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1, Introduction

As an eavironmenial health officer with Dumbarton District Council [ have been imvolved in the field
of acoustics for some twenty years, though from the local authority standpoint of ¢endeavouring to
resohve the public’s problems in terms of statutory nuisance legislation,

1 have been iovolved with two hardrock quarries and large scale engineering works in the form of
road building on Loch Lomondside and the construction of shore based facilities to support the
Trident nuclear submarine fleet Many of you will probably be unaware of the fact that Dumbarton
District has been home 1o the UKs Polaris tiuclear submarine fleet and a major NATO armaments
depot for some twenty years of 50.

All of these operations require the extraction of huge quantities of rock by means of explosives and
this results in the generation of ground vibration, air-overpressure and various other environmental
impacts as a Consequence.

The purpose of this paper is not to discuss either investigation methods or assessment criteria, Rather
it is t0 use my own experiences to illustrate the problems of vibration nuisance as perceived by the
public, factors influencing their response to it, techniques which may be employed (o minimise the
generation of vitvation and suggest ways of minimising its impact on the community.

At this point I must include the caveat that all views expressed are my own and are not pecessarily
these of Dumbarton Diistrict Council.

2. Nuisance

Since one of the primary functions of an environmental health officer is the prevention or abatement
of statutery nuisance, I shall first address the term nuisance. The conventional view of nuisance is of
amything which causes material discomfort or inconvenicnce to a person, or amount (0 an
unwarrantable interference materially affecting the use and enjoyment of a person’s property.

The term nuisance is not in fact defined in legislation, however a definition may be found in the case
of Wafter v. Selfe [13] which took place in the English courts in 1851, In that judgement nuisance
was held to be :-

an inconvenience materially interfering with the ordinary comfort, physically, of human existence,

not merely according to elegant or dainty modes of living, but according io plam and sober and
simple notions among the English people.
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Nuisance is dealt with in Scotland under the Control of Pollution Act 1974 and in England and Wales
under the Environmental Protection Act 1990, In both cases vibration is included within the
definition of noise. Construction activities are dealt with under the Control of Pollution Act 1974 in
all three countries, .

The most common means by which an cnvironmental health officer deals with nuisance is by
summary action. [n this case legislation requires that..... .where a local authority is satisfled that
noise amounting fo a statutory nuisance exists, or is likely ta occur or recur......\hen it......shall serve
a notice fan abalement notice).

There is however another method open lo the environmetal health officer in order to deal with
incidents of severe or widespread nuisance and that is to seek interdict in Scotland or injunction in
England and Wales.

There is one fusther method by which nuisance may be tackled, though in this case by members of the
public rather than the local authority. The acts state that ... 4 Sheriff or magistrate s court......may
act under a summary application or complaint [made by the occupier of any premises) on the ground
that..... he is aggrieved by noise [or vibration] anounting to a nuisance.

Noise and vibration from construction sites can also be dealt with and the local authority may serve
natice Lo prevent or Testrict unreasonable activiles. However a contracter may apply for consent prior
10 works commencing if he so chooses.

3. Human Perception of Vibration

The Collins English Dictionary defines annoy as.’. fo irritate or displease..and...to harass with
repeaied atlacks.

Although this js not a legal definition it is one which 1 believe illusirates two very important points.
Firstly we are not dealing here with the readily understood and objective criteria of building damage,
but with the much more esoteric and very subjective criteria of human annoyance. Secondly the
concept of intermittency and repetition is recognised. ’

When I first dealt with the quarrying and construction industries, and even the mandarins of the
Scottish Office, all talk was of structural damage thresholds. The effects of vibrations causing
disturbance or annoyance to local residents tended to be passed over with a dismissive gesture of the
hand. This despite the fact that research carried out as long ago as the 19305 indicated that human
perception of vibration was very acute [12]. :

‘The human body is extremely sensitive to vibration and the threshold of perception, expressed as peak
velocity in the vertical axis, has been identified as 0.3 mm/s for continuous vibration |5, 12] and 1.5
mnvs in the case of transient vibration [111. A continugus velocity of 2.5 mmy/s has been considered
sufficient to cause annoyance [5, 12].

