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1 ABSTRACT 

The requirement for façade sound insulation to control external noise ingress is often based on 
measured noise levels. For an unspecified external spectrum, there is no unique solution to the 
problem of specifying the minimum performance requirements, either as an octave band spectrum or 
a single figure value such as Rw + Ctr or Rw + C, to achieve an internal A-weighted ambient noise level 
limit.  Any method used to derive a single-figure performance requirement involves uncertainty.  There 
is a risk of under-specifying the requirement, leaving the consultant exposed, or over-specifying, 
causing unnecessary cost. 
 
This paper describes a new method to determine the lowest single figure performance value for 
façade elements to achieve the internal noise level limits for the incident spectrum.  The single figure 
values are determined in terms of either Rw + Ctr, Rw + C, Dn,e,w + Ctr or Dn,e,w + C as most appropriate 
for each element and incident spectrum.  This method reduces over-specification of façade element 
performance and also reduces the risk of under-specification compared with commonly used 
methods.  Glazing is typically the most expensive part of the building per square metre; there can be 
considerable cost savings by reducing unnecessary performance requirements. 
 
 

2 UNCERTAINTY IN A SINGLE NUMBER RATING 

If the most significant noise source is general road traffic travelling between 30 - 50 kmh and there 
are no intervening features that may cause a change of frequency content, such as barriers, then the 
source spectrum is likely to be well represented by the idealised spectrum in BS EN 1793-31.  In this 
case, façade sound insulation calculations can accurately be based on the A-weighted source noise 
level, and facade sound insulation based on the parameter Rw + Ctr described in ISO 717-12.  
However, if the source noise is not well represented by this reference spectrum, a single figure 
calculation adds additional and variable uncertainty to the performance requirement. 
 
To include a variety of different incident noise spectra, ISO 717-1 classifies the noise sources to two 
groups, where the spectrum correction C and Ctr can be applied and the sound insulation performance 
can be described by a single figure values such as Rw + Ctr and Rw + C. Rw + Ctr and  
Rw + C are used for describing façade sound insulation performance against sources with low and 
high frequency components respectively. 
 
There are methods in common use that suggest performance requirements in terms of the weighted 
sound reduction, Rw; these methods add a further level of uncertainty and are not discussed in this 
paper.  Another approach commonly adopted by consultants is to analyse the external noise ingress 
based on the performance of a sample product, and then to declare the performance of that product 
to be the element performance requirement.  This process of analysis (rather than design) adds 
further levels of uncertainty and should be avoided. 
 
Studies also show a considerable range in the measured source spectra even for the traffic noise1,7.  
In many cases, the reference spectrum described in BS EN 1793-3 does not well represent these 
spectra.  Using single figure calculations adds additional uncertainty to the analysis.  The level of 
additional uncertainty can be difficult to quantify.  A new method to determine the lowest single figure 
performance value for façade elements achieves the internal noise level limits is described.  
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3 THEORETICAL ANALYSIS 

3.1 DERIVATION OF THE CALCULATION TERM 

According to ISO 717-1, the calculation of the correction term Cj is:  
 

𝐶𝑗 = 𝑋𝐴𝑗 − 𝑋𝑤 

Where 
j is the subscript for the sound spectra Nos. 1 and 2. Nos.1 is used to calculate C correction; 
No. 2 is used to calculate Ctr correction.  Derivation of Ctr is used as an example in this paper 
to demonstrate the theoretical analysis. i.e. j=2 is assumed.  
Xw is the single number quantity, such as Rw, Dne,w . 
XAj is calculated by the following equation: 
 

𝑋𝐴𝑗 =  −10 lg ∑ 10(𝐿𝑖𝑗−𝑋𝑖)/10  

 
Here the sound reduction index Ri and Ctr calculation are used as an example. The j in the 
above equation can be removed and Xi = Ri is assumed.  Therefore, we get the following 
equation:  

𝑋𝐴 = −10 lg ∑ 10(𝐿𝑖−𝑅𝑖)/10  
 
Where Li is the standard level at frequency i used to calculate C and Ctr. It is noted that Li are 
values smaller than 0.  

 
Given that the incident sound L1,i reduces Δi to Li : 
 

𝐿𝑖 = 𝐿1,𝑖 − Δ𝑖 

 
The above equation changes to: 

                                                    𝑋𝐴 = −10 lg ∑ 10(𝐿1,𝑖−Δ𝑖−𝑅𝑖)/10                                               (1) 
 
Based on BS EN 12354-33 and BS 82334, the relation between the external noise level, internal noise 
level and the sound insulation performance of the façade elements is shown below and the details 
can be found in The Apex Method5: 
 

              𝐿2,𝑖 = 𝐿1,𝑖 − 𝑅𝑖 + 10 lg
𝑆

𝑉
+ 10 lg 𝑇0 + 11  (2)  

Where  
 L2,i is the internal noise level at frequency i, in dB;  

L1,i is the free field equivalent continuous sound pressure level outside the façade elements 
in dB; 

 S is the area of the façade element in m2; 
 V is the volume of the receiving room in m3; 
 T0 is the reverberation time of the receiving room in second. 
 
