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Abstract 

This thesis recognises the implicit shortfalls in the current methods of noise barrier 
development. An holistic and integrative methodology was devised, which can be 
potentially incorporated into general practise, without the unnecessary burdens of 
excessive cost and environmental impacts. In essence the thesis defines, 'a 
sustainable approach to environmental noise barrier design'. 

The importance of sustainability as a key determinant of a noise barrier's success is 
demonstrated through the impacts of public participation on the acceptance of a 
noise barrier. This was achieved through the triangulation of a grounded theory, 
formulated through the qualitative analysis of a real case study and then tested 
quantitatively on a larger representative sample. The theory explored the impact of 
ineffective public participation on the perceived success of a noise barrier. 

Noise maps were developed for the comparison of subjective opinions with 
objective facts. This also illustrated how this technology can be manipulated to 
focus public participation, and increase success. Demonstrating the utility of this 
growing resource beyond its current scope. 

A methodology for assessing the embodied impacts of noise barrier structures was 
also devised. By addressing the current lack of availability of a specific model, the 
means of choosing a noise barrier based on sustainable assets was revealed. 

Finally, the thesis concluded with a laboratory experiment, which utilised a RAVE 
facility and revealed the extent to which preconceptions play a role in the 
perception of a noise barriers' effectiveness. Revealing that regardless of which 
noise barrier is presented, that preconceptions of a materials' ability to attenuate 
noise are imbedded. 

The thesis contributed to several areas through the illustration of a sustainable 
approach to environmental noise barrier design. The methods highlighted, 
demonstrate how those responsible for building noise barriers, can improve the 
acceptance by the public and decrease the environmental impacts associated with 
the construction of these structures. 
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A Sustainable Approach To Environmental Noise Barrier Design Chapter 1 

Chapter 1 Introduction 

1.1 An introduction to the discipline 

Noise pollution is becoming one of the fastest growing concerns in modem society. Despite its 

transient nature, the UK government has recently recognized noise pollution as a sustainability 

issue for the 21 st Century (British Government Panel on Sustainable Development 2000). 

Of noise pollution, traffic noise is by far the greatest concern to the majority of people. In the 

UK the BRE recently published a report which concluded that 18% of respondents from a 

nationally representative sample cited noise as one of the top five environmental problems that 

personally affected them, with noise being ranked ninth of all 12 environmental pollutants 

investigated. Of this sample, 21% reported that noise 'spoilt their home life' with 8% reporting 

that their home life was spoilt either 'quite a lot' or 'totally', which indicates the wide reaching 

effects of noise on the UK population (Grimwood and Skinner 2001). 

Legislation is now much tougher on exposure of workers to noise in industry (Noise at Work 

Regulations 1989) and the planning of new industries and factories (Town and Country 

Planning Act 1990), which ensures that acoustic insulation is a prerequisite to gaining 

permission for their development. Traffic noise, however, is much harder to control and as a 

consequence it is estimated that when all transportation noise is considered, more than half of 

all EU citizens are estimated to live in zones that do not ensure acoustical comfort to residents 

(WHO 1999). 

There are several options available to reduce the impacts of noise on the public, including, 

double-glazing of dwellings, reduction in tyre noise through the introduction of low noise 

surfaces, modification of vehicle design to control noise stemming from the vibration of vehicle 

parts and reductions in exhaust noises. This is by no means a comprehensive list, but goes some 

way to illustrating the options available to reduce the impacts of noise. One of the most 

common and effective means of noise reduction is by the use of barriers, which, through 

interrupting the line of sight between the source and the receiver, reflect! absorb and diffract 

noise, consequently reducing the energy of sound and decreases its impact at the receiver. 

The means of developing noise barriers to date have been fractious in that individual disciplines 

often work in isolation at worst and in a badly coordinated manner at best, often resulting in a 

finished project falling short of its potential. In the area of actual acoustic research of barriers, 

the understanding of forms, and materials for acoustic reduction is well developed, with 
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extensive research covering everything from barrier end effects with the use of boundary 

element modelling and barrier top construction, to the most effective angling and material for 

maximum noise reduction. 

The more ambiguous disciplines of aesthetic quality and perception, subjective perception of a 

material's suitability, and public appreciation through participation and ownership, in addition 

to the sustainable development of barriers are largely overlooked, or only given relatively small 

importance in the larger scope ofa noise barrier's construction. 

1.2 Aim of the thesis 

One of the key aspects in noise barrier design and implementation is the lack of community 

involvement through public participation procedures. Through experience of the development 

process of noise barrier's and consultation with The Highways Agency, the author has identified 

that development of these structures is largely perceived as an engineering problem, of which 

only expert opinion can be beneficial. Consequently, the fundamental role of the public as 

objective valuators is marginalised, and as a result solutions are imposed upon them without 

their full integration or approval. This patriarchal approach of imposing solutions is detrimental 

to the overall success of noise barrier projects on two levels. Firstly, local knowledge and 

preferences are not determined, which may result in a barrier being designed that is not 

perceived as architecturally sympathetic to the surroundings, by the those that live in close 

proximity to it. 

Secondly, the opportunity to allay any concerns and impart realistic expectations of the noise 

barriers potential for mitigating noise is denied. This then leaves a greater potential for residents 

to judge the projects success based on their own preconceptions rather than on realistic grounds. 

As a consequence of this shortfall in the design process this thesis has been used as an 

opportunity to identify the existing weaknesses in the current processes. This is achieved by 

establishing a clear method of undertaking a noise barrier project focusing on most of the non­

acoustic parameters that can often be overlooked. In essence, the thesis defines 'A Sustainable 

Approach To Environmental Noise Barrier Design'. 

This work does not claim to be exhaustive in its scope. Indeed, the fundamental issue of 

objective acoustical design and full economic factors are not incorporated as these areas are 

already undergoing a vast amount of research and this is beyond the remit of this work. 

However, by concentrating on the main areas of neglect, including public participation in 

2 
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design, sustainability in design and perception as a measure of efficiency, many of the existing 

shortfalls are highlighted and means of assessing and avoiding them are put forward. 

In brief, the aim is to understand better the implicit shortfalls in the current methods of noise 

barrier development in the areas of public participation, sustainable development and 

understanding of the impacts of subjective perceptions of noise attenuating properties of various 

materials. Building on this the aims is to define methods to avoid these shortfalls and improve 

the sustainability of noise barriers using an holistic and integrative methodology which could be 

incorporated into general noise barrier design to optimise the potential for overall success. The 

following key objectives underline the structure of the thesis: 

Investigate the impacts of public participation as a means of increasing acceptance of 

noise barriers. 

Investigate the influence of public integration at the planning stages on whether there are 

greater perceived noise reductions, than without (using a case study). 

Assess the best practical means of gaining full public integration into the planning and 

development of noise barriers, embracing all members of society despite minority status. 

Illustrate how to utilise noise-mapping technology, to access noise hotspots and direct 

participation making it more effective as well as economically viable. 

Assess the economic impacts of full public participation against the more traditional 

methods of allowing the public to be involved. 

Develop a method of assessing the sustainability and lifecycle assessment of noise 

barrier materials to inform the design process and achieve sustainability targets. 

Investigate the impact of material type upon the perceived reduction of noise level. 

Integrate these findings into a methodology for the consideration and adoption of a 

sustainable approach to environmental noise barrier design. 

1.3 Layout 

Chapter 2 is a review of the literature; the area of noise barriers research is vast so both the 

scope of where this research fits into the wider context of acoustics and the exact place for it 

within its own area will be highlighted. Therefore, the references reviewed here do not extend 

the breadth of each individual area, but illustrate a good example of the research currently being 

undertaken in all of the individual principles consolidated in this thesis. 

Chapter 3 outlines the methodology used to undertake this thesis, revealing how through the 

integration and understanding of several different aspects of the sustainable design of noise 

barriers, a more holistic and integrated method can be achieved. It is argues that this might 

3 
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result in the designing of noise barriers that are not only objectively but also subjectively 

successful. The importance of empowering the public and protecting the environment, are 

emphasised as key to the integration of a sustainable approach to noise barrier development. 

Chapter 4 introduces a case study of an area of South Yorkshire where a noise barrier was 

erected in 2001. Through the utilisation of the phenomenological research method, 'Grounded 

Theory Approach' the investigation revealed the existing limitations of current public 

participation measures in a typical UK's community. Minority groups were accessed through 

the use of semi-structured interviews, which brought to light existing problems and potential 

solutions for the participatory phase of planning of the noise barrier. 

Chapter 5 triangulated the methods of qualitative research with that of a more positivist method 

in the form of a wider reaching randomly selected collation of views from a structured 

questionnaire. The investigation drew out themes from the qualitative results and expanded 

them to gauge the wider opinion of the affected society. The result of this investigation revealed 

the extent of the perceived infectivity of both the planning process and the resultant barrier, 

drawing correlations between the two. 

Chapter 6 developed one of the themes that had emerged in the questionnaire (that the 

participation process had been ill-coordinated and badly directed) by introducing noise mapping 

as a tool for planners to coordinate public participation exercises and focus attention on the 

population directly impacted upon by any noise barrier design. The aim of this was to illustrate 

the potential for a more focused participation engaging all members of society. This is perceived 

as a better alternative to the current form of engaging those that are physically able and capable 

of raising issues through attending public meetings, linking the findings of this feasibility 

exercise with the likely benefits of undertaking it in reality. 

Chapter 7 develops a method for lifecycle assessment specifically designed for noise barriers, as 

currently there is no such tool. The Highways Agency is currently using a combination of 

methods to undertake what they call 'whole life analysis'. The method developed here therefore 

has a direct potential for improving noise barrier development by introducing an alternative 

means of life cycle assessment that removes the loss of accuracy resultant from using many 

models, by integrating them into one. Current life cycle assessment methodologies are reviewed 

and then customised and applied to a theoretical case study of a noise barrier project in the UK. 

The outcome is an insight into the current embodied environmental costs of the most common 

materials used for noise barrier development, along with practical guidance on how to 

customise this methodology to suit any project where noise barriers are required. 

4 
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Chapter reopen the question of the impoltance of public perception of a noise barrier' 

succe , In thi ection the qualiry of various materials commonly used in noi e barrier 

development are judged ubjectively in relation to their acou tic performance. This again 

introduce new means of utili ing exi ting technology to benefit the design of noi e barrier, by 

undertaking research u ing ubject in a RA VE- Reconfigw'able Advanced Virtual EnvirOIUTIent 

Suite. 

In Chapter 9 final conclu ion arc reported, galvanising the importance of non-acoustic 

parameter. in the de ign of ustainablc noi e barriers with final contributions, recommendations 

and limitation of the the i . 

To diu trate further the integrated di cipline and key factors affecting the solution to the design 

of u tainable n I e barrier , two diagrams are pre ented below. Figure 1 (a) illu trates the 

criteria fundamental to a u tainable approach to noi e barrier de ign. The number pre ented 

above the boxe arc al 0 repre ented in Figure l(b), whieh repre ents where eaeh individual 

criteria fall under the three wider areas of political, ocio/economic and cnvironment and 

su tainabiliry , From these figure the integrated nature and the importance of a multi­

di ciplinar approach to thi problem i emphasised. 

Figure f (a) Criteria/or a \lI. lailloble approach 10 l1oi.·e barrier design 

5 
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Chapter 2 Literature Review 

Introduction 

This review is split into seven main sections; the sections include an overview of the current 

situation with regard to noise in the UK. This includes an overview of the legislation controlling 

noise and also the methods of measurement. The following sections reflect the themes of the 

whole thesis. First, the current methods for controlling noise in the UK are evaluated, including 

the principles of noise control using barriers. This is followed by an in-depth review of noise 

barriers, including their form, properties and materials. The UK situation is also reviewed 

relative to the rest of Europe to highlight the stage that barrier development is at. 

The next section delves into the main point of the thesis. This defmes a sustainable approach to 

noise barriers' design, which includes the best means of developing, and installing barriers, to 

maximise their performance and also to give the most environmentally effective solution. This 

is illustrated partly through the acknowledgement of the importance of perception in acoustic 

science. A historic review of acoustic science puts the importance of perception into a context 

with the wider science, and reveals the importance that perception plays in the success of any 

acoustic project, in light of the fact that noise barriers will be ultimately judged for their benefits 

in relation to how they are subjectively perceived. 

A review of the literature of noise barrier development highlights a catalogue of failed projects. 

This raises the issue of public perception as a reason for their failure. This review acknowledges 

the prominent role of the public in judging these projects and introduces the idea of the use of 

noise mapping as a means to direct any participatory measures. An appreciation of the public's 

expectance for more environmentally benign solutions is also acknowledged and a review of the 

relative positive and negative impacts of various materials commonly used is revealed. This 

highlights the various means of quantifying environmental costs, a measure usually ignored in 

favour of the more commonly understood economic costs. 

Finally, a review of how the public perceive barrier forms illustrates that the judgement of a 

noise barrier projects' success is not just the result of good public participation and 

environmentally sensitive development, but is also influenced by the preconceptions and 

aesthetic appeal of various materials. 

7 
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In all, the review illustrates that noise barrier design is much more than a quick fix to a growing 

problem, but that it is a multi-disciplinary problem requiring an integrated solution. 

Consequently the review, as well as the thesis itself, stretches across many disciplines, the aim 

of which is to highlight not only the pitfalls in noise barrier development but to provide a useful 

tool to avoid them. 

2.1 Noise as an environmentally important issue 

2.1.1 Environmental noise: an overview of the issues 

Environmental noise has been an area of growing concern for many years, both in the UK and 

worldwide. Environmental noise (or community noise) is defined as noise emitted from all 

sources, except for noise at the industrial workplace. The main sources of environmental! 

community noise emitted include road, rail and air traffic; industrial; construction and public 

work; and the neighbourhood (WHO 1999). 

Of all noise sources, road traffic noise is responsible for the largest cause of annoyance. It is 

estimated that approximately 40% of the population in the European Union are exposed during 

the daytime to road traffic noise with an equivalent sound pressure level exceeding 55dB(A), 

and 20% are exposed to levels exceeding 65dB(A). When all transportation noise is considered, 

more than half of all European Union citizens are estimated to live in zones that do not ensure 

acoustical comfort to residents. At night, more than 30% are exposed to equivalent sound 

pressure levels exceeding 55dB(A), which is disturbing to sleep (WHO 1999). 

According to Mason et al (1993:2), those exposed to traffic noise often accept it as being an 

unavoidable and therefore an inevitable part of living within today's urban conglomerations. 

Statistics of adverse reactions to noise, based on recorded complaints, only reflect a small 

proportion of those actually affected (Mason 1993). Therefore as a consequence, millions of 

people are living in environments, which could be potentially detrimental to their health, 

without the knowledge of their rights to a good standard of living, including acoustic comfort. 

It is because among other factors, noise is now gaining momentum as a key policy area. In the 

Government consultation paper 'Towards a National Ambient Noise Strategy, noise was finally 

put on the agenda as a sustainability issue, as despite its transient nature, the extent of its 

detriment to the environment was accepted (DEFRA 2001:25This turning point spurred on the 

development of environmental legislation and policy, which had remained stagnant for many 

years. 
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2.1.2 UK legislation for noise control: a history of actions 

Pre 1929, there was little legislation controlling noise in the UK. The founding policy in the UK 

was the 'Motor Cars (Excessive Noise) Regulations 1929'. This was a rudimentary law, based 

on the judgement of the individual policeman's perception of how noisy a vehicle was, and 

whether to press charges. This would be followed by a court's judgement as to whether or not 

the individual vehicle was too noisy (Kotzen & English 1999:2). It was not until the 1960s that 

this law was superseded following the influential Wilson Report (Wilson 1963). 

The Wilson Report was commissioned in 1963 under the guidance of Sir Alan Wilson. The 

committee found that from analysis of unsolicited complaints of noise, motor vehicles, plus 

domestic and industrial noise caused the greatest nuisance. The outcome of the findings of this 

central London study was a scale of expected nuisance at certain noise levels for various noise 

sources. A noise level of 68dBA(L IO• 1Shr) was recommended as the limit, below which, extreme 

annoyance would not be caused. This was based on the findings that stated 'with 95% 

confidence, that any individual under the conditions of the London Noise Survey will have an 

annoyance score of less than 5'. Meaning, that there is only a 1 in 40 chance that the average 

person would be dissatisfied below these levels with noise from free flowing traffic. The 

68dB(LAIO 18 Hour) is still used today (The Open University 1978). 

Control of road traffic noise at the receiver requires social survey evidence in order to formulate 

standards and limits. Since the 1960s a number of comprehensive surveys have been undertaken 

throughout England and Wales. These surveys have enabled comparisons between various 

indices of noise levels measured at the fa~ades of noise-affected buildings and the annoyance of 

their occupants. These surveys discovered that the LA to, 18hr index closely correlates with the 

public's dissatisfaction with noise (Highways Agency 1999: 2/2). 

Road traffic noise was consequently the subject of considerable legislative activity, particularly 

during the early I 970s. The White Paper 'Development and Compensation- Putting People 

First' was published in 1972 and heralded the way for the Land Compensation Act (1973), 

which has been the most influential Act for road noise control in the UK, and influenced the 

mitigation procedures considerably. 

The Land Compensation Act was passed to compensate existing landowners for any 

undervaluing of their properties due to public works. This was whether or not that property, and 

the adjacent land boundary, was encroached upon. The Act stated that 'roadworks will produce 
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eligibility if by prediction, or by measurement and extrapolation (as laid down in the 

regulations), it is calculated that tht: forecast maximum ust: of that road within a period of 15 

years from its first use will give rise to an increase in noise of IdB(A) or more at one or more of 

the facades of the dwellings and the resultant noise level will rt:ach or exceed 68dB LAIO• 18hr 

("the specified level")'. 

The means of compensation include the power of landowners to claim the monetary value of the 

depreciation of their properties' value and the power of the secretary of state to impose a duty 

on the provision of noise insulation. This would usually be in the form of double-glazing, 

compulsory purchase of properties, the provision of noise barriers and the power to pay for the 

temporary re-accommodation of residents. The preferred means of compensation is generally 

provided through the use of insulation such as double-glazing, and this gave rise to the Noise 

Insulation Amendment Regulations (1988). 

There are several downfalls of the Land Compensation Act. The first being· that it does not 

account for residents living adjacent to unaltered carriageways, in existing properties that have 

seen an exponential rise in traffic flows and consequent noise levels. Nor does the Act protect 

those residents in existing 'tranquil areas', who for example, prior to the development of the 

new road, experienced levels of 50dB(A), and after completion of the works are exposed for 

example to levels of 67dB(A). These residents will have an extremely perceivable change in 

noise levels but still would not qualify under the Land Compensation Act (1973). 

2.1.3 UK legislation for noise control and the impacts on noise barrier use 

The result of the reliance on insulation at the individual receiver through double-glazing, has 

limited the use of noise barriers and other noise mitigation measures in the UK. One of the 

largest problems with double-glazing is that it does not provide for mitigating affects in external 

spaces. 

As of yet, there is no specific UK noise legislation that does offer protection of the environment 

against noise in internal and external spaces for existing properties adjacent to existing roads. 

However, with the publication of the World Health Organisation (WHO) Guidelines for 

Community Noise (1999), the case for the greater protection of properties both internally and 

externally has been made. The guidelines have raised awareness, not only of the dangers of 

living in areas of excessive noise (see section 2.2.2 below), but also the levels at which these 

effects become significant. These are much lower than the previously utilised levels based on 

potential annoyance (WHO 1999). 
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As a consequence of the WHO guidelines and the publication of the European Green Paper on 

Future Noise Policy (1996), and as prompted by the Fifth Environmental Action Programme 

(1993), steps have been taken to address noise policy throughout Europe. The latest Directive to 

emerge on this initiative is that relating to the' Assessment and Management of Environmental 

Noise (2000)'. This has set in place a program of noise mapping of all agglomerations of greater 

than 250,000 by 2004 and for all agglomerations with more than 100,000 by 2009. This target 

has already been slightly breached in the UK. However, with the adoption of the Government 

initiative, 'Towards a National Ambient Noise Strategy', mapping of all major trunk roads will 

be completed by the end of 2005. The purpose of the Directive is to identify the extent of the 

noise problems throughout the EU and develop future policies. 

Therefore, it can be expected that the future development of noise barriers to protect residents in 

these 'grey' areas of excessive noise identified by the latest wave of 'Directives' will start to 

emerge, making the case for a more coherent approach that will optimise their development. 

2.1.4 Measures o[road traffic noise 

There are various measures used to describe road traffic noise. Currently in the UK LAlO• 18hr is 

used. This is the arithmetic mean of the noise levels exceeded for 10% of the time in each of the 

18 one-hour periods between 6am and Midnight. The reason this has been favoured in the UK, 

is that a reasonably good correlation has been shown to exist between the index and residents' 

dissatisfaction with existing traffic noise over a wide range of exposures (The Open University 

1978: 3). 

A further reason that the LAID. 18hr index is favoured is due to its application in the CRTN 

methodology (Department of Transport 1988). This is the basis of all road traffic noise exposure 

assessments in the UK, and it was developed in order to facilitate the Noise Insulation 

(Amendment) Regulations (1988). 

Another reason for the loss of popularity of the LAIO• 18hr index is due to two factors. Firstly, the 

UK is one of the very few European member states currently using it for measuring traffic 

noise. Secondly, with the increasing moves towards assessment of overall community noise 

from many sources, the use of the LAlO for one noise source and L Aeq for others, makes it more 

difficult to assess the overall noise climate as one (Highways Agency 1999). 
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Therefore, it is likely that future noise measurements in the UK will start to favour the widely 

used LAeq, which is the equivalent continuous sound level as time-averaged over a specified time 

period (T), which gives a measure of the average sound energy over that period (Garcia 2000). 

In the European Commission's 'DAMEN', one of the recommendations is for the 

'harmonisation of noise indicators and assessment methods' (European-Commission 

2002:Article 5), the noise indicators proposed are the Ldenl (day-evening-night level) and the 

Lnight level, which are based on L Aeq values. Therefore, it is likely that all European states will, 

in due course, favour this measure. 

This standardisation of noise measurement will benefit all countries legislating for noise 

reduction and coordinating mitigation projects. Examples of case studies in one country could 

be replicated in other countries. In addition, if the methods of measurement are comparable, the 

transfer of information with regard to mitigation possibilities will be more feasible and research 

carried out throughout the EU will be directly relevant to each country, increasing the passage 

of information between member states. 

2.2 Acoustic research from science to social science 

2.2.1 The three watersheds o(acoustic research: physical acoustics, psychoacoustics & 

social acoustics 

There have been three main watersheds in acoustic research and this section aims to put the 

development of the area of subjective or perceptive acoustics within the context of a timeline of 

acoustical research. This is a very broad review, as obviously within each of the main categories 

there are many different sub-areas branching across many disciplines. However, it is 

fundamental that this important interdisciplinary field is held with the same esteem as that of the 

more traditional acoustic research fields. 

Although acoustics has many disciplines, such as room acoustics, marine acoustics, musical and 

environmental, all derive from the fundamental basis of the desire to understand the actual laws 

and processes of the science. The principle of this pioneering field mainly involved the 

discovery of the physical laws and principles governing the science of acoustics, and the 

consequent development of applications of these laws. This led to the development of an 

I Lcleo combines the LAeq detennined separately for the 12 hour daytime period, the 4 hour evening period and the 8 
hour night time period into one indicator using weightings of SdB(A) for the evening period and IOdB(A) for the 
night period. Joseph, M. (2000). The European Environmental Noise Directive - Impact on the UK. CIEH Meeting on 
Noise Barrier .. Lnight is the LAeq for the 8 hour night period without any weighting. 
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understanding of principles that are in everyday use today, for example ultrasonics, which is 

used by many industries, especially the medical profession (Institute of Acoustics 2002; Bennett 

2003; Institute of Acoustics 2003; Tyler 2003; Institute of Acoustics 2004 (a); Institute of 

Acoustics (b) 2004). 

In addition, the formative research into the physics of acoustics has also led to an understanding 

of the behaviour of sound in different mediums and under varying environmental conditions, 

which has led to many important discoveries including, for example, the optimisation of 

warning alarms such as fog horns and sirens (Bennett 2003) and an understanding of how best 

to design buildings such as theatres for optimum use. 

The next watershed in acoustics to emerge was that of psychoacoustics. This relates to 

understanding of how humans interact with sound. Psychoacoustics can, therefore, be described 

basically as the psychological study of hearing and deals with relationships between the 

perception of sound and physical properties of sound waves. The aim of psychoacoustics 

research is to find out how hearing works. In other words, the aim is to discover how sounds 

entering the ear are processed by the ear and by the brain in order to give the listener useful 

information about the world outside i.e. defining relations between measured features of sound 

(Le. frequency) and their subjective counterparts (Le. pitch of tone). 

An important property of the human ear is an absolute hearing threshold. The hearing threshold 

changes significantly within the normal frequency range. Investigations by many researchers 

have proven that the human hearing system processes perceived sound in sub-bands called 

critical bands. In each critical band, sound is analysed independently and each band corresponds 

with an equal section of the cochlea, approximately 1.3 mm wide within the ear. These critical 

bandwidths differ within the frequency range; those below 500 Hz are constant and equal 100 

Hz, whereas over 500 Hz the width of each next critical band is 20% larger than of the band 

below (Sounds and Vision Engineering Department 2000: 1; Plack 2004: 1). 

Through this understanding of how sound is perceived and processed by the brain, many 

problems, such as reduced hearing ability, were improved using hearing aids. These were 

developed from the findings of psychoacousticians and their understanding of how the human 

ear responds to sound waves of different frequencies. In addition, the work of 

psychoacousticians has affected most people in everyday life. This is through better use of 

communication methods and more protection against hearing damage, as well as enabling a 
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quantifiable standard of noise tolerance, such as the noise annoyance indicator, which in tum 

informs public law and policies (Johannsen and Holger 2001; Smith et al. 1996). 

The current renaissance of acoustic science involves the acceptance of the influence of human 

perception and subjective opinion on the acceptance of various acoustic environments. 

Although there are still large numbers of vulnerable people who are unaware, both of the impact 

of noise exposure and the opportunity to protest about it, on the whole the public will no longer 

tolerate any adverse environmental impacts. It is now seen as a lifestyle commodity to have a 

quiet and un-invasive acoustic environment and the general public is more educated on what is 

an acceptable acoustic environment and are willing to demand it. 

The importance of subjective acoustics has been acknowledged in many fields, including 

architecture, urban design and environmental planning. It has been adopted as a key area of 

design as opposed to an afterthought. As it is becoming more widely accepted that the success 

of projects lies mainly in the subjective opinion of the end user, be that in a public park, 

building or adjacent to a noise barrier, the role of public participation in many areas of design 

has grown in stature and is now seen as a fundamental element of acoustic science research 

(Midgley 1986; Sanoff 2000;Yang and Kang 2001; Kang and Zhang 2003; Vang and Kang 

2003; Chen and Kang 2004; Kang 2004; Kang et al. 2004; Yang and Kang 2004; Yang and 

Kang 2005; Kang (In Press). 

2.2.2. The detrimental social. psychological and phYSiological and economic impacts of 

The inclusion and acceptance of the impacts of noise on humans has never been more acutely 

felt, with reports emerging continually, which highlight the detrimental social, psychological 

and physiological impacts of noise. As alluded to above, it is not just the science and medical 

professionals that understand the potential detrimental effects of excessive noise exposure, but 

nowadays the general public are more astute to public health risks as well. 

It is well documented that the effects of exposure to prolonged road traffic noise is not 

singularly responsible for any acute medical ailments, with hearing impairments not expected to 

occur at LAeq, 8h levels of 75dB(A) or below, even for prolonged occupational exposure 

(WHO 1999; viii; DETR 1998; 2). However, it nonetheless has insidious effects. A WHO task 

force reported several chronic health effects that may result from community noise including 

high blood pressure, cardiovascular deficiency, an inability to concentrate on tasks and 

interruption of sleep. In addition to this, impairment of the understanding of speech is also a 
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related problem and poses particular difficulties for children exposed to environmental noise in 

classrooms, and for the elderly (Cohen, Glass et al. 1973; WHO 1999; Shield and Docknell 

2002; Shield and Docknell 2002). 

Table 2.1 below documents some of the key health effects attributable to noise exposure in 

specific environments as reported in the WHO Guidelines. The table clearly illustrates that 

levels, which are accepted as being injurious to public health, are not exceptionally high. When 

this is considered in relation to the fact that more than half of all EU citizens live in areas that do 

not ensure acoustic comfort, the extent and implications of the noise pollution problem in 

today's society becomes apparent. 

Table 2.1 also illustrates the extent to which the current UK value of 68dB LAlO (18 hour» (as 

outlined in the Noise Insulation Regulations (I 988)), is unrelated to the levels at which 

detrimental effects can be felt. In addition, to giving some quantified reasoning behind the 

WHO's endorsement of the 55dB(A) and 45dB(A), outdoor levels for day and night time. 
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Table 2.1 Guideline values for community noise in specific environments. (WHO 1999: 65) 

~pecific environment Critical health effect(s) /LAeq {dB] 
Time bas elrAmax. 
Irhoursl Ifast {dB] 

lputdoor living area ~erious annoyance. daytime and evening 55 16 -

Moderate annoyance. daytime and evening 50 16 -
IDwelling. indoors !Speech intelligibility and moderate annoyance 

\daytime and evening 35 16 

inside bedrooms Sleep disturbance. night-time 30 8 45 

joutside bedrooms ~/eep disturbance. window open (outdoO! 
values) 45 8 60 

~chool class rooms and pre ~peech intelligibility. 
~chools. indoors 

!pisturbance of information extraction. 35 During class -

Message communication 

Ipre-school '$Ieep disturbance ~/eeping-
{Jed rooms. indoors 

30 
time 

45 

School. playground outdoor Annoyance (external source) 
lDuring play 55 

Hospital. ward rooms. indoors ~leep disturbance. night-time 30 8 40 

Sleep disturbance. daytime and evenings 30 16 -
"f!ospitals. treatment rooms. IInteiference with rest and recovery 
'ndoors #1 

ntiustrial. commercial iHearing impairment 

~hopping and traffic areas. 70 24 JlO 
'ndoors and outdoors 

'{::eremonies. festivals anG lJIearing impairment (patrons:<5 timeslyear) 
'entertainment events 100 4 110 

lPublic addresses, indoors ant lHearing impairment 
!outdoors 85 I JlO 

!Music througl iHearing impairment (free-field value) 
'f/eadphones/earphones 85#4 I I/O 

mpulse sounds from toys. iHearing impairment (adults) 
140#2 ~reworks and firearms - -

/IIearing impairment (children) - - 120#2 

IOutdoors in parkland anG lDisruption of tranquillity 
!conservation areas #3 

#1: as low as poSSible; 
#2: peak sound pressure (not LAmax. fast). measured 100 mm from the ear; 
#3: existing quiet outdoor areas should be preserved and the ratio of intruding noise to natural background sound 
should be kept low; 
#4: under headphones. adapted to free-field values 
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In addition to the health implications, other stress factors such as decreases in house values 

(Bennett 2001) and social degradation of an area, were found to be caused by the impact of road 

traffic noise (Joynt and Kang 2002). 

The World Health Organisation (WHO) stated in 1980 that background noise levels above 

55dBA would progressively impair the understanding of speech. This 55dB(A) threshold is the 

so-called 'grey area' threshold which is occasionally of concern to public policy makers, but not 

so much as the 'black spots' - areas with background noise levels in excess of 65dB(A) (Mason 

1993). 

2.3 Noise mitigation using barriers compared to alternative mitigation measures 

2.3.1 Control at source 

Noise mitigation at source is one of the main means of noise reduction achieved through actual 

alterations to the vehicle creating the noise. Below there is a brief overview provided to 

summarise the methods of how this is achieved. 

Noise sources from vehicles can be split in two categories: I) mechanical sources which can 

include noise from the engine, transmission, exhaust, and fan and air intake systems. 2) Rolling 

sources, which include tyre noise, aerodynamic noise and the vibration of body panels (Martin 

2001). 

The control of mechanical noise is outside the context of this study. However, it is accepted that 

up to about 30 kmIh mechanical sources on most light vehicles and cars are the largest source of 

noise and on heavy vehicles this dominates up to approximately 50 kmIh. Above these two 

respective speeds it is the rolling noise that is the major source and this increases at a rate of 

9dB(A) per doubling of speed. The calculation of the noise produced by a mixed flow of traffic 

can be calculated using CRTN. This considers the number of vehicles, the percentage of heavy 

vehicles and their speeds to give an overall noise level (Department of Transport 1988). 

Additional factors that determine the level of noise are the texture of the road surface, which 

affects rolling noise and the road gradient, which affects engine noise. In wet conditions tyre 

noise increases, however, road traffic noise assessments presume dry conditions (Department of 

Transport 1988: 27). 

There are several means of mitigating against rolling noise. These are the basic principles on 

which the most common noise control measures are based. Technologically the simplest means 
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of noise reduction is achieved through the use of speed controls, provided that it does not 

interrupt the free flow of traffic. For example a reduction in speed from 70 mph to 50 mph 

would reduce the emitted noise level by approximately 2.3dB(A). However, it should be borne 

in mind that speed limits are unlikely to be adhered to if they are not considered to be 

representative for the type of road. 

As this method would be most effective on motorways and dual carriageways, a speed limit is 

unlikely to be effective on its own. It is believed that any move to place permanent speed traps 

on free flowing motorways could lead to interruption of the free flow and potential delays (RPS 

PIc 2005). Another option of rolling noise control is through the adaptation of the road surface 

to reduce the noise between the tyres and the road. As there are several road surface materials 

now available, a review of the current findings and research is presented below. 

2.3.2 Low noise road surfaces 

Recent developments in low noise surfaces include porous asphalt. This was originally 

developed to reduce water spray on airport runways and was adopted as a useful resource for 

surfacing roads, following the discovery that the added pores in the surface designed to facilitate 

drainage also gave noise reductions of up to 85%. This reduction equates to noise levels that are 

about 5dB(A) less than for a hot rolled asphalt surface (Watts 1994). 

There are, however, drawbacks associated with porous asphalt due to its high cost, high 

maintenance and the diminishing effect of the noise reduction as the surface becomes clogged. 

The average porous surface will need resurfacing approximately every ten years as opposed to 

every fifteen years for the traditional asphalt or concrete. The main alternative is whisper 

concrete, sometimes known as exposed aggregate concrete. Compared with other road surfaces, 

it reduces traffic noise by some 3dB (Parliamentary Questions (1994: 20-26 Column-619) 

making traffic noise levels attributable to whisper concrete higher than those achieved with 

porous asphalt (Watts 1994). 

The publication of the 1998 paper entitled 'A new deal for trunk roads in England', stated the 

following objective: 'In future, whenever a road needs to be resurfaced, we shall ensure that the 

most appropriate noise reducing surfaces are used for those areas where noise is a particular 

concern'. Additionally, in the Government's 'Transport 2010: The Ten Year Plan' published in 

July 2000, the Highways Agency set targets of installing quieter surfaces on over 60% of the 

trunk road network, including all concrete stretches, by 20 I 0 (Highways Agency 2002: 1). 

18 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 2 

Evidently, therefore, a reduction at source is both possible and encouraged. However, the most 

effective measure by far to reduce the effects of road traffic on sensitive receivers, is to remove 

the line of sight between the source and the receiver (Environmental Protection Department, 

Hong Kong 200 I). This is most commonly achieved through the erection of noise barriers and 

bunds and in some cases, especially on new developments, by non-residential buildings. This 

thesis is confined to the investigation of noise mitigation through noise barriers; the basic 

principles of which and most commonly used materials are described below. 

2.3.3 Basic principles of noise control using noise barriers 

Noise control by barriers is a common means of obtaining modest reduction in the overall sound 

pressure level (SPL). Most of the main noise sources including road traffic noise can be 

shielded by barriers, which intercept the line of sight from the source to the receiver. The 

acoustic phenomenon governing the barrier attenuation is known as the Fresnel diffraction. This 

analytically defines the amount of acoustic energy loss encountered when sound rays are 

required to travel over and around a barrier- see Figure 2.1 (Cohn & McVoy 1982). The noise at 

the receiver is reduced to that portion which arrives via diffraction over the barrier top or around 

its ends, and via reflection from other buildings and scattering refraction in the atmosphere. 

For a single point source, and an infinitely long barrier, the path length difference is found using 

the following equation, which is illustrated below in Figure 2.1: 

8=A+B-C (2.1) 

where 8 is the path difference between the direct ray and diffracted ray due to screening of the 

source line (Department of Transport 1988;). The extra attenuation of a barrier is closely related 

to the Fresnel number, N , defined as 

8 
N=2-

A (2.2) 

For, -O.2<N<12.5 the insertion loss (IL), namely the SPL difference between the noise level 

measured, with and without the barrier, can be calculated by (Kurze and Anderson (1971;): 

I 

(2nN) 2 

IL = 20 log I + 5 (2.3) 

tanh(2mV) 2 
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Source 
o 

L--+-~~ Receiver 

Figure 2.1. Configuration of a noise barrier 

2.3.4 Reflections 

Reflections of sound occur whenever there is a situation where complete absorption is not 

achieved, i.e. where the absorption coefficient a of a surface is equal to o. Sound can be 

reflected in a similar way to light, with the angle of incidence equalling the angle of reflection 

when the reflecting object is at least the same size as the wavelength concerned. It is usual for 

the first and second reflection to be considered only in geometrical analysis (Smith, S. et al. 

1996). Theoretically, however, with the development of computer packages, the number of 

reflections considered can be infinite, although calculation times restrict this. 

In noise barrier design reflections are integral to the functionality of the barrier. Reflective 

barriers are the most widely used barrier type in the UK and can be very effective in situations 

where there are no sensitive properties opposite the barrier, which may receive increased noise 

levels. Figure 2.2 below illustrates the principle of a reflective noise barrier and shows the 

pitfalls of inappropriate use, and a method of reducing this effect. 

~ A 1 ~~~u •• _._ u. 

(a) Problem- I reflective barrier. sound reflected back towards the sensitive 

P'.P'n~~-> TI 
~:r.:ft~?;~A"'.'" .".,h. 

(c) Solution- 2 angled reflective barriers. the sound is reflected from the barriers 
over the sensitive properties. 

Figure 2.2 Diagrams of how reflection barriers behave the problems and a solution. 
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2.3.5 Absorption 

Noise barriers are categorised mainly into reflective and absorptive. The principle of an 

absorbent barrier is that noise penetrates the outside material through perforations, and absorbed 

by the internal porous lining. Different materials have different absorption coefficients and 

generally the more porous the materials surface the better absorber it is. 

For materials without a high absorption coefficient, an option can be to integrate a highly 

absorptive material, such as mineral wool, into the barrier structure. This is described in greater 

detail below. The performance of an absorbent is usually expressed by its absorption coefficient 

n, which ranges from 0.0 for a perfect reflector to 1.0 for a totally absorbent material. The 

absorption coefficient is not a constant for a given material or composite since it will vary with 

both frequency and with the angle of the incident wave (Morse & Ingard 1968). 

A single number, the Noise Reduction Coefficient (NRC), often describes the absorptive 

properties of materials. This is an arithmetic average of the normal incidence absorption 

coefficients for 250, 500, 1000 and 2000 Hz. Normal incidence NRC values can be obtained 

from various sources in the literature for different roadside locations. Table 2.1 lists values of 

(NRC) obtained principally from the National Physical Laboratories as reported by Tobutt & 

Nelson (1990). Absorption coefficients of efficient commercial absorbers remain fairly constant 

and close to 0.9 for frequencies above approximately 800Hz, although at lower frequencies the 

absorption falls rapidly. 

Table 2.2 (NRC) values for different suifaces and Ground Cover Conditions. 

Surface or Material (NRC) Value 

Concrete, brickwork 0.02 

Asphalt (sealed surface) 0.05 

Timber barriers, without absorbent 0.12 

Chalk or rock faced cuttings and embankments 0.2 to 0.3 

Grassland: Short grass 0.48 

Long grass 0.6 

Agricultural land (ploughed fields, growing crops etc.) 0.75 

Woodland 0.83 

Absorbent faces of barriers and walls 0.73 to 0.95 

(Source: NatIOnal Physical Laboratory In Tobutt & Nelson 1990: 14) 
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The type of situation in which a barrier is used dictates to a large extent which materials are 

used (as discussed in section 2.3.4 and 2.3.5):If sensitive receivers are only located on one side 

of a carriageway, then the most appropriate means of mitigation is through the use of a 

reflective barrier. However, if there were sensitive receivers on either side of a carriageway, 

then the most appropriate solution would be an absorptive barrier (See Figure 2.2). 

2.3.6 A brief review of noise barrier form, properties and practical applications 

Noise barriers can be made from many different materials and take many different forms. The 

most commonly used barriers are generally constructed of one of the following; concrete, earth, 

wood, brick or masonry units, metal, vegetation, mineral aggregates, plastic, glass or 

composites of these materials. Using these materials barriers can be produced in a variety of 

shapes and sizes, and each material has specific characteristics that make it suitable for 

particular noise situations (Transafety 1997). The literature on different barrier systems has been 

reviewed by Watts, where he grouped the barriers as reflective, absorptive, capped, double, 

longitudinal profile, angled, dispersive, vegetative, covers, embankments and earth mounds 

(Watts 1992). 

Considerable research has been carried out to refine the design of barrier tops to maximise the 

attenuation through diffraction. The beneficial effects of additional diffracting edges have been 

demonstrated with fir tree profiles, tubular profiles T -profiles, Y -profiles, arrow-profiles, 

branched barriers and U-sections which involve extra panels connected to the main screen by 

brackets. These methods are extensively reviewed in Kang (In Press). In addition, the impact of 

'fancy' barrier tops has been investigated by, Ishizuka & Fujiwara (2002) and Horoshenkov et 

al (2003). Their findings on the insertion loss of a noise barrier adjacent to a high-speed railway 

showed that although the insertion loss can be beneficially affected during some parts of the 

pass-by, the fluctuations of insertion loss during the pass-by could actually create a perceived 

negative effect (Horoshenkov, et ai. 2003). Therefore, caution was advised when deciding on 

their use. The subjective impact of barrier types could be further analysed with regard to the 

aesthetic appeal and visual fusion with the surroundings of unusual barrier tops. Although this is 

beyond the context of this research. it nonetheless raises interesting questions. 

2.3.7 Noise barriers: An overview oftheir application in the UK 

The principle has long since been adopted in the UK when constructing new highways, to 

increase bank sides close to residences and to use traditional timber fences. These two solutions 

although appropriate in terms of cost, land take and availability for many schemes, are chosen 

more out of habit rather than for their superior benefits. 
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The actual industry of noise barrier production has only relatively recently developed into a 

specific science. The growth in the use of noise barriers across Europe, the USA, Australia and 

the Far East, reflects the growing concern of the general public about noise pollution caused by 

infrastructure projects, in particular roads and railways. Compared with the UK, noise barriers 

in countries such as Germany, the Netherlands and France, form a greater part of the urban and 

semi rural landscape, and have done so for several decades (Kotzen & English 1999). 

There are several different reasons why the development of noise barriers in the UK has been 

less ambitious and extensive than in other European Countries. Some of the main reasons have 

been: 

The effects of the Land Compensation Act, as endorsed with the Noise Insulation 

Regulations, which encourages the use of noise mitigation in the form largely of 

double-glazing on affected properties. 

The varying targets for community noise levels between nations within the EV. 

The lack of programs to reduce noise on existing roads in the UK (Kotzen and 

English 1999) 

Although the last point is still largely true with respect to legislatively driven programs, some 

more voluntary based methods are emerging as the Highways Agency are now committed under 

the ten-year plan to role out a program of improvements (DETR 2000: 1 0). This has been 

organised using a method of priori tis at ion known as 'sift studies'. This is a rudimentary method 

of assessing large sections of the trunk road network using simplistic methodology, which 

highlights potential hot spots. These are then put forward for further detailed studies, from 

which viable remediation measures can be instigated including the use of noise barriers and low 

noise surfacing. 

Unfortunately, despite these moves to improve the acoustic environment of many more people, 

without a legally binding maximum environmental noise level, the opportunity to introduce 

mitigation measures, such as barriers that also improve the aesthetic quality of an area, are being 

lost. This can only be attributed to financial constraints and lack of aspiration and vision to think 

more creatively. 

2.3.8 A comparison ofthe UK situation with Europe 

The use of noise barriers across Europe has not only been more extensive than that in the UK, 

but also with more emphasis on the architectural qualities that a noise barrier can bring. In most 
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large conurbations throughout Europe a vast array of barrier types and forms can be observed. 

In fact, many European barriers are near 'works of art'. The use of colour, creative design, and a 

variety of materials makes European noise barriers artistic and 'aesthetically exciting 

components of their transportation system' (Transafety 1997:4), with their use being seen as a 

means by which to give identity to an area and aesthetic value to the unitary landscape of 

motorways and large trunk roads (Bendsten and Schou 1991; Highways Agency 1995a; 

Highways Agency 1995b; Highways Agency 1999; Kotzen and English 1999). 

In the UK it is rare that an alternative to either an earth bund or a close board timber noise fence 

is considered when the need for a noise barrier is identified on a major public highway. This is 

largely due to economic constraints of such major projects. This is in contrast with the situation 

in Europe, where the opportunity to erect a noise barrier is often taken as a chance to create a 

piece of aesthetically pleasing street furniture, giving identity and visual context to an area, or 

even to design a module which is multifaceted, such as those incorporating photovoitaic 

technology (Bellucci, et al. 2003; Bote, et al. 2003; Erge, et al. 2003). 

The problem with the UK's lack of imagination when it comes to noise barrier design is 

confounded by the population dispersion in and around cities in the UK. It is an unfortunate fact 

that, whereas in most mainland European cities generally there is a spread of the popUlation 

within the urban centres and close to the main transportation networks, in the UK it is largely 

the economically, and socially deprived that live in such locations. Although they are protected 

by the same laws as the rest of society, they are often less likely to be vociferous in planning 

matters (Joynt 2002). However, the tide is turning with more concentration on development of 

inner-city areas and an increased awareness of the importance of both public health and the 

aesthetics of public space to ensure the success of an area (Environmental Protection 

Department 200 I). 

2.3.9 Environmental properties of materials used in noise barriers their source, 

properties and impacts 

The type of materials used can also be influenced by the location of the barrier. Ideally, the use 

of local materials will keep transportation costs down. However, with respect to environmental 

costs, this is not widely recognised as a deciding factor. Moreover, as the drive for sustainable 

practices in construction is pushed forward, it is felt that the importance of embodied energy 

and environmental impacts of noise barriers will increase. To illustrate this, some of the main 

materials used in noise barriers are explored below, in terms of their application and 

environmental impact. 
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2.3.9.1 Timber barriers 

Timber is the most commonly used noise barrier material in the UK. The barriers are designed 

as either reflective or absorbent. Absorbency is achieved through the addition of an internal 

absorbent core. Despite the material's popularity, the design of timber barriers has never 

progressed much beyond the 'garden fence stage' (Kotzen and English 1999:106), which can 

lead to a mundane roadside landscape for motorists and adjacent residents alike. 

Apart from the favourable cost implications of using timber, it is also relatively low 

maintenance, which adds to its desirability. Timbers lifespan with the application of 

preservatives on the wood prior to assembly can allow the barriers to last for between 20-40 

yearsl. 

Despite timber's organic source, it does still have significant environmental impacts associated 

with its transformation into noise barriers. In the UK timber production measures some 

4,30l,956m3 or 3,519,000 green tonnes, which equates to about 70% of total use (BRE 2000). 

The remainder is sourced from North America, Canada and Northern Europe, where the greatest 

contribution to its embodied energy levels occur during transportation from the forest to the 

timber mills, with transporting materials being responsible for around 25% of the acid 

deposition and toxicity to air and 50% of eutrophication (BRE 2000: 14). 

However, the main source of environmentally degrading materials used in the processing of 

softwoods is the essential preservation treatments. These range from least to worst damaging as 

follows; borates, quaternary ammonium compounds, zinc soaps, azoles, chromium copper 

boron (CCB), zinc copper fluoride (ZCF) chromium copper arsenic (CCA), improsol 

(bifluoride), creosote oil (Thermie Program 1999:115). 

Beneficially, the Forest Stewardship Council (FSC) has raised awareness of sustainable forestry 

and consequently the UK timber importers now insist on deriving their timber from FSC 

accredited forests. Thereby, if the actual aesthetic design of timber barriers was improved, the 

relative benefits of this material including its end of life recycling potential, would make it a 

desirable product. 

I Source- literature from the following UK registered companies (2003); Bum Fencing Ltd, Buffalo Structures, 
Gramm Barrier Systems and Charles Ransfords Ltd. 
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Figure 2.3 (a): Timher lIoise barrier (b) Hori::.onfal lIoise barrier 

2.3.9.2 Concrete barriers 

Concrete barrier can be either renecti\e or ab orptive. Unlike timber, the absorptive element is 

applied on the face of the barrier by cementing materials, uch as wood fibre, to the olid 

tructure. Concrete can be both preca t and deli\ cred to ite a sembled or partially assembled, 

or it can be developed "in-situ' (Kotzen and Engli h 1999). It offers good structural and 

insulation qualilie and good durability. 

Mo t concrete barner utilI -e I-column posts et within or bolted onto concrete foundation. To 

ensure the mo -t effective noi e mitigation, rubber seals arc often placed between any separate 

panel!> to top Icakage of noi c. Of all the barrier materials, concrete offers the least 

maintenance solurion due to it tructural trength and stability. Most concrete barriers are given 

a minimum Ii fe pan of 40 years 1. 

The envIronmental impact of using concrete i • however. considerable. The concrete blocks 

consume large amount of energy: accounting for 2.6°'0 of UK carbon dioxide cmissions in 

production and being a major u "er or aggregates and cement (Parrott 2002). 

oncrete's aesthetic appeal IS questIOnable if it is u cd as ba ic olid blocks. \\ hieh can create a 

hard and imru i\e corridor next to a main road. HO\\·ever. concrete is versatile and can be 

produced in a \urlel) of colours and ca t into a variety of shapes, which can impro\ c it 

aesthetic appeal. \n e\ cn more effccti\'c mcans of softcning a hard concrete structure is tl1Jough 

the aduJlIon of planter to gro\\ 10\\ maintenance hrubs. Thi" i a popular option in man) 

European CitIes (Kotlcn anti Eng" 'h 1999). 

')ollr(~- lit~ratllrc from the- follo\\ II1g L I\. reglsI<:r.:-d .:umpal1les (20(U l; Gramm I3arrier YSlCIllS. ARC <. Ol1crctc t ttl 
and Burall [denhall Concrete PwdUO:h 

16 



A u tainablc Approach To Em ironmcntal 01 c Barricr Design 

Figure 2.4 (a) Concrete barrier 

(Sollrce. FCIICO AlI.Ilra//(/j 

2.3.9.3 .'[etaf harriers 

(b) Precast concrete barrier 

(Source. FHIf'A) 

Chapter 2 

Metal barrier ' are becoming increasingly popular in the UK, particularly over bridge and in 

area where wind loading and weight pose can iderable problem . . Th' two main metal ' u ed 

arc aluminium and reel and both come a reflecti\ e or absorbent barrier . 

The ab orpti\e clement work on a imilar principle to that of timber and plastics. with the 

road ide face of the barrier containing mall perforation allO\ ing sound energy into the 

ab orbent core. The minimum replacement period for metal ban'iers are 30 years and 20-25 

year for aluminium and teel, respectlvely. although the ongoing maintenance of such barrier. 

e pe ially non-gahani ' ed teel. icon iderably more than that for concrete barriers a they 

require re-painting. (e:.peciall) when they are po itioned clo e to the coast}. 

The environll1l:ntal Impact of the u e of metal in noisc barriers arc con iderable. for example. 

aluminium pr duct ion u c 26 time as much energy as timb r production. Both steel and 

aluminJllln production are highly energy intensive and with the latter only 10 per cent of the 

extracted material IS u cd. HOWC\l:f. \\ hil [ [eel and aluminium do take a great deal of energy 

to produce. they are rarcl, LI cd a a mass material and are instead used in carefully ' ized 

' e rion The impact of the 'c metal is further reduced by the ease and opportunitic to recycle 

them, illu lrating h \\ matenals cannot be judged on ne criterion alone. 

FIRZlre l (0) (eCI,IO/w harrier 

(SOl/rct' ,. If" A I 

(h) ,.J fUII1ill illlll nois(' harrier 

(SOlin l' ,.1In'1) 
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2.3.9.4 Glass barners 

The use of glass a a reflective noi e banicr material i relatively rare in the UK. However, 

thcre have been ome examph.: ·, e pecially on ne. infra truchlre project such as the London 

Dockland Light Railway, where it ha been incorporated effectively (Kotzen and English 

1999). 

It benefit arc it · tlexibility and its transparency, giving an altemative to the impenetrable 

crfect of mo t bamer matcrial . It ' usc in motorway corridor, to stop feeling of enelo ure by 

motori t and to prc\cnt \ i ual c\ crance for re idents, can be very effective. The maintenance 

of gla " however. i quite high. \\ ith financial and practical implication impo cd from the need 

to keep the gla clean . However, elf cleaning arieties arc now emerging on the market which 

top the attraction of din and grit and wash clean after rainfall (Edwards 1999). The risk of 

frequent replaccment i accelerated due its susceptibility to accidental damage and vandal , and 

o toughened gla i a minimum requirement for it u e. 

The embodied energy and environmental impact of gla s manufacture arc al 0 high, not least 

for the extraction of [he composite materials and high production temperatures, but also duc to 

the limited number of K uppliers producing gla s On the scale for noise balTier development, 

with one company ite holding an 50
0 market share in the UK. Gla s has many benefits, in 

particular, pa ive olar energ gain that can be utili cd in a noise barrier. Efforts arc now being 

made to harnc thl a set through the development of tran parent photovoltaic panel (Bellucci, 

et al. 1003: Bote, et al. 2003: Ergc, et al. 2003; chirone and Bellucci 2003) . The u e of 

tran parent mat riaL will remain appropriate in ome situation, and increasingly glass i being 

incorporated with other matl.:rials to break lip the olid block of a noi e balTier. 

Figurt ~ 6(0) Dal7ilh Glms Barner (h) TOlig/7el1C!d Glms Barrier 

( (1 /11'<"" D<lI1 ;,h f).'sigll -In c \.\ ) rSO/frn' Fel/co. ~II.\I,.(/Ira ) , 

I hnp : \\ Inl dde "t.. 
2 hnp ' w \ \ \\ . kn~o . .:om .• 1U 
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2.3.9.5 Alternative transparent materials for barriers 

An alternative to glass, which has been widely developed in Europe and the Far East, is 

transparent plastic. This can take the form of Acrylic, Polycarbonate, Clear Polyvinyl Chloride 

and Polymethyl Methacrylate (PMMA) (Whittle 2003). The latter (PMMA) is the most 

popularly used for noise barriers; commercially known as Plexiglas it has the same visual 

benefits as glass allowing free view out of a transport corridor without encroaching on any 

adjacent residents' acoustic environment in addition to the preservation of any views (Kotzen & 

English 1999) 

Transparent plastic is also much more vandal resistant than glass and as a consequence its 

lifetime before replacement is between 20-25 years3. In addition, it does not suffer from the 

same problem of opacity over time. However, it does need periodic cleaning and this can pose a 

problem of access similar to that posed using metals. 

Although the original production of any plastic, including PMMA, is both energy intensive and 

hazardous with regard to toxins, its potential for recycling and the integration of recycled 

products during generation reduces the overall environmental impact. 

In addition, the main producers providing PMMA to the barrier market facilitate a full end of 

life collection and recycling program, which it is claimed, can be carried out with almost 100% 

recovery, which makes this material unique in the barrier market. 

2.3.9.6 Plastic barriers 

Plastic can be used in both reflective and absorptive noise barriers, using the same principle as 

the metaV timber noise barriers of having an internal absorbent core, such as mineral wool. 

They are not as common throughout the UK, despite their high strength to weight ratios, good 

chemical and thermal resistance and low toxicity. 

Plastic has relatively low maintenance needs throughout its life-cycle, with the exception of 

occasional cleaning. Its lifetime, however, is shorter than that of other barrier materials, lasting 

from between 20-25 years before needing full replacement. The impact and most prominent 

feature of plastic is usually the unusual forms and colours it can take. This can lead to its use as 

an architectural feature, examples of which can be seen widely in European cities and cities of 

3 Source- literature from the following UK! Gennan registered companies (2003); Gramm Barrier Systems, UK, and 
Parachemie. Gennany. 
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the Far East (Kotzen and Engli h 1999). However, with expo ure to the element and direct 

unlight pia lie can fade, con equcntl} 100, ing some of the intended impact. 

The em ironmental impact and embodied energy caused by pIa tic production are relatively 

high, as the) arc generally produced from non-renewable material (mainly oil products). In 

addition. pia tic are difficult to di po e of, except by landfill sitc (Edward 1999). Recycling 

of pia tic i po iblc and it. u c in noi ' e barriers i beginning to become more wide pread. 

Example of rhe c can be een in 1I tralia. However, as pia tic recycling increase and the e 

materials bec mc morc competitively priced, vcr atile and robust, it i likely they will be morc 

widely u cd (KOlzcn and Engli h 1999: 119). 

_.3.9. - Brick norrien 

Brick are ften ued t con -truet mas nry batTier, as the fit in wirh vernacular architecture. 

olid brick arc u~ed to con truct reflective barri r , whereas perforated brick arc u 'ed for 

ound ab 'orptive barrier: . Either olution generally create the impre ion of a conventional 

brick \\ all (Kot7en and rngli h 1999: I 17). Howcver, they otTcr advantagc having an attractive 

and durable 1 ,\ mall1tcnancc l1nl ·h. \\hlch can outlast all other noi e barrier material in term 

of lifespan (I:.u\\anh 1999:). 

Bri ks ha\ e major cm Ironmental Impact; the raw material for production involves large land 

loc from agnculture (though the u 'ed clay pits arc often utili ed for lei urc purpo e ' and 

pro\ ide useful \\ t1dlife habitat) . The baking of bricks con W11e large amounts of energ , and 

tran:-.porttltion to the sire takes further ros II Cuds (Rigg 2000:43-46). 
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Increasingly. hO\\ ever. bnck ' arc being recycled. Thi i not only po sible with bricks that were 

prcyiou ly bonded together with a soft lime mortar, however it remains very difficult with 

brick joincd with trongcr modern cement mortar a they tend to crack when deconstructed 

(Vale and Vale 1991 :-+2). 

Figllre ::.( (a) Brick .\ oi. e Barrier, 

( '0111'('<' FHH:~ ) 

?.J. 9 /'( A/(ernath' bio- material 

. 11"" , " ,,,,,, . 

(b) Brick ai. e Barrier 

( o l/rcl!. FHW-I ) 

ltemative biomaterial are n w increa ingly being deve loped in particular by incorporating 

planting: r a a complcte plant structure used as a noise barrier. The u e of willow both as a 

living barrier and through the wea\.ing of dead willow branches ha grown in popularity as a 

grcl:n alternative, 

An example of thi nev,,' concept in green barrier i that of a oil bank held togcther with a 

framework of willo\\. cutting, which 'prout to [ofm a hedge, bviously thcse orts of barriers 

are imariabl) absorptive, Howevcr. there are two general way of giving the barrier it 

absorptin:: propertlc A dccription of the construction of tbe e batTiers i tated below, 

For a living \\ ill \\ barrier the wall IS erected in tages with willo\\ upright upporting a ba ket 

wea\'e of \\ illo\\' on the out -ide and . oil in ide. Cross mcmber hold the two ide together. A 

econd laycr I establlhcd on t p and 0 n until the desired height is achieved , An itTigation 

sy -tel11 is buril:d \\ nhin the soil to en ure a gro\\ th o[ \\ illo\.\. \I. hich i usually achic\cd within 

three month ' of plantingl. 

Thc nOISl: attl:nuation ofuch a dc ign can achie\ e ncar! twice the protection I' that of a 

imple carth bund of ,' lImlar hClgh!. Wherc noi e lc\els are high frequency and cmitted [rol11 a 

31 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 2 

point source rather than a line source then the effects can be even more dramatic (Johnston and 

Newton 1993). 

The other forms of willow barriers are those with an inner core of mineral wool. In the UK there 

are two varieties of these types of barriers. These use weaved (dead) willow, and living willow, 

(as explained previously) with the substitution of the soil bank for mineral wool. 

The maintenance of these barrier types is however very high. The living barriers will need 

regular trimming and protection against disease, as well as servicing of the irrigation system. 

The dead willow barriers take slightly less maintenance than their live counterparts, but relative 

to the main noise barrier materials, this is still very high. The lifespan of these barrier types 

however is comparatively similar to some of the inorganic types above, lasting up to 25 years 

before needing replacement. 

Again, the level of the material's sustainability must also be judged by its durability and its use 

after its lifetime is complete. Willow is increasingly seen as an alternative crop by farmers to 

subsidise their income. Thus, in that respect it is replanted and therefore renewed and 

sustainable. The transportation, which would incur the release of C02, can be justified in that 

the willow will remain a living crop, actively harnessing C02 from the atmosphere. As for the 

dead willow the amount of C02 sequestered during it's lifetime can justify that released after it 

is decommissioned. When soil is used as the inner core of the barrier, the actual negative 

environmental impacts are negligible. However, with the use of mineral wool these impacts 

increase significantly. 

Despite their obvious benefits it is widely accepted that a noise barrier should blend into its 

surroundings as effectively as possible. Although greening of cities is desirable, in some 

quarters it would look out of place. Here designers tend towards more abstract designs or the 

use of harder, more industrial materials. 
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Figure 2.9 (a) Woven willow barrier. (h) Li)'in O" l1'illoH' barrier. 

(Source: £TS £1I\'irollme11lul hchllo log) Ulld I/.\ /a inuhili(r i 

2.4. Sustainability in the noi e barrier planning & design process 

2.4.1. The concept o[sustainabilih' and sllstainable architecture 

A brief overview of the relativc ustainability of somc common barrier materials is discus cd 

above. Thi ection of thc literature review explore the growing importance of su tainable 

development through the exploration of the current situation in the wider architectural and 

construction field, a well a related to the more pecific field of the environmentally sensitive 

design of noi e barrier . Thi area i currently relatively small by compari on to the wider 

architectural and construction field. Howevcr, there are specific example of new 

development, which u e 1I tainable con truction a the rna t important factor in noise barrier 

de ign. 

The central link of thi re\ iew i rclated to the wider thesis aim of devising 'a sustainable 

approach to noi e barricr design'. Thi cover a multi-disciplinary pectrum, which 111U t 

include u tainable development. u tainable development is increa ingly becoming a concept 

that i being integrated a co t-effccti\ 'c, environmentally-sound and socially acceptable means 

of developing, ome see thi term a an oxymoron in tbat 'development' by its nature use more 

than it return, and can therefore never be u tainable (Gray 1993 :280-283; Ulrich Von 1994:8-

9; Eckersley 1997:37). However. u tainable development gives us the 0ppOItunity to explore 

the mean of having a minimum impact on the wider enviroillilent whil t, till growing in 

economic and 0 ial term . 

One of the greate t inOuenee,' on the de irability of using su tainable architectural technique in 

noi c barrier deign is that the nOise barrier are there to protect spccific resident from noise 

pollution . Which rai e the problem, that de pite the importance of providing locali cd 

protection to thl: public, it would be an un ustaJl1able olution if th ~ ider impacts of pollution 
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stemming from unsustainable practices in barrier design should afflict the rest of society. This 

reflects the ethos of the whole sustainability concept defined in the Bruntland Report (1987). 

The Bruntland Report (1987), although largely criticised due its various and often conflicting 

interpretations, still remains the blue print for sustainable development worldwide (Ulrich Von 

1994). It is defined as 'development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs.' Bruntland Report (1987: 1). Therefore, 

any development undertaken today should enlist the best available techniques to increase energy 

efficiency, use renewable resources, and recycle non renewable resources where an alternative 

cannot be found to protect the atmosphere and environment that human life and wider 

biodiversity depend upon. 

Western architects, in more recent years, have increasingly realised that they are not immune or 

separate from the environment, and that they are dependant and responsible for the resources 

they build with (Vale and Vale 1991). In the creation and management of buildings and other 

structures structural engineers can participate in reducing global impacts through: 

Understanding the effects of structural engineering decisions on global warming, acid 

rain, ozone generation and resource depletion 

Choosing a built form and orientation that contribute to environmental economies and 

future adaptability, flexibility of use and reuse 

Selecting structural materials and systems with low embodied energy and easy reuse 

Selecting construction methods that minimise the effects of construction and 

deconstruction in terms of land take, waste and pollution (The Institute of Structural 

Engineers 1999: 10) 

Consequently, moves to more traditional and passive methods of construction, as seen in 

many Eastern and less economically developed regions of the world, are being explored. 

No construction is ever benign in its effects on the environment, as extraction, processing 

and transportation are still inevitable. However, by insisting on sustainable development 

the consideration of ecological costs as equal to economic ones can ensure that these 

effects are minimised. 

2.4.2 Measures for the development of sustainable architecture in the UK 

Although it is difficult to legislate for environmentally benign actions on the grounds of some 

ill-defined objective like 'the good of mankind', attempts have been made in the UK using the 

following strategy, known as 'A Better Quality of Life, A Strategy for Sustainable Development 
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for the UK '(1999). This encapsulates the principles of the Bruntland report and emphasises the 

importance of acknowledgement of all humanity'S basic human rights with the following 

objectives: 

Social progress, which recognises the needs of everyone. Effective protection, prudent use of 

natural resources and maintenance of high and stable levels of economic growth and 

development (DETR 1999:1). To achieve these goals, however, more specific pieces of 

legislation ensure the objectives are attainable. An example of some of the European legislation 

currently encouraging this is the Eco-Iabelling (Directive 94/2/EEC), Construction Products 

(Directive 93/5068/EEC) or the banning of chlorofluorocarbons (CFCs) (594/911R). Hence, 

practice in the UK and Europe is highly regulated from an environmental perspective. However, 

is not always at the level required for sustainable construction. 

In Britain, buildings and construction have a major impact upon the use of vital resources, being 

responsible for 50% of energy use and 50% of consumption of all resources across the planet, 

50% of ozone-layer depleting chemicals (CFC's, HFC's etc), 50% of raw materials used by 

industry and water, in addition to 80% of land lost to agricultural production (The Institute of 

Structural Engineers 1999:44) These statistics helps to establish the framework for action, and 

the immediacy of the problem within the UK construction industry, and the political or 

intuitional sensitivity to solutions (Edwards 1999; Edwards and Hyett 2002). 

2.4.3 The method o(calculating the sustainability ora product 

Evaluating the true environmental impact and sustainable character of a process, takes an 

holistic approach. This is known as the 'Life-cycle Assessment'. The definition of this is 'the 

method of assessing the total 'environmental aspect' of that product, from design to 

disposal'(The Royal Society of Chemistry 1998:3). The term "environmental aspect" is used in 

order to cover both beneficial and adverse impacts on the environment. Figure 2.10 below 

illustrates the process of life-cycle assessment using a flow diagram. 
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Inputs Raw Material Extraction and Output .. Processing 

Energy Material Production ~~ 
Liquid 

Manufacture of Finished Discharge 
Products p Emissions to 

Resources Atmosphere 

Transportation 
Solid 
Waste .. Lifetime operation/Use I 

p I 
DisposaV Recycling 

I .. J .. , 
, , 

LeA = Sum of Aspects of All Inputs and Outputs I 
Figure 2.1 O.Flow Chart for the processes Incorporated In a Life-cycle Assessment. 

(The Royal Society of Chemistry J 998: 2 

As Figure 2.10 illustrates, the embodied energy and environmental impacts are those 'built in' to 

a structure over the complete life-cycle. There is no definition for embodied energy in the ISO 

Standards. However, the generally accepted definition is one that was produced by the 

International Federation of Institutes of Advanced Studies (lFIAS) in 1974: 'the total primary 

energy that has to be sequestered from a stock within the earth in order to produce a product or 

service'(Chapman and Roberts 1983 cited in Howard, et al. 1999:24). 

Thereby, the embodied energy of a material would briefly entail the energy it took to extract it 

in its raw form, to process the raw material into a useable material, to transport that material to 

the construction site, to construct the material in to a structure, to maintain the structure and 

repair it during its life time, and then to dispose of it at the end of the life-cycle. At each stage of 

the processing, energy is used. Therefore, the calculation of life-cycle or embodied energy 

figures for construction cannot be carried out without knowing the background to energy 

production and use in the UK. 

If these environmental costs were, in fact, financial costs then the value of the total cost from 

beginning to end of its production could be calculated relatively easily, as financial costs are 

tangible. With environmental embodied costs this calculation is more profound, as with each 
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part of the process it can be presumed that energy will have to be used, usually in the form of 

the burning of fossil fuels. With every tonne of oil equivalent of energy used, there is an 

associated release of carbon dioxide, and with this an associated risk of global warming. Any 

recycling or recovery operations built into the life-cycle should lead to a proportionate reduction 

in the adverse environmental impact (The Royal Society of Chemistry 1998). 

