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Summ ary

Environmental noise is a major form of pollution and it is estimated that at least one 

quarter of the population of the EU suffer a reduced quality of life due to exposure 

to noise. To address the problem the European Union issued Directive 2002/49/EC 

with the aim of developing a uniform approach towards the assessment and subse

quent management of environmental noise. The directive requires Member States to 

ensure strategic noise maps are produced for designated areas and presented in terms 

of universal noise indicators. These maps nmst also be presented to the public in a 

clear, comprehensible and accessible manner. Given that public involvement is central 

to the directive it is thus important that noise maps are accurate, or perhaps more 

particularly, it is important that predicted results will satisfy independent public anal

ysis.

The work described in this thesis develops a framework for the production of ac

curate strategic noise maps in a practical manner. Baseline noise maps were initially 

created using standard commercial software as a benchmark and compared with re

sults obtained through independently developed “in-house” software. The developed 

calculation model strikes a balance between the complexity of noise propagation calcu

lations and computational efficiency. Refinements could then be made to the baseline 

maps by integrating on-site noise measurements while also incorporating certain as

pects of an uncertainty analysis. Additionally the model was assembled in such a 

way to allow for the effective evaluation of proposed action plans without exhausting 

computational resources. Finally novel methods of presenting final noise maps were 

also explored with a view to developing a routine suitable for public dissemination.

The overall result of this work provides a template on how noise maps may be



created and ultimately presented for public dissemination purposes. The purpose of 

this work was not to develop a noise mapping tool to compete with today’s commercial 

software packages, which still fall short of capability of implementing the directive 

as it was intended, but rather to investigate the possibility of developing a simple 

alternative, that would enable the practical development of strategic noise maps.
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“Noise.

A stench in the air. Undomesticated music.

The chief product and authenticating sign of civilisation.”

Ambrose Bierce
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Chapter 1 

Introduction

Within the European Union it is estimated that the costs caused by noise pollution 

lie between 0.2% and 2% of the gross domestic product. As such, a best case scenario 

means annual financial losses of more than 12 billion Euro [1], Examples of elements 

that contribute to the economic damage include a reduction in house prices, lost 

labour days and reduced possibilities of land use [2], In addition to the financial 

aspect, more than 25% of the population of the EU experience a reduced quality 

of life due to exposure to environmental noise and is some cases it may result in 

certain health deficiencies. It is evident that a uniform approach to the management 

and control of the problem is necessary. To achieve this the EU issued a directive. 

Directive 2002/49/EC, hereafter referred to as the Environmental Noise Directive, the 

END, with the aim of establishing a common European-wide standard to deal with 

environmental noise. This calls for the production of environmental noise maps for 

designated areas and the ensuing development of noise action plans.

On a European scale, the undertaking of detailed noise studies in response to the 

END is probably the highest profile activity the acoustics and noise control authorities 

have carried out to date. It is reasonable to assume that these results will lead to 

articles within the media, bringing conclusions and possible comparisons between cities 

and states, to the public domain. In order to ensure the industry’s credibility is upheld, 

good results and a robust recommendation for action should be a desirable aim [3]. It 

is therefore imperative that noise maps accurately present the situation with regards 

to noise and as such satisfy any public scrutiny as the involvement of public is a central 

premise of the END.
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1 . 1 . E f f e c t s  o f  e n v i r o n m e n t a l  n o i s e In t r o d u c t i o n

1.1 Effects o f environm ental noise

If a tree falls in a forest with no-one to hear it does it make a noise? No, as noise is 

generally defined as unwanted sound, normally because it is unpleasant, annoying or 

it is interfering with the perception of wanted sound. Environmental noise is defined 

by the E.U. as “unwanted or harmful outdoor sound created by human activities, 

including noise emitted by means of transport, road traffic, rail traffic, air traffic and 

sites of industrial activity” [4]. Environmental noise effects many people in many 

different ways, from the simple reduced enjoyment of a balcony to genuine health 

deficiencies.

It is interesting to note that the likelihood of an individual experiencing reduced 

health due to noise exposure is strongly dependent on his/her sensitivity to noise 

and because the range of effects is so large that individual personal experiences are 

never a reliable measure for the effects of noise on a community [2]. This is because 

different people react to different noises in different ways. This was evident in a study 

carried out as early as 1928, by Hyde and Scalapino, which showed that for the same 

sonic energy, changes in arterial tension differed among subjects when listening to 

a Tchaikovsky symphony or the March of the Toreadors in Carmen. Thus it may 

be assumed that sound measurements will never be able to completely explain the 

nuisance or effects of noise on humans.

According to the International Programme on Chemical Safety (WHO 1994), an 

adverse effect of noise is defined as a “change in the morphology and physiology of an 

organism that results in impairment of functional capacity, or an impairment of ca

pacity to compensate for additional stress, or increases in susceptibility of an organism 

to the harmful effects of other environmental influence” . This definition includes any 

temporary or long-term lowering of the physical, psychological or social functioning of 

humans or human organs [5].

Auditory effects include ringing in the ear, temporary hearing loss and permanent 

hearing loss. Non-auditory effects include stress, hypertension and ischaemic heart 

disease. Hypertension and ischaemic heart disease occur in the case of long term 

exposure to noise levels above 65dB and may be responsible for a few percent of the

2



In t r o d u c t i o n 1 . 1 . E f f e c t s  o f  e n v i r o n m e n t a l  n o i s e

heart attacks in the EU including the related mortality [2],

The World Health Organisation defines human health as “a state of complete phys

ical, mental and social well-being, not merely the absence of disease and infirmity” [6]. 

Therefore other non-physical effects of noise must also be considered as impacting on 

human health. It is widely recognised that the most common adverse effect arising 

from exposure to environmental noise is annoyance. A number of adverse effects are 

listed below:

-  Noise induced hearing im pairm ent

Hearing loss may be either temporary or permanent. Exposure to high levels of 

noise over a relatively short period of time may result in temporary hearing 

loss, temporary threshold shift (TTS), which may last for a few hours. Tinnitus 

or ringing in the ears may also occur. Permanent hearing loss is quantified by 

specifying the permanent threshold shift (PTS) as a function of frequency. 

Hearing impairment is a broader term specifying the loss in the ability to 

understand speech. Typically, hearing impairment is defined as a rise in the 

threshold of hearing. This means that the ear cannot respond to sounds at a 

low pressure level. On a worldwide scale, noise induced hearing impairment is 

the most widespread irreversible occupational hazard, with an estimated 120 

million people suffering from hearing problems worldwide [7]. Environmental 

noise does not normally cause hearing loss, except when exposure is 

exceptionally high and over a long period, typically occurring near airports [8].

-  Cardiovascular and physiological effects

Acute noise exposure activates the autonomic and hormonal systems, leading 

to temporary changes such as increased blood pressure, increased heart rate 

and vasoconstriction. After prolonged exposure, susceptible individuals in the 

general population may develop permanent efltects, such as hypertension and 

ischaemic heart disease [7]. The overall conclusion is that cardiovascular effects 

are associated with long-term exposure to noise levels above 65dB, and may be 

responsible for some of the heart attacks in Europe [2]. However these

3



1 . 1 . E f f e c t s  o f  e n v i r o n m e n t a l  n o i s e In t r o d u c t i o n

associations are somewhat weak but such small risks are very important as 

quite a large number of Europeans are exposed to these levels, the number of 

which will rise in the absence of some positive action.

-  A n n o ya n ce

“It was a thing beyond all imaginings... the deafening side drum tatoo of tyred 

wheels, the creaking and groaning and chirping and rattling of vehicles, light 

and heavy... it was not any such paltry thing as noise. It was an immensity of 

sound”.

H.B. Creswell [9]

Annoyance, widely regarded as the most common adverse effect of exposure to 

environmental noise, is the scientific expression for the non-specific disturbance 

by noise, as reported in a structured field survey [2], Evidence of annoyance 

would include the reduced enjoyment of use of a garden or closing windows in 

order to avoid sleep disturbance, etc. Many different factors will effect the 

extent of annoyance on any individual, for example, intermittent noise is more 

annoying than continuous noise and narrow band signals are more annoying 

than wider band signals [10]. In addition it has been found that long-term 

armoyance is slightly, but statistically significantly, higher in the summer than 

in the winter [11]. Also, in a study carried out in Jordan, it was found that 

marital status and gender significantly affected the annoyance level caused by 

traffic noise, with single individuals reported to be more annoyed than married 

individuals and single females were found to be more annoyed than single 

males [12].

-  Sleep d istu rban ce

Environmental noise may also affect people’s ability to gain the appropriate 

amount of sleep required for the maintenance of good health. Sleep disturbance 

is seen as a health effect on its own, but may also cause after effects like mood 

changes, fatigue and other impaired functions. In fact it is estimated that more

4



In t r o d u c t i o n 1 . 1 . E f f e c t s  o f  e n v i r o n m e n t a l  n o i s e

than 30% of the population of the EU are exposed to noise which is disturbing 

to sleep.

Another study which demonstrated how the nature of the noise itself as 

opposed to the decibel level affects us was carried out in Japan. In this 

particular experiment subjects were exposed, while sleeping, to road traffic 

noise and a recording of frogs croaking with 49.6dB(A) and 49.5dB(A) 

respectively. It was found that the percentage of stage 2 of sleeping increased 

while the REM stage decreased during exposure to traffic noise, which meant 

that the quality of sleep was degraded, while no significant effect was noted 

during exposure to the frogs croaking [13].

-  C ogn it ive  d e v e lo p m e n t

Possibly the most worrying aspect is the effect environmental noise may have 

on children. A study carried out by researchers at Cornwall University 

concluded that children living in loud areas displayed symptoms of stress 

related anxiety, nervousness and even diminished motivation.

In another study, 326 German schoolchildren were followed up prospectively as 

the old Munich airport was replaced by a new international facility. Children 

attending the schools near the old airport improved their reading scores and 

cognitive-memory performance when the airport shut down, while children 

going to school near the new airport experienced a decrease in scores. Another 

study which was conducted cross-nationally in the Netherlands, Spain and the 

UK found a linear exposure-effect association between exposure to aircraft 

noise and impaired reading comprehension and recognition memory in children 

[14]. This was also evident in another study carried out in the United States as 

long ago as 1972 where it was found that children living near noisy highways in 

Los Angeles had lower than average reading scores [15]. Thus it is very much 

apparent that exposure to environmental noise impairs cognitive development 

in children.
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1.2 T he noise policy  o f th e European U nion

It is possible to determine the level of noise in a particular area by using a variety 

of methods and measurement periods. It is also possible to present results in many 

different fashions. For example the United Kingdom use an hourly Lio indicator, 

which is the value of noise in dB(A) which is exceeded for 10% of the time, while in 

France the indicator LAeq.LT is used, which represents the average long term level of 

the noise. This means that different noise studies may not be directly compared or 

combined resulting in the inability to develop a common approach to the management 

of environmental noise. This issue is one of the main reasons behind the development 

of the END, as it seeks to develop a common European-wide strategy regarding the 

management, control and evaluation of environmental noise. The Directive states 

i t ’s aim as the definition of a common approach intended to avoid prevent or reduce 

on a prioritised basis the harmful effects, including annoyance, due to exposure to 

environmental noise [4].

The Directive does not however set a common defined noise limit as it would not be 

feasible to do so at the moment given the large difference in scale and comprehensive

ness of implementing noise studies throughout different Member States [2]. However 

each Member State should set their own limits which should be published with the 

noise map. The fundamental principles of the END are as follows with a summary 

presented in Figure 1.1 [16]:-

- Monitoring the environmental problem.

Member states were required to develop strategic noise maps by June 30^^

2007, for all agglomerations of over 250,000 inhabitants, all major roads with 

over 6 million passages a year, major railways with more the 60,000 train 

passages a year and major airports with over 50,000 take-off or landing 

movements a year. A second phase of maps, due in 2012, will require maps to 

be made of agglomerations having between 100,000 and 250,000 inhabitants, 

roads with between 3 and 6 million vehicle passages a year and railways with 

between 30,000 and 60,000 train passages a year. Strategic noise maps must 

also take account of high volume outdoor industrial and machinery noise levels.
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A strategic noise map presents da ta  on an existing, previous or predicted noise 

situation in terms of a noise indicator, the exceeding of a hmit value and an 

estim ation of the number of dwellings, schools and hospitals in a given area 

th a t are exposed to  specific values of a noise indicator. Particular attention 

should be given to road traffic, rail traffic, airports and industrial activities. 

Maps must be made for an assessment height of 4m and must be expressed in 

term s of the universal noise indicators L^en and Lnight-

- Informing and consulting the public

The com petent authorities are required to ensure th a t the general public are 

kept well informed, are consulted in relation to  any proposed action plans and 

given an opportunity to participate in the preparation and review of such 

action plans. The results of this participation will be taken into account when 

considering action plans and the public should be informed in respect of all 

decisions taken. This will lead to  a well-informed and educated public forming 

the basis for a more consistent and effective approach to the management of 

environmental noise.

- Development of action plans

Article 8 of the Directive states th a t by no later than  July 2008, Member 

States must ensure tha t the com petent authorities have drawn up action plans 

to reduce noise where necessary and enforce protection of quiet areas. The 

action plans must also include a record of public consultation together with 

w hat action is intended for the next five years, including measures to protect 

quiet areas.

- Development o f a long term EU  strategy

The prim ary objective of the END is to  reduce the number of people exposed 

to  unacceptable noise levels throughout Europe in the long term. Establishing 

a common approach to noise control will lead to the development of a 

framework for the EU to reduce noise levels.
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F i g u r e  1 .1:  Overview of EU Directive on Environmental Noise 

1.2.1 N oise indicators

The END defines two specific indicators which must be used when presenting envi

ronmental noise maps, L^en and L^ight- the day-evening-night noise indicator,

represents the noise indicator for overall annoyance expressed in dB(A). It may be 

calculated from [4]:

1 / ^ d a v  ^ e v e n in q '^ ^  \
L d e n  = (^ 1 2 .1 0 ^  +  4.10--^  +  8 .1 0 -^ ^ — j (1.1)

in which L^ay is the A-weighted long-term equivalent sound level determined over 

the day period of one year, between the hours of 07.00 and 19.00, Levemng is the A- 

weighted long-term equivalent sound level determined over the evening periods of one 

year, between the hours of 19.00 and 23.00, and Lnight is the A-weighted long-term 

equivalent sound level determ ined over the night periods of one year, between the 

hours of 23.00 and 07.00. The weighting factors in the above equation are designed to 

account for the increase in annoyance a t different periods throughout the day, hence 

the addition of 10 to  the value for Lnight and 5 to the value of Levening- Lnight shall 

also act as the noise indicator for sleep disturbance. The periods listed above are the
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default values set out in the directive and may be altered slightly by each member 

state, provided the overall length of time periods still add to 24. The day-evening- 

night indicator is closely related to the day-night level, Ldn, which is widely used in 

the US and in some Member States for the characterisation of aircraft noise [2],

The indicators L^en and L^ight are to be used to determine the average response 

of a population that is subject to long-term noise exposure so are ideal indicators to 

be used for planning purposes. However, as they represent long term average levels, 

they are not the appropriate tools to be used to assess short term situations, which are 

often the source of noise complaints to authorities. The END also states that in some 

cases it may be advantageous to use special noise indicators and related limit values. 

Some examples of when these might be appropriate include when the noise source 

under consideration operates for only a small proportion of time, the noise contains 

strong tonal components or the noise has an impulsive character. The possibility 

of introducing these custom-made noise indicators should not be ignored in order to 

ensure the development of the most appropriate action plans.

1.2.2 Interim  com putational m ethods.

Annex 2 of the directive lists recommended interim methods which may be used by 

Member States with no national computation methods or where Member States wish 

to change computational methods. The recommended methods are :

- Road Traffic Noise: the French national computation method “NMPB-Routes- 

96 (SETRA-CERTU-LCPC-CSTB)”, referred to in “Arrete du 5 mai 1995 relatif 

au bruit des infrastructures routieres, Journal Officiel du 10 mai 1995, Article 

6” and in the French standard “XPS 31- 133” .

- Rail Traffic Noise: The Netherlands computational method published in Reken- 

en Meetvoorschrift Railverkeerslawaii 96, most commonly referred to as RMR.

- Aircraft Noise: ECAC.CEAC Doc. 29 Report on Standard Method of Comput

ing Noise Contours around Civil Airports 1997.
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- Industrial Noise: ISO 9613-2: Acoustics: Abatement of sound propagation out

doors, Part 2: General Method of calculation.

The Commission provides guidelines concerning the use of these interim computa

tional method in [17] as each method must be adapted to the definitions of L^en and

L  night-

In addition, Article 10.1 of the directive states that the Commission will submit 

a report to the European Parliament and the Council containing a review of existing 

Community measures relating to sources of environmental noise. This report is now 

available and provides such a review [18].

1.2.3 A universal assessm ent m ethod  

H arm onoise

“Harmonised, Accurate and Reliable Methods for the European Directive On the As

sessment and Management of Environmental Noise”

The END notes the lack of a harmonised and reliable method for noise prediction 

and the need for a new method which would be suitable for use by all Member States. 

In the short term, Member States may use the recommended interim calculation meth

ods but in the long term a more robust, universal procedure is required. This led to 

the initiation of the Harmonoise project. The main objective of this project was to 

develop a common European noise prediction method, which would meet all aspects of 

the Directive and is expected to become the obligatory prediction method for all Mem

ber States. The project did not aim to develop noise prediction software but rather a 

detailed description of noise prediction methods which may then be implemented into 

a software package independently.

Harmonoise delivers two prediction models, an engineering model intended for 

everyday use and a reference model, the Golden Standard, that serves to calibrate 

the engineering model and also as a high accuracy model for complex propagation 

problems that cannot be solved in a satisfying way by the engineering model. Both 

models use the same source model, as a central concept of the Harmonoise method is 

that the source and propagation models are completely separated.
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The model is quite detailed and is designed so that it may be implemented in all 

areas of Europe. It must account for different meteorological conditions, from the 

rainy plains of Ireland, to snow covered roads in Finland and the sun drenched cities 

in southern Spain, different road surface types, different rail types etc. It results in 

the definition a detailed model for the calculation of road traffic and rail noise, much 

more detailed then any model which may have been used previously.

Im agine

“Improved Method fo r  the Assessm ent of the Generic Impact o f Noise in the Environ

m en t”

The Imagine project started in December 2003 and is seen as the natural successor 

to the Harmonoise project. While the Harmonoise project concentrated on rail and 

road traffic sources, the Imagine project introduced noise from aircraft. The goal of the 

Imagine project was to standardise the Harmonoise methods and provide guidelines 

on how to use these methods to produce noise maps and develop associated action 

plans. Essentially, Imagine will prepare the Harmonoise methods for use by Member 

States.

1.3 T he noise situation  in Ireland

Statutory Instrument No. 140 of 2006, which entered into force on April 3'"'̂  2006 out

lines the requirements that Ireland has to achieve in order to comply with the first 

round of mapping outlined in the END. It requires the city of Dublin to be mapped 

along with major roadways, major railways and the only major airport. Authorities 

must also develop action plans for each area, and make results and action plans avail

able to the public, through dissemination by any appropriate means, including the use 

of available information technologies.

A detailed study of the Directive highlights an important issue relating to its 

application in Ireland. A directive, as an instrument of European Law, is a detailed 

document which by i t ’s terms sets out the aims and objectives of the European Union 

in a particular area, for example, environmental noise mapping. A directive is then 

transposed into national law by each Member State. The Member State has the

11



1 . 3 . T h e  n o i s e  s i t u a t i o n  in  I r e l a n d I n t r o d u c t i o n

freedom to define how the directive will be implemented within a timeframe set by 

the European Union. Notably, this is where the discretion of the individual Member 

State ends. Each directive sets out, in detail, its aims and objectives. These detailed 

aims and objectives are to be considered by each Member State as the low water 

mark, in that their transposition of the directive can only create a higher standard 

of regulation and must not fall short of the requirements laid down by the European 

Union. The ECJ has held [19] that all directives are in fact directly effective in their 

entirety. Therefore even where a State fails to provide in its transposition for the full 

effect of a directive any citizen of the European Union efTected by the inadequacies of 

the transposition can claim the full rights/obligations provided for by the directive in 

its original or intended format.

In Ireland, directives are usually implemented by way of a statutory instrument. 

The Statutory Instrument [20] that is the subject of this thesis may fall under this 

category due to its apparent inaccurate transposition of the Directive. Various noise 

mapping bodies are charged with the responsibility of producing noise maps and the 

Environmental Protection Agency, EPA, is defined as the authority overseeing the 

implementation of the legislation.

The END was to initially give only minimum requirements, outlines and general 

objectives for the production of noise maps, action plans, limit values and informing 

the public. It is up to each Member State to apply and develop their own methods 

and approaches in more detail.

km of Road 2007 Agglomerations 2007
Sweden 930 3
Denmark 1,043 1
Spain 9,494 19
Italy 9,589 13
Germany 16,000 31
UK 12,000 28

T a b l e  1.1: Identified targets in other EU countries

Figure 1.2 [21] is based on annual average daily traffic flow, AADT, figures from 

as far back as 2001. There is approximately 700 km of road that need to be mapped
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F i g u r e  1.2: Identified Irish roads that should be mapped

for the first round of noise mapping, coloured in red, and approximately 3000 km that 

need to be mapped for the second round in 2012, coloured in blue. These totals may 

be compared with several other EU countries, presented in Table 1.1 [22] [23] [24] [25].

1.3.1 The ETI C apability D evelopm ent P roject

“Environm ent Transport Interface Capability Developm ent Project”

In response to the END, a project called the ETI Capability Development Project 

was initiated in Ireland. The project was primarily funded by the Environmental 

Protection Agency, under the capability development scheme with co-funding from 

Dublin City Council and the National Roads Authority. The project was divided into 

three different work packages, namely:

• Work Package 1: Impact of traffic on air quality

•  Work Package 2: Environmental noise from transport

•  Work Package 3: Valuation of environmental costs of transport
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The research described in this paper is primarily associated with satisfying the 

goals of work package 2 which was also split up into the following sub packages:

W P  2.1: Baseline noise maps

The objective of this work package was to apply tools and methods currently being 

used in the creation of noise maps of two different areas in Ireland and to determine the 

suitability of using these tools for future noise studies. A large part of this work formed 

the basis of a Masters Thesis [21]. Contrasting sites were chosen - Shannon/Ennis N18 

and the Westland Row area, adjacent to Trinity College, Dublin. It was found that the 

ArcGIS/Predictor version 4 software, was an inappropriate tool to efficiently perform 

this task.

