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Foreword

Publishing information

This part of BS 5228 is published by BSI Standards Limited, under
licence from The British Standards Institution, and came into effect
on 1 January 2009. It was prepared by Subcommittee B/564/1, Noise
control working group, under the authority of Technical Committee
B/564, Noise control on construction and open sites. A list of
organizations represented on this committee can be obtained on
request to its secretary.

Supersession

Together with BS 5228-2:2009, this part of BS 5228 supersedes
BS 5228-1:1997, BS 5228-2:1997, BS 5228-3:1997, BS 5228-4:1992 and
BS 5228-5:1997, which are withdrawn.

BS 5228-1:2009+A1:2014 supersedes BS 5228-1:2009, which is withdrawn.

Relationship with other publications
BS 5228 is published in two parts:

e Part 1: Noise;

e  Part 2: Vibration.

BS 6164 gives guidance on occupational health issues relevant to
tunnelling.

Information about this document

This British Standard refers to the need for the protection against
noise and vibration of persons living and working in the vicinity of,
and those working on, construction and open sites. It recommends
procedures for noise and vibration control in respect of construction
operations and aims to assist architects, contractors and site
operatives, designers, developers, engineers, local authority
environmental health officers and planners.

Noise and vibration can cause disturbance to processes and activities
in neighbouring buildings, and in certain extreme circumstances
vibration can cause or contribute to building damage.

Noise and vibration can be the cause of serious disturbance and
inconvenience to anyone exposed to it and in certain circumstances
noise and vibration can be a hazard to health. Attention is drawn to
the legislation summarized in Annex A.

BS 5228-1:2009 was a full revision of this part of BS 5228, and
introduced the following principal changes:

e restructuring of the standard into two parts, one dealing with
noise and one with vibration;

e updating of information relating to legislative requirements;
e updating of information relating to methods and equipment.

Text introduced or altered by Amendment No.1 is indicated in the text
by tags (®il. Minor editorial changes are not tagged.

NOTE Copyright is claimed in Tables C.1 to C.11. The copyright holder is
the Department for Environment, Food and Rural Affairs (Defra), Nobel
House, 17 Smith Square, London SW1P 3JR.

© The British Standards Institution 2014 e iii
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Use of this document

As a code of practice, this part of BS 5228 takes the form of guidance
and recommendations. It should not be quoted as if it were a
specification and particular care should be taken to ensure that claims
of compliance are not misleading.

Any user claiming compliance with this part of BS 5228 is expected
to be able to justify any course of action that deviates from its
recommendations.

Presentational conventions

The provisions in this standard are presented in roman (i.e. upright)
type. Its recommendations are expressed in sentences in which the
principal auxiliary verb is “should”.

Commentary, explanation and general informative material is

(,Q presented in smaller italic type, and does not constitute a normative

© element.

< Contractual and legal considerations

Q . L . ..

8 This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

ke

o Compliance with a British Standard cannot confer immunity from

— legal obligations.

o

c

)

o

c

)

oo}

—

)

N

~~

0

o

~~

<

N

Li censed copy: WARRI NGTON BOROUGH COUNCI L,

iv e © The British Standards Institution 2014



BRITISH STANDARD

© BSI

Uncontrol | ed Copy,

24/ 08/ 2018,

3.1
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NOTE Air overpressure can be
quantified either as a pressure or
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Scope

This part of BS 5228 gives recommendations for basic methods

of noise control [A» relating to construction sites, including sites
where demolition, remediation, ground treatment or related civil
engineering works are being carried out, and open sites, 1l where
work activities/operations generate significant noise levels, including
industry-specific guidance.

The legislative background to noise control is described and
recommendations are given regarding procedures for the
establishment of effective liaison between developers, site operators
and local authorities.

This part of BS 5228 provides guidance concerning methods of
predicting and measuring noise and assessing its impact on those
exposed to it.

Normative references

The following referenced documents are indispensable for the
application of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

BS 4727-3:Group 08, Glossary of electrotechnical, power,
telecommunication, electronics, lighting and colour terms — Part 3:
Terms particular to telecommunications and electronics — Group 08:
Acoustics and electroacoustics

BS 7580-1:1997, Specification for the verification of sound level
meters — Part 1: Comprehensive procedure

BS 7580-2:1997, Specification for the verification of sound level
meters — Part 2: Shortened procedure for type 2 sound level meters

BS EN 60942:2003, Electroacoustics — Sound calibrators

BS EN 61672-1:2013, Electroacoustics — Sound level meters — Part 1:
Specifications

BS EN 61672-3:2013, Electroacoustics — Sound level meters — Part 3:
Periodic tests

Terms and definitions

For the purposes of this part of BS 5228, the definitions given in
BS 4727-3:Group 08 and the following apply.

NOTE Where applicable, the definitions are consistent with those given
in BS 7445-1, BS 7445-2 and BS 7445-3.

activity [A) L, 7

value of the equivalent continuous A-weighted sound pressure level
determined at a distance of 10 m from, and over the period of, a
given activity

air overpressure

airborne pressure waves generated by blasting, produced over a
range of frequencies including those which are audible and those
which are below the lower end of the audible spectrum

© The British Standards Institution 2014 o 1
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3.3
NOTE 1 Ambient noise is normally
expressed as the equivalent

continuous A-weighted sound
pressure level ) (L., ) Gil.

3.4
NOTE The reference sound
pressure is 20 uPa (2 x 10~ Pa).

3.5

3.6

3.7

3.8

NOTE The maximum sound level
is represented by L.y

3.9
NOTE This can include national
parks, areas of outstanding natural
beauty or other outdoor spaces
where members of the public
might reasonably expect quiet
enjoyment of the area.

3.10
NOTE The one percentile level
is represented by [ Lo, + ¢il.

BRITISH STANDARD

ambient noise
noise in a given situation at a given time, usually composed of
sound from many sources near and far, but excluding site noise

NOTE 2 Ambient noise plus site noise gives total noise.

A-weighted sound pressure level, L,

ten times the logarithm to the base 10 of the ratio of the square of
the sound pressure to the square of the reference sound pressure,
determined by use of frequency-weighting network “A" and
time-weighting “S” or “F” (see BS EN 61672-1), expressed in decibels

background noise

A-weighted sound pressure level of the residual noise at the
assessment position that is exceeded for 90% of a given time interval,
T, measured using time weighting, F, and quoted to the nearest whole
number in decibels

baffle mound
temporary dump usually formed from topsoil or subsoil, for the
purpose of reducing noise from the site and to provide a visual screen

equivalent continuous A-weighted sound pressure level

value of the A-weighted sound pressure level of a continuous, steady
sound that, within a specified time interval T, has the same mean
square sound pressure as a sound under consideration whose level
varies with time

NOTE The equivalent continuous A-weighted sound pressure level is
calculated as follows:

1 (7 p, (1)
Lpeq, r = 10l0g,, —J Pa —dt
T 0 pO

where:

Laeq, r & is the equivalent continuous A-weighted sound pressure
level, in decibels (dB), determined over a time interval T;

Pag is the instantaneous A-weighted sound pressure,
in pascals (Pa);

P, is the reference sound pressure %) (i.e. 20 uPa) ®il.

maximum sound level
highest value of the A-weighted sound pressure level with a specified
time weighting that occurs during a given event

noise-sensitive premises (NSPs)

any occupied premises outside a site used as a dwelling (including
gardens), place of worship, educational establishment, hospital
or similar institution, or any other property likely to be adversely
affected by an increase in noise level

one percentile level
A-weighted sound pressure level (obtained by using the time
weighting F) that is exceeded for 1% of the time interval T

2 ¢ © The British Standards Institution 2014
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3.1

3.12
NOTE Economic deposits of
other minerals can occur in the

overburden.
3.13

3.14
NOTE Ambient noise is normally
expressed as the equivalent

continuous A-weighted sound

pressure level ) (L., 7) Gil.
3.15

3.16

NOTE The reference sound power
is 1 pW (1072 W).

3.17

NOTE The government has
published research on the
environmental effects of noise
from blasting [1].

BS 5228-1:2009+A1:2014

open site
site where there is significant outdoor excavation, levelling or
deposition of material

NOTE 1 Examples include quarries, mineral extraction sites, an opencast
coal site or other site where an operator is involved in the outdoor
winning or working of minerals.

NOTE 2 Waste disposal sites and long term construction projects can, in
most cases, be treated as open sites.

overburden

material overlying the coal, or mineral or minerals to be extracted,
including topsoil and subsoil

piling

installation or removal of bored, driven and pressed-in piles and

the effecting of ground treatments by vibratory, dynamic or other
methods of ground stabilization

residual noise

ambient noise remaining at a given position in a given situation when
the specific noise source is suppressed to a degree such that it does
not contribute to the ambient noise

site noise
noise in the neighbourhood of a site that originates from the site

NOTE Ambient noise plus site noise gives total noise.

sound power level, L,

ten times the logarithm to the base 10 of the ratio of the sound power
radiated by a sound source to the reference sound power, determined
by use of frequency-weighting network “A” (see BS EN 61672-1),
expressed in decibels

traverse length
length of travel of a mobile item of plant operating on a repetitive
cycle

Community relations

Good relations with people living and working in the vicinity of site
operations are of paramount importance. Early establishment and
maintenance of these relations throughout the carrying out of site
operations will go some way towards allaying people’s fears.

It is suggested that good relations can be developed by keeping
people informed of progress and by treating complaints fairly and
expeditiously. The person, company or organization carrying out work
on site should appoint a responsible person to liaise with the public.
The formation of liaison committees with members of the public can
be considered for longer term projects when relatively large numbers
of people are involved.

Noise from blasting operations is a special case and can under

some circumstances give rise to concern or even alarm to persons
unaccustomed to it. The adoption of good blasting practices will
reduce the inherent and associated impulsive noise: prior warning to
members of the public, individually if necessary, is important.

© The British Standards Institution 2014 ¢ 3
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5.1

NOTE Attention is drawn to
Regulation 10 of the Control

of Noise at Work Regulations
2005 [2], which requires all
employees to be informed about
the need to minimize noise and
about the health hazards of
exposure to excessive noise.

5.2

NOTE Attention is drawn to
the Control of Noise at Work
Regulations 2005 [2].

BRITISH STANDARD

Noise and persons on site

Training

Operatives should be trained to employ appropriate techniques to
keep site noise to a minimum, and should be effectively supervised
to ensure that best working practice in respect of noise reduction is
followed. All employees should be advised regularly of the following,
as part of their training:

a) the proper use and maintenance of tools and equipment;

b) the positioning of machinery on site to reduce the emission of
noise to the neighbourhood and to site personnel;

¢) the avoidance of unnecessary noise when carrying out manual
operations and when operating plant and equipment;

d) the protection of persons against noise;

e) the operation of sound measuring equipment (selected
personnel).

Special attention should be given to the use and maintenance of
sound-reduction equipment fitted to power tools and machines.

Persons issued with ear protection equipment should be instructed on
its use, care and maintenance.

Education programmes should be provided which draw attention to
the harmful effects of noise and make it clear that there are several
ways in which employees can help themselves to protect their hearing,
for example:

e by using and maintaining measures adopted for noise control;
e by reporting defective noise control equipment to their superiors;

* by not damaging or misusing ear protectors provided and by
immediately reporting damage to or loss of such items to their
superiors.

A programme of monitoring should be implemented to ensure
that condition limits are not exceeded and that all the relevant
recommendations are met.

Managers and supervisors can help by recognizing the need for
employees to make proper use of equipment so that noise emission will
be minimized, and to make proper use of ear protectors when required.

Protection from noise-induced hearing loss

Exposure to high noise levels for unprotected ears can be a serious
hazard to health, causing permanent damage to hearing. The use of
plant and/or power tools on site can create areas of potential noise
hazard. The risk can be reduced by limiting the exposure (i.e. the
combination of the quantity of noise and the duration of exposure).

Noise exposure can be increased to a hazardous level by reverberation
from reflecting surfaces and special care should be exercised when
using equipment in confined spaces, e.g. in basements and between
reflecting walls. Steps should be taken to reduce noise levels when

4 o © The British Standards Institution 2014
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5.3

NOTE Attention is drawn to

the Control of Noise at Work
Regulations 2005 [2] and their
accompanying guidance [3]. The
legislation requires that exposure
with hearing protection is not to
exceed the limit levels.

5.4

BS 5228-1:2009+A1:2014

several items of equipment, that might be relatively quiet when in use
singly, are to be used simultaneously, to avoid hazard to the users and
to persons working in the vicinity.

If persons that are on site but not engaged in noisy operations cannot
be given quiet areas in which to work and noise from machines
cannot be properly silenced, then noise screens should, whenever
possible, be erected having due regard for safety considerations. (See
also Annex B.) Certain operations, e.g. mechanical crushing, might
necessitate the use of purpose-made acoustic cabins to afford proper
protection to the operators.

Screens and barriers themselves reflect noise which can be reduced by
covering their inner surfaces with noise-absorbent material to protect
persons required to work on the noisy side. (See also Annex B.)

Plant from which the noise generated is known to be particularly
directional should, wherever practicable, be orientated so that
attendant operators of the plant can benefit from this acoustical
phenomenon by sheltering, when possible, in the area with reduced
noise levels.

Account should always be taken of the need to minimize noise and to
protect quiet areas from its impact when the layout of plant and the
phasing of operations are being considered. (See also Annex C and
Annex D.)

Tools should be sound-reduced and the operator should be supplied
with the appropriate hearing protection (see 5.3).

Noise in the cabs of machines can be reduced by damping of the cab
walls, provision of a sound-absorbing lining and a well-sealed floor
cover, as appropriate.

Ear protectors

Effective noise control at source should always be regarded as the
prime means of affording proper protection to employees from
risks to hearing. Circumstances might arise, however, where this is
not reasonably practicable. On such occasions, employees should be
provided with, and should wear, personal ear protectors.

It might be necessary for the tone and/or volume of warning signals
to be modified or for additional steps to be taken to alert employees
to hazards in areas where personal ear protectors are used. Checks
will be necessary, when sound warning signals are used, to ensure
that the signals can be heard and orientated by employees wearing
ear protectors.

Noise-induced stress

Noise can interfere with working efficiency by inducing stress, by
disturbing concentration and by increasing accident risk. Effects
of noise on persons on site are similar to, albeit far greater than,
the effects on nearby residents, and the benefits of good control
measures will apply equally on and off site.

© The British Standards Institution 2014 e« 5
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6 Neighbourhood nuisance

NOTE Example criteria for the assessment of the [A) potential
significance ¢l of noise effects are given in Annex E.

6.1 Disturbing effects of noise

The effects of noise on noise-sensitive premises (NSPs) are varied and
complicated. They include interference with speech communication,
disturbance of work or leisure activities, disturbance of sleep,
annoyance and possible effects on mental and physical health. In
any neighbourhood, some individuals will be more sensitive to noise
than others.

6.2 Environmental noise descriptor

‘a’;’ The A-weighted sound pressure level, L,,, will give an indication

© of the loudness of noise at a NSP. However, some of the effects
mentioned in 6.1 are dependent not only upon loudness; attitudinal

c>::. and other factors are also important.

8 A measure that is in general use and is recommended internationally

= for the description of environmental noise is the equivalent

@ continuous A-weighted sound pressure level, B L., ; ®il. The time

_ period, T (e.g. 1 h, 12 h), involved (see 3.7) should always be stated.

S When describing noise from isolated events that might not always

I= be apparent from a longer period A L., &1, it can be useful to use

8 a short period (e.g. 5 min) ) L., r ®il. Alternatively, the maximum

5 sound level, [A) L. ¢il, or the one percentile level, [ Ly, r 1, can
be used.

°£| Whichever measure is used to describe environmental noise, it should

8 always be made clear to which period of the day any particular value

35 of the measure applies.

S Annex F deals with the estimation of site noise and Annex G is

?\rj concerned with noise measurement and monitoring.

6.3 Issues associated with noise effects and
community reaction

A number of factors are likely to affect the acceptability of noise
arising from [A) construction and open sites 1 and the degree of
control necessary. These are described as follows.

a) Site location. The location of a site in relation to NSPs will be a
major factor. The nearer a site is to NSPs, the more control that
might be required upon noise emanating from the site.

b) Existing ambient noise levels. Experience of complaints associated
with industrial noise sources indicates that the likelihood of
complaint increases as the difference between the industrial noise
and the existing background noise increases. Some types of open
sites, such as quarries and landfill sites, are usually assessed in this
manner. For some large infrastructure projects that require an
environmental statement to be prepared, construction noise is
sometimes assessed by comparing the predicted construction noise
(plus ambient noise) with the pre-construction ambient noise.

Li censed copy: WARRI NGTON BOROUGH COUNCI L,
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0

d)

e)

f)
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However, it is generally assumed that a greater difference might
be tolerated, than for an industrial source, when it is known
that the operations are of short or limited duration, and the
critical issues are likely to include interference with speech
communication and/or sleep disturbance.

Duration of site operations. In general, the longer the duration
of activities on a site, the more likely it is that noise from the
site will prove to be an issue, assuming NSPs are likely to be
significantly affected. In this context, good public relations and
communication are important. Local residents might be willing
to accept higher levels of noise if they know that such levels will
only last for a short time. It is then important that construction
activities are carried out in accordance with the stated schedule
and that the community is informed of their likely durations.
(See also 8.5.2.3.)

Hours of work. For any NSP, some periods of the day will be more
sensitive than others. For example, levels of noise that would
cause speech interference in an office during the day would
cause no problem in the same office at night. For dwellings,
times of site activity outside normal weekday and Saturday
morning working hours will need special consideration. Noise
control targets for the evening period in such cases will need to
be stricter than those for the daytime and, when noise limits are
set, the evening limit might have to be as much as 10 dB(A) below
the daytime limit. Very strict noise control targets might need be
applied to any site which is to operate at night; this will depend
on existing ambient noise levels. The periods when people

are getting to sleep and just before they wake are particularly
sensitive. (See also 8.5.2.4.)

Attitude to the site operator. It is well established that people’s
attitudes to noise can be influenced by their attitudes to

the source or activity itself. Noise from a site will tend to be
accepted more readily by local residents, if they consider

that the contractor is taking all possible measures to avoid
unnecessary noise. The attitude to the contractor can also be
improved through good community liaison and information
distribution and the provision of a helpline to respond to queries
or complaints. The acceptability of the project itself can also be a
factor in determining community reaction.

Noise characteristics. In some cases a particular characteristic of
the noise, e.g. the presence of impulses or tones, can make it less
acceptable than might be concluded from the level expressed

in terms of [A) L., - ®l. This is because these characteristics are
likely to make the noise more disturbing than a noise with the
same [A) L., + &1 level that does not have these characteristics.
Examples would be impulsive noise from driven piling, rattling
type noise from vibratory rollers, machine reversing alarms, etc.

List item g) deleted

NOTE Information regarding the provision of mitigation is given in
Annex E.

© The British Standards Institution 2014 o 7
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7 Project supervision

7.1 General

The intention throughout any construction programme should be
to minimize levels of site noise whilst having due regard to the
practicability and economic implication of any proposed control or
mitigation measures.

Planners, developers, architects, engineers and environmental health
officers can all assist in preventing excessive noise levels. Prevention
can be achieved by giving careful consideration to the plant, processes,
activities and programme associated with any construction project.

NOTE The Construction (Design and Management) Regulations
2007 [4] came into effect on 6 April 2007. They replaced the Construction

D (Design and Management) Regulations 1994 [5] and the Construction

o0 (Health, Safety and Welfare) Regulations 1996 [6]. An Approved Code of

© Practice [7] provides practical guidance on complying with the duties set
out in the Requlations.

é The key aim of these are to integrate health and safety into the

8 management of the project and to encourage everyone involved to work
together to:

gl

o a) improve the planning and management of projects from the very

— start;

o

— b) identify risks early on so that they can be eliminated or reduced at

c the design or planning stage and the remaining risks can be properly

8 managed;

:C) ¢) target effort where it can do the most good in terms of health and

) safety; and

°£| d) discourage bureaucracy.

o

N

~ Developers, architects and engineers will need to know whether the

o processes they intend using are likely to result in excessive noise and/

F or vibration levels. Therefore early consultation should be made with

N local authorities in order to ascertain the limits or restrictions, if any,

likely to be imposed; before seeking consultation, the expected levels
of site noise should be determined. Annexes C and D give typical noise
levels created by site plant and activities, and Annex F gives guidance
on estimating noise from sites.

Local authorities should ensure that any noise level limits or restrictions
being imposed are necessary and practicable.

7.2 Works preparation

NOTE Additional guidance on A project design should be so arranged that the number of operations
planning site operations is given in likely to be particularly disturbing is kept to a minimum. Designers
CIRIA Report 120 [8]. should also remember that project designs can have considerable

influence upon operators’ use of sites. Project designs should include the
location of items such as haulage roads, batching plants and generators.

Appropriate investigations into ground conditions should be

made when preliminary surveys are being carried out in order that
consideration can be given to methods of working which could avoid
problems.
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7.3

NOTE The use of “best practicable
means” (BPM) to control emissions
can constitute a ground of defence
against charges that a nuisance is
being caused under Part lll of the
Control of Pollution Act 1974 [9]

or Part Ill of the Environmental
Protection Act 1990 [10].

BS 5228-1:2009+A1:2014

A survey of the immediate neighbourhood surrounding a site should
be undertaken to indicate the location of sensitive areas.

Guidance should be sought concerning recommended noise levels for
the neighbourhood surrounding a site, and concerning acceptance

of the proposed methods of working, in very general terms, from the
relevant authorities at the same time as approvals are being requested
for the commencement of work. This procedure is intended to enable
work to proceed smoothly.

When works involve a tender stage, details of consents or other
restrictions should be given to tenderers as early as possible.

When a number of site operators will be working on one site,
overall site operations should be coordinated. Preferred routes for
off-site movement of vehicles should be established with the local
highway authority and the police. Access traffic should be routed
away from NSPs.

Tenderers for a project should select the most appropriate plant in
order that limits will not be exceeded. They should also be aware
of the extent of control measures that will be necessary so that
appropriate cost allowances can be made.

Tenderers should satisfy themselves that proposed methods of working
and phasing of operations will meet the local authority’s requirements.
They should be clear about this before submitting their tenders.

Tenderers should take due regard of the following before tendering:

a) site layout, e.g. location of static noise sources, and use of site
buildings, material dumps, etc., as ad hoc barriers;

b) types of machinery likely to be used and whether alternative
types or techniques would achieve less disturbance.

Execution of works

All available techniques should be used to minimize, as far as is
appropriate, the level of noise to which operators and others in the
neighbourhood of site operations will be exposed.

Measures which should be taken include the following.

a) The hours of working should be planned and account should be
taken of the effects of noise upon persons in areas surrounding
site operations and upon persons working on site, taking into
account the nature of land use in the areas concerned, the
duration of work and the likely consequence of any lengthening
of work periods.

b) Where reasonably practicable, quiet working methods should be
employed, including use of the most suitable plant, reasonable
hours of working for noisy operations, and economy and speed of
operations. Site work continuing throughout 24 h of a day should
be programmed, when appropriate, so that haulage vehicles
will not arrive at or leave the site between 19.00 h and 07.00 h.
On tunnel sites, for example, it is common practice to provide
night-time storage areas for soil and debris.

¢) Noise should be controlled at source and the spread of noise
should be limited, in accordance with Clause 8.

© The British Standards Institution 2014 ¢ 9
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7.4

NOTE Attention is drawn to
Section 61 of the Control of
Pollution Act 1974 [9], which
requires provision to be made for
emergencies (see A.3.3.3).

8.1

NOTE 1 Guidance on
groundborne noise from
sub-surface construction activities
is given in BS 5228-2:2009, 8.7.

10 o

BRITISH STANDARD

d) On-site noise levels should be monitored regularly, particularly
if changes in machinery or project designs are introduced, by a
suitably qualified person appointed specifically for the purpose.
A method of noise measurement should be agreed prior to
commencement of site works. If this is not specified, the method
used should be one of those described in Annex G.

e) On those parts of a site where high levels of noise are likely to
be a hazard to persons working on the site, prominent warning
notices should be displayed and, where necessary, ear protectors
should be provided (see also Clause 5).

When potential noise problems have been identified, or when
problems have already occurred, consideration should be given to the
implementation of practicable measures to avoid or minimize those
problems. Local authorities, consulting with developers and their
professional advisers or with site operators, will need to consider the
extent of noise control measures necessary to prevent the occurrence
of significant problems, and will also need to consider whether

the implementation of those measures will be practicable. Local
authorities might wish to consider whether to specify quantified
limits on site noise and whether, additionally or instead, to lay down
requirements relating to work programmes, plant to be used, siting
of plant, periods of use, working hours, access points, etc. The latter
approach will often be preferable in that it facilitates the monitoring
of formally or informally specified requirements, both for the
authorities and for the site operators.

Emergencies

In the event of any emergency or unforeseen circumstances arising
that cause safety to be put at risk, it is important that every effort be
made to ensure that the work in question is completed as quickly and
as quietly as possible and with the minimum of disturbance to people
living or working nearby. The local authority should be informed as
soon as possible if it is found necessary to exceed permitted noise
limits because of an emergency.

Control of noise

General

Construction and demolition works can pose different noise control
problems compared with most other types of industrial activity for the
following reasons:

e they are mainly carried out in the open;

e they are of temporary duration although they can cause great
disturbance while they last;

e the noise they make arises from many different activities and
kinds of plant, and its intensity and character can vary greatly at
different phases of the work; and

e the sites cannot be excluded by planning control, as factories can,
from areas that are sensitive to noise.

If a site upon which construction or demolition work will be carried
out involves an existing operational railway, special features that are
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NOTE 2 EC Directive 2000/14/
EC [11] deals with noise from
particular sources, for example,
many categories of construction
plant and equipment.

8.2

8.2.1

NOTE Attention is drawn to
regulatory requirements contained
within the Health and Safety

at Work etc Act 1974 [12], the
Workplace (Health, Safety and
Welfare) Regulations 1992 [13]
and the Management of Health
and Safety at Work Regulations
1992 [14] in respect of reversing
warning systems.

8.2.2

8.2.3

BS 5228-1:2009+A1:2014

significant in relation to noise control have to be taken into account.
Advice should be sought in such cases from the appropriate railway
authorities.

Much of the noise from construction and demolition sites is generated
by plant and machinery. The noise levels so generated are unacceptable
in many instances and reductions are necessary for the benefit of both
the industry and the public.

Control of noise at source

General

There are many general measures that can reduce noise levels at
source such as:

a) avoid unnecessary revving of engines and switch off equipment
when not required;

b) keep internal haul routes well maintained and avoid steep
gradients;

¢) use rubber linings in, for example, chutes and dumpers to reduce
impact noise;

d) minimize drop height of materials;
e) start up plant and vehicles sequentially rather than all together.

The movement of plant onto and around the site should have regard
to the normal operating hours of the site and the location of any NSPs
as far as is reasonably practicable.

The use of conventional audible reversing alarms has caused problems
on some sites and alternatives are available. Audible reversing warning
systems on mobile plant and vehicles should be of a type which, whilst
ensuring that they give proper warning, have a minimum noise impact
on persons outside sites. When reversing, mobile plant and vehicles
should travel in a direction away from NSPs whenever possible. Where
practicable, alternative reversing warning systems should be employed
to reduce the impact of noise outside sites.

Specification and substitution

Where a construction site is within a noise-sensitive area, the plant and
activities to be employed on that site should be reviewed to ensure
that they are the quietest available for the required purpose; this is in
accordance with best practicable means. For an existing operational
site, where reasonably practicable, noisy plant or activities should be
replaced by less noisy alternatives (see Annex B for examples) if noise
problems are occurring.

Modification of existing plant and equipment

Noise from existing plant and equipment can often be reduced by
modification or by the application of improved sound reduction
methods, but this should only be carried out after consultation with
the manufacturer. Suppliers of plant will often have ready-made
kits available and will often have experience of reducing noise from
their plant.

© The British Standards Institution 2014 11
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For steady continuous noise, such as that caused by diesel engines,

it might be possible to reduce the noise emitted by fitting a more
effective exhaust silencer system or by designing an acoustic canopy to
replace the normal engine cover. Any such project should be carried out
in consultation with the original equipment manufacturer and with a
specialist in noise reduction techniques. The replacement canopy should
not cause the engine to overheat nor interfere excessively with routine
maintenance operations.

It might be possible in certain circumstances to substitute electric
motors for diesel engines, with consequent reduction in noise. On-site
generators supplying electricity for electric motors should be suitably
enclosed and appropriately located.

Noise caused by resonance of body panels and cover plates can
be reduced by stiffening with additional ribs or by increasing the
damping effect with a surface coating of special resonance damping

m material. Rattling noises can be controlled by tightening loose parts
®) and by fixing resilient materials between the surfaces in contact; this is
A generally a maintenance issue.
é Impact noise during steel construction can be a nuisance. Direct
8 metal-to-metal contact should be minimized.
§e)
e 8.24 Enclosures
© As far as reasonably practicable, sources of significant noise should
S . -
— be enclosed. The extent to which this can be done depends on the
S nature of the machine or process to be enclosed and their ventilation
% requirements.
Materials suitable for constructing enclosures are listed in Annex B,
Foe) which also includes a design for an acoustic shed. When it is necessary
S to enclose a machine or process and its operator(s) in an acoustic
N enclosure or building, precautions should be taken to protect the
o operator(s) from any consequential hazard.
o
p The effectiveness of partial noise enclosures and of screens can be
N reduced if they are used incorrectly, e.g. the noise being enclosed

should be directed into and not out of enclosures. There should not
be a reflecting surface, such as a parked lorry, opposite the open side
of noise enclosures. Any openings in complete enclosures, e.g. for
ventilation, should be effectively sound-reduced.

8.2.5 Use and siting of equipment

Plant should always be used in accordance with manufacturers’
instructions. Care should be taken to site equipment away from
noise-sensitive areas. Where possible, loading and unloading should
also be carried out away from such areas. Special care is necessary
when work has to be carried out at night but it might be possible to
carry out quiet activities during that time.

Machines such as cranes that might be in intermittent use should be
shut down between work periods or should be throttled down to a
minimum. Machines should not be left running unnecessarily, as this
can be noisy and wastes energy.

Plant from which the noise generated is known to be particularly
directional should, wherever practicable, be orientated so that the
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8.2.6

8.3

8.3.1

8.3.2

BS 5228-1:2009+A1:2014

noise is directed away from noise-sensitive areas. Acoustic covers to
engines should be kept closed when the engines are in use and idling.
If compressors are used, they should have effective acoustic enclosures
and be designed to operate when their access panels are closed.

Materials should be lowered whenever practicable and should not
be dropped. The surfaces on to which the materials are being moved
should be covered by resilient material.

When a site is in a residential environment, lorries should not arrive at
or depart from the site at a time inconvenient to residents.

In certain types of piling works there will be ancillary mechanical plant
and equipment that might be stationary, in which case care should be
taken in location, having due regard also for access routes. Stationary
or quasi-stationary plant might include, for example, support fluid
preparation equipment, grout or concrete mixing and batching
machinery, lighting generators, compressors, welding sets and pumps.
When appropriate, screens or enclosures should be provided for such
equipment. Additional mitigation might be required at night, e.g. by
moving plant away from sensitive areas to minimize disturbance to
occupants of nearby premises.

Maintenance

Regular and effective maintenance by trained personnel is essential
and will do much to reduce noise from plant and machinery. Increases
in plant noise are often indicative of future mechanical failure.

Sound-reducing equipment can lose its effectiveness before failure is
indicated by visual inspection.

Noise caused by vibrating machinery having rotating parts can be
reduced by attention to proper balancing. Frictional noise from the
cutting action of tools and saws can be reduced if the tools are kept
sharp. Noises caused by friction in conveyor rollers, trolleys and other
machines can be reduced by proper lubrication.

Controlling the spread of noise

General

If noisy processes can be avoided, then the amount of noise reaching
the noise-sensitive area will be reduced. Alternative ways of doing
this are either to increase the distance between the noise source and
the sensitive area or to introduce noise reduction screens, barriers

or bunds.

Distance

Increasing the distance from NSPs is often the most effective method
of controlling noise. This might not be possible when work takes place
on a restricted site or fixed structures, e.g. railway tracks. The effect of
distance on noise attenuation is explained in Annex F.