My carly experiences with quarrying seem to have coincided with a greater awareness on the pan of

the public of the nuisance from vibration and air overpressure associated with blasting activities. In
the case of vibration the public view any single incident, large cr smali, with concern, not from the
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point of view of disturbance, but from a highly subjective assessment of the perceived damage to their
homes. '

Conventiona) nuisance criteria do not seem to apply in the case of blasting. [t is a highly emotive
issue and on more than one occasion I have had clderly people compare quarry blasting with the blitz
on Clydeside during the Second World War. These comments have not arisen from people whom one

might consider to be highly strung, but from ordinary sensible members of the public displaying a

penuine fear, however irrational some of us may consider it, about blasting activities. This may seem
somewhat far fetched to those of us with a more objective turn of mind but it happens nonetheless.

The terms disturbance, annoyance and inconvenience do not seem te enter into the vocabulary of the
vast majority of those who complain about blasting. Indeed 1 can think of no single occasion when
the complainer confined himself 1o what I would call nuisance, Their concern is for the structural
safety of their property every time they feel - or hear - a blast. For this reason the conventional
nolions of nuisance can be all too easily overlooked and the environmental health officer can find
himself in a rather unusual role. He carries out a moniloring exercise, not with any greal expectation
of gathering evidence of nuisance, but more as a source of reassurance.

In my experience the public view any vibration as bad vibration, particularly when it is associated
with other forms of environmental impact or pollution.

4, Blasting Techniques

In mineral extraction operations, bulk blasting techniques involving large charges of relatively low
grade explosives are used.  The requirement here is not only for good breakout te remove the rock
from the face, but also to fragment it 10 a size suitable for loading into the primary crusher.

Although quarries tend 10 be remote from habitation and therefore gain the benefit of distance from
sensitive properties, this is not always the case.

In contrast, read construction work requires much more controlled blasting involving much smaller
charges of higher grade explosives, though ofien detonated very close to buildings [10, 11].

The technique used in road cuttings comprises pre-splitting and then bulking-out [10). The pre-
splitting technique requires detonation in very confined rock in order to create fracturing within the
rock but without breakout or fragmentation laking place. Thus guite high levels of ground vibration
occur. Bulking-out is 2 conventional blasting technique similar to that used in quarrying, though
more care must be taken. Levels of vibration from this method are generally lower than those from
pre-splitting.

In general terms the greater the energy expended in breaking out the rock and fragmenting it, the
lower the resulting ground vibration will be, therefore the better the blast from the indusiry point of
view, the lesser the sensory impact from the public’s point of view [9, 11].

Probably the single most important factor in the generation of vibration is the weight of explosives

detonated. By incorporating short delays into the initiation system the maximum instantaneous
charge is reduced and since this is related 1o the magnitude of vibration then that too is reduced [1, §].
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In the case of pre-splitting for highway rock excavation the method used to reduce ground vibration is
to decouple the charge from the side of the hole [10, 11].

S. Vibration Levels

In quarrying, levels of 1.0 to 1.5 millimetres per second peak particle velocity are typical. The highest
level I have recorded was 6 mm/sec and the pext highest 3 mm/sec. Complaints are usually lodged if
the magnitude exceeds 1.0 mm/sec - not much higher than the threshold of perception - and if 2-3
mums is reached then complainanis-become vociferous.

In road construction, velocities of 3 to 6 mm/s are commonplace. The highest Jevel I have recorded
on any road contract is a peak particle velocity of 20 mmv/s. This was at a distance of 48 metres from
a blast at which the maximum instantanecus charge of explosives was only 6.75 kiles.

These figures relate to measurements carried cut on the structure of buildings, either on doorsteps or
window sills. However in order Lo assess levels of vibration at the point of entry to the human body an
allowance must be made for the transfer function between the measurement point and the body entry
point [2].

6. Factors Influencing the Perception of Vibration

Large quarry blasts do nol necessarily take place every day, far less several times each day. However
this type of operation is usually a long term undertaking and hence its envirmmental impact wilt
persist for many years. Thus whilst the frequency of blasting may not be great, the fact that it may
continue for many years has a great influence on the willingness of affected residents to toleraie this
type of activity,

As demand for rock rises and falls so production follows suit and when an increase in the number of
blasts follows a hull of several months or more then public concern is reawakened.

Road construction on the other hand requires frequent blasting, perhaps several shots per day.
However such operations are of course much shorter lived than quarrying activity and for this reason
higher levels of vibration may be tolerated to some degree.

