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I. Introduction

As an environmental health ofioer with Dtrmharton District Council l have beeninvolved in the field
of acoustics for some meaty years, though ham the local authority standpoint of endeawuring to
resolve the prrblic‘s problems in terms of statutory nuisance legislation.

1hawbceninwhedwiflttwohardrockqumfiesandlargestaleengineeringnvrksintheform of
road building on Loch Lomondside and the construction of shore based facilities to wpport the
Trident nuclear submarine fleet. Many of you will pmbably be unaware of the fact that Dumbarton
District has been home to the UKs Polaris nuclear submarine flea and a major NATO armaments
depotforsametwentyyarsorso.

All of these operations require the extraction of huge quantities of rock by means of explosires and
this results in the saturation of ground vibration, airwerpressure and various other environmental
impm as a consequence.

The pin-pose ofthis paper is not to discuss either investigation methods ormm criteria. Rather
it is to me 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 to the
generation ofuhration and suggest ways of minimising its impau on the community.

Atthispointlmust ineluderhetxvmtthatatlviewsexprusedaremyonnandare notnwessarily
those of Dtrmharton Dim-ta Council.

1. Nuisance

Since one of the primary funnions of an emimnnmrtal htalth oflicer is the prevention or abatement
of statutory nuisance. 1 shall frm address the term nuisance. The conventional view of nuisance is of
anything which causes material discomfort or inconvenience to a person. or amount to an
unwarrantahle interference materially afl'ecting the use and enjoyment of a person‘s property.

The term nuisance is not in fact defined in legislation, howeter a definition may be found in the case

of Walter v. Self: [13] which took place in the English courts in lxsl. in that judgement nuisance
was held to be :-

an inconvenience materially inteq‘ering with the ordinary comfort. physically. of human existence.
not merely accordingto elegant or dainty modes of living. but according to plain and sober and

simple nations among the English people. '
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Nuim is dealt with in Scotland under the Control of Pollution Act 1974 and in England and Wales

under the Emironmcntal Protection Act I990. In both cases filtration is included uithin the

definition of noise. Ccnmuction activities are dealt with under the Control of Pollution Act 1974 in

all three countries.

The most common means by which an environmental health ofi‘tcer deals with nuisance is by

summary action. In this case legislation requires that.... where a local authortry ts satisfied that

noise amounting to a statutory nuisance exists, or is likely to occur or recum...,.then it ....,Jhall serve

a notice (an abatement notice).

There is houcver another method open to the environmental health‘ otficer 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 further 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...._-t Sheri/7' or magisrrare's court may

ac/ under a summary application or complaint [made by the occupier of any premises] on the ground

that.... Jre is agrizved by noise [or vibration] mounting to a nuisance.

Noise and vibration from construction sites can also be dealt with and the local authority may serve

notice to prevent or restrict unmeanable activiles. However a contractor may apply for consent prior

to works commencing if he so chooses

J. Human Perception of filtration

The Collins Enyish Dictionary defines annoy as: to irritate or displem...and.i.ta harass with

repeated attacks.

Although this is not a legal definition it is one which I believe illnarates two very important points.

Firstly we are not daling here with the readily undemood and objective criteria of building damage,

but with the much more esoteric and very subjective criteria of human annoyance. Secondly the

concept of inrerrnittenq and repetition is recognised '

When I first dealt with the quarrying and construdion industries, and even the mandarins of the

Scottish Oflice. all talk was of stnrcnrral damage thresholds. The efl'ens of vibrations musing

disturbance or annoyance to local residents tended to be passed over with a dismissive gesture of the

hand. This despite the fact tint research anied out as long ago as the 19305 indicated that human

perception ofvibration was very acute [ll].

The human body is extreinely sensitive to vibration and the threshold of perception, expreged as peak

velocity in the venical axis, has been identified as 0.3 mm]: for continuous vibration IS. 12] and 1.5

mrnls in the case of transient vibration [l I]. A continuous velocity of 2.5 mar/s has been considered

suflicient to ause annoyance [5, I2].

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

the public of the nuisance from vibration and air overpresmre associated with blasting actitities. In

the use of vibration the public view any single incident, large or small, with ooncem, not from the
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point of view of diaurbance, but Erorn a highly subjective assessment of the perceived damage to their

horn,

Conventional nuisance criteria do not seem to apply in the case of blaming. It is a highly unotive
issue and on more than one octzsion l have had elderly people compare quarry blasn'ng with the blitz
on Clydside during the Second World War. These comments have not arisen from people whom one

miytt consider to be highly strung. but from ordinary sensible members of the public displaying a‘

genuine fear, houever imtional some of us may consider it. about blasting activities This may seem

somewhat far fetched to those ofus oith a more objective mm ofmind but it happens nonetheless,

The terms disturbance, annoyance and inconvenience do not seem to enter into the vombulary of the

van majority of those who complain about blasting. Indeed I can think of no single oomsion when

the complainer confined himselfto what I would call nuisance. Their ooncem is for the structural
safety of their property every time they feel - or hmr - a blast. For this rmon the conventional

notions of nuisance can be all too easily overlooked ‘and the environmental health otficer an find

himselfin a rather unusual role. He carries out a monitoring exercise, not with any great expectation

of gathering etidence ofnuisance, but more as a source of reassurance

In my experience the public view any Vibration as had Vibration. particularly when it is associated

with other forms ofenvironmental impact or pollution

4. Blasting Techniques

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

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

In contrast. road construction work requires much more controlled blaming involving much smaller

charges ofhigher grade explosives. though often detonated very close to buildings [10. ll].

