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SYNDROME
A complex going together of the various symptoms of some disorder.

TRAFFIC NOISE INDEX (TNI)

TNI = 4(Lqg - Lgo) + Lgg - 30 . s 1
(See discussion under 2,2 ANNOYANCE)
TURBOCHARGER

A mechanical device fitted to engines to increase the pressure of the air
supplied to the engine inlet valve, i

10 APPENDIX 2 SUMMARY OF CURRENT AND RECENT TRAFFIC NOISE
RESEARCH IN THE UK - 1 JANUARY 1970

10,1 RESEARCH ABSTRACTS

1. The Institute of Sound and Vibration Research, University of Southampton

Basic investigation of the origins of internal and external noise in ears and
commercial vehicles; the effect of noise on working efficiency.

2, The Motor Industry Research Association

The measurement of noise from vehicles; subjective rating; commerecial vehicle
noise and its reduction; engine exhaust silencing,

3. CAV Lid
Reduction of noise of diesel engines,

4. Perkins Engines Lid

Reduction of noise of diesel engines., i
5. Ricardo Ltd

Reduction of noise of diesel engines. ‘
6. Dunlop Lid

Measurement of tyre noise,

7. London Transport Board, Research Division

Development of sound insulation of single decker public service vehicles. 4 i

8. Greater London Council :

The measurement of noise from urban motorways; the testing of noise barriers;
the noise output of individual vehicles; the determinants of traffic noise; monitoring of
noise levels; noise insulation of buildings; the effects of traffic management schemes;
case studies on roads and educational buildings; the impact of new forms of technology.

9. National Physical Laboratory

Prediction of noise from freely-flowing traffic; development of noise control
criteria; measurement of noise exposure; study of propagation phenomena; calculation
of noise level reduction due to a barrier,

10, Road Research Laboratory

Development of instrumentation for noise logging and mapping; measurement of
vehicle noise under non-ISO test conditions; tyre noise, effects of surfacing and other
aspects of road design.




11, Building Research Station

Community response to traffic noise; testing of experimental noise barriers,

12. Ministry of Housing and Local Government

Studies of the cost of protecting housing against external noise.

13. Department of Physics, Chelsea Collegé of Technology

Physical acoustic modelling of traffic noise,

14, Department of Architecture, Liverpool University

Physical acoustic modelling of traffic noise; habituation to noise,

15. School of Architecture, Portsmouth College of Technology

The sleep disturbance due to traffic noise,.

16. Department of Building Science, Sheffield University

‘The effects of road traffic noise on the layout and design of buildings in urban
environments.

17, Building Science Section, University of Newcastle upon Tyne

The noise climate arising with various vehicles, road conditions and road designs;
the noise attenuation characteristics of various types of windows.

18. Loughborough University of Technology

Studies of the noise mechanisms inherent in jets, rotors, tyres and brakes.
Measurement and estimation of noise climates from road and air traffic and
determination of community response; noise control in buildings; audiological studies
among vehicle users,

19. Department of Civil Engineering, Imperial College of Science and Technology

Study of traffic and environment,

20. W.S, Aikins and Partners

Development of Environmental methodology; consultancy work on motorway routes
~.ad their noise effects.

21, Freeman Fox Wilbur Smith and Associates

Aspects of environmental planning related to noise, as part of consultancy work.

10,2 RESEARCH PROJECTS AND SCALE OF EFFORT

1. _The Institute of Sound and Vibration Research, University of Southampton

1.1 Automotive Engineering Group

The major part of the Group's activities are concerned with vehicle and engine
noise and vibration. There is a continuing programme of basic investigation into the
origins of noise of cars and commercial vehicles, consisting of a set of selected p
projects which will establish the basic principles of quiet vehicle design. Close links
are maintained with the Motor Industry Research Association, and co-operation has
been established with the Road Research Laboratory - a joint programme of research
is being prepared.

Research is proceeding under the following heads;

Automobile Noise and Vibration

i) Structural behaviour of the car body.

ii) Interaction of cavity resonance and structural vibration of cars and vehicle cabs.




iii)Engine excited 'boom' in motor cars.
iv) Noise of commercial vehicles. Three aspects are being investigated;

(a) origins of noise inside the cab (b) identification of the various sources of noise
to outside and (c) the effect of operational conditions on exterior noise.

v) Engine and transmission induced parasitic oscillations of motor cars.
Engine Noise

Research on engine noise is continuing with major financial support from the
Science Research Council, the Ministry of Technology, Ministiry of Defence (Fighting
Vehicles Research and Development Establishment), Cummins Engines Company,
Ford (Dagenham) Trust, Perkins Engines Company and the British Leyland Motor
Corporation. The British Leyland Motor Corporation has also awarded a Lectureship
in engine noise studies.

