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S U M M A R Y  

The sound reduction index has been measured in the laboratory for partially open 
sliding window units. The object was to test the feasibility of  achieving a moderate 
degree of sound insulation whilst retaining natural ventilation. Assuming source 
spectra for aircraft and traffic noise and using the measured SRI's, the sound level 
difference across a window has been calculated in terms of dB(A). It is conchtded that 
partially open double glazing is about 10 dB(A) better than partially open single 
glazhlg, and that double glazing can be opened as much as 100 mm and still be as 
effective against aircraft noise as closed single glazing. 

l. INTRODUCTION 

The insulation of sealed glazing is well documented but the possibility of  obtaining 
a moderate insulation from double glazing with staggered openings appears to have 
been neglected. Vulkan 1 and Scholes 2 have both indicated that an insulation in the 
region of 20 to 25 dB(A) is possible but these observations have been based on 
very limited evidence. 

An insulation of 25 dB(A), combined with natural ventilation, would be a very 
attractive proposition. Open single glazing with an insulation of 10 to 15 dB(A) 
is often inadequate for a building sited near a traffic noise source. Sealed single 
glazing giving 20 to 25 dB(A) or double glazing giving 35 to 40 dB(A) both suffer 
the disadvantage of requiring separate mechanical ventilation, which is costly. A 
moderate insulation without mechanised ventilation would be ideal for many loca- 
tions affected by traffic noise and for locations near airports other than those very 
close to the flight paths. 
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In this paper we present the results obtained from a series of laboratory measure- 
ments of the sound reduction index 3 for both horizontal and vertical sliding 
windows. The spacing (or cavity) between the two sets of glazing was varied together 
with the degree of opening of the windows. There is, of course, a distinction between 
laboratory and field tests because, in the laboratory, the sound field striking the 
window is omni-directional, whereas external noise tends to strike the window at a 
particular angle. Theoretically, the insulation in the two cases is different, although, 
in practice, the difference is often found to be small, perhaps because a moving 
source produces a variation in angle of incidence, anyway. The advantage of testing 
in the laboratory is that measurement is easier and the parameters can be varied at 
will. It could, however, be argued that the knowledge gained from the laboratory 
tests should be used in setting up field tests to prove the validity of the main 
conclusions. 

The sound reduction index is a basic property of the window unit but the effective 
insulation against, say, traffic or aircraft noise, would be of more use to the architect 
or designer. A section has therefore been included, giving the calculated sound level 
difference in riB(A), between the outside and the inside of a building. Typical noise 
spectra for the two sources had to be assumed but the calculated level differences 
should be indicative of what could be expected in practice. 

Although it is assumed that partially open double glazing provides natural 
ventilation, no attempt was made to measure the ventilation in these tests. Indeed, 
it is doubtful whether the ventilation could be measured in a laboratory because it 
depends upon internal/external temperatures and wind speed and direction, none 
of which could be satisfactorily simulated. It is easy to satisfy the building regula- 
tions but that may not be enough and, ideally, any field tests should include at least 
some subjective comments on ventilation. 

2. DESCRIPTION OF WINDOWS 

The windows used were standard sliding units manufactured and supplied by 
Crittall-Hope Ltd. The horizontal units, type HS2, were 2-4 m long by 1.3 m high 
and consisted of two sliding panes with a centre catch. The vertical units, type VS2A, 
were 1.2 m long by 1.3 m high and two were used side by side, connected with a 
standard mullion, to give the necessary width of 2-4 m. Each unit consisted of two 
sliding panes with a centre catch. The frames were of aluminium and the glass was 
32 oz (4 nun) in all cases. To achieve double glazing, two identical windows were 
mounted within the same opening a given distance apart. It should be noted here 
that the internal distance between frames will be quoted throughout this paper. The 
distance between the two panes of glass is approximately 50 mm greater, due to the 
frame thickness. 
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Fig. 1. Layout of horizontal sliding windows. 
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Fig. 2. Layout of vertical sliding windows. 
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The standard room aperture of  3.6 m by 2-4 m was reduced in size by setting a 
substantial wooden frame with an opening of 2.4 m by 1.3 m into a 340 mm brick 
wall. The window frames were then fixed in place in the manner recommended for 
timber surrounds by the manufacturers. A 25 m m  thick layer of  sound absorbent 
flexible polyurethane foam was pushed into the gap between the frames for the 
majority of  the double glazing tests. 