However, the price of global warming has no agreed quantifiable amount. In addition, many 

processes release pollutants, or use finite resources. Some have greater transportation related 

pollutants and this may vary from material to material. Consequently, another subjective 

judgement has to be considered in the fmal life-cycle assessment, that of which detrimental 

effect is more acceptable than the next. 

2.4.4 Basic methods for assessing environmental impacts 

As a rough guide, the energy intensiveness of a construction material will act as a guide to its 

'greenness'. The energy content of a material is clearly connected to its closeness to the earth; 

the more it is refined, the more energy it contains. To judge the energy content of any 

construction would require the detailed calculation of the weights of materials used in 

conjunction with their energy contents (Vale and Vale 1991 :41). 

Another concept used within the literature is 'environmental footprints', Wackemagel and Rees 

(1996) whom coined the term, argue that the sustainability of one individual country can be 

viewed in terms of the aggregate (global) land area required to meet the needs of its population. 

These needs can be expressed in a number of ways, such as the land area required to satisfy 

nutritional requirements, or by converting fossil energy into the land area required to grow the 

equivalent bio-fuel (or some amalgam of the two). Thus, 'ecological footprint' analysis reflects 

biophysical reality; by revealing how much land is required to support any specified lifestyle 

indefinitely, the ecological footprint concept demonstrates the continuing material dependency 

of human beings on nature (Wackemagel & Rees 1996: 223-248). 

Within the smaller context of noise barrier development, the 'environmental footprint' would 

look at the geographical distances between the area materials originate from, and their location 

of use, and beyond that the continued environmental impacts until the material no longer caused 

a detrimental effect on the earth. A larger 'environmental footprint' can generally be considered 

to be less environmentally friendly, since it implies greater transportation costs. 

37 



A ustainable Approach To Emironmcntal oi e Barrier Deign Chapter 2 

At the oppo ite end of the impact calc, lie the concept of carbon neutrality. Thi idea doc not 

account for other environmental pollutants other than carbon, which arc produccd during 

manufacturing. However, a currently the majority of embodied energy calculations consider 

only fo il fuel con umptiol1, this eem an appropriate clement to include. However, this 

hould be done with ome caution. as a material that docs not usc a large amount of energy in 

production may be decmed em ironmentally lIstainable, de pite its release of other pollutants 

during its procc ing. 

The concept of carbon ncutrality i Jeveloped 011 the theory that if vegetation is planted, this 

will ab orb carbon a carb n dioxide from the atmo phere in equivalence to the amount 

produceJ in production, and thcn it can claim that it i carbon ncutral. Thi is an interesting 

concept in the area of nOI e barrier production. as the planting of vegetation and the 

incorporation of vegetation in de ' ign is een a an aesthetic benefit to those the barrier is tJlere 

to protect. It \\ ork wcll \vhen breaking up the hard line and often-dominating character of a 

noi e barrier. An e'\amplc of ho\\ planting can be incorp rated into a noi e barrier i il lu trated 

in Figure 2.1 I. 

Figure 2.11 Pl.nmod harrier lI'ilh pial/ling (SOlI/U" FHI~:~) 

2.4.5 Ad,'ollced methoc!., fbI" as. e. ing envirollmental impact lIsillg Ii[e-c)'cle models 

Thc most eflc ti\e mean. of as ess1l1g the impacts of a material from 'cradle to gril\ e' I' 

arguabl) to usc a life-c)cle a e 'sment model. There are a variet of model that have been 

developed to calculatc the impacts on the envIronment of manufacturing matcrial . Thes\! 

include Em\!. t. \\hld, \\"a the fir ' ! K software tool for e timating the life-cycle environmental 

impact of a building from thc carl) design stage. The Iir t vcrsion of this was for officc 

butldIl1g . dc\clop\.:d by the Britt h Re ' earch E tabli hl11cnt (BRE) . Other 111 del include BEE 

(BuIldIl1g for rl1\ ironmental and Eeonomi u tainabiliry crsion 2:0 U ), FOR ITEK 

(Fonntck Canadian orporation) and the Building Research stablishmcnt EI1\ ir nmental 

Assessment l\1clhod (BRI:.FAl\1). The 'c provide guidance on \Va . of minimi ing the adYl::r e 

effects of buIlding on the local and global \.:n\ironments. Each of the c models has a similar 
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format, which includes a full life-cycle assessment of construction materials from 'cradle to 

grave'. 

The outcome of the assessment is a certificate or label that enables owners or occupants to gain 

recognition for their building's environmental performance. However, the problem with the 

models available and presented here is that they are not appropriate for the use for structures 

other than buildings. 

2.4.6 The use of models tor the calculation of embodied energy in noise barriers 

Through the review of the literature, it became apparent that with regard to quantifying the 

sustainability of materials used within the construction industry, all models were developed to 

assess the impacts of completed buildings. This makes the commercially available models 

irrelevant with respect to the development of noise barriers, as many of the issues faced by 

architects in the design of buildings are gone. This is due to the relative simplicity of a noise 

barrier design, and the lack of direct human contact that will occur with the construction once 

assembled. 

Some aspects of building architecture that justify the use of materials which entail large 

environmental costs to produce, but once constructed have an element of 'pay back' in terms of 

energy gain through insulation, cannot be justified in the design of noise barriers. However, 

some basic needs of the materials such as strength, durability and attenuating properties are 

more keenly emphasised. Therefore, some of the principles of sustainable architecture used in 

buildings are relevant to noise barrier design whilst others are not. 

With respect to noise barriers, the overall life-cycle is less than usual construction requirements. 

Most buildings are given an average life span of 60 years, whereas, a noise barrier of any 

material is required to remain serviceable for 40 years and require no maintenance for 20 years 

(Kotzen and English 1999:98). This factor must be accounted for when calculating the 

embodied financial and energy costs, as restoring and replacing damaged barriers has added 

inherent burdens. 

Therefore, a material's durability and lifespan is as important in calculating the overall 

embodied energy and potential pollution output as its original energy consumption during 

development. In addition to this, the material's environmental sustainability can be improved if 

it is able to be further re-used or recycled at the end of its working life-cycle as a noise barrier. 

With the oncoming of legislation regarding the 'end of life' disposal of materials this will 
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become an even greater factor than at present, especially as the barrier's life should span forty 

years, in which time it can be predicted with some confidence that disposal laws will be of even 

greater value. Therefore, many barrier manufacturers are pre-empting this global shift towards 

even greater environmental awareness and including this as part of the design criteria. 

The importance of sustainability in the construction of noise barriers is further confounded by 

the wider desire to attain a good standard of living without compromising the environment. This 

mindset is not just the preserve of the academic and construction world, as the public are also 

becoming more environmentally conscious. The next section of this review investigates the 

importance of public participation and perception in many contexts related to noise barrier 

development. 

2.S Planning and public participation 

2.5. J The origin and application of public participation 

The implications of excessive noise are clear, making the need for mitigation solutions even 

more desirable. However, often the subjective impacts of noise can be even more influential 

than the objective. Consequently, to ensure that people are not exposed to the risk of noise both 

objective (i.e. defined as detrimental to human well-being) and perceived (noise is a subjective 

opinion of an unwanted sound), the mitigation measures must be the most appropriate that they 

can be. Precision planning of the solutions and the integration of the affected public into the 

design process is the only means by which this can be achieved. 

Participation in building and planning can be traced to pre-literate societies i.e. before design 

professionals existed. However, community participation is of more recent origin. It is 

commonly associated with the idea of involving local people in social development. The most 

important influences derive from the third-world community development movement of the 

1950s and I 960s, Western social work, and community radicalism (Midgley 1986, Cited in 

Sanoff 1999: 1) 

As a policy issue in political debate, participation gained prominence in the 1960s in Britain and 

in other Western Democracies. Two factors are often identified as underlying the rise of 

participation to the status of political slogan. First, the post-war increase in material standards 

had. it was argued. created the conditions for a new political activism based on post-materialist 

values. Second, the expansion of the activities of the state had created a wider context for a 
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range of citizen demands and protests. As a result, local government became caught up in these 

general trends (Hill 1970). 

In the I 980s, a decline in public participation was due to a reliance on market forces to 

detennine outcomes of consumer choice rather than citizen involvement and decision-making. 

The 1990s heralded the rise of a global public, which challenged traditional notions of 

sovereignty and the boundaries of politics. Curtice et al (1995:67), (cited in Stoker, 2000:158) 

concluded 'British people have clearly become less trusting of their politicians and political 

institutions in the last two decades. They are also more sceptical about the ability of the system 

to respond to the demands of the citizenry'. 

Current community participation theory, suggests that politicians and bureaucrats have 

exploited ordinary people and that such people have been excluded from the community 

development process. The emergence of the community participation theory as an approach to 

social development is an outgrowth of the United Nations popular participation program that 

required the creation of opportunities for all people to be politically involved and share in the 

development process (Sanoff 2000: 1). 

In 1979, Richard Gutch stated that; 'Local Authorities are required by statute to undertake 

planning participation, and are required to provide the Secretary of State for the Environment 

with a full statement of the steps they have taken to involve the public and the manner in which 

the publics' views have been taken into account in preparing the plan. At no point are local 

authorities required to say why they have involved the public' (Gutch 1979:3). 

In Britain, public protest to road construction and housing demolition played an important role 

in securing the Housing Act, 1969. This took a tentative step towards participation, demanding 

that 'people be consulted before rather than after final plans' (Hamdi 1995, Cited in Day. & 

Parnell,2003:4) 

Over twenty years later the purpose of public participation is still a contentious issue. However, 

clearer goals have been developed through the introduction of concepts such as Local Agenda 

21, the subdivision of the Agenda 21 initiative, established in 1992, at the UN Conference on 

Environment and Development ('the Earth Summit') in Rio. The key to Local Agenda 21- and 

what makes it more than a collection of environmental initiatives at local level - is the ideal of 

local authorities actively involving the local community in working together towards sustainable 

development. 
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The Local Agenda 21 Initiative has been consolidated in the UK under the guidance developed 

in 1999; • A better quality of life: a strategy for sustainable development for the UK' (DETR, 

May 1999). As superseded with the new UK Government Strategy, 'Securing the future -

delivering UK sustainable development strategy' (DEFRA, March 2005). 

The initial and subsequent Strategy looked at the objectives and priorities for sustainable 

development and tools to bring it about. The former highlighted the need for a themed approach, 

identifYing challenges and priorities in terms of a sustainable economy, sustainable community, 

and managing the environment and resources. In particular, emphasising the need to involve 

local communities in the decisions that will progress and benefit their surroundings. The 

subsequent report was issued to address shortfalls in the 1999 Strategy, and emphasised 5 key 

areas as critical to the achievement of sustainability targets. These 5 areas included-

1. Living within environmental limits 

2. Ensuring a strong, healthy and just society 

3. Achieving a sustainable economy 

4. Promoting good governance 

5. Using sound science responsibly (DEFRA, 2005: 4-5) 

Both reports however, recognise the fact that public participation promotes social inclusion and 

cohesion in communities, which bring benefits to society as a whole. The strategies emphasise, 

that effective engagement by local authorities with local people should include opportunities to 

develop a strategic approach to delivering information to people, listening to them and entering 

into debate. The aim of the consultation will determine its nature, but could include public 

meetings, citizens' panels, focus groups and interactive websites. 

Participation helps local residents to learn about and contribute to the management of their own 

communities. Participation assists in the identification of indigenous solutions, which may be 

the most immediate and effective way to address a problem. 

The general reasoning behind the theory of public participation, as endorsed by leading 

proponents such as the World Health Organisation, UN International Children's Emergency 

Fund (UNICEF) and the United Nations, is a result of experience that has shown that without 

early involvement of the local community in planning, support for the resulting action 

recommendation is weak (Sanoff 1999: I). In addition, participation helps local residents to 
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learn about and contribute to the management of their own communities. Participation assists in 

the identification of indigenous solutions, which may be the most effective way to address a 

problem. 

Worldwide, popular theories of public participation have evolved from a consensus borne of 

governments, funding agencies, donors, and civil society actors including NGOs and multi­

lateral agencies like the World Bank and the International Monetary Fund. These have realised 

that development cannot be sustainable and long lasting unless participation is made central to 

the development process. The two methods most widely related are, Rapid Rural Appraisal 

(RRA) and Participatory Rural Appraisal (PRA). RRA was the first method to appear in third­

world development actions and was devised as an answer to the disillusionment caused by the 

use of questionnaire surveys. These constituted the predominant way of conducting rural 

research. The disillusionment came due to their cumbersome and often ineffectual nature and 

the problems posed by their undertaking by largely illiterate societies. 

Participatory methods were consequently ceased upon as they offered a means of involvement 

for all through the use of maps and diagrams for the illiterate and less articulate in society, 

which in addition to the usual tools of participation enabled them to depict their situations and 

devise methods for changing them. A number of participatory approaches with varying 

terminologies have since come into practice over a period of time. The RRA soon evolved into 

the Participatory Rural Appraisal (PRA), which started as a rural based solution as the name 

implies, but was also used in urban situations and other fields such as adult education, policy 

influencing and advocacy, along with organisation development (Kumar 2002). 

Despite these different acronyms the underlying model remains the same, and although borne of 

rural appraisal often in countries with very deprived popUlations, has spread and is relevant to 

almost all societies. 

2.5.2 Public participation and the environment 

The origin of public participation in planning, arguably came from small rural communities, 

often reliant directly on the environment through subsistence farming, integrating with official 

bodies and gaining ownership in practice and policies directly impacting upon them (Drijver 

1991). With the basic premise being, that the poor and marginalised people are capable of 

analysing their own realities and that they should be enabled to do so (Zanen and Groot. 1991). 
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These theories have however, also been rooted in the work of a prominent British academic, Dr 

Tony Gibson, formerly of the Neighbourhood Initiative Foundation. He is reported to have 

conceived the idea of using models and diagrams to aid planning involvement through the 

Planning for Real Technique, developed and piloted in the East End of Glasgow in 1977 (The 

Highland Council 2001: 1). Therefore, the use of diagrams and models as a means for 

community interaction is questionable is now widely adopted and adapted to scenarios 

worldwide. 

The undertaking of participatory methods since their conception in the UK, have largely been 

grassroots led, rather than from central government. Participatory 'planning for real' techniques 

have been adopted by bodies such as individual National Parks (Tewdwr-Jones and Thomas 

1995), and more recently in the form of participatory actions on-line using the internet. 

The University of Leeds has reported on a collaboration with the local authority of Kirklees, 

who used the internet for the village of Slaithwaite as a means of involving the public in a local 

planning issue (Carver 2002; Tress and Gunther 2002). 

The move of public participation into the realms of local authority and government-backed 

programmes has been enabled largely through the development of schemes such as the Sure 

Start Scheme, introduced by the present government. Although not a specifically environmental 

motive, these schemes aim to benefit and improve the local environment of deprived areas by 

providing local services and improving social networks. They have also illustrated the depth of 

desire of people to become involved and gain ownership of both their environment and their 

future, which should encourage central government to take public participation seriously (Bixby 

and Horton 2004). 

By far the most influential piece of legislation with regard to allowing public participation in 

environmental matters has stemmed from the UN Economic Commission for Europe (UNECE) 

Convention on Access to Information, Public Participation in Decision-Making and Access to 

Justice in Environmental Matters. This document was adopted on 25 June 1998 in the Danish 

city of Aarhus (Arhus) at the Fourth Ministerial Conference in the "Environment for Europe" 

process. It entered into force on 30 October 200 1, and Was presented as Directive 2003/35/EC 

(European Parliament and of the Council 2003). The directive is split into three pillars as 

follows: The first, on public access to information, was implemented at Community level by the 

Directive on public access to environmental information. The second pillar, transposed by 

Directive 2003/35IEC, deals with public participation in environmental pro~edures. Finally, the 

third pillar relates to public access to justice in environmental matters. 
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The Arhus Convention established a number of rights of the public (citizens and their 

associations) with regard to the environment. Public authorities (at national, regional or local 

level) are obliged to contribute to allowing these rights to become effective. The Convention 

provides for: 

The right of everyone to receive environmental information that is held by public authorities 

("access to environmental information"); including information on the state of the environment, 

policies or measures taken, or on the state of human health and safety where this can be affected 

by the state ofthe environment (European Council 2003:26). 

Citizens are entitled to obtain this information within one month of the request and without 

having to say why they require it. In addition. public authorities are obliged, under the 

Convention, to actively disseminate environmental information in their possession (European 

Council 2003:27). 

One of the key themes is the right to participate from an early stage in environmental decision­

making, with the Directive stating that arrangements are to be made by public authorities to 

enable citizens and environmental organisations to comment on. For example. proposals for 

projects affecting the environment, or plans and programmes relating to the environment. With 

these comments to be taken into due account in decision-making, and information to be 

provided on the fmal decisions and the reasons for it ("public participation in environmental 

decision-making") (European Council 2003 :28). 

The Directive enables the public to enforce these rights with the option to challenge, in a court 

of law, public decisions that have b~en made without respecting the two aforementioned rights 

or environmental law in general ("access to justice"). For the sake of consistency, the European 

Community proposes to apply the provisions of the Convention on the access to information, 

public participation in decision-making and access to justice in environmental matters, to its 

own institutions and bodies (European Council 2003:28). 

The Community signed the Convention in 1998 and recently proposed that it be applied, in the 

UK. The deadline for the implementation of this directive is 25 June 2005 and the current 

government have reportedly said, "The government wants to encourage more public 

participation in environmental decision-making, to increase accountability and transparency and 

to help raise awareness of environmental issues". Government, local councils and other public 

bodies regularly take decisions which can have a significant effect on the environment and on 
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people's health and well-being, decision makers need to let the public express opinions and 

concerns, and take account of those" (DEFRA 2004:4). 

These are all encouraging steps in the goal of greater public involvement in decision-making 

and design and the relevance of this directive to the current climate of greater environmental 

awareness and accountability is admirable. The challenge, however, is to implement these ideas 

into real world scenarios, dictated by budgets and timescales and ensuring that such measures 

are not just paid lip service to, but actually fully involve all interested parties. 

2.5.3 Sustainability and the importance of social inclusion in public participation 

There are two main potential barriers to effective public participation, one that is directly related 

to the 'experts' (or any official body required to undertake public participation as a result of 

good practise guidance). Whereby, the repercussions of using a participation process as a 

patriarchal one-way flow of information, from the 'experts' to the 'lay persons', or the dominant 

to the subordinate, interested parties in a development is not fully recognised. Whilst the second 

potential barrier stems from the non-expert persons themselves (Glicken, J. 2001). 

The fundamental aspects of sustainable development in the context of participation are 

described below. In addition to an explanation of the reasons why firstly a lack of full 

consideration for participation can lead to the reduction in a projects sustainability and secondly 

the reasons why 'lay' persons may be restricted by barriers to participation. These barriers can 

both lead to social exclusion and also be as a result of being socially excluded. 

The need to balance environmental, social and economic objectives is a prominent and recurring 

challenge across all areas of government policy. Equally challenging however is the need to 

balance the competing priorities and practical dilemmas that arise from the simultaneous pursuit 

of economic growth, environmental protection and social progress. The concept of sustainable 

development is founded on themes of public participation and access to information. It is 

therefore a fundamental contradiction to the principles of sustainable development to believe 

that it can be achieved without improved social equity and social progress (Eames and 

Adebowale 2002: 4). 

Despite the acknowledgement of this factor by many public bodies the reality of economic 

constraints still detennine the level to which public Participation can be fully inclusive. This 

'environment-economy' framing is still all too often evident in both decision-making processes 

and sustainable development issues, leaving multiple gaps in our understanding of the conflicts 
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and synergies between social inclusion and the environmental and economic components of 

sustainable development (Eames and Adebowale 2002: 5). 

Therefore, for a project to be sustainable, the pertinent policies must recognise that more facets 

than the pure environmental protection versus economic growth argument need to be considered 

and that social inclusion is a fundamental factor in this. 

It is important to recognise at the outset that those who do not participate in the political life of 

their communities are not a homogenous group. Within this wider group there are (at least) four 

categories of people. First those who are formally excluded from citizenship rights and who are 

therefore debarred from having any kind of political voice. Examples of which include asylum 

seekers. Second, there are those people who would participate but who are effectively excluded 

as a result of their personal characteristics or situation. People with disabilities who are unable 

to attend meetings or read communications or those with caring responsibilities who may be 

said to be excluded from participating by external factors(Percy-smith 2000: 150-1; Turok 

1999). 

There are two other categories of people who exclude themselves. In the first of these two cases 

are those people who do not participate as a conscious choice; for whom, in other words non­

participation is a political act. This might be for a number of reasons such as a belief that they 

do not have an effective voice or that there is no real choice. The other group who exclude 

themselves are those who do not participate, not as a result of a conscious decision, but because 

of one or more of a range of factors such as; lack of information, knowledge and understanding 

of the issues and the opportunities to participate or not feeling that have a stake in society and 

therefore the way decisions are made in it (Percy-smith 2000: 150-1). 

Recognising both why and who is socially excluded should therefore be a priority for public 

bodies. Social exclusion must not be accepted as an un-changeable reality, but should be 

addressed as a matter of incremental importance to ensure that a project is sustainable. 

Therefore, it is necessary in order that projects achieve sustainability that sufficient resources 

are allocated not just for tokenistic participation, whereby public bodies see their role purely as 

one of a provider but not accepter of information, but also to address the reasons why some 

members of the public may be excluded from participation procedures, and facilitate measures 

to address this problem. 
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2.5.4 Public participation in the design of noise barriers 

Public participation was conceptualised into a 'ladder of participation' by Arnstein (1969). The 

ladder illustrated the varying levels to which the public are able to become involved in a 

planning process. The highest rung of the ladder (as illustrated in Figure 2.12), is that of 

'Citizen Control', this implies that all of the power balance is shifted into the hands of the 

general public, who then inform the 'official bodies' on the best means of development. 

Citizen Control 
Delegated Power Degrees of citizen power 
Partnership 
Placation 
Consultation Degrees of tokenism 
In(onninf( 
Therapy 
Manipulation 

Non-participation 

Figure 2. J 2 Based Arnstein's 'Ladder of Participation' (1969) 

In the context of noise barrier design full citizen control would neither be practical, nor 

beneficial to the end result due to the loss of specialist knowledge. However, at the other 

extreme both Non-participation and Tokenism in noise barrier design projects have been proved 

to hinder the eventual perceived benefits of a noise barrier as revealed in many studies including 

those undertaken by Hall (1980); Cohn (1981; 1982); Pendakur and Pyplacz, (1984) and 

Golding (1986). 

In particular, public participation has been identified as an essential contributor by Kotzen & 

English (1999) who stated, , A barrier should reduce noise to required levels, and be acceptable 

to the planning authorities, but to be truly successful, it must merit the approval of local 

inhabitants'. The approval of local inhabitants is based on many factors, including the 

perception of the aesthetic quality of a barrier. As if the wrong type of barrier is constructed for 

an area, it can degrade the landscape character and diminish landscape quality. It will inspire 

local animosity and social surveys have proven that where this is allowed to happen, the public 

perception on any acoustic benefit is noticeably reduced (Kotzen and English 1999:6). 

These studies have shown that if there is some involvement, or using methods of involvement 

which could be described as 'tokenism', is undertaken, but the public are not fully incorporated 

into any decision-making and their participation is minimal, dissatisfaction may still result 

either on an acoustic or aesthetic basis, or both (Scire 1992). In the worst scenario, delays can 

occur or more costly solutions may have to be introduced. These can lead to public meetings 
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and pressure groups and perhaps political involvement forcing projects to be delayed or even 

abandoned. This has been especially prevalent in the United States where objections to the 

development of a noise barrier in Oregon resulted in its removal at a substantial financial cost 

(Cohn 1981). 

The largest problem with this phenomenon is the subjective opinion of noise. A noise barrier 

may be deemed effective with respect to its acoustic performance, but if the public it is designed 

to protect do not perceive this benefit, then the barrier is not only ineffective, but it will also 

cause even greater financial and environmental implications. 

Two unresolved issues to this effect have happened recently in the UK and in New Zealand. The 

former was a barrier built and designed by the Highways Agency to protect residents in 

Yorkshire. Since its construction it has generated complaints that the noise has increased (RPS 

PIc 2005). Also a metal barrier constructed in Auckland, NZ has been strongly criticised by the 

residents it was built to protect (Orsman 2003). Findings of a recent report on the noise barrier 

in Yorkshire confirmed that the complaints were based purely on a perceived increase as the 

barrier itself was proven to reduce noise from the adjacent carriageway. With the substantial 

evidence in circulation with regard to the impact of ineffectual public participation on barrier 

acceptance, the possibility that this was a contributing factor cannot be overlooked. 

In addition, there are other influencing factors, for example regional variations between rural 

and urban settings and also between different cultures. Askew (1998) and Md-Taha (1999) 

found that variations are not confined to preferences for rural against urban setting, but also 

varied between urban settings in one country to the next. Md-Taha (1999) reported that 

differences in culture, standard of living and climatic factors in Wales and Malaysia led to very 

different opinions on the satisfaction of different types of noise barriers. 

It was in the 1980s that studies on effectiveness of noise barriers began to emerge. Effectiveness 

was shown to depend both on acoustics and aesthetic performance. It has also been established 

that community participation in the decision making processes for barriers is an important 

element in their aesthetic performance, conf1fJlled by Hall (1980), Cohn (1981; 1982), Pendakur 

and Pyplacz (1984) and Golding (1986). 

In a report to the UK Highways Agency, community participation was highlighted as being 

widely practiced in the Netherlands for selecting the most preferred type of barrier for a 

particular area (DOT, 1987). This participation by the public was also shown to be fundamental 
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to selecting the very specific types of absorptive treatment for a noise barrier (Jae-Seek, 1992). 

Hall (1980) (another advocate of the benefits of participation) stressed the importance of public 

participation, especially during the project inception stage. This statement is supported by Cohn 

(l981a) who indicated that public involvement has to be initiated as early as possible in the 

design phase or at least during studies for the Environmental Impact Assessment - EIA to be 

effective. 

The public should therefore participate at all stages to ensure the best possible result with the 

importance of the visual effects of a noise barrier. The role of the landscape architect, therefore, 

is equally as important as many other sectors. In fact, the overall approach to a noise barrier 

design should be multi-disciplinary and include other related personnel, such as, architects, 

planners, structural engineers and, of course, the public. 

Herman et al (1993) endorsed this method, noting that this would help to ensure continuity in 

the development process. In addition, he proposed that attitude surveys should not be limited to 

the protected residents but should extend to the motorists as well. Indeed, motorists sometimes 

complain of loss of view or scenic vistas and a feeling of being "walled in" when travelling 

adjacent to barriers (FHW A 1995), in other words, they view the barrier as a backdrop to the 

road. 

The nature of noise however, is that, it is those closest to its source that would benefit most 

from, not only mitigation measures, but also from an opportunity to influence those measures. 

An option for identifying the most affected areas is that of noise mapping. Noise mapping is 

now being undertaken on a wide scale throughout Europe in line with DAMEN (Directive of the 

European Parliament 2(00), the results of which will be used to identify specific receiving areas 

for consultation. This could be adopted to facilitate public participation by highlighting hot 

spots, and concentrating resources for public participation on specific areas. This release of 

resources could in turn lead to more specific solutions to the problems incurred when planning 

noise barriers, through participation. Areas of participation that need to be addressed include 

that of restrictions in language, which can prevent the incorporation of some community 

members and the restrictions that some potential participants face due to their disabilities, all of 

which could be overcome with careful planning of effective and inclusive participatory 

measures. 

It is clear that a noise barrier, which does not provide any perceived reduction in noise to those 

directly, impacted upon by RTN, is worthless. Therefore, it must be accepted, that if influence 
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on integration directly impacts upon perception of reduction, then for a barrier to work to its 

fullest capabilities, this issue should be treated as fundamental to noise barrier design and 

development. Therefore, as required in the Arthus convention public participation should be 

adopted at an early stage in the development of the project, and preferably be reported in an 

EIA. The results of any outcome of the participation should then be designed into the barrier 

and there should be a continual flow of infonnation to and from the public, with regard to 

progress and for review and amendment. 

2.6 Noise prediction through noise mapping as a tool for aiding planning 

2.6.1 Micro and macro simulation 

Noise prediction is the preferred method of calculating the severity of noise levels. This is 

achieved through the use of mathematical modelling tools and more recently computer 

technology. The physical act of noise measurement is still an invaluable tool to validate 

calculated and predicted levels. However, by using prediction methods, it is possible to achieve 

more extensive data on the noise environment, as it is more efficient than prolonged monitoring 

in the field. 

The process of predicting noise can be separated into two categories, micro and macro 

simulation. The fonner, often using simulation techniques, is used largely in room acoustics and 

in small-scale areas, for example calculating accurately the sound field in a street where 

buildings densely flank the roads (Bullen and Fricke 1976; Davies 1978; Sergeev 1979; Oldham 

and Radwan 1994; Heutschi 1995; Wu and Kittinger 1995; Hothersall, et a1. 1996; Kang 2000; 

Kang 2000c; Kang 2001). The simulation methods utilise a number of different modelling 

techniques, including image source methods, ray tracing, radiosity method, finite element 

(FEM) and the boundary element method (BEM). 

The image source method and raylbeam-tracing are usually used if the building fa~ades and the 

ground are acoustically smooth and thus geometrically reflective (Sergeev 1979; Oldham and 

Radwan 1994; Kang 1996). As the characteristics of street boundaries are important for acoustic 

simulation, and any existence of uneven surfaces increases the amount of diffusion reflections, 

an advanced technique for considering diffuse boundaries is necessary. Radiosity simulation is 

an advanced technique for considering diffuse boundaries. It was developed originally for the 

study of radiant heat transfer in simple configurations. With the rapid development of 

computing resources, the techniques have been developed continuously and used widely in 
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computer graphics, lighting simulations, and then in both room and urban acoustics (Kang 

2001). 

Although these methods are not utilised within the context of broad environmental noise 

predictions for large infrastructure, their ability to predict noise levels is very useful in the 

context of urban planning of road canyons and urban squares. 

2.6.2 Macro simulation- road traffic noise prediction methods 

The macro-scale method is founded on commonly agreed empirical or semi-empirical 

principles, and depends on up to date software technology as well as hardware development. 

Based on this method, and with the fast development of computer technology, a number of 

noise mapping programmes have been developed, including Soundplan, CadnaA, IMMI and 

LIMA (from Germany), WS Atkins (from the UK), Mithra (from France). The advantage of the 

macro-scale method is its ability to calculate noise levels in relatively large areas with 

acceptable time and cost (Huang 2003). 

The method used by the Department of Transport for the prediction of road traffic noise levels, 

and that preferred in this thesis, is that contained in the technical memorandum, 'Calculation of 

Road Traffic Noise Index (CRTN: 1988)'. The method was first published in 1976 and revised 

in 1988. It was formulated with the specific objective of providing a method of calculating 

entitlement of residential properties for sound insulation treatment as part of the Land 

Compensation Act 1973. Since its introduction, it has also been used to provide guidance on the 

prediction of noise in connection with the design and location of highways and other aspects of 

environmental planning. The method of calculation provides a series of charts and simple 

correction formulae, and was designed to be available to a wide range of users. Its aim was to 

provide accurate prediction in as many cases as possible, for both free-flowing and non-free 

flowing traffic (Tobutt & Nelson 1990). 

With the deVelopment of new noise mapping software, the CRTN is now incorporated into 

computer progranunes to give a visual map, which includes topographical data, as well as traffic 

flow data and building heights. Consequently, these techniques are now being developed 

extensively to predict impacts prior to the development of both highway infrastructure and 

proposals for new developments such as shopping complexes. The arguments for and against 

noise mapping are investigated more fully in section 2.6.2 below. 

52 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 2 

2.6.3 A critical review ofthe validity of noise mapping 

The use of noise mapping is becoming more prevalent, with the whole of the UK currently 

being noise mapped in order to comply with recommendations made in the Governments 

adoption of the European Green Paper on 'Future Noise Policy' (1996) and the subsequent 

Rural White Paper; 'Our Countryside: the Future' (DEFRA 2000). This implementation has 

been done through the guidance entitled 'Towards a National Ambient Noise Strategy' (DEFRA 

200 1). Which is to be followed by the noise mapping of all transportation networks, and 

agglomerations with populations of above 250,000 and 100,000 respectively, through the 

ratification of the EU Directive on the Assessment of Environmental Noise (2000). 

The main purpose of noise mapping is to predict and indicate the public response to long-term 

exposure to ambient noise levels. Thus, the long-term levels (source specific) are actually 

required that can then be used to estimate citizen reaction. For practical and economic reasons, 

noise maps are developed using calculations of noise emissions based in turn on a model of 

reality with various input data. 

Noise mapping, by its very nature, cannot be relied upon independently from other noise 

prediction and calculation measures, but can be used as a constructive tool to gauge a situation. 

Indeed, debate has been raised in the 'acoustics community' over the increasing reliance on 

noise mapping for calculation purposes. 

A letter published in the Acoustics Bulletin from Shield (2002) prompted a series of debates 

between opponents of the software (generally those who had no experience in using it) and 

supporters (mostly developers and users). In her letter, Shield expressed her concern at the way 

in which 'noise mapping has been accepted, apparently without question, by the acoustics 

community in the country'. She stated, that currently, the users of noise mapping software's 

were very unconcerned about accuracy, and provided no proof for claims that 'the predictions 

were accurate to within 2 or 3dB of measured levels (Huang 2003: 18). 

She suggested that a transparent method of quality control be established as a matter of urgency, 

and suggested that with relation to the necessity of noise mapping, the maps only mapped traffic 

on major urban roads, and that 'most experienced noise consultants could produce an accurate 

noise map if given a street map and a red pen'. With regard to the relationship between noise 

mapping and poIicymaking, she claimed that policy is currently being driven by noise mapping 

and that this was very evident in the recent consultation document 'Towards a National 
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Ambient Noise Policy' (DEFRA 2001), and claimed that a national strategy to deal with all 

sources of environmental noise should be developed independently of noise mapping, although 

accurate noise mapping could well contribute to the implementation of the strategy (Huang 

2003:18). 

Jopson (2002), from the Environmental Research and Consultancy, thought the points Shield 

made were 'particularly salient' and fully shared her concern at the absence of validation of the 

accuracy of noise mapping. He also questioned that 'if noise contours have been produced using 

a particular noise modeVdatabase, and new, (and inconsistent) contours are produced using a 

different modelling system. Which maps would be correct and which set of conditions or 

policies should take precedence?' (Huang 2003: 18). 

Manning (2002) endorsed Shields comments about the time required for acquisition and input of 

data, and criticised the tight government budget for producing the noise maps given the size of 

the task. He thought that efforts of experienced noise consultants with street maps and red pens 

could be further enhanced if consultation took place with the people who lived and worked in 

the vicinity, as well as the local planning and environmental officers who knew very well where 

the noise hot spots on their patch were. He also suggested that a 'transportation noise strategy' 

would be more practical than a national strategy to deal with all sources of environmental noise, 

which 'may be too wild a dream'(Huang 2003: 19) .. 

However, some developers and users had totally different opinions on this issue. Tompsett 

(2002) from Atkins argued that software developers were always 'intensely' interested in 

accuracy and had spent much time on it. Furthennore, since the calculation is usually compared 

with a measurement rather than the 'real answer', 'a clear definition of accuracy is not obvious'. 

Responding to Shield's letter, he made the following points: in relation to accuracy, 'noise 

levels were pretty much as predicted and often stated the accuracy as a standard error of ±2dB 

(A) on facades exposed to traffic noise or a properly constructed noise model used within its 

design limits'. In relation to cost, £13m for a national noise map seems very modest compared 

with some typical budgets for Highways Agency, and 'for most of our design work covering 

scheme-sized areas, we expect a turnaround of minutes'; in relation to the necessity of noise 

mapping, 'Bridget's image of noise maps being conjured by experts with red pens did nothing 

to dispel the image of noise as a black art not susceptible to the laws of physics or capable of 

mathematical description' whereas the presentation of noise mapping can make politicians and 

the public better understand and treat the noise as a serious issue. He believed that noise 

54 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 2 

mapping would provide a rational basis to policymaking and make solutions workable and 

affordable (Huang 2003: 18). 

Turner from Casella Stanger and Hinton from EC Working Group (Turner & Hinton 2002) 

argued that Bridget Shield made several valid points and highlighted the need for the profession 

to understand what contribution noise mapping can make, and its limitations. However, they 

insisted that noise mapping exercises were important and the relevant applications should be 

carried on in the UK. 

They made the following points: noise mapping should be undertaken in the UK to comply with 

the requirements (2002/49/EC) of the Environmental Noise Directive (DAMEN). DEFRA is 

carrying out a wide-ranging study regarding the modelling process covering reproducibility, 

repeatability, verification and validation, which not only aimed to meet DAMEN requirements 

both technically and procedurally, but also to maximise the benefits for all. More importantly, 

the strategic noise maps would also provide a platform for further refinement and development 

through which investigations into the noise impact in specific areas might be undertaken (Huang 

2003). 

Due to the considerable argument and question about the validity of noise maps as discussed 

above. It is important that in order to answer the question of how accurate a noise map is, 

accuracy (or more "accurately", and overall uncertainty) must be defined (Manvell 2002). 

Consequently, it should be noted that noise mapping, or more specifically the noise contours 

defined by noise maps, should be taken as a range, rather than a specific value at a specific 

point. It should be noted that depending on the purpose for which a noise map is going to be 

used, it is not always necessary for actual measurements to agree with calculated data, but it can 

be generally useful if they are in the same range (Harsham and BP 2003:67). 

Measurements, as can actual sound levels, tend to vary over a wide range, such that short-term 

measurements could be quite unrepresentative of long-term trends. At increasing distances from 

the source, there is additional variation over an increasingly wide range, attributable to changes 

in acoustic propagation conditions associated with diurnal (e.g. hour-by-hour) and daily 

differences in the local temperature and vector wind velocity profiles. Actual measurements are 

never more than samples of the long-term situation that is arguably more representative for 

planning purposes (Harsham and BP 2003:67). 
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Therefore, it is evident that, in both predictive modelling and actual measurements that 

significant error can influence the validity of the results. Thus, it is imperative in order to 

prevent the questioning of the validity of noise maps, that the data inputted into the noise 

mapping software is as free from error as is possible, and that calibration and validation are used 

as a means of standardising the results. It is agreed that the data entered into the software must 

be of an equal complexity and accuracy as the results are meant to represent. There are, 

however, limitations to complexity, in terms that calculation run times and costs can 

considerably increase if a more complex map is required (Wetzel and MeBsysteme 200 I). 

Moreover, as there is no current standardisation of the level of both, complexity and over 

simplification. The danger of not only less accurate results, but also inconsistency of results 

when incorporated with several maps on a large scale, for example that of the whole UK noise 

mapping proposal, is apparent. This need for standardisation is recognised by the Director 

General of Environment for the European COmmission, who prepared the aforementioned 

Directive on Environmental Noise. Who proposes that the results originating from different 

member states can only be combined if all members use the same indicators for noise exposure 

and the same methods to calculate these noise exposure levels. However, currently, this is not 

the case. With comparative studies showing that there are dramatic differences between the 

outcomes of these methods (Wolde 1999). 

Thereby the aforementioned Directive will include indicators for noise exposure assessment in 

methods of noise mapping (Kluijver and Stoter 2003). This lack of consistency makes the need 

for a validatory method to compare real and simulated noise levels even more highly desirable. 

As stated above, the goal must be to get the actual long-term levels (source specific). Results 

can be compared to estimates of these levels to ensure that the noise map reflects the actual 

situation. This can be achieved through the local correction of noise levels. By measuring close 

to the source under investigation, the source levels can be estimated. An evaluation of the 

uncertainties in the source model can be used to determine which factor (e.g. % of heavy 

vehicles or road surface) to adjust to best improve the overall uncertainty. For this, the choice of 

the monitoring location is critical to reduce residual noise from other sources and to prevent 

erroneous factors such as reflections. A method for this is outlined in section IlI- 'The 

Measurement Method' of the CRTN (Department of Transport 1988). 

As is apparent from the review, noise mapping is a tool of immense importance in the field of 

both environmental acoustics, and more widely in the context of strategic planning. However, it 
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is a tool that is open to error, and consequently the importance of validating and calibrating the 

results is imperative. Especially in light of is its use in the context of noise insulation for 

residents affected by road infrastructure changes. 

The use of noise mapping within the context of this research is to enlighten on new methods of 

integrating affected residents into the planning of any noise mitigation strategies, opening up 

even more potential benefits of this increasingly invaluable resource. The final part of this 

review discloses the last of the identified essential non-acoustic parameters to be included in the 

sustainable development of noise barriers, illustrating further, the importance of subjective 

impacts of noise relative to those of an objective nature. 

2.7 The influence of perception on all aspects of noise barrier development 

2.7. J Influencing fOctors on people's perception of noise barriers effectiveness 

As alluded to above, the greatest test of a noise barrier's effectiveness, is not in its objective 

noise reduction but in the subjective opinion of those a barrier is created to protect. Many 

things, including public participation in its design, sustainable practices in its processing and the 

use of multi-disciplinary professionals in its development influence the overall results. 

However, there is one other major factor in a noise barrier's appeal, and that is how the end 

results are perceived. Through the following review of the literature, it is shown, that the 

influence of barriers are not as simply predicted as previously thought, and that the mere 

presence of a barrier structure blocking the line of site is not always that effective. As reported 

by Magrab et al (1975), there is much evidence that the visual shielding of the noise source by a 

noise barrier has a considerable psychological effect. However, this does not necessarily mean 

that the effects are positive, as illustrated below (Magrab 1975). 

One of the first teams of researchers to uncover the influence of noise barriers on peoples' 

perception of noise was Aylor et al (1976), whom devised an experiment to measure perceived 

loudness of noise transmitted through barriers by human observers outdoors. This experiment 

used a selection of four noise barriers positioned around the circumference of a circle with a 

swivel chair in the centre for the respondent to sit in. The experiment was under free-field 

conditions, and used a sound source projected from speakers behind each of the barriers as a 

stimulus. The respondents were required to note down the perceived level of noise reaching 

them through each of the barriers, by allocating a value proportional to the perceived value and 

in association to the other noise incidence heard. 
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The findings of this experiment revealed, that visual shielding by a barrier dramatically affects 

the perception of sound transmitted through the barrier, but the direction of this effect was not 

simply related to shielding. This was defined as 'as long as the source of sound can be seen, 

reduced visibility of the source is accompanied by a reduction in apparent loudness' (Aylor and 

Marks 1976:4(0). However, when the sight of the source was completely obscured by the 

barrier, this effect completely reversed, i.e. the apparent loudness increased. 

They related this to a phenomenon uncovered by Kryter (1976 cited in Aylor & Marks 1976), 

whereby, noises heard indoors are judged slightly more acceptable than noises heard outdoors, 

but not nearly as much as would be expected from sound attenuation produced by a building. 

They believed that the effect of a solid barrier on perceived loudness might hinge on people's 

expectations of the barrier's effectiveness. They presented the phenomenon as an analogy 

between their findings and the 'size-weight illusion'; where by a pound of lead feels heavier 

than a pound of feathers' (Stevens & Rubin 1970, cited in Aylor & Marks 1976:400). Thus, if 

this sort of reasoning is correct for the size-weight illusion, it may also apply to the loudness­

barrier effect: 'when a sound source is occluded visually, one expects its loudness to be 

diminished, sounds coming from behind barriers appear surprisingly loud, and hence are 

overestimated relatively to sounds coming from open space' (Aylor and Marks 1976:400). 

Aylor and Marks found that magnitude estimates of loudness were greatest when visibility of 

the source was totally obscured. They attributed these findings to listeners' expectations 

regarding the apparent sound-attenuating properties of the visual barrier. For example, a visually 

solid sound barrier might appear to attenuate sound by less than a barrier, which sound travels 

through, and the listeners can see. In this case, listeners receiving equal-intensity sounds from 

totally and partially blocked sources, presumably would judge the sound from the invisible 

source as louder, due to an overestimation due to the expected attenuation. 

However, it is unclear why differences in expected attenuation, should result in an 

underestimation of loudness of sounds from partially blocked sources, relative to loudness of 

sounds from clearly visible sources. Whatever the correct explanation of this phenomenon 

might be, Aylor and Marks' fmdings suggest that expectory features of familiar environments 

may influence auditory perceptions. 
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2.7.2 The effect o[vegetation on noise reduction perception 

One of the most commonly used methods of attenuating noise by the public is to plant 

vegetation. Huddart (1990) reported, through a literature survey and field study, which 

measured traffic noise attenuation through five vegetation types, that foliage plays an important 

role in reducing high frequencies, (above 2kHz). Whilst low frequencies (250 to 500Hz) are 

predominantly attenuated by the absorbing qualities of the ground, enhanced by the plant root 

system and leaf litter. The maximum attenuation in the field study, was measured through a 30m 

dense spruce plantations. This gave a reduction of 6dBLAIO greater than the same depth of 

grassland (Huddart 1990). Although this noise reduction is reasonable, the reality of planting a 

30m dense or even a 10m dense wood adjacent to a major trunk road and residential properties, 

is likely to be unfeasible (Kragh 1981). 

The question of obscuring the traffic source by vegetation was further investigated by Watts et 

al (1991), who decided to test the use of vegetation further to try and ascertain the precise 

manner in which vegetation affects the perception of sound. To test this phenomenon, Watts et 

al (1999) devised a study, commissioned by the Traffic Safety and Environment Division of the 

Highways Agency part of the UK Department of the Environment, Transport and the Regions, 

to investigate the effects of the visual screening provided by vegetation on the perception of 

sound, using both real traffic sources and reproduced traffic noise. The basic approach was to 

obtain ratings of noisiness of traffic, whilst simultaneously measuring the noise level during the 

assessment period. 

The experiment was undertaken in two stages. The first in-situ experiment was performed with 

different densities of vegetation between the listeners and the source of the noise. Consequently, 

it was then possible to test whether sensitivity to traffic noise increased or decreased as a result 

of the degree of vegetation present and hence the amount of visual screening of the source. 

The second stage experiment was undertaken under controlled conditions at the TRL's research 

facility, the NBTF. As with the assessments alongside the roads, each listener made individual 

ratings, which were coded with the corresponding noise levels, which were obtained by 

analysing the relevant sections of noise recordings. Linear regression was used to determine the 

dose-response relationship between ratings and noise measurements for each screen in tum, and 

for the no screen condition. 
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Using the regression lines at the sites where significant effects were indicated, it was shown that 

there were differences in the sensitivity to noise depending on the degree of visual screening, 

which was largely independent of the noise exposure level, i.e. the dose-response trend lines had 

similar slopes, but were displaced vertically. In the case of the dual carriageway site, the 

difference in the noise exposure level needed to produce the same level of subjective noisiness 

with a low (30%) and high (>90%) level of vegetative screening was approximately 4dB(A) and 

the listeners were more sensitive to noise where the screening was highest. 

Results at the NBTF confirmed the effect obtained at the dual carriageway site in that, on 

average, listeners were more sensitive to noise, i.e. gave higher noisiness ratings under the same 

noise exposure, when the source was obscured by vegetation. The results of the test indicated 

that it is visual screening of the source that is the important factor and not other factors 

connected with the presence of vegetation (Watts et al. 1999). 

These findings are in agreement with the results by Aylor and Marks (1976) and Mulligan et al 

(1987). A possible explanation for the effect being presented as that of false expectations. When 

a sound source is visually screened a listener expects its loudness to be significantly diminished, 

perhaps in the same manner that light from a source is diminished when the observer moves into 

the shadow cast by a fixed source. However, due to sound transmission directly through the 

foliage of vegetation screens or significant diffraction of the sound waves around a solid screen, 

the reduction in noise could be less than expected by the listeners making the assessments. This 

would result in the sound source being overestimated in terms of loudness when visually 

screened. 

A secondary, but fascinating, area, in which the association of vegetation and acoustics has 

stimulated research interest, concerns the visual effects of vegetation on the human response to 

sound (Anderson, et a1. 1983). This is especially curious by the influence that visible vegetation 

appears to have on the reactions of hwnans to the types of sounds they hear in outdoor 

environments (Anderson, et a1. 1983). 

These fmdings suggest that, perception of the visual and auditory features of our environment 

may not occur independently. Instead, these two sources of information may interact in our 

perception of the environment, a key element of which is vegetation. 
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2.7.3 Relationships between visual and auditory stimuli 

This intersensory relationship between visual and audio stimuli was further investigated by 

Viollon (2003), who identified that there are two main clusters of relations: 

I) Congruence relations, expressing if it is more or less congruent to hear such an auditory 

environment in such a visual setting (example: it is more usual to hear a traffic noise in a street 

than in a wood), and 

2) Compatibility relations, expressing if it is more or less coherent to hear such an auditory 

environment in such a visual setting (example: it is unlikely to see a car moving in front of 

oneself without hearing it) (Viollon 2003:2). 

The experiment that identified this showed that perceptions of road traffic noise transmitted 

through barriers vary according to visual degrees of pleasantness and efficiency. The audio­

visual experimental conditions created an artificial urban situation. The simulation technique 

was developed and validated through a first experiment in a dark and soundproofed room, 

where subjects were exposed to various audio-visual situations, involving simultaneously 

projected visual and auditory signals using diffusing stereo sound tracks and projecting large 

colour slides to create the visual settings. 

The various auditory environments were crossed with the various visual settings, leading to 

audio-visual combinations, the respondents were requested to judge exclusively the auditory 

environments, along two auditory scales: Noisy/ Quiet, Stressful/ Relaxing. 

It was found that visual information exercised a significant impact on the perception of 

soundscapes, the more urban the visual setting, the more unpleasant! stressful the perceived 

soundscapes. The more pleasant the noise barrier, the less stressful the road traffic noises. These 

situations can be explained as intersensory interaction where by intersensory interaction has not 

occurred if the addition of a second-sensory modality does not change the nature of the 

perception by the first modality (Warren, et al. 1983). 

The overall conclusion was that visual information is not neutral, but indeed influences the 

auditory impression. In the experiments, it was concluded possible to reduce the stress felt when 

listening to road traffic noises, by exploiting the visual appearance of the barrier or to enhance 

the auditory impressions by reducing the visual degree of urbanization! unpleasantness. 
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The visual parameter was found to be the predominant variable with regard to audio-visual 

interactions. The visual pleasantness of a landscape and of a noise barrier, enhanced by the 

presence of vegetation, is an important visual parameter, with a strong impact on perception of 

soundscapes. For the overall urban sound scenes, the more pleasant the visual setting, the less 

contaminated the auditory judgement and the more acceptable the noise barrier. Consequently, 

benefiting the effect on the auditory judgement of stress (Viollon 2003). 

As noted in section 2.7.1 the two previous studies by Aylor and Marks (1976) and Watts et al 

(1999) examined the perception of noise transmitted through barriers. For both of these studies, 

the influence of visual information on auditory perception was dependent on auditory 

expectations. Aylor and Marks, examined the impact of masking the sound source by a noise 

barrier, and identified that as long as the sound source is visible, an increase in the masking 

degree gives rise to a fall in the perceived sound level. However, as soon as the sound source is 

not visible at all, the inverse phenomenon is observed; this phenomenon can be explained by 

auditory expectations (Aylor and Marks 1976; Watts 1992). 

Through the review of all of these experiments it has been observed that a controlled method 

within a laboratory with realistic audio and visual stimuli has yet to be tested. There have been 

various attempts through tests outdoors using real in-situ barriers and traffic sources, which are 

unable to be experimentally controlled and there have been experimentally controlled scenarios 

that have had to forfeit realistic visual stimuli in place of still projections. Therefore, it would be 

interesting to determine whether the phenomenon remains with a controlled but realistic audio/ 

visual environment. 

2.7.4 A practical application for the findings ofthis phenomenon 

The reason that sociological and psychological aspects of noise barriers have such an influence 

is that, where there is noise pollution at high enough levels to warrant a barrier, there will 

inevitably be a large body of local non-expert concern. The issues salience to the local residents, 

it is designed to protect, is further increased by the fact that very often these structures can 

dominate the landscape, and can be up to 20 meters high (Kotzen and English 1999:5). 

Often blocking out any view of the area next to the motorway or trunk road, and leading to a 

reduction in natural light exposure and creating a feeling of enclosure or severance for those 

living next to it. In addition, it must be accepted that the expectation of a noise barrier's 

performance is often unrealistic on the part of the residents. For example, if a barrier reduces 

noise from 75 dB to 70 dB, from an acoustic engineering perspective, the barrier is a great 
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success. However, for the residents the barrier is there to protect, 70 dB is still very loud, and 

the perception of noise reduction is often much less than the actual physical reduction 

(Highways Agency 2002). 

The identification of auditory expectations as a crucial part of noise barrier development should 

influence both the planning and public participation of the barrier design as noted in section 

2.5.2, but also in the choice of materials. 

A survey undertaken in the USA by the Texas Department of Transportation uncovered that the 

visual quality of noise barriers is a critical factor, since 'they become a major line element (in 

the highway corridor) second only to the road itself' (Transafety 1997:3). The survey 

highlighted that, like a 1981 predecessor, that transportation agencies did not have enough 

infonnation on the public's perception of aesthetically pleasing barriers, and, as the literature 

has illustrated perceived aesthetic appeal can influence a barrier greatly (Anderson, et al. 1983; 

Transafety 1997). 

This in turn was related to the findings of Storey and Godfrey cited in (Transafety 1997) who 

concluded that transportation agencies could improve the perception and acceptance of noise 

control efforts, if the public were given both more knowledge about noise barriers and a more 

active role in their design. 

Consequently it is now widely accepted that the success of a noise barrier, must be measured on 

much more than its ability to attenuate noise. It must he cost-effective, aesthetically pleasing, 

comply with safety regulations, be accepted by the local residents, whilst not being a distraction 

for motorists, along with a multitude of other criteria which must be adhered to, for a noise 

barrier to be regarded as a successful project. 

2.8 A brief summary of the findings 

This review covers a wide range of disciplines, as the aim of the research is to emphasise the 

importance of a multidisciplinary approach to the design of noise barriers. As a consequence, 

the literature referred to in this review is not exhaustive. However, a wide range of work has 

been reviewed which illustrates the multifaceted nature of the problem of noise barrier design. 

The review has unearthed the current and existing research on many levels of noise barrier 

development, and draws together the existing gaps in knowledge and possibilities for research. 

The aim, therefore, of this thesis is to develop an approach that defines and qualifies both the 
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importance and practical application of sustainable measures into the design of noise barriers, 

with the emphasis on the non-acoustic parameters including, public participation, the impact of 

perception of noise through noise barriers and methods to assess this, prior to barrier 

development. In addition to the development of a methodology to undertake sustainable 

development along with a review of the existing means of calculating the sustainability of a 

project. The application of which will be necessary, with the increasing demands by consumers 

and suppliers alike, to undertake sustainable development in both a voluntary and mandatory 

capacity. 
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Chapter 3 Methodology: An Overview 

3.1 An introduction to the basis of the research methodologies utilised 

As noted in the review, the context of this thesis is wide reaching and its aims are broad, in that 

unlike most objective acoustical research, there is no clear theory to test and no clear position to 

adopt. The basis for the thesis has arisen, from an understanding through the literature review, 

that current methods of noise barrier development are falling short in many of the non-acoustic 

respects that determine their successful development. A reason for this trend could be attributed 

to the current patriarchal approach to noise barrier design and development. From the evidence 

found in the literature, the current preferred methodology is to plan, design and assemble noise 

barriers, with a minimum amount of public involvement. Ignoring the opinions of those the 

barrier is meant to protect. 

Therefore, the method assessed within the context of this research, attempts to illustrate how a 

more holistic, inclusive and generally more accepted barrier project can be undertaken. The 

main means of realising these aims is to develop sub-objectives using quantitative, qualitative, 

and mixed methods of analysis. Furthermore, the manipulation of technological resources is 

presented, to enable a comparison of objective facts to subjective opinions. As well as providing 

a method for lifecycle assessment of noise barrier material, which will help to guide the design 

and incorporation of the important non-acoustic parameters. Figure 3 illustrates an overview of 

aims of the research and the methodology adopted to achieve a sustainable approach to 

environmental noise barrier design. 

This inclusive epistemological stance falls short of what could be described as a purist feminist 

approach. In that on a basic level the structuring of the thesis is in the third, rather than the 

preferred first person, and on a more profound level, includes a multi-strategy approach utilising 

both qualitative and quantitative methodologies (Reinharz 1992: 14 & 204-206). 

However, the overall epistemological orientation for the research can still be described as 

feminist, in that it is based fundamentally, on the belief of social inclusion, participation, and the 

belief in the ontological theories of constructivism (Bryman 200 1: 17). This can be described as 

a social reality of communities defining their own order, rather than being subjected to an 

external coordinator, by accepting the potential for communities to order their own realities, 

rather than having them ordered for them (Kumar 2002:31). This ideology also promotes the 

belief, that this is a natural reality of communities that are successful, as they respect the 

intrinsic value of environmental protection and sustainable development. Accepting that 
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successful projects are created with a move away from the traditional patriarchcal approach, of 

enforcing beliefs of 'what's best on a community', to that oflistening to communities, and using 

their input as the blue print for development (Bryman 2001; Kumar 2002). 

In this context therefore, the overall methodological approach, and the more defined 

methodologies used within the proceeding chapters are discussed below, along with a 

description of some of the basis and arguments for the theories. 

3.2 The phenomenological research methodology 

The basis for the research came from an investigation in to a real world case study, in a South 

Yorkshire area, including the small communities of Tinsley, Brinsworth and Catcliffe. The 

theories of this thesis were derived from the realities of the affected communities, which were 

exposed to adverse noise pollution emanating from the M 1. This issue was addressed in the 

spring of 2001, through the construction of a noise barrier. The existing literature had revealed 

that noise barriers can often fall short of expectations, and therefore the result of this case study 

was used as a basis to evaluate how a project such as this could be improved. 

The means of doing this was through a semi-structured interview technique, which enabled 

respondents from one of the affected communities, to reveal in their own words with the aid of a 

series of predetermined prompts, how they perceived the success of the barrier. These results 

were in turn compared to the results of two further semi-structured interviews, undertaken with 

representatives of the Highways Agency, the commissioners and coordinators of the noise 

barrier's development. 

The semi- structured interview or unstructured interview, is a qualitative data-gathering 

technique. Australian scholar Dale Spender defined feminist research with the following 

statement. 

"At the core of feminist ideas is the crucial insight that there is no one truth, no one authority, 

no one objective method which leads to the production of pure knowledge. This insight is as 

applicable to feminist knowledge, as it is to patriarchal knowledge, but there is a significant 

difference between the two: Feminist knowledge is based on the premise, that the experience of 

all human beings is valid, and must not be excluded from our understandings. Whereas 

patriarchal knowledge is based on the premise that, the experience of only half the human 

population needs to be taken into account, and the reSUlting version can be imposed on the 

other half This is why patriarchal knowledge and the methods of producing it are a 

fundamental part of women's oppression, and why patriarchal knowledge must be challenged­

and overruled" (Reinharz 1992:7). 
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Drawing on these ideals, a cross section of the community was interviewed, and through this a 

feel for the reality of the case study emerged. To transpose these thoughts into a theory, Glaser 

and Strauss' 'Grounded Theory Approach' (1967) was utilised, which using a series of codes, 

induced a theory from the results, rather than testing a theory with the results; the full 

description of the method is in Chapter 4. The result of this method was a testable group of 

theories, informing knowledge on why the noise barrier project failed! succeeded, through the 

eyes of the local population and the professionals. 

3.3 The positivist methodology 

Adopting a triangulation methodology, which tested the theory developed through the 

qualitative method, using quantitative techniques then developed the outcome of the qualitative 

investigation (Bryman 2001; Kumar 2002). The sampling technique used, was a multi-stage 

cluster sample method (Bryman 2001), which captured the responses of 108 people, from a 

cross section of the community. These respondents were accessed using techniques of inclusion, 

which incorporated questionnaires translated into Urdu, Bengali and Somali, large print, and 

assisted completion to aid the elderly, and partially sighted. A full description of the sample 

population and method used is described in Chapter 5. 

To ensure that the members of the household most affected by noise were captured in the 

sample, the household member whom remained in the home the longest over an average 24-

hour period filled in the questionnaire. The reason for this was to ensure that those likely to 

have the greatest sense of change as a result of the noise barrier were questioned, as opposed to 

the main householder, who could possibly be out at work for a larger proportion of the day. This 

approach also endeavoured to capture the main guardian of any children in the house, as it was 

felt they would be more likely to have noticed any changes in the children's behaviour, that may 

be attributed to the noise barrier, for example, more restful sleep and increased concentration. 

The statistical package SPSS 11 was used throughout the investigation, to determine correlations 

and statistical inferences within the data, allowing the fmdings to be concluded with a degree of 

certainty to the wider population. 

3.4 The multi-strategy approach to inclusive noise barrier design using noise­

mapping technology 

In order to identify the sectors of the community that should be targeted for public participation, 

the possibility of utilising noise maps was investigated. The software utilised was the CadnaA 
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version 3.0, which ran on an ordinarily configured windows operating PC. The choice of 

software was based purely on the basis of availability, as subsequent use of the alternative 

packages including Noise Map 2000 and Soundplan have revealed that CadnaA provides a user­

friendly package, comparable with other available products and capable of producing the same 

results. 

The full details of the method used in this work, is defined in Chapter 6. In brief, the method 

was devised to illustrate, and test the effectiveness of noise-mapping as a tool for identifying 

those for whom public participation would benefit the most, and to illustrate how participation 

methods could be tailored to individual communities. 

The reason for attempting this was two fold. Firstly to involve only those who would truly see 

benefit from integration in a noise barrier's development, as opposed to concentrating efforts on 

the highly vociferous members of society who attend public meetings, could enable the 

redirection of funds allocated for public participation. Thus, by focussing the efforts of 

participation on a smaller community, the cost of identifying smaller affected groups could be 

offset. 

Secondly, it was felt that in light of the prevalence of noise-mapping, resultant of both the UK 

proposal, 'Towards a National Ambient Noise Strategy' (DEFRA 2001) and the EC Directive, 

on the Assessment of Environmental Noise. That this huge resource base could be adopted for 

an alternative use, so that the outcomes not only inform policy but also aid in its successful 

application (Wetzel 2002). 

This was achieved through the comparison of subjective public opinions, regarding the 

effectiveness of the noise barrier, collected during the quantitative investigation in Chapter 4, to 

a selection of modelled maps of the case study area's noise. 

In addition, noise maps with and without the noise barrier, and with vazying heights of the 

barrier were modelled. This allowed both for a comparison of subjective opinions and objective 

measurement's and enabled an assessment of the extent to which public attitude's resultant from 

extraneous variables, such as the level of participation, impacted upon the perception of the 

barriers perfonnance. 

3.5 A life cycle assessment to determine the sustainability of noise barriers 

Developing a database of relevant values, and providing a framework within which to undertake 

life cycle assessment addressed the current lack of models available for assessing the 
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environmental implications of noise barrier throughout its life cycle. The model developed 

enabled the impacts of noise barriers to be assessed from 'cradle to grave'. 

The reason for this being incorporated into the thesis was fIrstly due to the increased prevalence 

of environmental accountability in design, which is leading towards a stage where all projects 

and developments must show a commitment to environmental sustainability. 

Secondly, as an acknowledgement to the increased desirability of a comprehensive approach to 

development, that benefIts wider society, as opposed solely, to those directly affected by a 

project. The method illustrates how a micro environmental problem can be resolved, without a 

macro environmental problem emerging. To determine this, a life cycle assessment of several 

commonly used noise barrier materials was devised, which addressed the current lack of a 

suitable methodology, which currently hinders barrier providers from choosing the most 

environmentally benign solution. 

The full account of the method is detailed in Chapter 7. The approach undertaken here is 

described in brief below: 

Impacts associated with raw materials up to the point of delivery from the factory, -

'cradle to gate analysis' 

The above impacts plus those associated with delivery to site, - 'cradle to site', 

analysis; 

The impacts associated with the maintenance, replacement and operation on site, 

together with recycling potential, and fmal disposal, - 'gate to grave' analysis. 

The LCA model designed was used to collate appropriate data from many secondary sources to 

illustrate the potential life cycle impacts of each chosen barrier material type, including 

embodied energy, embodied CO2, released pollutants to air and water, reuse and recycling 

potential and final disposal. This method was similar to that used by Woolley et al (2000), who 

devised a LCA model based on the general principles of existing commercially available 

models. 

3.6 Laboratory experiments, investigating the impact of barrier materials on the 

perception of noise reduction 

The final section of methodology used in the thesis, brought together the points identified as 

fundamental in noise barrier development. The first element being the influence of subjective 

responses to noise barriers that are largely influenced by non-acoustic factors. The second 
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element being the choice of various barrier materials, which impact the least on the society. The 

link: between these two elements is that the choice of aesthetic finish, was found in the literature 

to influence the perception of the acoustic benefit of the barrier. 

Some researchers have carried out previous investigations into the influence of material and 

form of barriers on the perception of noise attenuation, (as reviewed in Chapter 2). However, it 

was discovered that to date the development of a method of testing responses, in a controlled 

laboratory environment, had been limited to static images being projected in front of 

participants with accompanying sound (Aylor and Marks 1976; Watts and Nelson 1993; Watts, 

et al. 1999; Viollon, et al. 2002; Viollon 2003) In previous experiments attention to realism had 

not been adequately achieved. Therefore, a method was devised using a virtual reality suite to 

counter this problem; a full description of the methodology is described in Chapter 8. 

A brief synopsis of the procedure is presented below; the purpose of this investigation was to 

test the respondent's perceptions of noise attenuation by noise barriers, based purely on 

subjective assessment, by utilising the RA VE- Reconfigurable Advanced Virtual Environment 

suite, at the University of Sheffield. A sample of several respondents was randomly selected 

from the University popUlation, representing varying ages, academic departments and ethnic 

backgrounds. The sample was subjected to three tests; devised using projected images of in-situ 

noise barriers, with heavy traffic passing behind them, and a dubbed sound recording of 

vehicles. 

The first test was developed to identify any correlations between the preconceptions of the 

sample, on how they predicted each of five noise barriers to work, including a concrete, metal, 

timber, transparent and line of deciduous vegetation. Therefore, for this test the visual sequence 

was played without an auditory stimulus, and the respondents were asked to rank: each of the 

barriers, in order of their predicted effectiveness at attenuating noise. 

Test 2, introduced the auditory stimulus, and the respondents were requested to evaluate how 

well each barrier was attenuating noise, by rating them in relation to a base value. This tested 

intersensory interaction, with the introduction of the second modality of noise. The test was 

however controlled, with the noise levels remaining the same for all barriers throughout the test. 

This was achieved by replaying sounds during the listening periods, which were originally 

obtained from a sound sample of noise recorded 10m from the nearside carriageway of the M 1. 

The noise was produced by a sample containing a fairly constant level of free flowing motorway 

traffic noise. This sample was then replayed through an equalizer with digital output control, 
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that enabled further samples at different levels to be obtained; this process did not affect the 

frequency balance of the resulting sounds. 

These four sounds were then arranged in different orders, so that listeners would not be able to 

anticipate the level of noise that was replayed. An 8-second quiet period was left between each 

sound, in order to allow sufficient time for listeners to make an assessment. All the orders were 

balanced according to a Latin Square Experimental Design (Denes 1991), to reduce any 

ordering effects. Consequently any judgement of variation, between the barriers abilities to 

attenuate noise, was based purely on perception. 

The final test again removed the auditory stimulus, in order that the respondents could judge the 

barriers on their aesthetic qualities alone. The results of which were correlated, to the two 

previous tests, to determine any relationship between aesthetics and perceived noise reduction. 

3.7 Overview of the methodology 

In summary, the methodologies adopted in this thesis span a wide area of research, all of which 

were devised, on the basis of developing a methodology for a sustainable approach to noise 

barrier design, which moves away from the current patriarchal and ineffective methods of noise 

barrier development. Replacing them with, innovative methods that are based on the findings 

and outcomes of real investigations, which include, the opinions and proposals by ordinary 

laypersons, whose opinions would ordinarily be held in low esteem. The methodology used, can 

be interpreted as a methodology for use in future noise barrier projects, when considering the 

non-acoustic parameters incremental to their success, a diagram is presented in Figure 3, which 

illustrates the inter-linkages of the methods and aims. 
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Chapter 4 Qualitative Investigation: Grounded Theory Approach 

This chapter defines the basis of the overall thesis by investigating a case study of a noise 

barrier project. The purpose being, to detennine the best means of using public participation, 

when defining the fundamental non-acoustic parameters essential for the development of 

sustainable noise barriers. 