Regular meetings are held to discuss research results and to formulate appropriate
research programmes with the British Internal Combustion Engine Research Institute,
Perkins Engines Company, CAV Lid, Cummins Engines Company and British Leyland
Motor Corporation. Current Research topics are;

i) Relationship between noise due to combustion and piston slap in diesel engines.
ii) Structural modes on in-line diesel engines.
iii)Low noise diesel generating set.

iv) V-Form diesel engines; fundamental investigation of how bending modes develop
from the combustion pulse; effect of structural modifications on the modes of
vibration; the relation between the noise of a Vee engined truck to the noise of the
engine when installed on test bed.

v) ISVR structure research engine.
vi) Impulsive excitation of engine structures.

Professor T. Priede is a member of the Working Group on Research into Road
Traffic Noise.

1.2 Audiology and Human Factors Group

The Human Factors Unit has been set up as a new section within this group.
Research in the Unit is mainly in the fields of human response to vibration and the non-
anditory effects of noise. Work in hand includes the development of objective methods
of assessing the distraction and loss of working efficiency due to noise (this is supported
by the Science Research Council).

Scale of Work

The work of the Institute on road traffic noise is done by three groups; Engine,
Commercial Vehicle, and Car Group.

1. Staff.

a. Engine noise. 2 Industrial lecturers and 5 Research Fellows, with total salaries
of ¥14, 000 per annum.

b. Commercial Vehicle Noise. 2 Research Fellows, with total salaries of 33,200
per annum,

c. Car Noise. 2 Research Fellows, with total salaries of ¥3, 200 per annum.
d. Technical staff - 9 Technicians, with total salaries of ¥10, 500 per annum.

Total Staff Expenditure  ¥30, 900 per annum
2. Laboratory expenditure ¥11, 500 per annum
Total Expenditure ¥42, 400 per annum
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There are in addition a number of postgraduates and undergratuates working on automotive
noise problems, who are not being paid by research contracts. These number on
average 3 or 4 3rd year undergraduates, and 3 or 4 M Sc students.

2. The Motor Industry Research Association

The Association has been involved in research on the techniques of noise reduction
in individual vehicles, for several years. Reports have been published on the following
topics;

i. The measurement of noise emitted by motor vehicles.

ii. Engine exhaust silencing - a series of reports.

iii.Commercial vehicle noise; the reduction of the external noise by engine enclosure.

iv. The subjective rating of motor vehicle noise.

A comprehensive review of the problems of vehicle noise and their possible
solution prepared by members of the Noise Section, was presented to the 11th
International Automotive Congress in 1966, i

Mr. C,H.G. Mills, the Head of the Noise Section is a member of the Working Group
on Research into Road Traffic Noise,

Scale of Work

1. Analytical investigation of energy transmission of random vibrations through
complex structures. *¥2, 000 per annum for 2 years.

2. Transmission of vibrational energy through body structures including the
measurement of point mobility of structures. I35 Engineers pa.

3. Development of test procedures for measuring properties of resilient mounts;
routine testing of mounts. 1 Engineer pa.

4. Measurement of acoustic_properties of materials and structures. Application
of results to typical vehicles. 15-Engineers pa.

5. To advise and carry out work as necessary in connection with British Standards
Institute, Ministry of Transport and International Standards Organization, in internal
and external noise. %Engineer pa.

6. Subjective survey of noise on vehicles under service conditions. %Engineer pa.

7. Development of new techniques of vehicle noise measurement and proposal of
design criteria. 1 Engineer pa.

8. Consiruction of engine noise test cell, ¥10, 000.
3. CAV Limited

The current programme of work on diesel engine noise reduction stems directly
from the two designs of quiet engine produced at CAV between 1959 and 1963. In these
engines the vibratory motions of the external surfaces are controlled by stiffening or
damping the thin sectioned areas of the external surfaces of the engine, or by isolating
these surfaces from the vibrations developed within the engine. Reductions of 10 dB
have been obtained in the audio range by using magnesium alloy for crankcase walls
and sandwich materials for the covers.