Stationary plant such as compressors and generators should be
located away from any noise-sensitive area.
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8.3.3 Screening

On sites where it is not possible to reduce a noise problem by
increasing the distance between the source and receiver, screening
might have to be considered. For maximum benefit, screens should

be close either to the source of noise (as with stationary plant) or to
the listener. Careful positioning of noise barriers, such as bunds or
noise screens, can bring about significant reductions in noise levels,
although account should be taken of the visual impact of such barriers.
Planting of shrubs or trees can have a beneficial psychological effect
but will do little to reduce noise levels unless the planting covers an
extensive area. Annex F gives information on the noise attenuation to
be expected from typical barriers. If possible, decisions as to the most
suitable types of screening should be made at project planning stages,
because it will often be found that a site layout can itself contribute
quite effectively towards the provision of useful screening. It might

gj) be necessary for safety reasons to place a hoarding around the site, in
o which case it should be designed taking into consideration its potential
use as a noise screen. Removal of a direct line of sight between source
< and listener can be advantageous both physically and psychologically.
g Site buildings such as offices and stores can be grouped together
to form a substantial barrier separating site operations and nearby
8 NSPs. On some sites, stacks of certain materials such as bricks,
— aggregate, timber or top soil can be strategically placed to provide
© a barrier. Areas which have been excavated below ground level such
= as basements or river works can be used to position static plant such
g as generators, compressors and pumps. This is a useful and often
= necessary method of reducing noise from plant that is required to
) operate continually day and night. Mechanical plant operating in
) confined spaces should be adequately ventilated, to allow for fume
°£| dispersal and to provide cooling air. Safety issues should be taken
o into account.
N
) Earth bunds can be built to provide screening for major earth-moving
o operations and can be subsequently landscaped to become permanent
E features of the environment when works have been completed. The

construction of a bund can be a noisy activity and should be planned
carefully, e.g. it might be possible to construct the outer side of the
bund first so that remaining work on the bund is shielded from NSPs.
When earth barriers are not practicable due to lack of space, it might
be possible for protective features ultimately needed as permanent
noise screening to be built in during the early stages of site work. Such
an approach is particularly pertinent to major road construction works.

The effectiveness of a noise barrier will depend upon its length,
effective height, position relative to the noise source and to the
sensitive area, and the material from which it is constructed. Further
guidance on this is given in Annex B.
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8.4

NOTE 1 Section 60 of the
Control of Pollution Act 1974 [9]
specifies the matters to which
local authorities will have regard
when serving a notice imposing
requirements to limit noise and
vibration emission from sites.

NOTE 2 Annexes Cand D give
guidance on noise levels produced
by site equipment and activities,
and Annex F describes methods of
estimating noise from construction
sites. The information contained in
these annexes is intended to assist
with the prediction of the levels
of noise likely to emanate from a
proposed construction site and to
provide a useful reference when
the setting of noise limits is being
considered.

NOTE 3 Specific limits for
noise from surface mineral
extraction and production for
England are detailed in the
Technical Guidance to the National
Planning Policy Framework [15];
there are no similarly defined limits
for Scotland or Wales.

NOTE 4 Joint monitoring
between the site operator and the
local authority is possible.

8.5

8.5.1

BS 5228-1:2009+A1:2014

Noise control targets

All reasonably practicable means should be employed to ensure the
protection of local communities and of people on construction sites,
from detrimental effects of the noise generated by construction
operations. The means employed should be determined by local
circumstances and can include the methods described in 8.2 and 8.3.

Those seeking to determine suitable noise control targets for
construction operations should be aware of the particular noise
problem that can occur when such operations take place in existing
buildings that are either occupied or contiguous with occupied
buildings. Vibration introduced directly into the structure by
equipment such as breakers, hammers and drills might attenuate only
slowly as it is transmitted through the structure and might therefore
produce unacceptable levels of noise in rooms remote from the
source. In particularly sensitive situations, it might be necessary to use
alternative techniques and equipment. (See also 6.3.)

Monitoring of noise at sites where noise is an issue should be
regarded as essential. Measurement may be carried out for a number
of reasons, including the following:

a) to allow the performance of noise control measures to be
assessed;

b) to ascertain noise from items of plant for planning purposes;

¢) to provide confirmation that planning requirements have been
complied with.

Monitoring positions should reflect the purpose for which monitoring
is carried out.

Monitoring to ascertain whether an item of plant or particular process
is meeting an anticipated noise criterion or if noise control methods are
working, might require measurements to be carried out close to the
plant or process to avoid undue interference from other noise sources.

Monitoring to confirm that planning conditions imposed to protect
local occupants have been met may be undertaken at NSPs or at
the site boundary, with a correction applied. The choice of noise
measurement locations to be included in the planning conditions
should reflect the requirement to accurately assess the noise.

Monitoring is the responsibility of the site operator and should be
carried out by suitably trained personnel.

Noise control from piling sites

General

Increased mechanization has meant the use of more powerful and
potentially noisier machines. Noise levels can be unacceptable in many
instances, and reductions in noise level are desirable for the benefit
of both the industry and the public. Piling works frequently form one
of the noisier aspects of construction. The trend towards medium

and high rise structures, particularly in urban areas, coupled with

the necessity to develop land which was hitherto regarded as unfit

to support structures, has led to increasing use of piled foundations.
Piling is usually one of the first activities to be carried out on site,
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8.5.2

8.5.2.1

NOTE Examples of typical noise
levels associated with the different
methods of piling are given in
Tables C.3, C.12, D.4 and D.5.

8.5.2.2

BRITISH STANDARD

and special precautions should be taken to mitigate the disturbance
created, particularly in noise-sensitive areas.

Guidance on types of piling is given in Annex H.

Those undertaking piling works should endeavour to ascertain the
nature and levels of noise produced by the mechanical equipment and
plant that will be used (see Tables C.3, C.12, D.4 and D.5). They should
then take appropriate steps to reduce either the level or the annoying
characteristics, or both, of the noise, following the recommendations
given in 8.3.3.

Impact noise when piling is being driven can be reduced by
introducing a non-metallic dolly between the hammer and the driving
helmet. This will prevent direct metal-to-metal contact, but will also
modify the stress wave transmitted to the pile, possibly affecting the
driving efficiency. The energy absorbed by the dolly will appear as
heat. Further noise reduction can be achieved by enclosing the driving
system in an acoustic shroud. Several commercially available systems
employ a partial enclosure arrangement around the hammer. It is also
possible to use pile driving equipment that encloses the hammer and
the complete length of pile being driven, within an acoustic enclosure.

Factors to be considered when setting noise control targets

NOTE 1 The construction industry is generally innovative and constantly
developing, and there might be proprietary systems available at the time
of tender that were not known or available at the planning stage.

NOTE 2 Factors that can affect the acceptability of noise and the degree
of mitigation required are described in 6.3. The present subclause provides
information specifically related to piling works and should be read in
conjunction with 6.3.

Selection of piling method

The selection of a method to be used for the installation of piles will
depend on many factors (see Annex H for types of piling). A decision
regarding the type of pile to be used on a site should not be governed
solely by noise, but should also take into account criteria such as

loads to be carried, strata to be penetrated and the economics of the
system, e.g. the time it will take to complete the installation and other
associated operations such as soil removal. In some cases, adjacent
land uses can play a significant role in the choice of piling technique,
e.g. due to the effects of noise.

It might not be possible for technical reasons to replace a noisy
process by a quieter alternative. Even if it is possible, the adoption of
a quieter method might prolong the piling operation; the net result
being that the overall disturbance to the community, not only that
caused by noise, will not necessarily be reduced.

Types of noise

On typical piling sites the major sources of noise are mobile. Therefore,
the noise received at any control points will vary from day to day as
work proceeds.
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NOTE See also 6.3c).

NOTE See also 6.3d).

8.5.2.3

8.5.24

8.5.25

BS 5228-1:2009+A1:2014

The type of noise associated with piling works depends on the
method of piling employed. For example, pile driving using a drop
hammer results in a well-defined, impulsive noise. Air and diesel
hammers also produce impulsive noise although their striking
rates can be much higher than with drop hammers. With bored or
pressed-in piling methods the resultant noise is continuous rather
than impulsive.

Highly impulsive noise is generally less acceptable than steady noise.
However, other characteristics of the noise source play an important
part in determining the acceptability of piling noise, e.g. cable slap,
screeching of pulleys and guides, clanking of locking kelly bars, and
ringing of piles.

Duration of piling works

The duration of piling work is usually short in relation to the length
of construction work as a whole, and the amount of time spent
working near to noise-sensitive areas might represent only a part

of the piling period. Furthermore, the noisiest part of the pile
construction process might occur at each individual pile location only
for a short period of time.

Hours of work

When noise impacts are to be controlled by imposing restrictions on
working hours the specialized nature of some piling works should
be considered, which might necessitate a longer working day. This
is especially necessary for large diameter concrete bored piles and
diaphragm walls.

Additionally, the acceptable hours for the residents and occupiers of a
particular area should also be considered.

Developers should have regard to likely restrictions to be placed on
them when considering piling techniques, and should liaise with local
authorities at an early stage.

Methods of monitoring and control on piling sites

Whatever method is appropriate for the specifying of a noise target,
there should be agreement between the piling contractor concerned
and the controlling authority. It is essential that a noise target is
appropriate to the type of noise, and is practical and enforceable. It
should adequately protect the community but allow work to proceed
without placing undue restriction on the activities.

Steady noise levels should normally be expressed in terms of the

Lyeq r @il over a period of several hours or for a working day.
Impulsive noise levels cannot always be controlled effectively using
this measure alone. The specification of a higher short-term limit is
often found useful. This can be achieved by specifying a short period
Lpeq + &1 or the one percentile exceedance level A Ly, &1 over
one driving cycle or the B L., 1. Where ) Lo, 7 Bl or ) Ly, @il is
specified, the F time weighting should be used.

The difference between limits set in terms of [A) L, » %l and
Lpeq + &1l will depend on the striking rate of the pile driver.
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Those who wish to use the data for [A) L., r &1 in Annexes C and D
to estimate the corresponding value of B L,y r & should note the
following approximate relationships [all measurements in dB(A)]:

a) Laor, 7 @l = P) Ly - @ + 11 for pile drivers such as drop
hammers with a slow striking rate (typically 20 to 25 blows per
minute);

b) Loy, + @l = PD L - @ + 9 for pile drivers using hydraulic
hammers with an intermediate striking rate (typically 40 to 50
blows per minute);

and

9] Loy, + @l = A) L, - @l + 5 for air hammers with a fast striking
rate (typically more than 80 blows per minute).

There are no general empirical relationships between [A» L., 41l and

(7) LAeq, T '
m
o The monitoring of noise might not be required if it can be demonstrated
by calculation or manufacturer’s data that the chosen method of pile
< installation will not exceed the noise target. Annexes C and D provide
Q guidance of measured noise levels for different piling methods.
8 Annex C gives up-to-date guidance, whereas Annex D gives historic data
S tables taken from the 1997 edition of BS 5228-1 and the 1992 edition
i’ of BS 5228-4. The tables in Annex D are intended for use where no
S equivalent data exists in Annex C.
S 8.6 Noise control from surface coal extraction
5
8.6.1 General
°F°; Opencast coal sites can pose a greater diversity of problems of noise
8 control compared with most other types of industrial activity for the
— following reasons.
0
o a) Apart from some ancillary operations, they are carried out
E entirely in the open and can extend over a wide area.

b) They are of variable duration from a few months to several years,
and in some cases sites in adjacent areas can follow one another
in succession over a prolonged period.

¢) A wide variety of activities are carried out involving the following
phases:

1) geological and geotechnical exploration;

2) preliminary operations to establish the site;

3) soil stripping and removal of overburden;

4) coaling, coal preparation, storage and dispatch;
5) backfilling and final site restoration;

6) rehabilitation of final land form to public amenity,
agriculture or other subsequent development.

d) A wide range of earth-moving and specialized plant is employed,
the use of which varies significantly at different phases and times
and at different heights and depths within the site.

Prior to making an application for planning permission, an applicant
should discuss with the Mineral Planning Authority (MPA) and
the appropriate department of the local authority (see Annex A)
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8.6.2

8.6.3

NOTE The location and design
of access points have to be agreed
with the highway authority and
the Mineral Planning Authority.

BS 5228-1:2009+A1:2014

the predicted noise levels from the proposed site and the control
measures to be implemented. This will highlight at an early stage any
noise and vibration issues that need to be addressed. The predicted
noise levels and proposed control measures should be included in the
application documentation.

Local residents and other interested parties should also be consulted
at this stage.

Site planning

In planning the working of the site, account should be taken of the
effect of the proposed working method and site layout on adjacent
NSPs. Where necessary, alternative methods or arrangements which
have the least noise impact should be employed if economically viable.

Location of site elements

With due consideration of the topography of the area and natural
screening effects, care should be taken in the siting of the following:

a) access points;

b) limit of excavation;

¢) baffle mounds;

d) acoustic fences;

e) overburden mounds;

f) internal haul roads;

g) plant yards and maintenance facilities;
h) coal screening and washing plants;
i)  pumps, generators and static plant;
j)  stocking areas and loading facilities;
k) off-site coal haulage routes; and

I) site amenities and car parking.

Access points should be located with due regard to the proximity
of NSPs.

The limit of excavation is determined by a wide range of geological
and engineering constraints such as the location, nature and quality
of the coal, the characteristics and stability of the strata and the
existence of faults and other features. In addition to these constraints,
further reductions to the limit of excavation should be considered
where necessary, e.g. to provide additional space around the
excavation area for baffle mounds or other screening methods or to
utilize fully the natural screening effects of the existing topography.

Baffle mounds should be sited so as to provide protection to NSPs
and should be extended in length beyond the limits of the premises
to be protected. To obtain the best protection, they should be sited
to obscure the line of sight to the noise sources and to maximize the
path differences. Guidance on the noise reduction to be expected
from baffle mounds and similar barriers is given in Annex F.

Where protection to NSPs is required, and where construction of
a baffle mound is impracticable, the provision of another type of
acoustic barrier should be considered where appropriate. Visual
considerations should be taken into account.
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Due to the highly visible and intrusive nature of operations involved
in the construction and removal of overburden mounds, they should
always be sited as far from NSPs as possible unless they provide
acoustic benefits that are necessary. Their height should be restricted
where necessary to avoid visual issues.

During construction of an overburden mound, the faces nearest to
NSPs should be progressively raised to form an effective baffle so
that the bulk of tipping is carried out behind those faces. Similarly,
those faces should be retained for as long as practicable during
removal of the mounds to provide screening for the bulk of the
removal operations.

Internal haul roads should be located as far as practicable from NSPs
and should be appropriately screened. The roads should have easy
gradients and gradual turns to reduce noise emission from vehicles
and mobile plant.

7}

@ Overburden mounds should be located as far from NSPs as is reasonably

© practicable, except where they are used as baffle mounds.

> Site amenities, plant yards, maintenance areas, coal screening/washing

§' plants, stocking and loading facilities should be sited as far from NSPs

as practicable and should be screened from NSPs.

8 Where coal is to be transported from the site by road, the route

- should be carefully selected to minimize the impact on NSPs even if

o this results in an increased haulage distance.

g .

S 8.6.4 Working methods

5 The phasing of the works and the working methods will have a major
) bearing on the control of noise. The following factors will have a

°£| particularly significant effect:

8 a) depth of the coal seams;

g b) direction of working;

F c) height, method of construction and location of overburden

o\ mounds;

d) location, gradient and screening of site roads;
e) plant to be employed,;

f)  working hours;

g) rate of production;

h) use and control of blasting.

Working methods should be adopted that allow for early screening of
NSPs from the subsequent operations. Where practicable, noisy static
site elements should be located to take advantage of the screening
effects of overburden and soil mounds.

Once the limit of excavation and the maximum depth of the coal
seams to be extracted have been determined (see 8.6.3), a direction of
working and phasing of operations should be deployed that reduces
the transmission of noise from the site.

There is a wide range of variables that influence these activities,
therefore it is not possible to be prescriptive for individual sites and a
common sense approach should be adopted. For example, it might be
useful to retain an area of high ground within an excavation area of a
site to screen other site activities until the latter stages of a particular
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8.6.5

8.6.6

8.6.7

8.6.8

8.6.9
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phase of an operation, whereas in other cases the material from the
high ground might be more effectively utilized as screening material
in an earlier phase of the operation.

Selection of plant

The characteristics of noise emissions from each item of plant,

and their collective effect, should be assessed during the selection
process for the acquisition of plant. Where practicable, plant should
be selected which will have the least impact in terms of noise. For
example, where electric plant is to be deployed on site, a mains supply
is likely to produce less noise than on-site generators. Information
concerning sound power levels for specific items of plant is given in
Tables C.6, D.10 and D.11.

Deployment of plant

The movement of plant on and off the site should be restricted as far
as practicable to within the agreed working hours for the site.

The time taken to carry out noisy operations near occupied properties
outside the site should be reduced to as short a period as possible.

Hours of work

The restriction of working hours for any operation where emissions of
noise might have an adverse effect on the occupants of NSPs should
be considered in preference to the sterilization of coal reserves. Coal
haulage by road from such sites should be limited to between 07.00 h
and 19.00 h, unless local circumstances require otherwise. However,
working hours both for coal production and HGV activity on site are
likely to be defined through conditions attached to the planning
consent for the coal site.

Noise reduction

Noise sources likely to be encountered on site include trucks,
loaders, dozers, excavators, sirens, screening and crushing plant,
pumps, draglines, dumpers, drills and dredgers. Each site has its own
particular characteristics so appropriate methods of noise reduction
should be determined for each individual site. The general guidance
on noise control given in 8.2 and 8.3 is applicable to surface coal
extraction sites.

Blasting

Blasting can be an emotive issue for residents around an opencast site.
Good liaison between operator and residents is essential to prevent
unnecessary anxiety. Wherever possible, the operator should inform
each resident of the proposed times of blasting and of any deviation
from this programme in advance of the operations.

On each day that blasting takes place it should be restricted as far as
practicable to regular periods.

Blasthole drilling can cause excessive noise emissions, particularly when
carried out at or near ground level and close to the site boundary. The
choice of appropriate drilling rigs, such as down-the-hole hammers or
hydraulic drifters as opposed to compressed air drifters, will reduce the
impact of noise emissions from this activity.
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Each blast should be carefully designed to maximize its efficiency and
reduce the transmission of noise.

Initiation using detonating fuse on the surface can cause problems
associated with air overpressure (see Annex ).

8.6.10 Coal disposal sites

After coal is excavated from an opencast site, it is sometimes taken

to a coal disposal site. This can be located within an opencast site,
adjacent to an opencast site or at some distance, near main line

rail and road facilities, and can serve more than one site. At a coal
disposal site any, all or a combination of the following can take place:
coal washing, crushing, screening, blending, storage in hoppers or on
the ground in bunds and dispatch from the disposal point by rail or
road vehicles.

‘,Q All of these activities generate noise. The major sources are the

o) crushing and screening processes, the reception and disposal hoppers,
mobile site plant and road and rail traffic.

é Coal disposal sites are areas of major industrial activity and should be

8 located at distance from noise-sensitive areas.

S If there are any NSPs in close proximity, effective screening of mobile

i plant and traffic by baffle mounds is likely to be required, and

— appropriate provision should be made for the effective insulation

o . . .

- of fixed plant and equipment, such as the use of lined chutes and

Y= properly designed acoustic enclosures.

S

5 8.6.11 Limitations on emissions of noise from sites

s Opencast coal extraction and associated works can take place in

- remote to semi-urban areas. Each site and situation should be assessed

8 for noise mitigation and control requirements based upon the specifics

3 of the activity and the surrounding area. When the site is adjacent to

o NSPs, the MPA or Secretary of State can impose conditions including

E specific noise limits.

Guidance on criteria for the setting of noise control targets is given
in Clause 6.

Limitations on working hours for the site, or part of it, and the
restriction of the noisier activities to less sensitive times or days, can
be employed as a means of limiting the impact of noise and vibration
from opencast coal sites.

8.7 Noise control from surface mineral (except coal)
extraction sites
Although there are some similarities with opencast coal extraction
(see 8.6), surface mineral extraction sites can present different

problems of noise control compared with most other industrial activity
for the following reasons.

a) Operations are to a large extent carried out entirely in the open.

b) Activities are of variable duration, varying from a few months to
many decades.
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provided in [A) the Technical
Guidance to the National Planning
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NOTE 2 Guidance on noise from
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BS 5228-1:2009+A1:2014

¢) On completion, surface mineral extraction sites are restored either
to their original condition or to an appropriate state after use.

d) A wide variety of activities, employing different types of plant,
are carried out on surface mineral extraction sites. The intensity
and character of any noise can vary at different phases of work,
at different times and under differing conditions of, for example,
topography, geology, climate and methods of operation.
Particular problems have been encountered with audible warning
signal devices such as sirens and audible reversing alarms.

e) Minerals can only be worked where suitable resources exist.
Resources might be present in close proximity to NSPs. Under
these circumstances, such premises should be protected as far as is
practicable from the adverse effects of noise.

A wide variety of different minerals is produced in Britain by surface
extraction methods. These include natural and crushed sand, gravel
and rock (sedimentary, igneous and metamorphic) produced as
aggregates and building stone for the construction industry. In
addition to some of the foregoing, slate, chalk, china clay, ball clay,
fuller’s earth, silica sands and various other minerals are essential raw
materials to other British industries and world markets. The methods
of working of each of these different materials vary greatly according
to its type, the geology and location and the end uses for which the
material is intended. The nature of any impacts from noise therefore
need to be considered in the context of the relevant site-specific
factors, bearing in mind the general advice contained in this clause.

As with coal sites, most of the noise from surface mineral extraction
sites is generated by excavating plant, earth-moving plant, blasting
activities, processing plant and other heavy traffic. Much of this plant
is large and powerful but not necessarily noisy. Measures to control
noise are generally necessary where sites are located in the vicinity of
NSPs, for the benefit of both the public and the industry.

Blasting only occurs at a proportion of surface mineral extraction sites;
generally only hard rock quarries. There are particular characteristics
of blasting which require specific consideration of noise issues. Whilst
drilling blast holes is associated with intermittent noise, blasting
creates noise which is of very short duration, with a frequency of
events varying from a small number per year to several times per

day, depending on the nature and size of the extraction operation.
Blasting results in airborne noise and groundborne vibration and both
effects have more familiar parallels, for example, wind and thunder
and pneumatic drills.

As with coal sites, typical mineral extraction operation involves stripping
of topsoil and removal of overburden, excavation and processing of the
material to be extracted, transportation of material within the site and
to markets and subsequent restoration of the land. To allow specific
work, e.g. soil stripping and baffle mound construction, to be carried
out, higher noise level limits for short periods of time might need

to be agreed. Guidance is given in [A) the Technical Guidance to the
National Planning Policy Framework [15] ¢il. It might be preferable for
occupants of NSPs to have a shorter, higher level of noise exposure than
a longer term lower level noise exposure. The discussion and agreement
of this with the Mineral Planning Authority (MPA) and local residents
might be required.
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Criteria can be set from one or more of the following:
1) individual items of plant;

2) atthe site boundary;

3) atlocal NSPs; and/or

4) at mutually agreed monitoring positions.

A correction factor (subtraction of 3 dB) is necessary to convert a
measurement at a facade if the measurement is to be interpreted for
the free field.
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Legislative background

Statutory controls over noise and vibration

Citizens have a right to seek redress through common law action in
the courts against the intrusion of unreasonable levels of noise or
vibration which might affect their premises. In addition, there are two
significant statutory remedies which enforcing authorities can employ
to achieve the following two similar objectives:

a) enforcement action to prevent or secure the abatement of a
statutory nuisance; and

b) use of specific national legislation to control noise and vibration
from construction sites and other similar works.

Part Il of the Environmental Protection Act 1990 [10] contains the
mandatory powers available to local authorities within England and
Wales in respect of any noise which either constitutes or is likely to
cause a statutory nuisance. Section 79 of this Act defines statutory
nuisance and places a duty on a local authority to inspect the area to
detect any statutory nuisances which ought to be dealt with under
Section 80. Under this section, where a local authority is satisfied of
the existence, recurrence or likely occurrence of a statutory nuisance,
it has to serve an abatement notice on the appropriate person or
persons. Failure to comply with the terms of this notice is an offence
which can result in proceedings in a Court of Summary Jurisdiction.

Section 82 of the Environmental Protection Act permits the court to
act on a complaint by any person who might be aggrieved by the
existence of a statutory nuisance and in these circumstances the court
might follow the procedures described in the previous paragraph.
Similar procedures to the above, for the control, in Scotland, of
statutory nuisances caused by noise, are found under Sections 58

and 59 of the Control of Pollution Act 1974 [9]. In Northern Ireland
the relevant equivalent provisions are contained in the Pollution
Control and Local Government (Northern Ireland) Order 1978 [17].

Sections 60 and 61 of the Control of Pollution Act 1974 [9] give

local authorities in England, Scotland and Wales special powers for
controlling noise arising from construction and demolition works on

any building or civil engineering sites. In Northern Ireland, equivalent
powers are contained in the Pollution Control and Local Government
(Northern Ireland) Order 1978 [17]. Powers under Sections 60 and 61

and their equivalent in Northern Ireland are confined to construction,
including maintenance and repair, and to demolition works carried out
on all building structures and roads. They are described in detail in A.3.3.

The statutory powers of local authorities to require the implementation
of noise control measures remain the same whatever the character

of the area within which the works are taking place, although the
requirements will vary according to local circumstances.

Under Part Il of the Control of Pollution Act 1974 [9], Section 71
requires the Secretary of State to approve a code of practice for the
execution of works which come within the scope of Section 60.
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European Commission (EC) directives

As part of its programme for the removal of barriers to trade

(Article 100 of the Treaty of Rome) the EC has prepared directives which
set noise emission levels for new items of construction equipment. The
most recent of these, Directive 2000/14/EC [11] and Amending Directive
2005/88/EC [18], replaced a number of earlier directives, and have been
implemented by regulations in the UK. Details of the directives and
corresponding regulations are given in A.3.

UK Acts and Regulations

Health and Safety at Work etc. Act 1974

The protection of employed persons is covered by the Health and
Safety at Work etc. Act 1974 [12].

Section 2 of the Act requires all employers to ensure, so far as is
reasonably practicable, the health, safety and welfare at work of all
their employees. Section 3 concerns employers’ duties to persons not
in their employment who might be exposed to health and safety risks.
Section 6 requires designers, manufacturers, importers or suppliers

to ensure, so far as is reasonably practicable, that articles for use at
work are so designed and constructed as to be safe and without risks
to health when properly used, that any necessary research to this end
is carried out and that adequate information on the safe use of the
articles is made available.

Section 7 places a duty on employees to take reasonable care for the
health and safety of themselves and of other persons who might be
affected, and to co-operate with their employers, so far as is necessary
to enable any duty or requirement to be performed or complied with.
In Northern Ireland, equivalent powers are contained in the Health
and Safety at Work (Northern Ireland) Order 1978 [19].

Control of Noise at Work Regulations 2005

The Control of Noise at Work Regulations 2005 [2] implement
Directive 2003/10/EC [20].

The main requirements are triggered by four “action levels”: daily
personal noise exposures of 80 dB(A) and 85 dB(A) (the lower and
upper exposure action levels respectively), and 135 dB(C) and 137 dB(C)
(the lower and upper peak action levels respectively). There are also
daily exposure and peak exposure limits of 87 dB(A) and 140 dB(C)
respectively, which take into account the effect of wearing hearing
protection and which the regulations do not allow to be exceeded.
These regulations are concerned with the protection of people at work,
and do not, therefore, deal with exposure to noise for the public.

Regulation 5 places a duty upon employers to carry out an assessment
in the workplace to ascertain whether exposures are at or above the
first action level. Such assessments are expected to identify which
employees are exposed, and to provide enough information to
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facilitate compliance with duties under Regulations 6, 7 and 10. Under
Regulation 6, when any employee is exposed to levels at or above the
upper daily exposure action level or upper peak exposure action level,
the employer is required to reduce so far as is reasonably practicable,
other than by the use of personal ear protection, the exposure to
noise of that employee.

The provision of personal ear protection and the demarcation of
hearing protection zones are covered by Regulation 7, and Regulation 9
introduces a specific duty on employers to carry out health surveillance
including audiometric testing, where there is a risk to health.

Under Regulation 10, the employer has a duty to each employee
who is likely to be exposed to the first action level and above, or to
the peak action level or above, to provide adequate information,
instruction and training on:

a) the risks to that employee’s hearing that such exposure might
cause;

b) what steps the employee can take to minimize that risk;

¢) the steps that the employee has to take in order to obtain
personal ear protectors; and

d) the employee’s obligations under the Control of Noise at Work
Regulations 2005 [2].

In Northern Ireland, equivalent powers are contained in the Control
of Noise at Work Regulations (Northern Ireland) 2006 [21].

Control of Pollution Act 1974 and Environmental
Protection Act 1990

General

The Control of Pollution Act 1974 [9] and the Environmental Protection
Act 1990 [10] give local authorities powers for controlling noise and
vibration from construction sites and other similar works. These powers
can be exercised either before works start or after they have started. In
Northern Ireland, similar provision is made in the Pollution Control and
Local Government (Northern Ireland) Order 1978 [17]. Under the 1974
Act, contractors, or persons arranging for works to be carried out, also
have the opportunity to take the initiative and ask local authorities to
make their noise and vibration control requirements known. Because
of an emphasis upon answering noise and vibration questions before
work starts, implications exist for traditional tender and contract
procedures (see A.3.3.4).

The procedures available under the Control of Pollution Act 1974 [9]
for the control of construction noise are illustrated in the flow diagram
shown in Figure A.1.
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Notice under Section 60 of the Control of Pollution Act 1974

Section 60 of the Control of Pollution Act 1974 [9] enables a local
authority, in whose area work is going to be carried out, or is being
carried out, to serve a notice of its requirements for the control of site
noise on the person who appears to the local authority to be carrying
out the works and on such other persons appearing to the local
authority to be responsible for, or to have control over, the carrying
out of the works.

This notice can perform the following functions.

a) Specify the plant or machinery that is or is not to be used.
However, before specifying any particular methods or plant or
machinery, the local authority has to consider the desirability,
in the interests of the recipient of the notice in question, of
specifying other methods or plant or machinery that will be
substantially as effective in minimizing noise and vibration and
that will be more acceptable to the recipient.

b) Specify the hours during which the construction work can be
carried out.

¢) Specify the level of noise and vibration that can be emitted
from the premises in question or at any specified point on those
premises or that can be emitted during the specified hours.

d) Provide for any change of circumstances. An example of such
a provision might be that if ground conditions change and do
not allow the present method of working to be continued then
alternative methods of working should be discussed with the
local authority.

In serving such a notice, a local authority takes account of the following:

1) the relevant provisions of any code of practice issued and/or
approved under Part Ill of the Control of Pollution Act 1974 [9];

2) the need for ensuring that the best practicable means are
employed to minimize noise and vibration. “Best practicable
means” recognizes that there are technical and financial limits on
action that might reasonably be required to abate a nuisance;

3) other methods, plant or machinery that might be equally
effective in minimizing noise and vibration, and be more
acceptable to the recipient of the notice;

4) the need to protect people in the neighbourhood of the site from
the effects of noise and vibration.

A person served with such a notice can appeal to a magistrates court
or, in Scotland, a Sheriff or, in Northern Ireland, a Court of Summary
Jurisdiction, within 21 days from the date of serving of the notice.
Normally the notice is not suspended pending an appeal unless it
requires some expenditure on works and/or the noise or vibration in
question arises or would arise in the course of the performance of

a duty imposed by law on the appellant. The regulations governing
appeals also give local authorities discretion not to suspend a notice
even when one or other of these conditions is met, if the noise is
injurious to health, or is of such limited duration that a suspension
would render the notice of no practical effect; or if the expenditure
necessary on works is trivial compared to the public benefit expected.
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The regulations governing appeals are:
e the Control of Noise (Appeals) Regulations 1975 [22];
e the Statutory Nuisance (Appeals) Regulations 1990 [23] as amended;

e in Northern Ireland, the Control of Noise (Appeals) Regulations
(Northern Ireland) 1978 [24];

e in Scotland, the Control of Noise (Appeals) (Scotland) Regulations
1983 [25].

A.3.3.3 Consents under Section 61 of the Control of Pollution Act 1974

Section 61 of the Control of Pollution Act 1974 [9] concerns the
procedure adopted when a contractor (or developer) takes the initiative
and approaches the local authority to ascertain its noise and vibration
requirements before construction work starts. (See also A.3.3.2.)

g;) It is not mandatory for applications for consents to be made, but it
o will often be in the interest of a contractor or an employer or their
agents to apply for a consent, because once a consent has been
> granted, a local authority cannot take action under Section 60 of the
§' Control of Pollution Act 1974 [9] or Section 80 of the Environmental
Protection Act 1990 [10], so long as the consent remains in force and

§e] the contractor complies with its terms. Compliance with a consent
i) does not, however, mean that nuisance action cannot be taken
° under Section 82 of the Environmental Protection Act 1990 or under
- common law. A consent can be used as a defence in appeals against an
% abatement notice [Statutory Nuisance (Appeals) Regulations 1990 [23]
o as amended].
5 An application for a consent has to be made at the same time as, or

- later than, any request for approval under the Building Regulations
°£| 2000 [26], the Building Standards (Scotland) Regulations 1990 [27] or
8 the Building Regulations (Northern Ireland) 2000 [28], or for a warrant
3 under Section 6 of the Building (Scotland) Act 2003 [29], when this is
o relevant. Subject to this constraint, there are obvious advantages in
F making any application at the earliest possible date. There might be
o\

advantages in having informal discussions before formal applications
are made.

