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ABSTRACT

Laboratory and field measurements of the acoustic
performance of a CLT wood based floors were carried out
within the scope of AdivBois acoustic technical
commission with the objective of defining wood building
constructions fulfilling defined requirements. French
national regulation requires the use of the standardized
tapping machine for impact sound performance
measurements. Since the early 2000s, rubber ball impact
source has been standardized in Japan and Korea to
measure and evaluate the low frequency impact sound
performance of floors; this excitation source is now part of
international standards concerning acoustic measurement in
laboratories and in-situ. Indeed, the impact sound level
associated to this soft impact source is supposed to provide
a better correlation with annoyance from jumping and/or
running children.

The paper reviews the measurements performed using the
standard tapping machine and the rubber ball as impact
source, on CLT based floors in a laboratory, as well as
those on the CLT based building mockup. Results are
presented and discussed. The necessity of measuring with
both impact sources, or only with the tapping machine is
examined.

Keywords: acoustic performance, impact sound, tapping
machine, rubber ball, low frequency.

“Corresponding author: catherine.guigou@cstb.fr
Copyright: ©2023 First author et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution
3.0 Unported License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and
source are credited.

10™ Convention of the European Acoustics Association
Turin, Italy « 11" — 15% September 2023  Politecnico di Torino

1. INTRODUCTION

To achieve the carbon objectives of the Paris Agreement,
many projects are nowadays developed in wood. If the
lightweight aspect of wood is appreciated for elevations and
extensions, in multi-storey buildings, the predictability of
the acoustic and vibration performance of lightweight
structures requires special know-how. Behavior at low
frequencies must be monitored with care. Fortunately,
research has made much progress in recent years,
particularly in France due to the momentum generated
within the framework of the ADIVBois project. The aim of
the ADIVBois association is to help removing technical and
regulatory obstacles and to share the expertise acquired in
the field of high-rise wooden constructions, with project
owners, project managers and companies. The technical
working groups of ADIVBois have carried out work in
recent years on the aspects of structure, envelope, fire safety
and acoustics.

Regarding the acoustic investigation, a laboratory test
campaign on the CLT floor was carried out by CSTB in
2018. Then, the project for a life-size mockup of a multi-
storey wooden construction was launched at the FCBA in
2019. This new project managed by FCBA was baptized
“ADIVBois Acoustic Mockup™; it brings together CSTB,
CERQUAL and FCBA. Results have been presented last
year in [1-2]. The present paper concentrates on impact
sound level results from tapping machine and the rubber
ball, measured in a laboratory setup as well as in-situ. From
these results, the necessity of measuring with both impact
sources, or only with the tapping machine is examined.

2. LABORATORY MEASUREMENTS

Laboratory tests have been undertaken with the aim of
providing designers of high-rise wooden buildings with
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examples of separating floors likely to comply with both
French regulatory requirements in terms of construction
rules, as well as comfort criteria proposed by ADIVBois for
dwellings configuration. Some results were presented in [2].
Many floor configurations based on 140 mm thick CLT
wood panels, and integrating different types of floating
systems and suspended ceilings were tested. Table 1
presents the floor systems upon which the two types of
impact source were used.

In this section, the measurements in terms of L, et Lifmaxv.T
spectra are presented as well as the difference between the
impact sound level of the bare CLT floor and the floor
system considered using either the standard tapping
machine (AL,), or the rubber ball (ALifmax.v ). In this case,
since the rubber ball measurements are performed between
50 and 630 Hz, the analysis is limited to this frequency
range.

Table 1. Laboratory tested floor systems.

Description Composition
System 1
INcasgsezp: 1 — CLT panel 140 mm
= : 2 — Concrete fill 60 mm
S [(120kg/m?)
Syster.}l 2 1 — CLT panel 140 mm
i = |2 —Insulation material 80 mm
4 o % 3 — Wood support 100 mm
(T |4 —Resilient pad
D X > . |5—Concrete screed 50 mm
System 3
43 |1 —=CLT panel 140 mm
N 2 — Thin resilient layer 3 mm
g 3 — Concrete screed 50 mm
System 4
8 Lf 1 — CLT panel 140 mm
St |2—Gravel 80 mm (106 kg/m?)
e o |3 Resilient layer 15 mm
' . . |4-Concrete screed 60 mm
System 5 1 — CLT panel 140 mm
{1 == 2 — Dry floating floor made of
g [ 25 mm board and 10 mm of
. : | mineral wool as resilient layer

2.1 Systems comparison

Figures 1 and 2 present respectively the impact sound level
for the standard tapping machine and for the rubber ball for
floor systems (see Tab. 1) as well as for the bare CLT floor.

