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Introduction

EN 16205! describes a method for measuring walking noise.
This is the sound of a floor covering on a reference concrete
floor with the excitation produced by a standard tapping ma-
chine. The measurement takes place in the room in which the
floor covering is located. The result is given as an A-weighted
mean standard sound pressure level Ly waia. In the measurement
process, the inherent noise generated by the tapping machine is
also considered by means of an additional measurement. In its
current version, the standard has been expanded to include an
appendix that describes an alternative measurement variable for
evaluating the “perceived walking sound” (measured as the
radiated walking sound (RWS)) for floating floor coverings. The
calculation of RWS is based on a loudness evaluation of the
measured sound pressure spectrum. The Association of Europe-
an Producers of Laminate Flooring (EPLF) organized an interla-
boratory test to evaluate this parameter for laminate underlays.
The Physikalisch-Technische Bundesanstalt (PTB) took part in
this round robin test (RRT) and, in consultation with the EPLF,
carried out further evaluations. The results of the evaluations
and the resulting conclusions will be presented below.

Radiated walking sound

The evaluation of RWS for floating floor coverings was intro-
duced in the standard as an informative annex on the initiative
of the EPLF. The main objective was to have a rating number
based on loudness calculations®. Furthermore, it was expected
that the walking noise level of a floating floor covering, like
laminate, would be so high that the self-noise of the standard
tapping machine would have no influence on the result. This
would make the assessment of the self-noise redundant. To
calculate RWS, it is only necessary to measure the average
sound pressure level L;win generated by the tapping machine and
the reverberation time Tyupper,with Of the test room with the volume
Vipper in which the floor configuration is mounted in one-third
octave bands. From the measured data, a spectrum Lijoud, 1S
calculated with 49 = 10 m? using Eq. (1). This serves as input
data for the calculation of RWS using an Excel template distrib-
uted by the national standardization body.
Lijoud = Liwitn — 101081, (W) dB (1)
g upper
Round robin test

The objective of the RRT was to determine RWS for eight dif-
ferent laminate underlays, using a reference laminate flooring as
defined by the EPLF. This consists of a monolithic laminate
board of 7 mm thickness and a 2.4 m x 2.0 m surface area. In
addition to RWS, the walking noise level L,waxa and the
weighted impact noise reduction AL, could also be delivered as
optional results. Currently, eleven participating laboratories,
designated “Lab 1 to “Lab 117, have delivered complete re-
sults. While RWS was delivered by all participants, Ly waik,A Was
provided by six participants, and AL, was supplied by nine
participants. At PTB, five teams performed the RRT measure-
ments with all the optional tasks. As these results cannot be
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regarded as statistically independent, only one result was ran-
domly chosen to be included in the RWS evaluation. The results
of one other participant (Lab 4) cannot be regarded as statistical-
ly independent either, as the measurements were performed by
another participant of the RRT. The four remaining teams of
PTB are designated as “Lab 20” to “Lab 23”.

Results of the round robin test

Walking noise

The results for RWS are shown in Figure 1. The samples can be
roughly divided into two groups, where samples 1 to 4 are “si-
lent”, and samples 5 to 8 are “loud”. Furthermore, the results of
Lab 8 show unusually high values, especially for samples 1 to 4.
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Figure 1: RRT results for RWS

It is interesting to compare these results with Ljoug,a, Which is the
A-weighted Li oud sShown in Figure 2.
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Figure 2: RRT results for Lioud,a

Lab 5 is not included here because no one-third octave band
results were delivered. Otherwise, the observed pattern is very



similar to the RWS results. This also holds for the walking noise
level Lnwanka displayed in Figure 3. Here, the remaining PTB
results are included.
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Figure 3: Results for walking noise level Lnwalk.a

When measuring Lnwalk,a, it is necessary to determine the self-
noise of the tapping machine. For this purpose, an extra meas-
urement is required, where the flooring is replaced by small
sections of “pads” the size of the tapping machine hammers. In
this RRT, it turned out that two of the samples showed an irre-
versible compression when being measured in the pad configu-
ration. An example is shown in Figure 4.

