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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 5228-1:2009, 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BS 5228-5:1997, which are withdrawn.

BS 5228-2:2009+A1:2014 supersedes BS 5228-2:2009, which is withdrawn.

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

e Part 1: Noise;

e Part 2: Vibration.

BS 6472 gives detailed guidance on human response to vibration
in buildings and BS 1SO 4866:2010 covers the measurement and
evaluation of structural vibration. BS 7385-2 contains guidance on
damage levels from groundborne vibration.

An item dealing with the vibratory loading of structures, ISO/FDIS 10317,
is being processed within ISO Technical Committee ISO/TC 98/SC/2, Safety
of structures. This is being monitored by BSI.

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 5228-2:2009 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.
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Text introduced or altered by Amendment No.1 is indicated in the text
by tags 1. Minor editorial changes are not tagged.

NOTE Copyright is claimed in Tables E.1 and E.2. The copyright holder
is the Transport Research Laboratory (TRL), Crowthorne House, Nine Mile
Ride, Wokingham, Berkshire, RG40 3GA.

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 presented
in smaller italic type, and does not constitute a normative element.
Contractual and legal considerations

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

Compliance with a British Standard cannot confer immunity from
legal obligations.
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3.1
NOTE Air overpressure can be
quantified either as a pressure or
as a level in linear (unweighted)

decibels (dB).
3.2
3.3
34
NOTE Economic deposits of
other minerals can occur in the
overburden.
3.5
3.6
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Scope

This part of BS 5228 gives recommendations for basic methods of
vibration control relating to construction and open sites where work
activities/operations generate significant vibration levels, including
industry-specific guidance.

The legislative background to vibration control is described

and recommendations are given regarding procedures for the
establishment of effective liaison between developers, site operators
and local authorities.

Guidance is provided concerning methods of measuring vibration and
assessing its effects on the environment.

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 EN ISO 8041:2005, Human response to vibration — Measuring
instrumentation

BS ISO 2041:2009, Mechanical vibration, shock and condition
monitoring — Vocabulary

Terms and definitions

For the purposes of this part of BS 5228, the definitions given in
BS ISO 2041:2009 1] and the following apply.

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

amplification factor

motion measured at a given point (usually on the structure), divided
by the motion measured at a reference point (usually at the base of
the structure or on the foundation)

peak particle velocity (PPV)
instantaneous maximum velocity reached by a vibrating element as it
oscillates about its rest position

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

vibration dose value (VDV)
measure of the total vibration experienced over a specified period
of time
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NOTE The government has
published research on the
environmental effects of noise
from blasting [1].

5.1
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NOTE The VDV can be determined for continuous, intermittent,
occasional and impulsive vibration. It takes account of the magnitude of
the vibration events and the number and duration of those events, to
quantify the total vibration exposure. The VDV is given by the fourth root
of the integral of the fourth power of the acceleration after it has been
frequency-weighted and is defined as:

T 025
VDVb/d, day/night = [ _[ 34 (t) dt]
0

where:
H H H H ~1.75).
VDV\yi4. daymight 1 the vibration dose value (in m-s™"7);

a(t) is the frequency-weighted acceleration (in m-s2), using W, or W,
as appropriate;

T is the total period of the day or night, in seconds (s), during which
vibration can occur.

Further details of the VDV are given in BS 6472-1.

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.

Vibration and air overpressure 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.

Vibration and persons on site

Training

NOTE Attention is drawn to Regulation 8 of the Control of Vibration

at Work Regulations 2005 [2], which requires employers to provide
information and training where the risk assessment indicates a potential
risk to the health of employees as a result of exposure to vibration [either
hand-arm vibration (HAV) or whole body vibration (WBV)] or where the
employees are likely to be exposed to vibration levels above the relevant
action levels. The Regulations require all employees to be advised of the
following, as part of their training:

a) the organizational and technical measures to be taken in order to
comply with the requirements of Regulation 6;

b) the exposure limit values and action values set out in Regulation 4;

¢) the significant findings of the risk assessment, including any
measurements taken, with an explanation of those finﬁ
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5.2

NOTE With the advent of the
Control of Vibration at Work
Regulations 2005 [2], there are
now specific legal duties imposed
on employers in respect of both
HAV and WBYV (see Note to 5.1).
Useful guidance on these matters
is contained within the Health
and Safety Executive publications
L1740 [3] and L141 [4]. Applying
the advice given in this guidance
is expected, in the view of HSE,

to ensure that the risks from
HAV and/or WBV are properly
controlled in accordance with the
Regulations.

5.3

6.1
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d) whyand how to detect and report signs of injury;

e) entitlement to appropriate health surveillance under Regulation 7
and its purpose;

f)  safe working practices to minimize exposure to vibration; and

g) the collective results of any health surveillance undertaken in
accordance with Regulation 7 in a form calculated to prevent those
results from being identified as relating to a particular person.

Operatives should be trained to employ appropriate techniques to
keep site vibration to a minimum, and should be effectively supervised
to ensure that best working practice in respect of vibration reduction
is followed.

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

Protection from vibration exposure

Exposure to prolonged and regular work with high-vibration hand
held tools can be a serious hazard to health. Workers using such
equipment can suffer various forms of adverse effects, collectively
known as hand-arm vibration syndrome (HAVS). The best known
effect is vibration white finger (VWF) which is a prescribed industrial
disease. Exposure to high levels of whole body vibration (WBV), e.g.
for drivers of certain mobile plant in rough terrain conditions, can also
be a serious hazard to health.

At present, there is no effective personal protective equipment to
alleviate the exposure to HAV that is comparable to ear protectors
in relation to noise. Operators of hand tools known to generate
high levels of vibration are advised, however, to wear suitable
gloves, especially when working in cold or damp conditions, as these
conditions can exacerbate the symptoms of HAVS.

Vibration-induced stress

Vibration can interfere with working efficiency by inducing stress,
by disturbing concentration and by increasing accident risk. Effects
of vibration 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.