W P  2.2: Enhancem ents to  noise maps

The objective of this work package was to explore the viability of applying additional 

noise mapping methods beyond the current practice. As initial studies of the stan

dard software proved them to be deficient and cumbersome, a considerable effort was 

expended to establish an independent software platform which integrated with the 

ordinance survey databases and the ArcGIS presentation generalised mapping tool.

The Directive also calls for public involvement throughout the mapping process, 

so emphasis was put on the development of a purpose built website which not only 

presented strategic noise maps but also the less exact issue of quality of the noise 

environment. The emphasis is not on communicating precise technical data, but rather 

informing non-technical people about difficult concepts associated with environmental 

noise such as measurement/modelling uncertainty, noise scales (e.g. the weighted dB 

scale is not intuitive) and noise quality (intermittency and frequency content etc.)

W P 2.3: Networked m onitoring instrum entation

In the area of environmental noise mapping it is evident that a number of experi

mental measurements are performed. In some noise studies, measurements are used 

to supplement predictive mapping whilst in others, measurements form the complete 

basis of the noise mapping process. In the latter case both capital and running costs
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associated witli such mobile and semi-mobile stations are key factors and a need for 

flexible low cost measurement techniques has emerged.

Under W P 2.3, a pc type low power system has been designed and built with 

facilities for pcmcia data acquisition and gsm /rf data relay. A Linux operating system 

was developed for this architecture. The unit is equipped with 4 channels and initial 

results have proved promising at several test locations throughout the system. The 

instrumentation is still being completed, but will prove to be a valuable asset in the 

validation of predicted noise maps. Initial test units have been installed at various 

locations on the national roads network and within the agglomeration of Dublin. Initial 

tests have yielded positive results.

W P  2.4: A dvan ced  noise propagation  tech n iq u es

This work package was established so that the research programme could react to 

philosophical changes which were likely to occur in this field in the life of the project. 

For example, a topic which nmst be addressed is how to deal with uncertainty in mod

elling, i t ’s correlation with measurements and how best to disseminate this aspect of 

the mapping to the public. This has lead to the development of confidence level maps, 

which identify areas of high confidence in results. Another issue worth examining is 

the concern tha t the mapping strategies being pursued across Europe would prove too 

complicated and require large computational power to implement. A delicate balance 

between computational simplification and accuracy of results had to be achieved.

1.4 R esearch O bjectives

There exist today a number of software packages which may be used to create noise 

maps. However these tools were developed prior to the issue of the END and as 

such do not comply in full with i t ’s obligations. In addition, it is apparent that if 

commercial software is used for the development of strategic noise maps, users will be 

quite restricted as to how they wish to treat the data. Restrictions may be in place 

to regulate how maps are presented and in some cases the software will limit the size 

of area that may be mapped and the computational resources that may be used due 

to licensing agreements and shortcomings in the design of the software. To this end
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it was decided that the development of in-house software which would be completely 

versatile and computationally efficient would prove quite beneficial, particularly in 

the development of refinements to the noise map which would include features not 

available elsewhere.

This software was developed to meet the key objectives of the END. It was designed 

to be user-friendly, time efficient, accurate, versatile and offer a real alternative to 

today’s commercial tools for those authorities required to develop strategic noise maps. 

The goal was not to produce a marketable product, it was rather to investigate the 

possibility of providing an alternative to today’s expensive software packages which 

could be used by responsible authorities in the production of noise maps and developing 

relevant action plans.

The primary objective of this research was then to carry out a noise study in full, 

using the in-house software, and produce results which would satisfy the END’s key 

deliverables. A number of developments were also explored to further develop the 

noise study. This involved undertaking various duties beyond the actual production of 

noise maps, including the assessment of different action plans. Levels of uncertainty 

in predicted results were determined after an analysis of the treatment of input data. 

Resu'ts obtained from the in-house software were directly compared to a standard com

mercial tool and both models were then compared with actual on-site measurements. 

Finally the entire study was merged together and presented in an easily accessible and 

comprehensive fashion which would be suitable for public dissemination.
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Chapter 2 

Calculation Procedures

Today there exist many different methods which may be used to determine the noise 

level at a specific point and results obtained may be expressed in various manners. 

This problem has been widely recognised as it means different noise surveys may not 

be compared or combined. In general the chosen calculation method will define an 

approach based on theory and empirical formulae and set out procedures for deter

mining the level of noise produced at the source and the attenuation of the noise as 

it propagates away from the source. Several of the most common calculation methods 

are summarised below, specifically with relation to the calculation of road traffic noise.

ISO 9613 [26]

The ISO (International Organisation for Standardisation) is a worldwide federation of 

National Standard bodies. It is officially a non-governmental organisation, however 

the ISO lies somewhere between the public and private sectors as many of it’s members 

are linked to their respective countries government while other members are uniquely 

in the private sector.

There exist a number of ISO standards that deal with the prediction of environ

mental noise. ISO 1996 provides authorities with material for the description of noise 

in community environments, while ISO 9613-2 develops an engineering method for 

calculating the attenuation of sound during outdoor propagation at a distance from a 

variety of sources. This method is based on the decomposition of a line source into a 

series of equivalent point sources. The contribution of each source is combined to give 

the overall equivalent noise level at the position of the receiver.
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X P  S 31-133 [27] [28]

This m ethod is quite similar to the ISO standard in th a t it divides the road into 

separate point sources and as such relies on point to point calculations. A flow of 

cars along a road is modelled as a number of source lines which are then broken up 

into point sources. It is the French national com putational method and refers to 

the “Guide de B ruit” as a default emission model for road traffic noise calculations. 

Following the Directive the European Union recommend several standards to be used 

by countries with no national standard or by those who wished to  change computation 

methods, with this method being chosen as the method to use for the calculation of 

the propagation of road traffic noise.

C a lc u la tio n  o f  R o a d  Traffic N o ise  (C R T N ) [29]

This method was released in 1988 and replaced the previous method which was de

veloped in 1975. The revision was carried out by the Transport and Road Research 

Laboratory and the D epartm ent of Transport in the United Kingdom. This publi

cation includes a method which may be used to determine the noise source emission 

levels of road traffic due to the nature of i t ’s composition along with a method to 

determine how the noise is attenuated as it propagates away from the source.

It differs from ISO 9613-2 and XP S 31-133 as it treats roads as line sources and not 

a collection of point sources. Also predicted noise levels are expressed in terms of the 

Lio index, which is the noise level exceeded for 10% of the time, and is therefore quite 

different to the and Lgq indicators. As such, a conversion factor is required to 

change results obtained from the CRTN model to satisfy the directive. This conversion 

was developed from a regression relationship established between and L \ q. The 

CRTN m ethod is probably the most widely used standard for noise prediction in 

Ireland today, and was included in S tatutory Instrum ent No. 140 of 2006.

T h e  H Eirm onoise m e th o d  [30]

The objective of the Harmonoise project was to provide new prediction methods for 

environmental noise from roads and railways to meet the requirements of the Direc

tive. Again it treats road sources as separate point sources and relies on point to
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point calculations. The m ethod for calculating the source noise emission is completely 

independent from the propagation model. This standard has been developed to a far 

greater degree than other standards described, including a number of different mete

orological classes, different vehicle sub classes etc. Consequently a great deal more 

input data  are required to run the model thoroughly, leading to fears th a t the model 

is overcomplicated and as such not practical to  use for mapping large scale scenarios.

2.1 T he em ission  m odel

Road traffic noise is the most dominant source of environmental noise throughout 

Eiu’ope. It is mainly a combination of noise resulting from the propulsion system of 

a vehicle and noise due to the interaction between the tyres of the vehicle and the 

road surface. The level of noise a vehicle produces is very much dependent on the 

speed it is travelling at. For low speeds engine noise will dominate while a t higher 

speeds the road /ty re  noise will dominate. This means there is a crossover speed, the 

recognised value of which has differed in the past [31]. In 1979, Penn wrote “Engine 

noise generally predominates for all vehicles until speeds around 60 miles per hour are 

reached, when for light vehicles noise between tyre and roads is likely to take over” [32]. 

While in 2000 Kinsler sta ted  “Tyre noise predominates at all but the lower speeds” 

[5].

A number of calculation procedures exist, corresponding to the above mentioned 

standards, to  determine the noise resulting from a flow of traffic, each having similar 

input variables including; the average speed of the traffic, the hourly flow of traffic and 

the percentage of heavy vehicles in the flow. Some of these methods are now explored.

2.1.1 C alculating road traffic noise - French IVIethod

The French m ethod requires the sound power level per metre length, L a . w / i t i , as an 

input level. The associated noise emission model. Guide de Bruit 1980, defines a noise 

emission level, E, which is used to determine L A . w / m -

This is used to calculate the basic sound power level, L A , w . t ,  of a point source i, for 

each octave band, j, and may be calculated from:
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L a . w j  — L a . w A u  + C  + I0logio{li) +  R j (2-1)

where LA,w/m is the sound power level per metre along the road for each octave 

band, C is the correction for the type of road surface in dB(A), li is the length of the 

line section of the source in metres and Rj is the spectral value, corresponding to a 

correction for A-weighting and calculated from table 2.1, for each octave band in dB.

j Octave Band [Hz] Value of Rj [dB(A)]
1 125 -14.5
2 250 -10.2
3 500 -7.2
4 1000 -3.9
5 2000 -6.4
6 4000 -11.4

T a b l e  2.1: Value of R,j for each octave band

LA.w/m ™ay be calculated from;

LA.w/m =  +  io(Ehv+wiog{Qh.))/io^ ^  20 (2.2)

where Eiy and E^v are the sound emission levels for light and heavy vehicles re

spectively, and are determined from nomograms supplied with NMPB-Routes-96, see 

appendix A, and Q/v and Q^v are the volumes of light and heavy traffic flow during 

the reference interval [/ir“ ]̂.

The noise emission E, is determined from the nomogram figure for any specific case 

and represents the sound level for a single light or heavy vehicle travelling a t the given 

speed over the given road type

As presented in the nomogram, several types of traffic flows are accounted for [18]:

- Fluid continuous flow

Vehicles move with a nearly constant velocity on the road section. Traffic flow 

is considered fluid if the flow is stable for periods of at least 10 minutes.

Usually this type of traffic flow is representative of traffic on a motorway or a 

m ajor urban road, outside of rush hours.
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- Pulsed continuous flow

A pulsed flow has a signiflcant proportion of vehicles in a transitory state, 

either accelerating or decelerating. It is however possible to determine an 

average overall velocity for a pulsed continuous flow of vehicles which is stable 

and repetitive for a sufficiently long period of time. This type of traffic flow 

would represent city centre roads, or roads a t pedestrian crossings etc.

- Pulsed accelerated\decelerated flow

A significant proportion of vehicle is accelerating\decelerating, meaning the 

notion of speed has a meaning only in discrete points as it is not stable during 

displacement. Typical of traffic after\on  approach to a crossing, traffic lights, 

etc.

The use of the nomogram is adequate for determining the noise levels when only 

one or two roads are under consideration. However in order to create a noise map, 

encompassing many different roads with different characteristics, an alternative is re

quired. The nomogram is essentially a chart representing a numerical relationship 

between the noise level and the conditions under which the vehicle is travelling. An 

alternative to  this chart has been developed which is more practical to  implement in 

software [18]. The emission level may be calculated from:

E  = Eo + alog{ — ) (2.3)
Vo

where Vo is set at 20 km /h r and values for Eo and a may be determined from tables.

Fluid Continuous Flow
Slope Speed (v) Eo a

F lat
V <  44
V >  44

29.4
22.0

0
21.6

Down
V <  44
V >  44

29.4
22.0

0
21.6

Up
V <  43
43 < V <44
V >  80

37.0
32.1 
22.0

-10.0
4.8
21.6

T a b l e  2 .2: Values for Eo and a for light vehicles travelling in a continuous fluid flow
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The relevant values for the condition of continuous fluid flow of light vehicles are 

displayed in Table 2.2, with the full tables also presented in Appendix A.

W ith the calculated value for E, the sound power level per metre may be calculated 

as before.

2.1.2 C alculating road traffic noise - CRTN

The UK’s CRTN method supplies a m ethod to  determine the noise levels at the source 

resulting from traflic flows. The hourly and 18-hour Lio noise levels may be calculated 

from;

Lio.ihi- =  42.2 +  lO lo g io q  (2-4)

■f'lo.is/ir — 29.1 +  lO lo g io Q  (2-5)

where q and Q are the are the hourly and 18-hour flows of all light and heavy 

vehicle respectively. The above equations m ust be modified to account for various 

aspects of the traffic flow. Additional corrections may be required when calculating 

noise levels in situations where the traffic flow is low, i.e. less than  200 vehicles per 

hour. Depending on the mean traffic speed, V, and the percentage of heavy vehicles, 

p, the following correction should also be applied:

Correction^Fiow) =  33/ogio^V -H  40 -I- +  10/og'io^l -I- -  68.8 (2.6)

The value of p is given by

100/ lOOF
P =   or p = — —  (2.7)

q Q

depending on whether the correction applies to Lio.i/j,- oi’ •t'lo.is/ir- In the above 

equation f represents the hourly flow of heavy vehicles while F represents the 18-hour 

flow. A heavy vehicle has an unladen weight exceeding 1525kg while motorcycles and 

mopeds should be included as light vehicles.
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There also exists a correction for gradient, G, of the road, where G is expressed as 

a percentage

Correction^Gradient) =  0.3G (2.8)

The gradient may also reduce the mean speed depending on the gradient level and 

the am ount of heavy vehicles in the flow.

An additional correction must also be included for the type of road surface. The 

corresponding correction is dependent on a number of factors, such as the texture 

of the road surface or if the surface is impervious or not. When the mean speed is 

less than  75 km /hr and the road has a given texture depth, TD, the correction for a 

concrete surface is:

C  orrection^Suiface) =  10/c»3io(90TZ) +  30) — 20 (2-9)

and for a bituminous surface:

Correctiorii^Surface) =  lQlog\o{2QT D  +  60) — 20 (2.10)

This correction equates to a correction of 0.79dB for a road with a mean texture 

depth of 3mm. In the case of an impervious road surface, IdB(A) should be subtracted 

from the basic noise level if V is less than 75km/hr. While if the road surface is pervious 

macadam , 3.5dB(A) should be subtracted from the basic noise level a t all speeds. It 

should be noted th a t this correction was not included in the NMPB m ethod as the 

NM PB m ethod was developed over a number of different road surfaces and as such 

yields average noise levels over an average surface.

This will result in a noise level in term s of the Lio indicator and as such does 

not comply with the Directive. To address this, the Transport Research Laboratory,

TRL, released a paper describing a mathem atical procedure th a t may be used to

convert values of Lio,i/ir and I/io,i8/ir to L^en depending on whether the available traffic 

param eters relate to a single hour or to the specified 18-hour period [33]. The 18-hour 

M ethod is of particular interest as it predicts a 24-hour indicator, Ljer,, based on an 18 

hour indicator. It is assumed th a t the 6 hours tha t are unaccounted for will influence 

the Lcien level to the same degree for each road. A number of measurements were taken
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across the UK and the relationship between Lio and Lfjen was determined following a 

regression analysis. Two separate road classifications were developed for Motorways 

and Non-Motorways and each require a different conversion formula:

For Motorways:

Roads are classified in a different manner following the assumption th a t different 

road types will follow different diurnal patterns. The difference in the diurnal pattern  

will have an impact upon the predicted result as the L^gn  value, which is based on a 24- 

hour period, is predicted from an 18-hour noise level. Thus if the pattern  of the noise 

levels over the remaining 6 hours difi'ers between Motorways and Non-Motorways, the 

Lden  value will be affected.

2.1.3 C alculating road traffic noise - H arm onoise

Initially vehicles are divided into separate categories as shown in figure 2.1 [30]. There 

are three main categories, light, medium and heavy, with two other categories to 

account for off road vehicles and two-wheelers. Each vehicle category is represented 

by a combination of sources resulting from tyre/road noise and propulsion noise. The 

sound power level for a single moving vehicle, L w .m j  hi dB(A), is calculated per 1/3 

octave band, corresponding to the input da ta  for one single vehicle a t an instantaneous 

time. The equations to be used in calculations are presented in Appendix B.

Combining sources

The sound power output L w ,m ,i for a single moving vehicle is then used to calculate 

the total sound power for each vehicle category of a source line with unit length from:

Lden — 0 .9 0xL /iio ,l8 /7 r +  9.69 (2 . 11 )

For Non-Motorway roads:

Lden — 0 .9 0xL /lio ,l8 /7 r +  4 .2 0 (2 . 12 )

(2.13)
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M ain cafegorj- 
« ypc)

No. S ub -ia tcg o rii’s:
F.xaniplc ofvch iclc  t>pcs

NoU-s

Id C'ais (incl M P \ :s up to 7 seats) 2 axles, max 4 wheels

lb \ 'an s , S U \', pickup trucks. R \'. carU railero r 2-4 axles '” , max 2
Light \cliiclcs caricarLUan' \ MI’V':s with X-9 scats wheels per axle

Ic hlcctric vehicles, hybni.1 vehicles driven m 
cloctiic iiKxle*^*

Driven incoml'Mislion 
engine mode Sec note

2a Buses 2 axles (6 wheels)
Mcdiiiin heavy 
v ch ic io

2h Light liucks and heavy vans 2 axles (6 wheels)'^’

2c Medium heavy trucks 2 iixics (() wheels)*’ ’

2d Trollev buses 2 ax les

2c Vchiclcs designed tor extra low noise driving 2 axles'*’

3a Buses 3-4 axles

Hciivy vehicles
3b Heavy trucks’̂ *' 3 axles

3c H eaw  trucks'"’ 4-5 axles

3d Heavy trucks''" >() axles

3c I lollcy buses 3-4 axles

3f \  chicles designed lo rex tia  low noise drivitig 3-4 axles*'’

Other heavy 4a Construction trucks (partly ofl'-road use/'*’
vehicles 4b Agr. tractors, iiiachinc-', dumper trucks, tanks

T uo«hecle i> ; 5.1 Mo[x.\N. scootciN Include also 3-whccl
5b Motorcvclcs motOR-yclcs

F i g u r e  2.1: Summary of vehicle categories to be used in Harmonoise

where Vq is the reference vehicle speed, Ikni/hr, Veq,m is the equivalent vehicle speed 

for each vehicle category, Q q is the reference traffic flow, 1 and Q m  is the traffic 

flow for each vehicle category.

The total sound power of a source line with unit length is obtained by summation 

over the different vehicle categories:

L 'w j  =  lO/o^io Y .  (2.14)
m

2.2 T he propagation m odel

For the purpose of developing an independent model it was decided to implement the 

French national computational procedure [27] in the development of the software, as 

this is the EU recommended m ethod and is also advised in the relevant Irish Statutory 

Instrument. This method describes a detailed procedure to calculate noise levels from 

road traffic and the attenuation of this noise.
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The method allows for meteorological effects by calculating the noise level for two 

separate conditions, homogeneous conditions and conditions favourable to  propaga

tion. These two levels may then be combined by using the factor p, which represents 

the level of occuri'ence of favourable conditions, taking a value of between 0 and 1.

L auLT =  +  (1 -  (2.15)

I: detailed meteorological d a ta  are not available, some default values for p have 

been set as 0.5, 0.75 and 1 for the day, evening and night periods respectively [18].

2.2.1 Segm entation  o f th e source o f noise

Although most engineering m ethods trea t a road as a number of point sources, it 

is im portant to note th a t a vehicle is not a point source, bu t rather the sound field 

radiated by a real vehicle can be approxim ated by the sound field radiated from a finite 

set of incoherent point sources [34]. A single moving point source will change into a line 

source by integration over a long time period, and subsequently these line sources may 

then be divided into a number of incoherent, stationary point sources [35]. The line 

source may be divided into points by a number of methods: equiangular decomposition, 

decomposition by a uniform step or variable decomposition (a combination of both). 

However the length of step between two consecutive point sources should not exceed 

half the orthogonal distance between the point source and the nearest receiver. To 

account for this decomposition the level of sound power for a point source, per octave 

band, is then corrected, as described in 2.1.1 above, with the term  10logio{li), where 

li is determined as shown in figure 2.2. This ensures a uniform representation of the 

source.

2.2.2 A ttenuation  o f sound

Souud propagating outdoors generally decreases in level the further it travels from the 

source due to  a variety of reasons; geometrical divergence of the sound, meteorological 

effects, presence of geographical barriers etc. It is possible to calculate how much the 

sourd attenuates irrespective of the original sound level. The total attenuation term
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Si

#  point source u = + 5,5,+i)/2

F igure 2.2: Segmentation of source

for each octave band, Atotaj.i, may be calculated as a sum of all different attenuation 

mechanisms. For homogeneous conditions this is expressed as:

where

Adiv is the attenuation due to geometrical divergence.

Aatm is the attenuation due to atmospheric absorption.

Agr.H is the attenuation that arises due to ground effect in homogeneous conditions. 

Abar.H is the attenuation due to the presence of a barrier in homogeneous conditions, 

while the noise level at a particular point of interest, Laj.h -, may be calculated

where La,wj is the original sound power level produced by point source for each 

octave band, in homogeneous conditions. La ,!,f , representing the sound level at the 

same point in conditions favourable to propagation, is calculated in a similar man

ner and the total sound level can then be determined from the equation previously 

presented in section 2.2.

total. i.H (2.16)

from :

L a ,i.H  ^ A .w .i  -^total.i.H (2.17)
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2.2.3 G eom etrical divergence

As 8 sound wave travels from a point source, it’s energy is conserved but the energy 

of tlie wave must be spread out over a greater area. In XP S 31-133, geometrical 

divergence, is accounted for by the formula:

A^iy = miog{^TT(f) (2.18)

Vv̂ here d is the distance between the source and receiver, in meters. This signifies a 

sound level which decreases by 6dB per doubling of distance, or a 20dB reduction for 

each tenfold increase of distance. This is approximately equivalent to the ISO equation 

for geometric divergence:

ylrf,v =  20lo5(-^) +  l l  (2.19)
do

Geometric divergence is the only type of attenuation not related to the frequency of 

the sound. All other attenuation mechanisms are, and as such each type of atteimation 

is calculated over different octave bands. The frequencies considered are 125Hz, 250Hz, 

500Hz, lOOOHz, 2000Hz and 4000Hz.