Figure 4: SO5 before (left) and after (right) pad measurement

The similarity of the patterns in Figure 1 to Figure 3 suggests
that both Lioua,a and Lnwaia show a good correlation with re-
spect to RWS. This is in fact the case, as Figure 5 shows.
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Figure 5: Lnwalka and Lioud,a in correlation to RWS

It is worth noting if the participant’s results produce comparable
rankings “most silent” (=1) to “least silent” (=8) for the tested

287

DAGA 2023 Hamburg

samples. Table 1 and Table 2 show the rankings dependent on
the criteria of RWS or Lioud,a. Again, Lab 5 is not included in the
ranking derived from the Liouaa criterion because no one-third
octave band data was delivered.

Table 1: Ranking of samples, criterion RWS

Rankin Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6
1 S04 S04 S04 S04 S04
S04

2

3

4

5 S05 S05 S05 S05 S05
6 S06 S06 S05 S06 S06

7 S06

8 S06
1

3

5

6

7

8

Ranking [ Lab 7 Lab 8 Lab 9 Lab 10 Lab 11
S04 S04 S04

2
4

Table 2: Ranking of samples, criterion Lioud,A
Rankin: Lab 1 Lab 2 Lab 3 Lab 4 Lab 6

1 S04 S04 S04 S04
S04

2

3

4

5 S05 S05 S05 S05
6 S06 S05

7 S06 S06

8 S06 S06
1

2

3

5

6

7

8

Ranking | Lab 7 Lab 8 Lab 9 Lab 10 Lab 11
S04 S04 S04 S04 S04

4

The division of the samples into two groups is also apparent
here. Except Lab 8, samples 1 to 4 are always allocated to rank
1 to 4, and samples 5 to 8 are always allocated to rank 5 to 8.
This holds for both RWS and Liouga as ranking criteria. Within
these groups, the ranking varies between individual participants,
although S04 is identified as the most silent underlay by all
participants except Lab 1. The reason for these variations be-
comes obvious when the numerical results are considered. Table
3 and Table 4 show the average values and the corresponding
standard deviations for RWS and Lioud,a. Within the two groups,
the differences between the samples are in the same range or
even smaller than the corresponding standard deviations. The
ranking within the groups is thus more or less random, and most
samples cannot be differentiated by measurement.

As both the RWS and Liouga produce more or less the same
ranking, the use of Liuaa instead of RWS could be considered.
Moreover, the loudness calculation is a potential source of error.
In fact, two participants initially delivered strongly deviating
RWS values that resulted from the use of an outdated Excel
template for the loudness calculation.
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Table 3: Average RWS values and corresponding standard

deviations
Sample | Av RWS in Sone |Std dev in Sone| Std devin %
S01 95.6 9.1 9.5
S02 94.2 114 121
S03 90.6 7.8 8.6
S04 85.2 9.4 11.0
S05 102.5 6.9 6.8
S06 106.7 5.3 4.9
S07 108.2 74 6.8
S08 111.1 5.6 5.0

Table 4: Average Lioud.a values and corresponding standard

deviations
Sample | AvL,,qaindB | Std devin dB
S01 91.6 1.4
S02 91.3 1.8
S03 91.1 1.2
S04 90.0 1.6
S05 92.9 1.1
S06 93.8 1.0
S07 93.7 1.0
S08 93.1 0.8

One implication of the results is that Lab 8 could be classified as
an outlier. In fact, Table 5 and Table 6 show a significant de-
crease of the standard deviations when Lab 8 is excluded. As
mentioned earlier, the results of Lab 4 cannot be regarded as
statistically independent. However, the omission of these results
does not lead to a significant change of the average values or the
standard deviations, so it was decided to include these results.

Table 5: Average RWS values and corresponding standard
deviations; Lab 8 excluded

Sample | Av RWS in Sone |Std dev in Sone| Std devin %
S01 93.5 5.8 6.2
S02 91.7 8.0 8.8
S03 88.6 4.3 4.8
S04 83.0 6.0 7.3
S05 101.2 5.8 5.8
S06 105.8 4.5 4.3
S07 106.3 4.4 4.2
S08 110.0 4.5 4.1

Table 6: Average Lioud.a values and corresponding standard
deviations; Lab 8 excluded

Sample |Av. L oyq in dB| Std dev in dB
S01 91.2 0.7
S02 90.9 1.0
S03 90.7 0.5
S04 89.5 1.0
S05 92.7 0.8
S06 93.7 0.9
S07 934 0.5
S08 92.9 0.5