In my experience complaints afise nof only as a result of ground vibration, but also due to loud noise,
windows ranling, omaments moving, mirrors falling off walls, cracked WC pedestals etc..  Such
incidents trigger an alarm in the minds of the public who then associate them with large scale ground
movement. [t is therefore very important to question complainers closely and ascertain just exactly
what they have in fact experienced. :

Probably the single greatest influence on the public's perception of ground vibration is the airbotne
pressure wave. When explosives are detonated, both ground waves (vibration) and airborne waves
(air-blast or air-overpressure) are generated. Whilst a portion of these waves are within the audible
range, the lower frequencies (concussion) can ratle loose fiing windows and also cause a
phenomenon known as the diaphragm effect whereby the airwave impacling on a structure may cause
excitation of suspended floors or stud partitions [1].
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The perception of vibration can be influenced by a number of factors and in general these tend to
relate to the attitude of the contractor and the way in which the quarrying or road censtruction
operation is carried out.

A sudden loud noise associated with a blast oflen canses startle and if this is combined with window
rattie as a result of air-blast then the occupier usually associates it with ground movement and
assumes that his house is being shaken. This results in an increase in the level of complaint even
though the depree of ground vibration may be minimal [3, 4]. '

Other activities which have an impact on the emvironment may heighien awareness of the issue
therefore consideration should be given 1o the impact of all activities. Dust from the stemming of shot
holes, drilling rigs or traffic movement can focus attention on the quarry as can the smoke from

coating plant. Noise from heavy vehicles or from compressors supplving drilling rips can draw

attention Lo the quarry's unaitractive and unwanted activities.

There are of course other obvious ways of avoiding adverse public reaction, though these tend o relate
more to road construction activities than quarrying.. Ensure that sufficient land is acquired in order
that the works can be carried out safely and control fly-rock. Damage as a resull of this tends to
negate all other public relations efforts!

Earthmoving plant also causes vibration and heavy plant such as this may operate near houses for a
much longer period than blasting operations. Such plant may also give rise to safety issues either
from their sheer size or from mud deposited on roads. Works causing disturbance to field drainage
can result in excess surface water being shed by hillsides and flooding being caused.

Blasting during the night is a very sensitive issue. [t should be avoided if at all possible since it can
be more trouble than it is worth in terms of strained public relations, adverse publicity and the
exceedingly tight conditions likely to be imposed by the local environmental health officer in response
ta public concern.

A number of different issues arose in the case of the Clyde Submarine Base compared with those
illustrated by the Loch Lomond road works. Some of these issues though external to the actual
construction works themselves nevertheless coloured opinions before the first sod was lifled or spade
terned.

Local and national politics influenced attitudes, both for and against the project, as did the anti
nuclear debate. The NIMBY (Not In My Back Yard) syndrome was encountered periodically and a
proportion of residents expressed resentment at the UK's nuclear deterrent being located in their neck
of the woods. This combined with concerns gver peacetime radiation risks and wartime vulnerability
coniributed to a perception of imposition by governunent from afar.

The Clyde Submarine Basz is the biggest single employer in the district with gver 4,000 civilians
working there, Many families rely on the base for their income therefore there is much greater
tolerance of disturbance from the activities carried on there than there is for example in relation to
quartying activities with their much smaller employment opportunities

In every case visual impact is a daily reminder of the unwelcome intrusion of such operations.
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7. Implications of Low Yibration Levels on Contract Length

Vibration levels are generally much higher in road construction works, althongh such contracts are of
telatively short duration when compared with surface mineral extraction. Higher levels may therefore
be tolerated - within reason. ’

There is however the practical difficulty of balancing the lower level of vibration wished for by the
public, against the extendod time period thereby required to carry out the contract. There certainly is
a benefit in completing the work as quickly as possible - though not at any price and finding this
balance is extremely difficull. In my experience people will tolerate higher levels of vibration arising
from construction activities provided that the experience lasis no more than perhaps two or three
weeks and provided of course that it is not excessive.

