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ABSTRACT 

Compared to similar construction projects built in concrete, the design of a multi-

storey building in timber construction is more demanding and challenging to the 

architect and construction engineer. The reasons for this can be found, among 

others, in the lack of proven planning tools and input data for airborne- and impact-

noise control. In EN ISO 12354 SEA-based prediction models are given for airborne- 

and impact-sound excitation. These models need input data of the involved building 

elements and the junctions between them. Input data of floor and wall constructions 

with cross-laminated timber elements, glulam- or box elements can be found in 

various databases and national standard annexes. In recent years coupling loss 

factors have been determined as input data for CLT-element-junctions in several 

projects and different institutes. Based on these measured data, the article shows 

planning data for solid wood elements and vibration reduction indices.  
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1. INTRODUCTION 

The SEA-based prediction according to EN ISO 12354 [1] distinguishes between 

two models. The detailed, frequency dependent model and the simplified model, working 

with single values as input data (see section 2). Some input data for both models is given 

in section 3. For the airborne sound insulation of solid wood elements, see section 3.1. 

The vibration reduction indices for several element junction types are given in section 

3.2.  
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2.  PREDICTION MODEL ACCORDING TO ISO 12354 

 

2.1 Detailed model  

As described in [1], the airborne sound insulation in situ R' and the normalized 

impact sound pressure level L'n can be predicted from the direct path (RDd  resp. Ln,d ) 

and the flanking paths (Rij resp. Ln,ij): 
 

𝑅′ = −10 𝑙𝑔 (10−0,1∙𝑅𝐷𝑑 + ∑ 10−0,1∙𝑅𝑖𝑗

𝑛

𝑗=1

) 

 

 (1) 

𝐿′n = 10 𝑙𝑔 (100,1∙𝐿n,𝑑 + ∑ 100,1∙𝐿n,𝑖𝑗

𝑛

𝑗=1

) 

 

 (2) 

 

RDd and Ln,d represent direct sound insulation and impact sound transmission for 

in-situ conditions. They can be estimated from the results of laboratory 

measurements R and Ln with a correction via the structure-borne reverberation time 

Ts: 

𝑅𝐷𝑑 = 𝑅𝑠𝑖𝑡𝑢 = 𝑅 − 10 𝑙𝑔 (
𝑇𝑠,𝑠𝑖𝑡𝑢

𝑇𝑠,𝑙𝑎𝑏
)    resp.    𝐿𝑛,𝑑 = 𝐿𝑛,𝑠𝑖𝑡𝑢 = 𝐿𝑛 + 10 𝑙𝑔 (

𝑇𝑠,𝑠𝑖𝑡𝑢

𝑇𝑠,𝑙𝑎𝑏
) 

 
(3) 

 

The correction via the structure-borne reverberation time can be considered by: 

 
𝑇𝑠,𝑠𝑖𝑡𝑢

𝑇𝑠,𝑙𝑎𝑏
=  

𝜂𝑡𝑜𝑡,𝑙𝑎𝑏

𝜂𝑡𝑜𝑡,𝑠𝑖𝑡𝑢
    with:   𝜂𝑡𝑜𝑡,𝑙𝑎𝑏 = 𝜂𝑖𝑛𝑡 +

𝑚′

485√𝑓
  ;       𝜂𝑡𝑜𝑡,𝑠𝑖𝑡𝑢 = 𝜂𝑖𝑛𝑡 +

𝑚′

300√𝑓
 (4)  

 

 

The flanking sound reduction index Rij and the normalized impact sound pressure 

level for flanking transmission Ln,ij can be deduced from the performance of the 

elements according to eq. (5) and (6): 

 

𝑅𝑖𝑗 =
𝑅𝑖,𝑠𝑖𝑡𝑢

2
+ ∆𝑅𝑖,𝑠𝑖𝑡𝑢 +

𝑅𝑗,𝑠𝑖𝑡𝑢

2
+ ∆𝑅𝑗,𝑠𝑖𝑡𝑢 + 𝐷𝑣,𝑖𝑗,𝑠𝑖𝑡𝑢

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + 10 𝑙𝑔 (
𝑆𝑆

√𝑆𝑖 ∙ 𝑆𝑗

)  (5) 