Rearrange the two sides of the equation (2):  
 

𝐿1,𝑖 − 𝑅𝑖 = 𝐿2,𝑖 − (10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11) 

 
Substitute L1,i-Ri into equation (1): 
 

𝑋𝐴 = −10 lg ∑ 10[𝐿2,𝑖−(10 lg 𝑇0+10 lg
𝑆

𝑉
+11)−Δ𝑖]/10

  
 
Put the constant parts out of the sum: 
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𝑋𝐴 = (10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11) − 10 lg ∑ 10[𝐿2,𝑖−Δ𝑖]/10  

As Ctr = XA-Rw:  

                                𝑅𝑤 + 𝐶𝑡𝑟 = 10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11 − 10 lg ∑ 10[𝐿2,𝑖−Δ𝑖]/10  (3) 

Similarly,  

                               𝐷𝑛𝑒,𝑤 + 𝐶𝑡𝑟 = 10 lg 𝑇0 + 10 lg
𝑛

𝑉
+ 21 − 10 lg ∑ 10[𝐿2,𝑖−Δ𝑖]/10  (4) 

 

The term 10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11 is constant for a specified room and façade element, the value Rw+Ctr 

is determined by the term −10 lg ∑ 10[𝐿2,𝑖−Δ𝑖]/10. 
 
3.2 SOURCE WITH REFERENCE SPECTRUM 

If the incident sound spectrum equals the reference spectrum as mentioned in ISO 717, then Δi will 
be the same in every octave band, described as ∆, then equation (3) becomes: 
 

𝑅𝑤 + 𝐶𝑡𝑟 = 10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11 + Δ − 10 lg ∑ 10𝐿2,𝑖/10  

 

the sum 10 lg ∑ 10𝐿2,𝑖/10 is the internal noise level L2.  The above equation can be re-written as: 
 

𝑅𝑤 + 𝐶𝑡𝑟 = 10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11 + Δ − 𝐿2  

 
Thus all components on the right hand side are known when L2 is the noise level limit, and the 
performance requirement for the façade elements can be calculated exactly. 
 
3.3 SOURCE WITH GENERAL WIDE BAND SPECTRUM 

If the incident sound spectrum is not identical to the reference spectrum, Δi varies in different 
frequency bands; the constant term cannot be taken out of the sum.  If the internal level target is an 
NR curve, then the L2,i at different octave band centre frequency is specified.  The required Rw+Ctr 
can be calculated accordingly, as L2,i and Δi are known parameters. 
 
If the internal noise level limit is a single A-weighted number, such as BS 8233 internal noise level 
requirement, the L2,i is not a specified value, hence, Rw+Ctr is determined by the combination 

−10 lg ∑ 10[𝐿2,𝑖−Δ𝑖]/10.  Specifically, Rw+Ctr is a decreasing function of the total sum ∑ 10[𝐿2,𝑖−Δ𝑖]/10 .  

The value of 10[𝐿2,𝑖−Δ𝑖]/10  is a very small number and is an exponential function of the difference 

between L2,I and Δi. The minimum value of ∑ 10[𝐿2,𝑖−Δ𝑖]/10 is likely to appear when the maximum of L2,i 

matches the maximum of Δi.  The L2,i also needs to satisfy the relation 𝐿2 = 10 lg ∑ 10𝐿2,𝑖/10.  Based 
on these conditions, the required Rw + Ctr can be calculated.  
 
 

4 CASE STUDIES 

The first two case studies are based on the traffic spectrum envelope, which is taken from the 
standard spectra from the official Norwegian calculation method7, as shown in Figure 1.  These wo 
case studies as marked with dashed lines in Figure 1 are used to represent the traffic noise with the 
most extreme low frequency and high frequency components respectively. 
  
The spectrum shape of the these case studies is normalised with the total level equal to 70 dB(A) to 
represent a typical urban noise environment.  The performance of glass as published by Pilkington is 
used in the examples.  Octave band centre frequency levels are used to keep the analysis concise.  
The source spectra are shown in Table 1. 
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Table 1: Source noise levels used in case study 

Frequency, Hz 125 250 500 1000 2000 Total 

Source noise 
level, dB(A) 

Case 1 60.4 63.1 65.4 64.1 59.2 70.0 

Case 2 49.0 56.9 61.0 67.6 63.9 70.0 

 
 
 
 

The third case study is based on real measurement.  This study is used to demonstrate if the improper 
single figure rating is used, a significant over design could occur.  
 
