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Introduction
The adverse effects of noise on residents are well known; the
general limits for internal ambient noise levels are described in
the World Health Organisations Guidelines for Community Noise
(GCN)1, Night Noise Guidelines (NNG)3 and BS 82332. The adverse
impact of inadequate ventilation upon health and well-being is
extensively documented5-12. Insufficient ventilation can also lead to
adverse effects on the building fabric, and there are instances of
mould growth in modern dwellings which once again can impact
upon health and well-being.
Part F of the Building Regulations requires that there shall be

adequate means of ventilation provided for people in the building;
Approved Document F (AD-F) describes the meaning of
“adequate”. As new buildings have become more airtight13 over
recent years, the importance of, and requirement for, adequate
provision of controlled ventilation has changed significantly.
Although the 2010 edition of AD-F makes 30 references to noise,
with recommendations to specific noise standards, noise levels are
not generally regulated with ventilation provision.
These articles address three broad problems in residential

design for achieving ventilation provision with reasonable internal
ambient noise levels. The problems are for the residents who will
occupy these buildings, rather than for any particular group of
designers. Requirements to limit noise levels in new dwellings are

described in planning conditions. 
The first problem identified is due to insufficient or inappro-

priate qualification of the ventilation conditions that should be
achieved while meeting the internal ambient noise level limits.
The second problem is with the practical provision of natural

ventilation in new dwellings. While noise limits may be required by
planning conditions, ventilation provision is regulated by the
Building Control Body (BCB). The BCB may permit opening windows
for ventilation, while the response to the planning condition assesses
noise levels with windows closed, or a lesser provision of ventilation
than required under Part F of the Building Regulations. This problem
has become more widespread as the required provision of trickle
vents has increased between subsequent editions of Approved
Document F between 2000, 2006 and 2010 to the point where it is
practically unfeasible in many dwellings.
The third problem is noise from mechanical ventilation

provision. Mechanical ventilation is increasingly adopted to meet
more onerous energy performance requirements, or to limit the
potential for external noise ingress.
The problems identified in this article result in new dwellings

currently being built that do not enable residents to enjoy reason-
able internal air quality and noise levels simultaneously. The
ventilation requirements and conditions under Part F are
described first. Analysis and discussion of natural ventilation P38
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provision is then discussed in this article, with consideration
of noise from mechanical systems in Part 2 to be published subse-
quently. These articles are based on the paper presented at the
2013 IOA Spring conference4.

Ventilation requirements
Ventilation is the supply and removal of air from a building. AD-F
notes that ventilation is to be provided for the following purposes:
To provide outside air for breathing•
To dilute and remove pollutants in the air, including odours•
To control excess humidity, particularly in rooms such as•
bathrooms and kitchens.

AD-F identifies three distinct ventilation conditions:
Whole building / dwelling ventilation – provided continuously•
when occupied
Extract ventilation from wet rooms – provided intermittently•
when required
Purge ventilation – provided throughout the dwelling, intermittently•

The provision of “adequate ventilation” includes meeting all
these requirements at different times. Ventilation air may also be
used as a means to cool buildings – i.e. to assist in the provision of
thermal comfort, but this is not controlled under AD-F. In this
respect AD-F may be understood to relate to the ventilation
requirements during the heating season.
Overheating is also an increasing problem in new buildings, and

becomes highlighted during heat waves such as experienced this
summer. For buildings in use, using natural ventilation is typically
the default – and may be the only practical – strategy to control over-
heating. The acoustic conditions while attempting to control over-
heating with natural ventilation is beyond the scope of this article;
this subject is starting to be addressed in more detail elsewhere.
AD-F gives three methods of compliance for new dwellings:
Providing the ventilation rates shown in Tables 5.1a and 5.1b of•
AD-F which are required for any ventilation system.
Following the guidance provided for the four types of systems•
outlined in section 5 of AD-F.  Where background ventilators
(also referred to as “trickle vents” within AD-F) are employed,
sizing charts are provided to determine the minimum provision.
These systems are discussed in more detail below, as they are
the most common means of compliance.
Meeting the performance criteria set out in Appendix A of AD-F.•
These criteria are exposure levels of various indoor air pollu-
tants; this method is provided for reference, and forms the
reasoning behind the minimum ventilation rate based on floor
area, which is frequently overlooked by designers and commis-
sioning engineers.

AD-F describes four types of ventilation systems for dwellings,
summarised below; there is more detailed guidance in the
Domestic Ventilation Compliance Guide14.

