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b.2.1

£.2.2

Introduction

An important function of a building is: Lo offer a shelter, amongst
other things, against external noise. In this respect, windows may be
relatively weak spots. The paragraphs which follow concern possibilities
to provide quiet without sacrificing the pleasure of adequate daylight
and a view outside. They apply to both, edifices which still have to be
built and those which need correction or adaptation to either increased
noise or increased requirements.

Many disappointments have taught that attention to noise problems should
be paid from the first stage of design of a building till the maintenance

of its windows.

The following may be applied without excessive calculationss The
reader is expected to be somewhat familiar with fundamentals of acoustics,
a short refresher of which is given in the annexe 6.2 B. In critical
cituations calculations and possibly measurements may be needed for proper
decision as to the required insulation. The methods will not be dealt with
here, as they require judgment to an extent which can only be got from
intensive training and experience. In view of communication with experts,
some general information is provided in the annexe 6 «2 A on criteria for

indoor levels of intruding sounds.

Reducing outdoor levels

Excessive problems of insulation may be prevented by reducing the
burden of sound upon windows. Possibilities may be found in: noise abate-
ment at the sources; regional and town planning; selection and design of
the building site: screening the building or its windows; adequate layout

of the buildinge.

5 a rule, limitation of the noise in the environment of the (future)
building will be beyond the power of the designer or the principal. In

those special cases where 1t 1is within their competence)noise abatement

should start at the sourcess

Roth in ‘he selection and the planning of the site the distance of
‘Re buildine o possible neise sources should be considercd. Doubling
the distance yields an improvement of 6 dB(A) for a point source, and

approximatciy 4 di(A) tor a line source (such as continuous road tratfic),




The effect of screening is in the order of 10 dB(A); under favour-
able conditions it may be as large as 20 dB(A). Screening is most ef-
fective with higher frequencies. Four types of screening may be distin-
guished:

a) by separate screens, such as walls. Size and distance have to

be adapted to those of the source and of the part of the fagade
to be screened [6, 16].

b) by projecting or recessed parts of the fagade, such as balconies
etc. However, it should be kept in mind that such devices, whilst
screening one window, may reflect sounds towards other windows.
This effect may be reduced by the application of absorbing material.

c) by the building itself: by proper layout of the building and ade-
quate position of rooms and windows which are critical with regard
to external noise.

d) by other buildings, which are less critical from the angle of
noise. This may be applied in the design of a larger, e.g. indus-

trial, complex and especially in regional and town planning.

In the structural plan already, attention should be paid to the pre-

vention of noise passing from one room to the other along (opened) windowse.

6£.2.3 Factors in the sound insulation of windows

6.2.3.1 Sealing
Adequate sealing is a first condition for sound insulation. Other
things being equal, the insulation of a normal openable single window, when
closed, is approximately 8 dB less than of the well-sealed window. The re-
duction can be even greater in the case of double windows as the combined

effect of window and gaps depends mainly upon the latter [7].

£.2.3.2 Eags_pgr_mz
The airborre sound insulation of a glass pane (of infinite size) de-
pends upon its mass per mz(m), i.e. approximately upon the thickness (h),
the relation being: m~ 2,5 h (kg/m2; mm) «
Up to a certain frequency (vide next paragraph), doubling the mass per m2

yields approximately 4...5 dB more insulation ("mass law').




6.2.3.3 Bending stiftness

£.2.3.4

6.2.3.5

From a certain trequency - called critical trequency, fc- onward,
the insulation is much (up to 15 or 20 dB) less than might be experted
according to the mass law. This is due to the projected wavelength of
the incident sound being equal to that of free beﬁding waves within the
pane. This effect is called "coincidence effect'. As far as possible the
critical frequency should be larger than the relevant frequencies. Its
value depends upon the bending stiffness of the pane, which again depends

upon h:
£ 12 000

o~ o (Hz; mm)

Because of this effect, there is no use - with regard to common road
traffic noise - in applying single glazing with h 2 10 or 12 mm, i.e.
with coincidence frequencies < appr. 1000 Hz. The marginal effect of in-
creasing the thickness beyond 10 mm is shown in the left part of Fig.
6.2/2. Where more insulation is required, double or possibly laminated
glazing should be applied. Laminated glass allcws an increase in thick-
ness without the corresponding lcwering of the critical frequency [8].
For double glazing, vide par. 6.2.5.6.