An applicant for a consent is expected to give the local authority as
much detail as possible about the works to which the application
relates and about the method or methods by which the work is to be
carried out. Information also has to be given about the steps that will
be taken to minimize noise and vibration resulting from the works.

Provided that a local authority is satisfied that proposals
(accompanying an application) for minimizing noise and vibration are
adequate, it will give its consent to the application. It can, however,
attach conditions to the consent, or limit or qualify the consent, to
allow for any change in circumstances and to limit the duration of
the consent. If a local authority fails to give its consent within 28 days
of an application being lodged, or if it attaches any conditions or
qualification to the consent that are considered unnecessary or
unreasonable, the applicant concerned can appeal to a magistrates
court within 21 days from the end of that period.

When a consent has been given and the construction work is to be
carried out by a person other than the applicant for the consent,
applicant is required to take all reasonable steps to bring the terms
of consent to the notice of that other person; failure to observe the
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terms of a consent is deemed to be an offence under the Control of
Pollution Act 1974 [9].

Section 61 also requires provision to be made for emergencies.

Contractual procedures

It is likely to be to the advantage of a developer or contractor, or

an employer or its agent, who intends to carry out construction or
demolition work, to take the initiative and apply to the local authority
for consents under the Control of Pollution Act 1974 [9].

An employer or its agent can choose to place the responsibility on
the contractor to secure the necessary consents and can impose this
requirement through formal contractual arrangements.

This could have implications for traditional tender and contract
procedures because the local authority’s noise and vibration
requirements (in addition to any separate requirements defined by
the employer) can be ill-defined at tendering and contract award
stage. In these circumstances, any tendering contractor needs to
endeavour to identify, quantify and accommodate the level of

risk (in terms of both construction methodology and cost) prior to
participating in the tendering process.

When a person for whom construction work is to be carried out has
already sought and obtained consent from the local authority, the
local authority’s requirements need to be incorporated in the tender
documents so that tenderers are aware of any apparent constraints
arising from the consent.

Land Compensation Act 1973 (as amended), Highways
Act 1980, Land Compensation, (Scotland) Act 1973,
Land Acquisition and Compensation (Northern Ireland)
Order 1973

The Noise Insulation Regulations 1975 [30], Noise Insulation
(Scotland) Regulations 1975 [31] and Noise Insulation (Northern
Ireland) Regulations 1995 [32], made under the powers contained
respectively in the Land Compensation Act 1973 [33], the Land
Compensation (Scotland) Act 1973 [34] and the Land Acquisition and
Compensation (Northern Ireland) Order 1973 [35], allow a highway
authority to provide insulation for dwellings and other buildings used
for residential purposes by means of secondary glazing and special
ventilation when highway works are expected to cause serious noise
effects for a substantial period of time. The 1973 Acts also contain
provisions that enable a highway authority to pay the reasonable
expenses of residents who, with the agreement of the authority, have
to find suitable alternative accommodation for the period during
which construction work makes continued occupation of an adjacent
dwelling impracticable.

The Highways Act 1980 [36] and the Land Compensation (Scotland)
Act 1973 [34] enable highway authorities to acquire land by
agreement when its enjoyment is seriously affected by works of
highway construction or improvement. In addition, these Acts give the
highway authority power to carry out works, e.g. the installation of
noise barriers, to mitigate the adverse effects of works of construction
or improvement on the surroundings of a highway.
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A.3.5 The Noise Insulation (Railways and Other Guided
Transport Systems) Regulations 1995

The Noise Insulation (Railways and Other Guided Transport Systems)
Regulations 1995 [37] give a discretionary power to railway authorities
to provide insulation or grant for insulation where noise from the
construction of a new or altered railway is expected seriously to affect
residential and other buildings for a substantial time.

A.3.6 Other relevant UK legislation

A.3.6.1 Surface coal extraction by opencast methods

Opencast coal mining is governed by legislative instruments and
government policy. With regard to policy, guidance is contained in
MPG 9 [40] on noise, blasting and vibration limits for blasting (as

‘g’;’ example conditions) and in the Technical Guidance to the National

© Planning Policy Framework [15] on noise limits for general minerals
extraction and production.

é The legislative framework consists of several elements, the most

8 important of which is the Coal Industry Act 1994 [41]. Other key

= legislation includes the Coal Industry Nationalisation Act 1946 [42],

o the Opencast Coal Act 1958 [43], the Town and Country Planning Act

— 1990 [44] and the Planning and Compulsory Purchase Act 2004 [45].

S Before 1984 the British Coal Corporation’s sites were authorized by

< the Secretary of State for Energy. Since then for all opencast sites a

8 planning permission has been required from the appropriate Mineral

5 Planning Authority (MPA) or, on appeal or in respect of a call-in,
from the Secretary of State for Communities and Local Government

0 in England or the Scottish Minister for Scotland or the Minister for

S Environment, Planning and Countryside for Wales as appropriate.

S Before making a planning application, the operator often undertakes

8 extensive drilling and other explorations to prove the coal reserves.

-~ These operations are now governed by Clause 18 of the Town and

o\ Country Planning (General Development Procedure) Order 1995 [46].

Coal operators also require a licence from the Coal Authority if they
wish to explore for coal.

NOTE Almost all coal in Great Britain is vested in the Coal Authority, a
non-departmental public body created by the Coal Industry Act 1994 [41].
The authority is responsible for managing the non-operational aspects of
the UK coal industry.

Since July 1988 almost all the British Coal Corporation’s site
applications and many larger sites applied for by other operators
have been accompanied by an Environmental Statement. These are
required under the Town and Country Planning (Environmental
Impact Assessment) (England and Wales) Regulations 1999 [47]. The
Environmental Statement examines the environmental implications
of the proposed operations (noise, dust, visual impact, traffic, etc.)
on the local community as well as the impact on the ecology and
landscape of the site.

The MPA considers the application and, if satisfied that the proposals
are acceptable in planning and environmental terms, approves it
subject to conditions governing the site operations and restoration.
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If the planning application is refused or not determined by the MPA,
the operator can appeal to the Secretary of State for Communities
and Local Government in England, the Minister for Environment,
Planning and Countryside in Wales, or the Scottish Minister in
Scotland, as appropriate. A public inquiry is held under an Inspector,
and following the Inspector’s report the Secretary of State in England
or relevant Minister in Wales or Scotland, as appropriate, grants or
refuses permission.

After an opencast site receives planning permission, an authorization
from the local authority is also needed for the coal loading operations,
which are Part B processes in accordance with the Regulations under
Part 1 of the Environmental Protection Act 1990 [10].

All future coal mining operations will require a lease and licence from
the Coal Authority under Part Il of the Coal Industry Act 1994 [41].
Sites licensed by the British Coal Corporation before 31 October 1994
under Section 36 (2) of the Coal Industry Nationalisation Act 1946 [42]
(as amended by the Coal Industry Act 1994), can, however, continue
operations during the validity of those licences. Sites contained in the
1994 privatization packages have licences granted by the Government.

The previous limitation of 250 000 t on the amount of coal extracted
from any one licensed opencast site was removed by the Coal Industry
Act 1994.

Applicants for licences are responsible for securing the planning
permission and other consents needed to work the coal, including
rights to occupy the land and to disturb other minerals. Many
opencast sites win significant quantities of other minerals, principally
seams of fireclay beneath the coal seams. These operations also
require planning permission.

Surface mineral extraction (except coal) sites

The principal legislation controlling the use of land for surface mineral
extraction in Great Britain is provided by the Town and Country
Planning Act 1990 [44] and the Town and Country Planning (Scotland)
Act 1972 [48], both of which have been amended by the Planning and
Compensation Act 1991 [49].

The primary planning legislation in Northern Ireland is the Planning
(Northern Ireland) Order 1991 [50]. Acts of Parliament, rules and
orders which are of relevance include the Environment Act 1995 [51]
and the Planning and Compulsory Purchase Act 2004 [45]. There is
also separate legislation controlling pollution, waste and statutory
nuisance, much of which is now contained in the Environmental
Protection Act 1990 [10].

The relevant planning authorities are as follows:

a) England: county councils, metropolitan borough councils,
unitary authorities, the national park authorities and the
broads authority, where appropriate;

b) Wales: the unitary planning authorities and national park
planning boards where appropriate;

¢) Scotland: the local authority;

d) Northern Ireland: Department of the Environment for
Northern Ireland.
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In England, the Secretary of State for Communities and Local
Government is responsible for setting out government policy on [A» noise
from mineral extraction and production, which is contained in the
Technical Guidance to the National Planning Policy Framework [15] (1.

In Wales, general policy is supplemented by Welsh Office guidance.
Policy guidance in Scotland is provided by the Scottish Office in
National Planning Policy Guidelines (NPPGs) and circulars, and

advice on best practice in Planning Advice Notes (PANs). NPPG 4 [53],
PAN 50 [54] and the associated PAN 50 Annex A [16], are of particular
relevance to this standard. The Secretary of State for Communities and
Local Government in England, the Scottish Minister for Scotland, and
the Minister for Environment, Planning and Countryside in Wales, all
have powers as defined by the legislation in relation to the submission
of planning applications, determination of appeals and in respect of
development plans.

m Most minerals in Britain are privately owned and are worked by
®) commercial operating companies. Sometimes, however, ownership

A of the land is divorced from the rights to extract the mineral. Mineral
> extraction, as a form of development, requires planning permission in
o . . .
8 order to be undertaken; guidance on the procedures being contained

within MPG 2 [55], MPG 8 [56] and MPG 9 [40]. The Mineral Planning

8 Authorities (MPAs), or on appeal the Secretary of State, will consider
— and either approve or refuse mineral planning applications according
© to their decision as to the acceptability of the proposals. In the case of
= an appeal, a public inquiry might be held and the Inspector (Reporter
g in Scotland) might determine the appeal or make a recommendation
o to the Secretary of State. All planning permissions are subject to
c iy . . .
-] conditions controlling relevant aspects of the development, including

) noise and vibration.
o'}
=
N A4 Local authorities
~~
8 The local authorities exercising powers under Part Il of the Control of
= Pollution Act 1974 [9] and Part lll of the Environmental Protection Act
<
N 1990 [10] are as follows:

a) in England, the council of a district or a district or a London
borough, the Common Council of the City of London, the Sub-
Treasurer of the inner temple and the Under Treasurer of the
Middle Temple;

b) in Wales, the council of a county or a county borough;
¢) in Scotland, an islands or district council.

In Northern Ireland, district councils exercise similar functions under
the Pollution Control and Local Government (Northern Ireland) Order
1978 [17].

The local authorities exercising planning powers are, according to the
circumstances, in England, county councils or district councils, and in
Scotland, the regional councils in the Borders, Highland, and Dumfries
and Galloway Regions and district or islands councils elsewhere. In
Northern Ireland, planning control is a function of the Department of
the Environment (Northern Ireland).
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For the winning and working of minerals, the relevant authority
needs to be consulted as follows:

e England: county councils, metropolitan boroughs, unitary
authorities and national park planning boards where
appropriate;

e Wales: the unitary planning authorities and national park
planning boards where appropriate;

e Scotland: unitary planning authorities;

e Northern Ireland: Department of the Environment for Northern
Ireland.

In the case of uncertainty as to which local authority or local authority
department to consult about a noise problem, a good starting point is
often the environmental health department of the district or London
borough council; in Scotland, the district or islands council; or in
Northern Ireland, the Department of Environment (Northern Ireland)
in Belfast.

Noise sources, remedies and their
effectiveness

The effectiveness of noise control at source

Examples of typical attenuations afforded to various noise sources by
equipment modifications, the use of acoustic enclosures and sheds
(see B.2 and B.3) or the replacement of inherently noisy plant by less
noisy alternatives are given in Table B.1.

The degree of attenuation achieved will vary from the typical value
quoted depending on such parameters as source size, orientation
and noise spectrum characteristics. Furthermore, the effectiveness of
any given measure in controlling noise will depend very much on the
prevailing circumstances. For example, noise from hammer-driven
piling operations can be controlled to a limited extent by the use of
the various methods described in Table B.1. However, the attenuations
provided are not likely to alleviate totally any disturbance from

such high intensity sources. Alternative methods of piling, where
practicable, can provide more beneficial reductions in noise levels.
Other simple noise control measures can provide useful reductions in
overall site noise levels.
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Machinery enclosure design

The principles governing the design of covers for machinery are
simple: for example, covers need to enclose machines as fully as
possible (at least the noisy part), they need to possess adequate
insulation so that noise energy does not readily pass through them,
and they need to be lined inside with an efficient sound absorbent
so that noise is not built up within them or reflected out through
openings. Because a certain number of openings are nearly always
necessary, either for access or for ventilation, it is usually sufficient if
the insulation value of the structure forming a cover is about 25 dB;
a sheet material mass of 10 kg/m? is expected to give this insulation.
See Table B.2 for a list of materials.

Table B.2 Sound insulation characteristics of common building materials

Material Thickness Surface mass Mean sound reduction index
(100 Hz to 3150 Hz)

mm kg/m? dB

Fibre cement boards 6 12 26

Brickwork 113 220 35to 40

Chipboard 18 12 26

Clinker blocks 75 100 23

Fibreboard (insulation board) 12 4 18

Compressed straw 50 17 28

Plasterboard 13 12 26

Plywood 9 4.5 24

Woodwool/cement slabs 50 mm thick, 76 70 35

each face with 13 mm thick plaster

The effective insulation value allowing for openings is unlikely to be
more than 20 dB, but this is a useful reduction of machinery noise. If
a machine produces predominantly low-frequency noise, a heavier
cover than that suggested needs to be provided.

The sound-absorbent lining inside covers normally need to be at least
25 mm thick, unless the noise is almost entirely high frequency when
12 mm thickness might be sufficient. Useful inexpensive materials

for the purpose are mineral wool or woodwool, though proprietary
absorbent tiles, etc., can be used if preferred. See Table B.3 for a

list of materials. Mineral wool needs to be contained behind some
sort of perforated facing, which can take the form of wire netting,
expanded metal perforated sheet or perforated boards, etc. The
degree of perforation normally needs to be not less than 10%. The
usual method of construction for machinery covers is timber or metal
framing with an absorbent material placed between the frame
members, an external insulating cover and an internal protective mesh
or perforated lining. The possible existence of a fire hazard has to be
borne in mind, whatever absorbent material is chosen; particularly if
the absorbent material can become contaminated with oil.

The enclosure of compressors, generators, etc., can pose cooling
and ventilation problems. Such problems can sometimes be solved
by using the radiator cooling fan to induce a flow of air through
the enclosure as a whole by placing a baffle in the plane of the
radiator, as shown in Figure B.1. It is advisable to obtain advice from
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the manufacturer (of the machinery to be enclosed), to ensure that
adequate ventilation is provided by the enclosure and that there is
sufficient access for maintenance.

Sound-absorbing materials for lining covers and enclosures

Material Thickness  Average absorption coefficient
between 125 Hz and 4 000 Hz
mm
Mineral wool 50 0.7t0 0.8
Straw slabs 50 0.4
Woodwool slabs 50 0.6

Figure B.1 Example of machine enclosure
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B.3

Acoustic shed design

Effective screening depends on the extent to which the noise source
can be enclosed without the operation of the equipment being
adversely affected or the operator being exposed to additional
occupational health and safety hazards such as:

a) increased noise levels inside through reflection;
b) excessive heat;

¢) increased dust exposure;
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d) exacerbated effects of flash-over in the event of an electric cable
strike occurring;

e) increased risk of dangerous accumulations of gas from a leak;
f) poor lighting.

Acoustic sheds can also be a traffic hazard, especially during erection
and dismantling.

An acoustic shed designed by the Building Research Establishment is
shown in Figure B.2. Performance characteristics are given in Table B.4
for the types of enclosure illustrated in Figure B.3.

Figure B.2 Typical acoustic shed
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1 Acoustic screen 2 m wide and 2.7 m high
2 Acoustic shed 2 m square and 2.7 m high
Table B.4 Measured sound reduction given by types of partial enclosure
Type of enclosure Reduction dB(A)
(see Figure B.3) Facing the opening(s)  Sideways  Facing rear of shed
Open-sided shed lined with absorbent 1 9 14
material; no screen
Open-sided shed lined with absorbent 10 6 8
material; with reflecting screen in front
Open-sided shed lined with absorbent 10 10 10

material; with absorbent screen in front
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Figure B.3 Examples of acoustic open-sided sheds

Unless otherwise stated, dimensions are in metres
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BS 5228-1:2009+A1:2014

An acoustic shed can be made of 9 mm plywood or other solid
material weighing about 5 kg/m?, on simple timber framing, with

no gaps at joints or corners. There is no worthwhile advantage in
using a heavier construction for portable sheds. The inside is typically
lined with 50 mm of sound-absorbent material, or with 25 mm

of similar material if mounted on battens. Such linings are not
expected to constitute a fire hazard. Mineral wool blankets used as
sound-absorbent material will usually need to be protected by wire
mesh or perforated sheets. Sheet coverings typically have at least
10% of their surface area perforated, with the distance between
perforations not exceeding 13 mm. The lining prevents a build-up of
noise inside the enclosure and improves conditions for the operator.
It does not reduce the noise transmitted through the screen or shed.
Gaps between the sides and the ground are typically closed with a
flap of a special tough grade of polyethylene sheeting or other similar
flexible material. An extractor fan might be required to prevent a
build-up of dust. Artificial lighting might also be necessary.

For more permanent enclosures, blockwork is a useful form of
construction.

Open-textured lightweight aggregate blocks provide a useful degree
of sound absorption and breeze blocks, which can be used for robust
enclosures, are durable, relatively inexpensive and quick to assemble,
and their rough surface texture provides a degree of sound absorption.
Joints need to be properly made.

Acoustic screens

Care is needed in the design, siting and construction of a barrier for
screening purposes if it is to be effective. A barrier can, by reflecting
sound, simply transfer a problem from one receiving position to
another. On level sites, for maximum effectiveness, a barrier needs to be
brought as close as possible to either the noise source or the receiving
positions, with no gaps or openings at joints in the barrier material.

In design it might be necessary for sound transmitted both through
and around the barrier to be considered. However, in most practical
situations the overall attenuation will be limited by transmission
over and around the barrier, provided that the barrier material has

a mass per unit of surface area in excess of about 7 kg/m? and there
are no gaps at the joints. When equipment is to be screened for many
months, sand bags can be useful as they are durable, easy to erect
and easy to remove. Ordinary building materials normally stored on
site (e.g. bricks, aggregate, timber or top soil) can, if carefully sited,
provide noise screening without additional cost. Woodwool slabs are
also effective when fixed to posts. Plywood sheets can be fixed to a
scaffold support frame and, if constructed in sections, can provide a
portable barrier.

Some sound will pass round the ends of short straight barriers. As

a rough guide, the length of a barrier is typically at least five times
greater than its height. A shorter barrier is bent round the noise
source. The minimum height of barriers are typically such that no part
of the noise source will be visible from the receiving point.
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Annex C (informative)

C.1

C.2

BRITISH STANDARD

Current sound level data on site equipment
and site activities

General

NOTE The information given in Tables C.1 to C.11 is reproduced by
permission of the Department for Environment, Food and Rural Affairs
(Defra). The levels recorded represent individual measurements on specific
items of plant.

The data listed in Tables C.1 to C.11 are taken from tables published by
Defra in 2005. They are supplemented by Table C.12, which contains
additional, recently acquired, information on piling and ancillary
operations, supplied by the Federation of Piling Specialists and the
Steel Piling Group. Table C.12, unlike Tables C.1 to C.11 inclusive, does
not include octave band information.

Historic data tables taken from the 1997 edition of BS 5228-1 and

the 1992 edition of BS 5228-4 are included in Annex D. The tables in
Annex D are intended for use only when no appropriate data exists in
the tables in Annex C.

Presentation of data

The lists of site equipment and activities given in Tables C.1 to C.12

do not cover the complete range of equipment used or all the
activities undertaken during the various stages of site work. Users of
this part of BS 5228 need to be aware of the processes involved in

the development of a site and of the equipment that can be used.
When necessary, the tables can be extended to include additional
information concerning site equipment and activities, and their sound
levels, for future reference.

Values of the sound power levels for a particular type and size of
machine and the equivalent continuous sound pressure levels for the
site activities given in Tables C.1 to C.12 will apply in the majority of
cases, but can be lower or higher due to the make and maintenance
of the machines, their operation and the procedures adopted when
work is carried out.

An estimate can be made of site noise by averaging the sound
levels of equipment of similar type and size, and of site activities as
discussed in Annex F.

In Tables C.1 to C.11 inclusive, the broad band data relate to the
activity [ L, - @l at a standard distance of 10 m, except for entries
marked with an asterisk *, which show the L,,,,, measured during
drive by of mobile plant at a distance of 10 m. Except where otherwise
shown, e.g. in Table C.12, the Ly, which is to be used in certain of

the prediction procedures described in Annex F, may be obtained by
adding 28 dB(A) to the broad band A L, + &1 or L,,., as appropriate
(for further details, refer to Annex D, D.1, paragraph 3).

© The British Standards Institution 2014



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

45

l18 € SL vL VvL T WL SL LL - - Jswwey dwnn 0¢
smopuim Bupjeasg °
69 1S S /S €9 89 89 99 99 - — Jawwey dwn1 6l m
uonnued pnys bunjesig e
6L L WL ¢ € T 69 T U — — 911N seH 8l ...M
€8 99 €L 8L 8L LL 9L LL 6L vl vL lolenedxs papeld| Ll m
¢ 19 (9 V¥, 8 08 [LL VL SL 10v S0¢ lolenedxs paypeld| 9l m
[931s Bunand/dn Bunjeaig .m
V8 99 1L S 8. 18 v¥8 ¥8 98 - - I3ysn.d paxped| Sl .m
¢8 65 99 1L SL 18 6L 98 €6 LAY Ll I3ysn.d paxded| vl W
3|qqn./a3a10u0d buiysni) =
98 € 9. 6L 8 € 08 08 18 10v S0¢ J01eABdXS pajjdel] €l w
8 79 0L SL LL 6L €8 18 6L 1y 8¢¢ 1031eABDXS padel] Zl _.m
a|qqns Buipeaids pue Bupjeaig ©
08 €9 8 € 9. SL LL 9L 6 18¢ 0 (3199n4 Buidwnp) pnuy dwnp pajejndiy L
8 V¥9 ¢ 8 18 18 8 8L T8 LN 4% 8¢¢C (>n13 dwnp Buipeol) Jojenedxs pasdesl ol
a|qqnia y)puq buidwng
06 9/ 08 €8 €8 68 98 88 88 19xe21q 6% 059 L (3 51) Lzl JoleAedxa UO pajunow Jisiealg 6
suonepunoy ydiiq dn Bupjearg
vL 09 v9 99 89 69 €L T LL Jeq gelL /B €9 9 ped Jamod Jaxealq dijnespAH 8
€6 (8 €8 98 88 /8 /8 18 8 Jeq 69 /63 02 - J1axeauq dinepAy pjay-pueH L
€8 LL 8L 9L € V¥L 18 €8 €8 - - Jaxeaiq dnewnsud pjay-puey 9
¢ L s 8 ¥9 /9 0L 69 €L EL 16¢C vl 101eABIXD UO pajuNow I9Z1J9A|INd S
9/ 6S 99 69 0L € L T SL 10€ JAN J10]1BABIXD UO palunow J9z1IdA|Nd v
08 9 0. SL v SL VL 9L S8 — - 101eABIXD UO pajuNow I9ZII9A|INd €
¢6 ¢8 ¥8 S8 88 ¥8 8 V8 6L leq Gzl / elp ww 7/ / |00} ww 00/ L / 6% 08€ - 90Y3deq pa|ddyM UO pajunow Js3ealg 4
Jeq ozl
Z6 S8 98 98 98 78 18 T8 6L / "BIp WW {7/ /1003 ww Q0L L / B 08€ (3 t°£) 6S a0deg P3[32YM UO PIRUNOW IDXedIg L
91940u0d dn Hupjeaig
woliegp 38 Ay AT AL 00§ 0SCT SZL €9
W~ b2y |
‘|and] aanssaud Iy
punos ZH ‘w0l 1e ‘Bunes ‘ou
pawybrom-y S|9A9] @4nssaid punos pueq aAeO fApeded ‘(ssew) 1ybiam ‘azis Juswdinbg  Jamod juswdinb3 JEN|

1S9 ©

‘Adop pa | |0411U00UN ‘8TOZ /80 /P2 ‘1 IDNNOD

UOI}|OWAP UO Blep |9A3] punos | d|qel

HONOHOE NOION MWW :Adod pasuad I



BRITISH STANDARD

2014

2009+A1:

69 [y LS 19 €9 /9 [9 S99 [LL vl 99 JojeAedxs paydedy Sz
€& ¥S 09 99 89 0L WL VL LL 16l LL J0jeABdXS padel] 144
€L (S 19 99 99 69 89 I8 6L — 6 Jolenedxs parded| €7
L €S 19 99 /9 89 89 +vL 8L — 96 Jolenedxs paxoed| a4
lL 6V (LS €9 S99 89 T 9L 4L 1ze L0l JO1eABDXD PadjdelL 1C
89 67 € 85 €9 99 S9 9. 08 14¢ scl (But|pt) J01eARIXD paddRIL (114
LL LS V9 89 0L €L 6L V¥8 S6 14¢ 14! JO1eABDXD pPadjdelL 6l
S 95 09 99 0L 0oL v [LL 18 1.2 vEL J01eABDXS PadjdelL 8l
9/, SS €9 89 ¢ L SL 8L 8L 18¢ 91 JO1eABDXD PadjdelL Ll
S, 83 €9 99 69 € v L U 10¢€ 0Ll J01eABDXD PadjdelL 9l
9, LS €9 89 0L € 0L S8 [LL 1ze €/l J01eABDXD PadjdelL Sl
6/ €9 89 L € LL [LL 8L S8 1ot 9ze J01eABDXD PadjdelL id"
8 79 [9 0L ¥w. VvL. 8L €8 WL 1Ll Z8 J9z0(Q €l
18 99 79 8 T € 9L ¥wL S8 10¢ 44" J9z0(Q cl
6/ LS S9 L v LL LL 6L SL 18¢ 6L1 J9z0(Q Ll
08 ¥9 89 0L ¥, € 18 06 68 1Ly 6€C J9z0(Q ol
S)}JOMY}ED/UOI}BABIXD PUNOID
GG €€ & 87 1S ¢§ 67 €5 09 18 29 (Bui|pt) 49peO| d0U>3dEQY PIIBIYAN 6
89 0S5 65 09 €9 v¥9 ¥9 99 WL 18 29 Jspeo| aoy>eq pa|eaym 8 M
0L 05 8 9 V¥9 [9 89 0L VWV vl 69 J01eABDXS pajjdel] L M
€9 6€ ¥ €9 99 79 V9 79 ¥9 191 [4A (Bui|pt) sorenedIXD pPadRIL 9 .m
9/, S9 € 99 [9 89 ¥ 0L 8L 191 [44 J01enedXd paydel| S m
¢S Le 68 9¥ 6V S¥ S 6v 6S 12¢ ol (Bui|p1) J01eABIXD pAYDRIL 1% m
8, 99 69 0L 27, € 9L €8 08 12 ol J01enBDXS pajdel] € .m
LL 19 v9 89 0L ¥, 8. ¥8 &L 1L LOE JO1eABIXS PajdelL C .ma
®GQL 65 09 /9 89 W¥v. 9L [LL 6L 10¢ 44" % J3z0Q l m
aMs buues|) ”m
A8 iy L 00S 0SZ STL €9 w
‘lon9] aunssaid A =
punos ZH ‘'w Q| 1€ ‘Bune. ‘ou ©
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  samod juawdinb3y JEN| N

BS 5228-1

46

uonesedaid 33Is uo ejep [9A3] punos 7D d|qel

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

(I9A3] ||eJ9A0) **“VT pue (spueq aAeID0) **“'7 Ul |9A9] 24nssaid punos wnwixew Ag-aAlIg X

79 9 8y €5 v¥S ¥s 09 ¥WL SL uly - dwnd Ja1ep) 14
9 v € 95 19 9 79 89 € urg 0C dwnd J91ep) S
J1em Huidwing
L 19 89 ¢ ¢ TL vL 08 L9 — 901 (40reI9Udb) ||1IP [EUODBII] 7472
ip |euondalg
. 9 79 89 0L 99 /9 LL [L Yrdap w G/ /J31Welp ww oSl /3¢ 8l 611 bul||up uoissndiad s|qed 194
Buljjup uonebnsaaul punoin
8, €9 89 7L T € T 9. 18 N 00S L /Jeq g6l /B G2z —  (Jojenedxd payoely) Jopedwod Aloreiqia dinepAy 474
08 8 €9 SL v. 8L WL VL OL 63 z9 € (jon3ad) a1e|d AioreiqIn Iy
x € LS 09 ¥9 L9 WL [9 8L T8 1€ 0c K 43|01 A1orelqin (0]
x . 65 79 S99 [/9 89 69 €8 88 1y 6¢C K 43|01 A1orelqin 6€
X €& 9% vs 9 (9 ¢ LL SL 08 181 Srl X J9||0Y 8¢
x 6/ S5 €9 0. v, 8L 18 SL U 18l Srl * (|11 Buijjod) 13]|0Y LE
18 99 89 SL 9L 9L LL LL €8 10¢ 44" (43]]04 Buimoy) Jazog 9€
uonedwod pue buljjoy
lL Ly 95 79 ¥9 [9 69 6L S8 10l 09 J3|puey d1dodsa|al 13
S 08 99 89 € v, 8L 8L 8L €L uoBem a|xe-y - w A1io 143
S 18 79 69 € 9. SL LL [8 S8 1€¢ L8l 3Ny dwnp pale|ndiuy 133
. 85 €9 99 69 0L €L 9L 08 1€C L8l (1114 Buiddn) >pnuy dwnp paiendiny 43
S /8 09 69 ¥8 6/ 6L 6L 6L 98 16¢ 90¢ K (Axdws) ypnuy dwng LE
6/ €9 [9 Vw.L € € 8L wL S8 16¢C 90¢€ (1114 Buiddn) >pnay dwng 0€
|eli9lew Jo uonnqlisia
6/ 65 99 0L € LL 9L 6L 08 16l SL J01eABDXS pajdel] 6C
9. 8§ 7?9 99 0L WL LL T8 98 — (VA 43pe0| paja’aym 8¢
08 19 ¢ ¢ SL SL 9L €8 S8 - €6l 49pe0| pa|ddayA LT
6/ LS Y9 0L € 8. [LL 78 I8 — 602 Japeo| p3|aayn 9z
sali0] buipeo
woliegp 38 Ay A L 00S 0ST S €9
o “ bavy ™
‘lon9] aunssaid A
punos ZH ‘'w Q| 1€ ‘Bunel ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  1amod juawdinb3y JEN|

(panurpuod) uoneedaid a}is UO eep [9A3] PpUNOS 7D d|geL

47

© The British Standards Institution 2014

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

89 67 ¥S 65 ?9 99 79 €L 9L 18¢ LL lojenedxa padeuy IUIN 0z
SL LS 79 69 L 0L S9 LL SL 1l S Buiid 1uiw 1oy Jossaidwod 6l
SL IS €9 89 0L L S9 T WL s9|1d Ja3owelp ww gz x dasp w z| Jebny — B Buid 1y 8l
9. LS S9 69 LL € TL [L (8 sd|idisldwelp ww QS x dadp w ol Jdbne/1y°g 6C B Buijid 1unn Ll
6/ 65 [9 T SL € LL 98 [8 — — Jsbne pajunow suesd 9l
8 69 VL 6L ¥L € 9L 6L SL 1521 0l Jay1p d1neapAy yum Bu Bui|jup paxpedt Sl
€8 19 89 9/ 8. 08 18 76 V8 Jorowelp wz'| /dadp wi Oz /1 0LL — 611 buijid paioq Aiejol abie vl
nyis ui 3sed — buijid paioq Aiejoy
€9 Oy 8 ¥S S5 8 79 SL SL — — dwnd 1a( Ja1epn €l
€9 T 9 1S v¥S 09 99 0L WL 1 — oed samod by 4}
65 ¥y SF 0S5 LS LS 65 09 89 UIPIM Wi 00S / Yibuaj wizL /3y'L N 086 Buijid Ll
89 € 6V SS 19 /9 69 SL 08 19 Vi oed samod oL
€9 Wy 05 ¥S 95 09 €9 1L ¥L AepApues;yipim ww 009/ Yyibus w2 /101 N 00S L Buijid 6
Buppel dineipAy - buijid [9931s 199Ys
88 /9 [L 78 V8 78 6L T8 €8 Kep yos /yibusj wi L /312§ — 61 Buijid Aioreaqin 8
Aioyreiaqin - Buijid [9931s 199Ys
0L 27 0S LS €9 99 €L 8L [LL 19 id! ped samod L
89 e 6V /S 19 S9 0L ¥.L 08 [10S / Y3pIM Wi 006 / Y1bus| w €1 /3 0L N 008C Buijid 9
Buppel dineipAy - buljid [9931s Jejngny
69 9 €S €9 99 65 09 S9 6L — €2 ped samod 61 9)1d sswwey douq q
[L 89 T T 0L ¥9 S9 S9 €L Ja1awelp ww 00€ / Yibua| w z (3 1) — 611 sswiwey i nespAH 14
88 ¢/ SL 08 €8 [8 S8 €6 (8 Ja1owelp ww oy — 611 sswiwey i nespAH 3
[8 S9 ¥. 8. €8 v¥8 88 [8 08 Jswwey iy 98l 6L sswiwey 1 nespAH [4
Jawwey u__:m.‘_v>r_ - mc___n_ |@93s JejngnL
68 0L S/ 8. € 68 78 I8 8 Allop poomA|d /sswiwey 1/ yibusj w9l Gyl 611 sswiwey i nespAH L
Jawwey dijneipAy - buijid 3124ouU0d 3sed-aid
8 P T L 00S 0SCT STL €9
._¢>w_ ainssaad M|
punos ZH ‘w 0l 1e .m:_u.m.. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  samod juawdinb3y JEN|