The firm consider that smaller reductions (of the order of 5 dB) can be obtained by
treatment of the external surfaces of engines made of conventional materials. The
future programme includes further exploration of new techniques for quietening covers
and some application of these developments to current engine designs. It is then
intended to investigate modifications inside the engine to reduce noise. In parallel
with this, the work on engine accessories and equipment made by CAV will be directed
towards keeping their noise levels below those of quieter engines,




Scale of Work

The Noise Section has 5 professional members, and is supported by specialist
technicians in various departments. The 1969/70 programme includes l%man years
on engine noise (of which—é— man years is allocated to diagnosing noise problems on
customer's engines). Other studies are being carried cut on fuel injection pump noise
Gé-mén-year), turbocharger noise %man-year) and electrical machine noise €2—man—
year).

Approximately ¥10, 000 was spent on major re-equipment in 1966-68, and the
budget for equipment in 1969-70 is ¥5. 000.

4, Perkins Engines Co

Perkins have been actively interested in the field of engine noise and vibration for
several years, and have supported the experimental work carried out on engine structure
research at both CAV and ISVR. They are currently investigating the use of laminated
steel panels with an interlayer to provide a damping medium. Perkins also do work
on complete vehicles to assist manufacturers who install their engines.

5. Ricardo and Co Ltd

Ricardos are carrying out studies on the reduction of the level of noise emitted
by road vehicle diesel engines under four headings;

a. Reduction of combustion noise. This is done by changing the combustion
chamber's configuration, and appropriate control of fuel injection.

b. Reduction of noise generated elsewhere - by attention to timing drives and
piston movement.

c. Minimizing noise radiation from engine structure. Appropriate design of the
engine structure and enclosing covers and panels.

d. Engine enclosures. Development of lightweight practical enclosures.
Scale of Work

2 Professional engineer man-years per annum

2 technician man-years per annum

The budget related to noise studies has been about ¥10, 000 per annum for several
years. Noise test facilities expenditure in 1970 will be ¥15, 000.

6. The Dunlop Co Lid

The company state that car tyre noises are well below the legislation limits, and
that truck and commercial vehicle tyre noises in general are masked by the vehicle
engine and exhaust noises for all classes of vehicle. Some of the "Off the Road" duty
tyres in these ranges, on the quieter vehicles can sometimes be identified as generating
distinot characteristic whine when on roads. but still at a measured level below the
legislation limits.

The tyre industry however is developing all its newer tyres in the commercial
vehicle field always with a view to avoiding tyre generated noises ever becoming a
predominant source as vehicles are quietened. When all other considerations allow.
pattern randomising as carried out on car tyres will be adopted in the truck range,
though for some of the forthcoming patterns this may not always be possible, in the
first developments.

Scale of Work

Members of the tyre testing team work on noise as and when required, up to a
maximum of three professionals. Noise test work is a small part of the tyre festing
budget.




7. London Transport Board, Research Division

Some development work has been done on the noise insulation of a double-decker
bus engine. Quietening was achieved, but access for maintenance became so poor,
that the modification was abandoned as impractical. London Transport have specified
that noise insulating material should be applied to panels adjacent to the engine on
single-decker buses.

London Transport specify that buses supplied to them must comply with the
legislative limits, and they carry out tests from time to time to ensure that they do.
They do not however carry out development work on the quietening of vehicles.

Scale of Work

The amount of effort devoted to noise problems fluctuates considerably; it averages
1 scientist man-year per annum, and 1 supporting staff man-year per annum.

8. The Greater London Council

The Scientific Adviser's Branch does work on noise research and noise control
under the following heads;

i. The effects of noise from urban motorways. Measurements have been made
of the noise climate before and after the building of the Ml extension into London.
Similar measurements have been made on the Blackwall Tunnel approach.

ii. Measurement of the noise output of individual vehicles. A further series of
measurements in planned for the near future.

iii. The effect of traffic volume and composition on traffic noise levels.
iv. The variation of noise level over a 24 hour period and at weekends.
v. Annual monitoring of the noise level.

vi. Projected noise survey of levels in outer London. Measurements for the
Zone 277 environmental management study. Barnet noise survey for planning
purposes.

vii. School noise survey. Objective measurements linked to a social survey to
establish standards for different types of educational activities.

vili, Individual investigations on schools and colleges. Noise measurements in
existing buildings and roads, and also measurements where new buildings and/or
roads are planned. ’

ix. Measurements on the effects of various forms of noise insulation in buildings.
x, Effect of traffic management schemes on the noise climate.

xi. The noise output of new forms of transport; noise from helicopters, hovercraft,
and VTOL machines,

xii. Planned work on the testing of noise barriers on urban motorways. This work
should be complementary to that being arranged by the Building Research Station;
it will involve the erection and testing of a barrier in an urban area (the BRS

tests will be on a rural siretch of the M1). A formal request from the GLC for
assistance from the Ministry for this programme has not yet been made, but some
informal preparatory work has been done.

xiii. Experimental work on model testing techniques.