10™ Convention of the European Acoustics Association
Turin, Italy « 11" — 15% September 2023  Politecnico di Torino

Table 2 shows the associated single-number quantities.
Concerning the impact sound level evaluated with the
tapping machine or the rubber ball, System 4 performs the
best followed by System 2.
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Figure 1. Laboratory impact sound level for the
tapping machine for the different investigated floor
systems.
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Figure 2. Laboratory impact sound level for the
rubber ball, for the different investigated floor
systems.

Figure 3 presents the comparison between the two impact
sources of the impact sound level difference AL associated
to a treatment system mounted on top of the 140 mm thick
CLT panel. It can be observed that the impact sound level
difference associated to the different impact sources is
rather similar except for System 5 corresponding to the dry
floating screed. In general, the improvement by the floor
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treatment is lower for the rubber ball than for the tapping
machine as impact source.

Table 2. Laboratory-based SNQ for the different
investigated floor systems.

Configuration Low Lnw+Ci50-2500 | Lia Fmax,v.T
Bare CLT 88 dB 83 dB 73 dB
System 1 82 dB 73 dB 63 dB
System 2 56 dB 54 dB 48 dB
System 3 73 dB 71 dB 64 dB
System 4 53 dB 54 dB 47 dB
System 5 69 dB 70 dB 73 dB
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Figure 3. Comparison of the impact sound level
difference for the 2 types of impact sources for
systems in Table 1 due to floor treatment on top of
CLT panel.

2.2 Effect of suspended ceiling on System 3

Three different suspended ceilings were mounted on
System 3; the ceiling was mounted on rigid hangers, with a
100 mm cavity filled with 80 mm thick glass wool and with
a single layer of 12.5 mm thick plasterboards (denoted a), a
double layer of 12.5 mm thick plasterboards (denoted b)
and a double layer of 18 mm thick plasterboards (denoted
c¢). Figures 4 and 5 present respectively the impact sound
level for the standard tapping machine and for the rubber
ball for floor System 3 and the different suspended ceilings.
Table 3 shows the associated single-number quantities.
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Figure 4. Laboratory impact sound level for the
tapping machine for System 3 with different ceiling
configurations.
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Figure 5. Laboratory impact sound level for the
rubber ball, for System 3 with different ceiling
configurations.

Table 3. Laboratory-based SNQ for System 3 with
different ceiling configurations.

Configuration Ln,w Ln,W+C150.2500 LiA,Fmax,V,T
System 3 73 dB 71 dB 64 dB
System 3a 56 dB 58 dB 52 dB
System 3b 54 dB 55 dB 50 dB
System 3c 51 dB 51 dB 47 dB

Figure 6 presents the comparison between the two impact
sources of the impact sound level difference AL on floor
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System 3 only to evaluate the effect of the different types of
suspended ceiling. It can be observed that the impact sound
level difference associated to the different impact sources is
again rather similar. Also, the improvement by the floor
treatment is lower for the rubber ball than for the tapping
machine as impact source.

As expected, the floor system with the suspended ceiling
integrating a double layer of 18 mm thick plasterboards
(system denoted c) performs the best.
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Figure 6. Comparison of the impact sound level
difference for the 2 types of impact sources for
System 3 Effect of suspended ceiling
configurations.

2.3 Effect of floor covering on System 3

On the previously described configurations of System 3, a
pvc floor covering was implemented (denoted ’). In one
case, rigid tiles was also tested (denoted *’). Figures 7 and 8
present respectively the impact sound level for the standard
tapping machine and for the rubber ball for the floor System
3 and the different suspended ceilings and floor coverings.
Table 4 shows the associated single-number quantities.
Figure 9 presents the associated results in terms of floor
covering effect. It can be seen that the effect of the pvc floor
covering is null when the rubber ball is used, while it is
increasing with frequency above the 100 Hz one-third
octave band when the standard tapping machine is
implemented. The effect of the rigid tiles is slightly negative
when rubber ball is used as excitation source and is even
more negative below the 160 Hz one-third octave band
when the tapping machine is considered.
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Figure 7. Laboratory impact sound level for the
tapping machine for System 3 with different ceiling
and floor covering configurations.
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Figure 8. Laboratory impact sound level for the
rubber ball, for System 3 with different ceiling and
floor covering configurations.

Table 4. Laboratory-based SNQ for System 3 with
different ceiling and floor covering configurations.

Configuration Ln,w Ln,W+C150.2500 LiA,Fmax,V,T
System 3’ 65 dB 65 dB 64 dB
System 3’a 52 dB 55dB 52 dB
System 3°b 50 dB 52 dB 50 dB
System 3’°c 44 dB 47 dB 47 dB
System 3¢ 51 dB 55 dB 49 dB
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Figure 9. Comparison of the impact sound level
difference for the 2 types of impact sources for
System 3 with ceilings — Effect of floor covering.

