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A B S T R A C T   

Building with cross laminated timber (CLT) has gain increased interest over the last years, but in common to 
other wood-based building systems, inadequate low-frequency sound insulation is seen as a problem. This paper 
deals with two methods to improve the sound insulation of CLT panels, normally made from spruce: 1) heavy 
CLT, introducing compressed, i.e. densified, spruce as well as alternative wood species, and 2) elastic layer based 
upon shear motion. In addition to a series of laboratory measurements, a full-scale CLT floor made of two 60 mm 
birch panels with a 12 mm elastic layer in between was tested in a two-room test mock-up. The results from the 
acoustical measurements showed that the floor has about 7 dB greater airborne and impact sound insulation for 
one-third octave bands, 50–3150 Hz, compared to a standard CLT floor of the same total height.   

1. Introduction 

Cross laminated timber (CLT) manufactured as homogenous wooden 
panels represent a modern, and increasingly popular, building tech-
nique. A CLT panel consists of an odd layer of wooden boards, glued 
together, where each layer is oriented orthogonally towards the adjacent 
ones. As a result, the main direction of the panel is significantly stiffer 
than the transverse direction, see Fig. 1. 

Building frames based upon CLT are used for premises such as of-
fices, schools and residentials where panels are used for walls and floors. 
Common to most wood-based building systems, the sound insulation at 
low frequencies is often deficient, not the least for impact sound caused 
by human walking. Consequently, annoyance is common among the 
residents (Vardaxis et al., 2018), and a review paper came to the 
conclusion that this “requires further deepening” (Caniato et al., 2017). 
With an increased proportion of multi-family houses made of wood – 
including CLT – in many markets, this “low-frequency issue” has been 
highlighted within building-acoustic research (Di Bella and Mitrovic, 
2020; Caniato et al., 2022; Persson et al., 2021). 

Sound insulation is often evaluated within a frequency region 
starting from 100 Hz, e.g. by Rw or DnT,w (ISO 717-1, 2013; ISO 16283-1, 
2014) regarding airborne sound and Ln,w or LnT,w regarding impact 
sound (ISO 717-2, 2013; ISO 16283-2, 2018), although several studies 
have reported the need for a frequency extension down to 50 Hz (e.g. by 
LnT,w + CI,50-2500) (Bodlund, 1985; Rindel and Rasmussen, 1997; Hag-
berg, 2010; Løvstad et al., 2016; Guigou-Carter et al.) in order to get a 
measurand that correlates to the perception of impact sound among 
residents. In a series of Swedish studies, it was shown that even 

frequencies as low as 20–25 Hz is of crucial importance when it comes to 
the perception of impact sound in wood-based residential buildings 
(Ljunggren et al., 2014, 2017; Öqvist et al., 2018; Ljunggren and Sim-
mons, 2022). In most countries’ building regulations, impact sound 
insulation is evaluated from 100 Hz, but in Sweden (Boverkets byggre-
gler (2011:6), 2020) and Finland (Decree, 2017), evaluation is carried 
out in the extended frequency range 50–3150 Hz. 

Researchers and development teams have for a long time been 
looking into different ways to tackle the described low frequency impact 
sound insulation issue with only limited success. Common general 
technical solutions to improve sound insulation are a) resilient ceiling 
(Vardaxis et al., 2022; Homb et al., 2017) – or even better, a ceiling that 
is fully decoupled from the upper load-bearing floor part (Homb et al., 
2017), b) so called “floating floor” to mitigate energy transfer through 
the floor (Vardaxis et al., 2022; Homb et al., 2017), and c) soft elasto-
mers around the room/volume boundary to reduce flanking trans-
mission (Ljunggren and Ågren, 2013). They all work quite well at mid 
and high frequencies if designed in a proper way, but none of them 
works efficiently at lower frequencies and their effect below 50 Hz is 
negligible. 

