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 RESEARCH PROJECT ON THE NOISE ISOLATION PROVIDED 

 BY WINDOWS IN RESIDENTIAL PROJECTS 

 

 ABSTRACT 

 

The external Research Program of CANADA MORTGAGE AND HOUSING 

CORPORATION accepted the proposal by MJM ACOUSTICAL CONSULTANTS INC. 

to conduct a study on the noise isolation provided by windows of residential projects.  A 

total of eighteen tests were conducted: nine on stand-alone double glazing thermopanes, 

and nine on different types of operational windows.  The report is addressed to 

acousticians, builders and construction professionals; it discusses the sound isolation 

properties of three types of operable windows most commonly used in residential 

construction, and compares the performance of the windows to that of the stand-alone 

thermopanes tested. 
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 RESEARCH PROJECT ON THE NOISE ISOLATION PROVIDED 

 BY WINDOWS IN RESIDENTIAL PROJECTS 

 

 EXECUTIVE SUMMARY 

 

The external Research Program of CANADA MORTGAGE AND HOUSING 

CORPORATION accepted the proposal by MJM ACOUSTICAL CONSULTANTS INC. 

to conduct a study on the noise isolation provided by windows of residential projects. 

 

The acoustical data presently available on windows is presented as if the glazing 

composition was the only factor influencing the sound isolation which they provide; 

sound transmission loss data on fully operable windows is not easily available.  One of 

the objectives of this research project was to fill this void by investigating the sound 

attenuation properties of the most popular types of standard operable windows currently 

installed in low and medium cost residential projects: casement windows (2 sashes, one 

fixed, one operable), horizontal sliding windows (4 operable sashes), and vertical sliding 

windows (2 operable sashes).  Another goal of this study was to investigate ways to 

improve the acoustical performance of casement windows by modifying the composition 

of the thermopanes while maintaining the standard sash thickness of this type of 

windows. 

 

A total of eighteen tests were conducted: nine on stand-alone double glazing 

thermopanes, and nine on different types of double glazing operational windows.  

Table 1 below contains a summary of the results obtained, expressed in terms of Sound 

Transmission Class (STC); it also contains useful information about the windows tested 

such as their type, their weight, their price, etc. 

 

The conclusions of the present study are as follows: 
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- The Sound Transmission Class (STC) of the nine stand-alone thermopanes tested 

in this study varied from STC 25 to STC 34.  The STC measured on casement 

windows, horizontal sliding windows, and double hung sash windows varied from 

STC 27 to STC 41. 

 

- Sealed thermopanes with a deeper airspace provide a higher STC rating and a 

higher sound Transmission Loss (TL) for frequencies above the Mass-Air-Mass 

resonance. 

 

- Doubling the thickness of one of the glass panes composing the double-glazing 

thermopanes increased the STC by approximately 6 points.  Also, for 

thermopanes constructed with an unbalanced construction (one 3 mm and one 6 

mm glass), the coincidence dip in the TL curve is much less pronounced, resulting 

in better sound isolation at high frequencies.  To reduce significantly the 

coincidence dip however, the mass of one pane must be at least twice the mass of 

the other pane. 

 

- A study conducted from 1978 to 1981 on the transmission loss of windows by the 

NRCC1 indicated that factory sealed thermopanes incorporating an aluminum 

spacer between the panes provided inferior sound transmission loss when 

compared to glazing of similar composition with no spacer.   In the present study 

three factory sealed thermopanes constructed with spacers made of different 

materials (aluminum, PVC, and aluminum/neoprene) were tested and were found 

to provide equivalent STC and TL. 

 
                              
1 J.D. Quirt: Measurement of Sound Transmission Loss of Windows, Building Research note no 172, National Research Council of 

Canada, Ottawa, April 1981. 
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- The STC rating of 1200 mm x 1600 mm casement windows was approximately 3 

points higher than the STC rating measured on 1200 mm x 1600 mm stand-alone 

thermopanes with same glazing composition, sealed in the test opening.  In the 

case of the double hung sash window, the increase in performance compared to 

the stand-alone thermopane is 1 point of STC.  The reason for those increases 

have yet to be determined with further research. 

 

- Casement windows built with aluminum, wood, and PVC constructed with 

identical glazing provided similar sound isolation performance with STC ratings 

varying by 2 points.  The maximum sound transmission class measured on 

casement windows was achieved by an aluminum window (STC 35), equipped 

with a double glazed thermopane composed of one 3 mm glass and one 6 mm 

glass with a 16 mm airspace, followed by the wood (STC 34) and PVC (STC 33) 

thermopane windows with panes of equal thickness separated by a 13 mm 

airspace instead of 16 mm.  The deeper airspace in the thermopane of the 

aluminum window is probably responsible for the superior STC rating and partly 

responsible for the higher 1/3 octave TL values provided by this window.  

However, comparing the sound transmission loss curves of the aluminum, PVC 

and wood windows suggests that the seals and the sash composition of the 

aluminum window could also be responsible for the better sound isolation 

performance of this window at mid and high frequencies.  

 

- The casement window which offers the best ratio cost/sound-isolation is the wood 

window followed by the PVC window and, in last position, the aluminum 

window. 

 - Combining the maximum STC rating obtained on a stand-alone thermopane 

measured in the present study (thermopane no 6) with the maximum STC rating 
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measured on casement windows (aluminum window no 11), it appears that 

STC 37 would be the maximum rating which could be obtained from an operable 

casement window equipped with a 25 mm (1") thick thermopane. 

 

- The aluminum sliding window provides very superior sound isolation when 

compared to a PVC sliding window (STC 41 vs STC 32).  Based on the 

previously mentioned NRCC study on windows, the STC rating of these two 

windows should have been in the same range (STC 40).  Further research is 

required to explain the poor performance of the PVC horizontal sliding window. 

 

The aluminum horizontal sliding window ranked first in terms of acoustical 

performance, and seventh in terms of price.  This window appears particularly 

well adapted for low cost residential projects located in noisy environments. 

