
signals were calculated from the resulting audio files by
software. They were, then, compared to the normalised
impact sound levels obtained by the modelling software
which were used as input parameters for the auralisation.
At first, the levels of the auralised signals are not abso-
lutely calibrated. Only the differences between the room
situations are considered. For a better comparison, the
measured levels are referenced to the room situation with
the highest Ln,w. The results are shown in table 1.

Input parameters Auralisation results
Floor / Covering Ln,w Level TM Level mod. TM
Chipboard 52dB 58dB 54dB
Cement 60dB 64dB 55dB
Concrete 76dB 75dB 58dB
Aer. concrete 99dB 99dB 76dB

Table 1: Impact sound levels from auralisation
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(a) Concrete, additional layer
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(b) Concrete, additional layer
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(c) Concrete
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(d) Aerated concrete

Figure 2: Normalised impact sound levels for four room sit-
uations

Discussion
From the results in table 1 it can be seen that for bare
floors the signals auralised from the tapping machine
have the same level differences as the Ln,w values. Fur-
ther, the level differences for the floors with additional

layers do not match the Ln,w values. Looking at the lev-
els resulting from the auralisation of the modified tapping
machine, one notices that completely different results are
obtained not only in absolute levels but also in differences
between the situations.

This can be explained by considering the force of the
modified tapping machine. Whereas the tapping machine
contributes energy in a wide frequency range, only fre-
quencies up to app. 400Hz contribute a significant part
for the modified tapping machine. Thus, only this fre-
quency range has to be considered in the impact sound
levels shown in figure 2 as for higher frequency ranges
there is no excitation. It can be seen that situation a) -
c) show similar impact sound levels in this region whereas
situation d) has a significantly higher level. Thus, also
in the auralisation, nearly equal levels result for a) - c)
and a much higher level for situation d). It has to be
investigated if the auralisation is valid for using addi-
tional layers since the dynamic interaction, normally, can
not be neglected. The impedances of the source and the
structure must be considered. This is especially impor-
tant if the source impedance is not small compared to
the structure impedance as it may be the case for a tap-
ping machine used on light-weight constructions or ad-
ditional layers. This can explain the mismatch in the
results for the floors with the additional layers auralised
with the tapping machine. For the modified tapping ma-
chine, however, the source impedance is normally small
compared to the normal tapping machine and thus the
results of the auralisation may be valid.

Conclusions
An algorithm for auralisation of impact sound insulation
was developed. Force-time signals of typical sources and
data of the receiving room are used. In a first approach,
the dynamic interaction between source and structure
was neglected. The forces of 3 different kinds of sources
- the tapping machine, the modified tapping machine,
and the Japanese rubber ball - were measured. Four
different types of floor constructions were auralised and
their normalised impact sound levels were compared to
the results of the auralisation. It was found that for
bare floors with high impedances, reasonable results are
obtained. This has to be validated by investigating more
room situations. For floors with low impedances, the
results of the auralisation with the tapping machine differ
from the impact sound levels of the construction. It has
to be proven if a consideration of the source and structure
impedances gives better results.
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