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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

X
Together with BS 5228-1:2009, this part of BS 5228 super§ede
BS 5228-1:1997, BS 5228-2:1997, BS 5228-3:1997, BS 5228 -4:1
BS 5228-5:1997, which are withdrawn. \

BS 5228-2:2009+A1:2014 supersedes BS 5228-2:‘2Q09, which is v
p oS

Relationship with other publications \'\
BS 5228 is published in two parts: .').\

«  Part 1: Noise; %)
e  Part 2: Vibration. .(\"

BS 6472 gives detailed guiﬁa\nce on human response to vibi
in buildings and BS 1SO-4866:2010 covers the measurement
evaluation of struct@ral vibration. BS 7385-2 contains guidarj
damage levels froﬁw groundborne vibration.

An item deali w1th the vibratory loading of structures, 1SO/
is being processed within ISO Technical Committee ISO/TC 98/
of structures. This is being monitored by BSI.

NI .
Infsrmatlon about this document

‘T-hls British Standard refers to the need for the protection
noise and vibration of persons living and working in the vic
and those working on, construction and open sites. It reco
procedures for noise and vibration control in respect of cons
operations and aims to assist architects, contractors and sit]
operatives, designers, developers, engineers, local authorif
environmental health officers and planners.

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

S
992 and

ithdrawn.

ation
and
ce on

FDIS 10317,
C/2, Safety

hgainst

nity of,
mmends
truction
e

\

Ctivities
res

NOISe and ViIDration Ccan be the cause Or serious daisturbanc

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:

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

» updating of information relating to legislative requirements;

e updating of information relating to methods and equipment.

© British Standards Institution 2014 « iii
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Text introduced or altered by Amendment No.1 is indicated in the text
by tags A[]. Minor editorial changes are not tagged.

NOTE Copyrightis claimedin 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 fror\n‘it;
recommendations. L

N

Presentational conventions

-

The provisions in this standard are presented in i;b}nan (i.e. upright)
type. Its recommendations are expressed inséntences in which the
principal auxiliary verb is “should”. D

5
Commentary, explanation and genera{;'(l'formative material is presented

in smaller italic type, and does notenstitute a normative elemdnt.
e,

Contractual and legal considerations

This publication does not pﬁ(port to include all the necessary provisions
of a contract. Users a{e responsible for its correct application.

Compliance with aBritish Standard cannot confer immunity frogm
legal obligationsg;

iV e © British Standards Institution 2014
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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

NOTE Air overpressure can be

3.1

quantifigd either as a pressure or

as a levdl in linear (unweighted)
decibels|(dB).

. Cwhich are below the lower end of the audible spectrum

AN

332

3.3

3.4

assessing 1ts effects on the environment.

Normative references S

The following referenced documents are indispensable for|the
application of this document. For dated refe\r{;h}es, only the gdition
cited applies. For undated references, the'latest edition of the
referenced document (including any.amendments) applies

A\BS EN ISO 8041:2005, Human rqs,Q'o;q':se to vibration — Meafuring

instrumentation CS

BS ISO 2041:2009, Mechanicg‘ﬁ\)ibration, shock and condition
monitoring - VocabulazD(

Terms and gefinitions

For the purposes of this part of BS 5228, the definitions givep in
A\BS 1SO 2041:20090 and the following apply.

™

air overpressure
airborne pressure waves generated by blasting, produced ovier a
range of frequencies including those which are audible and those

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

NOTE : Economic deposits of
other minerals can occur in the
overburden.

3.5

3.6

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

© British Standards Institution 2014 « 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:

0.25

b/d, day/night

VDV ~( [a(tyar
Lo )

where:

VDVbyd, day/night is the vibration dose value (in m-s175);

NOTE The
published r
environmer
from blasti

g [1].

government has
psearch on the
tal effects of noise

4 Community relations o

5 Vibration and persons on site

5.1

a(t) is the frequency-weighted acceleration (in m-s~2), using. Wy or W4y
as appropriate; e

T is the total period of the day or night, in seconds (s),.dzyring Wwhich
vibration can occur. "V

Further details of the VDV are given in BS 6472-1. :\,\ )

\
-

X
o\

Good relations with people living andeérking in the vicinity offsite
operations are of paramount im q?ﬁance. 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 goedwrelations can be developed by keeping
people informed of pregress and by treating complaints fairly and
expeditiously. The fperson, company or organization carrying outjwork
on site should apfoint a responsible person to liaise with the puBlic.
The formation‘of liaison committees with members of the public can
be conside{j?‘ﬁ for longer term projects when relatively large numbers
of peoplétare involved.

Vib’ratign and air overpressure from blasting operations is a specjal case
and-can under some circumstances give rise to concern or ever] 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.

Training
NOTE  Attention is drawn to Regulation 8 of the Control of Vibnation

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) theorganizational 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;

c¢) thesignificant findings of the risk assessment, including any
measurements taken, with an explanation of those findings;

2 « O©British Standards Institution 2014


https://iecnorm.com/api/?name=99933ae86f2250266b8bdb21bc25adeb

BRITISH STANDARD

BS 5228-2:2009+A1:2014

d) why and 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

NOTE |
Control
Regulat
now spe
on empl
HAV and
Useful g
is conta
and Safe
L140 [3]
the advi
is expec
to ensurj
HAV and
controll
Regulati

Vith the advent of the

bf Vibration at Work

ons 2005 [2], there are
rific legal duties imposed
byers in respect of both

| WBV (see Note to 5.1).
Liidance on these matters
ned within the Health

ty Executive publications
and L141 [4]. Applying
e given in this guidance
ted, in the view of HSE,
P that the risks from

|/or WBYV are properly

bd in accordance with the
ons.

5.2

;) fU“.UVVCd
A programme of monitoring should be implemented to enshre

that condition limits are not exceeded and that all thel réleviant
recommendations are met.

o . o ‘,\
Protection from vibration exposure

Exposure to prolonged and regular wogk with high-vibration hand
held tools can be a serious hazard tolhealth. Workers using such
equipment can suffer various formswof adverse effects, collegtively
known as hand-arm vibration syndrome (HAVS). The best khown
effect is vibration white fmge@ (VWF) which is a prescribed|industrial
disease. Exposure to high (evels of whole body vibration (WBV), e.g.
for drivers of certain mbile plant in rough terrain conditionf, can also
be a serious hazard{o*health.

At present, there\_%s no effective personal protective equipment to
alleviate the exposure to HAV that is comparable to ear protectors
in relation o noise. Operators of hand tools known to gengrate
high le\{elis of vibration are advised, however, to wear suitgble
glovei, especially when working in cold or damp conditions, [as these
cqrﬂitions 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 greatler than,
the effects on nearby residents, and the benefits of good dontrol

measures will apply equally on and off site.

Neighbourhood nuisance

6.1

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, cause anxiety as well

© British Standards Institution 2014 « 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.
A\BS 1SO 4866:20100) and BS 7385-2 provide guidance on

6.3 (_Issues associated with vibration effects and

Measurement, evatuation of effects on bultdings, and damage tevels,
and are based upon use of the PPV. R

The vibration dose value (VDV) is recommended in BS 6-@7? as|the
appropriate measure to evaluate human exposure to-vibration in
buildings in residential and other uses. The likelihood of advefse
comment occurring from building occupants is L{Séd to evaluate the
likely severity of effect.

\
For damage to structures, it is preferable toundertake measurements
externally at the foundations; for hua exposure, measurenjents
are usually taken within a bu1ldmg a‘t\the position at which the
occupant experiences the vibration: If vibration measurementf are
taken remote from the buildings or structures of concern, thep they
should be corrected for distance to those buildings or structurs.
When internal levels are\required to be predicted, then a transfer
function is needed to:cofrect the external level to the internal lpcation
of interest. In orderto obtain a typical value of PPV, and/or to|derive
a VDV representative of a 16 h daytime or 8 h night-time peripd, a
representativecnumber of cycles or operations should be monitgred.

Whichever/,’f,ﬁ\éasure is used to describe vibration from the site] it
should always be made clear to which period of time any partiqular
value@pplies.

".

+

community reaction

A number of factors are likely to affect the acceptability of vibration
arising from construction sites and the degree of control necegsary.
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 negrer
a site is to sensitive premises, the more control that might|be

TequiTed upomn vibration emanating fronm 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 important that site

© British Standards Institution 2014
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operations are carried out according to the stated schedule and
that the community is informed of their likely durations.

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
is useful, but when construction activities are of a tem

BS 6472
porary

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

CONCEr over buitding damage, even whemn the vibrat
perceptible. It is therefore important to assure thencor
that vibration levels generally have to be of significant
for even cosmetic damage to occur. (See also 8.6!’7.)

Attitude to the site operator. It is well established that p
attitudes to vibration can be influencedsby their attitu
the source or activity itself. Vibration<from a site will t

nis just
nmunity
magnitude

eople’s
des to
end to

be accepted more readily by localj\eshdents, if they consider

that the contractor is taking all' possible measures to g
unnecessary vibration. The attitude to the contractor ¢
be improved through good-community liaison and infor
distribution and the provfs?on of a helpline to respond
or complaints. The acc@ﬁtability of the project itself car
factor in determinfh'g community reaction.

Vibration chargcteristics. The characteristics of vibratio
whether itds.gontinuous, intermittent or impulsive, can i
its accep@bility.

void

an also
mation

0 queries
also be a

h, e.g.
nfluence

Effect.on'buildings. This has been mentioned above [in
bugsaccount should also be taken of the effect of vibr

tem d)]
ion on

buildings adjacent to the site. Guidance on the evaluation of
.Othese effects is provided in ABS 1SO 4866:2010(], and guidance

on damage levels from groundborne vibration is given ip 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 regdrd to the
practicability and economic implication of any proposed cgntrol 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.

© British Standards Institution 2014 « 5
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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 wh Eh’ér the
processes they intend using are likely to be permitted. Therefofe an
early consultation should be made with local authofities in order

to ascertain the limits or restrictions, if any, likely.to be imposgd.
Annexes C and D give some guidance on levels ({ﬁ\/ibration from piling
and blasting. o

X
Local authorities should ensure that any, vibration level limits or
restrictions being imposed are necessgly"énd practicable.

-

7.2 Works preparation ¥

A project design should be\sogrranged that the number of opefrations
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 {nclude
the location of items such as haulage roads, crushing plants apd
compaction plant.

Appropriaté,‘i\'ﬁvestigations into ground conditions should be made when

preliminary surveys are being carried out in order that consideration can

be giva1 to methods of working which could avoid problems.
{

‘A«s‘u'rvey of the immediate neighbourhood surrounding a site should
(_Pe undertaken to indicate the location of sensitive areas.

\ Guidance should be sought concerning recommended vibratiop levels
( > for the neighbourhood surrounding a site, and concerning accgptance
) of the proposed methods of working, in very general terms, fijlom the
N relevant authorities at the same time as approvals are being requested
T\ for the commencement of work. This procedure is intended to[enable
~ work to proceed smoothly.

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

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.

6 « ©British Standards Institution 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;

c) the location and nature of adjacent vibration-sensitive areas.

Executionofweorks —

NOTE

means”
can cons
against
being ca
Control

The use of “best practicable

[BPM) to control emissions
titute a ground of defence
tharges that a nuisance is
used under Part III of the
bf Pollution Act 1974 [9]

or Part lJI of the Environmental

Protecti

bn Act 1990 [10].

All available techniques should be used to minimize, as faras is
appropriate, the level of vibration to which operators and ofhers in
the neighbourhood of site operations will be exposgc}ﬁ

Measures which should be taken include the fo\ll;fwing.

a) The hours of working should be planngd\’ahd account should
be taken of the effects of vibration“@pon persons in arfpas
surrounding site operations and\Gpon persons working on
site, taking into account the nature of land use in the areas
concerned, the duration ofwork and the likely consequence of
any lengthening of work{pgFiods.

b) Where reasonably racticable, low vibration working methods
should be employed. Consideration should be given to {ise of the
most suitable plant, reasonable hours of working for operations
which might g}ve rise to perceptible vibrations, and ecqnomy and
speed of gperations.

c) Vibratign should be controlled at source and the spread o¢f
vibration should be limited, in accordance with Clause 8

d) Where processes could potentially give rise to significant| levels of
Ovibration, on-site vibration levels should be monitored|regularly

“~ by a suitably qualified person appointed specifically fdr the

+

purpose, particularly if changes in machinery or projeqt designs
are introduced. A method of vibration measurement should be

agreed prior to commencement of site works, e.g. that|specified
in AABS ISO 4866:201001.

e) Onthose parts of a site where high levels of vibration afe 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, of 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.

© British Standards Institution 2014 « 7
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NOTE Attention is drawn to
Section 61 of the Control of
Pollution Act 1974 [9], which

7.4

requires provision to be made for

emergencies (see A.2.3.3).

8
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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.

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 pn<<1‘h|p if it is found necessary to exceed pprmiffpd vihration

8.1

". . . .
» (,*they are mainly carried out in the open;

limits because of an emergency. %
L S
Control of vibration 3
S )
General AX

X

As outlined in Clause 1, this part of BS 5228 gives recommendatipns
for basic methods of vibration control rélating to construction ard
open sites where work activities/ ope\r‘&ions generate significant
vibration levels, including indust $pecific guidance. Clause 8 i
arranged so as to present generic recommendations, in 8.2, 8.3
and 8.4, followed in turn by the industry-specific guidance, whigh
includes information relating to piling and ground engineering
(8.5), the extraction.qf‘€oal by open-cast methods and the surface

extraction of othergminerals (8.6). There is also a subclause (8.7)) which
addresses the is%es relating to groundborne vibration and asspciated
structure-borne noise, which arise from underground constructign.

Constructidﬁénd demolition activities can pose different problems of
vibration\control compared with most other types of industrial activity
for the)following reasons:

OB\
.o they are of temporary duration although they can cause great

disturbance while they last;

« the vibration they cause arises from many different activitigs and
kinds of plant, and its intensity and character can vary greatly at
different phases of the work;

» the sites cannot be excluded by planning control, as factori¢s can,
from areas that are sensitive to vibration.

If a site upon which construction or demolition work will be cgdrried

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 Control of vibration at source

8.2.1 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.

8.2.2 Substitution
Where reasonably practicable, plant and/or methods of work causing
Stgnificant tevets of vibration at sensitive premises shoutd bg replaced
by other less intrusive plant and/or methods of working,*

)
. L . 2

8.2.3 Vibration isolation of plant at source >
Vibration from stationary plant (e.g. generators, pumps, compressors)
can, in some instances, prove disturbing when’tocated close o
sensitive premises or when operating on co(inected structureg. In
these instances, equipment should be tetocated or isolated uging
resilient mountings. LY

o)
8.3 Controlling the spread*of vibration

NOTE The use of trenches to
reduce tyansmitted vibration

through|the ground is described
in 8.5.3{3.

N\

%) 8.4

! 4 .
NOTE 1| Section 60 of.the’
Control pf PollutionAct.1974 [9]
specified the matters to which
local authoritieswill have regard
when sefvin, ‘?giotice imposing

requirements to limit noise and
Vibratio 2 omiccinnjfrnm sites.

N\
Where reasonably pracL%;:Sle, vibrating equipment should he located
as far from sensitive premises as possible, and, if on a strucfure, not
on one which is cgntinuous with that of the sensitive premises. In
some instancesdt might be possible to reduce transmitted vipration
by cutting a structure to separate site work from sensitive premises.
It is essential to take account of safety and structural issues|before
carrying.eut any work of this nature.

The demolition of tall or large structures, especially if explosjives are
uséd, can give rise to impulsive vibrations and air overpressure when

y ‘li;he felled structures hit the ground. Further advice is contgined in
~\-BS 6187.
|\

Vibration control targets

All reasonably practicable means should be employed to ensyre the
protection of local communities and of people on construction sites,
from detrimental effects of the vibration generated by consftruction
operations. The means employed should be determined by local
circumstances and can include vibration reduction measureq for
individual items or plant and machinery, the fixing of hours of work, the

NOTE2 Annexes C and 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.

