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INTRODUCTION

The Danish Acoustical Institute is carrying out a project series concerning op-

timization of sound insulation for windows. The total project comprises inve-

stigations of hermetically-sealed double andtriple glazing and frame/sash con-

structions. Until now, double and triple giazings have been investigated. The

influence of glass thicknesses. laminating, glass spacing(s), and gas filling

on the sound reduction index has been examined. The results are described in
[1] and The aim of the experiments is to give manufacturers of windows and
glarings better possibilities of optimizing the sound insulation in relation to

total weight, thickness, and price of the glazing.

morons CONTROLLING SOUND TRANSMISSION THROUGH WINDWS

Basically the sound insulation of a window depends on glass thicknesses, lami-

nating, glass spacing(s), and cavity fillin9(s). Moreover. the sound insulation

is influenced by the mounting conditions of the glaring, the type of frame and

sash, the tightenings, and the size of the window. In addition, the importance

of each construction detail is connected with different frequency regions, but

the significance is dependent on the other details, too. These confounding ef-
fects are especially pronounced for windows. Combined with the fact that test
results are laboratory-dependent it is often difficult to obtain useful compa-

risons between measurement results.

Unfortunately, the theoretical models for walls are not valid for windows. mn-

pirical models modified for window may be useful in some cases within limited

frequency ranges. Due to the large amount of parameters for windows and the
above-mentioned confounding effects. it is not possible to obtain full agree-

ment between empirical and experimental data. The problems are especially con-

nected to the frequency ranges around the resonance and coincidence dips which

are often quite essential to the total performance of the window.

To obtain information on the importance of some parameters it is necessary to
carry 'out series of measurements, varying the parameters in question. The re-

maining parameters and measurement conditions should be held as constant as

possible. However, the parameters cannot be examined one by one. when planning

experiments the mutual influences must beestimated and taken into account. If
not done, the applicability of the results may be limited.

DESIGN OF EXPERIMENTAL INVESTIGATIONS

'l’est specimens
In order to achieve maximum usefulness of the project results, "realistic" test
specimens were chosen for the experiments. Le. the glazings were commercially

produced hermetically-sealed double and triple glazings and were not extremely
heavy, thick, norexpensive. The total thickness of the glazings was 14 to 44
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mm and the weight 20 to 42 kg/mz. The glass thicknesses were 4 to 8 mm, lamina-

ted glass 8 to 10 mm, spacings A to 24 mm. Btcept for a special test series,

the gas filling used for the experiments was 51’s.

The size of the windows was 12“ X IZH corresponding to a test opening of 1,21 m

X 1,2! 11:. As this size of facade windows is the most widespread size in Den-

mark, it is recommended as test: size in the Danish Standard DS 1084 for classi-

fication of sound insulating windows. Host measurements were performed with

glazings mounted in a firm frame (wood), but selected types of glazings were

also tested in an openable window (wood).

A sectional view of the windows and their mounting in laboratory are shown on

Fig. 1 and 2.
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Fig.1 Firm window. Mounting in la- Fig.2 Openable window. Mounting in labo-

boratory. Horizontal and ratory. Horizontal section.

vertical section.

In accordance with the test principles in 150 140 (1978) the test specimens

were mounted with ordinary mounting materials as far as it was practicable.

Small and unessential changes (tightening with tape) were used taking into con-

sideration a quick and safe accomplishment of the test series.

For several reasons the number of test specimens had to be limited as much as

possible. when choosing glass thicknesses. lamination, spacings and fillings

individually, there is an enormous number of different glazings. For double-

and triple-glazed windows the number are more than 100 and 1000, respectively.

‘l‘otally. 36 types of glazings (with gas filling) were ordered to the main parts

of the three test series. The time interval between successive test series was

approx. one year. Some duplicates were ordered to check the consistency of the

production or simply to make it possible to carry out the measurement pro-

gramme- Test specimens with atmospheric air in one or both cavities were ob-

tained by a puncture and subsequent sealing. The full measurement programs

for the teat series are found in [1] and [2].
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Pig-3

Samples of different

hermetically-sealed

double- and triple-

glazed units.

 

At the design of the experiments special importance was attached to examining

glazings with small spacings (6-9 mm) and glazings with gas filling. Further it

was considered essential to examine the effect of different fillings in the two

cavities of triple-glazed units.