2.2.4 A tm ospheric absorption

As found propagates through the atmosphere it’s energy is gradually converted into 

heat. This leads to a decrease in the sound level at a receiver point located some dis

tance from the source, although at distances close to the source the attenuation due 

to atmospheric absorption is negligible and only becomes obvious at great distances. 

XPS 31-133 references the method described in ISO 9613-1 to calculate the level of 

atmDspheric absorption. This standard specifies an analytical method for the calcula

tion of this attenuation and describes it in terms of an attenuation coefficient, which is 

dependent on four variables; the frequency of the sound, the atmospheric temperature,

the humidity and the pressure of the air. Tables are provided in ISO 9613-1 for the

attenuation coefficient given certain values of humidity, pressure, temperature and the 

frequency of the sound.
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These variables are used to determine the value for atmospheric attenuation coef

ficient Q. Supplied with ISO 9613-1 is a table which lists all the values for a for

• Frequency of the sound between 50Hz and lOkHz

• Humidity of the air as a percentage between 10% and 100%.

• Temperatures between — 20°C and 50°C

• Pressure of 101,325kPa - one atmosphere

Once a is derived the attenuation of sound due to atmospheric absorption propa

gating through a distance d may be derived from:

2.2.5 Ground effect

The attenuation due to ground effect is principally dependent on the nature of the 

ground over which propagation occurs, i.e. whether it is acoustically absorbent or not, 

and the prevailing atmospheric conditions, as some conditions may cause curvature 

in the propagating sound waves. The following method describes the methods for 

calculating the attenuation due to ground effect both for homogeneous conditions and 

conditions favourable to propagation.

Characterisation of acoustic ground surfaces

The acoustic absorbent properties of a particular ground surface is directly related 

to it’s porosity. Compact grounds are generally reflective and porous ground types 

are generally absorbent. The acoustical properties of different ground surfaces are 

expressed through the use of a ground factor G, which is assigned a value of between 0 

and 1, for which two types of ground surfaces are defined. A value of 0 corresponcs to 

a reflective ground surface, a hard surface, while a value of 1 represents an absorbent 

ground surface, a soft surface. The coefficient of G may take a value of between 0 and 

1 to represent the proportion of absorbent ground surface between source and receiver, 

some examples of ground surfaces are displayed in table 2.3
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Surface Exam pleof Sur face Value
Hard
Soft

Mixed

Concrete, water, etc 
Grass, vegetation, etc 

Both hard and soft ground

G =  0 
G =  1 

Between 0 and 1

T a b l e  2.3: Assortment of ground types with associated value for G 

C alcu la tin g  Agr'- Favourab le  C o nd itions

In favourable meteorological conditions, the sound rays are curved towards the ground. 

Consequently, the ground effect is primarily influenced by the nature of the ground 

close to the source and close to the receiver. Indeed, taking into account the curvature 

of the rays, the propagation path is predominantly sufficiently high above the terrain 

in the middle of the propagation path and as such has only a minimal influence on 

the overall ground effect. However, over large distances, the propagation path can 

rebound on the terrain between source and receiver and must thus be accounted for. 

Calculations for ground effect are performed separately for the three different defined 

regions, the source region, the receiver region and the middle region.

Each zone will be influenced by the ground factor coefficient, G. The correspond

ing coefficient for each zone will be Gs, and Gm- In the present case, only two 

coefficients are considered: the coefficient for the source region, Gs and Gpath, corre

sponding to the average characteristics of the terrain over which propagation occurs, 

encompassing both the middle and receiver regions {Gm =  G,- =  Gpath )■

Depending on the source (road or rail), the ground located in the vicinity of the 

source is considered systematically:

- For a road source, the road is assumed to be of reflective nature G =  0, taking 

into account the carriageway of the road is much larger than the height of the 

source.

- For a rail source, the ground is assumed to be absorbent in nature.

To calculate the ground effect in the middle zone and the receiver zone, the value 

for Gpath is equal to the fraction of absorbent ground over which propagation occurs. 

Consider the example shown in figure 2.3. In this case,
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d — di c?2 “I” (2 .2 1 )

G p a t h  — {0-d\ +  0.(̂ 2 +  1-Ĉ3 +  1-Ĉ 4) /d  —  — ——  (2.22)

Farmland G ^l
0=0

F i g u r e  2.3: Determining Gpath for a propagation path

In cases where the source and the receiver are close, i.e. dp <  30(zs +  Zf), the 

distinction between ground types near the source and receiver is not necessary. In 

certain conditions however, if the receiver is very near the edge of the road, one should 

consider a receiver of different ground type characteristics to the source. To account 

for this, the ground factor Gpath is corrected in the following manner:
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If dp > 30(2s +  Zr)'.

G'p ,̂, =  G p.,, (2.23)

If d p  <  30(^5 +  Zr) ' -

z,) +  ^ 30(»!- ir) ’
The overall attenuation due to ground effect, in favourable conditions, is then 

calculated from

Agr =  A sp  +  A itjp +  A,- f̂ (2.25)

where A s,f , Am,F and A,j? represent the attenuation due to ground effect in each 

defined zone as calculated from the table displayed below.

Frequency [Hz] A s,f or Ar.F [dB] A^.f [dB]
125 -1.5 +  G .a’(z) -3q(l-G)
250 -1.5 +  G .b’(z) -3q(l-G)
500 -1.5 -1- G.c’(z) -3q(l-G)
1000 -1.5 -f G .d’(z) -3q(l-G)
2000 -1.5(1 - G) -3q(l-G)
4000 -1.5(1 - G) -3q(l-G)

T a b l e  2.4: Formulae for calculating Ag,-

where a ’(z), b ’(z), c’(z) and d’(z) may be determined from the equations supplied 

with the standard, and q may be determined from:

if q
d p  <  3 0 (^ s  -1- Z r )

d p  >  3 0 (2 s - |-  Z r )

q =  0
q =  1 - 3 0 (z s  -1- Z r ) / d p

T a b l e  2.5: Calculating a value for q

Note tha t the calculation of the attenuation due to ground effect in this manner 

is an assumption of the general case and as such does not consider the effects due to 

diffraction over discontinuous ground.

C alculating Ag/- H om ogeneous Conditions

In the case of homogeneous atmospheric conditions, it is assumed that sound rays are 

rectilinear, thus no curvature occurs, so it is not necessary to identify the three different
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zones. In this case only the term Gpath is considered to represent the propagation path

/c is the central frequency under examination, in Hz, and c is the speed of sound in 

air, ms~^. C f  and w, which is a function of frequency and Gpath, may be determined 

from:

If a barrier is situated between a source and receiver a correction must be applied to 

account for any subsequent attenuation. Generally sound will reach the receiver by 

diffraction over the top of the barrier or by direct transmission through the barrier. 

When calculating the attenuation due to diffraction over a barrier, Aban it is convenient 

to initially investigate if the level of diffraction is sufficient enough to impede the noise 

propagation. This is achieved by investigating the difference in sound path length, 6, 

i.e. the difference in path length that sound would travel from source to receiver with 

and without the presence of the barrier and identifying if this difference is significant 

enough to cause attenuation.

which is calculated identically to the case of favourable conditions. The attenuation 

due to ground effect for homogeneous conditions is then calculated from:

- if Gpath ^  0:

where

(2.27)
c

1 + Swdpe~'ŷ (2.28)

w = 0.0185 J c ^ p a t h (2.29)
Pc-̂ Ĝ pL + 1-3 • 10̂  + 1 . 16-106

Note if is less than -3{1-G'pg^f^), Ag^j-i is taken to equal -3{1-G'pg^^)

(2.30)

2.2.6 D iffraction
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Soure region Receiver Region

Zo.V

Zor,

S

F i g u r e  2.4: Calculating Aha,.

When calculating attenuation coefficients, the attenuation due to the presence of a 

barrier will also effect the attenuation arising from ground effects and as such, results 

obtained for At,a,- will directly impact on the value for Ag,.. If the noise path passes 

sufficiently high over the top of the obstacle it is not required to carry out calculations 

for Ahar, it is assumed that the source and receiver are in direct sight of each other. 

In this case the ground effect is calculated as normal while Aba,- is equal to 0 dB(A). 

However if the opposite is true and the barrier impedes the noise path, the following 

procedure must be adopted and Ag,. is set to a value of 0 dB(A) as the ground effect 

is taken into account directly in the general formulae used to calculate Aba,-

Calculating Aba,-

Figure 2.4 illustrates the general method for calculating the attenuation due to diffrac

tion. This method is based on the method of decomposing the propagation path into 

two sections, the source region and the receiver region, as indicated in the diagram. 

To quantify the level of attenuation the following procedure should be adopted.

Step I

The first step to is to determine:
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o

s

R

(5 =  SO + OR - d

F i g u r e  2.5: Simple Diffraction - R below O

- The ground type in the source region and receiver region

- The source image, S’

- The receiver image, R’

Step II

The difference in pathlength, (5, must be calculated for both homogeneous and favourable 

conditions. Homogeneous conditions are first examined. The pathlength difference is 

calculated in the vertical plane containing both the source and receiver as displayed in 

each of the figures below, 2.5 to 2.8, where O, 0\ and O2 are the points of diffraction. 

This is an approximation of Fermat’s principal and is acceptable when dealing with 

a line source. Fermat’s principle, or the principle of least time, is the idea that the 

path taken between two points by a ray of light is the path that can be traversed in 

the least time. This principle is sometimes taken as the definition of a ray of light. 

Fermat’s principle can be used to describe the properties of light rays reflected off 

mirrors, refracted through different media, or undergoing total internal reflection. It 

can be deduced from Huygens’s principle, and can be used to derive Snell’s law of 

refraction and the law of reflection.

It should be noted that the calculation of 5 is not as straightforward in the case 

of conditions favourable to propagation. The curvature of the sound rays must be 

simulated by introducing the quantity AH which may be calculated from

(2.31)
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(5 =  - (SO +  OR - (i)

F i g u r e  2.6: Simple DifFraction - R above O

Oi

F i g u r e  2.7: Double Diffraction - 2 separate barriers

Oi

F i g u r e  2.8: Double DifFraction - solid barrier
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where 7 represents the acoustic ray curvature, in metres. 7 is approximately equal 

to 8d, where d is the direct distance of propagation, with a minimum value of 1000m, 

if 7 is less than 1000m, then 7 is assigned the default value of 1000m.

AH

S

F ig u r e  2 .9 : Determining A H

In conditions favourable to propagation, 5 is calculated from the formulae presented 

in the figures below, 2.10 to 2.12. If S and R are in direct sight, the value for 6 will 

be negative. It is possible that the noise path will be obstructed in homogeneous 

conditions but not in favourable conditions, as is presented in figure 2.11 as the acoustic 

rays circinnvent the diffracting edge.

o

=  SO +  OR - (SA' +  A'R)

F ig u r e  2 .10: Favourable conditions scenario 1

For multiple diffraction in favourable conditions, the following principles must be 

followed:

a) determine the point A from the quantity AH calculated from the diffracting 

edge

b) eliminate any edges leading to negative diffraction

c) determine the sound path resulting in the shortest distance from source to re

ceiver and passing by each point of diffraction. An example is presented in figure 

2.13
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R

<5 =  SO +  OR - (SA’ +  A'R)

F ig u r e  2 .1 1 : Favourable conditions scenario 2

A ’

(5 =  SO +  OR - (SA ’ +  A'R)

F ig u r e  2 .1 2 : Favourable conditions scenario 3

In order to determine if there is really an effect of diffraction, the pathlength 

difference is compared to the quantity A /  20 at a frequency of 500Hz, about 0.034m.

If the difference in pathlength is less than 0.034m, it is not required to calculate 

Afta,., the source and receiver is considered to be in line of sight and A^ar is zero for 

each octave band. However in the opposite case one must apply the following formulae 

for each octave band. In doing so Agr is now zero as the effect of ground attenuation is 

included in the calculations for Ab^r- This rule is applicable for all cases, homogenous 

or favourable conditions, multiple or single diffraction.

Step III

For pure diffraction, with the absence of ground effect, the attenuation is given as:

- if  (40/A)C”5 > -2:
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F i g u r e  2.13: Calculating pathlength difference with multiple Diffraction

ylftar =  10/09(3  +  {AQ/\)C'5)  (2.32)

-if (40/A)C”(5 < -2;

=  OdB (2.33)

where:

A is the wavelength of sound of the nominal central frequency for each considered 

octave band

5 is the difference in pathlength between the diffracted path  and direct path

C” is the coefficient accounting for nmltiple diffraction:

^  1 +  (5A/e)^
l /3  +  (5A/e)2  ̂ ^

The above formula is to be applied in the case of single diffraction, for multiple 

diffraction C” is calculated eis the total difference between the two extreme diffracting 

edges, see figures 2.7 and 2.8 above

The final calculated values for Ab^r must lie between OdB and 25dB. This means 

th a t if Ai,ar exceeds 25dB, it then assumes the value of 25dB, and likewise if A^ar 

is negative, it is equal to OdB. This is an im portant consideration when it conies to 

implementing this type of attenuation in a computer model.
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S te p  IV

The attenuation A g r ( s . O )  must also be considered and is calculated from:

Agr(s.o) =  - 2 Q l o g ( l  +  (̂ 1 0 “V (s ,o ) / 2 0  _  j (2. 35)

where A g , - ( s , 0 )  is the effect of the attenuation due to  the ground between the source 

S and the point of diffraction O, for the road surfaces and when the edge of diffraction 

is not too high, one can assume this term  has the value of -3dB, in order to account for 

reflection on the surface: ^^ ,(5 ,0 ) =  -3dB in homogeneous and favourable conditions. 

In other cases v4g,.(s,o) may be calculated separately.

S te p  V

Finally the attenuation due to diffraction is then calculated by examining the effects 

in the source region and receiver region,

^ b a r  =  A h a r (S .R )  +  A g r ( S . O )  +  A g , - { O .R )  (2.36)

S im p lified  t r e a tm e n t  o f h o u s in g

In a densely populated area with multiple houses it would be quite time consuming 

to calculate the attenuation due to each individually building and barrier. ISO 9613 

offers a suitable alternative, developing a simplified approach to determine the effect 

of diffraction. It states th a t this effect may largely be com pensated by propagation 

between houses and reflections from other houses in the vicinity.

An approxim ate value for the attenuation in a built up region, A f jo u s e  may be 

estim ated from two separate contributions, A h o u s e . i  and A h o u s e ,2 from the equation:

A h o u s e  A f j o u s e i  +  Af^0 ^ g e 2 (2.37)

where A ^ o u s e . i  is dependent on the density of the buildings along the propagation 

path, B, and the length of the propagation path  through the built up region, d t -

4 0

A fjo u se . l  —  0 . 1  B d i ) (2.38)
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J^house,2 may be included if there are a well defined row of buildings near a road 

provided this term  is less than  the insertion loss of a barrier a t the same position with 

the mean height of the buildings, and may be calculated from the following formula 

where p, representing the percentage of the length of the facade relative to the total 

length of the road, is <  90%.

As before, the value for A^ouse.i will also interact with Ag^ which must be adapted 

accordingly.

XP S 31-133 also sets out a m ethod for calculating the effect of reflections in an area. 

Vertical reflections for objects are treated  according to  the image source.

One considers an obstacle to be vertical if it is inclined at an angle of less than 15°. 

To examine obstacles inclined a t a greater angle, it is necessary to apply this method 

in three dimensions.

The obstacles whose dimensions are small with respect to the wavelength of the 

sound should be neglected for the calculation of reflection. The reflections on the 

ground are not treated  here: they are incorporated directly in calculations for ground 

effect and diffraction.

If Lw is the level of power of the source S a t ar the coefficient of absorption, on 

the surface of the obstacle, the level of power of the source image S is equal to:

A  house, 2 — (2.39)

2.2.7 R eflections

L'̂  = L^+  10/09(1 -  a^) (2.40)
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Chapter 3 

D evelopm ent of baseline noise maps

In order to satisfy Work Package 2.1 of the ETI Project, it was necessary to create 

some baseline noise maps which would then form the platform from which further 

improvements could be developed. This was initially achieved by utilising readily 

available commercial software. ArcGIS was used as a G.I.S. package while Bruel and 

Kjaer’s Predictor was used for all noise predictions.

A noise map is a graphical representation of the situation with regards to noise 

in a particular area with different colours representing different noise levels in dB(A). 

According to the END a noise map should present data on an existing, a previous or 

a predicted noise situation in terms of a noise indicator, the exceeding of a limit value 

and an estimation of the number of dwellings, schools and hospitals in a given area 

that are exposed to specific values of a noise indicator. Special emphasis should be 

placed on road traffic, rail traffic, airports and industrial activity sites. In general a 

noise map determines the noise level from a variety of sources present and calculates 

the resulting noise propagation over a defined area.

For a preliminary study, the area surrounding Trinity College, in the heart of 

Dublin, Ireland was examined. To produce the baseline maps for this test location 

a certain amount of input data was required; traffic composition, traffic speed, the 

position of geographical features, meteorological conditions etc. Initially this informa

tion was obtained from Dublin City Council. The primary aim of this exercise was 

to develop a noise map in the same manner as would be developed by the responsible 

authorities and thus encounter many of the problems that would generally be faced 

throughout the production process.
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In order to create even a simple noise map, it is necessary to gather a very large 

amount of data, which was deemed impractical in some cases. This meant a certain 

amount of assumptions and averages would have to be made in order to produce a 

noise map, leading to some degree of uncertainty in results.

In addition to a map showing contours of noise in an area, a certain amount 

of information is required to accompany each noise map in order to satisfy the EU 

directive. Some of the additional information required includes: a concise description 

of the area under examination, the name of the authority responsible for the map, 

information on any noise control programmes that have been carried out in the area 

and the computation or measurement methods that have been used must be sent to 

the Commission. The levels of the most exposed facade of a dwelling and how many 

people are living in a dwelling with a quiet facade are also requested, each posing a 

difficult task for authorities to determine throughout the process. A quiet facade is 

defined as a facade of a dwelling at which the Lden value is more than 20 dB lower 

than at the facade having the highest Lden value.

3.1 Software in use

The accuracy of final results will depend greatly on the accuracy of input data and 

how this data is handled at each stage of the process. It is essential to have accurate 

map data in the calculation of reliable noise maps as incorrectly positioned roads or 

barriers may significantly reduce the accuracy of the calculated result. As such a 

G.I.S. application is used to gather the necessary data. An appropriate use of G.I.S. 

makes it possible to optimise the quality and effectiveness of noise studies. G.I.S. 

(Geographical Information System) is a system of computer software, hardware and 

data used to manipulate, analyse and present data that is relevant to a spatial location. 

G.I.S. combines layers of information relative to an area in order to provide a detailed 

description of that area. The co-ordinate system for each layer is carefully designed 

so that as each layer is combined, they align perfectly together. This process is called 

geo-referencing. Noise effects may be determined by combining certain layers and 

results may then be compared with where people live or where certain activities take
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place, providing a useful tool when determining population exposure levels and other 

requirements of the END.

The G.I.S. application used in the course of th is  project is ArcGIS which is devel

oped by ESRI. ArcGIS is used primarily in th e  presentation of the noise maps and 

da ta  collection while all the relevant calculations are performed elsewhere. This means 

th a t data  must be exported from ArcGIS to another package. In order to achieve this 

some knowledge of the ArcGIS file structure in necessary.

Bruel and K jaer’s Predictor^^  (Predictor) is a noise prediction software package 

developed by the Dutch software developers D'GMR. It im ports d a ta  contained in 

shapefiles which are initially created in the GIS package, in order to display the roads, 

buildings, barriers, etc present in the area. A lternatively this data  may be manually 

inserted into a project by the user, which is qu ite  a time consuming process and 

impractical for creating noise maps of large areas. Once the topographical d a ta  is 

imported the user must input data with regards to traffic levels, road properties, 

meteorological conditions etc. The software will then calculate the noise levels at 

various grid points according to whatever engineering method is defined. A number of 

methods are supported including CRTN, ISO 9613, NMPB and Harnionoise. Predictor 

is widely used in Ireland today and as such is th e  commercial predictive software of 

choice for this particular project.

3.2 Producing baseline m aps

To produce the noise map for the test location, certain  da ta  had to be adapted to suit 

whichever engineering method was to be used, as different methods require different 

forms of data, particularly when inputting traffic details. Several noise maps for a 

portion of the test area were created with Predictor following three different calculation 

methods; an initial version of the Harmonoise S tandard , CRTN and XP S 31-133. 

These were then compared directly with one another to investigate variation in levels.
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3.2.1 D ata input

Limited data were available so several assumptions had to be made. Traffic flow data 

had to represent a full year and was adapted accordingly. Where possible solutions as 

suggested by the Good Practice Guide (GPG) were followed [3]:

-  R oads Shapefile

The spatial position of each road is required in the form of a shapefile. This 

was then imported directly into ArcGIS and transferred to Predictor. The 

characteristics influencing noise generation for each road were also required and 

were stored in the shapefile’s associated database.

-  B u ild in gs Shapefile

The presence of buildings and barriers will influence the direct propagation of 

sound. If obstacles are positioned inaccurately it may significantly reduce the 

accuracy of the noise map and undermine any associated action plans. The 

height of each barrier and building is required along with its spatial position. If 

the height of a building is incorrect or unknown it may have an impact on final 

results. In the data received from Dublin City Council, the height of each 

building was supplied.

-  Topographical D a ta

The presence of hills and valleys will influence the propagation of noise, as the 

ground profile may result in the existence of some earth barriers. In addition to 

this, a gradient in the road will also influence the level of noise produced at the 

source. However, as this data was unavailable, it was assumed that Dublin is 

predominantly fiat. The error associated with this assumption was presumed to 

be negligible as the test area was in an urban environment and was 

predominantly flat.

-  Traffic F low

Traffic data was also obtained from Dublin City Council. This data was 

averaged over the first 6 months 2005 and was assumed to be representative of
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the entire calendar year. It was presented as hourly traffic counts and was thus 

easy to adapt to obtain counts for the day, evening and night time periods.