Neighbourhood nuisance

Disturbing effects of vibration

Vibrations, even of very low magnitude, can be perceptible to people
and can interfere with the satisfactory conduct of certain activities,
e.g. delicate procedures in hospital operating theatres, use of very
sensitive laboratory weighing equipment. Vibration nuisance is
frequently associated with the assumption that, if vibrations can be
felt, then damage is inevitable; however, considerably greater levels
of vibration are required to cause damage to buildings and structures
(see, for example, BS 7385-2) or to cause computers and similar
electronic equipment to malfunction. Vibrations transmitted from site

activities to the neighbourhood can, therefore, caus1j8<E‘Lyl Fh\éeﬂts
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6.3
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as annoyance, and can disturb sleep, work or leisure activities. In any
neighbourhood, some individuals will be more sensitive to vibration
than others.

The significance of vibration effects should be assessed in accordance
with Annex B.

Site vibration descriptors

The peak particle velocity (PPV) is the simplest indicator of

both perceptibility and the risk of damage to structures.

BS 1SO 4866:2010 (1] and BS 7385-2 provide guidance on
measurement, evaluation of effects on buildings, and damage levels,
and are based upon use of the PPV.

The vibration dose value (VDV) is recommended in BS 6472 as the
appropriate measure to evaluate human exposure to vibration in
buildings in residential and other uses. The likelihood of adverse
comment occurring from building occupants is used to evaluate the
likely severity of effect.

For damage to structures, it is preferable to undertake measurements
externally at the foundations; for human exposure, measurements
are usually taken within a building at the position at which the
occupant experiences the vibration. If vibration measurements are
taken remote from the buildings or structures of concern, then they
should be corrected for distance to those buildings or structures.
When internal levels are required to be predicted, then a transfer
function is needed to correct the external level to the internal location
of interest. In order to obtain a typical value of PPV, and/or to derive
a VDV representative of a 16 h daytime or 8 h night-time period, a
representative number of cycles or operations should be monitored.

Whichever measure is used to describe vibration from the site, it
should always be made clear to which period of time any particular
value applies.

Issues associated with vibration effects and
community reaction

A number of factors are likely to affect the acceptability of vibration
arising from construction sites and the degree of control necessary.
These are described as follows:

a) Site location. The location of a site in relation to
vibration-sensitive receptors will be a major factor. The nearer
a site is to sensitive premises, the more control that might be
required upon vibration emanating from the site.

b) Existing ambient vibration levels. There is no known relationship
between response and levels when comparing newly intruding
and ambient vibrations. However, ambient vibrations are rarely
significant or even perceptible and hence it is rarely necessary to
consider the change in level.

¢) Duration of site operations. In general, the longer the duration
of activities on a site, the more likely it is that vibration from the
site will prove to be an issue. In this context, good public relations
and communication are important. Local residents might be
willing to accept higher levels of vibration if they know that such
levels will only last for a short time. It is then impoant that site
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operations are carried out according to the stated schedule and
that the community is informed of their likely durations.

d) Hours of work. Sensitivity to vibration at different times of the
day is far more complex than sensitivity to noise. The sensitivity
of the human body to vibration varies according to the direction
and frequency of the vibration. The guidance given in BS 6472
is useful, but when construction activities are of a temporary
nature, situations will exist, both during the day and night, where
vibration magnitudes above those generally corresponding to
a low probability of adverse comment level can be tolerated.
However, adverse community reaction is sometimes based upon
concern over building damage, even when the vibration is just
perceptible. It is therefore important to assure the community
that vibration levels generally have to be of significant magnitude
for even cosmetic damage to occur. (See also 8.6.7.)

e) Attitude to the site operator. It is well established that people’s
attitudes to vibration can be influenced by their attitudes to
the source or activity itself. Vibration 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 vibration. 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.

f)  Vibration characteristics. The characteristics of vibration, e.g.
whether it is continuous, intermittent or impulsive, can influence
its acceptability.

g) Effect on buildings. This has been mentioned above [in item d)]
but account should also be taken of the effect of vibration on
buildings adjacent to the site. Guidance on the evaluation of
these effects is provided in [A) BS ISO 4866:2010 ¢1l, and guidance
on damage levels from groundborne vibration is given in Clause 8
and BS 7385-2.

Project supervision

General

The intention throughout any construction programme should be to
minimize the effects of site vibration 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 avoiding potentially excessive vibration levels.
This can be achieved by giving careful consideration to the design of a
proposed project, the processes and equipment implied by the design
and the phasing of operations.

NOTE The Construction (Design and Management) Regulations 2007 [5]
came into effect on 6 April 2007. They replace the Construction (Design
and Management) Regulations 1994 [6] and the Construction (Health,
Safety and Welfare) Regulations 1996 [7]. HSE publication L144 [8] provides
practical guidance on complying with the duties set out in the Regulations.
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The key aims of these are to integrate health and safety into the
management of the project and to encourage everyone involved to work
together to:

a) improve the planning and management of projects from the very
start;

b) identify risks early on so that they can be eliminated or reduced at
the design or planning stage and the remaining risks can be properly
managed;

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

d) discourage bureaucracy.

Developers, architects and engineers will need to know whether the
processes they intend using are likely to be permitted. Therefore an
early consultation should be made with local authorities in order

to ascertain the limits or restrictions, if any, likely to be imposed.
Annexes C and D give some guidance on levels of vibration from piling
and blasting.

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

7.2 Works preparation

A project design should be so arranged that the number of operations
likely to be particularly disturbing is kept to a minimum. Designers
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, crushing plants and
compaction plant.

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.

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 vibration 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
sensitive premises.

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.
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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 Ill of the
Control of Pollution Act 1974 [9]

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

Full document details: BS 5228-2:2009+A1:2014
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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 vibration sources;

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

¢) thelocation and nature of adjacent vibration-sensitive areas.