 

- Acousticians and construction professionals must be careful when selecting 

windows destined for buildings located in noisy environments.  They should not 

rely solely on glazing composition to determine the sound isolation performance 

of operable windows.  They must be aware that factory sealed thermopanes can 

have a significantly lower sound transmission loss than that published for glazing 

samples of apparently identical composition but whose perimeter is not factory 

sealed using a standard aluminum spacer.  In addition, the sound isolation 

efficiency of the gaskets at the perimeter of operable window sashes seems to 

vary substantially with the type of window considered.  For casement windows 

and aluminum sliding windows, the present study indicates that a degradation of 

approximately 3 points of STC could exist between the acoustical performance of 

an operable casement window and the data published by the NRCC for a sealed 

window having the same glazing composition (This is consistent with the 

predictions of David Quirt the author of the NRCC study).  In the case of PVC 
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sliding windows and in the case of sash windows however, the results of this 

study indicate that this degradation could be more substantial and reach 8 points 

of STC. 

 

- This research was a preliminary attempt to determine the effect of glazing size,  

gaskets, frame and sash composition of operable windows on their sound isolation 

performance.  Further research is required to confirm some of its findings. 
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Measurement 

 
Weight of 
sample 

 
Manufacturer 

 
Window description 

 
Type of 
frame/sash 

 
Thermal glazing 
composition 

 
Notes 

 
Glazing 
thickness 

 
STC 
rating 

 
1 

Thermalite 

 
Thermopane installed 
directly in test opening 
and sealed at perimeter 

 
No frame 
No sash 

 
Glass 3 mm 
Airspace 19 mm 
Glass 3 mm 

 
Standard thermopane used in 
Aluminum casement windows 
(window no 8) 

 
62 lbs 
24,5 mm 

 
27 

 
2 

Thermalite 

 
Thermopane installed 
directly in test opening 
and sealed at perimeter 

 
No frame 
No sash 

 
Glass 3 mm 
Airspace 16 mm 
Glass 3 mm 

 
Standard thermopane used in wood and 
PVC casement windows 
(windows no 9 and 10) 

 
62 lbs 
21,5 mm 

 
 
26 

 
3, 3A, 3B 
Thermalite 

 
Thermopane installed 
directly in test opening 
and sealed at perimeter 

 
No frame 
No sash 

 
Glass 3 mm 
Airspace 13 mm 
Glass 3 mm 

 
Standard thermopane used in pine sash 
windows (window no 16) 

 
62 lbs 
19 mm 

 
3    = 26 
3A = 25 
3B = 25 

 
4 

Thermalite 

 
Thermopane installed 
directly in test opening 
and sealed at perimeter 

 
No frame 
No sash 

 
Glass 3 mm 
Airspace 16 mm 
Glass 6 mm 

 
Thermopane designed to enhance the 
acoustical performance of aluminum 
windows (window no 11) 

 
91 lbs 
24,5 mm 

 
 
33 

 
5 

Thermalite 

 
Thermopane installed 
directly in test opening 
and sealed at perimeter 

 
No frame 
No sash 

 
Glass 3 mm 
Airspace 13 mm 
Glass 6 mm 

 
Thermopane designed to enhance the 
acoustical performance of wood or PVC 
windows (windows no 12 and 13) 

 
91 lbs 
22 mm 

 
 
31 

 
6 

Thermalite 

 
Thermopane installed 
directly in test opening 
and sealed at perimeter 

 
No frame 
No sash 

 
Glass 6 mm 
Airspace 9 mm 
Glass 8 mm 

 
Thermopane designed to maximize the 
acoustical performance of aluminum, 
wood and PVC windows while 
maintaining a thin airspace between the 
glass lights 

 
146 lbs 
23 mm 

 
 
34 

7 
Thermalite 

Thermopane installed 
directly in test opening 
and sealed at perimeter 

No frame 
No sash 

Glass 5 mm 
Airspace 38 mm 
Glass 5 mm 

Glazing composition destined to a sealed 
window or to the most economical sliding 
window (window no 15) 

104 lbs 
48 mm 

 
32 
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Measurement  

 
Weight of 
sample 

 
Manufacturer 

 
Window 
description 

 
Type of frame/sash 

 
Thermal glazing 
composition 

 
Notes 

 
Glazing 
thickness 

 
STC 
rating 

 
Net 
Price 

 
 8 
 Wilton
  

 
Casement window; 2 
sashes (1 fixed, 1 operable) 

 
Aluminum sash and frame 

 
Glass 3 mm 
Airspace 19 mm 
Glass 3 mm 

 
Standard aluminum casement 
window 

 
 
103 lbs 
25 mm 

 
 
30 

 
 
456$ 

 
 9 
 Melco 

 
Casement window; 2 
sashes (1 fixed, 1 operable) 

 
PVC sash; wood frame 
covered with PVC 

 
Glass 3 mm 
Airspace 16 mm 
Glass 3 mm 

 
Standard PVC casement 
window 

 
 
98 lbs 
22 mm 

 
 
28 

 
 
334$ 

 
 10 
 Polar 

 
Casement window; 2 
sashes (1fixed, 1 operable) 

 
Wood sash and frame 

 
Glass 3 mm 
Airspace 16 mm 
Glass 3 mm 

 
Standard wood casement 
window 

 
 
92 lbs 
22 mm 

 
 
29 

 
 
295$ 

 
 11 
 Wilton 

 
Casement window; 2 
sashes (1 fixed, 1 operable) 

 
Aluminum sash and frame 

 
Glass 3 mm 
Airspace 16 mm 
Glass 6 mm 

 
Superior sound isolating 
glazing in standard aluminum 
sash 

 
 
124 lbs 
25 mm 

 
 
35 

 
 
514$ 

 
 12 
 Melco 
 

 
Casement window; 2 
sashes (1 fixed, 1 operable) 

 
PVC sash; wood frame 
covered with PVC 

 
Glass 3 mm 
Airspace 13 mm 
Glass 6 mm 

 
Superior sound isolating 
glazing in standard PVC sash 

 
 
118 lbs 
22 mm 

 
 
33 

 
 
355$ 

 
 13 
 Polar 

 
Casement window; 2 
sashes (1 fixed, 1 operable) 

