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Introduction 
The Physikalisch-Technische Bundesanstalt (PTB) is 
responsible for the technical assessment of building acoustic 
test facilities for approval by the Deutsches Institut für 
Bautechnik (DIBt), the highest building authority in 
Germany. The test facility is tested by means of comparison 
measurements on reference elements from previous round 
robin tests and an on-site assessment. Laboratories can also 
carry out measurements on these reference elements as part of 
their quality management without the involvement of the 
DIBt. Depending on the customer choice, PTB carries out 
verifying measurements on these objects on site. Due to these 
continuous measurements on the available reference 
elements, the amount of data for window as well as wall and 
ceiling test facilities is constantly increasing.  

Comparison procedure – calculation basis 

The requirements for the design of test facilities are regulated 
in ISO 10140-5 [1]. The basic procedure for testing the test 
facilities is identical in all cases. All reference objects had 
been used in previous round robin tests, so a large number of 
comparative results are available for each reference object. 
Based on these results, critical limits are calculated for each 
test object in accordance with (1).  

𝛥𝑅max = 𝑡𝑛−1,1−𝛼/2 𝜎𝑅 √
1

𝑛
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where 𝜎𝑅 is the standard deviation of reproducibility of the 
round robin, n is the number of results and 𝑡𝑛−1,1−𝛼/2 is the 

parameter of the t-distribution for the confidence level 1-.  
Eq. (1) is applicable when each laboratory performed just one 
single measurement. When p laboratories performed ni 
repeated measurements in the round robin eq. (2) is applied 
[2]  

 

(2) 

where 𝜎𝑟 is the standard deviation of repeatability of the round 
robin and nx is the number of repeated measurements 
performed by the new laboratory. For both the window and 
the wall test facility, it is possible to commission PTB to carry 
out verifying measurements on site. In this case, the test centre 
carries out five repeated measurements on this reference 
object. For PTB's on-site measurement, critical limits are 
determined from the repeated measurements of the test centre 
specifically for this test facility according to equation (3). This 
measurement is performed with PTB's own equipment, which 
is taken into account with a supplementary term [3]. 

 

(3)

Reference objects for ceiling test facilities 

Ceiling test facilities can currently only be tested by 
measuring the normalized impact sound pressure level 
reduction on reference objects. Seven different floor 
coverings (carpet, PVC, linoleum) are available (Figure 1) 

Figure 1. Floor covering reference objects 
 

The seven floor coverings cover a wide range of impact sound 
reduction, the mean values of each floor covering are shown 
in Figure 2. 

 

Figure 2. All floor covering reference objects, mean values 
 
All floor coverings are measured in the test facility, and 
results should be within the calculated limits. For ceiling test 
facilities no verifying measurements of PTB are available on-
site.  

Reference objects for window test facilities 

For window test facilities three different reference objects are 
available: a metal panel, a 6-16-6 glazing and a 10(16)44-2 
glazing. Both glazings are mentioned in ISO 10140-1 [4] as 
reference objects. The sound reduction indices of all objects 
have to be measured. Figure 3 shows the mean values of the 
reference objects for window test facilities.  
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Figure 3. All reference objects for window test facilities, 
mean values 

Results for glazing 6-16-6 

To check the comparability of glazings, PTB measured a total 
of ten 6-16-6 glazings manufactured according to the 
standard’s specifications. Figure 4 shows the deviation of 
each individual glazing from the ISO10140-1 mean value and 
the min-max values from the standard.  

 

Figure 4.  Standard’s min-max values and the deviation of the 
individual panes 6-16-6 from the standard’s mean   

The majority of the glazings are not within these limits, only 
the glazings from an interlaboratory test in 2006 (green lines) 
comply with the standard. In order to determine the cause of 
the scatter, various measurements were carried out. The same 
glazing was mounted and dismounted five times to check the 
reproducibility of mounting. Then ten different glazings were 
mounted in the same test facility and measured in the same 
way. The standard deviation increases significantly for 
different glazings (Figure 5). In addition, the standard 
deviation for all measurement results of the test procedure is 
shown, where the same glazing was measured in different test 
facilities. The standard deviation increases for low 
frequencies, which is related to the different characteristics of 
the test facilities, for higher frequencies the standard deviation 
is nearly the same. This means that proper mounting provides 

almost identical results, while different glazings scatter as 
much as different test facilities (Figure 5).  

Figure 5. Standard deviation glazing 6-16-6, different 
measurement conditions 

 
The tolerance range given in the standard compared to the 
tolerance range calculated from the results for the test 
procedure for the facility tests shows a considerable 
discrepancy (Figure 6).  