Execution of works

All available techniques should be used to minimize, as far as is
appropriate, the level of vibration 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 vibration 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, low vibration working methods
should be employed. Consideration should be given to use of the
most suitable plant, reasonable hours of working for operations
which might give rise to perceptible vibrations, and economy and
speed of operations.

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

d) Where processes could potentially give rise to significant levels of
vibration, on-site vibration levels should be monitored regularly
by a suitably qualified person appointed specifically for the
purpose, particularly if changes in machinery or project designs
are introduced. A method of vibration measurement should be
agreed prior to commencement of site works, e.g. that specified
in [A) BS 1SO 4866:2010 (l.

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

When potential vibration 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 vibration 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 vibration 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.
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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.

7.4 Emergencies

NOTE Attention is drawn to In the event of any emergency or unforeseen circumstances arising
Section 61 of the Control of that cause safety to be put at risk, it is important that every effort be
Pollution Act 1974 [9], which made to ensure that the work in question is completed as quickly and
requires provision to be made for as quietly as possible and with the minimum of disturbance to people
emergencies (see A.2.3.3). living or working nearby. The local authority should be informed as

soon as possible if it is found necessary to exceed permitted vibration
limits because of an emergency.

8 Control of vibration

8.1 General

As outlined in Clause 1, this part of BS 5228 gives recommendations
for basic methods of vibration control relating to construction and
open sites where work activities/operations generate significant
vibration levels, including industry-specific guidance. Clause 8 is
arranged so as to present generic recommendations, in 8.2, 8.3

and 8.4, followed in turn by the industry-specific guidance, which
includes information relating to piling and ground engineering

(8.5), the extraction of coal by open-cast methods and the surface
extraction of other minerals (8.6). There is also a subclause (8.7) which
addresses the issues relating to groundborne vibration and associated
structure-borne noise, which arise from underground construction.

Construction and demolition activities can pose different problems of
vibration control 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 vibration they cause arises from many different activities and
kinds of plant, and its intensity and character can vary greatly at
different phases of the work;

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

If a site upon which construction or demolition work will be carried
out involves an existing operational railway, special features which
are significant in relation to vibration control have to be taken into
account. Advice should be sought in such cases from the appropriate
railway authorities.

Much of the vibration from construction and demolition sites is
generated by machinery. Increased mechanization has brought about
the use of more powerful machines, which have the potential to
cause higher levels of vibration. It is now widely recognized that the
vibration levels so generated are unacceptable in many instances and
that reductions are necessary for the benefit of both the industry and
the public.
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8.2

8.2.1

8.2.2

8.2.3

8.3

NOTE The use of trenches to
reduce transmitted vibration
through the ground is described
in 8.5.3.3.

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 vibration

levels produced by selected site
equipment and activities and
Annex E describes methods

of estimating vibration. The
information contained in these
annexes is intended to assist with
the prediction of the levels of
vibration likely to emanate from a
proposed construction site and to
provide a useful reference when
the setting of vibration limits is
being considered.

BS 5228-2:2009+A1:2014

Control of vibration at source

General

Vibration can be more difficult to control than noise, and there are few
generalizations which can be made about its control. It should be borne
in mind that vibration can cause disturbance by causing structures to
vibrate and radiate noise in addition to perceptible movement.

Substitution

Where reasonably practicable, plant and/or methods of work causing
significant levels of vibration at sensitive premises should be replaced
by other less intrusive plant and/or methods of working.

Vibration isolation of plant at source

Vibration from stationary plant (e.g. generators, pumps, compressors)
can, in some instances, prove disturbing when located close to
sensitive premises or when operating on connected structures. In
these instances, equipment should be relocated or isolated using
resilient mountings.

Controlling the spread of vibration

Where reasonably practicable, vibrating equipment should be located
as far from sensitive premises as possible, and, if on a structure, not
on one which is continuous with that of the sensitive premises. In
some instances it might be possible to reduce transmitted vibration
by cutting a structure to separate site work from sensitive premises.

It is essential to take account of safety and structural issues before
carrying out any work of this nature.

The demolition of tall or large structures, especially if explosives are
used, can give rise to impulsive vibrations and air overpressure when
the felled structures hit the ground. Further advice is contained in
BS 6187.

Vibration 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 vibration generated by construction
operations. The means employed should be determined by local
circumstances and can include vibration reduction measures for
individual items or plant and machinery, the fixing of hours of work, the
setting of noise or vibration limits or any other appropriate measures.

Those seeking to determine suitable vibration limits 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.

NOTE 3 See also 6.3.
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8.5

8.5.1

NOTE 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.

8.5.2

NOTE 1 Various empirical
formulae have been proposed
relating the intensity of vibration
measured at the remote
receiving point, to the distance
between it and the source and
the energy of the source. The
use of such formulae enables

a rough estimate to be made

as a check on the acceptability
of the proposed process from

a vibration standpoint, prior

to the commencement of the
piling works. This estimate could
also assist with applications
under Section 61 of the Control
of Pollution Act 1974 [9] for
prior consent (see Annex A). For
guidance regarding the prediction
of expected vibration levels,

see Annex E.

NOTE 2 See Annexes C and D

for examples of vibration levels
measured under various conditions
throughout the UK.
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Practical measures to reduce vibrations from
piling sites

General

The most common form of vibration associated with piling is the
intermittent type derived from conventional driven piling. Each
hammer blow transmits an impulse from the head to the toe of the
pile and free vibrations are set up. Sensors at a remote receiving
point would indicate a series of wave disturbances, each series
corresponding to one blow. (See also Annex F.)

When setting targets for maximum vibration levels (8.5.2), reference
might need to be made to the existing baseline vibration levels, which
should be measured prior to commencement of pile driving. This

is particularly applicable on sites adjacent to roads carrying heavy
commercial traffic, railway tracks and large industrial machinery. It is
not uncommon for vibrations from such sources to mask vibrations
from pile driving.

It is desirable that the planning process does not prohibit the use of
any piling methods on the basis of vibration.