The objective of this paper is to demonstrate and evaluate some new 
or/and modified CLT floor designs, essentially untested, regarding their 
potential to improve the sound insulation. Low frequencies are in focus 
where the primary range of interest is set to 20–100 Hz. Two main 
methods will be used, the first one is based upon increased mass by 
introducing densified wood or alternative wood species to create “heavy 
CLT”, and the second one is based upon increased damping by the shear 
motion of an elastic layer. 
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2. Method 

2.1. Heavy CLT 

CLT panels for constructional use are normally made of spruce and 
are henceforth referred to as “standard”. Spruce is a relatively cheap 
wood species that is in great supply in the Scandinavian market. The 
density of spruce is ~400–440 kg/m3, meaning that the weight of a 240 
mm CLT floor panel is ~100 kg/m2. If the mass could be increased, 
reduced impact sound pressure level and higher sound reduction is ex-
pected according to fundamental theory of sound insulation (Hopkins, 
2007; Sharp, 1978). Given a fix panel height, the mass of the spruce can 
be increased by densification, meaning that individual planks are com-
pressed mechanically in the presence of heat to form boards of higher 
density. With this technique, a degree of compression to about 55% of 
the original height can be achieved and the density will thereby increase 
from ~400 to 440 kg/m3 to ~720–790 kg/m3. A 45 or 38 mm thick 
plank can then be formed into densified boards of 25 or 21 mm 
respectively, which in turn can be used for CLT panel manufacturing, see 
Fig. 2. 

An alternative to densified spruce is to use a wood species with 
natural higher density. Such an example is birch, the third most common 
tree in Sweden after spruce and pine (Skogsverket, 2022–06), with a 
density of ~600–650 kg/m3. Even if the mass of a CLT panel made of 
birch is less than the mass of a corresponding panel made of densified 
spruce, it will still be significantly greater than the mass of a panel made 
of natural spruce, with expected improvement of sound insulation as a 
result. 

2.1.1. Experimental testing 
For experimental testing and verification, slim 60 mm CLT panels of 

0.5 m width were manufactured in lengths of 4.0 and 2.4 m. The 4.0 m 
length was preferred to secure the presence of low-frequency bending 
modes, but due to technical reasons, it was not possible to obtain any 
longer panels than 2.4 m for the variant with compressed spruce. A 
number of individual panels were tested in laboratory conditions with 
respect to their dynamic properties using classic modal analysis. The 
panels were hung from elastic ropes to simulate free-free condition and 
an electromagnetic shaker (LDS V201), fed by a randomized noise 
signal, was used for excitation, see Fig. 3. The input force and the 

acceleration response in the excitation point were measured with an 
impedance head (Dytran 5860B) and the response in a measurement 
grid of ~25 × 50 cm over the surface was measured by accelerometers 
(Brüel and Kjær 4508). In total, the response from 27 (3 × 9) and 21 (3 
× 7) positions from each panel of length 4.0 m and 2.4 m respectively 
was collected, se Fig. 4. 

2.2. CLT panels with elastic layer 

As mentioned, floating floor is a common technique to attenuate 
structural vibrations. In its simplest form, it can be modelled as a mass- 
spring single degree-of-freedom (SDOF) system (Cho, 2013). If the 
loadbearing part of the floor is assumed to be grounded, it follows that 
the frequency to attenuate must be at least 2–3 times higher than the 
resonance frequency of the SDOF system, i.e. the mass of the floating 
floor and the spring stiffness of the elastic layer. Consequently, to be 
effective at low frequencies, the spring stiffness must be unrealistically 
soft considering that it at the same time must be stiff enough to carry a 
sufficient load. Another deficiency is that a wooden floor normally is too 
weak to be assumed as grounded, whereas the assumption is more cor-
rect for a stiffer base floor made of e.g. concrete. To overcome the 
described problem, the elastic layer dealt with in this study is instead 
designed with its shear properties in focus. With a considerably stiffer – 
but still elastic to some extent – layer compared to the foregoing method, 
the bending modes of a so-called sandwich construction can be attenu-
ated. The best conditions are obtained if the two plates have the same 
thickness with the elastic layer put in between. The frequency (fmax) for 
which the maximum loss factor is to be found is given according to 
Equation (1) (Cremer et al., 1988): 

fmax ≈
2G2cL1

11E3d2
, (1)  