- Traffic Composition

As the percentage of traffic composition was unknown, the suggestions outlined 

in the Good Practice Guide were followed. Sample traffic counts were 

conducted throughout the day period on a selected number of roads and similar 

types of roads were assigned those compositions. As the CRTN method and 

XPS 31-133 do not have a vehicle classification system including medium 

vehicles, for the purpose of comparison with the Harmonoise model, medium 

vehicles were regarded as a mixture of light and heavy vehicles.

Displayed in the table below is the average traffic composition on a typical 

Dublin city centre road:

T a b l e  3.1: Average Traffic Composition

Road % Light % Medium % Heavy
Typical Road 75 15 10

- Traffic Speed

As regards speed data, the simplest solution was to use the sign-posted speed 

limit, which was 50km/hr in all areas of the test location. This is one possible 

suggested by the Good Practice Guide [3]. Free flow traffic speeds were also 

investigated leading to a different result for the average speed. Other 

alternatives were also explored, including measuring traffic speed by means of 

radar techniques and actually physically driving through the area and noting 

the average speed. The table below shows different results obtained. More 

details of this work is presented in Appendix C.

It is evident that different values will be arrived at depending on which method 

is used. It is also quite clear the actual driving speeds are quite lower than 

signposted speeds, which would be the easiest and cheapest solution if traffic
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T able  3.2: Average Traffic Speed

Method Average Speed [km/hr]
Signposted Speed Limit 50

Average Free Flow Speed 36
Average Radar Speed 32

Average Driving Speed* 14

d a ta  is unknown. It is im portant to  identify how these varying values for 

average traffic speed will influence final results.

The average traffic speed, determined with the radar gun was significantly 

lower than  the signposted speed limit but greater than  the average speed 

recorded when driving. It should be noted th a t the recorded driving speed 

would have been influenced by traffic congestion, accelerating, decelerating and 

waiting a t traffic lights, while the speeds determined by radar were recorded 

while the traffic was flowing. Based on these figures a uniform speed of 

30km /hr was assigned to  all roads in the area.

F igure  3.1; Determining Traffic Speed by Radar 

- Road Surface

The road surface type of each road was also unknown. The default value of 

dense asphalt was selected. The type of road surface will have an influence on
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final results as some road surfaces result in louder noise levels generated at the 

source. However the roads in the test case were all of uniform type.

-  R oad G ra d ien t

The gradient of the road may affect the level of noise produced at the source. 

Vehicles work harder as they travel uphill, which is important at the low speeds 

in an urban environment when engine noise dominates. However, it was 

assumed for this exercise tha t Dublin is completely flat. This will slightly 

under predict noise levels produced by vehicles driving uphill while over predict 

noise levels produced by vehicles travelling in the opposite direction. Taking 

this into account with the relatively flat test area, it is reasonable to assume 

that this approximation will result in a negligible error at the source.

-  M eteoro log ica l C o n d itio n s

Prevailing meteorological conditions proved to be another factor that had to be 

accounted for. However it is suggested in the Good Practice Guide that 

“within a dense urban setting, due to the closeness if buildings and the varying 

widths of roads etc, meteorological conditions, when compared to other 

variables, do not have a dominant effect on sound pressure levels. In most 

situations they can be ignored” . Thus the effect of meteorological conditions 

was assumed to be negligible, however the average meteorological conditions 

were noted for reference.

3.2.2 R esu lting  noise level

Once all the input data were collected and imported into Predictor, the noise cal

culations could begin. It was decided to run calculations for each standard. Each 

simulation took a different length of time to compute due to the varying complexity 

of calculations for each standard. A summary of each calculation is shown below in 

table 3.3.

Upon completion of all calculations, the results were then exported from the map

ping software to ArcGIS in order to display results in an effective manner. A number 

of issues arise in the determination of resulting noise levels:
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Calculation Method Num. Sources Num. Receivers Elapsed Time
Harmonoise 405 6175 323 minutes

CRTN 135 6175 55 minutes
XPS 31-133 540 6175 50 minutes

T a b l e  3.3: Comparing calculation time for each computational model

- Position of Receivers

To comply with the directive, receiver points must be set to a height 4.00 ±  

0.2m above the ground. In order for a direct comparison of noise maps and 

measurements, measurements should be made at a microphone height of 4m. 

This will make it difficult for members of the public to independently verify 

calculated noise maps.

- Noise Indicator

Maps were expressed in terms of Lden-, however it was also possible to plot maps 

according to Lday, Levemng and Lnight- iy y- long term equivalent sound 

level so the Lgq levels calculated in XP S 31-133 are suitable to determine Lden, 

however the CRTN Lio indicator is not suitable to adapt to L̂ ên and some 

degree of manipulation is required as previously outlined in section 2.1.2.

- Interpolation Method

Results were imported into ArcGIS and i t ’s mapping tool was used to generate 

a contour map of the noise levels. A number of interpolation methods were 

available; inverse distance weighted, spline and kriging. It has been 

demonstrated in [36] that noise maps may vary considerably depending on the 

type of interpolation used at this stage. A need for a standard data 

interpolation method for noise mapping studies has thus been identified. In 

this case the inverse distance weighted technique was used for all maps.

3.2.3 Further aspects o f the D irective

Once noise contours have been plotted in ArcGIS and a noise map has been presented, 

it is important to note tha t the noise study is not yet complete as regards satisfying
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the END. The Directive also calls for more information to be recorded:

- The estim ated number of people living in areas exposed to  certain noise levels 

a t the most exposed facade, calculated separately for road, rail, air traffic and 

industrial sources, for both L d e n  and L n ig h t-

-  The existence of quiet facades must be noted.

- The estim ated number of dwellings, schools and hospitals exposed to different 

noise levels.

- The exceeding of a limit value, the value of which is left to the discretion of the 

Member State.

- Any dwelling with special insulation.

- For roads, railways and airports, the to tal area, in /cm^, exposed to values of 

L d e n  higher than 55, 65 and 75 dB.

In addition a report must be subm itted with the noise map providing a concise 

description of agglomerations, along with a sum m ary of any noise control measures tha t 

have taken place in the past. This report should also assess the need for implementing 

further control measures and should set both long-term and medium-term goals for 

the reduction of the amount of people exposed to  excessive environmental noise levels.

3.3 Initial results

It was im portant to create the baseline noise maps in order to  identify potential pitfalls 

in the process. It is apparent th a t the collection of necessary raw data  is an issue of 

extrem e im portance and should be addressed with care. In addition the da ta  manip

ulation required to export from ArcGIS to Predictor was identified as an unnecessary 

and time consuming step. It was also evident th a t a clear interpretation of results was 

not possible, as it is unclear as to how exactly Predictor implements each standard.

A selection of calculation procedures appropriate for use in Ireland were also exam

ined in order to have a clear understanding of how results will vary depending on the
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chosen standard. The next section displays a number of initial baseline noise maps, 

calculated with Predictor and displayed in ArcGIS, following three different calcula

tion procedures; the CRTN method, the Harmonoise method and the recommended 

interim method, XPS 31-133.

3.3.1 A lternative standards

Figures 3.1 to 3.3 show the noise maps created from each corresponding prediction 

method. The fact th a t each m ap was created using three different procedures means 

th a t a direct comparison between maps may not be appropriate. This problem is 

at the core of the END and has been addressed by the development of a proposed 

universal calculation procedure. However by displaying maps using the same indicator 

L d e n ,  this problem is overcome to some degree. It is evident th a t the three noise maps 

vary to some extent, with the Harmonoise model calculating more extreme attenuation 

behind buildings and barriers.

Results for XP S 31133
Buildings

0i^utphyTraffcVbl_pC'yline

L d a y

^■ 37-50

□  56-60
^  I 61 -6 5  

I 16 6 - 7 0

76 - 80

60 vletef£

F i g u r e  3.2: Noise map calculated following XPS 31 - 133
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R esults for CRTN
Buildings

EM urphyTrnfficVoIjJOlylne

Lday

■ I  37 50

C ^ 5 6 - 6 0  

T '  i  61 - 65  

I 16 6 - 7 0  

i n  71

76 80

6 0  M eters

F i g u r e  3.3: Noise map calculated following CRTN
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Results for Harmonoise
B uild ings 

— ^  E M urphyT rafficV ol_polylne  

Lday

H I  37 5 0  

B | 5 1  - 5 5  

6 6 - 6 0  

1  1 6 1 - 6 5

I [ 6 6 - 7 0  

^ ^ 7 1  

■ ■  7 6  8 0

6 0  M eters

F i g u r e  3.4: Noise map calculated following Harmonoise

The purpose of the Directive was to define a common approach to managing noise 

problems. It is evident that there was some need for this as it is clear that each method 

used above do not agree with each other, particularly in areas of low noise levels. This 

will be of particular importance when the effects of resulting actions impact directly 

on members of the public. If an action plan recommends the implementation of a 

controversial strategy, the results of the corresponding noise map will be publicly 

scrutinised. Therefore it is vital that maps are displayed as clear as possible with an 

in-depth analysis of results.

The development of the Harmonoise standard will provide a uniform standard, but 

it may be an overcomplicated and unpractical solution. It may be seen from results 

that the Harmonoise noise model calculates much more extreme attenuation. In fact 

it calculate levels of below 40dB in certain locations behind clusters of building, which 

may not be reflected in measurements as the ambient noise will influence these low 

levels. Interestingly the CRTN model and XPS model compare relatively well. The
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T a b l e  3.4: Comparison Statistics - results displayed in dB(A)

Statistic X P  S 31 -133 CRTN Harmonoise
Min Level 43.00 41.04 22.05
Max Level 78.00 77.00 77.00
Mean Level 60.60 58.99 55.56

Standard Deviation 9.64 10.59 14.18]
Computational time 40 mins 55 mins 5hrs 23mins

XPS model calculates a slightly louder source which influences the overall sound levels.

However, upon a close examination of results it is noted that the complex Har- 

monoise model took longer to compute and while it may have calculated a more ac

curate map given the input data, it required more input data, some of which was 

not available and produced results that did not differ a great deal from the two less 

complex models.

Overall it is evident that the calculated noise maps from each model are, on the 

whole, quite similar. The loudest road is easily identifiable and quite areas are also 

very much apparent, albeit, the models disagree with the extent to how quite these 

areas actually are. While the Harmonoise model is assumed to give results to a higher 

accuracy, it is hard to justify the significant increase in computational time. Fur

thermore, it must be assumed that errors are present in each model considering the 

assumptions applied to the input data in section 3.2.1. Thus a balance between ac

curate calculation of the scenario and efficient computational loading is a desirable 

aim.

3.3.2 A lternative software

It was expected that each standard would give alternative results, however it should 

be noted that the results obtained will also depend on how accurately each standard 

has been implemented by the software developer, as a alternative interpretation will 

result in different results. A study of a number of software packages produced a 

comparison between five different software packages (identified as Software A, B, C, 

D, and E) with results obtained by manually calculating noise levels following the
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CRTN standard revealed the extent of variation between several packages [37]. Most 

results were within IdB(A) of the calculated result, however the result did demonstrate 

the variations from the predicted methodologies by the various packages as displayed 

in table 3.5.

T a b l e  3.5: Range of discrepancy between various software and hand calculated re
sults

Software Difference [dB(A)j
A -1.4 to +0.5
B -0.8 to +1.0
C -2.5 to +1.3
D -1.8 to +0.6
E -3.0 to +0.8

Results obtained from the various packages were also compared over a 1 krn  ̂ area 

of a city. Again a significant variation in results was noted, in one location a difference 

of lldB(A ) was observed. It may be concluded that the use of different software with 

the same input data can have significant difference on the resulting noise map.

This also highlights the problem associated with the black box approach. As the 

manner in which standards are implemented in commercial software packages may 

not be explored, it is not possible to determine why the variation in results exist. 

This may also be a problem for future standards as it has been identified that the 

current description of the Harmonoise standard does contain some unclear phrases, 

inconsistencies and loose ends. It is not a robust document for software implementation 

yet [38].

3.3.3 Initial conclusions

Following the development of these baseline noise maps it was possible to identify a 

number of issues which will impact future noise studies. The level of data required 

to make an accurate map was determined along with the steps that have to be taken 

to develop a noise map. It was evident that a large amount of input data will not 

be available and as such have a direct effect on the accuracy of the final noise map. 

Additionally a number of less obvious issues were uncovered and a number of these
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could be addressed in order to improve the overall mapping process. Most notably:

- Different calculation methods will yield different results. This was most notice

able in the new Harmonoise method. It is expected that this method is most 

accurate but considering the absence of quality input data, the benefits of such 

a method are questionable.

- Different software packages following the same calculation method may yield 

different results. This may be of some concern if different studies of the same 

area yield different results, or if maps created by different software packages have 

to be combined to form a complete noise map.

- The emission model is by far the chief source of error and uncertainty. Errors at 

the source of the noise will have an impact over the entire map.
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Chapter 4 

An enhanced m apping tool

Throughout the course of this project a number of tools were developed to aid the 

mapping process. Each tool was used to supplement the analysis and presentation of 

relevant noise maps and each played an integral role in the noise study. Chief develop

ments include: the creation of independent noise prediction software, the production 

of purpose built noise monitoring instrumentation and the design and maintenance 

of a custom-built website. During the development of the monitoring instrumenta

tion groups from different work packages of the ETI Capability Development Project 

worked closely together. Each tool then combined together to form the basis of an ad

vanced noise mapping model, capable of delivering an overall solution to the challenges 

of the END.

It is imperative tha t maps are developed and presented in a fashion that will be 

accessible to the general public. The development of an independent noise prediction 

model is the first step to meeting this objective. The next step involves a detailed 

measurement campaign and presenting results in dynamic fashion, adapting to various 

different acoustic scenarios. This type of interactive map will enable maps to be 

displayed in a unique fashion; displaying error, displaying the different effects of various 

action plans, presenting how noise varies throughout the year, at different times of the 

day, for different meteorological conditions etc.

Although it is not required by the END to produce a map in such a fashion, it 

will serve public knowledge and assist the involvement of the general public when 

deciding what action plans to adopt in the near future. The Working Group for the 

Assessment of Exposure to Noise recognises the need for accurate maps that will stand
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up to scrutiny when it states “The END noise maps and subsequent action plans are 

probably the highest profile activity that the acoustics and noise control community 

has carried out in the public’s eye. Based on previous experience, the generation of 

these results will probably lead to articles within the media. Articles may compare 

adjacent towns or cities. In order that the industry’s credibility is upheld, good results 

and robust recommendations for action plans should be a desirable aim” [3].

4.1 “Predict-a-

It was quickly recognised from the onset of this research that if commercial software 

is used in the development of strategic noise maps, users will be quite restricted as 

to how data is handled, how maps are presented and in some cases the size of area 

that may be mapped and the computational resources that may be used due to li

censing restrictions and shortcomings in the design of the software. As a result it was 

decided that the development of in-house software which would be completely versa

tile and computationally efficient was imperative, particularly in the development of 

refinements to the noise map which would include features not available elsewhere.

“Predict-a-F/as/i” was originally developed in Matlab, with the primary goal to 

investigate whether one could produce accurate results using the standard commercial 

tool (Predictor) as a benchmark. This involved implementing the chosen calculation 

method in a computer model and comparing predicted noise levels for the test site 

to those of Predictor. When this was accomplished the goal turned to computational 

efficiency, i.e. to produce results in a time efficient manner and to investigate the 

possibility of developing a simple, stand-alone executable program, which would offer 

a real alternative to today’s commercial software.

The propagation model used by the software was developed following the French 

national computational model XPS 31-133, as outlined in chapter 2, which is the rec

ommended interim method to be used by Member States [4] and one of the methods 

adopted by the Irish Governing Body [20]. The source model follows procedures out

lined in the associated French model NMPB-Routes-96. The division of calculations 

into two separate models, the source model and the propagation model, is also recom-
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mended in the new Harmonoise model, which will prove useful when redesigning the 

software to accommodate the Harmonoise standard.

In 2002 Wolfel were commissioned to produce a report concerning the adaption 

and revision of the interim com putational methods for strategic noise mapping [18]. 

This purpose of this report was to provide Member States guidelines on how best to 

implement the interim standards. A number of adjustm ents are suggested and some of 

these recommendations are included within Predict-a-Flash's core calculation engine.

4.2 U ser-interface platform

The developed model links da ta  from ArcGIS, Microsoft Access and Microsoft Excel. 

Using Microsoft Access it was possible to develop a custom built platform which allows 

easy viewing and editing of da ta  and is designed in a user-friendly, self explanatory 

manner, meaning no expertise is required. A screen shot of this platform is shown in 

figure 4.1. The platform itself can be launched internally from the ArcGIS toolbar.

eOIT DATA OPTiOfyjSI

Input S*«

VIEW REPORTS

Rodd Tr«ffK Nois« Report

Vtew Measurement Peport 1

RUN CALCULATIONS

Input D«t« UnkKHNTts

Run Soiree Ctktitbans

Input/Akei Gnd Posioons

RJRTHFR HELP

Vi$t Heip on Of fiiual 
website

C alcu la tio n
RtPQRTS

Report on Notse StabstKS

View Error Report

RunPropdQabonCatculaborv |

EXIT PROGRAMME :

Devetoped 95 part of the E.T.l. CapabiWy Devetopment Project h  assocrtion w i^ i:

rr c I'niiriil

F i g u r e  4.1: Screen-shot of P redict-a-H as/i’s front-end platform
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Bl C:\WINDOWS\system32\cmd.exe -  | n |  x|
▲ '

■
▼  ;

.......  —

F i g u r e  4.2; Screen-shot of Predict-a-F/as/i’s calculation core 

4.2.1 Analysis of com putational procedure

The overall model is a combination of two separate packages, the source model, which 

is developed in Microsoft Excel, and the propagation model, which may be compiled 

as a stand-alone executable file. The attenuation of noise is based on the point to 

point propagation of sound and calculations are developed according to the chosen 

standard. The manner in which the model handles data and performs calculations is 

now explored.

It is initially assumed all data is collected and presented in a G.I.S. package, in 

this case ArcGIS. As such all relevant data can be exported as separate shapefiles, 

eg. as roads, buildings, surface regions, etc, from ArcGIS. Each shapefile will contain 

information relating to the characteristics of traffic flow for each road, as well as 

factors which will influence the propagation of noise, e.g. the height of buildings, 

ground surface properties etc.

The general work-flow structure of the model is presented in figure 4.3.
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Hpai Niiiiu' Mmp

F ig ure  4.3; Predict-a-F/as/i work-flow

Im porting data

A shapefile is a vector data storage format for storing the location, shape and attribu tes 

of geographic features. A shapefile is stored in a set of related files. According to  the 

white paper released by ESRI in 1998, a shapefile consists of a main file, an index file 

and a database file [39]. The main file (.shp) is a direct access file in which each record 

describes a shape with a list of vertices. The database file (.dbf) contains information 

with regards to  the attributes associated with each shape, while the index file (.shx) 

contains data  pointing to the structure in the main file. The database file takes the 

format of a standard DBF file used by many table based Windows applications; hence 

it is easily linked with Microsoft Access and Microsoft Excel.

Initially the shapefile containing all the details of roads present in the area is 

examined. The traffic fiow properties are all stored in the database file (.dbf) which
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can be opened witli Excel. Traffic counts must be present in this file in order to 

calculate noise levels corresponding to each road

The Shapefile C Library, available online a t http://shapelib.maptools.org, provides 

the ability to write simple C program for the reading and writing of ESRI shapefiles 

and the associated a ttribu te  file. This library is freely available and was used to convert 

the positional da ta  of roads and buildings shapefiles to a list of corresponding vertices 

in a simple text file. This text file, coupled with source results obtained from Excel, 

completes the input da ta  required to predict noise levels.

Calculating the source model in Excel - See also Section 2.1.2

The .dbf file associated with the roads shapefile may be read directly by Microsoft 

Excel. It is then possible to link the attributes contained in the .dbf file to a predefined 

spreadsheet tem plate, which contains all the necessary functions required to calculate 

the noise level a t the source.

In order to link the road attribu tes to the predefined tem plate the traffic data  

should be divided into traffic flow for each period (day, evening and night), and for 

each vehicle category, (light and heavy), as presented in the sample table below.

T a b l e  4.1: Sample input data  format for Predict-a-Fks/i

Road Name D l D h day E l E h ^ e v e N l N h '^ flight

W estland Row 503 144 45 505 116 40 245 78 50
Pearse Street 493 141 45 368 86 40 156 57 50

where D l and D h  represent the number of light and heavy vehicles on the road 

throughout the day period and is the average speed of the vehicles throughout 

the day period. E and N represent the Evening and Night periods respectively.

Calculations are performed using a macro designed in Visual Basic, the core pro

gramming language for Excel. Making use of multiple macros which may be assigned 

to  separate buttons and Excel’s ability to switch between worksheets, makes the devel

opment of simple, user-friendly platform possible. The program then outputs the noise 

levels associated with each road or road section, at each frequency for each period, see
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figure 4.4, which is stored in a text file that forms part of the input data required for 

noise propagation calculations.

r  pv/u i * fLui

OKI
BOOHt

jm

F i g u r e  4 . 4 :  Screenshot of Predict-a-F /a s/t in Excel 

Source seg m en ta tio n  - See also Section  2.2.1

Line sources were segmented using the equidistant decomposition method. The length 

of each section was set to a maximum of 5m. The issue of source segmentation is 

addressed more thoroughly in the Harmonoise project. It recommends a method of 

segmentation using a combination of maximum viewing angle with a maximum seg

ment length criteria. The goal was to have an “unambiguous method of source seg

mentation without generating an unnecessarily large number of propagation paths” 

[40]. However by relying on a combination of the viewing angle and segment length, 

segments must be recalculated for every receiver point as each will have a different 

viewing angle. Thus the simple equidistant approach was decided upon for the initial 

version of the developed model.

The appropriate spacing between point sources had to be determined. If points are 

too close together it will lead to an unnecessary increase in computational time, while 

if they are too far apart, the collection of point source will not accurately represent the 

road, and will lead to fluctuating noise levels along the road, upsetting the continuity 

of the noise map, see figure 4.5.
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F i g u r e  4.5: Poor representation of road source

It is recommended that the distance between two consecutive point sources should 

not exceed half the distance from point to receiver and as a general rule the step should 

not exceed 20m, thus if this rule was applied to each receiver point, the road would 

have to be subdivided for each specific point source. As such, it was decided to adopt 

a uniform 5m step when dividing the road, accepting that in areas very close to the 

road the division will not be half the distance from point to receiver.