Area

The effect of halvirg the windcw-size -in the case of well sealed

windows ir a well insulating fagade - is 3 dB. In many practical situa-

tions it will be less,

By and large, the irsulation decreases with increasing angle of in-
cidence (with the normal of the pane). As a consequence, levels of traffic
noise in rcoms o~ higher tioers are higher than might be expected con ac-

count «f the ftarger distarce.

In case of double panes (Lhicknesses h1 and h_, distance d) the in-
sulaticn is pecr rear the resonance frequency (tr) of the system iglass-
air-glass). For lower frequencies it is much the same as that ot one paue

with thickness h =h 4+ 1 Above the rescnance trequency the eftect of

T
the air spare increases stronglyv, Thercfore it is important that thick-
nesees and distance of the pancs are such that the resonance frequency is

low as compared with relevant frequencies.

, . oo . . . .
ccording to 11ad, o, S00, in Ib-units (kz, m s) the resonance frequency




is found from:

oo \[1d 41 1l o, 1
£o = 0 \/d(Ml * Mz) ~ 152 \/E(hl + FZ)‘

It follows that the common type of double glazing (with panes of
4 mm and a distance of 8 or 10 mm) - effective as it is for thermal in-
sulation - is poor as regards sound insulation: the resonance frequency

is about 200 Hz, the frequency of maximum power of road-traffic sound.

In view of the coincidence effect (par. 6.2.3.3) it is recommended

that hl # h,. Vide Fig. 6.2/2 and 6.2/6.

Insulation of double glazing is much improved in all frequencies
by increasing the air space. Especially for good results in the lower

frequencies a large air space (e.ges 15 cm) is required.

To some extent insulation may be improved by the application of
sound absorbent material to the edges of the air space. The effect is
small for the lower frequencies. With road-traffic sound a gain of

2 dB(A) may be expected [5].

6.2.3.7 Frame

With openable windows without gaskets the insulation is better
tgééxtent that the frame section is larger. With sealed windows or
windows with gaskets the insulation is virtually independent of the type
of frame. Gaskets are more easily applied with wooden frames and nowadays

they must be considered part of their construction.

6.2.3.8 Edge_mounting
With regard to the effect of various methods of edge mounting,
findings show considerable differences. These may be due to the factl
that elastic materials may loose their damping effect if not applied
with due care [7].

6.2.3.9 Ventilation openings

PR

For the middle of the room the average level differencel)(D) of an
open window is 10 + 5 dB, depending upon the size of the opening. Near
the window it is virtually zero. Apart from very low requirements as

regards insulation, and apart from situationswhere sufficient fresh air

1

i

)
Yide arunexe bHo2 B9,




may be applied by opening windows during quiet periods, special pro-

visions will be needed for ventilation.

A common single window - either openable or sealed, and with, say,
4 mm glazing - may be combined with a small ventilation opening (possi-
bly with a powered fan). When this is closed the average level dit-
ference of the combination is 18 to 20 dB, approximately equal to that
of an openable window. When it is open, this will result in a reduc-

tion by one or two dB,

Where (sealed) windows with heavy or possible dcuble glazing are
required, the same ventilation system would spoil their effect. For such
cases a solution may be found in a double window with small staggered
ventilation openings (the outer one possibly with a powered fan) and
with absorbent material on the edges of the air space. The average
level difference will be at least 30 dB when the system is closed
[6, 17]. In all cases of forced ventilation -whether simple as those
mentioned above or part of a larger installation - its effect on the
balance of sounds from outside and those originating within the inte-

rior should be considered.