Sustainable development is understood to be not only the material products that go into the 

construction of a noise barrier, but also the means by which the noise barrier's development is 

undertaken, with the full cooperation and insight of those it is designed to protect. Sustainability 

in this context is the process by which the noise barrier's longevity is detennined, due to its 

perceived benefit, and the decreased potential for rejection of the barrier by the public, with all 

the inherent environmental and economic implications associated with its removal or 

replacement. 

4.1 The phenomenological research methodology 

4.1.1 Introduction to the qualitative investigation 

Throughout the literature review examples of incidents of noise barrier project failure became 

apparent. This theme's recurrence sparked the question of 'how best to design and construct a 

noise barrier'? The basis of this research was to investigate the pertinent properties and 

characteristics of a successful noise barrier project. From the outset, particular care was taken 

not to make unqualified assumptions of what created a good project. The respondents in the 

case study chosen to investigate this phenomenon, were allowed to impart their own 

perspectives on what 'good and bad' barrier project design constituted. This was possible 

through a carefully designed method of data acquisition, using qualitative techniques, to allow 

the people within the affected community to be able to discuss the relative successes of the 

project with the use of a phenomenological methodology. 

Using the qualitative grounded theory approach, the key factors of this concept are developed 

directly from the residents, and experts' comments into a theory. This is widened and tested 

through the process of triangulation (Bryman 2001; Kumar 2002), in the proceeding chapter. 

This research paradigm was chosen as it embraces a multicultural perspective, and because it 

accepts multiple realities. It was felt that to assume one reality for the perceived success of the 

noise barriers, would exclude the fact that people act on their individual perceptions, and their 

actions have real consequences. The subjective reality that each individual sees is no less than 
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an objectively defined and measured reality. They make few explicit assumptions about sets of 

relationships, such an approach is the basis of grounded theory (Glaser and Strauss 1967). 

As noted above, the literature revealed several incidences of failed barrier projects. The failures 

of these projects had been examined to some extent, and lead the focus of this study towards the 

question of the necessity for public participation, in the design of successful noise barriers. This 

was taken as the preliminary theme. However, further themes and focuses were unearthed and 

developed as the investigation progressed. 

Consequently, the first stage of this wider investigation, into the definition of 'a sustainable 

approach to the development of successful noise barriers', was to uncover the components of 

'good' and 'bad' projects, by interviewing in an area that had recently received a noise barrier. 

This was achieved, through the use of semi-structured interviews, of ten carefully selected 

individuals, which were analysed using the grounded theory approach. A grounded theory is one 

that is inductively derived from the study of the phenomenon it represents. This means it is 

discovered, developed and provisionally verified, through systematic data collection and 

analysis of data pertaining to that phenomenon. Data collection, analysis and theory, therefore, 

stand in a reciprocal relationship with each other. One does not begin with a theory and then 

prove it. Instead, one begins with an area of study and what is relevant to that area is allowed to 

emerge (Strauss and Corbin 1990). 

Deeper analysis, therefore, provided a good descriptive stage to widen the investigation. These 

features were inherent in the grounded theory approach. Therefore, adopting this approach 

enabled the integration of a feminist epistemology. This then grounded the research in its 

principles, and was ultimately used to illustrate the best available technique for noise barrier 

design, that would directly benefit those it was intended to protect. 

4.1.2 The grounded theory al!Proach 

As noted in the literature review, the importance of 'social aspects of acoustics' is growing in 

stature. The theories and ideologies of which, sit well with this holistic approach to data 

acquisition, thereby defining and validating a noise barrier's effectiveness through the subjective 

eyes of those it is designed to protect. The background contributing to the development of 

grounded theory, was partly derived as a result of the desire to use a method that required the 

following attributes: 'a) the need to get out into the field, to understand what is going on; b) the 

importance of theory, grounded in reality, to the development of a discipline; c) the nature of 

experience and undergoing as continually evolving; d) the active role of persons in shaping the 

world they live in; e) an emphasis on change and process, and the variability and complexity of 
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life; and f) the interrelationships among conditions, meaning, and action' (Strauss and Corbin 

1990:24-25). Grounded theory was chosen over analytic induction, because despite some 

similarities, the differences made grounded theory more appropriate. The main difference is that 

analytic induction, is concerned with developing rather complex theories. In addition, grounded 

theory differs from analytic induction, in its adoption of a constant comparative method, 

involving the comparison of multiple data segments judged to belong to the same category, in 

such a way as to identify the central features of that category. As the analysis develops, the 

categories become the central organizers of the material (Hammersley 1989). 

A fmal difference is the issue of theoretical sampling, whereby cases or groups are strategically 

selected in order to maximise theoretical differences or similarities 1. This approach fitted the 

criteria of the researcher, both to undertake an investigation on a case that could be developed 

further into a theory to be adopted in future cases, and within this case through triangulation. 

The approach also allowed the research to be conducted from a feminist epistemology, which 

reduced the risk of imparting aspersions on to the case study, and allowed a voice to those 

directly affected by the salient issues. 

The grounded theory approach is devised in a systematic order to derive as much from the 

qualitative data as is possible, and form it through its own direction into a theory. This is 

opposed to the usual qualitative methods, which generally describe the scenarios being 

investigated. 

For clarification the difference between theory and description are as follows: Theory uses 

concepts; similar data are grouped and given conceptual labels, this means placing 

interpretations on the data. The concepts are then related by means of statements of 

relationships. In description, the data may be organised according to themes. These themes may 

be conceptualisations of the data, but are more likely to be a precis or summaries of words taken 

directly from the data. There is little if any interpretation of the data. Nor is there any attempt to 

relate the themes to form a conceptual scheme. 

Grounded theory is a scientific method, as its procedures are designed so that if they are 

carefully carried out, the methods meet the criteria for doing "good" science, by including the 

following: significance, theory-observation, compatibility, generalisability, reproducibility, 

precision, rigor and verification (Strauss and Corbin (990). The methodology is described, as 

1 Theoretical Sampling; 'is the process of data collection for generating theory whereby the analyst jointly collects, 
codes, and analyses the data and decides what data to collect next and Where to find them in order to develop the 
theory as it emerges' Bryman. A. (200 I). Social Research Methods. Oxford. Oxford University Press. 
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the data is proces cd below, it wa felt that this was the most effective mean of describing and 

giving explanation of the methodology where appropriate. The proce s can, however, be 

summari ed into three lage of coding: open, axial and elective, which processes the data 

derived from long emi- tructured interview, into a theory to explain a phenomenon. 

4.1.3 An introduction to the case . tlldr 

The origin of the re. earch wa derived from the development of a noi e barrier parallel to the 

M I, on tJle orth Ea t ide of heffteld. Built to benefit the residents of three communitie , 

namely Tinsley, Brin v.orth and ateliffe. A de criptioll of the e area i given below, which 

help to frame the context of the tud) . However, the actual origin of the project wa parked by 

the unu ual origin of the noi e balTicr. The noi e barrier constructed along thi five-mile stretch 

doe not look out of the ordinary from ob ervation (Figure 4.1). However, it creation temmed 

from an entirely different approach to the de ign of noi e barrier, a it was de igned a part of 

an open competition. Thi move away from the traditional patriarchal approach to such de ign 

and construction i ues, rai e the que tion . of how much further this decentral i ed approach to 

design could be taken'? Indeed could the \'vhole proc' of de ign be given to tho e people that 

noi e barrier arc intended to help, and how would thi influence the ueces of the project? 

Figure 4. 1 Tinsley noise harrier, os seen frolll Ml . 

The M I moto[\\'ay run parallel to the area of residential hou ing undcr invcstigation, and a a 

con equence, the re ident . uffer from the increa. ing and di ruptive intru ion of noi e pollution 

emitted from the traffic . Thi I e\ ident from the fact that the m torway i known 10 ally a the 

Berlin Wall ( hefficld First Partnership 2000). Tin Icy, the onl area tudi d in the initial 

qualitative ime tigatron. ha a mixcd ethniC commul1Ity and ha. many familie Ii ing on low­

income . It i characteri ' ed by high uncmploymcnt, ' cverc cn\ ironmcntal p Ilution and OIllC 

76 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 4 

social disquiet between local White and Asian youths. Despite this, the community has a 

predominantly good integrated community feeling and the area has many social and educational 

development schemes. 

Another key factor relevant to the discussion of this case study is the role of the local forum. 

Tinsley Forum was established in 1984, as an independent body to represent the local 

community and give an outlet for residents to air their opinions on local issues. The Forum is 

now held in such high esteem by the local government, that many projects are piloted in the 

area, as feedback is so effective. In this respect, Tinsley Forum is a very important platform for 

local debate, its utility as the sole means of engaging the public is explored later in this 

investigation. 

The noise barrier competition was launched in the autumn of 2000, by the Highways Agency 

(HA) in collaboration with Design Yorkshire. The competition criteria, was to design an 

innovative noise barrier, to protect the 5-mile stretch from junction 33 to 34 of the Ml 

motorway. The funding for this came from the £5m set aside by the Government in the year 

2000, for noise reduction measures on motorways around the country (Child 2001). A major 

influence on this investigation is that the residents local to the motorway had been lobbying 

their local council and government representatives for a noise barrier since 1997. In fact the area 

has been earmarked for other noise mitigation procedures, including the application of low 

noise road surfacing. However, for the purpose of this study only noise barriers will be explored, 

as this was the only noise reduction implemented at the Tinsley site at the time of the 

investigation. 

A main feature of this research was the level of reliance on the Tinsley Forum for information 

distribution, and the potential shortfall this lead to with regard to providing information for both 

those unaware of the forum, and the other affected areas of Brinsworth and Catcliffe. 

Consequently, Tinsley Forum was the first port of call for the researcher to establish the 

foundation of the investigation. A lengthy discussion with the Forum's president and 

representatives from the East End Quality of Life Initiative I resulted in the acquisition of local 

knowledge on salient issues. This included a background on the noise barrier's development 

from the aspect of the local residents, as well as further names and suggestions for more 

interviews. 

1 East End Quality of Life Initiative, 31 Montgomery T~ce. S~effi~ld; This body are responsible for surveying on 
all aspects of social, political and environmental regenerauon projects m the whole ofthe east side of Sheffield. 
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Additionally, the researcher was able to gauge a general feeling for the project, as those 

available at this time were incremental to the lobbying and party to the public participation 

offered by the Highways Agency. A general impression of dissatisfaction at the resulting barrier 

was made apparent. As although a feeling of relief could be sensed with regard to finally seeing 

their efforts of lobbying seeing fruition, it was also evident from this conversation that neither 

the problem of excessive noise pollution had been fully addressed to their requirements nor that 

their thoughts given during the public participation process had fully influenced the outcome. 

With the use of the names provided by the forum the qualitative investigation was commenced. 

The Snowballing Approach is a widely recognised technique in qualitative research (Bryman 

2001 :324). It is synonymous with accessing stigmatised groups, and uses word of mouth, for 

transferral of information about other possible respondents falling into a similar group (Ribbens 

and Edwards 1998). This enabled access to a sample of people known by the Tinsley Forum for 

various reasons. Some were internal members of the organising and lobbying committee, others 

were on the mailing list, following attendance at a meeting in the past and others were known 

through other community groups and advice centres, but not directly linked to the forum. 

4.1.4 The semi-structured interview 

On advice from both the Tinsley Forum and the East End Quality of Life - Regeneration Project 

it was decided, due to the fact that the Tinsley area had become saturated with surveys, and in 

the light of the large population of ethnic minorities, that a semi-structured interview would 

receive a better response as an initial survey. In order to ensure the outline methodology and 

issues would be understood, and would achieve the objectives of the study, the semi-structured 

interview and key aims were reviewed by representatives of the Tinsley Forum, The East End 

Quality of Life Project, and staff of the sociology department of the University of Sheffield. 

There was no set format to pilot, as the process was evolutionary. If a pilot 'per se' had been 

carried out, it would not have altered the structure anymore than the structure is changed 

throughout the theory development process, thereby making a traditional pilot study irrelevant. 

In effect it is not therefore a case of 'how many people think such a way'? More, 'what do the 

people think'? 

An initial list of 20 names was acquired. The potential respondents spanned all possible age 

groups, genders and ethnic backgrounds, and from this list, the respondents were chosen one by 

one and approached to participate (see Table 4.I.a). Not all the participants were chosen at the 

outset, due to the evolving nature of a grounded theory approach. Following the completion of 

an interview, the data was transcribed and analysed for concepts that needed further 
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investigation and for gaps of knowledge. As a consequence to this fluid approach, new 

questions evolved throughout the course of the investigation. 

By using the preliminary information held on the respondents, the next participant was chosen, 

with the aim of the next respondent, being able to answer the missing questions and gaps in 

knowledge. To ensure that key groups were not ostracised from the sample, a translator's 

assistance was sought for help with the interviews of the non- English-speaking participants. 

This was very important as it enabled the opportunity for opinions to be raised from different 

cultures, particularly in light of the fact that 34.5% of the population of Tinsley were from 

ethnic minorities (Sheffield First Partnership 2000:2). 

The inclusion of any respondents with potential information and a perspective adhered this 

study to the pursued feminist epistemology. In addition to this, interviews were held with 

representatives of both the Highways Agency and the professional consultants to the Highways 

Agency responsible for the organisation, fund allocation and supervision of the noise barrier 

project. This gave the data a rounded facet with both lay and professional opinions, which 

enabled a comparison of views on all aspects of the noise barrier's development and further 

developed the theory. 

The semi-structured interview or long interview is distinguished from the unstructured 

'ethnographic' interview, insofar as it adopts a deliberately more efficient and less obtrusive 

format (McCracken 1998:7). To indulge in a full ethnographic interview involves immersing 

oneself within a culture, in some cases for months or even years, and observing the 

idiosyncrasies of a group of people, about whom there is a desire to understand better. This is an 

especially useful tool in the case of cultures very different from the researcher'S, as to fully 

achieve a qualitative approach the researcher must have a greater ontological perception of the 

world of those they are researching. In the case of very different cultures it would be easy to 

enforce our own opinions of what we perceive their life to be from assumption, should we not 

fully understand the nature of their lives. 

The use of the semi-structured interview does not abandon this approach completely, but it fits 

better into a smaller case study, on a sample which the researcher had an existing understanding 

and empathy through personal experience. Despite some of those being interviewed having 

different ethnic backgrounds, or having lived within different countries and cultures in the past, 

at the time of the research, they were all living in a community the researcher could relate to, 

having lived within the area for several years, and witnessing in general the increase of traffic 

and consequent noise pollution, additionally the researcher could empathise with the loss of 
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value in the respondents home, relative to the rising values within the surrounding area, 

rendering many of them without an option to move out of the area. This does not mean that the 

researcher would automatically understand the situation, but removes the necessity for the 

complete long-term immersion, necessary when using the ethnographic approach (Ribbens and 

Edwards 1998:3). 

Feminist researchers generally consider personal experiences to be a valuable asset for research, 

as the use of personal experience is a distinguishing feature of this particular ilk of research. 

Personal experience typically is irrelevant in mainstream research, or is thought to contaminate 

a project's objectivity. By contrast, in the context of a qualitative investigation it is relevant and 

repairs the project's pseudo-objectivity (Reinharz 1992:258). 

In the case of qualitative research it is the concepts and categories, not their incidence and 

frequency, that are said to matter. In other words, qualitative work does not survey the terrain, it 

mines it (McCracken 1998: 16-17). This means that qualitative research enables a small case 

study to be investigated unto its own, rather than to find trends that fit into a wider genre. This 

was necessary at the outset of this research, to enable the building of a theory, insofar as 

qualitative work is theoretical in its aims rather than descriptive. This is especially so with case 

studies that use qualitative methods- it is the testing of a theory that is important, rather than the 

issue of inference or generalisability (Yin 1989). According to Strauss and Corbin (1990), the 

purpose of grounded theory, is to specify the conditions that give rise to a specific set of 

actions/interactions pertaining to a phenomenon; it is generalisable to those specific situations 

only. 

The interview was, therefore, organised in a preliminary format (see Appendix lA for an 

example), which was adapted to encourage the answering of knowledge gaps, whilst preserving 

the idea of developing a theory and finding similar concepts within the data. The interviews all 

took between forty-five minutes to an hour, and were undertaken for convenience within the 

homes or the work places of the respondents. Despite the adaptability of the process from 

interview to interview, some aspects were constant, these included the 'grand tour questions', 

which were covered at the start and simply allowed the respondent to describe themselves and 

their place within the community in their own words. The 'main questions' then followed which 

were guided but allowed the respondents to wander verbally through the subject area to allow 

any salient thoughts and issues to emerge. These were analysed to form the theory. In addition 

to the 'prompt questions', several photographs of noise barriers were presented to the 

respondents to aid them in visualising and conceptualising the questions regarding the noise 

barrier, these can be seen in Appendix 1 D. 
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4.1.5 Grounded theon' ;17 practise 

Table 4.1 below is adapted from the initial list of name provided by the Tinsley Forw)), the 

identities of the individuals arc protected but the variety of ethnic background, family types, 

age groups and gender are revealed. Evidently not everyone on the original Ii t was willing or 

in some cases wa available to cooperate in the tudy. [n the instance. where an individual filled 

a category that needed to be approached for better understanding, and they were unavailable, an 

alternative individual from a imilar category wa approached. 

Table 4. J. Original h?(ormCition on potential respondellts Tinsley and order of infen 'ielV, . 

Interview Employm~nt G~nder EthniC English Speaking Marital Statu 

ordcr. Staru, Origm 

I Part ume Female Bnush Yes Married 

2 Part time t Female ASian Yes Married 

trallling 

3 Part lime Female British Ye, Dl\orcc 

4 Iiousewife Female ASian f\:o Married 

5 Iiousewife Female A,l3n t-;o Married 

6 Cleric Female British Yes Married 

7 Full rime Male BritISh Yes Married 

8 Pan Time Male j\'lan Ye, DIVorce 

9 Employed by Male BntISh Yes '" Relevanl 

II.A' 

10 Employed by Male Brill,h Yes N. Relevanl 

WSP' 

Fullume t-.!ale ,""Ian Yes Marneu 

Retired Female Brn"h Yes Mamcu 

Retired Female Bnush Yes Marncu 

Reured Femak \sian 1\0 Marncd 

Retired \Ian Wife Flriu,h Yes Married 

Retired Male Bntl,h Ye, Not KnOVl.n 

Fullume Male \"an Yes Married 

CleriC < ~!alc Bntlsh ) e, I-!orried 

Lncmplo)ed Femak /\:-.1,10 )es Single 

, . 
(Grey boxes IfIdICOlt: Ihow \l1I/lIlg <111.1 ahfc (() I'(l/ IlL Ipult: 111111" /lIdl) 

I Reverend oflocal church nOI reSident 111 Tinslej . 
2 Rcpre enwlI\c of the IltgJl\\ ay" "genl) responsible for the Tll1slcy ProJcct 
' ProJect Manager ofTIIl"1cy Project represcntall\'C ofW P Engll1ccnng Consultants. 

4 Reverend of local church nUl reSident 111 TlI1sley. 

Parent Age 

Yes Middle aged 

(59) 

Yes Young (36) 

Yes Middle aged 

(56) 

Yes Young (35) 

Yes Young (32) 

Yes Middle aged 

(54) 

1\0 Middle aged 

(54) 

Yes Middle aged 

(50) 

NIReleval1l l'. /Relevant 

NIRelcvant NlRelcvant 

Not Kno\\n NOIKno",n 

NOI Kno\\n Elderly 

Not K.nown Elderly 

Not Knovvn Elderly 

1\'0tKnoVl.n Elderly 

Not Kno\~n Elderly (90) 

Yes Not Known 

Not Kno\\n Not Kno\\n 

Yes Young (:!5) 
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The first respondent chosen was a female member of the Tinsley Forum, a parent, and a long 

term resident in the area. These characteristics were deemed the most appropriate to start the 

theoretical sampling procedure, for a number of reasons. The first 'being female', was identified 

because of the fact that previous research into the area of 'noise barrier development and the 

perception of success', had specifically targeted males as they were deemed to be the 'heads of 

the house', and therefore the most important people to approach (Md-Taha 1999:52). This was 

not only a rather narrow and misguided way of looking at a population, due to the fact that 

many women now own their own properties, or see themselves as an equal partner in a shared 

household; but also because this ostracised half of the potential sample, and their accompanying 

views at the outset. 

In addition to the obvious statements above regarding a woman's place within both a household 

and a community, it is also a fact that generally but not exclusively women are more likely to 

both remain within a household for longer periods', and are more likely to be the principle 

guardians of any children2
• With respect to these two criteria, it can be assumed that a person 

firstly remaining close to the source of noise for longer periods, would be more attuned both to 

the problem and the effectiveness of the solution, but also as chief supervisor of any children 

they would be more aware of any impacts attributed to noise, that is affecting their children. 

This is not to say that male opinions were not actively sought, as to alienate them from the 

project would undermine the purpose offulJ representation (Reinharz 1992). 

The final two considerations were that the first respondent had lived in Tinsley for over 40 

years3
, and also had close ties to the Tinsley Forum, having been a founder member. Although 

for contrast it was desirable to have respondents of various backgrounds, to give breadth and to 

direct the theory this respondent was predicted to hold the most information at the outset and so 

was successfully approached for interview. 

Following the collection of the initial data during a 45-minute interview, the respondent spoke 

freely and knowledgably about her feelings on the noise barrier, including both her perceptions 

of its development and successes, and her perceptions of how other members of the community 

had perceived the noise barrier. At the end of the interview many key questions had been raised 

and answered, and many new insights into issues and consequent new questions had arisen. The 

examining of the scripts was a continuous and cyclic process throughout the development of the 

I On average, men spend longer at work and on leisure activities, whilst women spend longer on household chores, 
childcare and shopping National Statistics (2002). 
2 Women also spend more time than men looking after children National Statistics (2001). 
3 Resident in the area prior to the M I construction in the late 19605 
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theory, as with each new respondent came new ideas, and reinforcement of existing issues. In 

addition, there were varying perspectives on existing matters reflecting the fact that grounded 

theory is often referred to in the literature as 'the constant comparative method of analysis' 

(Glaser and Strauss 1967:102). 

Following the first interview in the grounded theory process the findings were transcribed in full 

and reviewed. This reviewing stage is known as 'coding' and is a key process in grounded 

theory. Whereby the data is broken down into component parts, which are given names. There 

are three types of coding; 1) Open coding; 2) Axial coding and 3) Selective coding, these will 

all be described in relation to their purpose later on. The coding is the process of identifying 

concepts, and concepts are the building blocks, first of the categories, which flow through the 

theory outline, and also as the foundation for the theory of a phenomenon. 

As the procedure of coding and identifying concepts occurs with every respondent, rather than 

having an individual explanation of which and what order the subsequent respondents were 

chosen, Table 4.1 illustrates which members of the community were approached and in which 

order. Issues that arose in the previous interviews ordered the respondent's interviews. For 

example some British respondents perceived there to be an under representation of the Asian 

community in the local Forum's participation process. These observations in tum led to the 

researcher interviewing Asians both working within the community with fluent English and 

those not working within the community without any English language skills. 

This continuous review process illustrates how questions were raised and then explanations to 

the phenomenon were investigated. To enrich the content of the theory, two non-resident 

representatives of bodies charged with the 'professional' development of the barrier were 

interviewed. They enlightened on the reasoning for actions undertaken that had been queried by 

the residents, and also explained the limitations of the project that the community members 

would not be aware of. 

The following continuation of the method provides the outline of the procedures necessary to 

accomplish a grounded theory in general, and the method used to develop the relevant theory. 

Figure 4.1 below illustrates the processes and outcomes of grounded theory; it illustrates both 

the various stages and the process of moving forwards and backwards throughout the data to 

gradually develop the theory. The first three stages have been explained above, stages 4 to 12 

are described below with an explanation of how the procedure was tailored to this particular 

investigation. 
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Processes Outcomes 

I. Research problem 

2. Theoretical sampling 

3. Collect data 

4. Coding 4.a. Concepts 

+ t 
5. Constant comparison 5.a. Categories 

+ t 
6. Saturate categories 

7. Explore relationships between categories 7. Hypotheses 

8. Theoretical sampling 

9. Collect data 

10. Saturate categories 

11. Test hypothesis 8. Substantive theory 

12. Collection and analysis of data in other settings 9. Formal theory 

Figure 4.1 Processes and outcomes in Grounded Theory (Adaptedfrom: (Btyman 2001:63) 
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4.2 Analysis of the residents perceptions of the noise barrier development 

4.2.1 Open coding 

To obtain the first level of results, known as the concepts, a system of open coding was 

developed. A method was devised that enabled the analysing process to flow, whilst leaving the 

copies of the transcripts legible using a system of coded symbols and colours ('Concepts and 

Accompanying Symbols' are in Appendix 1B, along with their corresponding defmitions). The 

transcripts from the resident's interviews were studied, and for each new concept that appeared, 

a new symbol was assigned, where concepts reappeared the existing symbol was input. This 

was a cyclic process as some concepts in earlier transcripts only gained salience with the 

emergence of a more in-depth description in later transcripts, therefore as these key themes 

appeared later and in more detail in further scripts a concept was devised. 

As the interviews with the two professional representatives were related but did not contain the 

same form of questions, two sets of concepts, categories and theories were developed, and the 

analysis of the expert interviews can be seen in Appendix 1 C. In effect, two grounded theory 

approaches were undertaken which resulted in 'lay themes' and 'expert themes'. These were 

related, and consequently helped to explain each other, but could not be fully integrated due to 

the nature of the differences. Consequently, the two often-opposing positions enriched the 

theories and helped to qualify some of the aspersions highlighted from both the lay and expert 

interviews. The method for open and axial coding of the expert interview transcripts was done 

using key terms and phrases, as opposed to symbols, as there was less data to analyse and less 

risk of confusion, with the exception of this outlined difference the methods used were the 

same. 

The data was conceptualised through open coding which was the first step of the analysis. This 

breaking down process enabled observations, sentences, paragraphs and utterances to be given a 

name or concept that stood for or represented a phenomenon. These individual concepts were 

then put together into categories. Some concepts pertained to more than one category and 

therefore were added to more than one. Each transcript was studied several times with pertinent 

symbols used to highlight all the salient observations, which were then copied and pasted under 

each of the categories. This process continued until every symbol relevant to the category had 

been identified and the sentence it flagged up had been judged for relevance to the category, 

when all the categories had been 'saturated' then the second process of axial coding was 

pursued. 
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The end result of this was the emergence of a group of categories that were salient to the 

respondents, with regard to the development of the noise barrier and to the wider context of the 

area's problems and development. This brought about the occurrence of two processes. Firstly 

the importance of the noise barrier's development was determined in relation to other social, 

economic and environmental problems in the area. Secondly, but more discreetly, the issues 

underlying these main categories appeared and a picture of the area, its problems and its positive 

aspects appeared through the categories. 

In total seven categories were developed (see list below) for the creation of a grounded theory of 

the residents or lay views. These varied from those specifically related to the noise and noise 

barrier, and wider social and environmental categories which developed themes such as the fear 

of pollution, related health problems and health problems indicative of an environmental 

influence but unidentified as such. Although all categories are explained further below, a main 

category started to evolve through the process of axial coding and this category formed the 

central point of the theory to which all the other related categories were integrated. (See 

Appendix 1B for all the seven categories and their associated symbols). 

List of categories and sub-categories: for the residents; (The Lay Themes). 

1. Distrust and disbe/iefin experts 

• Sceptical of how well the barrier works, perceive barrier as bad! failure, aware of the 

barrier prior to construction, see environmental problems, noise reduction over 

aesthetics, lack of belief! trust in experts professionals, barrier should be natural & 

blended, cause negative aspects and opportunities for community, bothered, 

pessimism, barrier looks bad, barrier choices are important, residents have 

complained (or are prepared to), aesthetics important. 

2. Unsatisfied expectations 

• Lack of hope, suppressed, disappointment, lack of belief! trust in experts and 

professionals, decline, bothered, abandonment & severance, self reliant to get things 

changed, causes negative aspects and opportunities for the community, act to stop it, 

problems are as bad as made out, rejection of situation, external exaggeration of 

problems, suggestions for improvements, defiance, public participation is very 

important, uninformed, disillusionment, ability to have say, residents have 

complained (or are prepared to), would like involvement, disenfranchised, lack of 

trust, aware of forum, pessimism, informed, environmental problems, aesthetics 

unimportant, noise reduction over aesthetics. 
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3. Health implications 

Affected by noise, time away from the area is better for me, environment affects the 

quality of life, Ml/ traffic heart of areas problems, dislike living here (would like 

(will) move away, fearful (perception of silent poisons, high incidence of asthma, and 

heart disease, and leukaemia), main problem environment, illness, evidence of hearing 

problems. 

4. Passive. unaffected. optimistic and preoccupied 

• Not complained (not prepared to), approval, going away makes no difference, no 

environmental problems, improvements, optimism, no suggestions for improvements, 

included, hopeful, don't act to stop it, barrier looks good, would not like to be 

involved, acceptance of situation, not affected by noise, main problem social, wait for 

external help, un-sceptical of how well the barrier works, trustworthy, unaware of the 

barrier prior, not bothered, like living here (or would (will) like to move in), inclusion 

& acknowledgement, barrier is good! success, unaware of forum, trust and believe 

experts as they improve and benefit the area, external exaggeration of problems. 

5. Noise reduction over aesthetics. but aesthetics has its place 

• Noise reduction over aesthetics, affected by noise, barrier is bad! failure, (barrier 

natural & blended barrier contemporary & eye catching neither one or the other just 

reducing noise) aesthetics important, barrier looks good, barrier looks bad, not 

bothered, trust and believe experts as they improve and benefit the area. 

6. Un-utilised public opinions 

Residents have opinions that could have been used in effective PP 

Noise reduction over aesthetics, aesthetics over noise reduction, barrier choices 

important, suggestions for improvements, aesthetics important, aesthetics 

unimportant, barrier natural & blended, barrier contemporary & eye catching, public 

participation is very important, act to stop it, causes positive aspects and opportunities 

for community, rejection of situation, barrier looks good, sceptical of how well barrier 

works, barrier looks bad, women's opinions most salient, approval, causes negative 

aspects and opportunities for community, would like involvement, improvements, 

barrier is good! success, barrier is bad! failure. 

7. Rejection o(community initiatives 

• Communities are both willing and able to organise themselves in to action, but feel 

this action is unsupported, or even ignored leading to frustration, and rejection of 

things like the barrier: 

• Act to stop it, self-reliant, rejection of situation, disenfranchised, abandonment & 

severance, causes negative aspects and opportunities for community, lack of hope, 

sceptical of how well barrier works, external exaggeration of problems, barrier 
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choices important, decline, bothered, causes positive aspects and opportunities for 

community, public participation is very important, lack of belief! trust in experts & 

professionals, disappointment, pessimism, uninformed, problems are as bad as made 

out, barrier is bad! failure 

Through the coding of the expert interviews five categories were developed, these are listed 

below with their subcategories. 

List of categories and sub-categories: for the experts (The Expert Themes). 

1. Perceived limitations ofthe project 

Accountability, high expectations due to non-expert involvement of organising 

committees, reduced control, delegated responsibilities, arena affect should have been 

explained, Applied V Pure - Curvatures of the design lost. 

Acceptance of failure to some degree. 

In hindsight would have increased height 

2. Adoption ofpub/ic participation which equates to 'tokenism' (Arnstein 1969) 

• Public participation incomplete at Tinsley, situation was explained not determined at 

the forum. PIP was not an obligation. 

Fear of consequences of too much control through 

PIP. 

Forum deemed only/ best means of engaging the 

public. 

Would not change PP method with hindsight 

The importance of public participation is accepted and acknOWledged. 

Awareness and attempts at alternative means of PP, 

just not used here. 

Responsibility of PP lies in the hand of the public. 

Despite best effort not everyone can be engaged. 

Damage limitations are practised by spreading the 

word. 

Unclear how to engage properly 

• Reactive solutions are the norm not proactive. 

3. Delegation o[responsibility to impart meaningfUl infOrmation 

• Potential for public integration unused, greater PIP at Altoffs (an alternative site) 

influenced acceptance, 

• Realistic expectations. - Should have been imparted 

Public were unrealistic. 
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• Realistic alternatives. 

Project regarded a success due to realistic expectations 

by experts. 

• Misconception of public opinion due to lack of communication. 

Opposing views, illustrating bad communication. 

4. Negative aspects of integration highlighted rather than opportunities tor informed 

decisions 

• Restrictions of design controlled by official noise barrier design specs, upfront cost is 

deciding criteria, as all noise specs are conformed with naturally, planning not a 

consideration when part of existing works (as is inclusive), aesthetics important, 

maintenance costs were considered. 

5. Evidence ofunleamt lessons. and lack of acceptance ofimportance oftull integration 

• Would not change actual method of design with hindsight, accept for including a 

before and after survey, other mitigation strategies would have been wider felt, i.e. 

Low Noise Surface. 

4.2.2 Axial coding 

Following the compilation of all the concepts, the next stage in the process of the theory 

development began. This involved axial coding, which developed a relationship between the 

subcategories and the main categories, and started to form the basis of the theory. The model 

used to allow this was a paradigm model, using this model did not fully link the individual 

categories together as this process was undertaken at the next stage of 'selective coding'. It did, 

however, start to develop themes, which enabled 'core themes and categories' to emerge 

(Bryman 2001:392-395; Straus and Corbin 1990:99). The paradigm model used linked the 

subcategories to a category in a set of relationships denoting causal conditions, phenomenon, 

context, intervening conditions, action! interactional strategies, and consequences. The model is 

simplified as an overview in Figure 4.2 with an explanation of each phase. The results of the 

axial coding process for each of the categories used in the development of the actual grounded 

theory are detailed below. 

Category 1 

Causal Conditions: Distrust and Disbelief 

Phenomenon 

Many residents distrust experts, and disbelieve many of the things that have been said to them, 

and also disbelieve some of the actions taken. 
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Context: (Represents the specific set of properties that pertain to a phenomenon) 

When the noise barrier was built many rejected it, claiming it had not worked, despite having no 

proof to the contrary. Their expectations for the barrier had been higher, both for its physical 

state and for its noise reducing ability's. 

Intervening Conditions 

This is influenced by previous feelings of rejection whereby ideas put forward have been 

rejected, or residents have felt excluded. The residents may also feel this way due to previous 

experience of actual situations where they deem experts to have failed, for example the building 

of unworkable traffic islands, Meadowhall, Magna, etc, which have had a detrimental effect on 

the community and residents. 

Action/ Interactional Strategies 

The residents counter this disbelief in experts, by taking their own action, through attending 

meetings, contacting councillors, the city council, writing letters, and rallying round to causes 

such as the closure of the school and the buying of the bridge and the church. However, some 

feel that this is fruitless, as they have been ignored before, so they accept the situations 

begrudgingly, and then develop negative attitudes towards the actions taken, without scientific 

proof of the failure. 

Conseguences 

The consequences are that either people take action to attend meetings, but then feel excluded 

and believe the barrier doesn't work or people take no action because they feel it will achieve 

nothing and then still reject the final outcome of the barrier. 

Category 2 

Causal Conditions: Unsatisfied Expectations 

Phenomenon 

Many residents made comments that the barrier, in one form or another, was not as expected. 

However, despite this fact, many felt that they could participate through the forum, and were 

proud of their ability to 'have their say', the fact that many felt their views went unheeded when 

they raised their issues led to dissatisfaction both with the process, and with the final product. 
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Context 

There was a lack of infonnation on how high the barrier would be, and no realistic predictions 

of the improvements it could achieve. This meant that the residents seemed to think the barrier 

would totally block the noise, and as they could still hear the noise they largely felt that it had 

either not worked at all, or that it had worked but not as well as expected, or that it had not 

served its pUIpose. In addition, many commented on the lay of the land and how the barrier did 

not undulate with the land, statements that it needed to be higher in places were made, but they 

also made comments that they did not know whether this was possible A greater understanding 

could have been achieved with less questioning of its value had better infonnation been 

provided initially. 

Intervening Conditions 

The Highways Agency had attended meetings and told them about the fonn and colour of the 

intended barrier, but had failed to impart realistic expectations on how the noise could be 

reduced, and problems incurred through restrictions of height and land undulation. If they in 

fact had imparted this infonnation, but the residents had not retained it, it could still be 

considered ineffectual. 

Action/ Interactional Strategies 

The Highways Agency had reacted to the phenomenon of public participation by attending the 

meeting, but had not reduced the chance of unsatisfied expectations by not relaying accurate 

expectations of what the barrier could achieve. 

Consequence 

Consequently the residents had high expectations that were impossible to satisfy, leading them 

to believe the barrier had failed, and was ineffectual. 

(The importance of realistic expectations being given along with all other infonnation prior to 

the barrier's construction is illustrated. As all structures have their limitations, and these should 

be highlighted). 
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Category 6 

Causal Conditions: The residents had/ have opinions that could have been used in 

effoctive public participation 

Phenomenon 

Many of the residents had ideas, and design suggestions that could have been raised and 

integrated into the noise barrier design. They felt that although many would not have wanted to 

design the barrier from scratch if they had been given choices on form (winding in and out of 

trees), finish (more natural and blended), height (higher and in line with the lay of the land), and 

with better consideration for blending of the barrier over bridges, that they not only would have 

liked to participate, but would have added valuable ideas. 

Context 

The fact that the Forum is in place should allow easy access to develop effective communication 

between the locals and the developers. However, some of the Asian women felt unable to go to 

the meetings, despite attendees thinking to the contrary. This means that the Forum would be an 

effective means of engaging the residents but not necessarily all of them. 

Intervening Conditions 

Many felt the barrier did not reflect their area appropriately and felt as residents of the area they 

were better placed to develop such a thing. 

Choice was another factor raised, which would counter the problem of designing from scratch. 

(The HA claim choice was given, but as the noise barrier competition was not singularly 

devised to develop a barrier for Tinsley, but also for another community within Yorkshire. In 

effect a more integrative participation process was undertaken at the MI / M62 Junction over 30 

miles away in Altoffs. Therefore, in quite insular communities, such as Tinsley, one solution 

chosen by residents many miles away cannot be expected to fit the criteria and aspirations of the 

residents in Tinsley). 

Other intervening conditions were firstly, the lack of opportunities for some sectors of the 

population to become involved due to language, time constraints, and other commitments. 

Tinsley Forum, although accepted as a very positive community asset, seemed to imply 

individually a 'full and long term commitment' which took up time, 'burned people out' etc. So 

if people did not want to be 100% involved, but had suggestions and felt they could benefit the 

design, there was no opportunity to impart this information. Tinsley Forum should not have 

been seen as the sole option for engaging the locals. 
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Consequences 

There are several consequences of the public participation (PP) not being effective. Firstly, 

ideas that could have benefited the design were not heard. There was a feeling of frustration at 

not being allowed to influence their own environment (ownership), which led to rejection of the 

barrier "it looks like they have just plonked a 6ft fence there". Also, due to lack of imagination 

in engaging the wider residents. Those unable to attend meetings felt no opportunity to impart 

their ideas, which presumably ostracised large swathes of the community. The lack of PP, also 

led to the previous two phenomena, that there was less opportunity to give realistic information 

about the barrier's potential and distrust and disbelief of the experts. 

Category 7 

Causal Conditions: Communities are both willing and able to organise themselves into 

action strategies. but feel this action is unsupported. or even ignored leading to 

frustration. and rejection ofthings such as the barrier 

Phenomenon 

The Tinsley Forum's existence and attendance figures are testimony to the local community's 

willingness to take action in a defiant manner to better the area. The fact that the majority of 

those interviewed had at least heard of the forum illustrated its effectiveness at engaging a large 

proportion of the residents, if not all. 

Context 

However, the comments made in an almost passive defeatist nature, regarding the fact that the 

residents ideas were not used or heeded "so what's the point", illustrates the importance of 

nurturing and respecting the residents ideas and fully involving the residents when they are 

willing to give their time to it. 

Intervening Conditions 

The problem is that due to feelings of alienation, and a lack of support for their enthusiasm to be 

involved, many now do not feel they can change a situation, 'so why bother'. On the other hand, 

in scenarios where the community feel they have influenced decisions such as with the Tinsley 

Tree Project, this defiance is rewarded, and the residents feel empowered. This was illustrated 

by the benefits perceived by the residents from the Tinsley Tree project, where several hundreds 

of trees had been planted alongside the southbound carriageway of the Ml following pressure 

from Tinsley Forum and the local residents and businesses. The comments about this project 

even went so far as to state that the trees had considerably reduced both air and noise pollution 
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despite the trees being quite immature and realistically probably not attenuating any significant 

noise. 

Action/ Interaction Stratew 

This is a powerful illustration of the importance of an effective PP process. Negative comments 

made about the noise barrier were not about it having been built, as the residents felt that their 

campaigning had given them the barrier, again empowering them. Their complaints were 

instead all about things they felt they could have made comments about i.e. heights, finish, 

form. This raises the question, therefore, if they had felt more in control of these aspects would 

they have perceived the barrier to be more effective? There is no definitive answer as to whether 

the barrier had worked due to lack of official test results to prove a before and after change, 

however, ultimately it is the perception that counts. If the barrier has worked to some extent 

when tested scientifically, if no perceived improvement occurs then it can only be perceived as 

ineffective. 

Category 5 

Causal Conditions: Noise reduction over aesthetics. but aesthetics has its place 

Phenomenon 

The residents unanimously stated that the noise barrier should first and foremost reduce noise, 

but many comments were given about the barrier's form, as related to category 7. The residents 

all seemed to have well formed opinions on how they would have wanted' the barrier to look. 

Context 

This raises the question about 'function and form'. Form is evidently important, but more 

importantly is that its form influences the perception of the barrier's function. 

Intervening Conditions 

For example, the thoughts that the barrier should have been "more solid", "higher", "more 

natural like an earth mound". All imply that the form influences the perception of the barrier's 

effectiveness to reduce noise, regardless of any actual scientific evidence. Therefore, if the 

effectiveness of the noise barrier was judged on its form, and its form's effectiveness at 

reducing noise, is guided by integration of the public ideas then a full circle of the importance of 

effective PP emerges. 

94 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 4 

Action/ Interactional Strategies 

It would, therefore, be beneficial to find out prior to building, by providing a choice, which 

barrier material is perceived to be more effective: -(This theory is investigated further in 

Chapter 8). Illustrating the importance of customised participation and fully integrated planning. 

Regional variations in preference for various barrier forms are discussed by MD-Taha (1999). 

Conseguences 

The consequences of this are that the function and form should not be looked at as two separate 

issues, but as one, and then the appropriate barrier can be produced for the appropriate area by 

and for those it's intended to protect. An overview of the process above is presented in an 

abbreviated form below in Figure 4.2. 

Processes 

Causal Conditions 

Phenomenon 

Context 

Intervening Conditions 

Action! 

Strategies 

Consequences 

Interactional 

Outcomes 

The conditions that give rise to the phenomenon or 

categories, its specific set of properties in which it 

is embedded. 

-------I.~ An explanation of the predominant characteristics 

of the phenomenon. 

------.~ A context represents the specific set of properties 

that pertain to a phenomenon; that is the location 

of events or incidents pertaining to a phenomenon 

along a dimensional range. 

-------1... The broad and general conditions bearing upon 

action! interactional strategies. These include time, 

space, culture, economic status, technological 

status, career, history and individual biography. 

------.... ~ The methods by which respondents address issues, 

or by which external bodies aid the resolution of 

any problems inherent in the phenomenon. 

-------I.~ The consequences of these actions be it successful 

or not, and the basis for theory development to 

explain or resolve issues. 

Figure 4.2 The paradigm model: Adaptedfrom Strauss & Corbin (1990: p 99) 
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4.2.3 Selective coding 

The final stage of the coding, 'selective coding', enables the final development of the grounded 

theory, it is the process of 'making it all come together by integration' (Strauss and Corbin 

1990:96). This is not that different from the process of putting the data back together again in 

'axial coding', it is just done at a more higher and abstract level. Where as axial coding puts the 

concepts into categories by working out the salient properties, dimensions, and associated 

paradigmatic relationships, giving the categories richness and density. Selective coding starts to 

form relationships between the categories, and the story line starts to emerge. At this stage a 

core category that seems to define the research emerges, and the way in which the other 

categories relate to this can be woven into the storyline (Strauss and Corbin 1990: 116-120). 

The key themes were derived from five of the seven categories produced. The remaining two, 

were interesting and helped define the outlying position of the theory by describing many issues 

that impacted on the community under investigation, and also placed the importance of the core 

themes in context with the perception of other issues in the area. However they were not 

essential to the description and validation of the core category and were consequently 

abandoned at this point. 

In addition the first two stages of the grounded theory of the expert interviews were undertaken, 

this further influenced the core themes. 

Therefore the remaining categories that supported the core categories were the following: 

Distrust and Disbelief in Experts. 

• Unsatisfied Expectations. 

• Un-utilised public opinions 

• Rejection of community initiatives. 

• Noise reduction over aesthetics, but aesthetics has its place. 

The core category, (or theme) basically described the storyline of the grounded theory, and was 

influenced by all of the supporting categories. The main theme and the basis of the grounded 

theory, was defmed as 'The Consequences of Ineffectual Public Participation Processes'. The 

full definition of which, with accompanying respondent quotes can be found in Section 4.3 

below where the overall grounded theory developed from the qualitative investigation is 

presented. 
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4.3 The core theme of the grounded theory on the barrier's development 

The core concept that emerged from the coding was 'the consequences of ineffectual public 

participation processes', this is considered and developed into a theory in the following sections, 

and is the core of the grounded theory. 

Figure 4.3 illustrates the main internal and external influences and realities that impacted upon 

the lay and expert categories. The diagram illustrates that most of the categories are resultant of 

internal perceptions resultants from extraneous influences such as previous experiences. The 

diagram also illustrates however, how external realities such as time pressures etc impact upon 

the categories. Overall the diagram shows that the overall core category is a product of many 

complex thought processes and perceptions of both the lay and expert persons. The diagram also 

illustrates how multi-dimensional core category building is, and how less apparently related 

themes could influence the overall category, despite their initial salience sometimes being 

difficult to see. 
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4.3.1 Evidence o(the 'unsatisfied expectations' 

The core category that emerged through the analysis of the respondents' answers, within the 

context of the contributory categories, was related to 'Unsatisfied Expectations'. This 

phenomenon was derived from those residents that made comments that the barrier, in one form 

or another, was not as expected. Selections of these comments are noted below. 

"The noise barrier hasn't given much improvement the government has spent a lot of money but it has no 

effect. Double-glazing would have been a better option" Resident. 

"The barrier does not work. I've seen no improvement from the barrier as the motorway is raised, so no 

barrier is going to be high enough" Resident. 

"Well, I thought it was a good idea until, like I say, lie of the land seems to have not improved in certain 

areas. But whether it's improved in some, I really don't know" Resident. 

" The barrier's done absolutely nothing, absolutely nothing. It isn't high enough in the places. They can 

do six foot, but it dips, so you can still see the wheels. If you go on the school field, you can see the 

wheels on the motorway. So that's done nothing" Resident. 

"I think they're 100 low. Maybe they should have been twice as high than this. Maybe higher, same 

height as the lorry". Resident. 

"My only complaint is that, when I heard that it was being built, I imagined it being higher" Resident. 

" Even going over bridges, maybe going over a bridge might have to be a timber fence but even they look 

odd somehow, don't they, on the bridges. They have not, I don't know. I don't think the colours have 

done anything. No matter where they have been, what colours, in what place, I don't think it matters. It 

just looks like a 6 foot fence, don't it?" Resident. 

"Fairly nondescript in my opinion. It looks like every motorway barrier I've ever seen in the whole 

world. Designed by an engineer, whose artistic judgement is perhaps slightly wanting! What does 

surprise me very much is that it's actually so low. I thought it would be higher" Resident. 

A key theme of these comments is the lack of actual evidence for the barrier's lack of 

effectiveness, through the comments it can be seen that the negative opinions of the barrier are 

all based on perceptions of its form rather than specific evidence. It was evident through the 

interview process that although many of the residents had tried to obtain information prior to its 

construction, that the information acquired was ineffectual at both allaying concerns and 

imparting facts, This phenomenon was largely a result of a perception of lack of information on 

both the barrier's form and height and the lack of realistic predictions of the extent of the 

improvements that could be expected by the imposition of the barrier, In contrast the 

professional responses, with respect to expectations and results of the barrier's effectiveness are 

very different: 
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"It's certainly effective in parts, I think that people's perception is that's it's a noise removal measure, 

rather than a noise reduction measure, and people have written saying it's not very good we're only 

getting 3dB reduction, and that's quite a success. If I thought that I had achieved that I would have said 

I've succeeded. And anything over that is a bonus and I think there are quite afew properties that are still 

in the shadow. Those properties where the roads high and they're below the level I think we were 

hopefUlly looking at /0 dB(A), because they were actually in the shadow obviously those that get 2-300 

meters away, by definition are not going to get too much reduction. There are areas where it isn't 

effective because it needs to be continuous because where the road dips and you've got properties in what 

they called the arena type effect, if you can see the vehicles you can hear them, because its a direct line to 

source. So there were some people who were upset because the road dipped at the embankment and the 

barrier followed it, which again needs to be a continuous barrier. Otherwise the effectiveness is lost 

upstream and downstream ". Expert. 

"We haven't gone back and measured it, although someone else has claimed they have, I think that was 

the school or something. And that's when they said it's only gone down 3 to 5dB, and I said that's pretty 

good. " Expert. 

"I think by definition because you put up a noise barrier two meters high although some people wont 

benefit as much as others some will, we know by definition, especially where the motorway's on an 

embankment we know that people will have benefited. Because we know how it works. but they may well 

not have perceived it or appreciated it and that's why we do it ". Expert. 

The disparities between the views of the experts and the laypeople are pronounced in terms of 

the barrier's effectiveness, this is clearly due to the key difference between the two parties of 

unrealistic and realistic expectations. This is not to say that the barrier does work perfectly or 

that it is a total failure, and without definite proof this is impossible to say. However, it does 

confirm that either the information was not imparted to the residents, regarding realistic 

expectations of the barrier's abilities, or the information was not imparted in an effective 

manner, which the residents retained. 

The researcher, when questioning the experts, felt that although the necessity for imparting 

information was accepted. That the true extent of the importance of the information being 

understood was not fully acknowledged. In many respects the researcher got the impression that 

the experts felt they had done all they could, despite the acknowledgement that the information 

had not been fully digested and retained. 

Indeed it was apparent that not only was their view of participation one inline with a one way 

flow of information, conceptualised as 'tokenism' by Arnstein (1969), but also that the 

significance of that information being understood was not valued. 
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4.3.2 The consequences of mutua I distrust and disbelief 

The second category that was largely attributable to the first category, and of previous 

experience was a 'Distrust and Disbelief in Experts". Many residents gave strong views as to 

the rejection of expert opinions for example: 

"Well, no, because we've had that much trouble with the experts. I mean, they have put islands in and 

had to take them out before today, when lorries can't turn round corners and get into factories gates, and 

things like that, you know, because sometimes it's somebody down in London, down in an office, and they 

don't know the land. They don't know, all they see is a road map. And it don't work like that" Resident. 

"I think I would want to be involved. Experts don't know what we need. I think that's what's been 

happening. Everything's being decided for you, and people not haVing their views put forward. It's been 

mostly whatever's happened. " Resident. 

"I just felt that yet again, they have not done it right. It's always the case that they do things half cock ". 

Resident. 

"The height. People in Tinsley think the barrier is a waste of money and time; authorities ignore Tinsley. 

It's like an Island" Resident. 

The experts who made comments on the validity of the public's comments also reciprocated this 

distrust to some extent. Implying that a non-expert opinion would be too idealistic and 

consequently unworkable in a real world scenario. 

"Very difficult, if you involve the public they want the earth, they see no reason why we cant have noise 

barriers 5 meter high the length of the MI. If we'd have just gone in there and put up the bog standard 

timber fence, I think we would have had complaints. They would have said well, why have you just stuck 

up a Timber fence could not we have had something a bit more aesthetically pleasing. It's a difficult one, 

halfway house, do you have foil public consultation do you tell the public what's happening it lays 

somewhere in between" Expert. 

"So public consultation is always in the loop but it's the level of that if it's a noise barrier to protect A 

and B, its very dangerous, we went to Altoffi and we went to Rotherham and they asked for it to be 

increased in length slightly but that's the problem you get is that, I don't think a barrier will ever be too 

long there will always be someone on the end of it. It is a case we've got £5 million across the country 

year on year" Expert. 

4.3.3 Evidence of un utilised public knowledge 

However, many of the residents felt that they would have not only been able to give a valid 

contribution to the barrier, but would have also offered examples of their suggestions during the 

interviews. for example: 
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"I would personally go for the natural effect, with greenery, if that worked as well. I think that in some 

cases the trees on the motorway side of it, like which the DETR planted after pressure from us. When our 

tree planting project, planted on the other side of the boundary, they saw the light and planted on the 

other side of it ". Resident 

"I think it ought to just blend in more altogether. Higher, blend in more. It definitely just looks as though 

somebody 's plonked a fence there and not given it any thought" Resident 

"I think it's got to blend in, and obviously the right height. And, obViously the height's going to have to 

vary in whatever place it's at. And maybe, I mean I don't know enough about noise, maybe it don't want 

to be just in a bang straightiine" Resident 

"I think the community's input would have improved the barrier well, the barriers might have been 

better if the community had been allowed to have a say" Resident. 

What was striking from these comments was the acceptance of their limitations, due to their 

lack of expert knowledge on noise. However, they largely felt they could have successfully 

contributed to attributes of both height and finish. 

"I think I would definitely have it more solid, and also higher than these. Much higher than these. I think 

a double layer on these" Resident. 

"Effectiveness, materials, size and location. Striking from the motorists side and a natural blending for 

residents, noise reduction is very imponant" Resident. 

Many responded to picture card prompts of several barrier types with finn ideas of how well 

they would perceive each barrier type as being able to attenuate noise (see Appendix ID for 

copy of the prompt images). 

The fact that the residents felt their opinions were un-utilised compounded several problems, the 

factor of trust in experts, in addition to their unsatisfied expectations, made their perception of 

the barrier's effectiveness reduce. This in turn, led to feelings of frustration and a loss of 

ownership of the project. Through the analysis of the expert interviews it became evident that 

the residents opinions could have been integrated at several stages; for example. 

"They were all as equally effective, if they could conform to the HA document ". Expert 

"So then it was down to aesthetics ". Resellrclter 

"It was down to aesthetics, Ihe market scheme, longevity, maintenance anti-graffiti, to some extent it was 

a compromise between making it visible and making it attractive, and not causing distraction ". Expert 
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Therefore, in effect, if all the barriers designed for the competition were compliant with the 

legal requirements then the residents could have been integrated to choose the winning design. 

The ability to attenuate noise, was sited unanimously as the most important aspect of noise 

barrier development, but despite some comments to the contrary most did value the aesthetics of 

the noise barrier quite highly. With many of the residents implying that they had well formed 

opinions on how the barrier should look. 

The striking aspect of this situation was the difference in opinion of how the barrier should have 

looked between the experts and the residents. 

The experts felt that the barrier should have been a bold statement to reflect its gateway stature 

as the entry to Yorkshire. The residents all however felt that a more natural and integrated 

barrier would have been more effective, especially in light of the loss of green space in the area, 

due to both the motorway and recent commercial developments. 

"/ think it could have been bolder ". &pen 

"/ think it ought to just blend in more altogether ". Resident. 

4.3.4 The conseguences o(rejecting community initiatives 

The lack of proper communication had led to some grave misconceptions on both parts as to 

how the barrier worked, and how it should have looked. These misconceptions were illustrated 

further with the expert's opinion of how the public participation process had worked. The 

experts felt that they had managed to capture a large proportion of the residents through using 

the Tinsley Forum, however this method of public participation overlooked those who were 

unaware of the forum. 

Of the residents that were aware of the Forum and had tried to get involved with the noise 

barrier's design, many felt disillusioned by their experience. The rejection of community 

initiatives left many of the residents feeling that they had no charge of their area, which 

according to the experts was true, as the Highways Agency was under no obligation to have a 

public consultation: 

The Highways Agency's approach can be described as patriarchal in its practise, in that despite 

their technological expertise which evidently restricts the prospect of allowing full 'citizen 

control', they would still not actively attempt to engage all affected community members, on 

areas that could easily and without compromising the end result have been decided by the 

community. It is accepted that there are limitations with regard to financial constraints on how 
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much participation can be undertaken. However, as illustrated with the reliance on one Forum as 

the main means of engaging the public, that the level and reasoning behind the current methods 

is neither extensive enough nor does it fully acknowledge the benefit of allowing a two-way 

flow of ideas. 

"Because the barrier goes up in improvement order, we don't have to consult on it, it's a case 

of improving the highway under our highway land, it's basically an improvement to an existing 

highway and that included under a general power. But we do engage people purely on this 

cross load of information" Expert. 

The experts did acknowledge the importance of public consultation and participation as 

illustrated in the following quote: 

"If we're doing new works we certainly like to consult with people and again, we consult with 

groups all the time, you know make them aware of what we're doing, there's environmental 

group there's lots of partnerships now that are going on, so that people are kept constantly 

aware, and we used to go out and talk to parish councils on a regular basis and asked them if 

they had any problems, it is about engaging the public because at the end of the day they are our 

customers, our customers are not just road users they are also the people that are effected by the 

route". Expert. 

At the extreme, the methods used could be described as patronising, in that they 'don't have to 

involve the public, but do so as a service'. Rather than putting the opinions of those that the 

barriers are intended to protect as an incremental deciding factor on the success of the barrier. 

To conceptualise this within an understandable framework, would be to define an effective 

approach as that where some power is delegated to the community, and the cross flow of 

information between all affected residents and the experts results in a barrier that is accepted by 

the community both for its benefits, and with its limitations. The findings of this work do lead to 

the theory that a lack of inclusion and integration of all groups and ideas respectively, result in a 

barrier that falls short of its potential. 

Unfortunately despite the acknowledgement of the importance of integrating local communities, 

in practise, the methods used were more dictatorial than participatory, especially for the 

residents who attended the Tinsley Forum. This was largely due to the fact that the residents of 

Altoffs, an alternative section of the project some 35 miles away, were the only residents able to 
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participate and influence the design. They had an influence on the colour, where as the residents 

of Tinsley were told what was going to happen and had no real influence over the design or 

finish. The experts did claim that, had there been severe objection to the barrier, they would 

have reconsidered it, but as was captured in a statement from one of the residents this was not a 

real prospect for the Tinsley residents; 

"And they were doing it in 3 different colours, and one thing and another. And I think, if it's only 6 foot 

high, or whatever it is, they don't have to have a lot of permissions, planning permissions. And, so from 

that point of view, like. you say go ahead. because, well they go ahead anyway, but you stry go ahead 

because something's got to be better than nothing. But then when you realise the lie of the land" 

Resident. 

The importance of effective public participation in the design of noise barriers has been 

highlighted by several investigations in the past as reviewed in the literature. However, it would 

seem that it is not the will to do the participation, it is the way. For even if the residents who 

attended the Tinsley Forum had been able to influence the barrier's form and height, the 

residents of Tinsley who were unaware or felt unable to attend the Forum meetings would still 

have been ostracised. 

4.4. Discussions and conclusions 

This research has illustrated clearly that even when public participation approaches are 

attempted it does not necessarily guarantee a project that is accepted by everyone, and more 

importantly that is perceived by everyone to work. It is, therefore, 'Ineffectual Public 

Participation' that creates more problems than no participation at all. This statement is enforced 

in three different ways by the results of this investigation. Firstly, the acceptance and perceived 

effectiveness of the barrier reported from the residents of Altoffs, Leeds, who had received the 

exact same barrier but had influenced its design (Joynt 2002). The second factor is the positive 

reports about the Tinsley Tree Project, although not related specifically to this project; the trees 

benefits were perceived greater than that possible, due to their being immature (Magrab 1975; 

Harris and Cohn 1985). The final factor was that amongst the residents who had a greater 

awareness of the barrier's construction, those who were unaware of its existence reported more 

negative comments upon its effectiveness. 

The use of the grounded theory approach enabled the residents to have a voice, and through that 

voice, the underlying facts of firstly how the residents perceived the barrier's effects, and 

secondly why they had perceived it in that way, were revealed. The use of this method does 

limit the quantity of respondents able to be interviewed, however, it has many benefits in the 

depth to which phenomena are both revealed and explained, which combined can inform 

105 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 4 

theories and future decisions of this nature if required. Had a more quantitative approach been 

utilised at this stage the phenomenon may have been highlighted, but its importance above all 

other salient factors and the explanation would have been missed. The use of this approach 

enables the further evaluation, using quantitative methods to be better informed and guided, 

allowing the extent of the problem to be revealed. 

Therefore, through the grounded theory approach, the theory of the negative consequences of 

ineffectual public participation has been highlighted. Although the experts claimed that it would 

not be impossible to please and engage everyone, the lack of communication, proper utility of 

existing resources and distrust on both parties, led to the fact that nobody in this sample of ten 

respondents felt the benefits, and the barrier in effect failed. 

The key themes developed through the analysis of the expert interviews are the perceived 

limitations of the projects due to several factors. The delegation of responsibilities for engaging 

the public, and despite accepting that public participation is needed, a true sense of why it is 

important and the opportunities for improving projects remains unrecognised. The use of the 

consultation process is seen as an opportunity predominantly, to impart information as opposed 

to receive it, as well as being an obligation as opposed to an opportunity to inform and enlighten 

the project. The fundamental themes underlying this are the un-utilised potential and 

opportunities and also a lack of imagination on how different methods of attempting public 

participation, particularly to engage disenfranchised minority groups, can be achieved. 

The researchers perceptions have been incremental to the analysis of the interviews, and it is 

accepted that there was a potential bias in favour of the residents due to the comparison of 10 

peoples (lay) opinions with 2 peoples (expert) opinions. This was emphasised by the researchers 

allegiance to the principals of feminist ideology, which value the opinions of all, and sees merit 

in social inclusion and full participation, this was in contrast to the patriarchal ideology adopted 

by the Highways Agency. It is accepted that alternative interpretations of the data could have 

resulted in a differing opinion of the result. However, it has been the researchers aim to develop 

an opinion based on the facts provided by the respondents interviewed, and not to impart 

personal opinions upon the respondents, but rather to develop the theories based on issues raised 

within a free flowing conversation, where the respondents arrived at their own opinions. 

Therefore, it is felt that the construction of the resulting theory reflects the reality of the 

situation as seen from the perspective of all the affected parties. 

In conclusion the context of the phenomenon, is the isolation of the public or lack of 

involvement, which reduces the feelings of ownership for the project. With the reduced feeling 
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of ownership, in addition to the perceived outright rejection of salient views, comes a related 

feeling of alienation and removal of local power. When this is done, despite efforts to become 

involved, a negative perception of the implemented project occurs. This is compounded by the 

lack of understandable information about realistic expectations and a lack of awareness as to the 

extent of the importance of fully integrative public participation by the barrier providers. 

With regard to the Highways Agency's policy on public participation it would be seen as a large 

omission in previous practices that public consultation was not mandatory. However, with the 

ratification of the Arthus convention, this is likely to change. However, this change should not 

be seen as a hindering obligation, but an opportunity to improve the fmal outcome. 

Although the researcher does not work as an expert directly for the Highways Agency, her 

experience with the Highways Agency in a professional capacity and within the constraints of a 

budget and profit driven environment does give some insight in to why the scenario of 

ineffective public participation would arise. Therefore, for public participation to be a realistic 

option with the realisation of the true potential benefits, then a greater emphasis need to be 

given to training on the importance of public participation with employees and undertakers of 

design initiatives. In addition it is also fundamental to provide financial support for the 

provision of resources to undertake effective participation. 

As public participation as a result of the EC Directive (2003/35/EC) from 2005 will be a 

mandatory obligation, it is hoped that the financial resources are put in place to undertake 

participation to its fullest extent, allowing a partnership between the expert and lay opinions to 

result in a barrier that not only works in objective terms, but is perceived as effective by those it 

is aimed to protect. 

The key to the theory therefore, for creating and effectively incorporating public participation 

into the design of a noise barrier, is the willingness and ability to allow a flow of 

communication and information between all interested parties. In addition, realistic expectations 

should be imparted to the public in a manner that they understand and accept, together with 

overall utilisation of the views and opinions of those that the barrier is intended to protect. 

Without this the ownership of the project is removed leading to frustration and resentment and a 

consequent rejection of the barrier. The financial considerations of adopting these strategies 

would likely be ultimately less than the complete failure and replacement of the barrier, as has 

been illustrated in cases before Hall (1980); Cohn (1981; 1982); Pendakur and Pyplacz, (1984) 

and Golding (1986) .. 
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The next stage of this investigation therefore is to reveal the extent to which this theory is valid 

within the wider population of Tinsley, Brinsworth and Catcliffe and also to find any further 

relationships between the perceptions of the participation process and the perceptions of the 

noise barrier's effectiveness. In addition, issues, which were raised within the qualitative 

analysis, such as accessibility and opportunities for minority groups to become involved, and to 

what extent they are currently excluded, are explored. Also the opportunity for the respondents 

to impart their thoughts on which method of participation would be best suited to various 

sectors of the community are revealed and tested. To find out whether the trends revealed would 

be representative of the population as a whole. These insights are then further compiled to give 

an overall view of a sustainable approach to the development of a noise barrier. 
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Chapter 5 Quantitative Investigation: Expanding the Case Study 

Findings through the Triangulation of Methods 

In Chapter 4 a qualitative research approach was used to develop a grounded theory, which 

described the consequences of ineffectual public participation (PP). In order to test and develop 

this theory further, it was decided that a large retrospective quantitative study would be carried 

out, concentrating on the whole area impacted upon by the noise barrier. This process of 

integrating both qualitative and quantitative methods is known as 'triangulation'. 

The interest in the non-acoustic and sustainable aspects of noise barrier development stemmed 

from a discovery in the literature and research undertaken in Chapter 4, that through the use of 

effective PP the perception of a noise barrier's worth can be vastly improved. Despite the 

discovery and acknowledgement of this fact by noise barrier developers and governments 

around the world, there is still a lack of full commitment to undertake more successful 

participation and the actual practical means of doing this still remain largely undeveloped (Hall 

1980; Cohn 1981 a; Cohn and McVoy 1982; Pendakur and Pyplacz 1984; Golding 1986; 

Kotzen and English 1999; Md-Taha 1999). 

5.1 The pOSitivist research methodology 

5.1.1 The origin ofthe research and the relevance ora quantitative study 

During the qualitative investigation the main theories that emerged were that it was not the lack 

of PP that had led to the barrier's failure, as perceived by the residents, but it was the ineffectual 

use of the PP process that led to the barrier's failure. As a consequence several new lines of 

enquiry emerged which included questions related to the following, 

• 'How had the wider community perceived the barrier?' 

• 'Was the scenario reported in Chapter 4 an anomaly?' 

• 'If so were the rest of the residents completely satisfied?' 

• 'If the current method of PP had not worked, what were the reasons behind it not 

working? And how would the residents foresee changing the process to make it more 

attractive? 

• 'Under-representation and alienation of minority groups, was also raised as an issue, 

who were these minority groups'? 

• 'What was the cause of their alienation and why were they unable to participate'? 

• 'Which measure would they choose themselves, to integrate more successfully into 

the planning process, and would this encourage them to get involved'? 
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'Did the minority groups that the participants belonged to effect their perception of 

their opportunity to become involved?' 

'And finally did the residents perceive the barrier as effective, and how did the results 

of their perception relate to a1l the other factors noted above'? 

All of these queries led to the need for a wider ranging study, than that possible using just a 

qualitative study. The qualitative study was invaluable however in defming the research 

question and focussing the research and minimising wasted time and expense carrying out an 

unfocussed quantitative investigation. 

The use of the quantitative study may seem to elude from the feminist aspect, which influenced 

the previously chosen qualitative method. However, whilst the qualitative approach overcame 

the problem of giving a voice and language to the residents, with which to express their 

concerns and opinions, the quantitative approach served to indicate the extent and patterns of 

their inequality. According to Brannen (1992), a feminist stance ought not necessarily imply an 

allegiance to a particular methodology. With the more important issue being that of theory, it 

should therefore be possible to conduct statistical studies, which test hypothesis guided by 

feminist theory as well as qualitative studies that give a voice to the people themselves (Brannen 

1992:3-33). 

To ensure that the 'giving of a voice' to the population was not restricted, a key point of the 

research undertaken was that the data captured was from all representative subgroups and 

minority groups in the study area. The methodology for this is described in section 5.1.3 below, 

and illustrates the importance of the feminist ideal in understanding the non-acoustic and 

sustainable aspects of noise barrier development. 

The crucial aspect in justifYing a mixed methodology research deSign, is that both single 

methodology approaches contain both strengths and weaknesses and the effective combination 

of these methodologies, focused upon these relevant strengths and weaknesses to enhance the 

investigation (Brannen 1992:3-33). By using qualitative and quantitative methods in tandem a 

correction was incorporated that reduced the inevitable biases present in each method (Cook and 

Reichardt 1979). 