𝐿n,𝑖𝑗 = 𝐿𝑛,𝑠𝑖𝑡𝑢 − Δ𝐿𝑠𝑖𝑡𝑢 +
𝑅𝑖,𝑠𝑖𝑡𝑢 − 𝑅𝑗,𝑠𝑖𝑡𝑢

2
− Δ𝑅𝑗,𝑠𝑖𝑡𝑢 − 𝐷𝑣,𝑖𝑗,𝑠𝑖𝑡𝑢

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ − 10 𝑙𝑔 (√
𝑆𝑖

𝑆𝑗
)   (6) 

Therefore the sound reduction indices Ri,situ and Rj,situ of the involved building 

elements, the sound reduction index improvements by additional layers Ri,situ and 

Rj,situ, the Ln,situ of the bare floor and the reduction of the impact sound pressure 

level of the floor covering Lsitu are required. The velocity level difference 𝐷𝑣,𝑖𝑗,𝑠𝑖𝑡𝑢
̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

can be calculated from the vibration reduction index Kij with the common coupling 

length lij between the elements and their equivalent absorption lengths ai,situ and 

aj,situ: 

𝐷𝑣,𝑖𝑗,𝑠𝑖𝑡𝑢
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 𝐾𝑖𝑗 − 10 ∙ 𝑙𝑔 (

𝑙𝑖𝑗

√𝑎𝑖,𝑠𝑖𝑡𝑢 ∙ 𝑎𝑗,𝑠𝑖𝑡𝑢

) 
 

 (7) 



The equivalent absorption length is given by the structural reverberation time Ts of 

the element i or j, their area S, the reference frequency fref = 1000 Hz and the speed 

of sound in air c0.  

𝑎𝑖,𝑠𝑖𝑡𝑢 =
2,2∙𝜋2∙𝑆𝑖

𝑐0∙𝑇𝑠,𝑖,𝑠𝑖𝑡𝑢
√

𝑓𝑟𝑒𝑓

𝑓
     𝑟𝑒𝑠𝑝.    𝑎𝑗,𝑠𝑖𝑡𝑢 =

2,2∙𝜋2∙𝑆𝑗

𝑐0∙𝑇𝑠,𝑗,𝑠𝑖𝑡𝑢
√

𝑓𝑟𝑒𝑓

𝑓
   (8) 

 

 

2.1 Simplified model  

 

In the simplified model, the weighted airborne sound insulation R'w and the 

weighted normalized impact sound pressure level L'n,w in the field can be predicted 

according to eq. (9) and (10): 

 

𝑅w
′ = −10 𝑙𝑔 (10−0,1∙𝑅𝐷𝑑,w + ∑ 10−0,1∙𝑅𝑖𝑗,w

𝑛

𝑗=1

)    (9) 

  𝐿′n,w = 10 𝑙𝑔 (100,1∙𝐿𝑛,𝑑,w + ∑ 100,1∙𝐿𝑛,𝑖𝑗,w

𝑛

𝑗=1

) (10) 

 

The weighted flanking sound reduction index Rij,w and weighted normalized impact sound 

pressure level for flanking transmission Ln,ij,w can be deduced from the performance of 

the elements eq. (11) and (12): 
 

𝑅𝑖𝑗,w =
𝑅𝑖,w + 𝑅𝑗,w

2
+ ∆𝑅𝑖𝑗,w + 𝐾𝑖𝑗 + 10 𝑙𝑔 (

𝑆𝑆

𝑙0𝑙𝑓
)    (11) 

𝐿n,𝑖𝑗,w = 𝐿n,eq,0,w − Δ𝐿𝑤 +
𝑅𝑖,w − 𝑅𝑗,w

2
− Δ𝑅𝑗,w − 𝐾𝑖𝑗 − 10 𝑙𝑔 (

𝑆𝑖

𝑙0𝑙𝑖𝑗
)   (12) 

 

Therefore the weighted sound reduction indices Ri,w and Rj,w of the involved building 

elements, the total sound reduction index improvements by additional layers Rij,w on the 

transmission path, the Ln,eq,0,w of the bare floor, the reduction of the impact sound pressure 

level of the floor covering Lw and the vibration reduction index Kij are required.  