6.2.4 Selection of window type

Often an expert analysis will be needed for the proper solution of
insulation problems. For ordinary situations graphs, tables and recom-
mendations in practical terms are available as aids to designers. This
applies especially for a very common kind of outdoor noise, i.e. road

traffic noise.

Table 6f%/l shows differences between the levels outside near the
window and inside on some distance of the window for various window
types. The values, having been determined for diffuse sound fieclds
(whergas most outdoor noise is directional) and for certain practical
conditions of application, are approximatiocns, mainiy fcr the purpose

of comparisons,
Fipure 6.2/2 allows a comparison of effects in dB(A), for stddardized

road traffic noise, obtained with various types of glazing in well sealed

windows [ 57,




6.2.5

Table 6.2/3 shows a simple system for the selection of adequate
window types as regards road traffic noise[&]. Another such system E}]
consists of two tables: the required class of insulation is found from
figure 6.2/4, and subsequently figure 6.2/5 shows the types of windows
within that class. Both systems are based upon a classification of rooms,
locations and window constructions. Rooms which are not mentioned may be
dealt with by analogy. Attention is called to differences in both classi-
fications of rooms. As is indicated by the presentaﬁion, because of under-

lying assumptions,accuracy is limited to approximately + 5 dB.

The reader is referred to [8] for elaborate documentation on insul-

ation values of windows.

Improving existing windows

According to paragraph 6.2.3 the main possibilities for improving
the insulation of windows are:

- better sealing

- thicker glazing

- applying an extra window or increasing the distance between

panes

For optimal results their application should be balanced. Without
adequate sealing other measures will not be effective. Perfect joints
between wall and frame and around the glass are a first requirement. For
windows without gaskets (older types of wooden frames; possibly also
metal frames) fitting and adjusting may be improved; gaskets may be ap-
plied (e.g. PVC, neoprane, aluminium). In windows with gaskets, replace-
ment of the latter may be necessary. Injection of elastic gaskets may
be considered. For the adequate application of thicker glass, double
windows or increased air space, principles will be found in paragraph
$.2.3. In such cases attention should be paid that the construction is
adapted to the increased weight and that building regulations are re-

spected.
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Table 6.2/1: Approximate average level differences (D) for various

types of windows. {a]

Construction D D
dB

Wide-open window about 5
Slightly open single window 10 - 15
Closed ''‘openable' single window 18 - 20
Sealed single window (3...4 mm glass) 23 - 25
Sealed single window (6 mm plate glass) 27
Sealed single window (9 mm plate glass) 30
Ventilated double window (5 percent area of '"indirect"

ventilation) 15 - 20
Closed "openable' double window (any weight of glass,

with an air-space of 200 mm and absorbent-lined

reveals) 30 - 33
Sealed double window (4 mm glass with an air-space of

200 mm and absorbent-lined reveals) 40
Sealed double window (6 mm plate glass with an air-space

of 200 mm and absorbent-lined reveals) 42
Sealed double window (4 mm glass one side and 6 mm plate

glass other side, 200 mm air-space and absorbent-

lined reveals) 42 -~ 43

1)The values include some allowance for transmission by other
parts of the fagade and for flanking transmission, with normal

traditional constructione
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Table 6.2/3: Recommended window types with regard tu road traffic noise
g

according to roems and locations [A].

Room Location
A/B C D E F/G
-
Lecture theatre
etc. Double Double Sealed Sealed
heavy light
Bedroom Double Double Sealed Sealed Openable
heavy light light
‘.?
Living room | Sealed Sealed Openable Openable Openable
i heavy light light light light
Classroom Double Sealed Openable Openable Open
light light light
Executive office Sealed Sealed Openable Openable Open
| heavy light light light
General office Openable Openable Open Open Open
light light

Where:
A Arterial roads with many heavy vehicles and buses
B (i) Major roads with heavy traffic and buses
(ii) Side roads within 15-.0 m of A or B (i) groups roads
G (1) Main residential roads
(ii) Side roads within 20-50 m heavy tratfic routes
(ii1) Courtvards of blocks of flats screened from direct
view of heavy traffic
D Residential roads with leocal traffic only
E (1) Minor roads
i) Cardens of houses with traffic routes more than 100m distant
F pParks, courtvard T, gardens 1w residential areas well
awag trom tratfic voutes
i’ Piaiey of few Iocal noises and only very distant traffic
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Table 6.2/4: Recommended classes of insulation (%.....0) with regard to
road traffic noise according to types of room, types of

road and distance [3].

