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ABSTRACT 

The use of an impedance tube to determine normal transmission loss (TLnormal) of single panels of typical building materials was 
undertaken and compared with measured field incidence transmission loss (TLfield) evaluated from the two room method. This com-
parison was undertaken to investigate Sharp’s theoretical relationship between TLnormal and TLfield, using a small sample-set of some 
different types of common building materials. TLfield data for the materials (orthotropic coated steel sheeting, isotropic low-density 
Autoclaved Aerated Concrete [AAC] panel, AAC panel plus plasterboard) was obtained from the NATA certified results from the 
National Acoustic Laboratories at Chatswood, Australia. Samples of similar and other materials were prepared and measured in the 
Bruel and Kjaer 4206T impedance tube. This paper investigates the relationship between TLnormal and TLfield and compares them to 
a result predicted by Sharp's modelling. The experimental techniques used and results obtained are discussed, along with limitations 
of the impedance tube method and some suggestions for potential improvements. 
 
 

INTRODUCTION 

The standard method of measuring field incidence transmis-
sion loss of frequencies greater than 100 Hz is to build a par-
tition of 10 m2 between two rooms and measure sound trans-
mitted between them. This method allows the partition to 
vibrate in modes that is typical of buildings throughout Aus-
tralia, however it is expensive and time consuming, as walls 
need to be constructed, tested and then removed. Some prod-
ucts like pipe lagging, which are mainly concerned with nor-
mal transmission loss, are measured in the same manner. 
Noise emissions from pipe work are measured with and 
without lagging between partitions. The potential to use a 
cheaper method to evaluate the transmission loss would be a 
significant benefit to product developers. The intention of 
this paper is to study the relationship between the data col-
lected from Field Incidence Transmission Loss method and 
the 4-microphone impedance tube method for a variety of the 
same and similar materials. The Bruel and Kjaer 4206-T kit 
is a software / hardware package for measuring Transmission 
Loss. See Fig 1a. The theory on which this method is based is 
discussed below. 

 

Figure 1a. The four–microphone Bruel and Kjaer 4206-T 
impedance tube running Pulse 15 software used in this paper. 

 

 

Theory of operation of the Impedance Tube 

 

Figure 1b. Schematic view of a four–microphone impedance 
tube for normal incident Transmission Loss measurement. 

Impedance tubes are used below their lowest cut–off fre-
quency to produce plane waves that pass by the microphone 
and are reflected back along the tube by the test sample. By 
measuring the sound pressure at four specified locations, two 
in the receiver and two in the source region, it is possible to 
calculate the normal transmission loss of the material.  

Refering to Figure 1b, the individual pressures, (Pi) at each of 
the locations, (x i) can be represented as: 

 

  

 

 

 

where A and B are the forward and reflected complex coeffi-
cients of the amplitudes of pressure  in the source chamber 

(1) 
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respectively, C and D are the forward and reflected complex 
coefficients of the amplitudes of pressure in the receive 
chamber respectively and k being the wave number. 

The amplitudes can be expressed in terms of the four pres-
sures 

 

The transmission loss matrix is introduced (Yousefzadeh et 
al., 2008, Song and Bolton, 1999) as relating the forward and 
backward acoustic waves as 

(3) 

 
where the frequency-dependant matrix coefficients are re-
lated to the acoustical properties of the sample. The main 
coefficient of interest is α  and this is known as the pressure 
transmission loss coefficient of the sample determined from 
the send side of the tube, δ is the pressure transmission loss 
coefficient of the sample determined from the reciever side of 
the tube. These parameters should be the same (assuming the 
sample is acoustically symmetrical). β , γ are parameters 
determining acoustic impedance of the sample.  

The Sound Transmission Loss (TL) is calculated as 

TL =  -20log( | α | )  =  -10log( τ  )  (4) 

where τ  is the power transmission loss coefficient. 

The measurement relies on solving two equations with four 
unknown variables. 

Solving the equation 

The solution involves measuring the sample material with 
various boundary conditions. There are two methods used, 
the Two-Load method and the One-Load method (also 
known as the Anechoic Termination Method).  

The Two-Load Method:- 

By having two different end conditions, for example, with a 
rigid cap or having no cap (i.e. leaving it open, or using a 
reference material.  Bruel & Kjaer suggest using two differ-
ent absorptive materials) the two equations can be solved: 

α  =  (A1D2 – A2D1)  / (C1 D2 – C2D1 )  (5)   

where A1,C1,D1 are the wave amplitudes for the first load 
measurement and A2,C2,D2 are the wave amplitudes for the 
second load measurement. 