Displayed in figures 4.6 to 4.8 are simple noise maps surrounding a road represented 

by a set of incoherent point sources at difTerent spacings. There is also two receiver 

situated at the positions (50,40) at a distance of 10m from the road, represented in 

the figure by a circle (o), and (40, 49) at a distance of Im from the road, represented 

in the figure by a star (*). The predicted noise levels at each of these receivers are 

displayed in table 4.2

Upon a simple analysis of this stretch of road it w£is concluded that the error 

associated with this division was acceptable, considering receivers will be at a height 

of 4m in accordance with the directive, while receivers were to be placed at a regular 

grid of 10m spacing.

D evelop m en t o f receiver grid

Initially a regular grid of equal spacing was developed over the test area. Again, it was 

found that the interpolation between these points had a major effect as to the quality
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F ig u r e  4 .6 : Representing road w ith Im  spacing between point sources

F ig u r e  4.7: Representing road with 5m spacing between point sources

of the appearance of the final noise map, particulary in regions close to the road, in a 

similar manner to figure 4.8 .

In order to determine the noise levels at the most exposed facade it is suggested 

in the Good Practice Guide that a spacing of 3 metres between receiver points is 

appropriate. However it allows for situations where the software is not able to produce 

these specific grid points, then normally spaced grid points may be used to approximate 

the noise levels at the facade.

The GPG also recommends that the grid spacing for agglomerations should not 

exceed 10 metres. A wider spacing in large open areas may be acceptable but should 

not exceed 30 metres.
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F i g u r e  4.8: Representing road with 15m spacing between point sources

T a b l e  4.2: Predicted noise levels at separate receiver points

Spacing Near Point (*) [dB(A)] Far Point (o) [dB(A)]
Im 77.14 72.05
5m 77.19 72.09
10m 76.61 72.13
15m 76.32 72.22

It may be desirable to use a grid spacing of less than 10 metres in some urban 

areas, particularly when buildings face each other across narrow roads. This will be of 

particular importance when determining the noise levels at the facades of buildings. 

Interpolation is not recommended in this case as the interpolation will not account for 

the various acoustical factors that may exist in such areas.

The propagation m odel - See also Section 2.2

The manner in which the extent of the attenuation of noise, as it propagates from 

source to receiver, is calculated in the software is now presented. Figure 4.9 shows 

how each attenuation mechanism relates to the theory outhned in chapter 2 of this 

thesis.
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Road modelled as a collection o f point sources

Source Segmentation 
Section 2.1.1

Geometric Divergence -  Eq. 2.18

Atmospheric Absorption -  Eq. 2.20

Attenuation by Diffraction 

-  Section 2.2.6

Receiver

F i g u r e  4.9: Relating the propagation model to the theory previously presented 

G eom etrical divergence - See also Section 2 .2 .3

ISO 9613, XPS 31-133 and Harmonoise all have an equivalent formula to describe 

geometric divergence, which approximates a sound level that diminishes by 6dB per 

doubling of distance. A strict implementation of this results in a rise in attenuation 

as the distance over which the sound propagates increase as shown in figure 4.10

B arrier a tten u a tio n  - See also Section 2.2.6

The presence of buildings in an area poses the biggest obstacle to compute accurate 

results in a time efficient manner. Receiver points which are affected by the barrier 

must be determined for each barrier and relevant attenuation coefficients must be 

calculated. In the case of the developed model it was decided that simplicity was the 

best starting point and improvements would be developed as required.

Initially it was determined if the building was situated between the source and 

receiver and as such if there was a chance it would affect the propagation of noise. If it 

was found that it would not influence the propagation it was ignored. Those buildings 

that would affect the propagation were then assessed, by assuming each building was
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s

AHenualion due to  Geometrical Diveroence over distance

100 160 
DtslsrKe form Source

F i g u r e  4.10: A ttenuation due to  geometric divergence

a simple barrier with a diffracting edge located at the centroid of the building. Only 

diffraction over the top of the building was considered. This calculation was repeated 

for every building th a t was deemed to be possibly affecting the propagation and the 

two most influential buildings, i.e. the two most effective barriers, were accounted 

for in calculating the attenuation due to the presence of barriers in the area, to a 

maximum value of 25dB.

Reflections

Reflections are not accounted for in the initial version of the software. It is noted 

tha t reflections will influence the noise levels close to buildings, so they should be 

accounted for, especially in urban cases, when displaying noise maps. Take for example 

the situation in figure 4.11.

The length of the reflected path will be equal to

rtotai = s + r  (4.1)

The pressure at the receiver point resulting from the source will be a summation 

of the noise resulting from the direct path and the noise resulting from the reflected 

path.
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F ig ur e  4 .11: Calculating effect of reflections

+  ^  (4.2)

2

total

by ignoring the product term. Continuing

4 2  a :
+ ^  (4-3)

20/o^iop =  2 0 l o g io \ l - ^  +  p —  (4.4)
total

2Qlogwp = 2 0 l o g i o ^ J  1 +  (4.5)
®  V  ^ total

This equation may then be expressed as

20logioP — 20 /0310— +  20/ogio 1 +  [̂2— ^ (4-6)

which may be rewritten as

20;<,J..P = 2 0 ,0 9 4  +20(09. (x /2 )
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if '’’to ta l  is approximately equal to d, i.e. the building is right beside the road 

resulting in the worst case scenario for a reflection. The first term  in the above 

equation accounts for the original noise source while the second term  accounts for 

the reflected noise. As r t o t a l  approaches d, this value will reach a max of 3dB, and 

conversely over large distances, ie r t o t a i  ^  d, this term  will go to zero, hence if the 

reflecting surface is far away, i t ’s influence is negligible.

M odel sim plifications

The initial version of Predict-a-F/as/i does not include a ground surface attenuation 

either. It is assumed th a t all ground is uniform and does not affect propagation. 

This could be included by identifying reflective and absorbent ground regions from 

a separate shapeflle and applying the relevant attenuation coefficients. For the test 

case no alternative ground regions were identified so a universal ground surface was 

applied.

In addition, only homogeneous conditions are considered. It is assumed th a t the a t

tenuation in homogeneous conditions will be sufficiently accurate to long-term average 

noise levels. The author recognises tha t the provision for meteorological correction, as 

contained in XP S 31 -133, is an im portant factor in noise propagation calculations. 

However, meteorological effects will have many different results over a very wide scale, 

so the mere inclusion of conditions favourable to propagation is not nearly sufficient 

in calculations. Thus it is ffagged as a potential source of error. However, this will 

save valuable com putational time without having a heavy impact on final predicted 

results.

4.2.2 Comparative results

Using Predictor as a bench-mark initial results proved promising. Figure 4.12 is a 

noise map showing results as calculated by Predictor following XP S 31-133, while 

figure 4.12 shows a noise map as calculated by the developed model.

It is clear th a t both maps display very similar noise levels. A summary of some 

general statistics is presented in table 4.3.

It is noted tha t the attenuation calculated by the developed model appears to be
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F i g u r e  4.12: Noise map obtained from commercial software

more severe in places. However it is apparent that in general the two maps agree, with 

loud areas and quiet areas easily identifiable in both maps.

While the results appear to be the same, the developed model sets itself apart from 

Predictor in an analysis of computational performance. The developed model took 26 

minutes to run when compiled with Intel’s icc compiler, compared to Predictor’s 5 

hours 40 minutes. It was also impossible to compare the same area for a finer grid 

as, due to licensing restrictions with the commercial software, it was not possible to 

map this area with a 5m grid. It is worth noting at this point that calculating a noise 

map for the same area following the initial version of the Harmonoise standard with 

Predictor took approximately 5 days.

Calculations are performed in a time efficient manner as they are performed in 

a customised manner. Certain simplifications have been introduced to speed up the 

process without compromising the integrity of results.
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Legend

B u i ld i n g  

37-50 

51 -55 

56-60

F i g u r e  4.13: Noise map obtained from Predict-a-F/as/i
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Statistic Commercial Software Predict-a-F/as/i
Min Level 34 [dBA] 38 [dBA]
Max Level 75 [dBA] 76 [dBA]

Mean Level 55 [dBA] 55 [dBA]
Standard Deviation 10 [dBA] 10 [dBA]

T a b l e  4 .3 :  Comparison of summary statistics, Predict-a-F /as/i vs. Commercial soft
ware

Having established that “Predict-a-F/as/i” implements the calculation procedures 

in an efficient manner, and produced results comparable to the standard tool, it means 

the model can be developed further. More complex calculations may be introduced if 

required, for example refections and ground surface characteristics should be accom

modated for in future models. Additionally varying meteorological conditions may 

also be examined. Nevertheless, as an initial tool, it is possible to take the mapping 

stage further by the inclusions of any modifications necessary, thus providing a useful 

tool to implement any possible refinements not available elsewhere.

4.2.3 R eflections

As previously stated the initial version of the developed model does not include calcu

lations for reflections. The effect of omitting reflections was then evaluated using the 

commercial software. Figure 4 .1 4  shows the noise map calculated with the commercial 

software ignoring the effect of reflections. It is apparent that the effect of reflections 

is negligible close to the source while the maximum difference of about 3dB is more 

noticeable away from the source. Table 4.4  provides a summary of relevant statistics.

Statistic Reflections No Reflections
Min Level 
Max Level 

Mean Level 
Standard Deviation

34 [dBA] 
75 [dBA] 
55 [dBA] 
10 [dBA]

31 [dBA] 
74 [dBA] 
53 [dBA] 

11 [dBA]

T a b l e  4.4: Comparison of summary statistics, Reflections included vs. Reflections 
not included
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Legend
Road
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F igu re  4.14; Noise map obtained from commercial software with no reflections
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Chapter 5 

Refining baseline noise maps

The development of a strategic noise map in a typical fashion involves a number of 

steps, with each stage presenting a number of difficulties that must be addressed before 

proceeding. Firstly accurate input data has to be collected and compiled. In some cases 

certain variables may be unknown resulting in average values being used or introducing 

certain assumptions in the model. Once the data is collected it must then be exported 

to predictive software which will involve data manipulation in order to produce results. 

The predictive software is usually expensive, subject to certain restrictions and takes 

an unreasonable amount of time to compute. In addition, a certain amount of time 

and thought must be spent evaluating results to ensure noise levels are accurate in 

order to try to combat the ‘black box’ effect that may be associated with using this 

software. User’s should be aware of how results were obtained and if results satisfy all 

the requirements of the Directive.

Once the map is created it should be noted that the noise study is not complete 

at this stage. Results must be displayed in a suitable fashion and the architects 

of the map must be sure of i t ’s accuracy. This may involve recording on-site noise 

measurements and evaluating the accuracy of the data that was used to develop the 

map. The level of variation according to the averages and assumptions at the start 

of the study should be quantified and it should be determined how those assumptions 

impacted on final results. Additionally, the impact of various action plans must be 

assessed and presented to the public.

Once action plans are introduced, particularly if they impact directly on public 

life, noise maps may be subjected to widespread scrutiny. As such a detailed variation
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and uncertainty analysis should be performed on all noise studies throughout the de

velopment process. In fact Ten Wolfe has stated that the estimation and management 

of the uncertainties involved in noise measurements and prediction should be one of 

the priorities in future research within Europe [16].

5.1 Error and variation analysis

It is reasonable to assume that results from strategic noise maps will be scrutinised 

and opposed, particularly if the implementation an associated action plan directly 

impacts a proportion of the public, for example, the converting of a road to serve 

one way traffic, imposing a ban on heavy goods vehicles on certain roads, erecting a 

noise barrier beside a residential area, etc. Another feasible impact of noise maps is 

the effect they will have on housing prices. It may arise that property exposed to a 

certain level of noise may reduce in value as reported in [41] who found that houses 

situated near an airport suffered in value. Another study in Korea found that a 1% 

increase in traffic noise, in dB, is associated with an approximate 1.3% decrease in land 

prices. Based on this figure, the average cost per kilometre due to traffic noise was 

approximately $347,000 dollars per year [42]. Thus if a noise map causes an area to be 

devalued, the accuracy of the noise map will almost certainly be called into question.

Once noise maps are released to the public, relevant authorities must be prepared 

for independent validations to take place. This will involve noise measurements being 

taken and compared to results displayed in the map. These measurements may not 

match predicted results exactly so the discrepancies must be explained. It should 

be made clear that L^n  is a weighted year long indicator and as such cannot be 

directly compared to short-term measurements. Also short-term measurements will 

be influenced greatly by a number of factors that vary throughout a day. Thus a clear 

distinction should be made between error and variation.

Errors in computation will occur in both the emission model and the propagation 

model, with the largest source of error generally resulting from poor input data. The 

level of error associated with the test site is now explored.
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5.1.1 Error at th e source

A major cause of error in noise maps will arise from an inaccurate noise emission 

model. If this model is incorrect it will influence all aspects of the model - thus it is 

essential to quantify the level of uncertainty associated with the source.

The level of noise resulting at the source is dependent on a large number of vari

ables. Each of these variables will effect the noise produced to a certain extent. In 

some cases not enough data is available to accurately represent each of these variables, 

therefore assumptions are made and default values are assumed.

The influence of each of the input parameters was examined and the overall effect 

of inaccurate input data was thus determined.

Average traffic speed

If the road traffic speed data is unavailable one possible solution suggested by the 

GPG is to use the signposted speed limit. It then suggests that this assumption 

will be accurate to within 2dB. It is therefore possible to assume that due to this 

assumption, final results will be within an error of 2dB. The GPG also suggests a 

more accurate method which involves driving in the average traffic flow conditions, 

yielding results to an accuracy of 0.5dB.

Examining different average speeds for a test road, with 1000 vehicles of varying 

composition, yields the graph displayed in figure 5.1. The minimum noise level of 

84.4dB occurs at a speed close to 50km/hr, which is approximately the speed limit 

of most urban streets in Ireland. The max level of 87.8dB occurs at a low speed of 

20km/hr. It is evident if traffic is slow moving there will be a 3dB difference between 

the actual noise and predicted noise if it is assumed that the traffic is travelling at the 

signposted speed limit. The phenomena of traffic travelling at lower speeds producing 

more noise is also reflected in calculations according to Harmonoise Road Source model, 

see figure 5.2.

These figures suggest that the average traffic speed or signposted speed may not 

be the most appropriate input to use, particularly in urban scenarios, as the traffic 

will travel at considerable lower speeds, particularly during rush hour periods. In fact 

it has been reported that the average speed of a bus in Dublin is just 13.58km/hr in
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F i g u r e  5.1: Noise level vs Average Speed for varying traffic compositions - XP S 
31-133

the morning peak [43].

The average traffic speed for the roads surrounding Trinity College were then de

termined by employing the m ethod suggested by the GPG. A rmmber of journeys were 

made in a car at different times throughout the day period - yielding different results 

to the signposted speed limit, see table 3.2, reproduced here in table 5.1

T a b l e  5.1: Average Traffic Speed

Method % Average Speed [km/hr]
Signposted Speed Limit 50

Average Free Flow Speed 36
Average Radar Speed 32

Average Driving Speed 14

Thus comparing the average driving speed as recorded by car against the signposted 

speed limit would yield a difference of approximately 3dB a t the source. This method 

would only be accurate for certain times throughout the day period, when driving took 

place. It is assumed the average speed would be slower a t peak times and close to the 

signposted speed limit a t times of low flow, for example during the night period. This
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I   70% Light. 20% Medium. 10% Heavy |

50
Speed  [km/hr]

F i g u r e  5.2: Noise level vs Average Speed - Harmonoise

would suggest th a t the traffic speed is constantly changing a t different times of the 

day and a more accurate manner of representing this as an input for noise calculations 

should be developed.

However it would be impractical to employ this technique for every street in an 

agglomeration, at every hour of the day. Thus by accepting the average speed is going 

to result in an error of between 0 and 3dB at different times throughout the day, it can 

be identified as a source of variation when comparing predictions with measurements.

Traffic com position

Figure 5.1 also shows the variation of the noise level a t the source given different 

traffic compositions. It is evident th a t the presence of more heavy vehicles will result 

in louder noise levels at the source. It is also evident from the graph th a t the increase 

in noise levels is independent of the average speed of the traffic. It may be observed 

tha t for the simple test in the figure, an increase in composition of heavy vehicles from 

10% to 50% yields an increase of approximately 6 dB(A) a t the source.

For the test case a number of traffic counts were recorded throughout the day 

period. The chosen standard, XP S 31-133, classifies only light and heavy vehicles as 

opposed to  the light, medium and heavy contained in the Harmonoise standard. These
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traffic counts yielded an approximate proportion of heavy goods vehicles in traffic flow 

of 8% to 10%.

Road surface characteristics

The surface of the road will influence the noise generated by the tyre/road interaction 

phenomenon. Detailed information on the types of road surface in the test area was 

unavailable. To account for this the GPG suggests using a default value of dense 

asphalt for every road, meaning the corresponding correction for each road will be 

zero. The accuracy of this guideline will be within 3dB.

However the acoustical properties of a road surface will be subject to certain vari

ations. During rainy days the level of background noise will increase. The rain will 

also influence the level of noise produced at the source. As reported by [44] in [45], 

the presence of water depending on it’s quantity, the surface type, the vehicles, the 

tyres, etc, on a road surface will increase the vehicle noise emission level, with respect 

to the dry condition, by amounts ranging from 0 to 15dB. Thus, a rainy day in Ireland 

may be significantly louder than a dry day in Ireland ( although sometimes few and 

far between). This should be identified as another source of variation in noise levels.

Intersections

As vehicles approach intersections the speed at which they are travelling at will reduce 

until they have either come to a rest or have accelerated away from the junction. This 

will effect the level of noise produced close to junctions due to the change is speed of 

vehicles and the rise in engine noise causing the vehicle to accelerate or decelerate. In a 

study investigating the impact of accelerating and decelerating traffic it was reported 

that the effects are generally not more than 3dB(A) and occur within 15m of the 

junction [46].

However in a separate study, the impact on noise levels of traffic decelerating before 

a speed bump and accelerating after it was examined [47]. This study reported that 

if an average value is used to express the relevant exposure dose, than the influence 

of speed bumps become insignificant, as the average noise level is approximately the 

same with or without the presence of the speed bump. However, if the maximum
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noise level is examined, the effect of the speed bum p becomes highly significant, as the 

maximum level w ith no speed bump was exceeded by up to 13dB for the case with a 

speed bum p caused by passenger cars. It may be argued th a t the L d e n  noise indicator 

is not the most appropriate indicator to use in a widely varying situation such as this 

case as the extent to which people are annoyed may be linked more strongly to the 

maximum noise level in a periodic event.

5.1.2 Error in propagation

While it is evident th a t a large number of variables will effect the noise level a t the 

source, a number of factors may also influence the propagation of noise from source to 

receiver. W ith the introduction of the Harmonoise model some of these effects have 

been addressed as they are not accounted for in XPS 31-133. However it is evident 

th a t there will always be some factors outside the scope of the new complex model so 

it again raises the issue as to how necessary a detailed and complex model is.

Inaccurate Feature Positioning

An inaccurate shapefile containing the inaccurate geographical positioning of features 

will greatly influence the final noise map. If buildings are missing from the shapefile, 

the noise will not attenuate  as severely as it should, or if roads are incorrectly rep

resented, it will significantly im pact the source model. Inaccurate feature positioning 

is a  relatively easy flaw to identify, particulary for the non-expert, thus an inaccurate 

shapefile will significantly compromise the integrity of the noise map.

Seasonal changes

Seasonal changes will affect the level of traffic on the roads, as some cities may see an 

influx of tourists, while some may become dorm ant. The change of season may also 

change the average speed at which m otorists drive whether there is predominantly 

sun, fog or rain present. In addition the seasonal changes in meteorological conditions 

will also affect the acoustical properties of the surroundings. Over the course of a year 

tress and bushes may go from being full of leaves to  bare branches and green areas 

may change from freshly cut lawn to frost covered hard ground. Thus the year long
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average noise map may not accurately reflect these effects which will directly impact 

noise levels. This may be identified as another source of variation.

M eteorological conditions

As weather conditions may vary considerably in time, these conditions may heav

ily influence the day to day, or even hour to hour, noise level. In addition to this, 

meteorological effects may not only influence noise propagation but also noise emis

sion. As such one must recognise the dangers in presenting only the noise propagating 

in average meteorological conditions. Meteorological conditions have a major effect 

on the propagation of sound, through a variety of mechanisms, in particularly wind 

distributions and vertical temperature gradient. However, despite the fact that a t

mospheric attenuation can cause deviations of ±20dB, it is widely overlooked in all 

propagation methods to date [48]. This would appear true with the exception of the 

new Harmonoise standard. Except for the atmospheric absorption coefficient, which is 

defined in some detail in ISO 9613-1, other effects are ignored. In the CRTN method 

no allowance whatsoever is made for prevailing meteorological conditions, while XPS 

31-133 only provides a method which may be used for two different meteorological 

conditions, conditions favourable to propagation and homogeneous conditions.

Due to the variation in noise levels for a number of reasons, it would be most 

appropriate for measurements to be carried out in conditions which would be consid

ered average for a calendar year, as certain weather conditions will influence the noise 

environment. For example rainfall and hail can produce wide band noise that can sig

nificantly change the general background noise. High frequencies propagate better in 

fog because of the high humidity. Snow will effect ground absorption and may modify 

the absorption expected from shrubs and trees.

Ground effect

In the test case it was assumed that all areas of the city had a constant ground surface 

type. Displayed in figure 5.3 is the predicted attenuation arising due to propagation 

over various different ground surfaces, G, over a distance of 200m, from a source 

at a height of 0.5m to a receiver of height 4m. It is apparent that the majority of
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attenuation occurs between 250Hz and lOOOHz.
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F i g u r e  5.3: Attenuation due to ground effect

While in an urban environment, the ground surface is predominantly the same, it 

is worth noting the effect green areas will have on noise, particulary as these are the 

areas that are most likely to be regarded as quiet areas, which should be protected.