A few selected measurement results are presented graphically on Fig. 4-8. The

glarings are identified by means of a “code' which specifies the glass thick-

nesses and spacings in the indicated order. The letters behind specify the

fillings: G =- gas filling (SF5) and L = atmospheric air. Lg. 5-12-4-6-4 GL is

the code for a triple glazing consisting of 8+4+4 mm glass and with 12 and 6 mm

cavities with gas filling and air, respectively. The code 4/2/4 describes a la-

minate consisting of 4+4 mm glass with a 2 mm thick intermediate layer of lami-

nating material. The “P” before the glazing code means that the result is found

with the glazing mounted in the firm windsu.

Test facility and measurement procedure

I1‘he measurements are-carried out in the transmission rooms no. 003 and 004 at

the Technical University of Denmark. A detailed description of the rooms and

the wall with test opening are found in [1] and [2] (in Danish). The rooms with

a slightly changed wall is described in [3] and [A]. The test method, the mea-

surement procedure, and the instrumentation are described in all 4 references.

Precision of measurement results

A useful comparison between the experimental results presumes that the measure-

ment procedure. the test facility, and the products are "well-defined" as de-

scribed in It has been checked that the consistency of products and be-

tween test series is satisfactory. The checks are described in Confidence

of test results are described more generally in [3] and [I].
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EXPERIMENTAL RESULTS

In [1] and [2] FV-values (ISO 717/3—1982) are found in tabular form. Besides

there are presented a large number of comparisons of sound reduction index

curves, which illustrate the influence of the examined parameters one by one

and some examples of mutual influences are also found. Below the diagrams the

PV-value is found corresponding to each curve. Decimal values are mentioned,

too, even if the Ill-value is defined as an integer value. This implies an easi-

er assessment of the significance of the differences. A few selected diagrams

are Presented below, showing some of the experimental results.

Fig.4 illustrates that asymmetry of glass thicknesses improves the sound reduc-

tion index in the whole frequency range and not only in the coincidence region.

Fig. 4 and 5 show that a small asymmetry has a great effect, whereas the effect

of a further change in glass thickness can be relatively small.

Sou-d Newman “Ide n as Pig-4

Sound reduction index

curve for a symmetric

double glazing (weight

30 kg/m ) compared with

curves for two asymmetric

glazings (weight 25 kg/m2
and 30 kg/mz, respective-

1y).
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Comparison of sound reduc-

tion index for 3 triple-

glazed units with diffe-

rent thicknesses of one cf

the outer glasses.
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The influence of laminated glass is illustrated on Fig.6. An increase in the

sound reduction index is obtained at the high frequencies. However, due to deep

resonance dips (caused by gas filling in small cavities) for this specific

glazing flu isnot improved by the lamination. With more optimized fillings (air

in one cavity) the RV-value will be increased by 2 d3, compare results for

8-6-4-6-4 EL (EN = 38 dB) and 4/2/4-6e4-6-4 GL (Ru 5 40 dB, see Fig.8).

Sound mauouon ("an n as Fig-5

Comparison of sound reduc-

tion index for an "ordina-

ry" triple glazing and a

corresponding glazing with

one glass laminated.
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on Fig.7 it is shown that changes in glass spacings can influence the sound re-

duction index considerably at some frequencies. The glazings are gasfilled, and

the significance of spacings is much less pronounced with atmospheric air in

one or both cavities.

Sandrndflflen lndufldfl Fig.7

Comparison of sound reduc-

tion index curves for

triple-glazed units with

different combinations of

spacings, but all. with

identical glass combina-

tion and gas filling.
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Gas filling influences -the sound insulation. However. the use of gas filling in

sealed glazings was originally promoted due to' the influence on' the heat insu—

lation.

For some types of glazings .the choice of gas filling is important to the sound

insulation as illustrated on Fig.8. a better sound insulation is obtained with

gas filling in one cavity. than with gas filling or air in both cavities. It is

assumed that the main reason for this phenomenon is mismatch of modes in the

two cavities due to'different sound velocities for SF5 and atmospheric air. It

should be noticed that the order of glass thicknesses, spacings, and fillings

are not unimportant. As an instructive example it could be mentioned that for

the glazing 4-12-4-6-4 with fillings 5G, GL, LG, and LL the measured ltd-values

are 32, 35, 32, and 32 dB, respectively.