System 1 – Background vents with intermittent extract
Background ventilators are considered to provide whole dwelling
ventilation; this is then supplemented by intermittent mechanical
extract from wet rooms (such as kitchens, bathrooms and utility
rooms). Purge ventilation is generally provided by opening
windows. System 1 is often the default ventilation strategy, bearing
most resemblance to traditionally established systems and expecta-
tions. The effective area described in AD-F for trickle vents is based
upon a defined set of meteorological conditions, Where the condi-
tions vary, the suitability of the ventilation provision may be ques-
tioned; this is not a matter that is addressed further in this article.

System 2 - Passive Stack Ventilation (PSV)
This system comprises vertical ducts to roof terminals from wet
rooms. Polluted air is drawn up the ducts by wind or stack effects.
The replacement air is considered to be provided by means of
background ventilators. This system is rarely used (see below),
hence is not discussed further in this article.

System 3 –MEV and System 4 - MVHR
System 3, Mechanical extract ventilation (MEV), and System 4,
Mechanical ventilation with heat recovery (MVHR) are discussed
in Part 2 of this article. 

Popular ventilation systems currently used
According to BSRIA, a survey16 of dwellings constructed in 2011 to
the 2010 Part F requirements found the breakdown between venti-
lation System types to be as shown in Table 1. Given that more
than 135,000 new dwellings were completed in 2011, this illus-
trates that large numbers of dwellings are being constructed with
Systems 1, 3 and 4.

Purge ventilation

The requirement for purge ventilation is in AD-F is described as:
“..to aid the removal of high concentrations of pollutants and

water vapour released from occasional activities such as painting
and decorating or accidental releases such as smoke from burnt
food or spillage of water. Purge ventilation is intermittent, i.e.
required only when such occasional activities occur.”
There is guidance in AD-F for the provision of opening

windows so as to allow for purge ventilation at a rate of 4 air
changes / hour (4 ach). This guidance is again based on presumed
temperature and meterological conditions; lower levels of ventila-
tion may result if the conditions are different. If not provided with
opening windows, mechanical systems are presumed.
AD-F provides guidance for a number of ventilation conditions.

These are explored in more detail during the following section, as
are further ventilation conditions that relate to acoustic design.

Noise aspects of natural ventilation conditions
Whole dwelling ventilation
It would seem entirely appropriate to achieve indoor ambient
noise level limits while providing whole dwelling ventilation, as
this is required continuously while the dwelling is occupied. This
should be the minimum requirement associated with limits for
external noise ingress.

Control of humidity in wet rooms
For the control of humidity from bathrooms and kitchens, System
1 relies on fans providing intermittent extract ventilation. The
intermittent extract rates required are similar to purge ventilation
rates for those rooms. While high noise levels under intermittent
extract conditions may be annoying and are reported anecdo-
tally17, no systematic research of acceptable levels has been identi-
fied. Although one fan manufacturer currently claims on their
website that “a recent survey showed that over 40% of people said
that they or their children have been woken in the night by a noisy
bathroom fan”, the manufacturer has been unwilling to elaborate
on the survey to which they refer. Systematic research is needed to
inform acceptable noise limits for this ventilation condition.

Purge ventilation and over heating
As for intermittent extract, tolerance of noise levels under purge
ventilation conditions has not been widely researched and is not
widely reported, although interactions have been noted between
noise, air quality, thermal comfort and lighting18.
Although thermal comfort is not addressed by AD-F, purge 
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AD-F System Percentage of new dwellings 
adopting System type

1 30 %

2 0.5 %

3 40 %

4 29.5 %

Table 1: Percentage mix of new build ventilation System types 
from a 2011 survey sample
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ventilation may be used to control overheating. Whilst the rela-
tionship between noise, temperature and comfort in a residential
environment is not well explored some studies have been under-
taken. Research by Santos and Gunnarsen revealed that a decrease
in noise level of 7dB gave the same decrease in annoyance as a 1°C
reduction in operative temperature19. Separately, Clausen et al.
found that, within a temperature range of 23-29°C, a 3.9dB change
in noise level had the same effect on comfort as a 1°C change in
operative temperature20.
It is reasonable to suggest that purge ventilation and sleep may

not be compatible as purge ventilation is intended to be intermit-
tent and sleep is preferably taken continuously. Therefore if purge
ventilation is necessary to control overheating, occupants may
choose to sleep with the windows open overnight if the noise
levels are tolerable.
The provision of purge ventilation (4 ach) may be considered

