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ABSTRACT

The structural reverberation time is the parameter used in the standard UNE-EN 12354 to
transform the sound reduction index values measured in laboratory in to in situ values. This
adjustment is obtained through the comparison of the structural reverberation time measured at
the laboratory and the structural reverberation time measured in situ. In this work several in situ
measurements of the structural reverberation time of brick walls are presented and analyzed.
Evaluation of the measurement with conventional equipment and the dispersion obtained is
made, and the possible effects of the mass per unit area and the type of coating in the results
are studied. In addition, data measured are compared with the values predicted in UNE-EN
12354-1.

INTRODUCTION

The current worry about a better quality of life from the acoustics’ point of view is related with a
better quality of acoustic in the construction. This worry has allowed investigating about the
acoustic isolation in the construction. The acoustic isolation values obtained under laboratory
conditions can be different than the measurements obtained in a build and these differences
can be due to flanking transmissions across the constructive solutions. Some measurements of
the structural reverberation time have been realized based in current normative [1-3] and in
some research studies published about the issue [4-11].

This parameter affects to the flanking transmissions. According © the normative UNE-EN
12354-1, the acoustic values of the constructive solutions can be taken from normalized
measurements or calculated from theoretical calculations, empirical estimations or from
measurements in situ.

The structural reverberation time can be evaluated from the total loss factor, ?tor. There is
inverse proportion between structural reverberation time and the total loss factor, so the
structural reverberation time can be related with the sound reduction index: the more the
structural reverberation time increases the more sound reduction index provides the element.
The structural reverberation time can be theoretically determined by:
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where ?to7 is the total loss factor, which is given, according to the UNE-EN 12354-1:2000, by:
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where m is the mass per unit area. This equation is only correct when m < 800 kg/mz.

EXPERIMENTAL PROCEDURE

The structural reverberation time of an element is determined with point excitations near the
accelerometer, with a hammer, by a rap, and the vibratory response is measured with the
accelerometer, shown in figure 1. Five measurements are realized, it means that five raps are
made round the accelerometer and this responses are recorded by a frequency analyzer. The
measurement time needed is 10 seconds, which includes some seconds before de rap and
after it the time needed to allow the amplitude decay until background noise. Depending on the
kind of constructive solution, it can be necessary to rap few centimetres of the accelerometer to
be able to record the high frequency response. The time elapsed since the excitation has
stopped until the amplitude level decreases 60 dB is the structural reverberation time depending
on the frequency. Generally, a dynamic range so large is not available, and for this reason the
reverberation time is fulfilled by linear extrapolation of shorter evaluation range, 20 or 30 dB.
The structural reverberation time, Ts, of the element is determined by the average of the five
measurements to each one of the different measurement positions distributed on the element
surface which is studied.

Figure 1. Hammer near accelerometer to measure the structural reverberation time

According to EN 12345 detailed procedures for the structural transmission, the acoustic sound
reduction index of the constructive elements obtained in laboratory must be transformed in to in
situ values. This conversion is made by the ratio of the structural reverberation time measured

in situ, T . and the obtained in the laboratory, T, :

T .
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This correction can influence more or less on the sound reduction index results depending on
the element studied. According to this equation, the more the structural reverberation time in
situ is different from the obtained in the laboratory the more the acoustic isolation decreases
when it's converted in to in situ values.

A measurement campaign on the structural reverberation time of some elements was made in
order to compare with the theoretical values ad verify the difference between the acoustic
isolation obtained in the laboratory and the values obtained in situ using the correction shown in
the last equation.

EXPERIMENTAL RESULTS

The structural reverberation times obtained in several constructions are shown afterwards.
These are from the following constructive solutions:
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Simple wall hollow brick (LHD7) 70 mm, plastered both sides with 10 mm gypsum. m
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Figure 2: Structural reverberation time. LHD 70 mm plastered both sides.
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Figure 3: Total loss factor. LHD 70 mm plastered both sides.

- Hollow brick wall (LHD7) 70 mm, plastered one side with 10 mm gypsum (m = 76,6
Kg/mz) as a part of a double wall with a multilayer material ChovACUSTIC PLUS inside
the cavity.
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Figure 4: Structural reverberation time. LHD 70 mm plastered one side.
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Figure 5: Total loss factor. LHD 70 mm plastered both sides.

Hollow bi% size brick wall (LGF7) 70 mm, plastered one side with 10 mm gypsum (m =
55,6 Kg/m©) as a part of a double wall with a multilayer material ChovACUSTIC PLUS
inside the cavity.
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Figure 6: Structural reverberation time. LGF 70 mm plastered one side.
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Figure 7: Total loss factor. LGF 70 mm plastered both sides.

Comparing the two double brick wall configurations, with the brick plastered one side and the
multilayer material ChovACUSTIC PLUS inside, the relation between mass and reverberation
time is verify. In other words, the more the mass increases the more the structural reverberation
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time decreases, and vice-versa. The big size brick (LGF7) has a minor mass per unit area than
the LHD7 and we can see that the structural reverberation time of the one that more weighs is
minor.

Otherwise, comparing the two different LHD7 configurations with the wall plastered one or both
sides; in spite of theoretically, the structural reverberation time of the brick wall with higher mass
is minor.

Although the brick plastered both sides has a higher mass, the effect of the material behind the
brick wall and the different field conditions (simple or double wall) seems to be more relevant in
the influence of the structural reverberation time value.

Trying to calculate a single number of the Ts no references in the literature are found so there
are two possibilities: take the structural reverberation time obtained at 500 Hz or calculate the
average of the values within the frequency range 200 Hz to 1250 Hz, as the vibration reduction
index according to the normative ISO 10848.

In the following graph we can verify that the single number ratios calculated in both ways are
quite similar, been the maximum deviation 0,08s in the in situ measurements and 0,03 s in the
calculated values. These results are shown in the following figures:

insituTs
1,2 1,13 1.11
1,0
0,8
N 0,63
0 )
~ 0.6 0,55
" 0.4 Q.32 0:30
0’2 - -
0,0 T
500 Hz 200 - 1250 Hz
O LHD7 plastered both sides mLHD7 plastered one side
O LGF7 plastered one side

Figure 8: Structural reverberation time single value measured in situ
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Figure 9: Structural reverberation time single value obtained theoretically

All the theoretical structural reverberation times are much lower than the measured values and
the bigger the difference between them, the higher is the influence in the acoustic isolation
sound reduction index, if we assume this theoretical values as laboratory values.

If we take, as an example, the values obtained for the hollow brick wall (LHD 7) plastered both
sides that appear in the figure 1 and take the single value at 500 Hz (0,63 s) while the
theoretical value at 500 Hz is 0,24 s. The measured value is practically three times the
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theoretical structural reverberation time. Introducing this results in the equation (3) the acoustic
sound reduction index in the laboratory decreases about 4 dB when its turned in to in situ value.

CONCLUSIONS

Results show good agreement between a decrease in the mass per unit area of the single brick
walls and an increase of the structural reverberation time.

In the case of the double wall seems to have more influence the material inside the cavity or the
field conditions than the mass of the wall.

Although there is a big dispersion in some results due to different field conditions and the non
homogenous characteristics of brick walls, the strong deviations between the theoretical and
measured values of the different brick walls are clear. These differences can affect the in situ
sound reduction index of a constructive element using the 12354 model. As the weight of this
parameter in prediction results could be really important more research in both laboratory and in
situ conditions should continue.
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