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On using multiple Kij’s in the EN12354 acoustics prediction 

model to represent excess attenuation in flanking surfaces 
Trevor RT Nightingale

a
 and Ivan Bosmans

b
 

a Institute for Research in Construction, National Research Council, Ottawa, Ontario, Canada K1A OR6 
bCSTB, 24, rue Joseph Fourier, 38400 Saint-Martin-d'Hères, France 

EN12354 is a standardised method to compute the apparent sound insulation of building assemblies formed by wall and floor 

elements that are assumed to be heavy, monolithic, homogeneous and moderately damped. However, most large walls and floors 

are not perfectly homogeneous, they are made by joining together a series of smaller more manageable pieces,  (e.g., precast 

concrete, plasterboard, glass panes, etc.). Depending on the mechanical properties of the joints between panels, there may be 

significant excess attenuation, which in most cases indicates the surface must be treated as a series of connected panels.  This 

summary paper shows that EN12354 is based on simplified SEA and can be extended to account for excess attenuation 

introduced by junctions between the elements.  However, the effective Kij necessary to account for the excess attenuation is not 

simply the sum of the Kij’s for all junctions, as this leads to significant errors.    

 

INTRODUCTION 
 The EN12354 [1] prediction models allow for 

one junction or attenuating element in the flanking path 

which permits estimation of the flanking sound 

reduction for most paths.  The path 1453 of Figure 1A 

is one example.  Recently, situations have been 

presented [2], similar to that shown in Figure 1B for 

path 14653, where a small element (shown as 6) 

couples a larger element (5) to the junction.  In this 

case there are two junctions (4-6 and 6-5) in the path 

each causing vibration attenuation. It has been 

suggested [2] that excess attenuation due to multiple 

junctions could be represented by an effective vibration 

reduction index, K*ij, which is simply the sum the Kij’s 

for the two, or more, junctions of the flanking path.   
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FIGURE 1. Two rooms 1 and 3 separated by wall 2.  In 

Figure 1A the flanking walls 4 and 5 do not have a coupling 

element, while in Figure 1B they are coupled by element 6.   

This paper provides a derivation based on the 

principles of SEA to show that for the case of multiple 

junctions it not possible to sum the vibration 

attenuation of all the junctions in the flanking path as, 

in general, this will lead to serious errors. 

THEORY 
 Using SEA [3] the sound reduction index 

(SRI) for an arbitrary transmission path is, 
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where E is the energy in the subsystem, V is the room 

volume, S is the partition area separating the two 

rooms, A is the absorption in the receive room, and the 

subscript identifies the element in the transmission path.    

 Using equation 1, and a number of 

approximations and assumptions, the EN12354 

expression for the SRI of a flanking path involving a 

single junction (equation 25 in Ref. 1) can be obtained.  

A detailed discussion is beyond the scope of this 

summary paper and will be presented elsewhere; 

instead the procedure is summarised as follows. The 

energy stored by each subsystem is expressed in terms 

of the ratio of the total loss factor to coupling loss 

factor, and using reciprocity with several substitutions, 

the expressions for path 1453 can be written as, 
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while the corresponding expression for path 14653 

involving two junctions is, 
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where Ri is the resonant sound reduction index for the 

element i when measured in-situ.  By inspection of 

equations 2 and 3 it can be seen that the basic 

formulations are identical excepting the last terms 

which account for junction attenuation. Thus, it would 

appear that multiple junctions can be accommodated by 

modifying the junction term.  It must be noted that 

terms involving element 6 appear only in the 



description of the junction, consequently element 6 is 

assumed not to radiate energy.  Thus, element 6 is 

referred to as being a coupling element. 

 The junction terms of equations 2 and 3 can be 

described by the velocity level difference, VLD, of the 

connected elements and their mass, using,  
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Reciprocity that was used in writing equation 2 greatly 

simplifies the junction terms as they reduce to the 

direction averaged VLD, ijvD , , between the connected 

plates i and j.  The term for a single junction becomes,  
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while the expression for two junctions becomes, 
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 EN12354, expresses the vibration attenuation 

at the junction in terms of a vibration reduction index, 

Kij, which is the direction averaged VLD normalised to 

the length of the junction, lij, and an “equivalent 

absorption length”, a, of each connected element, 
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For framed elements, ones with a high internal loss 

factor, or ones which are considerably lighter than the 

elements to which it is connected, EN12354 assumes 

that a, can be approximated by the surface area of the 

element, S, divided by unit length, lo.  Using this and 

substituting equation 7 into 5 gives the EN12354 (Part 

1, equation 25) result for a single junction, 









++

+
=

45

2
45

54
1453 log10

2 ll

S
K

RR
R

o

 (8) 

while the corresponding expression for two junctions 

is, 
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 For the sake of simplicity in the following 

discussion we shall assume that the length of all the 

junctions are the same, l, which is often the case for 

walls.  If the expression applicable to a single junction 

as given in EN12354 (i.e., equation 8 above) were to be 

extended to allow for two junctions with a coupling 

element then the effective junction vibration reduction 

index, , would be, 
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DISCUSSION 
 Equation 10 indicates that in general the Kij’s 

can not simply be summed since there is an additional 

term involving the area of coupling element 6 and the 

junction length.   In most cases, element 6 will be a 

rectangular with the length of one side equal to the 

coupling length l, and the other side equal to w. 

Consequently, the error can be approximated by: 
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The assumption of summing Kij’s may underestimate 

the SRI when the width, w, is greater than 1 metre and 

overestimate when the width is less than 1 metre.   

 Although it might be tempting to sum the Kij’s 

and apply a correction term equal to equation 11, it 

should be stressed that the expressions given in 

equations 9, 10 and 11 are only valid when element 6 

satisfies the conditions necessary for a SEA plate 

subsystem. This requires that element 6 support enough 

modes in both principal directions so that the modal 

overlap factor exceeds unity, and that the vibration be 

dominated by the reverberant field (that is the response 

should be reasonably diffuse).  

 When element 6 is a narrow strip, these 

fundamental and necessary conditions are most likely 

not satisfied and any form of an effective Kij should not 

be applied at all. In this situation, one should treat both 

junctions and the intermediate element as a single 

coupling element characterised by a single Kij. 

 In the derivation of equations 9, 10 and 11, it 

was assumed that the sound radiated by element 6 

would be small with respect to element 5 which is 

coupled to it.  However, for situations where element 6 

satisfies the conditions of an SEA subsystem, it is very 

likely that radiation will be significant and it may be 

necessary to compute the SRI of paths 1463, in addition 

to 14653. 

 The derivation shows that EN12354 is based 

on simplified SEA where there is only one junction, 

consequently care must be given to ensure that all 

elements satisfy the requirements of an SEA subsystem.   
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