where G2 is the shear modulus of the elastic layer, cL1 is the longitudinal 
wave speed of the lower plate, E3 is the modulus of elasticity of the upper 
plate, and d2 is the thickness of the elastic layer. With the aim to obtain 
the maximum loss factor in the frequency region 20–50 Hz, the fre-
quency in Equation (1) is set to 31.5 Hz to represent the middle one third 
octave band within the specified region. Although calculated for one 
specific frequency, the damping effect should be significant within a 
bandwidth up to five octaves (Cremer et al., 1988), giving room for some 
uncertainties in the input data. The longitudinal waves speed of the CLT 
plate (in the main direction) is calculated using Equation (2): 

CL =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
E

ρ(1 − ν2)

√

, (2)  

where the modulus of elasticity (E) is set to 11 GPa (The CLT Handbook, 
2019), the density (ρ) to 420 kg/m3 (The CLT Handbook, 2019) and 
Poisson’s ratio (ν) to 0.3, assuming a standard CLT panel made of spruce. 
From Equation (1) it then follows that G2 ≈ 3.5•108d2, i.e. the shear 
modulus of the elastic layer relates to its thickness. Assuming that the 
thickness of the layer is small compared to thickness of the CLT panels, 
the shear modulus for thicknesses of 1–12 mm is found to be 0.36–4.3 
MPa. Such materials are available on the market but a common problem 
in this context is that material data for such low frequencies as referred 
to here, is rarely found. In this study, a viscoelastic material with the 
following composition is used: 35% carbon black, 25% butyl polymer, 
15% EDPM polymer, 10% unspecified fillers and 15% unspecified other 
additives. The manufacture provides data of the shear modulus within 
the frequency range 100–2000 Hz according to Fig. 5, where the range 
has been extended to lower frequencies by extrapolation – as an 
approximation. At 31.5 Hz, the shear modulus G2 is estimated to about 
2.8 MPa, which in turn corresponds to a thickness of about 8 mm of the 
elastic layer. The mass of the material is 1.15 kg/m2 per mm thickness. 

Fig. 1. Example of a five-layer CLT panel. Main direction x, transverse direc-
tion y and height z. 

Fig. 2. Original plank of 38 mm spruce (left) and an identical plank com-
pressed to a 21 mm board (right). 
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2.2.1. Experimental testing 
As for the description given in 2.1.1, 60 mm CLT panels of length 4.0 

m were used for dynamic measurements. In this case, a test unit consists 
of two panels with elastic layer in between, glued to the wood. Units 
with the following sheet thicknesses were tested: 2, 4, 8 and 12 mm. The 
diversity can be seen as a compensation for the possibly uncertainty in 
the estimated shear modulus of the material. Investigating the dynamics 
for a variety of thicknesses, both thinner and thicker than the optimal 
found from calculation (8 mm), will make it more likely to find at least 
one configuration with significantly increased loss factor. A reference 
case without any viscoelastic sheet, i.e. two panels glued together, took 
part in the test for comparison. 

2.3. CLT floor made of heavy panels combined with elastic layer 

The final part of the study is to construct a full-scale CLT floor to be 
tested in a two-room test mock-up. The mock-up has a dividing floor size 
of 3 × 4 m, the height in each room is ~ 2.5 m, and the surrounding walls 
is made of 120–160 mm CLT covered with 13 mm gypsum boards. A 25 
mm elastomer strip is installed between the floor and lower wall to limit 

possible flanking transmission, see Fig. 6. Based upon the results from 
the tested heavy CLT panels and elastic layers, a 12 m2 floor (3 × 4 m) is 
designed involving both aspects. The floor is built from two 60 mm CLT 
panels with an elastic layer in between, with a total thickness of about 
130 mm where the exact measure depends on the chosen thickness of the 
elastic sheet. The floor is tested for its airborne and impact sound 
insulation in vertical direction with respect to standardized level dif-
ference (DnT) and impact sound pressure level (LnT) according to ISO 
standards (ISO 717-1, 2013; ISO 16283-1, 2014; ISO 717-2, 2013; ISO 
16283-2, 2018) but in the extended frequency range 20–3150 Hz. In 
parallel, a 130 mm single panel floor was subject for the same test 
procedure for comparison. See the configurations in Fig. 7. Although it 
may have been optimal to perform the tests under strict laboratory 
conditions (according to ISO 10140 series), the measurement method 
used is assumed to be representative since the primary interest is to 
determine the sound insulation difference between the two floors, rather 
than their absolute sound reduction index. 