If levels are likely to exceed say 6 mm/s then there will be complaints. If levels of some 10 or 12
mm/s are experienced then there will undoubtedly be very considerable adverse reaction from the
public. It is a1 this Ievel that it might be prudent for the contractor 1o invite occupiers along to the
local hotel for a cup of tea while blasting is taking place. But under no circumstances st damage
from either ground vibration or fly rock result. ’

If either does happen then all the goodwill which might otherwise have been gained will be lost and
litigation will undoubtedly ensue. In any event, if occupiers experience such levels on even one
occasion then it is extremely unikely that they will ever leave their home again during such activities
for fear of the contractor inflicting damage to their property.

1 believe therefore that, provided public consultation tzkes place, the best course of action in terms of
public response and tolerance may be to reduce the contract period - but with adequate safeguards in
relation to damage and of course safety.

8. Methods of Reducing the Impact of Blasting on the Community

Having briefly described blasting techniques and methods available to reduce its jmpact on the
community, let me offer an example of what can be done to alleviate the public’s concern and anxicty
brought on in part by the sensitivity of the human body.

A very considerable public campaign gradually grew against one of the quarries in the district unil it
reached not only local newspapers but also local radio. Only at this point did the quarrying company
consider their public relations. It then held public meetings and every complainer was visited on an
individual basis. In addition regular moniloring was carried out by the blasting contractor and the
explosives manufacturer and “tell-tales™ affixed to selected properties. ’

Gradually the public began 1o realise that their concerns were being addressed, just as the quarry
operater began to realise how many aspects of the quarrying activities were considered unacceptable
by local residents - an eve opener for both sides!

From that day to this, periodic monitoring has been carried out, initially by the blasting contractor,

but later by my own department, to check on vibration levels and compare them with blasting records.
By doing this the quarry management and the ervironmental health officer are able 10 build up a
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picture of the method and maximum charge weights likely to be acceptable in terms of the ground
vibration (and overpressure) generated.

This is not intended to replace a vibration survey and scaled distance assessment by the gquarry
aperator and/or blasting contractor. It is however a very useful tool in assisting the environmental
heatth officer and quarry operator in understanding the problem and minimising complaints.

More recently, a down the hole detonation technique has been introduced with the effect of
minimising noise from surface detonation lines and dust columns from stemming, both of which had
been atiracting adverse comment from members of the public. Once again these faclors were
associated with a fear of ground vibration damaging their homes.

9. Conclusions

In the case of noise the criteria of nnisance is usually only met if the offending noise occurs regularly.
In the case of vibration however the public view any single incident, large or small, with concern, not
from the point of view of disturbance, but from a highty subjective assessment of the perceived
damage to their homes. What then can be done to inform the public about such operations and allay
their fears?

All (oo often the wrong attitude prevails and industry makes no aempt to inform local residents of
their plans. Hopefully this attitude is changing and a mere positive and constructive approach is now
being adopted.

Good public relations are essential, therefore before the first turf is lifted at least one public meeting
should be beld. Such a forum allows an exchange of views. The client/contractor can explain what is
proposed, why it is to be done in a particular way and what is 10 be done to reduce its impact on the
community, Local residents are in turn able to convey their concemns directly to the contractor. In
this way both sides gain an understanding of each other’s position and both can benefit from this
information.

The public should be given a point of contact so that they may either obtain advice and information or
register dissatisfaction. In order to reduce the startle factor blasting should be carmied out at regular
times and the public informed of these times. In addition audible wamings should be given
immediately prior 1o blasting,

The hours of blasting should be restricted (o weekday daytime working hours when residents might be
expected to be going about their daily activities, Night time blasting should be avoided if at all
possible since this is a particularly sensitive period and public reaction will reflect this.

Survey selected vulnerable properties, fit “tell-tales” before work commences and resurvey
periodically thereafier.

Ensure that no damage occurs - from any sourcs.

Look at the overall impact of the operation and control every aspect of it.  This includes blasting
effects, traffic movement, road conditions, noise, dust, flooding etc..
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We have come a long way in the last 20 years. The quarrying and construction industries have come
to recopnise that building damage criteria is not an adequate standard to foist on the public. 1 have to
say however that in my experience the quarrying industry has generally accepted their responsibility
more readily than the construction industry.

Emvironmental health officers are in daily contact with the public and are therefore familiar with local
feelings and expectations. They can help industry with advice based on local knowledge and
experience. I is far from inevitable that the two parties are ot opposile sides of the fence.
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