Mr. G.H. Vulkan of the Scientific Adviser's Branch, is a member of the Working
Group on Research into Road Traffic Noise.

Scale of Work

1. a. One scientist and 7 scientific assistants, full time (including 4 graduates).




b. Two scientific assistants, part time (both graduates)

2. The laboratory is equipped with a specially designed mobile laboratory for
field work.

9. The National Physical Laboratory

A report was published in 1967 by Johnson and Saunders, giving a method of
predicting the level and statistical characteristics of noise from freely flowing traffic,
in terms of vehicle flow, speed, and percentage of heavy vehicles, with indications
of the effect of road gradient and ground attenuation. The original purpose of this
work was to provide a base line against which to judge long term trends in traffic
noise climate. The experimental work will accordingly be continued in the future.
Dr. D.W. Robinson is concerned with the subjective assessment of all types of noise.
NPL Aero Report Ac 39 ""Outline guide to criteria for the limitation of urban noise''
summarizes the present situation with regard to methods of noise assessment. NPL
Aero Report Ac 38 ""The Concept of Noise Pollution Level" describes how this measure,
which takes account of the mean prevailing level plus the fluctuations, can unify the
rating procedure with respect to noise emanating from a variety of sources. The
measure is shown fo account for the data obtained in the Griffiths and Langdon study -
of traffic noise, for the response to aircraft noise near airports, and for laboratory
studies of the duration-versus-intensity trade-off. Since actual situations often involve
a noise climate due to the combination of several types of source, the development of
such a measure is important from the point of view of the setting of criteria.

NPL Aero Report Ac 40 by Johnson examines the effect of changes in the statistical
distribution of a noise climate on the calculation of total noise exposure, and is related
to the question of subjective assessment.

The study of propagation phenomena by Delany and Bazley is reported in NPL,
Aero Report Ac 41. It has been shown that the calculation of the attenuation due to
ground absorption can be simplified by using the appropriate plane wave reflection
coefficient. The formation of "sonud shadows'' due to wind and temperature gradients
has also been studied.

Miller and Burton {Division of Numerical and Applied Mathemtatics) have developed
a method for calculating the reduction in sound pressure level due to a rigid barrier
using a new integral equation formulation, and a report on it will be published shortly.

Mr. D.R. Johnson was a member of the Working Group on Research into Road
Traffic Noise during the preparation of this Review, his place has now been taken by

Dr. M, E. Delany. -

Scale of Work

There are up to 15 people in the Acoustics Section, working on various aspects of
noise, some of which is relevant to the iraffic noise problems viz. Subjective assess-
ment, atmospheric propagation and the theoretical performance of noise barriers.
There is no direct allocation of manpower or funds to traffic noise research at present,
though it is intended to extend the work of Johnson and Saunders in the future, as
mentioned above.

10. The Road Research Laboratory

Traffic noise research is undertaken by the Noise Group, one of six groups in the
Climate and Environment Section of the Design Division. The Noise Group research
programme was outlined in RRL Technical Note TN 365 (February 1969) '"Revised
proposals for research into traffic noise"

Four topics were mentioned;

i, The measurement of vehicle noise under non-ISO test conditions. This work
is in progress, with the collaboration of Mr. Waters of the Institute of Sound and




Vibration Research,

ii. The development and use of instrumentation for noise logging and mapping.
The necessary equipment is on order.

iii. The investigation of the effects of high noise levels on the drivers of
commercial vehicles. Work on this topic has not yet begun.

iv. The effect of different types of road surface on tyre noise. Measurements
are currently in progress.

Dr. R,S. Millard, Deputy Director of Road Research, is the chairman of the
Working Group on Research into Traffic Noise. Mr. M, E. Burt, Head of Design
Division and Mr. L. H. Watkins, Section Leader Climate and Environment Section,
are both members of the Working Group. The Secretary of the Working Group is Mr.
D. G. Harland, Group Leader Noise Group.