According to Denzin (1970:310) cited in Brannen (1992:3-33), methods oftrianguiation may be 

'between-methods' or 'within-methods'. A within method approach involves the same method 

being used on different occasions, while between-methods means using different methods in 

relation to the same object of study. For this investigation it was a 'between-method' that was 
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utilised, in that there were similar traits between the qualitative and quantitative investigations. 

The investigation did not merely ask the same questions in the same form to more people, but 

instead the investigation was widened and developed new theories and themes. This is 

supported by Cook and Reichardt (1979) who claim that disparate methods which still converge 

on the same operations, are better than similar ones because the former are likely to share fewer 

biases than the latter (Cook and Reichardt 1979:21). 

5.1.2 The sample areas 

During the qualitative investigation, the sample of residents approached for interview all had 

specific links with Tinsley, either through residing or working there, with the exception of the 

two expert representatives. As noted previously, the noise barrier was not only built to protect 

the residents of Tinsley, but also extended approximately five kilometres in length to protect the 

villages of Brinsworth and Catcliffe. Therefore, as part of the wider quantitative investigation, 

these other areas were incorporated into the methodology. 

Tinsley, Brinsworth, and Catcliffe have many indicators of social deprivation. Although some 

aspects of the communities give a reasonably encouraging profile of the areas such as the low 

crime rate, the influence of high unemployment and poor health, in addition to low house values 

have led the areas into decline. Much of this can be attributed to the MI motorway with the 

problems of severance to the city/ town centres of Sheffield and Rotherham, respectively, 

causing problems for those who need to commute to the business district. In addition, poor 

public transport links, and the effects of the air and noise pollution from the motorway have 

contributed to diminishing house prices and poor health (East End Quality of Life Initiative 

2001; Greig, et al. 2001). An overview of the social and economic indicators for the wards of 

Darnall, (which includes Tinsley) on the North East Side of Sheffield and the local authority of 

Rotherham are contained in Appendix 2A. 

5.1.3 Multi-stage cluster sampling 

In order to obtain a random sample of the population, to investigate further the theories and 

questions raised in Chapter 4, a method of unbiased sampling was chosen. The area affected by 

the noise pollution spread over 5 kilometres, therefore, a means of capturing a representative 

sample was adopted which allowed residents from all three villages within the area to be 

selected to answer the questionnaire. This was done whilst maintaining a random element of 

sampling; therefore one of the main clusters used was the already defined boundary of the three 

villages. 
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The second cluster was derived after consideration of the work of Pendakur et al (1984), who 

found that the perceived effect of a noise barrier was considered negligible beyond the third row 

of houses as judged by the residents. In addition Askew et al (1998) discovered that beyond 300 

metres the effects of traffic noise in correlation to the perception of the noise after a barrier's 

development become less related. A cut off point of 250 metres on either side of the north and 

southbound carriageways was, therefore, implemented as this then put the most effected 

residents within the sample, who were more likely to hold stronger and better-informed 

opinions of how well the barrier worked. 

A detailed map of the area was studied at a scale of 1 x 10,000, which illustrated all the houses, 

along with a random distribution of some of their numbers and the street names along the length 

of the 5km stretch of motorway and either side of the carriageways spanning 500 metres, this 

gave a catchment area for the total sample of 2,500,000 metres squared. 

This area encompassed the villages of Tinsley, Brinsworth and Catcliffe, and the approximate] 

total number of residencies within the sample area was 1,067 homes. Being spilt into 50 metre 

bands oscillating out from the motorway further stratified the sample area. This gave a specific 

distance band of how far the residencies were from the carriageway, these were the second set 

of clusters to be analysed. 

In order to ensure that each resident had an equal chance of being chosen a probability sampling 

technique was developed, to attempt to keep the sampling error to a minimum (Kinnear and 

Gray 2000; Bryman and Cramer 2001; Pallant 2001). This was done by first establishing the 

sampling fraction (Equation 5.1): 

n 
= Sampling fraction (5.1) 

N 
Where n is the sample size and N is the population size. 

In this case with an overall population of 1067, and a sample size of 188, (the total number of 

properties eventually approached), which translated as a ratio of 18 in 107. In total 188 houses 

out of the 1067 within the total population were approached. However, as the houses were not 

equally distributed between the 50m stratum bands, the sampling fraction was used to confirm 

that the minimum number of houses was approached in each stratum to be representative. Table 

I The value is approximate as the buildings were viewed from a map, and not all were inhabited, nor were any 
distinctions made between dwellings, some smaller shops, workshops and businesses. 
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5.1 , therefore, illustrates the total population of houses within each strata and the minimum 

number that would be required to be representative. From the sample equation for every 100 

persons in the population a minimum of 18 had to be picked to be representative. 

Table 5.1 Minimum ideal and actual sample in each stratum. 

Stratum Population Minimum Sample Actual Sample 

0-50 m 40 7 21 

50-100 m 230 39 35 

100-150 m 268 51 65 

150-200 m 303 58 37 

200-250 m 226 43 30 

Totals 198 188 

As can be seen in Table 5.1 the sample chosen was ju t short of that to be fully representative of 

each of the populations in each stratum. However, with consideration to the estimation of the 

overall population initially, due to the absence of an alternative means of calculating the 

population other than counting the buildings from a map, and in light of the fact that some of 

these properties included could have been shops, or businesses the sample numbers were 

accepted as representative of the population. 

The individual house within the tratum were chosen randomly again using the J x 10,000 

maps, as noted above, the map was used to identify the addresses of the potential respondent. As 

standard ordnance survey base maps, at this scale have the entire street names illustrated, along 

with a random selection of house numbers to aid orientation. The houses chosen for the sample 

were picked if a house number was displayed on the map. This was random in that by looking at 

a map alone the occupant' s age, gender, or ethnic background could not be determined. 

In total 188 households were approached to complete the questionnaire, this gave approximately 

18% of the population the opportunity to give their views. The residents were approached in a 

two-step process; ftr tly a letter was distributed to each property identified as a potential 

respondent a week prior to the hou e call. The letter contained details of the date and the time 

that the re earcher would be calling, and an explanation of the background of the study and the 

requirements to participate. This prelimjnary letter was ent in four languages, English, Urdu, 

Bengali and Somali (Sheffield First Partnership 2000), to ensure an understanding of the 

procedure (Appendix 2B). In addition telephone numbers for both the researcher and the 

supervisor were Ii ted to an wer any further querie . 
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Prior to the decision to distribute the questionnaires by hand other methods were considered. 

These included the use of mailed questionnaires; this is a convenient means of distribution, 

however, it does have a higher non-response rate. Methods to increase the response rate include 

the 'Total Design Method', as created by Dillman (1978), which claimed to aid response rates 

of up to 60%, in samples of the general public. However, this method claimed that without full 

adherence to the procedure that the chances of such a response rate would be significantly 

jeopardised. Despite the method being theoretically possible, the additional factors of the area 

having been extensively surveyed prior to this study and the use of different language 

questionnaires, plus the opportunity to assist those unable to complete the questionnaire on 

disability grounds, meant that the use of mailed questionnaires was ruled out. 

The alternative to this was to use a labour intensive method of distribution by hand; this method 

had several pros and cons, which are listed below. 

Pros: 

• The respondents made contact with the researcher, the questionnaire was not from an 

anonymous source and so they were less likely to ignore the questionnaire, due to the 

interrelationship developed from face-to-face contact. 

• The arrangement of a time for collection at the respondents convenience, gave a more 

official verbal agreement to both complete the questionnaire and to return it. 

Any questions about either the research, or answering of privacy concerns could be 

addressed at the outset, reducing the chance of refusal to respond due to unfounded 

concerns. 

• The amount of potential waste paper and stamps were significantly reduced, 

consequently reducing the stationary and postage costs. Any refusals could be 

determined on delivery and an alternative respondent could fill in the questionnaire. 

• The researcher could aid the respondents when they were hindered by disabilities such 

as severe arthritis or visual impairment. 

• The researcher could distribute the appropriate language questionnaire at the outset, 

rather than having to send 4 or more copies to each respondent. 

• As the researcher spent significant amounts of time in the area, during the time the 

respondents were completing the questionnaire, any significant noise events occurring 

could be noted that could have influenced responses. 

• In addition to the time the researcher spent in the area, distributing the questionnaires 

gave the opportunity for any personal perceptions of the various areas noise problems 

to be made. This aided understanding of the respondent's views, which was not 

possible by judging from a map alone. 
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Con's: 

The labour intensity of the method meant the data collection took 6 weeks, and cost 

significant amounts in transport costs to and from the case-study site. 

This high cost of transportation was further exacerbated when respondents were not at 

home at arranged times for collection, resulting in some cases in several return visits. 

There was a significant security risk to the researcher from approaching strangers 

alone. 

Despite these cons the method of data collection proved very successful with a 57% response 

rate, and reduced errors due to misunderstandings. The method utilised could have been an 

indefinite one, in that for every refusal potentially an alternative respondent could have been 

found until a 100% response rate was achieved. However, the consequent added costs of 

transportation to site and further letters of announcement made this an unviable option, and so 

57% of the popUlation or 108 respondents of 188 was deemed satisfactory for representation. 

The questionnaires were therefore distributed by hand at the pre-stated times. If successful the 

appropriate questionnaire was given to the respondent and a mutually convenient time for 

collection of the completed questionnaire was arranged. In the event of there being no-one in to 

receive the questionnaire a letter announcing a new time was posted. Up to three return calls of 

this nature were allowed before an alternative property was chosen. Returning to the map used 

previously and choosing a property either side of the unsuccessful property to select an 

alternative. 

The actual respondent within the households, were chosen to reflect the popUlation most likely 

to be exposed to the noise pollution and most likely to have noticed any benefits of the noise 

barrier. This approach differed from previous investigations where the respondents sought were 

the main homeowners (Md-Taha 1999). Therefore the first qualifying criteria was whether they 

had been living in the house for 12 months or more, respondents living in the area for less than 

12 months were discounted and an alternative respondent was sought (see above). 

Secondly, the respondents within the households were selected simply by approaching the 

person who claimed to remain in the home for the longest period in an average day; there were 

two reasons behind this: 

The investigation aimed to eliminate the problems of under-representation of minorities. To 

have restricted the sample of respondents to homeowners, risked ostracising many key sectors, 

who may not have owned their own homes, but have an equally important opinion particularly, 

women, teenagers, elderly relatives of the homeowner etc. Although this method risked large 
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proportions of similar groups being interviewed, it was assumed that it would be representative 

of the groups who remained at home for longer periods of time sUbjected to the traffic noise. 

The second reason behind the choice of respondent is touched on above. The effects of noise 

were likely to be much more profound on people exposed to it for longer, therefore their 

perception of noise aimed to give a greater insight into the severity of the areas problems. 

Included in the sample, which represented 10% of the area's population, was a wide spectrum of 

respondents in terms of age, gender, ethnic background and economic status. This confirmed the 

success of the random sampling approach undertaken and details of the respondents can be seen 

in the results analysis. 

The advantage of multi-stage cluster sampling is that it allowed interviews to be far more 

concentrated; than would be the case if simple random or stratified samples were selected. The 

advantages of stratification can be capitalised upon because the clusters can be stratified in 

terms of the 50 metre bands to enable further dissection of the sample population by order of 

distance removed from the motorway (Bryman 200 1:92-3). 

The standard error of the mean 1 was calculated for both the clusters of the three villages, as well 

as for the properties identified within each 50-metre band using Equation (5.2) below. To 

establish how far the finding of the random sample could be generalised to the wider 

populations of both groups (Henry 1990:27). 

K M. K 

x= L~:>ki/LMi 
k=1 i=l i=l 

K 

Sx = [(1- K / A) L :;~I~~ f/2 - (1) 
k=1 

K 

Sx =[(1-K / A) M~K LM;s;]1/2 -(2) 
k=1 (5.2) 

where K: number of clusters selected Mk: cluster size S x is standard error; a is number of clusters 

selected; A is total number of clusters in a population; xa is a cluster mean, and; is the overall mean; (I-KIA): 
finite population correction 

1 Wbich is the difference between a sample and the population from which it is selected, even though a probability 
sample bas been selected. 
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The overall mean equalled 62.7 of the total population and the standard error of the mean using 

the villages, as the main clusters equalled 35.5. The overall mean for the other cluster sample, 

with the 50-metre bands regardless of which village they were in equalled 12.46 and the 

standard error of the mean equalled 2.5 (see Appendix 2C). Standard errors increase as the 

differences between the cluster means and the overall means increase due to the differences 

being squared. Thus, the more clusters differ, the less the precision they represent (Henry 1990). 

Therefore it can be seen that the data analysed in terms of the 50-metre bands was a little more 

precise and representative than that analysed by village. However both clusters are within a 

level that can be accepted as representative of the population (Bryman and Cramer 200 I :99-

100). Throughout the analysis the statistical package SPSS II was utilised to determine levels of 

significance for all the findings, this enabled the results to be extrapolated to the wider area with 

a degree of confidence. 

5.1.4 The sample: An overview ofthe objectives 

As noted in the methodology, researchers that have previously analysed the importance of PP in 

noise barrier design have under-represented some members of the community during data 

acquisition. However, using the methods here for targeting all members of the society and 

preparing for obstacles such as language barriers re-addressed this balance. This move to gauge 

the response of all members of the community, especially those who remained in the home for 

longer periods confirmed the suspicions that had arisen through the reviewing of the literature. 

These included the fact that females remained in the home for a longer periods during an 

average day, consequently enduring greater exposure to the effects of the noise pollution and 

making them better qualified to complete the questionnaire, this was illustrated by the fact that 

out of the respondents chosen at random 63% were females and 37 % were male. 

With respect to ethnic background, data was derived and averaged from the Sheffield First 

Partnership for Tinsley (2000) and from the National Census data (2001), for the ward of 

Brinsworth, Catcliffe and Treeton, and was compared to the information recorded in the 

questionnaires. This enabled an assessment of how representative the sample was with respect 

to the overall area statistics. Figure 5.1 illustrates that the sample was very representative of the 

wider population from which it was picked in terms of ethnic background. 
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Figure 5.1 Comparisons of censils datafor the areas erhl1ic lIlix ond rhar of the respondents. 

The number of re pondent from each of the ethnic groups, wa representative of the parent 

population. However, the low number available a a result of the limited ample size restricted 

any statistical inference that could have been calculated. Consequently for the purpo e of 

analysing the impact of ethnic minority latus on the other variables, all non-British respondents 

were counted as of another ethnic minority and were evaluated together. The same principle was 

applied to the variou minority language, con equently the data for these were condensed into 

two group of 'fir 1 language English' and 'fir t language other'. In a larger study with more 

resource the individual differen es between the different ethnic background and languages 

would potentially produce very intcre ting re ult however thi was unfeasible with the limited 

resource availabl . 

The average ward level data for age and that of the respondents is compared and pre ented in 

Figure 5.2 . The data wa corrected and the cumulative curve illustrate the normal distribution 

of age group data, compared to the wider population. 
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Figure 5.2 Cumulative curves of the age distribution (~r the sample compared to the wider 

populations. 

Disability was another factor, which re trieted the potential for some respondent to be involved 

in the PP process; therefore re pondents were a ked whether they were registered disabled. Out 

of the randomly selected group of respondent 11.2% were registered disabled, this is a higher 

proportion than the area average of 7.3°'0. This iUustrates that of the respondents sampled, a 

greater proportional representation of the areas di abled gave their opinion. 

The sample of the data wa big enough to presume n0n11al distribution, however, for minority 

groups such as those with di abilities, and those of etlmie minorities it would clearly be 

umea onable to think that the population would be equally di tributed in a randomly selected 

sample. Tables 5.2(a-d) demonstrate the data for the variables where n0n11al distribution should 

be expceted. These tables repre ent the same normal distribution as those pre cnted in Figure 

5.2 above and confirm the data i valid for. tati tical tcsts, these are referTcd to throughout the 

chapter to confirm that as umption regarding normal di tribution required for some parametric 

tests have not been violated. 
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5.2 Frequency tables 

(a) Age group 

jAge group 

Valid 18-24 

25-34 

35-44 

45-54 

55-64 

65-74 

75+ 

Tolal 

Frequency Percent 

8.0 7.4 

14.0 13.0 

25.0 23.1 

16.0 14.8 

22.0 20A 

16.0 14.8 

6.0 5.6 

107.0 99.1 

(b) Distance from motonvay in 50m band 

Valid Percent 

7.5 

13. 1 

23.4 

15.0 

20.6 

15.0 

5.6 

100.0 

Chapter 5 

Cumulative Percent 

7.5 

20.6 

43.9 

58.9 

79.4 

94.4 

100.0 

Ioistance from motorway in 50m bands Frequency Percent Valid Percent Cllmulative Percent 

Valid 0-50 15.0 13.9 13.9 13.9 

51-100 24.0 22.2 22.2 36.1 

101-150 35.0 32.4 32.4 68.5 

151-200 20.0 18.5 18.5 87.0 

201-250 14.0 /3.0 13.0 100.0 

Tolal 108.0 100.0 100.0 

(c) Village. 

Vii/age Frequenn' Percent Valid Percent Cumulative Percent 

Valid Tinsley 40.0 37.0 37.0 37.0 

Brinsworlh 42.0 38.9 38.9 75.9 

Calcliffe 26.0 24.1 24.1 100.0 

Total 108.0 100.0 100.0 

(d) Gender. 

Gender Frequency !Percent Valid Percent '(:umulative Percent 

Valid lFemale 66.0 61.1 ~/ .7 61.7 

Male 41.0 38.0 ~8. 3 100.0 

Tolal 107.0 99.1 100.0 

5.1.5 Pilot study 

In order to en ure that the que tionnaire would gauge the correct level of response, and to 

remove any areas of ambiguity, five copies of the questionnaire were distributed randomly 

using the same method a noted above for identifying the respondents. The results of these 

questionnaires were recorded and as a result five amendments were made to the questionnaire, 

including the re-phrasing of que tions to reduce ambiguity and the revision of a typing error. 

These que tion changes were not ignificant to affect the results output, as they were undertaken 

to reduce explanation of the que tion upon delivery. Therefore the data collated from the other 
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questions within this pilot batch were used as a valid data source in the overall data analysis. In 

addition to this the questionnaire was shown to a member of the sociology department and the 

planning department for review, and as a result minor changes were made to some of the 

phrasing and structuring of the questionnaires, as well as the inclusion of a note regarding the 

Data Protection Act, these changes were completed prior to the first piloting of the 

questionnaire. 

5.1.6 The questionnaire. and the strategy for increased response rate 

The questionnaire was developed to enhance the cross-sectional design approach of the research 

and had a number of purposes. In the first instance, it was to establish the existing impacts of 

noise pollution on the population, and to determine the relative importance of noise pollution as 

an issue of local concern, in relation to other environmental pollutants and social issues. 

Secondly, it was to gauge the public awareness of the noise barrier, and collate opinions on how 

its noise mitigation was perceived, in addition to establishing how the residents had perceived 

the PP process, in order to determine any correlation between the two. Thirdly, the 

questionnaire gave an opportunity for the respondents to give their opinions on what they 

believed would be an appropriate way of engaging the public for future environmental planning 

procedures. Finally, questions regarding the respondent's personal information such as age, 

gender, ethnic background, and ailments were asked. 

The format of the questionnaire was designed to encourage the best response by beginning with 

open questions, which were about the area and environment in general. Had closed questions 

been used at the outset, the respondents would have adjusted to using the answer paper by the 

time they reached the open questions, and would be less likely to answer the questions without 

being influenced by what they perceived the overall questionnaire theme to be about (Muon and 

Drever 1996). 

The main section of the questionnaire, which held key questions, was developed with a mixture 

of Likert style questions and simple 'yes', 'no' and 'don't know' question replies. Simplifying 

the method of response, reduced the chances of confusion, however the integration of questions 

requiring different response styles, other than Likert questions reduced the temptation to choose 

one number and circle it all the way through without reading the question. However, this is still 

an inevitable possibility that cannot be avoided with this style of data collection. 

A section of personal information questions were placed at the end, to help gauge the make-up 

of the sample and whether there were any particular health problems that seemed to be common 

in the sample. These questions were better placed at the end of the questionnaire as at this point 

121 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 5 

the attention of the respondent had been engaged and they were more likely to complete the 

questions, as to place them at the beginning would have risked antagonising the respondents by 

plunging straight into sensitive and personal questions (Munn and Drever 1996). 

Finally, an opportunity was given to the respondents to state any further views at the very end of 

the questionnaire. This final open question allowed for salient points to be made, and reduced 

the feelings of frustration on the part of the respondents, if a point they thought would have 

been particularly relevant had been missed; (see Appendix 2D for a copy of the questionnaire). 

In line with the feminist ideal, questionnaires were translated into the three most widely spoken 

minority languages Urdu, Bengali and Somali I, this ensured that a wider demographic of the 

population was included into the data sample. As the questions were mostly in the form of box 

ticking or circling, it was possible to analyse the data from the questionnaires completed in 

foreign languages. In the event of further comments being added in a foreign language the help 

of the council translation service would have been sought, however this was not necessary. 

In addition, other sectors of the community who might ordinarily be excluded from the data 

sample were encouraged through the production of questionnaires with large print for the 

partially sighted, and for those who were unable to complete a questionnaire due to disabilities, 

assistance was offered to fill in the questionnaire. 

S.2 Results of quantitative analysis 

5.2.1 The salience of noise pollution relative to other environmental and social issues 

Although the main hypotheses of this investigation were addressed through more specific 

questions, it was important to illustrate the salience of the issue of noise pollution to those 

interviewed. This enables judgements to be made in the event of a comparison of this situation 

with other noise barrier case studies; in addition the description of the situation enables the 

reader to comprehend the context of the problem. Therefore below are the results of questions 

asked to the entire sample with regard to how they perceived both the severity and impact of the 

noise problem in relation to other environmental and social problems. 

I Translations were care ofthe Community Languages Centre, Sheffield Town Hall-Tel: 01142736313 
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Figure 5.3. Re pondC'nt'\" perception olnoise pOI/lit ion in relation to other pollutants by 

percentage 

Figure 5.3 illustrate lhat noise p lIution is of particular concern to the re idents, in the sample. 

The large number of rl: pondent claiming noi e \Va a e ere problem was less (5%) than the 

percentage of re pondent who had claimed air pollution was a everc problem. The very 

similar trend of the values along the air and noise bar illustrate just how important the 

respondent deemed the i. ue ofnoi e in relation to air pollution. 

The reason noi e had gauged uch a high percentage of re pon e with relation to its severity is 

illu trated by the fact that when a ked to an wer the question 'doe road traffic noise (RTN) 

affect you, when ou're In our hou e or outside in the garden'. The results howed that '62% 

of the population aid e' it did affect them. [n respon e to the broader que tion 'Do you think 

traffic noi cia pr blem nui ance in this area?' with the alternative 'u ed to it' as a reply, the 

re ult indIcated that ~7.9°o of the rl,;. p nd 'nt aid it wa a nui ance or problem, with only 

15% aying it wa' not a nuisance. while ignificanll 25.2° '0 claim d they v ere II ed to it. 

This can be interpreted a. :aying that f tho e re pIc n t dir ctly affected by noi e themselvcs: 

thcy ti II aw thc alIence of the rroblcl11 in the area and [elt that the problem ti II (; isted. 
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The way, in which the noise impacted upon the residents, is illustrated in Table 5.3'; this gives a 

good indication of how imposing the noise climate within the sample area was. In addition the 

National Noise Incidence Study Statistics2 (Skinner and Grimwood 2002), for 'the noise effects 

impacting upon a sample population representative of the whole of the UK' can be seen. This 

data further puts into context the extreme disturbance that noise had on the sample population 

relative to the national statistics. 

Table 5.3 The impact oJthe noise on the residents by percentage. 

Noise Effects Respondents in the Sample: NNI Statistics: Proportion ('/0) 
Proportion (%) 

DisllIrbs indoor leisure activities 39 15 

Prevents the use oj outdoor space 41 19 

Prevents windows being opened 49 34 

Makes you Jeel tense tired and 34 7 
irritated 
Has contributed to illness 17 3 

This study was retrospective, in that the barrier had already been constructed when it was 

undertaken; consequently the following response was not unexpected, in light of the extent of 

the reported disturbance caused by the noise. The questions referred to noise levels, and were 

asked in two different ways, one at the very beginning of the questionnaire in order to reduce 

the impact of the respondents being fully aware of the central theme of the study. This question 

asked 'In your personal opinion, has the level of noise pollution decreased in your area in the 

last 12 months?' the results gave a very strong indication of how the gcncral public had 

perceived the noise levels with 12% claiming the noise had decreased, and 87% saying that it 

had not. 

What was more compelling however was that so many of the respondents had noted no change 

in noise levels, even when reference was made to the noise barrier's completion date. The 

question was phrased as follows 'Since the barrier's construction in Spring 2001, have you 

noticed a difference in the noi e levels at your house?', with the answer options including, 

'decreased noise', 'increa ed noise', and 'no change'. It is expected that noise reduction may 

not have been so dramatic as to fall in places to levels that could be described as very quiet, as 

I Q 3. From this study tated: - I low doe road traffic noise affect you? 
2 Q 8. From the NNI Survey stilted: - Doe RTN interferes with any of these aspects of your life? 
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tills would be an unrealistic expectation, however for such a large proportion of the population 

to not perceive any change post the construction of a 2m fence raises questions. The results are 

illustrated in Table 5.4. 

Table 5.4 The respondents perception of the impact of the noise barrier on the noise levels at 

their homes. 

Perception of noise Percentage (%) 

Decreased noise /3.2 

Increased noise /0.4 

No change 76.4 

5.2.2 The Consequences ofinefJectual public participation on the projects success 

The fmdings of the survey on the perception of the noise mjtigation by the noise barrier reflect 

the problem of baving invested considerably in financial terms in building a noise barrier, which 

has little perceived improvement for the locals. Noise barrier effectiveness can be assessed in 

two ways, 'objectively' by using noise models or before and after measurements to give an 

actual value for the noise reduction. Or with a 'subjective' measure which can often be of equal 

or greater importance than the former. This was confirmed by Pendakur and Pyplacz (1984) 

who agreed that the effectiveness of a noise barrier, as perceived by the public, and its acoustic 

performance were of equal importance. 

As documented in the literature review the influence of PP upon the acceptance and perception 

of the effectiveness of a noise barrier is well established. The question here therefore goes a step 

further, as according to the barrier's developers in the case study, PP methods were undertaken 

at the design stage. [f this was tbe case why had so many of the respondents representing the 

wider community not perceived any noise reduction, and some further still, reported increases in 

noise? 

The immediate conclusion raised by trus is that the barrier did not work. Unfortunately, actual 

before and after measurements were never taken by the developers and so this can be neither 

proved nor rusproved officially. The results of a noise mapping exercise undertaken within this 

study are reported in Chapter 6, which allows for some conclusions to be drawn on this fact, in 

addition to further statistical analysis with the respondent ' answers. 

However, for the purpo e of thi section of the investigation it is presumed, based on the data 

compiled in Chapter 6, that the 2-metre fence running the length of the 5-mile stretch and 

aiming to protect a rrunimum of 1067 re idencies attenuated noise at some of the properties 
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under investigation. Consequently, the question arose, 'why had 89% of those interviewed 

either noted 'no change' or noted 'increases' in noise levels post construction?' These questions 

raised three main hypotheses, which utilised the questionnaire data using a variety of 

appropriate statistical techniques calculated using SPSS II (Table 5.9 summarises all the 

statistical techniques used). The results of each enquiry are presented below in three parts and 

establish which part of the design process had led to the apparent project failure, and how 

lessons from this could be taken and reiterated to infonn future projects of environmental 

planning of noise barriers. 

The following results are explored bearing in mind that when the respondents were asked 

whether they had ever attended a meeting of the local forum, 27% had attended a meeting and 

72% of the total sampled population had never attended a meeting. This is significant due to the 

fact that the Tinsley Forum was the only contact between the barrier developers and the public, 

and all the PP undertaken was through the Forum. This fact in addition to that of when the 

residents were asked whether they had heard of the Tinsley Forum, 48% claimed that they had 

not attended because they had never heard of it. This illustrated further the lack of effective 

procedures. As a consequence three main hypotheses were developed to test the impacts of the 

PP, and these are presented in sections 5.2.3,5.2.4 & 5.2.5 below. 

5.2.3 The influence ofpublic participation on the perception o[a noise barrier 

Hypothesis 1: 'Negletting to fully involve the public in the design participation process results in a 

negative perception of the noise barrier's efTettiveness'. 

Using a set of Likert style questions, respondents were asked to assign a response to a set of 

statements regarding the noise barrier's success and their involvement in the PP process. The 

responses ranged from strongly agree (SA) through, agree (A), uncertain (U), disagree (D) and 

strongly disagree (SD). The statements are listed below in Table 5.5, with the results of the 

responses displayed as percentages in Table 5.6. 
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Table 5.5 Statements lIsed in Likert scales to test public perception of various aspects of the 

noise barrier project. 

Likert Statement Statements 
No: 
I 'Public Participation in the design process was very effective; all the Residents 

had the opportunity to make their suggestions' . 

2 ' I felt very involved in the barrier project due to good information availability for 
the local residents '. 

3 'The barrier has reduced the noise significantly' . 

4 'The barrier is a succe s because local residents were allowed to make suggestions 
over its height and location' . 

Table 5.6 Respondents replies as a percentagefor each option. 

Likert Strong(r Agree Agree (A) 'Jo Uncertain (U) Disagree (D) % Strong(l' 
statement (SA) % % Disagree (SO) 
nllmber ~'Q 

/ 3 6 32 /9 31 

2 3 5 /5 28 46 

3 3 9 34 /9 33 

4 1 3 29 /9 39 

In brief Table 5.6 illustrates that the combined total of those who disagreed and strongly 

disagreed to statement 1 was 56 % of the sample, giving evidence that over half of those 

questioned felt that the PP in the design process was ineffective. 

The second Likert questions indicated even stronger evidence of the dissatisfaction with the 

participation process, with 76% of the sample disagreeing and strongly disagreeing. The results 

of statement 3 showed that 53 % of respondents disagreed and strongly disagreed with the 

statement about the barriers effectiveness at reducing noise. Finally the statement, whkb 

specifically implied that the residents had had an opportunity to influence the design, invoked 

58% of the respondents to disagree or strongly disagree
l
. 

I Percentage don't total 100 due to mi sing data. 
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Whcn thc rc ' ults oftatcll1cnts (I) and (2) werc analyscd togcthcr to establi h a ignificant 

relationship bCl\\ een the pcrceptlon. of thc cffectivcncs of thc PP procc sand thc pcrception of 

the barrier's cffcctl\cnc ' ~ uSlllg thl: pcarman' rho Correlation ocfficicnt I-tailcd at a 99° 0 

confidcncc Ic\cl. II \\ a, found that thcre was a significant po itivc relationship (Pallant 

200 I :266). Thi . I II lustratcd a ' a bo\ plot in figurc 5.4. This Icads to the confirmation of the 

finding of thc relation hlp bctwcen the perccivcd effcctivcnc s of thc PP proccs and it 

influcnce upon thc pcrcci\'cd cffcctl\ cncss of thc noi. c barrier in thi sample, which rcconfilms 

the theoric rai cd b) Pcndakur and P}plac2' (1984) among t others . 
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The box plot abovc clearly sho\\s thc pO ' itl\c cOIl'clation with tho e respondent strongly 

disagrceing wllh onc statemcnt, largel) disagreeing \ ith thc other and vice versa. The 

c tablishment of a relationship between thc PP proces and the perceived effeetivene s of the 

noi e barricr a 110\\ cd for thc funher 111\ cstigation of thc data in relation to the di ffcrent ub­

group, to cvaluatc whcthcr tim relationship was particularly inhcrcnt in one or morc group, 

over othcr~ . 

The dataset \\a!-l split into three group: of rcspondents from different villages, u ing a 

pearman's Rho correlation and precntcd a'i an crror bar graph in Figure 5.5. The relationship 

remallled SignIficant at the o.() I sIgnIlicancc leYcl . \\ Ith the n':sldcnt of Tin ley and Brinsworth 

ho\\ IIlC clear disappOll1t1l1ent with hoth thc participation proccs and the baJTicr' ability to 

attenuatc noi. c. The re~ldenh of l atc Ii rre. on the other hand, gencrally felt much more 

optllllIstic about the bamer" abilIty to reduce nOise. This may be indicative of the fact that 
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CatcJiffe although bordering the motorway, is actually much lower in topographical term from 

the rnotorway than the other villages. Figure 5.6 illustrates the re lat ionship between the PP 

process and the perceived noise mitigation by the barrier; the re lationship was not a ltered and 

remained trong de pile tbe increase in distance. 
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Chapter 5 

The correlation. bctween the perception of PP and the perception of the barrier's effectiveness, 

when spilt by tho c of Briti h background and those of other etlmicities, shows a po itive 

cOITelation for those of a British background, but not for tho e of other ethnic backgrounds. 

Figure 5.7 doe howC\.er illustrale lhat the trcnd of disappointment with both indicators was 

apparent for tho c of other ethnic background despite thi not showing ignificance. 
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There is a strong po itivc cOITclation whcn plit by those with and without di abilities. The 

relation hip of people with di abilities believing that the PP process was ineffective and the 

noise barrier \Va incffectiyc was highly igni[icant at the 0.1 levels. This leads to the further 

questioning of the uitability of the cun'ent proccdure for those impeded with disabilities. 
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The significant relationship continues for both categories within the sample, the relationship is 

slightly stronger for the females than the males. The final split of the data was between those 

with English as a first language and those with another language as their first. Again the 

relationship between the perception of the PP process and the perception of the barrier's ability 

remained significant for both groups. 

In summary, a strong positive relationship occurred between the perception of the PP process 

and the perception of the barrier's effectiveness, this relationship is particularly significant for 

the subgroups. These subgroups are used throughout the analysis to identify any particular 

trends that are inherent in any of the groups towards their perception of the barrier project and 

their thoughts on how best to undertake PP. This process enabled informed decisions to be taken 

on PP and noise barrier development in order to achieve the best possible outcome for each sub­

group of the population. 

This final set of tests within this section combined the overall results of the Likert style 

questions (Table 5.5) to establish an overall perception of all aspects of the noise barrier project 

as one continuous variable. The internal validity of the data was checked using a Cronbach's 

Alpha Coefficient, which gave a value for the scales reliability of .41 this, was too low to prove 

internal validity alone. The low value was due to the low number of items in the scale with only 

five possible outcomes. It was, therefore, more appropriate to report the mean inter-item 

correlation, which had a value of 0.24, which according to Briggs and Cheek (1986), as cited in 

Pallant (2001), is within the optimal range for the inter-item correlation. Therefore, the overall 

perception of the noise barrier project had good internal consistency with an internal mean inter­

item correlation of 0.24 (Pallant 200 1 :6). 

When the results of the scales were combined and averaged an overall value representing a 

complete opinion of the barrier's success in terms of its effectiveness and the effectiveness of 

the PP process was established. This value was in the form of a continuous variable and 

represented the overall perception of the barrier project, whereby a high value indicated great 

dissatisfaction with the process, and lower represented greater overall satisfaction. The use of a 

continuous variable allowed for more powerful parametric tests to be carried out on the data to 

test for any significant differences in the overall perception of the noise barrier by the different 

groups that made up the sample. These tests are presented below in section 5.2.3.112. 
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5.2.3.1 One-way ANOV A test of significant difference 

A one-way analysis of a variance test was applied to the results of the overall perception of the 

barrier, by the three different independent variables (or groupings) which were made up of three 

or more groups; 'age group', 'distance from the motorway' and 'village the respondents lived 

in'. For all three variables there was no significant difference between the groups when 

perceiving the overall barrier, i.e. there was no significant difference between the respondents 

from the villages of Tinsley, Brinsworth or Catcliffe on their perception of the barrier project as 

a whole. In addition, there was no significant difference between the different age groups!, and 

their overall perception of the barrier or for people living at different distances from the 

motorway. 

5.2.3.2 Independent t-test of significant difference 

The other independent variables including gender, ethnicity, first language and disabilities were 

tested against the results of the overall perception of the noise barrier using an independent t­

test. 

The null hypothesis tested stated 'that people from the following groups (males and females/ 

British and Non-British! English first language and other first language speakers, disabled and 

able bodied) 'showed no significant differences between their overall perceptions of the noise 

barrier project' . 

The Levene's test for equality of variance was tested for all the groups; none of which were 

below 0.05; consequently none violated the assumption of equal variance, with the exception of 

the disabled category so non-equal variance was not assumed for this. The results of the t-test 

for equality of means gave a significance value (2 tailed) above 0.05 for each of the independent 

variables tested. This showed that the difference between the opinions of males and females on 

the overall perception of the barrier was not significant and the differences between those of 

British and other Ethnic backgrounds were not significant. The differences between the overall 

perception of the noise barrier and the respondent's first language were not significant, and 

there were no significant differences of overall opinion of the barrier project between those with 

and without disabilities. Therefore, the null hypothesis regarding them showing significant 

differences was accepted. 

1 Age groups were reduced to five levels for the ANOV A test (I =0-34, 2=35-44, 3=45-54, 4=55-64 5= 65+). 
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Although a ignificant correlation wa not determined between the groups. the trends of similar 

feeling between the group arc still valid a they further illustrate the dissatisfaction through 

the high score allocated demonstrating the total Likert scores. The outcomes of the 

comparisons with the di tance band and the age groups are di playcd below in Figure 5.11 

5.12. 
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Figure 5. J] Trend' o!'oplIliol1s 011 the (j\'e/'ull perceptiol1 a/the noise harrier by age group. 

In conclu ion. the re~ults f these parametric tc t illu trated that there i no significant 

difference between the o\erall perception or the noi 'e balTier project and the individual 
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independent variable group . There is no particular ub- ection of the main groups whom feel 

significantly tronger in either direction. However, in the graph in Figure 5.11-5.12, there i a 

trend between the group_, which could mean ignificance may have been found with a larger 

sample. Presuming that thee variations are not signi ficant and in I ight of the fact that all the 

graphs illustrate high \ alut: for the total perception of the barrier project, representing that the 

respondent were un ati !Icd. it be ome clear that any particular group doe not influence this 

result. In tead it is more evident that the impact of the balTier' fail ure ha been observed by all 

sector I . Therefore, the ne\.t ection of the data analy i inve tigate the impact of the means by 

which the PP proec ~a undertaken, and whether til're \ a any difference between the 

variou independent variable groups on their perception of its impact. 

5.2.4 Participant led discl/s. ion on public engagement methods 

Hypothe i 2: ' Pu blic pa rti cipati on that u e traditional public meetings, but does not enable people 

to feel that they have contributed, undervalue the purpo e of having a participation process '. 

A key factor in inve tigating the perception of the PP proee s emerged, which revea led tha t 72% 

of re pondent had not attended the main meetings of the Tin ley forum, and that 36% would 

have liked to have the opportunity to be involved in the noise barrier design. The breakdown of 

the percentages of dlO C \\ ho had attended a meeting at their local forum can be seen in Figure 

5.13: plit to ho\\ the group variation . 

J 5 

' 0 B - 'QJ 
r-

t: '5 r-
2 
0 10 
~ 

"" " " " 

, ,Q 
l ' 

,9 
2 ~ 

- r- , r- r- !6 
.:! ~ 

r-
11 20 r-

c:: J. ,0 
~ "" 
" 

S 15 
r, ;:; 
c: '" 111 
OJ E 
" c:: 
0 

~ /I 

- .- -
11 

n -

~ , 
. : 
c 

>. .c 2: c: c: c: 0 0 ~ c 1l q '-' 1: V;. 0 on 0 v; 
:0 -:r 0 c , -;-

"" 
~ 

~ :Q ~ :0 t: ,s ~ '" .,., c ;;; 0 c: 
c5 '" c:: G N .<: '" C u.i c5 :0 ... 0 

" 7 D.ll;} ,pill 1010 sub- groups. .c 
<5 

Figure 5.13 Percentage of're\"{Jolldenl.1 lliaf h(l\'e allended (/ meeting at tlie local forulII by 

variable group. 

I Unfortunatcly the: sample:- lor thc~c sub-group .. wcn: quite small due to the limited re . ource within thc study, 
consequcntl) a 1) p.: II error, .:oulJ hal e () eurreo 110\\ C\ cr, thiS was unavoidable, but call be raised as a note of 
concem for Impro\ c111enluflh.: '3mpl11lg mClhodolog) III the e\ent ofth.: replicatioll of this enquiry. 
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The very low number within cach group who had attended a mecting of thc local fomm lcd to 

thc devclopmcnt of the null hypolhc i , 'therc wa no-significant diffcrence in the perception of 

the PP proce between Iho e respondent who had attendcd the fomm (an attendec), and tho e 

who had not (non-attendee)'. The Ie t re ult . which u cd a Mann-Whitney Te t (Pallant 

2001 :260-1). howed that Ihere wa no ignificant difference in the perception of thc PP 

proce s. by tho c who had attendcd mceting at the forum and tho c who had not. Thc null 

hypothc i wa. thcrcforc, accepted and thc data revcalcd that awarencs of thc forum and 

attcndanec at tbe mecting did not alter the residcnt' perccption of the PP more than those that 

had not. Con cqucntly. it can be concluded that a attendance at the meeting had not 

ignificantly altercd tbeir opinion then the PP proce had not been particularly lIcce ful. 

The result of the que tionnaire al 0 rai ed the cnquiry regarding 'infom1ation sourcc for thc 

respondents that were aware r the barrier' and 'how this influenced, if indced it did, their 

fceling about their involvl:ment in the barrier project'. Ob iou ly thcre was a malleI' ample to 

evaluatc lhi que tion , duc to the fact that many of the rc pondcnts werc not aware of thc 

barricr's cxi tencc. Figurc 5.14 illustratcs the main mean by which tho c informcd had bccome 

awarc of the barrier. Thi further pro\'e the ineffective nature by \ hich the public con ultation 

proce \Va undertakcn; ira m re \\ ide reaching approach had been adopted it can be pre umed 

that more re pondcnt· \\ auld ha\ l: become aware through an official source. 

14% 
o ewspaper 
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OWord ofmollth 

o Local chool I 
. Other 

Figure 5. /./ The meof/l In II !lich fhL' n!\itlL'l1h were inlormed. 
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Using a Kruskal-Wallis test, the relationship between the different means by which the public 

had been informed of the noise barrier's construction, and their perception of the PP process 

were tested for any significant difference using a 0.05 significance level. The null hypothesis of 

this analysis therefore stated that 'the perceived success of the PP process was not influenced by 

the means by which the residents were informed of the barrier's construction'. The results 

concluded that there was no significant difference between the groups. In addition the highest 

score of the continuous variable, representing 'strongly disagreeing' with the positive statements 

given regarding the participation process, illustrated that those who had heard about the barrier 

through the school were least likely to agree that the PP process was a success. 

In addition a null hypothesis was developed that tested the following statement, 'that the 

perception of the barrier's ability to attenuate noise was not influenced by the means by which 

the residents were informed of the barrier's construction'. The two variables were the 

continuous dependant variable, that described the residents' perception of the barrier's ability to 

attenuate noise, and the independent categorical variable 'the means by which the residents had 

been informed about the barrier'. Again the value of the Kruskal-Wallis proved there was no 

significant difference between the methods of being informed at the 0.05 significance level. 

There was no significant difference found between the means by which the respondents had 

been informed about the barrier and their perception of the noise attenuation properties of the 

barrier, therefore the null hypothesis was accepted. 

Additionally, using the data revealed through the mean ranks, the group which had the highest 

overall ranking score, which corresponded to the highest score on the continuous variable, 

illustrated that those who went to the forum were the most likely to perceive the barrier's noise 

attenuation as less effective. This was indicated through their strong disagreement with the 

statement to that effect, although a statistical inference does not support this. 

When an independent t-test was undertaken between the dependent variable, regarding the 

perceived noise reduction and the independent variable-attendance in a participation process 

hosted by the Tinsley Forum. It was revealed that there was no correlation between the two, as 

presented below: 

I-value =0.290; df= 96;mean =3.77; standard deviation= 1.070 

Thus, enforcing the argument that attending a public participation meeting at the Tinsley Forum 

bares no influence on the perceived effect of the noise barrier. This lack of a positive correlation 

can be seen as vindication of the belief that ineffective public participation is as likely to result 

in a barrier not being perceived as effective, as with no participation at all. 
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In conclusion, the tests undertaken revealed that there was no difference in the perception of the 

PP process and the perception of the barrier's ability to reduce noise whether the residents had 

found out about the barrier through official or unofficial sources in addition to their being no 

correlation between attending a meeting at the forum with the perceived effectiveness of the 

noise barrier. It is, therefore, evident that those who were informed about the barrier through 

attending the public meetings were no more likely to either perceive an effective PP process, or 

perceive the barrier to effectively reduce noise, than those residents who had only heard about it 

through unofficial sources such as word of mouth. In addition, the data revealed that the 

residents who had most frequently disagreed with the statement 'Public participation in the 

design process was very effective; all the residents had the opportunity to make their 

suggestions', were in fact those who had been involved in the official participation process'. 

As this method of PP had so evidently failed, the next stage of the analysis endeavoured to fmd 

out from the opinion of the residents themselves 'what would be the best method of public 

participation', and more importantly if these methods were adopted would this make them 

participate, as it would be pointless to make the effort to accommodate people who would not 

integrate into the projects anyway. 

5.2.5 Respondent Preference for Participation Methods 

Hypothesis 3: 'The use of the traditional public meeting is not viewed in the eyes ofthe respondents 

as the best means of engaging them, an alternative measure would be more popular'. 

To understand better how to involve the public they were asked to rate a number of methods of 

involving residents in a PP process these are illustrated in Figure 5.15. These methods were 

assessed using a Likert Scale, which gave the opportunity to give each option a score from best 

to worst, the higher the value of the total scores the least popular the option was. The results of 

the Friedman's test suggested that there were significant differences between the opinions of the 

residents on each of the options as indicated with a significance level of 0.001. 
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local public meellng Public exhibition 

Figure 5.15 Resident 's opinioll~ 017 the best \\ '01' to el7gage the public in the participation 

proce s (Friedman's Test =0 . 001 (Paflallf ]001 :165-6»). 

The result hawed that on the whole, the 1110 t popular means was using a response 

questionnaire in the home. followed by a joint re pon e toward both an exhibition to view the 

finalised plans and a local public meeting, following this wa a po t-construction questiOlmaire. 

Thj option invoked man) comment which illu trated that anything post construction would be 

pointless in the vie~ of the respond<.:nts. as any complaint would not be addre sed. The least 

popular method \',:a the u e of the lnternet thi is contrary to findings in a previous case study 

where the use of the Internet on a planning project wa succe sfully developed by Lceds 

Univer ity (Carver 1002) enabling busy and housebound resident to put forward suggestions 

online, However, in the area under consideration here, 61 % of the popUlation did not have 

access to or were unable [0 u C the lntemct, illu trating further that methods that suit one case 

will not neces arily be acccptable to all. 

In order to establi h \\h<.:ther there wa a ignificant difference between the OpIniOnS of the 

independent ubgroups, and their ratings of potential PP method the non-parametric 

Friedman' test \\ a applied to the data pllt by the sub-groups of the independent variable . The 

results of the Fn<.:dman ':, Ie [ and the Illustration of the trends discovered in the analy i 

between the ub-group:, are dISplu)cd 111 Figures 5.16-5.20 below. 
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Figure 5.20 The split of opinion:. residents lI 'ilh olld lI 'itholit di abilities regarding ho\l' they 

rated the alternative optiom of public parTicipation 

(Friedman '.1 TeSI. Siglliflnml al (J .05 Lell'ls (Pal/aliI :!OO/ :265-6)) 

in ummary the abo\e analy i ha illu trated that the opinion of those que tioncd on which 

method would be the bc 1 to integrate the public doc vary between the sub-group . The e 

finding arc very important to demon tratc the differences between ub-group, and go some 

way not only to identifying the importance f tailoring PP measure to indi idual ca e- tudies, 

but also LO different ub-group that make up the population. The re ults cannot be generali ed 

without que tion to the wid'r public. However, th re lilt can be used to inform decisions on 

which group arc likely to prefer different option for PP a they are taken from a random 

sample and the grouping (i .c. malc female) are not peculiar to the area. The re ult of which of 

the option were fa\ oured b} the majority of pcoplc in eaeh ub-group are summariscd below in 

Table 5.7. ne pc tcdly public mectings wcre stated as many of the re pondent's preferred 

second option for participation, thi illu trate the fact that the plaec of the public meeting i not 

ob olete within public partiCipation. ho\vc\cr the actual tructure of the meetings nceds 

refinemcnt, as illl! trated in haplcr 4. 

Thc prefercnce for a qucstlonnalrc in the home may havc bcen bia ed by the fact that the 

re pondent wcre bt:lOg e\.aluateu u ing this pr Ce . The results may have been more 

informative if a grcatcr :clectlOn r participation proccdures had been offered as choi cs, uch 

as 'planning for real tcchlllquc' anu 'citizen forum. ' . Howevcr, to pre ume that thc rc pondents 

would under ' tand the 'c mcth us \\.ould bl.: unfca iblc. In addition, to the pace on the 

que tionnaire being limitcu to allO\\ for further explanation. 
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Table 5.7 The favoured JSI and r choice for PP by the subgroups 

Groups First Choice/or PP Second Choice for PP 
Females Questionnaire at home Public Meetinl< 
Males Questionnaire at home Exhibition 
/8-34 years Questionnaire at home Public Meelilll< 
35-44 veal's Questio/lnaire at home Exhibition 

45-54 years Queslionnaire at home Exhibition 

55-64 years Questionnaire at home Public Meeting 
65+ years QuesTionnaire at home Public Meeting 
British Questionnaire at home Exhibition 
Other ethnicity Questionnaire al home Public Meeting 
English (Lang) Questionnaire at home Exhibition 
Other (Lang) Questionnaire al home Post-collstntction questionnaire. 
Disabled Public Meeting Exhibition 
Able bodied. Questionnaire at home Public Meelinl< 

5.2.6 Likelihood of alternative methods encouraging greater participation 

As the purpose of this investigation was to determine ways of achieving a better success rate for 

noise barrier projects, through the more appropriate redirection of resources, the outcome of this 

section is key. However, if despite these measures being in place, the public would still not be 

prepared to get involved in the planning process through PP then there would be little point 

implementing them. 

In order to evaluate whether improving the options for people would actually encourage the 

public to become involved the respondents were asked to answer the following set of questions, 

with either a 'yes' or ' no ': 'If you could use any of the following methods which would be more 

likely to make you get involved in Public Participation' 

Do it over the Internet 

If meetings were more frequent 

If meetings were arranged for different groups 

If meetings were better advertised 

Other (please state). 

Figure 5.21 below summarises how the respondents reacted to each option by revealing the 

percentage of respondents who said they would be more likely to become involved in PP of 

these alternative options were available. 
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Figllre 5.21 Percelltage of respondents thaI replied :l'e indicaling Ihey would get inFoll'ed 

with public participation ilaltemaril'e options were available. 

The re ult in Figure 5.21 indicate that advertising meetings more effectively would influence 

the largest proportion of re pondent to attend a PP process. eparate meetings for minority 

group followed thi . which was al 0 a popular option to encourage greatcr involvement. The 

option of 'more frequent meeting , encouraged an extra 30% to say they would get involved, 

with the least likely option for cn ouraging more re pondcnts to get involved being through the 

u e of the Internet. To anal ' e whether there wa any significant differencc between the 

different ubgroups, and which method would be more likely to encourage their involvement, 

the data wa again pI it into ub-group a before and the results were analysed with a 

Cochran' statistical te t. The Cochran' test was u ed over the Friedman' tcst due to the 

dichotomous nature of the dependant variablc. The rc ult are di played below in graphical form 

in Figure 5.22. 
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Figures 5.22-5 .26 illu trate all the different ugge tion that potentially would encourage the 

respondent to get more in\"ohed in a planning participation proce . The Cochran value for all 

the variable that howed ignificant difference at the 0.00 I and 0.05 levels are noted below the 

graphs. For the purpo e of thi ' analy i the bars repre enting other mean, will be explained 

below, as they are made-up of many sugge tion they are not directly comparable. The e 

suggestion are not disregarded a they allow insights into any further ugge tions the 

respondents have. To ummari e the outputs of the graph. Table 5. below shows each 

individual group \ ith the uggc tion that gained the most to the least percentage of 'yes' 

respon es, indicating that particular ugge tion would encourage them to become more involved 

in a PP planning proccs . 
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Table 5.8 Summary of which suggestions would be more likely to encourage members of the 

population subgroup fo participate. 

Variable Group Suggestions in descending order from the highest percentage of yes votes (A) to 
that. IVith Ihe least (D) for each sub-grollp. 

Highe t % 0/ 'Yes Lowest % of 
VOles 'Yes Votes' • ~ 

Age 18-34 Advertised belter Minority Meetings Using Internel Frequent 
MeetinIls 

35-44 Advertised belter Minority Meetings Frequent Using Internet 
Meetin)!s 

45-54 Advertised better Frequent Meetings Using Internet Minority 
Meetin)!s 

55-64 Advertised beller Minority Meetings Frequent Using Internet 
Meetings 

65+ Advertised belfer Minority Meetings Frequent Using Internet 
MeetinIls 

Gender Female Adl'erlised belfer Frequent Meetings Minority Using Internet 
Meetings 

Male Advertised belTer Minority Meetings Using Internet Frequent 
MeetinIls 

Ethnicity British Advertised better Frequent Meetings Minority Using Internet 
Meetings 

Olher Adverti ed better Frequent Meetings 

& Minority & Using Internel 
Meetin)!s 

Language Eflglish Advertised better Minority Meetiflgs Using Internet 
& Frequent 
Meetinfl,s 

Other Adl'erti ed better Frequent Meetings Using Internet Minority 
Meetin)!s 

Disabilities Disabled Advertised beller Frequent Meetings Using Illternet Minority 
Meetinfl,s 

Able Advertised belfer Minority Meetings Frequent Using Internet 
bodied Meetinfl,s 

A key finding of this investigation was that the groups unanimously cited that having meetings 

better advertised would encourage them to become involved in local planning issues, with 

people from minority ethnic backgrounds also stating that meetings arranged for minority 

groups would encourage them to get involved. The option of minority meetings and meetings 

being carried out more frequently received a large proportion of the 'yes' votes from all the 

other groups. Therefore from these results, although they can only be completely generalised to 

the population from which they belong, can enable trends of the opinions of different sub­

groups to be analysed. It is clear that in the event of any future need for planning participation, 

if the demographics of the area were obtained and analysed prior to the implication of any 

participation procedure , the procedure could be tailored to the sub-groups that make up the 

population, to encourage a greater re ponse and success rate. 

The other option that the re pondents gave are noted in the following quotes, which included: 

148 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 5 

• "Plenty of advance notice given of the meetings": 

"Could be sure that it wasn't just a talking shop "; 

"Questionnaire in the home with accompanying full information booklet": 

"Arranged at different times i.e. for shift workers": 

"If our views counted for something" 

This again illustrates firstly the inaccessible nature of the public meeting in its current form with 

some sectors of the community wanting to be involved if the opportunity was there, and also the 

mistrust of the current methods, in that they are perceived as being a "talking shop", or place 

where real decisions and influences cannot be made and felt, all the reservations could be easily 

resolved in this situation by better and more effective communication between the local 

authority planners, the project planners and the public. 

Finally and most importantly the residents were asked whether they would like to be involved in 

PP, if all of these options were open to them, as there would be little point in making provisions 

for those who are not interested, the results of this showed that 36 % of respondents would want 

to be involved 27 % would not, even if provisions were made for them and 33% did not know). 

As this result showed that proportionally, in relation to the whole population, there were not a 

huge number of people that would have defmitely wanted to get involved. The replies regarding 

which measure would make the respondents get more involved were compared with the results 

of whether the respondents were affected by road traffic noise within their homes and gardens. 

The results of which can be seen in Figure 5.27 below. 

The fmal test used a Cochran's Test of significant difference, which was undertaken to 

determine the importance of determining the salience of the issues to the residents in their 

decisions to get involved. The null hypothesis developed to test this stated; 'there was no 

difference between those who were affected by road traffic noise (RTN) and those that were not 

and their likelihood to become involved in planning procedures with the provision of more 

accessible methods. ' 

I The remaining percentage being made up of missing data. 
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Figure 5.27 Comparison of indil'idual affected and unaffected by road traffic noise and the 

percentage of them who It'ould be like~\' to get involved with a public participation process. 

ADecled by noise'- res -Cochrall 's Q = 4361: d( 4:p= <0.05 - No 26.20: d( 4. p~ <0.05. 

The test found that there was a significant difference between those who were affected by noise 

and those who were not. The null hypothesi was, therefore, rejected and the importance of 

finding out whether the potential respondents would be likely to be impacted upon prior to 

undertaking a PP proces '; a e tabli hed as a criteria necessa ry to identifying a specific group 

for targeting and engaging in a PP procedure for noise ban-ier development. Therefore, it can be 

concluded that prior to the adoption of measures intended to integrate the residents of an area 

into the planning proce it hould be established that the issue is salient to them in the first 

instance. 

5.3 Conclusion and discuss ion 

5.3.1 Summan' afresli/Is 

ill conclusion, the finding of this study confirm the strength of the relationship between 

effective communication and ucce ful noi e ban-ier development. The results also illustrate 

that one method of participation doc not nece sari ly sui t all members of a community, but that 

there are correlation within the ub ection, 0 if the e subsections were identified prior to 

participation, then a mixture of methods could be adopted to generate the best outcome. 

1n addition, the extent of feedback with regard to the u e of public meeting in their current 

form wa illustrated. The extent t which ubgroup member were alienated from lhe process 

wa clearly een, along with their willingness to ge t involved had the proce s been more 
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accessible. This confirms that public participation is not only effective in discouraging negative 

perceptions of noise barriers, but also does social good, by invoking a feeling of local ownership 

and encouraging a determination to work as a community to better the local environment. The 

public meeting however, was proven to be by no means obsolete with many groups indicated it 

as the second most preferred choice for participation. but as illustrated in Chapter 4 and within 

this Chapter the means of advertising public participation procedures is crucial to the number of 

people attending and also to the overall success of this approach. Public meetings that are 

inclusive of all minority groups, and do not create social exclusion are seen widely, as a force 

for good. 

The methods of public participation presented, as options to the respondents were limited to 

those that did not imply the need for specialist knowledge. Therefore, methods such as, 

Planning for Real techniques and citizen forums were excluded, however it is felt that should 

these options be available to the respondents, that they would be met with enthusiasm. The 

reason for this assumption is down to a reflection of the community's general acceptance of 

participatory measures. As described in Chapters 2 and 4, the residents of this area have in the 

past been largely very supportive of measures they felt they could have ownership over. 

Examples of which were illustrated with the purchase of the local bridge and church as a 

cooperative venture, along with the organisation of other local events to raise awareness of the 

environmental and social problems in the area. 

The importance of these fmdings is increased due to the ratification of the Arthus Convention 

with its requirements for genuinely accessible participation for all members of the public. It will 

no longer be just an issue of under representation but a breach of statutory obligations if the 

public are not fully involved which in turn impedes the sustainability of a project. 

As an overview Table 5.9 highlights all the tests that were undertaken with explanations of the 

significance of the results, and serves as an illustration of the most effective and sustainable 

practices that should be adopted, should a similar project be undertaken again. 
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Table 5.9 Overview oj all inJerences determined Llsing statistical Ie IS in chapter 5.0. 
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Chapter 6 Noise mapping as a Planner's Tool for Public Participation 

Success 

In Chapter 5 one of the key themes that emerged was the difference in opinion that various 

sectors of the community had regarding the noise barrier in the case study. Opinions also 

differed on the means of integrating the public into a public participation (PP) process, and on 

whether this would influence them personally, to adopt a more proactive role in planning issues. 

It was not initially possible, due to a lack of validation monitoring post-construction by the 

Highways Agency (HA), to enable a validation of these results by comparing the subjective 

opinions with an objective measurement. Therefore noise maps were developed to provide 

information of the noise climate pre and post construction at each of the respondent's houses. 

The aim of this chapter is to develop the themes and address the queries raised earlier, 

beginning with the fact that many of the residents had not been made aware of the opportunity 

to become involved in the noise barrier planning process. A further point of discussion is that 

the residents, who found the issue of road traffic noise more intrusive in their lives, would be 

more likely to want to be involved in the planning of its remediation. Although these statements 

seem obvious, during the interview with the HA it was evident that when planning participation 

measures are implemented for noise barrier development, they are done on an ad-hoc basis 

(Joynt 2002). This consequently results in the alienation of large sectors of the affected 

community, who have the potential to inform any decisions with more authority, due to the 

salience of the problem to them personally. 

The use of noise mapping as a tool to inform planners of where to concentrate their efforts for 

PP, was investigated by comparing the differences in opinion of residents with varying noise 

levels and noise attenuation post-construction at their home. Noise mapping was chosen due to 

the relevance of the subject to today's political climate, with the ongoing noise mapping of the 

UK being undertaken throughout 2005, this is as a result of the Governments adoption of the 

Ambient Noise Strategy (200 I) and the advent of the EC Directive on the Assessment of 

Environmental Noise (Wetzel 2002). Therefore, this vast resource is already being collated, and 

has the potential to benefit policy beyond the current limits that it is predicted to assist. 

The Directive's aims were to achieve a common understanding of the noise problem. This was 

to be achieved through the collection, collation and reporting of data regarding environmental 

noise with comparable criteria, which implied the use of harrnonised indicators and evaluation 
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methods, as well as criteria for the alignment of noise mapping (Directive of the European 

Parliament 2000). 

6.1 Introduction of the use of noise mapping for public participation 

6.1.2 The case for using noise maps 

The case for utilising this resource was achieved by outlining how noise mapping should be 

used as a tool for guiding PP methods in planning. It is felt that although the main purpose of 

noise mapping is to guide planning policy, not enough emphasis is put on its ability to guide PP 

policy. This was investigated by the comparison of subjective public opinions, regarding the 

effectiveness of the noise barrier, which were collected by questionnaire during the quantitative 

investigation in Chapter 5. A comparison was also made between these outcomes with the 

objective results produced of the changes in noise level pre/post-construction, through the use of 

a selection of modelled noise maps of the case study area. 

The chapter demonstrates how the subjective opinions of the public's perception of the noise 

reduction relate to the objective or modelled results. The reasons behind the public's perception 

are explored in relation to the results of the quantitative investigation. This helps to establish the 

extent to which, the level of PP in the development of the noise barrier influenced the public's 

perception of its ability to attenuate noise. This has enabled a conclusion to be developed, which 

shows that 'the greater involvement and access those needing protection from a barrier are given 

to the barrier's design and development, the greater the acceptance and perceived benefit the 

barrier would give'. 

6.1.2 Chapter outline 

This chapter starts with an introduction to the noise mapping software, as well as a full 

description of the method used to develop the maps, and comments on how various problems 

encountered in the modelling were resolved. The maps are then presented with information 

about how they were validated and calibrated relative to the real world scenario. The results of 

the maps are then compared against each other to quantify the objective differences between the 

various barrier options. 

In order to further illustrate the potential benefits of noise mapping, the barrier height was 

varied in the three different scenarios modelled. This illustrated how noise mapping could be 

used to predict the potential benefits of the barrier. It also enabled the identification of houses 

where positive and negative influences of the noise barriers would be most greatly felt. In 

addition, it allowed for a comparison of subjective opinions with objective measurements to 
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determine the extent to which public attitude resultant from extraneous variables, such as the 

level of participation, impacts upon the perception of a barrier's performance. 

Finally the idea of focused PP is developed, which illustrates the potential utilisation of noise 

maps to identify smaller sections of the community, where the noise issue is most salient. This 

enables a more focused and tailored approach to PP rather than the more broad brushed and 

potentially alienating methods that are routinely implemented. The final section discusses the 

importance of integration as part of a wider sustainability strategy. This includes a review of 

how PP is being adopted by other large bodies such as Local Authorities, in comparison to the 

Highways Agency, and includes details of the relevance of noise mapping for directing 

methods. 

6.2 Methodology for the development of the noise maps in the case study area 

6.2.1 The extent and location ofthe noise maps 

The noise barrier investigated in this case study extends for approximately SIan along the MI 

motorway, on both the north and southbound carriageways between junction 33 and 34. It is not 

a continuous barrier, as not all the land within these junctions is occupied with sensitive 

receptors. However, for the purpose of continuity the whole length of the carriageway between 

the junctions was mapped. In addition, 300m away either side of each carriageway was 

incorporated into the noise map. This is in line with the Highways Agency's publication the 

Design Manual for Roads and Bridges (DRMB) and a growing body of evidence (Askew 1998; 

Md-Taha 1999) which suggests that, beyond 300 metres, the effects of traffic noise in 

correlation to perception of noise after a barrier's development become less related. 

The noise mapping software used in this investigation was the CadnaJA (Version 3.1) 

(DataKustik 1998) noise mapping package, this is a German package that allows modelling to 

be undertaken in line with the CRTN Guidelines (Department of Transport 1988). A plan of the 

area mapped can be seen in Figure 6.1, this illustrates the extent of the road network as well as 

the proximity of the residential areas highlighted in grey to the M I motorway highlighted in 

blue. 
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Sheffield City 

Figure 6. J Ml Junctions 33-34a, residential area and contour lines. (Digil'l1ap) 

The base map that \Va imported into the nOI e mapping software was in the fOllllat of an 

AutoCAD DXF file, thi contained data on the MI and all surrounding minor and tributary 

roads, as well a properries, both residential and commercial within the area. In addition, the 

exact location of the noi e barrier \ a illll trated I. This investigation only assessed the impacts 

of road traffic noi e, de pite there being a rail network (light, pas enger and freight) and 

Sheffield Airport. The impact of the e additional noi e sources was not considered as this 

investigation was ba ed purely on road traffic noise, and the change of the levels post 

con truction of the acou tic barrier. However, their potential influence on the ambient noise 

climate was acknowledged when the data was validated to account for any significant deviation 

from the modelled re ults. To reduce the impact of their influence on the validating noise 

measurements, monitoring \Vas undertaken more than 300m from any of the rail lines, and 

during the afternoon when th re arc minimal flights from and to the airport. 

6.2.2 Traffic OOIVS and road classifications 

The input data for the purpo e of thi investigation included: traffic data presented as AA WT 

(Annual Avcrage Weekday Traffic); betvveen 0600 and 2400 hours; the percentage of heavy 

goods vehicle (HG '); an evaluation of the ground conditions and heights ; road gradients and 

urface material, in addition to building height and topographical area data . 

Although the importance of valid, reliable and acce ible traffic data i widely recognised, 

unfortunately a of yet there i no infrastructure in place to access and hare completed road 

1 This was acquired through RP onsultanh on behalf of \V P Carillon, (RP EIl\ ironmcntal Consultants and 
Sponsors of thiS work. \\ P Cunllon. Project l1lanllg.:rs of the area Incorporat1l1g the M I JunClion 33-34). 
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data. It has been suggested that all digital road data be centralised and prepared in a format that 

could be utilised by different services with a single administration (Wetzel and MeBsysteme 

2001; Wetzel 2002). For example, if the data was first acquired for the sake of traffic planning, 

it should be prepared from the start in a format that makes it suitable for further use in noise 

mapping or air pollution calculations. This would also aid the standardisation of noise mapping, 

a fact that has been addressed by DEFRA for the UK noise mapping project but is yet to be 

universally available. 

It was noted at the time of this investigation that no such system was in place for the collection 

of traffic data, consequently this data had to be gathered from a series of sources including 

Rotherharn Council Transport Department, Sheffield City Council's Transport Department and 

a series of factored spot traffic counts. The accuracy of this data was imperative as these were 

the main noise sources; consequently the most up-to-date figures were sought. The traffic data 

was collated assuming no unusual events such as local sporting events, bank holidays or large­

scale pop concerts or festivals were occurring, in accordance with the Calculation of Road 

Traffic Noise Guidelines (CRTN) (Department of Transport 1988). 

In accordance with the CRTN guidelines any unladen vehicle exceeding 1525kg, was classified 

as a heavy vehicle (Department of Transport 1988). The traffic speeds for the roads were 

classified using Table 6.1, from the CRTN guidelines. A further assumption was that all 

motorway and major road surfaces were covered in impervious bitumen with a texture depth of 

5.0 millimetres (BESD 2000). 

As data was not available from any source on minor roads in the area, advice was taken 

regarding the best course of action for inputting minor roads'. It was felt that the minor roads all 

carrying less than 100 vehlhour would not significantly influence the overall noise level. 

However, to ensure that this was the case two calculations were performed using the CADNAIA 

software. 