 

 

3.  INPUT DATA 

 

3.1 Airborne sound insulation and impact sound pressure level 

RDd and Ln,d of the separating elements can be obtained from laboratory measurements 

(R and Ln). The airborne sound insulation and impact sound level of a typical massive 

wood floor construction used in D/A/CH are shown in Figure 1. For solid wood elements, 

it is not common to deal with separate data for the bare floor and the floor covering. 

Therefore, in equation (6) and (12) the Ln of the whole floor can be used for the prediction 

of the impact sound pressure level for flanking transmission. If the floor construction 

includes a suspending ceiling, the input data of the same floor without suspended ceiling 

are needed for the prediction. 



The airborne sound insulation of the solid wood flanking elements can be predicted 

according to ISO 12354, annex B.3. A comparison between prediction and measured 

sound insulation of a CLT element is shown in Figure 2. For the prediction the plate is 

assumed as an equivalent isotropic plate. The critical frequency is calculated using the 

lower Young’s modulus of the two principal directions of the orthotropic plate.  
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floating floor screed 

impact insulation, s’ ≤ 7 MN/m³  

grit as ballasting, m’ = 150 kg/m² 

massive wood element 

  
 

Figure 1 – Airborne sound insulation and impact sound level of a typical massive wood floor 

construction. Used as input data for the prediction according to ISO 12354.  

Single number ratings: Ln,w = 38 dB, Rw = 77 dB   
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0.013 

   
Figure 2 – Airborne sound insulation measured and predicted for a 100 mm CLT element  

a) Measurement: n = 5, Rw = 32 - 34 dB, b) Prediction: Rw = 34 dB 
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The single number rating Rw for solid wood elements can also be determined by their 

mass per unit area. From [14] the following correlation was obtained for 22 solid wood 

elements with and without planking: 

 

𝑅𝑤 = 25 lg(𝑚′) − 7 𝑑𝐵      
  (13) 

 

 
Figure 3 – sound reduction index Rw in relation to the mass per unit area m’ of solid wood elements 

with and without gypsum boards as planking 

 

The measured data in figure 3 includes different types of solid wood elements (elements 

with laminated, cross-laminated or mechanical connected wooden layers). Directly 

mounted additional plankings, such as gypsum boards, are considered in the mass per 

unit area.  

In the case of floor elements with grit as ballasting (see Figure 1), the airborne sound 

insulation of the bare floor including the ballasting is required for the prediction of the 

flanking transmission. If the mass of the grit is much higher than the element mass, the 

relation for ideal flexible plates can be used as a good estimate:  

𝑅w = 30 lg(𝑚′) + 10 𝑑𝐵      
  (14) 

 

3.2 Vibration reduction index 

The vibration reduction index, which has a strong influence on the flanking sound 

reduction, depends on the type of joint and element materials used. Therefore many 

measurements have been made for various solid wood elements and element joints in 

recent years. In [11] a collection of available Kij-values from 9 institutes [2] - [10] in Europe 

and Canada have been collected. The evaluated mean values and standard deviations of 

the measured data are shown in Table 1. In addition to this data, suggestions are made for 

the mass and frequency dependency of the Kij values, which will be examined hereinafter. 

