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ABSTRACT

The traditional descriptors of impact sound insulation such
as L,, ,, evaluate tapping machine measurements on a floor
construction by shifting the reference curve which pro-
vides a frequency-dependent weighting of the measure-
ment. Additional single-number quantities have been de-
veloped over the years to offer a more accurate represen-
tation of the quality of impact sound insulation between
dwellings. This article shows the comparison of some of
the already proposed reference curves and adaptation terms
found in literature to the results of subjective rating of three
different floor configurations: concrete masonry structure,
cross-laminated timber, and a lightweight timber structure.
A subjective evaluation was made by matching the per-
ceived loudness of sounds coming through the floors with
identical L, ,, + C150—2500 values. The comparison of
single-number quantities to the results of the listening test
was not able to produce a match. An approach to finding
the optimal reference curve for matching the listening test
results is also presented in the paper. The results of the
curve-matching algorithm showed that its best fitting solu-
tions were not able to coincide with the listening test re-
sults, which indicates that alternative methods to the shift-
ing of the reference curve should be explored. Insights to
an alternative approach to finding a satisfying adaptation
term is also mentioned.

1 INTRODUCTION

The main motivation for this work is the hypothesis that
traditional single-number quantities for impact sound insu-
lation do not reflect how impact noise transmitted through
building structures is perceived in real life. With new con-
structions of floors and different materials used for build-
ing them, the traditional parameters used for the character-
ization of impact sound insulation, namely, the L,, ,, and
C7 adaptation terms [1,2], became less reliable, compared
to the era of heavy constructions.

This article is a continuation earlier work [3], which
presents more detail explanation of the listening test
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methodology. Here the focus is on the comparison of the
listening test results to the existing single number quanti-
ties (SNQ) (e.g. Ln,ws Ln,w + Cr,50—2500, [4], [5]). At-
tempts of finding a corrected version of impact noise refer-
ence curve are also presented.

2 METHODOLOGY OF THE
EXPERIMENT

Different floor constructions were measured according to
standard in three different configurations:

e Concrete masonry structure (CON)
e Cross-laminated timber (BSP)

e Lightweight timber structure (HBD)

For the purpose of the analysis, each floor configuration
was coded either as CON, BSP or HBD, accompanied by
a number pertaining to the different floors measured (i.e.
CON1, CON2, CON4, BSP1, BSP3,BSP4, HBD7, HBDS,
HBDS).

Measurements were conducted with a tapping machine
and a rubber ball (a heavy impact source). Additionally,
a set of footsteps was recorded for each floor construc-
tion. These footstep recordings were used in a listening
test comparison of said floors. The listening test was con-
ducted by asking participants to match the loudness of the
noise of the footsteps recorded with different floor con-
structions, two at the time. One sound sample was de-
clared the reference, and the level of the other one could
be changed in 1dB steps, so that their loudness could be
matched. Every pair of floor constructions has been tested
twice, so that both floors in each pair assumed the role of
the reference. The listening tests were made in TGM Vi-
enna and FER Zagreb, in order to expand the number of
participants and to verify the methodology of the test. The
results obtained on both locations are in good agreement.

The listening test consisted of 6 listening pairs (12 lis-
tening test examples) that had floors with a deviation of
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Figure 1. Results of the impact noise listening test
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Figure 2. Find reference curve application interface

no more than 1dB in their L,, ,, + Cr 50—2500 SNQ per
pair. An additional dummy test pair was introduced with
the same walking sample being both the reference and the
tested sample. This test pair was used to remove the outlier
participants from the overall analysis. One of the six lis-
tening pairs has also been removed as an outlier from the
further analysis.

3 ANALYSIS AND RESULTS

Firstly, the results have been depicted as an average and
standard deviation of the answers. This can be seen in fig-
ure 1.

Since every listening test pair has two instances, so that
each of the samples is able to be the reference sample, the
results are symmetrical. E.g. the pair of floor construc-
tions coded as BSP1 and BSP3 give the result of 8.14 in
case when BSP1 is the reference, and the result of -10.63
when BSP3 is the reference. In both cases the calculation
of standard deviation gives similar results. In this graph,
if the listener’s perception would correspond to the stan-
dardized L, ., + Cr 502500, the averages would give a
value around 0, which would mean the perceived loudness
of sound coming through both floors is the same. Also,
alternative SNQs, besides L,, ,, + C 50—2500, have been
tested.

Following the analysis methodology that was used in a
previously designed study of sound insulation on airborn
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o Ly

o L, ,-H0Hz

o L, Hagberg [4]

o L, -Hagbergnew [4]
o L, w-Bodlund [5]

o L, w-mod

where L, ,,-50H z corresponds to the reference curve
with a flat (62dB) expansion of the reference curve down to
50Hz, and L, ,,-mod to the different modifications of the
same curve using different slopes in the 50-100Hz octave
range.