The openings in the double glazed systems were always staggered, i.e. the window 
on the source side would be open at the top or on the left side while the other window 
would be open at the bot tom or on the right. Both windows were opened the same 
amount  and the degree of  opening refers to the free space between sliding and fixed 
frames. Consequently, a given opening refers to a greater open area for the vertical 
sliders than for the horizontal sliders and the sound travels a lesser distance through 
the cavity. Figures 1 and 2 give some idea of the manner in which the windows 
were fitted. 

3. SOUND REDUCTION INDEX RESULTS 

The horizontal windows were tested first. Results were obtained using single 
glazing and then double glazing with. spacings between frames of 25, 50, 100 and 
200 mm. The degree of window opening was varied from closed through 25, 50 
and 100 m m  to 200 ram. In each case measurements were made both with and 
without foam absorbent on the reveals. It  is not possible to give graphs showing the 
SRI as a function of frequency for every combination and the results are best 

T A B L E  1 

AVERAGE SRI IN DB OF HORIZONTAL SLIDING UNITS WITHOUT ABSORBENT REVEALS 

Degree of  open window 

C l o s e d  25 m m  50 m m  100 m m  2 0 0  m m  

Single glazing 22.9 13.6 12.4 11-0 9-1 
Double glazing 

25 mm between frames 32.1 19.0 18.2 16-9 16.9 
50 mm 34"2 19.2 18.2 17.1 15.5 

100 tara 35.7 20.1 18.4 15-6 16.6 
200 ram 34.9 20.2 18.5 16-2 14'0 

summarised in Tables 1 and 2 which show the average SRI 's  (averaged over the 
frequency range I00 to 3150 Hz). Additionally, the information in Table 2 is given 
graphically in Fig. 3. 

The obvious conclusion is that absorbent reveals are beneficial in every case, and 
throughout the rest of  this paper it will be assumed that some absorption will always 
be used. This point is further emphasised in Fig. 4. 
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TABLE 2 

AVERAGE SRI IN DB OF HORIZONTAL SLIDING UNITS WITH ABSORBENT ON REVEALS 

61 

Degree o f  open window 

Closed 25 mm 50 mm 100 ram 200 ram 

Single glazing 22-9 13"6 12-4 11-0 9-1 
Double glazing 

25 mm between frames 34'7 21'1 20"3 19-4 19-0 
50 mm 36'5 22"8 22"2 20'2 19"3 

100 mm 38'0 24"6 22.9 21 "2 19-7 
200 mm 38"0 26"9 24.9 21'8 19"5 
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Fig. 3. Average sound reduction index of horizontal sliding windows with absorbent reveals. 

© Double glazing, 200 mm between frames 

A Double glazing, 100 mm between frames 

[3 Double glazing, 50 mm between frames 

V Double glazing, 25 mm between frames 

× Single glazing 
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Sound reduction index of  horizontal sliding windows. 200 mm between frames, 200 mm 
open. 

(1) with absorbent  reveals; (2) without absorbent reveals. 
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Fig. 5. Sound reduction index of horizontal sliding windows. Closed, with absorbent reveals. 
(1) Single glazing; (2) double glazing. 25 mm between frames; f3) double glazing, 50 mm between 
frames; (4) double glazing, 100 mm between frames; (5) double glazing, 200 mm between frames. 
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Fig. 6. Sound reduction index of horizontal sliding windows• 200 mm between frames, with 
absorbent reveals. 

(1) Closed; (2) open 25 mm; (3) open 50 mm; (4) open 100 mm; (5) open 200 mm. 
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F igure  5 depicts  the behav iour  of  closed windows and  the t rend is quite familiar .  
F igure  6 is more  interest ing since it shows the var ia t ion  of  sound reduct ion  with 
window opening  for  double  glazing with. the m a x i m u m  spacing o f  200 mm. I t  is 
interest ing that ,  for  par t ia l ly  open windows,  the large cavi ty  is still super ior  to the 
small  cavi ty a l though  the open pa th  area  is cor responding ly  greater ,  p resumably  
because there is more  r o o m  for absorben t  mater ia l  and  the system acts like an 
abso rben t  type silencer. 