Where the predictions indicate that a particular piling method
could prove marginal in terms of critical vibration levels, methods of
alleviating the problem may be adopted as recommended in 8.5.3.

Vibration levels

The intensity of vibration at the point of interest will normally be a
function of many variables including:

a) energy per blow or cycle;
b) distance between source and receiver;

¢) ground conditions at the site, e.g. soft or hard driving and
location of water table;

d) soil-structure interaction, i.e. nature of connection between soil
and structure being monitored;

e) construction of structure and location of measuring points, for
example:

1) soil surface;
2) building foundation;
3) internal structural element.

In soft driving conditions, where a significant proportion of the
energy per blow is directly used in advancing the pile, the intensity of
vibrations transmitted to the environment is generally less than under
hard driving conditions, where so much of the energy per blow is
devoted to overcoming resistance to penetration that relatively little
is available to advance the pile.

When driving piles in soft soils, the free vibrations set up are found
usually to have a greater low frequency content than when driving
into denser soils or rocks.
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8.5.3

8.5.3.1

NOTE The extraction of piles and
their ancillary equipment can also
generate vibration.

Full document details: BS 5228-2:2009+A1:2014
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Vibration mitigation

Use of alternative methods

Piling and ground engineering processes are primarily selected on
the basis of the ground conditions to be encountered, the loads to be
supported and the economics of the system. Taking these constraints
into account, the process should be selected that is least likely to give
rise to unacceptable vibrations in particular circumstances. Examples
would include the use of continuous flight auger injected piles,
pressed-in preformed piles, auger bored piles, or possibly impact
bored piles in preference to driven piles. Some form of ground
treatment might also be possible, depending on soil conditions and
loading requirements.

There are sometimes cases in which the majority of a site is amenable
to a particular form of ground treatment or foundation construction
but where a limited area is too close to existing structures or services
to permit unrestricted use of the process. For example, from Table D.3
(see Annex D) it can be deduced that dynamic compaction using large
tamping weights should be kept a reasonable distance away from
such features. If a small intervening area remains to be treated, this
may be done using one of the vibro processes of ground treatment.
Similarly, the majority of a site may be piled using the driving process,
leaving a minority to be completed with continuous flight auger
injected piling.

It should be noted that a change in method part of the way across the
site might result in a mismatch in subsequent foundation behaviour.
The engineering implications of any such changes should be taken
into account prior to construction on site.

When piling is to be installed close to slopes, vibration of any form
can cause movement of the slope material.

When the pile type is chosen, care should be taken to avoid substituting
the risk from vibration, pore pressure changes and soil displacement
associated with driven piling and other systems which generate
vibrations, by threats to stability resulting from uncontrolled soil
removal or the release of ground water.

It is often advantageous to carry out controlled trials to establish a safe
method of working, from observations of vibration intensity, of the
onset of local distress to the soil face and of changes in line and level.

Where doubt about the loss of stability remains, action should be
taken either to phase the work so that piling can be completed before
earthworks are carried out, or to retain the soil effectively to allow
piling to take place safely.

Where piling is required near to electronic installations (see Annex B,
B.5), an important consideration is the likely frequency range of

the piling vibrations. An example from one major manufacturer
quotes permitted levels for intermittent vibrations varying

between 50 mm-s™" at 8 Hz and 10 mm-s™" at 40 Hz, a frequency range
which covers much of that associated with piling in soils. These criteria
are judged to apply to electronic equipment correctly installed on the
ground floor of a building.
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Electronic equipment is not as fragile as is often believed and, with
care, piling need not pose a threat to the continued safe use of a
typical electronic installation. Extra care might be needed if the
installation is mounted on a suspended floor which might accentuate
the level of vibration.

8.5.3.2 Removal of obstructions

Obstructions constitute a hindrance to progress and exacerbate the
transmission of vibration, especially where they occur at shallow
depths. Obstructions known to exist, e.g. old basement floors, old
foundations, timbers, etc., should be broken out at pile or stone
column positions and the excavation backfilled. Where an unexpected
obstruction is encountered, it might be preferable for piling to be
halted at that position until such time as the obstruction can be dealt
with, rather than attempting prolonged hard driving.

Coring through existing piles and foundations is becoming more
common on urban sites. Vibrations resulting from this process will
need to be considered carefully.

8.5.3.3 Provision of cut-off trenches

A cut-off trench can be regarded as analogous to a noise screen, in that
it interrupts the direct transmission path of vibrations between source
and receiver. There are serious limitations to the efficacy of trenches.
For maximum effect the trench should be as close to the source or to
the receiver as possible. The trench should have suitable dimensions

to mitigate vibration adequately; specialist advice should be sought

to determine the appropriate dimensions. With normally available
excavators on site, trench depths are seldom in excess of 4 m or 5 m.

A trench constitutes a safety hazard. Even if the ground is
self-supporting, a flexible support mechanism, e.g. bentonite
suspension, might be needed. Care should be exercised in designing
and locating the trench to avoid any loss of support to the structure it
is intended to protect or to the piles being installed. Care should also
be taken to ensure that the stability of the piling equipment is not
endangered by the presence of the trench.

The wall of the trench closest to the piling operation might suffer
progressive collapse during the course of the works. Provided that all
appropriate hazards are identified and managed, such collapse might
be acceptable as an energy releasing mechanism.

At the conclusion of the relevant piling operations the trench should
be appropriately backfilled.

Specialist advice should be sought prior to constructing cut-off
trenches, as this option does not provide appropriate mitigation for
all vibration problems.

8.5.3.4 Reduction of energy input per blow

Consideration of the relationships described in Annex E suggests
that there is a dependence of the PPV on the energy input for
hammer-driven piles. It might therefore be possible to reduce the
level of vibration caused by piling by reducing the energy input.
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8.5.3.5
8.5.3.5.1

8.5.3.5.2
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The penalty for adopting this method is that more blows at lower
energy will be needed to drive the piles to a required depth. The
trade-off will not necessarily be linear owing to other losses in energy
in the system. Use of this mitigation method, combined with vibration
monitoring, might enable driving piles close to buildings with shallow
foundations or in the vicinity of shallow buried services, by starting
the drive with low hammer drops, subsequently increasing the energy
as the toe of the pile reaches the founding stratum at greater depth.