The technique used in road outings comprises pro-splitting and then bulking-out [to]. The pre-
sptitting technique requires detonation in very confined rock in order to create incurring within the

rock but without breakout orfragmentation taking place. Thus quite high letels of ground vibration
occurr Bulking-out is a conventional blasting technique similar to that used in quarrying, thottyt
more care must be taken. Levels of vibration from this method are generally lower than those from
pro—splitting.

In general terms the greater the energy expended in breaking out the rock and fragmenting it. tlte
lower the resrlting ywnd vibration will he therefore the better the blast from the indunry point of
view, the lesser the sensory impact from the public's point of view [9, UL

Probably the single most itoportant 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 to the magnitude of vibration then that too is reduced [l, 6].
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in the use of pro-splitting for highway rock emotion the method used to reduce ground \‘ibflliofl is

to dmouple the charge from the side of the hole “0. ll].

5. Vibntiun levels

In quarrying. lewls of L0 to LS millimetres per second peak particle velocity are typical. The highest

level I have recorded was 6 torn/sec and the next highat 3 moi/sec. Complaints are usually lodged if

the magnitude exceeds L0 min/sec - not much higher than the threshold ofperoeption - and if 2-3

nun/s is reached then complainants-become toeiferoust

in road construction. velocities of 3 to 6 min/s are commonplace. The highest level I have recorded

on anyroadmnuaetisapeakpaniclevelocityofzo mm/s. Thiswasat a dimnee of48 metresfront

a blast at which the maximum instantaneous charge of explosives “as only 6‘75 kilos,

These figures relate to measuements mnied out on the structure of buildings, either on doorsteps or
nindow sills, Hammer in order to assess levels of vibration at the point of entry to the human body an

allowance must be made for the transfer funnion between the measurement point and the body mtry
point [2].

6. Factors Influencing the Perception of Vibration

Largequarryblassdonotnecesariiytakeplaceneryday, failss severaltinteseachday. However

this type of operaan is usually a long term undertaking and hence its environmental impact will

pasiaforrnanyyears. 'l‘husvt'hilsttheli'equenq'ofblastingmay notbegtut, thefactthatittnay

continue for many puts has a great influence on the uillingnefi of afiected residents to tolerate this

type of activity.

As demand for rock rises and falls so production follows suit and when an incme in the number of

blasts follows a hlll of several months or ntore then public concern is moaltened.

Road construction on the other hand requires frequent blasting. perhaps several shots per day.

Honever such operations are of course much shoner lived than quarrying activity and for this reason

higher Ietels' ofvibration ntay be tolerated to some degree.

In my experience complaints arise not only asa result ofyound vibration but also due to loud noise.
windows rattling omrnents moving, minors falling 03‘ mils, cracked WC pedestals etc. Such

incidents trigger an alarm in the minds ofthe public who then associate them with large scale ground

movement. It is therefore very important to question complaints closely and ascertain just exactly

what they have in fact experienced.

Probably the single gratest influence on the public’s perception of pound vibration is the airborne

presstue wave. When «plosives are detonated. both ground haves (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 (conutssion) can rattle loose fitting windows and also mine a

phenomenon known as the diaphragm efl'ecl whereby the aim-ave impacting on a structure may cause
excitation ofsuspenflcd floors or stud partitions ll].
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The perception of vibration can be influenced by anumber of factors and in general these tend to

relate to the attitude of the contractor and the hay in which the quarrying or road construction
operation is carried out.

A sudden loud noise associated with a blast oflen muSes startle and if tltis is combined with window
rattle 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 inerase in the letel of complaint even
though the degree of ground \ibration may be minimal [3, 4].

Other activities which hate an impact on the environan mayheighten awareness of the issue
therefore consideration should be given to the impact ofall activities. Dust from the stemming of shot
holes, drilling rigs or traflic movement can focus attention on the quarry as can the smoke from
coating plant. Noise from heavy vehicles orfrom compressors supplying drilling rigs can draw
attention to the quarry's unattractive and unnamed activities.

There are of course other ob\1'ous ways of avoiding adverse public reaction. though these tend to relate
more to road construction activities than quarrying. Ensure that suflicient land is acquired in order
that the wane an be carried otn safely and control lly-rock. Damage as a result 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 gite rise to safety issueseither
from their sheer size or from mud deposited on roads. Warts 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. it should be avoided if at all possible since it (am

he more trouble than it is north in terms of strained public relations. adverse publicity and the
excadingly tight conditions likely to be imposed by the local environmental health oficer in rsponse

to public concern.