TABLE 3 
AVERAGE SRI IN DB OF VERTICAL SLIDING UNITS WITH ABSORBENT ON REVEALS 

Degree ofopen window 

Closed 25 mm 50 mm 100 mm 200 mm 

Single glazing 22"5 11'3 10"4 9-0 7"1 
Double glazing 

25 mm between frames 34.2 17-4 16-1 ! 5.3 14.8 
50 mm 35"8 19.6 18.0 16'2 15.2 

100 mm 37-3 19"8 18'3 16-2 14'9 
200 m m  39'9 22-2 20-2 18"0 15" 1 
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Window opening 

Average sound reduction index of vertical sliding windows with absorbent reveals. 
.~ Double glazing, 200 ram between frames 
A Double glazing. 100 mm between frames 

[]  Double glazing, 50 mm between frames 
V Double glazing, 25 mm between frames 
><. Single glazing 



66 R. D. FORD, G. KERRY 

The vertical windows were only tested with. the absorbent foam on the reveals. 
Again, the results are best summarised in terms of the average SRI's, which are 
listed in Table 3 and shown graphically in Fig. 7, 

Figure 8 shows the sound reduction index as a function of frame spacing for the 
closed vertical sliders and should be compared with Fig. 5 which gives the same 
information for the horizontal sliders. 

Figure 9 shows how the SRI decreases as soon as the double vertical sliders with 
200 mm between frames are opened and comparison with Fig. 6 shows that the 
horizontal sliders are superior for a given window opening. This should be expected 
since the open area is effectively twice as large, but comparison on an equal area 
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Fig. 8. Sound reduction index of vertical sliding windows. Closed, with absorbent reveals. 
(l) Single glazing; (2) double glazing, 25 mm between frames; (3) double glazing, 50 mm between 
frames; (4) double glazing, 100 mm between frames; (5) double glazing, 200 mm between frames. 
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Fig. 9. Sound reduction index of  vertical sliding windows. 200 m m  between frames, with 

absorbent  reveals. 
( l)  Closed; (2) open 25 mm;  (3) open 50 mm;  (4) open 100 mm;  (5) open 200 mm. 

basis, e.g. the 100 m m  open vertical slider with the 200 m m  open horizontal slider, 
shows that the horizontal sliders are still marginally better. This is presumably 
because the sound has to travel twice as far through the cavity and the absorbent 
reveals can be that much more effective. 

4. INSULATION AGAINST AIRCRAFT AND TRAFFIC NOISE 

The sound reduction index refers to the proport ion of  incident sound energy which 
is transmitted by the window and may be regarded as a fundamental property of  
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that window. The sound level difference between the noise in a room and that out- 
side the building depends upon the SRI and also the nature of the noise in terms of 
its frequency content, the area of the window and the size of the room. 

Typical spectra for aircraft and traffic noise are shown in Fig. 10. The aircraft 
was a BAC 1-11, taking-off, while the traffic noise 4 was measured alongside the 
M I. Different aircraft and different traffic conditions would result in slightly 
different spectra, but the conclusions would not be materially altered• 
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(I) B A C  1-11 taking-off  (107 dB(A)). 

(2) Verge of  Ml  m.otorway (93 dB(A)). 

Fig. 10. Octave band noise spectra. 

2000 

Hz 

Assuming reverberant conditions, the sound level in the room, L R, is given by: 

L R = L o - 3 - SRI + 10 loglo (4S/A) 

where L o is the level at a distance of 1 m from the building facade; S is the area of 
the window and A is the room absorption. 

