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ABSTRACT 
Cross laminated timber (CLT) as building material has rapidly gained in popularity in recent years, and 
thereby also the demand of engineering tools to predict the sound insulation through CLT walls. The sound 
reduction through walls of single and double panels is predicted and the results are compared with those 
found in the literature as well as with a series of measurements conducted in a test mock-up of two rooms. 
Various configurations are considered where the plate thickness, addition of plaster boards and cavity 
distance (in case of a double panel) are altered. The prediction of single panel walls is based upon an 
established model (by Sharp) for homogenous materials, based upon theory and empirical data. For optimized 
application to CLT constructions specifically, the model is modified to some extent. The double panel walls 
are analytically modelled under the presumptions of no mechanical connection between the two panels and 
a cavity filled with mineral wool. The model make use of the results from the developed model for individual 
panels. The accuracy of the predicted sound insulation is estimated to be within a couple of dB’s concerning 
the weighted sound reduction indexes from 100 and 50 Hz. 
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1. INTRODUCTION 
The interest to use of CLT – Cross Laminated Timber – in building frames has rapidly increased 

over just a few years. CLT panels are in many ways easy to handle, are light (compared to concrete), 
have high bearing capacity and can handle large spans. Another important aspect is that CLT is a 
sustainable and renewable material. 

A CLT panel consists of planks, often 20-30 mm thick, glued together in typical 3-7 layers of 
orthogonal orientation, see Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Example of CLT panels. 
 
In this paper, the sound insulation of single and double wall panels is in focus. The purpose is to 

find out how accurate established analytical models, slightly modified if needed, can predict the 
airborne sound insulation. 
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2. SINGLE PANEL WALLS 

2.1 Model 
The calculations originate from Sharps’s model from 1978 (1), a model that is based upon theory 

but also to some extent has been adjusted to empirical data. The model is divided into three frequency 
regions related to the panel’s coincidence frequency fc; 1) f below half the coincidence frequency, 2) 
f around fc and 3) f above the coincidence frequency. The sound reduction is calculated accordingly: 

 

f ≤ fc/2 R=20log(Mf)-48     6 dB/octave band 
f = fc  Rc=20log(Mfc)+10log(η)-40  
f > f  R=Rc+30log(f/fc)   9dB/octave band 
  

where M is the surface weight (kg/m2) and η is the loss factor of the panel. 
Sharp’s model has in the next phase undergone a couple of modifications in order to work 

especially well for CLT panels including better matching against available measurement data. The 
idea to several of the modifications are found in (2). 

 
a) For f ≤ fc/2 the constant take the value 48 dB for thicknesses up to 130 mm, for thicknesses 

from 180 mm 47 dB is used and between 130-180 mm a successive adjustment of 0,2 dB per 
10 mm take place. Within the literature, both 47 (2-3) and 48 dB (1) is reported. 

b) In the region fc/2 < f ≤ fc, the sound reduction takes the same value as for fc/2, the so called 
coincidence dip thereby gets less pronounced.  

c) The sound reduction of twice the coincidence frequency is calculated taking the loss factor 
into account 

d) For f > 2fc, the slope of curve is 6 dB/octave band 
 

The described adjustments leads to the following set of equation to model the sound reduction: 
 

I. f ≤ fc/2 R=20log(Mf)-k*     6 dB/octave band 
II. fc/2<f ≤ fc R=Rc/2    0 dB/octave band 
III. f = 2fc R2c= Rc/2+10log(η)+23 
IV. f > 2fc R=R2c+20log(f/2fc)  6 dB/octave band 

*) k=48 for t ≤ 130 mm, k=47 for t ≥ 180 mm  
 
The sound reduction is thus divided into four frequency regions, shown in Figure 2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – The sound reduction model is divided into four frequency regions. 
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 The material parameters for a number of modeled panels are presented in Table 1 together with 
the calculated coincidence frequency according to equation 1. The CLT density is auumed to be 400 
kg/m3 and the Young’s modulus (4), Poisson’s ratio (5) and loss factor (6) have been obtained from 
the given references. 

𝑓𝑓𝑐𝑐 =
𝑐𝑐2

2𝜋𝜋
�12𝑀𝑀(1−𝜈𝜈2)

𝐸𝐸𝑡𝑡3        (1) 

 
Table 1 – Parameters of CLT panels 

Thickness (mm) 70 90 120 140 160 180 210 300 

Youngs’ m. (GPa) 10,2 10,6 7,86 7,11 9,82 7,86 7,89 8,16 

Poisson’s ratio 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 

Loss factor 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

Weight (kg/m2) 28 36 48 56 64 72 84 120 

Coinc.f. (Hz) 175 134 116 105 78 78 66 46 
 

2.2 Results 
Examples of sound reduction curves for CLT panels of three different thicknesses; 70,120 and 210 

mm are shown in Figure 3. The single number ratings Rw and Rw,50 (abbreviation for Rw + C50-3150) for 
all modelled configurations are presented in Table 2 and Figure 4. The effect of adding one or two 
layer of gypsum board (9 kg/m2) is included in Table 2. In the presence of gypsum board, only the 
additional mass is considered by the model, possibly influence from other material parameters are 
overseen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 – Sound reduction for CLT panels of three thicknesses; 70, 120 and 210 mm. 