However, it is worth noting that, again, the ground effect will be subject to a certain 

amount of variation. The natural cycles in the growth of vegetation can change the 

acoustic impedance of the ground surface due to leaves falling on the ground etc.

5.2 Integrating m easurem ents w ith  m aps

Noise measurements may be used to validate noise maps. They will also serve as a 

useful tool in building confidence in predicted results if they can be used by members of 

the general public to independently validate noise maps. However a poorly conducted 

measurement campaign may serve to obstruct the process. It is therefore important 

to determine factors which will effect the measurement process. Additionally a clear 

understanding of the variation of noise should be developed and certain guidelines 

may be presented along with noise maps to assist members of the public in comparing 

measurements with maps.
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5.2.1 Com paring short-term  m easurem ents w ith  L d e n

A number of measurements were recorded throughout the course of the project. In 

one case measurements were recorded at a 4th floor office window on Dawson Street 

over the course of one week. In order to relate a short-term 15 minute measurement 

to the long term indicators maps are expressed in, the data was analysed assuming 

that the week was an average week of a full calendar year.

Upon an examination of the manner in which Lden is calculated it is evident that 

the Lden indicator is weighted to account for extra annoyance in both the evening and 

night periods. In fact, the value for L^en may far exceed the loudest hourly levels 

measured throughout a full 24 hour period representative of an average day, as is the 

case in figure 5.4. This figure represents the average day over the measurement period 

of one week. The noise variation over each individual day is shown in figure 5.5. It is 

evident that a direct comparison of a short-term measurement with regardless 

of the length of the time period during which the measurement was conducted, is not 

appropriate.

V ariation of Hourly Leq levels

Lden

< 7 0
Lday

L evening

Lnight

19:00 22:00 01:00 04:007:00 10:00 13:00 16:00
Time

F i g u r e  5.4: Average variation of Leq îhr
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F i g u r e  5.5: Noise variation over complete week

However it would not be unfeasible to relate a short-term measurement to i t ’s 

relevant periodic noise indicator, particularly throughout the day period (between 

07:00 and 19:00). Figure 5.4 shows that the average day and evening periods do not 

fluctuate greatly from the equivalent L^ay and Levening indicators. In the diagram, the 

values for L^ay, Levening ^nd Lnight are 68.79 dB(A), 67.74 dB(A) and 66.00 dB(A) 

respectively which results in an L^n  value of 73.05 dB(A). The night period changes 

from loud to quiet and remains quiet for approximately 4 hours, before noise levels 

begin to rise again, resulting in a Lnight value lying between the louder levels and the 

quietest level recorded in the early hours of the morning.

It should also be noted that the measurement unit was placed above a popular 

nightclub in Dublin’s city centre, thus readings throughout the night period may have 

been affected by the patrons of the club congregating outside and also by the clubs en

tertainment system. It may be concluded that the noise readings recorded throughout 

the night do not accurately reflect environmental noise as it is defined by the directive. 

This characteristic is particular noticeably on Wednesday night at 23:00 (a popular
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night to  socialise in Dublin) and on Saturday night.

The deviations in the night period and the fact th a t it occurs between 23:00 and 

07:00 makes it an inappropriate indicator to compare with results. In addition, it is 

expected th a t most independent validations will take place throughout the day period 

and not during the night period. As such the L ^ a y  indicator may prove to be the most 

appropriate indicator to use to relate short-term  measurements with the long term  

average.

It is then interesting to determine how each day period varies with respect to the 

average day period. The following characteristics of each day should be noted:

—  Monday
—  Avgfafle Day

I 70

Hour of Day

F igure 5.6: Monday vs Average Day

—  Tuesday 
 Averape Day

5z

Hour of Day

F i g u r e  5.7: Tuesday vs Average Day
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  Avefape Day

Hour o( Day

F ig ur e  5.8: Wednesday vs Average Day

  Thursday
—  Average Day

2.

I
sa
z

Hour of Day

F ig u r e  5.9: Thursday vs Average Day

-  M onday

The day period is significantly quieter than average, up until about 11:00 in the 

morning. This is presumably related to a reduction in working traffic present 

on the roads on a Monday morning. This is also reflected in average traffic 

counts obtained from Dublin City Council. On the whole the noise on a 

Monday seems to be slightly lower than average

-  Tuesday

On average a typical constant noise level throughout the day. It is slightly 

higher than the average day, although the low noise Monday may have reduced
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—  Friday
—  A w rage Day

I 0̂

Hour of Day

F i g u r e  5 . 1 0 :  Friday vs Average Day

—  Saturday
—  Averafle Day

•» 72

Hour of Day

F i g u r e  5.11: Saturday vs Average Day 

the overall average, which should be investigated.

-  Wednesday

Similar characteristics to Tuesday and again reflective of the average day.

-  Thursday

Again the plot is reflective of the average day, except for an abnormally high 

noise level between the hours 13:00 and 14:00, which was due to one particular 

noise event, for a period of 1 minute as may be identified in figure 5.5. This 

value may be regarded as an outlier and adjusted accordingly.
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F i g u r e  5 .12:  Sunday vs Average Day

-  F riday

Similar characteristics to Tuesday, Wednesday and Thursday. The plot is again 

reflective of the average day.

-  Sa tu rd a y

Surprisingly similar in noise levels to those of day periods throughout the week, 

as a drop in noise levels was expected over the weekend.

-  S u n d a y

The noise levels for Sunday are lower than average throughout the day period. 

Again this is expected upon analysis of relevant traffic counts.

It may be concluded that the days from Tuesday through to Saturday are most 

reflective of an average week. Monday’s and Sunday’s results should be considered 

separately and not part of the analysis for a typical week as they will reduce the 

average noise level. In addition the outlier noted on Thursday may be corrected.

Adjusting calculations accordingly will lead to an average day as displayed in figure 

5.13.

Direct comparison

The average day is determined by ignoring the effects of Sunday and Monday, as they 

are unreflective of an average weekday and serve to reduce the average noise level.
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I   Refined

I 0̂ Lday

Hour of Day

F i g u r e  5.13: Refined Average Day compared to L^ay

This leads to a relatively constant average day level, displayed in figure 5.13, fluctuat

ing around the value for Lday, providing a constant level which may be satisfactorily 

compared with a short-term noise level.

Presented in figure 5.14 is a comparison of the 15 minute periods that were used 

to produce hourly levels and hence the average graph.

—  Refined A verage Day

m

>
- j

Hour o f Day

F i g u r e  5.14; 15 minute levels compared to hourly levels, the average hourly levels 
and Lfifiy

It is apparent that the length of time over which measurements are taken will 

influence how the short-term measurement will relate to an average day. This is due
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to the fluctuating nature of environmental noise and does not imply th a t either the 

measurement or the average value is incorrect. It is apparent th a t the measurement 

result will agree with the average day if the measurement period is longer. However 

in most cases a 15 m inute interval produced results within 3dB to the average day.

Thus a number of guidelines may be produced to aid the public independently 

validate noise maps, these guidelines are available in Appendix D. It must be stressed 

th a t noise maps present the average noise level for a particular location over a com

plete calendar year, and may not be reflective of the noise levels over one particular 

day, particular if th a t day is not similar to an average day in the year. However by 

following some simple guidelines and comparing short-term  measurements with the 

L d a y  indicator, certain satisfactory comparisons may be drawn.

5.2.2 M easurem ent height

F i g u r e  5 .1 5 :  Measuring at a height of 4m

Another im portant factor to consider when comparing predicted results with mea

surements is th a t receiver points in the noise map are placed a t a height of 4m. It is
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doubtful that the general public will go to the trouble of measuring at this height but 

rather measure at a standard height of approximately 1.5m, as it involves a certain 

amount of time and effort fashioning a suitable device, as displayed in figure 5.15, 

which must be manually held in place. Thus it is important to quantify the effect of 

placing receiver points at different heights.

Figure 5.16 shows a noise map plotting the corresponding noise levels in a vertical 

cross section of the area surrounding 2 simple point sources positioned at heights of 

0.3m and 0.75m. There are a rmmber of receiver points also displayed, at a standard 

level of 1.5m and 4m, in steps of Im from the sources. The line in black displays the 

difference between the calculated values at 4m and 1.5m and it is evident that the 

closer the receiver points are to the source, the more influence the altering heights will 

have. A difference as high as lOdB is noted directly beside the source, but reduces to 

below IdB over 8m from the source.

Difference betwwhHoJse^ fi?. 
level at receivers at ' 
heights of 4m and at liShty k.

0 5 10 15 20

F i g u r e  5.16: Comparison of different receiver heights - vertical view

This simple analysis would seem to suggest that the difference in receiver height 

is less influential as the receiver points are placed further away from the source. This 

point is reiterated by comparing the differences between a noise map made with re

ceivers at a height of 1.5m with a map made with receivers at a height of 4m as shown
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in figure 5.17.

’0 30 40 
i = 3 B  MetersHeight Effect

dB(A)
High : 5

F i g u r e  5.17: Comparison of different receiver heights over test area - horizontal view

Figure 5.17 was created by simply calculating a noise map at a height of 4m and 

another at height of 1.5m and subtracting results. It is evident that the highest differ

ences arise at receiver points close to the road, while the difference is less significant 

at receiver points away from the road although the influence of neighbouring barriers 

should not be ignored. In fact the mean difference over the entire area was only 0.59dB. 

A map similar to this one could be displayed along with a noise map to encourage 

people making casual measurements to locate a suitable place to measure.

T a b l e  5.2: Comparison of different measurement heights

Location Height L e q

Street-side Westland Row 4 72.2
Street-side Westland Row 1.5 76.7

Chemistry Building 4 65.5
Chemistry Building 1.5 66.1

This was also observed upon an analysis of a number of measurements which were 

made in two locations, at the Chemistry Building and along Westland Row, see figure 

5.18, at both a height of 1.5m and 4m, the results of which are displayed in table 5.2.
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5.2.3 D irect com parison o f m easurem ents

After quantifying the various factors that may influence short-term measurements it is 

possible to make a general comparison of measured and predicted results. A number 

of measurement locations were chosen as indicated in figure 5.18. Most measurements 

were taken by the street side although the site at the Chemistry Building is a green 

area within Trinity College, while Grafton Street is a pedestrian street with no traffic 

allowed. A comparison of measured results with predicted results is displayed in table 

5.3.

SHI W est m or and Street i»
Streetm Townsend Street

Dame Street 

/
Streetam Pearse Street 3

^ tie m is tr y  Building\
N assau S treet 1 I

W estland R ow  3
Grafton Street

r
N assau Street 3 Lincoln PlacePNass

W estland R ow  1 & 2
N assau Street 2

: Kildare Street 0 30 60 120 180 240
Meters

m f  \ Dawson S t r e e t ^

F i g u r e  5.18: Locations of various measurement points

The measured L^ay in the table is the average Leg calculated in each case for a 

number of measurements over the course of the day period. It is presumed this is 

reflective of the overall L^ay level. All measurements were recorded at a height of 4m. 

The calculated Lday displayed in the table is the value for L^ay predicted by the model. 

It is worth noting that the quiet area beside the Chemistry building is not ac-
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T a b l e  5.3: Comparison of results for each location

Site Num. Location Calculated L^ay Measured L^ay
1 Westland Row 1 68.9 73.5
2 Westland Row 2 69.6 73.9
3 Westland Row 3 68.3 81.1
4 Pearse St. 3 71.7 75.5
5 Pearse St. 2 71.8 74.2
6 Pearse St. 1 71.4 74.9
7 College Green 70.4 73.4
8 Westmorland St. 67.5 70.1
9 D’Olier St. 70.1 71.3
10 Dame St. 68.1 73.6
11 Grafton St. 49.1 66.8
12 Dawson St. 69.2 70.4
13 Kildare St. 66.8 67.8
14 Nassau St. 1 68.3 71.1
15 Nassau St. 2 68.7 70.8
16 Nassau St. 3 66.4 70.3
17 Lincoln Place 66.1 73.4
18 Chemistry Building 47.8 65.5

curately predicted compared to measurements. However, the measured noise in this 

location may not be regarded as completely environmental noise as defined by the 

directive as it was influenced by ambient noise present at the time, such as people 

talking, walking and activity in the surrounding buildings. This is also noticeable on 

Grafton Street where measurements were influenced by people and not road traffic.

It is clear however that measurements are predominantly louder than predicted 

levels throughout the map, and as such it is reasonable to assume that the source 

model is not accurately represented. Measurements are predominantly louder than 

predicted levels near the roadside. Also, when predicted results fall below the ambient 

noise level, the comparison between predicted levels and measurements is futile.

5.3 D evelopm ent o f m easurem ent system

It is evident that an essential part of completing any noise study is the inclusion of an 

on-site noise measurement campaign. In some studies measurements are used to sup-
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plement predicted maps whilst in other cases measurements form the complete basis 

of the noise-mapping process. The WG-AEN Good Practice Guide, [3] also recognises 

the need for on-site measurements. It states “Noise measurements may be used to val

idate noise maps at selected sites, boost public confidence in these maps, help develop 

detailed action plans and show the real effect of action plans once they are imple

mented” . Unfortunately necessary measurement equipment is quite expensive and in 

addition to this, as with the prediction software, users are limited to the capabilities 

of the accompanying software. The ETI Capability Development Project recognised 

the need for a flexible low-cost measurement system and has endeavored to develop 

one.

O utline o f  system

Under Work Package 3 in the ETI capability development project, a pc type low power 

system has been designed and built with facilities for pcnicia data acquisition and 

gsm /rf data relay. It runs on a Linux based operating system. The unit was modified 

to accommodate electret microphones for determining noise levels which would be 

stored on a 4GByte compact flash memory card. The unit is surrounded by a robust 

all-weather metal casing, as shown below in flgure 5.19
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The omnidirectional Panasonic WM-61 electret microphone was selected for use 

with the unit. These microphones have a relatively flat frequency response up to 20kHz 

and a sensitivity of -35 ±  4dB. The microphone specifications make it a suitable choice 

with the added bonus that they are extremely cheap, less than 1 Euro each, meaning 

they can be easily replaced at an insignificant cost. Each microphone was mounted in 

a rugged weatherproof casing, see figure 5.20, and testing is ongoing to determine how 

effective this enclosure is. Initial tests have yielded positive results.

F i g u r e  5.20: Microphone casing

Analysis o f data

Software written in ANSI (American National Standards Institute) compatible C was 

written to analyse the raw data acquired by the system. The system acquired voltage 

readings which fluctuated depending on the noise level, this raw data had to then be 

interpreted to produce meaningful results. The unit is designed to acquire sound data 

for each of the four available channels at up to 44,000 samples per second. This data is 

then filtered to account for A weighting and the statistical levels, Lgg, Lio and L 9 5  are 

then determined over a five minute period. L^qfimins may then be used to determine 

Leq,\hmir and as such Lflay, Livening and Lnight as desired, leading to an overall value 

for Lden if required.
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F i g u r e  5.21: Installing unit at traffic lights near the IFSC in Dublin 

In itia l re su lts

For an initial study the unit was stationed near the IFSC along the quays in Dublin’s 

city centre, figure 5.21. An obvious cyclic drop in noise levels during the night period 

was observed, which was reflected in traffic counts for that particular area. Results 

from the four different channels available on the measurement unit were examined. It 

was noted that channels 1 and 2 correlated well as did channels 3 and 4. Channels 3 

and 4 yielded louder results than 1 and 2. This was because the latter two microphones 

were placed inside the casing, while channels 3 and 4 were outside, and thus subjected 

to louder noise levels.

Channel Overall Leg Lmax Lmin
Channel 1 
Channel 2 
Channel 3 
Channel 4

74.35 [dBA] 
74.33 [dBA] 
78.64 [dBA] 
76.83 [dBA]

84.09 [dBA] 
83.31 [dBA] 
98.40 [dBA] 
97.78 [dBA]

58.90 [dBA] 
58.03 [dBA] 
55.19 [dBA] 
56.59 [dBA]

T a b l e  5.4: Results from separate channels in test unit
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F i g u r e  5.22: Comparison of results obtained from each channel

5.4 Presenting noise maps

Upon completion of the noise map, a measurement campaign, and a detailed error 

and variation analysis, the developer must then endeavour to present their findings 

in a clear, comprehensible and accessible manner. All elements of the study should 

be displayed in conjunction with the map, and relevant instructions on how to read 

the noise map should accompany it. In addition it may be desirable to create a map 

that may be relevant to public needs in addition to satisfying the requirements of the 

directive.

Upon an initial analysis of measurements it is evident that the noise map for the test 

site is not accurate enough to stand up to scrutiny so it should therefore be improved. 

The source model should be recalculated to represent a louder source model. This 

would improve the map’s accuracy in all areas of the site.
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5.4.1 Sim ple inclusion o f m easurem ents

Measurements may be included in a rudim entary manner as displayed in figure 5.23. 

This technique would only be appropriate when including long term  measurements 

taken at a height of 4m as it does appear to be presenting a direct comparison of 

measured and predicted results. A more detailed and refined method of integrating 

measurements with the noise m ap is presented in Chapter 6.

Hali Legend

B uild ing

3 7 -5 0

5 1 -5 5

5 6 -6 0

r  1 6 1 - 6 5

I 1 6 6 - 7 0

7 1 -7 5

7 6 -8 0

F i g u r e  5.23: Simple display of measurements with predicted noise map

5.4.2 Interactive noise map

It is possible to present online an interactive noise map which the user may adapt to 

his/her scenario, see figure 5.24. For example the interactive map could be adapted

to show Lday and L.-'evening in addition to  Lden and Lnight- The effect of different m ete

orological conditions may also be presented.

This type of interactive map could also be used to display the impact of various
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F igure  5.24: Interactive Noise map

action plans, showing the before and after situations with respect to the changing noise 

levels.

5.4.3 C onfidence level map

Presenting the uncertainty associated with strategic noise maps in a lucid and con

sistent fashion is crucial in order to gain public confidence. Thus, if errors can be 

justified and identified from the onset, maps will satisfy public analysis. Following 

a measurement campaign and an uncertainty analysis, a supplementary map may be 

created displaying the associated confidence level with calculated results, an example 

is presented in figure 5.25. Thus areas of high confidence, i.e. areas where the archi

tect of the noise study expects measured levels to correspond to predicted levels to 

within a defined decibel level, are easily identifiable. Similarly areas of low confidence 

may also be presented, thus providing a useful tool for the validation of noise maps. 

This would also serve a useful guideline which the public may reference when making 

noise measurements. For example location 3 in the test case was underneath a railway
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L ess CoiilKleiil CoiilK leiil

F igure  5 .25: Confidence Level Map

bridge. The confidence level map could present an area of low confidence underneath 

bridges and other geographical features outside the scope of the prediction model.

It may then be argued that while certain areas of low-confidence exist, the overall 

accuracy of the map is upheld. Noise maps are generally created for strategic purposes 

and as such continuity across the map holds the greatest significance. Provided the 

overall accuracy of the map is acceptable it will be acceptable for maps to be used for 

strategic purposes.

5.4.4 Developm ent of noise information website

The Directive places a large emphasis on public involvement throughout each stage 

of the noise mapping process. It also states that maps must be presented in a “clear, 

comprehensible and accessible manner” . It was decided that a purpose built website 

would be an ideal tool to display results of noise studies to the public in an obvious 

and comprehensible manner [49]. This website could then act as a control center for 

all involved in a noise mapping project, providing a focal point for the presentation of
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all results associated with different studies.

The website is aimed primarily at the general public and provides an introduction 

to the concept of environmental noise. It explains how people may be effected by 

noise and why the EU intends to address the problem. The need for monitoring 

environmental noise is addressed and the concept of creating noise maps is introduced. 

A video download of a noise mapping animation with narration explaining the meaning 

of the map is also available for users. In addition, users can play audio clips of different 

noise levels thus introducing the relative scale of the decibel indicator. The goal is to 

educate the general public in the area of environmental noise and present studies in a 

fashion th a t will be relevant to  their needs.

The website also presents results from various different case studies undertaken 

throughout the course of the project. Additional case studies may be added to the 

site as they are undertaken. This will lead to a core database of all relevant studies 

which will be available to future researchers, in addition to providing the public with 

an overview of all noise studies conducted here, thus further educating the public in 

the area of noise management, with the added bonus of raising the profile of noise 

studies in Ireland.

It is also possible to display noise maps representing various different acoustic 

scenarios, in an interactive fashion. This makes it possible to show the effect of how 

several different factors will effect noise levels, for example different times of the day, 

different meteorological conditions etc. Instead of ju st displaying maps in terms of 

L d e n ,  maps could be adapted to show hourly levels. This could then lead to  the 

im partial validation of noise maps from independent individuals, thus raising the public 

credibility of results.

Further development of the website is also possible. It could be developed further 

to become the central source of information for all things related to  noise in Ireland. It 

may be possible to present real-time noise levels online having been obtained through 

the networked monitoring instrum entation. It would be interesting then for users to 

check noise levels at various times of the day, or when various initiatives are taking 

place, eg car free day. Finally, if Predict-a-F/as/i is released in the public domain, it 

would be available for free download on this site.
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F i g u r e  5.26: Welcome screenshot of noise website

5.5 E valuating A ction  P lans

Once noise maps have been produced and released in the public domain it will become 

clear what action needs to be taken in order to improve the general acoustic situation. 

Inevitably this will lead to the introduction of several noise mitigation measures into 

an area. Some examples of mitigation measures include the erection of noise barriers, 

the introduction of low noise road surfaces, or reducing noise through the use of traffic 

management schemes. Several mitigation measures seek to reduce the noise level at 

the source as opposed to interfere with the propagation of noise. Consequently this 

means that action plans which involve reducing noise at the source can be evaluated 

by calculating the change in noise levels at the source.

Predict-a-Flas/i has been developed to accommodate these calculations as a clear 

distinction exists between the source model and propagation model. Each model is 

completely separate and the models are only amalgamated at the final stages. This 

makes it possible to easily determine the impact of changes at the source without the

106



R e f i n i n g  b a s e l i n e  n o i s e  m a p s 5 .5 . E v a l u a t i n g  A c t i o n  P l a n s

need for recalculating the propagation model.

This means if a proposed action plan involves altering a factor influencing the 

emission model, and does not directly impact the propagation model, for example, 

restricting the flow of heavy vehicles, changing a speed limit, pedestrianising a road, 

etc, the entire model does not need to be recalculated. The new source model can be 

re-compiled and the impact can be determined almost instantaneously. This is per

haps best described in the diagram showing the alterations to the work flow structure 

presented in figure 5.27.