Low-frequency sound measurements may be cumbersome when it 
comes to accuracy. But the uncertainty within the range 20–40 Hz is not 
expected to be worse than for 50–80 Hz (Simmons, 2012). The rever-
beration time though (as being part of DnT and LnT), is likely to have a 
greater uncertainty at the lowest frequencies, especially using the 
interrupted noise method (Ljunggren and Simmons, 2016). For the 
actual mock-up test, extra concern was taken in the evaluation of the 
reverberation time to serve for a reliable result. Five discrete micro-
phone positions were used in each room to measure the reverberation 
time (the ISO 16283 series requires minimum three positions with two 
repetitions (ISO 16283-1, 2014)) and sound pressure level (ISO requires 
minimum five and two positions for airborne (ISO 16283-1, 2014) and 
impact sound insulation (ISO 16283-2, 2018) respectively). The exact 
same microphone positions were used throughout all measurements. 

Fig. 3. Elastically suspended CLT panel for experimental testing (left) with the shaker setup zoomed in (right).  

Fig. 4. Position of shaker and accelerometers of the 4.0 and 2.4 m CLT panels 
with 0.5 m width. 

Fig. 5. Shear modulus of the used viscoelastic material from the manufacturer 
(≥100 Hz, solid line) extrapolated towards lower frequencies (<100 Hz, 
dotted line). 

Fig. 6. Test mock-up with an upper and lower room with a dividing CLT floor.  
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The actions taken will reduce the uncertainty when it comes to evaluate 
the sound level difference between the two floors, which is again of 
primary interest. 

3. Results 

3.1. Heavy CLT 

In total, sixteen nominal identical 60 mm standard CLT panels with 
the length of 4.0 m were tested in the laboratory. The results from the 
modal analysis in terms of natural frequencies and damping ratios for 
the first five modes, up to ~100 Hz, are shown in Table 1. The first order 
bending mode, f1, was found at around 20 Hz with a maximum deviation 
of 0.4 Hz and a damping ratio of 0.45–0.66%. The second order bending 
mode, f3, was found at around 52 Hz with a damping ration of 
0.21–0.42%, while the third bending mode, f5, was found at around 99 
Hz with a damping ratio of 0.45–1.31%. In addition, two torsional 
modes were identified, f2 at around 32 Hz, damping ratio 0.81–1.13% 
and f4 at around 67 Hz, damping ratio 0.74–1.00%. Four heavier panels 
made of birch, tested in the same way, showed 6–8% lower natural 
frequencies for the three bending modes, now found at ~19, 50 and 93 
Hz respectively. For some of plates, data for mode f3 is missing. Acci-
dently, the position of the input force coincides with a nodal line of this 
particular mode shape, leading to a weak response that can be hard to 
detect. 

For the shorter panels of 2.4 m length, two standard panels, two birch 
panels, and two panels made of densified spruce were tested with results 
according to Table 2. The densified panels, i.e. the heaviest ones, 
showed the lowest natural frequencies. In Table 3, the test results from 
two panels glued together (the same panels as in Table 2) are presented. 

A more direct coupling to the radiated sound, and the sound insu-
lation in the end, is found in the mobility of the panels. In Fig. 8, the 
mean mobility of all measured positions is shown for CLT panels based 
upon the three different types of wood: spruce, birch, and densified 
spruce. Each configuration consists of 2 × 60 mm panels, length 2.4 m, 
glued together. The different mobility between the three types is obvious 
for the lowest frequencies. From 20 to 63 Hz, the birch variant shows 
3.4 dB (2.7–4.7) lower mobility on average, and with densified spruce, 
the mobility is on average 7.5 dB lower (4.8–9.6) than the standard 
spruce. This clear trend at the lowest frequencies is interrupted from 80 
Hz upwards, due to the natural frequencies (see Table 3) appearing 
within different one-third octave bands. 