Snund mmuon index R as ‘ _ Fig.8

Comparison of sound reduc-

tion index for a triple

glazing 4/2/4-6-4-6-4 with
different combinations of

cavity fillings.
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It might be useful to compare the sound insulation for double- and triple-

glazed windows. Generally considered the experimental results show thattriple

glazings-are heavier than double glazings with the same sound insulation. As

regards the total thickness the results are more equal. However, without a

well-defined basis of a comparison no general answer could be 'given. In some

cases triple-glazed windows are preferred due to better heat insulation. Some-

times the_ dividing of the spacing into two‘smaller spacings 'can be utilized to

an improvement of sound insulation, depending on the actual type of glazing.

For example it might be profitable with different fillings in the two cavities.

It should he mentioned that in some literature the upper resonance frequency of

a triple glazing is considered unimportant. However, it both cavities are small

and gssfilled, it is found that both resenance dips 'are pronounced-Obviously,

this is the case for the curves on Fig.6.
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CONCLUS IONS

The experimental conclusions indicated below should be evaluated in the light
of ordinary glazings being symmetric. In Denmark typical glass spacings in
double- and triple-glazed windows are 6 to 16 mm and 6 to 9 m, respectively.

Based on R, (150 717/3-1982) as a measure of the sound insulating property of a
window, the following main results have been achieved from the experiments with
double- and triple-glazed windows (the gas used is $95). The sound insulation
is improved by:

O Asymmetry in glass thicknesses
0 Using laminated glass
I Increasing the glass spacings - this applies especially to
glazings with gas-filled cavities

I Gas filling in a double glazing with a spacing of more than 12 mm
0 Gas filling in one of the two cavities in a triple glazing

The last-mentioned result is particularly interesting because it is a rather
simple way of improving the sound insulation. Gas filling in both cavities of a
triple glazing causes only in a few cases an increase in sound insulation. with
small spacings (6 to 9 mm) the sound insulation of a double or triple glazing
is reduced by thegas filling. The experiments have been carried out using are,
which is the type of gas mostly used. ‘The results cannot be applied right away
when using other types of gas with substantially different acoustic properties.

The exact influence of one single change of design can neither be predicted ge-
nerally - the significance of a detail is, unfortunately, dependent on the
overall construction of the window - nor is there a simple connection between
the sound insulation and the total thickness or weight of the glazing.

The experiments showed that an optimization of glazing details often results in
a 3 to 5 dB higher sound insulation (Ru-value), alternatively a lower weight,
thickness or price. The results from Fig.8 can be considered as an example of
optimization. The thickness and weight is the same for all three glazinge. The
price differences are small, but in fact the most expensive glazing is the
poorest one with N - 36 d3. If "forgetting" the gas filling in one cavity, the
Ivy-value is improved with 4 on:

Generally, the best sound insulation is obtained for an asymmetric construc-
tion. For a triple glazing this means asymmetry as regards glass thicknesses,
interpane spacings, and interpane fillings. qualitatively indicated, a good and
economic "design'l of a 3-layer window is achieved by the following order of
glasses and spacings:

I Thick glass or laminated glass, if necessary
0 large spacing with gas filling
0 Thin glass

C small spacing with atmospheric air
I Thin glass

Regarding the gas filling pure SFG or a gas mixture with 595 as the main con-
stituent is assumed.

A specific requirement as regards the sound insulation of a window can perhaps
only be met by changing several design details. However, there is an upper li-
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mit to the obtainable sound insulation. This limit depends not only on the

glazing, but also on the frame/sash type and tightenings. If an lid-value of

more than approx. 3|! dB is required for an openable window, it will normally be

necessary with two effective tightenings in the joint between frame and sash.

‘ The importance of each construction detail is connected with different frequen-

cy ranges,- and different changes cannot replace one another right away. In

practice, the 'effect of glass thicknesses is primarily connected to frequencies

below 1000 Hz and» above 2000 Hz. lamination to the frequency range above 1000

Hz, spacing to the frequency range below 800 Hz and gas filling to frequencies

below 1000 Hz-

The importance of the frame/sash construction depends on a number of factors

which are not yet completely aramined. However,- some aspects are indicated in

[2] and [5]. It has been established that the effect may be favourable in one

frequency range (below approx. 1000 Hz) and unfavourable at other frequencies.

when using a glazing with a high sound insulation, the sound reduction index of

the total construction can be reduced by sound transmission through the 'frame

and sash material, primarily in the frequency range of 500-2000 Hz. This was

also found for some of the windows in the present investigation._mrther it is

well known that leaks are of special importance at frequencies above approx.

500 Hz. The problems connected to frame/sash construction are being examined

more closely in a project which will be finished by the end of 1986.
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