2.4 Remarks

Figure 10 shows the variations of Ly and Ly w+Ciso2500 as a
function of Liagmacv,r ; the desired performance level of
52 dB in terms of Lyw and Ly w+Ciso2s00 is also indicated.
Based on these limited results it seems rather difficult to set
a limit value in terms of Lia rmax,v,r. It should be added that a
correlation coefficient of 0.81 is obtained between L, and
LiaFmaxvt, and of 090 between L,w+Ciso2s00 and
LiaFmax,v- This good correlation is due to the fact that the
indicators are essentially determined by the behavior at low
frequencies. Therefore, it could be deduced that the single-
number quantities Ly and Ly w+Ciso-2500 based on the use of
the standard tapping machine are sufficient to get
information on the impact sound performance of the
investigated floors in the complete frequency range.
However, the improvement by floor treatments is generally
found lower for the rubber ball than for the tapping machine
as impact source.

3. IN-SITU MEASUREMENTS

The building prototype, or “ADIVBois Acoustic Mockup”
is a three-storey wooden structure building comprising 4
rooms on each floor, including 2 rooms with an overall
surface area of approximately 14 m? each, and 2 rooms with
an overall surface area of approximately 19.8 m? each. The
construction is based on CLT panels for walls and floors,
laminated wood posts and beams, and lightweight wood
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frame facade. Some double frame plasterboard based
separating walls are also included. Some junctions
incorporate resilient elements in order to evaluate their
effect and advantages in the acoustic performance.

More details concerning this building can be found in [1-2].
Measurements were performed on the bare CLT structure
and then again when the CLT floor and wall were mounted
with floating system, suspended ceiling and linings as
described in Figure 11.
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Figure 10. Comparison of the impact sound single-
number quantities for all laboratory measurements.
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resilient layer
CLT 140 mm
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Suspended ceiling :
air 20 mm + glass wool 80

Floor System 4 mm + 2 BA13

Rooms S11, S12, S21, §22
60 mm screed on 15 mm
mineral wool resilient layer
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CLT 140 mm
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Figure 11. Construction principle of the “ADIVBois
Acoustic Mockup”.

3.1 Effect of floor treatment

In this section, the notation V stands for vertical
transmission and H for horizontal transmission, while M
indicates impact on middle floor and T on top floor.

Figures 12 to 15 presents respectively the impact sound
level for the standard tapping machine and for the rubber
ball for the two floor treatments (System 3b and System 4).
A clear difference can be noticed for vertical and horizontal
transmission especially for the floor System 4. The
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difference between the impact sound level L; in the mid and 3
high frequency range for System 4 (HM) and System 4 P R —systema vy
(HT) is due to the separating wall configuration. 70 - Systema (i) |
= o e )
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\.\ i ) T Sysem3nen g
o ——sysem3bem || TE \ I N . \ I
71 L — 40 N, N
N : N~ N N
o 50 4 \
o0 \ \_/\
20 \
» | EEEEEEE \/\
\ S S B St e R .
. BeBSiEeRRmns B R0 REE8
Frequency (Hz)
L s A A A s Figure 14. In-situ impact sound level for the
Frequency(Hz) —  ~ eS8 tapping machine for System 4.
Figure 12. In-situ impact sound level for the | ——systemavm)
. . I I I I e 3y stem 4 (HM
tapping machine for System 3b. e e et DN =
: i i i Systemd4 (VT)
a0 70 —Sysemé (D |
K - ||| ——system3b (HM) N — — |
80 || e System 3b (VM) | |
: System 3b (VT)
70 4 || =—System 3b (VT ||

L i Fma.:‘\ﬂ tdE’}
- LI.- |,Fmaﬁ,‘v,1 (dE,l
/

\\/\A\

20 T 1
0 —— — W Frequency (Hz)
A Figure 15. In-situ impact sound level for the rubber
Frequency (Hz) ball, for System 4,

Figure 13. In-situ impact sound level for the rubber Table 5. In-situ SNQ for System 3b and System 4.