 
Wood sash and frame 

 
Glass 3 mm 
Airspace 13 mm 
Glass 6 mm 

 
Superior sound isolating 
glazing wood sash 

 
112 lbs 
22 mm 

 
 
34 

 
320$ 
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Measurement  

 
Weight of 
sample 

 
Manufacturer 

 
Window 
description 

 
Type of 
frame/sash 

 
Thermal glazing 
composition 

 
Notes 

 
Glazing 
thickness 

 
STC 
rating 

 
Net 
Price 

 
 14 
 Wilton 

 
Sliding window; 4 
sashes sliding 
horizontally 

 
Aluminum sash and frame 

 
Glass 3 mm 
Airspace 108 mm 
Glass 3 mm 

 
Standard aluminum sliding 
window 

 
 
 95 lbs 
 114 mm 

 
 
 41 

 
 
 268$ 

 
 15 
 Robert 

 
Sliding window; 4 
sashes sliding 
horizontally 

 
Sash and frame made out 
of vinyl covered pine 

 
Glass 5 mm 
Airspace 34 mm 
Glass 5 mm 

 
The most economical 4 sash 
sliding windows 

 
 
 120 lbs 
 44 mm 

 
 
 32 

 
 
 177$ 

 
 16 
 Robert 

 
Sash window; 2 sashes 
sliding vertically 

 
Sash and frame made out 
of vinyl covered pine 

 
Glass 3 mm 
Airspace 13 mm 
Glass 3 mm 

 
The most economical window 

 
 
 90 lbs 
 19 mm 

 
 
 27 

 
 
 149$ 
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1.0 INTRODUCTION 

The external Research Program of CANADA MORTGAGE AND HOUSING 

CORPORATION accepted the proposal by MJM ACOUSTICAL CONSULTANTS INC. 

 to conduct a study on the noise isolation provided by windows of residential projects.  

This report, which is addressed to acousticians, builders and construction professionals, 

presents and discusses the results of the Sound Transmission Loss tests performed on 

stand-alone double glazing factory sealed thermopanes and on double glazing operable 

windows which are destined for new and renovated residential constructions.  All the 

tests were conducted in the acoustical laboratory of the DOMTAR RESEARCH 

CENTER located in Senneville Quebec; Mr. Jean-Marie Guérin, M.Sc.A., consultant at 

the employment of MJM ACOUSTICAL CONSULTANTS INC. carried out all the 

measurements under the supervision and the direction of the undersigned. 

 

2.0 OBJECTIVES OF THE STUDY 

The acoustical data presently available on windows is presented as if the glazing 

composition was the only factor influencing the sound isolation which they provide;  

sound transmission loss data on fully operable windows is not easily available.  One of 

the objectives of this research project was to fill this void by investigating the sound 

attenuation properties of the most popular types of standard operable windows currently 

installed in low and medium cost residential projects.  Another goal of this study was to 

investigate ways to improve the acoustical performance of casement windows by 

modifying the composition of the thermopanes while maintaining the standard sash 

thickness of this type of windows.  The following factors were taken into consideration 

during the selection of the window assemblies to be tested: 
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- availability 

- cost 

- thermal performance 

- thickness of the thermal glazing and of the sashes 

- weight 

- durability 

- aesthetics 

 

The window and thermopane samples which have been tested in this study are listed on 

table 1 of the executive summary.  The aspects considered during the selection of the 

thermopanes and windows tested are described in more details in paragraphs 4.1 to 4.4 

below. 

 

3.0 STRUCTURE OF THE REPORT 

This report is organized into an executive summary, a main report, and three annexes. 

Consumers, builders, and construction professionals should find most of the information 

of interest to them in the executive summary, in sections 4.0, 5.0 and 6.0 of the main 

report respectively entitled SAMPLE SELECTION, ANALYSIS OF RESULTS, and 

CONCLUSIONS, and in Annex I which contains the graphs pertaining to section 5.0. 

 

Annexes II and III should be of interest to acousticians.  Annex II presents, in the form 

of graphs and tables, the complete results of the sound transmission loss tests conducted 

on each window and the physical dimensions of the stand-alone thermopanes and 

windows tested.  Annex III contains a description of the test facility and of the 

experimental procedure followed during the measurements; it also contains the brochures 

of the operable windows tested. 
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4.0 SAMPLE SELECTION 

4.1 TYPES OF WINDOWS MOST COMMONLY USED IN RESIDENTIAL 

CONSTRUCTION   

Due to the limited funds available for this study, the author decided to base his selection 

on the three main types of standard double glazing windows which are currently used in 

the construction and renovation of low to medium cost residential buildings: casement 

windows, horizontal sliding windows, and double hung sash windows. 

 

Most of the casement windows sold currently consist of one fixed and one operable sash, 

and are made of aluminum, PVC, or wood.  Since one of the goals of this study was to 

determine if and how the materials and techniques used in the fabrication of casement 

windows influence their sound isolating properties, all three types of casement windows 

have been tested.  It is worth noting that the thermopanes inserted in the sashes of the 

casement windows tested had the same composition for the wood and PVC windows, but 

had a slightly deeper airspace in the case of the aluminum windows (this is apparently 

due to a thicker sash). 

 

Horizontal sliding windows generally consist of four sashes which slide horizontally 

with an airspace between the two exterior and the two interior sashes varying from 34 to 

115 millimeters (1 3/8" to 4 5/8").  The sashes  most often encountered consist in a 

perimeter frame constructed of aluminum or  PVC,  in which a single pane of variable 

thickness is inserted.   Both aluminum and PVC sliding windows were tested in the 

present study. 

 

Many types of double hung sash windows (windows sliding vertically) are available on 

the market; for the purpose of this project the most economical model was tested.  The 

frame and sashes of the sample tested were constructed with vinyl covered pine; double 

glazed thermopanes were mounted in the sashes. 
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All the windows were tested while fully operational to take into account the efficiency of 

the gaskets between the sashes and the frame.  Due to limited funds, the windows were 

not tested with the sashes sealed to the frame. 