It is assumed that the internal noise level limit is 35 dB(A).  The required single figure value is 
calculated based on the method presented above and the commonly used single value rating method 
by assuming the source spectrum is ideal with the reference spectrum described in ISO 717-1.  
 
The example is based on a room volume 45 m3, window size 2.4 m2 and the reverberation time of the 
room is assumed to be 0.5 s. In these examples only one façade element is considered, such that 
the calculated performance relates to the partial level difference for that element alone.  See The 
Apex Method for a description of combining the partial level differences into the global level difference. 
 
4.1 CASE 1 

Case 1 contains the upper line of the low frequency contents of the envelope, therefore, the single 
figure rating Rw + Ctr is used to describe the sound insulation performance of the glazing specification.  
The required Rw + Ctr is 32 dB if calculated by the new method presented in this paper. If calculated 
by assuming the source is the ideal reference spectrum, the required Rw + Ctr is 30 dB.  The 
calculation details are shown in Table 2 and Table 3. 
  

Case 1 

Case 2 

Figure 1: Traffic noise spectrum envelope 
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Table 2: Calculation of required Rw + Ctr – new calculation method 

Frequency, Hz dB(A) 125Hz 250 Hz 500 Hz 1 kHz 2 kHz 

L1,i external noise level, dB(A) 70 60.4 63.1 65.4 64.1 59.2 

Lij of ISO 717 (for Ctr correction) 0 -14 -10 -7 -4 -6 

Δi, dB - 74.4 73.1 72.4 68.1 65.2 

L2, noise level limit, dB(A) 35 

L2,i assumed internal spectrum, dB(A) 35 31 29 29 24 21 

10(L2,i - Δi)/10 - 4E-05 4E-05 4E-05 4E-05 4E-05 

10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11, Room 

correction, dB 
-5 

Rw + Ctr for glazing required, dB 32 

 

Table 3: Calculation of required Rw + Ctr – general calculation method 

Frequency, Hz dB(A) 

L1,i external noise level, dB(A) 70 

L2, noise level limit, dB(A) 35 

10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11, Room correction, dB -5 

Rw + Ctr for glazing required, dB 30 

 

According to Pilkingtons, a glazing achieving a performance of 32 dB Rw + Ctr is 12 mm laminated 

glass and for 30 dB Rw+Ctr is 10 mm plain glass.  The sound insulation index of these glasses are 
used to check the above calculation, as shown in Table 4 and Table 5. 
 

Table 4: Validation by 32 dB Rw + Ctr Pilkington glass 

Frequency, Hz dB(A) 125 250 500 1000 2000 

Source noise level, dB 70 60.4 63.1 65.4 64.1 59.2 

12 mm laminated, SRI, dB 
32 

Rw+Ctr 
27 29 31 32 38 

Internal level at octave 
band frequency, dB 

- 28.7 29.3 29.6 27.4 16.4 

Total internal level, dB 35 

 
Table 5: Validation by 30 dB Rw + Ctr Pilkington glass 

Frequency, Hz dB(A) 125 250 500 1000 2000 

Source noise level, dB 70 60.4 63.1 65.4 64.1 59.2 

10 mm floating, SRI, dB 
30 

Rw+Ctr 
23 26 32 31 32 

Internal level at octave 
band frequency, dB 

- 32.7 32.3 28.6 28.4 22.4 

Total internal level, dB 37 
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As shown in Table 4 and Table 5 validation calculations, the new method takes into account the 
spectrum contents and achieves a noise level equal to the internal noise level limit.  The Rw + Ctr 
calculated by assuming the spectrum is ideal as the reference spectrum, ends up being 2 dB above 
the internal noise level limit.  This illustrates how the assumption of an idealised road traffic spectrum 
can lead to inadvertent under-specification of façade performance. 
 
 

4.2 CASE 2 

Case 2 contains the lower line of the low frequency contents and upper line of the high frequency 
contents of the envelope, therefore, the single figure rating Rw + C is used to describe the sound 
insulation performance of the glazing specification.  
 

The required Rw + C is 31 dB if calculated by the method presented in this paper. If calculated by 
the general method, the required Rw + C is 30 dB.  The calculation details are shown in Table 6 and  

Table 7. 
 