It is assumed that Lo is, on average, 3 dB greater than the sound level associated 
with the incident wave z because of reflection from the facade• The room absorption 
is assumed to be a standard 10 m z which, for a room of 60 m 3 volume, would 
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correspond to a reverberation time of  about 1 sec. This is quite reasonable if the 
window area, S, is taken to be 3.1 m 2, the size of  the windows actually tested. A 
larger room would probably have more windows and so the ratio, S/A, remains 
approximately constant. Using these figures, the level in the room becomes: 

LR = L o - S R I - 2 d B  

This may be calculated as a function of frequency to obtain the internal noise 
spectrum resulting from either traffic or aircraft noise passing through a particular 
window. A single figure value is probably more useful and this can best be done by 
computing the A-weighted levels from the external and internal spectra. The sound 
level difference, in dB(A), is then defined as: 

SLD = (Lo) A - (LR)A 

This has been done for both the horizontal and vertical sliders for traffic noise 
and aircraft noise and the results are shown in Figs. 11, 12, 13 and 14. 

These calculations have, to some extent, been proven by laboratory tests. As 
an ancillary experiment, the transmission rooms were acoustically deadened and 
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Calculated sound level difference of horizontal sliding windows with aircraft noise. 
(3 Double glazing, 200 mm between frames 
A Double glazing, 100 mm between frames 

[] Double glazing, 50 mm between frames 
V Double glazing, 25 mm between frames 
× Single glazing 
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Calculated sound level difference of vertical sliding windows with aircraft noise. 
(3 Double glazing, 200 mm between frames 
t$ Double glazing, 100 mm between frames 

[ ]  Double glazing, 50 mm between frames 
V Double glazing, 25 mm between frames 
-< Single glazing 
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Calculated sound level difference of horizontal sliding windows and traffic noise. 
© Double glazing, 200 mm between frames 
A Double glazing, 100 mm between frames 

[]  Double glazing, 50 mm between frames 
V Double glazing, 25 mm between frames 
× Single glazing 
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recordings of both aircraft and traffic noise were replayed into the source room with 
the loudspeakers pointing at the window. The levels were measured, in dB(A), 
on both sides of the window and the difference compared with the calculated value. 
Since the source room was not completely anechoic (indeed the reverberation time 
was still about I sec) and the absorption was not I0 m 2 at all frequencies, the 
agreement was remarkably good, and it is felt that the calculated values shown in 
Figs. 11 to 14 may be relied upon. 
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Calculated sound level difference of vertical sliding windows with traffic noise. 
© Double glazing, 200 mm between frames 
A Double glazing, 100 mm between frames 

[ ]  Double glazing, 50 mm between frames 
V Double glazing, 25 mm between frames 
× Single glazing 

5. CONCLUSIONS 

Figures 3 and 7 show the variation of  the average SRI with window opening and 
frame separation for the horizontal and vertical sliding windows. It was established 
that absorbent reveals are beneficial and it is also clear that the insulation increases 
with frame separation. This is true even with the windows open and without absor- 
bent reveals. When compared on an equal open area basis, the horizontal sliders 
are marginally better than the vertical sliders, presumably because the sound has a 
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greater distance to travel through the cavity. Figures 6 and 9 show the variation of 
SRI with window opening for both types of  window and the variation with frequency 
suggests that the open windows may be behaving, at least partially, like resonant 
filters. It  is unlikely, however, that any simple analysis based on that premise would 
yield useful results. 

Figures 11, 12, 13 and 14 are probably the most informative because they give 
some idea of how useful such windows would be in practice. In terms of the sound 
level difference, in riB(A), the larger frame spacing is still desirable and the horizon- 
tal sliders are markedly better than the verticals. The insulation is greater against 
aircraft noise than against traffic noise because of the differing frequency content 
of the noise and, in general, it can be said that open double windows are about 
9 dB(A) better than open single windows for traffic noise and 11 dB(A) better for 
aircraft noise. With the 200 m m  frame spacing it can also be said that the horizontal 
sliders can be opened 100 m m  with aircraft noise and about 30 m m  with traffic 
noise and the insulation will still be as good as with closed single glazing. 

It  must be remembered that these tests were with random incidence sound, where- 
as the sound is incident at a particular angle in the real situation, and, clearly, the 
conclusions should be proved in a real building. Furthermore, the question of 
ventilation remains unanswered and this again can only be resolved in a real 
situation. 
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