Scale of Work

1. Full-time staff of the Noise Section
a. 1 Senior Scientific Officer
b. 1 Scientific Officer
c. 1 Experimental Officer
d. 1 Assistant Experimental Officer

2. Financial recources

a. Equipment (1969-70) ¥14, 060
(1970-71) ¥8, 000
b. Full scale experiments (1969-70) ¥15, 000
(1970-71) ¥50, 000
c. External Contract (1969-70) ¥1, 500

11. The Building Research Station
11.1 The Traffic Noise Index

Griffiths and Langdon have carried out a large-scale study of community response
to traffic noise (see section 2.2). The results were published in April 1968 in two
reports; ”Subjective response to road traffic noise" and '"The traffic noise index; a
method of controlling noise nuisance"

The first report is based on a coustic measurements at fourteen sites in the London
area and 1200 interviews dealing with the effects of the noise conditions prevailing at
each of these, with the aim of developing acceptability criteria for traffic noise from
roads in residential areas. Dissatisfaction with the noise conditions, as expressed by
the residents at each of the sites, was related to sound levels in such a way that it
was possible to predict the median level of dissatisfaction at each site by the use of a
measure taking into account the mean sound levels exceeded for 90% and 10% of the
sampling periods through a whole day - the so-called traffic Noise Index.

The second report discusses the practical application of the Traffic Noise Index
in particular, the effects of (a) distance (b) exira acoustic insulation of buildings
(c) noise barriers, on the value of TNI,

11. 2 Noise Barriers

Some initial experiments on model barriers in an anechoic chamber have been
carried out. These showed that the noise insulation was markedly reduced by the
presence of holes or gaps in the barrier construction.

Full scale experiments have almost been completed on a barrier at an open site,




using a point source of noise; the principal variables studied were barrier height,
distance of source and receiver from the barrier, height of receiver from the ground,
and the effect of the weather,

The next stage is seen as the evaluation of the performance of a barrier under
more realistic conditions, i.e. beside a motorway, where the noise’is a line rather
than a point source. The construction of an experimental length of barrier (1000 ft at
an approximate cost of ¥15, 000) is about to begin at a point on the M1 which is in open
country. The barrier will probably be erected by the local authority (Hertfordshire
CC). The aesthetics of the design, which will ultimately be important because the
probable location of barriers in urban areas will make them prominent structures,
will be considered at a later stage. 'Before and after' measurements will be made at
the barrier location in such a way that the results can be analysed in whatever way is
subsequently proposed.

The MOT supportied noise research at BRS for the three years ending March 1969
paying ¥10, 000 per annum, about half the annual cost, Currently MOT are supporting
the Ml barrier experiment by paying the constructional cost from RRL research funds.
The BRS will carry out the field work over the next two years, doing approximately 13 N
man-years work in that time. -

11.3 Other Work

The BRS has published a report on the protection of residential property against
aircraft noise.

Dr, S.J. Leach, Deputy Head of the Environmental Design and Engineering Division
is a member of the Working Group on Research into Road Traffic Noise.

Scale of Work

1. Staff. The current noise work involves three and a half professional man-
years per annum, and 1 supporting staff man-year per annum, for the next three
years,

12, Ministry of Housing and Local Government

A study of the costs of protecting housing against external noise has been made by
the Ministry's Quantity Surveyors' branch for its Housing Research and Development
Group. Results of the study, which was carried out in 1958-69, will be incorporated
in a bulletin in the Design Series. dealing with traffic noise, to be published in 1970.

Scale of Work -
Staff. 3 professional including 1 superintending,

13. Department of Physics, Chelsea College of Science and Technology

13. 1 Infrasound

The Medical Research Council is supplorting reseafch work by Dr. H.G. Leventhall
on the levels of infra-sound (i. e. sounds at frequencies below the audible range) in
industrial and city environments.

13.2 Acoustic Modelling

Dr. Leventhall is supervising the work of Mr, A. L., Beaman, of the Scientific
Adviser's Branch of the Greater London Council, for an M. Sc on the prediction of
traffic noise using physical acoustic models. The thesis (awarded in November 1969)
discusses the traffic noise prediction methods, and shows the value of acoustic
modelling. There is a survey of the use of models in architectural acoustics, and the
study of industrial noise, and the limited amount of published work on traffic modelling.
Experimental work on'a 1:50 scale model of traffic situations is reported.