3.2. CLT panels with elastic layer 

The modal parameters of the tested 2 × 60 mm panels with elastic 
layer in between can be seen in Table 4 together with the glued case (t =
0), i.e. the plates are glued together to form a homogenous unit without 
any elastic layer. The latter case shows the highest natural frequencies 
(except mode 1), as a result of higher bending stiffness and lower mass. 

The mean mobility of all measured positions is shown in Fig. 9. The 
difference between the cases of 0 and 2 mm layer is minor while the 
mobility successively drops for higher thicknesses. For frequencies 
20–63 Hz, the mobility is on average 4.6 dB (2.8–6.7) lower in the case 
of 12 mm layer, the case with the lowest mobility overall. 

3.3. CLT floor made of heavy panels combined with elastic layer 

The objective was to construct a full-scale floor of 12 m2 to be tested 
with respect to sound insulation. The floor should be a combination of 

Fig. 7. CLT floors to be tested: a) heavy 2 × 60 mm 3-layer panels with elastic layer in between and b) standard 130 mm 5-layer panel.  

Table 1 
Natural frequencies (f) and damping ratios (ζ) for the first five modes found for 60 mm CLT panels of 4.0 m length made of spruce (standard) and birch.  

Configuration 

mode 1 mode 2 mode 3 mode 4 mode 5 

f1 (Hz) ζ1 (%) f2 ζ2 f3 ζ3 f4 ζ4 f5 ζ5 

Standard #1 20.4 0.45 32.5 0.85 53.5 0.21 67.5 0.74 102 0.54 
Standard #2 19.3 0.47 33.2 0.81 51.1 0.28 67.2 0.82 98.1 1.02 
Standard #3 19.8 0.52 32.3 0.92 52.9 0.28 68.6 0.75 100 0.75 
Standard #4 19.5 0.51 32.3 0.93 51.7 – 67.8 0.84 99.4 0.70 
Standard #5 19.3 0.56 32.8 0.94 51.3 0.32 67.7 0.95 99.1 0.45 
Standard #6 19.4 0.55 32.5 0.84 51.4 0.33 66.8 0.88 97.2 0.47 
Standard #7 19.3 0.54 32.2 0.88 50.5 – 66.4 0.96 96.0 0.46 
Standard #8 19.7 0.54 30.9 0.96 52.0 – 65.0 0.90 99.0 0.45 
Standard #9 20.1 0.56 32.4 0.96 53.0 – 66.5 0.97 101 0.47 
Standard #10 19.0 0.57 33.5 1.02 50.1 0.21 68.3 1.00 96.6 0.46 
Standard #11 20.2 0.55 32.1 0.89 52.9 0.41 66.2 0.76 99.3 1.17 
Standard #12 20.1 0.61 31.6 1.01 52.6 0.41 66.3 0.86 98.1 0.75 
Standard #13 19.8 0.60 32.5 0.91 52.2 0.42 67.5 0.63 97.5 1.07 
Standard #14 20.2 0.57 32.1 0.93 53.6 0.40 67.6 0.81 100.0 1.31 
Standard #15 19.3 0.66 31.7 1.13 51.7 0.42 64.4 0.83 97.2 1.06 
Standard #16 19.6 0.61 33.2 0.95 52.3 0.42 67.8 0.80 98.2 0.80 
Birch #1 18.2 0.61 33.2 1.03 48.6 0.40 68.4 1.17 92.0 0.58 
Birch #2 19.1 0.56 33.2 1.19 50.6 0.19 69.7 1.00 95.9 0.65 
Birch #3 19.0 0.55 33.3 1.15 50.1 0.41 69.8 1.01 95.6 0.54 
Birch #4 18.2 0.83 29.0 1.52 – – 61.0 1.42 89.0 1.31  
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the best results from the laboratory tests regarding type of wood and 
thickness of the elastic layer. This means a floor based upon 2 × 60 mm 
CLT panels made of densified spruce with a 12 mm thick elastic layer in 
between. However, due to manufacturing problems related to the wood 

compression, it was not possible to obtain the sufficient amount of 
densified spruce, wherefore the second-best wood type, i.e. birch, was 
decided to be used instead. Thus, the test results here presented origin 
from a floor construction of 2 × 60 mm birch panels with a 12 mm thick 

Table 2 
Natural frequencies (f) and damping ratios (ζ) for the first five modes found for 60 mm CLT panels of 2.4 m length made of spruce (standard), birch and densified 
spruce.  