5.5.1 E valuated A ction  P lan

Figure 5.28 shows the effect of removing all traffic from Pearse St. and Tara St., thus 

representing the possibility of pedestrianising these roads, assuming the neighbouring 

road’s traffic flow remain constant, while Figure 5.29 shows the effect of a blanket 

ban on all heavy vehicles around Trinity College. These maps were calculated by 

altering the inj)ut variables of the source model and the propagation model remained 

unchanged.
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Pi’edict-a-Flasli

Initial Data
Shapefiles representing area with all rdevant attributes assigned

i
Soiuxe Model

The Source model is 
calculated exclusively with 
Microsoft Excel and assigns 
a noise level to each road 
based on ir^ut variables.

Action Plans 
Noise Levels at the source 
altered

A&asurements
On-site measurements have 
been conducted and are to 
be integrated with the map

Pi'opagation Model
I
I

The propagations model does [
not change and therefore does i
not need to be recalculated |

Cornbiniiig Models
While the source modd is 
different, the propagation model 
is unchanged. This means 
results can be generated by 
using the initial model as a 
reference modd

Recalculated Results

Filial Noise Map

F i g u r e  5.27: Predict-a-F/as/i revised work-flow
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Legend
B u i ld in g

300 Meters

F i g u r e  5 .2 8 :  Noise Map with traffic on Pearse Street and Tara Street removed

Legend
B u i ld in g

300 Meters

F i g u r e  5.29: Noise Map with no HGV’s
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Chapter 6 

Refined integration of 
measurements

Following a direct comparison of predicted noise levels with measured noise levels it is 

evident tha t maps predicted by Predictor and P redict-a-Fks/i yield consistent results, 

while, in general, predicted results do not agree completely with measurements taken 

on-site. Throughout the calculation stage a number of assumptions were introduced to 

the mapping process. It is evident tha t these assumptions, along with possible factors 

outside the scope of the models, introduced some degree of error to the process. This 

error is primarily associated with an inaccurate representation of the source. Noise 

maps would present a more realistic acoustic scenario if sources were more accurately 

represented. However, given th a t the source is influenced by numerous variables, many 

of which are unknown and not represented in the noise model, it not feasible to  presume 

the source could be calculated more accurately. This means a more accurate source 

should be determined by a method other than  prediction.

By integrating measurements with a noise map the source of the noise can be refined 

to yield a more realistic representation of the source. Integrating measurements in this 

manner ensures the integrity of the propagation model is upheld as only the noise levels 

at the source are altered.

6.1 Previous studies

In some noise studies measurements are used to supplement predictive mapping whilst 

in others, measurements form the complete basis of the noise mapping process. It is
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recommended in the Good Practice Guide that maps are created using computation 

methods while noise measurements should be used for the development and validation 

of computation methods [3]. While most noise studies are performed using calculations 

some studies have been undertaken with a heavy reliance on noise measurements.

6.1.1 C reating m aps w ith  m easurem ents

In 2002 a noise map for the agglomeration of Madrid was made based on 4395 mea

suring points. This measurement based noise map was very expensive and complex to 

produce. A new system has since been initiated in Madrid to comply with the Direc

tive in a more effective manner, known as the SADMAM system. The main goal of 

SADMAM is to produce fast and cheap measured noise maps that combine both long 

term and short term noise levels along with a realistic propagation model. Measure

ments are generally taken by mobile noise monitoring terminals, see figure 6.1, over 

short time periods at strategic locations in the city. These measurements are used to 

determine source strengths that are then fed into a prediction model that creates the 

map. The source strengths are determined by measuring noise at receiver positions 

and using a reverse engineering approach to determine the noise levels at the source. 

It was observed that if there are several sources, the sound power level of the various 

sources become more difficult to determine. This problem is solved by careful choice 

of the receiver positions based on knowledge of the behavior of the different sources in 

the area [50].

This approach was also adapted to map the main campus of Pusan National Uni

versity, in the Republic of Korea [51]. Again the maps produced were based on source 

strengths determined from measured data while it was noted that the quality of the 

map depended on the number and accuracy of the measured data.

6.1.2 V alidating m aps w ith  m easurem ents

Maps created by predicted methodologies may also incorporate measurements to some 

degree. As described in section 5.2.3 maps created for the test area were compared 

directly to measurements and it was found that results did not concur. A more refined 

approach may be adopted to include measurements within predicted results. The
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F i g u r e  6.1; Mobile M onitoring Unit, Madrid

difference between predicted and measured values can be identified and integrated 

with the map. The following methods of calibrating noise maps with measurements 

were identified in [52] which gave an outline as to  how measured levels can be used in 

noise mapping.

-  Global C orrec tion  o f  n o ise  levels

Adjust the overall map by a global correction based on the difference between 

measured and predicted values.

-  Local correction  o f  n o ise  levels

Measure close to sources to estim ate source levels by an iterative technique. 

This helps determine unknown source param eters.

A global alteration as described in m ethod 1 would imply th a t the author believes 

the error to be constant for every source in the test area. This is unlikely to be the 

case but offers a simple solution to what could be considered a complex problem. 

Method 2 provides a more refined approach than  Method 1 as it assumes the error at 

each me£isurement point is independent and arises from separate sources. Following
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an evaluation of the uncertainties in the source model, the most appropriate factor to 

be adjusted in order to best improve the overall uncertainty may then be determined.

6.2 Predict-a-FZas/i m ethodology

The work described in 6.1.1. explains how maps may be created by using measurements 

to  determine the source strength. These maps are dependent entirely on measurements 

and are as such validated by the initial measurements. However as measurements were 

not reported after the map was created, it is not possible to determ ine the validity 

of the map, and if errors arise, it is not clear which set of measurements will be 

used to correct the map. Additionally this method can not be used to  determine the 

effectiveness of proposed action plans or used to predict noise in a new area. It would 

also be unfeasible to introduce this technique in an agglomeration where measurement 

units are not readily available and a large dataset of measurements do not exist.

Thus the most practical course of action is to  develop a noise map based on com

putational methods and then adjust results through the integration of measurements. 

Of the two methods described above, the most reliable is the second method, as the 

error associated with each road will not be identical in all areas of the map and 

not accurately accounted for by a global correction. This method uses an iterative 

technique to best fit emissions to measured data. Predict-a-F/as/i adopts a similar 

approach although measurements are explicitly integrated into the map following a 

direct comparison between measured and predicted values.

This is an ideal technique com putationally as it identifies the error in the map 

as being associated with the source and is separate to the propagation calculations. 

This means measurements can be used to refine noise levels at the source and, in the 

same manner as evaluating action plans, the resulting noise map can be determined 

in a straightforward manner. This will result in a refined map based on a corrected 

emission model.

The following assumptions are inherent to using this method:

- The emission model has been misrepresented, either through inaccurate traffic 

da ta  or through unknown sources outside the scope of the model.
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- The propagation model yields accurate results.

- A local correction may be applied to each source of noise in the vicinity of the 

measurement. For each receiver point it is assumed that the error is associated 

with its most influential source.

6.2.1 C om putational procedure

As previously outlined, the developed model performs source calculations and propa

gation calculations separately. This means that the propagation model does not need 

to be recalculated if changes are made to the source of the noise. This feature can be 

developed to allow for the eff'ective integration of measurements with predicted results 

yielding a noise map which has been corrected to match reality.

Computationally, the integration of measured data can be achieved in a similar 

manner to the evaluation of proposed action plans. Instead of the user defining a 

difference in the source, i.e changes in traffic speed, composition, etc, the difference is 

automatically interpreted from measurements on site.

The user inputs the co-ordinates at which measurements took place and the noise 

level measured. This is then directly compared with the predicted level at those co

ordinates. The difference is attributed to an error at that location’s most influential 

source i.e. the road that produces the loudest noise at the point under examination. 

This source is then corrected by the measured difference.

If multiple measurements yield different levels of correction for the same road 

source, then the average correction is determined. It is expected that corrections 

should be similar for all sources so any outliers showing an extreme difference will be 

flagged for further investigation and a more in-depth examination.

Figure 5.19 in Chapter 5 displayed the averaged measured noise level at various 

locations throughout the area compared to the predicted noise map. These diflFerences 

are displayed again in tabular form in Table 6.1. By inputting each measurement into 

Predict-a-F/as/i it was possible to identify those roads erroneously represented and the 

correction factor for each road was determined. These corrections are also presented 

in Table 6.1.
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T a b l e  6.1: Comparison of results for each location

Site Num. Location Calculated Lday Measured L^ay Correction
1 W estland Row 1 68.9 73.5 4.6
2 W estland Row 2 69.6 73.9 4.3
3 W estland Row 3 68.3 81.1 12.8
4 Pearse St. 3 71.7 75.5 3.8
5 Pearse St. 2 71.8 74.2 2.4
6 Pearse St. 1 71.4 74.9 3.5
7 College Green 70.4 73.4 3.1
8 W estmorland St. 67.5 70.1 2.6
9 D ’Olier St. 70.1 71.3 1.2
10 Dame St. 68.1 73.6 5.5
11 Grafton St. 49.1 66.8 17.8
12 Dawson St. 69.2 70.4 1.2
13 Kildare St. 66.8 67.8 1.0
14 Nassau St. 1 68.3 71.1 2.8
15 Nassau St. 2 68.7 70.8 2.1
16 Nassau St. 3 66.4 69.3 2.9
17 Lincoln Place 66.1 73.4 7.3

Note: Location 3 was situated under a railway bridge and as such measurements 

made at this location would have been influenced by multiple reflections. Location 11 

was on one of the main shopping streets in the city and it was noted during measure

ments that noise from  traffic was negligible compared to the ambient noise o f the busy 

pedestrianised street.

This yields the new noise map displayed figure 6.2. For the purpose of clarity, the 

original noise map calculated by the developed software is displayed again in figure 

6.3. It should be noted th a t the map presents noise levels in intervals of 5dB so on 

first impression the refinements may be negligible. Nonetheless, the source model has 

been refined from the measured data  and each of the above roads are now represented 

with a louder noise level. Corrections are particularly evident around W estland Row, 

as measurements have yielded a louder source on Westland Row. In general it may be 

observed th a t the overall map shows louder noise levels.

As outlined in the note above, Locations 3 and 11 were flagged in calculations and 

subjected to investigation. It was noted tha t measurements conducted a t Location 3
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■ K Legend
Road 

Building 
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7 6 -8 0

F ig u r e  6 .2 : R eca lcu la ted  N oise M a p
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F i g u r e  6.3: Original noise map created with Predict-a-F/as/i
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F i g u r e  6.4: Measuring noise on Grafton Street

were influenced by the presence of a railway bridge while measurements at Location 11, 

on Grafton Street which is a street completely reserved for pedestrians, were influenced 

heavily by passing pedestrians, figure 6.4, and shop noise and as such did not represent 

noise from road traffic, or any type of environmental noise as defined by the Directive.

It is worth noting that reflections have been omitted from calculations and as such 

will influence results. If we take a uniform correction of 3dB for corrections along 

each street and ignore locations 3 and 11, the predictions appear to yield much more 

accurate results, as displayed in Table 6.2. This term would also serve to account for 

the variability and uncertainty of the measurement process.

Further integration m ethodology

In addition to automatically determining the error of the emission model, two alter

native methods were developed to aid the user develop a more accurate noise map.

- Simple user-defined procedure

If the user is confident that one particular road is louder than calculated, a 

correction can be manually input at the source.
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Table 6.2: Comparison of corrected measurement results for each location

Site Num. Location Calc Lday +  3dB Measured L^ay New Correction
1 Westland Row 1 7L9 73.5 1.6
2 Westland Row 2 72.6 73.9 1.3
4 Pearse St. 3 74.7 75.5 0.8
5 Pearse St. 2 74.8 74.2 -0.6
6 Pearse St. 1 74.4 74.9 0.5
7 College Green 73.4 73.4 0.1
8 W estmorland St. 70.5 70.1 -0.4
9 D’Olier St. 73.1 71.3 -1.8
10 Dame St. 7L1 73.6 2.5
12 Dawson St. 72.2 70.4 -1.8
13 Kildare St. 69.8 67.8 -2.0
14 Nassau St. 1 71.3 71.1 -0.2
15 Nassau St. 2 71.7 70.8 -0.9
16 Nassau St. 3 69.4 69.3 -0.1
17 Lincoln Place 69.1 73.4 4.3

- Local point correction

Following an analysis of the site another method of measurement-influenced 

correction was developed. It was observed tha t some sections of roads did not 

produce a uniform level of noise for various reasons. Two observed reasons 

included a loose manhole cover and a portion of road under a bridge. It should 

be recommended th a t measurements are not taken in situations such as these. 

However receivers in this area may be weighted by an extra factor to account 

for the extra noise source. This correction should be used primarily for 

presentation purposes.

6.3 M easurem ents

Measurements may become a powerful tool in the development of an accurate noise 

map, provided they are interpreted and treated in a correct manner. It is im portant 

tha t when noise maps are adapted based on measured data, the measurements are 

not influenced by factors th a t will compromise their accuracy. Ultimately maps are 

presented in terms of a year long average so the process of refining a source based
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on a short term measurement may be flawed. However, provided it is accepted that 

refinements are based on measurements, the overall accuracy will improve, particularly 

if measurements are taken at several times throughout a year. This will also help to 

develop a model for the seasonal variation of noise.

Additionally when these corrections are introduced to the map it is important 

they are based on measurements that were dominated by environmental noise sources 

specific to the EU Directive. A number of points were noted when measuring in the 

test area:-

- Manhole Cover. It was observed at measurement location 1 that there was a 

loose manhole cover on the road that produced a loud grating sound as vehicles 

drove over it. While this is outside the scope of the prediction model, it could 

still be considered environmental noise as defined by the directive, (unwanted 

or harmful outdoor sound created by human activities, including noise emitted 

by means of transport).

- Nightclub Noise. It was observed during the week-long measurements on 

Dawson Street, location 12, that Lnight was influenced by noise from a nearby 

nightclub throughout the night, particularly on Wednesday and Friday. This is 

not regarded as environmental noise (see above definition) and these values 

should therefore be ignored if used to determine a correction factor.

- Ambient Noise. In green areas away from busy roads the ambient noise may be 

considerably louder than environmental noise resulting from road traffic. Thus 

noise levels below 50dB may be presented in noise maps. However these levels 

may not be refiected in measurements as the ambient noise due to people 

walking, running, socialising, playing sports may exceed the presented levels. 

Therefore it will be important to stress that noise maps present only levels of 

environmental noise. For the benefit of public presentation, it may be useful to 

introduce an ambient noise level, based on measurement in the area, and 

identify areas in the map where environmental noise is negligible.

- Measurement Location. It was identified that measurements taken underneath
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a bridge were much greater than expected. This is because multiple reflections 

would have influenced the measurements and were not included in the 

calculated model.

6.3.1 Adapting short-term  m easurements

In accordance with the Directive, all maps are presented in terms of Lden, which is a 

year long average indicator, whereas most measurements will be representative of a 

short time period. Therefore a method must be developed to relate the two quantities if 

short term measurements are to be used to either calibrate the source or independently 

validate a map.

While the Lden tool may be a powerful tool for assisting with environmental noise 

managements and control, it is not suitable for the independent validation of noise 

maps. As described in Chapter 5 it was found that the L^ay indicator is a much more 

suitable indicator for drawing preliminary conclusions about predicted noise maps. 

A comparison of predicted Lday levels with measurements taken throughout the day 

period should give an initial estimate of the accuracy of maps. It would therefore be 

advantageous if noise maps presented with the Lday indicator were also made available 

in the public domain.

However, as the Directive does not require a map presented in terms of L^ay, it may 

not be a straightforward task to derive L^ay levels after maps have been produced. As 

such it would be beneflcial if a relationship between the long-term Lden indictor and 

Lday was developed to enable a comparison of indicators.

This may be achieved by using a similar method developed by TRL which described 

a mathematical procedure which converted values of Liojg/jr to Lden- The TRL method 

predicts the noise level over a 24-hour period from the noise level predicted or recorded 

over 18 hours of that 24 hour period [33]. A similar relationship can be developed to 

relate the 12-hour day period, represented as Lday to Lden-
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Relationship betw een Lday and  Lden : Urban
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F i g u r e  6 .5 :  Urban Roads Relationship

6.3.2 D evelopm ent o f relationship

Urban Roads

By performing a regression analysis on all measurements performed in an urban en

vironment it is possible to develop the relationship between Lday and Lden- The mea

surements analysed are the long term measurements undertaken throughout the study. 

Lden is calculated for each 24 hour period and Lday is calculated for each day between 

the hours of 07:00 and 19:00. The regression analysis is displayed in figure 6.5 and 

yields the relationship:

L d e n  = L d a y  -h 4.6 (6.1)

This means if Lday is determined for one day in an urban environment it may be 

converted to L^en and compared with the noise map.

The above relationship, determined from measurements taken on-site, wais also 

supported by a similar relationship developed from purely predicted levels. Values 

for Lden and L^ay were predicted and a regression analysis was performed, yielding a 

comparable relationship:

Lden =  Lday +  4.3 (6.2)
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Predicted Relationship betw een Lden and  Lday: Urban

c
0)•o

Lday

F i g u r e  6 .6 :  Predicted Urban Roads Relationship 

S u b -U rb a n  R o ad s

The same analysis was performed on measurements obtained from the National Roads 

Authority for various measurements around the country near national roads. This 

yielded a slightly different relationship, which is expected as national roads would 

have a different diurnal pattern  to roads in an urban environment.

L d e n  — 0 - Q Q L f ia y  +  3.2 (6.3)

6.3.3 Im plications o f relationship

The relationship above can be used to determined L^en based on L ^ay  It is a “best 

guess” approach and should primarily be used to aid public perception of predicted 

noise maps. It can only be used if the environment under exam ination is similar 

in characteristics to the environment from which the relationship was established. 

However the relationship will aid in the validation of noise maps as it will be possible 

to identify areas tha t do not correspond to  predictions.

In order to determine a value for L^ay based on short term  measurements, it would 

be ideal to follow guidelines set out by the National Roads A uthority which outlines 

a method to determine Lio,i8hT [53]. Measurements should be made a t each location
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Relationship betw een Lday and  Lden : National
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F i g u r e  6.7: National Roads Relationship

over any three consecutive hours between the hours of 10:00 and 17:00. Where road 

traffic noise is the principal source of noise, Lday values may be derived by calculating 

the mean of the measured L^g values for the three sample periods, each of at least 

15 minutes. The use of 15 minute sample periods should permit measurements to 

be made at a total of three locations in any given 3 hour period, provided they are 

sufficiently close together. This guideline may then be added to the list presented in 

Appendix D.
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Chapter 7 

Discussion

It was identified from the early stages of this project that the use of commercial soft

ware for the development of strategic noise maps will restrict users when carrying out 

environmental noise studies. As such it was important to move away from commercial 

software and instead be free to use a tool that was versatile and efficient. This led to 

the development of an independent noise prediction model.

It should however be noted that the goal of this research was not to develop a com

mercial tool which would replace the expensive packages available for purchase today, 

but rather to investigate the possibility of developing a simple substitute. As such 

“Predict-a-F^as/i” now forms a solid basis from which a number of improvements can 

be made, and an effective alternative to today’s commercial package can be reached.

Initial tests have shown that the core calculation engine compares well with the 

benchmark commercial software. Predictor, and is completely adaptable to the needs 

of the final user. Additionally the propagation model may be developed to be as 

complex, or as simple, as required.

7.1 Com paring noise m aps w ith  m easurem ents

Upon an analysis of measurements performed at several locations throughout the test 

site it was observed that they did not agree conclusively with predicted results. This 

was due to a number of factors such as the unavailability of input data resulting in a 

number of assumptions and averaging of data, impacting on the accuracy of results, 

along with a number of factors outside the scope of the prediction model influencing
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measurements.

Thus it may be conchided th a t in a real-hfe scenario, noise measurements will never 

be truly independent of sources separate to those causing environmental noise, and 

the input da ta  will most likely never be as accurate as the predictive model requires 

in order to produce a perfect noise map.

The most im portant and influential aspect of noise prediction is an accurate rep

resentation of the source, as if the source is modelled incorrectly, then the associated 

calculations for propagation will be erroneous. Thus more time and effort should be 

spent collecting accurate da ta  then developing calculation models. Therefore a simple 

propagation model producing reasonable results will be far superior to  the time con

suming complex one, especially considering the uncertainties contained in the input 

data  to begin with.

This theory could be applied against the use of the new Harmonoise model. While 

the author recognises the im portance of a universal approach to the development of 

noise maps, it may be argued th a t the source and propagation models in the Har

monoise method are too complex, especially considering the lack of accurate input 

from an end-user’s point of view, and a simpler version should be developed for use 

by Member States.

A more appropriate technique in producing noise studies would involve the integra

tion of measurements with predicted results. If measurements are used to “fine-tune” 

the predicted noise map, a more efficient com putational methodology is necessary. 

This would involve the re-running of models to produce a more realistic m ap based on 

measurements. Measurements may be integrated in a number of ways, but care must 

be shown so tha t, as measurements are presented along with the noise map, they serve 

to validate the map and boost confidence in the map instead of conflicting entirely 

with results. However it is clear tha t measurements should be taken to supplement 

the predicted noise maps.

Additionally, a balance must exist between the complexity of com putational proce

dures and the accuracy of final results. It has been shown th a t a number of com puta

tional simpliflcations coupled with a complete stripping down of all features available 

with a standard commercial tool will result in a noise map being computed in a fraction
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of the time while still providing comparable results.

7.2 T ypes o f noise m aps

Over the course of this work, a number of methods have been described which may be 

used to either create or adapt a noise map. In an effort to create the most accurate 

noise map a clear distinction must be made between the various noise maps created 

by different techniques.

-  S tra teg ic  N o ise  M a p

A strategic noise map as defined by the Directive means “a map designed for 

the global assessment of noise exposure in a given area due to different noise 

sources” . It is, in essence, a map to be used for strategic purposes. If noise 

maps are created in a consistent manner then they will be sufficient for 

strategic purposes, i.e. quiet areas will be easily identifiable, as will the loudest 

areas. This means that representing the exact scenario is not imperative and 

certain errors are acceptable. However, issues will arise if maps are found to be 

erroneous if associated action plans are challenged by members of the general 

public.