The One-Load Method:- 

The essential element of this method is that the returning 
wave D is eliminated i.e. the termination is anechoic. The 
transmission loss is then found to be the ratio of A to C from 
equation 3. This method has the advantage of halving the 
number of measurements; however finding materials that are 
anechoic and that produced consisteant results would be dif-
ficult, and should be considered in a separate study.  

Yousefzadeh et al. (Yousefzadeh et al., 2008) indicates that 
the reflection coefficient of the tube termination has a signifi-
cant effect on the measurements and accounts for the fluctua-
tions in the transmission Loss measurements.  

Theoretical relationships between Field Incidence 
Transmission loss and Normal Transmission Loss  

According to Bies and Hanson (Bies and Hanson, 2009), for 
an isotropic panel, the normal incidence transmission loss can 
be related to field incidence transmission loss using Sharps 
Model (equation 6). 

 

 TLfield=TLnormal – 10 log 1.5+ log
2 f
Δf

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟   (6) 

TLfield = TLnormal – 5.5 (dB)    (7) 

 where Δf/f =0.236 for 1/3 octave band evaluation. 

Consequently there is a 5.5 dB difference expected between 
normal and field incidence transmission loss. We will inves-
tigate this theoretical relationship with respect to common 
building materials of varying density and thicknesses. 

The theoretical Normal Transmission Loss (TLnormal) values, 
known as the mass law, can be predicted by the physical 
characteristics of the material. This relationship can be de-
rived by Vigran (Vigran, 2008) and is shown in Equation 8. 

 

TLnormal = 20log( fm) − 42.5   (8) 

where f = frequency and m is the mass/unit area   

METHOD 

Three panel materials were selected based on their vastly 
different properties. These were, a 75 mm thick isotropic 
low-density Autoclaved Aerated Concrete [AAC] panel 
(sample 1), a 75 mm thick AAC panel glued with a 10 mm 
thick plasterboard panel separated by a 1 mm gap (sample 2) 
and a 0.42 mm thick orthotropic ColorBond steel sheet sand-
wiched with a 0.42 mm thick orthotropic Zincalume sheet by 
a layer of 1 mm elaster damping compound (sample 3) which 
is used for acoustic walls applications. Field transmission 
loss data of these samples were sourced and vetted so no 
client information or product labelling was revealed from a 
NATA registered laboratory at Chatswood, Sydney, formerly 
operated by the National Acoustics Laboratory. The materials 
were each cut into 100 mm diameter samples for loading into 
the B&K 4206 large tube specifically designed to investigate 
the frequency range of 50 Hz to 1600 Hz. 

Using the B&K Pulse software (version 15) that controls the 
measurement system, the two-load method was chosen as 

(2) 

=
A
B

C
D

α β
γ δ
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recommended by the impedance tube manufacturer. Bruel 
and Kjaer state that the two-load method is more reliable than 
the one-load method to measure transmission loss. The one 
load method was discounted based on this recommendation 
and comments by Yousefzadeh et al. that the reflection coef-
ficient of the tube termination affects the accuracy of the 
measurements. 

The two-load method requires two disparate end terminators 
for each load or pass of the measurement. Through a series of 
trials, the best combination of a set of end terminators was 
found to deliver consistent results. These are described in 
Table 1. 

Table 1. End Terminator Configuration 
1st Ter-
minator 

set  

20 mm 
calibrator 

foam 

20 mm calibra-
tor foam with 20 
mm Cloth Fibre 
sample (Right) 

2nd Ter-
minator 

set 

20 mm 
calibrator 

foam 

20 mm calibra-
tor foam with 80 
mm Fibre Glass 
sample (Right) 

One way to describe the properties of the terminator samples 
is graphing the absorption coefficents for the specific 
frequency range, shown in Figure 2. The important fact is to 
observe the different absorption characteristics between the 
caibrator foam and the 1st terminator set and the 2nd 
terminator set.  
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Figure 2. The graph of the absorption coefficients for the 
terminator materials used for the two-load method. One –

third octave values presented. 

The measurement was repeated three times for each termina-
tor set to see the variation within each chosen set-up. The 
effect of using an open end as one-pass for the two-load 
method was also investigated. 

To evaluate the effects of surface condition of the samples, 
the same measurement regime as described above was also 
performed with the sample reversed. Effectively a total of 
twelve individual measurements for each sample were per-
formed. This will also give a good statistical summary for 
each sample. Excluding sample 3, the materials under test are 
hard and rough and thread seal tape was used to assist in 
acoustic sealing of the sample in the tube.  