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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NOTE The c

8.5

8.5.1

onstruction 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 1 Vg

8.5.2

rious empirical

formulae hqve been proposed

relating the
measured dt
receiving p

intensity of vibration
the remote

int, to the distance

between it gnd the source and

the energy

Df the source. The

use of such formulae enables
a rough estiimate to be made
as a check dn the acceptability

of the propp
a vibration
to the com

piling workg.
ith applications

also assist |
under Sectip
of Pollution
prior conseh

sed process from

standpoint, priorg N
mencement of the ;

This estimagésc\ould

n 61 of the Control

Act 1974 [9] for

tfsee’Annex A). For

\

—______whensetting targets for maximum vibration tevets (8.5 2), T

N

guidance rdgarding the prediction
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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
pile and free vibrations are set up. Sensors at a remote receivi

the
ng

point would indicate a series of wave disturbances, each series

corresponding to one blow. (See also Annex F.)

might need to be made to the existing baseline vibration levels
should be measured prior to commencement of pile driving. T
is particularly applicable on sites adjacent to roads carryir"g hea
commercial traffic, railway tracks and large industriakmachinery
not uncommon for vibrations from such sources tcl(na'sk vibratio
from pile driving. VK

It is desirable that the planning process dg;s\hot prohibit the u
any piling methods on the basis of vibrf‘atjon.

Where the predictions indicate tha(‘a)ﬁarticular piling metho
could prove marginal in terms of
alleviating the problem may ltexa opted as recommended in 8

/7

Vibration levels .

\
The intensity of vibration at the point of interest will normally |
function of man)t\)a?iables including:

a) energy per.blow or cycle;

b) distanCe'between source and receiver;

c) grsund conditions at the site, e.g. soft or hard driving and
«location of water table;
A )
soil-structure interaction, i.e. nature of connection betweei
and structure being monitored;
e) construction of structure and location of measuring points,|

example:
1)
2)
3)

soil surface;
building foundation;

internal structural element.

%l;ﬁical vibration levels, methodls of

erence
which

his

y

Lltis

NS

5e of

i

5.3.

pe a

h soil

for

e

In soft driving conditions, where a significant proportion of th

of expected vibration levels,

see Annex E.

NOTE 2 See Annexes C and D
for examples of vibration levels

measured under various conditions

throughout

10 «

the UK.

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 relativel
is available to advance the pile.

y little

When driving piles in soft soils, the free vibrations set up are found

usually to have a greater low frequency content than when dri
into denser soils or rocks.
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8.5.3 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

NOTE 1T
their an
generat

he extrdc‘ﬁt;n of piles and
Cillary equipment can also
p vibration.

\ removal or the release of ground water.

treatment might also be possible, depending on soil condlt
loading requirements. \

)

There are sometimes cases in which the majority of. a ilte is
to a particular form of ground treatment or foundatlon cor
but where a limited area is too close to existing structures lo
to permit unrestricted use of the process. Fo\rl\&ample, from
(see Annex D) it can be deduced that dynamic compaction u
tamping weights should be kept a reasenable distance awa
such features. If a small interveningjarea remains to be tred
may be done using one of the yibfo processes of ground trg
Similarly, the majority of a si .ﬁ'nay be piled using the drivin
leaving a minority to be comsleted with continuous flight
injected piling.

It should be noted that.a change in method part of the way
site might result m a mismatch in subsequent foundation b
The engineering unpllcatlons of any such changes should bg
into account_ @pior to construction on site.

When pi}i‘[\g: is to be installed close to slopes, vibration of an
can cause movement of the slope material.

Why the pile type is chosen, care should be taken to avoid s
.thée risk from vibration, pore pressure changes and soil displ
associated with driven piling and other systems which genef
vibrations, by threats to stability resulting from uncontrolle

It is often advantageous to carry out controlled trials to esta
method of working, from observations of vibration intensit
onset of local distress to the soil face and of changes in line

Where doubt about the loss of stability remains, action shq
taken either to phase the work so that piling can be comple
earthworks are carried out, or to retain the soil effectively

ions and

amenable
struction
r services
Table D.3
sing large
y from
ted, this
patment.
b process,
huger

hcross the
ehaviour.
P taken

y form

Libstituting
hcement
ate

] soil

blish a safe
y, of the
and level.

uld be
ted before
to allow

Pat I re—to-ta ka l‘\l'\t‘h cafaly
pPras—to—tatE—pratte-sat \_\_y

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.

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

8.5.3.3

column positions and the excavation backfilled. Where an unexpected
obstruction is encountered, it might be preferable for pilingﬁ:o be

halted at that position until such time as the obstructiontcén b dealt
with, rather than attempting prolonged hard driving, *.*

Coring through existing piles and foundations is beéoming more
common on urban sites. Vibrations resulting fro‘m‘this process will
need to be considered carefully. 5

o
Provision of cut-off trenches \t,"’

A cut-off trench can be regarded as-anélogous to a noise screen,|in that
it interrupts the direct transmissib’ﬁ path of vibrations between| source
and receiver. There are serious)limitations to the efficacy of trehches.
For maximum effect the tréich should be as close to the source pr to
the receiver as possible.)THe trench should have suitable dimensgions

to mitigate vibration:adequately; specialist advice should be sought

to determine the appropriate dimensions. With normally availpble
excavators on sitg, trench depths are seldom in excess of 4 m or p m.

A trench cgnSti’cutes a safety hazard. Even if the ground is
self-suppgrtiﬁg, a flexible support mechanism, e.g. bentonite
suspelsion, might be needed. Care should be exercised in degigning
and locating the trench to avoid any loss of support to the strugture it
isGntended 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 syffer

progressive collapse during the course of the works. Provided that all
appropriate hazards are identified and managed, such collapsgq might
be acceptable as an energy releasing mechanism.

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

8.5.3.4

Speciatistadvice shoutdbesoughtprior toconstructing cat-of f
trenches, as this option does not provide appropriate mitigation for
all vibration problems.

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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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 an

y level

can contribute to fatigue mechanisms in structures, the relative
importance of vibration intensity and number of cycles at that intensity

8.5.3.5
8.5.3.5.1

sTotsufficientty understood. Under theappropriate circur
however, it might be more acceptable, or even preferable}
the energy per blow, thus limiting the PPV but sustaining'a
period of pile driving. The effect of this approach on~’the d¢
duration of disturbance to the building’s occupants’'might a
be taken into account. N%)

p oS

NOTE Special arrangements might be needed\/vhere piles are
a set. Driving to a set entails counting a n nber of blows from a
height of drop (standard for the particular'piling system) for a g
(small) penetration, or by measuring, 'penetration obtained d
given number of blows from the sggﬁdard height of drop. It shouy
borne in mind that set might nég¥e achieved when using the lo\
height initially chosen to redthe vibration magnitude.

/7

Reduction of resistance to penetration
Pre-boring for drivTen piles
X W

When piles are’to be driven and there is the risk of excessive
emanating especially from the upper strata, the problem can

be reducéd by pre-boring. This process removes some of the
would\o‘cherwise have to be displaced in the early stages of p
Thene is some evidence to suggest that the final level of vibra
driving would not be reduced, although there would be are

N ‘*\‘ the number of blows needed to achieve the proper penetrat]

A variant of this procedure which can be used with top-driv
place piling is to commence by driving the tube open-ende
of soil is formed within the tube, which is then withdrawn

1stances,
to reduce
longer
gree and
so need to

riven to
standard
iven

Ifter a

Id be

ber drop

vibrations
sometimes
soil which
le driving.
[ion during
duction in
ion.

en cast in
d. A plug
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 man
Mudding in for rotary bored piles

Whilst pre-boring is used in the construction of rotary bore

ner.

d 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.

8.5.3.6

8.5.3.7

8.5.3.8

8.5.3.9

Excavation under support fluid ¢

An alternative procedure for bored piles using very longcasings
where there are substantial depths of water bearing sar}cﬂs and gilts, is
to drill the piles under support fluid. -

It might then be possible to restrict casing to a rela\tlvely short l¢ngth,
thereby avoiding the need to resort to the use 6f either vibrafjory or
percussive dollies for insertion or w1thdrg\4va{

Avoidance of shear leg contact wi_th'sénsitive structures

Tripod impact bored piling rigs c<ﬁ\impart vibrations and shogks
through the shear legs. Where often the case, there is a cgnfined
working area for a tripod ri Ccare should be taken in setting lip the
rig at any pile position, £o v01d having one of the legs or its support
in direct contact WItQ any adjacent building which might be sgnsitive
to vibrations.

»

<
Removal of the plug when using casing vibrators

Vibratory dfj;ers have difficulty in penetrating dense cohesionlegs soils
(see Annéx F). Where such a machine is used to insert a casing into

a stratdm of medium dense to dense granular soil, a plug of this soil
w1l‘f accumulate inside the casing. The vibrator will now be confronted

¢ w1th 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 requce
the total amount of time needed for use of the vibrator.

Bottom-driving

Bottom-driving might result in lower vibration levels than top-driving.

8.5.3.10

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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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
frequency.

operating

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, par

ticularly

higher, frequencies. The transient phases of operation can therefore
affect a larger area than the vibration during steady state driving.

8.6

8.6.1

‘i
..Ca) Apart from some ancillary operations, they are carried g

Furthermore, the frequency SWeep can pass through the Test

frequencies of elements of structures (such as floors and.ce
leading to temporarily elevated levels of vibration. ) )

There are clearly advantages in avoiding these transient ph
operation where groundborne vibration mighthée an issue.
manufacturers supply vibrators that can besgpéerated such
system of eccentric weights is balanced during start-up and
so that all forces are equal and oppos'y‘\e.\Once the operati
frequency is reached, the phase is slin‘f,ted so that vertically
vibration is generated as normal. Gyéundborne vibration is
largely eliminated during the s;t;aYt-up and run-down phase|

N\

bnance
lings),

ases of
Some
that the
run-down
ng
aligned
therefore
5.

Practical measures\tg reduce vibration from surface

coal extraction/by opencast methods and surf
mineral (except coal) extraction

General

Both opéﬁ\éast coal sites and other surface mineral extraction
pose-a greater diversity of problems of vibration control c(
with most other types of industrial activity for the following

entirely in the open and can extend over a wide area.

b) They are of variable duration from a few months to sevg
or even decades, and in some cases sites in adjacent ar
follow one another in succession over a prolonged per

¢) Awide variety of activities are carried out involving thg
phases:

face

sites can
mpared
b reasons.

ut

eral years
eas can
od.

following

dispatch; for other surface minerals, processing, e.g

) C\ 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

. 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

L Ll b £ -l e
AUvcTrSc CTTTLLS O vIDratiort.

The highest levels of vibration on these sites are generally on‘l’il
associated with blasting activities, although at closer ran evibifations
can be experienced from material processing, transportand the
operation of large earthmoving machinery. Measut€s'to contrdl
vibration are generally necessary where sites arelecated in the yicinity
of sensitive premises, for the benefit of both the\ bublic and the industry.

Blasting might be required at opencast coal s}tes, but only occuirs at a
proportion of other surface mineral extraction sites, generally those
producing crushed rock. There are part}chlar characteristics of blasting
which require specific consideratigri of vibration issues. Blastihg
creates vibration which is of ve\r§short duration, with a frequéncy of
events varying from a sma l,ngmber per year to several times per day,
depending on the nature a d size of the extraction operation

In addition to coal, a:wide variety of different minerals is prodliced in
Britain by surface/@xtraction methods. The methods of working vary
greatly according’to the type of mineral, its geology and locatjon and
the end uses for which the mineral is intended. The nature of|any

impact fromivibration therefore needs to be considered in the qontext
of the releVant site-specific factors.

A typic)l mineral extraction operation involves stripping of tgpsoil

apcj.removal of overburden, excavation and processing of the material
~t0 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 apglicant
& should discuss with the Mineral Planning Authority (MPA) and fhe
~\\ appropriate department of the local authority (see Annex A) the
’®! predicted vibration levels from the proposed site and the control
N\ measures to be implemented. This will highlight at an early stage any
~\ vibration issues that need to be addressed. The predicted vibration
R¥% levels and proposed control measures should be included in the

annlication-documantation which chanld wwhara snnranriata also
Sppreatte-aoctH et HoR—WHHER-SHot G WhRere - ppropHate

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.
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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;

c) 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;

NOTE

of acces
with the
the Min

'he location and design

k points have to be agreed
highway authority and

bral Planning Authority.

8.6.4

f)  off-site coal or other mineral haulage routes. %

Access points should be located with due regard to the prox
vibration-sensitive premises. 2

N

The limit of excavation is determined by a wide t:anée of ge
and engineering constraints such as the location; nature and
of the coal or other mineral, the characteristics and stabilit
strata and the existence of faults and g\th\‘er features.

Site amenities, plant yards, maintenanee areas, coal screenir]
plants or other mineral crushing/scteening and washing plant
and loading facilities should b ;s'ifted as far from vibration-sq
premises as practicable.

Where the processed coal or other mineral is to be transpor

mity of

plogical
quality
y of the

g/washing
5, stocking
ensitive

ed from

the site by road, the<eute should be carefully selected to npinimize

the impact on vibration-sensitive premises even if this resu
. \Y.
increased haulage distance.

<
Working methods

It is imﬁo‘rtant to consider the methods of working to be ad
inclyding the sequence and phasing of activities on site. Acf]

Lhat are undertaken close to vibration-sensitive properties sh

““programmed where practicable over a short period of time a

N

to local conditions. A common sense approach to such activ
help minimize the potential for any adverse environmental
The following factors, which can have particularly significant
should, where relevant, be taken into account:

tsin an

opted
ivities
puld be
pbpropriate
ties will
impacts.
effects,

o) a) depth of the coal seams or other mineral deposits;
) b) direction of working;
,'C\ c) plant to be employed;
W 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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Selection of plant

The characteristics of vibration emissions from each item of plant,

and their collective effect, should be assessed during the selecti

on

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.

also 6.3d).

8.6.7

8.6.8

8.6.8.1

Hours of work

X
For any operation where vibration might have an adverse-effect on

the occupants of sensitive premises, working hours should,be re

stricted

in preference to the sterilization of coal reserves or, other mingral

resources. Such restrictions should only be lmposed.where the
necessary. It might in some circumstances be s6nable to limj
particular operations or working phases to cgrtam durations o

/ are
it
r times

of the year, where this does not unduly conflict with the opergtion of
the site. Alternatively it might be more'a'pproprlate especially when
dealing with established operations,to take other practical measures
for vibration reduction (see 8.6, (Coal or other mineral haulgge by

road from such sites should be tintited to between 07.00 h and 1
unless local circumstances\r,e ire otherwise.

Site managementy,
\

X W

General %}

Good site practfce depends upon suitably trained or experienced

site operatives. Appropriate supervision and a commitment by
all cql;:?erned to keep vibration to a minimum can provide a
cost-effective way of achieving the objectives of this part of BS
+

8.6.8.2 preratives

8683

Operatives should be familiar with the relevant conditions of thg

9.00 h,

b228.

planning permission, details of which should be available for inspection

on site at all times. The site should be operated in accordance W
these conditions at all times and where practical difficulties aris
discussion should be sought with the relevant authority as soon g
become apparent.

Supervision and maintenance

ith
e
s these

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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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.

8.6.8.4 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 responsipilities.
This can be provided by on-site signage or through other infofmation
handed to drivers. ) )

N

8.6.9 Practical measures to reduce vibration and air
overpressure from blasting “\’\

X
8.6.9.1 General e}

Most complaints of vibration relate,to blasting. Blasting shquld only
be used where there is no viablezalternative. Groundborne yibration
can lead to concern being exﬁu)essed by residents around opencast
sites, usually over the likelihood of damage to property. Gopd public
relations have been shawn to reassure the public of the fa¢t that
normal production blasting has not been found to damage property,
and that even the\most cosmetic of plaster cracking is extrémely
unlikely. In addition, contacting owners of sensitive properties to
advise of imrrgnent blasting can further help promote harmpny with
the publi‘g.‘lt is good practice to publicize times when blasting will
occur-and to avoid blasting at other times whenever possiljle.