by mechanical means using the same system components as for
whole building ventilation. The purge ventilation rate is likely to
be at least 8 times the whole dwelling ventilation rate which would
result in fan noise increasing by many tens of decibels for this
increase in flow, consequently the fan would need to be signifi-
cantly oversized as compared to the whole building ventilation
rate. Ducts also need to be sized sufficiently to prevent regener-
ated noise becoming excessive. For example, in a 40 m2 flat, the
primary duct may need to be 300 mm diameter to limit regener-
ated noise. The requirements for a mechanical system to provide
the required purge flow while meeting the preferred noise level
limits is not therefore considered to be particularly practical,
sustainable or affordable, despite sometimes being required by
planning conditions. 
Larger mechanical ventilation systems that are not intended by

the manufacturers for domestic installation are not generally
tested for thermal performance in accordance with Part L require-
ments; the effect of this omission is that the mechanical efficiency
is penalised in thermal performance assessment, with the conse-
quent effect that the designers must make up for this shortfall in
assessment of thermal performance elsewhere; this may mean
more thermal insulation in walls, higher rated windows etc – all
with design and cost implications. To overcome this problem,
when forced down the route of providing purge ventilation
mechanically, designers have recently proposed entirely separate
systems for the whole dwelling ventilation and purge ventilation.
More research is required to identify acceptable noise levels

under purge ventilation conditions. These limits may be different
for external noise ingress, if purge ventilation is provided with
opening windows, or for noise from mechanical services. The role
of purge ventilation in controlling overheating needs to be both
qualified and quantified to determine the actual ventilation rates
required to control overheating to identified extents and to enable
reasonable internal environmental quality. A means of mechanical
cooling provision may be a necessary consequence of providing
suitable standards of indoor environmental quality with ventila-
tion and control of external noise ingress. Acoustic issues associ-
ated with mechanical cooling should therefore also be a consider-
ation in the building services design.

Requirement to limit noise levels in dwellings
Requirements to control external noise ingress into new dwellings
are described in planning conditions, generally where environ-
mental health officers identify external noise as being a concern.
Some local authorities describe levels of external noise sufficient
to warrant a planning condition in their local plans, others
determine the requirement on a case by case basis.
In our experience local planning authorities (LPAs) lack a

singular coordinated method for stipulating how noise related
concerns may be addressed. For instance, planning conditions
may require a scheme of sound insulation against external noise
with windows shut and another means of ventilation provided, or
refer to a scheme of “acoustic glazing” or “acoustic vents”.
Planning conditions most commonly make no reference to, or
requirement for, associating ventilation provision and noise levels,

or they may call for internal ambient noise levels to be achieved
when windows are open for amenity, irrespective of ventilation
provision. Some LPAs require that the internal ambient noise
levels are achieved during purge ventilation provision.
Without a coordinated methodology and standard it is not

possible to ensure consistent and appropriate environmental
noise standards at a national level; suitable technical guidance on
this matter would be beneficial. Technical guidance to accompany
the National Planning Policy Framework15 would benefit many
local authorities, who do not necessarily have the resources to
develop this themselves. It is suggested that internal ambient
noise level limits should be achieved whilst ventilation is provided
at the whole dwelling ventilation rate.

Details of natural ventilation provision
This section explores the constraints and limitations of providing
trickle ventilators within dwellings. The general calculation
method for the sound insulation provided by façade elements is
described in BS EN 12354-321. The application of this Standard and
manufacturers’ literature for the sound insulation of their
products is used in the assessment below. Six varieties of through-
frame trickle vents of nominal 4000mm2 free area were tested22 and
shown to have a typical Dn,e,w (Ctr) of 34 (-1) dB. The equivalent
area of such vents is typically a little over 2,500 mm2, for a unit
length of between 400 and 500 mm. The sound insulation
provided by various elements and partially open windows has
been extensively researched and documented22,23. The EU SCATS
project24 for example accepted that, at an open window, the noise
attenuation is 10–15 dB. The example dwellings examined below
have been taken from Appendix C of AD-F.