KL 210  Rw=41   Rw,50=39 

KL 120  Rw=36   Rw,50=34 

KL 70   Rw=31   Rw,50=30 
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Table 2 – Singe number ratings of single panel walls. 

Plate 

thickness 

CLT CLT + 1 gypsum board CLT + 2 gypsum board 

Rw Rw,50 Rw Rw,50 Rw Rw,50 

65 31 30 - - - - 

70 31 30 34 32 36 34 

90 33 32 35 34 37 35 

100 34 33 36 34 37 36 

120 36 34 37 36 38 37 

140 37 35 38 37 39 38 

160 38 37 40 38 41 39 

180 40 38 41 39 42 40 

210 41 39 42 40 43 41 

240 42 40 43 41 44 42 

300 44 42 45 43 45 43 

320 45 43 - - - - 
 

2.3 Comparisons 
The calculated single number ratings are compared with those found from the literature (7-16). The 
references are a mix of results reported from measurements as from other theoretical models. Overall, 
the matching seems satisfactory with most of the references within ±1 dB from the predicted value, 
but also note the lack of validation for greater thickness than 180 mm. 

   
Figure 4 – Single number ratings of CLT panels. Open circles are predicted values and filled 

colored circles represent verifying data from various references. 

3. DOUBLE PANEL WALLS 

3.1 Model 
The model for the double panel walls start with modelling the individual panels according to 

previous section. The special characteristic of a double wall is then applied in accordance to Sharp 
(1) where the double wall resonance f0 and the limiting frequency fl, equation 2 and 3 respectively, 
take a central role. 

 

𝑓𝑓0 =
𝑐𝑐

2𝜋𝜋
�1,8(𝑀𝑀1−𝑀𝑀2)

𝑑𝑑𝑑𝑑1𝑀𝑀2
      (2) 
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𝑓𝑓𝑙𝑙 =
𝑐𝑐

2𝜋𝜋𝜋𝜋
         (3) 

 
where M1 and M2 are the weight of the individual panels and d is the free distance in between. The 
model assumes a cavity filled with mineral wool and without any sound bridges between the plates, 
e.g. studs. 
 The sound reduction is calculated within three frequency regions: 
  

I. f ≤ f0 R=20log((M1+M2)·f)-k*  6 dB/octave band 
II. f0 < f < fl R=R1 + R2 + 20log(fd)-29     
III. f ≥ fl  R= R1 + R2 + 6   

*) k=48 for t ≤ 130 mm, k=47 for t ≥ 180 mm  
 

where R1 and R2 are the sound reduction from the individual panels. 
 

3.2 Results 
The outcome for a number of various wall configurations is summarized in Table 3. All the walls 

are symmetric, the single panel thickness range from 70 to 160 mm and the cavity from 45 to 145 mm. 
The configurations are modelled with and without complementary gypsum boards. 
 

Table 3 – Data of calculated sound insulation of double CLT walls. Configuration is given as CLT-
cavity-CLT and G indicates gypsum board. 

 

Config. f0 (Hz) fl (Hz) Rw Rw,50  Config. Rw Rw,50 

70-45-70 102 1200 46 43  G70-45-70G 51 48 

70-70-70 81 780 50 46  G70-70-70G 54 51 

70-95-70 70 580 52 49  G70-195-70G 57 53 

70-120-70 62 460 54 50  G70-120-70G 59 55 

70-145-70 57 380 56 51  G70-145-70G 61 56 

120-45-120 78 1200 53 49  G120-45-120G 56 52 

120-70-120 62 780 57 52  G120-70-120G 60 55 

120-95-120 53 580 59 55  G120-95-120G 62 58 

120-120-120 47 460 61 57  G120-120-120G 64 60 

120-145-120 43 380 63 58  G120-145-120G 66 61 

160-45-160 67 1200 56 51  G160-45-160G 58 53 

160-70-160 54 780 60 54  G160-70-160G 62 56 

160-95-160 46 580 63 56  G160-95-160G 65 58 

160-120-160 41 460 65 58  G160-120-160G 67 60 

160-145-160 37 380 66 60  G160-145-160G 69 62 
  

3.3 Comparisons 
Reported values for this specific type of walls are limited in the literature. A few references (9, 12-

13) referring to measurements in laboratory are valid for comparisons, see Table 4. 
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Table 4 – Comparisons of single number ratings of double panel walls. 