Airrgverpressure from blasting comprises transient airborn¢ pressure

waves which can be heard and felt. Air overpressure can be |nfluenced
by meteorological conditions over which operators have nq 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 determirfing the
\ optimum balance between size and frequency of blasting.
YN
N \ 8.6.9.2 Vibration and air overpressure reduction

NOTE 1| Géreneeds to be taken to Practical measures, including good blast design, that have bpen found

avoid ddmage to cave systems and to reduce air overpressure and/or vibration are:

d d . . . .
UGround passageways a) taking particular care with the development of faces and

NOTE 2 Further information with trial blasts at'a quarry or opencast coal pit,. as anomalous

on ground vibration and air vibration levels might be produced when there is no free face to
overpressure is given in Annexes F relieve the energy produced;

and G respectively. b) ensuring appropriate burden to avoid over or under confinement

of the charge;
c) accurate setting out and drilling;

d) appropriate charging;
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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 techniiques
are not possible, it should be covered with a reasonabte ‘thickness
of selected overburden. {

N

8.6.10 Coal disposal sites %)

After coal is excavated from an opencast site 1t‘|§ sometimes taKen to a
coal disposal site. This can be located w1th;q an opencast site, afdjacent
to an opencast site or at some distance;neéar main line rail anf road
facilities, and can serve more than ongysite. At a coal disposal sfte any,
all or a combination of the followmg can take place: coal washing,
crushing, screening, blending, s&rage in hoppers or on the grpund in
bunds and dispatch from the disposal point by rail or road vehiicles.

Most of these activities ger‘érate vibration. The major sources are the
crushing and screening processes, the reception and disposal hgppers,
mobile site plant and'road and rail traffic.

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

&N
= b
/7

8.6.11 Limi}tst}ons on emissions of vibration from sites

NOTE Addjtional conditions Opencast coal and other surface mineral extraction and associgdted
might also be imposed by the N w‘oﬂ(s can take place in remote to semi-urban area conditions. kach
Secretary of State or Mineral \_site and situation should be analysed for vibration control on its own

Planning Aythority as appropriate. - merits. When the site is adjacent to vibration-sensitive premises it might

AGuidance for noise from surface be necessary to impose conditions including specific vibration limits.

mineral wolks is given in the~ ;

Minerals seftion of the we’&\based Guidance on criteria for the setting of vibration control targets|is
documents fhat form the Planning given in Annex B.
Practice Gufdance [Qjﬂ Limitations on working hours for the site, or part of it, and the
) C\ restriction of the activities most likely to cause vibration to less sensitive
N times or days, can be employed as a means of limiting the impact of

-l — £ ‘- ! el ‘ . [
vIiDEatlommimontm OpTritast Luat arta ULneT SurrdaCc T at STLES.

8.7 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 vibration of all
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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

) - N el
segmental lining placement; hydraulic drilling; use of hyq:‘;lulic

NOTE |
by TRL |
on calct
of poten
groundl
mechan|
works.

Research undertaken
11] provides guidance
lating first estimates
tial vibration and
orne noise levels from
ized bored tunnelling

Jludefinitive generic guidance on the likely magnitudes of grd

hammers for cavern mining; limpet vibrators; and dritl-and-
operations. Depending on the progress rates and techn'Tques
these effects can be relatively short-lived but might' expose
receiver to high magnitudes of vibration and{Qr'groundbor

For large tunnelling projects, the transportatibn of excavated
from the tunnel face can be undertakgq B\/ conveyor, by lo
the use of a temporary railway systqm; These transportatio
might need to operate for severalyonths or even years on
basis and therefore might become potential long-term con
relation to groundborne nois&.and vibration generation. A {
railway might need to be designed from the outset to conf]
groundborne noise and Vibration generation to a similar spe
and using similar t\echhiques, as a permanent underground

The mechanisms which give rise to the propagation of vibr
through mediassuch as soil are complex. The magnitude of
is determined by the characteristics of the vibration source
propertiesiof the excavated ground, and the ground betwe
vibrat{oh' source and receiver. Multi-layered soils and/or the
of

Jmagnitudes and estimates. As such, it is inappropriate to p|

noise and vibration that might be expected as a result of a
construction technique. Estimation of the likely noise and

effects from sub-surface construction activities based solel
consideration of previous case studies should therefore be u
with caution. Calculating groundborne noise and vibration

blast
employed,
A sensitive
he noise.

material
rry or by
n systems
a24h
cerns in
emporary
rol
Ccification,
railway.
Ation
ibration
the
en the
bresence

ep piled building foundations can further complicate gnd modify

rovide
undborne
particular
Vibration
on
ndertaken
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 tJe

assessment of the significance of groundborne noise durin

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.
fsome circumstances, itTmghtbepossibteto timmtworkimg hpurs,
but in every case where the risk of widespread unacceptable®
disturbance exists, a comprehensive and informative commun|ity
relations programme should be formulated and implemented well in
advance of the approaching works. This can be particularly effiective
for tunnelling works, since the source is not v151blqaﬁd the effeqts are
quite unlike those to which the general publlc\fs commonly exposed,
which exacerbates concerns. On certain tunnélling projects it might be
possible to control the vibration at sourceby limiting the rotgtional
speed of the cutting face or the thrus,g’force and progress ratg of the
tunnel boring machine.

Mitigation options for a tempora@ construction railway include
restricting the speed of the vehicles; controlling the wheel/rail
roughness by grinding or, c%'nditioning; limiting and avoiding
misaligned or worn rail(joints; and the provision of resilient layers
beneath the rails and/?)r beneath an entire temporary sleeper assembly.

In some circums hges, the exposure to groundborne noise and
vibration at residential dwellings can render the building unoccppiable
and can warxant the temporary relocation of occupants, partidqularly

when nig\ht’-’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

~5 A\BS ISO 4866:20100.
\ ]
)
o 9.1 Monitoring
RN \ In order to ensure optimum control of vibration, monitoring should
r be regarded as an essential operation. In addition to vibration
A monitoring, static tell-tale measurements can also be useful. Prgcision

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.
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9.2 Methods of measurement

9.2.1 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.

9-2:2—Positions
X

NOTE [nformation is given in The number of measurement positions will depend upon\{‘he size and

A\BS ISP 4866:20100. complexity of the building. L

When the purpose is to assess the possibility of stfuctural damage,
the preferred primary position is in the lowest storey of the[building,
either on the foundation of the outer wall,\iq’i\the outer wall, orin
recesses in the outer wall. For buildingsshaving no basement, the
point of measurement should be not-fiore than 0.5 m above ground
level. For buildings with more than ©n€ storey, the vibration|might be
amplified within the building. In 'gha case of horizontal vibration, such
amplification might be in pra@ ortion to the height of the building,
whereas vertical vibration ténds to increase away from wall§, towards
the mid-point of suspe%ie floors.

It might therefore he)hecessary to carry out measurements (which
should be simultaneous if a transfer function is required) at §everal
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 ghe top
of the bq?lding. When the building is more than 10 m long,|the

measlring positions should be selected at a horizontal spacing not
ex€8eding 10 m. Measurements should be made on the side|of the
‘lbuilding facing the source.

(;‘ When the purpose is to evaluate human exposure to vibratipn in the

building, or to assess the effect of vibration on sensitive equipment

%) within the building, measurements should be taken on the sfructural
') surface supporting the human body or the sensitive equipment.

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

A 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.

9.2.3 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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in human reaction. If the concern is purely for human tolerance,

then weighted acceleration is the preferred parameter. In the case of
sensitive equipment, it is necessary to check the environmental vibration
limit data supplied by the manufacturer and select accordingly.

A survey of the sensitivity of the neighbourhood to vibration is desirable.

Calibration of measuring equipment

Ideally, immediately before and after vibration measurements, the
response of the whole measurement instrumentation chain should be
checked. However, this is not always practicable and it is acceptable

taocat trancdii~~r cancit maoaciramant inctrimantc 1o

NOTE Annj
of pro form
measureme
data summ
devised for
data acquis

A9.2.50

ex H contains examples
1 record sheets for site
nts and for vibration
iries which have been

0 multi-channel digital
ition system.

A9.2.60)

natiac n
TO—SCtTttrar s taCtt TSt oTrervy rorc o e sor e o sTrorrerre oo |

data provided by the manufacturer through its own calibratiep
laboratory or by a United Kingdom Accreditation Service (UKAS)
registered independent calibration laboratory, provided that a furrent
calibration certificate traceable to national standardS/isavailable.
The transducer sensitivities used should be incl‘UQed with the gite
measurement records. In addition, at certain time intervals, e.g| every
2 years, more extensive instrumentation calibration may be prescribed
by authorities responsible for the use of. the results.

Measurements of weighted acceleratqu’rc;r the derived Vibratign
Dose Value (VDV), should be carried out using accelerometers},
in accordance with BS 6472-1 an(With equipment as specified 1
BS EN ISO 8041:2005. () (),

X

N

=}

Record sheets

An important aspect_éf monitoring vibrations is the preparatiop and

maintenance of fecords of salient details of the site observatigns.

The format shéuld be determined according to the circumstances

appropriatge'“t‘o each investigation.
\

O
Trial measurements

o

~The various formulae which have been developed empirically|to

predict vibration levels at a receiving point do not take into agcount
variability of ground strata, the pile-soil interaction process, coypling
between the ground and the foundations, etc. Hence these formulae
can only provide a first assessment of whether or not the vibrations
emanating from a site are likely to constitute a problem.

More accurate assessment can be achieved by the calibration of the site,
i.e. the establishment of a site-specific formula. In the case of injpact
pile driving, the data necessary for the derivation of the formulg can be

24 .

bitasaad £fon naorcxanrateial den o) ot o mala e er ey oA Ord]n
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the vibration levels at various distances from the pile position.

Trial blasting should be undertaken where practicable on sites where
blasting methods are to be used, to assist in the calibration of the site.

Vibration measurements may also be taken on structures to provide
information on the coupling between the soil and the foundations
and amplification effects within a building. A range of impact
energies should be used to encompass the energy levels associated
with the intended piling works.
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Annex A (informative)

AA1

BS 5228-2:2009+A1:2014

Legislative background

Statutory controls over 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 vibrationyffom

construction sites and other similar works. ("

Part Ill of the Environmental Protection Act 1990 [101'conta ins the

mandatory powers available to local authorities\within England and
Wales in respect of any vibration which e1ther@ohst1tutes of is likely
to cause a statutory nuisance. Section 79 of this Act defines tatutory
nuisance and places a duty on a local authorlty to inspect thie area to
detect any statutory nuisances which %‘ught to be dealt with under
Section 80. Under this section, wh fe'a local authority is satisfied of
the existence, recurrence or llkg,y occurrence of a statutory nuisance,
it has to serve an abatement{ngtice on the appropriate pefson or

persons. Failure to complywith the terms of this notice is an offence
which can result in procee ings in a Court of Summary Jurigdiction.

Section 82 of the Enyironmental Protection Act permits thg court to
act on a complaint\by any person who might be aggrieved py the
existence of astatUtory 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
statutofy huisances caused by vibration, are found under Se¢tions 58
and 59 of the Control of Pollution Act 1974 [9]. In Northern Ireland
thé-televant equivalent provisions are contained in the Pollution
Control and Local Government (Northern Ireland) Order 1978 [15].

Sections 60 and 61 of the Control of Pollution Act 1974 [9]|give
local authorities in England, Scotland and Wales special pgwers
for controlling vibration arising from construction and demdlition
works on any building or civil engineering sites. In Northern Jreland,
equivalent powers are contained in the Pollution Control and Local
Government (Northern Ireland) Order 1978 [15]. 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.

A.2

A.2.1

Thcy arc dc)u Ibcd ;II dc‘talll ;II l:\.2.3.
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.

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 [16].
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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

ight be
affected, and to co-operate with their employers, so far as is_hefessary
to enable any duty or requirement to be performed or cemplied with.
In Northern Ireland, equivalent powers are contained\in“the
and Safety at Work (Northern Ireland) Order 1978 [1/7].

S
Control of Vibration at Work Regulati\on\s 2005

The Control of Vibration at Work Regulatiéns 2005 [2] implemg]
Directive 2002/44/EC [18]. LY
o)

The regulations apply to both hand—gr‘m vibration (HAV) and whole
body vibration (WBV). The main(ﬁa'quirements are triggered by
two “action levels”, one each for HAV and for WBV and two “limiit
levels”, one each for HAV. drd for WBV. The values of these levels
and limits are expressed in terms of daily exposure to frequency
and time weighted acgeleration related to 8 h of 2.5 m-s~ as the
exposure action leveband 5.0 m-s™2 as the exposure limit level f
HAV, and 0.5 m;s&as the exposure action level and 1.15 m-s2 af the
exposure limi@‘level for WBV (Regulation 4).

=]

t

=

RegulatiQnK’S'imposes a duty on the employer to carry out risk
assessments in the work place. Regulation 6 requires the emplgyer to
con,tr'o;Sor reduce the risk of exposure to vibration. Regulation 7 nequires
the'employer to conduct health surveillance, where the risk ass¢ssment

_indicates that there is potential for harm to the employee, and flequires

the employee to cooperate with health surveillance. Regulatioh 8
relates to the implementation of a suitable programme of infoffmation
and training on the hazards of exposure to mechanical vibratiop.

NOTE These Regulations were made under the Health and Safety ¢t
Work etc. Act 1974 [16].

Control of Pollution Act 1974 and Environmental
Protection Act 1990

A.2.3.1

General

The Control of Pollution Act 1974 [9] and the Environmental
Protection Act 1990 [10] give local authorities powers for controlling
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 [15].
Under the 1974 Act, contractors, or persons arranging for works to be
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carried out, also have the opportunity to take the initiative and ask
local authorities to make their vibration control requirements known.
Because of an emphasis upon answering vibration questions before

work starts, implications exist for traditional tender and co
procedures (see A.2.3.4).

The procedures available under the Control of Pollution Act
for the control of construction vibration are illustrated in t
diagram shown in Figure A.1.

ntract

1974 [9]
he flow

A.2.3.2 Notice under Section 60 of the Control of Pollution Act 1974
Section 60 of the Control of Pollution Act 1974 [Q] enables a local
authority, in whose area work is going to be carried out, ef is being
carried out, to serve a notice of its requirements for the~congrol of site
noise on the person who appears to the local authori;& to bg carrying
out the works and on such other persons appeaciagto the |ocal
authority to be responsible for, or to have contrel over, thg carrying
out of the works. l\’\

This notice can perform the following fun&ions.

a) Specify the plant or machinery-that is or is not to be uged.
However, before specifying dnmyparticular methods or plant or
machinery, the local authority has to consider the desinability,
in the interests of the re&‘bient of the notice in questipn, of
specifying other metHads or plant or machinery that will be
substantially as effective in minimizing noise and vibratjon and
that will be m\ore ‘dcceptable to the recipient.

b) Specify the haurs during which the construction work can be
carried ogt.”

c) Specify'the level of noise and vibration that can be enfitted
fron’ﬁhe premises in question or at any specified point pn those
pkemises or that can be emitted during the specified Hours.

d) >Provide for any change of circumstances. An example df such

A\, » aprovision might be that if ground conditions change gnd do
(‘ not allow the present method of working to be continued then

alternative methods of working should be discussed wi
local authority.

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

th the

1) the relevant provisions of any code of practice issued gnd/or

approved under Part Il of the Control of Pollution Act 1

2) the need for ensuring that the best practicable means

D74 [9];

are

emptoyedto TmiTTiTTiZE TToise and- vibratiom—“Bestprac
means” recognizes that there are technical and financial

icable
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.
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Figure A.1

Procedures to control construction vibration under the Control of Pollution Act 1974

Section 60 procedure
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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.
The regulations governing appeals are: X

v

« the Control of Noise (Appeals) Regulations 1975 [19];‘

« the Statutory Nuisance (Appeals) Regulations¢1990 [20]
as amended; )

o in Northern Ireland, the Control of Nois\é{()\bpeals) Reguylations

(Northern Ireland) 1978 [21]; X
e inScotland, the Control of Noise (&Bpeals) (Scotland)
Regulations 1983 [22]). (b

A.2.3.3 Consents under Section 61"0\; i:he Control of Pollution Act 1974

Section 61 of the Contr&l gf Pollution Act 1974 [9] concerns the
procedure adopted when a contractor (or developer) takeq the
initiative and appraches the local authority to ascertain its fgoise
and vibration requirements before construction work starts.
(See also A.Z.QZ:)

It is not-mandatory for applications for consents to be madg, but it
will oftep'be in the interest of a contractor or an employer|or their
agentsto apply for a consent, because once a consent has peen
granted, a local authority cannot take action under Section 60 of the
Gontrol of Pollution Act 1974 [9] or Section 80 of the Envirgnmental
) Protection Act 1990 [10], so long as the consent remains in|force
and the contractor complies with its terms. Compliance with a
consent does not, however, mean that nuisance action cannot be

p taken under Section 82 of the Environmental Protection Aqt 1990
\\ or under common law. A consent can be used as a defence|in
AN appeals against an abatement notice [Statutory Nuisance (Appeals)
Q> Regulations 1990 [20] as amended].