 

4.2 SIZE OF THE WINDOW SAMPLES  

All the window samples tested in this study measured 1200 mm x 1600 mm (47 1/4" x 

63"), with a total area corresponding to approximately 2 square meters.  According to 

VIMAT, the supplier of the samples tested, this window size is standard and popular in 

new residential construction.  Please refer to the graphs A2-1 to A2-16 of Annex II for 

the complete physical measurements on the windows and stand-alone thermopanes tested. 

 

4.3 INSTALLATION OF WINDOW SAMPLES INSIDE THE TEST OPENING (See 

Annex III for more details about the test set-up and method, and for the brochures 

which illustrate the windows tested.) 

The windows were installed in the test opening to simulate a standard installation in an 

exterior wall constructed with wood studs and brick cladding, the exterior side of this 

virtual exterior wall being located on the source room side.   

 

The wood casement window no 13 was installed and tested twice to see if the installation 

method had a significant effect on the noise isolation provided by the window.  As can be 

seen on graph A3-2 of Annex III the STC rating was the same in both cases, and only 

minor differences were noted between the 1/3 octave TL results of these two 

measurements.  

 

The effect of the location of the stand-alone thermopanes inside the test opening was also 

determined prior to proceeding with tests no 1, 2, 3, 3A, 3B and 4 to 7.  To that effect, 

tests were conducted with no 6 thermopane mounted in two different positions inside the 
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test opening, corresponding approximately to mid-depth and to a distance of 2" inside the 

test opening, when  measured from the edge closest to the source room.  Graph A3-3 

illustrates the installation of the thermopane in the test opening and the measurement 

results.  Again the STC rating was the same in both cases, and only minor differences 

were noted between the 1/3 octave transmission loss curves.  

 

4.4 COMPOSITION OF THE GLAZING 

The airspace between the lights of glass composing the double glazed samples tested in 

this study varied from 9 mm to 108 mm.  Most of the glazing samples tested consisted of 

thermopanes having an airspace varying from 13 to 19 mm, which is close to the 12 to 

15 mm airspace recommended for optimal thermal performance.  In addition to the 

thermal considerations, the thickness of the thermopanes was limited to fit the sash depth 

of standard casement windows which, based on the samples tested in the present study, 

varies from 46 mm (1 7/8") to 64 mm (2 1/2"). 

 

To evaluate the acoustical performance of different types of  windows, the manufacturers 

were asked to supply their standard windows equipped with standard thermopanes.  The 

manufacturers of casement windows were also asked to submit a window sample 

equipped with a thermopane composed of one 3 mm glass and one 6 mm glass, with the 

airspace varying between 13 and 16 mm depending of the overall width of the window 

sash. 

 

The first nine samples tested (including three samples of thermopane no 3) which appear 

in Table 1 are factory sealed thermopanes which measured 1200 mm x 1600 mm and 

were tested individually without being inserted in sashes or frames; most of these 

thermopanes had the same glazing composition as that of the thermopanes of the operable 

windows tested (tests no 8 to 16).  The tests conducted on the stand-alone thermopanes 

were intended to determine the influence of the frame, the sash and the gaskets on the 
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acoustical performance of  the operable windows.  With the exception of test 3A and 3B, 

all the stand-alone thermopanes tested were constructed with a glued aluminum spacer 

which sealed the perimeter of the thermopane.  Test 3A was conducted on a thermopane 

constructed with a hybrid neoprene/aluminum spacer, and test 3B on a thermopane built 

with a PVC spacer. 

 

5.0 ANALYSIS OF RESULTS 

A total of eighteen tests were conducted: nine on stand-alone double glazing 

thermopanes, and nine on different types of operable double glazed windows.  The sound 

transmission class ratings of the stand-alone thermopanes tested varied from STC 25 to 

STC 34; those of the fully operable windows varied from STC 27 to STC 41. 

 

As mentioned earlier, Table 1 in the executive summary provides a summary of the 

results obtained, expressed in terms of Sound Transmission Class (STC); it also contains 

other useful information relative to the sealed thermopanes and operable windows tested 

such as the composition and the overall thickness of the glazing, and the cost and weight 

of the windows tested.  The complete 1/3 octave Sound Transmission Loss (TL) data for 

each assembly tested appear in Annex II in the form of graphs and tables; each graph of 

Annex II also provides a sketch describing the dimensions and glazing composition of 

the window/ thermopane assembly tested. 

 

5.1 STANDARD THERMOPANES 

The thermopanes most often encountered in the construction industry are composed of 

two lights of 3 mm (1/8") glass separated by an airspace varying from 13 to 19 mm (1/2" 

to 3/4").  A spacer generally made of aluminum is installed at the perimeter and holds the 

lights of glass together while sealing the thermopane to prevent air and moisture 

infiltration. 
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.1 Depth of the airspace 

Varying the air spacer of thermopanes from 13 to 19 mm resulted in an increase 

of 1 or 2 points of STC. 

 

Graph 1 of Annex I illustrates the acoustical performance of thermopanes 

fabricated with two lights of 3 mm thick glass separated by 13 mm, 16 mm, and 

19 mm airspaces.  The calculated Mass-Air-Mass resonance (MAM) associated 

with each of these airspace depths are 272 Hz, 245 Hz and 225 Hz* respectively. 

It is this MAM resonance which is responsible for the sharp degradation of the 

transmission loss around 250 Hz which can be observed on graph 1.  Above this 

frequency the sound transmission loss of the thermopanes increases with the 

depth of the airspace; below the MAM frequency one can observe the opposite 

trend where the thermopanes with the smaller airspace provides better sound 

isolation.  This is mainly due to the order of occurrence of the Mass-Air-Mass 

resonance whose frequency is higher for a thinner airspace resulting in a shift of 

the transmission loss curve towards the high frequencies, which in turn results in 

higher transmission loss at frequencies ranging from 125 to 250 Hz.  At 4000 Hz 

one observes a second sharp dip in the transmission loss curves due to the 

coincidence effect** (the critical frequency calculated for 3 mm glass is 

approximately 4247 Hz). 
                                                     
* Refer to Table A-1 of Annex I for the Mass-Air-Mass (MAM) resonance calculated for all the glazing assemblies tested.  