RESULTS 

Initial Tube Setup 

The measurement process entails mounting the sample in the 
tube and calibrating all the microphones used. The position of 
the sample in the tube is recorded by the B&K Pulse software 
by inputting the values of distance between the phase 
matched microphones upstream of the sample (s1), the dis-
tance from the sample face to the closest upstream micro-
phone (d1), the distance from the sample face to the first mi-
crophone downstream of the sample, (d2), the distance be-
tween the phase matched microphones downstream of the 
sample (s2) and the sample thickness (d), as shown in Figure 
1b. These values inform the software of the exact position of 
the sample with respect to each microphone. The sample is 
measured in two stages with the two different termination 
conditions outlined above. The TLnormal is calculated by the 
software and presented in a graph form as shown in Figure 3. 
It can be seen that there are large fluctuations with the 1Hz 
filter width FFT setting, so to assist the analysis, the instru-
ments one-one Octave band smoothing filter was used to 
produce a more even line result. 

 
Figure 3. The typical graphical output of TL normal  for an 

ACC panel (sample 1) from the Pulse software  

The summary of the complete “Front” and “Back” surface 
measurements can be seen for sample 1 in Figures 4 and 5 
respectively. Included in these graphs is the mass law curve 
for comparison. The sample material is a hard stone like ma-
terial and had to be cut and worked into a 100 mm cylinder 
shape. To ensure a tight fit of the sample inside the imped-
ance tube pipe thread seal (ribbon dope) was used to ensure 
no sound could get past any irregularities or gaps between the 
two surfaces intended to be in direct contact. For Figures 4 
and 5, Runs 1 to 3 used the 1st Terminator set and Runs 4 to 
6 used the 2nd Terminator set (Refer to Table 1)  
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Figure 4. The graphical output of normal transmission loss 
for an ACC panel (sample 1) for measurements of the 

“Front” surface.  
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Figure 5. The graphical output of normal transmission loss 
for an ACC panel (sample 1) for measurements of the “Back” 
surface.  Note: Open termination excluded from the average 

Figure 6 shows the complete summary of the ACC panel 
including the comparison with the field transmission loss and 
Sharp’s Model estimate based on the actual field measure-
ment test.  
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Figure 6. The comparison of field, measured normal trans-
mission loss and Sharps Model estimate for an ACC panel 
(sample 1)  

Sample 2 was measured using the same rigorous procedure as 
described for sample 1. The first measurements that were 
performed with no tape varied significantly from sample 1 

especially in the region below 1000 Hz. On inspection, there 
was more clearance than the previous sample. With the addi-
tion of more thread seal tape, a good acoustic seal was made 
and after retesting the typical high transmission loss in the 
low frequencies, as with the other samples, was recorded. 
Figure 7 summarize the results for the measurement of sam-
ple 2.  

0

10

20

30

40

50

60

70

80

0 500 1000 1500 2000

Tr
an

sm
is
si
on

 Lo
ss
   
 d
B

Frequency Hz

Field

Mass Law

Front (NT)

Front (T)

Back (NT)

Back (T)

Sharp's Model

Tape

No Tape

 

Figure 7. The comparison of field, measured normal trans-
mission loss and Sharps Model estimate for an ACC panel 
with 10 mm Plasterboard (sample 2) with varying sealing 

conditions (T represents With Tape; NT represents No Tape)  

The results for the steel clad sample (sample 3) can be shown 
in Figure 8. The fitting of the sample was tight due to the 
imperfect geometry; and any slight gaps were plugged with 
“bluetack” was still required to be used to complete the 
acoustic seal. Some thread seal tape was also used. For this 
sample, only the one side was analysed due to the difficult 
nature of the sample, and the fine steel surface was present on 
the opposite side. It may be observed that the measured re-
sults tend to diverge from the mass law curve similar to the 
‘taped’ sample 2. 
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Figure 8. The comparison of field and measured normal 
transmission loss for Steel Claddling (sample 3) Note: One 

Side measured only 
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DISCUSSION 

For a test method and system to be of value it must be repeat-
able and accurate within specific parameters. The samples 
selected were intended to see how well the equipment per-
formed and the impediments for commercial applications.  
Comparison to a known standard i.e. the field transmission 
loss data was included to see the potential relevance of this 
tool. 

Reliability of Measurement 

Reliable and repeatable normal transmission loss measure-
ments, using the impedance tube, are achievable as a result of 
this study. Referring to figure 4, a very close result overall 
can be observed, with only minimal variation, especially at 
the lower frequencies. This gave confidence with the materi-
als used in the end terminations for the two–load method. In 
figure 5 it can be seen that the use of an open termination for 
one of the passes resulted in greater variation from the fully 
enclosed measurement for that sample. This suggests that an 
open ended termination should not be used for the two-load 
method.  