-  R efined  S tra teg ic  N o ise  M ap

Once a baseline strategic noise map is created it can then be validated and 

possibly refined by the integration of on-site measurements. This map will 

therefore present a more accurate acoustic scenario and will be more credible in 

the public domain. This map will be based on measurements and as such will 

be influenced by any factors that may have influenced measurements during 

the sample period. It will however yield a noise map which is more reflective of 

the actual scenario experienced by the public.

-  A c t io n  P la n  N o ise  M a p

Following the dissemination of noise maps in the public domain, action plans 

will have to be evaluated and adopted. The impact of these action plans should
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be determined and presented to the pubhc in order to arrive at the best 

possible action plan that is widely accepted as a viable solution.

-  D y n a m ic  N o ise  M ap

In an effort to increase public knowledge a dynamic, interactive noise map could 

be presented displaying different levels due to different acoustical conditions, 

e.g. different types of weather, different times of day, etc. This would also serve 

to educate the general public on the basic principles of environmental noise.

7.3 Future Work

The goal of this work was to investigate the possibility of developing methodologies 

which circumvent the restrictions caused by today’s commercial noise prediction soft

ware. This has been proven possible and the model demonstrates a viable framework 

to form the basis of a complete package.

At a more complex level, a number of improvements to the model could be made.

-  A de ta iled  m ea su rem en t  cam paign

A more detailed measurement campaign should be conducted at different 

locations throughout the test area. Ideally permanent units should be in place 

in order to assess the variation of noise over an entire year. These results could 

then be integrated with the developed model to establish seasonal variations 

and provide a noise map based on different times of the year. It would also lead 

to determining a more accurate average day period.

-  R ail  N o ise

The model has only been developed for road traffic noise to date. It would be 

ideal to incorporate the recommended interim standard for rail noise also, 

which would be straightforward to implement. It would then be possibly to 

easily combine both maps, road and rail, for use in the public domain.

-  H a rm o n o ise
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While it remains to be seen how viable the Harmonoise standard will be, it is 

reasonable to assume that all Member States will have to attem pt to 

implement it. It would seem that a specific software will be necessary to 

transport this standard into an effective calculation procedure.

-  Accurate source representation

While the Harmonoise model develops a complex propagation procedure and a 

more precise source model than previously available, there is still room for 

improvement in terms of accurate source representation. This may include 

additional weighting for more annoying traffic conditions, a more detailed 

allowance for varying traffic speeds and the inclusion of specific characteristics 

associated with certain roads. The source model is the most important part to 

the prediction model and as such should be developed as accurately as possible

-  Further Propagation Procedures

The current model does not accommodate reflections or a ground surface 

attenuation factor. This should be addressed in order to improve the overall 

accuracy of the model and make it appropriate for use in certain complicated 

scenarios.

7.3.1 Towards a com plete solution  to  EU D irective 2 0 0 2 /4 9 /E C

The role of a noise map is to assist with the management and control of environmental 

noise, in the most appropriate manner, through applying the expertise of environmen

tal acousticians along with important contributions from the general public. Noise 

maps should not be seen as just one step in the process of satisfying another directive. 

Noise maps could form an integral part in a detailed noise study, meeting the require

ments of the END and beyond. A complete solution to the END could be achieved by 

incorporating noise maps with the following:

-  Utilising the in ternet

The internet should be used to its full potential in displaying noise studies. A 

versatile noise map capable of displaying not only long term levels but the
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situation with regards to noise given various different acoustic scenarios would 

be beneficial. This would be particularly helpful in terms of educating the 

general public on the variation of noise levels. In addition, if the versatile map 

was capable of showing the impact of various action plans, it would serve to 

help the public decide on which action plan to implement.

-  N etw orked M onitoring In stru m en ta tion

With the development of networked monitoring instrumentation it would be 

possible to have a live feed from the monitoring station to a website displaying 

current noise levels. It would then be straightforward to provide a history of 

the noise variation for the previous day, month, or year at the click of a button. 

This would provide the public with a detailed history of levels of noise they 

have been exposed to and would provide the environmental acoustician 

valuable information on how noise levels vary with time. Additionally, the 

time-history plot of noise levels would provide a useful tool in determining the 

effectiveness of action plans following their implementation.

-  Raising public awareness

It will be important to raise public awareness on the issue of noise mapping as 

it is expected that the results of studies will eventually impact on their daily 

life. It may happen that noise maps will have an impact on house prices, a tax 

might be imposed on loud vehicles or a traffic ban might be imposed on some 

streets at certain times of the day.

In Madrid, Spain there is a publicly visible fleet of Smart Cars that drive the 

streets with a microphone raised at 4m above them. These cars serve as a 

mobile measurement unit and as an advertisement campaign. The drivers wait 

by the car as measurements take place and endeavor to answer any questions 

the passing public might have. Something similar could be adopted in Ireland.

In addition to this it would also be beneficial to hold public consultation 

sessions in every affected area in Ireland. This would serve to inform and 

educate the public and also serve as the platform from which public
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consultation may begin.

-  Enhanced visu aliza tion  techniques

An interesting aspect of the E.T.I. project involved integrating the results of 

noise maps with the Google Earth platform. This enabled results to be 

presented in a realistic three-dimensional environment, which users are able to 

navigate at ease. Additionally to this it ensures that the results from noise 

studies are freely accessible to a large portion of the public who have access to 

the internet.

This level of interaction may also be taken a step further by integrating with 

the new Metropolis project initiated in Trinity College at the start of 2007. 

This project involves accurately recreating Dublin’s streets and buildings with 

animated people and traffic. Results from noise maps could be linked with this 

project to produce real time noise from the speakers providing the user with a 

realistic experience in both sound and vision.

-  Further A dvances

The benefits of a nationwide noise monitoring network would be limitless. Such 

a network could then be integrated with various other environmental factors 

such as:-

- Air Quality

A combined study would see the noise study reaching a wider audience 

while the air quality study would benefit for the enhanced visualisation 

techniques associated with the noise study.

- Traffic Congestion

A live feed of noise levels, openly available online, would help in the 

identification of highly congested areas and areas that should be avoided. 

In addition it is possible to configure microphones to act as traffic 

counters by analysing tyre noise [54], which could be connected to the
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noise monitoring terminal, providing actual traffic counts for use in noise 

studies and for the public to examine on a day to day basis.

It is apparent that the implementation of the END poses a noteworthy challenge to 

the responsible authorities in Ireland. Compared to other Member States in Europe, 

Ireland is in a somewhat enviable position when it comes to realising the key deliver

ables of the directive. Dublin in the only agglomeration in the state that is required to 

be mapped, which is modest compared to some of the other Member States who have 

a multitude of cities to examine (Spain 19, Italy 13). This means that Ireland, because 

of the relatively low requirements at present, is well placed to introduce innovation in 

noise mapping strategy.
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Chapter 8 

Conclusion

In order to ensure the effective development of noise mapping studies and subsequent 

action plans the framework described in this thesis should be applied. Software used 

for calculations should be structured with a clear distinction made between the source 

model and the propagation model. This approach has been successfully adopted and 

has been developed to form a practical framework for future strategic noise mapping 

studies.

- The propagation model described to date is a simplified version of the recom

mended calculation method. It has been shown to be comparable with results 

obtained from benchmark software and the structure of the model allows for 

further improvements to be easily introduced.

- The input data required to create a noise map is not always available and as such, 

several assumptions must be introduced which will have an impact on results. It 

would therefore seem appropriate to strive for a balance between the complexity 

of the problem and accuracy in final results.

- The source model is the most influential aspect of the overall noise study. Due to 

the structure of the model changes made to the source can be evaluated almost 

instantaneously. This makes the simple evaluation of several source dependent 

action plans possible.

- The model is also capable of fine tuning results based on the integration of 

measurements. A simple reverse engineering approach is adopted to refine the
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C o n c l u s i o n

source model and means the propagation model does not need to be recalculated.

- It is clear that measurements should be made to supplement the predicted noise 

map. These measurements will account for an inaccurate representation of the 

source, as the accuracy of the model will always be directly limited by the accu

racy of the input data.

- It should be noted that a noise map will generally present noise levels resulting 

from only one type of source, in this case, road traffic. This is an important 

consideration when comparing noise maps with measurements.

- As the software is independently developed and completely accessible, it may 

be easily adapted to the final user’s needs. It is completely free from licensing 

restrictions and reduces the dangers of the “black box” approach that may be 

associated with commercial packages.

- One goal of Directive 2002/49/EC was to establish a uniform approach to the 

assessment and management of environmental noise. However to truly achieve 

complete standardisation in studies it would be required for all competent au

thorities to not only apply the same calculation procedures but also use the same 

software format. The framework for the software developed in this project may 

accommodate this distribution. At a European level this could be achieved with 

the establishment of a repository making simple software available to competent 

authorities who may wish to avail of it.
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A ppendix A 

N M P B  R outes 96

T ab le  30 -  P a ra m e te rs  to  c a lc u la te  G u ide  du  B ru it ro a d  traffic  n o is e  e m is s io n  d a ta  fo r lig h t v e h ic le s

L ight v e h ic le s
S lo p e  V

<Do111 S lo p e  V Eo a
Flat V <  44 29.4 0 Flat V < 40 34.0 -9.3

C o n tin u o u s
or
Down V 44 22.0 21.6 Non-

- d iffe ren tla t 
ed  p u lse d

or
D ow n

40 <  V <  53 
V .' 53

31.2
22.0

0
21.6

fluid V <  43 37.0 -10.0 V <  43 37.0 -10.0
Up 43 <  V <  80 32.1 4.8 Up 43 S  V <  80 32.1 4.8

v / 8 0 22.0 21.6 v / 8 0 22.0 21.6
v < 5 0 37.0 -10.0 V <  60 29.4 0

Flat 50 S  V <  64 33.0 0 Flat 60 S  V <  100 13.0 34.3
v / 6 4 22.0 21.6

• P u lse d  
D e ce le ra te

-  H

v / 1 0 0 22.0 21.6
P u lse d Up v < 3 2 37.0 -10.0 V <  40 34.0 -9.3
A c c e le ra te d V 32 34.0 5.2 Up 40 S  V <  53 31.2 0

V <  40 34.0 -9.3 v / 5 3 22.0 21.6
Down 40 <  V <  53 31.2 0 Down

V < 60 27.4 0
v / 5 3 22.0 21.6

oto> 11.3 33.8

T ab le  31 - P a ra m e te rs  to  c a lc u la te  G u ide  du  B ru it ro a d  traffic  n o ise  e m is s io n  d a ta  fo r h eav y  v e h ic le s

H eavy  v e h ic le s
S lo p e V Eo a S lo p e V Eo a
Flat v < 51 47.0 -10.3 Flat V < 51 47.0 -10.3
or

C o n tin u o u s  Down
51 < V < 70 
v / 7 0

42.8
32.3

0
19.4 Non- or

D ow n
51 < V < 70 
v / 7 0

42.8
32.3

0
19.4

fluid v < 6 3 48.0 -10.4
ed  p u lse d

v < 6 3 48.0 -10.4
Up 63 < V < 70 42.8 0 Up 63 < V < 70 42.8 0

V / 70 32.3 19.4 V ' 70 32.3 19.4

Flat o r

P u lse d

v<5 1 47.0 -10.3 Flat
v < 6 5 36.0 3.9

51 < V < 70 42.8 0 v / 6 5 16.7 41.7
v / 7 0 32.3 19.4 P u lse d Up

v < 65 41.0 0
A c c e le ra te d v < 6 3 48.0 -10.4 D ece le ra te v / 6 5 27.9 25.7

Up 63 < V < 70 42.8 0 d v<5 1 47.0 -10.3
v / 7 0 32.3 19.4 D ow n 51 < v < 70 42.8 0

v / 7 0 32.3 19.4

F i g u r e  A.l :  Table of Values developed by Wolfel
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N M PB  R o u t e s  96
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A ppendix B

Equations for the Harmonoise 
Source M odel

0 .01m  - V eh icle C ategory  (m ) =  1, 2, 3 : Tyre/Road Noise Dominates

V
L w r n \  .ni,y ,ni. i +  f^R N  ,m,  ) + 10/0310 {0 .8 ) +  C dir.l.i +  C surf.m .i +  C , 'egion.m.i

^ r e f . m

(B.l]

L w T N l . m . i  —  OiT,m,l +  +  lO/oglO (0-2) +  C dir.l.i +  C'dc.m (B-2)
^ r e f . m

0 .3m  V ehicle C ategory  (m ) =  1 : Propulsion Noise Dominates

LwR N I . r n . i  =  CtRM .m.i+PRN ,m,i l 'Ogio{----------) +  1 0 /o ^ io  (0 .2 )  +  CdjV,2,i +  C 'sur/',m ,i+ C 'region,m.i
^ r e f . m

(B.3)

L w T N 2 , m , i  —  C ^ T .m . i  +  0 T , m , i { — -----------------------------------_ |_  10/ogiQ (0.8) +  C d j r . ^ . i  +  C ' d c . m  (B-4)
^ r e f . m

0.75m  V ehicle C ategory (m ) =  2, 3 : Propulsion Noise Dominates
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E q u a t i o n s  f o r  t h e  H a r m o n o i s e  S o u r c e  M o d e l

V

'^ref.m
(B-5)

L w r m . m . i  =  OtT.m.i +  P T .m , i {------------ ~ )  +  lO /o ^ io  (0.8) +  C dir.3,i +  C'dc.m ( B .6 )
'^ref.m

where aRN, /3r n , a j  and /3t represent the roUing and traction noise coefficients 

respectively. These coefficients are presented below and are dependent on the vehicle 

category and the frequency of the sound. These coefficients apply to cruising vehicles 

on a dry reference road surface and a reference road surface tem perature. When 

deviation from these conditions occur, corrections should be applied.

The reference road surfaces for the Harmonoise model are:

- Stone Mastic Asphalt (SMA): SMA 11-13, SMA14-16

- Dense Asphalt Concrete (DAC): DAC 11-13, DAC 14-16

For alternative road surfaces the correction Csurf should be applied.

'^ m
C 'surf .m .i ' ^ s u r f .m . i  Psurf .m .

^ r e f ,m

where a  and (3 are road surface coefficients expressed in dB, K is the tem pera

ture coefficient, dB /°C , Tatm is the air tem perature and Tatm.o is the reference air 

tem perature, 20°C

A lternative driving conditions must also be examined. No corrections are required 

for crossings w ithout traffic lights and calculations should be carried out as if the 

traffic flow is uninterrupted. For acceleration and deceleration, the following correction 

should be applied:

Cdc,m = Cmam f  ov -  2 < a < 2m / (B.8)

where a is the acceleration/deceleration and C is the acceleration/deceleration as 

outlined in the table below.
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E q u a t i o n s  f o r  t h e  H a r m o n o i s e  S o u r c e  M o d e l

T a b l e  B. l :  Va ues for C depending on veliicle type
VehicleType C

m =  1 
m =  2 
m =  3

4.4
5.6
5.6

Category 1 Category 2 Category 3
freq [Hz] Orn pRN Orn Prn Orn Prn

25 69.9 33.0 76.5 33.0 80.5 33.0
31.5 69.9 33.0 76.5 33.0 80.5 33.0
40 69.9 33.0 76.5 33.0 80.5 33.0
50 74.9 15.2 78.5 30.0 82.5 30.0
63 74.9 15.2 79.5 30.0 83.5 30.0
80 74.9 15.2 79.5 30.0 83.5 30.0
100 77.3 41.0 82.5 41.0 86.5 41.0
125 77.5 41.2 84.3 41.2 88.3 41.2
160 78.1 42.3 84.7 42.3 88.7 42.3
200 78.3 41.8 84.3 41.8 88.3 41.8
250 78.9 38.6 87.4 38.6 91.4 38.6
315 77.8 35.5 88.2 35.5 92.2 35.5
400 78.5 31.7 92.0 31.7 96.0 31.7
500 81.9 21.5 94.1 21.5 98.1 21.5
630 84.1 21.2 93.8 21.2 97.8 21.2
800 86.5 23.5 94.4 23.5 98.4 23.5
1000 88.6 29.1 93.2 29.1 97.2 29.1
1250 88.2 33.5 90.6 33.5 94.6 33.5
1600 87.6 34.1 91.9 34.1 95.9 34.1
2000 85.8 35.1 86.5 35.1 90.5 35.1
2500 82.8 36.4 83.1 36.4 87.1 36.4
3150 80.2 37.4 81.1 37.4 85.1 37.4
4000 77.6 38.9 79.2 38.9 83.2 38.9
5000 75.0 39.7 77.3 39.7 81.3 39.7
6300 72.8 39.7 77.3 39.7 81.3 39.7
8000 70.4 39.7 77.3 39.7 81.3 39.7
10000 67.9 39.7 77.3 39.7 81.3 39.7

F i g u r e  B. l :  Rolling Noise coefficients for the Harmonoise Model
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E q u a t i o n s  f o r  t h e  H a r m o n o i s e  S o u r c e  M o d e l

freq [Hz]
Category 1 

Ot Pt

Category 2 
Qt Pt

Category 3 
Qt Pt

25 90.0 0.0 94.0 0.0 97.7 0.0
31.5 92.0 0.0 94.7 0.0 97.3 0.0
40 89.0 0.0 95.5 0.0 98.2 0.0
50 91.0 0.0 95.5 0.0 103.3 0.0
63 92.4 0.0 98.5 0.0 109.5 0.0
80 94.8 0.0 98.4 0.0 104.3 0.0
100 90.8 0.0 94.0 0.0 99.8 0.0
125 86.8 0.0 93.5 0.0 100.2 0.0
160 86.2 0.0 92.2 0.0 98.9 0.0
200 84.5 0.0 92.6 0.0 99.5 0.0
250 84.5 9.4 93.7 11.7 100.7 11.7
315 84.8 9.4 94.0 11.7 101.2 11.7
400 83.5 9.4 94.3 11.7 100.6 11.7
500 81.8 9.4 91.2 11.7 100.2 11.7
630 81.4 9.4 89.4 11.7 97.4 11.7
800 79.0 9.4 89.1 11.7 97.1 11.7
1000 79.2 9.4 90.8 11.7 97.8 11.7
1250 81.4 9.4 91.3 11.7 97.3 11.7
1600 85.5 9.4 92.2 11.7 95.8 11.7
2000 85.8 9.4 91.9 11,7 94.9 11.7
2500 85.2 9.4 90.3 11.7 92.7 11.7
3150 82.9 9.4 88.2 11.7 90.6 11.7
4000 81.0 9.4 86.3 11.7 89.9 11.7
5000 78.2 9.4 84.3 11.7 87.9 11.7
6300 77.2 9.4 82.3 11.7 85.9 11.7
8000 75.2 9.4 81.3 11.7 83.8 11.7
10000 74.2 9.4 80.3 11.7 82.2 11.7

F i g u r e  B.2: Traction Noise coefficients for the Harmonoise Model
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A ppendix C 

D eterm ining Average Traffic Speed

An accurate representation of the source is param ount when creating accurate envi

ronmental noise maps. The speed a t which traffic is travelling at plays an integral part 

in calculating source noise levels. As such, the average speed should be determ ined as 

accurately as possible. The table below shows th a t different techniques for determ in

ing the average speed may yield significantly different values. As such a more accurate 

representation of the source should be developed for future mapping studies.

T a b l e  C .l:  Average Traffic Speed

Method % Average Speed [km/hr]
Signposted Speed Limit 50

Free Flow Speed 36
Average Radar Speed 32

Average Driving Speed 14

F i g u r e  C .l:  Determining Traffic Speed by Radar
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D e t e r m i n i n g  A v e r a g e  T r a f f i c  S p e e d

247S9{

fSl

J S l

F i g u r e  C.2: Determining the Average Driving Speed
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A ppendix D

Draft Guidelines for the  
M easurem ent of Environm ental 
N oise

When measuring noise it is important to reahse that noise is a constantly varying 

quantity, which fluctuates very much throughout the day. As such an average noise 

level might not correspond to a short-term measurement taken on-site over one partic

ular time period. It is also important to realise that the L^en indicator is a weighted 

year-long indicator and accounts for the average noise levels over a complete calendar 

year.

However, some conclusions may be drawn from short-term measurements but in 

oi'der to ensure the overall quality of measurements it is important to adhere to the 

following guidelines.

M easurem ent H eight

Noise maps are displayed at a height of 4m. If possible you should try to measure at 

4rn. If this is not possible a standard height of 1.5m should be adopted. However it 

should be noted tha t measurements taken at this height will be closer to the road so 

louder noise levels would be expected. To combat this, do not measure the noise at 

the roadside edge. The extent of louder levels at 1.5m will diminish the further you 

are from the road.
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D r a f t  G u i d e l i n e s  f o r  t h e  M e a s u r e m e n t  o f  E n v i r o n m e n t a l  N o i s e

M easurem ent Locations

A number of factoi's will influence the level of noise. Try to measure at least 2m 

away from walls and building to minimise the effect of reflections. Do not meeisure in 

enclosed spaces like tunnels or underneath bridges.

The confidence level map that accompanies the noise map is a good indicator of 

areas in which it would be ideal to measure. Avoid areas of low confidence as it is 

assumed that these values may be erroneous.

Non-Environm ental N oise Sources

Be aware that your measurements will be influenced by all kinds of noise, both envi

ronmental and non-environmental noise. Neighbourhood activities such £is mowing of 

lawns, barbeques, sporting activities, etc. will influence noise measurements. Some

times nighttime levels may be influenced by nearby nightclubs. Additionally if the 

noise map presents noise levels resulting from road traffic noise it will not include 

noise from industrial sites, rail traffic or airports. If you are concerned over expo

sure to a number of types of environmental noise, request a noise map presenting the 

combined scenario.

M easurem ent Tim e

The day period is the most stable period in which to measure noise. Studies have 

found that a 15-minute measurement period generally gives a good indication for the 

overall L^ay level. However try to avoid measuring during the morning and evening 

peak. Try also to measure at a number of times throughout the day in order to 

get a broader picture of the noise levels. Ideally you should take several 15-minute 

sample measurements between the hours of 10:00 and 17:00 in order to determine an 

acceptable measured L̂ jgy value.
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