1S9 ©

suonesado Aiejjpue pue Huljid uo eyep [9A3] punos £ d|qel

© The British Standards Institution 2014

48

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

§9 G99 S9S 99 99 89 99 9L L Jeq Q€ — 1913nd seb p|ay-pueH g€
89 99 99 85 09 19 T¢WU v WL Jeq 0geg — (3]1d o do Bbuinrnd) Js11Nd sen pe
/S € v v 8 TS 65 /(9 &L 63 805 9 Buip|am 1o} J0jeIaUSD €€
€ 09 9 99 0L 89 /9 T 4L — — Buip[am 10} 101eI3USD 43
€ 95 19 99 69 89 69 89 /9 — — (so[1d Buip|am) Japjam play-pueH 1€

s9|1d [991s Bunnd / buip|opn
0L 6v (S 9 S9 /(9 L T 08 10 — SUeId 3[Iqow P3|y 0€
oL 1S 19 09 79 /9 69 [LL I8 16S zel due.d 9[Iqow paxped] 6C
L9 9% 1S /LS 65 T9 99 LL I8 10LL 781 due.d 3[Iqow paxpel] 8¢

(71 ‘sbuised ‘sajid Hunyiy) buipd 1oy sbesuel)

suwn|od
08 65 0L 69 ¥, [LL 6L ¥8 16 1L 09 9u01s 4o uoldedwod pue Juswade|dsIpoiqIA LT

SUWN|0Od dU01S OIqIA
S, ¥s 79 89 69 L T T8 I8 Jeq Qg / Je1swelp ww 0zl T4 dwnd a3210u0> 9C
8, 85 99 € € L 0L 9. ¥8 Jeq 6G / J91dWelp wWw 08l /1 8¢ 69 dwnd 832.0U0) T4
. 7& 09 (9 69 69 € SL 6L 102 — (9bed [eraw [ed1pulAd Bulliasul) JozeARIXD padded] v
89 €& € 65 9 V9 [9 9L V8 — — J0}eAedxa pajded| €7
08 95 99 L SL 8L 8L 6L 6L l¢ge 9zl Bl pajunow Jajmesd (44
6, € 89 ¢ WvL 9. 8L 18 18 1 G€E oSl 611 pajunow Jajmesd 1z

nyis ui 3sed — buiid 1abne ybij snonunuod

woliegp 38 Ay A L 00S 0ST S €9
o “ bavy ™
‘lon9] aunssaid A

punos ZH ‘'w Q| 1€ ‘Bbune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  1amod juawdinb3y JEN|

1S9 ©

(panurpuod) suonesado Arejjipue pue Huljid uo eyep [9A3] punos £ d|qel

49

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

19 ev LS €5 LS 85 85 99 19 — 4 JOXIW JUSWD [[ews €7
9. 09 €9 /9 69 T 6L €L U 19¢ L9l Jaxiw 932.5u0d db.e 44
LL 95 89 ¢ WL 7L S9 L 08 — 91¢ Jaxiw 9194ou0d A1io| abue 1z
08 S5 09 8 0L 69 99 VL €8 — — 32N J9XIW 91340U0) 0z
L 1S 09 99 99 S99 S99 1L [LL — — (BulpI) MPNJ3 JSXIW JUBWDD) 6l
S.L 8 %9 69 LL 0L 99 69 08 — — (6u1b1BYdSIP) HONJ3 JOXIW JUBWSD 8l
9313.0u0d BuIXINl
lL SsS 09 ¥9 99 89 89 7L I8 18 374 JojeAedXs paydedL Ll
¢/ € 09 99 69 /9 [9 0L ¢S 7000SC — Buidwnd saxuey |any 9l
® 9/, 05 65 /9 T SL WL €L 6L 1Ll — w Aio| 4sxjuey [an4 Sl
L9 v ¥S 19 79 79 €9 [9 89 16 29 Jspeo| aoy>peq pa|eaym vl
S lL 6V (LS ¥9 S99 69 0L 7L €8 LAY SL % I3PeO| P3I9YAN €l
S LL CT§& 09 89 ¢ SL LL T8 V8 vl €9 X 101eARIXS PI|3YAN Zl
19 v T ¢9 89 LS LS 6S 19 18l 06 (Bui|p1) 101eARIXD PIPBRYM Ll
99 S IS LS 79 V9 €9 09 P9 18l 06 101eABDXD P39YAN ol
S LL €S 19 [9 69 [LL 8L T8 T8 1€ 143 waadwng 6
9¢ C¢ ¥ 09 TS 67 LV 95 89 19 99 (Buijpr) soadwing 8
S 8 65 99 L WL LWL T 98 06 1S 9S wadwng L
S 6/ 79 99 ¢ T wL [LL 98 68 19 09 w Jadwng 9
€9 € 05 99 09 SS9 S5 V9 €L 16 SL (buijpr) sadwing S
S 9. S ¥9 89 89 ¥, SL 9L T8 16 SL w Jadwng ¥
S 9. €5 19 89 ¢ € v. 18 ¥8 1L 18 w Jadwng €
S 8 8 99 0. ¥, ¢ LL 08 S8 1€C L8l % }dNJ3 dwnp paje|ndiuy [4
S 18 €9 (9 € SL 6L LL [8 06 16¢C 76l % }dNJ3 dwnp paje|ndiuy l
s|eli@1ew jo uonnquisig
wolriegp 8 Ay AT L 00s 0ST SZL €9
71 ¢l
‘lon9] aunssaid A

punos ZH ‘'w Q| 1€ ‘Bune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  samod juawdinb3y JEN|

1S9 ©

S91}IAIIDE d)S [edauadb uo elep |9A9] punos D d|qel

© The British Standards Institution 2014

50

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

S99 6V €9 € 69 79 SS9 89 €9 yoeals w g / 191swelp ww gyl — wooq bupe|d a39.0u0> LE
lL 9§ 65 v9 S99 /9 89 89 L — — Jax0d buieiqin + wooq dwng o€
€9 6V SS 9§ LS 9SS ¥S LL 6§ B3 51 L'l Jadwey Aiorelqin 43
69 99 65 19 ¢9 v9 0L 0L 29 — e J03RIQIA 1) 0d 143
8, S9 0L ¢ 69 € 08 08 8 — — J03eIQIA 13X 0d €€
J9yy0 bunanuo)
wJe wooq + dwnd
8. 9 S9 0L 2L 9L LL €L €L — — 912J2U0D PIJUNOW PNJL + 3ONUL ISXIW 91240U0D) 43
S, 7S 19 69 0L 0L L SL 8 wooq w ¢z — (Buijp1) wie wooq + dwnd 91945U0d PaIUNOW YPNJ| 1€
6L C¢9 99 ¢L 9L 9L L 9L LL 1L — wue wooq + dwnd 91810U0d pajunow dNJL o€
08 €9 (9 SL VL SL SL LL €8 192 — wue wooq + dwnd 918910U0d pajunow dNJL 6¢C
(buidwnd) dwnd
GL €S 6S 8 69 2. €L 08 6L wooq w zg + W / / (Aipeded) 1 9¢ — 919.0uU0d B (bulbieydsip) NI} JSXIW 91910U0D) 4
6L 65 S99 SL € €& VvL VvL V8 — — 32NJ1 JSXIW 81840U0) Va4
s£ 09 ¥9 89 L 0L LWL 9L SL Jo)sWelp ww 0S| /J1eq 0Se /39 LLL (Burp!) 3>nJ3 Jaxiw 93845U03 + dwnd 331315U0D 9C
(100J3 yag 03
728 99 L V¥L LL 6L 8L 18 €8 Jo1oWelp ww 0S| /Jeq 0SE/19 LZL Buidwnd) yonJ3 Jaxiw 3334ou0d + dwnd 93310U0) sz
[9 [V €S 65 €9 99 ¥9 V9 69 Jeq 0Ge/18 g€z (Buibaeydsip) 3pnuy Jaxiw Juswad + dwnd 81940u0) e
918/ou0d buidwng
w o.w ledp A8 Ay AT YL 00S 0S¢ SCL €9
[ “ ™7 @
‘lon9] aunssaid A
punos ZH ‘'w Q| 1€ ‘Bune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 1ybiam ‘azis yuswdinby  samod juawdinb3y Joy

1S9 ©

‘AdoD

(panuipuos) sanIAdE ) [esauab uo elep |9Ad] punos ¢ d|qel

51

© The British Standards Institution 2014

Pa | [041U0dUN ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :Ad0D pasuad I



BRITISH STANDARD

2014

2009+A1:

99 IS 85 09 65 €9 ¥9 €9 89 — SI9JOM JO4 11| DUS 29
89 (¢S 6§ 19 €9 99 99 V9 V9 63 005 — (214329]9) 3510y |elISeW pabe) 19
0L 95 LS 19 ¥9 89 89 U V¥ 19 ve (Buijp) 1| Jossds [9s91Q 09
8, € SS9 L Vv vL WwL [LL 08 19 144 11| JossIds |9sa1qg 65
€9 S¥ TS 99 99 69 65 L U 18 13 (buljp1) wioreld Buny 85
L9 67V 85 65 09 €9 79 9. 8L 18 13 wuojie|d buinyiy /S
€8 /9 69 S.L 8 18 08 ¥8 /8 1yl €9 J01eABIXD PII9AYAA 99
0L 6r 99 ¥9 [9 99 €9 7L T8 1€ SL Ja|puey d1dodsala) SS
6/ L[y ¥S 99 8. S9 99 €L 6L 1y 9L Ja|puey d1dodsala) ¥S
LL 95 V¥9 69 ¢ wL 9. 8L 18 19 0S wooq Bui| yum Ao €S
S, 67y 85 99 ¥, [9 99 L €L 1901 ore |ue.ld s[lqow paxpedy Zs
99 or 0 19 79 19 09 /9 99 w szl /3009 06€ (Buijpl) suesd 3jiqow paxdesL LS
lL 9% S5 99 99 79 89 L 89 w szl /3009 06€ |ue.ld 9[lqow paxpedy 0S
LL LS LS €9 0L 9L 08 6L 8 1zl LS due.d Jamoy 61
9/ 05 99 99 99 9. 08 [LL T8 1¢2¢ 88 due.d JamoyL 8
19 S€ v €9 99 89 65 99 /9 108 (0] 44 (Bunpt) sueus o1dodss|ay 3|1IqON Ly
L9 Or 6V LS 79 V9 [9 69 8L 108 ore aueud 51dodss|2} 3|IoIA| o
728 19 69 9. LL wL 8L 18 06 165 09¢ aueud 51dodsa|a1 3|IqOIN S M
09 9¢ S €5 99 95 S 99 €/ 16€ S/Z (buijp1) sueLd B)IGOW P3IBIYAN 144 M
0L 05 99 €9 ¥9 €9 L 9. 08 16€ S/Z dueld 3[lqow pa[adYAN 134 .m
9 W 05 95 09 19 ¥9 /9 L 100l 08¢ (Bui)pr) aue.d 51dodsa|a1 3[IGOIN a4 m
LL ey vS €9 99 0L 89 L €L 100l 08¢ sueud 51dodsa|a1 3|IqoIN (874 m
9 S ¢¢ 09 19 9 99 T¢U &L 108 Sle (Buipr) due.d 51dods3|a1 3[IGOIN ot .m
LL ¢& 09 /9 WL ¥wL 8L T8 [8 108 SlLE aueud 51dodsa|a1 3|IqOIN 6€ .ma
8, SS ¥9 € € vL € 6L 08 100 0L9 aueJd 51dods3|3) 3|Iqow P3IYAA 8¢ b
Bumyn m
woliegp 8 Ay A L 00S 0SCT S €9 &
B “ 1 2
‘lon9] aunssaid A =
punos ZH ‘'w Q| 1e ‘Hbune. ‘ou ©
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apedes ‘(ssew) 1ybiam ‘azis yuswdinby  samod jJuawdinb3y Joy N

BS 5228-1

52

(panuipuo3) saNIAE d9)S [esauab uo elep |9A3] punos D d|qel

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

vL (v 99 S99 69 0L 9. ¢ SL — — Joeiauab |9salqg 8
9 v ¢ 95 09 19 99 L LS 63012 € Jo3eiauab |9salqg €8
9 G€ ¢ Ly 6V €S 65 19 V9 1 — Jo3eiauab |9salg 8
9¢ €& 8¢ 9 IS €S 85 LS €9 1¢C — Jo3eiduab |0439d 18
09 S e ¢ SS9 99 65 V9 ¥S — — Jo3eiauab |9salg 08
v v 9 LS LS 19 89 LL 69 — — Joieiauab |9salg 6L
9 & e ¥5 8 S99 89 /(9 V9 — — Joieiauab |9salqg 8/
09 v 8 ¢& €S LS 9 79 OL — — Joieiauab |9salqg /L
l9 (L& Sy 8y €& VS LS v. 08 — S9 Jo3eiauab |9salqg 9/
suiged 9IS 10} JaMod
K 6/ 6S V9 T, € 9L 9L 98 €6 15°€ LL ¥ (43]1e41 BUIMO]) J03ORIL S/
X 08 SS 19 0L 8 SL 8L LWL 6L — ool % (3uswdinba Buimoy) Joyeu) vl
juswdinba Buino
¥8 (L 8. 8. €L 89 0L [9 €L J912wWelp ww ggz /63 9/ Gl (sqe|s buined Bu13INd) mes Jejnduid play-puey €/
(2019
6/ 69 Wv. 0L L VvL (L SL 69 63 6 € 9124ouU0d HuI1INd-|0J1ad) MES JB|NDJID P[3Y-PUBH L
8 [LL ¢8 9. ¢, 0L ¢ vL S8 — —  ($)Pojq 91245u0d Buind-jos3ad) mes youaq Jendiid WA
sqels buined ; sypojq 818.0u0d Hunin)
16 S8 98 8 08 08 18 68 T Ja1owelp ww 00g /63 6 € Mes Je|nduid p|ay-puey [0J1ad oL
gejs 100} 91245u0d BunInd
8 08 08 SL v ¢ SL VL SL 1q Js3dwelp ww 0S¢ — (214129]9) ||1Up 840D 69
9124ou0d BuljLIp 910D
9 87 ¥S 835 65 65 99 L L 19 0€ JOjeAedX3 paxpesy Ul 89
v. 8y LS V¥9 89 0L 9L 6L [8 1 — JO}eARIXd padjdeJy IUln /9
69 05 99 9 €9 /9 [9 €9 U 18 €9 Japeo| soy>peq pa|aayan 99
lLL SS 65 €9 S99 0L 89 ¥. 9L 11e S6 JojeAedxs paydedL 59
S. 1S 09 99 69 € S 08 Vv 1ce L0l JoleAedxs paxpelL 9
LL SS ¥9 69 LL SL SL 98 LL 101 €cc JojeAedxa pajpelL €9
Buiyduail
woliegp 38 Ay A L 00S 0ST S €9
o “ bavy ™
‘lon9] aunssaid A
punos ZH ‘'w Q| 1e ‘Bbune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  1amod juawdinb3y JEN|

1S9 ©

(panuipuos) sanIAdE ) [esauab uo elep |9Ad] punos ¢ d|qel

53

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

(I9A9] ||BJBN0) **“¥T pue (Spueq 9ARIDO)

xew

7 Ul [9A3] 24nssaud punos wnwixew Ag-aAlqQ K

LL 19 89 ¢, T T vL 08 /9 — 90l (40re49Udb) |1 [RUONDBII] 92
€& 19 ¥9 69 S99 99 S99 99 €9 S|leu ww 0§ 01 9l — unb |leu ssa|pJod pjaypueH S6
SL 79 99 89 69 0L L WwL LL 63 501 SLE Japulib p|ay-puey 1oy 1ojesauab 01134 6
08 € € LL 0L 09 TS LS (LS 63 L'v €T (1993s Bulpulb) Jspulib a|buy <6
(Jswwey
/8 LL V8 08 €L 89 €L €8 [LL — — S1|neJpAy) [|14p |euoIdaIIp 104 spoddns Buizuno|n 26
snoaue|PsIAl
8 99 09 89 0L 08 VL €L 8L — — J3|ieJy Hun uojssauddns 3snQ 16
9. 85 19 /9 LWL SL 69 SL 08 - 0L Jadaams peoy 06
uoissaiddns 3snp pue Buidaams
6/ 99 €. Vw. L T (9 T8 I8 — — (dwnd wnoen) Ja3em Buideaixa Jayuel Jarepp 68
89 9 99 €9 ¥9 v¥9 99 99 0L 63 001 ol (19s31p) dwind 418/ 88
J91em Buidwng
S99 ¢ vs LS 65 09 V9 TU LL wdi 000 €/VAN 9 S'L Jojessuab |ssa1q L8
S9 6V 95 9SS 65 79 99 1L 8L — Sl J03e19U3b |3salqg 98
Bunybi| 104 1amod
99 €5 99 09 69 09 /9 69 69 63 8L 14 J01e19U3b |3saIg S8
19p|9M 10} JaMod
woliegp 8 Ay A L 00S 0SCT S €9
R K@ |
‘lon9] aunssaid A
punos ZH ‘'w Q| 1€ ‘Hbune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apedes ‘(ssew) 1ybiam ‘azis yuswdinby  samod jJuawdinb3y Joy

1S9 ©

(panuipuo3) saNIAE d9)S [esauab uo elep |9A3] punos D d|qel

© The British Standards Institution 2014

54

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

08 S9 0L € 9. SL SL 6L 9L 16€ [4A} JojeAedxs paydedy 8l
x 18 €9 69 ¥, (LL SL [LL 88 S8 1¢€C L8l O3PNIY dwnp paje|ndily Ll
x 18 19 99 1L 9. 6/ 08 06 88 16¢C 6l 3NIY dwnp paje|ndily 9l
x €8 8 99 0L T8 /LL 9L 18 €8 1ve vEL X J9zopjing Sl
x 98 /9 € 08 78 SL SL 98 [LL 16g 0S¢ X J9zopjing vl
s)4omyries
7?8 79 0L 9. 8 SL 9. v8 T8 1Ll 89 J9z0Q €l
L 19 9 89 ¥, 0L LWL 8L 08 vl 0L J9z0Q Zl
1y/6urddiy> Buipeaids
€ 79 65 ¥9 89 1L 89 W¥L 8L 1/1 4%’ JO1eABdXD P3I9AYAA L
2deJIns peod uayoiq buinoway
vS 6 T Sy Ly 0S 85 €S /9 1€ 43 (Butjpr) soueld iy ol
89 8y €5 95 79 S99 0L L9 U 1€ [43 Jaueyd Ul 6
79 8 9 6y 65 09 85 65 L9 1L S8l (bujpy) Jaue|d peoy 8
78 (9 0L WwL LL LL 6L [8 18 11 121 Jsue|d peoy L
buiue|d peoy
6 <6 16 €8 8. 8L SL 6L 06 - — Jaxjeauq dnewnaud pjay-pueH 9
912/ou0d Hupjeaig
S9 [y 85 9SS LS 65 V9 €L ¥8 1l — Joyeauq dnewnaud pjay-puey Joy} Jossaidwod S
98 18 € [LL € SL v. v8 ¥8 — — (>newnaud pjay-puey) Joxes.q peoy 1%
78 69 08 /9 €9 89 € SL T8 — — (>newnaud pjay-puey) Joxes.q peoy €
€8 0L SL L LL WwL € SL 6L B3 0zL /4eq GLL /J913WeIp WW b (3 G°L) - J19yeauq d1nespAy Yyum Jojenedxa Ul 4
88 18 78 € 18 /L 8L 08 98 — L9 193ea1q d1|nelpAy pajunow soypdeg l
2xejuns peod bupjeaig
wolieap 8 Ay ¢ AL 00 0SC SZL €9
B> @l
‘loA9] a4nssaad M
punos ZH ‘'w Q| 1€ ‘Buneu ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis Juswdinby  samod juawdinb3y JEN|

1S9 ©

S$)J0M UOI}INIISUOD PEOJ UOo Blep [9A3] pUNOS G d|qel

55

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

(I9A3] ||eJaA0) **“VT pue (spueq aAeID0) *°“'7 Ul |9A9] 24nssaid punos wnwixew Ag-aAlIg X

89 6 vS LS €9 (9 V9 V9 IL ur9g Gl dwnd Ja1em >93] o
Ja1em Huidwing
99 9 ¥S 09 €9 65 LS T9 IL 108 SlLe (Buijpr) sue.d sjigow PaIBAYAA 8¢
9/, 95 €9 69 ¢ L [9 €L S8 108 SlLe |ueld 9|lqow pa[edy\ LE
ssedJapun 1o} dYJomuwioy Bunji
/8 08 78 8. [LL 8L 8L 98 ¥8 63 z'6 / 1919Welp WW 00E € (|os1ad) mes Jendi pjay-pueH 9¢€
sqej|s 9324ou0d bunin)
vL VS 19 0L 69 69 L ¢L ¢8 — LT Jolenedxa pajoed| g€
0L €5 LS T9 €9 0L 79 99 U 1L LS 101eABDXD PI9YAN %3
Buiyduail
S. ¥s 19 /9 69 7. 8L T8 T8 18l 8L (Auio| Jaddny +) Janed yjeydsy €€
X 8 S9 ¥, 9. 6L 08 18 ¥8 /8 18l 76 % (Auio] 1addiy +) Joned yjeydsy [43
LL 09 /9 0L WL ¢ Vv LL U 18l 76 (Auio| Jaddny +) Janed yeydsy LE
QL 9 79 69 L ¢ T LL 8L Jaddoyizi 45" (A410] J2dd1 +) Joned jjeydsy 0€
Buined
8 0L €L LL LL LL VYL 8L 9L 63 09 € (3eydse) sapedwod Aiozeiqgin 62
LL 65 €9 0L 0L € 9. 08 T8 1671 4} 19|04 AioreIqIN 8C
L9 S €S 65 19 79 79 0L S8 1€ (114 13|04 A103RIUqIN [T
L 19 (9 0L 0L 0L 8L ¥8 8 v — J139||0J AioreIqIn 9 m
SL LS 79 99 69 SL T¢ SL 08 167 [43 J139||0J AioreIqIN ST M
b v8 19 I8 v. ¢ LL 9L T8 68 121 €S  J3]|04 A1orelqin 144 .m
X €8 19 99 ¢/ 9L ¥8 SL [LL €8 1zl —  (Bunieaqua Jou) Jajjos A1oreiqin €¢ m
S 18 19 /9 0L [LL 6L SL €8 76 1zl 6 s 49)|0u A1oreuqin [44 m
X 08 19 S9 89 € I8 [LL V8 06 1zl S6 43|04 Aioreuqin (¥4 .m
S. ¥S 65 S9 0L ¢ € T8 06 16’8 86 13]j04 A1o3eIqIn 0¢ .m
X 08 €9 69 € SL € SL S8 /8 }ze S6 X J9[|0J peoy 6l &a
uondedwod pue buljjoy m
woliegap A8 Ay AT AL 005 0S¢ SZL €9 &
. m &w<< ‘ m
‘lon9] aunssaid A =
punos ZH ‘w ol 1€ ‘Bbune. ‘ou ©
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  1amod jJuawdinb3y Joy N

BS 5228-1

56

(Panui3u03) SHI0M UOIIINIISUOD PEOJ UO BIEP [9A3] PUNOS G d|qel

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

X ¢ 89 9. € SL 8 08 98 88 — — w A110] peou pibiy €z
X €8 ¥9 69 1L 9. € 18 S8 [6 16€ 09¢ w (Aydws) A1io| peoy [44
x 08 ¥9 WL T LL €& VvL T8 96 16€ (1744 % (lIng) A11o| peoy (¥4
X 9. 09 ¥9 89 L 0L 6/ 9L 18 16€ €lE w (Aydws) A1io| peoy 0T
X 9/ S9 89 0L 0L 0L S.L 6L 18 16€ oze w (Aydwa) A1io| peoy 6l
X 98 19 0/ 6/ 18 €8 € 06 16 1q€ ove % ¥dNnJ3 dwnp paje|ndiuy 8l
X S8 /9 7 9L 6/ €8 98 ¥8 98 18¢ LvT % 3dNJ3 dwnp paje|ndiuy Ll
X 88 69 /L 18 € v¥8 S8 06 €6 10t L8C w (Axdws) xpnJy dwnp pajejndiuy 9l
x 06 0. [LL €8 ¥8 [8 16 16 V6 106 L *x3pnay dwng Sl
x 68 L. 9/ 18 €8 S8 68 V6 68 1851 €8L *x3pnay dwng vl
X 6 SL 6/ ¥8 98 16 16 S6 L6 1091 Lyl *x3pnay dwng €l
abejneH
. SS 19 99 89 L L VvL V8 1€l 1L 10)BAEDXD Padel] Zl
S. LS 79 [9 69 69 S V¥8 T8 16l €0l JojeAedxs paydedL 1L
6/ 09 99 L ¥v. 9L 8L 6L €8 44 Lol JojeAedXs paydedL ol
9. 19 ¥9 89 69 ° LL S8 8L 1€C 8Cl JojeAedxs paypedL 6
08 19 /9 ¢ SL [LL [LL €8 €8 18¢ 8zl JojeAedxs paydedL 8
9, 95 v¥9 [9 0L ¥. SL 08 ¥8 16€ 8¢l JojeAedxs paydedL L
18 €9 0L SL 9L 9. 6L 08 [LL 1g€ 44" JojeAedxs paydedL 9
98 0L [LL 8. 08 ¥8 €8 6 16 106 08€ JojeAedxs paydedL S
08 09 79 0. S, ¥, 8. 06 98 168 Z8¢€ JojeAedxs paydedL 14
98 99 € 8., 78 18 €8 6 68 1€le 0.8 JojeAedXs paydedL €
68 89 9/ 18 € 98 [8 16 88 10v¢ 8001 JojeAnedxs paxdedL 4
S8 0L L 8. 08 18 08 98 16 1508 0891 JojeAedxs paxdedL l
Buipeo| pue 1no bupjeaig
woliegap A8 Ay ¢ AL 005 0S¢ SCZL €9
B> @l
‘lon9] aunssaid A

punos ZH ‘'w Q| 1e ‘Bune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis Juswdinby  samod juawdinb3y JEN|

1S9 ©

S9)Is |eod 3sedouado uo elep |9A3] punos 9 d|qel

57

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



(I9A3] ||eJ9A0) **“VT pue (spueq aAeID0) *°“'7 Ul |9A9] 24nssaid punos wnwixew Ag-aAg X

BRITISH STANDARD

2014

2009+A1

8, 85 S9 ¢L vL €L 0L 9L €8 wdi 59 | / edX 00€ - dwnd Js1em |asa1q 874
J1em Huidwing
9 or S LS SS V9 L9 VL 6L wda 005 L ‘'VAY 0SL ocl Jojessusb |asa1Q 6€
suiged 3)IS 10} JBMOd
” €8 69 0L LL 8. 8. ¥8 98 8L — — K (J9smoq J91em buimoy) Joyoell 8¢
18 S9 0L v.L € 6L SL 18 08 — — (BuiBieydsip) s1asmoq 191 LE
19sMmo(q 191\
K 68 99 9/ S8 ¥8 18 v¥8 18 08 — — W J9SMO( |9s91Q 9¢
19smoq [9sa1q
98 ¥, 9. 6L 08 6L 8. €6 S8 8Joq Wwi 00l — 611 Bul||lp d1nelpAy paxdes 13
Bunua
9. 85 99 /9 69 €L LL 78 8 1€ 78l 19peo| P39y 143
8 79 LL vL 9L LL €8 V8 6 152 061 (A110] Buipeol) Japeo| pajaayn €€
S. 8 ¥9 89 0L 0L 0L LL €8 1€¢C 861 (19ddoy buipeoy) 1opeoj| pajsayn [43
Si9peoj| pus juoi
K 98 9 ¥, 8. ¥8 6L €8 [8 88 16¢ S0¢ * Jspesn LE
peod |ney bujjjana
98 99 €, 08 <¢8 8L 6L [8 6L 1G6€ 0S¢ 19Z0p pajunow is|meld 0€ m
88 6L 98 9. 6L LL 08 V8 €8 18¢€ 0S¢ 19Z0p pajunow Js|mel) 6l M
S8 65 69 18 6L LL 9. V8 08 181 1413 19Z0p pajunow Js|meld 8¢ ..m
Buizopjing £
9. ¥S P¥9 69 LL ¢, 9L LL LL 11l 0S¢ PNy dwinp paje|ndiuy Lz m
6, 09 89 ¢, SL € SL V8 88 10 L8C pPnuy dwnp pale|niuy 9C .m
98 89 /L 6L L8 78 98 98 S8 106 L 3PNy dwing T4 .mq
9@ 89 S/ 08 L8 ¥8 18 +v8 6L 1861 €8L 3PNy dwing |44 o
<
peoj buidwng 2
w ow legp 8 Ay AT AL 00S 0S¢ SZL €9 &
. 1 w<< ﬁ m
‘len9] ainssaud M ~
punos ZH ‘'w Q| 1e ‘Bune. ‘ou ©
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apedes ‘(ssew) 1ybiam ‘azis yuswdinby  samod jJuawdinb3y Joy N

BS 5228-1

58

(panurpuod) saus |eod 3seduado uo elep |9A3] punos 9 djqel

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

18 (S €9 ¢ SL 08 18 88 8 10¢ 44" 18z0Q Ll
X 18 v9 69 € 9. 6L 18 ¥8 ¥8 10¢€ 861 *PNI} dwnp paje|ndiuy 9l
X 6/ 79 0L ¢, €L LL 9L 18 16 1ie Lee % 3PNJY dwnp paje|naiuy Sl
X 08 09 99 L S, € 78 v8 88 1€C 0s¢ % PNI} dwnp paje|ndiuy 14"
x 68 ¥9 89 SL 6/ V8 €8 68 6 16¢ LCE ¢ 3PNJY dwnp paje|naiuy €l
v. 85 €9 (9 89 0L L 08 8L 11¢ 96 Jojenedxs paxdel| 4}
8 09 S99 0. € 9. SL 18 €L 161 144 Jojenedxs paxdel| Ll
eale UONEBARIXS ||9D
69 SS 09 <9 €9 9S9 /L9 0L L9 11¢ 96 Jojenedxs paxdel| oL
. SS 09 S9 LWL 0L WL 8L 9L 10¢ ol 13z0Q 6
S. 85 v9 89 L L €& 9L Vv 108 vEL 13zoQ 8
SL LS 19 /9 69 ¢ € 6L €L 1lie 8€L 18zoq L
8 8% €9 69 Vv, [LL SL 08 18 e 8¢l 19z0Q 9
lL 0s 85 ¥9 89 99 0L S €L — 144 Jo01edwod 93sepn S
S.L 85 €9 /9 69 0L 9L 9 U — — J01pedwod a1sepn v
08 /(9 (9 0L 8 SL L €8 6L LA €8¢ Jopedwod aisepn €
6/ 79 99 0L vL 9L 8L VvL 99 — 86¢ J03edwod 33sepn z
08 79 99 89 [LL 7L 6L 8L 0L 1S Z6€ Jopedwod aisepn l
ease buiddi)
woliegp A8 Ay A AL 00 0SC SZL €9
o 1@
‘1ans] a4nssaid M
punos ZH ‘'w Q| 1e ‘Bunel ‘ou
pawybiom-y s|oA9] ainssaid punos pueq aAeQ Aipeded ‘(ssew) ybrom ‘azis Juswidinby  Jamod juswdinby JEY
s9}Is [esodsip 9}sem UO elep [9AS] punos 8 d|gel
78 8 99 € 8 8. 08 16 €8 19612 Lovz diys buibpa.p saddoy qein 4
JnogJiey buibpaiqg
8. /S €9 L 0L SL 9L €8 WL leE/wiew |z 8.1 Jojenedxs paedy yoeas buoq l
paq JaAl 3no buibbiq
woliegap A8 Ay ¢ AL 005 0S¢ SCZL €9
B> @l
‘lon9] aunssaid A
punos ZH ‘'w QL 1€ ‘Bune. ‘ou
pawybram-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis Juswdinby  samod juawdinb3y JEN|