Although in general terms it is accepted that vibrations at any level

can contribute to fatigue mechanisms in structures, the relative
importance of vibration intensity and number of cycles at that intensity
is not sufficiently understood. Under the appropriate circumstances,
however, it might be more acceptable, or even preferable, to reduce
the energy per blow, thus limiting the PPV but sustaining a longer
period of pile driving. The effect of this approach on the degree and
duration of disturbance to the building’s occupants might also need to
be taken into account.

NOTE Special arrangements might be needed where piles are driven to
a set. Driving to a set entails counting a number of blows from a standard
height of drop (standard for the particular piling system) for a given
(small) penetration, or by measuring the penetration obtained after a
given number of blows from the standard height of drop. It should be
borne in mind that set might not be achieved when using the lower drop
height initially chosen to reduce vibration magnitude.

Reduction of resistance to penetration
Pre-boring for driven piles

When piles are to be driven and there is the risk of excessive vibrations
emanating especially from the upper strata, the problem can sometimes
be reduced by pre-boring. This process removes some of the soil which
would otherwise have to be displaced in the early stages of pile driving.
There is some evidence to suggest that the final level of vibration during
driving would not be reduced, although there would be a reduction in
the number of blows needed to achieve the proper penetration.

A variant of this procedure which can be used with top-driven cast in
place piling is to commence by driving the tube open-ended. A plug
of soil is formed within the tube, which is then withdrawn and the
plug is removed. This can be repeated several times before the shoe is
fitted and the tube driven closed-ended in the normal manner.

Mudding in for rotary bored piles

Whilst pre-boring is used in the construction of rotary bored piles in
order to reduce the resistance of penetration of temporary casing, it
is often coupled with mudding in to reduce the risk of collapse of the
sides of the bore.

Following normal pre-boring, a small quantity of bentonite slurry is
added to the borehole and the auger is rotated rapidly in order to stir
up the slurry and any collapsed material from the unlined sides. The
casing is then offered into the hole, its penetration being assisted by
the lubricating action of the mud slurry. Depending on conditions the
final seating of the casing can be assisted either by use of a twister
bar (the casing being rotated in), or by tapping with a heavy casing
dolly or by using a vibrator. The use of these latter two items should,
however, be minimized.
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Adding water to the bore hole for impact bored piles

The level of vibration from impact bored piling is generally considered
acceptable and the method is occasionally used on confined sites
adjacent to existing structures. The level of vibration increases with
the resistance to boring and particularly when the boring tool fails to
make measurable progress, e.g. in dense dry gravel. Progress can be
increased by adding water to the bore, but great care is needed to
ensure that the casing is advanced in pace with the boring tool and
that excessive use of water is avoided to reduce overboring and the
consequent risk of undermining adjacent structures.

Excavation under support fluid

An alternative procedure for bored piles using very long casings
where there are substantial depths of water bearing sands and silts, is
to drill the piles under support fluid.

It might then be possible to restrict casing to a relatively short length,
thereby avoiding the need to resort to the use of either vibratory or
percussive dollies for insertion or withdrawal.

Avoidance of shear leg contact with sensitive structures

Tripod impact bored piling rigs can impart vibrations and shocks
through the shear legs. Where, as is often the case, there is a confined
working area for a tripod rig, care should be taken in setting up the
rig at any pile position, to avoid having one of the legs or its support
in direct contact with any adjacent building which might be sensitive
to vibrations.

Removal of the plug when using casing vibrators

Vibratory drivers have difficulty in penetrating dense cohesionless soils
(see Annex F). Where such a machine is used to insert a casing into

a stratum of medium dense to dense granular soil, a plug of this soil
will accumulate inside the casing. The vibrator will now be confronted
with additional resistance, thus slowing penetration and probably
accentuating environmental vibration levels.

Provided the boring rig has a sufficiently high rotary table, it should
be used to drill out the plug at intervals between short periods of
vibratory driving. This procedure is expected to substantially reduce
the total amount of time needed for use of the vibrator.

Bottom-driving

Bottom-driving might result in lower vibration levels than top-driving.
The method can be applied to some permanently cased piles and
some specialized cast-in-place systems.

The process is quieter than its top-driven counterpart; however, any
reduction in vibration intensity might be associated with the generally
slower rate of production.

Use of variable moment vibrators

Vibrators operate through a system of contra-rotating eccentric
weights that are arranged such that the dynamic forces generated by
their rotation are vertically aligned. During the start-up and run-down
periods of operation, the rotational frequency undergoes continuous
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8.6

8.6.1
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change between the static and steady-state operating frequency.
Groundborne vibration is often found to be higher during the start-up
and run-down phases than during steady driving at the full operating
frequency.

Research undertaken by TRL [11] has shown that this is related to
differences in the attenuation rates of different frequencies of
vibration: when the operating frequency of the vibrator corresponds
with the preferred propagation frequency of the ground, the
vibration is attenuated less with distance than at other, particularly
higher, frequencies. The transient phases of operation can therefore
affect a larger area than the vibration during steady state driving.
Furthermore, the frequency sweep can pass through the resonance
frequencies of elements of structures (such as floors and ceilings),
leading to temporarily elevated levels of vibration.

There are clearly advantages in avoiding these transient phases of
operation where groundborne vibration might be an issue. Some
manufacturers supply vibrators that can be operated such that the
system of eccentric weights is balanced during start-up and run-down
so that all forces are equal and opposite. Once the operating
frequency is reached, the phase is shifted so that vertically aligned
vibration is generated as normal. Groundborne vibration is therefore
largely eliminated during the start-up and run-down phases.