~\ An application for a consent has to be made at the same time gs, or later
R¥% than, any request for approval under the Building Regulations|2000 [23],
the Building Standards{Scotlandi Regulations 1990 D241 or the Building
Regulations (Northern Ireland) 2000 [25], or for a warrant under
Section 6 of the Building (Scotland) Act 2003 [26], when this is relevant.
Subject to this constraint, there are obvious advantages in making any
application at the earliest possible date. There might be 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.
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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 tham theappticant for thecormsant,

applicant is required to take all reasonable steps to bring theterms
of consent to the notice of that other person; failure to ebserveg the
terms of a consent is deemed to be an offence under, the'Contral of
Pollution Act 1974 [9]. N4

Section 61 also requires provision to be made fO{,emergencies.

X
A.2.3.4 Contractual procedures O

It is likely to be to the advantage of al,qb\./'éloper or contractor,|or
an employer or its agent, who intends'to carry out constructior| or

demolition work, to take the init‘(a(ii/e and apply to the local alithority
for consents under the Contrglof Pollution Act 1974 [9].

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

This could have ‘@p'rications for traditional tender and contragt
procedures because the local authority’s noise and vibration
requirements'(in addition to any separate requirements defined by the
employer) ¢an be ill-defined at tendering and contract award [stage.
In these circumstances, any tendering contractor needs to endgavour
to.identify, quantify and accommodate the level of risk (in terms of
"bth construction methodology and cost) prior to participating|in the
\_tendering process.

When a person for whom construction work is to be carried oyt has

(’) already sought and obtained consent from the local authority} the

s
>/ local authority’s requirements need to be incorporated in the t¢nder

\
AN documents so that tenderers are aware of any apparent constfaints

\1\‘ arising from the consent.
~\
&> A.2.4 Land Compensation Act 1973 (as amended), Highways

Aet1980;tand-Compensation;(Secottand)-Aet4973;

Land Acquisition and Compensation (Northern Ireland)
Order 1973

The Noise Insulation Regulations 1975 [27], Noise Insulation
(Scotland) Regulations 1975 [28] and Noise Insulation (Northern
Ireland) Regulations 1995 [29] made under the powers contained
respectively in the Land Compensation Act 1973 [30], the Land
Compensation (Scotland) Act 1973 [31] and the Land Acquisition and
Compensation (Northern Ireland) Order 1973 [32], allow a highway
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A.2.5

A.2.6

A.2.6.1

BS 5228-2:2009+A1:2014

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 [33] and the Land Compensation (Scotland)
Act 1973 [31] enable highway authorities to acquire land by

i j i i ks of
highway construction or improvement. In addition, these Atfs give the
highway authority power to carry out works, e.g. the\installation of
noise barriers, to mitigate the adverse effects of workls of cgnstruction
or improvement on the surroundings of a highway.”

S
The Noise Insulation (Railways and Other Guided
Transport Systems) Regulations x9§5

The Noise Insulation (Railways and Other Guided Transport| Systems)
Regulations 1995 [34] give a disgre"uonary power to railway authorities
to provide insulation or grankﬁor‘ insulation where noise from the

construction of a new or altéred railway is expected seriouslly to affect
residential and other b«{il ings for a substantial time.

N

Other relevant UK legislation

KW
Surface cqal%xtraction by opencast methods
A\Text deleted]

A\Opéricast coal mining is governed by a wide variety of
legﬁlative instruments. ] The legislative framework consists of

‘,éeveral elements, the most important of which is the Coal Industry

Act 1994 [37]. Other key legislation includes the Coal Industry
Nationalisation Act 1946 [38], the Opencast Coal Act 1958 [39], the
Town and Country Planning Act 1990 [40] and the Planning|and
Compulsory Purchase Act 2004 [41].

Before 1984 the British Coal Corporation’s sites were authgrized by
the Secretary of State for Energy. Since then for all opencast sites a
planning permission has been required from the appropriate Mineral
Planning Authority (MPA) or, on appeal or in respect of a call-in,

from the Secretary of State for Communities and Local Goyernment

- = 1 | o C oy Ry W et £ C &l <l el Ada. -

M LIrstdimia U LHT OCULLIDTT ITTTISLTT TUT oLULtarniu Ul LT vt ter fOf'
Environment, Planning and Countryside for Wales as appropriate.
Before making a planning application, the operator often undertakes
extensive drilling and other explorations to prove the coal reserves.

These operations are now governed by Clause 18 of the Town and
Country Planning (General Development Procedure) Order 1995 [42].
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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 [37].
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 [43]. The

N\

Environmental Statement examines the environmental implications
of the proposed operations (noise, dust, visual impact, traffic; ¢tc.)
on the local community as well as the impact on the ec?ldgy and
landscape of the site. X

The MPA considers the application and, if satisfied tBat the proposals
are acceptable in planning and environmental terms, approvef it
subject to conditions governing the site ope(\a’tions and restoration.

If the planning application is refused or, (18t determined by thg MPA,
the operator can appeal to the Secret\dc{/’of State for Communjities
and Local Government in Englandbtﬁe Minister for Environment,
Planning and Countryside in Walgs; or the Scottish Minister in
Scotland, as appropriate. A ptblic inquiry is held under an Inspgctor,
and following the Inspecton report the Secretary of State in Epgland
or relevant Minister in Wales or Scotland, as appropriate, grants or
refuses permission.
\

After an opencast site receives planning permission, an authotfization
from the local alﬁhority is also needed for the coal loading operations,
which are P@\rfB processes in accordance with the Regulationg
under PartZl;of the Environmental Protection Act 1990 [10].

\
All future coal mining operations will require a lease and licence from
the,Coal Authority under Part |l of the Coal Industry Act 1994 [37].
Sites licensed by the British Coal Corporation before 31 Octobgr 1994

(ﬁnder Section 36 (2) of the Coal Industry Nationalisation Act 1946 [38]

(as amended by the Coal Industry Act 1994), can, however, cohtinue
operations during the validity of those licences. Sites containgd
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,

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.
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A.2.6.2 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 [40] and the Town and Country Planning (Scotland)
Act 1972 [44], both of which have been amended by the Planning and
Compensation Act 1991 [45].

The primary planning legislation in Northern Ireland is the Planning
(Northern Ireland) Order 1991 [46]. Acts of Parliament, rules and

orders which are of relevance include the Environment Act 1995 [47]
and the Planning and Compulsory Purchase Act 2004 [41]. There'is
also separate legislation controlling pollution, waste and statutory
nuisance, much of which is now contained in the Env1ronrgental

Protection Act 1990 [10].

The relevant planning authorities are as follows: § ‘L

\

a) England: county councils, metropolitan boroug‘h coundjils,
unitary authorities, the national park authorities and thie broads
authority, where appropriate; Q

X
b) Wales: the unitary planning authorities and national pafk
planning boards where approprijate;

c) Scotland: the local authority; |

d) Northern Ireland: Departﬁlent of the Environment for Northern
Ireland. O
In England, the Secret.a‘}y of State for Communities and Log¢al
Government is responsible for setting out government poligy on
mineral extraction:” AThis is contained in the Minerals sectfion of
the suite of web based documents that form the Planning Practice
Guidance [43].0

In Wales’,“general policy is supplemented by Welsh Office guidance.
Policyaguidance in Scotland is provided by the Scottish Offite in
Natibnal Planning Policy Guidelines (NPPGs) and circulars, ahd advice
“on best practice in Planning Advice Notes (PANs). NPPG 4 [#9] and
A\ PAN 50 [50] are of particular relevance to this standard. The pecretary
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 deﬁ‘L'ued by
\\ the legislation in relation to the submission of planning applications,
AN determination of appeals and in respect of development plans.

N\ Most minerals in Britain are privately owned and are workgd by
~\ commercial operating companies. Sometimes, however, oynership
K of the land is divorced from the rights to extract the mineral. Mineral
extraction,-as-a-form-of development,reguires-planning-permission
in order to be undertaken. AText deleted] The Mineral Planning
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
in Scotland) might determine the appeal or make a recommendation
to the Secretary of State. All planning permissions are subject to
conditions controlling relevant aspects of the development, including
noise and vibration.
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Local authorities

The local authorities exercising powers under Part Il of the Control
of Pollution Act 1974 [9] and Part lll of the Environmental Protection
Act 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\y
the Pollution Control and Local Government (Northern Ireland
Order 1978 [15]. {

N

The local authorities exercising planning powers aré,‘according
circumstances, in England, county councils or diipriét councils,
Scotland, the regional councils in the Borders, Highland, and Dy
and Galloway Regions and district or islands’Councils elsewher
Northern Ireland, planning control is a fqﬁation of the Departn
the Environment (Northern Ireland).v\'. )

For the winning and working of miF[e‘rz;ls, the relevant authorit
needs to be consulted as followss’

o England: county counq‘l,ls,(metropolitan boroughs, unitary
authorities and natignal park planning boards where

appropriate; \

\
«  Wales: the unitary planning authorities and national park
planning hoards where appropriate;

«  Scotlandy unitary planning authorities;

hder

)

to the
andin
mfries
e. In
nent of

. NorthéFn Ireland: Department of the Environment for Northern

Iréland.

In f,i:e case of uncertainty as to which local authority or local authority

~ department to consult about a vibration problem, a good star
point is often the environmental health department of the dis
London borough council; in Scotland, the district or islands co
orin Northern Ireland, the Department of Environment (Northg
Ireland) in Belfast.

ting
Lrict or
incil;
brn
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Annex B (normative)

B.1

BS 5228-2:2009+A1:2014

Significance of vibration effects

Criteria for the assessment of the significance
vibration effects

of

Construction vibration 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)

B.2

..Cworks are carried out in accordance with the details in the af

(England and Wales) Regulations 1999 [43] This is whire
the development might result in significant effects upen the

environment. Therefore, criteria are needed to allqv} t
assessments to be undertaken. {

b) Assessments for developments that do not requite’EIA.
Construction vibration assessments are SQn'\etTmes requir|
. . > . |
developers to advise on the likely effedts that might ari

hese

ed by
se and

appropriate actions that might ne)e\d o be taken to mipimize

effects. )&

c) Control of Pollution Act (CoPAb'1'974 [9], Section 61, “Aj
for prior consent for work of-tonstruction sites”. Applicat
under this section of the’CoPA are often found to be d
and useful by both thé local authority and the contract
applications would\'lsually include (as identified in the

1) details of\the’works and the method by which they
carried-out; and

2) the s(ep's proposed to be taken to minimize vibratign

resulting from the works.

By ga'kniﬁg' consent under Section 61, the contractor gains
frofr§ action under Section 60 of the CoPA, whereby a stop
enforcement notice cannot be served on the contractor, as

bplications
ons
esirable
or. The
CoPA):

are to be

brotection
or

ong as the
plication.

This annex describes methods to identify the likely significance of

vibration levels from construction and demolition activity. |
advice on the significance of vibration is given in ABS 6472,
and BS I1SO 4866:2010(1.

Human response to vibration

Human beings are known to be very sensitive to vibration,

further
BS 7385-2

the

threshold of perception being typically in the PPV range of 0

14 mm-s™’

to 0.3 mm-s™". AAs vibrations increase above these values

hey can(]

disturb, startle, cause annoyance or interfere with work activities. At
higher levels they can be described as unpleasant or even painful.

In residential accommodation, vibrations can promote anxi

ety lest

some structural mishap might occur. Guidance on the effects on
physical health of vibration at sustained high levels is given in BS 6841,

although such levels are unlikely to be encountered as a re
construction and demolition activities.

BS 6472 sets down vibration levels at which minimal adverse
is likely to be provoked from the occupants of the premise
subjected to vibration. It is not concerned primarily with sh

sult of

comment
s being
ort-term

health hazards or working efficiency. It points out that human
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response to vibration varies quantitatively according to the dire

ction

in which it is perceived. Thus, generally, vertical vibrations are
more perceptible than horizontal vibrations, although at very low

frequencies this tendency is reversed.

A kindred problem is that vibrations can cause structure-borne noise
which can be an additional irritant to occupants of buildings. Loose

fittings are prone to rattle and movement.

BS 6472, as stated, provides guidance on human response to vibration
in buildings. Whilst the assessment of the response to vibration

in BS 6472 is based on the VDV and weighted acceleration, for
construction it is considered more appropriate to provide guidance

in terms of the PPV, since this parameter is likely to be more roytinely
measured based upon the more usual concern over potentlal
building damage. Furthermore, since many of the empirigal vibration
predictors yield a result in terms of PPV, it is necessafy to undefstand
what the consequences might be of any predicted.levels in tefms
of human perception and disturbance. Some gukdance is given |n
Table B.1.

X %

Table B.1 |Guidance on effects of vibration levels W

Vibration l¢vel » 8. O Effect cLy

0.14 mm-s- Vibration might be just perceptible in the mast&énsitive situations for most
vibration frequences associated with constriiction. At lower frequencies, people are
less sensitive to vibration. X

0.3 mm-s™’ Vibration might be just perceptible\in residential environments.

1.0 mm-s™ It is likely that vibration of thisteyel in residential environments will cause
complaint, but can be tolerated if prior warning and explanation has been gjven to
residents. )

10 mm-s™ Vibration is likely to be "rﬁ,‘t\olerable for any more than a very brief exposure tp this
level Ain most building environments(].

A RN

A The maghitudes of the values presented apply to a measurement position that is representative of the point of
entry info the recipient. >

B) A transfé¢r function (which relates an external level to an internal level) needs to be applied if only external
measurgments are available.

O Single of infrequent occur;encés of these levels do not necessarily correspond to the stated effect in every cgse.
The valus are prov1ded~{o glve an initial indication of potential effects, and where these values are routinely
measuregl or expecteq’then an assessment in accordance with BS 6472-1 or -2, and/or other available guidancg,
might bg appropriate to determine whether the time varying exposure is l1kely to give rise to any degree ¢f
adverse comment.

7 A

</

N\

NOTE 1 Refer for example
to RJ. Steffens’ Structural

B.3 Structural response to vibration

B.3.1 General

vibration and damage [53], CIRIA or their finishes resulting solely from well-controlled construc

Technical Note 142 [54] or BRE
Digest 403 [55]; there is also a
useful list of references at the end
of BS 7385-2.

often incorrectly concluded that vibrations from construction
demolition sites are to blame.
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and demolition vibrations is rare. There are many other mechanisms
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NOTE 2 It has been suggested
that vibrations generally provide
one trigger mechanism which
could result in the propagation
of an incipient failure of some
component which hitherto had
been in a metastable state.

NOTE 3 Vibration can increase
the density of and cause settlement
in loose, wet and cohesionless soils,
which can put structures at risk.

BS 5228-2:2009+A1:2014

In some circumstances, however, it is possible for the vibrations to be
sufficiently intense to promote minor damage. Typically this damage
could be described as cosmetic and would amount to the initiation
or extension of cracks in plasterwork, etc., rather than the onset of
structural distress. In more severe cases, falls of plaster or loose roof
tiles or chimney pots can occur.

Assessing the vulnerability or otherwise of building structures to
vibration-induced damage needs rather more detailed structural
knowledge at the outset than is generally available. Among the points
that should be taken into account are the following:

B.3.2

a) the design of the structure; "

b) the nature, condition and adequacy of the foundatio‘ﬁs and the
properties of the ground supporting these; « R

c) the age of the structure; \
d) the method and quality of construction,including finishies;
e) the general condition of the structurédand its finishes;

f) aschedule of existing defects, especially cracks, supplemented
where necessary by a photogrgphic record;

g) anyinformation pertainin ;‘Eo major alterations, such as
extensions, or past reeai work;

h) the location and level of the structure relative to the copstruction
or demolition works;

i)  the natural fr%quencies of structural elements and components;
KW

j)  the duratjon of construction and demolition activities.

L.
»

Response limits of buildings

\
Thesresponse of a building to groundborne vibration is affeg¢ted by

Lthetype of foundation, underlying ground conditions, the Quilding

construction and the state of repair of the building.