1S9 ©

‘Adop pa | |0411U00UN ‘8TOZ /80 /P2 ‘1 IDNNOD

Buibpaip uo ejep |9A3] punos /D d|gel

59

© The British Standards Institution 2014

HONOHOE NOION MWW :Adod pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

(I9A3] ||eJ9A0) **“VT pue (spueq aAeID0) *°“'7 Ul |9A9] B4nssaid punos wnwixew Ag-aAlIg X

6S €€ O v S 87y €9 LS C8 — — J01e19uab |asalqg v
uiqed ayis Atesodwal 1oy 1omod
79 T e 6 ¢S 95 LS €L 18 — — dwnd a|qisiawqns 10y} Jojelauab |asa1q €z
lL ¢9 65 99 S99 85 09 G 0L uly — dwnd 4a1em adeqns |9salq 44
Jay1em Buidwing
X 8 65 S99 0. L S.L 8. ¥8 8 — — s uobem dpjs 1z
x 6,/ (9 0L €L Vv, VvL vL T8 88 — — s A11o| 1addiy 0z
X 8 09 ¥9 0L ¢ 9. 6/ 18 88 b8 474 €8¢ ® uobem asnyay 6l
S 8 ¢9 99 ¢ L SL 8L 6L 8 — — W uobem asnjay 8l
sapIyan Aianiap a1sepn
woLiedp 38 Ar  Ac L 00S 0S¢ SscL €9
E 1] w<ﬂ ﬁ
‘lon9] aunssaid A
punos ZH ‘'w Q| 1e ‘Hbune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apedes ‘(ssew) 1ybiam ‘azis yuswdinby  samod jJuawdinb3y Joy

1S9 ©

‘AdoD

(panuipuod) says |[esodsip 81SeMm UO elep [9A3] punos 8 d|qel

© The British Standards Institution 2014

60

Pa | [041U0dUN ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :Ad0D pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

x 68 89 L/ 08 78 1¥8 88 [6 00l 1ot 60€ % 3pnJ) dwnp paje|ndiuy [44
x 06 (L LL S8 ¥8 S8 98 16 6 RA 29¢€ PN dwnp pibiy (¥4
x 06 9. v, v8 ¥8 ¥8 06 L6 96 109 LLS PN dwnp pibiy 0T
x 68 €. [LL T8 € S8 88 16 06 189 LLS PN dwnp pibiy 6l
x 06 SL 9/ €8 € S8 68 [6 S6 109 S PN dwnp pibiy 8l
x 06 € [LL €8 ¥8 98 [8 S6 66 119 L9S 3PNy dwnp pibry Ll
x 16 0L 9/ €8 98 83 88 68 98 106 669 3PNy dwnp pibry 9l
speou [ney uo s)pns} dwng
9% ¢/ 78 88 16 ¥6 L6 86 86 18¢ 0S¢ J3ysnJd sjiqow-1ss paddel| Sl
06 89 8 €8 98 [8 88 16 16 106 oLe J3ysnJd sjiqow-lwss paddel| 7l
G6 18 98 88 6 68 S8 88 S8 12¢ 00l 13ealiq X104 pajunow JojeAedXy €l
S8 L 9. 8, 08 8L € 98 98 1€C 20l 13ea.iq X104 pajunow JojeAedX3 4}
€6 08 8 (8 /8 68 S8 68 16 16¢C qcl J93ea4q 3204 paunow J0}eAedX] 1L
|eualew pazisiano/siapinog bupjeaig
88 1L S, 08 ¥8 €8 S8 [8 68 189 143 13peO0| paja’ayn ol
16 69 [LL €8 98 98 06 W6 L6 199 79€ 43peo| pajsaym 6
98 99 ¢/ 18 18 78 ¥8 [8 68 108 0Lg 43peo| pajsayn 8
88 69 6/ 18 €8 v¥8 ¥8 €6 88 128 99t 43peo| pajsayn L
06 0. [/ €8 98 S8 [8 88 88 176 L6S 43peo| pajeay L
l6 ¥, 9L 78 98 68 68 €6 G6 LAY S€C Jojenedxa dijnespAy paxpe.r 9
€8 79 0L SL 8 08 6L S8 06 128 007  (9siou auibua Ajuiew) Jojenedxa dijnelpAy pasdely S
s)pnsy dwnp Buipeo| [9Aoys 2de4
/8 \L SL 6L 78 S8 6L t8 €8 — (¥43 611 buljjup 3j1qow paxpel) 14
l6 6L ¥8 S8 S8 ¥8 78 €8 LL 191 98l 611 buljup 3j1qow paxpdel) €
6 € 08 S8 [8 L6 06 S6 6 elpww oLl /3 €T 0/Z 611 Bul||up aj1qow paydeuL C
06 /L 8 €8 ¥8 88 S8 6 98 "Belp Wwi 71 /3 0¢ LLE 611 bul||up aj1qow paxdesL l
ssjoy 1se|q buyjjua
wolriegp 8 Ay AT L 00s 0ST SZL €9
B> @l
‘loA9] a4nssaad M
punos ZH 'w Q| 1€ ‘Buneu ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis Juswdinby  samod juawdinb3y JEN|

1S9 ©

saluenb ypou piey uo eyep [9A3] punos 6 d|qeL

61

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

08 S9 99 L v, v, 18 88 8 16€ [4 X4 43pe0| pajs’ayAn S
J1addoy Buipeoj |anoys ade4
7?8 79 69 ¥w. 9. SL S8 [8 /8 1lE €6l 43pe0| paja’ay 1%
€8 19 89 0L 9. ¥8 18 ¥8 88 16¢ 861l 43peo| pajsday €
9. 85 99 0L WL € 2 SL T8 161 L Jojenedxa di|nespAy paxpe.r 4
08 65 99 0. ¢, LL T8 [8 T8 LA 78l Jojenedxa di|nespAy paxpe.r l
s)pna) dwnp Huipeoj/bundenxs |9Aoys adxeq
w o} 3e gp A8 A AT L 00S 0SC SZIL €9
@ “™71 0
‘1an8] a4nssaid M
punos ZH ‘'w Q| 1€ ‘Bune. ‘ou
pawybiam-y s|oA9] ainssaid punos pueq aAeQ Aipeded ‘(ssew) ybrom ‘azis Juswidinby  J1amod juswdinby JEY
(I19neab pue pues -9'1) saluenb Jayjo uo eyep |aA9] punos (LD 9|qel
(I9A3] ||eJ49A0) **“¥T pue (spueq aAeID0) **“'7 ul |9A9] 24nssaid punos wnwixew Ag-aAlIg ¥
LL 65 T9 T WL LL € 18 16 10¢€ Lee 13peOo| pa|adayM Le
/8 ¥9 &L LL € T8 98 06 68 1ap oze 13peo| pa|adyM 9¢
sypnJ3 dwnp ojul sbuiddiyd Huipeon
0s€
?¢8 S9 € 9L 9L 9L vL 6L 08 19€011¢e  910le Ao T4
ojis woij papeo] buiaq sa11107
8 ¥9 ¢ 8. 08 8 08 ¥8 68 101 413 3pnJy dwnp pibry 44
S8 /9 € 6L 08 6L [LL T8 88 109 S 3pnay dwnp pibry €¢
1addoy oyui buibieydsip ¥aniy dwng
woLiedp 38 Ar  Ac L 00S 0S¢ SscL €9
[ ™77
‘loA9] a4nssaad M
punos ZH ‘'w Q| 1e ‘Hbune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apedes ‘(ssew) 1ybiam ‘azis yuswdinby  samod jJuawdinb3y Joy

1S9 ©

(panuipuod) saluenb ypod piey uo eyep [9A3] punos 6 d|qel

© The British Standards Institution 2014

62

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

xew

(I9A3] ||eJ49A0) **“¥T pue (Spueq aAeID0) **“'7 ul |9A9] 24nssaid punos wnwixew Ag-aAlIg ¥

€S v v W & & ¢& TS 8§ — — (s49]104) J0AaAU0d pal4 Y4
69 1S 85 ¢9 99 €9 9 89 1L — 9 1un aAup JoAanuod saddoy paaq 44
9. 65 99 89 0L €L € SL €L — LE 1un aALIp JoAsAuo)d (¥4
LL LS €9 L9 SL LL 89 69 IL — [4% 1un aALIp JoAsAuo)D 0z
wd)sAs 10AaAu0d plal4
X /8 S9 0L 6L 6/ S8 68 V6 86 1€C 6€C % PNI} dwnp paje|ndiuy 6l
X €8 99 L ¥. 8. 18 €8 S8 [8 LAY 60€ % PNI} dwnp paje|ndiuy 8l
X 8 65 SS9 ¢ SL SL 16 €8 [L 1€C 8l X ISpEO| P3|S3YM Ll
X 8 83 ¥9 69 L 08 ¢6 68 €8 1lE €6l X ISpEO| P3|S3YM 9l
|euarew jo yodsues)
18 ¥9 L ¥. vL 6L 6L 78 V8 1/l LS 131d>>03s U118 Sl
18 79 69 L SL 8L 6L 98 €6 161 99 131d>>03s U118 vl
J9[1dp0o3s/usvIdSs djIqoW-1WdS
8. /LS V¥9 69 0L € T8 08 68 1€C SLL 3|1dX203s wouy pues dn Bupid €l
78 S9 0L WwL 9. LL T8 V8 L8 1€C 8l s3|qqgad yum 3pnay dwnp Buipeot Zl
68 ¢, S, 8L 6/ 08 ¥8 V8 6 16€ (454 s3|qgad ym 3ppnuy dwnp Buipeot Ll
S8 89 € LL 8L [L [8 98 68 162 €6l A110] 0} |oneI6 Buipeon ol
SL SS 19 /9 LL 69 L 6L 06 11T 081 K110 03 pues BuipeoT 6
08 19 2 7 SL 9. 9. €8 S8 162 €6l K110 0} pues Buipeo 8
[L €S 19 S9 L LL SL 6L 18 162 861 K110 0} pues Buipeor L
S8 LS LL € 9L T € 8L ¢€6 10¢ Lze K110] 01 pues buipeo 9
suoresado Jopeo| pajeaym |elauan
w ol 1e gp A8 Ay AT L 00s 0sZ ST €9
a 1 &w<< ﬁ
‘lon9] aunssaid A
punos ZH ‘'w Q| 1€ ‘Bunel ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  1amod juawdinb3y JEN|

1S9 ©

(panuiauod) (]aneab pue pues *3°1) saluenb J1aYylo uo elep |9A3] punos (1" d|qel

63

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

(I9A3] ||eJ9A0) **“VT pue (spueq aAeID0) *°“'7 Ul |9A9] 24nssaid punos wnwixew Ag-aAQg X

x €8 ¥9 0L 9. 08 8. 6L 9L 16 181 091 w Ario 0c
x €8 79 89 SL 6L 18 € 9L [8 19¢ 10T w A1 6l
x 88 69 €, 08 98 78 €8 8. S8 1ze 91z w A1io 8l
x 8, 65 99 ¥v. ¢ 0L ¥L 8L 16 1ze 134 w A1io Ll
x 6/ 09 69 ¢, € 9. v, 18 98 19¢ 134 w Ario 9l
x S8 69 S/ LL 08 [LL 18 ¥6 98 1ze 444 w A1io Sl
x 6/ 99 69 7. € vL 9L 6L €6 1ze 414 w A1 7l
x 8 19 [9 0L € vL 9L 08 ¥8 v €8¢ w A1io €l
x 6/ 09 (9 7. v, SL SL 08 96 1y 86¢C w A1io cl
x 98 /9 7/ 08 78 6L SL 6L 96 1y 90€ w A1io Ll
x LL 19 ¥9 69 WL WL LL 6L 16 L¥43 oLE w Ario ol
x 78 99 L ¥w. 8. 9L 18 T8 66 1ze €lE w A1io 6
x 88 0. 9, 18 ¥8 €8 6L 6L 18 107 €lE w A1io 8
x 6/ ¥9 0L €L € wL [LL 6L [8 1y €lLE s A1io L
x €8 89 ¥v. 9. LL 8L 9L T8 T6 16¢ eve s A1io 9
x 08 €9 89 ¢ LL 9L LL T8 6 19¢ 0s€ w A1io S
x €8 69 &/ 8 9. SL 8 08 T8 1y 0s€ w A1io 14
peoJ ssadde uo spuswanow ALio
69 ¥ 09 €9 €9 ¥9 99 99 /9 - LE dwnd J91eM d1433|3 €
lLL 65 €9 S9 99 9 /(9 L I8 — 4 dwnd Ja1em |asalq z
18 €9 69 &L 9. SL LL €8 I8 - 9¢€l dwnd ia1em |asa1q l
J91eM deyins buidwing
A8 A Y2 L 00S 0SZ SZL €9
‘loA9] a4nssaad M
punos ZH ‘'w Q| 1e ‘Bune. ‘ou
pawybiam-y s|@Ad] ainssaid punos pueq aAeQO Apeded ‘(ssew) 3ybiam ‘azis yuswdinby  samod juawdinb3y JEN|

1S9 ©

elep [9A3] pUNOS [e43URAD || d|qel

© The British Standards Institution 2014

64

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

|onelb
asuap wnipaw bulhjiano
86 0s 0¢ wniAnje w £ |y w g L1 pues doip w90 1g ‘elpye0  ogol ol
LOL 0§ 14 fen 43! pues  doip w90 1S BIPYED  OL'LL lswwey g
I ﬁ J1|neJpAy ‘9zIANId uenunr
08 0s 0z s oy way Bulhisno iy wi g 801 pues doip w90 1g ‘elpye0 006l 8
auolspnw bulAuano
6 S9 0€ wniAnjfe w7 |y w9 0l pues doipw901g eIpye0 060l L
86 S9 0€ wlll pues doip w90 1¥ elpg8e0  SL9l 9
Lol Lol 99 0€ w6Ll pues doip w90 1¥ elpg8e0  SL9l Jawwey S
8 59 o€ « €0L pues  dojp w901y ‘BIPGED  SL 9L JlnelpAy ‘sz uenunr -y
¥8 59 0€ Aep yns oyuo ||y wi gy w €01 pues doip w90 1¥ elpg8e0  SL9l €
Buijid nyis ul 3sed> usaauq
143"
9801eL 00l - — 0110l — MY 006 03 W) SL — — yped ssmoddinesphAy -z
?2J0
SS Buissaid z_\L,_w Aw%mb 9jigow Buipnpul
o . o . ; o . jue|d Asejjipue spnjpul jou
89 €8 01 dn 3|qejteny saop) Hun bBuissaid yoed samod
89 — — — 96 — N §2T — — 'sa|1d Je|ngny |931s ul-passaid l
Buipid |91
ap % [puiwdv ap w w
(324> 3uo) wi gL 1e
E m umdd ﬁ _w>w_
ainssaid punos M NEET]
snonupuod  awin awn Jamod bune yadep ou
jusjeAalinbe AyAdY  -uQ aph |1os punos Ajloa Jamod ‘Abisugz YIPIAA 9id juswdinby -joy

1S9 ©

Hujjid uo eyep [9A3] punos Ateyuswajddns 7| 9|gel

65

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

Ked 1313s 03 wuy buihjaano
16 99 0€ wniAnjje w9 ‘|jiy w e ZLL wniuiwn)y doip we0 ¥ eIpyE0  09°GL T4
y1eyd buihjisno
06 <9 0€ wniAnjje w £ ‘[Jiy wg 60l  wniulwn|y doipwe0 1y ‘eIp8E'0  00°SlL 144
€6 59 3 lane.b Zil wnuwny  doipwE0 P EY0  0F8 34
asusp wnipaw bulhjiano s :
[44 99 0€ wniAnjje w g ‘|jiy w g 00l  wnwny doip we0 ¥ elpye0  OL'LL 44
Aep yns
6 08 ov Bulwod30 Wiy 03UO |1} Wi Z 0Zl  wniuiwn|y doipwe0 1y ‘BIp8E'0 097l ¥4
|oneub ot . . .
16 99 0€ asusp wnipaw BuIAano oLl  wniwny doip we0 ¥ BIPYEOD OL'LL 0¢
€6 99 0€ wniAnjje w e ‘|jiy w g 9Ll  wniuiwn)y doip we0 ¥ eIpYE0  0S'LL Jjowuwey doip 61
SUOISPNW 0JUO [9ARIH pue siapea| buibuey ‘509 MON
96 08 o W G ‘wnianjie w ol ‘i w g ¢Zl wniulwnly doipwe0 1y ‘BIPEY'0O  08°0C 8l
pues asuap A1an bulAjiano 3
oL SL T4 wniAnjje w g ‘|jiy W i vl wniulunyy doip wE0 ¥ BIpyE0  09°L Ll Q
06 08 (0% 8Ll dniseld doip we0 ¥ BIpEY'O  0LLL 9l .m
=
% 08 o Kep yns ojuo ZzL wnuiwny  dolpwg0 1y BIPEFO  0LLL sL 2
|9ARI6 SSUBP WINIPAW 0} 3SOO| B
88 08 or Wz ‘wnianjje w ol ‘[ w €0l  wniuiwnjy doip wE0 ¥ BIpEY'O  0LLL 7l <
08 08 7 88 lequil  dolpw60y BIPEFO 059l &g 3
©
pues asudp ‘A 0JUO }{IS HOS "A o . . . T
19 9 0€ W 0L KB 1405 ‘A Ui 2 Fead 9vL  wniuwny  doip w0ty eIP¥ED  06°0Z -
€6 <9 0f W Z'puesasoo| AW g ||y Wy Ll wniulnpy doipwe0 1y ‘BIpYE'0  06°0C Ll &a
<
ap % [puiwidv ap w w =
(324> suo) w g} 3e &
[ ™77 (4 1983 2
ainssaid punos ML NEVET] —
snonunuod  awn swn 1amod bunes yidap ou ©
jusjeAalnbe AlAdY  -uQ 9P |1os punos Ajloa Jamod ‘ABiaugz YIPIAA 9id juswdinby -joy N
(Panuiauod) Bulpd uo eyep |aAs| punos Alejuswaiddns  z1 D 9gel S
ISd @ ‘AdoQ pa|]0J1u0dun ‘8T0Z /80 /¥Z ‘T IONNOD HONOHOD NOLON AW :Adod pasuad I



2014

2009+A1:

BS 5228-1

BRITISH STANDARD

Quojlspues Ojuo pues

/L €L S6 08 fakep> asusp wNIPaW W 9 86 SUON M PEL ‘Blpsy’'0 081l SYIND 29W]|10S 124
LL S6 08 ‘Re|> wuiy 03 yos wi £ ||y w g ol SUON M PEL ‘Blpsy’'0 087l 194
Ked j13s buiwodaq
€8 S6 SS W1y 03UO pues W Z ‘|| W g 801 SUON — ‘eIpSy'0  0S°/LL SpIND ddwjlos
08 56 0S auo)spues BUIAlIaAO |1} w8 SoL SUON — elpy’0  08'LL (874
pues oquo Aep w g
‘pues asuap wnipaw w g ‘Aepp 2294 d>awijlos
18 €EL HNIS O} Wiy W/ ‘'wniAnje w / 920l SUON — ‘elp6’'0  00'S¢ ot
buijid 1abne 1ybiyy snonunuod
€6 — — — Ll pues doip w901/ - - 6€
88 — - - 801 pues doip w901, - - 8¢
6 — — — Ll oduadfjod  dospw 0L - - PR g
d1nespAy ‘sziNd uenuns
98 — - - 90L  oduadAjod dolpw /016 - - 9€
6 — - - 0] pues doipw 9oL - = 13
Buijid @94ou0d 3sedraud uaalq
Jleyd n . . .
76 6 08 ot 03U0 [aAeIB W g ‘WniAN]je 0ZL  wniulwnjy doip we0 ¥ BIP8E'0 00°€C < 1o0es m%w:c_(“mimmo_v pue  p¢
“Jead w | ‘14 w wniuiwn doipw e’ ‘el : : peaj bul Y SRV DN
8L 08 ot w { ‘1e9 Lyw s 90l uiwn|y pweoly IP8E0 00°€C €€
|9AeIb Ssusp wnipaw
S8 S9 0€ ojuo Ae wuly w7 |1y W 9 €Ll JaquilL doipwe0 1y BIpEY'0  0S'LL 43
18 08 or 60l  wniuiwn)y doipwe0 1y ‘BIpEY'0 056l L€
6 08 o o dlew 0zl wnuwn)yy  doipweo iy eIPEY'O 056l 0€
01UO [9ABI6 W g ‘wniANn|je . . . .
6 08 or w i ‘pead w | Wz 0ClL  wniuiwn)y doipwe0 1y BIpYE0 09791 Jowwey doup 6¢C
6L 08 o L0l wniuiwnjy dolp w60 1v eIpyE0 059l pue siapea| buibuey 's09 DN 82
auolspnw
03U0 Ae|d J}135 0} Wiy W /
L8 S9 0€ ‘wniAnjie w g ‘[jiy w g SLL  wniulwn|y doip we0 1y ‘elpye0 0SSPl LT
pues asusap wnipaw bulhjiano
6L 0S T4 wniAnjje w gl |y w g L0l JaquulL doipwe0 1y ‘elp8E0  0S'Sl 9T
ap % [puiwidv ap w w
(324> 3uo) wi gL 1e
[ “ 7 (d 19A3]
ainssaid punos M NEET]
snonunuod awn awn Jamod bune. yidep ou
jusjeAalnbe AlAdY  -uQ aph |1os punos Ajloa Jamod ‘ABiaugz YIPIAA 9id juswdinby -joy

1S9 ©

(panurpuod) buipd uo eyep |aA3] punos Aieyuawsjddns  z1™D 9|qel

67

© The British Standards Institution 2014

‘Adop pa | |041U00UN ‘8TOZ /80 /Y2 ‘T IDNNOD HONOHOE NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

Jo3eliqin
6L 0L ol S|10S $59|UOISaY0D 35007 oLl SUON M §S ‘eIpGS’0~  0L'L dLP3|S ‘Pdy-doy JRdIUIN 79
611 21009.d pue Jojeiqin
v8 0L oL $]10S SS9|UOISBY0D 3500| AI9A SLl SuoN M GS ‘eIP 0S50~ 0S'E d14329|3 ‘paas-dol “ediuln 19
Jo3eiqin
L8 08 Sl 6¢Cl SUON M §S ‘elp 05’0~ 009 d11193 ‘Pe9y-won0q 1ed0IqIA - 09
S|10S SAIS9Y0D W14 Jejnuelb Jojeliqin
€6 0L ol 9susp winipaw paxin 134} SUON M3 §S elIpSy’0~ 0LV dUPI|d ‘Pady-do) IedIUIN 6
J01eIqIA
68 0L ol 6L1 SUON M 0S ‘BIp0S'0~ 0L°€ d111093 ‘P99)-W010q 1BI0IQIA 8§
Jojeliqin
[44 0L ol Ae> wuiy 01 3405 col SUON M §S "elp G50~ 0'€ d11129[3 ‘PI9)-W0110q 1BI0UQIA /G
J01eIqIA
18 08 Sl Ll SUON M 0S eIp0S’0~ 00°€ dLP3|S ‘Pa9y-dol ‘SOE DN 9§
Jo3eliqgin
S8 08 Sl SLl SUON M 0S ‘eIp0S'0~ 00°€ dUPR|D ‘Pady-do} IedIUIN GG
J01eIqIA
L S8 0z  SI!0s disayod wuly / sejnuedb 801 SUON AN 0§ 'BIP0S0~  OV'E dUP3|D ‘pady-doy 1edIUIN 1S
9SUSP WNIpawW pPaxI
S8 S8 T4 Sll SUON M3 0§ eIp E7°0 0S8 J01eIQIA D198 DDA 1BI0IQIN €S
Jo3eiqIn
S9 0L ol 96 SUON M 0S ‘eIp 660~  0€'€ d111099 ‘P99)-W0N0g 1BI0IQIA TS
Jojeiqin
68 0L ol 6L1 SUON M3 08 elIp G’'0~  00°€ 2UI3[d ‘Pd4-dol ‘SOE MDN LS
J01eIqIA
S8 oL ol Aep> s 03 wuy SLL SUON A 0§ ‘eIPSY0~  0S'€E 21133 ‘pady-dol 1ed0IqIA - 0§
uoneo|J0IqIA
9L 06 S¢ Lol SUON M SSL "elp at°0 000l (514
auOo3IsSpuUes 03U0 . . .
LL 06 T4 Rep> Apues y313s w9 “fj1p W G 4]} SUON M SSL elp s¥7°0 000l 81
LL 06 T4 col SUON M SSL "elp at°0 000l Ly
BUIk . . . Zliy d3ujios
9L 06 T4 SUO1SYIS DUIAJISAO ]I} W € 4]} SUON M SSL BIP 9°0 0S'L 9
spueq auolsawli|
yum Kepd p41ns A1an butwodaq
74 S6 S5 Hs 03wy Buihpano iy w g ool SUON M §SL ‘eIp9'0 00°ClL 514
ap % [puiwdv ap w w
(34> suo) wi gL 1€
[ “ 7 (d 1983
ainssaid punos M NEVET]
snonupuod  awi awn Jamod bune yrdep ou
jusjeAalinbe AlAdY  -uQ aph |1os punos Ajloa Jamod ‘ABisugz YIPIAA 9id juswdinby -joy

(panurpuod) buipd uo eyep |9Ad] punos Aieyuawajddns  z|™D 9jqel

© The British Standards Institution 2014

68

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



2014

2009+A1:

BS 5228-1

69

© The British Standards Institution 2014

18 08 l ol suoN  doipw ol 161 vexve — 0ZLD49BIIXMON  £L
18 08 l 14 P3XIN Lot duoN  doipw oL 1Sl vexve — 00l eudng 9/
v8 08 L S0l SUON doipwizl 18 vexve — xely DN Sz
18 08 l 11} Po1eUIWERIUOD / 35N4ay Lot 3UoN doipwgng vexve — xely DN L
18 08 l [} P9lEUIWEIUOD / 3sNysY col SUON dojpwg g vexve — — €&

uonpedwod diweuiq
09 — — [ 16 SUON M GS - - JOJeIQIA D133 DDA “JeI0IQIN  TL

Jo3eiqin
S/ — — umouun 901 SUON M S5 - — d14109|9 ‘Po94-W0110q 1ed0UqIA L/

Jo1eiqin
8 — — | €Ll SUON M S§ - - B[S ‘PA34-WON0Q 1RI0IGIA 0L
€8 0L ol ( €Ll SUON M §S ‘BIp G50~ 0S°E 69
e v8 0L ol S|10S SS9]UOISaYO0D il SUON M3 G5 ‘BIp S50~ 0S¢ Jojeiqin - 89
18 Y oL 95USP WNIPaW 0} 95007 m SUON AV SS eIPSSO~ 057 D133 ‘PE9J-WONO] 1B0IQIN /g
Z8 0L ol L cll SUON M §S ‘BIp G50~ 08'C 99

[ Jojelqgin
€L 08 Sl €ol SUON M GS BIp0S'0~ 007 dUPIID ‘PI34-do} ‘GOE DN §9

S|10S 9AIS9Y0D W14 /Jejnuelb Jo3eiqIn
SL 08 Sl 9SUSp winipaw paxin S0l dueyaunkjod M GS ‘Blpov'0~ 0€V 1139 ‘Pdy-dol 1eIUIN - P9

Jojeiqin
€8 08 Sl L €11 aueylainkjod M3 §S BlIp OO0~ 0V dLI|d ‘Pdy-dol JedIUIN €9

ap % [puiwidv ap w w
(324> 3uo) wi gL 1€
[ “ 7 (d 12A3]
ainssaid punos M NEET]

snonupuod  awi awn Jamod bune. yidep ou
jusjeAalnbe AlAdY  -uQ aph |1os punos Ajloa Jamod ‘ABiaugz YIPIAA 9id juswdinby -joy

BRITISH STANDARD

(panurpuod) buipd uo eyep |aA3] punos Aieyuawsjddns  z1™D 9|qel

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



BRITISH STANDARD

2014

2009+A1:

BS 5228-1

‘papuawe uaaq aney sanjea uollebedoud os piepuels Jou sem ajeld

UoIBNUSYI. BU] SDURISWINIII [D0] 01 BUIMO

9|1d 91245U0d PIdIOJUIDI

06 039/ — — — — SUON — - - Bunod 0g/8LINd UeUNT 101
9|1d 91940U0d
/8017 — — — — SuoN — - - pa>Jojulas bullod 9eng Janeg Q0L
sajid bunsixa ybnouayy buiiod
[ €8 08 l [ ol SUON dojpweg g vexve  — [ 66
88 08 l 601 SUON doipwzl 18 vexve  — 86
68 08 l 601 SUON doipwzl 18 vexve  — L6
68 08 l 601 SUON doipwzl 18 vexve  — 96
98 08 l L0l SUON doipwzl 18 vexve  — S6
98 08 l 901 SUON dopwzl 18 vexve — 76
16 08 l Ll SUON doipwzl 18 vexve  — €6
88 08 l 601 SUON doipwzl 18 vexve  — Z6
L8 08 l L0l SUON doipwzl 18 vexve — 16
L8 08 l L0l SUON doipwzl 18 vexve — 06
6 L8 08 l i} PRIEUIWIEIUG) / 35Ny0Y 801 SUON dojpwzl 18 vexve — xely SON 68
98 08 l 90l SUON doipwzl 18 vexve — 88
L8 08 l L0l SUON doipwgl 18 vexve — L8
88 08 l 601 SUON doipwgl 18 vexve  — 98
88 08 l 601 SUON doipwgl 18 vexve — S8
06 08 l oLl SUON doipwgl 18 vexve — 78
18 08 l col SUON doipwgl 18 vexve — €8
8L 08 l 66 SUON doipwgl 18 vexve — Z8
6L 08 l 66 SUON doipwgl 18 vexve  — 18
8L 08 l S0l SUON doipwgl 18 vexve — 08
69 08 l S0l SUON doipwgl 18 vexve — 6L
L 8 08 l L ol SUON doipwgl 18 vexve — L 8L
ap % [putwdd ap w w
(3pA> suo) w g 1e
9 “ V7 @ 19A9)
ainssaid punos M NEVET]
snonunuod awn awn Jamod bune. yidep ou
jusjeAalnbe AlAdY  -uQ 9P |1os punos Ajloa Jamod ‘ABiaugz YIPIAA 9id juswdinby -joy

(panurpuod) buipd uo eyep |9Ad] punos Aieyuawajddns  z|™D 9jqel

© The British Standards Institution 2014

70

ISg ® ‘Adop pa||0J41u0dun ‘8T0Z /80 /¥Z ‘T IDNNOD HONOHOY NOION YW :AdoDd pasuad I



© BSI

Uncontrol | ed Copy,

24/ 08/ 2018,

Li censed copy: WARRI NGTON BOROUGH COUNCI L,

BRITISH STANDARD

Annex D (informative)

D.1

D.2

BS 5228-1:2009+A1:2014

Historic sound level data on site equipment
and site activities

NOTE Much of the information given in this annex is reproduced by
permission of the Director of the Construction Industry Research and
Information Association (CIRIA). The levels recorded represent individual
measurements on specific items of plant.

More detailed information is included in CIRIA Report 64 [57].

General

The data given in this annex are largely historical, and are taken
unaltered from the tables originally provided in BS 5228-1:1997 and
BS 5228-4:1992. More recent data are provided in Annex C.

Table D.1 provides an index of site equipment. The subsequent

table, or tables, that contain sound level data for particular types of
equipment is marked by an asterisk; a tick represents other categories
of site work in which these types of equipment are also operated.

Tables D.2 to D.12 provide a guide to the sound power levels for
stationary and quasi-stationary site equipment, and the equivalent
continuous sound pressure levels at 10 m distance from the site
activities. For a single noise source, the dimensions of which are small
in relation to 10 m, generating noise at a constant level, the equivalent
continuous sound pressure level at 10 m distance is 28 dB(A) below the
sound power level. Maximum sound pressure levels at 10 m distance
from the drive-by of mobile plant are also included.

NOTE The noise emissions of certain categories of plant are governed
by regulations implementing EC Directive 2000/14/EC [11], in particular
the Noise Emission in the Environment by Equipment for Use Outdoors
Regulations 2001 [58] and the Noise Emission in the Environment by

Equipment for Use Outdoors (Amendment) Regulations 2005 [59]. The
current permissible sound power levels are given in Annex F (Table F.1).

The on-time recorded in the tables is the percentage time that the
equipment was working at full power during the measurement period.