In this context, it is also interesting to observe the one-third
octave band spectra of the Lijoua results. These are shown as
examples in the following two figures. Figure 6 illustrates the
results for sample SO1, which is one of the “silent” underlays.
The spectra for a “loud” underlay, sample SO8, are shown in
Figure 7. For both samples, the results of most participants
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reflect a typical spectral shape. For sample SO1, the results of
Lab 8 show a significant deviation over a range of several one-
third octave bands. The deviations are less prominent, but still
visible, in the results of the “loud” sample SO8.
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Figure 6: One-third octave band values Lioud , sSample SO1
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Figure 7: One-third octave band values Lioud , sSample SO8

Figure 8 displays the standard deviations derived from the L;oud
results of all samples. These are compared to values specified in
ISO 12999-1° for impact noise (measured in situ) and airborne
sound reduction (measured in the laboratory). Although the
exclusion of Lab 8 leads to a reduction of the standard deviation,
the values specified in ISO 12999-1 are still significantly ex-
ceeded at several frequencies below 1 kHz. At higher frequen-
cies, the standard deviations decrease.



7
6
—IS0 12999-1 Impact B
5 —I1S0 12999-1 Airborne A
—Lab 8 included
@ 4 —Lab 8 excluded
o
£
¢ 3
2 /
1
0

63 125 250 500 1k 2k 4k 8k
fin Hz
Figure 8: Overall standard deviation of Lioud compared to specifi-
cations given in ISO 12999-1 for impact noise (scenario B,
in-situ measurement) and airborne sound reduction (scenar-
io A, laboratory measurement)

Finally, the overall standard deviations for RWS and Lioug,a are
shown in Table 7.

Table 7: Standard deviations for Lioud,a

Scenario s(RWS) in % S(Lioud,a) in dB
All labs 8.3 1.3
Lab 8 excluded 5.6 0.8

For comparison, an RRT with laminate floorings conducted in
2012* showed a standard deviation for Ly waia in the magnitude
of 2 dB.

Impact noise reduction

The results for the weighted impact noise reduction AL, are
shown in Figure 9. A statistical evaluation of the results is given
in Table 8.
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Figure 9: Weighted impact noise reduction
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Table 8: Average values and standard deviations for weighted
impact sound reduction

Sample |Average AL, in dB| Std dev In dB
S01 17.9 1.0
S02 17.3 1.5
S03 17.0 1.5
S04 17.5 1.0
S05 17.9 1.0
S06 18.1 0.9
S07 17.2 1.0
S08 17.8 0.8

As the AL, values of Lab 8 show a noticeable difference for
samples S02 and S03, the statistical evaluation was re-calculated
with Lab 8 excluded. The results are displayed in Table 9.

Table 9: Average values and standard deviations for weighted
impact sound reduction; Lab 8 excluded

Sample |Average AL, indB| Std devIn dB
S01 17.8 1.0
S02 16.9 1.3
S03 16.6 1.1
S04 17.3 0.8
S05 17.7 0.9
S06 17.9 0.8
S07 171 1.1
S08 17.7 0.7

In ISO 12999-1, the standard uncertainty for weighted impact
noise reduction is given as 1.1 dB. The RRT of 2012 produced a
standard deviation s < 1.5 dB of AL, for laminate floorings. In
the 2012 RRT, a commercially available click-in laminate floor-
ing system was used. This construction has a larger inherent
variability than the EPLF reference board.

Conclusions

An RRT to determine the radiated walking noise of floating
floors was successfully executed. The RWS values are in good
correlation with the A-weighted walking noise level Ly wai,a and
with the A-weighted noise level Liouq,a. As the determination of
Liwaik,a 1s more complex, and not possible for all kinds of lami-
nate underlays, RWS could be considered as a suitable value to
rate the sound radiation of lightweight floating floors. The alter-
native option of using Lioud,a should also be taken into consid-
eration because calculating the loudness by means of a supplied
Excel template is potentially a source of errors.

"'EN 16295:2020 Laboratory measurement of walking noise on
floors

2 ISO 532-1:2017 Acoustics — Methods for calculating loud-
ness — Part 1: Zwicker method

31S0 12999-1:2020 Acoustics — Determination and application
of measurement uncertainties in building acoustics — Part 1:
Sound insulation

4 Scholl, W.; Wittstock, V.; Bietz, H.; Stange-Kélling S.: Meas-
urement of Walking Noise on Floor Coverings;
Journal of Building Acoustics; Volume 22; Number 1; 2015