Scale of Work
Dr. Leventhall (Part-time) and Mr. Beaman (Part-time)

14. The School of Architecture, Liverpool University

14.1 Dr. H.C. Pinfold has developed a physical model, at a scale of 1:100, for

typical traffic situations. The "buildings" are simulated by polished softwood blocks,
whose absorbing properties at frequencies up to 40, 000 Hz are similar to the

properties of bricks, concrete and glass at frequencies up to 400 Hz. The "traffic
noise" is provided by small omni-directional loudspeakers emitting noise at up to

40, 000 Hz. The noise climate on the model is measured by small microphones at the
appropriate points. Dr. Pinfold claims good agreement, on the basis of tests carried
out in conjunction with the Greater London Council, between survey measurements taken
on real sites, and measurements taken on models of the same sites.

Dr. Pinfold has developed the method, with the help of a Science Research Council
grant. He has increased the working frequency up to 80, 000 Hz, and hence reduced
the scale of the models; this has involved the modification of the associated equipment.
A report on the latest version of the model will be available shortly.

14.2 Mr. F.F. Horton is carrying out a pilot study of the sociological aspects of noise
annoyance. The psychology of small groups suggests that perception can be modified
by the reports of others and the expectations of the perceiver. Many of the situations
where the subjective response to noise is important are those where the effect of a
social group may be important e. g. in offices and local communities., In such
circumstances the mechanism of the formation and modification of group judgements

is clearly important, particularly where it could illuminate the meaning of social
surveys of noise response.

Scale of Work
1. Staff. Dr. Pinfold (Part-time) and Mr, Horton (Full-time)

2. Resources: Dr. Pinfold has an SRC grant of ¥1, 100 to develop equipment.
Dr. Pinfold hopes to obtain a research grant of approximately ¥10, 000 which will
allow the employment of one post-doctoral fellow, and one technician. Mr. Horton:
RIBA grant,

15. School of Architecture, Portsmouth College of Technology

Mr. Harman, Senior Lecturer at the School, has studied the forms of noise
acceptability criteria in current use, and he concludes that criteria should be derived
from health considerations in the widest sense, taking into account both physiological
and psychological aspects.

The nature of sleep, the levels of traffic noise which disturb it, and the conse-
quences of sleep disruption are being studied. The work will be reported in an M Sc
Thesis in the Department of Building at the University of Manchester Institute of
Science and Technology, entitled "The Effects of Traffic Noise on Sleep", due to be
submitted in March 1970,

Scale of Work
The work has been done part-time over the past three years, by Mr. Harman.

16. Department of Building Science, Sheffield University

PhD thesis, submitted in November 1968 by H. W, Pratt. The author is with the
Housing Research and Development Group at the Ministry of Housing and Local
Government.

The thesis considers the effects of road traffic noise on the layout and design of
urban buildings singly or in groups, and aims to develop the means by which archi-
tectural design in urban environments may be optimised in relation to traffic noise.



It is in two parts, the first of which reports on a detailed investigation, including
laboratory and field experimental work, of the separate factors which may affect
building design and layout in relation to traffic noise. A second volume summarises
the conclusions of the acoustical investigation most relevant to design, outlines a
sequence for their application in the layout and building design process, and explains
the layout and design possibilities for a number of building types in relation to typical
existing or future traffic conditions. Illustrations are given of the application of the
separate factors to explore some relationships between buildings and traffic in actual

urban situations.
Scale of Work
1. Staff. 1 graduate research worker with 2 academic supervisors

2. Resources, Technical and other resources of the University Departments of
Building Science and Applied Mechanics.

17. Building Science Section, School of Architecture, University of Newcastle upon
Tyne
The research concerning traffic noise is concentrated on two main aspects;

i, Measurement of the noise generated by different types of vehicle operating
under different road conditions and the way it is propagated into the surrounding
space, with different types of road construction (i. e. on a cutting or on an
embankment).

ii. The sound attenuation performance achieved by windows mounted under normal
conditions in buildings. The results are related to window type and the angles of
incidence of the noise. They are being compared with those measured for glass
totally sealed in an opening and measured under laboratory conditions.

A series of laboratory tests of the transmission loss of windows is also being
carried out to determine the effect on window performance of the following variables;
(a) standard of sealing (b) size of panes (c) type of frame and (d) rigidity of edge
mounting.

