
On the reproducibility of airborne sound
insulation measurements of noise barriers; a
case study

N.B. Roozen
A&Z Acoustics s.r.o., Repa²ského 2, 84102 Bratislava.

KU Leuven, Laboratory of Acoustics, Department of Physics, Celestijnenlaan 200D, Leuven, Belgium.

C. Glorieux
KU Leuven, Laboratory of Acoustics, Department of Physics, Celestijnenlaan 200D, Leuven, Belgium.

D. Meganck
A-Tech Acoustic Technologies, Engelenbergstraat 26, 1081 Brussels, Belgium.

P. Houtave
A-Tech Acoustic Technologies, Engelenbergstraat 26, 1081 Brussels, Belgium.

J.P. Clairbois
A-Tech Acoustic Technologies, Engelenbergstraat 26, 1081 Brussels, Belgium.

Summary

The measurement of the airborne sound insulation of noise barriers is most often carried out in noisy

environments, e.g. tra�c noise. Moreover, the placement of the microphone array and loudspeaker

relative to the noise barrier, and relative to each other, can in practice be done with a limited spatial

accuracy only. Both aspects give rise to some uncertainty in the assessment of the airborne sound

insulation of noise barriers. In this contribution, measurements will be discussed on a heavy concrete

barrier. The measurements were conducted according to the European Standard EN 1793-6:2012.

Two measurements were performed, at the same location, with a time period of about 2 1/2 months

in between. The correspondence between the �rst and the second measurement was within 1 dB

accuracy of the single-number rating of airborne sound insulation DLSI (1.1 dB for the 'element'

and 0.1 dB for the 'post'), which was mainly caused by the heavy tra�c passing by during the �rst

measurement series. The paper discusses the reproducibility aspects.

PACS no. 43.50.+y,43.60.+d

1. Introduction

The measurement procedure as described by the stan-
dard EN 1793-6:2012 [1] basically measures two situ-
ations: the impulse response between the loudspeaker
and a grid of 3 x 3 microphones with and without
the barrier in between. Provided that the loudspeaker
and the grid of 3 x 3 microphones are accurately po-
sitioned, the ratio of these two impulse response func-
tions gives the attenuation of the noise barrier. In this
process, the �rst arrival of the sound is considered
only through the use of the so-called Adrienne win-
dow.
From the above, it is obviously important to po-

sition the loudspeaker and the 3 x 3 grid of micro-

(c) European Acoustics Association

phones as accurately as possible. However, in practice
this cannot always be guaranteed. Yet another aspect
are the disturbing noises, which is mainly caused by
cars passing by during the measurements. Both as-
pects cause some uncertainty in the measurement re-
sults.

In order to asses the accuracy that can be ob-
tained, airborne sound insulation measurements were
conducted on the same barrier, at di�erent moments
in time. For these measurements the measurement
equipment was set up from scratch, thus inevitably in-
volving some di�erent positioning of the loudspeaker
and the microphone array. During the �rst measure-
ment, the tra�c was noticeably more heavy as com-
pared to the second measurement, which took place
about 2 1/2 months later.

In the following sections a brief description is given
of the barrier under test, the measurement set-up and
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Figure 1. Loudspeaker positioned at the back side of the
barrier under test.

the measurement results. The paper summarizes the
results in the conclusions.

2. Case study description

2.1. Description of the noise barrier under

test

The noise barrier under test was made of concrete el-
ements, having a top layer of "wood �ber concrete"
sound absorptive material (see Figure 2). The back-
side of the noise barrier was made of a plain heavy
concrete with no absorptive characteristics (see Fig-
ure 1).

2.2. Measurement set up

The measurement set up follows the requirements
as stated in the standard [1]. The measuring micro-
phones were placed in front of the barrier on a vertical
measurement grid of 3 x 3 points with equal horizon-
tal and vertical distances of 0.40 m (see Figure 2). The
vertical plane of the 9 microphones grid was placed at
0.25 m from the most protruding part of the elements.
The loudspeaker was placed at the back side of the

barrier at a distance of 1.00 m at a height that corre-
sponds to the center microphone position (see Figure

Figure 2. Microphone array positioned at the front side of
the barrier under test.

1). The excitation signal that drives the loudspeaker,
as well as the signals picked up by the 9 microphones
were recorded by means of a multi-channel data ac-
quisition system.
The measurement set-up for the the free-�eld sit-

uation, i.e. the loudspeaker and a grid of 3 x 3 mi-
crophones without the barier in between, is shown in
Figure 3.
Two sections of the noise barrier were measured;

one section between two posts, denoted by "element",
and one position at a post (denoted by "post"). Usu-
ally, "posts" transmit more noise as compared to "el-
ements" because of the possible presence of acoustic
leaks (e.g. as a result of missing, or insu�cient sealing
at the post).