Practical measures to reduce vibration from surface
coal extraction by opencast methods and surface
mineral (except coal) extraction

General

Both opencast coal sites and other surface mineral extraction sites can
pose a greater diversity of problems of vibration control compared
with most other types of industrial activity for the following reasons.

a) Apart from some ancillary operations, they are carried out
entirely in the open and can extend over a wide area.

b) They are of variable duration from a few months to several years
or even decades, 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) for opencast coal, coaling, coal preparation, storage and
dispatch; for other surface minerals, processing, e.g. washing,
crushing and screening, transportation of material within
sites and to markets; blasting might be required to extract
coal or other minerals;

5) backfilling and final site restoration;

6) rehabilitation of final land form to public amenity,
agriculture or other subsequent development.
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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. The intensity
and character of any vibration and/or air overpressure can vary at
different phases of work, at different times and under differing
conditions of, for example, topography, geology, climate and
methods of operation.

e) Coal and other minerals can only be worked where suitable
resources exist. Resources might be present in close proximity to
premises sensitive to vibration. Under these circumstances, such
premises should be protected as far as is practicable from the
adverse effects of vibration.

The highest levels of vibration on these sites are generally only
associated with blasting activities, although at closer range vibrations
can be experienced from material processing, transport and the
operation of large earthmoving machinery. Measures to control
vibration are generally necessary where sites are located in the vicinity
of sensitive premises, for the benefit of both the public and the industry.

Blasting might be required at opencast coal sites, but only occurs at a
proportion of other surface mineral extraction sites, generally those
producing crushed rock. There are particular characteristics of blasting
which require specific consideration of vibration issues. Blasting
creates vibration 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.

In addition to coal, a wide variety of different minerals is produced in
Britain by surface extraction methods. The methods of working vary
greatly according to the type of mineral, its geology and location and
the end uses for which the mineral is intended. The nature of any
impact from vibration therefore needs to be considered in the context
of the relevant site-specific factors.

A 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.

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) the
predicted vibration levels from the proposed site and the control
measures to be implemented. This will highlight at an early stage any
vibration issues that need to be addressed. The predicted vibration
levels and proposed control measures should be included in the
application documentation, which should, where appropriate, also
contain information on the typical existing background levels. Where
a formal environmental assessment is undertaken, vibration will
normally be taken into account.

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

8.6.2 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 sensitive
premises. Where necessary, alternative methods or arrangements which
have the least impact of emissions of vibration should be employed if

economically viable. Documents
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8.6.3

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

8.6.4
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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;

¢) coal screening and washing plants, or other mineral crushing,
screening and washing plants, as appropriate to the site;

d) pumps, generators and static plant;
e) stocking areas and loading facilities;
f)  off-site coal or other mineral haulage routes.

Access points should be located with due regard to the proximity of
vibration-sensitive premises.

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 or other mineral, the characteristics and stability of the
strata and the existence of faults and other features.

Site amenities, plant yards, maintenance areas, coal screening/washing
plants or other mineral crushing/screening and washing plants, stocking
and loading facilities should be sited as far from vibration-sensitive
premises as practicable.

Where the processed coal or other mineral is to be transported from
the site by road, the route should be carefully selected to minimize
the impact on vibration-sensitive premises even if this results in an
increased haulage distance.

Working methods

It is important to consider the methods of working to be adopted
including the sequence and phasing of activities on site. Activities

that are undertaken close to vibration-sensitive properties should be
programmed where practicable over a short period of time appropriate
to local conditions. A common sense approach to such activities will
help minimize the potential for any adverse environmental impacts.
The following factors, which can have particularly significant effects,
should, where relevant, be taken into account:

a) depth of the coal seams or other mineral deposits;

b) direction of working;

¢) plant to be employed;

d) working hours;

e) rate of production;

f) use and control of blasting, including timing and frequency.

Once the limit of excavation and the maximum depth of the coal
seams or mineral deposits 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 vibration 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.
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8.6.6

8.6.7
NOTE See also 6.3d).

8.6.8

8.6.8.1

8.6.8.2

8.6.8.3
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Selection of plant

The characteristics of vibration 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 vibration.

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.

Hours of work

For any operation where vibration might have an adverse effect on
the occupants of sensitive premises, working hours should be restricted
in preference to the sterilization of coal reserves or other mineral
resources. Such restrictions should only be imposed where they are
necessary. It might in some circumstances be reasonable to limit
particular operations or working phases to certain durations or times
of the year, where this does not unduly conflict with the operation of
the site. Alternatively it might be more appropriate, especially when
dealing with established operations, to take other practical measures
for vibration reduction (see 8.6.4). Coal or other mineral haulage by
road from such sites should be limited to between 07.00 h and 19.00 h,
unless local circumstances require otherwise.

Site management

General

Good site practice depends upon suitably trained or experienced
site operatives. Appropriate supervision and a commitment by

all concerned to keep vibration to a minimum can provide a
cost-effective way of achieving the objectives of this part of BS 5228.

Operatives

Operatives should be familiar with the relevant conditions of the
planning permission, details of which should be available for inspection
on site at all times. The site should be operated in accordance with
these conditions at all times and where practical difficulties arise
discussion should be sought with the relevant authority as soon as these
become apparent.

Supervision and maintenance

It is likely that vibration will be an important factor in any opencast
pit or quarry plan and/or environmental management, which might
also involve monitoring of site performance or more detailed audits
carried out by site staff or other appropriate parties. Records should
be kept of any complaints received or other breaches of the controls
or planning conditions relevant to vibration, in order to assist
effective site management.
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8.6.8.4

8.6.9

8.6.9.1

8.6.9.2

NOTE 1 Care needs to be taken to
avoid damage to cave systems and
underground passageways.

NOTE 2 Further information

on ground vibration and air
overpressure is given in Annexes F
and G respectively.