Presentation of data

For guidance on the presentation of data within Tables D.2 to D.12,
refer to Annex C.
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Table D.2 Historic sound level data on demolition

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, 7 @l
at10 m
kw dB dB
Dropping ball demolition
1 Tracked crane 123 — 121 93
Breaking concrete below ground level
) 2 Pneumatic breaker — 20 kg 109 81
0 Breaking concrete for drainage
© 3 Pneumatic breakers (2) — 35kg 118 95
> — { 35 kg 121
8 Breaking concrete foundation
S — [ 200 kg'm 119 91
— Tracked excavator fitted with breaker — 200 kg-m 119 91
© — [ 200kgm 124 9%
%’ Breaking concrete
e 7 ] — [ 18 kg 120 92
> _ — 25 kg 119 91
s 9 Pneumatic breaker o 27 kg 16 88
§ 10 | _ [ 35kg 110 82
3 Breaking hard ground
e 11 Pneumatic breaker — 27 kg 115 87
f\r] Breaking brickwork
12 Pneumatic breaker — 35kg 117 89
Breaking rubble
13 Pneumatic breaker — 33 kg 118 20
Sawing timber
14 Petrol driven chain saw — — 114 86
Boarding windows
15 Hand-held hammer — — 112 84
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BS 5228-1:2009+A1:2014

Table D.3 Historic sound level data on site preparation

BRITISH STANDARD

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, 7 Gl
at10m
kw dB dB
Clearing site
1 41 — 103 757 (15)
2 52 — 101 737 (15)
Wheeled loader
3 52 — 102 747 (15)
4 52 — 108 807 (5)
5 Tracked loader 31 — 111 83
6 Tracked loader (idling) 37 — 101 737 (—)
7 37 — 107 797 (10)
8 37 — 110 82
9 37 — 110 82
10 37 — 113 85
1 37 — 118 90
12 41 — 116 88
13 45 — 113 85
14 Tracked loaders 56 — 108 80
15 56 — 112 84
16 60 — 104 76
17 60 — 113 85
18 61 — 114 86
19 67 — 112 847 (10)
20 72 — 115 87
21 97 — 110 82
22 Tracked loader 60 — 110 82
Lorry — — — 82
23 Tracked loader (no exhaust silencer) 72 — 118 90
Lorry — — — 920
24 Tracked excavator/loader 46 — 108 80
25 Tracked excavator 73 — 113 85
26 104 — 116 88
27 } Dozer { 239 — 109 81
Ground excavation
28 Dozer 201 — 115 Ripping 92
{ 201 — 120 Dozing 92
29 Dozer 290 — 114 86
30 Dozer (no exhaust silencer) 290 — 124 96
78 < © The British Standards Institution 2014
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Table D.3 Historic sound level data on site preparation (continued)

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, r @1
at10m
kw dB dB
31 Tracked crane fitted with excavator 52 — 116 88
attachment
32 ) 56 — 109 81
5 33 } Dragline excavator { 69 o 114 86
g 34 ) [ 34 — 111 83
A 35 45 — 106 78
2 36 54 — 110 82
8 37 Tracked excavator 63 — 111 83
8 38 65 — 111 83
- 39 71 — 114 86
© 40 L 72 — 108 80
%’ 41 Tracked excavator (idling) 73 — 96 68
= 42 Tracked excavator 186 — 116 88
- 43 Tracked excavator 60 — 113 85
o) Lorry — — — 85
§1 44 Tracked excavator 72 — 109 81
P Lorry — — — 81
e 45 Tracked excavator 72 — 110 82
§ Lorry — — — 82
I 46 Tracked excavator 72 — 110 82
Lorry — — — 82
9 47 Tracked excavator/loader 60 — 115 87
é 48 90 — 115 87
49 Wheeled loader 242 — 123 95
% 50 410 — 104 76
51 Wheeled loader 37 — 112 84
m Lorry — — — 84
6 52 Wheeled loader 242 — 114 86
g) Dump truck 309 — 109 86
E 53 37 — 110 82
g 54 Tracked loader 71 — 111 83
9 55 205 — 112 84
S 56 Tracked loader 37 — 110 82
© Lorry — — — 82
© 57 Tracked loader 71 — 108 80
g Lorry — — — 80
-; © The British Standards Institution 2014 e« 79
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Table D.3 Historic sound level data on site preparation (continued)

Ref. Equipment Power Equipment Sound power Activity
ho rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, r @1
at10m
kw dB dB
58 Tracked loader 138 — 110 82
Lorry — — — 82
59 Tracked loader 243 — 105 77
Lorry 310 35t 105 77
Tipping fill
60 Dump truck 450 501 110 82
Spreading fill
61 Wheeled excavator/loader 46 — 104 76
62 200 — 109 81
63 Dozer 200 — 112 84
64 240 — 117 89
Levelling ground
65 46 — 111 81
66 Dozer 48 — 112 84
67 ! 104 — 116 88
68 Dozer (blown exhaust) 104 — 122 94
69 ] [ 170 — 112 forward 87
— 115 reverse 87
70 200 — 117 forward 90
— 118 reverse 90
Dozer
71 218 — 113 forward 85
— 108 reverse 85
72 218 — 111 83
73 L 289 — 114 86
74 ] [ 87 — 105 forward 77
— { 104 reverse 76
Grader
75 168 112 84
76 L — — 111 83
Trenching
77 ] [ 46 — 109 81
78 46 — 111 83
79 52 — 101 737 (10)
80 - Wheeled excavator/loader 52 — 106 787 (10)
81 52 — 107 79
82 52 — 108 80
83 | L 52 — 110 82
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Table D.3 Historic sound level data on site preparation (continued)

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, r @1
at10m
kw dB dB
84 Wheeled excavator/loader 34 — 110 82
Lorry — — — 82
85 Wheeled excavator/loader 52 — 105 77
(Z) 86 Water pump 0.6 75 mm bore 100 72
®) 87 ] [ 45 — 112 84
i 88 37 — 107 79
é 89 Tracked excavator 46 — 109 81
3 90 70 — 104 76
2 91 | L 70 — 104 76
% 92 Tracked excavator (plus lorry) — — 104 76
— 93 ] [ 72 — 110 827 (15)
5 94 | Tracked excavator 78— 116 83
2 95 | [ 83 — 110 82
- 96 Tracked excavator/loader 45 — 109 81
OFO; 97 Tracked excavator/loader 52 — 105 77
N 98 Dumper 13 — 101 73
) 99 Compressor — 3.5 m¥min 106” 86
g Pneumatic breaker — 14 kg 113 86
N 100 Compressor — 3.5 m*min 112 84
I Pneumatic breaker - 27 kg 112 84
9 101 Compressor — 4 m*/min 100 85
é Pneumatic breaker — 30 kg 113 85
102 — 4 kg 113 85
% 103 _ — 4kg 115 87
Pneumatic spade
104 — 14 kg 115 87
=R 105 — 27 kg 115 87
106 Trenching machine 25 — 105 77
6 Trench filling
g) 107 Wheeled excavator/loader 46 — 110 82
E 108 Tracked excavator 57 — 97 69
g 109 Tracked excavator 73 — 108 80
é 110 Dumper 13 2t 102 74
o 1M1 Tracked loader 42 — 110 82
; Unloading and levelling hardcore
b 112 Tipper lorry 75 — 113 85
o 113 Tracked loader 52 — 112 84
-; © The British Standards Institution 2014 < 81
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Table D.3 Historic sound level data on site preparation (continued)

Ref. Equipment Power Equipment Sound power Activity
ho rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10 m
kw dB dB
Rolling gravel/brick
114 Road roller 5 — 108 80
Compacting fill
‘Z’ 115 Vibratory roller 9 — 102 74
o) 116 Vibratory roller 50 7 000 kg 106 78
R 117 Dozer plus vibratory roller { 104 — 114 86
) — - 114 86
8 118 Compactor rammer — 111 kg 108 80
8 Compacting sub-base
(:3 119 Compactor rammer 3 — 105 77
- 120 Compactor rammer 225 — 117 89
5 Compacting earth
8 121 Compactor rammer — 111 kg — 91
> R prns
Ground consolidation drilling
OFO; 122 Tracked pneumatic rock drill — 120 mm 122 94
o piston
N
3 123 — 120 mm 128 100
o Pneumatic rock drill mounted on piston
i 124 tracked excavator — 120 mm 132 104
piston

Diaphragm wall construction
125 Tracked excavator 46 — 113 85

A)

Drive-by 1l maximum sound pressure level, [2) L,...., &1, at 10 m. Values of equipment speed, in kilometres per
hour, are given in parentheses.

B Side panels open.
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Table D.5 Historic sound level data on piling: ancillary operations

BRITISH STANDARD

Ref. Equipment Power Equipment Sound power On- Activity
no rating size, weight level L, time equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, 7 @il
at10m
kw kg dB % dB
Cleaning welds on piles
48 Pneumatic chipping hammer — 4 116 100 88
Shaping top of bored pile for fitting concrete cap
49 Pneumatic chipping hammer (2) — 11 each 119 30 86
Table D.6 Historic sound level data on concreting operations
Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, 7 @l
at10m
kw dB dB
Preparation, mixing and discharging of concrete
1 [ 1.1 0.1 m3 92 64
2 1.1 0.1m?3 100 72
3 2 0.14 m? 89 61
4 2 0.14 m? 91 63
5 Concrete mixer 4.1 0.14 m? 102 74
6 4.1 0.2m?3 99 71
7 4.1 0.3m? 104 76
8 — 0.4m?3 20 62
9 J — 19 m*h 104 76
10 Batching plant — 27 m*/h 106 78
1 I — 360 m*/day 108 80
12 Truck mixer (discharging) — 6m? 112 84~
Mixing and pumping grout
13 Grout mixer and pump 34 — 108 80
Pinning reinforcing
14 Pneumatic hammer fitted — 15 kg 118 90
with attachment for pinning
reinforcement
Pumping concrete into bored pile
15 Truck mixer 229 — 109 81
16 Lorry mounted concrete pump 130 — 109 81
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Table D.6 Historic sound level data on concreting operations (continued)

BS 5228-1:2009+A1:2014

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
Laeq,r @l
at10m
kw dB dB
Pumping concrete to foundations, and compaction
17 Lorry mounted concrete pump 97 — 109 81
18 Tracked crane 92 — 109 81
19 Compressor — 4 m3*/min 100 72
20 Poker vibrators (5) 2 — 102 each 81
each poker
poker
Pumping concrete to 2nd floor
21 Truck mixer 229 — — 74
22 Lorry mounted concrete pump 100 — 106 78
Oversite concreting
23 Truck mixer 229 6m? 100 72
24 Tracked excavator 63 — — 72
Placing concrete to office complex superstructure
25 Truck mixer 22 — 111 83
26 Tracked crane 200 — 116 88
Placing concrete for road foundation
27 Truck mixer 2% — 116 88
28 Wheeled excavator/loader 52 — 102 74
Placing concrete and compaction
Truck mixer (2) — 5 m? each 108
Tracked crane 62 — 101 (lifting) 86
29 94 (idle)
Poker vibrator 3 — 112
Hosing down truck mixer drum
30 Truck mixer — 10t (6 m?) 108 80
Pumping concrete to bridge sections and compaction
31 Lorry mounted concrete pump 97 — 118 90
32 Poker vibrators (5) 2 — 100 each 79
each poker
poker
Pumping concrete
33 Truck mixer — 6m? 96 68
34 Lorry mounted concrete pump 100 — 107 79
35 Truck mixer — 5m?3 100 72
36 Lorry mounted concrete pump 100 — 106 78
Placing concrete for bored piles (including hosing down of the truck mixer drum)
37 Truck mixer — 5m? 114 86
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Table D.6 Historic sound level data on concreting operations (continued)

Ref. Equipment Power Equipment Sound power Activity
ho rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
Laeq, @l
at10m
kw dB dB
Placing concrete for building foundations, and compaction

38 Truck mixer — 6 m? 116 88

39 Lorry mounted crane 78 — 116 88

40 Poker vibrators (2) 0.75 — 98 each 73

each poker
poker
Compaction of concrete
41 Generator — 200 kV-A 122 94
42 Poker vibrator — — 122 94
Compressor — 3 m*/min 105
43 Compressor, small petrol driven — — — 77

Poker vibrators (2) — — —

Floating concrete

44 Power float 3 — 100 72
Scabbling concrete
{ Compressor 4.1 3.5m3*min 100 }

45 L 83

Pneumatic chipper — — 111

Chipping concrete

46 — 4 kg 103 75

47 o — 4 kg 117 89

48 Pneumatic chipping hammer . 5 kg 110 82

49 — 14 kg 106 78
Grinding foundation slab

50 Pneumatic concrete grinder — 225 mm blade 115 87
Remedial work on concrete beam

51 Pneumatic breaker — 41 kg 124 96
Repair to wall cladding

52 Electric percussion drills (2) — 10 kg 105

{ — 4 kg 98 } 8

Cutting concrete pipes

53 Hand-held petrol driven disc cutter — — 112 84
Drilling into a concrete beam

54 Electric percussion drill — 10 kg 104 89 9
Drilling for soil stack passing through concrete floors

55 Pneumatic chipper/drill — 4 kg 114 95

A Drive-by maximum sound pressure level, ) L ..., @1, at 10 m.
B Truck mixer provided with donkey engine.

9 Includes the reverberation of sound within the building.
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Table D.7 Historic sound level data on general site activities

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
Lpeq, r @l
at10m
kw dB dB
Dismantling scaffolding
1 Scaffold poles and clips — Various — 80
Loading scaffolding
Scaffold poles — 6 mlength 100 72
Scaffold frames and clips — 2mx05m 96 68
Supplying air to power tools and for general site use
4 ] [ 26 [ 1.1 m*min 76 front 48
79 side 51
81 rear 53
(Side panel 91 side 63
open)
5 26 2.8 m¥/min 91 63
6 26 3 m*/min 105 77
7 — 3.5 m*min 89 61
8 Compressor — 3.5 m¥min 98 70
9 — 3.5m¥min 102 74
10 — 3.7 m¥min 106 78
11 — 4 m3*/min 102 74
12 — 4 m3/min 108 80
13 — 4 m3/min 92 64
14 — 4 m*/min 92 64
15 — 4 m3*/min 93 65
16 L — L 4 m*min 926 68
17 Compressor (sound reduced) — 4 m3/min 20 62
18 — 4.5 m*min 99 71
19 — 4.5 m*min 102 74
20 Compressor — 4.5 m*min 104 76
21 — 4.5 m*min 107 79
22 — 4.5 m*min 109 81
23 Compressor (sound reduced) — 4.5 m*min 98 70
24 — 5 m*/min 95 67
25 — 7 m*/min 98 70
26 Compressor — 7m¥min 100 72
27 — 7 m*/min 100 72
28 Compressor (sound reduced) — 7 m*/min 100 72
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Table D.7 Historic sound level data on general site activities (continued)

Ref. Equipment Power Equipment Sound power Activity
ho rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
29 ] — [ 8.5m*min 102 74
30 — 10.5 m¥min 105 77
31 — 10.5 m¥min 114 86
32 — 13.6 m¥min 111 83
33 — 17 m*/min 108 80
34 Compressor — 17 m*/min 111 83
35 — 17 m3¥/min 111 83
36 — 17 m3¥/min 120 92
37 — 17 m3/min 123 95
38 — 4.5 m*/min 104 83
L 7.1 m¥min 110 79
39 ] — [ Upto 1134 89 &9
10 m*/min
40 — 10 m*/min 1179 93 8.9
Compressor (unsilenced) to
34 m*min
41 — Above 1217 8589
L 34 m¥/min
42 — [ Upto 100 ¥ 7299
10 m3¥/min
43 — 10 m*/min 1024 7499
Compressor (sound reduced) to
34 m*min
44 — Above 1034 7599
. L 34 m*/min
Supplying electricity for power tools, site machines and ancillary equipment
45 ] — [ 1.5kV-A 95 67
46 — 2 kV-A 105 77
47 — 2 kV-A 111 83
48 Petrol driven generator — 2.5kV-A 98 70
49 — 4 kV-A 104 76
50 — 4 kV-A 108 80
51 J — [ 7.5kV-A 100 72
52 Petrol driven generator (power supply — — 94 66

for temporary traffic lights)
53 Diesel driven generator 9 — 102 74
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Table D.7 Historic sound level data on general site activities (continued)

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level L, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
>4 Diesel driven generator (power supply - - 89 61
55 for hydraulic piling rig) — 50 kV-A 92 64
56 Diesel driven generator (power supply — 75 kV-A 110 82
for tower crane)
Electric supply for arc welders
57 ] [ — 5kV-A 104 76
58 — 9 kV-A 107 79
59 — 10 kV-A 103 75
60 Diesel driven generator — 10 kV-A 108 80
61 — 12.5 kV-A 107 79
62 — — 100 72
63 L — — 107 79
Drilling concrete
64 Hand-held pneumatic rock drill — 14 kg 118 90
Draining trench
65 ] 1 — 95 67
66 Water pump 1.5 — 100 72
67 L 41 0.42 m®/s 105 77
Pumping water
68 ] ( 4.5 — 94 66
69 4.5 — 104 76
70 4.5 — 108 80
71 Water pump 4.5 — 109 81
72 7.5 — 102 74
73 7.5 — 106 78
74 — 7.5 mm 100 72
: ‘ bore
Cutting timber
75 ] [ — 150 mm 105 77
blade
76 Hand-held electric circular saw o 225 mm 109 81
blade
77 — 225 mm 110 82
blade
78 Circular saw, bench mounted — 660 mm 106 78
blade (free
running)
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Table D.7 Historic sound level data on general site activities (continued)

BRITISH STANDARD

Ref. Equipment Power Equipment Sound power Activity
ho rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
79 Pneumatic circular saw — (Cutting 103 75
250 mm
x 250 mm
cedar
beam)
Hammering
80 Club hammer — 1.5 kg 107 79
Distribution of materials
81 Dumper 5.5 — 96 68 2 (1.5)
82 5.5 — 91 63
83 6 — 95 67
84 Dumper (idling) 9 — 88 60
85 13 — 92 64
86 13 2t 95 67
87 ( 13 — 103 752 (15)
88 Dumper 13 2.251 106 78 (10)
89 J 13 — 110 82 (15)
90 Dumper (pulling away) 13 — 112 84° (—)
91 5 { 28 — 117 89 ' (20)
92 mper — — 107 79 (5)
93 32 — 104 76 (10)
94 Site fork lift trucks 32 — 116 88 P (15)
95 57 — 122 94 (15)
96 Site fork lift trucks (idling) { 57 — 105 77
57 — 122 94 ® (15)
97 — 101 73
98 Diesel hoist — 104 76
99 — 1.27 105 77
100 Diesel hoist (poorly maintained) — Wheel- 116 88
barrow (2)
Lifting operations
101 4 — 94 66
102 4 — 103 75
Wheeled crane
103 4 — 110 82
104 30 — 112 84
100 e © The British Standards Institution 2014
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Table D.7 Historic sound level data on general site activities (continued)

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
105 30 — 108 80
Tracked crane
106 42 22t 99 71
107 Tracked crane (moving) 42 22t 114 86
g’ 108 Tracked crane (idling) 56 20t 99 71
© 109 ] [ 56 — 103 75
- 110 56 — 106 78
>
Qo 11 56 — 109 81
8 112 58 34t 102 74
@ 113 58 — 107 79
— 114 62 — 101 73
o
— 115 Tracked crane 62 — 110 82
5 116 67 — 108 80
2 117 75 251t 110 82
= 118 80 — 99 71
co 119 100 — 109 81
8 120 42 22t 104 76
g 72 25t 104 76
3 Arrival and departure of vehicles
N 121 Lorry (pulling up) — 10t 98 70
122 Lorry (unloading) — 6m? 112 —

A Average sound power levels.

B) Laeq r @1 at 10 m calculated from L, — 28.

9 These are typical noise level values for portable diesel driven compressors both in unsilenced and sound-reduced
forms. [A) Source: British Compressed Air Society

Drive-by maximum sound pressure level, [A) L., &1, at 10 m. Values of equipment speed, in kilometres per hour,
are given in parentheses.

D)
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Table D.8 Historic sound level data on roadworks

BRITISH STANDARD

Ref. Equipment Power Equipment Sound power Activity
no rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10 m
kw dB dB
Breaking road surface
1 —  35kg 114 86
2 —  35kg 118 90
Pneumatic breaker
3 — 35kg 121 93
4 —  35kg 123 95
5 Compressor —  3.5m%min 112
6 Pneumatic breaker (2) { — 35 kg 115 91
7 — 35kg 115
8 Compressor — 4 m¥min 106 &7
9 Pneumatic breaker — 35kg 114
10 Tractor mounted compressor 39 Integral 122
compressor 94
11 Pneumatic breaker — 27 kg
12 Wheeled excavator/loader fitted 52 — 106 78
with hydraulic rock breaker
13 { Tracked excavator fitted with 73 — } 110 -
hydraulic rock breaker _ 200 kg
Removing road surface
14 Road raiser and lorry 97 — 115 87
Removing broken road surface
15 Wheeled excavator/loader 57 — 103 75
16 Wheeled excavator/loader 46 —
108 80"  (0.3)
Lorry — 10t
Road planing
17 Road planer 124 — 11 83"  (0.3)
Pinning rails for slipform paving
18 Tractor mounted compressor 41 4 m’/min 114 } 89
19 Pneumatic hammer - - 114
Slipforming concrete road
20 Paving train 195 — 109 817  (0.4)
102 © The British Standards Institution 2014
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Table D.8 Historic sound level data on roadworks (continued)

Ref. Equipment Power Equipment Sound power Activity
ho rating size, weight level Ly, equivalent
(mass), continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
Road surfacing
21 Asphalt melter — — 103 75
22 Asphalt spreader 53 — 110 827 (2)
23 Asphalt spreader and chipping 53 — 114 867 (1.5)
hopper
24 Asphalt spreader 90 13t 101 737 (1.5)
Road roller — 101
25 9% 68% (4)
Lorry — 24 1
Asphalt spreader 90 13t
Chip spreader - -
26 PP 108 80~ (1.5)
Road roller — 101t
Lorry — —
27 Road roller (2) — 10teach 104 762 (5)
28 — 1219 934  (10)
29 Road roller 5 — 105 © 777 (10)
30 51 — 101 73
Road sweeping
31 Lorry mounted road sweeper - - 101 734 (2)
Installation of traffic light controls
32 Groove cutter 45 — 115 87
Excavating trench
33 Tracked excavator 46 102 74

A)

B)

Q

Drive-by maximum sound pressure level, 2 L,,.., &, at 10 m. Values of equipment speed, in kilometres per hour,
are given in parentheses.

Travelling on concrete.
Travelling on gravel/brick.
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Table D.9 Historic sound level data on motorway construction

BRITISH STANDARD

Ref. Equipment Power Equipment Sound Activity
no rating size, weight power level equivalent
(mass), Liya continuous
capacity sound
pressure
level
Lpeq, r &l
at10m
kw dB dB
Levelling ground and earth removal
1 109 — 113 857 (10)
2 200 — 104 767 (2)
3 Dozer 200 — 126 98 (5)
4 200 — 129 1014 (5)
5 Dozer (idling) 240 — 101 73
6 140 — 113 857 (20)
7 150 — 111 834 (10)
8 168 — 111 837 (2)
9 Grader 168 — 112 84~ (24)
10 168 — 114 867 (2)
1 168 — 110 — (—)
12 Scraper 109 — 118 9207 (10)
13 Scraper (unladen) 475 — 120 924 (30)
14 Scraper (laden) 475 — 123 954  (30)
15 475 — 125 974 (10)
16 Scraper 480 — 108 80~ (25)
17 480 — 110 824 (2)
18 110 — 118 90~ (10)
19 — 20t 102 74°  (10)
20 — 20t 103 757 (10)
21 — 20t 104 76 7 (15)
22 — 20t 108 807 (10)
23 — 20t 110 827 (10)
24 — 24 t 104 762 (15)
25 309 — 110 827 (30)
26 309 — 111 837 (30)
27 310 35t 105 — (—)
28 Dump truck 310 35t 106 784 (5)
29 310 35t 109 817 (20)
30 310 35t 109 817 (30)
31 310 35t 110 827 (1.5)
32 310 35t 111 837 (30)
33 310 35t 112 847 (35)
34 310 35t 113 857  (40)
35 310 35t 113 857 (30)
36 310 35t 115 877 (40)
37 310 35t 119 917 (20)
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Table D.9 Historic sound level data on motorway construction (continued)

BS 5228-1:2009+A1:2014

Ref. Equipment Power Equipment Sound Activity
no rating size, weight power level equivalent
(mass), Lya continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
38 Dump truck (36) ® 450 50t 103 76
laden
110
empty
39 450 50t 103 757 (=)
40 450 50t 104 767 (5)
41 Dump truck 450 50t 106 787 (10)
42 450 50t 110 827 (15)
43 450 50t 120 924 (35)
44 { Dump truck (45) ® 112 — 108 76
Scraper 475 — 123
Dump truck (30) ® 301 — 11
45 Grader (10) ® 150 — 11 82
Scraper (50) ® 475 — 122
46 { Scraper (28) ¥ 230 — 123 83
Dozer with scraper box (48) ® 200 — 121
47 { Dozer pushing 306 — 122 94
Scraper 475 —
48 { Tracked excavator 298 — 113 87
Dumper truck 309 — 110
49 Tractor pulling dump truck 63 — 113 85
50 Tractor (idling) 63 — 99 71

A)

B)

Number of passes per hour.

Drive-by maximum sound pressure level, [&) L,,..., &l, at 10 m. Values of equipment speed, in kilometres per hour,
are given in parentheses.
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BRITISH STANDARD

Table D.10 Historic sound level data on opencast coal sites: pre 1984

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)®, power equivalent
capacity level L, continuous
sound
pressure
level
Lpeq, 7@
at10m
kw dB dB
Drilling blastholes

1 115 — 113 85

2 160 — 112 84

3 Compressor and pneumatic drilling rig 160 — 114 86

4 170 — 119 91

5 170 — 120 92

6 } Diesel powered combined rig (rotary) { 160 170 mm borehole 13 8

7 160 170 mm borehole 114 86

Breaking out and loading

8 56 110 82

9 56 111 83

10 56 112 84

11 56 113 85

12 56 Coaling 0.67 m? 113 85

13 56 shovel 114 86

14 Diesel powered face shovel >0 114 86

15 . 56 114 86

16 (crowd action) 56 114 36

17 56 114 86

18 56 115 87

19 56 115 87

20 71 108 80

21 408 Coaling 6.1 m*h { 114 86

22 408 114 86

23 60 108 80

24 77 106 78

25 95 110 82

26 95 . 111 83

27 g5 [ Coaling 112 84

28 95 112 84

29 95 113 85

30 95 113 85

31 . . 101 Coaling 113 85

32 E:és;(eggcc;\;\)/ered hydraulic shovel (or 101 Coaling 112 36

33 112 Coaling 3.8 m? 115 87

34 242 3.8m? 115 87

35 242 3.8m? 115 87

36 242 3.8m? 116 88

37 244 3.1m? 116 88

38 336 6.0 m? 112 84

39 470 6.5 m? 117 89

40 537 7.6 m? 114 86

41 665 8.4m? 117 89
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)®, power equivalent
capacity level L, continuous
sound
pressure
level
Lpeq, 7 @1
at10m
kw dB dB
42 ] [ 225 — 104 76
43 225 — 110 82
44 225 — 110 82
_ 45 225 — 113 85
(£ 46 261 46 m? 105 77
3
© 3; Electric powered face shovel gg: jg 23 Hg gg
N 49 261 4.6 m® 113 85
Q 50 448 9.2 m? 109 81
3 51 448 9.2m’ 109 81
L o] 52 448 9.2m? 111 83
o 53 L 448 9.2 m? 112 84
ro 54 ] [ 225 — 118 90
— 55 269 4m? 118 90
c 56 353 4m? 109 81
S 57 353 4m? 111 83
5 58 353 4m’ 112 84
59 353 4m? 113 85
0 60 353 4m? 114 86
S 61 394 34m? 104 76
Ny 62 394 3.4m? 105 77
8 63 394 34m? 109 81
— 64 394 34m? 109 81
N 65 408 53 m? 107 79
R 66 408 53m? 109 81
- 67 Diesel powered dragline 408 5.3m? 110 82
9 68 408 5.3 m? 112 84
69 408 53m? 113 85
é 70 408 53 m’ 113 85
71 408 53m? 114 86
72 408 53m? 114 86
73 408 53m? 114 86
74 408 53m? 114 86
@ 75 408 5.3 m? 122 94
5 76 480 5.7 m? 113 85
77 480 57 m3 115 87
g) 78 480 57 m3 115 87
nd 79 480 57m3 115 87
Qg: 80 [ 480 57 m’ 119 91
é
o
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)”, power equivalent
capacity level L, continuous
sound
pressure
level
Lpeq, 7 @1
at10m
kw dB dB
81 ] [ 746 9.2m? 110 82
82 1119 11.5 m3 110 82
83 1305 19 m? 114 86
_ 84 1305 19 m? 115 87
(£ 85 Electric powered dragline 1865 245 m? 107 79
86 4476 50 m? 111 83
© 87 4476 50 m? 111 83
< 88 4476 50 m? 113 85
Q 89 J L 4476 50 m? 113 85
S 90 60 — 104 76
) 91 60 — 107 79
o 92 60 — 113 85
S 93 60 — 114 86
— 94 97 23m? 108 80
*g 95 97 23m? 117 89
o 9% . 127 3.05m? 112 84
< 97 (I?,:/is:elzlzz\)/vered front end loader 127 3.05 m? 115 87
98 127 3.05m? 115 87
o 99 127 3.05m? 116 88
S 100 127 3.05 m? 119 91
S 101 127 3.05m? 120 92
8 102 280 6.1 m3 119 91
— 103 410 6.1 m3 121 93
N 104 | [ 515 7.6m? 121 93
105 ( 60 1.15m? 109 81
3
183 Diesel powered front end loader 3(1) 1;2 23 Hg 22
108 (crawler) 71 134m’ 113 85
109 L 142 23m? 108 80
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)®, power equivalent
capacity level L, continuous
sound
pressure
level
Lo+ @
at10 m
kw dB dB
110 [ 127 — 112 84
111 127 — 115 87
112 336 35s. tons 112 84
_ 113 336 35s. tons 113 85
(£ 114 336 35s. tons 114 86
115 336 35s. tons 115 87
© 116 336 35 s. tons 117 89
< 117 336 35s. tons 117 89
Q 118 336 35s. tons 117 89
3 119 336 35's. tons 117 89
Lo} 120 336 35 s. tons 118 90
o 121 336 35s. tons 118 90
ro 122 336 35s. tons 118 90
N 123 336 35 s. tons 118 90
< 124 336 35s. tons 119 91
8 125 448 50 s. tons 115 87
5 126 448 50 s. tons 116 88
127 448 50s. tons 116 88
oFo; 128 448 50 s. tons 117 89
g gg Diesel powered dump trucks (4-stroke) 222 gg : :g:: 1 1; gg
8 131 448 50 s. tons 117 89
- 132 448 50s. tons 118 90
f\rj 133 448 50 s. tons 118 90
) 134 448 50 s. tons 118 90
— 135 448 50 s. tons 118 90
9 136 448 50 s. tons 118 90
137 448 50s. tons 118 90
é 138 448 50 s. tons 118 90
139 448 50s. tons 119 91
140 448 50s. tons 119 91
141 448 50s. tons 119 91
142 448 50 s. tons 120 92
@ 143 448 50 s. tons 120 92
6 144 448 50 s. tons 120 92
145 448 50 s. tons 120 92
g) 146 448 50s. tons 121 93
nd 147 448 50 s. tons 121 93
x 148 448 50 s. tons 121 93
g 149 | L 650 85 s. tons 114 86
é
o
o
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)”, power equivalent
capacity level L, continuous
sound
pressure
level
Lo+ @
at10 m
kw dB dB
150 ) [ 324 35s. tons 121 93
151 324 35s. tons 122 94
152 370 35s. tons 124 96
153 370 35s. tons 125 97
154 370 35s. tons 127 99
155 370 35s. tons 128 100
156 395 45 s, tons 120 92
157 395 45 s, tons 122 94
158 395 45 s, tons 125 97
159 395 45 s. tons 126 98
160 395 45 s. tons 127 99
161 395 45 s. tons 128 100
162 407 45 s, tons 120 92
163 407 45 s, tons 121 93
164 407 45 s, tons 121 93
165 433 50 s. tons 120 92
lgg Diesel powered dump trucks (2-stroke) 333 gg 2 :2:2 1;1 g;
168 433 50 s. tons 121 93
169 433 50 s. tons 122 94
170 454 50s. tons 120 92
171 488 50s. tons 119 91
172 488 50s. tons 120 92
173 488 50s. tons 121 93
174 488 50 s. tons 121 93
175 488 50 s. tons 124 96
176 522 70 s. tons 120 92
177 522 70 s. tons 120 92
178 522 70 s. tons 121 93
179 522 70 s. tons 121 93
180 522 70 s. tons 122 94
181 522 70 s. tons 125 97
182 746 100 s. tons — —
183 L 746 100 s. tons 120 92
184 ) [ 740 100 s. tons 116 88
185 740 100 s. tons 116 88
186 740 100 s. tons 118 90
187 740 100 s. tons 118 90
188 Diesel powered (4-stroke) dump trucks, 740 100 s. tons 119 91
189 electric drive 740 100 s. tons 119 91
190 740 100 s. tons 119 91
191 740 100 s. tons 119 91
192 740 100 s. tons 120 92
193 | L 740 100 s. tons 120 92
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)®, power equivalent
capacity level L, continuous
sound
pressure
level
Lipeq, 7 &l
at10m
kw dB dB
194 ) [ 246 16.8 m® heaped 112 84
195 . . 246 16.8 m* heaped 112 84
196 Tractor scraper, elevating, diesel 246 16.8 m? heaped 113 85
_ 197 | Powered, 4-stroke 246  16.8 m* heaped 113 85
(£ 198 | L 246 16.8 m® heaped 114 86
Tractor scraper loading and haulage
© 199 ] [ 336 16 m3 struck 103 75
> 200 Tractor scraper, single engine, 4-stroke 336 23.7:m” heaped 14 86
Q 201 ! ! 336 23.7 m? heaped 114 86
3 202 | 336 23.7m® heaped 117 89
) 203 [ 526 16 m? struck 113 85
et 204 526  23.7 m? heaped 114 86
S 205 Tractor scraper, tandem, 4-stroke 526 23.7 m? heaped 115 87
= 206 526 23.7 m? heaped 117 89
c 207 [ 526  23.7 m?heaped 118 90
S 208 [ 448  18.4m?®struck 114 86
5 209 448 24 m?® heaped 118 90
210 448 24 m? heaped 118 90
[oe} 211 448 24 m® heaped 119 91
P 212 448 24 m*® heaped 120 92
(qV 3
g 5:2 Tractor scraper tandem, 2-stroke 222 ;2 23 EZ:E:S 1;; g;‘
— 215 248 24 m? heaped 127 99
fxrj 216 448 24 m? heaped 128 100
217 448 24 m? heaped 128 100
218 447 24 m? heaped 129 101
219 | L 448 24 m? heaped 130 102
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)”, power equivalent
capacity level L, continuous
sound
pressure
level
Lpeq, 7 &l
at10m
kw dB dB
Tractor (bulldozing, push loading, ripping)
220 [ 56 8820 kg 114 86
221 56 8820 kg 117 89
222 56 8820 kg 119 91
223 104 14270 kg 110 82
224 104 14270 kg 114 86
225 104 14270 kg 116 88
226 104 14270 kg 117 89
227 104 14270 kg 117 89
228 104 14270 kg 126 98
229 149 20230 kg 113 85
230 149 20230 kg 116 88
231 149 20230 kg 117 89
232 149 20230 kg 118 90
233 224 31980 kg 113 85
234 224 31980 kg 113 85
235 224 31980 kg 114 86
236 224 31980 kg 115 87
237 224 31980 kg 116 88
238 224 31980 kg 116 88
239 224 31980 kg 116 88
240 224 31980 kg 117 89
241 224 31980 kg 117 89
242 224 31980 kg 117 89
243 224 31980 kg 118 90
>44 Tractor, crawler mounted (dozer) 224 31980 kg 118 920
245 224 31980 kg 118 90
246 224 31980 kg 118 90
247 224 31980 kg 119 91
248 224 31980 kg 120 92
249 224 31980 kg 121 93
250 224 31980 kg 121 93
251 224 31980 kg 123 95
252 224 31980 kg 126 98
253 224 31980 kg 126 98
254 239 31980 kg 118 90
255 239 31980 kg 120 92
256 239 31980 kg 120 92
257 239 31980 kg 120 92
258 276 31980 kg 121 93
259 306 42780 kg 101 73
260 306 42780 kg 115 87
261 306 42780 kg 116 88
262 306 42780 kg 117 89
263 306 42780 kg 120 92
264 306 42780 kg 120 92
265 306 42780 kg 123 95
266 306 42780 kg 125 97
267 | | 522 77870kg 115 87
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Table D.10 Historic sound level data on opencast coal sites: pre 1984 (continued)