Table 6: Calculation of required Rw + C – new calculation method 

Frequency, Hz dB(A) 125Hz 250 Hz 500 Hz 1 kHz 2 kHz 

L1,i external noise level, dB(A) 70 60.4 63.1 65.4 64.1 59.2 

Lij of ISO 717 (for C correction) 0 -21 -14 -8 -5 -4 

Δi, dB - 70.0 70.9 69.0 72.6 67.9 

L2, noise level limit, dB(A) 35 

L2,i assumed internal spectrum, dB(A) 35 28 29 27 30 26 

10(L2,i - Δi)/10 - 6E-05 6E-05 6E-05 6E-05 6E-05 

10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11, Room 

correction, dB 
-5 

Rw + C for glazing required, dB 31 

 

Table 7: Calculation of required Rw + C – general calculation method 

Frequency, Hz dB(A) 

L1,i external noise level, dB(A) 70 

L2, noise level limit, dB(A) 35 

10 lg 𝑇0 + 10 lg
𝑆

𝑉
+ 11, Room correction, dB -5 

Rw + C for glazing required, dB 30 

 

According to Pilkingtons, a glazing specification for 31 dB Rw + C is 10 mm plain float glass and for 

30 dB Rw+C is 8 mm plain float glass.  The sound insulation index of these glasses are used to check 
the calculation in Case 2, as shown in Table 8 and Table 9. 
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Table 8: Validation by 31 dB Rw + C Pilkington glass 

Frequency, Hz dB(A) 125 250 500 1000 2000 

Source noise level, dB 70 49.0 56.9 61.0 67.6 63.9 

10 mm floating, SRI, dB 
31 

Rw+C 
23 26 32 31 32 

Internal level at octave 
band frequency, dB 

- 21.3 26.1 24.3 31.8 27.1 

Total internal level, dB 35 

 
Table 9: Validation by 30 dB Rw + C Pilkington glass 

Frequency, Hz dB(A) 125 250 500 1000 2000 

Source noise level, dB 70 49.0 56.9 61.0 67.6 63.9 

8 mm floating, SRI, dB 
30 

Rw+C 
20 24 29 34 29 

Internal level at octave 
band frequency, dB 

- 24.3 28.1 27.3 28.8 30.1 

Total internal level, dB 35 

 
As shown in Table 8 and Table 9 validation calculations, the both methods achieve the internal noise 
level limit.  
 
4.3 CASE 3 

In this case study, measured levels peaking in the 1 kHz region are used.  The internal noise limit is 
assumed to be 45 dB(A) in this case study and all other information is the same as the previous case 
studies.  To be concise, only the source spectrum and calculation results are listed as show in Figure 
2 and Table 10.  
  

Figure 2: Measured noise level from seagulls 
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Table 10: Calculation of required Rw + Ctr, glazing specification and internal noise level 

Method 
Calculated 

required Rw + Ctr 

Corresponding 
glazing 

specification 

Internal noise 
level based on 

the glazing 

Internal noise 
level limit 

New method in this 
paper 

33 
6 – 16 – 6.8 
laminated 

40 

45 dB General method 
assuming ideal traffic 
spectrum for source 

36 
8 – 16 – 9.1 
laminated 

36 

 
This case study demonstrates that a single figure rating calculation based on an inappropriate 
assumption results in a significant over specification.  The new method avoids unnecessary over-
specification of the performance requirement without the need to make a judgement of the level of 
approximation of the source spectrum to any particular reference spectrum. 
 
 

5 CONCLUSIONS 

A new method to determine the lowest appropriate single figure performance value for façade 
elements that achieves the internal noise level limits for the incident spectrum is presented.  Case 
studies with the typical spectra envelope of road traffic noise are used to validate the new method.  
The results show that the new method takes account of the spectral content and returns an optimum 
performance specification. 
 
As shown in Case 1, where the low frequency content dominates the spectrum, calculation assuming 
an ideal reference spectrum results in an inadequate performance requirement.  This process is 
commonly carried out without the designer being aware of the risks inherent in the process.  In this 
case the building as designed may fail to provide sufficient insulation against external noise intrusion, 
potentially resulting in an expensive claim against the acoustic consultant. 
 
Case study 2 shows that if the noise source spectrum is well represented by a reference spectrum, 
the commonly used standard single figure rating such as Rw + Ctr or Rw + C can provide accurate 
results.  Case 3 shows that if the source contains features which are significantly different from the 
reference spectrum, a calculation assuming an ideal reference spectrum can significantly over-
estimate the performance requirement.  Such incident spectra are not uncommon where features 
such as sirens dominate the overall or Lmax levels.  The new process proposed in this paper offers a 
reliable method to determine the optimum single number rating. 
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