A number of difl'erent issues arose in the use of the Clyde Submarine Base compared with those

illustrated by the Loch Lomond road worls. Some of these issues though extental to the actual

construction works themselves nevertheless coloured opinions before the first sod was lined or spade
hurled.

total 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 ofresidents expressed resentment at the U'K‘s nuclear deterrent being located in their neck

ofthe vtoods. This combined uith conceals over pacerime radiation risks and wartime vulnerability
contributed to a perception of imposition by government from afar.

The Clyde Suhnrarine Base is the biggest single employer in the district with over 4,000 civilians

working there. Many fln'rilies rely on the base for their income therefore there is much greater

tolemnoe'of disturbance from the activities carried on there than there is for etampte in relation to

quarrying activities uith 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 ofLow Vibration lm'elu on Contract Length

Vibration levels are generally much higher in road construnion works. although such contraas are of

relatively short duration when compared uith surface mineral exuaction. Higher levels may therefore

be tolerated - “ithin reason.

There is however the practical difl‘rurlry of balancing the lower level of vibration wished for by the

public. against the extended 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 difficult In my experience people will tolerate higher levels of vibration arising

from construction activities provided that the experience lasts no more titan perhaps two or three

wcdts and pretided ofcotnse that it is not excessive.

II levels are likely to exceed say 6 min/s then there uill be complaints If levels of some 10 or 12

ram/s are experienced then there will undoubtedly be tel-y considerable adverse reaction from the

public. It is at this level that it might be prudent for the contractor to invite occupiers along to the

local hotel for a cup of tea while blasting is taking place. But under no circumstancts must damage

from either ground vibration or fly rock result. '

Ifeitllet does happen then all the goodwill which might otherwise have been gained will be lost and

litigation will undoubtedly ensue. In any extent. if occupiers experience such levels on even one

ceasion then it is extremely unlikely that they will ever leave their home again during such activities

for fearol'the contractor inflicting damage to their property.

I believe therefore that, provided public consultation takes place2 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 dscribed blasting techniques and methods available to m its impact on the

community, let me ofier an example of what can he done to alleviate the public's concern and anxiety

brought on in part by the sensitivity ofthe human body.

A very considerable public campaign gradually grew against one of the quarries in the district until it

reached not only local newspapers but also local radio. Only at this point did the qnan'ying company

cans'der their public relations. It then held public meetings and every complainer was visited on an

individual basis. In addition regular monitoring was tarried out by the blasting contractor and the

explosives manufacturer and “tell-tales" affixed to selected properties. '

Gradually the public began to realise that their concerts were being addresed. just as the quarry

operator began to realise how many aspects of the quarrying actifities were considered unacceptable

by local residents - an eye opener for both sides!

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

but later by my own department, to check on \ibraticn levels and compare them with blasting records.

By doing this the quarry management and the environmental health officer are able tcbuild up a

200 Proc.l.O.A. V0| 17 Pan 4 (1995) 



  

Proceedings of the Institute of Acoustics

HUMAN RESPONSE TO BLAST INDUCED GROUND VIBRATION

piuure 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 sealed distance assessment by the quarry

operator and/or blasting contractor. it is however a very useful tool in assisting the em-ironmental

halth cdicer 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

ntiniming noise from surface detention lines and dug columns from stemming, both of which had

been attracting adverse comment from members of the public. Once again tltese {odors were

associated with a fear ofground vibration damaging their homes.

9. Conclusions

In the case of noise the criteria of nuisance is usually only met if the oEending noise occurs regularly.

in the case of vibration howeter the public view any single incident, large or small, with concern. not

from the point of view of disturbance, but from a highly subjmite assessment of the perceived
damage to their homes. What then can be done to inform the public about such opernn'ons and allay
their fears?

All too ofien the wrong attitude prevails and industry makes no attempt to inform loml residents of

their plans. Hopefully this attitude is changing and a more positive and constnrelire approach is now

being adopted.

Good public relations are essential. therefore before the first turf is lined at least one public meeting

should be held Such a forum allows an exchange of vietts The client/contractor an explain what is

proposed, why itistnbedone inaparticularwayandwbatistobedonetoreduce its impactonthe
community. Local residents are in turn able to convey their concerns directly to the contractor. in
this way both sides gain an understanding of each other‘s position and both an benefit from this

information

The public should be giten a point ofconlact so that they may either obtain advice and information or

rey‘slet dissatisfaction in order to reduce the startle factor blasting should be carried out at regular
times and the public informed of these times. In addition audible warnings should be giwen
immediately prior to blasting.

The hours of blasting should be restriued lo ueekday daytime marking 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 propenies, fit “tell-tales" before work commences and resrn'ey
periodiwa thereafter.

Ensure that no damage occurs — from any source.

Look at the merall impact of the operation and control every aspect of it. This includes blasting
efl‘eets, traflic rnotemenr. 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 recognise that building damage criteria is not an adequate fiandard lo foisr on me public. 1 have to

say however that in my experience the quarrying industry has generally accepted their responsibility

more readily than the construction industry.

Environmental health oflioers are in daily contact with the public and are therefore familiar m'th local

feelings and expectations. They can help industry with advice based on local knowledge and

experience, It is far from inevitable that the two parties are on opposite sides ofthe fence.
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