The Mass-Air-Mass resonance is created by air trapped between two panels such as in a double glazed window.  The 
frequency of this resonance is linked to the depth of the airspace and the mass of the panel or panes composing the 
assembly: the deeper airspace and the more massive the panels, the lower the MAM resonance frequency.  

 
** The coincidence frequency is the frequency at which the wave length of  bending waves in a glass pane matches that of the 

incident sound waves in the air.  At this frequency,  a noticeable drop in the transmission loss of the glass pane occurs.  In a 
diffuse field the coincidence dip corresponds to the critical frequency which is governed essentially by the surface mass and 
internal damping of the pane.  The critical frequencies calculated for the glazing of the thermopanes and windows tested in 
this study appear in Tables A-1 of Annex I. 
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With the exception of the coincidence dip, the remarks of the above paragraph 

also apply to graph 2 on which are plotted the sound transmission loss curves of 

the thermopanes made with one 3 mm and one 6 mm glass pane separated by  

airspaces of 13 mm and 16 mm.   It is believed that the much less pronounced 

coincidence dip observed in curves plotted on graph 2, compared to that on 

graph 1 is caused by the critical frequencies of the glass lights composing the 

thermopanes being at least one octave apart (4247 Hz for the 3 mm glass and 

2123 Hz for the 6 mm glass).  

 

.2 Thickness of the glass 

The TL of thermopanes built with two lights of 3 mm glass and those of  

thermopanes built with one light of 3 mm and one light of 6 mm are compared on 

graphs 3 and 4.  It can be seen clearly on both graphs that doubling the thickness 

of one light of glass increases the transmission loss of the thermopanes from 250 

Hz to 1600 Hz resulting in a 5 to 7 points increase in the STC rating.  These 

graphs also show that a thermopane made with panes of substantially different 

thicknesses provides better sound isolation at high frequency. 

 

.3 Effect of the spacer used in factory sealed thermopanes 

In a study conducted by David Quirt1 around 1980 in the acoustical laboratory of 

the National Research Council of Canada, the influence of the aluminum spacer 

between the panes of factory sealed thermopanes was evaluated.  Graph 5 

illustrates the data obtained by the NRCC for a glass assembly composed of two 

lights of 3 mm glass separated with a 6 mm airspace both with and without the  
                                     
1 J.D. Quirt:  Measurement of Sound Transmission Loss of Windows, Building Research note no 172, National Research 

Council of  Canada, Ottawa, April 1981 
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presence of  an aluminum spacer in the airspace at the perimeter of the sample 

tested.  The transmission loss of the factory sealed glazing incorporating a spacer 

is inferior (by approximately 3 dB) for frequencies above the Mass-Air-Mass 

resonance, and its STC rating is also lower by 3 points. 

 

To further determine the influence of spacers on the sound isolation provided by 

factory-sealed glass assemblies, thermopanes built with spacers made of different 

materials were tested in the present study.  Graph 6 illustrates the sound isolating 

performance of three thermopanes having identical composition except for the 

spacers which were reported by the manufacturer to be made of aluminum in the 

case of thermopane no 3, aluminum/ neoprene in the case of the thermopane 3A, 

and PVC in the case of thermopane 3B.  As can be seen on graph 6 the overall 

acoustical performance of the thermopanes did not change significantly as a 

function of the spacers used (STC 25 to 26) except for frequencies between 

1600 Hz to 4000 Hz where the PVC spacer (3B)  appeared to be slightly superior 

to the two others. 

 

.4 Optimizing the sound isolating performance of the thermopanes destined to 

casement windows 

Plotted on graph 7 are the transmission loss curves of thermopanes having the 

following construction: 

 

- Glass 3 mm - airspace 19 mm - glass 3 mm (thermopane no 1): STC 27 

- Glass 3 mm - airspace 16 mm - glass 6 mm (thermopane no 4): STC 33 

- Glass 6 mm - airspace 9 mm - glass 8 mm (thermopane no 6): STC 34 

 

These three thermopanes have a thickness varying between 23 mm and 24.5 mm 
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and are therefore thin enough to be easily inserted in the sashes of aluminum, 

wood or PVC casement windows.  The highest STC rating was achieved by 

thermopane no 6 which is the most massive thermopane (146 lbs) and that with 

the thinnest airspace 9 mm (3/8").  However, at high frequency, the sound 

isolation provided by thermopane no 6 is inferior to the thermopane no 4 

presumably because the critical frequencies of the panes of glass composing 

thermopane no 6 are not spaced one octave apart. 

 

5.2 SEALED THERMOPANES VS OPERABLE WINDOWS 

Most of the transmission loss data available for windows is presented as if the glazing 

composition was the only factor influencing the sound isolation they provide.  One of the 

objectives of this study was to compare the acoustical performance of the glazing alone 

with that of operable windows complete with frames, sashes and gaskets.  To achieve 

this, the sound isolation provided by stand-alone thermopanes samples measuring 1200 

mm x 1600 mm sealed in place was compared with the sound isolation of operable 

windows also measuring 1200 mm x 1600 mm constructed with thermopanes having the 

same composition as the stand-alone thermopanes.  In the case of casement and double 

hung sash windows, the operable windows were  constructed with two thermopanes, 

whose area corresponded to approximately one half of the test opening and which were 

mounted in one fixed and one operable sash; horizontal sliding windows were 

constructed with four operable sashes.  Refer to graphs A2-1 to A2-16 of Annex II for 

sketches of the thermopanes and windows tested. 

 

.1 Casement windows 

For the casement windows studied, the overall sound isolation of the windows is 

2 to 3 points of STC greater than the stand-alone thermopanes.  In the case of the 

aluminum windows (graphs 8 and 9) their transmission loss is superior to the 

stand-alone thermopanes for all but the 160 and 200 Hz frequencies.  In the case 
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of the wood and PVC windows (graphs 10 and 11), the performance of the 

windows is superior to that of the thermopanes from 250 Hz to 1000 Hz, the 

frequency range beyond which the TL of the thermopane alone begins to be 

superior to that of the window.  The lesser sound isolation provided by the 

window above 1000 Hz compared to a stand-alone thermopane could be due to a 

possible infiltration through the gaskets at the perimeter of the operable sash, or to 

a sash construction which provides less sound isolation than the thermopane itself 

at these frequencies.  The reason for which the overall sound isolation of the 

windows expressed in terms of STC was better than that of the stand-alone 

thermopane has yet to be determined by more research. 