A\BS 7385-2 and BS ISO 4866:2010 provide ] guidance on vipration
measurement, data analysis and reporting as well as building
classification and guide values for building damage. Extracfs are
provided below.

The damage threshold criteria presented in BS 7385-2 are based upon
systematic studies using a carefully controlled vibration source in the
vicinity of buildings. Strains imposed in a building by ground motion
will tend to be greater if lower frequencies predominate. The relative

. . . . . igher
vibration magnitudes with higher frequency vibration. BS 7385-2
provides frequency dependent threshold levels which are judged to
give a minimal risk of vibration-induced damage.

The dominant frequency to use for the assessment is that
associated with the greatest amplitude. If the building vibration is
multi-frequency in nature, then frequencies should be determined
from an amplitude-frequency plot, with each significant peak being
examined in turn.

Limits for transient vibration, above which cosmetic damage could
occur, are given numerically in Table B.2 and graphically in Figure B.1
in terms of the component PPV. In the lower frequency region where
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strains associated with a given vibration velocity magnitude are
higher, the guide values for the building types corresponding to line 2
are reduced. Below a frequency of 4 Hz where a high displacement
is associated with a relatively low component PPV a maximum
displacement of 0.6 mm (zero to peak) should be used.

TableB.2 Transient vibration guide values for cosmetic damage

Line (see Type of building Peak component particle velocity in frequency
Figure B.1) range of predominant pulse
4Hzto 15 Hz 15 Hz and above

1 Reinforced-erframed-structures 50-mmAsat-4-Hzand 50-mmAsat-4Hzand
Industrial and heavy commercial above above &
buildings ) )

2 Unreinforced or light framed 15 mm/s at 4 Hz 20 mni/s:at 15 Hz
structures increasing to 20 mm/s increasing to 50 mm/s

Residential or light commercial at 15 Hz .??40 Hz and abgve
buildings X

.®)

»
4

o
NOTE 1 Values referred to are at the base of the building. )

NOTE 2 Fgr line 2, at frequencies below 4 Hz, a maximum displacement of0.6'@n'1 (zero to peak) is not to|be

exceeded. )
N
N
( N\
Figure B.1 | Transient vibration guide values for cosmetic damag\e'
\
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Minor damage is possible at vibration magnitudes which are greater
than twice those given in Table B.2, and major damage to a building
structure can occur at values greater than four times the tabulated
values. Definitions of the damage categories are presented in

A\BS 1SO 4866:2010, 12.601.

The guide values in Table B.2 relate predominantly to transient
vibration which does not give rise to resonant responses in structures,
and to low-rise buildings. Where the dynamic loading caused by
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continuous vibration is such as to give rise to dynamic magnification
due to resonance, especially at the lower frequencies where lower
guide values apply, then the guide values in Table B.2 might need to
be reduced by up to 50%.

BS 7385-2 notes that the probability of damage tends towards zero
at 12.5 mm-s™' peak component particle velocity.

A\Current experience suggests that these values may be reduced
where the preliminary survey reveals existing significant defects (such
as defects which are a result of settlement) of a structural nature, the
amount of reduction being judged on the severity of such defects (see
for example BS ISO 4866:2010, 5.5).0

Important buildings which are difficult to repair might requife special
consideration on a case-by-case basis. A building of historidal value

should not (unless it is structurally unsound) be ass.udaed tq be more
sensitive. ’

-

S
B.4 Assessment of vulnerability of g{ohnd-related
structures and services o)

LY
B.4.1 General 3

-

s NN .
Due to the variability of grouﬁ@l conditions, structures, serviges,
e egs N\ N .
sources and activities, eachiapplication should be assessed gn a
case-by-case basis.

Some guidance on.spécific issues is given in B.4.2 to B.4.4.
\

v

N

B.4.2 Retaining walls

Unlike conventional buildings, which are tied together by cfosswalls,

intermédiate floors and roofs, retaining walls might have lit{le lateral

restraint near their tops. This can result in substantial amplifjcation of

yibrations particularly in the horizontal mode normal to thg¢ plane of
. Cthe wall. Amplification factors of between 3 and 5 are typigal.

) For slender and potentially sensitive masonry walls, it is recommended
N that threshold limits for PPV of 10 mm-s™" at the toe and 4Q mm-s™'
%) at the crest should generally be adopted. Propped or tied yvalls or
&) mass gravity walls can be subject to values 50% to 100% greater
\ than these limits. Similar values could be applied to well-syipported
< steel pile and reinforced concrete retaining walls. Where walls are in
\ poor condition, the allowable values should be diminished dnd at the
" same time additional propping or other methods of support should
X be devised. For continuous vibrations, all the above levels should be
reduced by a factor of 1.5 to 2.5 according to individual circumstances.

B.4.3 Slopes and temporary excavations

The effect of groundborne vibrations on the stability of temporary
earthworks such as modified soil slopes and open excavations should
be taken into account in order to avoid risk to personnel and partially
completed works from dislodged lumps of soil, local collapse of soil
faces or even ground movement due to overloading and failure of
temporary ground retention systems.

The risk to stability is dependent on the extent to which the factor of
safety under static loading is reduced by the vibrations, and hence on
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the intensity, characteristics and duration of the vibration and the soil
response. The possibility that inherent weaknesses might exist in the
soil due to the release of stress and subsequent surface weathering
should be borne in mind.

B.4.4 Underground services

Some statutory undertakers have introduced criteria governing
the maximum level of vibrations to which their services should
be subjected. These criteria are usually conservative and it is
recommended that the following limits be used in the absence of
specific criteria from the undertakers:

a) maximum PPV for intermittent or transient vibrations 30 \mm-s;
b) maximum PPV for continuous vibrations 15 mm-s™'. ) )
Criteria should be applied at the nearest point to the source or fctivity.

Even a PPV of 30 mm-s™" gives rise to a dynamic s;réss which ig
equivalent to approximately 5% only of the alloWable working gtress
in typical concrete and even less in iron or steel.

In the event of encountering elderly aqd dilapidated brickwork
sewers, the base data should be redused by 20% to 50%. For most
metal and reinforced concrete seryice pipes, however, the valugs in
a) and b) are expected to be quﬁe tolerable. There is often some
difficulty in assessing the trué€¢ondition of underground piped,
culverts and sewers. Amor‘l\g' the factors which could mean thaf such
services are in a state ¢f ircipient failure are poorly formed joints,
hard spots, badly prep\c\red trench bases, distortion due to settlgment
or heave, or unstable surrounding ground caused by previous pr
existing leaks.‘

»

&N

B.5 Assessmeént of vulnerability of contents of buildings

Mar]y‘t*?pes of equipment, activities and processes are sensitive {o

vibration, often at levels of vibration below those that are directly

~ perceptible to people. These include hospital operating theatreg

(especially those where microsurgery is undertaken), scientific

3 laboratories and a range of industrial processes, such as optical

) typesetting, microelectronics manufacturing and automatic lettgr
\\ sorting. In electrical power generation, turbine shafts are not able to
O accommodate large oscillatory displacements.

\ Where there is uncertainty concerning the level of transmitted
) vibration and its acceptability to the particular environment, it is
N advisable to investigate the actual conditions and requirements
mdetaitPretimimary triatsand-momitoring cam thembedesigned
to establish a suitable procedure for the work. Alternatively,
vibration criteria can be established through discussion with the
manufacturer, supplier or operator. Where case-specific information
is not available, or if otherwise appropriate, reference may be made
to information from other sources, such as previous experience or
published information. Figure B.2 illustrates a suite of curves showing
the sensitivity to vibration of a variety of equipment, taken from
reference [56].

Although modern electrical installations incorporate solid state
electronics, any disc drive units can be vulnerable to excessive
vibration or shock. Major manufacturers have set acceptable external
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vibration criteria for their equipment, in both operating and transit
modes. Criteria are often expressed in terms of limits on vibratory
displacement up to a certain frequency and limits on vibratory
acceleration at higher frequencies. A sinusoidal relationship is given
between these parameters which can therefore be used to calculate
the corresponding particle velocities. For continuous vibrations, the
allowable thresholds are typically set at about 40% of the permitted
levels of intermittent vibrations.

Guidance in relation to telephone exchanges is given in ETS 300 019.

Figure B.2 Example of vibration criteria
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Table B.3 Key to vibration criteria illustrated in Figure B.2

Curve Facility, equipment or use rms vibration
(from velocity
Figure B.2) um/s

Bench microscopes at up to 400x magnification; optical and other
precision balances; coordinate measuring machines; metrology
A laboratories; optical comparators. 50

Microelectronics manufacturing equipment - Class A: Inspection, probe
test, and other manufacturing support equipment.

AA-ur-rn SHHSEEY—EME-SHFSER—REHFOSHES RS kf\l‘\l‘h mirrnrrnr\nr at
AL S ety Eye-StrgerysHeatrosSurserys—pene HTErO5EopESTt

magnification greater than 400x; optical equipment on isolation tables. X

B Microelectronics manufacturing equipment - Class B: aligners, steppers, 25L
and other critical equipment for photolithography with line widths >
of 3 ym or more.

-

Electron microscopes at up to 30 000x magnification; microtomes; s

. . \ §
magnetic resonance imagers. \'

c Microelectronics manufacturing equipment - Class C: aligners, stebpers 12
and other critical equipment for photolithography with lme Widths
of 1 ym.

Electron microscopes at greater than 30 000x magmﬁca@on mass
spectrometers; cell implant equipment. (),

D Microelectronics manufacturing equipment - Class\é: aligners, steppers, 6
and other critical equipment for photolithggrabhy with line widths of
0.5 pm; includes electron-beam systems. . <\

Microelectronics manufacturing equipment - Class E: aligners, steppers,
and other critical equipment for phetolithography with line widths of
0.25 pm; includes electron-beam sy;tems un-isolated laser and optical
research systems. \

O

=

« ()

pnnex C (informative) UMeasured vibration levels for piling
~ (current data)

( ) Table C.1 contains recently acquired information on piling and
,\:;\ ancillary operations, supplied by the Federation of Piling Specialjsts
Y and the Steel Piling Group. A set of historic data tables taken from
~ \ the 1992 edition of BS 5228-4 is given in Annex D.
C
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Table C.1

Summary of case history data on vibration levels

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances
no.  location Theoretical _ Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
mm-s™' m -5 m mm-s™'
1 2000 New Very soft to s¢ft U-shaped Pressed-in N/R 4.8 2.5t04.3 24 0.5
Orleans clayOmto10fm, LX-16 sheet piles steel sheet
(USA) [57] soft to medil:r[n piles
stiff clay 10
to20m
2 1992 Utrecht — U-shaped sheet Pressed-in N/R 7.1 0.3 to0.7
(Netherlands) piles steel sheet
[57] piles
3 2006 Blackpool Made ground0m 244 mm diameter, Driven steel Estimated 5 12.32to 10 8.45to 20 4.32to
to 3 m, loose 13.2 mm wall tubular piles as 9810 J 13.91 8.76 5.4
to very dense thickness, 11.5m
sand and silt 3|m to 20 m long
to 17 m, firm o
stiff clay 17 m
to25m 2N
4 2006 Blackpool ~Made ground0m 275 mm square, Driven Estimated’ 5 10.16to 10 6.41 20 4.32to
to 3 m, loose 9mto10.2mlong precast as 9810 J 11.4 5.6
to very dense concrete
sand and silt 3|m square piles
to 17 m, firm fo
stiff clay 17 m
to25m
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Annex D (informative) Measured vibration levels for piling
(historic data)

D.1 General

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

Information on measured vibration levels arising from various forms of

piling and kindred operations is summarized in Table D.1 to Table D.11.
Dats bava baon ~canang Haod from ~aca hictariac racardad thea i gh Ut the

Doto oy SOt e T o T P Tt e O T T O T Co ST T S ToOT e S T T CoTOC Ot oo s

UK. Examination of the tabulated results will indicate the magmtude

of scatter that can be anticipated. ) N
D.2 Symbols and abbreviations used in Table D.1to
Table D.11 D

For the purposes of Table D.1 to D.11, the fol’fowing symbols and
abbreviations apply. ce)

Y b

Ref no.  Where the reference is ur]p?e'fixed, this represents 3 case
history associated with;apactual site. Where investigations
yielded madequate((or no) measurements, they have been
omitted.

Where the reference number is prefixed by “C”, this
representsia case history contributed to the CIRIA pfoject
RP299. The project report is CIRIA Technical Note 142 [54].
Only c@se histories reporting measured vibration leyels
withirelevant distances and some geographical information
a'r“e included in the table. Where the reference nunber is
\'prefixed by “M”, this represents a case history whigh does
O not fall into either of the above two categories.

N } Indicates that some annoyance (human perception of

(_3 vibration) was reported.
N N/R Not recorded or not reported
~O % Vertical
\\ ‘ H Horizontal
\:\'} ] P Penetration phase } for vibroflotation/
RN C Compaction of stone column phase vibroreplacement
K¢ s PPV Where peak particle velocities are quoted the valugs will

rermathy-beresuttant-or-substituteresuttantyvalues(i.e
vectorial sums of the three orthogonal components) unless
indicated to the contrary

* Indicates that the PPV shown has been calculated from
measured displacement and frequency of vibration

+ Indicates that the PPV shown has been calculated from
measured acceleration and frequency of vibration

91 See explanation in appropriate “Remarks” entry

Az Pile diameter(]
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Table D.1

Summary of historic case history data on vibration levels measured during impact bored piling (tripod)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
m mm-s™' m mm-s m mm-s™'
1 1971 Made ground/ Depth12 m Boring N/R 0.9 3.9* 2.4 1.6* 3.7 1.1*  Measured on
London EC2 gravel/ London clay ground next to
17th century
church
2 1972 Made ground 500 mm z depth Driving N/R 2 3.3* 6 1.8* 6 0.5*  Horizontal
London SW1 soft clay/ballas{/ N/R casing 15 radial
London clay 600 mm z depth Base : via 2 17 measurements
N/R ramming
gravel
3 1973 Made ground/peat/ 500 mm z20m Driving N/R 2.5 2.8 Measured on
London EC2 gravel/Londonl clay depth casing 17th century
church
4¢ 1974 Dundalk Soft silts/gravels/ N/R Driving N/R 1.5 2.4 Cracking
(Louth) boulders casing of adjacent
o\ property
Py owing to loss
of ground
prior to piling
5 1980 Luton Ballast/chalk 600 mm z 8.5m Initial boring \& N/R 10 0.7 Shored
(Beds) depth retaining
wall in poor
condition
6 1980 York Rubble with 450 mm z 10.5m Baring N/R 1 8 2.5 4 8 2 Adjacent
(N. Yorks) obstructions/sgft depth Drivi N/R 1.2 4 structures
silty clay/stiff dlay rnving ' elderly with
casing existing cracks
Driving N/R 1.2 16
casing
against
obstruction
7 1981 Berwick- Tarmac/soft sapdy/  450.mm z Boring N/R 6 6.5 20 0.7 Vertical
upon-Tweed silty clay/sandsfone through 4mm-sTTat6m
(Northumber- bedrock tarmac
land) 4mto8mdepth Boring N/R 6 425 Vertical
obstruction component
(boulder) only measured
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Table D.1 Summary of historic case history data on vibration levels measured during impact bored piling (tripod) (continued)
Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical  Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
m mm-s™' m mm-s! m mm-s™'
8 1982 Fill including 450mm z 13 mto  Driving N/R 2.5 8 3.5 4 8 2 Old buildings
Stockton-on- timbers/sand/ 18 m depth casing (one listed)
Tees boulder clay . adjacent to site
(Cleveland) Boring N/R 4 8 6.5 4 11 2
through
obstruction
9 1982 Fill/sandy siltjwet 600 mm z 12 m Boring N/R 1.5 2.2 Near to a
London SW1 ballast/London clay depth telephone
below 9 m exchange
Trial borings
(pre-contract)
10 1982 Bristol Soft silts overlying 500 mm z and Boring N/R 4.5 8 7 2.7 12 1.8 Medieval
(Avon) sandstone 600 mmz3m . listed buildings
to 12 m depth Chiselling N/R 465 12 10 7 12 3 adjacent to site
according to Driving N/R 4.5 4 12 2.5
rockhead. casing
1.5 IT peITettration Boring N/R f.' 4.5 2.6 7.5 2.1 } After
rock sockets y -drilli
- pre-drilling
Chiselling N/R 4.5 6.5 8 1.7 rock
11 1982 Halifax Loose rock filljover 500 mm z 15 mto  Boring N/R 10 0.8 25 0.65 48 0.45 Sensitive
(W. Yorks) weathered rogdk 17 m depth industrial
over rock Base N/R 10 1.5 15 1.3 30 1.2 process in
ramming adjacent
Rockfilt building
12 1983 Swansea ~ Made ground/| 500 mm z 4.5 m Driving N/R 1 10 10 0.85 Measured
(W. Glamorgan) dense sands apd depth casing on adjacent
gravels with . comercial
cobbles and Boring N/R 1 9.8 " 0.75 building
boulders
Driving N/R 7/ 6.4 11 1.5 Measured
casing on road
. surface
Boring N/R 7 6.6 14 1.4 above
19th century
sewer
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Table D.1