Accuracy 

For measurements to be considered accurate, they need to be 
compared to a known standard. This instrument measures 
normal transmission loss and figure 9 represents the deviation 
from the theoretical mass law relationship explained by equa-
tion 8.  The results are mixed however, for sample 1 above 
1050 Hz, the result is good. There also seems to be a mass 
law relationship of sample 2 (front facing with no tape) above 
1100 Hz. Below this frequency (1050 Hz for sample 1) and 
for all samples, there is a large variation from the theorical 
mass law. This variation is expected to some degree, as gen-
erally low frequencies are under the “stiffness control”. Fig-
ure 11 describes the typical dynamic response of the typical 
isotropic panel and highlights the main areas of control. The 
usefulness of this impedance tube technique would come 
from understanding the relationship between the normal 
transmission loss result and the corresponding field incidence 
transmission curve of the same material.  
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Figure 9. The deviation from the Mass Law as calculated by 
equation 8 for the three samples tested. 

 Key:- (sample No); (T represents with Tape; NT represents 
No Tape). 

 

Sharp’s Model  

The realtionship between normal transmission loss and field 
transmission loss can be estimated by Sharp’s Model. As 
indicated by equation 7, this is a simple offset of 5.5 dB. This 
estimate is shown in figure 6 and figure 7 (represented as a 
dashed line). Also it is clear that  the measurements did not 
approach this line.  Figure 10 gives a clearer and summarized 
view of the variations of the measurements from the field 
transmission loss data recorded from the NATA labortory at 
Chatswood NSW, Australia.  
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Figure 10. The deviation from the Field Transmission Loss is 
displayed. Sharp’s Model estimate is also shown. 

 One-third octave values are used in the calculations. 

It should be pointed out that Sharp’s Model is derived for 
isotropic panels and sample 3 would be considered 
Orthotropic and therefore not be considered applicable with 
this model, however the deviations do follow sample 1 curve 
reasonably closely. The closest result is that of sample 2 with 
the plasterboard facing the sending side of the noise genera-
tor with no tape for sealing, i.e. some small amount of toler-
ance existed with the tube. This particular sample configura-
tion almost suggests measuring the field transmission loss 
itself. With the samples, which had good acoustic seals, the 
variations were significantly different suggesting that there 
was a “clamping effect” which biased away from the ex-
pected results. Generally, from the data presented, it can be 
considered that results are not consistent with those predicted 
by Sharp’s Model. 

Clamping Effect 

The most interesting observation that has come from this 
study is from the results from of sample 2. It was observed 
that the results with no tape varied significantly from those 
results with good acoustic sealing (Refer to figure 7). Other 
researchers using this type of equipment (Lee et al., 2008) 
have documented similar observations. One explanation is 
that unlike panels that are tested in the two-room method, 
where panels are allowed to vibrate with their natural modes; 
the samples in the tube cannot vibrate in that manner. The 
response is typical of material that is “stiff” or resembles 
material that responds to the “stiffness control mode” of typi-
cal panel transmission loss behaviour. (See Figure 11)  
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Figure 11. The typical single isotropic panel response as a 
function of frequency (Bies and Hansen, 2009) 

Another way to view the behaviour is to consider it respond-
ing like a mass (of the sample) - spring (the compressive 
nature of air) system. The more tape it has presenting the 
sample with a seal, or tightness of fit, like sample 3, the more 
“springiness”, it has. Depending on the frequencies, “force 
amplification” may exist and past that point normal un-
amplified behaviour exists, similar to that of sample 1. 

Research has indicated that variations of using this tube exist. 
Kin Ming Ho et al. (Kin Ming Ho et al., 2005) has clamped a 
plain flat panel independently to the tube and has aligned and 
sealed the tube to the sample. This would certainly eliminate 
the clamping effect, and the stop the need to create a 100 mm 
disc to be inserted into the tube itself. The 3 microphone 
method which is used in this configuration, and correspond-
ing mathematics, is different to this 4 microphone approach 
taken by this study. 

CONCLUSIONS 

The work done in this paper confirms repeatability and reli-
ability of the impedance tube measurement but highlights a 
clamping effect, which biases low frequency measurements 
to a point where they may become meaningless. Work needs 
to be done to develop a better sealing method that does not 
introduce any clamping effect, in order to produce accuracy 
through a larger frequency range than recorded here.  

The suitability of using Sharp’s Model as a general predictive 
measure of the relationship between normal transmission loss 
and field incident transmission loss is not wholly supported 
by the results obtained using the samples tested, although 
there are consistencies with the mass law theory for a specific 
sample under particular circumstances.  

The variations in Transmission Loss around the peak fre-
quency measured by the impedance tube method in the stiff-
ness controlled region are also observed in Field Transmis-
sion Loss data.  

Further investigation will need to be undertaken before it 
would be possible to confidently use an impedance tube nor-
mal transmission loss measurement to predict a normal 
transmission loss field measurement for the kinds of building 
materials used in this study. 
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