2.3. Data processing procedure and measure-

ment results

Following the standard, the acquired signals were ana-
lyzed, using the Adrienne window. The Adrienne win-
dow suppresses "unwanted" signals that might arise
from ground re�ections (in case of an absorption type
of measurement) or from di�raction across the top of
the barrier (in case of a transmission type of measure-
ment). Given the height of the barrier under test, the
default length of the Adrienne window was chosen,
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Figure 3. Free �eld measurement set-up.

which is 5.18 msec for the �at portion and 7.9 msec
in total. Because of the Nyquist criterion, this setting
of the Adrienne window (with a total length of 7.9
msec) implies that frequencies below the 200 Hz one-
third octave band cannot be considered. Results were
obtained for the 200 Hz one-third octave band, up to
the 5000 Hz one-third octave band.
The obtained sound insulation index for the main

element of the barrier is shown graphically in Figure
4. The results are also tabulated in Table I. For the
post position, the measured sound insulation index is
shown in Figure 5 and tabulated in Table I as well.
The sound insulation index spectra of the element

and the post are similar, with deviations of the indi-
vidual one-third octave band results less than 2 dB for
the post, and less than 4 dB for the element (except
at 5kHz, where this di�erence is higher). However, it
should be noted that not all one-third octave bands
are equally important for the isolation of tra�c noise.
To weight the relative importance of each frequency
band for tra�c noise, a single-number rating DLSI is
given by the standard [1] (see Appendix A for a brief
summary of the computational procedure).
Table I (bottom row) gives the single-number rat-

ing of the airborne sound insulation DLSI . In terms
of this single-number rating, the two measurements
deviate 0.1 dB for the post and 1.1 dB for the ele-

ment. Clearly the post transmits (much) more sound
as compared to the element, which explains that the
di�erence for the single number rating of the post is
smaller. Because of the higher airborne sound insula-
tion of the element, this measurement more vulnera-
ble for the e�ect of disturbing noises (i.e. tra�c noise
of cars passing by), which makes the measurement of
the element more di�cult.

With the goal of getting further insight in the re-
liability of sound insulation measurements in noisy
circumstances, Figure 6 shows that the rms-values of
8 transmitted signals are of the order of 104 times
smaller than the peak value of the free-�eld signal. In
the �rst (June 2017) and second (August 2017) mea-
surement, the signal to noise of the individual signals
is of the order of 1 and 4 respectively. The poor S/N
for the �rst measurement is a consequence of very
heavy tra�c along the noise barrier during that mea-
surement. During the second measurement, the tra�c
activity was more moderate. The �gure shows that,
as expected, by averaging the 8 signals, the S/N im-
proves roughly by a factor of 81/2 ≈ 3.

The spectra in Figure 7 con�rm these observations
and give additional insight on the impact of the lim-
ited signal-to-noise ratio on the reliability of the SI
result, both for the �rst and second measurement. Be-
sides the standard SI-spectra obtained by �rst win-
dowing the impulse response over the period where
the direct sound is expected to arrive, and then tak-
ing the ratio of the spectrum of the windowed signal
to the spectrum of the free �eld signal, also "e�ective
SI-noise spectra" are shown. The latter ones were ob-
tained by placing the time window on a part of the
impulse response located before the direct sound ar-
rival, and taking the ratio of the spectrum of that
signal fragment to the one of the free �eld signal.
Ideally no signal is present before the direct sound,
so that the latter spectra should be zero. In prac-
tice however, the part of the environmental noise that
has a not-negligible coherence with the excitation sig-
nal can result in a �nite contribution to those spec-
tra. In view of this, in the following, we can con-
sider the former spectra as signal-to-source spectra,
and the latter ones as noise-to-source spectra. Also,
since the former SI-spectra of the former spectrum
are inversely proportional to the respective signal-
to-source spectra and the e�ective SI-noise spectra
are inversely proportional to the respective noise-to-
source spectra , the signal-to-noise ratio of the SI-
results is given by SInoise-SIsignal. It turns out that
in both measurements the S/N of the SI-results ob-
tained after averaging 8 signals below 300Hz is at
least 10dB. In that case the impact of the back-
ground noise on the signal can be roughly estimated
as 10log10(1 + 10−10/10) = 0.4dB. The smallness of
the impact is con�rmed by the small di�erence be-
tween the two measurement results, except for the
100Hz and 125Hz 1/3 octave band, where the dis-
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Figure 4. One third octave band spectrum of the sound
insulation index of the 'element' (see text) measured in
June (dotted blue line) and August (full green line) 2017.