Summary of historic case history data on vibration levels measured during impact bored piling (tripod) (continued)

Ref. Year and Sail conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no. location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
m mm-s™' m mm-s! m mm-s™!
13 1983 Lincoln Backfilled 500mmz 12mto Base N/R 4.5 22.2 20 1.6
(Lincs) quarry-groutedl 15 m depth ramming
stiff sandy clay and - .
limestone blodks/ Initial boring  N/R 4.5 12.4 20 0.73
lias clay below 6 m Driving N/R 4.5 3.3 20 0.¢1
casing
Clay boring N/R 4.5 0§75 20 0.16
14 1983 Backfilled sanq/ 600 mmz23mto Boring N/R 0.7 9.5 5 3.7 Measured
London EC3 soft sandy soil 25 m depth (obstruction) on retained
ballast becoming . facades
dense with stopes/ I(ssct)ghneg;) N/R 8 8.9
London clay bglow
8.7m Driving N/R 0.7 11.5 5 4.5 8" 4.9  Different pile
casing position
15 1984 Guildford  Surface crust/yery 450 mm z 12.5 m Initial boring  N/R "' N 2.5 10.4 3.5 12.3 7 6.5 Sensitive
(Surrey) soft clay/sandsfand  depth through crust ) equipment
gravels/clay in adjacent
Clay horizon building
between 5 m gnd (protected by
8.5m cut-off trench)
Driving N/R 2.5 5.5 3.5 5.3 7 3.6
casing
Boring soft N/R 3.5 1.1 7 0.8
clay
16 1984 Made ground 600 mm z 22 m Driving N/R 3 7.1 5.5 2.3 108 0.98 Measured
London EC2 dense ballast/ depth casing on retained
'gf’;‘rgon clay bplow Boring casing N/R 4.1 5.5 1.6 108 0.865 [2cade
Shaking clay  N/R 7.5 5.5 0.75 108 0.458
out of pump
Boring N/R 6 8.6 9 2.6 13§ 1.58
brick work

obstruction

QUVANVLS HSILI¥g

¥10¢:1V+600¢:Z-8CCS S4


https://iecnorm.com/api/?name=99933ae86f2250266b8bdb21bc25adeb

8y

107 UOIINYIISU| SPIepUe)S UYsIILIg O

Table D.1

Summary of historic case history data on vibration levels measured during impact bored piling (tripod) (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
m mm-s™' m mm:s{ mh mm-s™'
17 ¢ 1985 Made ground/ 500mm z 8 m Driving N/R 4 2.5 Trial borings
London EC3 dense ballast depth casing 2 rigs Computer
London clay bglow (2nd at 10 m) equipment
6.5 m beyond party
wall
Table D.2 Summary of historic case history data on vibration levels measured during driven cast:in:place piling (drop hammer)
Ref. Year and Soil conditions Pile dimensions Mode Measured peak particlewvelocity (PPV) at various plan distances Remarks
no.  tocauon Theoretical Plan PPV Plan PPV Alan PPV
energy per distance distance distance
blow
m mm-s™' m mm-s™' m mm-s™
18 ¢ 1981 Made ground/peat/ 500 mm z 6 m Driving tube  N/R_ ¢~ 20 2.7 100 0.96 Bottom-driven
London SE1 Thames balladt/ depth with . 5.7
London clay below  enlarged base Enlarging 20 3.6 100 1.4
base
10 m
19 ¢ 1982 Fill/ballast/ 500 mm z 4 m to Driving tube_(7,N/R 30 2.3 Bottom-driven
London SWé London clay 7 m depth with .
enlarged base Expelling N/R 30 2.6
plug
Enlarging N/R 30 2.3
base
20¢ 1983 Aylesbury  Fill/soft material/ 450 mm z 10 m Driving tube  N/R 8.4 20 5.0 Bottom-driven
(Bucks) clay becoming|stiff  depth with .
enlarged basé Expelling N/R 6.1 20 4.8
plug
Enlarging N/R 4 4.0 20 4.4
base
21 1983 Aldershot  Dense fine sar|d 450 mm z approx Driving tube  58.9 kJ 120 1.0 Tube driven
(Hants) 6™ depth open ended
initially to
remove some
sand prior
to driving
with shoe

top-driven

¥10¢:1V+600C:Z-8C¢S S9
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Table D.2 Summary of historic case history data on vibration levels measured during driven cast-in-place piling (drop hammer) (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
m mm-s™' m mm-s™ m mm-s™'
22 ¢ 1983 Horsham Peaty, silty allyvia 350mmz7.5mto Driving tube  38.8 kJ 21 2.9 28 2.7 35 2.4 Top-driven
(W. Sussex) over shale and 8 m depth .
sandstone Extracting 21 3.2 28 3.9 35 3.1
tube
23 ¢ 1983 Redhill Dense fine sarld 450 mmz 8m Driving tube  N/R 22.5 3.1 43 1.1 Bottom-driven,
(Surrey) with ironstoneg depth (max) (6 m . computer etc.
bands average) E)l(pellmg 43 1.25 in adjacent
plug building
24 ¢ 1984 2 m to 3 m thigk 350mmz 15m Driving tube  47.1kJ 8.5 6.1 13 3.6 Top-driven
Weymouth crust of sands depth open ended
(Dorset) and gravel over Some with ..
estuarial silty flays  enlarged base Drmnﬁ tbe  47.1kJ e 8.3 3 44
becoming firmer at with shoe
greater depth Extracting 8.5 2.9 25 2.1
tube .
X\
Enlarging > 25 2.2
base
25¢ 1984 4.75 m to 6.75|m 350mmz 10 mto  Driving tube _47.1kJ 13 5.6 22 3.1 34 2.6 Top-driven,
Cambridge loose fill over pault 11 m depth with . sensitive
(Cambs.) clay becoming enlarged base Enlarglng 3 4.9 22 1.9 34 1.1 equipment
stiffer with depth ase in adjacent
Extracting 13 4.6 22 2.5 34 1.6 building
tube
26 ¢ 1984 Fill over Thames 400mmz5m Driving tube  47.1kJ 5.5 10.7 12 5.9 21 3.4 Top-driven,
London E14 ballast depth . close to main
Extracting 5.5 3.2 12 2.8 21 2.0 service pipes
tube
27 ¢ 1984 Isleworth  Clayey fill/London 350 mm z40'm to  Driving tube  23.5kJ 30 1.05 35 0.95 40 0.66 Top-driven,
(Greater clay 12 m depth . measured on
London) Soméwith Enlargmg 35 0.76 suspended
enlarged base ase floorin a
Extracting 30 0.55 computer
tube room
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Table D.2 Summary of historic case history data on vibration levels measured during driven cast-in-place piling (drop hammer) (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical  Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
m mm-s™' m mm:s{ mh mm-s™'
28 ¢ 1984 Dense fine sarld 400mm z 4 m to Driving tube  47.1kJ 50 1.2 63 0.72 Top-driven
Portsmouth 6.5'm depth open ended
(Hants) Driving tube 50 1.0 63 0.83
with shoe
Extracting 50 0.37 63 0.31
tube
29 1984 Soft fill over dense 400 mm z 5.5 m Driving tube  N/R 10 2.2 Bottom-driven,
London E1 Thames ballagt to 6 m depth with (fill) measured
below 4.5 m enlarged base \ at base of
Driving tube 10 7.7 riverside wall
(ballast)
Expelling 10 3.6
plug
Enlarging 10 6.9
base o
30¢ 1985 Enfield Fill/dense grayel/ 350 mm z 9 m to Driving tube  47.1kJ, -~ 9.2 37.9 18.5 17.3 Top-driven,
(Greater London clay b¢low  11.5 m depth (gravel) measured on
London) 5mto6m Some with .. earth retaining
enlarged base Driving tube 9.2 10.3 18.5 2.4 embankment
(clay)
Enlarging 19.5 1.8 29.7 1.1
base
31e 1985 Fill/very soft silty 350mmz10mto  Driving tube  N/R 14 2.2 24 0.82 30 0.88 Bottom-driven
Littlehampton clay/thin layef of 11 m depth with .
(W. Sussex) gravel/weathefed  enlarged base E)l(pellmg 14 22 2 1.8 30 1.3
chalk below 8 m plug
to9m Enlarging 14 2.3 24 0.88 30 1.0
base
32¢ 1985 Mitcham Sub-surface crpist 350 mm. 2.9 m to Driving tube  47.1kJ 28 3.2 34 2.8 42 1.7 Top-driven
(Greater of Hoggin/ 12 m_depth Enlarei 37 1.2 (listed
London) London clay below  Same ‘with bn arging : building)
2mto3m enlarged base ase
Extracting 28 1.7 34 1.5 42 0.84
tube
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Table D.2 Summary of historic case history data on vibration levels measured during driven cast-in-place piling (drop hammer) (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
m mm-s™' m mm-s m mm-s™'
33e¢ 1985 Uxbridge  Fill (including 350mm z 5 mto Driving tube  23.5kJ to 10 4.2 (V) 14 2.2(V) Top-driven
(Greater pockets of grapel) 12.5 mdepth 35.3kJ
London) London clay below  Some with -
3m enlarged base Driving 5.5 3.3 9 2.0 13 1.4
tube after
preboring
Enlarging 5.5 2.8 9 3.5 13 2.8
base
Extracting 5.5 5.9 9 3.4 13 2.9
tube
Table D.3 Summary of historic cape history data on vibration levels measured during dynamic consolidation
Ref. Year and Soil conditiong Tamping weight Mode Measuré&peak particle velocity (PPV) at various plan distances Remarks
. >
no.  location Theoretical  Plan PPV Plan PPV Alan PPV
energy per “distance distance distance
blow
t m mm-s™' m mm-s~' m mm-s™'
34 1973 Corby 9 Pass 1 Up to 25 3.0% 225 0.16*
(Northants.) 1.59 MJ
Pass 2 Up to 25 4.7* 120 0.33*
1.59 MJ
35 1973 Belfast Clay fill 10 1.47 MJ 8 42 26 3.6 44 1.75 Dropping onto
(Antrim) virgin ground
1.96 M\J 14 12 25 3.2 49 1.35 Dropping on
981 kJ 14 10 25 2.9 49 1.4 tofill
36 1974 Teesside Hydraulic fill qf 17 Pass 1 2.50 MJ 5 240 12 53 20 15.5
(Cleveland) clean sand with
some pebbles Pass 2 2.50 MJ 5 177 12 67 20 20.3
37 ¢ 1975 Sand fill containing N/R Z0 m drop TZ 16.5 20 5.8 32 2.7
ety much fine sit 15mdrop 10 20.5 20 6 32 3.3
10 m drop 12 15.5 20 4.5 28 2.2
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Table D.3 Summary of historic case history data on vibration levels measured during dynamic consolidation (continued)
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Ref. Year and Soil conditions Tamping weight Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical  Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
t m mm-s™' m mm:s{ mh mm-s™'
38¢ 1975 Glasgow Old docks 15 Pass 1 2.94MJ 15 22 30 13.5 50 9 Comparison
Govan backfilled with between
(Strathclyde) well-graded Post- 2.94M) 15 30 30 12 50 8.3 various
permeable treatment tamping
granular fill Post- 2.21 M 15 27 30 10 50 8.5 weights and
treatment drop heights
Post- 1.47 MJ 15 27 30 10 50 6.5
treatment
15 (small base) Post- 2.94 MJ 15 35 30 12 50 8.0
treatment
2 (ball) Post- 392.4kJ 15 9 30 2.5 50 2.0
treatment
39 1975 Cwmbran  Loose fill in olgl N/R 20 m drop 27 5.8
(Gwent) clay quarry; dgpth
7mto20m G
40 1976 Slag fill 15 2.94MJ 7 75 2.1 250 0.16 Measured at
Port Talbot ground level
(W. Glamorgan) 2,94 MJ 75 7.2 250 1.4 Measured at
top of 30 m
high silo
41 1978 Old docks 10 Pass 1 981 kJ 24 8.9 40 4.6 70 2.0
London SE16 backfilled with
various materjals
including cohdsive 1.96 \J 24 13.5 40 11.2 70 2.5
1979 clay soils with 10 Later pass 1.96 MJ 10 52.3 22 8.9 65 2.2
substantial
yoidage; dept'] 9m 15 Later pass 2.94MJ 16 15
1980 to11m 15 Pass 1 2.94 MJ 20 11.6 27 6.5 34 5.1
1981 15 Pass 1 3.24MJ 150 1.6
42 1979 Walsall 15 Pass 1 2.21MJ 60 4.4
(W. Midlands) 1.47 MJ 60 3.5
735.8 MJ 60 3.1
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Table D.3 Summary of historic case history data on vibration levels measured during dynamic consolidation (continued)

Ref. Year and Soil conditions Tamping weight Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
t m mm-s™' m -5 m mm-s™'
43 ¢ 1982 Old refuse tipf; 8 Pass 1 1.37MJ 10 15.9 16 11.0 27 6.2 Measured on
Southampton depth3mtogm pipeline
(Hants) Pass 1 1.37 M) 25 9.0 35 6.9 49 47  Measuredon
house
44 1983 Glasgow Shaley fill; defth 15 Pass 1 3.09MJ 75 5.2 100 2.8
Finnieston 10.5m
(Strathclyde)
45« 1984 Old sand quarfy 15 2.65MJ 32.5 8.9 Tamping on
Kingswinford backfilled with very shallow
(W. Midlands) mainly granulgr fill
material inclugling .
foundry sand 2.65MJ 19 8.5 36 6.3 50 3.3 Tampmg. on
deeper fill
2.65MJ _ 150 0.89
X\
46 ¢ 1984 Dudley Old opencast ine, 8 Pass 1 1.26 MJ ¥ 70 4.6 85 3.2 Measured on
(W. Midlands) filled with colliery 300-year-old
shale in cohesjve building
matrix
Pass 2 1.26 M\J 72.5 4.4 82.5 3.4 Measured on
65 3.7 modern house
47 1984 Glasgow  Miscellaneous 8 Pass 1 1.18 MJ 15 5.1 30 4.2 45 2.3 Deep cut-off
Kingston slightly cohesiye trench
(Strathclyde)  fill: depth 6 mlto P 1.18M) 60 Y 75 1.4 90 14 petween
7m treatment
area and
monitoring
position
1985 Pass 1 1.18 MJ 15 12.7 30 5.4 70 3.0 Measured on
metal rack
0.9 m above
ground level
Pass 1 1.18 MJ 15 24.3 30 9.7 70 5.5 Measured on
metal rack
2.7 m above

ground level
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Table D.3 Summary of historic case history data on vibration levels measured during dynamic consolidation (continued)

Ref. Year and Soil conditions Tamping weight Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no. tocation Theoretical Plan PPV Plan PPV Plan PPV
efRergy-per—distafrce——————————dlistanee distance
blow
t m mm-s™' m mm-s! m mm-s™'
48 ¢ 1985 Aberdeen  Demolition rulpble, 15 Pass 1 2.65MJ 19 13.7 27 13.0 51 7.1
(Grampian) Se'tl(t:y scf‘v';cif;,iﬁ ats, Pass 2 2.65MJ 40 33 Very soft fill in
beach sand. Dgpth this area
of fillupto 13 m Pass 2 2.65MJ 55 6.1 70 5.1
49 ¢ 1985 Gravesend Old domestic fill 8 Pass 1 1.26 \J 50 2.8
(Kent) including bottles Pass 2 1.26 MJ 50 26

overlying Thapet
sands and chalk.
Depth of fill 1/5 m

to6m
50 ¢ 1985 Preston Old brickworks clay 15 Pass 1 2.94MJ 38 6.5 Fill very
(Lancs) pit backfilled pwith shallow
loose ash, botftles, Pass 2 1.47 MJ 38 8.1
etc. Depth of [fill
Tmto5.5m -
X\
51 1985 Exeter Old quarry 8 Pass 1 1.26 MJ ¥ 30 4.2
(Devon) backfilled with

rubble, clays gnd
miscellaneous
waste overlying
hard shale. Depth
of fill4 mto 1P m