The model was taken from the larger map of the whole area and simplified to test the impact of 

local road traffic. In order to do this receivers were positioned between the motorway which for 

the purpose of this experiment had 40,000 cars travelling along it in an I8-hour period, and a 

local road which was tested with both 0 vehlhour, 50 vehlhour travelling on each road at a 

maximum speed of 25 kmlhour. Figure 6.2 below shows the impact of the two traffic flows; the 

I Advised by the Professor of Traffic & Environmental pollution, Institute for Transport Studies, University of Leeds 

(January 2003). 
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minor difference are outwcighed b} the 'ignificant incrca e in calculation time attributed to 

having traffic flow on local road . Therefore, for the purpo e of thi inve tigation, local road 

were all inputted with a traffic flo\.\. \ alue of 0 yeh hour. Thi method ha been u cd pr iOll Iy 

in noi e mapping invc tigation . where all di "Count the input of data for traffic flow Ie than 

2000 veh /(24 hour) (BE D ~OOO; Carnlther , el a!. 2002; Popp 2002). 

Figure 6.2 The iI?/lIll'nce £?/"tra!(ic 1"OIIIIIIe ollloeti! modI with Ie s tholl 50 veh hOllr. 

Table 6.1 Al'eraRe ~pe(!ds h,' road c/assijJcatiolls ill accordance with CRTN. 
Road Classif/cariolll TramcSpeed 
Roads nOI SU~fI!CIIO a 'peed Imlll o/le.I.1 Ih<lll ()(} mph 

Special roads (rum/) I!xcfudill~ ,lip road\" f08"mh 

Special road,' (ur/>oll) l'Icludlllg ,lip road, 97 "III h 
All-purpose dual carnage II lI.n £'\lllldlllgl!tp r",,,I, 9"" "III h 
Single curriugel\·lJ.\·s. m(lre Iha/l 9 1IIl'lrn II ,de 88 "mh 

(Slip roads are 10 he eslimaled "1><lrtlll'i1'J 

Road\" subjecllo alpeed !tmll of 50 IIIph 

Dllal carrlageways 80"mh 

Single carriagew(/n 70 "m h 

Road suhjeu 10 a speed /iI/III of /ell Ih'/11 5f} mph hilI mon' Ih£lll J() mph 

Dllal carriagl'lIurs 60 "Ill h 
Single carria~e\\ 'a\·.1 50"111 h 

Road sllhjeu 10 a speed II",il or3() mph or le.I\ 

All carriagewlIYs 50"m h 

Source. (Dep or' 111 e I1f 0 f TrailS p Ol'( 198(\' 6) 

Road width wcn:: c1aslfied as follo\\ . Motom'a - 37. m, in 'orporating both north and 

southbound carriagc\\ ay~. from thc outCn110 t point of (he hard houlder on the far idc of the 

carriageway to the OU(emlO ( POll1t of the hard shoulder on the near ' ide of the carriagcway. Thi 

mca urcmcn( \.\.a dem ed from the \uto D map. ajor Roads, including all -road, wcre 
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classified as 14m from the outermo t point on both side, and minor road as 7.5 metre, 

including both traffic lane flowing in oppo ite direction (Caruther and Oates 2002). 

6.2.3 The modelling of complex road jllnc/ions 

Thc mapping of roundabouts pre ented a particular problem, in that the software being u ed had 

no function for the input of roundabout ·, and 0 a olution had to be determined to incorporate 

effectively thi ignificant ource of noi e into the calculation . The large t roundabout to be 

mapped was that at Junction 34. thi had even tributalY road, including two motof\.vay slip 

road (north and outhbound M I). where large volume of traffic were accelerating onto the 

motorway and decelerating off the motor"ay. It al 0 included the lower deck of the viaduct 

(A631) and four further major A road (A631) Bawtry Road, (A6178) heffteld Road, (A631) 

hepcote Lane, and the (A61 09) Meadowhall Road which all converged on the roundabout, in 

addition, the motorway ran above the roundabout at approximately 20 metre . 

The problem of mapping the roundabout wa tackled by treating it a a road in it elf. made up of 

eparate cction with a maximum peed limit f 50 km/h. Thi in line with the RT 

methodology for noi e impact a e menl, \ hich tate that all road and junctions hould be 

broken down into a mailer ections as po, iblc containing individual flow (Department of 

Transport: 19 :4). on equenlly each ection of road was influenced by the traffic flowing on 

and off at the tributarie , thereby giving an accurate picture of reality. n illu tration of how the 

complex viaduct wa 111 delled in 3D format can be een in Figure 6.3 . 

Figure 6.3 A 3D lIlodel of fh" Till.\h~I ' I'iodllef aJ/d MI looking ,'011/17 /OIl'Ords Tinsley and 

Brins~I 'orth . 
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6.2.4 The modelling of buildings and collection ofre/evant data 

For clarification, the only barriers to interrupt the noise pathways within the noise map were 

buildings (including residential, industrial and commercial), embankments and terrain height 

contours, raised roads and noise barriers. 

The measurement of building heights was a significant problem, as there was a lack of available 

data from the planning offices and the Ordnance Survey on existing building heights. This 

problem was also experienced during the major noise mapping projects of Birmingham City 

Centre (BESD 2000) and Tower Hamlets London (Brent Borough Council 2004). The 

Birmingham City Centre noise mapping project overcame the problem of building heights using 

a similar methodology to this investigation, the difference being, during the Birmingham Noise 

mapping study aerial photographs and digitising software were utilised to estimate building 

heights, (BESD 2000) which were not available to this study. 

Further investigation has revealed that many of the noise maps of larger agglomerations have 

taken average heights, with a standard 8-metres being taken for the noise mapping of the 

buildings in Tower Hamlets, London (Tompsett and Liddell 2001; Brent Borough Council 

2004), and a generic value for all buildings outside Central London of 17.9m, and 19.0m inside 

Central London for the Crossrail Scheme currently under design I. These measures are evidently 

much less precise than the methods utilised in the Birmingham City Noise mapping project, but 

are also much less costly. 

Therefore for this investigation a solution had to be sought that would not be too financially 

draining on the project, but also not so generic that the results of the map would be impeded. 

The most comprehensive and cost effective technique available was the method suggested by 

both the Sheffield and Rotherham local planning authorities and various engineering and 

architectural experts within the University of Sheffield
2
• The practise involved counting the 

number of bricks from the ground to the eaves of the buildings, and then multiplying this 

number by the height of each brick and the mortar joining it to the next brick. It was found that 

the most effective method of doing this for the terraced houses, which make up the largest 

proportion of the housing stock in Tinsley, was to count at the end of the terrace where the 

bricks generally ran up to the highest point of the building. 

I Project undertaken by RPS PLC 2004: . . . 
2 Advice from- Dr Tyas, School of CIVIl Engmeenng, Dr Brocklesby and Professor Kang School of Architecture, 
University of Sheffield. 
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For the other housing stock types, such as the common three and two storey blocks of flats the 

bricks in each level were counted and measured enabling the measurement for one storey to be 

obtained. This then enabled a simple calculation through multiplying the height of one storey by 

the total number of storeys. In Brinsworth the largest proportion of the housing stock was made 

up of either 1930s semi-detached houses or retirement bungalows. These were all of a similar 

architectural design and consequent height. Therefore, small samples of heights were actually 

calculated for each house type, and these were allocated to similar housing with confidence. 

In Catcliffe the housing stock consisted of four main house types, terraced, semi-detached, 

bungalows and new build detached and semi-detached. Again the simple brick counting method 

was used to give the building heights of the residential areas. The main non-residential buildings 

within the catchment area were made up of 8 one-storey schools, which were easily measured 

and several industrial developments on an industrial estate, these were measured through a 

combination of brick counting and estimations. 

It was felt that should the reflections from the large industrial buildings be greater than is 

calculated, or if they produced more noise than is represented in the noise map, then this could 

be assessed when supplementary measurements were taken. This would qualify the data, and the 

necessary amendments to the building heights could be made. 

6.2.5 Modelling pitched roofs 

The issue of inputting building heights was further complicated when deciding whether to input 

building heights up to the eaves, or to model building heights up to the roof, (a difference in 

some circumstances of up to 1.5 metres). It was felt that to ignore this factor and input the total 

height including the roof, could have potentially created the problem of extra unnecessary 

height and unrepresentative shadowing as illustrated in Figure 6.4. 
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a 

A. The 
shadowing effect 
when the building is 
modeled with a 
pitched roof. 

o 

B. The effect 
when the building 
and roof are 
modeled as a block. 

o 

c. The effect 
when a building is 
modeled only up to 
the eaves without 
consideration for the 
roof. 

Chapter 6 

SourcK;¥ 
Retlections 0 
and 
directions .... 
of sound 
Shadowed 
area 

Figure 6.4 The noise reflections and shadowing effect when buildings are modelled with 

different roof configurations 

After consultation with both the developers of the Cadnal A software and for verification the 

distributor of Soundplan, the following advice and decision was made. According to the 

Cadna/ A developers, in most cases the average height of a building for acoustical calculation is 

the height from the ground to the eaves plus approximately 2/3 of the height between the eaves 

and the top of the roof. However, with a flat roof no correction was obviously necessary. 

It was felt that only in a few cases would it be necessary to input the exact height and 

construction of the roof e.g. if the receiver point was very near to the sound source, which 

would then cause the building to effectively shield the receiver point (Probst 2003). Under these 

conditions it would have been best to insert an additional polygon point to take into account the 

ridge of the building and give the point the real height of the roof, and then insert a barrier 

between the opposite ridge points with the same height as shown in Figure 6.5. 
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Building 

barrier 

ridge 

ridge 

Figure 6.5 Methodfor inputting an exact model of a building including the roof 

(Source Probst 2003, Cadna/A). 

Chapter 6 

The advice from the UK distributor of Soundplan (Winterbottom 2003), another software 

commercially available for noise mapping, was similar. It was recommended that the height of 

the eaves should be used. This was attributed, partly because of the time consuming nature of 

modelling all the different possible shapes of roofs accurately, but also because the effect on the 

path difference of a sloping roof would not result in a greater variation than if two walls were 

spaced apart l
. 

In light of this advice, and due to the large scale of the area to be mapped, the decision was 

made not to individually model each roof with a barrier and an alternative means of accurately 

inputting the building heights was pursued. To determine the implications of this decision, the 

difference in noise levels at specified receivers were calculated between modelling the buildings 

with their heights up to the eaves and as a solid block up to the top of the roof. 

To make the comparison a small area was taken from the case study noise map containing 21 

houses, traffic data was input as one lane ofmotorway, running between 37-147 metres from the 

receivers, with a value of 40000 veW 18hour, the calculation was run both with the heights up to 

the eaves plus 213rds, of the height up to the top of the pitch to account for the effects of the 

sloping roof and up to the total roof height as a flat roof, effectively giving the buildings an 

extra level. Receiver's were distributed at the rear of each property 1m from the fa~ade, and 

J (I.e. Draw from the source over the top of the front wall and t~~n from the receiver over the top of the back wall and 
the point where they meet are often not very different to the posItion ofthe ridge). 
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1.5m of the ground with a furthcr 3 po ition locatcd 20m from thc rear of thc propertie 111 an 

openfield location. 

To evaluate the influence fro f hcight a tandard hcight of .5m was cho cn, as thi reflected 

the majority of the hou ing hcight in the tudy. Thl: fir t calculation di played in Figure 6.6 (a) 

a a noi e contour map illu tratc' thc impact of modclling thc hcight up to the top of the roof. 

Effecti ely as a flat roofed trllcrurc. FIgure 6.6 (b) illu trate the influence of inputting the roof 

height a the height up to the cave ' plu 2 3rd of thc height between thc cave. and the top of 

the roof. For thi exampk a height of 1.5m \Va prc umed, giving an 0 erall inputted height of 

7.99m. 

(a) 

(b) 

Openfield 2 
~ 

Openfield 2 
e 

Openfield 3 
Q 

Openfield 3 
~ 

Figure 6.6 (0 &h) TC!\f 01 illllll{,lIce o( roo( "('igh(~ 011 /'C' 'C'i\'C'/'s when measu/'ed (0 (he eares 

pills 2. '3rd\ . 
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Table 6.2 Difference in noise levels, with the building modelled up to the height of the roof and 

to the eaves. 

R4Ceiver Distance Roof (8.5m) as Roof (7.99m) up to the eaves Difference 
from Source flat. (dB(A)) plus 2/3 to the ridge. (dB(A)) indB(A) 
(m) 

1 37.1 64.6 64.7 0.1 
2 46.4 63.6 63.6 0.0 
3 58.6 61.9 61 .9 0.0 
4 70.4 60.5 60.5 0.0 
5 82.0 59.1 59.2 0.1 
6 94.3 58.3 58.4 0.1 
7 106.6 57.4 57.5 0.1 
8 1I7.9 56.6 56.6 0.0 
9 114.0 48.2 48.7 0.5 
10 102.2 47.6 48.1 0.5 
JJ 94.5 46.7 47.2 0.5 
12 90.2 46.3 46.8 0.5 
13 88.5 45.7 46.3 0.6 
14 90.4 45.8 46.4 0.6 
15 98.7 47.0 47.6 0.6 
16 110.8 47.5 48.0 0.5 
17 123.6 47.4 47.9 0.5 
18 135.1 47.2 47.7 0.5 
19 143.3 47.3 47.8 0.5 
20 151.5 47.3 47.8 0.5 
Openfield 1 116.5 58.5 58.5 0.0 
Openfield 2 125.5 55.5 55.8 0.3 
Openfield 3 147.3 54.3 54.6 0.3 

Table 6.2 shows the impact of the two heights upon the receivers, including the openfield 

receivers. The output of the calculation illustrates that the difference between entering the height 

as a total block up to the roof varie only marginally, from entering the height as a block up to 

the eaves plus 2/3rds for the roof. Given that this is not a comparison based on exactly the same 

condition, and that the site is not an 'ideal' condition for comparison (say, free field, one infinite 

row of houses, a simple point or line source, etc), it would be difficult to give a straightforward 

reason for the difference. Diffraction through the house sides may also affect the results . 

However, given that the difference i only between 0.1 and 0.5dB, the conclusion can be made, 

that between the two roofs modelled the difference is acceptable/insignificant, and therefore, the 

example with the height eaves plus 2/3rds for the roof was chosen to represent all pitched roofs. 

Figure 6.7 below illustrates how the modelled buildings look when inserted within the model. 

As the figure shows, the buildings are represented as blocks in the 3D model. However, with the 

above methodology for calculating the influence of the pitched roofs this is appropriate. The 

varying colours on the building facades indicate the noise levels and the effects of shadowing by 

buildings. 
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Similarly Huang (2003) evaluated the impact of modelling variou rood configurations. The 

findings of hi inve ligation milTored those in thi inve tigation, in so any variations between 

the modelled flat and pitched roof: wcre in the region of les than I dB. Huang, however, 

adopted a different method of moddling the pitch. which, it was reported, consistently 

represented the 'real building situation', with building of height h=5m, b=7.5m and h= IOm 

respectively, when a standard value of 0.7m was added to the height up to the eaves. This 

approach was not adopted but represents an alternative effective mean of incorporating pitched 

roofs into a model (Huang 2003). 

Figure 6.7 3D models o/bllildings with colOllr hands' depicting the/ar;ade levels. 

6.2.6 Reflections and absorptioll 

In some major UK noi e mapping project, reflection ' have not been included due to tinle 

restrictions (BESD 2000). Ho\\ever, it i felt that in some built up location the predicted noi e 

level may be much lower than in reality when reflection are di counted (Manvel! 2002; Wetzel 

2002). This los of aecLlra mu t. ho\\'ever, be weighted again t the proportional increase in 

calculation times, related t the number of retlcclion that the noise mapping software must 

calculate. In large model it \vould be an un olvable ta k to calculate all po ible reflections. 

However, to tackle thi , the developer of a German noise mapping pilot tudy for the town of 

Herne, the "Lande ul11weltamt"' of onlrhein- We tfalen, documented that the rate of increase 

in recei er levels decline rapidl with in rca ing fetching radius (ManvelJ 2002). 

Recent re earch undertaken u ing Cadna found that when the re ult of a test comparing I, 3, 

5, 10 and 20 1 reflection rc r cti,ely, wa ' undertaken with a boundary absorption coefficient of 

0.1. That de pite the a curae) of the n i e level impro ing at the 10 modelled receptor. The 

I 20 reflec[Jon~ IS the limn for Iht: Cadn<I \ 'C I'm art:. 
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difference between the minimum and maximum order of reflection was still just 1.81 dB (Huang 

2003). 

Therefore, when reflections were considered, in order for the examples to run within a realistic 

time scale in relation to a full noise mapping study of a large urban area, only first order 

reflections were considered (DataKustik 1998), and the maximum search radius for reflective 

sources was taken as 100m, and the maximum reflective source to immision point search radius 

was reduced to 100m (Carruthers, et al. 2002). 

Again it was unfeasible to insert the absorption coefficient of all the buildings and materials 

within the area. However, as with the reflections, to discount it would give unreliable results. 

Therefore, an absorption coefficient of 0.1 was taken for all building fa~ades (Kang 2002). 

6.2.7 Topography 

To improve the accuracy of the noise maps, the use of accurate topographical data was 

imperative, as the terrain of the land surrounding a sound source can have a significant influence 

on noise propagation. Therefore a 10x10m contour grid (E-Map 2004) was overlaid on the map 

of the area, which accurately gave the terrain height every 10m2 . The Cadna/ A software was 

then able to extrapolate the grid by triangulating between the contour points, effectively giving 

each point on the grid an accurate 3D height reference. This was important, as the terrain height 

varied significantly across the length of the area. Therefore, if it had not been considered, areas 

of land, which lie effectively in the shadow zone of the motorway, might have had noise levels 

predicted in excess of the actual situation. The contour of the terrain has two major effects on 

the calculation of sound propagation. It determines the height of the source, the shielding 

objects, and the emission points. For short distances, this in turn, may affect the length of the 

sound path, thus the propagation loss and also the path length difference around the barrier, and 

consequently the insertion loss. 

There was little significant gradient on the motorway itself, with the dramatic drops in land 

height occurring on embankments running parallel to the motorway. Therefore, with the 

gradient at less than 5%, it did not need to be considered in the noise map (Department of 

Transport 1988). The one road with a steep gradient of 5%, Whitehill Lane, had the value input 

manually, and the software automatically calculated the increased noise resultant from vehicles 

travelling up against the gradient. The main area uses were residential, industrial and open 

recreational grassland. This was considered and integrated into the map to account for the 

varying absorption coefficients, as areas with soft and absorbent ground cover, reduce the 

167 



A u tainable pproach to oi e BalTier Development. hapter 6 

reflection effect. Without con ideration of thi the noi e level tend to be over-predicted 

(Department of Tran port 19 ). 

6.2.8 Calibration & l'Glidatiol1 

Various factor affect the quality of a noi e map, and ource of uncertainty of between 5 & 

10dB can be expected for calculated noise map, primarily depending on the quality of the input 

data. By compari on a 2-\ eek mea urement can be within I dB of the annual level, with a 

probability of 54% and an expanded uncertainty of 6dB (Man ell 2002). The validation wa 

undertaken by monitoring thc noi e level at 5 open field location a LAeq ( 15mlll ) and 3 fa~ade 

location during a dry and repre entati\c weekday between the hours of 1000 and 1600, u ing a 

Cirms Integrated ound level metre, CRL 2.22. Thi wa calibrated before and after the 

measurement with no ignificant variation . The locations of the validation monitoring ite for 

the openfield and fa~ade data collection can be eel1 in Figure 6. (a) & (b) re pecrively, below. 

Loc 3 Loc 4 

(a) Openfield 
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Lac 3 

(b) Far;:ades 

Figure 6.8 (a&b) Locations ojvalidarion-lI1oniroring sites undertaken. 

A 2dB variation between monitored and modelled results is typically acceptable, and is 

generally attributed to temporal variations in monitored values. The measurements to validate 

the modelled results in thi investigation were undertaken in one day, and compared to the 

modelled results representing a 'Nhole year. The largest variation between the two results was 

5.4dB. In accordance with Manvel et al (2002) who claim that if measured data is taken over a 

2-week period it can be within 1-6dB of the ach181 annual scenario and modelled data can be 

witbin 5-10dB of the real cenario, thi variation is acceptable. 

The results of the validation are pre en ted in Table 6.3 (a-b). The average of the variations 

between the modelled and measured results arc equal to 2.6dB(A), which illu trates a very good 

correlation between the modelled cenario and the measured levels. Consequently, the results of 

the noise mapping data can be u ed with confidence. In addition to the validation results 

confirming tbe accuracy of the noi e model, the fact that each of the scenarios compared were 

kept identical with the exception of the noise ban·ier height, ensured that the comparison was 

'like with like' and consequently no further calibration wa necessary. 
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Table 6.3 (a) Validation of the modelled LAeq results using monitored datal. 

Free Field Location and distance Modelled Results (Leq) Measured Results Difference (dBA) 
bandfromMI (Leq) 
Location I (0-50m) 73.0 69.0 4.0 
Location 2 (0-50m) 70.4 69.0 1.4 
Location 3 (0-50m) 71.1 70.0 1.1 
Location 4 ( lOa-150m) 64.4 59.0 5.4 
Location 5 (100-150m) 69.1 70.0 0.9 
Average variation 69.6 67.4 2.6 

(b) Validation of the rnodelled LAIO result using monitored datal. 

Factttle Localion and distance band Modelled LAJO values. Measured Difference 
frOmMl LAlO (dBA) 

fFOfade) 

Location I (O-50m) 72.3 71.0 1.3 
Location 2 (100-150m) 68.0 68.0 0.0 
Location 3 (J 50-200m) 63.6 68.0 4.4 

Average variation 68.0 69.0 1.9 

6.2.9 Receivers 

The 108 respondents to the questionnaire were used as the location for the receivers, with each 

receiver being placed I m from the most exposed fac;:ade and 1.5m above the ground in the case 

of bungalows and ordinary 2- tory buildings, and at between 4m and 6.5rn for the flats, 

dependant on which floor the respondent occupied. With regard to the noise types reaching the 

receivers, no source tenns were neglected, with the exception of other fonns of transport and 

minor roads. The maximum source to immision point search radius was taken to be Skm; grid 

interpolation was used at 9x9 (DataKu tik 1998). 

6.2. J 0 Calculation of residents annoyed 

The calculation of the impact of the noise levels emanating from the motorway and surrounding 

network on the resident was detennined using two methods. The first method was done by 

calculating the noise levels as an LAIO• I hr' This is the measurement parameter used in the Noise 

Insulation Regulations (19 ), to detennine whether properties are entitled to, either noise 

insulation provision or compul ory purcha e of their property by the Highways Agency. 

There are a number of qualifying criteria l
, one of the key ones being a noise level at the fac;:ade 

of the property in exce s of 6 dB(LAIO. 18hr), as a result of an alteration to a carriageway. 

I L is the sound pre sure level averaged over a pecified time 
Acq • 

2 L A10 is 10% of the mea urement ome 
I This criterion is made up of three pomts which need to be fulfilled and nrc noted below 

(i) RNL ~ 68 dB(A)) 

(ii) RNL PNL > + 10 dB(A) 

(iii) RNL L'B ~ +1.0 dB/A) 
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Therefore, it is a good value for which to judge the severity of the problems within this case 

study area. The value however is very high, and was designed as a standard in the Land 

Compensation Act (1978). 

To evaluate the noise levels in line with more current advice, the noise maps' levels were also 

calculated as a LAeq. This is the noise measurement used in the World Health Organisation 

Recommendations for Community Noise, which is the most commonly cited in literature, 

regarding the comparison of modelled noise to levels of residential annoyance (Popp 2002). 

This states that to ensure acoustic comfort for the residents, external noise levels at the 

properties f~ade should not exceed 55dB(LAeq} during the daytime and 45dB(LAeq} at night 

(WHO 1999:7). 

Therefore, the area was mapped using two different methods. The first calculating the LAIO 18 hour 

with an exceedance value of 68dB(LAIO• IShr), and the second set calculated as a LAeq 18 hour with an 

exceedance level of 55dB(A) I. Consequently, both basic maps of noise levels showed the 

spatial distribution of noise and also a conflict map, highlighting the regions where the given 

limiting values were exceeded. The results of these findings showed how many properties were 

in excess of the recommended values; these are displayed in Section 6.3 along with other 

comparisons and findings of the data. 

For the purpose of this investigation, just the LAeq maps were used to evaluate the numbers of 

annoyed residents. To know the real conflict areas, and to show them in a correct relation, the 

distribution of residential buildings and the number of people living in each building had to be 

considered (Probst, et al. 2002). As the maps were all evaluated using, no barrier, a 2m barrier 

and a 3m barrier, the effects of the varying barrier size could be directly compared in terms of 

the reduction in numbers of annoyed residents, which in real terms would be of great benefit to 

policy and decision makers alike when justifying various options for planning. 

The number of residents in each property was taken as a national average value of 2.32 people 

based on the average household size by ethnic group (National Statistics 2001:2). Therefore, the 

total number of properties sampled was multiplied by 2.32, to give the total number of residents 

represented in the sample area, i.e. 108 multiplied by 2.32 to give the total residents represented 

where RNL = relevant noise level, PNL = prevailing noise level, L 'B = the contribution to the increase in the relevant 
noise level; Noise Insulation (Amendment) Regulations (1998» 

I There is a relationship between L AIO and LA .... when measuring road traffic noise from high vehicle flows where the 
statistical distribution of noise levels is approximately nonnal, as follows; LAIO= LAeq +3dBA (Smith et aI1999). 

171 



A Sustainable Approach to Noise Barrier Development. Chapter 6 

in the sample as 251 people. The number of households in the sample with noise levels higher 

than the value stated by (WHO 1999), was then calculated to give the total number of people 

potentially annoyed in the calculation area. This information was calculated for the 'with and 

without', noise barrier situation and with the hypothetical 3m barriers, to see an indication of the 

number of residents potentially annoyed, with the varying barrier possibilities. 

6.3 Presentation of the noise maps and comparisons with the respondent's opinions 

6.3.1 Correlation between perceived efficiency o(the barrier and participation 

The main purpose of this part of the research was to compare any differences in the subjective 

results on both the effectiveness of the participation process, and the opinions of how well the 

noise barrier reduced noise. This was achieved by analysing the objective data, provided 

through the noise maps, illustrating the noise levels pre and post construction of the noise 

barrier. Therefore, for the purpose of this section the values given from the maps with and 

without a 2m barrier were used. 

A before and after comparison, was not previously possible due to the fact that no official pre­

and post-construction data was available. The objectively modelled results could therefore be 

compared to the subjectively perceived noise reductions to determine the extent to which the 

respondent's perception was influenced by actual noise reductions against that influenced by 

other factors such as PP 

The public's perceptions of the barrier were determined through a number of answers given to 

questions in the quantitative survey. (For details see questions 15 & 19 in the questionnaire in 

Appendix 2D). For the purpose of analysis a number value was allocated to each of the possible 

replies, which enabled statistical analysis of the data to be undertaken. 

6.3.2 The modelled noise reduction with noise barriers 

Section 6.3.2 includes the actual output of the maps in terms of the modelled noise reduction 

attributable to the noise barriers. The maps produced are in two sections. The first presents the 

noise levels measured as an L AIO. 18hr, and the second set as a L Aeq• 18hr value, the conversion 

between an LAIO• I8br value and a LAeq.18br value was using the CadnaA program. Consequently, six 

maps in all were developed, representing each of the measurement types and these were 

modelled with no barrier, a 2m barrier and a 3m barrier. 
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The receivers input at the fa~ade of the properties that participated in the research are 

represented with a symbol, which after calculation shows up black if the properties' noise levels 

do not exceed the recommended limits, and red if they are in excess of the recommended limits 

An example of these symbols is shown below; the maps are illustrated in the Figures 6.9-6.10 

(a-c) below. 

Receiver below stated limits"" ~ Receiver in excess of stated limits~. 

The large scale of the area under consideration limits the differences visible in Figure 6.9. 

However at the scale presented here, it is still possible to see the trend of the number of 

receivers exceeding the limit reducing with the increasing barrier height, as expected. In 

addition, the extent of the noise problems both before and after the noise barriers construction 

are visible, with most of the properties within 300m of the M 1 motorway inside the noise bands 

exceeding 60dB. 
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c= := -99 OdB 
:= 35.0 dB 

40.0 d8 
c==: := 45 .0 d8 

:: 50 .0 dB 
c= - cCOdB - ....J.J. 

_ := 60 .0dB 
_ :: 65 .0dB 
_ := 70.0dB 
_ :: 75 .0dB 
_ ;:. 80 .0dB 
_ :: 85.0dB 

Figure 6.9(a) Map illustrating the noise levels arising with no-noise barrier heights measured as A L rl o Iii· I/o",.· 
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Figure 6.9(b) Map illustrating the noise levels arising with 2m-noise barrier heights measured as A LAIII / I1_/-/III/I' 

= -99 .0 etB 
:> 3 5 .0 em 
'" 400 dB 
'" 450 dB 
'" 5 0 .0dB 
'" 55 .0 dB 
" 60 .0 dB 

65 .0dB 
70.0 dB 
75 .0 dB 

~. 80 .0 dB 

'" 85 .0 dB 
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. 
Ie,. 

Figure 6. J 0 (a) Map illustrating the noise level.s arising with no- noise barrier heights measured as A LAeq• 18-/-10111". 

Clwplcr (, 

;: -990 dB 
> 350 dB 
>- 400 dB 
> 45 .0d8 
> 500 d8 
? 55.0dB 
>- 60 .0 dB 

> 650dB 
> 70 .0dB 
> 75.0 dB 
> 800dB 
>- 85.0 d8 
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Figure 6. 10 (b) Map illustrating the noise levels arising with 2m- noise barrier heighls measured as A L4eq. Ill-H olir 

Chapler 6 

c= > -98 .0dB 
> 35 .0 dB 
> 40 .0dB 
'", 45 .0dB 

> 50.0dB 
> 55 .0dB 
> 60 .0dB 
> 65.odB 
~ 70 .0 dB 
> 75.0 dB 

> SO.OdB 
'=- 85 .0 dB 
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c:::::== := -98 .0 dB - 3 5 .0dB - 40 .0dB 

c:::::== ~ 4S.0dB 
c=: := 50 .0dB 
c:::::== ~ 550 dB 
_ ,. SO .OdB 
_ ,. 65 .0dB - ~ 70 .0 dB 
_ » 75 .0dB 
_ := SO .OdB - ~ 8S.0dB 

3111 Barrier 

Figure 6.10 (c) Map illustrating the noise levels arising with 3m- noise barrier heights measured as ALAe". !iI.Hol/r. 
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Again, as with the L .. lo map. [be influence of tbe increasing barrier heights cao be seen. 

However, as the noise limit is much lower at 55dBA, there are many more properties in 

excess of the recommended levels . 

The actual influence of the noi e barrier i best presented numerically for comparison and 

graphs are produced from each map, illustrating the noise levels at each receiver. Therefore, 

it is possible to get an indication of how much improvement has been felt from the noise 

ban'ier, in objective tenn through compari on. 

The results of each of the two ets of maps were compared to see the difference in LAIO and 

LAeq respectively at each receiver with each of the va\ying balTier heights. The results of the 

outputs were then averaged to illu [rate the average noise level recorded at each receiver by 

distance band. The distance band can be seen as da bed lines on the noise maps, and extend 

by 50m away from the motorway up to 250m, the graphical and tabulated results of which 

are displayed in Figures 6. I I a &b and summarised in Table 6.4. 
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Table 6.4 SummCll) ' a/modelled results with each barrier scenario. 

Vistance (111) No barrier 2111 Barrier 3111 Barrier 

Leq 'f-IO LeI/ ~/O IT eq iLIa 

~~50 72/ 72.8 70.7 69.5 70.5 69.5 

~O-IOO 69.6 68.0 67.3 66.1 67.9 66./ 

100-150 670 64.:: 65.5 62.6 65.3 62.6 

150-200 66.4 ~50 65.9 64.1 66. 1 64.2 

'00-250 64.7 'i8.2 631 ~7.3 62.4 57.3 

The influence of the barrier can be ccn when the results are presented as both an LAI D and a 

LAeq. The general reduction in noise over di tance can also be cen . The values are tabulated 

in Table 6.4, and illu trate thaI on average the propertie in the 0-50m bands achieved a 

3.3dB(LA I0) and l.4dB(L\eq) noi e reduction from the 2m barriers. With no potcntial cxtra 

improvement through the addition of a metre to the barrier for the LA 10 measures, but a 

potential extra 0.2dB L'eq reduction with a 3111 barrier when measured as an average over 

time. 

It i difficult to extract any further conelu ion with regard to the impact of distance 

reduction, a the propertie that were in the different band were located in different places 

and therefore the rccei\cr \\cre undcr innuences, other than that of distanee from the otU'ee 

alone. 
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With regard to the fluctuations in noise levels resultant from the barriers, it can be seen that 

the difference can be most strongly determined when the results are measured as an LAtO as 

this measurement reflects a less averaged level with regard to time. 

As indicated in Table 6.4, on the whole the noise levels at the receivers largely reduced with 

the increasing noise barrier height, with the greatest increase happening between having no 

barrier and a 2m barrier as would be expected. However, there was an anomaly of a noise 

increase when the 3m barriers were modelled at 50-100m, with a 0.6dBA increase in the LAeq 

measurement, and ISO-200m with a 0. 1 & 0.2dBA LA tO and LAeq measurement, respectively. 

The increases were marginal and well within the calculation error levels allowed for noise 

mapping. The cause of the increases, however, were most likely resultant of either increased 

reflections caused by the increased barrier height from the passing vehicles. This was similar 

to the way in which a reflective barrier behaved in the New Zealand case study, where a 

noise barrier had to be removed due to actual rises in noise level at certain receivers. This 

was due to greater reflections from the barrier itself (Orsman B 2003). Alternatively, the 

error was caused as a result of potential inconsistencies in the interpolated grid, which 

according to Huang (2003) can lead to noise level variations of between 1-2dB(A). The 

increases calculated in the models here, however, were on average so marginal that they 

were not considered significant. 

6.3.3 Predicted number o(peop/e annoyed 

The results clearly show that the benefit of a 2m barrier against having no barrier was much 

larger than the difference between a 2m and a 3m barrier. The number of properties where 

noise reduction due to the noise barrier would till not be below the 55dB(A) and 68dB(A) 

levels stated in the WHO Guideline (1999) and the Noise Insulation Regulations (1988) 

respectively are presented in Table 6.5 relative to the impacts of each barrier height. 

Table 6.5 Numbers of propertie in excess of the limits stated in the noise in ulation 

regulations and WHO guidelines re pectively 

Nlmlber of properties in excess of 68dBA Number of properties In excess of 55dBA 
(LID) (Uea) 

No Barrier 69 103 
2m Barrier 80 101 
3m Barrier 82 101 

Table 6.5 illustrates that, de pite the noi e barrier introduction, the noise level remained 

higher than would be recommended in both the Noise In ulation Regulations and the WHO 
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Guidelines at many of the receptors. The interview, reported in Chapter 4, with the 

Highways Agency, illustrated that high unrealistic expectations can undermine the actual 

value of a noise barrier (Joynt 2002), as despite the introduction of noise barriers, the actual 

noise levels reaching receptors can remain very high. 

6.3.4 The comparison of the subjective perception of noise reduction and the 

objective modelled levels 

To determine the actual number of residents, who would be potentially annoyed by the noise 

reaching their homes. The number of receptors where the noise exceeded 55dB LAeq was 

multiplied by the figure for average household occupancy, of 2.32 persons, to give a total of 

239 people with no barrier, and 234 with the 2m and 3m barriers in place. Therefore, it can 

be seen that despite the attempt to reduce noise levels, the actual number of people receiving 

noise levels that could result in their annoyance remained high. 

Another problem with the small reductions in noise levels attributable to the barrier's 

introduction. links back to the importance of good public participation. In that, these noise 

reductions, although quite small, are rarely enough to produce a large positive response from 

the receptors without other means of endearing them to the project. As noted in Chapter 4-5, 

the perception of the public, prior to a barriers development, is often one of great anticipation 

that their property will suddenly be very peaceful (Joynt 2002). 

Key to the noise mapping of the areas under investigation, was the aim to identify any 

differences between. the actual noise level changes resultant from the barrier, (the objective 

results); with the perceptions of the noise level changes reported in the questionnaire results 

(the subjective reSUlts). It would be assumed that the subjective perceptions would follow the 

objective realities, with the respondents that actually gained the benefits of noise reduction 

post construction. reporting this as a perceived decrease in noise. In Chapter 5, however, it 

was revealed that only 13% of the respondents had noted a decrease in noise post 

construction, 76% noted no change and 10% actually noted an increase in noise levels. 

The objective results, however, showed that in reality the LA10 value had decreased post 

construction at 97% of properties, and not changed at 2% of properties. However, as a 

change in noise level less than 3dB is only perceivable to the human ear under laboratory 

conditions (Smith, et al. 1996), any increase or decrease of less than 3dB were excluded in 

the comparison of the subjective and objective results, leaving 26 of the properties available 

for a valid comparison. 
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To investigate this, the objective modelled result for the properties were compared to the 

results of the subjective questionnaire. It was fOlmd that of the properties that had been 

subject to Doise decreases of 3dB and above, 19 % had noted a decrease in noise, 69% had 

perceived no change in the Doise level and 12% had actually noted an increase in noise. The 

results of this com pari on is illustrated in Figure 6. 12, and when assessed, relative to the fact 

that an increase/ decrea e in noise level of 3dB i just noticeable, where as, a change of 6dE 

is clearly noticeable and a change of lOdE is perceived a a doubling or halving of noise. 

Many of these respondents should have perceived much greater noise reductions, especially 

in the property, which benefited from a decrease in noise of over 7dB. The e had in fact 

perceived an increase in noi e. 
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Figure 6.12 A compari on of the modelled values of the decrease in noise levels and the 

subjective perception 

A Pear on's correlation statistical test determined the extent of any correlation between the 

perception of the noise barrier's effectiveness and the actual noise reduction, between having 

no barrier and a 2m barrier a modelled in the noi e map. The result of the test illustrated no 

correlation; r= .05, n= 108; p>O. l. Rc ulting in the acceptance of the null hypothe is that the 

subjective perception of the noise level post con truction, were unrelated to the objective 

facts of how the noi e level had changed. Thi corresponded to the conclusion that there was 

an alternative cau e influencing the re ident 'opinion on the noise barrier's effectiveness 

other than actual objective rea on . 
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6.3.5 The impact of the lack of public participation on the perception of the noise 

barriers effoctiveness 

One of the main purposes of this investigation was to determine the impact of PP on the 

perception of noise reduction by noise barriers. It was felt, in the light of the fact, that the 

barrier had reduced the noise at many of the properties there should have been a more 

positive impression of its benefits. In Chapter 5, it emerged that a large proportion of the 

popUlation had perceived either; no change in noise levels post construction of the barrier, or 

in some cases, an increase. In addition, it was found that a relationship existed between, the 

distance from the motorway that the respondents were located, and the desire to be more 

involved with the barrier project. 

Therefore, it has already been determined that the more salient the issue to the respondent 

(i.e. the closer the respondents are to the noise source), the more important good PP practises 

are to them. This section of the investigation aims to identify how much poor PP methods 

can influence the perception of the noise barrier's effectiveness. The respondents were asked 

during the questionnaire, whether they would have liked to have, had the opportunity to 

become involved in the designing of the noise barrier. Of these responses, 71% claimed they 

would have liked to be involved, 10% said they would not like to and 19% were undecided 

or did not answer. These results were compared to their subjective opinions of the noise level 

change. This tested the hypothesis that, a desire to have been more involved in the designing 

of the barrier and the lack of opportunity to do so, was related to a negative opinion of the 

barriers benefits by the residents. 

As the numbers of respondents falling into the sample group was small, to evaluate the 

significance of the relationship, the number of responses in each group were aggregated out 

to indicate the data representative of the wider community. which they represented. The 

results are illustrated in Table 6.6, and show the number of respondents that fell into each 

category. This method of extrapolation to the wider population, was also adopted by Birch et 

at (2002), during an assessment of the uptake of public participation measures by local 

government. 
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Table 6.6 The responses of the respondents to the question of their desire to be involved in 

the design stage compared to the perception of the barrier 

Number of respondents Would hOl'e liked Would not have liked Unsure 
in each category im'oll'ement in the design im'olvement in the design 

of the barrier of the barrier 
Perceived decrease in 2 2 
noise level 

I 

Perceived increase in 3 0 3 
noise level 
Perceived no change in 12 2 3 
noise level 

Pearson s value r = 0.41; n=O 252; p<O.OI . 

The hypothesis was tested using the Pearson's product moment statistical test, and the results 

showed a strong significant trend between the perceptions of the barrier's effectiveness and 

the respondents desire to have been more involved in the design and development process. 

This result strongly suggests the conclusion, that being ostracised from the planning process 

creates a feeling of negativity towards the noise barrier development, and undervalues its 

benefits. These findings also concur with those of, Hall (1980); Cohn (1981 a); Pendakur and 

Pyplacz (1984); Kotzen and English (J 999); Wu (1999). Therefore, it can be concluded that 

in light of the findings, had the public been allowed greater access to the design process the 

actual objective benefits produced by the barrier, as illustrated with the results of the models, 

may also have been perceived by the resident the barrier was designed to protect. Again the 

importance of gaining the subjective approval by receivers is emphasised, and the utility of 

noise mapping is highlighted. 

6.4 Discussions and conclusions 

6.4.1 A summary ofthe findings 

The results of the comparison of the objective values calculated using the mapping software, 

and the subjective attitudes and opinions derived from the quantitative investigation, 

illustrate the problem of ineffective noise barrier development. The barrier constructed 

obviously did not benefit aU the respondents in every area to the same degree, just as the PP 

process was not relevant to all the respondent in the catchment. 

Despite the discussed variability in calculated noise levels resultant of unavoidable 

calculation errors, noise maps still offer a u eful re ource for indicating trends and overall 

noise bands on a large cale. Noise maps do still offer an effective and simple means of 

identifying broad areas containing those where noi e is most likely to cau e an adverse 

effect, and consequently, tho e that the barrier are likely to benefit more. The importance of 
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this connection is shown with the fact that, despite the efforts and the variance in noise levels 

attained, that largely, there was a negative perception of the barriers effectiveness. Chapter 5 

illustrated the importance of effective PP by recording individual opinions on the barriers' 

effectiveness, as well as recording the importance to which the respondents held their right to 

an opinion. 

6.4.2 Discussion ofthe use of noise mapping as a tool to aid the public participation 

process 

It is accepted that in today's climate, deadlines and budgets often dictate the course of 

planning applications, and the time frame and resources to embark on noise barrier projects 

such as this. However, in light of the findings of this investigation, the importance of 

addressing these issues cannot be underestimated. This is why noise mapping provides an 

exciting opportunity to direct and channel limited resources allocated for PP to their best 

possible effect. This can be achieved through identifying individual sectors as key to the 

participation role. 

These key individual sectors are not necessarily of the same ethnic background, educational 

level or even physical status. However, with the use of noise maps the area to which the 

resources are spread can be vastly reduced. Thus, enabling the release of resources to target 

the individual sub group members using alternative and more publicly acceptable 

participation procedures, such as questionnaires in the home, sub-group meetings etc. 

To take the possibility of this method further, the noise maps could be used even before the 

PP process is decided. The smaller area highlighted, could then be targeted through local 

subgroups and simple mailed questionnaires, to allow the residents to decide the best cause 

of participation, prior to their involvement in the actual design stage. This may seem an 

extreme method. However, the results of this investigation and those highlighted in the 

literature review, illustrate that the severe consequences of neglecting to follow a well­

defined PP process are clear, and therefore, make this method justified in both its endeavours 

and extents. 

The study examined in this thesis, illustrates an example of using noise mapping for aiding 

pp _ in terms of data collection, and focusing of the target population, which can be adapted 

for future projects where a noise barrier has been proposed as a noise mitigation option. 
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6.4.3 An overview ofthe trends towards public participation 

With the ratification by the UK Government of the Arthus convention in February 2005, the 

importance of PP has been further emphasised (European Parliament and of the Council 

2003). It is now an obligation for all developers to incorporate effective PP into any 

environmental planning process. Therefore, the use of .methods to improve the PP methods is 

of even greater importance than ever. 

Through the use of the noise maps, the residents that were most likely to feel the effects of 

the noise pollution pre-construction, and most likely to feel the greatest benefits post 

construction were identified. The findings also showed that it is the groups of residents 

where noise is a more salient issue, who would prefer to be integrated into the planning 

process. The means of integrating these residents were investigated in chapter 5, with their 

preferences varying between subgroups. 

It is proposed, through identifying firstly a more specific area for PP that the overall costs of 

undertaking a PP process would be reduced. Consequently enabling the savings produced to 

be used for a more focused method. The noise maps themselves do not identify the specific 

subgroups, but do identify areas, which in tum can be studied to affirm the main subgroups 

within them, using census data. The methods of PP can then be tailored to suit the areas. For 

example, if the specific areas contain mainly families of minority ethnic groups, who, 

according to the findings of Chapter 5, had a preference firstly for better advertised meetings 

and then for small minority meetings, then a meeting could be advertised and scheduled in a 

place likely to capture the largest number of effected residents such as a mosque etc. 

One of the most popular alternatives for PP found in Chapter 5, that was stated as the most 

likely to attract the largest proportions to become involved, was a questionnaire in the home. 

Again this would present an economically unfeasible proposition, without narrowing the area 

down. However, if noise maps were used to pinpoint the areas where the existence of noise 

and the provision of a noise barrier is likely to see the greatest benefits, then a small scale 

questionnaire could effectively capture all of the residents, some of whom may be ostracised 

using more traditional methods of PP through work and family commitments, or through 

other restrictions, such as mobility or language. 

The methods of alternative PP presented to the respondents in Chapter 5 were by no means 

exhaustive. But illustrated a brief overview of means, by which the Highways Agency could 

include residents in participation, as an alternative to their preferred method of information 
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dissemination through public meetings. Further examination of public participation options 

is discussed in DETR (1994), Sanoff(200l) and Kumar (2002). A recent report by, Demelza 

Birch (ODPM 2002) indicated the difference between the approach of the Highways 

Agency, and that of Local Authorities (LA) who clearly recognise the benefits of engaging 

the public, particularly in terms of improving service delivery and decision-making. A 

majority of authorities (70%) indicating that participation initiatives are 'often' or 'fairly' 

influential on final decision-making. 

The Local Authorities do, however, share the concerns of the Highways Agency about the 

time and resources required, and about motivating all sections of the community to become 

involved. With 56% of LA's reporting concern that participation exercises may simply 

capture the views of dominant, but unrepresentative, groups. This is compounded by the fact 

that 44% of authorities report having experienced difficulties in engaging people from 

certain social groups - particularly, those from ethnic minorities and young people. 

However, it would appear that LA's are seeking to address this issue by aiming certain 

participation exercises (e.g. forum-based initiatives, user management of services and co­

option to committees) at specific citizen groups or neighbourhoods (Demelza Birch. ODPM 

2(02). 

These methods could also be adopted by the Highways Agency, with the added potential of 

using noise maps as a means of identifying the key sectors of the affected community. This 

move towards integration reflects the influence of the Local Agenda 21 requirements. 

Illustrating also, that effective PP in noise barrier development is key to the sustainability of 

the project. Chapters 4-6, therefore, illustrate how projects can be developed at a public level 

to ensure that the non-acoustic factors are held with as much importance as the acoustic. The 

following chapter introduces the next phase of the non-acoustic parameters that should be 

incorporated into the design of a sustainable environmental noise barrier. That of the 

materials themselves, as key to sustainable development is the need to develop without 

compromising the opportunities for the wider community and future generations to provide 

for themselves, through resource depletion and pollution. 
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Chapter 7 Lifecycle Assessment and Noise Barrier Sustain ability 

The thesis aim was to define and reveal the importance of a sustainable approach to 

environmental noise barrier design. Chapters 4-6 developed a sustainable approach by defining 

the means for reducing the incidence of rejection of noise barriers', in addition to the 

recognition of the influence of emerging legislation and official guidance on the involvement of 

the public as a sustainability measure. The impact of neglecting these measures was illustrated 

both in the literature as well as in the findings of the case study investigation. However, 

sustainable development has many more facets, not least that of the environmental impacts of 

the actual materials used during the design, development and implementation of a noise barrier. 

Barriers in the UK are predominantly chosen on economic grounds, however, by integrating a 

full lifecycle assessment (LCA) into a project's design, additional significant economic costs 

can be contributed after a barriers construction, and more importantly environmental costs that 

are inherent in the production of the materials. With increasing legislation on both low impact 

material use in products, and end of life disposal, these issues will become even more salient. 

Additionally, as noise barriers are designed specifically as a measure to reduce pollutants, then 

it is correct that they lead the way in environmental design. 

Therefore this chapter aims to extend this holistic approach, with the introduction of a LeA of 

the materials used in noise barriers. This approach acknowledges the growing realisation that 

society can no longer develop and use resources, without consideration for the wider and future 

SOCial, environmental and economic impacts they entail. Whilst further embracing the fact, that 

society is largely demanding a more environmental approach, when undertaking community 

development projects. 

7.1 Developing a methodology for the lifecycle assessment of a noise barrier 

7.1.1 An introduction to the LeA of standard noise barriers 

A lifecycle assessment on the whole, describes the positive and negative impacts of a material, 

from its conception to its final disposal. The term cycle refers to the fact that all materials 

ultimately originate and are finally disposed of, in a common place, and as a consequence the 

acknowledgement of this cyclical and limited resource base is fundamental to the understanding 

of sustainable development. 

190 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 7 

Currently there is no specific software or methodology to determine the Iifecycle impacts of 

noise barriers; there are conversely, several methods and software available to evaluate full 

buildings and individual materials. However, as discussed in the literature, these models are not 

appropriate to be adopted in the case of noise barrier development. Therefore, below a new 

methodology is developed to bridge this gap, and illustrate a means by which to make such an 

assessment possible. 

The Highways Agency does aspire to sustainable development and states a commitment to 

utilising the least environmentally damaging resources, through its adherence to the 

Government's guidance for 'A Better Quality of Life: a Strategy for Sustainable Development 

for the UK' (DETR 1999), and the development of its own strategy 'Building Better Roads: 

Towards Sustainable Construction' (Highways Agency 2003). The Highways Agency does state 

that they consider 'whole life costs' in the provision of noise barriers (Highways Agency 2003). 

However, this is not undertaken using a specific methodology designed for noise barriers and 

without a specific methodology for lifecycle assessment in the context of noise barriers its 

endeavours can never be fully rewarded. 

Therefore, the following sections layout the methodology for calculating the LCA of a selection 

of noise barriers; this includes the development of a framework model, and the collation of data, 

with the intention that the basis of the framework model may be used again in future 'real­

world' scenarios. 

As noted in the literature, the calculation of a full LCA of materials from 'cradle-to-grave' is a 

vast area of research, and as the research undertaken within this thesis crosses many disciplines, 

the consideration of LCA is suitably defined to avoid over complication. Therefore, the 

objective of this research is to assess the impacts of nine different standard barrier material 

types under various LCA scenarios. This research is not a consultancy exercise with the aim of 

giving a definitive answer of the best material to opt for when choosing a noise barrier, as this 

would be an unreasonable assessment without a specific case study scenario and would lead to 

misleading results. However, this research illustrates the importance of acknowledging the 

inclusion of lifecycle analysis in the construction and successful design of noise barriers and 

sets out the means of achieving this. 

The first stage of the LCA is the 'cradle-to-gate' analysis, where by an assessment is made of 

the impacts of a material in terms of its pollution, greenhouse gas emissions, fmite resource use 

and water use from the material's extraction to the point of sale at the factory gate. This stage 

can be determined without a specific case study, as the materials used at this point, regardless of 
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the future destination, will have the same embodied impacts, and consequently can be 

summarised as a generic output. The second stage of the LCA is far more site and scenario 

specific, therefore it is much harder to make generic assumptions about the impacts of various 

materials. However, a methodology for assessing this phase, complete with generic data that can 

be applied to specific scenarios, is presented for the 'gate- to-grave' section. Thus, as explained 

above the results of the assessment was not aimed to give a generic answer of which materials 

are more environmentally friendly than others, but illustrates a means by which this could be 

undertaken. 

7.1.2 The hypothetical noise barrier 

For the 'cradle-to-gate' assessment, a hypothetical noise barrier was devised, the dimensions 

chosen, represented simple assumptions based on standard measurements, representative of a 

UK case study i.e. I Ian long, and a minimum of 3m from the outside edge of the main 

carriagewayl (Highways Agency 2000-2003). The materials chosen for the assessment in this 

investigation were selected due to their proliferation on the UK and world markets; 

consequently the results have applicability beyond this assessment. To ensure that the most 

widely available noise barrier types were compared, brochures and websites of both UK and 

worldwide noise barrier manufacturers were consulted, this gave a representative sample of the 

choices available to noise barrier providers including the Highways Agency (HA) in the UK. 

However, the list of materials chosen was by no means exhaustive. 

The materials selected for the LCA were, aluminium, steel, pre-cast concrete, Polymethyl 

methacrylate (PMMA), timber and willow. Within these choices, were several variations of the 

materials, including recycled and non-recycled aluminium and steel, in addition to living and 

woven willow (web links can be seen in Appendix 3A). 

In order to compare the materials of the hypothetical barrier objectively, in terms of embodied 

CO2 and pollutant emissions, the materials had to be assessed under the same conditions of 

distance travelled from 'cradle-to-gate'. In a real world scenario, materials would obviously be 

sourced from different places, for example, timber from Scandinavia and aluminium from 

Scotland However, if the embodied environmental costs of transportation were compared, it 

would be difficult to make an objective comparison. Consequently, for the purpose of this 

investigation, the materials environmental emissions were assessed equal to that, which would 

be produced over a I Ion distance. 

I Some materials require further treatment to guard against salt ~pray ~hen positioned less than 3m from the edge of 
the carriageway; this would have the potential to alter the embodIed envIronmental impacts. 
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Noise barriers, like most structures are not created of one material type alone, most barriers will 

have a combination of materials for, structural support, and aesthetic and construction purposes. 

However, as the assessment of all the various combinations of different material types would 

pose a considerable strain on this investigation, and in light of there being no standard for these 

combinations, it was assumed that each noise barrier was made up wholly of one material i.e. 

for a timber barrier, only the Iifecycle of the timber itself was assessed excluding any other 

materials, such as metal bolts or cement foundations. 

An exception for this rule was accepted for the willow, aluminium and steel barriers, due to the 

essential mineral wool core, which acts as the damping! absorptive element within the barriers. 

As a consequence, the full LCA for mineral wool is included for each of these barrier types, by 

adding the calculated impacts of the mineral wool to the impacts of the outer coating be it 

aluminium, steel or willow. 

In accordance with the BRE 'Environmental Profiles', data for the LCA of a construction, 98% 

of all inputs by mass should be included, and data should also be included on all materials with 

a mass greater than 2% of the output (Howard, et al. 1999). For the purpose of this study, 

however, which compares merely the various bulk materials, rather than individual products, as 

would be the case in a real world scenario, this level of data was not calculated 

Environmental barrier structures are standardised by several pieces of legislation and guidelines, 

the main piece being the Highways Agency, HA 66/95 (Highways Agency 1995). This 

document lays out a structured method of practise to be adhered to by all barrier manufacturers. 

The barrier materials specified within this document are controlled by the MCHW: 

Specification for Highways Works Document Volume I, Section 2504 (Highways Agency 

1998), which in tum refer to various British and International standards for material quality. The 

individual pieces of legislation regarding each material type are listed in Appendix 3B. In 

addition, all the material specific standards, for the use in noise barriers must conform to BS EN 

1793 1 and 17942
• Therefore, it can be accepted that the acoustic properties of all barriers is 

guaranteed, if they comply with the above guidance. However, variables remain in the choice of 

barrier materials, due to their individual environmental implications. 

1 Road Traffic Noise Reducing Devices: - Test method for determining the acoustic performance: BS EN 1793-1/ 

2: 1998. . perfi 
2 Road Traffic Noise Reducing Devices: - Non acousUC ormance: BS EN 1794-112:2003. 

193 



A Sustainable Approach To Environmental Noise Barrier Design Chapter 7 

7.1.3 The physical characteristics and configurations ofthe barriers 

To be efficient a barrier should largely prevent the direct transmission of acoustic energy. In 

practical situations, this is achieved if the sound energy that leaks through the barrier is more 

than 10dB below the energy that is diffracted over the top of the barrier and around its edges. If 

the attenuation, in dB(A) afforded by the barrier (A), based on the path of difference is known, 

then the minimum mass per m2 (M) of a barrier can be estimated. Assuming, a single 

homogenous material, the mass needed to effect the required attenuation can be determined 

using the formula represented in Equation 7.1 (Department of Transport 1976; Cited in Kotzen 

& English 1999: 38). 

M = 3 x 10( A ;410 
)kg/m

2 (7.1) 

It was necessary to determine the minimum mass required for the LCA, as this equated to the 

amount of materials that would be ordinarily used for the standard development of a noise 

barrier. However, for most practical cases, the structural strength of the material used for the 

barrier, rather than its acoustic property, is more likely to determine the mass required. As each 

of the materials have a minimum width to provide acoustical attenuation and structural viability. 

After considering the current literature available from the noise barrier manufacturers, it was 

determined that the actual barrier widths, as manufactured by individual companies, vary with 

design and case specification. However, to undertake a generic lifecycIe assessment a standard 

width and mass had to be determined to make comparisons between the materials. 

Consequently, the data for the minimum width associated with an acoustic attenuation of 20dB 

or above was reviewed, in conjunction with the average material widths provided by various 

barrier companies, and information from the Federal Highways Agency (FHW A 2003). An 

average of these standard material widths was used for the assessment of each barrier type. Data 

for the noise reduction of various materials by mass can be seen in Table 7.1. A decision was 

made to choose the absolute minimum width for each material, as this reflected a lowest cost 

option, the most likely criteria for noise barrier choice currently (Joynt 2002). 
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Table 7.1 Material acoustic attenuation, minimum width and density. 

Material Thickness Surface Density Transmission Loss 

(mm) kglm2 (TL) dB 

Polycarbonate or Polymethyl 13 15 22 

Methacrylate or acrylic 

Dense Concrete 100 244 40 

Steel, 18 gauge 1.27 9.8 25 

Steel, 20 gauge 0.95 7.3 22 

Steel, 22 gauge 0.79 6.1 20 

Aluminium Sheet 1.59 4.4 23 

Aluminium Sheet 3.18 8.8 25 

Aluminium Sheet 6.35 17. 1 27 

Wood 25 18 21 

Plywood 25 16.1 23 
. . 

(Adaptedfrom:(Environmental Protection Departmelll 2001) (For fill/listings of material allenllating properties see 
Appendix 3E) 

This data, in addition to data provided from UK barrier manufacturers and the FHWA, was then 

used to establish the volume of material needed for the hypothetical scenario of a lkm long 

noise barrier, standing at 2m high. The rna s and volume data were calculated by multiplying 

the surface density in kg/m2
, for each material, by the volume in m3

, for the whole hypothetical 

barrier, to give the total rna s in kg/m). The re ults of which can be seen in Table 7.2. Full 

calculations are available in Appendix 3C. This total rna s then served as the tigure for which all 

the other LCA criteria were judged against. The density value were taken from standard 

material density table . 

The embodied carbon dioxide, energy and associated pollutants, relating to each materials 

general lifecycle, as a noise barrier, were then established through the collection of industry 

data. This was undertaken in section due to the restriction of not having a real world scenario, 

as mentioned in ection 7.1.1. The tirst section being the 'cradle-to-gate' analysis then followed 

by an analysis of the maintenance requirements, tran portation impacts and end of life 

demolition and di posal , which illu trate the 'gate-to-grave' analysis; methodology for which 

can be seen in ections 7.1.6, 7.1.7 & 7.1. 
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Table. 7.2. Total mass of each material type needed to provide the hypothetical barrier. 

Material Steel 20 Aluminillm Timber Concrete PMMA Willow Willow Mineral Mineral 
gauge 20gallge pre cast (living) (woven) wool wool Core 

Core for (or Steel & 
willow Aillminillm 

Length 1000 1000 1000 1000 1000 1000 1000 1000 1000 
(m) 
Height 2 2 2 2 2 2 2 2 2 
(m) 
Width 1.425(1fl) 3.925 (., 3) 19 WJ] 125 (0' 20 r. ) 30 (8) 30 1B) 240 (V) 75 (10) 
(mm) 
Volume 2.85 7.85 38 250 40 60 60 480 150 
of 
material 
(m3) 
Weight J 1.19 10.12 6.77 300 30 4.5 4.5 78.57 24.8 
(kg/ m2) 
Density 7850 2579 400 2400 150 150 150 330 330 
(kJ!/m2) 
Total 22380 20240 15200 600000 60000 9000 9000 157140 49600 
Mass for 
whole 
barrier 
(kfd 

Total 22.38 20.24 15.2 600 60 9 9 /57.1 49.6 
mass for 
whole 
barrier 
(I) 

7.1.4 The methodology for the 'cradle-ta-gate' stage afthe LeA 

As noted above (Section 7.1.1), no one particular commercially available LCA model was 

appropriate for the context of this study. Therefore, a study specific method of assessing and 

comparing the noise barrier materials was developed. This included many of the parameters 

common to all the commercially available models, but was more noise barrier specific, due to 

the exclusion of certain standard criteria. 

The criteria excluded was that for thermal iosuJation, on the basis that noise barriers do not use 

the function of thermal insuJation, and therefore can gain no net benefit, of being composed of a 

material with high embodied energy values, that cannot be recuperated through insulation 

I Materials Acoustics Attenuation Width, Density: Environmental Protection Department 200 I. 
2 Department of Transport 1974: (Equation) 
3 Environmental Silencing Ltd, UK. (01455) 617067 
4 Buffalo Fencing: (http://www.buffalotructures.coml) 
S Charles Ransfords & Sons: (http://www.ransfords.co.uk) 
6 Federal Highways Agency: (http://fhwa.dot.gov/environmnetlnoise/5htm). 
7 Plexiglas Soundstop: (Degu sa ROehm Plexiglas, Germ~ny : CD-Rom) 
8 ETS, Environmental oi e Barriers: (http://etsluk.comlmdex.htm) 
9 [ntegrated Pollurion Prevention and Control «(PPC). Reference document on BAT in the Glass Industry: (European 

Commission, Brussels 200 I). 
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benefits later on in the lifecycle. With the possible exception of photovoltaic noise barriers, 

which would harness the suns energy back into the electrical grid. 

A second criterion that was altered for the specific properties of noise barriers was the minimum 

maintenance period. A standard building is accepted as having a minimum maintenance period 

of 60 years, however, the upper end of the minimum period for maintenance of noise barriers' is 

much lower, with the best performing materials, lasting only 40 years, and others lasting only 

between 20-25 years, before requiring replacement (Kotzen and English 1999). 

Therefore, the parameters considered from extraction, production, distribution, use and disposal, 

were as follows, and the units they are presented in, are in accordance with the BRE 

recommendations for standard units (Anderson, et al. 2002): 

Extracted minerals (t) 

• Waste to landfill (kg) 

Total Primary Energy l(mainly fossil fuel energy) (MJ/ kg)2 

• Carbon Dioxide to air (g) 

• Sulphur Dioxide to air (g) 

• Oxides of Nitrogen (g) 

• Heavy metals to air (g) 

• Heavy metals to water (mg) 

• Particulates (g) 

• Water used (I) 

• Financial costs (£) 

• Maintenance frequency and costs 

• Transportation at all stages and its associated pollutants (Distance and Method) 

• Inclusion of recycled materials in production 

End of life recycling potential 

• Final disposal 

A lifecycle assessment model was developed, that gave consideration to each input and output, 

throughout a material's, extraction, use and final disposal. This enabled the quantification of 

these factors, giving an overall comparable assessment score. The numerical value was given as 

I Definition of Total Primal}' Energy (within the context of this study): 'The combined total of feedstock energy, fuel 
energy (from both renewable and non renewable sources), for all processes from extraction to delivel}' at the factory 

res'. r The unit MJ/kg is the same as GJ/tonne therefore th~ two ~its are interchangeable without the need for 
multiplication. However for the purpose of this study the umts are In MJlkg for convenience except where otherwise 

stated. 
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a ranking for each parameter, from best to worst performance, under that category. For example, 

the material with the lowest embodied energy value was awarded one point under that criteria, 

and then each material in ascending order was given the next number. 

The values, which were compared for each criteria of LCA, enabled through the manipulation of 

this data, (from each of the existing data sets, into weights representative of a noise barrier), the 

embodied lifecycle impacts for each material in the hypothetical scenario to be calculated. As 

the data came from several sources, it was generally displayed with varying measurement units, 

therefore, for the purpose of comparison; each set of data was converted to the format above, in 

accordance with the British Research Establishments (BRE) guidance for standard units 

(Howard, et a1. 1999). 

The materials were then compared, using firstly, a simple direct comparison and ranking of best 

to worst, followed by a weighting, as devised by the BRE; details of which are provided below. 

The material that proved to be the most environmentally benign, out of all the materials, under 

each of the circumstances, was deemed the most sustainable. In addition, the actual financial 

costs, for purchase and installation for each material are presented, in order that they can be 

considered inline with other influencing factors in the process of choosing a noise barrier, as 

cost is usually the greatest influencing issue on material choice. 

The BRE weighting system for various impacts created during the lifecycle of a product was 

utilised, this set of consensus weightings were devised to consider the relative environmental, 

social and economic elements, following extensive research of many interested groups and 

finding a consensus on the perceived severity of impacts of various environmental and social 

actions (Brownhill and Rao 2002). 

The weighting system was appropriate for use within this investigation, as its basis was resultant 

of a consensus of opinion, on the severity of individual environmental problems, many of which 

would be contributed to throughout the lifecycJe of a noise barrier. The weighting system was 

applied to the results here, by multiplying the rank values by the weights below; this gave an 

overall weighted value for the impacts of the development for each of the barriers. 

• Climate change (100 years) 38% 

• Low-level ozone creation 4% 

• Ecotoxicity 4% 

• Acid deposition S% 

• Human toxicity to air 7% 

• Fossil fuel depletion 12% 
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• 

• 

• 

Water extraction 5.5% 

Human toxicity to water 3% 

Eutrophication 4% 

Minerals extraction 3.5% 

Waste disposal 6% 

• Ozone depletion 8% 

Chapter 7 

7.1.5 Collection and manipulation of 'cradle-to-gate' data tor each material 

The data for this investigation was collated from a variety of relevant sources as noted above, 

representing, either the official industry research bodies, or other representative bodies and 

individual manufacturing companies. Where data was not already independently verified, as 

with that obtained through the BRE and EU, further research was carried out through alternative 

sources, to verify the values given for, the embodied pollutants, embodied energy, waste and 

recycling potential and water use. 

The main concern, which arose through deriving the data for the investigation from such a wide 

variety of sources, is that firstly, the data would not be consistent with each material (i.e. 'that 

like would not be being compared with like'), and secondly, that the measurement units for the 

data presentation were in different formats. To reduce the error of the first issue, the sources 

were reviewed extensively to assure that the figures were representative of the material's inputs 

and outputs, from extraction to factory gate, and the second error was overcome by converting 

all the data to the common units recommended by the BRE (2000). 

Due to the increased awareness of the need for sustainable development, without exception all 

the industries used in this investigation had LCA data available. All of which followed a 

standard format for reporting the parameters important to the LCA, in accordance with the 

International Standard ISO 14040: 1997, (The Lifecycle Assessment framework). There are a 

few omissions of data, thus, where no values were available; these are indicated with a no data 

label, as opposed to the n/a label, which indicates that the impact of the pollutant, or parameter 

was negligible in the LCA. The lack of some data slightly influenced the relative impacts of 

each material. However, this was accounted for in the overall written up assessment of each 

material form 'cradle-to-gate'. 

7.1.5.1 Steel 

The steel data was derived from the World Steel Lifecycle Inventory Methodology Report 

(Committee on Environmental Affairs 1999/2000), a document compiled by the International 

Iron and Steel Institute (lIS I), to quantify resource use. Energy and environmental emissions 
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associated with the processing of fourteen steel industry products, from the extraction of raw 

materials in the ground, through to the steel factory gate were reported in accordance with ISO 

14040. 

Downstream processing into manufactured products, their use, end-of-life and scrap recovery 

processes were not included in the inventory. Therefore, using this data gave the results in an 

appropriate form for this investigation i.e. 'cradle-to-gate'. The data used to illustrate the use of 

steel in noise barriers, was that for the 'Hot Dip Galvanised Sheet', for steel made using 

recycled materials and without, as this is the type of steel, most commonly found in the 

production of steel noise barriers. 

7.1.5.2 Aluminium 

The Aluminium data was derived from the BUW AL 250 Lifecycle Inventory Database l
, which 

presented the accumulation of data from within the EU, including the UK, on the LCA of 

aluminium. The data for the aluminium used within this section, is again from 'cradle-to-gate', 

for both 0% recycled aluminium and 100% recycled aluminium, the presentation of both sets of 

data was imperative for an assessment of aluminium's worth as a noise barrier material, as not 

only does it use a large amount of embodied energy in the primary process, but most aluminium 

used within the UK market is derived from recycled sources. 