Ground floor flat example
The example in Appendix C of AD-F shows that in a single
bedroom, ground floor flat of 36 m2 floor area, the total equivalent
area of background ventilators should be at least 35,000 mm2.
Such a dwelling may only have windows in the bedroom and
living room. The total length of typical trickle vents required for
the flat would be in the region of six or seven linear metres. This
extent of window frame is unlikely to be available in a dwelling of
this size. Disregarding these practicalities for the time being,
based on typical through-frame slot vents, seven units may be
required to provide the required equivalent area, and the sound
level difference into the small bedroom in example C1 of AD-F is
some 19 dB with standard trickle vents. If the night time internal
level limit is 30 dB(A), this would limit external noise impact to no
more than 49 dB(A) if this ventilation strategy is to be feasible.
Such an external noise level would not traditionally be considered
to be incompatible with a natural ventilation strategy.
In this same example dwelling, if the design air permeability is

less than 5.0 m3/m2.hr, an additional 10,000 mm2 of background
ventilator effective area is required. This would increase provision
to 45,000 mm2, with consequential implications for sound insula-
tion. Even more significantly, however, if the flat has a single
exposed façade, the area of background vents determined from
Table 5.2a is required at both low and high level within the façade
- the area requirement is doubled. This would appear to offer
increasingly few possibilities for natural ventilation without a
bespoke ventilator design, as well as being practically unfeasible
with background ventilators.

Semi-detached house example
Example C5 of AD-F shows that for a semi-detached house of 84
m2 floor area, the total equivalent area of background ventilators
should be at least 40,000 mm2. With five habitable rooms and two
wet rooms, let us assume 2,500 mm2 equivalent area in the kitchen
and bathroom, leaving 35,000 mm2 required between the dining
room, living room, and three bedrooms. Noting as above this
would typically require three through frame trickle vents each
around 450 mm long, in each habitable room.
Again disregarding practicalities, with three typical through-

frame slot vents, the sound level difference into the small P40
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bedroom in the example of AD-F is some 21 dB. This may be
compared with a typical sound level difference through 4-16-4
mm double glazing, assuming a window area that is 10 % of the
floor area, of 31 dB for road traffic noise. Hence the limiting factor
for the façade sound insulation is likely to be the ventilation detail
and room volume, rather than the glazing.

Challenges in natural ventilation provision
The examples above illustrate how sensitive the façade sound insu-
lation design is to the ventilation strategy, and how the background
ventilator requirement is a function of not only the internal floor
area and number of bedrooms, but also the design air perme-
ability, the height of the dwelling above ground level and the
number of exposed façades. The practicality of incorporating the
number of background ventilators calculated is often unfeasible.
Evidence demonstrates that Building Control frequently accept

that partially open windows may be relied upon for compliance
with Part F, whether or not appropriate provision of background
ventilators is made17; however, despite the merits of disregarding
the guidance of AD-F, the ability of such a strategy to provide
adequate ventilation is highly questionable, and clearly this
undermines any façade sound insulation performance when
ventilation is provided.
Building Control and Planning are separate functions; there is

generally no coordination between them - so that the means of
compliance with Building Regulations is of no concern to the LPA.
The LPA may be satisfied that façade sound insulation is achieved
with suitable glazing and perhaps one or two trickle vents
(depending on their views), while Building Control may simulta-
neously consider that opening windows may be required to
provide the ventilation. The occupants may therefore choose
suitable internal noise levels or adequate ventilation, but not both.
When considering noise ingress through glazing, the glazed

area is typically proportional to the floor area and hence room
volume, so that the sound level difference is roughly independent
of room size. When considering ventilation openings, the sound
level difference is a function of room volume only. Hence meeting
the requirement for background ventilators is typically the most
significant constraint in controlling external noise ingress into
small rooms, thereby limiting the potential for using System 1. The
significantly increased requirement for background ventilators
with System 1 in the current version of AD-F over previous
versions can mean that this strategy is now acoustically unfeasible
on sites where previously it would have been possible.
Although there has been some work to develop methods to

assess openings for natural ventilation that control noise without
unduly restricting air flow25, there are no general solutions widely
available for residential design. “Acoustic” trickle vents are widely
available, and can provide higher levels of attenuation, however
the acoustic attenuation also often typically reduces the airflow
performance, and lower effective areas are achieved with larger
units. Effective acoustic designs tend to be so much larger than
“standard” type vents that it is entirely impractical to incorporate
the effective areas calculated into the façade. Bespoke natural
ventilation design solutions are available from a few manufac-
turers26, but the impact on the façade is generally significant; this
requires a commitment from the developer and architect early in
the design process to adopt these solutions.