T
distance | type of room
m Al B| cl| oD
Main road in city;
close building;high tr. density 5 5 4 3
spaced building;med.to high density 4 4
Motor highway; high traffic density 25 5 4 3 2
80 4
250 2 1 0 0
Motor highway; medium traffic density 25 4 3 2 1
80 3 2
250 1 0 0
Main through route 8 3 2
25 2 1 0
80 1 0 0
Main road 8 2 ; 1 0 0
25 1 7 04{ 01l o0
80 0 0 0 0

Where:

A residential rooms in dwellings, hotel rooms, patients rooms
class rooms, private offices, study rooms, libraries,
conference rooms, lecture rooms, rooms for medical invest-
igation or treatment, churches, auditories

C Offices for two or more persons

D large offices, restaurants, shops,

0 eaes 9 classes, applied in table 6.2/5




Table 6.2/5: Classification of windows according to insulationl) [3]

class
0 - window with gaps, either with single glazing or "thermal" double
glazingz)
1 - window without gasket, with thermal double glazing
- joint wind0w3)without gasket, £ h = 6 mm
2 - sealed window or window with gasket; 6 mm pane or thermal
double glazing
- joint window, with gasket and Zh=6
3 - sealed window or window with gasket; 12 mm pane or multiple

thermal glazing
- joint window with gasket; & h & 9 mm; distance d = 4 ... 5 cm

- 2 separate windows without gasketsa); Sh= 6mm; d=~ 10 cm

4 - joint window with special sealing; ¥ h= 9 mm; d= 6 cm

- 2 seprate windows, with gaskets; £ h= 6 mm; d= 10 cm

5 - joint window, acoustically disconnected, with special sealing,
s h= 9 mn, d= 10 cm

2 separate windows, with special sealing; £ h= 9 mm; d= 15 cm

1)The classification is based upon the airborne sound insulation index Ia.
Vide annexe B, paragraph 9. It increases in steps of 5 dB from = 24 dB

(class 0) to 45 ... 49 dB (class 5).
2)'i‘wo panes, sealed, with air between them, distance d~ 1 cm
s

3 . . : . ; .
)Two single windows with co-axial hinge on common frame; distance = 100 mm

4)... . : . .
)Elther in separate frames or in common frame: independent hinges
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ANNEXE 6.2 A

Noise rating and critical indoor levels

In critical situations, calculations and possibly measurements may
be needed for proper decision as to the required insulation. Discussion of
the methods is considered outside the scope of this chapter, as their ap-
plication would require intensive training and experience. Basic data are
criteria for indoor levels from intruding soundsl). Therefore, some inform-
ation on this subject is given below. From a great variety of rating proce-

2)

dures only two, recommended by IS0 [1] , are discussed.

For many applications it will be sufficient to check whether the
indoor levels will not exceed certain critical values when a window type
(and fagade) with certain insulation characteristics is applied in an
environment characterized by certain levels outdoors. On other occasions
it may be necessary to find out the insulation requirements for a given
combination of external levels and critical indoor levels. In the first
case it will usually be sufficient to apply A-weighted levels, whereas in
the second case a spectral analysis may be needed to find out which

frequency interval is criticale

6.2 Al Rating witbpg;_sgegtzal analysis; !'rating sound level'
In view of prdiction to what extent a sound may interfere with ac-
tivities or rest, it is attributed a 'rating sound level', (Lr) according

to:

= +
L =L, +C +C

where

LA = A-weighted sound level

C1 = 5 JBR when the noise is impulsive (as with hammering) or
when it contains pure tones ( as with a circular saw) or
both. C1 = 0 in all othe: cases.