Ref. Equipment Power Equipment size, Sound Activity
no rating weight (mass)®, power equivalent
capacity level L, continuous
sound
pressure
level
Lipeq, 7 &l
at10m
kw dB dB
268 225 33629 kg 116 88
269 } Tractor, wheel mounted (dozer) { 225 33629 kg 122 94
270 ] [ 112 13620 kg 117 89
_ 271 112 13620 kg 118 920
qa 272 134 18440kg 110 82
) 273 134 18440 kg 113 85
274 134 18440 kg 114 86
- 275 134 18440 k 115 87
) 276 Motor grader 187 24520 kg 110 82
8 277 187 24520 kg 111 83
© 278 187 24520 kg 115 87
i) 279 187 24520 kg 116 88
o) 280 187 24520 kg 116 88
= 281 | 187 24520 kg 117 89
% Coal haulage
%) 282 ] [ 160 — 109 81
5 283 160 — 109 81
) 284 160 — 109 81
°£| 285 160 — 111 83
o 286 160 — 111 83
Ny 287 160 — 111 83
® 288 160 — 112 84
- 289 160 — 113 85
o\ 290 160 — 113 85
291 160 — 113 85
292 Coal lorry 160 — 113 85
293 160 — 113 85
294 160 — 114 86
295 160 — 114 86
296 160 — 115 87
297 160 — 115 87
298 160 — 117 89
299 160 — 118 20
300 160 — 119 91
301 L 160 — 119 91

A s, tons = short tonnes.
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Table D.11 Historic sound level data on opencast coal sites: post 1990

Ref. Equipment Power Equipment size, Average sound
no rating weight (mass)”, power level L,
capacity
kw dB
Drilling blastholes
1 Compressor and drilling rig (top hammer) — 100 mm borehole 117
2 Consolidated rig (down-the-hole hammer) 160 — 112
Breaking out and loading
3 60 0.5m? 103
4 70 0.5m? 102
5 70 0.9 m? 104
@ 6 10  09m’ 107
© 7 125 1.0 m? 103
S 8 100 1.3m? 106
Q 9 110 1.3m? 105
8 10 160 1.4m? 106
kS 11 120 15m? 104
(:3 12 125 1.5m? 105
= 13 Diesel excavators 145 2.0m? 108
5 14 242 38m’ 108
% 15 250  40m’ 109
16 275 5.0 m? 114
@ 17 300 6.0m’ 117
N 18 435  8.0m? 116
g 19 610  9.5m? 116
- 20 750 12.0 m? 116
N 21 870 12.0 m? 117
22 1000 14.0 m? 117
23 L 1516 20.0 m? 120
Draglines
24 Diesel 400 53m? 107
25 Electric 895 9.2 m? 108
26 Electric 11689 50.0 m3 115
Front end loaders
27 161 3.8m? 107
28 Diesel front end loaders 280 5.2m?3 110
29 515 8.9m? 111

114 < © The British Standards Institution 2014
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Table D.11 Historic sound level data on opencast coal sites: post 1990 (continued)

Ref. Equipment Power Equipment size, Average sound
no rating weight (mass)”, power level L,
capacity
kw dB
Dump trucks
30 ] [ 475  55s.tons 113
31 485 58 s. tons 118
32 . 750 85 s. tons 112
33 Diesel: 4 stroke 650 95s. tons 115
34 960 150s. tons 118
35 ] L 1270 195s. tons 118
g’ Tractor scrapers
© 36 Single engine 340 23.7m? 107
= 37 Tandem 520 23.7m? 109
Q Tractor
8 38 ] [ 104 142t 107
kS 39 123 17.8t 109
(:3 40 410 328t 113
= 41 Crawler mounted dozer 212 36.8t 112
5 42 276 425t 113
% 43 460 52.0t 113
44 | | 575 95.8t 116
°F°; Motor grader
(C\’, 45 Motor grader 205 27.2t 112
0 Coal haulage
g 46 (No data given)
N 47 Rigid truck 17 — 109
48 Rigid truck 170 — 111
49 Articulated truck 180 — 102
50 Articulated truck 240 — 110
Water bowsers
51 Rigid dump truck 450 — 113
52 Rigid dump truck 430 — 117
53 Tractor scraper 215 — 112

A 5. tons = short tonnes.
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Table D.12 Historic sound level data on dredging

BRITISH STANDARD

Ref. Equipment Power Equipment Sound Activity
no rating  size, weight power level equivalent
(mass), Luya continuous
capacity sound
pressure
level
LAeq, T
at10m
kw dB dB
Dredging
1 Ship chain bucket — 35m long 124 96
Digging out river bed
5 { Tracked excavator 46 — 112 85
Water pump 6 — 104
Clearing river bank
3 Tracked loader 37 — 108 80
Dredging gravel
4 Tracked crane (no exhaust silencer) 92 — 124 96
Loading dredged aggregates
5 Wheeled loader 93 — 112 84
116 e © The British Standards Institution 2014
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Annex E (informative)

E.1

NOTE The assessments

can include likely eligibility for
noise insulation or temporary
re-housing, as forms of mitigation,
but such eligibility needs to be
confirmed later in the process
when a contractor is appointed
and detailed method statements
and programme information are
available.

BS 5228-1:2009+A1:2014

Significance of noise effects

Example criteria for the assessment of the
potential significance (1l of noise effects

This annex gives examples only. It does not comprise an exhaustive
set of provisions regarding noise effects.

The examples cited in this annex offer guidance that might be useful
in the implementation of discretionary powers for the provision of
off-site mitigation of construction noise arising from major highways
and railway developments [see Note to item a)]. These powers were
introduced in the Noise Insulation Regulations 1975 [30, 31, 32] under
the Land Compensation Act 1973 [33, 34, 35] (see A.3.4) and the Noise
Insulation (Railways and other Guided Transport Systems) Regulations
1995 [37] (see A.3.5), respectively. Off-site noise mitigation might

not be applicable in all circumstances or to other categories of
construction project. See also E.4.

A pragmatic approach needs to be taken when assessing the noise
effects of any construction project, i.e. the guidance provided below
would generally only apply to projects of significant size, and lesser
projects might not need to be assessed or might only require general
consideration of noise effects and mitigation. Generally, the local
planning authority, or a planning consultant experienced in these
matters, will be able to advise as to the extent of the assessment that
might be required.

Construction noise assessments are generally undertaken for three
main reasons.

a) For Environmental Impact Assessments (EIAs). Most major
developments now need to be assessed in accordance with the
Town and Country Planning (Environmental Impact Assessment)
(England and Wales) Regulations 1999 [47]. This is where
the development might result in significant effects upon the
environment. Therefore, criteria are needed to allow these
assessments to be undertaken. &) Text deleted (il

b) Assessments for developments that do not require EIA. Construction
noise assessments are sometimes required by developers to advise
on the likely effects that might arise and appropriate actions that
might need to be taken to minimize effects.

¢) Control of Pollution Act (CoPA) 1974 [9], Section 61, “Applications
for prior consent for work on construction sites”. Applications
under this section of the CoPA are often found to be desirable
and useful by both the local authority and the contractor. The
applications would usually include (as identified in the CoPA):

1) details of the works and the method by which they are to be
carried out; and

2) the steps proposed to be taken to minimize noise resulting
from the works.

However, it is good practice to carry out construction noise
predictions to provide additional information and to determine,
for projects of significant size, any eligibility for noise insulation
or temporary re-housing. By gaining consent under Section 61,
the contractor gains protection from action under Section 60

of the CoPA, whereby a stop or enforcement notice cannot be
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served on the contractor, as long as the works are carried out in
accordance with the details in the application.

This annex describes methods to identify the likely significance of
noise levels from surface construction activity.

E.2 Potential significance based on fixed noise limits

For projects of significant size such as the construction of a new
railway or trunk road, historically, there have been two approaches
to determining whether construction noise levels [A) could be
significant.

The older and more simplistic is based upon exceedance of fixed noise
limits which were originally promoted by the Wilson Committee in
their report on noise [60] as presented to Parliament in 1963. These
noise limits were then included in Advisory Leaflet 72 [61], first
published in 1968; the accompanying wording was subsequently
revised and the 1976 version is quoted below:

© BSI

“Noise from construction and demolition sites should not exceed
the level at which conversation in the nearest building would be
difficult with the windows shut. The noise can be measured with
a simple sound level meter, as we hear it, in A-weighted decibels
(dB(A))- see note below. Noise levels, between say 07.00 and
19.00 hours, outside the nearest window of the occupied room
closest to the site boundary should not exceed:

e 70 decibels (dBA) in rural, suburban and urban areas away
from main road traffic and industrial noise;

Uncontrol | ed Copy,

e 75 decibels (dBA) in urban areas near main roads in heavy
industrial areas.

These limits are for daytime working outside living rooms and
offices. In noise-sensitive situations, for example, near hospitals
and educational establishments — and when working outside the
normal hours say between 19.00 and 22.00 hours - the allowable
noise levels from building sites will be less: such as the reduced
values given in the contract specification or as advised by the
Environmental Health Officer (a reduction of 10 dB(A) may often
be appropriate). Noisy work likely to cause annoyance locally
should not be permitted between 22.00 hours and 07.00 hours.”

24/ 08/ 2018,

The above principle has been expanded over time to include a suite of
noise levels covering the whole day/week period taking into account
the varying sensitivities through these periods. [A) Examples are
provided in E.3.2 (see Table E.1) and in E.4 (see Table E.2), and the levels
shown in Table E.2 are often used as limits above which noise insulation
would be provided if the temporal criteria are also exceeded.

E.3 Potential significance ®1] based upon noise change

E.3.1 General

An alternative and/or additional method to determine the

potential significance &l of construction noise levels is to consider
the change in the ambient noise level with the construction noise.
Text deleted &1l There are two main methods, both with similar
approaches, of which examples are provided in E.3.2 and E.3.3.
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E.3.2

BS 5228-1:2009+A1:2014

Example method 1 - The ABC method

Table E.1 shows an example of the threshold of potential
significant effect at dwellings when the site noise level, rounded to
the nearest decibel, exceeds the listed value. The table can be used

as follows: for the appropriate period (night, evening/weekends

or day), the ambient noise level is determined and rounded to the
nearest 5 dB. This is then compared with the site noise level. If the site
noise level exceeds the appropriate category value, then a potential
significant effect is indicated. The assessor then needs to consider
other project-specific factors, such as the number of receptors affected
and the duration and character of the impact, to determine if there is
a significant effect.

Table E.1 Example threshold of [A» potential significant (1 effect at dwellings

Assessment category and threshold value period Threshold value, in decibels (dB) IA) (L., 1)
Category A? Category B ® Category C©

Night-time (23.00-07.00) 45 50 55

Evenings and weekends ° 55 60 65

Daytime (07.00-19.00) and Saturdays (07.00-13.00) 65 70 75

NOTE 1 A potential significant effect is indicated if the L,., r noise level arising from the site exceeds the
threshold level for the category appropriate to the ambient noise level.

NOTE 2

If the ambient noise level exceeds the Category C threshold values given in the table (i.e. the ambient

noise level is higher than the above values), then a potential significant effect is indicated if the total L., ¢
noise level for the period increases by more than 3 dB due to site noise.

NOTE 3 Applied to residential receptors only.

A)

B)

Q

D)

Category A: threshold values to use when ambient noise levels (when rounded to the nearest 5 dB) are less than

these values.

Category B: threshold values to use when ambient noise levels (when rounded to the nearest 5 dB) are the same

as category A values.

Category C: threshold values to use when ambient noise levels (when rounded to the nearest 5 dB) are higher

than category A values.

19.00-23.00 weekdays, 13.00-23.00 Saturdays and 07.00-23.00 Sundays.

E.3.3

Example method 2 - 5 dB(A) change

Noise levels generated by site activities are deemed to be
potentially significant if the total noise (pre-construction ambient
plus site noise) exceeds the pre-construction ambient noise by 5 dB

or more, subject to lower cut-off values of 65 dB, 55 dB and 45 dB
Lyeq r from site noise alone, for the daytime, evening and night-time
periods, respectively; and a duration of one month or more, unless
works of a shorter duration are likely to result in significant effect.

These evaluative criteria are generally applicable to the following
resources:

e residential A1) buildings ¢1;
e hotels and hostels;

e  buildings in religious use;

e  buildings in educational use;

e buildings in health and/or community use.
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For public open space, the impact might be deemed to cause
significant effects if the total noise exceeds the ambient noise (L, 1)
by 5 dB or more for a period of one month or more. However, the
extent of the area impacted relative to the total available area also
needs to be taken into account in determining whether the impact
causes a significant effect.

E.4 Example of thresholds used to determine the
eligibility for noise insulation and temporary
rehousing

COMMENTARY ON E.4

If the contractor has applied best practicable means to the provision

of mitigation, i.e. all reasonable measures have been taken to reduce
the noise levels, but levels are still such that widespread community
disturbance or interference with activities or sleep is likely to occur, there
are two further provisions that can be made if the construction activities
are likely to continue for a significant period of time either continuously
or sporadically. These are as follows.

© BSI

a) Noise insulation (NI). This is the provision of secondary glazing to
the windows of affected habitable rooms. Additional ventilation
provision might also be necessary to allow the windows to be kept
closed whilst maintaining the appropriate number of air changes
in the room. Secondary glazing increases attenuation and this can
provide a significant improvement to the internal noise environment.

b) Temporary or permanent re-housing (TRH). Where construction
noise levels are such that noise insulation will not provide sufficient
attenuation to prevent disturbance or interference with activities or
sleep, then the occupants can be temporarily re-housed away from
the construction site. However, if the nature of the construction
activities means that re-housing would be necessary for a significant
extent of time, e.qg. in excess of six months, then there might be
advantages in offering permanent re-housing, i.e. the property
would be purchased by the developer and the occupants would
purchase another property elsewhere. The property would then
remain vacant or be used by site personnel for the duration of the
works, after which it can be re-sold.

Uncontrol | ed Copy,
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Where, in spite of the mitigation measures applied and any Section 61
consents under the Control of Pollution Act 1974 [9], noise levels at
some properties are expected to exceed trigger levels for the periods
defined below, a scheme for the installation of noise insulation or
the reasonable costs thereof, or a scheme to facilitate temporary
rehousing of occupants, as appropriate, will be implemented by the
developer or promoter. The scheme will include provision for the
notification of affected parties.

Noise insulation, or the reasonable costs thereof, will be offered by
the developer or promoter to owners, where applied for by owners or
occupiers, subject to meeting the other requirements of the proposed
scheme, where the construction of the development causes, or is
expected to cause, a measured or predicted airborne construction
noise level that exceeds either of the following at property lawfully
occupied as a permanent dwelling:

e the noise insulation trigger levels presented in Table E.2 for the
corresponding times of day;
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Table E.2

BS 5228-1:2009+A1:2014

e anoise level 5 dB or more above the existing pre-construction
ambient noise level for the corresponding times of day;

whichever is the higher;

and for a period of 10 or more days of working in any 15 consecutive
days or for a total number of days exceeding 40 in any 6 consecutive
months.

Examples of time periods, averaging times and noise levels associated
with the determination of eligibility for noise insulation

Time Relevant time Averaging Noise insulation
period time, T trigger level
dB Lyt A
Monday to Friday  07.00 — 08.00 1h 70
08.00 - 18.00 10h 75
18.00 — 19.00 1h 70
19.00 - 22.00 3h 65
22.00 - 07.00 1h 55
Saturday 07.00 - 08.00 1h 70
08.00 - 13.00 5h 75
13.00 - 14.00 1h 70
14.00 - 22.00 3h 65
22.00 - 07.00 1h 55
Sunday and 07.00 - 21.00 1h 65

Public Holidays 21.00-07.00 1h 55

A All noise levels are predicted or measured at a point 1 m in front of the
most exposed of any windows and doors in any facade of any eligible
dwelling.

Temporary rehousing, or the reasonable costs thereof, will be
offered by the developer or promoter to owners, where applied for by
owners or occupiers, subject to meeting the other requirements of the
proposed scheme, where the construction of the development causes,
or is expected to cause, a measured or predicted airborne construction
noise level that exceeds either of the following at property lawfully
occupied as a permanent dwelling:

e anoise level 10 dB above any of the trigger noise levels presented
in Table E.2 for the corresponding times of the day; or

e anoise level 10 dB above the pre-construction ambient noise level
for the corresponding times of the day;

whichever is the higher;

and for a period of 10 or more days of working in any 15 consecutive
days or for a total number of days exceeding 40 in any 6 consecutive
months.

Non-residential buildings the occupants of which are likely to
be particularly sensitive to noise 1l (these include commercial and
educational establishments, hospitals and clinics) will be subject
to individual consideration by the developer or promoter, upon
application by the affected party.
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Construction works involving long-term substantial
earth moving

Where construction activities involve large scale and long term
earth moving activities, then this is more akin to surface mineral
extraction than to conventional construction activity. In this situation,
the guidance contained within the Technical Guidance to the National
Planning Policy Framework [15] needs to be taken into account when
setting criteria for acceptability.

The Technical Guidance states:

“Subject to a maximum of 55 dB(A) LAeq, 1h (free field), mineral
planning authorities should aim to establish a noise limit at the
noise-sensitive property that does not exceed the background
level by more than 10 dB(A). It is recognised, however, that

in many circumstances it will be difficult to not exceed the
background level by more than 10 dB(A) without imposing
unreasonable burdens on the mineral operator. In such cases,
the limit set should be as near to that level as practicable during
normal working hours (0700-1900) and should not exceed

55 dB(A) LAeq, 1h (free field). Evening (1900-2200) limits

should not exceed background level by more than 10 dB(A) and
night-time limits should not exceed 42 dB(A), LAeq, 1h (free field)
at noise-sensitive dwellings.”

Based upon the above, it is suggested that the limit of 55 dB L, 11

is adopted for daytime construction noise for these types of activities
but only where the works are likely to occur for a period in excess of
six months. Precedent for this type of approach has been set within a
number of landmark appeal decisions associated with the construction
of ports.

Other recommendations with regard to noise emissions given in
paragraphs 28 to 31 of the Technical Guidance to the National Policy
Planning Framework [15] should also be taken into account, where
appropriate.
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Annex F (informative)

F.1

BS 5228-1:2009+A1:2014

Estimating noise from sites

Factors for consideration

Some means of predicting expected levels of noise from sites are
useful whether or not noise limits are to be imposed.

Before work starts the following need to be considered.

a) Local authorities need to know the expected levels of site noise
in order that assessments can be made as to whether potential
problems exist and whether controls are necessary. They also
need to ensure that any noise limits proposed are practicable for
the developments concerned and that the limits are capable of
protecting the community from excessive noise.

b) Developers, architects and engineers need to know whether their
intended site operations will cause noise problems and, if so,
whether the operations will be able to conform to the specified
noise limits.

¢) Contractors need to select the most appropriate plant in
accordance with any specified limits. They also need to know at
the tender stage what noise controls are necessary so that they
can make appropriate cost allowances.

As explained in 6.2, site noise can be assessed in terms of the
equivalent continuous sound level and/or in terms of the maximum
level. The level of sound in the neighbourhood that arises from a

site will depend on a number of factors. The estimation procedures
described in this annex take into account the more significant factors,
these being:

1) the sound power outputs of processes and plant;
2) the periods of operation of processes and plant;
3) the distances from sources to receiver;

4) the presence of screening by barriers;

5) the reflection of sound;

6) soft ground attenuation (see F.2.2.2.1).

Other factors such as meteorological conditions (particularly wind
speed and direction) and atmospheric absorption can also influence
the level of noise received. The estimation of the effects of these
factors is complicated, not least because of interaction between these
factors, and is beyond the scope of this standard. In general, at short
distances (say less than 50 m), the size of any effects arising from
these factors will be small, whereas at longer distances there will be a
tendency towards an increase in sound attenuation. Meteorological
conditions can result in increased noise levels due to focusing of the
sound and this can be important, for example, where screening is
present. So far as is known, the estimating procedures described are
applicable also to sound travelling over areas of water (wide rivers,
harbours, lakes, etc.).
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F2 Methods of calculation

F2.1 General

Site noise is produced by many different activities and types of plant,
the noise from which varies not only in intensity and character but
also in location and over time. There can also be many combinations
of these activities of both a static and a mobile nature. However,
reasonably accurate predictions can be made by approaching the
problem in a logical way and by analysing all activities involved. The
starting point in predicting noise levels is to determine the noise level
of the source(s). There are three preferred means of obtaining the
necessary data.

a) Carry out or obtain noise measurements of a similar item of
plant, operating in the same mode and at the same power
over a representative time period including a sufficient
number of operating cycles. The measurements may be taken
at any appropriate distances but are generally taken at 10 m;
measurements at other distances generally need to be corrected
back to 10 m for reference purposes.

© BSI

b) Use the sound power levels and values of activity [A) L, r @1
given in Annexes C and D. Many of the measurements in Annex D
were carried out prior to the introduction of quieter plant as
a result of the implementation of EC noise limits; on this basis,
there is a clear preference to use data contained within Annex
C, where identical or appropriately similar plant are included, as
opposed to using older data from Annex D. However, older plant
might still be in operation on some sites and the data could then
be relevant. The percentage on-times where quoted in the tables
only relate to the period over which the measurement was taken.

Uncontrol | ed Copy,

¢) Obtain the maximum permitted sound power level of the plant
under EC Directive 2000/14/EC [11]. Table F.1 shows the current
relevant values, which relate to static tests on full power. It
is intended to introduce a dynamic test for the earth-moving
equipment listed in Table F.1 and to lower the limits progressively.
Adjust the sound power levels quoted in Table F.1 to allow
for variations of power under typical working conditions over
the relevant assessment period (e.g. 1 h, 12 h). Apply a further
correction for the distance ratio (see Table F.2).

24/ 08/ 2018,

The method given in item a) is likely to provide the most accurate
prediction.
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Table F2  Relationship of distance ratio and on-time correction factor for slow
moving plant

Distance ratio, D Correction factor, F

0.5 1.00

0.7 0.80

1 0.63

1.5 0.50

2 0.40

3 0.28

4 0.20

5 0.16
— 6 0.13
gl) 7 0.10
© 8 0.09
é 9 0.08
8 10 0.08

>10 0.06
§e]
[} NOTE D=1,/d,,
° where:
E I, is the traverse length (see 3.17);
8 d..., is the minimum distance from the plant to the receiver
S location.
o
) (See F2.7.1.3.)

00
—
8 A general approach to the prediction of site noise is shown in
) Figure F.1, where four methods of calculating I*) L., r &l noise
S levels are indicated. Examples of methods that can be used are given
f\rj in F.2.2 to F.2.5. In practice, noise prediction at a point of interest

might involve a combination of all four methods. The use of other
methods is not precluded but might need agreement with the parties
concerned.

The general methods of calculation given in F.2.2 to F.2.5 will be

suitable for many situations. Nevertheless, these methods have been
developed in relation to construction sites and have only been tested
on such sites. They do not preclude the use of more precise methods.
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Figure 1 Flow chart for the prediction of site noise
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F.2.2

F.2.2.1

F.2.2.2
F2.2.2.1

NOTE 1 Hard ground is taken
to refer to ground surfaces which
reflect sound, e.g. paved areas,
rolled asphalt and surface water.
Soft ground is taken to refer to
surfaces which are absorbent to
sound, e.g. grassland, cultivated
fields or plantations. Where the
ground cover between the source
and the receiver is a combination
of hard and soft, it is described
as mixed.

NOTE 2 It is a matter of personal
preference which method is used.

BS 5228-1:2009+A1:2014

Method for activity ') L.,

General

The activity [A) Ly, + 1l method (see F.2.2.2) can be used for stationary
and quasi-stationary activities and is the best method to use when these
activities and their locations are clearly defined. Either measurements
can be made on a similar item of plant operating in the relevant

mode and power, or the values of [A) L, r 1l given in Annexes C

and D can be used. The activity [ L., r ¢l needs to be corrected

for source-receiver distance, reflections and screening or soft ground
attenuation. The advantages of this method are that the variations in
plant cycle times, interactions between various items of plant during
the activity and the consequent overall variation of noise level with
time are automatically taken into account. For continuous plant, it

is necessary to determine the proportion of the assessment period
during which the plant is operating and to adjust the [A) L, - &1 for
periods of non-operation. For cyclic or intermittent plant, the number
of complete sequences that will occur within the working day needs to
be estimated and the [%) L., - 4l adjusted, if necessary, for standing or
idling time. F.2.6 covers these allowances.

Method
Procedure

Account needs to be taken of the nature of the ground over which
the sound is being propagated. The ground can be characterized as
hard, soft or mixed (see Figure F.2 and F2.2.2.2).

The procedure is as follows.

a) Stage 1. Obtain an activity [A) L, r (1l by direct measurement of
similar plant in the same mode of operation, or use the values
given in Annexes C and D.

b) Stage 2. If the distance R, in metres (m), from the point of interest
to the geometric centre of the plant or activity is other than
10 m, subtract from the [A) L,.,, % obtained in stage 1 a distance
adjustment K, or K, in decibels (dB), obtained either:

1) from the following equations:

R
K, = 20Iogw% (F.1)
or

R
K. :(ZSIog10 EJ_Z (F.2)

where R > 25 m;
or

2) from Figure F.2, which is based on equations (F.1) and (F.2).
Both methods give the same result.

¢) Stage 3. Make allowances for reflections and screening (see also
8.3.3, Figures F.2 and F.3 and Annex B).

The accurate determination of the effectiveness of a barrier
is a complex process. A knowledge of sound pressure levels
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at separate frequencies and also of the geometry of the

receiving position in relation to the source and the barrier are
required. Calculations may be made in octave bands instead of
“A" weighting to provide a more accurate barrier attenuation;
if the octave band sound levels (see Tables C.1 to C.11) and the
positions of the sources, receiver and barrier are known. The
barrier attenuation can be calculated from Figure F.3. The final
results of this analysis then needs to be logarithmically summed

and weighted to provide an “A" weighted level.

In the absence of spectral data, as a working approximation,
if there is a barrier or other topographic feature between the

source and the receiving position, assume an approximate

attenuation of 5 dB when the top of the plant is just visible to
the receiver over the noise barrier, and of 10 dB when the noise

screen completely hides the sources from the receiver. High

topographical features and specifically designed and positioned
noise barriers could provide greater attenuation. Subtract the
attenuation from the value of &) L, r ¢l calculated at the point
of interest. Where the point of interest is 1 m from the facade of
a building, make an allowance for reflection by adding 3 dB to

the calculated (free field) levels.

d) Stage 4. Repeat stages 1 to 3 for each activity.

e) Stage 5. Estimate the percentage of the assessment period for
which each activity takes place. Then use one of the methods
outlined in F.2.6 to predict the assessment period Ay L, r ¢il
from the individual activity A L, r @l values obtained in stage 3,

which might be on a shorter time-base.

Figure .2 Distance adjustment K for activity [*) L., r %1l method

60
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— 1
= : Ks = (25 log R/10)-2 rd
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- ] P "
3 304
o ]
S : /
a .
= ] A
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£ 20 /,/:
o E ///
] A K =20log R/10
10 ] ///
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Distance from source R, m

NOTE K, = distance adjustment for soft ground; K, = distance adjustment for hard ground.
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Figure F.3 Screening effect of barriers

Unless otherwise stated, dimensions are in metres
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b) Barrier attenuation at different frequencies of sound

Key
S Source

R Receiver

F.2.2.2.2 Distance adjustment

For propagation over hard ground, K = K,. For propagation over
100% soft ground, K = K,, providing that the source is operating

at ground level and the receiver is no more than 2.5 m above the
ground. If either the source or receiver is more than 2.5 m above the
ground, the additional attenuation offered by soft ground needs to
be reduced until at 15 m its value is the same as that at hard ground.
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For propagation over mixed soft and hard ground, the additional
attenuation due to soft ground (K, - K,,) needs to be reduced
according to the proportion of soft ground [e.g. for 25% soft ground,
the adjustment is 0.25(K, — K,))].

Soft ground attenuation does not apply for propagation distances less
than 25 m.

It is not usually advisable to combine the effects of screening and
soft ground attenuation. Take either the attenuation from screening
and hard ground propagation, or the attenuation of soft ground,
whichever is the greater.

At distances over 300 m noise predictions have to be treated with
caution, especially where a soft ground correction factor has been
applied, because of the increasing importance of meteorological

effects.
3
o F2.3 Method for plant sound power level
> F2.3.1 General
8 The plant sound power method (see F.2.3.2) can be used in the
- absence of sufficient data for the activity A L, r @1l method
O (see F.2.2) but it is necessary to know the on-time of the plant in order
% that comparable accuracy of site noise prediction can be obtained.
= Where possible, the values given in Annex C are to be used as
g representative of operating plant. The sound power level values can
o be obtained by adding 28 dB(A) to the [A) L., ; ¢ values at 10 m
5 distance. Alternatively, the values in Annex D could be used but these
are of older plant and might provide a worst case. The third option is
[oe} to use the maximum sound power levels of the plant permitted under
S EC Directive 2000/14/EC [11], as given in Table F.1.
N
% The method involves the calculation of [A) L., ; &1l from the plant
o sound power levels, typical percentage on-times and various
F allowances for distance, reflections, and screening or soft ground
N attenuation. Since this method necessitates the introduction into

the calculation of the additional variable of percentage on-time, the
method is more suitable for use in situations where an ) L., &1 for
a similar activity is not available.