7.1.5.3 Polymethy/ methacrylate 

Plexiglas, is the brand name for Polymetbyl methacrylate, and is the largest used brand material 

for non-glass transparent noise barriers in the EU, supplying nearly all of the transparent noise 

barrier suppliers within the UK (Boustead 1997). The data acquired was presented as Eco­

profile2 data, as opposed to lifecycle data, as the systems examined for the production of the 

data only follow the production sequence to the point where the product is ready for sale, again 

this is in line with the preferred 'cradle-to-gate' analysis for this investigation. 

7.1.5.4 Pre-cast concrete 

The pre-cast concrete data, was derived from the report 'the Progress of the UK Cement and 

Concrete Industry Towards SustainabiIity' (Parrott 2002). This provided a breakdown of the 

associated embodied energy, material and pollutant outputs and inputs, including the important 

role of the use of recycled aggregates. The data was correct for the year 200 1, and gave values 

I Available through 'Ecosite UK'BUWAL 250 (2003). Ecobalance of aluminium: LCA of aluminium balance per 
KG, Ecosite.co.uk. 2003. . 
2 The data was derived from the report 14 of the European PlastiCS Industry on Polymethacrylate Boustead, I. (1997). 
Eca-profiles of the European Plastics Industry. Brussels, Methacrylate Technical Committee, Methacrylate Sector 

Group, (CEFIC): 1-47 .. 
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for almost all of the parameters used within this study, for the assessment of lifecycle impacts, 

apart from the values for methane and heavy metals. Therefore, it was ensured that these 

omissions were accounted for in the overall evaluation of the materials impact. 

7.1.5.5 Mineral wool 

Data on Mineral wool was derived from the glass industries IPPC report on the Best Available 

Technique for Production (European Commission 2001). This reported on the inputs, outputs 

and impacts of the process of manufacturing mineral wool. 

Mineral wool is used in a variety of products for its insulating characteristics, and its relative 

economic benefits, in comparison to other materials. One of its most prolific uses, is as an 

acoustic insulator, and within the context of this study, is used as the absorbent property in 

aluminium, steel and willow barriers. The data presented was an industry average from 

processing plants around the European Community, two of which were located within the UK. 

7.1.5.6 Timber 

The LCA data for timber was provided from the BRE, in the approved environmental profile 

fonnat. The data deemed most representative of the timber used for the production of noise 

barriers, was the 'production of one tonne kiln dried timber at 400 kg/m3'. From the period 

January 1996 to December 1996, published in 1999, (the most up-to-date available), for UK 

produced timber and transport for imported timber- 'cradle-to-gate'(BRE 1999). 

7.1.5.7 Willow 

The willow barriers come in two varieties 'living' and 'woven', all though these two types have 

relatively few differences in terms of environmental impacts and pollution outputs, they are 

considered as two separate barrier types. The use of willow as a noise barrier material in the UK 

is of a comparatively small nature, however, its place in the market as an environmentally 

friendly option is growing (Bowles 2003). There is a relatively small production of willow 

barriers in the UK, and thus a lack of any industry standard data for the lifecycle impacts of the 

willow. 

Notably, no data was available recording the release of any other pollutants than CO2 and as the 

material is not processed in any other way other than weaving, the extracted materials can be 

presumed to be equal, to the amount of willow barrier used. The major environmental effects 

associated with willow noise barriers, stem from the inner absorbent mineral wool core. 

Therefore, any negative effects from the production of the mineral wool were countered and 

subtracted from the beneficial positive effects of the willow. e.g. carbon sequestration. 
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7.1.6 The method tor the 'gate-to- grave' stage of the LCA 

The following section was undertaken; to illustrate how to make an assessment of the impacts 

caused from a noise barrier's development from 'gate-to-grave' this was inclusive of 

maintenance, lifespan and end of life disposal. 

As noted above, noise barrier material life spans are not inline with the typical expected lifespan 

of a material used within a whole building fabric. The main reason for this is the exposed nature 

of the situation the materials have to perform under. The usual lifespan of a material within the 

fabric of a building is 60 years (Anderson, et al. 2002). However, a noise barriers usually have a 

maximum life span of 40 years, 20 of which without maintenance. In order to include 

maintenance within this hypothetical noise barrier investigation, data was derived from the 

fotlowing sources: Kotzen and English (1999) and Bowles (2003). Unlike the other parameters 

in the 'cradle-to-gate' analysis, due to the lack of precise data, the level of maintenance was 

ranked in terms of the number of years it would be operational for, before maintenance would 

be required, relative to the actual lifespan of the noise barrier. 

In good environmental design the idea of waste is closely associated with recycling, the BRE 

recommends five stages in the disposal of waste in descending order of desirability, these are 

reducing, reuse, recycling, energy recovery and disposal. To reduce waste simply means the 

elimination of unnecessary waste through, for example, tight ordering procedures and good 

stock control. Reuse refers to taking whole elements and, after cleaning as required, using them 

in a new setting. Generally reused items are of a high value such as architectural features within 

the built environment context, potentially however, any item that can be removed without 

damage can be handled in this way, which is particularly true of noise barriers, which are 

nonnally a very simple structure. 

Recycling involves using the material in another form, for example, with PMMA through the 

process of thermal cracking, the material can be converted back to methyl methacrylate (MMA), 

a process that can be carried out with almost 100% recovery, and concrete and masonry can be 

sorted, crushed and used as a sub base or as aggregate. An important aspect of the 

appropriateness of recycling is how far the material must travel to be recycled; if the material 

has to travel thousands of miles just to be recycled, there is the possibility that more 

environmental impacts may be caused, than if a new product was assembled from the 

beginning. This, however, would have to be assessed on a case-by-case basis, and no generic 

answer can be given. Conversely, it can be presumed that to the most extent it would be more 
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environmentally friendly to recycle, than to create a totally new product, on the grounds of 

extraction of raw materials alone. 

The allocation of materials for recycling and reuse, and the associated impact upon the LCA of 

the different routes products take are determined below, in accordance with guidelines for 

environmental profiles as set out by the BRE (Howard, et al. 1999). 

• Wastes or recycled products from open loop recycling are allocated burdens based on 

the residual value of the waste stream compared to the value of the process product 

(and waste stream). 

• The proportion of burdens carried by waste into the future are then subtracted from 

the burdens assigned to the primary product. 

• Hence, all of the materials arising from a process that have a financial value attract a 

proportion of the burdens associated with the production process. 

• Where repeated recycling occurs, for example, for metals, the primary burden carried 

forward through each recycling, decreases until after an infinite number of recycles it 

reaches zero (Committee On Environmental Affairs 1999/2000:61). 

Another key process within the secondary use of materials, is the recovery of energy which can 

take place in a number of ways, one of which being through the exploitation of the calorific 

value of the material for power generation. This would be possible for the timber and willow 

noise barriers, but concrete, steel, aluminium and PMMA have no such potential. However their 

embodied energy can be reduced from the outset by the use of recycled materials in their 

production. 

One common factor for timber-based fuels (wood, bark, chips, sawdust, shavings etc) is that the 

CO2 released when they are burnt has been absorbed, (sequestered) from the atmosphere, and 

stored during growth. Had it not been released when the wood was used for energy production, 

it would have been released during the biological breakdown of the wood, which would have 

taken place instead. The CO2 emissions from burnt timber is therefore assumed to be zero, since 

the use of wood as a fuel does not contribute to the build up of CO2 in the atmosphere. Timber 

however, does produce some C02 despite this, through the machinery, transportation and 

infrastructure associated with its extraction and processing. 

The final option at the end of a materials useful life is disposal to landfill. This is the least 

environmentally friendly option, in that the material has no further purpose, except for maybe 

the extraction of methane gas in respect of some of the organic products such as timber and 

willow. Therefore, landfill should be a last resort but if it is unavoidable, the transportation to 
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the site of landfill should be minimal to reduce further transportation related pollutants and 

energy use. 

To evaluate the varying impacts of recycling within this study, each materials potential for 

recycling, and use of recycled materials in its processing were reviewed. In addition, a method 

developed by the BRE and Oxford Brooks University (Anderson, et al. 2002), was adopted. 

This method deciphered between all the aspects of recycling, by allocating a letter between A 

and C, to illustrate each materials relative merit in terms of environmental benefit. The method 

distinguished between each of the possible ways a material could gain benefit from recycling as 

follows: 

• Recycled Input: the percentage (by mass) of recycled or waste material contained 

within a product: 

• Recyclability: the percentage (by mass) of material capable of being recycled or 

reused at the end of the products useful life: 

• Currently recycled: the percentage (by mass) currently being recycled or reused in the 

UK: 

Anderson et al (2002) recommended in their Green Guide, that within an official environmental 

profile assessment, as would be undertaken in a real world scenario, that the benefits of 

recycling should not be presented as an individual section but as follows: 

• Recycled content is accounted for through lower raw material use and associated 

impacts and any differences in the efficiency of the manufacturing process. 

• Current recycling is accounted for by the lower overall impact for the primary 

manufacturing stage, achieved by passing a proportion of the initial processing on to 

the recycled material. 

• However, as noted above the application of the data provided in the BRE's Green 

Guide, to this noise barrier investigation cannot be directly comparable, due to the 

usual scenarios for which it is collated; for the recycling of building element 

components (Anderson, et al. 2002:4). 

Therefore, the data presented within the results, is purely for illustrative purposes to enable a 

comparison of the relative recycling benefits, associated with the noise barrier materials under 

investigation and consequently there was no specific data, either for individual materials or for 

noise barriers available from this resource. Subsequently, the data that most closely represented 

that of a noise barrier was used and therefore came from several different building element 
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categories including: 1) all insulations (including those with HCFCs), 2) landscaping hard 

surfaces, 3) landscaping and boundary protection and 4) low pitched roofs. 

7.1.7 Transportation energy and pollutants 

The need for transportation occurs throughout the lifecycle of a structure from the 'cradle-to­

gate' phase to the initial construction and consequent demolition and disposal, involved in the 

'gate-to-grave' process. The impacts of transportation on the embodied energy, CO2 and 

released pollutants are accounted for, and presented in the industry data, used within this study, 

for all the materials from extraction to the factory gate. As data beyond the factory gate would 

be subject to their being an actual location for the barrier, in addition to a definite mode and 

distance travelled, of both the finished product from the factory gate, and at the end of life for 

disposal, an alternative method for incorporating this important parameter into the LCA had to 

be devised. 

The common unit used to illustrate the amount of energy used is 'tonnes of oil equivalent' 

(TOE). This is due to the fact, that often many different fuel types are used in the production of 

energy; therefore, there is a need for a common factor to validate this comparison. One TOE 

equals 107 kilocalories, which in broad terms is about 1.1 tonnes of crude oil, 1.6 tonnes of coal, 

1,071 m3 of natural gas or 11,630 kWh of electrical energy. This quantity can vary from year to 

year, as this is dependant on the quality of the fuels (Department of Trade and Industry 1997). 

Therefore, for the purpose of this study the methodology for material transportation, only 

illustrates the values for road and rail, as these were the most significant in the context of 

transportation of completed noise barriers. 

The first step of assessing this parameter was to establish the difference in impacts caused from 

the varying options of transportation. Figure 7.1, gives a generic estimate of the transportation 

impacts, in terms of million tonnes of oil equivalent (TOE), over the passed 3 decades. The 

trend of the large consumption of energy, associated with road transport is further illustrated in 

Table 7.3, which presents the split of freight transportation, between modes in the year 2000 for 

freight movements inside the UK, with the greatest consumption of energy being attributed to 

transportation via road. 
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Table 7.3. Freight tonne-kilometre by road, rail, air, water and pipeline, 2000, on a 'Good ' 

moved' basis. 

Million freight tonne-

Year Road Rail A"I Ir Water 2 Pipeline 

2000 158,000 18,000 33 0 11,000 

es tlll.!hr · onl . in the UK. . Cargo and mati for dom tiC _ j 
2 Figures compiled on a ne~\ basi, from 19 2 !O IIlclude all K coastwise and one-port freight movements by ca, 
and inland waterway traffic. (Dala udapledfi'oJII (DrI2()()2 15). 

I.ncluded in the tran port u ing the road in the year 2000, car made up 44.3 %, light goods 

vehicle (LG ') made up 10.1%. heavy go d vehicle (HGV's) made up 15.4% and buses 

and motorcycle 1.9° '0 (DTI 2002).Thereforc, it can be seen that the use of both LGV's and 

HGY's, make a ignificant contribution to the overall traffic fleet, and with this, there are 

obvious implication for carbon dioxide level, other pollutant emi sion and energy 

consumption . 

Table 7.4 illu trate the rcferenee to calculate the environmental impacts of transporting 

materials in tonne, b the \ ariou diffcrent tran portation methods avai lable using the most 

common fucl ource for each freight tran port m de. Clearly, in the ca e of a real life cenario, 

data would have to be acquircd at thc planning stag\.: , on which would be the prefcITcd type of 

material for the Job. With repccl 10 lran portation, the 1110 t appropriate material would be that 

with a factory or pro l.:S1I1g plant located clo 'cst to the 011 truction ' ite. Howe cr, as noted 
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above this would be just part of the overall LCA which could show that gains elsewhere within 

the LCA, such as sequestered CO2 during growth, or the use of recycled material during 

production, could counter thc effects of the transportation. Transportation is the main energy 

component of some materials where extraction is relatively easy, but large volumes require 

movement, for example aggregates for concrete. 

Table 7.4 Total emission and primary energy Lise by different modes of freight transport, 

Emissions/ i: per ( per Km Rail Road 

CO2 41.0 207 

CH4 0.06 0.30 

NOx 0.20 3.60 

CO 0.05 2.40 

VOCs 0.08 1.10 

Energy ! KJ per I per Ian 677 2890 

Sollrce: (Thermle Program 1999: 114). 

For the purpose of this study, data is presented that illustrates, how much of each pollutant 

noted in Table 7.4, would be released for a trip 1 km long, for each of the materials compared. 

No answer can be given to which has the greatest impact on the environment, in relation to the 

transportation, as a defmitive answer, for mode; distance and recycling potential would be 

particular to any individual scenario. However, as a general guide the figures could be 

supplemented with actual distances and modes for any particular scenario. 

Due to the potential for variance as a result of the aforementioned influences, for the purpose of 

this study, good driver practise and full vehicle maintenance to a high standard was presumed 

(Brocklesby 1997). In addition to all the variants, there is one other major issue, the type of fuel 

used for transportation, a petrol contains 0.0353 giga joules per litre, diesel contains 0.0388 

giga joules per litre and LPG contains 0.0260 giga joules per litre (ETSU 1996). Diesel can be 

seen to have the most energy, closely followed by petrol, with liquefied petroleum last. The 

high-energy potentials of petrol and diesel are the main attractions of these as fuels for road 

transportation, as large distances can be travelled using a relatively small and light fuel reserve. 

The final weights of each of the barrier types for the hypothetical barrier, lkm long by 2m wide 

can be seen in Table 7.5, the final weights encompassed both the main material, and that of the 

absorbing mineral wool for all of the ab orptive barriers. These weights are multiplied by the 

figures given in Table 7.4 (total emi ions and primary energy u e by different modes of freight 

transport), to give the values of pollutant per torme of each material per kilometre travelled by 

road or rail. 
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Table 7. 5. Total weights of each barrier type for the hypothetical scenario. 

Barrier T~'Pe Total weight in tonnesfor completed barrier. 
Reflective Timber 15.2 
Absorbent aluminium barrier with Mineral wool inner core 69.84 
A bsorbent steel barrier with Mineral wool inner core 71.98 
PMMA 60 
Absorbent willow barrier with Mineral wool inner core /66./ 
Concrete 600 

7.1.8 Evaluation and interpretation ofthe sustainability of each material 

The method of collating all the data into a LCA that is easily comparable is taken in several 

stages, in accordance with the BRE environmental profiles methodology, as follows: 

Defining the goal and scope 

Inventory data collection and analysis 

Impact assessment: 

Classification 

Characterisation 

Normalisation 

Weighting (Mundy, et al. 2001:2-5) 

For the purpose of this study, it was unnecessary to evaluate the data further than the initial 

impact assessment stage, as the study aim was not to give a ranking, as this is very much 

dependant upon the individual scenario. The aim instead, was to illustrate the process using a 

hypothetical scenario. Elements of the following methods were adopted, including the 

weighting values used, however as explained this could only be achieved up to the 'gate' stage. 

Classification refers to all the aspects of a LCA's impact, upon various environmental problems. 

These are broken down into the following groups for clarification: acid deposition; climate 

change; fossil fuel depletion and extraction; minerals extraction; ozone depletion; pollution to 

air; human toxicity; low level ozone creation; pollution to water; ecotoxicity; eutrophication, 

human toxicity; transport pollution and congestion: freight, waste disposal and water extraction. 

The BRE provides an extensive data table (Howard, et al. 1999), which allows each of the 

aspects causing these impacts to be simplified into an impact relevant to a reference point of I 

allocated to one of the predominant pollutants. This is explained further under characterisation, 

and the reference pollutants are shown in Table 7.7. 

Characterisation is the process of defming the contribution of an environmental burden 

(intervention), to a particular category or impact. For each category, there may be one burden, 

which makes a contribution, which is considered to have a contribution to that impact, or 

'potency', of 1. Other burdens are provided with a potency factor relative to this . Alternatively, 

the burden can be characterised, by measuring it in a particular unit, such as tonnes of oil 
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equivalent. The data for this comparison was available from the British Research Establishment 

(Howard, et a1. 1999). However, a brief overview illustrating the particular category of impact 

and the burdens that all the other impacts are related to is displayed in Table 7.6 below. 

Normalisation gives a list of figures called the ' impact profile ' or the 'ecoprofile', specifying 

the quantified contribution of the product or functional unit, to the problem occurring nationally 

or internationally during one year, i.e. product problem level! national or internal problem level, 

so all categories have units of time (Mundy, et a!. 2001). In accordance with the BRE 

methodology, the impacts are normalised according to the impacts of the annual activity of 1 

UK citizen '. The corresponding values are noted in Table 7.6 below and are the standard for 

normalisation. 

Table 7.6 Normalisation factors for each impact category. 

Impact Category Annual imlJQct from I UK citizen 

Acid Deposition 55.88 kg S02 eq 

Climate ChanJ!e 12270 kfl CO] eq (l00 year) 

Fossil Fllel Depletion and Extraction 4.085 toe 

Minerals £y;traction 5.04t 

Ozone Depletion 0.29 kfl CFCII eq 

Pol/lltion to air: 
Human Toxicity 90. 7 kJ!. tox 

Low Level Ozone Creation 32.23 kJ! ethane eq (PCOP) 

Pol/lltion to Water: 
Ecoloxicity 178000 m3 tox 

Eutrophication 8.006 kg PO 4 eq 

Hllman Toxicity 0.0117 kJ!. tox 

Transport Pollution and Congestion: FreiJ!ht 4140.84 tOlllle.klll 

Waste Disposal 7. /94/ 

Water Extrac/ion 417,600 I 

Weighting is the fmal procedure in the LCA in accordance with the BRE methodology this 

entails giving weight to the data. As it is hard to compare one environmental impact with 

another and give a value judgement over which is more detrimental than the next. Therefore, the 

BRE devised a system called Ecopoints, which takes the normalised data and compares it to a 

weighted factor illustrating the severity of the pollutant problem. The factors were devised 

through extensive research undertaken by the DETR, which involved a consensus-based 

research programme to weight sustainable construction issues. The study obtained the 

perspectives of different panel , repre eoting interest groups drawn from across the UK 

construction industry. These panels a se sed economic, social and environmental sustainability 

issues. For the purpose of this inve tigation, the weighting factors for each of the impacts are 

I 'Normalisation' is the proces of making different im~acts d~mensionless, i.e. without any units, so that they can be 
added together. In this ca e, the normalisation ~actor IS the Impact of ?ne UK citizen for I year. Impacts from a 
manufacturing process are expressed as a proportIOn of the same type of Impact from one UK citizen. Anderson, J. et 

al. (2002) ... 
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applied to the ranking; this simplifies the process whilst maintaining the important feature of a 

relative comparison. 

Through consultation with the panels, the research establishment quantified the relative 

importance of different sustainability issues, across the construction industry, finding a 

significant degree of agreement between the interest groups (Anderson, et a1. 2002). This is an 

invaluable tool, especially in light of the importance of public participation within the planning 

industry, due to the ease by which non-technical experts are able to make informed decisions on 

the environmental benefits and impacts of varying materials. However, despite the relevance of 

using this, there is still an element of chance, in that the data is ultimately evaluated using 

subjective perceived data. 

Through both the review of the literature, and the outlining of this method, a contribution has 

been made to the aim of developing noise barriers, which are successful in more than just 

acoustic terms. This review, and the method to illustrate the importance of these considerations 

within the wider context of design are anticipated to fill the void of knowledge that is currently 

apparent; the final points of this method are illustrated below. 

As an alternative to the methodology of the BRE, and as explained in light of the lack of a 

particular scenario an alternative means of illustrating the data was devised. This involved the 

use of a simple ranking system. Following the collection and processing of the data into a 

common form, the values were ranked for each particular aspect. For example the material that 

produced the least carbon dioxide from 'cradle-to-gate' was ranked I up to the material that 

produced the most carbon dioxide from 'cradle-to-gate', which was ranked 9. To give an overall 

indication of how the noise barrier materials performed from 'cradle-to-gate' all the ranked 

values were added giving a total for each barrier. 

As noted above, the pollutants were then allotted an associated overall environmental impact, 

i.e. potential for global warming, pollutants to airl water etc. The official weights could then be 

applied to the ranks, to give an overall assessment of the environmental aspects for each of the 

noise barrier materials for the hypothetical scenario, and a judgement of the most to least 

sustainable barrier from 'cradle-to-gate' was reported. 

In summation of the methodology, the gleaning of the best methods from each of the 

commercially available LCA models, and the removal of irrelevant data, has enabled a method 

to be developed for analysing the LCA of specific noise barriers. This outlined methodology, in 
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collaboration with the collated data presented in this research developed for the analysis, would 

be relevant for real world scenarios, where decisions over noise barrier materials must be made. 

7.2 Results 

7.2.1 'Cradle-tv-gate' analysis 

The method described in Section 7.1.6, was utilised for all the different materials in respect of 

each of the parameters. Table 7.7 illustrates the various attributes associated with the nine 

barrier types under investigation, from which the impacts of each parameter could be assessed 

and simplified into ranks. 

To illustrate the impacts of the absorbent barriers, the data for the inner absorbent core was 

added to that of the outer material, reflecting the overall 'cradle-to-gate' impacts for the whole 

barrier system. As the constituents of mineral wool vary, with both the properties required of the 

material and the components added, a value for the amount of extracted minerals for any batch 

could not be standardised (Environment Agency 2001). Consequently, an estimation of the 

percentage mineral extraction had to be accepted based on industry data, which is calculated on 

the fact that the major output mass flow is the product, which might be from 55% to 85% of 

material input. 

For the purpose of this study, an average value between these two figures was taken which 

equalled 70% of material input, and using the data on how much mineral wool would be 

necessary for each barrier, the value for the extracted minerals were estimated as 10998 kg for 

the willow barrier cores and 34720 kg for the metal barriers absorbent core respectively 1 • 

7.2.2 Analysis vfranked results for each barrier type 

Table 7.7, reveals the values for each of the hypothetical barriers from 'cradle-to-gate', in terms 

of their environmental impact, and Table 7.8a illustrates these as weighted ranks for each 

parameter from best (lowest value) to worst (highest ranked value). The weights applied .. 
correspond to those developed by the BRE as referenced in Section 7.1.4, as some of the data 

was unavailable, represented in the table as 0, the comparisons were not fair. To correct for this, 

where data for any of the parameters was missing, that particular parameters impact for all the 

barriers was removed, and the results were again totalled. Table 7.8a illustrates the true picture 

t Calculation of extracted mineral value for inner core of willow and metal barriers respectively. 
Total value of material needed (kg) x 70"10 ~ Total estimated extracted minerals (kg). 
Willow 157140 kg x 70% = 10998kg 
Metal 49600 kg x 70"10 = 34720 kg 
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for all the barriers with a full data set, where as Table 7.8b allows for this missing data by 

removing it, and makes the data comparable. 

The objective of this stage of the lifecycle analysis was to illustrate the differences in 

environmental impacts produced by nine different barrier types. The method chosen of 

illustrating the environmental impacts in ranks, enables the objective of establishing a simple 

means of analysing the data, without carrying out a full LeA, which would have require both an 

actual case study scenario and specialist software. 
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Table 7.7 Overall results of the 'cradle-lo-gate' assessment for the nine barriers 

Total for em Total for 10fY'A. ~iving willo";!, Woven willow 
r>arameter Totals fOl 

,(:oncrete pre cas 
PMMA aluminium aluminium Steel recycled & Steel not recycle~ 

'Parrier & barrier & 
Timber 

Irypothetical barriers ~/exiglas) {Jarrier & 'Parrier & Mineral wool ~ Mineral wool 
!Mineral wool Mineral wool 

l,M;neral wool !Mineral wool 

Extracted Minerals (/) ~48 f39 201 84 151 159 ~69 269 ~38 

Waste to Landfill in (kg) 376800 17038 ~049 N/a ~6 33810 N/a 'rJ/a 845 

Primary Energy MJ ~660000 10136900 1190320 166320 755309 {J19775 1964250 1964250 76000 
Carbon Dioxide to A ir CO p8400000 524395000 ~92600 ~07195 ~58070 ~/017600 14356930 17686930 ~256000 
(g) 
~lIlphllr Dioxide to Air SO 16380000 2531000 1940700 ~50700 406798 ~/5900 942800 942800 13072 (g) 

Oxides of nitrogen in NOx (g) 363600 ~075000 618560 79560 ~3653 129560 1289000 1289000 ~6220 
Carbon Monoxide CO (g) 170400 372400 ~082600 1733600 1724778 2498000 5463000 ?463000 10032 
!Methane CH4 (g) 'rio data 2280000 ~07200 ~6200 ;32910 38870 No data fNo data ~232 
IFluoride HF mg INa data 540000 ~959360 ~18400 818400 818400 2592810 ~592810 ~909 
'{:hloride HCL mg No data 10200000 ~1086400 ~716000 8293814 8519314 18071100 1807 1100 1.4 
Heavy metals 10 air (g) 286.2 1216 15640.25 15620 15620 16030 49500 49500 0.03 

Heavy metals to water in 
fNo dala ~32000 40480.00 N/a 2954 3670000 'Wa r;vla ~48 

(mg) 

!,particulates PM (g) ~/800 630000 774860 ~2860 78450 ~7190 ~6570 56570 1976 

Water Used (I) ~40000 ~95200 26843 II 58 ~68149751 ~68426674 ~68450081 ~48556000 848556000 440800 
-----
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Table 7.8a. Results of the 'cradle-to-gate I analysis using the ranking methodology inclusive of missing data 

~elgltting ~ncrete PMMA Non-recycled ~ecycled Steel recycled ~teel not recyc~ Uving willow d Woven Timber 

"'actors" pre- cast (plexiglas) flluminium cI aluminium cI cI minera ~ mineral wool mineral wool (inc. willow d 
mineral wool mineral wool wool equestered CO2) mineral 

wool. (inc. 
~equestered 
ir02) 

Total NOx (g) 7 ~.35 8.56 6.42 ~.21 1.07 fl. 28 7.49 7.49 12.14 

Total Waste to Landfill (kg) ~ 8.56 6.36 5.3 2.12 3. 18 7.42 1.06 1.06 ~. 24 

Total Primary Energy (MJ) 12 7.84 8.96 5.6 ~.24 ~.36 '(1.48 6.72 6.72 1.12 

Total C02 to Air (g) 38 11.04 12.42 ~.28 4.14 5.52 9.66 1.38 2.76 6.9 

Total S02 to Air (g) 5 8.4 7.35 6.3 4.2 ~. I 3. 15 fj.25 5.25 1.05 

~O(g) ~ ~. 08 ~ . 12 ~. 24 fj.2 4.16 7.28 8.32 ~. 32 1.04 

..... H4(g) 38 (J 8.28 6.9 5.52 p6 4.14 (J 0 1.38 

Total Heavy metals to air (g) 7 12· 14 ~. 21 6.42 ~. 28 ~.35 7.49 ~.56 8.56 1.07 

Total Heavy metals to water (mg) ~ ~ ~. 12 ~.09 1.03 ~. 06 15.15 1.03 1.03 1.03 

Total PM(g) 7 12·14 7.49 ~.56 ~. 21 ~.35 
6.42 :4.28 4.28 1.07 

Total Water Used (I) 5.5 ~ 1.055 ~.33 ~.22 f5.275 
7.385 ~.44 8.44 2.11 

HF(mg) 4 ~ 2.08 7.28 ~. 12 4.16 
~.2 6.24 ~.24 1.04 

HCL(mg) 4 ~ 5.2 7.28 12.08 3.12 
~. 16 6.24 ~.24 1.04 

Total extracted minerals (t) 3.5 ~.28 1.035 ~.175 2.07 ~ . 105 
~. 14 6.21 ~.21 7.245 

rrotais of all ranked values ~8.8J 79.24 ~9.175 46.64 ~O.57 
_~Q.355 71.22 72.6 ~2.475 

-- ---
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Table 7.8b. Results of the weighted cradle to gate' analysis with data omissions removed 

Woven 
willow & 
mineral 

~on-recycled Recycled Steel recyclea iLiving willow & wool, (inc: 
Weighting Concrete PMMA aluminium & aluminium & & minera ~teel not recycled mineral wool (inc: sequestere 
Factors% pre- cast 1(PlexiJ(las) mineral wool mineral wool wool & mineral wool equestered CO2) dC02) Timber 

Total NOx (JV 7 5.35 8.56 6.42 3.21 1.07 4.28 7.49 7.49 2.14 

TOlal Wasle 10 lAndfill (KJV 6 8.56 6.36 5.3 2.12 3.18 7.42 1.06 1.06 4.24 

Total Primarv EnerllJl (MJ) 12 7.84 8.96 5.6 2.24 3.36 4.48 6. 72 6.72 1. 12 

TOlal C02 to Air (g) 38 11.04 12.42 8.28 4.14 5.52 9.66 1.38 2.76 6.9 

Tolal SOl to Air (iO 5 8.4 7.35 6.3 4.2 2.1 3.15 5.25 5.25 1.05 

k;'o (JV 4 2.08 3.12 6.24 5.2 4.16 7.28 8.32 8.32 1.04 

Total Heavy metals to air (g) 7 2.14 3.21 6.42 4.28 5.35 7.49 8.56 8.56 1.07 

To/al PMfg) 7 2.14 7.49 8.56 3.21 5.35 6.42 4.28 4.28 1.07 

Total Waler Used (I) 5.5 3 1.055 6.33 4.22 5.275 7.385 8.44 8.44 2.11 

To/al extracted minerals (t) 3.5 8.28 1.035 5.175 2.07 3.105 4.14 6.21 6.21 7.245 

Totals of all ranked values _. --
58.8 159.6 64.6 34.9 1I8.5 61.7 157.7 

-_. 59.1 ~8. 0 
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Figure 7.2, illu trate the overall re ult of the barrier material a sessment. For the purpose of 

clarity the re ult for eaeh parameter were ranked from between I and 9, where alue were the 

same they shared the rank, and these alLies were totalled, giving an overall figure for eaeh 

barrier. The lower the overall total of the ranked and weighted values, the more environmentally 

friendly and su tainable the barrier could bc pre umed to be, thi is illustrated in Figure 7.2. A 

this is not influenced by an actual location of a con truction ite, it can be taken a illu trative of 

the real world cenario for thec particular barrier material frol11 extraction, to delivcry at the 

factory gate. 
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Figure 7.2 The sustainable u. peets from 'cradle-to-gate' both with and \I'ithout the mis ing 

datal 

The findings presented in Figurc 7.2 ho\ the 1110 t cn ironmentally unsu tainable material a 

the un-recycled metal barrier, followed by thc PMM, not cd, thi ection only describe the 

impacts from 'cradle-t -gatc·. and beyond this a referred to pre iou ly omc of the c materials 

can be recycled, ome f ~ hich by 100°'0. on equentl , in thc overall lifccycle a cssment, 

the e material could redecm l11e u tainability factor making them relatively Ie harmful. 

One of the mo t urpri ing factor is the rclatively low u tainability indicator for the willow 

barrier, as de pite their lIlhcrent CO, scque tration. duc to their mineral wool inner corc they 

still have a relativcl} largc impact. Thc e barrier are old on thc prel11i e that they are an 

environmentally friendl} option, hO\\evcr. a ' can bc 'cen thi i not entirely accurate. Therefore, 

it would be of great bcnefit if an altcmativc to thc mineral wool inner corc could be u ed, 

examples of which arc exhlbltl:d in the etherlands, whcre thc u c of a olid in-fill of oil is 

I Core refers to the lIhlOrhe/lllllllll 'r,1I \\elol , alld maTeria/.' /lr" IUlT recrcied IIllless oTilenlise SlaTed. 
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adopted (Kotzen and English 1999: 132). With this option it is likely that the willow barriers 

would be the most environmentally sustainable. 

Some aspects of willow noise barriers do have environmentally beneficial attributes that the 

other barrier types do not possess, such as the creation of habitats for small mammals, birds and 

insects and wildlife corridors. However, whilst the willow barrier manufacturers continue to use 

mineral wool insulation the environmental benefits will remain less, than that which it is 

marketed upon. 

The relative impact of using recycled metal, as opposed to un-recycled is large, consequently, 

illustrating the beneficial effects that can be achieved through careful sourcing of materials. One 

of the key surprises in the findings is the relatively low impact of concrete. This material is 

largely perceived as an unsustainable material, however; in reality the impacts are much lower 

than for many of the others. Unsurprisingly, timber had the lowest environmental impacts from 

'cradle-to-gate', which does lead to some justification of their prolific use, other than their 

relative low cost. 

7.2.3 'Gate-to-grave' analysis: an overview 

In the previous section, conclusions were drawn on the environmental impacts of each of the 

nine noise barriers from their extraction 'cradle' to the point of delivery 'gate'. As noted above, 

beyond the factory gate many more factors determine the environmental impacts throughout a 

noise barriers lifecycle, which are entirely dependant on the location that the barrier will be 

constructed in. Consequently, without a particular case study to relate the 'gate-to-grave' 

analysis to, any results would be inconclusive. However, as the phases beyond the factory gate 

play an incremental part in the whole lifecycle assessment, to omit this stage would result in a 

less valuable conclusion. 

Consequently, the next phase of the Iifecycle assessment is presented as a methodology for 

further application with a real world scenario, using ranking systems where appropriate. This 

incorporates the maintenance costs, transportation beyond the factory gate including to the 

construction site, and then on, to either a further recycling plant or alternative final disposal, as 

well as an overview of the relative fmancial costs of each of the barrier types. 

7.2.4 Maintenance cost indicators 

Maintenance is a very important aspect of a LCA, as it can increase both the financial and 

environmental impacts of a material over a lifetime significantly. The data provided in Table 7.9 
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is the official data reported from the Highways Agency with regard to expected maintenance 

requirements for the varying barrier types (Highways Agency 1995). Significantly, no actual 

costs could be allocated to any of the materials without a specific case study scenario, as factors 

such as location, road type and local climate would signjficantly influence how much 

maintenance would be necessary. 

Figure 7.3 illustrates the potential differences in maintenance burdens, with PMMA demanding 

the most maintenance, due mainly to the requirements for cleaning, living willow also has quite 

high maintenance demands, due to the fact that it grows, and therefore needs to be maintained to 

ensure that it does not become a driving obstruction. 

As discussed, maintenance is very much influenced by the barrier location, for example a metal 

barrier close to the coast may suffer greater corrosion and become the most demanding, a 

concrete screen could provide a surface for graffiti, and PMMA and timber could be more prone 

to destruction by vandals. These factors must all be considered when choosing an optimum 

solution to a noise pollution problem. 

Table 7.9 Maintenance co t indicators- (1 Fairly Low impact- 5 Fairly High). 

Barrier Type Factors Considered Relative Cost Environmental Score 
Timber Screen Inspection/repair. periodic treatment. Fairly Low 1 
Concrete Screen Inspection/ repair. periodic cleanifl/<!. Low 2 
Metal Panels Inspection/ repair/repainting/ treatment, Fairly Low I 
A bsorbent Panels tif{fttening bolts, check earthiflg. 

Transparent Inspection/ Repair, regular cleaning, Fairly High 5 
panels treatment 
Willow weaved Inspection/repair, periodic treatment. 

Fair/yLow I 
barrier 

Inspectiol/, drip irrigation, CUlling back 3 Moderate 3 
Willow living limes in first year and annually there after, 
Barrier pest & disease control, repairing, spring 

fertilising. 
(Source: (Ko/zen and EnglISh 1999: 156; Bowles 2003) 
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Table 7. 10 1aintenance and replacement inter\'(i/s(or noise barrier material .. 

Material \filllmulII rt!v/acL'mel/l period 

Concrete pre COIl -In \'/'an 

PMMA (P/exi~/as) :!1I-:!5 rears-

Aluminium .IOwan 

Sleet :!O-:!5 )·ea,.? 

Timber _'0 10 -10 I<'tln dt'/lf!lIdllll!, UpOII Ihe pre.\e/'l'lllil'l' Ireallllelll 

Willoll (11'01(,11) :5 ft!t1r.\ + I) 

Willoll (lhill!!,1 :!5 }'I.'tl/'.\ 6 

For the e barri r . it hould bc noted that thosc n 'cding rcpla ement before the proposed 40 

year limit, ',\:ill incur all the abo\'c Ilfccyck impacts again for thc repla clllcnt barrier, and will 

therefore potentially pcrfoml \\ort \erall. making them morc cnvironmentally damaging, and 

financially burdening than i nccessary, In a sta tcmcnt by the Highway Agency, a preference 

for barrier ',\:ith a ma1l1tenanc' free life of 40 year wa ' decmed de irablc (Thomas 2005). 

Howe er, officially the IImll of 20 ,ear \\ithout maintcnance i tandard (Kolzen and Engli h 

1999:9 ). 

It hould fir tl, be hlghllghtcd \,hcn . ul11l11anslIlg the impact of maintenanc and fepla ement 

cherne for the noi . c barners. that the t\\ 0 arc IIIcxtricabl linked, in that without the 

I Gramm Barner y,(cm. l r.. \RC CorKrclc Lttl. l J.,., Borall EtIcnhnll Concrctc ProtlllCI~. K 
1 Gramm Barncr S\' tem . L K . .llltl Par.l.:hcnllc. (,.:nnan) 
1 I It II & muh K. (nuu tn.11 \,l)lI lie, omral1\ t ttl . l K R,ltIlan \ COU<;tICS L K 
~ EnvtfOnmental ilen,11I1! (Id. K, r clll1ICI.tI. L r.. . Intlll,mal \ COll'liC' ompany Ltd. UK 
, (Bum fenclIIg [ Id. Buff.llo . lruuurc ... lir.lmm B.lrrin S)"CII1", Charlc, Ransford, 
h ET . Jrccn Barner III \\ ()\ cn \\ 111\>\\ li B (llIIJlIlg' I ttl. 1110lhltlcr L r.. Lttl 

h IBID 
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appropriate maintenance for each barrier being adhered to, its life span would be significantly 

shortened. Therefore, in summation the most appropriate barrier in terms of maintenance and 

replacement frequency would be the barrier that combines the least maintenance and the best 

durability qualities. According to the results shown here this would be a concrete, timber or a 

metal barrier. When this fact is related to the cost per m2 of a barrier (in Table 7.13) it gives an 

indication and explanation for the vast use of concrete and timber noise barriers within the UK. 

7.2.5 Recycling potential 

All of the materials under investigation have either the potential to be recycled or in some way 

use recycled components. Therefore, below is a description of the extent to which this is 

practised with each material. The benefit and frequency of this is discussed below, under each 

of the material headings, along with a written description of some of the main environmental 

implications associated with the production of each material. The values and the impacts of the 

levels of recycled input into each production system are noted within the overall impacts in 

Section 7.2.2 above. 

To ensure that an accurate assessment of the recycling potential of each of the materials was 

incorporated into the LCA, 'The Green Guide to Specification' (Anderson, et al. 2002), was 

used to identitY materials, which most closely resembled those in each of the noise barriers 

under investigation. The materials were presented giving a value for it's ability to be recycled, 

or use recycled materials. The values are given in letter format with A, representing best 

environmental performance followed by B and C. This was converted to numerical format with 

1 = A (least environmental impact), 2 = Band 3 = C (greatest environmental impact). The 

values under each recycling category 1) recycled input 2) recyclability 3) currently recycled and 

4) energy saved by recycling, were then summed to give an overall value of the potential 

environmental benefit of each of the materials represented, this data is illustrated in Figure 7.4. 
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12 r-------~-----------~--------------------~------------~ 

10 

8 

6 

4 

o 
P\I'.1A Aluminium Cona~lc 

pre ~ast 

leel TImber Slone Wool 
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Essential material for the production of steel arc coke (made from coal) and iron ore, the 

extraction of which re ult in large amount of wa te material. However, steel is casily recycled, 

and up to 60-70% i currclllly recovered in the UK (Bergcret 2003:2). There i a 96% difference 

in feedstock energy between recycled and non-recycled steel, (or teel with ystem expan ion 

and without ystcm expan ion) (Committec on Environmcntal Affair 1999/2000:28). 

In addition to thi , there are further recycling gain' to be made during the production of steel, 

from thc waste product of bla ' t fumace slag (BF lag), which can be u cd a an altemative to 

Portland ccment~ (0.26kg of BF lag i gencrated per kg of hot metal). More than 90% of the 

tolal amount i exported for c'(temal application. 600
/ 0 of which i for Portland ccment 

(Committee on Environmclllal ftair~ 1999 '2000). The rccyeling potential for both steel and 

aluminium. discus. cd belo'>' •. indicate ho\\ a material with large environmental co ts in the 

'eradle-to-gate' procc'" can redeem ome u tainable attribute in the econd phase of the 

LCA . 

Aluminium' prinCiple constituent I ' bau\.ite. which i trip-mined, and cau es habitat 

degradation. Howc\er, much aluminium is rccycled in the UK, and making u e of recycled 

I FeedstOCk energy-is thaI pan of the pnmary energy enlering the system. \\ hich IS not consumed and 'or is availab le 
as fuel energy amI for usc OUlsIJC thc ')'tcnt MunJary. In the ease ofstecl maklllg. thiS IIlcludes the ca lorific value of 
energy of the output- (such a that cllntalneJ tn pr ;Ju,,,. recll\:rcd materials 3nJ \\aste) as wc1\ as fuel losscs 
(Commancc on En\lrOnmcntal,\f!ulrs (1<.)<)<) 2(00), \\orld '>leellde,y,lc Inventory: Methodology Repon. 8ru sels. 

lntemationallron and ted IrNltute:: 1·<,)0. 
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aluminium in the production process results in an energy saving above 80% (Bergeret 2003). 

The differences between aluminium produced entirely by products extracted for the purpose of 

manufacturing the material for the noise barrier, and that using 100% recycled aluminium can 

be seen in the embodied energy, CO2 and pollutants results in Table 7.7. 

UK timber noise barriers are predominantly constructed with homegrown soft timber; the 

largest supplier of this timber to the barrier market sources the timber from Wales, the 

remainder being predominantly imported from Scandinavia. As yet. little timber used within 

both the noise barrier trade and the wider construction trade comes from reclaimed timber. 

Despite the vast quantities of wood waste produced annually by the construction and demolition 

industries, and the obvious 'greenness" of choosing reclaimed timber, there are still obvious 

difficulties in reusing constructional timber. Despite this, the Highways Agency does have a 

commitment to sourcing timber for fencing and barriers and furniture in HA buildings, that is 

certified to have derived from sustainable sources (Highways Agency 2003). 

The recycling potential of timber from noise barriers, is possibly not as apparent as for other 

materials discussed. This is due to the exposed nature of the noise barrier during its life. A 

timber frame within the fabric of a building may be relatively undisturbed over time, in terms of 

rotting and weakening (Anderson, et al. 2000:33). However, a noise barrier would be exposed to 

all the elements, and consequently only has a predicted replacement rate of 20-40 years, at 

which point it can be presumed that the timber would no longer be of sufficient quality to 

warrant widespread reclamation or recycling 

PMMA is different from virtually all other plastics, in that it can be readily recycled back to the 

original monomer. Thermal cracking, the process by which PMMA is converted back to methyl 

methacrylate (MMA), can be carried out with almost 100% recovery. The resulting monomer 

can be separated from any fillers, distilled and decolourised, so that it is almost 

indistinguishable from virgin material. 

This important characteristic potentially has a great impact on the practicability of recycling 

products made from the polymer, including noise barriers, and significantly influences the LCA 

of barriers made of PMMA. To ensure that this recycling process is undertaken, the 

manufactures of Polymethyl methacrylate, claim that all products supplied out of Polymethyl 

methacrylate are returned to the manufactures at the end of the barriers useful life and are fully 

recycled using the aforementioned methodology (Boustead 1997). Despite this, it must be borne 

in mind that the manufacturing plant for this product is in Germany, meaning that any recycling 
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benefits must be offset with the impacts of transportation back to the manufactures (Rohm 

Plexiglas). 

Pre-cast concrete blocks made from cement, sand and lime are a widely used structural material 

and can contain a large proportion of pulverised fuel ash! fly ash, which is a by-product of the 

burning of fossil fuels in power stations (Bergeret 2003). In addition, blast furnace slag, the by­

product of the steel manufacturing process, can also be used as a Portland cement substitute, 

again reducing other industries waste impacts (Committee on Environmental Affairs 

1999/2000). 

The Pre-cast concrete structures themselves can also be recycled at 'end of life', as they are 

made from assembled individual components. At life end or functional changes, they can be 

dismantled, with limited noise, dust and waste. Individual components can often be separated 

and re-used, including the reinforcement steel, which can be separated from the matrix and be 

recycled. The concrete is crushed and reused; the use of up to 20% recycled aggregates has little 

influence on the performance of reinforcement and pre-stressed concrete elements (BIBM, 

Bureau International Du Beton Manufacture et al. 2002). 

Willow can be seen as a very environmentally friendly material throughout its lifecycle from 

planting, harvesting and use, through to recycling by composting or shredding. The material 

sequesters more carbon dioxide than it emits, and produces limited amounts of other pollutants 

through its processing and transportation. This is for two main reasons, firstly it is grown largely 

as a sustainable crop, and therefore for each section of willow removed, a new plot will be 

replanted. Secondly, due to the relative small nature of the business, transportation from 

extraction, to the processing area are generally small, due to the uneconomical nature of 

transporting willow over large distances. As noted previously, the failure of the willow barriers 

in ecological terms is a result of the mineral wool inner core, which contains significant 

pollutants. 

The mineral wool or rockwool is a stone-based thermal insulation, sourced from lava deposits of 

volcanic diabase rock (ovaline dolomite), which are melted in a cupola furnace like a controlled 

man-made volcano, to which limestone and coke are added. As the re-melted lava comes out of 

the furnace, it is spun, given water repellence treatment and bound together in a wool-like 

fleece; the batch may also contain recycled elements which include basalt, briquetted recycled 

material and blast furnace slag and this can vary from 0% to 100% of the product (Environment 

Agency 2001). 
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The percentage of each raw material in the batch can vary significantly particularly where 

substantial amounts of recycled materials arc used. The fmal product takes the form of 

continuous blocks ideal for, acoustic control, (Rockwool Co UK 2003). Howcvcr as illustrated 

above the extraction processing and generation are not without environmental impacts. 

A summary of the recycled input and potential for recycling after use, are indicated in Table 

7.11 below. This can be used as a tool for detenninjng the impacts of various noise barrier 

materials, in addition to the findings of the 'cradle-to-gate' analysis, and in tandem with the 

fmdings of the maintenance and transportation impacts. 

Table 7.11 Ratings for each barrier material or components recycling benefits derived from the 

BRE standards 

~nergy saved b) 
Barrier Material iRene/ed InDlit lRecvclabilitv Currentlv recycled ecvC/inJ! 

!concrete pre cast I C A A A 

PMMAPlexifdai A A A B 

AluminiumJ A B A A 

Steer' C A A B 

!rivinJ! willol1! A A C A 

Woven wi/low6 A B B C 

Mineral woof B C C C 

TimberS C B C A 

Adapted from : (Anderson, et 01. 2002:4). 

Through the collection of relevant data on recycling, a complete picture is established, both of 

the potential and extent to which recycled materials are included in products, and also, in how 

products can be recycled at the end of life, including the expected energy conserved from using 

these procedures. Thjs is incorporated into the methodology through this work, to enable easy 

identification of recycling benefits for future projects. 

I Pre-cast concrete - concrete paving slabs, from the Landscaping Hard Surface section p76. 
2 PMMA- no closely re embling data; therefore estimations for the values were made using industry literature. 
J Aluminium _ coated aluminium compo ite roof cladding, insulation on steel roof structure, from the low-pitched 

roof section p45 . " 
4 Steel _ galvanised steel railing, from the land capmg: bounda~ protection section p78 
S Living willow -hedging or any living barrier, from the l~nds~aplOg: boundary protection section p78 
6 Woven willow no closely re embling data; therefore e tlmanons for the values were made using industry literature. 

7 Mineral wool _ rock wool in ulation, density 200kg/m
3
, from the all insulations (including those using HCFCs) 

section p70 . 
8 Timber _ pre-treated timber clo e boarded fence, from the landscapll1g: boundary protection section p78 
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For waste management and recycling, to be beneficial, the energy and resources used to recycle 

a product, including all the transportation, processing and redistributing, must be less than that 

to make a new product. This is largely the case for most materials, but it varies to its level of 

benefit depending on where the original site is for the construction, and how far this is from 

both a recycling site and the site for the use of the new recycled material. 

Therefore, the data presented above illustrates the generic recycling situation for all the 

materials under consideration. It can be seen that all the materials under consideration have both 

a recycled material input and the potential to be recycled. This is a tribute to the significant 

steps, all areas of the construction industry are taking to integrate good environmental practise 

into their production systems. This also helps environmental noise barrier designers to select 

from a number of environmentally beneficial materials, allowing for further consideration to be 

placed on other aspects of importance, rather than just cost and aesthetics. 

The data in Table 7.11, and Figure 7.4, allow the recycling results to be quantified into a more 

understandable format. This by no-means illustrates the complete picture, as it is not yet a legal 

requirement to either use recycled materials in a noise barrier, or ensure a noise barrier is 

recycled at the end of its working life. Therefore, whether the product uses recycled materials or 

is recycled at the end of it's working life is down to the discretion of the manufacturer and 

owner, this merely illustrates the scenario under the optimum conditions. 

7.2.6 Transportation embodied energy, CO~ and pollutants 

One of the single most influential factors of environmental degradation related to any products 

LCA is transportation as it is incremental at all stages from extraction to final disposal. As 

illustrated in Figure 7.1; Section 7.17, the preferred mode of transport used within the UK, for 

the delivery of raw materials and finished products, is road transportation; this is also 

environmentally the most detrimental. 

Consequently, the impacts of transportation of noise barrier materials are not always directly 

correlated with the distance from where they were sourced, when compared to one another. As 

products that are sourced overseas generally arrive in the UK in bulk freight via sea, which can 

sometimes result in a comparable environmental impact to products sourced within the UK, but 

transported totally via road. Thus, more factors influence the impacts of transportation than the 

distance travelled from 'cradle-to-grave', such as primary mode of transportation, weight of 

materials transported and number of return journeys required transporting the materials for a full 

barrier. 
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Therefore, thi ection compare all materials under the equivalent scenario, using the 

hypothetical barrier weight, repre entative of the weight for a I km tretch of noise barrier 2m 

high a calculated in Table 7.2, and illu tratcd in Figure 7.5 (a-F), being transported lkm by rail 

or road, with the aim being to creatc a template for real world scenario to be adapted to, and to 

give a general idea of the impact o[tran porting the variou material type. 
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Table 7.12 Embodied energy, CO2 and Pollutants consumed and emitted per 1 Ian of travel using rail and road. 

flarrier Type Rail-CO2 Road-CO2 Rail- CH4 Road-CH4 Rail- NOx Road·NOx Rail· CO Road· CO Rail· VOCs Road· VOCs Rail • Energy Road . 
KJ EnenlVKJ 

Reflective Timber 555.14 2802.78 0.81 4.06 2.71 48.74 0.68 32.50 1.08 14.89 9166.58 39130.60 

Absorbelll alllminillm 2863.44 14456.88 4.19 20.95 13.97 251.42 3.49 167.62 5.59 76.82 47281.68 201837.60 
barrier with 
Stonewool inner core 
Absorbent steel 2951.18 14899.86 4.32 21 .59 14.40 259.13 3.60 172.75 5.76 79.18 48730.46 208022.20 
harrier with 
Stonewoollllller core 

PMMA 2460.00 12420.00 3.60 18.00 12.00 216.00 3.00 144.00 4.80 66.00 40620.00 173400.00 

Absorbelll willoll ' 6810. /0 34382.70 997 49.83 33.22 597.96 8.3/ 398.64 13.29 182.71 112449.70 480029.00 
harrier with 
Slonewool inner core 
Concrete reflective 24600.00 124200.00 36.00 180.00 120.00 2160.00 30.00 1440.00 48.00 660.00 406200.00 1734000.00 
barrier 
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The actual values corresponding to the above graphs can be seen in Table 7.12. This enables 

any distance for the transportation of future noise barrier materials to be inserted to produce 

results for each of the pollutants and environmental impact parameters for individual 

scenarios. The reason this data could not be concluded further, was due to the fact that not all 

construction sites, factories and final disposal sites, would be the same for each material. 

This would obviously vary immensely both on the geographical location of the noise barrier 

manufacturers, and on the site of the barriers assemblage. It can be concluded that the greater 

the mass of the barrier material, the greater the environmental impacts, under a situation 

where all the aforementioned problems of geographical site variations have been 

disregarded. 

It is accepted, that within an actual case study the barrier would have a geographical 

location, and therefore the developers and designers of the barrier should always seek to 

obtain locally manufactured materials as this would usually blend with the character and the 

vernacular architecture of the area. In addition, the embodied environmental impacts would 

be reduced dramatically, as one of the greatest increases of embodied energy and pollution 

comes from transportation. 

In a real world scenario LCA it would be necessary to include factors such as HGV size, if 

this was standard, the barriers needing less material weight and volume would need fewer 

HGV's, and the impacts of each individual HGV would be reduced, the lighter the load. Also 

the return journey would have to be corrected for, by assessing each load transported. The 

BRE have developed a list of assertions to help with the calculation of transportation impacts 

for an actual case study application, this can be viewed in Appendix 3£ (Howard, et a1. 

1999:38) 

7.2.7 Barrier costs 

The Highways Agency provides a list of comparative costs and maintenance implications in 

its design guidelines (Highways Agency 1995:9/2). In order to quantify this further noise 

barrier manufactures around the UK were approached to give a quote for the price of 1m2 of 

noise barriers in the specified materials. The prices given for each barrier material were 

averaged and the mean price for 1m2 of each material is displayed in Table 7.13 below. This 

enables a complete evaluation of all aspects, related to the choice of noise barrier material, 

especially considering that cost is probably the main factor that has determined the type and 

visual character of most barriers found in the UK (Kotzen and English 1999: 155) 
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Table 7.13 Indu try Average Barrier et Cost for 2m high barrier i f n/ 

Material .Vet price of Barriers 1m high per m'.. supplied and 
installed 

Concrete pre cast (absorptive) £18d } 
PMMA (PlexiKlas) £/18 1'1 

ICI Acrylic (reflectile) £19(/JI 

Aluminium (absorptil 'e) £175 ,./ 

Steel (absorptive) £100 rl 

Timber (rejlecti\'e) £55 (D) 

Timber (absorptive) £104 "} 

Willow (wol'en) £110 (01 

Willow (living) £110 m 

7.2.8 Result (or embodied energY and sustainability assessment of noise barriers 

The purpo e of this inve tigation, a noted before, is not to provide a definitive answer as to 

which material is the mo t appropriate to make a noise barrier from, as this is very site and 

situation dependant. The aim however, was to illustrate a methodology of how to make the 

most ecological choice, by pro iding data for detennining the environmental impacts of 

different noi e barrier material • and raising awareness of the importance of the issue of 

sustainable construction, in the context of noise barrier development. 

One of the main reason thi area was highlighted, was to illustrate the various 

environmental impacts caused by noise barrier development, and illustrate the fact that by 

preventing one en ironmentaJ pollutant, 'noise', that it would be unsustainable to create 

further and wor t pollutants, which would impact on many more people and habitats than 

those the noi e barrier icon tructed to protect. 

Figure 7.6 below offer a flow chart, to be used in the consideration of a sustainable 

approach to noi e barrier de ign. The values for the 'cradle-to-gate' section can be 

understood as correct, regardles of where the noise barrier is located. Beyond the gate, 

infonnation on all the other LCA influence i described, to enable a balanced judgement on 

a noise barrier' ustainability in a real world scenario. In the event of a real world scenario 

being asse sed, by u ing the flow chart, it would be possible to use the weighted values to 

I Source : Gramm Barrier y terns, UK. AR oncretc Ltd, UK, Borall Edenhall Concrete Products, UK 
2 Source: Gramm Barner y tern, UK. and Parachemie, Germany. 
3 Source: Gramm Barrier y tern , 
4 Sources: HIli & mith, Gramm Barriers UK. Indu trial Acou tics ompany Ltd, UK, Radian Acoustics UK 
5 ource : Environmental ilencing Ltd, UK, Ecomctal, UK, Industrial Acoustics Company Ltd, UK 
6 Sources: (Bum fenCing Ltd, Buffalo tructure, Gramm Barrier ystems, Charles Ransfords 
7 Source: Gramm Barrier ystems, 
a ource: ET : Green Barrier in Woven willow, G B lIoldings Ltd, Tubosider UK Ltd 
91BlD 
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determine the environmental impacts in the context of wider environmental problems. By 

simply multiplying the various values for energy consmnption, and pollutants released by the 

weighted values Ii ted in Table 7.14. 

Table 7.14 BRE weighting. for environmental impacts 

Environmental impact WeiI!htiml 
Climate chanI!e (100 years) 38% 
Low-Ievelo::one creation 4% 
ECOloxicity 4% 
Acid deposition 5% 
Hliman toxicity 10 air 7% 
Fossiljilel depletion 12% 
Water extraction 5.5% 
Hliman loxicif)! to water 3% 
Etllroph ication 4% 
Minerals extraction 3.5% 
Waste disposal 6% 
Ozone depletion 8% 

The section on transportation illustrated the influence of each materials transportation on a 

LCA by giving the value for moving the mass of a whole barrier llano Again in a real world 

scenario, the difference in distance between various manufacturers and recycling and 

disposal sites would ary. Thus, no particular material could be deemed better than another. 

The purpose of thi project was not to advocate one material over the next, but to illustrate 

how best an individual developer could consider these factors and integrate this into an 

overall design project. Therefore summary Table 7.15 bullets the essential areas to be 

considered, and illu trates how this research can inform future decisions Figure 7.6 provides 

a flow chart of information on the values to be used. 

Table 7.15 An overview of the actions and information sources for a LeA 

Stages Actions 

Stage 1- Detennine the mass and density of the noise barrier necessary for the individual case study using 

Table 7.1 & 7.2 

Stage 2- Using the weighted ranks in Table 7.8, in addition to specific information on where the site is 

located to make a choice on which barrier material would be appropriate by offsetting any 

additional factors such as maintenance, varying transportation distances, and opportunities for 

recycling a presented in tables 7.9, 7.11,7.12 and Appendix 3F. 

Stage 3- Weight the 'gate-to-grave ' impact in accordance with the BRE recommendations. 

Stage 4- Make an informed decision based on the most appropriate barrier that is influenced on more 

factors that financial implications alone. 
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!;, J.'.:!~: 

& IAll U 
IT ~ , ,., ,r rT':'lWc'>: 

IStage 2 Location of Bar"er (prOXimity of factory gate to construction SIte IS desirable) I 
e~atlc d -:; "s,ved r) d de lues by 

, ~ .1~ "';:"t', 1)~"E'r,'E'd n Ta~le 7 ' 2 

IStage 3 Maintenance on site enVifonmental score 
T,lr ,C" yw r"'),1el· , 

IStage 4 Replacement freq\J,-;;;;:Y- wnen barroer IS replaced It Will Incur all the Impacts from stage 1, 2 I 

.1 

I I 4 l~~-, I YI , 
LStaqe 5 End of life ['grave') 

;," \( II !V'3lu£. - Imt-acls 
~,Ic ' 2 'C: -j;njJ·A, Ii I lowv,-,! ( 11 I~on",(lnlal pertorr'1ance) base , 

''''.1 'L.JlI "I .. , )v saved t , 1 

I I I I MIr I 
l e' x ~a trom '0 n 

~ .): n"~ lisle 

~-:(! 
, I 

I I 
w r 1 I I 

e" I I I i I 
Figure ,6 Lilecyc/e (/lse.ISIIl£!n(S of noise harriers ( - Despile carbonneUlro/ SIOIIIS. jilrlher benefilS 

can be gained Ihrough recn-/ed 1I1plll' <ll1d cOIll/w"fing 01 "l1d alltl'e) 

The action decribed in Figure 7.6 hal e been formulated into an equation (7.2) to enable the 

calculation of the enl ironmental lifccyelc analy i of a noi e barrier, in order for this to 

apply to a real world 'cenario the di tance between the factOlY ga te and the ite for 

con truction a: well the dl tance 10 the final place of di po al or recyc ling mu t be applied. 

(7.2) 

where: LeA Elllirofllllental lilcc:l'cle asse.ISlIlell( of a I/oi e barrier; \I ' = I\'eighting (TaMe 

7.14); T TromportlitlOn impacfI: R Re(l'clahilif)'; M Maintenance; D Disposal of 

materialllll-reCl'C/ed 10 lamllil/, £ - WL'ighted el/I'irollmelllal impacts/rom 'cradle-to-gate' 

The higher th~ lalue of th~ LC' the less en' ironmcntally u tainablc that noi e barrier 

material can be concluded to be. tillS IS a lIs~fL11 to I for the compari on of material on an 
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environmental basis before the final presentation of the choices to the public. The full 

workings of this equation can be seen in Appendix 3F. 

In light of the Highways Agency's commitment to sustainable development, the 

methodology outlined in this research can help the HA achieve these targets, for both 

environmental and economical accountability for resources, whilst also providing an 

accessible resource for the community the barriers are designed to protect. 

7.3 Discussion and conclusions 

Through the extensive reviewing of both the literature, and of the available lifecycle models, 

a framework has been established to enable the possibility for evaluation of LCA and 

sustainability of various noise barriers in the future. Prior to this, the only databases available 

for LCA were specifically designed for assessment of building construction materials. In 

addition, the models available commercially would only give accurate results when used 

within the construction of buildings. 

As the aspects and criteria of a noise barrier structure and its expectations for its lifecycle are 

very different from a whole building structure, the data gathered for the purpose of this study 

was specific to noise barriers. This was achieved as the values used for the calculations were 

derived from typical noise barrier specifications. As noted throughout the text a full LCA of 

each of the materials in this study could not be given without a real case study. However, 

with a real case study, where real values can be attributed to locally produced materials, 

availability of resources, recycling plants and real transportation distances, they could be 

incorporated with the data derived for this project and easily converted into the model to give 

a value for the best available material for a barrier in a specific location. 

In effect, if a developer needed to assess which was the best material to use for construction, 

under both environmental and fmancial criteria, this data is available with a full 

methodology to allow for a considered opinion prior to a noise barrier's construction. As the 

main implementers of environmental noise barriers, the Highways Agency would be able to 

incorporate individual scenarios into this methodology, to understand the lifecycle costs of 

the noise barriers under consideration. 

The findings of this research also illustrate the importance of selecting materials on a case­

by-case basis. Currently the sustainability considerations adopted by the Highways Agency 

and noise barrier manufacturers relate purely to their impacts from 'cradle-to-gate'. The 

omission of factors beyond this stage in the 'gate-to-grave' section of the lifecycle, result in 
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a potentially unsustainable option being chosen. The fundamental impacts of transportation 

and recycling beyond the factory gate can influence the overall embodied energy, and 

pollutant emissions to the point where a material that has a low impact from 'cradle-to-gate', 

can become the most unsustainable throughout its overall lifespan, through its impacts to the 

'grave'. Therefore all aspects of a noise barrier's lifecycle must be assessed relative to each 

individual situation in order to provide the most sustainable option. 

The model, and the collation of the data to be used are by no means complete, at this stage in 

the research; to create a model available for commercial use would entail funding. However, 

the framework and data is established, and this paves the way and highlights the importance 

of considering lifecycle impacts in a sustainable approach to noise barrier design. 

As noted above, the materials investigated here are not the only ones available for noise 

barrier production, and with advances in new technologies to create noise barriers 

completely out of recycled materials, such as recycled plastic lumber, the projection for the 

acceptance of the importance of good environmental design is apparent. 

Finally, to orientate this section of work with the rest of the sustainable approach to noise 

barrier design. It is proposed that the findings of the lifecycle assessment, undertaken as part 

of the planning process, should also be incorporated into the presentation to the public of the 

barriers attributes. Thereby giving the public information on, function, form and realistic 

expectations of the impacts of the barriers development to them personally. This also 

encourages a wider environmental awareness and responsibility. As noted previously it 

would be an unsustainable approach, should a micro problem such as noise, which affects 

relatively few, exacerbate, by consequence of its mitigation, a macro environmental problem 

such as global warming. Therefore, by informing the public of the wider consequences of 

their decisions a wider encouragement of social responsibility can be promoted, following 

the ideology of 'think local; act global'. 

The final section of research undertaken in this thesis, determines the importance of the 

potential for preconceived assumptions on a noise barriers perceived success. An expansion 

of the lifecyc1e assessment model presented in the literature review is illustrated in Chapter 

9. The model shows how the interconnected nature of each of the constituent parts of the 

sustainable approach fit together, as an overall method which could be adopted by those 

responsible for noise barrier design. 
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Chapter 8 The Impact of Barrier Materials on the Perception of 

Noise Reduction 

Throughout the research undertaken for this thesis, the aim was to uncover, and present an 

approach for the sustainable design of noise barriers. This final section reveals the 

importance of perception. and the acknowledgement of preconceptions people have as to 

how particular materials can attenuate noise, and consequently, identifies the potential for 

the rejection of noise barriers based on these preconceptions, and how this can undennine the 

viability and consequently the sustainability of noise barriers. 

The issue of subjective impacts has been fundamental throughout this research, as it has been 

revealed that rarely if ever residents are given the before and after 'objective' values of a 

barriers ability to attenuate noise. Consequently, their opinions are fonned largely on a 

'subjective' basis. This fact holds particular importance, when choosing a material for the 

noise barrier's construction, as if there is a material that incites particular confidence of noise 

attenuation, without any further quantitative evidence then it may prove a more sensible 

option to install. Reducing the potential for complaints, and in extreme cases removal, with 

the sustainability implications this would incur. 

The chapter is divided into four sections; the first is a review of the existing literature and 

experimental approaches that previous researchers have adopted to detennine the impacts of 

intersensory actions on the perception of a noise barrier's effectiveness. The second stage 

develops the findings of the previous research and adapts them with new technology to 

illustrate a more effective method for detennining the impacts of intersensory actions on 

perception, the third section presents the findings of the investigation and in the final section 

the implications of this research is related to the overall sustainable approach to noise barrier 

design. 

8.1 A review of previous intersensory research on noise barriers 

There has been much research carried out in the realm of perception of noise, (as reviewed in 

chapter 2), mainly within the psychology disciplines, therefore, most of the literature is 

derived from such sources, much of it analysing the phenomenon, and complexities of 

intersensory interaction. These tests have used many different experimental approaches, 

however, there is always the risk that controlled experimental designs do not illustrate truly 

the impact of intersensory interactions in a real world scenario. The definition and 
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explanation of intersensory interaction, occurs when experimental situations are designed to 

allow only one, or more than one. modality to receive infonnation (for example; eyes or 

ears). It can be concluded that intersensory interaction has not occurred, if the addition of a 

second sensory modality does not change a perception, when infonnation is available to a 

second modality. Often. however, the perception does change when infonnation is available 

to a second modality, and in such a case it is claimed that intersensory interaction has taken 

place (Warren et al. (983). 