 



Table 1: Vibration reduction index Kij of CLT-elements (t = 80 – 200 mm), joints screwed or mounted 

with brackets. Frequency range 200 Hz – 1250 Hz [11],[12] 

 

type of element junction 

number  𝑛 

𝐾𝑖𝑗
 

standard deviation  𝜎 

mass dependency1) 
  frequency      

  ependency2) 

wall / wall 

 

 

 

    

𝑛 =  16 

𝐾𝐹𝑓  =  8 𝑑𝐵 

𝜎 = 2,6 𝑑𝐵 

     

+3𝑀 + 4𝑀2 

 

               3) 

    

𝑛 =  9 

𝐾𝐹𝑓  =  15 𝑑𝐵 

𝜎 = 1,9 𝑑𝐵 

+3𝑀 + 4𝑀2                3) 

    

𝑛 =  13 

𝐾𝐹𝑓  =  17 𝑑𝐵 

𝜎 = 2,6 𝑑𝐵 

+6𝑀 + 7𝑀2                3) 

floor / wall 

 

 

 

    

𝑛 =  5 

𝐾𝐹𝑓  =  3 𝑑𝐵 

𝜎 = 0,8 𝑑𝐵 

 −3,3 𝑙𝑔
𝑓

𝑓𝐾

 

    

𝑛 =  5 

𝐾𝐹𝑓  =  12 𝑑𝐵 

𝜎 = 2,7 𝑑𝐵 

+10𝑀 + 11𝑀2 +3,3 𝑙𝑔
𝑓

𝑓𝐾

 

      

𝑛 =  13 

𝐾𝐹𝑓  =  21 𝑑𝐵 

𝜎 = 3,0 𝑑𝐵 

+4𝑀 + 3𝑀2 +3,3 𝑙𝑔
𝑓

𝑓𝐾

 

all 

 

 

       

 

𝑛 =  66 

𝐾𝐹𝑑  =  12 𝑑𝐵 

𝐾𝐷𝑓  =  12 𝑑𝐵 

𝜎 = 2,2 𝑑𝐵 

    +14𝑀2 +3,3 𝑙𝑔
𝑓

𝑓𝐾

 

1) 𝑀 =  𝑙𝑔
𝑚⊥

′

𝑚𝑖
′         

2) 𝑓𝐾 =  500 Hz          3) depending on element size, orientatation and connecting (see Figure 9) 

For the examination of the mass dependency part of the data is shown in Figure 4 to 

Figure 6. It was measured in the same test facility [12]. In addition to the measurements 

of the Kij - values, the flanking sound reduction indices Rij,w were determined for the 

flanking component. In Figure 4 (left side) the results are shown for the same flanking 

element and different perpendicular walls (m’ = 40 kg/m² to 160 kg/m²). With these 

results, Kij could be determined using the indirect method according to ISO 10848 [13].  

 



T-joints of wall elements show a weak mass dependence as long as the flanking 

element is not interrupted at the junction. This is also accurate for the additionally 

measured flanking sound reduction indices. If the flanking element is separated at 

the junction or completely interrupted by the perpendicular wall, the mass 

dependence of the results is stronger. 

 

  

  

  
Figure 4 – Results for different T-joints of massive wood wall elements. Left: Flanking sound 

reduction indices Rij,w for 80 mm CLT as flanking element and different perpendicular CLT elements 

(m’ = 40 kg/m² to 160 kg/m² with and without gypsum planking). Right:  Vibration reduction indices 

as a function of the mass ratio, measured with structure-borne sound excitation and with the indirect 

method from flanking sound reduction indices. 
 

For T-joints of wall and floor elements no mass dependency could be found for 

horizontal transmission, as long as the flanking element is not interrupted (see Figure 5, 

left). By interrupting the floor, the dependency is similar to the interrupted wall in 

Figure 4. 



  
Figure 5 – Vibration reduction indices as a function of the mass ratio for different T-joints of massive 

wood floor und wall elements. Flanking floor element as solid wood elements (CLT and hollow box 

elements, m’ = 30 kg/m² to 70 kg/m²). Perpendicular wall as CLT elements (m’ = 40 kg/m² to 160 

kg/m² with and without gypsum planking). Left: Flanking floor element without interruption at the 

junction. Right: Flanking element interrupted.  