 

.2 Double hung sash windows 

For identical glazing composition sash window no 16 provided a sound isolation 

superior by 1 point of STC compared with thermopane no 3, which is less than the 

increase observed with casement windows.  Graph 12 compares the TL of stand-

alone thermopane no 3 to sash window no 16.  The sash window provides a higher 

TL for frequencies ranging from 315 Hz to 1250 Hz; below this range, the TL of 

the window is virtually identical to that of the thermopane; above this range the 

performance of the thermopane is superior, presumably due to leaks through the 

gaskets between the sliding sash and the frame of the window or to a sash 

construction which provides less sound isolation than the thermopane itself at 

these frequencies. 

 

.3 Horizontal sliding windows 

The STC rating of the PVC sliding window is identical to that of the thermopane 

no 7 having similar glazing composition (STC 32).  In the case of the PVC sliding 

window no 15, graph 13 shows that the 1/3 octave band TL of the thermopane is 

generally superior to that of the sliding window with the exception of the 
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coincidence frequency for which the dip in the TL curve of the thermopane is 

very pronounced.  This suggests sound infiltration through the joints at the 

junction of the sashes themselves and between the sashes and the perimeter frame. 

 

5.3 COMPARISON BETWEEN WINDOWS MADE OF DIFFERENT MATERIALS 

It is a popular but erroneous belief amongst construction professionals, that the sound 

isolation properties of PVC and wood windows are superior than that of aluminum 

windows (because it is assumed that wood and PVC Acarry less sound than metal@).  The 

sound isolation properties of similar types of windows made of different materials are 

compared in the following paragraphs.  The comparisons made in this section are 

intended to demonstrate that it is a combination of factors such as glazing composition, 

sash composition, gasket efficiency, etc. which influences the acoustical performance of a 

window rather than just the material of the window frame and sash. 

 

.1 Casement windows 

The acoustical performances of aluminum, PVC and wood windows are plotted 

on attached graph 14 for windows built with a standard thermopane made of two 

lights of 3 mm glass, and on graph 15 for windows built with a thermopane made 

of 3 mm and 6 mm glass.  The STC ratings obtained varied by two points of STC 

depending of the material used in the construction of the sashes: the aluminum 

window provided the highest sound isolation with ratings of STC = 30 and STC 

= 35, followed by the wood window (STC = 29 and STC = 34) and by the PVC 

window which ranked last (STC = 28 and STC = 33).  The better sound isolation 

performance of aluminum windows is quite noticeable on graphs 14 and 15 for 

all frequencies above 200 Hz.  The thicker airspace inside the thermopane of the 

aluminum window is probably responsible for the superior STC rating of this 

window and partly responsible for the higher 1/3 octave band TL it provides.  

Comparing the sound transmission loss curves of the windows suggests that the 
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seals and/or sash composition of the aluminum window could be responsible for 

its better sound isolation performance especially at mid and high frequencies; this 

however should be confirmed by further research. 

 

.2 Horizontal sliding windows 

Graph 16 compares the acoustical performance of aluminum sliding window 

no 14 (glass: 3 mm, airspace: 108 mm, glass: 3 mm) and PVC sliding window 

no 15 (glass: 5 mm, airspace: 34 mm, glass: 5 mm). The transmission loss curves 

on graph 16 show that the aluminum window no 14 provides an average sound 

transmission loss performance 7 to 10 dB superior to that of the PVC window no 

15 for most frequencies and a STC rating superior by 9 points (STC 41 vs 32).  

The STC obtained for the aluminum window is consistent with that measured by 

the NRCC on a similar glass composition during the previously mentioned 

window study.  Also, based on the same study, the more massive the panes of 

glass of the PVC window should have counteracted the smaller space between its 

panes compared to the aluminum window, and should have resulted in an STC 

rating close to 40 instead of 32.  The lower than expected performance of the PVC 

window no 15 can not be explained without further research. 

 

5.4 COMPARISON BETWEEN DIFFERENT TYPES OF WINDOWS MADE OF 

SAME MATERIAL 

1. Aluminum windows 

The performance of sliding (window no 14) and casement (window no 11) 

aluminum windows are compared on graph 17.  The sliding window composed 

of 3 mm glass separated by a 108 mm air spacer provides a sound isolating 

performance (STC 41) clearly superior to that of the casement window whose 

glazing is composed of one 3 mm pane and a 6 mm pane of glass separated with a 

16 mm airspace (STC 35).  In addition to being more economical, the aluminum  
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sliding window provides better noise isolation and is the better choice for 

buildings located in noisy urban environments. 

 

.2 PVC windows 

As can be seen on graph 18 the acoustical performance of the PVC sliding 

window STC 32 (GL 5 mm - AS 34 mm - GL 5 mm) is virtually identical to the 

PVC casement window STC 33 (GL 3 mm - AS 13 mm - GL 6 mm). 

 

5.5 COST VS SOUND ISOLATION 

.1 Based on the net costs provided by VIMAT, the supplier of the windows tested, 

improving the acoustical performance of casement windows by a substantial 

6 STC points represents an increased cost of approximately 13% for the 

aluminum windows, 6.3% for the PVC windows, and 8.5% for the wood window. 

 

.2 Based on the net costs provided by VIMAT, it also appears that the casement 

window which offers the best cost vs acoustical performance ratio is the wood 

window, followed by the PVC window and the aluminum window. 

 

.3 For horizontal sliding windows the cost of aluminum window is approximately 

50% higher than the PVC sliding window.  However, the aluminum window 

offers a very superior sound isolation and should be preferred to the PVC window 

in noisy environments. 