Viollon (2003). found that when road traffic noises were used as an auditory stimulus, in 

conjunction with a wooded visual stimulus. The woody visual setting did not exercise a 

positive influence on auditory judgement, and the explanation for this was that the auditory 

expectations were not fulfilled, and the sound of road traffic noise was a disappointment 

(Viollon 2003). These assertions were highlighted in Chapter 4, during the qualitative 

interviews of this research with the representative of the Highways Agency, who suspected 

that the perceived judgement of the success of the barrier at attenuating noise was 

diminished due to high expectations of the residents it was there to protect. Consequently, 

two factors emerged, the fust one being the importance of realistic expectations being 

relayed to those the noise barrier is being built to protect, this is covered in Chapter 4, 

secondly, the question was posed of which material induces the perception of greater noise 

attenuation. 

Although both Viollon (2003) and Aylor and Marks (1976) discovered that there was a 

strong link with regard to audio-visual interactions, and that this link manifested itself in 

differing ways. As although the visual information did not affect the auditory judgement in 

the same way, and with the same strength of feeling, neither reported which noise barrier 

material impacted most upon the perceived noise attenuation. There has been some research 

within this field by Watts et at (1999), in their paper on 'the effects of vegetation on the 

perception of traffic noise', they tested the perception of noise reduction through a variety of 

screens both in-situ and under test laboratory conditions. 

The screens used in the laboratory experiment were a willow purpose built noise barrier and 

a metal noise barrier. a row of conifer trees and an open space, different noise levels were 

played from behind them throughout the course of the test. 

In the in-situ experiments, it was the density of vegetation that was varied, by taking the 

respondents to various roadsides with both varying traffic flows, and varying concealment of 

the road by vegetation (Watts et al. 1999). This method presents problems in that during the 
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change of location. the respondents may loose some clarity of thought. on which perfonned 

better, consequently resulting in a perception based on memory recall rather than real 

spontaneous reactions. 

The results of these two experimental designs provided a continnation of the findings of 

both Aylor and Marks (1976) and Viollon (2003). Where by significant effects were 

indicated between the differences in the sensitivity to noise, depending on the degree of 

visual screening. which was largely independent of the noise exposure levels. This was 

illustrated by the fact that the difference in the noise exposure level needed to incite the same 

subjective response was 4dB(A), between the site with 30010 vegetation cover and 90% 

vegetation cover, in the direction that the listeners were more sensitive to noise where the 

screening was highest. 

The results from the laboratory test. undertaken by Watts et al (1999), confinned the effect 

that listeners gave higher noisiness ratings under the same noise exposure, when the source 

was obscured by vegetation. In this experiment the noise source took the fonn of a recording 

of traffic played behind various screens. It was found that through analysing the effects with 

actual noise barrier screens, they found that it is the visual screening of the source of sound, 

and not the other factors connected to the presence of vegetation that is most important 

(Watts et al. 1999). 

Mulligan et al (1987) also confirmed that the assessment of loudness increased as the 

percentage of vegetation increased, when the ambient noise level was held constant. In this 

case the sound was a single tone at 500Hz, which was varied between 50dB and 80dB and 

replayed through headphones (Mulligan et al. 1987). 

These varying methods all led to the same conclusion, that some masking of the sound 

source was beneficial to the perception of the attenuation of noise, but completely obscuring 

it actually resulted in the perception of a sound increase. Consequently, the question of how 

this phenomenon impacts upon the perception of purpose built noise barriers arose, and the 

methodologies of both Watts et aI. (1999) and Viollon (2003) were extended, and adapted to 

test the perception of noise barriers in several standard materials available in the UK, based 

purely on how they were perceived as noise attenuators. 

The key factor being, that noise barriers are developed on the principle of the interruption of 

the line of site, and with the exception of transparent barriers, most are developed to largely 

obscure the sound source. Watts et al (1999) did note this possibility and suggested the use 
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of transparent noise barriers or partially transparent barriers as a means of avoiding the 

problem of false expectations. In addition they asked the respondents which of the four 

barriers under consideration was the most aesthetically attractive on a 0-9 scale, this was 

determined as being the willow barrier. which they concluded, 'enforced the impact of 

appearance on the perception of noise attenuation'. 

8.2 Methodology 

8.2. J The methodology of the site recordings 

To extend the findings of authors such as Aylor and Marks (1976); Kragh (1981); Anderson 

et al (1983); Watts and Nelson (1993); Watts (1996); Watts et al (1999) and Viollon et al 

(2002). a method for determining the extent to which visual stimulus effects the perception 

of a noise barriers ability to attenuate noise was devised. The difference between this 

research and that of other previous researchers was that firstly a moving visual stimulus was 

used under laboratory test conditions. and secondly the audio stimulus was altered to create 

the illusion that the audio sequence was derived concurrently with the visual stimulus. 

However. as is explained below the audio stimulus was kept the same for all the barriers. 

Additional to these factors. the number of noise barriers tested was extended, and the barriers 

chosen represented a wider variety of barriers than had previously been analysed. 

Visiting several noise barriers in-situ throughout the UK enabled the collection of the visual 

stimulus with a video camcorder. The barriers were chosen as they represented some 

standard style types available commercially in the UK. The barrier materials were as follows, 

concrete (reflective), metal (steel) (absorbent), timber (absorbent), transparent acrylic 

(reflective) and finally a hedgerow of deciduous vegetation (see Figure 8.1 & 8.2). Each 

barrier was located adjacent to a busy 6-lane motorway at various locations along the MI 

and M65, motorways in the North of England (site and barrier descriptions can be seen in 

A.ppendix 4A.). 

A suitable and safe position was chosen at each site to record the traffic passing the noise 

barriers from the non-motorway side. the angle of the cameras view was based on the line of 

site over the barrier. It was required that the video recording would allow the passage of 

traffic to be visible. and representative of an average view of the traffic from the ground 

floor of a property. adjacent and approximately level with the barrier. and low enough to see 

high sided vehicles, but not so that the barrier was at an angle low enough to see low 

vehicles. such as cars passing by (for the opaque barriers). This was done to allow a 

relatively similar comparison between the barriers. 
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A po ition of 10-metres away from the ban'ier wa cho en, or a cIa e a pos ible there to, 

and the camera \\ a po iti ned facing tmight towards thc barrier where possible. However, 

as the land at the rear of the timber ban"ier was much lower than the carriageway side, the 

angle had to be altered lightl) to en ure the high ided vehicles passing by were visible, 

con equently the timb r bamer wa re orded at an anglc of ~ 45° to the banier, looking 

toward the neoming traffic of the ncar idc carriageway (see FiglU"c 8.1 & 8.2, looking 

toward theource of the noi e) (\Vatt et a!. 1999). 

The recording \\ cre made u ing a Panasonic NVD 3 digital video camera, attached to a 

Manfrotto 05 - 200 tripod wnd. erected between 1.5-1.75m at each site dependent on the 

barrier height and angle . 12-minute recording of the traffic was taken at each site to give 

enough data to manipulate thl: recordings. 

Figure . I. Recording \'is1Iol and audio sequence and noise level behind the reflective 

concrete burri ,. (.\/' jllnclion 33 , orlhboulTd M I). 

All of thc barrier te ted were the same a those te ted for their sustainable properties in 

Chapter 7, with the e certion of the line of deciduou egetation. The lack of willow barriers 

a ailable in- itl! ~ r recording in the UK i allegedly a result of their removal, following 
.. . . I 

problems temming from both the IrrigatIOn reqUirement and disease. Therefore, for the 

purpo e of rhi , cxperiment a ' Imple line of road ide egctation wa recorded, thi wa not an 

actual purpose btllit n01 ' e barrier. and therefore raised the possibility of recording some 

interesting re ults \\ Ilh regaru to thc perception r cgctation as a noise reducing material. 

ouree of infonllilllOn Gr.lI11111 Barn~'" L K. 
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-JJ.-.' ~ rIi~" 'r-, .- D_ ........ 

(u) \lelal Ahs()/"helll Bo/"/'I('/" (J2 7 S()lIlhholilU/ Mf) . 

(ci Transoarent Reflective Barrier 07 Eastbound M65). 

Figure B.2(a-d) Four oftheflve noise barriers used in the perception investigation 
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8.2.2 Methods o(c01lstructi1lg the visual stimulus 

Several methods were devised to test the participants purely on their perception of the barriers. 

The original experimental design involved superimposing a noise barrier photograph on top of a 

moving videoed image of a motorway using Adobe Premiere 6.0 software. However, after 

piloting this method the results proved to be too unrealistic to successfully test the perception of 

the respondents on the noise barriers. and as the purpose of this investigation was to improve 

realism in the intersensory interaction test, the method was abandoned in favour of the video in­

situ technique. 

The original design of this technique also caused problems, in that the original method was to 

play the respondents a series of 40-second video clips of traffic passing by a noise barrier, each 

sample recording was 10 minutes long. which gave the resource of plenty of footage. 

This first experimental approach. which was subsequently abandoned, was to interchange the 

video clips with the sound recordings in order to observe any variation in the respondent's 

responses when reflecting on how effective each barrier was at mitigating noise. 

Unfortunately. the matching up of the different barriers was not very effective, and the risk of 

the respondents finding the experiment unrealistic made the method unviable. Therefore, the 

alternative was to choose one audio sequence from one of the recordings and choose a visual 

recording sample of each of the barriers that could be matched with the audio stimulus by 

cutting pasting and merging the clips. This was a labour intensive method using both Adobe 

Premier 6:0 software for the visual samples and Cool Edit Pro software to manipulate the sound 

wave file. This method. however, guaranteed that when the respondents were tested, there 

judgement was based on the visual stimulus as the audio stimulus was controlled. 

The fmal tests were designed as follows; the five noise barriers under investigation were 

videoed and the sounds projecting from over the barriers were recorded as stated above. The 10-

minute recordings were then played back using the Adobe Premier 6:0 and Cool Edit Pro 2:0 

software. and one 23-second section of the recording of the concrete noise barrier was chosen to 

be the audio sample. It was chosen, as it contained a section with a frequent flow of large trucks, 

which could be heard quite clearly. All of the other visual recordings were then played back and 

sections that fitted the test audio sequence were pasted in together. The end result being that 

each of the recordings of the audio sequence from the concrete barrier had the visual sequence 

of each of the other clips pasted over them in order that the audio and video clips were 

completely synchronised. 
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8.2.3 The laboratoo' 

The purpose of this investigation was to test the respondent's perceptions of noise attenuation 

by the barriers, based purely on subjective data, and the preconceptions of the various materials 

abilities to attenuate noise. Therefore, the experimental design of this investigation utilised the 

RA VE- Reconfigurable Advanced Virtual Environment suite, known as the REFLEX studio at 

the University of Sheffield I. 

The files all constituting 23-seconds of traffic flow past each of the five barriers, were projected 

on to the large screen in the RAVE suite, and the audio sequence was played on four large 

speakers on either side and behind the screen. This encouraged the feeling of a realistic setting 

as the sound was coming from the visual stimulus. Although the RA VE facility had the ability 

to project the sound in surround, it was felt that for greater realism the noise would be projected 

from the top and bottom, left and right speakers positioned adjacent to the large projection 

screen (see Figure 8.3). 

This facility, developed as a virtual reality interface, had additional foam absorbers attached to 

all the main vertical walled surfaces, making the sound proofed laboratory partially absorbent, 

and reducing the impacts of any reflections. The reverberation time of the room was measured 

as RT30, which is less than 0.2-0.3s at high and middle frequencies, and less than 0.4s at low 

frequencies. This was an acceptable level, as the test was related to sound pressure levels, and 

the sound source was directional emanating from the front speakers. The impact of this was a 

reduction in overall background noise of 2.5 dBA, an acceptable level (Viollon et al. 2002). 

A large screen (8ft x 10 ft), capable of projecting 3D images with the use of goggles was 

positioned to the rear of the room, and took up approximately 2/3rds of the rear wall length. 

The layout of the room was constructed similar to a cinema, with chairs at an equal distance 

facing the projection screen (see Figure 8.3). 

I bttp:l!www.shef.ac.uklref1ex 
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!L1dia with projection of ima e 

The rand m ampl of r p ndent wa cho en from the University population by distributing 

e-mail to the mail b e of all I " 2nd and rd year rchitecture students, by po ting a request 

for volunt r on th hin iety eb it , and by di tributing posters around the University 

nion building r que ting olunteers. 

The volunt .. ere a ept d in a 'fir t come, fir t erved basis', as there was a limited 

allotment of money t c mpen ate th m for th ir time. The volunteers were made up of9 males 

and 14 female ith a m an age of23 year old, with the range spanning from 18-30 years old. 

The ethnic background of the gr up were mix. d, but all th respondents originated from 1 of 4 

areas. The bre. kdown f thi i a follows: 12 White British IIrish 1 Briti bOther 7 Chinese 

and 3 Taiwane c. Th r p ndent were a mix of Undergraduates, Postgraduates and 

Postdoctoral r ear he fr m the following departments within the University· Architecture 

47. %, ngine ring 1 .00/0 , ngti h & Language 17.4%, omputer Sciences 8.7%, Psychology 

f Philo oph 1 .O~ro . 

Th re ponden er all 3tcd to fi ur time lot throughout the test day, to ensure there were 

no more than 7 pc pIe undertaking the te t at anyone time. Thi was important due to the size 

r n. a to get the fulle t effect of the test the respondents had to be able to 

in id th peaker po ition . To en ure that the respondents all had 

'normal hearing'. the er aU ubjectcd to a hearing t t devis d by the omputer Sciences 

Departro nt ofth nive ity f 
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The hearing test involved the respondents sitting in a sound proofed booth and listening to a 

series of sounds at different frequencies and sound pressure levels. The respondents were 

deemed to have normal hearing if they could still hear a sound impulse below 20dB at 

250,500,1000,2000,4000 and 8000 Hertz (Hz). All of the respondents met these criteria, with 

the exception of one male who had difficulty hearing below 50dB at 8000 Hz. However, as the 

sound stimulant they were being tested on was traffic noise, which has a normal frequency 

range much lower than this, the respondent was kept in the sample. 

8.2.5 The test design and procedure 

The test approach was developed to remove the possibility of respondents forgetting how they 

had perceived the previous barrier, when assessing the next, as was potentially the problem with 

the in situ experiment discussed above (Watts et al. 1999). The objective was to retain as much 

realism during the experiment, whilst not compromising the controls through the use of a 

laboratory experiment. 

Four tests were developed to assess the objectives of the research, which included theories on 

the following elements of noise barrier judgement: 

Predetermined assumptions 

The perception of noise attenuation of five standard barrier types when the noise 

stimulus is kept the same 

The perception of noise attenuation of five standard barrier types at varying sound 

pressure levels 

The preference of the respondents for each barrier based on its aesthetic qualities 

Previous studies investigating the phenomenon of intersensory effects on the perception of 

soundscapes and noise barriers have used a variety of rating scales, many opting for the use of 

worded scales such as relaxing! stressful etc. However, for the purpose of this investigation and 

in light of the fact that it was not the actual characteristic of the noise that was varying, but the 

barriers, a numbered scale was used. similar to that adopted by Watts et al (1999), and Aylor et 

at (1976). 

The video clips were played at 5 different sound pressure levels (SPL) increasing by 5dB(A) for 

each set of 5. By playing the clip and recording the LAeq for the 23-second duration a recorded 

base noise level that would reach the respondents was established, this was representative of 

standing t Om from an average noise barrier adjacent to a busy 6-lane motorway. 
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Two sets of reading were taken at 2 of the respondent's positions, and gave an average reading 

of 71.6 dBA with the variation between the noise levels received at each seat not varying more 

than 1-2dB. This wa judged acceptable as the respondents remained in the same place for the 

duration of the test and therefore were always exposed to a comparative noise level. Therefore 

the five sets of recordings were heard by the respondents at 71.6 dBA, 76.6 dBA, 81.6 dBA, 

86.6 dBA and 91.6 dBA, each clip was seen by the respondents with the accompanying audio 

stimulus 5 times at 5 different noise levels, in ascending order, this made up the sets. 

The video clip were incorporated into a computer program designed for the purpose of this 

research by the omputer Sciences Department (Meredith 2003). This enabled the test to flow 

uninterrupted and redu ed the distraction to the respondents. 

8.2.6 A selection ofil1tersensory tests 

Test 1 was de igned to famjliari e the respondents with the procedure; an initial set of each of 

the visual stimulants were played without the auditory stimulus, and the respondents were told 

to predict how well each barrier wouJd reduce the traffic noise from behind it. This was 

acilie ed by a igning a value between 1 and 5 to each barrier; with 1 representing the quietest 

(i.e. the re ponse which obtained the lowe t values, and was predicted as being the most 

effective noi e barrier) Table 8.1 hows the answer sheet for Test 1. 

Table .1 Tesl number 1: (Plea e predict holV well they '/I pet/orm by rankingfrom best) 

Timber Metal Concrete Transparent Vegetative 

(/) Besl - (5) 1V01' I. 

Test 2 consisted of 5 et of 5 ideo clips, increasing in noise level by 5dB(A) at the start of 

each new set. All the order were balanced according to a Latin Square experimental design 

(Dene 1991) to reduce the effects due to ordering (Watts et al. 1999). The respondents were 

told to watch the clip • and were then given 5 seconds to note their results, whjch according to 

the literature gave enough tim to determine their response without forgetting the previous 

stimulus (Watts el a!. 1999). The result of the respondent's perceptions were recorded in a 

worksheet di tributed at the tart of the test; a ample from the questionnaire is displayed in 

Table .2( ee Appendix 4B for full que tionnaire). The respondents were given the following 

instructions, hich they read prior to the test commencing: 

'This is the mail1le I andyo/l will see and hear the noise barrier. in action. You will see that the 

fir. f barrier 10 appear i accompanied by the value 5 in Ihe answer table, please give a value 

relative (0 this/or all the 0111 r barrier in fhat group. 
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For example, if you think all the other barrier. allow higher noise levels through, give them 

each valu above 5, if you think they are the same you can give them the same value and if you 

think they are le11ing Ie through give them a IOlver value. Each group offive clip should be 

judged illdepel1dell/~" to all the other set. The values you give must be between 0 - 9, and must 

be whole number '. 

The corre ponding part of th qu tionnaire howed a table (5 rows x 5 columns) each row 

repre ented a new et, and the wer labelled' ct 1-5', along each row the name of each of the 

barrier were written in a random order, d termined u ing a Latin Square design to reduce the 

pas ibility of ordering. t th beginning of each et, a alue of 5 was placed under the first 

barrier, and th r p nden wer told that thi was the reference noise level , to which aU others 

in that particular et hould be judged. 

Table .2 An example of the qu liol1l1aire 

Barrier Types: 

In the order they will appear. 

Tran parent 

Set J Concrete Metal Vegetation Timber Acrylic 

5 
Score 0-9 Louder 

The reason for thi , rather than a ranking sy tern wa to firstly enable parametric tests to be 

carried out in th analysi and econdly to reduce the temptation of repeating the replies without 

proper thought (Watt et al. 1999). The internal consistency of the scales for each of the five 

sets was tested for reliability. The Cronbach' coefficient alpha value represents a level of 

reliability in the calc, lhi tati tic pro ide an indication of the average correlation among all 

of the it ms that mak up the ale. The ronba h's Alpha Coefficient value for this test was 

between .70 and .7 , which n ured that the ales were reliable in accordance with the 

rccommendali n of Pallant (200 1:6). 

The re pond n er reque ted not to talk during the test as there were no right or wrong 

answers, and were inform d that the test aim wcre to e tablish their individual personal 

per eption . A the re p nd nt were alway expo ed to the same noise level, a means of 

reducing the chanc of the re pondent reali ing this had to be developed. Therefore, to justify 

the number of time the te t would be played, the volumes were increased by 5dB at the 

beginning of each Ie t; however, the increa e was identical for each barrier. Following the full 
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description of the test and the hearing test, and when the respondents had been given chance to 

read through the questionnaire. The respondents were then asked whether they fully understood 

what was required of them. and whether they had any questions, following this, the test 

commenced with no further interruption until it was completed. The questionnaire also recorded 

their age, gender, ethnic background. and department within the University, so that the sample 

could be tested 10 see if it was representative. 

The objective of Tesl I was 10 determine any trends in preconceptions on the various barrier 

materials' abilities to attenuate noise. The objective of Test 2, where the respondents were 

subjected to the five sets of five recordings at increasing sound pressure levels, aimed to 

determine whether respondents judge the noise level correctly, 'as all being the same' or 

whether the visual stimulus of the different noise barriers, meant that some barriers were 

perceived as more effective than others. This tested to see if any trends remained constant with 

increased noise levels. The tests included the line of vegetation to assess how effective the 

respondents perceived this. despite it not being specifically designed as a noise barrier. 

The fmal test, Test 3 asked the respondents to indicate which barrier they found most 

aesthetically pleasing. This was also tested in conjunction with the results of the acoustic 

perception. to see whether perception of aesthetics had any links with perception of ability to 

attenuate noise. The corresponding fmal section of the questionnaire used a similar procedure as 

that used in the first section, in that the respondents were asked to use a ranking system, rather 

than a rating system. They were asked to rank the barriers in order of preference based purely on 

the aesthetics of the barrier, and as an aid to their decision making, were told to imagine the 

situation, that a barrier was to be built at the perimeter fence of their house, and therefore they 

should judge them in terms of what they would like to see. 
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8.3 Re ult 

8.3.1 The re pondel7ts predetermined a sl/mptions or the barriers ability to allenuate 

noise 

The fir t et of n~ -ult derived from the analy i of the data, concerned the predictions of how 

well the barrier would attenuate noi e without actually hearing any audio timulu. thereby 

analy ing the re pondent' preconception of the barrier abilities to attcnuatc noisc. A 

Fricdman' Te t \.Va applied to the data, to determine whether the mean ranks attributed to eaeh 

of the barrier shO\'ved any ignificant difference. The Friedman 's Te tithe non-parametric 

alternative to the one-way repeated measures analysi of variance. It is used when you take the 

arne ample of ubjeet or ea e and you mea ure them at three or more point in time, or under 

three different condition (Pallant 2001: 265). 

TRA~ PARE, T ~ __________________________________________ ~ 

VEGETr\ Tin.: I 

\I ET \1. I-_____________________________ ...JI 

TJ\IBER I 

CO~CRETE 

000 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 

Mea n rank 

Figure 8.4 Predictiol7s 0/ which barrier has the potential to attenuate the most noise (l 1I10S( 

eJJective- 5 feast elfectil'e) 

(C/II-sqllore - 31.4: ell 4. p<. O nor}5) 

Figure .4 above, illu trate the finding of thi investigation; the va lue given by each 

respondent, indicating the frequency of response from each of thc partic ipan t , we re ummed 

to give the re ult . The lower the value. the lower the numbers that were mo t frequent ly 

attributed to that barrier type. 

Therefore. the re pondent predicted that concrete would be the mo t effecti e, followed by 

timber. metal, vegetative and tran parent barrier. The re ult of thi tes t sugge t that there arc 
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significant differences in the perception of how each of the barriers will perform without 

listening to them. 

8.3.2 Perceptions o(the ability to allenuate noise with increasing SPL 

The second stage of the analysis investigated the results of Test 2, the null hypothesis developed 

to test the data therefore stated: 

'The respondents will find no significant difference between the barriers ability to attenuate noise, despite 

the manipulation of the video sequences. to invoke the feeling that the noise levels were changing.' 

These results lent themselves to a one-way repeated measure ANDV A test, due to the fact that 

the data set was made up of one group of subjects measured on the same scale, under five 

different conditions, with one independent categorical variable (e.g. the noise barriers, 1-

timber, 2 -concrete, 3-metal, 4-transparent and 5-vegetation), and one continuous dependant 

variable (e.g. the rating of the noise level for each barrier 1 quietest - 9 noisiest), the test 

allowed the determination of any significant difference between the scores. 

The video clips were randomly ordered in five sets, with each set being increased by 5 dB(A) at 

the start. The purpose of this, was to frrstly dissuade the respondents from the fact that they 

were always listening to the same audio track accompanying each of the five barriers, whilst 

allowing the test to contain an element of repeatability. Therefore, each set was tested 

individualJy. to determine whether there were firstly, any significant differences between how 

the barriers were rated, and secondly, to see if any potential patterns were consistent at different 

sound pressure levels. 

Figure 8.5 gives an overview of these findings, the barrier which is used as the base line noise 

level for all the other barriers to be judged from, in each particular set can be seen at a constant 

of 5. The other values within each set are the mean values given by each of the respondents, 

under each of the different conditions and are illustrated in Table 8.3 along with the number of 

respondents involved in the investigation and the standard deviation about the means. 
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Table .3 Tabuhlfcd n:slIl(1 ill ralldom order il7 which tll !',1' were pre ented. (/1= 23) 

~lal/dSPL .\le<lll SId. Del 'ialiol1 
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The foJlO\,ving Flgurc 6 (a-c), ho\\ lhe rc ull of each individual set, with error lines 

illustrating the landard dc\ ialion of the core about the mean, along with the results of the 

repeated measure J OVA Ie l. 

\ 'egetalion Barrier 

Tran parent Barrier 

Timber Barrier 

\ INal Barrier 

oncrNe Barrier 1 

(a) et /- 1.6£18(..1) M elill and range o(percepriol7s 

(1ViIA " Lamhda 0.2 '< F N. J 9) J J ~6. p <" O .non5. lIIullh'oriale ela sCjuared =0 712(pal/anI2001:_29. 

r 
Transparenl Borrier Ir----------------.:====::::J----~ 

"'''''''' Om'" II-----------------....:.-.---..J 
Timber Barrier ,1---------------1=====+.-----1 

oncrele Barrier !--____________ :.-.-___ ..J 

\ l etal Barrier 1--_______________ ..J1 

o 3 4 5 6 7 8 9 

(b) . eT ~- -6.6 dB(.4). Mean alld rOlwe o/perceptions 

(lJ'iIk's Lamhdu 0 .225 £.J4. 19) 1633. p < O.0005 I/Iulril 'uriate eta squared =0 . 775(Pa/lant 200/:229) 
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Vegetation Barrier I 

~letal Barri r 

oncrete Barrier 

Timber Barrier 

Tran parent Barrier 

() 3 4 5 6 7 

(c) Set 3- J 6 dB(.1) "Jean and rallge olperceptions 

m'ilk '~ Lamhda - 0 - 3 £J 4 191 1.3:!. p <. ()30 1II1111il"l7riall! ela sqllared - 02 J 7(Pallal11 ]001 : ]]9)) 

\ 'cge tati on Burrier 

Tran s pa re Of fia rri er 

1\1eta l Barri er I 

oocrete Barri er 

lim ber Barrie r l 

(d) Ser.f -( 6.6 tlB(A) .\/('011 and range o/pel"cepriol1s 

(Wil/" :1 Lamhda n 466 E....({J9) _- 45, p .... O. 004 lIIu{r;I'or;ale cIa sqllared - 0 . 534(Pallalll 2001 :229)) 
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\ egelalion Barrier ~ ______________ ~===t------i 

Timber Barrier 
~----------------------------~ 

onere! Barri~ r 
~----------------------------~ 

\Ielal Burrier I ~ ------------------, 
T,," "''"' 0".;" I~--------------..., 

i 
o 5 6 7 8 

(e) eT:- 91 6 d8(,1 ,\/eon alld range a/percepTions 

rH ill. '., Lomhd" (}.J III£"N 19) 116 . . P fU)1I1 /IIullil'llrttlll! <'Ia \'illltlred () 590(Pallal7l ]001 : ]]9)) 

Figure ( 6 (a-e) The /,('\It!TI o!,each inc/iI'idl/ol leT of resulT. 01 each noise lel·e. 

hapter 

9 

Wilk' Lambda. IS a Illultivariate te tor 'ignifi anee, ometimes called the U tati tic, Lambda 

ranges bem een 0 Jnd I, \\ ith \ alue elo e to 0, indi ating the group mean ar different, and 

nille .. close to I. IIlJlc3trng the group means arc not difrerent (equal to 1 indicates all mean are 

theame) (Pallant 2001.1(9). 

Eta quared. represent. the proportion or \ariance or the dependant ariable that i explained by 

the independent \anable. \alue, for cta quared can range from 0 to I, to interpret the trength 

of eta quared \allles, till: foil \\ing guideline ' can be u ed; 01 - mall efreeL06- moderate 

effect.14 large effect ( ohen 19 )'; Pallant _001; P . om 2001). 

Thcrefore, II can be seen In the reult . that the proportion of variance of thc dependant variable 

that I, explaim;d by the II1dependent yariable, i greatc t at thc lower noi e levcl ,not relevant a 

the findll1g. arc not stallstlcall)- ' ignifieant for 1.6dB( ) et 3, and thcn modcrately erfccting 

the re ult. at 6.6. 91.6d8(A). The 10\ler \alue arc more repre entative of that which a per on 

tandJl1g 10m from a carriageway edge, \\ ith free 00\ ing traffic, wOlild bc expo ed to; this can 

explarn the ::;trength of Ihl:se statistical relation hip. 

Figure ' .6(a-el. I1lulrate that the respondent · did perceive the noi e attenuating propertie of 

each matenal dlf'ferently, de"ptte the fact that they ""ere alway Ii tening Lo the ame audio 

timulu ca h time. The u~e of tI1crcaing PL helped to di tract from the fact that each noise 
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source within each set was the same, and there was some variance in ordering relative to the 

noise level increases. 

As the first barrier played in each set was used as the base level, to which all other barriers were 

to be judged, there is obviously no standard deviation value for each barrier when it is the base 

value. The graphs illustrate that there was not much tendency to rate the noise levels below the 

base value, despite the respondents being infonned that they could do so. 

In the first two sets, concrete and metal consistently received a low rating, representing the 

perception of greater noise attenuation by these barrier types. The results for the third set, at 

81.6dB(A) were inconclusive and no significant difference was found between the mean ranks. 

Set four at 86.6dB(A) did show significant differences between the groups, however, the 

strength of this relationship is not as strong as for that presented in the results of the first two 

sets, nevertheless timber, concrete and metal were still perceived as more effective than the 

vegetation and the transparent barrier. 

The final set, which was played to the respondents at 91.6dB(A), led to the illustration of 

significant differences between the perceptions of the barrier types, however, this is the only set 

where the transparent barrier is deemed more effective than the rest. This could however, be 

influenced by the fact that it was presented as the base value of 5, and therefore the judgements 

could have been more influenced, than if the barriers were all judged relative to a sound 

stimulus alone, played prior to the presentation of the audio and video clips together. 

The vegetation consistently had the highest or equal highest mean ranking at all the sound 

pressure levels. This is very interesting, as it is usual that vegetation can give a sense of noise 

attenuation, despite its lack of actual practical ability to attenuate noise significantly at a depth 

of less than 20m (Watts et at. 1999). However, it must be considered that some of the sample 

were architecture students, and so may have had some knowledge on this factor through 

previous work. Nonetheless, this illustrates that the perception of a purpose built barrier did 

invoke a greater perception of noise reduction, despite this being based purely on its visual 

attributes rather than a real reduction in noise level. 

The perception of the transparent barrier's inefficiency at attenuating noise, was further 

compounded by the fact that in all of the tests showing significant differences between 71.6dB-

86.6dB, the transparent barrier was always ranked less effective than the concrete, metal and 

timber barriers. This finding is in contrast to that of Watts el al (1999), and Aylor et al (1976) 

255 



A Sustainable Approach To Environmental Noise Banier Design Chapter 8 

Mulligan et al (19X7) who discovered. that when the respondents could see the sound source 

through the barrier. they actually overestimated its ability to attenuate noise. 

They attributed this to a phenomenon described as false expectations, where by when a sound 

source is visually screened. a listener expects its loudness to be significantly diminished, 

perhaps in the same manner that light from a SOurce is diminished, when the observer moves 

into the shadow cast by a fixed source. However. due to sound transmission directly through the 

foliage of vegetation scrt.-cns. used in their experiments or significant diffraction of the sound 

waves around the solid screens. the reduction in noise could be less than expected by the 

listeners. this would result in the sound source being overestimated in terms of loudness when 

visually screened (Watts et a!. 1999). 

The opposite effect was found by VioJlon (2003). who determined that when noise was heard in 

the wrong context. such as traffic noise in a wood. that the respondents found it more disturbing 

than in a realistic environment such as alongside a road. Although the respondents in this 

investigation were not watching a visual stimuli out of context per-se, the fact that the 

vegetation was present next 10 the motorway, and it was evident that Ihe recording had been 

made in a field. could have yielded more negative responses, as the presence of traffic noise 

close to an area of vegetation was deemed inappropriate. 

The repeatability of the experiment did show some patterns, as trends did appear and 

consequently. it would be interesting to see whether the patterns would be more evident with a 

larger sample of respondents. Additionally. the method of using a sound stimulus as a tone, 

played at the beginning of the recordings, without a visual stimulus being shown, could provide 

a more effective auditory stimulus for the respondents to make a comparison to. In previous 

studies where the noise levels do vary. such as that undertaken by Mulligan et al (1987), a 

stimulus tone was played through headphones to the right ear prior to hearing the sound source 

to be compared through the left ear. 

To determine how the respondent's preconceptions had influenced their perceptions of the 

barriers abilities to attenuate noise. the findings of Test I, were compared to the perceptions 

revealed in Test 2. Figure 8.7 (a-d) show the correlation coefficients of the relationships 

between the Test 1 and Test 2. excluding the test undertaken at 81.6dB(A), as this did not show 

any significant relationship between the respondent's replies. 
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Figure . (a-d) Corr 10lioll coeffi i 111. comporin t benveen pre onception and perception . 

The resuJ of th lion in igure .7 n lude that Ihe preconceptions that the 

re pond n ' held PrJ r t th te I influenced th ir percepti ns of how the noise barrier ' 

attenuated n . at th 10\ er und pre ure Ie cl • when the ccond modality of ound was 

tr nge I corrclali n \ a hown between the 'preconception' results, 

and th te I run at a PL of 7 1. dB, the tr ngth of thi correlation tapered off the higher the 

noi e Ic'·el be arne . 

Therefi rc in relali n t the 'i id r th i qu tion of th su tainable approach to noise barrier 

d ign, with re pc t 10 th p r eived effi liven of a noi e barrier ability to attenuate noi e, 

the con r 1 and timb r ere the m t ciTe tive, and the pre onceived ideas of the respondent ' 

influenced Ih ir per epu n of (h noi attenuation. A revealed in Chapter 4 & 5, perceived 

mflu ntial bjc ti e e iden on the 0 erall ability of a noise barrier to 

finding Ie d to the a ertion that timber and concrete would 

nd n equcntl rna t u tainable materials for noise barrier based 

and p reeption . 

urthcr I Te t.s I 2, the re ndent rat d egetation a their most preferred barrier ba ed 

in Tc t , a illu trated in Figur . b low. The Friedman's test undertaken 

n the data, re arding the pini n of thc re ident on the barrier ae the tic qualities, showed 

thaI th ria ignlf'ic nl ditTercn e between the re pondent' preference of the different 

barri ba d purcl n ae the tic , wilh the choice in term of popularity being vegetation 

m t. limber. tran parent, concret and lea t p pular metal. 
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The order. \\ Ilh \\ hkh the barrier.-; were rated in Te't 2. for the judgement of their noise 

atknu3tion . . ho\\ \ a~ IIlg r~lllL:m thun that of the rated \ 'a lue based on opl11l0nS over 

aesthetic . T hi i ... n'l1tral} to the findings b) \\atts et al (1999), that the barrieL deemed mor 

ac:-.thcticall) pka-.ing t) the rep mdel1ls ure percei\ed u. more cffecti\" at attenuating noi e, 

They detuT111ned that the 10\\ nOlsine ', ruung gi\ en to the willO\ barrier II ed under an 

nperilllL.ntal c ntrol \\,\-. related to the fact that It had been judged ae thetically plea ing by th 

respondent.., 

ThiS pUb into 4u.:~tllln the IIllluel1l:e of aesthetics on the per eived effectivene s of noise 

harrier Ilgur.: ,9 (a-dl. te:-.h thiS lI1tlUl.:n 'C b correlating the answer that the rcspondents 

U;!\C \\ Ith ru.!. rd tll their prekrred bamer. based on aeslheti " against their perception of the 

noi,L ,Uk ntl.ltllll1 ,It \,.'ath ..,oullLl pres~ure Ie, el. The re ' ults of which, how thal there i a 

negati\ e e rrL'l,llil'n at 71.6dB( \). '6.6df3( ) and 91.6dB( ), which means that the 1110 t 

ae thc\lcall~ ph:a ill!,! h,llri 'IS \\Lrc not pU'cei\l~d as the 1110 t effective, The re ults at 

I 6.6dB(A) , rL' Illd'" Ill." e <1-. Iln tatistlcal correlatIon can be found bet\ cen them. 

fhL' rL,ult J<:J11l)1l tl.lIed that the \egl:lall\ e, transparent and timber barrit.:r were the 1110 t 

av.lhellCail) pi ';} mg, bUI IhL'~ \\ at.: n)t deL'llled a: clTeclIve at redu ing noi e, relativc to thc 

barrier Ih, t were deell1\,.'d k s atlraetl\e. sllch as conerete and metal. Thi further compounds 
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the fact that although ae thetic are important, that they are not incremental in tbe judgement of 

the barrier ability to attenuate noi e. 
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A reason for the difli ren between the re ult prc ented here and tho e of Watts (1996), Aylor 

(1976 and Mulltgan (19 7), uld be plained due to the influence of ethnic background, on 

the per epli n of the barriers ability to both attenuate noi e and on it aesthetic appeal. The 

re pondents us d during thi rudy cannot provide a definitive an wer on till possibility. 

Howe er, in pre iou tudi the influence of ethnicity on preference for various barriers over 

others ha been PI' "en. In Md-Taha's work (1999), for example, it was found that there was a 

tati ti al differen e b tween th pr fi ren e exprc ed by a group of respondents of Welsh 

origin and th e of Mala ian origin. 

Due to the fa t that th re w a mix of ethnic backgrounds made up largely of either British! 

Iri h, hin e and Taiwan e re p ndents, a further inve ligation into this influence was 

enabled. Krw;kal-Walli n n-param tric test wa used to determine any significant 

differen e \.\-llhin the ample und r in e tigation. 

Th re 'pondents \.\-ere grouped according to whether they were of British! Irish origin or Asian, 

as thi all w d th analy i t be undertaken on a ample of thi ize. The re ult of the test did 

n I indlcate a tgnificant difTerenc between the perception of the group ; however, the re ults 

indicat db the m an rank in igurc .10 illu trate the trends. These could be further te ted on 

a larger ampl ,t find if thcre ar any major diffcrence bctween people of different ethnic 

origin • h wcver. thi i ond the cope of thi iove tigation. 
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.4 Di cu ion and conclu ion 

Three con Iuslons can b ' drawn fr m thi re eareh, the fir t regarding preconception, a 
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The second conclusion from this research informs two areas. Firstly, it illustrates a method to 

determine the impacts of intersensory reactions and develops the literature base to include 

modem technology by enabling a more accurate understanding of the perception of noise 

barriers. Secondly. whilst giving an indication of the likely direction of opinion towards certain 

barriers. Figure 8.4 in Section 8.3.1 illustrates the significant differences found between the 

ordering of the barriers by the respondents. As the figure illustrates the mean of the ranks, it can 

be seen thaI even before hearing the accompanying sound, the respondents predicted that 

concrete would be the most effective. followed by timber, metal, vegetation and the transparent 

barrier. 

The third conclusion contradicts the previous research in to this area, by questioning the 

previously suggested link between aesthetics and perception of noise attenuation. The results 

showed that the transparent and deciduous vegetation barriers, judged most aesthetically 

pleasing. were inferior to those judged as most effective at attenuating noise (e.g. concrete 

barriers). A negative correlation was illustrated between the Test I and Test 3 results, indicating 

that this relationship was statistically significant. This is an important factor, as should the 

previous research have infonned decisions about barriers, based on the premise of 'aesthetically 

pleasing equals an increased perceived noise reduction', then inappropriate barriers may 

potentially have been adoptt.-d for an area. 

In relation to the thesis question of determining a sustainable approach to noise barrier 

development. this investigation proves that there are inherent preconceptions with regard to a 

noise barrier's effectiveness. based purely on subjectivity. Consequently, it can be predicted that 

should a choice be made that does not reflect the preconceptions of beneficial materials, then 

this would transpire to a feeling of disappointment from those the barrier would be built to 

protect. based purely on its visual and material qualities. 

This further illustrates the wide-ranging influences on the success and acceptance of noise 

barriers. which in turn influences noise barrier sustainability. Previous case studies, as 

highlighted in the literature review, have proven the strong negative perception that can be held 

by residents adjacent to a barrier they find visually inappropriate. If this is combined with the 

potential impacts for perceived negativity through inappropriate public participation procedures, 

and the potential environmental impacts from a lack of lifecycle assessment utilisation, then the 

potential for a noise barriers acceptance and consequent overall sustainability can be severely 

compromised. 
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The result of this research is a new technique for assessing the impact of intersensory influences 

on noise barrier perception beyond that developed by previous research. The technique 

developed here used a more realistic means of undertaking a perception exercise of this type 

without compromising the controls inherent in a laboratory investigation. Therefore, the 

findings of this research question that already produced by previous researchers in the field, and 

iIlustrate a method, which can be repeated to further qualify the results in future experiments. 
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Chapter 9 Conclusions and Further Research 

9.1 Research findings 

The aim of this thesis was to devise and investigate a 'sustainable approach to noise barrier 

design'. As discussed in the literature, many areas of noise barrier development have been and 

are currently being researched. Through the extensive review of the literature, it became 

apparent that the influence of non-acoustic parameters has been researched, but to a lesser 

extent than other barrier aspects. and consequently the incorporation of these important factors 

are not integrated sufficiently into real policies in the UK. 

This thesis was undenaken to illustrate the imponance of sustainability as a key detenninant of 

a noise barrier's success. Presented as five distinct investigations the findings confinned the 

imponance of public participation (PP) as a means of increasing acceptance of noise barriers', 

through the demonstration of the impacts of ineffectual PP on a diverse section of the 

community. The means by which the PP process could be focussed, was demonstrated through 

adopting and manipulating noise mapping technology. to indicate where resources could be 

focussed, removing the clement of chance, which leads to ineffective PP. Additionally a method 

for the full Iifecycle assessment of noise barriers' was also revealed, which illustrates not only 

the means of choosing a noise barrier based on sustainable assets, but also the problems of 

choosing barriers without a methodology to use as a guide. Finally, the thesis concluded with a 

laboratory experiment that revealed the extent to which preconceptions play a role in the 

perception of a noise barrier's effectiveness. This in tum enforces the need for effective public 

participation, which can disseminate information to those that are to receive a barrier. This 

would be beneficial. as it would give the opportunity to, explain the objective impacts of noise 

attenuation. whilst also providing a means and opportunity of determining the likely 

perceptions. prior (0 a noise barriers construction. A detailed account of the contributions 

presented in this thesis is described below. 

The first section of the research was undertaken through integration with individuals of a 

community that had recently received a noise barrier. The purpose being, to approach a 

community for their opinions in an alternative manner, than that which had been undertaken for 

the barrier projects design. The reason for this bottom up approach, which utilised a semi­

structured interview, was that it gave the freedom for opinions to flow, without the researchers 

preconceived ideas of the situation. clouding the responses. 
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This approach favoured by feminists, enabled issues that informed opinions to be unearthed, 

that might not necessarily have been obvious through more traditional means of data collection, 

such as ordinary questionnaires. Through the application of the grounded theory approach, 

analysis of the qualitative data was generated into a theory by achieving a close fit between the 

concepts raised by each respondent. 

The theory concluded, it is not only a lack of public participation that can invoke negative 

perceptions of a noise barrier's effectiveness, but equally influential is the adoption of an 

inappropriate method. that is ineffectual at accessing and involving all effected members of the 

public into the public participation process. Of those who attempted to become involved a 

strong sense of disenfranchisement was apparent. as their opinions were neither actively sort nor 

adopted. 

A positive finding of the research was the overall willingness to become involved in the 

process. where as the 'public' is often branded as apathetic, the interviews illustrated a keenness 

and awareness of locally salient issues, and a desire to share responsibility in the processes of 

addressing them. These feelings were not confined to the individuals that worked within and for 

the community as volunteers and professionals, but included people of all genders, ages, and 

ethnicities. 

Consequently. the first main contribution emerged with respect to the ineffective use of public 

participation. The impact of the restrictions imposed by a limited budget on those endeavouring 

to undertake public participation was also derived through the analysis. These limits restrict the 

capabilities of Highways Managers to undertake effective PP, and consequently the broad and 

ineffective methods of infonnation dissemination through public meetings are favoured. 

A general lack of trust between the professionals and the public was also highlighted, with the 

public perceiving their role currently as largely ineffectual, which consequently lead to a general 

feeling of hopelessness when attempting to integrate. The professionals, on the other hand, 

perceived the public as largely incapable of grasping the concept of realistic commercial 

constraints. They see no merits in offering integration when the public will not fully understand 

these limitations. This problem would be significantly diminished, should methods for effective 

dissemination of facts be adopted, which impart non-technical and realistic expectations of a 

noise barrier's abilities. 

The findings of the qualitative investigation were developed to determine how this ineffectual 

public participation had actually influenced the perception of noise reduction. This was 
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undertaken through a 'triangulation' of methods using the qualitative results as the basis for the 

quantitative investigation. 

This was successfully achieved, with all three areas impacted upon both by the barrier and by 

the public participation process being studied. The findings of this section of the research 

developed the theory, that a lack of effective public participation negatively impacted on the 

perception of the barrier's effectiveness at mitigating noise, with 89% of those interviewed 

either stating 'no change' or 'increases' in noise levels post construction. In addition, the 

existing method adopted by the Highways Agency for public participation, was found to 

ostracise large proponions of the community, with 72% of those interviewed revealing that they 

were unaware of the local forum that had been adopted by the Highways Agency as the focal 

point of the PP process. 

As noted in the literature review, and the findings of Chapters 4 & 5, the use of the traditional 

patriarchal methods of public participation, associated with a 'tokenistic' approach, are 

responsible for feelings of exclusion, and disenfranchisement that can lead to a negative 

perception both of a noise barriers benefits, as well as the souring of the relationship between 

'experts' and the public. This loss of influence by the public on projects, which are of great 

importance to them, has negative repercussions both on the project at hand, and also for future 

projects. Conversely, with the integration of the public into the decision process, a feeling of 

ownership can be restored, which would not only manifest itself in improved acceptance of the 

benefits of a noise barrier but also more widely in social and economic terms. 

The importance of PP relative to distance from the noise source was also revealed. Although 

this seems a likely relationship, the existing method of PP does not fully reflect this. As those 

most likely to have their opinions heard, were not necessarily those most adversely affected, but 

those most likely to present themselves at public meetings. It is therefore proposed, that having 

the ability to attend a public meeting and being amongst the vociferous minority, should not be 

the qualifYing criteria for being integrated into the planning and design process of a noise 

barrier. The qualifYing criteria should be the salience of the problem to the individuals, based on 

their properties location and received noise level, regardless of ethnicity, language barriers, 

mobility restrictions, commitments and other potentially limiting factors. 

In conclusion. the contribution of this part of the study alludes to a relationship between 

effective communication and successful noise barrier development. The results also illustrate 

that one method of participation, does not necessarily suit all members of a community, but that 

there are correlations in the preferred approach between subsections of the community. Thus, if 
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these subsections were identified prior to participation. then a mixture of methods could be 

adopted to generate the best outcome. 

These findings are very important and relate directly to the ratification of the Arthus 

Convention, with ils requirements for genuinely accessible participation for all members of the 

public. It will no longer be just an issue of under representation, but a breach of statutory 

obligations if the public are not fully involved, which in tum impedes the sustainability of a 

project. 

An effective approach of realising a more focussed type of PP within the financial constraints of 

a public project was illustrated. By revealing how a narrowing of the target for inclusion in the 

PP approach could be devised. The solution for this was proposed by utilising the new 

technology of noise mapping. 

The areas that had received the noise barriers were noise mapped, and the values of noise 

reduction at each of the samples' properties before and after the noise barrier's construction 

were calculated. The findings showed that of the respondents to the qualitative questionnaire, 

that 24% of their properties had gained a perceivable noise decrease post construction, but of 

these 81 % had perceived either no change, or an increase in noise levels. Therefore, it was 

concluded that the disparity between the objective reduction in noise levels, and the subjective 

perception in noise levels, could be related to the consequences of the ineffectual public 

participation. 

Therefore, it is concluded that by using noise maps before the public participation process is 

undertaken, those who would be directly affected by the barrier installation can be identified. 

This in turn would enable noise barrier providers to focus their efforts on those for whom the 

issue is most salient to. Allowing the resources for the process to be more effectively utilised, 

and remove the necessity to use ineffectual public meetings. This approach could actually 

reduce the amount of money ordinarily spent on arranging public meetings, as the resources 

could be focussed into more specific and economically viable solutions, for example, by using 

the Internet or focussing on directly affected public areas such as local schools, surgeries and 

shops, for more informal propagation of information and collection of opinions and discussions. 

The opportunities to develop a sustainable noise barrier, were further investigated when it was 

revealed that currently there is no specific methodology for undertaking life cycle assessment's 

for these particular structures. The choice of preferred noise barriers currently lies foremost on 

an ability to mitigate the noise problem at the best available cost. This cost is invariably 
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accounted for. primarily as an initial economic one, overlooking largely the potential 

environmental costs that are also attributed to it. Within the constraints of a commercially viable 

business this is understandable. despite this the Highways Agency and other noise barrier 

providers are also obligated to act in an ever increasingly environmentally benign manner, and 

show commitment to this by subscribing both to there own environmental strategies in addition 

to those enforced by the Government. 

Therefore the lack of an efficient means of assessing noise barriers' sustainability, results in 

choices being made that cannot fully oblige their objectives of operating in line with good 

environmental practise. Thus, an approach was devised by adopting the existing frameworks 

laid out by the BRE. and other lifecycle assessment programs, into a specific methodology for 

the assessment of the lifecycle impacts ofnoise barriers. 

The result of which. was a comprehensive and systematic list of, the expected use of non­

renewable resources. embodied energy and pollutants emitted, from nine of the most commonly 

available noise barrier materials on the market. The first section of the lifecycle assessment 

known as the ·cradle-to-grave'. gave a full account of the most to least environmentally 

sustainable materials. weighted in accordance with the impacts on wider environmental 

problems. such as global warming. atmospheric and water pollution. The findings of the 'cradle­

to-gate' concluded. that timber was the most environmentally sustainable material to be used in 

a noise barrier structure, followed by recycled aluminium, recycled steel, precast concrete, 

living willow. woven willow. PMMA, un-recycled steel, and the least environmentally 

sustainable being un-recycled aluminium. 

The impacts of material transportation and maintenance beyond the factory gate up to the point 

of disposal are an equally important factor influencing a material's overall sustainability. An 

increased release of environmentally harmful pollutants and greenhouse gases, during the 

processes from 'gate-to-grave', can change the balance from a sustainable material to a 

relatively unsustainable material dramatically. 

Equally. the impacts of recyclability at the end of a barrier's useful life also creates a large 

determining factor on how sustainable materials can be. The impacts of recycled materials from 

'gate-to-grave' show a dramatic influence in the 'cradle-to-gate' analysis, with aluminium and 

steel changing from one of the least environmentally sustainable noise barrier choices, to one of 

the most environmentally sustainable based on recycling alone. Equally, the disparity between 

the environmental claims of the willow barriers, and the reality of the environmental impact 

caused by the use of the mineral wool inner core, illustrates the importance of noise barrier 
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providers such as the Highways Agency having a method of independently evaluating the real 

sustainable assets of each available barrier. 

This thesis provides an illustration of the recyclable potential of each of the nine pollutants, 

along with the expected benefit that this recycling would have on the overall sustainability of 

the materials. As with transportation. the balance of sustainability can be significantly changed 

with and without recycling. and therefore the opportunity for end of life recycling must be 

explored in addition to all the other decisive factors that influence a final decision on the most 

appropriate barrier. The encouragement of end of life recycling is like all other areas of the 

lifecycle subject to the impacts of transportation. In that, a barrier that is recycled in a vastly 

different location from that where it was used may reduce its overall sustainability, therefore a 

noise barrier provider should factor the feasibility of local recycling and or disposal into their 

decision. 

Thus. it can be concluded that a material should be chosen for its sustainable assets based on a 

full lifecycle assessment. and without this. materials that may seem to be sustainable, may 

inadvertently result in greater environmental damage. The use of the data set compiled in this 

thesis, as well as the framework displayed in Figure 7.7, allow the values derived for the 

hypothetical scenario to be tailored to a real world scenario within the UK. This adaptation can 

be undertaken by simply altering the values of weight, to reflect individual case studies, and can 

be used to inform future decisions on noise barriers, that incorporate all of their impacts from 

·cradle-to-grave'. 

The final conclusions were established using a laboratory investigation, to demonstrate the 

effects of preconceived perceptions on potential sustainability and perceived effectiveness. The 

findings of this section were three fold; firstly a new method was established for determining 

the impacts of intersensory perceptions of perceived effectiveness. This expanded work from 

previous researchers to increase the realism of the laboratory experiment. 

The use of the Reflex studio, demonstrated how respondents could be exposed to noise barriers 

working in-situ. whilst retaining the controls implicit in using laboratory conditions. To use the 

Reflex studio in a real world scenario would obviously be impractical, however, the principal of 

displaying a selection of barriers in-situ. would be possible and effective using a standard film 

projection. This would firstly give the opportunity to gather information about the community's 

preferences. In addition. to giving an opportunity for the barrier providers to disseminate 

information. with regard to realistic expectations of the barrier's potential. 
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The second conclusion of this investigation, was related to preconceptions, the findings 

illustrated that the sample had preconceived ideas of how each barrier would attenuate noise. 

These preconceptions extended to their perceptions of how each barrier worked, with the 

concrete, metal and timber barriers being consistently rated as better noise attenuators, than the 

transparent barrier and vegetation. even when the noise source was kept the same. When the 

preconceptions found in Test I were compared to the perceptions found in Test 2, this 

relationship remained evident, especially at the noise levels most representative of being 

adjacent to a motorway. This finding should provide barrier developers with two useful pieces 

of information. Firstly. that effective provision of facts on objective realities should always be 

given to the public. As well as an indication of how opaque barriers can provide a psychological 

benefit of perceived effectiveness. even when it is proven that the respondents are exposed to 

the same noise. 

The final conclusion made in the laboratory experiment, disagreed with the findings of previous 

researchers, that an aesthetically pleasing barrier is perceived as more effective. The sample 

showed that although they would prefer to have a line of vegetation or a transparent barrier 

adjacent to their property, that they would not necessarily expect this to provide greater noise 

attenuation. This is a fundamental finding, as previously aesthetic appeal has been associated 

with greater perceived noise attenuation, however, the results illustrated that in fact the opposite 

was true. Therefore. options such as transparent and vegetative barriers should not be chosen for 

their aesthetic appeal alone, as this may result in rejection by the residents, based on the fact that 

they perceive it as ineffective. 

With regard to the wider sustainability issue, the findings of this research reveal that noise 

barriers constructed of concrete, timber and metal, will be perceived as more effective at 

attenuating noise, and consequently will be perceived as more successful in-situ, reducing the 

likelihood of the residents objecting to the barrier with the associated sustainability impacts that 

this would entail. 

In order to illustrate a method for developing a sustainable approach to noise barrier design, the 

basic life cycle model presented in the literature (Figure 2.10) has been expanded to incorporate 

all of the key elements presented in this research. By presenting the model as a lifecycle 

assessment an effective method for future barrier design, which optimises public acceptance, 

whilst ensuring a positive impact socially, economically and environmentally is presented. 

The current policy adopted by the main providers of noise barriers in the UK prevents the most 

effective mitigation solution from being achieved. The lack of full realisation of the 
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consequences of in-effectual public participation, including the insufficient provision of 

information such as realistic expectations, and the negative effects of loss of public ownership 

of local projects do not seem to be realised. The full extent to the importance of addressing these 

issues is leading to the loss of opportunities throughout the UK for truly effective noise barriers 

to be built. The exorbitant cost of noise barrier construction at great expense to the UK taxpayer 

should be reason enough to adopt better practice, in addition to the prospect that without fully 

sustainable approach being adopted the actual perceived effects may be significantly 

jeopardised. 

The model presented in Figure 9 can therefore be adopted by future projects to help prevent the 

shortfalls, which can compromise the integrity of a noise barrier project. The multidisciplinary 

nature of such projects is also emphasised, and should aid in enforcing the necessity of a fully 

integrated approach to ensure the longevity. success and sustainability of a noise barrier. 
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Figure 9 A model of a sustainable approach to noise barrier design 

By focusing on several key elements of non-acoustic influence, several contributions to 

knowledge were made. These present important scientific findings, which can be practically 

adopted, without excessive financial burdens. These findings are by no means exhaustive, but 

do illustrate the multi-dimensional approach necessary to develop a successful environmental 

noise barrier. 

9.2 Further research 

As noted throughout the thesis, the scope for this project was large, and this project itself helped 

to uncover many new avenues of potentially interesting future research. These ideas are detailed 

below: 
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The findings of the quantitative and qualitative investigation gave an interesting 

retrospective view of a noise barrier's design. It would be very interesting to test these 

theories further. by adopting the proposed PP measures, including the noise mapping of an 

area. prior and during the process of a noise barrier's installation. To evaluate whether a 

tangible benefit is observed on the effected publics perception of a noise barrier. 

Additionally. it would be very beneficial to examine further the individual preferences of 

subgroups on methods of undertaking PP, through obtaining any correlations between 

minority groups across a stratified sample of society. This could then further reduce any 

wasting of resources. As the minority groups could be identified in the areas to be addressed 

for PP. and a tailored method likely to be more inclusive could be adopted from the outset. 

It would be very interesting to develop the life cycle assessment model, based on that 

presented in this thesis. and compare the outputted sustainable analysis to that which is 

currently adopted. to assess the benefits of having a specific model for noise barrier 

assessment. 

Additionally it would be very interesting to see what the financial implications of adopting 

more sustainable barriers would be on the overall cost of noise barrier development. 

Within the context of public participation, to determine whether the public are affected in 

their choices on preferred noise barriers based on the criteria of sustainability. For example, 

would a barrier that is deemed more environmentally friendly than another, be perceived as 

a more preferable solution. 

The method of testing intersensory interactions could also be developed further, by 

accessing a sample that represents a wider range of age groups, and! or ethnicities. In order 

to detennine whether their preconceptions, and perceptions are all alike, or whether there is 

any variation. Again, this would be useful in defining a mitigation solution for a particular 

area if the demographics were understood. 

Additionally. the use of projected images within communities as a tool for public 

participation could be investigated further, again in the context of providing more 

information on the capabilities of noise barriers, whilst also getting an idea of which barrier 

would be preferred by those likely to be exposed to it. 

To improve the intersensory test, the use of a base tone played prior to the presentation of 

each of the barriers in-situ, rather than the use of one of the films clips as a reference, could 

remove the tendency to always judge the base clip as the most effective attenuator. 

The areas investigated within this thesis were only representative of some of the non­

acoustic parameters that determine a barrier's effectiveness. Therefore, it would be 

interesting to undertake investigations on the impacts of noise barriers on light and view 

reaching the receivers, and how this impacts on perception, as well as economics, and 

variations within and between countries. 
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Finally as touched upon in the literature review, the impact of barrier tops on the perception 

of a noise barriers ability to attenuate noise would also be useful, this could be achieved 

using a similar test to that devised in the intersensory section of this thesis. 

9.3 Limitations of the research 

A list of the limitations of this research is explained below. The limitations are presented for the 

main research chapters. 

Chapter 4 

The researcher had a bias towards the opinions of the respondents, as they had been 

excluded in the Highways Agency's patriarchal method of public participation. 

Therefore to address the initial bias present in the noise barrier's production, the 

results favoured the opinions of the publics, in both interpretation, as well as the 

numbers of representatives of the lay and expert groups interviewed. 

Additionally, the results are limited in their potential for wider extrapolation, as the 

interviews and the resultant theory were used as a basis for further qualification, 

rather than as a full description of the reality, except for those interviewed. 

Chapler 5 

It is accepted that the errors altered after the pilot study remained in the questionnaires 

translated into foreign languages. However, to alter these would have been financially 

unviable within the constraints of this study at £100 per language. It is accepted in 

hindsight that the translations should have been carried out after the initial piloting of 

the questionnaires. However, there was a time constraint on the translations, as they 

had to be ordered 3 months in advance of delivery. 

A limitation was caused by the potential for representation of the minority groups 

such as those with ethnic backgrounds other than British, despite the sample being 

representative of the area when compared to local census data. Due to the limited 

resources the sample size was not sufficiently big to be as representative of these 

groups as if a larger sample had been addressed. There could have been the option of 

choosing the clusters by targeting places where people of minority groups could be 

accessed in greater numbers, i.e. at the local mosque, the over 75's social events etc. 

However this would have biased the results and the potential for generalising to the 

area would be diminished. 

A further bias could have occurred in the questioning of the respondents on their 

preferred method for public participation. Due to two limiting factors, firstly, the 

respondents all indicated that their most preferred method of PP would be through 'a 
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qUI.'Stionnaire In the home'. However. as the respondents were undertaking a 

questionnaire in the home at the time this could have biased the results. Secondly, the 

respondents were asked whether they would opt for 'another' means of public 

participation other than the simplified methods given as options. It is accepted that the 

respondents may have had a limited knowledge of other options that could be 

available to them such as planning workshops, and citizen forums, and had they been 

aware of these options it could have altered the results. However, the question paper 

was limited in size and to present these options verbally to the respondents may have 

influenced them further. in that they may have felt it was, the 'desired answer' by the 

researcher. 

Chapter 6 

The number of reflections and the absorption coefficient levels modelled in the noise 

maps were restricted to I this was due to the limitations inherent in the noise 

modelling software. as well as that resultant of the increased calculation time 

necessary for a model of such a large area, with the level of detail input. 

There were also limitations inherent in the validation of the 'no barrier', scenario, due 

to the barrier already being constructed and their being no official before 

measurements for comparison. The validation with the measurements against the 2m 

barrier model outputs was comparable enough to assume that the model was sound. 

Chapter 7 

There were some limitations in the results due to the problem of missing data. This 

was unavoidable due to the fact that the data had to be provided from many different 

sources and although they all adhered to ISO 14040: 1997, The Life-Cycle Assessment 

framework. for some of the parameters the data was either not present or given as a 

total without the breakdown that would have been necessary for a full comparison. 

Other limitations impacting upon this investigation were that not all possible noise 

barrier materials could be evaluated and entered into the database at this stage. For 

example for the impacts of materials noted in the literature review such as recycled 

plastic lumber. recycled plastics, recycled aggregate concrete barriers and recycled 

rubber more widespread evaluation of their environmental impacts and benefits need 

to be recorded before they can be inputted into the database. However As new 

technologies develop and the wider spread use of these recycled materials occur the 

data needed to evaluate both cradle-to-gate and cradle-to-grave can be added creating 

an even wider reaching resource. 
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The other remaining limitation noted during this investigation was the lack of enquiry 

into mixed barriers i.e. barriers constructed of more than one material. The exception 

of this was the absorbent noise barriers with an inner stone wool core. These could be 

integrated as data was available for the standard volume of absorbent core needed for 

each of the barrier types. but as of other mixed barriers such as those combining 

transparent and concrete panels as a design feature the impacts would vary according 

to the design used. However. should the volumes of material needed to create a mixed 

barrier for a specific case study be known in a future project the information in the 

database could be used successfully to give a complete LCA. 

Chapter 8 

It is accepted that the sound recording on a camcorder can be distorted internally 

during processing. Therefore. the sound may not have been as representative of the 

noise situation adjacent to the carriageways as would be possible with a DA T 

recording. However. as the respondents were always exposed to the same sound 

recording for each barrier this limitation should not impair the results. 

A further limitation has been identified due to the potential for, a 'temporary threshold 

shift' of the hearing of the respondents. The shift occurs when the ear is exposed to a 

sudden loud noise. the hearing nonnalises over a time-curve until it returns to nonnal, 

which could in effect make the respondents perceive the first noise as the loudest. 

This however, was not observed in the results with the respondents consistently 

reporting the first noise recording as the quietest. Additionally, the use of the Latin 

Square Design approach ensured that the barriers were all played as the first in the set 

at least once. and despite this limitation the trends remained strong throughout. 
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Appendh IA Preliminar~' "'ormat Of The Qualitative Questionnaire 

In you opinion. what are the most important environmental and soeial issues in Tinsley? 
Employment. crime. transport. education. environment or any other 
Is this different for men and women. how? 

Docs the environment in Tinsley affect your quality of life'? 
Would you describe the environment as beneficial to you. why? 
What arc the best features of Tinsley? 
What arc the worst features of Tinsley 

How long have you lived here. have you seen an improvement or deeline in the areas environment, by this 
I mean presence or improvcment of pollution. How? 
Why do they live here? 

Job. family. nice area to Jive. safe. good transport links other 
How long have you lived in this house'? 

Is it private rented. council rented. privately owned. other? 
If owned. has the house risen in value since you bought it. or stayed the same, dropped? 
If renting. would they consider buying in this area, why? 
Where else would they consider living in Sheflield, Why? 

Are they're any health related benefits or problems associated with living in Tinsley. 
Have you ever visited a doctor for any problem, whieh you feel, is related to where you live, 
what was iI" 
Why did you think it was related to where you live? 
What did your doctor suggest you do? 

Have you ever complained or been tempted to complain about any issues in your area, what were they. 
Who did,' would you approach to complain to and why? 

Do you sleep at the front or the rear of you house? 
Which side docs the noisiest road run to your house? 

Have you ever complained about noise? 
Why did you complain. were you woken up at night, disturbed whilst reading or watching T.V 
If you have ever felt like complaining. what stopped you? 
Fear nothing would be done. or benefits would be reduced etc? 

How docs noise affect your daily life. -
For example do you feel stressed or are you use to it, 
When you are on holiday or away from Tinsley do you feel that it is too quite, or is it a huge 
relief or do you not really notice the difference 
Do your visitors who don't live in Tinsley ever comment on the noise here 
Do they stay indoorsl or go out and about more than they would without these issues affecting 
them. Ex.plain for each. 

At what time of the day or week are you most disturbed by noise? What is the usual cause of the noise? 
Tyres, Sirens, accelerating cars, decelerating cars, or does vibration effect you more. 

Why does this disturb you more than other things, when are you least disturbed by noise 
Are you aware that a noise barrier has been built in your area, 

. If yes, how did you hear about it? 
Was this before or after it was constructed? 
Did you fccl that you were involved in the noise barrier project? 
What did you do? 
How did this make you feel? 
How important do you think your input was? 
Do you think you have some suggestions for say location, or form? 
Were these suggestion's used? 
If another big project was to be outlined for your area would you like to be involved in the 
planning and design stage, and comment on the final design before construction, or do you 
prefer to leave that to the experts 
If no, do you think you should have been made aware of it? 
Do you think you would have had some valid input into the planning, as a resident of Tinsley. 
For example do you feel you are better placed to comment on something in your area than an 
ex.pert in design. 
Or should it be left to the ex.perts, why? 

294 



Do you feel that you would like to have contributed to a discussion on environmental issues in 
your area and in particular on noise. 
If yes, what would be your suggestions for improvement? 

Do you think the noise in the area atlects you children? 
How? 
Tin.-d due to lack of sleep, 
Or woken up in the night 
Ha\e they evcr complained of being frightencd by thc noise, which noise in particular 
lack of concentration, 
makes them noisy from shouting, 
any health eHects that yOll believe arc related to where you live, why do you think this? 

Ha\e thev seen the barrier') 
If no, is this because you don't usc the motorway, 
Or, do usc the motorw3Y but hadn't noticed it? 
If \"CS, was this frolll the Illotorway side or the residential sidc or both, 
~l vou like the design, why? (show picture) 

Do ihe), think the materials used rcfleets Yorkshire particularly Sheffield, (if haven't seen it 
show a picture) 
In you opinion is it more important to have a barricr dcsigned well on the residential sidc or 
traffic side or both, why'! 

IfY(IU were to design a barrier for Tinsley what would be the most important feature 
Aesthetics, so whether it looks good 
To be made of a solid material such as concrete or metal, or to be more incorporated into the 
environment, by using natural materials 
Do they think that its important to have a contemporary design or would a more natural 
approach be suited to this area, for example using trees 
If you were to rate the importance of noise reduction against form (what the design is like) 
which would you consider to be the most important 

Have you noticed an improvement in the noise pollution since the barrier was built? 
Docs the barrier work? 
How much of an improvement has the barrier made to your life, 
What actual improvements can you identify (sleep, rest, concentration, health ill effects 
improving 
Or have there been no improvements, or worsening situation, 
Do you feel the barrier is at the right height or too low, high? Why do you think this? 
Do you think the barrier is in the right place, ifnot where else should be protected 

What would you change about the barrier if you had thc chance? 
Have you noticed a change in community spirit since the barrier was built, have you seen more 
or less interaction or is it the same as before. 
As a Woman/ Man- Do you feel you have more I less or the same opportunity for your say 
about local issues. How? 