crepancies are larger. The S/N is best between 300Hz
and 700Hz. In that frequency range, the decrease of
the noise level with frequency is smaller than the in-
crease of the wall insulation with frequency. In the
frequency range between 700Hz and 3000Hz, even af-
ter averaging, the S/N of the �rst measurement is only
about 5dB. This poor S/N-value turns out to result
in discrepancies, which amount to maximum 5dB be-
tween 900Hz and 1600Hz. Roughly speaking, when
we consider the above mentioned deviation of 0.4dB,
corresponding to a S/N ratio of 10dB, as the upper
limit that is acceptable, then the spectrum of the ef-
fective SI-noise spectra, decremented by 10dB, can be
considered as an upper limit of the insulation values
that the ampli�er-loudspeaker-microphone-digitizing
system can reliably determine (with 8 averages) in
the given noise circumstances. In the case of the sec-
ond measurement, the feasible SI-values vary from
about 50dB at 100Hz, increasing to about 70dB at
500Hz, and saturating at 70dB for frequencies above
500Hz. The signi�cant spread of the spectra obtained
from the individual signals around the spectrum of
the averaged signal shows that 8x averaging e�ectively
helps. Obviously, also increasing the amplitude of the
loudspeaker excitation signal (within limits of linear-
ity) would be bene�cial.

3. CONCLUSIONS

This case study shows that subsequent measurements
of the same barrier in noisy circumstances gave dif-
ferences in the single-number rating of the airborne
sound insulation DLSI of 0.1 dB for the post and 1.1
dB for the element. The smallness of the di�erence for
the post can be attributed to the fact that the post
transmits much more sound (with a DLSI(200−5000)

of 27 dB), in this speci�c case, as compared to the
element (with a DLSI(200−5000) of 63 dB), resulting
in a very high signal to noise ratio. A comparison be-
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Figure 5. One third octave band spectrum of the sound
insulation index of the 'post' (see text) measured in June
(dotted blue line) and August (full green line) 2017.
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Figure 7. One-third octave band spectra of signals (col-
ored) and "e�ective SI-noise spectra" (black; see body text
for an explaination) recorded in June (top) and August
2017 (bottom). For each case, the average of 8 spectra is
shown in full bold lines. The dotted curves above and be-
low each average spectrum correspond to that spectrum
incremented and decremented with the standard deviation
of the 8 spectra. Each spectrum was obtained by averag-
ing over the microphones as described in NEN-EN 1793-
6:2012. For the sake of easy comparison, the average spec-
trum of both measurements (blue for measurement 1 and
green for measurement 2) are also mutually shown as a
thin line in their counterpart �gures.
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Figure 6. Free-�eld signals (top), transmitted signals (middle) and background signals (bottom) measured by the central
microphone of the grid in June (�rst measurement, left, blue) and August 2017 (second measurement, right, green). The
average of the 8 signals are drawn in bold.

tween SI-values of the element with e�ective SI-values
obtained by analyzing a part of the impulse response
before arrival of the direct sound allows to assess the
S/N ratio of the measurement as well as the frequency
dependent limits of the measurement circumstances
in terms of the highest SI-values that are possible to
reliably assess.
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A. Single-number rating of airborne

sound insulation DLSI.

The single-number rating of airborne sound insulation
DLSI is computed by the following equation

DLSI = −10 · lg

[∑18
i=4 10

Li/1010−SIi/10∑18
i=4 10

Li/10

]
(1)

where SIi is the sound insulation index in the i-th one-
third octave band, and Li is the relative A-weighted
sound pressure level (dB) of the normalized tra�c
spectrum, as de�ned in EN1793-3, in the i-th one-
third octave band. The normalized tra�c spectrum is
tabulated in Table II.
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Table I. Measured sound insulation index.

Third-octave band sound insulation index "element" [dB] sound insulation index "post" [dB]

center frequency [Hz] June 2017 August 2017 June 2017 August 2017

200 55.1 57.5 24.4 24.1
250 59.5 57.3 24.4 23.9

315 60.6 57.2 25.5 24.6

400 61.1 60.1 28.5 27.7

500 63.3 61.9 33.2 33.3

630 65.0 64.2 32.6 33.0

800 69.2 69.4 23.5 23.5

1000 68.5 69.2 26.3 25.8

1250 65.2 65.7 29.4 29.4

1600 65.0 63.0 24.7 25.8

2000 66.0 65.2 28.4 28.5

2500 68.5 68.6 26.4 25.4

3150 65.0 61.6 28.2 28.7

4000 62.8 59.7 32.2 30.5

5000 66.1 58.5 37.7 38.8

DLSI(200−5000) 64 63 27 27
(63.9) (62.8) (26.6) (26.5)

Table II. Normalized tra�c spectrum, according to
EN1793-3.

i Third-octave band Li

center frequency [Hz] [dB]

1 100 -20
2 125 -20
3 160 -18
4 200 -16
5 250 -15
6 315 -14
7 400 -13
8 500 -12
9 630 -11
10 800 -9
11 1000 -8
12 1250 -9
13 1600 -10
14 2000 -11
15 2500 -13
16 3150 -15
17 4000 -16
18 5000 -18

values of airborne sound insulation under direct sound
�eld conditions.
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