Neither this method nor the activity [*) L., r &1l method is suitable for
predicting the [A) L, r @11 of mobile plant operating either on site in
close proximity to the point of interest or on haul roads. Techniques
for the estimation of noise of such mobile plant are given in F.2.4. The
technique for plant operating over short traverses is similar to the
sound power method but is modified for equivalent on-time related
to traverse length and minimum distance to the point of interest.
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F.2.3.2
F2.3.2.1

NOTE 1 In practice, sources

of noise such as construction

site equipment do not radiate
sound uniformly in all directions.
Equations (F.3) and (F.4) can be
adapted to allow for this directivity
effect and for reflections within
the site. However, for the purposes
of calculations in this standard the
effect is ignored.

NOTE 2 The sound level can be
calculated for various conditions
of operation, such as working and
idling, using either of the two
methods.

BS 5228-1:2009+A1:2014

Method
Procedure

The procedure is defined below. However, if only the highest L, is
required, stages 2 and 5 can be omitted.

a) Stage 1. Select the sound power levels L, from measured data,
Annexes C or D or Table F.1.

b) Stage 2. Obtain the average percentage on-time from estimates
of the time that the plant will be operating at full power.

c) Stage 3. Calculate the sound levels, L,,, at the point of interest
for each item of plant or operation taking part in the activity,
from their sound power levels and their distances, as follows.
If the plant moves about a limited area on site, then take a
time-weighted average distance to the point of interest.

Using the distance, R, in metres (m), from the point of interest to
the source, calculate the sound level [%) L, - %1 at the point of
interest by subtracting from the sound power level L, obtained
in stage 1 a distance allowance K’ (in dB) obtained either:

1) from the following equations:

K.’ = (20log,,R) + 8 (F.3)
or
K, = (25log;,R) + 1 (F.4)

where R > 25 m;
or
2) from Figure F.4, which is based on equations (F.3) and (F.4).

d) Stage 4. If necessary, adjust each sound level for reflections if the
receiving position is 1 m from the facade of a building, i.e. apply
a facade correction, and for screening, as detailed in stage 3
of F2.2.2.1, adding or subtracting the allowances from the sound
level L, obtained in stage 3 of the present procedure.

e) Stage 5. Calculate the activity [A) L, ; @1 at the point of
interest for the period of that activity by subtracting from the
modified L, obtained in stage 4 the adjustment K; obtained from
Figure F.5 for the on-time obtained in stage 2.

f) Stage 6. Repeat stages 1 to 5 for each activity.

g) Stage 7. Estimate the percentage of the assessment period for
which each activity takes place, then use one of the methods
outlined in F.2.6 to predict the assessment period %) L., ; &1l from
the individual activity [*) L., &1 values calculated in stage 5,
which may be on a shorter time-base.
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Figure F4 Distance adjustment K’ for plant sound power method
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F.2.3.2.2 Distance adjustment

For propagation over hard ground, K’ = K,". For propagation over
100% soft ground, K’ = K/', providing that the source is operating
at ground level and the receiver is no more than 2.5 m above the
ground. If either the source or receiver is more than 2.5 m above the
ground, the additional attenuation offered by soft ground needs to
be reduced until at 15 m its value is the same as that at hard ground.
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For propagation over mixed soft and hard ground, the soft ground
attenuation (K" - K,,") needs to be reduced according to the
proportion of soft ground [e.g. for 25% soft ground, the adjustment
will be 0.25(K," - K,,)]. Soft ground attenuation does not apply for
propagation distances less than 25 m. Either the attenuation from
screening and hard ground propagation, or the attenuation of soft
ground needs to be taken.

It is not usually advisable to combine the effects of screening and
soft ground attenuation. At distances over 300 m, caution is needed,
especially on applying the soft ground curves, because of the
increasing importance of meteorological effects.

Method for mobile plant in a defined area

General

The prediction of the [A) L., ; 1l from mobile plant operating over

a small area or on site (see F.2.4.2) can be used for other activities
when items of mobile plant are operating in close proximity to the
point of interest, taking into account the adjustment of the predicted
Lyeq + &1 for standing and idling time of the plant.

Method
The procedure for fixed plant in F.2.2 and F.2.3 can be used.

Estimates of the [A) L., r &l from mobile plant working in a limited
area made using the methods described in F.2.2 or E2.3 tend to err

on the high side because the orientation of the plant varies relative

to the point of interest. The errors for estimates of sound level at
some distance from the site can be neglected, but when the point of
interest is close to the site, i.e. the traverse length is greater than half
of the minimum distance to the point of interest, a further refinement
is necessary to minimize errors.

To estimate the noise level of slow moving plant (typically of speeds
from 5 km/h to 10 km/h) working over short traverses, the following
procedure can be adopted.

a) Stage 1. Select the sound power level given in Table F.1 or
Annexes Cand D.

b) Stage 2. Calculate the sound level at the receiving position for
the plant from the sound power level when the plant is at its
closest proximity to the receiving position, as detailed in stage 3
of F2.3.2.1.

¢) Stage 3. If necessary, make allowances for reflections if the
receiving position is 1 m from the facade of a building and for
screening as detailed in stage 3 of F.2.2.2.1, adding or subtracting
the allowances from the sound level Ay L., r ¢il.

d) Stage 4. Estimate the distance ratio (traverse length/minimum
distance to receiving position) and obtain the equivalent on-time
from Table F.2.

e) Stage 5. Estimate the percentage of the assessment period for
which the activity takes place. Then correct the on-time for the
period of the activity using equation (F.5) (see stage 6).
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f) Stage 6. Repeat stages 1 to 5 for each activity of this type where:
t.=T,xF (FE.5)
where:
t.is the corrected on-time;

T, is the total time for which the plant is likely to work during
the period of interest;

F is the on-time correction factor.

g) Stage 7. Use one of the methods outlined in F.2.6 to predict the
assessment period [A) L, - &1 from the sound level L, and the
corrected on-times.

Method for mobile plant using a regular well-defined
route (e.g. haul roads)

General

The prediction of ) L., r %1l from mobile plant using a regular route
(see F.2.5.2) can be used when items of mobile plant pass at a known
rate per hour.

In the absence of data measured directly for items of plant to be
used on the site under assessment, the sound power levels stated
in EC Directive 2000/14/EC [11] (see Table F.1) or the values given in
Annexes C and D can be used.

Method

For mobile items of plant that pass at intervals (such as earth-moving
machinery passing along a haul road), it is possible to predict an
equivalent continuous sound level using the following method.

a) Stage 1.The general expression for predicting the P L, - @il
alongside a haul road used by single engined items of mobile
plant is:

Lpeq @ = Ly, — 33 + 10l0g,,Q - 10log,,V — 10log,,d  (F.6)
where:

Ly is the sound power level of the plant, in decibels (dB);

Q is the number of vehicles per hour;

Vis the average vehicle speed, in kilometres per hour (km/h);

d is the distance of receiving position from the centre of haul
road, in metres (m).

Estimates of the [A) L., r @l from a haul road used by other types
of mobile plant with twin engines can be made by adding a
further 3 dB(A) to the IA» L, + &1 calculated using equation (F.6).

b) Stage 2. If necessary, adjust the equivalent sound level for
reflections (if the receiving position is 1 m from a building facade)
and for screening (as detailed in stage 3 of F2.2.2.1), adding or
subtracting the allowances from the [%) L., - 4l obtained in
stage 1 of the present procedure.

¢) Stage 3. Where the angle of view, a, (in degrees), of the haul road
is less than 180°, apply an angle of view correction A, where:

A = 10log(a,/180) (F7)
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d) Stage 4. Repeat stages 2 and 3 for each activity.

e) Stage 5. Estimate the percentage of the assessment period for
which each activity takes place, then use one of the methods
outlined in F.2.6 to predict the assessment period [A) L., + &1 from
the individual activity [ L, r &1 values obtained in stage 4, which
might be on a shorter time-base than the assessment period.

Summation of sound levels

Conditions constant

When conditions on site are such that all activities affecting the noise
level at the point of interest are carried out continuously for any
assessment period, the activity IA) L,., ; 1 values obtained from F.2.2,
F.2.3, F2.4 and/or F.2.5 can be combined in the same way as actual
continuous sound levels. It is possible to combine the separate sound
levels in pairs. This is done by obtaining the difference between them
and adding a correction to the higher level; approximate corrections
are given in Table F.3. For a number of activities, this process can be
repeated by combining two levels at a time until a single value is
obtained, starting with the lowest pair of levels and working upwards
in sequence.

Addition of steady sound levels

Difference between the two levels Addition to the higher level
dB(A) dB(A)
0 3

1 3

2 2

3 2

4 1

5 1

6 1

7 1

8 1

9 1

10 and over 0

The generalized formula for the combination of two sound levels dB,
and dB, is:
(dB,) (dB,)
dB;oia = 10l0g,4| 10 10 +10 10 (F.8)

As this method is used when the activity [y L, r ¢1l values are
appropriate for a complete assessment period, the calculated

sound level will be the combined equivalent continuous sound level
Lyeq, + &1l for that period only. For other periods it is necessary to use
the method described in F.2.6.2.
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Conditions varying during the assessment period

When conditions on site are such that some or all of the activities
affecting the noise level at the point of interest continue for less than
the assessment period, the values of ' L, ; ¢l obtained from F.2.2,
F.2.3, F2.4 and/or E.2.5 may be combined as in equation (F.9).

12 .
Lpeq, T = 10Iog10?2 t;100-14 (F.9)
i=1
where:

Lpeq + &1l is the combined equivalent continuous A-weighted
sound pressure level, in decibels (dB), over a given period T;

L, is the individual equivalent continuous A-weighted sound
pressure level, ) L., + &1, for an item of plant or activity during
a period t, in decibels (dB);

n is the total number of individual equivalent continuous
A-weighted sound pressure levels to be combined.

Example calculations
Example 1 - Building, office development
General

This example is based on Figure F.6.

Excavations are in progress for foundations of an office block,
including breaking out of some old concrete bases, at a site next to
existing offices. A tracked excavator (95 kW) is digging out spoil,
placing it on a temporary tip which partially screens the machine
from the offices. A wheeled loader (75 kW) is backfilling part of the
excavated area with spoil from a nearby pile. Two hand-held breakers
are being used to break out old concrete and are powered from a
sound-proofed compressor.

During the working day the plant is in use for the following periods:
a) excavator: 8 h;

b) loader:4h;

¢) breakers: 3 h.

The example predicts the 10 h 2 L, - @1l at the facade of the office
nearest to the site activities.

Consider the plant that is operating and select the methods to be
used for the plant types. The excavator, compressor and breakers can
be treated by the activity I} L,., %1l method (see F.2.2) whereas the
wheeled loader which is mobile in operation has to be treated by the
method for mobile plant on site (see F.2.4).

The example calculations are shown in Tables F.4 and F.5, and
described in F2.7.1.2 and F2.7.1.3.
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Figure F6 Office development site showing plant locations in relation to the nearest affected facade
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Activity L,., method

Calculate the estimated noise using the method described in F.2.2
as follows.

a) Tabulate the activities of items of plant (step 1).

b) Select the [A) Ly, @ at 10 m from the item of plant or activity
(step 2). Use measured values of activity [A) L, r ¢1l for the
same plant in the same mode of operation, or use the values in
the following tables: for the excavator see Table C.4, reference
number 5; for the compressor see Table C.5, reference number 5
and for the two breakers see Table C.1, reference number 6.

¢) Take the distance from the drawing of the plant or activity to the
point of interest (step 3) and obtain the corresponding allowance,
in decibels, from Figure F.2 (step 4).

d) Include allowances for screening (step 5) and reflections (step 6)
from which the &) L., ; @1 of each activity is obtained (step 7).

e) Then tabulate the duration of each activity, in hours, as the
percentage of the 10 h period (steps 8 and 9) and use with
each activity [*) L., @1 to obtain a correction to L.qorn from
Figure F.5 (step 10).

f)  Add the correction to Lequon to the resultant By Ly, - @il to
obtain the activity Ly.quon (step 11).

Mobile plant on site

Calculate the estimated noise using the method described in F.2.4
as follows.

a) Tabulate the item of plant (step 1).

b) Select the sound power level L, for the item of plant (step 2). For
the loader refer to Table B.4, reference number 13, or take the
EC limit of 103 dB for L,, from Table F.1.

¢) Take the distance from the drawing of the plant from the point
of interest (step 3) and the corresponding adjustments to correct
to sound level at that distance from Figure F.4 (step 4).

d) Include allowances for screening (step 5) and reflections (step 6)
from which the resultant sound level can be calculated (step 7).

e) Estimate the distance ratio, traverse length/minimum distance
(30/20 = 1.5) (step 8) and obtain the equivalent on-time from
Table F.2 (step 9).

f)  Use the equivalent on-time, duration of activity (step 10) and
equation (F.5) to obtain the corrected on-time (step 11).

g) Use the corrected on-time as a percentage of 10 h period (step 11)
and the resultant sound level (step 7) to obtain the correction to
L peqr10my from Figure .5 (step 12).

h) Add the correction to Lo to the resultant L, to obtain the
activity Lyquon (Step 13).

Resultant noise level

The Lequon Values from all the activities, the activity [ Ly, - &1 and
mobile plant on site methods are added together using Table E3. The
addition of noise levels 60 dB, 52 dB, 70 dB, 70 dB and 61 dB gives a
combined Ly.quon level of 74 dB to the nearest whole number.
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F2.7.2 Example 2 - Civil engineering: spoil movement on a haul road
F2.7.2.1 General
This example is based on Figure F.7.

Spoil is being taken from civil engineering works along a haul road
which passes 50 m from a farm house across substantially hard
ground. The loads are carried in articulated dump trucks (190 kW).
The condition of the haul road is maintained by a grader (205 kW).
Details of the journeys made are as follows.

a) dump trucks: 12 journeys each way per hour at 25 km/h;
b) grader: one journey each way per hour at 7 km/h.

Operations are continuous for the 12 h day. The angle of view of

the haul road is 180°. The method to be adopted for predicting the
noise is that for mobile plant on haul roads (see F.2.5). The prediction
method is based on equation (F.6).

Figure .7 Spoil movement on a haul road showing location of the nearest affected property

Dimensions in metres (m)

50

Key

1 Haul road

2 Prediction point
3 Farm house
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Sound level of plant
Calculate the sound level as follows.

a) Dump trucks. Assume an average sound power level for
trucks travelling at similar speed. Refer to Table C.4, reference
numbers 1 and 2, and Table C.5, reference numbers 16 and 17.

Average Ly, = 108 dB

Using equation (F.6) and substituting for Q = 24 (12 return
journeys), V =25 km/h and d = 50 m, then:

LAeq(1 h) = 58 dB

b) Grader. Select the sound power level from the tables. Refer to
Table C.5, reference numbers 14 and 15 and Table C.6, reference
number 31.

Average L, =113 dB

Using equation (F.6) and substituting for Q = 2 (one return
journey), V=7 km/h and d = 50 m, then:

LAeq(1 h) = 58 dB
Resultant noise level

The total [A) L, - @1 from the two types of plant is obtained by
combining these levels using Table F.3 as follows.

Combine 58 dB with 58 dB: the difference is 0 dB so add 3 dB =61 dB.

As the point of interest is at the building facade, an allowance for
reflections of +3 dB is made; there is no allowance for screening as
there is direct line of sight.

As operations are continuous over the 12 h day there is no correction
necessary for duration of activity.

Hence the resultant facade level:
LAeq(12 h) = 61 + 3 = 64 dB

© The British Standards Institution 2014 ¢ 143



BS 5228-1:2009+A1:2014 BRITISH STANDARD

Annex G (normative) Noise monitoring
COMMENTARY ON ANNEX G

This annex gives guidance on the monitoring of noise from sites for the
purposes of assessing compliance with noise control targets. Only noise
affecting the neighbourhood, i.e. the area around the site, is considered.
The need for, and the frequency of, monitoring will be determined by the
specific circumstances of the site.

NOTE The monitoring of occupational noise within the working area of
the site is covered under the Control of Noise at Work Regulations 2005 [2].

G.1 Instrumentation

The instrumentation system should be designed to determine
equivalent continuous A-weighted sound pressure level (see 3.7). The

%) instrumentation should conform to the requirements for integrating
o averaging sound level meters, preferably of type 1 as specified in
© BS 7580-1:1997, but at least of type 2 as specified in BS 7580-2:1997,
- with verification of conformity being undertaken by periodic testing
é in accordance with these standards. Alternatively, instrumentation
8 conforming to BS EN 61672-1:2013, preferably of class 1, but at
= least of class 2, should be used and should be periodically tested in
1) accordance with BS EN 61672-3:2013. Alternative instrumentation, if
_ used, should provide equivalent performance in respect of frequency
S and time weightings and tolerances.
= NOTE 1 BSEN 61672-1:2013, which superseded BS EN 61672-1:2003, is the
8 current British Standard specification for integrating averaging sound level
c meters, BS EN 61672-1:2003 having superseded BS EN 60804:2001, which
> in turn superseded BS EN 60804:1994. However, many meters conforming
- to BS EN 60804:1994 remain in use and are regarded as acceptable for
°£| the purposes of this British Standard. BS 7580-1:1997 and BS 7580-2:1997,
8 which specify the test procedures for the verification of conformity to
— the requirements given in BS EN 60804:1994 for type 1 and type 2 meters
8 respectively, remain current.
F NOTE 2 Users of this part of BS 5228 are advised to consider the
o\

desirability of having meters tested periodically, for verification purposes,
by a test laboratory that is accredited to BS EN ISO/IEC 17025 by a national
or international accreditation body.

Manufacturers' instructions that accompany measuring instruments
should be followed strictly. Every precaution should be taken before
use to ensure that the instruments are accurately calibrated and, in
the case of battery-operated instruments, that the batteries have
not run down. A sound calibrator or pistonphone, preferably one
conforming to BS EN 60942:2003, class 1, should be used to check the
correct operation of the meter.

In addition to the periodic testing recommended in the first
paragraph, sound calibrators should be used whenever monitoring
takes place; typically before and after each measurement session.

NOTE 3 BS EN 60942:2003 is the current British Standard for sound
calibrators. Sound level meters conforming to BS EN 60804:1994 might have
been supplied with sound calibrators conforming to BS 7189:1989 (identical
with IEC 942:1988) which was superseded by BS EN 60942:1998.
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Measurement methods

General

Various alternative methods of noise measurement are described in
this annex. The method to be selected in a particular case will depend
on the temporal variations of noise level, on the resources available,
on the location and on the time period over which the noise is to be
measured.

Precautions should be taken to ensure that measurements are not
affected by the presence of measurement personnel, by wind or other
extraneous sources such as electric fields. If it is known that a measured
sound level has been affected, the factors involved should be noted

at the same time as the sound level. In some situations it is possible to
correct the measured noise level for the effects of extraneous noise.
When such a correction is made, it should be noted and the possible
effects on measurement accuracy should be borne in mind.

When carrying out source noise measurements, research [62] has
shown that the largest error is likely to be due to inaccuracies in the
estimation of the distance from the source to the microphone. As
error of 10% is likely to result in an error of 0.8 dB, consequently it is
recommended that to maintain precision, the perpendicular source to
receiver distance be determined with the greatest possible accuracy.

Sampling methods

Representative construction noise levels can be obtained in a variety

of ways when the testing of compliance with noise control targets

or limits is necessary. The most robust method is to permanently
monitor construction noise levels at fixed locations and these can then
be routinely checked against the stated limits on a day to day basis.
However, this is not always either necessary or practicable and sampling
techniques can be used to estimate the A L., - &1 over similar periods.

Sampling techniques can be divided into the following two broad
categories.

a) Regular sampling throughout the whole period (e.g. 5 min/h over
the working period). This procedure still requires the presence
of staff and instrumentation during the full working period but
permits measurements to be undertaken at several locations.

b) Asingle sample. This procedure is useful when it is only possible to
visit the site for a limited period. The reliability of this technique
can be improved by avoiding periods when the site is not
operating normally (e.g. meal breaks). However, if adopting this
technique, then it is critical that the activity occurring during the
monitoring is similar to that which would occur for the full period.

The size of possible errors in estimates of [*) L., r ¢l values obtained
by sampling will depend on the type of sampling technique adopted,
the length of time for which the noise is sampled and the pattern of
noise emitted by the site.

Table G.1 provides some guidance on typical ranges of errors likely

to be encountered when various sampling strategies are used. The
figures quoted in the table are based on measurements at a number
of construction sites but might not be applicable for large sites where
there are very wide fluctuations in noise level or activity (e.g. for some
types of piling).
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Table G.1  Estimation of daily [ L, ; ®1 according to sampling technique

Sampling technique Daily ') Ly, - %1l estimated
within 95% confidence
dB

5minevery 1h +2.5

20 min every 1 h +1.5

Single 20 min sample +5 A

Single 60 min sample 34

A These figures assume that measurements are taken only when the site is
working normally (e.g. not during meal breaks).

a G.3 Monitoring of ) L. ®1l and A Ly, ;

© As noted in 6.2, the measurements of [A) L., &l and B L, - &1l
are useful for rating the noise from isolated events which might

> not always be apparent from a longer period A L., r ¢il. As with

8 Lpeq + ®1l, various methods are available including the use of
automatic, unattended equipment. However, these measures are

8 particularly susceptible to extraneous unwanted noises. When,

— therefore, the object of the measurements is to assess compliance

° with noise control targets, measurement data from unattended

= equipment should be used with caution.

c :

o Lamax @1 and [ Lo, 7 &1 should be measured using a sound level

2 meter using the fast time weighting.

)

co G.4 Information to be recorded

8 The following information should be recorded:

g a) the measured values of [%) L, @ and, where appropriate,

g Lamax @l or B Ly, - 31, together with details of the

?\rj appropriate time periods;

b) details of the instrumentation and measurement methods
used, including details of any sampling techniques, position of
microphone(s) in relation to the site and system calibration data;

¢) any factors that might have adversely affected the reliability or
accuracy of the measurements;

d) plans of the site and neighbourhood showing the position of
plant, associated buildings and notes of site activities during
monitoring period(s);

e) notes on weather conditions, including where relevant, wind
speed/direction, temperature, presence of precipitation, etc.;

f) time, date and name of person carrying out the measurement.
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Annex H (informative)

H.1

H.2

NOTE See 8.5.1 for guidance on

control of impact-driven piles.

H.3

BS 5228-1:2009+A1:2014

Types of piling

General

Piles can be divided into two main categories: bearing piles and
embedded retaining wall piles. It is possible in principle to install
either category by driving, pressing or boring (see Figure H.1). Ground
or other site conditions can, however, prohibit the use of one or other
of these techniques, which are described in more detail in H.2 to H.4.

There are other methods of forming medium to deep foundations
under certain conditions. These include the installation of stone
columns by vibroreplacement (see H.5), deep compaction by dynamic
consolidation (see H.6), and diaphragm walling (see H.7). Although
the mechanical plant and equipment can differ in some ways from
those used in conventional piling, the problems of protecting the
neighbourhood from noise disturbance are similar.

Driven piles

In conventional driven piling, a hammer is used to strike the top of
the pile via a helmet and/or a sacrificial dolly. High peak noise levels
will arise as a result of the impact. The hammer can be a simple
drop hammer or it can be actuated by steam, air, hydraulic or diesel
propulsion. Displacement piles can be top-driven, bottom-driven or
can be driven by means of a mandrel.

In certain ground conditions it might be possible to drive piles using a
vibratory pile driver, in which cases high impact noise might not arise,
but the continuous forced vibration together with structure-borne
noise can give rise to some disturbance.

Enlarged pile heads are sometimes formed for compression piles
beneath a reinforced embankment or a concrete slab. Installation of
the temporary former can give rise to some disturbance.

When piles are driven for temporary works, further disturbance can
occur if the piles are extracted at a later date.

Pressed-in piles

A method for installing either retaining or bearing steel piles without
either hammering or vibratory driving is by pressing. One or a pair

of piles is pushed into the ground using the reaction of a group of
several more adjacent piles. The main source of noise is the engine
driving the hydraulic power pack for the pressing system. Other
sources of noise include cranes and ancillary equipment.

To aid pile installation, pre-boring and/or water jetting can be used.
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Piling and kindred ground treatment systems
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The type of pile to be used on any site is normally governed by such criteria as loads to be carried,
strata to be penetrated and the economics of the system.

NOTE 2 Where necessary, allowance needs to be made for the extraction of piles in addition to their

NOTE 3 Sound level data for systems marked thus * are included in Tables I~ C.3, C.12 and D.4 ¢l
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H.4

H.5
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Bored piles

Bored piles can be constructed by means of a rotary piling rig or

by impact boring. In the former case the major source of noise is

the more or less steady noise of the engine that supplies the power
to perform the drilling. In some soils it is necessary to insert steel
casings for part of the depth. If the casings have to be driven in and/
or extracted by hammering, high peak noise levels will result. Similar
considerations apply to the impact boring technique. The noise
characteristics are therefore likely to be at a relatively steady and
continuous level with intermittent high peaks superimposed upon it.

Bored piling sites frequently need much ancillary equipment including
support fluid preparation and reclamation plant, reinforcing cage
manufacturing plant, pumps and handling cranes. The layout of

plant on the site is important for efficient operation and can exert
considerable influence on noise control. The support fluid, which
might be water, polymer or a bentonite suspension, can be used to
provide bore stability, and all ancillary plant associated with this needs
to be taken into account in the noise assessment.

Coring through existing piles and foundations is becoming more
common on urban sites. Noise resulting from this process will need
to be assessed and other foundation solutions considered such as the
re-use of piles or foundations.

A method for boring piles that does not need a temporary casing is
the use of a continuous flight auger and the injection of concrete or
grout to form the piles. It might not be applicable in some ground
conditions, and the range of pile diameters and depths is limited.
However, this is the most used piling method in the UK. Enlarged
pile heads are sometimes formed for compression piles beneath

a reinforced embankment or a concrete slab. Installation of the
temporary former can give rise to some disturbance.

Proprietary displacement auger piling methods are available which
produce little or no spoil.

Vibroflotation/vibrocompaction and
vibroreplacement/vibrodisplacement

A method for improving the bearing capacity of weak soils and fills

is to use a large vibrating poker which can be mounted on a crane

or an excavator base. In loose cohesionless soils the vibrations cause
compaction to a denser state; this process is known as vibroflotation
or vibrocompaction. In other weak soils a vibrating poker is used

to form a hole which is then backfilled with graded stone and
compacted by the poker; this process is known as vibroreplacement or
vibrodisplacement. Water or compressed air can be used as a jetting
and flushing medium.

Vibro concrete columns (VCC) are backfilled with concrete instead of
graded stone.

Typically, vibrating pokers are actuated by electric or hydraulic motors.
To reduce the noise of the operation, attention needs to be paid to
the generator or power pack as appropriate. Other sources of noise
could include pumps when using water flush, or air escaping from the
poker when this is exposed.
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Deep compaction by dynamic consolidation

An alternative method for improving the bearing capacity of weak
soils and fills is to drop a large tamping weight from a height on

to the ground at selected locations. Typically in the UK, tamping
weights between 10 t and 20 t are used and are dropped from
heights between 10 m and 25 m. The tamping weight is normally
raised by and dropped from a very large crawler crane and the noise
characteristic contains both steady (crane engine) and impulsive
(impact of weight on ground) components.

Diaphragm walling

Diaphragm walling can be used when deep foundation elements

are needed with both retaining and bearing capabilities. The soil is
excavated in a trench under a thixotropic bentonite suspension in a
series of panels, usually using a special clamshell grab; when the full
depth has been reached a reinforcing cage is inserted and concrete is
placed by tremie pipe, thus displacing the bentonite mud to the surface.

The grab is normally suspended from a crawler crane, although a
tracked excavator base is sometimes used. Diaphragm walling sites
frequently need much ancillary equipment including bentonite
preparation and reclamation plant, reinforcing cage manufacturing
plant, pumps and handling cranes. The layout of plant on the site is
important for efficient operation and can exert considerable influence
on noise control.

An alternative to the grab is a reverse circulation mill which allows
almost continuous removal of spoil within the bentonite mud
suspension returns.
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Air overpressure

Description

Whenever blasting is carried out, energy is transmitted from the blast
site in the form of airborne pressure waves. These pressure waves
comprise energy over a wide range of frequencies, some of which are
higher than 20 Hz and therefore perceptible as sound, whereas the
majority are below 20 Hz and hence inaudible, but can be sensed as
concussion. It is the combination of the sound and concussion that is
known as air overpressure.

The attenuation effects due to the topography, either natural or
manufactured, between the blast and the receiver are much greater
on the audible component of the pressure wave, whereas the effects
are relatively slight on the lower frequency concussive component.
The energy transmitted in the audible part of the pressure wave is
much smaller than that in the concussive part and therefore baffle
mounds or other acoustic screening techniques do not significantly
reduce the overall air overpressure intensity.

Air overpressure can excite secondary vibrations at an audible
frequency in buildings and it is usually this effect which has been
found to give rise to comment from occupants. There is no known
evidence of structural damage to structures from excessive air
overpressure levels from quarry blasting.

Meteorological conditions, over which an operator has no control,
such as temperature, cloud cover, humidity, wind speed, turbulence
and direction, all affect the intensity of air overpressure at any
location and cannot be reliably predicted. These conditions vary in
time and position and therefore the reduction in air overpressure
values as the distance from the blast increases might be greater in
some directions than others.

Sources of blast-generated air overpressure

The use of detonating cord, inadequate or poor stemming and gas
venting are major sources of air overpressure and can be controlled
with good blast design. The use of detonating cord can be avoided by
adopting the technique of down-the-hole initiation but, if used, any
exposed lengths need to be covered with a reasonable thickness of
selected overburden. Sufficient stemming with appropriate material
such as sized stone chippings is needed. Gas venting can be minimized
by good blast design, accurate drilling and careful placement of

the correct amount of explosives. The other major sources of air
overpressure from blasting are the reflection of stresses from a free
face of an unbroken rock mass and also from the physical movement
of a rock mass around the shot holes and at other free faces.

Detailed requirements for the use of explosives at quarries are
contained in the Quarries (Explosives) Regulations 1988 [63] and the
Quarries (Explosives) Regulations (Northern Ireland) 2006 [64].
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1.3 Criteria

As the airborne pressure waves pass any single point the pressure of
the air rises rapidly to a value above atmospheric pressure, falls to
below atmospheric pressure, then returns to normal pressure after a
series of oscillations. The maximum value above atmospheric pressure
is known as peak air overpressure and is measured in pressure terms
and generally expressed in linear decibels (dB lin) (see 1.4).

Routine blasting can regularly generate air overpressure levels at
adjacent premises of around 120 dB (lin). This level corresponds to
an excess air pressure which is equivalent to that of a steady wind
velocity of 5 m-s™' (Beaufort force 3, gentle breeze) and is likely to be
above the threshold of perception.

Windows are generally the weakest parts of a structure and research
by the United States Bureau of Mines [65] has shown that a poorly
mounted window that is prestressed might crack at 150 dB (lin), with
most windows cracking at around 170 dB (lin), whereas structural
damage would not be expected at levels below 180 dB (lin).

© BSI

.4 Measurement

Measurement of air overpressure needs to be undertaken with
microphones with an adequate low frequency response to fully
capture the dominant low frequency component. A 2 Hz high pass
system has been found to be satisfactory. Most of the equipment
more commonly used for noise measurement is therefore not suitable
for measuring overpressure. Although monitoring of air overpressure
can be undertaken, due to the uncertainties with meteorological
conditions, it is not possible to predict the location of the maximum
air overpressure.

Uncontrol | ed Copy,

Additionally, pressure variations in the atmosphere due to windy
conditions can mask the blast generated air overpressure levels. For
these reasons it is not accepted practice to set specific limits for air
overpressure. In order to control air overpressure the best practical
approach is to take measures to minimize its generation at source.
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Copyright

Al the data, software and documentation set out in all British Standards and
other BSI publications are the property of and copyrighted by BSI, or some person
or entity that owns copyright in the information used (such as the international
standardization bodies) and has formally licensed such information to BSI for
commercial publication and use. Except as permitted under the Copyright, Designs
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system
or transmitted in any form or by any means — electronic, photocopying, recording
or otherwise — without prior written permission from BSI. Details and advice can
be obtained from the Copyright & Licensing Department.

Useful Contacts:

Customer Services

Tel: +44 845 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

..making excellence a habit.
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