The summary of this result can be seen in figure 3. The
figure shows the results of the listening test, along with
their respective standard deviations. Listening test results
are presented with their average values normalized to 0dB,
e.g. the average comparison of floors with a code CON2
and CON4 gave a difference of -3.44dB, giving, all the val-
ues in that column are shifted by 3.44dB, therefore a more
comprehensible information. Since the examined values
represent the differences between the level of impact noise
of two floors, the used single-number quantities are rep-
resented as their difference for each of the listening pairs.
An ideal single-number descriptor should produce values
around O in this graph for each of the listening test pairs.
The examined reference curves are all plotted with mark-
ers and colors in the graph and with their numbers stated
in the table underneath the graph.

Several L,, ,,-mod curves have been tested manually,
but also a more thorough approach has been taken by de-
veloping an application for automatic search for the opti-
mal reference curve by testing a very large number of pos-
sible curves. The interface of the application can be seen
in the figure 2, and it works as following:

e-Forum Acusticum, December 7-11, 2020



15.00

10.00

(1

e

-10.00

15.00
HBDS_HBDS

0.00
1.49

CON2_CON4
0.00
2.00

CON4_CON2
0.00
2.43

BSP1_BSP3
0.00
3.17

BSP3_BSP1
0.00
254
9.63
18.63
10.63
6.63
6.63
7.63
6.63
6.63
863
10.63
12.63

W Average

Stddev

Ln,w + C1 50-2500 024 4.44
244
444
444
444
444
4.44
444
444
4.44
3.44

-2.44 7.14
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24

0.44
-2.44
-2.44
-2.44
-2.44

2.44

2.44
-2.44

16.14
814
4.4
414
5.14

414
414
6.14
814
-10.14

-2.44

-1.44

-
o
—om-m-oH
B ——

el

BSP1_HBD7
0.00
3.00

HBD7_BSP1
0.00
3.41
6.77
6.77

BSP4_HBDS
0.00
2.86

HBDS_BSP4
0.00
3.29
-0.70
5.30
-0.70
-0.70
-0.70
-0.70
0.70
0.70
-1.70
-0.70
130

HBD7_CON1
0.00
2.90
330
730
230
-0.70
-0.70
130
0.70
130
1.30
330
430

CON1_HBD7
0.00
3.20

-4.21 -1.79

4.21

3.21 -0.79

221

221

021

221

0.21

021

-1.79

279

321
-3.21
3.21

321

2.21
2.21
-3.21
-3.21

Figure 3. Comparison of the impact noise listening test results to different SNQs

First, the user defines the range in which the application
should search for the curves. The parameters are defined
in the form of the lowest bound per third octave and the
amount allowed to be added to it.

Then the application enumerates all possible reference
curves in that range. If the curve does not satisfy the re-
striction (smooth or linear), it is discarded immediately.
Otherwise it calculates the single number values for all
measurements with a given reference curve.

Then the reference curve gets assigned a score accord-
ing to the equations defined before running the test, and
that score should be satisfied as well as possible. For ex-
ample, the user defines X1 = X2—5. If the single-number
quantity for X1 is 54, and the one for X2 is 57, then
X1 = X2 — 3 for that particular curve, and the deviation
from the original equation is 2. The deviations obtained
for all equations are squared and summed up. Larger devi-
ations give a lot worse scores than smaller ones.

During this process the application tracks the best
(meaning, of course, the smallest) score found so far. If
the score for any given reference curve is bigger than that,
it is discarded, otherwise it is kept as one of the outputted
curves in the end result. The application usually outputs
multiple curves with the same score, which is the reason
the smooth or linear per octave restrictions have been im-
plemented to the algorithm.

4 CONCLUSIONS AND FURTHER
WORK

As it can be seen, none of the existing descriptors align
with the listening test results, nor do the ones newly ex-
plored by authors. This motivated the development of a
computer algorithm that would be able to find the appro-
priate reference curve.

Although the curve-fitting algorithm was able to check
a large number of reference curves (> 1019), its best re-
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sults were still not able to sufficiently match the listen-
ing test results. The algorithm has been developed in such
way that not only the changes in the low frequency portion
of the reference curve can be investigated, but across the
entire frequency spectrum of the reference curve as well.
A Problem arises in the form of a number of operations
needed for such calculation. Since the algorithm uses a
pretty brute force way of solving this problem, its com-
plexity rises exponentially. For checking the entire fre-
quency spectrum with 100dB dynamics, it would need to
check over 1038 curves, which would correspond to a run-
time of over 3 - 10%® years with current computational re-
sources available. Algorithm improvements which would
speed up the runtime should be possible.

These conclusions point out that a different approach
of finding an adaptation term should be considered. The
introduction of A weighting to the measurements already
indicates more promising results.
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