The main findings to date have been that the published data on the sound insulation
value of windows has been optimistic in relation to the measurements made in actual
buildings. This is because the published data relates to laboratory measurements of
sound insulation. The standard of workmanship involved in actual buildings leads to
lower standard of air sealing, and hence to reduced insulation. It has been found
necessary to study not only the sound insulation value of windows of heavy solid forms
of construction, but also the sound insulation of new forms of construction - mainly
frame buildings with lightweight cladding, which have poorer sound insulation values.

It is intended to produce design data for the standard of sound insulation required
for buildings in relation to their siting with respect to a motorway, and also to
establish similar design data for non-traditional forms of construction,

The research work was begun in October 1966 and was due to end in October 1969.
However, an application to the Science Research Council has been made for a two year
extension.

Scale of Work
1, Staff. 1 Research Associate
1 Technician
1 part-time laboratory assistant

2. Resources. ¥6, 135 has been spent in the past 2 years, and ¥1, 000 will be
spent in the current financial year.



18. Loughborough University of Technology

Six research projects are in progress, which have a bearing on the traffic noise
problem;

1. Fundamental studies of noise generation from rotating devices, such as
rotors, fans, and tyres.

2, Development and testing of a working theory for brake squeal.

3. Noise control within buildings, including the effects of road and air traffic
noise.

4. The effect of combine harvester and tractor noise on hearing.

5. Automotive vibration studies; structural dynamics of cars and rail vehicles;
dynamics of valve gear and suspension systems.

6. Science Research Council contract for environmental studies in acoustics,
This involves measurement of road and air traffic noise climates, and estimation
of community response using social surveys.

Dr. N.S5. Kirk, Assistant Director of Research in the Department of Ergonomics
and Cybernetics, is a member of the Working Group on Research into Road Traffic
Noise.

Scale of Work
1. One Reader and one Graduate, full-time,
2 One Reader and some students, part-time.
3. One lecturer, half-time on research.
4, One researcher,
5

. Two Professors and two lecturers. This research is not specifically related
to noise.

6. Three researchers, who do l—Lman—years of work per annum between them.
The value of the contract is ¥3, 500 per annum.

19. Department of Civil Engineering, Imperial College of Science and Technology

The Transport Section of the Department is carrying out a study of Traffic and the
Environment, which is supported by a two year grant from the Science Research
Council. The environment considered includes noise, but there are no specialized
noise studies involved.

The broad aim of the study is to examine the relationships between traffic
characteristics, layout of roads and buildings, observed environmental conditions, and
response levels as measured in the field. It is intended in a further three year study
to develop a method for determining the environmental capacities of urban streets.

The environmental factors being studied include noise, vibration, smoke and carbon
monoxide concentration, visual intrusion and delay to pedestrians caused by vehicles.
The traffic characteristics studied include volume, composition, speed, concentration
and arrival patterns.

A mobile Traffic and Environment Analyser Unit has been developed for the
recording of data in the field. The data is collected simultaneously and can be linked
with the digitalised responses of up to 10 observers. Data for a wide range of streets
has been collected, and is being analysed. The aim is to see to what extent the various
environmental levels can be predicted for given traffic characteristics. It is hoped
to obtain "environmentally weighted' pcu values for different types of vehicles and
traffic situations. The subjective response to the combined influence of several
environmental factors is also being studied. The group is also working on the effect




of different patterns of arrival on noise and other environmental factors.
Scale of Work

Staff. 221- research assistants, 1 technical assistant pa.

Budget. Approx. ¥5, 000 per annum.
20. W, S, Atkins and Partners,

This firm of planning and engineering consultants is concerned with the evaluation
of the alternatives available for noise conirol. The approach used is described in two
papers;

a. 'Environmental Quality, its Measurement and Control’
b. 'The Tbransport Environment - Evaluation of Comfort!

It suggests that an intermediate variable (annoyance) be used to relate various aspects
of the environment one io another, and to allow data from various aspects to be drawn
together to enable a monetary evaluation to be made. ’

They have looked at a number of detailed designs for various motorway routes with
noise nuisance in mind, They have also looked at the problems of preventing reflections
from retaining walls, and have taken out a patent on a design.

Scale of Work
This is a function of commissions received.

21, Freeman Fox Wilbur Smith and Associates

Two recent publications by this firm of consultants relating to environmental
planning are; ’

a. ''Design concepts in Urban Transportation Solutions'’.