Configuration 
LAB.MEASUREM. MODELLING DIFFERENCE 

Rw Rw,50  Rw Rw,50  Rw Rw,50  

    65-100-65  55 52 54 50 -1 -2 

   100-60-100   52 - 52 49 0 - 

   100-110-100 ≥ 55 ≥ 53 56 52 ≈1 ≈-1 

  G100-110-100G ≥ 56 ≥ 55 60 55 ≈4 ≈0 
 
Another comparison is done from horizontal measurements conducted inside a two room test 

mockup (17), Table 5. As the measurements includes flanking transmission of the mockup, the sound 
reduction should take a lower value compared to the calculations, and a difference of 1-4 dB is noticed 
for most of the configurations. However, focusing on the difference between the configurations, the 
difference in sound insulation is rather similar for measurement and calculation for many of the 
configurations. 

 
Table 5 – Comparisons of single number ratings of double panel walls. 

Configuration 
MOCK-UP MEASURE. MODELLING DIFFERENCE 

Rw Rw,50  Rw Rw,50  Rw Rw,50  

70-70-70 50 45 50 46 0 1 

G70-70-70G 56 50 54 51 -2 1 

G70-145-70G 59 55 61 56 2 1 

120-70-120 53 50 57 52 4 2 

G120-70-120G 58 53 60 55 2 2 

120-145-120 59 56 63 58 4 2 

G120-145-120G 61 58 66 61 5 3 

160-45-160 53 49 56 51 3 2 

G160-45-160G 56 52 58 53 2 1 

G70-70-160G 58 54 59 54 1 0 
 

4. DISCUSSION AND CONCLUSIONS 
The modelled sound insulation for single CLT panels showed in terms of single number ratings (Rw 

and Rw,50) good agreement with corresponding values found from literature references. The proposed 
model, a modified version of Sharp’s approach, may therefore serve as an engineering tool in 
predicting the sound insulation performance. The deviation between measured and predicted ratings 
was within ±2 dB in all cases but typically ±1 dB. 

When it comes to walls of double CLT panels, the results indicate a fairly agreement with available 
data for validation. But due to the limited amount of reference data, it is hazardous to quantify the 
uncertainty until further validating measurement results are found. The results indicates that a double 
CLT panel wall, with appropriate combination of plate thickness and cavity depth, will serve as a good 
alternative in terms of sound insulation when it comes to partitions between apartments. 

ACKNOWLEDGEMENTS 
The work has been financially supported by Wood Centre North (TCN) – Luleå University of 

Technology. 

247



 

 

REFERENCES 
1. Sharp B H. Prediction methods for the sound transmission of building elements. Noise Control 

Engineering. 1978;11(2):53-63. 
2. Hassan O A B. Building acoustics and vibration - Theory and practice. World Scientific; 2009. 
3. Vigran T E. Building acoustics. Taylor & Francis; 2008. 
4. Martinsons. Konstruktionsfakta, styvhetsvärden för deformationsberäkningar. https://www.martinsons. 

se/byggprodukter/kl-tra/projektera-och-bygg/konstruktionsfakta; 2016. 
5. Risberg H. Styvhetsegenskaper hos korslimmade massivträplattor. Master thesis. Umeå University; 2005. 
6.  Wallin H P, Carlsson U, Bodén H, Glav R. Ljud och vibrationer. KTH, Farkost och flyg; 2014. 
7.  Byrick W, Golden M. Predicting the impact and airborne sound insulation performance of monolithic 

wood and concrete structures using laboratory data. Proc ICSV23; Athens, Greece 2016. 
8.  Schoenwald S, Zeitler B, Sabourin I, King F. Sound insulation of cross laminated timber building systems. 

Proc InterNoise; Innsbruck, Austria 2013. 
9. Ljunggren S. Ljudisolering i trähus - en handbok för konstruktörer. AkuLite Rapport 1, SP Rapport 

2011:10; 2011. 
10. Hiramitsu A, Harada K, Noji K. Effect of difference in specification on sound insulation in cross laminated 

timber separation wall. Proc ICA; Buenos Aires, Argentina 2016. 
11. Bard D, Hagberg K, Augustsson T. Modelling various floor and wall assemblies and comparisons to 

measured values. Proc ICA; Buenos Aires, Argentina 2016. 
12 TreFokus. Byggsystemer i massivtreelementer. Norskt Tretekniskt Institutt. www.treteknisk.no; 2011 
13 Stora Enso. Teknikmapp - Stora Enso wood products, building solution. www.clt.info/se/media-

nedladdning/broschyrer/broschyrer/; 2015. 
14 KLH Technical characteristics. http://www. klhuk.com/media/29233/technical%20characteristics.pdf; 

2018 
15 Skonto Enterprises, Cross timber systems, CLT soundproofing. http://www.crosstimbersystems.com/wp-

content/uploads/2016/05/Soundproofing.pdf; 2018 
16 Binderholtz, British Gypsum. Solid timber manual. https//www.binderholts.com/fileadmin/PDF/ Services 

_Kontakt/Videos_Download/Prospekte/solid_timber_manual.pdf; 2011. 
17 Tyréns, Measurement results, 2018--11-30, Internal document 
 

248