C is found from a table according to the duration of the sound

as a fraction (p) of the relevant time period. C, varies

&
trom 0 for 0,05<p < 1 to -30 for p < 0,002 (This part of
the recommendations has been criticiezed: the effect of time

upon annoyance is more compleX; in certain circumstances

1)This applies for proper window design in individual cases. It is under-
stood that from the point of view cf noise prevention critical values

for outdoor levels are more relevant.

AN it rlmrvinm ic an farmal rmasnons onlv. For other procecufes vide fng.fi;k

s
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it may even be in a direction opposite to the suggested one).

For sounds which fluctuate to such an extent, that no fixed value

of LA can be attributed, Lr may be found from

= + C
L =L 1’
where Le is the '"equivalent sound level', calculated fro_m a time analysis

of Ly according to the equal energy principle [1].

The rating sound levels Lr may be compared with relevant criteria.
For the time being the building designer has to do without international
criteria on indoor levels. The quoted recommendations [1] - for purposes
of zoning and dealing with complaints - are pzimarily concerned with out-
door levels. An appendix ('2) ghortly deals with criteria for indoor
levels. The abstract in the table below may serve as a guide to designers.

For the sake of adequate interpretation we quote from [1] that

- in a supposed community, 'no-'",'"sporadic-'"" or ""widespread com-
plaints" (i.c. with regard to noise from outdoors) must be ex-

pected when the criterion is exceeded by resp. 0, 5 or 10 dB(A).

- the criterion for noise from outdoors in residential premises,

usually "should not be set below 20 dB(A)".

CRITICAL VALUES OF RATING SOUND LEVELS (ch)'

type of room

rc
dB(A)
- workshop, according to intended use 45 oee 75
- large typing hall 55
- larger restaurant 45
- larger office, meeting room 35
- residential premises in residential districts, 1)
at night 20
Rating_with spectral analysis; !'noise rating numbcrZ
From any level L - for the octaves in the range 31,5 to 8000 Hz

(centre frequencies) - a corresponding level LT is calculated,

arccording to
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Lt =L + C1 + CZ’ where C1 and 02 are chosen according to paragraph Al.

Subsequently a "noise rating number" (NR-number) is attributed to
the spectral distribution of L', by means of figure 6.2 A/1, the NR-number
being the number corresponding with the lowest curve that is not exceeded.
Interpolation may be applied, but the result will easily suggest more ac-
curacy than can be accounted for, because of approximations in both the

rating system and the determination of L values.

The criteria for the NR-numbers are S5 units lower than those for

the rating sound levels in dB(A). Vide par. Al.

When the critical value'is exceeded it is easily to be seen from
figure 6.24/1, which frequency range is critical for improvement of the

situation.
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Annexe 6.2.B/1
0 - 18

SOME ACOUSTICAL CONCEPTS

Sound is experienced when the ear is stimulated by pressure fluct-
uations within a certain range of frequencies and intensities. The human
ear responds to frequencies from about 20 Hz (or c/s) to about 20 000 Hz;
in terms of pitch: a range of ten octaves (103 being approximately equal
to 210). As regards audible intensities: the smallest perceptible values are
in the order of 10_12 W/mz; hearing without pain (though not without dis-
comfort, neither - on the long run - without hearing damage) is possible
up to about 100 W/mz. This range of intensities may be expressed as a factor
1014, 114 decades", "14 log units', or, in the acoustical terminology:

140 decibels (dB), one decibel being %0 of a log unit.

6.2 B2 As a rule the intensity of sound waves is characterized by a dimen-

6.2 B3

sionless numeral, called sound level (L). It indicates to what extent the

intensity (I) exceeds a certain reference value (IO). It is defined by

L = 10 log % (dB).
0

For single sinus waves (pure tones) intensity varies with the square

of the sound pressure variation (p).