Arc you aware of The Tinsley Forum have you ever or would you ever attend a meeting, what for? why? 
Finally show pictures of a few different types of barrier ask which they prefer and why, and which is worst, 
and which they think would be the most effective at reducing noise. 
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Appendix Ie Grounded Theory: For The Expert Interviews. 

Key Phrases. to be open coded. 
TR "He sort of championed it on they're behalf, and he asked whether we'd consider it and clearly we 
were. provided that it didn't cost us more money, and it didn't delay it because we had this Hansard list and 
we had to deliver it within a certain time, and it was a rolling programme so obviously the following year 
there wouldn't qualify for this money, and really that's how it began that we were really prepared to take 
on board with it being a gateway project and it was what design Yorkshire wanted was something that 
stood out and said vou arc entering Yorkshirc". 
High expectations due to non-expert involvcment of organising committees. 
TR "It was vcry much our project and my colleagues down the corridor who are the project deliverers 
it was up to them to delin~r the project and they delivered it through what they call their ternl contractors 
they're managing agents. they were put on a three year project. But that's about to change so its basically 
what we call an environmental scheme and a network management scheme, and, which we delivered 
through a managing agent. So it was up to the managing agent to carry out, or get the work carried out. 
They prepared the contract up for us, and let the contract documents to the main contractors (I cant 
remcmber what they're called), and really essentially we have a specification for noise barriers its basically 
an end product specification it has to have a certain performance. So really the only criterion was that 
provided that what ever noise barrier was put forward by Design Yorkshire met with our noise barrier 
specification. was fine. because at the end of the day if they can show us that it will cost the same amount 
of money whether it was a wooden fence or what ever else it was providing it met our specification, i.e. an 
end product specification then that was fine. So that was the trick, the trick was trying to get the design to 
meet the specification because its an enormous document our noise barrier specification". 
Reduced control, delegated responsibilities, restrictions of design controlled by official noise barrier design 
specs. 
TR .. It had to be yes, primarily it had to be an etTective noise barrier, and it had to be no worst than 
we would have got with a standard noise barrier fence, oh sorry the noise barrier we usually get as a 
consequence of our specification, because all the suppliers out there are geared up to our specification so 
basically otT the shelf there are half a dozen firms that contractors go to, so "how much will you provide 
this fence for'''! So it's just a case of cost really, you go to all these suppliers and say I want a barrier to HA 
specification. But this was new and in a way it would essentially y cost a little more because it was a 
gateway project, and people have to create moulds or what ever, as it was a one otT. But in terms of a 
gateway project we have to bear a little bit, for the intention of all gateway projects". 
Upfront cost is deciding criteria, as all noise specs are conformed with naturally, Planning not a 
consideration when part of existing works (as is inclusive). 
TR "OH no if its part of the highways its part of the works, so you don't have to have a separate 
planning pennission. but err the recommendation was when we first went out with our consultants and we 
were looking at the hotspots, it was one of the recommendations, what is the most cost etTective barrier, no 
sorry, what is the most cost effective noise mitigation method, noise barriers over resurfacing, so the 
recommendations were that we should construct a two meter high barrier so that what we went ahead and 
did. A two-meter high barrier doesn't warrant planning permission". 
UpfTont cost is deciding criteria, as all noise specs are conformed with naturally, 
TR "Its certainly etTective in parts, erm, I think that peoples perception is that's it's a noise removal 
measure, rather than a noise reduction measure, and people have written saying its not very good we're 
only getting 3dB reduction, and that's quite a success. If I thought that I had achieved that I would have 
said I've succeeded. And anything over that is a bonus and I think there are quite a few properties that are 
still in the shadow. Those properties where the roads high and they're below the level I think we were 
looking at, hopefully looking at 10 dB (A), because they were actually in the shadow obviously those that 
get 2-300 meters away, by definition are not going to get too much reduction, which is why we'd rather go 
for low noise surfacing which attacks the source so everyone gets the benefit. There are areas where it isn't 
effective because it needs to be continuous because where the road dips and you've got properties in what 
they called the arena type etTect, if you can see the vehicles you can hear them, because it a direct line to 
source. So there were some people who were upset because the road dipped at the embankment and the 
barrier followed it, that again needs to be a continuous barrier. Otherwise the etTectiveness is lost upstream 
and downstream". 
Realistic expectations, Arena effect should have been explained, Realistic alternatives. 
TR "You have to have, the end effects of the barrier if you have a property here, and one over here, 
and you want to protect them then you have to take the barrier considerably past to ensure you stop the end 
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effects of noise, and by the time, if you want to stop it by the time you stopped the end effects your just 
making one continuous barrier. So there are locations where it does appear low, its basically a very pretty 
wall because all the properties are up here, but by definition if you wanted to protect those you'd have to 
have a four or five meter high barrier. And then you run in to all manner of construction difficulties". 
Limitations. 
TR "I think it was Yorkshire Designs idea, I think they've done similar things, and the barrier was just 
one of their initiatives, I think they had an evening and a presentation at Design Yorkshire, of the successes 
they had had, and this was just one of them, they wanted to involve both the private sector and the public 
sector". 
TR "The tendered items, if it had gone out to one of our normal suppliers they would have got a 
wooden fence. And that's exactly what Yorkshire Design wanted to get away from they wanted something 
that wasn't a wooden fence. And they wanted innovation, and so, we support innovation, that's one of our 
strands, we will always support innovation, providing that it means the same end product at the same end 
product at the same end specification, providing it does thcjob its lI1eantto do, then if there's a better way 
of doing it, so much the better we will embrace it". 
Realistic alternatives 
TR "It's provided us with what we consider to be an effective noise barrier I know that sound bland 
but, that's what we arc charged with. If those who received it think its better than a wooden fence then its 
been a success. If they'd rather had a wooden fence then it's a failure, I think there were some people who 
thought it could have hcen better, it hasn't come out as good as they thought, you know the colour wasn't 
as good, so it could have been better, so there are lesson to be learnt. It could havc been bctter". 
Acceptance of failure to some degrcc. 
TR "And some of the curvatures were lost due because of existing services and the like. A normal 
fence is easy you just drill some holes and put a fence pole up, this is slightly different". 
Limitations. 

TR "No, no it was a compromise, it was meanlto be a series of curves, which is fine, but in a highway 
verge that's only 3.501 high if there were services, Ihen there's the safety element problem. It's a safety 
fence problem, so in the end it was a case of trying to make the very best, it was a good idea. And we 
shouldn', be dispirited but it wasn't as good as people wanted. And that what happens when you put the 
pure and the applied together". 
Limitations. 
TR "Oh yes it is important that we do get aesthetics right, I mean people have to live with it. And its 
high on the agenda, but it was more costly in the end, properly the next time round it would be cheaper, 
because of the moulds would be made. But aesthetics is very important as we are charged with enhancing 
the natural environment, that's one of our objectives. So we wouldn't want to put up a bright orange plastic 
fence". 
Aesthetics important. 
TR "They were involved, through a lobby. Tinsley was one of three, as I say there was Tinsley, 
Brinsworth that actually went out as one and there was one at Alltoffs, and they all went out as one contract 
and because the AltofTs was the first meeting, and another MP got involved. Bill .... Who was 
championing the course so our liaison officer went along with the agents with a diet chart if you like, 'this 
is the sort of barrier we're wanting to put up what do you think',? And they thought it was fine, and they 
actually picked the colours, the Green and the Terracotta". 
Public participation incomplete at Tinsley, situation was explained not detennined at the forum. The 
importance of public participation is accepted and acknowledged. 
TR "Yes, so then we went to Tinsley Forum, which is a fairly active group in Tinsley and we told 
them that this is what we were going to do. That was more a 'this is what were going to do what do you 
think about it'?' And if anyone was violently opposed to it then, we just said these are the two colours that 
AltotTs have decided on the Red for the Urban and the Green for the more rural sections. And they seemed 
content with that". 
Public participation incomplete at Tinsley, situation was explained not detennined at the forum. 
TR "Certainly Tinsley forum, has been pressing for a noise barrier, so in away, it was going back to 
tell them that a) they'd been successful, and that Tinsley had got this money out of this ring-fenced £5 
million and b) that it was going to start soon, and this was what we were proposing, so it was a presentation 
as a consequence of a direct source. It is a good representative body, and they are a very active body, and 
they had been campaigning for one f~r ~ while, the.re are a couple there that think it could be better". 
Project regarded a success due to reahs\Jc ex~ctatl?ns by experts. 
TR "If were doing new works we eertamly hke to consult with people and again, we consult with 
groups all the time, you know make them aware of what we're doing, there's environmental group there's 
lots partnerships now that are going on, so that people are kept constantly aware, and we used to go out and 
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talk to parish councils on a regular basis and asked them if they had any problems, it is about engaging the 
public because at the end of the day they are our customers, our customers are not just road users they are 
also the pcople that are cfTected by the route, so were just about to embark on a route management strategy 
for the M I so again we'll be engaging communities through their local representatives or local groups, and 
in some way were going to try and engage them". 
Public participation incomplete at Tinsley. situation was explained not determined at the forum. 
TR "because the barrier goes up in highway land, its basically an improvement to an exiting highway 
and that included under a general improvement order, we don't have to consult on it, it's a case of 
improving the highway under our general power. But we do engage people purely on this cross load of 
information". 
PIP was not an obligation; the importance of public participation is accepted and acknowledged. 
TR "Public consultation is inherent in our process, you know it's a usually tied, with any project you 
would look at feasibility and it depends on the scale of the project ifit was a brand new route then you'd 
consult on having to lind thc route. Wc'd havc public consultations before you announce the preferred 
route becausc the public l·onsultation would be taken into account when deciding which route we choose. 
You then have to look at the consultation at the order stage, having decided the route you get to the stage 
whcrc you can publish any statutory orders". 
The importance of public participation is accepted and acknowledged. 
TR "Its usually not over powered by public interest but again its targeting your audience if some of 
these projects coming in such as multi-modal studies, is about widening the motorway you would have to 
have the consultation period even though if you widened on line again its within the landscape so if its 
something with a major impact we would want peoples opinions about landscaping and other interests. So 
public consultation is always in the loop but it's the level of that if it's a noise barrier to protect A and B, 
its vcry dangerous, we went to AltofTs and we went to Rotherham and they asked for it to be increased in 
length slightly but that's the problem you get is that, I don't think a barrier will ever be too long they're 
will always be someone on the end of it. It is a case we've got 1£5 million across the country year on year". 
Fear of consequences of too much control through PIP. 
TR "WE certainly tweaked it a bit at Altoffs, and we tweaked it a bit at Tinsley Brinsworth". 
TR "NO. we went to the Tinsley Forum, because they were right on the forefront, and the were the 
most vociferous and I mean that in the nicest possible way, but you did get the impression that they had 
Tinsley at heart and they weren't interested in either side, so I did feel I was getting a good focus. Because 
it is well represented, well structured and well supported". 
TR "Which is the best method of involving the public do the Highways Agency favour public 
meetings over exhibitions, or more hands on approach to participation. 
Its horses for courses really, it depends, you've got to add value so if your going to have public 
consultation there's no point going over there if the people are affected. We use a whole range we've got a 
'bendy bus' that we drive around", 
JJ "A bendy BusT' 
TR "Its an exhibition that we actually drive around so we can drive to villages and park in pub car 
parks. It is difficult, because although the public want to be involved its up to them and its difficult to get 
someone to drive ten miles to go to an exhibition, its on their terms as it were. So we have exhibitions were 
quite happy to go and give presentations to groups we go to councils and take our presentations, we try and 
engage everyone as at many levels as we can we try and draw as many partnerships as we can so we can 
influence or involve or what ever it is. There's a whole raft of measures we take the public consolations 
exhibition is just one form it's a fairly common form on a big scheme we also have a websites". 
Awareness and attempts at alternative means of PIP, just not used here; responsibility ofPP lies in the hand 
of the public, Despite best effort not everyone can be engaged, damage limitations are practised by 
spreading the word. 
JJ "What provision is made for minority groups such as ethnic minorities and disabled people to be 
able 10 become involved in projects?" 
TR "Were usually aware of what the community groups are through local authorities, they have local 
partnerships and there's so may of them I cant remember what they are, have these forums, so we become 
very aware of what they are and almost through local authorities we can get representation of all these 
groups, if anyone wants to come along to an exhibition we say no to nobody. We do have lists of groups 
and clearly when we are consulting then we have statutory consul tees and non-statutory consul tees and at 
the bottom there is any other interested parties, and it really is trying to get a handle on who those other 
interested parties are. Were involved with LSP Local Strategic partnerships, they have close leads, and 
again they're involved with all these local groups and we get the contacts with the local groups. So it 
cascades through". 
Despite best effort not everyone can be engaged; damage limitations are practised by spreading the word. 
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JJ "'s it actually the Highways Agencies responsibility to involve making sure that everyone is 
represented or is it someone else's responsibility?" 
TR "Well its, we need to be in a position where we can't be criticised for over looking, its very 
difficult to be very explicit because by detinition if your very explieit then you can make yourself more 
exclusi\·e. Because the more you try and be prescriptive the more you miss somebody and then you'll be 
accused. We do try and look broad brushed so we can engage at least one group that can be seen to 
represent certain groups, so if you go to CPRE or Friends of the Earth then chances are that they will 
represent TART, which is the environmental groups. And they have a group themselves so if you invite 
one then you spread the word. So that's what we try and do, we try and ensure that we don't miss anybody 
so at the end of the day we can't be criticised that 'we weren't consulted', and so when you say who did 
you consult. its other interested parties. There are clearly statutory ones involved and then they're 
stipulated, and then there's the non-statutory consul tees, and then there are the other groups which we try 
and engage. So we'd invite them to everything we can sayan exhibition or send them brochures". 
Despite best etTort not everyone can be engaged; damage limitations are practised by spreading the word. 
Awareness and attempts at alternative means of PIP, just not used here; 
JJ "So you think the current measures are adequate to involve everybody?" 
TR "Well were continuously doing this, we have a PR group who is constantly trying to find ways to 
engage them and that's the aim of the game. We are a customer based service now we are a network 
operator and we have customers, so we have to improve our customer service". 
Despite best effort not everyone can be engaged 
JJ "Would it be the highways agencies responsibility to provide information on the plans, it was 
actually your responsibility mther than your choice to do it, through public demand". 
TR "Yes it was ultimately our project so it was ultimately it is our responsibility so in a way that was 
one of the tests of all the entries, was maintenance. Did it have high or low cost maintenance, because 
clearly it becomes ours to maintain. So its maintained at the public expense". 
Accoun tabi Iity . 
TR "We have one or two, we've had a couple saying Thank you and a couple saying it could be 
beller". 
TR "AltotTs certainly did there's one just up the M62 they've been very appreciative, but again its 
slightly on an embankment of course, they've noticed the difference. As I say Tinsley's difficult because 
we took it down the slips, and it's a very wide motorway, and when you've got a wide motorway and slips 
the effective height of the barrier gets reduced. Perhaps we'd have to look at the effective height of the 
barrier, because you say a 2metre high barrier but you can loose a foot by the time you get top the back of 
the verge". 
Greater PIP at AltotTs influenced acceptanee. 
J1 "Noise can be measured in to different ways, in how the public perceive it and how you actually 
empirically measure it, how successful is the barrier on both of these". 
TR "We haven't gone back and measured it, although someone else has claimed they have, I think 
that was the school or something. And that's when they said its only gone down three to five dB, and I said 
that's pretty good. No we work on the prediction method, we have started to look at other sites as part and 
parcel of this ring-feneing, I think Bath University were engaged to do a 'before and after' which would 
have been very useful, but we didn't do it on Tinsley we just missed it. So we don't have a before measure, 
its purely predictive", 
Realistic expectations. Should have been imparted 
TR "There is nothing more emotive than noise and the sadness is that £5million is not a lot of money, 
for lots and lois ofmotorways, but if you can reduce noise from 78 to 74 dB that's a big reduction in traffic 
and energy, but in lenns of, 74 is still very loud. And that's the sadness. In a way you almost give with one 
hand and lake away with the other because you raise peoples expectations, there getting a noise barrier and 
they think its going to be great, " well' cant notice the difference" but 3 or 4 db A is only just perceptible 
anyway. So we are tinkering on the margins. As , say if we get 5, like with some of this low noise 
resurfacing we say its 3 to 5 but in some eases its been as much as 8 which is massive but its still 80 down 
to 0, and its still loud at 70". 
Realistic expectations. Should have been imparted 
TR "Well, if you ask the question, people never say thank you or give you the good news, if you go 
and ask the question all you will get is the negative you very seldom get the positive, I think by definition 
because you put up a noise barrier two meters high although some people wont benefit as much as others 
some will, we know by definition, especially where the motorways on an embankment we know that 
people will have benefited. Because we know how it works, but they may well not have perceived it or 
appreciated it and that's why we do it". . . 
Realistic expectations. Public were unreahstlc. 
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TR "Well stainless steel was expensive! It turned out to be an expensive project because it was 
innovative and it was a gateway, which accepted in a sense it would be] think if] did it again,] would look 
at it being slightly higher in terms of its effective height. Because I think we tend to loose in the detail, 
when we say a 2 meter high barrier, but of course 2 meters is always measured from ground level, i.e 
where you start building the barrier from. And because noise are always related, well the calculations are 
always from source it depends where the source is the effective height, should be measured from the noise 
source so if its lane one then it easy to loose if your not careful, all the calculations are based on 2 meter 
high its important that the 2 meter high is actually the same as it was in the calculation because if your not 
careful you'll get the hard shoulder and then there's the first lane and then you find that because of stats or 
because you've got to put the barrier at the back of the verge, if you're not careful you'll virtually reduce 
your effective height. With noise you get a big difference with a 1.8m barrier than a 2m barrier, and that 
little can make quite a big difference. And] think perhaps the colouring could have been slightly better". 
In hindsight would have increased height 
TR "I think it could have been bolder". 
Misconception of public opinion due to lack of communication; opposing views, illustrating bad 
communication. 
TR "I think we took some unfair criticism that it was bland, and someone accused us of 'Bastardising 
it.' Which we did, the idea was a good idea but at times we couldn't attach together the flowing curves". 
Applied V Pure; curvatures of the design lost. 
JJ "Do you ever look to Holland who are way ahead of anyone with barriers, and the Japanese as 
well, do you ever look overseas to get inspiration or even commission one, or is it just too expensive?" 
TR "Well sadly yes, our hands are tied by best value and we have to have these continual value 
measurement exercises, and we look at projects and ways to make best use of money and that's one of the 
saddest things. If you want to go for a gateway project then you value manage it as a gateway project, not 
just as a project, and when we get calls form overseas recommending that we should have nice structures 
and so on for the future that we've got to make sure that its identified and its necessary to be a feature 
otherwise it will get value managed as a utilitarian product which is essentially, you could get someone in 
Cornwall who gets upset that your providing noise barriers at three times the cost and its coming out of 
their taxes". 
Accountability; upfront cost is deciding criteria, as all noise specs are conformed with naturally. 
RB "About 3 years ago the government said two things that they would cover all concrete roads with 
low noise surfaces and they would address noise mitigation on their network. We have now have a rolling 
program of surfacing concrete roads and then we carry out on behalf of the highways agency what we call 
Sift studies. That's where a property lies within sight of the motorway, where if the noise requirements of 
the sift study are met there is a possibility of doing a study for thaI property and the provision of a noise 
fence. So we end up doing lots and lots of sift studies through out the network" 
Reactive solutions are the norm not proactive. 
RB "They are done on complaints, going to the client (highways agency) and the client requests us to 
do a study". 
Reactive solutions are the norm not proactive. 
RB " A competition that actually decided which noise fence to be put up". 
RB "The question is then where do you stop, it is a degree of cost, and the degree of benefit. Its 
designed as a structure, if you've any concept of structural elements. The taller they are the bigger the 
foundations have got to be. We've actually constructed this structure adjacent to a live motorway, most of 
the width available to construct it in, is between one and half and two meters wide, and also the two meters 
are full of drainage trenches and communications cables, because it's a structure, it has to be protected 
against the impact of vehicles. So you h~ve to have a safety fence in front of it as well all in this very 
narrOW width, so everything is a compromise. 
Yes we could have gone for a three-meter high barrier, at a considerable amount of cost, there would have 
been a few more, properties receiving benefit. But on a cost benefit ratio two meters came out as the 
highest cost benefit ratio". 
Applied V Pure; Limitations. Realistic expectations. 
RB "No they were all as equally effective, if they could conform to the HA document". 
upfront cost is deciding criteria, as all no.is~,specs are conformed with naturally. 
JJ "So then it was down to aesthetics. 
RB "It was down to aesthetics, the market scheme, longevity, maintenance anti-graffiti, to some 
extent it was a compromise between making it visible and making it attractive, and not causing distraction. 
So if you've seen the scoring criteria you would have seen it was quite a complicated scoring criteria? Did 
Teny talk to you about the design process, the design competition and the scoring?" 
Potential for public integration unused; Unclear how to engage properly; 

301 



RB "1 think you would have got. define better, I think you would have got more fence for the same 
money using a conventional design". 
Realistic alternatives. 
RB "Engineering success. yes, it went up well; it was constructed well, and touch wood it seems to 
have its longevity. But that could have equally been achieved by conventional methods". 
Project regarded a success due to realistic expectations by experts. 
JJ "So would you say the edge then over a conventional fence would be the public perception". 
RB "Yes. the public perception and participation in the design. If you go south of us junction 25 of the 
M I they '\,e put up a three meter timber fence that looks nothing, its just a big timber mass, at least ours has 
a little bit of fonn. structure. and colour about il'·. 
Misconception of public opinion duc to lack of communication. 
RR "Yes we met with design Yorkshire. we met with the local Mp we had this design competition. 
We also did a section on the M62. (AltotTs) John Bagualey Terry Rogers boss at the time, myself and Terry 
all met with the residents. Gavc them a sol1 of winning design gave them a selection of colours, and said 
what colour do you want it. And they were keen to influence the colour. That was up at Altoffs. 
Here we met with the Tinsley Forum. Terry and I did, who weren't really bothered about the design. But I 
met with Colin Rose at the site, and he said he wanted that bit red and that bit green, So that's how we 
proceeded". 
Public participation incomplete ,It Tinsley, situation was explained not detennined at the forum. 
RB "Not really we tend to deal again reactive. Nobody has complained so we assume there happy 
with it". 
RB "Ernl. very diflicult. retreating into my engineering background, if you involve the public they 
want the earth, they see no rcason why we cant have noise barriers 5 meter high the length of the MI. 
Coming forward into some sort of caring organisation if we'd have just gone in there and out up the bog 
standard timber fence. I think we would have had complaints. They would have said well, why have you 
just stuck up a Timber fence couldn't we have had something a bit more aesthetically pleasing. It's a 
diflicult one. halfway house. do you have full public consultation do you tell the public what's happening it 
lays somewhere in between". 
Fear of consequences of too much control through PIP. 
11 "So what you say is the best method of approaching the public is through the use of forums?" 
RB "Yes," 
Forum deemed only/ best means of engaging the pUblic. 
jJ "And would you say you got everybody in from the community?" 
RB "No, we got views from interested people, if their interested they didn't tum up and they didn't 
give their views". 
Misconception of public opinion due to lack of communication; Opposing views, illustrating bad 
communication. 
RB "The residents of Altoffs and the Tinsley Forum invited US, I believe they'd heard about the noise 
barrier was happening, and they wanted to know, it was an exchange of information. They wanted to know 
what fonn the barrier took, when it was going to go up and where it was going to go". 
Public participation incomplete at Tinsley, situation was explained not detennined at the forum. 
RB "Yes, we do nothing until the client asks us to do it, so if the client asks hasn't received the 
complaint and asked us to do something we won't do anything. We arc a commercial organisation unless 
we get told to do something we don't get paid". 
Reduced control. 
RB "concrete one only requires minimum maintenance and it should require not a lot in the future. 
Other designs that were perhaps higher in maintenance were marked down and didn't win. So it was taken 
into account in the design compctition".(Consideration for Ch: on embodied) 
Maintenance costs were considered. 
RB "You can't all the designs complied with the acoustic attenuation requirements, so providing it 
met that the aesthetics were judged on their own merits. So any of the designs in the competition should 
have met the requirements of the noise competition. And it was purely marked on looks". 
Potential for public integration unused. 
RB "Yes, it was always intended to be discussed with the residents. And I have the difliculty of 
defining whom. Tinsley and that area have a forum, so you can talk to those. Brinsworth has no sort of 
local authority or parish council that we could talk to. Altoffs just had interested residents". 
Unclear how to engage properly; the importance of public participation is accepted and acknowledged. 
RB "Yes they have to request meetings or what ever". 
Delegated responsibilities. 
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JJ "And do you havc any sort of guidelines in tenns of Public Participation, is it your responsibility 
or is it solely their responsibility". 
RB "No wc rcact to the client. If the cliem (HA) wants us to go we will go, if the client doesn't wants 
us to go we wont go". 
Reduced control. 
JJ "W ould you see any sort of way, as not everybody knows about local forums and stuff, in tenns of 
involving those people, minority groups and disabilities and things'!" 
RB "Yes, how do you involve them? Difficult one that, let me put one of my other hats on I look after 
major maintenance works on the motorway and to infonn people that we are actually going to perfonn the 
work, we would do a letter drop at the addresses. Perhaps here if the client wanted it, we could have 
actually done a letter drop. for Brinsworth saying that we are going to put this Fence up and there is a 
public exhibition at the local library if you want to come and look at it. Something of that ilk, but that 
wasn't done". 
Thc importance of public participation is accepted and acknowledged. 
JJ "So its not the residents who's job it is to get themselves into a forum it's the Highways Agency 
to let them know that you are going to do It 
A wareness and attempts at alternative means of PIP, just not used here. 
RB '" believe it is yes. , think here the Highways Agency, Terry Rogers, could have actually gone to 
thc local residents or thc parish council of Brinsworth and said were going to put this noise fence up are 
you interested?" 
Delegated responsibilities. 

RB "No we had one or two comments saying why didn't we take it further, why didn't we go over 
Tinsley Viaduct, why didn't we go South things like that, one or two people have commented on the colour 
the aesthetics things like that, but nothing that has said we didn't need it we didn't want, couldn't it have 
bccn higher anything like that". 
Misconception of public opinion due to lack of communication; Opposing views, illustrating bad 
communication. 
RB '" think that would be inappropriate because the you suffer a lot with driver distraction. Perhaps 
on a lower speed urban road, not the M I". 
Fear of consequences of too much control through PIP. 
RB "I think its been quite a success, I can tell you what the noise reductions have been, they are very 
much in line with the design ones. So that obviously says the barrier has been a success. Regarding the 
public perception of it, we've had no real adverse comments so by inference it must be a success". 
Project regarded a success due to realistic expectations by experts 
RB "The barrier itself, probably ran out at something like £200 a metre". 
RB "Well two things there, we wouldn't procure them we would go to a main contractor to procure 
them. European Union rules say we accept anything fonn anywhere. So if the contract came up with some 
fancy Scandinavian one that met all the criteria. Yes no objection. But that's not personal choice that's 
legislation". 
Restrictions of design controlled by official noise barrier design specs; Upfront cost is deciding criteria, as 
all noise specs are confonned with naturally. 
JJ "'fthe barrier was commissioned again, you use the same public participation approach?" 
RB "Yes". 
Wouldn't change PP method with hindsight 
RB "The action of actually involving the design competition, the assessment ofthe submitted designs, 
actually delayed the imposition of this barrier possibly by three to four months, If we were going to do it 
again I would take that into account in the programming, but that's all". 
RB "Not significantly. but I think a noise map, like a before and after survey, I could sit here more 
confidently and say that property has given x dB reduction. Rather than a little bit oftheof)'. So yes before 
and after should have been done". 
Wouldn't change actual method of design with hindsight, accept for including a before and after survey. 
RB "The problem you've got is with us being a commercial organisation. Were here because we one 
this commission by competitive tender. Therefore unless its in our tender we don't do it, unless were paid 
extra to do it. A lot of what you've discussed today, we'd love to do but we can't afford to". 
Accountabi I ity. 
RB "It comes back down to the central control where THE HA is the owner and have the run of the 
roads. 
Lets talk about the noise fence itself, its 2 metre high its concrete panels, each panel weighs approximately 
2 tonnes and there are 4 panels in the 2 metre high so each one is 1/2 a metre. 
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It weighs two tones, so this is where the actual cost comes into it, a fairly simplistic timber fence would 
probably only weigh about III a tonne but it would serve the same job. It would fail a Iitlle bit on longevity 
because it rots, its susceptible because it can be burnt down". 
Reduced control: Delegated responsibilities. 
Axial Coding Categories:. 

Limitations. 
Accountability. 
High expectations due to non-expert involvement of organising committees. 
Reduced control. 
Delegated responsibilities. 
Arena effect should have been explained. 
Applied V Pure Curvaturcs of the design lost. 

Acceptance (If failure to some degree. 
In hindsight would have increased height 

The nature or/he PI' ",('(hoc/. 
Public participation incomplcte at Tinsley, situation was explained not determined at the forum. 

PiP was not an obligation. 
Fear of consequences of too much control through PIP. 
Forum deemed onlyl best means of engaging the public. 

Wouldn't change PP method with hindsight 
The importance of public participation is accepted and acknowledged. 

A wareness and attempts at alternative means of PIP, just not used here. 
Responsibility of PP lies in the hand of the public. 
Despite best effort not everyone can be engaged. 
Damage limitations are practised by spreading the word. 

Unclear how to engage properly 
Reactive solutions are the nornl not proactive. 

o The nature and consequences oUlle experts perceptions and actions 
Potential for public integration unused. 

Greater PIP at AUoffs influenced acceptance. 
Realistic expectations. Should have been imparted 

Public were unrealistic. 
Project regarded a success due to realistic expectations by experts. 

Realistic alternatives. 
Misconception of public opinion due to lack of communication. 

Opposing views, illustrating bad communication. 
o Desien choice influences. 

Restrictions of design controlled by official noise barrier design specs. 
Upfront cost is deciding criteria, as all noise specs are confonned with naturally. 
Planning not a consideration when part of existing works (as is inclusive). 
Aesthetics important. 
Maintenance costs were considered. 

o Future measures derived from this experience. 
Wouldn't change actual method of design with hindsight, accept for including a before and after survey. 
Other mitigation strategies would have been wider felt, i.e. Low noise surface. 
In hindsight would have increased height 
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A COP)' Of The Questionnaires Issued 
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Appendh 2A Demographic profile & social deprivation indicators 

Tinsley 

Housing condition - the quadrant contains some of the poorest quality private housing in the 
city; 
Social and economic factors - rates of ill-health and unemployment are amongst the highest in 
the city; 
Links to other programmes - the North East Quadrant is part of the Round 4 Single 
Regeneration Budget area, enabling housing and regeneration activity to complement each 
other; (Sheffield City Council 1999) 

Popillation Statistics & HOllseholds 
Based on the 1991 Census, the tenure breakdown of those households in Tinsley in relation to 
Sheffield as a whole was as follows: 
Owner occupied 72% Tinsley - 57% City 
Council rented II % Tinsley - 33% City 
Housing Association rented 6% Tinsley - 3% City 
Private rented II % Tinsley - 6% City 
Other 1% Tinsley - 1% City. 

People 
The total population of Tinsley in the year 2000 was 3640. There are an above average proportion of 
children, balanced by a slightly lower proportion of people of working age. 
As noted in (Partnership 2000) the population was made up of: 

23% - 0-15 years old 
61 %- 16-64 years old 
16%- 65 and over. 

Ethnic Origins 
Tinsley has a large number of ethic minority residents in comparison to the rest of the city, ethnic 
minorities make up just 5.1 % of the total city wide population, where as in Tinsley they make up more than 
a third of the population, most of these being Pakistani. The statistics break down as follows 65.5% of the 
population of Tinsley is White British! Irish, 2.9% is Black Caribbean, 0.1% Black African, 1.2% were 
other Asian, 28.5% were Pakistani (Partnership 2000). 
Income Support 
More than a quarter of households in the area were receiving Income Support in December 1998 (430 
households). 
Almost half of the households on income Support were families with children aged 0-15 (190 households) 
(Partnership 2000). 
Local Economl': 
Index of Local Deprivation (/LD) 
The Tinsley Area has an ILD score of almost double the city average. The actual ranking of the ward of 
Darnall of which Tinsley makes up a proportion is 561 SI out of 8414 English wards, which is much lower 
than the ranking given for the ward Brinsworth, CatclitTe and Treeton, which was ranked 1843rd. It must be 
acknowledged however that the ward of Darnall is much larger than Brinsworth, CatcJitTe and Treeton with 
6,300 more in the population (Partnership 2000). 
Unemplorment 
Official unemployment statistics are available to electoral ward level only. The most recent unemployment 
rates for the Darnall Ward indicate that in July 1998 that 9.6% of the population were unemployed as 
compared to 8.3% of Sheffield's overall population. Of those unemployed 50% had never had a job. And 
of the 50% that had previously had a job 67% had been unemployed for over 12 months (Partnership 

2000). 
Health 

The most reliable health data is available at ward level. 
The all causes rate for men in Darnall ward has deteriorated significantly 
Cancer SMRs for women in Darnall have remained consistently high 
Heart disease, stroke and related SMRs have deteriorated to almost double the national average 
Suicide rates for men are high (Partnership 2000). 

Crime & Communitr Safety 
Levels of crime, both real and perceived, have a debilitating effect on communities. One of the most 
commonly quoted factors when describing the desirability of an area is the level of crime and how safe 

people feel. 
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Housing 

The Tinsley Area's overall crime rate is relatively low at M.3 % 
The main problems arc criminal damage and car crime 

Confidence in an area is generally retlected in the private housing market and in the level of demand for 
and satisfaction in its Council housing. 
/lOllS£' price.\" 
The average house prices for the period 9S for terraced housing in the area compared with a city average. Is 
£23.020 to £40.239 respectively. Terraced housing only has been selected as an indicator because it varies 
less fi.lnll area to area than other types of housing. Average prices for all housing are dependent upon the 

housing mi\ as well as the popularity of the area (Partnership 2000). 
Afisc£'I/01/('O/lS tacts. 
Togdher with Darnall. Tinsley has the highest proportion of people with low or no qualifications and of 
people who had ncver used a personal computer (53 %). 

Brinsworth & {'.tcliffe 
Trecton is included in the statistics as it is a part of the same ward as Brinsworth and Catcliffe, despite not 
being directly used as a part of the study sample it runs parallel to the areas of Brinsworth and Catcliffe and 
statistics arc not available separately. 
full/latiol/' 
The resident population of Brinsworth. ('atclille and Treeton in mid 199M was 13100 people, 5 per cent of 
thc populatIOn of Rotherham local authority. 21 percent of Brinsworth, Catclifle and Treeton's population 
in mid 199X were aged under 16. 61 per cent were aged between 16 and 59 and 18 per cent were aged over 
60. This compares with 21, 59 and 20 per cent respectively for Rotherham as a whole. 
I 'ital StatisticL 
A total of 165 live births to mothers usually resident in Brinsworth, CatclifTe and Treeton and 89 deaths of 
residents of this ward were registered in 199X. These represented crude rates of 13 births and death per 
thousand residents compared with 12 and 10 respectively across the whole of Rotherham local authority. 
Eme/on·t· johs: 
There were 12000 employee jobs in Brinsworth, CatclifTe and Treeton at September 1998,2 per cent of the 
Rothcrbam total. 
Income slIpport. 
In August 1998 there were 6S0 income support claimants in Brinsworth, CatclifTe and Treeton. This 
represents 7 per cent of the resident population aged 16 or over. For Rotherham the proportion was 10 per 
cent compared with an average X per cent for Great Britain overall. 
I"dices ofDepri,·ation. 
The indices of Deprivation 2000 (with rank I being the most deprived ward in England) gave Brinsworth, 
CatclifTc and Trceton the rank 1843 out of a total of 8414 English wards. (Statistics 1998) 
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Appendix 28 Letter for residents 

June 26th 2002 

Dear Resident 

I am nmduding a survey in the Tinsley, Catcliffe and Brinsworth areas as part of my research for a Ph.D. 
thesis. for the University of Shetlield. Your house was randomly selected from a map of the area due to its 
close proximity to the M I. The survey aims to investigate the etTeets of noise on residents, and the level of 
pubhc pal1icipation available for you the residents, to raise your concems about protecting the local area. 

I will be calling at your house between Tuesday the 25th and Friday the 28th. to drop otT a questionnaire it 
is available in the following languages English, Urdu, Bengali and Somali, and large print for the partially 
sighted The qucstionnaire is very short and simple and should take no longer than 10 minutes to complete. 
Any personal infonnation asked for will be used solely by the researcher for the purpose of data handling, 
and to cnsure a representative response. In accordance with the Data Protection Act 1998. All other 
responses will be presented purely in graphical and statistical form for the purpose of the Ph.D. research. 

At your com'enience I will return the following day to collect your completed questionnaire, and answer 
any questions it may have raised. 

I wish to thank you in advance for taking the time to assist me with my research, as 1 believe your views 
are essential for the success of future projects both in this area and for other projects around the country. 

1 f you have any queries concerning this study please contact Jennifer Joynt on 0114 222 0370/ 0114 268 
0069 or altemativc1y Dr Jian Kang on 0114 222 0325. 

Thank you very much 

Yours Faithfully 

Jennifer Joynt 
(Postgraduate) 

& Dr Jian Kang 
(Reader) 
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Appendix 2(' Calculations of the standard error of the means of the cluster samples 

",1/, A. 

X == IIx" II M, 

" , 

s,=[(I-KIA)L:~ 1~~]I~_(l) 
k I 

" s, = [(1- K / A) r/" I Mk~sil' 2 - (2) 
* I 

(5,2) 

wilere K: IIl1mhcr of clusters selected Mk: cluster size S x is standard error: a is nllmber of clusters 

selec/ed: A is tota/numher of eluslers in a poplI/atioll: xa is a eluster mean. alld .~ is the overall mean; (I-KIA): 

/inite /)ol'u/atioll ('orrection 

Standard error calculation/or cluster samples (Henry 1990: 108). 

Thrt'e C/ustl'1'S Tins/c)', Brillsworth and CatdiUt'. 

Tinsley 
67 . P4 
5 

Brinsworth Catclitfe 
75 - 15 46- 9.2 
5 5 

The overall mean - 62.7 X 

s X !- [(13.4 62.7)2 + (15- 62.7)2+ (9.2-62.7) 2 / (2) .(3) 

, 
s X • - 7568.03 I 6 

s X • ~ 1261.3 s - ~ 35.52 Standard error of the mean. 
X 

Five clusters ofthe lifo: m hands (O-5Ol, (50-/00), (JOO- J 5Ol, (] 50-20Ol, (200-250). 

0-50 50-100 100-150 150-200 200-250 
20 - 6.7 35 - 11.7 65~ 21.6 37 - 12.3 30= JO 

3 3 333 
The overall mean = 12.46 

! 1 2 2 2 
S X 2~ [(6.7 12.46) + <11.7- 12.46) + (21.6- 12.46) (12.3- 12.46) + (10- 12.46) / (4) ·(5) 

s X 2 - 123.29' 20 

Sx2~6.16 s X ~ 2.5 Standard error of the mean. 

Although there seems to be a representative sample of each of the different ethnic minorities with relation 
to the wider census data. a weighting was calculated to test whether when applied to the statistical analysis 
there was any change to the data. This would help identify any under representation of a section of the 
population in the event of the weighting not influencing the outcome it can be presumed that the population 

was representative. 
The weighting equation is as followS. 

w = Pp IPs 

Where Pp is the population proportion, and 
Ps is the sample proportion. 
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Ethnic Back/llvllnd WeighfinJ! 

White British 0.875 
While EUI"opeall 1.889 

Asian 1.471 
African 11.11 
America/ll Caribbean 75 

-Non response Nln 
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ppendi. 20 op Of The Que tionnair In Eugli h, Vcr ions Were Also Available 10 Urdu, 
Bengali And omali 

Qu tiolll/ai,.e Spring 2002 

Port I : Enviramnel/tal Pal/lltioll 

I . Plea:c clrclc th numb r which r present how you feel about each of the following issue in your 
area ' (1 indicate. no problem - 6 indicates severe problem) 

a. Road Traffic oi e 2 3 4 5 6 
11. ircrafi obc 2 3 4 5 6 
22. ir p lIullon 2 3 4 5 6 
d Water p lIution 2 3 4 5 6 
e. Graffiti 2 3 4 5 6 
f Litt r 2 3 4 5 6 

2. DO£'5 road traffic noi e directly affect YOII, when ),011 're in ),ollr hOllse or outside in the 
gorden~l'ard? 

e (pica c ns\ er que tion 3) 0 (please move on to que tion 4) 

3. ~ please indicate holl' it affect ),011, by tickillg any 0/ the boxe, which relate 10 how road 
traffic /lois/? affecls yOIi. Yes No 

a. DI turb ' ind r lei ure activitie ; i.e. reading, watching T.Y 
b. Prevents the use of outdo r pace; i.e. u ing garden/yard 
c. Prevcnts windov being opened 
d. lake ' you feel ten e. tired and irritated 
e. Ha c ntributed to illne . (plea estate) 
f. Other (please lale) 

4. In your personal opinion, ha the level of noi e pollution decreased in your area in the last 12 
month. ? 
Yes 

o 

(plea e an wer question 5) 
(please move on to que tion 6) 

5. Please writ/? below, a brief rea on for Ihe improvement in noise pol/ution in the last J 2 months. 

6. I there an thing in-bet\ een your hou e and the motorway, please tick any of the fo ll owing 

3) chem of planting, lree or bu hes 

b) rth banI. 
c) Wall (e.g. retaining wall. stonewall or brick wall) 
d) Building (holl e ,office, factorie, hops) 

e) Timber Fence 
1) 10 prole II n 

r] 

[] 

[J 

[ J 

[I 
g) thers, pIe e tate: __________________ _ 

7. WhIch ide of your hou e is in the direction of the motorway? 

Fr nt 
Back 

ide 

I your bedroom at the front or the back of the house? 

Front 
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9. 

Back 

Do you have double-glazing a( all? 
Ye 0 Partial } Bedroom 

}Living Room 

10. Do you thin1-- that noise trom (he traffic is a problem, / nuisance in this area? 

Ye 
o 
e t it 

I I . Have you ever complained about road (raffic noise? 
Ye (Go to Qu . 12) No (Go to Qu. 13) 

12. 1 f yes to who have you complained? [s it.. .? Yes No 

a) Em ironment gency 
b) Town council County ounei l I 
c) High\ a geney [ Ll 
d) Local Forum r I 
e) EnvIronmental Health Department [ 1I 
f) C~ paper or other media [' [ 

g) Other, (p[ea e tate),.:..: ____________ _ 

ParI Jl: Your thoLight on the nell' road traffic barrier 

13. Are you aware that a noi e barrier has been built alongside the Ml to reduce the noise pollution 
problem in your area? 

14. 

Yes (go to que (ion 14) No (go to question 15) 

How did you find out? 
a) ew paper 
b) Local Forum 
c) Word of mouth 

d) Through the local school 
e) Through the Church/Mosquc 
f) other (please state) 

(] 

l' 

c) Plea e indicate your agreement or disagreemcnt with the following statements by circling the 
rc pon e that mo t nearly coincides with your own. 

A - (rongly Agree; A = Agree; U = Uncertain; 
D= Di gree; D ~ trongly Disagree. 

c) Public Participation in th de ign process was very effective, all the Residents had the 
opportunity to make their ugge tions. SA A U D SD 

b) J felt very in olved in the barrier project due to good infonnation availability for the local 
r ident . SA A U D SD 

c) The barrier ha reduced the noi e significantly SA A U D SD 

d) The barrier i a u ee s becau e loca l residents were allowed to make suggestions over its 
height and 10 ation SA A U D SD 

16. \ ould you have liked to be more in olved in the designing of the noise barrier on the M I? 
Ye 0 don ' t know 

17. Re idcnt· hould be made fully aware of projects before they are commenced? 
a) I tronglyagree 
b) 1 agree l 
c) I'm not bothered 
d) I di agree 
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c) I strongly disagree 

18. Plea e circle hO\ you feel aboul thc following methods of involving the public in the design of a 
noi c barrier. (1 = be t - 5= worst) 

a) Que lionnaire in your home 2 3 4 5 
b) Local public meeting 2 3 4 5 
c) U ing the Internct 2 3 4 5 
d) Public exhibition to je~ the finalised plan 2 3 4 5 
e) Que tionnaire aftcr the banier is constructed 2 3 4 5 

19. Since the barrier's con truction in pring 200 I, have you noticed a djffercncc in the noise levels at 
your hou e? 

21. 

22. 

a) Dccrca ed noi e 
b) Increased noise I 
c) 0 change [] 

c) What do you think arc the most important functions ofa noise barrier? 
(1 10 t Important - 5 Least Important). 

a) Reduction in noi c 2 3 
b) Looks good for the re idcnt 2 3 
c) Look good for the motorists 2 3 
d) Blend in with the nvironment 2 3 
e) A contemporary de ign 2 3 

Do y u u e the Internet; please indicate where. 

a) 0 

b) Work II 
c) Home [I 

d) Library 
c) Other, plea estate; 

Do you feel you \ ould participate in more local planning issue if; Yes 

I. You could do it over the internet 
2. Ifmeelings were more frequent 

3. Meeting were arranged for different groups of the community 
4. Jfmeeting were be tIer advertised. 
5. ther (please state) 

23. Have you ever attended a meeting of the Local Community FOfilm? 
Ye (go to Qu. 25) No (Go to Qu. 24) 

4 
4 
4 
4 
4 

No 
1 
0 
0 
[] 

24. I f no, please indicate which of Ule following statements most closely resembles why not 
a) J' e never heard of the ommunity FOlUm 
b J feel intimidated by large groups 0 
c) I feel I won'l get my ayanyway II 
d) obody listen to what the Forum says l 
e) I'm afraid I won't be able to hear 0 
f) I'm re tricted by mobility l. 
g) Local i ue don't intercslmc [] 
h) I don't have time C 
i) Other rea on please statc 

5 
5 
5 
5 
5 

[J 

0 
[] 

0 

25. Do you personally feel you have an opportunity to have your say about loca l issues, in YOllr area; 
Ye 0 if not please tate why? 
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26. Please indicate your gender 

Male b. Female 

27. Plea e indicate which age group you fall into 
18-24 
25-34 
35-44 
45-54 

55-64 
65-74 
75 + 

16. Plea e de cribe your ethnic background 

IJ 
[] 
[J 

29. Plea e de cribe the landard of English language you use 
Fluent [1 

Conversational 
• Basic ["] 

o Engli h [ 

20. What is your first language? 

21 . Are you regi lered disabled? 
Yes No 

32. If you suffer from any of the following complaint , please tick. 
.:. Pemlanent deafnes 
.:. Mild ear problem (wax build up) 
.:. Tinnilu (ringing in the ears) 
.:. Angina! High blood pressure/ heart disease 
.:. [n omnia (unable to sleep) 

f. Other (please state) 

Yes 

[, 

33. Plea e estimate in an average 24-hour period how long you spend in your house? 
Weekday (in hours) Weekend day (in hours), ______ _ 

Thank ),011 vety lIluch/or yOllr cooperation. 

No 
r 
[ ] 

[J 

[) 
r 
c 

If ou would like to add any further comments about any ofthe issues covered in this 
que tionnaire, plea e use this pace and the back of the page. 
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Appendix 3: 

From Chapter Seven 

Web Links From Barrier Manufacturers 

Relevant 8S, ISO And Other Material Standards 

The Calculations Of The Mass Of Each Of The Hypothetical Noise Barriers 

Sound Reduction Indices - For Materials 

Methodology For Calculating Transportation Fuel Use 

Expansion of the LeA Equation 7.2. 
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Appendix 3A 

Mineral wool 
Transparent 
Various 
Various 
Wi 110"" 
Various 
Various 
Concrete 
Timber 
Timber 
Various 
Various 
Various 

Web Links From Barrier Manufacturers 

http://www.rockwool.co.uklsw7046.asp accessed 09/06/2003 
www.plexiglas.de/ 
http://www.urbantransport-technology.com/projectslhong_konglhong_kong8.html 
http://www.cmit.csiro.au/research/papcrs/abstract.cfm!294 
http://www.etsluk.comlGreen%20Barricrslliving_technical.htm 
http://www.tamu.cdu/univrel/aggiedaily/news/stories/archive/082697-5.html 
http://www .lucid-communications.co.uk/sectionl2/ 
http://concreteproducts.comJar/concrete _ sound_investment! 
http://www.buffalostructures.com/ 
http://www.ransfords.co.uk 
http://fhwa.dot.gov!environmnetlnoise/5htm 
www.grammbarriers.com 
www.hsipg.co.uk/companies/hands.htm I 
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Appendix 38 

Reference No 
BS EN ISO 
14040:1997 
94!2!EEC 
93/506X'EEC 
594191 /R 
75/442 iEEC & 
91/156EEC. 
81/972 
HA 66'95& 96 

MCHW Vol I. 
Sec 2504 
BS 1722:7: 1999 
BS EN 1793: 
1998 
BS EN 1794-
2:2003 
BS 5756: 1997 
BS 81 10-1 : 1997 
BS 5950-3.1: 1990 

BS 8118-1:1991 
BS 5400-6: 1999 

ZTV Lsw88 

Relevant 8S, ISO And Other Material Standards 

Title 
Environmental management- Life cycle assessment - Principles and framework 

Eco labelling 
Construction products directive 
The banning of Chlorofluorocarbons 
Reuse, recycling and the recovery of energy from materials 

Design Guidelines for Environmental Barriers.! Environmental Barriers. Technical 
Requirements 
Manual of contract documents for highway works 

Fences. Specification for wooden post and rail fences 
Road tramc noise reducing devices. Test method for determining the acoustic 
perfomlance. Intrinsic characteristics of sound absorption 
Road traffic noise reducing devices. Non-acoustic performance. General safety and 
environmental requirements 
Specification for visual strength grading of hardwood 
Structural use of concrete. Code of practice for design and construction 
Structural usc of steelwork in building. Design in composite construction. Code of 
practice for design of simple and continuous composite beams 
Structural use of aluminium. Code of practice for design 
Steel, concrete and composite bridges. Specification for materials and workmanship, 
steel 
Guidance for transparent materials (Germany) 
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Appendix 3C- The Calculations Of The Mass Of Eacb Of Tbe Hypotbetical Noise Barriers 

The caiclilarions o(rhe mass o(each o(the hvpothetical noise barriers in Kgm} 

Steel & Aluminium both come as 14-18 Gauge'" 75-100mm. Weight of 75mm barrier = 17/18 
kglmlfor a fully constructed barrier with air gap and rock wool absorbers 
All metal noise barriers are typically in the range of 18-22 gauge, which is O.79mm and 1.27mm 
for sted and 1.59, and 6.35 for aluminium 1 

Timbers minimum thickness is 24mm thick Doug/as fir timber = 15 kg/m2
. According to the 

main importers of foreign timber and producers of UK sawn timber2. 
Transparent noise barriers that arc non-glass are mainly made out of Plexiglas (Perspex and 
Glass). The minimum width for a noise barrier is 150101, however the average of the three 
cOlIlJnereially available sizes is 20mm, and the weight of a barrier 20mm wide is 23.7 kg/m2. 
Therefore this will be taken as the standard in accordance with ISO I) 83:) 987 (Plastics -­
Methods lor detcnnining the density and relative density of non-cellular plastics). 
Concrete pre-cast panels are confined to 4.501 lengths, and the minimum thickness is usually 
directly related to the amount of concrete required to cover the reinforcing bars or mesh. Buts its 
typically about IOOmm plus an additional 25mm in total to allow for the reinforcing and any 
surface texture'. The avemge density of the concrete is 2400 kg/m2in accordance with BS 1881-
114 1910 . Density of Hardened Concrete'. 
Willow barriers come in two main varieties live willow noise barriers and willow weave noise 
barriers. Both types consist of 2400101 thickness of soundproof stone wool. This is compressed 
stone wool of greater than 35 kg/m2 of constructed barrier. The density of the wool required 
must be greater than 140kg to give it the insulation properties required to meet the Highways 
Agency standard. The willow section of the barrier consists of 60 rods per linear metre of 
barrier with a diameter of approximately 30mm. The dry weight of each linear metre is 50kgs 2. 

1 Data calculated from the average value according to Environmental Silencing Ltd and the Federal Highways Agency. 
2 Charles Ransfords and Calder's and Grandidge 

I Federal Highways Agency . 
2 Bowles, A. (2003). Carbon AnalysiS for Green Bamers. Joynt.J. Sheffield, ETS Ltd. 
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Appendix 3D ound Reduction Indice - For Materials 

Sound Rtdudlon indirrt 

Mlleri.1 Ind COD!lruclion Thickn s R" Ave. 

125 250 SOO Ik 2k 4k SRI 

Welghl (100· 

[!Slnel. ,heel maje,illil mmorSW2 J<g/m' 315(1Hz) 

Alumintum, corrugated. stiffened 20 2.44 33 31 33 33 42 

[Steelsheel. 1m x 2m 16g 12.9 16 20 27 32 37 

Dillo I II 29 26 

1.2rnm Slccl sheet 18g 10 13 20 24 29 33 39 26 

[Steel sheet I m x 2m wih stiffenors 16g 12.9 17 18 23 30 36 

20 g galvonbed sheet .teel 0.9 7 8 14 20 26 32 38 

18 8 galvanised sheet steel 1.2 10 13 20 24 29 33 39 

T & G timber boards. joints sealed 25 14 21 17 22 24 30 36 25 

Hardwood (mahogany) panels 50 25 19 23 25 30 37 42 

fibre co>-ered by 22g perforated steel 

As above. but 16g steel replaced "irn 5mm 100 50 34 35 44 54 63 62 

190mm Den .. conCftle block 190 215 39 41 45 49 56 60 

100mm den' •• onerele (2300Kg;m ) 100 230 37 39 45 52 58 62 47 

150mm den<. cOO<:n!te 150 345 29 39 45 52 60 70 

ISOmm den .. conerele (2300Kl'Im3) ISO 345 40 43 48 55 59 63 53 

200mm den.e concrete (2300Kglm3) 200 460 42 46 50 57 60 65 55 

300mm dcn'\e concrete (2300Kgim3) 300 690 40 45 52 59 63 67 56 

100mm Reinforced concrete 100 230 38 38 41 48 57 65 

G1assbricks 200 510 30 35 40 49 49 43 

T & G boards. wood jobts joints sealed 2 1 13 21 18 22 24 30 33 

[Single glR'cd \\ Indo\\'S 

13mm aCQuslic lruninate 13 30 32 37 41 39 46 39 

16mm acoustic laminMe 16 29 31 38 40 39 50 40 

Doublt glued \\indo'H 

6 12111 acoustic laminate 26 28 38 47 43 51 4 1 
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Appendix 3E 

Road 

Methodology For Calculating Transportation Fuel Use BRE 

Th e assumptIOns to b e use or oa dtl R dT ransport are Iste e ow r db I 
A Annual Delivery Quantity 
This is taken to be the annual input quantity of the product into the process, even where more or less product has 
been delivered ill the Riven period than has been used, due to stockpiling, or no quantity is given Transport is 
considered f{'" all gil'en input.~ into the process, incilldin?fileis such as diesel and LPG. 
B Gross Laden Weight of Vehide 
Where data is gil'cn on the si;;e (jf vehicle. it is taken to mean fhe GL W (jf the vehicle. The maximum si;;e of vehicle 
permitted on UK roads IIntil 1999 was 38 tones, except/or travel to or/rom a railhead. There/ore, unless details of 
rail transport are also giwn, the mal:imum si;;e of vehicle is assumed to be 38 tones. 
C Average /)C/il'l'IY Load 
Where the (/I'eragc dt'lil'C/T load is not given, then it is calclllated/rom DETR UK Transport Statistics lor the Gross 
Laden WeiRhT of the I'ehicle as gil'en alldfi)r the ~l7)e of load it is carrying figure (taking account of part load % if 
necessary). l(neiThcr an Awrage Delil'el)' Load nor a Gross Laden Weight 0/ Vehicle are given, then the Annual No 
0/ De/i"eries is IIsed To calculaTe The Average Delivery Load. The Gross Laden Weight is then estimated from this. {f 
110 Annual No olDelil'eries is given either. then the most ('ommoll/orm (jftransport/or that commodity is taken/rom 
UK Transport StaTistics.l. 
D Annual No o( Delil'eries 
Where this information is gh'en, it is used to calculate the Average Delivery Load (AID). Where either the Gross 
Laden Weight (If the I'ehicle or Al'erage Delivery Load have also been given, then it is checked that the calculated 
average lood agrees with the given avera~ load. If it is not given, then it is calculated (AIC). 
E Deliven' Distance 
~f this is ~ot given, then it is taken as the "average haul" /i'om the UK Transport Statistics /01' the given vehicle rype 
and commoditl' transported. 
F Full or ParI Load 
Where the deli vel)' is afilJlload, e.g this is the on(l' delivery made on the outward trip, then the load is lOa%. Where 
the delivery' is a parI load, we have presented the information as the percentage (jf the load taken by the given 
delivery" If no percentage has been given, then il has been assumed to be 25%. For a part load, the fuel consumption 
is calculated ine:wctlv Ihe same WO}' as Jar aJullload, bUI onlv the JJiven percentage is al/ocaled to the product. 
G Return Trip Emp~l' or Full 
Where no dolo has been given, the return trip has been assumed to be Empry. 
For Empty trips, then the delivery distance is doubled to give the total distance traveled per delivery. Part Loads are 
taken 10 be Empty Returns. For Full trips, then Ihe delivery distance is taken to be the total distance traveled per 
deliven'. 
H Total Distance Traveled 
If the Retllrn Trip is Full then Total Distance Traveled ~ Delivery Distance (E). fflhe Return Trip is Empry or the 
delivery is Part Load, then Total Distance Traveled ~ 2· Delivery Distance (2E), 
J Fuel Consumption 
Takenfrom DETR UK Fllel Statistics/or each class a/vehicle (B), and converted to 
litersikm. 
Fllel Used = No of Deliveries" Distance Traveled • Part Load % .. Fliel Consumption ~ D ... 
H ·F·J 

Fuel Consum.J>.tion Figures: 1997 DETR Correspondence 
Rigid Rigid Rigid Rigid 
<7.5t 7.5-l4t /4-17t 17-251 

Miles Per 11.8 /0.7 8.9 6.8 
Gallon 
Kilometers 19.0 
Per 
Gallon 
Liters Per 0.2394 
Kilometer 

17.2 

0.2641 

14.3 /0.9 

0.3175 0.4155 

Rigid 
25t+ 
6.5 

10.5 

0.4347 

Artic 
<=30t 
7.9 

12,7 

0.3576 

Artie 
30-331 
7.9 

12.7 

0.3576 

Artic 
33 t 
7.2 

11.6 

0.3924 
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Rail 
The various types of infonnation which have been provided for Rail Transport are listed 
below' 
A Annual De/iwry Qlwntity: 
This is taken to be the allllllal inpllt quanti~v of the prodllct into the process, even where 
more or less prodllct has been delivered in the given period than has been IIsed. dlle to 
stockpiling. 
B 7)pe of Rail Transport 
This is takell to be a Western Europeall mix ()f Electric and Diesel. All rail travel is assllmed 
to be containerised 
E Delil'en' distance 
A Delive/~' DL,tance mllst be obtained(or rai/transport. 
J Fllel COl/sllmption 
O.15MJlt.km elec/ridty 
O.1466UJlt.km Diesel 
Traill Electrici~I' colISlimption - A x Ex J (0./5) 
Train Diesel consllmption ~ A x Ex J (0.1466) 
Both of the above calculations should be carried out for each train journey 

Shipping 
The mriolls Ilpe.\' of infilrmation which have been provided jar shipping are listed below: 

A Annual Delivery Quantity: 
This is taken to be the annual input quantity of the product into the process, even where 
more or less product has been delivered in the given period than has been used, due to 
stockpiling, or no quantity is given 
B Type of Ship 
Where data is given on the type of ship, fuel consumption data for that type of shipping will 
be used. Otherwise it is assumed that containerised shipping is used and this fuel 
consumption will be used. 
C Average Delivery Load 
Where the average delivery load is not given, then it is assumed that it is equal to the 
Annual Delivery Quantity iA~ 
D Annual No of Deliveries 
Where this infonnation is given specifically for shipping, it has been used to calculate the 
Avera~e Delivery Load (AID). Otherwise it is assumed to be 1. 
E Delivery distance 
A Delivery Distance must be obtained for shipping transport. 
G Return Trip Empty or Full 
Where the return trip is given as empty, then the distance traveled is taken to be double the 
delivery distance. Otherwise, shipping is assumed to be containerised with a full return trip. 
J Fuel Consumption 
Tonne-km fuel consumption has been used of 0.0038 kg Diesel! tonne-km for Containerised 
Shipping and 0.0018 kg Diesel!tonne-km for Inland Navigation. 
Fuel Consumption - Annual Delivery Quantity * Delivery Distance * Annual Number of 
Deliveries * Fuel Consumption = A * E * D * J 
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Appendi 3F Expan ion of the L A Eq uation 7.2. 

LCA = (wxT)+ (R+ D+ M +E) (7.2) 

where: LeA = Em'irolllllental I{recycle as essmenl of a noise barrier; w = weighting (Table 7. 14); T= 
Transportation impacts; R= Recyclability; M= Maintenance; D= Disposal of material lin-recycled to 
landfill; E= Weighted environmental impact from 'cradle-to-gate' 

The higher the value of the LeA the Ie environmentally that noise bamer material can be concluded to 
be, this is a u eful tool for the compari on of materials on an environmental basi before the final 
pre cntati n of the choice to thc public. 

T=(Co+ ox+VOC +Co2+CH4+e)gltlkm (7.3) 

As the alue for all of the pollutant with the exception of Embodied Energy (e) are in the unit of grams, 
the value of energy ha. to be converted from kilojoule (KJ) per tonnes (t) of malerial tran ported I 
kilometre (km) to gram (g) per tonne (I) of material traJ1 ported per kilometre (km). In order to 
accompli h tht a value of the equivalent amount of fuel used to produce the same amount of cnergy in 
kilojoule ha to be c tabli hed. 

sing the value of tonne of oil (TOE) equivalent allow thi conversion to be undertaken as follows : 

/ TOE = l07Keal 
1 KCAL= 4. /87KJ 

TIm , for an energy value of /I kjlojoule (KJ) to be converted Lo grams (g), the following calcu lation 
mu I be undertaken. ~ here n = the energy alue to tran pon I tonne of malerial by road or rail over a 
specified number ofkilomctrc . 

n(KJ) I 4.1 7 = nCKea!) 

n(KCal 1107 = n(TOE) 
n(TOE)xlOOO = n(kg) 

l1(kg)xlOOO = neg) 
n (g)= e (Energy in gltlkm) (7.4) 

The aluc for R can be d lennined from table below, for each of the main noise barrier 
material . 

Conaete Uving Woven Stone 
Banicr Material pre cast PMMA AlUl'linium Steel v.;lIow v.;lIow Woo Tint>er 

R= tunof 

recycling values 
converted from 

BREdata 6 5 5 7 6 8 I I 9 

The alue for M i derived from the environmenta l score given to each of the barrier materials 
ba ed on ha ing I (fairly low) maintenance requirements 5 (fai.rly high) maintenance 
requirement, a pre enled in the table below. 
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Barrier Type Environmental Score 

Timber I 

Concrete 2 

Metal 1 

Transparent 5 

Willow weaved I 
Willow living 3 

The alue for D is the final weight of material that will be sent to landfill in . Although it is 
accepted that there may be some further benefits derived from the creation of energy [rom 
landfill ga e thi i not explored Furth r here. 
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Appendix 4: 

From Chapter Eight 

4A Sites Of Data Collection For The Perception Exercise 

4B Questionnaire For Test Of Perception Of The Attenuation Of Noise 
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Appendil4A Sites Of Data Collection For The Perception Exercise 

Site 1. Reflective Metal Barrier. 
Junction 28 Southbound of the M I nr. Nottingham, Nottinghamshire. Accessed from the Marriott hotel 
gardens. Approximately IOmetres from the Northbound carriageway and slip road. 
The section of thc M I through J28 currently carries 97,000 vehicles to the south. Heavy goods vehicles 
account for 18'\0 of this traffic. 
Weather o\crcast, and dry, no wind. 

Site 2. Absorptin' Timber Barrier 

Junction 28 Northbound of the M I nr. Nottingham, Nottinghamshire. Accessed from local fields data 
recorded approximately 13m from the carriageway on a 45° angle due to the height of the balTier and 
topography of the land. Had the rccordings been carried out straight on from the barrier the traffic would 
have been obscured reducing the visual stimulus. 
The section of the M I through J28 currently carries 119,000 vehicles per day to the north. Heavy goods 
vehicles account for 18% of this tramc. 
Weather ovcrcast. and dry, no wind. 

SUe 3. Renective Acrylic Transparent Barrier. 

Junction 4 M65 Southbound nr. Blackburn. Lancashire. Accessed from local residents garden. Data 
recorded approximately 10m from the carriageway facing thc barrier directly. 
Weather overcast and dry, slight wind. 

Site 4. Renectin Concrete Barrier. 
Nr Junction 33, M I Northbound in Catcliffe. Accessed through local landowners field. 10m from the 
barrier looking up towards it. This section carries 57,613 vehicles per day to the north. Heavy goods 
vehicles account for 18% of this traffic. Weather fine and sunny, slight wind. 
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pp ndi 4B Qu tionnaire For Te t Of Perception Of The Attenuation Of Noise 

Te t of perception of the attenuation of noise-by-noise barriers made of various 
material. 
Date: ' ednc day J 7thl December/ 2003. 
Locari n: RA E omputer cienccs Department. 
Time of e lon, __ _ 

eat po ilion number_-::-__ 
Re earchers. Jenny Joynt and Mcng Yan: chool of Architecture. University of Sheffield 

rOllr De/Oi/~ 

Eth"ic backgroulld 

DepartmeTlt 

Arty IIearing prob/ems 

lain te Of •. Plea e take ome tim to read this before fhe test. 
The IC t can i t of 3 'cction , the fir t haws a sel of video clips with no accompanying sound and YOLI 

are a kcd to mak a prcdiction of how well the barrier will attenuate noise by raking them from best (1) 
10 worst (5). c t 2 invol es you ecing five et of films, each set containing five video clips of ITaffic 
pa ing ome noi e baniers, and you will be a ked to judge how much noisc you can hear from behind 
each barrier. 

Thi i the main Ie t and you will see and hear the noise barriers in action. You will see that the first 
barrier to appear i accompanied by the value 5 in the answer table, please give a value relative Lo thi for 
a\l the other barrie in that group. 

For e ample if ou think all the other barrier allow higher noi e levels through give them each values 
ab ve 5. if you think th yare lhe ame YOll can gi e them the same value and if you think they are letting 
Ie through gi e them n lower value. Each group of five clip should be judged independently to all the 
other ct . TIle valu you give mu I be between 0 - 9, and mu t be whole numbers. 

Finally please do not talk white the test i underway, we arc interested in your own personal opinions and whether 
there are any tr<.:nd 0 please evaluate the ounds by your elf. 

Test "'Imber I: Please predict holl' well the)' '/I pe/form bl' ranking/rom best 

(I) Timber Metal Concrete Transparent Vegetative 
Be t -
(5) 
worst. 
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Test umber 2: Each test will take approximately 2minLltes to complete; with a few minutes in 
between to vary the volume therefore the whole proce s should take no longer than 30-minute . 

Barrier Types: Louder 
In the order they will appear. 

Vegetatio Transparent 
Set I Concrete Metal n Timber AClylic 

r 5 
core 

Vegctalio Transpare 
Set 2 Metal n nt Acrylic Concrete Timber 

core 
5 
Vcgetatio Transpare 

Set 3 J1 nt Acrylic Timber Metal Concrete .. 
core 

5 

Transparent 
Sct4 Timber Concrete Metal Acrylic Ve~etation .. 

core 
5 
Transpare 

Set 5 nt Acrylic Timber Concrete Ve~etation Metal 
.... 

core 
5 

Key to cale 
5= ba e lille, 6= l'eTJI lightly IOllder, 7= slightly IOllder, 8= IOllder, 9= mllclt louder 

Te t umber 3: Plea e rank the barrier in order of attractivene s from most 1 to least S. (To help 
YOLI decide on thi imagine YOLI live next to a motorway or main road, which barrier would you most like 
to see from your house?) 

Barrier Timber Metal Concrete Transparent Vegetative 
Ranking of 
attractiveness 

That's the end of the te I, thank you very much for participating if you would like to find out about the 
outcome of the re carch plea e writc your contact detail below and I will be happy to send you a copy 
in the ew Year. 

{f YOII lI'ould like to make any commel1l or slIggestion abo lit the research please/eel free to lise the space below 
and on the re\·erse. 

Thank again 
Jenny Joynt and Meng Van (Mary). 
Po t Graduatc 

chool of Architecture 
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