¥10¢:1V+600C:Z-8C¢S S9

QUVANVLS HSILI¥g



https://iecnorm.com/api/?name=99933ae86f2250266b8bdb21bc25adeb

$10Z U01IN1LISU| SpJepuelS ysiig @

GG

Table D.4 Summary of historic case history data on vibration levels measured during vibroflotation/vibroreplacement

Ref. Year and Soil conditions Depth of Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  tocaton treatment Theoretical Plan PPV Plan PPV Rlan PPV
energy per distance distance distance
blow
m kJ m mm-s™! m mm-s* m mm-s™
52 1973 Newport Demolition rupble  N/R N/R 3.0 3 7.9* 6 4.5* 12 2.7 Vertical
(Gwent) 1n old basements 3 7.3¢ 6.3+ |12 1.9*  Horizontal
53 1973 Unspecified fill N/R N/R 3.0 3.5 5.1* Horizontal
Manchester
Central
(Greater
Manchester)
54 ¢ 1974 Worcester N/R N/R N/R 1.64 2.4 2.0
(Hereford and
Worcester)
55 ¢ 1974 N/R 3 Airflush 3.0 6.5 12.7 Measured on
London E9 ground surface
13.0 10.5 Measured at
mid height of
) 3 m high brick
boundary wall
56 ¢ 1974 Sandgate  N/R N/R N/R 3.0 2 24.0 5 10.0 20 1.6
(Kent)
57 ¢ 1975 Hemel Loose chalk fi 6 N/R 3.0 1 18.0 2 15.0 2.9 5.0 Vertical
Hempstead .
(Herts) 6.7 2.5 14.5 0.6 Vertical
58 ¢ 1975 Oxford Disused limesrne 3to4 N/R 3.0 12 2:6
(Oxon) quarry backfilled
with rubble
59 1975 Port Soft alluvium with 9.2 Waterflush 3.0 8 3.2 Vertical
Talbot surface crust
(W. Glamorgan)
60 1976 Bradford N/R N/R N/R 3.0 0.6 19 1.2 8
(W. Yorks)
61 1976 Sutton Backfilled sangl 3to4 Airflush 3.0 25 1.4
Coldfield quarry
(W. Midlands)
62 ¢ 1976 Oxford As for no. 58 3to4 N/R 3.0 15 1.9 20 1.1
(Oxon)
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Table D.4 Summary of historic case history data on vibration levels measured during vibroflotation/vibroreplacement (continued)

Ref. Year and Soil conditions Depth of Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no. tocation treatment Theoretical Plan PPV Plan PPV Plan PPV
energy-per—distanee distanee distance
blow
m kJ m mm:-s™ m mm;s m mm:-s™
63 ¢ 1976 Demolition rupble 2.5to 4 N/R 3.0 4 10.1 6 6.7 10 2.1
London SW11 in old basemehts
64 1976 N/R 3 Airflush 3.0 14 2.1 29 0.36 60 0.21 Cut-off trench
Manchester
Moston
(Greater
Manchester)
65 ¢ 1978 Doncaster Wet crushed 5 Waterflush 3.0 22 0498 57 0.18 32 Hz
(S. Yorks) limestone fill
surrounding 22 0:45 57 0.13 21 Hz
ground granujar
with high water
table
66 ¢ 1979 York Ash and clinker fill 3 to 3.5 Airflush 3.0 25 1.4 Some alleged
(N. Yorks) overlying clayj architectural
N damage
3,00 25 1.3
67 ¢ 1980 Demolition rupble 3 Airflush 3:0 4.5 16.7 12 8.1 22 2.6 Ground surface
Nottingham in basements measurement
(Notts)
68 ¢ 1980 Stanstead  Fill over soft silty 2to4 Airflush 3.0 17 1.6 First floor
Abbots (Herts)  clay over ballgst timber beam
3.0 17 0.82 Ground floor
house wall
69 1980 Rochdale  Mixed fill of clpyey 2to5 Airflush 3.0 2.5 17.8 4.5 5.8 6 5.7 Brief surge
(Greater consistency at end of
Manchester) penetration
3.0 2 5.6 4.5 3.3 Shallow cut-off
trench to
protect service
pipe
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Table D.4 Summary of historic case history data on vibration levels measured during vibroflotation/vibroreplacement (continued)

Ref. Year and Soil conditions Depth of Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location creatment Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
m kJ m mm-s™' m mm-s m mm-s™'
70 ¢ 1980 Datchet Silty sand fill gver 1.5t03 Airflush P 3.0 6 5.0 15 1.2 These holes
(Berks) chalk or sand pnd partially
gravel prebored with
350 mm auger
3.0 26 1.9 40 0.95 Measured at
C 3.0 2 2.4 first floor level
3.0 23 1.4 38 0.65 Measured at
ground level
C 3.0 23 1.7 No pre-boring
of holes
71 1980 Belfast Weak sandy clay Upto7 Airflush P 3.0 5 2.9 8.3 1.9 8.3 1.5
(Antrim) C 30 3.5 5.0 5 2.4
Waterflush P 3.0 " Ny 3.8 1.4 6.6 0.78
C 3.0 3.8 1.1 6.6 0.81
72 1981 Brigg Fine silty sand 3 Waterflush P 1.64 1.5 5.4 2.5 3.1 5 2.1
(5. Humberside) c 1.64 1.5 3.5 2.5 3.0 5 2.5
73 1981 Ash and brick 3to3.5 Airflush P 3.0 2.5 34.7 4.6 19.7 11.8 8.7 Ground surface
Huddersfield rubble fill measurements
(W. Yorks) C 3.0 2.5 48.0 4.6 18.2 11.8 3.8
P 3.0 5.5 75 7.6 3.9 Measured on
underground
C 3.0 5.5 8.4 7.6 5.4 service pipe
74 ¢ 1981 Cardiff Backfilled railyay 2to3 Airflush P 3.0 6 3.5 20 0.57
(S. Glamorgan)  cutting; slag fil C 3.0 6 33 20 0.78
75 1982 Demolition rupble 3 Airflush P 3.0 5 2.6 8 1.6 11 1.1 Measured on
Birmingham in collapsed old brick sewer
Hockley basements C 3.0 5 3.5 8 1.8 11 0.98
(W. Midlands)
76 ¢ 1983 Datchet Miscellaneous|fill 3 Airflush P 3.0 8 4.9 12 3.8 20 1.3 Measurements
(Berks) including dense on end terrace
fine sand and very c 3.0 8 2.0 12 3.2 20 1.8 house with

loose sand

existing defects
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Table D.4 Summary of historic case history data on vibration levels measured during vibroflotation/vibroreplacement (continued)

Ref. Year and Soil conditions Depth of Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location freatment Theoretical ~ Plan PPV Plan PPV Plan PPV
energy—pet distance distance distance
blow
m kJ m mm-s™' m mm:s™ m mm-s™’
77 1983 Rugeley Demolition rupble 3 Airflush P 3.0 6 16.1 10 8.6 22 2.0 Ground surface
(Staffs) fill to 3 m ovqr measurements
sands and graVels C 3.0 6 8.6 10 5.8 22 1.9
P 3.0 4 35.2 7.5 4.5 16 1.4 Measured
on top of
C 3.0 4 25.7 6.5 8.6 16 1.3 retaining wall
78 ¢ 1983 Made ground 3 Airflush P 3.0 6 12.5 15 2.9 27 0.87
Tewkesbury including raisgd
(Glos) shingle C 3.0 6 9 15 3.1 27 0.87
P 3.0 3.5 22.3 10 15.5 Measurements
on
C 3.0 3.5 25.7 10 11.6 free-standing
manhole
surround
79 ¢ 1983 Ash and brick 2.5t06 Airflush P 3.0 5.5 2.5 7.5 2.0 15 1.5 Encountered
Newcastle- rubble fill - buried
upon-Tyne P 3.0 "' V' " 2.6 obstruction
(Tyne and )
wear)
80 1983 Oxford Miscellaneous|fill 2.2 Airflush P 3.0 1.9 7.6 2.4 10.5 1.1 Cut-off trench
(Oxon) over weak cohsive
soil over gravel C 3.0 1.9 6.9 2.3 10.5 0.55
81 1983 Demolition rupble 1.5to02.5 Airftush 3.0 18 0.75 26 0.44 32 0.15 e
London E1 and other fill pver al
gravel C 3.0 18 0.76 26 0.62 32 0.15 S
82 1984 Brick rubble fijl 2.5t03 Airflush 3.0 3.5 12.6 5 10.7 18 1.6 Measured on
London 5W6 over clayey sapd service pipes
and sands and C 3.0 3.5 16.5 5 10.3 18 1.7 PP
gravels
83 ¢ 1984 Gravesend Ash, brick and 2.5t03 Airflush 3.0 8 2.4 14 1.2
(Kent) demolition, rybble
backfilled intd old ¢ 30 8 2.1 14 o
basements
84 1985 Dudley Granular fill oyer 2.5to4 Airflush 3.0 3.5 7.4 6 5.4 15 1.4 Cut-off trench,
(W. Midlands) clay over black coal C 3.0 35 5.5 6 2.7 measured on

shale

service pipe
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Table D.4 Summary of historic case history data on vibration levels measured during vibroflotation/vibroreplacement (continued)

Ref. Year and Soil conditions Depth of Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no. location treatment Theoretical Plan PPV Plan PPV Rlan PPV
energy per distance distance distance
blow
m kJ m mm-s™' m mm-s m mm-s™'
85¢ 1985 Miscellaneous |[fill 2to2.5 Airflush 3.0 3.5 7.7 Cut-off trench
Birmingham over stiff clay
Bordesley 3.0 3.5 4.2
(W. Midlands)
86 ¢ 1985 Hull Miscellaneous| fill 4 Airflush 3.0 12 8.1
(N. Humberside) over dense logmy
sand
87 ¢ 1985 Worcester  Fill including 3 Airflush 3.0 9 515 13 3.3 26 1.2 Cut-off trench
(Hereford and sands, rubble and
Worcester) porcelain wasfe
over dense grgvel
Table D.5 Summary of historic case history data on vibration levels measured during the use of casing vibrators
Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no- location Theoretical Plan PPV Plan PPV Rlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s~' m mm-s™'
88 1973 Isle of Hydraulically 815mm z 24.4 m Driving liner  4.35t06.3 1 10 2 3.2 3 0.8 25 Hz
Grain (Kent) placed sandfil depth permanent N .
over estuarial bilts liner Driving liner 6.9 to 8.5 8 41 11 2.2 16 1.5 12Hz to 15 Hz
over ballast over
London clay
89e¢ 1974 Fill over ballagt 750 mm tg Driving 2.18to 1.3 8.0 2 6.4 6.6 1.5 Vertical 25 Hz
London Wé over London clay 1050 mMmz2.5m casing 3.15
to 9¢m ¥epth Extracting  2.18to 2 5.0 6.6 3.2 Vertical 25 Hz
casing 3.15 Sensitive
equipment
in adjacent
building
90 ¢ 1976 Fill over ballast 750 mm to Driving 2.18to 3 5.8 25 Hz
London EC4 over London clay 1050 mm z casing 3.15
91 e 1976 Fill over ballast N/R Driving 2.18to 10 4 25 1.5 25 Hz
London E1 over London clay casing 3.15
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Table D.5 Summary of historic case history data on vibration levels measured during the use of casing vibrators (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical  Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
kJ m mm-s™' m mm:s{ m mm-s™'
92 1980 Alluvia/graveld/ 750mm z 10 m Driving 2.18 to 35 0.29 50 0.24 75 0.16  25Hz
Newark-upon- marl depth casing 3.15
Trent (Notts) Extracting 2.18 to 50 0.31 75 0.23 25 Hz
casing 3.15 Sensitive
equipment
in nearby
building
93 e 1980 Fill/dry gravel/clay 900 mm z 10 m Extracting 4.35t06.3 40 13 17 Hz
London E1 depth casing
94 ¢ 1981 Fill/gravels/clay N/R Driving 2.18to 30 0.8 Vertical 25 Hz
London SE1 casing 3.15
95 1981 Reading Peat, silts and 600 mm to Driving 2.18 to 8 4.6 16 1.1 24 0.24 25Hz
(Berks) gravels/putty ¢ghalk 1050 mm z 10 m casing 3:15
with fints/firn to 15 m depth Extracting 218 to 45 5.8 10.5 0.7 25 Hz
casing 3,100 50
9% ¢ 1981 Fill/dense balldst/ 750 mm to Driving 2.18 {0 30 0.88 73 0.19 25 Hz
London EC3 clay 1500 mm z9m casing 315
depth Extracting 2:18 to 25 1.5 65 0.11 25 Hz
casing 3.15
97 ¢ 1981 Fill/ballast/clgy 9 m depth Extracting 2.18 to 25 1.5 25 Hz
London SE1 casing 3.15
98 1984 Barrow-in-  Hydraulically 1350 mm z 8 m Driving outer  26.1 19 13.1 Warming up
Furness placed sand fill/ depth concentric casing 10 Hz
(Cumbria) boulder clay mparl with
1200 mm z 17-5\m 15.35 19 9.2 17 Hz
depth
Permanent ‘tiner
99 ¢ 1985 Hatfield Clay over gravels 90 mMm.z 15 m Driving 1.25 11 0.8 Anchor casings
(Herts) depth-anchor casing driven at 30° to
N Extracting  1.25 8 1.3 11 0.8 horizontal
casing
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Table D.6 Summary of historic case history data on vibration levels measured during rotary bored piling (including casing dollies)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s m mm-s™'
100¢ 1974 Fill/gravel/Longlon N/R Driving 7 3.2 Horizontal
London W6 clay casing
With 3 t dolly 7 1.0 Vertical
101 1981 Fill/dense ballapt/ 1050 mm z Augering 20 0.05 Listed building
London EC3 London clay nearby
Auger hitting 20 023
base of hole
102 1982 Fill/wet sand/lias 900 mm z Augering 9 0.2 Listed building
Cheltenham clay adjacent to site
(Glos.) Hammering 9 0.8
casing with
Kelly bar
103 1983 Romford Fill clay 350 mm z 14.5 m Augering Q) 10 0.38 20 0.3 30 0.03
Greater depth . >
I(_ondon) P Dol!ymg 11.8 10 1.1 20 0.55 2 t dolly
casing
Auger hitting 10 0.96
base of hole
Spinning. off 10 0.57 20 0.44
104 1985 Fill/sand/clay 500 mm z Augering 10 0.4 15 0.1 26 0.02
London W1 Avger hitting 14 0.3 26 0.1
base of hole
Mudding in 10 0.3 14 0.2
Spinning off 10 0.3
Dollying 11.8 10 1.0 14 0.8 2 t dolly
casing
105 1985 St. Albans  Sands and grayels 600-mm z 12 m Augering 3.5 0.23 8 0.04
(Herts) over chalk depth Auger hitting 3.5 2.4 8 1.7
base of hole
Spinning off 6 0.08 8 0.06
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Table D.6 Summary of historic case history data on vibration levels measured during rotary bored piling (including casing dollies) (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no. tocation Theoretical Plan PPV Plan PPV Plan PPV
efRergy-per—distance——————————distance distance
blow
kJ m mm-s™' m mm:s{ m mm-s™!
106 1985 Portland 6 mof soft grqund 600mm z 7 m Augering 5 0.54 Sensitive
(Dorset) over rock depth . equipment
Surgmg 5 0.36 in adjacent
casing building
Twisting in 5 0.22
casing
Spinning off 5 0.42
Boring with 5 0.43
rock auger
107 1985 Uxbridge  Fill including 350mmz7m Augering 5.5 0.13 Preboring for a