 

.4 The aluminum sliding window is 17% to 48% cheaper than the casement 

windows equipped with glazing composed of one 3 mm and one 6 mm pane, but 

provides a STC rating 6 to 8 points superior. 
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5.6 COMPARING THE RESULTS OF THIS STUDY WITH THOSE FROM THE 

NRCC1 STUDY 

On attached graphs 19 to 31, the results obtained in the present study are compared to 

those obtained in the previously mentioned study on the sound isolation provided by 

glazing conducted by the NRCC in the late 70's / early 80's.  In the NRCC study, the 

glazing tested was mounted and sealed to three 40 mm thick wood frames which in turn 

were mounted in the test opening and sealed to it. In most instances, the sound 

transmission loss of the windows and the thermopanes tested in the current study are 

lower than those measured by the NRCC for equivalent glass compositions.  For identical 

or comparable glazing composition, the STC ratings measured by the NRCC are: 

 

- 5 to 8 points higher than the STC ratings measured on the factory sealed stand-

alone thermopanes (measurements no 1 to 7); 

 

- 1 to 4 points higher than the casement windows (measurements no 8 to 13) and 

between 0 to 8 points higher than the STC measured on sliding and double hung 

sash windows.  

 

The casement and sliding aluminum windows were those whose performance was closest 

to the sealed windows tested at NRCC (see graphs 23, 26 and 29). 

 

In the case of PVC sliding window no 15 (graph 30) or wooden sash window no 16 

(graph 31), the difference between the data obtained in this study and that measured by 

the NRCC is quite noticeable especially at high frequencies 

 
1 J.D. Quirt:  Measurement of Sound Transmission Loss of Windows, Building Research note no 172, National Research 
Council of  Canada, Ottawa, April 1981. 



 

 
177.961 16 1997 03 04 

The differences noted between the sound transmission loss data published by the NRCC 

and that reported in these pages can be partly explained by the fact that the measurements 

of the present study were conducted on fully operable windows constructed with factory 

sealed thermopanes incorporating an aluminum spacer while in the case of the NRCC 

measurements, the double glazing samples were mounted in wood frames sealed to the 

perimeter of the test opening, and there were no spacer between the glass panes. 

 

6.0 CONCLUSIONS 

6.1 The Sound Transmission Class (STC) of the nine stand-alone thermopanes tested in this 

study varied from STC 25 to STC 34.  The STC measured on casement windows, 

horizontal sliding windows, and double hung sash windows varied from STC 27 to 

STC 41. 

 

6.2 Sealed thermopanes with a deeper airspace provide a higher STC rating and a higher 

sound Transmission Loss (TL) for frequencies above the Mass-Air-Mass resonance. 

 

6.3 Doubling the thickness of one of the glass panes composing the double-glazing 

thermopanes increased the STC by approximately 6 points.  Also, for thermopanes 

constructed with an unbalanced construction (one 3 mm and one 6 mm glass), the 

coincidence dip in the TL curve is much less pronounced, resulting in better sound 

isolation at high frequencies.  To reduce significantly the coincidence dip however, the 

mass of one pane must be at least twice the mass of the other pane. 

 

6.4 A study conducted from 1978 to 1981 on the transmission loss of windows by the NRCC 

indicated that factory sealed thermopanes incorporating an aluminum spacer between the 

panes provided inferior sound transmission loss  when compared to glazing of similar  
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composition with no spacer.   In the present study three factory sealed thermopanes 

constructed with spacers made of different materials (aluminum, PVC, and 

aluminum/neoprene) were tested and were found to provide equivalent STC and TL. 

 

6.5 The STC rating of 1200 mm x 1600 mm casement windows was approximately 3 points 

higher than the STC rating measured on 1200 mm x 1600 mm stand-alone thermopanes 

with same glazing composition, sealed in the test opening.  In the case of the double hung 

sash window, the increase in performance compared to the stand-alone thermopane is 

1 point of STC.  The reason for these increases have yet to be determined with further 

research. 

 

6.6 Casement windows built with aluminum, wood, and PVC constructed with identical 

glazing provided similar sound isolation performance with STC ratings varying by 2 

points.  The maximum sound transmission class measured on casement windows was 

achieved by an aluminum window (STC 35), equipped with a double glazed thermopane 

composed of one 3 mm glass and one 6 mm glass with a 16 mm airspace, followed by the 

wood (STC 34) and PVC (STC 33) thermopane windows with panes of equal thickness 

separated by a 13 mm airspace instead of 16 mm.  The deeper airspace in the thermopane 

of the aluminum window is probably responsible for the superior STC rating and partly 

responsible for the higher 1/3 octave TL values provided by this window.  However, 

comparing the sound transmission loss curves of the aluminum, PVC and wood windows 

suggests that the seals and the sash composition of the aluminum window could also be 

responsible for the better sound isolation performance of this window at mid and high 

frequencies.  

 

6.7 The casement window which offers the best ratio cost/sound-isolation is the wood 

window followed by the PVC window and, in last position, the aluminum window. 
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6.8 Combining the maximum STC rating obtained on a stand-alone thermopane measured in 

the present study (thermopane no 6) with the maximum STC rating measured on casement 

windows (aluminum window no 11), it appears that STC 37 would be the maximum 

rating which could be obtained from an operable casement window equipped with a 25 

mm (1") thick thermopane. 

 

6.9 The aluminum sliding window provides very superior sound isolation when compared to 

a PVC sliding window (STC 41 vs STC 32).  Based on the previously mentioned NRCC 

study on windows, the STC rating of these two windows should have been in the same 

range (STC 40).  Further research is required to explain the poor performance of the PVC 

horizontal sliding window. 

 

The aluminum horizontal sliding window ranked first in terms of acoustical performance, 

and seventh in terms of price.  This window appears particularly well adapted for low 

cost residential projects located in noisy environments. 

 

6.10 Acousticians and construction professionals must be careful when selecting windows 

destined for buildings located in noisy environments.  They should not rely solely on 

glazing composition to determine the sound isolation performance of operable windows.  

They must be aware that factory sealed thermopanes can have a significantly lower sound 

transmission loss than that published for glazing samples of apparently identical 

composition but whose perimeter is not factory sealed using a standard aluminum spacer. 

 In addition, the sound isolation efficiency of the gaskets at the perimeter of operable 

window sashes seems to vary substantially with the type of window considered.  For 

casement windows and aluminum sliding windows, the present study indicates that a 

degradation of approximately 3 points of STC could exist between the acoustical 

performance of an operable casement window and the data published by the NRCC for a 

sealed window having the same glazing composition (This is consistent with the 
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predictions of David Quirt the author of the NRCC study).  In the case of PVC sliding 

windows and in the case of sash windows however, the results of this study indicate that 

this degradation could be more substantial and reach 8 points of STC. 