Configuration 

mode 1 mode 2 mode 3 mode 4 mode 5 

f1 (Hz) ζ1 (%) f2 ζ2 f3 ζ3 f4 ζ4 f5 ζ5 

Standard #17 52.7 0.41 76.8 0.99 136 0.86 162 0.99 245 1.07 
Standard #18 51.1 0.42 79.8 1.02 134 0.93 164 0.97 239 1.05 
Birch #5 48.9 0.46 79.2 1.05 130 0.61 163 1.19 238 0.81 
Birch #6 46.1 0.72 69.8 1.50 123 1.03 146 1.73 220 1.29 
Densified #1 44.5 0.68 71.2 1.12 111 1.28 145 1.27 206 1.23 
Densified #2 42.3 0.81 66.5 1.17 111 1.47 131 1.68 199 1.18  

Table 3 
Natural frequencies (f) and damping ratios (ζ) for the first five modes found for 2 × 60 mm CLT panels, glued together, with the length of 2.4 m. The panels are made of 
spruce (standard), birch and densified spruce.  

Configuration 

mode 1 mode 2 mode 3 mode 4 mode 5 

f1 (Hz) ζ1 (%) f2 ζ2 f3 ζ3 f4 ζ4 f5 ζ5 

Standard #17–18 87.4 0.80 135 2.41 214 1.13 269 2.72 338 1.63 
Birch #5–6 72.0 1.36 79.8 2.82 173 1.92 216 2.20 283 2.50 
Densified #1–2 79.7 0.91 79.2 2.70 179 1.59 211 1.90 277 3.07  

Fig. 8. Mobility of 2 × 60 mm CLT panels (length 2.4 m) glued together, made 
of spruce, birch and densified spruce. 

Table 4 
Natural frequencies (f) and damping ratios (ζ) for the first five modes found for 2 × 60 mm CLT spruce panels of length 4.0 m with a viscoelastic layer of thickness t mm. 
One unit made of birch with t = 0 serves as comparison.  

Configuration t 

mode 1 mode 2 mode 3 mode 4 mode 5 

f1 (Hz) ζ1 (%) f2 ζ2 f3 ζ3 f4 ζ4 f5 ζ5 

Standard #19 0 32.5 0.41 57.2 1.43 85.6 0.45 114 1.48 152 1.32 
Standard #20 2 33.1 0.87 51.0 2.93 81.5 2.12 105 3.09 142 2.99 
Standard #21 4 30.9 2.57 41.8 4.77 – – 89.4 4.88 114 2.91 
Standard #22 8 30.1 3.28 40.9 6.12 – – 87.8 5.57 119 3.52 
Standard #23 12 33.2 1.32 45.0 3.65 77.2 2.76 91.3 4.08 123 2.87 
Birch #7 0 32.6 0.52 57.3 1.82 83.9 0.53 119 1.19 150 1.08  

Fig. 9. Mobility of 2 × 60 mm CLT panels (length 4.0 m) with elastic layer of 
different thickness. 
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elastic layer in between. 
In Fig. 10, the result from the airborne and impact sound insulation 