(Greater pockets of grayel depth driven pile
London) over London dlay
Table D.7 Summary of historic case history data on vibration levels measured’during tripod bored piling
D
Ref. Year and Soil conditions Pile dimensions Mode Méasured peak particle velocity (PPV) at various plan distangces Remarks
no- location Theoretical Plan PPV Plan PPV Rlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s™' mh mm-s™'
Cle 1971 Overburden oyer N/R Driving N/R 1 12.5
London WC2 London clay casing
C2e 1971 Sand and gravel 500 mm z 17 m N/R N/R 11 2.6 42 0.31
London SW1 over London clay depth
C3e Bury (Greater Sand and gravel/ 300 mm, z N/R N/R 15 4.0

Manchester)

soft silty clay/
glacial till

ard
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Table D.8 Summary of historic case history data on vibration levels measured during driven sheet steel piling

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV lan PPV
energy per distance distance istance
blow
kJ m mm-s™' m mm-s m mm-s™'
Cde N/R 3 m to 4 m sapdy N/R Air hammer 15 12 0.05 Vertical
Aldermaston gravel over Lgndon driving
(Berks) clay sheets
C5e N/R Bridlington 4 m to 5 m soft N/R Air hammer 6.4 6 1.1 225 blows per
(Humberside) saturated sang driving min
over soft to fifm sheets
clay N/R Extracting 7.6 6 044 150 blows per
sheets min
Coe N/R Canvey Clay/soft silty ¢lay/  Frodingham Drop 4.5t 35 3.0 Vertical
Island (Essex) silty sand; higl 3 N 8 m depth hammer .
water table driving I(-jlammNe/TR 35 0.5 Horizontal
sheets P
C7¢ N/R Montrose N/R Larssen Driving 32to 73 11.7 4 Vertical
(Tayside) sheets N
c8e 1971 Overburden/ N/R Diesel N/R. Oy 1 20
London WC2 London clay hammer
driving
sheets
Air hammer N/R 1 10
driving
sheéts.
C9e 1974 Lancashire Fill/firm to stiff N/R Driving 33 0.89* Horizontal
boulder clay/spndy sheets
stony clay/firm
boulder clay
Cc10 1978 Crail (Fife) Clay/rock N/R Drop 39.2 15 0.79* Vertical, pile in
hammer clay
Sﬁg’;’gf 15 0.48 Vertical, pile
on rock
C11 e N/RHul Fill/6 m alluvigim/ harssen no. 6 Diesel 71.6 to 30 1.1 130 0.1 250 0.025 Horizontal
(Humberside) 4 m to 6 m peat, 34 m depth hammer 143.2 radial
clay, sand and Penetration 1 m driving an A ac Yon na 9 .
silt/1.3msandand into chalk; 27 min _ sheets 38 6-3—+130 B-4 zY 0.015  Horizontal
gravel/5 m stiff total 30 0.6 130 0.1 250 0.025 Transverse
clay/9 m dense vertical

sand/hard chalk
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Table D.8 Summary of historic case history data on vibration levels measured during driven sheet steel piling (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical  Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
kJ m mm-s™' m mm-s! m mm-s™'
C12 ¢ 1978 Hazel Stiff clay/densp Frodingham 2 N Drop 19.9 11 16 26 12.5 54 2.6
Grove (Greater sand including clay hammer
Manchester) bands driving
sheets
C13 ¢ 1978 Oldham N/R N/R Diesel N/R 60 2.5+ Vertical
(Greater hammer
Manchester) driving
sheets
C14 N/R Cambridge Loose to medium N/R Driving N/R 2 10 Vertical
(Cambs) sands over cla sheets 2 2 Horizontal
C15¢ 1979 Molesey Gravel over N/R Diesel N/R 5 13.5 On bungalow
(Surrey) London clay hammer
driving 5 40.4 On ground
Sheets Ul ravc
Cc16 1979 Rochdale  N/R N/R Driving N/R g 6 1.9
(Greater sheets $ >
Manchester)
C17 N/R Cambridge  Fill/sand and Frodingham 1 B Drop 13.5 1 9.1*
(Cambs) gravel/gault clay 6 m depth hammer
driving
sheets
Cc18 1980 Newton N/R N/R Driving N/R 300 0.015 Vertical
Heath (Greater stieets
Manchester)
C19 1981 Denton Firm sandy glakial 14 m depth Diesel N/R 0.9 15 Vertical
(Greater till hammer
Manchester) driving
sheets
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Table D.9 Summary of historic case history data on vibration levels measured during driving of bearing piles

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s m mm-s™'
C20 N/R Glasgow 3 m fill, blaes, 305mm x 305 mm 4 tdrop N/R 13 0.19* Vertical
Cowcaddens clay and boulders Steel H-pile hammer
(Strathclyde) over 8 m soft {o driving pile
firm silty clay ¢ver
sandstone
c21 N/R Drax Granular fill, Precast concrete Diesel 24.5to 3 13 Vertical
(N.Yorks) lacustrine deppsits, 400 mm x 400 mm <~ and drop 88.2
sand, sandstorje hammers
driving piles
C22 N/R Kinneil N/R N/R Driving pile N/R 6 5.2+
(Central)
C23 N/R Leeds (W. 4m fill/2 m allpvial ~ Driven cast-in-place Driving pile N/R 12 5.1 23 1.4 When driven
Yorks) granular soilsfrock  dimensions N/R 1.5m
C24¢ N/R 22 m firm Driven cast-in-place Driving pile N/R D 12 11.6 30 4.7 45 1.45
Middlesbrough  becoming stif dimensions N/R {
(Cleveland) boulder clay oyer
marl
C25 N/R Ravenscraig N/R 305 mm x 305 m Diesel N/R 25 0.13 +
(Strathclyde) Steel H-pile hammer
driving pite
C26 N/R Reading N/R Driven cast-in-place Drivinig pile N/R 60 0.07 Measured on
(Berks) dimensions N/R fifth floor of
v M office building
c27 1968 Wylfa Rockfill and clpy Steel H-pile Diesel N/R 1 18 Vertical
(Gwynedd) over mica schipt hammer
driving pile
Cc28 1969 Ince Alluvial peat gnd 305 mmex 305 mm  Diesel 43.4 8 1.4
(Cheshire) clay, boulder Steel.H-pile hammer
clay, sand, bunfer driving pile
sandstone
C29 ¢ 1972 Derby N/R 400 mm to Driving pile N/R 15 2.2
(Derbys) 450 mm z tube
Driven racf-in-plarn
C30¢ 1972/3 Bristol Fill and alluvium Simulation test for  Dropping 58.8 25 0.7 Vertical on
(Avon) over keuper marl driven shell piling test weight ground
on ground
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Table D.9 Summary of historic case history data on vibration levels measured during driving of bearing piles (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical  Plan PPV Plan PPV Plan PPV
energypet distance distance distance
blow
kJ m mm-s™' m mm:s{ mh mm-s™'
C31e 1977 2mto3m 275 mm x Drop N/R 25 2.45 Holes prebored
Southampton granular fill ojer 275 mm x 9 m hammer to 3 m depth
(Hants) bracklesham bpds,  depth pre-cast driving pile
very compact concrete piles
clayey fine sapd
C32¢ 1977 Made ground/9 m 480 mm z Drop 294.2 27 7.4+ 55 3.3+ Horizontal on
Middlesbrough  to 12 m firm t¢ stiff Cast-in-place, hammer ground
(Cleveland) laminated clay/4 m piling length N/R driving pile
to 6 m glacialltill/ tube
hard keuper marl
C33e 1977/78 10.4 m soft 406 mm z Drop 36.8 14 0.3 Vertical
Kings Lynn clayey silt and Driven cased pile, hammer
(Norfolk) peat/5 m stiff depth N/R driving pile
kimmeridge clay/
hard laminated
kimmeridge clpy
C34 1978 Loose to medium 305 mm x 305 mm  Diesel 36.3 1.1 9.5
South Shields sand and silt/qoft Steel H-pile, depth  hammer
(Tyne and to firm laminaked N/R driving pile
Wear) clay/stiff boulder
clay/medium
to dense sand
and gravel over
mudstone at 1 m
to 25 m depth
C35¢ 1978/9 Hull N/R Raking precast Drop N/R 20 0.51
(Humberside) concrete piles, hammer
dimensions N/R driving pile
C36¢ 1979 N/R Driven shell™pites, Drop N/R 16.5 2.1 33 1.95 46 0.9
London SE3 dimensiens "N/R hammer
driving pile
C37 1980 Fill/gravels and Driven Driving pile N/R 2.5 18.6 5to 10 5.5 Distances N/R
Caernarvon clayey silts/hand cast-in-place, tube precisely
(Gwynedd) glacial till dimensions N/R
C38 ¢ 1980 Haxby 1.9mto3.5m Driven Driving pile N/R 3.8 25.0 5.5 22.0
(N.Yorks) Clayey sandy fitt CaStin-ptacs, tube
over soft to firm depth 4 m to
laminated clay 5.5m, zN/R
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Table D.9 Summary of historic case history data on vibration levels measured during driving of bearing piles (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s m mm-s™'
C39¢ 1980 N/R Type and Driving pile N/R 50 1.25 Measured on
Leatherhead dimensions N/R ground floor
(surrey) 50 25 Measured in
middle of 1st
floor
C40¢ 1980 N/R Driven Driving pile N/R 11 28.9 18 13.8 48 3.1
Middlesbrough cast-in-place, tube
(Cleveland) dimensions N/R
C41 1981 Soft alluvium Driven shell piles, Drop 29.4 4.5 2.1 9.5 1.2
Grangemouth 450 mm x 36 m hammer
(Central) depth driving pile
C42¢ 1981 4 m fill/2 m ballast/  Driven Driving pile N/R 12 6.7
London Wé London clay cast-in-place, tube
dimensions N/R 2
C43 1981 4 m to5m mafe Bottom driven Driving pile N/R.@r 2to3 3to4 Occasional
Winchester ground/gravel/ cased pile 10.5m peaks up to
(Hants) chalk depth 30 mm-s-1
Table D.10 Summary of historic chse history data on vibration levéls measured during use of vibratory pile drivers
Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  tocation Theoretical  Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s™' m mm-s™'
C44 ¢ N/RBridlington 4 m to 5 m soft Sheet steel piling, Driving or N/R 6 2.6 8 2.2 27.5Hz
(Humberside) saturated sangd dimensions N/R extracting
over soft to firm
clay
C45 N/R Glasgow 3 m fill, blaeg, 450 mm z casing, Driving 2.18to 13 1.4* 25 Hz
Cowcaddens clay and boulders depth 7R Tasimg 3715
(Strathclyde) over 8 m soft to

firm silty clay over
sandstone
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Table D.10 Summary of historic case history data on vibration levels measured during use of vibratory pile drivers (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical ~ Plan PPV Plan PPV Plan PPV
energy—pet distance distance distance
blow
kJ m mm-s™' m mm-s! m mm-s™'
C46 ¢ N/R New Haw 1mfill/8 mto|12 m Casing dimensions  Driving N/R 7 44 10 23.5 17.5 18.5 25 Hz
(Surrey) dense fine and N/R casing
medium sand jwith .
silty clay lensps Ext_ractlng N/R 7 53 15 27 25 2.9 25Hz
(Bagshot), Claygate casing
beds, London clay
C47 1968 Drax N/R N/R Warming up  N/R 2 10to 15 70 Hz to 80 Hz
(N. Yorks) to drive pile
(Resonant
pile driver)
C48 ¢ 1968 Hastings 4mclay/8 mpeat/  N/R Resonant pile N/R 6 2.5 70 Hz to 80 Hz
(E. Sussex) 2.5mclay/1 m driver
sandy silt with
gravel/6 m stigf clay
(Hastings bedd)/
mudstone and
siltstone Q)
C49e¢ 1972 Sand and gravel N/R Driving pile 2.1840 10 0.55 25 Hz
London EC4 over London dlay 3.15
C50 ¢ 1975 Milngavie N/R Casings, Driving N/R 5 2.5 27.5Hz
(Strathclyde) dimensions N/R casing
Extracting N/R 5 2.0
casing
C51 ¢ 1976 Glasgow N/R Sheet steel piling, Driving pile N/R 10 11.0 25 Hz
(Strathclyde) dimensions N/R
C52 1979 Egham N/R Casings, Driving N/R 1.6 18.9 3.2 16.3 4.8 11.2 25 Hz
(Surrey) dimensions N7R casing
C53 ¢ 1979 Molesey Gravel over Sheet steel\piling, Driving 2.18to 5 4.3 25Hz
(Surrey) London clay dimensions N/R sheets 3.15
C54¢ 1980 Gravel over Casings Driving 2.18 to 40 2.0 25 Hz
London N1 London clay casing 3.15
Extracting 75 0.3
casing
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Table D.10 Summary of historic case history data on vibration levels measured during use of vibratory pile drivers (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical Plan PPV Plan PPV Hlan PPV
energy per distance distance distance
blow
kJ m mm-s™' m mm-s 1 mm-s™'
C55 1981 Rhondda Glacial till/ grgvelly  Sheet steel piling, Driving 4.89 10 2.4 20 2.2 40 0.8 Vertical 26.6 Hz
Valley (Mid sandy silt mixtjure Frodingham 3 N sheets
Glamorgan) with occasiondl 12 m depth
cobbles
C56 ¢ 1979 Bromley Gravel Sheet steel piling Driving N/R 3 42 9 3.8 25 0.95  Variable
(Greater sheets frequency up
London) to 23.5 Hz
Table D.11 Summary of miscellaneous historic case history data on vibration levels measdred during piling and kindred operations
Ref. Year and Soil conditions Pile dimensions Mode Measured peak-particle velocity (PPV) at various plan distances Remarks
no- location Theoretical\ Plan PPV Plan PPV Rlan PPV
energyiper distance distance distance
blow . _*
kJ m mm-s™' m mm-s~' 1 mm-s™'
M1 c1970 0.3 mfill/0.8 mclay Impact bored Driving 4.25 2.7 3.1* Measured
London WC2 and gravel/3.q m (tripod) pile casing at footings
dense sand ang dimensions N/R . " adjacent to
gravel/stiff Lohdon Boring.grave 4.25 2.7 1.0 4.3 0.6 old listed
clay including|clay timber
stones framed
building
M2 1971 Bristol Soft clays ovef Driven steel H-piles * Drop 35.7 1.5 68.4* 3 50.2* 4.6 37.7¢ 4 t hammer
(Avon) sandstone/mail 305 mm x 305-mam  hammer . . . 0.9 mdrop,
at 10 mto 11 :ln x 12 m depth driving piles 3.7 1.5 48.8 3 39.4 4.6 20.6 3 t hammer
depth 1.2 mdrop,
all ground
surface
measurements
M3 1971 Stevenage Medium densq Bottom driven Drop 127 3 116* 6.1 30.3* 9.1 25.1* Ground
(Herts) sands and grayels cast-in-place piling  hammer surface
driving pile measurements

tube
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Table D.11

Summary of miscellaneous historic case history data on vibration levels measured during piling and kindred operations (continued)

Ref. Year and Soil conditions Pile dimensions Mode Measured peak particle velocity (PPV) at various plan distances Remarks
no.  location Theoretical ~ Plan PPV Plan PPV Plan PPV
energy—pet distance distance distance
blow
kJ m mm-s™ m mm:s{ mh mm-s™!
M4 1986 Reading 5 m granular fjill Open ended casing Hydraulic 7.08 per 8 5.8 11.5 3.8 16 2.9 On sewer
(Berks) and medium dense 610 mm O.D. 10 m  vibrator cycle 6.5 m below
sands and grapels  depth PTC 25H2 ground level
over chalk (27.5 Hz) 8 7.2 1145 5.6 16 30  Ground
surface
measurements
M5 1982 Edinburgh Fill and clay oJer Driven precast Drop 26.5to 8 23.7 16 7.4 32 2.7 Ground
(Lothian) sands and grayels concrete piles 15 m © hammer 44.1 surface
to 21 m depth driving piles measurements
M6 1982 Softish ground Driven precast Drop 15.5to 8 13.4 16 4.4 32 1.5 Ground
Linlithgow unspecified concrete piles12m  hammer 30.9 surface
(Lothian) depth driving piles measurements
M7 1982 Ulceby 1.5 m crushed|and Driven precast Drop 26.5 to 8 18.6 16 6.6 32 1.3 Ground
(Humberside) rolled limestohe concrete piles 18 m  hammer 441 surface
over cohesive §oils  depth driving piles measurements

over limeston
chalk

P or
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