ball, for System 3b. Configuration | L’uwrw | L'aTw+Cis02500 | L’iaFmax,v.T
Table 5 shows the associated single-number quantities; the System 3b (HM) | 48 dB 46 dB 48 dB
obtained performances are in agreement with the targets of System 3b (VM) | 52dB 55dB 58 dB
55 dB for Lyw and L’ yrw+Ciso-2500. System 3b (VT) | 50 dB 52 dB 56 dB
The effect due to floor treatments on the impact sound level System 3b (VT) | 53 dB 55 dB 57 dB
due to the standard tapping machine and the rubber ball (as System 4 (VM) 51 dB 55 dB 55 dB
in Section 2) is shown in Figures 16 and 17 for the floor System 4 (HM) | 31dB 36 dB 35 dB
System 3b and 4 respectively. Once again, the effect of the System 4 (VT) | 52 dB 35 dB 54 dB
floor treatment is rather similar for the two impact sources; System 4 (HT) | 40 dB 38 dB 35 dB

the obtained improvement is again found lower for the
rubber ball than for the tapping machine as impact source.
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Figure 16. Comparison of in-situ impact sound

level difference for the 2 types of impact sources for
System 3b.
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Figure 17. Comparison of in-situ impact sound

level difference for the 2 types of impact sources for
System 4.

3.2 Effect of floor covering

The bottom room SO03 was divided in two spaces by a
lightweight partition wall in order to have a small room just
above 25 m?. The floor treatment corresponds to System 3b.
Three floor coverings were implemented: a pvc floor
covering (same as the one tested in laboratory, see Section
2.3), a laminated wood flooring on 2 mm thick resilient
layer and rigidly fixed tiles. Figures 18 and 19 present
respectively the impact sound level for the standard tapping
machine and for the rubber ball. In the low frequency range,
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there is an effect of the floor covering; in the mid frequency
range, the pvc floor covering performs the best and the rigid
tiles the worst as could be expected.

Table 6 shows the associated single-number quantities. In
terms of L’y the performance is improved by the floor
covering; this is only the case for the PVC floor covering in
terms of L’yrw +Crso-2500. No improvement is obtained for
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any floor covering in terms of L’iA Fmax,v.T-
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Figure 18. In-situ impact sound level for the
tapping machine, of System 3b on reduced size
room with different floor coverings.
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Figure 19. In-situ impact sound level for the rubber
ball, of System 3b on reduced size room with
different floor coverings.

Figure 20 shows the effect of the floor covering on the
impact sound level for the two impact sources. For the one-
third octave bands 50 and 63 Hz, the negative effect of the
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rigid tiles and laminated flooring is more important when
using the tapping machine than when using the rubber ball
as impact source. For the PVC floor covering, the tapping
machine is associated with an improvement higher than the
one using the rubber ball (except at 100 Hz); for the rubber
ball, the performance improvement is indeed very close to
0 dB. It can nevertheless be seen that the influence of floor
coverings is less important for in-situ measurements
(Figure 20) than for laboratory measurements (Figure 9).

Table 6. In-situ SNQ for System 3b with reduced size
room.

Configuration L’atw | L'orw+Cis0-2500 | L’iaFmax,v.T
Without covering | 55 dB 58 dB 58
Rigid tiles 54 dB 59 dB 58
Laminated flooring | 53 dB 59 dB 59
PVC covering 52 dB 57 dB 58
20
Rubber ball - Rigid tiles
= = Tapping machine - Rigid tiles
Rubber ball - Laminated flooring
Tapping machine - Laminated flooring
0 Rubber ball - PVC cavering []
= = Tapping machine - PVC covering ”,
E‘ 0 M == _ M\“-ﬂ
2 =
-
=
10
-20 — T T T
2P2R8888g828¢88
- — — & &N M = 0 W0
Frequency (Hz)

Figure 20. Effect of floor covering for reduced size
room with System 3b on in-situ impact sound level
for the two impact sources.

3.3 Remarks

Figure 21 shows the variations of L’yrw and L’y w+Crso-2500
as a function of L’ia pmaxv,T ; the desired performance level
of 55 dB in terms of L’yrw and L’nrw+Ciso2s00 is also
indicated. Based on these results it seems that a limit value
of 55 dB (with a 3 dB margin) could be set in terms of
L’iarmaxvr. A correlation coefficient of 0.93 is obtained
between L’yrw and L’iarmaxvr, and of 0.97 between
L’ irw+Cirso2500 and L’ia Fmax.v.1-

As could be expected, L’nrw+Ciso-2s500 and L’iaFmaxv.,T are
highly correlated. Therefore, it could be deduced that the
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single-number quantities L st and L’nrw+Ciso2500 based on
the use of the standard tapping machine are sufficient to get
information on the behavior of the investigated floors at low
and high frequencies.
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Figure 21. Comparison of the impact sound single-
number quantities for all in-situ measurements.

4. CONCLUSIONS

From the presented results, it appears that the use of the
standard tapping machine is sufficient to get information on
the impact sound performance of the investigated floors in
the complete frequency range, i.e., in the low to high
frequency range. However, the improvement by different
treatments on the CLT floor was found dependent on the
impact source types (rubber ball and tapping machine).
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