Full document details: BS 5228-2:2009+A1:2014

BS 5228-2:2009+A1:2014

Site supervision and maintenance are essential in ensuring that
throughout its life, operations are carried out as they were intended.
Plant and machinery (including measurement equipment) should be
maintained in good working order and used in accordance with the
manufacturer’s instructions. Special attention should be paid to any
aspects which might affect the vibration likely to arise.

Transport routing

Measures should be put in place to ensure that where it is intended
that both on-site and off-site lorry traffic should follow a particular
route, sufficient information is provided to all drivers and other
relevant staff to ensure that they are aware of their responsibilities.
This can be provided by on-site signage or through other information
handed to drivers.

Practical measures to reduce vibration and air
overpressure from blasting

General

Most complaints of vibration relate to blasting. Blasting should only
be used where there is no viable alternative. Groundborne vibration
can lead to concern being expressed by residents around opencast
sites, usually over the likelihood of damage to property. Good public
relations have been shown to reassure the public of the fact that
normal production blasting has not been found to damage property,
and that even the most cosmetic of plaster cracking is extremely
unlikely. In addition, contacting owners of sensitive properties to
advise of imminent blasting can further help promote harmony with
the public. It is good practice to publicize times when blasting will
occur and to avoid blasting at other times whenever possible.

Air overpressure from blasting comprises transient airborne pressure
waves which can be heard and felt. Air overpressure can be influenced
by meteorological conditions over which operators have no control.
Although air overpressure can be affected by the total quantity of
explosives deployed in a blast, there is a balance to be struck between
a smaller number of large blasts and a larger number of small blasts.
Public relations have an important role to play in determining the
optimum balance between size and frequency of blasting.

Vibration and air overpressure reduction

Practical measures, including good blast design, that have been found
to reduce air overpressure and/or vibration are:

a) taking particular care with the development of faces and
with trial blasts at a quarry or opencast coal pit, as anomalous
vibration levels might be produced when there is no free face to
relieve the energy produced;

b) ensuring appropriate burden to avoid over or under confinement
of the charge;

¢) accurate setting out and drilling;

d) appropriate charging;

Documents
© British Standards InstiRRﬁ}H%FI‘E Sha”T@ Hub


http://www.avadocuments.com/doc/bs-5228-2-2009-a1-2014
http://www.avadocuments.com/doc/bs-5228-2-2009-a1-2014

BS 5228-2:2009+A1:2014

8.6.10

8.6.11

NOTE Additional conditions
might also be imposed by the
Secretary of State or Mineral
Planning Authority as appropriate.
Guidance for noise from surface
mineral works is given in the
Minerals section of the web-based
documents that form the Planning
Practice Guidance [13].
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e) appropriate stemming with appropriate material such as sized
gravel or stone chippings;

f)  using delay detonation to ensure smaller maximum instantaneous
charges (MICs);

g) using decked charges and in-hole delays;
h) blast monitoring to enable adjustment of subsequent charges;

i)  designing each blast to maximize its efficiency and reduce the
transmission of vibration;

j) avoiding the use of exposed detonating cord on the surface in
order to minimize air overpressure — if detonating cord is to be
used in those cases where down-the-hole initiation techniques
are not possible, it should be covered with a reasonable thickness
of selected overburden.

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.

Most of these activities generate vibration. The major sources are the
crushing and screening processes, the reception and disposal hoppers,
mobile site plant and road and rail traffic.

Coal disposal sites are areas of major industrial activity which might
need to be located at distance from vibration-sensitive areas.

Limitations on emissions of vibration from sites

Opencast coal and other surface mineral extraction and associated
works can take place in remote to semi-urban area conditions. Each

site and situation should be analysed for vibration control on its own
merits. When the site is adjacent to vibration-sensitive premises it might
be necessary to impose conditions including specific vibration limits.

Guidance on criteria for the setting of vibration control targets is
given in Annex B.

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

Groundborne vibration and consequent noise from
sub-surface construction activities

Where construction works take place entirely underground and away
from access or ventilation shafts, airborne noise is often completely
attenuated by the overlying ground or structures. If the construction
activity generates vibration at source, then both groundborne vibration
and groundborne noise (or structure radiated noise) can be prominent
effects experienced at the surface and within overlying buildings.
Groundborne noise generated within a building is predominantly

low frequency in nature and can be caused by the vibratw‘fﬁﬂments
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NOTE Research undertaken
by TRL [11] provides guidance
on calculating first estimates
of potential vibration and
groundborne noise levels from
mechanized bored tunnelling
works.
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the internal surfaces of that building. As such, the effects can be
particularly intrusive and potentially inescapable and, when combined
with the simultaneous experience of perceptible vibration, can give
rise to higher magnitudes of adverse comment, at a given level, than
might be expected from available dose response data for more typical
environmental noise sources. These particular features mean that the
noise and vibration effects of underground construction activities can
be a significant environmental risk to project developers.

Activities which can give rise to appreciable vibration and groundborne
noise include tunnel and cavern construction. Tunnelling techniques
vary considerably but known sources of groundborne noise include
tunnel boring machines, road-headers and excavators; tunnel
segmental lining placement; hydraulic drilling; use of hydraulic
hammers for cavern mining; limpet vibrators; and drill-and-blast
operations. Depending on the progress rates and techniques employed,
these effects can be relatively short-lived but might expose a sensitive
receiver to high magnitudes of vibration and/or groundborne noise.

For large tunnelling projects, the transportation of excavated material
from the tunnel face can be undertaken by conveyor, by lorry or by
the use of a temporary railway system. These transportation systems
might need to operate for several months or even years on a 24 h
basis and therefore might become potential long-term concerns in
relation to groundborne noise and vibration generation. A temporary
railway might need to be designed from the outset to control
groundborne noise and vibration generation to a similar specification,
and using similar techniques, as a permanent underground railway.