measurements in one third octave bands can be seen together with the 
frequency weighted single number quantities defined in the range 
100–3150 Hz (DnT,w and LnT,w) and the low-frequency spectrum adap-
tation terms (C50-3150 and CI,50-2500), all defined in the ISO standards 
(ISO 717-1, 2013; ISO 717-2, 2013). Regarding airborne sound insu-
lation, the birch configuration shows 4 dB higher value of DnT,w 
compared to the standard case, i.e. 130 mm CLT made of spruce, 39 vs. 
35 dB. Focusing on individual one-third octave bands, the sound insu-
lation is roughly equal for the lowermost frequency bands. Up to 40 Hz, 
i.e. the bands 20–40 Hz, the difference in DnT between the birch and 
standard configuration is on average − 1.1 dB. From 50 Hz upwards, the 
birch configuration shows greater sound insulation than its standard 
counterpart. In the range 20–80 Hz, the average one-third octave band 
difference is 2.8 dB, for 20–3150 Hz the difference is 5.7 dB, for 
50–3150 Hz the difference is 7.1 dB, and in the range 100–3150 Hz, the 
average difference is 7.0 dB. When it comes to impact sound pressure 
level, similar tendencies as for the airborne sound insulation is seen. The 
birch configuration shows 6 dB lower value of LnT,w compared to the 
standard case, 83 vs. 89 dB. For the individual one-third octave bands, 
the impact sound levels are again roughly equal for the lowermost fre-
quency bands and up to 40 Hz (although some irregularities are seen at 
20–25 Hz), where the difference in LnT between the birch and standard 
configuration is on average 0.3 dB. From 50 Hz upwards, the birch 
configuration shows significant lower impact sound level compared to 
standard. In the range 20–80 Hz, the average one-third octave band 
difference is 2.3 dB, for 20–3150 Hz the difference is 5.9 dB, for 
50–3150 Hz, the difference is 7.1 dB, and in the range 100–3150 Hz the 
average difference is 7.5 dB. 

4. Furhter analysis and discussion 

The presented study focuses upon technical solutions to improve 
sound insulation, especially at low frequencies, of floors based on cross 
laminated timber. The mass of the floor is a key parameter in this respect 
and is of essential importance when it comes to obtain good sound 
insulation. Wooden floors are significantly lighter than commonly used 
concrete floors. The weight of a 200–250 mm concrete slab, a thickness 
often found in modern residential housing, is ~480–600 kg/m2 (2400 
kg/m3) – almost five times the weight of an equally thick CLT panel – 
while the total weight of the 2 × 60 mm birch configuration, including 

the 12 mm elastic layer, is just 89 kg/m2, and the mass of reference 130 
mm CLT plate is even lower, 55 kg/m2. For a complete floor though, 
designed for residential use, the CLT panel must be supplemented with e. 
g. mineral wool, gypsum boards etc. In order to fulfil any normal sound 
insulation requirement, and the total floor mass is thereby expected to 
be higher – but still significantly lower than a corresponding concrete 
floor. 

The lowest mobility when various wood species were tested in the 
laboratory was found for the compressed spruce. Although the results 
from this novel technology look promising, the process to manufacture 
the boards is demanding and an industrial process needs to be custom-
ized before it may represent a realistic alternative for the building in-
dustry, including economy. Regarding the mass, the weight of the 
construction with 2 × 60 mm panels with elastic layer, would have been 
104 kg/m2 using compressed spruce, for comparison. It should also be 
noted that, even though the tested elastic layer is relatively stiff, po-
tential structural problems related to sliding under load, may possibly 
occur under certain circumstances. 

The improved sound insulation of the CLT floor made of birch with 
elastic layer vs. the standard 130 mm CLT floor, is assumed to be a result 
of mainly two reasons: 1) the increased mass, and 2) the increased 
damping. The influence of the mass on the sound insulation is roughly 
related to 20•log(m) by the so-called mass law (Vigran, 2008), where m is 
the surface weight of the floor. From this follows that the expected gain 
in sound insulation – considering the mass difference only – should be 
about 4 dB, with a mass ratio of the two tested floors of 1.62 (89/55). 
Since the measured difference within the effective frequency range 
50–3150 Hz was about 7 dB, the gain in sound insulation due to the 
elastic layer is suggested to be about 3 dB. To rely upon the mass law in 
the estimation of the sound level difference may seem simplistic, but 
there is a reason it is used in this context. Even though a more 
comprehensive method could have been used for the bare panel, it is 
complicated to model the soundproofing performance of the 
double-panel configuration in a relatively easy – and trustworthy – way, 
i.e. good enough for comparison, including the material properties of the 
elastic layer and its interaction with the CLT. 