 

 

The comparison of the continuous floor elements in Figure 5 with the continuous 

wall elements in Figure 4 shows significantly lower values for the floor elements. One 

reason for this difference could be found in the element orientation. While the floor 

were composed of 4 CLT-elements (b = 1.25 m) that ran perpendicular to the junction, 

this was not the case with the wall / wall joints. There, the CLT-elements were 

orientated parallel to the junction, which contributed to a higher propagation damping in 

the flank element. The influence of the element dimensions, the element orientation and 

the connection of the laminated timber boards (glued or mechanical connected) are 

studied in Figure 9.   

T-joints of wall and floor elements for vertical transmission are shown in Figure 6, 

left. The mass dependency is only visible for heavy floor elements (with grid as 

ballasting) and mass ratios above 2. The mixed transmission paths were combined for 

all element junctions and plotted in Figure 6 against the mass ratio. Again, a slight mass 

dependence can be detected. 

 

  
Figure 6 – Vibration reduction indices for vertical transmission and mixed transmission paths. Left: 

flanking wall interrupted by the floor element (platform framing). Right: Mixed transmission for all 

junction types. 



Figure 7 shows the frequency dependency of the vibration reduction index for T- and X-

joints and vertical resp. mixed transmission paths, evaluated in [11]. The results of the 

frequency dependency are in good agreement with the planning data in ISO 12354-1. 

The single number ratings are a bit lower. For the laboratory measurements, no 

difference was found between T- and X-joints. 

 

  

  
Figure 7 – Frequency dependency of the vibration reduction index for T-joints (left side) and X-

joints (right side). Vertical transmission (top) and mixed transmission (bottom). Data from [11]. 

 

The frequency dependence for the vibration reduction index of flanking floor elements 

is shown in Figure 8. While the continuous element shows a decreasing curve 

progression, as given in ISO 12354, the vibration reduction index of elements that are 

interrupted in the junction, increases with frequency. The slope agrees up to approx. 

1250 Hz well with the information given in [1], [15]. 

 



  
Figure 8 – Frequency dependency of the vibration reduction index for T-joints of flanking floor 

elements. Left: Flanking floor element without interruption at the junction. Right: Flanking element 

interrupted. Data from [11]. 

 

In Figure 9 the frequency dependence is shown for different element types. The 

vibration reduction index and the decrease in vibration level with distance were 

measured for three element types. As Figure 9 shows, the vibration reduction index 

increasing with frequency for flanking walls made of small single elements (b = 1.25 m) 

or big elements (b  5 m) with mechanical connected boards (dowelled). If big sized 

and glued CLT elements are used, the vibration reduction index shows a similar value 

and slope as the flanking floor elements in Figure 8. The reason of these differences can 

be found in the decrease in vibration level with distance of the elements, which is 

shown in Figure 9, right. 

 

 
 

Figure 9 – Frequency dependency for T-joints of different flanking wall elements.  

a) Flanking wall mounted of small single CLT elements, b = 1.25 m.  

b) Flanking wall mounted of two big elements, b  5 m with dowelled timber boards. 

c) Flanking wall mounted of two big CLT-elements (glued), b  5 m  

Left: Vibration reduction index. Right: Decrease in vibration level in the elements. 

a) 

b) 

c) 

a) 

b) 

c) 



CONCLUSION 

 The collected data of the vibration reduction indices for different junction types  

with solid wood elements provide the possibility to derive planning data for the prediction 

of the flanking transmission according to ISO 12354. These data were compared with the 

existing planning data in ISO 12354-1. As the article shows, the averaged values for the 

different junctions are slightly lower than those given in the standard. The frequency-

dependent slope fits well with the suggestions in ISO 12354-1. Flanking wall elements, 

which are composed of small individual elements, or whose lamellae are mechanically 

connected, shows significantly better vibration reduction indices than large, glued 

elements.  The dependence of the vibration reduction indices on the mass ratio is only 

weakly recognizable due to the high variance of the data. Whether the consideration of 

mass dependency in the prognosis is more meaningful than the previous procedure with 

constant values must be proven by validation against in-situ measurements of the airborne 

and impact sound insulation. 
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