2

L = 10 log % = 10 log 27 = 20 log B (dB)
0 Pq Po

where Po is the pressure variation corresponding with IO.

For many applications, such as sownd insulation, we are only inter-
ested in sound level differences, which means that the reference value is

not relevante

I I I Py
L - L2 = 10 log T - 10 log T = 10 log T 20 log — (dB)
1 ‘ 0 0 2 P2

For other instances the reference value has been standardized as
-5 . . .
Py = 2.10 N/m2 (i.e. approximately the pressure variation which corres-
ponds with the auditory threshold at 1000 Hz for the standard ear). Where

this reference value is applied, the sound level is called ''sound pressure

teveltr.
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Annexe 6,2.B/2

L = 20 log Beeer

=4

5., 2
2.107°N -
re /m 2.107°

or shortly:

L = 20 log B
2.10
However, waves with the same value of L may differ as regards
their acoustical effect or their interference with rest or activities.
For this reason a full description of a (steady) complex sound requires
a spectral analysis, i.e. a statement or graph of values of L for various

frequency ranges. According to the required accuracy these may be inter-

1 1.
vals of e.g. one, 3 or 3 o.tave.

For fluctuating sounds the full physical description requires a
time analysis, in terms of levels Lf which in the frequency range (e.g.
]
octave)with central frequency £, are exceeded during p percent of the

time (p e.g. 5, 10, 50, 90).

6.2 B 6 For many practical situations the complex characterization of

6.2 B7

sounds and insulations by a spectral analysis can be avoided by the use

of a certain weighting circuit in combination with the sound level meter.
This circuit, like the ear, reduces the relative weight of low frequencies.
The resulting values of L, called "A-weighted sound levels" (LA) and ex-
pressed in dB(A) show a good relation with human responses of the kind

mentioned above.

It is a rather common error, to confuse insulation and
absorption, Applying absorbing material to a wall will not
reduce the sound transmitted, (Under unfavourable conditions
the insulation may even be worse.,) The only cffect will be

reduction of the sound reflected by the wall.
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.2 B8 Within the field of insulation, distinction has to be made
between two types of intruding sound, depending upon whether or
not they are transmitted within air before the transmission in
the barrier. They are called respectively "airborne sound' and
"impact sound'", Impact sounds are for instance sounds caused by
hammering in other rooms cf the building or by knocking upon a
window, With regard to the soﬁnd insulation of windows only air

borne sounds are relevant,

6.2 B9 Some of the numerals, applied to characterize building materials

or elements with regard to airborne sound insulation are:
- the "level difference'", D

D = Ll - L2

where L1 level in the source room

L2 level in the receiving room

D depends not only from the barrier, but also from the

reverberation time (T) in the receiving room, Therefore,
- the '"mormalized level difference'’, Dn’ is defined by:
Dn =D + 10 log 2T
Both D and Dn depend upcn the size of the barrier, Therefore
the material as such may be characterized by:

- the ‘'scund reduction index', or "trarsmission ioss''y R
9

R = Ll - L2

where S is area of the test specimen and A the absorption in

+ 10 log %

the receiving voom, R is measured in the laboratory i.e. with the
exclusion of flanking transmission, The same measurement in prac-

tical situations yields a lower value: R',

All the above numerals depend upon frequency. Procedures for
their spectral measurement are recommended irxﬁ!] . For many pur-

poses it is sufficient to kncw average vaiues for 100 ... 3200 Hz:

- D, D, R or R'
n

- the "airborne sound insulation index", Ia computed from deviations
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of R from a standard distribution (with respect to sound

insulation between dwellings). [ia

The above (B9) applies to diffuse sound fields, and
therefore, for example, to sound insulation between rooms.
In the case of windows and outdoor noise additiona com-
plications occur, due to the directional character of the
outdoor sound. On this subject we must refer to the

literature [3, 8, 13;14] .