 

Figure 6. Comparison of tolerance ranges, glazing 6-16-6 

Results for glazing 10(16)44-2 

The same effect is evident for the glazing 10(16)44-2. Even 
after measuring a small number of glazings, it becomes 
apparent that a purchased pane manufactured according to the 
standard’s specifications may not meet the standard’s limits, 
while the panes from the 2006 round robin test comply well 
with the standard values (Figure 7).  

The comparison of the tolerance ranges shows a very similar 
shape, however the tolerance range of the standard is 
significantly smaller (Figure 8).   
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Figure 7. Standard’s min-max values and the deviation of the 
individual panes 10(16)44-2 from the standard’s mean.  

 
 

 

Figure 8. Comparison of tolerance ranges, glazing 10(16)44-2 

The glazings shown in green (Figure 4 and 7) were part of the 
round robin test which is the basis for the calculation of the 
standard values for both types. For PTB’s test facility tests, 
these “green” panes are the basis to compare the glazing 
10(16)44-2, but glazings from another round robin (Figure 4, 
blue lines) are the basis to compare the glazing 6-16-6. As a 
result, testing a laboratory’s test facility with a commercial 
glazing manufactured according to the standard might fail, 
due to the glazing itself and not due to the test facility.  

Reference objects for wall test facilities 

The reference object for wall test facilities is a heavy sand-
lime brick wall, plastered, m’ = 440 kg/m², d = 24 cm 
(Figure 9). This wall can be built with elastic and rigid 
connection and was part of the 1998 interlaboratory test on 
heavy walls [5].  

Sound reduction indices and loss factors are measured in each 
case. A total of 30 walls were measured in the last 28 years 
and the lime brick has had to be newly manufactured several 
times. 

  

Figure 9. Reference sand-lime brick and wall construction 
with thin bed mortar  

Comparing the mean values of all the results sorted by the 
batches shows all batches agreeing very well (Figure 10). The 
third batch somewhat stands out, but as only two walls are 
measured, this deviation is negligible. 

 

Figure 10. Comparison of the different lime-brick batches 
 

Wall with elastic and rigid mounting 

The wall is first built with an elastic mounting, then the gap is 
converted to a rigid mounting. Sound reduction indices and 
loss factors are measured. The measured loss factors clearly 
show the different mounting conditions’ influences. (Figure 
11). 

 

Figure 11. All loss factors, elastic and rigid mounting 

The elastic mounting causes a lower loss factor with less 
scattering. In contrast, the rigid connection increases the 
influence of the test facility characteristics, and the loss factor 
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as well as scatter of the results increase significantly.  Elastic 
mounting is realised by filling the gap between the wall and 
the test facility with mineral wool and sealing it with silicone. 
To get a rigid mounting, the elastic filling is removed, and the 
gap is filled with expanding mortar. The measured sound 
reduction indices for both mountings can be corrected with 
the corresponding measured loss factors according to 
equation (4) and the minimum loss factor 𝜂𝑚𝑖𝑛 from ISO 
10140-5.  

𝑅𝑐 = 𝑅 − 10 lg (
2,2

𝑇𝑠 𝑓 𝜂𝑚𝑖𝑛
)  dB  (4) 

This correction is intended to equalize the individual test 
facilities’ charcteristics in order to make the results 
comparable. With the correction, the standard deviation 
decreases significantly for both mounting conditions above 
the critical frequency (fc = 160 Hz). For lower frequencies, the 
correction increases the standard deviation (Figure 12). The 
correction even shifts the results for the elastic connection 
toward the results for the rigid connection (Figure 13). 

 

Figure 12. Standard deviation of both mountings, measured 
and corrected 
 

 

Figure 13. Sound reduction index of both mountings,
measured and corrected  
 

The correction also makes the results for completely different 
mounting conditions more comparable. The improvement 

also affects single-number quantities. Figure 14 shows that 
the standard deviation for both versions, as well as the 
difference between different mountings decreases.  

 

Figure 14. Standard deviation (left) and single number quantities 
(right), for both mountings, measured and corrected 

 

Summary  

PTB provides reference objects for testing test facilities. The 
reference objects ensure the comparability of the different test 
facilities. The measurements provide important knowledge 
for the further development of building acoustic measurement 
technology.  

The deviation of glazings is significantly higher than shown 
in ISO 10140-1. Nominally identical glazings can have 
different sound insulation values in practice. The loss factor 
correction reduces the scattering of measured sound reduction 
indices above the critical frequency and makes the measured 
sound insulation independent of different test facilities’ 
boundary conditions.  

PTB’s system for testing test facilities only works well as long 
as the reference objects are still available. Consequently, a 
long-term solution with easily obtainable stable reference 
objects would be desirable. 
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