This describes the multi-disciplinary approach to the detailed alignment and imple-
mentation of road schemes in Baltimore - apparently the inhabitants were highly critical
of the arbitrary nature of some published freeway alignments, so the specification of
consultants demanded more types of expertise than solely engineering skills.

b. "Urban motorways and their environment'. (Rees Jeffreys triennial lecture
1968)

They are undertaking studies to identify the relative costs and benefits of retaining
or removing various links in transportation networks. The remnval of links in base
year networks when testing future conditions is necessary if considerations of
environment require that future traffic flows be controlled or reduced on certain base
year traffic routes. Although such studies involve a dditional tests on a transportation
model, they are cheap relative to the total costs of a land use/transportation study.

Scale of Work

This is a function of commissions received,
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11 APPENDIX 3 RECENT ENGINE RESEARCH AT THE INSTITUTE OF SOUND
AND VIBRATION RESEARCH (ISVR)*

11.1 POWER UNIT DESIGN

Analysis by N Lalor of data collected recently at 1. S, V. R. for diesel engine noise
has led to the establishment of an empirical formula for the prediction of the noise
from the current generation of four-siroke diesel engines. It has been found that the
parameters determining combustion controlled noise emitted by the engine at its rated
speed and load are, the bore size, the rated speed and the slope of the cylinder pressure
spectrum. The sound level at . 91m from the side of the engine on a test bed is given by:-

Sound level dB(A) = D 1og10N/3300 + 50 long10 B+53.8 ...... ettt 13
where D is the slope of the cylinder pressure spectrum in dB/decade.
B is the bore size in cm.
N is the rated speed in rev/min.

This formula has been tested by applying it to calculate the sound level from 10 different
engines (V8s, in-line 6s and an in-line 4) with bores rangine from 79mm up to 140mm.
In no case was the difference between the predicted sound level and the measured sound
level greater than 1.1 dB(A).

Insufficient data is available as yet to derive a similar relation for petrol engines
and two-stroke diesel engines.

11,2 SPECTRUM OF ENGINE NOISE

Some spectra for internal combustion engines at rated load and speed are shown
in figures 11, 12 and 13. These were measured on a test bed at . 91m from the side
of the engine which was fitted with iis standard gearbox in direct drive, standard
mounting system, no cooling fan and dyno test bed exhaust and inlet,

Figure 11 shows the spectra of three four-stroke V8 diesel engines of 7.7 to 15
litres capacity and one 6 liter V8 petrol engine, The diesel engine spectra are
characterised by a level increase of about 20 dB per decade of frequency up to 500 Hz,
a steady level of about 95 dB from 500 Hz to 3 kHz, and a level decrease of about 15
dB per decade above 3 kHz. The single petrol engine is similar but the level in the
2-3 kHz "'knock" region is 7-8 dB lower. Because these V-engines are inherently
short they can accommodate larger bores and run at higher rated speeds than inline
6 cylinder engines and are therefore noisier than the latter, compare figures 11 and
12, Each V-engine has a prominent peak somewhere in the range 200 to 2000 Hz which
is the block to block vibration mode characteristic of this type of engine,

Figure 12 shows the specira of three inline 6 cylinder four stroke diesel engines,
These engines-are about 3 dB quieter than the V8 engines described above, Their
spectrum increases at about 12 dB per decade from 100 Hz to 1 kHz, has a level in
the "knock" region of about 92 dB, and then decreases at some 10 dB per decade.
Cylinder pressure oscillations produce the secondary peaks around 5 to 8 kHz in
these engines, No data is available for inline 6 cylinder petrol engines.

Figure 13 shows the spectra of noise of 3 two-stroke diesel engines, These were
a 3. 5 litre opposed piston 3 cylinder engine and two different 4. 8 litre inline 6 cylinder
engines., They are characterised by an increase of level with frequency of about 25
dB per decade up to 1 kHz followed by a decrease of about 20 dB per decade, The
levels in the "'knock" region reach 95 dB and are similar to those produced by the V8

* Condensed from WATERS P.E., N, LALOR and T. PRIEDE, The Diesel Engine
as the Source of Commercial Vehicle Noise - Critical Factors in the Use of Diesel
Engines. Paper to be presented to the Conference of the Institute of Mechanical
Engineers, September 1970.




engines. They are 3 dB noisier than the inline 6 cylinder engines whose structure
they resemble more closely. No data on two-stroke petrol engines has been obtained,

No data on inline four cylinder engines is available.
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N=f(a+b-c) where f = frequency
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Read off sound reduction from

graph in Fig. 8

S = Source
R = Receiver
x = Effective height
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Fig. 7. SOUND REDUCTION BY BARRIERS
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