The mechanisms which give rise to the propagation of vibration
through media such as soil are complex. The magnitude of vibration

is determined by the characteristics of the vibration source, the
properties of the excavated ground, and the ground between the
vibration source and receiver. Multi-layered soils and/or the presence
of deep piled building foundations can further complicate and modify
magnitudes and estimates. As such, it is inappropriate to provide
definitive generic guidance on the likely magnitudes of groundborne
noise and vibration that might be expected as a result of a particular
construction technique. Estimation of the likely noise and vibration
effects from sub-surface construction activities based solely on
consideration of previous case studies should therefore be undertaken
with caution. Calculating groundborne noise and vibration is highly
specialized, and expert advice should be sought if a high degree of
confidence in the predicted levels is required.

There are no standards which provide objective criteria for the
assessment of the significance of groundborne noise during
sub-surface construction, and expert advice should be sought on
appropriate guideline levels for a specific project which take into
account the duration of the project, the frequency of any events,
the potential magnitude of groundborne noise, the numbers and
sensitivity of buildings affected, the adopted construction technique
and other relevant factors.

The Office of Planning and Environment of the US Federal Transit
Administration (FTA) has published groundborne noise impact criteria
for the general assessment of transit schemes [14]. The criteria vary
according to the number of groundborne noise events likely and

the sensitivity of the receiving buildings. Although these criteria

have been developed primarily for railway applications, they may
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be used as guidance for the screening or assessment of sub-surface
construction activities. For frequent events, a guide maximum sound
pressure level of 35 dB(A) using the “slow” time constant (inside
residences and buildings where people normally sleep) is given in
the FTA document for assessing the impact of long-term operation
of a transit system. In some circumstances, the unfamiliar character
and unknown duration and origin of construction groundborne
noise can justify the application of lower guide levels than would be
appropriate for long-term transportation sources, particularly if used
to assess the need for mitigation initiatives.

Mitigation options for mechanized tunnelling activities are limited.

In some circumstances, it might be possible to limit working hours,
but in every case where the risk of widespread unacceptable
disturbance exists, a comprehensive and informative community
relations programme should be formulated and implemented well in
advance of the approaching works. This can be particularly effective
for tunnelling works, since the source is not visible and the effects are
quite unlike those to which the general public is commonly exposed,
which exacerbates concerns. On certain tunnelling projects it might be
possible to control the vibration at source by limiting the rotational
speed of the cutting face or the thrust force and progress rate of the
tunnel boring machine.

Mitigation options for a temporary construction railway include
restricting the speed of the vehicles; controlling the wheel/rail
roughness by grinding or conditioning; limiting and avoiding
misaligned or worn rail joints; and the provision of resilient layers
beneath the rails and/or beneath an entire temporary sleeper assembly.

In some circumstances, the exposure to groundborne noise and
vibration at residential dwellings can render the building unoccupiable
and can warrant the temporary relocation of occupants, particularly
when night-time working is required.

9 Measurement

NOTE Guidance on measurement of vibration for assessing
human disturbance is given in BS 6472, and for building damage in
BS ISO 4866:2010 (.

9.1 Monitoring

In order to ensure optimum control of vibration, monitoring should

be regarded as an essential operation. In addition to vibration
monitoring, static tell-tale measurements can also be useful. Precision
tell-tales are capable of registering longer term trends and can provide
early warning of impending structural problems. Failures, sometimes
catastrophic, can occur as a result of conditions not directly connected
with the transmission of vibrations, e.g. the removal of supports from
retaining structures to facilitate site access.

Where site activities other than pile driving can affect existing structures,
a thorough engineering appraisal of the situation should be made at
the planning stage. Information on monitoring of vibrations is included
in Annex F.

Documents

22 e« © British Standards Institution 2014 Document Sharing Hub

Full document details: BS 5228-2:2009+A1:2014


http://www.avadocuments.com/doc/bs-5228-2-2009-a1-2014
http://www.avadocuments.com/doc/bs-5228-2-2009-a1-2014

BRITISH STANDARD

9.2
9.2.1
9.2.2
NOTE Information is given in
BS ISO 4866:2010 1.
9.2.3
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Methods of measurement

General

The method selected to characterize building vibration will depend
upon the purpose of the measurement and the way in which the
results are intended to be used. Although a measurement technique
which records unfiltered time histories allows any desired value to
be extracted at a later stage, it might not be strictly necessary for the
purpose of routine monitoring.

Positions

The number of measurement positions will depend upon the size and
complexity of the building.

When the purpose is to assess the possibility of structural damage,
the preferred primary position is in the lowest storey of the building,
either on the foundation of the outer wall, in the outer wall, or in
recesses in the outer wall. For buildings having no basement, the
point of measurement should be not more than 0.5 m above ground
level. For buildings with more than one storey, the vibration might be
amplified within the building. In the case of horizontal vibration, such
amplification might be in proportion to the height of the building,
whereas vertical vibration tends to increase away from walls, towards
the mid-point of suspended floors.

It might therefore be necessary to carry out measurements (which
should be simultaneous if a transfer function is required) at several
positions to record maximum vibration magnitudes. When the
building is higher than four floors (approximately 12 m) additional
measuring points should be added every four floors and at the top
of the building. When the building is more than 10 m long, the
measuring positions should be selected at a horizontal spacing not
exceeding 10 m. Measurements should be made on the side of the
building facing the source.

When the purpose is to evaluate human exposure to vibration in the
building, or to assess the effect of vibration on sensitive equipment
within the building, measurements should be taken on the structural
surface supporting the human body or the sensitive equipment.

When ground vibration sources are being considered, it is usual to
orientate the transducers with respect to the radial direction, defined
as the line joining the source to the transducer.

When studying structural response to ground vibration, it is more
usual to orientate transducers with respect to the major and minor
axes of the building structure.

If it is not possible to make measurements at the foundation,
transducers should be well coupled to the ground.

Parameter to measure

With an impulsive source of vibration, it is recommended to measure
the peak value attained from the beginning to the end of a drive. It is
also recommended to measure in terms of PPV if the risk of damage
to the building is the primary concern, and there is also an interest
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