Commissioning
The experience of the acoustic consulting industry clearly demon-
strates that if a particular level of acoustic performance is sought,
there needs to be a robust commissioning regime to ensure its
implementation. Similarly as for insufficient sound insulation
between dwellings, excessive ambient noise levels can be harmful
to health, and ensuring compliance with the performance require-
ments that have been established for more than a decade would
seem appropriate.
No doubt acousticians would agree that commissioning checks

on performance are only effective if there is also a requirement for
the person carrying out the measurements to be independently

accredited by a third party, to ensure consistency and to mitigate
potential pressure brought to bear on the tester by the contractor.
Testing on completion is risky for contractors; they need to be able
to effectively manage the risk, which would mean that buildings
would need to be appropriately designed and constructed;
perhaps a Robust Details type scheme may also be appropriate. In
our experience commissioning measurements are very seldom
conditioned by LPAs; without this requirement there is no
effective enforcement of the conditions.

Conclusion
Problems with achieving suitable natural ventilation and reason-
able internal noise levels have been identified and discussed. The
first problem is insufficient qualification of the ventilation
condition that should be achieved while meeting the internal
ambient noise level limits. It is suggested that as a minimum, the
provision of whole dwelling ventilation in accordance with AD-F
should be assessed and controlled to meet suitable noise limits,
with a requirement for commissioning checks on completion.
The second problem concerns the practical provision of suffi-

cient trickle vents if a natural ventilation strategy is sought; the
sensitivity of the façade sound insulation design to the details of
the ventilation requirements must be considered early in the
design. It is noted that the trickle vent provision may also rely on
the design air permeability. The example calculations demonstrate
that natural ventilation using System 1 may require so many
trickle vents that the achievable performance may be only
marginally better than opening windows. Evidence demonstrates
that there is often significant under-provision of the necessary
quantity of vents in practice; this means that the Building Control
body may consider that opening windows provide the required
ventilation, while the sound insulation strategy offered to the LPA
relies on windows being closed. This problem could be overcome
if the combination of ventilation and noise levels – i.e. internal
environmental quality – were addressed wholly within either
Building Regulations or Planning requirements. A requirement 
for commissioning measurements is considered appropriate in 
all cases.
Further UK specific research is required into acceptable noise

levels for the provision of intermittent extract and purge ventila-
tion, from both external sources and mechanical services; owing
to the complete lack of data currently, they may be temporarily
excluded from consideration within design. 
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Abstract
One of the main sources of noise and vibration in buildings is
mechanical and electrical equipment. This includes, but is not
limited to, pumps, fans, chillers, cooling towers, generators and
compressors. These machines, whether rotating or reciprocating,
generate vibration and noise which is emitted to the surrounding
area as structure and airborne noise. These problems are naturally
more apparent when mechanical rooms are close to occupied
spaces, especially in high-rise buildings, where these rooms are
often located in mid levels or in buildings with space limitations. A
very effective way to overcome this problem is to use floating
systems that create air gaps between the main structure and the
mechanical room. Resilient mounts are used to create air gaps
between the floor, ceiling and walls. The main purpose of these
systems is to minimise noise transmission to the surrounding area.
Floating floors are also used to limit vibration isolation for some
types of equipment. These systems should not be used to carry large
loads. Heavy equipment should be mounted directly to the main
structure. Primarily these systems are used for noise and vibration
control, thus allowing architects and designers flexibility in locating
mechanical rooms in spaces that would otherwise not be possible.

Introduction 
HVAC systems are major sources of unwanted noise and vibration

in buildings. The main reason for this is mechanical equipment
running with disturbing frequencies, thus transmitting vibration
to the structures. Advanced systems can be used to minimise
these effects and make buildings more comfortable. Designers can
locate HVAC equipment in common rooms, allowing them to
control noise and vibration with floating room systems. This
effective method can be very beneficial where space is minimal
and mechanical rooms are built next to noise sensitive areas. 

Methods and materials
Floating rooms are resiliently mounted systems that create air
gaps between the walls, ceiling and floor of mechanical rooms.
They are used to isolate sound when transmission loss through
the standard structure is not adequate. A floating room performs
acoustically on the principle of creating air space that provides a
much greater noise transmission loss than if the wall or floor were
continuous. 
A typical floating room system is shown in Figure 1. 

Floating floor
This is the most common part of the floating rooms system. It can
also be used on its own when the main concern is minimising
sound transmission to rooms below. Floating floors are
constructed directly on the main supporting floor slab. P42

Floating room systems for noise
reduction in mechanical spaces
By Martin M. Deveci of Acrefine Engineering