The same effect, i.e. improved sound insulation by 7 dB, could have 
been achieved by simply using a thicker CLT slab than the tested one of 
130 mm. In such a scenario, a 290 mm CLT panel – more than twice the 
original dimension – would have been needed to obtain the same sound 
insulation, estimated by using the mass law. A more accurate estimation 
can be achieved by an analytical model where, in addition to the mass, 

Fig. 10. Airborne sound insulation DnT (left) and impact sound pressure level LnT (right) of the two tested floor configurations.  

F. Ljunggren                                                                                                                                                                                                                                      



Developments in the Built Environment 13 (2023) 100117

7

Young’s modulus, Poisson’s ratio and the loss factor serve as input 
(Ljunggren, 2019). That model suggests that a 280 mm CLT panel cor-
responds to 7 dB greater sound insulation compared to a 130 mm panel, 
i.e. in close agreement to the mass law. The sound insulation of a bare 
130 mm panel, is according to this analytical model (Ljunggren, 2019), 
Rw = 36 dB and C50–3150 = 2 dB, which in turn is in close agreement to 
the measurement from the mock-up, DnT,w = 35 dB and C50–3150 = 2 dB. 
Even though the alternative to just increase the panel thickness may 
have been easy and straight-forward, the resulting increased building 
hight is a major objection. Another option could be to replace the CLT 
panel with a concrete slab, and in some cases, building with concrete 
may be the best solution due to its structural strength. On the other 
hand, there is an ongoing trend in the society towards more sustainable 
and “green” building technology, an area where wood-based construc-
tions are competitive, and often preferred, due to a smaller net carbon 
footprint (Røyne, 2016). 

The 7 dB difference in sound insulation between the damped birch 
floor and the reference floor, is in line with the results found from the 
initial vibrational tests on CLT panels, performed in laboratory with 
(close to) free-free boundary condition. However, a deviation was 
noticed for the lowest frequencies, 20–40 Hz. In this frequency range, 
there was a substantially improvement in the laboratory tests that was 
not repeated in the full-scale mock-up test. In fact, no major difference 
between the two tested floor configurations was seen in the latter case. 
The reason is not fully clear, but it could be that the mock-up suffers from 
flanking transmission, affecting the result. This may be the case even 
though elastomers were used to prevent flanking transmission, but at 
such low frequencies, 20–40 Hz, their effect may be questioned. It 
should also be pointed out that the material parameters of the visco-
elastic layer according to Equations (1) and (2) were calculated with the 
assumption of CLT panels made of spruce. Using birch, the modulus of 
elasticity and the density of the panels alter, which affect the outcome to 
some extent. For spruce, the thickness of the elastic layer was calculated 
to 8 mm whereas for birch, it should be 6 mm. Since the measurement of 
the spruce panels with elastic layer indicated that a thicker layer than 
the calculated one was to prefer, it is suggested that any possibly devi-
ation due to this circumstance is small. 

5. Conclusions 

From the well-controlled laboratory experiments it was shown that 
the heavier type of wood, birch as well as the compressed spruce, had a 
significant impact in reducing the low-frequency vibrational mobility of 
the tested CLT panels compared to the standard panel. Thereto, the 
configuration involving a viscoelastic damping layer between two CLT 
panels affected the mobility in a similar way. 

A full-scale CLT floor made of two 60 mm birch panels with a 12 mm 
elastic layer in between was tested for its sound insulation and compared 
with a standard 130 mm CLT plate. The airborne sound insulation, DnT,w 
and DnT,w + C50-3150, was improved by 4 and 5 dB respectively, and the 
impact sound insulation, LnT,w and LnT,w + CI,50-2500, was improved by 6 
and 5 dB respectively. 

Based on the results, it is suggested that alternative wood species and 
elastic layer operating by shear, have the potential – separately or in 
combination – to substantially improve the sound insulation of CLT 
based floors, even at low frequencies. However, it is suggested as for 
future work to pay further attention to the low-frequency behaviour 
below 50 Hz – for cases where such low frequencies are of interest – as 
results from the laboratory and the mock-up tests were not fully 
compliant in this respect. 
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