 

6.11 This research was a preliminary attempt to determine the effect of glazing size, gaskets, 

frame and sash composition of operable windows on their sound isolation performance.  

Further research is required to confirm some of its findings. 

 

Respectfully submitted March 4, 1997 

and revised March 21st, 1997 

MJM ACOUSTICAL CONSULTANTS INC., by 

 

 

Michel Morin, OAQ, ASA 

President and principal consultant 
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 ANNEX III

 

 SOUND TRANSMISSION LOSS TESTS  

 AT THE DOMTAR RESEARCH CENTER ACOUSTICAL LABORATORY  

 

1.0 INTRODUCTION 

All the tests presented in the present research project have been conducted in the 

acoustical laboratory of the Domtar research center in Senneville, Quebec, by the firm 

MJM ACOUSTICAL CONSULTANTS INC. whose offices are located in Montreal, 

Quebec.  The test facility, the standards used to perform the tests and the methods used to 

install the samples are presented in the paragraphs below. 

 

2.0 APPLICABLE STANDARDS 

All the sound transmission loss measurements described in this report have been 

conducted in accordance to the ASTM E 90-90 standard entitled "Standard Test Method 

for Laboratory Measurement of Airborne Sound Transmission Loss of Building 

Partitions";  the Sound Transmission loss values of the windows tested were classified to 

obtain the Sound Transmission Class rating using ASTM E 413-87 standard entitled 

"Classification for Rating Sound Insulation". 

 

3.0 MEASUREMENT METHOD 

The method described in the ASTM E90 Standard to measure the sound transmission loss 

of a building element consists in installing this element between two reverberant rooms 

which are structurally independent from each other, in a frame which is itself structurally 

independent from the reverberant rooms.  A broadband steady state noise is generated in 

the source room and its level is measured; the portion of the sound which has been 

transmitted through the element tested inside the receiving room is also measured.  By 

subtracting the sound pressure level measured in the receiving room from that measured 
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in the source room, one can calculate the Noise Reduction (NR) values for each 1/3 

octave band from 125 Hz to 4000 Hz. The sound transmission loss (TL) values are 

obtained by normalizing the NR values in function of the surface of the building element 

tested and of the absorption in the receiving room, this latter quantity being determined 

by measuring the reverberation time in the receiving room.  The TL values are then 

classified as per ASTM E 413-87 to obtain the Sound Transmission Class (STC), which 

is a single number rating allowing to quickly compare the sound isolation provided by 

buildings elements. 

 

4.0 DESCRIPTION OF THE ACOUSTICAL LABORATORY OF THE  DOMTAR 

RESEARCH CENTER 

The test facility is composed of three reverberant rooms built of poured in place concrete. 

 The volume of each room is  60, 80 and 250 m3; the rooms are structurally independent 

from one another.  The test opening where the samples were installed measures 2700 mm 

(9 ft) by 3000 mm (10 ft), and is located between the 80 m3 room (the source room) and 

the 250 m3 room (the receiving room).  Each room is equipped with fixed and rotating 

diffusing panels to provide an experimental environment as close as possible to a diffuse 

sound field.  The sound field is sampled and analysed at 10 microphone positions along a 

diagonal in the source and in the receiving room, using Bruel and Kjaer microphones 

model 4145 and associated preamplifiers and power supply, connected to a LARSON 

DAVIS model 2800 real time analyser.  All the measurements (10 sound pressure 

measurements in the source room, 10 sound pressure measurements in the receiving 

room, and 10 reverberation time measurements in the receiving room) are made for 1/3 

octave bands which center frequencies range from 50 Hz to 5000 Hz.   
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5.0 SAMPLE INSTALLATION 

5.1 Filler panel composition

All the windows and thermopanes tested measured 1200 x 1600 mm.  The samples tested 

were installed in an opening made in the middle of a 3060 mm x 2745 mm double stud 

partition constructed as indicated below into the test frame of the laboratory:  

 
- 2 layers of 13 mm drywall; 
- 38 mm x 92 mm wood studs; 
- 89 mm glass fibre batt insulation between the studs; 
- 25 mm air space; 
- wood studs 38 mm x 92 mm; 
- 89 mm glass fibre batt insulation between the studs; 
- 3 layers of 13 mm drywall; 

 

The above partition was tested prior to making the test opening where the samples were 

to be installed.  The results of the test performed appears on graph A3-1 of this annex: a 

STC  rating of 62  was achieved. 

 

5.2 Installation of window samples inside the test opening

All the windows tested were installed in the test opening to simulate a standard installation 

inside an exterior wall constructed with wood studs and brick cladding, the exterior side of 

the virtual exterior wall being located in the source room of the laboratory.  The 6 to 12 mm 

gap between the stand-alone thermopane or the window frame and the opening in the 

partition was packed with batt insulation and caulked on both sides using a non-

hardening, non-shrinking latex caulking. 

 

The wood casement window was installed and tested twice to see if the installation method  

had a significant effect on the noise isolation provided by the window.  As can be seen on 

graph A3-2 of this annex the STC rating was the same in both cases, and small differences 

were noted between the 1/3 octave TL results of these two measurements.  
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The effect of the placement of the stand-alone thermopanes inside the test opening was 

also determined prior to proceeding with the series of tests on samples 1 through 7.  To 

that effect, tests were conducted with no 6 thermopane mounted in two different positions 

inside the test opening, corresponding to mid-depth and to 2" inside the test opening, 

when  measured from the edge closest to the source room (the latter position correspond 

to the position of the glazing of the operable windows).  Graph A3-3 illustrates how the 

thermopanes were installed in the test opening and the results of the measurements.  

Again the STC rating was the same in both cases, and minor differences were noted 

between the 1/3 octave transmission loss curves.  In order to minimize the potential for  

flanking through the plywood strip at the perimeter of the test opening, the thermopanes 

were installed and tested in the center position. 
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